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CARBOXYLIC ORTHO ACID RING FORMING POLYMERIZATION RINGS
DERIVATIVES pa r t  a : c a r b o c yc lic  a n d  m e t a l l o r g a n ic

by ROBERT DEWOLFE, Department of Chemistry, By ROBERT J. COTTER and MARKUS MATZNER,
University of California at Santa Barbara, Goleta, Cali- Both at the Research and Development Department,
fornia Chemicals and Plastics Operations Division, Union Car-
The voluminous literature on reactions of ortho bide Corporation, Bound Brook, New Jersey
acid derivatives, poorly indexed by abstract jour- Ring-forming polymerizations comprise a field of
nals is not readily accessible to one unfamiliar polymer chemistry that is undergoing tremendous
with the field. Yet these reactions are both syn- growth. This original two-part work is an invalua-
thetically useful and mechanistically interesting, ble key to literature covering the rapidly increasing
meriting the attention of chemists interested in a number of polymerizations that result in the for-
broad spectrum of problems. This book, specific- mation of polymers having a new ring structure,
ally devoted to ortho acid derivatives intends to Although not a comprehensive book on ring-con-
fulfill this need. It is an updated, comprehensive, taining polymers, it is an accurate, exhaustive
critical and interpretive survey of the synthesis, survey of those polymers whose ring or rings are
properties, and reactions of the principal classes of formed during polymerization. This book dis-
ortho acid derivatives and should prove invaluable cusses polymers possessing widely different and
to synthetic and theoretical organic chemists who complex structures and contains data on polymer
are concerned with reactions of organic com- classes of commercial interest,
pounds at the carboxyl level of oxydation. It
should be included in all college, university, and 1969, 395 pp., $19.50
technical libraries.

CONTENTS: SYNTHESIS AND PROPERTIES OF
CARBOXYLIC ORTHO ESTERS AND RELATED COM
POUNDS « REACTIONS OF ORTHO ESTERS WHICH I I M E A I I  CDCE E K IE D P V
RESULT IN CARBON-OXYGEN OR CARBON-HALOGEN L l l l C M I l  T H E E  E I IE R U  I
BOND FORMATION • REACTIONS OF ORTHO ESTERS n E , « T l / U i r u i d r
WHICH RESULT IN CARBON-NITROGEN OR CARBON- KtLAIlUNjMIrj
PHOSPHORUS BOND FORMATION . REACTIONS OF
ORTHO ESTERS WHICH INVOLVE CARBON-CARBON OR By PETER R. WELLS, Reader in Physical Chemistry,
CARBON-HYDROGEN BOND FORMATION • CARBOHY- University of Queensland, Australia
DRATE ORTHO ESTERS • THIOORTHOCARBOXYALTES
. THIOORTHOCARBONATES AND RELATED COM- The correlation of relative reactivities in terms of
POUNDS • AMIDE ACETALS • ESTER ANIMALS AND relative free energy has provided 9 quantative
ORTHO AMIDES • basis in terms of which observations maybe dis-
October 1969, about 466 pp., in preparation cussed and theories of reactivity developed. This

approach has become a well-defined section of 
A IW A N C F C  IN  physical organic chemistry, and is being applied
H v t H I I L E J  111 with advantage in fields of inorganic and biochemi-
D U V C i r A I  n D P A M i r  f U E A A K T D Y  cal reactivity studies. In this monograph the well-
r r l D I v A L  U K U H I i l L  v n E I r l l J l n  I  established relationships are critically surveyed

VOLUME 7 under the major headings of substrate structure,
edited by V. GOLD, King’s College, University of Lon- reagent structure and reaction medium. Substit-
don, England uent effects are examined in detail for various

substrate types and theoretical treatments are dis- 
' p p ' '  *  ' cussed in terms of implications of the linear free

energy relationships. The correlation of solvent NUCLEAR DIIADRIIPOLE effects upon solvolysis rates and upon acid
v  strength are described and related to the conceptCOUPLING CONSTANTS of acidity functions. The relationships between

w quantities derived from reactivity and from spec-
by E.A.C. LUCKEN, Cyanamid European Research In- troscopic studies are examined.
stitute, Geneva, Switzerland
This monograph begins by defining and describing 1968 ,116  pp., $ 5.95
the derivation of the quadrupole coupling constant 
and continues by surveying the methods available 
for its measurement. The author then discusses
the attempts which have been made to relate it to ANNUAL REVIEW OF 
the electronic structure of the molecule, the nu
cleus of which is under examination. The second NMR SPECTROSCOPY 
half of the book is devoted to a review of available 
data using as a basis for its correlation the simple VOLUME II
b o o k k e e p in g  m e th o d  o f T ow nes an d  D a iley. e d ite d  by E. F. MOONEY, Department of Chemistry,
1969, 360 pp., $14.50 University of Birmingham, England

AO VAN C FS IN  NMR spectroscopy is firmly established as a tool in
M U V M liV X iJ  111 all branches of chemistry. This series will enable
CARRO HYO RATF CLJFMISTRY the chemist to keeP abreast of the various develop-
L H R D U n  I  U R A I C  v r lC lV l I J 1 1 \  I  ments in the technique and the increasing range

VOLUME 24 of applications of the method to structural anal-
edited by R. STUART TIPSON, and Vsis- This work is intended for chemists in all
M. L, WOLFROM, Ohio State University, Colvmbus, fields of research but will be particularly useful to
O h i o  the organic and analytical chemists.
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Mettler automatic thermal instruments give you
1. melting and boiling points objectively
2. precise control in thermal microscopy
3. dropping points electronically

Melting and Boiling Points cator shows the temperature of the
by the Numbers . sample chamber. The indicators below

j  Our melting/boiling point instru- ■ .. ‘

matically runs melting and boiling point eteafS&t fhermal^microscopy can ^be con-

jective chokes of the melting or boil- E  3LLB  ̂ PHOTOCELLS

From 50 tO ^ O  melting point deterrni- I  Determines dropping points electronically

the FP-1, depending on the heating 99§ B B Good at the First Drop 
rate. Any of five heating rates can be M  V  O  The Mettler FP-3 automatically
selected: 10°C/min for quick survey y - .  «a  *  1  determines dropping points of
work; 1°, 2°, 3°C/min for routine tests . \  lubricating greases, ointments and edi-
or where a precision of 0.5°C is ade- m  ble fats in just a few minutes. The
quate, and 0.2°C/min for precise de- procedure conforms to the ASTM D-566
terminations to a reproducibility of ^  m S B g g n B tj ancl D' 2265 tes| sPecifications. ^When

Take Three beam, the dropping point is registered
You can make three melting point de- (i j f l j  on the digital readout panel. The FP-3
terminations simultaneously, thus iden- . 0 1  is simple to operate: select desired
tifying crystalline compounds by mixed Pushbutton control of thermal events temperature program, put sample cup
melting point determinations in one , . . u. .. . in furnace and read dropping point,
rapid operation. Used with a standard u,setul in measur|ng melting ranges in Up tQ 12 dropping point determina- 
time-base recorder, the Mettler FP-1 the construction of phase diagrams, and tions can be conducted per hour 
can provide curves showing changes m analyzmg the punty 0 comPoun s- over a temperature range of -20°C to 
in light transmission as sample tern- Thermal Microscopy + 3 °°0C  Ffeating rates are also select-
perature increases. This technique is _  c , , , .. . able anc* include 0.2, 1.0, 2.0, 3.0 and
^  ^ ther M e ile ! 10.0°C/min rates. Accuracy of^ tem-

. . .  *** visual contact with the sample because (at 0.2 C/min) i. 0.2 C.
M  the FP-2 has a pushbutton controller If you want to take the subjectivity

ifJg t0 jncrea5C/ decrease or maintain sam- out of your melting, boiling, or drop-
^  I -g j.. pie temperature at a precise value. With ping point determinations, ask Mettler
|p. ?J-r **^  ¥ the same controller you can record the for FP-1 and FP-3 literature. Need pre-

^0» exact temperature at which any three cise control in your thermal micro-
- . i z ji thermal events occur. These inclide analyses? Request literature on the

H S  p P j B g l i l i S b e g i n n i n g  of melt, end of melt, phase Mettler FP-2. Or request a demonstra- 
H | |  change, or any of several conditions in tion or trial in your own lab of these

the crystallization process. Tempera- instruments. Write Mettler Instrument
tures are recorded in digital form on Corporation, 20 Nassau Street, Prince-

H H U H H I H H i  an indicator panel. The top digital indi- ton, New Jersey 08540.
Digital readout of temperatures .  _  _  _
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KEKULE CENTENNIAL
K e k u i e

ADVANCES IN CHEMISTRY SERIES No. 61 C e n t e n n ia l

Ten papers develop the background leading up to Kekule’s benzene theory, the con- 
troversies surrounding it, and its repercussions during the past century. Topics include:

•  History of structural representation I
•  Kekule-Buterlov-Markovnikov controversies W X .
•  Effects on the dye industry 1 I
•  Development of unsaturation |H H H E 3 k |
•  Nonclassical aromatic compounds jL  •
•  The Ladenburg formula

198 pages with index. Cloth bound (1966) $6.50 advances in chemistry series
postpaid in U. S. and Canada; plus 20 cents foreign and PUAS. Ü  I

Set of L. C. cards free with library orders.

Order from:
Special Issues Sales 
American Chemical Society 
1155 Sixteenth Street, N.W.
Washington, D. C. 20036

INTRA-SCIENCE/BIBLIOGRAPHIES BEILSTEIN’S HANDBUCH
OF ORGANIC CHEMISTS DER ORGANISCHEN CHEMIE

This is a Special Pub lication  which resulted from a library pro- !
ject o f the Foundation. It  is now being offered on a subscription . # . . . § j
basis for libraries. Selected ones o f the bibliographies are also avail- p r i o n i ' l f l l  SCoUrCiP BG IlS tG IH  I
able as single issues.

. . In tra-Science B ibliographies o f  Organic Chem ists gives a 4 Auflage, Berlin, Springer, 1918-44
total overview o f the work o f each current investigator included. 1 **

. . .Saves time. Locates and effectively helps to generate new ^  V@Ss« III S3
j ideas. International in coverage. Includes only basic scientific 
! articles, books and reviews. Patents are not included, except as j

occasional special listings. M a i n  Series, V o ls . 1 -2 7 ,  3 0 -3 1 ,  p t .  1 . F i r s t  8UP -
| . . . Each scientific article cited gives complete authors, with initials, i , •» 1 or7 0  ,

full reference to book or journal, and complete title o f the reference. p lG IH G Ilt, VOlS. 2 7  . oU b jG C I clIlQ  IO rm U la  1I1U.6X6S
Generally complete through 1968, or later, and updating mechanism , i n • • -. n  ,
included (see below). to vols. 1-27 oi main scries and irrst supplement,

supplied on weii-printed &*/j x li", punched pages. Each set vols. 28-29 in 4 pts. Second supplement, vols.
oi pages is sequentia lly num bered and a lphabetically coded, r s r

j and each bibliography also numbered. Pages can thus be alpha- 1—6. 1
i betically inserted for updating. Copy was prepared from that i 

supplied by key investigators as H. C. Brown, E. J. Corey, D. J. j
Cram, G. S. Hammond, S. Oae, E. Müller, G. Opitz, D. H. Hey, m i • i i  i i  i  i  i  t  n r  -r̂  i  i

i Roger Adams, R. C. Fuson, J. L. Kice, S. Winstein, C. R. Hauser 1 UlS W O rk  h a s  DGGn pU D U SIlGd b y  J . W .  E d w a r d s ,
a n d  m a n y  others. Proofreading was done with aid o f the key in- t  • i r v j o i  . i  . .  n .,
vestigators. P u b l is h e r ,  I n c . ,  s m e e  1 9 4 3  b y  a u t h o r i t y  o f  t h e

An,nuaIn £ ^ cription for- con?piele service, cn. i5°° pages pm now-disbanded Office of Alien Property Custo-
year (over 30,000 separate entires) bmders, prepaid postage . . .  r  J

$8o.oo/yr. dian, Departm ent o f  Justice. These 2 5  sets are
ceiveÄ?eCNovy. . Ä  the la8t t0 bß 8° 1(1 UIlder thdr aUSPiceS at this ad’

; Annual billing will be mailed at time of shipment of complete ma- V a n ta g eO U S  p r ic e .
terial for the year, unless otherwise instructed. Sample pages and °  r  f
descriptive brochure available on request. Includes also list of in
dividual bibliographies available on single-item basis. #

Please reserve your copy of In tra-Science B ibliographies o f  | \ Entire 64 vols. in 53 $850.00
Organic Chem ists now. Write to: |

M, INTRA-SCIENCE RESEARCH FOUNDATION J .  W .  E D W A R D S ,  P U B L I S H E R ,  I N C .
S  P O. BOX 430

' s a n t a  MONICA, California  . 90406 A n n  A r b o r ,  M i c h i g a n ,  U . S . A .
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S y n t h e t i c

W. Theilheimer M e t h o d s
of Organic Chemistry

Volumes published thus far: SERIES I  SERIES II

Vol. 1 1948 264 pages $ 7.90 Vol. 6 1952 412 pages —  $14.95
2* 1949 336 pages $10.00 7 1953 462 pages $17.30
3 1949 420 pages $28.40 8 1954 524 pages $20.40
4 1950 372 pages $25.20 9 1955 507 pages $21.55
5 (with Cumulative Index and Reac- 10* with Cumlative Index and Reac

tion Titles of Vols. 1 to 5): 1951 tion Titles of Vols. 6 to 10): 1956
624 pages 41.80 762 pages $29.55

SERIES III
_______________________________________________  SERIES IV

Vol. 11* 1957 510 pages $20.15 ------------------------------------------------------------------
12 1958 562 pages $22.10 Vol. 16 1962 524 pages $36.00
13 1959 616 pages $26.90 17 1963 523 pages $39.40
14 1960 565 pages $26.40 18 1964 581 pages $39.80
15 (with Cumulative Ir.dex and Reac- 19 1965 514 pages $39.80

tion Titles of Vols. 11 to 15): 1961 20 (with Cumulative Index and Reac-
696 pages $43.20 tion Titles of Vols. 16 to 20): 1966

*Out of print. New edition in preparation. 756 pages $59.00

SERIES V

Vol. 21 1967 560 pages $46.80
22 1968 570 pages $54.00

Just published
the third volume ^
of the fifth series y  O l .  2 d  Yearbook | H H  622 pages, $63.35

Volume 23 of this well-known reference source of organic reactions again contains almost 
1000 new abstracts. This brings the total material in the 23 volumes to

20,658 selected and coordinated key abstracts 

kept up-to-date by more than

15,000 supplementary references.

In contrast to card or tape systems, this comprehensive reaction documentation in handy 
book form allows the searcher to browse and to look up references in quick succession. The 
specially designed subject index combined for volumes 21 through 23 provides easy access to 
all facets of the material covered and particularly to an increased number of review articles, 
by such entries as:

Assistance, intramolecular Iridium Protection (of functional groups)
Cyanic acid esters Lysis Radical reactions
Dicarbanions Merrifield syntheses Retention (of functional groups)
1,3-Dithianes Nucleosides Solvents, aprotic, polar
Hexamethylphosphoramide Oxymercuration-demercuration Specificity
Hydroboration Peptides Stereospecific reactions
Insertion Prevention (of unwanted changes) Sulfonium ylids

From the
reviews of With the ever increasing rate of scientific publication the fine abstracting service of this
Vol. 21: series is a valuable contribution to the chemical profession. Its stated purposes are a great

service to the organic chemist.. . .The great merit of this book is its timeliness in calling atten
tion to new synthetic methods in organic chemistry, to improvements in old ones, and to 
examples of old proved methods. . . .J. Chem. Educ. 45 , A336 (1968).

S. Karger Basel (Switzerland) New York
P le a se  p la c e  you r ord er  w ith : For Research Laboratories: Semimonthly

Express Abstract Service
Albert J. Phiebig, Inc. William Theilheimer
P. O. Box 352 318 Hillside Ave.
White Plains, N. Y. 10602, U.S.A. Nutley, N.J. 07110, U.S.A.
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Samples of optically active and racemic isobutyl-l-d, alcohols required for the determination of the stereo
chemistry of the biosynthesis of the cholesterol side chain were prepared. Asymmetric reduction of isobutyral- 
dehyde with ( — )- and (-f)-diisopinocampheyldeuterioboranes gave ( — }-(li2)-isobutyl-l-di alcohol (optical 
purity 27.1%) and (+)-(l<S )-isobutyl-l-di alcohol (optical purity 27.6%), respectively. Two specimens of opti
cally pure (liSHsobutyl-l-d, alcohol containing 80.5 and 70.2% deuterium were obtained by yeast reduction of 
samples of isobutyraldehyde-l-d containing 100 and 98.4% deuterium. The ( +  )-(3R )- and ( — )-(3jS)- isocaproic-3- 
di acids, previously described by us, were shown to be 34.0 and 32.6% optically pure, respectively. The ( + ) -  
( IS ) -  and the ( — )-(l.ffi)-isobutyl-l-ch alcohol were related to (R )- and ($)-glyceraldehyde, respectively. The 
method of Horeau, studies utilizing the specificity of N A D +  and yeast alcohol dehydrogenase (Y A D H ), and a 
modified interpretation of the mode of reduction of ketones and aldehydes with ( +  )- and ( — )-diisopinocam- 
pheylboranes led to identical configurational conclusions.

The transformation of lanosterol into cholesterol stances, it appeared to us that the method of choice
entails, among other steps, the reduction of the C-24 would be the NAD+-alcohol dehydrogenase (AD H )
double bond. The stereochemistry of the addition of oxidation of the alcohol to isobutyraldehyde. Because
the hydrogen at C-24 is under investigation in our labor- of the proven greater specificity of y e a s t alcohol dehy-
atory. The approach we chose was to biosynthesize drogenase,3 the studies were carried out with this en-
cholesterol from 4(R)-2-14C-mevalonic-4-h acid (M V A ) zyme.
( t =  3H ), then cleave the side chain with an adrenal Oxidation of ethanol with N A D +  and l iv e r  AD H  has 
preparation, and isolate the resulting isocaproic acid. been shown to proceed with the loss of the p r o - ( l R )

Ultimately, the stereochemistry at C-3 of the isocaproic proton.4 The removal of the p r o - ( l R )  proton was ob-
acid, corresponding to that at C-24 of the cholesterol, served also on oxidation of geranyl-l-fi alcohol and
would be established.2 farnesyl-l-h alcohol with horse l iv e r  AD H .6 In the re-

Obviously the C-3 asymmetry of isocaproic-3-h acid verse reaction, the enzymic reductions of 1-d-aldehydes,
ca nnot be determined by relating it to a measurable the (lS)-l-di-alcohols were obtained, indicating that the
rotation. An indirect approach was therefore required, newly introduced hydrogen assumed the p r o - ( l R )

and it was planned to degrade the acid to isobutyl-1-h orientation.6 By analogy it seemed probable that
alcohol and define its configuration. The success of this N A D +-Y A D H  oxidation of isobutyl alcohol would also
approach depended heavily on two factors: our ability proceed with the removal of the p r o - ( l R )  proton. Since
to degrade the isocaproic-3-fi acid without disturbing this question was of paramount importance in our
the asymmetry at C-3, and the feasibility of establishing scheme of establishing the stereochemistry at C-24,
the configuration at C -l of the resulting alcohol. The prior to committing ourselves to this line of study we
stereospecific degradation of the acid to isobutyl-1-h deemed it necessary to establish this point unequiv-
alcohol clearly was not an “ insurmountable”  problem, ocally.
and we turned to the more involved question of deter- As models for the studies, we required specimens of 
mining the asymmetry at C -l of the isobutyl-1-h (+ ) -  and ( — )-isobutyl-l-di alcohols of known absolute
alcohol. A t the outset, it was obvious that classical
methods of defining the configuration of the isobutyl (3) Seei for exanpie, F. M. Dickinson and K. Dalziel, N a tu re , 214, 31

alcohol would be of no use, and that more specific (1967); BiocUm. j , 104,165 (1967).

microprocedures would be required. Under the eircum- R ^ J k ^  <u<wSd reu
(1) (a) This work was supported by Grants P-500H from the American erences therein.

Cancer Society and CA-K3-16614 from the National Institutes of Health; (5) C. Donninger and G. Popjak, ibid.., 163B, 465 (1966); C. Donninger
(b) Postdoctoral Fellow, 1966-1968. and G. Ryback, B icch em . J ., I I P ,  91 (1964).

(2) W e have now proved that a 24-pro-(S) proton is added, resulting in (6) V. E. Althouse, D. M. Feigl, W. A. Sanderson, and H. S. Mosher, J.
the 24-(R ) configuration [E. Caspi, K. R. Varma, and J. B. Greig, Chem . A m er. Chem . Soc., 88, 3595 (1966); W. A. Sanderson and H. S. Mosher, ib id ., 

C om m u n ., 45 (1969)]. 88, 4185 (1966).
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stereochemistry. The optically active (+ ) -  and ( —)- \  2 b, (+) Reagent
alcohols were prepared by reduction of isobutyralde- r < iso-Propyi

hyde with ( + ) - and ( —)-diisopinoeampheyldeuterio- Figure 2.
boranes, respectively.7 The alcohols were purified
through their respective acid phthalates, from which applied to C-l deuterated primary alcohols. Its draw-
they were regenerated by treatment with lithium alumi- back is the low, frequently marginal, optical activity
num hydride. The acid phthalates were devoid of opti- observed for the recovered a-phenylbutyric acid in ex-
cal activity, but the recovered alcohols showed rota- periments with primary alcohols.9 In our hands, with
tl0nA o o [“ ]2\ 0-1(̂  ±  . (neA , and [ a ] 20D —0.165 the use of a Hilger M K -III  polarimeter, no meaningful
±  0.02 (neat). Two additional specimens of alcohols readings of optical rotation were obtained for the a-phe-
were obtained by reduction of samples of isobutyralde- nylbutyric acid recovered from esterification of the
hyde-l-d (98-100% deuterium) with fermenting yeasts.6 chemically prepared (+ ) -  and ( —)-isobutyl-l-di alco-
Although the aldehyde was totally deuterated at C -l j^ g
(100% di),^in one case the alcohol re fin ed  80.5% d , Brown, e t a l . ,  have devised a procedure for the asym- 
j  r  ̂ ~   ̂ . f n(  ̂*n tne.°^ e r  case 70.2% metric synthesis of alcohols through hydroboration of
d , [ a j  n 0.43 (neat, l  =  1). There is ample evidence olefins and reduction of carbonyls with ( + ) -  and ( —)-
available demonstrating the stereospecificity of the re- diisopinocampheylboranes.7 The same authors sug-
duction of aldehydes with fermenting yeasts, and it is gested a model for the mode of action of the reagent,
implied that such alcohols are optically pure.6 On the The model was of limited utility since it was applicable
basis of this hypothesis, the rotation of the optically oniy the hydroboration of cyclic olefins, c is  olefins,
pure 100% C-l monodeuterated isobutyl alcohol would ancj terminal methylenes
be [a ]20D 0.61 (neat, Z == 1). Presumably, in analogy Other investigators10’11 suggested alternative, fre-
to other cases, this alcohol has the (IS ) configuration. quently complicated, rationalizations. We had occa-
Consequently, the configurations and optical purities of sion t0 use the reagent for the preparation of (+)-(37B)-
the chermcally synthesized alcohols would be ( - ) -  and (-)-(3S)-4-methylpentane-l,3-diol-l-tetrahydro-
( fil-isobutyl-l-di alcohol, 27.1%; and (+ )~ (lS )-iso- pyranyl ethers (2 and 3), by reduction of 4-methyl-3-
butyl- -“ i alcohol, 27.6%. ketopentane-l-ol-tetrahydropyranyl ether12a (1). The

e implied (b .) configuration oi the isobutyl configurations of the products were determined by
alcohol obtained by yeast reduction is of great impor- Horeau’s method. To explain the configurations at
tance in our considerations, we wished to corroborate it C_3 ; we had to revise the mode of formation of the four-
y o er, more direct means. For evaluation of the membered transition state.12b A  schematic presenta-

configurational assignment, we had at our disposal tion of the disposition in space of groups of ( - ) -
ree approaches, (a) Horeau s esterification proce- diisopinocampheylborane is given in Figure 1. The

dure (b) deductions from the mode of reduction of B -H  bond is drawn to lie at the intersection of planes A
aldehydes with (+ ) -  and ( -  )-diisopmocampheyldeu- and B> and bonds c 3-B -C '3 are assumed to lie in plane
terioboranes and (c) degradation of the previously pre- B Under these circumstances, the C2 and C '2 methyls
pared (+ )-(3P )-and ( - ) - (3 iS)-isocaproic-3-cZ1 acids to of the ( _ )  reagent will iie in the lower left (LL ), and
the_ respective isobutyl alcohoL and comparison of upper right (UR) quadrants (Figure 1). The opposite
their behavior toward N A D + -Y A D H  oxidation with situation (not shown in Figure 1} will revail in the ( + )
those of the synthetic samples. reagent) in which the C2 and C% methyls will be located

l ne Moreau method, though attractive and conve
nient for secondary alcohols, is of limited value when (9) A. Horeau and A. Nouaille, Tetrahedron L e tt., No. 33, 3953 (1966).

(10) A. Streitweiser, Jr., L. Verbit, and R. Bittman, J . O rg. C hem ., 32,
(7) H. C. Brown, N. R. Ayyangar, and G. Zweifel. J . A m er. Chem . Soc., 1530 (1967).

86, 397 (1964), and 86, 1071 (1964); H. C. Brown and D. B. Bigley, ib id ., (11) D. R. Brown, S. F. A. Kettle, J. McKenna and J. M . McKenna,
83, 3166 (1961). Chem . C om m u n ., 667 (1967).

(8) A. Horeau and B. Kagan, Tetrahedron, 20, 2431 (1964), and references (12) (a) E. Caspi and K . R. Varma, J .  O rg. Chem ., 33, 2181 (1968); (b)
therein. K . R. Varma and E. Caspi, Tetrahedron, 24, 6365 (1968).

2490 Varma and Caspi The Journal of Organic Chemistry



OH ch, H H ch3 u
(+)R I H\ /  I 3 H\w c c y o  c c c6h5

k  u / ¿\  /  \ y  / ¿\  /  V /\  U c / V  H5C H .C C HjC H C C
N\  3 H D OCHj H' D \ 6H5

HjC H D 4o 6
___________  0̂

\  ... ?H3
w v a a a  r 4v/v A\  a  /I k h3c h c 0 H3c X  c'

H*C H l  X )  H- \  H- \  H
\  / k J > k  /-ch3\  ] kk  2S-2D,-aldehyde

\  3 a ,  (- )Reagant H CH3 7 8
R-Alcohol CH*

k  i\  C O
\  ®H / H \  /  \

\  H3c X  H
I C H DOi I ^ch3r -----------\p\ -------\ w ' '  \ y N  IS-ID̂ isobutanol

\ hc „ H ^ r > r CH\  6 h/Xchs
V i  I |------ ^  H CH!8 t \  Figure 4.

[ H ch3 oh

\  A  <->s iHsH-./ ¿H3Hx
\ j 3 b , , +) Reagent ^ 4 ^ / \ /  H, A \ ( \

” D’’ X  °CH3 D' 'H
s- Aicohol 5o 2 R-2Dr aldehyde

Figure 3. 10

in the upper left (UL) and lower right (LR) quadrants. <j'Hs fHs
It is evident that the carbonyl will approach the ( —) c
reagent (Figure 2a) and the (+ )  reagent (Figure 2b) H3Ĉ ,.-cs h3c h
either from above or below the plane B, along plane A. d h h d h
For simplicity we have indicated in Figures 2a and b the M ir- iD,-isobu«anoi
formation of the four-membered transition states only i2
v i a  a top approach of the ketone to the reagents. The CHj h h h
correct configurations of the produced alcohols can now 'X  /Othp
be predicted effectively by assuming that in the actual ch3/ \ /

reaction t h e  l a r g e r  s u b s t i t u e n t  of the ketone is located in a o h  h
q u a d r a n t  o p p o s i t e  t o  t h a t  w h i c h  c o n t a i n s  t h e  C z  a n d  C"2
m e t h y l s  of the reagent. Indeed, our results fully agreed 1
with these predictions.12

We have reason to believe that this interpretation h H H h H H
should also be applicable to the asymmetric reduction of CH3kc othp CHa\ c/ \ f '  0thp
isobutyraldehyde with (+ ) -  and ( — )-diisopinocam- CH /  \ V  CHj/  X / X /
phenyldeuterioboranes. Since the isopropyl group of the 3 / \  / \  / ' %  S \

aldehyde is distinctly the larger substituent, the transi- oh h h h
tion states of reactions with the (—) and (+ )  reagents 2 (+p R 3 (_)3S
can be represented as in Figures 3a and 3b. The antici- ’
pated result would therefore be the (-r )-(l$ )- isobutyl- lgure J"
1-di alcohol from the (+ )-d  reagent (Figure 3b), and
( — )-(l.R)-isobutyl-l-di alcohol from the ( - ) - d  reagent was obtained. Because of the change of priorities of
(Figure 3a). We were encouraged in this interpretation substituents at C-2 of the aldehyde, the (3A)-acid 4
of the reactions, and hence in the assignment of the con- gave the 2<S-isovaleraldehyde-2-di (7 ) .  The deuterated
figurations of the alcohols, by the fact that the isobutyl- aldehyde 7 was treated with trifluoroperacetic acid, and
1-di alcohol obtained by yeast reduction of the 1-d-alde- the resulting formate 8 was reduced with lithium alumi-
hyde, which was expected to have the (IS ) configura- num hydride to yield the (IS)-isobutyl- 1-di alcohol 
tion, indeed showed a positive rotation. (9).13a The Baeyer-Villiger oxidation is known to pro-

The correlation of the three specimens of the alcohols ceed with retention of configuration.13  ̂ The ( —)-(o )
with the previously prepared (3R ) -  (4) and (3S)- ester 5a (Figure 5) was degraded in a similar manner v ia

isocaproic-3-di acids (5 )12a was now undertaken. The the aldehyde 10 and formate 11 to yield the { i R ) - i s o -

(+ )- (3 R ) -  and ( —)-(3S)-acids were degraded to the butyl-1-di alcohol (12). Because of the availability of
corresponding alcohols 9 and 12 in the same manner. onty small amounts of the alcohols so obtained, a com-
The (3I2)-methyl ester 4a (Figure 4) was first treated parison of their rotations with those of the previously
with phenylmagnesium bromide, then with acid to yield described specimens was impossible. Consequently,
the olefin 6. The olefin was ozonized, and after a reduc- (13) (a) H Weber j  Seibli and D. Arigonii Helv. Chim, Acia, U 1  

tive work-up (zinc-acetic acid) the isovaleraldehyde 7 (1966); (b) K. Mislowand J. Brenner, J .  A m e r .  C h e m . S o c . , 75, 2318 (1953).
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the correlation was accomplished by comparing their be- and therefore X  =  0.47. This calculation will be valid
havior toward N A D +—Y A D H  oxidation. as long as both enantiomeric alcohols are present in solu-

As mentioned above, in the several instances investi- tion and are still available for oxidation. The magni-
gated until now, oxidation of primary alcohols to aide- tude of X  =  0.47 indicates that, at any particular time,
hydes with N A D + -Y A D H  proceeded with the removal as long as both enantiomers are present in the medium,
of the p r o - ( l R )  proton. As a working hypothesis, we 2.13 molecules of the (IS)-alcohol will be oxidized for
assumed that the same would occur in the oxidation of each molecule of the (1/2)-alcohol, 
the isobutyl-1-di alcohols to isobutyraldéhydes. Thus Having evaluated the primary and secondary isotope 
oxidation of the (lS)-isobutyl-l-di alcohol would pro- effects, we turned to the question of confirmation of the
ceed by abstraction of the hydrogen, to yield iso- configuration of the ( —)-(l/2)- and (+ )-(lS )-isobu ty l-l-
butyraldehyde-l-d. On the other hand, oxidation of the d i alcohols prepared by reduction of isobutyraldéhyde
(l/2)-l-di alcohol would require breakage of the C -D  with ( —)- and (+)-diisopinocampheyldeuterioboranes,
bond and formation of isobutyraldéhyde. Involve- respectively.
ment of a primary isotope effect could be anticipated in The ( —)-(l/2)-isobutyl-l-di alcohol (100% 1-di) with 
the breakage of the C -D  bond and a secondary isotope an optical purity of 27.1% was oxidized in the stan- 
effect in the scission of the C -H  bond [of the (lS)-alco- dard manner (40% oxidation), and gave isobutyralde-
hol]. The isotope effects would not have presented a hyde containing 55.1% deuterium. The initial alcohol
problem if the oxidation of the mixtures of enantiomeric, contained a 27.1% excess of the (R)-alcohol, and 72.9% 
optically active (but not optically pure) alcohols could racemate which consisted of 36.5% each of the (R )- 
be brought to completion. Unfortunately, exploratory and (S)-alcohols. Hence the actual composition of the 
studies with 5-20-mg samples of isobutyl alcohol showed sample was 63.5% (l/2)-l-di-alcohol and 36.5% (1S)- 
that the reaction is arrested when about 35-40% of alco- 1-cfi-alcohol. The anticipated amount of deuterium
hoi is oxidized. In view of this, it was necessary to de- in the resulting aldehyde is given by eq 2, shown below,
termine the magnitude of the isotope effects in the oxi-
dation with NAD +and YAD H . • 100 = Y  (2)

Oxidation of samples of (lS)-isobutyl-l-di alcohol J
containing 80.5% D and 70.2% D with N A D + -Y A D H  and consequently Y  =  55.0% deuterium. The calcu-
gave specimens of isobutyraldehyde-l-d having 78.7% lated value for Y  =  55.0% agrees well with the experi-
D and 71.2% D, respectively. It  is evident that the mentally determined amount of deuterium present in
aldehydes retained all the deuterium, and this confirms the aldehyde (55.5%).
the stereospecific removal of the p r o - ( l R )  proton in the when a similar oxidation was performed on the (+ ) -  
reaction. In addition, it is clear that the influence of a (lS)-isobutyl-l-di alcohol (100% l-cfi) having an optical
secondary isotope effect must be small, and its magni- pUrity of ca . 27.6%, the isolated isobutyraldéhyde re-
tude falls within the limits of mass spectroscopic deute- tained 77.8% deuterium. The oxidized alcohol had an
rium determination. Consequently, for the present excess 0f 27.6% of the (IS ) enantiomer, and the remain-
calculations we will disregard the secondary isotope ef- jng raCemate (72.4%) consisted of 36.2% each of the
feck (IS )- and (l/2)-alcohols. Consequently, the sample

In the absence of the optically pure (l/2)-isobutyl-l-di contained a total of 63.8% (lS)-isobutyl-l-di alcohol
alcohol, the primary isotope effect could not be deter- and 36.2% (l/2)-isobutyl-l-di alcohol. The expected
mined directly. Under the circumstances, we chose to amount Z of deuterium in the aldehyde is given by eq 3,
define the primary isotope effect from the oxidation of
racemic isobutyl-l-di alcohol. The rationale of the _______ (63-8)_______ • 100 = Z (3)
approach was based on the assumption that the oxida- (63.8) +  (36.2) (0.47)
tion of the (LSfi-l-ifi-aleohol will proceed at a different . r. ™ , , , , n„ , .

, , , ,  c  , ., . , .  %, ,, m , , , where Z =  79.0% deuterium. The calculated (79.0%)rate, probably faster, than that of the (l/2)-l-di-alcohoI. . , „  , , , , , ,
Should the two rates hannen to be eaual the resulting and the experimentally found (77.8%) amount of deute-
aldehyde will retain 50% of the initially present deute- riU™ m the ald?hyde are “  satisfactory agreement.

Ti ,, ,, , j  ., -, :• , , ,  T>, We now wished to correlate the above specimens of
rium. If, on the other hand, the oxidation of the (1R ) -  ,  . ,, . / , s o\ i j i . , . , f
1-di-alcohol is slower, as expected, more than 50% of the ^  ^  m !  the (1/2)-
initially present deuterium will be retamed. From this arfld (1f  :1S« butyj -  ^  a'C° bols obta“ ed b/  degradation 
excess (above 50%) the primary isotope effect X  can be ° J  ( - ) - < & > - * * d  (+)-(3/2 -isocaproic-3-^acid, respec- 
calculated tively. We have previously shown that the îsocaproic-
aThea required (±)-isobutyl-l-d1 alcohol (100% 1-*) ^  ^ ids  contained 11% D at the C-4 methine car-

was obtained by reduction of isobutyraldéhyde with bm!' Consequently the derived isobutyl alcohols,
lithium aluminum deuteride. Oxidation of this alcohol and bence ̂ butyraldéhydes, should have 11% D at the
proceeded to the extent of 40% within 20 hr, and gave methinf  the ^obutyraldehydes are re-
l-d-isobutyraldehyde containing 68% deuterium. For coy.ered as 2,4-DNPH derivatives from an acidified re
reasons discussed above it may be assumed that the actlon “ edmn} ’ some deuterium may be lost by enoliza-
(liS)-alcohol is oxidized at the “ same rate”  as the pro- tlon- . T o leValyate, tbe " la,gnduc e of tbe lossesJ  we/ t
tonated isobutyl alcohol, and gives the 1-d-isobutyralde- ?U1 T 7 m ,  W w+as P r e p a r e d  ',as fol-
hyde. On the other hand, the (lft)-alcohol is oxidized lowf  + feobf y “ ldehyde was converted into isobutenyl
at a rate X  and cives the A-aldehvde The nrimarv acetate, and the enol ester was hydrolyzed in D 20 -at a rate A  and gives the h  aldehyde ih e primary The j d (CH 3)2CD-CHO (100% D ) was
isotope effect X  ( a h )  can now be calculated from eq 1, . ... , , , ,

diluted with protiated aldehyde and reduced with lith-
(5 0 ) ium aluminum hydride. A  specimen of (CH3)2CD • CH2

(5d)+ (50) (X) ‘ 100 = 68 (1) OH (10.9% D ) was treated with N A D +-YA D H , and

2492 Varma and Caspi The Journal of Organic Chemistry



the resulting aldehyde was isolated in the usual manner. proceeded with inversion of configuration at C-3. It
The aldehyde contained 8.1% D, indicating a net loss of follows that (+)-(372)-isocaproic-3-di acid (4) and the
2.8% D from C-2. I t  follows that results for the iso- derived (2<S)-2-dr aldehyde (7) and (+)-(lÀ )-isobutyl-
butyraldehydes obtained by oxidation of isobutyl alco- 1-di alcohol (9) are related to (fi)-glyceraldehyde.
hols derived from the isocaproic acids should be in- Similarly, the ( — )-(3»S)-isocaproic-3-di acid (5) and the
creased by 2.8%. derived (2I2)-2-ii-aldehyde (10) and ( —)-(172)-isobutyl-

The (lfi)-isobutyl-l-di alcohol from the (3<S)-acid had 1-di alcohol (12) must be related to (iS)-glyceraldehyde. 
89.0%, D at C -l and 11% D at C-2, and on oxidation In summary, it may be concluded that the three 
yielded isobutyraldéhyde containing 55.0% deuterium. methods, deductions on the reduction of ketones and
Thus the composition of the alcohol was 11% D at C-2, aldehydes with (+ ) -  or ( —)-diisopinocampheylboranes,
A %  (lA)-l-('Ii-alcohol and B %  (liS)-l-di-alcohol. Horeau’s procedure for secondary alcohols, and N A D +-
Obviously eq 4 obtains, and therefore, also, eq 5. Y A D H  oxidation, all gave analogous results and can be

A  ^  11 _  100 ^  used for configurational assignments.

( 1 1 ) +^CB) +  (A )  (0 47) ' 100 =  5 7 •8 (5) E xp erim en ta l Section

Materials and Apparatus.— The sodium borodeuteride and 
Solution of eq 4 and 5 leads to B  =  - 8 .2% and A  =  lithium aluminum hydride were of high isotopic purity and were
60.8%. It  follows that the sample contained 28.2% supplied by Metal Hydrides, Inc., Beverly, Mass. A  solution
(liS)-alcohol and 60.8% (lÆ)-alcohol. The optical of deuterioborane in tetrahydrofuran was prepared according to
purity Of the (lA)-alcohol, and hence of the (3S ) -  general procedure usedl for diborane.*«* The «-pinenes
• • O J -J r>o ¿a t /on o OO not\  showed [a ] 26d -4 5 .5 °  and 46.0° (neat, l =  1), and were pur-
lSOCaproiC-3-ai acid, was 32.6% (60.8 28.2%).  ̂ chased from Chemical Samples Co., Columbus, and Aldrich

The (l(S)-l-dj-alcohol derived from the (3f2)-iso- Chemical Co., Milwaukee, respectively. The N A D + (85.5%
caproic-3-di acid had 100% D ,  of which l l % 12a was at /3-NAD by enzymatic assay and 97.0% by uv assay) and
C-2 and 89% at C-l. The composition of this sample crystalline yeast A D H  (80%, specific activity 300 a /mg) were

ACrf /, D\ i .i -Derr m a  i j  j  n  rrr tv used as supplied by Calbiochem Co., Los Angeles, Calif.
f ,  {.\ K ): U h  ,B %  ( l S ) A ' d̂  f,nd  ,U  T °  , Analytical and preparative glc were carried out on an F  & M

at C-2. Oxidation, of this specimen of (lo)-l-ai-alcohol Model 720 instrument on columns packed with T C E P , using
gave isobutyraldéhyde which contained 82.1% deute- helium as carrier gas. In all cases, identity of samples was
rium. The over-all composition of the sample can be confirmed by mixed injection with authentic (nondeuterated)

expressed by eq 4 and therefore by eq 6 which follows. sa“ Ples’ The+ ™eltliî£ pomts 7ere dete™ ined a ho±r  J ^  J 1 and are corrected The îr spectra were determined on a Perkm-
(B ) +  11 Elmer Model 237 instrument. The mass spectra were run on a

rm  -L m u  rn i \\ ’ =  84.9 (6 ) Yarian M -66 or Hitachi-Perkin-Elmer R M H 6 spectrometer.
1 The nmr spectra were recorded at 60 Hz on a Varian DA-60

Solution of eq 4 and 6 gives A  =  27.5% and B  =  instrument using tetramethylsilane as internal standard. The
m  r erf n t ,, ,. , . r • deuterium content in all compounds was established mass spec-
61.5%. Consequently, the optical purity of this speci- troscopieally. The uv spectra of the enzymatic oxidation media
men of (lS)-isobutyl-l-dx alcohol, and therefore of the were recorded on a Perkin-Elmer Model 202 instrument in 1 -cm
(3f2)-isocaproic-3-di acid, was 34.0% (61.5-27.5%). cells. A Hilgerpolarimeter Model M K -I I I  was used.

I t  is ev iden t th a t  the con figu rations o f  the (112)- an d  Isobutyraldehyde-l-d.— To a cooled stirred suspension of lith-
zi r<\ i i i , , • j  c ,, • - ,  , ium aluminum deuteride (o.O g, 119 mmol) in dry ether (100 m l),
(L S )-a lco h o ls , o b ta in ed  fro m  the isocaproic acids, h a ve  a soh]tion of absolllte ethanol (16.43 g, 3 5 7  mmol) in dry ether
been  co rrectly  assigned . A s  expected , o x idation  o f the (50 mi) was added during 20 min. After stirring for another 20

( lK )-a lc o h o l  p roceeded  w ith  a  g rea te r  loss o f  d eu te riu m  min at 0 °, isobutyronitrile (8.28 g, 120 mmol) was added during
th an  th a t  o f the (l*S )-a lcoh o l. T h is  is in  agreem ent 5 min- The resulting thick solid was allowed to warm to

w ith  the an tic ip ated  rem o va l o f the ̂ ( 1 8 )  h yd rogen

(o r  o f isotop ic h y d ro gen ) d u rin g  the N A D  +  an d  Y A D H  by Mtration and washed with ether. The combined filtrate and
o x id a t ion . 4 F u rth e rm ore , the resu lts re late the con - washings were concentrated by distillation through a 90-cm
figurations o f (312)- an d  (3$ )-iso cap ro ic -3 -d i ac ids to  column packed with glass helices. The resulting concentrate
those o f the ( I S ) -  a n d  ( lÆ )-is o b u ty l- l -d i  alcohols. was then distilled through a 1 -ft packed column, and the fraction
c,. . . , , n .. t  at bp 50-78° (750 mm) was collected. Analysis of this fraction
Since, m  princ ip le , the  assignm ent o f con figurations o f by Ppc at 6Q= on a 2 4_m column of 5%  T C E P  on chromosorb
the acids w a s  b a sed  on  H o re a u ’s p ro ced u re , 1211 an d  th a t  indicated a yield of 5.06 g (60.6% ) of isobutyraldehyde-l-d.
o f the iso bu ty l-1 -d i alcohols on  b eh av io r  to w a rd  The product was contaminated with large amounts of ethanol,
N A D + - Y A D H ,  it  fo llow s  th a t  b o th  p rocedures lead  to  but no other impurity was detected. Subsequently, this frac-
iden tica l con figu ration a l conclusions. T h e  resu lts con - tion was used for the preparation of (lS )-isobutyl-l-di alcohol by

firm  also  the con figu ration s of the (  ) - (  l r t ) -  an d  (,t j-  An  aliquot of the aldehyde was converted into the 2,4-dinitro-
( l iS ) - is o b u ty l- l -d i  a lcohols syn thesized  b y  redu ction  o f phenylhydrazone derivative, mp 183-186° (lit. 187 or 182° for
iso bu ty ra ld éh yd e  w ith  (  — ) -  an d  (+ )-d i is o p in o c a m p h e -  nondeuterated material) .16 The mass spectrum of this deriva-

y ldeu terioboran es. T h u s  o u r p ro posed  in terp reta tion  o f tiv,e lindlf atNed ^ at th® aldeî1.yd® '' ’as ^ )() T„nhlltvr
Ii ,, , „  - ,, , ... , , • ,, , .■ f  (+ )- (lS )-Iso b u ty l-l-A  Alcohol. A. Reduction of Isobutyr-
the “ n a tu re ”  o f the transition  state  in  the redu ction  o f with Fermenting Y e a s t . - In  a 5-1. flask, dextrose
a ldeh ydes an d  ketones w ith  d iisop in ocam ph ey lbo ran es  (450 g ) and distmed water (1.91 g ) were stirred at 37° until corn-
ga ins ad d ed  v a lid ity . pletely dissolved. Baker’s yeast (450 g, National Corporation)

T h e  (  — ) -4 -m e th v lp e n tan e -1,3- (S ) -d io l  w as  p rev i- was added in small lumps with stirring. After a few minutes, a
mmlv correlated  w ith  (N)-elvceraldehvde 14 *' 12a The solution of isobutyraldéhyde-1 -d (2.53 g ) m ethanol (10  m l) wasously correlated W ltll (OJ glyceraiaenj. ae. added t0 the actively fermenting mixture. Active fermention
m eth od  o f synthesis of the asym m etric  isocapro ic -i-c ii slowed down considerably after 5  hr, but the reaction was con-
ac ids1211 fro m  the  asym m etric  4 -m eth y lp e n tan e -l,3 -d io ls  tinued with stirring for 12 hr (35-37°). The mixture was then

steam distilled, and 1.3 1. of distillate was collected. The dis-

(14) G. Buchi, L. Crombie, P. J. Godin, J. S. Katlenbronn, K. S. Sid- (15) M . Frankel and S. Patai, “ Tables for Identification of Organic Com-
dalingaiah, and D. A. Whiting, J .  Chem . Soc., 2843 (1961). pounds,”  Chemical Rubber Publishing Co., Cleveland, Ohio, 1960.
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tillate was saturated with salt and continuously extracted with yield) of (l-S)-isobutyl-l-di alcohol, bp 105-106° (750 mm) [lit.1*
ether (12  hr). The. ether was changed and the extraction was 106-108° (748 m m )], [<*]%> —0.165 ±  0.02°. The sample was
continued for 12 hr. The two ether extracts were combined homogeneous when analyzed by glpc on a 2.4-m column of 5%  
and fractionated through a 90-cm packed column in order to T C E P  at 115°. The mass spectrum indicated 100% (C H 3)2-
remove the ether and most of the ethanol. The residual solution C H D O H . Hence the sample is 27.1% optically pure,
was dried, and glpc analysis indicated the presence of 1.62 g of (+ )-Isobu ty l-l-d i Alcohol.— The racemic alcohol was prepared 
isobutyl-l-di alcohol. The pure compound (1.2 g ) was obtained by the reduction of isobutyraldéhyde with lithium aluminum
by two successive glpc purifications on a 2.4-m column of 20% deuteride and was purified by distillation. The mass spectrum
T C E P  at 100°. The homogeneous product was distilled, and indicated 100% (C H 3)2-C H -C D H O H .
showed [a ]25D 0.49° (neat, l =  1). The mass spectrum indicated Isobutenyl Acetate.— A  mixture of isobutyraldéhyde (28.8 g, 
80.5% deuterium content. The 100% ceuterated optically 400 mmol), acetic anhydride (50.5 g, 500 mmol), and p-toluene-
pure compound should have [c* ]26d 0.61°. A  second fermentation sulfonic acid hydrate (100 mg) was refluxed for 18 hr. Sodium
experiment gave a sample containing 70.2% D , [<*]%> 0.43° acetate (2.0 g ) and water (50 m l) was added and the solution
(neat, 1 = 1 ) .  was stirred for 18 hr. The layers were separated and the aqueous

B. Reduction of Isobutyraldéhyde with ( +  )-Diisopinocam- layer was extracted with ether. The extract and the main
phenyldeuterioborane.— The apparatus consisted of a 100-ml organic layer were combined and washed with a cold dilute sodium
flask equipped with a magnetic stirring bar, a side arm capped bicarbonate solution and water and dried. The solvent was
with a rubber septum, and an inlet for dry nitrogen. The flask removed through a 60-cm packed column. The residual mate-
was flamed in a stream of nitrogen and cooled to 0°. A  positive rial was distilled to furnish isobutenyl acetate (85% ): bp 123-
pressure of nitrogen was maintained thereafter. 125° (760 mm) (lit.17 bp 124-126°, 124°); 1750 (strong,

A  solution of deuteriodiborane in tetrahydrofuran (59.1 ml, -O A c ), 1685 cm -1 (medium, C = C ) .
23.34 mmol B D 3) was placed in the flask and cooled to 0°. To Isobutyraldehyde-2-d.— A  mixture of isobutenyl acetate (7.5
the stirred solution, ( — )-a-pinene (51.3 mmcl, 6.95 g ) was slowly g ), deuterium oxide (5.0 g ), and concentrated sulfuric acid (2
added from a syringe (20 min), and the stirring was continued for drops) was stirred and distilled (water bath) through a Vigreux
5 hr (0 -3 °). column during 6 hr. The bulk of the D 20  was removed from the

To the white suspension, isobutyraldéhyde (23.34 mmol, 1.68 distillate by freezing, anhydrous potassium acetate (200 mg)
g ) was added in the course of 5 min, and the stirring was con- was added, and the isobutyraldehyde-2-d was distilled: bp 62-
tinued overnight at 0 -2°. On addition of water, little hydrogen 64° (760 mm); r61™ 1730 cm-1; yield 3.3 g.
was produced. The reaction mixture was oxidized by adding 3 A7 Isobutyl-2-d Alcohol.— To a solution of isobutyraldehyde-2-d 
N aO H  (16 m l) followed by 30% H 20 2 (8 m l) and by stirring at (150 mg) and isobutyraldéhyde (850 mg) in ether (50 ml), lithium
40° for 1.5 hr. The tetrahydrofuran layer was separated; the aluminum hydride (500 mg) was added, and the mixture was
aqueous layer was washed with several portions of ether. The refluxed for 1 hr. The recovered alcohol was purified by glpc on
organic extracts were combined, washed once with a little brine and a 2.5-m column of 20% T C E P  on Chromosorb, and by distil-
dried, and most of the solvent was removed by distillation through lation. The homogeneous alcohol contained 17.8% D .
a 30-cm packed column. The residual liquid was distilled The sample was further diluted with isobutyl alcohol to give a
through a short Vigreux column, and the fraction at bp 70-110° specimen of (C H 3)2C D  • CH 2O H  containing 10.9% D  which was
(750 mm) was collected. The product was twice purified by glpc treated with N A D + -Y A D H  (see Table I).
on the T C E P  column and then distilled to furnish (lS )-isobutyl- Degradation of Methyl (+)-(3f?)-Isocaproate-3-di (4a) to (1S)-
1 -di alcohol, [a] 26d  0.168 ±  0.02° The mass spectrum indicated Isobutyl-l-eii Alcohol (9). A. Diphenylalkene 6 .— The ester
that the sample contained 100% (C H 3)2-C H -C D H O H . As- 4a (25 mmol, 3.25 g ) was added with cooling to phenylmagnesium
suming that pure (l(S)-isobutyl-l-di alcohol has [<*]26d  0.61° bromide (60 mmol) in ether (60 m l). The reaction mixture was
(neat), this product has an optical purity of 27.6%. stirred for 2 hr at room temperature and refluxed for 30 min.

The alcohol was converted into the acid phthalate, which was Excess dilute hydrochloric acid was added, the ether was sepa-
recrystallized from ligroin (90-120°), mp 63-64° (lit.16 62.5-65° rated, and ohe aqueous phase was extracted twice with ether (25
for the racemate). A  20% ether solution in a 1-dm tube did m l). The combined ether solution was washed with water and
not show measurable rotation. The nmr spectrum indicated dried, and the solvent was removed in  vacuo. The crude liquid
99.5-100% deuterium content. The regenerated alcohol, ob- alkyldiphenylcarbinol was dissolved in benzene (150 m l) con
tained by lithium aluminum hydride reduction of the acid phthal- taining a few crystals of p-toluenesulfonic acid. The mixture
ate (see below), had the same optical rotation as the starting was slowly distilled, and, when the dehydration was complete
material. (no -O H  band in the ir) (2 hr), the reaction was terminated.

( — )-(lE )-Isobu ty l-l-d i Alcohol.— The same apparatus as The solution was washed with aqueous sodium carbonate and
above was employed. A  stirred suspension of sodium boro- water, and evaporated in  vacuo. The remaining liquid was dis-
deuteride (37.5 mmol, 1.58 g ) in dry tetrahydrofuran (40 ml) tilled and furnished the diphenylalkene 6 (4.4 g, 75% yield): bp
was cooled to 0 ° and freshly distilled boron trifluoride ethereate 115-116° (0.2  mm); no hydroxyl absorption in ir; mass spectrum
(50 mmol, 6.3 m l) was added during 15 min. After stirring for 237 (M +), 194 (M  — 43), (M  — 83), etc. Analysis by glpc at
1 hr, (+ )-a -p inene (120 mmol, 16.32 g ) was added (20 min), 225° on a 2.4-m column of 5%  SE-30 on Chromosorb showed
and the mixture was stirred overnight at 0 -3°. To the white that the sample was contaminated with a small amount of bromo-
suspension of the reagent, isobutyraldéhyde (50 mmol, 3.6 g ) benzene and traces of unidentified impurities. This material was
was added during 20 min, and stirring was continued for 4 hr employed in the next step.
at 0 -2 °. Addition of water did not generate hydrogen, suggest- B. (2/S)-Isovaleraldehyde-2-di (7).— A  solution of diphenyl-
ing that the reduction was complete. The organoborane was alkene 6 (2.6 g ) in methylene chloride (20 m l) was cooled in D ry
oxidized (N a 0 H -H 20 2), and the product was isolated in the Ice-Methyl Cellosolve and ozonized for 2.5 hr until the blue color
manner described for the ( + )  enantiomer. The fraction at bp persisted. The solution was then stirred for 4 hr with zinc dust
90-110° (750 mm) was converted into the acid phthalate (90% (2.5 g ) and glacial acetic acid (2.0 m l) at room temperature,
yield). The acid phthalate was dissolved in a sodium bicar- The excess acid was removed by stirring the mixture with sodium
bonate solution and recovered after acidification. The purified bicarbonate (3 g ) and a few drops of water for 1 hr. Then an-
product was twice crystallized from ligroin (90-120°), mp 62-63°. hydrous sodium sulfate was added and stirring was continued
A  37% solution of the phthalate in ether in a 1 -dm tube did not for 30 min. The mixture was filtered into a receiver and cooled
show a measurable optical rotation. in ice, and the solid was washed with several small portions of

To the purified acid phthalate (8.0  g ) in ether (75 m l), lithium methylene chloride. Most of the methylene chloride was re
aluminum hydride (2.5 g ) was added in small amounts and the moved by distillation through a 30-cm packed column. The
mixture was refluxed for 2 hr. The reaction was terminated column was removed, the flask was immersed in an oil bath main-
with dilute hydrochloric acid until an easily filterable white tained at 160°, and the distillate (ca. 25 m l) was collected in a
precipitate was obtained. The ether layer was isolated by de- receiver cooled in ice. The distillation flask was cooled to room
cantation, the precipitate was washed with ether, and the com- temperature, 3 ml of methylene chloride was added, and the
bined ether solutions were evaporated through a 30-cm packed mixture was again distilled (160°) almost to dryness. The
column. Short-path distillation of the residue gave 2.2 g (81% operation was repeated three times. The distillate, ca. 40 ml,
--------------------  contained 593 mg (64% ) of isovalerylaldehyde-2-d! (7 ) by glpc.

(16) E. L. Eliel and D. W. Delmonte, J .  A m e r. Chem . S oc., 80, 1744 
(1958). (17) P. Z. Bedcukian, ibid., 66, 1325 (1944).
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T a b le  I

D e u te r iu m  C o n t e n t  a n d  O p t ic a l  P u r it y  op C ompounds

_  . „  Average % optical
Entry no. Compd Origin % D  from MS purity

1 (+)-(3R)-Isocaproic-3-<hacid“ (+)-(3R)-4-Methyl-3-di-per_tan-l-ol 100 3 4 .0
2 (-M3<S)-Isocaproic-3-i2iacid“ ( - )-(3<S)-4-Methyl-3-di-pentan-l-ol 100 32.6
3 (lS )-Isobutyl-l-d i alcohol Entry 1 100 34.0
4 (lR )-Isobuty l-l-d i alcohol Entry 2  100ft 32 6

6 Isobutyraldehyde-l-d Entry 3 -N A D + , Y A D H 6 84.9e
6 Isobutyraldehyde-l-d Entry 4 -N A D  +, Y A D H  57.8» ' ' ̂
7 ( +  )-(liS )-Isobutyl-l-di alcohol A ldd-(+ )-re a g e n te 100 27.6
8 ( — )-(lft)-Isobuty l-l-d i alcohol A l d ^  — )-reagent» 100  27.1
9 Isobutyraldehyde-l-d Isobutyronitrile-LTEAH 7 100»

10 Isobutyraldehyde-l-d Isobutyl-l-d2 alcohol-LTA 1 98.4»
11 (+ )-(l<S )-Isobuty l-l-d i alcohol Entry 9-yeast 80.5 100*
12 (+ )-(l>S )-Isobuty l-l-d i alcohol Entry 10-yeast 70.2 100*
13 (rb)-Isobutyl-l-di alcohol A h D -L A D » 100
14 Isobutyraldehyde-l-d Entry 7 -N A D +, Y A D H  77.8»
15 Isobutyraldehyde-l-d Entry 8- N A D  +, Y A D H  5 5 .5»
16 Isobutyraldéhyde-1-d Entry 11 -N A D  +, Y A D H  78.7»
17 Isobutyraldehyde-l-d Entry 12 -N A D +, Y A D H  71.2»
18 Isobutyraldehyde-l-d Entry 13 -N A D +, Y A D H  68.0»
19 Isobutyl-2-d alcohol* 1 0 .9

20 Isobutyraldehyde-2-d Entry 1 9 -N A D +, Y A D H  8.1»

“ Reference 12. 6 N  A D +, nicotinamide adenine dinucleotide; Y A D H , yeast alcohol dehydrogenase. '  Of the 2,4-dinitrophenyl- 
hydrazone. d Aid, isobutyraldéhyde. « Reagent, diisopinocamphenyldeuterioborane. > Lithium triethoxyaluminohydride [H. C. 
Brown and C. P. Garg, J. Amer. Chem. Soc., 86 , 1085 (1964)]. « Lithium aluminum deuteride. * Of the 3,5-dinitrobenzoate. * As
sumed, corrected for 100% deuterium. > B y  oxidation of sobulyl-l-ri, alcohol with lead tetraacetate in pyridine [R. E. Partch, Tetra
hedron Lett., 3071 (1964)]. The isobutyl-l-d» alcohol was prepared by the reduction of neooctylisobutyrate with lithium aluminum deu
teride in ether. * See Experimental Section.

The 2,4-dinitrophenylhydrazone derivative had mp 118-121° General Procedure for the Oxidation of Isobutyl- 1-di Alcohols 
(lit.16 for nondeuterated derivative, 123°). with N A D + and Yeast A D H .— Preliminary experiments demon-

C. (liS)-Isobutyl-l-di Alcohol (9).— The above dried solution strated that the rate of oxidation of isobutyl alcohol or isobutyl-
of isovaleraldehyde-2-di (7)(560 mg) in methylene chloride (40 ml) 1-rfi alcohol was slow. The reagents appeared to decompose and
was mixed with freshly dried sodium hydrogen phosphate (5.0 discolor rapidly at 37° at pH  9.5. The decomposition was con-
g ) and stirred at 0°. A  solution of trifluoroperacetic acid (pre- siderably slower when the oxidation was carried out at 24-25°.
pared by mixing 2.7 g of trifluoroacetic anhydride and 540 mg of The following procedure was found to be reproducible and was 
80% hydrogen peroxide in 10 ml of methylene chloride at 0 ° ) therefore used throughout. The oxidation medium was pre-
was added during 15 min, and stirred overnight at 0 -3°. The pared by dissolving N A D +  (253 ¿imol, 181.3 mg of an 87% pure
mixture was filtered into a cooled flask, and the solid was washed sample), and yeast A D H  (13 mg, 80% pure) in a 0.25 M  glycine-
with small amounts of methylene chloride. The filtrate was sodium hydroxide buffer of pH  9.8 (65 m l). A  2-ml aliquot was
stirred with sodium bicarbonate (3.0 g ) and a few drops of water. removed, diluted with the buffer to 10 ml, and used as a blank
After 1 hr, anhydrous sodium sulfate was added, and then filtered for uv. The isobutyl-l-di alcohol (253 ¿unol, 18.7 mg) was
into a cooled flask. The solid was washed with small amounts of added to the medium, and the oxidation was followed by measur-
methylene chloride, and the washings were combined with the ing the optical density at 340 m/< of aliquots five times diluted
main filtrate. The solution was concentrated by distilling with the buffer. The amount of N A D H  formed was calculated18
through a 30-cm packed column. Analysis (glpc, 20% T C E P  on the basis of t 6220. The amount of aldehyde produced was
column) of the concentrated solution indicated the presence of assumed to be equivalent to the amount of N A D H .
isobutyl-l-di alcohol (10% ), the formate of 8 (45% ), a small Normally, the oxidation came to an equilibrium after 17-20 
amount of isovaleraldehyde-2-di, and methylene chloride. The hr, at which time 35-40% of the alcohol was oxidized. In some
formate and the isobutyl-l-ri, alcohol were isolated by prépara- instances it was found advantageous to add more N A D +
tiveglc (20% T C E P  column). in order to expedite the reaction. The reaction was terminated

To a solution of the formate in ether, lithium aluminum hydride with a solution of 2,4-dinitrophenylhydrazine (200 m g) in 10 %
was added and the mixture was stirred for 30 min at ambient sulfuric acid (25 m l). The flask was warmed briefly at 40-50°
temperature. The reaction was terminated by addition of a and stored in a refrigerator for 2-3 hr. The solids were isolated
few drops of water, and the resultant solid was separated by by centrifugation and washed with water. The solid was mixed
filtration. The solution was added to the alcohol obtained from with anhydrous sodium sulfate and digested several times with
glc, and the solvent was removed by distillation through a warm methylene chloride. The extracts were combined and
packed colum (30 cm). The residue was distilled to yield ( IS ) -  evaporated. The resulting residue was twice chromatographed
isobutyl-l-di alcohol (120 mg). The product was contaminated [tic, silica gel, benzene-hexane (4 :1 )], the zone corresponding to
with a small amount of diethyl ether (glpc). The mass spectrum authentic material was collected, and the product was recovered,
indicated the presence of 100% D . All experiments were carried out at least in duplicate, and the

Degradation of Methyl ( — )-(3S)-Isocaproate-3-di (5a) to ( I R )- average results are given in Table I.
Isobutyl-l-di Alcohol ( 1 2 ).— The degradation was carried out
as described for the (+ )- (3 R )-3 -A  ester. The derived (2 R )-  Registry N o .— Isobutyraldehyde-l-d, 20440-12-4 ; 9, 
isovaleraldehyde-2-* ( 10 ) was submitted to a Baeyer-Villiger 20446-26-8; 12, 20446-27-9; (± )- isob u ty l- l-d I alcohol, 
oxidation, and, after L iA1H4 reduction of the formate 1 1 , ( 1 R )- o n , , n  n  -
isobutyl-l-d, alcohol (12) was obtained. The mass spectrum 20446-28-0, lSobutyl-2-d alcohol, -0440 13-5, ISO- 
showed 10 0%  di; the 3,5-dinitrobenzoate derivative had mp butyraldehyde-2-rf, 4303-51-9.
84-86° (lit .15 87° for nondeuterated alcohol); the mass spectrum
of the 3,5-dinitrobenzoate derivative showed 99.5-100% D . (18) B. L. Horeckerand A. Kornberg, J . B io l.  C hem ., 178, 385 (1948).
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The cyclic stabilizing effect of alkyl substituents has been exploited for the preparation of a series of spiro- 
silicates derived from 1,2-, 1,3-, and 1,4-diols. Vicinal 1,2 disubstitution and geminal 1,1 disubstitution are 
apparently more effective than geminal 2,2 disubstitution. A series of related heterocyclic organosilicon deri
vatives is also described.

The literature contains numerous examples of silicon T a b le  I
heterocyclic derivatives of various diols,1 but, with the O r g a n o s il ic o n  M o d if ic at io n s

exception of two papers,la,lh there has been little ap- Aikanedioxy silane“'4
parent effort to relate heterocyclic stability2 to diol _ 0C H - c h c h !0 - )  b p , ° c  (mm), . - v i s c o s i t y  (centistokes)— .  
structure. The paucity of such correlations is some- | | uncorrected 2 5 ° 75° 1 2 5 ° 2 0 0 °

what surprising, because dioxasila-heterocyclic sub- Er,

strates are well suited for studying the effect of structure [Me(G)Si]2G 170 (0.5) 66.2 7.76 2.59 1.06
upon ring-chain equilibria, since (1) structural variation [n-Pr(G)Si]2G 185 (0.3) 61.8 8.79 3.14 1.23
is simple, (2) facile interconversion of ring and chain [n-Pr(G)Si]2G 130 (0.01) 20.6 4.36 1.82 0.79

forms is easily catalyzed, and (3) the interconversion So (0 01) *7 ’ 7 5  26 5 e 'o i 188
results in no new functional moieties. Regarding this ^ Pr(G)SiOMe 114 (10)
last point, much of the earlier ring-chain work has dealt . .. .... , ,, . „  . , . . , . , “ Prepared by reaction of the organomethoxysilanes with 2-
with systems such as the following3 equilibrium m which ethylhexane-l,3-diol and, in the case of the disiloxane, the
any interpretation is necessarily complicated by changes appropriate amount of water. 6 In all cases, an elemental
in functionality. analysis consistent with the assigned structure was obtained.

0 was removed from the system as it formed. The result-
/ C00H q ing spirosilicates were then isolated by distillation or

^ 1  RiC'' "O crystallization. In appropriately decorated systems,
Me,Cs Me,C-----C— COOH monomeric spirosilicate species are so favored that the

C—COOH | initial n e a t undistilled product is essentially free of
O' Ob higher oligomers, even in the presence of agents capable

of catalyzing rapid redistribution of SiOC bonds (in 
The present paper reports the deliberate effort to ex- this category fall I,6 I I I ,5 IV, V I, V III, and IX ). In 

ploit the well-known cyclic-stabilizing effect of alkyl
substituents4 for the preparation of a number of inter- q CMe O—C.H, O—CMe,
esting silicon heterocyclic diol derivatives. Included Si^  I ~
are examples of 1,2-, 1,3-, and 1,4-diol spirosilicates ' V —L  x  v i —pit 2 x ^n_ r'
( I - IX )  as well as several related organosilicon hetero- _ 6i. 2 _ 2 _, _ e_ ,
cychcs (Table I). The relative effect of several types j jj jjj

of dialkylation on cychc stability is also illustrated.
Diol Alcoholysis of Ethyl Silicate.— In this work, I”  Me2

spirosilicates were prepared by catalyzed (NaOMe I
or isopropyl titanate) alcoholysis of ethyl silicate with r n r  1  C~CH2
appropriate diols under conditions whereby ethanol ^O—CH2 .̂O—CH2 j

Si. CHEt Si^ CEtBu ^0—C—CH2
(1) (a) H. Staudinger and W. Hahn, M a k ro m o l. C hem ., 11, 24 (1953); __p u p .  ^ >sO __C M  I

(b) W . Hahn, ib id ., 10, 261 (1953); (c) W. Hahn, ib id ., 11, 51 (1953); (d) U  U n r r  U  U n 2
R. Schwarz and W. Kuchen, Z .  A n o rg . A llg em . Chem ., 279, 84 (1955); (e) 2 2 1 ■>
F. S. Kipping and J. T. Abrams, J .  Chem . Soc., 81 (1944); (f) J. J. Zucker- T V  V  V I
mann, ib id ., 873 (1962); (g) C. M . Silcox and J. J. Zuckerman, J .  O rgano-
m etal. Chem ., 5, 483 (1966); (h) R. Calas and P. Nicon, C om pt. R end ., 249, r~ —
1011 (1959); (i) R. C. Mehrotra and R. C. Pant, J . In d ia n  Chem . Soc., 41, i e
563 (1964); (j) R. C. Mehrotra and R. C. Pant, ib id ., 1, 380 (1963); I F  R -
(k) Yn. N. Vol’nov and B. N. Dolgov, J .  Gen. Chem . U S S R  (Engl. Transl.), s ® — CH CH2 i- y 2
10,550 (1940); (1) M. M. Koton, et a l., Z h . Obshch. K h im ., 36, 87 (1966); g j ^  I O — C R  !
(m ) M . F. Shostakovskii, et a l., U.S.S.R. Patent 165,452; Chem . A bstr., 62, S  I \ 1 — C — CH.,
6514a (1965); (n) R. H. Krieble and C. A. Burkhard, J .  A m er. Chem . Soc., O C H  CH2 S i^  C H 2 g ,'^  !
69, 2689 (1947); (o) G. W. Pedlow, Jr., and C. S. Miner, Fr., U. S. Patent j _p j j  \ |
2,566,365 (1946); (p) R. Mailer and L. Heinrich, Chem . B er., 94,2225 (1961); Me „ _ 2 V'0 — CH2CH2
(q ) C. L. Frye, R. M. Salinger, and T. J. Patin, J .  A m er. Chem . Soc., 88, 2343 2 2 2

(1966). V I I  V I I I  IX
(2) Throughout this paper the terms “ stable heterocyclic”  and "cyclic

stability”  refer to the thermodynamic stability relative to acyclic alterna- Some Systems, the decoration is less effective and, at 
winded N° inferences regardinK solvolytic or Midative stability are in- equilibrium, the crude alcoholysis product contains

(3) e . Rothstein and c. w. Shoppee, j. ch em . Soc., 531  ( 1927 ). much material of higher molecular weight. In such
(4) (a) g. s. Hammond, “steric Effects in Organic chemistry,” m. s. instances, distillation in the presence of a catalyst can,

Newman, Ed., John Wiley & Sons, Inc., New York, N. Y ., 1956, p 468.
(b) N. Allinger and V. Zalkow, J .  O rg. Chem ., 25, 701 (1960). (c) For other (5) Pinacol spirosilicate (I )  has been prepared previously10’* but not from
leading references, see F. G. Bordwell, C. E. Osborne, and R. D. Chapman, alkyl orthosilicates. Likewise, compound I I I  has also been previously
J .  A m e r. Chem. S oc., 81, 2698 (1959). described.10
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by displacing the mobile equilibrium, be used to give resulted in the rapid formation of an additional species
high yields of the monomeric species (thus, II, V, and of intermediate volatility ( i . e . ,  the mixed spirosilicate).
V I I  were prepared in this fashion). Finally, there are Similar attempts to prepare a stable spirosilicate from
systems, i . e . ,  [S i(0CH2CH20 )2]x, which are so the 1,5-diol, H 0 CH 2CH 2CH2CH2C(Bu)2 0 H, led only to
thoroughly polymeric at equilibrium as to completely a viscous nonvolatile oil containing little, if any, of the
frustrate all attempts to form and distil monomer from desired monomer. Thus, this negative result would
the n e a t system. The claim1' that spirosilicates derived appear to indicate, at least qualitatively, a limit to the
from ethylene, propylene, and butylene glycols had in- geminal 1,1 dialkyl “ cyclic stabilizing”  effect,
deed been prepared is certainly unwarranted in view of Although V  did indeed gel, the number of cross links 
the complete lack of volatility or solubility of the re- is apparently inversely proportional to the temperature,
ported materials. since upon heating to 200-220° the gel reverted to a

While examination of molecular models indicates the mobile liquid. The catalyzed polymer thus behaves as
six- and seven-membered rings to be essentially strain- a thermoplastic resin. The explanation for this thermal
free, the five-membered ring species I  appears to be ap- reversibility is believed to be similar to that advanced
preciably strained. This strain is presumably related to above to account for the stability of IV  relative to
the marked ease with which I  is converted into stable polymeric forms. That is, certain motions (rotation
pentacoordinate silicon derivatives.6’7 of the geminal substituents, perhaps) more readily ae-

As will be seen below, geminal 1,1 dialkylation effec- commodated in the monomeric structure become in-
tively stabilized the six-membered cyclics; however, this creasingly important at higher temperature, thus
degree of substitution did not stabilize spirosilicates with favoring the spirosilicate species. Other motions also
five-membered rings; i . e . ,  the reaction of ethyl silicate presumably facilitated in the lower molecular weight
and isobutylene glycol afforded only cross-linked gels species, such as stretching vibrations and molecular
from which we were unable to distil any spirosilicate. translation, would become increasingly important at
The fact that I  does n o t  undergo polymerization under higher temperatures.
equilibrating conditions despite its strained nature Organosilicon Modifications.—A  number of related 
underscores the overriding importance of alkyl decora- 2-ethylhexane-l,3-diol derivatives involving organo- 
tion upon ring-chain equilibria. substituted silicon (X , R  =  Me, n-Pr, «-pentyl, Ph)

Vicinal Decoration and Heterocyclic Stability.—
Some types of decoration appear to stabilize cyclics R
much more effectively than others. For instance, the \  .
vicinal 1,2 disubstitution in IV  is apparently superior C K ^ o  V (p Six>
in this respect to the geminal 2,2 disubstitution of V. ^ ^  re.pr H(i, ^
Upon heating these pure distilled spirosilicates briefly y  ^CH 2 /  ^CH 2
to 100° after the addition of catalytic KOH, IV  (vicinal Pr j n-Pr j
substitution) was unaffected, while V  rearranged rapidly Et Et
to an obviously cross-linked polymer. The greater X
stability of IV  is possibly related to restriction of rota
tion about the vicinally substituted C-C bond; i . e . , con- , , . .. . ... .....
straint of rotation about this bond should diminish any w e r,e  a  s o  P TeP a r f  Beca’f e c po^ lb^ tlllty
loss of segmental rotational entropy which might result a* hydraulic fluids, viscosity data from 25-200 was
from cyclization. Although geminal 2,2 disubstitution ° btam®d’ and thls mi°rmation 18 also lncluded in
did not confer much stability to the cyclic species ( i . e . ,  l a z, , .
V ), very marked stability did accrue, however, from The marked cyclization tendency engendered by this 
geminal 1,1 disubstitution (e .g . , V I I I  and IV );  thus, type ° f  alkyl decoration was particularly well illustrated 
under equilibrating conditions, V I I I  and IX  afford no by t e o owing leac ion. 
ring-opened oligomers. This stability is perhaps a con
sequence of the greater steric interactions to be expected Me
in the hypothetical open-chain oligomers of V I I I  and | 2 catalytic

IX ; certainly decoration at the 1 site should produce [(M e0 )3SiCH2CH2Si-fl-20  + 3HOCH— CHCH»OH — — 
more crowding about the silicon than should decoration \ \

at the 2 site. That these observations were indeed re'pr Et
made under dynamic equilibrium conditions ( i . e . ,  that Me2 «-P r Et Me2

cyclic stability was not merely the consequence of a slow | | | ;
and incomplete ring-opening reaction) was easily dem- -[—OSiCHjCIbSi— OCH— CHCH.OSi— CH,CH2Si—(-„
onstrated. Thus, admixture of two stable cyclic ? ? ? 6MeOH
species such as IV  and V I I I  in the presence of a catalyst H C ^  -CH , H (X  ^CH,

/  CH /  CH
,CH 20. .0 — CH2 n-Pr | re-Pr |

catalyst '  \  /  \ Et Et
IV  +  VIII — -  - 2 CH2 Si CHEt

XC— cr xO— CHPr

i  A  s o lu b le  polymer was obtained, and this observation
^  seemed immanently consistent with the presumed cyclic

-------------  structure suggested, since any appreciable ring-opening
(6) r . Mailer and l . Heinrich, chem. Ber., 9 4 , 1 9 4 3 (1961). would have certainly resulted in cross linking and con-
(7) Unpublished work from this laboratory to be described in a forth- , •

coming paper. sequent gelation.
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Of especial interest were the organosilicon heterocy- tion at reduced pressure yielded 329 g (95% ) of spirosilicate; 

clic species derived from pinacol, e.g. 62.8; H , 10.46; Si, 8.16.

DucYm i \ I ■ i Found: C, 62.7; H , 10.64; Si, 8.15.
+  pinacol *■ a  sample of this spirosilicate (16.8 g ) was heated for several

ph 0 -C M e 2 minutes at a temperature of 100-150° with a trace of K O H  (0.04
\ ~ /  I , M g), resulting in gelation. Heating this gel at a temperature of
y \  I +  2 e 200-230° caused the obviously cross-linked material to revert

MeCr 0 —CMe2 to a mobile liquid which, of course, gelled again as the tempera-
jq  ture was lowered. Another sample of the spirosilicate showed no

discernible viscosity change upon heating at 100-150° for 2 hr

Like I ,  the analogous spirosilicate, X I ,  appears to be m the ^ D i ^ f l - S - d i p r o p y l , !,5 ,7 ,! 1,6-tetraoxasilaspiro[5.5]-
highly strained and, as a presumed consequence or this undecane (IV ).— This material was prepared in the same manner
strain, undergoes a number of interesting transforma- as was V ; bp 134-137° (0.8 mm), nnd  1.4536. Temperature
tions to stable isolable pentaccordinate silicon deriv- and viscosity (in centistokes) follow: 0°, 425; 25°, 54.0; 100°,
iitivps 1 3.41.

Anal. Calcd for SiCi6H 320 4: C, 60.8; H , 10.12; Si, 8 .88 ; 
mol wt, 316. Pound: C, 61.3; H , 10.46; Si, 8.93; mol wt,

Experimental Section When a sample of this material was heated with catalytic K O H
2,2,3,3,7,7,8,8-Octamethyl-l,4,6,9,5-tetraoxasilaspiro[4.4]- for 2 hr at 100-150°, there was no discernible change, in striking 

nonane (I, Pinacol Spirosilicate).— This material has been pre- contrast to the behavior of V  noted in the preceding example, 
pared before,1o-' but the following procedure utilizing alkoxy ex- 3,3,9,9-Tetraethyl-l,5,7,ll,6-tetraoxasilaspiro[5.5]undecane
change is believed to be the most convenient method now avail- ( I I ).— To a 250-ml distillation flask were added 20.8 g (0.100 mol)
able. To a 1-1. erlenmeyer flask were added 118 g (1.00 mol) of of ethyl silicate, 26.4 g (0.200 mol) of 2,2-diethyl-l,3-propanediol,
pinacol and 100 ml of benzene. After boiling this solution vigor- and 0.1 g of powdered K O H . The flask was placed under a 36
ously for about 5 min to azeotropically expel any moisture, 104 g in. X  10 mm Nester-Faust spinning-band column and heat was 
(0.500 mol) of ethyl silicate was added. Upon heating to 135°, applied. Commencing at a pot temperature of 85-90°, ethanol
the absence of ethanol evolution suggested no reaction to be oc- formation was noted. During the next 30 min, 17 g (92% of
curring. Therefore, tetraisopropyl titanate (0.5 m l) was added theoretical) of ethanol was collected while the still temperature
as a catalyst, resulting in the immediate commencement of rose to 230°. Fractionation at reduced pressure then yielded
ethanol evolution. The flask was then heated to a pot tempera- 26.4 g (92% yield) of the spirosilicate; bp 130-133° (0.8 mm),
ture of 190° and allowed to cool, whereupon crystallization n wD 1.4633. An infrared spectrum showed this material to be
occurred. Recrystallization from hexane yielded 70 g of pinacol free of hydroxyl. Refrigeration of its pentane solution caused
spirosilicate; mp 112°. The filtrate was concentrated and taken crystallization; mp 61-63°.
up in pentane, and upon refrigeration deposited an additional Anal. Calcd for SiCi4H 280 4: C, 58.35; H , 9.72; Si, 9.75.
31 g of product. These two crops represent a 78% yield, and no Found: C , 58.24; H , 9.52; Si, 9.70.
further effort was expended with the filtrate, although it pre- 2,5,9,11-Tetramethyl-l,6,8,13,7-tetraoxasilaspiro[6.6]tri
sum ably contained additional spirosilicate. The infrared spec- decane (V II ).— Ethyl silicate (62.4 g, 0.30 mol) of 2,5-hexanediol 
trum was consistent with the anticipated structure (absorption (71.5 g, 0.60 mol), and catalytic K O H  (0.10 g ) were heated to
due to hydroxy and ethoxy being absent), and the anticipated 210°, removing ethanol as it formed. Subsequent fractional
molecular weight (260) was confirmed by mass spectroscopy. distillation afforded the desired product in fair yield (29% );

2,2,4,8,8,10-Hexamethyl-l,5,7,ll,6-tetraoxasilaspiro[5.5]- bp 110° (4.5 mm), ?i 26-6d  1.4430. Infrared spectroscopy con-
undecane (III, Hexylene Glycol Spirosilicate).— This material15-10 firmed the absence of carbinol groups.
was prepared in similar fashion to that employed above for Anal. Calcd for SiCi2H 24C>4: C, 55.4; H , 9.29; Si, 10.78.
I, the only difference being that NaO M e was employed as catalyst Found: 0 ,55.6 ; H , 8 .8 ; Si, 10.73.
rather than isopropyl titanate. The product was freed of cata- 2,2,8,8-Tetrabutyl-l,5,7,ll,6-tetraoxasilaspiro[5.5]undecane
lyst by filtration of its hexane solution. The clear filtrate was (V III, R  =  B u ).— 3-Butylheptane-l,3-diol (9.0 g, 0.048 mol)
then stripped of hexane to give a crystalline product (90% yield) was heated with ethyl silicate (5.0 g, 0.024 mol) after adding 80
which was recrystallized from methanol or pentane; mp 73-77°. /A of (¿-PrO)4T i to catalyze the alcoholysis reaction. Ethanol
The broad melting point is not unexpected in view of the dia- was distilled from the reaction mixture, and distillation of the
stereomeric possibilities. residue afforded a 62% yield (6 g ) of the anticipated spirosilicate,

2,2,5,5,9,9,12,12-Octamethyl-l,6,8,13,7-tetraoxasilaspiro[6.6]- V I I I , which eluted as a single component from a gas chroma-
tridecane (V I).— Ethyl silicate (16.0 g, 0.077 mol) and 2,5-di- tograph. Positive structural confirmation was provided by mass
methyl-2,5-hexanediol (22.0 g, 0.150 mol) were combined and spectroscopy (a parent ion of the theoretically anticipated
heated to 140° with no indication of ethanol formation. The molecular weight of 400), as well as nmr spectroscopy which
addition of a catalytic amount of powdered sodium methoxide showed the following absorptions of the proper intensity ratios:
resulted in the immediate commencement of boiling. Allowing A  poorly resolved triplet at r 9.07 (C -C I I3), a triplet at r  6.01
ethanol to escape as it formed, the reaction mixture was heated (O C H 2), and a complex multiplet at t  8 .2-8.9 ppm ( -C H 2-
to 220° and held at that temperature for 20 min. The low vis- C H 2C H 2- ) .
cosity of this solvent-free melt attests to the absence of polymeric The glycol needed for the above preparation (f.e., 3-butyl- 
products. Recrystallization of the resulting solid product from heptane-1,3-diol) was prepared as follows. A  solution of 0-
methanol yielded 13.9 g (59% yield) of pure V I; mp 81-83°. propiolactone (29 g, 0.40 mol) in toluene (50 ml) was slowly added
An infrared spectrum showed this material to be completely free to a 1.6 M  hexane solution of ra-BuLi (containing 0.8 mol of the 
of hydroxyl content and to have a strong S i-0  absorption at 9.5 ¡i. lithium reagent) while maintaining the temperature at 0°. The

Anal. Calcd for SiCi6H320 4: C , 60.8; H , 10.23; Si, 8.89; resulting product was washed well with water, dried (N a 2S 0 4),
mol wt, 316. Found: C , 61.1; H , 10.23; Si, 8.83; mol wt, and fractionally distilled to afford 20 g (27% yield) of the desired
359. diol; bp 88-90° (0.15 mm). [Mol wt: calcd, 188; found (mass

In an earlier attempt to prepare this material using tetra- spectrum), 188.] 
isopropyl titanate as catalyst, little or no reaction was observed. The nmr spectrum showed the following absorptions of the

3,9-Diethyl-3,9-dibutyl-l,5,7,ll,6-tetraoxasilaspiro[5.5]un- anticipated intensity ratios: A  poorly resolved triplet at t 9.08
decane (V ).— Into a 1-1. distillation flask were placed 320 g (C -C H 3), a triplet at t  6.29 (0 -C H 2), a complex multiplet at t

(2.00 mol) of 2-ethyl-2-butyl-l,3-propanediol and 100 ml of 8 .2-8.9 ( -C H 2C H 2C H 2- ) ,  and a singlet at t  5.92 ppm (O H ),
benzene. This material was then briefly heated to boiling under 2,2,8,8-Tetramethyl-l,5,7,ll,6-tetraoxasffaspiro[5.5]unde-
a 36 in. X  10 mm Nester-Faust spinning-band column to azeo- cane (V III, R  =  M e ).— This spirosilicate was prepared (75%  
tropically remove any moisture from the system. A  slurry of yield) in the same fashion as was V I I I ;  bp 67° (2.4 mm). [M ol
0.1 g of N aO M e in 208 g (1.00 mol) of ethyl silicate was then wt: calcd, 232; found (mass spectrum), 232.] The nmr spec-
added, and, upon further heating, benzene and ethanol was re- trum showed a singlet at r  8.73 (C -M e2), a triplet at r  8.31
moved while the still temperature climbed to 255°. Fractiona- (C -C H 2), and a triplet at r  5.99 (0 -C H 2); and these absorptions
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were of the expected intensity ratios. The diol required for this Anal. Calcd for SiCuHaOa: C ,6 1 .9 ; H , 7.94; Si, 11.14. 
preparation was obtained from the slow addition of /3-propio- Found: C, 62.0; H , 6.9; Si, 11.08.
lactone (29 g, 0.40 mol) to 550 ml of ethereal M eLi (containing The nuclear magnetic resonance spectrum showed a doublet
0.88 mol of lithium reagent) while maintaining the reaction at r 8.82 and 8.40 (cis and trans methyls of the pinacoloxy moiety) 
temperature at — 18°; the reaction product was then allowed to a singlet at r 6.45 (O M e), and a complex multiplet at t  2.1-2.8
rise to room temperature and enough water (0.88 mol) was added ppm (C 6H 5); the integrated intensity ratios were consistent with
to hydrolyze the lithium alkoxide, whereupon L iO H  precipitated the structure. This compound is very hygroscopic and must be
and was removed by filtration. Subsequent distillation of the protected from atmospheric exposure to avoid hydrolysis,
filtrate afforded a 25% yield (10 g ) of the desired diol,8 3-methyl- 2-Ethylhexane-l,3-diol Derivatives of Organo-Substituted Sil- 
butane-l,3-diol, which was characterized by mass and nmr spec- anes (X ) .— The preparation of the 2-ethylhexane-l,3-diol deriva-
troscopy. [M o lw t: calcd, 104; found (mass spectrum), 104]. tives of PrSi(O M e )3 described below illustrate the methods used

The nmr spectrum showed the following absorptions of the to prepare related organosilicon species from other alkoxysilanes. 
expected intensity ratios: a singlet at r  8.88  (C -M e2), a triplet 2-Ethyl-l,3-bis(2,4-dipropyl-5-ethyl-l,3,2-dioxasila-2-cyclo-
at r  8.41 (C -C H 2), a triplet at 6.49 (O C H 2), and a broad un- hexoxy)hexane (X , R  =  P r ).— Propyltrimethoxysilane (67.6 g, 
resolved band at r 5.65 ppm (O H ). 0.41 mol), 2-ethylhexane-l,3-diol (87.6 g, 0.60 mol), and sodium

2,2,9,9-Tetrabutyl-l,6,8,13,7-tetraoxasilaspiro[6.6]tricecane methoxide (0.05 g ) were heated to 260° during a 2-3-hr period, 
(IX ).-— This spirosilicate was prepared in the same fashion as and methanol was distilled from the system as it formed. Sub-
were the previous two examples; bp 153° (0.6 mm). The diol sequent fractional distillation afforded 103 g (90% yield) of the
precursor to this derivative (i.e ., 4-butyloctane-l,4-diol) was desired product (X , R  =  P r ); bp 180-190° (0.3 mm), ra“D 1.4525.
prepared in 39% yield by  the addition of n-BuLi to y-butyro- An infrared spectrum confirmed the absence of residual O H
lactone, as in the above related examples; bp 119° (0.65 mm), groups.
n25d 1.4596. The diol was characterized by mass spectroscopy Anal. Calcd for Si2C 3oH6206: C , 62.7; H , 10.85; Si, 9.78. 
(the calculated molecular weight value of 202 was confirmed), Found: C, 63.3; H , 11.05; Si, 9.77.
and nmr spectroscopy (in dimethyl sulfoxide), which showed When glycol sufficient to react with only two-thirds of the
peaks at t 5.63 (C H 2O H ), r 6.20 (R 2C O H ), t  6 .6  (C H 20 ),  and r methoxy groups was added, the monomeric species, P r (M eO )-
8 .7- 9 .1  ppm (aliphatic) in the expected intensity ratios of 1:1: SiOCH 2C H E tC H PrO , was obtained in 50% yield; bp 114°

2 Ariempted1 Pofymerization of V III and IX .-N e ith e r  V I I I  nor (10 mm), n^r>  1.4339 TMs monomethoxysilane (123 g, 0 5
IX  could be caused to polymerize when heated for long periods V+as hf f ted to « 0 for 8 f hr w.lth g’ ° ' 25
(i.e., 48 hr) at 60° with catalytic amounts of K O H  or (i-P rO )4Ti. mol) after adding a small amount of powdered K O H  to serve as 
To demonstrate that alkoxysilicon linkages were indeed under- “ talyrt; during this tune 15 g (94%, yield) of methanol distilled
going exchange, V I I I  and IX  were admixed with IV  in the pres- fr°m  the reaction. Subsequent distillation afforded 98 g (88%
ence of such catalysts; glpc assay revealed in each case the almost J;!eld) ° f *he ef? ected disiloxane b.s-2,4-dipropy -5-ethyM,3,2-
immediate appearance of an additional peak attributable to the dioxas. a-2-cyclohexyl ether; bp 155 (0 5I mm), » » • to 1.4475

mixed spirosilicate. _  Anf  w  ^  o ’ ! ’ 5 ’
Phenyl(tetramethylethylenedioxy)methoxysilane (X I).—  bound. 0 ,59.5, 11,10.3, oi, 12. .

Phenyltrimethoxysilane (1.00 mol) and pinacol (1.00 mol) were Registry No.— I, 837-00-3: II , 20505-17-3; I I I ,
heated in the presence of an alkaline catalyst (0.1 g ol iNaOlVie), 0 0 * 7 0 1  cx. ttz- onKAPC 1 0  k. on Q* VT OOzlŜ
distilling the methanol from the reaction zone as it formed. 887-37-0, IV , zU5UO-iy-0, V, UOUD- U- , > "
This required a time of 5-6 hr, with a maximum temperature of 232; V II, 20505-21-9; V ll l ,  K  — Hu, 2050O-22-U;
215° being reached. “ Methanol volatiles”  in the amount of 3-butylheptane-l,3-diol, 20483-24-3; V III, R  =  Me,
64.7 g were collected; there was some indication of a small 20505-23-1; IX , 20505-24-2; X , R  =  Pr, 20505-25-3;
amount of Ph-Si cleavage in the latter part of the reaction; bis_2,4-dipropyl-5-ethyl-l, 20505-26-4; 3,2-dioxasila-
.̂6., the refractive index of the volatiles was somewhat higher, mn?ir'UDnn

suggesting the presence of some benzene. The crude product was 2-cyanohexyl ether; P r(M e0 )b iQCH2OHMVHPrU,
strip distilled and then carefully fractionated on a 36 in. X  10 onc;nr; 0 7  c. v  T? — A/!» 90505 98 fi- X  H  — nen tv l-n
mm Nester-Faust spinning-band column to afford a 63% yield. 2^05-27-5, X , R  -  Me, 20505-28-b, X  R ; -  ]pentyl » ,
(160 g) of IV , bp 85° (0.15 mm), m25d 1.4890. 20505-29-7; X , R  =  PL, 20483-25-4; X I, 20505-30-0.

-------------  Acknowledgment.-—It  is a pleasure to acknowledge
(8) This preparative method is superior in terms of yield and convenience ^he technical assistance of Mr. David S. RobinSOn and

t  a Mrs. Theresa DeYoung on certain phases of this work.
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Triphenylmethyl (trityl) acetate-180  and phenylmagnesium bromide (1:1.3 molar ratio) react in ether at room 
temperature. Trityl peroxide and acetic acid are the major products detected in the reaction mixture after 
hydrolysis in the presence of air. Acetophenone, triphenylmethane, benzophenone, triphenylmethanol, tetra- 
phenylmethane, and very small quantities of several other compounds were also identified by glpc and mass 
spectral analysis. Since trityl peroxide did not contain 180 , a classical acyl-oxygen [C ( = 0 )0 ]  bond cleavage 
was considered untenable. The acetic acid examined contained 180  in the amount essentially identical with that 
determined in trityl acetate-180  used as starting material. A  mechanism is postulated to involve electron trans
fer by the Grignard reagent to trityl cation to give trityl radical.

In a continuing study,2 it was observed3 that several The distribution of 180  in the final products is found 
carboxylic esters of triphenylmethanol behave in an in Table I. I t  is clear that decomposition by the inter- 
anomalous fashion toward aryl Grignard reagents.4
Unequivocal evidence is now available by the use of T a b l e  I

trityl acetate-180  ( 1 )  to substantiate a mechanism in Q u a n t it a t iv e  A n a l y s is  o f  P e r  C e n t  Y ie l d s  a n d  P e r  C e n t  I80
which alkyl-oxygen bond cleavage6a occurs in the ester i n  t h e  P r o d u c t s  R e s u l t in g  f r o m  t h e  R e a c t io n  o f  T r i t y l

A cetate - 180  (1) a n d  P h e n y lm a g n e s iu m  B romide (2), 
Schem e  I  1:1.3 M olar  R atio

18n M  p  Typical
V W &Br Product yield, % a %  ™Ob %  >*0°

V , n il 1__iserin u  i Trityl Peroxide (7 ) 60 0 0
'T  ° CiC5H;)j Acetic Acid 80“ 0« 50

/  Acetophenone (9) 14 15 20.6
' * Triphenylmethane 23

1 +  2 3 Benzophenone 12 0 0

V 180 Triphenylmethanol ~ 5  3 0
|j Biphenyl 23

CH3C— 18OMgBr +  (C6H5)3C- +  C6H-; 1,1-Diphenylethanol (9 ) ~ 2  . J  . . J
. _ _ Tetraphenylmethane ~ 2

1,1-Diphenylethene (10) ~ 2
| | Bromobenzene . . . "

Phenol . . .  . . .. .*
products “ Yields based on trityl acetate. The yield of 7 is that ob

tained by actual isolation of the material. It was inadvertently 
, i ,, , , , , . , . . implied in the preliminary communication3 of our data that this

prior to or during attack by phenylmagnesium bromide yi^ j  was determined by glpc analysis. The yield of 7 varied
(2). A  classical intermediate5 3 resulting from addi- from a minimum of 60% to a maximum of 72% of isolated pure
tion of the Grignard reagent to the carbonyl group is product. This situation was created owing to the lack of a good
untenable, but a different mechanism tentatively pos- purification solvent for 7, since hot benzene proved to be only a
tulated3 is supported. (See Scheme I.) *alr s °lvent and no other solvent proved superior. 5 Started with

v 7 trityl acetate-180  (47% ) and mixture hydrolyzed with 6 N  HC1.
c Started with trityl acetate-180  (50% ) and mixture decomposed 

,1W x -d . , . , , f po j xt j.* , ,  . with anhydrous H 2S 0 4. d Yield of acetic acid was obtained by(1) (a) Presented m part at the 153rd National Meeting of the American , ■. » ,, , , . 3. ,, , ,
Chemical Society, Miami Beach, Fla., April 1967. (b) To whom inquiries an nmr, study of the water layer using dimethyl sulfoxide as an
should be addressed at the Department of Chemistry, Oklahoma State Uni- internal standard. A  deviation of =h2% of the actual yield under
versity, Stillwater, Okla. 74074. (c) Predoctoral NASA Trainee, 1965- controlled conditions was observed for acetic acid. 8 180  ex-
1968. changed with H 20  in water layer. < Mass spectrum of the oxy-

(2) K . D. Berlin and B. S. Rathore, J . Org. Chem ., 29, 993 (1664), con- gen-containing molecular ion could not be obtained owingto ease 
tains reference to prior work. 0f dehydration of the alcohol. "N o t  determined. “ Found in

(3) K. D Berlin R D Shupe, N. L. Doss W. J. Leivo, M. D. Bell, all reaction mixtures « 2 % )  but did not contain 180  as deter-
0968) ’ a a er' Chem■ CommUn■' 624 mined within the limits of mass spectral analysis.

(4) Facile reduction of trityl cations at the dropping mercury cathode

Too °t3Seryed re%ntly; 8ee M- L James and p- H- plesch, chem. Commm., mediate 3 in a classical manner would be expected to
508 (1967). Trity l cation is reported to undergo an electron exchange with • i ,i i i - -  isr\ t i
trityl radical; see j. w. Lown, Proc. chem. Soc., 283 (1963). glve triphenylmethanol containing lsO. In two sep-

(5) (a) Ion-pair formation in trityl esters is well documented. Much of arate experiments with labeled 1, glpc and maSS SpeC- 
“ L t  f o ^ io n t ;  1 tral analyses confirmed the presence of triphenylmeth-
could yield trityl cation, which could then be reduced, (b) I t  is recognized a n o i ,  b u t  W it h  o n l y  1 — /Q O , w h ic h  m o s t  l i k e l y  r e s u l t s
that esters of triphenylmethanol undergo heterolytic bond cleavage to give f r o m  h y d r o ly s i s  o f  a  S m a ll  a m o u n t  o f  U n r e a c t e d  1.
trityl cation in alcohols in the synthesis of trityl ethers. For a discussion of E l e c t r o n  t r a n s fe r  f r o m  t h e  G r i fm n r r l  r p a v e n t  2 t o
this, see E. S. Gould, "Mechanism and Structure in Organic Chemistry,”  m e c i r o n  i r a n s i e r  i r o m  W C  U n g n a r a  r e a g e n t  2 tO
h . Holt & Co., New York, n . y „ p 3 4 4 . trityl cation to give 4, 5, and 6 permits a prediction as to
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distribution of 180  in the products.6 First, trityl per- agent with dilute aqueous hydrochloric acid leads to
oxide (7), a major product (see Table I), did not con- only 1-2% acetophenone.
tain 180, a fact which does not support heterolytic or Decomposition of the reaction mixture of 2 and 1 
homolytic acyl-oxygen bond cleavage for [C (= 180 )180 ] (50 atom % ) with a few drops of concentrated sulfuric
in 1 or 3. Trityl peroxide must arise by reaction of acid (previously treated with fuming sulfuric acid to
trityl radical with oxygen during the workup. Trityl minimize the water content) gave a heterogeneous mix-
radicals probably exist in equilibrium with hexaphen- ture in which the acetic acid remained in solution while
ylethane in solution; during work-up, reaction with trityl peroxide and the magnesium salts precipitated,
oxygen occurs to give tritylperoxy radicals.7 The acetic acid was 50 atom %  180  (± 2 % ). Thus, it

Ht)jC appears that essentially all of the acetic acid derived
(C6H5)3C- +  02 (CsHslsCOO- —■*■■■■■ > 7 from 1 does not experience an exchange of 180. This is

reasonable if the mechanism postulated is applicable, 
With a molar ratio of 1.3:1 for 2:1, only a slight ex- jn which 4 is formed and is decomposed by concentrated

cess (maximum 0.3 equiv) of 2 would be available to re- sulfuric acid without 180  exchange,
act with any intermediates, assuming 1 equiv would be Trityl radicals may abstract hydrogen from ether in 
consumed in the reduction step. This means that fur- addition to reacting with oxygen. From the former
ther reaction of 2 with 4 should be small and therefore situation, triphenylmethane is expected, except that the
the amount of acetophenone produced would be low. source of the hydrogen is somewhat speculative, but two
This low yield was substantiated by careful glpc analysis observations are pertinent. First, the yield of acetic
using standards (see Table I ) .8 Mass spectral analysis aoid. was 80% or greater in experiments with a 1:1.3

18q ,8QH ratio of 1:2. This implies that removal of hydrogen
|] | from 1 or 4 is probably not important; this is tenable

2 +  4 — >- CH3C—C6H5 +  (CeH5)2CCH3 +  (CeH5)2C=CH2 since the concentrations of 1 or 4 are small. Additional
8 9 10 support is provided for this by the detection of 1-2% of

of the 180  content of 8 revealed an incorporation of 18̂  *n triphenylmethanol which is thought to arise from
20.6% in the experiment starting with 1 (50 atom %  hydrolysis of unreacted 1. Moreover, the dilution
180). The cause of this isotopic dilution is difficult to effect on the 180  content of acetophenone is more easily
assess, but one tentative explanation may rest in an un- understood if ether participates at some stage 0  t e
usual reaction involving formation of acetophenone over-all reaction by furnishing hydrogen to t e trity 
from ethyl ether and 2 or radical fragments therefrom. radical. In total, labeled acetic acid, acetophenone,
As a model experiment to evaluate this question, trityl aQd triphenylmethanol account for the bul 1 0  m e
bromide and 2 were allowed to react in anhydrous ethyl products.
ether by Gomberg’s method.9 Glpc analysis revealed A  solution of 1 m anhydrous ether was treated wi 
a c e to p h e n o n e  and b e n z o p h e n o n e  as important products dried oxygen for 8 hr. The ester was recovere un-
along with those compounds already reported,9 in addi- changed Although the degree of ionization of 1 is un-
tion to several others previously unreported. Partici- known, if a reaction occurred between trityl cation and
pation of ethyl ether in the reaction leading to acetophe- O*, even trace amounts of the cation should give some
none appears likely, but no direct evidence is available detectable 7 (at least this should be a detectable quan-
from which to support a mechanism. ^ y  within the period used for the general reaction).

In a second experiment (see Table I ) with a separately After 1 hr of reaction, a mixture of 1 and 2 was subjected
prepared sample of labeled 1 (47 atom %  180 ), the in- a ^ream of dried oxygen for 6 hr Trityl peroxide
corporation of 780  in 8 was 15%. We have noted in began to precipitate immediately. This was taken as
this laboratory that decomposition of commercial phen- additional evidence for the presence of trityl radical.
ylmagnesium bromide in ether or freshly prepared re- A  experiment was conducted m a drybox m
J & which deoxygenated N 2 was used to degas the ether

(6) I t  is important to note that an electron transfer from potassium hepta- p r i o r  to US6, the reaction mixture during reaction, and
phenylcycloheptatrienide to heptaphenyltropylium cation to give hepta- water Used to decompose the mixture. The re-

¡¡arSKtast 5. “ T t: cZ'ris£3 »■*»*«***>»« «w««**«. «?»«*«■*
(1965). A free-radical mechanism has been suggested in the reaction t o  t h e  a t m o s p h e r e ,  im m e d ia t e  p r e c i p i t a t i o n  OI 7 OC-
of methylmagnesium bromide with 7,7-dibromobicyclo[4.1.0]heptane; see Q U rred . T h u s ,  in  t h e  a b s e n c e  o f  O X y g en , t r i t y l  r a d ic a l
D. Seyferth and B. Prokai, J .  O rg. Chem ., 31, 1702 (1966). A  very recent , • • l l  / l i b  ,rnr.Tr r.l^-nrlxr\ K fr oK a lv a rU in ir
report present, strong evidence for fleeting radical intermediates in reactions r e a c t s  p r in c ip a l l y  (a l t h o u g h  V e r y  s l o w l y )  b y  a b s t r a c t in g
of certain Grignard reagents with allylic bromides; see R. G. Gough and h y d r o g e n  aS S u g g e s t e d  p r e v i o u s l y . 3,10 T h e  a s s u m p t io n
J. A. Dixon, /. Org. Chem ., 33, 2148 (1968). A  paper just published contains ^ a t  t r i t y l  b r o m id e ,  like 1, C an  f o r m  t r i t y l  C a t io n s  in
a summary of many electron transfer reactions involving cations, carbanions, . , , i
metals, Lewis bases, etc.; see K . A. Bilevitch, N. N. Bubnov, and O. Yu. S o lu t io n  IS n o t  W i t h o u t  p r e c e d e n c e .
Okhlobystin, Tetrahedron  L e tt., 3465 (1968). An example which appears to
be related to our study is that of Shilov and coworkers who found trityl (10) I t  has been suggested by a referee that products from reaction of 0 »
radicals in the reaction of (CeH5)iCC l with CiHsLi; see F. S. Dyachkovskii, with C6H 5MgBr [these react at -7 8 ° ; cf. C. Wallmg and F. A  Buckler
N. N. Pubnov, and A. E. Shilov, D o k l. Akad . N a u k  S S S B , 123, 870 (1958); J .  A m er. Chem . Sec., 77, 6039 (1955)] could be involved in the mechanism of
Chem A bstr 55 7996 (1961). reaction of 1 and 2. I f  this were true to an appreciable extent, it is reasonable

(7) This equilibrium appears to be well substantiated now; see C. L. to expect considerable dilution effect in the » 0  content in the products.
Ayers, E. G. Jansen, and F. J. Johnston, J . A m er. Chem. Sac., 88, 2610 (1966); The « 0  balance is near 90% in analysis of acetic acid, acetophenone, and
89 1176 (1967) triphenylmethanol from the labeling experiment. This does not include the

(8) Unfortunately, the peak for 9 was buried under that of benzophenone 1,1-diphenylethanol, which must arise from attack of 2 on 4, nor does the
in the glpc analysis. Extensive dehydration of 9 to 10 occurred during the loss of >*0 in dehydration to 1,1-diphenylethene. In addition, since in the
reaction and on the glpc columns used, and prevented any quantitative experiments with deoxygenated N* no 7 was detectable ra the organic layer
estimate of i«0 in 9 by mass spectral examination. (after decomposition) until air was admitted, trityl radical is relatively

(9) M. Gombergand D. Kamm, J . A m er. Chem . See., 39, 2009 (1917). unreactive toward other radicals in solution.
These workers found trityl peroxide and other triaryl-substituted hydro- (11) A. G. Evans, I. H. McEwan, A. Price, and J. H. Thomas . sm.
carbons by extremely careful distillations. Acetophenone was not reported Sac., 3098 (1955); P. B. D. De La Mare and E. D Hughes, ib id ., 1059 (1949),
however. See also C. S. Schoepfle and S. G. Trepp, ib id ., 68, 791 (1936). F. Fairbrother and B. Wright, ib id ., 1059 (1949).
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Dry oxygen was bubbled into a solution of trityl bro- and any unreacted silver acetate were filtered from the hot ben-
mide in anhydrous ether for 6  hr. The solution re- zene solution. Again, all glassware used in the filtration process
m ained  clear and  no  7 n re rin ita ted  T h u s  oxvo-en does was carefully oven dned> as the ester ls easlly  hydrolyzed. The

, P  . P  ' ’ 0 benzene was immediately stripped from the dissolved trityl
not appear to be an effective electron-transfer agent for acetate (by using a flash evaporator) to leave a viscous oil. This 
trityl cation as expected. oil was allowed to stand under nitrogen for 1  hr, and then cold,

Phenyl radical could abstract hydrogen to give ben- anhydrous petroleum ether was added. White crystals of trityl

zene or couple to give biphenyl, both of which are pres- acetate form,ed iri,abou,t 2  hr- , Tbe crystaJs \ ere P°wde/ed with

ent m the reaction mixture. However, the yields of x hr. No recryStallization was necessary. Trityl acetate (0.51
these materials from reaction of 1 and 2 cannot be g, 0.00169 mol, 4 7  atom %  180 ) was obtained in 5 5 %  yield, mp
evaluated simply, since both compounds are formed in 82.5-83° (lit .14 mp 82-84°). Nm r and infrared spectra were
solutions of phenylmagnesium bromide in ether. Since superimposable on those of an authentic sample,

analysis of the phenol for »«O content did not reveal any * eacbo"  °f b" ty! Aaetate, (1| w+itb Phenytaagnesium Bro
in co rp o ra t ion  o f the isotope, it  is su im ised  th a t  the com - mol, 47  atom %  180 ) dissolved in ether was added dropwise to
p o u n d  does not arise  from  an y  reaction  in  w h ic h  1 fu r -  0.00191 mol of Grignard solution over a period of 1 hr. The
nishes the oxygen. reaction mixture was then allowed to stir at room temperature

In  the m ass spectrum  o f 1, the base  p e ak  occurs a t  for 12  hr y hile ether was added as necessary to keep the volume
/„ o/io u n  u  \ n  + i.  ___  r ono om j  on,n / 1 near 50 ml. The mixture was cooled in an ice bath and 50 ml of

m / e  Z 43 l(0 6 -ti5) 3L/ + 1 masses oi 302, 304, and 306 (rel- •  ̂ ,i a u , U1 • ., ,, , T T , , ,. . o o /  o j y ) ) \ ice-cold 6 N  hydrochloric acid was added very slowly to destroy
ative ratios are 1:0.4:0.86, respectively) confirm the any excess Grignard reagent. The organic layer was washed
presence of the 180  (47 atom % ) in 1 . Additional ions successively with water and 1 0 % sodium bicarbonate solution,
occur at m / e  259 [(C 6H 5) 8CO + ] and 261 [(C 6H 5) 3C 180 + ]. and aSain with water. A  pale yellow solid, trityl peroxide (7),

In the mass spectrum of 7, the base peak at m / e  105 Was fihered from the organic layer, after which the organic layer
r n r T r i 4- n r  n  i c j v  i was dried (ivlgb(J4). Glpc analysis of the organic layer revealed
[C6 5C O] IS likely formed by decomposition of the many products (Table I) which were identified by mixed injec-
fragment at m / e 259 [(GeH5) 3CO+]. I t  was not possi- tions of known standards. Per cent yields of the products were
ble to obtain a molecular ion of trityl peroxide (placed calculated by using standard solutions of the reaction products
as a solid directly into the source), as the 0 — 6  bond and comparing peak areas with the aid of the disk integrator on
cleaved upon electron bombardment. the Ae; og™PV f °  umt' 0 n* l the Produ cts , a cetic  acid  w as

present m both the aqueous and the organic layers. The identi
fication and determination of yield of acetic acid was accom- 

Pvnot-im onlal plished by a nmr study of the aqueous layer. The methyl protons
of acetic acid were identified by examination of the nmr spectrum 

Apparatus and Procedure.— Mass spectral analyses were per- ° f tbe aqueous layer of the reaction mixture. After determina-
formed on two instruments: a Bendix time-of-flight and a L K B - tion the Partition coefficient of acetic acid between 6 N  hydro-
9000 prototype magnetic sector. Solid samples were placed in chloric acid and ether (equal volumes) under the conditions of the
the ionization chamber with the aid of a direct probe. The reaction as described above, the per cent yield of acetic acid
ethereal reaction mixtures were analyzed via a glpc inlet system collld ,be determined as follows. A  known amount of dimethyl
to the ionization chamber. The ionization voltage was 70 eV. sulfoxide (D M S O ) was added to the aqueous layer, and then the

The nuclear magnetic resonance spectra were determined using area under the nmr peaks due to the methyl protons in D M SO  
a Varian Model A-60 high resolution spectrometer with a field- was compared with that due to the methyl protons in acetic acid,
sensing stabilizer ( “ Super-Stabilizer” ). Then tbe Per cent yleId of acetic acid based on trityl acetate ( 1 )

Gas chromatographic analyses were performed using a Varian- was calculated by using the partition coefficient so determined.
Aerograph Model 1520 with a hydrogen flame ionization de- For tbis particular determination, the organic layer was not
tector and a disk integrator. Acetic acid was determined with a washed with water and sodium bicarbonate solution, as described
6 ft X  V 4 in. glass column of 6 %  F F A P  on A /W  Chromosorb W , above; instead, the aqueous layer was analyzed directly for
80-100 mesh and D M C S  treated. A ll other glpc analyses of the acetic acid. This procedure was checked against a standard
ether solutions were performed using a 6 ft X Vs in. column of 6 %  solution of acetic acid.
SE-30 on A / W  Chromosorb G, 60-80 mesh and D M C S  treated. Peak integration gave the DMSO/acetic acid ratio as 1.25:1.

Nitrogen gas used for this work was carefully dried by passing Since 0.0356 g (0.000456 mol) of D M SO  had been added, and 
it through concentrated sulfuric acid and then through three slnce D M SO  has six protons to every three for acetic acid, the
Linde 3A Molecular Sieve traps. The N 2 was deoxygenated to a number of moles of acetic acid present in the aqueous layer was
low level according to the method reported.12 Trityl bromide given by (0.000456/1.25) X  2, or 0.00073 mol, but, since the
was prepared according to the method in the literature.2 An- partition coefficient, organic/aqueous, is 0.61, there remained
hydrous ether13 was degassed with the deoxygenated N 2 in the (0.38/0.62) X  (0.00073) =  0.00045 mol of acetic acid in the
special experiment before use in the reaction; during the reac- ether layer. Thus the total yield of acetic acid obtained was
tion, the mixture was also degassed with deoxygenated N j. 0.00118 mol (80% ).

Silver acetate (82% 180-labeled) was obtained from the Weiz- In  the special experiment with deoxygenated Ns, the procedure
mann Institute of Science, Rehovoth, Israel. was identical with that described, except for the increased precau-

Small-Scale Preparation of 1 .— The procedure was slightly tions to remove 0 2. After decomposition with the aqueous acid
modified from that originally developed in this laboratory .2 (previously degassed with the deoxygenated Ns), the organic layer
This description is typical of all preparations attempted for 1 was carefully separated and dried (M gS 0 4) all under N 2. Upon
in this work. A ll glassware was carefully dried for several hours exposure of the clear solution to the atmosphere, trityl peroxide
in a drying oven above 105°. Nitrogen, dried bypassing through C7) precipitated at once. The remainder of the work-up was as
three 3A molecular sieve containing drying towers, was passed described previously.
through the system for 2 hr before any reagents were added. Determination of the Partition Coefficient of Acetic Acid be-
To the reaction vessel was added 1.00 g (0.0031 mol) of trityl tween Ether and 6 N  Hydrochloric Acid.— The general procedure
bromide followed by 40 ml of reagent grade benzene dried over was 1° make up equal-volume solutions of 6 N  hydrochloric acid
3A molecular sieve. The solution was then brought to reflux, and ether, each presaturated with the other component, and
and 0.30 g (0.0018 mol) of regular silver acetate and 0.40 g (0.0024 then add to these immiscible liquids the materials that would be
mol) of 82% 180 -labeled anhydrous silver acetate were added all present after hydrolysis of a reaction mixture obtained from
at once. The resulting heterogeneous reaction mixture was trityl acetate (1) and phenylmagnesium bromide. For example,
stirred at near reflux for 8 hr, after which time the silver bromide ln one experiment, based on 0.0066 mol of 1 as starting material,
-------------------- the mixture contained 60 ml of 6 N  hydrochloric acid and 60 ml of

( 12 ) P. Arthur, A n a l. Chem ., 36, 701 (1964). e th er. To these liqu ids w ere  added  acetophenone, b ip h en y l,
(13) Peroxides could not be detected in the ether by the method reported; ---- -------— ---- -

see L. F. Fieser, “ Experiments in Organic Chemistry,”  D. C. Heath Co., (14) K . D. Berlin, L. H. Gower, J. W. White, D. E. Gibbs, and G. P.
Boston, Mass., 1957, p 287. Sturm, J . Org. Chem ., 27, 3595 (1962).
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benzophenone, triphenylmethane, triphenylmethanol, and mag- Then 3.0 g (0.0093 mol) of trityl bromide dissolved in anhydrous
nesium bromide hexahydrate in amounts corresponding to their ether was added dropwise. After I hr, the reaction mixture was
per cent yields given in Table I. To this mixture was added 1.00 dark orange-red color, but no solid material had formed. A t
g (0.0167 mol) of acetic acid and 0.508 g (0.0065 mol) of D M SO . this time, oxygen was introduced into the reaction mixture and a
Nm r peak area integration gave an average DMSO/acetic acid solid began to form. After 6 hr, the reaction mixture had as-
ratio of 23:18. Thus, only 62.4% of the acetic acid remained sumed a pale yellow color and trityl peroxide (7) was readily
in the aqueous layer. An average of three different determina- visible. The reaction mixture was cooled in an ice bath and then
tions, each of slightly different volumes of two liquids, resulted hydrolyzed with 40 ml of ice-cold 6 N  hydrochloric acid; yield
in an average partition coefficient (ether/aqueous) of 0.38/0.62 of trityl peroxide was 47% (1.10 g, 0.00212 mol). Other prod-
=  0.61, which indicates that acetic acid preferentially remains ucts observed by glpc analysis were benzene, phenol, aceto-
in the aqueous layer by a factor of 0.62/0.38 =  1.63. phenone (11% ), biphenyl, benzophenone (17% ), triphenyl-

Reaction of Acetic Acid with Phenylmagnesium Bromide methane (26% ), triphenylmethanol (7% ), and tetraphenyl-
(1 :2 :3 Molar Ratio).— Acetic acid (1.0 g, 0.0167 mol) was slowly methane (3% ). A  solution of trityl bromide in ether was bub-
added to 0.035 mol of phenylmagnesium bromide (2 ) in 50 ml of bled with dry 0 2 for 6 hr. The solution remained unchanged and
anhydrous ether. The reaction mixture was stirred for 3 hr, no trityl peroxide precipitated,
cooled, and hydrolyzed with cold 6 N  hydrochloric acid. Anal
ysis of the organic layer was accomplished by glpc analysis. Ree-istrv N o  — 'T r itv ] ace ta te -18! )  90446-0 5 - 9 -
The following products were found: benzene, phenol, acetophe- r e g is t r y  n o .  i n t y i  acetate  U , AJ44y Ut> 2,
none, biphenyl, 1 ,1 -diphenylethanol, and 1 ,1 -diphenylethene. ph en y lm agn es iu m  brom ide , 100-58-3.
The alkene is apparently formed by dehydration of part of the
tertiary alcohol. Acetophenone was found to be present (15 Acknowledgment.— W e are grateful to Keith Kinne-
±  1 % yield based on the acid), and the combined quantities of , f  ,. , . , . . .  -
the tertiary alcohol and 1 ,1 -diphenylethene amounted to about berS fo r  a ld  m  the determination and interpretation of
40 ±  1 %  (based on the acid). Standard solutions were used to the mass spectra. Grateful acknowledgment is ex
check each of these compounds. These yields are not unreason- tended to the National Science Foundation, Grant
ably low When one considers that 1 mol of the Grignard reagent GB-3482, for funds provided to Oklahoma State Uni-

S  S S Bromide ^  “ B-9000 ™ ,  spectrom-
(2 ) and Oxygen.— Phenylmagnesium bromide (0 .0 12 1 mol) was eter £4PC unit. W e thank Professor Glen Russell 
added to a reaction vessel along with 50 ml of anhydrous ether. for helpful discussions.

The Thermal Decomposition of Dimsyl Ion in Dimethyl Sulfoxide
Charles C. Price and Toshio Ytjkuta1 
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The decomposition of sodium dimsyl in dimethyl sulfoxide at temperatures above 80° produces a mixture of 
methylated butadienes and a white precipitate which, by titration and reaction with benzyl chloride, is evidently 
a mixture of sodium methanesulfenate, sodium methanesulfinate, and sodium methylmercaptide.

One of the useful strong bases in dimethyl sulfoxide Table I
(DM SO ) is its anion, first prepared by Corey and Identification of Glpc Fractions from Volatile Liquid 
Chaykovsky.2 These authors mentioned the thermal from Sodium Dimsyl Decomposition

decomposition of this reagent and it was the purpose of ■— wt %— •
this investigation to establish the nature of the reactions Peak No‘ A“ Bi Mass Identlty
involved. * • "  T

When ca. 1 M  solutions of sodium dimsyl are heated ' ' 8 8  soprene

to 80 for several hours, the solutions turn dark red- 4 0 3 4 2
brown, a voluminous white precipitate separates, and a 5 0’2 p g  C 2H 6S Dimethyl sulfide
volatile product and an extremely foul odor are evolved. 6 n  8 i e . 3 CJLo irans-2-Methyl-l,3-penta-
The initial reaction can become violent at temperatures diene
above 100°. 7 6 .6  12.5 C6H 10 4-Methyl-l,3-pentadiene

The volatile products have been collected by trapping 8 11.0 16.6 C 6H io ir<ms-2,4-Hexadiene
at — 7 8 ° and separated by gas chromatography. 9 40.0 28.2 C7H i2 2,4-Dimethyl-l,3-
Many of the fractions were identified unequivocally by pentadiene
comparison of their nmr and mass spectra with those re- “ Decomposed for 5 hr at 85°, 33% total yield of hydrocarbons, 
ported for methylated butadienes Typical examples decom posed for 7.5 hr at 78°, 27% total yield of hydrocarbons.

The nmr spectrum of peak 1 indicates that it is n o t ^llent nmr spectra mth chemical shifts sphttmg con-
butadiene; it shows mainly paraffinic proton resonance stants, and peak heights identical with authentic spectra^
in four major peaks between 5 1.3 and 1.85 with only A  number o sulfur yhdes have been reported to be 
very weak absorbance in the olefinic proton 5-6 region. sources of ethylene and/or polymethylene, although the
This material is probably from residual petroleum ether exac mechanism of the conversions and whether they
used to wash sodium hydride free of mineral oil. The evolve methylene as an intermediate are matters.of

,, - . ,  , ,, i . ,, , i* Q controversy.3 The formation of dienes from a methy-
other peaks identified as methylated butadienes gave ex- ^  appears to be a unique reaction for

(1) Supported in part by National Science Foundation Grant GP-5269. ,
From the Ph.D. Dissertation of T . Yukuta, University of Pennsylvania, 1968. (3) A. W. Johnson, "Y lid  Chemistry,”  Academic Press Inc., New Yor ,

(2) E. J. Corey and M. Chaykovsky, J . A m e r. Chem . Soc., 84, 866 (1962). N. Y ., 1966, p 304.
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about 1 0 - 1 2 %  was recovered as sulfoxide and sulfone. 
This leads to the conclusion that the sulfenate ion may 
disproportionate under the conditions employed by us, 

V v  even though O’Connor and Lyness5 report sodium
n \ T methanesulfenate to be stable in dimethyl sulfoxide for

IQ— W  \ \ an hour at 30-40°. The relatively low yields of the

\ \  i l l  2 C H 3S O - C H 3S~ +  C IIsS O j- (3)

8 — Y  V l  1  | sulfoxide and sulfone we ascribe at least in part to losses
\  1 I in the eight washings of product with salt water, neces-

'Vi'C Y  l I sary to remove dimethyl sulfoxide. The formation of
_ _  apv \  r I benzyl sulfide, sulfoxide, and sulfones from decomposed

o. vq 1 1  I dimsyl solutions is in marked contrast to the formation
\\ \ 1 I of irans-stilbene (which we have confirmed) as the main
t\ \ \ I product from fresh dimsyl solutions. 6

4  _  js 4 A 1 Addition of water and then titration with hydrochlo-
I ric acid (Figure 1) indicates that the single strong base

\g V \ initially present is converted to the three weaker di-
methyl sulfoxide insoluble bases of eq 3 with very nearly 

2 ~  __ a statistical redistribution of oxygen. After 211 hr at
97°, when iodimetric titration (Table I I )  indicated 92% 
total conversion to the three species in eq 3, the p K  

q i I i [ i l i l i l titration indicated 26% of the base has pKa =  2.9,52%
0 4 8 12 16 20 has pK a =  6.7, and 23% has pK a =  10.7. A  p K a of

ml |_|Q| about 11 for CH3S would be in reasonable accord with
’ the p K a of 11.5 reported for butyl mercaptan7 and the

Figure 1.—The titration with 0.1 N \hydrochloric acid of dimsyl pK a of butanesulfinic acid is reported to be 2.1.8 This
solutions decomFosed at 97° for 0.0 (•), 0.5 ( © ), 5 ( © ), 113 (O ), leaves gome question about the acid titrating with a p K a

an ours' near 7, but it does seem reasonable that the p K a of a
, j  r ,. i T • sulfenic acid would be intermediate between its reduc-

methylene generated from dimsyl anion, in  this ,. , •, . • , ,
case, the over-all reaction requires an oxidative step, and lon an 0 X 1  a 1 0 1 1  ^ro UC S'
the stoichiometry can be represented by eq 1  and 2 .

T able I I
o o n o o u -  , onir or._ ,, . lo DIM ETHIC T itration OF SODIUM DlMSYL SOLUTION
dUÜ30t/rl2 ---- >- d [U t l2j +  ( 1 ; „  n-oDecomposed at 97

O Heatingtime.hr 0 0.5 5 113 211
C H 3S C H 2“  +  3 [C H 2] ---- >  [C 4H 6] +  C H 3S _ +  H 20  (2 ) Ml of 0.1 N  HCi to pH 6 11 10 9 7 6

Ml of 0.13 N I 2 0.30 1.40 4.80 6.30 7.40
The formation of methylene dimer and polymer from Mequiv/moi of dimsyl 0.037 0.1 73  0.59 0.78  0.91

neutral ylides has been postulated by some3 to proceed
through direct exchange of methylene between ylides3 I f  the titration data indeed accurately reflect the 
without intervention of “ free”  methylene. Such a equilibrium in eq 3 , then the isolation of a 50-60% yield
course in this instance seems even less likely because it of sulfide from the benzyl chloride reaction could be ex-
would require bimolecular reaction of two anions. plained by the reasonable postulates that (a) mercaptide

The failure to isolate any butadiene is readily ex- ion is a more reactive nucleophile than sulfenate, and
plained by its rapid reaction with dimsyl ion to give the (b) the disproportionation reaction (eq 3) is fast com-
homologs actually isolated, since it is reported4 that pared with the reaction of sulfenate with benzyl chloride, 
butadiene is converted to 1,3-pentadiene in 1 hr at 55° In addition to benzyl methyl sulfide and sulfone, two 
by strong base and dimethyl sulfoxide, while further other major products isolated from benzyl chloride reac-
alkylation of 1,3-pentadiene under the same conditions tions deserve comment. One is dibenzyl sulfide, which
required 17 hr. I t  can be assumed that the intermedi- normally was isolated in the same chromatogram frac-
ate nucleophilic attack by dimsyl on the dienes would be tion as benzyl methyl sulfide. The ease with which this
still further hindered by introduction of two or three mixed sulfide fraction is converted to trimethylsul-
methyl groups. The considerable increase in branched- fonium ion by methyl iodide suggests that a somewhat
chain butadienes in our experiments may be due either
to intervention of “ free”  methylene in addition to CĤ
dimsyl ion itself as alkylating agent at the higher tem- 2 2  2 3  >  ^
peratures used, or to rearrangement or methylene (C H 3)3S +I  +  P h d h S + C C H sW  (4 )

insertion in the unknown intermediates in eq 2  of the
thermal decomposition reaction. similar disproportionation may explain the presence of

By reaction of the decomposition mixture with benzyl dibenzyl sulfide. The volatility of methyl chloride may
chloride, 50-60% of the sulfur of decomposed dimsyl (5) D E 0'Connor and w. 1 . Lyness, ibid., so, 1 6 2 0 ases),
anion was recovered in the reduced sulfide state, while (6) e. j. Corey and m . chaykovsky, j .  Amer. chem. Soc., at, 3 7 8 2 (i962);

87, 1353 (1965).
(4) P. A. Argabright, J. E. Hofmann, and A. Schriesheim, J. Org. Chem ., (7) W. H. Fletcher, ibid., 68, 2726 (1946).

30, 3233 (1965). (8) P. Rumpf and J. Sadet, B u ll.  Soc. C h im . F r . ,  450 (1958).
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indeed promote shift of these equilibria toward difcenzyl Acid-Base Titration— A pale blue-green 1.05 M  solution of 
sulfide sodium dimsyl in dimethyl sulfoxide, prepared as above, was

divided into 1 -ml aliquots, sealed in nmr tubes and heated 
PhCH 2SCH 3 +  PhCH iC l t  "-w (Ph C H j)2S +C H 3C1 -  '*■ to 97° for a specified time, cooled, and diluted with 40 ml of water

, _ _  _ ,  prior to titration with 0 .1 N  HC1. The results are summarized
(Ph C H 2)2S +  CHaClf (5) in Figure 1.

A  second type of product is illustrated by the isolation iodine Titration -S im ila r  1 -ml aliquots, heated in the same 
t  /  , i  ,1 way and then dissolved m 40 ml of water, were titrated with 0.13

of the sulfone I, which is presumably formed by the N  iodine soluticn (after neutralization to PH  6 by 0.1 N  HC1)
base-catalyzed further benzylation of benzyl methyl using starch indicator. The results are summarized in Table II.
sulfone. The bisbenzyl sulfone ( I I )  was also isolated Test for Solvent Participation— Decomposition mixtures of

sodium dimsyl run for times as long as 336 hr at 105° were added 
d l o u o a /itt bate - m . i - i r r  phCH!C(  to 2H 20  and dioxane. Comparison of the dimethyl sulfoxide
R n L Il2a u 2U Ils >- f h  0 ±ibU20 1 i 3 >  peak with the dioxane peak indicated no significant change in

0 dimethyl sulfoxide over this interval, indicating that the de-
PhCH b0 2C.t--3 (6 ) compositions observed were indeed those of the dimsyl ion.
F’hC'H Reaction of Decomposed Dimsyl with Benzyl Chloride. A .—

2 0 A  solution of 0.10 mol of sodium dimsyl in 50 ml of dimethyl
I, mp I o sulfoxide was decomposed thoroughly by heating for 150 hr to a

and identified, although it appears to have been ob- maximum of 105°. After cooling 12.7 g (0.1 mol) of benzyl

tam ed  in  the reaction  m ixtu re  first as the su lfoxide. bath to control the ini| al exothermic reaction. After 20 min, a 

P re su m a b ly  a  second a lk y la tio n  o f I  w as  h indered  b y  the 450 0ii bath was placed around the reaction mixture, which was
tw o  su lfone oxygens, w hereas  the an alogous su lfox ide stirred at this temperature for 16 hr to yield a viscous dark brown
readily alkylated a second time. Generally speaking, solution.

The contents were poured into 250 ml of ether to give a pre- 
O [" O “j cipitate which was filtered and washed with a total of 800 ml of

^ tt Jj_ | ^ TT J ^ TT base HjOs ether to afford 6.81 g of powder (theory for NaC l, 5.85 g ) after
C H 3S >■ L C H 3SCH 2PhJ phCH c *  drying under vacuum. The ether solution was washed with 250

2 ml of NaCl-saturated water eight times in order to remove di-
0 2 methyl sulfoxide, giving a dark brown solution which was dried

m  801011 Ph 1 (7 ) over anhydrous sodium sulfate. Evaporation of ether with a
3 | 2 h 1 1 rotary evaporator gave 13.31 g of viscous dark red-brown liquid

P b  with some crystalline solids.
I I  me 168° The 13.31 g of oily liquid was dissolved in benzene and sub-

’ mitted to column chromatography with benzene and then meth-
these fu rth e r ben zy la ted  p rodu cts  w ere  ob ta in ed  fro m  anol as eluents icolumn: 4 x  33 cm, 80-200 mesh A-540 Fisher
benzyl chloride treatment of short-time decompositions, Three main fractions were obtained as follows:

, J t ; 1, 1 1 .2 0  g (viscous dark red-brown liquid, from which small
w h en  undecom posed  d im sy l ion  w o u ld  rem ain  as the amountg of needle crystals separated); ii, 0.35 g (pale yellow
strong  base  necessary  to  rem ove  the b en zy l p ro to n  a  to  solid); and iii, 1.27 g (by flushing with absolute methanol, dark
the su lfone or su lfox ide. red-brown liquid, from which needle crystals separated); re-

The nmr spectra of I  and I I  show that the two benzyl covery 96.3%.
i ,  - v . e e  . • , v  _  ,1____  A  solution of 3.36 g of 1 m 50 ml of glacial acetic acid was
hydrogen s are  m  d ifferen t environm ents. F o r  t e case treated w ;th 10 ml of 50% H 20 2 dropwise, producing an exo-
of I, the benzyl hydrogens appear at 5 3.42 and 3.84, thermic reaction. After several days, the contents were poured
splitting each other by J  =  13.8 cps. Each is also split into 150 ml of water and extracted three times with 200 ml of
by the adjacent methine hydrogen (5 4 .57) by J  =  10.2 ether. The combined extracts were washed three times with

and 4.8 cps, respectively. For the case of II, the benzyl ^  of,1™tei an(j ^  with,200 ml m T n f
, . p  r  J , , , , . 0 j  o 0*7 -It, dried (anhydrous Na^SO,), and evaporated, leaving 3.00 g ol
hydrogens appear as two doublets, 5 3.57 and 3.87, with pale ye]low crystaliine soiid) mp 9 0 - 1 3 0 °. Recrystallization
J  =  15.0 cps. from 95% ethanol gave dibenzyl sulfone as colorless needle

Preliminary experiments attempting to treat decom- crystals, mp 148-150° (lit. m 150°), nmr (C F 3C O O D ) 5 7.44 (s,
posed dimsyl solutions with methyl iodide led to the 5 H ) and 4.43 ppm (s, 2 H ). The evaporation of solvent left a

isolation of beautiful needles of N a l • 2CH3SOCH3, mp methyl benzyl°sulfone. ’
147°, recrystallizable from ethanol. The nmr spectrum of i indicated that it was a mixture of di

benzyl sulfide (61.2 mol % ) and methyl benzyl sulfide (38.8 mol 
x, . . , c  .. % ). The nmr spectrum of crystals, obtained by oxidation of i,
E xp e rim en ta l s ec t io n  before recrystallization (i.e ., mp 90-130°) showed that it was a

Elemental analyses were performed by A . Bernhardt, Micro- mixture of dibenzyl sulfone (76.4 mol % ) and methyl benzyl
analytical Laboratory, Ruhr, Germany, and Galbraith Labora- sulfone (23.6 mol % ).
tories, Inc., Knoxville, Tenn. The melting points of all crystal- Recrystallization of ii gave colorless needle crystals of methyl
line compounds were uncorrected. benzyl sulfone, mp 123-125° (95% ethanol) (lit .9 mp 125-127 ).

Volatile Hydrocarbons.— A  3.75-g sample of a 50% dispersion The nmr spectrum in CF3CO O D showed bands at 5 7.48 (s, 5),
of sodium hydride in oil was placed in a 100-ml flask and washed 4.53 (s, 2), 3.03 (s, 3), and in DMSO-de at 7.44 (s, 5), 4.49 (s,
three times by decantation with low-boiling petroleum ether. 2 ), and 2.91 ppm (s, 3).
After evaporation by water aspirator, 40 ml of redistilled dimethyl The decantation of the supernatant from iii yielded 0.10 g of
sulfoxide was added by syringe. The reaction mixture was cau- white needle crystals, mp 123-125° (95% ethanol), identified as
tiously heated to 75° until gas evolution ceased. A  liquid col- methyl benzyl sulfone. The ir spectrum (infracord, neat) of the
lector trap, cooled in D ry  Ice-acetone, was attached and the filtrate showed strong sulfoxide stretching absorption at 1020
solution was heated cautiously to 80-85° and held there for 5 hr. cm-1.
The trap contained 364 mg of liquid, which was separated by B.— Following the same procedures as above but lor dimsyl
preparative gas chromatography in a 20 ft X 7s in. column packed solution decomposed only 7.5 hr at 78°, benzyl chloride (12.90 g,
with 30% Carbowax 20M maintained at 65°. The results of 0.10 mol) was added to the viscous red-brown solution, btirring
two such fractionations are shown in Table I. was continued for 13 hr at 42-44°. After filtering, washing wit

The identity of fraction 5 as dimethyl sulfide was indicated by ether, and evaporation, 6.66  g of powder (theory for N a d ,  5.85
the mass spectrum, which showed major peaks for C H 3S+ (relative ______________
intensity 100), (C H 3)2S+ (82), CH S+ (50), H 3S+ (42), and C2H 3+

(9) T . R. Lewis and S. Archer, J . A m er. Chem . Soc., 73, 2109 (1951).
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g ), and 13.71 g of viscous red-brown liquid were obtained. From A  3.06-g sample of iii was dissolved in CC14 to give white needle 
the latter, crystalline needles separated on standing. crystals on standing (0.92 g ). Solvent evaporation and addition

The entire 13.20 g of the liquid containing some needle crystals of 95% ethanol gave an additional 0.83 g of the crystals. Re-
was dissolved in benzene and submitted to column chroma- crystallization afforded white wooly needle crystals of methyl-
tography as above to afford three main fractions using benzene sulfonylbenzylphenylmethane (I ),  mp 120-122° (CC14). 
and then methanol as an eluent: i, 9.00 g (red-brown liquid), Anal. Calcd for CisHieSCk: C, 69.18; H , 6 .2 1 ; S, 12.31. 
ii, 0.18 g (light brown liquid), iii, 3.06 g (by  flushing with absolute Found: C, 69.06; H , 6.21; S, 12.47.
methanol, viscous dark grown liquid); recover 95.9%. The mother liquid was condensed to give 1.24 g of red-brown

From the nmr spectrum of i (C C h ), 5 7.21 and 7.16 (broad, liquid (showing sulfoxide by ir) which was dissolved in 30 ml of
12.2), 4.42 (s, 0.7), 3.49 and 3.44 (s, 2.9), 2.04 (s, 1.9), and 1.79 glacial acetic acid and oxidized with 6 ml of 50% H 2O2 to yield
ppm (s, 2.0), the composition of the mixture was estimated as 1.00 g of yellow oily solid. Recrystallization gave white needle
dibenzyl sulfide (28.6 mol % ), methyl benzyl sulfide (46.4 mol crystals of methylsulfonyldibenzylphenylmethane ( I I ) ,  mp 165-
% ), and unreacted benzyl chloride (25.0 mol % ). 168° [95% ethanol, followed by petroleum ether (bp 60 -110°)-

Fraction i (3.22 g ) was dissolved in 4 ml of absolute ethanol, C H C I3] .
and 3 ml of methyl iodide was added. After standing at room Anal. Calcd for C 22H 22SO2: C , 75.38; H , 6.34; S, 9.15.
temperature overnight, white needle crystals separated from the Found: C , 75.38; H , 6.37; S, 9.16.
dark red-brown supernatant. Another 1 ml of methyl iodide Reaction of D M S O  with N a l.— B y heating for 39 min at 80°, 
was added, and the fraction was left overnight again. The fine 6.10 g of N a l  was dissolved in 40 ml of redistilled dimethyl
white needles were filtered and washed with absolute ethanol to sulfoxide. N o  precipitate appeared on standing at room tern-
yield 2.35 g of trimethylsulfonium iodide, mp 209-215° with sub- perature for a week. However, when the concentration was
limation (95% ethanol) (lit .10 203-207°), nmr (D 20 )  S 2.92 higher, e.g., 10 g of N a l  in 40 ml of dimethyl sulfoxide, colorless
ppm (s). The nmr and ir spectra were identical with those crystals appeared. The solution was poured into 100 ml of
reported for trimethylsulfonium iodide.10 benzene to yield 13.71 g (theory, 12.5 g ) of white solid after

To the dark red-brown mother liquid, ether was added to yield filtration under N s. Recrystallization from absolute ethanol
white needle crystals. A  total of 800 ml of ether was used until afforded hygroscopic white needles, mp 144-147°.
no further precipitate occurred to give 1.15 g of the crystals, Anal. Calcd for C^Hi-JONaSa: C, 15.69; H , 3.96; I,
identified as dimethylbenzylsulfonium iodide. Recrystalliza- 41.45; N a , 7.51; S, 20.94. Found: C, 15.56; H , 3.79; I,
tion afforded flat needles: mp 99-101°; nmr (D 20 )  8 7.57 (s, 41.50; N a , 7.41; S, 20.75.
5 H ), 4.61 (s, 2 H ), and 2.83 ppm (s, 6 H ).

Anal. Calcd for C9H ,3SI: C , 38.58; H , 4.69; I , 45.29; -n • a tvt t v  1 ■ lo o in  1 c n ,. ,, ,
S, 1 1 .4 5 . Found: C , 38.63; H ,4.82; 1,45.36; S, 11.61. Registry No.— Dimsyl ion, 13810-16-7; dimethyl

After solvent evaporation, the mother liquid afforded 2.79 g sulfoxide, 67-68-5; I, 15733-05-8; I I , 20505-04-8;
of highly lachrymatory dark red-brown liquid, which was not methyl benzyl sulfone, 3112-90-1; N a l ^CHaSOCHs,
further studied (presumably benzyl iodide). 4659-76-1; dimethyl benzyl sulfonium iodide, 20483-

(10) R. Kuhn and H. Trischmann, A n n . Chem ., 611, 117 (1958). 21-0.

The Thermal Decomposition of ¡3-Hydroxy Ketones
B . L .  Y a t e s  a n d  J. Q u ij a n o  
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(3-Hydroxy ketones decompose thermally to mixtures of aldehydes and ketones in a reaction that is the reverse 
of the aldol condensation. A  study has been carried out of the kinetics of the thermal decomposition of some 13- 
hydroxy ketones in xylene solution. The results indicate that the reaction is unimolecular and involves a cyclic 
transition state. Comparison of the rates of decomposition of the different (3-hydroxy ketones indicates that 
little charge separation is obtained during the breaking of the carbon-carbon bond in the transition state.

(3-Hydroxy ketones decompose thermally1 to give Furthermore, no kinetic measurements have been 
mixtures of aldehydes and/or ketones in a reaction carried out for the thermal decomposition of other (3- 
which is the reverse of the aldol condensation. A  ki- hydroxy ketones.
netic study of the pyrolysis of 4-hydroxy-4-methyl-2- We have therefore studied the kinetics of the thermal 
pentanone in the gas phase2 showed that the decom- decomposition of 4-hydroxy-3-methyl-2-pentanone and 
position is homogeneous and follows first-order kinetics, 4-hydroxy-2-pentanone, in order to examine the in- 
and it was proposed that the reaction involves a six- fluence of the differently substituted methyl groups on 
membered cyclic transition state. As a further test of the mechanism and velocity of pyrolysis, 
this mechanism, we have carried out a study of the prod
ucts and kinetics of the thermal decomposition of 4- Discussion
hydroxy-4-methyl-2-pentanone in dilute xylene solu- . . . . .
tion. I t  would be expected3 that, if in the gas phase the Quantitative analysis, using gas-liquid chromatog- 
pyrolysis of 4-hydroxy-4-methyl-2-pentanone does in- raphy> of the Products of the thermal decomposition of
volve a cyclic intramolecular mechanism, the same reac- 4-hydroxy-4-methyl-2-pentanone in dilute xylene solu
tion carried out in nonpolar solvent would involve a tion showed that acetone is by far the principal product
similar type of mechanism, thus giving rise to similar reaction, being obtained in a yield of >95%, al-
products and first-order kiiietics. though a small amount (<5%  in total) of two other un

identified products was also observed.
(1) C. D. Hurd, “ The Pyrolysis of Organic Compounds,”  The Chemical The rate of decomposition of the 4-hydroxy-4-methyl-

CataiogCO" inc., Remhoid Publishing Corp., New York, n . y ., 1929, p 164. 2-pentanone was followed using glpc, by measuring both
(2) G. G. Smith and B. L. Yates, J . O rg. Chem ., SO, 2067 (1965). „  , . , • , , ■ r  i , , i  , %  ..
(3) S. W. Benson, “ The Foundation of Chemical Kinetics,”  McGraw-Hill t h e  Tate at whlch aCetone IS formed and the rate o f  dlS-

Book Co., inc., New York, n . y ., 1960, p 506. appearance of the 4-hydroxy-4-methyl-2-pentanone.
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I t  was found by both methods that the decomposition 4-methyl-4-hydroxy-2-pentanone decomposes through
followed good first-order kinetics for at least three half- the cyclic six-membered transition state 1 similar to the
lives, and that furthermore the first-order rate constants one previously proposed2 for its decomposition in the 
obtained by each method were in very good agreement. gas phase.
The determined rate constants are listed in Table I.

CH3 fC H 3.
—ch2ch3 x c - ch2ch3

T able I ({  V  —  C) f t
Rates of Pyrolysis of Some /3-Hydroxy K etones at h —0  q j  H--6 qjj

Different T emperatures 3 L 3J
.------------------- k X  10 1 sec-1 at------------------- . f

8-Hydroxy ketone 148.7° 160.7° 179.4° 206.5° „ „
Gri'i

4-Hydroxy-2-pentanone . . .  0.141 0.530 3.62 \  CH3
4-Hydroxy-4-methyl-2- 0.126 0.373 1.55 10.0 /C= C H , +  I

pentanone O. O *
4-Hydroxy-3-methyl-2- 0.100 . . .  1.03 8.20 p

pentanone

As would be expected3 for such intramolecular uni- 
They were found to be reproducible to within ±4 % , molecular reactions, the presence of a nonpolar solvent
and rate constants determined at different temperatures does. not haJ ue a gr6at m . the velocity of the
were found to follow a good Arrhenius relationship. rea<?faoi\  The energies of activation for the decom-
The derived activation parameters can be seen in Table ,in the Phase.and ln f  lutl1on+ are/ 2/2 and
II. Assuming that the rate constants are accurate to 31;2 kcal respectively, giving extrapolated first-order

rate constants for the decomposition in the gas phase 
and in solution of 5.37 and 6.76 X 10-4 sec-1 respec- 

Table II  tively at 2003. I t  can thus be seen that the results
Activation Parameters for the Pyrolysis of Some obtained for die reaction in solution are in agreement

/8-Hydroxy K etones with the mechanism previously proposed for the reac-
E i tion in the gas phase, the reaction involving a cyclic

,8-Hydroxy ketone (kcai/moi) logm a  a s *  (eu) six-membered intramolecular transition state in both
(±1 .0  kcal) (±0.34) (±1 .6  eu) p h a s e s .

4-Hydroxy-2-pentanone 30.2 10.24 — 1 2 .6  Similar first-order kinetic results were also obtained
4-Hydroxy-4-methyl-2- 31.1 11.12 -8.7 for the two other 0-hydroxy ketones studied, 4-hydroxy-

4-Hydrox°y-3-methyl-2- 31.0 10.96 - 9 . 4  2-pentanone and 4-hydroxy-3-methyl-2-pentanone.
pentanone These compounds were found to decompose thermally to

mixtures of acetone and acetaldehyde and acetaldehyde 
and methyl ethyl ketone respectively. In both cases it 

±4 % , the energy and entropy of activation are esti- was determined by glpc that the products were obtained
mated to be accurate to within ±  1.0 kcal and ±1.6 eu, in yields of >95%, although, as in the case of 4-hydroxy-
respectively. 4-methyl-2-pentanone, small quantities (< 5 % ) of other

The first-order rate constants showed little variation products were also obtained. The decomposition of
with the initial concentration of the 4-hydroxy-4- both compounds followed good first-order kinetics up to
methyl-2-pentanone: at a temperature of 179.5° and >3 half-lives, with the first-order rate constants showing
initial concentrations of the 0-hydroxy ketone of 2, 4, 6, a reproducibility of ±4 % . Rate constants deter-
8, and 10% (v/v), the values of the first-order rate con- mined at different temperatures were found to follow
stants obtained for the decomposition were 1.52, 1.55, good Arrhenius relationships, and the derived energies
1.57, 1.49, and 1.50 X 10-4 sec-1 respectively. Also, the and entropies of activation can be seen in Table II.
reaction does not appear to be influenced by surface Again, the rate of decomposition was shown not to de
effects. In ampoules packed with glass wool which in- pend on the initial concentration of the 0-hydroxy
creased the surface area of the reaction vessel by a factor ketone.
of at least 15, the rate of decomposition of the 4-hy- As in the case of 4-hydroxy-4-methyl-2-pentanone, 
droxy-4-methyl-2-pentanone was found to be 1.48 X the entropies of activation for the decomposition of 4-
10-4 sec-1, compared with 1.55 X 10-4 sec-1 in an un- hydroxy-2-pentanone and 4-hydroxy-3-methy 1-2-pen- 
packed vessel. tanone were found to be negative, —12.6 and —9.4 re-

These results indicate that, as was found for the reac- spectively. These entropies of activation, together
tion in the gas phase, the thermal decomposition of 4- with the first-order kinetics and the nature of the prod-
hydroxy-4-methyl-2-pentanone in dilute xylene solu- ucts, would seem to indicate that 4-hydroxy-2-pen-
tion is a homogeneous first-order reaction which gives tanone and 4-hydroxy-3-methyl-2-pentanone decompose
acetone as practically the only product. The entropy thermally through a six-membered cyclic transition
of activation for both reactions is very similar: —8.3 state similar to that proposed for the thermal decom-
eu for the reaction in the gas phase and —8.7 eu for position of 4-hydroxy-4-methyl-2-pentanone.
the reaction in solution. These values are typical of Compared with 4-hydroxy-2-pentanone, 4-hydroxy- 
those reactions that are thought to involve cyclic tran- 3-methyl-2-pentanone and 4-hydroxy-4-methyl-2-pen-
sition states,4 and it would thus appear that, in solution, tanone have a methyl group substituted on either side of

the breaking carbon-carbon bond. Comparing the
(4) See ref 3 p  2 5 7 . rates of decomposition of these two 0-hydroxy ketones
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with that of 4-hydroxy-2-pentanone it can be seen that is developed during breaking of the C -C  bond in these
the methyl groups do not have a great influence on the two reactions. This is reasonable when one considers
rate of decomposition. For example, at 179.5° the rel- that, in the breaking of the carbon-oxygen bond in ester
ative rates of decomposition of 4-hydroxy-4-methyl~2- pyrolysis, two atoms of different electronegativity are
pentanone, 4-hydroxy-3-methyl-2-pentanone and 4-hy- involved, whereas in (3-hydroxy olefin and (3-hydroxy
droxy-2-pentanone are 2.9:1.9:1.0. ketone pyrolysis the breaking of the carbon-carbon

It  is of interest to compare the effect of methyl groups bond involves two atoms of identical electronegativity, 
in the pyrolysis of /3-hydroxy ketones with their effects This conclusion, of course, is only valid if the transi- 
in two other pyrolytic reactions that are thought to in- tion state in ester pyrolysis does indeed develop some
volve analogous cyclic six-membered transition states, carbonium ion character. For example, it has been sug-
the pyrolysis of esters 25 and/3-hydroxy olefins 3.6 gested9 that the rate-enhancing influence on ester py

rolysis of extra methyl groups on the a-carbon could be 
R '\  accounted for by the increased stability of the olefin

// \ being formed. However this view has been disputed,10
0 / v \ i  H ” and in any case this effect would also be expected to
n ^ - L 1 J have a similar influence on the rate of pyrolysis of the

2  /3-hydroxy olefins, whereas in fact, as can be seen from
the rates of pyrolysis of the /3-hydroxy olefins given 
above, increased methyl substitution on the breaking

C=0 C-C  bond has only a small effect on the rate of pyrolysis
0  + C R , ° f  the /3-hydroxy olefin. It  would thus seem that, in the
^  ‘ pyrolysis of (3-hydroxy olefins and /3-hydroxy ketones,

little charge is developed during the breaking of the 
carbon-carbon bond, whereas in ester pyrolysis some 

R '^  R '\  charge is developed during the breaking of the C -0
/9~C\H2 f — C K i bond.

Ch 2 CHR —  CH2 CHR - >

H — 0  . H--CJ ^ Experimental Section

3 4-Hydroxy-4-methyl-2~pentanone was obtained commercially,
g/ while 4-hydroxy-2-pentanone and 4-hydroxy-3-methyl-2-penta-

\  none were obtained by the aldol condensation11 of acetaldehyde
^ C = C H 2 and acetone and acetaldehyde and methyl ethyl ketone respec-

tively. A ll the (3-hydroxy ketones were distilled carefully before 
\ use and their purity checked by glpc using a 5-ft 10% tricresyl
H  phosphate column, and by infrared spectroscopy.

As solvent, Matheson Coleman and Bell purified-grade xylene 
In the case of the esters, the relative rates of pyrolysis was used. It  was fractioned before use using a 4-ft packed glass 

of ethyl, isopropyl, and ¿-butyl formate at 650°K are column.
1:18:760,7 while the relative rates of pyrolysis at the The reaction was carried out in sealed glass ampoules made from 

, , j* ii n i j  , n o  u 4. capillary tubing. The sealed ampules containing the/3-hydroxy
same temperature of the /3-hydroxy olefins 3-buten-l-ol, ] J one fn xylen“ golution were placed in a boiling solvent thermo-
4-penten-2-ol, and 2-methyl-4-penten-2-ol are 1:2.9:5.4.6 stat bath whose temperature was checked using a N . B . S.
I t  can thus be seen that branching at the a-carbon of standardized thermometer, allowances being made for variation
the esters ( i . e . ,  the carbon of the bond C -O )  has a much in atmospheric pressure. A t regular intervals the ampoules were
greater effect than the corresponding substitutions in r/ moJed a“ d the f  ketone or methyl ethyl ketone pro-
f. ^  i n i i  i J2 duced was determined by glpc, using benzene as an internal stan-
the case of the /5-hydroxy ketones and /5-hydroxy olefins. dard, on a 5 ft column of 10% tricresyl phosphate on Chromosorb
Part of the effect must be statistical, there being more w. The rate of decomposition of each of the (3-hydroxy ketones
hydrogens available for reaction in the case of the more was also determined by observing the rate of disappearance of the
highly branched esters. Nevertheless, the effect is /3-hydroy ketone again by glpc using a 5-ft 10 %  tricresyl phos-

, . ,1 i , i £ i phate column with mesitylene as an mternal standard,much greater than can be accounted for on a purely ^
statistical basis, and it has been suggested8 that some Registry No.—4-Hydroxy-2-pentanone, 4161-60-8; 
carbonium ion character is developed by the a-carbon 4-hydroxy-4-methyl-2-pentanone, 123-42-2; 4-hydroxy- 
during the breaking of the C -0  bond. In the case of 3-methyl-2-pentanone, 565-79-7. 
the pyrolysis of the /3-hydroxy olefins and ,8-hydroxy
ketones, the effect of the extra methyl group is much Acknowledgment.—The authors express their thanks 
less, which would seem to indicate that much less charge to the Rockefeller Foundation for financial support of

„ „  ,IT „ „„ this work through Grant 66077 and to the Fund for
(5) C. H. DePuy and R. W. King, Chem . R ev., 60, 431 (1960). n  , j t p j  a *
(6) g . g . Smith and b . l . Yates, j . Chem . Soc., 72 4 2  (1 9 6 5 ). Overseas Research Grants and Education (hORGJi/;.
(7) Calculated from the data of E. Gordon, S. J. W . Price, and A. F.

Trotman-Dickenson, ib id ., 2813 (1957). (9) C. H. DePuy and R. E. Leary, ib id ., 79, 3705 (1957).
(8) G. G. Smith, F. D. Bagley, and R. Taylor, J .  A m e r. Chem. Soc., 83, (10) R. Taylor, G. G. Smith, and W. H. Wetzel, ib id ., 84, 4817 (1962).

3047 (1961). (11) J* E» Dubois, B u ll.  Soc. C h im . F r . ,  66 (1949).
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Study of Stereospecificity in the a-Phenylethylation of the 
Dicarbanions of Certain /3-Diketones in Liquid Ammonia1

D on M. von Schriltz,2 K. Gerald Hampton, and Charles R. Hauser

Departments of Chemistry, Duke University, Durham, North Carolina 27706, 
and Texas A  & M  University, College Station, Texas 77843

Received March 20, 1969

The a-phenylethylations of l-phenyl-2,4-pentanedione and l,4-diph.enyl-2,4-butanedione were effected with 
a-phenylethyl chloride through their dicarbanions, which were prepared by means of 2  mol equiv of sodium amide 
in liquid ammonia. In  both of these condensations, only one of the two possible diastereomeric products was 
isolated, and none of the other isomer could be detected. Each of these diastereomers was shown by indepen
dent, stereospecific synthesis to have the erythro configuration. Since the threo isomer of one of these products 
was not epimerized appreciably under conditions similar to those of the reaction, the alkylation is considered to 
follow a stereospecific course.

Recently,3 alkylation at the benzyl site of /3-diketone diastereomers Ila-b , it was shown that the tic technique
1 was effected with certain alkyl halides to form I I  could detect the th re o  isomer in amounts greater than
through disodio salt I " ,  which was prepared by means of 5%.
2 mol equiv of sodium amide in liquid ammonia (Scheme The authentic samples of the two isomers, Ha and
I). No alkylation at the methyl or a-methylene group lib , were prepared from e r y th r o - and th r e o -2 ,8-diphenyl-
was observed.8 butyric acids ( I I I )6 by means of condensations involving

the corresponding acid chlorides (IV ) with lithioacetone 
Scheme I (Scheme II ).

N a  N a
2NaNHz I [ SCHEME I I

C 6H 5C H 2CO CH 2C O C H 3 — -------->  C 6Hr,CHCOCHCOCH 3 „  _ _
liq NHs t -jf i 5C11 (  11 3 SOCI2 C 6H 5C H C H 3

1  CeHs^HCOOH >  C eH ^ IIC O C l
I rx I I I  IV
» erythro or threo erythro or threo

R  R  I
I acid I N a  JL iC H tC O C H .

C6H 5C H C O C H 2C O C H 3 < —  C 6H 6C H C O C H C O C H 3 ▼
I I  c 6h 6c h c h 3

acid | Li
T ,, . 1 I la  or l i b  -<—  C 6H 5C H C O C H C O C H 3
In the present investiff3Xion. trie stereochemical tt/ Ar tt,k

course of this type of alkylation was studied. Thus,
disodio salt I "  was alkylated with a-phenylethyl chlo- ™
ride to form e r y th r o  isomer Ila ; none of th re o  isomer l ib  + These af lat!onS ° f the ^ a c e t o n e  were evidently 
was found stereospecific, since the e ry th ro  acid chloride IV  afforded

exclusively the e ry th ro  /3-diketone Ila , and the th re o  acid 
C6h 5 C H  chloride IV  only the th re o  /3-diketone lib . To mini-

H s I  c 0CH 2C0CH3 KL '/ C O C IL C O C T  mize further acylations of the lithio products IHa-b, 2
'YTY^ " mol equiv of the lithio ketone to one of the acid chloride

C H ^ I ^ H  H CH3 were used.6
C6H5 C6H5 The a-phenylethylation of disodio salt I "  (see

TT , . tt, . , Scheme I ) to form e ry th ro  I la  was realized in 44-48%
Ila (e ry thro ) l i b  (threo) yield. Although this yield is not high, none of the

The general structure of I la  was supported by analy- ^ r e o  isomer l ib  appeared to be formed. Thus, the
sis and absorption spectra (see Experimental Section) dark- od remaimng after isolation of crystalline e ry th ro

and its specific configuration was established by compar- ^ a was shown by tic to contain more o t e t r y  r o

ison with authentic samples of the two isomers (Ila -b ) isomer I la  and starting /3-diketone I  but not t e re o

employing thin layer chromatography (tic). The tic isomer 11b.
method involved visualization of the /3-diketones on the This preferential formation of the e r y th r o  isomer I la  
silica gel G coated plates by spraying the developed evidently involved a stereospecific «-phenylethylation
plate with an ethanolic solution of ferric chloride. The ° f the dlsodl°  ^ 1 >not the possible production of both
resulting colors, characteristic of /3-diketones/ made an the e r y th r o  and th re o  isomers followed by epimerization
excellent and sensitive method of locating /3-diketones of the, latter Thus, th re o  l ib  failed to be con-
on the tic plate. By examining prepared mixtures of verted to e ry th ro  I la  in the presence of disodio salt I

under the conditions employed for the alkylation.7
(1) Supported in part at Duke University by the National Science Founda

tion and at Texas A & M  University by the Petroleum Research Fund, ad- (5) C. R. Hauser, D. Lednicer, and W. R. Bra3en, J .  A m e r. Chem . S oc .,

ministered by the American Chemical Society, and by The Robert A. Welch 80, 4345 (1958).
Foundation. (6 ) See B. O. Linn and C. R . Hauser, ib id ., 78, 6066 (1956).

(2) National Science Foundation Cooperative Fellow, 1965—1966. (7) I t  should be mentioned that threo l ib  was completely converted to
(3) K . G. Hampton, T. M . Harris, and C. R. Hauser, J . O rg. C hem ., 31, erythro I la  on treatment with 2 mol equiv of sodium amide in liquid am-

663 (1966). monia; apparently some ionization of the benzylic hydrogen occurred to
(4) See G. T. Morgan, H. D. K . Drew, and C. R. Porter, Chem . B er., 58, permit this epimerization. However, this did not occur under the usual con-

333  (1925). ditions of alkylation where essentially no excess alkali amide was present.
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S im ila r ly , /3-diketone V  w as  converted  to  its d isod io  ammonia14) was added 3.8 g (0.05 mol) of l-phenyl-2,4-pentane-
sa lt  V "  w h ich  w as  a -p h en y le th y la ted  to  fo rm  the dlone. ( I >:" A ^ e lth e  ^sulting green solution had stirred for

, 7 . ttT . . 7 7 tvt r ,i ,7 30 mm, 7.0 g (0.05 mol) of a-phenyletnyl chloride m 20 ml of
e r y th r o  isom er V i a  in  31% yie ld . N o n e  o f the th re o  anhydrous et6hyl ether wag added dropwise. The reaction mix-
isom er V I b  w as  detected  (see E xp erim en ta l S ection ). ture was stirred for 2 hr and then neutralized by the addition of

10 g of N H 4C1. The ammonia was evaporated (water bath) as 
Na Na 200 ml of dry ether was added, and the resulting ethereal sus-
I ! pension was washed with several portions of 10% HC1. The

CgH5CH2COCH2COC6H5 C6H5CHCOCHCOC6He ethereal solution was tried (M gSO ( ) and concentrated (rotary
y  y „  evaporator) to a semisolid. The mixture was dissolved in hex

ane and allowed to crystallize. The precipitate was filtered to 
q  jj give 6.1 g (44% ) of 2,3-diphenyl-4,6-heptanedione (H a ), mp

u  16 u  6 V n m m r u  120-122°. Thin layer chromatography (tic), as described below,
• 'sy - ^ / - 'u c i i2o u l ,6h 5 indicated that the isolated /3-diketone was at least 95% erythro

C f T j ^ H  H J ' C H a  AnaL Calcd for C i9H 20O2: C , 81.39; H , 7.19. Found:
C6H5 C6H5 0,81.55; H , 7.20.

The reaction was repeated, except that the reaction mixture 
Via (e ry thro ) VIb {threo) was allowed to stir for 11 hr before neutralization with N H 4C1.

This gave 6.7 g (48% ) of H a , mp 120-122°, a second crop of 2.3 
T h ese  stereospecific a lky lations, w h ich  are  p resu m - g> mP 98-105°, and an oil (5 g ). A  sample of the second crop

a b ly  S n 2 ty p e  d isp lacem ents, ev iden tly  occur because aRd the analyz,ed on a sdlca gf* %  (Merck ) tic plate or

the „ „ „ b o n d e d  interactions in  the transition  states * £ £ S t *

le ad in g  to the e ry th ro  isom er are  less th an  those le ad in g  tion of the /3-diketone, accomplished by spraying the developed
to  the th re o  isom er, as ind icated  in  V I I ” a  an d  V I E T ,  re - plate with a 5%  solution of FeCl3 in ethanol, revealed red spots
spective ly . T h e  con form ations o f these transition  corresponding to starting /3-diketone (R t 0.29) and erythro H a

states are  assum ed  to  resem ble the con form ations o f the +None ° I  i/ireof isomer IIb  present- ,
r,]i i .. , , identification of the spots was accomplished by direct tic
lilKyiatlon  products. comparison to samples of erythro and threo I I  prepared as de-
r- „ scribed below. Various prepared mixtures of authentic threo l i b

M H ,C1 ~| M and erythro H a  were separated by tic. It  was observed that a
— -C6H5 (T L -—C6H5 mixture of 0.95 g of erythro H a  and 0.05 g of threo l i b  could be

H H ' ' t  5 separated adequately by tic, but mixtures with smaller amounts of
l / l  I /  I threo l i b  were not consistently separated.

S T< ' A S  CH3 The infrared spectrum of a sample of the isolated erythro H a ,
M  J o L  M mp 120-122°, which was identical with that of authentic en/f/wo H a

C6H5 COCHCOR C6H5 UOCHCOR prepared as described below, showed peaks at 750 and 690 cm-1
-I (monosubstituted phenvl)“  and a broad band centered at 1600

V IT 'a  {erythro) V IT 'b  {threo) cm 1 (/3-diketone).16 The nuclear magnetic resonance (nmr)
spectrum of erythro H a  in deuteriochloroform showed, in addi-

T h e  presen t results, w h ich  are  o f interest because o f t0 ,thev £ omatip pr° i°u  at H °  f d 7’22 p.p?  (al!
4.7 ^ *1 £ 7 77 7 . ,7 . 0 chemical shifts are reported in S downfield from an internal
t e W ide u sage  of such a lky la tion s in  synthesis, a p p a r - tetramethylsilane standard), a signal at 5.22 ppm, attributed to
en tly  fu rn ish  the first d em on strated  stereospecific the vinyl proton of the enolic form; a complex multiplet centered
a lk y la tio n  o f a  d ica rban ion . O th e r a -p h en y le th y la - at 3.57 ppm, assigned to the two benzylic protons on C-2 and C-3;
tions o f ca rban ions th a t  h a ve  a ffo rded  la rg e ly  or ex - a singlet at 3-19 ppm> assiSned to the methylene protons at C-5
c lusive ly  the e ry th ro  isom er o f the a lk y la tio n  p ro d u ct in - m the ™ en°Jilzed f° ™ ; a pair ° f  *ingiet+s at ] -6,8 aild 1-60 ppm,

, J , /  - ; , , . / " V , assigned to the methyl protons at C-7 in the enol and keto forms,
e lude those 01 the m onocarbam on s V I I I  an d  I X , 10 an d  respectively; and a pair of doublets at 1.02 and 0.95 ppm, 
o f the d ian ions X 6,11 an d  X I . 12 H o w e v e r , on ly  V I I I  assigned to the C - l  methyl group.
an d  X  h a ve  been  sh o w n  to in vo lve  stereospecific a lk y la - Preparation of Authentic Samples of erythro Ila  and threo 
tions. fib-— A  sample of 8.4 g (0.035 mol) of erythro-2,3-diphenyl-

butyric acid ( I I I )6 was refluxed in 50 ml of thionyl chloride. 
M  M  After 3 hr, the excess thionyl chloride was removed by distilla-
i I tion and by evacuating the reaction flask to 1 mm for 30 min.

CsHsCHCOOR CeHsCHCN The resulting en/f/iro-2,3-diphenylbutyryl chloride ( IV )  remaining
V II I  IX  ln ^ e  flask was condensed with lithioacetone as described below.

t) _  n  rr n/ntr Trityllithium17 was prepared by the addition of 44.0 ml (0.07
u 2 5 or t (U l s ) j  mol) 0f i.6 jy n-butyllithium in hexane18 to 17.2 g (0.07 mol) of

M  M  triphenylmethane in 100 ml of anhydrous ethyl ether. After
| | stirring for 90 min, the dark red solution of trityllithium was

CsH jCHCOOM  C6H 5C H C O N H M  cooled (ice bath), and 4.08 g (0.07 mol) of dry acetone was added.
X  X I  T °  the resulting solution of lithioacetone was added the acid

Experimental Section13
(13) Melting points were taken on a Thomas—Hoover melting point ap- 

a-Pnenylethylation of /5-Diketone I.— To a stirred suspension paratus in open, tubes and are uncorrected. Analyses were performed
of 0.10 mol of N a N H 2 in liquid ammonia (prepared from 0.1 by Janssen Pharmaceutica, Beerse, Belgium, and Triangle Chemical Labora-
g-atom of sodium in 400 ml of commercial, anhydrous liquid tories, Chapel Hill, N. C. Infrared spectra were obtained with a Perkin-
--------------------  Elmer Model 137 or 237 spectrophotometer, using the potassium bromide

„  Tr «  tt pellet method. Nmr spectra were obtained on a Varian A-60 nuclear mag-
(8) See especially K. G. Hampton, R. J. Light, and C. R. Hauser, J . netic resonance spectrometer

™ 30, Q413 « i 9B5„) ' b f ; « ° atT n’ T ' M ' Harri8’ and C- R - Hauser' (14) See C- R - Hau8er' F ' w - Swamer, and J. T. Adams, O r , .  R eactions, 8,J .  A m e r. Chem . Soc., 87, 82 (1965), and earlier references. 122 (1954).

Keny° n' R - B- Meyer’ and R - Hauser' J - 0 r C- Chem -  28> U6) K. G. Hampton, T. M . Harris, and C. R. Hauser, J . Org. C hem ., 29.3108 (1963). 35n  (1964)

(10) W. R. Brasen and C. R. Hauser, J .  A m er. Chem. Soe., 79, 395 (1957); (16) See L. J. Bellamy, "The Infrared Spectra of Complex Molecules,”
■ vH?,USJ:r d w ' R ' Brasen’ 78, 494 (1956). Second Edition, John Wiley & Sons, New York, N. Y., 1958.

!o  S ’ 5 ' ? / U8<,r W ' J' Chambers' ib id "  78' 4942 (!366). (17) H. Gilman and G. J. Gaj, J .  Org. Chem.. 28, 1725 (1963).
(12) R. B. Meyer and C. R. Hauser, J . O rg. Chem ., 26, 3696 (1961). (18) Obtained from Foote Mineral Co., Exton Pa.
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chloride IV , prepared as described above, and the mixture was (/3-diketone )IG and peaks at 750 and 690 cm -1  (monosubstituted
heated to reflux. After 6  hr, the suspension was cooled and phenyl) .16 The nmr spectrum of erythro V ia  in deuteriochloro-
neutralized with 1 0 %  HC1- The ethereal layer was dried form solution showed aromatic proton signals centered at 7.28
(M gS 0 4) and the solution concentrated (rotary evaporator); ppm, a singlet at 5.90 ppm assigned to the vinylic proton at C-4,
the triphenylmethane, which precipitated as the ether evapo- a complex multiplet centered at 3.30 ppm assigned to the benzylic
rated, was removed by filtration. Removal of all the ether left protons at C-2 and C-3, and what appeared to be a pair of dou-
a solid residue which was shown by tic to contain triphenyl- blets at 1.04 and 0.95 ppm, similar to those found in the spectrum
methane and erythro H a  but no other /3-diketone. Recrystal- of erythro H a , assigned to the methyl protons at C - l .
lization of a portion of this residue from hexane yielded a sample Preparation of an Authentic Sample of erythro V ia .— Similar 
of H a  whose infrared spectrum was superimposable upon that to the preparation of authentic erythro H a  (see above), erythro 
of H a  prepared from la . V ia  was prepared by condensing 0.017 mol of the acid chloride of

Similarly, a sample of 1.6 g (0.067 mol) of threo-2,3-diphenyl- erythro acid I I I  with 0.034 mol of lithioacetophenone. The /3-
butyric acid ( I I I )  was condensed through its acid chloride with diketone product, identified by  tic using the FeCh reagent, had
0.14 mol of lithioacetone to give exclusively threo l ib .  Although the same R i value as V ia  prepared from the alkylation of V .
l ib  generated in this manner could not be completely separated Although the /3-diketone could not be completely separated from
from the triphenylmethane, its infrared spectrum was very simi- triphenylmethane, that portion of its infrared spectrum not due
lar to that of erythro H a , with only minor differences in the 1350- to triphenylmethane was superimposable on that of V ia  prepared
llOO-cm -1 region, and its nmr spectrum was similar to that of from the a-phenylethylation of V .
erythro H a. Tic indicated that none of the erythro H a  had been Epimerization Studies of threo lib.'—-To a solution of 0.10 
formed by the reaction. mol of N a N H 2 in 400 ml of liquid ammonia was added 8.8  g

a-Phenylethylation of /3-Diketone V.— To a stirred suspension (0.05 mol) of /3-diketone I . After 30 min, the solution was con-
of 0.04 mol of N a N H 2 in liquid ammonia was added 5.0 g (0.021 sidered to contain 0.05 mol of disodio salt I " .  To this solution
mol) of l,4-diphenyl-2,4-butanedione (V ) .16 The resulting was added 2.0  g of threo l ib .  threo l i b  was contaminated with
green-brown solution was stirred for 30 min, and 5.87 g (0.042 triphenylmethane (about 50% ), and hence, only about 0.004 mol
mol) of a-phenylethyl chloride in 50 ml of anhydrous ethyl ether of l i b  was present. The mixture was stirred for 2  hr and neu-
was then added dropwise. After 8 hr, the mixture was neutral- tralized with 10 g of N H 4C1. The ammonia was replaced by
ized with 10 g of N H 4C1, the ammonia was replaced by ether, ether (water bath), and the resulting ethereal suspension was
and the resulting suspension was washed with 10% HC1. The washed with 10% HC1. The ether solution was concentrated,
ether layer was dried (M gS 0 4) and concentrated (rotary evap- and some of /3-diketone I  was removed in  vacuo. The residue
orator) to give, in several crops, 2.20 g (31% ) of 1,4,5-triphenyl- was shown by tic to contain only threo l i b  and /3-diketone I.
1,3-hexanedione (V I ) ,  mp 172-174°. The oil obtained on re- None of the erythro isomer H a  was indicated to be present. The
moving all of the ether was distilled to give 3.62 g of a-phenylethyl fact that pure th^eo l i b  was not used in this experiment does not
chloride (1 equiv plus 24% of a second equiv) leaving 4.3 g of pot affect the validity of the results, since more than enough I "
residue. Thin layer chromatography indicated that the isolated was present to compensate for impurities.
/3-diketone was erythro V ia . A  sample, recrystallized several Similarly, a sample of threo l i b  (0.37 g ) was added to 0.002 
times from hexane-ethanol, melted at 174-175°. mol of N a N H 2 in 50 ml of liquid ammonia. Since the sample of

Anal. Calcd for C 24H 220 2: C , 84.17; H , 6.47. Found: threo l i b  was contaminated with triphenylmethane (see above),
C, 83.98; H , 6.54. this represents ca. 2  equiv of sodium amide per equiv of /3-di-

A  portion of the pot residue (see above) was analyzed on a ketone. After stirring for 1 hr, the mixture was neutralized
silica gel G  (M erck) coated tic plate using a 4:1 (v/v) mixture with N H 4C1. The ammonia was replaced by ether and the ether 
of CC14 and C H 2C12 as developing solvent. Visualization of the suspension was washed with 10% HC1. The* ether layer was
plate with an ethanolic solution of FeCb indicated that the concentrated and subjected to tic analysis, which indicated that
major component of the oil was erythro V ia  (Rt 0.41). The threo l i b  had been converted completely to erythro I la .
only other /3-diketone indicated to be present was the starting

“ The^infrared^spectrum of a sample of the isolated erythro Registry No.-Am m onia, 7664-41-7; I la  ( e r y t h r o ) ,  

Via, mp 174-175°, had a broad band centered at 1600 cm 1 20406-81-9; V ia  ( e r y t h r o ) ,  20462-26-4.
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Investigations into Possible Intermediates in the Photoreduction 
of Conjugated Cyclopropyl Ketones in 2-Propanol1
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The photoreduetions of a series of bicyelo[4.1.0]- and bicycle[3.1.0]alkan-2-ones (1) in 2-propanol and the 
ground-state radical rearrangements of the corresponding bicyelo[4.1.0]- and bicyelo[3.1.0]alkan-2-ols (6 ) (using 
di-f-butyl peroxide as initiator) were compared. The product ratios, in either the photoreductive process or the 
radical rearrangement, change markedly with temperature. The similarity in product distributions of the two 
processes at different temperatures indicates that a common intermediate is involved, i.e., the a-hydroxycyclo- 
propylcarbinyl radical 7. Overlap between the p orbital of the radical and the outside cyclopropane bond leads 
to selective cleavage of this bond at room temperature. However, at elevated temperatues appreciable amounts 
of the product originating from inside bond opening may be found, provided that in this cleavage a thermody
namically preferred species is formed. The similarity of specific ring opening of the outside bond of the cyclo
propane ring in photoisomerization and photoreduction stems from the energy features of the ring system rather 
than a common intermediate. Initial studies on the rearrangement of the related carbonium ion are given for 
comparison.

I t  is well known that in the irradiation of conjugated irradiation of 6-methylbicyclo[4.1.0]heptan-2-one, if
cyclopropyl ketones in the vapor phase or in inert sol- the latter route were followed, photochemical reduction
vents a cyclopropane bond adjacent to the carbonyl would be expected to lead to 3,3-dimethylcyclohexa-
group is cleaved, followed by a hydrogen migration and none.
formation of a conjugated enone.2-4 In the bicyclo- Preliminary experiments in this laboratory indicated

that photoreductive ring opening in bicyclic cyclopro1 
Q pyl ketones are selective.6 Furthermore, 2-propanol

ii hv appeared to be a far better hydrogen donor than meth-
* anol or pentane.6“ 7 A  further advantage for the use of

j/ 2-propanol in the photoreduction studies is the resem
blance of the conditions to those of the photoisomeri-

[4.1.0]heptane-2-one series, the two adjacent cyclopro- zations which were conducted in 2-methyl-2-propanol.4
pyl bonds have a different geometry with respect to the Table I  summarizes the results of the photoreduetions
carbonyl group, and in these cases photochemical ring ^  a series ° f  bicyclo [4.1.0 ]heptan-2-ones and bicyclo
opening appears to be selective. I t  is found that the [3.1.0]hexan-2-ones (1). In no case could the product
C-l-C-7 bond, which has better overlap with the car- expected to be formed by cleavage of the inside bond be
bonyl 7r electrons, cleaves and cyclohexenones are detected, even though such a product was shown to be
formed. stable to the reaction conditions. The low total re

covery in the case of bicyclo [3.1.0 ]hexan-2-one (1, n  — 

0 0 1, R  =  H ) was due to the photoreactivity of the 3-meth-
J? 11 ylcyclopentanone formed.

This photoisomerization of the cyclopropylcarbonyl \ -A*. i
chromophore is highly dependent upon the substitution (H2C)„ (H2C)„

pattern of the system. For example, a methyl group at j  R
C-6 inhibits photoisomerization.4 Various reasons can 2
be postulated for the cause of this substituent effect;
and, to obtain further information on the initial stage of Table I
the reaction, it was desired to learn if in all cases stereo- Photochemical Reductions of Some Bicyclo[4.1.0]- and 
specific opening of the cyclopropane did occur first and Bicyclo[3.1.0]alkan-2-ones ( l )  in 2-Propanol

the fate of this first intermediate determined the ulti- irradiation starting
mate over-all reaction pathway. For example, the Ketone i  ti“ re’ mat®ria1’ Prodaot2.
photostability of 6-methylbieyclo[4.1.0]heptan-2-one w =  2 - R  = H  4 30 60
might be due either to the photo-opening of the C-l-C-6 n  = 2- R  = C H 3 0 5 63 32
bond, yielding an intermediate which rapidly recloses ra = l ; R  =  H  2 39 28
to re-form starting material, or to the lack of migration n  =  1; R  = C H S 2.5 38 51
of a methyl group if the better overlapped bond is
broken. To evaluate these concepts, the photoreaction The results obtained from photoisomerization4 and 
was conducted in the presence of a good hydrogen donor photoreduction in the bicyclo [4.1.0]heptan-2-one series
in order to trap any intermediate radicals; i . e . , in the suggest the involvement of a common intermediate

(1) This work was supported in part by National Institutes of Arthritis (5) E. J. Deviny, Ph.D. Thesis, University of California, Berkeley, 1965.
and Metabolic Diseases, PHS Grant AM-00709, U. S. Public Health Services. (6) J. G. Calvert and J. N. Pitts, Jr., “ Photochemistry,”  John W iley &

(2) J. N . Pitts, Jr., and I. Norman, J . A m er. Chem . Soc., 76, 4815 (1954). Sons, Inc., New York, N. Y ., 1966, p 533.
(3) L. D. Hess and J. N. Pitts, Jr., ib id ., 89, 1973 (1967). (7) W . G. Dauben, L. Schutte, and R. E. Wolf, J .  O rg. C hem ., 34, 1849
(4) W. G. Dauben and G. W. Shaffer, Tetrahedron  Le tt., 4415 (1967). (1969).

2512 Dauben, Schutte, W olf, and Deviny The Journal of Organic Chemistry



O- OH OH OH

r_r> a. r \>  _ r'S + r"S
(H2C)„— < R (H2C)„---- < R (H2C)„---- j—  (H2C ) „ J

q n R I
7 g R

\h > D̂TBP Ir'h 9
0 OH 1 \R'H

r V  r \ >  1

i  s  R  ( h 2o  )n y

2 R
10

during the cleavage of the cyclopropane ring. That one a good hydrogen donor, the carbonyl triplet could ab-
such an intermediate could be the triplet state 3 re- stract a hydrogen to yield directly the hydroxycyclopro-
sulting from the known highly efficient singlet-triplet pylcarbinyl radical 7; and the reactions of this radical
intersystem crossing in ketones, was shown by quench- could be controlled by steric rather than by thermody
ing and sensitization experiments. This triplet might namic features to yield the reduction products. To
better be represented as having the electrons delocal- evaluate the possible involvement of the a-hydroxycy-
ized, as in 4, since such delocalization is known to occur clopropylcarbinyl radical 7, its independent formation

yv by peroxide-induced hydrogen abstraction8 from the
^  r '/ 'V v  corresponding alcohol 6 and comparison of the product
n  distribution in this ground-state reaction with that in

9’ r  the photoreductions was undertaken.
.A . / k ! V .  'C/ \  A  series of bicyclo[4.1.0]heptan- and bicyclo [3.1.0]-

f  Jj> / /  V  Vi) hexan-2-ols (6),9 corresponding to the series of bicyclic
r  C/ ketones photoreduced previously, were mixed with di-i-

3 4 5 butyl peroxide (D TB P ) and heated at 130° for 24 hr

m the excited singlet state. Alternatively, the triplet radiCah
could also adopt another extreme geometry shown m 5,
when the preferred orbital overlap occurs with the T a b l e  II
C-l-C-6 bond. In the isomerization reaction, the _ _

___• c  , 1 , i j  i u  V -ii R a d ic a l  R e a r r a n g e m e n t s  o f  S o m e  B ic y c l o  4.1.01-a n dopening of the cyclopropane bond should proceed with „  ,,,, m  oF  . B ic y c l o  3.1.0 ]a l k a n -2 -o ls  (6 ) w it h
continuous overlap of the carbonyl group; and, if this is d I -H iu t y l  P e r o x id e  a t  130°
the case, the reaction from conformation 4 would be DTBP starting ProdUcts
favored, since overlap as in 5 demands a boatlike con- moi material, 1 0  + 2 , Ratio,

formation. This feature must be more important than Alcohol 6 equiv % % 1 0 : 2

the relative stabilities of the potential ring-opened in- n = 2; R  = H  0.1 63 24 <0 .2 :1 0
termediates arising from the two conformations. In °-2 44 40 < 0 .2 :1 0

the photochemical reductions of bicyclo[3.1.0]hexan-2- n  =  2; R  =  C H 3 0.1 34 63 0 5 -9  5

ones, this preferred opening from a conformation re- n  =  1- R  = H  0 1 60 36 2-8
lated to 4 is also found. In these opening processes, ’ 0' 3 20 70 2 -8

internal hydrogen migrations would yield a conjugated n  =  1- R  = C H S 0.1 41 46 4 .5:5.5
enone, and hydrogen abstraction from 2-propanol would 0 .4  28 71 4 .5:5.5
give the saturated cyclic ketone 2. Thus, the photo
stability of 6-methylbicyclo[4.1.0]heptan-2-one to re- The opening of the cyclopropane ring in the radical 
arrangement would appear to be due to the inability of rearrangement reactions of cyclopropyl carbinols at 130°
the methyl group to migrate and not to an inhibition of (Table I I )  does not show the same specificity as the
the opening of the cyclopropane ring. photoreductions of cyclopropyl ketones. However, the

From the above conclusion, it follows that opening of radical generated by D TB P still gave a far greater
the cyclopropane ring has begun in the triplet state for amount of the product corresponding to outside bond
both photorearrangement and photoreduction and that opening of the cyclopropyl group (2) than can be ac-
a homoallyl species would be formed directly. In the counted for on the basis of thermodynamic stabilities of
presence of a good hydrogen donor, however, the car- the intermediates 8 and 9 formed. Two factors can be
bonyl triplet normally abstracts a hydrogen with high considered in determining the over-all thermodynamic
efficiency to yield a hydroxycarbinyl radical. There- stabilities of these intermediates: the stability of the
fore, an alternative to the suggestion of a common mech
anism is that there is no mechanistic relationship be- (8) D. C. Neckers, A. Sohaap, and J. Hardy, J .  A m er. Chem . Soc., 88,
tween the two photoreactions and that any similarity in 1265 (i960).
results stems solely from the basic energy features of the ment8 with a cis_ trans (30:7o) mixture of e ( «  -  2; r  = H) showed that
ring systems involved. For example, in the presence of the trans isomer behaved in a similar fashion.
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radicals10 generated (primary vs. secondary or tertiary), Thus, 5-methylbicyclo[3.1.0]hexan-2-ol (6 , n  =  1, R  =
and the stability of the ring system found as based on CHS), in which the difference in product distribution for
strain energy considerations of a cycloalkene. 1 1 When the thermal and the photochemical reactions was
n  =  2 and R  =  CH3, the over-all stability favors the greatest, was allowed to react at room temperature with
opening of the inside bond to yield 9  and, when R  =  H, D TB P , using filtered light as the radical initiator. In
a slight preference for opening of the outside bond to addition, the corresponding ketone ( 1 , n  — 1, R  — CH 3)
yield 8  is indicated. When n  — 1, regardless of the de- was irradiated at elevated temperatures. In the
gree of substitution, the opening of the inside bond to photolytic experiments at high temperature, some
yield the six-membered ring compound 9 is strongly difficulties in product determination were encountered,
favored. as many by-products were observed, owing to instability

The selectivity of the ring opening could be accounted of the primary products in uv light at 130°. These
for on the basis of better overlap between the outer cy- complications were minimized by using short irradiation
clopropane bond and the adjacent carbonyl center. times. Table IV  summarizes the results of these ex-
However, selective product formation would also result periments.
if the reactivity of a primary radical is a predominant
factor and if the secondary and tertiary radicals, Table IV
though also formed, reclose to 7, rather than abstract a Radical Rearrangement and Photoreduction at Various 
hydrogen atom from the solvent. To evaluate this T emperatures of 5-Methylbicyclo[3.1.0]hexane

possibility the radical rearrangement was performed Compounds (n = 1 , R = CH3)
with an optically active alcohol 6  and the photochemical starting

reduction was carried out with an optically active ke- Typeof Tempi TimCi t“ aa',, / ito  Ratio, •'
tone 1. The results of these experiments are summa- reaction °c hr % + 2 , % 1 0 :2  “
rized in Table I I I .  6 in D T B P  +  hv 25 24 87 13 0 .5 :9 .5

42 76 23 0.5:9.5
Table I I I  6 in D T B P  130 24 28 71 4 .5 :5 .5

Photochemical Reduction and Radical Rearrangement 1 +  hv in t'-PrOH 25 0.5 82 12 1.9
of Optically Active Bicyclo[4.1.0]heptane Compounds 1 69 23 1.9

( »  = 2, R = H) 80 ° - 5  80 1 5  4 : 6

M n o f  0.8 69 18 8 -5 :6 .5
[ « ]d of recovered 130 0.5 82 12 5 5

Starting starting starting [ « ]d of 2 60 7 5:5
material Type of reaction material material Product 2 « i rradiation of a mixture of 10 and 2 at elevated temperatures

1“ hv in 2-propanol —2 .0  — 2 . 1  —0 .86 showed that both products disappear at approximately the same
6 130° with D T B P  5.2 5.2 - 0 . 9  rate.

a The optically active ketone 1 was obtained by Jones oxida
tion of alcohol 6 and should have the same optical purity. . , , , ,
b Reduction of l with lithium in liquid ammonia yielded ketone The radical rearrangement of the cyclopropyl al-
2, possessing this same optical activity (see ref 19); all optical cohol investigated ( 6 , n  =  1, R  == CH 3), when carried
activities were taken with vpc collected material and are accurate out a t room temperature, showed the same selectivity of
to ± 0 .1 °. product formation as the photoreduction of the cor

responding ketone ( 1 , n  — 1, R  =  CH3). In both 
Complete retention of optical activity of the starting cases, 3,3-dimethylcyclopentanone (2 , n  =  1, R  =  CH3)

material was observed under conditions of both re- was formed almost exclusively. In addition, the photo
arrangement and irradiation; in addition, the product 2  reduction of the cyclopropyl ketone at elevated tern-
obtained by either procedure was optically active to the peratures appeared to be much less selective than at
same extent. These findings indicate that no equi- room temperature. In fact, the similarity of the tem-
librium exists between the radical species 7 and 9, since perature dependence of product distribution in both
the absence of an asymmetric center in 9 would lead to types of reactions is remarkable. When bicyclo [4.1.0 ]-
racemization. 12 heptan-2-one ( 1 , n  =  2, R  =  H ) was irradiated in

Before using the data, summarized in Table I  and II, 2-propanol at 130°, again only the formation of 3-meth-
pertaining to the difference in selectivity in photoreduc- ylcyclohexanone (2 , n  — 2, R  =  H ) was observed. For
tions of cyclopropyl ketones 1  and in radical rearrange- this compound, change in temperature does not result
ment of cyclopropyl carbinols 6  for mechanistic evalua- in a diminished selectivity of ring opening, a result
tion, it was essential to investigate the temperature de- anticipated since the 130° radical rearrangement of the
pendence of the reactions, since room temperature was corresponding alcohol also showed a similar selectivity,
used for the former reaction and 130° for the latter. The striking similarity of temperature dependence on

product formation in the two cases studied strongly sug-
(10) It  is assumed that the tertiary radical is 4 kcal/mol more stable than t h a t  photoreduction of Conjugated Cydopropyl ke-

the secondary radical, which, m turn, is 4 kcal/mol more stable than a °  tf . r x i t
primary radical (see C. Walling, “ Free Radicals in Solution,”  John Wiley & tonGS 1 and radical rearrangements OI the Corresponding
Sons, inc., New York, n . y „  1 9 5 7 , p so). alcohols 6  proceed through the same intermediate; the

(11) I t  is assumed that cyclohexane is 6.3 kcal/mol more stable than i i i
cycloheptane and 6.5 kcal/mol more stable than cyclopentane (see summary a-hydrOXVCyclopropylcarbmyl radical 7. Both pro
of values in J. D. Roberts and M . C. Casserio, "Basic Principles of Organic CeSSeS are highly Selective at TOOm temperature, giving
chemistry,”  w. a . Benjamin, inc., New York, n . y ., 1965, p 112 ) and that cleavage of the cyclopropane bond that overlaps best
the heat of hydrogenation of cyclohexene is 1.2 kcal/mol larger than that of ,. i , r* i . • i ,• •, r
cycloheptene and 1 . 4 kcal/mol larger than that of cyclopentene [see R. B. W ith  the radical at C-2? blit this SGlGCtivity Can be
Turner and r . r . Meador, j . A m er. ch em . Soc., 7 9 ,4 1 3 3  (1957)]. severely affected by raising the temperature.

(12) I f  reclosure of the inside bond was faster than inversion and rotation Jn  t R e  irradiation of 5-methylbicydo [3.1.0 ]heXan-2-
to the optical enantiomer, optical purity could be retained. Urom an n  . 1 . X , ,
operational viewpoint, however, such a process appears unlikely. OnG (1 ,  71 —  1, x t  =  0 x1 3 )  a t  GlGVatGU. t e m p e r a t u r e s ,  1X16
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formation of small amounts of the alcohol 6 (about 5% ) 3 (T^ , . 3  ( j^
was indicated, but, in the irradiation of bicyclo[4.1.0]- | T
heptan-2-one (1, n  == 2, R  =  H ) at 130°, no alcohol 6 _  r H A  W1"1
could be detected. This is consistent with the previous /  \ 1 ~H \\ H
observation that the corresponding optically active al- / A  / \ A A \ \ g  A .
cohol did not racemize during radical rearrangement at / 7 / 7
130° (Table I I I ) ,  implying that in the latter case the a- / 'yy u\ / 91 \l
hydroxycyclopropylcarbinyl radical does not abstract / 91 U / \\
hydrogen to generate the alcohol. / \\ / \\

In the presence of a triplet quencher (oxygen or iso- / \\ / \\
prene), no photoreduction of bicyclo[4.1.0]heptan-2- / /?=1 \\ / /7 = 2 \\
one (1, n =  2, R  =  H ) was observed. Benzene, acetone, ^  (___9'___ r = CH ) \\j> > r = qh ) \\10
or fluorene sensitized the reaction, but it was remarkable ’ 3 V10 * 3 \2
that the rate of overirradiation, leading to 3-methylcy-
clohexanol, increased more than that of the primary lgure
photoreduction step. These experiments leave little 
doubt that the excited species involved is in the triplet 9 
state. JL

The findings of the present work indicate that the [  T >  f  T>  — *•
photoreduction of ketone 1 and the ground-state radical
rearrangement of alcohol 6 both go through the same 1 n
intermediate radical 7. The following mechanism may 0H
be considered for these reactions (see Figure 1). After j 1 V
excitation of 1, a triplet species 3 is formed. This fast / \
species abstracts a hydrogen atom from 2-propanol, and l L A  / \

during this process it cascades down to the ground-state R ' — (

radical 7. When n  —  1, the thermodynamically con- 12 R
trolled process leads to the more stable radical 9, es- H0Ac 13
pecially when R  =  CH3 and a tertiary radical is formed. j hoac

However, the pathway leading to a primary radical 8 slow
has a lower energy of activation, since 2 is the preferred ^ (

product when the reactions are run at room temper- 11 11

ature. The lower energy of the transition state be- A x
tween 7 and 8 compared with that between 7 and 9 may I J<AoAc \  /
be explained by overlap between the outer cyclopro- R '— ^-OAc
pane bond and the p orbital of the radical at C-2. The 1 4  R
inner cyclopropane bond and the p orbital at C-2 are I5

orthogonal, and the molecule must be twisted to form f

the transition state leading to opening of that bond. 0 0
When n  =  2, an analogous conflict between kinet- J) Jl

ically and thermodynamically controlled product forma-
tion does not exist, owing to the stability of the six-mem- \  )  + (  )
bered ring in 8. \ \

It  should be exphasized that the mechanism proposed
is only applicable when a good hydrogen-donating sol- 16 17
vent is present. In poor hydrogen donors, hydrogen For thig purpose; the bicyclic ketones l ( „  =  2, R  =  
abstraction is not important, and the triplet, in addi- H  and CH3) were allowed to react with acetic acid; using
tion to returning to the ground state (1), may rearrange, perchloric acid as a catalyst. The results of these re-
the rearrangement proceeding v i a  the more preferred actiong are summarized in Table V.
triplet 4.

The present study has illustrated the selectivity of 
bond cleavage in the photochemical reduction of con- Table V
jugated cyclopropyl ketones in 2-propanol. In all cases Acid-Catalyzed Rearrangement of
examined, the bond that has better overlap with the car- Bicyclo[4.1.0]heptan-2-one and
bonyl tt system is preferentially cleaved. I t  is remark- 6-Methylbicyclo[4.1.0]heptan-2-one in Acetic Acid

able that the specificity of bond breaking is tempera- with 0.1 M H \ <
ture dependent. However, this temperature depen- Temp Time ma\reZ l  u°+ia, Ratio,
dence is not due to the photochemical process, but Compd °c hr % % 18:14
rather to subsequent ground-state radical reactions, as l, R = H 27 57 11 86 3.5:6.5
is indicated by the parallel rearrangements of the 1, R = H 33 6 35 62 3.5:6.5

ground-state generated species. 1’ r  I  H 72 2 5 0 97 4̂ 6
It  is interesting to compare the results of the radical l ’ r  = H 140 0 5 0 80 4:6

rearrangements, which are largely governed by steric l ’ r  = c h 3 70 6.5 0 96“ 8.5:1.5
factors, with those of the rearrangement of the related « instead of 15, the elimination products 16 and 17 were found 
a-hydroxycyclopropylcarbinyl carbonium ion 11. in a 1:1 ratio.
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The ratio of the products formed and the small effect tive vpc column (Wilkens Aerograph A-90-P gas chromatograph,
of temperature in this reaction show that product 10  ft X  0 .375  in., 1 0 %  Carbowax 20M -10%  K O H  column at

formation follows closely the thermodynamic stabilities The jrradja(;jong at elevated temperatures were conducted in 
of the intermediate carbonium ions 12 and 13. Al- sealed Pyrex tubes in the vapor of refluxing 2-methyl-2-pentanol
though the difference in stability of these ions is difficult (bp 130°) or of refluxing 2-propanol (bp 80°) using a Hanovia
to evaluate because of solvation effects, they should be 450-W lamp. Because of sample size (3-ml solutions), the
of the same order of magnitude as or larger than the Product assignments were based on comparison of vpc retention

. . .. , times with those of authentic samples on two different analytical
radical stabilities. Since the ionic reaction may be re- columns (5%  XF-1150 Cyanosilicone, 10 ft X  0.125 in., 100°;
versible, it is necessary to study the process in greater 20% Carbowax 20 M -1 0 %  K O H , 10ft X  0.125 in., 150°: Hew-
detail before a direct comparison with the radical pro- lett-Packard F  & M  5751 gas chromatograph). Solutions of the
cess can be achieved starting materials and products were stable at 130°. The radical

I f  the same type of reaction is conducted with H C I “ « A  S T t S T ™ " e n J o S f .
m dry chloroform, the chloride analog of 14 is formed U V S -I I  mineral light lamp filtered with a Vycor filter (x >240 
almost exclusively. Further work is needed to decide npx).
whether this is due to the enhanced nucleophilicity of Procedures in Acid-Catalyzed Rearrangements.— The per- 
chloride compared with acetate or to less stabilization chloric acid catalyzed reaction with acetic acid was run with 1 g 

„ , . . . , , . . ol the bicyclic ketone in 77 ml of glacial acetic acid and 2.2 ml of
of the carbonium ions m  a less polar solvent, thus acetic anhydride containing 0.725 ml of 70% perchloric acid
causing the acid addition step to become faster than the under magnetic stirring and in a nitrogen atmosphere. To
rearrangement equilibrium under these conditions. terminate the reaction, the solution was neutralized with 95 m l of

concentrated ammonium hydroxide and extracted with chloro
form. The solution was washed and dried, the chloroform was 

Experimental Section evaporated, and the resulting oil was molecularly distilled. The
amounts of volatile products formed were calculated from vpc 

The syntheses of the bicyclic ketones and alcohols for n =  2, traces of this distillate. The products were collected from a 
R  =  H , C H 3, and for n =  1, R  =  H, have been described. 13 20% DFGS-preparation vpc column.

5-Methylbicyclo[3 .1 .0]hexan-2-one was prepared by D r. G . W . Identification of Reaction Products.— Authentic samples were 
Shaffer14 of this laboratory from 3-methyl-2-cyclopentenone16 available of cycloheptanone, 3-methyleyclohexanone, cyclohex-
and dimethyloxosulfonium ylide according to the procedure de- anone, and 4-methylcyclohexanone. The vpc retention times
scribed by Corey and Chaykovsky16 in 51% yield. The following and spectral data of the products were in agreement with those
data were observed: bp 64-65° (13 mm); ir (CC14) 3058 (h C H ), 0f the authentic samples. The structures of the other products
1727 (C = 0 ) ,  1175, 933, 897, 856 cm-1; uvXma* (95% C 2H 6O H ) were assigned based on the following data.
194 (e3710), 280 m/i (e56). 4-Methylcycloheptanone: ir (CC14) 1705 (C = 0 ) ,  1449 cm-1;

Anal. Calcd for C 7H 10O: C , 76.33; H , 9.15. Found: C , nmr (CC14) 5 2.35 (m, 4 , C H 2, C O C H 2), 1.68 (m, 7, ring protons), 
76.14; H , 8.92. and 0.94 ppm (m, 3, C H 3); mass spectrum (prominent peaks)

«'s-5-Methylbicydo[3.1.0]hexan-2-ol was prepared according m/e 126, 111, 98, 97, 83 (B ), 82, 70, 69, 56, 55. 
to the procedure of Dauben and Berezin13 from 3-methyl-2-cyclo- 3,3-Dimethylcyclohexanone: ir (C C h ) 1715 ( C = 0 ) ,  1460, 
pentenol, which, in turn, was prepared by reduction of 3-methyl- 14 2 2 . 1387, 1366 cm“1; nmr (CC14) S 2.7 (m over s, 4, C H 2,
2-cyclopentenone15 following a procedure described by Davidson C O C H 2), 1.7 (m, 4, ring protons), 0.97 [s, 6 , (C H 3)2];  mass
and coworkers.17 The bicyclic alcohol was characterized by the spectrum (prominent peaks) m/e 176, 111, 83 (B ), 69, 56, 55. 
following data: bp 76° (18 mm); ir (CCh ) 3600, 3360 (O H ), 1055, 3-Methylcyclopentanone: ir (C C h ) 1750 (C = 0 ) ,  1455, 1410, 
1025, 1000 cm b  nmr (C C h ) S 4.38 (m, 1, C H O H ), 3.43 (s, 1, 4050 cm -1; nmr (C C h ) S 2.1 (m, 4, C H 2C O C H 2), 2.0-1.2 (m, 3,
O H ), 1 63 (m, 4, ring C H ,), 1.13 (s, 3, C H 3), 0.7 and 0.2 ppm ring protons), and 1.13 ppm (d, .3, J  =  6 Hz, C H 3C H ); mass
(m, 3, PC H ); mass spectrum (70 eV ) m/e 112, 111, 97, 94, 79, spectrum (prominent peaks) m/e 98, 83, 70, 69 (B ), 56, 55,42. 
™ > 68  (B ), 67, 55. 3,3-Dimethylcyclopentanone: ir (C C h ) 1745 (C = 0 ) ,  1458,

The optically active materials were prepared by asymmetric 4399 , 13 79! i 364 , 1260, 1135 cm -1; nmr (CC14) $ 2 .1  (d, 2, J  
induction, converting cyclohexene to 2-cyelohexenol18 ( [ « ]n  =  7  Hz, CH 2C H 2C O ), 1.92 (s, 2 , C C H 2C O ), 1.90 (d, 2, J  =
7.0 ), followed by a Simmons-Smith13 reaction to the cis- 7 Hz, ring C H 2), 1 .1  [s, 6 (C H 3)2C ] ; mass spectrum (prominent
bicyclo[4.1.0]-heptan-2-ol20 ( [ « ] d 5.2 ) and Jones21 oxidation peaks) m/e 112 (p ), 97, 83, 69, 56 (B ).
to the bicyclo[4.1 .0]heptan-2-one ( M d — 2 .0 ° ). Optical ro- 4 -Acetoxycycloheptanone: ir (C C h ) 1739, 1706, 1242, 1028 
tations were measured in chloroform on a Zeiss polarimeter L E P  cm- i ; nmr (C C h ) 5 4 .5 7  (m , 1 , CH O Ac), 2.43 (m, 4 , a -C H 2),
™ .' . . 2.00 (s, 3, C H 3), and 1.88  ppm (m, 6 , ring protons).

Irradiation Procedures.— The irradiations described in Table Anal. Calcd for C 9H 140 3: C , 63.51; H , 8.29. Found: 
I  were conducted with 0.4% solutions in 125 ml of 2-propanol by q  63.63' H  8 06
Corex filtered light of an immersed Hanovia 450-W lamp. The ’3 -Acetoxymethylcyclohexanone: ir (C C h ) 1742, 1718, 1231, 
radical rearrangements (Table I I )  were carried out by heating 4047 cm- i ; nmr (C C h ) & 3.88  (d, /  =  3.5 Hz, 2 , C H 2OAc),
various portions of D T B P  with the bicyclic alcohol at 130° for 2.13 (m, 4, a -C H 2), 1.96 (s, 3, C H 3), 1.92 (m, 5).
24 hr in a sealed tube. The products of irradiation and of re- Anal. Calcd for C 9H 140 3: C, 63.51; H , 8.29. Found: C ,
arrangement were both independently collected from a prepara- 63.29* H  8.09.

______________  4-Methyl-4-cycloheptenone: ir (CC14) 1706, 1230, 1214,
1091, 880, 823 cm -1; nmr (CC14) 5 5.62 (m, 1 , H C = C ) ,  2.44

(13) W. G. Dauben and G. H. Berezin, J. Amer. Chem. Soc., 89, 3449 (m , 8 , r in g  p ro ton s ), 1.77 (s , 3, C H 3).
' ^ ^ T 85’̂ 68! 19̂ '  ■ , Anal. Calcd for CaH 120 : ’c, 77.38; H , 9.74. Found: C ,

(14) G. W. Shaffer, Ph.D. Thesis, University of California, Berkeley, 7 7  j g .  jj  9 91

19(16) R. M . Acheson and Sir R. Robinson, ./. Chem. Soc., 1127 (1952). , ^  l  “  (9 C U )  1712’ 4667’ 1285’ 1244>
(16) E. J. Corey and M. Chaykovsky, J. Amer. Chem. Soc., 87. 1353 1212, 1122, 1072, 936, 891, 827 cm 1; nmr (CC14) 8 5.36 (split t,

(1965). /  =  6 Hz, 1 , C H = C ) ,  3.11 (split d, J  =  6 Hz, 2, a -C H 2), 2.50,
(17) R. S. Davidson, W. H. H. Gunther, S. M. Wadding tcn-Feather, 2.42, 2.22 (m, 6 , ring protons), and 1.76 ppm (s, 3, C H 3).

and B. Lythgoe, J. Chem. Soc., 4907 (1964). Anal. Calcd for C 8H I20 : C, 77.83; H , 9.74. Found: C ,
(18) D. B. Denney, R. Napier, and A. Cammarata, J. Org. Chem., 30, 77 .44 ' H  9 63

3151 (1965).
(19) H. E. Simmons, E. P. Blanchard, and R. D, Smith, J. Amer, Chem.

Soc., 86, 1347 (1964).
(20) r . k . H ill and j . w. Morgan, j .  Org. chem., 33, 927 ( 1968); the Registry No.— 2-Propane, 67-68-0; 4-methylcyclo- 

present results indicate a higher degree of purity in the ketone from the heptanone, 5452-36-8; 3,3-dim.ethylcycloheXailOne,

0X(21),0K. Bowden, i. m . Heiibron, e. r . h. Jones, and b. c. l. Weedon, 2979-19-3; 3-methylcyclopentanone, 1757-42-2; 3,3-
j. chem. Soc., 39 (1946). dimethylcyclopentanone, 20500-49-6 ; 4-acetoxycyclo-
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heptanone, 18341-63-4; 3-acetoxymethylcyclohex- =  2, R  =  H, 5771-58-4; 1, n  =  2, R  =  CH3) 14845-
anone, 20500-51-0; 4-methyl-4-cycloheptenone, 13015- 41-1; 1, n  =  1, R  =  H, 4160-49-0 ; 1, n  =  1,R  =  CH3,
11-7; 4-methyl-3-cycloheptenone, 20500-53-2; 1, n  14845-46-6.

Anomalous Low Solvolytic Reactivity of
2,2-Dichlorocyclopropylcarbinyl Chlorides
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The solvolyses (50 vol %  aqueous ethanol, 100°) of 2,2-dichlorocyclopropylcarbinyl chloride, l-methyl-2,2- 
dichlorocyclopropylcarbinyl chloride, and ¿rons-3-methyl-2,2-dichlorocyclopropylcarbinyl chloride have been 
studied as to rate and products. The absence of rearranged solvolysis products suggests that the cyclopropyl group 
is not interacting with the carbinyl carbon during solvolysis. In agreement with the product picture the solvolysis 
rates are substantially normal for a primary alkyl chloride and are at least 13s slower than is suggested by a <r + 
correlation of literature data on methyl- and ethoxy-substituted cyclopropylcarbinyl systems. The solvolysis 
rate of cyclopropylcarbinyl chlorides is, therefore, unexpectedly sensitive to electron-withdrawing substituents 
on the cyclopropane ring.

The most striking special features of cyclopropylear- was verified by comparison with authentic samples on the
binyl systems in solvolysis are greatly enhanced sol- Carbowax 20M column and on an SE 30 column. The constant-

volysis rates and formation of rearranged products a 200-ml

having ailylcarbmyl and cyclobutyl structures. The three-necked creased flask fitted with a Stir-O-Vac8 high shear
effect of methyl, phenyl, and ethoxy substituents on stirrer and an ice condenser was put allyl chloride (20.3 ml, 0.25
solvolysis rates have been studied.1 However, no sys- mo1), chloroform (20 ml, 0.25 mol), sodium hydroxide pellets
tematic study has been made of the effect of deacti- (4° g- 1-“  ™ol)’ and tetraglyme (25 m l). The mixture was

, ,.: , , , , . . . . .  stirred and the temperature was increased first to 80 durmg
vatmg substituents such as chlorine on solvolysis m cy- 1 .5  fir and then to 98° for 2 hr more. Work-up by water dilution,
clopropylcarbmyl systems. ether extraction, and distillation of the dried ether extract gave

We have been interested2 in the reactions of the g e m - l,l-dichloro-2-chloromethylcyclopropane [9.1 g, 23%, bp 72-
dichlorocyclopropyl functional group and have now 74° (46 mm)> H t-4 56° (17 mm)b infrared 3096 (cyclopropyl

studfc its behavior as part of a eyelopropylcarbioyl ™ - (>“  r" 8>' ™  “ d ’ °9
solvolytic system. W e  report m this paper solvolysis l,l-Dichloro-2-dimethoxymethylcyclopropane.— Into the usual
rates (50% aqueous ethanol, 100°) and products for apparatus was put acrolein dimethyl acetal (30 ml, 0.25 mol),
2,2-dichloro- 1-chloromethylcyclopropane, 2,2-dichloro- chloroform (20 ml, 0.25 mol), sodium hydroxide pellets (60 g,
1-methyl-l-chloromethylcyclopropane, and t r a m - 2 ,2 -  ¥  ^ 1 '  ^  {“ >- The mkture was stirred
j -  1 -, r, i i i - . l i  i i i i  mi vigorously 3 hr at 25-40° and the evolved gas (1.61., 0.064 mol
dlchloro-3-methyl-l-chloromethylcyclopropane. The as carbon monoxide) was measured. The reaction mixture was
results are surprising in that participation of the cyclo- diluted with water, the organic products were ether extracted,
propane ring appears to be completely suppressed. and the ether extracts were dried and fractionally distilled yielding

l,l-dicloro-2-dimethoxymethylcyclopropane [12.2 g, 26%, bp 92- 
93° (35 m m )]: nmr 198 and 203 (methoxy groups, three protons 

Experimental Section each, peak separation was temperature independent to 140°, split
by adjacent asymmetric center), 72-132 (cyclopropyl H , com- 

General.— The nmr data were obtained on a Varian A-60; plex, three protons), and 254 cps (tertiary acetal H , one-proton
chemical shifts and J  values are reported in cycles per second doublet, J  =  6 ). A  mixture of l,l-dichloro-2-dimethoxymethyl-
(cps) relative to tetramethylsilane. The glpc unit was fitted cyclopropane (10 g, 54 mmol), p toluenesulfonylhydrazine (10.1
unless otherwise stated with a 2-ft Carbowax 20M column. g, 54 mmol), and hydrochloric acid (1 ml of concentrated acid in
Distillations were normally through an 18-in. spinning-band 40 ml of 50% aqueous ethanol) was heated on a steam bath 1.5
column. The chemicals were obtained from laboratory supply hr yielding crude p-toluenesulfonylhydrazone (17.1 g ). A  2 g
houses except for acrolein dimethyl acetal which was furnished sample was recrystallized (50 ml of 50% aqueous ethanol) giving
by Shell Chemical Co. pure p-toluenesulfonylhydrazone derivative (1.5 g, indicated

Kinetic Runs.— Solutions were prepared by dilution of a yield 77%, mp 134-137° dec), 
weighed sample of dichlorocyclopropylearbinyl chloride to volume 2,2-Dichlorocyclopropylcarboxaldehyde.— A  mixture of the 1,1-
with 50% (v/v) aqueous ethanol. The initial run was made using dichloro-2-dimethoxymethylcyclopropane (44.3 g, 0.24 mol),
a standard sealed ampoule technique titrating 5-ml aliquot water (200 ml), concentrated sulfuric acid (5 m l), and tetraglyme
portions with standard base (phenolphthalein indicator, calcu- (10 ml) was stirred at 25-30° for 30 hr. Examination (glpc) of
lated infinity). Subsequent runs were carried out using duplicate the mixture indicated about 80% conversion to aldehyde. The
glpc analyses of 10-/d portions (2-ft Carbowax 20M, programmed crude product was extracted with ether and the extract was
from 50° at ll°/m in ) of 30-yul aliquots sealed in Kimax capillaries. washed (water), dried (sodium sulfate), and distilled giving 2,2-
First-order rate constants were calculated using the area of the dichlorocyclopropylcarboxaldehyde [8.3 g, 30%, bp 70-71° (25
dichlorocyclopropylearbinyl chloride peak vs. an internal standard m m )]: nmr 100-170 (three-proton multiplet, cyclopropyl H )
(2,5-dimethoxytolueneoro-diethoxybenzene). Material balances and 559 cps (one-proton doublet, aldehyde, J  =  4 ); 2,4-dinitro-
were run on the high-conversion points. Identity of the products

(1) For a recent review, cf. M . Hanack and H. J. Schneider, A ngew . Chem .
In te rn . E d . E n g l., 6, 666 (1967). (3) Cole-Parmer Instrument and Equipment Co., Chicago, 111. 60626.

(2) (a) G. C. Robinson, J .  O rg . Chem.., 32, 3218 (1967); (b) ib id ., 33, (4) W . M . Wagner, H. Kloosterziel, and S. van der Ven, R ec. T rav . C h im .
607 (1968). P a y s -B a s , 80, 740 (1961).
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phenylhydrazone, mp 145.5-147° (ethanol); hydantoin6 (analyt- l,l-D ichloro-2-methyl-2-ethoxyniethylcyclopropane.— To a
ical sample, mp 215-216.5°, aqueous ethanol). solution of sodium ethoxide in ethanol (0.25 mol of sodium to

Anal. Calcd for C 6H,C12N 20 2: C , 34.47; H , 2.89. Found: 125 ml of absolute ethanol) was added methallyl chloride (22.64
C, 34.11, 34.20; H , 3.05, 3.06. g, 0.25 mol) and the mixture was allowed to stir at 25° for 4

l,l-D ichloro-6-hydroxymethylcyclopropane.— A  mixture of days. After dilution with water an ether extract was distilled
methyl orthoformate (8.9 g, 0.083 mol), allyl alcohol (20 g, 0.345 giving ethyl methallyl ether, 14.60 g, 58%, bp 86- 8 8 ° (lit .9 bp
mol), and ammonium nitrate (0.30 g ) was stirred and heated 84.6-86.8°). The ethyl methallyl ether (0.15 mol), chloroform
under a distilling column until the distillate temperature reached (16 ml, 0.20 mol), sodium hydroxide pellets (40 g, 1.0 mol), and
80°. The residual material was distilled under reduced pressure tetraglyme (25 m l) were stirred at 0° for 2.5 hr. Dilution with
yielding triallyl orthoformate [8.88 g, 57%, bp 101-110° (34 water and ether extraction followed by distillation of the ether
mm), lit .6 bp 196-205°]. The triallyl orthoformate (0.048 mol) extract gave l,l-dichloro-2-methyl-2-ethoxymethylcyclopropane,
was allowed to react with chloroform (20 ml, 0.25 mol) and so- 21.9 g, 80%, bp 83-85° (34 mm).
dium hydroxide pellets (40 g, 1.00 mol) in tetraglyme (25 m l) Anal. Calcd for C 7H 12CI2O: Cl, 38.73. Found: C l, 38.8, 
in an ice bath with vigorous stirring (Stir-O-Vac high shear 38.4.
stirrer) during 1.5 hr. The mixture stood at 25° for 16 hr and l,l-Dichloro-2-methyl-3-chloromethylcyclopropane.— Crotyl
was then diluted with water and extracted with ether. The chloride (0.25 mol, contains about 25% cfs-crotyl chloride),
ether extract was shaken twice with 20% aqueous hydrochloric chloroform (20 ml, 0.25 mol), sodium hydroxide pellets (40 g,
acid. Examination of the ether phase (glpc) showed two products 1.00 mol), and tetraglyme (50 ml) was stirred at 37° for 2.5 hr.
(area ratio 1:2 ). Removal of solvent gave 6.50 g of crude product Steam distillation followed by careful fractional distillation gave
having a carbonyl band in the infrared (formate ester). Column l,l-dichloro-2-methyl-3-chloromethylcyclopropane [19.8 g, 46%,
chromatography on alumina decomposed the formate ester giving bp 85° (30 mm), ra25D 1.4813] contaminated with a small amount
pure l,l-dichloro-2-hydroxymethylcyclopropane (5.42 g, 27% on of a second material (shoulder on glpc trace) which could not be
triallyl orthoformate): infrared 3.0 (bonded O H ), 3.33, 3.42, removed by extraction of a dilute petroleum ether solution with
3.48, 6.85, 7.00, 7.20, 8.08, 8.22, 9.00, 9.60, 10.32, 10.70, 11.30, concentrated sulfuric acid: nmr 1.36 (methyl group doublet,
12.40, and 13.40 M; nmr 245 (O H ), 218-230 (pair of doublets, J  =  2.5), 1.2-1 .8 (cyclopropyl H  multiplet), and 3.75 ppm
-C H 2O -),  65-135 ppm (complex cyclopropyl H ) and integrates (chloromethyl doublet, /  =  7.5); integral 2.0 chloromethyl
for 3.1 protons -C H 2O H  and 3.0 protons on cyclopropane ring protons and 5.2 methyl plus cyclopropyl protons (calcd 5.0). 
(calcd three protons and three protons). Anal. Calcd for C 5H 7CI3: Cl, 61.32. Found: Cl, 61.0.

The phenylurethan was an oil. The a-naphthylurethane was l,l-D ichloro-2-methyl-3-hydroxymethylcyclopropane.— A  mix-
a solid (mp 100-102°): nmr 70-135 (cyclopropyl H ), 235-285 ture of crotyl alcohol (18.0 g, 0.25 mol), chloroform (20 ml, 0.25
(-C H 2O -),  420-430 (broad, N H ),  and 430-480 ppm (aromatic), mol), sodium hydroxide pellets (40 g, 1.00 mol), and tetraglyme
integrated area aromatic plus N H  to -C H 20 -  is 7.9/2 (calcd (25 ml) was allowed to react in the usual way and crude product
8/2 ) and of -C H 20 -  to cyclopropyl H  is 2/3 (calcd 2/3). was distilled giving a low yield (3 g ) of product containing 80%

Anal. Calcd for C i6H i3C12N 0 2: C , 58.06; H , 4.22; Cl, 22.86. of the major component. Column chromatography on alumina
Found: C , 58.14, 58.38; H , 4.36, 4.37; Cl, 22.5. yielded this major component in about 95% purity. The pre-

1 .1- Dichloro-2 -ethoxymethylcyclopropane.— Allyl ethyl ether sumed l,l-dichloro-2-methyl-3-hydroxymethylcyclopropane did
(21.5 g, 0.25 mol), chloroform (20 ml, 0.25 mol), sodium hydrox- not yield a crystalline phenylurethane. An a-naphthylurethane
ide pellets (40 g, 1.00 mol), and tetraglyme (25 ml) were allowed solidified but melted over a wide range. A  variety of methods of
to react with high-shear stirring at 98° for 3 hr yielding crude purification failed to yield a tractable product. The material is
l,l-dichloro-2-ethoxymethylcyclopropane7 [21 g, 50%, bp 82-90° probably a mixture of cis-trans isomers.
(40 mm)] containing a minor impurity. The major component 
was isolated by careful distillation, bp 90-90.5° (43 mm).

Anal. Calcd for C 6H ioC12: C, 42.63; H , 5.96. Found: C , Results
42.9, 42.8; H , 5.92, 6.11.

l,l-D ichloro-2-methyl-2-chloromethylcyclopropane.— A  mixture So lvo ly s is  o f l,l-d ie h Io ro -2 -ch lo ro m eth y lcy c lo p ro -
of methallyl chloride (26.5 g, 0.292 mol), chloroform (40 ml, p an e  jn  5 0 %  (v / v ) aqu eou s eth an o l w a s  fo u n d  to  g iv e
0 50 mol), sodium hydroxide pellets (80 g 2  0 mol), and 100 ml t w 0  p ro d u ct p e aks on  glpc. C o m p ariso n  on  S E -3 0
of tetraglyme was stirred vigorously at 30 for 2 hr. Steam . A . , , -I, ,•
distillation followed by fractional distillation of the organic distil- an d  C a rb o w a x  2 0 M  g lpc  co lum ns w ith  au then tic  sam -
late gave l,l-dichloro-2-methyl-2-chloromethylcyclopropane pies iden tified  the p roducts  as 1 , 1 -d ich lo ro cy c lo p ro p y l-
[24.6 g, 49%, bp 8 6 ° (30 mm), n25d 1.4855, lit .8 bp 89° (50 mm), 2 -eth oxym eth y lcyc lop ropan e  ( l i b )  an d  1 ,1 -d ich loro -
w26d 1.4858]: nmr 87.2 and 91.7 (cyclopropyl H  cis and trans cy c lop ro p y l-2 -h yd ro xy m eth y lcy c lop ro p an e  ( I l a ) .  N o
to methyl group, J  =  13), 92.8 (methyl group), and 223.1 and
232.8 cps (chloromethyl protons adjacent to asymmetric center,
J  =  16); integral 2.0 (chloromethyl, calcd 2.0) and 4.8 (cyclo- C1nv̂  ^ C 1  C k v^
propyl H  plus methyl, calcd 5.0). ,C ,C.

Anal. Calcd for C6H 7C13: C , 34.62; H , 4.07; Cl, 61.32. /  \  /  \
Found: C, 34.61, 34.42; H , 4.19, 4.17; Cl, 60.7. R2- - -C -------C ---R , R2- - -C -------C ---R ,

1.1- Dichloro-2-methyl-2-hydroxymethylcyclopropane.— A  mix- <7 V  </ V
ture of methallyl alcohol (18.0 g, 0.25 mol), chloroform (20 ml, "  CH2C1 H ^H2OK3
0.25 mol), sodium hydroxide pellets (40 g, 1.00 mol), and tetra- j a r ^ r^ r  Ila R1 =  R2 =  R3 =  H
glyme (25 ml) was stirred for 1 hr. The usual work-up followed ’ w t ? r u
by distillation gave crude material, bp 103° (30 mm), contami- “» ih = CH3, R2 = H b, R i = R 2 =  H, R3 =  C2H5
nated with 25% impurity. The phenylurethan formed readily c, Rj =  H; R2 =  CH3 c, R] =  CH3; R2 =  R3 =  H
(mp 78.5-79.5°): nmr (DCC13) 77.6 and 89.2 (cyclopropyl H  j t, = prr . d  _ i i . R = O H -
trans and cis to methyl, J  =  7.4), 86.3 (methyl), 246.7 and 269.3 ’ 1 3’ ’ 25
( -O C H 2-  adjacent to asymmetric center, J  =  11.4), and 430- e> Ri =  R3 =  H; R2 =  CH3
500 cps (aromatic and N H  protons), integral five cyclopropyl f, R2 =  H; R2 =  CH3; R3 =  C2H5
plus methyl protons and two methylene protons.

Anal. Calcd for Ci2H 13Cl2N 0 2: C, 52.57; H , 4.78. Found:
C, 52.21, 52.36; H , 4.73, 4.96. o ther p roducts  w ere  detected  an d  8 7 %  o f reacted
-------------------- s ta rtin g  m ate ria l cou ld  b e  accounted  for.

(5) The hydantoin was prepared by the procedure of H. R. Hense and T h e  a l c ° ho1 I I a  h a d  n 0 t  P r e v i o u s l y  b e e n  r e p o r t e d
r . j . Speer [j. Amer. chem. Soc., 64, 522 (1942)], but formation of a co- an d  its synthesis w a s  app roach ed  b y  tw o  rou tes. O n e
product (mp 80°) presumed (from its infrared and nmr spectra) to be aide- p roposed  rou te  in vo lv ed  d ich lo ro cy c lop ro p an atio n  of
hyde trimer complicated the work-up. Facile trimerization was a continual
complication with this aldehyde. _______________

(6) F. Beilstein, et al., Ber., 18, 482 (1885).
(7) D. Seyferth, et al., J. Amer. Chem. Soc., 87, 4259 (1965). (9) M . Tamele, C. J. Ott, K. E. Marple, and G. Hearne, Ind. Eng. Chem.,
(8) H. A. Bruson and H. L. Plant, U. S. Patent 3,376,348 (April 2, 1968). 33, 115 (1941).
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acrolein dimethyl acetal, hydrolysis to the aldehyde, (l ie ) was prepared in low yield directly by dichloro-
and reduction with sodium borohydride to Ha. The di- cyclopropanation of methallyl alcohol and readily
chlorocyclopropanation proceeded in reasonable (26%) formed a phenylurethane which gave the correct ele-
yield giving l,l-dichloro-2-dimethoxymethylcyclopro- mental analysis and had an nmr spectrum similar to
pane. This substance, interestingly, showed two that of parent lb. The ethyl ether ( l id ) was prepared
methexyl peaks in its nmr spectrum and the appear- in the standard way from methallyl ethyl ether in ex-
ance of the doublet was unchanged up to 140°. The cellent (80%) yield.
methexyl doublet is attributed to the adjacent asym- Preparation of l,l-dichloro-2-methyl-3-chloromethyl- 
metric center10 and not to restricted rotation. A  de- cyclopropane utilized dichlorocyclopropanation of 
tailed analysis of this unusual spectrum has been car- crotyl chloride containing 25% cis crotyl chloride. 
riedout.11 The product, isolated by careful distillation in fair

(46%) yield, revealed a small shoulder on glpc which 
a was not removed by extraction of a dilute pentane so-

b n lution of the product with sulfuric acid. The impurity
cH—J \ .c i cannot, therefore, be an olefinic product from dichloro-

CH O HCT ^ C 1  methylene insertion at a carbon-hydrogen bond and is
f presumably an isomeric grm-dichlorocyclopropane.
_h ( /  d The nmr spectrum was consistent with the expected

e3 structure as was the elemental analysis.
Chemical shift H  H k H  H h H  H , Solvolysis of the l,l-dichloro-2-methyl-3-chlorometh-
cps 83.6 105.9 103°3 253 199 203 ylcyclopropane yielded two products, one of which
Coupling constants JA ./ao Jbt ./cd shm™  by glpc to be U-dichIoro-2-mcthyl-3-hy-
cps 6.59.15.16.0 droxymethylcyclopropane and the second was pre

sumed from its retention time to be the corresponding 
Difficulties were met during hydrolysis of the acetal ethyl ether. Material balances were 95% based on

to 2,2-dichlorocyclopropylcarboxaldehyde. The yield areas’ . Authentic l,l-dichloro-2-methyl-3-hydroxy-
of aldehyde was rather poor and the aldehyde was diffi- methylcyclopropane was prepared by dichlorocyclo-
cult to handle, appearing to trimerize very readily to the *,r° ? i? a,i1011,^ cro y a co o . Conversion to an a-
rather unreactive substituted trioxane. This approach naphthylurethan gave a solid derivative which melted
was abandoned when an alternate synthesis of the de- ®ve" a wldTe/ ange ia.fplte ° f  rePeated attempts at puri-
sired alcohol proved simpler. !  m™ u seemf  bkely that 1S0mer IS present and

The successful synthesis used dichlorocyclopropana- 1S ’ cu, y sePara e- .
tion of triallyl orthoformate with subsequent hydrolysis , ^ ate; data were o b ;amed at,  ° °  f e am chamber) ln
directly to Ha. This synthesis proceeded smoothly ex- } : 1 (v/v) aqueous ethanol. Most of the rates were ob

tained using glpc analysis with an internal standard. 
CC1 This procedure permits continual scrutiny of the sol-

oN nH +  3CHC1 + iCH = phch oi C H __► / V  volysis products. An initial study of 1,1-dichlorocy-
3NaOH 3CHC13 (C  2 2 )3 (CH2— CHCH2C )3CH clopropyl-2-chloromethylcyclopropane solvolysis used a

2 2 J conventional sealed ampoule titrimetric procedure. A

Anrb +  2H 0  *- / \ 2 + HC02H summary of the rate data together with some compara-
-HPHrnrH 2 ph  purer oh 2 tive literature data are given in Table I. Representa-

^ n 2- v H C H 20 )3CH CH2-C H C H 2OH tive kinetic runs are detailed in Tables I I  and I I I .

cept that the product alcohol was contaminated initially
with some formate ester owing to incomplete hydrolysis. Conclusions
This was converted into alcohol by chromatography on The solvolygis products show a simple pattern and no 
alumina. The nmr spectrum of the alcohol was in ac- rearranged cyclobutyl or homoallylic chlorides, alco-
cord with the postulated structure and the a-naphthyl- hols, or ethyl ethers were detected. The material bal-
urethan derivative gave the expected nmr pattern and ances are adequate to exclude any substantial form a -
the correct analysis. tion of these products.

Preparation of l,l-dichloro-2-methyl-2-chloromethyl- The rather unexpected product data are supported by 
cyclopropane (Ib)according to our standard procedure the kinetic data. The rate of solvolysis of la  is anom-
went in good (49%) yield. The protons of the chloro- alously slow. From the solvolytic rate data of
methyl group were nonequivalent in the nmr, presum- Schleyer and Van Dyne12 (on polymethyl- and ethoxy-
ably again owing to the adjacent asymmetric center. cyclopropylcarbinyl 3,5-dinitrobenzoates which are well
Solvolysis in aqueous ethanol gave two products, 1,1- correlated by a o + plot13) one can estimate that the
dichloro-2-methyl-2-hydroxymethylcyclopropane (lie ) solvolysis rate of 2,2-dichlorocyclopropylcarbinyl 3,5-
and the corresponding ethyl ether (lid ), which were dinitrobenzoate should be 0.16 times that of cyclopro-
identified by glpc comparison with authentic materials. pylcarbinyl 3,5-dinitrobenzoate.
Material balances were initially about 80% declining to This value can be transferred to a chloride leaving 
60% at 604 hr. The initial solvolysis products rapidly group by assuming that the relative rates of substi-
reacted further with solvent at 120 . The alcohol tuted cyclopropylcarbinyl systems are substantially

(10) H. S. Gutowsky, J .  Chem . P h y s ., 37, 2196 (1962). (12) P. von R. Schleyer and G. W. Van Dyne, J .  A m er. Chem . Soc., 88,
(11) The HaHbHc portion of the spectrum was calculated as an A B X  2321 (1966).

pattern. J ax &nd Jbx were of unlike sign. (13) H. C. Brown, personal communication.
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Table I  Alternatively one can assume that the solvolysis
a t> a,Tr, mTmTTmT,„ pv„T n mechanism is similar to that of n-propyl chloride. FromS o l v o l y s is  R a t e s  o f  S u b s t it u t e d  O k c l o p r o p y l c a r b in y l  ^ , r  - i «

Chlorides (50% Aqueous Ethanol, 100°) the pK & of 2,2-dichlorocyclopropane carboxylic acid16
, v one calculates a* of the 2,2-dichlorocyclopropyl group as

RCr C1’ ‘sec-i rate +0.72. Although p* for primary alkyl chloride sol-
„  , . „ 1  o „  volysis in 50% aqueous ethanol at 100° is not avail-
g £ propyl >>19% X 10 >>65.o able, it should be near the value (-0 .74 ) for primary
2 .2-  Dichlorocyclopropyl 1.8 ±  0.1“ | alkyl brosylate solvolysis in ethanol at 1 0 0 °.16 To a
2^2-Dichlorocyclopropyl 1.92 ± 0 .0 6 1  1 first approximation using p* as — 0.74 one calculates the
2 '2-Diehlorocyclopropyl 1.97 ±  0.13j solvolysis rate of ^em-dichlorocyclopropylcarbinyl chlo-
l-M ethyl-2 ,2-dichlorocyclopropyl 1.32 ±  0.04 0.68 ride as 0.246 times that of «-propyl chloride or 2.4 X
2 .2- Dichloro-3-methyloyclopropyl 4.0 ±  0.2 2.05 IQ-6 sec- i  in good agreement with the observed 1.8 X
»50° rate is 1.3 X 10~* sec,-1; J. D. Roberts and R. H. 10-6 sec-1 solvolysis rate.

Mazur, J. Amer. Chem. Soc., 73, 2509 (1951). 6101.6°, C. A. Clearly the solvolysis of gewi-dichlorocyclopropyl-
Vemon, J . Chem. Soc., 423 (1954). c Titrimetrio rate, calculated carbinyl chloride gives a product pattern and kinetic 
infinity. behavior characteristic of primary alkyl chloride sol

volysis without involvement of the cyclopropane ring. 
Table I I  This conclusion is strengthened by the effects of methyl

T itrimetric Data. substitution on reaction products and rates. The prod-
1, i -Dichloro-2-chloromethylcyclopropane Solvolysis“ ucts are completely analogous to those from the parent 

Titer compound. The solvolysis rate is depressed by a factor
Time, (mi of 0.0957 hi x  10«, of 0.68 on 1-methyl substitution whereas in the simple

hr M Na0H> 8e0 1 cyclopropylcarbinyl system solvolysis rate is increased
0 by a factor of 5 on 1-methyl substitution. Rate is in-

21 0.40 1.9 creased by a factor of 2.05 by 3-methyl substitution,
45 0 75 1,9 much less than the factor of 8-11 noted in cyclopropyl-

117 139  ̂ carbinyl systems. This pattern of rate effects on
285 2 0 A v  1 8 ±  0 1 methyl substitution strongly suggests a simple solvo-

lytic substitution at the carbinyl carbon not involving 
“ 1:1 v/v aqueous ethanol, 100 , caled °=> 2.68 ml. charge delocalization into the cyclopropane ring.

No convincing reason for the noninvolvement of the 
T a b l e  I I I  ring in grem-dihalocyclopropylcarbinyl chloride sol

volysis can as yet be given. Steric explanations seem 
R e p r e s e n t a t iv e  D a t a . unpromising since models reveal no obvious steric

1 ,1 -D ich lo ro-2-c h l o r o m e t h y lc y c lo pr o pa n e  S o l v o l y s is“ p r o b le m g  a n d  solvolytic studies 0n polymethylcyclo-

RC1'/ , propylcarbinyl n-nitrobenzoates indicate normal partic-
hr (relative area) io«*!, sec-» ipation by the cyclopropane ring although chlorine and
Q 0 678 methyl are substantially identical sterically17 (Pauling

24 0 5gg 1 57 and van der Waals radii 1.8 and 2.0, respectively). It
4 8 0.481 1 .9 9  appears that participation in cyclopropylcarbinyl chlo-
7 4  0.386 2 .1 2  ride solvolysis must be abnormally sensitive to electron-
98.2 0.336 1.99 withdrawing substituents, even more sensitive than can

141.2 0.217 2.24 be accounted for by a <j + correlation. Even a mildly
194.2 0.188 1.84 electronegative group like chlorine is sufficient to nullify
263 0.108 1.94 participation. The way in which this unusual deacti-

v - 9 ' vation is implemented remains to be elucidated.
“ 1 : 1  v/v aqueous ethanol, 10 0 °, glpc internal standard.

Registry No. — l,l-Dichloro-2-chloromethylcyclo- 
propane, 3722-05-2; l,l-dichloro-2-dimethoxymethyl- 

unaffected by changes in the leaving group and solvent. cyclopropane, 20414-44-2; l,l-dichloro-2-dimethoxy- 
In support of this assumption Roberts14 showed that in methylcyclopropane-p-toluenesulfonylhydrazone deriv~
solvolysis of 1-methylcyclopropylcarbinyl tosylate ative, 20414-45-3; 2,2-dichlorocyclopropylcarboxal-
changing solvent from methanol to ethanol to acetic dehyde, 20414-46-4; 2,2-dichlorocyclopropylcarboxal-
acid gave a substantially constant rate relative to cy- dehyde-(2,4-dinitrophenylhydrazone), 20414-47-5 ; 2,2-
clopropylcarbinyl tosylate of 4-5. Schleyer and Van dichlorocyclopropylcarboxaldehyde (hydantoin deriva-
Dyne found the same rate ratio for a 3,5-dinitrobenzoate tive), 20414-48-6; l,l-dichloro-2-hydroxymethylcyclo-
leaving group in aqueous acetone. propane, 5365-23-1; l,l-dichloro-2-hydroxymethyl-

Thus one predicts a solvolysis rate for la  (50°, 50% cyclopropane (a-naphthylurethan), 20414-49-7; 1,1-
aqueous ethanol) of 2.7 X 10~6 sec-1. Activation en- dichloro-2-ethoxymethylcyclopropane, 932-59-2; 1,1-
ergy data are not available for the extrapolation from dichloro-2-methyl-2-chloromethylcyclopropane, 15997-
50 to 100° but a factor of 100 is assumed as a lower 19-0; l,l-dichloro-2-methyl-2-chloromethylcyclopro-
limit giving an estimated rate as >2.7 X  10-3. j t J ,

. „ . «  ̂ . v y -i f \Q i*  i i (15) R. C. Woodworth and P. S. Skell, J. Amer. Chem. Soc., 79. 2542
This is a factor of >1.4 X 103 higher than the observed (1957)>
rate. (16) a . Streitwieser, "Solvolytic Displacement Reactions,”  McGraw-Hill

Book Co., Inc., 1962, p 126.
(17) L. Pauling, “ Nature of the Chemical Bond,”  Cornell University 

(14) D. D. Roberts, J. Org. Chem., 31, 2000 (1966). Press, Ithaca, N. Y ., 1945.
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The cycloaddition of l,l,4,4-tetrafluorobutadiene-l,3 to CF2=CFC1 and CF2=CC12, respectively, led to the 
formation of the following perhalogenated derivatives which have been examined and characterized.

F2 /CH=CF2 F2 .CH=CF2

F* / k F F2U x

X

X = Cl or F

T h is  p a p e r  r e p o r t s  th e  c y c lo a d d it io n  o f  1 ,1 ,4 ,4 - t e t r a -  S e v e r a l  c la s s ic a l d e h y d r o h a lo g e n a t io n  m e d ia  w e re  

f lu o ro b u ta d ie n e -1 ,3  . t o  C F 2 = C F C 1  a n d  C F 2 = C C 1 2 te s ted  o n  th is  s y s te m  w i t h  l im it e d  success . E t h a n o l ic

le a d in g  to  p e rh a lo g e n a te d  “ d i b o x ”  co m p o u n d s .®  p o ta s s iu m  h y d r o x id e  re a c ts  e x o th e rm ic a lly  w i t h  H a  to

Results and Discussion „ r u = r v
t2|------CH=CF2 K0Et F21—j, CH CF2

T h e  t h e rm a l c y c lo a d d it io n  o f  1 ,1 ,4 ,4 - t e t r a f lu o r o b u t a -  p i — l  p i — U q  +

d ie n e -1 ,3  ( I )  w i t h  excess  t e t ra h a lo e th y le n e s  h a s  le d  to  2 u l2

th e  1 :1  a d d u c t s ,  l - (/ 3 ,/ 3 -d if iu o ro v in y l)-2 ,2 -d ih a lo -3 ,3 ,4 ,4 - IIa  111

t e t r a f lu o ro c y c lo b u ta n e s  ( H a  a n d  b , 6 0 -9 0 % ) .  N o  1 :2  

d ia d d u c t s  w e r e  d e te c te d  e v e n  in  th e  p re se n c e  o f  a  la rg e

excess of tetrahaloethylene. The vinyl cyclobutane F2.—. CH2— C— OEt
p |__ I] ^  +  other ethers

CH=CF2 ^  jy
I +  CF2= C X Y  ----- »
CH=CF2 g iv e  l- (| 8 ,| 8 -d if lu o ro v in y l)-2 -c h lo ro -3 ,3 ,4 ,4 -te t ra f lu o ro c y -

I  c lo b u te n e  ( I I I ,  4 5 % )  a n d  a  c o m p le x  m ix tu re  o f  e th e r

H  s u b s t itu t io n  p ro d u c ts . T h e  e s te r  I V  (1 8 % )  a p p a r e n t ly

s te m s  f r o m  b a s e -c a t a ly z e d  h y d r o ly s is  o f  o n e  o r  m o re  

2 CH=CF2 cfz= cxy p r o d u c t  e th e rs . P o t a s s iu m  e th o x id e  c o n v e r t s  l i b  in to

F, X bon,!, *" no reac lon a  m ix tu re  o f  th re e  p o s s ib le  d ien e s , I I I ,  V ,  a n d  V I ,  a lo n g

Y  w i t h  a  v e r y  c o m p le x  m ix tu re  o f  e th e rs . T h e  th re e

H a x =  y = C l  v in y lc y c lo b u t e n e s  w e r e  c h a ra c te r iz e d  b y  th e ir  in f r a r e d

b X=F Y =  CI a n d  m a ss  s p e c t ra  a n d  b y  m ic ro a n a ly s is . T h e y  a re
co lo r le s s  l iq u id s  w h ic h  p o ly m e r iz e  to  w a x y  s o lid s  w it h in

, ,  . , , , , s e v e r a l  h o u rs  a t  r o o m  t e m p e ra tu re .  P o t a s s iu m  h y -
a d d u c t s  a re  s ta b le ,  co lo r le s s  l iq u id s .  I  h e y  h a v e  b e e n

c h a ra c te r iz e d  b y  m ic ro a n a ly s is ,  H  a n d  19F  n m r  s p e c tra , H
in f r a r e d  s p e c t ra , a n d  m a s s  s p e c tra . F2_____CH=CF K0Et F 2 __CH=CF2

T h e  o b s e rv e d  re s is ta n c e  o f  H a  a n d  l i b  to  fu r t h e r  p  I 2 ^  ^  [ J  +

c y c lo a d d it io n  r e a c t io n s  im p lie d  th e  r e q u ir e m e n t  o f  a  2 \ F q  a co 0 2

d ie n e  in t e rm e d ia t e  in  th e se  h ig h ly  h a lo g e n a t e d  sy s te m s . I l l

D e h y d r o h a lo g e n a t io n  o f  H a  o r  l i b  w o u ld  le a d  t o  m o re

reactive vinylcyclobutenes. p2 CH=CF2 F C 1 C H = C F 2
u O  +  -ri L j  f  +  ethers

(1) Previous papers in this series: (a) J. D. Park and W. C. Frank, J. F 2 F r 2 r
Org. Chem., 29, 1445 (1964); (b) ibid., 32, 1333 (1967); (c) ibid., 32, 1336 VT
(1967); (d) ibid., 32, 1340 (1967). V  Vi

(2) This paper represents parts of Ph.D. Theses submitted to the Grad-
uate School, University of Colorado, Boulder, Colo., by S. K. Choi, 1969, droxide in mineral oil Successfully dehydrohalogenateS

TTtrivfafname used to designate dicyclobutene. Ha to  I I I  ( 3 5 % )  and l i b  to  I I I  ( 1 0 % ) ,  V  ( 2 5 % ) ,  and V I
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(15%) at elevated temperature, but the reaction is very these reaction conditions and therefore serves as a stan-
exothermic once initiated and extensive polymerization dard against which the reactivity of the other materials
frequently destroys the product. Triethylamine re- can be measured. Work-up revealed 40-50% reaction
acts violently with Ha or l ib  in an inert solvent at of each diene and the development of three products.
— 78°, giving only tars. Preparative gas chromatography afforded 2-chloronona-

Dehydrohalogenationis best accomplished in this sys- fluoro(bi-l,l'-cyclobut-l-enyl) (X ), a pungent, colorless
tem through the use of silver oxide in 95% ethanol. liquid, the related 2,2'-dichlorooctafluoro derivative
Compound Ha reacts to give I I I  (60%), a stable liq- (X I), and 2,4'-dichlorooctafluoro(bi-l,l'-cyclobut-l-
u idV II (20%), and a white waxy solid V I I I  (15%). enyl) (X I I )  as the three reaction products in a 4:5:6

ratio.
H

p21— I— CH=CF2 Asb , Fz | n— CH=CF2 +  CH=CF2 1 f  C1

F2 Ck Eton F2L\ q  f 2[ J L  F^ 0 ------ 0 F2
Da 2 F F2

111 VI Y
H x
I ,CH=CF2 Fz Cl

F .p jC H -C M E t  F1(Y \ _ 0Et ; | Y  2 ^ 4  ■ '• O — 0 F-

r , U N j  ‘ V ,
VII HI

vhi w fci ci
F* |— 1— CH= C F 2 f  A _____A  F

Similar to the reactions of Ha, l ib  is converted to V  F21— %  2 \ /  \ /  2
(77%) and IX  (7%) on treatment with silver oxide. F F2 F2
IX  was characterized through its mass and infrared V J [  XII
spectra. X I I I  is a colorless liquid which liberates HF
and darkens on standing. No dehydrofluorination . .

, , , , • fi j  The simplicity of the product mixture allows an anal-products are observed m these mild silver oxide reac- J . a . v  , ,
ysis of the course of the reaction. Product X  could

H have resulted from addition of chlorotrifluoroethylene to
T/ CH==CF2 XXX followed by dehydrochlorination or addition to V

21 \ — — > followed by dehydrofluorination. However, dehydro-
F2 FC1 Et0H chlorination products from the adducts of chlorotri-

IV fluoroethylene with V  or V I are not observed, while all
products in their observed distribution can be accounted

F / .CH=CF2 f   /CH2 CF2OEt for a3Suming thermal dehydrofluorination from each of
2 [“ ¡I +  2 [ j f  the required adducts. Evidence for presence of the un-

F 2 Fz \p reacted adducts could not be found, but some polymeric
v  IX material was noted in the reaction mixture.

Further work on codimerizations was rendered super-
tions, and the desired vinyl cyclobutenes are consis- fluous by the development of two alternative syntheses
tently prepared in good yield. of dicyclobutenes incorporating coupling reactions.

The fluorocarbon ethers V I I  and V I I I  are converted Recent studies in this laboratory4’6 outlining the prep-
quantitatively to l-carbethoxymethyl~2-chloro-3,3,4,4- aration of vinyliodocyclobutenes by halogen exchange
tetrafluorocyclobutene (IV ) on treatment with oleum. reactions has promoted an interest in the chemistry of

T these novel fluorocarbons. I t  was consequently dis
covered that l-iodo-2-chloro-3,3,4,4-tetrafluorocyclo-

. __£F QEt butene couples to form X I  when passed over hot copper
F2 j /  2 2 2 1 j| TJ— OEt turnings. The presence of a trace of dimethylform-

1—U qj F 2 *S J, amide is necessary to initiate the radical reaction.

VII \  H2so4 Jhso, /  vxxx

^  *  F2 __ | 1 Cu, A 5  S

/ °  F2a Cl trace of DMF>
F .CH— COEfe YTTT Cl F2
* 2r ii x i
Fa1—“ CI

W While yields vary from 30 to 60% with considerable
- r . , ,  . . , , . , - decomposition, this one-step synthesis is convenient forProblems in preparing and storing pure vinylcyclo- ,, , , 7  . .. .., , . 1 . A. °  ,. , j  small-scale laboratory preparations. I  he reaction is

butenes in quantities exceeding several grams made , , , a . , ' . .. , , ,, .... , i .. . . .  . . .  ,, t . , general of polyfluonnated vmyhodocycloalkenes, as willfurther codimerization studies difficult. In order to ? ,. , / ,, , ./ . „
establish the reactivity of these compounds, a mixed
sample of lib , I I I ,  V, and V I was treated with a twenty-
fold excess of chlorot,¡fluoroethylene in an autoclave at «  J  S S I ' S « .
185°. Compound l ib  has been shown to be inert under (6) j . d . Park and s. k . Choi, to be published.
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P h otoch em ica lly  in itiated  rad ic a l reactions o f 1 ,2 -d i- Compound IV  is a stable colorless liquid: n28d 1.3968; d28 

iodo -3 ,3 ,4 ,4 -te tra fluo rocyc lobu ten e  ( X I V )  h a ve  been  1.40; ir 3030 (C  H ), 1760 ( C = 0 ) and 1670 cm -1 (C = C ) ;  nmr 

o bse rved  to  g iv e  2 ,2 'K liio d o o c t ^ u o ro ( b i - l , i ' ^ c l o b i i t -

1 en y b  ( X V ) ,  a  w h ite  crysta lline  solid, in  1 6 %  y ie ld . cps, — O C H 2C H 3); mass spectrum fragments at m/e 201 (1
C l), 173 (1 C l), 154 (1 C l), 123 (1 C l), and 119.

„  _ B. Reaction with Potassium Hydroxide in Mineral Oil.—•
1  &  Js. To a mixture of 10 ml of light mineral oil and 2.8 g (0.05 mol) of

pFj] — *■ P 2< f > --------- 0 > F 2 +  organomercurials K O H  was added with stirring 8.15 g (0.031 mol) of H a  during 1
I  He Y  'l  hr. A  very exothermic and apparently autocatalytic reaction

f ensued with refluxing, discoloration, and polymerization. Fol-
X V  lowing 16 hr of stirring at 25°, vacuum distillation gave I I I  (35% )

and recovered I la  (25% ).
rp, . , , ,rn (n \  r .u -  , c - Reaction with Silver Oxide in 95% Ethanol.— A  solution of
The major product (t>7%) of this mercury-sensitized re- 5 .18 g (0.02 mol) of I la  in 10 ml of 95% ethanol was added with
action is a green organometallic species which was not rapid stirring to a suspension of 2.32 g (0.01 mol) of Ag20  in
sufficiently stable to permit characterization. 10 ml of 95%  ethanol during 10 min. Stirring was continued for

16 hr or until AgC l formation and mild heat evolution ceased. 
The pale yellow oil which separated on quenching with water was 

Experimental Section water washed and dried (N a2S 0 4). Preparative gas chromatog
raphy (6 ft X  0.5 in. column packed with 15% SE-30 on 30-60 

Melting points were determined on a Thomas-Hoover capillary mesh Chromosorb W -H M D S  at 180°) gave recovered I la  (25%),
apparatus and are corrected; boiling points are uncorrected. the diene I I I  (45% ), and two new ethers, V I I  (15% ) and V I I I
Infrared spectra were recorded on a Perkin-Elmer Infracord. (12% ). Compound V II  has been identified as l-(2,2-difluoro- 
Proton nuclear magnetic resonance spectra were run on a Varian 2-ethoxy)ethyl-3,3,4,4-tetrafluoro-2-chlorocyclobutene: nwd
A-60 or A-60A spectrometer using tetramethylsilane as an internal 1.3777; d26 1.46; ir 3070 (C — H ) and 1670 c m '1 (C = C ) ;  *H
reference. Fluorine nuclear magnetic resonance spectra were nmr (CFC13) 5 3.97 (q, 2, / hh =  7.0 cps, — O— C H 2— ), 2.98 (t,
run on a Varian HA-100 spectrometer using CFC13 ( F - l l )  as an 2, / Hf =  9.5 cps, C— C H 2— C ), and 1.27 (t, 3, / Hh = ’ 7.0  cps^
internal reference. Chemical shifts are recorded as parts per — C H 2— C H 3); 19F  nmr (CFC13) S 117.8 (m, 1, — C F2— CF2—
million on the 5 scale, with coupling constants as cycles per sec- C— C l), 116.3 (m, 1, — CF2— C F2— C— C l), and 114.1 (broads, 1
ond. Microanalyses were performed by Galbraith Laboratories, — CF2— O E t); mclar refraction calcd, 42.17, and obsvd, 42.23'.
Inc., Knoxville, Tenn. Mass spectra were obtained from an At- Compound V I I I  has been identified as l-(cfs-a-hydro-|S-ethoxy-^-
las CH-4 mass spectrometer and were measured at 70 eV. fluoro)-vinyl-3,3,4,4-tetrafluoro-2-chlorocyclobutene: mp 38.1-

Synthesis of l-(i3,/3-Difluorovinyl)-3,3,4,4-tetrafluoro-2,2-di- 39.7°; ir 3050 (C — H ) and 1695 and 1640 cm-1 (C = C ) ;  >H
chlorocyclobutane (I la ).— A  500-ml stainless steel autoclave was nmr (CFC I3) S 4.52 (d, 1, J hf =  31.5 cps, — C H  =  C FO Et),
charged with 67.8 g (0.54 mol) of 1,1,4,4-tetrafluorobutadiene, 4.12 (q, 2, / Hh =  7.0 cps, — O— C H 2— C H 3), and 1.43 (t, 3 '
225 g (1.70 mol) of l,l-dichloro-2,2-difluoroethylene, and 2 ml / hh =  7.0 cps, — O— C H 2— C H 3); 19F  nmr (CFC13) S 118.3
of d-limonene. The mixture was brought to 220° in a shaker (m, 1, — CF 2— CF2— C— C l) and 115.2 (m, 1 , — CF2— C F 2__
during 2 hr and maintained at that temperature for 36 hr. After C— C l). The vinylic F  was not scanned. Although the pres-
cooling, the dark liquid contents were collected and fractionally ence of V I I I  in a single isomeric form lacks explanation, a careful
distilled to give 126.7 g (91% ) of the adduct I la : bp 105-107° analysis of the product mixture confirmed the absence of the
(628 mm); n26D 1.3784; d26 1.59; ir 3100 and 2990 (C — H )a n d  otherisomer.
1750 cm“ 1 (C = C ) ;  nmr (CFC13) <5 4.48 (m, 1 , C = C — H ) and Dehydrohaloger.ation of l-(/3,i8-Difluorovinyl)-2,3 ,3 ,4 ,4-penta- 
3.94 (m, 1 , C— H ); mass spectrum m/e 258 (2 C l), 238 (2 C l), fluoro-2-chlorocyclobutane (lib ). A . Reaction with Potassium
222 (1 C l), and 160 (1 C l). Ethoxide.— To a solution of 2.8 g (0.05 mol) of K O H  in 15 ml of

Anal. Calcd for C6H2C12F 6: C, 27.8; II, 0.8; Cl, 27.4; 95% ethanol was added during 90 min with stirring, 8.05 g
F, 44.0. Found: C , 27.71; H , 0.76; Cl, 27.47; F, 44.02. (0.033 mol) of l ib .  The mixture was kept below 50° with inter-

Synthesis of l-(/3,/TDifluorovinyl)-2,3,3,4,4-pentafluoro-2- mittent cooling in an ice bath. Stirring at ambient was con-
chlorocyclobutane (lib ).— A  500-ml stainless steel autoclave was tinued until the fluorocarbon was consumed (90 min) while the
charged with 60.1 g (0.48 mol) of 1,1,4,4-tetrafluorobutadiene, mixture progressed from yellow to milky brown. The product
225 g (1.94 mol) of chlorotrifluoroethylene, and 3 ml of d-limo- was quenched, water washed, and finally dried (N a 2S 0 4). Pre-
nene. The mixture was heated in a shaker to 260° during 8 hr parative gas chromatography (6 ft X  0.5 in. column packed with
and maintained at that temperature for 18 hr. After cooling, a 15i SE-30 on 30-60 mesh Chromosorb W -H M D S  at 200 and
light orange liquid was collected from the bomb which on frac- 260°) gave I I I  (10% ) and the new dienes V  (12% ) and V I (8 % )
tional distillation gave 67.8 g (58% ) of l-(/3,/3-difluorovinyl)- along with a very complex mixture of by-products (70% ). Com-
2.3.3.4.4- pentafluoro-2-chlorocyclobutane ( l i b ) ;  bp 75-78° pound V  is the desired l-(/3,;3-difluorovinyl)-2,3,3,4,4-penta-
(630 mm); n 26d 1.3358; d26 1.63; ir 3120 and 2990 (C — H ) and fluorocyclobutene: n 27D 1.3453; d27 1.62; ir 3150 (C — H ) and
1750 cm -1 (C = C ) ;  nmr (CFC1S) S 4.47 (m, 1, C = C — H ) and 1750 and 1700 cm “ 1 (C = C ) ;  7H  nmr (CFC13) 6 4.96 (d, 1 , / Hf

3.88 (m, 1, C— H ); mass spectrum m/e 242 (1 C l), 223 (1 C l), (trans) =  25.0 cps); 19Fnm r (CFC13) S 117.4 (m, 2 ,— CF 2— CF2—•
207, 203 (1 C l), 188, and 187. C— F ), 116.9 (m, 2, — CF2— CF 2— C— F ), 114.6 (m, 1 , ■— CF2—

Anal Calcd for C 6H 2C1F7: C , 29.7; H , 0.83; Cl, 14.6; H  „  H
F, 54.9. Found: C, 29.51; H , 0.93; Cl, 13.53; F, 54.77. C F 2— C — F), 73.6 (m, 1 , —  C = C < p ) ,  and 68.4 (m, 1 , — C =

Dehydrohalogenation of l-(|8,/3-Difluorovinyl)-3,3,4,4-tetra- p
fluoro-2 ,2-dichlorocyclobutane (I la ). A. Reaction with Potas- C < p ) ;  mass spectrum m/e 206, 187,156, and 137. 
sium Echoxide.— A  solution of 5.18 g (0.02 mol) of I la  in 10 ml „
of 95% ethanol in a flask was cooled to 0° prior to the dropwise via n, 64.5. Found:
addition of a solution of 1.7 g (0.03 mol) of potassium hydroxide C, 33.03, 11,0.49, F , 64.01.
with rapid stirring. Following an additional 6 hr of stirring at Compound V I has been identified as l-(d,/3-difluorovinyl)-
25°, the mixture was quenched with water and the crude product 2,3,3,4-tetrafluoro-4-chlorocyclobutene: ra27d 1.3884; d27 1.66;
isolated. Preparative gas chromatography (6 ft X  0.5 in. ir 3130 (C  H ) and 1750 and 1700 cm 1 (C = C ) ;  mass spectrum
column packed with 15% SE-30 on 30-60 mesh Chromosorb m/e 222 (1 C l), 203 (1 C l), and 187.
W -H M D S  at 200°) yielded l-(/3,/3-difluorovinyl)-3,3,4,4-tetra- Anal. Calcd for C6HC1F6: C, 32.4; H , 0.5; Cl, 15.9; F , 
fluoro-2-chlorocyclobutene ( I I I ,  45% ) and 1 -carbethoxymethyl- 51.2. Found: C, 31.31; H , 0.52; Cl, 15.65; F, 52.35.
3.3.4.4- tetrafluoro-2-chlorocyclobutene (IV , 18%) along with B. Reaction with Potassium Hydroxide in Mineral Oil.—
20% recovered Ila . Compound V II  is a colorless, readily poly- To a stirred mixture of 2.8 g (0.05 mol) of K O H  in 10 ml of light
merized liquid: m27d 1.3897; d27 1.64; ir 3100 (C — H ) and 1720 mineral oil was added during 90 min 8.10 g (0.033 mol) of l ib .
and 1630 cm -1 (C = C ) ;  mass spectrum m/e 222 (1 C l), 203 A  very exothermic reaction ensued and a water bath was re-
(1 C l), and 187. quired to keep the mixture below 120°. Stirring at 75° was con-

AnaX. Calcd for C 6HC1F6: C , 32.4; H , 0.5; Cl, 15.9; F , tinued for 8 hr, after which vacuum stripping gave 4.3 g of crude
51.2. Found: C, 32.16; H , 0.51; Cl, 16.39; F , 52.66. product. Chromatographic analysis and separation (10 ft X
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0 25 in. column packed with 10% SE-30 on Chromosorb W  at Anal. Calcd for C8F9C1: C, 31.7; Cl, 11.7. Found: C ,
160°) provided I I I  (10% ), V  (25% ), and V I (15% ), identified 31.4; Cl, 12.43.
bv  comparison with authentic samples prepared in the previous Compound X I  is 2,2'-dichlorooctanuoro-(bi-l,l -cyclobut-1-
experiment. enyl): mP 67.8-69.1°; ir 1560 cm“1 (C = C ) ;  19F  nmr (C FC U )

C. Reaction with Silver Oxide in 95% Ethanol.— A  solution of S 116.3 (m, 1, — CF2— C F2— C C 1 = ) and 112.8 (m, 1, C F2
48 .4  g (0 .2  mol) of l i b  in 100 ml of 95% ethanol was added during CF2— C C 1 = ); mass spectrum m/e 318 (2 C l), 299 (2 C l), 283
80 min to a stirred suspension of 23.2 g (0.1 mol) of Ag20  in 100 (1 C l), 248 (2 C l), and 247.
ml of 95% ethanol. A  mild exothermic reaction occurred with Anal. Calcd for C8F8C12: C , 30.0; F , 47.7; Cl, 22.2.
considerable AgC l formation during the addition and for the sub- Found: C, 29.84; F, 47.88; Cl, 21.67.
sequent 16 hr of stirring at ambient. Quenching with water Compound X I I  is 2,4'-dichlorooctafluoro(bi-l,l -cyclobuDl-
followed by a water wash and drying (N a 2SO<) gave a pale yellow enyl): mp 58.4-59.9°; ir 1590 and 1550 cm 1 (unsymmetrical
liquid Chromatographic analysis (6 ft X  0.5 in. column packed conjugated diene); mass spectrum m/e 318 (2 C l), 299 (2 C l),
with 15% SE-30 on 30-60 mesh Chromosorb W -H M D S  at 160°) 283 (2 C l), 248 (2 C l), and 247. It is distinguished from X I
gave 30% recovered l ib ,  the desired diene, V  (55% ), and a new by mixture melting point depression and by its infrared spectrum,
ether, IX  (5% ). Compound IX  is identified as l-(2,2-difluoro- Careful analysis of the product mixture indicated only traces of
2-ethoxy)ethyl-2,3,3,4,4-pentafluorocyclobutene: » 26d 1.3713; higher boiling adducts and no perfluoro(bi-l,l'-cyclobut-l-
d26 1.43; ir 3070 (C— H ) and 1740 cm-1 (C = C ) ;  mass spectrum enyl).
m/e 252, 233, 232, 224, 223, and 204. Coupling of l-Iodo-2-chloro-3,3,4,4-tetrafluorocyclobutene

Sulfuric Acid Hydrolysis of l-(cfs-a-Hydro-,3-ethoxy-,3-fluoro- (X III) over Copper in a Hot Tube.— A  l-in.-i.d. Pyrex tube was
vinyl-3 ,3 ,4 ,4-tetrafluoro-2-chlorocyclobutene (V II ).— A  mixture packed with alternating 3-in. bands of fine copper turnings and
of 2.1 g (0.0085 mol) of V I I  and 5.0 ml of concentrated H 2SO< copper along a 12-in. length and fitted with a condenser and drop-
was prepared in a test tube and agitated until the cessation of gas ping funnel at the top and a flask at the bottom before being sus-
evolution (15 min). The dark liquid was quenched carefully pended vertically in a tube furnace. The tube was heated to
with ice water to give a dark oily product. Preparative gas 180° and 46 g (0.16 mol) of X I I I  containing ~ 1 %  dimethylform-
chromatography (6 ft X  0.5 in. column packed with 15% SE-30 amide was added dropwise at a rate of 2.0 ml per hr during 10
on 30-60 Chromosorb W -H M D S  at 175°) provided IX  (94% ) hr. After an additional 6 hr of heating, 13.5 g (53% ) of white
identical with the sample prepared earlier by basic hydrolysis. crystalline X I  identical with that prepared previously was col-

Sulfuric Acid Hydrolysis of l - ( 2 ,2 -difluoro-2-ethoxy)ethyl- lected from the receiver flask.
3 3 4 4-tetrafluoro-2-chlorocyclobutene (V II ).— In a manner Photochemical Reaction of l,2-diiodo-3,3,4,4-tetrafluorocyclo-
analogous to the preceding reaction, 2.2 g (0.0086 mol) of V I I  was butene (X IV ) over Mercury.— A  stirred mixture of 7.5 g (0.019 
agitated with 5.0 ml of concentrated H 2S04 and the mixture mol) of X I I I  and 42.6 g (0.113 mol) of mercury in a quartz vessel
quenched to give a dark oil. A  94% yield of IV  was obtained on was irradiated by 13 clear mercury arc sources in a Rayonette
preparative chromatography of the mixture as described above. photochemical reactor for 24 hr. Filtration of the mixture gave

Codimerization of Mixed Vinyl cyclobutenes with Chlorotri- mercuric iodide, recovered mercury, 10 g of a dense green solid,
fiuoroethylene.— A  stainless steel autoclave was charged with and 4.2 g of colorless liquid. The unidentified green solid is un-
3.0 ml of d-limonene, 210 g (1.81 mol) of ehlorotrifluoroethylene stable with respect to mercury and could not be purified for anal-
and 27.3 g of mixed cyclic fluorocarbons consisting of V I  (30% ), ysis. It is insoluble in water, ethanol, acetone, carbon tetra-
I I I  (25% ), 2,2,3,3-tetrafluorocyclobutene (20% ), and V Ib  chloride, hexane, and diethyl ether. The liquid fraction was
(25% ) as an inert standard. The mixture was heated at 185° separated by gas chromatography (6 ft X  0.5 in. column packed
for 42 hr in a shaker at autogenous pressure to give a light yellow with 15% SE-30 on 30-60 mesh Chromosorb W -H M D S  at 200°)
liquid. Fractional distillation to remove the 1,2-dichloro- to give 2.0 g of recovered X IV  and 2.2 g (32% ) of 2,2'-diiodo-
1,2,3,3,4,4-hexafluorocyclobutane gave 24.6 g of crude liquid octafluoro(bi-l,l'-cyclobut-l-enyl) (X V ):  mp 145.2-146.7°; ir
product Comparative analytical gas chromatography (6 ft X  1520 cm“1 (C = C ) ;  mass spectrum m/e 502, 483, 375, and 325. 
0.13 in. column packed with 10% U C  W-98 on 80-100 mesh Anal. Calcd for C8F8I2: C, 19.1; F, 30.3; 1,50.5. Found:
Chromosorb W  at 120 and 200°; 6-ft X  0.13-in. column packed C , 18.85; F , 30.91; I, 50.02. 
with 10% Carbowax 20 M  on 80-100 mesh Chromosorb P  at
140°; and a 10 ft X  0.25 in. column packed with 15% Ucon Registry No.— I l a ,  20290-60-2; l i b ,  20290-61-3;
on 60-80 mesh firebrick R  at 140°) indicated the presence of V I oaoqo  no a . t v  an9 QR 10 9* V  9 0 9 9 0 -^ -^ *
(15% ), I I I  (15% ), V  (10% ), and l ib  (25% ) plus the three prod- HI, 20290-62-4, IV  20238-10-2, V  20290 63 5,
ucts, X  (8%), X I  (10% ), and X I I  (12% ). Vacuum fractiona- VI, 20290-64-6; VII, 20238-35-1, V III, 20238-36-2,
tion of the product followed by preparative gas chromatography IX, 20238-11-3; X, 20290-65-7; XI, 20290-66-8;
(6 ft X  0.50 in. column packed with 15% SE-30 on 30-60 mesh X jj  20238-12-4; XV, 20238-13-5.
Chromosorb W -H M D S  at 160°) permitted isolation of the prod
ucts. Compound X  is 2-chlorononafluoro(bi-l,l'-cyclobut-l- , , , , ,
enyl): nmd 1.3721; d2e 1.75; ir 1740, 1670, and 1610 cm "1 Acknowledgment.— We would like to acknowledge
(unsymmetrical conjugated diene); 19F  nmr (CFC18) s 117.5 the assistance of Dr. R. A. Newmark in recording and
(m, 2, — CF2— CF2— C F = ) ,  116.5 (m, 2 ,— C F2— CF2— C C 1 = ), interpreting 19F nmr spectra and the partial financial

C C lh^nd1 ’ 1 l4C2F (m C 2 ' — CF2— C F2— C F = ) f ’ mass spectrum support rendered this study by the U  S. Army Quarter-
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Trifluoroethylene and vinyl chloride have been shown to undergo a stereospecific 1,2 cycloaddition under 
thermal conditions to give l-chloro-2,3,3-trifluorocyclobutane with the 1-chlorine and 2-fluorine trans to each 
other.

In general, only ethylenes of the type CF2= C X 2 Results
(where X  =  halogens) react readily with themselves rp ■„ ,, , , ■ , , ,  . ,  , , , ,v ... .. , “  ,. • , /  „  I  rifluoroethylene and vinyl chloride were heated at
or■with alienes, ketenes, or activated a kenes dienes or 23()0 for 0 d v  phase chromat0graphy on
alhynes to undergo 1 2  cycloadditions to yield cycloou- three different columns ( S E . 3 0  Uc and Carbowax
tañes. These reactions have been reported to give all indicated the product to be better than 95%
roughly equal amounts of as and trans isomers where ^  and tQ consigt of a single sharp peak. The in.

is possi 1 1 y exis s- , frared spectrum showed no significant absorption in the
Trifluoroethylene has been shown to undergo no re- double„bond re ion i 600-1800 cm -, indicating that 

actmn with itself when heated m a sealed tube at 180 ^  product ig s tu n ted .

°^r,, %r' . , ,. ,, ,, , The presence of structure I  was indicated by potas-
The thermal high pressure reaction of trifluoroethylene gium ¿ droxide induced dehydrohalogenation, which

with vinyl chloride was studied m order to ascertain ve about a 68% ield of 2 ,3 ,3 -trifluorocyclobutene.

lf í f  KCyCn! dlT -  The mass spectrum and nmi results proved the pres-
could be obtained, m analogy to the thermal1 codimer- ence of gtructure L  The mass spectrum contained
izations of 1 -halo-l ,2 ,2 -trifluoroethylenes with 1  1 -di- expected from ^  c] e of j  into the four
halo-2^-difluoroethylenes Two possible cyclobutanes g m  fra t ions. The base peak
(I  and I I )  might be formed as depicted below. ^  due to [CFH=CHC1 ] + ', which could only come

from I and not II.
CH2=CHC1 CH2— CHC1 CH2— CHC1 The nmr spectrum shows the presence of three sym-

+  — ► I or I metrical fluorine multiplets and four symmetrical pro-
CF2=CFH  CF,— CFH CFH—CF2 ton multiplets from one isomer of I. The spectrum is

1 i nearly first order. The chemical shift between H Y and
i  t H Z is only 75 Ez and ./Hy,Hz =  —14.21 H z, resulting

CH2 CHC1 CH2 CHC1 in second-order perturbations in the spectra of these
□  □  two nuclei. Each nucleus is split into 64 lines from

CF2 CFH CFH CF2 coupling to the other 6  nuclei. Many of these transi-
I II tion frequencies were accidentally degenerate, but it was

always possible to pick out the 64 peaks for each nucleus 
Two factors favor the formation of the first isomer, I. considering the amplitude of the degenerate lines.
First, -CFH  is probably a more stable radical than An iterative nmr computer program4 was used to deter-
either -C H 2 • or -C F 2 •, since the predominant peak in mine the best values of the nmr parameters using 156 of
the mass spectrum of the product of the reaction is the 448 transition frequencies, including 54 lines from
[CFH=CHC1] + - A ll [CF2= C X 2] + - fragments ap- H Y and H z. The rms error between calculated and ob-
pear in rather low abundance. Second, the relative served frequencies was 0 10 Hz and the probable errors
polarities of the two reacting olefins will favor the ° f  the parameters is under 0.05 Hz. The signs of all
transition state leading to the isomer I. Further, one the vicinal and cross-ring coupling.constants were de

termined relative to the signs of the geminal coupling 
constants using homo nuclear spin tickling.5 Other 

F i+ í~ H experiments have shown that J FF (gem) and J HF (gem)
c-----are positive6’7 and Jm i (gem) is negative.8 The results

j^'-F are given in Table I .
The ,/hh couplings between the CFcHw and CHYH Z 

p /  _ group, J\\y and J wz, are —1.43 and 1.85 Hz. The
dihedral angle dependence of vicinal / hh is well known, 9

might expect the trans form of I  ( 1 -chlorine and 2- ■ .
_ 0  . c  . i i i \ i  j  • j 1 r (4) l a o c n 3  by A. A. Bothner-By and S. Castellano, Quantum Chemistry
fluorine tTQ7lS to e&Cll other) to predominate beCR/Û e O Program Exchange, Indiana University, Bloomington, Ind.
S te r ic  C o n s id e r a t io n s .  (5) R. Freeman and W. A. Anderson, J. Chem. Phys., 37, 2053 (1962).

(6) E. L. Mackor and C. MacLean, ibid., 44, 65 (1966).
(1) This paper represents part of a Ph.D. Thesis submitted by R. O. (7) D. F. Evans, S. L. Manatt, and D. D. Elleman, J. Amer. Chem. Soc.,

Michael to the Graduate School, University of Colorado, 1968. 8B, 238 (1963).
(2) J. D. Roberts and C. M. Sharts, Org. Reactions, 12, 1 (1962). (8) I. Fleming and D. H. Williams, Tetrahedron, 23, 2747 (1967).
(3) J D Park H V Holler and J. R. Lacher, J. Org. Chem., 28, 990 (9) M. Karplus, J. Amer. Chem. Soc., 88, 2870 (1965); J. Chem. Phys.,

(1960). ' ' 30- 11 <1959>’
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T able I
Nmr parameters for 1-Chloro-2,3,3-trifltjorocyclobtjtane“

F b

U a

hyŷ V̂fc
Hz Hw

----------------- Chemical shifts (ppm)------------------%
Fluorine6 Hydrogen®

5A 93.72 5w 4.98
5B 124.64 5x 4.12
5C 188.76 5Y 2.97

5z 2 .33

,--------------------------------------------------------------------Coupling constants (H z )------------------------------------------------------------------- '

J fF «/ HF J  HR
/ ab (gem) =  210.19 / aw  (27 °) =  7.81 Jwx (136°) =  6.11
/ ac (81°) =  0.93 / ax  (ea) =  2.70 / wy (ae) =  -1 .4 3
/ bo (27°) =  -3 .6 9  / ay  (81°) =  2.49 /wz (aa) =  1.85

/ az (27°) = 9.16 / x y  (27°) = 9.70
/ bw  (136°) =  8.17 /xz (136°) =  9.00
/ bx  (aa ) =  3.45 / yz  (gem) =  — 14.25
/ by  (27 °) =  15.99
/ bz (136°) =  20.02
Jew (gem) =  50.95
/cx (27°) =  14.70
J oy (ee) =  11.58
/cz (ea) =  —3.32

» Approximate dihedral angles are given for the vicinal couplings (see discussion) assuming the puckering angle of the cyclobutane 
ring is 27°,10 and the cross ring couplings are labelled according to their stereochemistry, axial (a ) or equatorial (e). h Upfield 
from CFC13. c Downfield from tetramethylsilane.

and these values are not consistent with the dihedral 2.49 Hz coupling is assigned to that between the equa- 
angles of the two vicinal couplings, differing by about torial H y and equatorial F a - We would expect from
109°. Thus, the nmr shows that CFH and CH2 can- simple steric arguments that the chlorine and Fc are
not be vicinal as in II. both equatorial. This prediction is substantiated by

the absence of small vicinal couplings to the protons in 
Discussion the CHXC1 and CHwFc groups. I f  H w were equa

torial, then the vicinal coupling to the equatorial FA
Comparison of the vicinal / hf couplings between the sbouid be smaller tban the observed 7.81 Hz. Simi-

CH2 and CF2 groups with those observed by Lambert larly) the vicinal coupling of H x to the equatorial H Y is
and Roberts10 in other eyclobutanes strongly suggests 9  7 0  Hz. The above arguments enabled the assign-
that the chlorine and adjacent fluorine are both trans ment of the stereochemistry of all the couplings in I
and equatorial in the isomer of I  formed in the reaction. given in Table I. To the best of our knowledge, this is
Lambert and Roberts10 showed that l,l-difluoro-2,2-di- ^he f  rafc determination of the signs of the ./¡if cross-ring
chloro-3-deuterio-3-phenylcyclobutane ( I I I )  consists couplings in a cyclobutane. The cross-ring / hf equa-
predominantly of one conformer with the phenyl group torial-equatorial coupling is much larger than the
equatorial, whereas l,l-difluoro-3-bromo-3-phenylcyclo- axial-axial coupling (11.58 and 3.45 Hz, respectively),
butane (IV ) approximately equal populations of equa- p^nir studies on several other substituted cyclobutanes
torial and axial conformers. In the former case, they are necessary before it is possible to generalize these
found that the vicinal couplings between the CH 2 and resultg. The large variations in the vicinal ,/HF
CF2 groups were 1.75, 8.57, 12.59, and 20.52 Hz, which couplings with electronegativity, C-C bond length, and
corresponded to dihedral angles of approximately 80 27, H-C -C -F  bond angle at constant dihedral angle ob-
27, and 136 respectively. In IV  the vicina / HF values gerved by W iliiamSon, et ai , u  suggest that cross-ring
were 8.90, 10.60, 12.45, 12.52 H z ;« the couphngs are all cou ]ings shouId aLso Vary considerably with molec-
averaged to about 12 Hz owing to mterconversion be- u]ar sbrucf;Ure
tween the two possible conformers We find in I  that The cross.ring j HH values are consistent with other 
the vicinal couplings between the CF2 and CH2 groups studies which have shown that tmm  cross-ring couplings
are 2.49, 9.1o, 15.99, and 20.02 Hz. Consequent y, are negatjVe whereas cis cross ring couphngs vary from
probably-exists predominantly m one conformer. Since _ 0.5 to 2.3 Hz.» We obtained -1.43 and 1.85, re-
vicinal J hf values follow approximately the same di- spectively. As expected from previous measurements
hedral angle dependence as vicinal /hh values, ■ the 0f vicinal J  Hh and J  hf in saturated systems, the signs

(10) J. B. Lambert and J. D. Roberts, J. A m er. Chem . Soc., 87, 3884, 3891 ^  p o s it iv^ 1» The results of
(1965). Wilhamson, et at.11, mentioned above show that the

(11) K . L. Williamson, Y . L. Hsu, F. H. Hall, S. Swager, and M . S. Coul-
ter, ib id ., 90, 6717 (1968). (12) L. D. Hall and J. F. Manville, Chem . In d .  (London), 468 (1967).
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large variation of the 27° vicinal ,/hf in the CH2CF2 scale preparations were carried out on an Aerograph Autoprep
group observed by us in I  (9.16 and 15.77 Hz) and by Model A-700, using a Texas Instruments Inc. Servariter model
Lambert and Roberts« in I I I  (8.57 and 12.59 Hz) is °nr ^ t i Lomb
probably due to small differences m C -C -F  bond angles spectrometer equipped with an all glass heated (150°) inlet
between axial and equatorial fluorines. system. Microanalyses were performed by the Galbraith Lab-

This is also the first determination of vicinal «/ff in a oratories, Knoxvil.e, Tenn.
CF2-C FH  gro u p in g  in  a  cyc lobu tan e  ring. T h e  o p p o - p  Codimerization of Trifluoroethylene with Vinyl C h lo rid e .- 
., . r .i , ! 1- • , , f  Following the procedure of Park, Lacher, and Holler, 3 about 472

Site signs fo r  the tw o  V ic inal coup lings  IS expected  fro m  g of trifluoroethylene and 433 g of vinyl chloride were transferred 
an a lo gy  to  p rev iou s resu lts  fo r  cyclobu tenes an d  cyclo - into a sealed 1.5-1. autoclave containing 3 ml of d-limonene 
b u tan e s . 13-15  (added to prevent polymerization). The autoclave was heated

to 230° for about 6 days. Upon cooling, 445 g of gaseous mate
rial and 284 g of a black liquid were obtained. Distillation of the 

Conclusions liquid in a 3-ft glass helix packed column yielded 34.2 g (3 .8 %
of theory) of l-3hloro-2,3,3-trifluorocyclobutane; bp 73-76° 

The interpretation of the nmr spectrum of 1-chloro- (627 mm); ?i27d L3683; d271.3648. Molar refractivity: calcd,
2 ,3 ,3 -trifluorocyc lobutane show s th a t  the triflu oroeth - 23.76; found, 23.<6.

’ j  , - c i o  A nal• Calcd for C 4H 4C1F3: C, 33.24; H , 2.79; F , 39 4 4 -
ylene and vinyl chloride undergo a stereospecific 1,2 C 1) 24.53. Found: C , 33.21; H .2 .77; F,39!52; 01,24.73
cycloaddition. Two explanations are possible for Tetramethylsilane and trichlorofluoromethane were added to 
formation of only the trans isomer: (1) that it is an the next liquid as internal reference lock signals for the nmr
equilibrium reaction in which the most stable isomer spectra. The sample was distilled in  vacuo to remove oxygen,
predominates; (2) that it has an ionic rather than a
V  ,. , , , . , ,. , „ . . . .  Hydroxide.— Following the procedure of Park, Lacher, and
d irad ica l o r  a  fou r-cen tered  in term ed iate  an d  th a t  o n ly  Holler,3 about 9.5 g of l-chloro-2,3,3-trifluorocyclobutane was
the m ost e lectrostatica lly  s tab le  con figu ration  o f re - added dropwise over about 3 hr to a suspension of 18 g of potas-
actants leads to p roducts. sium hydroxide suspended in 27 ml of heavy white mineral oil at

room temperature in a 50-ml three-neck flask equipped with a 
stirrer and reflux condenser. After 44 hr, about 4.8 g (68%  of 

Fv ,H  -F theory) of a volatile product was obtained whose infrared spec-
4+ jv. n'  s~ F2._____f  trum was identical with that of known 2,3,3-trifluorocyclo-

F - j  ¡''''F  __ ''-H butene. About 0.1 g each of f-butylpyrocatechol and diphenyl-
H \  j, amine was placed in the reaction flask and the gas trap to prevent

S~ 3+ \  polymerization of the cyclobutene. Catechol may be used in
H Cl H2 'Cl place of f-butylpyrocatechol.

Experimental Section Acknowledgments.— The authors wish to express
their appreciation to the 3M Co., St. Paul, Minn., for 

Infrared spectra were taken on a Perkin-Elmer Infracord. their support of this work through a grant-in-aid.
Nuclear magnetic resonance spectra were taken on a Varian 
HA-100 analytical spectrometer. Product analysis and fine
-------------  Registry No.— Trifluoroethylene, 359-11-5; vinyl

chloride, 75-01-4; l-chloro-2,3,3-trifluorocyclobutane(14) R . K . Harris and R. Ditchfield, Spectrochvm. Acta A, 24, 2089 (1968). .  . 7 77  J
(15) R. E. Ernst, Mol. Phys., in press. (tram), ZU44o-Ud-8.
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A  study of the reactions of dehydroacetic acid (1) and related pyrones with secondary amines has been under
taken. Pyrrolidine reacts readily with dehydroacetic acid (1), 3-propionyl-4-hydroxy-6-methyl-2-pyrone (6 ), 
and 3-benzoyl-4-hydroxy-6-methyl-2-pyrone (10) to yield 3, 7, and 12, the respective products of nucleophilic 
attack at the 6 position of the pyrone, followed by ring opening and decarboxylation; with 3-acetyl-4-hydroxy-
6-phenyl-2 -pyrone (14) and dehydrobenzoylacetic acid (16), it gives in each case the product of condensation at 
the carbonyl of the side chain. Reaction of enediones 3 and 7 with pyrrolidine gives the corresponding dienones 
4 and 9 which could also be obtained directly frcm dehydroacetic acid (1) and 3-propionyl-4-hydroxy-6-methyl-2- 
pyrone (6 ) and excess pyrrolidine. Enedione 12 , however, gives 13, the pyrrolidinamide of benzoylacetic acid, 
when treated with pyrrolidine. When morpholine and diethylamine are employed as amines, a more complex 
reaction produces in the case of dehydroacetic acid ( 1 ) not only enediones and dienones but also acetoacetamides 
formed by attack at the 2 position of the pyrone. Mechanisms for these various transformations are discussed.

A  primary or secondary amine could conceivably the 2 position, and the carbon atom at the 4 position
attack dehydroacetic acid (1) at any of four possible (the carbon of a potential carbonyl group). Actually,
sites: the carbonyl of the acetyl side chain at -he 3 primary aliphatic and aromatic amines were shown to
position, the carbon atom terminating the conjugated react preferentially and exclusively with the carbonyl of
carbon chain at the 6 position, the lactone carbonyl at the acetyl side chain at the 3 position to form the Schiff
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Scheme I

_  H2N R 2"

0 NR" 9 0

i V NK' x f rr A 0 A 0  r ^ o' N d

15, R =  Ph; R '= Me; N R 2"  =  pyrrolidino 11, R  =  Me; R' =  Ph ;NR2"  =  pyrrolidino
18, R =  R' =  Ph; N R 2" = py rrolidino 17, R =  R' =  Ph;NR2"  =  pyrrolidino

19, R = R' =  Me; NR2"  =  morpholino 

t 20,R =  R, =  Me;NR2"  =  piperidino
21, R =  R' =  Me; NR2"  =  NEt2

OH 0

M -  +Ei™  -  miV Y Y E - ” Y y y '
R/ ^ o ^ o  R  o-.,H^o r  o  o

1, R  =  R ' =  Me V  "b”
6 , R  =  Me; R ' =  Et 3, R = R ' =  Me; N R "  =  pyrrolidino

10, R  =  Me; R' =  Ph 7, R  =  Me; R '= Et; N R "  =  pyrrolidino
14,R =  P h ;R '=M e  12,R =M e; R' =  Ph; N R "  =  pyrrolidino
16, R = R ' =  Ph 2 5 ,R = R '= M e ;N R 2" = N E t 2

R'COCH2CO NR " >*• vm „ m r //

13, R' =  Ph; N R "  =  pyrrolidino ! II 1
23, R '=M e ; NR "  =  morpholino R 0  R '
26, R '= Me; N R " = NEt2 4, R = R ' =  Me; N R 2"  =  pyrrolidino

9, R =  Me; R '= Et; NR2"  =  pyrrolidino 
22, R  =  R' =  Me; N R 2"  =  morpholino 
24, R =  R ' =  Me;NR2"  =  piperidino

base 2 a, which probably exists in the tautomeric form pound with the empirical formula CuHnN02. This 
2 b . 1 - 6  compound gave a strong enol test with ethanolic ferric

chloride. Its infrared spectrum in KBr exhibited broad 
OH 9 weak absorption in the 4-/i region and strong absorption

at 6 .1 , 6.35, and 6.45 p. The solution infrared spectrum 
3 in chloroform displayed an additional band at 5.85 p..

This evidence suggested that the compound had the 
v ' “ 3 “ tautomeric structure 3a ^  3b (Scheme I ) . 7 Further-

1 more, the absence of the band at 5.85 t± in the spectrum
HO NR 0 HNR in KBr indicates that this compound, as a solid, exists

entirely in the enol form 3a. The 100-MHz nmr spec- 
| Y  CH3 | Y  CH3 trum of a freshly prepared solution of 3a ^  3b in deuter-

CH atcd benzene showed four different methyl resonances
2a 3 2 b occurring at 5 1.85, 2.15, 2.35, and 2.40 ppm and absorp-

tion for three different vinyl hydrogens at 8 4.58, 4.84, 
- a  y or ary and 5.32 ppm. The singlets at 1.85 and 2.15 ppm are

We recently undertook a study of the reactions of de- readily assigned to the enol and keto methyl groups of
hydroacetic acid (1) and related pyrones with various an(  ̂ respectively, 8 and those at 2.35 and 2.40 ppm 
secondary amines. Of primary interest was whether to the 1-methyl groups of 3b and 3a, respectively, 
attack at the carbonyl of tl^e acetyl side chain at the 3 . e vmy resonances at 4.58 and 4.84 ppm can be
position is also a general reaction of secondary amines or assigned to the C-3 vinyl protons of 3a and 3b, respec-
whether secondary amines show a preference for reac- Hve^ ; vinyl resonance at low field being due to the
tion at one or more of the other reactive sites of this V7nyl proton of 3a. The two other signals in the
tetrafunctional molecule. spectrum at 8 3.43 and 17.62 ppm can be assigned to the

Dehydroacetic acid (1) reacted with 1 equiv of pyr- 5-methylene group of 3b and to the enol proton reso-
rolidine in toluene at 50° to afford a crystalline com- nance of 3a. Integrated peak areas are consistent

with these assignments and indicate that enedione 3 ex-
(1) S. Iguchi, K . Hisatsune, M . Himeno, and S. Muraoka, Chem. Pharm. istS to the extent of approximately 80% in the enol form 

B u ll. (Tokyo), 7, 323 (1959).
(2) S. Garratt, J. Org. Chem., 28, 1886 (1963).
(3) D. Cook, Can. J. Chem., 41, 1435 (1963). (7) Although, for simplicity, only one enolic form is shown, other tau-
(4) J. D. Edwards, J. E. Page, and M . Pianka, J. Chem. S o c . , 5200 (1964). tomeric forms, although less likely, cannot be entirely excluded.
(5) R. N. Schut, W . G. Strycker, and T. M. H. Liu, J. Org. Chem., 28, (8) Cf. the spectrum of acetylacetone. L. M . Jackman, “ Applications of

3046 (1963). Nuclear Magnetic Resonance Spectroscopy in Organic Chemistry,“  Per-
(6) D. R. Gupta and R. S. Gupta, J. Indian Chem. S o c . , 42, 421 (1965). gamon Press, Oxford, 1959, p 70.
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3a under these conditions. A  spectrum of the same glet at 3.42 ppm which can be assigned to the 5-methyl-
sample recorded 3 hr later showed a significant reduction ene group of keto form 7b; three singlets at 8 4.63,4.86,
in the enol content. Integrated peak area ratios indi- and 5.34 ppm produced by the C-3 vinyl protons of 7a
cated that the tautomeric mixture now contained 70% and 7b and the C-5 vinyl proton of 7a; and a broad res-
eno13a- onance signal at 8 17.55 ppm caused by the hydroxyl

When enedione 3 was treated with an excess of pvrro- group of enol 7a. Integrated peak areas support these
lidine in refluxing toluene, it was converted into 2,6-bis- assignments and indicate that enedione 7 consists of a
(N-pyrrolidino)hepta-2,5-dien-4-one (4) in 87% yield. mixture of 84% 7a and 16% 7b under the conditions in
Similarly, reaction of dehydroacetic acid (1) with an ex- which the spectrum was recorded. Significant in the
cess of pyrrolidine in refluxing benzene or toluene led spectrum was the absence of methyl resonance lines in
directly to dienone 4 in 98% yield (Scheme I). Under the region of 1.85-2.15 ppm. Enedione 3, on the other
these conditions, none of the intermediate enedione ac- hand, showed keto and enol methyl resonance lines at
cumulated. The structure of dienone 4 was supported 2.15 and 1.85 ppm, respectively, and we would expect
by infrared and nmr spectra and elemental analysis, and the keto and enol methyl of enedione 8 and its enol to
was confirmed by independent synthesis which involved resonate at similar chemical shifts. The absence of
reaction of 2,6-dimethyl-4-pyrone (5) with an excess of methyl resonance lines in the region of 1.85-2.15 ppm
pyrrolidine in refluxing toluene.9 of the spectrum clearly excludes structure 8; it estab-

Two mechanisms for the conversion of dehydroacetic fishes unequivocally that in the reaction of pyrrolidine
acid (1) to enedione 3 are worthy of consideration. The with 6 and by analogy with 1 initial attack of pyrrolidine
route preferred by us involves nucleophilic attack by occurs at the 6 position of the pyrone.
pyrrolidine at the 6 position of the pyrone followed by Enedione 7 was readily transformed into dienone 9 by 
opening of the pyrone ring and decarboxylation to yield heating with an excess of pyrrolidine in toluene. Dien-
enedione 3.10 The alternative pathway involves con- one 9 could also be obtained directly, in 63% yield, by
densation of pyrrolidine with the carbonyl of the acetyl treating pyrone 6 with an excess of pyrrolidine in reflux-
side chain at the 3 position. The pyrone ring would ing toluene. The structural assignment of 9 was sup-
then be opened by nucleophilic attack of HO-  at the 6 ported by elemental analysis and infrared and nmr spec-
position. Subsequent decarboxylation would yield tra.
enedione 3. Evidence that the reaction of dehydroace- The reaction of 3-benzoyl-4-hydroxy-6-methyl-2-py- 
tic acid (1) with pyrrolidine involved initial attack of rone (10) (Scheme I ) with pyrrolidine was also investi-
pyrrolidine at the 6 position of the pyrone and not at the gated. Treatment of pyrone 10 with 1 equiv of pyrro-
carbonyl of the acetyl side chain was obtained from a lidine in toluene at 50° afforded the salt 11 in 96% yield,
study of the reaction of 3-propionyl-4-hydroxy-6-meth- Reaction of 10 with an excess of pyrrolidine in reflux- 
yl-2-pyrone (6) with pyrrolidine. In this case, reaction ing toluene produced enedione 12 in 73% yield. The
of pyrrolidine at the 6 position of the pyrone would give nmr spectrum of a freshly prepared solution of 12 in deu-
rise to enedione 7, while initial reaction of pyrrolidine at terated benzene indicated that 12 consisted of a mixture
the carbonyl of the propionyl side chain would lead to containing 85% enol tautomer 12a and 15% keto
enedione 8. Actually, 3-propionyl-4-hydroxy-6-meth- tautomer 12b. A  spectrum of the same solution re

corded 3 hr later showed no change in the composition 
/ \ of the tautomeric mixture.

CH, When enedione 12 was treated with an excess of pyr-
f  || |] rolidine in refluxing toluene, it was partially converted
CH2 0 0 into 13. The structure of 13 follows from its infrared
I and nmr spectra and elemental analysis. The nmr

spectrum indicated that 13 consisted of a 1: 1 keto-enol 
mixture in deuteriochloroform solution.

yl-2-pyrone (6) was found to react with an equivalent „ th® taction  of pyrrolidine with several 3-acyl-
amount of pyrrolidine in toluene at 50° to form enedione 4-hydroxy-6-phenyl-2-pyrones was examined. Treat 
7 in 75% yield. That the product from this reaction of 3-acetyl-4-hydroxy-6-phenyl-2-pyrone (14)
was 7 and not enedione 8 follows from the nmr spec- Sf heme 1 equivalent amount of pyrrolidine in
trum. The spectrum of a freshly prepared solution of at 5^ 60+. »  cjysta line compound
enedione 7 in deuterated benzene showed the following C17H „N 0 3, indicating a 1:1 condensation with loss of
features: two overlapping triplets centered at 5 1.00 one mo ecule of water. The ultravmlet spectrum was
and 1.08 ppm which can be assigned to the 8-methyl similar to that of pyrone 14 [XmM 220 m/i (log e 4.18)
groups in 7b and 7a, respectively;11 two quartets cen- and 354 (4.19)] The infrared spectrum displayed
tered at 5 2.17 and 2.53 ppm produced by the 7-methyl- stronS ballds at 6-32> 6; f  ’ im<1 6’66 and „the
ene groups in 7a and 7b; two singlets at 5 2.38 and 2.44 compound was readily converted back into pyrone 14 m
ppm caused by the 1-methyl groups of 7b and 7a; a sin- dilute hydrochloric acid. On the basis of this evidence,

structure 15 was assigned to the product. The struc-
(9) 2 ,6-Bis(N-pyrrolidino)hepta-2,5-dien-4-one has also been prepared in tU r e  o f  15 W aS fu r t h e r  S u p p o r te d  b y  t h e  n m r  S p e c t r u m  in

these laboratories from 2,4,6-heptanetnone and pyrrolidine by R. A. Lang- w h ic h  t h e  v i n y l i c  CH p r o d u c e d  a  s ig n a l  a t  6.36 ppm a n d
dale-Smith and D. T. Manning, unpublished work. •' r  .

(10) Cleavage of 2-pyrones at the 6 position has been observed with the methyl gl’OUp gave a Singlet at 2.65 ppm.
cyanide ion and with complex metal hydrides under certain conditions: R e a c t i o n  o f  d e h y d r o b e n Z O y la C e t ic  a c id  (16) w i t h  1
G. Vogel, Chem. Ind. (London), 268, 1829 (1962); J. Org. Chem., 30, 203 . ™ ,
(1965) equiv of pyrrolidine under similar conditions afforded

(11) The nmr signal for the enol methyl in the related 3,5-heptanedione is pyrrofidinium dehydrobenZOylaCetate (17) in 98%

s Z ! Z d 1<>Wer 6eld thaD ‘he 8i8nal f°r the kCt° methy‘ (SCe Experimental yield. When the condensation of 16 with pyrrolidine
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was carried out in refluxing toluene with an excess of to be a simple acid-base reaction which results in salt
pyrrolidine, a mixture of 17 and 18 was obtained. The formation (eq 1) (Scheme II ). The solubility of these
yields were 60 and 11%, respectively. The structure of
18 follows from elemental analysis, ultraviolet, infrared S ch em e  II
and nmr spectra and hydrolysis back to dehydrobenzo- +
ylacetic acid (16) in dilute hydrochloric acid. We OH “0 HjNRj

found that it was possible to convert the highly insoluble I C0CH I C0CH3
17 into 18 by refluxing 17 in ethanol or 2-propanol. | V  3 „  NH _ je. ( f l ^  3

Finally, the reactions of dehydroacetic acid (1) with rH
morpholine, piperidine, and diethylamine were investi- CIi3 c 3
gated. In contrast to the reaction of 1 with 1 equiv of 1 - (1)
pyrrolidine in toluene at 50°, which led to enedione 3,
treatment of 1 with an equivalent amount of either mor- 9H OH
pholine, piperidine or diethylamine under similar condi- q ^^^-COCB,
tions gave the corresponding salts 19-21 (Scheme I). N| jr —>- jf —►

When dehydroacetic acid (1) was treated with an ex- CH3'W ^0 '£ 0  CH3-^
cess of morpholine in refluxing benzene, a mixture of dien- ?. ^
one 22 and 4-acetoacetylmorpholine (23) was obtained. R2NH H-^NR2
The yields were 26 and 33%, respectively. The struc- 27
tural assignments of 22 and 23 were substantiated by 0H
infrared and nmr spectra and elemental analysis. The
structure of 23 was further confirmed by comparison of /^^-COCHj
its infrared spectrum and a mixture-melting-point deter- | |
mination with an authentic specimen of 23 prepared by iy v ^ C H 3C02H
acetoacetylating morpholine with diketene. 2g

Reaction of 1 with an excess of piperidine in benzene 
at 60° led to a mixture from which the only pure product f
isolated was 2,6-bis(N-piperidino)hepta-2,5-dien-4-one 0 0
(24) (Scheme I). Considerable difficulty was experi- ^  Jl
enced in isolating 24 owing to its apparent instability in 3 -<__ (l | v ' ' 9 /
the crude state. Treatment of 1 with an excess of the CH 0 0 JUsq I
more hindered diethylamine in refluxing benzene fur- 3 H/  CH3 CHF^H
nished diethylammonium dehydroacetate (21) in 48% 29
yield and an oil which could not be induced to crystal
lize. The nmr spectrum of the crude oil was examined . .
prior to distillation and indicated that it consisted essen- salts Plays an important role m the reactions of acylpy-
tially of the tautomeric mixture 25a ^  25b. Distilla- r° nf  wlth 1 « W  ° f amme- , The ™  solubility of mor-
tion of the oil, however, resulted in the separation of a pholmium, piperidimum and diethylammonium dehy-
third compound identified as 26 by comparison of its in- droacetate pyrrolidmium dehydrobenzoylacetate, and
frared and nmr spectra with those of an authentic sam- the pyrrolidmium salt of pyrone 10 results in the precipi-
ple of 26 prepared from ethyl acetoacetate and diethyl- tatl0n of these salts from solution and in effect protects
amine by the method of Utzinger12 (Scheme I). Ene- the pyrone nucleus from attack. On the other hand,
dione 25 decomposed during attempted distillation and when the acylpyrones 1 and 6 are treated with an equiv-
purification has not been possible. alent amount of pyrrolidine, no salt precipitation occurs

Several examples of the reactions of both 3-acyl-4-hy- an<̂  reaction proceeds presumably by dissociation of the
droxy-6-methyl-2-pyrones and 3-acyl-4-hydroxy-6-phen- sa^  into acylpyrone and free amine which then attacks
yl-2-pyrones with pyrrolidine have been presented in ^he Pyrone nucleus Salt solubility becomes unimpor-
this paper. In addition, the reactions of dehydroacetic i&nt in reactions with excess amine since it has been ob-
acid (1) with morpholine, piperidine, and diethylamine served experimentally that acylpyrone-amine salts are
have been described. Four different modes of attack readily soluble in a benzene-or toluene-amine medium,
were possible in each case. The products isolated from ^Tie mechanism for opening of the pyrone ring at the 
the reactions of the 3-acyl-4~hydroxy-6-methyl-2-py- ® position undoubtedly involves nucleophilic attack by
rones 1, 6, and 10 with pyrrolidine were the result of ini- ^he amine on the carbon atom at the 6 position to afford
tial attack of pyrrolidine at only the 6 position of the py- as an intermediate the resonance-stabilized carbanion 
rone, while the products isolated from the reactions of Subsequently, 27 breaks down with expulsion of
the 3-acyl-4-hydroxy-6-phenyl-2-pyrones 14 and 16 the carboxylate group to give the rather unstable /3-keto
with pyrrolidine were the result of attack at the car- af*d which then undergoes facile decarboxylation to
bonyl of the acyl side chain in the 3 position. On the S*ve en^  29-
other hand, the products isolated from the reactions of ^  plausible mechanism for the formation of amides of 
dehydroacetic acid (1) with morpholine and diethyl- acetoacetic acid from the reactions of dehydroacetic
amine were the result of attack of amine at the 6 and the ac^  secondary amines involves nucleophilic attack
2 or 4 positions. by the amine on the carbon of the lactone carbonyl at

The first step in the reactions of dehydroacetic acid “  position to give the amide of a,y-diacetylaceto-
and related acylpyrones with secondary amines appears acetic acid (30) (Scheme I I I ) . 30 is then cleaved by re

action with amine at the carbon of the /3-carbonyl to 
(12) g . e . utzinger, Heh. CMm. Acta, 36,1 3 5 9  ( 1952). afford the observed amide of acetoacetic acid (31).
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Sc h e m e  I I I

9 H  O H  OH

A ^ C0CH 3 X / C O C H 3 i ^ C O C H 3

^  Ch A ^ '  ~ ~  c h A h ™ 1*'

R^NH A -  30 .

1 1
0

I U
2 CH3COCH2CONR2 ■«—  CH3COCH2C— CHCOCHj
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* * = 13) 0  S

jy -  ^
C H j ^ O ^ O  CHi < A )  CH3̂ O C O C H 2COCH3

1 . . 1 ^  32
2CH3COCH2CONR2 R N̂H

31

An alternative mechanism involves nucleophilic at- Reaction of Dehydroacetic Acid ( l )  w ith O ne Equivalent of 
tack by pyrrolidine on the carbon atom at the 4 position P yrro lid in e— Pyrrolidine (18 g, 0.25 m ol) was added dropwise

to form 32. Attack of amine at the ester carbonyl du" ng 20 m i" ^ °  Y “  soluti®  0of dehydroacetic acid (42 g,
4.1^ ____u j  . 1 £ 0.25 m ol) in 100 m l of toluene at 50°. The  reaction was m ildly

W OU d  th e n  g i v e  th e  o b s e rv e d  a m id e  o f  a c e to a c e t ic  a c id  exothermic and the temperature rose to 55 °. A fter the addition

(3 1 ) • was complete the mixture was allowed to stand at room  tempera-
The lack of reactivity of the carbonyl of the side tu re fo r4 0 h r . The precipitated solid (27.2 g, m p 103-106°) was

chain in dehydroacetic acid ( 1 )  toward pyrrolidine is collected by  filtration and crystallized from  benzene-cyclohexane
totally unexpected and could not have been predicted a  m ixtureto  Slve 20.4 g of enedione 3, m p 110-112°. T he toluene

. . . - ~  i , ,, . 1 . mother liquor was evaporated to dryness under reduced pressure,
p r io n  in view of the affinity shown by this group for re- and the resulting semisolid residue was triturated w ith  ether,
action with primary amines.1-6 On the other hand, the The solid (14.8 g, mp 8 2 -8 9 °) which separated was collected and
analog 14, which carries a phenyl substituent in the 6 crystallized from  benzene-cyclohexane mixture to give a  second
position, reacts preferentially at the carbonyl of the crop ° ( . 3 51 1 -5 mP 109-110°). The  yield of combined re-

.cetyl side chain and not at the 6 position. Fresum- S “
a b ly ,  the stenc enect of the 6-phenyl substituent in 14 IS analytical sample, m p 110-112°. Enedione 3 gave an intense
responsible for the decreased reactivity of the 6 position green color w ith ethanolic ferric chloride: ir (K B r )  3.38 (C H 3
in 14 in comparison with 1. The same argument ap- an<* C H j) ,  3.54 (N C H 2), 4 (weak, broad, chelated O H ),  6.1

p lie s  to  th e  r e a c t io n  o f  d e h y d r o b e n z o y la c e t ic  a c id  (1 6 ) fetum g. Cj nj'“ g.f^ed
• ii v  t  i r  ■ « n  i i i i  r 0 = 0  ana O i .¿i ( 0 0 113 ), 7 .0J, o.75, 9.7U and 12.37 u

w it h  p y r ro l id in e  le a d in g  to  18, w h e r e  a t t a c k  o c c u rs  p r e f -  (r r 'C = C H R " ) .  The  solution ir (C H C 13) shows an additional
e r e n t ia l ly  a t  th e  c a r b o n y l  o f  th e  b e n z o y l  s id e  c h a in  o w -  band at 5.85 M ( C = 0 ) ;  nm r (b en ze n e -* ) s 1.05-1.35 (m , 4,
i n g  to  th e  u n f a v o r a b le  s te r ic  s it u a t io n  a t  th e  6  p o s it io n . C H 2C H 2), 1.85 and 2.15 (tw o s, 3, = C ( O H ) C H 3 and -C O C H 3, re-

Experimental Section spectively), 2.35 and 2.40 (tw o s, 3, = <  ), 2.50-2.80 (m , 4,
C H 3

A ll melting points are uncorrected and were taken w ith  a M e l- C H 2N C H 2), 3.43 (s, 0.4, C O C H 2C O ),  4.58 and 4.84 (tw o s, 1, 
Tem p capillary melting point apparatus. In frared spectra were  
determined w ith  either Baird -Atom ic M odels A B -2  and 4-55 or > N  H
Perk ir-E lm er M odel 21 spectrophotometers using potassium bro- / =  \ ), 5.32 (s, 0.8, - C H = C ( O H ) - ) ,  and 17.62 (broad  s,
mide pellets of the compounds. The nm r spectra were determined ’  q q
at either 60 or 100 M H z  w ith Yarian  Associates A -60  and H A-100
spectrometers. Chemical shifts are expressed in parts per million 0.8, intramoleeularly chelated O H ).
(ppm ) downfield from  an internal tetramethylsilane standard. Anal. Calcd for C 11H 17N O 2: C , 67.66; H , 8.78; N ,  7.17. 
N m r peak multiplicities are abbreviated as follows: s (singlet), d Found: C , 67.98; H ,  9.04; N ,  7.27.
(doublet), t (trip let), qr (quartet), an d m  (m ultip let). T he ultra- Reaction of Enedione 3 with Pyrrolidine. A  stirred mixture of
violet spectra were obtained w ith a C ary  recording spectro- enedione 3 (19.5 g, 0.1 m ol) and pyrrolidine (14.2 g, 0.2 m ol) in
photometer, M ode l 14. The  microanalyses were perform ed b y  9 °  m l of toluene was heated under reflux for 2 hr, water being
Union Carbide Corp . Analytical Departm ent, South Charleston, removed w ith a  D ean -S ta rk  trap. Filtration of the cold solution
W .  V a . Dehydroacetic acid ( 1 ) was the commercial product of afforded 21.5 g (8 7 % ) of 2 ,6 -bis(N -pyrrolid ino)hepta-2 ,5 -dien -
Union Carbide Corp . 3-Benzoyl-4-hydroxy-6-m ethyl-2-pyrone 4-one (4 ), mp 205-210° dec. A n  analytical sam ple recrystallized
(10 ), m p 108-110°, was prepared from  4-benzoyloxy-6-m ethyl-2- fr» m  methanol had m p 210-215° dec; ir (K B r )  3.2 ( = C H ) ,
pyrone b y  Fries rearrangement w ith aluminum chloride. 3- 3.35 (C H 3 and C H 2), 3.48 (N C H 2), 6.16 ( C = C ) ,  6.55 (strong,
Acetyl-4-hydroxy-6-phenyl-2-pyrone (14 ), m p 169-171°, was conjugated C = 0  and C = C ) ,  6.75, 6.84 ( C = C ) ,  7.06, 7.5,
obtained by  acetylating 6-phenyl-4-hydroxy-2-pyrone w ith  acetic _______________
anhydride in the presence of sulfuric acid. Dehydrobenzoylacetic
acid  (16) was prepared from  ethyl benzoylacetate by  the method (13) F . Arndt> B. Eistert, H. Scholz, and E. Aron, Ber., 69, 2373 (1936).
of A rndt.13 The preparation of pyrones 10 and 14 has been de- ( 14) E. Marcus, J. F. Stephen, and J. K. Chan, J. Heterocyd. Chem., 6,
scribed elsewhere.14 13 (1969).
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9.1, 9.7, 10.85, 10.94 and 12.37 m; nmr (CDC13) 5 1.90 (m, 8 , C1I2), 3.53 (N -C H 2), 6.16 (C = C ) ,  6.53 (strong, broad, con-
/  jugated C = 0  and C = C ) ,  6.75, 6.85, 7.05, 7.45, 8.9, 9.03, 9.7,

two C H 2 C H 2 ), 2.54 (s, 6 , two 3.28 (m, 8, two C H 2- 10 -75  a n d  1 2 -45  ^  n m r (C D C 1 ,)  S 1.19 (t, 3, C H 2C H 3 ), 1.90

c h 3
N C H 2) and 4.91 (s, 2, = C H C O C H = ) .  (m > 8 >tw 0  C H 2C H 2), 2.51 (s, 3, = \  >, overlapping3.10 (qr)

Anal. Calcd for Ci5H 24N 20 : C , 72.54; H , 9.74; N , 11.28. CH3
Found: C, 72.59; H , 9.88; N , 11.12. /

Reaction of Dehydroacetic Acid (1) with an Excess of Pyr- ,, , , Tr,„
rolidine.— Pyrrolidine (142 g, 2 mol) was added dropwise during and 3 ,1 7  3 -50 -10’ = \  and two C H 2N C H 2), 4.85
20 min to a stirred solution of dehydroacetic acid (84 g, 0.5 mol) H CH2CH3 H
in 300 ml of benzene at 54°. The temperature rose to 72° and ^  / =<\  \ and 4.93 ( s i ' '  \ = /
carbon dioxide was evolved. After the addition was complete ’ qjj q , q q ' 1 ’ ’ / \
the mixture was heated under reflux for 2 hr. After cooling 2 3 / 3 /  '
115.9 g of dienone 4, mp 211-215° dec, was collected. Concen- '
tration of the benzene filtrate furnished a second crop of 4.6 g, Anal. Calcd for Ci6H26N 20 : C, 73.24; H , 9 .9 9 ; N , 10.68.
mp 209-215° dec. The yield was 97%. A  sample of the above Found: C, 72.85; H , 10.04; N , 10.72.
dienone showed no depression in melting point on admixture with Reaction of 3-Propionyl-4-hydroxy-6-methyl-2-pyrone (6 ) with 
a sample of dienone 4 obtained from the reaction of enedione 3 an Excess of Pyrrolidine.— A  solution of pyrone 6 (9.1 g, 0.05 
with pyrrolidine. mol) in 30 ml of toluene was treated with pyrrolidine (14.2 g, 0.2

2,6-Bis(N-pyrrolidino)hepta-2,5-dien-4-one (4) from 2,6-Di- mol), and the mixture was refluxed under a water separator.
methyl-4-pyrone (5).— A  mixture of 2,6-dimethyl-4-pyrone (31 g, After 2 hr the solution was cooled and the crystals of 2,6-bis(N-
0.25 mol), pyrrolidine (71 g, 1 mol), and 100 ml of toluene was pyrrolidino)octa-2,5-dien-4-one (8.3 g, 63% ), mp 151-153°,
stirred and refluxed under a water separator for 25 hr. Filtration which formed were collected. Recrystallization from toluene
of the cold mixture gave 31.4 g (51% ) of 4, mp 200-208° dec. gave 6.2  g of dienone 9, mp 154-156°. A  mixture melting point
A  single crystallization from methanol furnished 25 g of pure 4, with a sample of 9 prepared from enedione 7 and pyrrolidine was
mp 211-215° dec. not depressed.

Reaction of 3-Propionyl-4-hydroxy-6-methyl-2-pyrone (6 ) with Reaction of 3-Benzoyl-4-hydroxy-6-methyl-2-pyrone (10) with 
One Equivalent of Pyrrolidine.— A  stirred solution of pyrone 6 One Equivalent of Pyrrolidine.— Pyrrolidine (3.55 g, 0.05 mol)
(18.2 g, 0.1 mol) in 60 ml of toluene at 50° was treated dropwise was added dropwise during 15 min to a stirred solution of 10
during 15 min with pyrrolidine (7.2 g, 0.1 mol). After the addi- (11.5 g, 0.05 mol) in 50 ml of toluene at 50°. The temperature
tion was complete the mixture was allowed to stand overnight rose to 56° and the salt precipitated from solution. After the
at ambient temperature. The toluene was evaporated under addition was complete the mixture was stirred at room tempera-
reduced pressure, and the solid residue of 21.8 g was dissolved ture for 2 hr. The precipitated salt (14.4 g, 96% ), mp 155-156°,
in 300 ml of ether. Concentration of the ether solution in  vacuo was filtered off and washed with toluene. An analytical sample
furnished 12.6 g of enedione 7, mp 64-70°. Further concentration recrystallized from ethanol had mp 155-156°; ir (K B r ) 3.35, 3.6,
of the ether afforded a second crop of 2.9 g, mp 55-62°. The 3 .7 5 , 3.85, 4.05 (N H 2+), 5.95 (strong, lactone C = 0 ) ,  6.90
yield of the combined crops (15.5 g ) was 74%. Two crystalliza- (strong, conjugated C = 0 ) ,  6.26, 6.37, 6.55 (C = C  and N H 2+),
tions from ether at 0° gave an analytical sample, mp 82-86°. 7.25 (C C H 3), 12.88, 13.81 and 14.12 n (C H , monosubstituted
Enedione 7 gave an intense green color with ethanolic ferric phenyl); nmr (D 20  with acetone as internal standard) S 1.70-
chloride: ir (K B r ) 3.4 (C H 3 and C H 2), 3.53 (N C H S), 4 (weak, .
broad, chelated O H ), 6.15 (C = C ) ,  6.5 (very strong, broad, _ „„ , , pxr ptj  \ 9 iq  /j q — \ \ o nn q ok / a
chelated conjugated C = 0  and C = C ) ,  7.06, 7.5, 8.25, 8.75, 9.3, 2 -00 (m - 4’ C H 2C H 2), 2.13 (d, 3, ^  ), 3.00-3.25 (m, 4,
9.9, 10.65 and 12.2 m (R R 'C = C H R " ) .  The solution ir spectrum ___/
(C H C I3) shows an additional band at 5.85 m (C ==0 ); nmr (ben- C H 2N C H 2), 5.77 (d, 1, \ )  and 7.25-7.80 (m, 5, Cr,H5).
zene-*) 5 overlapping 1.00 (t) and 1.08 (t ) (3, C O C H 2C H 3 and
= C (O H )C H 2C H 3, respectively), 1.25-1.50 (m, 4, C H 2C H 2), 2.17 ^  Anal. Calcd for C i,H I9N O ,: C , 67.76; H , 6.36; N ,  4.65.
and 2.53 (two qr, 2, = C (O H )C H 2C H 3 and C O C H 2C H 3, respec- Tound: C, 67.59; H , 6.30; N , 4.58.

/  Reaction of 3-Benzoyl-4-hydroxy-6-methyl-2-pyrone ( 10 ) with
o / N - - .  . „ an Excess of Pyrrolidine.— A  stirred solution of pyrone 10 (11.5

tively), 2.38 and 2.53 (two s, 3, = * (  ) ,  overlapping qr at 2.53, g> ox ,g mol) in 50 ml of toluene at goo was treated dropwise during

CH3 14 min with pyrrolidine (14.2 g, 0.2 mol). After the addition
~ 2 .65- 2.90 (m, 4, C H 2N C H 2), 3.42 (s, 0.32, C O C H 2C O ), 4.63 and was complete the mixture was stirred and refluxed for 10 min.

\ . T j_[ The toluene and excess pyrrolidine were removed in vacuo to give
’ \  / a yellow solid which was washed with 100 ml of ether and filtered

4.86 (two s, 1, / \  ). 5.34 (s, 0.84, - C H = C (O H ) - ) ,  to give 11.9 g of material, mp 135-137°. Crystallization of this
CO solid from benzene-cyclohexane mixture afforded 9.4 g (73% ) of

/  enedione 1 2 : mp 140-142°; ir (K B r ) 3.28 ( = C H ) ,  3.35 (C H 3),
and 17.55 (broad s, 0.84, intramolecularly chelated O H ). 3.48 (N C H 2), 4.0 (weak, broad, chelated O H ), 6.45 (broad,

Anal. Calcd for C i2H i9N 0 2: C , 6 8 .86 ; H , 9.15; N , 6.69. strong, chelated conjugated C = 0  and C = C ) ,  6.68  (aromatic
Found: C, 68.60; H , 9.50; N , 6.74. C = C ) ,  7.22 (C C H 3), 8.53, 8.73 (C N ),  12.25, 12.73 (R R 'C =

3,5-Heptanedione.— 3,5-Heptanedione was prepared from C H R " ),  13.15 and 14.4 m (C H , monosubstituted phenyl). The
ethyl propionate and methyl ethyl ketone in the presence of solution ir spectrum (CHC13) shows additional bands at 5.95
sodamide as described by Hauser:16 nmr (benzene-*) 8 overlap- ( C = 0 )  and 6.15 m (C = C ) ;  nmr (benzene-*) 3 1.05-1.30 (m  
ping 0.89 (t) and 0.97 (t) (6 , C O C H 2C H 3 and = C (O H )C H 2C H 3, ^
respectively), overlapping 2.08 (qr) and 2.18 (qr) (4, = C (O H ) -
C H 2C H 3 and CO C H 2C H 3, respectively), 3.16 (s, 0.3 C O C H 2CO ), 4> C H 2C H 2), 2.27 and 2.42 (two s, 3, = \  ), 2.50-2. 76 (m,
5.26 (s, 0.85, -C H = C (O H ) - ) ,  and 15.7 (broad s, 0.85, intra- CH3
molecularly chelated O H ). 4, C H 2N C H 2), 4.06 (s, 0.3, C O C H 2C O ), 4.76 and 5.09 (two s, 1,

Reaction of Enedione 7 with Pyrrolidine.— A  mixture of enedione ^
7 (5.2 g, 0.025 mol), pyrrolidine (3.5 g, 0.05 mol), and 25 ml of ,H
toluene was refluxed under a water separator for 1 hr. The / \ 0-85, -C H = C (O H ) - ) ,  7.19 (broad s) and
toluene and excess pyrrolidine were evaporated under reduced ^.CO
pressure, and the residue of 7.5 g was crystallized from toluene
to give 3.5 g (49% ) of 2,6-bis(N-pyrrolidino)octa-2,5-dien-4-one 7.80-8.10 (m, 5, C6H S) and 18.4 (broad s, 0.85, intramolecularly
(9 ), mp 154-156°. An analytical sample recrystallized from chelated O H ).
toluene had mp 154-156°; ir (K B r ) 3.25 (= C H ) ,  3.4 (C H 3 and Anal. Calcd for Ci6Hi2N 0 2: C, 74.68; H , 7.44; N ,  5.44.

Found: C , 74.89; H , 7.45; N , 5.40.
Reaction of Enedione 12 with Pyrrolidine.— A  mixture of ene- 

(15) J. T . Adams and C. R. Hauser, J. Amer. Chem. Soc., 66, 1220 (1944), dione 12 (8 .6  g, 0.3 mol) and pyrrolidine (4.73 g, 0.06 mol) in
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50 ml of toluene was refluxed under a water separator for 2 hr. ture melting point with authentic pyrrolidinium dehydrobenzoyl-
The toluene and excess pyrrolidine were removed under reduced acetate was not depressed. The yield was 59.5%. The toluene
pressure, and the resulting oil was dissolved in 100 ml of ether. solution was evaporated to dryness, and the residue thus obtained
On standing for several hours at 0° the solution deposited 4.2 g was recrystallized from benzene to give 1.9 g (11% ) of 18, mp
of unchanged enedione 12, mp 136-138°, which was collected by 196-199° dec. A  second crystallization from benzene afforded
filtration. The ether filtrate was evaporated to dryness in  vacuo an analytical sample: mp 200-202° dec; X™’0H 275 m^ (log
to give 4.5 g of an oil. This oil was dissolved in the minimum « =  3.93) and 358 (3.89); ir (K B r ) 3.25 (= C H ) ,  3.36 (C H 2),
amount of ether required for solution and the solution stored at 3.46 (N C H 2), 5.95 (strong, conjugated lactone C = 0 ) ,  6.12
— 78° overnight. The solid of 2 g, mp 44-54°, which separated (strong, C = C  and conjugated C = 0 ) ,  6.31 6.39 (C = C N ) ,
was collected. The nmr spectrum of this material indicated that 8.10 (lactone C O C ), 12.97, 13.20, 14.15 and 14.5 n (C H , mono-
it was a mixture which contained 6 mol %  of enedione 12 and substituted phenyl); nmr (CDC13) S 1.73-2.28 (m, 4, C H 2C H 2),
94 mol %  of the pyrrolidinamide of benzoylacetic acid (13). Re- 
crystallization from ether at 0° afforded pure 13: 1.6 g (22% );
mp 63-66°; ir (liquid film) 3.27 (aromatic C H ), 3.37 (C H 2), 3.50-4.20 (m, 4, C H 2N C H 2), 6.30 (s, 1, ). 7.18-7.53
3.47 (N C H 2), 3.7-4.6 (weak, broad, chelated O H ), 5.92 (benzoyl _^)CO
C = 0 ) ,  6.15 (amide C = 0  and aromatic C = C ) ,  6.77 (CH„ and , 7 «0 7 s i  m  r  w  1
aromatic C = C ) ,  7.35 (C N ),  13.1 and 14.55 „ (C H , monosub- L  j  Caind f’n r C  H  N O  * r  7 «  w  * «  M a 0«
stituted phenyl); nmr (C D C U ) * 1.64-2.12 (m, 4, C H 2C H 2), r°  7 «  35 H N  400 ’ ’ ’ ’
3 10- 3.70  (m, 4 , C H jN C H s), 4.0 (s, 1, C O C H 2CO ), 5.62 (s, 0.5, round. C , 7b.o5, H , 5.35, bl, 4.00.
-C H = C (O H ) - ) ,  7.15-7.57, 7.62-7.83 and 7.90-8.05 (m, 5, . Conversion of 17 mto 18. A  solution of 17 (34 8 g, 0.096 mol)
C 6H 5) and 15.28 (s, 0.5, intramolecularly chelated O H ). >n 300 m l,of 2-propanol was heated under reflux for 25 hr. The

Anal. Calcd for C 13H 15N 0 2: C, 71.86; H , 6.96; N , 6.45. 2-propanol was removed under reduced pressure and the residue
„  a n  71 ao- w  7  no- N  fi 49 was extracted with 250 ml of boiling benzene. The insoluble solid
hound. O, M .»9, n ,  -OM in , o .** . o{ 1 8 .3 g mp 172-184° dec (a  mixture of 17 and 18), was col-

Reaction of 3-Acetyl-4:hydro^6-phenyl-2-pyrone (14) with lected b filtration. Evaporation of the ffltrate afforded i 2 .4 g
One Equivalent of Pyrrolidine.— Pyrrolidine (3.55 g, 0.05 mol) q{ lg  mp 196_ 198° dee 6

was added dropwise during 10 min to a stirred solution of pyrone Morpholinium Dehydroacetate (1 9 ) . -A  stirred solution of
14 (11.5 g, 0.05 mol) m 120 ml of toluene at 50 After the addi- dehydroacetic acid (21 g, 0.125 mol) in 75 ml of toluene at 53°
tion was complete the mixture was heated at 50-60 for 4 hr wa/ treatcd during 10 min with m0rpholine (11.5 g, 0.125 mol).
Most of the toluene was evaporated under reduced pressure and rp, ^  firo. nf,n; , i „  , /, . , ,  i , in -j  ̂ . j - ,1  ̂ ,* the temperature rose to bo ; after the addition was complete
cyclohexane was added to the residue On standing the solution ^  mixture W£S stirred at room tem perature for 2 hr. PThe
deposited 13.9 g of solid mp 90-103 Recrystallization from ci itated solid 30.7 g (96% ), mp 114-115° dec, was filtered
benzene-cyclohexane mixture furnished 10 .2  g of 15 mp 0 1-  ^  ^  analytical sample reCrystallized from ethyl acetate had
105°. A  sample dried overnight at 60 m  vacuo had mp 152- - ,  * , 1-0  :r /xrRr\ o „„ j A n a o / * u j
,U o .  . chsohU jo floe e 4 18) and 354 14 19)- ir fK B r) mp 114-115 dec, ir (K B r ) 3.45-3.75 and 4.0-4.2 (strong, broad, 

0 0 . , p o  J p r r o  cmptj ' i CQ ( l rnJ  N H 2+), 5.85 (strong, lactone C = 0 ) ,  6.05 (strong, conjugated
3.25 ( = C H b  3.34 (C H , and C g ) ,  3.45 (N C H a) 5 9 (strong, c = 0 )>  6 .2 (C = C  and N H 2+), 9.0 (lactone C O C ) and 12.78 M

7a i5°,n7.26 (CCH s), 8.17 (lactone C O C ), 13.6 (R R 'C = C H R ''b  (R R 'C  C H R ' ); nmr (D 20  with acetone as internal standard)
14 1 and 14.5 u (C H , monosubstituted phenyl); nmr (CDC13) 5 — /

/  6 2.15 (d, 3, \n u  ), 2.49 (s, 3, C O C H 3), 3.24-3.50 (m, 4,
/N-.— h/ri3 .

2.05 (t, 4, C H 2C H 2), 2.65 (s, 3, = = ^  ), 3.40-3.94 (m, 4, C H 2N C H 2), 3.90-4.17 (m, 4, C H 2O C H 2) and 5.76 (d, 1 , = /  ).
H CH3 H

C H 2N C H 2), 6.36 (s, 1, = /  ) 7.20-7.56 and 7.68-7.93 (m, Anal. Calcd for Ci2H nN 0 6: C , 56.46; H , 6.71; N , 5.49.
Nc o  ’ Found: C , 56.80; H , 6.65; N , 5.52.

Piperidinium Dehydroacetate (20).— Under the same Condi- 
5, CsH 5). tions used for 19, dehydroacetic acid (21 g, 0.125 mol) and piperi-

Anal. Calcd for C „ H „ N 0 3: C , 72.06; H , 6.05; N ,  4.94. dine (10.65 g, 0.125 mol) furnished 30.7 g (97% ) of 20, mp 132-
Found: C , 73.64; H , 6.18; N , 4.33. 133° dec. Recrystallization from toluene furnished an analytical

Treatment of 15 with picric acid in ethanol gave the picrate, sample: mp 129-130° dec; ir (K B r ) 3.45, 3.65, 3.81, 3.96 and
mp 214-216° dec. 4.14 (components of a broad band, N H 2+), 5.94 (strong, lactone

Anal. Calcd for C 23H 2„N4O10: C, 53.91; H , 3.93; N . 10.93. C = 0 ) ,  6.03 (strong, conjugated C = 0 ) ,  6.25 (N H 2+ and C = C ) ,
Found- C 53 79- H , 4.00; N , 10.66. 6.55 (C = C ) ,  7.27 (C C H 3) and 12.85 „ (R R 'C = C H R ” ); nmr

Reaction of Dehydrobenzoylacetic Acid (16) with One Equiva- (D ’°  with acetone as internal standard) 5 1.50-2.00 (m, 6 ,
lent of Pyrrolidine.— A  stirred suspension of 16 (14.6 g, 0.05 /
mol) in 100 ml of toluene at 50° was treated dropwise during 19 C H 2C H 2C H 2), 2.13 (d, 3, \ ), 2.50 (s, 3, C O C H 3), 3.08-
min with pyrrolidine (3.55 g, 0.05 mol). After the addition was 4,H3 .
completed the mixture was heated at 50-60° for 2 hr. The 3.45 (m, 4, C H 2N C H 2) and 5.78 (d, 1, = \  )■
precipitated 17, 17.7 g (98% ), mp 160-161°, was collected by H
filtration. An analytical sample recrystallized from ethanol had Anal. Calcd for Ci3H 19N 0 4: C ,61 .64 ; H , 7.56; N , 5.53.
mp 164-166°; ir (K B r ) 3.32, 3.63 (N H 2+), 6.0 (conjugated lac- Found: C, 61.72; H , 7.46; N , 5.50.
tone C = 0 ) ,  6.1 (conjugated C = 0 ) ,  6.21 (C = C ) ,  6.3, 6.68  Diethylammonium Dehydroacetate (21).— Under the same
(aromatic C = C ) ,  6.55, 7.88 (lactone C O C ), 12.36 (R R 'C = -  conditions used for 19, dehydroacetic acid (16.8 g, 0.1 mol) and
C H R " ),  12.95, 13.99 and 14.8 M (C H , monosubstituted phenyl); diethylamine (7.3 g, 0 .1 mol) gave 2 2.2  g (92% ) of 2 1 , mp 106-
nmr (CDCla) 5 1.55-2.00 (m, 4, C H 2C H 2), 2.78-3.10 (m, 4, pQg° deC- Recrystallization from ethyl acetate afforded an

pj analytical sample, mp 106-109° dec; ir (K B r ) 3.35, 3.48 (C H 3

nmcm-cr-! » M i .  i ___/ \ 7 90 8 15 fm 12 N H ,+  and CH2)> 4 -° (strong, N H 2+), 5.93 (strong, lactone C = 0 ) ,C H 2N C H 2), 6.44 (s, 1, ) and 7.20-8.15 (m, 12, M ,  6 Q4 (strong> conjugated C = 0 ) ;  6 .15> 6 .33 ( C = C ), 6.55, 6.65

^ C O  and g_g nmr (D 20  with acetone as internal standard) 5 1.25
and two C 6H 5). ___/

Anal. Calcd for C 22H 21N 0 4: C, 72.71; H , 5.82; N , 3.85. (t, 6 , two N C H 2C H 3), 2.06 (d, 3, “ n ), 2.43 (s, 3, C O C H 3),
Found: C, 72.40; H , 5.84; N , 3.88. _ CHs

Reaction of Dehydrobenzoylacetic Acid (16) with an Excess of N P H  C H  ) and 5 70 fd 1 ___/  )
Pyrrolidine.— A  stirred solution of dehydrobenzoylacetic acid 3 -06 W r > 4> tw 3  N C H 2C H 3) and 5.70 (d, 1, ).
(14.6 g, 0.05 m ol) in 100 ml of boiling toluene was treated w ith  _  „  . T_  . „  K c ,
pyrrolidine (14 2 g 0.2 mol). The mixture was then stirred and Anal. Calcd for C i2H i9N 0 4. G, 59.73, H , 7.94, N , 5.81.
refluxed for 5 min. The solid of 9.3  g, mp 163-165°, which had Found: C, 59.44; H , 7.83; N , 5.39.
separated was collected by filtration. The toluene mother Reaction of Dehydroacetic Acid (1) with an Excess of Morpho-
liquor was concentrated in  vacuo to about 50 ml when a second line.— Morpholine (87 g, 1 mol) was added dropwise during 22
crop of 1.5 g, mp 163-165°, precipitated from solution. A  mix- min to a stirred solution of dehydroacetic acid (42 g, 0.25 mol) in
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150 ml of benzene at 54°. The reaction waa mildly exothermic, solid, mp 70-95° dec, precipitated from solution. This material
the temperature rose to 61°, and after about one-third of the was extremely sensitive to heat and has not been identified. The
morpholine had been added morpholinium dehydroacetate ether mother liquor was evaporated to small volume, and petro-
precipitated from solution. When the addition was complete leum ether (bp 60-70°) was added to the cloud point. On
the mixture was heated under reflux for 4 hr and then allowed standing for several days at -7 8 °  the solution deposited 6.3 g
to stand overnight at room temperature. The benzene and (9 .1% ) of 2,6-bis(N-piperidino)hepta-2,5-dien-4-one (24), mp
excess morpholine were evaporated in  vacuo, and the resulting 82-85°. Recrystallization from benzene-petroleum ether (bp
oil was dissolved in 300 ml of ether. The ethereal solution was 60-70°) mixture at 0° afforded an analytical sample: mp 85-
cooled to —78° and after standing for several hours at this 87°; ir (K B r ) 3.25 (= C H ) ,  3.43 (C H 3 and C H 2), 3.6 (N C H 2),
temperature deposited 18.5 g (26.4%) of 2 2 , mp 140-163° dec. 6.48 (strong, broad, conjugated C = 0  and C = C ) ,  7.25,7.33, 9.05
An analytical sample of dienone 22 prepared by recrystallization and 12.28 m (R R 'C = C H R " ) ;  nmr (CDC13) 5 1.58 (broad s,
from benzene-hexane mixture had mp 169-175° dec; ir (K B r ) s '
3.3 ( = C H ) ,  3.38 (C H 3), 3.55 (O CH , and N C H 2), 6.15 (C = C ) ,  12> two C H 2C H 2C H 2), 2.50 (s, 6 , two = /  " " ) ,  3.00-3.50 (m,
6.35-6.55 (broad, strong, conjugated C = 0  and C = C ) ,  7.0,
8.0, 8 .88, 9.03 (ether CO C ), 10.0, 11.03, 12.05 and 14.5 /*;

’ 8 , two C H 2N C H 2) and 5.20 (s, 2, = C H C O C H = ) .
/ N C .  Anal. Calcd for C 17H 28N 20 : C , 73.86; H , 10.21; N , 10.14.

nmr (CDC ls) 5 2.49 (s, 6 , two = < (  ), 3.04-3.47 (m, 8 , two Round: C , 73.69; H , 10.26; N , 9.78.
CH3 Reaction of Dehydroacetic Acid (1) with an Excess of Diethyl-

C H 2N C H 2), 3.50-3.83 (m, 8 , two C H 2O C H 2) and 5.23 (s, 2, amine.— Diethylamine (29.2 g, 0.4 mol) was added dropwise
__C H C O C H __ ) over a period of 15 min to a stirred solution of 1 (16.8 g, 0.1 mol)

Anal. Calcd for C i5H 24N 20 3: C, 64.26; H , 8.63; N , 9.99. in 40 ml of benzene at 50°. During the addition the temperature
Found: C  64.49; H , 8.59; N , 10.11. rose to 65° and diethylammonium dehydroacetate (2 1 ) precipi-

The original mother liquor was concentrated in  vacuo. Crys- tated from solution. After the addition was complete the mix-
tallization of the oil thus obtained from ethyl ether-benzene- ture was stirred and refluxed for 7 hr. The benzene and excess
petroleum ether (bp 60-70°) mixture gave pale yellow needles of diethylamine were evaporated under reduced pressure, and the
4-acetoacetylmorpholine (12.2 g, mp 56-60°). A  further crys- resulting oil of 22.3 g was dissolved in 30 ml of ether. On stand-
tallization from benzene-petroleum ether (bp 60-70°) mixture mg the solution deposited 11.5 g (47.7%) of 21, mp 108-110° dec. 
furnished 7.9 g of 23 as colorless needles, mp 69-71°. An addi- The mother liquor was concentrated m  vacuo and afforded 10.8g of
tional portion of 23 was obtained by evaporating the ethyl ether- 25 as an oil: ir (neat) 3.36 (C H 3), 3.44 (C H 3 and C H 2), 4.0 (broad,
benzene-petroleum ether (bp 60-70°) mother liquor to dryness weak, chelated O H ), 5.86 (C = 0 ) ,  6.15, 6.47 (C = C  and con-
and distilling the residue at 1 mm. Crystallization of the distil- jugated C = 0 ) ,  7.22 (C C H 3), 7.35 (C O C H 3), 8.74,9.54 and 12.35 m
late, 4 g, bp 150-160°, from benzene-petroleum ether (bp 60- (R R 'C — C H R " );  nmr (CDC13) 5 1.15 (t, 6 , two N C H 2C H 3),
70°) mixture gave 2.1 g of 23, mp 62-66°. The yield of combined 1.85 and 2.16 (two, s, 3, = C (O H )C H 3 and C O C H 3), 2.5 (d, 3,
crude material (14.2 g ) was 33.5%. 23 gave a violet color with s '
ethanolic ferric chloride. A  mixture melting point with an /  " " j  3-3 (qr> 5.2, C H 2N C H 2 and C O C H 2C O ), 4.68 and
authentic sample of 23 prepared from morpholine and diketene
showed no depression. 3

Preparation of 4-Acetoacetylmorpholine (23).— Diketene (84 —^  j_j
g, 1 mol) was added dropwise with stirring during 1.25 hr to 5.00 (twos, 0.7, V = /  ) ,  and5.13 (s, 0.3, -C H = C (O H ) - ) .
morpholine (109 g, 1.25 mol). During the addition the tempera- /  \
ture was kept below 50° by use of an ice bath. After the addition
was complete the mixture was allowed to stand at ambient The spectrum also showed weak lines at 1.2, 1.35, 2.0, 2.06, 2.2, 
temperature for 2.5 hr. Excess morpholine was evaporated and 2 .3, 2.5, and 5.52. The oil was distilled under reduced pressure
the residue was distilled under reduced pressure to give 8.8 g an(f afforded 1 .5  g (5 % ) of the diethylamide of acetoacetic acid
(69.5%) of 23 as a colorless liquid, bp 150-165 (2-3 mm), which (26), bp 100° (2 mm), identified by comparison of its infrared and 
solidified on cooling, Recrystallization from benzene-petroleum nmr Spectra those of an authentic specimen prepared from 
ether (bp 60-70 ) mixture gave fine colorless needles of 23, mp ethyl acetoacetate and diethylamine by the method of Utzinger.11 
68-70° (lit .16 mp 71°).

Reaction of Dehydroacetic Acid (1) with an Excess of Piperi- Registry No.— 3b, 20103-86-0; 4,20103-87-1; 7b, 
dine.—A  stirred solution of dehydroacetic acid (42 g, 0.25 mol) 20103-88-2; 9, 20103-89-3; 11, 20103-90-6; 12b,
in 150 ml of benzene at 54° was treated dropwise durmg 20 mm ,  ’ 9mfto 99 8 - U  90103 93 9- 1 5  n irra te
with piperidine (85 g, 1 mol). During the addition the tempera- 20103-91-7, 1 3 ,2 0 1 0 3 -9 2 -«, 15, 2U lU 3 -y3 -y , 15 picrate,
ture rose to 60°; after the addition was completed the mixture 20103-94-0; 17, 20103-95-1; 18, 20103-96-2; 19,
was maintained at 60° for 4 hr. The benzene and excess piperi- 20103-97-3; 20, 20103-98-4; 21, 20103-99-5; 22,
dine were removed under reduced pressure, and the resulting oil 20104r-00-l • 24 20104-01-2. 
was dissolved in 100 ml of ether. On standing 21 g of a white ’ ’
__________  Acknowledgment.'—Thanks are extended to Mr. W.

, „ „ „ „  H. Joyce and Mr. C. B. Strow of Union Carbide Corp.
594 ( 1962). for interpretations ot infrared and nmr spectra.
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Preparation of Bicyclic Enamines and Their Reaction with Sulfene
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The uncatalyzed reactions of norbornanone and exo-tricyclo[5.2.1.02'6]decan-8-one with a variety of secondary 
amines have been studied and have been found to yield, in addition to the expected enamines, small amounts of 
the corresponding saturated amines. The a,|8-unsaturated amines form ternary iminium salts with strong acid 
and are readily reduced with 90% formic acid. Addition of sulfene afforded, in stereoselective fashion, single 
cycloadducts which are probably the result of exo addition.

Recently, it was reported that the p-toluenesulfonic with an excess of hexamethylenimine.2'3 In view of the
acid catalyzed reactions of norbornanone (1) and exo- facile reduction of enamine 3a to saturated amine 5a
tricyclo [5.2.1.02,6] decan-8-one (2) with hexamethyl- with hexamethylenimine, the observation by Cook,
enimine in refluxing xylene produce, in each case, a mix- et al., that formic acid fails to reduce 3a and the corre-
ture of the corresponding enamines 3a and 4a and the sponding pyrrolidine enamine 3c is surprising.1’2 In

terest in bicyclic and tricyclic enamines as intermediates
a ____ for other studies led us to investigate the reactions of
.^>¡#0 / | norbornanone (1) and cro-tricyclo[5.2.1.02|6]decan-8-

**" \ *" one (2) with a variety of secondary amines, and we re-
'  port here the results of this investigation.

1 Prolonged reflux of a mixture of norbornanone (1) and
A A H excess secondary amine in toluene, in the absence of

r  | +  K ^  ̂ —N I added catalyst, afforded the bicyclic enamines 3a-f (Ta-
bleI,SchemeI). Reaction of exo-trieyclo [5.2.1.02’6]dec-

3a 5a
Scheme I

+  hnQ  -  / ^ 7 “ ° +  -

2 ^

<C rfrO + ĉ nr< + cit™-

6a ^ ^ A c i o r  ^ ^ c i o r
saturated amines 5a and 6a. In addition, the authors 7 10
report that the p-toluenesulfonic acid catalyzed reaction
of norbornanone (1) with morpholine produces enamine 0
3b and no saturated amine, and that the reaction of nor- \ +  R2NH —*"
bornanone (1) with hexamethylenimine in the absence L
of added catalyst gives 3a and no saturated amine.1-3 2

The authors believe that the saturated amines 5a and y f  H
6a are formed by reduction of the corresponding en- C  i J l , r-"NR2 +  \  C
amines 3a and 4a with hexamethylenimine since they Y — \—  ̂ NR?
were able to reduce N-2-bicyclo[2.2.1]heptylidenehex- 4 6
amethyleniminium perchlorate (7a) to 5a, in 60% yield, ;

^ < 5 + * 0  < X & .hu u 4 C ]0 -

7a 9 8

------------\  Jl V ~ N  I (1) A. G. Cook, J. Amer. Chem. Soc., 85, 648 (1963).
/  (2) A. G. Cook, W. C. Meyer, K . E. Ungrodt, and R. H. Mueller. J.

Org. Chem., 31, 14 (1966).
5ft (3) A. G. Cook and C. R. Schulz, ibid., 32, 473 (1967).
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T a b l e  I
Moles of film

R 2N H  Reac- Yield,
per tion % cm i, 5cdci3. ppm®

Reaction mole of time, Yield, saturated ^ > = < ^
Compd -N R 2 solvent ketone days % amine Bp, °C  (mm) ^  ^

Enamines Derived from N  Drbornanone

3a — 1N ^ )  Toluene 1.5 5 48 8 83 (0.5) 1600 4 .2 7 d (J  =  3)

3b — N ^J D  Toluene 1.5 14 61 1 01-106 (2) 1600 4 .6 0 d (/  =  3)

3c — :nQ  Benzene 3 14 72 3 66-68  (2) 1600 4.13 d (J  =  3)

3d — 1N ^ )  Toluene 1.5 21 70 2 73-76 (2) 1600 4.48 d (T  =  3)

3e — t/ ^ > —  CH2Ph Toluene 1.5 14 65 5 151-157 (2) 1600 4 .5 2 d (/  =  3)

3f — N ^ N — CH, Toluene 1.5 13 85 1 62-64 (2) 1600 4.52 d (/  =  3)

Enamines Derived from ezo-Tricyclo[5.2.1.02-6]decan-8-one

4a — 1N ^ j  Toluene 1.5 8 39 7 103-115 (0 .2 ) 1600 4.25 d ( J  =  3)

4b — NCZ/° Toluene 1.5 21 22 12  114-120 (2 ) 1600 4.65 d [J  =  3)

4c — N ^ N C ft  Toluene 1.5 10 55 0.3 103-107 (0 .5 ) 1600 4.60 d ( /  =  3)

“ d, doublet; coupling constants (J ) in cycles per second.

an-8-one (2) with hexamethylenimine, morpholine, and nmr spectra (in CDC13) show the vinyl hydrogen signal
N-methylpiperazine under similar conditions furnished as a doublet; the splitting is presumably due to infer
tile corresponding tricyclic enamines 4a-c. In addition action with the bridgehead hydrogen. With perchloric
to a,d-unsaturated amines, the reactions of 1 and 2 with acid Cfi protonation occurs to give the ternary iminium
secondary amine yielded in all cases investigated small salts 7a-e and 9a-b (Table I I ) . A ll of these have been
amounts of by-product. These by-products were de- characterized by elemental analyses and by the strong
tected by gas-liquid partition chromatography and they infrared absorption band in the region of 1672-1709
showed identical retention times with authentic samples . +
of the corresponding saturated amines prepared by Pi11 . 111 lca^ ve 01 N < . In addition, they are
formic acid reduction of the corresponding enamines. lderdlcal with respect to melting point and infrared
On this basis, they have been formulated as such. In sPec !'a W1 ̂  those prepared by Cook, et al., from the
seeking further support for our formulation of the by- f^ t io n s  of norbornanone (1) and exo-tricyclo[5.2.-
products as saturated amines, we hydrolyzed the product ’ ’ ■* ecar}"8-one (2) with the corresponding sec- 
mixture resulting from the reaction of 2 with morpholine ondary amine perchlorate salts.2
and obtained the saturated amine 6b which was con- u. ln ®Plte of reports to the contrary,1’2 we find that
verted into its perchlorate salt 8b. This proved to be lcyc 10 enamines 3a-f and the tricyclic enamines 4a-c 
identical with authentic 8b made from pure 6b which react vigorously with 90% formic acid5’6 with evolution
had beeh obtained by reduction of enamine 4b with 0 pai on dl0Xlde P° adord the saturated amines 5a-f
formic acid. and 6a c’ respectively (Table I I I ) .  Structures 5a-f

Bicyclic and tricyclic enamines 3a-f and 4a-c are and da c were supported by elemental analyses and in- 
colorless liquids (4b and 4c are solids at 0°) which are rared and nmr spectra. Gas chromatographic anal- 
extremely sensitive to air and moisture. However, 7S1S 0 saturated amines demonstrated that a single
they can be stored for prolonged periods without appre- lsomer was present, indicating that the reduction is
ciable decomposition in a nitrogen atomsphere at 0°. stereospecific. The saturated amines were further char-
The infrared spectra of the a,/3-unsaturated amines ex- actenzed by converting them to their perchlorate salts
hibit Bj Strong 0 := C  stretching band at 1600 cm“ 1 and of this spectrum with the infrared spectrum of 2-N-morpholinobicyclo [2.2.1 ]-
not at 1685 cm-1 as had been reported previously.2 In hept-2-ene prepared by us revealed that, with the exception of minor inten-

• • i i  -j £>ocr —l t i 1 sity differences at 1370, 1167, 1147, 1039, and 1030 cm —T and the presenceour opinion the 1685-cm_1 band reported by Cook, of addbional weak bands at 3278i 1685, 893, and 877 cm_, in D rp Cookc.3

et al., for 3a, 3b, and 4a arises from an impurity.4 The spectrum, the spectra were identical. We must therefore conclude that the
1685-cm_1 band originates from an impurity.

(4) Dr. Cook kindly furnished us with a copy of the infrared spectrum (5) F. L. de Benneville and J. H. Macartney, J. Amer. Chem. Soc. 72.
of the crude product derived from the p-toluenesulfonic acid catalyzed re- 3073 (1950).
action of norbornanone with morpholine in refluxing xylene. Comparison (6) P. L. de Benneville, U. S. Patent 2,578,787 (1951).
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T able III
Yield, ,-------------Calcd, % -------------> /----------- Found, %-------------

Compd -NRa Bp, °C  (mm) % Formula C H N  C H  N

2-Aminobicyclo [2.2.1] heptanes

Sa — N0  8 8 (1 .5 ) 72 C i3H 23N  80.76 11.99 7.25 80.52 12.12 7.10

5b — nC D °  70 -7 2  ( ° - 5) 66 CnHigNO 72.88 10.57 7.73 73.06 10.56 7.85

5c — nQ  64 (0 .5 ) 76 C „H 19N  79.94 11.59 8.48 79.95 11.33 8.51

5d — 1N _ )  79 (1 .5 ) 59 C 12H 21N  80.38 11.81 7.81 80.68 11.73 7.89

5e — CH2Ph 183-185 (0 .5 ) 77 C 19H 27N  84.70 10.10 5.20 84.50 10.30 5.12

5f — CHS 86-87 (3) 79 C 12H 22N 2 74.17 11.41 14.42 73.87 11.25 14.21

8-Aimno-ezo-tricyclo[5.2.1.02'l)]deeanes

C d A ,

6a — 1N ^ )  96-97 (1) 74 ChH 27N  82.34 11.66 6.00 82.48 11.96 5.85

6b ~ \ y  97-98 (1 .5 ) 67 CuH aN O  75.97 10.47 6.33 75.70 10.70 6.23

6c — N ^ N —  Ctf, 90 (0 .5 ) 77 C 16H 26N 2 7S.86 11.18 11.95 77.23 11.18 11.87

10a-f and 8a c (Table IV ). Leonard and Sauers7 have morpholine under similar conditions produces only en-
shown that the first step in the formic acid reduction of amine 3b.2’3 Repetition of this latter reaction gave, in
an enamine is the formation of a ternary iminium our hands, a mixture of enamine 3b and saturated amine
formate followed by nucleophilic attack of the hydride 5b in a 1:2 ratio. In view of the significantly larger
of the formate anion at the a carbon of the original en- amounts of saturated amine produced in these acid-cat-
amine grouping. In the formic acid reduction of the alyzed reactions, it would appear that, in spite of the
above bicyclic and tricyclic enamines, attack by the hy- long reaction times involved, the uncatalyzed reaction
dride of the formate anion would be expected to take is the preferred method for the preparation of these and
place from the less hindered side of the molecule, the exo other bicyclic and tricyclic enamines.
side, to give the endo-amino isomer.8’9 Comparison of Sulfene chemistry has received a great deal of atten- 
the physical properties of the saturated amines 5a and tion in recent years, and the ability of sulfene to add to
6a with those of endo-2-N-hexamethyleniminobieyclo- electron-rich double bonds has been well documented.10
[2.2.1 ]heptane and endo-8-N-hexamcthylenimino-exo- Paquette11 examined the cycloaddition of sulfene to a 
tricyclo [5.2.1,02’6 Jdecane produced by the lithium alu- variety of enamines derived from 5-norbornene-2-car-
minum hydride reduction3 of the iminium salts 7a and boxaldehyde and observed that this cycloaddition is
9a showed that they were identical. Therefore, satu- stereoselective and gives adducts which are the result of
rated amines produced by formic acid reduction of bicy- exo addition to the enamine double bond. We were in-
dic and tricyclic enamines are indeed endo isomers. Sev- terested in preparing the sulfene adducts of the various
eral enamines, 3b, 3e, and 3f, were also reduced cata- bicyclic and tricyclic enamines described above; such a
lytically over a 5% palladium-on-carbon catalyst at 50 study also offered a further opportunity of examining
psi, and it was found that catalytic hydrogenation is the stereoselectivity of sulfene addition to a bicyclic
also stereospecific and gives rise to the endo isomer. moiety.

As mentioned earlier, the p-toluenesulfonic acid cata- Addition of 1 equiv of methanesulfonyl chloride to an 
lyzed reaction of norbornanone (1) with hexamethyl- equimolar mixture of the appropriate bicyclic enamine
enimine is reported as producing a mixture of enamine 3a-f and triethylamine in dioxane or tetrahydrofuran at
3a and saturated amine 5a in approximately equal 5-10° afforded crystalline adducts which have been
amounts, while the reaction of norbornanone (1) with formulated, on the basis of infrared and nmr spectra and

(r ) n . j. Leonard and r . r . Sauers, j . Amer. chem. Soc., 7 9 ,6 2 10  ( 1957). elemental analyses, as the tricyclic aminothietane diox-
(8) S. Beckmann and R. Mezger, Chem. Ber., 89, 2738 (1956).
(9) For a comprehensive discussion of exo and endo addition to various (10) For recent reviews on sulfene chemistry, see T. J. Wallace, Quart.

norbornane derivatives, see J. A. Berson in "Molecular Rearrangements,”  Rev. (London), 20, 67 (1966); G. Opitz, Angew. Chem. Intern. Ed. Engl.
P. de Mayo, Ed., Interscience Publishers, New York, N. Y ., 1963, Chapter 6, 107 (1967). * * **
3- (11) L. A. Paquette, J. Org. Chem., 29, 2851 (1964).
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T a b l e  VI
,----------------------------------------- Chemical shifts in 5 units®------------------------------------>

Compd —N R 2 Ha Hb H0

Nuclear Magnetic Resonance Spectra

, - K  Ha
U V  / s a

R2N  H c H b

Ha — 3.75, Jab = 14 4.13, Jcb = 3 3.9o (m), Jac <C 1

11b — e/ 3.64, Jab = 14 4.36, JCb = 3 4.0 (m), Jac = 1

He —* Q  3.66, Jab =  14 4.20, JCb = 3 3.91 (m), Jac = 1

lid  — p/ ^ 3.53, Jab =  14 4.29, JCb — 3 3.98 (m), Jac = 1

He —nQ — CH2PI1 3.48, Jab = 14 4.22, Job — 3 3.92 (m), Jac < 1

H f —N^NCHa 3.61, Jab = 14 4.31, Job = 3 3.96 (m), Ja0 < 1

\____ L _ Q - ^ s o 2

RaN H c H b

12a — 3.62, J ab = 14 4.05, Jcb = 3 3.85 (m), Jac <  1

1 2 b   l /  \ >  3 . 5 4 ,  J a b  =  1 4  4 . 2 8 ,  J o b  =  3  3 . 9 0  ( m ) ,  J a c  =  1

12c i {  ''nch, 3.54, Jab = 14 4.23, Jcb = 3 3.90 (m), Jac = 1

“ m, multiplet; coupling constants (J ) in cycles per second.

ides l la - f  (Table V ). Under similar conditions, the to H b, since H b is subject to substantial deshielding from
tricyclic enamines 4a-c reacted with sulfene to yield the the proximate amino group, while H a is effectively re-
corresponding tetracyclic aminothietane dioxides 12a c moved from the area of strong deshielding and therefore

resonates at higher field. Based on these assignments, 
* *  the splitting of the pair of AB lines at lower field can be

— -y L  EtjN t------of) attributed to a cis-l,3-transannular interaction with H c,
i ^ C j l  +  CH3S02C1 - hci” /___| 2 while the splitting of the upfield pair is due to a trans-

[ 1,3-transannular interaction of Ha with H 0. The ter-
NRa tiary hydrogen Hc appears as a multiplet which is not

3 u well enough resolved to permit a detailed analysis.
Furthermore, in view of the complexity of the spectrum 

y j  • at higher field, it has not been possible to establish
V "  y y  , CHS0C1 Et]N, whether Hc is coupling with a bridgehead or bridge

— J J  3 2 ~HC1 methylene proton of the norbornane system. Conse-
quently, although attack of sulfene from the exo side is 
to be expected,9 confirmation of exo addition based on 

4 . nmr data has not been possible.
The cycloaddition of sulfene to bicyclic and tricyclic \ f°2 enamines derived from norbornanone (1) and exo-tri-

'—  ''W ------1 cyclo [5.2.1.02’6]decan-8-one (2) appears to be stereose-
JjR lective inasmuch as only single adducts were obtained.

2 However, in view of the low yields of adducts isolated,
12 mention should be made of the possibility that only the

(Table V ). Examination of the nmr spectra of the major isomer was isolated and that the minor isomer, if
adducts (Table V I ) reveals that the nonequivalent indeed any was formed, was lost during work-up.
methylene hydrogens (H a, Hb) adjacent to the sulfone
g ro u p  ap p ea r  as an  A B  q u a rte t  a n d  th a t  each  p e a k  o f Experimental Section
the A B  q u a rte t is ad d it io n a lly  sp lit  in to  a  dou b let. T h e  meiqng points and boiling points are uncorrected, and melt
coup ling constan t (J  AB — 14 CP S) 1S 111 good  ag reem en t ing pointg were taken with a Mel-Temp capillary melting point
w ith  the cou p lin g  constan ts expected  fo r  gern inal p ro - apparatus. Infrared spectra were determined with Baird-Atomic
tons. T h e  p a ir  o f d o u b le ts  a t  lo w er  fie ld w as  assigned  Models 4-55 and AB-2 and Perkin-Elmer Model 21 spectrometers
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with potassium bromide pellets or Nujol mulls of the solids, and in a Parr apparatus at an initial pressure of 50 psi. After hydro
neat samples of the liquids. Nm r spectra were obtained from gen uptake ceased, the catalyst was removed by filtration. After
Varian A-60 and HA-100 spectrometers using tetramethylsilane evaporation of the ethanol the residue was distilled through an
as internal standard and CDC13 as solvent. Elemental analyses 8-in. Vigreux column under reduced pressure to give pure satu-
were performed by Union Carbide European Research Associates, rated amine.
Brussels, Belgium. Norbornanone was obtained from Aldrich General Procedure for Perchlorate Salt Formation of Saturated
Chemical Co. eio-Tricyclo[5.2.1.02'6]decan-8-one was derived Amines.— A  solution of 70% perchloric acid (1.44 g ) in 5 ml of
from dicyclopentadiene in three steps, by a procedure similar to ethanol was added dropwise to a solution of saturated amine
that described in the literature.12-13 Toluene and benzene were (0.01 mol) in 10 ml of ethanol. When the addition was corn-
dried over sodium. The secondary amines employed were dried pleted the salt was precipitated by addition of excess ether and
over potassium hydroxide and freshly distilled prior to use. recrystallized from ethanol.

General Procedure for Enamine Formation.— A  solution of General Procedure for Reaction of Methanesulfonyl Chloride
norbornanone (55 g, 0.5 mol) and secondary amine (1.5 mol) with Bicyclic and Tricyclic Enamines.— A  solution of methane-
in 300 ml of toluene was refluxed for 14 days, under a 3-ft column sulfonyl chloride (13.8 g, 0.12 mol) in 20 ml of dry purified tetra-
packed with glass helices and topped with a water separator. hydrofuran was added dropwise during 1 hr to a stirred mixture of
The solution was concentrated in  vacuo. The residue was dis- enamine (0.1 mol) and triethylamine ( 1 2 .1  g, 0.12 mol) in 100 ml
tilled through a 6-in. column packed with glass helices at reduced of tetrahydrofuran at 5° under a nitrogen atmosphere. During
pressure to give the enamine which was analyzed by vapor phase the addition the temperature was maintained at 5-10° by use of
chromatography. The analytical gas chromatography was per- an ice bath. When the addition was completed the mixture was
formed on an F  & M  Model 720 dual column chromatograph allowed to stand overnight at ambient temperature. The pre-
with helium as carrier gas, on a 12 ft X  0.25 in. column of poly- cipitated triethylamine hydrochloride was separated by filtration
(m-phenyl ether) (5%  suspended on Chromosorb G , D M C S  and washed with tetrahydrofuran and a little ether. The corn-
treated), at a flow rate of 60 ml/min, and at a column tempera- bined filtrates were evaporated under reduced pressure, and the
ture of 200°. The relative areas of enamine and saturated amine resulting solid or semisolid was purified by crystallization,
were measured by a disk integrator, and in converting to weight
ratios it has been assumed that area per cent =  weight per cent. , _ . ... „
For the analyses of enamines 3e and 3f a 5 ft X  0.25 in. column Registry JMo. 3a, _X)238-U4-4, 3b, 5024-92-1), 3c,
packed with 10% phenyl diethanolamine succinate on Anakrom 20238-06-6; 3d, 20238-07-7; 3e, 20238-08-8 ; 3f,
was used. 20238-09-9; 4a, 20238-33-9; 4b, 20238-34-0; 4c,

General Procedure for Iminium Perchlorate Salt Form ation .- 20238-37-3; 5a, 20238-38-4; 5b, 20238-39-5; 5c,
A  solution of enamine (0.01 mol) in 15 ml of ethanol was treated nAnoo 0 onooo 41 n a onooo 40  n
with a solution of 70% perchloric acid ( 1 .4 4  g ) in 5 ml of ethanol. 20238-40-8; 5d, 20238-41-9; 5e, 20238-42-0; 5 f ,
The salt crystallized from solution during the addition and was 20238-43-1; 6a, 20238-44-2 ; 6b, 20238-45-3; 6c,
recrystallized to constant melting point from ethanol. 20238-46-4; 7a, 5024-72-6; 7b, 5024-76-0; 7c, 5024-

General Procedure for Formic Acid Reduction.— 90% Formic 78-2; 7d, 5024-77-1; 7e, 20238-27-1; 8a, 20290-68-0;
acid (5.1 g ) was added dropwise to the enamine (0.1 mol) at room 8 b ,20238-47-5; 8c, 20238-48-6; 9a, 6200-89-1; 9b,
temperature with vigorous stirring. After a short induction ' ’ onooe ’ ’ -o  o , A
period, the addition was accompanied by a vigorous evolution of 20238-50-0; 10a, 20238-51-1, 10b, 20238-52-2, 10c,
carbon dioxide, and the temperature rose to 60° and was main- 20238-53-3; lO d , 20238-54-4; lO e , 20238-55-5; lO f,
tained at 50-60° by external cooling. After the addition was 2023S-56-6; 11a, 20238-28-2; l i b ,  20238-29-3; 11c,
completed the mixture was stirred and heated at 60-70° for 1-2 20238-30-6; l i d ,  20238-31-7; 1 l e ,  20238-32-8; 1 I f ,
hr. The mixture was poured into dilute hydrochloric acid and ononn « 7  a . 1 ohoqs  m  1 • i or  o n o ts  09 9 -
extracted with ether. The aqueous solution was made basic 2U290-b f-9 , 12a, 2U238-U1-I, 12D, 2U258-U2-2, 12C,
with sodium hydroxide and extracted with ether. Distillation 20238-03-3.
of the dried ether extract furnished the saturated amine.

General Procedure for the Catalytic Hydrogenation of Bicyclic . , , , , r„, . ,
and Tricyclic E n am in es .-A  solution of enamine (0.1 mol) in 100 Acknowledgment.—The authors Wish to express
ml of ethanol was hydrogenated over 1.0 g of a 5% Pd/C catalyst thanks to Messrs. H. L. Joyce and C. B. Strow of Union

~  -  . ~ , _ _  _. , „ Carbide Corp. for interpretations of infrared and nmr
(12) H. A. Bruson and T. W. Riener, J. Amer. Chem. Soc., 67, 723 (1945). ^  ^
(13) P. D. Bartlett and A. Schneider, ib id ., 68, 6 (1946). S p e c t r a .
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a-Methoxy-a-trifluoromethylphenylacetic Acid, a Versatile 
Reagent for the Determination of Enantiomeric 

Composition of Alcohols and Amines1
James A. Dale, David L. Dull, and Harry S. M osher 

Department of Chemistry, Stanford University, Stanford, California 94305 

Received March 6, 1969

Diastereomeric esters and amides have been prepared from a-methoxy-a-trifluoromethylphenylacetyl chloride 
and various secondary alcohols and amines. The nmr spectra of the R,R  and S,S vs. the R,S  and S,R, diastereo- 
mers show significantly different chemical shifts: 0.03-0.13 ppm in the proton region and 0.11-0.71 ppm in the 
fluorine region. B y  measuring the intensities of the nmr signals of the diastereomerieally situated groups of 
esters and amides prepared from this enantiomerically pure reagent, satisfactory determinations of the enantio
meric composition of a number of alcohols and amines have been made. The use of the a-methoxy-a-trifluoro- 
methylphenylacetyl derivative offers the distinct advantage, over other reagents having only proton reso
nances, that determinations of enantiomeric composition based upon fluorine resonances are usually more reliable, 
since the fluorine signals are simple and in an uncongested region. This is a absolute method, independent of 
optical rotation; accurate determinations can be made on 20-mg samples. Thus this reagent extends the ap
plication of this nmr technique. Furthermore, the reagent shows complete stability to racemization under 
prolonged reaction conditions. A  practical synthesis and convenient resolution of the reagent have been 
developed.

Recent developments in methods for the deter- diastereomeric esters (IV A  and IVB ) whose nmr
mination of enantiomeric composition (optical purity) spectrum can be used for quantitative analysis of the
have been reviewed by Mislow and Raban.2 Our enantiomeric composition of the chiral alcohol from
interest in this problem is dictated by continuing studies which it was made.
on the asymmetric reduction of ketones with the The advantages of this reagent for the determination 
necessity of determining the enantiomeric composition of enantiomeric composition of a chiral alcohol are: 
of the resulting chiral alcohols on relatively small (a) the generally excellent separation of both proton and
samples.8 In a previous paper4 we reported on the fluorine nmr signals of the diastereomers IV A  and
applications and limitations of a series of mono-a- IV B ; (b) the presence of the trifluoromethyl group per-
substituted phenylacetic acids for the nuclear magnetic mitting the use of fluorine nmr, which occurs in an un
resonance (nmr) and gas-liquid partition chromato- congested region of the spectrum; (c) its marked stabil- 
graphic (glpc) determination of enantiomeric com- ity toward racemization even under severe conditions
position.5 The reagents previously studied do not give of acidity, basicity, and temperature; (d) its relative
satisfactory results with hindered secondary carbinols ease of preparation and resolution; (e) its inherent vol-
because of epimerization at the a-carbon center of the atility which allows lower molecular weight derivatives
acid moiety.4’6 In addition, when nmr was used as the to be purified, as well as analyzed, by glpc; (f) its ver-
technique for quantitative measurement of diastereomer satility, i.e., it may be used for determination of en-
ratios, serious restrictions were often encountered owing antiomeric composition of primary and secondary
to the overlapping of proton signals. In earlier studies amines as well as carbinols.
on the determination of enantiomeric composition of I t  should be re-emphasized2’4 that this method is 
partially active carbinols by glpc and nmr, it was absolute and does not require that the carbinol or
recognized that a-methoxy-a-trifluoromethylphenyl- amine be previously resolved. Furthermore, the ac-
acetic acid (M TPA , I ) might be ideally suited for this curacy of the determination of enantiomeric composition
purpose.6 This reagent can react via its acid chloride by this method is not dependent in any way on the
(I I )  with chiral alcohols ( I I I )  to give a mixture of magnitude of the optical rotation; and yet one can

calculate the maximum optical rotation from the rota- 
OM e OM e rchohr' tion of a partially active sample and its enantiomeric
X  „ „ ATT socl! X nn™ 111 „ composition as determined by this technique.
JL >  Ph -C -C O U  ^  The ^  gpectmm (Figure 1} of N _4_methyl-2-

CF 3 CF 3 pentyl -a -  methoxy -a -  trifluoromethylphenylacetamide
M T P A  M TPA-C1 prepared from racemic materials, illustrates the

1 11 advantage of using the signals from the trifluoromethyl
OM e R OM e H  group over those from the protons of an M T P A  ester

P h _c—COO—C__H  ph—C—COO—C__R f° r nmr determination of enantiomeric composition.
| | ’ | | The signals for the isopropyl group, as well as for the

C F 3 R ' C F 3 R ' a-methyl group, occur as two sets of doublets, one for
IVA IVB the R,S/S,R enantiomeric pair and another for the

• R,R/S,S enantiomeric pair. Quite obviously, any
(1) We acknowledge with gratitude the support of this work by the U. S.

Public Health Service (N IH  GM  5248) and the National Science Foundation
(GP 6738). (5) (a) K . Mislow and M. Raban, Tetrahedron Lett., 4249 (1965). (b)

(2) M. Raban and K . Mislow, “ Topics in Stereochemistry," Vol. I I ,  M. Raban and K. Mislow, ibid., 3961 (1966). (c) J. Jacobus, M . Raban,
N. L. Allinger and E. Eliel, Ed., Interscience Publishers, New York, N. Y ., and K. Mislow, J. Org. Chew.., 33, 1142 (1968). (d) D. J. Sandman, K.
1967 p 199 Mislow, W. P. Giddings, J. Dirlam, and G. C. Hanson, J. Amer. Chem. Soc.,

(3) J. S. Birtwistle, K . Lee, J. D. Morrison, W. A. Sanderson, and H. S. 90, 4877 (1968). (e) D. J. Sandman and K. Mislow, J. Org. Chem., 3»,
Mosher J. Org. Chem.. 29, 37 (1964). 2924 (1968). (f) D. M . Feigl and H. S. Mosher, Chem. Commun., 615

(4) j ’ A Dale and H. S. Mosher, J. Amer. Chem. Soc., 90, 3732 (1968). (1965). (g) D. W. Dull, Ph.D. Thesis, Stanford University, 1967.
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of these signals is a consequence of the different rate of
------^-c-conh-c-c h reacti on of the reagent /¿-II with carbinol /¿-III to

/  3ocHa A \  yield R,R-IY as compared to the rate of reaction of
_e;7 H' — - \  /¿-II with ¿ '-III to give R,S-TV. As has been

\ discussed,2 the rate of reaction of ¿ - I I  with ¿ - I I I  to
\ I I give ¿^S'-IV, and of ¿ -II with /¿-III to give ¿,/f-IV will
\ 1 differ by exactly the same amount. We have observed

I J  vh-B, '3f(94.imhj) I ™s that this difference may be quite large, especially when
I I §  I dealing with hindered carbinols. As has been pointed

/ I  u., .1*1 . , ' 1 a.'h I60MH.) out,2-herefore, when this reaction is being employed for
the accurate determination of enantiomeric com-

* 7 6 5 ppm 3 3 ' 0 position, it is imperative that (a) the reaction be
quantitative with respect to the substrate (such as I I I )  

Figure 1. The nmr spectrum of N-4-methyl-2-pentyl-«- and (b) tbe reagent (such as I I )  be enantiomerically 
methoxy-a-trifluoromethylphenylacetamide from racemic ma
terials: (A) 60 MHz, >H,CDC13 solvent, TMS; (B) 94.1 MHz, , , , , , , . . . ,
19F, CDCI3 solvent with trifluoroacetic acid internal standard. The nmr data for a number of esters and amides of

M T PA  are collected in Table I. The chemical shift 
differences between diastereotopic6 protons was 0.03- 
0.13 ppm, while the range for the signals from the 
diastereotopic a-trifluoromethyl groups was 0.11-0.71 
ppm. Such differences permitted precise integrations 

Ph i>h of the fluorine signals, but comparable precision in
eFjc-coo-c-cioHjij_______ _____ measuring the signals from the diastereotopic proton

0Ĉ , H was not always possible because of overlapping or
; TV perturbation. When practical, though, the deter-J tth* /  minations were done for the sake of convenience by

/  I ™s using the proton spectra.
/ y  Although these studies have been primarily with

j  I s '  ys-  ̂ ¡¡J* A secondary carbinols, the chemical shift differences were
J  l  ................J A . ___ _________J 1----- 4- substantial for the signals from both the diastereotopic

_____ ,______ ,______,______ ,______ ,______ ,______ ,______ i_  methyl and trifluoromethyl groups of the ester from
• 7 6 5 ppm 3 3 ' ° the tertiary alcohol methylphenyltrifluoromethylcar-

binol. 58,7 Thus this method should be generally ap- 
Figure2.-(A) The 60-MHz proton nmr spectrum of diastereo- plicable to those tertiary alcohols which are chiral at 

meric esters from racemic phenyl-f-butylcarbinol and racemic 7 , , . , ,
a-methoxy-«-trifluoromethylphenylacetyl chloride (MTPA Cl). the carDmol center.
The anhydride impurity is absent when distilled MTPA Cl is Furthermore, the chemical shift differences of the 
used. (B) The «-earbinyl hydrogen signal of the single diastereo- signals for the diastereotopic a  hydrogens in the M T P A
mer from pure (+)-phenyl-i-butylcarbinol and MTPA Cl from ester of neopentyl alcohol in benzene solvent differ by
pure (+ )  acid. 0.15 ppm compared with 0.10 ppm for the analogous

, . . . . .  . . . signals for the o-methylmandelate ester.5a However,
attempt at obtaining the relative proportions of these this method win not always be applicable. Although
diastereomers by integration of proton signals would the chemical shift differences were about 0.08 ppm for
ead to very inaccurate results because of signal over- the diastereotopic hydrogens in the esters of benzyl and

lapping and perturbation On the other hand, the O.chlorobenzyi alcohols, the center bands were sepa-
fluorme nmr spectrum taken at 944 M Hz is uncom- rated by on]y 2 4 Hz at m  M Hz analysts of a sampIe
plicated and shows a separation of 10 Hz for the signals which wag not m %  deuterated would be virtually
for the two diastereomeric pairs, so that the relative impossible. We have also made use 0f the reagent to
areas of these signals can be obtained with reasonable eonfirm the enantiomeric rit of a sample of opticaiiy 
accuracy by integration. It  is of interest to note that actiye neopentylamine-l-d.8
the 1 F signals are broadened because of long range Thig method ig much gi ]er than that used b 
coupling wrth the protons of the methoxy group, and Quthrie and Cram_9 Two dal examples will il-
that the fluorine signals for the two diastereo lugtrate the utilit of this method. A  study was
are not of the same intensity, although racemic made gome of the asymmetric reduction of

maWB f P W  I f  thf  , T + f 1S (? S w p t t t  p  methyi f-butyl ketone by the Grignard reagent from
When (A)-(+)-phenyl-f-butyl:carbinol, (/¿-III, It =  the three ( + ).i-halo-2-methylbutanes.io The syn-

pheny , R  =  ¿-butyl, the pure isomer as measured by thetic yield of reduction product from the iodo com-
optmal rotation) was treated with enantiomerically pound was very low; the optical rotation and therefore
pure M P T A  Cl (II ), the signal for the «  hydrogen of the extent of asymmetric thesis could not be deter. 
the carbinol moiety m the resulting ester IV  was a mined The crucial fraction from this reaction had
singlet (Figure 2B), as was also the signal for the t-
butyl group. However, when racemic phenyl-f-butyl- (6) For the definition of this terminology, see M. Raban and K. Misiow, 
carbinol, /¿¿-III, was treated with racemic acid chloride, “Topics in Stereochemistry,” Vol. I, N. L. Allinger and E. Eli el, Ed., Inter-
ncrn ii. j /f7* 0  1 \ r ,1 • science Publishers, New York, N. Y., 1967, pp 1-37.
/¿¿-II, the spectrum (Figure 2A) for the resulting mix- (7) G A . Olah and C. V. Pittman, J. A mer. Chem. Soc, S8, 3310 (1966).
ture of diastereomeric ester pairs (R,R-IV  +  ¿ ¡¿ -IV  VS. (8) G. Solladid, Stanford University, results to be published.
R,S-IV +  S,R-IV ) showed grossly unequal signals for (9) R.D. Guthrie and D. J. Cram r.Amer. CAemSoc., 89, 5288 (1967).

,. ’ J . , , f  /  A,, . & ... (10) W. M. Foley, F. J. Welch, E. M. La Combe, and H. S. Mosher,
the respective a  and ¿-butyl protons, lhe inequality ibid si 2 7 7 9  (1 9 5 9 )
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been saved; it was purified by glpc, and the enantiomeric is described in the experimental section. Since treat-
composition of the methyl-i-butylcarbinol determined, ment of the acid, I, with thionyl chloride can give some
by conversion to the M T P A  ester, to be 7.5% e.e . 11 as acid anhydride, which is very much less reactive than
compared with 13.4% e.e. and 11.7% e.e. respectively the acid chloride II, it is recommended that the acid
for the carbinols obtained by reduction with the chloro chloride be vacuum distilled before use. I t  can be
and bromo Grignard reagents. stored in sealed vials and used as needed. Generally a

The resolution and determination of maximum full molar excess of the acid chloride was taken if
rotation for methyltrifluoromethylcarbinol has pre- undistilled material was employed; this is unnecessary
sented difficulties. The initially reported resolution12 when the distilled acid chloride is used, since it has
gave material of [ a ] 25D —2.6° (neat). Analysis by glpc been observed that 0.2 molar excess, and in one case
of the o-methylmandelate esters5di13 gave a calculated 0 .0 2  molar excess, was sufficient to achieve complete
value of [ « ] 27d —5.6° (neat) for the pure enantiomer. reaction. Analytical determinations were routinely
This value was subsequently revised14 to [ a ] 25D —5.8° conducted starting with 0.1 to 0.2 mmol of carbinol,
(neat) based on a combination of further resolution and i.e., about 2 0  mg of an alcohol such as phenyl-L
glpc analysis via the o-methylmandelates. I t  now butylcarbinol, although initial experiments were carried
seems certain that some racemization of the o-methyl- out on larger amounts.
mandeloyl moiety had taken place during the prep- Racemic a-methoxy-a-trifluoromethylphenylacetic 
aration of the diastereomeric esters, thereby leading to acid15 (M TPA ) was made from phenyl trifluoromethyl
a calculated value which was high. Formation of the ketone16 (I ) by cyanide addition in 1,2-dimethoxyethane
(+ ) -  and ( —)-M T PA  esters of partially active methyl- (glyme) solvent followed by methylation with dimethyl-
trifluoromethylcarbinol and analysis of their nmr sulfate to give V I, which was distilled and then hydro
spectra and gas chromatograms gave maximum rotation lyzed in two stages without isolation of the inter
values of [ a ] 24D —5.15 ±  0.09° and —5.07 ±  0.08° mediate amide to give M T PA  in high over-all yield,
(neat) respectively. Preparative glpc resolution of the This procedure is preferable to hydrolysis of the cyano-
mixture of diastereomeric esters made from pure ( —)- hydrin to give a-hydroxy-a-trifluoromethylphenyl-
M T PA  and racemic methyltrifluoromethylcarbinol acetic acid followed by resolution and then methyl-
gave a recovered ( —) ester which contained 1.5 ±  0.5% ation. 16

of the other diastereomer. Lithium aluminum hydride
reduction of this ester regenerated methyltrifluoro- H x NaCN | e t H2g0<
methylcarbinol, a25D —6.19° (neat). Correcting for PhCCF3 ---------- > PhC—CN---- -—-— >
the amount of ( + )  enantiomer present gives a value of V 2- MejS3* L f  h?
a 24D -6.39°, a 25D -5.07 ±  0.09° (neat, d425 1.263) ^
for the totation of the pure enantiomer. These limits 0 Me
of error include the uncertainty in determining the | socn
signal areas, the optical rotation, and the density. COOH------ >■ II

A  study of the data in Table I  shows certain relation- ¿p3

ships between chemical shifts and configuration within I
closely related series. However, in general it seems
premature to speculate on these relationships with the The acid (I ) is readily resolved via crystallization of 
limited data available. One conclusion, which applies the a-phenylethylamine salts from ethanol. Using
to the diastereomeric esters of the aliphatic alcohols so both isomers of the resolving agent, 70% of the acid
far studied, is as follows: when the signal(s) from the may be obtained in either the enantiomerically pure ( + )
R  group attached to the carbinol carbon on one isomer or ( —) form. The optically active distilled acid
(IV A ) is shifted downfield with respect to the signal(s) chloride (I I )  is formed in nearly quantitative yield by
for this same R  group in the other diastereomer (IV  B), refluxing with excess thionyl chloride for 50 hr.
the reverse will be true for the signal(s) from the R ' Pirkle and Beare17 have concluded that (-)-m eth y l
group; i.e., when the signals for the R  group are a-hydroxy-a-trifluoromethylphenylacetate has the
shielded, those for the R ' group will be relatively absolute R  configuration based upon correlation of its
deshielded. nmr chemical shift in ( —)-l-naphthylethylamine with

Table I I  compares the enantiomeric composition those of (R )- (—)-methyl mandelate, (R )-( —)-methyl
(%  e.e.) of a number of compounds determined by atrolactate, and (R )-(+ )-m ethyl a-hydroxy-a-tri-
optical rotation and by the nmr method. The agree- chloromethylphenylacetate. Since a-hydroxy-a-tri-
ment, which is at worst within 1 %, confirms the fluoromethylphenylacetic acid [ ( + )  in methanol and
reliability of M T PA  as a general reagent for the deter- water, ( - )  in chloroform] is converted to (- )-m eth y l
mination of enantiomeric composition of alcohols and a-hydroxy-a-trifluoromethylphenylacetate (neat) and
amines. The accuracy of the method can be improved ( + ) -methyl a-methoxy - a-trifluoro me thylphenyl ace-
in specific cases by careful standardization of procedures tate (neat), which is converted into (+)-<*-methoxy-
and especially by the use of multiple-scanning sum- a-trifluoromethylphenylacetic acid, it follows that
mation techniques. all of these have the R  configuration based on this

The recommended procedure for the preparation of evidence. Preliminary circular dichroism studies18 are
the diastereomeric derivatives, either esters or amides, (15) D L DuI1 and H s. Mosher, j. Amer. chem. soc., 89, 4230 (1967).

, (16) K . T. Dishart and R. Levine, ibid., 78, 2268 (1956); also commerci-
(11) Per cent enantiomeric excess (%  e.e.) by definition is the per cent ally available.

excess of the preponderant enantiomer over the racemate. (17) W. H. Pirkle and S. D. Beare, Tetrahedron Lett., 2579 (1968). There
(12) J. W . Crawford, J. Chem. Soc., 4280 (1965). is a typographical error on page 258; the symbol with formula 2 should
(13) D. M. Feigl, Ph.D. Thesis, Stanford University, 1965. be R -( —).
(14) J. W . Crawford, J. Chem. Soc., 2322 (1967). (18) W . Voetler and E. Bunnenberg, private communication.
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T a b l e  I

N m r  C h e m ic a l  Sh if t s  o f  D ia s t e r e o m e r ic  E s t e r s  a n d  A m id e s  o f  (-f- ) - a - M E T H 0 X Y -a - T R iF L U 0 R 0 M E T H Y L P H E N Y L A C E T ic  A c id “

Configuration,6 -------- Chemical shifts of diastereomers in Hz downfield of TM S  or T F A C---------'
Alcohol or amine structure Registry no. R  or S CFs OCH3 H CHa Other

OH
I 20445-05-0 R ( - )  539 214«' 306 73 56«

c h 3—c —C2H6
20445-06-1 S  ( + )  532 216 306 79 48

H

OH
T 20445-07-2 R  ( - )  581 212i 299.5 72.3 55.5 '

C H 3— C-i-CaH,
! 20445-08-3 S  ( + )  565 214 299.5 77 51

H

OH
I 20445-09-4 R  ( - )  576 213 278

C H 3— C -» -C 6Hi3
| 20445-10-7 S ( + )  546 213 278

H

OH
! 20445-11-8 R ( - )  601 211«' 292.3 71.2 53.8»

C H 3— C-i-C4H 9
i 20445-12-9 S  ( + )  581 214 294.3 75.3 51

H

OH
I 20445-13-0 R  ( +  ) 422 212 328 82.5 -2 4 0 '

C P 3— C-CHa'*
20445-14-1 S ( - )  395 209 328 89.5 -2 6 5

H

OH
| . . .  600 216 318 . . .  53®

CF3—C-i-CA 20445-15-2
| . . .  600 210 320 . . .  58

H

OH
20445-16-3 S ( + )  551 208 381.2 . . .  -1 1 0 6 V

C F 3— C— Ph
| 20445-45-2 R  ( - )  501 216 376.8 . . .  -1086

H

OH
! . . .  562 208 . . .  . . .  100'

CFs— C-a-naphthyl 20445-17-4
| . . .  495 219 . . .  . . .  117

H

OH
I . . .  547 213 366 96.5

Ph— C— C H 3 20445-18-5
| . . .  499 208 369 93

H

OH
| . . .  537 206 356.2 . . .  48.7«

Ph— C— C2H 6 20445-19-6
. . .  501 211 351.5 . . .  54

H

OH
20445-20-9 R  ( + ) *  670 209d 345.5 . . .  53®

Ph— C-i-C4H 9
i 20445-21-0 S  ( - )  623 210 337.5 . . .  56

H

OH
20445-22-1 S  ( - ) *  -682»' 210 336 . . .  . . .

Ph— C-c-C 6H ii!
I 20445-23-2 R  ( + )  -6 4 8  205 342

H

OH
20455-46-3 S  ( + )  270 213 368 . . .  227"

Ph— C— COOCHs
i 20455-47-4 R  ( - )  263 222 368 . . .  227

H

N H 2
I 20445-24-3 R  ( - )  695 192 260 66

C H 3— C— C H 2Ph
20445-25-4 S  ( + )  648 195 260 70

H

N H 2
; 20445-26-5 R  ( + )  710 198 308 83.7

C H 3— C— Ph
I 20445-27-6 S  ( - )  687 201 308 87.6

H
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T a b l e  I  ( C on tin u ed )

Configuartion,6 ,-------- Chemical shifts of diastereomers in Hz downfield of TM S or T F A C-------- ,
Alcohol or amine structure Registry no. R  or S  CFs OCHa H CFa Other

n h 2
_ TI 1 , , , ( +  ) 739 195 359 98.5
C H 3— C-a-aaphthyl 20445-28-7

I ( - )  695 197 359 101.5
H

N H 2
I . . .  687 204 248 66.0

CH j— C-i-CiHo 20445-29-8
I . . .  677 204 248 69.5

H

OH
I . . .  575 212 131 —462*

CH S— C— CF 3 20445-30-1
. . .  535 216 . . .  132.5 -4 6 2

0 See Experimental Section for details of experimental conditions. If an entry is preeeeded by a ( — ), it indicates that the signal was 
upheld from the T F A  standard rather than downheld. The values refer to 94.1 M H z, 19F  and 60 M H z, JH  nmr. 1 The configuration 
and/or sign of rotation of the alcohol or amine used for preparation of the ester or amide is indicated. N o  entry indicates that racemic 
alcohol or amine was used. ' The diastereomer with furthest downheld a -C F 3 signal is listed hrst. Where identical values are given 
for both diastereomers, the differences in chemical shifts was 0.2 Hz or less or the coupling pattern was so complex that small differences 
which existed could not be determined by direct inspection of the spectra. d The assignment of the signals to the appropriate diastereo
mers was ambiguous and may be reversed. « The terminal methyl proton signal of the ethyl group. > The terminal methyl proton 
signal of the isopropyl group. » The proton signal of the f-butyl group. h Carbon tetrachloride solvent used instead of deuteriochloro- 
form. *' The fluorine signal of the carbinyl trihuoromethyl group. >' External trihuoroacetic acid standard. * See ref 20. 1 c-
CeHn represents the cyclohexyl group. m The methyl proton signal of the carbomethoxy group.

T a b l e  I I  operating in these other methods. Therefore we
C o m p a r is o n  o f  E n a n t io m e r ic  C o m p o s it io n  D e t e r m in e d  prefer to leave the question of the absolute config-

b y  O p t ic a l  R o t a t io n  a n d  N mr A n a l y s is  o f  uration of the M T PA  reagent open until chemical
D ia s t e r e o m e r ic  M T P A  D e r iv a t iv e s  proof, such as that obtained for the secondary tri-

------------ Alcohol or amine------------■ ,-P e r  cent enantiomeric excess».6- .  fluoromethylcarbinols,19 has been obtained.
Nmr of M T P A  ’

Optical /-------derivative-------'
Structure Mmoles Rotation A-60, »H  HA-10C, 19F —, . , , «  ,.

C H .C H (O H )C ,H , 0.23 82.4 82.0 . . .  Expenmental Section
C H 3CH(OH)-M-CeHii 2.3 96.1 ••• 96.5 Nm r Measurements.— The proton nmr spectra were obtained
C II-jCH (O H )-i-C 3H 7 4.6 95.5 95.0 ••• at 36° on a Varian Associates A-60 spectrometer using, except

5  7  95 5  9 5 .0  95 3 where otherwise specified, deuteriochloroform solvent and ap-
C H 3C H (O H )-i-C 4H s 0 35 7 8 7 5 ••• proximately 3%  tetramethylsilane (T M S ) as an internal standard,
pyx oHCOFnPF n as oe 7 k The fluorine nmr spectra were obtained with Varian HA-100

3 0 36 97e 98 (94.1 M H z ) and DP-60 (54.6 M H z ) spectrometers using a sol-
' ” J vent mixture of 80% deuteriochloroform and approximately 20%

P h C H (O H )G F 3 5.6 45.2 45.5 ••• trifluoroacetic acid (T F A ) by volume as an internal standard
0.15 45.2 44.9 added immediately prior to making the determination, The

PhC H (O H )-c -C 6H u 0.26 78.5 77.5 79.0 precise chemical shift was dependent upon the amount of T F A
PhCH  (OH  )-i-C<H o 6.7 100 100d added; therefore, the values in Table I  have been recorded only

0.14 100 100^ to the nearest hertz, for fluorine. Although we experienced few
P h C H (O H )C O O C H 3 0.12 67.1 67.0 67.3 difficulties with the potentially destructive trifluoroacetic acid
P h C H (N H 2)C H 3 25 100 100“* 100 88 an internal standard, it might be preferable to use it as an

0 43 42 2 42 4  • • • external standard, or to substitute another neutral standard in
tilcitt v/itt ' certain cases. However, the T F A  has a significant effect on the
PhCH 2C H (N H 2)C H 3 16 100 100 100 chemical shift differences. Thus the * -C F 3 signals are shifted

0.22 100 100 100 upfield, when the T F A  is external, from the position when the
P h C H (N H 2)-a -Naph  5.8 36.4' 35.0 36.0 T F A  is internal. The chemical shift differences between dias-
" By definition, per cent enantiomeric excess (%  e.e.) equals tereomers are larger when internal T F A  is used. The difference

the per cent of the predominant isomer in excess of the racemate. for the a -C F 3 signals for the diastereomeric 2-butyl esters (Table
b Proton resonance determined on Varian Associates A-60 I, example 1) is 7 Hz when T F A  is internal and 1-2 Hz when ex
spectrometer and 19F  resonance determined either on Varian ternal. Determinations of diastereomer ratios were usually based
Associates DP-60 (56.4 M H z ) or HA-100 (94.1 M H z ) spectrom- on machine integrals; accurate values were dependent upon
eters under conditions given in the Experimental Section. The very careful machine tuning, although this was less critical for
precision of all determinations was better than ±  1 %. '  Composi- the determinations using the fluorine signals where large chemical
tion of the enantiomer mixture was determined by quantitative shift differences were observed. When proton signals were re
mixing of the two pure enantiomers. d Signals for only one solved, measuring relative peak heights gave answers which
diastereomer observed. e Rotation of pure enantiomer based on corresponded to those obtained by machine integration. This
a 24D —6.39° (neat,! =  1) obtained by preparative glpc resolu- procedure was much simpler and was used when it was established
tion of the M T P A  ester followed by lithium aluminum hydride that it was reliable in a specific case. The glpc separations and
regeneration. analyses were performed with a Varian Aerograph A-90-P3

instrument using a 30 ft X  3/s in., 30% S T A P  column on 60/80

also best interpreted in terms of the R - ( + )  configuration DS I ™ Am ines.-Racem ic trifluoromethyl-i-butylcar-
for ( + ) - M T P A .  However, our experience with binol,20 phenyltrifluoromethylcarbinol20 a-naphthyltrifluorometh-
aberrant ORD curves for these same derivatives16 ylcarbinol21 were made by lithium aluminum hydride reduction of
makes it seem at least possible that the same factors ----------------
which render the ORD deta unreliable for establishing g  *
the configuration in this particular series might also be (21) W. H. Pirkle and S. D. Beare, J. Amur. Chem. Soc., 89, 5485 (1967).

Vol. 34, No. 9, September 1969 a-METHOXY-a-TRiFLUOROMETHYLPHENYLACETic Acid 2547



the corresponding ketones. Methylphenyltrifluoromethylcar- 2,2,2-Trifluoroacetophenone Cyanohydrin— The following pro-
binol7 was made in 89% yield by the action of phenylmagnesium cedure was used when the cyanohydrin was isolated. A  solution
bromide on methyltrifluoromethyl ketone. Other carbinols and of 81.6 g (1.23 mol) of potassium cyanide in 300 ml of water and
both isomers of a-phenylethylamine (Norse Chemical Corpora- 60 ml of ethanol in a 2-1 flask was kept between 0 and 5° while
tion), a - ( 1 -naphthyl)ethylamine (Aldrich Chemical Co.), and 216 g (1.22 mol) of 2 ,2 ,2 -trifluoroacetophenone (Peninsular
a-benzylethylamine (Mann Research Laboratories) were com- Chemical Research) was added dropwise with stirring over a
mercially available. Partially active ( +  )-phenyltrifluorometh- period of 40 min. A  solution of 72 ml of 96% sulfuric acid and
ylcarbinol, 20 phenylcyclohexylcarbinol,22 phenylethylcarbinol,7 180 ml of water was added with maintenance of the temperature
and phenyl-i-butylcarbinol20 were obtained by asymmetric below 10°. After the mixture had warmed to room temperature,
reduction of the corresponding ketones. Optically active methyl- it was extracted with ether. After drying (M gS 0 4), the ether
ethylcarbinol, 23 methylisopropylcarbinol, 24 and methyl-n-hexyl- was evaporated to give a solid residue which was recrystallized
carbinol28 were obtained by classical resolutions. from hexane: 208.7 g (83% yield); mp 75-77°; ir v™  3380,

( +  )-a-Methoxy-a-trifiuoromethylphenylacetic Acid (M T P A ) 1450, 1260, 1210, 1175, 1125, 1010, 930, 760, 740, and 695 cm-1. 
(I ).— Phenyl trifluoromethyl ketone (159 g, 0.915 mol, Columbia Anal. Calcd for C 9H 6F 3N O : C , 53.73; H , 3.06; N , 6.96.
Organic Chemicals Co.), powdered sodium cyanide (77 g, 1.57 Found: C , 53.45; H , 2.85; N , 6.79.
mol) and 1,2-dimethoxyethane (glyme, 400 ml, freshly distilled, a-Hydroxy-a-trifluoromethylphenylacetamide.— 2,2,2-Tri-
bp 85°) were mixed at room temperature and stirred for 1.5 hr. fluoroacetophenone cyanohydrin (138 g, 0.68 mol) was dissolved
The temperature initially rose to about 40°. Dimethyl sulfate in 96% sulfuric acid (1.5 1) at room temperature. After 15 min,
(150 g, 1.12 mol) was added dropwise over a 5-hr period at such the solution was poured onto ice and the product extracted with
a rate that the temperature did not exceed about 60°. Pentane ether. The extract was washed with water, dried (M gS 0 4), and
(200 m l) was added to the cooled reaction mixture, the precipi- the ether removed to give, after recrystsllization from hexane-
tated salts were removed by filtration, the solvent was evapo- benzene, 134.6 g (83% yield) of the amide: mp 102-103°; ir
rated, and the residue was distilled to give a-methoxy-a-trifluoro- > w  3530, 3400, 3200, 1700, 1570, 1260, 1190, 1170, 980, 950,
methylphenylacetonitrile (192 g, 97.5% yield, bp 85-89° (20 750, and 700 cm-1.
mm); 39-40° (2 mm), Water (50 m l) was carefully added to a Anal. Calcd for CgHjFaNCh: C , 49.32; H , 3.67. Found: C,
mixture of the nitrile (192 g ) and concentrated sulfuric acid (600 49.40: H , 3.73.
m l). After heating the two-layer mixture on the steam bath for a-Hydroxy-a-trifluoromethylphenylacetic Acid.— A  solution of
2 hr with occasional shaking, it became homogeneous. It  a-hydroxy-a-trifluoromethylphenylacetamide (107.5 g ) in water
was heated for an additional 4 hr. The hydrolysis mixture (700 m l) containing potassium hydroxide (132 g ) was refluxed
was cooled and extracted with a total of 1 1. of a 3:1 mixture of for 4.5 hr. The amide is acidic enough so that it dissolves in the
ether-benzene in three portions. The solvent was evaporated base, and the progress of the hydrolysis was followed by noting
to give a dark residue which was vigorously refluxed with sodium ammonia evolution. The cooled solution was poured onto ice
hydroxide (120 g in 400 ml of water) for 3 hr. The cooled mixture and hydrochloric acid. The product was extracted with ether,
was extracted with ether (2 25-ml portions from which 18.7 g, dried (M gS 0 4), and recrystallized from benzene: 92.5 g (85% );
11% yield of amide was recovered upon evaporation) and the mp 110.5-111.5°; ir 3400, 3060, 1740, 1210, 1180, 1120, 
aqueous layer acidified with sulfuric acid. The acidified layer 1000, 950, and 700 cm-1.
was extracted with a 3:1 ether-benzene mixture and the extracts Anal. Calcd for C 9H 7F3O3: C , 49.10; H , 3.20. Found: C,
were dried (M gS 0 4), the solvent evaporated, and the residue 49.35; H , 3.25.
was distilled to give M T P A  (131.7 g, 63% yield), bp 105-110° Alternatively, the acid can be obtained by direct hydrolysis 
(1 mm). of the nitrile by heating it with 12  times its volume of concen-

Anal. Calcd for C 10H 9F3O3: C , 51.28; H , 3.87. Found: C, trated hydrochloric acid for 4 hr at 110° in a Carius tube: yield
51.24; H , 4.03 . 84%.

Resolution of a-Methoxy-a-trifluoromethylphenylacetic Acid. Resolution of a-Hydroxy-a-trifluoromethylphenylacetic Acid 
— Racemic M T P A  (87.3 g ), ( +  )-a-phenylethylamine (45.0 g, with i +  )-a-(l-Naphthyl)ethylamine.— A  mixture of 22.0 g (0.1
« 25d 37.34°, neat, l =  1) and ethanol (300 m l) were mixed. mol) of racemic a-hydroxy-a-trifluoromethylphenylactic acid
The salt which formed immediately was dissolved by heating on and 17.2 g (0.1 mol) of (+)-a-(l-naphthyl)ethylam ine (Aldrich
the steam bath, and the solution was insulated and allowed to Chemical Co.), a 20»  81.35° (neat, l =  1) in 80 ml of 6 :1  benzene-
cool slowly without being disturbed for 48 hr. The salt was ethanol was prepared. Heat was evolved and the salts pre
collected by filtration, washed with a minimum of cold ethanol, cipitated immediately. Two recrystallizations of this material
and recrystallized twice from ethanol to give 29.0 g, mp 195-198°, from the same solvent system gave 7.5 g of salt, [ « ] 22d 15.5
[a ]26D 59.1 ±  1.1° (c 1.32, E tO H ). Reprocessing solids from the ± 1 .2 °  (c 1.68, ethanol). In a trial resolution, material with this
filtrate gave an additional 14.5 g, [<*]19d 62.5 ±  1.6° (c 1.23, rotation remained unchanged on further recrystallization. De-
E tO H ). These combined crystals were decomposed with dilute composition of this fraction with dilute hydrochloric acid and
hydrochloric acid and the regenerated acid extracted with ether. recrystallization of the product from hexane-benzene gave, in
The extracts were dried (M gS 0 4), the solvent was evaporated, and three fractions, 4.09 g, mp 123-124°. A ll fractions had [<*]20d
the residue distilled to give the ( + )  was acid, 28.6 g, bp 116-118° -2 2 .5  ±  0.7° (c 2.70, chloroform), [a] 20d 31.1 ±  0.7° (c 2.76,
(1.5 mm), [a ]25D 68.5 ±  1.3° (c 1.49, C H 3O H ). The more soluble water) within experimental error, indicating that the initial
salt fractions were decomposed in the usual manner and the product was probably stereochemically homogeneous. Concen-
isolated acid treated with ( — )-a-phenylethylamine (30 g, tration of the mother liquors gave two additional salt fractions
[ « ] 26d —36.34°, neat l =  1) in ethanol (230 ml). Processing of 3.09 g, [a ]23D 14.3 ±  0.6° (c 2.93, ethanol), and 12.6 g,
the salt as above gave a total of 55.4 g, « 28d - 6 0 °  ±  2 ° (c 1 , M 22d 0.0° (c 5.5, ethanol). Decomposition of these fractions
E tO H ) which was decomposed as above to give 34.7 g, bp 115- gave, after recrystallization, 1.0 g, [a ]20D -2 3 .2  ±  0.7° (c 2.93,
117° (1.5 mm), [a ]24n -7 1 .8  ±  0.6° (c 3.28, C H 3O H ). The chloroform), and 5.4 g, [<*]22d 8.8 ±  0.6° (c 3.62, chloroform),
total recovery on the resolution was 72%. Decomposition of the remaining salt fractions gave, after re-

a-Methoxy-a-trifluoromethylphenylacetyl Chloride (II ).— ( + ) -  crystallization, 4.3 g, [ « ] 19n 9.3 ±  0.3° (c 3.56, chloroform).
M P T A  (41.0 g), thionyl chloride (75 ml, distilled practical grade) A  subsequent exploratory resolution with ( — )-a-phenylethyl- 
and sodium chloride (0.5 g ) were refluxed together for 50 hr. amine in methylene chloride was also successful.
After excess thionyl chloride was removed by vacuum evapora- Methyl a-Hydroxy-a-trifluoromethylphenylacetate.— A  solution
tion, the residue was distilled to give 43.8 g, 90% yield, bp 54-56° of the a-hydroxy acid (92.5 g ) in methanol (350 m l) was satu-
(1 mm), [a]24D 129.0 ±  0.2 (c 5.17, CC14), « “ d — 10.0 ±  0.1° rated with dry hydrogen chloride and refluxed for 3 hr; the
(neat, 1 = 1 ) .  Shorter reaction times result in a second higher- esterification mixture was cooled, resaturated, refluxed for an
boiling product, bp 130-155° (1 mm), which was identified as the additional 2.5 hr, and allowed to stand at room temperature
anhydride. overnight. After distilling the methanol, the residue was taken

up in ether, washed with saturated salt solution and sodium 
bicarbonate, dried (M gSO ( ), and the product distilled: 82.7 g

(22) R. McLeod, F. J. Welch, and H. S. Mosher, J. Amer. Chem. Soc.. 82, 8? 7 ™ ° ir 3470> 1745’ 1450> 1435>
876 (i960). 1300, 1235, 1170, 1125, 1075, 1000, 955, 800, 770, 735, and

(23) A. W . Ingersoll, Org. Reactions, 2, 403 (1944). 710 cm 1.
(24) Pickard and Kenyon, J. Chem. Soc., 101, 620 (1912). Anal. Calcd for C 10H 9F 3O3: C , 51.28; H , 3.87. Found: C ,
(25) R. L. Shriner and J. H. Young, J. Amer. Chem. Soc., 52, 3332 (1930). 51.22; H , 4.02.
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(-t-)-a-Hydroxy-a-trifluoromethylphenylacetic acid, [<*]12d 9.3° the yield was negligible but was 20%  when refluxed for 14 hr in
(C H C I 3 , 40% enantiomerically pure), gave methyl ester (83% excess pyridine. The ester was purified by glpe; the diastereo-
yield), ce19D 6.90 ±  0.06° (neat, ( =  1). mers had retention times of 20.6 and 22.2 min on a 5-ft X  0.25-in.,

Methyl a-Methoxy-a-trifluoromethylphenylacetate.— A  mixture 20% silicone M  rubber column at 155° and a helium flow rate of
of the a-hydroxy ester (82.7 g ), dry silver oxide (98.7 g ), methyl 64 ml/min.
iodide (550 g ), Dreirite (94 g ), and glass beads was stirred vigor- Methyl-i-butylcarbinyl-a-Methoxy «-trifluoromethylphenylace-
ously under reflux for 50 hr. The reaction mixture was filtered, tate.— Methyl-i-butylcarbinol (0.036 g, a 2si> 0.49 ±  0.02°
the solid was extracted with ether, and the extracts and filtrate (neat, l =  1 ), obtained from the asymmetric reduction of methyl
were distilled to give 78.5 g, bp 93-96° (4 mm). i-but.yl ketone by Grignard reagent from (+ )-l-iodo-2 -m ethyl-

Anal. Calcd for CnHijF30 3 : C, 53.22; H , 4.46. Found: C, butane,10 distilled M T P A  Cl (0.111 g, from pure ( + )  acid), and
53.33; H , 4.60. pyridine (0.5 ml) were allowed to stand for 1 hr. Water was

Optically active acid, [a ]22D 8 .8 ° (CHC13, 39.1% enautio- added to the cooled mixture which was then extracted with ether,
merically pure), was converted in 90% yield into ( — )-methyl The ether extract was washed successively with dilute hydro-
a-methoxy-a-trifluoromethylphenylaeetate, a 20D —48.64 ±  chloric acid and dilute sodium carbonate solution, dried (M gS 0 4),
0.04° (neat, l =  1), [<*]21d —37.5 ±  0.02° (c 4.48, acetone). and evaporated to give a residual oil. This oil was analyzed by

Racemic methyl ester methyl ether was hydrolyzed by re- nmr as reported in Table II.
fluxing with a 1:3:16 mixture by weight of potassium hydrox.de, Methyltrifluoromethylcarbinyl a-Methoxy-a-trifluoromethyl-
ethanol, and water for 45 min to give a-methoxy-a-trifluoro- phenylacetate.— A  sample of methyltrifluoromethylcarbinol
methylphenylacetic acid identical with that obtained by the (0.0554 g, a 19n —4.85° (neat, l =  1) was treated with distilled
direct procedure. There was no racemization of the optically M PTA-C1 (0.1815 g, prepared from pure ( + )  acid) and pyridine
active methyl ester methyl ether under the same conditions. (0.5 ml) for one hour. Water was added and the mixture ex-

Preparation of Esters and Amides of M T P A .— The synthesis tracted with ether (20 m l). The ether extract was washed with
of N'-a-(l-napht.hyl)ethyl-a!-methoxy-a-trifluoromethylphenyl- dilute hydrochloric acid, sodium carbonate solution, and water,
acetamide will illustrate the procedure for the preparation of and dried (M gS 0 4). The residue on evaporation was analyzed
both esters and amides in gram quantities when only the un- both by glpc and nmr as reported in Table II.
distilled acid chloride was available. The synthesis of phenyl- Preparative Glpc Resolution of Methyltrifluoromethylcarbinol.
trifluoromethylcarbinyl a-methoxy-a-trifluoromethylphenylace- — ( — )-M T P A  (10C%  e.e.) was converted to the distilled acid 
tate will illustrate the procedure, used for the preparation of chloride. This ( — )-M T P A -C l (12.6 g, 100% e.e. as analyzed
milligram amounts, which is recommended as a general procedure by nmr of the ( +  )-a-phenylethylamide), methyltrifluoromethyl-
for use in determining the enantiomeric composition of either carbinol (6.9 g, Columbia Organic Chemical Company), and
alcohols or amines. Purification of the final product, if required, carbon tetrachloride (5 m l) were mixed with resulting spontaneous
can be done either by preparative glpc, by column chromatography cooling. The solution was cooled to —70°, and dry pyridine (5
on silica gel using benzene solvent, or by preparative tic. Separa- m l) was added. The reaction mixture was warmed to room tem-
tion of diastereomers can take place by these methods, and care perature and then heated 1 hr at 10 0 °, cooled, and diluted with
must be exercised that both isomers are completely collected. ether. The ether extract was washed with dilute hydrochloric
All key compounds gave satisfactory analyses, and all ccm- acid, dilute sodium carbonate, and water, dried (M gS 0 4), and
pounds gave spectra consistent with their assigned structures, distilled to give 9.1 g, bp 71-72° (1 mm). A  series of injections
taking into consideration nmr nonequivalence of diastereotopic of 0 .1 -ml samples with separate collection of the diastereomers
groups. (retention times 48 and 54 min respectively, 30 ft X  %  in.

N -f/ - (  1 -N ap h th y l)e th y l-ff-m eth oxy-«-tr iflu orom eth y lph er_y l- S T A P  column at 150° helium flow rate 55 ml/min) gave the
a cetam id e .— A  sample of partially active ( — )-a-naphthylethyI- predominant isomer (3.41 g ) which by glpc analysis was shown
amine, 1.09 g, [<*124d —37.32° ( c 7, E tOH ), was added to a mix- to include 1.5 ±  0.5% of its diastereomer. This mixture was
tur of undistilled M T P A  Cl (prepared by refluxing 3.7 g of ( — )- reduced by lithium aluminum hydride in dibutyl ether. The
M T P A  and excess thionyl chloride for 5 hr and then removing dibutyl ether solution of the product obtained by working up the
the excess thionyl chloride in  vacuo) dissolved in carbon tetra- mixture was distilled and the distillate purified by glpc (SE-30
chloride (17 m l) and pyridine (5 m l). The mixture was refluxed column 20 ft X  3/s in-. 103°, helium flow rate 58 ml/min, reten-
for 90 min and the crude product (2.6 g ) isolated by acidifying, tion time 9.8 min). The glpc purified carbinol was subjected to
extracting, washing with base, drying, and evaporating the a vacuum transfer (to preclude the presence of impurities result-
solvent. A  sample was removed for nmr analysis (Table I )  and ing from any “ bleeding” of the column) to give ( — )-methyltri-
the remainder recrystallized from hexane-benzene. fluoromethylcarbinol [0.87 g, a25D —6.19 ±  0.02° (neat, l =  1),

Anal. Calcd for C22H 2oNF30 2: C, 68.23; H , 5.17; N , 3.62. corrected for e.e., a 25D -6 .3 9  dt 0.09°]. This material showed
Found: C , 68.35; H , 5.32; N , 3.60. no significant impurities when analyzed on SE-30, STAP ,

Before recrystallization of the product, both nmr and ir spectra Carbowax 20M -TPA , and 4000 columns. This carbinol (0.0431 g)
showed that acid anhydride was present (cf. Figure 2A). was reconverted to the M T P A  ester using distilled M TPA-C1

Phenyltrifluoromethylcarbinyl a-Methoxy-a-trifluoromethyl- 100% e.e. Analysis by both nmr and glpc gave a 99.0:1.0 ±  0.5
phenylacetate— Phenyltrifluoromethylcarbinol [0.0262 g, 0.148 diastereomer ratio, thereby confirming the activity of the car-
mmol, a 25D 18.51° (neat, ( =  1)] and distilled ( + ) -M T P A  Cl binol and proving that no racemization had taken place during
(0.0379 g, 0.15 mmol) were mixed with carbon tetrachloride (5 these transformations. The major uncertainty in both determina-
drops) and dry pyridine (5 drops) and allowed to stand in a tions is in the base line for the minor component; there cannot be
stoppered flask for 12 hr. Water (1 m l) was added and the re- less than 1.0% of the minor component but there might be a
action mixture transferred to a separatory funnel with ether maximum of 2 .0% .
(20 ml). The ether solution, after washing successively with 
dilute hydrochloric acid, saturated sodium carbonate solution,
and water, was dried (MgSCh), filtered, evaporated, and the Registry No.— 2,2,2-Trifluoroacetophenone cyano-
residue was dissolved in deuteriochloroform for nmr analysis. h  d rin  20445-04-9; (+ ) - I ,  20445-31-2; (  — )-I, 17257-
A larger sample prepared by the same procedure was purified by 9(1445-33-4- «.-hvdroxv-a-trifluoromethvl-
glc (retention times of the diastereomers 20.0 and 2 1 .8  mm, <1-5, n > ¿VAAb ;>  “  nyaroxy a  trmuo O e y
220°, helium flow rate 94 cm3/min). phenylacetamide, 20445-34-O, a-hydroxy-a-tnfluoro-

Anal. Calcd for CisHuOsFe: 0 ,55.11; H , 3.59. Found: C , methylphenylacetic acid, 20445-35-6; methyl a -
55.34; H, 3.70. hydroxy-a-triflucromethylphenylacetate, 20445-36-

M eth y lp h en y ltr iflu orom eth y lca rb in y l a -M e th o x y -a -tn flu o ro - y , m e t p , r] ^-methoxy-a-trifluoromethylphenylacetate,
m ethy lpheny l A ce ta te .— When the general procedure was applied » J J
to the tertiary alcohol, methylphenyltrifluoromethylcarbinol,, 20440-d/-b.
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T h e  reaction  o f p yr id in e  N -o x id e  w ith  p h en y lace tic  anhydride, u n ifo rm ly  labe led  w ith  180 ,  produces un labeled  
benza ldehyde, in d ica tin g th a t th e  oxygen  a tom  o f th e  p rodu ct is d er iv ed  from  th e  am ine oxide. W h en  th is  
reaction  is conducted  in  a la rge  excess o f p yrid in e , th e  ra tio  o f b en za ldeh yd e  to  N -b en zy lp y r id in iu m  ion  p rodu ced  
is 0.12-0.23, in d ica tin g  th a t p y r id in e  N -o x id e  is su bstan tia lly  m ore  n ucleoph ilic  than  p y rid in e  tow ard  th e  in te r
m ed ia te . B y  th e  use o f com petition  experim ents, i t  was determ ined  th a t th e  ratios o f n ucleoph ilic  a tta ck  o f 
p y r id in e  to  th a t o f th e  N -o x id e  on  m e th y l iod ide, b en zh yd ry l b rom ide, and p -m eth oxyb en zh yd ry l b rom ide  are
8-15, 5.7, and 3.8, resp ective ly . I t  is concluded th a t a tta ck  b y  p y r id in e  N -o x id e  becom es re la t iv e ly  m ore  
fa vo ra b le  as th e  p os itiv e  charge on th e  e lec troph ile  increases. T h is  im p lies  th a t th e  carbon  a tom  o f th e  in ter
m ed ia te  w h ich  is to  becom e bonded  to  th e  N -o x id e  group in  th e  o x id a tiv e  d ecarb oxy la tion  bears a h igh  p os itiv e  
charge. I t  is suggested th a t th e  a -ca rb oxyb en zy l ca tion  (3) or its  con ju gate  base is th e  in term ed ia te  w h ich  is 

d irec t ly  a tta ck ed  b y  p y r id in e  N -o x id e .

The oxidation of phenylacetic anhydride by pyridine very likely that even more benzaldehyde than that iso-
N-oxide produces benzaldehyde and proceeds with the lated is produced in the reaction since this product is
given stoichiometry. 2“ 5 The suggestion has been known to be partially destroyed under similar condi-

„ , „ „  „  ^ tions even in the absence of excess pyridine, probably by
(C6 2 h +  s 5 a Perkin-type condensation with phenylacetic anhy-

C6H5CHO +  2C5H5N +  Gib +  C6H5CH2CO2H dride.8 In view of the large molar excess (49:1) of pyr-
made2'4'5 that the reaction involves acylation of pyr- idine over pyridine N-oxide in this experiment, the con-
idine N-oxide followed by nucleophilic displacement of siderable degree of capture of the intermediate by pyr-
pyridine by a second pyridine N-oxide molecule from idine N-oxide would require the latter to be substan-
the enol ( 1 ) (or the corresponding enolate) of the acyla- tially more nucleophilic than pyridine toward the elec
tion product to produce the cation (2 ) (or the correspond- trophilic intermediate in order for the above mechanism
ing carboxylate species). Loss of a proton, carbon diox- to be acceptable. Such a nucleophilicity order is a
ide, and pyridine from 2 would lead to the major ob- priori unexpected since pyridine is almost 1 0 6 times
served products.6 The attack of pyridine N-oxide on 1 more basic than pyridine N-oxide.9a Of course, nucle-
could be Sn 2 ' or Sn T  in nature; in the latter case, the ophilicity does not always correlate well with basicity10

cation 3  or its conjugate base would be an intermediate. but we have found (see below) that pyridine is more nu
cleophilic than pyridine N-oxide toward several sub- 

^NC5H5 strates and it therefore became necessary to consider the
0 ^  possibility of a mechanistic alternative in which a direct

_ TT „ „  _ Tr %% r, ,, „  nn  tt competitive attack of the nucleophiles on the benzylic
Nqnc h II ^  carbon atom is not required.

0  One such mechanism, which seems reasonable in a
1 2 3 solution containing phenylacetic anhydride and pyr

idine, involves acylation of the hydroxyl group of 1

Some such electrophilic intermediate has been prior to the loss of pyridine. The acyloxy group would
trapped by acetic acid and by pyridine, each utilized as be expected to stabilize the positive charge of 3  to yield
a solvent.5 In the latter case, it has now been found the cation 5. Attack of pyridine at the partially pos
that a significant quantity of benzaldehyde (0.05-0.10 itive carbon atom or at the carbonyl group might be re-
mol per mole of carbon dioxide generated) is produced versible whereas attack by pyridine N-oxide might lead
in addition to the N-benzylpyridinium ion, 4 (0.43 mol irreversibly to product 6, which upon hydrolysis or loss
per mole of carbon dioxide), which is thought to be 0f an anhydride molecule would yield benzaldehyde
formed by the known7 decarboxylation shown. I t  is (only the attack at the carbonyl group is shown in

+ Scheme I ) .
C6H5CHCOOH *- C6H5CH2NC5H5 + C02 In  o rd e r  to  d is t in g u is h  b e tw e e n  th e  a t t a c k  o f  p y r id in e

+NC5H5 4  N - o x id e  d ir e c t ly  o n  th e  a p o s it io n  as r e q u ir e d  b y  a l l  p re -
______________ v io u s ly  s u g g e s te d  m e ch a n is m s 2-5 a n d  a n y  o th e r  m e d i 

a l  (a) We wish to thank the donors of the Petroleum Research Fund, a n ism  SUch aS .th e  0ne  O u tlin ed  a b o v e ,  th e  r e a c t io n  o f
Administered by the American Chemical Society, for support of this work. p y r id in e  N -O x id e  w ith  p h e n y la c e t ic  a n h y d r id e  w h ic h

(bl,^AmSA/ : edocto; aTI HeIIvW' AK + * ,.... „  .. . , , ,  was uniformly labeled with lsO (1.4%) was performed.
American Chemical Society, Denver, Colo., Jan 1964, p 36 C; T. Cohen, l l l 6  a n h y d r id e  W&S p re p a r e d  b y  h y d ro ly s is  Ol p h e n y l-
i. h . Song, and j. h . Fager, Tetrahedron Lett., 237 (1965). acetonitrile with water enriched to the extent of 1.4%

(3) C. Rtichardt, S. Eichler, and O. Kratz, ibid., 233 (1965); C. Rtlchardt 
and O. Kratz, ibid., 5915 (1966).

(4) T. Koenig, ibid., 3127 (1965); 2751 (1967). (8) T. Cohen and J. H. Fager, ibid., 87, 5701 (1965).
(5) T. Cohen, I. H. Song, J. H. Fager, and G. L. Deets, J. Amer. Chem. (9) (a) E. Ochiai, “Aromatic Amine Oxides,” Elsevier Publishing Co.,

Soc., 89, 4968 (1967). New York, N. Y., 1967, p 97; (b) p 153.
(6) T. Cohen and I. H. Song, J. Org. Chem., 31, 3058 (1966). (10) R. Gompper, Angew. Chem. Intern. Ed. Engl., 3, 560 (1964), and
(7) T. Cohen and I. H. Song, J. Amer. Chem. Soc., 87, 3780 (1965). references cited there.
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Scheme I  n e t ic  in v e s t i g a t i o n ,  i t  is  p o s s ib le  w i t h  a  k n o w l e d g e  o f  t h e

C H 2C 6H 5 ch c H  a p p r o x im a t e  r a t e  o f  t h is  c o n v e r s io n  t o  a r r i v e  a t  a  m in i -

| I 2 e 5 m u m  ( 8 )  a n d  a  m a x im u m  (1 5 )  f i g u r e  f o r  t h e  r a t i o  o f  a t -

c  t a c k  o f  p y r id in e  t o  t h a t  o f  p y r i d in e  N - o x i d e  ( s e e  T a b l e
o /  0  o - v - 0  I).

c6h5ch= c;  — ► c6h5ch— a  + c a n
\ + nq Table I
ONC5H5 Ratio of Attack of Pyridine to That of

5 Pyridine N-Oxide on Alkyl Halides
Xx. Pyridine attack/ Total

C H N v k  R X  pyridine N-oxide attack yield, %

CH 2C6H 5 C5HsN°  CH 2C A  C H 3l 8 -15 ,°.» 9 - 1 5 -  d
I . 2 6 0  (C eH s ltC H B r* 5.5, 6 .0  97

f ^ C ^ O  C H 30 - C 6H 4 (C 6H 5 )C H B r/  3 .7 , 3 .9  93

V 1 __ . + I 0  See E xp erim en ta l S ection  fo r  m e th od  o f  ca lcu la tion  o f  m in i-
C6H 6C H — C — O T -N C 5H 5 C6H 5C H C N C 5H 5 m um  and m axim um  values. » T h ir te en  m illim oles  o f each  nucleo

li L A  11+ p h ile  and 1 1  m m o l o f m e th y l iod id e  in  1 0  m l o f ace ton itr ile .
0  O  c T h ir ty - fo u r  m illim o les  o f each  n u cleoph ile  and  8.5 m m ol o f

m e th y l iod id e  in  29 m l o f a ceton itr ile . d N o t  determ ined . e F i f t y -  
-C 0 2 — C5H5N seven  m illim oles o f  each nucleoph ile  and 50 m m ol o f a lk y l h a lide

q  in  45 m l o f D M F .  R esu lts  are  fo r  dup lica te  experim ents,
li t T w e n ty - f iv e  m illim oles  o f each  n u cleoph ile  and 2 2  m m o l o f

Il O CCH  C H  a lk y l h a lide in  25 m l o f  D M F .  R esu lts  are fo r  d u p lica te  experi-

c6h5ch“ = occh2c6h5 (;llr!l-aU  c6h5ch(  ^  ments'
'O C C H  C H-

I 2 6 0  A t t a c k  o f  p y r id in e  o n  e i t h e r  o f  t h e  b e n z h y d r y l  b r o -

0  m id e s  (7 )  p r o d u c e s  t h e  c o r r e s p o n d in g  N - b e n z h y d r y l p y -

6 r id in iu m  b r o m id e  w h ic h  is  s t a b le  u n d e r  t h e  r e a c t i o n  c o n 

d i t i o n s  a n d  w h ic h  w a s  g r a v im e t r i c a l l y  d e t e r m in e d  a s  t h e  

w i t h  180 .  S in c e  c o m m e r c ia l  s a m p le s  o f  s u c h  w a t e r  a r e  p ic r a t e .  A t t a c k  o f  p y r id in e  N - o x i d e  o n  e i t h e r  b r o m id e  

a ls o  h i g h l y  e n r ic h e d  w i t h  d e u t e r iu m ,  i t  b e c a m e  n e c -  p r o d u c e s  t h e  u n s t a b le  s a l t  8  w h ic h ,  a s  e x p e c t e d , 11 is  r a -

e s s a r y  t o  c o n v e r t  i t  in t o  p r o t iu m  w a t e r  in  o r d e r  t o  a v o i d  p i d l y  c o n v e r t e d  in t o  t h e  c o r r e s p o n d in g  b e n z o p h e n o n e

t h e  in t r o d u c t i o n  o f  d e u t e r iu m  in t o  t h e  b e n z y l i c  p o s i t i o n  (9 )  ; t h e  l a t t e r  w a s  d e t e r m in e d  b y  g a s  c h r o m a t o g r a p h y ,  

d u r in g  t h e  h y d r o l y s i s ;  t h i s  w o u ld  s e r io u s ly  c o m p l i c a t e

t h e  m a s s  s p e c t r o m e t r i c  a n a ly s is  o f  t h e  b e n z a ld e h y d e  A  |1 ^

p r o d u c e d .  T h e  e x c h a n g e  w a s  a c c o m p l is h e d  v e r y  e f f e c -  A r C H A r ' +  C 5H 3N O  ___► C5H 5N O C H  — *- A r C A r '

tively by extended ebullition of the enriched water with j
hydrogen sulfide. Ar'

T h e  r e s u l t in g  b e n z a ld e h y d e ,  w h ic h  w a s  a n a ly z e d  o n  7 8  9

t h e  L K B  9 0 0 0  c o m b in e d  g a s  c h r o m a t o g r a p h  m a s ., ^  j  ^  t e b l e  M c a t e  t h a t  a s  t h e  g N l  c h a r _

s p e c t r o m e t e r  e q u ip p e d  w i t h  a n  a c c e k r a t m g  v o l t a g e  a l -  d is p la c e m e n t  in c r e a s e s  t h e  n u c l e o p h i l i c i t y  o f
e r n a t o r ,  w a s  f o u n d  t o  c o n t a in  0 .2 3 %  » 0  t h e  » m e  a ,  e  ^  ^  in c r e a s e s  r e l a t i v e  t h a t

that found for unlabeled benzaldehyde. It  is thus clear " ,  , , , , ,  , • *
, ... -, j  . j  j  , , ., , ldine. 12 This is quite understandable on the basis ol

that pyridine N-oxide does indeed attack the carbon knowled^  of nucle0philicity, particularly with
atom which is originally «  to the carboxylic acid fune- regard tQ ambident anions>io and of the structure 0f pyr.
tion as suggested ear ìer. . . ¡dine N-oxide, the oxygen atom of which has a substan-

In order to determine whether a mechanism mvol ing ter negative charge than the nitrogen atom of
attack of pyridine N-oxide on the «-carbon atom iS con- idi ,b A  fairl d analogy would be the com-
sistent with the finding that pyridine N-oxide is more ^  betwecn oxygen and nitrogen attack in the dis- 
nucleophihc than pyridine toward the intermediate a Jlacement of bromide ion from substituted benzyl bro- 
study of the comparative nucleophilicities of these two ¡ ; . (ies ion lied as the silver salt. The
bases was undertaken next An equimolar mixture of ratio attack of the formally neutral nitrogen atom to 
he two nucleophiles was allowed to react with each o of the negatively charged oxygen atom decreases

the following substrates: methyl iodide benzhydry from g 3  to Q M  in proceeding from the p-nitro to the 
bromide, and p-methoxybenzhydryl bromide. Methyl ^  8VLhstitnentu The increased ability of the
iodide was chosen as the prototype of an Sn2 substrate, ^ & atom to attack as the positive charge
the reaction in this case was performed m acetonitrile ^  carbon atom ig increased is preSumably a
since this solvent, unhke several others, allowed a reso- fayorable electrostatic interactions in the
lution of the nmr peaks used for the product analysis
(see below). The experiments with the other two sub- ™ ^ ° an extrapoiation of the results in Table I, it
strates were performed in dimethylformamide in order geemg ^  a high positive charge on the car
te maximize the SnI contribution.

I n  t h e  c a s e  o f  m e t h y l  i o d id e ,  t h e  p r o d u c t s  w e r e  (11) W. Feely, W . L. Lehn, and V. Boekelheide, J. Org. Chem., 22, 1135

N - m e t h y lp y r id in iu m  i o d id e  a n d  N - m e t h o x y p y r i d in iu m  (19(® /  8trictly speaking, the ratios of nucleophilic attack in the table are
io d id e .  C o n t r o l  t e s t s  s h o w e d  t h a t  t h e  f o r m e r  is  s t a b le  not relative nucleophilicities since a large excess of the nucleophiles was not
u n d e r  t h e  r e a c t i o n  c o n d i t io n s  b u t  t h a t  t h e  l a t t e r  is  used. The.actual nucleophilicity ratiosand also the spread between the

, , , , . , , - , , ,, , • r    two benzhydryl cases would be expected to be somewhat larger.
s l o w ly  c o n v e r t e d  in t o  t h e  f o r m e r  b y  t h e  a c t i o n  OI p y r -  (13) N  Kornblum, R. a . Smiley, R. K . Blackwood, and D. C. Iffland, 

id in e .  H o w e v e r ,  w i t h o u t  c a r r y in g  o u t  a n  e x t e n s i v e  k i -  j. Amer. Chem. soc., 7 7 , 6269 ( 1 9 5 5 ).
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b o n  a t o m  w h ic h  is  t o  b e c o m e  b o n d e d  t o  t h e  N - O x id e  action  w as p erfo rm ed  in  dup lica te . B o th  flasks con ta ined  1.12

f u n c t i o n  w o u ld  b e  r e q u i r e d  in  o r d e r  f o r  p y r id in e  N - o x i d e  g  C?-01* 8 o f p y b d m e  N -o x id e , 1.50 g  (0.0059 m o l) o f  180 -

t o  b e  s u b s t a n t ia l l y  m o r e  n u c le o p h i l i c  t h a n  p y r id in e  t o -  E "

w a r d  t h e  in t e r m e d ia t e ,  d h u s ,  a t t a c k  o f  p y r id in e  N - o x -  and th e  reac tion  solutions w ere  heated  a t re flu x  o ve r  n itrogen

id e  o n  t h e  c a t i o n  3 ( o r  p o s s ib ly  i t s  c o n ju g a t e  b a s e ) ,  (d r ied  b y  passing th rou gh  D r ie r ite ) fo r  24 hr. A f te r  be in g coo led

r a t h e r  t h a n  d i r e c t l y  o n  t h e  e n o l l ,  is  p r o b a b l y  in d ic a t e d .  to  room  tem peratu re , the flasks w ere  stoppered , sea led  w ith

T h i s  c o n c lu s io n  is  c o n s is t e n t  w i t h ,  b u t  n o t  d e m a n d e d  T e flo n  ta p e , and s tored  in a  desiccator (C a S 0 4).

b y ,  t h e  k in e t i c  s t u d y  o f  K o e n i g 4 w h ic h  s h o w s  t h a t  t h e  ch rom atograph-m ass spectrom eter analysis (C a rb o w a x  2 0 M

r e a c t i o n  r a t e  is  d e p e n d e n t  o n  th e  f i r s t  p o w e r  o f  t h e  c o n -  colum n a t 1 3 0 °) o f th e  p rodu ct b en za ldeh yd e  in d ica ted  an 180

c e n t r a t i o n  o f  p y r id in e  N - o x i d e . 14 * con ten t o f 0.23 a tom  % .  A n  au thentic  sam p le o f un labeled

F u r t h e r  e v id e n c e  f o r  t h e  i n t e r m e d ia t e  3  is  b e in g  ben za ldeh yd e  w as fou nd  to  contain  0.2 a tom  %  180 .

s o u g h t  a n d  t h e  s y n t h e t i c  im p l i c a t i o n s  o f  s u c h  c a t io n s  N orm aU zation  o f 180 -E n rich ed  D eu te r iu m  O x id e . - T h e  1.6 
, . . . *  a tom  %  180 -en rich ed  deu terium  ox ide  was ob ta in ed  fro m  B io -

a r e  u n d e r  in v e s t i g a t i o n .  R a d  Lab o ra to r ies . B aker C P  grade  (9 9 .6 % ) h yd rogen  su lfide

was used. T h e  m olecu lar s ieve  pelle ts  (3  A ,16 L in d e ) w ere  acti- 
•p, . , . c  .. v a te d  b y  d ry in g  in an oven  a t 180° fo r  a m in im u m  o f 2 days .
E x p e r im e n t a l  s e c t i o n  T h e  exchange system  was assem bled as fo llow s . H y d ro g e n

180 -E n r ic h ed  P h en y lace tic  A n h y d r id e . - A l l  glassw are used su lfide was passed th rou gh  a pan cake-type  s ing le-s tage  regu la to r
th rou gh ou t th e  180  experim enta l w o rk  was oven  d ried  o ve rn igh t lrdo  act lv ated  m olecu lar s ieve , then  th rou gh  a  th re e -w a y
a t 180°. s topcock  and gas dispersion tu be o f p o ro s ity  C  in to  th e  lab e led

lsO -E nrich ed  sod ium  p h en y lace ta te  was p repared  as fo llow s . h ea vy  w a te r . F in a lly , it  w as a llow ed  to  ex it th rou gh  a sp ira l
T o  a  so lu tion  o f 18.9 g  (1 .05 m o l) o f 180 -en rich ed  p ro tiu m  w a te r  condenser and a on e-w ay  ex it  v a lv e .  T h e  th ree -w ay  s topcock ,
(see b e lo w ) and 82 m l o f absolu te e thanol in  a flask equ ipped  w ith  connecting th e  entrance o f th e  gas d ispersion tu be to  th e  e x it  o f
a  condenser and m agn etic  stirrer was added  p iece  b y  p iece  8 .0  g  ™ e condenser, served  as a p ressure-equalizing system  to  p re v e n t
(0 .35  g -a to m ) o f fresh ly  cleaned m eta llic  sod ium . T h en  41 g  (0 .35 the lab e led  w a te r from  b ack in g  up in to  th e  fr it  and tu b in g  w h en -
m o l) o f p h en y lace ton itr ile , w h ich  had  been  d ried  o ve r  3 -A  eve r  ebu llltlon  o f h yd rogen  su lfide was ceased. A l l  lin e  connec-
m olecu lar s ieve , w as added  and th e  so lu tion  was s tirred  and lion s  in th e  T y g o n  tu b in g  w ere  sea led  w ith  T e flo n  ta p e . T h e
h ea ted  a t re flux (7 8 ° )  fo r  68 hr. T h rou gh ou t th is p er iod  th e  dispersion  tu be and condenser w ere  lik ew ise  sea led  on to  th e  flask
reac tion  solu tion  was sw ep t w ith  d ry  n itrogen  to  rem ove  am m o- con ta in ing th e  w a te r . A t  no tim e  w as th e  system  exposed  to  a ir.
n ia . E va p o ra tio n  o f th e so lven t le ft  a  w h ite  so lid . T h e  crude T u b in g  connectors a llow ed  th e  m o lecu lar s ieve  to  b e  rep la ced
solid  w as d isso lved  in  200 m l o f w a te r and th e  basic so lu tion  w ith  fresh ly  a c t iv a ted  s ieve  a t least once a w eek . A n  ice—w a te r
extrac ted  w ith  ether to  clearness. E va p o ra tio n  o f  th e  w a ter ba th  was m a in ta in ed  a t a ll tim es during ebu llition  to  p re v e n t loss

y ie ld ed  56.2 g  (9 7 % ) o f  pure w h ite .m a ter ia l a fte r  b e in g  d ried  in  a o f w a te r  vaPor to  th e P asslng h yd rogen  su lfide. In it ia l ly ,  th e
vacu u m  desiccator (C a S 0 4). tem peratu re  was held  a t 5 -6 °  (d eu teriu m  ox ide  freezes a t 4 ° ) .

T o  a suspension o f 10.0 g  (0.0633 m o l)  o f 180 -en rich ed  sod ium  A fte r  4  days  o f exchange, the flask  cou ld  b e  im m ersed  in  ice
p h en y lace ta te  and 40 m l o f ace ton itr ile  (re flu xed  o ve r  calcium  w ith ou t free z in g . T h e rea fte r  the tem peratu re  w as h e ld  a t 1 -5 ° .
h yd rid e  o ve rn igh t and d is tilled  a t 8 1 ° ) was added  d ropw ise  and T h rou gh  88 g  (4 .4  m o l)  o f the 180 -en rich ed  deu teriu m  ox ide ,
w ith  s tirr in g  a solu tion  o f 6.02 g  (0.0317 m o l) o f pure p -to luene- 3 -9 P ounds (53 mo1) o f d ry  h yd rogen  su lfide w as s lo w ly  b u b b led
su lfon y l ch loride in  20 m l o f a ce ton itr ile . T h e  reaction  m ix tu re  fo r  ap p rox im a te ly  660 hr. T h e  w a te r rem ained  c lea r th rou gh ou t
was h ea ted  a t re flux (8 1 ° )  fo r  2.5 h r. E va p o ra tio n  o f th e  s o lv en t th e exchange. V ir tu a lly  no free  sulfur appeared . A f t e r  corn-
le ft  a w h ite  solid  w h ich  was added  to  150 m l o f e ther and  th e  p le t ion  o f  th e  ebu llition , th e  system  was d isconnected  and the
suspension filte red . T h e  so lid  sa lt was fu rther w ashed  w ith  e ther n orm a lized  180 -en rich ed  w a te r was h ea ted  a t re flu x  fo r  2 h r in
(th ree  20-m l p o r tion s ) and  th e  com bined  filtra tes  w ere  w ashed  order to  rem ove  d isso lved  hyd rogen  su lfide. T h e  lab e led  w a te r
w ith  50 m l o f 1 0 %  sod ium  carbonate and tw o  25-m l portions  o f w as then  d istiUed a t 100°- A  re co ve ry  o f 61.0 g  (7 7 % ) w as ob-
w a te r . E va p o ra tio n  o f  th e  e ther a fforded  th e  crude p a le  y e llo w  ta m ed . T h e  absence o f deu terium  in th e  w a te r  w as in d ica ted  b y
p rodu ct. T h e  m a te r ia l w as then  d issolved  in  a m in im u m  am ou n t th e  fac^  ° f  d eu terium  incorporation  in to  th e  b en za ldeh yd e
o f e ther. C o o lin g  in  p ow dered  D r y  Ic e  g a ve  a w h ite  c rysta llin e  p rodu ct o f the ab o ve  reaction , th is w as c lear fro m  th e  mass
solid  w h ich  was rem oved  b y  filtra tion  and d ried  in  a  vacu u m  spectrogram .
desiccator (C a S 0 4) to  y ie ld  5.3 g  (6 6 % ) o f pure p rodu ct, m p  R ea c t iv ity  o f P y r id in e  and P y r id in e  N -O x id e  tow ard  M e th y l 
7 2 .0 -7 2 .5 ° ( l i t .8 m p  7 2 .5 -7 3 .0 ° ). ’ Io d id e . A .— A  solu tion  o f 1.25 g  (0 .013 m o l)  o f  p y r id in e  N -

A n a lys is  o f lsO -E nrich ed  P h en y lace tic  A n h yd r id e .— T o  de- o x id e > 1-06 g  (0 .013 m o l) o f p yr id in e , and 1.54 g  (0 .011 m o l)  o f
term ine th e  per cen t enrichm ent o f th e lab e led  an h ydride, a m e th y l iod ide  in  10 m l o f ace ton itr ile  w as s tirred  fo r  1 hr a t  ro om
d e r iv a t iv e , “ O -enriched  N ,N -d ie th y lp h en y la ce ta m id e , was pre- tem peratu re . T h e  solu tion  was then  d ilu ted  w ith  a c e to n itr ile 16
p ared  b y  add ing 100 m g  o f th e  labe led  an h yd rid e  to  3 m l o f  and an a lyzed  b y  com paring th e  areas o f th e  N -m e th y l and  N -
d ie th y lam in e  and h ea tin g a t reflux fo r  1 h r. Is o to p ic  analysis, m ethoxy^ signals on a  V ar ian  A -6 0  n m r spectrom eter. T h is
p erfo rm ed  on  th e  L K B  9000 com bined  gas ch rom atograph -m ass analysis in d ica ted  th e  presence o f 6 .2 %  o f N -m e th o x yp y r id in iu m
spectrom eter equ ipped  w ith  an accelera tin g v o lta g e  a ltern a to r iod ide  and 9 3 .8 %  o f N -m e th y lp y r id in iu m  iod id e . H o w e v e r , th e
(C a rb o w a x  2 0 M  colum n a t 2 3 5 °), in d ica ted  1.4 a tom  %  180  con tro l reaction  described  b e low  show ed  th a t under con d ition s
enrichm ent. s im ilar to  those in th is reaction  4 5 %  o f N -m e th o x yp y r id in iu m

R ea ction  o f 180 -E n rich ed  P h en y lace tic  A n h yd rid e  w ith  P y r id in e  iod ide  is con verted  in to  N -m e th y lp y r id in iu n  iod id e . T h is  figu re
N -O x id e .— I t  is essential th a t anhydrous cond itions p reva il ls an absolu te m axim um  since (1 ) th e  p y r id in e  con cen tra tion  in
th rou ghou t this reaction . T o  the ex ten t th a t w a te r is present, tb e  contr ° l  was greater than  th a t in th e  reac tion  its e lf a t a ll
any enriched b en za ldeh yde produ ced  w ou ld  be d ilu ted  b y  a tim es and (2 ) in  the con tro l, N -m e th o x yp y r id in iu m  ion  was
h yd ra tion -d eh yd ra tion  exchange reaction . T h e  p yrid in e  N -  exposed  to  th e  p y r id in e  during th e  w h o le  hour, w hereas in  th e
ox ide was fresh ly  d istilled  a t 125-130° (0 .4  m m ). B enzene was reaction  this ion  is genera ted  a t an unknow n ra te  as th e  reac tion
refluxed  o ve r calcium  h yd ride  o ve rn igh t and d istilled  (8 0 ° )  in to  progresses. A  m axim um  ra tio  o f p y r id in e  a tta ck  to  th a t  o f
a 3 -A  m olecu lar s ieve . T h e  p y rid in e  N -o x id e , 180 -en rich ed  p y rid in e  N -o x id e  (93.8/6.2 =  15) can be ca lcu la ted  assum ing
p h en y lacetic  anhydride, benzene, ba lance, and app ropria te  sucb s ôw  fo rm a tion  o f N -m e th o x yp y r id in iu m  iod id e  th a t  essen-
equ ipm en t w ere  p laced  in a  g lo v e  b ag  con ta in ing phosphorus t ia lly  none o f i t  is a tta ck ed  b y  p y r id in e . A  m in im u m  v a lu e
pen tox id e  as a desiccant. T h e  b ag  w as filled  w ith  n itrogen  and (89/11 =  8 ) can be calcu lated  assum ing th a t a ll o f  th e  sa lt p ro -
then  pum ped  d ow n , th e  cyc le  being repeated  fou r tim es. A l l  duced w as exposed to  p yr id in e  during the w h o le  hour,
w e igh ings and transfers w ere  p erfo rm ed  in the d ry  b ag . T h e  — A  solu tion  o f 3.20 g  (0.0337 m o l) o f p y r id in e  N -o x id e ,  2.73
flasks w ere  securely s toppered  befo re  b rin g in g  them  ou t. T h e  re- §  (0 .034 m o l) o f p yr id in e , and 1.20 g  (0.0085 m o l) o f m e th y l iod id e

(14) L f  ^  enjolization is rate determining rather than an equilibrium (15) Selective adsorption of water from hydrogen sulfide occurs with a
step, this dependence on pyridine N-oxide concentration would be found 3-A molecular sieve. With 4-A or greater hydrogen sulfide itself is absorbed, 
regardless of the Sn I '  or Sn2' nature of the attack of pyridine N-oxide on (16) Such dilution was necessary in order to separate the N -OM e and
the eno1 N -M e  signals.
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in  2 0  m l o f a ce ton itr ile  was a llow ed  to  reac t as described  a b ove . 4 -M eth oxyb en zh yd ry l B rom id e .— 4-M eth oxyben zop hen on e  was
. ,7. . o f  N -m e th o x yp y r id in iu m  iod id e  and N -m e th y l-  prepared  in 8 7 %  y ie ld  b y  the m eth od  o f  G a tte rm ann , et a l18

p yr id m iu m  iod id e  w ere  6  and 9 4 % , re sp ec tive ly . T h e  m axim u m  T h e  k eton e  was reduced  to  4 -m eth oxyb en zh ydro l as fo llow s
and m in im u m  ra tios  are ca lcu la ted  to  b e  15 and 9, re sp ec tiv e ly . T o  a s lu rry  o f 2.70 g  (0.071 m o l) o f lith iu m  alum inum  h yd ride

C ' Contro1. T e f ts -“ A  so lu tion  o f  0.308 g  (0.0013 m o l) o f and 150 m l o f anhydrous e ther in  a flask  equ ipped  w ith  a reflux
JN -m ethoxypyridm ium  iod id e  and 1.03 g  (0 .013 g  m o l) o f p y r id in e  condenser and m agn etic  stirrer w as added  a solu tion  o f  30 0 g
m  7.15 m l o f ace ton itr ile  was stirred  fo r  1 hr, a t room  tem peratu re . (0 .142 m o l) o f 4 -m ethoxybenzophenone in  150 m l o f anhydrous
A t  th e  end  o f th is p er iod  th e  n m r spectrum  show ed  th a t 4 5 %  o f e ther a t such a ra te  as to  m a in ta in  gen tle  re flu x  (ad d ition  tim e,
the N -m e th o x yp y r id in iu m  ion  had  been  con verted  in to  th e  N -  2 0  m in ). T h e  g ra y  s lu rry  was s tirred  o ve rn igh t. E xcess lith iu m
m e th y lp y r id in iu m  ion . T h is  exp erim en t ind icates th a t th e  ra te  alum inum  h yd rid e  w as d estroyed  b y  s low ly  ad d in g  w a te r th rou gh  
o f a tta ck  o f  p y r id in e  on  th e  m e th y l grou p  o f  th e  m e th o x y  com - an ad d ition  fu nnel un til a ll ’ h yd rogen  evo lu tion  ceased. T h e
p ou n d  is su ffic ien tly  s low  so th a t th is  m echanism  can n o t account resu lting ge l w as poured  on to  ice and ac id ified  w ith  1 0 %  aqueous
fo r  th e  m uch g rea ter  ap p aren t n u c leop h ilic ity  o f p y r id in e . H o w - h yd rogen  ch loride. A f te r  separation  o f  th e  e ther la y er th e
e v e r ,  th is  conclusion w ou ld  be in va lid  i f  th e  iod id e  ion  d isp laced  aqueous la y er w as ex trac ted  to  clearness w ith  e ther. T h e  com -
th e  O -m e th y l g rou p , since th e  concen tra tion  o f  iod id e  ion in  th e  b ined  ex trac t was w ashed  w ith  sa tu rated  sod ium  carbonate solu-
con tro l tes t was con s iderab ly  b e lo w  th a t in  th e  com petition  re- tion , w a te r, and d ried  o v e r  D r ie r ite . T h e  so lu tion  w as eoncen-
ac tion . T h e  resu ltin g  m e th y l iod id e  cou ld  then  m e th y la te  tra ted  on a ro ta to ry  eva p o ra to r to  a p p rox im a te ly  150 m l and

P y r id in e . s tored  in  a  freezer o ve rn igh t. T h e  w h ite  c rys ta llin e  p rodu ct was
T h e re fo re , an oth er te s t was p erfo rm ed  in order to  d eterm in e  co llec ted  on  a sir.tered-glass funnel and air d ried  to  y ie ld  24.5 g

w h eth er m e th y la tio n  o f th e  p y r id in e  N -o x id e  is revers ib le  under (8 1 % ),  m p  6 5 -6 6 ° ( l i t . 19 m p  6 5 -6 6 ° ).  R ec rys ta lliza t io n  from
th e  reac tion  cond itions. A  solu tion  o f 0.320 g  (0.00138 m o l) o f hexane a fforded  w h ite  s ilk y  needles, m p  6 6 .5 -6 7 .0 °. A n  ir
N -tr id eu te r iom eth o x yp y r id in iu m  iod id e  and 0.184 g  (0.00138 spectrum  show ed an O - H  band  present a t 2.75 n (s ) and no
m o l) o f  u n deu tera ted  m e th y l iod ide  in 3.25 m l o f a ce ton itr ile  carbony l band  a t 5.90 ß.
was stirred  a t ro om  tem peratu re  fo r  1 h r. T h e  nm r spectru m  T o  a  solu tion  o f 11.0 g  (0 .047 m o l) o f th e  pure a lcoh o l in 125 
in d ica ted  th a t exchange o f the m e th y l groups is n eg lig ib le . m l o f spectroscopic grade  ch loro fo rm  was added  1 0  g  o f calcium

A n o th e r  con tro l te s t show ed  th a t N -m e th y lp y r id in iu m  iod id e  is su lfa te . D r y  h yd rogen  b rom ide  gas was bu bb led  th rou gh  a gas
s tab le  to w a rd  p y r id in e  N -o x id e  under th e  reac tion  cond itions. d ispersion tu be in to  th e  so lu tion  fo r  20 m in . T h e  lig h t  orange

R ea ction  o f P y r id in e  N -O x id e  and  B en zh yd ry l B ro m id e .—  solu tion  was flushed w ith  n itrogen  and filte red , and the filtra te
E q u iv a le n t  qu an tities  o f  p y r id in e  N -o x id e  and b en zh y d ry l s tripped  to  y ie ld  a deep  red  o il. T h e  o il w as ex trac ted  w ith  h o t
b rom id e  w ere  d isso lved  in  benzene and th e  solu tion  hea ted  a t hexane. C on cen tra tion  and coo lin g  o f th e  e x trac t a ffo rded  the
reflu x  fo r  2 hr. C om parison  o f g lp c  re ten tion  tim es w ith  those p rodu ct as w h ite  crystals ra p id ly  tu rn ing to  lig h t  p ink . A n  ir
o f an au th en tic  sam p le o f benzophenone in d ica ted  th e  presence spectrum  show ed no O - H  band  presen t a t 2 .75-3 .00  n and no
o f th is k eton e  in  th e  reac tion  m ix tu re . ca rb ony l band  at 5.90 p. T h e  y ie ld  was 9 . 8  g  (7 5 % ).

R ea c t iv ity  o f P y r id in e  and P y r id in e  N -O x id e  tow ard  B en z- R ea c t iv ity  o f P y r id in e  and P y r id in e  N -O x id e  tow ard  4-
h yd ry l B rom id e .— T o  a so lu tion  o f 5.417 g  (0.0569 m o l) o f p y r i-  M e th o x yb en zh yd ry l B ro m id e .— T o  a so lu tion  o f 2.34 g  (0 .0246
d ine N -o x id e  and 4.500 g  (0 .0569 m o l) o f p y r id in e  in 45 m l o f d i- m o l) o f p yrid in e  N -o x id e  and 1.95 g  (0.0246 m o l) o f p yr id in e
m eth y ifo rm am id e  (d r ied  o ve r  calcium  su lfa te  and d is tilled  under in 25 m l o f purified  d im eth y lfo rm am id e  was added  6.21 g  (0.0224
redu ced  pressure a t 6 0 ° )  w as added  12.4 g  (0 .050 m o l) o f benz- m o l) o f 4 -m eth oxyb en zh ydry l b rom ide . T h e  so lu tion  was
h y d ry l b rom ide , w h ich  had been pu rified  b y  recrys ta lliza tion  heated  a t 80° fo r  2 hr. G as ch rom atograph ic  com parison  w ith
from  hexane. T h e  so lu tion  was heated  a t 80° fo r  2 h r. G as an au thentic  sam ple in d ica ted  th a t 4 -m eth oxybenzoph en on e was
ch rom atograph  com parison  w ith  an au thentic  sam p le in d ica ted  present: O V -17  colum n a t 210 °, re ten tion  tim e  15.7 m in . B y
th a t b enzophenone was present: C a rb ow ax  2 0 M  colum n a t g lp c  exam ination  th e  y ie ld  o f 4 -m eth oxybenzoph en on e was
237 °, re ten tion  tim e  12.6 m in ; H i-E ff- 8 B P  colum n a t 210°, ca lcu lated  to  be 2 0 % . T h e  N -(4 -m e th o xy b e n zh yd ry l)p y r id in iu m
reten tion  tim e  14.0 m in . B y  g lp c  exam ination  th e  y ie ld  o f b rom ide  was an a lyzed  as th e  p ic ra te  as in th e  ab o ve  procedu re,
benzophenone was ca lcu lated  to  b e  1 5 % . T h e  N -b en zh y d ry l-  T h e  y ie ld  was 7 3 % . T h e  p icra te , recrysta llized  fro m  benzene,
p y rid m iu m  b rom ide  p rodu ct was an a lyzed  as th e  p ic ra te  w h ich  m e lted  a t 141-141.5°.
w as p repared  as fo llow s . A n  a liq u o t (11.81 g )  o f th e  reaction  Anal. C a lcd  fo r  C k H hjN A , :  C , 59.52; H , 4.00. F ou n d : C ,
solu tion  w as m ade basic w ith  concen tra ted  am m oniu m  h yd rox id e . 59.32, 59.22; H . 4.01, 4.09.
T h e  resu ltin g  c lou dy  solu tion  was ex trac ted  w ith  th ree  10-m l A  dup lica te  reaction  y ie ld ed  1 9 %  4 -m ethoxybenzophenone and
portions  o f e ther. T h e  aqueous solu tion  w as then  trea ted  w ith  7 5 %  N -(4 -m e th o xy b en zh yd ry l)p y r id in iu m  p icra te .
50 m l o f basic am m oniu m  p icra te  so lu tion  and stored  in a re

fr ig e ra to r  fo r  3 h r. T h e  y e llo w  crys ta llin e  p icra te  was co llec ted  Registry N o — Phenylacetic anhydride, 1555-80-2; 
in  a Bü chner fu nnel and 1 0 0  m l m ore  o f am m on iu m  p icra te  solu- p y r id in e  N _oxide, 694-59-7; pyridine, 110-86-1; N a 
t io n  w as added  to  th e  f ilt ra te  w h ich  was then  s tored  m  a re fr igera - ,,  , 1 1 . . . .  . , , „ , L. .
t o r  fo r  3 h r. T h e  ad d ition a l p ic ra te  w as s im ila r ly  co llec ted  and methoxybenzhydryl)pyridmium picrate, 20104-04-5.
w ashed  w ith  ice w a te r . T rea tin g  th e  filtra te  w ith  am m oniu m
p icra te  so lu tion  p rodu ced  no m ore p rec ip ita te . T h e  p rodu ct w as Acknowledgments.1 We wish to thank the National 
o ven  d ried  a t 90° u n til a  constant w e igh t w as ob ta in ed  to  y ie ld  Institutes of Health for providing the LK B  9000 com-
3.46 g  (8 2 % ),  m p  171-171.5° ( l i t . 17 m p  1 72 °). In  a dup lica te  run, bined gas chromatograph-mass spectrometer which was
th e  y ie ld s  w ere  1 4 %  benzophenone and 8 4 %  N -b en zh y d ry l-  d  f  t h  i s o t o  p ic  analyses. We also thank Mr.
p yrid m iu m  p icra te . _ . . .  , . .  A ,  ,

A  con tro l te s t show ed  th a t N -b en zh yd ry lp y r id in iu m  b rom ide  John Naworal for recording the mass spectra.
is stable toward pyridine N-oxide under the reaction conditions. , . . . .
,______________ (18) L, Gattermann, R. Ehrhardt, and H. Maisch, Ber., 23, 1199 (1890).

(17) A. E. Chichibabin, J. Russ. Phys. Chem. Soc., 34, 133 (1902). (19) R. F. Tietz and W. E. McEwen, J. Amer. Chem. Soc., T t, 4007 (1955).
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Model Reactions for the Metabolism of Thyroxine. I. Nonenzymic Cleavage 
of the Diphenyl Ether Linkage of 3'-Hydroxythyropropionic Acid
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I n  connection  w ith  the h yp o th etica l ca tabo lic  p a th w a y  b y  w h ich  th yrox in e  is con verted  in to  3 '-h yd roxy -3 ,5 ,5 '- 
tr iiod o th yron in e  w h ich  in  tu rn  cleaves a t  th e d iph en y l ether lin kage  to  fo rm  3 ,5 -d iiodotyrosine, n on en zym ic  au to- 
x ida tion s  o f 3 '-h yd roxy th y rop rop ion ic  acid  and o f re la ted  com pounds w ere  carried  ou t under various conditions.
A  fa c ile  c lea va ge  o f the d ip h en y l e th er lin kage  o f 3 '-h yd roxy th y rop rop ion ic  acid  occurred a t p H  7.6 and ab ove  
and  p h lo re tic  acid  was fo rm ed  in  n ea rly  q u a n tita t iv e  y ie ld . C h em ica l and e lectron  spin  resonance spectroscopic 
e v id en ce  ind ica tes  th a t in  this reaction  an in it ia lly  fo rm ed  sem iqu inone rad ica l is con verted , p ro b a b ly  via an 
o-qu inone, in to  th e  sem iqu inone rad ica l o f 1 ,2 ,4 -tr ihydroxybenzene and p h lo re tic  acid.

Rupture of the diphenyl ether linkage of thyroxine As part of a program to elucidate the nature of the
(T 4) 2 is one of the possible pathways in the metabolism reaction which involves cleavage of the diphenyl ether
of T4. Various investigators have found that the linkage of T 4, we investigated the nonenzymic autoxi- 
formation of 3,5-diiodotyrosine (D IT )2 and other dation of 3'-hydroxythyropropionic acid (H T P )2 (2b)
reaction products in the enzymic degradation of T 4 and related catechols as simple models for the
in vitro is always accompanied by deiodination. (For hypothetical intermediate, 3'-hydroxy-3,5,5'-tri-
a review of earlier work see Rail, et al.;3 for a more iodothyronine. Exposure of nearly neutral or alkaline 
recent report see Bjdrksten.4) Lissitzky, et al.,6’3 aqueous solutions of H T P  to air at room temperature
postulated a mechanism for the oxidation of thyronine resulted in the splitting of the molecule at the diphenyl
by polyphenol oxidase as shown in Scheme I. They ether bridge and the formation of phloretic acid (4b) in

nearly quantitative yield. The nature of various free- 
Schem e  I radical intermediates formed in the course of this

Ha autoxidation was established by esr spectroscopy in
H0' O l_0"<w ‘CHr'fĤ 00H * conjunction with oxygen uptake experiments. The

te r_nh 2a R characterization of these intermediates made it possible
r=h 2 2  r=h 1 to derive a mechanism for the autoxidative degradation

of HTP.
O^ -̂0-̂ ^Ĥ H-COOH - Ĥ - > HO-̂ )-CH2CHCOOH + 0^^=0 ReSUltS

3a. r- nh2 »j. r* nh, «  % Synthesis of H TP .— H TP  (2b) was synthesized from
R_H i i  R=H veratrole in 30% over-all yield as summarized in

H0\ =/"° Scheme II. Iodination of veratrole with IC1 gave 4- 
iodoveratrole in 67% yield. The acid 7 was obtained in 

reported that aerobic incubation of thyronine (la ) with 51.5% yield by condensation of 4-iodoveratrole with the
a polyphenol oxidase resulted in the formation of 3'- potassium salt of methyl 3-(4-hydroxyphenyl)pro-
hydroxythyronine (2a) and tyrosine (4a) in addition to pionate, followed by alkaline hydrolysis. Demethyl-
hydroxybenzoquinone (5) which was detected spec- ation of 7 with hydrobromic acid gave H T P  in 58%
troscopically as its phenazine derivative. I t  is reason- yield The catechol 6 was synthesized in a similar
able to assume an analogous pathway in the enzymic manner (see Experimental Section).
degradation of T 4 to D IT . In such a hypothetical
pathway the first step would be an oxidative deiodin- Schem e  II
ation at the 3' position. The 3'-hydroxy-3,5,5'-
triiodothyronine thus formed would be oxidized to an 1CI °  ^
o-quinone which then undergoes hydrolytic splitting at Me0\=/ ' ” e0\=/ 2) H20
the diphenyl ether linkage to give diiodotyrosine and 
hydroxybenzoquinone (5). However, 3'-hydroxy-3,-
5,5'-triiodothyronine, an intermediate in this scheme, MlV^\ . . Ha-
has so far neither been detected nor synthesized. Mo°^=^ H'C 2C°° ~

(1) Recipient of U. S. Public Health Service Grant AM  07955 from the
National Institute of Arthritis and Metabolic Diseases. ^

(2) Abbreviations used: T4, thyroxine; DIT, 3,5-diiodotyrosine; HTP, unJ/V- ho-p \ -oh
3'-hydroxythyropropionic acid; THB, 1,2,4-trihydroxybenzene; hfsc, hyper- H0~\—-/~°~\—/~CH3 \ = / °
fine splitting constant(s). R

(3) J. E. Rail, J. Robbins, and C. G. Lewallen in “The Hormones,” Vol. V, * ~  ~
G. Pincus, K. V. Thimann, and E. B. Astwood, Ed., Academic Press,

Ne(I)YK Bi&J«n9Arfa c L .  Seand., 2o, i438 (1966). Autoxidation of Catechols.— When a solution of H T P
(5) S. Lissitzky and S. Bouchilloux, Bull. S o c . Chim. Biol., 39, 133, 1215 (2b) i l l  S od iu m  pllOSptl&t© b u f fe r  (p H  7 .6 ) W&S a l lo w e d

t- •* i iwr t  ux x * t xt /-» r • , T t> i_ to stand in an open container at room temperature, the(6) S. Lissitzky, M -T. Benevent, J. Nunez, C. Jacquemm, and J. Roche, . * j m o j
c. r. S o c .  B io l, 1 5 4 ,267 (1960). reaction mixture turned orange-brown and alter d days
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U H  nil ^
2 v ' * l  / / F igu re  2.— E sr signal observed  in  th e  au tox ida tion  o f H T P

/ ¡ I  \ I  (7  X  10~3 M ) in  0.1 M  phosphate buffer, p H  7.6. A  tim e-
/ V V « 2 gauss V V v V a ve rag in g  com pu ter (404 scann ings) was used to  com pensate

a i------------- 1 fo r  th e  lo w  rad ica l concen tra tion  a t th is p H .

3 “ l/ U A/\ __  A t pH 12, autoxidation of H T P  was completed after
yl 1 /'rJ  less than 1 hr, when 0.43 mol of oxygen had been taken
|||« j  up per mole of HTP.

V I \J Esr Studies.'—Esr studies were carried out in order to
v obtain information on intermediates in the autoxidation

AA _____ of H TP. When a 1.4 X 10-3 to 1.1 X 10_2M  solution
/  \. f  of H T P  in 0.1 M  phosphate buffer was circulated in the

« j presence of air through an esr cell at pH 7.6, no signal
V was observed. When the pH was raised to 9.6 a pair

„. , . . of quartets (Figure 1, signal 1) could be observed.
F igu re  1.— E sr signals: s ignal 1, s ignal o f th e  sem iqum one a- X. ., . , .  , , „

rad ica l 10 (see Schem e I I I ) ,  first s ignal observed  a t p H  9.6 in  S lS n a l  1 18 s u m ia r  t o  t h a t  o f  t h e  semiqumone radical 13
the au tox ida tion  o f H T P ,  g =  2.0039, a3 =  1.53, o6 =  3.96, (signal 2 )  obtained m the autoxidation of THB, but
oe =  0.43 G  (num bering o f th e  sem iqu inone r in g  protons ac- the hfsc2 and the behavior of the two radicals are
cord ing to  S tone and W a te rs7) ;  s ignal 2, s ignal o f  th e  sem i- different. In the autoxidation of H T P  at pH 7.6,
qm none rad ica ! 13 o f T H B  g e e  Schem e I I I )  observed  a t p H  t h e  r a t e  o f  r e a c t i o n  is  v e r y  s l o w  (s e e  above) and the
> 9 .5  in  th e  au tox ida tion  o f JLHB and also a t p H  12 m  th e  au tox i- J i n ,
dation  o f H T P ,  o3 =  1.34, o5 -  4.85, a, =  0.61; signals 3 and  r a d lc a l  concentration consequently so low that no
4 ; un iden tified  signals observed  a t p H  12 in  th e  au tox ida tion  o f  signal could be observed directly. However, when a

H T B  and/or T H B .  time-averaging computer (404 scannings) was used, a

pair of quartets (Figure 2) could be detected.
. . .  , . , , ,  , , , , , , ,, rp, Although the double quartet signal was somewhatno starting material could be detected by tic. The , . , , \  °  , , ,, ,,. . , ,, .,.,. ,. TT„, deformed (additional absorption between the two

reaction mixture, after acidification with HC 1, was , , , .; , „ . . .  „  ,, , . , .
, . a -,i. mi u  , , , quartets), its hfsc coincide well with those of signal 1 .extracted with ether. I  he ether extract was chro- 7 *. tt n m  , , , , ,, , , , . ... i i x- (A t pH 9-10 signal 1 deformed slowly and assumedmatographed on a column of silica gel. Phforetic . , , . ... 0 .., . i x j • • u  , , ,, the same shape as the signal shown m l1 igure 2 .)

acid (4b) was isolated m 96% yield by eluting the when th/  of L ]  x  10_, M  solution of j j T p
column with CHC;l3-actone (9:1). Ihe yield o ! 4 b  . r „ ,. , .,, „ ■ , . , , ,  . ,

, . . , , v Vx- - i • was raised from 9.6 to 12.0, signal 1 changed to signal
under various experimental conditions is shown in ,, -x , t „  ,j  7 3 which is a composite signal. One ot its components

(the peripheral part of the signal) is identical with signal 
2, which was obtained when a solution of TH B  in 0.1 M  

T a b l e  I  phosphate buffer (pH >9.5) was circulated through an
A u t o x id a t io n  o f  H T P  a t  V a r io u s  p H  V a l u e s  esr cell in the presence of air but without oxygen

Autoxidation Temp, Yield of phioretic bubbling. The hfsc of signal 2 are nearly identical with
pH period, hr“ °c acid (4c), %b those reported by Stone and Waters7 for the
7  6 68 25 96 semiquinone radical 13 of THB. Signal 2 was quite

10 0 19 25 100 stable at pH 9-10, but on raising the pH to 12, it
12 0 1 25 94 changed to a composite signal consisting of signals 2

“ T im e  requ ired  fo r  com p lete  d isappearance o f H T P  > T h e  and 4_ when was then bubbled through the
y ie ld  w as determ ined  b y  v p c  o f th e  tn m e th y ls ily l d e r iv a t iv e . . , .  . . „  .. , , , . , .

solution, signal 2 disappeared and only signal 4
remained. The life time of radical 4 is short and 

Extraction of the aqueous layer which remained within several minutes of oxygen-bubbling signal 4
after the above-mentioned ether extraction with 1 - changed further to signal 3  (less the peripheral quartet),
butanol gave substances which were identical with the
products of the autoxidation of T H B 2 (8 ) as shown by Discussion
tic and paper electrophoretic analysis. The au'oxi-
dation of TH B  was carried out in the same manner as The radical giving rise to signal 1 (Figure 1) should 
that of HTP. These results suggest that 8 is formed be the semiquinone radical 10 of H TP, judging from its
when the diphenyl ether linkage is cleaved in the course hfsc which resemble those of the semiquinone radical 13
of the autoxidation of H TP. The intermediary of TH B  (signal 2). The facts that signal 1 could be
formation of 8  or of an oxidation product of 8  such as observed in the autoxidation of H T P  not only at a
the semiquinone 13 is also supported by the esr studies high pH, but also at pH 7.6, and that the autoxidation
reported below. products are essentially the same at pH 7.6 and at 12.0

In the autoxidation of l,2-dihydroxy-4-toluoxy- (Table I ) indicate that the phenolic hydroxyls of H TP
benzene under similar conditions, diphenyl ether are partly dissociated at pH 7.6 and that the formation
cleavage was also observed. p-Cresol was one of the
reaction products. a )  T. j . Stone and W. A. Waters, J. Chem. Soc., 1488 (1965).
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of the semiquinone radical 10 of H T P  must be the transfer involving a molecule of oxygen. Semiquinones
initial step in the autoxidation of H TP. This con- are well known to undergo a disproportionation process,
elusion is supported by oxygen uptake experiments Thus 10 is converted back into 9 and into a quinone 11.
which show that 0.4-0.5 mol of 0 2 is consumed per mole Alternatively further oxidation of 10 to 11 by oxygen
of HTP. is also possible, although less plausible. Nucleophilic

Another important observation made in the course of attack of the quinone 11 by a hydroxyl anion causes
the esr experiments is the appearance of the signal of the cleavage of the ether linkage. Thus hydroxybenzo-
semiquinone radical 13 of TH B  in the autoxidation of quinone (5) and phloretic acid (4b) are formed via the
H TP. The identity of signal 2 observed in the autoxi- intermediate 12. Electron transfer between H T P  (9)
dation of H T P  with signal 2 observed in the and hydroxybenzoquinone (5) thus formed gives rise to
autoxidation under similar conditions of THB was the semiquinone radicals 10 and 13, the latter of which
proven by comparison of their shapes and hfsc and also is certainly more stable because of a more favored
by the identical behavior of those radicals on raising electron delocalization and can therefore be detected
the pH to 12. This converted both signals into signal by esr as a component of signal 3.
3. The fleeting intermediary appearance of signal 4 In order to ascertain the intermediary formation of 
was observed only in the case of TH B  and not in that the o-quinone 11, attempts were made to synthesize 11. 
of H TP. This is certainly due to the short life time Treatment of thyropropionic acid with Fremy’s salt
of the radical 4. The nature of the free radicals giving yielded a red pigment which could not be isolated in
rise to signals 3 and 4 remains to be elucidated. Fur- pure form but which showed spectral properties which
thermore, the butanol-soluble products from the are in agreement with those expected for 11. A  solution
autoxidation of H T P  at pH 7.6 were essentially the of this pigment in phosphate buffer (pH 7.6) yielded
same as those obtained from TH B  under similar con- phloretic acid (4b) on standing at room temperature,
ditions. The appearance of the semiquinone radical 13 This finding also supports the above mechanism,
of TH B  when H T P  is autoxidized strongly supports Another conceivable mechanism for the diphenyl 
Lissitzky’s hypothetical mechanism for the enzymic ether cleavage in the autoxidation of H T P  is “ quinol 
degradation of thyronine (la ) (Scheme I ) according to ether equilibration. ” 14 This mechanism can, however,
which thyronine is split at the diphenyl ether bridge to be ruled out by the nearly quantitative yield of phloretic
form hydroxybenzoquinone (5). Since the diphenyl acid, 
ether linkage of T., can be ruptured chemically,8

photolytically, 9 and enzymically, ™ - 18 it is reasonable Experimental Section
to suspect a similar mode of breakdown of I 4 in vivo.
In a recent investigation, however, Pittman and Spectra.—Nmr spectra were determined with a JMN-3H-60 
Chambers, Jr.,u found that in the rat the major excre- recording spectrometer. Tetramethylsilane was used .as an

>“ *red T . «till had an "  " i  . S k T S o T ”  X g t “
intact diphenyl ether structure. recorded with a Nihon Bunko Model IR-S spectrometer.

A  plausible mechanism for the autoxidation of H TP , C hrom atogram s.— For vapor phase chromatography (vpc),
which is a model for the enzymic degradation of columns (150 cm, 3.0-mm i.d.) packed with silicon DC 550 were
thyronine, can be derived from our findings. This used- The carrier gas was helium. The substances to be analyzed
, ,i ,• , , . , • ci i ttt were injected after being converted into their trimethylsilyl
hypothetical mechanism is shown m Scheme I I I .  derivatives by means of o ,N -bis(trimethylsilyl)acetamide. For

thin layer chromatography (tic) silica gel covered'glass plates 
Scheme I I I  containing a fluorescent indicator were used. Spots became

*n . n t  visible in short-wave ultraviolet light or in iodine vapor.
~e > L - ( \ o/ V h ch,coo- P rep a ra tion  o f S ta rting  M a te r ia ls . 4 -Io d o ve ra tro le .—Iodine

N=/ ( '= ' 2 1 monochloride (16.3 g, 0.1 mol) was added dropwise during 15 min
%. 10. to a stirred ice-cooled solution of 13.8 g (0.1 mol) of veratrole

in 10 ml of acetic acid. Stirring was continued for another 6 hr
2 1Q ___  ̂ g + _/-& f i ~ \ .  - at room temperature. After the addition of 15 g of sodium car-

•*- 0 \=/0 \=/Hĉ CHiCOO bonate, the reaction mixture was extracted with ether and the
11 ether extract washed with water, dried (Na2S04), and evaporated.
~  Distillation of the oily residue gave 17.6 g (67%) of 4-iodovera-

-qh '8 trole, bp 120-124° (5 mm) [lit.17 bp 150-170° (7mm)]. Authen-
+ HO-fA-cHjCHjOaf tic 4-iodoveratrole synthesized from 4-nitroveratrole by a known

., procedure18 showed identical behavior in vpc.
~  "  l,2 -D ih yd roxy -4 -to lu oxyben zen e  ( 6 ).—A stirred mixture of the

C n -j2- potassium salt of p-cresol prepared from 16.4 g (0.15 mol) of
5 + 9 ____> o - f Y o  + 10 p-cresol and 4.0 g (0.15 g-atom) of potassium in dry benzene, 20 g
~ ~ l J "  (76 mmol) of 4-iodoveratrole, and 1 g of active copper19 was

¡3 . heated at 150-180° for 4 hr. After cooling, the reaction mixture
was extracted with ether and the ether extract washed with a di-

According to this scheme, the first step in the autoxida- 1 °^  “ ’f ”  and with “ l “ d
.• £ T jrn r j • xi. £ !• c 11 . . e va pora ted  m vacuo. T w o  successive d istilla tions  o f th e  residue
tion ot H I  r  is the formation of the semiquinone radical __________
10 from H T P  in its dissociated form (9) by electron ( 14) G . D. Cooper, H. S. Blanchard, G. F. Endrea, and H. Finkbeiner,

J. Amer. Chen. Soc., 87, 3996 (196S).
(8) S. Lissitzky and M . Roques, Bull. Soc. Chim. Biol., 39, 521 (1957). (15) T. Matsuura, H. Kon, and H. J. Cahnmann, J. Org. Chem., 29,
(9) S. Lissitzky, M -T. Bgnivent, and M . Roques, Biochim. Biophys. 3058 (1964).

Acta, 51, 407 (1961). (16) A. Nishinaga, H. Kon, H. J. Cahnmann, and T. Matsuura, i b id .,
(10) L. G. Plaskett. Biochem. J ., 78, 652 (1961). S3 , 157 (1968).
(11) J. Wynn and R. Gibbs, /. Biol. Chem., 237, 3499 (1962). (17) C. Seer and E. Karl, Monatsh., 34, 647 (1913).
(12) J. Roche, J. Nunez, and C. Jacquemin, Biochim. Biophys. Acta, 64, (18) D. Cardwell and R. Robinson, J. Chem. Soc., 107, 256 (1915).

475 (1962).  ̂ (19) R. Q. Brewster and R. Groening, “ Organic Syntheses," Coll. Vol.
(13) C. S. Pittman and J. B. Chambers, Jr., Endocrinology, 84, 705 (1969). I I , John Wiley & Sons, Inc., New York, N. Y ., 1950, p 446.
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g a ve  11.7 g  o f l,2 -d im eth oxy -4 -to lu oxyber.zen e , bp  178-184° M )  o f 200 m g  o f  T1TP  in  400 m l o f e ith er 0.2 M  sod ium  phosphate 
(9  m m ). A  solu tion  o f  5 g  (20.4  m m o l) o f th is d is tilla te  in  20 m l bu ffer (p H  7 .6 ) o r  0.2 M  b or ic  a c id -N a O H  (p H  7 .7 ) o r  0.3 M
o f 4 8 %  h yd rob rom ic  ac id  and 60 m l o f acetic  ac id  was re fluxed  N a O H  (p H  ~ 1 2 )  w as s tirred  under o xygen  a t  17 °.
f o r  2 hr under n itrogen . A c e tic  and h yd rob rom ic  acid  w ere  A u tox ida tion  o f H T P  (2 b ) and o f 1 ,2 ,4 -T rih yd roxyb en zen e  
rem oved  b y  evapora tion  in vacuo. Successive d is tilla tion  a t (T H B )  (8 ) .— A  so lu tion  o f 2 g  (7 .3  m m o l) o f  H T P  in  1 1. o f
10 - 3  m m  (b a th  tem peratu re  1 5 0 °) and c rys ta lliza tion  from  ben- 0.067 M  sod ium  phosphate bu ffe r (p H  7 .6 ) was s tirred  m ag- 
zene-isooctan e o f  th e  residue ga ve  2.2 g  (3 1 % ) o f 6 , m p  9 4 - n e tica lly  a t room  tem p era tu re  in  an open  con ta in er, u n til no 
9 7 °. s ta rtin g  m a te r ia l w as d etec tab le  b y  t ic  (3 d a y s ).  T h e  course o f

Anal. C a lcd  fo r  C 13H 12O 3 : C , 72.18; H ,  5.83. F ou n d : C , th e  reaction  was fo llo w ed  b y  rem o v in g  1 -m l a liqu ots  fro m  tim e
72.21; H ,  5.59. to  tim e  and ex trac tin g  th em  w ith  e th er a fte r  ac id ifica tion  (H C1,

3 - [4 - (3 ,4 -D im eth oxyp hen oxy )ph eny l] propion ic A c id  (7).— T h e  c o n g o re d ).  T h e  ex tra c t w as then  an a lyzed  b y  tic . W h e n s ta r t in g
potassium  sa lt o f m e th y l 3 - [4 -hyd roxyp h en y l] p rop ion a te  was m a teria l cou ld  no lon ger be d etec ted  th e  reac tion  m ix tu re  was
prepared  fro m  36.0 g  (0 .2  m o l)  o f th e  free  p h en o l20 and 7.82 g  ac id ified  w ith  HC1. ( In  som e experim en ts  th e  reac tion  m ix tu re
(0 .2  g -a to m ) o f potassiu m  in absolu te  m eth an o l. A f te r  com p le te  w as trea ted  w ith  sod ium  b oroh yd rid e  and th en  w o rk ed  up in  th e
eva pora tion  o f th e  m eth an o l, 60 g  (0 .22 m o l)  o f 4 -iod ove ra tro le  sam e m anner. T h e  t ic  patterns  ob ta in ed  w ith  or w ith ou t
and 1 g  o f a c tiv e  copper 19 was added  and th e  m ix tu re  heated  in b oroh yd rid e  trea tm en t w ere  id en tic a l.) T h e  ac id ified  m ix tu re  (A )
an o il b a th  (1 5 0 -1 6 0 °) fo r  4 hr. A f t e r  coo lin g , th e  m ix tu re  was was ex trac ted  w ith  e th er and th e  e th er la y e r  w ashed  w ith  w a te r ,
extracted  w ith  e th er and  the e ther e x tra c t washed w ith  w a te r, d ried  (N a 2S 0 4), and eva pora ted  to  dryness. T h e  residue (2 .16  g )
w ith  a d ilu te  N a O H  solu tion , and again  w ith  w a te r, d ried  (N a 2-  w h ich  show ed  one m a jo r and severa l m in o r tic  spots w as chro-
S 0 4), and eva pora ted  in vacuo. T h e  o ily  residue was d isso lved  in  m a tograph ed  on a  s ilica  ge l colum n (60  g ) .  E lu tio n  w ith  ch loro-
400 m l o f 1 0 %  a lcoholic  K O H  and th e  so lu tion  heated  on a  bo ilin g  fo rm -a ce to n e  (9 :1 )  g a ve  1.16 g  (9 6 % ) o f  p h lo re tic  ac id  (4 b ) 
w a te r b a th  fo r  30 m in . T h e  reaction  m ix tu re  was eva pora ted  (m ix tu re  m e ltin g  p o in t and ir  spectru m ). Subsequ ent e lu tion
in vacuo, th e  residue d isso lved  in w a ter, and the solu tion  washed w ith  ch lo ro fo rm -ace ton e  (8 5 :1 5 ) y ie ld ed  a  m in or p rod u ct (146
w ith  e ther, then  acid ified  under ice coo lin g  w ith  concen trated  m g ).  I t s  m e th y la tion  w ith  d iazom eth an e  g a ve  120 m g  o f  a
hyd roch loric  acid . T h e  p rec ip ita te  fo rm ed  w as d ried  and crys- m e th y la ted  p rodu ct as a syrup  w h ich  was n o t a  u n ifo rm  com -
ta llized  fro m  b en zen e-p e tro leu m  eth er to  g iv e  31.3 g  (5 1 .5 % ) o f  pou nd, b u t w hose nm r spectru m  ind icates th a t i t  consisted  m a in ly
7 as colorless needles: m p  101 -104 °; n m r (C D C I 3 ) 8 2 .77 (m , o f m e th y la ted  H T P  or a c lose ly  re la ted  com pou n d . T h e  ac id ified
4, C H 2C H 2 ) ,  A 2B 2 p a tte rn , 3.81 (s, 3 , O C H 3 ),  3 .84 (s , 3, C O H 3),  so lu tion  (A ) ,  a fte r  ex trac tion  w ith  e th er , w as fu rth e r  ex trac ted
6.85 (m , 7, a rom a tic ), 10.8 (b road  s, 1, C O O H ),  d isappears on  w ith  1-butanol. T h e  bu tan o l e x tra c t w as e va p o ra ted  to  dryness,
ad d ition  o f D 20 .  th e residue ex trac ted  w ith  e th er, and th e  e ther e x tra c t w ashed

Anal. C a lcd  fo r  CnHigOs: C , 67.54; H ,  6.00. F ou n d : C , w ith  w a te r , d ried  (N a 2S 0 4),  and eva p o ra ted . T h e  residue (108
67.29; H ,  5.68. m g ) show ed  a t least fou r t ic  spots . A t te m p ts  to  sep ara te  the

3 -[4 - (3 ,4 -D ih yd roxyph en oxy )p h en y l] prop ion ic A c id  (H P T )  (2 b ).  m ix tu re  b y  p rep a ra tiv e  tic  w ere  n o t successful. P a p e r  e lectro-
— A  solu tion  o f 5 g  (1 .7  m m o l) o f  7 in 100 m l o f  4 8 %  h yd rob rom ic  phoresis a t p H  6.15 (p y r id in e -a c e tic  a c id -w a te r , 1 0 :1 :7 8 ) and
acid  and 100 m l o f acetic  ac id  w as refluxed  fo r  2.5 hr under n itro - t ic  g a ve  patterns  w h ich  w ere  id en tica l w ith  those ob ta in ed  w ith
gen . T h e  reaction  m ix tu re  was eva p o ra ted  in vacuo and acetic  an au tox id ized  so lu tion  o f T H B .  T h e  a u tox id a tion  o f  T H B  was
acid  was com p le te ly  rem oved  b y  repeated  ad d ition  and eva p o ra - carried  ou t in th e  sam e m anner as described  fo r  H T P .  T h e
tion  o f w a te r. T h e  o i ly  residue was extrac ted  w ith  ether and the au tox ida tion  o f H T P  w as also carried  ou t under o th er cond itions
ether ex trac t washed w ith  w a te r , d ried  (N a ^S O i), and eva p o ra ted  (h igh er p H  and low er tem p era tu res ). In  each  case th e  t ic  p a t-
to  g iv e  a  syrup  w h ich  so lid ified  on s tand ing in  a  re fr igera to r. te rn  was v ir tu a lly  id en tica l w ith  th a t ob ta in ed  in  th e  a u tox ida tion
R ecrys ta lliza tion  fro m  benzene con ta in ing a  fe w  drops o f acetic  o f  H T P  a t p H  7.6 and room  tem p era tu re ,
acid g a ve  2.5 g  (5 8 % ) o f  2b as colorless needles: m p  117-118°; A u tox ida tion  o f l,2 -D ih yd roxy -4 -to lu oxyb en zen e  (6 ) .— A  solu- 
n m r [(C D s h C O ] 8 2.72 (m , 4, C H 2C H 2 ),  A 2B 2 p a tte rn , 6.77 (m , tion  o f  2 g  (0 .01 m o l)  o f 6 in  1 1. o f  sod ium  phosph ate  bu ffer
7, a rom atic ), 7.85 (b road  s, 2, O H ) ,  9 .7  (v e r y  b road  s, 1, C O O H ),  (0 .067 M , p H  7 .7 ) w as s tirred  in  an open  con ta iner a t room
signals o f O H  and C O O H  d isappear on ad d ition  o f  I ) 20 .  tem p era tu re  un til no s ta rtin g  m a te r ia l was d e tec ta b le  b y  tic

Anal. C a lcd  fo r  C 15H 14O 5 : C , 65.69; H ,  5.15. F ou n d : C , (3  d a y s ).  T h e  reac tion  m ix tu re  w as ac id ified  and ex trac ted  w ith
65.59, H ,  5.49. e th er and th e  e ther w ashed  w ith  w a te r , d r ied  (N a 2S 0 4), and

3 -[4 - (4 -H yd roxyp h en oxy )p h en y l]p rop ion ic  A c id  ( l b ) . — T h e  po- eva p o ra ted . T h e  residue was ch rom atograp h ed  on  a  co lu m n  o f
tassium  sa lt o f m e th y l 3 - [4 -hyd roxyp h en y l] p rop ion a te  was s ilica  ge l (50 g ) .  E lu tio n  w ith  ch lo ro fo rm  g a ve  80 m g  o f  p -cresol
p repared  fro m  36.0 g  (0 .2  m o l)  o f the fre e  phenol as described  (ir  and t ic ) .  F u rth er e lu tion  w ith  ch lo ro fo rm -a ce to n e  (9 :1 )
ab ove . A f te r  com p le te  eva pora tion  o f  th e  m eth an o l, 52 g  (0 .22  g a ve  700 m g  o f a p o w d e ry  p rodu ct. A t te m p ts  to  p u r ify  i t  w ere
m o l)  o f 4 -iodoan isole21 and 1 g  o f a c t iv e  cop p er19 w as added  and  unsuccessful, ir  ( K B r )  3450 and 3350 c m -1 (O H ) ,  no C = 0  band,
the m ix tu re  h ea ted  in an o il b a th  (1 5 0 -1 8 0 °) fo r  5 hr. A f t e r  T h e  aqueous la y e r  ob ta in ed  in th e  ab ove -m en tion ed  ex trac tion
coo ling , th e  m ix tu re  w as shaken w ith  w a te r  and ether. T h e  w ith  ether, w as fu rth e r ex trac ted  w ith  1 -bu tanol. T h e  b u tan o l
e ther la y e r  was washed w ith  ice-cooled  d ilu te  aqueous N a O H  and ex trac t, upon  e va p o ra tion  in vacuo, g a v e  a fe w  m illig ra m s  o f  an
w a te r, then  d ried  (N a 2 S 0 4)  and eva p o ra ted . T h e  residue w as o ily  residue, w hose t ic  and pap er e lec trop h oretic  p a ttern s  show ed
dissolved  in  400 m l o f 1 0 %  a lcoholic  K O H  and heated  a t  70° fo r  s im ila rit ies  to  those ob ta in ed  w ith  th e  a u tox ida tion  p rodu cts  o f
30 m in . T h e  reaction  m ix tu re  w as eva pora ted  and th e  residue T H B  (8 ).
d issolved  in  w a te r . T h e  aqueous solu tion  was washed w ith  O x ida tion  o f 3 - [4 -(4 -H yd roxyp h en oxy )p h en y l] p rop ion ic  A c id
ether, then  ac id ified  w ith  d ilu te  HC1 to  g iv e  23.0 g  o f 3 -[4 -(4 - ( l b )  w ith  F r e m y ’ s salt.— T o  an ice-coo led  s tirred  so lu tion  o f  774
m e th oxyp h en oxy )p h en y l]p rop ion ic  ac id  as a colorless p rec ip ita te . m g  (3 m m o l) o f lb ,  syn thes ized  as described  a b o ve , in  60 m l o f
A  solu tion  o f th e  p rec ip ita te  in  a m ix tu re  o f 200 m l o f acetic  ac id  acetone was added  o ve r  a p er iod  o f 50 m in  2.1 g  o f F e m y ’s sa lt
and 200 m l o f 4 8 %  h yd rob rom ic  acid  was refluxed  fo r  4 hr under (potassiu m  n itrosod isu lfon a te ) d isso lved  in  145 m l o f  0.06 M
n itrogen . T h e  reaction  m ix tu re  w as eva p o ra ted  and acetic  and K H 2P 0 4. T h e  m ix tu re  w as then  d ilu ted  w ith  100 m l o f w a te r
h yd rob rom ic  acid  w ere  rem oved  b y  repeated  ad d ition  and eva p o - and stirred  fo r  20 m in  under ice  coo lin g . T h e  reac tion  m ix tu re ,
ra tion  o f  w a te r. T h e  c rysta llin e  residue ga ve , a fte r  recrysta lliza - a fte r  ad d ition  o f  another 100 m l o f w a te r, was ex trac ted  w ith
tio n  fro m  w a te r, 15.2 g  (3 0 % ) o f lb  as colorless crysta ls , m p  ch lo ro fo rm  (20 m l) .  T h e  residue ob ta in ed  upon  d ry in g  (N a 2S 0 4)
160-162° ( l i t .  m p  162 -16 3 °,22 1 6 2 °,23 175° 24). and eva p o ra tin g  th e  ch lo ro fo rm  ex trac t w as d isso lved  in  absolu te

O xygen  U p take E xp erim en ts .— O xygen  u p take  was m easured  e ther. W h en  th e  solu tion  was coo led  to  — 7 0 °, a red  p rec ip ita te
in  a p rev iou s ly  described  ap para tu s .25 A  solu tion  (1 .82  X  10~3 fo rm ed : u v  (C E C 1 3) 336 mu ( lo g  e 4.04, based  on  qu inone

11 ); ir  (N u jo l )  no O H  band, 1660 and 1640 c m -1 ( C = 0 ) .
T h e  red  p rec ip ita te  w as d isso lved  in ph osph a te  b u ffe r  (p H

(20) E. Fischer and O. Nouri, Ber., 60, 614 (1917). 7 .6 ) and th e  so lu tion  a llow ed  to  stand  a t room  tem p era tu re  fo r  3
(21) H. R. Frank, p. E. Fanta, and D. S. Tarbell, J. Amer. Chem. Soc., h r. T h e  reac tion  m ix tu re  was then  ac id ified  and  rep ea ted ly

70,2314 (1948). ex trac ted  w ith  e ther. A n a lys is  o f th e  e th er e x tra c t b y  t ic  re-
(22) A. Nishinaga and T. Matsuura, J. Org. Chem., 29, 1812 (1964) yea led  the pregence 0f  p h lo re tic  ac id  (4 b ) toge th e r w ith  o th er un-
(23) L. Petit and N. P. Buu-Hoi, ibid., 26, 3832 (1961). iden tified  nrndnets
(24) R. I. Meltzer, S. Farber, E. Merrill, and A. Caro, ibid., 26, 1413 lu eu u iieu  p rou u o i*.

(1g61) Formation of Radicals.— In order to observe stable radicals
(25) A. Nishinaga, H. J. Cahnmann, H. Kon, and T. Matsuura, Bio- fo rm ed  in  th e  au tox ida tion  o f H T P ,  solu tions o f  H T P  (1 .4  X

chemistry, 7, 388 (1968). 10-3 to  1.1 X  10-2 M )  w ere  prepared  b y  ad d ing  H T P  to  0.1 M
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sod ium  phosph ate  bu ffer (p H  7 .6 -9 .6 ) in  an open  con ta iner a t  m ix tu re . S tab le  radicals fo rm ed  in  the au tox ida tion  o f T H B
room  tem p era tu re . Im m ed ia te ly  a fte r  th e  add ition , c ircu lation  w ere  observed  in  a s im ilar m anner.

(~140 m l/ m in ) o f th e  s traw -colored  solu tion  th rou gh  an esr cell Registry No.— Thyroxine, 51-48-9; 2b, 20224-53-7; 
w as s ta rted  and th e  signals w ere  recorded . T h e  p H  was k ep t a t onoo/i ka q . <7 onoor w  q . r m o m 7 . n
th e  desired  va lu e  b y  th e  occasional ad d ition  o f 1 M  N a O H .  In  6,20224-54-8, 7, 20224-55-9, 10,12349-50-7, 13,
som e cases oxygen  or n itrogen  was bu bb led  th rou gh  th e  reaction  1 2 3 4 9 -4 9 -4 .

The Kinetics of the Decarboxylative Dehydration of 
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T h e  d eca rb oxy la t ive  dehydrations  o f erythro- and i/ireo-/3-anisyl-(3-hydroxy-a-phenylpropionic acids p roceed  
a t d ifferen t rates in  d ilu te  aqueous su lfuric acid  solution. B o th  stereoisom ers g iv e  irans-4-m ethoxystilbene.
T h e  diastereoisom ers are in te rcon verted  a t a  ra te  w h ich  is s low er than  decarb oxy la tion  in  d ilu te  su lfuric ac id  
solu tion , b u t a t a ra te  m ore  rap id  than  decarb oxy la tion  in  m ore  ac id ic  m edium . T h ese  facts  are in terp reted  in  
term s o f genera tion  o f a d ipo la r ion  w h ich  loses carbon  d iox id e  m ore  ra p id ly  than  i t  reacts w ith  w ater.

The behavior of /3-hydroxy acids under a variety of the following arguments. Zimmerman and Traxler9

circumstances has been studied in these laboratories; in have unambiguously determined the configuration of
addition to studies of the mechanism of acid-catalyzed the two diastereoisomers of a,/3-diphenyl-/3-hydroxy-
dehydration4’5 many features of the decarboxylative propionic acid (2 ) by a direct chemical method. More
dehydration have been elucidated.6-8  The reaction recently Canciell, et a l, 10 have shown that it is generally
shows a particularly modest increase in rate with in- true that threo isomers of compounds such as 2  show a
creasing acidity of the medium;6 a plot of log k vs. H 0 larger coupling constant between the a and (3 hydrogens
typically has a slope of 0.4-0.6. I t  was shown that than do the erythro isomers. Coupling constants very
there are circumstances in which racemization (e.g., of similar to those reported for threo 2  and erythro 2 were
/3-hydroxy-/3-arylbutyric acids) is no more rapid than observed for the two diastereoisomers of 1.
decarboxylation. This situation applies at low acidi- In fairly dilute sulfuric acid at 65° threo 1 and erythro 
ties. A t higher acidities racemization was much more 1 separately showed excellent first-order kinetics as
rapid than any other reaction of the /3-hydroxy acids. followed by the appearance of the spectrum of transm
i t  was also shown1 that both diastereoisomers of a- methoxystilbene. threo 1 reacted more rapidly than
methy]-/3-hydroxy-/3-(p-tolyl)propionic acid gives trans- erythro 1. These observations show that there is not
p-propenyltoluene. In order to examine the kinetic rapid interconversion of the two diastereoisomers.
features of decarboxylative dehydration more In 0.8 M  sulfuric acid, the exclusive product is trans- 
thoroughly, particularly in relation to the stereochem- 4-methoxystilbene from both isomers. Control experi-
istry of the process, we have sought a compound which ments showed that there is essentially none of the sub-
would be more suitable than /3-anisyl-/3-hydroxy butyric stituted cinnamic acid formed by simple dehydration,
acid. For this purpose we have chosen to examine the and that less than 1% of the cis-4-methoxystilbene is
kinetic behavior of the two diastereoisomers of /3-an- formed. Thus, the decomposition of both stereoiso-
isyl-/3-hydroxy-a-phenylpropionic acid ( 1 ). Ultra- mers of 1 gives the same trans olefin, an observation
violet spectra are distinctive for the four possible prod- which is completely in accord with the previous stereo-
ucts, both cis- and frans-a-phenyl-p-methoxycinnamic chemical results obtained in the study of a-methyl-/3-
acids, which could result from simple acid-catalyzed de- hydroxy-/3-(p-tolyl)propionic acid. 1

hydration, as well as cts- and frans-4-methoxystilbenes, When the kinetic studies were carried out at 65° in 
which could result from decarboxylative dehydration. more concentrated sulfuric acid medium (about 1 M )
These differences in spectra thus make it easy to follow the usual first-order plot was no longer linear, but
the course of the reaction of 1 in detail. showed some curvature. For threo 1 a plot of (log

A  mixture of the two isomers of 1 was prepared by an [threo 1 ] )  vs. time was slightly concave upward.
Ivanov reaction and separated by chromatography The lack of simple first-order behavior shows up more 
over alumina. The threo configuration is assigned to clearly in our kinetic measurements at 4 4 °. Under
the predominant isomer (mp 151-152°) on the basis of these conditions and working in more concentrated sul

furic acid media, neither isomer showed simple first-
(1) Previous paper: D. S. Noyce and S. K. Brauman, J. Amer. Chem. Order behavior. For threo 1 the plot of (log [threo 1])

Soc/’ *l' 5218 (1968)' vs. time is concave upward initially and becomes linear
(G  13125 , g p  1572, and g p  6133X ). ot|fy after about 5 0 %  reaction. For erythro 1 the cor

es) Dow Chemical Co. Graduate Fellow in Chemistry, 1964-1965. responding plot is slightly C O nC ave downward, again be-
8 ^ 6 3 8  U 962L A-King’ a  A' Lane' and w - L - Reed' ^ Amer. Chem. coming linear after approximately 5 0 %  reaction.

(5) D. s. Noyce and R. a . Heiier, ibid., 87, 4325 ( 1965). Moreover, the limiting slope for the later stages of reac-
(6) D. S. Noyce, L. Gortler. M . J. Jorgenson, F. B. Kirby, and E. C.

McGoran, ibid., 87, 4329 (1965).
(7) D. S. Noyce, S. K . Brauman, and F. B. Kirby, ibid., 87, 4335 (1965). (9) H. E. Zimmerman and M. D. Traxler, ibid., 79, 1920 (1957).
(8) D. S. Noyce, L. M . Gortler, F. B. Kirby, and M. D. Schiavelli, ibid., (10) J. Canciell, J. Basselier, and J. Jacques, Bull. S o c .  Chim. Fr., 1906

89, 6944 (1967). (1963).
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tion for both isomers stabilizes at the same value. Fur- spectrum  w as superim posab le  on th a t o f an au then tic  sam p le o f

ther information regarding analysis of these observa- fnm s-4 -m ethoxystilbene. Th u s, th e  trans isom er is th e  exclusive

tions is given in the Experimental Section. product of decarboxylative dehydration.
S im p le d eh yd ra tion  o f th e  /3-amsyl-/3-hydroxy-a-phenylpro- 

p ion ic  acids w as show n to  be an insign ifican t com petin g  re- 

Experimental Section11 action , even  in  r e la t iv e ly  concen trated  m in era l ac id  solu tions as
show n b y  th e  fo llo w in g  exp erim en t. A  sam p le  o f the erythro acid 

/3-Anisyl-/3-hydroxy-tt-phenylpropionic A c id  (1 ) .— A  m ix tu re  o f (0 .1  g )  w as heated  a t 64 .7 ° fo r  5 h r in  250 m l o f 0 .8  M  su lfuric
th e  three and erythro isom ers w as ob ta in ed  b y  an Iv a n o v  reac tion .12 acid  (5 %  d ioxane a d d ed ). T h e  resu ltin g  suspension w as ex-
T o  the Iv a n o v  reagen t p repared  fro m  46 g  (0 .29 m o l) o f sod ium  trac ted  w ith  ch loro fo rm , and th e  n eu tra l and acid ic  m a teria l
phen y lace ta te  and isop ropylm agnes iu m  ch loride w as added  39.5 separa ted . T h e  n eu tra l m a te r ia l w as frans-4-m ethoxystilbene
g  (0 .29 m o l) o f  p -an isa ldehyde in  200 m l o f e ther. V igo rou s  (as a b o v e ).  T h e  b ica rbon ate  extracts  w ere  ca re fu lly  ac id ified
stirrin g  and s low  ad d ition  w ere  h elp fu l in  p reven tin g  the fo rm a- (c o ld ) to  a p H  o f 2, and ex trac ted  w ith  ch loro fo rm . T h e  la y er
tion  o f an aw kw ard , th ick , gu m m y mass. A f te r  h ea tin g  fo r  an w as d ried , concen trated , and th e  spectrum  d eterm ined . F ro m  
ad d ition a l 8 hr, th e  reac tion  m ix tu re  w as h yd ro ly zed  b y  p ou rin g  th e  absorbance a t  306 m y, the m axim u m  am ou n t o f a -phenyl-p -
on to  ice  and a 6 A1 HC1 aqueous acetone so lu tion . W ork -u p  in m eth oxycin n am ic  acid  form ed  was d eterm in ed ; less than  0 .8 %
th e  usual fash ion  a fforded  a m ix tu re  o f crude acids. C h rom atog - o f substitu ted  cinnam ic acids was fo rm ed , 
ra p h y  on B a k er a lu m ina firs t rem oved  a  substan tia l am ou n t o f A n a log  C om puter S im u lation  o f K in e t ic  P a tte rn .— T h e  com plex  
unreacted p hen y lace tic  ac id . C on tin u ed  e lu tion  w ith  1 :1  b eh av io r  o f tw o  substances, E  and T ,  w h ich  m a y  b e  in tercon-
e th er-pe tro leu m  ether (b p  3 0 -6 0 ° ) a fforded  6 g  (7 .7 % ) o f v e r ted , b o th  o f  w h ich  g iv e  a  th ird  com pound , ir re v e rs ib ly , was
erythro ac id , fo llo w ed  b y  25.4 g  (3 2 % ) o f threo ac id . T h e  erythro s im u la ted  b y  em p loy in g  a P a c e  an a log  com pu ter.16 T h e  resu lts
acid  w as pu rified  b y  th ree  crys ta lliza tion s  fro m  e th y l a c e ta te -  w ere  reg istered  on  an X - Y  recorder, and w ere  com pared  w ith  the
petro leu m  ether (b p  3 0 -6 0 ° ),  m p  169 -170 °. exp erim en ta lly  fou n d  da ta . T h e  experim en ta l apparen t per-

Anal. C a lcd  fo r  Cw H ieO d C , 70.57; H ,  5.92; n eu t eq u iv , cen tage  reaction  was p lo tte d  aga inst t im e  on a sca le such th a t
272. F ou n d : C , 70.70; H ,  6.04; n eu t eq u iv , 274. 9 5 %  reac tion  was p resen ted  o ve r th e  fu ll tim e  scale.

T h e  threo ac id  w as s im ila r ly  pu rified , m p  151-152°. In  th e  schem e (eq  1 ) th e  ra tio  k3/kt w as constra ined  to  a va lu e
Anal. F ou n d : C , 70.62; H ,  5.94; n eu t eq u iv , 274. o f 2, and k, and fa w ere  v a r ie d  o ve r  a  reasonable  range  o f va lues.
Iv a n o  and N ic o lo v 12 reported  a  s ing le  isom er, m p  136.5° dec, 

w h ile  B lick e  and O ox13 rep orted  an acid  o f m p  168-170° on  exten - ,
s ive  c rys ta lliza tion  o f m a te r ia l o r ig in a lly  m e ltin g  a t 139-140°. el.^ " r0 1

M e th y l en/ffwo-/3-anisyl-|8-hydroxy-a-phenylpropionate w as pre- * i \ .  * 11
pared  b y  esterifica tion  o f th e  erythro ac id  w ith  d iazom eth ane. ... ^  n n  T i n
R ecrys ta lliza t ion  fro m  e th y l a ce ta te -p e tro leu m  ether (b p  stl bene ' ^  2 ' -

3° - 60 ° )  and su b lim ation  ga ve  m a te r ia l o f m p  88 .5 -8 9 .5 ° T h e  cond itions w h ich  W 0llld iv e  concen tra tion  w . t im e  va lues

C  7 7 3 7 - H  6d 4 6 °r  C ”  “  ^  ° ’ 7 J H > 6 -34 ' F ou n d : to  m atch  the exp erim en ta lly  observed  situations w ere  sou ght.
,, , , . , T o  b e  p a rt icu la r ly  n o ted  is th a t th e  observed  ra te  b eh av io r  a t

S im ila r ly  m e th y l iAreo-/3-anisyl-/3-hydroxy-«-phenylpropionate 44 o m V 4 5  M  ac id  cou ld b e  v e r y  sa tis fac torily  reproduced ,

w as p repare  , m p  0 0 -  in clu d ing in itia l ra tes, and also th e  u lt im a te , and s im ilar rates
Anal. P ou n d . O , 71.48, H ,  b.52. fo r  b o th  isom ers a fte r  5 0 -7 0 %  reac tion . A s  an exam ple  o f th e
A  sm a ll sam p le o f  c js-a -ph eny l-p -m eth oxyc inn am ic  acid  w as resu lts ob ta in ed  th e  d a ta  in T a b le  I  show  th e  range  o f  aceep tab le

prepared  b y  irra d ia tion  o f fran s-a-phen yl-p -m eth oxycm n am ic  va lu es  under one get o f  con d ition g . 
ac id . R ec ry s ta lliza t io n  o f th e  crude acid  m ix tu re  fro m  benzene 
ga ve  recovered  trans ac id . F ro m  th e  m oth er liqu ors th e  cis acid
w as ob ta in ed , and pu rified  b y  c rys ta lliza tion  from  benzene, m p  T a b l e  I
124-125° ( l i t .14 m p  1 2 3 °). HiSOi, Starting Final rate,

K in e t ic  P ro ced u res .— T h e  ra te  o f d ecarb oxy la tion  was de- M Ho isomer la/ki h,/ki see-1

term in ed  b y  m easuring th e  increase o f absorption  a t 315 my w ith  2.49 — 0 .9 3  threo 5 ±  1 3 .5  ±  1 4.2 X  10 ~4
a B eckm an  D U  spectroph o tom eter using 10-cm  cells. S tock
solutions o f th e  h yd ro xy  ac id  w ere  p repared  in d ioxane, and d ilu ted  _  . . . .  c . .. T , „  . „ „  „ „  •

... , ,  • . I  c  , /  • .. , .• .1 . ., n  i E p im en za tion  S tu d ies .— I t  w as necessary to  use an in d irec twith sulfuric acid of the requisite concentration, so that the final .f , , . . ,, .. e ,, ■___„ .
, . , ™  ,. 1  , c v , n - 7 v  i  i  m eth od  fo r  d eterm in in g  the ra tio  o f threo to  erythro isom er a t

solutron con ta ined  5 %  d ioxane and was ~ 5  X  10 M  m  h y d ro x y  m brium  inasm uch a*  th e  acids w ere  unstab le  in  d ilu te  su lfu ric
acid At these very low concentrations special precautions to 0 seemed methyl esters would provide reasonable
avoid photochemical isomerization were taken. , , . . , , A in ~ t  __

t » j  i j * . . -ax • w  i , ui m odels . A p p ro x im a te ly  0.10 g  o f th e  m e th y l ester o l one pu re
P ro d u c t S tu d ie s .— ra -4 -M eth ox ys tilb en e  is r e la t iv e ly  s tab le  d iagtereoigo^ er o r a m 4 ure 0f  esters o f kn ow n  com position  w as  

under th e  d eca rb oxy la tion  con d ition s.1 T h e  ra te  o f isom er,za , 50 o f d ioxan  and d ilu ted  to  5 L  w ith  i  M  su lfuric
tion  o f cis-4-m ethoxystillm ne (ex trap o la ted  to  6 4 %  ,n 0.8 M  ^  ^  bein g k ep t a t 44 o fo r  5 hr> th e  reaction  m ixtu re

su lfuric a c id ) is 6.8 X  10 sec . U n d er these sam e cond itions Was pou red  o ve r  ice, satu rated  w ith  sa lt, and ex trac ted  th o rou gh ly
the ra te  o f d ecarb oxy la tion  o f th e  erythro ac id  is 7 X  10I 4 sec . w ithPe th e r_ T h e  ,30’m b ined  e ther extracts  w ere  w ashed  w ith  N a 2-

?nCe Tt °  fu  decar7 Xyl t  n  «o m e n z a t io n  ra tes is th ere fo re  concen tra ted , and th e  rem ain in g  esters
108 Fu rth e r m -4 -m e th o xys tilb en e  is recovered  a lm ost com - ^  T h e  nm r tru m  o f th e  p y r id in e  so lu-
p le te ly  unchanged under th e  cond itions o f the fo llo w in g  experi- ^  w&g dete^ ined  and th e  ra tio  o f th e  tw o  isom ers d eterm in ed

m „  ’ , , . . , ,, . ,  , , , , fro m  m u ltip le  scans. T h e  ester m e th y l peaks are w e ll separa ted
Separate  sam ples o f th e  erythro and three, acids w ere  heated  a t p y r id ine so lu tion , th a t fo r  th e  erythro isom er b e in g  6 cycles  to

65 fo r  45 m m  m  1.5 A f  su lfuric acid , and th e  p roducts o f  th e  re- ^  f it fd  than  th e  k  fo r  th e thre0 is om er. A p p roach in g  th e
action  exam ined  care fu lly . T h ese  cond itions are su ffic ien t to  e ^xilibrium  fro m  b ot^  sideg g a ve  an equ ilib riu m  va lu e  o f threo/ 
cause a lm ost com p le te  d eca rb oxy la tion . T h e  aqueous solu tions 4  f  2 02 ±  0 09

w ere  ex trac ted  w ith  pen tane, and th e  pen tane extracts  w ashed  ^ ^ a f i o r ,  P a ra m e te r s . -Y a lu e s  fo r  th e  a c t iv a t io n  p aram eters  
care fu lly  w ith  1 0 %  sod ium  b ica rbon ate  solu tions. F ro m  th e  d eca rb o x y la t ive  d eh yd ra tion  o f b o th  erythro 1 and threo 1
pen tane extracts  upon  eva p o ra tion , th e  residue w as taken  i y  m  ^  fee calcu lated  a t Ho =  0 f rom  th e  ra tes o f th e  tw o  isom ers a t 
a m easured q u a n tity  o f 9 5 %  eth an o l and th e  u v  spectrum  then  m a th em atica lly  separated  rates a t 43 .72 ° (w ith  a
recorded  (C a ry  M o d e l 14 sp ec trop h o tom ete r ). In  each  case th e  ^  ex trap o la tion  n ee d ed ). U s in g  th e  va lu e  o f 8.9 X  1 0~6

„  , s ec “ 1 fo r  th e  fina l observed  ra te  a t 43 .72 ° (H o =  0 ),  th e  a c tiva t ion
(11) Analyses are by the Microanalyt.cal laboratory, Department of m eters lis ted  in T a b le H  are ob ta in ed . I t  shou ld  b e  noted

Chemistry, University of California, Berkeley. Melting points are un- f  , v nnnnrni ; n„  ratoa fac-hinn dp-
corrected; nmr spectra were determined at 60 Me with a Varian A-60 spec- th a t th e  natu re o f th e  separation  o f th e  rates m  th e  fas °  
trometer. scribed  here precludes ob tam m g h igh  precision  m  th e  energy

(12) D. Ivanov and N. I. Nicolov, Bull. Soc. Chim. Fr., 51, 1325 (1932). • , ,
(13) F. F. Blicke and R. H. Cox, J. Amer. Chem. Soc., 77, 5401 (1955). (16) W e wish to express our appreciation to Professor Grens of the
(14) Y . de Schuttenbach, Ann., 6, 77 (1936). Department of Chemical Engineering, University of California, for counsel
(15) D. S. Noyce, D. R. Hartter, and F. B. Miles, J. Amer. Chem. Soc., in the use of the analog computer, and for making these facilities available to

90, 4633 (1968). us.
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T able I I  T able V

A ctivation Parameters for Decarboxylative Dehydration of erythro- and

the Decarboxylative Dehydration Areo-/3-ANisYi^/3-HYDROXY-a-PHKNYLPROPiONic A cid

OF /3-ANISYL- -̂HYDROXY-a-PHENYLPROPIONIC ACID IN 5% AQUEOUS DlOXANE-H2S04, T  =  43.72°
'------------------erythro-------------- —> -------------------- threo------------------- - 10‘ifcfinal,

hi, sec-1“ i?a, kcal AS*, eu hi, see-1“ Ea, koal AS*, eu HsSOi, M Hoa Isomer6 see-! '
2.97 X  1 0 -6 34 + 2 6  1 .19  X  10~4 31 + 1 9  1 .097  - 0 . 3 0  T  1 .8 4

“ A t  44 °, H0 =  0. 1 .994  - 0 . 6 9  E  2 .7 8

2 .4 9  - 0 .9 3  E  4 .3 6

o f a c t iv a t io n , and p art icu la r ly  in  the apparen t en trop y  o f ac tiva - 2 ,4 9  — 0 .9 3  T  4 .2 0
tion . N eve rth e less , th e  en trop y  o f a c tiv a t io n  is s tr ik in g ly  3 .2 9  — 1.31 T  8 .6 3
p os it iv e . 3 .2 9  — 1.31 T  8 .8 2

3 .4 9  - 1 .4 1  E  10 .2

Results and Discussion 4 39 - 1 . 8 5  E  2 0 .6
4 .3 9  - 1 . 8 5  T  18 .9

The results of kinetic measurements at two tempera- 4 .3 9  — 1 .85  T  2 0 . 1

tures and in media of varied sulfuric acid concentration 4-58 - 1 . 9 5  T  2 2 .9

are given in Tables I I I ,  IV , and V. These kinetic re- 4 58 - 1 . 9 5  T  2 3 .6

suits are best discussed in separate sections dealing with . “ H° w a j^ m easured a t 44 °. bT, threo isom er; E , erythro
rate behavior of the two diastereoisomers of 1 in var- isom er. c -h e  error in  th e  ra te  constant is ab ou t ± 5 % .

ious concentrations of mineral acid.
reacting about four times more rapidly than the 

T able III erythro isomer. These detailed kinetic observations sup-
Decarboxylative Dehydration of plement and substantiate the stereochemical observa-

¿/ireo-/3-ANisYL-/3-HYDRoxY--a-PHENYLPROPioNic A cid tions of Noyce and Brauman1 which showed that there
IN 5 %  Aqueous D ioxane-H 2S04, T = 64.21° was n 0  interconversion of the two epimers of a-methyl-

io*Jfcmitiai, io%inai, d-hydroxy-jS-p-tolylpropionic acid in weakly acidic solu-
H2SO4, M Hoa sec-1 sec-1 tion.
0.03076 1 . 8 0  1 .07  Sam e Concurrently, however, both stereoisomers of 1 give
9 059 1 5 8  1-70  Sam e irans-4-methoxystilbene as the nearly exclusive product.
0.05974 1 .5 0  2 .0 0  Sam e The product-forming step thus takes place from a

* ™ I H  ®ame common intermediate, but this product-forming step
0 2 0 0  0 89 6 28 Sam e cannot be the rate-limiting process. Acceptable species
0 . 2 9 4  0 '6 7  7 82 Sam e for the product forming intermediate are severely lim-
0 .322  0 .6 2  8 .5 0  Sam e ited. A  /3-lactone is excluded. 17 The carbonium ion
0 .4 08  0 .4 9  10 .2  Sam e formed by acid-catalyzed loss of water from the hy-
0 .459  0 .4 2  12 .8  droxy acid is excluded by the manner on which the reac-
0-7504 0 .1 2  16 .9  1 5 .6  tion rate varies with mineral acid concentration.
9 77 3 4  9 10 17  •4 14-1 An attractive and acceptable intermediate is the
1 9 7 9  —0 .1 1  2 3 .6  1 9 .6  dipolar ion E, recognizing that the stereochemical differ-
1.614  - 0 . 4 2  3 4 .0  2 9 .6

“ H0 w as m easured a t 64°. +
A r — C H — C H — C 0 2-

I
T able IY  Ar

Decarboxylative Dehydration of ®
en/ifw0-/3-ANISYL-/3-HYDROXY-a-PHENYLPROPIONIC ACID

in 5% Aqueous Dioxane-H2S04, T = 64.21° ence between the two epimers is removed as soon as the
lo^initiai, lotfefinai, dipolar ion is symmetrically solvated. A  further re-

HiS° !’ M H“° sec_1 sec”‘ striction is that the dipolar ion E loses carbon dioxide
0.03148 1 .79  0 .302  Sam e more rapidly than it reacts with water to generate the
n°7nn85 ! ' o r  0 .765  Sam e zwitterion C, else equilibration would precede decar-
0 .1 00  1 .25  0 .9 10  Sam e

0100 125 ° ' 955 Same Ar P H  P H I A r i r n -
0 .2 00  0 .8 9  1 .7 2  Sam e A r - C H - C H ( A r ) C 0 2

0-2652 0 .7 3  2 .11  Sam e + O H 2

0.3288  0 .61  2 .5 0  Sam e C

0-4673 0 .41  3 .8 2  Sam e

9 559 0-31 5 .0 5  boxylation. Equilibration prior to decarboxylation is
9 ®87® 0 .2 7  5 .1 6  5 .3 7  excluded by the kinetic behavior at low concentrations
0.6998  0 .1 7  5 .7 5  6 .4 3  of mineral acid.

? ' ?  _ n Q7 1 •? o° l  n6 The pH rate profile for a reaction proceeding through
„ tt , ' the zwitterion C and dipolar ion E should be indepen-

dent ol pH m the region where we have made measure
ments, except for salt effects. A t this juncture the re- 

A t low concentration of mineral acid (<0.5 M )  both cent observations of Longridge and Long18 are partic- 
the threo isomer and the erythro isomer give excellent
pseudo-first-order kinetics. Moreover, the rates for the (17) D- s- Noyce and E- G- Banitt-J- 0r°- Chem- S1> 4043 0966). 
two isomers are distinctly different, with the threo isomer (w($ . J’ L°ngridge and F' A' Long' Amer' Chem' Soc- 90’ 3092
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ularly germane. They showed that the decarboxy- Thus the deearboxylative-dehydration reaction pro- 
lation of azulene-l-carboxylic acid proceeds through a ceeds by the following mechanism (eq 2-4). 
zwitterion F, analogous to E. Further they demon- +01h

A r— ¿ H — C H — C O O H  I £ ±  A r — C H — C I I — C O O  -  (2 )

J - L /  A r '  A r '

T ^ C O f  C

+ O H 2F I
A r — C H — C H — C O O “  — >-

strated that the decarboxylation rate of F  is subject to a Ar'
very pronounced positive salt effect, with rates in 5 M  +
salt which are nearly ten times the rates in 0.5 M  salt. Ar— H— |H— 2 ' *
In sulfuric acid they noted that the rate increase in more Ar'
concentrated acid closely paralleled these salt effects, E
and that, therefore, the increasing rates in more con- Ar H
centrated mineral acid are the result of a salt effect, not + \  /
an additional acid-catalyzed reaction pathway. Ar—CH—CH—C02 >  / C=C\  C° 2 ^

Returning to a consideration of our data, we there- Ar' H Ar'
fore conclude that the mechanistic scheme proposed . . , , ,, . , ,

, • , , , . • j, , , i ■ , , i • .. The close relationship between this mechanism andearlier1 is completely satisfactory to explain the kinetic ,, . . .  .. ,. , ,  , . , , ,
, . , , • i - other similar situations should be pointed out. bhmerdata obtained in the investigation. DecarboxylaAon , ,, , , f  , ... ,
proceeds from a zwitterion C by rate-limiting loss of and M artin- have shown that the decomposition of 
water to give E irreversibly, followed by very rapid loss esters proceeds by way of a zwitterion anal-

of C02 to give trans-4-methoxystilbene. ° ^ us tc\C and the Parallel Wlt+h f 6 ste» S ™ ^  preS'
In higher concentrations of sulfuric acid (0.5-4.0 M )  ent mechanism can be essen ially complete by in-

the total rate of decarboxylation shows a modest in- R id ing a dlPolar analogous to E The similarity to 
, , , ,, a  , , , . , . the results of Longndge and Long18 on the deearboxy-crease m rate due to the salt effect, but not due tc an *  , , , ,

. ,  , , j  r, .. ,, ,, . lation of azulene-l-carboxyhc acid, has already been
acid-catalyzed reaction. Concomitantly, the acid-cat- mentioned In addition a parallelism may be noted to
alyzed mterconversion of the three and erythro isomers decarboxylative debromination studied by Cristol
become relatively more rapid and more important. Norris2o ^  Grovenstein and L e e n Recently
This leads to some difficulties in the kinetic measure- studies of ^  decarb lation of substituted
ments as decarboxylation is now proceeding from a mc d f gali lic acids have been carried out
variable mixture of the two stereoisomers, to r  ex- ,, r  22-24
ample, in 4.39 M  sulfuric acid at 44° (Table V ), the and the mechanistic parallelism is evident.’
measured rate constant near the end of a run is the Registry No.—1 (erythro), 20445-40-3; 1 (threo), 
same starting with either isomer, indicating that equi- 20414-13-5; 1 (erythro-methyl ester), 20414-14-6; 1 
libration was almost complete. (¿/ireo-methyl ester), 20445-41-4.

Detailed analysis shows that this interpretation will (M) y shiner> Jr. and B Martin, x  Amer. Chem, Soc., 84,4824 (1962).
fit the data. By assuming reasonable values for the (20) s. j .  Cristol and w. p. Norris, ibid., 7 5 , 632,2645 ( 1953).
rate of acid-catalyzed epimerization, and for the com- (2p  e . Grovenstein and d . e . Lee, ibid., 7 5 , 2639 ( 1953).

position of an equilibrium mixture of the two epimers, it (1968); A. V. Willi, Helv. Chim. Acta, 43, 644 (I960); A. V. W illi, Trans.
was possible to reproduce the observed rates of decar- Faraday soc., 56, 433 (1959).
boxylation for the runs in more Concentrated Sulfuric (23) G. E. Dunn, P. Leggate, and I. E. Scheffler, Can. J. Chem., 43, 3080

acid solutions with compounds curves generated by an (19(24) ' j ,  m . Los, R. F. Rekker, and C. n. T. Tonsbeek, Set. Tray,. Chim.

analog computer. Pays-Bas, 86, 622 (1967).
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T h e  d isod ium  sa lt (S ) o f  p erth iocya n ic  ac id  (3 ,5 -d im ercap to -l,2 ,4 -th iad iazo le ) is know n to  react w ith  2 m o l o f 
an a lk y la tin g  agen t to  g iv e  d ia lk y l p erth iocyanates. In  th is study, th e course o f  th e  m on oa lk y la t ion  o f  5 was 
in ves tiga ted . T h e  reaction  o f 5 w ith  1 m o l o f m e th y l iod id e  g a ve  2 7 %  d im eth y l p erth iocya n a te  and 2 8 %  3- 
m ethylm ercap to -5 -m ercap to-l,2 ,4 -th iad iazo Ie  (8 ) ;  the 5 -m eth y l isom er was n o t detected . T h e  reaction  o f 
8 w ith  o th er a lk y la tin g  agents g a ve  a series o f “ m ixed ”  p erth iocyanates, e.g., 3 -m eth y lm ercap to -5 -ben zy l- 
m ercap to -l,2 ,4 -th iad ia zo le . T h e  reaction  o f 3 -im in o-5 -m eth y lm ercap to -l,2 ,4 -d ith iazo le  w ith  h yd rox id e  ion  
resu lted  b o th  in  r in g  open ing and rearran gem en t to  g iv e  the salts o f  3 -m eth yl cyan od ith io im idocarb ona te  and 
the 5 -m eth y l isom er, 3 -m ercap to-5 -m eth y lm ereap to -l,2 ,4 -th iad iazo le . T h e  ev id en ce  fo r  these p rodu cts com es 
from  th e  subsequent m e th y la tion  o f  th e salts w h ich  g a ve  8 4 %  d im eth y l cyan od ith io im idocarb on a te  and 7 %  
d im eth y l p erth iocyanate .

The addition of concentrated hydrochloric acid to an gave a 28% yield of 3-methylmercapto-5-mercapto-l,2,-
aqueous ammonium thiocyanate solution gives 3- 4-thiadiazole (8) and a 27% yield of dimethyl per-
amino-5-thione-l,2,4-dithiazole (1), commonly known thiocyanate (6, R  =  Me). The latter compound arose
as isoperthiocyanic acid.2-8 Earlier work6’7 with 1 from further methylation of 8. One factor responsible
demonstrated or suggested the reaction sequence for the poor material balance was the difficulty in

separating 8 from isoperthiocyanic acid ( l ) . 9
The structure of 8 was proven by synthesizing the 

^  ^  same compound by the method (eq 2) of Goerdeler and
N = C — NH2 Sperling. 10

1
+

shown in Scheme I. The scheme shown was confirmed „ Na°H 
(cf. Experimental Section), as was the interrelationship e \  e 4 + C1;iC SC1
of 1, the cyanodithioimidocarbonate dianion (2), and NR,
the perthiocyanate dianion (5).

Various derivatives (6) of 5 were prepared by treating ®  ^ (NH-i);S, g ^
it with 2 equiv of an alkylating agent.6’8 However, the N----C— S— CH3 h+
reaction of 5 with 1 equiv of an alkylating agent has not
been studied. I t  can lead to two isomers, and further The possibility of a rearrangement (eq 3), analogous 
reaction with another alkylating agent would result in
novel “ mixed”  perthiocyanates (7, R  ^  R '). o

H N=G '/° SN
Q 8 — I II (3 )

R'— S— (r  XN s— c— SCH3
II If----Q---g__

to that of 4 to 1, was ruled out based on the following 
evidence. The infrared spectrum of 8 shows weak SH 

In this study the preparation and chemistry of absorption at 2560 cm” 1 and 2670 cm -1 Compounds 
monomethylated perthiocyanates were investigated. dissolved in 10% aqueous sodium hydroxide without

deposition of sulfur. Ihe reaction of 8 with diazo- 
methane gave an 88% yield of dimethyl perthiocyanate 

Results and Discussion (6, R  =  Me). Isoperthiocyanic acid (1) gave gummy

3-Methyl Isomer.— The reaction (eq 1) of sodium mat?ria1’ which could not be purified under the same
perthiocyanate (5) with 1 equiv of methyl iodide conditions. Thus, the preparation of 6 (R  =  Me)

f r o m  8 u n d e r  n e u t r a l  c o n d i t io n s ,  t h e  s m o o t h  f o r m a t i o n

HS__ty-S-vN ° f  the sodium salt of 8, and the infrared spectrum all
5 +  M el—*- II || + 6 (R = Me) (l) indicate that structure 8  is stable and retains the 1,2,4-

N----C— S— CH3 thiadiazole arrangement.
8 Various derivatives of 8 were prepared by treating

-------------  the sodium salt with the appropriate alkylating agent
(1) Geigy Chemical Co., Ardsley, N. Y . 10502 in TH F  (Table I).
(2) (a) a . Wohler, Ann. phys., 69, 273 (1821); (b) p. Kiason, j. Prakt. 5-Methyl Isomer.— We were unable to isolate

C » T n 2L 3Lm b6a(s!88The Chemistry of Heterocyclic Compounds,”  Vol. 4, OT find evidence for the 5-methyl isomer (7, R  =  H j 
Interscience Publishers, Inc., New York, N. Y., 1952, p 35. R ' =  Me) from the reaction of 5 with 1 equiv of

ft- Acta. cJ}em' 118j (1,96/̂)- „ methyl iodide (eq 1). Thus, alternate routes to this
(5) H. J. Emellus, A. Haas and N. Sheppard, J. Chem. Soc., 3165 (1963). , . ,
(6) A. Hantzsch and M . Wolvekamp, Ann., 3 3 1 , 265 ( 1904). c o m p o u n d  w e r e  in v e s t i g a t e d .
(7) E. Sdderback, Acta Chem. Scand., 1, 529 (1947).
(8) W. H. Hill, U. S. Patent 2,521,570 (1950); E. W. Bousquet, U. S. (9) Isoperthiocyanic acid was obtained from unreacted 5 on acidification.

Patent 2,285,410 (1942). (10) J. Goerdeler and G. Sperling, Ber., 90, 892 (1957).

2562 Seltzer The Journal of Organic Chemistry



Scheme 1“
H 2N C N  +  CS2 +  2 0 H ~

N c ^ S  20H „ ~S\  2RX R“ S\
I | --------► S +  C = N — C N  ---------► J 2 = N — CN

n = c- nh2 ~ y  R_ s/
1 \  2

X 1
H S —  C ^ N  . 2H+ “ S - C ^ N  2RX R — S— C/ S x N

II II •*------------  --------► II H
N ------ C - S H  N —  C— S -  N ------ C — S— R

4 5 6

“ T rea t in g  1 w ith  2 m o l o f  h yd rox id e  ion  in  w a te r  g iv e s  2 and sulfur w h ich  on  subsequent h ea tin g  g iv es  5 .2b'6 C om pou nd  2 can be 
p repared  from  cyan am id  as show n,6 and fu rth er reac tion  w ith  su lfur g iv es  5 (c/. E xp erim en ta l S ec tion ). C om pou n d  5 can also be 
ob ta in ed  d ire c t ly  from  1 and h yd rox id e  ion  in  e thanol o r e th a n o l-w a te r4-7 (e/. E xp erim en ta l S ec tion ). T h e  ac id ifica tion  o f  5 g iv es  the 
unstable p erth iocya n ic  a c id 4’7 w h ich  rearranges to  1.

Table I is analogous to 11, and suggested that 11 would
Preparation of “M ixed” Perthiocyanates undergo a similar rearrangement (eq 5) as that shown

N a +  ~S— C - '^ 'N  +  R 'X  — >  7 11 +  O H  -  — 10 +  H 20  (5 )

N------C— SCH3 (R = Me) in Scheme I (1 — 5). However, the addition of the
R ' Yield of 7, % hydroiodide of 11 to 2 mol of potassium hydroxide in an

B en zy l 71 ethanol-water solution precipitated an 85% yield of
2 ,4 -D in itrop h en y l 94 sulfur based on eq 6. The sulfur was removed by
T rip h en y ltin  99
s -T r ia z in y l“ 53 11 +  O H -  — >- 9 +  S +  H 20  (6 )

“ T h is  reaction  w as run using 3 m ol o f  th e  sod ium  sa lt and 1 filtration and 1 mol of dimethyl sulfate was added to
m ol o f cyanuric ch lorid e  to  g iv e  th e  tr isu bstitu ted  th iocyan u rate . ^  filtrate_ Thug; ^  subgequent methylation of the

„ ,, , „ filtrate would give dimethyl cyanodithioimidocarbonate
Addition of Sulfur to S-Methyl Potassium Cy- /3 p  _  jy[e) and dimethyl perthiocyanate (6, R  =

anodithioimidocarbonate 9).- T h e  preparation of Me) dia stic of g  and the desired 5-methyl isomer
the 5-methyl isomer v ia  the addition of sulfur to 9 (10) respectively. Indeed, after 18 hr at room tem-
(eq 4) was investigated m view of the successful peraturej gas chromatographic analysis showed an 84%
Me__g yield of 3 (R  =  Me) and a 7% yield of 6 (R  =  Me) .

\  Based on the above correlation between the yield of
C = N — C N  +  S - / - * ■  sulfur and 3 and the demonstrated addition of sulfur to

K + S  the cyanodithioimidocarbonate anion ( 3 )  to form the
9 perthiocyanate anion (5), it would be reasonable to

jyjeg__suggest that 10 arose from the readdition of the sulfur
ll___ « + m  in solution to 9 (eq 4). However, the demonstrated

inertness of sulfur to 9 would indicate that an alternate 
10 mechanism is operative.13

addition of sulfur to 2 (c f . Experimental Section) and ] '1m!)llly’ f  ̂ Tdithhizde

Also, neither raising the temperature nor changing ^
the solvent to dimethylformamide increased the ^ ® ^  y
reactivity. N  C = N :H - <  O H

Rearrangement of 3-Imino-5-methylmercapto-l,2,4- R=H,Me
D i t h i a z o le  (11).— The reported preparation12 of salts __
of 11 provided a second approach to the 5-methyl ^
isomer. A  tautomer (12) of isoperthiocyanic acid C = N — C N  +  S +  H 20

MeS— C S HS— <jjj f  ino hydrogen, is proposed. Alternate mechanisms,
N---- C = N H  N  C = N H  involving the tautomeric hydrogen atom, can be

11 12

.______  (13) A  referee suggested that 9 arises from 10 and that 10 is an inter-
„  r , T „  T Dm Chem 32 1566 mediate in the formation of 9 from 11. This is certainly a possibility, but

(11) R. J. Timmons and L. S. Wittenbrook, J. Org. Chem.. 32, ^  nQt appear to be the ca8e in the analogous transformations involving

(1 a 2 ) 'R  E Allen R. S. Shelton, and M. G. Van Campen, Jr., J. Arne r. 1, 2, and 6 (Scheme I). Thus, there is no evidence for the formation of 2 from

Chem. So., 76, 1158 (1954). *■ but 8 ca"  be Pr6Pared fr° m *'
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W r i t t e n  f o r  i s o p e r t h io c y a n ic  a c id  ( R  =  H ) ,  b u t  a r e  n o t  residue am ounted  to  12.9 g  (9 4 % ) o f sod ium  b rom ide . T h e  

p o s s ib le  f o r  t h e  m e t h y l  d e r i v a t i v e  (1 1 ) .  filtrtaî f  d ip p e d  to  dryness, le a v in g  32.2 g  o f an orange liqu id .
y J v '  D is t illa t ion  ga ve  3.40 g  o f a foreru n , bp  98-110 ° (0 .50 m m ),

fo llow ed  b y  23.8 g  (7 1 % ) o f pure 3 -m eth y lm ercap to -5 -b en zy l- 
E x p e r im e n t a l  S e c t i o n  m e rc a p to ,l,2 ,4  th iad ia zo le , bp  148-150° (0 .35 m m ), n 30D 1.6552.

Anal. C a lcd  fo r  C ioH 10N 2S3: N ,  11.0; S, 37.8. F ou n d : N ,  
T h e  in frared  spectra  w ere  d eterm m ed  m  N u jo l on an I R - 8  g .  g  3 7 .8 .

B eckm an  spectroph otom eter. Gas ch rom atograph ic  analyses 3 -M e th y lm ercap to -5 -(2 ',4 '-d m itrop h en y lm erca p to )- l,2 ,4 -th ia -
w ere  carried  ou t on an F  & M  720 gas chrom atograph  using a d ia zo le .— T o  a so lu tion  o f 18.6 g  (0 .10 m o l) o f th e  sod iu m  sa lt
s ilicone D C  550 colum n p rogram m ed  fro m  120 to  270° a t 15 d eg  o f 8  in  1 0 0  m l o f T H F  was added  a solu tion  o f 20.2 g  (0 .10  m o l)

m n̂ 1- . . . . o f  l-ch lo ro -2 ,4 -d in itroben zen e in  100 m l o f T H F .  A f te r  19 h r a t
P rep ara tion  o f P o tass iu m  P erth iocya n a te  fro m  D ipotassiu m  ro0m  tem peratu re  (sod ium  ch loride p rec ip ita ted  as th e  reac tion

C yan od ith io im idocarbon ate  (2 ) 6 and Sulfur.- T o  12.0 g  (0 .062 p roceed ed ), the reaction  m ix tu re  was filte red . T h e  residue
m o l)  o f 2 d isso lved  m  100 m l o f a 5 0 %  e th an o l-w a te r so lu tion  was am ounted  to  5.00 g  ( 8 6 % )  o f sod ium  ch loride. T h e  f ilt ra te  w as
added  1.98 g  (0 .062 m o l) o f su lfur. T h e  su lfur d isso lved  a fte r  poured  o ve r  ice  to  g iv e  a y e llo w  solid ; th e  solid  was w ashed  free
stirr in g  fo r  2 hr a t ro om  tem peratu re . T h e  so lu tion  was f ilte red  o f cM oride  w ith  w a te r  and d ried  to  g iv e  31.0 g (9 4 % ) o f 3- 

and  d iv id ed  m  h â lf. m eth y lm ercap to -5 - ( 2 ' , 4 '-d in it r o p h e n y lm e rc a p to )- 1 ,2 ,4 - th iad ia -
(a )  M é th y la t io n  to D im e th y l P e r th io c y a n a te . - T o  one-half zole> m p  114 -116 °. R ec rys ta lliza t io n  fro m  carbon  te trach lo r id e

o f th e  so lu tion  was added  8.81 g  (0 .062 m o l)  o f m e th y l iod id e  g a ve  an an a ly tica l sam pie> m p  i i 7 - i i 8 °.

A f t e r  5 hr a t room  tem peratu re  th e  reac tion  m ix tu re  was poured  AnaL C a lcd  fo r  C 9H 6N 40 4S3: C , 32.8; H ,  1.8; N ,  16.9;
on to  ice T h e  w h ite  sohd was filte red  and a n  d ried  to  g iv e  4 T 0  g  s  2 8  F ou n d ; C , 32.7; H ,  1.8; N ,  17.0; S, 28.9.
(8 0 % ) o f d im eth y l p erth iocyana te , m p  36-38  ( l i t . 3 m p  42 ), 3 -M eth y lm ercap to -5 -tr ip h en y ltin m ercap to -l,2 ,4 -th iad iazo le .
m m p  w ith  an an a ly tica l sam ple no depression. T h e  ir spectra  _ T o  a so lu tion  o f 0 .061 m o l o f th e  sod ium  sa lt in  100 m l o f T H F  

o f  th e  tw o  s am p ies w ere  id en tica l. _ , was added  a  solu tion  o f 23.5 g  (0.061 m o l) o f tr ip h en y ltin  ch loride
(b )  A c id ifica tion  to Isoperth iocyan ic  A c id  (1 ) .  T h e  o ther h a lf ;n 7 5  m l 0f  T H F .  A s  th e  reaction  p roceeded , sod ium  ch loride

o f th e  so lu tion  was ac id ified  w ith  6 N I Ï C 1  to  g iv e  4.20 g  (9 0 % ) p re c ip ita ted . A f te r  17 hr a t room  tem peratu re , the reac tion
o f 1, m p  202 dec, m m p  w ith  an an a ly tica l sam p e o f 1 no  depres- m ix tu re  was f ilte re d . T h e  residue am ounted  to  3 .30 g  ( 9 3 % )  o f

S1T  T h® tw o  sam ples 1 eJ L ld0entl,oaL  ,  sod ium  ch loride. T h e  f iltra te  w as s tripped  to  d ryness; th e
5 and  M e th y l Io d id e  - T o  a  so lu tion  o f 106.6 g  (2 .66 m o l) o f residue was tr itu ra ted  w ith  an e th a n o l-w a te r  solu tion  to  g iv e  31.0 

sod ium  h yd rox id e  m  200 m l o f w a te r and 800 m l o f e th an o l w as (9 9 % ) o f 3 -m eth y lm erca p to -5 -tr ip h en y ltin m ercap to -l,2 ,4 -th ia - 
added  m  portion s  200.0 g  (1 .33 m o l) o f isoperth iocyan ic  acid  diazole> 72_7 6 °. ReCry s ta lliza tion  fro m  9 5 %  eth an o l g a ve  
A fte r  so lu tion , 193.0 g  (1 .33 m o l) o f m e th y l iod id e  was added  an anal tica l sa le  75„ 7 6 °.

d ropw ise , the tem peratu re  b e in g  k ep t b etw een  15-25 T h e r e -  AnaL C a lcd  fo r  C 2 1H „ N 2H3Sn: N ,  5 .5 ; S, 18.7; Sn, 23.1.
action  was s tirred  a t room  tem peratu re  fo r  24 hr and then  poured  Found* N  5 4* S 18 6 * Sn 23 0

ic() ;  -rh e  J ^ t i n g  f lid  f ilte r f  and aiJ d " ed Siv e  T ris (3 -'m eth y lm ercap to -1,2 ,4 -th iad iazo le -S )-tr ith iocyan u rate .
62.5 g  (2 7 % ) o f d im eth y l p erth iocya n a te , m p  35-39 ( l iC 3 m p  _ T o  0 1 2  m o l o f th e  sod ium  sa lt dissoiv ed  in 100 m l o f T H F  was 
42 ) m m p  w ith  an au thentic  sam ple, no depression. T h e  ir  added  7 26 (0 .04 m o l) o f cyanuric  oh loride d isso lved  in  50 m l

spectra  o f th e  2 sam ples w ere  id en tica l. T h e  filtra te  was ac id ified  o f T H F .  i m m ed ia te  p rec ip ita tion  occurred , and th e  tem peratu re
dropw ise  w ith  concen trated  HC1; a y e llo w  solid  p rec ip ita ted  r o s e t o 4 5 °. A f te r  1 hr a t re flux, th e  reac tion  was a llow ed  to  stand
w h ich  w as filte red  and air d ried  to  g iv e  140.0 g m p  120-140° a t room  tem peratu re  o ve rn igh t and then  filte red . T h e  residue

ld y L (? f rf o t!ftUl! attlr  from t 150 °  m l e th y l ace ta te  g a ve  wag w ashed  w ith  T H F  and w a te r and d ried  (1 6 .5 W a sh in g
S 3-m ethy l “ pto-5-m ercapto-l^ 2 ,4 -th iad iazo le  th e  crude p rodu ct w ith  b o ilin g  d ioxane and acetoriitr iIe  g a ve  12.0

( 8 ),  m p  146-150 dec A n  ad d ition a l recrysta lliza tion  fro m  aceto- (5 3 % )  0f  tr is (3 -m eth y lm erca p to -l,2 ,4 -th ia d ia zo le -5 )-tr ith io - 
m tn  e g a ve  an a n a ly tic a lly  pure sam ple, m p  149-150 dec ( l i t . «  Cyanu rate, m p  252 -254 °.

i lecf )b m m ,P 11̂ l t h “ alyti!al sam ple o f 8  p repared  AnaL C a lcd  fo r  C I2H 9N 9S9: C , 25.4; H ,  1.6; N ,  2 2 .2 ;
b y  th e  m eth od  o f G oerde ler and Sperlin g, no depression. T h e  ir g  50 .7 ; C l, 0 .0 . F ou n d : C , 25.7 ; H ,  1.6; N ,  21.9; S, 50.1; 
spectra  o f the tw o  sam ples w ere  id en tica l. 0 1  0  1

. 7Annab f ° r C3lî<N2S3: N ,  17.1; S, 58.6. F ou n d : N ,  ’ 3 -Im in o -5 -m eth y lm ercap to -l,2 ,4 -d ith ia zo le  H y d r io d id e  ( 1 1 )

s ~ . . . .  j .  , ,Q, and H yd ro x id e  Io n .— T o  3.12 g  (0 .050 m o l) o f potassiu m  h y-

j  fnllnwino- tlfp rl P t r< ’ j i  aZ° ,  q d rox ide  d isso lved  in  100 m l o f a 5 0 %  e th a n o l-w a te r  solu tion  was
i r i 4 d r n ; M o r ° T , n i , i ° o  ,G o r d f ;  an,d  ! perhn*  , m p  added  7 - 3 3  g  ( ° - ° 2 5  o f 3 - im h io -5 -m eth y lm ercap to -l,2 ,4 -

d ec );  8  d isso lved  sm ooth ly  m  d ith ia zo le  h yd ro iod id e .i2 T h e  m ix tu re  w as ys t ir r e d P a t " m

tfon  w frh  HC1 unchanged on ac id ifica- tem p era tUre fo r  2 hr and then  filte red . T h e  residue am ou n ted

Anal. C a lcd  fo r  C 3H 4N 2S3: N ,  17.1; S, 58.6. F ou n d : N ,  f v o Y o n  f r °™  d im eth y l-
17 0* S 58 6  ro rm am iae  g a ve  0 . 2 0  g , m p  117-119 , m m p  w ith  au th en tic

8 and D ia zom eth an e .— A n  etherea l solu tion  o f d iazom ethane s u i t e ,  no depression. ..

w as p repared  using 21.5 g  ( 0 . 1 0  m o l) o f N -m eth y l-N -n frro so -p - f  7°  ^  W8f  added  3 ' 1 6  8  j 0 ' 0 2 * ™ 1 ° f
to lu enesu lfonam ide. T o  a solu tion  o f 5.00 g  (0.031 m o l) o f 8  ^  A/ ter 1 3  hr a t r ° ° m  tem peratu re  the so lu tion  w as poured

in 25 m l o f te trah yd ro fu ran  ( T H F )  was added  the d iazom ethane l l d t h o n  ^  + i f i T f n  f 6  ,
so lu tion . T h e  reaction  was a llow ed  to  p roceed  a t room  tem pera- ^ g S < 34)pand the,n S trlppm g ^ ^  3 ; 4 0  g  o f a  pa le  7e11™
tu re u n til gas evo lu tion  ceased. T h e  so lven ts  w ere  a llow ed  to  r 7  c yan od ith io im ido -
eva p ora te , and the residue was poured  o ve r  ice. T h e  m ix tu re  carbonate and 7 %  d lm eth y J P erth iocyan a te . 
w as coo led  u n til the p rodu ct b ecam e crysta llin e . I t  was filte red  .
and a ir d ried  to  g iv e  4.80 g  ( 8 8 % )  o f d im eth y l p erth iocyan a te  Registry No. 8 , 20069-40-3; 3-methylmercapto-5- 
(6 , R  =  M e ) ,  m p  3 0 -3 9 °. T h e  ir  spectrum  w as id en tica l w ith  an benzylmercapto-1,2,4-thiadiazole, 20429-49-6; 3-
au thentie  sam ple o f 6 . R ec rys ta lliza t io n  from  e th an o l-w a te r methylmercapto-5-(2',4'-dinitrophenylmercapto)-1 2 4-
depressi°onS ’ 36" 3 9 ° ’ ” P With “  an a ly tica l sam ple o f 6 - no thiadiazole, 20429-50-9; 3-methylmercapto-5-triphe-

3 -M e th y lm ercap to -5 -b en zy lm ercap to -l,2 ,4 -th iad ia zo le .— T h e  nyltinmercapto-1,2,4-thiadiazole, 20429-51-0; Tris-
sod ium  s a lt  o f 8  w as prepared  b y  add ing 2 2 . 0  g  (0 .13 m o l) o f 8  (3 -  methylmercapto - 1,2,4- thiadiazole- 5)trithiocyanu-
to  a  solu tion  o f 5.36 g  (0 .13 m o l) o f sod ium  h yd rox id e  in  20 m l o f rate, 20429-52-1. 
w a te r  and 80 m l o f m ethanol. T h e  resu lting solu tion  was
strip ped  to  dryness. T h e  residue (0.13 m o l o f  th e  sod ium  s a lt ) A r k n n w l e d a m e n t ___T im  ■ i
was d isso lved  in  200 m l o f T H F ,  and to  i t  w as added  a so lu tion  T A c ™ O W le d g m e n t .  1 he author IS indebted to Mr.
o f  22.9 g  (0 .13 m o l) o f b en zy l b rom ide  in 100 m l o f T H F .  W ith in  Ivor bimmons, i\lr. 1 atrick Branigan, and their re-
a few  m inutes, sod ium  b rom ide  s ta rted  to  p rec ip ita te ; a fte r  2 0  hr spective staffs for the instrumental and elemental
a t room  tem peratu re , th e  reaction  m ix tu re  was filte red . T h e  analyses, respectively.
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T h e  o x id a tion  o f m eth an o l b y  aqueous p eroxyd isu lfa te  ion  has been fou nd  to  p roceed  via tw o  d is tin c t 
paths, one  in  th e  presence o f o xygen  (p a th  A ) ,  th e  o th er in  its  absence (p a th  B ).  T h e  reac tion  p a th  in  absence 
o f  o xygen  was fou nd  to  b e  ca ta lyzed  b y  C u ( I I )  ion  and  in h ib ited  b y  th e  ox ida tion  p rodu ct, fo rm a ld eh yd e .
W h en  copper cata lys is  and fo rm a ld eh yd e  in h ib ition  are m in im ized  th e  observed  ra te  la w  is ra te  =  ir i& O s2- ] 5/2.
A  rad ica l-chain  m echanism  consistent w ith  th e  observed  ra te  la w  and sto ich iom etry  is presented. A  va lu e  o f k 
fo r  th e  ox id a tion  o f methanol-cfc was determ ined . T h e  isotope  e ffec t is show n to  b e  reasonable  w ith  respect to  
th e  p roposed  m echanism . A d d it io n a l steps are p resented  to  exp lain  th e  fo rm a ld eh yd e  in h ib ition . R a te  and 
sto ich iom etric  d a ta  are  also presented  fo r  th e  p eroxyd isu lfa te  ox ida tion  o f a -phenylethanol.

The kinetics of the oxidation of methanol by aqueous M ethanol-cfc ( > 9 9 %  isotop ic  p u r ity  c la im ed  b y  su p p lie r) w as 
peroxydisulfate ion have been reinvestigated Pre- purchased fro m  M e rc k  Sharp and D o h m e  o f  Canada , lo t  no. A P

vious investigators2- 6 7 had proposed that the oxidation 569 ’ a“d us?d witilout t e t h e r  pu rifica tion  M ass  spectra l and 
i t  v  t i • i ■ m i in frared  analyses show ed its  iso top ic  p u r ity  to  be 9 6 %  or greater,

piocee S y  a radical-chain mechanism. They were K  &  K  Lab ora to r ies  cr-phenylethanol was fra c t io n a lly  d istilled  

unable to suggest a mechanism consistent with their b efo re  use, bp  8 9 -9 0 ° (12 m m ), n wD 1.5213. T lc o n 0 .5 -m m -th ic k

observed rate dependence (three-halves on peroxydisul- silica  gel p lates in  4 :1  v / v  b en zen e -e th y l aceta te  g a ve  o n ly  one

fate and one-half on methanol) without involving a sp”t an /ldlle ,
, i. , , T ech n iqu es .— K in e tic s  w ere  fo llow ed  on  a B eckm an  JJK-1

bimolecular imtiation step between peroxydisulfate and record in g  spectroph otom eter. A  th erm osta ted  cell ho lder th rou gh

methanol, ivoithon, however, using allyl acetate as a w h ich  w a te r o r e th y len e  g ly c o l w as circu lated  fro m  a constant-

radical trapping agent, had shown that a bimolecular tem p era tu re  b a th  enabled  tem peratu res  w ith in  th e  cell com part-

step does riot contribute to chain initiation. This m en t to  be m a in ta in ed  to  ± 0 . 5 ° .  M a tch ed  ground-glass

investigation was undertaken to clarify this situation stoppered  s ilica  cells o f 1 .0-cm  p a th  len g th  w ere  used.

and to investigate further other factors (such as the a p p ro x im a te ^  300 m/x ou t to  b eyon d  200 m/x.10 T h is  fa c t  in

reported effects of trace metals and oxygen) affecting con ju nction  w ith  th e  nonabsorb ing character o f m eth an o l and
the peroxydisulfate oxidation of alcohols. fo rm a ld eh yd e  in th is region  o f th e  spectru m  a llo w ed  th e  loss o f

p eroxyd isu lfa te  ion  to  b e  fo llow ed  w ith  fu ll-sca le  deflec tion  o ve r  
a w id e  range o f concen trations. In  th e  case o f a -p h en y le th a n o l, 

E x p e r im e n t a l  S e c t i o n  k inetics  w ere  m on ito red  b y  fo llo w in g  th e  increase in  ab sorp tion
due to  the p rod u ct acetophenone (lo g  4 .074, Xmai

M ater ia ls .'— A l l  chem icals n o t described  b e lo w  w ere  reagen t 244 m/i). In  a ll cases th e  re ference so lu tion  w as o f th e  sam e
grade. T h e  so lven t in  a ll cases w as unbu ffered ; th e  p H  v a r ie d  com position  as th e  reaction  m ix tu re , w ith  the om ission o f p e ro x y -
fro m  ap p rox im a te ly  3.5 to  2 in  th e  runs w ith  m eth an o l. U n less d isu lfa te . P rev iou s  w o rk 7 and p re lim in a ry  experim ents  show ed
in d ica ted  o therw ise, a ll experim ents  in v o lv in g  m eth an o l w ere  th a t fo r  th e  concen trations o f p erox id e  e m p lo yed  th e  spectro -
p erfo rm ed  using d istilled  w a te r. D e ion ized  w a te r , p repared  b y  p h o tom eter ligh t source does n o t indu ce th e  p h o toch em ica l d e 
passing d is tilled  w a te r  th rou gh  a B arn sted  m ixed-bed  ion-ex- com position  o f p eroxyd isu lfa te .
change colu m n, w as used fo r  th e  experim ents  w ith  a -p h en y l- R a te  constants w ere  ca lcu lated  e ith er fro m  p lo ts  o f l / ( A i  —
ethanol. A c0)V s  vs. t im e , w here A t is absorbance a t t im e  t and A „  is ab-

B aker and A d am son  reagen t g rade  potassium  p eroxyd isu lfa te  sorbance a t  t im e  in fin ity  (ten  h a lf- lives ) o r d ire c t ly  fro m  spectro-
w as recrysta llized  fro m  d e ion ized  w a te r  e ith er once o r tw ice  p h o tom etr ic  traces. A »  w as n o t u sua lly  ze ro ; i t  v a r ie d  fro m
b e fo re  use. S pectra l g rade  m e th y l a lcohol (F ish er A n a ly ze d  zero b y  ± 0 .0 3  units ow in g  to  s ligh t cu ve tte  im b a la n ce  and/or
R ea gen t N o .  A -4 0 8 ) w as used in the m a jo r ity  o f experim en ts. in strum en t d r ift . R a te  constants ca lcu lated  fo r  d u p lic a te  runs
A  fe w  runs w ere  carried  ou t w ith  reagen t grade  m eth an o l d istilled  usua lly  agreed  to  ± 8 % .  In it ia l ra te  constants va r ied  b y  ± 2 0 % ;
fro m  calcium  ox id e ; no d ifferences w ere  fou n d  b etw een  th e  ra te  in these cases a t least seven  determ ina tions  w ere  m a d e  and an
constants ob ta in ed  w ith  th e  tw o  grades o f a lcohol. M e th a n o l-  a verage  taken .
free  fo rm a ld eh yd e  was p repared  b y  th e  m eth od  o f L e d b u ry  and T h ree  d ifferen t procedures w ere  e m p lo yed  fo r  in it ia t in g  th e  re-
B la ir .8 T h e  aqueous fo rm a ld eh yd e  so lu tion  was an a lyzed  fo r  actions depen d in g upon th e  desired  d egree  o f o x ygen  exclusion,
p er cen t fo rm a ld eh yd e . T h is  va lu e , coupled  w ith  th e  m easured  W h en  th e  exclusion o f a ir  was n o t requ ired , th e  p ro ced u re  was to
index  o f re frac tion  o f th e  so lu tion , was then  app lied  to  a  te rn a ry  a llo w  th e  p eroxyd isu lfa te  solu tion  to  a tta in  tem p era tu re  in th e
phase d iagra m 9 fo r  th e  system  m e th a n o l- fo rm a ld eh yd e -w a te r . ce ll in  the spectroph otom eter. A lc o h o l and/or o th e r a d d itiv es
F o r  a ty p ic a l p rep ara tion  w h ich  w as 2 5 % , w / w , in  fo rm a ld eh yd e  w ere  then  in trodu ced  d ire c t ly  in to  th e  cell w ith  a  h yp od e rm ic
w ith  nwD 1.3593, th e  in d ica ted  p ercen tage  o f m eth an o l is 0 ±  2. sy rin ge  o r m ic rop ip e t, and th e  so lu tion  was m ixed  b y  shak ing;
A l ly l  aceta te , purchased fro m  th e  A ld r ich  C h em ica l Co... was th is p rocedu re  usua lly  requ ired  fro m  10 to  20 sec. In  those runs
fresh ly  d istilled  b e fo re  use, b p  101 .5 -102°. w h ich  w ere  carried  ou t in  o rder to  d eterm in e  in itia l ra te  constants,
_______________  i t  w as desirab le  to  reduce th e  am ou n t o f  a ir p resen t in th e  re-

I l )  Abstracted from the Ph.D. Thesis of J. E. McIsaac, Jr., Brown ac tion  m ix tu re . In  these cases deaera tion  w as accom p lish ed  b y
University, 1968. A  preliminary account of this work has been published: b u b b lin g  a s tream  o f p rep u iified  n itrogen , fo r  ap p rox im a  e y
J. O. Edwards, A. R. Gallopo, and J. E. McIsaac, Jr., J. Amer. Chem. Soc., 0.5 h r, th rou gh  a p eroxyd isu lfa te  so lu tion  in  an ex tern a l vessel 
88,3891 (1966). f it ted  w ith  a  ru bber s topper d r illed  to  pass a s m a ll p ip e t. T h e

(2) I. M. Kolthoff, E. J. Meehan, and E. M . Carr, ibid., 75, 1439 (19S3). so lu tion  was then  b rou gh t to  tem p era tu re  and p ip e te d  in to  the
(3) P. D. Bartlett and J. D. Cotman, ibid., 71, 1419 (1949). spectrophotometer cell where other reactants were added in the
(4) L. R. Subbaraman and M. Santappa, Curr. Sci., 33, 208 (1964). manner described above. An apparatus was designed for the
(5) L. R. Subbaraman and M. Santappa, Proc. Indian Acad. Sci., 64, 345 purpoge Qf ca rry in g  ou t a  num ber o f runs in  an en v iron m en t as

(6) L. R. Subbaraman and M. Santappa, Z . Phys. Chem., 48, 163 (1966). fre e  f r ° m  oxy g en possible. T h is  apparatus and th e  m eth od  of
(7) D. L. Ball, M . M. Crutchfield, and J. O. Edwards, J. Org. Chem.. in itiating the reaction were similar to  that previously described.

25,159 9  (1960). In  the experiments involv ing ally l acetate, the production of
(8) W. Ledbury and E. Blair, J. Chem. Soc., 26 (1925). -------------------
(9) J. F. Walker, “ Formaldehyde,”  3rd ed, Reinhold Publishing Corp., (10) L. J. Heidt, J. B. Mann, and H. R. Schneider, J. Amer. Chem. Soc.

New York, N. Y ., 1953, p 484. 70, 3011 (1948).
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K  , » /  <—  F IR ST -O RO ER* r*
F igu re  1.— T y p ic a l trace  o f  absorbance os. t im e  a t 231 m/i show - oe  I ^>'

in g  p a th  A , p a th  B , and th e  len g th  o f  p a th  A , t . ^
//a

////
p o ly a lly l aceta te  prec luded  th e  use o f a sp ectroph o tom etr ic  0,4 ~ /  / /
techn iqu e. T h e  m eth od  em p loyed  was iod om etr ic  analysis o f - J '
unreacted  p eroxyd isu lfa te .11 /  / t

Y ie ld s .— Y ie ld s  o f  fo rm a ld eh yd e  w ere  d eterm ined  b y  sea ling 0 2 " /  /  /
th e  reactants in 5 -m l glass am poules and subm erg ing th e  am - /  /
pou les in  a th erm osta ted  b a th  fo r  th e  requ ired  len g th  o f  t im e , / /
a fte r  w h ich  th e y  w ere  an a lyzed  b y  th e  m eth od  o f  R o m ijin .12 o.i ............................................... ..............,________

T h e  y ie ld s  o f acid  p roduced  during the course o f th e  reaction  w ere  02 04 r  2 ° 8 1 2 2
determ ined  s im ila r ly  excep t th a t a liquots w ere  t itra ted  w ith  0 . 1  Ls2 0s J b X10 m

N  N a O H  using an au tom atic  t itra to r , a R a d iom ete r  titrag rap h , _ .
ty p e  S B R 2 C . T h e  rem ain in g  solu tion  w as an a lyzed  spectro- F igu re  2. -D em onstrating th e  k in e tic  dependence o f  p a th  B
p h o tom etr ica lly  fo r  th e  concen tration  o f  unreacted  p eroxv - 011 tb e  concen tration  o f S20 82-  a t th e  com m encem en t o f  p a th  
d isu lfa te . T  =  7 0 °; [C H 3O H ]0 =  0.78 M;  Rb =  in itia l ra te  o f  loss

o f S20 82~.

R e s u l t s

M e t h a n o l  O x i d a t i o n . -  T h e  o x id a t io n  o f  m e t h a n o l  a lc o h ? .  0 l d a t^ n - s ig n if ic a n t  d i f fe r e n c e  w a s  o b -  

w a s  f o u n d  t o  p r o c e e d  v ia  t w o  d is t in c t  r e a c t io n  p a t h s .  Ser,ve<; A~e S 1f ^ e 0  f^ r c e - h a lv e s - o r d e r  p l o t  o r  t h e  
W h e n  t h e  o x id a t io n  is  i n i t ia t e d  in  a  s t o p p e r e d  s p e c -  v a  u e  o f  t h e  r a t e  c o n s t a n t  o b t a in e d  u n d e r  n it r o g e n  a s

t r o p h o t o m e t e r  c e l l  w i t h  r e a c t a n t s  in i t i a l l y  a t  e q u il ib -  c o m p a r e d  t o  t h e  r e s u lts  fo u n d  b y  t h e  t e c h n i q u e  u s u a l ly

r iu m  w it h  t h e  a tm o s p h e r e ,  a  r e l a t i v e l y  s lo w  r e a c t io n  e m p lo y e d .
is  f ir s t  o b s e r v e d ;  a f t e r  s e v e r a l  m in u te s , h o w e v e r ,  t h e  h o r  t h e  p u r p o s e s  o f  t h e  p r e s e n t a t io n  o f  t a b u l a r  a n d  

r e a c t io n  r a t e  in c r e a s e s  d r a m a t i c a l ly .  I f  a  s m a ll  a m o u n t  g r a p h ic a l  d a t a ,  in i t ia l  r e a c t a n t  c o n c e n tr a t io n s ,  in d ic a t e d

o f  a ir  is  in t r o d u c e d  in to  t h e  c u v e t t e ,  t h e  r a p id  r e a c t io n  7  t h °  s u b s c r ip t  z e r o , a re  t h o s e  a t  t h e  b e g in n in g  o f  p a t h

is  im m e d ia t e ly  q u e n c h e d  a n d  t h e  r a t e  o f  lo s s  o f  p e r o x y -  A ' 1  h e  s u b s c r iP t s  A  a n d  B  w i l l  a ls o  b e  u s e d  w h e n  i t
d is u l f a t e  r e tu r n s  t o  a p p r o x im a t e ly  t h e  i n i t i a l l y  o b -  1S n e c e s s a r y  t o  d i f fe r e n t ia te  b e tw e e n  in i t i a l  r e a c t a n t

s e r v e d  v a lu e .  A g a in ,  a f t e r  a  s h o r t  t im e  a  s h a r p  r a t e  c o n c e n tr a t io n s  f o r  th e  t w o  p a th s ,
in c r e a s e  is  o b s e r v e d . s t o i c h i o m e t r y .— i h e  p r e v io u s ly  o b s e r v e d  s t o ic h io m -

F i g u r e  1  i l lu s t r a t e s  th e s e  d r a m a t i c  c h a n g e s . T h e  e t r y  ŵ h e n  [C H 3° H ]o >  1 M )  g iv e n  b y  e q  1 w a s  r e -  

s lo w e r  p o r t io n  o f  t h e  r e a c t io n  w i l l  b e  d e s ig n a te d  a s  p a t h  S2( y -  +  C H 3O H  — =>- C H 20  +  2 H +  +  2S 0 42~ ( l )
A ,  t h e  f a s t  p o r t io n  a s  p a t h  B ,  a n d  t h e  le n g t h  o f  p a t h  A
w i l l  b e  r ;  t h is  n o m e n c la tu r e  is  t h e  s a m e  a s  t h a t  c h o s e n  C H 20  +  H 20  C H 2(O H )2 (2 )

b y  B a l l ,  et a l  w h o  o b s e r v e d  th e s e  s a m e  g e n e r a l  c h a r -  a f f i r m e d ; s e e  T a b l e  I .  E q u a t i o n  2  is  in c lu d e d  t o  d e m o n -

a c t e n s t i c s  m  t h e  p e r o x y d is u lfa t e  o x id a t io n  o f  2 -p r o -  s t r a te  t h e  h y d r a t i o n  e q u i l ib r iu m  o f  f o r m a ld e h y d e ;

p a n o h  T h e  r a p id  c h a n g e  in  t h e  s lo p e s  o f  p lo t s  o f  u n d e r  t h e  c o n d it io n s  o f  o u r  e x p e r im e n ts  f o r m a ld e h y d e
a b s o r b a n c e  vs  t im e , f r o m  p a t h  A  t o  p a t h  B ,  p r o b a b ly  is  p re S e n t  a t  > 9 9 %  a s  t h e  h y d r a t e . 16

c o in c id e s  w it h  t h e  c o m p le t e  c o n s u m p t io n  o f  d is s o lv e d

o x y g e n  in  t h e  s y s te m . I n h ib i t io n  o f  p e r o x y d is u lfa t e  T a b l e  I
o x id a t io n s  i n v o l v i n g  o r g a n ic  r e d u c t a n t s  b y  o x y g e n  is  VlT,T„  „  '' ,,
is  w e ll  d o c u m e n t e d . 4 - 7- 13. 14 A t t e m p t s  t o  e l im in a t e  Y ie ld  of- F o r m a ld e h yd e  a s  a  F u n ctio n  o r  M e t h a n o l

+1 . A .• ,  ., , , C o n c e n t r a t io n  and  T e m p e r a t u r e “ -1
c o m p le t e ly  t h e  A  p o r t io n  o f  t h e  r e a c t io n  b y  d e g a s s in g  ____________ Tem ofJ___________

a ll  r e a c t a n t s  w i t h  o x y g e n - fr e e  n it r o g e n  a n d  c a r r y in g  [CHjOHjo, m  6 0  so ~

o u t  t h e  r e a c t io n s  in  a  n it r o g e n  a tm o s p h e r e  w e r e  u n -  1 . 5  1 0 1 . 0  1 0 1 . 8  1 0 2 . 7

s u c c e s s fu l,  r  c o u ld  o n ly  b e  s h o r te n e d  b y  s l i g h t ly  m o r e  1 . 1  100.4 10 1.0  9 9 . 4

t h a n  a  f a c t o r  o f  o n e -h a lf ,  t o  3 .5  m in , u n d e r  c o n d it io n s  0 .78  96 .4  98.0 100.8

f o r  w h ic h  w i t h o u t  d e g a s s in g s , r  a v e r a g e d  8 m in . T h i s  0 ■ 39 9 3 .7  9 5 .6  9 8 .1

is  r e a s o n a b le  s in c e  o x y g e n  is  c o n t in u a l ly  p r o d u c e d  b y  0,20 88 •6 91 0 87.0
t h e  p e r o x y d is u lfa t e  o x id a t io n  o f  w a t e r .16 S o m e  o x y g e n  “  Y ie ld s  o f H2C.°  in  P er cerlt> based on  K 2S 20 8 lo s t a t in it ia l 
w o u ld  t h e n  a lw a y s  b e  p r e s e n t  a t  t h e  in i t ia t io n  o f  t h e  K & O *  concen trations o f ap p rox im ate ly  8.5 x  10~2 M,  assum ing

th e  s to ich iom etry  o f eq  1. 1 Y ie ld s  > 1 0 0 %  are d u e to  in ter-

(11) I. M. Kolthoff and E. M. Carr, Anal. Chew.., 25, 298 (1 9 5 3 ). ference b y  m ethanol in the analytical m ethod at concentrations
(12) I. M. Kolthoff and N. H. Furman, “ Volumetric Analysis,'’ Vol. 2, 111 m eth an o l > 0 .8  M .

John Wiley & Sons, Inc., New York, N. Y., 1929, p 444.
(13) A. R. Gallopo, Ph.D. Thesis, Brown University, 1967. n a *0  T o « ,  n n .L  t l  , ,. , , ,. ,
(14) H. N. Po and T. I „  Allen, ./. Amer. Chem. Soe., 90, 1127 (1968); K & te  P a f f i  B .— t h e  r a t e  o f  10SS o f  peTO X ydlSU l-

E. Ben-Zvi and T. L. Allen, ibid., 83, 4352 (1961); A. J. Kalb and T. l ! f a t e  1011 10 r P a th  B  w a s  f o u n d  t o  b e  p r o p o r t io n a l  t o  t h e  
Allen, ibid., 86, 5107 (1964).

MQRli L M' K °lth0ff and J' K ' MiUer’ J ' ^ '  Ch6m' S°C-  3055 (I6) R ’ P’ Bel1 and A’ ° ’ McDougall, Trans. Faraday Sac., 56, 1281
UW61'* (1960).
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three-halves power of the concentration of the peroxide. 7

The kinetic dependence of the reaction on peroxydisul- z«-
fate was determined in two ways— by varying the con- /
centration of peroxide and observing the change in ini- 2A. /  /
tial rate (see Figure 2 ) and from the linearity of in- °-78 M ~ / y  ,
tegrated three-halves-order rate plots at ratios of per- r  /  A
oxide-alcohol greater than 100. As this ratio falls 22" J  /  / /
below 1 0 0 , the plots exhibit slight curvature during the / /  / /
initial portion of path B (see Figure 3). This initial 20' I f  0S9M
deviation was observed by both Bartlett and Cotman3 N / / / /
and Kolthoif, et al.,2 but it was not further considered ^~-8 i.e- ///a— o.zo u
by them. -  ///

The curvature of integrated rate plots at the lowest v_5 |6. ///'
alcohol concentrations, together with the decrease in ////
the yields of formaldehyde under these conditions sug- ////
gested that the product aldehyde was itself being oxi- 1,4" ffJY
dized and inhibiting the methanol oxidation. Indeed f f l
this was found to be the case, as is indicated by the data 12  - / /
of Table II. The first five entries of Table I I  demon-
strate the dependence of the rate constant obtained from 1.0 _____ l____ 1 j_ 1 .
integrated plots on methanol concentration; the middle T|Mg M|NUTES
three entries show the change in the initial rate constant
as a function of alcohol concentration; the variation F igu re  3.—In te g ra te d  ra te  p lo ts  fo r  fou r m eth an o l concentra- 

in rate constant as a function of the concentrations of tlons: tS 2 ° 82 b  =  8  X  10 3M;  T  =  70°.

both methanol and added formaldehyde are shown in _
the last six entries Deuterium Isotope Effect.'—In order to gam further

insight into the details of the path B mechanism, the 
effect of replacing the three a hydrogens of methanol 

ABLE with deuterium was investigated. The value of the
R a te  C o n stan ts  as  a  F u n c tio n  of  M e t h a n o l  a n d  initial three-halves-order rate constant at 70° and 0.80

F o r m ald e h yd e  C o n c e n tr a™ «  M  methanol-^ is 1.19 ±  0.03. This value in conjunc-
[c h 3o h ]o, m  [CH,(OH)2]o x io> m  k*/,t M 2 mm 1 tion with that found for the protium compound at 0 .7 9  

| ® q q |' M  alcohol gives 1.25 ±0 .1  for the ratio ka/kp.
0 ' 78 0 0 1 41j Activation Energy.-—The Arrhenius activation pa-
q 39 q q j Qgf, rameters for path B were obtained in the interval 60-
0 .2 0  0 .0  0 .97i> 80°. Table I I I  lists the values of the rate constant as a
1 . 5  0 .0  1 .55c function of temperature. The values at the three
0.79 0.0 l.49c highest temperatures were obtained from integrated
0 .2 0  0 .0  1.38' rate plots. The preceding work has shown that at the
1-6 7.7 1.27s concentrations of peroxydisulfate and methanol used
1 5  4 -7  1 ■ 256 in these runs, the aldehyde formed during the reaction
1 5  1 6 ,6  1 066 does not affect the kinetics. However, at 60° the in-
0' 7 ' 7  1 006 tegrated plots exhibited an initial curvature analogous
0 ' 40 7 ' 7  0 82¡, to that observed at lower alcohol concentrations and

„ rao?-! ~  o w m i AU ■ f • 70°. Thus, the 60° value was obtained from initial
tegrated rate plots; in the presence of added CH20 some plots rates. A  possibk rationale concerning^ this observa-
exhibited very soft sigmoidal shapes. c Obtained from initial tion will be considered in the discussion. The Ar-
rates. rhenius activation parameters are A  =  9.5 X 1012

M ~ 'h sec- 1  and A a =  23 ±  1 kcal mol-1.

The initial rate constants agree quite well with those T a b le  I I I

calculated from integrated rate plots at 1.5 and 0.78 T e m pe r a tu r e  D e pe n d e n c e  of P a t h  A  a n d  o f  P a t h  B »
M  alcohol. The value of the initial constant at the TemP, »c fc»/2, m -‘A min-» r, min
lowest methanol concentration is considerably larger 60 0 5 7 0 42 2 9 .5

than the corresponding value obtained from the in- 70 1 6 2  1 .17  7 . 1

tegrated plots. The smaller value of the initial rate 7 5  2 .5 8  2 .2 5  4 .1

constant at 0.20 M  alcohol may be due to some inter- 80 3 .8 2  3 .7  2 . 6

ference by formaldehyde, even under conditions where « [S 2O 8 2 - ] 0 7  8  X  1 0 - 3 M,  [C H 3O H ] 0 = 1.5 M.  b Ra = 
its concentration has been significantly reduced. initial rate of path A.

The data are consistent with a zero-order dependence
of the rate on the concentration of methanol. The Mechanism of Formaldehyde Inhibition.— Formalde- 
experimentally determined rate law for the B portion hyde is itself capable of being oxidized by peroxydi-
of the reaction for the concentration range explored is sulfate to yield formic acid. 17 The stoichiometry is
ĵien given by eq 4. Equation 4 predicts that 3 mol of

, rQ n 2 , S20 s2- +  CH2(OH)2 — >  HCOOH +  2H+ +  2S0 42- (4)
a [b 2U8 J _  juros o  2-i3 / 2 /q ') ---------------- —

L 2 8 j Subbaraman and M . Santappa, Z. Phys. Chem., 48, 172 (1966)-
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strong acid should be produced for each mole of per- T able Y
oxide consumed. It was found that for an initial per- Effect of Additives, Solvent, and the Number of

oxide concentration of 8.2 X 10-3 M  and an equivalent Recrystallizations of K2S208«
concentration of formaldehyde, 86.5% of the theoretical [Cu.iOiiio, Condi- /¿a x io*/ t ,

amount of acid was formed; with a tenfold excess of M  Additive min
formaldehyde the acid yield was 1 0 1 %. None d|i 1 . 2 9  s'x 1 A2 d

The foregoing data clearly indicate that aldehyde 1 .5 None di, 2 1 .06 9 .3  1 .3 7*
inhibition must involve the simultaneous oxidation of ° - 78 f  x 10-s edta Not “ e“ “rable j8 ®
methanol and formaldehyde. If this is so, then at the 0'78 1 x 10-5 edta d, 2  i 's2 8 .9 i.38i
lowest alcohol concentration an excess of titratable acid, i-5 1 x 1 0-«edta d, 2 1 .1 7 8 .9 1 .44^
formic acid, should be produced in addition to the 2 j ® ix io - i 'c ™  D 2 n f  ^  0 1 72d
equiv of HSO4“  predicted by eq 1. Table IV is a 1 .5 5xio-«Cu*+ d.z 1.36 8 .0  1 .23'
summary of the data obtained for the concentration of 15 ixio-«Cu«+ d, 2 1 .4 2 7 .5  i.84e
strong acid produced during the course of two experi- “ [SiOg2-]» =  8 X  10-3 M, T  = 70°. 6 D  = distilled water, 
ments-one at a high alcohol concentration where the fDI = ‘^«nized water • Number of reerystal izations of K & O s
. _ _ _ . . . . & . . . . i i i i  nr\cr/ from DI water. d Obtained from integrated three-halves-order

yield of formaldehyde has been found to be 100%, plots; units are M ~ 1/2 min-1. e Obtained from integrated first-
the other at a much lower concentration where only order plots; units are min-1. 1 Obtained from traces of absor-
82.5% of the total theoretical yield of aldehyde is pro- bance vs. time; R a  =  initial rate of path A. «  Value for one run;
duced. At 1.5 M  alcohol only 2 mol of acid are pro- duplicate exhibited no change of absorbance with time,
duced, during and up to the completion of the reaction
for each mole of peroxydisulfate consumed. These where no effect of copper was found. A  catalytic ef-
data also confirm the stoichiometry of the reaction with feet of Cu2+ was, however, also observed on path B
respect to acid production. A t 0.10 M  methanol, by Gallopo for the system peroxydisulfate-ethanol. 13

however, there is an increasing amount of acid produced A  stoichiometric and kinetic study of the effect of Cu2 +
with time over and above the stoichiometric quantity of on this system is reported in ref 13.
eq 1. This “ excess”  acid is attributed to the oxidation E D TA  was added to several reaction mixtures for
of formaldehyde. Based on the 82.5% yield of H2CO which the solvent was either distilled or deionized water.
at 0.1 M  alcohol, and assuming that the deficit of In the presence of 10-6  M  EDTA, the rate constants
17.5% is caused by the reaction of one-half of this and the rate plots do not differ, within experimental
deficit, or 8 .7 5 %  of the initial peroxide with formalde- error, from the behavior observed in the absence of
hyde, the calculated excess concentration of acid at EDTA. A t 10 ~ 4 M  E D T A  the value of the rate con-
infinite time is 7.2 X IQ- 4  M . The excess found, 8.2 X stant is low, but the plots from which it was calculated
10 ~ 4 M , is in good agreement. exhibit initial curvature similar to that found in the

case of aldehyde inhibition. Ball, et al.,7 found that
Table IV E D TA  can react slowly with peroxy disulfate alone.

„  _  . „  The slight rate reduction may be due to a specificComparison of the T otal Acid Produced . . .. . ,, , , .... , ,
WITH Peroxydisulfate Lost as the Reaction Proceeds« f ffect of E D TA ; l t s e l f ’ rather than to lts ablllty  to che- 

[SzOs®-] lost late trace metal ions.
[CHsOH]0, m  x 10« m  [H +]/2 gained x io* m  a x  io«, M b Path A .— A  study of path A  was not the major pur-

1.5 1.28 1.20 —0.08 pose of this investigation, and, while the results do not
1 .5  4 .2 5  4 .2 8  + 0 .0 3  p e r m it  f ir m  m e c h a n is t ic  p o s tu la t io n s ,  t h e y  a r e  in fo r m -
1-5  6 .9 4  6 .85 -  0.09 a t i v e  a n d  a g r e e  g e n e r a l ly  w i t h  o b s e r v a t io n s  r e p o r t e d

1 •5 8 ■ 52 8 ■ 48 — 0.04 f o r  2 - p r o p a n o l7 a n d  e t h a n o l .13 T h e  fo l lo w in g  d a t a  w e r e

0 1 0  0 64 0 ,76  + 0 .1 2  o b t a in e d  o n  s o lu t io n s  in i t i a l l y  a t  e q u i l ib r iu m  w i t h  a ir

0 1 0  5 ' 36 5 ' 6g + 0  33 a t  r o o m  t e m p e r a t u r e .  T h e r e  w a s  n e g lig ib le  s p a c e
0 1 0  g ig  g ' 6Q + 0  41 a b o v e  s o lu t io n s  in  t h e  s t o p p e r e d  c u v e t t e s  a n d  a t  t h e

« T  = 70°. b A = [H+]/2 gained -  [S2082-] lost. temperatures employed the rate of solution of addi-
! ‘ tional oxygen is not thought to be important. Thus, r

. . .  . may be considered an approximate measure of the
Effect of Additives. The effect of a number of addi- original concentration of dissolved oxygen and 1/r

tives upon both paths of the reaction was investigated. js then proportional to the rate of oxygen consumption.
These additives included Cu2+ and the disodium salt of The values of R\ and r  are probably of no greater ac-
ethylenediaminetetracetic acid (ED TA ). The results of curacy than ±20% ; deviations of this magnitude were
these experiments are listed in Table V. Also included found in duplicate runs.
therein are observations on the effects of solvent and The rate of path A  appears to be independent of 
purity of the potassium peroxydisulfate (as indicated oxygen concentration. Although oxygen is necessary
by the number of recrystallizations from deionized for path A  to be observed, spectrophotometric traces
water) employed in the kinetic runs. are ijnear for the full length of A . 18 By varying the

The data indicate-that under the conditions of our initial concentration of peroxydisulfate and methanol,
experiments up to 10 M  Cu can be tolerated without path A  was found to be independent of alcohol con-
sigmficant kinetic consequences to path B. Above centration. but not independent of peroxide. Log-
1 0 - 5  M , Cu2+ produces an increase in the rate of path log plots 0f the data of Table V I, for [S20 82-]A vs. R x
B. Not only was a rate increase observed, but the and r have slopes of 0.81 and 0.86, respectively. Ar-
kmetic dependence changed to first order in peroxy
disulfate. This behavior contrasts sharply with the ef- . <18) ,The *rfces are nonUnear for the first 1 oc 2 min- during which time

, ,  j i t v  - i i *  i >7 thermal equilibrium was established within the thermostated cell compart-
fect ot U l2+ on the path B oxidation of 2 -propanol7 ment following the mixing of reactants.
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rhenius plots of R A and r  data from Table I I I  give ap- Table VII
parent activation energies of 26 and 29 ±  2 kcal mol-1. Demonstrating the Dependence of the Three-Halves- 
The larger value obtained from the r data is as would be Order Rate Constant on Reactant Concentrations
expected since temperature change would affect not for the Oxidation of <*-PhenYLETHANOLa
only the rate of loss of oxygen but also its solubility. [SiO»*-]» x io< m  [c.hschohch,]o x io> m  k>„ m - ' h min-i

The effects of additives upon path A  are summarized 1.8 3.7 0.32
in Table V. The only dramatic effect discernible is 5 0 3.6 0.28
that of E D T A  at 10-4 M  in distilled water or 10-5 M  7 8 3.6 0.29
E D T A  in deionized water with twice recrystallized 9,5 3,6 0 27
K 2S208. The comparatively small value of R A  at 49 9 94 9 32
10-4 M  E D T A  is difficult to interpret, as indicated in 4'9 18 0'31
the discussion of the effects of additives on path B ; 4 9 2  4  0 34
it may be due to inhibition of the reaction by E D T A  Av0.3l ±  0.02
itself. The first-order rate constant calculated from ‘ I  =  55°, under n itrogen  in  d eion ized  w ater.

R a is 6.5 X 10 -4  min- 1  which is over two times slower
than the rate constant for the thermal decomposition pseudo-zero-order conditions at 10 ~ 4 M  K 2S20 8 using
wr^n’*5 ^ ^  3 m4n *' , ^ e e^ec  ̂ 1 0 - M  deionized water. The data of Table V I I  are consistent

ln deionized water with twice recrystallized with the following rate law for the production of aceto- 
K 2S20 8 may be real and due to reduced concentrations phenone. 
of trace metal ions. In a duplicate run under these
conditions, however, there was no measurable change d[C6H5COCH3] _  [̂S2082-] [GYH5CHOHCH3]1A (5 )
in absorbance during the entire course of A. With 10-6 
M  E D TA  in distilled water there was no effect on
either R A or r. These observations can be rationalized Discussion
by assuming that path A  is subject to trace metal The oxidations reported herein clearly must proceed 
catalysis; this is consistent with the reported effects by a free-radical-chain mechanism initiated by the
of trace metals on the path A  oxidation of 2-propanol7 thermal decomposition of peroxydisulfate ion to two
and ethanol. 13 When metal ion catalysis is eliminated, sulfate radical ions. Evidence supporting this state-
any inhibiting effect of E D T A  itself would be more ment is listed below.
noticeable on a slower uncatalyzed path. 19 (a) Peroxydisulfate ion has been shown to decom

pose in aqueous solution by a nonchain radical pro- 
Table V I  cess. 16’21 I t  is well-known and widely used initiator of

Effect of Variation of Reactant Concentrations vinyl polymerizations.
on Path A  at 70° (b) The oxidation of methanol is inhibited by oxy-

[CHiOHio, m  [S20s*-]a x  10 ! m  Ra x io< m  min-> ° r, min gen and the oxidation of a-phenylethanol appears to be
1 .5  8 .0  1 . 1 7  7 .1  influenced by oxygen. 1 Oxygen inhibition of radical
0 .78  8 .0  1 .2 9  8 .1  reactions involving organic compounds is a well-
0-39 8 .0  1 .2 5  8 .6  known phenomenon.
0 78 4 7 0 92 12 6 (c) The rates of these oxidations are a sensitive
9,73 49' 9 2 94 4 4 function of experimental conditions. The presence of

' oxygen, of trace metal ions, and of additives such as
a  -  lm tia  ra te  o f  p a t . Cu2+ and formaldehyde have marked effects on rates.

, , „ . , , Such sensitivity is characteristic of radical reactions.
The lack of any appreciable effect of added Cm+ m (d) The observed fractional dependence of rates on

conjunction with the E D TA  data indicate that the reactant concentrations is common for radical reactions,
concentrations at which trace metal ions are able to (e) The deiodination of aryl iodides in methanolic
catalyze path A  must be extremely low and such ca- sodium methoxide; which is postulated to occur via a
talysis must reach a limiting value at very small metal free_radical mechanism, has been successfully initiated
ion concentrations. Although Cu2+ is probably not g q  22

the only catalytic ion present it has been found to be m  Allyl acetate and diphenylpicrylhydrazyl reduce
a. v e ry 13 f4ff9ctlve catalyst 111 PCToxydi8ulfate oxida- ^he rate of loss of peroxydisulfate ion in the presence of

. tlons- ' . alcohols to the rate of its decomposition in pure
Oxidation of «-Phenylethanol.-Approximately 1 water.2,13,21,23 Based on Kothoff and Miller’s16 values

mol of acetophenone was formed for each mole of per- for 4be rate constant for the oxidation of water by
oxydisulfate consumed. Based on the initial peroxide S2Os2- the calculated chain lengths are, for methanol at
concentration under nitrogen and at 65-70 an 84% 7QO and g x  10_ 3 M  g ^ » - ,  100 andj for a.phenyl-
yield of the 2,4-dimtrophenylhydrazone of acetophe- eth an o l ftt 5 5 o 18 x  1Q-4 M  g2Q82-  and 3.6 x  10-3  M
none was isolated. Spectrophotometrically determined q  jj CHOHCH 130
yields ranged from 86 to 99%. All of the experiments Postulated Mechanisms.— The proposed mechanism 
listed in Table V I I  were conducted under nitrogen and f0r the path B oxidation of methanol for the case of

(19) Products of E D T A  interference might absorb in the ultraviolet and negligibly Small Concentrations of H 2C(OH )2, i.(’ ., during 
cause the rate of change of absorbance to decrease to values less than those
expected from the thermal decomposition of peroxydisulfate alone. 1.21) C. E. H. Bawn and D. Magerison, Trans. Faraday Soc., 51, 925

(20) Gallopo13 has concluded that the following metal ions, present at a (1955).
concentration of 10"5 M , as well as C u (II), are probably capable of catalyz- (22) J. F. Bunne.t and Carl C. Wamser, J. Amer. Chem. Soc., 89, 6712
ing the ethanol reaction: N i( I I ) ,  F e (I I ),  C r (II I ) ,  H g (I I),  Sn (II), S n (III), (1967).
and T i ( I I ) .  (23) K - B- Wiberg, ibid., 81, 252 (1959).
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the initial portion of path B or when the concentration mol-1.15 E it the activation energy for the reaction of
of methanol is in 100-fold or greater excess over the two radicals, should be very small;30 for the purpose of
initial concentration of S2082-, is, this approximate calculation it is assumed that E 4 =  0.

These values, together with the experimental value of 
S20 82- — > 2 SO,-~ (6 ) E & (23 kcal mol-1); give E3 =  6.2 kcal mol-1; this is a

reasonable value for the reaction of a radical and a 
SO,- - +  CHaOH - 4 -  CEUOH +  H+ +  SO,2- (7) molecule.81

The observed deuterium isotope effect provides 
CH2OH +  S2Os2-— >- CH20 +  H + +  StV~ +  SO, --  (8) further support for the proposed mechanism. The

k derived rate constant k3(ki/ki) '/2 does not contain k2,
CH2OH +  CE2OH — '+■ HOCH2CH2OH (9) the rate constant for abstraction of hydrogen by the

__ nn m ni sulfate radical ion. This leads to the prediction that
2 2 ^  2 2 2 the observed rate constant should be insensitive to

Assuming steady-state conditions for long chains these deuterium substitution at the a carbon, e.g., a primary 
steps lead to the rate law isotope effect. The value of kn/kD of 1.25 ±  0.1 is of

the magnitude expected for a secondary isotope effect on
----d[S2082 ] _ _  k Y ^ y /![s2o82-]V2 fc3 or an inverse secondary a-isotope effect on fc4.32 Selt-

zer33 has found that /ch/&d =  1.12-1.15 per deuterium 
This rate law agrees with our experimental results atom for radical-forming ractions. Since fc4 enters into 
where k =  k3(ki/kf)l/\ the rate constant as (l//c4) ‘/z the measured value of the

The fc2 step probably involves abstraction of an a rate constant for methanol-d3 is predicted to be de
hydrogen from methanol and not the hydrogen bound to creased by a factor of (1/1.124) /! to (1/1.154) /z.34 36
oxygen. Several pieces of evidence point to this con- These ratios lead to values of 1.25-1.32 for
elusion: (a) esr spectra of radicals produced by hydro- Mechanism of Formaldehyde Inhibition. Form- 
gen abstraction from alcohols by hydroxyl radicals have aldehyde inhibition is postulated to occur by steps
been shown to be consistent with removal of an a analogous to those proposed above. In the inhibition
hydrogen;24 (b) isotopic labeling experiments have
provided evidence that attack by hydrogen atoms on CH2(OH)2 +  SO,• _ — >• CH(OH)2 -f SO,2- (10)
hydroxylic hydrogens of alcohols does not readily u
occur;25’26 (c) radical abstraction of a hydrogens CH(OH)2 +  S2082- — >
should be approximately 9 kcal mol-1 more exothermic HCOOH +  H+ +  SO,2- -f SO,- ~ (11)
than hydrogen abstraction from the OH group of an
alcohol.27 The k3 step explains the increased rate of CH(OH)2 +  CH2OH —■ > products (12)
loss of peroxydisulfate observed in the presence of
alcohol compared with the rate of the water reaction. mechanism h  and fc6 are added to the steps for path B
The chain termination reaction, k4, is the only step oxidation of methanol and the fc4 step is replaced by h,.
consistent with the observed kinetics and proposed Aldehyde inhibition is attributed to a more rapid reac-
radical intermediates. The two organic radicals may tion of the sulfate radical ion with aldehyde than with
either dimerize to ethylene glycol or disproportionate to alcohol and a subsequent decrease in chain length as
methanol and formaldehyde. Photolysis experiments28 the termination step fc7 becomes operative,
on mixtures of water-hydrogen peroxide and the When the steady-state approximation is applied to 
alcohols, methanol, ethanol, and 2-propanol, have shown the sequence of steps 6-8 and 10-12, assuming long 
that hydroxymethyl radicals prefer dimerization to dis- chains, eq 13 is obtained. According to eq 13 the 
proportionation. Dimerization is also consistent with
our kinetic deuterium isotope effect (vide infra). -d [SA ,2 ] = / — 6V /5[S2032-] x

An alternative mechanism involving HO • radicals is 1 \ 7 /
also reasonable. In our case such a mechanism would T(  fatCHiOH] \'A /fa[CH2(OH)2]\ ‘A~l .
be kinetically indistinguishable from that proposed L\fc[CH2(OH)2]/ \ fe[CH3OH] )  J
above. Recent work by Dogliotti and Hayon29 on the , , , , , , ,f l .A  „  , .. c J , initial three-halves-order rate constant for path B m theflash photolysis of aqueous solutions of peroxydisulfate c 1 a  r , , , , , , , , 1 r ,. .

1 , ]  o  1 -  J -  7 presence of added formaldehyde should be a function ofcontaining methanol, ethanol, and 2-propanol indicates +, m , , 7 , , , , . . , ,
___ . 1  , ir . j- 1 • . the ratio of methanol to formaldehyde. A  plot of

tn3/1 lor tJig pH r&ngG 1 4.8 the sulfa/tc radical ion reacts /roTT m r i /tott i  ̂ .lo rr^u otti 
directly with alcohol by «-hydrogen abstraction. CH2( ° H )2]b) ^  [CH3OH ]B/ [CH2-

The measured activation energy is also consistent h° u d be m+ear’ Tbe .p01+nts ° l  3.fit a
with the proposed mechanism. The energy of activa- StrElght lme (C0rrelatl0n coefficient =  0.994) and are
tion, assuming all steps follow an Arrhenius tempera- (30) a . a . Frost and r . a . Pearson, “ Kinetics and Mechanism,”  John

ture dependence, would be given by E a =  E z +  l/2(E 1 Wiley & Son3’ Inc- New York’ N-Y” 1962’ p 107-
T? \ id Uor, „  „ r  • , , r  1 1 A - F - Trotman-Diekenson, "Free Radicals,”  John Wiley & Sons,— ii4j. JL i has a value of approximately 33.5 kcal inc., New York, n.y ., 1959.

(32) S. Seltzer, private communication.
(24) M. C. R. Symons and M . G. Townsend, J. Chem. Soc., 269 (1959). (33) A. Zavitsas and S. Seltzer, J. Amer. Chem. Soc.. 86, 3836 (1964).
(25) C. Lifshitz and G. Stein, ibid., 3706 (1962), and references therein. (34) According to StreitwieserV» treatment the isotope e«ect should be
(26) J. H. Baxendale and G. Hughes, Z. Phys. Chem. (Frankfurt am raised to the power of the number of deuterium atoms involved.

(35) A. Streitwieser, Jr.; R. Jagow, R. Fahey, and S. Suzki, J. Amer.
(27) J. W. Benson, J. Chem. Educ., 42, 502 (1965). The bond dissoci- Chem. Soc., 80, 2326 (1958).

ation energies are CHaO H, 102 kcal mol-1; HOCHz— H, 93 kcal moI“ >. (36) This is not to say that radical coupling is expected to exhibit the
(28) J. Barrett, A. L. Mansell, and R. J. M. Ratcliffe, Chem. Commun., same a-isotope effect as radical-forming reactions. Indeed, owing to the

48 (1968). exothermicity of the former, kn/kn would be expected to be less than 12-15 %
(29) L. Doghotti and E. Hayon, J. Phys. Chem., 71, 2511 (1967). per deuterium.
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thus consistent with the proposed model. The ratio of --------------------------------------------
the intercept to the slope of Figure 3 gives k5/k2 = 1 1 . 20'  J

The inequality k& >  k2 agrees with our suggested / *
mechanism. Dogliotti29 found that the reactivity of /  •
SO4 . -  toward alcohols increases in the order methanol, /
ethanol, 2 -propanol— the order of expected stability of o - * /
the incipient radical. Since the substitution of one OH /
group increases the stability of the radical produced by y
a-hydrogen abstraction from methanol over a methane V
radical, substitution of hydrogen by two hydroxyl ^ J t  /
groups should further increase the stability of the ^ » 5  /
formaldehyde radical. 88 /

Subbaraman17 reports that the per oxy disulfate ¿ i i
oxidation of formaldehyde is only about ten times faster _ A
than the water oxidation rate. He proposes a radical ■“  7i
chain mechanism involving steps 10 and 11. 40 Thus it Jfi
appears that although fc5 is greater than k2, h  must be / ,*
much smaller than ks; the radical -CH(OH ) 2 would , ( ,
then be able to reach a relatively high steady-state 0 °-5 r  10

concentration and decrease the chain length in our case 3 x io"z
by termination with the radical -CH2OH . 41 CHz<° B

Path A.—We attribute the lower rate of loss of 
peroxydisulfate m path A  to a reaction between the [CH2(OH)2] theoretically formed during path A .37 
reducing radical-CH2OH and molecular oxygen. Oxy
gen inhibition probably occurs by a mechanism similar General Conclusions.— From our work and from the 
to that proposed by Ball, et al.,7 and Gallopo13 for the reported rate laws and proposed oxidation mechanisms
path A  oxidations of 2-propanol and ethanol, respec- 0f alcohols by peroxydisulfate4 -7 ’ 13 a general pattern has
tively. There are, however, subtle differences in the emerged. Primary and secondary alcohols are, in the
behavior of the three alcohols. These differences are absence of oxygen, oxidized by similar mechanisms,
reflected in the effects of additives such as Cu2- and onjy difference between the two classes of alcohol
EDTA. The reasons for this are not presently clear. is that the rate laws for primary alcohols require a

a-Phenylethanol.— We propose the following chain chain termination between two organic radicals whereas
mechanism, initiated by eq 6  to account for the ob- secondary alcohols must chain terminate by reaction of
served kinetics of oxidation of a-phenylethanol. an organic radical and the sulfate radical ion if the pro-

OH OH posed mechanisms are to yield rate laws conforming to
| ks I _ experimental results. 42 I t  has been found that radicals

C6H6—CHCH-: +  SO,- - — > C6H6—CCH3 +  H+ +  SO, 2 which can exhibit opposite polar effects in chain propa
gation steps usually favor cross-termination.43 In 

OH radical termination steps the activation energy barrier
C#jj6_CCH3 +  S«Os2~ —> may be reduced by polar contributions from a donor

q and an accepior radical,43 even though the activation
M barrier for all such reactions is expected to be small.30

C„H6—CCHs + H+ + SO,2" + SO,- - (15) Gallopo13 reports a 150-fold rate reduction in going from
OH ethanol to 2,2,2-trifluoroethanol; this is good evidence
I *» , that electronic effects are indeed important in peroxy-

C«H6—CCHs +  SO,- >■ products (16) disulfate-alcohol reactions.44 * The radicals originating
For long chains these steps lead to the rate law from secondary alcohols would be expected to have

Tj m P rr 1 electron donor qualities relative to the sulfate radical
dlUHsOOOHq = /fcjfcjjfeox ' [¿¡2o 82-|[CtH=,CHOHCHa]y. (17) ion; such qualities should favor cross-termination.

Primary alcohol radicals, according to this argument, 
Equation 17 is of the same form as the rate law found would then be predicted to self-terminate.46

experimentally. Registry No.— Methanol, 67-56-1; a-phenylethanol,
(37) The yield data of Table I  and the experiments with formaldehyde 98_85 _1  • p e r o x y d is u l f a t e  io n ,  15092-81-6.

show that for the concentrations employed the majority of S2O82 is lost by > r

reaction with methanol. Acknowledgments.— 'We wish to thank Miss Cathy
93»kca im oi->. May for technical assistance and Drs. A. K. Gallopo

(39) T. L. Cottrel, "The Strengths of Chemical 3onds,”  Butterworth and J  Behrman for their interest. The financial
proposed by subbaraman is doubtful since it support of the U. S. Atomic Energy Commission [Con-

involves a bimolecular reaction between CH2(O H )2 and S20s2 , see E. J. tract No. A T (30-1)-1983 ] IS greatly appreciated.
Behrman and J. E. Mclsaac in "Mechanisms of Reactions of Sulfur Com- exception is cyclohexanol" for which participation by the
pounds,”  N . Kharasch, Ed., Vol. 2, 1968, for a mere complete discussion. (42) The only exception «y=lonexa

(41) Assuming similar preexponential Arrhenius factors for steps,10 and hy£ r° * y l ^ I H n ^ 'F r e e  Radicals in Solution,”  John W iley & Sons, Inc.,
7 , the ratio ts/4i corresponds to  an apparent difference o f 1.6 kcal mol in „  t  i, xr v  1Q17 r, 14R
F a. The nonlinear rate plots obtained at 60° (vide ante) can be rationalized; ew « M  — ^  andPg ^  ^  Qam&^  j  Amer Cftem. Soc _ 90i 6572 (1968).
at the lowest temperature CH 2(OH )2 would be expected to react with SO, ) ^ evidence in the literature, with the exception of that
more rapidly, relative to CH,OH, than it does at 70°. This argument is ^  ^ quiring other possible termination steps,
supported by the general decrease m the yields of formaldehyde with de- d, f  ̂  ^  g (V  .  radicals Qr other8 involVIng HO-radicals.
creasing temperature; s e e l able I.
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N itro m eth a n e  (an d  o th er n itroa lkanes ) added  to  m ethanol w ith  or w ith ou t CC1< d ilu tion  suppresses exchange 
o f th e  O H  p ro ton  ow in g  to  th e  fo rm a tion  o f s trong in term olecu lar N O 2—H O  h ydrogen  bonds. T h is  p ro lon ged  
residence tim e  fo r  exchange o f th e  O H  p ro ton  is sufficient to  a llow  th e  detection  o f spin—spin cou pling ( J hcoh )  
fo r  th e  alcohol protons. T h e  observed  v a r ia b ility  in  th e  d isp lacem en t o f th e  O H  resonance e ffec ted  b y  C H 3N O 2 

w as in te rp reted  in  term s o f com plex  form ation . E x ten s ive  d ilu tion  studies (C C h ) o f C H 3N O 2- C H 3O H  m ixtu res 
p ro v id ed  ev id en ce  fo r  th e  fo rm a tion  o f severa l d iscrete  com plexes o f th is don or-accep to r pair.

The nmr technique of using strongly hydrogen Hz extrapolated (143.2 Hz measured) upheld displace-
bonding solvents, e.g., acetone, DMSO, or pyridine, for ment, A r00 (CH 3OH-CH 3N 0 2) , 8 of the resonance posi-
suppressing proton exchange in alcohols to allow the tion of the hydroxylic proton. 4 This marked displace-
determination of J h c o h  has become a well-established ment of the hydroxyl peak did not approach in magni-
procedure. 1 Although this phenomenon appears to be tude the OH shift, A r” (CH 3OH-CCl4) =  292.8 Hz , 3 re
general for strong hydrogen bonding interactions be- ported for methanol diluted with CCh ,8 but greatly ex
tween the OH and CO, SO, or trivalent N  functions, 1 no ceeded changes in the resonance position for the OH
prior reports of spin-spin coupling in alcohols induced proton induced by acetone (91.5 Hz) or DMSO (48.0
by the N 0 2 group, the observation of which prompted Hz ) . 6 Variations in the hydroxyl proton shift of al-
the present study, have appeared. Furthermore, the few cohols caused by the addition of strong hydrogen
reported studies of intermolecular NO2-HO interac- bonding acceptor species (acetone, DMSO) have been
tions, 2 which have been based primarily on the córrela- attributed to depolymerization of hydrogen bonded al-
tion of infrared OH frequency shifts ( A p 0 h ) ,  indicate cohol telomers and polymers and the inception of a hy-
that hydrogen bonding interactions between nitro groups drogen bonding association to the acceptor molecule. 1’8

and the OH function of primary alcohols should be weak. The latter provides only a partial explanation for the re-
This latter conclusion, appears to be inconsistent with suits reported below.
the strong intermolecular NO 2-HO interaction indi- The postulation of a strong intermolecular NO2-HO 
cated by the present study. interaction between nitromethane and methanol was

supported by specific spectral changes noted on addition 
Experimental Section of the nitroalkane (Figure 2 ). Methanol containing low

In stru m en tation .— N m r  spectra  w ere  ob ta in ed  a t 2 7  ±  I o concentrations of nitromethane showed three broadened
using a V ar ían  A -60  spectrom eter equ ipped  w ith  a va r ia b le - singlets (Figure 2a) i l l  the nmr spectrum at r 5.28,
tem peratu re  p robe . C h em ica l sh ifts w ere  m easured on the basis 5.65, and 6.64 ppm; the low- and high-field peaks
n lr fn T Í6 w tein?inati! f  , T g t™ a thyl resonan?e °f metha- showed relative intensities of 1 :3, assignable to the hy-
n o l and 1 -5 %  te tram eth y ls ilan e  ( T M S )  as in terna l re ferences; , ___ , , , ,, , ’ . , " „ „ m  i / r ^ r r
side-band techn iques w ere  used as a check. C a lib ra tion  o f the droxyl and methyl resonances. A t [CH31\02]/[CH3-
in strum en t was accom plished w ith  an audio s ignal gen era tor N 0 2] +  [CH3OH] =  0.4 (approximately) spin-spin
(H e w le tt-P a c k a rd  2 0 5 A G ) m on ito red  b y  a freq u en cy  counter interaction ( / h c o h  =  5.2 Hz) 7 was observed (Figures
(H e w le tt-P a c k a rd  5 24 4L ) opera ted  in the period  m ode. A f te r  2b and d) and was apparent in the methanol spectrum
w arm -u p, trie u n it  and in s ta b ility  o f th e in strum en t w ere  b e tte r  « 1 1  „  1 • • r,* • , ,i
than  one p a rt in  105. S pectrom eter d r ift  during 1  h r approached  ° f  f  solutions containing hlglmr mriomethane concen-
± 0 . 2  cps. t r a t io n s ,  z .e ., e x c e p t  a t  [ C H 3 N 0 2 ] / [ C H 3N 0 2] +  [ C H 3-

Sam p le  P re p a ra t io n — H igh  p u r ity  n itrom eth ane was gener- OH] =  0.75 (approximately). Here, the alcohol reso-
Slipplied ^  C om m erc ia l So lven ts C o rp . M e th a n o l nances coalesced to a singlet. Thus, consistent with the

¡ 2 ™  Í T « ™ 8  » * i ° . »  ‘ he OHI peak moved upfield’  the
S pectra l G rade  CC14 (F ish e r ) w as stored  o ve r  fresh  C aSO , p rio r C t l 3U H  spectrum showed an A X 3 pattern, changed to
to use. N o  d etec tab le  im purities  w ere  apparen t in  the h igh  A 3B and A4 patterns, and finally reverted to an A 3X
gain  nm r spectra o f the m ateria ls  used. Sam ples w ere  p repared  pattern as the OH proton resonance appeared at ca 57

'f i C te+chniques’ 88 applicaWe- The Hz (limiting observed shift) upfield of the methyl res-
vo lu m e  or w e igh t ot th e  so lven ts  was m easured d irec tly . V o lu - npi__ „  „  , , , . .
m etric  accuracies w ere  ± 1 % ;  g ra v im e tr ic  accuracies w ere  lim ited  o n a n c e - -*-he c l t e d  s p e c t r a l  c h a n g e s  a r e  c o n s is t e n t
b y  evapora tion  o f v o la t ile  so lven t bu t approached  ± 0 .3 % .

T em pera tu res  w ere  m easured using a sealed  sam ple o f purifiedm ethanol. F P  (3) Throughout this communication, Ay“  (CHaOH-CHsNOi) and Agoo
(CH iOH-CCli) signify the extrapolated or infinite dilution shifts (hertz 
at 60 M H z) for the OH proton of methanol in the indicated solvent. 

Results and Discussion Ap íCH sO H -CH jNO!) and Ax(CJLOH-CCU) refer to observed shifts.
(4) The initial addition of CH 1NO 2 produced a 1.8-Hz doivnfield shift of 

Nitromethane added to methanol for the range of tbe peak ° f  methanol; thereafter, the methyl resonances were essen-

concentrations indicated in Figure 1 produced a 170 5 - ‘ "eo T m “qin p.osition. . R „  .& p iu u u D G u  a, (5) (a) m . Saunders and J. B. Hyne, J. Chem. Phys., 29, 1319 (1958);
,, . , . „  T (b) A. D. Cohen, and C. Reid, J. Chem. Phys., 25, 790 (1956).

(1) Recently reviewed by P  Laszlo ,n “ Progress in Nuclear Magnetic (6) W. Drinkard and D. Kivelson, J. Phys. Chem., 62, 1494 (1958).
Resonance Spectroscopy, Vol. I l l ,  J. W. Emsley, J. Feeney, and L. H. Sut- The values cited are corrected to 60 MHz.

S ) ’ fat w erF a Bsnt ^ reS8’pL0nd0p T u  -r „  a „  „  <7> D - Kivelaon M - G- V ■ Mol. Spectrosc., 2, 518 (1958) ] also
U n h L tn  T w f ’w  *n R ' Murty’ and L ’ reported /hcoh =  5.2 Hz and a complete interpretation of the spectral
«  I- A 1 6 A ' / 635 (1B64* ’ Y ' S’ Su and H - K - Hong, changes encountered in the acetone-methanol system; W. B. Moniz C. F 
Spedrochm. Acta 24,1461 0968); (c) H. E. Ungrade, E. M . Roberts, and Poranski, Jr., and T. N. Hall [/. Amer. Chem. Soc., 88, 190 (1966)] have re- 

. . issinger, J. Chem. Phys., 68, 3225 (1964). ported the solvent dependency of this parameter for various alcohols.
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Figure 2.—Nmr spectra of CH3OH-CH3NO2 mixtures at [CH3- 
-|4° ■ N02]/[CH3OH] +  [CH3NO2] equal to (a) 0.08, (b) 0.48, (c) 0.75,
- 1 6 0  - and (d) 0.87.
-iso -
-200 • servation of fine structure in the ambient temperature
-24 - 0.1 0.2 a  0.4 o's 07 o's at 4  spectrum of a specially purified neat sample of meth-

[cHjNôj / jcHjNôj + jcHjOHj anol. The lack of observable splitting for the present
methanol samples at low acceptor concentration might 

Figure 1.—Effect of CH3N02 on Ap (CH3OH). Negative values be attributed to acidic impurities or water; checks with

of mrthanol °̂ "b’08 °f the ° H Pr0t°n UPfield ° f the CH3 res0Ilance carefully purified and degassed samples showed the
probable cause to be low concentrations of adsorbed

... , . , , ,, , j  ,, , 1 , water.12 Furthermore, an explanation for the ob-
with reported studies of methanol and other alcohols for , t ., , , ,  „„„___ ....f. ... , , ,  , , served splitting of the alcohol resonances based on
1  S T  , IT ®  ’  <aCe;  scavenging of traces of acids or water would still require
tone, D M S O ).-  Clearly the NCVHO bond formed „ ¿ gI18mellt of strong hydroge„  acceptor properties
b e t w e e n  n it r o m e t h a n e  a n d  m e th a n o l  is  o f  s u f f ic ie n t  in  c o n t r a s t  t0  t h e  „ e a l d y  b a s i c  c h a r -
s t a b i l i t y  t o  m e e t  a t  l e a s t  t h is  n m r  c r i te r io n  f o r  a  s t r o n g  , • +• 6 13

hydrogen bonding acceptor, i.e the enhancement of the An ^  f  feature of the dilution curve (Figure 1)
residence time for exchange of the hydroxyl proton .g ^  variabilit of the hydroxyi proton shift over the
The described phenomenon proved to be general for all total of nitr0methane concentrations studied,
mtro compounds tested including mtroethane 1- and Maxima ^  dilution c Figure 1, centering at
2-mtropropane, chloromtromethane, and nitrobenzene, rcH 3N 0 2]/rCH3N 0 2] +  [CH3OH] =  0.50 and 0.75
which were studied only over limited concentration ( ximatelv)> have previously been cited as nmr evi-
ranges m methanol. For each mtroalkane coalescence ^  for com lex formation between alcohols and
of the methanol resonances was observed at mtroalkane g hydrogen bonding acceptor species, e.g., d é 
concentrations approaching a molar excess In com- tone 6,u onl weak intermolecular complexes have been 
panson the maximum possible shift induced by acetone ted for nitroalkanes and alcohols on the basis of
(10 molar excess) was found to be 91 5 Hz (coalescence) infrared studies.2,i5 However, since the formation of
m agreement with a prior study of this system.6 Fur- h « bonded compiexes between nitroalkanes and
thermore the NCVHO bond formed is apparent y  methanol mi ht ide a consistent explanation for
highly stable to dilution since the addition of CC14 to ^  nt re3ultS) more detailed nmr study of ni. 
solutions exhibiting splitting of the alcohol resonances tromethane induced shifts in the OH resonance was
shifted the OH resonance, but did not obliterate the undertaken
patterns due to spin-spin interaction This ability of Contributions to Av (CH 30 H -C H 3N 0 2) 3 resulting 
the mtro group to retard exchange of the OH proton in frQm ^  autoassociation of either the proton donor or
dilute solutions has been rigorously tested in only one tor species were minimized by subjecting the
case, i.e., nitromethane and methanol. Solutions or CH 3NO2-C H 3OH mixtures indicated in Figure 1 to a
this donor-acceptor pair in CC14 at a total methanol dilution series. For each CH 3N 0 2-C H 30H  mixture
concentration of less than 0.07 AT'still showed splitting (Tab]e I }  correSponding to the points indicated in
of the methanol resonances. 10 For nitromethane to F - j  dilutions were carried out using CC14 as the
induce this effect even in highly dilute solutions is noninteracting solvent;16 the displacement of the hy-
clearly inconsistent with the weak hydrogen acceptor d üc roton resonance, plotted vs. the volume incre-
properties for this molecule previously reported, buch ment of added inert solvent; gave the extrapolated or
weak intermolecular interactions are for the most part
easily disrupted under these circumstances. (12) Rapid exchange of the OH proton was observed in the nmr spectra

Previously, Krakower and Reeves11 reported the ob- of nitromethane-methanol mixtures (undiluted or diluted with CCI«) if the
samples were not protected from atmospheric moisture.

(8) O. L. Chapman and R. W. King, J. Amer. Chem. Soc., 86, 1256 (13) Reviewed by E. M . Arnett in “ Progress in Physical Organic Chem-
p964) istry,”  Vol. I, S. G. Cohen, A. Streitwieser, Jr., and R. W. Taft, Ed., Inter

im At methanol concentrations less than 0.07 M, the OH quartet was science Publishers, New York, N. Y ., 1963. 
barely visible above the background noise of our present instrument. (14) P. L. Corio, R. L. Rutledge, and J. R. Zimmerman, J. Mol. Spectrosc.,

(10) The purified methanol used throughout this study did not exhibit 3, 592 (1959). .
spin-spin interaction in the nmr spectrum on dilution with CCI* to ca. 0.05 (15) M. S. Smith, Jr., and P. A. D. de Maine {J. Miss. Acad. Sct.,12, 97
M - sufficient water was present to maintain rapid OH proton exchange in and 109 (1966)] used a refined treatment of infrared data o o am evi 
thé absence of the nitroparaffin. denee for complexation between nitromethane and methanol. ,

(11) E. Krakower and L. W . Reeves, Trans. Faraday Soe., 69, 2528 (16) The major limitations to the use of carbon tetrachloride as an inert
diluent have been thoroughly discussed by Laszlo.1
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*'°°r ......................................  A  comparison of A ."  (CH 30H -C H 3N 0 2-CC ]4) and
» 80 A v”  (CH3OH-CCI4) leads to some interesting and impor-
»<¡0 - tant conclusions regarding the CH3NO2-CH3OH inter-
»40 action. The over-all high-field displacement of the OH
•so . resonance which occurred on diluting CH3NO2-CH3OH

o ______________ _________  mixtures with CCI4 (compared Figures 1  and 3) can be
S _20; \ / \  . attributed primarily to disruption of the OH-O bonded
jr o j " * \  structure of methanol;1,6 the infinite dilution curve (Fig-
Y 60j ure 3) should consequently trace the interaction of nitro-

\ methane and methanol monomers.5 In the absence of
i° 801 \ any NO2-OH interaction only dilution effects should be
< -'00 \ noted and Ar“  (CH3OH-CH3NO2-CCI4) for each CH3-

“l2° V'\ NO2-CH3OH mixture studied (Table I  and Figure 3)
' M0 \ should approach Af“  (CH3OH-CCI4) as a limiting value;
-|60 \ i.e., Figure 3 would correspond to a straight line at ca.
-iso \ —200 Hz. This is clearly not the case and, excluding
-zoo ■ any marked effect of CCI4,18 the only reasonable ex-
-220Jo 0.', 0.2 03 04 o'5 00 o.V oo oWo planation for the general downfield displacement of this

[cHjNô /fHjNô fHjOH] curve [Figure 3 relative to Ar” (CH3OH-CCI4) ] is the for-
p, „ , . ,. , py. „ TT „T„ mation of strong N 0 2-H 0  bonds, in support with the
F igu re  3.— T h e  re lationsh ip  betw een  A */00 (C H 3O H - C H 3N O 2-  , ■, . * A .1  •+ j  £ a cr* t t

C C U ) and th e  n itrom eth ane concen tration . T h e  C C 14 concen tra- a b ° v e  conclusion based on the magnitude of A r  ( C H 3-

tion  was assumed to  b e  constant; o n ly  th e  concen trations o f O H  CH3NO2) and the splitting of the alcohol reso-
a c t iv e  species w ere  considered in  p lo tt in g  th e  abscissa. nances induced by nitromethane and other nitroalkanes.

Finally, the marked variability in the dependence of 
infinite dilution shifts of the OH proton, A i^ C IT O H - Ar (CH3OH-CH3NO2-CCI4) on the relative nitro-
CH3NO2-CCI4), for each mixture (Table I). The ex- methane concentration, resulting in a series of maxima
trapolated shifts are plotted in Figure 3 to show the re- in Figure 3 at [CH3N 0 2 ]/[CH 3N 0 2] +  [CH3OH] =
lationship to the relative concentrations of active 0.05, 0.25, 0.33, 0.55, and 0.75 (approximately), can be
species. Figure 3 is extrapolated at both ends to the qualitatively, but reasonably, explained on the basis of
corresponding infinite dilution shift, A»»”  (CH3OH-CCI4) two competing effects: (a) deshielding of the OH
for the hydroxyl proton resonance of methanol in CC14, proton owing to the formation of N02-H0 bonds be-
i.e., 200 Hz upfield of the CH 3 resonance of methanol. tween nitromethane and one or more methanol mono-
This appeared to be a reasonable value for Ar”  (CH3OH- mere, and (b) increase in shielding of the OH proton as
CC14) in view of studies carried out in our laboratories17 the average number of methanol monomer units asso-
and elsewhere.5' 18 ciated with nitromethane decreases. 19 Relative to

Av“ (CH3OH-CCI4), the maximum displacement of the 
Table I OH proton (ca. 210 Hz) occurring in Figure 3 at low ni-

O b s e r v e d  a n d  E x t r a p o l a t e d  Sh if t s  (H e r t z ) »  o f  t h e  OH tromethane concentration ([C H 3N 0 2 ]/[CH 3N 0 2] +  
R e s o n a n c e  f o r  C H 3N 0 2- C H 30 H  M ix t u r e s  [CH3OH] =  ca. 0.05) is already indicative of the forma-

[CH.NO 2]/ tion of a strong N 0 2-H 0  bond between these species.
[CH3OH] chjN02) CHaNOi-ccio6'5 Inis conclusion is consistent with the sharply inclined

1 0.038 +  87.0 +12.0 initial slope of this curve20 and the splitting of the meth-
2 0.075 +  87.0 +15.0 an°l CH3 resonance observed on diluting even these
3 0.158 +79.0 -31.0 CH3NO2-CH3OH mixtures with CCI4.21 Past this ini-
4 0.245 +68.5 —10.0 tial maximum, the “ average”  slope of the curve is rela-
5 0.332 +61.0 —31.0 tively shallow and can be accounted for by the balanced
6  0.381 +59.5 -20.0
7 0.429 +50.0 -30.0
8  0.520 4-42.0 —48.0 established in view of the present sensitivity limits of our nmr instrument,
9  0  582 4-30 5  — 4 9  0  th*8 extraP°^at ôn *s reasonable in view of other treatments of this data

' * ' ' carried out in our laboratories. Total shifts due to the nonideality of CCh
9 • 9bo 4-^9. o  7 2 .0  as an inert solvent should be small, but in the same direction as the observed

1 1  0 . 6 6 8  —9.5 —96.0 hydrogen bond shift.8

12 0.749 —0.5 —126.0 The present data provide no clear indication of the nature of complex
q g-ĵ Q  2 1  Q  120 0 formation (see tex t); however, by invoking the formation of “ bridged”  and

1 . A * _A ’ * “ open”  hydrogen bonded complexes, e.g., structures 1 and 2 , one might
U.87U —26.0 — 146.0

15 0.937 -6 6 .5  -170.0  ^  ^ O — H0CH3

“ Internal shift of the OH resonance relative to the methyl CH3N ^  ,HOCH3 CH3 Tinru
resonance of methanol. 6 Extrapolation values were obtained ^  ^  HOCH3

from a series of five dilutions in CC14 for each CH3NO 2-C H 3OH 1 2

mixture indicated. The total variation in the CCI4 concentration anticipate increased shielding for the -O H  proton in the bridged structure
was from 0 to ca. 90 mol % .  c I t  should be noted that th is abbre- ( i)  relative to 2.
viation does not signify a constant, but depends upon the relative (20) The slope of this curve at low CHsN02 concentrations exceeds that
concentrations of active species. for the -OH - • -O- interaction of methanol in CCU, i.e., indicative of the
-------------------  formation of a stronger hydrogen bond in the CH 8O H -C H 8NO 2 system.

(17) A  determination of the association shift for the methanol hydroxyl (21) On diluting this CHsNO^CHsOH mixture with CCU, the C H »- and
proton in our laboratories gave an extrapolated value of 293 Hz, in agreement —OH resonances for methanol were, respectively, a broad doublet and a very
with the Saunder’s and Hyne value.5 broad "lump,”  showing the presence of both bonded and exchanging alcohol

(18) Whether the “ high nitromethane”  end of the curve for Figure 3 species. I t  would appear that traces of nitromethane can retard -O H
should be extrapolated to Av00 (CHsOH—CCU) could not be unequivocally exchange for a relatively large number of methanol monomers.
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but opposed shielding effects of hydrogen bonding and tained for the interaction of the monomeric species bore
complex formation. Minima in Figure 319 corre- little resemblance to Figure 3 and the method was dis-
sponding to approximately 4:1, 2:1, and 1:1 complexes carded. The present data are, in part, amenable to
(0 H -N 0 2) appear indicative of some enhanced stabil- treatment using the Lussan method24 for which the hy-
ity for aggregates having these stoichiometries. Above drogen bond shift (5b), crudely approximated by the
[CH3N 0 2]/[CH 3N 0 2] +  [CH3OH] =  0.5, the definite difference A r" (ROH-CCb) minus Ar“ (ROH-CH3-
increase in the slope of this curve would seem to cor- N 0 2), can be used to compare relative hydrogen bond
roborate the argument based on an increase in shielding strengths. 5B shifts calculated for the CH 3OH-CH3-
for the OH proton in a 1:1 complex; 19 i.e., if the in- N 0 2 and f-butyl alcohol-CH3N 0 2 systems are, respec-
creased slope of this curve at higher nitromethane con- tively, 2.0325 and 1.08 ppm , 24 in line with the increased
centrations were due simply to a dissociation of the steric effect expected with the latter alcohol. How-
N 0 2-H 0  bonds, the disappearance of splitting patterns ever, any firm comparisons regarding the nature of
in the alcohol should also have been observed. 10 complexation and relative strengths of hydrogen bond

To conclude these arguments supporting a strong formation in nitroalkane-alcohol systems will be re-
N 0 2-H 0  interaction, it is not difficult to explain the served until the studies in progress are concluded,
curvature deviations (Figure 3) in terms of discrete There remains the apparent discrepancy which exists 
CH3N 0 2-C H 30 H  complexes involving the nonbonding between infrared and nmr data with regard to the
orbitals in the nitro group with one or more hydroxylic strength of the N 0 2-H 0  interaction. On the basis of
protons. However, the apparent minimum in this our studies in progress, it would appear that these
curve corresponding approximately to a 3:1 complex differences arise in part from the practice of maintaining
(NO2-OH ) is not readily explained in the absence o: de- a relatively high excess of the nitro compound during
finitive evidence for N 0 2-H C  interactions. 22 Any the recording of infrared data. If, as the present nmr
participation of the CH protons of methanol in hy- data indicate, the complexation of the nitroalkane and
drogen bonding with a nitro group might be expected an aliphatic alcohol is a highly favored process, the
to result in some variation of the chemical shift for this small infrared OH frequency shifts noted for the inter
peak. As noted above, neither of the CH 3 resonances action of these species may not be a reliable indication
in the spectrum exhibited a meaningful change in chem- of this interaction,
ical shift (i.e., >2.0 Hz) 4 relative to internal TM S over
the entire range of concentrations, studied. Thus, the Registry No.— Nitromethane, 75-52-5; methanol, 
observations reported here are consistent with a highly 67-56-1. 
localized interaction between nitromethane and meth
anol. The nature of complex formation in this and Acknowledgments.'—We are grateful to Commercial
other nitroalkane-alcohol systems is presently under golvents Corp for generous gift of high purity nitro-
study m our laboratories. methane and to the administrators of the Petroleum

Attempts to compare the present results with nmr Research Fund) American Chemical Society (PR F
data aval able for other systems, e.g acetone or DMSO N q m 7 jQ 1 ) for partial support of this research. We
with methanol, have been inconclusive. I t  was pos- algQ wish to thank the Materials Branch of NASA for
sible to evaluate independently autoassociation effects supplying funcs to purchase a Yarian A-60 nmr
for nitromethane and methanol, and apply empirical sDectrometer
corrections to Figure l ;23 the hypothetical curve ob-

(22) A. Allerhand and P. von R. Schleyer, J. Amer. Chem. Soc., 85, 1715 (24) C. Lussan [J . Chim. Phys., 60, 1100 (1963)] has calculated hydrogen
(1963). bond shifts (¿b ) and equilibrium constants for complex formation in systems

(23) E. B. Howard, C. F. Jumper, and M. T. Emerson, J. Mol. Spectrosc., dealing mainly with 1:1 complexes.
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T h e  *H  nm r spectra  o f  exo,cis- and endo, ets-5,6 -d ih yd roxy  norbornene and exo,cis- and endo, cis- 5 ,6 -d iacetoxy- 
norbornene h ave  been  ana lyzed . T h e  chem ical shifts o f H 7a and H 7s ob ta in ed  fro m  these analyses, to ge th e r w ith  
th e  correspond ing chem ical sh ifts  o f severa l o th er cis-b,6 -d isu bstitu ted  norbornenes w hose spectra  h a ve  been  
an a lyzed  and  rep orted  in  th e  lite ra tu re , h ave  been  fou nd  to  be linear functions o f th e  va lu e  o f th e  T a f t  in d u ctive  
substituen t constant fo r  th e  substituents a t C 5 and C 6. T h ese  re lations show  th a t th e  natu re  o f th e  substituents 
determ ines w h eth er H 7a or H 7, is m ore  sh ielded  in  exo,cts-5,6 -d isu bstitu ted  norbornenes.

Recent reports of work on norbornene1' 3 ( 1 ) and sub- fo r  these com pounds w ere  ca lcu lated  fro m  th e  sp ectra  o f th e

stituted norbornenes4 have served to clear up much of D M S O -d e  solu tions; reso lu tion  w as b e tte r  than  in  C D C la,
,,  . e , ,  , , th e  chem ical sh ifts  o f H 7a and H 7a w ere  m ore  fa v o ra b le , and cou-
the previous confusion regarding the nmr spectra of p lin g  w ith  th e  _ 0 H  protons was eas ily  e lim in ated  b y  exch an ge

these compounds. The synthesis of two additional sets w ith  deu terium  ox ide . C h em ica l sh ifts  are accu ra te  to  w ith in

of ezo,cis- and endo,cfs-5,6-disubstituted norbornenes ±0.02 p p m ; cou p ling constants are accurate  to w ith in  ±0.2
and the analysis of their nmr spectra have provided Hz- 
additional insight into the nature of these compounds,
and have allowed us to obtain a quantitative measure of Results and Discussion
the effect of cis-b, 6-disubstitution on the chemical shifts Assignments of the nmr spectra were made on the 
of norbornene protons. We have found that the chem- basis of spin-decoupling experiments. H 7a and H 7s 
ical shifts of H 7a and H 7s are linearly related to Taft’s6 were identified by means of the well-established stereo-
0-1 value for the substituents. These correlations are specific long-range couplings8 between H 7a and H 2 (H 3),
discussed below. and between H 7s and the endo protons at Cs and C6.

Our assignments are in agreement also with the observa- 
7S\ / ' 7a tion8 that, for the same substituents, H5 and H6 are more

y ' shielded in e:ro,eis-5,6-disubstituted norbornenes than in
y \ x '  the corresponding endo-derivatives.

¿'r—Y Analysis of the H 73,Ef7a portion of each spectrum was
x  accomphshed by treating it as an AB spectrum on which

x _ x , _ Y _ Y , _ H were superimposed first-order couplings with H 1; H 2, H 3,
2 x  =  X '  =  h -~ Y  =  Y '  =  O H  E h  (and, in the case of the exo derivatives, H 5 and H 6).
3 ’ X  = X '  = O H ; Y  = Y '  = H  The H2,H3 multiplet was assumed to be one-half of an
s’ X  =  X '  =  o icY Y  =  Y '  =^1  A A 'X X ' spectrum3 (E[2 and H3 coupling with both Hi
’ ’ ~~ and H4) on which was superimposed a first-order cou

pling with H 7a. In the case of compounds 2 and 3, cal- 
Experimental Section culations were made to determine the magnitudes of

Com pounds syn thesized  and used in  th is s tu d y  w ere  exo,cis- t^1.3’ arlcl  J 2 ,3  f r o m  t h e  H 2 , H 3 m u l t ip l e t .  T h e
5 ,6 -d ih yd roxy-2 -norborn en e ( 2 ), endo,cfs-5 ,6 -d ihydroxy-2-nor- c h e m ic a l  s h i f t  o f  H i  ( H 4)  w a s  t a k e n  t o  b e  t h e  c e n t e r  o f
bornen e (3 ), exo,cis-5 ,6-d iacetoxy-2-norbornene (4 ), and endo, t h e  H i , H 4  m u l t ip l e t .

cis-5 6-d 1 acet°xy-2-norbornene (5).6 >7 As reported by Subramanian, Emerson, and LeBel4
1 he nm r spectra  o f the fou r com pounds w ere  ob ta in ed  w ith  a t___ j : u „ i ____„u  „  , TT , TT •

Yarian A-60A spectrometer equipped with a Varian V-6058A 0̂r dihalonorbornenes, the multiplet due to H5 and H 6 m
spin decoupler on solutions in chloroform-d (CDC13). Addi- compounds 3 and 5 is more complex than might be ex-
tional spectra of 2 and 3 were obtained on solutions in dimethyl- pected. We found, however, that for 5, and for 3 in
sulfoxide-ds (DMSO-d6). In both solvents, tetramethylsilane DMSO-ds, the pattern is that expected for an A A 'X X '

f a s  —  <T>» outar pe,ks can be,ob” rTed 1___________ increased gain.) ihis pattern was not easily recogmzed
(1) B. Franzus, W. C. Baird, Jr., N. F. Chamberlain, T. Hines, and E. I. i n  t h e  S p e c t r u m  o f  t h e  CDC13 S o lu t io n  o f  3, b u t  W a s  r e a d -

Snyder, j . A m e r .  c h e m .  S o c . ,  9 0 , 3 7 2 1  (1968). i l y  a p p a r e n t  in  t h e  s p e c t r u m  o f  th e  DMSO-de s o lu t io n .
(2) A. P. Marohand and J. E. Rose, i6id., 90,3724 (1968). 17 __ u  r
(3) e . w. Garbisch, Jr., c h e m .  C o m m u n . , 332 (1968). 1 r o m  o u r  observations, and from the description of the
(4) P. M . Subramanian, M. T. Emerson, and N. A. LeBel, J .  O rg . C h e m ., S p e c t r a  o f  endo,C 7 S -5 ,6 -d il ia lo n o rb o m e n e S  b y  S u b r a m a -

80™ 62p (i 98w  ,1 T , n ia n ,  i t  a p p e a r s  t h a t  f o r  exo-5,6 p r o t o n s  i n  t h e  endo, cis-
(5) P. R. Wells, C h e m . R e v ., 63, 171 (1963). In  the case of compounds r e  j -  , , , , 1,,  ,,  , , 1

9 and 10, in which the substituents at Cs and Cs were not the same, the 0 ,0 -d lS U b S t ltU te d  n o r b o r n e n e s  t h e r e  IS a  S m a l l  b u t  f im t e
arithmetic mean of the » i  values for the two substituents was used. c o u p l in g  b e t w e e n  Hi a n d  H 5, a n d  b e t w e e n  H4 a n d  H q,

(6) Y . F. Shealy and J. D. Clayton, J .  A m e r .  C h e m . S o c . , 88, 3885 (1966). w h ic h  r e n d e r s  H- a n d  H« m q t r n e f ie a l l v  n n n e m m r n le n t
Complete details of the preparation of these compounds are being published . , ,  , n<: e  S £bn tl . 6 m a g n e t i c a l l y  n o n e q u iv a l e n t
separately: Y . F. Shealy and J. D. Clayton, ib id . , in press. a l t h o u g h  t h e y  a r e  C h e m iC a l- s h lft  e q u iv a l e n t .

(7) The nomenclature and numbering system used here conform to those We accordingly treated the H B,H6 multiplet aS One-
used in recent descriptions of nmr studies on related compounds.>’2,4 Ac- L „ l f  ,, A A W v i  .................  m  _  , XJ ,
cording to C h e m ic a l  A b s tra c ts  practice, the preferred names are e x o ,c is -5- hsll OI a n  A A  X X  S p e c t r u m  ( H 5 a n d  H 3 C o u p l in g  W it h
norbornene-2,3-diol (9), 67ido,cts-5-norbornene-2,3-diol (S), e x o ,c is -5-nor- b o t h  H] a i ld  H 4). ./5 f, a t ld  (J i j , )  SO d e t e r m in e d  d o
bomene-2,3-diol diacetate (4), and endo,c«s-5-norbornene-2,3-diol diacetate

(8) Reference 2, and references cited therein.
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not differ significantly from values reported by Sub- Table I
ramanian, and J lfi is shown to be very small. Chemical Shifts (Parts per M illion Downfield
JN evertheless, treatment as half of an A  A  'X X ' spectrum from TMS)
appears to afford a straightforward explanation of the Com-
H s,H6 multiplet, does not require a difference in chem- pound solvent Hi,in h2,h3 hs,hb H7a h7s
ical shift for H6 and H6 as proposed by Subramanian, 2 CDCh 2 69 6 03 3 -69 1.88 1.62
and produces a value of in good agreement with 2 DMSO-de ~2.5“ 5.99 3.46 1.79 1.41
comparable values determined by other workers.4’9’10 3 CDCh 2.99 6.23 4.14 1.20 1.49
By this analysis, is shown to be nonzero. Addi- J CDO^6 2 82 6 16 ~4 73 I 'm
tional support for this treatment of the H6,He multiplet 5 CDCi; g.g J .»  5 22 i t  i l l
Z r T ^ r L Z Z l T n t  ° f  S ! i V°  I ^ Uo‘\ r btaiA10d “ Multiplet superimposed on solvent peak. » H,, H. and (OH)„ 
o J 1,4 from the spectrum of 3, 1.1 and 1.2 Hz. One (OH)6 were superimposed. Analysis of H5, H6 multiplet per-

value is obtained from the analysis of the H 2,H3 multi- formed on spectrum obtained after exchanging OH by addition 
plet (when decoupled from H 7a) as half of an A A 'X X ' ofD*0- 
spectrum, and the other value from the analysis of the
H 6,H6 multiplet as half of an A A 'X X ' spectrum. Table II

Previously, / 14 has generally been reported to be n  n  ,TT
zero, 2’9’ 10 although Subramaman4 estimated it to be
approximately 1 Hz for 5,6-dihalonorbornenes. Re- 2 3 ompoun 4 5
cently, analysis by Garbisch3 has shown J X]i to be non- |j7a,7i,j 8.8 9.4 9.2 9.9
zero in norbornene. Our findings with regard to \J,S4  = |J7Sl6| 1.7 0.0 1.8 0.0
for cfs-5,6-disubstituted norbornenes with hydroxyl and [/7s.i[ = \Ji , a\ 1.7 2.0 1.5 2.1
acetoxy substituents are in agreement with those of l-La,i| = \Ji*a\ 1.5 1.5 1.6 1.5
Garbisch3 and Subramanian,4 but appear to be in con- |Aa,2| = \J^4 ~0.5 ~0.5 ~ 0.6 ~0.5
flict with those of Davis and Van Auken,9 Marchand ¡^1,4j 16“ 1.1, 1.2c d . .  J  1.4
and Rose,2 and Laszlo and Schleyer.10 I t  now appears L 2’3! ,, ,  ̂ ^  o -t "
likely that, in general, is not zero. Thus, :t is L*'2 _  LM  11!, 1 ^
difficult to understand the failure of Davis and Van 13 / 7 , 7 4
Auken9 to observe coupling between Hi and H 4 in the |/4i’5| = |/lt6| 0.0 3.7” 0.0 4.0®
5-monosubstituted norbornenes, where Hi and H 4 have |J1,5| = |,/li6 0.0 0 .1-0 .2' 0.0 0 .2®
different chemical shifts, unless J Xfi is much smaller in |./i,2 +  J\4 3.4 3.8
those compounds than it is in norbornene and in cis- “ /i,4 and/2.3 have the same sign. It was assumed that |/2,3| >
5,6-disubstituted norbornenes. \Ji a \- 6 A ,2 and 72)4 have the same sign. It was assumed that

Chemical shifts from our analyses of compounds 2, ‘ V^ "es fmm calculations of two separate AA'-
a A „__ 1 c  _  u ~  • rr» r i t  t  . X X '  subspectra. dJ 5 ,6  and  J  1,4  are o f  the sam e sign. I t  was
J.' ?’ smd * are shown m Table coupling constants are assumed that |/5i6j >  |/lt4|. . / li6 and j M  appear to’have the
listed m I  able II. same sign. It was assumed that |/4,6[ >  l/i.sl. f Not deter-

In seeking a quantitative measure of substituent mined. ® Jus and ./4,r, appear to be of different sign. It was
effects on the chemical shifts of H 7b and H 7a, chemical assumed that |/4,5 > |/i,6|.
shift data from our analyses of the spectra of 2, 3, 4,
and 5 in CDC13 were used, together with data on addi- , ,, , . , • . ,
tional compounds from the literature. The additional meaSUres ° f the electron-withdrawing power of substit- 
compounds are shown in Table III. Uerf , nl+ compounds where resonance effects are not ex-

n .1 , , , ■ , , .r, r IT , . , pected to be important, as m these norbornene denv-Although the chemical shift of H 7s was reported by ,. t c *. a • . T , ,, , .,
„ „  • 4 , , , , ‘ „ v , i J atives. In fact, swam and Lupton11 have recentlybubramaman4 to be nearly constant for 5,6-dihalonor- , ,, . , , . . r,r,m  , \

(■ a j ■ , . c u . ... shown that the effect measured by or is >96%  held
bornenes, we find that this is not true for all substit- . „ Th • t « fipld pffppt„ toother bothi rpi 1 " l l  • pi /• i tt t tt i CilCvU. JL llt/ll Uvl 111 JLIt/ld tillcbu lulIlUo tUsiclilt!! UU III
uents. 1 he chemical shifts of both H 7s and H 7a are de- - j x - „  x f  ~ x__x x i x- x x x i r, inductive effects through a bonds and effectspendent on the nature of substituents at Cs and C6. , rp, c , ,, , e
fp, , - i i.-fx c tt • l - li t , x xt through space. 1  he former should be of negligible lm-Ihe chemical shift of H 7a is highly dependent on the , , , . , . , ,,

• xx- c i. i x-x x t xt t - i  portance through two or more intervening carbons. 12 orientation of such substituents, whereas the chemical ^ xi. ■ - ,, t ,-x x j  u .
t * j,x r tt  i. txxt i t - x x -  hor the exo,czs-5,6-disubstituted norbornenes ( 1,  2,  4,

shift of H 7a has little or no dependence on orientation. „ , .4 ’ ■ r ,, , .■ .4 4
a • x j x l txt ii Km ix l it • i- x a - i ,• 8 , and 1 0 ), the equations of the correlations, the stan-As pointed out by Wells,6 Taft based his list of inductive , , , / ’ • • s /s , , ,  , x- ta ■ +, , x j? , 1. X - X X 1 1 - i i „  r, „  , dard deviations m dH (s), and the correlation coefficientscr-values on data from 4-substituted bicyclo[2 .2 .2 ]oc- , , .
tane-l-derivatives. The saturated portion of the nor- r ’ are H?a =  ai ’ s ~  rc ~  an<̂
bornenes considered in our investigation is sufficiently ^n7s =  °’I> s =  r  =  0-995, where SH7a
similar structurally to such bicyclooctanes that it ap- and <5Tr7s are the chemical shifts of H 7a and H 7s in ppm
peared reasonable to test whether the chemical shifts downfield from TMS.
of H 7s and H 7a might be represented as functions of the. These correlations are illustrated in Figure 1. It is 
cri values of substituents at C5 and Ce. Linear regres- especially interesting that the lines representing the
sion analysis confirms that this is indeed the case, and equations for the chemical shifts of H 7a and H 7s inter-
that the chemical shift of either H 7s or H 7a may be ex- sect. These correlations thus predict the “crossover”
pressed as a function of the value of the Taft6 <j\ for the of the chemical shifts of H 7s and H 7a in exo,cis-5,6-disub-
5,6 substituents. These Taft constants are regarded as stituted norbornenes observed by Marchand2 on more

(9) J. C. Davis, Jr., and T. V. Van Auken, J. Amer. Chem. S o c . , 87, (11) C. G. Swain and E. C. Lupton, Jr., ibid., 90, 4328 (1968).
3900 (1965). (12) K. B. Wiberg, “Physical Organic Chemistry,” John Wiley & Sons,

(10) P. Laszlo and P. von R. Schleyer, ibid,., 86, 1166 (1964). Inc., New York, N. Y., 1964, Part II, Chapter 8..
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T a b l e  I I I

C h e m ic a l  Sh if t s  o f  A d d it io n a l  C o m p o u n d s , T a k e n  f r o m  t h e  L it e r a t u r e  

( P a r t s  p e r  M i l l io n  D o w n f ie l d  f r o m  T M S )

,---------------------Chemical shift---------------— —'
Compound Substituents H 7a H 7a H i (H 4) Solvent

1 x  =  X '  =  I I ,  Y  =  Y '  =  H  1 .03  1 .32  2 .8 0  C C L “

6 X  =  X '  =  B r, Y  =  Y '  =  H  1 .5 0  1 .80  3 .2 8  C D C V

7 X  =  X '  =  C l, Y  =  Y '  =  H  1 .42  1 .77  3 .2 2  C C L 6

8 X  =  X '  =  H ,’ y  =  Y '  =  B r  2 .2 8  1 .83  3 .1 7  CC14S

9 X  =  C l, X '  =  B r, Y  =  Y '  =  H  1 .45  1 .73  3 .2 8  C D C V

10 X  =  X '  =  H , Y  =  C l, Y '  =  B r  2 .2 5  1 .80  2 .9 8  CCUb
“ R e f  1. 6 R e f  4.

2.5 -  2.0 -

2 . 4 -  1.9-

2  3  -  V
2 .2 - /  a 1,7 ‘

2 . 1  -  /  ?  1 . 6 - u ^ " " ^ . 5

1 2 . . 0 -  / 4 ?  , . 5 -

3 i . 9 -  /  1 1.4-

|  ,- 8 "  /  »  1 . 3 ^  H7a

o. 1 .7 -  1.2- .3

I  1 , 6  ~ 1 ,1  "
5  1 .5 -  I 0 ! k _ J --------- 1----------1----------1----------1-----

' o OTI 0.2 0.3 0.4 0.5
1.4 -  /  *

1.3 -  /
/  F igu re  2.— C hem ica l shifts o f H 7a and H u  as functions  o f th e

1 . 2 “  /  va lu e  o f <ri fo r  th e  substituents in  e »do-5 ,6 -d isubstitu ted  nor-
 ̂  ̂ /  bornenes.

,i 0 fi-------- 1---------1---------- 1--------- 1----------i-----
0 o.l 0.2 0.3 0.4 0.5 in the <ti value for the substituents at C5 and C6 results

in nearly equal chemical shift changes for the three 
cases. The line representing c>n7a for exo,cfs-5,6-disub-

Figure 1.— C hem ica l shifts o f H,a and H7b as fu n ctions  o f th e  stituted norbornenes has a greater slope, indicative of
va lu e  o f <ri fo r  th e  substituents in  ezo-5,6-disubstitu ted nor- the larger substituent effect which is observed when the
bornenes. substituents and the affected proton are in spatial prox

imity. This enhanced effect with decreased distance is 
complex compounds, and observed by us in the present to be expected, and supports the view, discussed above, 
series. These correlations thus obviate the need for that <ri is a good measure of the through-space effect, 
explanations of the reversal of relative chemical shifts The chemical shift of H i (H 4) also appears to increase 
of H7a and H 7s based on geometrical considerations other as the value of <j\ for substituents at Cf) and C6 in-
than those implicit in the different slopes of the lines for creases. The relation does not appear linear, however,
8n7a and 5h7s- if ff ie chemical shift of Hi (H 4) of norbornene itself is in-

Regression analyses were also performed for the eluded. Similarly, the chemical shifts of H 5 and H 6 do
chemical shifts of H 7a and H 7s in the endo-5,6-disub- not aPPear to correlate in a simple fashion with the na-
stituted norbornenes ( 1 , 3 , 5, 6 , 7, and 9 ) as functions of ûre '̂ le substituents at C5 and C6. I t  is possible that
the value of ai for the substituents. a correlation between 5h6 and f>ii6 and the value of

Equations relating 5H7a and 5h7, to the crj value of the ôr substituents at Cs and C6 may hold if the halogen
substituent are SH_ =  1.00 +  0.96 ah s =  0.06, r =  substituents are omitted from consideration. I t  has
nn-o „ , 00 1 A no n no a no a been pointed out by Subramanian4 that the effects of

. 7s halogen substitution are complicated at best. Without
These equations are illustrated m Figure 2 . the halogen-substituted derivatives, however, the avail-

The lines representing 5n7a and 5h7s for endo,cis-5,6- ap]e data are too few for more than speculation. As
disubstituted norbornenes and the line representing additional compounds are synthesized, doubtless a
5H7g for ezo,m-5,6-disubstituted norbornenes have ap- clearer picture will emerge.
proximately equal slopes. This indicates that a change For these cfs-5,6-disubstituted norbornenes, the
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chemical shifts of H 7a and H7s may also be expressed as the field substituent constant of Swain and Lupton, 11

linear functions of the group electronegativities of the the correlations are not so good as those with <rj.
substituents, calculated by the method of Wilmshurst. 13 N  20224-38-8; 3 , 20224-39-9; 4 ,
Correlations with group electronegativity appear 20224-40-2 • 5 20221 41 3 
equally as good as those with <ri, except that in neither ’ ’
case does the equation fit the chemical shift of the ap- Acknowledgment.-—Spectral data used in this study
propriate proton of norbornene itself. Therefore, it were acquired as part of an investigation supported by
appears that crj is a better measure of the effect of sub- the C. F. Kettering Foundation and by the Cancer
stituents at C5 and C6 than is group electronegativity. Chemotherapy National Service Center, National Can-

Although the same trends are observed if the chem- cer Institute, National Institutes of Health, Contract
ical shifts of H7a and H 7s are treated as functions of PH-43-64-51. Discussions with Dr. Y. F. Shealy

(13) j . k . wiimshurat, j . chem. Phys., 27 , 1129 (1957). were of great help in the completion of this work.
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Evidence is presented supporting a l,3-diaza-2,4-diborolidine structure for the thermodynamically most stable 
member of a series of isomers obtained from the reaction of isocyanides with organoboranes. Several compounds 
possessing that ring system have been prepared, and factors which influence the formation of these compounds 
are discussed.

Interest in the chemistry of compounds which Chart I
contain the > B — N <  bond is reflected in the ^ __+__~ g
appearance of recent reviews2 and reference books.3 ’ 3
Substituted 2,5-dibora-3,6-dihydropyrazines represent -¡¡t
an interesting case of this type. From them, 1,3- j
diaza-2,4-diborolidines may be prepared. The unusual
stability of the latter compounds and factors which ^__N =C __BR/ __*- | + + | __
influence their preparation are the subjects of this
paper. ^  | ^

R'
Results and Discussion 2

The reaction between isonitriles and organoboranes ^  f f
to form 1:1 adducts had been reported.4’5 Compounds /  3 R \ / R
of the general structure 1 (Chart I ) are thermody- A -B\ ^ X ^ C ^ -gX ^ ,
namically unstable with respect to the dimer 2, first B N ■*—  I I
observed by Hesse and Witte.6 Other examples of 2 ft"  ^ R  ^ / ^ X ^ ^ X ^
have been reported by the same78, and other7b~d -¡¡¡/ ^
workers. Upon being heated, compounds of structure 
2 rearrange to isomer 3.

When certain compounds of structure 3 are heated b R = C-C1C H • H
briefly at 300-310°, ring contraction occurs to produce c’ R = p-02NC«H4; R ' = C2H6
compounds which display the l,3-diaza-2,4-diborolidine d, R = p-H2NC6H4; R' = C2H8
ring system 4. Synthesis of this ring system from a f ’ R = c lllv  R ' = n-CJI,
compound of structure 3 using aluminum chloride has g, R = p-CH3CONHCeH6; R ' = C2H5
been reported previously for one case.76 An earlier re- R = p-CRHaN+CeH,; R ' = C2H8
port from this laboratory1 suggested, incorrectly, the *’ _  c * ~ n" ‘ 9
l,3-diaza-2,4-diboretidine structure for compounds of

structure 4. Conclusive differentiation has now become
(1) Paper I I :  J. Casanova Jr H. R. Kiefer, D. Kuwada, and A. H . possible through 32.1-Mc nB nmr and X-ray Crystallo-
(2) K. Niedenzu, Angew. Chem. Intern. Ed. Engl., 3, 86 (1964). gr&pnlC £lIlcillyS13. JliliOrtS to CillTy Ollt Tlllg COntrOiCtlOIl
(3) (a) Advances in Chemistry Series, No. 42, K . Niedenzu, Ed., Ameri- to the l,3-diaza-2,4-diboretidine nucleus have thus far

can Chemical Society, Washington, D. C., 1964; (b) K. Niedenzu and J. ‘h^pr, q-ip p p q q
W. Dawson, “ Boron-Nitrogen Compounds,”  Springer Verlag, New York, D een  w l t n o u ^ SJCCeSfe.
n . y „  1965; (c) m . f . Lappert, chem. Rev., 56,9 5 9  ( 1956); (d) k . Ziegler, Preparation and Reactions of 4a.— Compound 4a 
Advan. Organomelal. Chem., 6, 1 (1968); (e) D. Seyferth, “ Survey of Organo- c a n  b e  obtained in nearly quantitative yield Upon 
metallic Chem,”  Vol. 3, Elsevier Publishing Co., New York, N . Y ., 1967. orvr0 a f  , ,  r  .

(4) J. Casanova, Jr., and R. E. Schuster, Tetrahedron Lett., 405 (1964). IlBRtlllg 3a. Rt 305 . A  SUHiniary Ol tile reRCtlOIlS OI 4a,
(5) G. Hesse, h . Witte, and g. Bittner, Ann., 687,9 (1963). is shown in Chart II . The chemical and thermal stabil-
(6) g. Hesse and H. Witte, Angew, chen. 7«. ™h im 8). ity 0f 4a is unusual. The failure of 4a to react with
(7) (a) G. Hesse and H. Witte, Ann., 687, 1 (1965); (b) S. Bresadola, 17 .

■G. Carraro, C. Pecile, and A. Turro, Tetrahedron Lett., 3185 (1964); (c) J. n y 0.1*0X1(16 IS d lS u in c tily  & p R rt  11*0111 ObSOrVRtlO IlS  for
Tanaka and J. C. Carter, ibid., 329 (1965); (d) S. Bresadola, F. Rosetto,
And G. Puosi, ibid., 4775 (1965); (e) H. Witte, ibid., 1127 (1965). (8) C. Tsai and W. E. Streib, Tetrahedron Lett., 669 (1968).
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Chart II  determinations, infrared, 'H  and nB resonance spectra,
4b (92%) mass spectra and X-ray crystallographic analysis,

no r e a c t io n  4b (84%) The *H and nB data are summarized in Table I.

\  50% K0H, /
Br\  methanol, / concd HC1, T a b l e  I

‘  \  reflux, /  reflux, UB  AND 'H  N m R SPECTRA' OP SOME COMPOUNDS

1 \  3hr / 3hr 0F St r u c t u r e s  3 a n d  4

t> QTj / ■------ 111 8,6 ppm (relative no. of H )--------.
i \  /  3 Cr03 Compd UB ba Haromatio Hc-alkyl Hfl-alkyl

no  reac tion  ^  ! i f ^ ( C 2H5) 2C = 0  3e 7 .2 3 (5 )  1 .1 4 (6 ) »  0 . 1 0 ( 3 ) '

24hr .B V „ ^ N  3a - 4 8 . 6  7 .1 8  (5 ) 1 .1  (1 0 )*  0 . 5 3 (5 ) »

W ' / \  N t ' 3b - 4 2 . 0  7 .1  (4 ) “  1 .1 (1 0 ) “  0 . 5 5 (5 ) »

/  R ' R '  V r n  ... 3c 7 .7 5 (4 ) »  1 .0 (1 0 ) “  0 . 5 9 (5 ) »
H.O/OH, «-butyl alcohol /  \  r 3,p yn me, 3d 6 .7 5 (4 ) “ 1 .2 (1 0 ) “  0 . 6 0 (5 ) »

76° /  3’ \  ’  4a - 4 3 . 2 »  7 . 2 ( 5 ) “  1 .3 - 0 .8 (1 5 ) “
3days X  ether, \  4b — 45 , 0 7 .1  (4)/ 0 .7 5 ( 1 5 ) “

,r H sr==n 25°’ \  , 4c 7 .65  (4 )/  0 .7 3  (1 5 )“
10 Rr ( G H W J - 0  4d 6 . 6 ( 4 ) “ 0 .8 5 (1 5 ) “

+  *  4 f" - 4 5 . 0  6 .9  (5 ) “ 0 .9  ( ~ 2 7 ) “

(C 2H 5) 3C O H  no reaction  „ R e la t iv e  to  externa l boron  tr iflu or id e  etherate . b P o s it iv e

va lu e  is dow n fie ld  fro m  te tram eth yls ilan e . » Sharp  s ing let.

h o r a z e n e s  a n d  a m in n h o r a n e s  »  C n m n m in d  4 a  w a s  “ C om p lex  m u ltip le t centered a t th e  va lu e  shown. » T h e  “ B
D ora  e n e s  a n a  a m  n o D o ra n e s . c o m p o u n a  4a w a s  chem ical sh ift o f th is  com pound was p rev iou s ly  reported  a s - 3 6
u n r e a c t i v e  t o w a r d  p o t a s s iu m  m e t a l  m  t e t r a h y d r o fu r a n  ±  5 ppm  (re f 1; th is  p a p er ) and has been  refined. / A 2B 2 spec-

at room temperature, and did not produce an electron tram . » W e  are g ra te fu l to  P ro fessor G. Hesse fo r  th is  sam ple.

spin resonance spectrum either in the presence or
absence of potassium. Although irradiation of 2 a in
pentane produced a 75% yield of 3a, no 4a was formed Possible Sources of Stability of 4a.' The chemical 
upon irradiation of 3a. stability of the l,3-diaza-2,4-diborolidine ring probably

Because of variability in the success of converting arises from steric shielding of the heteroring atoms,
compounds of structure 3  into the corresponding blocking the approach of polar reagent along an axis
compound 4, a number of N-aryl derivatives were perpendicular to the ring plane. A  dramatic decrease
prepared to study the effect of variation in p-aryl in reactivity toward polar reagents due to steric effects
substituents. The nitrogen substituent, R, was held is n°t  without precedent in BN  ring compounds,
constant (R  =  C2H5). As with the N-phenyl series Nagasawa10 has recently shown B-trixylyl- and B-
(a), the N-p-chlorophenyl series (b) could be prepared trimesityl-N-trimethylborazines are recovered quantita-
in very high yields throughout, starting with p-chloro- tively after standing for 150 hr at room temperature in
phenylisonitrile. The p-nitrophenyl series (c) was either dilute sodium hydroxide or dilute hydrochloric
very different in behavior. Even the mildest conditions acid in aqueous dioxane.
for reaction sufficed to carry the reaction to compound Anomalies in the Pattern of Conversion of 3 into 4. 
3 c. Although material which corresponded to the Table I I  shows the result of heating compounds of
properties anticipated for 2c could be isolated from the structure 3 at 300-310° in a sealed tube for 5-10 min.
mother liquors of this reaction, 2 c could not be isolated
in a pure state. Compound 3c could not be converted T a b l e  I I

into 4c, but decomposed at 330°. However, 4c could Behavior of 3 at 300-310°.
be prepared directly by nitration of 4a, using fuming Mp

red nitric acid in trifluoroacetic acid at — 5 ° .  This Compd <n° o f3 ,6 ° c  Observation»

l a t t e r  r e a c t io n  i l lu s t r a t e s  t h e  g r e a t  r e s is ta n c e  o f  t h e  3a 0.00 203-205 4a (96% )

l,3-diaza-2,4-diborolidine ring in these compounds to 3d + 0 .1 3  226-228 4 d (7 5 % )

chemical degradation, and the orientation effect of the 3g f !  ono
AT/un-D j  . 3b + 0 .4 7  201-202 4b (84% )

-N (B )B  and -N (B )B  groupings in aromatic electro- 3c + 0 - 6 3  256-260 dec D ec <330°
philic substitution. Compound 3c could be prepared 3h _l_0 Gq 35q j ) ec < 330°
in good yield by direct nitration of 3a. The nitro 3e 0 .00  17 0 .5 -1 7 1  D e c  <330°
groups of 3c were smoothly reduced by hydrogen over 3 fa 0.00 168-169 4 f(9 2 % )

platinum oxide to give the p-aminophenyl derivative, 3 i 142-144 D ec  <300°

3d. Compound 3d could be converted into 4d, which « p. r . W ells , Chem. Rev., 63, 171 (1963). b C orrec ted , 

could be converted into 4b by a Sandmeyer reaction. » C om pound  id en tifica tion  (y ie ld , p er cent re crys ta llized ). 

Since compounds in series a, b, and c have been pre- d We are srateful to Pro fessor G. Hesse fo r  th is sam ple, 

pared separately from the corresponding para-sub
stituted isonitriles, and are related to each other by The results were strikingly different. Four compounds
interconversion, the aromatic ring substitution patterns of structure 3 (a, b, d, f) gave compound 4 in high yield,
are established. The remaining five studied (c, e, g, h, i) gave a complex

Because of the lack of chemical reactivity of 4a, most decomposition, yielding 5 to 15 spots on thin layer
of the evidence which bears on its structure is physical chromatography. No single product appeared to
rather than chemical in nature. The structure assigned predominate, and no crystalline product could be
is supported by elemental analysis, molecular weight isolated in these cases, in spite of the fact that com-

(9) Cf. ref 3b, pp 131-138. (10) K. Nagasawa, Inorg. Chem., 5, 442 (1966).
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pounds of structure 4, when they were present, could be The factors which determine whether or not 
isolated from the reaction mixture with no particular conversion of 3 -*■ 4 will occur are yet unknown,
difficulty. The abrupt change in behavior which Although N-aryl substitution is necessary for the con-
accompanies the change of ethyl to methyl as the boron version of 3 to 4, an additional requirement is that the
substituents (4a 4e) is noteworthy. alkyl group be larger than methyl. This invites

Several common structural features which are present speculation that diaxial nonbonded interaction between
in those compounds of structure 3, which can be large alkyl groups in the normally more stable “ boat”
isomerized to 4. Those which do undergo rearrange- conformer is sufficiently large to overcome electronic
ment bear an aromatic substituent at the nitrogen atom. favorability of 'he “ boat”  and force the ring into the
Of the B-ethyl, N-aryl compounds of structure 3 which “ chair”  conformer. Thus denied electron delocalization
fail to rearrange, all are crystalline solids at 300°. to an adjacent boron atom, because of unfavorable p- •
Those which do undergo rearrangement are molten at orbital overlap, the nitrogen atom is electronically better
that temperature. It  is possible that the reaction 3 —► disposed to participate in transannular attack on a boron
4 may depend on the physical state of 3. Still the atom (see Chart IV ). However the B— N  stretching
behavior of 3e (B-methyl) remains an anomaly.

Possible Mechanisms for the Conversion of 3 into 4. Chart IV
•—In each step in the interconversion of isomers in this / \
series one or two boron-to-carbon alkyl group migra- — (  )  ' .
tions occur, leading to products which are thermo- /  — / / ,
dynamically more stable than the starting materials. \ ^ n = = b -  / \ N n — B
Each rearrangement may be viewed as the migration of + y  B ^ r/  \
an alkyl group from B~ to C+, thus classifying these /  \  /  /
reactions as electron-deficient rearrangements of the /
Wagner-Meerwein type. For each compound which ^oat cha ir

undergoes rearrangement it is possible to write a 4
resonance structure in which an electron-deficient
carbon atoms is located adjacent to (or transannular frequency provides a reliable measure of bond order in 
to) a tetracoordinated boron atom. This is shown in the B— N  bond, lower frequency reflecting a lower bond
Chart I I I .  Such a rearrangement is not unlike the order. 12 Table I I I  shows the B— N  infrared frequencies
Baeyer-Villager oxidation or the Kuivila mechanism of compounds of structures 3 and 4. These frequencies
for the oxidation of organoboranes by alkaline hydrogen are remarkably constant from one compound to another,
peroxide. 11 and provide no support for the “ boat-chair”  argument.

Chart III Table m

+ Infrared B —N  Stretching Frequencies of Some
R — N = C — B— R ' R ' Compounds of Structures 3 and 4

t 'R '  | ,---------------Infrared maxima, ;; (cm -1)--------------- -
----► / N   *- Designation B— N « NO,

■ ■ + y  "  N t '  3a 1453 1397R—'N — C> ~ B\  R/ L  J 3b  1453 1397

V  3c 1504 1453 13976 1333«

r  - ,  3d  1504 1453 1397

R ' R ' 3 g  1504 1397

r  p ,  3e 1399

3 i 1471«

r- p ,  1  - J  4a 1481 1449 1385

I / y \  4b 1481 1449 1387
r  X R / R '  T j / N p /  R  4C 1490 1449 13896 1337“

^ N f C ^ R '  a 4 f 1481 1449 1387

p/___ J>_ +.Jt t  “  M o s t  in tense band  in  th e  spectrum . 6 Second m ost in ten se
/  \  R ' R ' band  in  th e  spectrum . “ Cf. re f 7a.

R I R „ V /  R,
R' r ^ c- b/ R
| — »  I | — ► 4 Experimental Section

R ' R '/  ^ V ' N t  S ta rtin g  M a te r ia ls .— C yc lo h ex y lis o n itr ile  (A ld r ic h  C h em ica l
| R  K n ' C o . )  w as d is t illed  b e fo re  use. P h e n y l- ,  p -ch lo roph en y l-, an d

R \ r  a p -n itrop h en y lison itr ile  w ere  p rep ared  accord in g  to  th e  m e th o d  o f
■y +  _R  R/ | U g i .13 T r im e th y lb o ra n e  and tr ie th y lb o ra n e  w ere  p rep a red  b y

r '___ r - +  R ' R ' a m od ifica t ion 14“ o f th e  th e  m eth od  o f K o s te r :14b b p  — 78°
d / A ’V  R y y .  n , (25 m m ) and - 2 0 °  (755 m m )44“ and b p  9 3 -9 4 ° (755 m m ),14“
K  R  K \ N ^ b > K  resp ective ly .

R/ I + + ! --------------
-  2 —* .B s p / N  (12) (a) H. J. Becher, Spectrochim. Acta, 19, 575 (1965); (b) cf. ref 3b,

S T  / \ ^ R  P 50.
R 7 R ' (13) I. Ugi, U. Fetzer, H. Knupfer, and K . Offermann, Angew. Chem.

L  J  Intern. Ed. Engl., 4, 472 (1965).
3 (14) (a) J. Casanova, Jr., H. R. Kiefer, and R. E. Williams, Org. Prep.

Proc., 1, 57 (1969); (b) R. Koster, Ann., 618, 31 (1958); (e) G. E. Coates, 
“ Organometallic Compounds,”  2nd ed, John Wiley & Sons, Inc., New  York, 

(11) H. G. Kuivila, J. Amer. Chem. Soc., 76, 870 (1954). N. Y ., 1960, p 94.

V o i. 84, N o . 9, Septem ber 1969 1,3-Diaza-2,4-diborolidines 2581



Compound 4a.— A  1.50-g sample of 3a,7a e mp 204°, was Tests of Basicity and Saturation of 4a.— Compound 4a in ether
heated in an evacuated sealed tube at 300-305° for 5-6 min, 1.15 saturated with dry hydrogen chloride gave no solid even on
g, mp 138-140° (methanol). Recrystallization gave 1.02 g of standing overnight. Compound 4a was recovered unchanged by
white solid, mp 140-141°. Mother liquors gave 0.46 g, mp evaporation of the solvent. Compound 4a failed to decolorize a
138-140°, combined yield 1.46 g (97% ). solution of bromine in carbon tetrachloride.

Anal. Calcd for C23II4oB2N 2: C , 77.63; H , 10.02; N , 6.96. Preparation of 2b.— p-Chlorophenylisonitrile13 (12 g, 0.087 mol)
Found: C , 77.48; H , 10.04; N ,  6.82. in 50 ml of anhydrous ether was cooled and treated with 9 g

The molecular weight, osmometric in benzene, was 390 ±  8; (0.092 mol) of triethylborane in 80 ml of ether in an inert at-
isopiestic in benzene,15 395 (required for C26H 4oB2N 2, 402.24). mosphere. The isonitrile was added over 30 min. The mixture
Spectral data for compound 4a are found in Tables I , I I I ,  and IV . was stirred at room temperature for 2 hr. The white precipitate

was washed with pentane. The filtrate was evaporated to 30 ml 
T aklf TV and cooled to give a second crop of solid. The combined solids

were recrystallized to give 15 g (75%, acetone): mp 171-172°; 
Ultraviolet Spectra of Some Compounds of Structure 4 ir (CC1<) 1548 om-i (> c = N + < ) ;  iH nmr 7-08 ppm (4 H ), a

Designation .------------Absorption maxima, X, mji (log e)“-------- —< quartet ( /  =  5.6 H z) at 2.22 ppm (2 H ), a complex region at
a 272(2.72) 265 (2.92 ) 233(3 .7 ) 218(4.2 ) 0.79 ppm (10 H ), and a triplet {J  =  5.6 H z) at 0.35 ppm (3 H ).
b  280 (2.87) 272 (3.04) 266 (4 .7 ) The UB  nmr of this compound was a very broad single line at
c 283(4 34) 216(4 2) + 2 .4  ppm [relative to (C 2H 5)20 -B F 3] .

... . V ;  t  1 4 - ■ , Anal. Cakd for C 26H 38B 2C12N 2: C , 66.28; H , 8.14; N ,  5.94.
“ A ll values reported are for solutions m 95% ethanol. Found- C  66 30' H  8 12' N  o 88

Preparation of 3b.— Compound 2b (3.80 g ) was heated in a 
Attempted Saponification of 4a.— 4a (50 m g) in 20 ml of 50% sealed tube at 185° (10 min). The product gave 3.51 g (92%, 

aqueous potassium hydroxide and 5 ml of methanol was refluxed benzene-methanol) of 3b: mp 201-202°; ir (C C h ) 1389 cm-1
for 3 hr. Water (10 m l) was added. Ether extraction gave 4a ( > B — N < ) .  The nB  and T I resonance spectra are shown in
(92% ), identified by tic, melting point, and ir. Table I.

Attempted Acid Hydrolysis of 4a.— 4a (50 m g) was refluxed in Anal. Calcd for C26H38B2C12N 2: C , 66.28; H , 8.14; N , 5.94.
30 ml of concentrated hydrochloric acid for 3 hr. Ether extrac- Found: C, 66.11; H , 8.03; N , 5.90.
tion gave 4a (42 mg, 84% ) identified by  tic, melting point, and ir. Preparation of 4b.— Compound 3b (3.00 g ), heated in a sealed 

Chromic Anhydride Oxidation of 4a in Acetic Acid.— Chromic tube at 305° (12 min), gave (2.50 g, 84%, acetone), mp 158-160°.
anhydride (95 mg, 0.82 mmol) in glacial acetic acid (7 m l) at Anal. Calcd for C 26H 3sB2Cl2N 2: C, 66.28; H , 8.14; N , 5.94; 
90° was treated with 216 mg (0.54 mmol) of 4a. The cooled, Cl, 15.05. Found: C, 66.08; H , 7.97; N , 6.02; Cl, 15.15. 
diluted reaction mixture was extracted with ether. The ether Spectral data for 4b are found in Tables I , I I I ,  and IV .
was washed with aqueous sodium bicarbonate. The dried ex- Preparation of 4f.— A  300-mg sample of 3f18 was heated at 305°
tract was concentrated to ca. 1 ml using a 4-ft Vigreaux column. (10 min) in a sealed tube and gave 275 mg (91%, acetone),
The volatile portion of this residue was separated by a high mp 131°.
vacuum transfer and analyzed by glpc, which showed 15% 3- Anal. Calcd for C 38H 64B 2N 2: C , 79.99; H , 11.31; N , 4.91.
pentanone. N o  3-ethyl-3-pentanol was present. In a control Found: C, 79.58; H , 11.16; N , 5.04.
experiment, 3-ethyl-3-pentanol was found to react with chromic Spectral data for compound 4f are found in Tables I  and I I I .
anhydride in acetic acid at 90° to give 3-pentanone in low yield. Preparation of 3c from p-Nitrophenylisonitrile.— p-Nitro-

Chromic Anhydride Oxidation of 4a in Pyridine.— 4a (40 m g) phenylisonitrile13 (1.3 g ) in 10 ml of tetrahydrofuran was added
was dissolved in 2 ml of pyridine and 200 mg of chromic anhydride dropwise to a stirred solution of 900 mg of triethylborane in 20
in 2 ml of pyridine was added and the solution was stirred at room ml of tetrahydrofuran at 0°. A  dense precipitate was formed after
temperature overnight. The cooled solution was acidified to 10 min. The reaction mixture was stirred at 50° for 1 hr, cooled
Congo red with hydrochloric acid and extracted with ether. The in ice, and 1 ml of methanol was added. The solvent was
dried ether extract afforded 12 mg of an oil. 2,4-Dinitrophenyl- evaporated under reduced pressure at 20°, and the residue was
hydrazine reagent16“ gave red crystals (18 m g), mp 144-148°. recrystallized to give 200 mg (10%, chloroform), mp 256° dec.
Recrystallization from (ethanol-ethyl acetate) raised this to Anal. Calcd for C 26H 38B 2N 40 4: C , 63.44; H , 7.78; N , 11.38. 
157-159°. This material was identical (melting point and tic) Found: C, 63.09; H , 7.67; N , 11.47.
with authentic 3-pentanone 2,4-dinitrophenylhydrazone, mp Spectral data relevant to compound 3c are found in Tables I, 
157-159° (lit.16» mp 156°). I l l ,  and IV .

Attempted Oxidation of 4a with Chromic Acid in Ether.17— To Preparation of 3c by Nitration of 3a.— A  finely powdered sample
40 mg of 4a in 15 ml of ether, 0.5 ml of chromic acid (prepared of 3a (2.5 g ) suspended in 100 ml of trifluoroacetic anhydride at
from 5.5 g of sodium dichromate, 4.1 ml of 96% sulfuric acid and —5° was stirred, treated with 10 ml of red fuming nitric acid
diluted to 22.5 ml with water) was added dropwise. The mixture (dropwise over a period of 15 min), and stirred at this temperature
was stirred overnight at room temperature. The ether was for 45 min. The reaction mixture was poured cautiously onto ca.
separated, washed with saturated salt water, and dried to give 500 g of crushed ice, and the solid which separated was removed
4a (32 mg, 80% ), identified by tic, melting point, and ir. by filtration and washed with cold acetone. Recrystallization

Oxidation of 4a with Alkaline Hydrogen Peroxide.— A  400-mg afforded 1.5 g (48%, chloroform), mp 256° dec. The ir of this
sample of 4a in 15 ml of ¿-butyl alcohol was heated to 70°. To material was identical with that of a sample prepared from p-
this solution was added 150 mg of sodium hydroxide in 0.5 ml of nitrophenylisonitrile and triethylborane.
water, followed by 0.3 ml of 33% hydrogen peroxide. The mix- Reduction of 3c to 3d.— A  solution of 2.0 g of 3c in 150 ml of 
ture was stirred overnight. The ¿-butyl alcohol was removed by acetic acid was shaken in an atmosphere of hydrogen at 29 psi in
slow concentration through a spinning-band column up to 85°. a Parr apparatus for 14 hr, using 150 mg of platinum oxide as a
The distilled ¿-butyl alcohol was 99.4% pure by glpc. The residue catalyst. A  tan solid which rapidly darkened in air was obtained.
from the distillation was made strongly alkaline with 2 V  sodium A  sample was prepared for analysis by chromatography on alu-
hydroxide and extracted with several small portions of ether. mina. followed by rapid recrystallization, mp 226-228° (metha-
The extract was washed with dilute hydrochloric acid, then water, nol). The analysis was unsatisfactory, owing to the instability
and dried. The residual oily solid was distilled at 50° (0.1 mm). of 3d.
The residue 210 mg (52%, methanol) was 4a, identified by melt- Anal. Calcd for C26H 42B2N 4: C, 72.23; H , 9.79; N , 12.96.
mg point and ir. The distillate (30 mg) gave three peaks on Found: C, 71.20; H , 9.68; N , 14.16.
glpc, identified as ¿-butyl alcohol (10% ), 3-pentanone (30% ), and Spectral data for compound 3d are found in Tables I , I I ,  and
3-ethyl-3-pentanol (60% ). A  500-mg sample of authentic pure II I .
3-ethyl-3-pentan<>l, when treated in the same way, gave 322 mg Compound 3d was usually converted quickly into the acetamide
after distillation (25% 3-pentanone and 75% 3-ethyl-3-pentanol). or hydrochloride. The acetamido derivative (3g) was prepared

(15) D. A. Sinclair, J .  Phys . Chem ., 37, 495 (1933); R. A. Robinson and by dissolving 300 mg of 3d in 5 ml of anhydrous pyridine and
D. A. Sinclair, J .  A m er. Chem . Soc., 56, 1830 (1934). adding 0.5 ml of acetyl chloride to the cooled solution. The mix-

(16) (a) R . L. Shriner, R. c. Fuson, and D. Y . Curtin, "The Systematic lure was poured into ice water, filtered, and the solid residue
Identification of Organic Compounds,”  5th ed, John Wiley & Sons, Inc., ------------------ -
New York, N. Y ., 1964, p 253; (b) p 362. (18) The authors are indebted to Professor G. Hesse for a generous supply

(17) H. C. Brown and C. P. Garg, J . A m er. Chem . Soc., 83, 2951 (1961). of this compound.
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(350 mg) recrystallized from 95% ethanol (mp >350°): ir (K B r ) added and the mixture allowed to warm to room temperature.
3247 (N H ),  1665 (amide I ), and 1600 cm-1 (amide I I ) .  It was heated for 30 min on a steam bath, then diluted with cold

The hydrochloride (3h) was prepared by treating a solution of water. The brown residue which remained was chromatographed
100 mg of 3d dissolved in 5 m l of anhydrous ether with dry hy- on Florisil using ether to give 20 mg of a pale yellow semisolid
drogen chloride gas. Recrystallized of the residue from evapora- which was identical with authentic 4b (ir). 
tion gave 80 mg, mp 336-340° dec (methanol-ethanol).

Preparation of 4c by Nitration of 4a.— A  finely powdered sample
of 4a (500 m g) in 50 m l of acetic anhydride at - 5 °  was treated Registry No.— 2b, 20116-72-7 ; 3a, 1756-53-2; 3b, 
with 6 ml of fuming red nitric acid by dropwise addition. The 90199 r.A 7• a,. 9 0 1 9 9  in  o . i a  9 0 1 9 9  w n .
mixture was stirred for 1 hr, then poured into ice water. The „ fir 7  0 4  o . ’ 3 f 4 0 4 0  7 2  fi". ¡ ’ o n ion  rn 9 . 9 0 1 9 0 ’
product was 240 mg (33%, ethanol), m p 225-228°. Twofurther oo5/-U4 -d , 31, 4U4U-72-0, 3g, 20122-59-2, 3h, 20122-
recrystallizations raised the melting point to 230°. 60-5; 3i, 3657-05-4; 4a, 20122-62-7; 4b, 20122-63-8;

Anal. Calcd for C28H 38B 2N 20 4: 0,63.44; H , 7.78; N , 11.38. 4c, 20122-64-9: 4d, 20122-65-0; 4f, 2179-88-6.
Found: C, 63.16; H , 7.78; N ,  11.49.

Spectral data for compound 4c are found in Tables I, I I I ,

• . . .  t .. ,, , ,nA x , A ck n o w led gm en t .— T h e  w o rk  described  in  th is p a p e r
Conversion of 4h to 4b.— 4h (100 m g) m 4.5 ml of concentrated • 11 u  at , T ¿-a a *  c

hydrochloric acid in an ice bath was treated with sodium nitrite Z  ^ p p o r t e d  financm Uy b y  the N a t io n a l In stitu tes  o f
(1.4 g) in small portions. A  cold solution of 3 g of freshly pre- H e a lth  (O A  ooo9 ). I  he au thors  w ish  to  th an k  K .
pared cuprous chloride19 in 10 ml of 8 A  hydrochloric acid was S erv is  (U n iv e rs ity  o f  S ou th ern  C a lifo rn ia ) fo r  32.1 -

(19) H. Zollinger, "A zo  and Diazo Compounds,”  Interscience Publishers, M H z  SP e C tra  » n d  J . C r a n d a l l  ( I n d i a n a  U n i v e r s i t y )  fo r
New York, n . y „  1961, chapter 7. t h e  u s e  o f  l a b o r a t o r y  fa c i l i t i e s .

Heteronuclear Stabilized Carbonium Ions. I. Nuclear Magnetic 
Resonance Examination of Aryl Oxocarbonium Ions

D onald A .  Tomalia

Edgar C. Britton Research Laboratory, The Dow Chemical Company, Midland, Michigan 48640

Received October 11, 1968

Aryl oxocarbonium ions were generated by the addition of benzoyl chlorides to FSOjH -SbEe and were char
acterized by nmr spectroscopy at room temperature. In  some instances ionizations were observed in neat FSO3H.
Chemical shift assignments were deduced from model compounds. For 28 cations the ranges of deshielding from 
the covalent precursors were as follows: AS„ 0.44r-0.62 ppm, A S m 0.44-0.57 ppm, and A S P 0.93-1.09 ppm.
Evidence is presented for alternating charge delocalization in the aromatic nucleus. Sulfonation products were 
observed when the cations possessed suitable electron-donating groups.

O x o c a r b o n iu m  io n s  h a v e  b e e n  g e n e ra t e d  f r o m  a c y l  R e s u l t s  a n d  D is c u s s io n

f lu o r id e s  a n d  S b F 5, 1-1  a c y l  c h lo r id e s  a n d  s i lv e r  h e x a f lu o -  TT . , . . .  , , ,
r o a n t im o n a t e 1’2 o r  in  s o m e  ca se s  S b C V ’6 a c y l  s u l f in y l -  , ^  o f  } h e  P ro c e d u re s  e m p lo y e d

• . , . . .  . ’ .  ,, b y  V o lz 6 a n d  O la h 1-4  a  n u m b e r  o f  ortho-, m eta-, a n d
a m in e s , o r  is o c y a n a te s  a n d  m t r o s o m u m  s a lt s 6 a s  w e l l  a s  J ,
*  ~  A  1 t  j. r , • j . • n o r a -s u b s t i tu t e d  a r y l  o x o c a r b o m u m  io n s  w e r e  p r e p a r e d ,
f r o m  th e  c le a v a g e  o i  e s te rs7 o r  c a r b o x y l ic  a c id s 8 in  f  , . , , , \  ’
stro m r a c id  m e d ia  T o  d a t e  a l k e n v l6 a lk v le n e  6 b y  m e r e ly  a d (L n g  a P P ro P r ia t e  b e n z o y l  c h lo r id e s  t o  a n
s t ro n g  a c id  m e d ia , l  o  d a t e  a lk e n y l,  a lk y le n e , ex cess  o f  1 :1  M  F S 0 3H - S b F 5 so lu t io n s . T h e  r e s u lt in g
c y c lo a lk y l ,10 a n d  a l k y l1-4 o x o c a r b o m u m  io n s  h a v e  b e e n  °

d ir e c t ly  o b s e rv e d  a n d  s y s t e m a t ic ly  e x a m in e d  b y  n m r  O

s p e c t ro s c o p y ; h o w e v e r ,  s u c h  a n  e x a m in a t io n  o f a r y l  / = \  I FsOH -sbF / = \  +
o x o c a r b o n iu m  io n s  h a s  n o t  y e t  b e e n  r e p o r t e d .11 A s  m — CC1 — — --------5-* -  4 h— C = 0

p a r t  o f  a  r e la t e d  s t u d y  o f  th e  b e h a v io r  o f  m e t h y l  0 0 n  n  =  0 _ 3 Q0n '  SbF6C F

b e n z o a te s  in  s t r o n g  a c id  m e d ia 12 i t  w a s  n e c e s s a ry  to

c h a ra c te r iz e  s p e c t ro s c o p ic a lly  a  n u m b e r  o f  a r y l  o x o -  h o m o g e n e o u s , a l th o u g h  s o m e t im e s  c o lo re d , s o lu t io n s
c a r b o n iu m  io n s . C h a r a c t e r iz a t io n  o f  th e se  c a r b o m u m  w e r e  fo r  th e  m o s t  p a r t  s t a b le  e n o u g h  to  b e  e x a m in e d  b y

io n s  is  r e p o r t e d  h e re in . n m r  Sp e c t ro s c o p y  a t  r o o m  t e m p e r a t u re .  W e l l - r e s o lv e d

s p e c t r a  w e r e  g e n e ra l ly  o b ta in e d . I n  s o m e  cases , w h e n
(1) g . a . oiah, Rev. c h im .  A cad . R ep . P o p u ia ir e  R ou m a in e  ( 1962). s te r ic  a n d  e le c t ro n ic  e ffe c ts  w e r e  a p p r o p r ia t e ,  th e
(2)  G - A - o lah ' 8- J- Kuhn' w - 8- Toigyeei, and e . b . Baker, j . A m er. b e n z o y l  c h lo r id e s  c o u ld  b e  io n iz e d  t o  th e ir  r e s p e c t iv e

Chem . Soc., 84,2733 (1962). J  n  x , ,
(3) G. A. Olah, Rev. C h im . A cad . R e p . P o p u ia ire  R ou m a in e , 1 , 1139 (1962). O X O C a rb on iU m  10I1S in  n e a t  I  b U s H  a t  TOOm  t e m p e r a t u r e .
(4) g . a . oiah, w . s. Toigyesi, s. j . Kuhn, m . e . Moffatt, i. j . Bastien, T h e  a d e q u a c y  o f  th e  F S O j H - S b F s  m e t h o d  w a s

“ w 'B .  V o t 'Z n i J A T Vou r i f e t ’ ‘ S S ,  as, 3413 ( i 960). d e m o n s t r a t e d  b y  c o n v e r t in g  a c e t y l  c h lo r id e  in t o  its
(6) G. A. Olah, N. Friedman, J. M . Bollinger, and J. Lukas, J .  A m er. p r e v io u s ly  r e p o r t e d  OXOCarbOniUm . B y  th lS  m e t h o d  a

Chem. Soc., 88 ,5328 (1966). s in g le t  w a s  o b s e rv e d  fo r  th is  c a t io n  a t  — 3 .91  p p m  a n d
(7) G. A. Olah, D. H. O’Brien, and A. M . White, ib id ., 89, 5694 . , , « 0 /O

(1967). c o m p a re s  w i t h  a  v a lu e  o f  — 3 .9 3  p p m  (2 0 %  o le u m )
(8) g . a . oiah and a . m . white, ib id ., 89,405, 3591,4752 (1967). r e p o r t e d  b y  D e n o  a n d  c o w o rk e r s .13 A d d i t io n a l  e f fic a c y
(9) g . a . oiah and m . b . Comisarrow, tb id ., 88 ,3313 (1966). w a s  p r o v id e d  b y  o b s e r v in g  c h e m ic a l s h i f t  c h a n g e s  t h a t
(10) G. A. Olah and M. B. Comisarrow, ib id ., 88,442 (1966). 1 , ,
(11) Cryoscopic measurements of a number of aryl oxocarbonium have OCCUTTed U p o n  d i s s o l v in g  th e  b e ilZ O y l C h lo r id e s  m  n e a t  

been reported and are reviewed in “ Carbonium Ions,”  D. Bethell and
V. Gold, Ed., Academic Press, New  York, N. Y ., 1967, p 284. (13) N. C. Deno, C. U. Pittman, Jr., and M . J. Wisotsky, J .  A m er. Chem .

(12) D. A. Tomalia, to be published. Soc., 86, 4370 (1964).
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T able I
W W b a a

c h 3 c h 3 c h 3

I c h 3— — C= 0  b — c = = 0  C ^ 3 y Z ) )  c = ^

c \  /  0 c d
. .  I c h 3 c h 3

_ J w v J L  J W v ^ J L . b a
1 2 3

(bj I W) a 2.62 (s) a 2.53 (s) a 2.48 (s)
b 2.75 (s) b 8.22 (s) b2.65(s)
c 7.46 (s) c 8.29 (s) c 7.77 (d)

| a:c:b 3:62 a:(b +  c) 2:1 d 8.42(d)
1 a:b:c:d 3:3:1:2

^ c h 3 c h 3 c c h 3

-7.91 -7.73 -2 .4 3  -8.29 -8,15 -2 .5 3  / F A _ +  3 / i N \ _ +  / P A — 4' —

Figure 1 .-—N m r spectra (8) of 3,5-dimethylbenzoyl chloride: y— -y ^  3 v - v  ^  ^  y —v
(a ) in neat F S 0 3H ; (b, c) addition of less than a stoichiometric b \  c d /  e
amount of SbF6; (d ) addition of a stoichiometric excess of SbF6. CHj CH3

a a
4  5 6

FSOsH and then subsequently adding SbF5. 2,4,6- 9fipM , , ,  u
Trimethyl and 2,6-dimethyl benzoyl chloride were a 2.83(s) b289 (s) b 2413 (s)
completely ionized to their respective oxocarbonium b 7 66 c 7>66 (¿) c 7 66
ions in neat FS03H  giving the chemical shift parameters c 8.24 (t) d g 39 ^  ^ g 21 (m)
for cations 1 and 4 shown in Table I. The addition of a:b:c S'21 a:b:c:d 3:3:2:1 e ~8.31 (s)
even a molar excess of SbF5 did not cause any further a:1):c ^
deshielding. Furthermore the chemical shifts observed a a
for cation 1 were essentially identical with those CH3 CH3

previously reported by Deno13 and Volz.6 When b__/  \__5 a lL_?
benzoyl chloride precursors to cations 2, 3, 5, 6, and 7 « (O / — C = 0  c\ 0 / — 5 = 0  CH3— ( C j ) — C = 0
were added to neat FSO 3H, various degrees of ionization \— / \— / V—/
to the respective oxocarbonium ions were observed. b 0
Two discernible species could be observed by nmr in
each of these cases. Figure 1 illustrates the spectrum 7 8 9
(a) that was obtained for 3,5-dimethylbenzoyl chloride a 2 §8 (s) a 2.59 (s) a 2.75 (s)
in neat FSO3H, and those spectra (b and c) which were b7.83 (m) b7.90(t) b 7.87(d)
recorded for successive additions of SbF6. Spectrum d c8.46(m) c 8.47 (t) c 8.54(d)
shows the oxocarbonium ion, 2, which was obtained by a:b:c 3:2:2 a:b:c 3:1:3 a:b:c 3:2:2
adding an excess (molar) of SbF6. The downfield signals
at —8.29, —8.15, and —2.53 ppm were assigned to the T able I I
oxocarbonium ion and the upheld signals at —7.91, ^  q

— 7.73, and —2.43 ppm were assigned to protonated a b a / \ b
benzoyl chloride which is presumably undergoing /r^\ t  n pi / F x\ n__n n  A n
proton exchange with the benzoyl chloride. This is \vJ/ y - y  ^ \ w /  U
supported by the fact that no highly deshielded a b a i> a b
- C = 0 +H signals were observed downheld except ^  J2
those for FS03H. Second, successive additions of an
external chloride ion source (e.g., LiC l) caused pro- u s ri on a7.96 (m) a 8.14(d)
gressive upheld shifts in both the oxocarbonium ion and a,̂  ^  alfiJ-l \ i f l -2
protonated acid chloride resonances accompanied by 
considerable signal broadening. As LiCl was added,
the protonated acid chloride peaks increased commen- b Cl
surate amounts whereas the oxocarbonium ion signals + f —\ +
decreased. By integrating either the aromatic or b\C_)/— C = 0  ^ vO / — C = 0
methyl protons of samples, which had been allowed to a b a b
equilibrate for 1 hr, the per cent of ionization was
determined for all of the cations listed in Table I. In 13 14
the order listed (i.e., cations 1-9), the per cent of a7.98(t) a 7.97 (t)
ionization was found to be as follows: 100,48,48,100, b8.56(m) b8.55(m)
66, 64, 67, 0, and 0. Qualitatively the degree of a:b 1:3 a:b 1:1
ionization in this series appears to be more profoundly
influenced by the amount of substitution in the ortho positions. This is particularly apparent if one examines 
position rather than by favorable electronic effects cations 7, 8, and 9. It  should be noted, however, that
that might arise from methyl substituents in the other two methyl groups in either the meta or meta and para
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T a b l e  III
N mh C h e m ic a l  S h ifts  o f  poto-S u b s t it u t e d  A c y liu m  I o n s  a t  25° in  FS0 3H -S b F 5 ( 1 :1  M o l a r )

X - O c * = °  SbF6c r

ortho meta

X  Registry no. protons protons X  protons AS0 °  A 8m b A8a

(C H 3)3C  20116-73-8 8.61 (d ) 8 .1 3 (d ) 1 .4 3 (b) 0.61 0.64 0.07
C H 3 20116-80-7 8.54 (d ) 7.87 (d ) 2.75 (s ) 0.64 0.65 0.34
H  20116-74-9 ~8 .7 1  (m ) 8.03 (t ) 0.65 0.57
F  20116-75-0 8.79 (m ) 7.72 (t ) 0.65 0.55
C l 20116-76-1 8.61 (d ) 8.01 (d ) 0.60 0.57
Br 20116-77-2 8.49 (d ) 8.21 (d ) 0.52 0.58
F3C 20116-78-3 8.90 (d ) 8 .3 0 (d ) 0.64 0.50
NO„ 20116-79-4 9.06 (s) 9.06 (s) 0.67 0.67

“ ASC(av) 0.62 ppm . 4 A5m(avj 0.59 ppm.

T a b l e  IV
N m r  C h e m ic a l  S h if t s  o f  mefa-SuBSTiTUTED A cy liu m  I on s  a t  25° in  FS0 3H -S bF 6 (1:1 M o l a r )

c = o  sbFsc r

X
OTtho m eta pa ra  X

X  Registry no. protons protons protons protons A50 a ASm 6 ASP c ASt

CHi 20147-91-5 8.47 (t) 7.80 (t) 8.47 (t) 2.59 (s) 0.63 0.54 1.11 0.16
H ~8 .71  (m) 8.03 (t) ~ 8 .5 0 (m ) ~ 0 .6 5  0.57 ~ 0 .8 8
F 20116-81-8 8.29 (m) 8.29 (m) 8.29 (m) ~ 0 .7 0  ~ 0 .7 0  ~ 0 .7 0
Cl 20116-82-9 8.56 (m) 7.98 (t) 8.56 (m) 0.56 0.45 1.03
Br 20116-83-0 8.68 (m) 7.91 (t) 8.68 (m) 0.72 0.51 0.72
FiC 20116-84-1 8.86 (t) 8.26 (t) 8.86 (t) 0.66 0.46 1.06
NO* 20116-85-2 2 H 9.57 (m) 8.33 9.15 (m) 2 H 0.60 0.50 0.61

6 H 9.15 (m) 6 H 0.61

°  A50(av> 0.62 ppm. 4 A5m(av) 0.49 ppm. c A5p(av) 0.93 ppm.

T a b l e  V
N m r  C h e m ic a l  S h if t s  o f  ot^ o-Su b s t it u t e d  A c y liu m  I on s  a t  25° in  F S 0 3H -S b F 5 (1:1 M o l a r )

Q - S = 0  SbFsCF 

X
ortho m eta para

X  Registry no. protons protons protons X  protons AS0 a A8m 6 ASP c A5*

C H 3 20116-86-3 ~ 8 .5 6  (m ) 7.83 (m ) ~ 8 .4 3  (m ) 2.88 (s) 0.38 0.45 0.94 0.34
H  ~8 .7 1  (m ) 8.03 (t) ~ 8 .5 0  (m ) 0.65 0.57 0.88
F  20116-87-4 ~ 8 .7 0 (m ) 7.79 (q ) ~ 8 .5 6  (m ) 0.63 0.59 0.90
Cl 20116-88-5 ~ 8 .5 5  (m ) 7.97 (t ) ~8 .5 5  (m ) 0.49 0.47 1.15
Br 20116-89-6 ~8 .5 1  (m ) 8.04 (m ) ~8 .5 1  (m ) 0.47 0.48 0.95
“ A5o(av) 0.44 ppm. 4 ASm(aT) 0.44 ppm. 0 A5j,(av) 1.02 ppm.

positions (e.g., cations 2 or 3) provide a sufficient driving and were found to contain characteristic oxocarbonium
force to produce ionization to the extent of 47-48%. ion absorptions in the 2200-2300-cm_1 region.4
Spontaneous ionization was not detected in neat Extensive etching of the cells (AgCl) precluded
FS03H for any of the more electron-deficient benzoyl extensive characterization by this means,
chlorides including monosubstituted o-bromo-or 0-  Anomalous behavior was noted in the FS03H-SbF5 
chlorobenzoyl chloride. By adding less than stoichio- medium for those acid chlorides containing substituents
metric amounts of SbF5 to these more electron-deficient at each extreme of the Hammett a range. These
benzoyl chlorides one could observe mixtures of the features will be commented on later,
oxocarbonium ions and protonated acid chlorides. For Proton chemical shift assignments for the methyl- 
example, 4-trifluoromethylbenzoyl chloride exhibited and chloro-substituted aryl oxocarbonium ions are
two doublets centered a t —8.46 an d—8.00 ppm in neat summarized in Tables I  and II. Assignments for
FSO3H. By adding less than a stoichiometric amount mono-para-, wMa-, and ori/io-substituted cations are
of SbF5 one could generate the oxocarbonium ion as two listed in Tables I I I ,  IV , and V, respectively,
downfield doublets centered at —8.93 and —8.36 ppm These assignments were based on consideration of 
in addition to and at the expense of the upfield signals. both the respective proton integrations as well as on
Complete conversion to the carbonium ion was observed the relative proton deshielding that was observed in
when an excess of SbF5 was added. suitably substituted model compounds. For example,

In several instances the FS03H-SbF5 solutions 0: the 4-methylphenyl oxocarbonium ion, 9, exhibited two
acid chlorides were examined by infrared spectroscopy symmetrical doublets in a ratio of 1:1 at —8.54 and
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— 7.87 ppm. The downfield signal was tentatively T a b l e  YI
assigned to the ortho protons. 14 This assignment was D e sh ie l d in g  o f  M e t h y l -Su b st it u t e d  A c y liu m  I on s

corroborated by examination of those cations in Table I  C o m pared  w ith  B e n z o y l  C h lo r id e  P r e c u r so r s  (CCU)
possessing ortho protons which could be unequivocally Cat-

identified and distinguished from m e t a  protons by lon A i” ’ 6 AipC A5“'CH‘ A5m'CH' *
integration. 3,4-Dimethylphenyl oxocarbonium ion, 1 0  6 4  0 , 4 0  0  3 4

3, contains two o r t h o  protons and one m e t a  proton. | 3 , 3 3  6Q ° ' 9  0 'Jg Q gg
This cation exhibited two unsymmetrical doublets at 4  0  5 3  1 11 0  4 3

—8.42 and —7.77 ppm in a ratio of 2:1, respectively. s 0  3 2  0  5 7  0  38 0  30
Cation 2  which possesses only o r t h o  and para protons 6  0  3 6  0.64 0 . 9 5  0 . 3 4  0 .1 1

exhibits singlets a t —8.29 and—8.22 ppm in a ratio of 7  0.28 0 . 4 5  1.08 0 . 3 4

2:1 and were identified as o r t h o  and p a r a  protons, 8  0.63 0.54 1.11 0.16
respectively. From a series of these comparisons it 9  0.64 0.65 0.34
becomes apparent that the chemical shift ranges for “ A50(av) 0.58 ppm. b A5m(av) 0.57 ppm. c A,(aT> 1.07 ppm. 
this group of cations are as follows: m e t a ,  —7.46 to d A5»-cH,(av) 0.39 ppm. « Aim-cH«(av) 0.17 ppm. ’  AVchii.v)
-7.87; p a r a ,  -8.22 to -8.47 and o r t h o ,  -8.29 to 0.35 PPm.
-8.54.

A  series of chlorophenyl oxocarbonium ions (cations T a b l e  VII
10-14) was examined in the same manner. As shown D e sh ie l d in g  o f  C hloro-S u b s t it u t e d  A c y liu m  I on s

in Table II, chemical shift assignments could be made C o m pared  w it h  B e n z o y l  C h lo rid e  P r e c u r so r s  (CCU)
unambiguously by referring to the respective proton Cation as0 0 Aim b ASpc
integrations. 1 0 57

Similar analyses of the other members of this car-  ̂ 9,47 9 34
bonium ion system revealed the same general trend 4 0'56 ()' 4_ l og
wherein the ortho protons are most deshielded followed 5 0 49 0'47 115
by the para and then the meta hydrogens. The a AX n ___ b A, n „ AX , na ___
general range of chemical shifts for the respective
protons in the 28 carbonium ions which were examined were examined both as a function of their substituent 
is as follows: ortho (-9 .1 5  to -8 .29  ppm, average ition and ag a function of the Hammett ,  values of
-8 .57  ppm ; para -8 .86  to -9 .22  ppm, average the substituent. By comparing the individual A50,
-8 .53  ppm ); meta (-8 .2 6  to -7 .46  ppm, average Ag and AS values for 22 mono.ortho_t meta_t and para.
— 7.92 ppm) . These assignments paralleled those which substituted oxocarbonium ions (Tables I I I -V )  one
were made m the cumy cation« and 2-aryl-l,3-dioxo- findg that with but few exceptions, the deshielding 
leiuumcation (cychcdialkoxycarbomumion)«systems yalueg (AS) decrease in the foUowing order: as, >

In an effort to gam some insight as to the extent of ^  ^  Thig ig mogt apparent by comparing
charge delocalization to the various positions in the a e values which were determined for the respective 
aromatic ring it was of interest to compare the chemical itiong ag gh()Wn in Tableg m  and ly  The a e 
shift values of the carbomum 1 0ns with their respective Ag va]ues shown in Table v  do not make this distinction
benzoyl chloride precursors. The deshielding expen- between the o H h o  and m e t a  i t i o n s  as obvious. This
enced in going from the covalent to the mmc species is be due to the fact that resonance signals for the
indicated in Tables I -V II  by A S  A S  A S P , and A5S for ^  and tong were usuall badly overlapped.
the respective positions and substituents. One must Thig undoubtedl introduces some error in determining
exercise due caution in rationalizing relative deshielding exact chemical ghift valueg for thege gitiong How_
entirely as a function of charge delocalization since large differences in the A5 values for the meta
i  f i n  m ay “ i nb ut< : , t 0  thkC T  shielding. and gitiong are ^  evident. These tables
Many of these pitfalls are described by Fraenkel and Ugt the substituents in each case in order of their
Farnum,« particularly in the case of the tnphenyl- Hammett valueg {i from _ 0 .2 7  to a + 0 .78).
carbomum ion system. As cited by Farnum," shielding Any deshielding effects as a function of the the sub
due to the ring current effects of adjacent phenyl groups gtituentg abmt to accommodate charge {i as a
in these cations can profoundly affect relative functi0n of the substituents Hammett <r value) should
deshielding of the respective aromatic positions. This become t b verticall examining the i  and A5
is most pronounced for the ortho position Upon valueg in Tableg m _y  A1/h h the chemical shift
appropriate treatment of the spectral data for these yalueg tend to moye downfield ag the value becomeg
effects, larnum did conclude that there is definitely „  ... , ... ,. . , .1 . ,, ,. more positive, no regular or quantitative trend is
charge alternation m these cations with the greatest Q,, 7 , j  , , . ,

„  0  , e , , ,  f ,  , e v id e n t ,  s u c h  a  t r e n d  fo r  th e  AS v a lu e s  is  e v e n  le ss
a m o u n t  o f  c h a r g e  b e in g  d e lo c a liz e d  to  th e  ortho a n d  o b v io u s

para positions. As suggested by Fraenkel and coworkers, 18 v-electron
In an attempt to detect such a parallelism in the aryl , ... . ,. , . , , , .

. . .  . u x-i. x j x- densities in aromatic systems might be estimated fromoxocarbomum ion series, the monosubstituted cations „  , . ,, f ., .. ® ,, , . , , ...’ nmr data 11 other contributions to the chemical shifts
(14) Olah has reported that the ortho protons in phenyl oxocarbonium SU ch  a s  S p e c ia l  S o lv e n t  e f fe c t s ,  p a r a m a g n e t i c  s h i f t s ,

hexafluoroantimonate are the most deshielded ring hydrogens in that cation. a n d  S u b s t i tu e n t  a n is o t r o p ie s  W e re  a b s e n t  O r COUld b e  d e -

(Se( i 5) f a. Fraenkel and d. g. Famum in “ Carbonium ions,”  Voi. i .  g. a . termined independently. In an attempt to assess charge
Olah and P. V. R. Schleyer, Ed., Interscience Publishers, New York, N. Y ., d e l o c a l i z a t i o n  in  SL S y s t e m  w h e r e  V a r y in g  S u b s t i tu e n t  a n -
1968, p 251.

(16) D. A. Tomalia, unpublished results. (18) G. Fraenkel, R. E. Carter, A. McLachlan, and J. H. Richards, ib id .,
(17) D. G. Farnum, J .  A m er. Chem. Soc., 89, 2970 (1967). 82, 5846 (1960).
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sotropy effects were minimized or at least constant we Most notable was the complete decomposition of 4- 
next compared deshielding values (AS) for the methyl- cyclopropylbenzoyl chloride in FS03H-SbF5 even at
and chloro-substituted aryl oxocarbonium ions described temperatures as low as — 50°. Samples were prepared
in Tables I  and II. These data are presented in Tables by dropping the acid chloride into a mixture consisting
V I and V II. In each system charge alternation is sug- of equal volumes of FS03H-SbF6 (1:1 M ) and sulfur
gested as reflected by the relative AS values; however, dioxide at ~ —80°. Brilliant orange-red solutions
dramatic differences between A5„ and ASm are not ap- were obtained which quickly degenerated into dark
parent. This alternation effect is dramatically illus- resinous syrups upon attempting to record spectra at
trated, however, by the AS values for the methyl sub- —50°. Although this aspect was not investigated in
stituents. detail, protonation of the cyclopropane ring is suspected

It  should be noted that in all cases examined the para as the source of this disturbance. 20-22 
aromatic protons are consistently deshielded approxi- In order to obtain a spectrum of the 2,4,6-trimethyl- 
matelv twice as much as the ortho or meta protons phenyl oxocarbonium ion, 1 in FS03H-SbF5 ( 1 : 1  M,
[i.e., A5P =  (2) (AS„) or (2) (A8m)]. This suggests that 25°), it was necessary to scan immediately after sample
there may be considerable charge delocalization to the preparation. In this manner one could obtain chemical
para position and reflects on the importance of the shift parameters which were in agreement with pre
following resonance contribution. viously reported values.6,13 Within minutes, however,

four new singlets began to appear downfield at —7.51, 
ff~ \ _ + /= \  —2.82, —2.76, and —2.70 ppm. With time these
\ / < > +\__y=C — Q peaks were enhanced at the expense of the upfield

signals for the oxocarbonium ion 1 (i.e., at —7.46, 
As stated earlier, unusual behavior was noted for those —2.75, and —2.62 ppm). Rapid integration of the

acid chlorides which contained either strong electron- aromatic and aliphatic protons during this time
withdrawing substituents or strong electron-donating revealed that considerable loss of aromatic protons
moieties. For example, 4-nitrobenzoyl chloride (<r occurred (~50 %  of theory) based on that expected for
+0.78). did not appear to be completely converted into cation 1. Within 15 min the homogeneous liquid
its acylium ion at room temperature. An nmr spec- sample solidified to a tan crystalline mass. These
trum of this reaction mixture consisted of a broad data suSSest that rapid sulfonation is occurring By
singlet at — 9.06 ppm which partially overlaps with analogy to the known sulfonation of amsole m CISO3H,
what appears to be a quartet centered at -8.84 ppm. this sulfonation product may be a sulfonyl fluoride. 23
The downfield signal was assigned to the carbonium ^  should be mentioned that the ionization of 2,4,6-
ion, 15. This assignment was based on the fact that tnmethylbenzoyl chloride to cation 1 in neat FS03H
this signal is 0.67 ppm downfield from 4-nitrobenzoyl ls ncd troubled by these secondary reactions. No
chloride (CC14). This is consistent with the AS values changes in the spectrum of cation 1, prepared in this
of 0.64 and 0.50 ppm for the ortho and meta positions in manner, were noted even after 16 hr at room tem-
the closely related 4-trifluoromethyl phenyl oxocar- perature. Upon adding an excess of SbFs to this
bonium ion (a +0.55). The upfield signal was sample, however, a sulfonation product developed to the
assigned to a donor-type complex, 16, or perhaps the extent of ~ 43%  over a Perlod of 1 2  hr- A t this time
protonated acid chloride, 17. Birchall and Gillespie CH
have observed the closely related protonated 4-nitro- __/ " 0
acetophenone as a quartet centered at —8.87 ppm . 19 CH 3— /  \  C — €1 FS° :iH)

J u d g in g  f r o m  th e  b r o a d n e s s  o f  th e  r e s o n a n c e s  a  s lo w  \ = /

e q u i l ib r iu m  m a y  ex is t  s u c h  a s  NCH3

CH

^  c h , - 0 - L o

S+ ¡ r  +  S02H  CH3

O—̂ SbFj O— H (F)

02N—i  \ —(V or 02N—\ \ — it is not known whether sulfonation is occurring on the
' ==;7 X C1 \ = = /  X C1 oxocarbonium ion 1 or whether equilibrium concen-

16 17 trations of the acid chloride are involved in this trans
formation. The former is certainly possible in view of 

Broadness of the nmr resonance signals for 3-nitro- the evidence reported by Hart24 for the sulfonation of
benzoyl chloride (a +0.71) in FS03H SbFj was also triarylcarbonium ions in concentrated sulfuric acid,
observed at room temperature. Although two dis- This appears to be the second reported observation of
cernible species could not be detected, an equilibrium sulfonation products resulting from attempts to
as shown above may account for the poorer resolution. generate cations in a FS03H  medium.23

In some instances observation of oxocarbonium ions The behavior of 2-, 3-, and 4-methoxybenzoyl 
was troubled by secondary reactions. This was chlorides in neat FS03H was somewhat complicated,
particularly true of electron rich benzoyl chlorides
which contained methoxy, cyclopropyl, or polymethyl (2°) R-L-Baird anl A-A- ARoderm, j .  A m e r. c h e m . S oc ., 86 ,252 (1964).

J  (21) H. Hart and R. II. Schlosberg, ib id ., 88, 5030 (1966).
groups. (22) N . C. Deno and D. N . Lincoln, ib id ., 88, 5357 (1906).

(23) B. G. Ramsey, ib id ., 88, 5358 (1966).
(19) T. Birchall and R . J. Gillespie, C an . J .  Chem ., 43, 1045 (1965). (24) H. Hart and T. Sulzberg, J .  O rg . Chem ., 88, 1159 (1963).
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All three of the methoxy-substituted benzoyl chlorides ppm), and the upheld doublet was 1:1:1. Of the four
appear to undergo complete monosulfonation over a possible monosulfonation products and based on
period of 16 hr. When 4-methoxybenzoyl chloride is previous aromatic proton assignments, these data are
added to neat FS03H, a spectrum scanned within 5-7 most consistent with sulfonation at positions either
min consists of multiplets at —8.90 to —8.12 ppm and ortho or para to the methoxy groups.
— 7.64 to —7.14 ppm accompanied by three upheld 3-Methoxybenzoyl chloride gave a spectrum con- 
singlets at —4.24, —4.16, and —4.06 ppm. These sisting of a complex multiplet a t —8.45 to —7.80 ppm
singlets are designated A, B, and C in the order accompanied by two minor singlets ( —4.64 and —4.13
given above and are present in approximately the ppm) and two major singlets ( — 4.25 a n d —4.03 ppm),
following relative amounts: B 5S> C >  A. After The ratio of aromatic to aliphatic protons was 3.12:3.00.
approximately 20 min the relative amounts become Upon adding a stoichiometric excess of SbF5 and scan-
B 5i> A  >  C and after 3 hr the ratio is A  »  B =  C. ning the spectrum reduced to a complex multiplet at
A  considerably more simplified spectrum is obtained by —8.96 to —7.80 ppm and a singlet at —4.37 ppm.
storing the sample for 16 hr at room temperature. Although adding 4-methoxybenzoyl chloride to a
After this time the spectrum consists of a multiplet 1:1 M  mixture of FSOJI-SbFo (25°) gave only a small
centered at —8.76, a doublet at —7.54, and a amount of sulfonation even after 12 hr, ionization in this
singlet at —4.26 ppm. These resonance signals are medium did not give a simple spectrum. Upon
present in a ratio of 2 :1 :3. Based on previous aromatic addition of acid chloride to the FS03H-SbF5 medium
proton assignments it appears as though mono- and scanning within 15 min a spectrum was obtained
sulfonation at the meta position has occurred. Accord- which consisted of two doublets centered at —8.60
ing to the data available at this time, the sulfonated and —7.46 ppm accompanied by two singlets at —4.48 
product is believed to be in the oxocarbonium ion form, and —4.33 ppm. The aromatic to aliphatic proton
18. This is based on the fact that by adding a stoichio- ratio was 3.96:3.00 whereas the downfield to upheld

singlet ratio was 1.00:0.85. Over a period of 12 hr the
0 S03H (F) upheld singlet increased at the expense of the downheld

rKc\_jr~'\  JL, 1SO3H „ „  „ // \ + „ singlet. The ratio of downheld to upheld singlet after
3 \ / ^  Q ~\ / C= 0 1 2  hr was 1.00:1.60. A t this point the aromatic

signals had not changed signihcantly from the original 
15-min scan aromatic to aliphatic proton ratio was 

metric excess of SbF5 and allowing to equilibrate for 12 3.81:3.00 thus indicating negligible sulfonation. The
hr one observes a downheld shift of only 0.08 ppm for changes that occurred in the methoxy region are
the methoxy group. This is in accord with a solvent believed to be due to complexing of the methoxy group
shift rather than an ionization. Ultraviolet spectral by SbF5 thus yielding kinetically controlled mixtures of
data also corroborates this speculation. Fresh samples methoxy complexed oxocarbonium ion 21 and uncom-
of 4-methoxybenzoyl chloride in FSO3H gave Xmax at plexed oxocarbonium as shown below. With time the
232.6 and 302.5 my.  The spectrum was unchanged O
after 12 hr at 25°. These data agree well with values /T~\ II _qn „
obtained by Olah and coworkers26 for 4-methoxyphenyl CHsO \ / C— Cl ---- -------L->
oxocarbonium in 33% oleum. Furthermore the related 
cations 1926 and 2019 exhibit methoxy resonance signals 
in approximately the same region at —4.08 and —4.38 SbF5
ppm, respectively, in neat FSO3H. t ,— ,

chs— 0 —c" \— c = o  ^  ch3o C =O

“ • - o ch- ° - O C
3 complexed oxocarbonium presumably dissociates until a

1 20 thermodynamically controlled equilibrium mixture is
Analogous observations were made for 2- and 3- reached, 

methoxybenzoyl chlorides. After 16 hr in neat FS03H, Similar observations were  ̂made for 3-methoxy-
2-methoxybenzoyl chloride gave an nmr spectrum benzoyl chloride. After allowing to equilibrate for 62
consisting of a complex multiplet at —9.07 to —7.29 ^r, ^-methoxybenzoyl chloride in FSOsH-SbFs was
ppm, a major singlet at —4.44 ppm, and two minor observed as a multiplet at —9.01 to —7.98 ppm and a
singlets at —4.47 and —4.29 ppm. The aromatic to singlet at —4.35 ppm. The aromatic to aliphatic
aliphatic proton ratio at this time was 3:3.27, indicating proton ratio was 3.25:3.00, indicating substantial
essentially complete monosulfonation. By adding a monosulfonation.
stoichiometric excess of SbFs the spectrum simplified to ^he behavior of 2-methoxybenzoyl chloride in 
four doublets in the aromatic region at —8.95, —8.71, FS03H-SbF5 was very complex. A  spectrum scanned 
—8 .5 5 , and —7.82 ppm and a singlet in the aliphatic 20 min after sample preparation consisted of a multiplet 
region at —4.47 ppm. The aromatic to aliphatic to —/.27 ppm and —4.76 to —4.24 ppm.
proton ratio remained the same. In the aromatic During a period of 62 hr the sample solidified to a black 
region the ratio of the most deshielded doublet ( — 8 .9 5  resinous product which was not further characterized, 
ppm), the two intermediate doublets ( —8.71, —8.55

Experimental Section
(25) G. A. Olah, C. U. Pittman Jr., R. Waack, and M. Doran, J .  A m er.

Chem . Soc., 88,1488 (1966). Materials.—A ll of the acid chlorides or carboxylic and pre-
(26) D. A. Tomalia and H. Hart, Tetrahedron L e tt., 29, 3389 (1966). cursors were obtained from commercial sources (Eastman, Aid-
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rich or Frinton Laboratories) except for 4-cyclopropylbenzoyl brominated according to the method of Levina and coworkers.28
chloride. The preparation of which is described below. The acid 4-Bromocyclopropylbenzene was obtained as a colorless liquid
chlorides were prepared in the usual manner from the respective boiling at 97-98° (10 mm) (63% ).
carboxylic acids and thionyl chloride. Fluorosulfonic acid was 4-Cyclopropylbenzoic acid was prepared via the Grignard re
obtained from Allied Chemical Co. and antimony pentafluoride agent and was obtained as a white crystalline solid melting at 156-
was procured from Aha Inorganic. 157° (45% ). Hart and Levitt29 report a melting point of 157-

Nm r Spectra.— All spectra were recorded on a Varian A-60 158°. 4-Cyclopropylbenzoyl chloride was prepared by refluxing
nmr spectrometer equipped with a variable-temperature probe. the carboxylic acid with 1 M  excess of thionyl chloride for 2 hr.
Spectra were scanned within 15 min after sample preparation. The acid chloride distilled as a colorless liquid, bp 89-90° (0.5
The chemical shifts (S) are reported in parts per million downfield mm). The product gave an nmr spectrum consisting of two
from T M S  using tetramethylammonium tetrafluoroborate (S doublets centered at —7.93 and —7.09 ppm and two complex
3.10) as the secondary standard. multiplets centered at — 1.96 and — 0.95 ppm in a proton ratio

Infrared Spectra.— Spectra were recorded on a Perkin-Elmer of 2 :2 :1 :4 , respectively.
Infracord Model 137-G using a AgC l cell. The cation samples ’
in F S 0 3H -S b F 6 caused substantial etching of the cell. Registry No. 1, 1571-83-1; 2, 20122-33-2; 3,

Ultraviolet Spectra.— Spectra were recorded on a Model 202 20122-34-3 ; 4,20122-35-4; 5,20122-36-5; 6,20122-37-6;
Perkin-Elmer recording spectrometer using 0.2-cm quartz ab- 7 ( 20122-38-7' 8, 20122-39-8; 9, 20122-40-1; 10,
sorption cells. Sample concentration were 10~2 to 1 0 "*M . 20122-41-2; 11, 20122-42-3; 12, 20122-43-4; 13,

Sample Preparation— Samples were prepared by adding ~0.1  o n io o  a a  k - i a  o n io o  j e  a
g of the acid chloride in a dropwise manner to ~ 1 .0 ml of FSOaH -  ¿V lA A -A A -o , l^ ,  a u ia a -^ o- o .

SbF6 ( l  A M )  at room temperature. A  ratio of 1 :1 by volume of Acknowledgment.-The author would like to ac- 
sulfur dioxide was used for the low-temperature samples. The 6
usual intense peak at —10.9 ppm and that of HVD at —10.5 knowledge the assistance oi Mr. J. W. Lalk for the prep-
ppm were observed in all cases. aration of some of the acid chlorides.

4-Cyclopropylbenzoyl Chloride.— Cyclopropylbenzene27 was „
_______________  (28) It. Y . Levina, P. A. Gembitskii, and E. G. Treshchova, Z h . Obshch.

(27) T . F. Corbin, R . C. Hahn, and H. Schechter, Org. S y n ., 44, 30 K h im ., 33, 371 (1963); J . Gen. Chem ., 33, 364 (1963).
(1964). (29) H. Hart and G. Levitt, J .  O rg. Chem ., 24, 1261 (1959).

The Alkylation of Difluoramine with Carbonium Ions1
W. H. Graham and Jeremiah P. Freeman 

Rohm, and Haas Company, Redstone Research Laboratories, Humsville, Alabama 35807

Received January 30, 1969

The acid-catalyzed reactions of difluoramine with olefins, alcohols, alkyl halides, ketones, and acetals yield 
organic difluoramino derivatives. These reactions appear to take place by reaction of a carbonium ion with 
difluoramine. Interpretation of the results is discussed in terms of carbonium ion stability and reactivity.

Previous reports of the chemistry of difluoramine alkyl difluoramine. a,/3-Unsaturated carbonyl com-
from these laboratories have focused on its reactions pounds also add difluoramine readily.
with basic reagents, such as amines2’3 and imines,4 in The conditions of this addition reaction appeared to 
which the fluorine-nitrogen bonds were broken. Re- depend upon the nucleophilic character of the olefin,
cently, the addition of difluoramine to aldehydes and For example, ketene acetals and enol ethers reacted
ketones was reported.6 This reaction may be viewed directly with diduoramine without added acid, enol esters
as a special example of an alkylation reaction whereby a required an added acid catalyst (a sulfonic acid ion-
difluoramino group is attached to carbon. A  prelimi- exchange resin, Amberlyst 15,7 proved useful), and
nary report of other alkylations has also appeared.6 hydrocarbon olefins required concentrated sulfuric acid

as catalyst.
Results Acrolein and methyl vinyl ketone reacted with

difluoramine without catalyst to yield the conjugate 
It  has been found that a variety of compounds which addition products. Acrolein reacted further by addi-

react with acids to produce carbonium ions will alkylate tjon to tbe carb0nyl group. Acrolein diethyl acetal,
difluoramine to produce new organic difluoramino com- on the other band, reacted initially at the a-ether car-
pounds. The conditions required for alkylation depend bon atonij but with acid catalysis the bis product result-
on the ease of carbonium ion formation and the reac- jng from reaction at both carbonium ion centers was
tivity of the carbonium ion, Some comment will be produced.
made on the various factors involved during the dis- When the H N F2-enol ether or enol ester products 
cussion of these reactions. Some difluoramines pre- were Seated with more difluoramine in the presence of
pared in this way are listed in Table I. 100% sulfuric acid or fuming sulfuric acid, the ether or

Olefins.— 1,1-Dialkylethylenes, enol ethers and es- ester furiction was replaced by a difluoramino group, 
ters, and ketene acetals react with difluoramine in the 
presence of acid catalysts to produce the corresponding

n f2 n f2
(1) This work was carried out under Army Ordnance Contract No. j H SO '

DA-01-021 ORD-5135. R C C R j +  H N F 2 ' ‘  >  R C C H j
(2) C. L. Bumgardner, K . J. Martin, and J. P. Freeman, J . A m er. Chem . I “ “ s'

Soc., 85,97 (1963). A R
(3) C. L. Bumgardner and J. P. Freeman, ib id ., 86, 2233 (1964).
(4) W . H. Graham, ib id ., 88, 4677 (1966). ______________
(5) J. P. Freeman, W . H. Graham, and C. O. Parker, ib id ., 90, 120 (1968).
(6) W. H. Graham and J. P. Freeman, ib id ., 89, 716 (1967). (7) Trademark of Rohm and Haas Co., Philadelphia, Pa.

Vol. 34, No. 9, September 1969 A lkylation op D ifluoramine 2589



*  i i i
S *  N g1e|

® 1 ¿'-S EQfe *0 fO fC • •* .© £2 r—i^ 50 Iß H H CO 1-1 >0 H 0 CO CO N N H
N 00 W N lOriH 00 05 O CO O CO CO CO . f t dCO ^ rt< CM (M CO <M CO (N IC3 (N W H H iO S © £
I I I I I I  I I I I I I I I I u „ - g j

CD ^  Sr

Tt<N.C0 <M O H N S 5 CO O ¿  §* S4
t- 00 CO !>« t>. H N 05 CO 05 N . c3tH i- I i-H CM <M N N CO (N CM (M O . £

• .2 m
lOOOH CM O N CO ^ 00 CO w ^  t! °b$!Z ^ ^ <N ^ 00 CO N 05 rfC N CO -O c
CO CO IO H H © oiorjíoó O T-i |>! 2 ÎÜ -*i_C T-H T—I 1—1 i—I 1-H rH r-H J—I _* O OE a gip

o »'3123 Jj SO H ffi ^  H b- M IO S h mfeW H CÇ O © rH IQ 05 N N H CM H CO 05 g
io N oiio co oo co io co io co rii 0  ̂  *43

. rdCO H N CO 05 IO CO O CO Tf co co hj  ̂2^ H io io 05 05 00 05 CO O H t> CO o  ^
» H 05 H 00 00 CO 05 W (N 05 Tji 05 CC fe 2 °*g t>- CO CO *̂ (N Ttl Tt< CO CO CO COCN^-g-g

iï © 03
i f  w N Ä N CO 51 CM 00 © g< <03 CO 03 O CO t>. GO 1> 03 00 CO 00 H tí ” 3<3 fe . . .  . . . . . .  . • . -O rd eat> io 05 b- o  Q o Srt H H CM CM CM CM CO CM <M CO rf ¿3 d ©

U  CG

<? H N 00 _ 1H lOCMrJHiO b- 00 00 § 3 ^CO CO lO M 05 CM i—c (M i—< O CO CO çü ^
CO CO ici 1-10 © 05 O 1# 05 © ri N 2 d  2• rH rH rH tHt-H rH H H æ j  «

jo ü C ^
A CO GO »O © F- O CM O O l> COCO^Q«?o hj O CO 05 Old io io CO 00 05 O N H ^  ©M . . .  . .  . . . . .  . . Q Ö50 M M 05ri< CO 00 CO IO lO *D lO CO ^

. dl S-4
CM O  ̂ _  CO 05 00 (M Tt<^ (M CO IO 00 00 O N io (M id O CO © g  3
H 05 H 00 00 CO h CO H 05 rH 03 N O 9 °V. V l> CO CD Tt< CM Tfl TtCrJHCOCO CO CO (N ^ i  Ï

I I -
H I 1? 8
S m 11 iä . U5SOO 00 CO l-H N «3 œ O HNO^IIS 'S  « o
o b “? “9 T .J, “? V *9 <S<N10<N<NI -g ¡,8
§ í  ¿  ci| <N iç Î<1 <N cil <N d C* d (n A iNINIn I ^ m

„ g  f  § § 2 ¿ g a  S 2 S 2 2  2 2 8 2 2  S. p„ n  tí Ti* o  CO o  o  o o ^ o o pWW M HHNCÒHN rH <M r-t (M <M CM (M H (M N Cd
S§ o  i

fH g  b  . ®
S5 HP tí S3
g ^  I  s B
S K K H J 3 *
P 9. o u  £  §* >̂9
M w o o ^  j  g
H  C J p î i Ô  » m

■o „ £  h  o W W o  o ü" o o M

Ç û S ü ^ r ^ n  h  W S ë  w -S 0^-0g g o g - i2 :9 .0 .  - £ w q 5  & Ë & S o | ' - g s |

s ö b b 1 I § C °  g g g l  g ë g ë ë  J i ?

a s l s
vO C 05 O
^  d o ©  •■sh» > i »o l o i o i o i o  Xi SL ̂ TJ ^ -̂1 ^ 1-H rH *5 55 *g

f  w  f  -g -g -g g

° 5 ^ 0  g g g  g . g i g s
B »O ^ O O P P -P n n Xi 'd ’d'd'^ -‘-3^ ü '+-'

J  a «  a a S œ S g g § g œ'g
► l æ ü ^ K K ^  Ä H fc I? ^  »  £ g ■$ cS

•§ g  -e g
■S g. S P.
O l  £ ^
g  g l i«  Ö °  U ®

O  > pCi © -SI *? 05 °* f-i Q
O ^  ̂  05 © — ©

t  ^ b” w“  .  l â - a ag „ ¿2  h  © (>.
 ̂ „ o  O O ?5 ^  W* ‘o 10 tí ^

«  HH H?S* w S S .  t e OMHÜOÆ- S . ' ë
I  g  ¡5 fi f i »  OWM . d ü ^ o k  â-gS-S
I f i S . o ^ o  S S S f i  o o g W ü ü | § g |J Í ñ n ^ r í J l J l ^  PhK WO  O W ^ O W W  «  ̂  S p<d ^ O ^ Ü Ü O  O O O O  —  O O O O O O  S X ' I©

I P i i i î o A A A A  U ï l b l i tB ö o ö y i i ü  v—/ o o o o  o ü o o u  “ h ^

2590 Graham and Freeman The Journal of Organic Chemistry



This reaction is analogous to the recently reported It  has now been found that the carbonyl group of 
conversion o f ketones to grem-difluoramines8 by di- trifluoroacetoxyacetone (4) but not of acetoxyacetone is 
fluoramine and sulfuric acid which probably proceeds readily converted into a gera-difluoramino group (5) by 
through the ketone-HNF2 adduct.6 H N F 2-H 2SO4. The trifluoroacetate (5) may in turn be

In a unique case the difluoramine adduct of a vinyl hydrolyzed to the alcohol 6 which could not be prepared
ester decomposed spontaneously. Addition of difluor- directly from hydroxyacetone (Scheme II ).
amine to a-ethoxyvinyl acetate9 produced a mixture of
ethyl acetate and N,N-difluoracetamide. 10 This reac- Scheme II
tion is similar to that of hydrogen chloride and this Q NF
ester which yields acetyl chloride.9 Anhydrides react | | 2
with difluoramine in the presence of Amberlyst 15 to CH3CCH2OCOCFa CH3CCH2OCOCFa
produce difluoramides also. 4 2 4 !

NF2
5

CH2=GOCOCH3 +  h nf2 — , 
i 1H2°

oc2h5 0II f 2
CH3CNF2 +  CH3C02C2Hs ch3cch2oh

n f 2
Alcohols and Alkyl Halides.—Certain alcohols such 6

as triphenylcarbinol, ¿-butyl alcohol, and benzhydrol
react with difluoramine in the presence of acids to Acetals react smoothly with difluoramine in the pres- 
yield the corresponding difluoramines. 11 Similarly, ence of Amberlyst 15 to yield a-difluoramino ethers, 
certain halides such as triphenylmethyl bromide and These comp0unds, in turn, react as outlined above with
benzotrichloride alkylate difluoramine. In concen- difluoramine in the presence of sulfuric acid to yield the
trated sulfuric acid in the presence of difluoramine 2- bis (difluoramine). ortho esters react with difluoramine 
chloro-2-difluoraminopropane is converted in low yields itself to yield a-difluoramino ketals. However, efforts 
into 2,2,-bis(difluoramino)propane. In general, vinyl
halides did not prove to be a useful source of gem- . yOCH3
difluoramines. CH3CH(OCH3)2 +  HNF2 CHjCH^

Aldehydes, Ketones, and Their Derivatives. •—It  has NF2
been reported that simple ketones are converted into
gem-difluoramines by reaction with difluoramine in Jo replace the other alkoxy groups with difluoramine 
sulfuric acid.8 During that study it was noted that failed.
certain nucleophilic functional groups interfere with the Formaldehyde reacts with difluoramine in concen- 
reaction. For example, hydroxyacetone is converted trated sulfuric acid to yield a,a-bis(difluoramino)- 
into 2 .5 -bis(difluoramino)-2 ,5 -dimethyl-1 ,5 -dioxane ( 1 ), methyl ether (7),“  but in 100% sulfuric acid it is con- 
acetonylacetone into 2,5-bis(difluoramino)-2,5-dime- v f ^ d into bisidifluoraimno)methane (8). Treatment
thylfuran (2 ), and levulinic acid into 7 -difluoramino-T- of difluoraminomethanol (9)« with difluoramine in con-
valerolactone (3) (Scheme I). Use of stronger acids centrated_ sulfuric acid also produced the ether 7
effects cleavage of ether 2 to the tetrakis(difluoramine) . 8 (Scheme I I  ).

Scheme I I I
Scheme I  H+ h+

r „  CH20 +  HNF2 — > NF2CH2OCH2NF2 — CH2(NF2)0 '-'ri3 xUNTa q

II hnf2 — NF2 „+ x
CH.CCHjOH - 5 ^  FlN_  r

CHs hoch2nf2 1
1 9

0  0
nw Ira ra lew  HNFs |----- 1 m  In general, negatively substituted carbonyl com-

3 2 2 3 H+ 3'p O 'q  3 pounds were mere resistant into conversion into the gem-
pN  ¿p2 difluoramine. Efforts to convert biacetyl or glyoxal

2 into tetrakis(difluoramines) were completely unsuc-
0  cessful. However, it was possible to convert ethyl
|j pyruvate into ethyl a, a-bis(difluoramino) propionate

CH3CCH2CH2C02H C H s x rn  (10).

lL °  0  0  n f 2
JNI2 || I

3 CH3CC02C2Hfi - ^ r >  ch3cco2c2h 3
-------------------  ^  I

(8) K. Baum, J .  A m er. Chem . Soc., 90, 7083 (1968). N F 2
(9) H. H. Wasserman and P. S. Wharton, ib id ., 82, 661 (1960). 10
(10) R. C. Petry and J. P. Freeman, ib id ., 83, 3912 (1961).
(11) See Table I, footnote a. (12) S. F. Reed, Jr., and R. C. Petry, Tetrahedron , 24, 6089 (1968).
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Purt of the problem with ct-diciirbonyl compounds RR/C===CH -f- t >- RRVCfI 4- HNF ( >
appears to be related to the instability of a-difluor- 2 3 +
amino carbonyl compounds in acid. Thus, 2,3-bis- RR'C------NF2
(difluoramino)-2-methylpropionaldehyde ( 1 1 ) and 1 ,2- | |
bis (diflu oramino) - 2 - methyl - 3 - butanone (12) decom- CH3 H
posed in a mixture of difluoramine and sulfuric acid It
to a mixture of amides 13 and 14. Carbon monoxide '
was identified as another decomposition product of RR'CNF2 +  H
aldehyde 11. I t  is believed that their products arise I
according to Scheme IV. Beckmann rearrangements 3

reaction is favored; upon dilution of the reaction mix- 
Scheme IV ture with water difluoramine is recovered. I f  the car-

CH3 0 r  CH3 ”1 bonium ion is too reactive [e.g., (CH 3) 2CH+, CH 3CH2+ ],
| Ij j + it will react with olefin or solvent and little if any

€H2— C-----CR CH2-C-j----CR —> difluoramino compound is found.
I I  I K K  The behavior of a-alkoxydifluoramines is of particular

NF2 NF2 nF2/Nx  9J interest. The monoalkoxy compounds react to pro-
11, R = H F -Cf  p  duce grem-difluoramines, but dialkoxy derivatives liber-
12, R = CH3 L J ate difluoramine in strong acid. These results may be

0  understood as shown in Scheme V. Undoubtedly, when

C H -C -C H 3 +  RC+ +  HF Scheme V

n f2 n f  9 0  + / 0R' +

L f -  c w j c n w ,  +  ChJ U h .NF, HNF- +  Y  * *  = *  Ef  +  R'0H
13 14 OR ■ NF,

15 16
of fluorimines have been observed frequently in sulfuric Ihnf2
acid. 13 This fragmentation appears to be chemically
related to the instability of vinyl difluoramines14’ 15 and NF2
of a-difluoraminosilanes. 16 In all these cases a difluor- I +
amino group is attached to a carbon atom adjacent to 1 +  H
an atom with an available bonding orbital (sp2 carbon
and sp3d° silicon). 17

Discussion X  =  H  or alkyl, ion 15 is more stable than ion 16 but no
A ll of these alkylation reactions can be explained in reaction occurs that removes ion 15 from the reaction

terms of carbonium ion theory. The type of acid scene. On the other hand, ion 16 is siphoned off to the
catalyst required directly reflected the stability of the grem-difluoramine by reaction with H N F 2. The gem-
carbonium ion intermediate. For example, among the difluoramines are generally insoluble in sulfuric acid and
olefins examined the order of reactivity found was vinyl separate as an insoluble layer which displaces the
ethers >  vinyl esters >  1,1-dialkylethylenes. No equilibrium. The position of equilibrium is also
added acid was necessary with the vinyl ethers, a sul- affected by the relatively greater basicity of the
fonic acid ion-exchange resin functioned for the esters, alcohol than of difluoramine. When the alcohol is tied
and concentrated sulfuric acid was required for the up as an oxonium salt, reversal of the ionization of the
ethylenes. I t  appeared that some olefins yielded too a-alkoxydifluoramine is prevented,
stable carbonium ions while others were not stable However, when X  =  OR', the chemistry of the whole 
enough. Thus, no difluoramines were obtained in this system changes. The stability of ion 15 becomes
study from styrenes of sym-dialkylethylenes nor from extremely high and the equilibrium is displaced far to
simple olefins like propylene and cyclohexene under the the left. In addition, the grem-difluoramine 17 is no
same conditions that isobutylene reacted rapidly. longer acid insoluble because of the presence of the

These reactions can be understood in terms of the ether function and it is no longer removed from the
equilibria involved. A t high acid concentrations there reaction zone. 17,18 While, in principle, ionization of a
will be a high concentration of carbonium ion. Since compound such as 18 to ion 19 is possible, in fact, no
difluoramine must be a very weak nucleophile, the
carbonium ion must be electrophilic enough to drive the NF2 NF2
reaction to product. I f  the ion is a stable one [e.g., + I h+ ?,
(RO )2CH+, (C6H 6)2C+CH3], very little difluoramino m F * +  NF2 *=* RCOR' U  EC +  R'OH 
compound is produced, because in strong acid the reverse ^

(13) T. E. Stevens, Tetrahedron Le tt., 3017 (1967). 2 18 19
(14) E. C. Petry, C. O. Parker, F. A. Johnson, T. E. Stevens, and J. P. -------------------

Freeman, J . O rg. Chem ., 32, 1534 (1967). (17) Removal of the difluoramino product from the acid solution has
(15) W . H. Graham, Abstracts of Papers, 154th National Meeting of the important practical implications also since organic difluoramines are de-

American Chemical Society, Chicago, 111., Sept 1967. composed through nitrogen-fluorine bond cleavage in strong acids.
(16) R. C. Petry and J. P. Freeman, J . Org. Chem ., 32, 4026 (1967). (18) K. Baum and H. M . Nelson, J .  A m er. Chem. Soc., 8 8 , 4459 (1966).
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products derived from such an ion have ever been ob- Scheme V I I

tained, regardless of the acid strength or difluoramine 0 0 OH 0
concentration. The relatively greater stability of ion || || | ||
2 over ion 19 favors the reverse reaction. CH3CCH2OCCH3 +  H+ ^  CH3C— CH2OCCH3

The other observations on reactivity appear to be +
consistent with these generalizations. The cyclizations jj
of hydroxyacetone, acetonylacetone, and levulinic acid
are due to the fact that groups like hydroxyl and car- | 9H
bonyl are more nucleophilic than difluoramine and react CH c____CH hnf2 q j  q____CH
more rapidly with the carbonium ion. Probably more 31 I 4 * ■ 31 | 2
important is the fact that these cyclization reactions Os^X)
yield more stable carbonium ions. For example, the CH2 n NF2 j
reaction of hydroxyacetone in acid may be viewed CH3
according to Scheme V I. Carbonium ion 20 is appar- 21

Scheme V I  Scheme V I I I

jj* y11 0 0 OH 0 9H
CHjCCHjOH + * * C H^ - C Hf i B  chJ U oL ,  £ *  CH.dcH.oL, * *

OH H 0 /  + I ° Y °I I II /  f |HNF* L
CH3C------ OCH2CCH3 CH3CCH20H t cf3I + Wzch2oh ;

|| CH3CCH2OCOCF3

0 n + NF2

s C f c + h +  ^  o y ~ cH>
HO 15% fuming sulfuric acid or with sulfur trioxide itself.

2® Fluorosulfonic acid also proved to be a very useful
catalyst. The effectiveness of sulfur trioxide (Sulfan 

ently a more stable ion than the simple protonated B) is in part due to its reaction with difluoramine to
carbonyl compound. I t  may in turn now react with produce difluoraminosulfonic acid (23).20 While this
difluoramine to give the final product l . 19 Probably

H N F 2 +  S 0 3 N F 2S03H

_ CHa H  r „  23

__Nf2 r '° > < CH3
J  2 +  H+ 3=^ __ + J^N F2 compound is not very stable, it serves as a very powerful

3 acid catalyst in its own right and as a source of solu-
NF2 bilized difluoramine.21 The stronger acids also serve,

H of course, to produce carbonium ions from more highly
V )  3 electronegatively substituted substrates.

CH3—  A  typical example of the effect of acid strength may
be seen in the formaldehyde-HNF2 reaction. In con- 

2 centrated sulfuric acid the ion N F 2CH2+ is probably not
the reason that acetoxyacetone yields no product is due produced in any reasonable concentration or is imme- 
to the great stability of the cyclized carbonium ion, 21 diately trapped by water or formaldehyde which are
(Scheme V II ). There is little driving force for reaction better nucleophiles than difluoramine. In stronger
of this ion with difluoramine. Again, the difluoramino aci<̂  w^ere better nucleophiles are probable corn- 
product, being still highly oxygenated, cannot separate pletely protonated this ion is produced and finds only 
from the acid as an insoluble layer. difluoramine to react with.

Consistent with this hypothesis is the fact that a- 
trifluoroacetoxyacetone can be converted into 2,2-bis- Experimental Section
(difluoramino)propyl trifluoroacetate (22) by H N F 2-
H2S04. In this case the cyclized carbonium ion is Safety PrecautionsL-It should be recalled that. difluoramine is

. .n ., , , , rngnly explosive m the condensed state and particularly during
destabilized by the trinuoromethyl group and the melting.22 While a — 130° bath (methylcyclohexane) has been
unfavorable equilibrium present in the acetate is dis- used successfully as indicated in the experiments described, a
placed (Scheme V II I ) .  -1 1 7 °  bath (80% Freon 1 1 - 20%  CC12= C H C 1 ) proved to be

These reactions are very sensitive to acid strength. more reliable and is recommended.

M a n y  r e a c t io n s  t h a t  c o u ld  n o t  b e  a c c o m p l is h e d  in  (20) w . h . Gr&h&m, unpublished results.
concentrated sulfuric acid proceed quite smoothly in (21) Difluoramine is not particularly soluble in concentrated sulfuric

acid and there was no evidence for its extensive protonation in this solvent. 
(19) Since a-difluoramino ethers can be cleaved by H N F 2-H 2SO4, it Little remains in solution unless an atmosphere of difluoramine is maintained 

might at first be surprising that further reaction does not occur with ether above the solvent.
1. Apparently, the equilibrium is very unfavorable in this case because of (22) J. P. Freeman, A. Kennedy, and C. B. Colburn, J. A m e r . Chem . 8 0 c.,
ease of cyclization. 82, 5304 (1960).
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Olefin Addition Reactions— Three techniques were used: removed by distillation and the ester, bp 45° (170 mm), was ob-
(1 ) a mixture of the olefin and difluoramine alone; (2) a mixture tained in 72% yield. « .
of difluoramine and olefin with a small amount of Amberlyst 15 A  mixture of 5 ml of concentrated sulfuric acid and 5 ml of
resin added; and (3) a mixture of difluoramine and olefin in sul- 30% fuming sulfuric acid was placed on a 1-1. round-bottomed
furic acid as solvent. In  some early experiments these reactions flask containing a magnetic stirrer and cooled to —80 . Acetonyl
were carried out at subatmospheric pressures in U  tubes on a trifluoroacetate, 2.0  g (0 .0 12  mol), was added and the resulting
vacuum line. Later it was found convenient to use pressure re- solution was degassed thoroughly. Difluoramine (500 cc) was
actors equipped with a magnetic stirring bar and a Fischer- condensed in at —80° and the mixture was stirred at room tem-
Porter Teflon pressure valve. These reactors have been de- perature for 3.5 hr. It  was then distilled through a trap at
scribed.23 Typical examples of these techniques will be given. —63° which retained the 2,2-tris(difluoramino)propyl trifluoro-

Addition of Difluoramine to Dihydropyran.— Into a U  tube acetate, which was further purified by distillation, bp 52 (30
containing a magnetic stirring bar and manometer (total volume mm), yield 1.1 g (40% ).
260 m l) attached to a vacuum line was placed 0.42 g (0.005 mol) The trifluoroacetate was added to 3 ml of methanol and heated
of dihydropyran. The sample was degassed by alternate freeze- until all the methyl trifluoroacetate had distilled. The residue
thaw cycles; 224 cc (S T P ) (0.010 mol) of difluoramine was con- was distilled through traps at -2 5  and -8 0 ° .  Several distilla-
densed into the tube by means of a -1 3 0 °  slush bath. The mix- tions of this type freed the product of methanol at which time it
ture was warmed to ambient temperature and stirred overnight. crystallized in the —25° trap. 2,2-Bis(difluoramino)propanol
The pressure had dropped from a maximum of 430 mm to 120 was obtained as a water-white liquid.
mm during this time. Fractionation of the mixture through Anal. Calcd for C 3H 6F 4N 20 : C , 22.22; H , 2.73; N ,  17.28; 
traps at —80 and — 130° gave 40 cc (S T P ) of recovered H N F 2 F , 46.89. Found: C, 22.61; H , 4.22; N ,  16.60; F , 45.1. 
in th e -1 3 0 °  trap. T h e - 8 0 °  trap contained the liquid product. Its 19F  nmr spectrum showed a singlet at <t> -2 6 .8 . Its 2H
Ypc analysis showed essentially no starting material and only spectrum consisted of a pentuplet at r  8.33 [C H 3C (N F 2)2] , a
one major product peak. (See Table I  for characterization.) sharp singlet at r  6.56 (O H ), and a pentuplet at r  5.9 [ (N F 2)a-

Addition of Difluoramine to Isopropenyl Acetate.— A  heavy- C C H 2- ] .  
walled 10-ml Pyrex tube23 fitted with a Fischer-Porter Teflon Paraformaldehyde and Difluoramine. A . Sulfuric Acid
needle valve, a ball joint for attachment to the vacuum line, and a Catalyst.— A  solution of 0.12 g (0.004 mol) of concentrated sul-
magnetic stirring bar was charged with 0.40 g (0.004 mol) of furic acid in a 100-ml IT tube on a vacuum line was degassed and
isopropenyl acetate and approximately 0.05 g of Amberlyst 15 224 cc (0.01 mol) of difluoramine was condensed in at -1 3 0 ° .
catalyst. The tube was degassed in the vacuum line by alternate The mixture was warmed to room temperature and stirred there
freeze-thaw cycles and 132 cc (0.004 mol) of H N F 2 was condensed overnight. The mixture was then distilled through traps at 
into the tube at — 130°. The valve was closed and the contents —80, — 130, and — 196°. The product in the — 80° trap was
were warmed to ambient temperature and stirred for 1 hr. The identified as a,<V-bis (difluoramine methyl) ether by  comparison
reaction mixture was fractionated through traps at - 8 0  and of its infrared spectrum with that of an authentic sample.13’24 
-1 3 0 ° . Essentially no difluoramine was recovered in the -1 3 0 °  B. 100% Sulfuric Acid Catalyst.— Into an evacuated U  tube
trap. The product, 2-difluoramino-2-propyl acetate, was ob- equipped with magnetic stirring bar and manometer (total vol-
tained in quantitative yield in the —80° trap as a water-white ume of 250 m l) and containing 10 ml of 100% sulfuric acid and 0.3
liquid. (See Table I . )  g (0.01 mol) of paraformaldehyde was condensed 448 cc (0.02

Addition of Difluoramine to Isobutylene.— A  100-ml U  tube mol) of H N F 2 by  means of a -1 3 0 °  methylcyclohexane slush
containing 10 ml of concentrated sulfuric acid was degassed and bath. The mixture was stirred for 3 hr at room temperature
67 cc (0.003 mol) of difluoramine was condensed in at — 130°. at which time the pressure was steady at 455 mm. A  mass 
The mixture was allowed to warm to room temperature and spectrum at this point indicated that about 90% of the vapor
stirred for 15 min. The contents of the U  tube were distilled phase was bis(difluoramino)methane. This would indicate a
through traps at -8 0 ,  -1 3 0 , and -1 9 6 ° . The liquid in the yield of at least 60%. When the product was fractionated
-8 0 °  trap was identified as f-butyldifluoramine by its mass through -8 0 ,  -1 3 0 , and -1 9 6 °  traps, the bulk of the product
spectrum and by comparison of its infrared spectrum with that was held up in the —80° trap but some reached the — 130° methyl
of an authentic sample.11 cyclohexane slush trap. A  small amount of bis(difluoramino-

Acrolein and H N F 2.— A  heavy-walled Pyrex tube equipped methyl) ether was also retained in th e —80° trap. The complete 
with a Teflon needle valve and a magnetic stirrer was loaded with separation of bis(difluoramino)methane from the ether and di-
0.26 g (0.004 mol) of degassed acrolein and 264 cc (0.0118 mol) fluoramine was accomplished by stirring the mixture over fuming
of difluoramine at — 130°. The mixture was allowed to warm to sulfuric acid (to remove H N F 2), removing the volatile contents,
room temperature and was stirred for 2.5 hr. The contents were and stirring them over water( (to remove S 0 3), and removing the
then distilled on a vacuum line through traps at —24, —80, and water over concentrated sulfuric acid.
— 130°. Bis(difluoramino)methane is a colorless liquid with a vapor

l,3-Bis(difluoramino)propanol had a vapor pressure of 10 mm pressure of 690 mm at 28°. Its 19F  nmr spectrum showed abroad
at —24°. singlet at <j> —43.4; its proton spectrum consisted of a pentuplet

Anal. Calcd for C3H 6F 4N 20 : C, 22.37; II, 3.13; N ,  17.38; centered at t 4.7 (J  =  22 cps). Its mass spectrum showed no
F , 47.18. Found: C , 23.06; H , 4.35; N ,  17.33; F, 47.04. parent molecular ion but major peaks at m/e of 66 (C H 2N F 2+),

Its infrared spectrum showed a strong band in the O H  region 47 (C H 2N F +), 47 (C H N F +), 28 (C H 2N +), and 27 (C H N +).
and no band attributable to a carbonyl group. Its 19F  nmr spec- Because of its highly explosive and volatile nature no attempt to
trum consisted of a triplet at <f> —52.8, ./nr =  27 cps (C H 2N F 2); obtain an elemental analysis was made.
the secondary N F 2 group is the A B  portion of an A B X  pattern, Preparation of Ethyl «,«-Bis(difluoramino)propionate.— Ethyl
F a at <f> —25.6, F B at <t> — 2 1 .2 , J ab =  602 cps, ./ax  =  10  cps, a-difluoramino-a-hydroxypropionate6 (2.15 g, 12.7 mol) was 
J bx  =  30 cps [C H (N F 2)O H ]. placed in a 25-ml pressure bulb equipped with a magnetic stirring

Preparation of 2 ,2 -Bis(difluoramino)propane.— The procedure rod and a Fischer-Porter needle valve .22 The bulb was cooled to
used for the isobutylene-HNF2 reaction was followed using 1.0 —80° and 4.5 g of 27% fuming sulfuric acid (which contained
ml of 100% sulfuric acid, 0.3 g (0.002 mol) of 2-difluoramino-2 - 15.2 mmol of free S 0 3) was pipetted through the valve opening,
propyl acetate (Table I ) ,  and 124 cc (0.0055 mol) of difluoramine. The bulb was attached to vacuum line and evacuated, and 20
The mixture was stirred for 1.5 hr and then distilled on a vacuum mmol of H N F 2 condensed into it at — 130°. The bulb was then
line. The recovered difluoramine amounted to 0.0039 mol. allowed to warm to room temperature and the contents were
The product, 2,2-bis(difluoramino)propane, was retained in a stirred overnight. The bulb was cooled again to — 80° and ex-
— 80° bath and was identified by comparison of its infrared and cess H N F 2 (90 cc, S T P ) was removed by distillation. The pres-
nmr spectra with those of an authentic sample,8 yield 0.001 mol sure bulb was opened and the residual liquid transferred to a
(50% ). round-bottomed flask and distilled through a —80° trap. The

Preparation of 2,2-Bis(difluoramino)propanol.— Acetonyl tri- contents of this trap were distilled again under vacuum at room
fluoroacetate was prepared by adding 37 g (0.5 mol) of hydroace- temperature giving ethyl a,a-bis(difluoramino)propionate re
tone to 125 g (0.6 mol) of trifluoroacetic anhydride at 10°. tained a t —40° with vapor pressure of 4.0 mm at 0 °: yield 1.60
The mixture was stirred at room temperature for 30 min and then g (61.7%). The product was dissolved in Freon 11, extracted
refluxed for 30 min. The excess trifluoroacetic anhydride was --------------------
•-------------------  (24) M . J. Cziesla, K . F. Mueller, and O. Jones, Tetrahedron  L e tt., 3683

(23) R . P. Rhodes, J .  Chem . E d u c ., 40, 423 (1963). (1964).
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with ice water until the washes were neutral, dried, and reisolated Coupling of all fluorine with the methyl group is visible in the 
by retention at —40° during vacuum transfer, thereby removing proton spectrum with / ax  ~  2.5 cps. 
acidic impurities.

Anal. Calcd for C 5H 8F 4N 20 2: C , 29.41; H , 3.92; N ,  13.73; Registry No.— Difluoramine, 10405-27-3; 2,2-bis-
Found: C, 29.51; H 4 75; N, 14.04; F. 36.92.x (difluoramino)propanol, 20122-29-6; bis(difhioramino)-

The I9F nmr spectrum consisted of a very strong line at <t> -1 3  , i o o o o  irn a.
flanked at ±6 3 0  cps by two weak lines. The spectrum was methane, 18338-50-6, ethyl a,a-bis(difluoroamino)-
interpreted as an A A 'B B 'X s  type with /ab = /a'b' = 630 cps. propionate, 20122-31-0.

General Base Catalyzed Hydrolysis of 
N,N'-Dimethyl-N,N'-diphenylamidinium Salts

R o b e r t  H .  D e W o l p e  a n d  M a e  W a n - L e n g  C h e n g 1 

Department of Chemistry, University of California at Santa Barbara, Santa Barbara, California

Received January S I, 1969

The hydrolyses of N,N'-dimethyl-N,N'-diphenylformamidinium, -acetamidinium, and -benzamidinium salts 
in aqueous solutions are general base catalyzed, with Br^nsted catalysis law 0 values near 0.4. Hydroxide ion 
catalyzed hydrolysis of tetrasubstituted amidinium salts is characterized by large negative entropies of activation 
and by kinetic solvent isotope effects, k^o/kmo, less than unity. Base-catalyzed hydrolysis of amidinium 
cations is slowed by bulky acyl substituents, and hydrolysis of substituted benzamidinium cations is accelerated 
by electron-attracting aryl substituents (p =  1.6). Hydroxide ion catalyzed hydrolysis of the formamidinium 
and benzamidinium salts is approximately first order in hydroxide ion concentration. The rate of hydrolysis 
of the acetamidinium salt tends to become independent of hydroxide ion concentration at high hydroxide ion 
concentrations, possibly due to reversible formation of a ketene aminal. A ll of these observations are satisfac
torily accounted for by a mechanism involving rate-limiting general base catalyzed conversion of a tetrahedral 
hydrate of the amidinium. cation into N-methylaniline and an N-methylanilide.

Hydrolysis reactions of NjN'-diarylformamidines and limiting reaction of a tetrahedral hydrate of the amidine 
N,N'-diarylacetamidines in acidic solutions are char- with hydroxide ion, complicated by a side equilibrium
acterized by large positive Hammett p values, large between the amidine and an unreactive conjugate
negative entropies of activation, and rates which are base (eq 2).
directly proportional to the hydrogen ion concentration ArN=CH—NHAr +  OH- ArN—CH—NAr +  H20
and water activity, and inversely proportional to the ^ OH_
acidity (h0) of the reaction solutions. The diaryl- ArN=CH—NHAr +  H20 ArNH—CH(OH)—NHAr — >
formamidines are about a thousand times more reactive
than the diarylacetamidines in aqueous 20% dioxane r r 2
hydrochloric acid solutions.2-4 Hydrolysis of N ,N '- A rN H -  +  H 20  A rN H 2 +  O H -

diarytformamidinium ions is general base catalyzed The hydroxide.independent reaction is best rational-
vnth a Br0nsted catalysis law 0 value of 0.3.2;’  These ^  ¿ mg of ratedfrniting reaction of the hydrated
observations are consistent with a mechanism involving ^  acid of the amidine with hydroxide ion
rate-limiting general base catalyzed conversion of a ,
protonated tetrahedral intermediate into products (eq hydrolysis of N ,N'-disubstituted amidines

'■ is complicated by the existence of pH-dependent equilib-
OH ria between the free amidines, their conjugate acids,

A r N = C R — N H A r  +  H 30 +  ^=±: A rN H 2— C— N H A r  B> and their conjugate bases. The amidinium ions are the
; more interesting of these three species, since they are

R implicated as intermediates under both acid and
ArNH2 +  RCONHAr +  BH+ (1) alkaline conditions.

The kinetics of hydrolysis of N,N'-diarylformamidines Accordingly, we selected a series of N,N'-dimethyl-

under alkaline conditions is complex6 The rate of MN'-diphenylamidinium cations, C6H5N (C H 3) - C R -
hydrolysis of formamidines haying electron-releasing N(CHa)C6H5, as substrates for a study of solvent,
N-aryl substituents is nearly independent of hydroxide ^  and substitUent effects on amidinium ion hydroly-
ion concentration and the structure of the aryl groups. g.g q^ese tetrasubstituted amidinium ions are iso-
Amidines having electron-withdrawing aryl substit- electronic ^  the conjugate acids of N,N'-disub-
uents undergo hydrolysis by two processes, one which gtituted amidineS) but possess no acidic proton, 
is independent of hydroxide ion concentration, and 
another whose rate is a nonlinear function of hydroxide
ion concentration. Hydroxide ion catalyzed hydrolysis Experimental Section
of N,N'-diarylformamidines probably involves rate- Preparation of Amidinium Salts.— N ,N '-D im eth y l-N ,N '-d i-

,___ .. v» . m, ■ „f m  w  r  phenylformamidinium tetrafluoroborate was prepared by adding
2) R *  H. DeWolfe and R . M . Roberts, J .  A m er. Chem . Soc., 75, 2942 10 g of N ,N ',N "-tr im eth y l-N ,N ',N "-tr iph en y l orthoformamide7

(1953). to 90 ml of 1 2%  fluoroboric acid, heatmg the mixture on a steam
(3) R. H. DeWolfe, ib id ., 88, 1581 (1960). bath until the orthoamide dissolved, adding 200 ml of water, and
(4) R. H. DeWolfe and J. R. Keefe, J .  O rg. C hem ., 37, 493 (1962). -------------------  , „  T „  „ .
(5) J. F. Bunnett, J .  A m er. Chem . Soc., 88, 4971 (1961). (7) D. H. Clemens, E. Y . Shropshire, and W. D. Emmons, J .  O rg . Chem .,

(6) R. H. DeWolfe, ib id ., 88, 864 (1964). 38, 1108 (1963).
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I I I I I I ~  by  diluting British Drug House Ltd. standardized solutions

/ with boiled distilled water. A  series of solutions which were
0.005 N  in N aO H  and 0.05, 0.025, 0.01, and 0.005 N  in N a C l  
were prepared similarly from standardized N aO H  solutions and 
reagent grade sodium chloride.

Buffer solutions were prepared by the procedure of Perrin , 9 using 
n-butylamine [bp 76-78° (760 mm)] from Matheson Coleman 
and Bell, standardized hydrochloric acid solutions from British 
Drug House Ltd. reagent grade sodium carbonate monohydrate 
from Allied Chemical Corp., sodium bicarbonate from Hoyt 
Brothers, and reagent grade borax and boric acid from Mallinck- 
rodt Chemical Works. n-Butylamine-butylammonium chloride, 
sodium carbonate-sodium bicarbonate, and borax-boric acid 

~  buffers were used for rate determinations at pH  10.85, 10, and 9 
respectively. The ionic strength of all of these solutions was 
adjusted to 0 .0 1 with sodium chloride.

Kinetic Measurements.— Hydrolysis rates were determined 
spectrophotometrically by measuring the decrease in absorbance 
as the amidinium salt hydrolyzed. Reactions having first-order 

■—* /  / rate constants larger than 3 X 10-5 sec-1 were followed using a
/  I  Cary Model 14 spectrophotometer or a Gilford recording

-3.0 — p  /  _  spectrophotometer, each of which was equipped with a thermo-
j  / stated cell compartment. Cell temperatures were regulated to

/  within ± 0 .0 5 ° . Reactions were started by adding stock solutions
/  of the amidinium salts to 3 ml of the thermostated buffer solu-

J  tion by  means of a microsyringe. Runs having first-order rate
/  " constants smaller than 3 X  10~6 sec-1  were carried out by

/  spectrometric analysis of aliquots of reaction solutions which
/  were kept in a thermostated water bath. The wavelength used

P  in following a hydrolysis reaction was chosen so as to give a
- I 1 I-------------1-------------1------------ 1-------------1__ maximum change in absorbance.

® 14 Identification of Hydrolysis Products.— The hydrolysis products
_|-| of N,N '-dimethyl-N,N'-di-p-nitrophenylformamidinium tetra-
1 fluoroborate in neutral solution were reported to be N-methyl-p-

Figure 1.— Log k  v s . pH  for hydrolysis of tetrasubstituted nifaoaiuline a n d [N -m e t h y l -p -^
amidinium salts in aqueous solutions at 30°: open circles, N ,N '-  ,  e7 ^ P  P  / 1|': ™P, . 9 ) ‘ df?lated from the products
dimethyl-N,N'-diphenylformamidinium fluoborate; filled circles, °* hydrolysis 'dim ethyl-N ,N  -diphenylacetamidinium
N,N'-dimethyl-N,N'-diphenylacetamidiniumperchlorate; crossed P ™ . r?,te 111 4J ’ N a 0 H ’ ™ d  N-methyl-p-toluanilide, mp 68-
circles, N,N'-dimethyl-N,N'-diphenylbenzamidinium perchlorate. ®9 , mpr 70J ’ LSO at,el f™”1, the Products of alkaline

hydrolysis of N,N '-dimethyl-N,N'-diphenyl-p-toluamidinium  
perchlorate

cooling the rpulting solution in an ice bath. The crude product Calculations.— The hydrolysis reactions are kinetically first
(10.2 g ), collected by suction filtration, was recrystallized from order under the conditions used. First-order rate constants,
dichloromethane-carbon tetrachloride: mp 110-113 (lit .7 mp expressed in reciprocal seconds, were calculated from slopes of

xt" x t » t v  , XT m i  j - , , . . . .  . , ,  log ( d t  —  A „ )  v s . t plots, or by the Guggenheim method.12
-D im ethyl-N jN  -diphenylacetamidimum perchlorate was Arrhenius activation energies were calculated from slopes of log

prepared by the procedure of Jutz and Amschler.9 A  similar k OT. i/ T  piotSj and entropies of activation at 30° were calculated
procedure was used for the preparation of a series of N ,N '-  from the relation A,ST± =  4.576 (log k -  10.753 - l o g  T  +  E J
dimethyl-N,N -diphenylbenzamidmium perchlorates. The appro- 4 .5 7 0 ), where k is the rate constant at temperature T .u
priate benzoic acid (0.075 mol) and 32.1 g (0.3 mol) of N -  
methylaniline were added slowly at 0° to 30.6 g (0.2 mol) of
phosphorus oxychloride. The reaction mixture was heated at a Results
temperature between 130 and 160° for 2 hr, and 200 ml of ice- . .. , Tx , , . . , __  , . ,  _  _
cold 17% sodium perchlorate solution was added to the cooled, Variation of Hydrolysis Rate with Hydroxide Ion Con- 
syrupy mixture. The solid N ,N '-d im ethyl-N ,N '-diphenyl- centration.— N ,N '-D im e t h y l -N ,N '-d ip h e n y l fo r m a m id i -
benzamidinium perchlorates were recrystallized from 95% etha- n iu m  tetra flu o roborate , N ,N '-d im e t h y l -N ,N '-d ip h e n y l -
nol Yields ranged from 70 to 90%. Meltingpoints and ultra- acetam id in iu m  perch lorate , a n d  N ,N '- d im e t h y l - N ,N '-
violet absorption maxima and minima of aqueous solutions of the i- i ± i i , , .
amidinium perchlorates are summarized in Table I . d ip h en y lben zam id m iu m  perch lo rate  w ere  h y d ro ly z e d  m

solutions o f d ifferen t h y d ro x id e  ion  concen trations a t  

T able I  30°. T h e  k inetic  d a ta  are  sum m arized  in  T a b le  II
N ,N '-D im e th yl -N ,N '-D iph enylam id in it7m  a n d  F ig u re  1.
T> n, ¿rxT/^TT NTT TT, tt.tt _  1  he loS /co h  vs. p H  p lo ts  fo r  hyd ro lys is  o f the fo rm -

erchlobates , R  C [N (C H 3)C 6H 6] 2C10^ ^  am id in iu m  an d  acetam id in ium  salts are  linear, w ith

r  Registry No. "m g ' slopes o f 0 .8 5  an d  0 .9 6 , respective ly . T h e  p lo t  fo r  the

C H 3 20449-29-0 255 230 155-158 167-168 acetam id in ium  sa lt levels off a t  h igh  h y d ro x id e  ion
C 6H 6 20449-30-3 280 255  2 0 8 -2 12  2 1 6 - 2 1 7  concentration . A  possib le  exp lan ation  fo r  th is  b e h a v io r
p -C H 3C 6H 4 20449-31-4 285 247 218-223 225-226 discussed be low .
m -CH 3C6H 4 20449-32-5 282 245 110-116 • • • Buffer C ata ly s is .— H y d ro ly se s  o f N ,N '-d im e t h y l -
P-C1C6H 4 20449-33-6 287 245 160-163 165-166 N ,N '-d ip h e n y lfo rm a m id in iu m -, -acetam id in iu m , an d
m-ClC6H 4 20449-26-7 285 255 120-125 -ben zam id in iu m  salts  a re  genera l b ase  ca ta ly zed  in
p -N 0 2C 6H 4 20449-27-8 293 250 199-200 199-200
p -C H 3O C6H 4 20449-28-9 325 250 173-174 • • • (9) D- D - Perrin, A u s tra lia n  J .  C hem ., 16, 572 (1963).

(10) W . Staedel, B er., 11, 1947 (1886).
(11) E. Lellmann and R. JuBt, ib id ., 24, 2114 (1891).

Solutions for Kinetic Runs.— Sodium hydroxide solutions which (12) E. A. Guggenheim, P h i l .  M a g ., (7) 2 , 538 (1926).
were 1.0, 0.1, 0.05, 0.01, and 0.005 N  in N aO H  were prepared <13) j. F. Bunnett in "Technique of Organic Chemistry: Investigation of

Rates and Mechanisms of Reactions,”  Vol. I l l ,  2nd ed, A. Weissberger, 
(8) C. Jutz and H. Amschler, Chem . B e r ., 97, 2100 (1963). Ed., Interscience Publishers, Inc., New York, N . Y ., 1956, p 601.
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Table I I  Table IV

pH Dependence op Hydrolysis op Activation Parameters for Hydroxide Ion
N.N'-D imethyl-N,N'-diphenylamidinium Salts at 30° and Butylamine Catalyzed Hydrolysis

HC[N(CHj)C«Hs]i+ 0F RC[N(CH3)C„H6]2 +
PH  8 9 9-7 103  11 Temp, *B,
104 k, sec 40 1.55 10.6 39.9 165 548 R  3C l./mol sec E &, kcal/mol A $ -t,eu a

C H »C [N (CH s)C (H i]2+ Hydroxide Ion Catalyzed Hydrolysis
pH 11.7 12 12.7 13 14 H  10 11 3
104 k, seo -i“  28.1 123 513 763 796 ‘ .

13.4 — 8
C,HbC[N(CH8)C,H5]2+ H  30 54.8

PH 12 1 2 7  13 14 C H 3 30 0.562
J 28: 6 133 204 2140 C H 3 40 1.19 11.7 -2 3

“ Hydroxide-catalyzed reaction. Q g  r>Q  ̂ gg

C 6H 5 30 0.122

butylamine, carbonate, and borate buffers. The rate C®H6 40 0.288 15.8 -1 3
equation for these reactions in buffer solutions is CeH6 50 0.622

/bobsd =  fto +  ft OH [OH “ ] +  E  ftBiPBi]. The rate of Butylamine Catalyzed Hydrolysis
i C H 3 30 0.0224

the spontaneous reaction is negligible in the buffers C H 3 40 0.0279 9.0 -  38
used in this study. Buffer base catalytic coefficients, C H 3 60 0.0815
fts, obtained from slopes of plots of ft0bsd vs. [B], are C 6H 6 30 0.0078
summarized in Table III. C6H 6 40 0.0173

C 6H 6 50 0.0245 11.0 -  34
„  TTT C 6H 6 60 0.0533Table I I I  _  , , „„„

„  _  _  “ Calculated for 30 .
Buffer Base Catalytic Coefficients for

Hydrolysis of R C [N (C H 3)C 6H 6]2+ in Table V
Aqueous Buffers Relative Reactivities of R C [N (C H 3)C 6H 6]2+ at 30°

Temp, 10*kB , R kB  fcB(rel)
R  Buffer base °C  l./mol sec __ . . . T .

H  BuNH2 30 183 TT Hydroxide Ion Catalysis

H  C C V -  30 127 450

H  B (O H ) r  30 1.68 ^  J 'JJ
C H 3 BuNH2 30 2.24 CaH6 ° - 122  1 0 0
C H 3 40 2.79 Butylamine Catalysis
C H 3 60 8.15 H  1.83 234
C H 3 C 0 32-  30 1.83 C H 3 2.24 X 10“ 2 2.86
CH„ B (O I I )4-  30 8.2 X lO " 8 C 6H 6 7.83 X 10“ 8 1.00

CsH5 BuNH2 30 0.783 Carbonate Ion Catalysis
C'Hs 40 1.73 H  i  .27 227
C eH 6 50 2.45 CH 3 i .83 X 10~2 3.27

c S  CO,.- ”  t fm  C>H> 5 6 x l ° "
CeH6 B (O H )4-  30 1.2 X 10” 2 . . . .  ATTI .

amidimum salts m butylamine buffers ([BuNH2] =
0.0153 M, [BuN H 3+] =  0.0092 M ) at 30°. The rate

Plots of — p -Kb vs. log ¿b for hydroxide ion, butyl- constants are composites of hydroxide and butylamine
amine, and carbonate ion catalyzed hydrolyses are catalyzed terms in which the hydroxide term pre-
linear, with slopes fl = 0.4 for the formamidinium and dominates. They give an excellent Hammett pa plot
acetamidinium salts and 0.35 for the benzamidinium with p =  1.57 (Figure 2).
salt. These /3 values are only approximate, owing to the
small number of bases used. Table V I

Energies and Entropies of Activation.— Arrhenius Rate Constants for Hydrolysis of
activation energies and entropies of activation at 30° Y-CeHsCfNMeCeHsh+ClCb-  in BuNH3+-BuNH2 Buffer 
were calculated for hydroxide ion catalyzed hydrolysis Solutions (pH  10.85) at 30°
of the formamidinium, acetamidinium, and benzami- * x w4,
dinium salts, and for the n-butylamine catalyzed Y sec
hydrolysis of the acetamidinium and benzamidinium m̂ Ci*2 0 366 10 4
salts. The catalytic coefficients, energies of activation, m"cl 0 227 7 28
and entropies of activation are given in Table IV. 0 000 2 75

Substituent Effects.— Whether the catalyst is hydrox- p -C H 3 - o ' l 7 0  1*78
ide ion, butylamine, or carbonate ion, N,N'-dimethyl- m -CH 3 -0 .0 8 2  1 .5 5

N,N'-diphenylformamidinium ion is much more re- p-OCIh -0 .2 6 8  1 .2 1

active than NjN'-dimethyl-NjN'-diphenylacetamidin- « E. Gould, “Mechanism and Structure in Organic Chemistry,” 
ium ion, which is somewhat more reactive than Holt, Rinehart, & Winston, Inc., New  York, N . Y., 1959, p 221. 
NjN'-dimethyl-NjN'-diphenylbenzamidinium ion (see
Table V). Salt Effects..— N, N ' - Dimethyl - N ,N ' - diphenylacet-

Table V I lists hydrolysis rates of a series of meta- and amidinium perchlorate and N, N  '-dimethy 1-N, N  '-di- 
para-substituted N ,N  '-dimethyl-N,N '-diphenylbenz- phenylbenzamidinium perchlorate were hydrolyzed
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— i----1— i----1-----1— i----1-----1----1— i----1-----1—  hydrolysis of 1,3-diphenylimidazolinium chloride, a

Z  heterocyclic formamidinium salt, satisfactorily ac
counts for these experimental observations. This

mechanism is outlined in eq 3.

— + k ,
C 8H 8N (C H 3)— C R — N (C H 3)C 8H 6 +  O H -

C 8H 8N (C H 3)— C R (O H )— N (C H 3)C 8H 6

Ki
I  +  H 20

C sH 6N (C H 3)— C R (O H )— N H (C H 3)C 8H 8 +  O H "  (3 ) 
I I

__ kz
I I  +  B : ------

slow

C 8H 8N (C H 3)— C R ---N H (C H 3)C 8H 6

4 — *■
6 +

H ---B
-

C 8H 8N (C H 3)CR O  +  c «h 6n h c h 3 +  b h  +

Robinson16 obtained experimental evidence for the 
formation of a tetrahedral intermediate analogous to I  
in the hydroxide ion catalyzed hydrolysis of 1,3- 
diphenylimidazolinium chloride, and Robinson and 

i i i i i i i i i i , i i Jencks14 presented convincing arguments that the rate-
o o.5 limiting step of the second-order portion of the reaction

involves a general base catalyzed reaction of an inter- 
Figure 2.—Hammett p<r plot for hydrolysis of N ,N '-d im ethyl- mediate analogous to II. Mechanism 3 requires that

N ,N  '-diphenylbenzamidinium perchlorates in aqueous butyl- the reaction be first order in amidinium salt and
amine buffers at 30 . catalyzing base, as observed for the formamidinium

and benzamidinium salts.
at 30° in 0.005 N  sodium hydroxide solutions which Alkaline hydrolyses of the formamidinium and 
were 0.0025, 0.005, 0.01, 0.025, and 0.05 N  in sodium benzamidinium salts studied in this work differ from
chloride. For each compound the hydrolysis rates were hydrolysis of the diphenylimidazolinium salt in one
the same within experimental error, and showed no significant respect. Hydrolysis of the acyclic amidinium
systematic dependence upon ionic strength. These cations is first order in hydroxide ion up to pH 11 for
reactions show a negligible salt effect. the formamidinium salt and up to pH 14 for the

Solvent Isotope Effect.— The solvent isotope effect benzamidinium salt (see Table I I  and Figure 1),
on hydrolysis of N,N'-dimethyl-N,N'-diphenylacet- whereas hydrolysis of the imidazolinium salt above pH
amidinium and -benzamidinium perchlorates is shown 10 is largely due to a reaction which is second order in
in Table V II. hydroxide ion.14 This second-order hydroxide de

pendence was ascribed to a general acid catalyzed re- 
T a b le  V I I  action of the conjugate base of the tetrahedral inter-

So l v e n t  I soto pe  E ffe c t  o n  H y d r o lysis  of mediate. The absence of terms second order in hy-
R C [N (C H 3)C 8H 8]2+ in  A l k a l in e  droxide ion for hydrolysis of the acyclic amidinium

So lu tio n s  a t  30° salts indicates that the tetrahedral intermediates I I
e [0H-] 10’fcHjO lO’fcDjO fcHjo/fojO (R  =  H, C6H6) are substantially less acidic than 2-

CHa 0.0152 21.4 26.9 0.79 hydroxy-1,3-diphenylimidazolidine.
C 8H 5 0.0115 3.42 6.06 0.56 As shown in Figure 1, the rate of hydrolysis of N ,N '-

dimethyl-N,N'-diphenylacetamidinium ion levels off at 
Discussion high pH. This result may be due to reversible reaction

, , ,, , -i j  i , , , ,  of the acetamidinium ion with hydroxide to form athe experimental results described above show that , , . , , .s TJ, , • ... .,
i j i  • p at at at/ at/ * + . ... , 1 • •  ketene aminal (eq 4). I f  reaction 4 is a parasitic sidehydrolysis of JN,N,JN ,N -tetrasubstituted amidinium ' 1 1
cations is general base catalyzed, with Brpnsted cataly- + k

sis law /3 values near 0.4. The hydrolysis reactions C H 3C [N (C H 3)C 8H 5]2 +  O H ~

have large negative entropies of activation, are re- C H 2= C [N (C H 3)CeH 6]2 +  H 20  (4)
tarded by bulky acyl substituents, and are accelerated
by electron-withdrawing groups on the acyl substituent. equilibrium, the observed rate constant would be
They exhibit negligible salt effects and are faster in &obsd =  /c2[OH- ]/ (l +  K [O H ~]), where k2 is the rate
deuterium oxide solutions than in protium oxide constant for reaction of the acetamidinium ion with 
solutions.

A  mechanism similar to that recently proposed by (1<“ > D- R- Robinson and w- p- Jencks’ Amer' Chem- Soc- 89- 7088
Jencks and Robinson14’16 for the general base catalyzed (is) d . r . Robinson, T e tra h e d ro n  L e t t . , 5007 (lses).
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hydroxide ion and K  is the equilibrium constant for state and destablizing the transition state is to make the
ketene aminal formation. When K  [OH- ] »  1, the acetamidinium ion less reactive than the formamidinium
experimental hydrolysis rate is independent of hy- ion. I f  the acyl phenyl group of the benzamidinium
droxide ion concentration. ion can enter into resonance with the bismethylphenyl-

Ketene acetals are known to react rapidly with aminocarbonium system, it should be even more
water under acidic conditions, but more slowly under effective than a methyl group in stabilizing the ami-
neutral conditions.16 It  seems likely that ketene dinium ion. I t  should destabilize the transition state
aminals may behave similarly. Obvious experimental both by steric interactions with the methylphenyl-
tests of the validity of this proposal would be to isolate amino groups and by charge-dipole interaction with
the ketene aminal from a reaction mixture, and to the protonated nitrogen. A ll three of these interactions
demonstrate that pre-synthesized ketene aminal hy- would increase the energy of activation relative to that
drolyzes at the same rate as the acetamidinium salt. for hydrolysis of the formamidinium ion. Since

NjN'-Dimethyl-NjN'-diphenylformamidinium, -acet- carbonium ion stabilization and steric bulk17 are both
amidinium and -benzamidinium salt hydrolyses all predicted to be greater for the acyl phenyl than for the
exhibit buffer catalysis, which we attribute to catalysis acyl methyl substituent, it is not surprising that the
by the buffer bases (see Table I I I ) .  Br0nsted catalysis benzamidinium ion is less reactive than the acetami-
law plots of log Kb vs. log &b for the hydroxide, butyl- dinium ion. What is surprising is that the reactivity
amine, and carbonate ion catalyzed reactions are difference is so small. This small reactivity difference,
straight lines of slopes /3 =  0.4, 0.4, and 0.35 for hy- together with the fact that substituents on the acyl
drolysis of the formamidinium, acetamidinium. and phenyl group of substituted benzamidinium ions ap-
benzamidinium salts, respectively. The points for pear to influence reactivity by an inductive rather than
borate catalysis fall below the lines defined by the a mesomeric process, suggests that acyl phenyl groups
other three catalysts. These admittedly imprecise /3 do not significantly stabilize amidinium ions by reso-
values are similar to the value of 0.44 observed for nance. Inspection of molecular models indicates that
general base catalyzed hydrolysis of 1,3-diphenyl- this may be due to severe steric hindrance to formation
imidazolinium chloride.14 of the coplanar conformation required for resonance

The large negative entropies of activation observed between the acyl phenyl group and the carbonium
for the hydroxide and butylamine catalyzed hydrolysis system of the benzamidinium ion. 
of the tetrasubstituted amidinium salts are consistent The rather imprecise Arrhenius activation energies 
with the mechanism outlined in eq 3. The transition and entropies of activation listed in Table IV  suggest 
state for this mechanism is assembled from the amidin- that differences in entropies of activation are more
ium ion, a water molecule, and the basic catalyst. A  important than differences in enthalpies of activation
substantial decrease in entropy should accompany its in determining relative reactivities of amidinium ions
formation from its components. toward base-catalyzed hydrolysis. The steric effect of

Reactions of nucleophiles with substances at the acyl substituents appears to play an important role in
carboxyl level of oxidation are sensitive to both the determining the hydrolytic reactivity of N ,N ,N ',N '-
steric and electronic properties of substituents on the tetrasubstituted amidinium salts. In contrast, the
acyl carbon, and amidinium ions are no exception. influence of acyl substituents on hydrolytic reactivity
N,N'-Dimethyl-N,N'-diphenylformamidinium ion hy- of N,N'-diarylformamidinium ions in acidic solution
drolyzes much more rapidly than N,N '-dimethyl-N,N'- is due almost entirely to their effect on enthalpies of
diphenylacetamidinium ion, which hydrolyzes some- activation.4 This is reasonable, since the transition
what more rapidly than N,N'-dimethyl-N,N'-diphenyl- states for hydrolysis of the N,N'-disubstituted amidin-
benzamidinium ion, whether the catalyst is hydroxide ium ions should be relatively free of steric hindrance, 
ion, ft-butylamine, or carbonate ion (Table V ). This Comparison of reactivities of a series of meta-and 
reactivity sequence can be accounted for by considering para-substituted N,N'-dimethyl-N,N'-diphenylbenz-
the effects of acyl substituents on the free energy of amidinium salts, for which steric acyl substituent
activation for amidinium ion hydrolysis. The energy effects should be almost constant, permits evaluation of
of activation is equal to the energy difference between electronic effects of acyl substituents on reactivity
the rate-limiting transition state and the amidinium (Table V I). The positive p value (p =  1.57) of a
ion, water molecule, and basic catalyst from which it Hammett plot of these data (Figure 2) shows that
is assembled (see eq 3). Structural features which electron withdrawal from the amidinium acyl carbon
stabilize the amidinium ion or destabilize the transition increases reactivity, as expected. (Electron-with-
state will increase the free energy of activation; those drawing substituents should raise the energy of the
which stabilize the transition state or destabilize the amidinium ion by their inductive effect more than they
initial state reduce the energy of activation. raise the energy of the transition state.) I t  is apparent

I f  the free energy of the formamidinium ion is selected from these data that resonance effects are relatively un-
as the reference point, replacing the formyl proton by important in determining reactivity of benzamidinium
a methyl group might be expected to stabilize the ions. I f  resonance interactions between the p-methyl
amidinium ion, which is a diaminocarbonium ion. The and p-methoxy substituents and the acyl carbon of the
acyl methyl group will destabilize the nearly tetra- amidinium ions significantly stabilized the cations, the
hedral transition state by steric interaction with the p-toluamidinium and p-anisamidinium ions should be
two methylphenylamino groups, and slightly stabilize less reactive than would be predicted from a Hammett
it by a charge-dipole interaction with the protonated Plot drawn to fit the other substituents. This is
nitrogen atom. The net result of stabilizing the initial

(17) R . W . Taft, in M . S. Newman, “ Steric Effects in Organic Chemistry” , 
(16) S. M . McElvain, Chem . R ev ., 45, 470 (1949). John W iley & Sons, Inc., New York, N. Y ., 1956, p. 601.
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clearly not the case. Figure 2 shows also that the two mediately preceding its formation. A  large salt effect
meto-substituted benzamidinium salts are somewhat is therefore not anticipated, and is not observed,
less reactive than predicted from the p value determined The rate equation for hydroxide ion catalyzed hy- 
for the para-substituted compounds. This may be due drolysis of tetrasubstituted amidinium salts required by
to an appreciable sterie effect of the meta substituents eq 3 is fcexp =  K iKJc3 [OH- ]. The solvent deuterium
on this reaction. isotope effect on the reaction is therefore a composite

Rates of hydroxide ion catalyzed hydrolysis of N ,N '- of the isotope effects on the two equilibria and the
dimethyl-N^'-diphenylacetamidinium and -benzami- rate-limiting step of the reaction. That is, 
dinium perchlorates were found not to be significantly 
influenced by the ionic strength of the reaction solu- eipH' eitpD ~~
tions in the range p =  0.0075 to p — 0.055. The two (Kiu/Kin) (K-in/K-tn) (fe„/feD) (if [OH- ] = [OD- ])
preequilibria of eq 3 should be influenced approxi- . , . , _  , ,. .... . , ,,
mately equally but in opposite directions by changes in Tbe folv+ent lsf  °Pe eSe?ts on the Preequihbna and the
ionic strength of the medium, since the first involves fate-limiting step may be estimated by the method of
ionic association and the second involves dissociation. Bunton and Shiner3 »  Application of this method
In the rate-limiting step with hydroxide ion as a cata- ^  lH' 1d ' ’ 2h// 2d ‘ ’ an 3, 3°
lyst, there is a partial neutralization of charge, a process The product of these three values is 0.8. Tins
which should occur somewhat less readily at high than value’ a thouSh only a. ™ g h  approximation, is m
at low ionic strengths. The low Br0nsted H value for reasonable agreement with experimental observation.
the reaction indicates that proton transfer from the ^ r u A - p D  found to be °-79J or 
hydroxyl group of the tetrahedral intermediate to the N,N'-diphenylacetamidunum perchlorate and 0 56 for 
catalyst is far from complete in the transition state, the analogous benzamidinium salt (see Table V II). 
so that the charge distribution in the transition state is (18) c A B.jnton and v. j  Shiner> 3. Amer, Chem, Soc„ 83> 42 (1961).
not greatly different from the charge distribution im- U9) c. a. Bunton and v. j. Shiner, ibid., ss, 3207 (i96i).
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The mechanisms of solvolysis of some triesters of phosphoric acid which might form carbonium ions have been 
investigated. Such a pathway is shown to be predominant in the solvolysis of tri-i-butyl and triisopropyl phos
phates, but to be negligible in the case of triallyl phosphate. The solvolytic behavior of some five-membered cyclic 
tertiary alkyl esters is briefly discussed.

I t  has been known qualitatively for many years that that changes of neutral salt concentration do not notice-
triesters of phosphoric acid are hydrolyzed in basic solu- ably affect the rate of saponification of the triesters,
tion rather readily to the corresponding diesters, but The hydrolysis of triphenyl phosphate in 75% dioxane-
that subsequent stages of hydrolysis are relatively slow.2 25% water was found also to be first order in both hy-
The behavior of trimethyl phosphate and of triphenyl droxide ion and the ester.
phosphate, recently examined in detail by Barnard, The kinetic order of these hydrolyses, together with 
Bunton, Llewellyn, Vernon, and Welch,3 may probably the position of bond fission, establishes that hydroxide
be taken as characteristic of the reactions of the triesters ion attacks the phosphorus atom in the rate-controlling
of primary alcohols, phenols, and thiols with hydroxide step of the sequence.
ion. Corresponding data are very scanty for tertiary alco-

The hydrolysis of trimethyl phosphate in aqueous hoi esters of phosphoric acid. The synthesis and quali-
base is first order in hydroxide ion and first order in the tative observations concerning the hydrolysis of tri-i-
ester. Isotopic tracer experiments show that the phos- butyl phosphate have been briefly reported.6 The hy-
phorus-oxygen bond is broken exclusively;8’4 further- drolysis of mono-Lbutyl phosphate has been studied in
more, within the limit of experimental error of the isoto- detail by Lapidot, Samuel, and Weiss-Broday;6 the un-
pic analysis, no isotopic exchange occurs prior to hydrol- dissociated acid undergoes facile carbon-oxygen cleav-
ysis between the phosphoryl oxygen and the oxygen age, with formation of the ¿-butyl carbonium ion.
atoms of the solvent.3 A  small depression of rate is ob- Evidence has been presented that the phosphate ester of
served on changing the solvent from water to 75% diox- the tertiary alcohol function of mevalonic acid pyro-
ane-25% water. The few available data suggested phosphate undergoes concerted decarboxylation and

phosphate elimination to form isopentenyl pyrophos-

(1) To whom correspondence should be directed at the Department of phate.
Chemistry, University of Houston, Houston, Texas 77004.

(2) G. Kosolapoff, “ Organophosphorus Compounds,”  John W iley & Sons, (5) J. R. Cox, Jr., and F. H. Westheimer, J .  A m er. Chem . Soc., 80, 5441
Inc., New York, N. Y ., 1950. (1958).

(3) P. W . C. Barnard, C. A. Bunton, D. R. Llewellyn, C. A. Vernon, and (6) (a) A. Lapidot, D. Samuel, and M . Weiss-Broday, J .  Chem . Soc., 637
J. A. Welch, J .  Chem . Soc., 2670 (1961). (1964); (b) L. Kugal and N. Halmann, J . Org. Chem ., 32, 642 (1967).

(4) E. Blumenthal and J. B. M . Herbert, T ra n s . Fara day  S oc., 41, 611 (7) (a) G. Popjak and J. W . Cornforth, Advan. E n zy m o l., 22, 295 (1960);
(1945). (b) C. A. Bunton and E. Humerer, J .  O rg. C hem ., 34, 572 (1969).
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In this paper we report the results of a study of the Tri-f-butyl Phosphate.— Tri-f-butyl phosphite (50 g, 0.20 
Mnetics and mechanism of hydrolysis of tri-f-butyl nhos- mol-> dissolved in 100 ml of petroleum ether (bp 30-60°) in a 

v . , •• i t ,  i , 1 , • n 1 1 \  , 300-ml erlenmeyer flask was cooled m an ice bath. Dmitrogen
phate tmsopropyl phosphate, and triallyl phosphate tetroxide was ¿ ssed into the cold mixture/ which was gtir?ed
and the synthesis and some studies of the hydrolysis of 0n a magnetic stirrer. Addition of dinitrogen tetroxide was con-
methyl pinacol phosphate and ¿-butyl pinacol phos- tinued until the solution developed a green color (probably N2Os)
phate. or untU unreacted NO2 escaped from the reaction mixtures.

The solution was washed with 100 ml of saturated sodium bi
carbonate solution, then with water, and was dried over anhy- 

Experimental Section drous calcium chloride. The dried solution was cooled in a Dry
Ice-acetone bath, whereupon the tri-f-butyl phosphate (35 g, 

Materials.— Anhydrous pinacol (Fluka Chemical Co., purum) 6 6% , mp 67-70°) crystallized and was separated on a Buchner
was dried by azeotropic distillation with benzene. After the funnel. A  second crop could be obtained by concentrating the
benzene was removed, calcium hydride was added to the molten mother liquor under vacuum and cooling. Recrystallization was
pinacol, and the pinacol was distilled in  vacuo through a 2-ft effected by dissolving in petroleum ether at room temperature
Vigreux column. and cooling in D ry  Ice-acetone. The mp after two such recrys-

Methanol and ethanol were dried by distillation from their tallizations was 73-73.5° (lit .6 mp 71-75°). The nmr spectrum
magnesium salts8 and stored in a tightly stoppered bottle. showed a single absorption at 8.57 r  which under high resolution

Diethyl ether was dried over and distilled from lithium alu- revealed coupling to phosphorus, J  ~  0.5 cps.
minum hydride immediately before use. Pentane, when used Cyclohexylammonium Di-f-butyl Phosphate.— Cyclohexyl- 
as a solvent in the chloridite preparation, was dried and stored amine (0.8156 g, 8.24 mmol) was placed in a 50-ml volumetric
over sodium metal wire. flask and diluted to 50 ml with 50% v/v water-ethanol solution.

Pyridine was boiled under reflux with calcium hydride, dis- The contents were transferred to a polyethylene bottle and
tilled, and stored over potassium hydroxide. thermostated at 60°. Tri-i-butyl phosphate (2.0069 g, 7.53

Triethylamine was dried by boiling under reflux with and dis- mmol) was then added to the solution. After 2 days, when the
tillation from BaO and then subjected to careful distillation reaction was complete, the contents of the bottle were emptied
through a 3-ft vacuum-jacketed column filled with glass helices. into a 100-ml round-bottomed flask and the solvent distilled under
Cyclohexylamine was boiled under reflux with BaO  and distilled. aspirator vacuum. The solid remaining in the flask was dried

Phosphorus trichloride was freshly distilled before its use in a under vacuum. The cyclohexylammonium di-f-butyl phosphate
reaction. (2.287 g, 98% of theory) recrystallized from boiling 1,2-di-

Dinitrogen tetroxide was synthesized by reaction of nitric methoxethane (about 0.5 g salt / 25 ml of D M E ), as needles, mp
oxide and oxygen. An evacuated gas manifold and an attached after three recrystallizations 189.8-190.8° (dec), nmr sharp
12-1. flask were filled with nitric oxide to slightly less than 1-atm singlet at r  8.38 under medium resolution and broad cyclohexyl-
pressure. Oxygen was introduced into the system through ammonium absorption at t  ~ 8 -9 .
another port in the manifold system. Oxygen was added until Anal. Calcd for CuH 32P 0 4N : C , 54.35; H , 10.43; N , 4.53; 
the pressure no longer decreased following its addition. One P , 10.01. Found: C , 53.96; H , 10.34; N , 4.48; P , 10.00.
neck of a collection flask was attached to a part of the manifold Solvolysis of Tri-i-butyl Phosphate in [lsO ]H 20-Ethanol.—
system and another neck of the flask connected to a vacuum Cyclohexylamine (0.8156 g ) was weighed into a 50-ml volumetric
pump. The body of the flask was immersed in liquid nitrogen. flask. Tri-i-butyl phosphate (2.0069 g ) was added and the flask
The vacuum pump was started and the dinitrogen tetroxide col- was filled to the mark with a solvent prepared by mixing 25 ml
lected and stored in the collection flask. of D 20  enriched in 180  to 1.51 at. %  (Y E D A  Research and

Other reagents were used without special purification, r  Development Co., Ltd., Rehovoth, Israel) and 25 ml of absolute
values in water are referred to D D S . ethanol.

Tri-i-butyl Phosphite.— 1.5 1. of petroleum ether (bp 30-60°) The contents of the volumetric flask were transferred to a poly- 
were placed in a 5-1., three-necked flask which was equipped ethylene bottle and the bottle placed in a 60° temperature bath,
with a dropping funnel, a mechanical stirrer, and a thermometer The reaction was allowed to proceed for a week. After this time,
dipping below the surface of the petroleum ether. Triethyl- the contents of the bottle were emptied into a round-bottomed
amine (315 g, 3.12 mol) and i-butyl alcohol (225 g, 3.04 mol) flask and the solventjwas removed under vacuum. The distillate
were then added to the flask. Stirring was begun and the flask was collected ir. a D ry  Ice-acetone bath. When the distillation
and contents were cooled to below 0 ° ( — 10 to 0 ° )  in an ice-salt was completed the solid remaining in the distilling flask was
mixture. Phosphorus trichloride (123 g, 0.895 mol) dissolved dried under vacuum for approximately 12 hr. The weight of
in 1 1. of petroleum ether was added dropwise to the cold mixture solid was 2.2870 g. After two recrystallizations from 1,2-di-
over a period of about 6 hr. During the addition of phosphorus methoxyethane, the mp of the cyclohexylammonium di-f-butyl
trichloride, the temperature was maintained between — 10° phosphate was 186.4-187.4° (dec).
and 0 °. After addition of phosphorus trichloride was complete, The oxygen of this salt was converted to carbon dioxide by
1.5 1. of water was added to dissolve the precipitated amine hy- pyrolysis with mercuric cyanide and mercuric chloride.9 The
drochloride. The aqueous layer was separated from the organic carbon dioxide was purified by the method of Haake and West-
layer in a 6-1. separatory funnel. The organic phase, containing heimer,10 and analyzed on a Consolidated-Nier 21-103C mass
tri-f-butyl phosphite, was washed twice with approximately 500 spectrometer.11 Its isotopic content was identical with that of a
ml of saturated aqueous sodium bicarbonate, then with about 500 sample of natural abundance.
ml of water. The organic layer was dried with anhydrous cal- Triisopropyl Phosphate.— Triisopropyl phosphite (Matheson
cium chloride, and the petroleum ether solution was evaporated Coleman and Bell) was oxidized with dinitrogen tetroxide while
on a rotary evaporator under aspirator vacuum. After evapora- being cooled in an ice bath. The product, which distilled at
tion of the petroleum ether, about 220 g of crude tri-f-butyl phos- 71-72° (1 mm), was a colorless liquid.
phite was obtained. Pinacol Phosphorochloridite.— The method of Arbuzov and

The crude tri-f-butyl phosphite was distilled at 3-mm pressure, Azanovskaya12 was followed with slight modification. Pentane
yielding approximately 160 g (71% of theory) of a liquid which as solvent in this reaction gave essentially the same results as
boiled at 67-69°. Upon storage in a refrigerator, the liquid diethyl ether and was more easily dried. Typically, pinacol
solidified (mp approximately 10°). An infrared spectrum of the (59.0 g, 0.50 mol) and pyridine (79.1 g, 1.00 mol) were dissolved
material indicated no P -H  stretch in the 4.5-m region, and in 400 ml of dry ether (or pentane) in a dry 1 -1 . three-necked flask
the nmr spectrum showed a single, sharp peak at r  8.66  (neat equipped with a mechanical stirrer, a dropping funnel, and
liquid). The material was also converted in good yield to tri-f- ______________
butyl phosphate upon oxidation. Thus, the material was identi
fied as pure tri-f-butyl phosphite. It  is apparent that the diffi- (9) M . Anbar and S. Guttmann, In te rn .  J .  A p p l .  R a d ia tio n  Isotopes , 4,
culty encountered by previous workers (ref 17 and references 233 TT , , _  TT
therein) in distilling the product was occasioned by traces of acid, Q 961)

not by thermal instability of the compound. (11) We are grateful to Professor F. H. Westheimer for making this instru-
-------------------  ment available to us and to Dr. G. O. Dudek for aid in the determination.

(8) K . B. Wiberg, “ Laboratory Techniques in Organic Chemistry,”  (12) A. E. Arbuzov and M. M. Azanovskaya, le v . A ka d . N a u k  S S S R ,

McGraw-Hill Book Co., New York, N. Y ., 1960, p 242. Otd. K h im . N a u k , 473 (1949).
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a thermometer dipping below the surface of the solution. The brown solid. This solid was washed with petroleum ether, which
flask was placed in an ice-salt bath, stirring was begun, and the removed much of the brown color but dissolved very little of the
contents were cooled below 0°. Phosphorus trichloride (69 g, 0.5 solid. The solid melted at 95-100° and gave nmr and ir spectra
mol) was added dropwise to the cold mixture at a rate such that identical with those of methyl pinacol phosphate. After one
the temperature could be maintained below 0 °. Addition re- sublimation, 2.04 g of purified methyl pinacol phosphate were ob-
quired about 6 hr. After addition was completed, the mixture tained, mp 99.2-101°.
was boiled under reflux for 30 min. When the reaction mixture ¿-Butyl Pinacol Phosphite.13— Pinacol phosphorochloridite 
had cooled to room temperature, pyridine hydrochloride was was treated with an equivalent each of ¿-butyl alcohol and tri- 
removed by vacuum filtration. Usually, after filtering the pyr- ethylamine in petroleum ether, as in the preparation of methyl
idine hydrochloride, the filtrate was cloudy or contained a pre- pinacol phosphite. After the amine hydrochloride was filtered
cipitate, which was probably due to formation of the hydrolysis and the filtrate concentrated on a rotary evaporator, the con-
product of the chloridite. Further filtrations only needlessly centrate was distilled in  vacuo: nmr r  8 .68 , 8.87, relative in-
exposed the active chloridite to more atmospheric moisture. The tensity 5:2.
solvent was removed by distillation or by  use of a rotary evapora- ¿-Butyl Pinacol Phosphate.13— Oxidation of ¿-butyl pinacol
tor. A  yellow, fuming liquid (70-75 g ) was obtained, which phosphite with dinitrogen tetroxide in petroleum ether yielded a
upon cooling in the refrigerator precipitated more pinacol phos- white solid. Its mp after two sublimations at approximately
phonate. Filtering the phosphonate and distilling the filtrate 60-70° was 70.4-71.8° (0.1m m ).
in  vacuo [bp 53° (3 mm)] yielded a colorless, fuming liquid. Anal. Calcd for N  C 10H 21PO 1: C , 50.80; H , 8.9; P , 13.15. 
Yields of pure chloridite were low, usually in the range of 25% Found: C , 50.60; H , 8.90; P , 13.25.
of theory (20-25 g ). A  large amount of an orange, nonvolatile, Hydrolysis of Methyl Pinacol Phosphate. Basic Solution.—  
tarry residue remained in the distilling flask. An attempt to follow the kinetics of the basic hydrolysis of methyl

Pinacol phosphonate, a by-product of this reaction, could be pinacol phosphate revealed the extremely labile nature of this
purified by sublimation at steam bath temperatures at 0.1-0.2 compound in basic solution. A  solution approximately 0.08 N
mm (mp 103-105°). in N aO H  in 50% 1,2-dimethoxyethane-water was made 0.5 in

Methyl Pinacol Phosphite.— Pinacol phosphorochloridite (20.0 ionic strength with NaC10( and equilibrated at 30°. A  4.00 ml
g, 0.11 mol) was dissolved in 30 ml of petroleum ether (bp 30- aliquot of the N aO H  solution required 5.63 ml of 0.0495 N  HC1
60°) in a 100-ml erlenmeyer flask stopper with a serum cap. A  for neutralization to pH  7. To 50 ml of the sodium hydroxide
solution of dry methanol (3.60 g, 0.112 mol) and triethylamine solution there was added methyl pinacol phosphate, 0.5831 g 
(12.00 g, 0.119 mol) was injected into the solution through the (3 mmol), and a 4.00 ml aliquot was withdrawn and titrated with
serum cap with a hypodermic syringe. During the addition, the 0.0495 N  HC1 as rapidly as possible. The sample required 0.80
solution was cooled in an ice bath and stirring was maintained ml of the hydrochloric acid solution; thus, since 0.240 mmol of
with a mechanical stirrer. After addition was completed, the the ester had consumed 0.239 mmol of the base, the hydrolysis of
triethylamine hydrochloride was filtered, the solvent removed the phosphate was essentially complete at the end of about 60
on a rotary evaporator, and the concentrate distilled in  vacuo, sec, the time required to mix the solution, withdraw the aliquot,
bp 24-28° (1 mm). In  this manner, 9-10 g of methyl pinacol and titrate the sample.
phosphite was obtained (about 50% of theory): nmr t 6.61 To investigate the products of basic hydrolysis of methyl pin- 
(d, J  =  24 cps), 8.82,8.70. aeol phosphate, 3.00 g (0.0154 mol) of the ester was dissolved in

Alternatively, for larger preparation, the reaction was per- 100 ml of 50% 1,2-dimethoxyethane-water solution to which 2.00
formed in a three-necked, round-bottomed flask, adding the tri- ml (0.0165 mol) of cyclohexylamine had been added. After a
ethylamine-methanol mixture to the chloridite through a drop- few hours reaction time, the solvent and remaining cyclohexyl
ping funnel, while stirring with a mechanical stirrer and cooling amine were removed by vacuum distillation, leaving a brown
in ice. Yields with this procedure were similar. solid, 3.81 g. After one recrystallization from 1,2-dimethoxy-

Methyl pinacol phosphite was extremely reactive toward water, ethane, the nmr spectrum of the reaction product in D 20  was
producing pinacol phosphonate. Added to a small test tube con- obtained. Two peaks at r  8.78 and 8.58 were attributed to the
taming water, it dissolved instantly with the liberation of heat. two different types of methyl groups in the ring-opened salt I .
Care was required in the above reactions and in further handling A  doublet, centered at t 6.43 (/  =  1 1  cps), indicated a methyl
of both the chloridite and phosphite to avoid exposure to mois- group attached to a phosphate residue. A  smaller peak at t

ture. 8.65 was attributed to ring-retained salt I I .  Integration of the
Methyl Pinacol Phosphate.— (a ) Methyl pinacol phosphite spectrum was obscured in the methyl region by  the broad peak

(10.0 g, 0.056 mol) was dissolved in 50 ml of petroleum ether in a at r  7.8—9.0 due to the cyclohexylammonium cation protons.
100-ml flask. Dinitrogen tetroxide vapors were passed into the However, there was approximately 80% ring-opened salt I  and
mixture, while the flask and contents were cooled in an ice bath.
The mixture was stirred with a magnetic stirrer. Methyl pinacol t 6.42
phosphate soon precipitated from the mixture. The end of the j  _  n  CD CH3 CH3
reaction was indicated by the escaping of red vapors of N 0 2 q j 3 q j  q  _ | | "j
from the flask or by formation of a green color in the solution. I 3 I 3 ¡1 OCH3 CR,— r — C— CH3 > r 8.65
The ether was removed, leaving a slightly yellow solid. Gen- tt^  f ___ A_______ n ___ 1 /  3 , (  \  I
erally, 9.5-10.5 g of solid were obtained (90-95% of theory). I 1

Purification of methyl pinacol phosphate could be effected by I O
recrystallizations from benzene or petroleum ether (bp 90-120°) ( j  '0 ~
but a severe loss of material accompanied these methods. Puri- ,— , .— .
fication by sublimation at steam-bath temperatures at 0 .1 - 0 .2  t 8.78,8.58 H 3N ~ )  H3N ____ (  \
mm proved to be the best method. After one sublimation, the \ ___ /  \ ___ /
mp was 99.8-100.9°; nmr r  6.20 (d, J  =  24 cps), 8.56, 8.61. j  n „

Anal. Calcd for C7H 15PO<: C , 43.30; H , 7.79; P , 15.95.

Found. C , 4 3 .^ , H , 8^5 , P , 15.98. 20% ring-retained salt H a . Repeated recrystallizations of the
(b ) Pmacol phosphonate (6.89 g, 35 9 mmol was dissolved salt from i )2-dimethoxyethane gave little separation of either re-

“  “  ^  of chloroform in a 50-ml flask. N-chlorosuccmimide action product> M  indi(fa,ed b * mr.
(4 80 g 36.0 mmol) was added m smaU portions while the flask Acidic go lution .-M ethyl pinacol phosphate (3.00 g, 0.0154
T .  V  1 V  1  V ®  N-chlorosuccmimide had been mol) was disgolvedin 100 ml of 50% i^-dimethoxyetharm-water.

t 6 solutmn was boiled under reflux on the steam bath After a few hours of reaction, the solvent was removed by vacuum  
n o T  solution was cooled and a mixture of methanol distiIIation. A  white solid, 1.71 g, mp 191° (dec), was obtained.
i  i l ’ i f  T  V  f  g ’ f' T  T ?  } T  An nmr of this material showed two peaks, r  8.66  (relative area =
acded in small portions. Upon completion of the addition of 12) and r  0 .54  (relative area =  1 ). The material was, therefore
methanol and t n e t h y W e  the amme hydrochloride and sue- formulated as pinacol phosphoric acid.
cimmide were removed by filtration The filtrate was concern AnaL  Calcd for c 6H 13P 0 4: C , 40.00; H , 7.27; P , 17.19. 
trated on a rotary evaporator and a brown, oily mass resulted. Found* C 39 44* H  7 26* P  17 34 
The material was washed with water. The organic layer, dark _______  * ' > • > j

brown in color, contained mostly chloroform. Evaporation of (13) We thank Mr. Kary Mullis for preparation of a sample of this com-
the chloroform m a watch glass by a stream of air left a dark pound.
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2.5__ _, . t , . T , _ , . . r ; bath. After temperature equilibration had been achieved, a
; / ;  quantity of the ester was added. The quantity of ester used was

S qo - determined by  the amount of base present; in most cases the
2 .0  -  /  -  concentration of ester was less than the concentration of base.

! /  I A  4.00-ml aliquot was removed immediately after mixing, di-
! QCC&deo I luted with water, and titrated to neutrality with standard hydro-

1.5 -  /  -  chloric acid.
i /  - Data were analyzed by a least-squares treatment with the aid of
! O / O  I the Burroughs B  5500 computer after the kinetic order had been

1.0 :  /  ” established by preliminary fitting to standard rate expressions.

>2 /  ;

0.5 7 -  Results

! _ /  I The rate of consumption of base by tri-i-butyl phos-
0 .0  7 CEf 7 phate (Table I ) and by tri-f-propyl phosphate (Table

; /  ; I I )  was independent of the concentration of base as the
-0.5 7 /  7 base was varied from about 0.03 N  to about 0.15 N  but

■js5 1 was clearly of the first order in ester concentration.
_.j q ................................................... ....  The variation of rate of solvolysis of tri-f-butyl phos-

-5.5 -5.0 -4.5 phate as a function of ionizing power of the solvent in
l_0g water-ethanol mixtures correlated with the Grunwald-

Winstein Y  values for these solvents14 (Figure 1). The 
Figure 1.— Grunwald-Winstein correlation of the solvolysis 180  tracer experiments showed that in the solvolysis of 

rates of tri-f-butyl phosphate in 50% EtO H  at 60°. tri-f-butyl bond is broken exclusively.
T h ese  re su b s  dem on strate  th a t  the so lvo ly sis  o f t r i-f - 

This is the only product of hydrolysis observed in initially neu- b u ty l ph osphate  u n d e r  these reaction  cond itions h as  as
tral 1 ,2-dimethoxyethane-water solution. the ra te -lim itin g  step  the un im o lecu la r ion iza tion  o f the

Treating the acid with an equivalent of cyclohexylamine in 1,2- ester to  the ¿ -buty l ca rbon iu m  ion  an d  the d i-f-b u ty l
dimethoxyetbane produced the cyclohexylammonium salt, which p hosphate  an io n . T h e  k inetic  o rd er suggests  Strongly
precipitated quantitatively. The single, sharp nmr peak of the f, , , , . « , . . , , , . . , .
salt in D 20 , other than those of cyclohexylammonium ion, was th a t  the h y d ro ly s is  o f tr i-7 -p rop y l p h osph a te  in  w a te r  IS
positioned at t 8.63. a lso  a n  ion iza tion  process, an d  such  a  process w o u ld

Hydrolysis of ¿-Butyl Pmacol Phosphate. Basic Solution.—  acco rd  w ith  the b e h a v io r  o f  iso p ro p y l d ih y d rro g en  ph os -
Cyclohexylamine (17 ml, 0.014 mol) was dissolved in a solution p h ate  ( 6 b )

Triallyl phosphate, in contrast to the other two esters,
react overnight. The solvent was removed by vacuum distilla- so lv o lj zed  a t  a  ra te  p ro p o rt io n a l to  the concen trations
tion, leaving 3.27 g of a white solid. An nmr spectrum in D 20  of both the ester and the base (Table I I I ) ; the reaction
revealed a single methyl peak at r  8.65, indicating that the only is therefore, bimolecular, but since the point of bond
product of hydrolysis is the ring-retained salt. cleavage has not been defined, it is not known whether

Neutral Solution .— ¿-Butyl pmacol phosphate (3.00 g, 0.0127 a ttack  n f hy d ro x id e  ion  is a t  nh osnh orus o r at ca rbon
mol) was dissolved in a solution of 50 ml of 1 ,2-dimethoxy»thane attacK  o i n y a ro x ia e  io n  is a t  pn ospn o ru s  o r a t  ca roon .
and 50 ml of water. The reaction was allowed to proceed over- Methyl pmacol phosphate solvolyzed in 50% water- 
night. The solvent was removed by vacuum distillation. The dimethoxyethane in the presence of base to afford a
solid obtained, 1.49 g, was identical in mp (191°), ir, and nmr mixture of about 80% methyl 3-hydroxy-2,3-dimethyl-
with pinacol phosphoric acid obtained from neutral hydrolysis butyl_2 phosphate and about 2 0%  pinacol cyclic phos- 
of methyl pinacol phosphate. , *1 , f  , , . f  , i ,

Conversion of the Hydrolysis Product into Methyl Pinacol Phate> the ring-opened and nng-retamed products, re-
Phosphate.— Pinacol phosphoric acid (1.605 g, 0.0892 mol) was spectively. Based on the assumption that these reac-
placed in a 125-ml erlenmeyer flask and covered with 50 ml of tions are bimolecular, it can be estimated that the rate
diethyl ether. The solution was stirred on a magnetic stirrer. constants for the two reactions of the esters with hy-
Small portions of diazomethane in ether solution were added to d ro x id e  jon  t 3Qo a re  t  leagt 2  (m o l/ L ) - i  sec - i .  These
the acid until the pale yellow color of diazomethane persisted. . , .,v ' '  , , ~  .
During addition of diazomethane, vigorous gas evolution occurred rates are, then, comparable to those obseived by Covitz
and the solution remained colorless until excess diazomethane was and Westheimer in the base-catalyzed hydrolysis of
added. The ether was removed on a rotary evaporator, where- methyl ethylene phosphate.16
upon a slightly discolored solid remained. Sublimation of the ¿-Butyl pinacol phosphate solvolyzed rapidly in 50%
solid at steam-bath temperatures at 1 -mm pressure gave 1.26 g , ,. ,, ,, „ • __ •_________________
(6.49  mmol, 7 3 %  of theory) of methyl pinacol phosphate, mp w a te r-d im e th o x y e th an e  m  m tia lly  n eu tra l so lu tion  or
99.8-101.0°. N o  depression of melting point occurred when it m the presence of cyclohexylamine. A  gas was evolved
was mixed with a sample of the ester prepared by oxidation of (presumably isobutylene), and from the solution pinacol
methyl pinacol phosphite. cyclic phosphate was isolated quantitatively as its

Solutions for basic solvolysis were prepared in each case by the cyclohexylammonium salt, 
following method. (M ixed solvent compositions refer to v/v  
per cent at room temperature.)

A  quantity of a standard solution of sodium hydroxide was Discussion
pipetted into a volumetric flask and a proportional quantity of .
the second solvent (ethanol or 1 ,2-dimethoxyethane) was then The establishment of the on I mechanism for solvoly- 
added with a pipet in order to achieve the desired solvent ratio. sis of tri-f-butyl phosphate in aqueous solvent mixtures 
The calculated amount of sodium perchlorate was added in order
to adjust the ionic strength to the desired value. The flask was A- streitwieser, Jr. “Solvolytio Displacement Reactions,' MeGraw-

£n , ... 1 , , ,, . . .  T? 1 • Hill Book Co., Inc., New York, N. Y., 1962, p 43; K. B. Wiberg, "Physical
then filled with solvent of the correct ratio. Except for the ki- 0rgaiiic Chcmistry/. John wiley & Sons, New York, N . Y„ 1964> p n 7 ,
netic runs m 50% 1,2-dimethoxyethane-water, which were car- j  E Leffler and E_ Grunwaldi »Rate3 and Equilibria of Organic Reactions,”
ried out in the volumetric flask, a quantity of the solution was John wiley & gon3> New York, N. Y., 1963, p 297.
pipetted into a bottle made of Teflon or of polyethylene. The (15) f . Covitz and F. H. Westheimer, J. Amer. Chem. Soc., 86, 1773
containers were then equilibrated with a constant temperature (1963).
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Table I

First-Obder Rate Constants for Solvolysis 
OF TR I-i-BU TYL PHOSPHATE IN VARIOUS SOLVENTS AT 60°

Half-life, k X 10'
Solvent Ester concn Base concn hr sec"1 Ionic strength Y c

50% D M E  0.0764 0.1585 8.07 2.38 0.498
H 20

50% D M E  0.0765 0.1551 9.06 2.13 0.195
H 20

40% E tO H  0.0358 0.1159 2.84 6.76 0.496 2.196
H 20

40% E tO H  0.0385 0.1140 3.14 6.13 0.0494 2.196
H 20

50% E tO H  0.0392 0.0926 6.73 2.86 0.492 1.655
H 20

50% E tO H  0.1732 0.1900 6.95 2.77 0.490 1.655
H 20

50% E tO H  0.0323 0.0337 6.01 3.20 0.494 1.655
H 20

50% E tO H  0.0312 0.0322 5.73 3.36 0.032» 1.655
H 20

50% E tO H  0.1388 0.1438 8.12 2.37 0.484* 1.655
. H 20
70% E tO H  0.0478 0.0895 17.35 1.11 0.499 0.595

H 20
70% E tO H  0.0388 0.0860 18.85 1.02 0.496 0.595

H 20
80% E tO H  0.0388 0.0757 37.60 0.51 0.496 0.000

H 20
80% E tO H  0.0480 0.0756 36.95 0.52 0.496 0.000

H 20
90% E tO H  0.0526 0.0755 82.81 0.23 0.494 -  0.747

H 20
90% E tO H  0.0442 0.0762 80.65 0.24 0.495 -0 .7 4 7

H 20

° N o  ionic salt was added in this run; the base used was cyclohexylamine rather than sodium hydroxide. b Solution was made 0.14 
N  in cyclohexylammonium di-f-butyl phosphate. c Grunwald-Winstein Y  value for these solvents taken from A. H . Feinberg and S. 
Winstein, J. Amer. Chem. Soc., 78,2770 (1956).

Table I I  Neither the di-f-butyl phosphate anion nor the mono-
First-Order Rate Constants for Solvolysis anion of ¿-butyl phosphate16 undergoes rapid carbon-
of Triisopropyl Phosphate in Water at 90° oxygen fission, although the un-ionized acids of both

Haif-iife, k x io' ionic these esters solvolyze rapidly.6,16
Ester concn Base concn hr e e c '1 strength The rRpid) dean removal 0f a single ¿-butyl group

n n ?Iq7 7n n n aqo under neutral conditions makes attractive the possibil-
0 0177 0 0191 39 90 4 83 0 499 ity of employing it as a protective group during phos-
0 0632 0 1506 41 81 4 61 0 491 phorylation of alcohols sensitive to the conditions used

to remove other protective groups. Unfortunately, our 
Table I I I  attempts to isolate di-f-butyl phosphorochloridate pre-

Second-Order Rate Constants for the Pared ^  method of Mark and Van W azer" were
Solvolysis of Triallyl Phosphate in 50% frustrated by its rapid decomposition. By contrast,

Ethanol-Water at 60° pinacolyl phosphorochloridate and pinacolyl phosphoric
k x io< acid demonstrated a stability surprising in light of the

(m oi/i.)-i ionic above observations, the latter being isolable from aque-
Ester concn Base concn sec-. strength 0us solution. Although pinacolyl phosphorochloridate

o ' o  o 'fo l phosphorylates alcohols satisfactorily, solvolysis of
014g6 0 1502 3 49 0 490 methyl pinacol phosphate afforded a mixture of ring-
0 1532 0 1897 3 32 0 490 opened and ring-retained phosphate diesters which

appeared to have arisen by nucleophilic attack on phos-
suggests that under similar reaction conditions triesters phorus. The synthetic utility of the pinacolyl group as 
r u i • •, , . . , ,, , a protective group thus seems highly limited,of phosphoric acid contaimng one or more ¿-alkyl groups ,t • • j  4 n , j- , c , l  , the complex solvolytic behavior of ¿-butyl pinacolof un-ionized ¿-alkyl di- or monoesters of phosphonc acid , , , r J ‘  ., , , , , -j r , i ,• v phosphate wilf be the subject of another commumca-may be expected to undergo rapid, heterolytic carbon- ^

oxygen fission. This behavior is analogous to that of t-
alkyl halides although halide ions are much better leav- (18) M G Newton and d R CoXi Jr._ unpubUshed resulta.

groups tnail is di-i-Diltyl phosphate anion. ( 17)  v. Mark and J. R. Van Wazer, J .  O rg. C h e m 29, 1006 (1964).
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Pentacyclodecane Chemistry. V. The Synthesis and Acetolysis of 
syn- and anti-Pentacyclo[5.3.0.02 5.039.04 8]dec-6-yl p-Toluenesulfonate. 
Evidence Concerning the Intermediacy of Bridged Carbonium Ions1

W endell L. D ill in g , Charles E. R einek e , and  R aymond A. Plepys

Edgar C. Britton Research Laboratory, The Dow Chemical Company, Midland, Michigan 48640

Received December 12, 1968

The syn and anti isomers of pentacyclo[5.3.0.02’6.03’9.04’8]decan-6-ol were synthesized by irradiation of syn- 
and araii>wfo-tricyclo[5.2.1.02’6]deea-4,8-dien-3-ol, respectively, in acetone solution. Solvolysis of the syn- 
pentacyclodecyl tosylate in unbuffered acetic acid gave almost exclusively the unrearranged syn acetate. Acetoly
sis of the anti tosylate gave mainly the rearranged pentacyclo[5.3.0.02'6.03'9.04'8]dec-6-yl acetate accompanied 
by 15% of unrearranged anti acetate. Internal return with rearrangement occurred with the anti tosylate.
The rates of acetolysis of the syn and anti tosylates were measured; rate accelerations of 1.3 X  104 and 5 X  103, 
respectively, over those predicted for unassisted solvolysis were calculated from Schleyer’s equation. Reduction 
of pentacyclo[5.3.0.02'6.03’9.04'8]decan-6-one with sodium borohydride, lithium aluminum hydride, and lithium 
tri-i-butoxyaluminum hydride gave 76-80:24-20 ratios of syn and anti alcohols, respectively. The rate of 
borohydride reduction was determined, and an attempted correlation with the solvolysis rates was made. Equi
libration of the syn and anti alcohols with aluminum isopropoxide-acetone gave a 50:50 mixture. The solvolysis 
reactions are best interpreted in terms of bridged carbonium ion intermediates, although other explanations 
cannot be ruled out entirely.

The unsymmetrical perchloro diketone 1 has been reported.5 Interestingly, this reaction generates all of 
reported to rearrange to the symmetrical chlorocarbon the five possible bishomocubyl carbon skeletons 5-10,3,6 
3 on reaction with phosphorus pentachloride.2 The qMs OH

■■ L1K)AF  [ V ^ n  +  

mP J  2Hydrolyze P z k
J  . _(••! K V  4 5

8 OH OH

0 k- tY "  V ~ r Y H

r v x <? x q  ^
p p /  « 6

4 F r cl' c'' F n  °H f F i  H r r P H
1 y 2 v j  y A j  + y 4 j  + ^ H l

p  T / ^  8 9 10

(3) The numbering for the bishomocubane system of nomenclature refers
/  I Z A T  '^M2 to the shortest path along the edges of a cube between the positions of the

two methylene bridges. Thus the five possible bishomocubanes are as fol- 
lows: pentacyclo[4.4.0.02'6.0*-8.04.7]decane, 1,1-bishomocubane; pentacyclo- 

*  [4.4.0.02.5.08-9.04-7]decane, 1,2-bishomocubane; pentacyclo[5.3.0.02-8.08-9.04>8]-
X  =  O P C L 4 or Cl, Y  =  0 or CI2 decane, 1,3-bishomocubane; pentacyclo[4.4.0.02-6.08'9.04.8]decane, l,3'-bis-

homocubane; pentacyclo[5.3.0.02*6.08-9.04'8]decane, 1,4-bishomocubane.
most reasonable pathway for this 1,3- to 1,4-bishomo- ____ ,
cubyl3 rearrangement involves a carbonium ion mech- \ — A
anism4 in which a 1,2-alkyl migration occurs in one of I_____ L  2

the cations 2. A  related reaction involving the acetoly- 4 \l A
sis of the 1,1-bishomocubyl mesylate 4 was also recently

(4) M. S. Newman and L. L. Wood, Jr., J .  A m er. Chem . Soc., 81, 4300
(1) Part IV : W. L. Dilling and C. E. Reineke, Tetrahedron L e tt., 2547 (1959).

(1967). A  preliminary account of this work is presented in this paper. (5) W. G. Dauben and D. L. Whalen, ib id ., 88, 4739 (1966).
(2) (a) P. E. Eaton, Ph.D. Thesis, Harvard University, 1960; (b) G. W . (6) The stereoisomers 8 and 9 were only isolated as a mixture and were

Griffin and A. K . Price, J .  O rg. C hem ., 29, 3192 (1964). not identified individually.8
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T able I
N mb Data fob Pentacyclodecanols“

Alcohol — CHOH—  — C— H  O— H  — CHs—

syn 8 - 4 . 0 #  (1 .0 )' - 3 . 2  to - 2 . 1  ( - )< «  -2 .2 8  ( - ) “ -1 .6 6 , ' -1 .4 1 «  (2 .0 )
anti 9 —4.28/ (1 .0 ) - 3 . 1  to - 2 . 2  (7 .9 ) -2 .0 8  (1 .0 ) -1 .6 2 »  (1.0), -1 .2 0 »  (1 .0 )
10 - 4 .0 8 (1 .0 )  - 3 . 1  t o - 2 . 3  (8 .0 ) -2 .1 5 (1 .0 )  -1 .3 9 (2 .0 )

a CDCla solution. 6 Ppm from internal T M S  (S). « Relative peak areas in parentheses. d Total relative area 9.0. • Doublet,
Jaem =  10.8 cps, with further splitting evident. 1 Triplet, J  ~  1.5 cps. » Doublet, J  iem =  11.0 cps.

presumably via a series of carbonium ion rearrange- the symmetrical alcohol 10. Of particular value for 
nients.6 analysis were the signals for the proton on the hydroxyl-

The original purpose of the work described in this bearing carbon atoms (C-6). Also, the two isomers
paper was the examination of the 1,3-bishomocubyl showed distinctly different AB quartet patterns for the
cation to 1,4-bishomocubyl cation rearrangement. The methylene group.
solvolysis of tosylate esters was chosen as the method The acetates and tosylates of the alcohols 8 and 9 
for generating the 1,3-bishomocubyl cation. After this were prepared by standard procedures. The infrared,
work was underway, it became apparent that this nmr, and mass spectra were consistent with the assigned
system was ideal for studying the possible intermediacy structures. The differences in the nmr spectra of the
of bridged carbonium ions. alcohols 8 and 9 noted above were also observed in the

spectra of the acetates and tosylates.
Results Preparative acetolysis of the syn tosylate 14 in

unbuffered acetic acid at 120° for 10 half-lives, followed 
si/n-Pentacyclo [5.3.0.02,5.03,9.04,8]decan-6-ol (8) was dy lithium aluminum hydride reduction of the acetate

synthesized by the acetone photosensitized ring closure8 product gave the syn alcohol 8 in 94% over-all yield,
of endo,syn-tncyc\o [5.2.1.02i6]deca-4,8-dien-3-ol9( l l ) . 10,11

/ J S s  , i v - r ^ 0H f p ^ 0Ts ■l:H0Â v  i y ^ 0H
w  ]—  L i n  l j

H O -'^H  (2W L H > I  ^ O 1

11 8 14 8

In a similar manner, the anti isomer 9 was prepared by There could have been as much as 4% of both the anti
irradiation of both the anti-3-dienol9 12 or the syn-10- alcohol 9 and the symmetrical alcohol 10 present in the 
dienol913 in acetone solution. syn alcohol 8 produced in this reaction. No concrete

evidence for the formation of either 9 or 10 was obtained 
K QH HQ h  other than a gas chromatography (gc) peak with a

x  —H A \  retention time corresponding to the symmetrical
h“ y \  [  /  < ^  alcohol 10. The product from unbuffered acetolysis of

( J  Mc2co j Meaco the anti tosylate IS at 120° for 10 half-lives was also
3155 \  \ 2955 H  reduced with lithium aluminum hydride. This product

12 mixture consisted mainly (85%) of the rearranged sym-
9 metrical alcohol 10 and 15% unrearranged anti alcohol

The infrared, nuclear magnetic resonance (nmr), and The presence of several per cent syn alcohol 8
mass spectra13 (see Experimental Section) were entirely 0Tg
consistent with the assigned structures. A ll attempts \
to separate mixtures of the isomeric alcohols 8 and 9 H i hoac 1200
were unsuccessful. Therefore, analyses of mixtures of \ ------- / - L. ~ — *■
these alcohols were made by nmr spectroscopy. The L   1
spectral data are given in Table I  along with those for N x ' )

(7) The terms syn and a n ti refer to the position of the functional group 15
with respect to the second methylene bridge (C-10). OH OH

(8) (a) G. O. Schenck and R. Steinmetz, Chem . B e r ., 96, 520 (1963), have V* \*
reported the acetone-sensitized ring closure of endo-dicyclopentadiene to ______ ^ —y XJ ______ ^ - ‘•y'-'H
pentacyclo[5.3.0.02-6.0! -9.04'8]decane. (b) For other related ring closures see I /  \ /
W. L. Dilling, Chem . R ev ., 66, 384 (1966). j +  ] j .

(9) R. B. Woodward and T. J. Katz, Tetrahedron , 5, 70 (1959). _  ---- I ___ I
(10) Although the structural formulas in this paper show only one / 1 Nl \  \

enantiomer, all the compounds capable of existing as optical isomers were
actually racemic mixtures. jq g

(11) The syn alcohol 8 has also been prepared by Cookson and coworkers*2
t y  the acetone-sensitized irradiation of endo,anfi‘-tricyclo[5.2.1.02*8]deca- . .  . _ _ . _ .
£ ,8-dien-io-oi. would not have been detected m this product mixture.

(12) r . c. Cookson, j. Hudec, and r . o. williams, j. ch em . S oc.. c, The over-all yield (75%) was not so high in this reaction

“ ( i s l ' f e w .  L. Dilling and M . L. Dilling, Tetrahedron . 23, 1225 (1967), “  that described above from the S y n  tosylate 14.
for the mass spectra of related compounds. SoiRG DiRCk CRrDOIlRCGOUS HlRtGria.1 WRS Rlso forniGd. ill
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T able I I

A cetolysis R ates of Pentacyclodecyl T osylates

Tosylate Temp, "C  Rate constant (see-*)“  A H 4= (kcal/mol)5 AS4= (eu)6

s ^ 14  120.0 ± 0 . 1  2.82 ±  0.04 X 10-4 27.3 ±  1.0 - 5 . 9  ±  1 6
110.0 ± 0.1 1.10 d; 0.02 ±  10~4
25 3.0 X 10- 8

anti 15 130.0 ± 0 . 1  1.18 ±  0.04 X  10-4

120.0 ± 0 . 1  5.07 ±  0.21 X  10“ 6 25.8 ±  2.4 -1 3 .2  ±  4 1
25 1.0 X  lO - 8

“ Standard deviation given .16 6 Statistical error given. 17

the acetolysis of the anti tosylate 15. The symmetrical fundamental with which it is in resonance. Since the
alcohol 1 0  was identified by spectral comparison with an ketone 18 has no formal symmetry elements, all modes
authentic sample5 as well as oxidation to the known belong to the same symmetry species. The second
ketone 16.2b'6 Acetolysis of the anti tosylate 15 at requirement is that the fundamental of the mode whose

overtone is in Fermi resonance with vc=o must be a 
Qpj motion which has sizable components in a direction
V J *  perpendicular to the motion of vc=o- The fun-

!\— r—/ 11 Na,Cr,o, — [""/ damental at 862 cm- 1  is likely to be a mode in which
T " H2gQ | | the carbon atoms adjacent to the carbonyl group

j------% 2 ‘ J------%  expand symmetrically {v “sym, C -C -C ” ), thus fulfilling
^  ^  the second requirement. The frequency 862 cm- 1  is

10 16 reasonable for this vibration, although this assignment
must be regarded as speculative. The band at 862

im o c v u i  i , , ir .... , , cm-1 has two satellites at 849 and 879 cm-1 which we
100 for slightly less than 1 half-life (28% acetate assume make a Fermi-resonance triplet. Therefore
isolated) gave approximately equal amounts of the two main Fermi-resonance hybrids near 1700
recovered anti tosylate 15 (30%) and rearranged sym- cm-x will also be slplit into triplets. This is observed
metrical tosylate 17 (30%). The symmetrical tosylate the strongest component at 1763 c m -  has reasonably

spaced satellites at 1783 and 1742 cm-1; the component at 
OTs OTs 1697 cm- 1  has satellites at 1670 and 1720 cm- 1  (shoul-

dcr ?). The first-order correction for Fermi resonance 
r y  * HOAc, ioo° r\ r y " H _ _ was made by using the approximation of Longseth and

15 17

17 was identified by comparison of its nmr spectrum where ™ lues ° f  “ ° f e ^iperturbed
with that of an authentic sam ple- No evidence (nmr, freT “ s> «■ j 1 7 6 2 ,7  « T 1) M M *  ^
infrared) for any olefinic products was detected in the are tbe obsef ed f^quencies, and A a and A ,. are the
acetolysis of ether tosylate 14 or 15. respective integrated band intensities (for which the

The solvolysis rate data for tosylates 14 and 15 in f  c S  “ “ T  ™  substituted A 1.15,
unbuffered acetic acid are summarized in Table I I . 15-17 1 7 9 0 0  i- 90 o ca Cl1a rc va ues 0 co are

In order to use Schlever’s emiatinn18 relatimr the 17 2 9 ,9  29,9  cm • Therefore, rc=0  (unper-in  order to use bcMeyer s equation relating the turbed) =  1 7 5 9  8 cm- i  (or 1 7 6 0  cm- i  to nearest
predicted unassisted solvolysis rate of secondary _ n , 0 „  ri r ,„ , , ,
f  i , , ■ & . , ;  cm 1 , and 2v “sym C -C -C ”  (unperturbed) =  1700tosylates with strain effects, one needs an accurate m, 1 7 . j p  v r ,, /

, ,  i - i  j i . i i . - r  p c m 1. 1  he calculated frequency for the first overtonemeasure of the carbonyl infrared stretching frequency of r » , , , , „ ,
., / ,  rp, . ■ r j  of the fundamental at 862 cm-1, assuming a harmonicthe corresponding ketone. I  he pertinent infrared -n , . , 0
, v  j  1 1 * 10 • • ,, T7 • oscillator, is 1724 cm-1. The anharmomcity isabsorption bands of ketone 18 are given m the Fxpen- ,, x , , , ,  , %n,, , r, rpi I-,,- ■ ,, , 1 . • therefore 1.4%, an entirely reasonable amount, lh emental section, lh e  splitting m the carbonyl region is , , , , , /u ,, „no • jj  , i j  . j? • 19 T> , ,  values of the torsional angles, (both 60 m 14 andassumed to be due to Jbermi resonance. 19 Presumably , 0 m , ,,, , . .,, . p , , J 15), needed to use bchleyer s equation18 were deter-

the mode in resonance with va=o is the first overtone • , ,  . . .  r j
p ,, , j , oco _i t j r j, , , mined by examination of molecular models of the -syn andof the band at 862 cm \ In order for a first overtone . . .  , , rp, . , , a

, , . p, . -.i p j  , 1 , anti tosylates 14 and 15. lh e  differences m the non-to be m hermi resonance with a fundamental, two , , , , , , ,, ... . . . ., , , , r, ,, , ,, r, , bonded ground-state and transition-state strain energies,requirements must be met. One is that the first pn ,. , j  ,H £ ., , . ,, GS-TS strain (14 0.4; 15, 0.3), was estimated by a
overtone must be of the same symmetry species as the ■ A j i  i i . i . i .  i i .  , „ ,,J ’ comparison of models of the tosylates 14 and 15 with

models of various similar compounds for which
(14) S. F. Brown, Senior Thesis, Princeton University, 1967. c i i i  i si
(15) These data are slightly revised from those given in our original S c h l e y e r 18 h a s  C a lc u la t e d  S t r a in  e n e r g ie s ,

communication* owing to a different method of data treatment. R e d u c t i o n  o f  t h e  p e n t a c y c lo d e c a n o n e  18 w i t h
(16) e. l. Crow, f. a . Davis, and m . w. Maxfieid, “ Statistics Manual,”  various hydride reducing agents gave primarily the

Dover Publications, Inc., New York, N. Y ., 1960, p 164. , , , _ * 1 1  Ti ^  J P .,
(17) e. l. Puriee, r . w. Taft, Jr., and c. a . DeFazio, j. A m er. c h e m . syn alcohol 8 accompanied by smaller amounts of the

S oc., 77, 837 (1955). anti epimer 9 in ratios of 3-4:1 (Table I I I ) .
(18) P. von R. Schleyer, ib id ., 86, 1854 (1964).
(19) R. C. Cookson, E. Crundwell, R. R. Hill, and J. Hudec, J . Chem .

Soc., 3062 (1964). (20) C f. R. Ryason and M. K . Wilson, J .  Chem . P h y s ., 22, 2000 (1954).
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jj OH The products from aeetolysis of the tosylates 14 and
15 are easily rationalized on the basis of stereospecific 

r\— T /  [H-] f\— r y  0H K — r ^ / H rearrangements dictated by the stereochemistry of the
....*■ j-  i-  tosylate group; i.e., only rear-side 1,2-alkyl migrations

r  — L lr — l  (r —L are permitted (Scheme I). I t  is also clear that com-
bination of the cation with the nucleophile must occur 

18 s 9 from the front side. The 1,3-bishomocubyl acetates
19 and 21 and the 1,4-bishomocubyl acetate 22 are not 
the only products which could conceivably be formed 

T able I I I  under the above specified requirements (Scheme I ) .
Hydride R eductions of P entacyclodecanone 18 Rearrangement via path b would lead to a 1,2-bis-

. Product distribution, %—. homocubyl derivative 20 while path d would lead to a
Reducting Agent Solvent syn s ana 9  ̂ derivative 23. No evidence for the formation of
N a B H 4 MeOH In ±  i 9n i  i any products other than 19, 21, and 22 was obtained.

* n i w m ’o «n +  1 20 ±  l This lack of rearrangement to products having the
' " u 3 r  ,2 , v 12 l ,? carbon skeletons of 20 and 23 (and to the 1,1-

80:20 ratio for this reaction. bishomocubyl skeleton as in 5) is entirely reason
able when one considers the relative amounts ot 
strain present in these systems as judged by an

The rate of sodium borohydride reduction of the examination of molecular models. The order of 
ketone 18 in 2-propanol at 0° was found to be 0.144 ±  decreasing strain in the bishomocubyl carbon skeletons
0. 007 M ~l sec-1. Using the 76:24 ratio (Table I I I ) ,  one is probably 1,1 >  1,2 >  1,3' >  1,3 >  1,4 owing to the 1,1
calculates partial rate factors of 11.0 X  10-2 M ~l sec-1 system having four cyclobutane rings fused together, 
for hydride attack from the anti direction to produce the 1,2 system having three cyclobutane rings fused
the syn alcohol 8 and 3.5 X 10~2 M _1 sec-1 for attack about a single carbon atom, the 1,3' system having
from the syn direction to produce the anti alcohol 9. three cyclobutane rings fused in a linear arrangement,

Equilibration of the epimeric alcohols 8 and 9 with the 1,3 system having two cyclobutane rings fused, and
aluminum isopropoxide and acetone in 2-propanol at the 1,4 system having two isolated cyclobutane rings.
120° gave equal amounts of the two isomers within Dauben and Whalen’s6 results starting from the 1,1- 
experimentalerror (50 ±  1:50 ±  l ) . 21 bishomocubyl system are thus entirely reasonable.

With the data at hand, we have no evidence con
cerning the rearrangement of the syn tosylate 14 to 

QH the enantiomeric carbon skeleton (Scheme I). Work
Ai(Oi-Pr)3,Me2co H is currently under way to test this point. I t  is con

's------ / t-PrOH, 120° \ — !—/ ceivable that the syn acetate 19 formed in this reaction
____ J L __ J arises simply by a substitution reaction proceeding

with retention of configuration without any skeletal 
g 9 rearrangement, although we favor a reaction involving

rearrangement (see below). Solvolysis of 7-norbornyl 
tosylate or brosylate leads to a high degree of retention 

Discussion without skeletal rearrangement in the formation of the

The skeletal rearrangement which occurs on 7-norbornyl product.22-23
solvolysis of the anti tosylate 15 shows that the 1,3- Reasonably good first-order kinetics were obtained 
bishomocubyl cation can rearrange to the 1,4-bisho- f ° r the aeetolysis of the anti tosylate 15 up to 80-90%
mocubyl cation if the stereochemistry of the leaving completion of the reaction, even though considerable
group is appropriate. This observation lends sup- rearrangement to the 1,4-bishomocubyl tosylate 17
port to the mechanism proposed above for the rear- occurred during aeetolysis. The infinity titrations
rangement which occurs on chlorination of the diketone were also in good agreement with the theoretical
1. Also, one step in the mechanism proposed by values. These results imply that the aeetolysis rate
Dauben and Whalen6 for the rearrangements occurring for the 1,4-tosylate 17 is nearly the same as that for
on solvolysis of the 1,1-bishomocubyl mesylate 4 is the anti 1,3-tosylate 15. Unpublished work by 
substantiated by this observation. Schleyer and Brown shows this to be true; k\2° =

The fact that distinctly different products are 6 86 x  10-5 sec- i.u  The low material balance (75%)
formed on aeetolysis of the syn and anti tosylates 14 and blackeni of the reaction mixture on acetoiysis of
and 15 shows that none or very little of a common the anU t late 15 indicate some ri ning
intermediate is formed in the two reactions. I  his , , , , . ,.
observation rules out any free or symmetrically * ° ° lefinlC+. products followed by polymerization or
solvated (i.e. free of leaving group effects) nonbridged ecomposi ion. . ,
carbonium ions as intermediates. A  planar sp2 The simplest and most consistent explanation for 
carbonium ion carbon atom is assumed although a ™e stereochemical results of the solvolyses of the
suggestion has been made that the structurally similar (22)  (a) r .  b . Miles, j . A m er. ch em . so c ., 90, 1265 (1968); (b) p. g . 
7-norbornyl cation may be nonplanar.22 Gassman, J. M . Hornback, and J. L. Marshall, ibid., 90, 6238 (1968).

See however (e) J. E. Williams, Jr., R. Sustmann, L. C. Allen, and P. von R . 
Schleyer, ibid., 91, 1037 (1969).

(21) Our previously reported1 distribution for this equilibrium was in (23) (a) P. G. Gassman and J. M . Hornback, ibid., 89, 2487 (1967);
error. (b) F. B. Miles, ibid., 89, 2488 (1967).
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epimeric tosylates 14 and 15 is the intermediacy of the for the observed stereochemistry, as has been done for
bridged ions 24 and 25.24 the 2-norbornyl system.24* Studies on hydride

reduction of 1.3-bishomocubanone 18 and equilibration 
\ of the syn and anti alcohols 8 and 9 (see below) show

that both faces of the carbonium ion at C-6 should be
\  1 / __  ̂ readily accessible to approach by a nucleophile.

I An alternative explanation, which is not so easily
\ T ~ \ j dismissed, is the intermediacy of two sets of rapidly

^  equilibrating nonbridged ion pairs 26 and 27, which
14 could be generated from the tosylates 14 and 15

. -1 respectively. Thus no common intermediate would be
>  J X .  ■

H

I ^ T  a  A v  HOAc ^ / X > T s  +|

|( =  \ ' V  19 f\ZW  ^  r v = ^ '0Ts

26
OTs

-0 T .J 1 ” y - O T .

m  -  m  ~  i C L^  W M3
15 27

I /  21 formed from the two tosylates 14 and 15 if these ion
_ — ^  pairs were the intermediates. One must still have
\ — 'yj( __ ' ' / /  HOAc some mechanism to account for the almost exclusive
L __P =  \ /\  /  retention of configuration in these reactions, results

*t "+ \  > ^ 2 2  which are opposite to those usually observed for
k a J Sn I reactions where complete racemization does not

25 occur. Even with the a-phenylneopentyl system,
The observed stereochemical retention in these w1h e re ™  mi£ht expect some net retention due to

substitution reactions could not have been due to S -0  sten,ci hlndraif e to rearside a^ ac^  the stereochemical
bond cleavage,26 as evidenced by the fact that the result is 10% net inversion.» Two phenomena are
acetates 19, 21, and 22 were the primary reaction Possible to account for the observed retention One
products, not the alcohols 8, 9, and 10. The concept m7°lvf  rearrangements which are so rapid that
of rapidly equilibrating nonbridged ions26 (free or solv®nt molecules are not able to attack the cation
symmetrically solvated) does not appear to give a 2!nter on the side opposite the tosylate anion.26.22
reasonable explanation, since one of the nonbridged The second explanation for retention involves assistance
ions (Scheme I ) from both tosylates is the same (as- ^  tbe a“ on\° ^ a c e t ic  acid molecule attacking from
suming a planar sp2 carbonium ion); thus the same tbe ^  Slde' Tbis ^  of explanation has been
products would be expected from either tosylate, and i 1 l  retef 10£  observed Wlth -Sevf ral
such is not the case. The only apparent way for this ^ m e t h y l  p-mtrobenzoates;3° a process approximating
explanation to be valid is for the equilibration between an+ S+N1 r3eactl on 18 aPPanmtly responsible for this
the two nonbridged cations to be faster than the C-6 [ etentl°m 31 However, the stereospecificity was much
carbon-hydrogen bending vibration, a situation which lower “  these reactions than that which we observed,
for all practical purposes would be the same as a even though the p-mtrobenzoate anion is a stronger
vibrating bridged ion. A  steric effect cannot be base than the tosylate anion.
invoked in these bishomocubyl cations as the reason Another crlter!on u+suaUy  employed m elucidating

t h e  m e c h a n is m  o f  r e a c t io n s  i n v o l v i n g  a  p a r t i c i p a t i o n  is

(24) For reviews of the bridged-ion problem, see (a) a . streitwieser, Jr., rate enhancement.32 The major problem encountered
“ Solvolytic Displacement Reactions," McGraw-Hill Book Co., Inc., New in  these arguments, aS Well a s  in the present Study, is
n°r*k’, No Y,\ T 2' lb) J: A' BP K,"' “Mo“ ®ear;anf 1”“ nt3;” trying to decide what the rate would be in the absencePart 1, P. deMayo, Ed., Interscience Publishers, Inc., New York, N. Y., /  . . . . .
1963, p 111; (c) P. D. Bartlett, “ Nonclassical Ions,”  W . A. Benjamin, Inc., 01 p a r t i c i p a t i o n  Or a n c h im o r iC  aSSIStanCG. D1D.C6 th.6 
New York, N. Y ., 1965; (d) G. D. Sargent, Q uart. Rev., 20, 301 (1966);
(e) B. Capon, M. J. Perkins, and C. W. Rees, “ Organic Reaction Mechanisms, (27) S. Winstein and B. K . Morse, ib id ., 74, 1133 (1952).
1965,”  Interscience Publishers, New York, N. Y ., 1966, p 1; “ Organic Re- (28) (a) P. S. Skell and R. J. Maxwell, ib id ., 84, 3963 (1962); (b) G. J.
action Mechanisms, 1966,”  Interscience Publishers, New York, N. Y ., 1967, Karabatsos, R. A. Mount, D. O. Rickter, and S. Meyerson, ib id ., 88, 5651
p 1; (f) H. C. Brown, Chem . B r it . , 199 (1966); Chem . E n g . New s, 45, No. 7 (1966); (c) H. C. Brown and M. H. Rei, ib id ., 86, 5008 (1964).
86 (1967); (g) G. A. Olah, ib id ., 45, No. 14, 77(1967); (h) H. L. Goering (29) I f  the rearrangement is truly this fast, it would appear that the ions
and G. N. Fickes, J . A m er. Chem . Soc., 90, 2848, 2856, 2862 (1968). involved would be essentially single vibrating bridged ions.

(25) See (a) C. W. Shoppee and G. A. R. Johnston, J .  Chem . Soc  , 3261 (30) (a) H. L. Goering and S. Chang, Tetrahedron L e tt., 3607 (1965);
(1961), (b) C. A. Bunton and Y . F. Frei, ib id ., 1872 (1951). (b) H. L. Goering, R. G. Briody, and J. F. Levy, J . A m er. Chem . Soc., 85,

(26) (a) H. C. Brown, K. J. Morgan, and F. J. Chloupek, J . A m er. Chem . 3059 (1963).
Soc., 87, 2137 (1965); (b) H. C. Brown, R. Bernheimer, C. J. Kim, and S. (31) H. Hart and H. S. Eleuterio, ib id ., 76, 1379 (1954).
E. Scheppele, ib id ., 89, 370 (1967). (32) P. von R. Schleyer, ib id ., 86, 1856 (1964).
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Scheme I
HI
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OAc
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\ ------!— /  23

3
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6-pentacyclodecyl system contains the 7-norbornyl tively. I t  appears to us that Schleyer’s equation is
nucleus, one might choose the latter as a model18,33 the best model for estimating unassisted solvolysis
for predicting the unassisted rate for the former. On rates at the present time, although the use of this
this basis, the rate accelerations for both the syn and correlation has come under attack.36
anti tosylates 14 and 15 at 25° are ca. 106-106.34 How- Another means of detecting unexpectedly high 
ever, the carbonyl stretching frequency of 7- solvolysis rates is a correlation between these rates
norbornanone is 1773 cm-1 33 while that for 6-pentacy- and the rates of sodium borohydride reduction of the
clodecanone 18 is only 1760 cm-1. Because the car- corresponding ketones.37 Such a correlation is shown
bonyl stretching frequency is sensitive to and reflects in Figure 1. A ll of the data except those for the two
the C-CO-C bond angle, and ionization of the cor- pentacyclodecyl systems are taken from Brown and
responding tosylate system is inhibited by a small Muzzio’s paper.37 This series of bicyclic compounds,
O C -C  angle, the 7-norbornyl system may not be a excluding the pentacyclodecyl systems and those for
good model. Schleyer18 has developed an equation which anchimeric assistance is believed to be operative
which utilized the carbonyl frequency of the ketone in solvolysis, such as anff-7-norbornenyl, show at best a
corresponding to the secondary tosylate in question as qualitative relationship between the rates of solvolysis
well as several other strain factors for calculating and borohydride reduction as pointed out by these
unassisted solvolysis rates. The calculated unassisted authors. The correlation line drawn between the
solvolysis rate constants at 25° for the syn and anti cyclopentyl and 7-norbornyl compounds, as suggested
tosylates 14 and 15 are 2.3 X 10-18 sec-1 and 1.9 X  by these authors, is one which gives a reasonable locus
10~13 sec-1, respectively, which correspond to rate for the remaining points. Using this correlation line,
acceleration factors of 1.3 X 104 and 5 X  103, respec- one calculates rate accelerations of 320 and 1300

^ respectively for acetolysis of the syn and anti tosylates
(33) C. S. Foote, J . A m er. Chem . Soc., 86, 1853 (1964). J
(34) The rate of acetolysis of 7-norbornyl tosylate at 25° is 6.4 X 10“ **

sec 1,35 (36) H. C. Brown, I. Rothberg, P. von R. Schleyer, M. M. Donaldson, and
(35) S. Winstein, M . Shatavsky, C. Norton, and R. B. Woodward, J. J. Harper, P ro c . N a t. A cad . S c i. , 56, 1653 (1966).

J .  A m er. Chem . Soc., 77, 4183 (1955). (37) H. C. Brown and J. Muzzio, J .  A m er. Chem . S oc ., 88, 2811 (1966).
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14 and 15. However, owing to the poor correlation in 5i---------- 1-------- 1----------1---------- 1--------- 1---------
general for the points in Figure 1, we cannot state
unequivocally, based on this correlation, whether or A  g
not there is anchimeric assistance to ionization in the 4 -  \ ®  ®
solvolysis of the 1,3-bishomocubyl systems. \

It  appears to us that the kinetic data indicates the \
possibility of anchimeric acceleration in the solvolyses 3 -  \ ®
of the tosylates 14 and 15, but that an unambiguous _ \  O f
answer cannot be given at the present time. The C O \ o
stereochemical results appear to us to be most con- 2 -  \
sistent with and most simply explained by the inter- ®  \ ^  °  H
mediacy of bridged cations. However we cannot rule ~  ^ \
out certain other possibilities such as two noninter- ¡g | _ \
converting sets of rapidly equilibrating non-bridged ~  \
ion pairs. 5> '

The predominance of anti attack in the hydride ^  q _ ®  0 \  OK
reductions of the ketone 18 can be rationalized by an ft I J .
examination of molecular models. Due to the meth- ^  \
ylene group at C-10, the hydrogen atom on C-l «  -| — \
projects upward toward the methylene bridge at C-6. g  \ O M
The other three hydrogen atoms at C-2, -4, and -8 lie u, u  L \ q
essentially in the plane described by C-2, -4, and -8. °  2 \ N

g  \
anti—►!-<— syn u \

(V h > _•* _ \
r 7 < L ^ ~ h § \ o o

s \
\ /  /  CO -4 -  \3 \

This steric approach control38 in these reductions is _ g _  \
expected because of the strained nature of the sp2 \
carbon atom (C-6) in the ketone 18, which would lead to \
a transition state similar to the reactants. On the -6  -  \
other hand, the 50:50 distribution obtained on equili- \
bration of the alcohols 8 and 9 indicates equal ther- '
modynamic stability for the two isomers, i.e., very O
little or no effect of the C-l hydrogen atom. The
hydride reductions are expected to be more sensitive to ---------4---------j---------X-------- T --------1---------
steric effects than the equilibration, owing to a per- |_0G PARTIAL RATE FACTOR BH4  REDUCTION (O * )+ 4
pendicular attack of the reducing agent on the car- „. , T„ , , ,  , ,. , , . , ,
r  , , , m, , i Figure 1 .— -Plot of logarithms of the relative rates of tosylate
bonyl^carbon atom. The actual energy differences acetolysis vs. the logarithms of the partial rate factors for boro- 
(AAF~) in the two modes of reduction are not great, hydride reduction. 
ca. 0.7-0.8 kcal/mol. a

Experimental Section

Melting points were determined in capillary tubes and are
corrected. Boiling points are not corrected. Infrared spectra A  B C D
were recorded using a Perkin-Elmer 337 double grating spec- A . .
trometer by M r. F . L . Beman and coworkers. The precision |\_ f j I 1 (Ji.
infrared carbonyl frequencies of the ketone 18 were measured /^\  '"7  A \ y ' x .  \  —
directly with the optical read-out on a Beckman IR -9  spectrometer \  /  V A , /
by D r. W . J. Potts, Jr., and coworkers. Nuclear magnetic
resonance (nmr) spectra were obtained by M r. Beman and E F G  H
coworkers with a Varian A-60 spectrometer. The chemical shifts a a
are reported in ppm (5) relative to internal tetramethylsilane. i
Mass spectral analyses were performed by M rs. W . L . Dilling q
and coworkers with a magnetically scanning 90° sector spec- —  y |
trometer using an electron ionizing voltage of 75 eV and a I (y  |
vaporizer temperature of 200° unless specified otherwise. H igh I J K L
resolution mass spectra were obtained by D r. L . A . Shadoff with
a Consolidated Electrodynamics 21-110B spectrometer. Micro- \
analyses were determined by M r. L . E . Swim and coworkers.
Gas chromatographic (gc) analyses were performed with a F  &  \  I /  \  1 /  •—  ^
M  500 gas chromatograph. Thin layer chromatographic analyses I I I\. N.
were performed by D r. N .  E . Skelly. k^ — k^ k^ — k

(38) C f. H. O. House, “ Modem Synthetic Reactions,”  W . A. Benjamin, ^

Inc., New York, N. Y „  1965, pp 28-32. M  N O  P
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endo,syn-Tticyc\o[5.2.1.02-6] deca-4,8-dien-3-ol (11).— The first a sample of the alcohol 9, mp 160-164°, showing infrared and
preparations of this material were made by the lithium aluminum nmr spectra identical with those reported above for 9.
hydride reduction of emfo-trieyclo[5.2.1.02'6]deca-4,8-dien-3-one A ll attempts to separate mixtures of the isomeric alcohols 8
(28).9 In some cases products resulting from reduction of the and 9 were unsuccessful. Crystallization from heptane and subli-
conjugated double bond occurred. These side products could be mation of an 80:20 mixture of 5 and 6 did not result in any frac-
eliminated by using aluminum hydride in place of lithium alu- tionation.13 The two alcohols had the same retention time on 17
minum hydride. different packed gc columns.13 A  mixture of 8 and 9 emerged as

A  slurry of aluminum hydride39 in ether was prepared by adding a single peak, fit 28 min, from a 100 ft X  0.01 in. capillary
aluminum chloride (0 .4  g, 3 mmol) in small portions to a stirred column coated with l , 2 ,3-tris(2-cyanoethoxy)propane operated
mixture of lithium aluminum hydride (0.38 g, 10 mmol) in 60 at 100°. Thin layer chromatography of the alcohol mixture on
ml of dry ether.. silica gel G  with chloroform produced only one spot on develop-

To this stirred slurry of aluminum hydride and lithium chloride, ment. 
a solution of the ketone 28 (0.50 g, 3.4 mmol) in 10 ml of ether was sj/n-Pentacyclo[5.3.0.02>c.03A 0 4’8]dec-6-yl Acetate (19).— A  0.50- 
added dropwise. The reaction mixture was stirred for 0.5 hr at g (3.4 mmol.l sample of the mixture of alcohols (80% 8 , 20% 9)
room temperature and hydrolyzed by the cautious addition of 5 obtained from the lithium aluminum hydride reduction of the
ml of water followed by 15 ml of 5 IV hydrochloric acid. The corresponding ketone 1813 was converted to the acetate mixture
ether layer was separated, washed with water, and dried (M gSO*). by  stirring with 2 ml of acetic anhydride in 5 ml of pyridine at
Evaporation of the solvent and sublimation of the residue at room temperature for 24 hr. The mixture was treated with 20
100° (0.5 mm) afforded 0.38 g (76% ) of dienol 11. Analysis by  ml of water and extracted six times with 10 ml portions of pen-
gc (column A , 10-ft X  0.25-in. 20% Apiezon L  on 60-80 mesh tane. The combined extracts were washed once with water,
Chromosorb W A W , 150°, helium flow rate 150 ml/min) showed once with 10% hydrochloric acid, and again with water. After
only one peak for the alcohol 11. The infrared and nmr spectra drying over anhydrous sodium sulfate, the pentane solution was
were identical wth those of a sample prepared by the lithium decanted from the drying agent, and the pentane was removed
aluminum hydride reduction; the mixture melting point was under vacuum to give 0.58 g (90% ) of acetates (80% 19, 20%
not depressed. 21): > w  2980 (s), 2865 (w ), 1740 (s), 1460 (w ), 1380 (m ),

S2/n-Pentacyclo[5 .3 .02'6.0 3>9.0 4’8]decan-6-ol (8 ).-— A  solution of 1360 (w ), 1277 (s), 1251 (s), 1231 (s), 1071 (m ), i042 (s) cm -1;
the syn dienol 1 1  (3.8 g, 26 mmol) in 140 ml of redistilled acetone nmr spectrum (CCh), a broad singlet at —4.96 (0.21 H , -C H -
was purged with a slow stream of purified nitrogen for 1.5 hr. O A c - of 2 1 ), a broad singlet at —4.70 (0.84 H , -C H O A c -  of
The solution was irradiated with a 450-W Hanovia medium 19), a broad multiplet at —3.1 to —2.3 with maximum intensity
pressure mercury arc lamp (time 679 A )  through a 9700 Corex ____ . , , , .
filter. The reaction was followed by gc analysis (column A , at ~ 2 ' 68 (8-° H - “ C -H ),  a singlet at -1 .9 7  (2.4 H , C H 3C 0 2-  of
225°, 40 ml/min): 11, fit 7.7 min; 8 , fit 9.7 min. After irradia- 19)> a singiet at _ i .8 7  (0 .6 H , C H 3C 0 2-  of 21), and a pair of
tion for 1.5 hr, the conversion of 11 to 8 was essentially complete. asym m etrical doublets (with further ill-defined splitting) cen-
An additional 6.3 g  (43 mmol) of the alcohol 11 was completely tered -at -1 .6 6  and -1 .3 9  ppm (1.9 H , -C H 2-  of 19, J ,m  =
reacted after 2 hr of similar treatment. The acetone was re- n .0 cpS) minor absorption for -C H 2-  of 2 1 also visible, see
moved m  vacuo from the combined reaction mixtures to give 10.7 following); mass spectrum, ro/e 190 (M + ), 82 (C 5H 60+, base
g  of a viscous yellow oil. This crude product was sublimed twice peak). Gc analysis (column A , 200°, 40 ml/min) showed a
at 110° (0.5 mm) and recrystallized once from hexane to give single peak, fit 23.4 min.
2.0 g (20% ) of crystalline product 8 . Further recrystallization anii'-Pentacyclo[5.3.0.02.5.03'9.04.8]dec-6-yl Acetate (21).— As
gave a sample, mp 175-176 (lit. 12 mp 180-181 ), 3640 (w ), described above for the syn isomer, a solution of the anti alcohol
3340 (m, br), 2975 (s), 2860 (m ), 1455 (w ), 1340 (m ) cm ; vm„  p (0.50 g, 3.4 mmol) and 2 ml of acetic anhydride in 5 ml of
1290 (m ), 1264 (m ), 1245 (m ), 1206 (w ), 1196 (m ), 1162 (m ), pyridine was converted to 0.66 g (103%) of the anti acetate 21:

4129  ¿So / T k7Ss); \°4! i s)/ V  win ^  7«o 2980 (s )’ 2865 (w )> 1740  (s )’ 1460 (w)> 1380 (m )’ 1360  (w ) ’(m )> 889 (w )> 878 (w )> 846„ (7 \ ’ 835 (m ) 800 (w ) 789 (w),,768 129g (m )) 12 68 (s), 1251 (s), 1230 (m ) 1219 (m ), 1204 (m ), 1077
(w ), 698 (m ), 619 (w ), 547 (w ), 520 (w ), 481 (w ) cm . N m r (m ) ; 1 Q45  (g), ggg (m ) cm-i .  nmr spectrum (CDC13), a broad
spectral data are given m Table I. The mass spectrum was singlet at —5.06 (0.9 H , -C H O A c -), a broad multiplet at —3.0
consistent with that reported previously.13 to -2 .4  with maximum intensity at -2 .7 9  and -2 .6 5  (7.9 H ,

Anal. Calcd for C i0H I2O: C, 81.04; H , 8.16; mol wt, 148. | J
Found: C, 81.4; H , 8.09; mol wt, 148 (mass spectroscopy). — C -H ),  a singlet at — 1.94 (3.1 H , C H 3C 0 2), and a pair of

<mif-Pentacyclo[5.3.0.02’s.03>9.04>8]decan-6-ol (9).— A  solution I
of endo,anti-tTioyclo[5.2.1,02>6]deca-4,8-dien-3-ol9 (12) (10.0 g, unsymmetrical doublets (with further ill-defined splitting) cen-
67.6 mmol) in 150 ml of acetone was irradiated as described above tered at — 1.66 and — 1.25 ppm (2.1 H , -C H 2- ,  j gem 11.0 cps);
for the syn isomer. The reaction was also followed by gc analysis mass spectrum, m/e 82 (CsH60  *, base peak),
as described for the syn isomer: 12, fit 8.2 min; 9, 9.7 min. Anal. Calcd for Ci2H M0 2: C , 75.76; H , 7.42; mol wt, 190.
After irradiation for 6.5 hr, the conversion of 12 to 9 was essen- Found: C , 75.6; H , 7.16; mol wt, 190 (mass spectroscopy), 
tially complete. The acetone was removed to give 12.8 g of analysis showed ca. 2%  lower-boiling impurity,
viscous yellow oil containing some crystalline material. Sublima- s)/n-Pentacyclo[5.3.0.02’6.03'9.04's]dec-6-yl p-Toluenesulfonate
tion twice at 100° (0.5 mm) gave 5.1 g of soft white crystals. (14). According to the method of Tipson ,40 the syn alcohol 8
Recrystallization once from hexane gave 3.1 g (31% ) of the (°-76  g> 5-1 mmol) and p-toluenesulfonyl chloride (1.0 g, 5.2
alcohol 9 , mp 145-155°. Additional recrystallization gave a mmol) in 5 ml of pyridine were mixed at 0° and stirred at 0° for 
sample: mp 164-166° (lit . 12 mp 171-172°); „££• 3640 (w ), 3340 1 h r- The mixture was stirred at room temperature for 2 hr, and
(m, br), 2975 (s), 2860 (m ), 1455 (w ), 1340 (m ) cm“1; i w  1297 then> whlle cooling in an ice bath, treated with 30 ml of water,
(m ), 1245 (m ), 1202 (m ), 1185 (m ), 1090 (s), 1078 (s), 1052 (s), The resulting milky mixture was extracted three times with 20-ml
1031 (m ), 10 10  (w ), 980 (w ), 953 (w ), 948 (m ), 926 (m ), 899 portions of methylene chloride, and the combined organic ex-
(w ), 879 (w ), 847 (w ), 806 (w ), 779  (w ), 768 (w ), 708 (m ), 636 (w ), tracts were cashed once with water, twice with 20-ml portions
553 (w ), 502 (w ), 462 (w ) cm "1. Nm r spectral data are given in of 10%  hydrochloric acid solution, and again with water. After
Table I. The mass spectrum was consistent with that reported drying over anhydrous sodium sulfate, the drying agent was 
previously. 13 J removed by filtration, and the methylene chloride was removed

Anal. Calcd for C ,0H 12O: C , 81.04; H , 8.16; mol wt, 148. in  vacuo to  give ] -35 g (87% ) of crude syn tosylate 14. Four
Found: C , 81.2; H , 8.15; mol wt, 148 (mass spectrometry). recrystallizations from hexane gave a sample for analysis and

B y  the procedure described above, a solution of endo,syn- kinetic studies: mp 64.5-65.5°; v’J if  2990 (m ), 2940 (w ), 2870
tricyclo[5.2.1.02’6] deca-3,8-dien-10-ol9 (13) (6.2 g, 42 mmol) in (w ). 1375 (m ), cm“1; ><„.* 1192 (s), 1180 (s), 988 (s), 962 (m ),
150 ml of acetone was irradiated for 2 hr. The gc retention time 939 (m ), 918 (m ), 890 (m ), 857 (s), 815 (m ), 669 (s), 563 (s)
of 13 under conditions described in the preceding section was cm -1; nmr spectrum (CCh), a pair of unsymmetrial doublets
8.2 min. Removal of the acetone gave 7.0 g of a yellow oil which centered at —7.74 and —7.28 (3.7 H , A r -H , J =  8.2 cps), a
partially crystallized on cooling. Sublimation at 80-90° (0 .5- broad singlet at —4.50 (1.0 H , -C H O T s - ),  a singlet at —2.45
1.0 mm) and crystallization from pentane gave 1.81 g (29% ) of (A r -C H 3) superimposed on a broad multiplet at -3 .1  to -2 .3
crystals. Three additional recrystallizations of this material gave ______________

(39) M. J. Jorgenson, Tetrahedron L e tt., 559 (1962). (40) R. S. Tipson, J .  Org. Chem ., 9, 235 (1944).
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... . . . .. , ... , , , J, , ganie extracts were washed with saturated sodium bicarbonate
wRh maximum intensity at -2 .6 5  (10.9 H  total, - C - H - ,  and solution and with water, and then dried over anhydrous sodium

a pair of unsymmetrical doublets (with further ill-defined split- sulfate. The drying agent was removed by filtration, and the
ting) centered at -1 .6 5  and -1 .3 7  ppm (2.4 H , -C H 2- ,  J 3em =  methylene chloride removed under vacuum to give 0.93 g (80%
11 cps); mass spectrum (ca. 40°, direct probe sample introduc- yield) of an ace,ate as shown by the infrared spectrum. No
tion), m/e 130.0781 (C 10H 10+, m/e ealed 130.0783, base peak). tosylate or alcohol bands were observed in the infrared spectrum.

Anal. CalcdforCnHisOsS: 0,67.52; H, 6.00; S, 10.60; nu- A  sample of the product acetates (0.80 g, 4.2 mmol) in 5 ml of 
clidic mass, 302.0977. Found: C, 67.2; H .5.88; nuclidie mass, dry ether was added dropwise to a stirred slurry of 0.23 g (6
302.0980. mmol) of lithium aluminum hydride in 15 ml of ether. After

areh-Pentacyclo[5.3.0.02'5.03'9.04'8]dec-6-yl p-Toluenesulfonate stirring at room temperature for 15 hr, the reaction mixture was
(15).— As described above for the syn isomer, 1.96 g (13.2 mmol) hydrolyzed by the addition of 1 ml of 5%  sodium hydroxide
of the anti alcohol 9 and p-toluenesulfonyl chloride (2.7 g, 14 solution followed by 0.5 ml of water. The insoluble salts were
mmol) in 10 ml of pyridine were converted to 4.0  g of tosylate, removed by  filtration, and the ether filtrate was dried over
obtained as a brown oil. Crystallization from hexane gave 3.6 g anhydrous sodium sulfate. The ether was removed by distillation
(90% ) of crystalline tosylate, 15, mp 61-70°. A  sample was to give 0.58 g (94% yield from acetate, 75% from tosylate) of
recrystallized for analysis and kinetic acetolysis: mp 78-78.5°; crystalline alcohcl product, mp 115-135°. Nm r analysis of this
> w  2990 (m ), 2740 (w ), 2870 (w ), 1375 (m ) cm”1; r„„  1193 (s), product showed it to be a mixture of 15% anti alcohol 9 and 85%
1179 (s), 989 (s), 974 (m ), 923 (s), 900 (m ), 859 (m ), 833 (m ), pentacyclo[5.3.0.32'6.03’9.04’8] decan-5-ol (10) based on the reso-
814 (m ), 669 (m ), 563 (s), cm "1; nmr spectrum (C D C b ), a nances at -4 .2 8  and -4 .0 7  ppm, respectively. Gc analysis
pair of unsymmetrical doublets centered at -7 .7 6  and -7 .3 2  under conditions described in the preceding experiment showed
(3.9 H , A r -H , J vic 8.3 cps), a broad singlet at -4 .8 5  (1.0 H , two overlapping peaks with retention times of 23.6 min (10) and
-C H O T s -), a singlet at -2 .4 4  (A r -C H 3) superimposed on a 2 5 -2 min W -  The relative amounts were approximately the
broad multiplet at -3 .0  to - 2 .2  with maximum intensity at same 85 those shewn by nmr analysis. Injection of a mixture of

I the reduction product and a known sample of the anti alcohol 9
—2.68 and —2.56 (10.9 H  total, — C -H ),  and a pair of un- caused enhancement of the minor peak. On a 10 ft X  0.25 in.

, , , , J„ , , , . „ tt Ucon Polar column at 200°, thered uction mixture showed two
symmetrical doublets centered at -1 .6 0  and -1 .1 9  ppm (2 2 H , with retention times of 4 4 .7  and about 4 6 .0 min. The
-C H 2- ,  110 cps); mass spectrum (ca. 40 direct probe retention time of the anii alcohol 9 was 4 6 .! min under identical
samp e in ro uc ion), m/e ( io 10 , ase p e a ) .  conditions. The presence of several per cent syn alcohol 8 would

Anal. Calcd for C 17H 180 3S: C , 67.52; H , 6.00; S, 13.60; not have been detected bv  nmr or ec 
nuclidie mass, 302.0977. Found: C , 67.6: H , 5.80; nuclidie _  ... . . V 7 . , . ,
mass 302 0983 ’ Recrystalhzation of the alcohol mixture twice from pentane

Prenarative Acetolvsis of sun Tosvlate 14 — A  solution of the gave ° ’23 g of alc3ho1 10 (containing 10% of the anti alcohol 9): Preparative Acetolysis of syn iosylate 14 A  solution ot the 143 - 144° (lit,9 mp 137-140°); C  3640 (w ), 3330 (m, br),
syn tosylate 14 (0.89 g, 2.9 mmol) m 50 ml of glacial acetic , onOA x 0oka / \ ™ - i .  cs io nn /
acid was heated at 120° in a constant temnerature bath for 2970 (s)> 2920 (m "  2850 (m )cm  »; 1300 (m ), 1272 (m ), 12o0aCf  J*?  H r ,  ■( constant temperature bath lor (m ) 1085 (s) 1074 (s) 1050 (s) 1012 (m ) 922 (m ) cm -1; nmr
7 hr (10 half-lives). After cooling to room temperature, the ' , X l ™  . / , . , , . , A„ G  n A A IT %. . I . , . , 6 , - ., , , spectrum (CD Ch ,, a broad singlet at —4.08 (0.90 H , -C H O H - )
mixture was poured into 300 ml of water, ann the cloudy mixture r  , , , „ 5  c n\ 1. , , , o ,* , j  , 1 1 , ,  . ,  X . . , „ ", ,, (0.10 H  also appeared a t —4.28 for 9), broad multiplet at — 3.1was extracted with methylene chloride (2 X  100 ml, 3 X  50 m l). ' „ „ . . . •, . „ m „ -3  , 0rp, • .. /  , . . , . to —2.3 with maximum intensity at —2.91, —2.70, and —2.51
Ihis reaction was much cleaner, giving less insoluble material I
than was observed in the solvolysis of the isomeric anti tosylate (8.0 H , -C -H ) ,  a singlet at -2 .1 5  (1.0 H , O -H ),  and a singlet
12 (see below). The combined extracts were washed with 5%  I
sodium bicarbonate solution (100 ml, 50 m l) until the aqueous at — 1-39 ppm (2.0 H , -C H 2- )  (minor absorption at — 1.7 to
layer remained basic to bromophenol blue indicator, washed once — 1.1 also appeared for 9); mass spectrum, m/e 148 (M +), 66
with water (100 m l), and dried over anhydrous sodium sulfate. (C 5H 6+, base peak). The infrared and nmr spectra were in
Removal of the drying agent by filtration and evaportion of the agreement with the spectra of the symmetrical alcohol 10 provided
methylene chloride under vacuum gave 0.62 g of crude product. by Professor W . G . Dauben.5
Infrared and nmr spectral analyses showed cnly acetate absorp- B. At 100° for One Half-life. Pentacyclo[5.3.0.02'6.03’9.04’8]-  
tion; no tosylate or alcohol was detected. Gc analysis (column dec-6-yl p-Toluenesulfonate (17).— A  solution of the anti
A , 175°, 40 ml/min) showed one major peak, Rt 37.4 min, with tosylate 15 (1.0 g, 3.3 mmol) in 40 m l of acetic acid was heated
a slight shoulder, R t ca. 34.5 min. Injection of a mixture of the at 100° for 22.5 hr. Work-up as in part A  gave 0.80 g of a
crude solvolysis product and an authentic sample of the syn partially crystalline product mixture of tosylate and acetate as 
acetate 19 showed only one peak. indicated by the infrared spectrum. The nmr spectrum (CDC13)

A  sample, 0.58 g (3.1 mmol) of the crude solvolysis product, if the mixture indicated the presence of both acetate and tosylate
dissolved in 5 ml of dry ether, was added dropwise to a stirred products and both the pentacyclo[5.3.0.02'6.03’9.04'8]decane and
slurry of 0.23 g (6 mmol) of lithium aluminum hydride in 10 ml of pentacyclo [5.3.0.02-6.03i9.04'8] decane skeletal systems. The rela-
ether. After reaction for 16 hr at room temperature, the mixture tive peak areas were —7.9 to —7.2 ppm, 46.2 (due to 4 H ),
was hydrolyzed with 0.5 m l of water and 1 ml of 5%  sodium anti tosylate 15 and rearranged tosylate 17; —4.85 ppm, 11.2
hydroxide solution. The insoluble salts were removed by filtra- (1 H ), anti tosylate 15 and rearranged acetate 22; —4.64 ppm,
tion, and the filtrate was dried over anhydrous sodium sulfate. 5.8 (1 H ), rearranged tosylate 17; —2.07 ppm, 8.0 (6 H ), acetic
Removal of the ether under vacuum gave 0.41 g (94% from anhydride; — 1.97 ppm, 16.0 (3 H ), rearranged acetate 22;
tosylate) of the syn alcohol 8 as shown by comparison of the — 1.8 to — 1.5 and — 1.3 to — 1.1 ppm, ~15 .8  (2 H ), anti
infrared and nmr spectra with those of an authentic sample. tosylate 15; — 1.5 t o — 1.3 ppm, ~ 1 9 .2 (2 H ), rearranged acetate
The nmr spectrum indicated the possibility of the presence of 22 and rearranged tosylate 17. The composition of this material
up to 3 -4%  of the anti alcohol 9 by weak absorption at ca. was calculated from this data to be 32% (mol) anti tosylate 15;
— 4.3 ppm. Gc analysis of the alcohol (column A , 175°, 40 32% rearranged tosylate 17; 29% rearranged acetate 22; and
ml/min) showed one major component corresponding by retention 7%  acetic anhydride. This material accounts for 89% of the
time (25.2 min) to the syn alcohol 8 and a minor component starting tosylate 15; yields are 30% recovered anti tosylate 15,
(ca. 4%  of the total area) corresponding by retention time (23.2 30% rearranged tosylate 17, and 28% rearranged acetate 22.
min) to pentacyclo[5.3.0.02'6.03>9.04'8]decan-5-ol (10) (see below). Based on unrecovered tosylates, these data indicate 40% acetoly-
The spectra of the crude product gave no indication of the identity sis; the calculated value is ca. 48% based on an estimated rate
of this minor component, and no further attempt at its identifica- constant o: 8.2 X  10 6 sec 1 at 100 . The source of the acetic
tion was made. anhydride was the acetic acid solvent.

Preparative Acetolysis of anti Tosylate 15. A. At 120° for Recrystallization of the tosylate—acetate mixture three times
11 Half-lives. Pentacyclo[5.3.0.02'6.03'9.04'8]decan-5-ol (10).— A  from pentane gave a sample of crystalline tosylate, mp 59-62°
solution of 1.86 g (6.15 mmol) of the anti tosylate 15 in 100 ml (lit.14m pfor 17, 74-74.7°). The nmr spectrum (CDC13) indicated
of glacial acetic acid was heated in a constant temperature bath a 54:46 mixture of symmetrical tosylate 17 [broad singlets at
at 120° for 42 hr (11 half-lives). The dark reaction mixture —4.64, -C H O T s -, and — 1.40 ppm, -C H 2-  (lit. 14 nmr in CC14,
was poured into 600 ml of water through a cotton filter to remove -4 .5 8 , -1 .4 0  ppm )] and anti tosylate 15. Infrared bands due
some of the black insoluble material present. The cloudy mixture to 17 not appearing in the spectrum of 15 were at 965 and 687 
was extracted with methylene chloride, and the combined or- cm-1 (CS2).
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Oxidation of Alcohol 10. Pentacyclo [5.3.0 .02’6.03'9.04'8] decan- T a b l e  V
5-one (16).- The alcohol 10 (0.23 g, 1.6 mmol)» obtained above K i n e t i c s  o f  A c e t o l y s is  o f
(90% pure), in 3 ml of ether was stirred for 2 hr at room tempera- T  ATF 14 AT 1 10  0 ± 0  1 °
ture with 1 ml of a solution prepared by adding 5.0 g (16.8 mmol) y  ̂ '
of sodium dichromate dihydrate and 3.75 ml of 96% sulfuric acid ' Run 1—~ _  ' ' un a  -  Aa
to water to make a total volume of 25 m l.41 The layers were Log — ------- - Log -j52----- - f
separated, and the aqueous layer was extracted four times with Tlme’ seo Ac° ~  A ‘ Time’ 860 00 _  1
5-ml portions of ether. The combined ether extracts were 556 0.0228 613 0.0342
washed once with saturated sodium bicarbonate solution, once 929 0.0481 1262 0.0674
with water, and dried over anhydrous sodium sulfate. Removal 1485 0.0748 1781 0.0896
of the ether gave 0.15 g (63% ) of crude product. Recrystalliza- 2576 0.1281 2423 0.1268
tion from pentane gave light yellow crystals of the ketone 16, 4341 0.2146 4105 0.2103
mp 119—122° (lit. mp 120—122 ,6 123 ,2b 124.5—125.5 14); imoi n 310Q 5514 0 2835

i 7 £ w 981 r i 5(W 3 1 (im 52? ° l  972 ^ ^ ^ ^ w J - ^ T h e ^ r  12400 0.5644 8701 0.43331164 (m ), 1156 (m ), 1015 (w ), 972 (w ), 557 (m ) cm K The nmr
spectrum was in good agreement with data reported in the iz u » »  u.oao^
literature.6' 42 The infrared and nmr spectra were in agreement
with the spectra of the symmetrical ketone 16 provided by  Pro- where A „, A 0, and A t are the number of milliliters of standard 
fessor W . G . Dauben .6 sodium acetate solution required for the titration of the aliquots

Procedure for Kinetic Acetolysis Runs.— The rates of acetoly- after 10 half-lives (average of 2), at time zero, and at time t,
sis were determined titrimetrically by a procedure similar to that respectively. The data from the duplicate runs were combined
used by previous workers.43 The acetic acid used for all kinetic in a least squares analysis16 to evaluate the rate constants
work was prepared by refluxing with twice the calculate amount (Table I I ) .
of acetic anhydride needed to react with the specified amount of Pentacyclo [5.3.0.02'5.0s’9.0 4’8]decan-6-one (18).— Material for
water in the starting acid for 24 hr, and then distilling at a the infrared measurements was prepared by irradiation of endo-
1 0 :1  reflux ratio through a 3-ft vacuum-jacketed Vigreux column. tricyclo[5.2.1.02'6]deca-4,8-dien-3-one ( l )9 as described by  Cook-
The middle cut, bp 115°, with 1% by weight added acetic an- son and coworkers.12' 44 Purification was achieved by  column
hydride, was used. The standard sodium acetate solution chromatography on Woelm acid-washed alumina, activity grade
(4.03 X 10-3  M )  was prepared by refluxing 106.7 mg of primary I , using hexane-ether as the eluent, followed by sublimation at
standard sodium carbonate in about 200 ml of the dry acetic 70° (9 mm), mp 126.5-127.5° (lit. mp 122-126°,12 124-126°,44
acid and then diluting the resulting solution to 500 ml at room 124.5-125.5°2b). Infrared spectra were recorded with 1.5% and
temperature in a volumetric flask. Ampoules were prepared for 10% (wt/vol.) solutions: partial spectrum, (log Io/I for
use by soaking them overnight in chromic acid cleaning solution. 1.5% solutions), 1783.3 (0.50), 1762.7 (1.15) 1742.2 (0.30),
After being rinsed well with water, the ampoules were soaked ~1720 (0.04, shoulder), 1697.2 (0.05), 1670 cm -1  (0.007); 
in 10% aqueous ammonia solution, again rinsed well with water, 879 (0.03), 862 (0.08), 849 cm -1 (0.03).
and finally dried in an oven at 130° for several hours. The Lithium Tri-i-butoxyaluminum Hydride Reduction of Ketone 
bromophenol blue indicator was used as a saturated solution in 18.— A  slurry of lithium tri-f-butoxyaluminum hydride was pre-
acetic acid. Tosylate samples were weighed into tared 25-ml pared by  adding 1.90 g (25.6 mmol) of f-butanol to a mixture of
volumetric flasks and diluted to volume with acetic acid. The 0.30 g (7.9 mmol) of lithium aluminum hydride in 100 ml of
samples were dissolved by shaking, and 2-ml aliquots were dis- ether. To this stirred mixture there was added 0.50 g (3.4 mmol)
pensed from a burette into 3-ml ampoules. The ampoules were of ketone 18 as a solution in 5 ml of ether. The reaction mixture
sealed and placed in an oil bath maintained at the desired tem- was stirred at room temperature for 1 hr and then hydrolyzed
perature ( ±  0.1°). After a temperature equilibration period of by adding 5 N  hydrochloric acid until the solids dissolved. The
5-10 min, the first ampoule was withdrawn at zero time, and ether layer was separated, washed with water, and dried (M gS 0 4).
succeeding ampoules were withdrawn at appropriate times. Evaporation of the solvent and sublimation of the residue af- 
The withdrawn ampoules were allowed to cool to room tempera- forded 0.25 g (50% ) of a mixture of alcohols, mp 168-172°. 
ture and opened. The contents were titrated to the yellow Analysis by nmr indicated the composition to be 80 ±  l% s y n iso -
bromophenol blue end point with the standard sodium acetate mer 8 and 20 ±  1%  of the anti isomer 9.
solution. The tosylate concentrations and other pertinent data Sodium Borohydride Reduction of Ketone 18.— A  solution of 
for the kinetic runs are presented in Table IV . sodium borohydride (0.20 g, 5.3 mmol) in 10 ml of methanol was

stirred in an ice bath at 0 -5 °. Over a period of 5 min, a solution 
T a b l e  IV  ° f  0.50 g (3.4 mmol) of ketone 18 in 3 ml of methanol was added

„ T_ , _  dropwise such that the temperature did not rise above 15°.S u m m a r y  o f  K i n e t i c  A c e t o l y s i s “ D a t a  f o b  The reactkm mixture was warmed to room temperature and
syn T o s y l a t e  14 a n d  anti T o s y l a t e  15 stirred overnight. Decomposition of the borates was accom-

No. of Infinity plished by adding dilute hydrochloric acid. The alcohols were
Temp’ Initial points % reaction titration, precipitated by  dilution with water. The products were ex-

Run Tosylate °C concn, M  taken followed % of theory tracted with ether, washed with water, and dried. Evaporation
1 14 110 0.0164 8  76 97.4 of the solvent and sublimation at 100° (0.5 mm) afforded 0.30 g
2 14 110 0.0149 9 77 97.8 (60% ) of a mixture of alcohols, mp 166-171°. Analysis by  nmr
3 14 120 0.0159 10 79 95.8 indicated 76 ±  1% alcohol 8  and 24 ±  1%  alcohol 9.
4 14 120 0.0133 10 80 94.0 Procedure for Sodium Borohydride Reduction Kinetics of
5  15  420 0.0194 6 53 90.4 Ketone 18.-— The rate of reduction of this ketone was obtained
6  15 120 0 0250 9 87 98 5 relative to that of cyclohexanone. A  solution was made up
7 -on n 0 9 1 R 1 0  0 0  1 0 1  s containing 0.381 g (3.93 mmol) of cyclohexanone, 0.490 g (3.36
s . .  n'moo ln 7n  1 0 Q 9  mmol) of ketone 18, and 0.187 g of o-dichlorobenzene (internal
8  15 130 0.0193 10  79 103.2 standard), and diluted to 10 ml with 2-propanol. This
“ Typical experimental data are presented in Table V. solution was cooled for 15 min in an ice-water bath and added

quickly to a cold (0 °), stirred solution of 0.045 g (1.2 m m ol) of
The rate constants were obtained by the infinity titer method sodium borohydride in 10 ml of 2-propanol. A t  intervals 

using the equation of 1, 2, and 10 min, 0.3-ml aliquots were removed and quenched
by placing in vials containing 3 drops of 5 N  hydrochloric acid.

2.303 log The ketone-alcohol ratios were determined by  gc (10 ft X  0.25
A«, — A ,  in. 20% Carbowax 20M on Chromosorb W A W , 175° isothermal

•-------------------- for 2 1  min, then programmed at ll°/ m in  to 225°, finally iso-
(41) H. C. Brown and C. P. Garg, J .  Amer. Chem. Soc., 83, 2952 (1961). thermal at 225°, 40 ml/min): R t cyclohexanone, 11.0 min;
(42) R. J. Stedman and L. D. Davis, Tetrahedron Lett., 1871 (1968). cyclohexanol, 12.8 min; o-dichlorobenzene, 20.0 min; ketone
(43) (a) S. Winstein, E. Grunwald, and L. L. Ingraham, J .  Am er. Chem.

Soc., 70, 821 (1948); (b) H. Tanida, T. Tsuji, and H. Ishitobi, ibid., 86, (44) R. C. Cookson, J. Hudec, and R. O. Williams, Tetrahedron Lett.,
4904 (1964). No. 22, 29 (1960).
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18,37.0 mm; alcohols 8  and 9, 42.4 min. None of the smarting water and dried (MgSO<). The alcohols were recovered by evap- 
materials or products were lost by other reactions to give non- oration of the ether and sublimation of the residue at 1 0 0 ° (0 .5  

volatile products. mm). The recovery of the alcohols was c a . 75% in each run.
After a 1-min reaction, the ratio of cyclohexanone to cyclo- The sublimate was analyzed by nmr. The two carbinol C-H 

hexanol was 82.9:17.1, respectively. At the same time, the (C-6) absorption peaks for 8 and 9 at —4.04 and —4.28 ppm,
ratio of ketone 18 to the mixtureof alcohols 8 and 9 was 18.5:81.5, respectively, were recorded six times for each equilibration
respectively. After 2 min, the above ratios were 78.8:21.2 and sample. The areas of the peaks were obtained by plainmeter
13.1:86.9. After 10 min, these ratios were 68.8:31.2 and 3.1: integration and averaged. The results of these analyses are
96.9. The relative rates were calculated by the equation below46 given in Table V I.

, [XJf
fcx = logIxTi Table V I
k y  . [Y]f Aluminum Isopbopoxide Equilibration of

“ [Y]i s y n  Alcohol 8 and a n t i  Alcohol 9
where i and f indicate initial and final. The relative rates Equilibration ,------ Distribution (%)“—
were 8.97 after 1 min, 8.53 after 2 min, and 9.38 after 10 min. alC°ho1 time’ hr syn 8 antr 9

The average relative rate for reduction of pentacyclodecanone syn 8 51 ■ ̂  ^8 -8
14 to cyclohexanone was 8.96 ±  0.43. Since the absolute rate 137 50.0 50.0
for reduction of cyclohexanone at 0° is 1.61 X 10-2 M~l sec- 1 , 37 169 50.3 49.7
the calculated rate for 18 is 0.144 ±  0.007 M ~ l sec-1. anti 9 95 50.5 49.5

Equilibration of syn 8 and anti 9 Alcohols.— According to the 168 50.0 50.0
procedure of Wilcox and coworkers, 46 the reaction mixtures were „ The range of precisi0n in these values is ±  1%. 
made up in heavy-walled Pyrex tubes which were then frozen at 
— 196° and sealed in  vacuo. Each tube contained 100 mg (0.68
mmol) of alcohol, 300 mg (1.47 mmol) of aluminum isopropoxide, Registry No,—8, 20446-30-4; 9, 20446-31-5; 10 ,
20 id (0.27 mmol) of acetone, and 2 ml of 2-propanol. The tubes 20446-32-6; 14, 20446-33-7; 15, 20446-34-8; 18,
were placed in a constant temperature oil bath at 120° and re- 20446-29-1' 19 20446-35-9 ' 21 20440-15-7
moved for analysis after the appropriate intervals. The re- ’ ’ ’ ’
actions were worked up by pouring the contents of the tube into
5 ml of 5 N  hydrochloric acid. This mixture was then diluted Acknowledgment, ihe authors wish to thank
with water and the alcohols were extracted with two 20-ml Professors J. C. Martin, M. Stiles, H. C. Brown, P. von
portions of ether. The combined ether extracts were washed with R. Schleyer and Drs. J. C. Little and D. R. Petersen

(45) G. A. Russell, "Technique of Organic Chemistry,” Vol. VIII, Part I, for numerous helpful Comments, Dr. 1^. J .  Potts, Jr.,
2nd ed, S. L. Friess, E. S. Lewis, and A. Weissberger, Ed., Interscience Pub- for the Fermi resonance Calculations, and Professor
■ S  a  f. aPnd3M. f. wiicox, ,. Or, c*en,. 28, W. G. Dauben for the spectra of several authentic
1079 (1963). compounds.

Equilibration of p-Menthadienes in Acid and Base1
R. B. Bates,2 E. S. Caldwell, and H. P. Klein

D e p a r t m e n t  o f  C h e m i s t r y ,  U n i v e r s i t y  o f  A r i z o n a ,  T u c s o n ,  A r i z o n a  8 5 7 2 1  

R e c e i v e d  J a n u a r y  6 ,  1 9 6 9

Conditions are described for equilibrating the p-menthadienes with acid or base without getting appreciable 
amounts of the aromatization product, p-cymene. The equilibrium composition is given, and rate constants for 
the interconversions observed in acid and base are recorded and compared.

A great many studies have been reported involving which gave a 5:3:1 ratio of II, III, and V, respectively.40 
acid-3 and base-catalyzed4 isomerizations of various In this study, only the three main constituents were
substances to mixtures containing p-menthadienes. identified, and the only rate constants given are for
However, due to complicating side reactions, especially disappearance of starting materials. We wish to 
aromatization, equilibrium among the p-menthadienes report a fuller analysis of the equilibrium composition, 
appears to have been reached only in one case, involving conditions for achieving it in acid and base with <  10%
potassium f-butoxide in dimethyl sulfoxide at 50°, of side reactions, and rate constants for many of the

possible inter conversions of the isomers.
Equilibrium was first reached with potassium t -

(1) Tafcen in part from the B.S Thesis of H P. Klein, University of butoxide in f-butanol at 200° for 8 hr. Starting from  
Illinois, 1963, and the M.S. Thesis of E. J. Salacmski, University of Arizona, . . . , .. /TTT\
1966; presented at the 153rd National Meeting of the American Chemical G'-terpinene (11)> d,o-p-mentiiadiene (IV), Of Y"terpinene
Society, Miami Beach, Fia., April 1967. (V), gas phase chromatography (gpc) gave virtuallym p‘fredp' s,Ioa/nfA11w ’i!96t!_!i969’ «a® m nss7i h the same trace. Preparative gpc of the mixture in one(3) For example, (a) O. Wallach, A nn ., 239, 34 (1887); (b) W. A. Mosher, ^  . £
j .  Amer. Chem. Soc., 69, 2139 (1947); (c) r . c. Palmer and a . f. v/icke, case followed by spectral analysis and derivatization ol
Jr., u. s. Patent 2,799,717; (d) j. Vergese, j . sd. ind. Res. (India), 18B, the components showed the equilibrium mixture at
263 (1959); (e) E. von Rudloff, Can. J .  Chem., 39, 1 (1961); (f) Y. Watanabe, onno ±. , • ,i , • • i __rT_ • ci _ j  *
Kogpo Kagaku Zasshi, 66, 1573 (1962); (g) g  l . k . Hunter and 200 to contain the six isomers shown m Scheme I m
w. b. Brogden, Jr., j. Org. chem ., 28,1679 (1963); (h) m. i. Goryaev, v. i. the percentages indicated (relative to total diene =
Shabalina, and a . d . Dembitskh, Doki. Akad. Nauk s s s b , 158,155 (1964); 100%; in a typical case, 1% of menthenes and 7% of
(i) G. Valkanas and N. Iconomou, Pharm . Acta Helv.t 39 , 441 (19641; (j) . . , ,
r . E. Wroistad and w. g . Jennings, j . chromatog., is, 318 (1965). p-cymene were also present). The stability order ob-

(4) (a) h . pines and h . e. Eschinazi, j . Amer- chem . Soc., 77, 6314 served for the p-menthadienes can be rationalized
(1955); (b) H. Pines and L. Schaap, ib id 79, 2956 (1957); (c) S. Bank ;n ^ermg 0f  tbe intrinsic stabilities of double bonds in
C. A. Rowe, Jr., A. Schnesheim, and L. A. Naslund, J .  Org. Chem., 33,221 . .
(1968). various menthenes (A3 >  1A >  A8 >  the other three
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S ch em e  1° deprotonation at a secondary site to V III and repro
tonation at another secondary site, and the other 

11 I. I. involving similar reactions with IX  as the intermediate.
¡ ' ' I  | |  ^  | |  Having thus learned the equilibrium composition

04 0 64 55 from experiments in base, and noting that none of the
J1 il B J. many final compositions reported from acid-catalyzed

tt/.c ttt¿of\ \ isomerizations3 comes very close to the equilibrium
IV (5.2%) composition, it was decided to see if conditions could be

3f t  1X .005 found for equilibrating in acid without extensive side
100 reactions. In addition, the rate constants for approach

( to equilibrium, which could be very different since the
JL J1 intermediates were now carbonium ions instead of

j | «¿±: | || carbanions, were of interest.
10 After trying several other conditions, essentially

1 I those of Palmer and Wicke3c were used. a-Phel-
v  / iw i  vtn fiV'i landrene (V II) was stirred vigorously under nitrogen at

. 0 67° with twice its weight of 50% aqueous sulfuric acid,
tt° E ? f ib: iumlpe" ! ntag,es a,-nd rf te constants (relative to Y  - >  and samples were withdrawn occasionally for analysis. 
I I  =  100; the absolute value for this rate constant was 4.5 ±  0.5 * r, or> , , 0  , , r  v  , ,
X  10-2  see-1) for isomerization of p-menthadienes at 200» with A ft e r  3 2  h r> the ValueS ln  Schem e U > <lU lte c lose to  
potassium i-butoxide in i-butanol.

S ch em e  11°
positions6) coupled with small resonance energies i
for the cisoid conjugated dienes and la rger resonance
energies for the transoid conjugated dienes I and III.6 [  J  11( 53.3 %) 111(29-8%) IV (3.1%)
Especially noteworthy is III, which in spite of having 34|t100
both double bonds in unfavorable positions on the V ri3  8%)
menthane carbon skeleton, possesses sufficient reso- VII(0% )

nance energy to be the second most stable isomer. . 32-hr percentages and rate constants (relative to V  -  I I  =
Kate constants for many of the interconversions were i00; the absolute value for this rate constant was 2.0 ±  0.3 X

obtained by matching concentration vs. time curves for 1 0 -5 sec-1) for isomerization of p-menthadienes at 67° with 50%
the observed dienes in kinetic runs starting from II, IV, aqueous sulfuric acid,
and V, using an analog computer. Scheme I is based on
the assumption that all the interconversions proceeded ,, ~ . .
via  pentadienyl carbanion intermediates. The rate ™ose ln Scheme 1» bad been obtained. The minor
constants for reactions leading to and from V I are components I and V I were undoubtedly present again
considerably less certain than the others; since II and V  m amou2is under 2%, but were ignored in the acid
equilibrate much more rapidly than V I forms, it is not study‘ The PercentaSes of the four major components
clear how much VI is coming from each. The values )vere aPProachlng values close to the limiting values
given in Scheme I for the rate constants involving V I *olmd ln ^ase the concentration of II was
were based on the assumption that the pentadienyl decreasing from its maximum value of 72.4% at 7 hr).
carbanion V III would protonate about eight times as ?,he reactlon ,was w.orked UP at thls P°mt and the

identities of the major products verified by prepara
tive gas chromatography and spectral analysis, p- 

j Menthadienes still comprised 93% of the mixture;
r%^| r ^ ' i  5% p-cymene and 2% menthenes had also been

b l^ -^ J a  formed. For the determination of the rate constants
| j in Scheme II, with an analog computer, the equilibrium

/ \  values obtained at 200° were used; though the equi-
IX librium values at 67° no doubt differ from those at

200° owing to entropy differences, they may not differ by 
, , much more than the experimental error in the values,
fast at a as at b f  they gave a satisfactory fit. The Although it was originally hoped that, under mild 
largest rate constants, for the interconversion of II with acidic conditions starting with a conjugated p-men-

, are large partly because U-shaped pentadienyl thadiene, other conjugated dienes (formed v ia  allylic
amons are involved rather than the other shapes,8 and carbonium ion intermediates) would be formed much
partly because there are two good routes, one involving faster than unconjugated dienes, it is readily seen

from Scheme II that the unconjugated diene V  is
(5) H. Pines and H. E. Eschinazi, J . Am er. Chem. Soc., 78, 1178 (1956). formed from II almost, as ranidlv as tbp prmiiiD-aWI
(6) R. B. Bates, R. H. Carnighan, and C. E. Staples, ib id., SS, 3030 (1963). lOrmcQ IlOIu 11 alm ost ES rap id ly  ES the Conjugated
(7) Cyclohexadienyl anion protonates 8 times as fast at the central carbon diene i l l  IS form ed from  11. 1 hUS, Unlike the Situation

303*2 eigCh end: R B Bates’ R H’ Carnighan’and c- E- StaPles - ib id -  85> id base, in which there is a rate difference of about 106
3 (8) R 6 b : Bates, r . h. Carnighan, and c. e . staples, ibid., ss, 3031 b e tw ee?  isomerizations proceeding v ia  allylic anions and
(1963); this extra stability is probably due to homoconjugation, since the pentadienyl anions,8,9 there must be a small difference
alternative explanation involving better chelation of the U shape seems to be 
ruled out by kinetic studies showing that KOi-Bu and LiOi-Bu give the same
relative rate constants for the interconversions of the hexalins (S. S. (9) A. Schriesheim, C. A. Rowe, Jr., and L. Naslund, J . Am er. Chem. Soc.,
Bratcher, M.S. Thesis, University of Arizona, 1967). 85, 2111 (1963).
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between the allylic carbonium ion intermediates and the starting from II, IV, V, VII, and a 3:1 mixture of VII and I had

tertiary homoallylic carbonium ions X  and XI. th\ sa!ne nmr .®Pectra gpi P atie™s•, Even after
30 hr, menthadienes still comprised 96% of the hydrocarbon
mixture; the remainder consisted of p-cymene (3 % ) and men- 

j : thenes (1 % ). The equilibrium menthadiene composition given
(^©^T in Scheme I  was determined by integration of the gpc curve

I . I I I  obtained by  equilibrating V I I  for 30 hr. Several equilibrated
samples were put through a preparative gpc column and all 

I 1 hydrocarbon fractions were collected and analyzed by nmr and
/ n  ' ' ' n  u v . Maleic anhydride adducts were prepared from the cisoid

X  XI dienes I I  and V I. Retention times in minutes were as follows:
a menthene, 8 .8 ; V I, 10.4; another menthene, 13.2; I I ,  16.8; 

As expected, the relative rate constants in acid and 1 , 19-8; V , 23.4; IV  and p-cymene, 27; I I I ,  30.3. The relative
base differ considerably. Using the analog computer amounts of IV  and p-cymene were determined from the intensity

and the rate constants in Scheme I and II, curves for of the abso,rption at P f  ^  i n  tbefsamPle collected at 27 min;
. .... . . ’ p-cymene does not absorb there, but it was necessary to correct

approach to equilibrium in  acid and base from each of for the absorption due to I I I ,  a contaminant in the collected 
the dienes were drawn. The major differences result sample.
from the very rapid equilibration between II and V in Kinetic runs were made at 200 ±  0 .1 ° starting from II, IV ,  
base ( v i a  a U-shaped pentadienyl anion); if II were and Y ‘ T“bf  were removed and analyzed at various time in- 
, . \ , xt j, , , I , ,  , • tervals, and the resultmg composition-time curves were matched
desired from V, for example, base would be chosen since ^  wejj possible on an analog computer using Scheme I. The
with it a mixture containing 74% V and 26% II can be best rate constants thus obtained are given in Scheme I.
obtained, whereas in acid, V  never gets appreciably Equilibration in Acid.—To 8.0 g of «-phellandrene (V I )  under
above its equilibrium value of 45%, and by the time it is n}tT° % n “  a bath maintained at 67.0 ±  0.03° was added 15.3 g

, , ,i . i i cmr t m L  r i of 50% sulfuric acid, and the paddle stirrer was started. When a
Close to that value, 10% of III has formed. sample was to be removed for analysis, the stirrer was momen-

A general advantage of base for diene isomerizations, tarily stopped and the sample was taken with a syringe from the
that of fewer and slower side reactions, holds to some upper layer. The sample was squirted into 10% sodium hydrox-
extent for the p-menthadienes, since aromatization is lde solution and the hydrocarbons were extracted by  washing

faster relative to isomerization in acid, at least under our thr®e t b f e s  sthteU The ether stol" tion was washed twice
conditions. A  big advantage ol acid m the p-men- After 32 hr, the relative amounts of the various p-menthadienes 
thadiene case is that the system can be entered from were changing very little, although the p-cymene and menthene
alcohols such as a-terpineol3e and isomeric hydrocarbons concentrations continued to rise from their values of 5%  and
such as the readily available pinenes.3a- d'fi 2U% , respectively. The gpc trace looked strikingly similar to

that obtained frcm the base equilibrations, and mixed gpc con
firmed the correspondence in retention times for the components 

Experimental Section of the two samples. Samples of the equilibrium mixture (com-
"  position given in Scheme I I )  were put through the preparative

The a-phellandrene (V I I )  used was Eastman practical grade, gpc as before; various spectral methods confirmed the similarity
purified by preparative gas phase chromatography (gpc) on in composition of the equilibrium mixtures obtained in acid and
Carbowax 20M to 98% purity, contaminated with 2%  a- in base.
terpinene ( I I ) .  Samples of «-terpinene ( I I )  and y-terpinene (V )  A  kinetic study of this reaction gave the rate constants in 
obtained from the Glidden Co. contained several per cent p- Scheme I I . The concentration of IV , the only menthadiene
cymene as the only noticeable impurity and were used without which was not well separated on Carbowax, was determined by
purification, as was the 3,8-p-menthadiene (IV )  obtained from gpc on a second packing, silicone rubber, rather than by the uv
the Hercules Powder Co. method mentioned above. V I I  had a retention time of 16.1 on

For gpc analyses, Carbowax 20M on water- or base-washed Carbowax. The retention times in minutes for the major corn-
firebrick at 110-140° was used unless otherwise stated. ponents on silicone rubber at 150° were V II , 10.3; I I  and p-

Equilibration in Base.— A  mixture of 6 %  potassium in t- cymene, 10.6; IV  and V , 12.5; 111,14.4.
butanol under nitrogen was stirred until all of the metal had . _T t  cc t in  r> t t  nn oc r t t t  coc co
reacted, and to 10  g of this solution was added 9 g of the diene Registry No.— I, 555-10-2; II, 99-86-5 III, 586-63- 
to be equilibrated. The equilibrations were performed by heating 0; IV, 586-67-4; V, 99-85-4; VI, 586-68-5; Vli, 
sealed tubes (nitrogen atmosphere) containing 1 -cm3 portions of 99-83-2. 
these solutions to 200° for 8 hr. The tubes were quenched :n ice
water, opened, and the contents poured into sodium chloride Acknowledgment.— We thank the Glidden Co. for
solution. The hydrocarbons were extracted with ether, and the generous gifts of a -  and y-terpinenes, the Hercules
ether solution was washed twice with salt water to remove t - P o w d e r  Co. for 3,8-p-menthadiene, and the Petro-

Fund and National Science Foundation
and the residual oil was analyzed. The equilibrated samples for fin anc ia l support.
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Long-Range Effects in the Alkylation of Benzene with Polyhalooctanes

D e r e k  L . R a n s l e y

Chevron Research Company, Richmond, California 94802 

Received December 30, 1968

The pseudo-first-order rate constants for the hydrogen fluoride-boron trifluoride catalyzed reaction of benzene 
with three different series of polyhalooctanes were measured. Each series of polyhalooctanes is comprised of 
isomers which differ only in the position of attachment of the reactive secondary chloro group relative to the 
unreactive primary substituents. The 1-bromo, 1,1-dichloro, and 1,1,1-trichloro groups are shown to decrease 
the rate of reaction of a secondary chloro group, relative to the unsubstituted case, even when separated by seven 
methylene units. The influence of these primary substituents is shown to decrease by a constant attenuation 
factor of 0.59 per methylene unit.

We previously described our investigation of the T a b l e  I
alkylation of benzene with a series of dichlorooctane P seu d o-F irst-O r de r  R a t e  C o n sta n t s  fo r

isomers which contained both primary and secondary t h e  R e a c t io n s  o f  B e n z e n e  w ith  P o l y h a l o o ct a n e s

chloro groups.1 The hydrogen fluoride-boron tri- U sin g  H F / B F , a s  C a t a l y s t  a t  0°

fluoride catalyst system permitted reaction of the ------------ fcxio*,8ec-»--------------
secondary chloro group, leaving the primary chloro Compd x = 3 x = 4 x - 5 X  = e x - 7
group unchanged. We now wish to report our results X-Chlorooctane 58 58 58 58 58

t  ,, > ,• ,, ,i . l,X-Dichlorooctane 0.71 8.0 17 26 35
of alkylations with three other series of polyhaloalkane ¿ ^ T r ic h lo ro o c ta n e  ••• 2.1 7.5 18 28

Jhese are  the 1-bromo-X-chlorooctane, i ,U ,X-Tetrachlorooctane ••• 0.8 4.8 14 25
M>^-trichlorooctane, and l,l,l,X-t6trachloroocta,ne 1-Bromo-X-chlorooctane 1.0 9.7 21 33 42
series.2 In each series the substituents at C -l were
shown to be unreactive under the conditions used. T a b l e  II

1-Bromo-X-Chlorooctanes.-—'This series of isomers W e ig h t  P e r  C e n t  P r o d u cts  from  R e a c t io n s

was prepared by radical chlorination of 1-bromooctane o f  B e n z e n e  w ith  P o l yh a lo o ct a n e s

to about 20% conversion. The dihalooctane fraction U sin g  HF/BF3 a t  0°
was shown by vapor phase chromatography (vpc) to ,------------------phenyl position------------------
be comprised of eight isomers. These were assumed i-substitucnt 7 0 5 4  

to be the l-bromo-1-chloro-, l-bromo-2-chloro-, through C1 53 29 14 4
l-bromo-8-chlorooctane isomers in “numerical order”3 62 29 8 1

of elution. A  rigorous identification of the isomers was ^  ® 2

not attempted, although there are excellent grounds for r
the above assignments. Thus, chlorination of 1-
chlorooctane yielded eight isomers which eluted from proportions shown in Table II. These products were
the same vpc column in “numerical order” ;1 by analogy, identical and in the same proportion in each sample
1-bromo-X-chlorooctane would be expected to behave regardless of the time of sampling,
in the same manner. In the l,X-dichlorooctane series, l,l,X-Trichlorooctanes. Treatment of octanal with 
each isomer was found to be present in greater quantity phosphorus pentachloride yielded 1,1-dichlorooctane,
than the preceding isomer in the “numerical order” of which> uPon free-radical-catalyzed chlorination, gave
elution;4 the same pattern was found for 1-bromo-X- the l,l,X-trichlorooctane series of isomers. By analogy
chlorooctane. The l-bromo-3-chloro- and l-bromo-8- with the l,X-dichlorooctane series, it was assumed that
chlorooctane isomers were isolated and identified as the these isomers eluted in “numerical order.”6 Further-
third and eighth peaks, respectively. more, the 1,1,1 isomer was synthesized; and the 1,1,2,

The alkylation procedure was identical with that used M,3, and 1,1,8 isomers were trapped from a vpc 
in previously described work with ljX-dichlorooctane.1 column and identified spectroscopically.
Boron trifluoride was passed slowly into a stirred The alkylation procedure was identical with that pre
solution of the mixed dihalooctanes in excess benzene viously described. The 1,1,1, 1,1,2, 1,1,3, and 
and liquid hydrogen fluoride at 0°. U 3  isomers were unchanged. The pseudo-first-order

The reaction was followed by vpc as a function of ra,te constants for the reaction of the remaining isomers
time. The 1-bromo-1-chloro-, l-bromo-2-chloro-, and are shown in Table I.
l-bromo-8-chlorooctane isomers were unchanged after _ The products did not vary as a function of time, nor 
6 hr, as shown by vpc analysis using an internal their relative proportions. The products were 7-,
standard. The reaction was found to be pseudo 5-, anĉ  4-phenyl-l,l-dichlorooctanes in the relative
first order in each of the alkylating agents. The amounts shown in Table II.
results of the kinetic treatment are shown in Table I. 1,1,1 »X-Tetrachlorooctanes. The radical-catalyzed

The products were identified as the 7-, 6-, 5-, and addition of chloroform to 1-heptene gave 1,1,1-tri-
4-phenyl-l-bromooctanes, and were formed in the chlorooctane,6 which, upon radical chlorination, gave

the l,l,l,X-tetrachlorooctane isomer series. Seven
(1) D. L. Ransley, J . Org. Chem., 33, 1517 (1968).
(2) X represents the position of chloro group attachment to each available (5) The 1,1,3 isomer eluted before the 1,1,2 isomer in this series. However,

carbon atom in turn; e.g, l,l,X-trichlorooctane represents the 1,1,1-, the 1,1,3 isomer was present in greater quantities than the 1,1,2 isomer;
1,1,2-, 1,1,3-, 1,1,4-, 1,1,5-, 1,1,6-, 1,1,7-, and 1,1,8-trichlorooctane mixture. hence, the relative amounts of the isomers is probably a better indication that

(3) “Numerical order” is the order shown in the example in ref 2. the remaining isomers eluted in “numerical order.”
(4) With the exception of the isomer with longest retention time, i.e., (6) M. S. Kharasch, E. V. Jensen, and W. H. Urry, J . Am er. Chem. Soc.,

when X = 8. 69, 1100 (1947).
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peaks were evident in the chromatogram of this isomer 0.4i- *
mixture. There were increasing proportions of the \  \
isomers with increasing retention time,4 and once more \  \
its was assumed that elution was in “numerical order.” \  o
Supporting evidence for this assumption was provided $ \  \
by synthesis of the 1,1,1,3 isomer and recognition of ^.2 \  \
distinctive spectroscopic features of the 1,1,1,6, . \  \  \
1,1,1,7, and 1,1,1,8 isomers in fractions concentrated by \  \  \  \
vpc. \  \  \  B

The kinetic data for the alkylation reactions run 0  -  \  \  \  \
under the previously described conditions are shown in \
Table I. The proportions of the products, 7-, 6-, 5-, ^  \  \  \
and 4-phenyl-l,l,l-trichlorooctanes, were the same in *  \ \  \  \
each sample and are shown in Table II. o  7*8” \  \  \ V

Discussion 1 \  X  \  \

The use of liquid hydrogen fluoride and boron tri- \  \  \
fluoride as a catalyst system for the alkylation of o  y  g _  \ \  \  \
benzene provides a unique opportunity to study the ^  ' \ . \
influence of several unreactive groups on the reaction at g  \  \  \0
the site of the secondary chloro group. The alkylation •_1 \  \
reactions under consideration involve ionization of a _  \  \
secondary chloro group to produce a carbonium ion. 1.4-  a \
Any electron-withdrawing influence of the unreactive \  \  X
groups at the reaction site would increase the energy \  '
requirements of this process and thereby decrease the \
rate of reaction. T2  “

We have demonstrated that the 1-bromo, 1,1- ’ 'A
dichloro, and 1,1,1-trichloro groups do not react under 
the conditions used. By running competition rate
experiments within each isomeric series, the change of , j  t _________ j
the influence of the unreactive group with distance from ** g 4 5 6 * 7
the reaction site may be observed. By running each
series of reactions under identical conditions, the SECONDARY CHLORO POSITION, X
relative influence of the unreactive groups may be Figure 1.—-Plot of rate data for alkylations with polyhalo- 
compared. octanes, assuming the substituent effect falls off by a constant

The reactions were shown to be pseudo first order factor per methylene unit: X , l,X-dichlorooctanes; O, 1,1,X -
in each alkylating agent. The observed first-order trichlorooctanes; □, l,l,l,X-tetrachlorooctanes; A, 1-bromo-X-

rate constants are shown in Table I and are compared chlorooctanes.

with the data for the similar reactions of l,X-dichloro- _  „ , . ,, , .
octane and secondary monochlorooctane obtained in , The,sIoPe of the hnesils ^  0* the attenuation
previous work 1 factor.7 The average value for the attenuation factor

In qualitative terms we see that the reaction rate from our four systems is 0.59. This compares with
increases as the distance between the secondary chloro ^ o b t a in e d  by Peterson7 and 0.53 by Stevenson and
group and the unreactive, electron-withdrawing group Williamson« in correlating pK  values for a series of
increases. However, in each series the 7-chloro isomer w-cyanoamines.
reacts more slowly than the unsubstituted monochloro- Th«  ProPortl™ s of. the ref tl+on Produf s
octanes. This indicates that the influence of the are shown in Table II There is a greater tendency for
substituents at C -l is still appreciable at C-7. PheiW] . attachment at positions remote from the

Peterson and coworkers have recently demonstrated unreactive, electron-withdrawing group. Within each
that the influence of remote substituents, varying by a series, ionization of the secondary chloro group !S the
constant factor per methylene unit, on the addition of slow step The carbonium ion rapidly isomenzes,
trifluoroacetic acid to olefins, can extend over 11 presumably by a series of 1,2 hydride shifts. Thus,
methylene units.7 From a familiar« empirical treat- within each senes, there is a common intermediate,
ment, log (log fcH -  log fcx) 9 was successfully plotted as The product proportions are dependent on the sub-
a linear ̂ function M. the number of methylene units Jtuents at C -l The tendency is for the groups with
separating the substituent and the site at which the the strongest electron-withdrawing influence to favor
charge was eenerated P*1̂ 1 attachment at the most remote secondary

Figure 1 shows the result of treating the data of earbon atoms. Alkylation on benzene is a rapid and
Table I in this manner. Remarkably good linear plots ureyers.b e' process under the conditions used 
are obtained for the four cases under consideration. had planned to> include the reaction of 1-fluoro-

X-chlorooctane with benzene in our study. However,
(7) P. E. Peterson, C. Casey, E. V. P. Tao, A Agtarap, and G. Thompson, ^  1-fluorO STOUP appears to react Somewhat faster

J. Amur. Chem. Soc., 87, 5163 (1965). o f  r r
(8) See ref 1 and 7 and references therein.
(9) kn =  rate constant for the unsubstituted reaction; k x  = rate constant (10) G. W. Stevenson and D. Williamson, J. Amer. Chem. Soc., 80, 5943

for the substituted case. (1958).
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th an  secon d ary  ch loro com pounds. T h e  reaction  1.1.4- (16.1%), 1,1,5- (17.9%), 1,1,6- (21.0%), 1,1,7- (23.8%),
p roducts, 1 -fluoropheny l-, ch lo roph en y l-, an d  d ip h e - and 1 1,8-tricWorooctane (10.3%).
*  , , ’ J 7 ^  After the alkylation reaction was complete, the 1,1,8 isomer
ny loctanes, w ere  no t in vestiga ted  m  deta il. and a mixture of the U ) 2  and 1 ,1 ,3  isomers were trapped from

A t  th is po in t w e  shou ld  ad d  a note  concern ing the a 10 ft X  0.25 in. 20% Carbowax on Chromosorb W  column,
ca ta ly st  system . T o  the best o f our k n o w led ge  the The nmr of the 1,1,8 isomer showed a triplet at 5.56 (CHC12),
com bin a tion  o f h y d ro gen  fluo ride  a n d  b o ro n  tr iflu oride  a tripletat 3.38 (C H 2CI), a crude quartet at 2.16 (C H 2CCI2), and

as a  ca ta ly st  system  fo r the a lk y la t io n  o f arom atic  u i  L d M , 3  isomers, the latter being pre-
com pounds w ith  a lk y l h a lides  has n o t been  used  dominant, showed a pair of overlapping doublets at 5.8, a
p re v io u s ly .11 T h e  rap id  rates a t  am b ien t tem peratu res, smaller doublet at 5.71, a complex peak at 3.96, a pair of over-
excellent y ie lds, an d  h igh  degree o f se lectiv ity  be tw een  lapping doublets at 2.42, methylene protons at 1.3, and terminal
p r im ary  an d  secondary  substituents m ak e th is a  m ost methJ 1 at ° - 89 PPm; The then subjected to apin-
: , , tt ,, , spm decoupling treatment. Irradiation at 3.9 ppm (a ) collapsed
in teresting system . H o w e v e r , there are  som e u n u su a l the 5 8  ppm band to a triplet> (b ) coliapsed the 5.71 ppm doublet
featu res o f  this system . to a singlet, thereby giving a good indication that the minor con-

R eac tio n  d id  n o t sta rt  as soon  as b o ro n  tr iflu o rid e  stituent was the 1,1,2 isomer, and (c) collapsed the 2.42 ppm dou-
w as  passed  into  the system , b u t  d id  so q u ite  a b ru p t ly  blet Pair to one doublet. Irradiation at 2.5 ppm reduced the 5.8
after boron trifluoride has passed for about 20 min in Ppm doublets to a singlet and the complex group at,3 96 ppm to

r  . a crude triplet. Irradiation at 5.8 ppm did not affect the 3.96
o u r w o rk  w ith  0.1 m o l o l a lk y la t in g  agent. i n  o u r ppm group but reduced the bands at 2.42 ppm to a doublet,
com petition  reactions, each  isom er sta rted  to react a t  C-3 of the 1,1,3 isomer is asymmetric; hence the protons on
a b o u t  the sam e tim e C-2 are not magnetically equivalent. The assignment of the

bands at 5.8 (C ljC H ), 3.96 (CHC1), and 2.42 ppm (CI2C C H 2C C I), 
and the behavior in the spin-spin decoupling treatment are con- 

Experimental Section sistent with that for the 1,1,3 isomer.
1,1,1-Trichlorooctane.— Into a 1-1., stainless steel, stirred 

1-Bromo-X-Chlorooctane.— Into a 1-1. turbomixer, with an autoclave was placed 186 g (1.90 mol) of 1-heptene, 900 g (6.56
internal cooling coil and gas inlet at the bottom, was placed 499 mol) of chloroform, and 4.0 g of benzoyl peroxide. The sealed
g (2.58 mol) of 1-bromooctane. Nitrogen was bubbled through bomb was heated at 80° for 4 hr and a further 8 g of benzoyl
the mixture for 30 min. Chlorine was then passed with rapid peroxide added. The bomb was then heated for another 6 hr
stirring at about 25° for 1 hr at 258 ml/min with a G E  sun lamp at 90°.
to initiate the reaction. Nitrogen was then bubbled through the This procedure was repeated; the two products were combined,
mixture for 1 hr and the reaction mixture washed with water, The unreacted chloroform and 1-heptene were removed by distil-
twice with 10% sodium bicarbonate, and finally with water. lation, and the bulk of the product distilled at 84-86° (6 mm).
The mixture was dried (MgSO<) and distilled. The fraction More careful fractionation of the 240 g of product so obtained
boiling at 124-144° (10 mm), 103 g, was used in the alkylation gave a product of 98.5% purity boiling at 85° (6 mm), 
studies. The assigned composition of this fraction was 1- l,l,l,X-Tetrachlorooctane.— The chlorination of 1,1,1-tri-
bromo-l-chloro- (trace), l-bromo-2-chloro- (0 .4% ), l-bromo-3- chlorooctane used the previously described procedure. The frac- 
ehloro (3.4% ), l-bromo-4-chloro- (14.7%), l-bromo-5 chloro- tion boiling at 115-123° (6 mm) was used in the alkylation studies.
(23.6%), l-bromo-6-chloro-, and l-bromo-7-chloro- (54.2%), The composition of this fraction was 1,1,1,3- (3 .2% ), 1,1,1,4-
and l-bromo-8-chlorooctane (3 .4% ). (19.7%), 1,1,1,5- (22.9%), 1,1,1,6- and 1,1,1,7- (46.7% ), and

After the alkylation reaction was terminated, the unreacted 1,1,1,8-tetrachlorooctane (6 .3% ). The impurities plus the
l-bromo-3-chloro- and l-bromo-8-chlorooctane isomers were 1,1,1,2 isomer constituted 1.2% of the mixture. Concentration
trapped from a 10 ft X  0.25 in. 20% Carbowax on Chromosorb of various isomers, either from distillation cuts before reaction
W  column. The nmr13 of the former showed two overlapping or by trapping the unreactive isomers after reaction, permitted
triplets centered at 3.36 (C H 2C1) and 3.23 ppm (C H 2B r) and spectroscopic methods to substantiate the assignments. Further,
chain methylene groups. The l-bromo-3-chlorooctane showed the 1,1,1,3 isomer was synthesized by the addition of carbon
nmr bands at 4.00 (t, CHC1), 3.48 (t, BrCEL), 2.1 (q, B rC H 2- tetrachloride to 1-heptene [bp 105-106° (6 m m )].
CC1-), and 1.7 ppm (m, C H 2C C I), and methylene and terminal The nmr of the 1,1,1,3 isomer showed peaks at 4.2 (m, CHC1), 
methyl protons. 3.18 (eight line distinctive multiplet), 1.82 (m, CC1CH2), 1.4

1,1-Dichlorooctane. Into a 5-1., 3-neck flask was placed 1115 (methylene protons), and 0.99 ppm (terminal methyl), 
g (5.350 mol) of phosphorus pentachloride and 500 g cf benzene. The most distinctive feature from the nmr of the 1,1,1,6 
To the stirred slurry was added 600 g (4.7 mol) of octanal over a isomer was the triplet methyl group at 1.14 ppm. The doublet
5-hr period at no more than 10°. After standing overnight, ice and methyl group of the 1,1,1,7 isomer was observed in the nmr at
water were added slowly with cooling. The product was washed 1.6 ppm. The nmr of the 1,1,1,8 isomer show'ed a band at 3.4
with sodium bicarbonate and water and then dried (M gSO i). The ppm (t, C ICH 2 ) and was distinctive because of the absence of
product was distilled; the fraction boiling at 95—99° was found the terminal methyl group.
to be 97% pure 1,1-dichlorooctane contaminated with octanal. Alkylation of Benzene with Polyhalooctanes.— Into a 1-1. 
Since the removal of octanal by sodium bisulfite washes was not polyethylene bottle fitted with a stirrer, a gas inlet near the
successful, the product was redistilled to give 98.6% pure bottom, and a copper condenser, was placed 0.1 mol of the mixed 
material. _ polyhalooctane isomers and 312 g (4 mol) of benzene, and the

1,1 ,X-Trichlorooctane. The chlorination of 1,1-dichlorooctane mixture was cooled to 0 °. Liquid hydrogen fluoride, 40 g (2
was performed in the same manner as that used for the prepara- mol) was added to the stirred, cooled mixture. Boron trifluoride
tion of 1-bromo-X-chlorooctane. The fraction boiling at 117-130° was passed into the stirred mixture throughout the reaction at
(15 mm) was used in the alkylation studies. The composition of 4 ml/min. Samples were taken at intervals, at which time the
this fraction was 1,1,1- (trace), 1,1,2- (2% ), 1,1,3- (10.5%), stirring was interrupted. The sample was washed with water,
______________ 5%  sodium bicarbonate, and water and then dried (MgSO<).

Samples were analyzed on a 200 ft X  V 16 in. SF 96 coated
(11) G. F. Hennionand R.'a . Kurtz, [/. Amer. Chem. Soc., 65,1001 (1943)] capillary column. In each series the reactants were analyzed at

describe the alkylation of benzene with alkyl halides using boron trifluoride 140 160 and the Column then rapidly heated to 180—200 to
and water, alcohol, “ or other polar compounds reactive to boron trifluoride” permit analysis of the products. The area under the peaks was
as the catalyst system. The selectivity of primary vs. secondary halides was considered as proportional to weight for isomeric products,
noted, though yields were less than 70% and reflux temperatures were re- Products. Phenyl-l-bromooctaneS.— 7-Phenyl-l-bromooCtane

, f • v. • vrrwuv. . • „ j was trapped from a 10 ft X  0.25 in. 20% Carbowax on Chromo-(12) The effect of variables in the HF/BFi system is currently under , w  l ™  , , .■ , , _ „
investigation. Results to date indicate that a certain BF. concentration is f .™  f  “ T “ “ ' ^ h e  nmr showed aromatic protons at 7.0, a
required before reaction starts. triplet at 3.2 (G H 2B r), a sextuplet at 2.58 (benzylic methrne), and

(13) Nuclear magnetic resonance (nmr) integrals were correct within 5% methylene protons at 1.2 ppm. The doublet methyl group /3 to
for assigned structures: s = singlet; d = doublet; t = triplet; q -  quartet; the phenyl group Could also be observed at 1.2 ppm but was not
m = multiplet. separable from the methylene proton signal. The mass spectrum
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showed the parent peak at m/e 268, a small peak at 253 ( -C H S), to the 4-phenyl isomer (m/e 201, 147, and 165), the 5-phenyl
and major peaks at 188 (-H B r ),  173 (-H B r , -C H 3), 131 (C i0Hn +), isomer (215, 133, and 179), the 6-phenyl isomer (229, 119, and
and 105 [- (C H 2)8B r ] . 193), and the 7-phenylisomer (243, 105, and 207).

The phenyl-1-bromooctanes undergo three major modes of Phenyl- 1,1,1-trichlorooctane.— The 7-phenyl isomer was recog-
cleavage in the mass spectrograph. These are loss of either the nized by the characteristic doublet at 1.15 ppm in the nmr.
alkyl or bromoalkyl group to yield the corresponding benzylic The mass spectrum showed the parent peak at m/e 292 and peaks
carbonium ions and the loss of both the alkyl group and H Br. at 256 (-H C1), 241 (-HC1, -C H 3), 131 (C i0H „ +), and 105
Hence there are three distinctive mass spectral peaks associated [ - (C H 2)5CC13] .
with each isomer. Those observed are for the 4-phenyl isomer The 6-phenyl isomer showed a triplet in the nmr at 0.7 ppm  
(m/e 211, 131, and 147), the 5-phenyl isomer (225, 145, and 133), characteristic of a methyl group 7  to phenyl. The mass spectrum
the 6-phenyl isomer (239, 159, and 119), and the 7-phenyl isomer. showed the parent peak at m/e 292 and peaks at 256 (-H C1 ), 227
The intensities of the observed peaks were qualitatively appro- (-HC1, -C 2H 5), 145 (C nH 13+), and 119 [ - (C H 2)4CC13] .
priate to the assignments made. The mass spectrum of the phenyl-1,1,1-trichlorooctane mixture

The peaks corresponding to the 3-phenyl isomer (m/e 197, showed peaks corresponding to the 5-phenyl isomer (m/e 249,
117, and 171) and the 2-phenyl isomer (183, 103, and 185) were 133, and 213) and the 4-phenyl isomer (235, 147, and 199).
not detected by this method or by vpc which would detect 0.1%. The nmr of all isomers showed the -C H 2CC13 peak overlapping 

Phenyl- 1 ,1-dichlorooctanes.— 7-Phenyl-l,l-dichlorooctane was with the methine hydrogen,
trapped from the previously described Carbowax column. The 
nmr showed aromatic protons at 7.0, a triplet at 5.5 (CHC12), a
sextuplet at 2.58 (benzylic methine), a multiplet at 2.04 (C H 2- Registry No.-— Benzene, 71-43-2; 1,1-dichlorooc- 
CC12), methylene protons at 1.5, and a doublet at 1.19 ppm tane, 20395-24-8; 1,1,1-trichlorooctane, 4905-79-7;
(methyl 0 to phenyl). 1,1,1,3-tetrachlorooctane, 18088-13-6; 1,1,1,6-tetra-

Ihe 6-phenyI-l, l-dichlorooctane was concentrated by vpc. , , , o n , ,  , n 1 1 1 rr a * i~i .
The nmr showed aromatic protons at 7.0, a triplet at 5.5 (C H - chlorooctane, 20414-34-0; 1,1,1,7-tetrachlorooctane,
Cl2), a sextuplet at 2.58 (benzylic methine), a multiplet at 2.04 20414-35-1; 1,1,1,8-tetrachlorooctane, 10311-13-4;
(C H 2CC12), methylene protons at 1.5, and a triplet at 0.75 ppm 7-phenyl-l,l-dichlorooctane, 20414-37-3; 6-phenyl-l,l-
(methyl 7  to phenyl). dichlorooctane, 20414-38-4; 7-phenyl-l,l,l-trichloro-

The mass spectrum of the phenyldichlorooctane mixture octan e 20414-39-5; 6-phenyl-l,l,l-trichlorooctane,
showed peaks corresponding to alkyl or alkyldichloro group loss '  0 . .  0  . , , r  f  , n , , /
to form the corresponding benzylic carbonium ions and loss of 20414-40-8; 1,1,8-tnchiorooctane, 20414-41-9; 1,1,3
both alkyl group and HC1. The observed peaks corresponded trichlorooctane, 4905-80-0.

Application of the Linnett Electronic Theory to Organic Chemistry.
II. Introduction

R a y m o n d  A. F ir e s t o n e
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The double-quartet theory of Linnett is shown to account for a wide variety of typical organic structural phe
nomena. The concept of L  strain, a unique corollary of the Linnett theory, is discussed and put on a semiquan- 
titative basis. Examples of problems in geometry, stabilization, hyperconjugation, and configurational in
version are provided from among the classes alkanes, alkenes, alkynes, amines, carbanions, carbonium ions, 
radicals, and carbenes, and certain predictions are made.

In the past few years there has appeared a modified cal organic molecules and intermediates. For the most
theory of chemical binding, developed by Linnett.1,2 part, discussions will be limited to elements of atomic
Based on the principles of quantum mechanics, Lin- number below neon in the periodic table,
nett’s theory nevertheless differs drastically in many The Linnett Theory.— Inasmuch as a complete de
cases from that held in recent decades by most chemists scription has been published,1,2 only a few points will be
(the Lewis-Langmuir octet rule),3-6 while in ether repeated here. The principal innovation is the treat-
cases it agrees. Heretofore the chief area of application ment of the outermost shell of electrons around the nu-
has been in inorganic chemistry with a few ventures cleus of an atom as an array, not of pairs with perhaps
into organic territory. an odd electron, but of two spin sets, one of each spin.

We have found that a detailed examination of struc- The disposition of the electrons in each spin set toward
ture and mechanism throughout organic chemistry in each other is rather firmly fixed, owing both to the Pauli
the light of the Linnett concepts can provide increased principle and their mutual electrostatic repulsion, at
understanding. A portion of this work has already that with the maximum mutual distance within the
been presented in preliminary form.6 In this paper, radius of the shell. (By the “position” of an electron,
which is intended as the introduction to a series of de- of course, “most probable position” is meant through
tailed surveys of mechanism, Linnett’s structural con- out.) Thus, a quartet occupies the corners of a regular
cepts are extended, in the simplest possible way, to typi- tetrahedron, a trio the corners of an equilateral triangle,

and a duo the ends of a straight line, all centered on the
( 1 ) j. w. Linnett, j . A m tr. chem. Soc., 8s, 2643 (1961). nucleus. The relative positions of the two spin sets are
(2) J. W. Linnett, “The Electronic Structure of Molecules,” Methuen the most Staggered possible (consistent w ith  the maX-

&S ' g‘ n.Le^D.A6m4er.C h e m .S o c .3 8 ,7 6 2 (1916). imization of binding energy), to minimize interelec-
(4) G. N. Lewis, “Valence and the Structure of Atoms and Molecules,” trOIUC repulsion. The Second restriction IS Weaker than

The Chemical Catalog Co., New York, n . y ., 1 9 2 3 . the first, however, because the Pauli principle is not in-
(5) I. Langmuir, J. Am er. Chem. Soc., 38, 2221 (1916). } A
(6) R. A. Firestone, Tetrahedron Lett., 971 (1968). V O lV ed .

Vol. 34, No. 9, September 1969 L innett Electronic T heory 2621



H H H senting the two types of electrons by o’s and x’s, with
\  ^ *  simplified diagrams where possible, in which — repre-
/C;!̂ h /c— ~C\ sents a pair of electrons, one of each spin, without regard

!_/* /* *\ to whether or not they are close paired, and • represents
one electron of either spin. Enough perspective draw- 

' 2  ings have been provided to illustrate at least one each of

0 two-, three-, four-, five-, and six-electron bonds; in
these particular illustrations, the lines connecting 

C—w-H atoms, and some connecting electrons ( v i z . ,  five- and six-
\ 1  electron bends), are there solely as aids to visualization.
V  Space limitations preclude further discussion of Lin-
3  nett’s theory; ref 1 and 2  can be consulted for a full ex-

A  position.
* L Strain.— One of the consequences of the double-

____< p quartet theory is that any event, at a given point in
\ f  ° 1 ? the valence shell of an atom, which alters the relative

«  \ J > * W  disposition of the two spin sets at that point will alter
4 it at all other points as well, in a definite way. Thus

all the bonds to that atom play a role in the reaction 
whether they appear to or not. This factor is distinct

*11 « cl | ° Cl I - * ______*■ from the usual steric and electronic effects, and supple-
^  ¿1 i e  2 is  2 ments but does not replace them.

HCA ° ”CH or CHg-^CH-^-CHj During a reaction, it is sometimes found that the two
\  . y 2&  electrons in a single bond not directly involved are

H H 5  0R forced apart and off the internuclear line. This will

i® i® g 2® t® o

Figure 1.— 1, methane; 2, ethylene; 3, acetylene; 4, nitrous A  ®  B  ► B L  strain =  26-
acid; 5, benzene; 6, allyl radical. \

•' - „ f j
A chemical bond between two atoms consists of one or weaken the bond and, therefore, raise the activation

more electrons between the nuclei, shared by both and energy, even though the bond may be intact and un-
as close to both as possible, allowing for the electrons’ strained in both the reactants and the products. Bond
mutual repulsion and the Pauli principle. Thus a single weakening of this type constitutes a type of strain
bond has the two electrons close paired on the line con- which we believe has not been invoked before and which
necting the two nuclei; their positions need not coincide, we propose to call L strain. It may be exhibited by
however. A double bond has four electrons which may stable species as well as by transition states. Several
or may not be close paired, and a triple bond has six examples of L strain have already been described.6

electrons not close paired. Bonds with odd numbers of It is obvious that the strain energy will increase with 
electrons are also permitted. The more electrons in- 9 , slowly at first and then more rapidly. An empirical
volved, the stronger the bond, although not necessarily relationship can be worked out using data from the
in direct proportion. For nonbonding electrons, on the literature.
other hand (those not shared by more than one atom), (1) Cyclopropane suffers from L strain at each car- 
the energy of the molecule is greater, the closer they lie bon atom. If we momentarily assume that all spin 
to the internuclear line.

The chief innovation here is the deemphasis on the 
pair; a bond may contain any number of electrons, even / @\ °Lc
or odd, up to six. In addition, great stress is laid upon /  #
the advantage of structures that have as few close pairs \ 1

as possible, consonant with the other limitations. The 0 . “ ° j ®
relative ease with which the various types of atoms
assume formal charges is also taken into account. \  / "'C

Another feature of Linnett’s theory, though not a '® /
novelty, is that double bonds are seen as two-membered , , , ,
rings with bent bonds. The history and advantages of sets aretC™ P' S  ^distorted the amount of L  strain
the bent-bond theory, particularly from the standpoint 1S sf en to ’ 6 C.a' 2°  ^n§ e ®t1ra;ln ™
of rotational isomerism, have been adequately re- cyclopropane has been estimated to be about 21 kcal/ 
viewed.7 It should be noted that triple bonds, while ™ol> Provides a figure of 7 kcal/mol per C - C
bent, are not simply two-membered bicyclic systems ; Of course, the ring bonds will be stronger if the
since they contain no close pairs. tetrahedra bend slightly so that the electrons can move

A  few structures are depicted in Figure 1 for illustra- a llttle mward-9 Thus 29 m cyclopropane must be less
tion. We have adopted Linnett’s convention of repre- (8) K. w. Egger> D M Golden> and s. w. Benson, Amer, Chem, Soc.f

86, 5420 (1964).
(7) E. A. Walters, J . Chem. Educ., 43, 134 (1966); E. L. Eliel, N. L. Allin- (9) That this is likely is indicated by the observed H—C—H angle in cyclo-

ger, S. J. Angyal, and G. A. Morrison, “Conformational Analysis,” Inter- propane of 113.6 ± 2 ° ;  0. Bastiensen and P. N. Skancke, Advan. Chem.
science Publishers, N. Y., 1965, pp 19-22. Phys., 3, 323 (1960), p 349.
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than 49.5°, and our estimated strain energy for 49.5° '
somewhat low. Ig _ ^

A correction must now be made for electron correla- 4

tion, because the hypothetical reaction /

y f  /
C^— ----- C — ► -------C 12 ■ /

N X /

is exothermic, owing to the increase in interelectronic /  "*?
distance, even though the sum of the electronic deflec- /  3

tions from the internuclear line is unchanged. A  simple /  —o
calculation of this correction can be made by setting the /

correlation energy proportional to sin 0 . Perfect corre- /
lation ( i . e ., maximum separation of electrons) is /
achieved at 2 0  =  70.5°, for a first-row atom whose va- 4  . /
lence shell is filled, because any further increase in 0  /
necessarily involves the nearer approach of other elec- 5  /
trons of the valence shell. 10 From the “resonance y

energies” of benzene and carbon dioxide, 2 the approxi- /
mate figure of 4 kcal/mol per electron pair can be de- -----1------ -1- -------1--------------------------------- *-----
rived for the maximum electron correlation energy, u u
which is assigned to 20 =  70.5°. The correlation cor- Figure 2.—L-Strain energies v s . angles for C-C bonds, indi
rection for cyclopropane, then, is about 3 kcal/mol per nate in kilocalories per mole; abcissa in degrees. For number- 
bond and the corrected L-strain energy for 20 =  49.5° is ing of Points>see text- 
4 kcal/mol per electron pair.

(2) The strain energy of cyclobutane is almost the energy, then, comes to 3.1 -  1.2 =  1.9 kcal/mol per 
same as that of cyclopropane. 11 If the two also have electron pair.
similar total angle-strain energies, the L-strain energy These numbers are plotted in Figure 2. The arrows 
for 20 g  19.5° comes approximately to 4 kcal/mol per next to some of the points indicate that the actual
electron pair (21 ^  4 — 1.2 kcal). L-strain angles must be smaller than the calculated ones

(3) Ethylene can be looked upon as a strained two- by some unknown amount. Where the data permitted
membered ring with its four bonding electrons ideally the adoption of two different L-strain energies, both are
55° off the internuclear line but actually < 5 5 ° .  The depicted. The line was sketched visually as the best
difference in bond energy between two single C -C  bonds smooth approximation to all the points except that for
and one double bond is 19.4 kcal/mol. 12 If there :s no cyclobutane whose angle strain is unaccountably high,
correlation correction for 20 =  109.5 , the L-strain Although the curve is a crude one, it is good enough to
energy comes to 9.7 kcal/mol per electron pair; one use for the estimation of approximate L-strain energies,
could, however, assign up to half the maximum correc- Among the uses to which Figure 2 may be put is the 
tion, or 2 kcal/mol, which would bring the L-strain estimation of the difference in L strain in the transition 
energy to 7.7 kcal/mol. states of the Sn 2 reaction for inversion and retention,

(4) Acetylene has six well-correlated electrons in the according to the mechanism proposed in ref 6 . For
C-C  bond, each with 0 ^  70.5°. The difference in bond
energy between three single bonds and one triple bond is R R A R
48.2 kcal/mol. 12 It is not clear whether a correlation \ /  . / R
correction should be made here; the figure would be 0.7 A: +  r 3c r —*■ -A-'c-B- or d
kcal/mol for an angular separation of 56°. With the | xr

correction, the L strain is 48.2 h- 3 — 0.7, or 15.4 kcal/ R B
mol per electron pair and, without it, 16.1 kcal/mol. inversion retention

(5) Certain molecular vibration modes can yield
L-strain data. For the vibration of ethane depicted in inversion, the three C -R  bonds suffer from 40° of L
7, the energy required for a 10° distortion is 3.1 kcal/ strain each and, for retention, 70.5°. The difference in

L strain per C -R  bond is 6 . 8  — 3.6 or c a . 3.2 kcal/mol, 
< *  I ,  so that inversion should be preferred to retention by c a .

\ 10 kcal/mol. If R =  H, this becomes c a . 11 kcal/mol 
'  after correcting for the difference between C-C  and

7  C -H  bond energies. 12 If R =  CH3, secondary L strain
mol. 11 This corresponds to a bent bond, as in cyclopro- within the CH 3 groups will raise the base figure still
pane and cyclobutane, with 0 =  10°. The L-strain further to an estimated 14 kcal/mol based on the
1 data14 for the successive replacement of H by CH 3 on

(10) This point can be clarified if necessary by referring to the cubical Carbon atoms Undergoing Sn 2 displacement.
array suggested by W. F. Luder, J . Chem. E d u c .,U , 206 (1967) as a pictorial Fo r Se 2 reactions of the type A + -r  C H 3B  —► A C H 3 -|~
aid to the visualization of Linnett’s structure for the neon configuration. f  rnHipnl O isn lflCpm ents A  • -I- C H J B  -*■ A C H i

(11) J. D. Dunitz and V. Schomaker, J. Chem. Phys., 20, 1703 (1952). B  , anil lor radical displacements A  ^X130  3
(12) T. L. Cottrell. “The Strength of Chemical Bonds,” 2nd Ed., Butter-

worth & Co. Ltd., London, 1958. d /ioaon
(13) J. W. Linnett, personal communication. (1*) D. Cook and A. J. Parker, J. Chem. Soc., B  142 (1968).
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+  B-, inversion should also be preferred. 16 The effect rate of formation of carbonium ions at bridgeheads. 20,21

of charge type on the energies of these transition states, The degree of rigidity with which carbonium ions appar-
which is expected to be significant, has been neglected in ently adhere to planarity21 is not so easily accounted for,
this discussion but will be taken up at a later time. however ; distortion of a spin set would be expected to be

Typical Organic Structures. Tetravalent Saturated easier the fewer electrons it contains, because severe
Carbon.— Methane (1) is depicted above. The two Pauli “repulsion” ought to come into play only as the
spin sets, both tetrahedra, coincide despite the créa- interelectronic angle gets down near 109.5°.
tion of four close pairs because considerations of bond Hyperconjugation.—This is a stabilizing factor in
strength outweigh those of electron correlation. carbonium ions22 which can be depicted in the following

Trivalent Saturated Nitrogen.— The two spin sets way. It is apparent from this picture why C -H
are anchored together at three points, leaving the fourth
electrons a rather close pair also. Thus, amines are R Vj+R
pyramidal in shape, equivalent to sp3 hybridization. t >

The easy inversion of amines occurs through the | | | |
transition state 8 . The three bonds suffer from L

R hyperconjugates better than C -C , 23 since not only does
\ hydrogen bear a positive charge more easily than carbon,

0 \ p but also there is a certain amount of L strain associated
o \ / x with a carbon atom that has only seven valence elec-

x N ° trons, e . g . ,  when It =  CH 3 ( v i d e  i n f r a ) ,  but absent when
O X R =  H.

Another phenomenon can also be rationalized. 
R Shiner and coworkers have shown that the secondary

• . , „ 0 i ,,i , . . ,, d-deuterium isotope effect on solvolysis is subject to a
strain (20) of 40 each and the one pair is now well cor- steric restricti with the ¿«ms-coplanar conformation
related. The estimated activation energy from L  strain a entl preferred21,23; yet, in the solvolysis of cyclo-
considerations alone comes to approximately 7 kcal/ t j tosylate, a (3-cis deuterium has a larger retarding

n Ï  exp+e“ tal value. 18 ca' ? kcal/mol for effect (Jfc /fc =  L22) than a trans {k /k =  L16) »
•5  p e  activation energy is expected to increase The situation ig reminiscent of the observation by

with méthylation owing to secondary L  strain in the dePuy>s group that> in cyclopentyl systems, E2 elimi-

m® . y 1gr°ups: , , _ TT , , , nations also exhibit larger c i s / t r a n s  ratios than normal. 27
Divalent Saturated Oxygen, -Here the two tetra- From these and other dat Shiner and Humphrey26

hedra are fastened together at on y two corners. The conclude that hyperconjugative assistance to solvolysis
four nonbonded electrons are still therefore, formal y js maximi2ed in both and iranS-coplanar arrange- 
close paired, but with considerably more freedom to B
spread than those in amines. 19 V2+

Alkyl Halides .— The two spin sets around the halo- H
gen atom are now joined at only one point and the non- \  o ,..R
bonded electrons are well correlated. The noble gas \  ,/ x
configuration, with its optimal electron correlation, is R'—"¿ C —x—C K
nevertheless not attainable. \

Carbanions.— These are isoelectronic with amines R \
and the same considerations apply. ' 0

Carbonium Ions.—The structures should be planar, t r a n s  V»
with R -C -R  angles of 120°, since both spin sets are 'A * V2-
equilateral triangles centered on the nucleus. This H Yo
agrees with current thinking, based mainly on the slow \  Q J

(15) There are few examples of Se2 reactions not involving heavy atoms 0 \  /
or small rings. Of particular interest is the formation of i-butyl cation from R -----C—
both neopentane and 2,2,3,3-tetramethylbutane in super acids, reported by j
H. Hogeveen and A. F. Bickel, Chem. Comm., 635 (1967), and by G. A. Olah o
and R. H. Schlosberg, J . Am er. Chem. Soc., 90, 2726 (1968). Taking into
account both the steric inaccessibility of neopentyl carbon and the fact that
free protons cannot exist even in super acids, one is forced to conclude that
these Se2 reactions occur with inversion. Whether this is a general rule
remains to be seen. (20) P. D. Bartlett and L. H. Knox, J . Am er. Chem. Soc., 61, 3184 (1939).

(16) Calculated from Figure 2, allowing 4 kcal/mol for the lone pair. (21) W. von E. Doering, M. Levitz, A. Sayigh, M. Sprecher, and W. P.
Since N-H bonds are somewhat stronger and N-C bonds somewhat weaker Whelan, Jr., ib id ., 75, 1008 (1953).
than C-C bonds,12 no bond strength correction was made in this case. (22) See, in ter alia, (a) V. J. Shiner, Jr., W. E. Buddenbaum, B. L. Murr,

(17) G. Herzberg, "Infrared and Raman Spectra,” D. Van Nostrand Co., and G. Lamaty, ib id ., 90, 418 (1968), and earlier papers; (b) H. C. Brown
Inc., New York, N. Y., 1945; D. M. Dennison and G. E. Uhlenbeck, Phys. and R. A. Wirkkala, ibid., 88, 1453 (1966); (c) K. L. Servis, S. Borcic and
Rev., 41, 313 (1932); C. H. Townes and A. L. Schawlow, "Microwave Spec- D. E. Sunko, Tetrahedron, 24, 1247 (1968); (d) T. Yonezawa, H. Nakatsuji
troscopy,” McGraw-Hill, Book Co., Inc., N. Y., 1955. and H. Kato, J. Amer. Chem. Soc., 90, 1239 (1968).

(18) In this example, and others like it to follow, it should not be inferred (23) M. Ballester and J. Riera, Tetrahedron, 20, 2217 (1964), and references
that L strain alone is responsible for the activation energy. The intention contained therein.
is simply to show that the energetics of many phenomena are commensurate (24) V. J. Shiner, Jr., B. L. Murr, and G. Heinemann, J. Am er. Chem. Soc.,
with those anticipated from L strain and, therefore, that it must be reck- 85, 2413 (1963).
oned an important factor in these cases. (25) V. J. Shiner, Jr., and J. S. Humphrey, Jr., ibid., 85, 2416 (1963).

(19) The deviations of bond angles from 109.5° in many compounds are (26) A. Streitwieser, Jr., R. H. Jagow, R. C. Fahey, and S. Suzuki, ib id.,
ascribed, in large part, to this "spreading” tendency of unshared valence 80, 2326 (1958).
electrons: C. E. Mellish and J. W. Linnett, Trans. Faraday Soc., 50, 657 (27) C. H. DePuy, G. F. Morris, J. S. Smith, and R. J. Smat, ib id ., 87,
(1954). 2421 (1965).
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ments, and absent at 90°. In conformity with these depicted below were proposed to account for this stabili-
ideas, our transition state for hyperconjugation-assisted zation. We now suggest that these are actually ex
solvolysis, like that for the E2 reaction,6 has two pre
ferred planar conformations, of which the trans is _ C _ S _ r c ■, _ c==g _ R
slightly better with respect to electron correlation. | •• |

Hyperconjugation of radicals and anions is also ex- H H
I I

R 7,+R 1/ r  V2-R >A+ R— C—Cl R—C—Cl-

—C—C— •<•"> —c—c— ■<■ > —c—c—
I I  I I  I I  amples of saturated radicals, shown below. The stabili-

R - 'A -R  Vs“ Vj-  y 2+

—C—C— -<-> —C—C— —6—S—R —C—S—R
I I I I I " I "

pected. There is evidence for the former,2Sa but the H H
latter goes counter to the general belief that anion sta- R__C—Cl: < > R—C—Cl:
bility decreases in the order primary, secondary, terti- "
ary. We suggest that this order, if correct, is a solution 2 2
phase phenomenon, and predict that in the gas phase it zation of acyl radicals32 can be explained similarly. By 
will be reversed. this reasoning, one would expect that any atom bearing

Organic Radicals. Molecules such as CH3 • and t- unshared electrons could stabilize an adjacent radical in 
BuO- are generally treated as unsaturated structures
containing at least one atom with an incomplete val- •• *A+
ence shell. The low activation energies for dimerization ^  ' .J * '
of methyl and 1-butoxy radicals29 fit this description. R—C- R—C-
However, by abandoning the fixed idea that electrons V2~
must be paired whenever possible, Linnett has shown the same way. In the case of there is a le
that many radicals can be written^with saturated struc- evidence for such stabilization. 33 Many studies have
tures, in particular those whose formally unsaturated shown that t h 3  a C_H bond in ethers is especially
atom is directly bonded to one possessing unshared activated to attack by oxygen, 33- 36 nitrogen, 36 and car-
e ectrons. Although these molecules still have an odd b o n 37 radicals. The a C-H  bond in amines is similarly
electron, they contain no atoms with incomplete valence activated. 33. 39 While it could be argued that these are
shells. A good example is nitric oxide, NO. 0 Two au kinetic effects arising from the attacking radicals’
canonical Lewis forms can be written, 9 and 10, each being of the acceptor type, the reduced dissociation

. . .  . . .  energies of C -H  bonds next to oxygen,40 and the large
:N =0 : :N =0 : stabilization energies of X C H 2- radicals compared with

g 10 CH3-, when X  bears unshared valence electrons,41 sup
port our interpretation. For example, these compari- 

with the odd electron on an unsaturated atom. Since sons among bond dissociation energies (in kilocalories/
dimerization, for example, to 0 = N — N = 0 ,  would mole) may be made40: H -C H 2OH, 92; and H -C H 3,
create a new bond without cost to the existing ones, the 104; H -C H (C H 3)OH, 90; and H-Et, 98. For radicals
failure of NO to dimerize is difficult to understand. In X C H 2 ■, the following stabilization energies, in kilocalo-
the Linnett structure 11, on the other hand, the mole- ries/mole relative to CH3-, are reported41: X  =  F, 13;

Cl, 14; Br, 19; OCH3, 20. In comparison, the value for 
:N =0 : X  =  CN  is only 11.

Vs “ *A+ The transfer of formal charge implied in the preceding
11 description of radical stabilization manifests itself in the

cule as a whole is saturated because both atoms have increased acidity of OH bonds next to radical centers,
filled valence shells; dimerization would consequently In general, R 2COH is much more acidic than R 2-
lead to no increase in the number of bonding electrons, CHOH.42
but would lead to increased interelectronic repulsion
owing to the creation of close pairs. Many other ex- (3 2 ) C. Walling, “Free Radicals in Solution,” John Wiley & Sons, Inc., 
amples of this type have also been discussed. 2 New York' N-Y- ■19i7' p 51 '■ J-s-Shirk and G-c- Pimentel, j. Amer. chem.

Formally unsaturated organic radicals are stabilized ^(ss^ms4Dawson,Quart.Rev..2 1 , 2 4 9 (1967). 
by adjacent sulfur31 or chlorine.32 The resonance forms (34) M. L. Mihailcvic and M. Miloradovic, Tetrahedron, 22, 723 (1966).

(35) C. Walling and M. J. Mintz, J. Amer. Chem. Soc., 89, 1515 (1967).
(28) (a) B. Mile, Angew. Chem. Intern. Ed. Engl., 7, 507 (1968). (b) (36) R. Partch, Tetrahedron Lett., 1361 (1966).

Anionic hyperconjugation has been discussed by R. A. Mul.iken, (37) A. Ledwith ard M. Sambhi, J. Chem. Soc., B, 670 (1966).
Tetrahedron 5, 253 (1959), and draws possible experimental support from the (38) W. H. Urry, O. O. Juveland, and F. W. Stacey, J . Amer. Chem. Soc.,
report by W. M. Schubert, R. B. Murphy, and J. Robins, ibid., 17, 199 74, 6155 (1952).
(1962), that p-alkyl groups lower the energies of the uv transitions of both (39) M. M. Nazarova and L. K. Freidlin, Bull. Acad. Sci. USSR, Div.
anilines and nitrobenzenes. Chem. Sci., Engl. Tran&l., 1754 (1966).

(29) R. Gomer and G. B. Kistiakowsky, J . Chem. Phys., 19, 85 (1951); (40) J. A. Kerr, Chem. Rev., 6 6 , 465 (1966).
D. J. Carlsson, J. A. Howard and K. U. Ingold, J . Amer. Chem. Soc., 88, (41) R. H. Martin, F. W. Lampe, and R. W. Taft, J . Amer. Chem. Soc.,
4725 (1966). 88. 1 3 5 3  (1956).

(30) Reference 2, pp 43, 58. (42) G- Porter and F. Wilkinson, Trans. Faraday Soc., 57, 1686 (1961);
(31) C. C. Price and S. Oae, “Sulfur Bonding," Ronald Press, New York, R. Stewart, “Oxidation Mechanisms,” W. A. Benjamin, Inc., New York,

N. Y., 1962, p 27. N. Y., 1964, p 6 6 .
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In like manner, peroxy radicals can be pictured as tron correlation and L strain have been made, it should
saturated, in contrast with alkoxy radicals, which are be possible to calculate the activation energy differences
unsaturated. 2 It is thus understandable why peroxy within series such as the following. Within each series,

R — 6 — 6 : - * ->  R — 6 — 6 : R— O: “0 — N R R '2 — >  RO — N R '2

1/2 + 1/2 R " 2C— N R R '2— >  R " 2R C — N R '2

radicals are much less reactive than alkoxy toward dim
erization43 and hydrogen abstraction. 44 45 “O— C R R '2 — * ■  RO— C R '2

A number of 1,2 rearrangements, formerly thought to 
be heterolytic in nature, are now recognized as proceed- R " N — C R R '2 — >  R " R N —C R '2

ing v i a  radical cleavage-recombination. It is difficult
to rationalize these homolyses on conventional grounds. R " 2C— C R R '2 — > R " 2R C — C R '2

For example, the following reaction46 proceeds readily _  . j
at 30-45° which, as the authors point out, is a surpris- ^oups R and R must be chosen so that R- is a good
ingly low temperature for homolysis of a C -N  bond. f dical and the reactions are thermodynamically

favorable.

y y It is significant that R "N -N R R ' 2 -► R "R N -N R ' 2

C 6H 5— N — C H 2C 6H 4X  — >  C6H5—tT • C H 2C 6H 4X  — >• does not occur readily, 49 since the difference between the
¿jjs ¿jj energies of N -N  and N  — N  bonds is particularly small,

C h — N—O—CHCHX only 27 kcal/mol, v s . C-C, 33, C -N , 34, or C-O, 45.
1 Steric inhibition of assisted homolysis is also possible, as
CH j illustrated below.60 Although the zwitterionic interme-

Electron-withdrawing substituents in the benzyl ring ch

increase the reaction rate. These facts can be accom- ----- Z '  f  3

modated with the three-electron bonded structures 1 2  L J . _  l  II 1 —*■
and 13 for the transition state and nitroxyl intermedi- 9 O ' 2

ate, respectively. In a parallel investigation, another iliib Jt/L*
{..

1/2 : 0 - V 2-  / C H3

c6h5- n^ch2c6h 4x  c8h ,—n  • V,+ H i  |
C H 3 ¿ H 3 ^  0  Et

12 13
diate seems exceptionally well suited for Wittig re

example of the same type has also been shown to have arrangement, none of the normal Wittig product was 
the same mechanism. 46 observed.51 This is expected because the intermediate

Radicals may be stabilized not only by hetero atoms, radical is highly strained; the 6 —C = C  angle must be 
but also by carbon if it possesses unshared electrons. Ca . 108° but wants to be c a . 152°.
Thus, removal of a proton from carbon facilitates The geometry of trivalent carbon with a septet of 
homolysis at neighboring oxygen, as in the Wittig re- electrons can be predicted in simple terms from the
arrangement. 47 Linnett structure 14. Since one spin set is a triangle

C6H5CH—O—R — C«H:,CH—O • -R— *-C6H6CH—o~ and the other a tetrahedron, both centered on the nu-
' ' I cleus, all three bonds are L strained by c a . 19.5°. The

V* 1A_ R

A similar mechanism has also been proposed by ? c \
Schollkopf, e t  a l . , * 6 for the related Stevens rearrange- 2  * ^ ' 2 x
ment. 48 R *

It can be predicted, then, that an important factor in 14 1 5

the ease with which this sort of rearrangement will take
place is the increase in binding energy of the AB bond molecule will be a flattened pyramid, not quite planar,
which accompanies the change A - B - C  A —B -f C. ^  easi'y inverted b.y stating one spin set as in 15.
For each AB combination, this increase can be esti- V i n - v ]  T! cl f r®n
mated by interpolating on the smooth plot of bond Vmyl radlCals are descnbed b^ a simdar P^ture, 16. 
energy v s . multiplicity for two-, four-, and six-electron *
bonds. After minor corrections for differences in elec-

(43) P. D. Bartlett and G. Guaraldi, J . Amer. Chem. Soc., 89, 4799 (1967).
(44) C. Walling and V. P. Kurkov, ibid., 89, 4895 (1967). 1 6

(45) U. Schollkopf, U. Ludwig, M. Patsch, and W. Franken, A nn., 703.
77 (1967).

(46) E. J. Grubbs, J. A. Villareal, J. D. McCullough, and J. S. Vincent, (49) R. C. Slagel, J. Org. Chem., 38, 1374 (1968); W. S. Wadsworth and
J . Amer. Chem. Soc., 89, 2234 (1967). W. Bruxvoort, Chem. Comm., 542 (1968).

(47) P. T, Lansbury, V. A. Pattison, J. D. Sidler, and J. B. Bieber, ibid., (50) H. H. Wasserman and J. M. Fernandez, J . Am er. Chem Soc 90
88, 78 (1966). s322 (1968).

(48) H. E. Zimmerman, "Molecular Rearrangements,” Part 1, P. de (51) H. H. Wasserman, personal communication.
Mayo, Ed., Interscience Publishers, New York, N. Y„ 1963, p 345. (52) W. A. Pryor, Chem. Eng. News, 46 [3], 74 (1968).
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They should be slightly bent, but easily inverted. T a b l e  I
This geometry is known to be correct.63 The estimated B o n d  D is s o c ia t io n  E n e r g ie s  i n  K il o c a l o r ie s / M o l e
C -C -R  angle is 152°, close to the experimental value.28“ Bond d  Ref

Acetylenic radicals are unusual in that the simple H — C H 3 104 40
structure 17 is a poor one according to the Linnett H — E t 98 40

H — C H C H 2 104 40
o H — C C H  ~125 54

* H — C N  129 40

R — C S C *  s =  R - « - C _ * C  o C H 3— C H 3 88 40

0 E t— E t 87 40
x C H 2C H — C H C H 2 100 54

C H C — C C H  150 54
1 7  C N — C N  145 40

theory, because the triangular spin set on the right-hand C H 3— E t 85 40

carbon atom is centered far off the nucleus. While rw S—rS H 1 1 7  5 4

this is not forbidden for a trio, it must increase the E - ^ C N  128 54
energy of the radical considerably. An alternative for
mulation is 18, in which the trio is now centered prop-

arranged to minimize L strain in the two C— R bonds, 
0  as in 19, an R -C -R  angle of about 145° is predicted

with undistorted spin sets; slightly less when the
P _ q^_0 _  . p_w_ r *____ greater flexibility of a duo, compared with a quartet, is

 ̂* x 0  taken into account. This rather peculiar angle is not
0  far from the latest experimental figure of about 150°.86

18
•O

X
erly, but the carbon-carbon bond has lost one bonding R-o o~R
electron. This too must increase the energy; and, in 19

fact, acetylenic radicals are destabilized relative to
their alkyl and vinyl counterparts, as shown by the data This brief survey of organic structural types demon
in Table I . 40' 54 strates the power of the Linnett theory to correlate a

Carbenes.— For singlet carbenes, the idealized rep- large body of diverse facts by means of a relatively
resentation is that of two coincident triangular spin small number of very simple concepts. In future
sets; the R -C -R  angle is 120°. Allowing for the papers of the series, the ideas presented here will be
tendency of the unshared electrons to “spread,”1* one applied in depth to problems in organic reaction mecha-
expects a somewhat smaller angle. The experimental nisms.
value is c a . 103°.55 Triplet carbenes, on the other A , , , , , • ,
hand, have one quartet and one duo. If these are Acknowledgment -T h e  advice and encouragement

of Professor Linnett have been of great assistance in 
this work.

(53) W. G. Bentrude, Ann. Rev. Phys. Chem., 18, 300 (1967).
(54) S. W. Benson, J . Chem. Educ., 42, 502 (1965). (56) I. Moritani, S-I. Murahashi, M. Nashino, Y. Yamamoto, K. Itoh,
(55) G. Herzberg, Proc. Roy. Soc. (London), A 2 6 2 , 291 (1961). and N. Magata, J. Amer. Chem. Soc., 89, 1259 (1967).
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Addition of Nitryl Iodide to Olefins1

Alfred Hassner, James E. Kropp,2“ and Gerald J. Kent215
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The reaction of silver nitrite with iodine in the presence of olefins was studied and was found to lead to nitro- 
iodo adducts. The reaction has the characteristics of a nitryl iodide addition and appears to proceed by a 
free-radical attack of an N 0 2 species on the double bond. Stereochemical and regiochemical considerations 
are discussed. The method provides a selective synthesis of /3-iodonitro-, vinylnitro-, and nitroalkanes 
under mild reaction conditions.

A d d it io n  reactions o f p seudohalogens to  olefins h a v e  S c h e m e  I
recen tly  ga in ed  in  im portance th ro u gh  the ir synthetic  C8H i7
a n d  m echanistic  ap p lica tio n s .3 In  ex tend ing  p seu do - . I
h a lo gen  chem istry , this p a p e r  describes the  reaction  o f
n it ry l iod id e  w ith  olefins an d  illu strates the reaction  -------- ' AgNQ2-iz ̂

p a th w a y , stereochem istry , reg ioch em istry ,4 an d  p ro d - jj 
ucts.

T h e  reaction  o f s ilv e r n itrite  an d  iod ine in  the  

presence o f cyclohexene w a s  first repo rted  b y  

B irc h e n b a c h  to  g iv e  d in it r o -  an d  io d o -n it ro  addu cts.6
T h is  reaction  w a s  d is rega rd ed  u n til 1964 w h en  its T  J  +  Jj J
syn th etic  u t ility  an d  m ild  cond itions w ere  in it ia lly  0 2N ' ' ^ 'v^ X x ^
d e sc rib e d .1“ M o re  recently , the m ild  reaction  con - ! 2
d itions o f the  n itry l iod ide reaction  h a v e  been
em phasized  b y  its use in  the n itra tion  o f sugars .6 A n  iba8e
a lte rn a te  m eans to  synthesize n itro  iod ides via the  

stro n g  ox id iz ing agen t, d in itrogen  tetroxide , h as  been  

described  b y  Stevens an d  E m m o n s.7
In  a n a lo g y  w ith  o ther p seu doh a logen s,3 the reaction  ( | ^

o f s ilv e r n itrite  w ith  iod ine is expected  to le ad  to  q

I N 0 2. T h is  reagen t is theoretica lly  cap ab le  o f d u a l 2 .
hetero lysis  to N 0 2+ an d  I  ~  or to  I  +  an d  N 0 2~  as w e ll 3 \ z n-HOAc
as to  hom olysis  in to  free rad ic a ls ; hence it  can  fu n ction  NaBH,
as n it ry l iod ide  o r as iod in e n itrite  an d  either ion ica lly  or
free  rad ic a lly . -jv.

T o  ga in  in fo rm ation  on the ste reochem istry  an d  ^
reg ioch em istry  o f the ad d ition  o f N 0 2I  to  olefins, the ]  j f  f
reaction  o f s ilver n itrite  an d  iod in e w a s  s tud ied  in
ether in  the presence o f 2-cholestene. T h e  m a jo r  5 4
p ro d u ct (5 1 % ) w as  2/3-iodo-3a-n itrocholestane (1 )

together w ith  2 6 %  u n reacted  2-cholestene an d  5 %  A tte m p te d  conversion  o f 1 to  a  ste ro ida l az irid ine  

a -io  o -^ -c h o le s t a n y l n itrate  ( 2 ) (Schem e I ) .  T h e  w a s  unsuccessfu l; treatm en t w ith  zinc or w ith  L i A lH 4 
position  o f the N O ,  fun ction  m  l  w as  p ro ven  b y  led  to 2 -cholestene b y  d iax ia l e lim in ation  o f I N 0 2,
e im in a  ion  o -m tioch o lest-2 -en e  (3 ), an d  subsequ en t w h ereas  ferrous su lfate  an d  H C1  led  to  recove ry  o f
redu ction  to  the k n o w n  3-cholestanone (4 ). S od iu m  sta rtin g  m ateria l.

b o ro h y d n d e  redu ction  o f the v in y l m tro  com pou n d  (3 ) T h e  nm r spectru m  o f the n itro  iod ide 1 ind icates  

le d  to  the k n o w n  3/3-mtrocholestane (5 ) .3 secon d ary  pro tons a t  r  4.79 an d  5.16 gem in a l to  a  n itro

(1) (a) Presented in part before the Symposium on Electrophilic Additions &n.d an  iod ine function , respective ly . Both, s igna ls
to Olefins, 148th National Meeting of the American Chemical Society, h a v e  h a lf-w id th s  o f 8 H z  in d icative  o f eq u ato ria l

f o W  “ d h“ “  ot < * « M r  o rien ted  N O ,  an d
N. Y„ 1967, p 757. (c) Stereochemistry. XLIII. For paper XLII, see I  g roups. T h e  n m r o f the n itro  iod ide 1 also  ind icates
A. Hassner, R. J. Isbister, and A. Friederang, Tetrahedron Lett., in press. a  C -1 9  m eth y l s ign a l a t  T 8.83, a  sh ift o f 0.40 p p m  fro m

(2) (a) The work described was taken from the thesis submitted by J. E. ii • i • i i , Alxl i i i *  - i
Kropp in partial fulfillment of the requirements for the Ph.D. degree from . P Signal in  Cholestane. A lth o u g h  this IS a  la rg e  sh ift,
the University of Colorado (1965). (b) Participant, NSF Summer Research it is n o t Surprising since m ost o f the 2 -ax ia l g ro u p s  CaUSe

^ T fo r?olIege,T er hr -  , „  w  _  , r A „ a  sign ificant sh ift o f the C -19  m eth y l g ro u p .3b’I0’n  O f
90, 2869 (1968); (b) a . Hassner, m . e . Lorber, and c. H eathcock ,Org. tlie m an y  functionalities considered, iod in e has been
Chem., 3 2 , 540 (1967), and references cited therein. repo rted  to h a v e  a  p a rt icu la r ly  s tron g  an istrop ic  effect

effeCtS in b°nd makine ”  increasing in  the o rder ch loride >  b rom ide  >  io d id e .12
(5) l . Birchenbach, j. Goubeau, and e . Bemiger, Ber., 65,1339 (1932). T h is  progression  fits the o bse rved  chem ical sh ifts fo r  the
(6) W. A. Szarek, D. G. Lance, and R. L. Beach, Chem. Commun., 356 2 -ax ia l ha lides no ted  in  T a b le  I

(1968).
(7) T. E. Stevens and W. D. Emmons, J .  Amer. Chem. Soc., 80, 338 (9) A. Hassner and C. H. Heathcock, J .  Org. Chem. 30, 1748 (1965).

(1958). (10) K. Tori and T. Komeno, Tetrahedron, 21, No. 2, 309 (1965).
(8) J. R. Bull, E. R. H. Jones, and G. D. Meakins, J .  Chem. Soc., 2601 (11) A. Hassner and F. Boerwinkle, J .  Amer. Chem. Soc., 90, 216 (1968).

(1965). We are greatful to Dr. Meakins for a sample of 6. (12) G. S. Reddy and J. H. Goldstein, J. Chem. Phys., 38, 2736 (1936).
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T ab le  I from H I elimination with sodium acetate to 3-(nitro-
N m r  Shifts  of  Ster o id al  C-19 P rotons methylene)cholestane (9 ).

C-19 methyl, shift, ppm, from The above results do not differentiate between attack 
2 eubstituent 3 substituent r  ̂ cholestane by N 0 2+ or N 0 2 • on the terminal carbon of the olefin.
H H 9-2̂  0 00 Substantiation for the free-radical pathway was ob-
2 ~̂Br ® ^  - 0  3 7  tained by studying the N 0 2I  addition to an unsaturated
oa tJ  „ “\ Tr ' ' ester substrate, since the creation of a positive charge,
2̂ 3-Cl 3a-l g 8C -0  34“ but not ot a free radical, next to a carbonyl group is very
2/3-NOs H 9  3 2  + o ! l21' unfavorable. 13-14 The product from reaction of methyl
H 3/3-N02 9.IS -0.10 acrylate with nitryl iodide and subsequent elimination
2/3-OH Sa-SH 9.00 -0.23» with sodium acetate was methyl 3-nitroacrylate (10)
2/3-OH H 8.98 -0.25' (eq 3), identical with 10 obtained by Shechter, et al.,n
H 3a-SH 9.22 -0.01'
2/3-SH or I

SCOMe H 8 9.5 —0 28' AgNO, | NaOAc
2c^SH H 9 17 -0  06' CH2=CHCOOCH8 — j—>  O2NCH2CHCOOCH3 ------ >

2̂ -Na 3«-Br 9.01 -0.22« 02NCH=CHC00CH3 (3)
2/3-N3 3a-I 9.02 -0.21«* 10
2/3-NCO 3«-I 8.98 -0.25'
2^-0N02 3a-I 9.1C —0.13 jn the free-radical addition of nitryl chloride (N 0 2C1)

« See ref 1L 6 A. Hassner, J. M. Larkin, and J. E. Dowd, to methyl acrylate. A  free-radical addition is also
ref 3b “ See ref 10. -See ref 3a. 'See congigtent with the fact that the formation of 1 is

greatly inhibited in the presence of oxygen.
In studying the effect of bulky groups upon the 

It  is clear from the shifts of the C-19 protons in Table addition reaction of bromine in methanol, Newman,
I  that 2/3-hydroxy-3a-cholestane thiol (0.18 ppm) and 2/3- ei cd.,16 found that the direction of addition allowed a
hydroxycholestane (0.20 ppm) show almost the same differentiation between a free carbonium ion pathway
shift of the C-19 methyl signal; hence the 3a substituent and one involving a cyclic intermediate. When t-
has only a slight effect upon the C-19 absorption. butylethylene was treated with silver nitrite and iodine,
Analogously the large shift of the C-19 protons in 2d- the crude adduct 11 was obtained which on elimination
iodo-3a-nitrocholestane (1) would appear to be due of H I with pyridine led to vinylnitro compound 12.
mainly to the 2/3-iodo group with only slight influence The nmr spectrum of this compound shows doublets at
by the 3a-nitro function. t 2.87 (J — 13.5 Hz) and 3.28 (./ =  13.5 Hz) indicative

The fact that the nitro group in 1 occupies the 3a of a trans olefin and ruling out the possibility of a term-
position suggested that the pseudohalogen was not inal C = C H 2. Reduction of 12 by sodium borohydride
reacting as iodonium nitrite ( IN 0 2) through a three- gave the saturated nitro compound 13 (eq 4) that
membered iodonium ion intermediate,3*5 but instead had showed a classical A 2X 2 absorption in the nmr spec-
behaved as nitryl iodide (N 0 2I). This conclusion trum.
was confirmed by the regiochemistry of the reaction of c  C l
silver nitrite and iodine in the presence of styrene. | AgNOs [ I pyridine
The unstable nitro iodide 6 on treatment with pyri- CCC=C — ► CC—CC ------ >
dine produced the known /3-nitrostyrene (7) (eq 1). <4

PhCH=CH2 +  AKNO2 +  I2 — >- PhCHCHjNO, — >- 11

1 C c
NaBHi |

e CCC=CN02------->- CCCCNO2 (4)
PhCH=CHN O2 (1) Q c

7 12 13

The regioselectivity of N 0 2I additions was further gince ^  nitro group ig tbe attacking specieS and it 
demonstrated by the formation of 3-iodo-3-(nitro- becomeg bonded tQ the terminal carboil) the interme.
methyl)cholestane (8 ) from the addition to 3-methy - diate radical or ion wag probabiy not bridged; otherwise
enecholestane (eq 2). The structure of 8 was apparen opening by IN 0 2 should have led to the opposite regio-

C8H17 isomer.
J The diaxial iodo-nitro adduct 1 provides a good

testing ground to show whether participation by a
-----1 N° 4 , neighboring N 0 2 group is possible in solvolysis

j | ' '  reactions. Though Jeffery, et al. , 1 7 found no assistance
by an N 0 2 group in the solvolysis of benzyl halides,

1 neighboring-group participation was reported for 0-

I (13) A. M. Mattocks and W. H. Hartung, J. B io l. Chem., 165, 501 (1946).
NaOAc (14) H, Shechter and F. Conrad, J . Amer. Chem. Soc., 75, 5610 (1953).

f f --------- ► | | (15) H. Shechter, F. Conrad, A. L. Daulton, and R. E. Kaplin, ibid.,

02NCH2' ' \ ^ v (16) W. H. Puterbaush and M. S. Newman, ib id., 79, 3469 (1957).
I q  (1 7 ) E. A. Jeffery, L. J. Andrews, and R. M. Keefer, J . Org. Chem., 29,

8 3365 (1964).
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nitrobenzyl tosylates. 13 When 1 was refluxed with S c h e m e  II
silver sulfate, nitrate, or perchlorate in alcohol it was x  , H
recovered essentially unchanged; a small amount of ¡ C L / /  L l _ / j

nitro olefin was formed but no methyl ethers were f  | NOiI > / / ____/
detectable by nmr. On the refluxing of 1 in absolute \ / n /  k  | /y  I
methanol in the presence of silver oxide, 3-nitro-2- N02 w  N02

cholestene (3) was obtained in 99% yield. ia U,
The reaction of AgN0 2 and I2 with olefins does not i i

involve the initial formation of diiodide followed by * ▼
reaction with silver nitrite since no nitro compounds 11 > \ s f

were obtained upon treating an equilibrated solution of ----- --- J — —w
2 -cholestene and its diiodide (obtained from 2 - j / ------ (  I s ----- /
cholestene and iodine) with AgN02. Further evidence ^ 0  ' i

for the formation of an N 0 2I species18 19 was obtained by 2 2

filtering the solids from the reaction mixture of silver 1

nitrite and iodine before the addition of the olefin.
Upon addition of 2-cholestene the nitro iodide 1 was S c h e m e  III
produced, albeit in very poor yield. ph H

The nitro iodide 1 was also obtained in good yield by \ __/
slow addition of dinitrogen tetroxide to a solution of 2 - / = \
cholestene and iodine in nonpolar solvents. This reac- ^  ^
tion also proceeds through attack of N 0 2 on the double \  j Ph Ph
bond followed by quenching of the radical with iodine. \  I __„p, py^ine \ __ /

The trans stereochemistry in adduct 1 suggests that N° !l 1 *" /  \
either a stable pyramidal radical is produced or the H H /  ¿q H N02

quenching reaction is more rapid than inversion of the \  /  /  14 2 15
radical formed. Since Brand and Stevens20 have F = C
shown that 2-nitrocyclohexyl radicals lead to a great Pli Th
deal of epimerization, the trans diaxial N 0 2I addition
to 2-cholestene warrants an explanation. Approach After treating an excess of cfs-stilbene with nitryl 
from the a  side in steroids occurs for steric reasons. iodide, the nmr of the crude product indicated the
In the trans fused decalin system stereoelectronic unreacted stilbene to be solely the cis isomer, suggesting
factors are responsible for the preferred axial attack by that the formation of the nitro radical is nonreversible.
the N 0 2 radical with simultaneous development of an Since no cfs-irans-stilbene isomerization had occurred,
axial radical. The resulting adduct radical will prefer yet a diastereoisomeric mixture of products was
to have a chair rather than a twist-boat conformation obtained, a long-lived pyramidal structure (16) must
thus giving rise to la. Using the propositions of not be formed. Instead, the phenyl stabilized radical
Brand and Stevens, radical la must be short lived and 1 5  is interconverted to 17 before it is quenched by
not allow for the epimerization that takes place in the iodine (Scheme IV).
case of nitryl chloride, dinitrogen tetroxide, or dinitro
gen pentoxide additions to cyclohexene. Instead the S c h e m e  IV
intermediate nitroalkyl radical (la ) is apparently 
trapped very rapidly and efficiently by iodine before \  / no

it can invert to lb (Scheme II). In this fashion the Y:=C ----
product is kinetically controlled giving rise to the Pli Nph
sterically unfavored 1,3-diaxial arrangement of iodine
and C-19 methyl. Other examples of stereoselective 0 ^  ph 0N
radical addition to a cyclohexene system such as the 2 \  / 2 \  ^

thiol addition to i-butylcyclohexene21 or diaxial radical H^-p— Cy-«H 5=^ H ^C — C-^H —*■ 14
additions to steroid 5-enes can be similarly explained. 22 Ph/ \\ ph'' \ph h

When nitryl iodide was added to cis- and trans- 16 17

stilbene, the resulting product appeared to be a 
diastereoisomeric mixture (14) with an nmr doublet at .
r 3.43 (1 H) and two doublets at 3.74 (%  H) and 3.86 Unllke mtry! fluoroborate, N 0 2I does not serve as an 
(V* H). This mixture was dehydrohalogenated to efficient source of positive mtrylium ions as evidenced 
give the same cis-1 ,2 -diphenyl- 1 -nitrostilbene (15) â^ure nitrate toluene or methyl benzoate.
(Scheme III) as that obtained by Stevens and Emmons.7 Wlth Phenol> and p-nitrophenols as well as iodophenols

were obtained.

(18) W. B. Dickinson, J .  A m e r .  C h e m . S o c . , 86, 3580 (1964). Fvni»rimpntn1
(19) N 0 2lia  easily oxidized in polar solvents to INO,. The addition of this m p c m u c n u u  OBLUUll

species to olefina win be discussed in a suhseqnent pubiication. Preparation of 2/3-Iodo-3«-nitrocholestane (1 ). A. General
(20) J. C. D. Brand and I. D. R. Stevens, J .  C h e m . S o c . , 629 (1958); .. t .

C h e m . i n d .  (London), 1 7 4 2  (1955). Procedure. Reaction with A gN 0 2- I 2 in Ether.— Silver nitrite,
(21) (a) E. S. Huyser and J. R. Jeffrey, T e tra h e d ro n , 21, 3083 (1965); L16  S  (7 '55  mmo1). and »dm e, 3.85 g (15.1 mmol), were stirred

(b) F. G. Bordwell, P. S. Landis, and G. S. Whitney, J .  O rg . C h e m ., so, 3764 in 75 ml of ether for 30 min and 2-cholestene, 2.79 g (7.55 mmol),
(1965). was added while the headspace of the reaction flask was flushed

(22) C. W. Shoppee and R. Lack, J .  C h e m . S o c . , 4864 (1960). with dry nitrogen (if the headspace was not flushed with nitrogen
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during the reaction, the yield of the isolated nitro compound 3-Methylenech Dlestane was obtained as described24 by heating
dropped to less than 30% ). The mixture was stirred for 4 hr and 5.0 (13.0 mmol) of cholestan-3-one in 30 ml of tetrahydrofuran
filtered and the solids were washed with ether. The ether was with triphenylphosphinemethylene prepared from 6.62 g (16.4
washed with a solution of NaHSCb and 100 ml of saturated sodium mmol) of triphenylmethylphosphonium iodide and 17.7 mmol of
chloride solution and dried (MgSO<). The ethereal solution N a H  in dimethyl sulfoxide at 55° for 20 hr. Chromatography on
was then evaporated under a stream of nitrogen until the orange- alumina gave 3.925 g (78% ) of 3-methylenecholestane. Re
brown residue was dry. crystallization from ether-methanol gave a product of mp

A  portion (0.1013 g ) of the crude material was dissolved in 62-64° (lit. 24 mp 64-65°); ir 3045, 1751, 1641, and 881 cm -1. 
4.9868 g of Spectro Grade chloroform. Infrared spectral analysis, 3-Iodo-3-(nitromethyl)cholestane (8 ). A. Using Silver Ni- 
using calibrations by means of the hill and valley technique for trite and Iodine.— The general procedure was used incorporating
the transmittance at 1630 cm -1 for 2, indicated the presence of 0.832 g of silver nitrite (5.42 mmol), 2.76 g of iodine (10.84
5%  3a-iodo-2/3-cholestanyl nitrate (2 ). mmol), and 2.00 g of 3-methylenecholestane (5.25 mmol). After

The orange-brown solids were triturated with 5 ml of hexane evaporation with nitrogen and trituration with hexane, two crops
and cooled in an ice chest. The solids were filtered off and washed of a light brown solid were obtained: 0.875 g, mp 131-136°;
with a small amount of cold hexane. After the mixture was dried, and 0.100 g, mp 125-131°. The total yield was 34%. Thismate-
2.033 g (51% ), mp 127-135°, of a white solid was obtained. rial was recrystallized from acetone to give an analytical sample,
Several recrystallizations from ethyl acetate gave an analytical mp 142-144°. The unstable nitroiodocholestane 8 turned brown
sample of 1: mp 141-143°; ir (K B r ) 1548, 1367, and 870 cm -1 and lost iodine upon standing, even in the dark. Infrared
(nitrate); nmr peaks at t  4.79 (m, 1 , Wi/, — 8 H z), 5.16 (m, 1 , showed peaks at 1548, 1368, and 646 cm-1; nmr showed r  5.05
ITi/, =  8 H z), and 8.83 (s, 3). The hexane mother liquor was (s, 1). The hexane mother liquor was chromatographed to give
chromatographed on alumina to give 0.732 g (26% ) of 2-choles- 0.440 g (53% ) of starting olefin.
tene, mp 70-72°. Anal. Calcd for C^H ^N C bl: C , 60.31; H , 8 .68 ; N , 2.51.

Anal. Calcd for C 2,H „ N 0 2I : C , 59.65; H , 8.53; N , 2.58. Found: C, 61.01; H , 9.14; N , 2.12.
Found: C, 59.54; H , 8.59; N , 2.47. B. Using Dinitrogen Tetroxide and Iodine.— A  solution of

B. Reaction with N 20 4- I 2.— A  solution of 1.5 g (4.06 mmol) 5.0 g (17.6 mmol) of 3-methylenecholestane and 2.4 g (18.0
of 2-cholestene and 2.05 g (8.12 mmol) of iodine were stirred in mmol) of iodine were stirred together at room temperature in
75 ml of dry ether and approximately 0.46 g (5.0 mmol) of di- 150 ml of dry ether and 1.4 g  (36.0 mmol) of dinitrogen tetroxide
nitrogen tetroxide in 5 ml of hexane was added dropwise over a in 5 ml of hexane was added dropwise over a period of 1 hr. This
period of 0.5 hr. This solution was stirred for an additional 2 solution was stirred for an additional 2 hr and worked up as usual
hr and then worked up as usual. Upon evaporation, 1.272 g of a to give 7.485 g (77% yield), mp 123-134°. The product was
tan product was obtained. The crude infrared spectrum showed reerystallized from acetone to give 8 , an unstable white solid,
nitro absorption at 1545 cm-1, and no absorption characteristic mp 142-143°, which was identical with 8 obtained by method A.
of nitrate or of 2-cholestene. This crude product was recrystal- Upon standing at room temperature and in the dark for 2 days
lized once from ethyl acetate to give 1, melting at 138-140°, and this material turned a light brown.
identical by infrared spectra with material obtained under pro- 3-(Nitromethylene)cholestane (9 ).— A  solution of 2.5 g of 3- 
cedure A . iodo-3-(n:tromethyl)cholestane 8 was dissolved in 150 ml of dry

Preparation of 3-Nitro-2-cholestene (3 ).— A  mixture of 0.250 g ether and 2.50 g of freshly fused sodium acetate was added.
(0.46 mmol) of 2^-iodo-3a-nitrocholestane (1) and 0.109 g (0.92 This mixture was refluxed for 17 hr and allowed to cool to room
mmol) of silver oxide (dried in a vacuum oven) was refluxed for temperature. After the solids were filtered, the filtrate was
4 hr in 100 ml of methanol. The solution was cooled to room evaporated to give 1.927 g of crude product in 99% yield. The
temperature, filtered through a sintered-glass funnel, and infrared spectrum of the crude product showed only a trace of
evaporated to give 0.188 g (99% ) of white solid: mp 90-100°; saturated nitro compounds with absorption at 1548 cm-1,
ir 1509 and 1339 cm -1  (N 0 2); nmr t  2.90 (br, 1 , C = H ) .  This Recrysta'.lization of this product from ether-methanol gave an
material was recrystallized from ether-methanol to give 3, mp analytical sample of 9: mp 97-98°; ir 3160, 1630, 1511, 822,
122-124°. and 761 cm-1; nmr signals at r  3.30 (s, 1) and 9.09 (s).

Anal. Calcd for C 27H 45N 0 2: C, 78.02; H , 10.91; N , 3.37. Methyl 3-Nitroacrylate (10).— A  mixture of 2.0 g (23.2 mmol) 
Found: C, 77.34; H , 10.78; N , 3.67. of freshly distilled methyl acrylate, 3.58 g (23.2 mmol) of silver

Zinc Reduction of 3-Nitro-2-cholestene (3).— Zinc dust (800 nitrite, and 11.7 g (46.4 mmol) of iodine in 100 ml of ether was
m g) was added in portions during 1 hr to a stirred warm (40°) allowed to react as in the general procedure to give a brown oil.
suspension of 250 mg of 3-nitro-2-cholestene (3) in 15 ml of This oil was stirred with 2.0 g (27.8 mmol) of anhydrous sodium
acetic acid and 0.5 ml of water. After 4 hr of reflux, the mixture acetate for 3 hr at room temperature. Vacuum distillation gave
was filtered hot and the zinc was washed well with hot EO Ac. 0.240 g of methyl 3-nitroacrylate (higher yields of elimination
Addition of water and extraction with ether gave 116 mg of products are achieved if freshly fused sodium acetate is refluxed
product which on crystallization from methanol (86 m g) melted with the product for 17 hr15): mp 36-37° (lit.16 mp 38°); infrared
at 124-127° and was identical by ir, mixture melting point,, and absorption at 1720, 1522 cm-1; nmr peaks at t 2.35 (1 H ,
2,4-dinitrophenylhydrazone formation with 3-eholestanone. ,/ =  13 H z) and 2.99 (1 IT, /  =  13 H z).

3/3-Nitrocholestane (5 ).— A  mixture of 400 mg (0.965 mmol) of 3,3-Dimethyl-l-nitro-l-butene (12).— The general procedure
nitro olefin 3, 14 ml of ethanol, and 70 mg (2 mmol) of N a B H 4 was used incorporating 5.5 g (35.7 mmol) of silver nitrite, 18.0 g
was stirred at room temperature for 3 hr and allowed to stand (71.4 mmol) of iodine, 3.00 g (35.7 mmol) of 3,3-dimethylbutene,
for an additional 14 hr. Work-up with water and 0.1 N  HC1 and and 200 ml of dry ether to give 4.29 g (45% ) of an inseparable
ether extraction yielded 343 mg of 5, mp 90-98°; recrystallization mixture of 3,3-dimethyl-2-iodo-l-nitrobutane and 3,3-dimethyl-
from methanol gave a product of mp 94-96.5°, identical with an 2-iodobutyl nitrate upon evaporation: infrared absorption at
authentic sample.8 1638, 1558, 1371, and 1279 cm-1; nmr peaks at r  4.80 (t, 1),

Preparation of /3-Nitrostyrene (7).— The general procedure 4.56 (d, 2), and minor signals at 4.72 (d ) and 4.22 (t). 
was used incorporating 2.96 g (19.2 mmol) of silver nitrite, 9.75 The crude product mixture of 5.4 g of 3,3-dimethyl-2-iodo-l-
g (38.4 mmol) of iodine, and 2.00 g (19.2 mmol) of styrene in 75 nitrobutane and 3,3-dimethyl-2-iodobutyl nitrate was dissolved
ml of dry ether. Upon evaporation the oil was taken up in 10 in 10 ml of ether and treated with 10 ml of pyridine. After 15
ml of ether and 10 ml of pyridine was added. This mixture was min a solid precipitated out. The mixture was stirred for an
stirred for 2 hr at room temperature and then extracted with a additional 4 hr, poured into ice water, and extracted with pentane,
large volume of pentane and water. The pentane was repeatedly The pentane was dried over anhydrous magnesium sulfate and
washed with water, then dried (M gS 0 4), and distilled at 0.5-mm evaporated to give 2.83 g (98% ) of a yellow oil. This material
pressure. Material boiling 80-120° was collected and recrystal- was distilled on a spinning-band column to give an analytical
lized from methanol to give two crops: 0.618 g, mp 54-55°; sample: bp 30° (1 mm); ti24d 1.4546; infrared absorption at 
and 0.770 g ,m p  35-42°. The total yield was 49%. The infrared 3123, 1641, 1529, 1349, 967, 842, and 719 cm j1; nmr peaks at
spectra of these products were identical with those of a known T 2.87 (d, 1, J  =  13.5 H z), 3.28 (d, 1, J  =  13.5 H z),
sample of /3-nitrostyrene (lit.23 mp 54°). Anal. Calcd for C6HuN02: C , 55.79; H , 8.59; N , 10.85.
_____________  Found: C, 55.80; H , 8.59; N , 10.89.

(23 I. M. Heilbron, Ed., "Dictionary of Organic Compounds,” Oxford (24) F. Sondheimer and R. Mechoulom, J. Am er. Chem. Soc., 89, 5029
Press, New York, N. Y., 1938. (1957).
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3,3-Dimethyl-l-nitrobutane (13).— 3,3-Dimethyl-l-nitrobut-l- nitrite, 16.5 g of iodine, and 3.0 g of ras-stilbene. After work-up
ene (2.83 g ) was dissolved in 50 ml of methanol and 1.00 g of 2.40 g of crude 14, mp 167-169°, was obtained. The infrared
sodium borohydride was added. This mixture was stirred for and nmr spectra were identical with those of the analyzed sample.
24 hr at room temperature, poured into water, made acidic with The nmr of the mother liquor indicated that the recovered olefin
dilute hydrochloric acid, and extracted with ether. The ethereal consisted solely of cfs-stilbene with a signal at r  3.45.
solution was dried over anhydrous magnesium sulfate, filtered, and cis-a-Nitrostilbene (15).— A  solution of 1 .50go f 1,2-diphenyl-
evaporated to give 0.483 g (17% ) of 3,3-dimethyl-l-nitrobutane: l-iodo-2-nitroethane (14) was dissolved in 10 ml of ether and 10
nmr peaks at r  5.54 (t, 2), 8.04 (t, 2). ml of pyridine and allowed to stand at room temperature for 2 hr.

A. Reaction of trans-Stilbene with Silver Nitrite and Iodine. This mixture was extracted with pentane-water and the pentane
•— The general procedure was used incorporating 5.85 g (32.5 was repeatedly washed with water. After drying (M gSO*) and
mmol) of Zraras-stilbene, 2.50 g (16.3 mmol) of silver nitrite, and evaporation 1.132 g of a dark brown solid was obtained. Chro-
8.25 g (32.5 mmol) of iodine in 75 ml of ether. After reaction matography on silica gel gave 0.812 g of 15 as a bright yellow
the mixture was filtered and the solids were washed free of iodine solid, mp 72-73° (89% ) (lit.7 mp 74-75°).
color with ether. The solids were heated on a steam bath with 
150 ml of benzene and filtered while hot. The combined filtrates
were worked up as usual. Recrystallization from benzene gave Registry No.’ Nltryl iodide, 15465-40-4; 1, 20429- 
4.232 g of product 14: mp 167-169°; infrared absorption at 43-0; 3, 13643-70-4; 8, 20429-45-2; 9, 20429-46-3;
1540, 1352, and 723 cm“1; nmr peaks at r  3.43 (d, 1, /  =  12 12, 20429-42-9' 14, 20429-47-4
H z), 3.74 (d, W Vl =  12  H z), and 3.86 (d, W y , =  12  H z). The 
analytical sample melted at 172-173°.

Anal. Calcd for CI4H i2N 0 2I : C, 47.61; H , 3.43; I, 35.94. Acknowledgment.— Support of this work by the
Found: C, 47.81; H , 3.67; I, 36.24. U. S. Public Health Service Grant AP-00596 from the
. T̂ e+m?ther,1T 0r gir m 4 - ° l 7  g 0f u“ t cted oLf  a which was N a t io n a l A i r  p0liuti0n Control Administration and
found to be only frons-stilbene by nmr with a signal at r  2.9. ^  .. , T .. , «

B. Reaction of as-Stilbene with Silver Nitrite and Iodine.—  ( j r a n t  C A -0 4 4 7 4  from the National Cancer Institute is 
The previous reaction was repeated incorporating 2.56 g of silver gratefully acknowledged.

Nucleosides. LX.la Fluorocarbohydrates. XXII.lb 
Synthesis of 2-Deoxy-2-fluoro-D-arabinose and 

9-(2-Deovy-2-iliJoro-a- and -jS-D-arabinofuranosyl)adenines2
John A. W right, N orman F. T aylor , and Jack J. F ox
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Nucleophilic attack of K H F 2 on methyl 2,3-anhydro-5-0-benzyl-<*-D-riboside is shown to occur largely at the 
2 position (in contrast to the fl-n anomer) and leads to methyl 5-0-benzyl-2-deoxy-2-fluoro-o:-D-arabinoside (4b), 
thus achieving the first direct synthesis of a 2-fluoropentose derivative. From 4b, 2-deoxy-2-fluoro-D-arabinose
(6) is obtained. Fusion of l,3-di-0-acetyl-5-0-benzyl-2-deoxy-2-fluoro-D-arabinose with 2,6-dichloropurine 
affords a readily resolved a-/3 mixture of 9-glycosylpurine nucleosides, which are converted into 9-(2-deoxy-2- 
fluoro-a- and -i?-D-arabinofuranosyl)adenines (14 and 15). Confirmation of the anomeric configuration of these 
nucleosides is obtained by conversion into their 5'-tosylates (16 and 17) and by cyclization of the 6 anomer to its 
3,5'-cyclo nucleoside (18).

9-d-D-Arabinofuranosyladenine3 (Ara-A) is an effec- taken. Such a nucleoside may also be regarded as a 2'-
tive inhibitor of the growth of several mouse tumors.45 fluoro analog of 2'-deoxyadenosine occurring in DNA.
However, the efficacy of this drug is reduced by the con- In previous studies we reported the synthesis of 2'- 
version of Ara-A in  vivo into the inactive inosine analog deoxy-2 '-fluoro analogs of uridine,6a 5-fluorouridine,6a
by adenosine deaminase.6 These results suggest that ribothymidine,6a and cytidine6b by treatment of 2,2'-
an analog of Ara-A which would maintain its chemo- anhydro nucleosides with hydrogen fluoride. By gly-
therapeutie effect without undergoing enzymatic deg- cosyl cleavage of the 5,6-dihydro derivative of 2'-deoxy-
radation would be desirable. Toward this end, the 2'-fluorouridine, 2-deoxy-2-fluoro-D-ribose6° was ob-
synthesis of the 2'-fluoro analog of Ara-A was under- tained. We now report the first synthesis of a 2-fluoro

pentose from a pentoside precursor and its conversion 
i t  , 9-(Meoxy-2-flu„ro^M ,abmotoan„Syl)adem»e

(b) Fluorocarbohydrates. XXI: R. C. Young, R. A. Dwek, and P. W. (.IODJ.
Kent, Carbohyd. Res., in press. ’ It was demonstrated7 that treatment of the ^-epoxide

(2) This work was supported in part by funds from British Scientific (1) w ith KHFo in ethvlenp irlvcnl t r a v o  fhp 3 flnnrr, vwlra 
Research Council (J. A. W.), the British Medical Research Council (N. F. T.) TT  , . , gIyCOi gaVf  tÌle ¿-UUOrO XylO-
and the National Cancer Institute, National Institutes of Health, U. S. Slde W  aS the onV  ISOlable product (Schem e I ) .  T h a t
Pu«i10wewthTServÌc «Gra.nt °r7t8 (J; J' F' and J' A' w,)' the 3-fluoro isomer was the predominant product from( ) W. w. Lee, A. Benitez, L. Goodman, and B. R. Baker, J . Amer. Chem. fBio rpanlirm rmnr £ ± i j. i a
Sec, 82, 2648 (1960); E. J. Reist, A. Benitez, L. Goodman, B. R. Baker, tÙ1S reaCtl0n maY be due to SteriC factors related to the
and w. w. Lee, j. org. chem., 27,3247 (1962); c. p. j. Gi'audemans and methoxy group in the /3 configuration. It may be ex-
n ^ ô | | ; ’m “ ’( ^ ) . (1963): E' J' Keist’ V' J- BartU8ka' and pected> particularly in view of previous results with

^ . “ rthT re in0 - ^  LePag6' “  28’ 1014 (1M 8) and ^  ^  F ° X’ ^  ^  i W '
(5) For a review of the MochemisUy of arabinosyl nucleosides see S. S. K l ^ ^ S  "  *

Cohen, Progr. N u c le o  Amd Res. M o l. B io l., 5, 1 (1966). (7 ) j. A. Wright and N_ F. Taylor, ^  6_
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Scheme I Compound 4b was isolated as a pure syrup which gave
¿ch2och2 0 och3 ¿ch2och, 0 och3 CHO satisfactory elemental analyses (C, H, F ) and showed

t O  KHF2 A "N —> hcoh the presence of the methoxyl and benzyl groups in its
hoch2ch2oh* | X fch nmr spectrum. Assuming a normal trans opening of

0H H?0H epoxide 3b, it is clear that 4b must be the 2-deoxy-2-
1 2 3-deoxy-3-fiuoro- fluoroarabinofuranoside. Final confirmation of the

o-xyiosa position of the fluoro atom in 4b is given later in the
t  proof of the structure of nucleoside 10.
t  Catalytic hydrogenolysis of 4b using 5% Pd/C pro-

-------- m ° N  + icH20CH2,0 ceeded readily, giving rise to glycoside 4a as a colorless
‘N ^ /̂ )CH3 N  K f i/l syrup, whose nmr and ir spectra showed the absence of

oh 3. oh 3 the benzyl substituent. Acid hydrolysis of 4a, using
3 b,’ ^  benzyl 4  5 conditions similar to those employed for hydrolysis of

i  *  the methyl 3-deoxy-3-fluoro-D-a;i/fo- and -arabino-inv-
^ch2ocHj,0^  \  9 *  anosides previously reported,7’10 was much slower.

K | _ p ” 0̂ ______  H£0H Thus, while methyl 3-deoxy-3-fluoro-a-D-arabmofur-
OAc hcoh hcoh anoside was completely hydrolyzed in 1 hr in refluxing
g  ch2och2£ ch2oh 0.05 M  H 2SO4.. compound 4a required 5 hr under sim-

%  7 \  2~Je°py'2jJ '"°~ ilar conditions. This finding is in agreement with
\  others attesting to the influence of electronegative sub-

ĈHjOCĤ o / 'v  ? \  ® stituents11 at C-2 upon the rate of hydrolysis of glyco-

y  \ a!£ X  y ¿ch2och2 sides-
Ac5 7  I ĈHaOĤ  N ? f^ °F > - 0Bz The hydrolysis product 6 was isolated as a viscous,
a~f t >  |^0x| ]— \ colorless, analytically pure syrup which reduced Fehl-

N<:r  n'  Bz0 ing’s solution and which differed chromatographically
Cl Ac0 from 3-deoxy-3-fluoro-D-xylose and -arabinose and from

10 8 2-deoxy-2-fluoro-D-ribose. These data allow the struc-
l  | tural assignment of 2-deoxy-2-fluoro-D-arabinose to 6.

¿ch2ocĥ 0 nh2 The 60-MHz nmr spectrum of 6 was very complex, and
f C i '  / A  no first-order analysis was attempted.
ho 1 Acid hydrolysis of methyl 5-0-benzyl-2-deoxy-2-

clf NY N> ^chaoh2 9 ^ o^ I  NHz fluoroarabinoside (4b) using conditions similar to those
N employed with 3-deoxy-3-fluoro analogs7’10 was also

nh2 ho slow, requiring 4 hr for completion. From this reaction
1® H2û '°\J  e 5-0-benzyl-2-deoxy-2-fluoro-D-arabinose (7) was ob-

R0CHz X t C j p l  '0Ts tained as a chromatographically pure syrup which re-
(Y  Y  NiAy.N. y 1 h o 1 duced Fehling's solution. Periodate oxidation of 7 pro-

T -r  ceeded slowly, and in 100 hr the consumption of 3.2 mol
H roh2c 0 I 8 ° f  oxidant per mol was observed with the liberation of

¡X j f  1.5 mol of formic acid and 0.5 mol of fluoride ion.
h!) These results contrast with those obtained from the

jg R. H ^  isomeric 3-deoxy-3-fluoro analogs7’10 and are in keeping
with the behavior of methyl 2-deoxy-2-fluoro-D-ribopy- 

17 R = p-Tosyl 16 ranoside60 and of malondialdehydes12 toward this oxi
dant. Compound 713 was characterized as the crystal
line l,3-di-0-benzoyl derivative (8).

other nucleophiles,8 that the a-epoxide (3)— where this Acetylation of 7 gave the 1,3-di-O-acetyl derivative 9 
steric inhibition to attack on C2 is not present— would which was chromatographically homogeneous on tic and
react with K H F 2 to give a significant proportion of the gaVe satisfactory elemental analyses. Condensation of
2-fluoro isomer. Accordingly, the known9 methyl 2,3- 9  with 2,6-dichloropurine at 160° using p-toluenesul-
anhydro-cz-D-ribofuranoside (3a) was converted into the fonic acid as catalyst (fusion procedure)14 gave an ano-
5-O-benzyl ether (3b) and treated with K H F2 in re- meric mixture16 which was readily resolved by short
fluxing ethylene glycol to give a mixture of fluoro sugars column chromatography16 on silica gel G into the /3 nu-
4b and 5b. The former (4b) was obtained in 40% yield, cleoside 10 (30%), the a nucleoside 11 (29%), and un-
whereas the xylo isomer (5b) was present in only small reacted sugar 9 (15%). The (3 anomer 10 crystallized
amounts. Separation of the isomers was achieved by
Short column chromatography on silica gel. The iden- (10) J. A. Wright and N. F. Taylor, Carbohyd. Res., 3, 333 (1967).
tity of the 3-fluoro xylo isomer was established by de- (u> J- N- BeMiiier, Advan. Carbohy. chem., 22, 25 (1967).
, J , .. ,, , • \ r n it  - i i i i  (12) C. F. Huebner, S. R. Ames, and E. C. Bubl, J . Amer. Chem. Soc., 68,
benzylation (hydrogenolysis) followed by acid hydrol- 1621 (1946)
ysis to give 3-deOXy-3-fluorO-D-Xylose, identical with (13) Compounds 7 and 6 are depicted in the aldehydo form for convenience

that previously reported.7 ( 1 4 ) B Helferich and E g Hillebrecht, Chem. Ber., 66, 378 (1933); T.
Sato, T. Shimadate, and Y. Ishodo, N ip p on  Kagaku Zasshi, 81, 1440 (1960);

(8) G. Casini and L. Goodman, J. Amer. Chem. Soc., 86, 235 (1953); L. M. J. Robins, W. A. Bowles, and R. K. Robins, J . Amer. Chem. Soc., 86, 1251
Goodman, ibid., 86, 4167 (1964); P. W. Austin, J. G. Buchanan, and E. M. (1964).
Oakes. Chem. Commun., 374 (1965). (15) This result was expected in view of the absence of a substituent at C-2

(9) C. D. Anderson, L. Goodman, and B. R. Baker, J . Amer. Chem. Soc., capable of neighboring-group participation.
80, 5247 (1958). (16) B. J. Hunt and W. Rigby, Chem. In d . (London), 1868 (1967).
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readily, but the a  anomer was isolated only as a glass, m p ,  by the appearance of new absorption bands at 685, 
although chromatographically pure. The site of gly- 1010, and 1210 cm- 1  in the ir spectrum characteristic of
cosylation in both anomers was shown to be on position the tosylate anion, by loss of solubility in nonaqueous
9 by comparison of their ultraviolet spectra with those solvents, and by a large reduction in chromatographic 
of the 7- and 9-methyl-2,6-dichlorpurines. 17 The mobility, 
benzyl substituent in 1 0  and 1 1  is an isolated chromo-
phore absorbing only weakly in the 250-300-mn region Experimental Section
and thus does not interfere significantly with Xmaj£ _ , _  ■ * , , . .. , ® J General Procedures.— Melting points were determined using
values. t hus, compounds 10, 11, and 2,6-dlchloro-9- a Hoover-Thomas capillary apparatus, and are corrected. Thin 
methylpurine exhibit Amax at 274 mp ,  whereas the Amax layer chromatography (tic) was performed on microscope slides
of 2,6-dichloro-7-methylpurine is at 278-284 m p. coated with silica gel G F  254 (Merck), using ethyl acetate-

The nmr spectra of 10 and 11 furnished clear proof benzene (1:3) (solvent A ) and methanol-chloroform (1:5) 
a • x • i  i- n r i - L  (solvent B ) as eluting solvents. Compounds were detected bythat the fluorine atom is at carbon 2 of the sugar. viewing under uv light and by spraying with 20% (v/v) h 2S04

Thus, the anomenc proton in each isomer appeared as a in ethanol followed by heating to 130°. Reducing sugars were
quartet at about 5 6.5 ppm, displaying the character- detected using aniline hydrogen phthalate reagent. A llevapora- 
istically large vicinal H -F  coupling; H -l' of 11 possessed tions were carried out in  vacuo.
t i/i k it -  „ i t „ r o n r r„  ...i c ln  ti „  Nm r spectra were measured on a Vanan A-60 instrument, using
•7l'-F o f 14.5 Hz, and J v x  of 2 0 Hz, while for 10 the TMg i n t e r n a l  standard. Chemical shifts are reported in ppm  
comparable values were 17.3 Hz and 4.0 Hz, respec- (s) 5 and signals are quoted as s (singlet), d (doublet), t (triplet),
tively, measured in acetone-d6. It was also noted that q (quartet), or m (complex multiplet). Coupling constants are
in the spectrum of 10 the signal at 5 8.55 assigned to H - 8  first order. U v  spectra were measured using a Unicam Model
was split into a doublet with a coupling constant of 2.6 SF 80°- and ^spectra  on a Perkin-Elmer Model 221 spectro-
TT V ,, . , , , . , , photometer. Elemental analyses were carried out by Spang
Hz. This splitting, also observed m compounds 12 and Microanalytical Laboratory, Ann Arbor, Mich.
14 (see below), is believed to be long-range (6J) cou- Methyl 2 ,3 -Anhydro-5 -0 -benzyl-«-i>ribofuranoside (3b).— To a
pling to the 2'-fluoro substituent, since spin-decoupling solution of 3a9 (10 g, 0.068 mol) in anhydrous D M F  (50 m l),
experiments ruled out H-8-H-1' coupling. In addition, silver oxide (14 g) and benzyl bromide ( 1 2  ml, 0 .10  mol) were

a  fine-splitting of a b o u t 1 Hs in the signals assigned to « 3 ™  ? m &

the 5 protons m 10, 11, and some of the other com- The chloroform layer was separated and filtered, pyridine (50
pounds described herein was attributed to long-range ml) was added, and the solution was washed successively with
coupling with the fluorine atom, since the ring proton water (six times, 200 ml), 2 N  HC1 (thrice, 200 ml), and saturated
signals showed no such splitting. Fluorine nmr spectra NaHCOa (200 m l), then dried (M gSO ,) and evaporated. The
, , , . , -  resulting oil was distilled m  v a c u o  to give colorless 3h (13.4 g ):

should provide confirmation of these extra couplings. bp 11(M16.  (0.02 Torr); [fl]«D  -1 8 .1 “ (c 1.3, ethanol); nmr
The rest of the signals m the spectra of 10 and 11 were (acetone-*) signals at « 7 .3 4  (s 5 , aromatic), 5.17 (s 1 , H -l ) ,
well-resolved, including those assigned to IT2', which 4.55 (s 2, benzyl C H 2), 4.25 (t 1, H-4, J t ,s 3.9 H z), 3.71 (s 2,
showed geminal H -F  couplings of 50.5 Hz in agreement h-2 , H -3), 3.60 (d 2 , H-5), and 3.38 (s 3, O C H 3). 

with the assigned structures. ^  H' ^  °U
Treatment of 10 and 11 with alcoholic ammonia at Methyl 5-0-Benzyl-2-deoxy-2-fluoro-ai-D-arabinofuranoside

room temperature resulted in hydrolysis of the 3'-0- (4b).— A  solution of 3b (7 g ) and KI1F2 (10 g ) in ethylene glycol
acetyl esters and replacement of the 6 -chloro substituent (140 ml) was refluxed gently for 1 hr. A  further charge of K H F 2

by amino groups, to give 12 and 13 in 85-90% yields. <5  g) was added, and reflux continued another 0 5 hr. The
. . : ,, , ,, i i i i j  i - j  cooled mixture was poured into saturated N aH C O j (500 ml) and

Conversion into the fully deblocked nucleosides was extracted with chloroform (thrice! 200 m l). The dried (M gSO ,)
effected by hydrogenolysis in the presence of Pd/C cat- chloroform layers were evaporated and the syrupy residue was
alyst. Tic showed this reaction to proceed stepwise, chromatographed on a large diameter column of silica gel G
with rapid removal of the 5'-0-benzyl group followed by (200 8 )> eluting with ethyl acetate-petroleum ether (bp 30-60°)
slow replacement of the 2-chloro substituent by hy- £ 3>; ions were collected containing 4b (3.2 g ), unreacted 
, * • on o r m  • i j  c j j ooo 0 2 1 0  A 3b (1-1 g ). and methyl 5-0-benzyl-3-deoxy-3-fluoro-a-D-xylo-
drogen, to give 80 85% yields of 14, mp 232 -34 , and furanoside (5 ) ( 1.0  g ), identified by hydrogenolysis and acid
15, mp 209-210°. The UV spectra of 14 and 15 closely hydrolysis to 3-deoxy-3-fluoro-D-xylose, identical (ir and nmr
resembled that of adenosine in water and at pH 1, pro- spectra and chromatography) with an authentic sample.

viding further confirmation of the 9-substituted adenine „4L h/a<i ^ 22]D 9 4 ' 3 !;c 9'5/, e,th tj°P’ rnmi 
, f  T ,, . ■ i j . i o o  4 7.36 (s 5, aromatic), 5.06 (d 1, H -l ,  Ji.F 10.3 H z), 4.82 (q  1,

structure. In the nmr spectra, signals at S - 8 . 2  H_2> 5 1 J m  1 6  Hz)j 4 .6 2  (s 2 , benzyl C H 2), 4 .1  (m 2 ,
(sharp singlet) and ~7,3 ppm (broad singlet) were as- h -3, H-4), 3.92 (s 1, OH-3), 3.64 (d 2, H-5, J , .6 5.5 H z), and 
signed to H-2 and N H 2 respectively. 3.40 ppm (s 3, O C H 3).

Chemical confirmation of the configurational assign- A n a l .  Calcd for C ,3HnO(F: C , 60.92; H , 6.69; F, 7.41.

ments at the anomenc center of 14 and 15 was obtained ^ X fty i^ D e o x y -Z ^ u m o -;-L ra W n o fu ra n o s id e  (4a ) . - A  solu-
from their 5 -O-tosyl esters 16 and 17 using the method ĵon 0f 4^ mg) jn ethanol (50 ml) containing 5% Pd/C (100
originated by Todd, et a i.ls The position of the tosyl mg) was shaken in an atmosphere of hydrogen until uptake ceased
substituents in 16 and 17 was indicated in their nmr (3 hr, 1 mol). The filtered solution was evaporated, leaving the
spectra b y  a downfield shift of - 0 .7  ppm in the signals f r° duch 1 ao “  a I iscT  sy,r,up ^ th a characteristic sweet odor

. , f  ,, j  [a 21d  141 ( c  0.7, ethanol). The nmr spectrum in acetone-*
assigned to the 5 protons. Compound 17 remained un- wag rather complex> but sjgnals couId be observed at s  4.96
changed after 5-hr reflux in dioxane, whereas 16 under- (d i ; H -l ,  /,,f 12.0 H z), 4.85 (octet 1, H-2, J2.f 52.0, J2l3 2.6,
went complete conversion into the 3,5'-cyclo nucleoside * 2,i 1.0 H z), and 3.7-4.5 (m 6 , H-3, H-4, H-5, OH-3 and OH -5 ).
18. The conversion of 16 into 18 was accompanied by a A n a l .  Calcd for C 6Hn04F: C, 43.37; H , 6.67; F, 11.44.

bathochromic shift in the uv spectrum from 262 to 274 FtDe;x//tmmT'’;rabinos/(6 t - A  solution of 4 a (218 m g) in
0.1 N  aqueous sulfuric acid (20 ml) was refluxed until tic monitor-

(17) A. G. Beaman and R. K. Robins, J. Org. Chem., 28, 2310 (1963). in 6 (solvent B ) showed the hydrolysis to be complete (5 hr)
(18) V. M. Clark, A. R. Todd and J. Zussman, J .  Chem. Soc., 2952 The solution was cooled to room temperature and neutralized

(1951). with barium carbonate. After filtration, the aqueous solution
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was evaporated to dryness, and the residue extracted with 6-Amino-2-chloro-9-(5-0-benzyl-2-deoxy 2-fluoro-a- and -¡3-d -
absolute ethanol (twice, 5 m l). Evaporation to dryness gave 6 as arabinofuranosyl)purines (1 2  and 13).— The same procedure was 
a pale yellow syrup, which reduced Fehling’s solution, [<*]%> used for both anomers. A  solution of 10 (623.3 mg) in ethanol 
—72.4° (c 1.0, water). (50 ml) previously saturated with ammonia at —5° was kept in

Anal. Calcd for CsHsChF: C, 39.48; H , 5.96; F, 12.49. a bomb at room temperature for 1 week. Evaporation produced
Found: C , 39.80; H , 6.10; F, 12.08. a pale yellow amorphous residue which could be crystallized

5-0-Benzyl-2-deoxy-2-fluoro-D-arabinose (7 ).— A  solution of from aqueous ethanol to give clusters of needles, 12 (468.3 mg),
4b (5.0 g ) in dioxane (250 ml) and 2 N  H 2SO4 (250 ml) was mp 163-166°. Recrystallization from ethanol afforded pure
refluxed 5 hr, cooled to 0 -5°, and neutralized by careful addition material, mp 159-171, [a ]22D 29.8° (c 0.7 ethanol). The uv
of concentrated ammonia. The solution was evaporated, and spectrum showed X®‘°H 264 m/i (e 15,200).
the residue extracted with chloroform (twice, 100 ml). The dried Anal. Calcd for C 17H 17N 5O3CIF: C , 51.84; H , 4.35; N ,
(M gS 0 4) chloroform solution was evaporated, leaving 7 as a 17.78; Cl, 9.00; F, 4.82. Found: C , 51.77; H , 4.39; N , 17.65; 
syrup (4.5 g ) which reduced Fehling’s solution and on tic (solvent Cl, 9.10; F, 4.84.
B ) showed slight contamination with slower moving components. Similar treatment of 1 1  gave a similar yield of 13, mp 149- 
An analytical sample was obtained by preparative tic on silica 155°. Recrystallization from ethanol gave colorless needles:
gel P F 254 (Merck), eluting twice with solvent A , [a] 23d (after 1.5 hr mp 158-160°; [a ]22D 34.4° (c 0.4, ethanol); nmr spectrum
equilibration) 37.2° (c0.6, ethanol). The nmr spectrum (CDC13) (acetone-cfc) 8 8.32 (s 1, H -8 ), 7.37 (s 5, benzyl aromatic), 7.42
contained signals at 8 7.37 (s 5, aromatic), 5.42 (d 1, H -l ,  J i.r  (broad 2, N H 2), 6.36 (q  1, H - l ',  J v ,f 17.0, J  1,2 2.1 H z), 5.76
9.7 H z), 4.87 (q  1, H-2, J 2,f 50, J2l3 1.6 H z), 4.54 (s 2, benzyl (sextet 1, H -2 ', / 2>,f 51, J 2/,3> 2.1 H z), 5.54 (d 1 , O H -3 '),
C H 2), 4.23 (m 1, H -3 ), 3.86 (m 1, H -4 ), 3.81 (s 2, O H ) and 3.56 J  6.3 H z), 4.64 (s 2, benzyl C H 2), 4.2~4.9 (m 2, H -3 ', H -4 '),
(d 2, H-5, J i,5 6 H z). 3.77 (q  2, H -5 ', 5.0, J f ,5< 1.0 H z ); uv spectrum X®‘,°H 265

Anal. Calcd for CiJHisChF: C , 59.49; H , 6.24; F , 7.84. m/i (e 14,400).
Found: C, 59.34; H , 6.25; F, 7.52. Anal. Found: C , 51.72; H , 4.19; N , 17.30; Cl, 8.79;

Benzoylation of 7 using a two fold excess of benzoyl chloride F , 4.77. 
in pyridine gave a 70% yield of the 1,3-di-O-benzoyl ester 8, 9-(2-Deoxy-2-fluoro-a- and -/5-D-arabinofuranosyl)adenines (14
mp 53-56° after two recrystallizations from methanol. Nm r had and 15).— The same procedure was used for both anomers. To 
signals (C D C I3) at 8 7.0-8.3 (m 15, aromatic), 6.75 (d 1, H -l ,  a previously hydrogenated suspension of 5%  Pd/C (1.5 g ) in
Ji ,f 9 H z), 5.60 (q  1 , H -3, Jz.v 19.5, J 3l4 3.4 H z), 5.50 (d 1 , 50% aqueous ethanol (100 ml), a solution of 12 (827.7 mg, 2.10
H-2, J2,f 49 H z), 4.67 (m 3, H-4 +  benzyl C H 2), and 3.86 mmol) in ethanol (50 m l) containing N aO H  (2.1 ml, 1.0 AT) was
ppm (d 2, H-5, J i.5 5.0 H z). added, and the mixture hydrogenated in a Parr apparatus.

Anal. Calcd for C 26H230 6F : C , 69.32; H , 5.15; F, 4.21. When uptake ceased (30 hr), the mixture was filtered (Whatman
Found: C , 69.49; H , 5.29; F , 3.27. N o . 42) and the catalyst was thoroughly washed with boiling

l,3-Di-0-acetyl-5-0-benzyl-2-deoxy-2-fluoro-D-arabinose (9). aqueous ethanol. Filtrate and washings were evaporated to
■— Acetylation of 7 (1.43 g, 0.0059 mol) using acetic anhydride small volume, whereupon the product 14 crystallized as clusters
(1.74 ml, 0.0185 mol) in pyridine (15 m l) at room temperature of needles (475.4 mg). Recrystallization from ethanol gave a
for 18 hr gave a syrup 9 (1.85 g), which failed to reduce Fehling’s product of mp 232-234°, [q:]24d 22.6° (c 0.7, water). The nmr 
solution and showed no hydroxyl absorption in the ir spectrum. spectrum (D M 3 0 -d6) contained signals at 8 8.35 (d 1 , H -8 ,
9 had [<*]22d 53.1° (c 0.6, ethanol). The nmr spectrum (acetone- J8,f 2.0 H z), 849 (s 1, H -2 ), 7.32 (1 broad, N H 2), 6.33 (q  1,
d6) contained signals centered at 8 7.33 (s 5, aromatic), 6.26 H - l ',  J v .f 14.7, Ji<,2< 4.2 H z), 5.95 (broad 1, O H -3 '), 5.70
(q  1, H -l ,  J ut  10.5, J , .2 0.7 H z), 5.25 (q 1, H -3, J 3.F 22.8, (sextet 1, H -2 ', J 2,F 53 Hz, J 2,.v  4.2 H z), 5.08 (1 broad, O H -5 '),
J 3,4 4.5 H z), 5.10 (q  1, H-2, J 2lF 49.0), 4.60 (s 2, benzyl C H 2), 3.6-4.8 (m 4, H -3 ', H -4 ', H -5 '). The uv spectrum showed
4.47 (q, 1, H-4, J 4,s 4.5), 3.74 (d 2, H -5 ), 2.09 and 2.06 ppm X®° 259 m/x(<= 14,970); X’ « 1 257 m/x (e 14,800).
(each s, 3, acetyls). Anal. Calcd for C ioH i2N 60 3F : C , 44.61; H , 4.49; N , 26.01;

Anal. Calcd for Ci6H 190 6F : C , 58.89; H , 5.87; F , 5.82. F , 7.05. Found: C , 44.42; H , 4.46; N , 25.77; F , 7.00.
Found: C , 59.03; H , 5.99; F, 5.87. 15 had mp 209-210°, [<*]d 62.0° (c 0.5, water). The nmr

2 ,6-Dichloro-9- (3 -0 -acetyl-5-0 -benzyl-2-deoxy-2-fluoro-a:-and spectrum (DMSO-de,) contained signals at 8 8.35 (s 1, H -8 ), 
-/3-D-arabinofuranosyl)purines (10 and 11).— A  mixture of 9 (950 8.22 (s 1, H -2 ), 7.36 (broad s 2, N H 2), 6.33 (q  1, H - l ',  J i<,f 16.3,
mg, 2.92 mmol) and 2 ,6-dichloropurine (500 mg, 2.64 mmol) in J v ,v  3.4 H z), 5.76 (sextet 1, H -2 ', J v ,f 52.0, J 2<,3- 3.4 H z),
a round-bottomed flask was placed in an oil bath preheated to 5.0 (broad 1, O H -3 '), 4.2-4.8 (m 2, H -3 ', H -4 '), 3.62 (q  2,
160°, and stirred. Within 1 min the mixture became homogeneous. H -5 ', Jv ,5» 4.1, / FlS> 1-0 H z), and 3.36 ppm (s 1, O H -5 '); uv
Toluene-p-sulfonic acid (10 mg) was added, and heating and spectrum X®° 260 m/x (e 14,400); XiS,1 257.5 m/x (e 14,300).
stirring maintained under reduced pressure for a further 20 min. Anal. Found: C, 44.79; H , 4.48; N , 25.96; F , 7.05.
After cooling, the gummy residue was dissolved in ethyl acetate 9 - (2-Deoxy-2-fluoro-5-0-tosyl-«- and -/3-D-arabinofuranosyl)-
(10 m l) and chromatographed on a large-diameter column of adenines (16 and 17).— Toluene-p-sulfonylation of 14 (78.1 mg, 
silica gel G  (100 g ), eluting with solvent A . Fractions containing 0.29 mmol) was carried out in anhydrous pyridine (4 m l) using
unreacted 9 (129 mg), 11 (344 m g), and 10 (357 m g) were toluene-p-sulfonyl chloride (130 mg, 0.67 mmol). Tic (solvent B )
collected. showed complete disappearance of 14 (E f 0.22) after 24 hr, with

1 1  was obtained as a colorless gum, [q:]22d 8 .6 ° (c 1.3, ethanol). a major new spot of R i 0.55 and a trace component of R i 0.75.
Nm r signals (in acetone-de) were assigned as follows: 8 8.31 The mixture was poured into water (40 ml) and extracted
(s 1, H -8 ), 7.42 (s 5, benzyl aromatic), 6.70 (q  1, H - l ',  J i ,f with chloroform (six times, 15 m l). After two washings with
14.5, Ji.i 2.0 H z), 5.96 (sextet 1, H -2 ', J 2,f 50.5, J 2,3 2.0 H z), saturated NaHCOs (20 ml), the dried (MgSOx) chloroform extract
5.69 (octet 1, H -3 ', J 3,F 13.5, J 3l4 4.0 H z), 4.92 (quartet 1, was evaporated, leaving a gummy residue. Reevaporation from 
H -4 ' J i ,5 5.0 H z), 4.25 (s 2, benzyl C H 2), 3.93 (q  2. H -5 ', aqueous ethanol gave a colorless foam (50.0 mg) which on tic
J 5,f 1.0 H z), and 2.12 ppm (s 3, acetyl). The uv spectrum (solvent B ) was seen to contain one major component, R i 0.55,
showed XmHt (ethanol) 274.5, 254 (shoulder) m/x (e 7780, 4780). and trace spots, E f 0.04 and 0.75. N o  further purification was

Anal. Calcd for C isHn^OxCkF: C , 50.12; H , 3.76; N , carried out. The compound possessed uv spectrum with Xm„
12.30; Cl, 15.58; F, 4.17. Found: C, 50.28; H , 3.84; N , 262 m/x (e 13,700). In  the ir spectrum, strong absorption bands
12.19; Cl, 15.67; F , 4.16. at 1170 and 1350 cm ' 1 indicated the presence of the sulfonoxy

10 crystallized on evaporation of the appropriate fraction. substituent. Similarly, 15 gave the 5'-tosyl derivative 17,
Recrystallization from ether-petroleum ether afforded colorless X ^ f  259 m/x (e 14,600); in the ir spectrum new bands at
needles, mp 115-117°, M 22d 23.5° (c 0.9, ethanol). Nm r 1175 and 1360 cm-1 indicated the presence of the sulionoxy
signals (in acetone-d6) were centered at 8 8.35 (d 1, H -8 , J 8,f substituent. 00 at ,0  ca
2.6 H z), 7.35 (s 5, benzyl aromatic), 6.54 (q  1, H - l ',  J i .f 17.3, Anal. Calcdfor C i7H i8N 50 5FS: C , 48.22; H , 4.28; N , 16.54, 
J ,,2 4.0  H z), 5 .62  (octet 1, H -3 ', J 3,f 17.5, J 3l2 2.0, J 3,4 3 .9H z), F,4.49; S.7.57. Found: C,48.05; H , 4.38; N , 16.45; F , 4.25;
5.5 (octet 1, H -2 ', J2,F 50.5 H z), 4.67 (s 2, benzyl C H 2), 4.42 S, 7.50. .
(q  1 H -4 ', Ji.,, 4.8 H z), 3.93 (q  2, H -5 ', J 5,f 0.8 H z), and 2.15 3,5'-Cyclo-9-(2-deoxy-2-fluoro-0-D-arabinofuranosyl)adenme
ppm (s 3,’ acetyl). The uv spectrum showed Xma* (ethanol) toluene-p-sulfcnate (18).— A  solution of 16 (11.6 m g) m anhy-
273.5, 253 (shoulder) m/x (e 8930, 5300). drous dioxane (1 m l) was refluxed until the uv spectrum became

Anal. Found: C , 49.88; H , 3.76; N , 12.18; Cl, 15.68; F , constant (80 min) with X™« 274 m/x. Tic of the mixture at this
^ jg  point showed complete disappearance of the spot /if U.oo (sol-
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vent B), leaving only the spot R i  0.04, which was the cyclic 20187-74-0; 6, 20187-75-1; 7, 20187-76-2 ; 8, 20187-77- 
tosylate. Evaporation to dryness gave a colorless foam. This 3  20187-78-4; 10, 20187-79-5; 11, 20187-80-8;
had, in the uv spectrum, 274 m/x (e 12,300). In the ir spec- , ~ 90997 An 1 • 1 3  90187 81 Q* 1 A 90997 ,11 9 ■ i e  
trum, new bands at 685, 1010, and 1210 ran-* indicated the 1Z> I 4 0 -1 ’ Id , ZU 18/-S I-y , ZUZZ/-41 -Z , 15,
presence of the tosylate anion. 20187-82-0; 16, 20187-83-1; 17, 20187-84-2; 18,

Anal. Calcd for C i,H i8N 50 5FS: C , 48.22; H , 4.28; N , 16.54; 20187-85-3.
F , 4.49; S, 7.57. Found: C , 48.20; H , 4.51; N ,  16.38; F,

4.35, S, 7.55. Acknowledgment.— The authors are indebted to Mr.
Registry No.—3b, 20187-72-8; 4a, 20187-73-9; 4b, Marvin J. Olsen for recording the pmr spectra.
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Isopropylidene-5-hydroxyuridine (2 ) and l-methyl-5-hydroxyuracil (8 ) undergo a benzilic acid type of re
arrangement and dehydration in 0.1 N  N aO H  at 100° to give the corresponding 1-substituted 2-oxo-4-imidazoline-
4-carboxylic acids 5 and 9. l,3-Dimethyl-5-hydroxyuracil ( 10a) and l-methyl-3-benzyl-5-hydroxyuracil 
(10b) are converted under these conditions into the corresponding 1,3-disubstituted 4-hydroxy-2-oxoimidazoli- 
dine-4-carboxylic acids 11a and b. Compound l i b  was converted into the crystalline methyl ester 14 by treat
ment with diazomethane. The 4-hydroxyimidazolidines 11a and b undergo acid-catalyzed dehydration to 
give the 1,3-disubstituted 2-oxo-4-imidazoline-4-earboxylic acids 12a and b. Evidence for the existence of the 
tautomeric 5-keto forms of the 5-hydroxyuracil derivatives necessary for benzilic acid rearrangement is pre
sented. The 5-hydroxyuracil derivatives are prepared by treatment of the corresponding 5-bromouracils with 
C 0 2-buffered sodium bicarbonate solution at 100°. In  unbuffered sodium bicarbonate solution, isopropyl- 
idene-5-bromouridine (1) and 2'-deoxy-5-bromouridine are converted via their 5-hydroxy derivatives into the 
2-oxo-4-imidazcline-4-carboxylic acid nucleosides. The potential application of this rearrangement to D N A s  
containing 2'-deoxy-5-bromouridine instead of thymidine is discussed. An in  situ method for the conversion 
of uridine into the imidazoline nucleoside 6 is described. Ultraviolet spectral and pK & data for the 5-hydroxy- 
uracil derivatives are given.

We have previously reported3 that 5-halogeno of 2  at ~305 m/x. Secondly, isopropylidene-5-
derivatives of isopropylideneuridine (1, X  =  F, Br, I) hydroxyuridine (2 ) was also formed when a 0.02 M

undergo rearrangement in 1 A  sodium hydroxide to give solution of 1 (X  =  Br) in 0.1 A  sodium hydroxide was
the 2-oxo-4-imidazoline-4-carboxylic acid nucleoside 5 heated at 100°. In this case, however, the concen-
in varying yield. This rearrangement involves partic- tration of 2  as monitored spectrally first increased and
ipation of the 5'-hydroxyl group, and it was suggested then gradually decreased with the concomitant for-
that the reaction proceeds via the 5',6-anhydro acyclic mation of the imidazoline nucleoside 5. After acidic
ureide 4 (X  =  F, Br, I). We now wish to report that hydrolysis of the isopropylidene group, the known3

certain derivatives of 5-hydroxyuracil (isobarbituric l-(/?-D-ribofuranosyl)-2-oxo-4-imidazoline-4-carboxylic
acid) also undergo base-catalyzed rearrangement to acid (6 ) was obtained in 45% yield. This finding
2-oxo-4-imidazoline-4-carboxylic acids. This new rear- suggests the possibility that isopropylidene-5-hydroxy-
rangement does not involve participation of a sugar uridine (2) is an intermediate in the formation of 5
hydroxyl group and proceeds by a mechanism different from 1 (X  =  Br) in 0.1 A  sodium hydroxide. Evidence
from that of the rearrangement 1 -+  4 ->  5 in 1 A  supporting the intermediacy of 2  was obtained when an
sodium hydroxide (Scheme I). attempt was made to synthesize this compound by

Our interest in the alkaline stability of 5-hydroxy- using the procedure of Wang . 4 Accordingly, when 1
uracil derivatives resulted from experiments which (X  =  Br) was heated under nitrogen in dilute sodium
indicate that isopropylidene-5-hydroxyuridine (2 ) is bicarbonate solution, the formation of 2  was indicated
stable in 1 A  sodium hydroxide but unstable in 0.1 A  by the appearance of an absorption peak at 305 m/x.
sodium hydroxide. First, compound 2  was formed During the 22-hr reaction period, however, the pH of
along with the imidazoline nucleoside 5 (20% yield) the reaction mixture increased from ~8.3 to ~10 and
when a 0.1 M  solution of the 5-bromo nucleoside 1 in the slow disappearance of 2  and concomitant formation
1 A  sodium hydroxide was heated at 55° for 20 hr. 3 of 5 was again noted. The unblocked nucleoside 6
Moreover, compound 2  appeared to be stable under was isolated in 54% yield. Formation of 5 was con-
these reaction conditions, as shown by a gradual siderably reduced when the reaction mixture of 1 (X  =
increase in the intensity of the uv absorption maximum Br) with sodium bicarbonate was buffered ( ~  pH 8.3)

with carbon dioxide gas. After a reaction period of 5
c i l l J T J s s t f z ™  ■ » . « ■ * * * » . 2 ™ m
Service Grant c a  08748. actenzed by conversion into the known 5-hydroxy-

(2) A preliminary account of part of this work has been published: B. A.
Otter, E. A. Falco, and J. J. Fox, Tetrahedron Lett., 2967 (1968).

(3) B. A. Otter, E. A. Falco, and J. J. Fox, J . Org. Chem., 34, 1390 (1969). (4) S. Y. Wang, J . Amer. Chem. Soc., 74, 668 (1952).
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uridine (3) . 6 Treatment of 2  with either 0.1 N  so- or unbuffered sodium bicarbonate solution, proceeds
dium hydroxide or unbuffered sodium bicarbonate v i a  2  which is itself converted into 5. Based on these
solution at 1 0 0 ° resulted in smooth conversion into the considerations, we devised a simple i n  s i t u  synthesis of
imidazoline 5, which was isolated as the unblocked the imidazoline nucleoside 6  directly from uridine in
nucleoside 6  in good yield. Similar treatment of 5- 50% yield. Treatment of uridine with bromine water
hydroxyuridine (3) afforded 6  directly. Moreover, afforded 5-bromo-6-hydroxy-5,6-dihydrouridine, which
the rearrangement 3 - * ■  6  proceeds at the same rate as on treatment with sodium bicarbonate4 was converted
that of the rearrangement 2 5, indicating that neigh- into 5-hydroxyuridine (3) and thence to imidazoline
boring-group participation of the 5'-hydroxyl group is 6 .
not involved in these reactions. 6 However, isopro- The ring contraction of 5-hydroxyuracil derivatives 
pylidene-5-hydroxyuridine (2, 0.02 and 0.1 M )  proved is not restricted to the nucleoside series, but can be used
to be stable in 1 N  sodium hydroxide at 55° as shown for the preparation of a variety of 1-substituted and 1,3-
by the constancy of the uv spectrum over a 24-hr disubstituted-2-oxo-4-imidazoline-4-carboxylic acids,
period. These data show that the imidazoline nucleo- Thus, treatment of l-methyl-5-hydroxyuracil (8 ,
side 5 can be formed from 1 (X  =  Br) v i a  two routes. Scheme II) with refluxing 0.1 N  sodium hydroxide
One pathway, operating in 1 N  sodium hydroxide, does afforded the known8 1-methylimidazoline 9 in 80% 
not involve 2  as an intermediate but probably proceeds yield. However, the reactions of 1,3-disubstituted 5-
v i a  the acyclic ureide 4 as suggested previously. 3 The hydroxyuracils in sodium hydroxide differ from those of
other pathway, operating in 0 . 1  N  sodium hydroxide7 the 1-substituted compounds (2 , 3, and 8 ) in that only

. . . . . . .  , , ... , ,. , , ,  , ... ..., ,, small amounts of the corresponding imidazolines are(5) Further study of the formation of 5-hydroxy undine (3) from 5-bromo-  ̂ y.
uridine in NaHCOa-CCh has shown, contrary to our previous report;,2 that form ed directly. instead^ the 1,3-dlSUbstltUted COm-
this reaction and the analogous conversion of isopropylidene-5-bromouridine pounds are slow ly Converted into non-UV-absorbing
(1) into isopropylidene-5-hydroxyuridine (2) proceed at similar rates. • , v <  /ii\ i - i  rv i j i  • • i v
These reactions do not, therefore, involve participation of the 5'-hydroxy intermediates (11) which afford the imidazolines after
group* (formation of a 5-bromo-5',6-anhydro-5,6-dihydro intermediate) but treatment w ith  acid. Thus, UV Spectral exam ination
probably proceed via 5-bromo-6-hydroxy-5,6-dihydrouridines. The latter /pJJ 0f  reaction of 1 3-dimethyl-5-hydrOXy-
intermediates are analogous to those suggested by Wang4 for the conversion / , . . n  „ ’ . r .. . . . .
of 5-bromouracil and 1,3-dimethyl-S-bromouraciI into their corresponding UraCli V10a ) With refluxing 0.1 N  SOOlUm hydroxide
s-hydroxy compounds. revealed an 80% decrease in the intensity of the peaks

(6) It has been demonstrated previously that reactions involving inter- ftt 2 4 2  and 310 mg over a 19-hr period. Only a Small
action between the 5 -hydroxyl group and the aglycon of uridine derivatives . . . o r r  i j. xi
are greatly facilitated by the presence of a 2',3/-0-isopropylidene group. increase ill absorption at 255 m/X, attributable to the
For a discussion of this point, see ref 3 and other citations therein. formation of 12a, Was noted. Acidification of the

resulted to the rapid formation of a
in aqueous alkali (0.1 —► I N  hydroxide) a competing reaction involving large peak at 269 Hl/X, a Value Corresponding to the
direct attack by hydroxide on C-6 leading to barbituric acid nucleosides is known8 absorption of 12a in acid Solution. On a pre-
also operative. This affects the over-all yields of imidazoline nucleoside .. t _ « i j i * m  n-r • i i
from 1. As mentioned previously,8 such barbituric acid nucleosides are parative Scale. Compound 12a Was isolated in 71%  yield, 
unstable under these reaction conditions, leading to nonchromophoric
degradation products. (8) B. A. Otter, 3. A. Falco, and J. J. Fox, J. Org. Chem., 33, 3573 (1968).
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Similar results were obtained with 3-benzyl-l-methyl- could be converted into the imidazoline carboxylic acid
5-hydroxyuracil (10b) which gave the corresponding 12b by alkaline hydrolysis.
imidazoline (12b) in 74% yield. The intermediate Neither 5-hydroxyuracil nor 3-methyl-5-hydroxy- 
(11a) in the formation of 12a from 10a proved to be uracil is converted into the corresponding imidazoline
unstable and attempts to isolate it resulted in formation when treated with 0.1 N  sodium hydroxide at 100°.
of a considerable amount of 12a. The analogous In both cases, ultraviolet absorption was lost over a
intermediate (lib ) was more stable and was isolated as a 24-hr period but no indication of imidazoline formation
crude, amorphous sodium salt which was contaminated was obtained, either before or after acidification of the
with small amounts of starting material 10b and solutions. The instability of 5-hydroxyuracil in alkali
imidazoline 12b. Careful neutralization of this mate- has been reported previously. 4,9

rial with acetic acid and méthylation with a large Identification of the intermediates 11a and l ib  as 
excess of diazomethane afforded a mixture containing «-hydroxy acids allows the formulation (Scheme III) of
the methyl ether 7, the methyl ester 15, and a crys- the ring contraction of 5-hydroxyuracil derivatives as a
talline, non-uv-absorbing compound which was benzilic acid type of rearrangement. A requirement
shown to be 3-benzyl-4-hydroxy-l-methyl-2-oxoimida- of this rearrangement is that the 5 -hydroxyuracils
zolidine-4-carboxylic acid methyl ester (14). The exist partly in the tautomeric 5-keto form (B ). Attack
intermediates 11a and lib  are therefore the cor- of hydroxide ion on C-4 of B and subsequent migration
responding 1,3-dimethyl- and 3-benzyl-l-methyl-car- of the C -N  bond10 would give intermediate C, which
boxylic acids, respectively. The structure of 14 was would undergo a proton shift to give the imidazolidine
established from the combustion analysis (C 13H 15N 2O4) ; D. In the 1,3-disubstituted series, intermediate D
from the infrared spectrum, which shows peaks at (corresponding to 11a and b) is stable in base but under-
3400 (hydroxyl), 1750 (ester carbonyl), and 1680 cm- 1  goes rapid acid-catalyzed dehydration to the imidazo-
(ureide carbonyl); and from the nmr spectrum in lines 12a and 12b. Base-catalyzed dehydration of
DMSO-de. In addition to the expected 1-methyl and 1,3-disubstituted D takes place only to a small extent.
3-benzyl resonances, the nmr spectrum of 14 shows an In the 1-substituted series (D, R =  H), however, base-
additional methyl signal at 5 3.30 (CChMe) and an catalyzed dehydration involving abstraction of the
exchangeable proton (OH) at 5 7.0 which is not coupled labile N-3 protons would give the 2 oxoisoimidazolines
to either of two protons (H-5, H-5) appearing as an
AB system at 5 3.31 and 3.79. The lack of coupling of (9) E- R- Garrett, h . j. Nestier, and A. Somodi, J . Org. Chem., 33, 3460 
the hydroxyl proton indicates the tertiary alcohol (19®™ v

i/M.   3 _ 1 1 1 3 1 hls process could take place in either the concerted manner shown
St ucture, ior secondary alcohols, such as 13a and 13b, or stepwise with the formation of a ureido a-keto acid which would then
coupling (~ 5  Hz) is observed. The chemical shifts of undergo ring closure to C. Attack of hydroxide ion on C-5 of B followed by
the gemm.1 protons of 13. and 13b are similar to those
Ot the to 5 protons of 14. Treatment of an aqueous alloxan to alloxanie acid has been shown11 to involve exclusive C—N bond 
solution of 14 with dilute hydrochloric acid resulted in cleavage.
tho ro.oirl fVr-rvao + L.v, • ; i r  , . -  , • , O1) H- Kwart, R. W. Spayd and C. J. Collins, J. Am er. Chem. Soc., 83,
the rapid formation of die imidazoline ester 15 which 2579 (i96i). See also p. a . s. Smith and r . o. Kan. ibid., 83, 2580 (i96i).
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O ^ n ^ K D )  O ^ n ^ ’H(D) 0 ^ m^ T H D̂)

R' R' R1 r- H(D)
2,3,8,10 a b A B

0
MM-VocOPh . r \  rn ff> co°® *  COOH
HN Y  " = f£ ° % -H  RN------- OH RN--------0s
0 N p ^ N ^ ’0H

HOg - Y  L e b' d r ' cr ’ J
HO OH ^  C ®

>6 . *  rnnH * COOH ^  COOMe
HIi — if H RN—if PhH2CN— j”0H

O ^ n^  O^-N"^
R1 Me Me

5,6,9 I2ab 14
E. Rearrangement of E would then give the 1- nucleoside 5 from 2  in 1 N  sodium hydroxide is therefore
substituted imidazolines 5, 6  and 9. a reflection of the very low concentration of the 5-keto

Although 5-hydroxyuracil derivatives exist in solution tautomer B. Similarly, l,3-dimethyl-5-hydroxyuracil
predominately in the 5-enol form (see later discussion (10a, 0.1 M) is stable in 1 A  sodium hydroxide as 55°,
of uv spectra), the presence of the 5-keto tautomers (B) and the extent of deuterium incorporation (~1 ()%  in
is indicated by the following data. Treatment of 24 hr) is again smaller than that observed for isopro-
isopropylidene-5-hydroxyuridine (2) with refluxing pylidene-5-hydroxyuridine (2) under these conditions,
deuterium oxide results in exchange of H - 6  for The slower rates of exchange of 10a may be due to a
deuterium, as shown by a gradual decrease in the inten- decrease in the carbanion character of the mesomeric
sity of the H - 6  resonance relative to the nmr signals of ion A caused by the inductive effect of the methyl
protons which did not undergo exchange. This substituents. Substituent effects on the enol- keto
exchange reaction involves ionization of the 5-hydroxyl equilibria of 5-hydroxyuracils, together with studies of
group (pK a =  7.7) of 2  to give the mesomeric anion A. electrophilic substitution of the C - 6  position, are
Deuteration of A at the C - 6  position gives B, which currently under investigation in this laboratory,
then reverts to isopropylidene-5-hydroxyuridine-6-d. The ultraviolet absorption and apparent pAa data of 
Evidence supporting this mechanism is that deuterium the 5-hydroxyuracils used in this study are listed in
exchange does not take place when the enolate ion-keto Table I. The similarity of the spectrum of 1,3-
equilibrium A -*• B is precluded by substitution of the dimethyl-5-hydroxyuracil to those of 5-hydroxyuracil
5-hydroxyl group. Thus, 5-benzoyloxyuridine (16) and its mono-N-methyl derivatives in the pH range of
does not incorporate deuterium at C - 6  when treated 1-10 (neutral to monoanion) show conclusively, as
with refluxing deuterium oxide. Rapid deuterium would be expected, that the first dissociation of all
exchange of isopropylidene-5-hydroxyuridine (2), and these compounds is due to ionization of the 5-hydroxyl
hence formation of the 5-keto tautomer B, takes place group. The similarity of the spectrum of l-methyl-3-
under the alkaline conditions which lead to the for- benzyl-5-methoxyuracil (pH 1-14) to those of the
mation of the imidazoline nucleoside 5. Thus, when other 5-hydroxyuracils (at pH 1 ) in Table I shows that
the reaction of 2 (0.02 M) in 0.1 A  sodium deuterioxide the neutral species of all these compounds exist pre-
at 100° was stopped after 30 min, the remaining dominantly in the 2,4-dicarbonyl-5-hydroxy form (due
starting material had undergone complete exchange of allowance given to the effects of alkylation at N -l and
H - 6  for deuterium. Under identical conditions the N-3). The bathochromic shifts produced by N -l sub-
1 ,3-dimethyl-5-hydroxyuracil (10a) remaining after 2 stitution ( v s .  N-3 substitution) are similar to effects
hr had undergone ~30%  exchange. The slower rate noted previously12 with uracil and its N-methyl deriv-
of exchange observed for 10a, compared with 2 , is atives. As expected, the substitution of a sugar
consistent with the slower rate at which 1 0 a undergoes moiety on N -l in place of a methyl group exerts an
ring contraction. acid-strengthening effect.

As mentioned proviously, isopropylidene-5-hydroxy- General Considerations.'—5-Hydroxyuridine is a 
uridine (2 , 0.1 M) is stable in 1 A  sodium hydroxide normal component of the ribonucleic acids of yeast
at 55°. The rate of deuterium incorporation into 2  is ( T o r u l a  u t i l i s ) . 13 In this regard, the chemistry of 5-
low under these conditions; over a 24-hr period in 1 A

j  , • - j  i o f\Crf r tt a (12) D. Shugar and J. J. Fox, Biochim . Biophys. Acta, 9, 199 (1952).sodium deuterioxide, only 80% exchange of H-6 was (13) A w Lis and w. K Passarge_ Arch. Biochem. Biophyŝ  114> 593 
observed. The lack of formation of the imidazoline (1966).
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T a b l e  I
U l t r a v i o l e t  a n d  A p p a r e n t  p X a D a t a “  f o r  5 - H y d r o x y u r a c i l  a n d  D e r i v a t i v e s

Neutral species Monoanion Dianion
,------------- pH 1------------- . ,------------- pH 10------------- . <---------------- pH 14------------------- >
Amax, e X Amin, e X Imay., e X Amin, « X Amax, Amin,

Compd m i l 10~3 10~3 10"* m¡ i 10-3 mn  e X 10~3 mg e X 10~3 pAal

5-Hydroxyuracil 277 7.10 245 2.24 305 6.12 272 3.04 302 — 5 .25'1 270 — 2.526 8.09°
240 7.62 220 4.86 sh 240 ~ 7 .2 9 i

l-Methyl-5-hydroxyuracil 284 7.90 247 1.73 310 6.75 272 2.55 304 6.03 269 2.54 7.94*
240 7.38 220 4.74 sh 240 6.95

Isopropylidene-5-hydroxyuridine 280 8.67 244 2.40 306 7.50 270 3.50 303 7.10 268 2.87 7 ,72e'f
247 6.40 224 5.10

3-Methyl-5-hydroxyuracil 277 6.70 245 2.23 304 6.13 272 3.15 322 — 7.90'' 275 — 1.656 8 .2 2

242 7.19 222 4.71 242 — 7.774 222 ~ 4 .2 4 6
l,3-Dimethyl-5-hydroxyuracil 283 7.35 247 1.83 310 6.73 273 2.55 .......................................... 8.18

242 6.90 225 5.17
l-Methyl-3-benzyl-5-hydroxyuracil 286 7.22 249 1.93 312 6 .6 6  275 2.54 .......................................... 8.06

243 7.01 228 6.18
l-Methyl-3-benzyl-5-methoxyuracil 2839 7.13 2499 2.07 ....................................  ..........................................
°  Determined spectrophotometrically by methods previously described [J. J. Fox and D . Shugar, Bull. Soc. Chim. Beiges, 61, 44 

(1952)]. pK ai values refer to ionization of the 5-hydroxyl group and are accurate to ±0 .05 pH  unit. Accurate p K a values (ionization 
of N - H  groups) were not determined. 5 Compound unstable in 1 JV N aO H  making pi? a2 determination impossible. c p X ai 8.11 and 
pifa2 11.48 (potentiometric titration) previously reported [A. Albert and J. N . Phillips, J. Chem. Soc. 1294 (1956)]. d p K a2 ~  12. 
e P-Ka2—  11.5. s p ifai 7.8 (potentiometric titration) previously reported for 5-hydroxy-2'-deoxyuridine [T. Y . Shen, J. F. McPherson, 
and B . O. Linn, J. Med. Chern., 9, 366 (1966)]. «  pH  1-14.

h y d ro xy u rid in e  described  herein  sh ou ld  b e  tak en  in to  at 275 m^ was followed by the appearance of peaks at — 305
accou nt in  studies on  the a lka lin e  d e g rad a tio n  o f (2 ) and 253 mM (5). The 305-m,r peak reached a maximum value
ribon uc le ic  acids con ta in ing  5 -h y d roxy u rid in e  or o f 5 - of 0 D  V I  at 90 min and decre^ed, while the 252-mM peak 
, , . , ,. • j is i4 increased to a maximum O D  of 0.53. Hydrolysis of the iso-
n y a ro x y u n d y llC  acids. . . .  propylidene group of 5 to give 6 took place during the isolation

W e  also  find th a t  5 -b ro m o -2 ,-d eo xy u rid in e  is con - procedure. The dark yellow solution was cooled and passed
v e rted  in  d ilu te  a lk a li (v ia  its  5 -h y d ro xy  d e r iv a t iv e ) in to  through a column containing an excess of Dowex A G -50W -X 8
the 2 '-d e o x y  an a lo g  o f  6 . T h is  fin d in g  suggests  th a t  (H + )‘ The colorless- acidie effluent and washings were concern

i r  ui j -it  trated to ~ 2  ml. Acetone was added and the solution cooled
the o y e r-a ll conversion  m a y  be  ap p licab le  u n der m ild  to give crystals of the dihydrate of 6 (13 5  mg> 45% )( mp and
cond itions to k n o w n 1“ deoxy ribon u c le ic  acids in  w h ich  mmp 107-110° (resolidifies and melts at 195-200°, eff, dec).
2 ,-d eo xy -5 -b rom o u rid in e  rep laces som e o f the th y -  The uv and ir spectra of this material were identical with those
m id ine residues. Such  a  chem ica l rea rran gem en t m ay  of 6 PrePared previously.3
a lte r  the base  p a ir in g  and , con ce ivab ly , the b io log ic a l B.-Isopropyiidene-S-bromouridine ( l )  (18.16i g, 0.05

, . . , f & mol) was added to a solution of sodium bicarbonate (0.15 mmol)
p roperties o f  the deoxy ribon u c le ic  acid . in 11. of water. The solution was refluxed under nitrogen for 22

hr. U v  spectral examination revealed a gradual loss of 1 (Xmax 
c  275 Dpt) and formation of 2 (Amajc 305 m/i) which reached a

e x p e r im e n ta l se c t io n  ' maximum concentration (O D  0.21) at — 3 hr. During this

General Procedures .-M e lt in g  points were determined on a Bme tk!  PH ° f C0.°*?d Qtke reactio? m ature increased
Thomas-Hoover apparatus (capillary method) and are un- from 8f 5 10' After 3 hr’ th® 305' m^ Peak ^  gradually de-
corrected. The nuclear magnetic resonance spectra were de- ® eaSed " lth tke, concomitant formation of a peak at 252 mM
termined on a Yarian A-60 spectrometer using DM SO -d, as [ 5) whl°h r®ached .a maxlmum value of O D  0.72 at 22 hr. The
solvent and tetramethylsilane as internal reference. Chemical brown reaction mixture was cooled and deionized by passage
shifts are reported in parts per million ( 5 ) and signals are ex- contammg ~ 200 ml D °wex A G  50W-X8
pressed as s (singlet), d (doublet), t (triplet), or m (complex ( , k ? “  e“ «ent and washings were concentrated to - 1 0 0  

multiplet). Values given for coupling constants (hertz) and chemi- m} ; acetone (5? was added and tke s° utl° n was cooled, 
cal shifts are first order unless the spin system is designated crystallme material separated The product (8.0 g,
A B  or A B X . Thin layer chromatography was performed on onno had and mmp 107-110 (resolidifies and melts at 195-
silica gel G F 2H (M erck); separated materials were detected with 200 ’ eff’ dec) and J^ve  lr and uv sPectra identical with those of
ultraviolet light and by spraying with 10 %  v/v sulfuric acid in 6 PI ? \ ^ r vta metl}od A
ethanol followed by heating at 110°. Evaporations were carried 2 ’3 -OHsoproPykdene-S-hydroxyuridine (2 ).— Carbon dioxide
out in  vacuo with bath temperatures kept below 45° Micro- wa^ bubbled mto a suspension of 5.45 g (0.015 mol) of 1
analyses were performed by Galbraith Laboratories, Inc., (X , =  B r) m 300 ml ° f  water contammg 3.78 g (0.045 mmol) of
Knoxville, Tennessee, and by Spang Microanalytical Laboratory *odlum bicarbonate The mixture was heated to reflux tempera-
Ann Arbor, Michigan. For reactions that were monitored by ture whereupon 1 dissolved. Heating was continued for 6 hr,
changes in the uv spectra, 0.1-ml aliquots were diluted with water at winch time the absorption of 2 at 305 mM reached a maximum
to give a concentration of 1 X  10“ 4 M  in starting material; uv ® ° ,  . The pH  of the cooled reactlon mixture was
spectra were then recorded at pH  —  10 on a Cary Model 15 . . The solution was passed through a column (3 X  30 cm)
spectrometer. containing Dowex AG1, X -8 (O H - , 100—200 mesh) and the

l-(/3-D-Ribofuranosyl)-2-oxo-4-imidazoline-4-carboxylic acid (6 ) “ lumn. was washed with water until the effluent was neutral.
from Isopropylidene-5-bromouridine16 ( 1 ). Method A .__A  solu- The . umn was then eluted with 0.05 M  N H 4H C O 3, and 25-ml
tion of 363 mg (1 mmol) of 1 (X  =  B r) in 50 ml of 0.1 N  N aO H  fractions were collected. Fractions 50-100, which gave a
was refluxed for 6 hr. A  rapid decrease in the uv absorption of 1 positive ferric chloride test, were combined and concentrated to
-------------------- 30 ml. Crystallization of 2 (1.80 g, 40% ) commenced on cooling.

(14) D. A. Smith and D. W. Visser, J .  B io l .  C h e m ., 240, 446 (1965). t  SeCOnd Cr°P  ° f  280 6%  ( total y ield 46%)> W8S obtained
(15) For a discussion of DNAs containing 5-bromouracil see review by by concentration of the filtrate. Both crops gave only a single

R. E. Handschumaeher and A. D. Welch, "The Nucleic Acids,” E. Chargaff SP °* 0n (M eO H -C H C lj, 1:4 v/v). A  sample recrystallized
and J. N. Davidson, Ed., Academic Press Inc., New York, N. Y., 1960, Vol. fr °m Water for analysis had mp 215-217°; nmr S 11.43 broad
3’ p 4SS- S (1, N H ),  8.64 s (1, 5-OH ), 7.32 s (1, H -6 ), 5.89 d (1, H - l ',

(16) Purchased from Zellstoff-fabrik Waidhof, Mannheim, W. Germany. =  2.2), 5.06 broad t (1, 5 '-O H ), 4.84 m (2, H -2 ', H -3 '),
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4.07 m, ( 1 , H -4 '), 3.61 m (2 , H -5 ', H -5 '), 1.50 and 1.31 ppm to dryness. Recrystallization of the residue from 50% ethanol 
s (2, 6-H , isopropylidene methyls). afforded pure material (9 g, 73% ), mp 105-106°.

Anal. Calcd for Ci2H I6N 20 7: C , 48.00; H , 5.37; N , 9.33. Anal. Calcd for C i2H i2N 20 2: C , 6 6 .6 6 ; H , 5.55; N , 12.96. 
Found: C , 47.90; H , 5.40; N ,  9.19. Found: C , 66.71; H , 5.56; N , 12.93.

Compound 2 was converted into 5-hydroxyuridine (mp 238- l-Methyl-3-benzyl-5-bromouracil.— Bromine (6 .6  g, 4.1 mmol)
240°, lit .17 mp 238-240°) by treatment with 80% acetic acid at was added to a solution of l-methyl-3-benzyluracil (9.0 g, 4.2 
100° for 1 hr.  ̂ mmol) in 175 ml of glacial acetic acid. The pale yellow solution

l-(/3-D-Ribofuranosyl)-2-oxo-4-imidazoline-4 carboxylic Acid (6 ) was heated on a steam bath for 30 min, concentrated to ~ 5 0  ml,
from Isopropylidene-5-hydroxyuridine (2 ). Method A .— A  solu- and then poured into 500 ml of water. The resulting precipitate
tion of 300 mg (1 mmol) of 2 in 50 ml of 0.1 N  N aO H  was re- was recrystallized from 50% ethanol to give pure material (12 g,
fluxed for 6 hr, at which time the absorption peak at 252 him (5 ) 97% ), mp 124-125°.
reached a maximum value of O D  0.90. The cooled solution was Anal. Calcd for Ci2H uB rN 20 2: C , 48.81; H , 3.73; N , 9.49. 
passed through a column containing an excess of Dowex A G - Found: C , 48.82; H , 3.68; N , 9.39.
50W-X8 (H +), and the neutral eluate was acidified (to p E  ~ 1 )  l-Methyl-3-benzyl-5-hydroxyuracil (10b).— Carbon dioxide gas
with HC1 to ensure complete hydrolysis of the isopropylidene was bubbled through a solution of 9 g (0.033 mol) of l-methyl-3-
group. Concentration of the solution to ~ 1  ml and addition of benzyl-5-bromouracil in 600 ml of 50% ethanol containing 7.5 g
acetone afforded crystals (213 mg, 72% ) of 6 , mp and mmp (0.09 mol) of sodium bicarbonate. The solution was refluxed
107-110° (resolidifies and remelts at 195-200° eff, dec). for 22 hr, at which time the absorption of 10b at 312 m/i reached

Treatment of 5-hydroxyuridine (3, 1 mmol) with 0.1 N  N aO H  a maximum value. The solution was cooled, neutralized with 
(50 ml) at 100° results in formation of 6 . U v  spectral examina- 1 N  HC1, and concentrated to remove the ethanol. The product
tion showed that the rearrangements 3 —*■ 6 and 2 —*■ 5 proceed at crystallized when the aqueous solution was acidified with 1 N
the same rate and give similar yields of imidazoline. HC1. Recrystallization from 50% ethanol afforded pure 10b

Method B .— A  sample of 2 (300 mg, 1 mmol) was added to a (5.7 g, 80% ): mp 163-164°; nmr 8 8 .6 6 s (1, O H ), 7.33 and 7.31
solution of sodium bicarbonate (252 mg, 3 mmol) in 20 ml of two barely resolved singlets (6 , phenyl and H -6 ), 5.07 s (2,
water. The solution was refluxed for 22 hr, cooled, and processed C H 2), and 3.29 ppm s (3, C II3).
as described in method A  above. The yield of pure 6 was 207 Anal. Calcd for C i2H i2N 20 3: C , 62.07; H , 5.17; N , 12.07.
mg (70% ). _ Found: C , 62.21; H , 5.09; N , 11.96.

l-(2-Deoxy-/3-D-ribofuranosyl)-2-oxo-4-imidazoline-4-carboxylic l-Methyl-3-benzyl-2-oxo-4-imidazoline-4-carboxylic acid (12b)
Acid.— 2'-Deoxy-5-bromouridine (3 g, 0 .0 1  mol) was dissolved in was prepared from 1.26 g (5 mmol) of 10b as described for the
a solution of sodium bicarbonate (2.52 g, 0.03 mol) in 200 ml of preparation of 12a. The yield of pure 12b (recrystallized from
water. The solution was buffered with C 0 2 gas (pH  ^ 8 .5 ) and water), mp 224-226°, was 74%; nmr 8 ~12 .5  broads (1, CO O H ),
refluxed for 9 hr. During this time, the conversion of starting 7.30 s (5, phenyl), 7.55 s (1, H -5 ), 5.16 s (2, C H 2), and 3.28
material into 2'-deoxy-5-hydroxyuridine was monitored by the ppm s (3, N C H 3).
increase in absorption at ~302  m/i, The flow of C 0 2 was stopped Anal. Calcd for C i2H i2N 20 3: C , 62.07; H , 5.17; N , 12.07.
after 9 hr, and refluxing continued for a further 12 hr. Spectral Found: C, 62.03; H , 5.14; N , 11.99.
examination of the black reaction mixture (pH  ~ 1 0 ) showed the 3-Benzyl-4-hydroxy-l-methyl-2-oxoimidazolidine-4-carboxylic
presence of the 2'-deoxy-imidazoline nucleoside together with Acid Methyl Ester (14).— A  solution of 2.32 g (10 mmol) of 10b
some 2'-deoxy-5-hydroxyuridine. The cooled solution was in 300 ml of 0.1 jV  N aO H  was refluxed for 17 hr. Theuvabsorp -
passed through an excess of Dowex AG -50W -X 8 (H +) and the tion maximum of 10b (312 m/i) decreased by 85% during this
eluate and washings were concentrated almost to dryness. Most period. The cooled solution was passed through a column (2.5
of the water was removed by codistillation with ethanol, and the cm diameter) containing 16 g of Amberlite IRC-50. The eluate
product was precipitated by addition of ether. The dried pre- was made weakly alkaline by  the addition of 1.5 ml of 1 N  N aO H .
cipitate was crystallized with difficulty from 95% methanol- The eluate and washings (100 m l) were concentrated to dryness
ether to give 610 mg (40% ) of the hemihydrate, mp 187-190°. (with the bath temperature kept below 20°) and the residue was

Anal. Calcd for C 9H i2N 20 6 -V 2H 20 : C , 42.68; H , 5.13; N , dried in  vacuo over K O H  pellets. The amorphous material (2.3
11.06. Found: C, 42.97; H , 4.91; N , 11.14. g ) was suspended in 10 ml of methnol and 400 mg of unidentified

l-Methyl-2-oxo-4-imidazoline-4-carboxylic Acid (9 ).— 1-Meth- gelatinous material removed by filtration. To the methanol
yl-5-hydroxyuracil18 (8 ) (1.42 mg, 1 mmol) was dissolved in 50 solution (5 °) was added three charges of diazomethane (~ 3 0
ml of 0.1 N  N aO H  and the solution was refluxed. U v  spectral mmol each in 50 ml of ether) at 4 hr intervals after just neutraliz-
examination showed that the product (9) reached a maximum ing the reaction mixture each time with glacial acetic acid. The
concentration (O D  =  0.85) at ~2 3  hr. The solution was solution was stored at 5° for 4 hr after the final addition of diazo-
acidified with HC1, concentrated to 25 ml, and cooled. The methane, and then concentrated to 10 ml, whereupon 14 (250
resulting precipitate was recrystsllized from water to give 114 mg mg) crystallized. Concentration of the methanol filtrate to dry- 
(80% ) of pure 9, mp and mmp 274-276° eff, dec (but dependent ness and suspension of the residue (800 mg) in cold methanol
on rate of heating). The uv, nmr, and ir spectra of this material afforded a second crop (400 m g) of insoluble 14. Recrystalliza-
were identical with those of authentic8 9. tion of the combined crops from boiling methanol gave 460 mg

l,3-Dimethyl-2-oxo-4-imidazoline-4-carboxylic Acid (12a).— A  of pure 14: mp 169-170°; ir p,„ax (K B r ) 3400 (O H ), 1750 (ester
solution of 780 mg (5 mmol) of 10a4in 250 ml of 0.1 N  N a C H  was carbonyl), 1680 cm -1 (ureide carbonyl). The nmr spectrum of
refluxed for 19 hr. During this time, the uv absorption max of 14 showed an A B  subspectrum for the C-5 protons (8 3.79, 3.31;
10a (~3 1 0  my«) decreased by 84%. Acidification (to pH  3) of Js.s =  10 .5  H z) and another A B  system for the benzyl methylene 
the 1 X 10~4 solution used for following uv changes resulted in protons (8 4.44, 4.24; J  gem =  16.0 H z). Other nmr signals
the appearance of a peak at 269 m/i which increased to O D  0.95 were at 8 7.28 s (5, phenyl), 7.0 s (1, O H , exchanges on addition
in 10 min. Acidification of the cooled reaction mixture with of D 20 ),  3.30 s (3, ester methyl), and 2.78 ppm s (3, N C H s). 
HC1 (to pH  ~ 1 )  and concentration to ~5 0  ml afforded 12a (550 Anal. Calcd for C i3H i6N 20 i : C , 59.09; H , 6.06; N ,  10.65. 
mg, 71% ) in two crops, mp and mmp 230-232°. The uv and ir Found: C , 59.16; H , 6.01; N , 10.55.
spectra were identical with those of authentic8’13 12a. Tic (M eO H -C H C l3, 1:30 v/v) showed that the combined

l-Methyl-3-benzyluracil.— 1-Methyluracil (7.2 g, 5.7 mmol) mother liquors from above contained mostly 14 and small amounts 
was added to a solution of K O H  (6.4 g, 11.4 mmol) in 150 ml of of 7 and 15. These compounds were not isolated, but their identi-
ethanol. Benzyl bromide (9.7 g, 5.7 mmol) was added and the ties were established by comparison of chromatographic mobility
mixture was refluxed for 7 hr. The cooled solution was concen- and uv spectra of eluted materials with those of 7 and 15 de-
trated almost to dryness, diluted with 100 ml of water, and neu- scribed below. A  1 X  10-4 M  solution of 14 in water showed
tralized with acetic acid. The solution was extracted with ether only end absorption (below 220 m/i) in the uv. Acidification of
(thrice, 100 m l); the ether extracts were dried and concentrated this solution resulted in formation of the imidazoline ester 15
______________  ( * £ , ' 271 m/i) which underwent hydrolysis to 12b (shift of Amai

to 258 m/i) on treatment with alkali.
(17) D. W. Visser, "Synthetic Procedures in Nucleic Acid Chemistry,” l-Methyl-3-benzyl-5-hydroxy-5,6-dihydrouracil (13b).— A

W. W. Zorbach and R . S. Tipson, Ed., Interscience Publishers, New York, gample q{ 1Qb ;1 g> 4 3 mmol) wag dissolved in a suspension of

(IS) Prepared fr’om 1-methyluracil as described by Z. Budesinsky, J. ¿0% P d -C  (~ 5 0  m g) in 200 ml of ethanol and the mixture was
Prikryl, and E. Svatek, Coll. Czech. Chem. Commun., 29 , 2980 (1964). hydrogenated on a Parr apparatus for 6 hr. The catalyst was

(1 9 ) G. E. Hilbert, J. Am er. Chem. Soc., 54, 3413 (1932). removed and the filtrate concentrated to a colorless syrup which
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crystallized spontaneously to give pure 13b, mp 75-78°. The Deuterium Exchange of Isopropylidene-5-hydroxyuridine (2) 
nmr spectrum of 13b contained peaks at 7.25 (5, s, phenyl), and l,3-Dimethyl-5-hydroxyuridine (10a). A . In D 20 .— A  solu-
6.09 (1 broad peak, O H ) and 4.82 (2, s, benzyl C H 2). The tion of 60 mg of 2 in 2 m lof D 20  was heated under reflux at 100°.
geminal H -6  and H-5 protons appeared as an A B X  subspectrum Integration of the H -6 and H - l ' signals in the nmr spectrum of 2
(after removal of the H-5, O H  coupling by addition of D 20 )  with revealed that 75% and 100% exchange of H -6 for deuterium had
H-5, 8x4.32; H -6, SA 3.29; H -6, 8b 3.51 (Tab =  12.5; J ax taken place at 2 and 4 hr respectively. 5-Benzoyloxyuridine (16,
=  9.7; J bx =  5.1 H z). The 5-OH group in the spectrum of 30 mg) showed no decrease of the H -6 signal, relative to the
l,3-dimethyl-5-hydroxy-5,6-dihydrouracil20 (13a) appeared as a H - l ' resonance, when refluxed in D 20  (1 ml) for 2 hr.
doublet (8 5.97, J s . o h  =  5.5 H z). B. In 0.1 N  N aO D .— A  solution of 2 (30 mg, 0.1 mmol) in 5

Anal. Calcd for C i2H hN 20 3: C ,61.53; H , 5.98; N , 11.97. ml of 0.1 N  N aO D  in D 20  was refluxed for 30 min. The solution
Found: C , 61.29; H , 6.03; N , 11.96. was cooled and concentrated to 0.5 ml. Integration of the nmr

l-Methyl-3-benzyl-5-methoxyuracil (7 ).— A  solution of 10b spectrum showed that complete exchange of H -6 had taken place.
(232 mg, 1 mmol) in methanol (20 ml) was treated with an excess When 15.6 mg (0.1 mmol) or 10a was refluxed in 5 ml of 0.1 N
of diazomethane in ether. The solution was concentrated to N aO D  for 2 hr, the nmr spectrum of the concentrated solution
dryness after 12 hr, and the residue was crystallized from ethyl showed that ~ 3 0 %  exchange of H -6 had taken place. In this
acetate to give 210 mg (85% ) of 7: mp 146-147°; nmr 8 7.45 case, the intensity of the H -6 signal was compared to those of the
s (1, H -6 ), 7.28 s (5, phenyl), 5.01 s (2, C H 2), 3.65 s (3, O C H 3), N - l  and N -3  methyl groups.
and 3.30 ppm s (3, N C H 3). C. In 1 N  N aO D .— A  solution of 2 (15 mg, 0.05 mmol).in 0.5

Anal. Calcd for C i3H hN 20 3: C, 63.40; II, 5.73; N , 11.37. ml of 1 N  N aO D  in D 20  was heated at 55° for 23 hr. Integration
Found: C , 63.42; H , 5.72; N , 11.21. of the nmr spectrum at 5 and 23 hr showed that 36% and 80%

l-Methyl-3-benzyl-2-oxo-4 imidazoline-4-carboxylic acid methyl exchange, respectively, of H -6 had taken place. 1,3-Dimethy 1-5-
ester (15) was prepared by méthylation of 232 mg (1 mmol) of hydroxyuracil (10a), 15.6 mg (0.1 mmol), was heated at 55° in
12b with an excess of diazomethane. The yield of pure material 1 ml of 1 N  N aO D  for 23 hr. The solution was concentrated to
(from ethyl acetate-30-600 petroleum ether) was 220 mg (90% ), 0.3 ml; integration of the nmr spectrum indicated ~ 1 0 %  ex-
mp 147-149°; nmr 8 7.61 s (1, H -5 ), 7.25 s (5, phenyl), 5.10 change of H -6 .
s (2, C H 2), 3.70 s (3, C O O C H 3), and 3.27 ppm s (3, N C H 3). Conversion of Uridine into l-(/3-D-Ribofuranosyl)-2-oxo-4-

Anal. Calcd for C i3H hN 20 3: C, 63.40; H , 5.73; N , 11.37. imidazoline-4-carboxylic Acid (6 ).— A  small excess of bromine
Found: C, 63.44; H , 5.68; N , 11.26. was dissolved in a solution of uridine (4.84 g, 20 mmol) in 300 ml

5-Benzoyloxyuridine (16).— Benzoic anhydride (226 mg, 1 of water. The excess bromine was removed by aeration, and
mmol) was added to a refluxing solution of 3 (260 mg, 1 mmol) in sodium bicarbonate 6.7 g (80 mmol) was added in portions. The
25 ml of methanol. Heating was continued for 1 hr and then a solution was diluted to 400 ml and refluxed for 20 hr. The
further charge of benzoic anhydride (1 mmol) was added. This brown solution was deionized by passage through a column con-
proeedurewas repeated; after a reaction period of 3 hr, tic taining ~100 ml of Dowex A G  50W-X8 (H + ). The effluent and
(C H C l3-M eO II, 5:1 v/v) showed only a trace of starting material. washings were concentrated to 30 ml ; acetone was added and the
Concentration of the solution afforded a colorless syrup which solution was cooled. The resulting crystals (2.3 g, 39% ), mp
crystallized after addition of ether. The solid was washed 107-110° (resolidifies and melts 195-200°, eff, dec), gave ir and
liberally with ether and the dried residue was dissolved :n 10 ml uv spectra identical with those of dihydrated 6 prepared as above,
of 50% ethanol. Crystallization commenced during concentra- A  second crop was obtained as follows. The filtrate was neu
tron of the solution to 5 ml, and was completed by cooling. The tralized with acetic acid and the solution was passed through a
yield of pure material, mp 218-220°, was 197 mg (54%.) [crys- column containing 50 ml of Dowex AG1-X8 (O A c -).  The
tallization of 16 remaining in the mother liquor was inhibited by column was eluted with 0.1 N  H OAc until the effluent was free
the presence of a small amount of starting material (3)] : uv of uv absorbing material; nucleoside 6 was then obtained by
^iiiï 237, 270 m/i; 214, 252 m/*; nmr 8 11.8 s (1, N H ),  8.30 elution with 0.1 N  HC1. Concentration of the appropriate frac- 
s (1, H -6 ), 8 .2-7.4 m (5, phenyl), 5.83 d (1, H - l ',  =  4.5 tions afforded crystalline 6 dihydrate (600 mg, total yield 49% ).
H z), ~5 .0  broad peak (3, hydroxyls), 4.0 m (3, H -2 ', H -3 ',
H -4 '), 3.6 broad s (2, H -5 ', H -5 ').

Anal. Calcd for Ci6Hi6N2Os: C, 52.75; H , 4.43; N , 7.69. Registry No.—2, 20406-82-0; l-(2-deoxy-/3-D-ribo- 
Found: . C, 52.96; H , 4.46; N, 7.66. furanosyl) - 2 - oxo - 4 - imidazoline - 4 -  carboxylic acid.

Stability of Isopropylidene-S-hydroxyuridine (2) and 1,3- 90406-83-1- l-m pthv l-.S -benzv ln rn ril 90406 84 9- 1
Dimethyl-5-hydroxyuracil (10a) in 1 N  N aO H .-So lu tions of 2 f  t  ! ’ 1  , 6 T  S ’ ^4U()-84-2,^l-
(0.1 and 0.02 M )  and 10a (0.1 M )  in 1 .Y N aO H  were heated at methyl-3-benzyl 5 broxnouracil, 20406 85-3; 7, 20462-
55°. Aliquots (0.1 ml) taken immediatedly and at 24 hr were 27-5; 8,15585-47-4; 10a, 20406-86-4; 10b, 20406-87-5;
diluted with water to 1 X  10~4 M. In each case, the uv absorption 12b, 20406-88-6; 13b, 20406-89-7; 14, 20406-90-0’
maxima decreased by less than 5%  in 24 hr. 15) 20407-04-9; 16, 20407-06-1; 5-hydroxyuracil’

(20) s. y . Wang, j . Amer. Chem. Soc., so, 6196 (1958). 4628-37-9; 3-methyl-5-hydroxyuracil, 1671-14-3.
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Synthesis of Ethyl 4-Thio -a-D-lyxofuranoside and Related Compounds
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The reaction of ethyl 3,4-anhydro-/3-L-ribopyranoside (1) with sodium benzyl mercaptide at —20° leads 
selectively to the formation of crystalline ethyl S-benzyl-4-thio-a-D-lyxopyranoside (2) in high yield. Small 
amounts of ethyl <S-benzyl-3-thio-/S-ir-xylopyranoside (3) are formed in comparable reactions at room temperature 
or above. Desulfurization of 2 gave ethyl 4-deoxy-/3-L-en/ifo-o-pentoside (5), acid hydrolysis of which gave
4-deoxy-L-en/yiro-pentose which was characterized by reduction and benzoylation giving crystalline 1,3,5,6- 
tetra-O-benzoyl-2-deoxy-D-erj/i/iro-pentitol. Treatment of 2 with sodium in liquid ammonia followed by im
mediate equilibration with methanolic hydrogen chloride gave a mixture of the the a and (3 forms of methyl
4-thio-D-lyxofuranoside (8a) from which a crystalline tri-O-p-nitrobenzoate was obtained. Treatment of 2 
with sodium in ammonia alone gave crystalline ethyl 4-thio-a-D-lyxopyranoside (9) which upon subsequent 
equilibration with ethanolic hydrogen chloride gave a low yield of crystalline ethyl 4-thio-a-D-lyxofuranoside
(11). Crystalline ethyl 4-thio-/3-D-ribofuranoside (13) has also been prepared by treatment of 1,2,3,5-tetra-O- 
acetyl-4-thio-D-ribofuranose (12) with ethanolic hydrogen chloride.

Recently syntheses of a number of sugars containing room temperature or above were less specific and a
sulfur as part of a furanose or pyranose ring have been small amount of ethyl (S-benzyl-3-thio-jS-L-xylopyrano-
described.1 These syntheses involve the preparation of side (3) was detected by thin layer chromatography,
appropriately substituted 4-thio or 5-thio sugars which Isolation of this minor product in crystalline form was
show a strong tendency toward glycoside formation facilitated by conversion of the major product (2) into its
with inclusion of the sulfur in the acetal ring. Since isopropylidene derivative (4) followed by chromatog-
conversion of a primary hydroxyl group into a suitable raphy on silicic acid,
sulfur-containing substituent is relatively straightfor
ward, a number of 5-thiopentopyranosides are now -----CL ^ ----- 0
known.1 The corresponding 5-thiohexoses are, how- ^ -0  OH>| |<^OH OH>|
ever, less accessible and only syntheses of 5-thio-D-glu- ^  \ OEt PhCH2S ] \ OEt
copyranose2 and 5-thio-L-idopyranose3 derivatives have ] 2
been achieved, both via the appropriate 5,6-dideoxy-5,6- jjq ____q ___ q

episulfides. Other methods have led to 6-acetamido-6- | < X O f L > |  k T ^ )X ( \>|
deoxy-5-thio-L-idopyranose4 and 6-deoxy-5-thio-L-talo- X l -----1/ ¿Et PhCH2s X j -----[ X
pyranose.6 PhCH2S 4

As part of another study in this institute we were 3

stimulated to attempt the synthesis of a 5-thio-/3-u-gal-
actopyranoside for evaluation as an inducer of the en- Treatment of 2 with an excess of a sponge nickel cata- 
zyme /3-galactosidase. Since preparation of a suitable lyst9 led to very rapid desulfurization and formation of
derivative of 5-thiogalactose would appear to require ethyl 4-deoxy-d-L-eryi/iro-pentopyranoside (5) as an
either a lengthy sequence from D-galactose via the epi- analytically pure, distillable syrup. Hydrolysis of the
sulfide route or use of an inaccessible l sugar we have ex- glycoside gave 4-deoxy-L-erj/i/iro-pentose (6) as a homo-
amined an alternative route via homologation of a more geneous reducing syrup with an optical rotation very
easily prepared 4-thiopentose. In this paper we de- similar to that reported earlier by a different route.8a
scribe the synthesis of a suitable 4-thio-D-lyxose deriva- Reduction of 6 with sodium borohydride followed by
tive and its conversion into ethyl 4-thio-a-D-lyxofurano- benzoylation gave crystalline l,3,4,5-tetra-0-benzoyl-2-
side. Our studies on the homologation reaction will be deoxy-D-eri/f/MU-pentitol (7) which was identical in
reported separately.6 every way with a sample of the same product obtained

The known ethyl 3,4-anhydro-/3-L-ribopyranoside (1) by reduction and benzoylation of 2-deoxy-o-ribose.10 
appeared to be a suitable precursor of 4-thio-D-lyxose
derivatives and its synthesis was achieved in an over-all CH qBz
yield of 42% from ethyl a-D-lyxopyranoside via modifi
cations of the four-step route previously described.7 ,
Reaction of 1 with sodium benzyl mercaptide at —20° i / "  0 \ i  i Bz°
led to apparently completely specific diaxial opening |<^OHOH>~OH
with formation of crystalline ethyl $-benzyl-4-thio-a~D- I I 0Et I | CH,OBz
lyxopyranoside (2) in 83% yield.8 Similar reactions at 5 6 7

(D H. Paulsen, Angew. Chem. Intern. Ed. Engl., 5, 495 (1966). The availability of 2 made the Synthesis of 4-thio-D-
^ s- Fealh«r and W1™tier, Tetrahedron Lett., 667 (1962); lyxofuranosides an attractive goal. Removal of the

(b) R. M. Rowell and R. L. Whistler, J. Org. Chem., 31, 1515 (1966). , , - „ , , . .
(3) t . J. Adley and l . n . Owen, Proc. chem. Soc., 418 (1 9 6 1 ). benzyl group from 2 was achieved by treatment with
(4) L. Goodman and J. E. Christensen, J. Org. Chem., 29, 1787 (1964). Sodium in liquid ammonia, and, in view of the known
(5) C. L. Stevens, R. P. Glinski, G. E. Gutowski, and J. P. Dickerson,

Tetrahedron Lett., 649 (1967). Kent and P. F. V. Ward, J . Chem. Soc., 416 (1953); (b) W. G. Overend,
(6) J. P. H. Verheyden and J. G. Moffatt, unpublished results. A. C. White, and N. R. Williams, Chem. Ind., 1840 (1963); (c) N. A. Hughes,
(7) J. Piotrovsky, J. P. H. Verheyden, and P. J. Stoffyn, Bull. Soc. R. Robson, and S. A. Saeed, Chem. Commun., 1381 (1968).

Chim. Beiges, 73, 969 (1964). (9) Davidson Chemical Division, W. R. Grace and Co., Cincinnati,
(8) The related methyl 3,4-anhydro-/3-L-ribopyranoside has been opened Ohio.

by hydrogen bromide, amines, and sodium methyl mercaptide: (a) P. W. (10) S. David and P. Jaymond, Bull. Soc. Chim. Fr., 157 (1959).
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ease of disulfide formation from thio sugars, 11 the crude The above experiment indicates that acid-catalyzed 
product was directly treated with 6 % methanolic hydro- equilibration of the glycoside does not very readily oc-
gen chloride for 24 hr. These conditions would be ex- cur with these compounds and this stability is also re-
pected to lead to equilibration of the glycosidic grouping fleeted in the unusual difficulties encountered during hy-
with selective formation of the thiofuranosides as has drolysis of 2.6 Treatment of 2 with sodium in liquid
been previously demonstrated in the D-ribothio- ammonia without subsequent acidic treatment led to
furanose12a’b and D-arabinothiofuranose120 series. The isolation of the crystalline thiol 9 in quantitative yield,
reaction mixture contained at least five components by Subsequent treatment of 9 with 1 % ethanolic hydrogen
thin layer chromatography and the three major ones chloride led to very slow disappearance of the thiol
have been isolated. The most abundant of these (27%) group, 50% being still present by colorimetric assay16

was a syrup containing two products with very similar after 4 days at room temperature. Even brief reactions
thin layer chromatographic mobilities. These gave at 80°, however, led to a plethora of products. Treat
negative nitroprusside tests for thiols13 and were shown ment of 9 with ethanolic hydrogen chloride under a
by nmr spectroscopy to be a roughly 2 : 1  mixture of the variety of conditions led to the isolation of crystalline
desired anomeric methyl 4-thio-D-lyxofuranosides (8a). ethyl 4-thio-a-D-lyxofuranoside (11) but only in yields
The methyl glycosides appeared as two sharp singlets at of 7-8%. The assigned structure is based upon elemen-
3.36 and 3.40 ppm and the anomeric proton as a pair of tal analysis, the absence of a free thiol grouping, and
overlapping doublets at 4.88-4.97 ppm. All other pro- nmr spectroscopy. The coupling constant of the ano-
tons were in an unresolved envelope at 3.59-4.67 ppm. meric proton (4 Hz) does not permit assignment of con-
Upon addition of trichloroacetylisocyanate14 the spec- figuration but the largepositive optical rotation (+331°)
trum was simplified, the methyl groups now appearing strongly suggests it to be a .

as a broadened singlet at 3.41 ppm and the anomeric For purposes of comparison we have also prepared 
protons as well-resolved doublets at 5.35 ppm ( J  =  2 crystalline ethyl 4-tbio-d-n-ribofuranoside (13) in 45%
Hz) and 5.21 ppm (J =  3 Hz). The C2 and C3 protons yield by methanolysis of l,2,3,5-tetra-0-acetyl-4-thio-/3-
were shifted downfield roughly 1.2 ppm, but the C6 D-ribofuranose12b (12) under conditions similar to those
methylene group, being associated with a primary alco- above. The ß  configuration for 13 is confirmed by both
hoi, shifted much less and appeared as a multiplet at the small coupling constant (1 Hz) of the anomeric pro-
4.63 ppm. p-Nitrobenzoylation of the mixture gave a ton and the large negative rotation of -144°. The re
crystalline triester (8b) which appeared to be a single lated methyl /3-glycoside has been obtained as a syrup
anomer, the anomeric proton appearing as a sharp dou- by Whistler.12a
blet ( J  =  2.8 Hz) at 5.35 ppm. The magnitude of this
coupling constant does not permit definitive assignment c AcO C H / S''. H O CH ^K . OEt
of anomeric configuration. 16 l<\j I\ |  , J)>j

The other major products were obtained in crystalline r \ ?H 9jP l  J-----^  b)Ac J-----f
form and proved to be ethyl 4-thio-a-D-lyxopyranoside < I OEt OAc OAc OH OH
(9) and the corresponding disulfide (10) in yields of 11 11 12 13

and 14%. The thiol (9) showed unexpected stability
(see later) and was unchanged after prolonged storage. Experimental Section
The small coupling constant (2 Hz) of the anomeric pro
ton of 9 indicates that the molecule exists in a conforma- General Methods. Thin layer chromatography (tic) was 
i * -ii, u xu 1 /-iTr* i n a t t  • i i performed using 0.25-mm layers of Merck silica gel G F  and preton with both the 1-OEt and 2-OH groups axial as does £arative tlc J 2 0  x 1 0 0  /m glass plates coat(fd with L3,^m
the o-benzyl derivative (2 ). The disulfide (10) gave a layers of Merck silica gel H F . Column chromatography was
negative thiol test and its dimeric structure was con- done using 100-200 mesh Davidson grade 923 silica gel or Merck
firmed by mass spectrometry. silica gel with 0.05-0.20-mm particles, Nuclear magnetic

resonance (nmr) spectra were obtained using Yarian A-60 or 
H A -100 spectrometers and mass spectra using an Atlas CH -4  

ROC,H2 a  instrument with a direct inlet system and an ionizing voltage of
. U ' f i u  ruN J  70 eV. Optical rotatory dispersion (O R D ) spectra were de-

» X i js '  e termined using a JASCO O RD /UV -5  instrument. Elemental
i ] | OEt analyses were performed by D r. A . Bernhardt, Mülheim, Ger-

8 a R — H many. W e  are grateful to M r. John Murphy and Miss Janice
, ’ r, ~  r, Tremble, and to D r. Laszlo Tökes for their assistance in obtaining

2 u nmr and mass spectra, respectively.
Ethyl 3,4-Anhydro-d-L-ribopyranoside (1).— This compound 

, was prepared in an over-all yield of 42% from ethyl a-D-lyxo-
/  _____q  \ pyranoside by modifications of a reported procedure.7 The
I k ^ O H  O lK I  I main improvements were in the use of perchloric acid for pre-
l J/X j  I paring the acetonide, and not purifying any of the intermediates.
\ ® 1 T  OEt / The final distilled product had mp 49-50°; [a] 21d + 148° (c 1.0,
'  /  " M eO H ); nmr (D M SO -d6) 4.20 ppm (d, 1, Ji,2 =  4.6 Hz, C i-H ),

10 1.08 ppm (t, 3, J =  7 Hz, C H 3C H 2), 5.05 ppm (d, 1, J  =  5
______________  Hz, O H ).

(11 ) R. L. whistler and R. M. Rowell, J . Org. Chem., 29, 1259 (1964). S-Benzyl-4-thio-a-D-lyxopyranoside p ) . -B e n z y l  mer-
(12) (a) R. L. Whistler, W. E. Dick, T. R. ingle, R. M. Rowell, and B. captan (17 ml, 145 mmol) and 1 (17.0 g, 106 mmol) were dis-

Urbuss, ib id . , 29, 3723 (1964); (b) E. J. Reist, D. E. Gueffroy, and solved in cold 1.25 M  methanolic sodium methoxide (100 ml) and
L. Goodman, J . Amer. Chem. Soc., 86, 5658 (1964); (c) R. L. Whistler, the solution was immediately cooled to —20° and stored for 5
U. G. Nayak, and A. w. Perkins. Chem. Commun., 1339 (1968). days. Aqueous acetic acid (200 ml of 1.75 M )  was added followed

(13) G. Toennies and J. J. Kolb, Anal. Chem., 23, 823 (1951). by water (250 m l) and the white crystalline product was collected
(14) V. W. Goodlett, ib id . , 37, 431 (1965). ------------------
(15) R. L. Tolman, R. K. Rcbins, and L. B. Townsend, J . Heterocycl. (16) R. E. Basford and F. M. Huennekens, J . Amer. Chem. »Soc.,77, 3873

Chem., 4, 230 (1967). (1955).
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and washed with water giving 25 g (83% ) of 2 with mp 134-136°, mg, 2.5 mmol) in anhydrous N H 3 (50 m l). N H 4C1 (600 mg)

i l ®  f 0ueous methanol; was then added and after careful evaporation of the solvent the
McOTTV1 n £ n  nw \anid -267 ®h (.2200); W  + 84° (c ° -33< residue was dissolved in 6 %  methanolic hydrogen chloride (50 
M eO H ), O R D  (M eO H ) plain positive ; nmr (C D C lj) 4.80 (d, m l). After 24 hr the solution was neutralized with PbCOs,

~  o K o 4 Cl’H  l ’u7'30 i S’, 5’ 1 -1 9  3> J  =  7  H z> filtered, evaporated, and chromatographed on a column of 100 g
L H 3 , 2.5 2,J pp™ S*r ’ si 2, ^ o 9 H - of Davidson silicic acid using C H 2C12-C H 30 H  (19:1). The first
F  r^ aindo,f0r T?1t7H “ ° 4| : '59J4; H ’ 7'09; S> 1L25- peak contained 55 mg (11% ) of 9 with mp 103.5-105° (see below),

w i l l  ? n 7-'31’ S’ v V 45- The second peak contained 120 mg (27% ) of a syrup showing
.enZyl' 2 ’3 ' 0 ' IS?pr0pylldene' 4-thlo-“ -D-lyx°Pyranoside two close spots on tlc with C H C l3-M e O H  (9 :1 ) and shown by

(4). Phosphorus pentoxide (100 mg) was added with shaking to nmr (see text) to be a 2 : 1  mixture of the anomers of 8a. Reaction
a solution of 2 (284 mg, 1 mmol) in anhydrous acetone (10 m l). with p-nitrobenzoyl chloride in pyridine followed by preparative
After 3 mm the mixture was filtered and the filtrate shaken with tic using three consecutive developments with chloroform-hexane
an excess of B aC 0 3. After filtration the solution was evaporated (2 : 1 ) separated two close bands. Elution and crystallization
to dryness and the residue (335 mg) was chromatographed on a from aqueous acetone of the more intense, faster band gave pure
column of Davidson silica gel using a gradient of chloroform in 8b of mp 76-78°; M 21d + 1 3 °  (c 0.1, CH Cls); nmr 5 .3 5  (d 1
benzene. Homogeneous 4 (250 mg, 75% ) was distilled in a J lt2 =  2.8 Hz, C i-H ), 3.47 ppm (s, 3, O C H 3). ’
Kugelrohr apparatus17 at 125° (10~3 mm): nmr (CDC13) 1.32 Anal. Calcd for C 27H 21N 30 13S: C , 51.67; H , 3.37. Found- 
(s, 6 , CM e2), 4.92 (d, 1 , J i ,2 =  1 Hz, C i-H ), 7.33 (br, s, 5, C 6H 6), C, 52.16; H , 3.35.
3.84 (s, 2, SCH 2), 1.19 (t, 3, J  =  7 Hz, C H 3C H 2); X“ '°H 260 The third major peak contained 68 mg (14% ) of disulfide 10 of 
m/i(e 3100), 265 (2200); [a] 21d  + 7 °  (c 0.1, M eO H ); O R D  [a ]256 mp 130-135° after crystallization from acetone-hexane; nmr
+208 (pk), H i « 0 , W jm -2 2 0 0 ° (tr). pyrid ine-*) 5.52 (d, 2, J ll2 =  2.5 Hz, 1-H, l '-H ) ,  4.35 (t, 2,

Anal. Calcd for C „H mO«S: C, 62.95; H , 7.46; S, 9.87. J W2 =  J 2,3 =  2.5 Hz, 2-PI, 2 '-H ), 1.14 ppm (t, 6 , /  =  7 Hz,
Found: C, 63.15; H , 7.30; S, 9.75. O C H 3); mass spectrum tn/e 386 (M + ), 341 (M +  — O E t), 193

Ethyl £-Benzyl-3-thio-/?-L-xylopyranoside (3 ).— Benzyl mer- (M +/2), 148 (M+/2 -  O E t).
captan (2.6 ml, 6.3 mmol) and 1 (900 mg, 5.6 mmol) were heated Anal. Calcd fcr C 14H 260 8S2: C , 43.52; H , 6.78; S, 16.57.
overnight under reflux in 5 ml of 1.25 M  methanolic sodium Found: C, 43.31; H , 6.64; S, 16.78.
methoxide. After neutralization with acetic acid the mixture Ethyl 4-Thio-a-n-lyxopyranoside (9 ).— Sodium chips (690 mg, 
was evaporated and the residue partitioned between chloroform 30 mg-atoms) were added slowly to a solution of 2 (2.13 g, 7 .5
and water giving an organic phase which contained two close mmol) in anhydrous N H 3 (500 ml) until a blue solution persisted,
moving spots by  tic using C H C ls-E tO A c  (1 :1 ). After evapora- After addition of N H 4C1 (1.8 g ) the N H 3 was evaporated and the
tion of the solvent 400 mg of pure 2 was obtained by crystaLiza- residue extracted with acetone. Evaporation of the extracts
tion from chloroform-hexane. The mother liquors were evapo- left 1.46 g (100%) of white, crystalline 9 of mp 108-109°.
rated and the partially crystalline residue (1.19 g ) was treated Two recrystalliza~ions from acetone-hexane gave mp 109.5-
With acetone (5 m l), 2,2-dimethoxypropane (0.5 m l), and HC104 110.5°; ir (K B r ) 2575 cm “ 1 (S H ); [ « ] » D + 5 3 °  (c 0.1, H 20 ) ;
(20 /»!)• After 15 min, N H 4O H  (0.1 ml) was added and the solvent O R D  (plain positive) [a ]300 +265°, [<*]240 +730°, [<*]218 +1920°;
was evaporated. The residue was dissolved in benzene, extracted nmr (D M S O -* )  4.69 (d, 1, J U2 =  2 Hz, C i-H ), 2.10 (s, 1, SH ),
with water, and chromatographed on a column of Davidson 4.73 (d, 1, J h .oh =  5 Hz, O H ), 4.67 (d, 1, J h ,oh =  3 Hz, O H ),
silica gel (120 g ). Elution with benzene gave 650 mg of pure 4 1.13 ppm ft, 3, J  =  7 Hz, C H 3C H 2).
and elution with chloroform and crystallization from benzene- Anal. Calcd for C 7H i40 4S: C , 43.29; H , 7.27; S, 16.48.
hexane gave 60 mg of 3 with mp 86-87°; X“i H 265 mM (e 2100), Found: C , 43.41; H , 7.08; S, 16.61.
260 (3100); [a ]21D + 4 1 °  (c 0.33, M eO H ); nmr 4.27 (d, 1, Ethyl 4-Thio-a-D-lyxofuranoside (11).— A  solution of 9 (500
J i,2 =  6.5 Hz, C i-H ), 7.30 (s, 5, CeHs), 3.88 (s, 2, SCH 2), 1.24 m g) in 6 % ethanolic hydrogen chloride (17 ml) was kept at room
(t, 3, J  =  7 Hz, C H 3C H 2). temperature for 21 hr, then diluted with ethanol and neutralized

Anal. Calcd for C i4H 20O 4S: C , 59.14; H , 7.09. Found: C, with P b C 0 3. Evaporation of the filtrate left a brown syrup
59.23; H , 7.01. _ (460 mg) that was purified by preparative tic using chloroform-

Ethyl 4-Deoxy-/3-L-erythro-pentoside (5).— Am ixture of David- acetone (2 :1 ). The product bands were detected with a heated
son sponge nickel (5 g ) and 2 (0.50 g) were stirred in methanol for wire18 and eluted with ethanol. The fastest band gave 70 mg
30 min and then filtered through Celite. Evaporation of the fil- (14% ) of starting material and was followed by  50 mg (10% ) of
trates and short-path distillation at 90° (10“ s mm) gave 140 mg n .  Crystallization from acetone-ethyl acetate gave 40 mg (8 % )
(50% ) "of 5 as a clear syrup: H 21d +1 0 4 °; nmr (D M S O -* )  0f pure 11 of mp 95-96°; [a ]21D +3 3 1° (c 2.8, M eO H ); nmr
4.59 (d, 1, J i,2 — 3 Hz, C i-H ), 4.50 (d, 1, J  =  5 Hz, O H ), 4.37 (pyrid ine-*) 5,48 (d, 1, J i ,2 =  4 Hz, C i-H ), 4.63 (t, 1, J i ,2 =
(d, 1, J  =  6 Hz, O H ), 1.6 (m, 2, C 4-H 2), 1.12 ppm (t, 3, J  =  7 J 2i3 =  4 Hz, C2-H ), 4.94 (q, 1, J 2,3 =  4 Hz, J 3,4 =  6 Hz, C3-H ),
Hz, C H 3C H 2). 4.10 (br, q, 1, / 3,4 =  6 Hz, J 4t5 =  5 H z, C 4-H ), 4.30 (d, 2, / 4,5 =

Anal. Calcd for C7H 140 4: C , 51.84; H , 8.70. Found: C , 5 Hz, C5-H 2), 1.11 (t, 3, J  =  7 Hz, C H 3C H 2), 3.6 ppm (m, 2,
Found: C , 52.08; H , 8.81. C H 3C H 2); mass spectrum m/e 176 ( M + — H 20 ),  159, 146, 131,

4-Deoxy-L-en/iXro-pentose (6 ).— A  solution of 5 (100 mg) in 1 1 1 7 .
N  H 2S 0 4 (20 m l) was heated at 100° for 4 hr. After neutraliza- Anal. Calcd for C -H ,40 4S: C, 43.29; H , 7.27; S, 16.48.
tion with B a (O H )2, treatment with C 0 2 and evaporation the Found: C, 43.39; H , 7.12; S, 16.25. 
residue was extracted with hot acetone giving 70 mg (85% ) of The slowest band contained 200 mg (40% ) of 10 .
pure 6 as a colorless syrup: [cc]21i> +2 8 .5 ° (c 0.2 H 20 )  (lit.8a Ethyl 4-Thio-+D-ribofuranoside (13).— A  solution of 1219 (85
[a ] 21d — 23.1°); nmr (D M S O -* )4 .7 7  (t, l , / i ,2 =  4 H z , / h ,oh =  mg) in 6 %  ethanolic hydrogen chloride (3 ml) was kept under
5 Hz giving d, J i ,2 =  4 Hz with D 20 , C i-H ), 6.05 (d, 1, J h .oh =  nitrogen for 17 hr, neutralized with P b C 0 3, and evaporated to
5 Hz, C i-O H ), 4.37 ppm [br, s, 2, (O H )2] . dryness giving 36 mg of a brown syrup. This was decolorized

l,3,4,5-Tetra-0-benzoyl-2-deoxy-D-en/Jiro-pentitol (7 ).— So- with carbon and crystallized from acetone giving 22 mg (45% )
dium borohydride (15 mg) and 6 (60 mg) were dissolved in water 0f 13 with mp 92-93°; [a ]21D — 144° (c 2.5, E tO H ); nmr (pyri-
(4 m l) and after 30 min at 25° Dowex 50 (H +) resin (2 ml) was d in e -*) 5.29 (d, 1, J i ,2 =  1 Hz, C i-H ), 1.08 (t, 3, J  =  7 Hz,
added. After filtration, evaporation of the solvent, and several C H 3C H 2), 3.55 ppm (m, 2, C H 2C H 3); mass spectrum m/e 194
evaporations with methanol, the residue was treated with benzoyl (M +), 176 (M + — H 20 ),  159, 146, 131, 117, 91.
chloride (0.25 m l) in pyridine (0 .5  m l) at 100° for 10 min. Addi- Anal. Calcd for C 7H i40 4S: C , 43.29; H , 7.27. Found: C,
tion of water gave crystalline 7 (213 mg, 86% ) that was recrystal- 43.54; H , 6.92. 
lized from ethanol with mp 129-130°, [a ]21D — 14.5° (c 1.8,
CHCls), both identical with those of 7 prepared by reduction Registry No.— 1, 2773-65-1; 2, 20072-93-9; 3,
and benznylation of 2-deoxynbose+ iimr (CDC13) 7.5 (br, s, 20072-94-0; 4 20072-95-1; 5,20072-96-2; 6 , 20072-
CH+D S.Vppm taS2 C.5e C4-II) °  ’ 97-3; 7, 20072-98-4; 8 b, 20072-99-5; 9, 20073-00-1;

Debenzylation and Equilibration of 2.— Sodium chips (230 mg, 10, 20073-01-2; 11, 20073-02-3; 13, 20073-03-4.
10 mg-atoms) were slowly added to a stirred solution of 2 (710

(18) J. L. Bloomer and W. R. Eder, J. Chromatogr., 34, 548 (1968).
• (19) We are grateful to Dr. Leon Goodman for a sample of this com-

(17) R. Graeve and G. H. Wahl, J . Chem. Educ., 41, 279 (1964). pound.12b
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The preparation of 7-a- and 7-/3-D-ribofuranosylhypoxanthines (a- and /9-5c) from 9-propenylhypoxanthine (10) 
is described. 6-Sc was also prepared from the chloromercuri derivative of 3-benzylhypoxanthine (1), but the 
chloromercuri derivative of 3-benzhydrylhpyoxanthine (2) gave, after removal of the protective groups, not 7- but
l-/3-D-ribofuranosylhypoxanthine (/3-13c) resulting presumably from a rearrangement of the benzhydryl group to 
N-9. /3-13c was also prepared from 3-benzhydrylhypoxanthine (3) and the mercuri derivative of 9-propenyl
hypoxanthine. The 7 isomer of 6-mercaptopurine ribonucleoside was prepared from /3-5a.

We have been engaged in the synthesis of the nucleo- Since 3-benzylhypoxanthine is known to be alkylated 
side components of the family of B 12 vitamins, and one at N - l in dipolar aprotic solvents,6,7 3-benzhydrylhypo-
of the objectives of the present work was to prepare the xanthine (3) was allowed to react with 2,3,5-tri-O-ace-
nucleoside component of factor G, 7-a-D-ribofuranosyl- tyl-D-ribofuranosyl bromide in N,N-dimethylacetamide
hypoxanthine, and congeners thereof. 1 Previously we (D M A ). From this reaction was isolated l-(2,3,5-tri-
found that the chloromercuri derivative of 3-benzylhy- 0  -acetyl-D-ribofuranosyl)-3-benzhydrylhypoxanthin-
poxanthine ( 1 ) reacts with acylglycosyl halides at N-7 ium bromide (7b), identified by its elemental anal-
to give, for example, 7-(2,3,5-tri-0-acetyl-/3-D-ribofur- yses and spectra. Initial attempts to purify 7b by re-
anosyl)-3-benzylhypoxanthine (/3-4b), which, on treat- crystallization from boiling ethanol resulted, in part, in
ment with sodium methoxide in methanol, gave 3-ben- loss7 of the labile 3-benzhydryl group to give 13b and, in
zyl-7-/3-D-ribofuranosylhypoxanthine (/?-4c) . 2,3 Cata- part, in migration of this group from N-3 to N-96,7 to
lytic hydrogenolysis of (3-4c gave some of the desired give 14b. Removal of the acetyl groups of 13b gave 13c,
7-d-D-ribofuranosylhypoxanthine (/3-Sc), but the major identical with that obtained from 2. In both cases only
product was 3-benzyl-l,2-dihydro-7-/3-D-ribofuranosyl- one anomer was obtained, and its anomeric configura-
hypoxanthine. 2,3 In the present work this procedure tion was established as j8 in two ways. First, 13c was
was improved by reversing the latter two steps converted into its 2 ',3'-isopropylidene derivative 1 2 , the
and using benzoyl blocking groups: thus (3-4a was pmr spectrum of which showed a coupling constant of
hydrogenolyzed to /3-Sa, which was then debenzoylated 2.2 Hz from the coupling, precluding the a, or
to (3-5c. The benzoylated nucleoside /3-5a was also cis, configuration.8 Second, l-/3-D-ribofuranosylhypo-
thiated to give 7-(2,3,5-tri-0-benzoyl-/3-D-ribofurano- xanthine (|S-13c) was also synthesized from 9-propenyl-
syl)purine-6 ( IH )-thione (/3-6a), which was debenzoyl- hypoxanthine9 (10) via its mercuri derivative 9. 10

ated to 7-/3-D-ribofuranosylpurine-6(lJ7)-thione (j3-6c), l-(2,3,5-Tri-0-acetyl-|8-D-ribofuranosyl)-9-propenylhy-
an isomer of the anticancer agent 6 -mercaptopurine poxanthine (^-15b) was deacetylated, and the propenyl
ribonucleoside. group of /3-15c was removed by oxidation in neutral so-

Even though the route (3-4a to |3-5a to (¡-5c is an im- lution9 to give |3-13c. Although this method of synthe-
provement over the original procedure, 3 a large amount sis of /3-13c is definitely inferior to its preparation from
of the unwanted 7-(2,3,5-tri-0-benzoyl-/3-D-ribofur- 3, it does constitute a proof of structure of (3-13c based
anosyl)-3-benzyl-l,2-dihydrohypoxanthine is still ob- on the trans rule. 11

tained. In an effort to improve the yield of (3-5c by re- In still another approach to the synthesis of 7-ribo- 
ducing the amount of dihydro compound formed, the sylhypoxanthine (5c), 9-propenylhypoxanthine (10) was
more readily hydrogenolyzed benzhydryl group was allowed to react with 2,3,5-tri-O-benzoyl-D-ribofurano-
substituted for the benzyl group of 1 . Contrary to the sylbromideinN,N-dimethylacetamideatroomtempera-
previous report, 3 however, the reaction of chloromercuri ture. Under these conditions 7-(2,3,5-tri-0-benzoyl-
3-benzhydrylhypoxanthine (2) with 2,3,5-tri-O-acetylri- D-ribofuranosyl)-9-propenylhypoxanthinium bromide
bofuranosyl chloride did not give 7-(2,3,5-tri-0-ace- (11a) was formed.7,12 Oxidative removal of the prope-
tyl-S-n~ribofuranosyl)-3-benzhydrylbypoxanthine ((3- nyl group of 11a gave 7-(2,3,5-tri-0-benzoyl-D-ribofur-
4b). Removal of the blocking groups of the product anosyl)hypoxanthine (5a), which was purified by chro-
gave what appeared to be a 1 -ribosylhypoxanthine matography on a silica gel column before debenzoyla-
(13c). Furthermore, no ring-reduced material was tion to 7-D-ribofuranosylhypoxanthine (5c). Exam-
formed. Thus, it would seem that 2  rearranged to the ination of the nmr spectrum of 5c indicated that it was 
mercuri derivative of 9-benzhydrylhypoxanthine (8 ) , 4 an approximately 1:1 mixture of the a and (3 anomers. 13

which reacted with the halo sugar at N -l to give 9-benz- The formation of equal quantities of a and (3 anomers of
hydryl-l-(2,3,5 -tri-0-acetyl-D-ribofuranosyl) hypoxan
thine (14b)5 (Scheme I) WO The migration of the benzyl group from the 3 to the 9 position of

'  v ' hypoxanthines is known.«’'
(6) J. A. Montgomery and H. J. Thomas, C h e m . I n d .  (London), 1596 

(1965).
(1) This work was supported by funds from the Southern Research In- (7) J. A. Montgomery, K. Hewson, S. J. Clayton, and H. J. Thomas, J .

stitute, the C. F. Kettering Foundation, and the Cancer Chemotherapy Na- O rg . C h e m ., 31, 2202 (1966).
tional Service Center, National Cancer Institute, National Institutes of (8) N. J. Leonard and R. A. Laursen, J .  A m e r .  C h e m . S o c . , 88, 2026
Health, Contract No. PH43-64-51. Preliminary communications describ- (1963).
mg part of this work have appeared: J. A. Montgomery and H. J. Thomas, (9) J. A. Montgomery and H. J. Thomas, J .  O rg . C h e m ., 30, 3235 (1965).
J .  H e le ro c y c l.  C h e m ., 8, 303, 741 (1968). (10) See also T. H. Hashizume and H. Yamasaki, T e tra h e d ro n  L e t t . ,  3839

(2) J. A. Montgomery and H. J. Thomas, J .  O rg . C h e m ., 28, 2304 (1963). (1967).
(3) H. J. Thomas and J. A. Montgomery, ib id . , 31, 1413 (1966). (11) B. R. Baker, C ib a  F o u n d .  S y m p .  C h e m . B io l .  P u r in e s ,  120 (1957).
(4) The exact nature of this proposed intermediate (8) is obviously not (12) J. W. Jones and R. K. Robins, J .  A m e r .  C h e m . S o c . , 84, 1914 (1962).

known. (13) J. A. Montgomery and K. Hewson, J .  M e d .  C h e m ., 11, 48 (1968).
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Scheme I

? V >  -  M  -  » t V x  hJ a

5 6
1, R1 =  PhCH2;R 2 =  HgCl 4

2, Rj -  Ph2CH; R2 -  HgCl . \

3, R1-Ph 2CH;R2- H  \  \

T »  *fr>l - tV> — tVW
Ph2CH N Sr" W

_ L Ri ch= chch3 ch= chch3
! [8, Ri — Ph2CH] 10

\ 9, R2 =  C H =C H C H 3 11

-  ^ — A
-  ■&> •  ■&>

H H R,

12 13 V ____ 14, R, =  Ph2CH

15, Rj =  CH =CH CH 3

a, R =  2,3, 5-tri-O-benzoyl-D-ribofuranosyl
b, R =  2,3,5-tri-O-acetyl-D-ribof uranosyl
c, R =  D-ribofuranosyl

a glycosylpurme from the reaction of a purine with a this anomeric pair (a- and 0-5c). I t  is probably signif-
glycosyl halide containing a participating acyloxy group icant that the 7-D-ribofuranosyladenines obey Hudson’s
at C-2 has not been previously reported. The amount rules, whereas the 7-D-ribofuranosylguanines19 and hy-
of a anomer obtained from 1 0  could be increased by poxanthines, both of which have an oxo function at C-6 ,
allowing it to react with 5-O-benzoyl-D-ribofuranosyl do not.
bromide 2,3-cyclic carbonate, 14-17 which gave an ano- In an effort to better understand the reaction of 9-pro- 
mer ratio of about 2a to 1/3. Separation of these ano- penylhypoxanthine ( 1 0 ) with these glycosyl halides,
mers was achieved by chromatography on a cellulose their anomeric configurations were determined by
column. The /3 anomer was identical with that pre- means of nmr spectrometry. 2,3,5-Tri-O-acetylribo-
pared from 1 . The identity of the cis or a anomer was furanosyl bromide (and also the chloride) was shown to
established by analysis and by its ultraviolet and pmr be a 3:2 mixture of /3 to a anomer, the 5-benzoylribo-
spectra. The signal due to Hp of a-5c (cis anomer) furanosyl bromide 2,3-cyclic carbonate was found to be
occurs downfield from the signal due to Hp of /3-5c 2:1 /? to a mixture, but the 2,3,5-tri-O-benzoylribofur-

■ (trans anomer), as is the case in all reported instances of anosyl bromide was a 1:2 /3 to a mixture. 20’ 21 Based on
anomeric purine nucleoside pairs. 13’ 16' 18’ 19 Yet another these analyses the anomeric mixtures of nucleosides
exception to Hudson’s rules, however, is presented by formed could be explained by postulating an SN2-type

„ „ „  , „  „  „  reaction. The reaction of 2,3,5-tri-O-benzoyl-a-D-arab-
so, 2 0 0 4  ( 1 9 5 8 ). mofuranosyl bromide22 with 1 0 , however, gave, after re

us) j. a . Montgomery and h . j. Thomas, ib id . , 87, 5 4 4 2  (1965). moval of the protective groups, 7-a-D-arabinofuranos-
(16) Reaction of this giycoeyi halide with the mercuri derivative of N- ylhypoxanthine, 3 with at most a trace of the 0 anomer.

benzoyl-3-benzylademne gave an anomeric mixture which after removal of rrii* , . .
the blocking groups gave a 14% yield of 7-a-D-ribofuranosyladenine and an -LlllS rGSUlt FGQUirGS tllG COmpiGtG RIlOIllGriZRtioil of ttlG
8% yield of the /S anomer.« Wright, et a l.,*« similarly obtained a 24% yield a -b rom id G , w h ic h  is  highly Unlikely, Or tllG  in tG rV G ntion

S Z  ° f  «>e 1 , 2  ortho ester ion. Why ortho ester ion interven-
inversion, and evidence has been presented to support the contention that the 
sugar is an anomeric mixture with the /3 anomer predominating”  (prior to
pmr work reported herein). (20) Other investigators have also reported that this sugar is richer in the

(17) G. M. Tener and H. G. Khorana, J. A m e r .  C h e m . S o c . , 79, 437 a anomer.21
(1957). (21) J. D. Stevens, R. K. Ness, and H. G. Fletcher, Jr., J .  O rg . C h e m ., 33,

(18) T. Nishimura and B. Shimuzu, C h e m . P h a r m .  B v l l .  (Tokyo), 18, 1806 (1968).
803 (1935). (22) R. K. Ness and H. G. Fletcher, Jr., J .  A m e r .  C h e m . S o c . , 80, 2007

(19) K. Imai, A. Nohara, and M. Honjo, ibid., 14, 1378 (1966). (1958).
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tion occurs with the arabino and apparently does not charcoal, was evaporated to dryness. The residue, a mixture of

with the riba sugar is not easily explained. 7: f  an<? ^ M b o f u r a ^
tvt i -m i i l i , ,, , ,, after trituration with EtOH: yield 1.04 g (35%). This solid was

Stevens, Ness, and Fletcher have observed that the found by nmr spectrometry to be a 1 : 1  mixture of a and (3 ano- 
reaction of 2,3,5-tri-O-benzoylribofuranosyl bromide mere.
with 5,6-dimethvlbenzimidazole in dioxane gave a 1.8 The anomera were separated by chromatographing 953 mg of 
8 to l a  anomer"ratio. 21 In the related Hilbert-John- the mixture on an Avicel“  column (3 5 cm X  45 cm) using H 20  

.. r -  i ! , o a as the eluent and collecting fractions of 5 ml. The fractions were
son reaction of 5-benzoy oxymethyl:2,4-dimethoxypy- examined by flc on Avic/ plates developed in H 20 ; fractions rich
rimidine with 2,3,5-tri-O-benzoyl-D-nbofuranosyl chlo- the faster moving a anomer were combined and evaporated to 
ride in acetonitrile, a polar solvent, both a and ¡3 anomers dryness. The residual white solid weighed 470 mg. There was
are formed also, 23 although with other sugars and other also obtained, by combining the other fractions, 376 mg of a 1 : 1

pyrimidines only the 0  anomer is produced (in the non- mî ure an°  92 m\ ofa mixture rich in 0 corner
1 , . . .  , . , , , » The mixture rich m a anomer was rechromatographed on an
polar solvents benzene, toluene, and xylene, a number of Avicel column, and 127 mg of nearly pure «anom er was obtained,
instances have been reported in which both anomers are Pure <*-5c was precipitated as a gel, first from H 20 , and then from
formed) . 24 Prystas and Sorm have suggested that the aqueous EtOH. I t  was dried at 100°: yield 35 mg; [a ]25o
stronger nucleophiles (among the 2,4-dialkoxypyrimi- 7 7 8 )i, ^  0,8 (c 0.99, H20); « (ppm) 3.W  (m, C6'-H 2), 4.20

dines) can react with the irons halogenoses by direct dis- < £ ; ? ' 4 J*'H z3'¿ / ’.h “  8 .00 'and 8 39 ( C &  and C8 H ).’ ’
placement, thus successfully competing with ortho ester AnaL  Calcd for CI0H ISN«O,: 0 , 44.79; H, 4.51; N , 20.90. 
ion formation, which would give rise to trans (or in this Found: C, 45.04; H , 4.67; N , 20.98.
case (3) nucleosides only. 26 This explanation obviously B.—A solution of 5-O-benzoyl-D-ribofuranosyl bromide 2,3-
cannot, without modification, be applied to the present carbonate, prepared from methyl 5-0 -benzoyl-/j-D-rib0-

furanoside 2,3-cyclic carbonate (3.23 g, 11.0 mmol), and 9-pro- 
case ' penylhypoxanthine (10, 1.76 g, 10.0 mmol) in D M A  (100 m l)

was left at room temperature for 4 days and then evaporated to 
Experimental Section dryness in vacuo. Trituration of the residue with E t20  gave a

"  buff-colored solid. A  solution of this solid in M eOH (500 m l)
The melting points reported were determined with a Mel-Temp was stirred and chilled in an ice bath while 4%  aqueous KM nO .

apparatus and are not corrected. The optical rotations were (100 ml) was slowly added. The resulting brown precipitate
determined in the solvents specified with a Rudolph Model 80 was removed by filtration and washed with MeOH. The com-
polarimeter. The uv spectra were determined in aqueous solu- bined filtrate and washings were evaporated to dryness in  vacuo,
tion with a Cary Model 14 spectrophotometer (Table I ) .  The the residue was triturated with boiling CHCh (300 m l), and the
ir spectra of the compounds were determined in pressed K B r insoluble material was removed by filtration. The CHCI3
disks with a Perkin-Elmer Model 521 spectrophotometer, but the filtrate was dried over MgSOj and evaporated to dryness. The
data are not presented. The nmr spectra were determined in colorless glass (1.1 g ) obtained was purified by column chromatog-
DMSO-ds containing TM S as internal reference with a Varian raphy (4 cm X  25 cm) eluting first with CHCla (1650 ml) and
A-60A spectrometer. Chromatographic analyses were carried then with 95:5 CHCl3-M eO H  (600 m l) to give a glass weighing
out on thin layer plates of silica gel H  (Brinkmann). The plates 100 mg. This material was dissolved in M eOH (26 m l) contain-
were developed using mixtures of CHC13 and M eOH in various ing NaOM e (54 mg, 1.0 mmol), and the solution was refluxed
proportions. The spots were detected by uv light after spraying for 30 min, neutralized with glacial AcOH, and evaporated to
the plates with Ultraphor (W T , highly concentrated) (BASF dryness in  vacuo. An aqueous solution of the residue was ex-
Colors & Chemicals, Inc., Charlotte, N . C .). Most of the chro- tracted with CHCI3, which on evaporation to dryness gave a
matographic purifications were carried out on Mallinckordt white solid.
SilicAR-7 with the solvents indicated; exceptions are noted. The CHCl3-insoluble material was extracted with MeOH, and 
The analytical samples were dried over P 20 5 at 0.07 mm for 16- the inorganic solid was removed by filtration. Evaporation of
20 hr at the temperatures given. the filtrate gave a white glass (2.01 g ). Cleavage of the cyclic

7-a- and 7-|3-D-Ribofuranosylhypoxanthine (a- and /3-5c). A. carbonate was effected with MeOH (78 ml) containing NaOM e
■—A  solution of 2,3,5-tri-O-benzoyl-D-ribofUranosyl bromide, (162 mg, 3.0 mmol). A  white solid was isolated as described
prepared from l-0-acetyl-2,3,5-tri-0-benzoyl-D-ribofuranose (8.43 above.
g, 16.7 mmol) and 9-propenylhypoxanthine (2.68 g, 15.2 mmol) The combined solids from the two methoxide treatments were 
in D M A  (200 ml) was left for 4.5 days at room temperature and purified by column chromatography (2.5 cm X  40 cm); CHCI3-
then evaporated to dryness in vacuo. The gummy residue be- M eOH (3 :1 ) was the eluate. The product was obtained as a
came a solid upon trituration with E t20 . A  solution of the solid white solid (1.05 g ), which was further purified by chromatog
in M eOH (500 m l) was stirred and cooled in an ice bath while raphy on two Avicel plates. The product was obtained as a
4%  aqueous KMnO< (100 ml) was added slowly. The resulting white solid upon eluting the combined a and ¡3 bands with H 20 :
brown solid was filtered off and washed with M eOH. The com- yield 950 mg. This material was found by uv spectrophotometry
bined filtrate and washings were evaporated to dryness in vacuo, to be 65% 5c, thus giving a yield of 23%. The nmr spectrum
and the residue was triturated with CHC13 (200 m l). The CH- of this solid showed that it was a 2:1 mixture of a- and f3-5c.
Cb-insoluble material was removed by filtration, and the filtrate 7-/3-D-Ribofuranosylhypoxanthine (¡3-5c).— A  solution of 7-(2,- 
was dried over MgSO, and evaporated to dryness. The residue 3,5-tri-0-benzoyl-/3-D-ribofuranosyl)-3-benzylhypoxanthine3 (/3-
obtained was a white glass weighing 5.14 g. Purification was ef- 4a, 1.34 g, 2.00 mmol) in EtOH  (200 ml) was hydrogenolyzed
fected by column chromatography (4 cm X  20 cm) with CHCI3-  with 50 psi of H 2 in the presence of 5%  Pd -C  (400 mg) at 80°
M eOH (97:3) as the eluent. The product, a mixture of 7-a- and for 18 hr. The catalyst was removed by filtration and
and 7-|3-D-(2,3,5-tri-0-benzoyl)ribofuranosylhypoxanthines, was washed with EtOH. The filtrate and washings were combined
obtained as a white glass weighing 3.12 g. and evaporated to dryness in  vacuo. A  white glass weighing 1.22

A  solution of the blocked nucleosides in M eOH (61 m l) con- g was obtained. Examination of this material by tic showed that
taming NaOM e (581 mg, 10.8 mmol) was refluxed for 45 min, it was a mixture of 7-(2,3,5-tri-0-benzoyl-/3-D-ribofuranosyl)-
chilled in an ice bath, stirred with Amberlite IR-120 (H ) ion- hypoxanthine (/3-5a) and 3-benzyl-2,3-dihydro-7-(2,3,5-tri-0-
exchange resin to remove Na+ ions, and then evaporated to dry- benzoyl-|S-D-ribofuranosyl)hypoxanthine.3 Separation of the two
ness in  vacuo. An aqueous solution of the residue was washed products was effected by column chromatography using CHC13-
with CHC13 to remove methyl benzoate, and, after treatment with M eOH (97:3) as the eluent. The ring-reduced compound was

~  j, , , _  „  obtained first in a total yield of 662 mg (50% ). The desired
(1066) ’ Commun., 31, 1053 product (i,.Sa) was then obtained in a total yield of 393 mg (34% ).

(24) ' A comprehensive review of the Hilbert-Johnston reaction including \  Solution of the blocked nucleoside /?-5a in M eOH (21.3 ml)
its stereochemistry has recently appeared: J. Pliml and M. Prystas, A d v a n . Containing JNaOiMe (72.4 mg, 1.34 mmol) was refluxed for 0.5 hr,
H e te ro c y c l.  C h e m ., 8, 1 1 5  (1967). neutralized with AcOH, and evaporated to dryness in  vacuo.

(25) M. Prystas and F. Sorm, C o lle c t .  C zech . C h e m . C o m m u n . , 31, 1035 ------------------
(1966). (26) American Viscose Division of FMC Corp., Newark, Del.
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The residue was dissolved in H 20  (20 m l). The solution was pension was diluted with 400 ml of H20  and chilled. The white
washed with CHC13 (two 20-ml portions) and evaporated to solid was collected by filtration, washed with H20  until free of
4 ml, and the precipitate that formed was collected by filtration: C l~ ions, and dried for 2.5 hr at 100° (0.07 mm) over P 2Os:
yield 74 mg (14% over-all yield). yield 5.14 g (90%).

The analytical sample of /3-5c was obtained by recrystallization The analytical sample was obtained by dissolving some of the
from MeOH. I t  was dried at 78°: mp 216-218°; [a] 26d compound in hot EtOH, filtering the solution, and evaporating it
+30.0 ±  1.3 (c 0.44, H 20 ) ;  5 (ppm) 3.68 (m, C6'- II2), 4.00 and to dryness. The residue was dried at 100°.
4.38 (m, CV-H, Cs'-H, and C4'-H ), 6.23 (d, J i v  =  4.3 Hz, Anal. Calcd for C16H 14H gN s0 2- lH 20 : C, 33.77; H , 2.83; 
C .'-H ), 8.03 and 8.60 (C2-H  and Cs-H). N , 19.69. Found: C, 33.90; H , 2.67; N , 19.13.

Anal. Calcd for C10H i2N 4O6: 0 ,44.79; H, 4.51; N , 23.90. l-(2,3-0-Isopropylidene-/3-D-ribofuranosyl)hypoxanthine (12).
Found: C.44.75; H, 4.56; N , 20.65. — To 50 ml of M e2CO was added 2,2-dimethoxypropane (0.17

7-(2,3,5-Tri-0-benzoyl-|8-D-ribofuranosyl)purine-6(lH)-thione m l) followed by 70% HC104 (0.22 ml). The resulting solution
(/3-6a).— To a solution of 7-(2,3,5-tri-0-benzoyl-/3-D-ribofuran- was stirred at room temperature for 5 min before adding 1-/S-D-
osyl)hypoxanthine (/S-5a, 1.46 g, 2.52 mmol) in pyridine (40 m l) ribofuranosylhypoxanthine (/3-13c, 128 mg, 0.48 mmol). The
was added P 2Ss (2.47 g, 11.1 mmol). The resulting suspension solid dissolved in 15 min, and stirring was continued for 20 min
was stirred and refluxed for 10 min to give a clear solution. longer. The solution was neutralized with pyridine (0.25 ml)
Addition of 2 drops of H 20  created the desired orange turbidity, and evaporated to dryness in  vacuo. To the residue suspended
and reflux was continued for 4 hr. The orange, turbid mixture in H 20  (30 m l) was added concentrated N H 4OH (three 25-
was chilled, and the liquid portion was decanted. The liquid portions). The resulting solution was extracted with CH2C12
was evaporated to a thin syrup. Both the orange solid and the (two 30-mi portions) and then evaporated to 20 ml, whereupon a
thin syrup were added portionwise to 1 1, of boiling H 20 . Boil- precipitate formed. The precipitate was collected by filtration:
ing was continued for 0.5 hr. The mixture was cooled, and the yield 99 mg (67%).
solid was collected by filtration. A  CHC13 solution of the solid The analytical sample of 12 was obtained by recrystallization
was dried over M gS04 and evaporated to dryness in  vacuo. The from H20 . I t  was dried at 100°: mp 271-273°; Xma3t, nm (t X  
yellow glass (1.35 g ) obtained was purified by column chromatog- 10~3), 0.1 N  HC1 248 (9.44); pH  7 251 (8.90); 0.1 N  NaOH 261
raphy (3.2 cm X  22 cm); EtOAc was the eluent. The product (9.60); 5 (ppm) 1.30 and 1.52 (C H 3), 3.66 (d, C 5'-H ), 4.19 (m,
(/3-6a) crystallized from C6H 6-E tO Ac: yield 612 mg (41% ) [366 CV-II), 4.98 (m, C2'-H  and CV-H), 6.22 (d, J i v  =  2.2 Hz, 
mg (25% ) of 13-5a was recovered]. CV-H), 8.17 (Cs-H), 8.47 (C 2-H ).

An analytical sample of/3-6a was obtained by recrystallization Anal. Calcd for Ci3Hi6N 40 6: C, 50.65; H , 5.23; N , 18.17.
from C6H 6-E tOAc. The sample was dried at 100°: Xmal, nm Found: C, 50.59; H, 5.35; N , 18.37.
(« .X  10-3), 0.1 N H C 1 243 (34.9), 345 (17.4); pH 7 235 (39.2), l-/3-D-Ribofuranosylhypoxanthine (/S-13c).3 A.— A  solution 
342 (15.0); 0.1 N  NaOH 226 (34.9), 319 (15.0). of 3-benzhydryl-l-/3-D-(2,3,5-tri-0-acetyl)ribofuranosyIhypoxan-

Anal. Calcd for C3iH 24N 40 7S: C, 62.41; H, 4.05; N , 9.39. thinium bromide (/3-7b, 1.62 g, 2.43 mmol) in 1 1. of E tO H  was
Found: C, 62.35; H , 4.06; N , 9.33. refluxed for 30 min and evaporated to dryness. A  solution of the

7-/3-D-Ribofuranosylpurine-6(lff)-thione (/3-6c).— A  solution residue in CHCI3 was dried over M gS04 and evaporated to dry-
of 7-(2,3,5-tri-0-benzoyl-/3-D-ribofuranosyl)purine-6(lH)-thione ness. A  solution of this residue in dry M eOH (54 ml) containing
(i3-6a, 495 mg, 0.85 mmol) in dry M eOH (52 ml) containing NaOM e (222 mg, 4.12 mmol) was refluxed for 30 min, then stir-
NaOM e (108 mg, 2.0 mmol) was refluxed for 45 min, chilled in an red with Amberlite IR-120 (H ) ion-exchange resin, and evaporated
ice bath, and treated with Amberlite IR-120 (H ) ion-exchange to dryness in  vacuo. The residue was partitioned between CHCla 
resin to remove N a+ ions. The resin was filtered off and washed and H20 . The CHC13 solution was dried over M gS04 and evap-
with H20 . The combined filtrate and washings were evaporated orated to dryness. A  gelatinous like residue was obtained that
to dryness in vacuo. An aqueous solution of the residue was weighed 400 mg (38% ). Spectral data indicate that this material
washed with CHC13. Concentration of the aqueous solution to is 9-benzhydryl-l-/3-D-ribofuranosylhypoxanthine (/3-14c). The
10 ml gave 14 mg of crystalline purine-6(lH)-thione that was analytical sample was obtained by precipitation from CHC13-
collected by filtration. The gel that formed in the filtrate was petroleum ether. I t  was dried at 78°: S (ppm) 3.67 (C5'-H2),
collected by filtration.. The solid weighed 91 mg and was found 4.00 (m, C4'-H, C3'-H, and C2'-H ), 5 (broad m, OH ), 6.15
by tic to be /3-6c contaminated with purine:6(lH )-thione. The (d, J iV  =  co4 Hz, C i'-H ), 7.08, 7.35 (Ph2C H ), 7.96 (Ca-H ), and 
product was purified by preparative tic; CHCla-MeOH (3 :1 ) 8.68 (C2-H ).
was the developing solvent. The product band was eluted with Anal. Calcd for C23H 22N 40 5: C, 63.59; H , 5.10; N , 12.90
boiling MeOH. Evaporation of the M eOH gave a white solid, Found: C, 63.64; H, 4.91; N , 12.75.
which was dried at 100°: yield 45 mg (19% ); Xma„  nm (* X  10~3), The H 20  solution was evaporated to dryness giving a white 
0.1 N  HC1 221 (8.80), 331 (15.7); pH 7 221 (8.80), 328 (15.5); glass that was chromatographically homogeneous. I t  crystal-
0.1 N  NaOH 230 (10.6), 318 (15.3). lized from a small amount of H20  on seeding: yield 200 mg of

Anal. Calcd for C10H 12N 4O4S: C, 42.25; H, 4.25; N , 13.71. +13c; S (ppm) 3.68 (m, C5'-H2), 4.00 (m, C2'-H, C3'-H , and
Found: C, 42.20; H,4.15; N , 19.78. C4'-H ), 5.50 (broad m, OH  and N H ), 6.13 (d, J i v  =  4.2 Hz,

3-Benzhydryl-l-(2,3,5-tri-0-acetyl-/3-D-ribofuranosyl)hypo- Ci -H ), 8.09 (Cs-H ), 8.55 (C2-H ). This material is identical 
Tnntliiniiim Bromide (/3-7b).— A  solution of 2,3,5-tri-O-acetyl-D- with that prepared from 2.3
ribofuranosyl bromide, prepared from 1,2,3,5-tetra-O-acetyl-D- Evaporation of the aqueous filtrate to dryness produced a glass
ribofuranose (4.77 g, 15.0 mmol), and 3-benzhydrylhypoxanthine weighing 288 mg. This material was found by uv spectrophotom-
(3, 3.02 g, 10.0 mmol) in D M A  (105 ml) was kept at room tem- etry to be 45% /3-13c. The total yield of 0-13c was 51%.
perature for 5 days and then evaporated to dryness in  vacuo. B.— To a cold solution of 9-propenyl-l-/3-n-ribofuranosylhypo-
Trituration of the residue with two 200-ml portions of E t20  xanthine (J3-15c, 368 mg, 1.20 mmol) in 0.5 N  methanolic NaOH
followed by two 200-ml portions of CHCI3 produced a white (20 m l) and H20  (2 m l) was added dropwise 4%  K M n 0 4 solution
powder: yield 2.51 g (39% ). (12 ml). The resulting brown precipitate was filtered off and

The analytical sample was obtained by filtering a solution of washed with H20 . The filtrate and washings were combined and
the solid (100 mg) in 200 ml of 50% EtO H -CH C l3 and then evap- stirred with Amberlite IR-120 (H ) ion-exchange resin until pH
oration of the filtrate without heat. The white residue was 5 was attained. The resin was filtered off and washed with
triturated with CHC13 and collected by filtration before it was H 20 . The filtrate and washings were combined and evaporated
dried at room temperature: yield 88 mg; S (ppm) 1.97,2.03, and to dryness in vacuo. A  solution of the residue in M eOH was
2.13 (C H 3 of acetyl), 4.07 and 4.37 (m, C5'-H2, C4'-H , and H 20 ),  evaporated to dryness giving 197 mg of a cream-colored glass.
5^35 (C4'-H ), 5.77 (Cs'-H), 6.17 (d, JiV -ca . 2 Hz, C i'H ), 7.44, This material was purified by preparative tic on two Brinkmann
7!61 (Ph2C H ), 8.55 (Cy-H), 9.00 (Cs-H). silica gel F-254 plates; CHCl3-M eO H  (3 :1 ) was the develop-

Anal. Calcd for CMHfflBrN^s-l.SHiO: C, 52.10; H, 4.82; ing solvent. The product band was eluted with boiling MeOH.
N  8.39. Found: C, 52.24; H , 4.61; N , 8.47. Evaporation of the MeOH solution gave the product (j3- 13c) as a

The Mercuri Salt of 9-Propenylhypoxanthine (9).— To a solu- white solid: yield 45 mg. This material was identical with that
tion of HgCl2 (2.72 g, 10.0 mmol) in EtOH  (200 m l) was added prepared as described in A  above.
9-propenylhypoxanthine (10, 3.52 g, 20.0 mmol). The result- 9-Propenyl-l+D-ribofuranosylhypoxanthine (/3-15c).— To an
ing suspension was stirred while 1 N  NaOH (20 m l) was slowly azeotropically dried, refluxing suspension of the mercury salt of
added. The resulting yellow color was quickly dispelled by heat- 9-propenylhypoxanthine (9, 2.04 g, 3.60 mmol) and Celite (2 g ) in
ing the reaction mixture to the boiling point, and the white sus- 250 ml of xylene was added 50 ml of a dry xylene solution of 2,3,5-
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T able I
Ultraviolet Spectral Data

,------------- 0.1 N  HCl------------- . ,------------- pH 7 buffer--------------- ✓------------0.1 WNaOH------------ 4

Compd Xmax (« X 10“ *) Xmin (« X 10*) Xmax (« X 10"*) Xmin (* X 10- *) Xmax (« X 10 *) Xmin (< X 10 *)
1,3-Dibenzylhypoxanthinium bromide® 254 (10.2) 236 (7.1) 2456 Unstable

2806 290-300 (0.55)
3-Benzhydryl-l-(tri-0-acetyl-/3-D-ribo- 253 (9.78) 238 (7.98) 255^(7.17)

furanosyl)hypoxanthine bromide (7b) 280& (3.52) 290-310 (3.13) Unstable
3,7-Dibenzylhypoxanthinec 255.5 (10.1) 237 (7.06) 266 (11.8) 238.5 (5.8) 266 (11.7) 238 (5.5)
l-Benzylhypoxanthinec 249 (9.58) 228 (5.60) 251 (9.15) 230 (4.8) 261 (9.75) 239 (4.67)
l-Methylhypoxanthined 249 (9.40) 219 (2.22) 250 (9.00) 224 (2.70) 2.60 (9.60) 236 (3.36)
l_0_D_iUbofurahosylhypoxanthine (13c) 249 (8.95) 223 (3.76) 251 (8.55) 228 (3.91) 261 (8.53) 238 (3.32)
1,9-Dibenzylhypoxanthinec 253 (10.6) 232 (6.2) 253 (10.4) 232.5 (5.5) 252 (10.4) 232.5 (5.7)
9-Benzhydryl-l-/3-D-ribofuranosylhypo- 253 (12.2) 234 (7.93) 253 (12.2) 234 (7.38) 253 (11.5) 237 (8.93)

xanthine (/3-14c)
l-Methyl-O-propenylhypoxanthine** 220 (18.4) 225 (24.2) 225 (25.0)

253b 2546 2546
2706 2706

9-Propenyl-l-0-D-ribofuranosylhypo- 223 (21.4) 226 (26.3) 226 (25.8)
xanthine (ISc) 2536 270* 2706

7-a-D-Ribofuranosylhypoxanthine (a-5c) 252 (9.23) 226 (3.95) 257 (8.40) 229 (3.70) 263 (8.83) 230 (4.00)
7-/3-D-Ribofuranosylhypoxanthine (0-5c) 252 (9.10) 226 (4.00) 256 (8.48) 229 (4.07) 263 (9.23) 229 (4.16)

“ Data from ref 7. 6 Shoulder. c Data from ref 2. J Data from ref 9.

tri-O-benzoyl-D-ribofuranosyl bromide, prepared from l-O- 3 Hz, CV-H), 8.37 (C8-H), 8.75 (C2-H). The AB portion of the
acetyl-2,3,5-tri-O-benzoyl-D-ribofuranose (3.78 g, 7.5 mmol). ABX 3 absorption of the propenyl protons is observed as a com-
The mixture was refluxed with stirring for 1  hr and then filtered. plex multiplet between 6.1 and 7.4 ppm.
The filter cake was washed with boiling CHC13 (four 25-ml por- Anal. Calcd for Ci3H 19N,0 5 -O.lHiO: C, 50.39; H, 5.23; 
tions). The xylene filtrate was evaporated to dryness in  vacuo; N, 18.08. Found: C, 50.26; H, 5.46; N , 18.07. 
the residue was dissolved in CHCls (100 ml); and this solution was . 1 or, o „
combined with the CHCI3 washings. The solution was washed R egistry  No.- a-5c, 19895-30-8; p-5C, 10280-01-0;
with 30% K I (two 2 0 0 -ml portions), then with H20  (two 2 0 0 -ml /3-6a, 20187-88-6; /3-6c, 20187-89-7; /3-7b, 20290-59-9;
portions), dried over MgS04, and evaporated to dryness in  12,20187-90-0; /3-13C, 20187-91-1; /2-14c, 20187-92-2;
vacuo. A  solution of the crude blocked nucleoside was dissolved 90187-08-8
in MeOH (157.5 ml) containing NaOMe (405 mg, 7.5 mmol), P i
refluxed for 30 min, neutralized with AcOH, and evaporated to A , . rpi ,, • , , ,
dryness. A solution of the residue in 1 0 0  ml of H , 0  was washed ^  A c fa io w led gm en ts .-T h e  authors are indebted to
with CHCI3 (50 ml), treated with charcoal, filtered, and then con- D r. W . C. Coburn7 Jr.7 and. members o f the M olecu lar
centrated to 40 ml, whereupon a white solid crystallized, yield Spectroscopy Section o f Southern Research Institu te
418 mg (18%). who perform ed most o f the m icroanalytical and spectral

The analytical sample was obtained from a previous run by det erminations reported. W e  are also indebted to  Mrs. 
recrystallization from H20. I t  was dried at 78 : mp 168-170°; „  ml % . .
s (ppm) 1.84 (m, CH3), 3.32 (H 20 ), 3.72 (C6 '-H), ca. 4 . 1  (m, M artha Thorpe o f this section fo r helpful discussions
C2'-H, C3'-H, and C<'-H), 5.32 (broad m, OH), 6.16 (d, J i ' i '  =  o f the pm r data.

Deuterium Incorporation during the Conversion of 1-Amino-l-deoxy-D-fructose 
Derivatives to 5-(Hydroxymethyl)-2-furaldehyde1

M il t o n  S. F e a t h e r  a n d  K e it h  R . R u s s e l l

Department of Agricultural Chemistry, University of Missouri, Columbia, Missouri 65201

Received February 5, 1969

The formation of Amadori products (l-amino-l-deoxy-2-ketoses) and their subsequent decomposition to 
melanoidin polymers, furan derivatives, and colored substances is of considerable importance, forming the basis 
for the syndrome frequently referred to as the nonenzymatic browning reaction. 2 In acidic solution, Amadori 
products are known3' 4 to undergo decomposition with the production of 2 -furaldehyde derivatives as the major 
monomeric reaction product. It  has been suggested4' 6 that the mechanism of this decomposition involves a
1,2 enolization of the Amadori product (I), followed by a dehydration to give the enolic form ( I I )  of a 3-deoxy- 
glycosulose (III ),  or a Schiff base thereof. In subsequent steps it has been suggested4 that I I  or I I I  undergoes 
further dehydration to the 2-furaldehyde derivative (IV ).

In  this work, 1-amino- 1-deoxy-D-fructose derivatives chloric acid, the m ajor monomeric reaction product was
derived from  p-toluidine, dibenzylam ine, and morpho- 5-(hydroxym ethyl)-2-furaldehyde ( IV ) .  Y ie ld s  o f IV ,
line were prepared6 and their decom positon in  acidic determ ined spectrophotom etrically,7 were variab le (see
solution was studied. In  both  acetic acid and hydro- Experim ental Section) and the use o f acetic acid as a

catalyst favored  the form ation o f I V  in the over-all
(1) Journal Paper No. 5584, Missouri Agricultural Experiment Station. r e a c t io n . T h is  is  in  g e n e ra l a g r e e m e n t  w ith  th e  d a ta
(2) T. U. Reynolds, A d v a n . F o o d  R e s ., 12, 1 (1963). n ? r  • r  a , ,
(3 ) a . Gottschaik, B io c h e m . j . , 52, 4 5 5  ( 1 9 5 2 ). reported b y  Gottschalk, for a series o f Am adori prod-
(4) E. F. L. J. Anet, A d v a n . C a rb o h y d . C h e m ., 19, 181 (1964), and refer- UCtS C om p osed  o f  W e a k ly  b a s ic  am in es .

ences therein In  order to  investigate the mechanism o f the dehy-
(5) H. Kato, B u l l .  A g r .  C h e m . S o c . J a p . , 24, 1 (1960). ,
(6) J. E. Hodge and B. E. Fisher in “ Methods in Carbohydrate Chem- d ra tlO H  re a c t io n , t i le  A m a d o r i  p ro d u c ts  W ere  C o n v e r te d  

istry,”  Vol. II, R. L. Whistler and M. L. Wolfrom, Ed., Academic Press,
New York, N. Y., 1963, p 99. (7) J. F. Harris and coworkers, F o re s t  P r o d .  J . ,  X , 125 (1960).
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to I Y  in  deuterium  oxide solution using both  acetic and oses in  alkaline solution and in  the acidic dehydration  o f
hydrochloric acid as catalysts. Estim ates o f the hexoses to  5 -(hydroxym ethyl)-2-fu ra ldehyde,9 as well
amount o f deuterium  incorporated in to I V  during the as in  the reaction considered above. I t  is interesting to
conversion were made by  proton signal d im inution mea- note that recent isotope exchange experiments indicate
surements o f nmr spectra. A  60 -M H z nmr spectra o f that I I I  likewise does not appear to  be form ed during
a pure, crystalline sample o f I V  showed the aldehyde the conversion o f D-glucose or D-fructose to  I V 10 under a
proton as a singlet at 5 9.53, the ring proton a t position va r ie ty  o f conditions, but the form ation  o f metasac-
3 as a doublet centered a t 5 7.59 { J  —  3 cps), the ring  charinic acid from  D-glucose is consistent w ith  I I I  as an
proton position 4 as a doublet centered at 5 6.78 ( J  =  in term ediate.11
3 cps}, and the carbon-bound hydroxym ethyl protons Th e  participation  o f I I I  in  the over-a ll dehydration  re- 
as a singlet a t S 4.69. action was further examined b y  the preparation o f I I I 12

, follow ed b y  its conversion to  IV  in  deuterium  oxide so-
CH2NRR CHO CHO lution a t the conditions used fo r the decom position o f
c=0 COH c=o p— | the Am adori products. In  both experiments, the re-

HOCH CH ch2 A ni v un suiting I V  contained no carbon-bound deuterium,
j ! ! HOHoC O CHU

HCOH HCOH HCOH

HCOH HCOH HCOH Experimental Section
I I '
CH20H CH2OH CH^OH Materials and Methods .— Nuclear magnetic resonance spec

tra were obtained on a Varian A-60 spectrometer at 60 M H z using 
I I I  E  deuterium oxide as solvent and sodium 3-(trimethylsilyl)propane

sulfonate as the internal standard. Standard 5-(hydroxymethyl)- 
A  comparison o f the signal intensities at S 4.69, 6.78, 2-furaldehyde (IV ) was a commercial sample once recrystallized

7.59, and 9.53 indicated that on ly  the la tter two signals f,rom ether-hexane. Concentrations of IV  in solution were
, , . . .  • • , .. , ,, • determined by measurement at 283 mu using a Beckman DB-G

showed any varia tion  m  intensity during the various spectromete/ on which i y  had w  283 mM and e 17,400. Total
experiments and was taken to indicate that significant absorption at this wavelength was assumed to be due to IV , and
incorporation occurred on ly a t position 3 and a t the al- calculations were made on the basis of an absorption of 1.0 =
dehydic carbon atom. Measurements (Tab le  I )  were 9-1 mg/1. Dehydration products were qualitatively identified
made b y  a comparison o f signal in tensity a t 8 4.69 w ith  by ‘ h“  layer chromatography using silica gel GF as the support

v  , . 0  , 1 , • i and chloroform-acetic acid (9:1) as irrigant. Purity of Amadori
that from  the proton in question and were determ ined products was determined by paper chromatography using buta-
to  be accurate to  ±0 .1  atom  o f deuterium  per molecular nol-pyridine-water (6:4:3) as irrigant. Aniline hydrogen phthal-
position. ate13 spray reagent was used for both thin layer and paper chro

matographic visualizations.
T able I  Preparation of the Amadori Products.— These compounds were

prepared by the procedures described by Hodge and Fisher.6 
D euterium  I ncorporation into  5-(Hydroxym ethyl-2- The morpholino derivative had mp 143-44°, the p-toluidino

F uraldehyde  D erived  from 1-Amino-1-deoxy-d- derivative mp 161-52°, and the dibenzylamino derivative mp
fructose D e rivatives  in  D euterium  Oxide  165°. A ll three compounds ran as single spots on paper chro-

Amine Incorporation (% )“ Incorporation (% )“ matograms.
substituent Acid6 at aldehyde carbon at position 3 Reactions of the Amadori Products in Acidic Solution.— A3.0-g

p-Toluidine Acetic 23 77 sample of 1-deoxy-l-toluidino-D-fructose was dissolved in 80 ml
n-Toluidine HC1 0 0 of water, and, after the addition of 10 ml of acetic acid, the solu-

7- 7c tion was heated at 100°. A t the end of 60 min, when spectral
Dibenzy amme Acetic to  measurements indicated that a maximum yield (33%) had been
Dibenzylamme HOI 44 u reached, the solution was cooled to 25°, passed through a column
Morpholine“ Acetic 87 8/ containing Dowex 50 (hydrogen form), and evaporated to dry-
“ The low yield (less than 4%) of 2-furaldehyde from this ness reduced pressure at 40°. The resulting brown solid, 

compound precluded a measurement in HC1. b In all cases, when examined by thin layer chromatography, showed the pres-
2 N  acetic or 1 N  HC1 was used as solvent at a reaction tempera- ence 0f j y  as maj0r reaction product along with traces of an
ture of 100°. e These conversions were made in 90% deuterium unknown component having an R i  approximately twice that of
oxide and the figures are not corrected for water initially con- j y  y  uv spectrum of this material in aqueous solution was
tained by the solvent, nor for protons introduced from the acid superimposable with that of a known spectrum of IV , and a nmr
catalysts or the carbohydrate hydroxyl groups. spectrum of the material showed signals for all of the protons

contained by IV. In this and all subsequent experiments, an 
Deuterium  incorporation at the aldehyde carbon approximate 30% loss in IV  was observed during isolation.

, ’ , Tt t - • i  , •, v, . „ „ „ „ ¡ « » „ „ „ i ; , , , * ; ™  „r Parallel experiments using solutions of standard IV  indicated
atom  o f IV  is consistent w ith  a reversible enolization o f ^  ^  ^  largely d J  to irreverslble adsorption of IV  on
the Am adori product as a first step in  the reaction, ana Ĵje ion-exchange resin. No attempt was made to quantitatively 
differences in  the extent o f incorporation m ay be a ttrib - elute the product.
uted to  combinations o f am ine basicity, acid strength, For decompositions in 11VHC1,3 g of Amadori product was dis
and the reac tiv ity  o f the enolic form . W h ile  incorpora- solved in 80 ml of acid and heated at 100°. After 2 hr, when the
. . . *  . _ _  . , , , j  , .,i - ii yield of V II from 1-deoxy-l-toludino-D-fructose reached a maxi-

tion at position 3 o f IV  m ight be due to either reversl mum value of 15%, the solution was cooled and cation exchanged.
2,3 enolization o f I  or to  reversible equ ilibration  o f I I  The effluent was carefully neutralized with 10 7̂  NaOH and evap-
and I I I  during the reaction, the finding that, under cer- orated to dryness. IV  was identified as the major reaction 
tain conditions, no detectable incorporation occurs product as above, 
clearly indicates that 3-deoxy-D-glucosulose ( I I I )  is not
a necessary interm ediate in  the reaction. (9) E- L-J- Anet, Australian j . chem ., is, 240 (1965).
a  Iie c e s sa iy  n r a u c u i a w  , ■ a (10) M. S. Feather and J. F. Harris, Tetrahedron Lett, 5807 (1968).

3-DeOXyglUCOSUlOSeS a n d  tn e ir  e n o lic  d er iV & tlV 1 S S. Feather and J. F. Harris, Abstracts of Papers, 157th National
h a v e  b e e n  s u g g e s te d  as  in te rm e d ia te s  in  r e a c t io n s  su ch  Meeting of the American Chemical Society, Minneapolis, Minn., April

as th e  fo r m a t io n  o f  m e ta s a c e h a r in ic  a c id s 9 f r o m  h e x -  m  &  ^  ^  ^  Jg> lg? (U#2)>

(8) J. C. Speck, Jr., Advan. Carbohyd. Chem., 18, 63 (1958). (13) S. M. Partridge, Nature, 164, 443 (1949).
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The same procedures were followed for the remaining com- N  HC1 and the solutions worked up as described for the Amadori
pounds, in which case the morpholino derivative gave a maximum products, all the glucosulose was converted to IV , while parallel
yield of 3.6% in HC1 after 6 hr and 15% in acetic acid after 6 experiments showed that the yield of IV  from D-glucose was less
hr, while the dibenzylamino derivative gave 30% yield in 6 hr thanl% .
in acetic acid and 21% in HC1 after 2 hr. Conversions to V II in Deuterium Oxide.— The Amadori prod-

Preparation and Acidic Degradation of 3-Deoxyglucosulose ucts and I I I  were converted to IV  in 90% deuterium oxide solu-
(III).—This material was prepared from n-butyl-D-glucosyl- tion, either 2 A  in acetic acid or 1 N  in HC1, using the same pro
amine as described by Kato.9 A paper chromatographic exam- cedures as described above. Following evaporation, the prep-
ination of the syrupy product using n-butanol—acetic acid-water arations were evaporated to dryness several times from 99%
(4:1:1) as irrigant showed that it contained largely the gluco- deuterium oxide and the spectra run in the usual way.
sulose along with some contaminating glucose. When this prep- . „  _
aration was heated at 100° for 1 hr in either 2 N  acetic acid or 1 R eg istry  R o . I V , 0/-4/-U.

Studies in the Ganglioside Series. II. Further Application of 
/V-Dichloroacetylhexosaminyl Bromides to the Synthesis of Aminosaccharides1'2

A . J. A c h e r  a n d  D a v id  S h a p ir o  

Department of Chemistry, The Weizmann Institute of Science, Rehovoth, Israel 

Received January 27, 1969

The synethesis of galactosaminy 1-(l-»-6)-galactose by two different routes is reported. It  involves condensa
tion of bromide I I I  with diketal IV, or with 1,2,3,4-tetraacetylgalactose. The protecting dichloroacetyl group, 
in addition to its removal by mild alkaline hydrolysis, can be directly converted into the acetyl group by catalytic 
hydrogenation.

In paper I  of this series3 we described the synthesis Chart I
of A-acetylglucosaminy 1-(l->-4)-galactose. A-Dichlo- CH2OR CH2OR CH2OH
roacetamido-2-deoxy-3,4,6-tri-0-benzoylglucopyranosyl RQ [ _  RQ J_ 0  Q J__
bromide used in the Koenigs-Knorr reaction was i/  \ J  \ / u  °\
found to be a reactive and highly stable compound \OR J —  OR (  OR y) V \ ?  /
which gave rise to the disaccharide in satisfactory NLn/ N L ^ B r  h3C' ' f  I v O
yield. The dichloroacetyl group could be removed by ^  ^  CH3 ^ I
0.4 A  aqueous methanolic barium hydroxide at room | |
temperature. C0CHC12 C0CHC12 |NCH3

As a prelim inary attem pt to  em ploy this new  type o f CH3
brom ide in  the synthesis o f galactosam inyl oligosac- I, R =  H III,R  =  C6H5CO IV
charides w e have now carried out the synthesis o f 6-0- n, R =  C6H5CO
(2-acetamido-2-deoxy-(S-D-galactopyranosyl)-D-galacto- r „  nR „ „
pyranose (V II) (C hart I). Oligosaccharides con- i 2 irr, | 2
taining the hexosamine (1—*-6) hexose linkage have been R9/  0,0 HOJ O O CH2
found in human blood group substances.4’6 *foR y  oJ— o  ^  OH y  HoJ— o

I t  is noteworthy that, although glucosamine and / j jo  )  ( oh V —OH
galactosamine differ only by the steric arrangement I C " ' ' A J I
at C-4, the latter hexosamine displayed peculiar physi- 1

cal and chemical properties, and we encountered 3 OJ C0CH3 OH
difficulties in the preparation of the key substances.
Compound I I  was obtained in a lower yield as a result ¿U3 3

of incomplete benzoylation, while the bromide I I I ,  rnrHPi
although it  was chromatographically pure, could not V I R =R '-C H C O = 2 VI1
be induced to crystallize. The bromide reacted ’ 3

sm oothly w ith  l,2:3,4-di-0-isopropylidene-o:-D-galacto- CH2OR
pyranose (IV ) in the presence of mercuric cyanide to RO 1— o O--------CH2
give V  in 90% yield. Lloyd and Roberts6 have con- \j AcO J p
densed the same diketal with 3,4,6-tri-0-acetyl-2- \| /  1/ \__
deoxy-2-(2,4-dinitroanilino)-a:-D-glucopyranosyl bro- \?AC J  C
mide and obtained the substituted |8-disaccharide in  NH ' " ‘n
yields o f 15-29% , depending on the solvent and the I / ¿ Ac
catalyst applied. A fte r  debenzoylation  and rem oval o f ^

VIII, R =  C6H6CO; R' =  COCHCl2
(1) This work was supported by the National Institutes of Health, tV  t> n  tj m  r>/ rur n/w

Grant No. 425115. ^  =  CH3CO
(2) Part of the Ph.D. Thesis of A. J. Acher, The Weizmann Institute of 

Science.
(3) D. Shapiro, A. J. Acher, and E. S. Rachaman, J .  Org. Chem., 32, 3767 , v  , .

(1 9 6 7 ). the dichloroacetyl group w ith  barium hydroxide the
(4) w. p. Aston, a . s. r . Donald, and w. t . j. Morgan, Biochem. Bio- diketal V  was converted into the acteyl derivative VI.

F (5) k . o . Lloyd and e . a . Rabat, Cartohyd. Res., 4, 165 (1967). ^ le  l in k a g e  in  o lig a s a c c h a r id e s  is  r e p o r t e d  t o  b e
(6) p . f . Lloyd and g . p. Rcberts, j . Chem. Soc., 6910 (1965). the least susceptible to acid hydrolysis, in contrast to

2652 Acher and Shapiro T/ie Journal of Organic Chemistry



acetolysis.7 However, in the present case it was observed A nal. Calcd for CssTGCkNOio: C, 61.19; H, 4.14; Cl, 10.04.
that removal of the ketal groups b y  means of dilute Found: C, 61.03; H , 4.00; Cl, 10.03.
sulfuric ac id  w as a rrom n an ied  b v  a ru n tu re o f  th e  2-Deoxy-2-dichloroacetamido-3,4,6-tn-0-benzoyl-a-D-galacto- sunuric a c ia  w as accom pam ea  o y  a ru p tu re  o i tn e  pyranosyl Bromide (H I).— To a stirred solution of the benzoate
glycosidic bond to a considerable extent, thus leading I I  (3.54 g, 5 mmol) in acetic anhydride (7 m l) cooled to —15° was
to comparatively low yield of V II. added a cold 45% solution of hydrogen bromide in acetic acid

Alternatively, the bromide I I I  was coupled with (V2.o m l). After 15 min the temperature was allowed to rise,

1,2,3,4-tetra-O-acetylgalactose. T h e  reaction proceeded andthe mix^ re was stf ed a t  18~21° *or 7 hr- The yel|ow
7,1 l  i .1 v  i - i  fT-TTT • i_* solution was then concentrated m  vacuo ( 1 mm). For complete

satisfactorily and gave  the disaccharide Y I I I  in  h igh removal of the anhydride, the oily product was coevaporated
yield. Kuhn  and Kirschenlohr8 condensed the same with eight portions each of 8-10 ml of toluene at 25-30°. The
aglucon w ith  the acetobromo deriva tive o f glucosamine white foamy residue showed on tic (benzene-ether, 9 :1) a single
and obtained 6-0-(2-acetamido-2-deoxy-/3-D-glucopy- spot, R n  1.1 (with no trace of I I ) .  This substance was directly

, , . , ,.rri . , ,  used fo r 'h e  glycosidation reaction.
ranosyl)-D-galactose m  a 16%  yield . l,2:3,4-Di O-isopropylidene^O-(2-deoxy-2-dichloroacetamido-

A ttem pts to  rem ove the dich loroacetyl group from  3,4,6-tri-O-benzoyl - /S - d - galactopyranosyl) - a - d - galactopyranose
V I I I  by  hydrolysis w ith  barium hydroxide entailed (V ).— In the reaction flask containing the freshly prepared
complete rupture o f the glycosidic linkage. T h e  sensi- bromide I I I  (5 mmol) were placed a solution of l,2:3,4-di-0-
tivity of the hexosaminyl-( 1—*-6 ) -hexose bond to alka- isopropyliden^m-galactopyranose (IV )10 (5.2 g, 20 mmol,
v  T , v , • *■> v , , a Ti [a ] 20d —59.3°) m dry dichloroethane (50 m l) and mercuric
line media has been reported in the literature. It was cyanide (0.75 g, 29.5 mmol). The mixture, protected from mois-
eventually found that the N-dichloroacetyl group could ture and light, was stirred at 35-40° for 7 days. The cooled
be directly converted into the N-acetyl group by cata- reaction product was shaken thoroughly with ice-water and
lytic hydrogenation, giving IX  in good yield. This re- chloroform (200 ml). The organic layer was washed four times

ix r -t x  + xu • r n «14 « __« 4+4, . «  i , « , ™  with water, dried, and evaporated m  vacuo to constant weight.suit facilitates the synthesis of alkali sensitive hexos- The residu’e wag dissolve/  in methylene chloride and paf sed
aminyloligosacchandes and thus enhances the useful- through a silica gel column (350 g, Davison, grade 950, 60-200
ness of the dichloroacetyl group in the protection of the mesh). The product V was eluted with methylene chloride-
amine function. ether (88: 12), crystallized from ether and recrystallized from

isopropyl alcohol. The yield of the pure glycoside amounted to
3.8 g (90.5%): mp 125°; [<*]21d -4 .2 °  (c 1.2, chloroform); 

Experimental Section9 Tic (benzene-mehhanol, 9 :1), Rrv 1 .8. The ir spectrum showed
bands at 5.8, 6.45 (amide), 11.2 (/3-glycoside) and a weak absorp- 

2-Deoxy-2-dichloroacetamido-D-galactopyranose (I ) .— A  stirred tion at 11.7 n (a-glycoside). The nmr spectrum showed signals
mixture of dried galactosamine hydrochloride (Mann Research at r 2-2.8 (15 aromatic protons), 4.15 (dichloroacetyl proton)
Laboratories, 5 g ), dried sodium dichloroaeetate (10.4 g), and and 8.69, 8.58, 8.47 (12 diisopropylidene protons),
dichloroacetie anhydride (Eastman, 25 ml) was gradually Anal. Calcd for C(iH«C12N O u: C, 58.30; H, 5.13; Cl, 8.40.
warmed within 2 hr to 70°. This temperature was maintained Found: C, 58.06; H, 5.00; Cl, 8.65.
for 6 hr. The dark syrup was allowed to cool and poured into 1,2:3,4-Di-0-isopropylidene-6-0-(2-acetamido-2-deoxy-3,4,6-
ice-water (0.5 1.). After decantation, the remaining semisolid tri-0-acetyl-/3-D-galactopyranosyl)-a-D-galactopyranose (V I).— A
was dissolved in chloroform (300 ml) and the solution was washed solution of V  (3.2 g ) in absolute methanol (20 m l), to which 1
with five 50-ml portions of water. The dried chloroform solution jV barium methoxide (0.5 m l) had been added at —15°, was
was shaken with charcoal (2 g ) and the filtrate was evaporated allowed to stand in the refrigerator at 2° for 6 hr. For hydroly-
in  vacuo to constant weight. The residue, dried over phosphorus sis of dichloroacetyl group more 1 N  barium methoxide (7.5 ml)
pentoxide, was dissolved in absolute methanol (150 ml), and the and water (2 m l) were added, and the solution was allowed to
solution was treated with 1 N  barium methoxide (3 m l) for 4 hr stand at room temperature. After 24 hr, tic (benzene-methanol,
at —10°. The precipitated amide I  was filtered and washed with 2 : 1 ) indicated the completion of the reaction (E i 0.7). Thesolu-
cold absolute methanol. Crystallization from methanol (10 m l) tion was neutralized with 2 N  sulfuric acid and centrifuged and the
and ethyl acetate (150 m l) at 2-5° yielded 5.5 g (81.6%) of mp supernatant was evaporated in  vacuo to dryness. The amino
194- 195°; [a ]2°D +63.6° (c 1, water) after mutarotation from sugar was further dried over phosphorus pentoxide for 48 hr,
+75.3° (1 hr). The infrared spectrum showed bands at 3.0 dissolved in pyridine (20 m l) and treated with acetic anhydride
(O H ), 5.8, 6.45 (amide), 11.45 (galactopyranosyl ring) and 12.3 (15 m l) at room temperature overnight. After warming at 50°
M (CC1); tic (benzene-methanol, 7 :3), R  (N-acetylgalactosa- for 2 hr, the solution was concentrated in  vacuo and coevaporated
mine) 1.6. several times with toluene. The residue (2.4 g ) was taken up

Anal. Calcd for CsHisCLNO«: C, 33.12; H , 4.52; Cl, 24.44. with methylene chloride and passed through a silica gel column
Found: C, 33.34; H , 4.50; Cl, 24.23. (150 g ). Elution with methylene chloride-ethyl acetate (2 :8 )

2-Deoxy-2-dichloroacetamido-l,3,4,6-tetra-0-benzoyl-D-galac- and crystallization from isopropyl alcohol gave 2.0 g (89.2%) of
topyranose (I I ) .— A  warm solution of I  (5 g ) in pyridine (ISO ml) mp 142-144°; [a] 20d —62.5° (c 1, chloroform); tic (ethyl ace-
was cooled with stirring to —10°, freshly distilled benzoyl chlo- tate) Rv  0.4. The ir spectrum showed bands at 6.05, 6.5 (acet-
ride (16 m l) was added, and the mixture was allowed to stand amide), 11.2 (/3-glycoside), 11.45 m (galactopyranosyl ring),
at ambient temperature for 20 hr. The reaction product was The nmr spectrum showed signals corresponding to a ratio of
poured into ice-water (500 ml) and the heavy oil, separated by 12 acetyl to 12 isopropylidene protons.
decantation, was dissolved in methylene chloride (300 ml). Anal. Calcd for C26H 39NOu: C, 52.96; H, 6.67; N , 2.38.
The solution was shaken twice with cold 1.5 N  hydrochloric Found: C, 52.69; H , 6.76; N , 2.25.
acid, washed with water until neutral, dried over sodium sulfate, 6-0-(2-Acetamido-2-deoxy-/3-D-galactopyranosyl)-D-galactopy-
and evaporated in  vacuo to constant weight. The residue was ranose (V II).— The diketal V I (0.590 g ) was refluxed with 0.1 N
taken up with methylene chloride and purified by a column of sulfuric acid (15 ml) for 75 min. The cooled solution was neu-
silica gel (250 g, 0.05-0.2 mm, 70-325 mesh, A S TM  Merck). tralized with barium carbonate, the precipitate was separated by
The product I I ,  eluted with methylene chloride-ether (998:2), centrifugation and the filtered supernatant was evaporated,
was dissolved in ethyl acetate (3 m l) and, after the addition of The dried residue was acetylated in the usual manner, and the
isopropyl ether (200 m l) to the warm solution, allowed to crys- resulting crude product was chromatographed on a column of
tallize at 2-5° overnight: yield 5 g (41% ); mp 146-147°; silica gel G (50 g]. Three main fractions were collected. Methyl-
[a] 2oD -|-109.2° (c 1, chloroform); tic (benzene-ether 9 :1 ); ene chloride-ether (8 :2 ) eluted 160 mg of pentaacetylgalactose.
2j t 0.45. The same solvent in a ratio of 2:8 eluted 150 mg of pentaacetyl-
---- ------------ „„ galactosamine, which was followed by 280 mg (42% ) of the

(7) R. D. Guthrie and J. F. McCarthy, A d v a n . Ca.rboh.yd. C h e m ., 22. peracetyl derivative of V I I .  The latter fraction still contained

21(8)9R7)Kuhn and W. Kirschenlohr, C h e m . B e r„ 87, 384 (1954). _ traces of pentaacetylgalactosamine and could not be induced to
(9) Details concerning the specification of chemicals and the type of

apparatus for physical measurements used in this investigation are given in (10) A. L. Raymond and E. F. Schroeder, J .  A m e r .  C h e m . S o c . , 70, 2785
paper I  of this series. (1948).
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crystallize. The compound (200 mg) was dissolved in absolute ether (85:15) eluted an oil which showed a single spot on tic,
methanol (10 m l) and was deacetylated with 1 N  barium methox- R  (trityl derivative) 0.66. The nmr spectrum showed signals of
ide (0.1 ml) as described above. The solution was neutralized four acetyl groups.
by stirring with Dowex 50W-X8, H + form, and the residue result- l,2,3,4-Tetra-0-acetyl-6-0-(2-deoxy-2-dichloroacetamido-3,4,-
ing from the evaporation of the filtrate was crystallized from 6-tri-0-benzoyl-/3-D-galactopyranosyl)-D-galactopyranose (V III ).—
methanol-ether and recrystallized from water-methanol-ether The reaction of 3 mmol of I I I  with 4 mmol of 1,2,3,4-tetraacetyl-
(1 :5:20): yield 80 mg of V I I ;  mp 204-205°; [a ]lsD +38.5° (c galactose and 1.8 mmol of mercuric cyanide was carried out as
0.9, water). The ir spectrum showed bands at 3.0 (O H ), 6.1, described for V . The residue (3.1 g ) resulting from the evapora-
and6.45 (amide), 11.2 (/3-glycoside), and 11.45 m (galactopyranose tion of the chloroform was dissolved in methylene chloride and
ring); tic (benzene-methanol, 2:3), R  (lactose) 0.5 and R  passed through a silica gel column (160 g). The product was
(galactose) 0.31. eluted with methylene chloride-ether (94:6). I t  was crystallized

Anal. Calcd for ChH«5N O h : C, 43.86; H , 6.57; N , 3.64. from ether and recrystallized from alcohol: yield 2.1 g (75.5%); 
Found: C, 43.62; H , 6.75; N , 3.58. mp 156-157°; [a ] 23d +4 .0 ° (c 1.1, chloroform); tic (benzene-

1.2.3.4- Tetra-0-acetyl-6-0-trityl-D-galactopyranose8'11 was pre- methanol, 9 :1), Rv  0.89. The nmr spectrum showed signals of
pared by treating 6-O-trityl-D-galactopyranose11 (10 g ) with 15 aromatic, 1 dichloroacetyl, and 12 acetyl protons.
acetic anhydride (100 m l) in pyridine (300 m l) at room tempera- Anal. Calcd for C^HMChNO«: C, 55.37; H , 4.65; 01,7.60. 
ture for 48 hr. The reaction mixture was evaporated in  vacuo Found: C, 55.23; H , 4.62; Cl, 7.38.
and coevaporated several times with toluene. The product was l,2,3,4-Tetra-0-acetyl-6-0-(2-acetamido-2-deoxy-3,4,6-tri-0-
eluted from a silica gel column with benzene-ethyl acetate, benzoyl-/3-D-galactopyranosyl)-D-galactopyranose (IX ).— A  solu-
150:30, and crystallized from isopropyl alcohol (10 ml) and hex- tion of V I I I  (0.400 g ) in warm alcohol (150 ml) was hydrogenated
ane (100 m l): yield 10 g; mp 94-96°; [a] 22d —19.5° (c 1, with 10% palladium on charcoal at 55 psi during 48 hr. The
chloroform); tic (benzene-methanol, 8 :2) Rt 0.85 and R  (penta- residue resulting from the evaporation of the filtrate was purified
acetylgalactose) 1.1, The nmr spectrum showed the expected by chromatography on silica gel (30 g), using methylene chloride-
ratio between aromatic ar.d acetyl protons (15:12). ether (85:15) as eluent: yield 0.275 g (75% ); tic, Kv iii 0.85.

Anal. Calcd for C33H 34Oio: C, 67.10; H , 5.80. Found: C, The nmr spectrum showed signals of 15 aromatic and 15 acetyl
67.09; H , 5.73. protons (one more acetyl group than in V I I I ,  but no signal for

1.2.3.4- Tetra-O-acetyl-D-galactopyranose8 was now prepared in a dichloroacetyl proton). On deacylation, the resulting product
chromatographically pure form. After detritylation of the was identical in every respect with V II.
preceding compound with hydrogen bromide,12 the residue re
sulting from the evaporation of the acetic acid in  vacuo was t-, . , _ r w  T onn70 et- TT onnvo Qa A
chromatographed on a column of silica gel. Methylene chloride- r e g is t r y  n o .— 1, ZUU/2-SO-y, I I ,  2UU/2-80-U; V,
— ------- —  20072-87-1; V I ,  20072-88-2; V I I ,  20072-89-3; 1,2,3,4-

c ^ a L ^ S ? u T c w w ! '  nVS' ChBm' RCS' lT °ky0)’ 12’ 614 (1933): tetra-0-acetyl-6-0-trityl-D-galactopyranose, 20072-90-
(12) B. Helferich, L. Moog, and A. Junger, C h e m . B e r . , 58, 872 (1925). 6 j V I I I ,  20072-91-7 .

2 - O x a z o l i d i n o n e  D e r i v a t i v e s  o f  D - G l u c o s e  a n d  G l y c o l a l d e h y d e 1

W . E . D ic k , Jr ., D . W e is l e d e r , a n d  J. E . H odge 

Northern Regional Research Laboratory,2 Peoria, Illinois 61604 
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A  4-hydroxy-3-phenyl-5-(i>-am6mo-l,2,3,4-tetrahydroxybutyl)-2-oxazolidinone structure (3) is established for 
the compound previously registered as 2-carbanilino-D-glucose. Hydrolysis of iV-(2-0-phenylcarbamoyl-/3-n- 
glucopyranosyl)piperidine first forms 2-O-phenylcarbamoyl-D-glucopyranose which rapidly converts into 3 in 
alkaline solution. The mechanism proposed for this cyclization requires attack of the amido nitrogen on the 
adjacent carbonyl group. Cyclization of glycolaldehyde carbanilate to 4-hydroxy-3-phenyl-2-oxazolidinone in 
high yield at pH 4 requires a free carbonyl group. Treatment of 3 with methanolic hydrogen chloride produces 
an a-D-glucofurano-2-oxazolidinone derivative, 5-(D-pli/cero-l,2-dihydroxyethyl)tetrahydro-6-hydroxy-3-phenyl- 
furo[2,3-d]oxazol-2-(3H)-one, isolated as a triacetate. The structure is assigned by nmr analysis.

In  1952, H odge and R is t3 reported the synthesis o f a prepared in crystalline form  and are stable to  hydrol-
compound provisionally identified as 2-O-phenylcar- ysis,4'5 they undergo acyl m igrations in basic solutions6
bamoyl-D-glucose. I t  was isolated from  A7- (2-0- and read ily cyclize7- 9 by displacements o f sensitive
phenyIcarbamoy 1 - - d - glucopyranosy 1)piperidine ( lb )  neighboring groups. Because the urethan radical is
a fter hydrolysis w ith  hydrochloric acid and neutral- an am bident nucleophile, tw o cyclization  paths are
ization  w ith  silver carbonate. Th e  product gave the available. A lthough a basic environm ent prom otes
em pirical form ula o f a hexose monocarbanilate and was form ation o f a 2-oxazolidinone b y  preferential n itrogen
not characterized beyond noting an atypical m inim al participation, an acidic medium favors form ation o f an
m utarotation and low  reducing power toward hot unstable anil by  carbonyl oxygen participation. Such
Fehling solution. selective displacements have been exploited by Baker,

Investigations published since 1952 have demon- et al., and others10 to introduce nitrogen, oxygen, or 
strated that the phenylcarbam oyl ester is a poor
blocking group. A lthough these esters are easily (4) w - M- Hearon in "Methods in Carbohydrate Chemistry," Vol. 2 ,

R- L. Whistler and M. L. Wolfrom, Ed., Academic Press, New York, N. Y., 
1963, pp 239-241.

(1) Presented before the Division of Carbohydrate Chemistry, 155th (5) H. Bredereck, A. Wagner, G. Faber, W. Huber, G. Immel, and H.
National Meeting of the American Chemical Society, San Francisco, Calif., Kreiselmeier, C h e m . B e r . , 91, 2819 (1958).
March 31-April 5, 1968. (6) H. O. Bouveng, A c ta  C h e m . S c a n d ., 15, 87, 96 (1961).

(2) This is a laboratory of the Northern Utilization Research and De- (7) M. E. Dyen and D. Swern, C h e m . R e v ., 67, 197 (1967).
velopment Division, Agricultural Research Service, U. S. Department of (8) F. L. Scott, R. E. Glick, and S. Winstein, E x p e r ie n t ia , 13, 183 (1957).
Agriculture. The mention of firm names or trade products does not imply (9) F. L. Scott and D. F. Fenton, T e tra h e d ro n  L e t t . , 1681 (1964).
that they are endorsed or recommended by the Department of Agriculture (10) B. R. Baker, K. Hewson, L. Goodman, and A. Benitez, J .  A m e r .

over other firms or similar products not mentioned. C h e m . S o c . , 80, 6577 (1958); B. R. Baker and T. Neilson, J .  O rg . C h e m

(3) J. E. Hodge and C. E. F.ist, J .  A m e r .  C h e m . S o c . , 74, 1498 (1952). 29, 1057 (1964), and references cited therein.
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sulfur in to  selected nucleosides via cyclic interm ediates T able  I
(including 2-oxazolidinones) generated from  neigh- H ydrolysis of lb  and  V ar iat io n  in  P roduct Composition0
boring urethano, ureido, or thiourethano substituents. Temp, Time, „— composn, %____ .
Carbohydrate 2-oxazolidinones have also been prepared Compd Hydroiyst °c hr Base 2 a6 3 6a 5a6
by indirect routes, o ften  in vo lv in g  elim inations from  lb oaathci 2 5  2 4  iR -4 5  83 1 0 8

carbobenzoxy derivatives o f amino sugars.11-17 48 AgjCOi 8 86 6
Th e literature cited above and the reported N  lb iR -1 2 0  (E+) in

cyclization  o f an acyloin  during carbanilation18 25 20 67 32
suggested that the compound o f H odge and R is t3 m ay 2 a h 2o 2 5  0 . 2 5  Naiico3 7 5 25

have undergone such a cyclization. Th e low  reducing 0 25 Na*c°s 15 so 5

power, lim ited  m utarotation, and absence o f an 2a 2 % MeOH-Hci 2 5  48 m -4 5  4 1 59

am ide I I  band in  the ir spectrum o f the compound 3  0 .5  n  h c i 1 0 0  3  m -4 5  < 5  > 9 5

supported this view . These unusual properties were 3 2 %MeOH-Hci 2 5  2 4  i r -45 < 5  > 9 5

su fficien t to  w a rra n t fu rth er in ves tiga tion . Glp° of pertrimethylsilyl ethers at 200° with 3%  JX R  on Gas
0 Chrom Q. 6 Sum of the a-n  and /3-d forms.

Results and Discussion

Th e aqueous hydrolysis o f lb  (derived  by deacetyl- l ° nSer in  the freezer, but they converted slow ly into 
ation o f la )  was m onitored chrom atographically (t ic  e oxaz°  1 no? f  ° rm  ( ) W1 in several days a t room 
and glpc) for 48 hr. H ydro lysis was complete w ith in  temperature. If , however, the isolated product mix-

24 hr and three products were identified (Scheme I ) .  turf  ™  made alkallne’ a raPld  mcreasc 111 the rate o f
cyclization  was noted. A n  85%  conversion in to 3 was

Scheme I noted a fter 15 m in at p H  11. Th is p H  is qu ickly
pi H ph reached during neutralization o f the hydrolysate w ith

H1-i-N'c_0 lctHj_^c=0 A g 2C 0 3; thereafter 3 was isolated.3
1\tlCsH|1  Hi! *. V j,,. , oh3  ̂ nc-/ .» « y  hc-/  Th e  id en tity  o f syrupy 2a was confirmed by char-

! h U’3"'°" *0N']l— I 0 H pH*7 icHOHj) r> icioAti, acterization  o f a crystalline fraction  isolated after

11 11 r Ht r h /  '"j011 ch4!0Ac acetylation  in  pyridine. Th e  physical properties and
jjt l lV -H  r3NjI1) ~ nmr spectrum were identical w ith  those previously

i=Ac' #=Ac /-jr T ‘ ’ determ ined fo r a reference sample o f 2-O-phenylcar-
j Wl°a0 a  I bam oyl-l,3,4,6-tetra-0-acetyl-a-D-glucopyranose (2c).

Î or ^ michi K r N  Ht-o''6-1 + Th e  hexose monocarbanilate reported by H odge and
'T i ~ Ph 1H0 \ cin .. R is t3 proved to  be 4-hydroxy-3-phenyl-5-(D-araf>mo-

v  V *  1 1 ,2 ,3 ,4 -te trah yd roxybu ty l)-2 -oxazo lid inone19'20 (3).
Ij, MAc(a-anotnei) ii5=Jo p !/Ph \  Structural assignments fo r 3 and its pentaacetate (4)

M-j-<c=1 pl_K/ĉ _Ph w ere suggested b y  analyses o f their nmr spectra.
„J__Application  o f double-resonance techniques established

the spectral contributions o f each a lky l chain proton.
„ J. iB2 Chem ical shifts and first-order coupling constants rep-

81, r=h resenting those portions o f the spectra amenable to
R=Ac analysis are listed in Tables I I  and I I I .

Th e m ajor product in  the acidic hydrolysate wa3 the 
anticipated 2-O-phenylcarbamoyl-D-glucopyranose (2a). T able  II
Smaller amounts of the oxazolidinone open-chain form Chemical Sh ift  D ata “ for 2-Oxazolid ingne  Compounds

(3) were present with still smaller amounts of the Proton6 3c i d 8a' &hd i4ac ubd
bicychc oxazolidinone-D-glucofuranose derivative (6a). jf_2' 3 99 3 93
Increases in both temperature of hydrolysis and con- H-4 4 . 3 7  3.51 4 . 4 4  3.48 4.29 3 . 3 4
centrations of acid caused a marked increase in he H-5 5.60 5.32 5.41 5.14 5.58 5.42
proportion of 6a relative to 2a and 3 (Table I). H-5' 5.95 5.76

The concentration of the reducing pyranose 2- H-6 6 .2 0  4.42
carbanilate (2a) diminished slowly during the final 24 H-7 4.51
hr with a corresponding increase of 3. At any given H-8 6 .49»
time the composition could be fixed by neutralizing the 5 gi
hydrolysis mixture with a weakly basic ion-exchange 3 1 7  ' 3 35 3 lg
resin. The product mixtures were stable for 6  months 0H 6 4 97

OH-71
(11) K. Heyns, R. Harrison, and H. Paulsen, C h e m . B e r . , 100, 271 (1967). I
(12) K. Brendel, P. H. Gross, and H. K. Zimmerman, Jr., A n n .  C h e m ., OH-8r 5.48*

691, 192 (1966). OH-9J
(13) S. R. Kuikami and H. K. Zimmerman, Jr., ib id . , 684, 2 2 3  (1965). “ On r scale. 6 Based on the systematic name. c In methyl
(14) P. H. Gross, K Brendel, and H. K. Zimmerman, A n g e io .  C h e m . 3 In  chloroform-d. • Complex multiplet.

I n t e r n .  E d .  E n g l . , 3, 379 (1964).
(15) P. H. Gross, K. Brendel, and H. K. Zimmerman, Jr., A n n .  C h e m ., ------------------

680 159 (1964).
(16) P. R. Steyermark, U. S.Patent3,120,510 (Feb 4, 1964); C h e m . A b s t r . , (19) An alternative name is (R)-l-C-(V-earboxyanilino)-D-glucitol y

60, 9349 (1964). lactone.
(17) B. R. Baker and J. P. Joseph, J .  A m e r .  C h e m . S o c . , 77, 15 (1955). (20) We are grateful to Dr. K. L. Loaning, Director of Nomenclature,
(18) N. R. Easton, D. R. Cassady, and R. D. Dillard, J .  O rg . C h e m ., Chemical Abstracts Service, who suggested the systematic names of 3 and

37, 2927 (1962). 6a-
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hydroxyl group observed. The deshielding of H-4 in 
Y —i/" the 2-oxazolidinone ring results from the combined
L ;>=° effects of the vicinal OH-4 (or C-4 acetoxy) and N -Ph

H C* 0
H0_iH groups.

Hf_0H The small coupling constants for the vicinal ring
he’—oh protons (3, J ifi =  2 Hz; 4, J 4,5 =  1 Hz) are consistent

h,coh with a trans relationship on a five-membered 2 -oxazoli-
+ i2° 3 dinone ring; the configuration at C-4 is therefore R.

U i These small values allow confidence in this assignment,
I I I j I although such decisions are questionable when the

W  n J  \J L coupling constant exceeds 2  H z . 21

V-----~j*—A-----—“J \—— Each mole of 3 consumed 3 mol of N a I0 4, yielding 2

I mol of formate and 1 mol each of formaldehyde and 
5 - aldehydo - 4 - hydroxy-3 - phenyl - 2 - oxazolidinone (7). 
Both aldehydes were converted into stable 1,3-diphenyl-

2-imidazolidinyl derivatives22 and isolated. The form
aldehyde derivative, l,3-diphenyl-2-imidazolidine (9), 
was readily identified by comparison with the literature.

IT'UlluJP_____j \ J U  L J  ^ The other, 4-hydroxy-5-(l',3'-diphenyl-2'-imidazoli-
1 dinyl)-3-phenyl-2-oxazolidinone (8 a), and its derived

---- 1— j— -— j— ....$.....— £— 1— -̂4 monoacetate (8 b) were examined by double-resonance
nmr. A ll chain protons were identified and their 

Figure 1 .—The low-field portion of the 100-MHz spectrum of 3 coupiing constants determined (Tables I I  and I I I ) ,  
m methyl sulfoxide-ag (bottom), and with added D20 (top). r™ • , i- i 1 , 1  , T ,in e lr spectra displayed the anticipated amide I, ester

carbonyl, and phenyl (C = C  skeletal and CH out of 
T able  III plane) absorptions. The absence of an amide I I  band

Coupling  Constant D ata  fob 2-Oxazolid inone  Compounds confirmed the survival of the 3-phenyl-2-oxazolidinone 
Coupling ring structure.

j  36 4» 8a6 8bc 14a6 i4b= The proposed mechanism for the conversion of 2 a into
2 ' , 5  1 . 8  1 . 3  3 requires that 2 a be in an acyclic form before an
4,5 2 1 1.5 1.5 2 1.5 irreversible nucleophilic attack by the amido nitrogen.
4,5' 6 5.5 Two diastereoisomeric forms of 3 can be produced
5,5' 9.5 10.5 having H-4 and H-5 in a cis or trans relationship. The
5,6 4.5 <1.5 isolation of the trans form in high yield reflects the
8,9i unfavorable steric effects in the cis form caused by
g’g, eclipsing of the OH- 4 and the tetrahydroxybutyl groups.
4’0H 9 8 5  g The carbonyl requirement was tested by preparing a
0 Qjl 6 model compound containing the requisite O-phenylcar-
° In hertz. Numerical designations based on the systematic bamoyl group adjacent to an aldehyde group. The

name. 6 In methyl sulfoxide-d6. 6 In chloroform-d. model selected, O-phenylcarbamoylglycolaldehyde (13),
is so reactive that it required generation in situ (Scheme 

The nmr spectrum of 3  in methyl sulfoxide-d6 is C°nipound 13 was prepared by the action of
reproduced in Figure 1, before and after addition of aqueous N a I0 4 on 1-O-phenylcarbamoylglycerol ( 12).

D 20. The integration curve (not included) indicated Concomitant cyclization was essentially complete in the
five hydroxyl groups. The two labeled groups and w1ea , „  acic^c solution, and racemic 4-hydroxy-3-
three others colocated with H-5 were verified by phenyl-2-oxazolidinone (14a) was isolated in an over
exchange with D 20. The upper trace shows the all yield greater than 80%. 
simplified spectrum after exchange.

The presence of five acetyl groups in 4 was confirmed Scheme II
by acetyl analysis and by inspection of the integration H,c_0 CBi „it_0 CKi HiC_0H
curve in the methyl proton region of the nmr spectrum. 1 X  I X  „„ I
Deshieldmg of all methme protons, but that of C-5 | f o H | o „
(C-2 of glucose chain), was observed owing to the pres- fc'-™ Hjc-o-c-h-w h2c—o—ii—h—p&
ence of acetoxy substituents at these sites. ~  ~ ylim ~

These spectra deny a 2-O-phenylcarbamoyl-D-glucose ” ho- c-n(p|1
structure in pyranose, furanose, or acyclic aldehydo | jj f>
form. The ring forms would have yielded tetra- 13 J j4j,r=h
acetates and the acyclic form a tetra- or hexaacetate. jug,
The absence of an amido proton in 3 or 4 was indicated h,c— ch2 n,c— c«2

by the lack of amide I I  bands in the ir spectra and the .t-fii
absence of N H  resonances in the nmr spectra. N  S k
cyclization of the phenylcarbamoyl group with the ’15 ¡c-h-q-k-ps

adjacent reducing group of the isolated intermediate, -------------  ”
2-0-phenylcarbamoyl-D-gluCOpyranOSe (2a), formed a  (21) E. Walton, F. W. Holly, G. E. Boxer, and R. F. Nutt, J .  O r g .  C h e m .,  

1 -j •. m i • . - f  1 1  81» 1163 (1964), and references cited therein.
new hydroxyl group. This accounts for the fifth (22) H. W. WanzUck and W. Lochel, C h e m . B e r . , 86, 1463 (1953).
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Alternatively, glycolaldehyde was converted i n t o -------------------------------------------------------
1,3-diphenyl-2-hydroxymethylimidazolidine (15), car- 
banilated, and hydrolyzed. Yields of 14a were reduced,
presumably because of decomposition reactions during aco- cĥ o.
hydrolysis. \j*e A n

The nmr spectra of 14a and its monoacetate (14b) ",
displayed the anticipated A B X  patterns with the X  Hs Ä "» W  1' g|| »
proton (H-4 of 14a) coupled to the hydroxyl proton I I ill " IlifliOi ~  III
(Table I I ) .  The B X  coupling agrees with those values II ll ll I
previously obtained for the trans vicinal ring protons — ^— JIaO L aM ii,---------------
(H-4, H-5), and the magnitude of A X  agrees with the L , ,
value reported for the comparable cis protons of 6 b. 4 5 6  ̂ 8 r

The failure to isolate 13 at pH 4 stands in sharp con- Figure 2.-The 100-MHz spectra of oxazolidinone glucofur- 
trast to the previously noted stability of 2a at pH anose triacetate (6b) in chloroform-rf. For clarity, numbering
<7. Aqueous solutions of reducing carbohydrates is based on glucose,
generally contain small concentrations of aldehydo or
keto forms. Glucose derivatives are predominately furanose (17)27’28 and the recently published spectra of
in a hemiacetal ring form at pH <7, although structural analogous oxazolidinthiones29’ 30 and imidazolidinones. 31

factors or high pH can produce more of the aldehydo The nmr spectrum of 6 a is reproduced in Figure 2 and
form. Polarographie investigations have demonstrated the data are compared with those for 17 in Table IV.
that the carbonyl content increases markedly at A  numbering system based on the six atoms of the
alkaline pH values. 23’ 24 I t  is reasonable, therefore, to glucose chain is used hereafter for the comparisons,
postulate that an elevated carbonyl content accounts Site numbers derived from the systematic name are
for the sharp increase in the rate of N  cyclization given in parentheses either to achieve clarity or to
observed when solutions of 2a are raised to pH >7. allow other comparisons to be made.

Factors other than low free aldehyde content may 
retard the N  cyclization of 2a at pH < 7 , e.g., steric Table IV
effects, reduced nitrogen nucleophilicity, and formation Comparison op N mr Data for 6b« and 17>
of an intermediate acyloxonmm species similar to that chemical 8hifta r _ CoupUng constant8. Hz_
postulated for the anhydrous acid polymerization of Proton 6b n  j  6b n
2,3,6-tri-O-phenylcarbamoyl-D-glucose. 26’ 26 These pos- H-l 3.96 4.06 1,2 5 . 5  3 . 5
sibilities were not investigated. However, the spon- H-2 5.13 5.49 1,3 0 . 5  <1
taneous cyclization of 13 in a weakly acidic solution H-3 4.45 4.64 2,3 <0.5 <0.5
(pH 4) stands against lowered nitrogen nucleophilicity. H "4 5 65 5 38 3,4 2 8 3.0
Furthermore, the acyloxonium intermediate would 4 ' 72 4 7 7  4 >5 9 1  9 0
form an unstable anil in aqueous solution with 2 , 4  2 0
subsequent hydrolysis to produce aniline and a car- ' 6’6, ^  | X2 3
bonate derivative. If anil formation represented a . Measured in chIoroform.d. » Dat’ of Abraham ei aL„  in 
major reaction, large losses of 2a would have occurred chloroform at 60 MHz. • By direct measurement of peak spac-
with an adverse effect on the over-all yields of 3. No ings. d Not reported. « The proton on C-6 giving the higher
such losses were detected. field signal is designated H-6 '.

The role of 3 as a precursor in the formation of an
oxazolidinone glucofuranose (6 a) derivative was estab- The nearly identical J 2,3 (<0.5 Hz) and (2.8 Hz, 
lished by heating a pure sample in 0.5 N  HC1 while 3.0 Hz) suggest similar symmetrical twist confor-
monitoring with tic. During 3 hr, conversion into 6 a mations for 6 b and 17. In 6 b a smaller dihedral angle
was essentially complete; thereafter, small amounts of is predicted between H -l and H - 2  (H-4 and H-5 of the
degradation products formed. Use of 2 %  HC1 in 2-oxazolidinone ring) on the basis of a larger coupling
MeOH completely converted 6 a within 48 hr at 25° constant (5.5 Hz). This greater eclipsing would be
with less degradation (Scheme I). Purification by caused by less flexibility in the 2-oxazolidinone ring
silica gel column chromatography yielded syrupy 5- than in the isopropylidene ketal ring of 17.
(D-gh/cero-1,2-dihydroxyethy 1)tetrahydro-3-phenyIfur0- After formation of the furanose ring of 6 a from 3, the
[2,3-d]oxazol-2-(3//)-one (6 a) and from it a crystalline only configurational change indicated was at C -l
triacetate (6 b). To designate its carbohydrate origin, (C-4); H -l was brought into the cis relationship with
6 a also is named 4,5-(l'-amino-1 '-deoxy-a-o-gluco- H-2 by ring fusion. The possibility that 3  could have
furanosyl)-3 -phenyl-2 -oxazolidinone. undergone an unsuspected epimerization to a manno

The structure of crystalline 6 b was deduced by nmr configuration during the original cyclization was
analysis (Figure 2). The chemical shifts and coupling banished by observing the minimal J2,s (<0.5 Hz)
constants are almost exactly duplicated in the spectrum value of 6 b, indicating a trans relationship of H-2 and
of 3 ,4 ,6 -tri-O-acetyl-1,2-0-isopropylidine-a-D-g_uco- H-3. This relationship is characteristic of the gluco

(27) R. J. Abraham, L. D. Hall, L. Hough, and K. A. McLauchlan,
(23) W. G. Overend, A. R. Peacocke, and J. B. Smith, J .  C h e m . S o c . ,  C h e m . I n d .  (London), 213 (1962); J .  C h e m . S o c . , 3699 (1962).

3487 (1961). (28) L. D. Hall, A d v a n . C a rb o h y d . C h e m ., 19, 51 (1964).
(24) S. M. Cantor and Q. P. Peniston, J .  A m e r .  C h e m . S o c . , 62, 2113 (29) J. C. Jochims, A. Seeliger, and G. Taigel, C h e m . B e r . , 100, 845 (1967).

(1940). (30) J. Yoshimura and H. Hashimoto, B u l l .  C h e m . S o c .  J a p . ,  41, 261
(25) I. J. Goldstein and T. L. Hullar, A d v a n . C a rb o h y d . C h e m ., 21, 440 (1968).

(1966). (31) H. Fritz, C. J. Morel, and O. Wacker, H e lv . C h im .  A c ta , 51, 569
(26) E. Husemann and G. J. M. Müller, M a k r o m o l .  C h e m ., 91, 212 (.1966). (1968).
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configuration. Epimerization at the other chain car- pressure. Pyridine was removed from organic phases by re- 
b o „ .to mSwouldbeimprobable,

Methanolysis of 2a yields a mixture of compounds syl)piperidine ( la ).— The method of Hodge and R ist3 was used 
(Scheme I, Table I). The major component was 6 a to prepare la  (30 g ) from g D-glucose pentaacetate (100 g ). The
isolated as 6 b. The other components were the pure compound was crystallized from methanol: mp 165-166°
methyl 2-0-phenylcarbamoyl-a,|8-D-glucopyranosides (h t- 164°)^ nmr (pyridine-*) r  2.11 (d, two Ph protons), 2.78

(5a). A  crystalline fraction isolated after acetylation Hz' h -S, 5 4 9 (PSr’ ofdo^Wets,*! = 5  Hz H-6 )’,
of 5a was identified as methyl 3,4,6-tn-0-acetyl-2-0- 5 68 (m; Js t, =  2.s Hz, / 6,6' =  12.5 Hz, H -6 '), 5.72 (d, J U2 =
phenylcarbamoyl-a-D-glucopyranoside (5b) by com- 8.5 Hz, H - l),  6.16 (m, H-5), 6.82 (m, 2 «  protons, piperidine),
parison with an authentic sample. 7.38 (m, 2 <*' protons, piperidine), 7.98-8.02 (m, three CH S),

An anomaly was observed in the ir spectra of de- 8.62 (m, 6 protons, piperidme).

rivatives contaimng the 2-oxazolidmone ring. Although — An 18-g portion of la  was converted into lb  by deacetylation
the amide I  carbonyl absorption usually falls m the jn methanolic ammonia. One recrystallization from methanol
1740 1780-cm“ 1 range,7 it is often observed at wave- gave 12.6 g of pure lb , mp 152-154° (lit. mp 153°).3 
numbers above 1760 cm "1. However, this band was 4-Hydroxy-3-phenyl-5-(o-arabino-1,2,3,6-tetrahydroxybutyl)-2-
found between 1710 and 1735 cm- 1 for the 4-hydroxy- o^oU dm one (3 ) . - A  9.5-g sample of lb  was dissolved in 380 ml 

. N a . r-LiT r\~Li a ° f  0*1 ™ HC1 and held at room temperature. T ie monitoring
3-phenyl forms (3, 8 a, 14a). bubstltution Oi the UJl-4 (5 ; 1 ethyl acetate-methanol) indicated complete hydrolysis
caused a shift to higher frequencies. Participation as within 24 hr and no further changes during another 24 hr. The
the furanose ring oxygen in 6 a raised the absorption clear solution was neutralized by stirring 15 min with silver car-
band to 1750 cm -1: acetylation caused an even greater bf ate <10 S of Malinckrodt A R ) then filtered Residual silver
, , i v r r  -¡non _  1 /a ot\  a u  4.*™  salts were removed by treating the nitrate with 5 ml of pyridine

shift to 1775-1780 cm- 1 (4, 8b). An alternative and sweeping with hydrogen suifide. The clear solution was
assignment of the higher frequency band as ester reduced to one-half the original volume after filtration and ex
carbonyl is less probable, since carbohydrate acetates traeted with three 100-ml portions of diethyl ether. After
and carbanilates not containing 2-oxazolidinone rings further evaporation to a thin syrup, 3 was again extracted with
have carbonyl absorptions at the usual 1740-1745 diethyl ether and dissolved in 99.5% ethanol. A  final evapora-

_ j  tion produced crude solids, which upon being twice recrystallized
cm  • from 4:1 ethyl acetate-ethanol yielded 6.1 g (78% ) of 3: mp

166-167.5°; [<*]“ d +42  —  46° (c 0.5, 50% aqueous CHsO H );
Experimental Section lr (K B r) 1710 (amide I  C = 0 ) ,  1600, 1500, 760 690 cm-> (Ph );

for nmr data see Figure 1 and Tables I I  and I I I .
Nm r spectra were measured at 100 M H z on a Varian HA-100 4-Acetoxy-3-phenyl-5-(D-arabmo-1,2,3,6-tetraacetoxybutyl)-2-

spectrometer with tetramethylsilane (r  10.0) as the internal oxazolidinone (4).-— A  1-g sample of 3 was dissolved in 50 ml of
standard. Chemical shifts and coupling constants are first-order cold pyridine and mixed with 5 ml of acetic anhydride. After
values, measured directly from spectral spacings. Hydroxyl 12 hr at 0° and 36 hr at room temperature, the product was iso
group resonances of compounds dissolved in methyl sulfoxide-* lated from ethyl acetate. Two crystallizations from 95% ethanol
were identified by exchange with added D 20 . Ir  spectra were produced 4: mp 105-106°; M 20n +4 7 ° (c 0.55, CHCls); ir
recorded with a Perkin-Elmer Model 621 spectrophotometer by (K B r) 1780 (amide I  C = 0 ) ,  1745 (ester C = 0 ) ,  1595, 1500,
the potassium bromide disk technique. 585 cm-1 (Ph ); for nmr data see Tables I I  and I I I .

A ll samples for glpc were dissolved in pyridine and converted Anal. Calcd for C^H nNC*: C, 54.22; H , 5.34; N , 2.75; 
into their trimethylsilyl ethers approximately 18 hr before injec- acetyl, 42.2. Found: C, 54.08; H , 5.37; N , 2.74; acetyl,
tion into an F  & M  research chromatograph, Model 700. The 42.6.32
column was 4-ft, y 8-in.-o.d. stainless steel tubing, packed with Reaction of 3 with NalOq. A. Reaction Stoichiometry.—
3% JX R  on Gas Chrom Q (trademark of the Applied Science Two samples of 3 (0.1805 and 0.0645 g ) was dissolved in 25-ml 
Laboratories) (100-120 mesh). Operation was isothermal at portions of deionized water. Each solution was mixed with 25
200° with helium as the carrier gas and flame ionization detection rnl of 0.091 M  NaIO< and held in the dark at 25°. Aliquots
(Table V ). (10 ml) were titrated at 5, 60, 120, and 240 min against 0.105 M

N a2S20 3. Reaction was complete within 5 min with no further 
T able  V  periodate uptake for 4 hr. The periodate consumed was 2.98 and

R elative  R etention  V alues of 2.80 mol/mol of 3. Formic acid was determined titrimetrically
2-O-Phenylcarbam oyl-d-glucose and  D erivatives '* after 6 and 22 hr, averaging 1.95 mol/mol of 3. The presence
Sample* Anomer Retention value* of formaldehyde was indicated by chromotropic acid and verified

by isolation m a derivative form (9) described below.
a_D 0-47 B. 5-aWe%do-4-Hydroxy-3-phenyl-2-oxazolidinone (7).— A
8-0 0.61 solution containing 1 g of 3 and 2.5 g of NaIO< in 250 ml of water

3 0.53 was allowed to react in the dark for 2 hr at 25°. The solution was
5a a-v  0.50 concentrated to dryness with 99.5% ethanol so as to remove any

¿3-d 0.55 residual water. The final solids were extracted serially with 100-
6a 0.42 ml portions of hot ethyl acetate, acetone, and ethanol. The bulk

Maltose 0 1.00 ° f  the products was recovered from the ethyl acetate extract.
. , „  . onno , • , r„, , , A  tic examination (ethyl acetate) of the combined product mix-

i/ W  at 200 , as pertnmethylsilyl ethers * The order of ture confirmed ^  3 ^  reacte^ completely.

r  r l  o  The entire Product mixture was dissolved in 50 ml of methanol
for known compounds. W ith 3%  JX R  on Gas Chrom Q. containing 2.6 g of V,V'-diphenyl-l,2-diaminoethane22 and 1.4

ml of 50% aqueous acetic acid. The flask containing the solution
Silica gel G (E. Merck, Darmstadt, Germany) was used for was stoppered, immersed in a 60° water bath for 1 hr, and then

tic without heat activation of the plates. Solvents were propor- stored 2 days at - 5 ° .  After the solids were collected, an exami-
tioned on a v/v basis. Reducing compounds were detected as red nation by tic (12:1 chloroform-acetone) revealed formic acid
spots after spraying the chromatoplates with a saturated chloro- and two other components. One of the other components was
form solution of 2,3,5-triphenyl-2H-tetrazolium chloride followed the formaldehyde derivative, l,3-diphenyl-2-imidazolidine (9).
by 2.5 N  alcoholic potassium hydroxide. M ild heat was applied Crystallization from warm methanol yielded 0.23 g of 9. Com-
when necessary. For column chromatography Baker Analyzed parison with an authentic sample proved the identity: mp 125-
silica gel (J. T . Baker Chemical Co., Phillipsburg, N . J.) was ----------------

h ' ^ I0U  ̂Pr®*'reatmel1^' . . (32) M. L. Wolfrom and A. Thompson in “ Methods of Carbohydrate
M elting  points were determ ined in capillary tubes and are Chemistry,” Vol. I, R. L. Whistler and M. L. Wolfrom, Ed., Academic

corrected. Solutions were evaporated below 40° under diminished Press, New York, N. Y., 1962, p 448.
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127°, mixture melting point undepressed, identical Rt on tic 695 cm-1 (Ph ); nmr (chloroform-d) t 2.78 (m, five Ph protons), 
plates. The major component (7) was isolated as follows. 3.58 (d, J lt2 =  3.7 Hz, H - l),  4.50 (m, J 3,t =  9.5 Hz, H-3),

Isolation of 7 as 4-Hydroxy-5-(l',3'-diphenyl-2'-imidazolidi- 4.81 J t.s =  ~ 9  Hz, H-4), 4.95 (m, /2,3 =  10 Hz, H-2), 5.80
nyl)-3-phenyl-2-oxazolidinone (8a).— The original liquors and (m, H-6, H -6 '), 5.97 (m, H-5), 7.87-8.03 (four CH3). 
mixed solids were combined, evaporated, and fractionated on a Anal. Calcd for CuHuNOu: C, 53.96; H , 5.39; N , 3.00; 
silica gel column packed and irrigated with 12:1 chloroform- acetyl, 36.8. Found: C, 54.16; H , 5.56; N , 2.95; acetyl,
acetone. The fraction containing 8a (1.4 g, 72%) also had 37.2.
traces of the original reagent. However, three recrystallizauions 2,3-O-Isopropylideneglycerol (10).— A  mixture containing 18.5 
from methanol gave the pure product: mp 175-177°; [a] “ d g of glycerol, 60 ml of dry acetone, 11 g of anhydrous cupric
+57.4° (c 1.06, pyridine); ir (K B r) 3440 (O H ), 1735 (amide sulfate, and 0.1 ml of concentrated H 2S04 was placed in a 250-ml
I  C = 0 ) ,  1595, 1500, 690 cm-1 (Ph ); for nmr data see Tables round-bottomed fiask and vigorously shaken 24 hr. The super-
I I  and I I I .  natant liquid was mixed with an equal volume of benzene,

Anal. Calcd for C24H 23N 303: C, 71.80; H , 5.77; N , 10.47. decanted, and dried over anhydrous potassium carbonate. The
Found: C, 71.94; H , 5.97; N , 10.38. solution was mixed with 2 ml of pyridine and evaporated to a

Acetylation of 8a.— A  650-mg sample of 8a was dissolved in 10 clear syrup (20 g, 73%) of satisfactory purity,
ml of cold pyridine and mixed with 1 ml of acetic anhydride. 2,3-O-Isopropylidene-l-O-phenylcarbamoylglycerol (11).— A
After 24 hr at room temperature, the product was isolated and solution containing 20 g of 10 in 100 ml of pyridine was cooled
recrystallized twice from 99.5% ethanol, mp 142.5-143.5°. to 0° and treated with 16 ml of phenyl isocyanate. A fter the

This derivative, 4-acetoxy-5-(l',3'-diphenyl-2'-imidazolidinyl)- solution stood 18 hr at 25°, 5 m l of water was added and the
3-phenyl-2-oxazolidinone (8b), was unstable in a chloroform product isolated from ethyl acetate. Tic (4:1 benzene-ethyl
solution and decomposed within several weeks. In  the solid acetate) showed only traces of substances other than 11. Evapo-
state it remained unchanged for 6 months; for nmr data see ration yielded a tan syrup that spontaneously crystallized.
Tables I I  and I I I .  Charcoal decolorization and crystallization from hexane gave the

Anal. Calcd for C26H 25N 30 4: C, 70.41; H , 5.68; N , 9.47. final product (31 g, 82%), mp 59-61° (lit.33 mp 56-57°). Spots
Found: C, 70.57; H , 5.92; N , 9.45., on the tic plates were visualized either by exposure to iodine

Hydrolysis of lb  under Varying Conditions. A. Time.— A  vapor or by spraying with water.
2.5-g sample of lb  was dissolved in 100 ml of 0.1 N  HC1 and held 1-O-Phenylcarbamoylglycerol (12).— A  15-g sample of 11 was 
at 25°. Aliquots (25 m l) were removed after 24 and 48 hr, dissolved in 100 ml of acetone, 25 ml of water, and 1 ml of con-
neutralized with Amberlite IR-45 resin (Malinckrodt), and centrated HC1, and then the solution refluxed 1 hr. Tic (3:1
evaporated to a thin syrup. A  portion of each sample was con- benzene-ethyl acetate) showed complete hydrolysis. After
verted into the pertrimethylsilyl ether form and analyzed by excess sodium acetate was added, the mixture was evaporated
glpc (Table I ) .  Three compounds (four peaks) were detected to a small volume and then dissolved in 200 ml of water. All
and later identified as 2a (a and 0 forms), 3, and 6a. The de- colored material was removed by extraction with two 100-ml
crease in the concentration of 2a with an equivalent rise in that portions of diethyl ether. The aqueous layer was reconcentrated,
of 3 is in agreement with Scheme I. taken up in 100 ml of acetone, and filtered. Evaporation afforded

B. Neutralization with AgiCCh-—The balance of the hydroly- 11.5 g of syrupy product essentially free of impurities, assumed
sis solution (A ) was neutralized with silver carbonate and treated to be 12.
as described earlier. The solution was concentrated, analyzed 4-Hydroxy-3-phenyl-2-oxazolidinone (14a).— A  4-g portion of
(Table I ) ,  and afforded pure 3 (0.6 g ) by crystallization. 12 was dissolved in 400 ml of water containing 4 drops of

C. Use of Ion-Exchange Resin.— Duplicate 3-g samples of glacial acetic acid and 5.3 g of N a I0 4. A fter 4 hr in the dark at
Amberlite IR-120 (H +) resin were added to two previously pre- 25°, the solution was evaporated to dryness and extracted with
pared solutions containing 1 g of lb  in 100 ml of 50% aqueous 250 ml of hot acetone. The acetone solution was cooled, filtered,
acetone. The first was stirred 20 hr at 25°, filtered, and concen- evaporated to dryness, and extracted with three 50-ml portions
trated. Glpc (Table I )  showed 2a and 3 in approximately a 2:1 of diethyl ether. The residual 14a was washed with hexane and
ratio with trace amounts of 6a. The duplicate mixture was dried; it weighed 2.75 g (80% ). The ether extract weighed 0.8 g
stirred at reflux for 30 min to produce 2a, 3, and 6a in approxi- of which 14a was the major component admixed with formalde-
mately equal amounts (tic estimation). hyde and colored materials. Recrystallization from water gave

2-0-Phenylcarbamoyl-a,/3-D-glucopyranose (2a).— A  5-g sample pure 14a: mp 116-117.5°; ir (K B r) 3420 (O H ), 1715 (amide
of lb  was dissolved in 200 ml of 0.1 N  HC1 and allowed to stand I  C = 0 ) ,  1595, 1495, 755, 690 cm-1 (Ph ); for nmr data see
36 hr at 25°. The solution was neutralized with Amberlite Tables I I  and I I I .
IR-45 resin, the filtrate extracted twice with 100-ml portions of Anal. Calcd for C9H 9N 0 3: C, 60.33; H , 5.06; N , 7.82.
diethyl ether, and the extract evaporated to a thin syrup. A ll Found: C, 60.49; H, 5.01; N , 7.79.
efforts to crystallize this syrup failed. T ic examinations con- 4-Acetoxy-3-phenyl-2-oxazolidinone (14b).— A  2-g sample of
firmed that 2a was the major component and that 6-month storage 14a was dissolved in a mixture containing 20 ml of pyridine, 10
in the freezer produced no change. ml of ethyl acetate, and 3 ml of acetic anhydride; the solution

Conversion of 2a into 3 by N aH C03 and Na2C 03.— Duplicate was left overnight at room temperature. Pure 14b was crys-
75-mg portions of crude 2a were dissolved in 5 ml of water con- tallized from methanol-water: mp 69-71°; for nmr data see
taining 50 mg of N aH C 0 3 (pH 8.1) or Na2C 03 (pH  11.4) and held Tables I I  and I I I .
15 min at 25°. Excess acetic acid was added to each, and both This compound, unstable at room temperature, eliminates
samples were evaporated to dryness. The results of glpc analysis acetic acid within several hours. Decomposition in chloroform-d 
are summarized in Table I  demonstrating the high pH  required was complete within 2 weeks. The solution then showed a 
for the conversion in to 3. two-proton multiplet at t 3.10 and the C H 3 singlet of acetic acid

Acetylation of 2a.— A  1-g sample of 2a was dissolved in 100 ml at r  7.95. The A B X  system originally observed for 14b could
of cold pyridine containing 5 ml of acetic anhydride. After 48 not be detected.
hr, the product was isolated and crystallized from 95% ethanol. l,3-Diphenyl-2-hydroxymethylimidazolidine (IS ).— Dimeric
After an additional recrystallization, the ir and nmr spectra were glycolaldehyde (2.0 g ) was dissolved in 200 ml of methanol con- 
identical, and the mp 197-199° was undepressed on admixture taining 10.4 g of iV,iV'-diphenyl-l,2-diaminoethane and 3.0 ml 
with authentic l , 3,4,6-tetra-0 -acetyl-2-0 -phenylcarbamoyl-a-D- of 50% aqueous acetic acid. The solution was heated in a closed 
glucopyranose (2c). flask for 2 hr at 60°, and then evaporated to solids under reduced

1 3 4 6-Tetra-0-acetyl-2-0-phenylcarbamoyl-«-D-glucopyranose pressure. This mixture was dissolved in methanol and stored
(2c).— A  4-g sample of la  was dissolved in 50 ml of acetone and 2 days at —5°. The precipitate, after being collected and
10 ml of 1 N  HC1. Hydrolysis was complete after the mixture washed twice with cold methanol, yielded 7.4 g (82% ) of 15.
was left overnight at 25° as judged by tic examination (7:1 T ic (10:1 chloroform-acetone) showed the product to be essen-
chloroform-acetone). The major component, 3,4,6-tri-O-acetyl- tially homogeneous. Recrystallization gave pure 15: mp 107-
2-O-phenylearbamoyl-tt,0-D-glucopyranose (2b), weighed 1.5 g 110°.
after purification on a silica gel column (1:1 ethyl acetate- Carbanilation of 15.— A  5.5-g sample of 15 was dissolved in a
benzene). The syrupy 2b was acet.ylated in cold pyridine con- solution containing 50 ml of benzene, 10 ml of pyridine, and 2 
taining acetic anhydride and crystallized from 95% ethanol: -----------------
mp 199-200.5°: [a ]20D +109° (c 0.5, CHCls); ir (K B r) 1750 (33) V. A. Welch and P. W. Kent, J. C h e m . Soc., 2266 (1962); prepared
(C = 0  ester and amide I ) ,  1540 (amide I I ) ,  1595, 1495, 760, in three steps from 10.
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ml of phenyl isocyanate. The product, isolated after 18 hr at ethanol: 6b, mp 130-131.5°; 5b, mp 167.5-169°, mixture melt-
room temperature, was 6.4 g of the monocarbanilate (16). T ic ing point with the authentic a-glucoside (5b) undepressed. A ll
(ethyl acetate-benzene 1:9 or methanol-benzene 1:9) showed physical properties matched those of authentic 5b (see below),
complete reaction. After two recrystallizations from 99.5% Methyl 3,4,6-Tri-O-acetyl-a-D-glucopyranoside (19).— A  solu-
ethanol, 16 had mp 122-124°. tion containing 6 g of 3,4,6-tri-0-acetyl-/3-n-glucopyranosyl

Anal. Calcd for C23I I53N 3O2: C, 73.97; H , 6.21; N , 11.25. chloride (IS )34 in 200 ml of methanol and 20 ml of pyridine was
Found: C, 73.94; H , 6.19; N , 11.28. allowed to stand 20 hr at 25°. Tic monitoring (3:2 ethyl acetate-

Hydrolysis of 16.— A  1-g sample of 16 was dissolved in 25 m l benzene) showed the reaction to be essentially complete within
of 1 ,2-dimethoxyethane and treated with 5 ml of 6 A  HC1. A  2-3 hr and to have no apparent change thereafter. Glpc was used
heavy precipitate formed in the flask, which was stoppered and to identify and quantitate the reaction components after de-
shaken 1 hr. The mixture was diluted with an equal volume of acetylation and conversion to the trimethylsilyl ethers. The
acetone and filtered; the solids were rinsed with additional ace- calculated yield of 19 was 84% and that of the 0 anomer, 6.5%;
tone. The filtrate was neutralized with NallCOs, refiltered, and these percentages closely approximate earlier estimates based on
evaporated to dryness. Extraction with 100 ml of hot acetone optical rotations.35’36 The reaction solution was evaporated to a
and filtration removed the residual salts. The filtrate was thin syrup, dissolved in 500 ml of ethyl acetate, and freed of
reconcentrated, diluted with 100 ml of water, and decolorized pyridine.
with charcoal. Filtration and concentration to 20 ml produced Methyl 3,4,6-Tri-0-acetyl-2-0-phenylcarbamoyl-a-D-glucopy-
14a (0.150 g, 31%), mp 116-117°. ranoside (5b).— The crude 19 was dissolved in 100 ml of benzene

5-(i>-glycero-1 ,2-Dihydroxyethyl)tetrahydro-6-hydroxy-3-phen- and treated with 5 ml of phenyl isocyanate. Water (5 m l) was
ylfuro[2,3-d] oxazol-2-(3ff )-one (6a).— Crystalline 3 (5.0 g ) was added after the solution had been stored 24 hr at 25° and then it
dissolved in 200 ml of methanol, treated with 3 ml of acetyl was evaporated to dryness. The solids were extracted with 100
chloride, and stored 24 hr in the dark at 25°. The colorless solu- ml of cold diethyl ether and filtered; the residual solids were
tion was neutralized with Amberlite IR-45 resin, filtered, and crystallized from methanol. Yield was 5 g (62% ): mp 167.5-
concentrated. T ic examination (5:1 ethyl acetate-methanol) 169°; [«1 2Cd +112.6° (c 0.76, CHCI3); nmr (acetone) r  2.72
showed complete conversion into 6a. Quantitation by glpc gave (three multiplets, Ph ), 4.50 (unsymmetrical t, ./3>4 =  9.5 Hz,
the results shown in Table I. Attempts to crystallize 6a from H-3), 4.91 (m, H-4), 4.94 (d, J i.i =  3.5 Hz, H - l),  5.09 (pair of
a variety of solvents were unsuccessful. doublets, / 2,3 =  10 Hz, H-2), 5.69 (m, / 5l6 =  5 Hz, ,/5,6' =  2.4

Aqueous Production of 6a.— A  0.5-g sample of 3 was dissolved Hz, H-6), 5.90 (m, J 6,6'  =  12 Hz, H-6 '),  6.02 (m, H-5), 6.59
in 50 ml of 0.5 N  HC1 and heated 3 hr at 100°. The sample was (OCH3).
analyzed by glpc after isolation (Table I )  and found to duplicate Anal. Calcd for C+TTjsNO io: C, 54.67; H , 5.72; N , 3.19; 
the methanolysis results. OCH3, 7.06; acetyl, 29.4. Found: C, 54.76; H , 5.68; N ,

6-Acetoxy-5-(D-p/j/cero-l,2-diacetoxyethyl)tetrahydro-3-phen- 3.22; OCH 3 7.80; acetyl, 29.1. 
ylfuro [2,3-d]oxazol-2-(3i()-one (6b).— A  pyridine solution (50
m l) containing 6a (2 g ) and acetic anhydride (5 m l) was held at Registry No.— la, 20147-90-4; 2 c, 20-126-09-4' 3 ,
0 for 48 hr and the product was isolated from ethyl acetate. on io a  iq  k a on 10 «  in  a eu on 10c  m  n
After two recrystallizations from 95% ethanol, 6b gave mp 130.5- ¿U -l^b-18-b; 4, Z U - lJ b -W -b ;  5b , J U -1 2 b -lU -7 ; 6b,
131.5°; [«P °D  +44.9° (c 0.55, CHC13); ir (K B r) 1770 (amide 20-126-17-4; 8a, 20-126-11-8; 8b, 20-126-12-9; 14a,
1 C = 0 ) ,  1735 (ester C = 0 ) ,  1600, 1500, 755, 690 cm“ 1 (Ph); 20-126-13-0; 14b, 20-126-14-1; IS , 20-126-15-2; 16,
for nmr data see Figure 2 and Table IV . 20-126-16-3.

Anal. Calcd for CiJ+iNOc,: C, 56.02; H , 5.20; N , 3.44.
Found: C, 56.31; H , 5.40; N , 3.42. A 1  . . .  „ 7 • 3 t . ,

Methyl 2-O-Phenylcarbamoyl-n-glucopyranoside (5a).— A  1-g Acknowledgment.’ -We are indebted to B. G. Baker 
sample of 2a was dissolved in 50 ml of 2%  methanolic H C 1 and f ° r glpc assistance; to W. A . Boyd for the ir spectra; and
held 48 hr at 25°. T ic (20:3 ethyl acetate-methanol) showed to Mrs. Clara McGrew, Mrs. Karen Jones, and Mrs.
two compounds, 6a and 5a. Results of glpc quantitation are Bonita Heaton for the microanalyses,
listed in Table I. N o  change in product composition was ob
served after diluting to 100 ml with fresh methanol and refluxing „  „  ,
2 hr. The solution was neutralized with Amberlite IR-45 resin, 3 \ U.  ant? ‘ a T ™ ” <7ar^ohyd™te C,‘em-
concentrated, and acetylated in pyridine. £ £  J  y ^ 3  p 401 ’ ’ em‘C Pre88’ N °W

The acetylated products were separated on a silica gel column (35) W. J. Hickenbottom, J .  C h e m . S o c . , 1676 (1929).
irrigated with 4.5:10 acetone-hexane, and crystallized from 95%  (36) F. H. Newth and G. O. Phillips, ibid., 2904 ( 1953).
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Synthesis of Methyl di-Jasmonate

K e i it i  Sis id o , Se iz i K u r o z u m i, a n d  K i it ir o  U t im o to

Department of Industrial Chemistry, Kydto University, Kydto, Japan 

Received November SI, 1968

Reaction of pyrrolidine enamine (2) of methyl 2-oxocyclopentane-l-acetate (1) with 3-bromo-2-pentanone
(5) in dioxane afforded methyl (±)-2-oxo-3-(l'-ethyl-2'-oxopropyl)cyclopentane-l-acetate (3) along with a 
small quantity of methyl (±)-2-oxo-3-(2'-oxopentyl)cyclopentane-l-acetate (4). When, however, toluene 
was used as the solvent instead of dioxane, the major product was 4 and the minor one was 3. Intramolecular 
aldol condensation of 3 gave (±)-2-ethyl-6-methoxycarbonylmethylbicyclo[3.3.0]oct-l-en-3-one (7). Epoxyda- 
tion of 7 followed by treatment with p-toluenesulfonylhydrazine gave methyl (±)-dehydrojasmonate (10).
Restricted hydrogenation of 10 gave methyl dl-jasmonate (11).

Jasmone,1 m ethyl jasm onate,2 and jasmine ketolac- ( ~ 5 % )  amount o f the corresponding 1-cyclopentene 
tone3 constitute indispensable ingredients as the per- deriva tive (2 ').
fume o f jasm ine flower, known as the Queen o f Arom a. In  accord w ith  the reported reaction11’ 14 o f an alicy- 
These compounds structurally resemble each other and clic pyrrolid ine enamine w ith  a prim ary a-halo ketone to
are considered to  be produced b iogenetically through a produce a 1,4-dicarbonyl compound, the reaction o f 2
related route.4’6 w ith  3-bromopentan-2-one16 (5 ) in dioxane, fo llow ed by

Syntheses o f jasmone have been reported b y  many hydrolysis, afforded keto esters which were separated
authors6 and have been the subject o f more recent publi- in to m ajor (87% ) and minor (1 3 % ) products. On gas
cations.7’8 M e th y l dl-jasmonate was synthesized b y  chrom atography the m ajor component showed two
Dem ole and S to ll4 starting from  m ethyl dl-3-oxocyclo- peaks not clearly separated which indicated an existence
pentane-l-acetate, but their route invo lved  isomer sepa- o f a m ixture o f stereoisomers. T h e  mass spectrum of
ration via the semicarbazones. the component showed peaks m/e 240 and 197 corre-

A n  investigation  was carried out to  synthesize m ethyl sponding to  the molecular ion and the fragm ent ion o f
¿(-jasm onate by another route, starting from  the M  — C O C H s, respectively. In  the nmr spectrum ab-
readily available m ethyl 2-oxocyclopentane-l-acetate sorption o f a m ethyl ketone m ethyl group were shown
( l ) , 9’ :o in order to  avo id  the difficult separation problem. at r  7.78 and 7.88. Thus the m ajor component was

T h e  pyrrolid ine enamine o f 1 was prepared according considered to  be a trans-cis isomer m ixture o f m ethyl
to Stork, et al.n T h e  structure o f the enamines o f (± )-2 -o x o -3 - ( l '- e th y ]-2 '-o x o p ro p y l)c y c lo p e n ta n e - l-
2-substituted cyclanones has been examined by various acetate (3 )  w ith  presumably trans isomer predominat-
authors,12 including Stork, et al.n According to  shem in g .16
the pyrrolidine enamine o f 2-alkylcyclohexanone exists Th e  minor component, which showed a sim ilar infra- 
predom inantly as the isomer w ith  the less substituted red spectrum to that of the m ajor one, exhibited a mass
double bond rather than that w ith  the more substituted spectrum w ith  different fragm entation  patterns. Th e
one. Th e  nmr spectrum o f the present enamine showed absence o f m/e 197 indicated that the compound was
a v in y l proton at r 5.86 w ith  ca. one-third the integra- not a m ethyl ketone. In  the nmr spectrum, there was
tion  o f the ester m ethyl group, and the mass spectrum no absorption corresponding to  the m ethyl group o f a
demonstrated m/e 209 (M ),  208 (M  — 1) w ith  a base m ethyl ketone. W hen the reaction o f 2 w ith  1-bromo-
peak 136 (M  — C H 2C O O C H 3) . 13 T h e  gas chromato- pentan-2-one1E (6 ) was carried out in dioxane or in  tolu-
gram  o f the enamine showed a single peak. These ob- ene, there was obtained m ethyl (db)-2-oxo-3-(2'-oxo-
servations indicated that the predom inant product o f pentyl)-cyclopen tane-l-acetate (4 )  as a m ajor product
the enamine from  1 was m ethyl 2-pyrrolidinyl-2-cyclo- (95% ) w ith  a m inor component (5 % ) which seemed to
pentene-l-acetate (2) possibly containing a small be m ethyl (= fc)-2 -oxo-l-(2 '-oxopentyl)cyclopentane-l-

acetate (4 ') -  T h e  compound 4  coincided w ith  the 
above-m entioned minor component in ir, mass spectra

(1) (a) L. Ruzicka and M. Pfeiffer, Heir. Chirr.. Acta, 16, 1208 (1933); ancj v „ c rp^g ra £j0  Qf  9 5 ; 5  s e e m e d  to  in d ic a te  th e
(b) w. Treff and H. Werner, Ber., 66, 1521 (1933). . . , . . . .  . . J 4.1, J

(2) e . Demoie, e . Lederer, and d . Mercier, Heir. cum . Ada, 46, 675 r a t io  o f  th e  p y r r o l id in e  e n a m in e  o f  2 a n d  th e  d o u b le -
(1962). b o n d  is o m e r  2 ',  r e s p e c t iv e ly .  T h e  ab sen ce  o f  th e  iso -

(3) E. Demole, B^Willhahn, and M_Stoll, ibid 47, 1152 (!964). m e r  ( =t )-2 -O X O - l- ( l '- e th y l-2 -O X O p ro p y l)c y c lo -
(4) E. Demole and M. Stoll, ibid., 45, 692 (1962). J v . .. . , .
(5) e . Sundt, b . Wiiihaim, and m . stoii, ibid., 47, 408 (1964). p e n ta n e -1-a c e ta te  (3  )  in  th e  r e a c t io n  o l  2 w i t h  5 m ig h t
(6) (a) w. Treff and h . Werner, Ber., 68,640 (1935); (b) h . Hunsdiecker, p c  due to the steric hindrance betw een  the secondary

ibid., 76, 460 (1942); (c) L. Crombie and S. H. Harper, J. Chew.. So c., 869 . y  J  + u o '
(1952); (d) S, H. Harper and J. D. Smith, ibid., 1512 (1955). nallC le arid  lUC e n a m in e  Z . .

(7 ) (a) k . Sisido, s. Toni, and m . Kawanisi, j . Org. chew., 2 9 , 2 2 9 0  W hen the reaction o f 2 w ith  5 was carried out in  tolu-
(1964); (b) k . Sisido, y . Kawasima, and t . isida, Perfum Essent. Oil Rec., ene jnspead o f dioxane, keto esters 3 and 4  were obtained

57(sT V / g .6 stork and r . Borch, j . Awer. chew. Sac., se, 935 (1964); in  a ratio o f 16:81 w ith  a small amount (3 % ) o f a com-
(b) g . Buchi and h . wuest, j . Org. chew., 3i, 977 (1966). pound presumed to  be m ethyl (± )-2 -o xo -l- (2 '-o xo p en -

(9) R- r .  Linstead and e  m  Meade, j .  chem  Sor t y l )c y c lo p e n ta n e -  1 -a c e ta te  (4 0  (S c h e m e  I ) . T h e  rea c -
(10) s. Hauptmann and K. Hirsehberg, J. Prakt. Chew., 34, 272 (1966). J  J J  r

(11) G. stork, A. Brizzolara, H. Landesman, J. Szmuszkovicz, and R.
Terrel), J. Amer. Chew. Soc., 86, 207 (1963). (14) (a) J. Szmuszkovicz in Adroit. Org. Chew., 4, 1 (1963); (b) H. E.

(12) ' (a) W. D. Gurowitz and M. A. Joseph, Tetrahedron Lett., 4433 (1965); Baumgarten, P. I. Creger, and C. E. Villars, J . Amer. Chew. Soc., 80, 6609
(b) S. K. Malhorta and F. Johnson, ibid., 4027 (1965); (c) S. Karady, M. (1958).
Lenient, and R. E. Wolff, Bull. Soc. Chim. Fr„ 2472 (1965); (d) R. Jacquier, (15) J. R. Catch, D. H. Hey, E. R. H. Jones, and W. Wilson, J. Chew.
C. Petrus, and F. Petrus, ibid., 2845 (1966). Soc., 276 ¡1948).

(13) H. J. Jakobsen, S. O. Lawesson, J. T. B. Marshall, G. Schroll, and (16) K. Sisido, S. Kurozumi, K. Utimoto, and T. Isida, J. Org. Chew., 31,
D. H. Williams, J. Chew. Soc., B, 940 (1966). 2795 (1968).
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Scheme I

|-------1 CH;.COCHBi-C,H-, (5) I-------.

k y j — CH,C02CH3 in dioxane *  ----CH2C02CH3

JNk CH;jC = 0  0

L _ J  (±)-3
2

\  5 in toluene j
T v  c3h 7c o c h2— 1 — ch2co2c h31—1 T

c h 2co2c h3 0

I  (±)-4
0

1 BrCH2COC3H7 (6) , .---------------------->- (±)-4
in dioxane or toluene

^  O - C H 2C02CH3 -  n / C H .C O .C H ,
I If N CH2COC3E7

LJ u *
2'

r  L - c h2co2c h3

Y ^ ch c2h5 
0 i

coch3

3'

tion  o f ethy l 2-oxo-3-ethoxycarbonylcyclopentane-l- lowed b y  esterification afforded tw o products (in  a ratio
acetate w ith  5 in  toluene using potassium fo llow ed b y  o f 7 :93), both  o f which appeared, from  their ir and uv
saponification, decarboxylation, and esterification gave spectra, to  be esters containing an a,/3-disubstituted 
3 and 4 in the same ratio o f 15:85. cyclopentenone moieties (Scheme I I I ) .  T h e  mass

A s to the production o f 4, the possibility that the for- spectra o f these compounds showed, however, d ifferent 
mation o f 6 from  5 in vo lved  brom ine transfer17 via carb-
anions18’19 was considered. H ow ever, the halo ketone Scheme I I I
recovered from  the reaction contained no 1-bromo- i K0H r  _____
pentan-2-one (6 ). A n  alternative and more convincing ^ ‘3 7 J C ^ L -C H C O H  — "
possibility could in vo lve  the form ation o f the zw itter- H+ 2 2
ion20 suggested as the interm ediate in some Favorsk ii 2 5 !
rearrangements (Scheme I I ) .  Th is m ay be fo llowed b y  ( f
an attack o f 2 to  afford 4. J

7
Scheme I I  i------1

Br Br L J — CH2C02CH3
| | C2H5— (  [

5 — *  C2H5CHCOCH2 C2H5CHC=CH2 — ► y~*

0 (±)-7

[C2H5CHC=CH2 C2H5CH=CCH2] 4 ____  ____

0 -  ±-4 - >  i i . . CH2co 2cH3 +  I T J — CH2C02CH3

Intram olecular aldol condensation o f 3 (contam inated C2H5 C2iIs
w ith  13% 4) w ith  aqueous potassium hydroxide fo l- . .

(±)-8a (±)-8b
(17) N. L. Wendler, R. P. Graber, and G. G. Hazen, T e tra h e d ro n , 3, 144 

(1958).
(18) W. D. McPhee and E. Klingsberg, J .  A m e r .  C h e m . S o c . , 66. 1132 I I

(1944). k^Jr-CHzCOaCHs
(19) F. G. Bordwell, R. R. Frame, R. G. Scamehorn, J. G. Strong, and \

S. Meyerson, ib id . , 89, 6704 (1967). C2H5----
(20) (a) A. S. Kende, O rg . R e a c t io n s , 11, 261 (1960); (b) J. G. Aston and if

J. D. Newkirk, J .  A m e r .  C h e m . S o c . , 73, 3900 (1951); 73, 3902 (1951); (c) Q
N. J. Turro and W. B. Hammond, ib id . , 87, 3258 (1965); (d) F. G. Bordwell
and R. G. Seamehorm, ib id . , 90, 6751 (1968).
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fragm entation patterns. In  v iew  o f the absence o f an Scheme IV
olefinic proton in the nmr spectra o f both  compounds, , . h.o, I------, Tsnhnh,
the m ajor one was considered to  be (± )-2 -e th y l-6 -m eth - ± '7 *” q - J J -  - -CH2C02CH3 ---------
oxycarbonylm ethylbicyclo[3.3.0]oct-l-en-3-one (7 ) de- y  |
rived  from  3, while the minor one, (± )-2 -e th y l-8 -m eth - C2Hs
oxycarbonylm ethylb icyclo [3.3.0]oct-l-en-3-one (8 ) de- ^
rived  from  4. T h e  compound 7 was presumed to  be de
rived  via 2-ethyl-6-earboxym ethylbicyclo [3.3.0]oct-4- (±)-9
en-3-one (7 ')  b y  a double-bond m igration to  the more
substituted enone under the conditions o f an alkaline f I H;/pd-cacc^
aldol condensation. T rea tm en t o f 4 (contam inated CH2C02CH3
w ith  5 %  4 ')  w ith  potassium hydroxide afforded 8 I
(96% ) w ith  a small amount (4 % ) o f the compound 2 25
which was considered to  be (± )-2 -eth y l-5 -m eth oxycar- (±)-10
bonylm ethylb icyclo [3.3.0]oct-l-en-3-one (8 ')  derived  _____
from  4 '. M o re  precise gas chrom atography o f 8 showed 0 = [  n = [  I  m  ™
tw o peaks (86 :14 ), the mass spectra o f which showed ^  2 3 2 2
the same fragm entation  patterns except fo r differences q j  c h =C H C  H- C H
in re lative peak intensities. Thus the tw o components , . 3 5 11
were stereoisomers, the m ajor one o f which was consid- ±' ’11 ±,‘12
ered to be trans isomer 8a and the minor one cis isomer
8b.16 T h e  stereochem istry o f 7 is assumed to  be trans Experim ental Section

since in the process o f the double-bond m igration the Gas chromatography was carried out on Shimadzu GC-2C, 
configuration o f the b icyclic compound would becom e with 3 m x  3 mm steel columns packed with 30% PEG-6000 and
the therm odynam ically more stable one. 30% HVSG on Chromosorb W  (80-100 mesh). Infrared spectra

Upon epoxydation  o f the compound 7 (contam inated were recorded as liquid films on SMmadzu IR-27. Ultraviolet
■n. nnr A\ . , . . .  .. spectra were obtamed in ethanol on Hitachi EPS-2 spectrometer,

w ith  7 %  8) w ith  hydrogen peroxide in aqueous alka- Nmr spectra we?e measured at 60 M H z with Varian Associates
line solution, 21 the epoxide 9 was obtained in 61% yield A-60 and Japan Electron Optics C-60-H in 5% solution. Mass
as a mixture of two stereoisomers contaminated with spectra were obtained on Hitachi RMS-4 spectrometer. Micro-
unchanged 8. The ir spectrum of the product showed a analyses were carried out by Mrs. Huzimoto of this laboratory

very weak absorption corresponding to the conjugated [ismg Yanaglmoto automatlc anal>'zer CHN Corder MT‘ 1-
carbonyl group of 8. Owing presumably to a steric Pyrrolidine Enamine (2 ) of Methyl 2-Oxocyclopentane-l- 
factor, 8 was not readily epoxydized. The separation acetate ( l ) .— According to the procedure of Stork, et at.,11 from 
of 8 and 9 was not feasible by gas chromatography. 16 g (0.10 mol) of methyl 2-oxycyclopentane-l-acetate ( l ) 9'10 and
The crude epoxide 9 was converted into the p-toluene- 9-2 g (0.13 mol) of pyrrolidine, 18 g (86% ) of pyrrolidine enamine

i f  iu j  , • .. , , (2) was obtamed: bp 110-115 (1 mm); ir (liquid film ) 3030
sulfonylhydrazone derivative with an equivalent (HC=)> 174 5 (ester ¿= 0 ), 1625 vcm-i (N0 =C ); nmr (CDCb)
amount o f p-toluenesulfonylhydrazm e,22 and the prod- T g.40-7.60 (15), 6.34 (s, 3, C 02CH 3), 5.86 (equivocal t, l ,
uct was chromatographed on silica gel. There was ob- H C = ) ;  mass spectrum (70 eV ) m/e (relative intensity) 209
tained in 51%  y ie ld  m ethyl (± )-2 - (2 '-p en tyn y l)-3 -oxo - (M+> 91), 208 (57), 194 (7), 178 (20), 150 (70), 136 (100), 135
cyclopentane-l-acetate (methyl dehydrojasmonate) 4 (99), 122 (27) 108 (17) 94 (12), 79 (20), 70 (47). Gas chro-

i i i , . , , matography (PEG-20M) snowed a single peak. Owing to the
(10) whose analyses and mass spectrum were cons-stent lability of the substance, an analysis was not performed,
with the postulated structure. Methyl (±)-2-Oxo-3-(l'-ethyl-2'-oxopropyl)cyclopentane-l-

Hvdrogenation of 10 over Lindlar catalyst23 gave acetate (3).— To a crude pyrrolidine enamine 2, prepared from
methyl (±)-jasmonate (11) whose ir spectrum coincided 70 g (°-45 m°b  of 1> 111 200 1111 of dioxane, was added 78 g (0.47

with that of Demole and Stoll (SchemeIV).- The mass S Z Z j Z
spectrum showed a molecular ion peak {m /e  224). In hydrochloric acid were added and refluxing was continued for
the nmr spectrum of the product, the two olefinic pro- 30 min. The reaction mixture was poured into saturated sodium
tons showed an AB coupling pattern with a cis coupling chloride solution and extracted with ether. The ether extract,
constan t o f  6 H z  when distilled, gave 26 g (31% ) of keto esters, bp 140-150° (2

w u  i o  , j  , , n j - u l mm), and 13 g (18% ) of the starting material 1. Gas chromatog-
When 10 was hydrogenated over palladium charcoal, raphy (H VSG ) of the product showed two main peaks correspond-

rnethyl (±)-dihydrojasmonate ( 1 2 )  was obtained whose jng to 3 and 4 in a ratio of 87:13 with an uncharacterized small
mass and ir spectra coincided with those of an authentic peak. The keto ester 3 was purified by preparative gas chro-
sample. 24 The stereochemistry of the substituents on matography: ir (liquid film) 1745, 1740 (ester C = 0 , cyclic
,, , , • in u j  • C = 0 )  and 1715 cm-1 (C = 0 ) ;  nmr (CD Ch) r 9.10 9.01 (two
the cyclopentanone rmg would be predominantly irons tripletSj 3, j  =  7 Hz, CH 3CH2- ) ,  8.83-7.90 (m, 5), 7.88, 7.78
for the reason mentioned in the case of compound 7 as (two singiets, 3, CH 3C O -), 7.66-6.80 (6), 6.31 (s, 3, C 02CH3). 
well as those described by Yarech, et al.2& As expected from the nmr spectrum, 3 showed two close peaks

on gas chromatography (HVSG and PEG-20M). The separation 
of these peaks was unsuccessful: mass spectrum (70 eV ) m/e 

(21) R. L. Wasson and H. O. House, "Organic Syntheses," Coll. Vol. IV, 240 (M +). Anal. Calcd for C i3H 20O,: C, 64.98; H , 8.39.
John Wiley & Sons, Inc., New York, N. Y., 1963, p 552. Found’ C 64 85’ H  8 20

K.( h! £Lju“ : s „ L t b ^ r “^ Wir ^ r ^ :  w
Wieland, and G. Anner, Helv. Chim. Acta. SO, 2101 (1967); (b) P. Wieland, — To  the crude enamine 2 prepared from 16 g (0.10 mol) of 1
H. Kaufmann, and A. Eschenmoser, ibid., 60, 2108 (1967); (c) A. Eschen- dissolved in 50 ml of toluene was added 17 g (0.10 mol) of 5 in
moser, D. Felix, and G. Ohloff, ibid., 50, 708 (1967); (d) M. Tanate, D. F. 20 ml of toluene. The reaction was carried out under reflux for
Crowe, R. L. Dehn, and G. Detre, Tetrahedron Lett., 3739 (1967); (e) M. g hr. After the addition of 26 ml of water and additional re-
T&nabe, D. F. Crowe, and R. L. Dehn, ib id ., 3943 (1967). ------------------

(23) H. Lindlar, Helv. Chim. Acta, 35, 446 (1952). (25) D. Varech C. Ouannes, and J. Jacques, Bull. Soc. Chim. Fr., 1662
(24) E. Demole, E. Lederer, and D. Mercier, ib id . , 45, 685 (1962). (1965).
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fluxing for 2 hr the mixture was treated as above. There was 1705 (conjugated C = 0 ) ,  1660 cm -1 (conjugated C = C ) ;  the
obtained 8.0 g (34% ) of keto esters (3 and 4 in a ratio of 16:81), fingerprint region of 8 was different from that of 7; nmr (CDC13)
bp 155-160° (2-3 mm), and 4.7 g (30% ) of starting material 1. t 8.96 (t, 3, /  =  7 Hz, CH3CH2-), 8.50-6.70 (12), 6.28 (s, 3,
Gas chromatography (H VSG ) of the product showed two main COOCH3). A n a l . Calcd for C13H 18O3: C, 70.24; H , 8.16.
peaks (3 and 4) with a small peak (3% ) which was considered to Found: C, 70.38; H, 8.15.
be methyl ( ± ) - 2-oxo-l-(2 '-oxopentyl)cyclopentane- 1-acetate (4 ') 2,4-Dinitrophenylhydrazone of 8 had mp 180.5-181°. A n a l .
(see below). The major component 4 was separated by prepara- Calcd for C19H 22O6N 4: C, 56.71; H , 5.51; N , 13.92. Found:
tive gas chromatography: ir (liquid film) 1745, 1740 (ester C, 56.65; H, 5.46; N , 13.66.
C = 0 , cyclic C = 0 ), and 1715 (C=0 ) cm-1; nmr (CDC13) r Gas chromatographic analyses (PEG-20M ) of 8 showed two
9.06 (t, 3, /  =  7 Hz, CH3CH2), 8.40 (heptet, 2, J  =  7 Hz, peaks in a ratio of 86:14, the major one of which was considered
CH3CH2CH2-), 8.10-7.10 (12), 6.30 (s, 3, CO2CH3); mass to be irons isomer 8a and the minor one, cis isomer 8b.
spectrum (70 eV ) m/e (relative intensity) 240 (M +, 4), 222 (7), The mass spectrum [70 eV, m/e (relative intensity)] of 8a 
208 (33), 181 (13), 169 (23), 164 (17), 152 (31), 149 (28), 137 showed 222 (M +, 46), 194 (32), 178 (4), 163 (23), 149 (32), 135 
(77), 123 (28), 109 (16), 105 (7), 81 (20), 71 (100), 55 (24), 43 (20), 134 (19), 133 (16), 120 (100), 105 (60), 91 (44), 79 (41),
(95); A n a l . Calcd for C13H20O4: C, 64.98; H, 8.39. Found: 65 (12), 55 (16), 41 (29); 8b, 222 (M +, 84), 194 (32), 178 (4),
C, 65.26; H , 8.11. 163 (87), 149 (89), 135 (21), 134 (20), 133 (28), 120 (100), 105

Reaction of Ethyl 2-Oxo-3-ethoxycarbonylcyclopentane-l-ace- (76), 91 (78), 79 (75), 65 (20), 55 (33), 41 (44).
tate.— When 16 g (66 mmol) of ethyl 2-oxo-3-ethoxycarbonylyc- Similar treatment of 4 (contaminated with 5%  4 ') gave a
clopentane-l-acetate26 was added to 2.5 g (65 mg-atoms) of potas- product consisting 79% 8a, 17% 8b, and 4%  8'.
sium dispersed in 70 ml of toluene and treated with 16 g (97 mmol) ( ±  )-l,2-Epoxy-2-ethyl-6-methoxycarbonylmethylbicyclo[3.3.0] - 
of 5 for 20 hr under reflux, there was obtained 12 g (57% ) of octan-3-one (9).— To a solution of 8.2 g (37 mmol) of 7 (con-
keto esters, bp 150-190° (2 mm). On gas chromatography the taminated with 7%  8) in 40 ml of methanol, 11.5 ml of 30%
product showed two peaks in a ratio of 4:6 whose mass spectra aqueous hydrogen peroxide solution, and 6.6 ml (20 mmol) of 
demonstrated the similar fragmentation patterns (M +, m/e 326). 3 N  sodium hydroxide solution were added at 15-25°. After

These components were considered to be a pair of stereoisomers standing overnight the reaction mixture was poured into satu-
of ethyl 2-oxo-3-ethoxycarbonyl-3-(2'-oxopentyl)cyclopentane-l- rated sodium chloride solution and extracted with ether and the
acetate contaminated with ethyl 2-oxo-3-ethoxycarbonyl-3-(l'- solvent was removed. There was obtained 5.4 g (61% ) of 9, bp
ethyl-2'-oxopropyl)cyclopenlane-l-aeetate. 135-145° (1 mm), whose ir showed the presence of a very small

Hydrolysis of 11 g (34 mmol) of the keto ester with hydrochloric amount of unchanged 8. Gas chromatography (H VSG ) of the
acid followed by reesterification with methanol in methylene product showed two main peaks (stereoisomers) with three
chloride gave 2.1 g (26% ) of a mixture of 3 and 4 in a ratio of small, uncharacterized peaks. The separation of 9 and 8 on gas
15:85, bp 160-163° (4 mm). chromatography was unsuccessful: mass spectrum (70 eV ) m/e

Methyl ( ±  )-2-Oxo-3-(2'-oxopentyl)cyclopentane-l-acetate (4). 238 (M +). A n a l . Calcd for C^HisO,: C, 65.53; H , 7.61.
— A  mixture of the crude enamine 2 prepared from 16 g (0.10 mol) Found: C, 65.95; H , 7.64.
of 1 and 17 g (0.10 mol) of 615 was stirred and refluxed in 180 ml Methyl (±)-Dehydrojasmonate (10).— A  mixture of 2.0 g
of toluene for 6 hr and treated as described above. There was (8.4 mmol) of crude 9 and 1.6 g (8.4 mmol) of p-toluenesulfonyl-
obtained, beside 4.5 g (28% ) of the starting material 1,10 g (42% ) hydrazine in 80 ml of ethanol was warmed at 40-50° for 1.5 hr.
of 4, bp 140-145° (1 mm). Gas chromatography of the product Removal of the solvent gave crude tosylhydrazone which was
demonstrated two peaks in a ratio of 5:95. The minor component chromatographed over 15 g of silica gel (Mallinckrodt, 100 mesh)
was considered to be methyl 2-oxo-l-(2'-oxopentyl)cyclo- using benzene and ethyl acetate (3 :1 ). When the elute was
pentane-1-acetate (4 ')- concentrated and distilled, there was obtained 0.95 g (51% ) of

When the reaction was carried out in dioxane instead of toluene, methyl (±)-dehydrojasffionate ( 10): bp 140-150° (2 mm) [lit.4
the same result was obtained. bp 88° (0.001 m m )]; ir (neat) showed similar absorptions of that

(±)-2-Ethyl-6-methoxycarbonylmethylbicyclo[3.3.0]oct-l-en-3- of methyl jasmonate4 except slight differences in the fingerprint
one (7).— A  mixture of 5.0 g (21 mmol) of 3 contaminated with region; ir (liquid film) 1745, 1465, 1435, 1370, 1340, 1320, 1290,
13% of 4, 2.5 g (45 mmol) of potassium hydroxide, and 75 ml of 1265, 1230, 1195, 1165, 1090, 1070, 1015, 995 cm-1; mass spec-
water was refluxed for 15 hr. After extraction with ether, the trum (70 eV ) m/e (relative intensity) 222 (M +, 2), 207 (3), 193
aqueous layer was acidified with dilute hydrochloric acid and (33), 191 (5), 163 (2), 149 (10), 133 (13), 122 (100), 107 (38), 91
extracted with ether. The latter ethereal solution, on removal (18), 79 (18), 67 (7), 55 (15), 41 (15). Analyses gave correct
of the solvent, afforded 4.0 g of (±)-2-ethyl-6-carboxymethyl- values.
bicyclo[3.3.0]oct-l-en-3-one, which, on esterification with 6.0 g Methyl (zfc)-Jasmonate ( 11 ).— Restricted hydrogenation of
of methanol and 5 drops of concentrated sulfuric acid in 30 ml of 0.21 g (0.96 mmol) of 10 over 0.50 g of Lindlar catalyst23 in 5 ml 
methylene chloride, gave 2.6 g (56% ) of ( ± )  7, bp 130-135° (1 of methanol gave 0.13 g (60%) of 11: bp 130-140° (2 mm)
mm). The product was shown to be contaminated with 7% of [lit.4 bp 81-84° (0.001 m m )]; ir spectrum was consistent with
8 by gas chromatography. Purification of 7 was performed by that of an authentic sample;4 nmr (CDC13) t  9.04 (t, 3, J  =  7 
preparative gas chromatography: uv max (95% ethanol) 238 Hz, CH 3CH2- ) ,  8.80-7.10 (12), 6.30 (s, 3, COOCH3), 4.72 (d,
mu (e 10,060); ir (liquid film) 1745 (ester C = 0 ) ,  1705 (conju- 1, /  =  6 Hz, H C = ) ,  4.53 (d, 1, /  =  6 Hz, H C = ) ;  mass spec-
gated C = 0 ) ,  1660 cm-1 (conjugated C = C );  nmr (CDCI3) t  trum (70 eV ) m/e (relative intensity) 224 (M +, 28), 206 (4), 193
8.97 (t, 3, J  =  7 Hz, CH 3CH 2- ) ,  8.50-7.10 (12), 6.32 (s, 3, (9), 177 (3), 167 (4), 165 (4), 156 (25), 151 (50), 133 (16), 121
COOCH3); mass spectrum (70 eV ) m/e (relative intensity) 222 ( 1 1 ), 109 (25), 95 (31), 83 (100), 67 (27), 55 (33), 41 (58).
(M +, 24), 194 (4), 191 (8), 163 (7), 149 (100), 133 (12), 120 (20), Analyses afforded correct values.
105 (30), 91 (20), 79 (24), 55 (10), 41 (19). A n a l . Calcd for Methyl ( ±  )-Dihydrojasmonate ( 12).— Hydrogenation of 40 mg 
C13H 18O3:  ̂C, 70.24; H , 8.16. Found: C, 70.44; H, 8.20. (0.18 mmol) of 10 over 0.25 g of 5%  palladium-charcoal in 5 ml

2,4-Dinitrophenylhydrazcne of 7 had mp 139-142°. A n a l . of methanol gave 35 mg (87% ) of methyl (d-)-dihydro jasmonate
Calcd for C19H 22O6N 4: C, 56.71; H , 5.51; N , 13.92. Found: ( 12): ir of the product coincided with that of an authentic
C, 56.46; H, 5.47; N , 13.66. sample;24 mass spectrum (70 eV ) m/e (relative intensity) 226

(±)-2-Ethyl-8-methoxycarbonylmethylbicyclo[3.3.0]oct-l-en- (M +, 4), 195 (4), 169 (3), 156 (36), 153 (24), 137 (3), 124 (14),
3-one (8).— A  mixture of 6.1 g (25 mmol) of 4 contaminated with 109 (4), 95 (7), 83 (100), 74 (7), 67 (8), 55 (20), 41 (20).
17% 3 (but no detectable amount of 4 '), 3.1 g (55 mmol) of 
potassium hydroxide, and 70 ml of water was treated as above
and there was obtained 2.8 g (50% ) of a product. Gas chroma- Registry No.—2, 20073-04-5; 3, 20073-05-6 ; 4, 
tography of the product shewed three components corresponding 20073-06-7; 7 , 20073-07-8; 7  2 ,4 -dinitrophenylhydra- 
to 74% 8, 24% 7, and 2% 8'. The major compound 8 was on ion  no o . onn^o no n 0 0 , ,. .,
purified by preparative gas chromatography (H VSG ): uv max zone, 20126-08-3; 8a 20073-08-9; 8 a 2,4-dimtro-
(95% ethanol) 238 m/i (e 7060); ir (liquid film) 1745 (ester C=0), phenylhydrazone, 20073-09-0; 8b, 20073-10-3; 8b,
__________  2,4-dimtrophenylhydrazone, 20073-11-4; 9, 20073-12-5;

(26) J. P. Schaefer, O rg . R e a c t io n s , 16, 1 (1967). 11, 20073-13-6.
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The Synthesis of Caseadine Methyl Ether
M. P. C a v a , M. V. L a k s h m ik a n t h a m , a n d  M. J. M it c h e l l  

Department of Chemistry, Wayne State University, Detroit, Michigan 48202 

Received February 3, 1969

Syntheses are described for the isomeric racemic bases 3,4,10,ll-tetramethoxy-5,6,7,8,13,13a-hexahydrodi- 
benzo[a,g]quinolizine (IX ) and l,2,10,ll-tetramethoxy-5,6,7,8,13,13a-hexahydrodibenzo[a,g']quinolizme (X ).
The latter was shown to be the racemic form of the methyl ether of the novel tetrahydroprotoberberine base,
( — )-caseadine, thus giving synthetic support to the caseadine structure la  assigned by Chen, MacLean, and 
Manske on spectroscopic and biogenetic grounds.

The isolation of two minor phenolic alkaloids, desired tetrahydroprotoberberine IX , mp 158.5-160°.
originally designated F-33 and F-35, was reported Infrared examination showed this base to be definitely
from Corydalis caseana A. Gray in 1938.1 A  recent different from caseadine methyl ether,
elegant study of these trace alkaloids, now named The isomeric 1,2,10,11-tetramethoxytetrahydro-
caseamine and caseadine, respectively, indicated that protoberberine X  was synthesized starting from 7,8-
they are tetrahydroprotoberberines having the same dimethoxyisocuinoline (V ) (Scheme I I ) . 5 Reaction of
novel substitution pattern. Spectroscopic consider- isoquinoline V  with benzoyl chloride and potassium
ations narrowed the structure of the more abundant cyanide gave, in 43% yield, the corresponding Reissert
monophenolic base caseadine to la  or lb. Of these compound V I, mp 158°. Using the general procedure
two possibilities, structure la  was regarded as the more of Kershaw and U ff,6 reaction of V I with veratryl
likely on the basis of biogenetic analogy with other
known alkaloids of the benzylisoquinoline family . 2 Scheme I I
Since caseadine has been converted into a crystalline
methyl ether, we undertook the synthesis of both of the J. II J, __„ JT f  1 v
possible methyl ether structures IX  and X . 6 °

The starting material for the synthesis of the 3,4,10,- OCR OCH*CN
11-tetramethoxy tetrahydroprotoberberine IX  was the V 3

known dihydroisoquinoline I I I , 3 which we obtained by VI
a much improved procedure (79% yield) involving
polyphosphate ester cyclization of amide I I  (Scheme I). X X N f 1
Sodium borohydride reduction of I I I  afforded, in 61% C H o O '^ Y j ' "
yield, the crystalline l-veratryl-5,6-dimethoxy-l,2,3,4- ¿CH3 *■ OCH3 —*
tetrahydroisoquinoline (IV ), characterized as its hydro- [ | T  1
chloride. Condensation of the latter salt with form- q^CD CH  | ^ O C H 3
aldehyde according to the general procedure of ¿CH3 3 OCH3

Corrodi and Hardegger4 gave a good yield of the ^  VIII

Scheme I  | | | |

och3 och3 c H1( f y Y N ^

C H j O y L v  och3 L Y

U yH _ UL" _ V~oc„,
X X  kX x 0CH3

Y ochs j o c h ,
och3 och3 I4

II III S i Y v x

OCH3 och3

T t f ' T l

k j L , N H  X X 0C
L l  0CH>

y \ ) C H 3 J i°CH3 Ia. Ri = 0H: = OCH;,: R;, = R, = H
OCH3 OCH3 b. R, = R, = H; R.; = OCH,«; R, = OH

IV IX ---------------
____________ _  (5) W. J. Gensler, K. T. Shamsundar, and S. Marburg, J .  O rg . C h e m .,

(1) R. H. F. Manske and M. R. Miller, C a n . J .  R e s .,  B .  16, 153 (1938). 83, 2864 (1968).
(2) C.-Y. Chen, D. B. MacLean, and R. H. F. Manske, T e tra h e d ro n  L e t t . , (6) J. R. Kershaw and B. C. Uff, C h e m . C o m m u n . , 331 (1966). In this

349 (1968). communication concerning a new benzylisoquinoline synthesis, l-anisyl-7,8-
(3) A. Lindenmann, H e lv .  C h im .  A c ta , 32, 69 (1949). The PCls cycliza- dimethoxyisoquinoline is mentioned as one of the compounds prepared,

tion of I I  to the amorphous I I I  in unspecified yield is reported in this paper; Implicitly, Reissert compound VI was the intermediate used in this case,
this product was not subjected to further transformations. although it was not specifically described in any way. We, therefore, re-

(4) H. Corrodi and E. Hardegger, ib id . , 39, 889 (1956). port our synthesis of VI.
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chloride and sodium hydride, followed by aqueous to a solution of 0 380 g (1.00 mmol) of the tetrahydroi-soquinolme
• ooor • i j  i 7 s ( IV ) hydrochloride m 4.5 ml of water while the latter was heatedalkaline hydrolysis, gave in 83% yield l-veratryl-7 8 - ^  bath The reactlori mixture was diluted with L 0  mi

d im eth oxy isoq u in o lm e A l l ) ,  m p  79-81 . C a ta ly t ic  of 6 N  hydrochloric acid and was cooled in an ice bath to give
red u c tion  o f V I I  y ie ld ed  th e  am orphous 1 -vera try l- 0.332 g (85% ) of IX  hydrochloride as white crystals, mp 232-
7 ,8 -d im eth oxy -l,2 ,3 ,4 -te trah yd ro isoqu in o lin e  ( V I I I ) ,  234° dec, obtained in two crops. The analytical sample, mp
ch aracterized  as its  c rysta llin e  N -a c e ty l d e r iv a t iv e . 232-234° dec, was recrystallized from 0.05 V  hydrochloric ac.d:

Acid-catalyzed condensation of V I I I  with formaldehyde mAnai  "calcd  fo? C21H26C1N04: C, 64.36; H , 6.69; Cl, 9.05; 
g a v e  the desired tetrahydroprotoberberine X ,  mp 165 , N , 3.57. Found: C.64.08; H, 6.77; Cl, 9.05; N , 3.61. 
the infrared spectrum of which in chloroform solution Treatment of the hydrochloride salt of IX  with base gave the 
was identical with that of the methyl ether of natural free amine, mp 158.5-160°, which resembles caseadine methyl

This result, considered with the earlier i )  < ° . L " f u ‘.  S
reported spectroscopic evidence, confirms the structure differed unmistakably from X  in its nmr spectrum and its in- 
Ia for caseadine itself, as proposed by Chen, MacLean, frared spectrum.
and Manske. 2 l-Cyano-2-benzoyl-7,8-dimethoxy-l,2-dihydroisoquinoline

The facile resolution of several 1,2,3,4-tetrahydro- (V I).6- A  solution of 10 g (0.0052 mol) of the isoquinoline V3 in
lsoqmnolmes by (2A :3 A )-2 '-nitrotartramlic acid was benzoyl c U o r id e y(10 ml) in the presence of potassium cyanide
reported recently.7 Although we were unable to ( io  g, 0.154 mol) in 25 ml of water. The mixture was stirred for
effect a resolution of racemic caseadine methyl ester I  additional hr at room temperature. The organic layer was
(X ) using this acid, we found it to be an advantageous washed several times with water and was dried. The solvent was
acid catalyst for the formaldehyde cyclization of V III, removed and the re* ^ “ e was crystallized from alcohol to give V I,

since the salt of the acid with the resulting caseadine c llcd T o r  C19H 16N 20 ,: C, 71.24; H , 5.03; N , 8.74.
methyl ether crystallized directly in a state of purity Found: C, 71.24; H , 5.17; N , 8.74.
from the reaction mixture. l-Veratryl-7,8-dimethoxyisoquinoline (VII).—Sodium hydride

(1.452 g ) was added to a stirred mixture of 3.326 g (0.004 mol) of 
V I and 2.948 g (0.015 mol) of veratryl chloride10 in 100 ml of 

Experimental Section8 dimethylformamide at 0° under nitrogen. The mixture was
stirred for 3 hr more at ambient temperature, and then diluted 

Polyphosphate Ester.9— Phosphorus pentoxide (150 g ) was with water and extracted with methylene chloride. The residue
added to a solution of 300 ml of anhydrous ether and 150 ml of from the organic extract was refluxed with a mixture of 200 ml
alcohol-free chloroform. The reaction mixture was refluxed under of 10%  aqueous alkali and 100 ml of ethanol for 3 hr. The
dry nitrogen for 4 days and the resulting clear solution was ethanol was removed in a rotary evaporator and the residue was
decanted from a small amount of residue. The solution was extracted with ether. Reextraction of the ether extract with 2
concentrated to a colorless syrup in a rotary evaporator; residual N  hydrochloric acid, followed by basifieation of the acid extract,
traces of solvent were removed by heating the syrup for 36 hr at furnished crude V I I ,  mp 69-76° (2.936 g, 83%), which on re-
40“ in  vacuo. crystallization from dry ether gave the pure product: mp 79-81°

l-Veratryl-5,6-dimethoxy-l,2,3,4-tetraliydroisoquinolme (IV ). (1-7 g ) ; X*;°H 215 mM (e 3.71), 245 (3.68), 295 (2.85), 370
— Amide I I 3 (3.36 g, 9.35 mmol) was mixed with 24 g of poly- (2.71).
phosphate ester and the mixture was heated on a hot plate at 'AnaL Caicd for C2oH21N 0 4: C, 70.78; H , 6.24; N , 4.13. 
80° for 12 hr. The reaction mixture was poured into 200 ml of Found: C 70.54; H, 6.46; N , 4.30.
water and the resulting clear solution was stirred at room tern- The picrate of V II,’ mp 150^154°, was prepared and was re-
perature for 0.5 hr and wa3 then extracted twice with 50-ml crystallized from ethanol.
portions of ether. The aqueous layer was made basic with am- AnaL Calod for C26H 24N 4Ou: C, 54.93; H , 4.25; N , 9.86. 
monium hydroxide and was extracted with four 100-ml portions Found: C 55.03; H , 4.45; N , 9.98.
of 1:1 benzene-ether. The organic extract was dried over mag- l-Veratryl-7,8-dimefhoxy-i,2,3,4-tetrahydroisoquinoline (V III).
nesium sulfate and was evaporated to an oil in  vacuo. The di- _ A  soiution of 0.600 g of V I I  in 60 ml of ethanol containing 2
hydroisoquinoline ( I I I ,  yield 2.52 g, ca. 79%) could not be drops of 6 A  hydrochloric acid was shaken with hydrogen at 30
crystallized, but was used directly in the next step of the syn- ps; jn the presence of 0.10 g of platinum oxide. After 7 hr, the 
thesis. _ . . . .  catalyst was filtered off and the solvent was removed in vacuo.

A  solution of 0.445 g (1.30 mmol) of the dihydroisoquinoline The residue was basified and worked up in the usual manner to
( I I I ) 3 in 10 ml of methanol was treated with 200 mg of sodium give 0.6 g of V I I I  as a gum which resisted crystallization. How-
borohydride, added in small portions during 15 min. The re- ever, 0.099 g of an N-acetyl derivative, mp 91°, was obtained
action mixture was allowed to stand for 0.5 hr at room tempera- from 0.100 g of the crude product (V I I I ) .  
ture and was then diluted with water to the cloud point. On AnaL Calod for c 22H2,N 0 5: C, 68.55; H , 7.06; N , 3.63.
standing overnight it deposited white needles of the tetrahydro- Found- C 68.44- H  7.05- N  3.71.
isoquinoline (IV ), 0.273 g (61% ), mp 70-73°. l,2,10,ll-Tetramethoxy-5,6,7,8,13,13a-hexahydrodibenzo-

The product was analyzed m the form of its hydrochloride, [a,g]quinolizine (X ).— The crude hydrochloride of V I I I ,  obtained 
which was recrystallized from ethanol. Thus, a solution of 3.00 by reduction of 1.00 g of V I I  (see above), was dissolved in 10 ml
g of IV  in ethanol was treated with hydrogen chloride gas to 0f water 0n a steam bath and treated with 2 ml of 37% formalde-
give 2.58 g (78% ) of the hydrochloride of IV : mp 23/-238 ; hyde solution, added during 15 min. Heating was continued for
Xm„  230 m/x (log e 4^2)^ 278 (3.62) 1 hr. The mixture was basified and extracted with methylene

Anal. Oalcd for 0 2oH26C1N04. O, 63.26, H, 6.90, Ol, 9.33, chloride as usual. The sticky solid (0.7 g ) obtained by evapora-
N , 3.69. Found: C, 63.30; H , 7.01; Cl, 9.40; N , 3.55. tion of the solvent was recrystallized from dry ether to give 0.2 g

3>4,10,1 l-Tetramethoxy-5,6,7,8,13,Ba-hexahydrodibenzo- of x . mp 165o. xe.oh 215 flog f =  5.00)> 235 (4.20)> 28|
[a,#]quinolizine (IX ).— Aqueous formaldehyde solution (0.8 ml, ^  yg^
37%) was added dropwise during 0.25 hr with occasional stirring AnaL Caicd for C21H25N 0 4: C, 70.96; H , 7.09; N , 3.94.
_____________ Found: C, 70.86; H, 7.12; N , 4.07.

In another run, a solution of 0.9 g of V I I I  in 10 ml of ethanol
(7) T. A. Montzka, T. L. Pindell, and J. D. Matiskella, J. O rg . Chem., S3, was treated with a solution of 0.5 g of (2 R :3 R )-2 '-nitrotartranilic

3M'3/ 1.968?' , acid7 in ethanol. The crude salt obtained by evaporation of the(8) Analyses were performed by MidweBt Microlab, Inc., Indianapolis, __, , ,.....,, 1 ... , ,,, . *
Ind. Melting points are uncorrected. solve+nt J 8?  extracted with boiling water. The aqueous extract

(9) The procedure described here is based in part on the best features of was treated Wlth a few  droPS of formalin and heated on the steam
three previous procedures: (a) Y. Kanaoka, O. Yonemitsu, K. Tanizawa,
and Y. Ban, C h e m . P h a r m .  B u l l .  J a p . , 12, 773 (1964); (b) W. Pollmann 
and G. Schramm, B io c h e m . B io p h y a . A c ta , 80, 1 (1964); (c) G. Schramm, H.
Grotsch, and W. Pollmann, A n g e w . C h e m . In t e r n .  E d .  E n g l . , 1, 1 (1962). (10) K. Kindler and B. Gehlhaar, A r c h iv .  P h a r m . , 274, 377 (1936).
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bath for 2 hr. The yellow nitrotartranilate of X, 0.8 g, mp 165°, 07-0; IX , 20122-08-1; IX  hydrochloride, 20122-09-2;
separated on cooling and was recrystallized from ethanol. v  9 0 19 9  in  V  X  n itm ta rtra o ila to  90199 11

Anal. Calcd for C ^ N a O n :  C, 59.52; H , 5.6; N , 6.72. A  nitrotartranilate, 20122-11-b.
Found: C, 59.07; H , 5.68; N , 6.47.

Treatment of the nitrotartranilate salt with base liberated the Acknowledgment.—We are grateful to Dr. D. B.
amine (X ),  identical in R s, infrared spectrum (CHC13), and nmr MacLean and Dr. R . H . F. Manske for a small com- 
spectrum (CDC13) with caseadine methyl ether prepared from pariSOn sample of caseadine methyl ether, and for 
natural ( —)-caseadme.2 , . , , , J ,.

direct mlrared and nmr comparisons ot the synthetic
Registry No.—IV  20122-04-7; IV  hydrochloride, and naturally derived bases. We also thank the Smith 

20122-05-8; V I, 20122-06-9; V II, 20122-48-9; V I I  Kline and French Co., Philadelphia, for financial sup- 
picrate, 20122-49-0; V I I I  (N-acetyl derivative), 20122- port of this investigation.

Some Approaches to the Total Synthesis of Lycorine
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The problem of the synthesis of the lycorine family of Amaryllidaceae alkaloids is analyzed and two separate 
kinds of synthetic routes are examined experimentally. The first route, based on a Diels-Alder formation of ring 
C, leads to a product containing the lycorine skeleton with a nonaromatic ring C reasonably functionalized 
to complete the synthesis. The second approach, involving several variations on a roughly biosynthetic analogy, 
was frustrated on each occasion by reactions, usually internal conjugate additions, which took an undesirable 
course.

Lycorine (1) is the principal member of a family of carbon can either be used as the carbon at the B/C-ring
Amaryllidaceae alkaloids2 which have not been syn- junction or as the aromatic link to the nitrogen atom,
thesized to date and which present an interesting Two dissections of the skeleton into reasonable “ syn-
synthetic challenge. In the present work we present thons” 3 are shown in 2 and 3, using piperonal in these
an analysis of the synthetic problem and experimental two possible ways. The first dissection, 2 , is built on a
work directed to several of the routes developed from Diels-Alder creation of ring C so as to assure frans-ring-
this analysis, over a number of years. fusion stereochemistry; the requisite diene can be four

The problem chiefly centers around ring C, which or six carbons and ring B would finally be cyclized
bears all four asymmetric centers and is in the same using formaldehyde. The second dissection, 3, is that
oxidation state as an aromatic ring, to which it readily which is utilized in biosynthesis of the Amaryllidaceae
reverts by double dehydration, destroying all asym- alkaloids, 4 oxidative coupling of phenols creating bond
metric centers. The glycol is trans diaxial, hence in an “ a” , followed by conjugate addition of nitrogen for
unstable configuration on the rigid, trans decalin ring bond “ c” ; this conjugate addition destroys the aro-
system. This situation argues for trans hydroxylation maticity of ring C which arises biosynthetically from
of a A 1' 2 double bond, while a A3’3a double bond, tyrosine. We considered the Pschorr cyclization on a
presumably more susceptible to oxidation, must be diazonium site to substitute for the biosynthetic
retained in lycorine. oxidative coupling in linking rings A  and C (bond

“ a” ).
OH The Diels-Adler Approach.6— The dienophile implicit

H0.„ j L  in dissection 2 is 3,4-methylenedioxy-&i-nitrostyrene,
1 j c  |3 | | bearing the correct skeleton and trans geometry and
’ r T tS<  ‘*»4 easily prepared from piperonal and nitromethane.6

\  /  \  J U ,  .N--4 Unfortunately, this is a weakly activated dienophile,
® 7 6 5 0  qH20  * so that, while it reacted acceptably with butadiene to

j 2 form 4a, only polymers (and unchanged nitrostyrene)

< ^ .  resulted from dienes with more than four carbons, like
[ jj hexatriene or vinylacrylic acid. With vinylfuran, the

nitrostyrene was consumed, but the reaction yielded a
JL ___I host of products (with saturated - N 0 2 in the ir

0 Cb spectra) inseparable by chromatography. The
expected product, 5, should yield a bromo ketone

Starting material for the synthesis will presumably be (3) e . j. Corey, P u r e  a p p i . c h e w .., 1 4 , 1 9  (1967). 

pip.ron. 1  (3,4-methylenedioxybenzaldehyde), which is „  «> \ £ S t t 2 £ £ £ 2 i3 8 T 8
readily available. Hence a second C—C bond must be D. A. Archer, S. W. Breuer, R. Binks, A. R. Battersby, and W. C. Wildman,
formed to the aromatic ring. The piperonal aldehyde chem. c w  les (1963)

(5) A  similar Diels-Alder construction was later used to synthesize the 
(1) Abstracted in part from the doctoral dissertation of D. R. D., UCLA, lycoranes by R. K. Hill, J. A. Joule, and L. J. Loeffler, J .  A m e r .  C h e m . S o c .,  

1961 84, 4951 (1962).
(2) (a) W. C. Wildman, "The Alkaloids,”  Vol. VI, R. H. F. Manske, Ed., (6) L. Bouveault and A. Wahl, C o m p t .  R e n d . , 136, 42 (1902). We used a

Academic Press, New York, N. Y., 1960, p 289; (b) H. G. Boit, "Ergebnisse modification of the procedure of D. E. Worrall, "Organic Syntheses,” Coll,
der Alkaloid Chemie bis 1960, "Akademie-Verlag, Berlin, 1961. Vol. I, John Wiley & Sons, Inc., New York, N. Y., 1941.
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on bromination/hydrolysis, but, while bromine was derivative as before when subjected to catalytic 
consumed, no spectral indication of ketone resulted. reduction, while the other gave an isomeric saturated 
The six-carbon diene 6  was also used under a variety of amine. Thus, we concluded that zinc reduction in fact 
thermolysis conditions, none of which short of charring yields the trans isomer 4b. Proof of the orientation of
led to consumption of the nitrostyrene. the formaldehyde cyclization as indicated in 4 was

I f  a four-carbon diene is used, the final two carbons obtained by permanganate oxidation of 7 to 3,4-
(4 and 5 in 2) may conveniently be attached as an amide methylenedioxyphthalic (hydrastic) acid, identical with 
and cyclized to ring C later. As this later cyclization an authentic sample similarly prepared from lycorine. 
requires activating groups in ring C, we examined 
alternate dienes to provide other functionality there.
Both 2-ethoxy-7 and 2,3-diethoxy butadienes8 were
examined, but neither provided significant rate or Ov^ s .
yield enhancement in the cycloaddition, and both X X  ̂ XXX'  X
adducts were contaminated with ketonic hydrolysis ^
products despite strenuous efforts to maintain anhy- 0

drous conditions. The pure adduct 4 c9 from the for- 7 8a, X =  CHC12
mer diene was cleanly converted to a bromo ketone on b, X  =  COOC2H5
bromination, but bromination of the total cycloaddition c, X = CH(OCH3)2

product yielded an unacceptable mixture. Hence the 
choice was made to develop the simple butadiene
adduct 4a on grounds of economical logistics, since the Two series of amides, 8a and 8b, were prepared from 
substituted dienes themselves cost two synthetic steps amine 7 with the appropriate acid chlorides and 
to prepare. The adduct 4a is formed in 72% yield in examined in detail, based on a plan of cyclization to the 
48 hr at 125° and requires two successive oxidations enol of a C-3 ketone; 8c proved unstable to acidic
from the ring C olefin to afford a ketone at C-3 for conditions for olefin oxidation. To create the C-3
activating cyclization of a two-carbon amide to C-3a. ketone requires unsymmetrical oxidative functional

ization of the double bond, which has no strong asym- 
x  metry to influence directionality of attack. However,
T conversion of olefin to acyloin (a-hydroxy ketone) will

l̂ ^ | 3  0 C H 3 allow tautomeric equilibration of the two isomers, and
0  o  I__/  this equilibrium mixture can provide activation for

/  ' ' I a TT IT T T T  \ ll cyclization and so be driven completely to the correct
z N02 product.

A  Y - w .  7  u n  e J Several routes can convert olefin to acyloin. The
b X = H ’ Z = NH nrst oxidation step can create two possible bromo-
c’ x=.0Et;Z = N02 6 hydrins or epoxides but only one fraws-diol. The

epoxide (s) from 8a, via perbenzoic acid, yielded only

Chemical reduction with zinc and hydrochloric acid % °l ° n oxidation to acyloins 11c with
smoothly transformed the nitro 4a into amino 4b M e th y l sulfoxide-boron tnfluonde 7 trans-D^  10b
function without affecting the double bond, and this ! ! as Created W1? p e r fo rm s  acid. It  was hoped that
primary amine was converted in high yield to the ° ppenauuer oxidation conditions using ¿-butoxide and
secondary amine 7 by Heifer’s procedure“  with form- benzophenone (or fluorenone) would convert this diol
aldehyde and hydrochloric acid. Before proceeding, oacyoins c, equi l ra e . ese, and further catalyze 
however, it was necessary to confirm structure 7, first lecvmann eye iza ion to 4a, but no enolic products 
with respect to retention of the trans ring junction, and wei e deteucted’. nor„mdecd oxidation of diol at all.
second as to the orientation of formaldehyde conden- . lomo X r'ns a an a were formed in very high 
sation onto the aromatic ring. It  was accepted that . 'V1,, ...J romosucclIumide m wet dimethyl
the diene addition produced the trans isomer, 4a, and SU oxl, f ’ e approximately 1.1  mixture 9a was 
that catalytic reduction of 4a in neutral solvent pro- separa e y  crystallization, while 10a was not. In
duced the dihydro derivative of 4b without change in eac caf e’ e mixture was smoothly oxidized to a
any configuration. We found that, when 4b produced noncrysta ne bromo ketone mixture, 11a or lib ,
by zinc reduction was hydrogenated, the same dihydro respective > Each bromo ketone mixture yielded an
derivative resulted. On the other hand, lithium acetoxy etone mixture (lib  and 12b, respectively)
aluminum hydride reduction of 4a yielded a roughly wp 1 potassium acetate m dimethylformamide; mass
1 : 1 mixture of amino-oiefins (4b and the epimerized spc!ctrJa , e.r suPPorted these formulations. A  variety
cis isomer) which were separated as crystalline hydro- 0 Tyurcuysis and methanolysis experiments to convert
chlorides and identified. 11 4b gave the same dihydro } to 11c, even under stringent oxygen-free conditions,

yielded only an acid product, tentatively formulated 
(7) h . l . Holmes and k . m . Mann, j .  A m e r .  c h e m .  S o c . , 6 9 , 2 0 0 0  ( 1 9 4 7 ). as 13 from ir spectrum, analysis, and neutralization

(194i)J R' JohnS°n’ W' H' Jobling’ and G‘ W' Bodamer’ Md" 6S' 131 equivalent. 14 This curious and unexpected oxidation
(9) The structure of the adduct is based on analogy to the case reported 

by W. C. Wildman, R. B. Wildman, W. T. Norton, and J. B. Fine, ib id . , 76, (12) T. Cohen and T. Tsuji, J .  O rg . C h e m ., 26, 1681 (1961).
1912 (1953). ( 1 3 ) Subsequently investigated further: D. R. Dalton, J. B. Hendrick-

(K>) L. Heifer, H e lv . C h im .  A c ta . 7, 945 (1924). son, and D. Jones, C h e m . C o m m u n . , 591 (1966).
(11) Similar differences in configuration on aliphatic nitro reduction are (14) Later attempts to characterize this product by nmr and mass

reported by N. Kornblum and L. Fishbein, J .  A m e r .  C h e m . S o c . , 77, 6266 spectra were foiled by its insolubility and lack of volatility, although a mass 
( l 955)- spectrum of the precursor l ib  was consistent with that formulation.
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terminated the 8a -*■ 1 1 c route but showed in passing no taining the correct transition geometry is a grave dis-
cyclization under the basic conditions used in hydrolysis advantage. However, the reaction has the advantage
of 1 lb. of being easy to try.

The p-hydroxyphenethyl amide of 6-nitropiperonylic 
P H acid (15a) was readily prepared by allowing 6-nitro-

piperonylic acid chloride to react with p-hydroxyphen- \ p  ethylamine.16 Hydrogenation then afforded the amine,
15b, which was diazotized in fluoroboric acid to the crys-

( I I  Jr__/ X talline diazonium fluoroborate, 15c, which melts at
0  140° and bubbles at about 170°. On heating in water,

0  this is converted to the benztriazinone, 16, which does
9(X = CHC12) 10 (X=COOC2H5) not bubble on heating to 300°. Pyrolysis of the dia-

b y I oH b Y-OH zonium salt causes extensive decomposition at atmo-
’ ’ spheric pressure under nitrogen and slow sublima-

/> y tion of benztriazinone in vacuo. This stable product
J v\ /  is also unchanged on heating in nitrobenzene, poly-
i  J  phosphoric acid, or alkali, and unaffected by photoyl-

/  r Y  I x sis-17 AlthouSh A is in principle in equilibrium with
the diazonium salt in strong acid, the benztriazinone 

q was unaffected by anhydrous fluoroboric acid18 or re-

11 fY  -  m r i  1 v ) ( y  — r m r  h  1 f lu x in g  b o r o n  t r i f lu o r id e  in  d ig ly m e .
a  Y  =  B r 2 12 a  Y =  B r = T h u s  ] t  w a s  a P P a re n t  th a t ,  w it h o u t  th e  a m id e  n i-
b,Y =  OAc b’ Y =  OAc t ro g e n  fu l ly  s u b s t itu te d , w e  c o u ld  n o t  p ro c e e d  b e y o n d
c’ y  = O H  c, Y = OH  its  in te rn a l a t t a c k  o n  th e  d ia z o n iu m  g r o u p in g  to  fo rm  a

triazinone.
?X The foregoing experiments were aimed not only at

^COOH i y O  coupling the aromatic rings but also at destroying the
f  jOOH £  T  aromaticity of ring C. In the subsequent experiments,

/  T V  T  / °  l/ 7 ^ 0X We undertook to do this operation first and separately.
\ 0 J v X x N-v CHC12 \ q One procedure for breaking into the aromaticity of a 

1 !! 1 phenol in a way which provides useful product func-
0  tionality for our purpose is the Wessely lead tetraace-

13 14a’ X = H tate oxidation of phenols, which affords a quaternary
b, X = Ac site bearing acetoxy on a dienone. 19 Oxidation of the

o-hydroxyphenethyl amide of 6-nitropiperonylic acid 
In the oxalamide series 8 b —► 1 2 b a small amount of (analogous to the para derivative 15a) with lead tetra-

crystalline keto acetate 1 2 b was obtained on extensive acetate gave a poor yield of a neutral substance which,
chromatography. Treatment of this product with after chromategraphy, exhibited only one spot on a
methoxide in methanol yielded an enolic product, 14a,15 thin-layer plate and an ultraviolet absorption maximum
which could be acetylated to a crystalline diacetate 14b. 0f 3 0 0  m/i, like the model product from o-cresol, but
However, similar methoxide treatment of the noncrys- could not be induced to crystallize. The evidence
talline mixture 1 2 b yielded no crystalline products. points to its formulation as 17. I t  was clear, however,
Accordingly, we turned our attention to other syn- that the amide nitrogen had not spontaneously cy-
thetic avenues. clized as desired by conjugate addition, and several

The Biosynthetic Model Approach.—The direct different attempts to effect this by treatment with acid
analog of the biosynthetic coupling is a Pschorr cou- lecl only to alkali-soluble substances with no evidence
pling of two aromatic rings as in 15, either through a either of ketone by ir or of the initial uv absorption re-
nine-membered ring ( “ a” ) to the lycorine skeleton or a maining at 300 m/t. In these cases acid-catalyzed
seven-membered ring (“ b” ) to the ermine system, the dienone-phenol rearrangement presumably intervened
other major Amaryllidaceas skeleton. 2 Conjugate ad- as the fastest reaction. Conversely, treatment with
dition of the nitrogen to the intermediate ring C diene sodium hydride in tetrahydrofuran to generate the
would complete either reaction, just as in the natural amide anion caused no change whatever in the dienone
biosynthesis. Models imply little steric strain in such absorption at 330 mu-
cyclizations, but the statistical improbability 0: at- j n a variation on this approach, we sought to provide

il O (16; The phenethylamines used in this work were synthesized from the
I a f  Jl II I II appropriately methe xylated benzaldehyde, v ia  nitromethane condensation to

° W c i V S  V v a v A a , « ,  the /3-nitrostyrene and reduction with lithium aluminum hydride to the
I I ' vr / -| |J T > methoxyphenethylamine; the methyl ethers were cleaved with hydriodic

0 ' ' V A V II Nv J L  J L  /  a<=id-
|| n  N'*]Sr O (17) Photolysis of benztriazines has been reported; e .g ., E. M. Burgess
O and L. McCullagh, J .  A m e r .  C h e m . S o c . , 88, 1580 (1966).

_ _ ( 1 8 )  A convenient source of a strong anhydrous acid containing poor 
15a, A  =  JNU2 nucleophiles is the solution made from commercial aqueous fluoroboric acid

b, X =  nh2 (50%) and trifluoroacetic anhydride. This solution, at about 1 M  concen-
c X = N  +BF ”  tration in HBF4, protonates anthraquinone completely and nitro- and 2,4-

_______ [______ dinitrobenzene detectably by visual color change.
(15) This structure of 14a is written for convenience in only one of the two (19) Reviewed by J. D. Loudon in "Progress in Organic Chemistry,”  Vol.

tautomeric forms possible for the 1,3-diketone system. 5, Butterworths and Co. Ltd., London, 1961, p 51.

V o l. 84, N o . 9, Septem ber 1969 T otal Synthesis of Lycorine 2669



the nitrogen for the internal conjugate addition in the OCH3
more nucleophilic form of a free amine rather than the JL
deactivated amide which did not cyclize in 17. How- | j
ever, the amine must be protected during the lead 0 \ ^ \ J \ 0 2

tetraacetate oxidation and subsequently released under [ j /  | || H
very mild conditions after the dienone is prepared.
For this purpose, we selected the i-butyloxycarbonyl J, X
group and synthesized compound 19 by the expedient ‘ 0

of carrying out a Curtius rearrangement on o-acetoxy- 22a, X = H 23a, X =  H
cinnamoyl azide in boiling 1-butanol to yield the 1-butyl- b, X = OCH3 b, X = OCH3
urethan, 18,20-21 which was then hydrogenated and sub- , , . . , , , , , ,  ,
jected to mild methanolysis of the phenolic e-acetyl, ^olysis o: 23a produced a crystalline saturated ketone, 
yielding: 19 characterized as 24 by analysis and spectral evidence
y  S (ir 5.8 n, one vinyl proton at r 4.5 in the nmr) as well as

by rapid bromination to 25 which exhibited Xmax 227 
f  1  f  JT m n (after substraction of the 6-nitropiperonylamide

X  ° 2 > OAc chromophore) and two vinyl protons in the nmr. The
\ V v N X  X  HN__  salient feature here is that the amide nitrogen did not

| H | | cyclize in a Michael addition, either by acid equilibrá
is HNCOOf-Bu COOi-Bu tion of the double bond in 2423 or directly in 25.

17 18 19 o  0

X" <xw co?>
COOi-Bu 0 0

20 21 24 25

When the phenol 19 was subjected to lead tetraace- The cyclization of the amide nitrogen was assured in 
tate treatment, the dienone 20 was obtained pure only the oxidized derivative 23b, which on hydrolysis
after extensive chromatography and in very low yield; afforded the crystalline amide 26 of a bicyclic amino
this dienone again exhibited a 301-m¿t ultraviolet ab- ketone, characterized by Xmax 289 m/i, strong ir bands at
sorption maximum, indicating that the urethan ni- 5.94, 6.05: 6.20, 6.55, and 7.50 ¡i, and a single vinylic
trogen had not cyclized. When the urethan was dis- hydrogen singlet at r 3.85. Ordinary procedures for
solved in trifluoroacetic acid, it bubbled immediately nitro group reduction led also to destruction of the 289-
and retained its dienone chromophore at 301 m¡x for mM chromophore, but hydrogen transfer using a-phel-
over an hour, but, when the solution was made basic landrene with palladium on charcoal24 produced a crys-
after 3 min and worked up, only traces of nonacidic talline product with the correct analysis and mass for
material were found. Thus it appeared that the free the product of nitro reduction to amine in 26.
amine did not cyclize to 2 1  rapidly enough to prevent We had anticipated that the amino group formed 
base-catalyzed rearrangement of the dienone, or that might add in a conjugate addition to the unsaturated
its cyclization, being reversible, did not inhibit the ir- ketone, but assumed that the subsequent diazotization 
reversible rearrangement. 22 would reverse this process; however, diazotization had

Following dissection (3) the expected compound 21 no effect on this new product. The ultraviolet spec-
was to have been acylated with an appropriate piper- trum of this reduction product (Xmax 238 mft 320 mg)
onylic acid derivative with a view to cyclization of a was very reminiscent of that of the several benztri-
ring C enol to a diazonium grouping on the piperonylic azinones (Xmax 242 mp, 320 m/¿), and the nmr showed no
ring A. In an alternative also involving destruction of vinylic or exchangeable hydrogens, but a total of twelve
ring C aromaticity, we undertook initial Birch reduc- protons above t 6 , three of them in a sharp singlet at
tion of the phenethylamine components16 with p-meth- T 7 .8 . Since the ir showed a saturated ketone (5.84 p)
oxy- or o,p-dimethoxy groups, so that on hydrolysis the and bands at 6 .0 2 , 6.13, and 6.28 p, we recognized the
nitrogen would have a basis for cyclization. With molecule as the stable 4-quinazolone derivative 27, con-
each of these phenethylamines, Birch reduction led to sistent with a formation via conjugate addition of the
2 2  and acylation afforded 23.

Hydrolysis of neither free amine 2 2  produced char- 0 ;!V ^ N
acterizable secondary amino bicyclic ketones, but hy- _ 7 1 1

(20) i-Butylurethans are not only conveniently prepared by the Curtius
rearrangement, usually carried out directly in refluxing t-butanol, but serve f] jj
to improve enormously the classical use of the Curtius procedure for con- q  q
version of acids to amines, since she traditional hydrolysis of isocyanates and
urethans is usually plagued by intractable urea formation, while treatment of 26 27
¿-butylurethans in trifluoroacetic acid at room temperature affords the amine
salt instantly and quantitatively. (23) For a snudy of a,/3- /3,r-cyclohexenone equilibria, see K. G. Lewis and

(21) L. A. Carpino, J .  A m e r .  C h e m . S o c . ,  79, 98  (1957). G. J. Williams T e tra h e d ro n  L e t t . , 4573 (1965).
(22) A  comparable base-catalyzed dienone rearrangement may be found in (24) R. Pallaud and H. Anh-Hoa, C o m p . R e n d ., 250, 2730 (1960); 252,

S. Goodwin and B. Witkop, ib id . , 79, 179 (1957). 2896 (1961).
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aromatic amino group followed by an irreversible retro- T able  I
aldol reaction. In the mass spectrum, besides the Dienophiie,

parent peak (M  =  300), compound 27 showed major Diene (gi mmol) mBmol Tl“ e’ Temp oc golyent
peaks at 243 (M  -  57) and 229 (M  -  71) corresponding Vinylacrylic acid 3 . 18, 20 25-30 Toluene
to fragmentations at the dotted lines in 27 byMcLafferty (14.7, 150) 16 20 25-30 None
rearrangements. 8 100-105 Toluene

This results clearly puts an end to this synthetic ap- 8 100-105 None
proac'i to lycorine; in fact, all of the latter approaches 48 200-210 Toluene
may be said to have been frustrated by internal con- 1,3,5-Hexatriene 2 .51, 48 32 Ether

jugate additions, both those which did not go as antici- <-2A’ 2'}> 13 5 90-100 Toluene
pated and those which went irreversibly when not de- 12 190-200 Toluene

sired. Previous experience in polycyclic alkaloid syn- ^  is o -190 ^ ylene
theses also implies that internal conjugate additions of 2-N itroSo-5-methoxy- l.o, 9 220-230 Toluene
heteroatoms are not always equilibrium favored, even phenol (1.0, 6.5) 5.0 48 220-230 Toluene
when forming five- and six-membered rings. The 48 220-230 None
steric and conformational factors which control these 2-Vinylfuran 5.0, 20 100-105 Toluene
equilibria appear to be too complex to assess in these (5-0,53) 25 20 200-210 Toluene
molecules, for the phenolic hydroxyl in 28 cyclized 10 100-105 None
spontaneously26 whereas in 29 it did not. 26 20 100-105 None

9 140-145 None
0 6 155-160 None

CH O JL
OH 3 Bromination of the vinylfuran products in carbon tetrachloride
| p  Y  __CH led to bromine uptake, and addition of water afterwards gave

CH30 x J \ J < ^ V  ^  3 an acidic reaction. The solution was then shaken with aqueous
| || J thiosulfate and the organic layer evaporated to a red gum and

]T chromatographed. This procedure again produced neither a
\ 1  J crystalline residue nor an ir absorption from 5.5-6.1 n.
CH3 CH30  l-Ethoxy-4-nitro-5-(3,4-methylenedioxyphenyl)cyclohexene

28 29 (4c).— To 5-0 g (25 mmol) of (3-nitro-3,4-methylenedioxystyrene,
powdered and dried in  vacuo at 80°, was added 2-ethoxy-l,3- 
butadiene7 (5.0 g, 51 mmol) by direct distillation from a molecu- 

E xp erim en ta l S e c t io n 27 lar sieve into a dry Carius tube. Several crystals of hydroquinone
^ . . . . .  _  ^ ... „ AT.. , . . . .  ,. , were added, and the tube was flushed with dry nitrogen, sealed,
Bieis-Alder Reactions with d-NiUo-3,4-methylenedioxysty- and heated for 24 hr at 120°. 0 n opening the tube, rinsing out

rene «-T h ese  were carried out m sealed Pyrex Carius tubes, with the chioroform) evaporation, and chromatography on alumina
small amounts of hydroqumone added for polymerization mhibi- in benzene, there was obtained the adduct 4c: 2.3 g (31% );
tion; the dienes in most cases were kept over molecular sieve and mp 105-106°* ir 6 00 6 45 n
distilled from this directly into the flame-dried Carius tube. Anal Cal’cd fOT c 1sH i7n 6 6: C , 61.85; H, 5.88; N , 4.81
Dried solvent was added as necessary, and the tube was flushed Found: C 61.82- H  5.89* N  5 02
with nitrogen, sealed, and heated in a Wood s metal bath. The A  second material from the chromatography was the nitro
following experimental conditions were exammed. ketone corresponding to 4c: 3.10 g (46% ); mp 197-198°;

These reactions were worked up by adding chloroform to the ir 5>82, 6 .44 i 00 mg of 4c was refluxed for 10 hr in 5 ml of 95%
opened tube and examining the ir for the presence of the 7.45 /z ethanol containing 1 drop of 5% sulfuric acid. The solution was
band of the starting nitrostyrene and of the 6.45 n band shown by cooled, water was added, and an ether extraction was performed,
adducts. I f  some of the latter was present, the mixture was The extract on washing, drying, and evaporation yielded an oil
chromatographed on alumma and fractions examined by ir. which crystallized from methanol: 82 mg (91% ), mp and mmp
In the first two cases above, the nitrostyrene was always recovered 197-198° with the ketone above.
in over 90% yield; much insoluble matter remained in most AnaL  Calcd for c 13H 13N 0 5:* C, 59.31; H , 4.98; N , 5.32.
cases.. In the third case, both starting materials were isolated m Found: C 59.07' H  5.17* N  5.27.
high yields. W ith 2-vinylfuran, disappearance of the 7.45 /z Bromination of the enol ether 4c in chloroform afforded the
band occurred only in the nonsolvent cases. In such cases expected bromo ketone, crystallized from methanol: mp 121— 
extensive column chromatography of the dark reaction residue 130°; ir 5.82, 6.04/z.
afforded no crystalline products and thin-layer chromatography A ^ai  Calcd for Ci3H,2N06Br: C, 45.62; H , 3.78; N , 4.07.
was not at that time in use. Both unreacted starting materials Found: C 45.51; H, 3.77; N  3.88.
were recovered in low yield. ircms-4-Nitro-5-(3,4-methylenedioxyphenyl)cyclohexene (4a).—

(25) D. H. R. Barton and G. W. Kirby, J. Chem. Sac., 806 (1962). 3.5» g of ^nitro-3;4-methylenedioxystyrene and a few crystals of
(26) D. H. R. Barton, G. W. Kirby, W. Steglich, and G. M. Thomas ib id . , hydroqumone were added to 8.0 g of liquefied butadiene and 15

2 4 2 3  (1965). m l of toluene in a cooled steel-clad pyrex bom b. The bomb was
(27) Melting points were determined with a Fisher-Johns block and are sealed and heated for 3 days a t 120—125°, then cooled in D ry  Ice

corrected. Infrared spectra were recorded in chloroform or methylene and opened. The  Contents were dissolved in a minimum of
chloride solution unless indicated by (KBr) for solid state spectra, and were ether and passed through 40 g of alumina w ith  about a liter of
taken on a Perkin-Elmer Model 137 Infracord. All methylenedioxy com- ether. Evaporation yielded 2.98 g (7 2% ) of adduct 4a, mp 99.8-
pounds showed a diagnostic infrared peak at 9.6 n , which is not separately 2 0

recorded in the experiments. Ultraviolet spectra were observed in 95% / i 1 j x n  tj -\ rr\  r *  e o 1 r Tt e  nr\ xt r  nn
ia a- * 4- Audi, baled, lor b i3l i i3iNU4: b , 00.15; xi, 5.oU; JN, 5.66.ethanol solution on a Cary 14 recording spectrophotometer or a Perkm-Flmer .  ̂ ’ ’ , ’

Model 202 recording spectrophotometer and are recorded as Xmax in ni/i round , b ,  62.92, rL, 5.21, JN, 5.87.
(log c). Proton magnetic resonance spectra were obtained with a Varian ¿nZ77.S-4-Ammo-5-(3,4-methylenedioxyphenyl)cyclohexane (4b).
A-60A instrument purchased with funds from the National Science Foun- — The nitro olefin 4a (10 g, 40.5 mmol) Was placed in a 1-1.
dation; they were recorded in CDClj unless otherwise noted. Microanalyses three-neck flask with stirrer, Condenser, addition funnel, and
were performed by Miss Heather King at UCLA, where the early work heating mantle. To the nitro olefin was added purified zinc dust
was performed, and by Schwarzkopf Microanalytical Laboratory, Wocdside, g, 0.766 g-atom), water (50 m l), and ¿-butyl alcohol (3 ml).
N. Y., for later work. The described experimental work was begun Heating and stirring was begun, and, when the water started to 
in 1958 at UCLA by D R. Dalton and part of the present study is moor- p j  . j  JS hydrochloric acid (150 ml) was added slowly
porated in his doctoral thesis m 1961 at that institution. Nmr and mass i n j r  ¿ i  j  r-if i ,1 , . J
spectra were not available to use for those early studies and are therefore Over about 2 hr, then refluxed for 4 hr and filtered through glass
absent from the experimental descriptions except in a few key cases for Wool. The Solution was cooled, made strongly basic With 20%
which samples were run recently for confirmation. sodium hydroxide, and continuously extracted with ether.
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The ether extract (about 300 ml) was dried, 5 ml of anhydrous its ether solution (80 ml) was treated with 5 ml of triethylamine
methyl alcohol followed by anhydrous hydrogen chloride, added, and a solution of 1.0 g (6.85 mmol) of dichloroacetyl chloride in
and the solution left to crystallize in the refrigerator. The ether (20 m l); the ether solution was added dropwise over a
crystals of amine hydrochloride (9.9 g, 97%) were filtered and period of 15 min; and the solution was allowed to stir at room
recrystallized from methyl alcohol: mp 208-209°. temperature overnight. This was poured into ice (100 g ) and

Anal. Calcd for CisHieNOjCl: C,61.53; H , 6.35; 01,13.98. sulfuric acid (1 N ,  20 ml) (extracted with methylene chloride;
Found: 0,61.52; H, 6.51; 01,13.89. the extracts were combined and washed with aqueous potassium

irans-2-(3,4-Methylenedioxyphenyl)cyclohexylamme. A.— The hydroxide (5% ) until the wash was clear, then with 1 N  sulfuric
amine 4b was generated as an oil by making an aqueous solution acid and w'ater. The methylene chloride was dried, filtered, and
of the above hydrochloride basic and extracting with methylene evaporated to yield 957.2 mg (89% ) of offwhite crystals. Re
chloride. To 447 mg (2.06 mmol) in 10 ml of 95% ethanol was crystallization from 1:1 methyl alcohol-chloroform gave 946 mg
added 25 mg of platinum oxide and hydrogenation at atmo- of white needles, mp 223-224°, ir 6.02 n.
spheric pressure was carried to an uptake of one equivalent of Anal. Calcd for C16H 15N O 3Q 2: C, 56.49; H , 4.44; Cl,
hydrogen. On filtration, evaporation to small volume, and treat- 20.85. Found: C, 56.29; H, 4.75; Cl, 20.50.
ment with 1:1 hydrochloric acid, 354 mg (79% ) of crystalline The dibromide was prepared by bromination of the olefin in
hydrochloride was obtained, mp 260-261°. chloroform solution: mp 193.5-194.0°.

Anal. Calcd for CuH ijNOjCI: C, 61.10; H , 7.10; Cl, Anal. Calcd for C1,H „N O ,C l!Brl : C, 38.43; H , 3.02; N ,
13.88. Found: C, 61.19; H , 7.32; Cl, 13.61. 2.80. Found: C, 38.61; H , 3.26; N , 2.80.

B.— The nitro olefin 4a (322 mg, 1.47 mmol) in 40 ml of 95% Epoxidation of the Dichloroacetamide 8a.— Thè amido olefin 
ethyl alcohol was hydrogenated at 40-lb pressure with W-5 8a (914 mg, 2.68 mmol) was dissolved in chloroform (50 m l) and
Raney nickel. After filtration of the solution through a mat of perbenzoic acid (6.5 ml of 0.44 M  or 2.86 mmol) in chloroform
Celite, it was evaporated to a colorless oil which yielded a tan was added. The mixture was allowed to stand overnight. Satu-
solid (89% ) on treatment with 1:1 aqueous hydrochloric acid rated sodium bicarbonate solution (20 m l) was added, stirred
(4 m l). This solid, mp 247-255°, recrystallized from chloro- for half an hour, and the chloroform washed with water, dried,
form-ethanol to mp 260-261°, mmp with the hydrochloride from filtered, and passed through a plug of alumina (neutral). The
A  above, 260-261°. eluent yielded a white crystalline epoxide (836 mg), mp 251-

czs-4-Amino-5- (3,4-methylenedioxyphenyl)cyclohexane.— T  o 252 ° .
lithium aluminum hydride (9 g, 0.237 mol), suspended in anhy- Anal. Calcd for Ci6H15NO<Cl2: C, 53.95; H , 4.25; N , 3.93. 
drous ether (300 ml) in a 1-1. three-neck flask with condenser, Found: C, 54.06; H , 4.31; N , 3.78.
stirrer, and addition funnel, was added 4-nitro-5-(3,4-methylene- Attempted Oxidation of the Epoxide to the Acyloin (11c).—
dioxyphenyl)cyclohexene (10 g, 0.40 mol) in anhydrous ether The epoxide (732 mg, 2.05 mmol) was dissolved in anhydrous
(200 m l). The nitro olefin was added slowly with stirring, dimethyl sulfoxide (60 ml), the solution treated with anhydrous
maintaining a slow reflux throughout the addition. After 1 hr boron trifluoride etherate (0.2 m l), and the mixture warmed on
for the addition, the solution was refluxed with stirring for an the steam bath with a drying tube. After 5 hr, an additional
additional 3.5 hr, then cooled, and the excess hydride decomposed 0.2 ml of boron trifluoride was added, and after 10 hr an additional
by careful addition of 5%  aqueous potassium hydroxide. On 0.2 ml. After 22 hr the dark mixture was removed, poured into
sudden precipitation of solids, the addition of base was halted ice-water (1 1.), and the aqueous solution extracted with ether,
and the ether decanted. The precipitate was washed with ether The ether extract was washed with 5% aqueous potassium hy-
and the solution and washings were combined, washed with water, droxide, 1:1 aqueous hydrochloric acid, and water, dried, filtered,
and dried. After filtration, the ether was evaporated to a small and evaporated to 397 mg of light yellow oil, which crystallized
volume (about 50 ml), methyl alcohol (5 m l) added, and the on standing in chloroform, depositing 74 mg of crystals, mp
solution cooled in an ice bath while anhydrous hydrogen chloride 216-218°; like the total oil, these showed no ir absorption at
was passed in. 5.8-6.0 n but did have bands around 3 suggestive of the diol 9b.

On cooling overnight in the refrigerator, 4.2 g (41% ) of a Bromohydrins 9a.— The amido olefin 8a (993 mg, 2.91 mmol) 
white crystalline solid, mp 231-233°, were deposited. was dissolved in 5:1 diglyme-water (100 ml), heated in a water

Anal. Calcd for Ci3Hi6N 0 2Cl: C, 61.53; H, 6.36; Cl, 13.98. bath (80-90°), and stirred while 8 drops of perchloric acid was
Found: C, 61.48; H , 6.22; Cl, 13.98. added. The solution was then treated, over a 45-min period,

After filtration, the mother liquors were evaporated and the with N-bromosuccinimide (1.0 g, 5.62 mmol). The color of the
residue taken up in hot 4:1 chloroform-methanol. On cooling, solution following the addition of a portion of the N-bromo-
4.05 g (40% ) of colorless crystals were collected, mp and mmp succinimide was allowed to fade before the next portion was
with the frans-amino olefin 4b above, 208-210°. Hydrogenation added. After the addition was complete, the solution still
yielded the same dihydro compound as above, mp and mmp retained a slight yellow color and was allowed to remain at 80-
260-261°. 90° for an additional 30 min. Afterward, a few crystals of

CTs-2-(3,4-Methylenedioxyphenyl)cyclohexylamme.— Hydro- sodium bisulfite were added to destroy the excess N-bromo-
genation of the as-amino olefin as described above yielded a succinimide.
dihydro compound as the hydrochloride (91% ), mp 227-228°. The colorless solution was partitioned between ether and water

Anal. Calcd for CuHisNChCl: C, 61.10; H , 7.10; Cl, and the ether dried and evaporated to an oil; treatment with
13.88. Found: C, 60.92; H, 6.85; Cl, 13.59. several drops of methyl alcohol resulted in the deposition of 1.18

sec-Amino Olefin 7.— The imras-4-amino-5-(3,4-methylene- g (93% ) of crystalline material, mp 170-177°.
dioxyphenyl)cyclohexene (4b) hydrochloride (5.22 g, 2.06 mmol) Several recrystallizations from benzene gave one isomer, mp
was converted to the free amine with aqueous hydroxide. This 223-224°, in 44% yield.
was extracted into ether, dried, and evaporated to an oil. The Anal. Calcd for Ci6H i6NO,BrCl2: C, 43.96; H, 3.69; N ,
oil was treated, dropwise, with stirring and steam bath warming, 3.20. Found: C, 44.05; H, 3.94; N , 3.42. 
with 10 g of 20% formaldehyde solution, then stirred and heated Combination and evaporation of the mother liquors yielded 490
for 1 hr. To the gum and solution, hot benzene was added and mg (41% ) of the other isomer, mp 211-212°. 
the benzene extracts were dried and evaporated to a colorless oil, Anal. Calcd for CieHisNChBrCh: C, 43.96; H , 3.69; N ,
which was treated with warm 1:1 hydrochloric acid to yield a 3.20. Found: C, 43.61; H, 3.51; N , 3.47. 
white crystalline solid, 5.0 g (91%), mp 270.5-271°. An admixture of these isomers possessed a melting point of

Anal. Calcd for C i(H I6N 0 2C1 : C, 63.77; H, 6.07; N , 5.27. 174-183°.
Found: C, 63.28; H , 6.03; N , 5.30. Bromo Ketones (11a).— The crystalline bromohydrin mixture

1.0 g was dissolved in water and heated during dropwise addi- (5.04 g, 11.5 mmol) was dissolved in acetone (250 m l) with
tion of 4 g of potassium permanganate (in 100 ml of water) for 1 warming, the solution was cooled to - 5 ° ,  and 2.86 ml (7.67
hr, treated with sulfur dioxide, and the clear acidic solution con- mmol) of chromic anhydride solution (made from 26.7 g of anhy-
centrated, washed with ethyl acetate, then continuously ex- dride in 23 ml concentrated sulfuric acid and diluted to 100 ml
tracted with ether to yield 137 g of a gum, sublimation of which with water) was added dropwise over 1.25 hr below 0°.
afforded 27 mg of white crystals, mp 174-175°, mmp 173-175° The solution was allowed to warm to room temperature over a
with a sample of hydrastic acid comparably produced from per- period of 1.5 hr and poured into 1 1. of cold water; the resulting
manganate oxidation of natural lycorine. suspension was filtered and the precipitate dissolved in warm

N-Dichloroacetyl Amino Olefin (8a).— The amine hydrochlo- chloroform, which was dried and evaporated to yield 5.07 g of 
ride (839 mg, 3.15 mmol) was converted to free amine 7 as above; slightly yellow oil, which crystallized on treatment with methanol.
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Recrystallization from 1 :1  methanol-chloroform yielded 2.6 g, shown by ir comparison to be largely benzophenone. Acidifica- 
mp 219-220°, ir 5.80, 6.06 n. tion of the aqueous layer and extraction with chloroform led to

Anal. Calcd for CieHuNCfiBrCh: C, 44.17; H, 3.24; N , 22 mg of a yellow oil with a negative ferric chloride test and an
3.22. Found: C, 43.94; H , 3.39; N , 3.36. ir and uv spectrum virtually identical with the starting ester

Evaporation of the mother liquors yielded 2.4 g of material diol, and with a sample of the presumed oxamic acid separately
with ir identical with that of the crystalline sample and presumed obtained from it, as an impure powder, by saponification,
to consist of a mixture of the two bromo ketones, 11a. The use of fluorenone under the same conditions overnight led

Treatment of the Bromo Ketone 11a with Alkali.— The crystal- to nearly quantitative recovery of fluorenone (96% ) and a base
line bromo ketone (254 mg, 0.582 mmol) was suspended in a cup soluble residue similarly showing the spectral characteristics only 
above a solution of 2.0 mmol of potassium hydroxide in absolute of the oxamic acid diol. Overnight refluxing of toluene, fluore-
ethanol (20 ml). After the system had been flushed with helium, none, and the diol led only to intractable gums and some re-
the cup was inverted and the bromo ketone allowed to fail into covered fluorenone. The Oppenauer oxidation using aluminum
the solution. An immediate yellow color and a white precipitate i-butoxide in refluxing toluene with quinone or fluorenone
developed. After stirring at room temperature overnight, the likewise returned those ketones largely unchanged along with a
solution was treated with water (25 m l) and 1 N  sulfuric acid residue, a nonmelting and largely insoluble solid which left a
until it was acidic to litmus, and then continuously extracted residue on combustion. The nonmelting solid contained the
with ether. The ether extract was washed once with water, ir absorptions only of the ethoxamide carbonyls,
dried, filtered, and evaporated to yield 103 mg of the crystalline Bromohydrins 10a.— To 3.36 g (10.2 mmol) of olefin 8b in 
acid, mp 221-223 ° , recrystallized from chloroform to 97 m g: mp 100 ml of dimethyl sulfoxide was added 12 drops of perchloric acid.
225-226°; ir (K B r) 3-3.5, 5.80, 5.91, 6.10 ¿t. 1.89 g (10.6 mmol) of N-bromsuccinimide was added over 45

Anal. Calcd for C16H 15NO 7CI2: C, 47.53; H, 3.74; Cl, 17.54. min, and the solution was stirred overnight and poured into water.
Found: C, 46.48, 49.00; H , 3.90, 4.13; Cl, 16.76. Neutraliza- The precipitate was filtered, dissolved in chloroform, washed with
tion equivalent: 197.2, 198.2. 5% potassium hydroxide and water, dried, and evaporated to

When only one equivalent of base was used under comparable 3.82 g of a gum with an ir (2.80, 5.75, 6.09 /u) consistent with the
conditions, only starting material was isolated in 91% yield. expected product, 10a. The gum would not crystallize and was

Keto Acetate l ib .— The bromo ketone 11a (52.5 mg, 0.12 used directly, 
mmol) was dissolved with stirring in dimethylformamide (5 ml), Bromo Ketones 12a.— 2.88 g of crude bromohydrin 10a was
and potassium acetate (48.2 mg, 0.492 mmol) was added. The treated as above for 9a with 2 ml (5.3 mmol) of chromic anhydride
solution was stoppered and allowed to stir at room temperature solution. The resultant 2.50 g of oil exhibited ir bands at 5.78
overnight, then diluted with water (50 m l) and extracted with and 6.08 it, similar to the previous bromo ketones, but could not
ether; the ether extracts were washed once with water, dried, be induced to crystallize despite several attempts at chromato-
filtered, and evaporated; and the residue was treated with several graphic purification.
drops of methanol. The crystals which formed weighed 30.2 mg Keto Acetate 12b.— 1.65 g of the crude bromo ketones 12a was
(61%), mp 250-252°. Recrystallization from chloroform yielded dissolved in 30 ml of dimethylformamide, and 1.46 g of dry potas-
white microcubes: mp 256-257°; ir 5.64, 5.70, 6.02 mass sium acetate was added. Allowed to stand overnight, the solu-
spectrum, see keto acetate 12b below. tion turned very dark and was poured into water and extracted

Anal. Calcd for CisHnNOeCh: C, 52.19; H, 4.14; 01,17.12. with ether, which was dried and evaporated to a weight-constant
Found: C, 52.47; H , 4.51; Cl, 16.99. residue. This was dissolved in chloroform and washed with 5%

Treatment of 68 mg of this material with excess alkali, as with potassium hydroxide, 1:1 hydrochloric acid, and water, dried,
bromo ketone, afforded 51 mg of the same acid 13, mp 222-223°. and evaporated zo 0.70 g of a gum which was chromatographed

N-Ethoxalyl Amino Olefin 8b.— 20 g (7.5 mmol) of the amine on alumina. The first chloroform fractions contained a major
hydrochloride was converted as before to the free amine 7 in band which partially crystallized, yielding 0.40 g, mp 145-155°,
100 ml of chloroform, and 10 g of ethoxalyl chloride (7.5 mmol) in recrystallized from methanol to mp 204-205°, ir (no OH band)
50 ml of chloroform was added and stirred for 15 min. 100 ml of 5.76, 6.04, 8.1 it.
5%  aqueous potassium hydroxide was then stirred with this slurry Anal. Calcd for C20H 21N O 8: C, 59.55; H , 5.25; N , 3.47.
for 20 min and the phases were separated. The chloroform was Found: C, 58.69; 58.74; H, 5.36, 5.53.
washed with 2 N  hydrochloric acid and water, dried, and evapo- Mass spectra of the two keto acetates, l ib  and 12b, have sub
rated to an oil which was crystallized from a small amount of sequently been measured and confirm the assignments. Both
methanol to 16.4 g (70% ) of colorless crystals which melted in show correct parent peaks, a major peak at m / e  187 (CnH9N 0 2),
two polymorphic modifications in different preparations, 130° and a methylenedioxy-isoquinoline fragment with an added
and 160-161°, both giving the higher melting point when seeded methyl as well as a hydroxypenanthridine from ring C aromatiza-
with 160° material and both showing the same ir spectrum in tion and loss of amide at m/e 242 (CuH 12N 0 3); both show peaks
solution: 5.74, 6.07 it. at P  — 60 for loss of acetic acid and peaks for loss of the acyl unit

Anal. Calcd for CisHuN 0 5: C, 65.64; H , 5.82; N , 4.25. from nitrogen. Below m/e 242 the spectra are very similar.
Found: C 65.38; H , 5.65; N , 4.45. The dichloroacetamide exhibits three parent peaks (m/e 413,

Hydroxylation of Olefin 8b.— To 861 mg (2.62 mmol) of olefin 415, 417) in the expected intensities for two chlorines, and also
8b in 5 ml of trifluoroacetic acid and 0.5 ml of water was added peaks arising from loss of one or both of these chlorines.
13 drops (350 mg, 1.2 equiv) of 30% hydrogen peroxide at 0°. Dieckmann Cyclization of 12b to 14a.— 47 mg of crystalline 
The temperature was raised to 40°, and in 45 min 5 more drops keto acetate 12b was dissolved in 5 ml of methanol containing
of peroxide was added. After 2 hr, excess peroxide was de- 122 mg cf sodium methoxide and stirred for 19 hr to a clear yellow
stroyed with aqueous sodium bisulfite and the solution was made solution. This was brought to about pH 3 with five drops of
alkaline and continuously extracted with chloroform. The 500 concentrated hydrochloric acid and evaporated almost to dryness,
mg residue was dissolved in 25 ml of 1 N  hydrochloric acid in then partitioned between water and chloroform. The chloro-
ethanol and refluxed for 4 hr to remove trifluoroacetate esters. form yielded 23 mg of yellow foam with a green ferric chloride
The hydrochloric acid-ethanol was then evaporated and the color (in pyridine): uv Xmax 291 him (log e 3.6); ir 5.65, 5.80,
residue was chromatographed on silica in chloroform-acetone 6.05 /t.
mixtures. 300 mg of oil was obtained from the 1:1 solvent eluents. The product was acetylated in 2 ml each of pyridine and
The oil crystallized from chloroform to yield 229 mg (33% ) of acetic anhydride overnight at room temperature. After evapora-
10b- mp 159-160°, recrystallized to 161-162°; ir 3.0, 5.75, 6.12 tion and chromatography on alumina, the main fraction (22
a- uv X 290 mu (log e 3.72). mg) afforded crystals from benzene (10 m g): mp 139-140°;

’ A n a l™ Calcd for C 18H 21N 0 7: C, 59.50; H , 5.82; N , 3.85. ir 5.62, 5 72, 5.82, 6.08 m- 
Found- C 59.78- H  5.91; N , 3.70. N-(6-Nitro-3,4-methylenedioxybenzoyl)tyramide (15a).— 2.11

Opoenauer Oxidations of the Diol 10b.— 35 mg of diol 10b and g (10.0 mmol) of 6-nitropiperonylic acid28 and 2.2 g of phosphorus
23 mg of benzophenone were dissolved in 2 ml of dimethyl sulfox- pentachloride were covered with 10 ml of carbon tetrachloride,
ide (previously dried with molecular sieve) under dry nitrogen, refluxed for 20 min, and the carbon tetrachloride evaporated off.
and 18 mg of sublimed potassium i-butoxide was added, causing 20 ml more carbon tetrachloride was added and boiled off, and
a clear orange color. A fter several hours, the color had deepened the residue was dissolved in ether (50 m l) and washed with water,
somewhat and water was added to the mixture, which was ----------------
extracted (with difficulty owing to emulsions) with chloroform. (28) J. B. Ekely and M. S. Klemme, J .  A m e r .  C h e m . S o c . , 60, 2711
Drying of the extracts afforded 13 mg of an oil, which was (1928).
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A  solution of 1.74 g (10.0 mmol) of tyramine hydrochloride in spectra of starting material, while acidification and extraction of
20 ml of water and 20 ml of triethylamine was mixed in and shaken the alkali yielded a similar crude product.
for 10 min. The precipitated solid was separated by centrifuga- 77 mg of benztriazinone 16 was dissolved in 6 ml of dioxane,
tion, dissolved in 1 N  sodium hydroxide, and washed with ether. saturated with argon gas, and photolyzed for 16 hr in Pyrex with
After acidification and filtration, the collected solid was crystal- an Osram lamp. Work-up by partitioning between benzene and
lized from methanol, yielding a first crop of 0.59 g, mp 218-220°, alkali as above afforded less than 2 mg from the benzene layer,
and a second crop of 0.42 g, mp 210-215° (total yield 33%), with essentially only benztriazinone, and the remainder, alkali
ir (K B r) 3.1, 6.08, 6.45, 6.55 ¡i] uv Xrn„  225 (log e 4.47), 250 soluble, proving to be the same.
(4.68), 340 (3.70) m/j. iV-(6-Nitropiperonyl)-o-hydroxyphenethylamide.— Theproce-

Anal. Calcd for Ci6HnN20 6: C, 58.17; H , 4.27; N , 8.48. dure for the tyramide analog 15a above was utilized with 1.91
Found: C, 57.96; H, 4.31; N , 8.27. (14 mmol) of o-hydroxyphenethylamine16 to create 1.98 g (43% )

Diazonium Fluoroborate 15c.— 1.00 g of nitro amide 15a and of pale crystals, crystallized from methanol: mp 159-162°;
42 mg of platinum oxide were hydrogenated in 75 ml of absolute ir 2.90, 6.00, 6.55 ¡j ', Xma* 225 (log e 4.41), 268 (3.69), 342
ethanol at atmospheric pressure; hydrogenation became very (3.66) myu.
slow after an uptake of 232 ml (theoretical uptake is 243 ml for Anal. Calcd for CieHuNiOe: C, 58.17; H , 4.27; N , 8.48. 
nitro reduction). The catalyst was filtered and the solvent was Found: C, 57.88; H , 4.02; N , 8.16.
evaporated to a gum (1.0 g ) which showed ir bands at 2.88, Lead Tetraacetate Oxidation to 17.— 330 mg (1.0 mmol) of 
2.98, and 6.04 n, but none at 6.5 n. The gum was treated with N - (6-nitropiperonyl)-o-hydroxyphenethylamide and 800 mg of 
1.20 ml of 50% fluoroboric acid and 25 ml of water and warmed lead tetraacetate were heated on the steam bath in 15 ml of acetic
to effect solution. I t  was then cooled to —5°, and a solution of acid for 10 min. Work-up of an aliquot showed starting material
2.70 g of sodium nitrite was added. A  precipitate formed im- on tic. Another 800 mg of lead tetraacetate was added and heat-
mediately, and more came out on addition of 15 ml of fluoro- ing continued for 10 min. The cooled solution was poured onto
boric acid. The yellow crystalline solid was washed with fluoro- excess sodium carbonate decahydrate covered with 50 ml of
boric acid, methanol, and ether and dried over P 2Os: mp 140-145°, methylene chloride, 100 ml water was added, and the lead dioxide
bubbled at 160-170°; ir (K B r) 3.0, 4.44, 6.01 fi and a large BF<~ was filtered out with Celite. The layers were separated, and the
absorption at 9.0-9.7 n- organic layer was washed, dried, and evaporated to a small

Decompositions of Diazonium Salt 15c.29— 7 mg of the diazonium volume and passed onto a silica column. Elution with chloro-
salt 15c was added to a solution of 100 mg of potassium hydroxide form yielded no substance, and the fractions taken with 15%
in 15 ml of water and heated on the steam bath for 8 hr. acetone in chloroform were monitored with uv spectra. A  major
The salt dissolved only slowly, and was replaced by a new crystal- fraction of 211 mg of yellow foam showed a uv maximum at 300
line solid which, after cooling, was extracted with methylene m/r (e 5500), one major and one close minor spot on tic, and ir
chloride and obtained, after drying and solvent evaporation, as bands at 2.90, 5.74, 6.00, and 6.55 n.
colorless crystals, mp 206-208° (6 mg), no bubbling below 300°. The crude dienone was treated with (a ) concentrated sulfuric

20.7 mg of salt 15c heated at 250° under nitrogen gave only acid in acetic acid (5%  solution) for 10 min at reflux; (b ) 1
intractable tars; 10 mg heated at 220° at 20-/i pressure for 1 hr equiv of p-toluenesulfonic acid in methylene chloride for 2 hr at
exhibited some bubbling and sublimation of a major fraction, room temperature; (c ) excess sodium hydride in dry tetra-
mp 210-211°, the remaining material being negligible or charred. hydrofuran for 2 hr at room temperature. In all cases, tic and

13.3 mg of salt 15c was dissolved in 5 ml of nitrobenzene and ir showed the isolated material to be essentially all starting
heated at reflux for 1 hr, then poured into 130 ml of water and material.
100 ml boiled off to remove the nitrobenzene. Extraction with lV-(o-Acetoxy-0-styryl)-f-butylurethan (18).— o-Acetoxycinna- 
methylene chloride, drying, and evaporation afforded 7.8 mg of mic acid was made from salicylaldehyde and converted to its acid
orange solid, mp 201-205°. chloride, mp 53° (lit. mp 54°), following the precedure of Houben

20.0 mg of salt 15c was added to freshly prepared polyphos- and Pfankueh.31 23.44 g of the acid chloride was converted to
phoric acid (1 m l) and heated for 1 hr at 185°, then poured into the azide by dissolving in 100 ml of acetone, chilling to 0°, and
water when cool and extracted with methylene chloride, which adding, over 10 min with stirring, an iced solution of 10 g of
yielded no organic product; continuous extraction of the aqueous sodium azide in 40 ml of water. Stirring was continued at 0° for
phase with ether afforded 3 mg of black tar, which was discarded. 1 hr (when an aliquot removed for ir showed essentially complete

The solids obtained in each case were shown to be the benz- conversion) and another hour at room temperature; 200 ml of
triazinone 16, which was recrystallized from methanol to mp ether was added and the phases were separated. The ether layer
210-211° and ir 2.80, 6.00, 6.80 (s) uv showed 243 (log e 4.24), was washed with water, dried, and evaporated to the crystalline
248 (4.27), 254 (4.26), 260 (4.16). 318 (3.47) mM. azide, mp 36-39°; ir 4.68, 5.69, 5.94 M.

Anal. Calcd for C16H 13N 3O4: C, 61.72; H , 4.21; N , 13.50. The total azide was dissolved in i-butyl alcohol (250 m l) and 
Found: C, 61.78; H , 4.31; N , 13.35. benzene (50 ml), refluxed for 4 hr, evaporated, and dissolved in

Reactions of the Benztriazinone 16.30— Anhydrous fluoroboric C II5CI2. This solution was washed with 1 N  hydrochloric acid,
acid was made by adding 1.0 g of 50% aqueous fluoroboric acid aqueous sodium bicarbonate, and brine, and evaporated to 50 ml.
to 5.9 g of redistilled trifluoroacetic anhydride at 0° with stirring; Benzene was twice added and evaporated down to 100 ml.
the phases become homogeneous in 10 min. The resulting solu- Addition of 40 ml of hexane and cooling yielded 10.90 g of color-
tion is 7.1% or 0.81 M  in fluoroboric acid. 35.2 mg of benztriazi- less crystals, mp 137°; the mother liquors yielded a further 1.50
none 16 in 2 ml of this acid was slowly heated to reflux. In the g, mp 127-132°, recrystallized from benzene to mp 138-139° and
cold, the solution was clear yellow with most of the salt undis- ir 2.90, 5.71, 5.78, 6.01, 6.65 n.
solved, and became orange-brown and all dissolved at reflux Anal. Calcd for CnJIisNO,: C, 64.96; H , 6.91; N , 5.05. 
temperature. The solution was refluxed for 27 hr, cooled, poured Found: C, 56.35; H , 7.10; N , 5.16.
into ice and ether, and extracted with ether. The ether extracts Hydrolysis of 18 to IV- (o-Hydroxy-f3-styryl)-i-butylurethan.—  
were washed with bicarbonate solution and water, dried, and 347 mg of urethan 18 was suspended in 3 ml of methanol and 300
evaporated to a partly crystalline residue, identified as substan- mg of potassium hydroxide, and 2 ml of water was added with
tially pure starting material from ir and tic comparisons. stirring. After 5 min, the solution was filtered, acidified dropwise

103 mg (0.33 mmol) of benztriazonone 16 was dissolved in 8 with 1 N  hydrochloric acid to about pH 5, and extracted with
ml of diglyme (distilled from hydride), and 57 mg (0.4 mmol) of chloroform; the extract was washed with bicarbonate solution,
distilled boron trifluoride etherate was added. The solution was dried, and evaporated to 246 mg of slightly yellow oil, yielding
refluxed for 3 hr and allowed to stand overnight. The solution 188 mg of white crystals, mp 100-102°, recrystallized from ben-
and black gummy deposits were washed out with benzene and zene-petroleum ether to ir 2.80 (w ), 2.90, 3 .00, 5.87, 6.04, 6.65
1 N  NaOH and partitioned. The benzene layer on filtration and n\ uv Am»* 273 (log e 4.27), 282 (4.19), 305 (4.04), 313 (4.05) m/».
evaporation yielded 4 mg of a gum exhibiting the ir and uv Hydrogenation to 19.— 3.15 g of N - (o-hydroxy-/3-styryl) - t -  

,„Q, T. , . . ,  . , , x , . , , butylurethan was hydrogenated at atmospheric pressure over
r Pr ed; UKt ^  0nS u6Se °°“ p°und,s m strong 33 mg of platinum oxide in 25 ml of 95% ethanol; the catalystacid are often characterized by the opening of the methylenedioxy ring, 4. il  j  u j  . ,  ,  J

which is acid labile as an acetal of formaldehyde. A  classical color test for P d |*ydr0pj?- “ ptak®, stoPPed at 147 ml
the presence of a methylenedioxy ring is its dark discoloration in sulfuric (theory, 3UU m i) m 40 hr. A  further 85 mg of catalyst was 
acid. added, affording a further 254-ml uptake (114% of theoretical)

(30) F. E. King, J. A. Barltrop, and R. J. Wally, J .  C h e m . S o c . , 277 ------------------
1̂954 '̂ (31) J. Houten and E. Pfankueh, C h e m . B e r . , ®9, 1598 (1926).
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in 5 hr more. Filtration and evaporation left 3.15 g of a nearly and water, dried, and evaporated to 4.9 g of an oil from which
colorless oil. Preparative tic produced crystals which seeded 2.9 g (35% ) crystallized from benzene: mp 158-159°; ir 2.90,
the oil and allowed its recrystallization from benzene-hexane to 5.98, 6.55, 7.50 ft.
1.53 g of 19, mp 74-77°; the mother liquors were nearly in- Anal. Calcd for CnHisNzOe: C, 58.95; H , 5.24; N , 8.10.
distinguishable on tic or ir comparison. Analyses were variable; Found: C, 58.61; H , 5.12; N , 7.92.
the compound decomposes slowly over several weeks at room Hydrolysis of 23a to 24.— 100 mg of the nitro amide, 23a, was
temperature or on heating to 100°; ir showed 2.90,3.05,5.85 (sh), dissolved, with warming, in 20 ml of 95% ethanol with 1 ’drop 
5.93, 6.65 n- of concentrated hydrochloric acid and stirred at room temperature

Oxidation of Phenol 19 to the Dienone 20— To 243 mg of the for 2 hr. Most of the ethanol was removed in  vacuo, and water
phenol 19 in 2 ml of acetic acid was added 623 mg of solid lead and methylene chloride were added. The mixture was washed
tetraacetate (recrystallized from acetic acid and washed dry with more methylene chloride.
with ether); the solution was stirred in a 20° bath and went The combined organic layers were dried and were then evapo-
very dark. After one minute, the mixture was poured into a rated to 75 mg of a gum from which 48 mg of crystals were ob-
slurry of 6.4 g of sodium carbonate decahydrate and 25 ml of tained from benzene: mp 134-137°; ir 2.90, 5.85, 6.00, 6.52 ft;
methylene chloride. The solution was stirred for 5 min and the uv Xmax 242 (log e 4.0), 343 (3.6); nmr 2.60 (s, 1 H ), 3.30 (s, 1
organic layer was separated. The residual salts were washed H ), 3.85 (s, 2 H ), 4.45 (m, 1 H ), 6.6 (m, 2 H ), 7.2-8.4 (m, 8 H ),
white with more methylene chloride, and the combined organic none exchangeable with D 20 .
phases washed with aqueous sodium bicarbonate, dried, and Anal. Calcd for C i6H i6N 20 6: C, 57.82; H , 4.85; N , 8.44.
evaporated to 266 mg of dark residue, showing five spots on tic. Found: C, 57.89; H , 5.01; N , 8.57.
This was placed on three preparative tic plates in ethyl acetate- Bromination of 24 to 25.— To 60 mg (0.18 mmol) of ketone 24 
chloroform (1 :3 ) and four bands taken, all of roughly equal in methylene chloride was added 29 mg (0.18 mmol) of bromine 
yield, and examined on analytical plates and by uv spectra. in methylene chloride. The solution was left until virtually
The promising fraction (Xmax 300 nqx) was rechromatographei and colorless, washed with water and sodium thiosulfate solution,
one fraction from the second plate crystallized from cold ether dried, and evaporated to 64 mg of 25, mp 151-153°, giving a
to 14 mg of crystals: mp 87-90°; ir 2.90, 5.75, 5.87, 5.98, 6.65 precipitate with alcoholic silver nitrate: ir 2.90, 6.00, 6.55 ft;
m; uv Xma, 301 (log t 3.43). In a repeat experiment, the same uv Xmax 228 (log £ 3.8), 243 (3.7), 285 (3.3), 342 (3.3), and sub
fraction (identical by tic and spectra) could not be crystallized. traction of 24 from 25 showed a peak at 227 m/x; nmr 2.52 (s, 1

Decomposition of the Dienone 20.— 34 mg of dienone 20, as H ), 2.90 (s, 1 H ), 3.09 (s, 1 H ), 3.25 ( ~  s, 1 H ), 6-8 (m, 8 H ).
a colorless oil from chromatography spectrally identical with the Anal. Calcd for Ci6Hi6B rN20 6: C, 46.73; H, 3.68; N , 6.82. 
crystalline sample, was dissolved in 1 ml of trifluoroacetic acid Found: C, 46.81; H , 3.59; N , 6.71.
and bubbled vigorously. After 1 min, aqueous sodium bicarbon- l,5-Dimethory-4-(d-aminoethyl)cyclohexadiene-l,4 (22b).—
ate was added and the mixture extracted with methylene chloride. 2,4-Dimethoxyphenethylamine33 was reduced as described for its 
On drying and evaporation, the extract yielded only 3 mg of an analog 22a except that ethanol was required as the alcohol and
oil which darkened on standing, showed indiscriminate tailing was added in portions over 1.5 hr until the sodium color dis-
from 215 to 400 m/x in the uv, one major carbonyl band at 5.75 appeared. The crude reduction product, as a colorless oil con-
H,  and a very minor band at 5.95 ft .  In  another experiment, taining no starting amine (by tic and nmr), was used without
10 ml of methylene chloride and 1.5 ml of triethylamine were further purification.
added after 5 min to the trifluoroacetic acid solution of 39 mg of 6-Nitropiperonylamide (23b).— This amide was prepared by a
dienone. completely analogous procedure to that for the amide 23a, using

The solution was evaporated, taken up in benzene, and ex- the crude product from reduction of 1.0 g (5.5 mmol) of 2,4-
tracted with water. On evaporation of benzene, only 2 mg re- dimethoxyphenethylamine and obtaining, after crystallization
mained, with an ir spectrum resembling starting material’s. In from petroleum ether, 650 mg (31% ) of needles: mp 154-156°;
each case, continuous extraction of the aqueous layers, after ir 2.90, 5.88 (w ), 6.00, 6.55, 6.62 ft.
basification with alkali, yielded negligible material. Anal. Calcd for C i8H 20N 2O7: C, 57.45; H , 5.36; N , 7.45.

When 1 mg of crystalline dienone 20 was dissolved in 1 drop of Found: C, 57.56; H , 5.32; N , 7.11. 
trifluoroacetic acid, left for five minutes, and diluted with aceto- Hydrolysis of (22b). Formation of 26.— In no case could crys- 
nitrile, the uv showed the band at 301 m/x unchanged, and little talline material, as free amine or its salts, be isolated from
change was seen after 22 hr. I f, after dilution with acetonitrile, hydrolyses of the bis enol ether 22b under conditions similar to
2 drops of triethylamine is added, the band at 301 m î dis- those tried for 22a. The following procedure produced a deriva-
appeared, but only a long tailing absorption without maxima tive. 260 mg of enol ether 22a was refluxed for 0.5 hr in 95%
replaced it. ethanol containing 0.25 ml of concentrated hydrochloric acid and

l-Methoxy-4-(/3-ammoethyl)-cyclohexadiene-l,4 (22a).— 2.0 evaporated to a residue which was partitioned between methylene
g of p-methoxyphenethylamine32 were dissolved in 10 ml of chloride and aqueous sodium hydroxide. The organic phase was
methanol, and about 150 ml of liquid ammonia was distilled into washed with water, evaporated to 90 mg of an oil, and dissolved
the solution, cooling it to -7 0 ° .  1.6 g of sodium metal was in ether. 6-Nitropiperonylic acid (220 mg) was converted to its
added with stirring over 3 min, and the blue color disappeared acid chloride in ether as described above and added to the crude 
in about 5 min. The ammonia was evaporated, ether and water amine and about 100 mg of triethylamine. After stirring over-
were added, and the mixture was extracted with ether, which was night, the ether was washed with water, dried, and evaporated
dried and evaporated to 1.7 g of an oil. I t  exhibited ir bands at to yield a gum (170 m g) which yielded crystals on removing the
5.90 and 6.02 ft, completely lacked several strong absorptions due major spot from a preparative tic plate (silica, 1% methanol in
to starting material, and exhibited only end absorption in the chloroform). Tne crystals were recrystallized from ethanol:
uv above 215 m/x and nmr at 4.56 (~ s ,  1 H ), 5.39 (s, 1 H ), 6.50 mp 215-220°; ir 5.94, 6.05, 6.20, 6.55, 7.50 ft; uv Xmax 246
(s, 3 H ), 7.3 (m, 6 H ), 7.9 (m, 4 H ). Distillation at 60° (15 ft) (log £ 4.1), 289 (4.3), 340 (sh, 3.8); nmr 2.36 (s, 1 H ), 3.20
yielded 1.0 g of an oil which did not materially differ in its spectra. (s, 1 H ), 3.78 (s, 2 H ), 3.85 (s, 1 H ), 6.0-8.5 (m, 9 H ).

Hydrolysis of this enol ether 22a in 2 A  sulfuric acid at room Anal. Calcd lor CiiHuN^Oe: C, 58.17; H , 4.27; N , 8.48. 
temperature for 1 hr yielded variable amounts of ether-extractible Found: C, 57.96; H , 4.31; N , 8.32.
material after basification. These oils could not be distilled Hydrolysis of the Enol Ether Amide 23b.— 300 mg (0.8 mmol) 
without decomposition, and no crystalline hydrochloride or of the bis enol ether 23b was dissolved in 50 ml of 95% ethanol,
picrate could be prepared. Extended manipulation afforded 0.3 m lof concentrated hydrochloric acidwas added, and thesystem
increasing amounts of an insoluble yellow amorphous solid, and was refluxed for 2 hr, boiled down to 10 ml, and cooled. The
only small amounts were recoverable from silica chromatography. deposited crystals were filtered (220 m g) and recrystallized from

6-Nitropiperonylamide (23).— A  solution of 6-nitropiperonyl ethanol to yield 120 mg (46% ) of the same product as above, 26,
chloride in ether [from 5 g (24 mmol) of nitro acid and 5 g of by comparison of spectra and melting point (mp 217-219°, mmp
phosphorus pentachloride as above for 15a] was added to a solu- 215-220°).
tion of 3.9 g (25 mmol) of the amino enol ether, 22a, in ether Reduction of 26 .-160 mg (0.5 mmol) of nitro amide 26 and 
containing 10 ml of triethylamine, and stirred for 12 hr. The 160 mg of palladium-charcoal were added to a-phellandrene (20 
solution was washed with hydrochloric acid, sodium hydroxide, ~  The procedure of R. L T . Crombie and j. Harley-Mason, J .  C h e m ■
—---------------  S o c . , 2525 (1952), was used, affording the 2,4-dimethoxy-/3-nitrostyrene, mp

(32) L. H. Klemm, R. Mann, and C. D. Lind, J .  O rg . C h e m ., 23, 346 102-103°, followed by 2,4-dimethoxy-/3-phenethylamine, hydrochloride mp
(1958). 158-160°.
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ml) and heated with stirring on an oil bath. At about 130°, a hexene HC1, 20286-63-9; cis-2-(3,4-methylenedioxy-
vigorous evolution of gas occurred and the temperature rose to phenyl) cyclohexylamine HC1, 20286-64-0; 7, 20286-
150°. When this activity subsided, the suspension was cooled, , _ onooc ca o o /j-u -j \ „nnoo r>n n
filtered, and washed with 5 N  hydrochloric acid. The aqueous 65-1;. f  - 20286-66-2 ; 8a (dibromide), 20286-67-3 ; 8a
layer was made basic and extracted with methylene chloride, and (epoxide), 20286-68-4) 8b, 20286-69-5) 9a, 20286-70-8)
the organic phase was dried and evaporated to yield 110 mg (75% ) 9a, 20286-71-9; 10b, 20286-72-0; 11a, 20286-73-1;
of crystals, recrystallized from benzene to mp 134-135°; ir 5.84, H a) 20286-74-2; lib , 20286-75-3; l ib,  20286-76-4•

5 h ) r H ^ 3 .923(s( 2gH )4£o 12b> 20286-77-5; 12b, 20286-78-6; 15a, 20286-79-7!
6.5-S.3 (7 H ), no protons exchanged withDaO; ’mass spectrum 15c> 20287-27-8; 16, 20286-80-0; N -(6 -nitropiperonyl)- 
major peaks m/e 300 (p ), 243, 229. o-hydroxyphenethylamide, 20286-81-1; 18, 20286-82-

Anal. Calcd for CMHi6N 20 4: C, 63.99; H , 5.37; N, 9.33. 2; N-(o-hydroxy-/3-styryl)-£-butylurethan, 20286-83-
Found: 0 , 63.57; H , 5.25; N, 9.66. 3  19,20286-84-4 ; 20,20286-85-5; 23a, 20286-86-6;

Diazotization m aqueous nitrous acid or with isoamyl nitrite ’ „ 7 . 9, 9n9SA a .’ — 9n9Qf. cn ’
in trifluoroacetic acid led only to unchanged starting material, ¿oD, /U ôD at i , ¿‘i, zUzoO-oo-o, /5, 2U286-89-9,
identified by spectra and tic. 26,20286-90-2 ; 27,20286-91-3.

Registry No.— 1,476-28-8; 4a, 20286-59-3; 4b HC1, Acknowledgment—We should like to express our
20302-79-8; 4c, 20286-60-6; 4c (nitro ketone), 20286- deepest gratitude to the National Institutes of Health
61-7; 4c (bromo ketone), 20286-62-8; frons-2-(3,4- for continued and patient support of these and other
methylenedioxyphenyl)cyclohexylamine HC1, 20302- studies in the synthesis of Amaryllidaceae alkaloids 
80-1; czs-4-amino-5-(3,4-methylenedioxyphenyl)cyclo- over many years.
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(S)-5-(2/-Pentyl)barbituric Acid Derivatives1
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The syntheses of several (S)-5-(2'-pentyl)barbiturie acid derivatives are reported and their optical properties 
have been investigated. Although the ultraviolet spectra of (£>)-( — )-5-ethyl-5-(2'-pentyl)barbituric acid (Ila) 
shows only one maximum under the conditions studied, optical rotatory dispersion measurements have shown two 
Cotton effects. Some pH dependent optical rotatory dispersion studies indicate that the lower wavelength Cot
ton effect is the result of a ir-ir* transition and the higher wavelength Cotton effect is of type n-ir*. The rt-ir*
Cotton effect is positive and the n-rr* Cotton effect is negative. The ultraviolet spectrum of the monosubsti- 
tuted barbituric acid, (£ )-(+ )-5-(2'-pentyl)barbituric acid (lie), in acid solution showed one maximum and the 
optical rotatory dispersion curve in the same solvent showed a negative ir-rr* low wavelength and a positive n-w* 
high wavelength Cotton effect. These results show that the biologically active Ila has optical rotatory dispersion 
properties greatly different from those of the biologically inactive lie. These results are discussed in relation to 
the differences in the structure of these two compounds.

In a recent paper the preparation of some (R )-5-(2'- q 0  CH
pentyl)barbituric acid derivatives (I ) was reported. 2 | ji y  ,-H
In order to compare the optical properties, the pharma- H— N̂ ( CH2)2CH3 H— N''UsX ^ C''v (CH2)2CH
cological effects, and the metabolic fate, it was necessary I  [ h  22 3

to obtain the enantiomeric (iS)-5-(2'-pentyl) barbituric ^  1 ® X N 0

acid derivatives (I I )  in high optical purity. The (R )- H ^
isomers I  could be readily prepared in a high state of op- j
tical purity from commercially available (fi)-(+ )-pu le- 11

gone. 2 However, the unavailability of the correspond- b R = C2H6’ X = S
ing (S) isomer or other similar (aS) derivative convert- c,’ R = H, X = O
ible to the ((S')-barbituric acid derivatives II, made it d, R  = CH2= C H C H 2— , X = O
necessary to seek a different synthesis of these enantio- e, R = CH2=CHCH2—, X = S
mers. Although there are two reports of the prepara- In 1966 Knabe and Philipson6 reported the separation of
tion of (S ) - (—)-5-ethyl-5-(2'-pentyl)barbituric acid racemic 5-ethyl-5-(2'-pentyl)barbituric acid (pentobar-
(Ila ) in the literature, in both cases the optical purity bital) into its optical antipodes via fractional crystalliza-
was very low. A  method reported by Kleiderer and tion of its diastereomeric N-methylquininium salt from
Shonle3 involved a displacement reaction at the asym- a methanol and ether mixture followed by regeneration
metric carbon atom and proved to be unsuitable for the of the acid. The (S) isomer I la  thus obtained had
preparation of the (S) isomers I I  in high optical purity. 4 M 20d -3 .5 ° and was, therefore, only 28% optically

(1) This research was carried out under Contract PH43-65-1057 of the PUre when Compared to [ a ] 20D 13.12 obtained for la . 2
National Institute of General Medical Sciences, National Institutes of Since the (S ) isomer WaS reported to be the more CryS-

H cBe Cookâ d c R Tali nt t h , i n  e nccQ, talline of the two salts and easier to separate, further
(3) E. C. Kleiderer and H. A. Shonle, J .  A m e r .  C h e m . S o c . , 66, 1772 TeCryStaillZatlOn Of this Salt Should lead to Optically pure

<1934>- Ha. Indeed, we found that I la  having [ « ] 24d —13.38°
(4) The optical purity of Ila  obtained by Kleiderer and Shonle (ref 3)

was 36%. (5 ) j. Knabe and K. Philipson, A r c h .  P h a r m . (Weinheim), 299, 232 (1966).

2676 Carroll and M eck The Journal of Organic Chemistry



could be obtained by this method. However, it was 5_
necessary to recrystallize the N-methylquininium salt
twelve times from a methanol and ethyl acetate mixture _ \
in order to obtain 3% of the optically pure Ila . The I
low yield obtained, as well as the necessity of carrying _  \
out a separate resolution for each (S) isomer I I  desired, 3 -  rA  j\
made this procedure unattractive for the preparation of * \\ j  \
reasonable amounts of a series of pure 0S)-5-(2'-pentyl)- 2~ \
barbituric acid derivatives (II ). In 1931, while en- n \
gaged in a study of the Walden inversion, Levene and ’2  1 -  i / \  '
Marker6 reported the preparation of (£ )-( — ) -3-methyl- ^  1 : \  V ____  .
hexanoic acid ( I I I ) ,  bp 113° (17 mm), [ a ] 27D —2.52°. & 0 -  {* . V ^ __ t ------------------
The fact that the magnitude of the reported rotation is \ ■ /  \  ”  '
of comparable value and opposite sign to the (!? )-(+ )-3- -I -  \ f -
methylhexanoic acid prepared by Cook and Tallent2 j /  / '
from (A)-(+)-pulegone prompted us to reinvestigate -2 -  S  /
this preparation. We found that six recrystallizations * /
of the cinchonidine salt of racemic 3-methylhexanoic -3 -  U
acid followed by regeneration of the acid afforded I I I
having [a ]24D —2.63°. When this acid was subjected -4l------1_____I_____ 1 1 1 1 1 1  1 1

to the reaction scheme shown in Scheme I, the opti- 200 240 280 ^201 1 400 ^00 600

cally pure 5-(2'-pentyl)barbituric acid derivatives ( I I )  X.m/t
were obtained A  comparison of the [ « ] d  and melting Figure L_ 0ptical rotatory dispersion of (SH _)_5_ethyl.5_
points of the (K )- and (o)-5(2 -pentyl)barbituric acid (2'-pentyl)barbituric acid ( I la )  in methanol (-------), in 50% v/v
derivatives is given in Table I. Since the absolute con- methanol-0.1 N hydrochloric acid (—— ), in 50% v/v methanol-
figuration of the starting ($ )- (—)-3-methylhexanoic 0 1  N  sodium hydroxide (------ ), and (R )-(+  )-5-ethy 1-5-(2
acid ( I I I )  has been established,7 the absolute configura- pentyl)barbituric acid ( la ) in methanol (- ).
tion of the (iS)-5-(2/-pentyl)barbituric acid derivatives
(I I ) is known and is as represented in Scheme I. The an(* °P^lca rotations were of essentially equal magni

tude and of opposite sign2 (Table I).
We have investigated the optical rotatory dispersion 

Scheme I (ORD) of this series of optically active compounds.8

CH2C02H CH2C02C2H5 The ORD curves of these compounds were of particular
! c2hsoh ! l. (Etoco), interest because of their potential application in deter-

r i T ,r ri % V r „  ,p u , 2 . heat *” mining the structure of metabolites which are isolated in
^ CH3 PH3(LH2)2 ^  OH3 only very small quantities. In addition, the informa-

tion from the ORD studies may be of value in assigning 
rw rn  r  h electronic transitions to the barbituric acids. Finally, a
| ' 2 2 5.2 comparison of the ORD of the active hypnotic and seda-
C tive, (£ )-( —)-5-ethyl-5-(2r-pentyl)barbituric acid (Ila ),

CH3(CH2)2 |^CH3 and the biologically inactive (iS )-(+)-5-(2,-pentyl)-
n ncxnh /  H barbituric acid (lie ) might reveal differences in their

2 V structure which would be helpful in explaining their
s '  iRX biological differences.

¿ s '  base t The ORD curve of I la  in methanol (Table II, Figure
0 Cib CR(C02C2H ), 1) shows a negative Cotton effect with the trough at 274

Jl V ' H h2ncxnh2 ' 2 2 = 2  mjU. The peak occurs at 240 m/u as a shoulder on a sec-
W ” vtK rVv'(CH2)2CH3 < fcg, ond positive Cotton effect, the peak of which is at 223

X ^ 'N '^ o  CH3(CH2)2-  | TJKj m/u. The trough of this second Cotton effect could not
H H be measured. As expected, the curve of I la  was the

TTa r  = c2H5; X = 0 mirror image of its enantiomer la  (Figure 1). The
b R = CH - X = S shape of the ORD curve of I la  in acid solution was es-
c' R= H- X = 0 sentially the same as that in methanol; however, the ex-
’ ’ __ pttptt Y _ n  trema of the long wavelength Cotton effect was shifted
’ _  2 2’ ~ to lower wavelengths and the amplitudes of both Cotton

e, R = CH2=CHCH2; X = S effects were increased. In contrast the ORD curve of
I la  in alkaline solution showed a bathochromic shift and 

identity of each compound was shown by elemental showed only one peak and one trough at 250 m/i and
analysis, infrared, and mass spectra. As expected, the ^78 m/z, respectively. I t  could be argued that the two
infrared and mass spectra of each derivative I I  were Cotton effects observed in the ORD curve of I la  in
identical with those of the corresponding (A ) isomer I, (8) Optical rotatory dî pei-Hion were measured at the University of North

Carolina at Chapel Hill as a courtesy of Dr. J. Hermans and with the help
(6) P. A. Levene and R. E. Marker, J .  B io l .  C h e m ., 91, 77 (1931). of Mr. D. J. Puett, and at Duke University as a courtesy of Dr. C. Tanford
(7) I. A. Holliday and N. Polgar [J .  C h e m . S o c . , 2934 (1957)] has cor- and -with the help of Mr. Bob Roxby. Measurements were made with a

related I I I  with methyl hydrogen /3-methyl glutarate, which was related to Cary 60 spectropolarimeter at 28°. Concentration varied from c 0.02 to
methylsuccinic acid by S. Stallberg-Slenhagen, A r k iv  K i m i , M i n . ,  O r a l . ,  c  0.2. Values of molecular rotation have an accuracy of approximately 10%, 
25A, No. 10 (1948). except at very low wavelengths where the error is somewhat larger.
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T able I
Comparison op Optical Rotation and Melting Point of (R )- and (S)-5-(2'-Pentyl)barbituric Acid Derivatives

------Optical rotation6 [u ]2*d----- . ,-------------------- Mp, °C ‘ ---------------------.
Compound“ (S) isomer (Ä ) isomerd (S) isomer ( i f )  isomer“1

5-Ethyl-5-(2 '-pentyl)barbituric acid — 13.19 13.12 121.5-122 122-122.5
(pentobarbital)

5-Ethyl-5-(2'-pentyl)-2-thiobarbituric acid — 10.85 10.66 148-149 151-151.5
(thiopental)

5-(2'-pentyl)barbituric acid 5.88 —4.8 182-182.5 182.5-183
5-Allyl-5-(2'-pentyl)barbituric acid —8.55 9.23 102.5-103.5 103-106

(secobarbital)
5-Ally 1-5-(2'-pentyl)-2-thiobarbituric acid -6 .5 3  6 . 6 8  116-116.5 117-118

(thiamylal)
“ The name given in parentheses is the generic name of the ^/-mixture. 6 Optical rotations were measured on a Rudolph Model 80 

polarimeter at c 2.0 to 3.0. c Melting points were obtained by capillary method on sublimed samples, except for thiamylal which was 
purified by recrystallization from an ethyl acetate and hexane mixture. d Taken from ref. 2.

Table II tion. In addition, this interpretation would indicate a
Optical Rotatory D ispersion and Ultraviolet X£h 12-1 269 mp9 (Table II, Figure 1) for the O RD  of I la

Absorption Data of 5-(2'-Pentyl)barbituric Acid whereas the uv shows only one maximum at 240 mp at
Derivatives pH 12.1. The increase in amplitude of the higher wave-
'--------0RD — ~̂vU absorption-. length Cotton effect in going from methanol to acid solu-

Compound Condition X, m/*° [#]° Xmax « X 10 * , • n x i ,  x x * i i _  x j?tion as well as the extreme unsymmetncal character of 
3 274 P 786 the ORD  curve of I la  in alkaline solution are also incon-

20O 0 sistent with this interpretation. Alternatively, the two
240 Te — 1300 Cotton effects could result from different electronic
222 T -3050  transitions. The uv spectrum of I la  in methanol shows
213.5 0  an absorption at 210 mp. The position as well as the

I la  C H 3O H  320 -2 0 0  210 9.5
274 T  -8 8 0  0
26° o I c h
240 P ' 1300 H — 2 5 0  0

2 . 5  r  O ^ O  H - n V *

m  r E , A ‘  : »  2 12  7 ' 4 A
259 0  IlaA  H aß  HaC
240 P ' 1900 R --------- CH(CH3)C2H7
222 P  4400

„  2^  ' 5 „ „ high intensity of this absorption suggest that it is a type
IIa P 1 ’ ®7gT 2 540 ° 10 °  7T-ir* transition.10 As a result of the presence of several

ogg 0 nonbonding, lone-pair electrons on heteroatoms (O and
250 P  3000 N ), the uv spectrum of I la  would also be expected to
240  0  show n -x *  transition(s) at longer wavelengths. Al-
215 -2050  though such a transition is not perceptible in the uv

l ie  CHsOH 320 140 2 0 8 '  8.5 spectra of Ila , it would seem reasonable to attribute the
275 P  1170 268 12.1 long wavelength tail of the x -x *  transition to a n -x *
2615 0 transition.11 The midpoint, A0 213.5 opt,9 of the shorter
248 T e -1150  wavelength Cotton effect in methanol as well as the
215T -1200  bathochromic shift in alkaline solution, X0 240 npu,

lie pH 1.4* 320 _  150 209/ 9.1 agrees well[with the ultraviolet.maximum of Ila , x£äOH
272 5 P 1160 212 mp and Xg,ax 240 mp. Apparently this high-am-
260 0 plitude low wavelength Cotton effect and the strong
245 T c -1150  ultraviolet absorption band are the result of the same
222 T  -2700  x - x *  electronic transition.10 The second Cotton effect

“ P  = peak, T  = trough. 6 The optical rotations are given as at Ao 260 mp in methanol of lower amplitude is probably
molar rotation, [0 ]®x = [a ]“D X mol wt/100. '  This extremum due to the presence of a low intensity transition at
occurs as a shoulder on a lower wavelength extremum. - 50% higher wavelength even though the uv spectrum does
v/v methanol-0.1 N  hydrochloric acid. *50%  v/v methanol- ^  i _  •______ • ,1 • • ,, -A „ #J
0.1 N  sodium hydroxide. / Shoulder on end absorption. “ o t sh o w  a  m ax im u m  in  this reg io n .11 B eca u se  o f  its

l o w  in t e n s i t y ,  i t s  o c c u r r e n c e  a t  h ig h e r  w a v e l e n g t h  t h a n

methanol and in acid solution result from a single elec- the transition> and its shift to Iower wavelength in 
troniC transition of a keto (IlaA ) and enol (IlaB ) form, (9) Xo refers to the wavelength at which the rotation is zero,
which are converted in alkaline solution to one species, D- W - Turner has attributed an absorption band at 185-198 m /1 in a
.,  . /TT  ̂ i  • 1 i 1 . . , , ,  . number of cyclic imides to a ir -w *  transition. See D. W. Turner in "Deter-
the anion ( I l a C ) ,  which then shows only one Cotton ef- mination of Organic Structures by Physical Methods,”  Vol. 2 , F. C. Nachod
feet. However, the ultraviolet spectrum of I la  in and W. D. Philips, ed., Academic Press, New York, N. Y ., 1962, Chapter5.
methanol or acid solution which shows only one maxi- (11> The' uitraviolet spectrum of I la  does not show a second maximum.

. , . . . . , However, the spectrum has 2 50-200 in methanol at 300-250 mu and shows
mum m b o t h  c a s e s  IS in c o n s is t e n t  W it h  t h is  ln t e r p r e t a -  a very small inflection between 230 and 245 m„.

2678 Carroll and Meck The Journal of Organic Chemistry



going from alkaline to acid medium, the second transi- 2  —
tion is most likely a n-7r* type.12,13 This interpretation 
of the ORD curves of I la  would be consistent with its uv
spectra and the change in amplitude of the longer wave- I — / r \\
length Cotton effect with change in pH. In addition, f !
the extreme unsymmetrical character of the ORD curve f f
in alkaline solution would be explained if the peak of 0 ------------------------- -ft--------------------------
both Cotton effects occurs at 250 m¡x as this interpreta- //
tion suggests. ro A

In contrast to Ila , the uv spectrum of the monosub- 2  “ I — 
stituted barbituric acid, (iS)-(+)-5-(2'-pentyl)barbitu- r^ . //
ric acid ( l ie ) , in methanol showed two intense absorption J0J, //
bands at 208 and 268 mju (Figure 2). An analysis of //
the uv spectra of l ie  as a function of pH as well as refer- . //
ence to the spectral data of other monosubstituted bar- _  j
bituric acids indicate that l ie  exists as an equilibrium ^ j
mixture of l ie  A  and IIcB 14 in methanol solution and in A
the form of IIcA  at pH 1.4.16’16 -4 — / 1

I ,
0 0 1 I -1 0

—  t V  s \  /  1
O^N^o O^N^OH \\ / i

A 1
IIcA HcB V / J _  p 0

R =  CH(CH3)C3H7 \\ j  1 X

\\ / 1 w
The enol form IIcB  could be considered as a 6-hy- \ j

droxyuracil derivative and might be expected to show \ l
electronic transition similar to those assigned to uracil \
and other pyrimidines.17 As a result one might expect _ V . . v
the ORD curve of IIcB  to be different from than of -------- 1----- "  I . .. T - 1. >  . 1 ___
IIcA .18 Since the ORD curves of l ie  (Figure 2, Table 220 240 260 280 300 320
I I )  in both methanol and acid solution are almost iden- X(myt)
tical,19 the curve in methanol must be due mainly to T,. „  „  ,. . , , ,. . , ,
form IIcA , or the ORD properties of IIcA  and IIcB, or 0f (S)-(+ )-5-(2'-pentyl)barbituric acid (lie) in methanol
essentially the same. The latter explanation seems less (......... ), and in 50% v-v methanol/0.1 N hydrochloric acid
likely since the optically active 2'-pentyl side chain (-----)•
would be connected to the heterocyclic chromophore via
a sp3 bond in IIcA  and a sp2 bond in IIcB .20 The ORD Tt a  * n ,, „ . . ,. , ,, *r  rTT . , . , to Ila, the 7r-ir* Ootton effect is negative and the n-ir*
curve ot l ie  in acid solution shows a positive high wave- p  ,, . . ...
length Cotton effect with the first extremum at X 272.5 °a-on e,,ec 1S R0S1 , TT • •, , ,.0 , ,. , , , i n ,, „  , Since the curves of Ha and He in acid solution pre-
m/i and a negative low wavelength Cotton effect with , ,  r TT a j
,, n . . 1 nnn mi c , sumably result from the tnketomc form HaA andthe first extremum at X 222 mu. therefore, in contrast t t * , ... , . . .  ,r  ’ IIcA , respectively, this strikingly different rotatory be-

(12) Since lone-pair transitions are strongly affected by changes in pH, h a v i o r  W o u ld  in d ic a t e  t h a t  t h e  tW O  C o m p o u n d s  h a v e  d i f —
the blue shift observed in going from the monoanion of Ila , to the neutral f e r e n t  S te r ic  r e la t io n s h ip s  b e t w e e n  t h e  a b s o r p t i o n
iQolecule. to the weakly protonated form, is consistent with an n-7r* transi- t t , • n  , • •  ̂ i A1
tion. In  a study of the ord, cd, and uv properties of pyrimidine and chromophore and the optically active side chain. Al-
purines, D. W. Miles, R. K . Robins, and H. Eyring [P ro c . N a t. A cad . S c i. though the 2'-pentyl side chain Would have free rotation
V. S., 67 1138 (1967)]| showed that n-ir* transitions undergo blue shifts about the 5 position of the barbituric acid ring, these

(13) This long wavelength Cotton effect could be due to one or more op- QlITGrGIICCS lnu.lCilt'G t ilG  O p tlC c llly  SlCtlVG S1Q6 C118;1I1
ticaiiy active transitions. may have different preferred conformations in the two

Two «denticaistructures can be drawn f°r  form iicB . compounds. Molecular models of I la  and l ie  indicate
(15) W. J. Doran, m “ Medicinal Chemistry,”  Vol. IV , F. F. Blicke and r  , .

r . h . Cox, Ed., John Wiley & Sons, inc., New York, n . y ., 1959, p i. that I la  is considerably more stencally crowded than
(16) j . j . Fox and d. shugar, Bull. Soc. chem. Beiges., 6i ,  44 (1952) and j j c an() that free rotation would be considerably more

references «teL^  ̂  ̂  ^  ̂  ^  ^  ^  n (19M)- difficult. This steric crowding is also evident in the uv
(18) D. W. Miles, R. K. Robins, and H. Eyring, J. Chem . Ph y s ., 57, 1138 Spectrum of Ila, which shoWS a shift to longer Wave-

(1967), have correlated the ORD and CD  curves of uridine and thymidine length relative to the Spectrum of lie , indicating in-
with the electronic transition of these bases and have shown that they are , .. c
derived from those of benzene. creased noncoplananty of the barbituric acid ring of

(19) This blue shift of the first extremum in going from methanol to acid I la .21 It  is alsc possible that I la  and l ie  have different 
solution would be expected of a n -T* transition. The difference in rotation optically active transitions Or different Solution charac-
of the low wavelength x-ir* transition is due partly to uncertainties m mea- . .  TT . . , , . . . .
surements in this region. tenstics. However, because of the very close similarity

(20) An examination of C PK  molecular models of I IcA  and IicB  shows
that different heterocyclic chromophore-optically active side-chain steric (21) D. W. Turner (ref 10) attributed a shift in the uv to longer wave-
relationships exist in the two forms. An ORD and CD study at various length shown by glutarimide relative to succinimide to noncoplanarity of
pH ’s may be helpful in solving this problem. the imide group.
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in  structure, th is exp lan ation  seem s less like ly . T h e  ex - (S ) - (— )-Diethyl Ethyl-2-pentylmalonate (VI, R  =  C2H 6).—  
trem e d ifference o f the o p tica l ro ta to ry  p roperties o f I l a  P r e d a r e  that Cook and Tallent* used to prepare the

a n d  l i e  s u g g e s t  t h a t  a d d it io n a l  O R D  a s  w e l l  a s  c ir c u la r  ( 7 6 % ) of V I  (R  =  c 2H5): bp 115° (2 m m ), n 25d  1.4348, W 23d

d ic h ro is m  ( C D )  a n d  p o s s ib ly  m a g n e t ic  c ir c u la r  d ic h ro is m  -1 4 .8 4 °  (neat); lit .3 bp  123-124° (10 m m ), n26d 1.4330, [<*]25d
( M C D ) 22 s tu d ie s  o f  b a r b i t u r ic  a c id  d e r iv a t iv e s  m ig h t  b e  -1 1 .0 2 °  (neat).
u s e fu l in  e x p la in in g  th e  b io lo g ic a l  p ro p e r t ie s  o f  th e se  ($ ) - (  — )-D iethyl Allyl-2-pentylmalonate (V I, R  =  CH 2=  

c o m r o u jd s .  I n  a d d it io n , th e  C D  a n d  M C D  s tu d ie s  o f  m

I I  w o u ld  p r o v id e  a d d it io n a l  e v id e n c e  fo r  th e  e le c t ro n ic  propene (23.7 g, 20 mmol) yielded 13.7 g (7 8 % ) of V I  (R  =
t r a n s it io n s  s u g g e s te d  in  th e  p re s e n t  c o m m u n ic a t io n . C H 2= C H C H 2—  ); bp 129-130° (1.0 mm), w26d 1.4437, [a] 23d

— 16.36°; lit .25 bp 137-140° (15 mm) for dl ester V I  (R  =  C H 2=
CUCII* -).

Experimental Section23 (S ) - (— )-5-Ethyl-5-(2'-pentyl)barbituricAcid (H a ).— Treatment
, . of V I  (R  =  C2H 5) (3.0 g, 11.8 mmol) with urea according to the

Resolution of dM-Ethyl-5 2'-pentyl)barbitunc Acid (Pento- procedure that Cook and Tallent2 used to prepare la  gave 2 .1  
barbital).— dZ-Pentobarbital (168 g, 0.74 mol) was converted g (7 7 % ) 0f n a
to its N-methylquininium salt according to the method of Knabe Calcd for CuH 18N »0 3: C , 58.39; H , 8 .02 ; N , 12.38.
and Philipson.5 Twelve recrystallizations of this salt from a Found* C  58 35* H  8 10* N  12.46.
methanol and ethyl acetate mixture followed by regeneration (£ ! ) - ( - )-5-Ethyl’-5-(2'-pentyl)-2-thiobarbituric Acid ( l ib ) .—
of the acid from the separated N-methylqumimum salt of ( -  )- The title compoimd prepared from malonic ester V I  (R  =  C2H 5)
pentobarbital gave 2.8 g (3% ) of I la  purified by sublimation, ancj thiourea2 followed by work-up and sublimation had mp 148-
mp 121-121.5°, [ « ] 24d -1 3 .3 8 ° (c 2.38, absolute ethanol); 149Q> J

^  W ^ " 8J5# V “ * . Anal. Calcd for C hH 18N 20 2S: C, 54.40; H , 7.42; N , 11.54;
(SH -)-3 -M eth ylh exano ic  Acid ( H I ) - T h e  acid I I I  was ob- g 13.20. Found: C , 54.48; H , 7.57; N , 11.62; S, 13.05. 

tamed by six ^crystallizations of the cinehomdine salt from an (S )- ( +  )-5-(2'-Pentyl)barbituric Acid (lie ).— Condensation of
aqueous ethanol solution according to the procedure of Levene malonic ester V  (0.90 g, 3.9 mmol) and urea with sodium ethoxide
and Marker 5 From 415 g of dl-3-methylhexanoic acid, 90 g in ethanol2  fonowed by purification and sublimation gave 0.71
of H I  was obtained: bp 109-110 (13 mm), n26D 1.4205, [a] 24d <r (A iW  ) of Tic
-2 .6 3 °  (neat); lit.6bp 113° (17 mm), n.26D 1.4214, H 27d - 2.52° A n a l  Calcd for C 9H „ N 20 3: C, 54.53; 11,7.12; N , 14.13.
(n“ t \  _  , , „ /TTrN _ .  Found: C, 54.65; H , 7.23; N , 14.05.

Ethyl ( S ) - ( - )-3-Methyltexanoate ( IV ) . -T h is  ester was pre- (S ) - ( -  )-5-Allyl-5-(2 '-pentyl)barbituric Acid (lid ).-T rea tm en t
pared according to the procedure of Levene and Marker: bp of y j  (R  =  C H 2= C H - C H 2) (10 g, 37.1 mmol) with urea by  a

Jio  mm ’ ^  D (neat)< ht. bp 60 (10  mm), [a] d procedure similar to that used to prepare H a  gave 5 .7  g (65% )
~ 0A2 ■ o f l ld

( 'S)r (r  )":? iethyl 2 -Pen ty linal^to  ( V ) . - T ^  ester was pre- ¿nai. Calcd for C I2H 18N 20 3: C, 60.48; H , 7.61; N , 11.76.
pared by the same procedure that Cook and lallent2 used to Found- C  60 34- H  7 65- N  11 83
prepare the ( « ) - ( + )  isomer, with the exception that benzene was (<?)_('_ )-5-Allyl-5-(2'-pentyl)-2-thiobarbituric Acid (H e ).—
used m place of ether as the reaction solvent Starting with 12 Treatment of V I  (R  =  C H 2= C H C H 2- )  (2.0 g, 7.4 mmol) with

?iJo6 '?om m 0) ° f26eStf  E k  (57o%i°o f 7  ° “ : * P thiourea by a procedure similar to that used to prepare l ib  gave
105° (2 mm), » 26d 1.4260, H 24d  -0 .5 9 °  (neat); lit .24 bp 103- n 52 tt 131 <7 1 of TTe
104° (4 mm), w20d 1.4273 for the dl ester (V ). ‘ Anal. Calcd for C 12H 18N 20 2S: C, 56.66; H , 7.13; N , 11.02;

(22) See W. Voelter, R. Records, E. Bunnenburg, and C. Djerassi, J .  S, 12.61. Found: C , 56.62; H , 7.21; N , 10.97; S, 12.38.
A m er. Chem . Soc., 90, 6143 (1968), for the use of MCD in an investigation _  __ _ _  _  „  ^ , _ ___
of some pyrimidines. Registry No.— H a , 5767-32 -8 ; l i b ,  20224 -43 -5 ; l i e ,

(23) Melting points were determined using the Thomas-Hoover capillary 2 02 24 -4 4 -6 ’ l i d  2 02 2 4 -4 5 -7 ’ l i e ,  20224-46-8 .
melting point apparatus, and ultraviolet and visible spectra were measured
on a Cary Model 14 spectrophotometer. Infrared spectra were measured Acknowledgment.'— W e take pleasure in thanking
with a Perkin-Elmer 221 spectrophotometer; samples were prepared in ^  ,, p.* , « i L . -, , , r ,
the form of pressed KBr disks. Mass spectra were determined on an AEI ^T. M. R. Wail, Director OI tillS laboratory, IOr HIS kind
MS-902 spectrometer. Microanalyses were carried out by Micro-Tech encouragement and Support of this Work.
Laboratories, Skokie, 111.

(24) H. A. Shonle, A. K. Kiltch, and E. E. Swanson, J .  A m er. Chem . Soc., (25) K. Abe, T. Ishiraka, and Y. Tsukamoto, J. P h a rm . S oc. J a p ., 75,
52, 2440 (1930). 891 (1955).
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Synthesis of P,P,P',P'-Tetraalkylated
l,4-Diphosphoniacyclohexadiene-2,5 Salts

A. M. A guiar, J. R. Sm iley I relan , George W. Prejean,1 
Joseph P. John, and Cary  J. M orrow2

Chemistry Department, Tulane University, New Orleans, Louisiana 70118 

Received January 27, 1969

The preparation of the new class of phosphorus alkylated l,4-diphosphoniacyclohexadiene-2,5 salts and 0- 
halovinylphosphines from dialkyl-l-alkynylphosphines is described. Implications toward possible reaction 
sequences are discussed.

The preparation of l,l,4,4-tetraphenyl-l,4-diphos- product under these conditions is usually V. Con-
phoniacyclohexadiene-2,5 dibromides (I ) by the version of V  into IV  occurs readily in boiling glacial
reaction of diphenyl- 1-alkynylphosphines ( I I )  with acetic acid (Scheme I).
hydrogen bromide in hot glacial acetic acid was reported A  series of acid-catalyzed Michael additions of 
from this laboratory in 1967 (e 1 1).8’4 phosphines to /3-bromovinylphosphine hydrobromides

and phosphonium salts followed by elimination of
„ „ „  , ____  „__  , a hydrogen bromide may explain the formation of IV
2HBr +  2R'C=CP(C6H5)2 — - from V  (Scheme II ).

n

r  ,+ Scheme I I
q h 5 c6h5 2+ ----- -------------------- v

bX X h  2Br‘  ®  b'~  T  E,PCH_C(Br>E' +  “

< » < *  v  r  , , n +
L -J R2PCH2C(Br)R'

I  | Br~
R'=H, C6H5 [_R'(Br)C=CHPR2 _

HBr
This synthesis was limited to the P-phenylated ▼

“ diphosphoniapyrazine”  salts (I ) owing to the difficulty f  R r

in obtaining dialkyl-l-alkynylphosphines ( I I I ) .6 This H
difficulty has now been overcome.6 Treatment of the H--Y^ ^t^Br
dialkyl-l-alkynylphosphines ( I I I )  with hydrogen bro- R'-J L-H 2Br
mide in boiling glacial acetic acid did not lead to the
tetraalkylated salts (IV ) in most cases, and in the one g
case in which the salt was obtained, the yield was less 1-
than 10%. A t room temperature or lower, however, I - 2H&-
the same reagents do give rise to IV  and /3-bro mo vinyl- J*.
phosphine hydrobromides (V ) (Scheme I). The major V

Although treatment of the isolated V  with hot glacial 
CHEME acetic acid leads to IV , formation of IV  can occur

jypO==Cj^ _f. 2HBr H0AC) without the intermediacy of /3-bromovinylphosphines by
a series of acid-catalyzed Michael additions to alkynyl- 
phosphines (Scheme II I ) .

"" R R 2+ This is shown by the fact that the dichlorides of IV

V P g  1  are formed in higher yields than are the corresponding
^/R ' I dibromides by the use of hydrogen chloride gas instead

I  T  2Br~ +  R2PCH=C(Br)R' Br-  hydrogen bromide. Further support for this
R '^ 'P '^ ^ H  H0Ac L J explanation is found in the fact that usually no chloro-

^  V vinylphosphines or their hydrochlorides are isolated
J A under these conditions. These data are summarized in

IV Table I.
__________  It  seems that there is competition between the halide

(1) ndea Predoetorai Fellow, 1965-1969. ion and phosphine in the acid-catalyzed addition step
(2) NASA Predoetorai Fellow, 1966-1969; NDEA Predoetorai Fellow, to the alkynylphosphine. The bromide ion Competes

1967-1969; nsf Predoetorai Fellow 1969-1970. effectively with the phosphines and leads to some
(3) A. M. Aguiar, K. C. Hansen, and G. S. Reddy, J . Amer. Chem. Soc., , * 1 1  i • m i i i • i • ,,  .,

89, 3067 (1967). bromovinylphosphine. ln e chloride ion, on the other
(4) a . m . Aguiar and k . c. Hansen, ibid, 89, 4235 (1967). hand, is not so effective in the competitive nucleophilic
<2 )V-E- DavMsohn and M. c. Henry, chem. Rev 67 73 (1967). addition. Relative acidity of the acid is apparently not

Prejean, j .  org. chem., 34, 2684 (1969). so important as the nucleophihcity of its conjugate
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Table I
,------------------------------ iv ------------------------------ -

Temp, Yield, M p (dec), Picrate mp •----------------- V-------------------
R  R ' X -  °C  %  °C  (dec), °C  Yield, % M p (dec), °C

C H 3 C 2H 5 B r 25 0 • • • ■ • • 50 149-151
C H 3 C 2H 6 Br 125 35“ 370-372 246-248 0
C H 3 C2H 5 Cl 25 32 365-370 246-248» 0
C H 3 C 6H 5 B r 125 0 • • • • • • 0
C H 3 C 6H 5 B r 25 51s 327-328* 273« 38 146.5-147.5
C H 3 C 6H 5 Cl 25 45 314-316 273« 0
C 2H 5 C H 3 Cl 25 20 305-307 245-247 0
C 2H 5 C H 3 B r 125 7.6* 318-320 245-247 76
C 2H 5 C 6H 5 B r 125 10  279-281 265-266« 40 150-152
C 2H 5 C 6H 5 B r 125 20-* 279-281 265-266 0
C 2H 5 C 3H 5 Cl 25 30 285-287 265-266« 0
(C H s)2C H  (C H 2)2C H 3 Cl 25 30 280-283 200-202 0
(C H 3)2C H  H  C l 25 38 285-287 200-202 0
(C H 3)2C H  C 6H 5 C l 25 7.2 270-273 263-265 0
C 6H 5C H 2 C H 3 Cl 25 45* 260-262 242-244 77

“ Retreatment of isolated V  with H X  in glacial acetic acid. * Obtained by boiling V  in glacial acetic acid. « Mixture melting point 
undepressed. d Added R 2P C fe C R ' to refluxing solution of H B r in HAc.

base. As predicted by this mechanistic explanation, Scheme I I I
hydrogen iodide seems to give only the /3-iodovinyl- r  ^  -,+
phosphine hydriodides, while trifluoroacetic acid i
leads to ring formation with little difficulty. RjPC^CR' +  H+ t > ^ ¿ 0= 0 /̂

The conclusion that V  is a bromovinylphosphine r  *- a -
hydrobromide is based upon elemental analysis (where y
R  =  C2H5, R ' =  C6H5) , the presence of a P -H  band of j
high intensity at 2260 cm-1, immediate formation of a i- -> +
precipitate upon treatment with aqueous silver nitrate, E\ / R
and failure to form a picrate when treated with sodium R \ / R
picrate. Conversion of V  to V I by pyridine further J ^CR '
supports this conclusion. No 2260 cm- 1  band was R,̂ VsP'xC
found for V I. \ R

There are four stereochemical possibilities for the L
structure of V I ( 1 , 2 , 3, and 4). j H+

“ 1 2+
R 2P  Br R 2P  C 6H 6 R\ / K

\ _ f /  X r - r //  \  /  \  T T
H  C6H 6 H  Br R ' ^ P ^ N l

1 2 / \
R 2P  H  R 2P C6H 6 L  R rw  w
BrX Xc6H5 Xh Experimental Section

® 4 All reactions, from the introduction of acetic acid until the
removal of solvent, were performed under nitrogen. The hydro- 

That the intermediate V I is not an a-bromovinyl- Sen chloride and hydrogen bromide were used directly from the
phosphine (3 and 4) is supported by the results obtained bottle (Matheson Chemical Co.). The acetic acid was deaerated

J. , 1 , ,  , , 1  , ■ by bubbling m nitrogen for 10 -2 0  mm. Picrates were formed by
when diphenyl-l-butynylphosphme was treated With metathetical reaction between a methanolic solution of the 
dry HBr in benzene (eq 2 ). phosphonium salt and a methanolic solution of sodium picrate.

P,P,P',P'-Tetraalkyl-l,4-diphosphoniacyclohexadiene-2,5 Salts. 
q6jj6 General Procedure.— To 50 ml of deaerated acetic acid was

(C 6H 5)2P C = C C 2H 5 +  H Br — >- (C 6H 5)2P C H = C (B r )C 2H 5 (2) added a 10-ml acetic acid solution of 2-5 g of dialkyl-l-alkynyl-
phosphine, and then dry hydrohalic acid • was bubbled in at 

T , . . TT . room temperature or with the flask immersed in an ice bath,
i n  th is  re a c t io n , H B r  a r id e d  o n ce  a c ro s s  th e  t r ip le  Slow addition of H X  was carried out for 30-60 min and the mix-

b o n d  to  y ie ld  a  / 3 -b ro m o v in y lp h o sp h in e , e v id e n c e d  b y  ture was allowed to stand under nitrogen at room temperature
th e  la c k  o f  a  c o u p lin g  c o n s ta n t  b e t w e e n  th e  v in y l  for 3 -5  days or the solution was refluxed for 2-4 hr. The acetic
p r o to n  a n d  th e  m e th y le n e  o f  th e  e t h y l  g r o u p  a s  w e l l  a s  wa+ n+i em in ea,el1 case heating with a hot (60—
f ,  • r  ., j, ,, ■ , , . . / „  . 80 ) water bath and stirring (magnetic) under aspirator pressure,
th e  S im p lic ity  o f  th e  V in y l  p r o to n  s ig n a l  (se e  E x p e n -  The last traces of acetic acid were removed in  vacuo at 60-80° 

m e n ta l S e c t io n  fo r  s p e c t r u m ).  (1.0—0.1 mm) for 1—3 hr. The resulting gum was triturated with
T h e  s te re o c h e m is t ry  o f  V I is  s u s p e c te d  to  b e  e ith e r  a  ether, and acetone was added. If the salt precipitated, it was

m ix tu re  o f  1 a n d  2 o r  o n ly  1 r a t h e r  t h a n  2, fo r  th e re  is  fiRered out. I f  no solid formed, the acetone solution was cooled

re a s o n  to  e x p e c t  e q u i l ib r a t io n  a n d  .  w o u id  b e  e x p e c te d

to  be m ore stab le, bu t  this aw a its  fu rth e r w o rk . acetate. If the intermediate V  was isolated (as indicated by
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spectra), it was dissolved in 50 ml of acetic acid, refluxed for IV, R  =  (CH 3)2CH, R ' =  H , X =  C l— The ir spectrum (K B r )
4-6 hr, and worked up on the same manner as before. showed bands at 1453 (C = C ) ,  1260, 1253, and 1042 cm "1.

Frequently, the salts were hygroscopic or associated with The nmr spectrum (T F A ) displayed the vinyl pseudotriplet at
small amounts of solvents, rendering purification difficult. The 8 8.13 (J =  26 cps, 4 H ), the central hydrogens in the isopropyl
picrate salts, which could be obtained pure, were thus formed, groups as a broad multiplet at 8 2.83-3.50 (4 H ), and the methyl
and microanalyses were performed on these. groups as four sharp peaks at 8 1 .20 , 1.31, 1 .5 3 , and 1.65 above

Characteristics of the salts are as follows. a broad multiplet at 8 1.10-1.75 (12  H ).
IV , R  =  CH 3, R ' =  CH 2CH 3, X =  B r — Their spectrum (K B r ) IV , R  =  (C H 3)tCH, R ' =  H , X, =  Picrate.

showed bands at 1705, 1600 < C = C ), 1465, and 1410 cm“1. The Anal. Calcd for C28H 36N 6Oi4P 2: C, 45.29; H , 4.89; N , 11.32;
nmr spectrum in trifluoroacetic acid (T F A ) presented a pseudo- P , 8.34. Found: C , 45.28; H , 4.93; N , 12.19; P , 8.21. 
triplet3'4 at 8 7.62 (J  «  26 cps) for the vinyl protons (2 H ), a IV, R  =  (C H 3)2CH, R ' =  C6H 5, X =  Cl.— The ir spectrum 
multiplet at 8 2.6-3.15 for the allyl protons (4 H ), two sharp (K B r ) displayed bands at 1610 (C = C ) ,  1450, 1395, 1295, and
peaks at 8 2.32 and 2.56 above a broad center peak at 8 2.45 1280 cm-1. The nmr spectrum (T F A ) exhibited the vinyl pseudo-
representing the methyl groups on phosphorus (12 H ), and a triplet at 8 7.89 (J  =  24 cps) beneath an aromatic multiplet at
triplet at 8 1.47 (J  =  7 cps) for the terminal methyl groups 8 7.5-8.0 (6 H  together), the central hydrogen in the isopropyl
( 6 H ) . groups as a multiplet at 8 3.2-3.9 (4 H ), and the methyl groups 

IV ) R  =  CH 3, R ' =  CH 2CH 3, X =  Cl.— The nmr spectrum as a group of eight broadened peaks at 8 1.17-1.97 (12 H ).
(T F A ) of the dichloride is like that of the dibromide but dis- IV, R  =  (C H 3)2CH, R ' =  C6H 5, X =  Picrate.
playing the vinyl pseudotriplet at 8 7.59 (slightly upheld). Anal. Calcd for C 40H 44N 6O i4P2: C , 53.70; H , 4.96; N , 9.39;

IV, R  =  CH 3, R ' =  CH2CH 3, X =  Picrate. P , 6.94. Found: C, 53.76; H , 4.82; N , 9.32; P, 7.06.
Anal. Calcd for C 24H 27N 60 14P2: C , 42.00; H , 4.08; N , 12.24; IV, R  =  C6H 5CH2, R ' =  CH 3, X =  Cl.— The ir spectrum (K B r)

P , 9.03. Found: C, 41.88; FI, 4.12; N , 12.16; P , 9.13. showed bands at 1620, 1590, 1490 (C = C ) ,  1450, and 1270 cm -1.
IV , R  =  CH 3, R ' =  C6H 5, X =  Br.— The ir spectrum (K B r ) The nmr spectrum (T F A ) showed two close aromatic multiplets

showed significant bands at 1560 (C = C ) ,  1495, 1447, and 1302 at 8 6.95-7.65 covering all but the downfield peak at 8 7.87 of the
cm-1. The nmr spectrum (T F A ) exhibited a broadened aromatic vinyl pseudotriplet (22 H  together), a broad multiplet at 8
singlet at 8 7.70 above the vinyl pseudotriplet at 8 7.89 (J  =  26 3.6-4.1 for the benzyl hydrogens (8 H ), and a multiplet at 8
cps, 12 H  together) and the methyl groups on phosphorus as 2.45-2.70 for the allyl methyls showing two rounded peaks at
two sharp peaks at 8 2.49 and 2.74 above a broad center peak 8 2.54 and 2.72 (6 H ).
at 8 2.60 (12 H ). IV, R  =  C6H 5CH2, R ' =  CH 3, X  =  Picrate.

IV, R  =  CH 3, R ' =  C6H 5, X =  Cl.— The ir spectrum (K B r ) Anal. Calcd for C 46H 40N 6OI4P 2: C , 57.30; H , 4.15; N , 8.73;
displayed significant bands at 1630, 1550 (C = C ) ,  1480, 1435, P, 6.44. Found: C, 57.13; H , 4.15; N , 8.56; P , 6.34.
1403, and 1285 cm-1. The nmr spectrum (T F A ) showed the V, R  =  CH 3, R ' =  CH2CH 3, X =  Br.— The ir spectrum 
same spectrum as the dibromide but displayed the aromatic (CHC13) displayed bands at 2435 (P -H ), 1600 (C = C ) ,  and 1355 
protons as a multiplet at 8 7.41-8.32 above the vinyl pseudo- cm-1. The nmr spectrum (T F A ) exhibited a crude vinyl doublet
triplet at 8 7.82 (J  =  26 cps). The methyl groups on phosphorus at 8 6.52 (J  =  16 cps, 1 H ), a crude quartet for the allyl methylene
show the same pattern at the same shift as the dibromide. at 8 2.90 (J =  7 cps, 2 H ), a sharp doublet for the phosphorus

IV, R  =  CH 3, R ' =  C6H 6, X =  Picrate. methyls at 8 2.09 (-/ =  13.5 cps, 6 H ), and a triplet for the termi-
Anal. Calcd for C32H 28N 6O i4P 2: C, 49.11; H , 3.61; N , 10.74. nal methyl group at 8 1.30 (J =  7 cps, 3 H ).

Found: C , 48.41; H , 3.80; N , 10.33. V, R  =  CH 3, R ' =  C6H 5, X =  Br.— The ir spectrum (CHC13)
IV, R  =  CH 2CH 3, R ' =  CH 3, X =  Br.— The nmr spectrum displayed bands at 2450 (P -H ), 1587 (C = C ) ,  1570, 1447, and 

(T F A ) displayed the vinyl pseudotriplet at 5 7.90 (/  =  25 cps, 1294 cm-1. The nmr spectrum (T F A ) showed an aromatic
2 H ), the methylenes on phosphorus and the allyl methyl groups multiplet at 8 7.40-7.95 (5 H ), the vinyl proton as two doublets
as a complex multiplet at 8 2.5-3.2 (14 H ), and the methyls of at 8 7.13 and 6.83 (J  =  6 cps, 17.5 cps apart, 1 IF), and the phos-
the ethyl groups as two triplets at 8 1.60 and 1.23 (J  =  7.5 cps phorus methyls as two doublets at 8 2.35 and 2.25 (J  =  15 cps,
each) above a broad region at 8 1.05-1.80 (12 H ). 5 cps apart, 6 H ).

IV, R  =  CH 2CH 3, R ' =  CH 3, X =  Cl.-— The ir spectrum (K B r ) Anal. Calcd for Ci0H i3Br2P : C , 37.07; H , 4.07; Br, 49.31;
showed bands at 1470 (C = C ) ,  1410, 1310, 1250, and 1110 cm "1. P , 9.55. Found: C, 37.50; H , 4.07; Br, 48.04; P , 9.91.
The nmr spectrum (T F A ) showed the same spectrum as the di- V , R  =  CH 2CH 3, R ' =  CH 3, X =  Br.— The ir spectrum 
bromide but displayed the vinyl pseudotriplet at 8 7.69 (J  =  25 (CHCla) showed bands at 2430 (P -H ), 1615 (C = C ) ,  1450, and
cps). 1370 cm-1. The nmr spectrum (T F A ) displayed the vinyl proton

IV, R  =  CH 2CH 3, R ' =  CH 3, X =  Picrate. as a crude doublet at 8 6.52 (J  =  13.5 cps, 1 H ), the methylenes
Anal. Calcd for C 26H 32N 6O i4P 2: C , 43.71; H , 4.51; N , 11.76; next to phosphorus as a multiplet at 8 2.35-3.00 (4 H ), the allyl

P , 8.67. Found: C, 43.78; H , 4.39; N , 12.09; P , 8.39. methyl group as a broadened singlet at 8 1.70 (3 H ), and the
IV, R  =  CH2CH 3, R ' =  C6H 5, X =  Br.— The ir spectrum (K B r ) methyls on the ethyl groups as a triplet at 8 1.32 (J  =  7.5 cps,

showed bands at 1595 (C = C )  1481, 1445, 1400, 1285, and 1262 6 H ).
cm“1. The nmr spectrum (T F A ) exhibited a broad aromatic V, R  =  CH 2CH 3, R ' =  C6H 5, X =  Br.— The ir spectrum (K B r )
multiplet at 8 7.5-7.95 above the upfield half of the vinyl pseudo- exhibited bands at 2260 (P-FI), 1592, 1572, 1490 (C = C ) ,  1448,
triplet at 8 8.12 (J  =  25 cps, 12 H  together), a broad multiplet and 1406 cm-1. The nmr spectrum (T F A ) showed an aromatic
at 8 2.3-3.5 for the methylenes next to phosphorus (8 H ), and a multiplet at 8 7.35-7.95 (5 H ), the vinyl proton as a doublet at
broad multiplet at 8 1.1-1.9 which contains two triplets at 8 1.35 8 7.08 (J  =  7.5 cps, 1 H ), the methylenes next to phosphorus
and 1.71 (J  =  7.5 cps each, 12 H ). as a multiplet at 8 2.3-3.1 (4 H ), and the methyl groups as two

IV, R  =  CH 2CH 3, R ' =  C6H 5, X =  Cl.— The ir spectrum (K B r ) triplets at 8 1.70 and 1.34 (,/ =  7 cps each, 6 H ).
displayed bands at 1610 (C = C ) ,  1500, 1450, 1392, 1295, and Anal. Calcd for Ci2H 17Br2P: C, 40.94; H , 4.87; Br, 45.40;
1281cm-1. The nmr spectrum (T F A ) showed the same spectrum P , 8.80. Found: C, 40.86; H , 4.92; Br, 45.12; P , 9.13. 
as the dibromide, except that the vinyl pseudotriplet appeared V, R  =  C6H 5CH 2, R ' =  CH 3, X =  Cl.— The nmr spectrum 
upfield at 8 7.70 (J  =  25 cps). exhibited an aromatic singlet at 8 3.43 (10 H ),  the vinyl proton as

Anal. Calcd for C 24H 32C12P 2: C, 63.58; H , 7.11; Cl, 15 64; two crude doublets at 8 5.89 and 6.15 (./ =  7 cps each, 16 cps
P , 13.66. Found: C, 63.35; H , 7.11; Cl, 15.69; P , 13.12. apart, 1 H ), the benzyl protons as two crude doublets at 8 3.80

IV, R  =  CH 2CH 3, R ' =  Cf,H5, X =  Picrate. and 4.05 (./ =  5 cps each, 15 cps apart, 4 H ), and the methyl
Anal. Calcd for C 36H36N60i4P 2: C , 51.56; H , 4.33; N ,  10.02; protons as a close doublet at 8 2.42 ( /  =< 0.5 cps, 3 H ).

P , 7.39. Found: C, 51.64; H , 3.63; N , 10.24; P , 7.62. VI, R  =  C2H 5, R ' =  C6H 6, X  =  Br.— To a dry 50-ml tetra-
IV , R  =  (C H 3)2CH, R ' =  (C H 2)2CH 3, X =  Cl.— The nmr hydrofuran suspension of 3.0 g of diethyl-1-(2-bromo-2-phenyl-

spectrum (T F A ) exhibited the vinyl pseudotriplet at 8 7.61 ethenyl)phosphine hydrobromide was added 1.0 ml of pyridine.
(J  =  25 cps, 2 H ), the central hydrogens in the isopropyl groups The mixture was stirred under nitrogen at 30-40° for 5 hr. The
with the allyl methylenes as two broad multiplets 8 2.6-3.8 mixture was filtered and the filtrate stripped, leaving a gummy
(8 H ), and the remainder of the hydrogens in a multipeak region yellow material. The residue was recrystallized from ether-
at 8 1.0-2.3 (34 H ). acetonitrile-methanol: yield, 1.2 g of light yellow powder

IV, R  =  (CH 3)2CH, R ' =  (CH 2)2CH 3, X =  Picrate. (52% ); mo ca. 27°. The ir spectrum (CHC13) showed bands at
Anal. Calcd for C 34H 4SN 60 ,4P 2: C, 49.40; H , 5.85; N , 10.17; 1670, 1585*, 1572, 1487, and 1448 cm" 1 and no P H  band at 2260

P, 7.49. Found: C, 49.07; H , 5.76; N , 10.17; P , 7.64. cm -1. The nmr spectrum (CDC13) displayed an aromatic mul-
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tiplet at 5 7.2-7.8 (5 H ), a broad vinyl singlet at S 6.88  (1 H ), the mixture was barely translucent. Acetone was added (a few
and two merged multiplets for the ethyl groups at S 1.6-2.3 and drops) until the mixture was clear, and the solvent was allowed
0.8-1.6 (10 H ). to evaporate to dryness in air. Water was added and the mixture

Diphenyl-1-butynylphosphine.— Approximately 20 ml of 1- filtered to leave 1.64 g of white solid (99% from the alkynyl-
butyne (Matheson) was condensed through an 8-mm glass phosphine). Recrystallization from ethanol-water provided the
U-tube in a D ry  Ice bath into a 3-neck flask in a D ry  Ice bath analytical sample, mp 118-120°. The ir spectrum (C H C U ) dis
and under a nitrogen atmosphere. To the condensate was added played the phosphoryl group at 1180 cm-1. The nmr spectrum
100 ml of dry tetrahydrofuran followed by 125 ml of 1.6 M  n - exhibited an aromatic multiplet at S 7.00-7.55 (10 H ), a vinyl
butyllithium in hexane (Foote) over a 30-min period. The doublet at S 6.44 (J  =  15.5 cps) with each peak split to a fine
mixture was stirred for 20 min and warmed to ice bath tern- triplet (/  =  1 cps, 1 H ), the allyl methylene as a quartet at 5
perature. An 80-ml dry tetrahydrofuran solution of 44.00 g of 2.60 (J  =  7 cps) showing a small coupling constant (J  »  1 cps,
diphenylphosphinous chloride (Aldrich) was added during a 30- 2 H ), and the terminal methyl as a triplet at 5 1.14 (/  =  7 cps,
min period with stirring. The mixture was stirred at room 3 H ).
temperature for 20 min and the solvent stripped. Ether (500 Anal. Calcd for Ci6Hi6BrO P: C , 57.33; H , 4.81; Br, 23.84; 
m l) was added to the residue, the mixture was filtered, and the P , 9.24. Found: C , 57.20; H , 4.76; Br, 23.92; P , 9.42. 
ether was stripped from the filtrate. The resultant dark liquid
was distilled through a 10 -cm Vigeraux column at 0.45 mm, col- Registry No.— IVa, 20439-89-8; IYb, 20439-90-1;

0 Î r Î0TT ^ dZ ^ AedÀ  bp IVa, b (picrate), 20439-91-2; IVc, 20439-92-3; IVd,133-136 , to give 41.80 g of colorless liquid (87.9%). The ir o n . ’ nou . . onuon «<  r .  Tw „  o n io n
spectrum (CH CI3) showed significant absorptions at 2186 20439-93-4, IVc/d (picrate), 20439-94-5, IVe, 20439-
(Cfe=C, Strong), 1478, 1437 (phenyl-P), and 1312 cm -'. The 95-6; IVf, 20439-96-7; IVe, f (picrate), 20439-97-8;
nmr spectrum (CDC13) exhibited an aromatic multiplet at 5 IVg, 20439-98-9; IVh, 20439-99-0; IVg, h (picrate),
T n « 7v.(10-H V the a,Uy- pro1)ons “  a quart®t ( J  7  J '5 c p s ) . aî 20440-00-0; IVi, 20440-01-1; IVi (picrate), 20440-02-2;
5 2.37 showing fine splitting (/  «  1.5 cps, 2 H ), and the terminal TT7-  ttt* / • . \ o a i i d  m  a tth
methyl group at 5 1.15 as a triplet (/  =  7 .5  cps, 3 H ). I V b  20440-03-3; IVj (picrate), 20440-04-4; IVk,

Diphenyl-1- (2-bromobutenyl )phosphine.—  Into a solution of 20440-05-5; IVk (picrate), 20440-06-6; IVI, 20440- 
1.15 g of diphenyl-l-butynylphosphine dissolved in 50 ml of 07-7; IVI (picrate), 20440-08-8; Va, 20440-09-9;
benzene, hydrogen bromide was bubbled with stirring for 10 min y c 20440-10-2’ Vf 20440-11-3’ Vg 20446-21-3’
and the solvent stripped to leave 1 .54 g of red-yellow oil (quant ). y j ’ 20446-22-4;’ VIg,’ 20446-23-5;’ diphenyl- 1-butyn-
The ir spectrum (CHC13) showed bands at 1590 (C = C ) ,  1485, ’ , . f
and 1440 cm-1. The nmr spectrum (C D C I3) showed an aromatic ylpnosphine, 20446-24-6; diphenyl-l-(2-bromobu-
multiplet at ô 7.20-7.60 with a sharp peak at <$ 7.34 {10 H ), a tenyl)phosphine, 20446-25-7; phosphoryl derivative of
vinyl triplet at 8 6.53 (J  =  1 cps, 1 H ), the allyl methylene as a diphenyl-1-(2-bromobutenyl)phosphine, 20446-20-2.
quartet at S 2.67 (J  =  7 cps) with fine splitting (/  «  1 cps, 2 H ),
and the terminal methyl groups as a triplet at 8 1.2 0  (J  =  7 cps, Acknowledgment.-We wish to acknowledge the

The bromophosphine was dissolved in 10 ml of acetone, and support of this work by National Science Foundation
3% hydrogen peroxide (aqueous) was added with stirring until Grant GP 7117.
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A  new, convenient preparation of dialkyl-l-alkynylphosphines employing the readily available diethyl phos- 
phorochloridite is described.

Interest in the preparation of dialkyl-1-alkynylphos- alkynylphosphines.6 Reaction of an alkynyllithium
phines (I, R =  alkyl) was aroused by the discovery in with the proper dialkylphosphinous halide (III) consti-
this laboratory that the P-phenylated analogs are tutes the most direct method of preparation of these
precursors to the P,P'-tetraphenylated 1,4-diphos- compounds (eq 2).6 This method depends upon the
phoniacyclohexadiene-2,5 salts (II) (eq 1).M availability of the dialkylphosphinous chlorides.

R R  T +  Ih P C l +  L iC ^ C R ' — >- R 2P C = C R ' +  L iC l (2 )
i t  w  H I  I

2Rs,PC=CR' +  2HBr ^  Y "  2Br~ (1)
A Dialkylation of phosphorus trichloride is not readily

I /  \  achieved by alkyl Grignards unless the alkyl group is
R R sterically demanding.7 An example of the latter is the

jj J preparation of diisopropylphosphinous chloride from
the reaction of isopropyl magnesium bromide with phos-

R “  CJh phorus trichloride (eq 3) ,8R'=H, CeHj
A recent review on alkynylphosphines reveals the 2 (C H 3)2C IIM gB r +  PC13 >■ 

shortage of useful synthetic approaches to the dialkyl-1- [(C H 3)2C H ]2P C l +  M gB r2 +  M gC l2 (3)

(1) N ASA  Predoctoral Fellow, 1966-1969; N D E A  Predoctoral Fellow,
1967-1968; NSF Predoctoral Fellow, 1969-1970. (5) W . E. Davidsohn and M . C. Henry, Chem . R ev ., 67, 73 (1967).

(2) N D E A  Predoctoral Fellow, 1965-1969. (6) W . Voskuil and J. F. Arens, R ec. T rav . C h im . P a y s  B as, 81, 993 (1962).
(3) A. M. Aguiar, K . C. Hansen, and G. S. Reddy, J .  A m er. Chem . Soc., (7) G. M . Kosolapoff, “ Organophosphorus Compounds,”  John W iley &

89, 3067 (1967). Sons, Inc., New York, N. Y ., 1950, p 16.
(4) A. M. Aguiar and K . C. Hansen, ib id ., 89, 4235 (1967). (8) W. Voskuil and J. F. Arens, R ec. T rav . C h im . P a y s  B as, 82, 302 (1963).
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In our early attempts at obtaining dimethyl and di- Diethyl ethynylphosphonite was prepared from the
ethylphosphinous chlorides, we employed many of the monomagnesium bromide salt of acetylene, indicating
known methods of preparation of these compounds and that the metal is not critical.
found them to be badly lacking.9’10 Two of these In this connection, it is interesting to note that the 
routes are summarized below (Schemes I  and II ) .  reaction of 1 mol of alkynyllithium with phosphorus

trichloride, followed by addition of 2 mol of alkyl 
S c h e m e  I  Grignard, does lead to a higher yield of the dialkyl-1-

PC13 +  2 H N R /  — >- C12P N R 2' +  [R 2'N H 2]C1 alkynylphosphine than if the Grignard is added first (eq

R 2'NPC12 +  2R M gX  — >- R 2P N R 2' +  M g X 2 +  M gC l2 7  an d  8 ) '

R 2P N R 2' +  2HC1 — >- R 2PC1 +  [R 2'N H 2]C1 p Cl3 +  L iC = C R ' — >- C12P C = C R ' +  L iC l (7)

H I  R 'C = C P C 1 2 +  2R M gX  — >

_ TT R 2PCs C R ' +  M g X 2 +  M gC l2 (8 )
S c h e m e  I I

R M g X  +  PSC13 — >- [R 2P (S )]2 +  ? The P-methyl, ethyl, and benzyl derivatives, how-
(excess) ever’ can de Stained by this path only with some degree

of hazard and in low yields. Trisalkynylphosphines are 
[R 2P (S )]2 +  C 6H 6PC12 > 2R2PC1 +  ? probably obtained as by-products, for, in one instance,

111 detonation occurred upon attempted distillation of the
Not only are these compounds obtained in low yields crude mixture, 

by the methods shown above, but they are also pyro- The dialkyl-l-alkynylphosphines prepared in this 
phoric and, consequently, difficult to handle. work were very air-sensitive, and they were converted to

We wish to report here a new, versatile, convenient the corresponding l,4-diphosphoniacyclohexadiene-2,5
approach to the P-dimethyl-, diethyl-, and dibenzyl- salts immediately after preparation and characteriza-
alkynylphosphines. tion by nuclear magnetic resonance and infrared spec-

Reaction of the commercially available diethyl phos- troscopy. Formation of these salts is discussed in
phorochloridite (IV ) with an alkynyllithium can be another paper, 
easily controlled to yield the diethyl alkynyl-l-phospho-
nite (V ) (eq 4). Reaction of the unisolated phospho- Experimental Section
nite V  with 2 mol of methyl, ethyl, or benzyl magnesium
halide yields the corresponding P-dialkyl-l-alkynyl- A11 of th®. reactions were run under nitrogen, from the intro- 

, , .  ,.u i j-rc  duction of diethyl phosphorochloridite until after the addition of
phosphine With httle difficulty (eq 5). water. Llthium" pLnylacetylide was prepared by slowly adding
(C H 3C H 20 )2PC1 +  L i C = C R '___ >■ 0.10 mol cf n-butyllithium in hexane (63 ml of 1.6 M  solution,

j y  Foote Chemical Co .) to a tetrahydrofuran solution of phenyl-
(C H 3C H 20 ) 2P C = C R ' - f  L iC l (4) acetylene immersed in an ice bath. Butynyllithium was pre-

y  pared by condensing ca. 15 ml of 1-butyne in a D ry  Ice bath,
diluting with tetrahydrofuran, and slowly adding 0 .10  mol of n- 

(C H 3CH 20 )2P C ^ C R ' +  2 R M gX  — >■ butyllithium. Propynyllithium was prepared in the same man-
V  ner as butynyllithium, or the commercially available material

R 2PG ==C R ' +  (C H 3C H 20 )2M g  +  M g X 2 (5) (Foote) was used. This material existed primarily as a suspen- 
j  ' sion when added to tetrahydrofuran. Tetrahydrofuran was

dried over calcium hydride for 3-4 days and distilled from cal- 
R ' =  H, C H 3, C2H 5, C 6H 6 cium hydride. The Grignard reagents were prepared in the
_  _  , , , ,  , ,TJ _  _  _  _  usual manner in dry ether. Boiling points are uncorrected.
R  — C R 3, C H sC H 2, O U 2L 6ll6 Preparation of Dialkyl-l-alkynylphosphines. General Pro-

Some of the phosphines produced in this manner are cedure. -D ie th y l phosphorochloridite (15.6 g, 0 .10  mol) dis-
T x 1 • rri 1 1 T 1 DL 1 L • U -T * 4. J solved m 50-150 ml of tetrahydrofuran was immersed in a Dry
listed in Table I  along with their boiling points and Jce  kath. a  50-100-ml suspension of 0.10 mol of the alkynyl-
yields. lithium compound in tetrahydrofuran was added with stirring

It  is relatively simple to prepare the starting diethyl over a 30-50-min period. The mixture was allowed to warm to
phosphorochloridite by the known disproportionation room temperature, stirred for 30 min, and cooled in an ice bath.

reaction of phosphorus trichloride and triethyl phos- °f GHgnard. ^  j r  100-150 ml of ether was added with stirring over a 30-90-min
ph lte  (e q  6 ) .  period. The mixture was stirred for 2-4 hr at room temperature

PC13 +  (C H 3C H 20 )3P  5 = ±  (C H 3C H 20)PC12 +  (C H 3CH 20 )2PC1 aild ° ° ° led in an ic® bath>and 1 °° °/ saturated ammonium chlo-
y j  j y  /gx ride solution was slowly added. Water (300 m l) was added, fol-

 ̂ * lowed by 200 ml of ether. The phases were separated, and the
Either the diethyl phosphorochloridite (IV ) or ethyl ether was washed twice with water, dried (M gS 0 4 or N a 2S 0 4),

i i i- 1,1 • j • 1 /T7T\ and evaporated. The residue was distilled (short head or 10-cmphosphorodichloridite (V I) can be obtained m very pure Pat reduced pressure to yield the ph,)Sphine M a colorless
fo rm  b y  em p loy in g  ad equate  d istillation  procedures. liquid.

The success of this method for preparing dialkyl-1- Spectra are as follows, 
alkynylphosphines is easily explained by the reasonable Dimethyl-l-butylnylphosphine.—The ir spectrum (CHC13) 
assumption that the chloride ion is much more easily showed bands at 4.58 (C = C ) ,  7.00, 7.60, lO.oo, and 10.98 m.

,, ., . T, . , __, , ,  The nmr spectrum (CDCls) displayed a crude quartet at 5 2.32
displaced than the ethoxide ion. I t  IS also probable ^  _  7 .5  cPs, 2 IT), and a doublet at, 8 1.27 for the methyl groups
that the great difference in rates of displacement of on phosphorus (J = 3 .5  cps) above the terminal methyl triplet
these two groups may involve the nature of the cation or at 81.17 (J  = 7.5 cps, 9 H  together).
the hydrocarbon moiety of the organometallic reagent. Dimethyl (phenylethynyl)phosphine.— The ir spectrum (CHC13)

J showed absorptions at 4.65 (C = C ) ,  6.26, 6.72, 7.00, 10.57, and
(9) K. Lssleib and W. Seidd, Chem. Be,. 92, 2681 (1959). J hf e x h i b i t e d  a complex aro-
(10) G. W. Parshall, J.Inorg. Nucl. Chem., 12, 372 (1960). matic multiplet at 8 7.10 7.55 (5 H )  and a methyl doublet at 8
(11) H. G. Cook and G. More, J. Chem. Soc., 2921 (1949). 1.33 (J  =  4 cps, 6 H ).
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T able I
Yield, %

Compd Registry no. Bp, °C  (mm) (after distillation)

(C H 3)2P C = C C 2H 5 20505-07-1 76-80 (90) 20"
(C H 3)2P C = C C 6H 5 30505-08-2 62-65 (0 .6 ) 57
(C 2H 5)2P C = C C H 3“ 6224-89-1 84-85 (50) 50
(C 2H 5)2P C e=C C 6H 5« 7528-15-6 105-107 (0 .7 ) 47
(C 6H 5C H 2)2PCfe=CCH3 20505-11-7 168-171 (0 .6 ) 16'
(C 2H 50 )2P C = C H  20505-16-2 75-80 (20) 30*

a C. Charrier, M . P. Simonnin, W . Chookiewicz, and P. Cadlot, Compt. Rend., 258, 1537 (1964). 6 Adequate precautions were not 
taken to account for the low volatility of the product, and the yield was probably higher. c This product oxidizes fairly rapidly, and ex
posure of the reaction mixture to air during work-up probably reduced the yield considerably. d Polymerization of this product occurs 
when heated, decreasing the yield.

Diethyl-l-propynylphosphine.— The ir spectrum (CHC13) methynyl protons next to phosphorus, and a nine-line pattern at
showed absorptions at 4.57 (C = C ) ,  6.77, 8.10 (broad), and 9.71 S 0.90-1.54 (12 H ) which seems to include three triplets (J  =
¡i. The nmr spectrum (CDC13) displayed the allyl methyl as a 7 cps) at 8 1.02,1.19, and 1.24 (9.5 cps apart),
close doublet at 8 1.96 (/  =  1 cps) above the edge of a complex Diisopropyl-1-pentynylphosphine had bp 68-69° (1.25 mm),
multiplet representing the ethyl groups on phosphorus at 8 26.1% yield. The ir spectrum (CHC13) showed bands at 4.60
0.80-2.10. (C = C ) ,  6.85, 7.21, and 7.30 p. The nmr spectrum (CDC13)

Diethyl(phenylethynyl)phosphine.— The ir spectrum (film) displayed two merged multiplets, one as a basic triplet at 8 2.32
displayed bands at 4.62 (C = C ) ,  6.26, 6.71, 6 .88, and 11.97 p. (J  =  6-7 cps), and the other as a complex pattern at 8 0 .8- 2 .2
The nmr spectrum (CDC13) exhibited a complex aromatic region with the more intense peaks in the upfield half.
at 5 7.15-7.60 (5 H ) and a complex aliphatic region at 8 0.85-2.00 Diisopropyl-1-octynylphosphine had bp 89-93° (0.4 mm), 
(10  H ) for the ethyl groups on phosphorus. 48.3% yield. The ir spectrum (CHC13) showed absorptions at

Dibenzyl-l-propynylphosphine.— The ir spectrum (CHC13) 4.58 (C = C ) ,  6.82, 7.21, and 7.30 p. The nmr spectrum (CDC13)
showed absorptions at 4.61 (C = C ) ,  6.29, 6.72, 6.90, and 7.09 p. displayed two merged multiplets, one at 8 2.1-2.5 appearing as a
The nmr spectrum (CDCls) displayed an aromatic singlet at 8 crude triplet at 8 2.30 (./ ~  6 cps), and the other as a complex
7.30 (10 H ), a doublet at 8 2.90 (/  =  2 cps) for the benzyl pro- pattern at 8 0.6-2.1 with the more intense peaks in the region
tons (4 H ), and a doublet at 8 1.80 (/  =  1 cps) for the allyl 5 0.6-1.6 .
methyl (3 H ). Diisopropyl(phenylethynyl)phosphine had bp 116-120° (0.75

Diethyl Ethynylphosphonite.— The ir spectrum (film) showed mm), 36% yield. The ir spectrum (film) displayed bands at
bands at 3.08 (==C H ), 4.91 (C fe C ), 7.22, 9.72 (broad, P— O ), 4.60 (C = C ) ,  6.24, 6.70, 6.82, 7.20, and 7.30 p. The nmr spec-
and 10.80 p (broad, P— O ). The nmr spectrum (CDC13) ex- trum (CDC13) exhibited an aromatic multiplet at 8 7.1-7.6
hibited a multiplet at 8 3.6-4.3 for the methylenes in the ethyl (5 H ), a broad multiplet at 8 1.53-2.25 (2 H ) for the methynyl
groups (4 H ), a doublet at 8 3.09 (/  =  2 cps) for the acetylenic protons next to phosphorus, and an eight-line pattern at 8 0.93-
proton (1 H ), and a crude triplet at 6 1.29 (J  =  7 cps) for the 1.48 (12 H ) for the methyl protons, which appears to be four
methyl groups (6 H ). doublets at 8 1.33, 1.28, 1.14, and 1.01, each having a coupling

Diisopropyl- 1-alkynylphosphines.— Diisopropylphosphinous constant of 6-6.5 cps and each having a more intense downfield
chloride was prepared from two equivalents of isopropyl Grignard peak, 
reagent and one equivalent of phosphorus trichloride as described
by W . Voskuil.8 The diisopropyl-l-alkynylphosphines were Registry No.— Diisopropylethynylphosphine, 20505- 
prepared by adding diisopropylphosphinous chloride to a dry 12_g diisopropyl-l-pentynyl phosphine 20505-13-9;
tetrahydrofuran solution (or suspension) of the prepared alky- 7 i - T ,  , , , . 1 j a  v
nyllithium (or Grignard) compound in a D ry  Ice bath, and was dlisopropyl-l-octynylphosphme, 20505-14-0, dllSO-
worked up in the same manner as before. Boiling points and propyl(phenylethynyl)phosphine, 20505-15-1.
spectra of phosphines prepared are as follows.

Diisopropylethynylphosphine had bp 43-45° (1 1  mm), 31% Acknowledgment.— We wish to acknowledge Na-
ab!2rPtions at t3'04 tional Science Foundation support of this work under 

( = C H ) ,  4.88 (C = C ) ,  6.83, 7.20, and 7.30 p.  The nmr spectrum , _ _  , T ~  ^  , ,
(C D C 13) exhibited a doublet at i  2.86 {J =  9.5 cps, 1 H ) for the Grant GP No. 7117 and Petroleum Research Fund under
acetylenic proton, a broad multiplet at 5 1.54-2.38 (2 H ) for the Grant No. 2326-Al,4.
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The Reactions of Diphenylphosphine with «-Substituted Ketones.
A New Dehalogenation and Demesylation Procedure1
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Diphenylphosphine converts acyclic a-halo ketones and «-mesyloxyketones into the dehalogenated or demesyl- 
ated ketone, respectively. Reaction with cyclohexanone, a-chlorocyclohexanone, or a-mesyloxycyclohexanone 
gives the corresponding carbonyl adduct, an a-hydroxydiphenylphosphine, which is isolated as the phosphine 
oxide. The debromination reaction exhibits a moderate and negative Hammett p value. The reaction of di
phenylphosphine with a-bromoacetophenone or with 2,4,6-trimethyl-a-bromoacetophenone, a hindered carbonyl 
case, proceeds at about the same rate. These facts, as well as other data which are given, suggest that the de
halogenation reactions proceed via nucleophilic displacement on halogen by phosphorus with transfer of an in
cipient proton to carbonyl oxygen. Other mechanistic pathways and the scope of the reactions of carbonyl com
pounds with diphenylphosphine are discussed.

We3,4 and others5,6 have shown that a-bromo ketones Scheme I
are debrominated with triphenylphosphine in the 0 Ri O Ri
presence of hydroxy lie solvents such as alcohols, water, Ar—C— R. (Cl!Hi);FHj Ar f) c  R
or acetic acid. This behavior is in contrast to the | |
reactions of triphenylphosphine with a-chloro ketones7 x  H
or with a-mesyloxy ketones8 which usually give keto- 1-6> 10 7_9> 11
phosphonium salts in either nonhydroxylic or hydro- O
xylic solvents. Several a-chloro ketones give end p __  -,, ,-1
phosphonium salts with triphenylphosphine in aprotic 6 6 2 >  ( « 5 2
solvents.8 These systems yield the dehalogenated Halo ketone x  = Br x  = ci Ketone
ketone if the reaction is performed in the presence of an Ar = C 6H 6, Ri = Rs = H _  1 4 7
alcohol since end phosphonium salts are readily ~ C'H5’ I  r 2 = cFb 3 6 9
solvolyzed by alcohols or water.8,9 Ar = 2,4,6-tri-CH3C6H 2, R , = R 2 = H  10 u

We have sought organophosphorus reagents which
would generally cause the removal of groups adjacent hexanone ( 1 2 ) to give 1 -hydroxy-l-diphenylphos- 
to a carbonyl. Such reagents might prove to be useful phinoxy-2-chlorocyclohexane (15) (Scheme II ) .  A  
in organic synthesis and they should aid us in our
continuing study of the modes and sites of reaction of Scheme II
nucleophiles with a-halo ketones and with other qH
activated carbonyl compounds.

We now report our results on the reactions of f  T  D(FP_>’ [ PO(Ph)2
diphenylphosphine with a-halo ketones, a-mesyloxy ^ ^ " X  2 \ / " 'X
ketones, and other carbonyl species. 12, X = Cl 15) x  = Cl

13,X = 0S02CH3 16, X = 0S02CH3
_  ,  T V  . 14, X =  H 17,X =  HResults and Discussion

The Reactions of Diphenylphosphine with a-Halo mixture of cis and trans isomers for 15 is indicated by
Ketones.1—Diphenylphosphine (D PP ) reacts with a the presence of two hydroxyl peaks (30:70) in the nmr
number of acyclic a-chloro or a-bromo ketones to give spectrum. The stereochemistry of the isomers has not
the dehalogenated ketone and halodiphenylphosphine, been determined. A  similar adduct, 17, is obtained
in good yield (Table I, Scheme I). In most of the with cyclohexanone (14). Primary and secondary phos-
reactions, the halodiphenylphosphine was allowed to phines have been previously shown to react with a
hydrolyze and oxidize to diphenylphosphinic acid by variety of carbonyl compounds to give carbonyl
exposure to the atmosphere.10 adducts.11® It  is not surprising that addition to cyclo-

In contrast to the dehalogenation of acyclic ketones, hexanone carbonyl, a most reactive carbonyl in addition
D PP adds to the carbonyl group of 2-chlorocyclo- reactions,12 occurs more rapidly than do other processes

(1) This investigation was supported by National Science Foundation SUCh as dehalogenation.
Grants GP 1354 and 5978. This is part X  of the series, “ Organophos- T h e  r e a c t io n s  o f  2 -b rO m O C y d o h e X a n O n e  a n d  2 -

phoruschemistry.”  r - j .  chlorocyclopentanone with D PP  give ill-defined prod-
(2) To whom correspondence should be addressed at the Belfer Graduate . , . . .  . . »  i i i

School of Science, Yeshiva University, New York, N. Y. 10033 UCtS in v o lv in g  llt t lB  II RTiy den& lO gen& tlO Il. l l i e
(3) (a) I. J. Borowitz and L. I. Grossman, Tetrahedron L e tt., 471 (1962); debromination of diethyl bromomalonate with D P P ,  as

* i i  t  “ ‘. t  1 :  5”  W it h  b r o m < m c e to P h e n o n e  ( 1 ) ,  p r o c e e d s  r a p i d l y  a t  r o o m

s i, 4031 ( 1966). t e m p e r a t u r e .  B e n z y l  b r o m id e  r e a c t s  w i t h  D P P  t o  g i v e
(5) H. Hoffman and H. J. Diehr, Tetrahedron Le tt., 583 (1862). a n  u n id e n t i f i e d  p r o d u c t  b u t  n o  t o lu e n e .  C o m p e t i t i o n

I®) K.'^mrb^y.ifr.^unp'ubhshe^resua^^See also ref 4. experiments show that the bromoacetophenone 1/bro-
(8) P. Rusek, Ph.D. Thesis, Yeshiva University, New York, N. Y ., 1968.
(9) It. D. Partos and A. J. Speziale, J .  A m er. Chem . Soc., 87, 5068 (1965). (11) R. F. Hudson, “ Structure and Mechanism in Organophosphorus
(10) “ Methoden Der Organischen Chemie,”  Houben-Weyl, K . Sasse, Chemistry,”  Academic Press, New York, N. Y ., 1965: (a) p 201; (b) p 33.

Ed., G. Thieme Verlag, Stuttgart, 1963, Vol. 12/1, p 69. (12) H. C. Brown and K . Ichikawa, Tetrahedron L e tt., No. 1, 221 (1957).
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Table I
T he Reactions of Diphenylphosphine with «-Halocarbonyl Compounds

Reaction Yield,
a-Halocarbonyl compound conditions Time Product %

a-Bromoacetophenone“ CsHs, reflux 2 hr Acetophenone 1006
a-Bromoacetophenone“ CCU“* 10 min Acetophenone 100'
a-Bromopropiophenone C C l^  10 min Propiophenone 100'
a-Chloropropiophenone CeHe, reflux 7 days Propiophenone 62'
a-Bromoisobutyrophenone C C l^  16 hr Isobutyrophenone 100'
a-Chloroisobutyrophenone neat, 95-100° 6 days Isobutyrophenone 72'
Diethyl bromomalonate CCI41 20 min Diethyl malonate 100e
p-Methoxy-a-bromoacetophenone CCUJ 20 min p-Methoxyacetophenone 100'
p-Bromo-a-bromoacetophenone CCU* 20 min p-Bromoacetophenone 100'
2,4,6-Trimethyl-a-bromoacetophenone CCU* 20 min 2,4,6-Trimethylacetophenone 100'

“ Similar result in CC14 with collidine (0.2 equiv) present. b Isolated yield, by vpc analysis. '  Not isolated from reaction in nmr 
tube. d A t room temperature. • Isolated yield.

T able I I

Competition Debrominations of «-Bromo K etones with Diphenylphosphine 
O O PhiPH O O
II II E || ||

Ri— CeHi—  C— C H 2Br +  R 2— CeH.— C— C H 2B r -------- >- R iC jH ,— C— C H 3 +  R 2C6H 4— C— C H 3
A  B  C D

Initial moles ,—“ Final nmr area----- > . Final nmr area— —. Average ^aA
A  =  B =  E R i R 2 Ratio B/A Ratio C/D ratio ta(B)

0.0054 p-CHaO p-Br 2.23“ 2. ID  2.21“ 2.356 2.22 3.14
0.0072 p -C H aO H  . . .  1.59“ 1.576 1.50 1.79
0.0122 p -C H 30  H  1.12“.' 1.35“ 1.49* 1.50 1.79
0.0102 H  p-Br . . .  1.14“ 1.20 0.69
0.0150 H  p-Br . . .  1.26“ 1.20 0.69

“ Area calculated by triangulation of nmr peaks. 6 Area calculated by planimeter measurement of nmr peaks. '  Value not used in 
relative rate calculation. Calculated p from three-point graph (C H 3O/H, H , H /Br) =  —0.74. Calculated p from above ratios =  
-0 .76 .

mopropiophenone 2 reaction rate ratio with D PP  is postulated initial reaction of an a-halo ketone with D PP 
ca. 15 while the bromopropiophenone 2/bromoiso- to give the corresponding ketophosphine, such as 18, or
butyrophenone 3 rate ratio is ca. 7.0. The a-bro- the enol phosphine, such as 19, via one of several
moacetophenone 1/trimethyl-a-bromo-acetophenone 10 pathways (Scheme I I I ) ,  
reaction ratio is 5.3. The bromoacetophenone/chloro-
acetophenone rate ratio is greater than 162:1. This is Scheme III
based on the observed ratio of 1/4 of 162 with tri- q q
phenylphosphine,13 and the fact that triphenylphos- . |j |
phine reacts more rapidly than does D PP  with 1 while CeH6C—CH2P(Ph)2
D PP is faster than triphenylphosphine in reaction with 20
4 (see Experimental Section). O O OH

Comparison of the relative reactivities of 1 with its H || \
p-methoxy and p-bromo derivatives, by competition ®<®6' ^ CHjP(Ph)2 ■< Cells C—CH2X C— CH2X
experiments, indicates that the debromination of 18 C6H5 P(Ph)a
bromoacetophenones with D PP (Table II) exhibits a 1 21
moderate and negative Hammett p value (ca. —0.74). 1
The debromination of 1 with D PP  is not affected by the Y Y Y
initial presence of collidine, i.e., the dehalogenation is O OP(Ph)2 O
presumably not acid catalyzed. This result is in II I ||
contrast to the debromination of 1 or 2 with triphenyl- ® C=CH2 CeHs C CHs
phosphine and ethanol. Our kinetic studies show that +  19
these dehalogenation reactions are acid catalyzed. X—P(Ph)2
They are furthermore greatly inhibited by the initial
presence of triethylamine which removes free acid.14 The dephosphorylation of 18 or 19 would then have to

There are several pathways, a priori, for the D PP ke postulated to occur, perhaps with the aid of hydro-
e a ogenation reactions. Thus one might have gen halide. The dehalogenations occur in the absence

of acid (note no effect by collidine). Furthermore, 18
(13) I. J. Borowitz and H. Parnes, J .  O rg. Chem ., 32, 3560 (1967). • l • i • i • , i i  , ,i ir  •
(14) The effect of triethylamine in curbing the debromination of a- 1S ,a kn0Wn SPeCleS whlch 13 stable to methaneSUlfoniC

bromoacetophenones by triphenylphosphine-alcohol, and thereby allowing add8 and is Stable enough in neutral p H  Solution to be
ketophosphonium salt formation to occur, has been noted by K . Fukui, R. air Oxidized to 20.15 This data and the observed
Sudo, M . Masaki, and M. Ohta, ib id ., S3, 3504 (1968). These a - a r - i   ̂ i  i
authors have ascribed their observations to a catalysis of ketophosphonium Similar reaction rates Ol 1 and 10, Which has a hindered 
salt formation by the amine. We have shown kinetically that there is no
such catalysis and we believe that the true function of the triethylamine is (15) G. Burchman Borowitz and M . Saunders, Tetrahedron L e tt., 8
to prevent the acid-catalyzed debromination reaction. (1959).
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carbonyl, eliminate rate-determining Sn2 processes involve the intermediacy of sulfene.19 It  has been more 
from consideration.16 The intermediacy of hydroxy- satisfactory than the formation of the corresponding 
phosphines, such as 21, can also be dismissed on the a-tosyloxy ketone,20 in our hands, 
basis of the similar reactivities of 1 and 10 and the fact As indicated in Table IV, several acyclic a-mesyloxy 
that no reasonable pathway exists for the further ketones are demesylated by DPP. These reactions
conversion of species such as 21 into the dehalogenated proceed more slowly than do the corresponding dehalo- 
ketone. Finally, the observed negative p value is not genation reactions. Ostensibly we might convert a-
explained by any of these pathways. hydroxy ketones (acyloins) into the parent ketone via

We believe that our data is best explained by the intermediacy of mesyloxy ketones. 2-Mesyloxy-
mechanism A  (Scheme IV ), a six-centered transition cyclohexanone (13) (Scheme I I ) ,  however, gives the
state featuring attack on “ soft”  halogen by “ soft”  carbonyl adduct 16 and no cyclohexanone. In con-
phosphorus and a transfer of an incipient “ hard”  trast to the infrared spectra of 15 and 17, which show
proton to “ hard”  oxygen.17 free and bonded OH absorption, the spectrum of 16

reveals only hydrogen-bonded OH absorption. This 
Scheme IV may be due to interaction of the hydroxyl group with

the adjacent mesyloxy group, and it suggests a pre- 
0  i+ dominance of that isomer of 16 wherein the groups are

v ''H  __  ̂ cis oriented. Unfortunately, the limited solubility of
-J. pp^ jjpjj 16 and its apparent decomposition in solution precluded

X 2 4  'X'" 2 nmr studies. 2-Mesyloxycyclodecanone gives no re-
i+ action with D PP while 2-mesyloxycyclododecanone

mechanism A ls converted into cyclododecanone in 12% yield.
^  r  O Attempts to make these alicyclic demesylations more

' y 0 synthetically feasible are in progress.
"* y ~ - X  In  contrast to the above results, a-hydroxyaceto-

^  ___ p p k  jjj___ j^pk p h e n o n e ,  b e n z o in ,  a - a c e t o x y d e o x y b e n z o in ,  a n d  a-
phenylphenacyltriphenylphosphonium mesylate8 do 

mechanism B not react with DPP. Neither carbonyl addition nor
removal of the group adjacent to the carbonyl is 
observed. Interestingly, a mesyloxy group adjacent 

This pathway accounts for the negative P value to a ketone can be removed but not a similarly situated
since there is a stabilization of positive charge on acetoxy group. The paucity of our data on the
oxygen in the postulated transition state, and it demesylations makes speculation as to the mechanistic
accounts for the relatively small rate ratios for the pathway involved rather risky. A  pathway similar to
primary, secondary, and tertiary a-bromo ketones, mechanism A  above, involving attack by D PP at alkyl 
1:2:3. These ratios are quite smaller than those oxygen, may be involved.21
found in normal solvolysis at carbon.18 Nucleophilic j n summary, diphenylphosphine shows promise as a
displacement at carbon, a “ hard”  center, should be reagent for the selective removal of certain groups
more subject to steric factors than displacement at adjacent to a carbonyl. Addition to carbonyl is
bromine, a polarizable or “ soft”  center. The great observed as an alternative process only in cyclohexyl
reactivity of an a-bromo ketone when compared with an cases.22
a-chloro ketone (more stabilization for displacement of
“ positive”  bromine than chlorine) and the relatively Experimental Section28
high reactivity of 10 (the hindered carbonyl is not
involved in halogen attack) are also well explained by of tne solvents used were dried by distillation from phos-

, • . pnorus pentoxide, calcium hydride, or lithium aluminum hy-
mecnamsm A . . dride. Reactions were usually conducted under an atmosphere

A  four-centered pathway (mechanism B )  does not 0f nitrogen to prevent air oxidation of D P P . Organic solutions 
explain the apparent need for a carbonyl in the dehalo- were dried over magnesium sulfate.
genation reactions. I t  is also anticipated that steric a-Bromoacetophenone and a-chloroacetophenone (J. T . 

requirements for this pathway would be greater than for Baker) i y c ^ e x t o n e ^ f x "  Bake/)

mechanism A. Therefore mechanism B is considered to was djgtiUacl prior to use, bp 154-156°. a-Bromopropiophenone, 
be a less likely possibility. a-bromoisobutyrophenone, diethyl o:-broinomalonate, and benzyl

The Reaction of Diphenylphosphine with «-Mesyloxy bromide (Aldrich) were used without further purification, a- 
Ketones.-—We have synthesized a number of a-mesyl- Chlorocyclohexanone and a-chlorocyclopentanone (Aldrich) were 

, , i ,, ,. c , , , „ redistilled before use. p-Nitro-a-bromoacetophenone, p-meth-
oxy ketones by the reaction of a-bromo ketones with oxy-a-bromoacetophenone, p-bromo-a-bromoacetophenone, and 
silver mesylate (Table I I I ) .  We have also converted __________
S e v e r a l  a -h y d r O X y  k e to n e s ,  SUCh aS 2 - h y d r 0 X y C y d 0 -  ( 19) (a) J. F. King and A. Durst, A m er. Chem . Soc., 86, 287 (1964);
h e x a n o n e  o r  b e n z o in ,  i n t o  t h e  m e s y l o x y  k e t o n e  w i t h  (b) W. E. Truce, R. W. Campbell, and J. R. Norell, ib id ., 86, 288 (1964).

,, ,,. 1 1 1 -J , , • ,1 1 ■ T\4 - „ 1  (20) P. S. Whartcn, S. Dunny, and L. Soto Krebs, J . Org. Chem ., 29,methanesulfonyl chloride and tnethylamme. Mesylate 958 (1964)
formation under these conditions has been shown to (21) Diphenylphosphinic acid is also isolated in these reactions, perhaps

v ia  the intermediacy of mesyloxydiphenylphosphine. Further research on 
(16) The 2,4,6-trimethyl-a-bromoacetophenone system reacts quite these reactions is in progress, 

slowly in Sn2 displacements. See R. G. Pearson, S. H. Langer, F. W. (22) Our carbonyl adducts are clearly not phosphinites; i.e ., we do not
Williams, and W. J. McGuire, J .  A m er. Chem. Soc., 74, 5130 (1952). obtain addition of diphenylphosphine to carbonyl oxygen. The latter path-

117) (a) R. G. Pearson and J. Songstad, ib id ., 89, 1827 (1967); (b) B. way has been found in the reactions of diphenyl- or dicyclohexylphosphine 
Saville, Angew . Chem . In te rn . E d . E n g l., 6, 928 (1967). with hexafluoroacetone: R. F. Stockel, Chem . C om m u n ., 1594 (1968).

(18) A. Streitwieser, “ Solvolytic Displacement Reactions,”  McGraw- (23) The instrumental and other techniques used have been recorded
Hill, Inc..New York, N . Y ., 1962,pp 11-20. previously.1
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T able I I I

T he Synthesis and Properties of «-M esyloxy K etones

Mesyloxy ketone, Registry Starting compound, /---------------------- Properties of mesyloxy ketones---------------------- -
method no. time Yield, %  Mp, °C  Ir  (CH 2CI2), n Nmr (CDCI3), r

«-Mesyloxyaceto- 20187-61-5 «-Bromoacetophenone, 88 7 8 .0 -7 9 .5 ]f5.91 (C==0 ), 6.78 (s, 3 , OSO2CH3),
phenone“ 24 hr f j 7.41, 8.50 4.50 (s, 2, CH2C = 0 ) ,

«-Mesyloxyaceto- «-Hydroxyaceto- 65 77-78 J [(OSO2CH3) 2.00-2.80 (m, 5, phenyl H )
phenone6 phenone

«-Mesyloxypropio- 20187-62-6 a-Bromopropiophenone, 77 67.0-68.0 5.90,7.41, 8.40 (d, 3, C— CEU),
phenone“ 30 days 8.50 6.90 (s, 3, OSO2C H 3),

3.95 (quart, 1, CH ),
1.9-2.6 (m, 5, phenyl H )

«-Mesyloxyisobutyro- 17231-17-3 «-Bromoisobutyro- 68 90.0-91.0 5.92,7.5, 8.13 (s, 6 , C— C H 3),
phenone“ phenone, 30 days 8.5 7.17 (s, 3, OS0 2 C H 3),

2.0- 2.6 (m, 5, phenyl H )
«-Mesyloxycyclo- 20187-64-8 «-Bromocyclohexanone, 88 60-61.5 5.78 (C = 0 ) ,  7.3-8.6 (m, 8 , alicyclie H ),

hexanone“ 7 days 7.40,8.40 6.83 (s, 3, OSO2CH3),
4.80 (m, 1, methine H )

«-Mesyloxycyclo- Adipoin 91 60-61.0 Similar
hexanone6

«-Mesyloxycyclo- 3667-85-4 «-Bromocyelododeca- 59 109-111 5.80 (C = 0 ) ,  7.15-9.1 (m, 18,
dodecanone“ none, 4 months 7.45,8.50 alieyclic H ),

7.4 (t, 2 , C H 2C = 0 ) ,
6.85 (s, 3, OSO2C H 3),
4.90 (t, 1, methine H )

2,4,6-Trimethyl- 20187-66-0 2,4,6-Trimethyl-«- 51 99-101 5.80 ( 0 = 0 ) ,  7.8 (s, 6, 0-C H 3),
«-mesyloxyaceto- bromoacetophenone, 7.39,8.40 7.75 (s, 3, p -C H 3),
phenone“ 30 days 6.81 (s, 3, OSO2CH3),

4.95 (s, 2 , C H 2C = 0 ) ,
3.1 (s, 2, m-phenyl H )

«-Mesyloxydesoxy- 19255-01-7 Benzoin 69 1 2 0 -1 2 1  5 .8 9 (C = 0 ), 6.95 (s, 3, OSO2CH3),
benzoin6 7.40,8.50 3.15 (s, 1, methine H ),

2.0- 2.9 (m, 10, phenyl H )
«-Mesyloxycydo- 20187-68-2 «-Hydroxycyclo- ca. 82 Oil 6.90 (s, OSO2CH3),

decanone6 decanone (crude)' 7.5-8.6 (m, alicyclic H )^
“ From the reaction with silver mesylate in acetonitrile. 6 From the reaction with methanesulfonyl chloride and triethylamine. 

'  Crude compounds shows presence of small amount of starting material as well as product (tic, nmr). d Integrated areas only ap
proximately correct.

Table IV

T he R eactions of Diphenylphospeine with «-M esyloxy K etones and with Other K etones
Reactions

Ketone conditions Time, days Products Yield, %

a-Mesyloxyacetophenone C 6H 6, reflux 4 Acetophenone 43
Diphenylphosphinic Acid 100

«-Mesyloxyisobutyrophenone C 6H 6, reflux 14 Isobutyrophenone 51
«-Mesyloxybenzylphenyl ketone CeHe, reflux 6 Deoxybenzoin 70
«-Mesyloxycyclodecanone Glyme, reflux 30 N o  reaction
«-Mesyloxycyclododecanone C6H 6, reflux 35 Cyclododecanone 12
«-Hydroxyacetophenone C 6H 6, reflux 4 N o  reaction (recovery 100%)
Benzoin CelL, reflux 4 N o  reaction (recovery 100%)
«-Acetoxybenzylphenyl ketone C6H 6, reflux 5 N o  reaction (recovery 8 6% )
«-Phenylphenacyl triphenylphos- C6H 6, reflux 10 N o  reaction (recovery 83%)

phonium mesylate

a-bromocyclohexanone were prepared as previously reported13 or synthesized from the reduction of chlorodiphenylphosphine with  
purchased commercially. 2,4,6-Trimethyl-a-bromoacetophenone lithium aluminum hydride27 in 72% yield, bp 112-115° (0.5  mm), 
was prepared by the bromination of 2,4,6-trimethylacetophenone It was stored at 0 — 5 °.
in 51% yield, mp 53-54.5° (lit.16 mp 54°). «-Mesyloxyacetophenone.— The following procedure is a

«,«-Dibromoacetophenone was synthesized by the bromination general one for the conversion of «-bromo ketones to «-mesyloxy
of acetophenone in 80% yield, mp 33-35° (lit .24 mp 35-36°). ketones. A  mixture of «-bromoacetophenone (10.0 g, 0.0502
«-Bromocyclododecanone was prepared by the chromic acid mol) and silver mesylate (10.0 g, 0.0502 mol) in acetonitrile
oxidation of frans-2-bromo-l-hydroxyeyclododecane, itself syn- (250 m l) was stirred for 24 hr in a 500 ml flask covered with
thesized by the addition of hydrogen bromide to epoxycyclo- aluminum foil. The solvent, was then removed in  vacuo .and the
dodecane (Aldrich) in 52% yield .25 resultant solid was slurried in hot benzene (250 m l). Filtration

«-Chloropropiophenone and «-chloroisobutyrophenone were of silver bromide, evaporation of the solvent in  vacuo, and re
prepared as previously described.26 Diphenylphosphine was crystallization of the resultant solid from CC1, gave «-mesyloxy-
------------------- • acetophenone (9.16 g, 0.045 mol, 88% ). Spectral data for this

(24) F. Krohnke, Chem . B e r., 83, 53 (1950). compound as well as for other mesyloxy ketones is given in Table
(25) L. I. Zakharkin and V. V. Kornevsi, izv. A kad . N a u k  S S S R , O td. H I* Analytical data for the «-mesyloxy ketones follows.

K h im . N a u k , 1817 (1962); Chem. A bstr., 58, 7841d (1963). _______________
(26) I. J. Borowitz, M . Anschel, and S. Firstenberg, J .  O rg. C hem ., 32,

1723 (1967). (27) W. Kuchen and H. Buchwald, A ngew . Chem ., 68, 791 (1956).
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Anal. Calcd for C 9H i0O4S (a-mesyloxyacetophenone): C, 1-Hydroxy-l-diphenylphosphinoxy-2-chlorocydohexane.— A
50.46., H , 4.70, S, 14.96. Found: C, 50.20; H , 4.68; S, 14.96. mixture of D P P  (2.21 g, 0.0119 mol) and a-chlorocyclohexanone

a-Mesyloxypropiophenone was recrystallized from cyclo- (1.565 g, 0.0117 mol) in benzene (30 m l) was heated at reflux for
hexane. 12  hr. White solid was formed. Upon exposure to the air more

Anal. Calcd for C i0H i2O4S: C , 52.61; H , 5.29; S, 14.05. slowly precipitated to give l-hydroxy-l-diphenylphosphinoxy-2- 
Found: C, 52.70; H , 5.35; S, 14.29. chlorohexane (15, 2.756 g, 0.00825 mol, 71% ): mp 158-160°

a-Mesyloxyisobutyrophenone was recrystallized from cyclo- (recrystallization from toluene); ir (CHC13) 2.78, 3.0, 3.4 6 95 
hexane. _ _ 8.3, 8.55, 8.75, 8.95 #*; ir (K B r ) 3.18 n (H-bonded O H ); mas^

Anal. Calcd for CuH ]40 4S: C, 54.53; H , 5.82; S, 13.23. spectrum (70 eV )29 m/e (rel intensity, assignment) 334 (w, M  ■+),
Found: C, 54.70; H , 5.80; S, 13.16. 316 (w, M -+  -  H 20 ),  298 (w, M -  + - H “ C1), 201 (vs, Ph2P O -+ ),

a-Mesyloxydeoxybenzoin was recrystallized from ethyl acetate 202 (s, Ph2PO H  +), 132 (s, C6H 90C1-+), 124 (s, P hP O -+ ), 97
and cyclohexane. (s, C6H 90 -+ ),  88 (s, C 4H 5C1-+), as well as the corresponding

Anal. Calcd for C 15H 14O4S: C, 62.06; H , 4.85; S, 11.04. peaks for 37C1 isomers for Cl-containing fragments; nmr
Found: C , 62.18; H , 5.00; S, 10.91. (C D C L ) ,30 r  2.50 (m, 10, aryl H ), 5.70 [m, 1 , C (C1 )H ], 5.95

a-Mesyloxycyclohexanone was recrystallized from cyclo- (s, 0.3, O H ), 6.90 (s, 0.7, O H ), 8.20 (m, 8 , alicyclic H ); OH
hexane. peaks were exchanged with D 20.

A n d . Calcd for C 7H 120 4S: C , 43.74; H , 6.29; S, 16.68. Anal. Calcd for C i8H 20O2C1P: C , 64.57; H , 6.02; Cl, 10.58; 
Found: C, 43.92; H , 6.21; S, 16.73. P , 9.26. Found: C , 64.43; H , 6.14; Cl, 10.78; P , 8.99.

a-Mesyloxycyclododecanone was recrystallized from methanol. Attempts to dehydrate 15 with p-toluenesulfonic acid in
Anal. Calcd for Ci3H 240 4S: C, 56.49; H , 8.75; S, 11.60. benzene at reflux with azeotropic removal of water gave only

Found: C, 56.57; H , 8.59; S, 11.57. starting material.
The following a-bromo ketones failed to be converted into 1-Hydroxy-l-diphenylphosphinoxycyclohexane.— Similar re-

a-mesyloxy ketones upon treatment with silver mesylate in ace- action of D P P  with cyclohexanone (0.0165 mol each) in benzene
tonitrile (after the indicated time length): a-bromocamphor (16 at reflux for 20 hr gave 1 -hydroxy-l-diphenylphosphinoxycyclo-
weeks) and 2-bromodimedone (after 11 weeks). hexane (2.97 g, 0.0099 mol, 60% ): mp 159-161° (recrystallized

The Conversion of «-Hydroxy Ketones into «-Mesyloxy from toluene); ir (CH C I3), 2.78, 3.0 (broad), 3.40 (s), 6.95
Ketones.— The following procedure for the synthesis of a-mesyl- (ms), 8.51 (s), 8.71 (s), 9.96 (s), 10.35 (m ), p; ir (K B r ) 3.15 n
oxybenzylphenyl ketone was used for the conversion of a- (H-bonded O H ); nmr (C D C I3)30 t 1.98 (m, 4, o-aryl H ), 2 .4 5  (m,
hydroxy ketones into the corresponding mesyloxy ketones. Meth- 6 , m.p-aryl H ), 6.72 (s, 1, O H ), 8.28 (m, 10, alicyclic H ).
anesulfonyl chloride (2.15 g, 0.0189 mol) in dry benzene (40 ml) Anal. Calcd for C j8H 2i0 2P : C, 72.06; H , 7.00; P , 10.35. 
was added dropwise with stirring over a 1-hr period to a mixture Found: C, 72.08; H , 7.04; P , 10.07.
of benzoin (4.0 g, 0.0189 mol) and triethylamine (3.82 g, 0.0478 Relative Rates of Debromination of «-Bromo Ketones by 
mol) in benzene (20 m l). After the mixture was stirred for an Competition Experiments.— D P P  was weighed into a 5-mm nmr
additional hour, triethylamine hydrochloride was filtered off, and tube. One equivalent of each of two a-bromo ketones was
the organic layer was washed with water, dried, evaporated combined, dissolved in CC14, and added to the nmr tube. Re
in vacuo, and recrystallized from EtOAc-cyclohexane to give actions involving bromoacetophenones or bromopropiophenone
a-mesyloxybenzylphenyl ketone (3.80 g, 0.0131 mol, 69% ). were essentially instantaneous. Nm r spectra of the methylene
Other data for this compound and related syntheses are given in groups of the unreacted bromoacetophenones and the methyl
Table I I I .  groups of the dehalogenated acetophenones were cleanly separated

The Reactions of a-Halo Ketones with Diphenylphosphine.—  at a 50-Hz sweep width. The relative areas of the starting bromo
The following is a general procedure. To diphenylphosphine ketones and of the product ketones were thus obtained (Table I I ) ,
(0.450 g, 0.00242 mol) in a 5-mm nmr tube was added a-bromo- the average ratios were taken, and these were used to calculate
acetophenone (0.481 g, 0.00242 mol) in CC14 (1 m l), causing an relative reaction rates by use of the following equation.31 Second- 
exothermic reaction. After 10 min, reaction was complete; . .
nmr r 7.70 (s, 3, C H 3C = 0 )  and 2.0-3.0 (m, 5, phenyl H )  in- f/ ”  ‘
dicated quantitative conversion into acetophenone, no absorption * 2 loS lAJf/LAJi
at 5.8 (s, 2, C H 2B r) indicated the absence of a-bromoaceto- order rate relationships were assumed for the debromination
phenone. In  a similar experiment, 31P  nmr indicated only a reactions. For other competition reactions, the relative areas
sharp singlet at —72 ppm (relative to H 3P 0 4) for bromodiphenyl- used were o p in e d  ^  follows.
phosphine.28 . . . . .  Competition Reaction between a-Bromoacetophenone and a-

Other examples are given in Table I. The reaction of p-nitro- Bromopropiophemne with D P P .— A  mixture of 1 and 2 (0.00197
a-bromoacetophenone with D P P  was very exothermic and was mol each) in CC1< was added to D P P  (0.00197 mol) to give com-
accompanied by the formation of a deep red color and a reddish plete reaction of D P P  after several minutes: nmr integrated area
brown solid which was not readily characterized. A  similar ratio of propiophenone to a-bromopropiophenone was 1:6.7;
reaction occurred between D P P  and p-nitroacetophenone. 0.00025 mol of 1 and 0.00172 mol of 2 was left. The relative

The reaction of D P P  with a-bromocyclohexanone was done in rate ratjQ jor j ; 2 is 15.4. 
benzene, diethyl ether, ethyl acetate, glyme, and methanol at Other Competition Experiments.— The competition reaction of
room temperature and at reflux. Oils were generally obtained «-bromopropiophenone (2) and a-bromoisobutyrophenone (3)
which could be separated into diphenylphosphinic acid (identified with D P P  (0.00197 mol each) gave an area ratio (nmr) of iso-
by ir, tic) and viscous hydrocarbons (alicyclic H  by nmr). When butyrophenone to 3 of 1 :3.8 upon completion. The relative rate
the reaction was followed by ir (C H 2C12), the 5.85-p peak of ratio for 2/3  is 6 .8 . A  similar competition reaction between 1
a-bromocyclohexanone disappeared within several min at room and 2 ,4 ,6-trimethyl-a-bromoacetophenone ( 10 ) for D P P
temperature. The reaction of D P P  with a-chlorocyclopentanone (0.000555 mol each) gave an area ratio (nmr) of 1/10 of 1:3.22
occurred rapidly to give unknown products and no cyclopenta- upon compieti0n . The relative rate ratio for 1/10  is 5.3. The
none. The reaction of D P P  (1 equiv) with a,a-dibromoaceto- competition of 1 with a-chloroacetophenone (4) for D P P  resulted
phenone led to a mixture of acetophenone, a-bromoacetophenone, in compiete reaction of 1 and no reaction of 4 ; i.e ., the relative
and a,a-dibromoacetophenone. A  preferential removal of one rade ratio for 1/4 is large (see Discussion). Previously, less
bromine was not observed. . . .  . accurate competition experiments had shown that (a ) D P P  reacts

The Reaction of Benzyl Bromide with Diphenylphosphine. more rapidly than does triphenylphosphine with 1 since at'least
Benzyl bromide (0.316 g, 0.00186 mol) in CC14 (1 m l) was added 80% of the triphenylphosphine is left, none of the D P P  is left,
to D P P  (0.323 g, 0.00173 mol) in an nmr tube. Little or no and no phenacyhriphenylphosphonium bromide is formed; (b )
immediate reaction occurred. After 15 hr a white solid was triphenylphosphine reacts more rapidly than does D P P  with 4
present and the nmr spectrum had absorption at r  2.4-3.0 
(aromatic H ) but no methyl group absorption; i.e., toluene was -------------------
absent. The solid was not characterized. (29) Done at Mellon Institute on a MS-9 mass spectrometer.

(30) The nmr spectrum was obtained with the aid of the Varian C-1024 
time averaging computer.

(28) (a) Kindly performed by Dr. Dorothy Denney, Rutgers University, (31) G. Russell in "Technique of Organic Chemistry,”  Vol. V I I I,  part I,
on a Varian HA-100 nmr spectrometer at 40 M H z; (b) L. Maier, H elv. 2nd ed, S. L. Friess, E. S. Lewis, and A. Weissberger, Ed., Interscience
Chim. A cta , 46, 2026 (1963). Publishers, Inc., New York, N . Y „  1961.
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since 64% phenacyltriphenylphosphonium chloride is formed (2.32 g, 0.0125 mol) in benzene (5 ml) was stirred at room tem-
and no triphenylphosphine is left, but diphenylphosphine is left. perature for 168 hr. After removal of the solvent in  vacuo, the

Attempts to Derivatize Bromo- or Chlorodiphenylphosphine resultant solid was dissolved in C H 2CI2 (25 m l) and washed with 5
from Dehalogenation Reactions.— Reaction of two equivalents A  N aO H . The organic layer was dried and evaporated in  vacuo to
of D P P  with one equivalent of 1 led to acetophenone and di- give l-hydroxy-l-diphenylphosphinoxy-2 -mesyloxycyclohexane
phenylphosphinic acid but no tetraphenyldiphosphine or the (3.41 g, 0.00855 mol, 83.5%) after recrystallization from CH CU
corresponding dioxide.llb In  other experiments involving either (25 m l)-C H 3O H  (3 drops): mp 147-148°; ir (C H 2CI2) 3.1-3.8
bromodiphenylphosphine (from 1) or chlorodiphenylphosphine (broad), 7.3-7.7 (mesylate), 8 .3-8 .8 (mesylate), 10.2, 10.4,
(from 4), addition of aniline or ¡f-butylamine led to mixtures 10.7 11.
possibly containing anilino- or i-butylaminodiphenylphosphine. Anal. Calcd for C 19H 23O 5SP: C, 57.85; H , 5.87; P , 7.85. 
The products could not be purified to analytical purity and these Found: C, 57.60; H , 5.82; P , 7.93. 
experiments were abandoned.

The Reactions of a-Mesyioxy Ketones and Other Ketones with Registry No.— DPP, 829-85-6; 15,20187-69-3; 16, 
Diphenylphosphine.—The following serves as a general procedure 20187-70-6' 17 20187-71-7.
with minor variations and other data given in Table IV . A  ’
mixture of a-mesyloxyacetophenone and D P P  (0.0233 mol each) Acknowledgment.—We are indebted to Professors
was heated at reflux m benzene for 240 hr under nitrogen and _  , . . t-n r _  i <
then left exposed to the air for 72 hr. Diphenylphosphinic acid, Donald and Dorothy Denney for P nmr data and o
mp 193.0-196.0°, was removed by filtration and the residual Dr. Karl Untch, then at Mellon Institute, for mass
solution was chromatographed through silica gel (20 g ). Elution spectral data. We wish to thank the National Science
with benzene gave acetophenone ( 1 .2 1  g, 0 .0 10 1 mol, 43% ); Foundation for grants towards the purchase of the
ir (C H 2CI2) and nmr (CDC13) identical with a genuine sample’s. . ,. _  • „  / .  „ „ j  „

l-Hydroxy-l-diphenylphosphinoxy-2-mesyloxycyclohexane.—A Parian time averaging computer (at Yeshiva) and a
mixture of a-masyloxycyclohexanone (2.0 g, 0.010 mol) and D P P  Varian A-60 nmr spectrometer (at Lehigh).
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Methyl 3-keto-A-norcholanate (6 ) was reduced with several reagents to give the 3a- and 3/3-hydroxy-A-nor 
compounds, with the former isomer predominating. The structural assignments were made on the basis of the 
nmr spectra and comparison with known model compounds. Similar studies were made with methyl 3,12- 
diketo-A-norcholanate (12a) to give A-nordeoxycholic acids. The benzilic acid rearrangement of methyl 3- 
hydroxy-4-ket.o-12a-aoetoxy-5ff-chol-2-enate (16) and lead tetraacetate cleavage of the product gave methyl
3-keto-12a-hydroxy-A-norcholanate (15a).

Despite a considerable amount of interest in recent the 3-carbonyl group of 3-ketocholanic acid (1) in the
years in the partial synthesis of ring-nor steroids and six-membered A-ring series. Lithium aluminum hy-
their biological activity, little work has been reported in dride gave 12% of 3/3-hydroxycholan-24-ol (2)7 and
the bile acid series. Many years ago Windaus4 88% of 3a-hydroxycholan-24-ol (3),8 both previously
pyrolyzed 2,3- and 3,4-secocholanic acid dioic acid to prepared by different routes. Sodium borohydride
2-keto- and 3-keto-A-norcholanic acid, respectively. gave, after esterification of the reduction product, 10%
He also6 prepared 2,6-diketo-A-norcholanic acid by the of methyl 3/3-hydroxycholanate (4) and 90% of methyl
pyrolysis of 2,3-seco-6-ketocholane-2,3,24-trioic acid. 3a-hydroxycholanate (5). (The above percentages
Wieland6 obtained 2,12-diketo-A-norcholanic acid and are relative figures, not yields.) The upper, or ¡3 side
3,12-diketo-A-norcholanic acid by pyrolysis of the of the molecule must therefore be less hindered,
corresponding secodeoxycholic acids. No reports could allowing easier approach of the hydride to the carbonyl
be found of the reduction of any of these keto group.
compounds to the corresponding A-nor bile acids. Methyl 3-keto-A-norcholanate (6) was studied next. 
The present work was undertaken to accomplish this I t  is interesting to note that the A-nor ketone has a
and to explore further the chemistry of the A-nor deshielding effect on the C-19 methyl protons, 5 1.16,
compounds. compared to the six-membered keto compound, S 1.03.

In order to gain some understanding of the stereo- Reduction of the A-nor ketone with sodium borohydride
chemical behavior of several common reducing agents gave 75% of the 3a-hydroxy compound 7a and 25% of
toward the cholanic acid molecule, lithium aluminum the 3/3 isomer 8a. Reduction with lithium aluminum
hydride and sodium borohydride were used to reduce hydride gave a ratio of 54% of 3a-hydroxy-A-

norcholan-24-ol (9) to 46% of 3/3-hydroxy-A-norcholan- 
(1) For the previous paper in the aeries, see H. R. Nace and G. A. Crosby, 24-ol (10). Reduction with lithium borohydride gave

J' ( ^ T h e  m a 'j f fp tu o n T th is  research was supported by the U. S. Public a ratl°  ° f  62%  ° f the 3 «"hydroxy Compound 7a and 38%
Health Service under Grant A M  05249-02. Grateful acknowledgment is of the 3/3 Compound 8a. Reduction with lithium in
he(®by ™ade' 4 liquid ammonia gave a ratio of 51% of the 3a-hydroxy

(3) Abstracted from the Ph.D. Thesis of E. M. H., Brown University, t ,„/ w  « ., 0 _ , _  J  J
1966. compound 7a and 49% of the 3/3 compound 8a.

(4) A. Windaus, A. Bohne, and E. Schwartzkopf, Z .  P h y s io l. Chem., 140,
177 (1924). (7 ) R. T. Blickenstaff and F. C. Chang, J .  A m er. Chem . Soc., 80, 2729

(5) A. Windaus and A. Bohne, A n n ., 442, 7 (1925). (1958).
(6) H. Wieland and A. Kuhlenkampff, Z .  P h y s io l. Chem ., 108, 295 (1919). (8) L. F. Fieser and S. Rajagopalan, ib id ., 73, 122 (1951).
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R2 T abl e  I

I I  ' l l  F i eld P osition  of  the  C-19 M eth yl

CH2OH C02Rj H ydrogens of the 3-Hydro xy -A-Nor I somers

' 7 f  ' '  T resonance,
__ '  Compound cps

„  Methyl 3<*-hydroxy-A-norcholanate (7a) 60.0
^  Methyl 3/3-hydroxy-A-noreholanate (8a) 61.0

2, R =  — OH 4, R' =  — OH; R2 =  H; R3 =  CH3 Methyl 3a-hydroxy-3/3-deuterio-A-norcholanate (7b) 58.5
3, R =  - OH 5, R1 =  ••• OH; R2 =  H; R3 =  CH3 Methyl 3/3-hydroxy-3a-deuterio-A-norcholanate (8b) 59.0

11 R‘ =  R2'_OH- R3— H Methyl 3a-acetoxy-A-norcholanate (7c) 59.0
’ ’ Methyl 3/3-acetoxy-A-norcholanate (8c) 59.0

I ' ' ' " N X  X ^ X  3a-Hydroxy-A-norcholan-24-ol (9) 61.5
^1 . ¿o 2CH3 J L  C O R 3 3/3-Hydroxy-A-norcholan-24-ol (10) 62.5

as *n m°del Model A  is also preferred because
¿J-----R'u ----------------------------- ^ 1  Barton models show that model B involves consider-

Pj R2 h able deformation, and thus strain, of ring B.
Using structure A, application of the Karplus 

6, R =  H 7a, R1 = ••• OH; R2= —H; R3 = CH3 equation9 provides a basis for assignment of confor-
15a, R = OH b, R' = OH; R? = —D;R3 = CH3 mation of the 3-substituted A-nor isomers. Using
15b, R = OAc c, R'= ' OAc; R2 = — H; R3 = CH3 Barton models and measuring the angles between the

d, R‘ = •OH; R2 = R3= —H H -C -C 1 and C -C '-H 1 planes, the various coupling
8a, R3 — OH; R2= -H- R3 = CH3 constants shov/n in Table I I  were calculated.
b ,  R'=----- OH; R2 =  ••• D; R3 =  CH3

c, R1 =  — OAc; R2 =  • • • H; R3 =  CH3 TaBLE 11
, __ _ TT TT C o u plin g  Constants  C a lculated  w it h  the

d, Jtv =  — UH; K/ =  - ■ ri! K =  H Tr  -m’ ’ ’ K arplus Equation for the
N ^ N  3-Hydroxy -A -nor-5/3 Structure A

__ JL CH OH * yh Jyr * yd Jyd * yc Jyc
[  ___J  2 3/3-OH(3a-H) 180° 11 cps 30° 6 cps 135° 7 cps

[ 1 iXH IXH #XD Jx D #XC Jx C

^  3a-OH(3/3-H) 45° 4 cps 90° 0.5 cps 15° 7.5 cps
R

H
9 R= •••OH From the coupling constants in Table I I  it is obvious

10’ R ___ that a 3a hydrogen is subject to larger coupling con-
’ ~ stants than a 3/3 hydrogen, which subtends relatively

The structural assignments for the reduction prod- smaller dihedral angles with its neighboring hydrogens,
ucts are based on the characteristics of the nmr peaks Thus the a hydrogens (6 substituted) should give
for the hydrogens on the 3-carbon atom. Although broader peaks than the isomers with the /3 hydrogen
the conformational analysis of a five-membered ring (a substituted). Table I I I  shows the position and
cis-fused to a six-membered ring is not completely shape of the 3 protons and allows assignment of
understood, it appears that the two envelope models, structure for the various isomers.
A  and B, represent the most stable conformations.
Model A  is preferred for two reasons. First, it explains T able I I I

F ield  P osition  a n d  Sh ape  of the  3-Hydrogen  
jj I N mr P ea k  of 3-Hydroxy -A -nor  C om pounds

H - J T ^ ^ X  v  X T  3-Hydrogen peak
\ \  ^  \  —r .  \  Compd Position Shape

C— J—- Y , '—^  \  Methyl .3 «-hydroxy-A-norcholan ate (7a) 257 Sharp
■</ y  Methyl 3/3-hydroxy-A-norcholanate (8a) 254 Broad

'  Methyl 3a-acetoxy-A-norcholanate (7c) 318 Sharp
A  B  Methyl 3/3-ac3toxy-A-norcholanate (8c) 310 Broad

3a-Hydroxy-A-norcholan-24-ol (9) 257 Sharp
the fact that whether a substituent at position 3 is a 3i3-Hydroxy-A-norcholan-24-ol (10) 254 Broad
or 8 has essentially no effect on the field position of the
C-19 methyl hydrogens. Normally a difference of Based on the above structural assignments, all of
2 cps or more in the field position of these protons is phe hydride reductions of the norketone gave a pre-
seen with inversion of conformation of a substituent ponderance of the 3 a-hydroxy compound, showing that
at any given position of the A  or B rings, owing to an the /3 or upper side of the A  ring offers less hindrance
electronic effect transmitted through space. Table I  to approach of the hydride, as was observed for the
shows that for pairs of isomeric 3-substituted A-nor six-membered A  ring.
compounds the field position of the C-19 methyl The deoxycholic acid series was studied next,
hydrogens is virtually unchanged. Deoxycholic acid (11) was oxidized with nitric acid to

The fact that the conformation of a 3 substituent has
no effect on the C-19 methyl hydrogens indicates that (9) Karplus and D. H. Anderson,,/. Chem. Phys., SO, 6 (1959); A. D. 
the 3 position is held remote from the methyl group, Cross and P. Crabbi, J. Amer. Chem. Soc., 86, 1221 (1964).
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T able IV

Nmr Hydrogen Absorptions in Cycles per Second of the Acetoxy-A-nor Compounds“
,---------------------------------Hydrogen Configurations---------------------------------

Compd 3a 3/3 120

Methyl 3-keto-12a-acetoxy-A-norcholanate (IS b ) • ■ • • • • 304, sharp
Methyl-3a,12a-diacetoxy-A-norcholanate (13b) • • • • ■ ■ 305, sharp
Methyl-3a-acetoxy-A-norcholanate (7c) • • • 318, sharp
Methyl 3/3-acetoxy-A-norcholanate (8c) 310, broad
Methyl 3a,12a-diacetoxycholanate (from 11) • • • • • • 305, sharp
Methyl S-keto-^a-acetoxycholanate6 • • • ■ • • 307, sharp

“ Insufficient methyl 3/3,12/3-diacetoxy-A-norcholanate (15b) was available to obtain a spectrum. h Reference 22.

give the 12-keto-3,4-secoacid according to the procedure hydroxy compound 15a showed the C-19 methyl
of Wieland and Kuhlenkampff,6 and the seco acid was resonance at 70 cps [cf. methyl 3a-hydroxy-12-keto-
pyrolyzed to methyl 3,12-diketo-A-norcholanate (12a), cholanate (61.0), methyl 3,12-diketocholanate (67.0),
after esterification of the pyrolysis product, in 14% and methyl 3-keto-A-norcholanate (69.5) ], the 12/3 hy-
yield. Again the field position of the C-19 methyl in drogen at 239 cps, and infrared absorption at 1035 cm-1,
the A-nor compound, 8 1.23, was shifted downfield consistent with a 12a-hydroxyl group. Brown and
from that of the C-19 methyl in methyl 3,12-diketo- Ichikawa11 reported that cyclohexanone is more readily
cholanate, 8 1.12. Reduction of the 3,12-diketo-A-nor reduced with sodium borohydride than is cyclopenta-
acid 12b with excess sodium borohydride gave, after none, and Dauben and Boswell12 reported the selective
esterification, methyl 3/3,12/3-dihydroxy-A-norehola- reduction of the 6-keto group of A-norcoprostane-2,6-
nate (14a) (6% yield), and methyl 3a,12a-dihydroxy- dione with sodium borohydride to give the 2-keto-6-hy-
A-norcholanate (13a) (24% yield). I f  only one droxy compounds. The formation of 15a above is
equivalent of hydride was used in the reduction, the thus consistent with these results.
major product, after esterification, was methyl 3-keto- The above structural assignments were confirmed by 
12a-hydroxy-A-norcholanate (15a), also formed in examination of the nmr spectra of the acetylated corn-
small amounts with excess hydride. pounds, Table IV.

The synthesis of A-nordeoxycholic acid derivatives 
9 R via the benzilic acid rearrangement of methyl 3-
JLdjL ¿o..R ¿o CH hydroxy-4-keto-12a-acetoxy-5a-chol-2-enate (16) was

[ J  " | | " 2 3 also studied. Oxygenation13 of an alkaline solution of
methyl 3-keto- 12a-acetoxychol an ate and esterification 

J----- J J -----  J of the product gave the diosphenol 16 in 22% yield.
0 "  I t  was assigned the structure shown and not the iso-

H meric 3-keto-4-hydroxy-4-ene structure for two reasons.
12a, R = CH3 13a, R = ” 0H The ultraviolet spectrum showed Xmax 277.9 m/i (e

b, R=H b, R= ••• OAc 24,000), and application of Woodward’s rules for a
14a, R =  — OH conjugated system14 gave a calculated value of 280

b, r  = __OAc m/i for the structure shown, and a value of 297 mp for
the isomer. In addition, the nmr spectrum showed a 

ACY 1 1 1  HO Y ]  vinyl proton at 8 6.0, in confirmation of the structure
A \  A  C02CH3 C02CH3 shown, and not possible for the isomer. The hydrogen

[   J [ T_______ J at the 5-position was .assigned the a configuration
because of the greater stability of an A -B  trans ring

HO— I----- juncture for fused six-membered rings, and the ease of
OH J ^  CH O C i i  isomerization in a basic medium of a 4-keto compound.

O The benzilic acid rearrangement was carried out by
16 17 heating the diosphenol with potassium hydroxide in

aqueous n-butanol and esterification of the rearrange- 
The structure of these three products was established ment product to give methyl 3a-carbomethoxy-3/3-

in the following manner. The 3/3,12/3 isomer 14a hydroxy-12a-hydroxy-5a-A-norcholanate (17) in low
showed infrared absorption at 1003 cm-1 and nmr yield (9%), and no other products from the reaction
absorption at 254 cps (broad). Chang, Wood, and mixture could be characterized. The structure is
Holton10 in a study of the isomeric 3,12-dihydroxy- assigned by analogy to the same reaction in the
cholanic acids, found that only the 12/3-hydroxy isomer cholestane series16 and is based on the assumption that
absorbed near 1000 cm-1, while the other isomers the hydroxide addition intermediate16 which is formed
absorbed in the region 1018-1036 cm-1. I t  has been will be most stable when it involves the minimum
shown above that a 3a hydrogen (3/3-hydroxy) shows a
broad nmr peak centered at 254 cps (Table I I I ) .  U P  H. C. Brown and K. Ichikawa, Tetrahedron , 1, 221 (1957). 
m i o i r » ’ i i  ■ • • (12) W. G. Dauben and G. A. Boswell, J .  A m er. Chem . Soc., 83. 5003
1 he Sa, 12a isomer 13a snowed infrared absorption in (i96i).
the 1013-1036-cm_1 range but none near 1000 cm-1, (13) E. j . Bailey, D. H. R. Barton, J. Elks, and J. F. Templeton, J .  Chem .

and nmr absorption at 237 (sharp, 12/3 hydrogen) and t TT], . , . ,.. , .
^  / ^  o o i  i \ r r u ^ o i  (14) I. Scott, Interpretation of the Ultraviolet Spectra of Natural Prod-
256 CpS (sharp, 3(3 hydrogen). The 3-keto-12a- ucts,”  The Macmillan Co., New York, N. Y ., 1964, p 58.

(15) H. R. Nace and M. Inaba, J . Org. Chem ., 27, 4024 (1962).
(10) F. C. Chang, N. F. Wood, and W. G. Holton, J . Org. Chem ., 30, (16) N. L. Wendler, D. Taub, and R. P. Graber, Tetrahedron , 7, 173

1718 (1965). (1959).
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repu ls ive  forces o w in g  to 1 ,3 -d iax ia I in teractions an d  esterified by allowing it to stand overnight in 10 %  methanolic
oxygen-oxygen dipoles. This assignment is also sup- J101- Afte" r®moval of the solvent, the residue was taken up in

,1 ... n i A  ,-i 1 benzene and chromatographed on 40 g of silica gel. Elution with
ported by the position of the C-19 methyl resonance 10% ether_ benzene gave, after recrystallization from aqueous
whicil is roughly m  the same field position as in  the methanol, 30.4 mg (7 .8% ) of methyl 3/3-hydroxycholanate (4),
other 3-hydroxy-A-nor compounds, namely at 58.8 mp 114-115° (lit-17 mp 115-116°), Ri 0.6 (ether), gave a
cps. I f  the ester group at the 3 position had the 3 precipitate with digitonin.
con figuration , it  w o u ld  b e  expected  to  h a ve  a  la rg e  Further elution with the same solvent gave after recrystalliza-

effect on the field position of the C -1 9  methyl, especially hydroxycholanate (5 ), mp 128-130°, [ « ] d 28.3° (c 1 .3 , C H C h )
with the A -B  trans  ring fusion. [lit.78 mp 130°, [ « ] d 2 2 ° (CIIC13)19],  R t 0.55 (ether), gave no

The diester 17 could not be cleaved to the A-nor-3 precipitate with digitonin. 
ketone with lead tetraacetate, but after hydrolysis the Methyl 3a- (7a) and 3/3-Hydroxy-A-norcholanate (8a) by 
j . . j  , j  •j.-u i j  j. a a a  a • r Sodium Borohydride Reduction of Methyl 3-Keto-A-norcholanate
diacid was cleaved with ead tetraacetate to give, af- (6 ). _ A  solution of 270 mg (0.72 mmol) of 6 in 30 ml of ethanol
ter esterification, methyl 3-keto-12a-hydroxy-A-nor- was made basic with 1 N  N aO H , a solution of 250 mg of sodium
cholanate (15a) identical in melting point and infrared borohydride in the minimum amount of basic ethanol was added,
spectrum with the material described above. and the resulting solution was boiled under reflux for 14 hr. Then

the solution was acidified with concentrated hydrochloric acid, 
diluted with water, and extracted with ether. The extract was 

E xp erim en ta l Section  washed with water, dried (M gS 0 4), distilled, and the residue was
esterified with 100 ml of 15% methanolic HC1. After removal of 

Melting points were determined with a Hershberg apparatus the solvent, the residue was taken up in benzene and chromato-
and Anschutz thermometers and are corrected. Microanalyses graphed on alumina. Elution with 5%  ether-benzene and re-
were done by Micro-Tech of Skokie, Illinois, and Schwarzkopf crystallization cf the residue from aqueous M eO H  gave 103 mg
Microanalytical Laboratory, Woodside, New  York, Deuterium (38% ) of methyl 3a-hydroxy-A-norcholanate (7a), mp 72-75°;
analyses were done by D r. Josef Nemeth, University of Illinois. [a]n 28.0° (c 3.5, CHC13); ir (K B r ) 3205, 1730 cm-1; nmr S
The analytical samples were recrystallized to constant melting 0.70 (18-CH3), 1.00 (19-CH3), 4.28 (sharps, 1, 3/3-H); (D M S O )
point. Ir spectra were determined with a Perkin-Elmer 141 4.39 (s, 1, H  on 3a-OH, disappears on the addition of D 20 );
spectrometer, O R D  curves with a Cary 60 polarimeter, and uv Ri 0.55
spectra with a Bausch and Lom b 505 Spectrometer. Nm r spectra Anal. Calcd for C 24H 40O3: C , 76.55; 11,10.71. Found: C,
were determined in CDC13 with 30-35 mg of steroid per 0.8 ml of 76.83; H , 10.67.
solvent, using T M S  as an internal standard, and either a Varian Further elution with the same solvent gave several mixed frac-
HF-60 or a Varian A-60 spectrometer. The authors are indebted tions followed by methyl 3/3-hydroxy-A-norcholanate (8a),
to D r. G . O. Dudek and D r. H . Janjagian and to Harvard yield 35 mg (13% ) after recrystallization from aqueous M eO H ;
University for the use of the latter instrument. mp 84-87°; [c ] d 39.5° (c 2.7, CHC13); ir (K B r ) 3200, 1730

Acknowledgment is also made to the National Science Founda- cm”1; nmr S 0.68 (18-CH3), 1.02 (19-CH3), 4.23 (broad s, 1,
tion for grants to the Chemistry Department for the purchase of 3a-H ); (D M S O ) 4.20 (s, 1, H  on 3/3-OH, disappears on the
the ir and uv spectrometers and the ord polarimeter. addition of D 2C ); R i 0.35.

Chromatographic separations were made using Baker Chro- Anal. Calcd for C 24H 40O3: C, 76.55; H , 10.71. Found: C,
matographic Grade silica gel and Merck chromatographic grade 76.11; H , 10.65.
alumina. The alumina was deactivated before use by allowing Reduction of Methyl 3-Keto-A-norcholanate (6) with Lithium
it to stand in the open air for 3 hr. The Rt values reported for Aluminum Hydride.— To a solution of 404 mg (1.08 mmol) of 
tic are travel distances on glass plates coated with a 500->x the norketone 6 in 200 ml of absolute ether was added 1 g of
thickness of Merck (Darmstadt) silica gel G , and refer to lithium aluminum hydride and the solution was boiled under
travel distances relative to a 10-cm solvent path. The solvent reflux for 3 hr. Then 40 ml of 30% H 2S 0 4 solution was added
was 2 : 1  benzene-ether unless indicated otherwise. A  solution and the ether layer was removed, washed with water, NaHCOs
of 2,4-dinitrophenylhydrazine in phosphoric acid and 95% solution, and water, dried (M gS 0 4) and evaporated to give an
ethanol was used for development, and the plates were baked at oil. This was taken up in benzene and chromatographed on 40 g
70-90° for further development. of silica gel. Elution with 25% ether-benzene gave, after re-

Reduction of 3-Ketocholanic Acid (1). A. With Lithium Alu- crystallization from aqueous methanol, 174 mg (46% ) of 3a-
minum Hydride.— To a solution of 250 mg (0.67 mmol) of the hydroxy-A-norcholan-24-ol (9), mp 155-157°; [a]D 18° (c 2.0,
ketc acid in 100 ml of a 1:1 mixture of benzene-petroleum ether CH CI3); ir (K B r ) 3257 cm-1; R i 0.25; nmr 5 0.70 (18 -CH 3),
was added 2 g of lithium aluminum hydride, and the mixture was 0.99 (19-CH3), 4.30 (sharp s, 3/3-H).
stirred for 5 hr. Then an additional 1 g of hydride was added Anal. Calcd for C23H 40O2: C , 79.25; H , 11.57. Found: C,
and the mixture was stirred overnight. After the addition of 100 79.45; H , 11.67.
ml of 30% sulfuric acid, the organic layer was washed with water, Further elution with the same solvent gave, after recrystalliza-
10% N a H C 0 3 solution, and water, dried (M gS 0 4), and evapo- tion from aqueous methanol, 146 mg (39% ) of 3/3-hydroxy-A-nor-
rated. The residue was taken up in benzene and chromato- cholan-24-ol (10), mp 185-186°; [a]D 52° (c 1.8, CHC13); ir
graphed on 40 g of silica gel. Elution with 1:1 benzene-ether (K B r ) 3225 cm-1; Rt 0.15; nmr S 0.70 (18 -C H 3), 1.00 (19-CHa),
gave, after recrystallization from aqueous methanol, 12.3 mg 4.25 (broad s, 3a-H ).
(5% ) of 3,8-hydroxycholan-24-ol (2), mp 146-148°; [a]D 24.2° When the reduction was carried out at room temperature for
(c 1.9, CHCls); ir (K B r ) 3333 cm-1; R f 0.35; formed a precipi- only 5 min, tic analysis showed the presence of starting keto ester
tate with digitonin; nmr 5 0.66 (18-CHj), 0.96 (19-CH3); lit .7 6, 3a-, and 3/5-hydroxy-A-nor esters 7a and 8a, and no cholan-
mp 150-151.5°. 24-ols. _ .............................

Further elution with the same solvent gave, after recrystalliza- Reduction of the Keto Ester 6 with Lithium Aluminum Deu-
tion from aqueous methanol, 87 mg (36% ) of 3a-hydroxy-cholan- teride.— To ar_ ether solution of 1.0 g (2.67 mmol) of the keto
24-ol (3), mp 175-176°; [a]D 32.0° (c 2.2, CHC13); ir (K B r ) ester 6 was added 198 mg of lithium aluminum deuteride. After
3333 cm-1; Rt 0.2; gave no precipitate with digitonin; nmr 1 min of stirring, 100 ml of 10% hydrochloric acid was added and
S 0.66 (18-CHa), 0.93 (19-CH3); lit .8 mp 176-177°, [a]D 44°. the ether layer was removed, washed with 10% NasCOs solution,

Anal. Calcd for C 24H 420 2: C, 79.49; H , 11.68. Found: and water, dried (M gS 0 4), evaporated, and the residue taken up
C, 79.37; H , 11.66. in benzene and chromatographed on 60 g of alumina. Elution

B. With Sodium Borohydride.— To a solution of 696 mg with benzene gave 20 mg of starting material, 42 mg of mixed
(1.85 mmol) of the keto acid in 30 ml of absolute ethanol (made material, and then, after recrystallization from aqueous methanol,
basic by the addition of 3 ml of 1 A  N a O H ) was added 20 mg 281 mg (28% ) of methyl 3a-hydroxy-3/3-deuterio-A-norcholanate
(2 .1  mmol) of sodium borohydride dissolved in basic ethanol, --------------------
and the resulting solution was boiled under reflux overnight. (17) K  Yamasaki and K. Kyogoku, Z. Physiol. Chem., 238, 43 (1935).
Then the solution was cooled, acidified with concentrated hydro- (18) w  Borsche and F. Hallwass, Ber., bs, 3324 (1922).
chloric acid, and extracted with ether. The extract was washed (19) f . c . Chang, R. T. Blickenstaff, A. Feldstein, J. R. Gray, G. S.
with water, dried (M gS 0 4), and evaporated, and the residue was McCaleb, and D. H. Sprunt, J. Amer. Chem. Soc., 79, 2164 (1957).
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(7b), mp 84-85°; [a] d 9.9° (c 2 .1 , CHC13); ir (K B r ) 3300,2150, the temperature was kept below 50° by ice-bath cooling. After
1748 cm-1; Rt 0.5; nmr 5 0.68 (18-CH3), 0.98 (19-CH3). the violent fuming stopped, water was added and the resulting

Anal. Calcd for C24H 3903D : 2.50 atom %  deuterium. Found: precipitate was collected, yield 1.2 g. A  1.14-g sample of this
2.48 atom %  deuterium. material was heated in a sublimer at 290° (0.6 mm) to give 730

W e are unable to explain the differences in melting point and mg of material which was esterified by boiling under reflux for
[a] d between the deuterated and undeuterated material. 3 hr with 15% methanolic HC1. Tic of the product showed three

Further elution with benzene gave 387 mg of mixed material, spots, Rt 0.9, 0.5, and 0.45. The material was taken up in benzene
and then, after recrystallization from aqueous methanol, 61 mg and chromatographed on 60 g of alumina. Elution with benzene
(6 % ) of methyl 3/3-hydroxy-3o;-deuterio-A-norcholanate (8b ), gave 22 mg of oil, Rt 0.8, whose ir spectrum showed unsaturation,
mp 85-86°; [a] d 46° (c 1.8, CHC13); ir (K B r ) 3400, 2150, 1745 Elution with 5%  ether-benzene gave, after recrystallization from
cm-1; R i 0.3; nmr 8 0.66 ( I 8-C H 3), 0.98 (19-CH3). aqueous methanol, 261 mg (14% ) of the 3,12-diketo-A-nor ester

Anal. Calcd for C24H 390 3D : 2.50 atom %  deuterium. 12a mp 143-145° (lit.6 mp 149°); [a] d 180° (c 3.6, CHC13);
Found: 2.03 atom %  deuterium. ir (K B r ) 1740, 1700 cm -1; R t 0.5; nmr 8 1.03 (18-CH,), 1.23

Reduction of the Keto Ester 6 with Lithium Borohydride.— To (19-CH3) [For methyl 3,12-diketocholanate, nmr 8 1.07 (18-CH3),
a solution of 1.0 g (2.67 mmol) of the keto ester in 500 ml of 1.12 (19-CH3). ];  O R D  (c 0.9, M eO H ) [$]450 5.5°, [d>]32o 151.6°,
ether was added 114 mg of lithium borohydride. After 1 min of [$[309 162.6°, [<t>]272 —93.4°, [dE>]2so —22.0°. 
stirring, 100 ml of 10% hydrochloric acid was added and the 3,12-Diketo-A-norcholanic Acid ( 12b ).— A  solution of 500 mg 
ether layer was removed, washed with water, dried (M gS 0 4), (1.28 mmol) of the 3,12-diketo ester 12a in 200 ml of methanol and
and evaporated. The residue was taken up in benzene and chro- 10 ml of 1 N  methanolic K O H  was boiled under reflux for 2 hr,
matographed on 60 g of alumina. Elution with benzene gave then neutralized with hydrochloric acid, diluted with water, and
133 mg of starting material, 35 mg of mixed material, and then, the resulting precipitate collected and recrystallized from aqueous
after recrystallization from aqueous methanol, 341 mg (34% ) of methanol. The 3,12-diketo acid 12b had mp 170-175°;, [a] d
the a-hydroxy-A-nor ester 7a, mp 84-85°; [a] d 28° (c 3.2, 167.8° (c 2.2, M eO H ); R i 0.0 (lit.6 mp 197-198°). Despite
CH CI3); R i 0.55. repeated recrystallizations, the melting point could not be raised.

Further elution with benzene gave 154 mg of mixed material, Reduction of 3,12-Diketo-A-norcholanic Acid (12b) with So-
and then, after recrystallization from aqueous methanol, 213 mg dium Borohydride.— To a solution of 1.2 g (3.2 mmol) irf the
(21% ) of the 3/3-hydroxy-A-norester 8a, mp 84-85°; [a] d 39.5° acid in 100 ml of anhydrous methanol was added slowly 1 g of
(c 2.5, CH CI3); R i 0.35. sodium borohydride, and then the solution was boiled under

Reduction of 3-Keto-A-norcholanic Acid with Lithium- reflux for 1 hr. After cooling and acidification with dilute hydro-
Ammonia.— To a solution of 300 mg (0.83 mmol) of the nor acid chloric acid, the solution was extracted with ether and the extract
(from 6 ) in 12 ml of anhydrous ether, 6 ml of anhydrous methanol, was washed with water, dried (M gS 0 4), and evaporated. The
and 50 ml of ammonia was added 1 g of lithium over a period of residue was esterified by boiling under reflux for 1 hr with 15%
30 min. The mixture was stirred under reflux for 15 min, the methanolic HC1. After removal of the solvent the residue was
ammonia was then allowed ro evaporate, and water was added. taken up in benzene and chromatographed on 40 g of silica gel.
The mixture was acidified with 10 %  hydrochloric acid and ex- Elution with 5%  ether-benzene gave 122  mg of unsaturated
tracted with ether. The extract was washed with water, dried materials, Rt 0.65 and 0.6. Elution with 15% ether-benzene
(M gS 0 4), evaporated, and the residue was esterified by  boiling gave 75 mg (6 % ) of methyl 3/3,12/3-dihydroxy-A-norcholanate
under reflux for 3 hr with 15% methanolic HC1. After removal (14a) mp after recrystallization from aqueous methanol, 128-
of the solvent, the residue was taken up in benzene and chro- 130°; [a] d 27.6° (c 1.0, M eO H ); ir (K B r ) 3400, 3350, 1735
matographed on 20 g of silica gel. Elution with benzene gave cm“1; R t 0.3; nmr 8 0.77 ( I 8-C H 3), 1.08 (19-CH3), 4.32 (broad,
50 mg of methylated starting material. Elution with 10% 3a-H ).
ether-benzene gave 132 mg (43% ) of the 3a-hydroxy ester 7a, Anal. Calcd for C24H 40O4: C, 73.43; H , 10.27. Found: C,
followed by 124 mg (40% ) of the 3/3-hydroxy ester 8a. 73.28; H , 10.19.

3a-Hydroxy-A-norcholanic Acid (7d).— A  solution of 450 mg Further elution with the same solvent gave some mixed ma
i l ^  mmol) of the 3a-hydroxy-A-nor ester 7a in methanolic potas- terial, followed by 300 mg (24% ) of methyl 3a,12o:-dihydroxy-A-
sium hydroxide was allowed to stand overnight. Then acidifica- norcholanate (13a), mp after recrystallization from aqueous
tion with hydrochloric acid gave 411 mg of the 3a-hydroxy acid methanol, 145-147°; [a] d 37.8° (c 0.9, M eO H ); Rt 0.1; nmr
7d, mp 135-137°; [a] d 27.0° (c 2.7, M eO H ); ir (K B r ) 1709 6 0.77 ( I 8-C H 3), 1.00 (19-CH3), 3.95 (sharp, 12/3-H), 4.27 (sharp,
cm“1; Rt 0.0. 3/3-H).

Anal. Calcd for C 23H 380 3: C, 76.19; H , 10.56. Found: Anal. Calcd for C 24H 40O4: C, 73.43; H , 10.27. Found: C,
C , 75.53; H , 10.30. 7 3 .3 3 ; H , 10.23.

3/3-Hydroxy-A-norcholanic Acid (8d ).— Treatment as above of It was found that if the reduction was carried out with only
100 mg (0.265 mmol) of the 3/3-hydroxy-A-norester 8a gave 89 mg one equivalent of borohydride, the major product was methyl
of the 3/3-hydroxy acid 8d, m p223-224°; [a ] d 42° (c 1.2, M eO H ); 3-keto-12a-hydroxy-A-norcholanate (15a), mp after recrystal-
ir (K B r ) 1709 cm-1; Rt 0.0. lization from aqueous methanol, 169-170°; [a] d 145° (c 0.7,

Anal. Calcd for CmH ssOs: C, 76.19; H , 10.56. Found: C , M eO H ); ir (K B r ) 1740,1710 cm -1; Rt 0 .2 ; nmr 5 0.75 ( I 8-C H 3),
75.22; H , 10.35. 1.17 (19-CH3), 3.98 (sharp, 12/3-H).

A  satisfactory analysis could not be obtained for this compound. Anal. Calcd for C24H 330 4: C , 73.81; H , 9.81. Found: C,
Methyl 3«-Acetoxy-A-norcholanate (7c).— A  solution of 200 73.36; H , 9.94.

mg (0.53 mmol) of the 3<*-hydroxy ester 7a in 10 ml of acetic Methyl 3a,12<*-Diacetoxy-A-norcholanate (13b).— A  solution 
anhydride and 10 ml of anhydrous pyridine was boiled under of 90.5 mg of the dihydroxyester 13a in 10 ml of acetic anhydride
reflux for 3 hr, cooled, diluted with water, and extracted with and 10 ml of anhydrous pyridine was boiled under reflux for 3 hr,
ether. The extract was washed with water, 10% sodium carbon- cooled, poured into water, and extracted with ether. The extract
ate solution, and water, dried (M gS 0 4), and evaporated. The was washed with water and 10% N a H C 0 3 solution, dried
residue was taken up in benzene and chromatographed on 20 g (M gS 0 4), and evaporated. The residue was taken up in benzene 
of alumina to give 117 mg of colorless oil which crystallized on and chromatographed on silica gel to give, after recrystallization 
standing neat in a refrigerator. Recrystallization from aqueous from aqueous methanol, 39.5 mg of the diacetoxy compound 13b,
methanol gave the 3a-acetoxy-A-nor ester 7c, mp 59-60°; [a]D mp 109-110°; [a] d 82.6° (c 1.2, CHC13); ir (K B r ) 1735 cm“1;
2 0 ° (c 1.6, CH CI3); ir (K B r ) 1745, 1730 cm“1; R i 0.7; nmr nmr 8 0.77 ( I 8-C H 3), 0.98 (19-CH3), 5.28 (sharp, 3/3-H ).
8 0.68 ( I 8-C H 3), 0.98 (19-CH3), 5.30 (sharp s, 3/3-H). Anal. Calcd for C 28H 440 6: C , 70.55; H , 9.31. Found: C,

Anal. Calcd for C 26H 420 4: C , 74.60; H , 10 .1 1 . Found: C, 70.36; H , 9 .3 4 .
Similar treatment of the 3-keto-12a-hydroxy ester 15a also 

Methyl 3/3-Acetoxy-A-norcholanate (8c). Treatment of the gave an oil which could not be recrystallized, but which was
3/3-hydroxy ester 8a as above gave the 3/3-acetoxy-A-nor ester 8c, homogeneous to tic, R i 0.3; nmr 8 0.78 ( I 8-C H 3), 1.00 (19-CH3),
mp 63-65°; W d 61° (c 0.8, C H C b ); ir (K B r ) 1745,1740 cm -1; 5.16 ( 12/3-H ).
Rt 0.7; nmr 5 0.65 ( I 8-C H 3), 0.98 (19-CH3), 5.17 (broad, 3a-II). Methyl 3«-Hydroxy- 12-ketocholanate.— A  solution of 700 mg 

Anal. Calcd for C26H420 4: C, 74.60; H , 1 0 .1 1 . Found: C, (1.86 mmol) of 3a-hydroxy-12-ketocholanic acid20 in 15% metha-
nolic HC1 was allowed to stand overnight, then the solvent was 

Methyl 3,12-Diketo-A-norcholanate (12a).— Deoxycholic acid -------------------
(11) (2.0 g, 5.1 mmol) was added to nitric acid in portions while (20) S. Bergstrom and G. A. D. Haslewood, J. Chem. Soc., 540 (1939).
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removed and the residue was recrystallized from aqueous metha- under reflux for 3 hr with 15% methanolic HC1, the solvent was
nol to give 250 mg (34% ) of the ester, mp 114-116°; [a] d  95.6° evaporated, and the residue was taken up in benzene and chro-
(c 2.8 M eO H ) (lit. mp 110-111°; [a] d  96 5° ) ;21 ir (K B r ) 1735, matographed on silica gel. Benzene eluted an oil which was
1700 cm-1; Rt 0-0.1; nmr & 1.02 (18- and 19-cH3), 2.29 (broad, crystallized from aqueous methanol to give 178 mg (9 .4% ) of the
3/3-H); O B D  (c 1.12, M eO H ) [<t>]4Co 133°, [<?]35o 223°, [4>]m, 580°, A-norhydroxy ester 17, mp 53-54°; [a ]n  36° (c 1.7, M eO H );
[«•]255 223°, [*]j#> 534°. ir (K B r ) 1730, 1720, 1018-1036 cm“1; nmr 5 0.98 (19-CH3),

Methyl 3-Hydroxy-4-keto-12«-acetoxy-5c-chob2-enate (16).—  3.58, 3.68 (O C O C H 3), 3.95 (12/3-H).
To a solution of 447 mg (1.0 mmol) of methyl 3-keto-12a-acetoxy Anal. Calcd for C 26H 42O 6: C, 69.30; H , 9.40. Found: C, 
cholanate22 in 100 ml of ¿-butyl alcohol (freshly distilled from 70.33; H , 9.51.
calcium hydride) was added a solution of 1.12 g (10.0 mmol) of Methyl 3-Keto-12«-hydroxy-A-norcholanate (15a).— The di
potassium ¿-butoxide in 80 ml of ¿-butyl alcohol. The resulting ester 17, 86 mg, was first hydrolyzed to the dihydroxy diacid in
solution was stirred under 1 atm of oxygen until 1 1 .2  ml ( 1 .0  quantitative yield by warming in a solution of methanolic potas-
mmol) had been taken up, then it was acidified with hydrochloric sium hydroxide. Acidification with hydrochloric acid and dilution
acid, diluted with water, and extracted with ether. The extract with water gave the crystalline diacid, mp 96-98°, which was
was washed with water, dried (MgSCh), evaporated, and the dissolved in 5 ml of acetic acid and 2 ml of acetic anhydride,
residue was esterified by boiling under reflux for 3 hr in a 15% Lead oxide (P b 30 4), 287 mg, was added and the mixture was
solution of methanolic HC1. After removal of the solvent, the warmed on a steam bath until the red color disappeared, stirred
residue was taken up in benzene and chromatographed on 20 g overnight, diluted with water, and extracted with ether. The
of silica gel. Elution with 5%  ether-benzene gave the diosphenol extract was washed with water, several times with 10% NaHCOs
16 which was recrystallized from aqueous methanol to give 100 mg solution, and water, dried (M gSO i), and evaporated. The
(22%), mp 160-162°; [a]D 111° (c 3.9, M eO H ); ir (K B r ) residue was esterified by boiling under reflux for 3 hr with 15%
1730, 1725, 1660, 1625 cm-1; Rt 0.45; uv Xmax (M eO H ) 277.9 methanolic HC1. Removal of the solvent and recrystallization
m/i (e 24,000); nmr 8 1.96 (12-OCOCH3), 5.08 (12/3-H), 6.00 of the residue gave 30 mg of the 3-keto-A-nor ester 15a, identical
(t, 2-H ). in melting point and ir spectrum with the material described

Anal. Calcd for C 27IL 0O6: C, 70.41; H , 8.75. Found: C , above.
69.75; H , 8.78. The oxidation did not take place if the diester was used instead

Methyl 3a-Carbomethoxy-3/3,12a-dihydroxy-A-nor-5o:-chola- of the hydrolyzed material, 
nate (17)/— To a solution of 1.95 g (4.2 mmol) of the diosphenol
16 in 100 ml of m-butyl alcohol was added a solution of 14 g of Registry N o .— 2, 20414-15-7 ; 3, 20414-16-8; 6,
KOH and 10 ml of water, and the resulting solution was boiled 20445-42-5 ’ 7a, 20414-17-9 ' 7b, 20414-18-0' 7c
under reflux for 3 days. After acidification with hydrochloric 20414-19-11 7d, 20414-20-4'; 8a, 20414-21-5 ; 8b,
acid and dilution with water, the reaction mixture was extracted
with ether and the extract was washed with water, dried (M g - 20414-22-6, 8c, 20414-23-7; 8d, 20414-24-8; 9,20445-
SO<), and evaporated. The residue was esterified by boiling 43-6; 10,20445-44-7; 13a, 20414-25-9; 13b, 20414-26-0;

. Mt5 „.  _.. , ,  .K7Q7,1D,„ 14a, 20414-27-1; 15a, 20414-28-2; 16, 20414-29-3;(21) T. Reichstem and M. Sorkin, Helv. C h im . A c ta , 25, 797 (1942). 1 ^ ’ 7 1 1  1
(22) T. Reichstein and V. Burchhardt, ib id ., 25, 821 (1942). 20414-30-O.

Further Stereochemical Studies of the Catalytic Reduction 
of A1,4-3-Keto Steroids with Tritium1“

H. J. Brodie, K. R A A B , lb G. P ossanza,lc N. Seto,ld and M. Gut
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The stereochemical distribution of label resulting from reduction of A 1’ 4 -steroids at C-1,2 with tritium gas using 
palladium-charcoal was studied. The tritium distribution at C -l in ll/3-hydroxyandrost-4-ene-3,17-dione and 
ll/3,17,21-trihydroxypregn-4-ene-3,20-dione (cortisol) obtained from the corresponding A 1 compounds was ana
lyzed using stereospecific chemical and enzymatic reactions. The distribution was found to be 76% /3 and 24%  
a. This is in general agreement with results obtained previously after reduction of a compound without an 11/3- 
hydroxyl group. Analysis of testosterone-1,2-/ using the C-l,2-dehydrogenase of B. sphaericus and the ring A  
aromatase (estrogen forming) enzyme system from human placenta indicated that the tritium distribution at 
C-2 was in a ratio of 1.4:1 (/3: a), considerably less than that at C -l, 3 .4 :1  (/3: a). A  mechanism of reduction 
involving 1,4 addition to the enone system is discussed. The results are in agreement with our previous finding 
that estrogen formation in placenta involves cis elimination at C-1,2 (1/3,2/3).

Catalytic reduction of carbon-carbon double bonds specific reactions with diluted material and extrapola-
with carrier-free tritium gas is a facile method for pre- tion of results obtained with deuterium often are used to
paring pure radioactive compounds of high specific ac-, determine the position labeled.2 In previous publica-
tivity at relatively low cost. However, the distribution tions, methods were discussed which enabled us to deter-
and orientation of tritium in the product is often not mine the distribution of tritium at positions 1,* 6, 7,4-5
apparent. Owing to the instability of highly tritiated 11, and 126,7 of the steroid nucleus. The study of
molecules and the dangers of contamination, physical
measurements used for deuterated compounds are not (2) E. A. Evans, “ Tritium and Its Compounds,”  Van Nostrand, New 

made routinely on tritiated species. Instead, stereo- York, n . y „  1966.
(3) H. J. Brodie, M. Hayano, and M . Gut, J . A m er. Chem . Soc., 84, 

3766 (1962).
(1) (a) This work was supported in part by U. S. Public Health Service (4) S. Baba, H. J. Brodie, M . Hayano, G. Kwass, and M. Gut, J . O rg.

Grants AM-6894, AM-3419, and Training Grant T01-AM05564. An abstract Chem ., 29,2751 (1964).
of portions of this work has appeared: H. J. Brodie, K. Raab, and M. Gut, (5) H. J. Brodie, S. Baba, M. Gut, and M. Hayano, Stero ids, 6, 659
E xcerp ta  M ed . In t .  C ongr. S e r., 111, In t .  C ongr. H o rm o n a l S tero ids, 2nd, (1965).
M ila n ,  1966, Abstract No. 178. (b) McGill University Cancer Research (6) M . Hayano, M. Gut, R. I. Dorfman, O. K . Sebek, and D. H. Peterson,
Unit, Montreal, (c) Postdoctoral trainee in the Training Program for Ste- J . A m er. Chem . Soc., 80, 2336 (1958).
roid Biochemistry, 1963-1965; Pharma Research Canada, Pointe Claire, (7) M . Hayano, M. Gut, R. I. Dorfman, A. Schubert, and R. Siebert,
Quebec, (d) University of Tokyo, Tokyo, Japan. B io ch im . B ioph ys . A cta , 32, 269 (1959).
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tritium introduction at C -l initially was carried out in T able I
order to obtain estrogen precursors suitable for stereo- Changes in T ritium Content after

chemical studies, and we communicated that 17/3-hy- I ndicated Conversions

droxyandrosta-l,4-dien-3-one was reduced at the A1- -— iv— - -— v—- ,----- vi6-----,— vin—,
bond with palladium-carbon to give testosterone with a° b a b a b c a b
the tritium at C -l approximately 80% ¡3, while the Relative t con-

reduction of 5a-androst-l-ene-3,17-dione gave the 100 100 79 58 63 45 45 9'6 7' 4
saturated steroid with the label at C -l over 90% a. ® content« ° ^  90 93 69 51 53 38 38 0 0
lhe detailed methodology appeared in a subsequent % “ reactive” 
paper dealing with the preparation of 19-hydroxy- and < lost from pre-
19-nor steroids stereoselectively labeled at C-l/3-8 ceding step ...........  24 45 23 25 25 100 100

Other steroids which are labeled at C -l,2 by reduction « “ a” compounds obtained from compound I. “b ” compounds
of A1’4 compounds contain the 11,d-hydroxy function. obtained from compound II. ‘ Compounds a and b are from
They are used extensively for metabolic studies and it incubation with B. sphaericus. V ic  is from DDQ reaction on

was of interest to determine whether the additional ¡3 Vfb' + “ Re]a4i.ve amount of trit” * *  les* amount, „ _ .. . . .  . , of stable tritium remaining m VIII (stable tritium). Ihus Va
substituent, 1,3 diaxial to the C-10 methyl group, has contains 69% reactive tritium (79-9.6).
an effect on the stereochemistry of reduction of the A1-
bondj This paper reports on the reduction of such com- suggestions in review articles (ref 2, p 3 6 2 )».»  that A4-3
pounds. In addition data are presented concerning ketoneg form A2.er)olg with d i f f ic u lt y j . „ 4  a sample of
the complete distribution of tritium in a commercial , , , , 0 ,. a f ,  .. K , . , , „  , . .  . . .  , ll/3-hydroxyandrost-4-ene-3,17-dione was refluxed for 4
sample of testosterone-1,2-f prepared by similar reduc- hr ^  tassium hydroxide in 98% deuterium-en-
tion of 17/3-hydroxyandrosta-l,4-dien-3-one. riched methanol_watei, Combustion analysis of the

recovered steroid showed an incorporation of 6.5 atoms 
Results of deuterium, indicating that the seven enolizable hy-

A. Tritrium at C-l in 11/3-Hydroxy Compounds.—  drogens are exchangeable. , , . ,
™ , , r , , Compounds Va and Vb were incubated with respiring
The two compounds chosen for reduction were pred- cultureg f R haericus to give the C-l,2 dehydro-

f i e ,(I ) i 11i ] 7r ; trlhyd: r yi ,r? ' f ! r ’ genated products V ia  and VIb with tritium losses from
3,20-dione) and ll/3-hydroxyandrosta-l,4-diene-3,17- c  1 nf 23 and resnectivelv (Table T line 3) Since
dione (I I ).  The cortisol-1,2-f ( I I I )  from reduction V -l of 23 and respectively (tab le !, line d). Since
c T ... „  ,. /c, , T. the C-l, 2-dehydrogenase of B. sphaencus removes the

of I  with palladium-carbon catalyst* (Scheme I ) la  and 2/3 hydrogens, “ the results show that the distri
bution of label at the C -l was about 75% /3 and 25% a. 

Scheme I The equilibrated material Vb from the reduction of 11/3-
Hv  C0CH 0H hydroxyandrostadienedione ( I I )  also was subjected to

% iu  O i L.0h t chemical dehydrogenation with DDQ (2,3-dichloro-5,6-
____ ^vAi/C* dicyanoquir.one), which also preferentially removes the

la  hydrogen3'16 to give the .A1 analog V ic  with sub- 
~j 03^ "  331 stantially the same result (25% loss of tritium) (Table I,

I. line 3). Jones oxidation17 of a mixture of V Ib and V ic
h^q o to the 11 ketone V llb  and equilibration with base was

t  T T T accomplished without loss of tritium. After acid-
/ c f jr  B' sph' » / f r  catalyzed, dienone-phenol rearrangement to 3-acetoxy-

0 ET(a,b) 0 3Tfa,b) DDQ 0 3!I(a,b,c) l-methylestra-l,3,5(10)-triene-ll,17-dione (V U Ib )18 in

1 which the C-10 methyl group migrates to displace the
C-l hydrogen,19 7% of the tritium originally present in 

o 11/3-hydroxyandrostenedione (IVb) remained. When
T = Tritium P X F S  h+ Va was treated in the same manner to give V illa , 9.6%
9 from 1 X fC X  "--------J 'T ’j  ° f  the tritium originally in IVa remained (Table I, line
b from IT Aco 0 m ( a  b)
jZLc from  ^  b (11) P. Osinsk:, “ Tritium in the Biological Sciences,”  Vol. I I , International

( DDQ )  Atomic Energy Agency, Vienna, 1962, p 117.
(12) P. Osinski, A tom lig h t, No. 35, 6 (1964).
(13) These claims stem from a report9 that the bismethylene dioxide of 

^  j  • i ^ , i  i cortisol- 1,2-t does not lose tritium on base treatment. Our results recorded
was diluted with carrier and the Side chain was cleaved here with i 1(S.hydrosyandrost-4-ene-3,17-dione (the large tritium loss in
with sodium bismuthate10 to give 11/3-hydroxyandrost- going from IVb  ‘ o Vb and the 6.5 atoms of deuterium incorporation) and
4-ene-3,17-dione-l,2-f (IVa). This and the same com- testosterone-l,2-t (43% t  losa on baae treatment) and our other reports’ '» 

i t t h _ i 1 • !/ •  - - 1  i j *  n i t  show that C-19 steroids readily exchange tritium at C-2 with base. In
pound IVb obtained from thê  similar reduction of the addition, Malhotra and Ringold14 found that, with testosterone, base-cata-
A1 bond of I I  were recrystallized to constant specific lyzed deuterium exchange occurs preferen tia lly  at the C-20 position,

activity and then were equilibrated with base to remove (J8(1̂  s- K- Malhotra and H- J- Ringold, j . A m er. ch em . soc., 86, 1997

enolizable tritium. After correction for stable tritium q 5) ' h . j . Ringold, m . Hayano, and v . s t e f a n o ™ , b m . c u m . ,  23s,

(see below), it was found that, whereas 45% of the tri- 1960 (1963>-
tium in IVb was enolizable to give Vb, only 24% was (16) A' R Turncrand H-J- Rin«ok1' *■Chem- s°°- c’ 1720 (1967>-
1 J. £ T f r  4. * T 7- /rn  1 1  T v  o\ t > £ ( 17) K . Bowden, I. M . Heilbron, E. R. H. Jones, and B. C. L. Weedon,lost from IVa to give Va (Iab le I, line 3). Because of ibid̂  39 (i946).

(18) E. J. Bailey, J. Elks, J. F. Oughton, and L. Stephenson, ib id ., 4535
(8) H. J. Brodie, Tetrahedron , 23, 535 (1967). (1961).
(9) P. Osinski and A. Vanderhaeghe, R ec. T rav . C h im ., 79, 216 (1960). (19) E. Caspi, P. K . Grover, and Y . Shimizu, J .  A m er. Chem . Soc., 86,
(10) C. J. W. Brooks and J. K . Norymberski, B iochem . J ., 55, 371 (1953). 2463 (1964).
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T a b le  I I

E nzym atic  C o nversion  op l,2-2-4-14C Substrates

8H/14C ratio ,-------Recovered substrate-------. ,-------------- -Product----------------.
Substrate“  (dpm) System Ratio (%  ( change) Ratio (%  t change)

A-l,2-£-4-I4C 25.3 B. sph, 30.2 (+ 2 0 )  10.8s ( - 5 7 )
cell free

A -l,2 -i-4 -I4C 23.6 B. sph, 24.6 ( + 4 .2 )  14.6s ( - 3 8 )
whole cell

T-l,2-£-414C 26.5 Placental, 26.3' ( ~ 0 )  8 .3 ' ( — 69)
supernate 27. &d ( + 4 .2 )

“ A, androst-4-ene-3,17-dione; T, testosterone. s Androsta-l,4-diene-3,17-dione. '  Androst-4-ene-3,17-dione. d Testosterone. 'E s 
trone.

1). The remaining label in V I I I  represents stable tri- tions were not analyzed for tritium loss during C-17,20 
tium which, from the procedures used, is at one or more cleavage with bismuthate, Burstein, et al.,20 found no loss
of positions 7, 8 , 14, 15, 18, and 19. I t  has been sub- in this step. The smaller amount is probably not re
tracted from the total tritium in the samples to give the lated to the presence of the additional hydroxyl hydro-
corrected value (Table I, line 2 ) of tritium at C -l and, gens on prednisolone which by catalytic exchange with
for compound IV, C -l and C-2. tritium may provide hydrogen for addition at C-2, since

B. Tritium at C-l,2  in Testosterone-1,2-t — A puri- the reduction of 6/3-hydroxyprednisolone gave 37% ex
iled commercial sample of testosterone-1 ,2+  prepared changeable tritium .20 I t  may be noted that in the re-
by the same general method as were the 11/3-hydroxy duction of a A 11 bond, 30% of the label was at C - ll  and
compounds above, was analyzed for tritium at C - l ,2 70% was at C-1 2 .6
as previously described. 3'8 After Jones oxidation to Both reduction products contained some stable tri- 
androstenedione-1,2+ without loss of tritium and equili- tium (9.6 and 7.1 from I  and I I  respectively) which was
bration with base, C -l,2 dehydrogenation of the re- not located in ring A. This is in contrast to the com-
sultant androstenedione- 1+ with B. sphaericus estab- mercial sample of testosterone-1,2-t, in which 99% of the
lished that the distribution of tritium was 44% 1/3, 17% tritium was enolizable or at C-l. Since there was no
la , and 43% enolizable. Conversion of androstene- tritium lost from the 9 a, 11a or 1 2  positions during con-
dione-l+ through the A4'6 and A 1’4'6 intermediates to version of V Ib to equilibrated V I I  or after side-chain
3-acetoxy-l-methylestra-l,3,5(10),6-tetraen-17-one cleavage in going from I  to I I I , 20 it is unlikely that a
showed that 1% stable tritium was present in the orig- significant amount of this stable tritium arises from ex-
inal testosterone-1,2-t. change. The possibility that during the dienone-

To obtain insight into the distribution of the 43% phenol rearrangement (V II to V I I I )  some tritium mi-
enolizable tritium, presumably at C-2, the testosterone- grated from C-l to C-2  was considered unlikely since
l>2-£ was aromatized to estrone with a 10,000 X g Burstein, e£ al. ,20 using cortisol prepared from the same
supernate preparation from human placenta. In addi- prednisolone, also found 8 %  tritium at positions other
tion, androstenedione-1,2+ (prepared from testosterone- than in ring A  using a procedure involving direct equili-
l>2-£ by Jones oxidation without significant t loss) was bration of tritium from the C-l position. Since starting
C-l,2 dehydrogenated using a cell-free preparation from material I I  was prepared from I, it is possible that the
B. sphaericus and the whole-cell respiring organism. stable tritium arose from a small amount of undetected
Different per cent tritium decreases were obtained in the polyene in these compounds.
products, as shown in Table II. With the bacterial cell- Testosterone-1,2-t was found to have 44% 1/3, 13%
free preparation, the apparent tritium loss on C -l,2 la, and 43% exchangeable tritium. These values are in
dehydrogenation was 57%; from the respiring culture, good agreement with those obtained3'8 from samples of
an apparent loss of 38% was obtained in going to the testosterone-1,2-t prepared in this laboratory, also by
AM-product. With the placental system, a 69% loss of palladium-charcoal-catalyzed reduction, and should en-
tritium was obtained on conversion to product estrone. able the stereochemical results obtained by us with

the C -l tritiated compound8,21-23 to be correlated
Discussion with those that may be obtained with commercial

t> ,, , . • 1 r , ,. c ,, , . . .  material. However, it is well to recall that the sameKesults obtained for the reduction of the two 11/3- , , . , ,, ,,
i t  a 14 o 1 * T t tt *j.t 1 *j * type of reduction has been achieved recently with thehydroxy-A1,4-3-keto compounds I  and I I  with tritium on f , , , .  . ,. ,T.,, j .  , . , , , soluble catalyst tns(triphenylphosphme)rhodium(I)
palladium-charcoal catalyst show that attack occurs , ,  •, ■ , , a , ; ( . , , , w■ 1 r 1 ■ , , _ r , chloride, which introduces the label about 85% stereo-mamly from the /3 side to give products 75 to 77% , ,. , , , , „  p  „ .,

a rv m ,' , ■; /* . ... , selectively at la  and 2 a . 24' 25 Irom  the nature of thetritiated at C -lB. Ihis selectivity of tritium at C -l .. , , ,  , ,, , , , ,  , •1 ,, , , , . , , -0 , ootw 1 , reaction, it would be expected that the exchangeable tn-approximates that obtained (78 to 83% 1/3) when 17/3- ,. . , , , ■ „  . . ,
j  , , I TT*  o V i 1 tium is located predominantly at C-2, arising from re-hydroxyandrosta-l,4-dien-3-one was reduced under , ,. ... Af ,  , ™ . . , ,,

. , 1 1  i i i  49 duction of t_ie A 1 bond. I  his is supported by our previ-similar conditions as reported here and elsewhere.3'8 . -at. a a a ; n ,m, al 11 ail j l l-AAi ac a al ous experience with testosterone-1,2-C8 and 3/3-hy-lhus, the 11/3-hydroxy group has little effect on the
stereochemistry of the reduction process at C-l. I t  is (20) S. Burstein, H. Kimball, and M . Gut, Stero ids, 8, 789 (1966).

not clear why there was a relatively small 24% of , (ill) T-“ “ »to. KOARa,a7b'TIi;AJiovrodie’ M' Hayan°’ and R' L Dorfman'
enolizable tritium m IVa obtained from cortisol ( I I I )  (22) J. D, Townsley and II. J. Brodie, B iochem is try , 7, 33 (1968).
compared with approximately 44% in the reduction of (23) H. J. Brodie, G. Possanza and J. D. Townsley, B io ch im . B ioph ys .

1 l/3-hydroxyandrosta-l,4-diene-3,17-dione and 17+hy- Act£ “ *[ j. Gutzwiiier, 9. a ™ ,  ch em . s o ... as, 4537 ( m m ).

drOXyaridrosta-l,4-dien-3-One. Although our prepara- (25) H. J. Brodie, K. J. Kripalani and G. Possanza, ib id ., 91, 1241 (1969).
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droxyandrostan-17-one-5a,6a,7a-f5 in which there was testosterone substrate and its C-17 oxidized metabolite,
0-3% exchange of tritium into stable3'5’8 or enolic posi- androstenedione, had essentially the original ratio, sug-
tions other than at a position a to the double bond gesting little isotope effect or exchange at C-2 also. It
being reduced.5 After oxidation to androstenedione- should be noted, however, that when deuterium labeling
1.2- i with negligible tritium loss, this material was in- was used some exchange was observed.25
cubated with a 10,000 X g supernate from B. sphaericus. The large difference in the /3: a ratio of tritium at C-l 
The product, androsta-l,4-diene-3,17-dione, showed an and C-2 for testosterone 1,2-i, and perhaps the lower
apparent 57% loss of tritium (Table I I ).  To be a true amount of tritium at C-2 compared with C-l, especially
measure of tritium loss due to conversion, all tritium in the reduction of prednisolone (I ) (see, however,
at C-2 would have to be eliminated, since 44% was at reference 6), shows that the mechanism of C-l,2Ahy-
the unaffected 1/3 position. The 20% increase in the drogenation of the Ali4-3-one system does not involve
3H/14C ratio of the recovered starting material suggests complete cis addition. The results support a mecha-
that the high apparent loss was due to the isotope effect nism involving 1,4 addition30 to the A1-3-one system,
operating at the C-l a and -2/3 positions,26 retarding the Inspection of Dreiding models suggests that the initial
conversion of tritiated (also at 1/3 and 2a) molecules to reduction at C -l occurs predominately /3 because the
product. Further evidence for this conclusion was ob- planar structure of ring A  (IX ) is angled away from the
tained when incubation of the androstenedione- 1,2-i C-10 methyl group and toward the C-9 hydrogen,
with a whole-cell preparation gave androsta-1,4-diene- A  1,4 addition gives X , which would probably accept
3,17-dione, with only 38% loss of tritium. There was a hydrogen (tritium) at C-2 either from the catalyst sur-
much smaller 4% rise in the 3H/14C ratio in the re- face or from the C-3 hydroxyl on collapse of the enol.
covered substrate, even though the percent conversion In the addition to X , a attack appears to be favored,
was appreciably higher. The reduced loss is apparently since the axis of the C-2 double bond is bent toward the
due to exchange which occurs in whole-cell preparations C-10 methyl group. However, the steric preference for
at the 2/3 and la  positions,26 decreasing the possibility of a attack might be opposed by an electronic factor
an isotope effect. The rates of exchange and dehydro- favoring /3 (axial) addition. For either mechanism it is
genation are competitive, so that some isotope effect of expected that the /3: a ratio of tritium at C-2 would be
the type noted for the cell-free dehydrogenation is less than at C -l to the extent that 1,4 addition occurs,
possible and the 38% loss represents a maximum
amount of tritium at C -l a and C-2/3. Since the tritium Scheme II
at the C -la  is 13% and the maximum amount at C-2 is
43%, the maximum amount at C-2/3 is 25% (38% total i
loss — 13% at C -la ); and by difference the amount at !
C-2a is 18%. This represents a tritium ratio 2/3: 2a of v. /
1.4:1, much less than the 1/3: la  ratio of 3.4:1. j p - j " '  — ^

The 69% tritium loss on conversion of testosterone- T —0 —/L L— I 1
1.2- /-4-14C to estrone supports this conclusion. We j
have established that aromatization with placental y *
preparations involves elimination of the 1/321’22 and the j j
2/325 hydrogens. Since the 1/3 position originally con- I ^ ¡ \  J  I
tained 44% of the tritium, the additional 25% loss may ^
be assigned to the 2/3 position, confirming that the /3: a .J r
tritium ratio at C-2 is 1.4:1 (25:18).2?- 29 In the A O
aromatization, the first step, C-19 hydroxylation, does O TY~ ITT
not require the involvement of the hydrogens at C-l and
C-2; and the C-19 hydroxy intermediate then metabo- _  .
lizes rapidly and completely under our incubation con- xpenmental Section
ditions, minimizing any isotope effect that may operate Materials.— Testosterone-1 ,2 -f (prepared31 as described8) and
in the latter stages of the transformation to estrogen. testosterone-4-14C were obtained from New  England Nuclear 
Thus, the tritium decrease obtained in this case should Corporation They were converted to androstenedione with

4- r ^ i / o  x chromic-sulfuric acid m acetone17 (0-5 , 10 min). Prednisolone
reflect that lost at C-l/3 and C-2/3. In further support (I) was obtained commerciaUy) and iVhydroxyandrosta-1,4-
Of this, we could not detect an isotope effect involving diene-3,17-dione (II) was prepared from it by sodium bismuthate
the C-l/3 proton loss22 during aromatization of andros- oxidation.10 Substrates for double-label experiments were puri-
tenedione; and in the present experiment the recovered separately by chromatography and then were combined to

give the desired count ratio. The ratios remained constant when
, , samples of the materials were purified by chromatography and

2® fn 1 e't tngt h Z  T  n n a crystallized following reverse isotope dilution.(27; In aromatizing 1,2-tritiated substrates, Bolte, et a l.,28 found a 56% r> j • i • i , *   ̂  ̂ . ... .
loss of tritium in estrone after a placental perfusion; and Axelrod and Gold- P rocedures in v o lv in g  so lven ts, ch rom atograph y , S c in tilla tion
ziehe,29 with preparations of minced normal and polycystic ovaries, observed Counting, ir, and UV spectroscopy have been reported.8’28 Sys-
tritium changes of ~ 0  to -6 7 %  in several estrogen metabolites. Assuming terns for chromatography are recorded as per cent by volume.
that the substrates had tritium distributions similar to those reported here, Reduction with Tritium G as . 32— To the solution of 0.1 mol of
it appears that the preparations and conditions affect the % tritium change; prednisolone (I )  or ll(3-hydroxyandrosta-l,4-diene-3,20-dione
of course, this does not necessarily mean that different stereochemical mech- ( I I )  in 3 ml of dioxane was added 20 or 30 m g  of 10% palladium-
amsms for estrogen biosynthesis are operating. The value closest to ours for charcoal and 0.1 or 0.15 mmol of carrier-free tritium gas re-
tritium loss during aromatization (67 vs 69%) occurred with a pregnancy —.______________ °
ovary where, as in our incubations, there was apparently an appreciable (30) H. Simon and O. Berngruber, Tetrahedron L e tt, 4711 (1968), and ref-
conversion to product. erences therein.

(28) E. Bolte, S. Mancuso, G. Ericksson, N. E. Wiqvist, and E. Dicz- (31) L. Geller, New England Nuclear Corp., personal communication,
falusy, A c ta  E n d o c r in o l. (Copenhagen), 45, 535 (1964). 1968.

(29) L. R. Axelrod and J. W. Goidzieher, J .  C lin . E n d o c rin o l. M eta b ., 25, (32) For the precise procedure see K . L. Laumas and M . Gut, J .  Org.
1275 (1965). Chem ., 27, 314 (1962).
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spectively. After stirring for 4 hr, the mixture was purified as to remove deuterium from the 1 1 -hydroxyl group. Following 
indicated below. purification by tic and crystallization, combustion analysis (J.

ll/3,l7,21-Trihydroxypregn-4-ene-3,20-dione-l,2-i (III ).—  Nemeth, Urbana, 111.) showed that it contained 24.94 atom %
Chromatography of the crude product on a Celite partition excess deuterium corresponding to 6.5 atoms per molecule, 
column, using methanol-water ( 1 : 1 ) as stationary phase and 
benzene as mobile phase, gave 700 mCi of product corresponding
to R i =  0.22. ' T able I I I

lld-Hydroxyandrost-4-ene-3,l7-dione-l,2-< (IVa). Similar Stereochemical A nalysis of T ritium in
chromatography whh the stationary phase methanol-water 110-Hydroxy Compounds. R ecrystallization Data
(4 :1) and the mobile phase toluene-ligrom (2:1), yielded 950 mCi, _  . .,, _  , . .
corresponding to R i =  0.6. Specific activity data on the fol- Experiments with Prednisolone (i)
lowing transformations of 1 1 /3-hydroxy compounds are given in crystn dpm
Table I I I ,  next to the appropriate numbers. No. Compd T o ”  „mri Average

Base Equilibration.— 110-Hydroxyandrost-4-ene-3,17-dione- - Tv 1 _ .
1,2-i (IVa , IV b ) was diluted with carrier and refluxed under a ’
nitrogen for 2 hr with 0.25 N  K O H  in 67% aqueous methanol. 2  26,300
The equilibrated materials Va and Vb were purified by tic in 20% 3 25,300 25,400
ethyl acetate-benzene and crystallized from acetone to constant 2 Va (base equil of IV a ) 1 21,400
specific activity. The equilibrations and purifications were 2 21,600 21,500
repeated until constant specific activity was obtained (Table 3 Va (2nd equil of IV a ) 1 20,300
I I I ,  no. 2 ,3 ,9 , 10, and 1 1 ). 2 19,900 20,100

C-1,2 Dehydrogenation with B. sphaericus (ATCC 7055) (V ia 4  V a (substr for B. sph.) 1 30,200
and VIb from Va and V b ).— After a 400-ml culture of B. sphaeri- 2 28  200
cus was grown for 48 hr, 33 approximately 135 mg of V a  or Vb. Qn’onn oo Ron
(no. 4, 1 2 ) was added. After further incubation for 12  hr, _ oQcnn ’
V I was isolated, purified by preparative tic in 20% acetone- 0 1 23,600
benzene, and crystallized from acetone to constant specific ac- 23,800 23,700
tivity (no. 4-5 and no. 12-13). Physical constants: mp 185- 6 V ia  (substr for V ia  to 1 28,600
186°, [oJ^d (acetone) 120°, A®'°H 243 nm (e 14,950) (lit .34 mp V i l la )
181-182°, [a ]“ d 138°, X®“ H 242 mM (e 15,200); ir identical with 7 V i l l a  1 4,320
that of reference standard. 2 4 550

C-1,2 Dehydrogenation with D D Q  (Vic from V b ).— A  mixture 4 '230 4 370
of 170 mg of Vb (no. 1 2 ), 91 mg of 2,3-dichloro-5,6-dicyanoqui- Experiments with
none (Aldrich, recrystallized from benzene), and 18 ml of benzene ll-0-hvdroxyandrosta-l,4-diene-3,17-dione ( I I )
was refluxed for 20 hr. An additional 45 mg of reagent was added
and refluxing was continued for another 10 hr. After filtering °  1 ‘ ‘ Ialt
and washing the benzene with bicarbonate and water, evaporation 2 68,500
gave 159 mg of crystals. Preparative tic in 15% benzene-ethyl 3 72,300 70,400
acetate and recrystallization as above gave V ic  (no. 14) with 9 V b  (1st base equil of IV b ) 1 41,800
double mp36 108-115° and 186-187°, as well as the other phys- 2 47~500
ical constants noted in the preceding section. av non

Androsta-1,4-diene-3,11,17-trione (V II) from 11/3-Hydroxyan- . d 48,400 47,900
drosta-l,4-diene-3,17-dione-l-f (V I).— An acetone solution of 102 10 V b (2nd equil) 1 40,000
mg of V Ib  and V Ic (no. 13 and 14) was treated with 1 .6  ml of the 2 43,700 41,900
Jones reagent17 for 15 min at room temperature and then poured 11 Vb (3rd equil) 1 40,900
onto ice. After extraction with ethyl acetate and washing with 2  41,300 41,100
aqueous bicarbonate and water, evaporation gave 87 mg of 12 V b  (for conversion to 1 11,900
crystals. N o  loss of tritium was realized in the formation of this V Ib  and V Ic ) 2 12,200 12,000
compound or after equilibration with base as above (no. 15). ig  sph ) 1 9 200
V ia  was converted to V i la  in a similar fashion. 2 8 500

3/3-Acetoxy-1-methylestra-1,3,5(10 )-triene-l 1,17-dione (V illa  — —
and b ) from Androsta-l,4-diene-3,11,17-trione (V ila  and b ) .18 3 9,200 9,230
•— To 70 mg of V i la  or V l lb  (no. 15) dissolved in 2 ml of acetic 14 V Ic  (D D Q ) 1 9,430
anhydride was added 0.21 ml of a solution of 0.125 ml of 70% 2 9,180
perchloric acid in 10 ml of acetic anhydride. The solution was 3 9,310 9,300
allowed to stand at room temperature for 5 hr. After column and 45 V l lb  (from no. 13 and 1 9,350
thin layer chromatography on silica gel, crystallization to con- 14 followed by base 2 9*620 9,480
stant specific activity gave materials no. 7 and 16, mp 203-210° treatment 1
(lit.18 mp 203-208°) and with ir and uv spectra in agreement V U Ib  '  1 1 520
with the values reported. Approximately 10 mg was refluxed ’
with base as above for 2 hr. Aliquots were taken before and 2 1,420 1,460
after treatment, neutralized with HC1, and evaporated to dry- “ Underlined values not used to compile average,
ness. The radioactivity was determined by scintillation count
ing. Before base treatment, the activity was 447 cpm, and after .
treatment, 443 cpm. Testosterone-1,2-f.— Analysis carried out as previously re-

Deuterium incorporation into ll/3-Hydroxyandrost-4-ene-3,l7- ported3’8 showed that 44% of the tritium was at C -l, 13% was at
dione.— Clean metallic potassium was treated with C H 30-d C-\a, and 43% was enolizable. .
(98% ) and then diluted with 99.9% deuterated water to give 20 Incubations. 1. B. sphaericus.— The whole-cell incubation 
ml of a 2%  base solution (w/v) in 50% aqueous methanol. To was carried out as detailed above, using 50 mg of androstene-
this was added 25 mg of steroid, and the mixture was refluxed dione-l,2-i-414C, sp activity 7 X  104 dpm/mg H  and 2.96 X
under nitrogen for 4 hr. The mixture then was cooled, neutral- 103 dpm/mg 14C (ratio 23.6:1) per 400 ml of culture medium,
ized, and extracted with ethyl acetate. The dried residue was After extraction and preparative tic m 28% acetone-hexane,
dissolved in methanol and evaporated to dryness several times androsta-l,4-diene-3,17-dione product and unconverted a71dro-

stenedione were eluted. Conversion to product was 98%, 
judged by the relative amount of 14C  associated with the two 

(33) V. Stefanovic, M. Hayano, and R. I. Dorfman, Biochim. Biophys. zones. The A 1' 4 product was crystallized to constant 3H  and 
Acta, 77,429 (1963). „  T . 14C  activities; 3H /14C ratio, first crystallization, 14.7:1; second,
V p4n,H‘ tL ' H a u  r r e' T A ? ' ™ 47« ;  MovrfPir° ' 14.4:1. The recovered substrate was purified successively in theE. P. Oliveto, and E. B. Hershberg, J .  Amer. Chem. Soc., 77,4781 (1955). i i i -r» i a j. .• „

(35) C. H. Gray, M . s. Green, N. J. Holness, and J. B. Lunnon, J. Endo- ligroin-propylene glycol and Bush A  paper systems; ratios, 
crinol., 14, 146 (1956). 24.7:1, 24.4:1.
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The cell-free incubations were carried in five 25-ml conical flasks further by tic. The SH/I4C ratios in dpm of the estrone were
for 6 hr at 30° using 2.5 mg of substrate with similar specific 8.2:1 after tic in 20% ethyl acetate-benzene, 8 .6 :1 after a second
activities (ratio 25.3:1), 1 mg of menadione, and 5 ml of enzyme crystallization, 8.1 :1  after partition between K O H  and toluene,
solution per flask.25 After extraction and preparative tic as and 8.3:1 after thin layer chromatography and two crystalliza-
above, androsta-l,4-diene-3,17-dione product and unreacted tions of the acetate. The conversion to estrone was about 40%,
starting material were eluted; conversion was 23%. They were as judged from the radioscans of the chromatograms, 
diluted with appropriate carriers and crystallization to constant The testosterone after tic, reverse isotope dilution, and recrys- 
specific activities and ratios: product, 10.8:1, 10.7:1; substrate, tallization showed 3H /14C ratios of 27.0:1, 27.7:1, and 28.0:1.
29.5:1,30.8:1. The androstenedione material after tic in 20% ethyl acetate-

2. A placental incubation22 was carried out with a 10,000 X  benzene followed by reverse isotope dilution and crystallization
g  supernate preparation prepared in phosphate buffer using 200 after 8H /14C ratios of 26.5:1, 25.8:1, and 26.5“1. Results in
jag of testosterone- 1 ,2-1 (sp activity 2.5 X  104 dpm 3H  and this and the preceding section are summarized in Table I I .
944 dpm I4C per pg, ratio 26.5) per 20 g wet weight of tissue.
^ »  incubation in air at 37° for 1 hr in the presence of an Registry No.— I, 50-24-8: I I . 898-84-0; tritium, 
N A D P H  generating system, the mixture was extracted with ethyl 10028 17 8 
acetate. The extract was chromatographed in the ligroin- 
propylene glycol paper system for 12  hr, and then in the toluene-
propylene glycol systems without elution. The material in the Acknowledgment. We are grateful to Mrs. Cynthia 
estrone-testosterone and androstenedione areas were purified E. Hay for skilled technical assistance.
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Epoxidation of 3-ureido-A4-androsten-17/3-ol derivatives la  and 6a afforded exclusively the cis-4,5-oxido 
derivatives 2a and 7a, whereas the unsaturated N-acetylureido compounds yielded a mixture of oxides with 
predominant formation of the cis oxides. The irares-ureido oxides 3 and 8 were prepared from the cis-3-hydroxy
4,5-oxides 4 and 10. The hydroxyl group was epimerized through the mesylates to the irans-azido oxides 5 and
11. Reduction of the azides with hydrazine hydrate gave the amines which were converted into the ureides 
with nitrourea. Dilute acid-catalyzed treatment of the cis-3-(N-acetylureido) oxides 2b and 7b proceeded slowly 
to the /rares-diaxial opened products 12 and 13. Neighboring-group participation of the N-acetylureido group 
was realized in the acid treatment of the trans oxides 3 and 8.

In continuation of the study on the chemistry of C-3 the stereoselective epoxidation of cyclic allyl alcohols,
ureido steroids,2'3 the synthesis of isomeric 3-ureido- I t  has also been found that cyclic allyl acetamido and
and 3-(N-acetylureido)-4,5-oxidoandrostanes and the benzamido groups have similar strong directive
participation of the ureido group on ring opening of the influence on epoxidation.6'7 The formation of an 
epoxide have been investigated. appreciable amount of the trans epoxide from the

Epoxidation of 3a-ureido-A4-androsten-l7/3-ol acetate 3a-N-acetylureido derivative lb may be in part due to
(la) gave almost exclusively the cis product, 3a-ureido- steric hindrance of the cis face by the bulkier group as
4a,5-oxido-5a-androstan-17/3-ol acetate (2a), whereas well as preferential hydrogen bonding of the reagent
the 3a-N-acetylureido derivative lb gave the epimeric with the more acidic -N 3H placing the peracid in a less
a- and /3-epoxides 2b and 3b in a 2 :1 ratio. The a- favorable position for epoxidation; consequently a
epoxide 2b could also be prepared from 3a-ureido-A4- larger proportion of the trans-fi epoxide 3b could be
androsten-17/3-ol (lc) and m-chloroperoxybenzoic acid formed.
followed by acetylation. The configuration of the In order to prepare larger amounts of the trans-fi 
epoxides was assigned on the basis of nmr spectro- epoxide 3, the method employed by Ponsold8 for the
metric evidence.4 The proton at C-4 in both 2a and 2b preparation of 3a-acetamido-4/3,5-oxido-5/3-cholestane
appeared as a doublet at 8 3.01 (J =  4.5 cps) indicating was employed. The 4/3,5/3 epoxide 4a was stereo-
an epoxide ring cis to the substituent at C-3. In 3b the selectively introduced by m-chloroperoxybenzoic acid
C-4 proton appeared as a singlet at 5 2.85, demon- oxidation of A4-androstene-3/3,17/3-diol 17-monoacetate
strating the trans relationship of the epoxide with the derived from testosterone acetate. Epimerization at
C-3a-N-acetylureido group. The stereoselective intro- C-3 was accomplished by mesylation to 4b and treat-
duction of the epoxide cis to the C-3 ureido group can be ment with sodium azide to give 3a-azido-4/3,5-oxido-
ascribed to the hydrogen bonding between - N JH  and the 5/3-androstan-17/3-ol acetate (5). The a orientation of
carbonyl group of the peracid directing the reagent the azido group was demonstrated by the singlet at 8
from the cis face of the steroid nucleus. Henbest and 2.88 due to the proton at C-4, indicating a trans
Wilson6 have proposed such a transition complex for relationship of the epoxide and the azido group.4

Reduction of the azide with hydrazine hydrate in the
( 1) (a) This investigation was supported by a grant from the American presence of Raney nickel afforded the amine, which was

Cancer Society and Grant CA-07304 from the National Cancer Institute, . i , 0 * J A o r  i ,
National Institutes of Health, U. 3. P. H. S. (b) Visiting Scientist, 1966- Converted lO  oa'-UreidO-4p,5-OXlde-5/3-aildrOStail-l7$-ol
1967. Institut de Chimie des Substances, Naturelles, Gif-sur-Yvette, acetate (3a) with nitrOUrea.2 Attempts to form the
Fr*“ce;, -v - t o t - j v. xr t, , _ — „  N-acetyl derivative (3b) were unsuccessful.(2) A. Yagi, J. S. Liang, and D. K. Fukushima, J . Org. Chem ., 32, 713 v '

^l967) ' (6) K . Ponsold and W. Preibaeh, J . P ra k t. Chem ., 25, 26 (1964).
(3) H. Kaufmann and D. K. Fukushima, ib id ., 32, 1846 (1967). (7) L. Goodman, S. Winstein, and R. Boschan, J .  A m er. Chem . S oc ., 80,
(4) D. J. Collins and J. J. Hobbs, Tetrahedron L e tt., 623 (1963). 4312 (1958).
(5) H. B. Henbest and R. A. L. Wilson, J . Chem . Soc., 1958 (1957). (8) K . Ponsold, J .  P ra k t. Chem ., 25, 32 (1964).
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OR2 OAc 4a,5a epoxide isomers 8 was assigned by the splitting
I patterns of the C-4 protons.

| | The trans-a epoxide, 3/3-(N-acetylureido)-4a,5-oxido-
-----  / n A /  5-androstan-17,3-ol acetate (8b), could not be readily

| | I J  isolated from the 3:2 mixture (cis: trans) obtained from
n m m m N h  the epoxidation of unsaturated compound 6b. Con-

1 0 sequently, the synthesis of the trans epoxide 8 was
l a .R ^ H ,  R2 = CH3CO 2f ’ p I  rn undertaken by reactions analogous to those employed
b, R: = R2 = CH3CO > ~ 3 in the preparation of the trans epoxide of the 3a-ureide.
c, R!-R2-H  The stereoselective introduction of the 4a,5a epoxide

OAc OAc was achieved by the m-chloroperoxybenzoic acid
treatment of 3a-hydroxy-A4-androsten-17-one (9) to 

| |  | |  yield 3a-hydroxy-4a,5- oxido- 5a-androstan-17 - one
(10a). The as configuration of the oxirane ring was 

[ I  f J  verified by the doublet of the C-4 proton at S 3.17
R0/ ^ '<\ ' /  =  3.5 cps). Epimerization at C-3 was accomplished

0 0 by formation of the mesylate 10b and displacement with
3a,R = H 4 a ,R = H  sodium azide to give 3/3-azido-4a,5-oxido-5a-androstan-
b,R-CH3 b,R-CH3 02 17-one (11a). The trans relationship was established

nA n from the chemical shift of the C-4 proton, a singlet at
| C 1 2 5 2.92. The 17-carbonyl group of the azide 11a was

/ \  then reduced with sodium borohydride, and the alcohol
I I ____| I I_____| l ib  was acetylated to give 3/3-azido-4a,5-oxido-5a-

r ^ ^ ^ i  [ / | androstan-17/3-ol acetate (11c). The azido group in

N s ' RjNHCONH 0  R

5 6a,R1 =  R2 =  H
b,R1 =  R2 =  CH3CO f  J  f |

OAc OAc j f  P

Y ^ ' X Y  10a,R =  H  11a, R =  0
A X J  b ,E -C H .S O , b , R - < ™

RNHCONH RNHC0NH ' ' q  ^ -O A c

7a,R =  H 8a,R =  H C ,R = '" ' 'H
b, R =  CH3CO b, R =  CH3CO

O ?Ac

CH3C O N H C O N H IO H
HU RO

9 12a,R =  H
b,R =  CH3CO

The 4,5 epoxides of the 3/3-ureido derivatives were 
prepared in the same manner as the 3a epimers. The 1 c
directive influence of hydrogen bonding between N H
and the peracid was also evident for epoxidation of f ___ J
3/3-ureido- A 4-androst en-17/3-ol (6a). This yielded
almost exclusively the cis-4/3,5/3 epoxide despite the
presence of the C-19 methyl group. The product was CH3CONHCONH 1 OH
isolated as the N-acetylureido derivative 7b. Only RO
trace amounts of the transAa,5a epoxide 8b was 13a,R = H
detected. Epoxidation of the 3/3- (N-acetylureido)- b ,R = C H 3CO
A4-androsten-17/3-ol acetate (6b) gave a higher pro- gAc
portion of the trans epoxide (cis:trans, 3:2) than that |
achieved with the 3a epimer lb in which the ratio was
2:1. This was probably due to the greater access of I-----1
the peracid to the unsaturation from the less hindered f j
a face in competition with the hydrogen bond assisted
cis-fi epoxide formation. The configuration of the CH3CONHCONH I OH
oxirane ring in 3/3-ureido-4/3,5-oxido-5/3-androstan-17/3-
ol acetate (7a), its N-acetyl derivative 7b, and their 14
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11c was next reduced with hydrazine hydrate to an spectrum consistent with 3a-(N-acetylureido)-5/3- 
amine, which was converted to 3/3-ureido-4a,5-oxido- androstane-4/3,5,17/3-triol 17-monoacetate (14). The
5a-androstan-17/3-ol acetate (8a) with nitrourea. protons of the C-19 methyl group appeared relatively
Although acetylation of the ureido group in the cis far downfield, S 1.27, indicating that the hydroxyl
epoxy compounds proceeded readily, the preparation groups at C-4 and 5 were both in the /3 orientation,
of the 3/3-(N-acetylureido)-4o',5-oxido-5a-androstan- The cfs-/3-diol could arise by the participation of the 
17/3-ol acetate (8b) from the ureide 8a was unsuccessful, N-acetylureido group with the formation of a cyclic 
just as in the epimeric trans-3 a epoxide 3b. The intermediate such as 
reaction lead to a variety of products which were not
characterized. OAc

The acid-catalyzed opening of isomeric 3-acetoxy-4,5- 
oxido steroids has been studied by several investigators, \ |
and the participation of the acetoxyl group has been
demonstrated.9-13 In the accompanying paper, partic- I I
ipation of the 3-acetamido group in the opening of the
vicinal epoxide ring is described.14 In the present ° H
study, treatment of 3a-ureido-4/3,5-oxido-5/3-androstan- j
17jS-ol acetate (3a) and the 3d-ureido-4a,5a-oxido
isomer 8a with dilute sulfuric acid in acetone resulted in 3
precipitation of a salt, which prevented further reaction. In aqueous solution with an acetoxy or an acetamido
Upon neutralization with base, starting material was group at C-3, analogous cyclic intermediates react with
recovered. Therefore, the ring opening of the 4,5- the solvent to afford the vicinial hydroxyl group cis to
oxides of the N-acetylureido derivatives was examined. the neighboring group; that is, the epoxides are opened
Dilute sulfuric acid in acetone afforded trans diaxial to the diols with inversion at C-4. However, in the
ring opening of 3/3-(N-acetylurei do)-4/3,5-oxi do-5/3- case of the N-acetylureido group, hydration of the
androstan-17/3-ol acetate (7b) to 3/3(N-acetylureido)-5 a- carbonium ion of the cyclic intermediate is superseded
androstane-4/3,5,17-triol 17-monoacetate (12a) in 2 by attack of the solvent at C-4 to give the /3-hydroxyl
days at room temperature. The /3 orientation of the group, resulting in cis opening of the epoxide. I t  may
hydroxyl group at C-4 was assigned from the be also postulated that a six-membered cyclic inter
appearance of the C-19 methyl protons signals down- mediate is formed by attachment of the acetylureido

e d at S 1.13. This downfield shift of the C-19 group at C-5a. Such an intermediate, by cis opening
methyl protons was also evident in the acetylated of the epoxide, could also give rise to the same product
product 12b and is consistent with the presence of a 1 4  )n the manner proposed above.
4/3-OR group. Xhe other trans epoxide, 3/3-(N-acetylureido)-4a,5- 

Penln® °  j 1.6 oxlranc nng of the cis a isomer, 3a- oxido-5a-androstan-17/3-ol acetate (8b), could not be
(i\-acetylureido)-4 a,5-oxido-5a-androstan- 17/3-ol ace- prepared pure in sufficient amount for acid treatment,
tate (2b), required 16 days. The principal product However, evidence of the participation of the N-
was the trans diaxial product, 3a-(N-acetylureido)- acetylureido group was derived from the acid treatment
5/3-androstane-4a,5,17/3-triol 17-monoacetate (13a). 0f a 3 ;2 mixture (8 :a oxide) with the cfs-3/3-(N-acetyl-

¿rans diaxial opening of 4a,5a and 4/3,5/3 oxides can ureido)-4/3,5/3-oxidc isomer. As measured by thin layer
occur m two directions, giving rise to 4/3,5a-dihydroxy chromatography, the trans-a oxide disappeared within
and 4 a,5/3-dihydroxy derivatives. The preferred open- 16 br, whereas the cis-J oxide required 48 hr for
mg would place the intermediate carbonium ion at the complete reaction. The sole product isolated and
tertiary carbon, C-5, and thus the 4/3,5/3 epoxide characterized was 3/3-(N-acetylureido)-5a-androstane-
should give principally the 4/3,5a dihydroxy derivative 4/3,5,17-triol 17-monoacetate (12a) in 60% yield.

eo ju!. jP imerij  ^a,5a epoxide should give the However, since the pure cis-/3 oxide gave rise to this
4a,5/3-dihydroxy derivative. Both m-N-acetylureido product in about 70% yield, the extent of formation of
epoxides opened almost exclusively in the expected this product from the trans-a oxide could not be ascer-
manner. similar exclusive opening of cis oxides has tained.
been observed in the acetoxy and the acetamido series.

The anticipated backside participation of the Exnerimental Section «
neighboring ureido group was realized in the dilute acid P
treatment of the trans epoxides, 3/3-(N-acetylureido)- 3<*-Ureido-A4-androsten-17/3-ol Acetate ( la )  and 3«-(N-Acetyl-
4a,5-oxido-5a-androstan-17/3-ol acetate (8b) and the ^ e»do)-A4-androsten-i7/3-ol Acetate ( lb ) .— A solution of 2.5 g of 
enrrpcnnnAino’ Q i  - j  3a-ureido-A4-androsten-17/3-ol3 ( lc ) in 90 ml of pyridine and 90
corresponding 3a derivative 3b, the starting epoxide mi of acetic anhydride was allowed to stand at room temperature
disappeared rapidly m  the reaction. 3a-(N-acetyl- for 72 hr. It was poured into crushed ice containing 5 %  hydro-
ureido)-4/3,5-oxido-5/3-androstan-17/3-ol acetate (3b) did chloric acid and extracted with methylene chloride. The extract
not afford the expected 4a,5/3-dihydroxy derivative 13a was was^ec* Wlth base and water and dried, and the solvent was
but yielded instead a compound which had a nmr T!le.rf due ^-8 ?) showed four spots on chroma-

tography on a thin layer of silica gel G  in ethyl acetate-cyclo-

^  D ' J7 Collini  J ' c h e m - S o c■’ 3919 (1959)- (15) Melting points were determined on a micro hot stage and are oor-
1 T ’ Goto' and B- K - Bhattachanga, J . A m er. Chem. Soc., rected. Nmr spectra were obtained on a Varian A-60 instrument in deu-

8 b V  o , teriochloroform with tetramethylsilane as internal standard; the chemical
MO, T or !'m and J' P ' Lavaux’ B v l 1 - S o c ‘ C h i m '  F r ‘ 1223' 1238 <!963). shifts are given in S  ppm. Optical rotations were determined in chloroform

2547 (IBM ) ' C°XOn’ M ' P ' Hartshorn’ and P - N - K irk- Tetrahedron , 20, 2531, at 24° unless otherwise stated. Infrared spectra were determined on a
zio\ a t i- Beckman IR-9 spectrophotometer in potassium bromide dispersion; br =
^  JTulf  and B< Furer- B u l l ‘ S oc . C h im . F r . , 1114 (1966). broad, sm =  small, sh =  shoulder. Thin layer chromatography, tic, was

(14) Or. Lukács and D. K. Fukushima, J . O rg. Chem ., 000 (1969). carried out on a 250-/* layer of silica gel GF at 24°.
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hexane (7 :3 ). The compounds were separated on a column of androstane-30,170-diol 17-monoacetate (4a), nmr S 0.80 (s),
300 g of silica gel G  with the above solvent mixture at 30 ml 1.03 (s), 2.05 (s), 3.17 (d, J  =  5 cps), 4.10 (m ), and 4.66 ppm
per fraction. Fractions 13-22 afforded 1.47 g of 3a-(N-acetyl- (t, /  =  8 cps). The presence of a small amount of the 4a,5a
ureido)-A4-androsten-l70-ol acetate ( l b )  which after recrystal- epoxide was indicated by a singlet at 5 2.78.
lization from methanol melted at 219-221°; [ « ] d 163°; tic, A  solution of 10 g of 40,5-oxido-50-androstane-30,170-diol 17- 
R i =  0.42 (ethyl acetate-cyclohexane 7 :3 ); ir 3295, 3242, 3110, monoacetate (4a) and 7 ml of methanesulfonyl chloride in 130
1738, 1693, 1660 (sh),1548, 1502, 1245, 1042 cm-1; nmr 5 0.82 ml of pyridine was allowed to stand at 5° for 3 hr. The mixture
(s), 1.01 (s), 2.03 (s), 2.12 (s), 4.47 (m ), 4.63 (t, /  =  8 cps), was poured into ice and extracted with methylene chloride. The
and 5.33 ppm (m ). extract was washed with water, sodium bicarbonate solution,

Anal. Calcd for C24H 36N 20 4: C, 69.19; H , 8.71; N , 6.72. and water, dried, and the solvent evaporated. Recrystallization
Found: C, 69.26; H , 8.81; N , 6.85. from methanol afforded 11.6 g of 30-methanesulfonoxy-40,5-

Two minor products were eluted from the column with the oxido-50-androstan-l70-ol acetate (4b), ir 1733, 1360, 1242,
same solvent system and were discarded. Elution with methanol- 1175, 530 cm“1; nmr S 0.82 (s), 1.07 (s), 2.03 (s), 3.11 (s), 3.27
ethyl acetate (1 :9 ) yielded 830 mg of 3a-ureido-A4-androsten- (d, J  =  3.8 cps), 4.63 (t, J  =  8 cps), and 5.18 ppm (m ).
l70-ol acetate ( la ) .  Recrystallization from methanol gave la , Anal. Calcd for C22H 340 6S • V 2H 20 : C, 61.06; H , 8.20; S, 
mp 208-211°; [o] d 138° (ethanol); tic, R t =  0.07 (ethyl ace- 7.23. Found: C, 61.02; H , 8.10; S, 7.39. 
tate-cyclohexane 7 :3 ); ir 3500, 3350, 3290, 3220 (sh), 3080, The mesylate (11 g ) was treated with 41 g of sodium azide in 
1733, 1678, 1645, 1605, 1580, 1550 (sh), 1248, 1045 cm-1; nmr 580 ml of dimethyl sulfoxide at 90° for 90 min. The solution was
S 0.82 (s), 1.00 (s), 2.02 (s), 4.05 (m ), 4.63 (t, /  =  8 cps), and poured into ice and water, extracted with methylene chloride,
5.23 ppm (d, J  =  5 cps). washed with water, and dried. Evaporation of the solvent and

Anal. Calcd for C22H 34N 20 3: C , 70.55; H , 9.15; N ,  7.48. trituration with methanol afforded 6.63 g of 3a-azido-40,5-
Found: C, 70.29; H , 8.87; N , 7.89. oxido-50-androstan-170-ol acetate (5), mp 139.5-141.5°. The

3a-(N-Acetylureido)-4«,5-oxido-5a-androstan-l7/3-ol Acetate analytical sample from methanol melted at 141-142°; [<*]d
(2b) and Its 4,8,50 Epimer (3b). A .—-A solution of 218 mg of -4 .9 ° ;  tic, R , =  0.36 (ethyl acetate-benzene 1:19); ir 2110,
3a-(N-acetylureido)-A4-androsten-170-ol acetate ( l b )  and 220 mg 1735, 1248, 1045, 1023, 1018 cm“1; nmr S 0.82 (s), 1.03 (s),
of m-chloroperoxybenzoic acid in 15 ml of methylene chloride was 2.03 (s), 2.88 (s), 3.75 (t, /  =  8 cps), and 4.63 ppm (t, /  =  8 cps).
stored at room temperature for 24 hr. It  was washed with sodium Anal. Calcd for C2]H 3IN 30 3: C, 67.53; H , 8.37; N , 11.25. 
carbonate solution and water and dried. Evaporation of the Found: C, 67.42; H , 8.45; N , 11.31.
solvent and recrystallization of the residue from methanol-ethyl A  mixture of 1.0 g of the azide in 2.4 ml of hydrazine hydrate
acetate afforded 59 mg of 3a-(N-acetylureido)-4a,5-oxido-5a- in 40 ml of ethanol and a small amount of W -2  Raney nickel was
androstan-170-ol acetate (2b), mp 274°; [<*]d 76.1°; tic, Rt =  refluxed for 10 min. It  was cooled and filtered, most of the etha-
0.25 (ethyl acetate-cyclohexane 7 :3 ); ir 3308, 3243, 3125, 1735, nol was evaporated, and the residue was dissolved in ethyl acetate 
1715, 1698, 1540, 1505, 1250 (br), 1048 cm-1; nmr S 0.80 (s), 1.05 and washed with water. A  solution of 500 mg of the crude amine
(s), 2.02 (s), 2.08 (s), 3.01 (d, /  =  5 cps), 4.30 (m ), and 4.63 and 480 mg of nitrourea in 40 ml of 50% ethanol was refluxed
ppm (t, /  =  8 cps). for 7 hr. The solution was concentrated to half its volume, ethyl

Anal. Calcd for C24H 36N 20 5 : C, 66.64; H , 8.39; N , 6.47. acetate was added, and the extract was washed with water, so-
Found: C, 66.78; H , 8.35; N , 6.55. dium carbonate solution, and water. Recrystallization of the

Chromatography of the mother liquor on a thin layer of silica product from ethyl acetate-methanol afforded 3a-ureido-40,5-
gel G  with ethyl acetate-cyclohexane (7 :3 ) yielded an additional oxido-50-androstan-l70-ol acetate (3a), mp 223.5-226°; [a] n
77 mg of the 4a,5a  oxide 2b and 70 mg of 3a-(N-acetylureido)- 38.9° (ethanol); tic, Rs =  0.36 (methanol-ethyl acetate 1:3 );
170-acetoxy-40,5-oxido-50-androstane (3b). Recrystallization ir 3620, 3462, 3362, 3290, 1735 (sh), 1716, 1660, 1650 (sh), 1615,
from methanol-ethyl acetate gave 3b, mp 233.5-235.5°; [ « ] d 1558, 1540 (sh), 1267, 1250 (sh), 1045, 1023 cm“1; nmr 6 0.80
38.8°; tic, Rt =  0.37 (ethyl acetate-cyclohexane 7 :3 ); ir 3290, (s), 1.00 (s), 2.02 (s), 2.85 (s), 4.05 (m ), and 4.63 ppm (t,
3250 (sh), 3135, 1735, 1700, 1545 (br), 1250, 1048, 1028 cm“1; /  =  8 cps).
nmr 5 0.80 (s), 1.03 (s), 2.03 (s), 2.13 (s), 2.85 (s), 4.07 (m ), and Anal. Calcd for C22H 34N 20 4-C H 30 H : C, 65.37; H , 9.06; 
4.63 ppm (t, J  =  8 cps). N , 6.63. Found: C, 65.89; H , 9.01; N , 7.10.

Anal. Calcd for C24H 36N 20 5 : C , 66.64; H , 8.39; N , 6.47. The N-acetylureido derivative 3b could not be obtained by  
Found: C, 66.65; H , 8.13; N , 6.47. treatment with acetic anhydride and pyridine. There were many

B .— A  solution of 50 mg of m-chloroperoxybenzoic acid in 3 products, but none had the mobility on a thin layer chromato-
mi of methylene chloride was added to 50 mg of 3a-ureido-A4- gram of the desired product 3b.
androsten-170-ol in 3 ml of acetic acid. The mixture was stored 30-(N-acetylureido )-A4-androsten-170-ol Acetate (6b).— Asolu-
at room temperature for 48 hr, and the solvent was removed tion of 180 mg of 30-ureido-A4-androsten-170-ol (6c)2 in 5 ml of
under reduced pressure. The residue was dissolved in methylene pyridine and 5 ml of acetic anhydride was allowed to stand at
chloride, washed with sodium carbonate solution and water, and room temperature overnight. The product was crystallized from
dried. The product was acetylated with pyridine and acetic methanol to give 131 mg of 30-(N-acetylureido)-A4-androsten-
anhydride overnight at room temperature. Chromatography of l70-ol acetate (6b), mp 240-243°; [a]D 2.3°; tic Rt =  0.34
the acetylated mixture on a thin layer of silica gel G  in ethyl (ethyl acetate-cyclohexane 7 :3 ); ir 3298, 3245, 3118, 1745,
acetate-cyclohexane (7 :3 ) afforded 16 mg of 2b, identical with 1715, 1695, 1555, 1540 (sh), 1510, 1250, 1045, 1025 cm“1; nmr
the product described in method A . S 0.82 (s), 1.05 (s), 2.03 (s), 2.10 (s), 4.50 (m ), 4.63 (t, J  =  8

3a-Ureido-4«,5-oxido-5a-androstan-170-ol Acetate (2a).— A  cps), and 5.21 ppm (nm).
solution of 300 mg of 3a-ureido-A4-androsten-17/3-ol acetate ( la )  Anal. Calcd for C 24H 36N 20 4: C, 69.19; H , 8.71; N , 6.72.
and 500 mg of m-chloroperoxybenzoic acid in 35 ml of methylene Found: C , 69.03; H , 9.11; N , 6.72.
chloride was stored at room temperature overnight. As judged 30-(N-acetylureido)-40,5-oxido-50-androstan-l70-ol Acetate
by thin layer chromatography, only a single product was ob- (7b).— A  solution of 200 mg of 30-ureido-A4-androsten-17/3-ol
tained. The product (290 mg) was crystallized from methanol (6a) and 200 mg of m-chloroperoxybenzoic acid in glacial acetic
and from acetone-methanol to give 139 mg of 3a-ureido-4a,5- acid and 70 ml of methylene chloride was stored at room tem-
oxido-5a-androstan-l70-ol acetate (2a), mp 228-229.5°; [a] d perature overnight and then worked up as above for the 3a-
79.6° (ethanol); tic, Rt — 0.30 (methanol-ethyl acetate 1 :9 ); epimer. The residue was acetylated with acetic anhydride in 
ir 3430, 3340, 1740, 1678, 1658, 1625, 1592, 1550, 1245, 1048 pyridine at room temperature for 4 days. The reaction mixture
cm“1; nmr S 0.82 (s), 1.05 (s), 2.02 (s), 3.01 (d, J  =  4.5 cps), contained a small amount of a less polar product, Rt =  0.21,
4.21 (m ), and 4.63 ppm (t, J — 8 cps). presumbably the 4a,5a oxide. Thin layer chromatography of

Anal. Calcd for C 22H 34N 20 4: C, 67.66; H , 8.78; N , 7.18. the mixture on silica gel G  in cylohexane-ethyl acetate (3 :7 ) and 
Found: C, 67.66; H , 8.71; N , 7.08. recrystallization of the main product, Rt =  0.26, from methanol

3a-Ureido-40,5-oxido-50-androstan-l70-ol Acetate (3a).—  afforded 116 mg of 30-(N-acetylureido )-40,5-oxido-50-androstan-
Testosterone acetate (10 g ) was reduced with sodium borohydride l70-ol acetate (7b), mp 246-248°; [a]D —37.0° (chloroform);
in methanol at room temperature for 1 hr to give A4-androstene- ir 3405 (sh), 3380, 3358, 3295, 1723, 1528, 1245, 1040 cm“1;
3/3,170-diol 17-monoacetate; nmr 5 0.80 (s), 1.05 (s), 2.03 (s), nmr 5 0.82 (s), 1.05 (s), 2.03 (s), 2.11 (s), 3.01 (d, J  =  3.0 cps),
4.17 (m ), 4.63 (t, /  =  8 cps), 5.33 (br s). It  was treated with 4.37 (m ), and 4.63 ppm (t, J  =  8 cps).
an equal weight of m-chloroperoxybenzoic acid in 11. of methylene Anal. Calcd for C 24H 36N 20 5 : C , 66.64; H , 8.39; N , 6.47.
chloride at room temperature overnight to give 40,5-oxido-50- Found: C , 66.74; H , 8.18; N , 6.29.
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A  solution of 270 mg of 3/5-(N-acetylureido)-A4-androsten-17/3- acetate 1:3 ); ir 3480, 3380, 3320 (sh), 1740, 1668, 1620, 1560,
ol acetate (6b) and 270 mg of m-chloroperoxybenzoic acid in 30 1252, 1045, 1028 cm“1; nmr 8 0.82 (s), 1.10 (s), 2.03 (s), 2.93
ml of methylene chloride was stored at room temperature over- (s), 3.83 (m ), and 4.63 ppm (t, /  =  8 cps).
night. Thin layer chromatography in cyclohexane-ethyl acetate Anal. Calcd for C 22H 34N 20 4-C H 30 H : C ,6 5 .3 7 ; H , 9.06;
(3 :7 ) showed the presence of two products, R s =  0.21 and 0.26, N , 6.63. Found: C, 65.65; H , 9.10; N , 6.96. 
in relative yields of 2:3 respectively. The mixture was also The N-acetyl derivative 8b could not be derived by acetylation 
verified by the relative intensities of the signals due to the C -4 with acetic anhydride and pyridine, 
protons in the nmr spectrum. The crude mixture could not be
readily separated; only the cis oxide 7b could be isolated in pure . . . .  Xreatment
form.

3a-Hydroxy-4a,5-oxido-5a-androstan-l7-one (10a).— A  solu- 3«-(N-AcetyIureido)~4«,5-oxido-5a-androstan-l7/3-ol Acetate
tion of 1.25 g of 3a-hydroxy-A4-androsten-17-one (9) and 1.25 g (2b).— A  solution of 215 mg of 3a-(N-acetylureido)-4a,5-oxido- 
of m-chloroperoxybenzoic acid in 240 ml of methylene chloride 5a-androstan-17/3-ol acetate (2b) in 43 ml of acetone and 5.4 ml 
was stored overnight at room temperature and worked up in the of 0.33 N  sulfuric acid was allowed to stand at room tempera- 
usual manner. Recrystallization of the product from ether- ture (2 2 ° )  for 16 days, at which time no starting material re
acetone afforded 876 mg of 3a-hydroxy-4a,5-oxido-5a-androstan- mained. The acetone was removed in  vacuo and the residue was 
17-one (10a), mp 128-129°, 136-137.5°; [ « ] d 174°; tic, Rt =  extracted with ethyl acetate. The extract was washed with dilute 
0.37 (ethyl acetate); ir 3500, 1745, 1038 cm-1; nmr S 0.90 (s), sodium carbonate and saline solutions and dried, and the solvent
1.05 (s), 3.17 (d, J  =  3.5 cps), and 3.95 ppm (m ). was evaporated. The product, 216 mg, was chromatographed

Anal. Calcd for C 19H 280 3: C, 74.96; H , 9.29. Found: C , on 30 g of Celite 545 with the system benzene-2,2,4-trimethyl-
74.20; H , 9.21. pentane (3 :1 ) rnethanol-water (4 :1 ). Elution with the upper

From the mother liquor was obtained 3a-hydroxy-4/3,5-oxido- phase afforded 110 mg of 3a-(N-acetylureido)-5/3-androstane-
5/3-androstan-l7-one, mp 175.5-180.5°; tic, Rt =  0.41 (ethyl 4a,5,17/3-triol 17-monoacetate (13a), and 35 mg of a more polar
acetate); ir 3460 (br), 1730, 1080, 1050 cm-1; nmr 8 0.88 (s), product which could be derived from the monoacetate under the
1.03 (s), 2.87 (s), and 3.97 ppm (t, J  — 9 cps). same acidic condition. Recrystallization of the triol monoacetate

3/3-Azido-4a:,5-oxido-5a-androstan-17-one (11a).— A  solution from acetone and methanol afforded 70 mg of 13a, mp 171-176°; 
of 768 mg of 3a-hydroxy-4a,5-oxido-5a-androstan-17-one (10a) [q:]d 20.3° (ethanol); tic, R t =  0.22 (ethyl acetate); ir 3470 (b r),
and 0.7 ml of methanesulfonvl chloride in 14 ml of pyridine was 3135, 3120, 1700 (br), 1550, 1250, 1028 cm -1; nmr 5 0.78 (s), 
kept at 5° for 2.5 hr. The mixture was poured into ice and water 0.93 (s), 2.03 (s), 2.10 (s), 3.70 (m ), 4.17 (m ), and 4.63 ppm (t, 
and filtered. 3ff-Methanesulfonoxy-4ff,5-oxido-5a-androstan- /  =  8 cps).
17-one (10b), 903 mg, could not be crystallized without de- Anal. Calcd for C 24H 38N 20 6T .5 H 20 : C , 60.35; H , 8.65;
composition. Its mobility on tic was Rt =  0.26 (cyclohexane- N , 5.87. Found: C , 60.21; H , 8.06; N , 5.75. 
ethyl acetate 1:1); ir 1745, 1365, 1175, 910 cm-1; nmr 8 0.87 Acetylation of 70 mg of 3a-(N-acetylureido)-5/3-androstane- 
(s), 1.03 (s), 3.03 (s), 3.23 (d, J  =  4 cps), and 5.05 ppm (m ). 4«,5,17/3-triol 17-monoacetate (13a) with pyridine and acetic
The mesylate 10b was treated with 2.9 g of sodium azide in 40 anhydride required 14 days at room temperature to go to com-
ml of dimethylsulfoxide at 90° for 90 min. The reaction product pletion. Chromatography on 20 g of Celite 545 in the system
was recrystallized from methanol and the mother liquor chro- 2 ,2 ,4-trimethylpentane-benzene (5 :3 ) and methanol-water (4 : 1 )
matographed on a thin layer of silica gel G to afford 696 mg of afforded 65 mg of the acetylated product. Recrystallization
3/3-azido-4a,5-oxido-5ar-androstan-l7-one (11a), mp 129-129.5°; from acetone-petroleum ether gave 54 mg of 3a-(N-acetylureido)-
W d 138°; tic, Rt =  0.39 (cyclohexane-ethyl acetate 7 :3 ), 5/3-androstane-4a,5,17/3-triol 4,17-diacetate (13b), mp 222-
R i =  0.53 (cyclohexane-ethyl acetate 1 :1 ); ir 2105, 1743, 1058, 225°; tic, Rt =  0.36 (ethyl acetate); ir 3465, 3290, 3140, 1750,
1015 cm 1; nmr 8 0.87 (s), 1.10 (s), 2.92 (s), and 3.72 ppm (t, 1735, 1700, 1552, 1495, 1250-1225, 1030, 600 cm -1; nmr 8
J  7  9 ,eps2; , , „ „  TT „  0.78 (s), 0.93 (s), 2.03 (s), 2.07 (s), 2.13 (s), 4.50 (m ), 4.63

Anal. Calcd for Ci9H 2702N 3: C, 69.27; H , 8.26; N , 12.76. (t, J  =  8 cps), and 5.01 ppm (m ).
Found: C, 69.28; H , 8.25; N , 12.76. Anal. Calcd for C26H 40N 2O7: C, 63.39; H , 8.19; N ,  5.69.

3/3-Azido-4a,5-oxido-5a:-androstan-l7/3-ol acetate (11c).— To a Found: C , 63.61; H , 8.52; N , 5.31. 
solution of 516 mg of 3/3-az:do-4a,5-oxido-5a-androstan-17-one 3a-(N-Acetylureido)-4/3,5-oxido-5/3-androstan-l7/3-ol Acetate
(11a) in 30 ml of methanol was added 500 mg of sodium boro- (3b).— A  solution of 103 mg of 3a-(N-acetylureido)-4/3,5-oxido-
hydride in 30 ml of methanol. Most of the methanol was removed 5/3-androstan-17/3-ol acetate (3b) in 20 ml of acetone and 2 .5  ml
in  vacuo and the residue extracted with ethyl acetate. The of 0.33 N  sulfuric acid was allowed to stand at room tempera-
product, 518 mg, was chromatographed on a thin layer of silica ture for 48 hr. N o  starting material remained at this time as
gel G  in cyclohexane-ethyl acetate (1:1), and the major product judged by thin layer chromatography. The reaction product
was recrystallized from methanol to give 30-azido-4a,5-oxido- (18 m g) was recrystallized from methanol and gave a product,
5a-androstan-l7/3-ol ( l i b ) ,  mp 106-107.5°; [a] d 66 .0 °; tic, mp 163-163.5°, with the same mobility on paper and thin layer
rtf =  0.41 (cyclohexane-ethyl acetate 1 : 1 ); ir 3330, 210 0 , 1075, chromatography as 3a-(N-acetylureido)-50-androstane-4a,5,17/3-
1057, 1035 cm 1; nmr 8 0.77 (s), 1.10 (s), 2.92 (s), and 3.67 triol 17-monoacetate. The product had [a]n  —99° (ethanol),
ppm (m ). and the nmr Spectrum was consistent with 3a-(N-acetylureido)-

Acetylation of 518 mg of the azide l i b  with acetic anhydride 5/3-androstane-4/3,5 , l 7/3-triol 17-monoacetate (14), nmr 8 0 80
and pyridine and recrystallization from methanol afforded 479 (s), 1.27 (s), 2.03 (s), 2.13 (s), 3.80 (m ), 4.43 (m ), and 4.63 ppm
mg ,°1  _ '7a^1?07 “ ,’5 oXldo"5“ "andr°stan-l7/3-ol acetate (11c), (t, J  =  8 cps); ir 3600-3100, 1736, 1613, 1587, 1250, 1105, 1045,
mp 149.5-150 ; [a]i> 49.7°; tic, Rt =  0.46 (cyclohexane-ethyl 990 cm-1.
acetate 7:3 ); ir 2480, 2195, 2100, 1745, 1250, 1048, 1045, 1022 Anal. Calcd for C24H38N206• V2H20 : C, 62.72; H  8 5 5 -
cm "1; nmr * 0.82 (s), 1.10 (s), 2.03 (s), 2.90 (s), 3.73 (t, /  =  9 N , 6.10. Found: C, 63.03; H , 8.40; N , 6.10.
cps), and 4.63 ppm (t, J  - 8  cps). After acetylation of the product 14 with acetic anhydride and

Anal. Calcd for C 2iH 31N 30 3: C, 67.53; H , 8.37; N , 11.25. pyridine at room temperature for 4  days, at least 80% of the
* °7 7 tt: -j V 7 8: 10; N > starting material remained; there was insufficient acetylated

3/?-Ureido-4a,5-oxido-5a-an<u’ostan-l7/3-ol acetate (8a).— A  material to isolate and characterize,
mixture of 100 mg of 3/3-azido-4a,5-oxido-5«-androstan-17/3-ol 3a-Ureido-4/3,5-oxido-5/3-androstan-17/3-ol Acetate (3a).— A  so- 
a? L UC) ’ ° ' 5 ° f hydrazme hydrate, and a smaff amount lution of 50 mg of 3«-ureido-4d,5-oxido-5/3-androstan-17/3-ol
“  W-2 Raney nickel was stirred at room temperature for 1 hr. acetate (3a) in 8 ml of acetone and 0.85 ml of 0.25 N  sulfuric acid
Most of the ethanol was removed, and the residue was extracted gave a precipitate almost immediately. The mixture was al-
with ethyl acetate, affording 94 mg of 3/3-amino-17/3-acetoxy- lowed to stand at room temperature for 5 days and filtered. The
4<*,5-oxido-5a-androstane. The product gave only one spot on precipitate was insoluble in ethyl acetate and in acetone. The
thin-layer chromatography in the system n-butanol-acetic acid- precipitate was treated with 5 %  sodium carbonate solution, ex
water (4 :1 :5 ), Rt -  0.44. A  solution of the 3/3-amine and 150 tracted with ethyl acetate, and washed with water. The mobility
J?* °* mtrourea in 24 ml of 50% ethanol was heated at 90° for of the product on tic and the infrared spectrum were identical
2 hr. Ihe  reaction mixture was worked up in the usual manner. with that of the starting material.
Recrystallization from methanol-ether afforded 62 mg of 3/3- 3,3-(N-Acetylureido)-4/3,5-oxido-5/3-androstan-17/3-ol Acetate

acetate (8a)’ mp 121~ (7b).— A  solution of 31 mg of 3/3-(N-acetylureido)-4/3,5-oxido-
125 , 2U7-213 ; H »  21.5 ; tic, Rt =  0.34 (methanol-ethyl 5/3-androstan-17/3-ol acetate (7b) in 6 ml of acetone and 0.74 ml
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of 0.33 N  sulfuric acid was allowed to stand at room temperature mixture was worked up as usual. Recrystallization from metha-
for 48 hr, at which time no starting material remained. The nol afforded 46 mg of 3/3-(N-acetylureido)-5a-androstane-
product was recrystallized from methanol to yield 23 mg of 4/3,5,17/3-triol 17-monoacetate (12a), mp 256-257°. An addi-
3£-(N-acetylureido)-5a-androstane-4/3,5,17/3-triol 17-monoacetate tional 16 mg of 12a was obtained from the mother liquor on
(12a), mp 254-254.5°; [a]D 9.5° (ethanol); tic, Rs =  0.21 preparative thin layer chromatography on silica gel G  with ethyl
(ethyl acetate); ,ir 3575, 3450, 3335, 3220, 3105,1733,1672, 1530, acetate.
1250 (br), 1050, 1028 cm-1; nmr S 0.77 (s), 1.13 (s), 2.03 (s), 3/3-Ureido-4a,5-oxido-5a-androstan-l7/3-ol Acetate (8a).— A
2.10 (s), 3.50 (m ), and 4.63 ppm (t, /  =  8 cps). solution of 12 mg of 3/3-ureido-4a,5-oxido-5a-androstan-17/3-ol

Anal. Calcd for C 24H 3aN20 6 ' y 2H 20 : 0 ,62.72; H , 8.55; N ,  acetate (8a) in 2 ml of acetone and 0.21 ml of 0.33 A  sulfuric acid
6 .10 . Found: 0 ,62.48; H , 8.67; N , 6.06. yielded a precipitate immediately. The mixture was allowed to

A  solution of 56 mg of 3/3-(N-acetylureido)-5a-androstane-4/3,- stand for 48 hr. The starting material was recovered unchanged
5,17/3-triol 17-monoacetate ( 12a) in 1 ml of pyridine and 1 ml of after neutralization with sodium carbonate solution, 
acetic anhydride was allowed to stand for 5 days at room tem
perature. The reaction product was separated by a preparative oe n , ,  ,
thin-layer chromatogram of silica gel G  in ethyl acetate-cyclo- Registry No.— la, 20446-36-0; lb, 20446-37-1; 
hexane (7 :3 ) to give 55 mg of 3/3-(N-acetylureido)-5a-androstane- 2a, 20446-38-2; 2b, 20446-39-3; 3a, 20446-40-6;
4/3,5,17/J-triol 4,17-diacetate ( 12b). Recrystallization from 3b, 20446-41-7; 4a, 17320-53-5; 4b, 20446-43-9;
methanol afforded diacetate 12b, mp 233-234.5°; |«]d 15.7°; 5, 20446-44-0; 6b, 20446-45-1; 7b, 20446-46-2' 8a
tic, R t =  0.22 (ethyl acetate-cyclohexane 7 :3 ); ir 3600 (sh), 20446-47-3' 10a 20446-48-4- li lh  90440 40 5 - ’ 1 1 » ’
3490, 3300, 3150, 1745, 1720, 1695, 1548, 1505, 1245 (br), o n ! ! «  ! n  o l i ! !  l l a ’
1045, 1025 cm -1; nmr 5 0.78 (s), 1 .1 1  (s), 2.03 (s), 2.13 (s), 4.50 20446-50-8; lib , 20446-51-9; 11c, 20446-52-0; 12a,
(m ), 4.63 (t, J  = 8 cps), and 4.97 ppm (m ). 20446-59-7; 12b, 20446-53-1; 13a, 20446-54-2; 13b,

Anal. Calcd for C26H „ N 20 -H 20 : C, 61.15; H , 8.29; N , 20446-55-3; 14, 20446-56-4; A4-androstene-3/3,17/3-
S‘t ! '  C’ ol'/ir’ 7-99; N> 5'38' -j - diol 17-monoacetate, 13903-65-6; 3a-hydroxy-4/3,5-Mixture (3:2) of S/J-fN-AcetylureidcO-d/SjS-oxido-S/J-androstan- . , r o  , , , L o n , , „ ’ ■’ A M ;
17/3-01 Acetate (7b) and 3^-(N-Acetylureido)-4«,5-oxido-5«- oxide-5/3-androstan-17-one, 20446-58-6. 
androstan-17/3-ol Acetate (8b ).— A  solution of 100 mg of the 3:2
mixture of 30-(N-aeetylureido)-4/3,5-oxido-5|S-androstan-l7/3-ol Acknowledgment.— The authors wish to thank Dr
acetate (7b) and its 4a,5«-epoxide isomer 8b in 20 ml of acetone T . F. Gallagher for his interest and support throughout 
and 2.5 ml of 0.33 N  sulfuric acid was kept at room temperature. • 1X7- , , f  , ■», o,
After 16 hr, the 4a,5a-epoxide isomer had completely disappeared gajion. We are grateful to Mrs. B. S.
as judged by thin layer chromatography. After 48 hr, no evi- (jrallagher for the infrared spectrophotometric deter-
dence for the presence of the 4/3,5/3 epoxide was obtained and the minations.
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The cis and trans isomers of 3a- and 3/3-acetamido-4,5-oxidoandrostan-17/3-ol acetate have been synthesized.
Dilute acid treatment of the isomeric pair of 3a-acetamido epoxides 4 and 5 afforded the same product, 3a- 
acetamido-4a,5/3,17/3-triol monoacetate 9a, whereas the 3/3-acetamido epoxides 7 and 8 yielded the 4/3,5a, 17/3- 
triol monoacetate 10a. Backside participation of the acetamido group in the opening of the trans-oxirane 
ring in the epoxides has been observed.

The backside neighboring-group participation of androsten-17/3-ol acetates 3 and 6 with m-chloroper-
acylamino groups in substitution and addition reactions oxybenzoic acid. The configuration of the oxirane
via an intermediate oxazolidine is well known.2 How- ring was verified by the doublet of the C-4 proton
ever, the participation of the acylamino group in the centered at 8 3.17 (J =  4 cps) and 3.08 (J =  4 cps) for
opening of a vicinal oxirane ring has not been widely 4 and 7 respectively.4 The strong directive effect of
studied. In the present study, the synthesis and dilute the acylaminc group on cis epoxidation of cyclic allylic
acid treatment of the four isomers of 3-acetamido- derivatives have been amply noted.211'6 Similar effect
4,5-oxidoandrostan- 17/3-ol acetate have been in- of the ureido group has been reported in the previous
vestigated. paper.6

The 3-acetamido-4,5 epoxides of the androstane series The trans epoxides, 3a-acetamido-4/3,5-oxide-5/3- 
were prepared essentially in the same manner as those androstan-17/3-ol acetate (5) and 3/3-acetamido-4a,5a-
of the cholestane series described by Ponsold.3 The oxide 8, were prepared from the 3/3- and 3a-hydroxy-A4-
cis epoxides, 3a-acetamido-4a:,5-oxido-5a-androstan- androstene derivatives, respectively. Cyclic allylic
17/3-ol acetate (4) and the 3/3-acetamido-4/3,5/3-oxide 7, alcohols are epoxidized stereoselectively to the cis
were prepared from the corresponding 3-acetamido-A4- oxides;7 the C-3 hydroxyl group is then substituted by

an azido group with epimerization via the intermediate
(1) (a) This investigation was supported by a grant from the American m e th a n e S U lfo n O X y  d e r i v a t i v e .  T h e  p r e p a r a t i o n  o f

Cancer Society and grant CA-07304 from the National Cancer Institute, 0 . j  ■, , i  , , /-, \
National Institutes of Health, U. S. P. H. S. (b) Visiting scientist, 1966- O Q !-& ZldoM pj5-O X lQ O “ 5p~& ndrO S tS Il“,l7/3“ Ol IiC6t<lt6 (1&)
1967. Institut de Chimie des Substances Naturelles, Gif-sur-Yvette,
France. (4) D. J. Collins and J. J. Hobbs, Tetrahedron L e tt., 623 (1963).

(2) (a) S. Winstein and R. Boschan, J. A m er. Chem . Soc., 72, 4669 (1950). (5) K . Ponsold and W. Preibsch, J. P ra k t. Chem ., 25, 26 (1964).
(b) L. Goodman, S. Winstein and R. Boschan, ib id ., 80, 4312 (1958). (c) (6) D. K. Fukushima, M. Smulowitz, J. S. Liang, and G. Lukács, J. Org.
A. Hasegawa and H. Z. Sable, J. O rg. Chem ., 31, 4154 (1966). Chem ., 2702 (1969).

(3) K . Ponsold and J. Prakt, Chem ie, 25, 32 (1964). (7) H. B. Henbest and R. A. L. Wilson, J. Chem . Soc., 1958 (1957).
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OAc OAc 17/3-ol (3). The appearance of a doublet centered
.. .1 __ I at 5 5.27 (./ =  5 cps) demonstrated that the

| | unsaturation was at 4,5 and that the proton at C-3 was
Y - y -4----- 1 in the equatorial ¡3 orientation. The A4-3/3-acetamido

\ I J  epimer 6 was prepared from testosterone oxime.
R' CH3C O N H ^ ^  Joska and Sorm9 described the reduction of this oxime

OH with zinc and acetic acid to a 3-amino-A4-androsten-
la,R = N3 2 17/3-ol, but these authors did not assign the orientation
b,R = NH2 of the 3-amino groups. In a recent study it was

0Ac QAc demonstrated that this reduction led to the A4-3/3-
| | amino epimer. 10 In the present study, the reduction

product of testosterone oxime was acetylated and the
JL \____ | __ jl J____| product isolated as 3d-acetamido-A4-androsten-17j3-ol

f T | || acetate (6 ). The vinyl C-4 proton of 6 appeared as a
narrow multiplet centered at S 5.20, affording evidence 

CH3CONH CH3CONH - 6  of the 3a-axial proton.
3 4 Ponsold3 recently synthesized the four isomers of 3-

OAc OAc acetamido-4,5-oxido cholestane. The acid cleavage of
I T the trans acetamido epoxides, 3/3-acetamido-4a,5-oxido-

5a-cholestane and 3a-acetamido-4/3,5-oxido-5/3-choles-
----- 1 tane, in which participation by the acetamido group

[ | | f would be expected, was not studied. Instead, the
CH pry author treated the corresponding crude amino epoxide

3 ® 3 derived from the hydrazine hydrate reduction of the
6 3-azido-4,5-oxidocholestanes with 10% perchloric acid

OAc OAc in dioxane at reflux for 1 hr. The products were
JL I partially acetylated and reported to be 3/3-acetamido-4£,-

| |  | |  5£-dihydroxycholestane and 3a-acetamido-4£,-5£-dihy-
P^\/ *\p ^ -----  droxycholestane. The orientation of the hydroxylJL J I J groups was not assigned. When the two cis epoxides,

CH3CO NH CH3CO NH 3/3-acetamido-4/3,5-oxido-5/3-cholestane and 3a-acet-
7 8 amido-4a:,5-oxido-5a-cholestane, were opened with 2%

sulfuric acid in acetone at reflux for 1 hr, two different 
| c ?Ac 3-acetamido-4£,5£-dihydroxycholestanes were obtained.

The assignment of the orientation of the hydroxyl 
f ___ J f ___ J groups were also not made in these compounds.

In order to get a clearer picture of the effect of the 
acetamido group on the cleavage of the vicinal oxirane 

CH3CONH , ^  CH3CONH | ring, the four isomers of 3-acetamido-4,5-oxido-
RO androstan-17/3-ol acetate were treated with 0.2 N

9a,R = H 10a,R=R' = H sulfuric acid in acetone at room temperature (22°).
b,R = CH3CO b,R = CH3CO,R' = H 3/3-Acetamido-4a,5-oxido-5o;-androstari-17/3-ol acetate

and its isomer, 3d-azido-4a,5a oxide, in this manner has <8) and its cis isof er’ 3/3-acetamido-4/3,5/3 oxide 7,
been described in the previous paper.0 The azido Save Lhe Product- 3/3-acetamido-5«-androstane-
groups were reduced with hydrazine hydrate in the 4^,5 17d-triol 17-monoacetate ( 10a). The/3 orientation
presence of Raney nickel, and the amines acetylated to of the hydroxyl group was assigned from the nmr 
give 3«-acetamido-4/?,5-oxido-5/J-androstan-17/J-ol ace- spectra of the tool monoacetate 10a and the 4,17-
tate (5) and the 3/3-acetamido-4«,5« oxide 8. The A ce ta te  10 b; the signals of the C-19 methyl protons
trans configuration of the oxirane ring was verified by appeared downfield at 5 1.08 and 1 .1 0 , respectively,
the singlet of the C-4 proton, 5 2.88, in both 5 and 8. consistent with the presence of a 4 substituent.

3a-Amino-A4 steroids are formed in small amounts by 3a-Acetamido-4^,5-oxido-5^-androstan-17^-ol acetate
lithium aluminum hydride reduction of the cor- (5) and its m isomer, 3a-acetamido-4a,5a oxide 4, also
responding unsaturated oximes;8 the /? epimer is the f av® a sm® e Product’ 3a-acetamido-5/3-androstane-
major product. In order to prepare large quantity 17-monoacetate (9a). The chemical
of 3a-acetamido-A4-androsten-17/3-ol acetate (3) for shifts of the C-19 methyl protons in 9a and the 4,17-
the formation of the cis epoxide 4, a stereoselective diacetate 9b, 5 0.92 and 0.97 respectively, provided
synthesis was conceived. 3a-Azido-4/3,5-oxido-5/3- evidence for the a orientation of the substituent at
androsten-17/3-ol acetate (la ), an intermediate in the £ 4 - The ° * irane ™ 8  can °P™ trans fiaxially m two
trans ureido and acetamido epoxides, was reduced with directions. Several factors influence the direction of
lithium aluminum hydride to the 3a-amino-5a-hydroxy the R avage: backside participation by the vicinal
derivative which was acetylated to give 3a-acetamido- acetamido group,3 electronegativity of the acetamido
5|3-androstane-5,17/3-diol 17-monoacetate (2). Dehy- Sr0UP> ' and the Sreater stability of a tertiary car-
dration of the 5/3-hydroxyl group was achieved with (9) j .  Joska and F. Sorm, C o lL  Czech_ 2 1 , 754 (lose ),

thionyl chloride, leading to 3a-aCetamido-A4-andrOSten- (10) H. Kaufmann and D. K . Fukushima, J . O rg. Chem ., 32, 1846 (1967).
(11) R . U. Lemieux, R. K . Kullnig, and R. Y . Moir, J .  A m er. Chem . Soc., 

(8) K . Ponsold and W. Preibsch, J .  P ra k t . Chem ., 23, 173 (1964). 80, 2237 (1958).
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bonium ion. The backside participation by the was reduced with hydrazine hydrate in the presence of Raney
acetamido group is not possible in the CIS epoxides 4  nickel as previously described.3'6 The crude 3/3-amine lb  had
and 7 The weaklv electronegative acetamido erou n  the foIlowlng chemloal shlfts: s ° - 83 (s), 1-05 GO. 2-03 (s), 2.75. ^  weakly electronegative acetamido group (s )_ 3 2 1 4.63 (t, J  =  9  Cps). The amine, 839 mg, was
would destabilize the developing carbomum ion at C-4 acetylated with acetic anhydride and pyridine to give 963 mg of
in the transition state and the preferred opening would 3<*-acetamido-4/3,S-oxido-5/3-androstan-l7/3-ol acetate (5). Re-
be at C-5 to give the products 9a and 10a. The crystallization from acetone-petroleum ether and methanol

opening of the oxirane ring in this direction would be y.I?ld,ed S,“ p ! '-5 °i ° ’ .
further enhanced by the fact that the carbomum ion 1048> 1025 cm-i .  nmr 5 0.83 (s), 1.05 (s), 2.00 (s), 2.03 (s),
at C-5 is tertiary. In the trans epoxides 5 and 8 , the 2.88  (s), 4.00 (br m), 4.63 (t, J  =  9 cps).
neighboring-group effect of the vicinal acetamido Anal. Calcd for C23H 35N O 4: C, 70.91; H , 9.06; N , 3.60.
group on the opening of the epoxide ring through an Found: C, 70.43; H , 9.00; N , 3.44.
oxazolidine intermediate is quite evident. Not only T  3/3-Acetamido-4^,5-oxido-5^androstan-17/3-ol Acetate ( 7 ) . -  

, , 7  “ lestosterone oxime was reduced with zinc and acetic acid9 and
are 9a and 10a the expected products from backside the resulting 3/l-amino-A4-androsten-17/3-oI was acetylated with
participation, but the rates of cleavage of the trans pyridine and acetic anhydride to give 3/?-acetamido-A4-androsten-
epoxides are more than twice as great as those of the i7/3-ol acetate (6). Recrystallization from methanol yielded 6,
CIS enoxides mp 236-237°; [a ]D — 1.8°; tic, Rt =  0.19 (ethyl acetate-cyclo-

1 ‘ hexane 7 :3 ); ir 3295, 1735, 1642, 1548, 1245, 1043 cm -1; nmr
S 0.80 (s), 1.05 (s), 1.98 (s), 2.03 Is), 4.30 (m ), 4.63 (t, J  =  9

Experimental Section12 cpsk 5-20 (n m).
y Anal. Calcd for C ^ N C h :  C, 73.95; H , 9.44; N , 3.74.

3a-Acetamido-A4-androsten-17/3-ol Acetate (3).— A  solution of Found: C, 74.09; H , 9.26; N , 3.66.
500 mg of 3a-azido-4/3,5-oxido-5/3-androsten-17|3-ol acetate ( la )6 A  solution of 250 mg of 3/3-acetamido-A4-androsten-17/3-ol
in 200 ml of ether was [added dropwise to 1.5 g of lithium acetate (6 ) and 250 mg of m-chloroperoxybenzoic acid in 30 ml
aluminum hydride in 500 ml of ether. The mixture was re- of methylene chloride was kept at room temperature overnight,
fluxed .overnight and the excess reagent destroyed with 10% A  single product, 246 mg, was obtained as judged by thin layer
sulfuric acid. The organic phase was washed with dilute acid. chromatography. Recrystallization from ether-petroleum ether
The aqueous phase was neutralized with base and extracted with afforded 170 mg of 3/3-acetamido-4,5-oxido-5/3-androstan-l7/3-ol
ethyl acetate. The product was acetylated with acetic anhydride acetate (7), mp 127-129°; [or] d —9.4°, tic, Rt =  0.34 (ethanol-
and pyridine and chromatographed on a thin layer of silica gel G  ethyl acetate 1:19); ir 3300 (sh), 3260, 1738, 1655, 1635, 1545,
in the system ethanol-ethyl acetate (1:19). The acetamido 1248, 1045 cm-1; nmr S 0.82 (s), 1.03 (s), 1.98 (s), 2.03 (s),
derivative, 240 mg, was eluted with methanol-methylene chlo- 3.08 (d, J  — 4 cps), 4.40 (m ), 4.63 (t, J  =  9 cps). 
ride. Recrystallization from acetone afforded 3a-acetamido-5/3- Anal. Calcd for C 23H 35N O 4: C, 70.91; H , 9.06; N , 3.59. 
androstane-5,17/3-diol 17-monoacetate (2 ), mp 256-256.5°; Found: C, 70.88; H , 9.37; N , 3.56.
[ « ] d 61.8°; tic, Rt =  0.20 (methanol-ethyl acetate 1:9 ); ir 3/3-Acetamido-4«,5-oxido-5a-androstan-17/3-ol Acetate (8).—
3400 (sh), 3340, 1735, 1675, 1650 (sh), 1555, 1250, 1033 cm“1; Acetylation of the 3/3 amine6 obtained by the reduction of 3/3-
nmr S 0.80 (s), 0.93 (s), 1.95 (s), 2.03 (s), 4.05 (m ), 4.63 (t, azido-4a,5-oxido-5a-androstan-17/3-ol acetate with hydrazine
/  =  9 cps). hydrate in the presence of Raney nickel afforded 3/3-acetamido-

Anal. Calcd for C 23H 37N O ,: C, 70.55; H , 9.53; N , 3.58. 4a,5-oxido-5a-androstan-17/3-ol acetate (8 ). Recrystallization
Found: C, 70.48; H , 9.29; N , 3.46. from acetone-petroleum ether gave mp 229-233.5°; [<*]d 13.1°;

To a solution of 786 mg of the crude 3a-acetamido derivatives ir 3315, 1738, 1648, 1548, 1245, 1045, 1025 , 535 cm-1; nmr S
2 in 40 ml of pyridine maintained at 5° was added dropwise 0.5 0.82 (s), 1.13 (s), 2.00 (s), 2.03 (s), 2.88 (s), 4.00 (m ), 4.63
ml of thionyl chloride. After 20 min, the reaction mixture was ( t , ./ =  9 cps).
poured into ice-water, extracted with ethyl acetate, and washed Anal. Calcd for C23H 35N O 4: N , 3.60. Found: N , 3.78. 
with water. Evaporation of the solvent gave 839 mg of substance,
which was purified by column chromatography using silica gel H . Acid Treatment
Elution with ethyl acetate-cyclohexane (7 :3 ) yielded 397 mg of
3a-acetamido-A4-androsten-17/3-oI acetate (3). Recrystallization 3a-Acetamido-4a,5-oxido-5a-androstan-17/3-ol Acetate (4). A  
from acetone-hexane gave the analytical sample of 3, mp 152.5- solution of 196 mg of 3a-acetamido-4a,5-oxido-5<*-androstan-
153°; [ « ] d 132°; tic, R i =  0.18 (ethyl acetate-cyclohexane 17/3-01 acetate (4) in 40 ml of acetone and 4 ml of 0.2 N  sulfuric
7 :3 ); ir 3280 (sh), 3255, 1735, 1663, 1635, 1555, 1528, 1250, acid was kept at room temperature (2 2 ° )  for 8 days, at which time
1045 cm“1; nmr S 0.83 (s), 1.03 (s), 1.98 (s'), 2.03 (s), 4.30 (m ), approximately 20% of the starting material still remained as
4.63 (t, /  =  9 cps), 5.27 (d, J  =  5  cps). judged by thin layer chromatography. The reaction mixture was

Anal. Calcd for C23H 35N O 3: C , 73.95; H , 9.45; N , 3.75. extracted with ethyl acetate and washed with dilute base and
Found: C , 74.37; H , 9.57; N , 3.61. water. The extract was dried and the solvent was evaporated

3a-Acetamido-4a,5-oxido-5a:-androstan-17/3-ol Acetate (4).— A  to give 190 mg of residue. Preparative thin layer chromatography
solution of 256 mg of 3a-acetamido-A4-androsten-17/3-ol acetate on silica gel G  in methanol-ethyl acetate (1 :9 ) afforded 30 mg
(3) ar.d 250 mg of m-chloroperoxybenzoie acid in 270 ml of of startin_, material and 75 mg of a more polar product. Re
methylene chloride was kept at room temperature overnight. crystallization of the latter from ethyl acetate afforded 63 mg of
A  single product, 255 mg, was obtained as judged by thin layer 3a-acetamido-5/3-androstane-4a,5,17/3-triol 17-monoacetate (9a),
chromatography. Recrystallization from acetone-petroleum mp 268.5-271°, [a ] d 48.8° (ethanol); tic, Rt — 0.31 (methanol-
ether afforded 135 mg of 3a-acetamido-4a,5-oxido-5a-androstan- ethyl acetate 1:9 ); ir 3630, 3365, 1740, 1655 (sh), 1630, 1245,
17/3-ol acetate (4), mp 169-170.5°; [ « ] d 61.1°; tic, Rt =  0.25 1045, 1025, 1015 cm“1; nmr S 0.78 (s), 0.92 (s), 1.95 (s), 2.03
(ethanol-ethyl acetate 1:19); ir 3398, 1732, 1682, 1520, 1253, (s), 3.67 (d, J  =  .3 cps), 4.17 (m ), 4.63 (t, /  =  9 cps).
1080, 1040, 1030, 1012 cm“1; nmr S 0.83 (s), 1.08 (s), 1.98 (s), Anal. Calcd for C23H 37N 0 5: C, 67.78; H , 9.53; N , 3.43.
2.03 (s), 3.17 (d, /  =  4 cps), 4.25 (m ), 4.63 (t, J  =  9 cps). Found: C , 67.82; H , 9.27; N , 3.00.

Anal. Calcd for C 23H 35N 0 3: C, 70.91; H , 9.06; N , 3.60. Acetylation of 25 mg of 3a-acetamido-5/3-androstane-4a,5,17/3- 
Found: C , 71.19; H , 8.79; N , 3.61. triol 17-monoacetate (9a) with acetic anhydride and pyridine at

3a-Acetamido-4/3,5-oxido-5/3-androstan-17/3-ol Acetate (5).—  room temperature for 2 days afforded 24 mg of 3a-acetamido-5/3-
3a-Azido-4/3,5-oxido-5/3-androstan-17/3-ol asetate ( la )  (1.0 g ) androstane-4a,5,17/3-triol 4,17-diacetate (9b). Recrystalliza-
-------------------  tion from acetone-petroleum ether yielded 15 mg of 9b, mp 230-

(12) Melting points were determined on a micro hot stage and are corrected. 231°; ir  3450, 3330, 1738, 1715, 1645, 1550, 1270, 1250, 1045,
Nmr spectra were obtained on a Varian A-60 instrument in deuteriochloro- 1039 c m - l .  nmr 5 0.80 (s), 0.97 (s), 1.90 (s), 2.03 (s), 2.15 (s),
form with tetramethylsilane as internal standard; the chemical shifts are ^ 4 63 J  =  9 cps), 5.17 (m ).
given in 6 ppm. Optical rotations were determined in chloroform at 24» ' 3a .Acetamid0^4^,5-OXido-5^-androStan-l7/3-ol Acetate (5).— A
unless otherwise stated. Infrared spectra were determined on a Beckman .  .  •j c o  j ±
1R-9 spectrophotometer in potassium bromide dispersion; br =  broad, Solution of 32 m g of 3a-acetamido-4^5-OXldo-5^-androstan-170-ol 
sm = small, sh = shoulder. Thin layer chromatography, tic, was carried acetate (5), in 5 m l of acetone and 0.5 m l of 0.2 N  sulfuric acid 
out on a 250-/1 layer of silica gel GF at 24°. was kept at room temperature (2 2 °) overnight, after which tim e
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no starting material remained. The reaction mixture, 26 mg, Anal. Caled for C25H 39N O 6: C , 66.78; H , 8.74; N ,  3.11. 
was recrystallized from ethyl acetate to give 3<*-acetamido-50- Found: C, 66.88; H , 8.89; N , 3.22.
androstane-4a,5,17/3-triol 17-monoacetate (9a) identical with 3/3-Acetamido-4a,5-oxido-5«-androstan-17(3-ol acetate (8 ).— A  
that obtained from the cfs-3a-acetamido-4a,5a oxide 4. solution of 11 mg of 3/3-acetamido-4a,5-oxido-5a-androstan-17/S-ol

3/3-Acetamido-4/3,5-oxido-5/3-androstan-17/3-ol Acetate (7).— A  acetate (8 ) in 5 ml of acetone and 0.5 ml of 0.2 N  sulfuric acid
solution of 168 mg of 3/3-acetamido-4/3,5-oxido-5/3-androstan- was kept at room temperature (22°) for 24 hr, after which time 
17/3-ol acetate (7) in 25 ml of acetone and 2.5 ml of 0.2 Ar sulfuric no starting material remained. Recrystallization from acetone-
acid at room temperature for 4 days, after which time no starting petroleum ether gave 3/?-acetamido-5cr-androstane-4|8,5,l7/3-triol
material remained. Recrystallization of the reaction product, 17-monoacetate ( 10a), mp 300° dec, subl. The product was 
160 mg, from methanol-ethyl acetate gave 88 mg of 3/3-acetamido- identical with that obtained by the dilute sulfuric acid treatment 
5a-androstane-4/3,5,17/3-triol 17-monoacetate (10a), mp 290° of the corresponding cis-3+acetamido-4/3,5/3 oxide 7. 
dec, subl; [<x] d — 15.6° (ethanol); tic, Ri =  0.30 (methanol-

fo^n1 Tn ^ in o^o fin 3̂ ’ 33-?’ m 48/ Registry No.—2, 20429-62-3; 3, 20429-63-4; 4,1250, 1038, 1023, 960, 945 cm 1; nmr 5 0.75 (s), 1.08 (s), 1.87 -J _  „  ^ ,  * _ ’ „ „  _ ' ’
(s), 1.98 (s) (deuteriochloroform and dimethyl sulfoxide-d6). 20445-48-1; 5, 20429-64-5; 6, 20588-73-5; 7, 20429-

Anal. Caled for C23H 37N 0 5: C, 67.78; H , 9.53; N, 3.43. 66-7; 8, 20429-67-8; 9a, 20429-68-9; 9b, 20429-69-0;
Found: C , 67.52; H , 9.22; N , 3.47. 10a, 20429-70-3; 10b, 20429-71-4.

Acetylation of 48 mg of 3,3-acetamido-5a-androstane-4|3,5,17/3-
triol 17-monoacetate (10a) with acetic anhydride and pyridine . , , „  . .
at room temperature for 3 days afforded 48 mg of 3/3-acet- Acknowledgment. The authors gratefully acknowl- 
amido-5a-androstane-4f3,5, i 7/3-triol 4,17-diacetate ( 10b ). Re- edge the interest and support of Dr. T. F. Gallagher
crystallization from acetone-petroleum ether afforded 10b, throughout this investigation. We wish to express
mp 312-313°; [o] d -3 0 .0 °  (ethanol); tie, ñ f =  0.58 (methanol- o u r appreciation to Mrs. Julia S. Liang, Millie Smulo-
ethyl acetate 1.3), it 3508, 3330, 1745, 1722, 1660, 1553, 1268, .. ji\/r t> , • n n "u c 4-1» • • i
1233, 1045, 1025 c m - ;  nmr t 0.78 (s), 1.10 (s), 1.90 is), 2.01 w lt z > a n d  M r s - Beatrice S. Gallagher for their invalu-
(s), 2.03 (s), 4.63 (br m ), 5.02 (d, /  =  4 cps). a b le  assistance.
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The rate constants for hydrolysis of a series of aliphatic acyl phosphates have been determined at 60°. Com
plete pH -rate profiles for three of the derivatives, isobutyryl, trimethylacetyl, and 3,3-dimethylbutyryl phos
phate, were obtained as well as the monoanion and dianion hydrolytic rate constants for isovaleryl phosphate.
The values of AS* were uniformly close to zero, consistent with the postulated unimolecular mechanism of hy
drolysis of acyl phosphates. A  decrease in the rate of hydrolysis was observed for the monoanion and dianion 
reactions as steric bulk and electron donation in the acyl group, as measured by the Taft a* constants, were in
creased. Second-order rate constants for reaction of pyridine with the monoanions and dianions were also cor
related with a* constants. The p* for kpy, (monoanion) was +2 .0  and for kpyr (dianion) was +6.1. Imidazole 
and morpholine did not catalyze the hydrolysis of trimethylacetyl phosphate or 3,3-dimethylbutyryl phosphate.

Detailed mechanistic studies of acyl phosphate All of the remaining aliphatic acyl phosphates were prepared by
dianion,2-4 monoanion,2-4 and acid-catalyzed6 hydrol- the method of Lipmann and Tuttle/ and isolated as the disodium

, ■ i , . ,  , * , i  i salts as previously reported.6 /3-Chloropropionyl phosphate was
ysis reactions have been carried out Acetyl phos- analyzJ  as the disilver salt. Anal. Caled for C 3II (C105PA g2:
phate monoanion and diamon hydrolysis takes place c ,  8.96; H , 1.00; P , 7.70. Found: C , 8.79; H , 0.89; P , 7.53.
with unimolecular decomposition to metaphosphate,4 The acyl phosphates were stored in a desiccator a t —4°, and fresh
but reaction with various nucleophiles can be samples were prepared periodically.
o b s e r v e d . 3’ 4 V a r io u s  t e r t i a r y  a m in e s  a n d  p v r i d in e  f  D io x a n e  w as pu rified  b y  th e  m eth od  o f F W  and  w as s tored

.. , . , , i j • • -i i , . fro zen . D eu te r iu m  ox ide  (9 9 .8 % ) w as ob ta in ed  fro m  B io -R a d
W il l  a t t a c k  a t  p h o s p h o r u s ,  b u t  im id a z o l e  a n d  p i  im a r y  Lab o ra to r ies . T h e  rem ainder o f th e  chem icals w ere  reagen t
a m in e s  a t t a c k  a t  t h e  c a r b o n y l  g r o u p .  T h e r e  s e e m s  t o  grade.

be no relationship between the P K & of the attacking Kinetic Measurements.— The hydroxamic acid assay was used 
amine and the position of attack.6 As a consequence, exclusively for the kinetic runs as described by D i Sabato and

it was thought that steric influences might be of extreme f.encks:t, ,A11 ™tes ™ re,run “  dl\pll/:ate toat)eaM 7f %
. , . , , ,  - tion, with less than 5%  deviation between the two rate constants

importance in these reactions. A  study of the effects in all cases. Each run was initiated by adding the acyl phosphate
of increased steric size of the acyl group in acyl phos- to the preequilibrated buffer solution making it approximately
phate reactions was therefore undertaken. 2 x  10_a M  in acyl phosphate. Rate constants did not change

when the acyl phosphate concentration was varied 50%. A t  
Fvn prim pntal Portion  appropriate time intervals, aliquots were removed and introduced

P into the hydroxylamine solution. The resulting mixture was
Materials.— Dilithium acetyl phosphate was purchased from then stoppered and shaken. Development time for complete

CalBiochem Corp. and was used without further purification. formation of the hydroxamate was experimentally determined for 
“ 7  , , , ............................. „  each compound. A t least nine points were employed for a rate

p, .... .I3 8 ” A  JeLr,?8en 8 p,a!? °  * ? wor ®,supf iate, y ' .' determination, and infinity points were taken at ten half-lives.Phillips in partial fulfillment of the requirements for the Ph.D. degree, Uni- , ’ , „  , f  , ~ „  .
versify of Southern California. Temperature was controlled to ±0 .1  by a Pnnco thermoregula-

(2) D. E. Koshland, Jr., J. A m er. Chem . Soc., 74, 2286 (1952). tur in a stirring-water bath. Pseudo-first-order rate constants
(3) J. H. Park and D. E. Koshland, Jr., J. Biol. C hem ., 233,986 (1958). (fcohsd) were calculated with an Oliuetti-Underwood Programma
(4) G. Di Sabato and W. P. Jencks, J .  A m er. Chem . Soc., 83, 4393, 4400 101 using a computer program designed to calculate a least-

(1961). --------------------
(5) D. R. Phillips and T. H. Fife, ib id ., 90, 6803 (1968). (7) F. Lipmann and L. C. Tuttle, J. Biol. Chem ., 153, 571 (1944).
(6) T. C. Bruice and S. J. Benkovic, “Bioorganic Mechanisms,” Yol. 2, (8) L. F. Fieser, “Experiments in Organic Chemistry,” 3rd ed, D. C.

W. A. Benjamin, Inc., New York, N. Y., 1966. Heath and Co., Boston, Mass., 1955, p 284.
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squares eva lu a tion  o f th e  s lope and in tercep t o f a p lo t  o f In [ (O D 0 t i---------1-------- 1-------- 1-------- 1--------
— O D „ )/ O D ( — O D ^ )]  vs. t im e . Q

so - H .

Results G | I
80 - A f  -

Rate constants for hydrolysis of the acyl phosphates A l c
at 60° and at various pH values are given in Table I. 70 _ |
The pH-rate profiles for three branched acyl phosphates 0 I
are presented in Figure 1. The lines are theoretical T eo- a _
and were calculated from eq 1 employing the values of | xE\ I
^monoanion; ^dianion, and the second-order rate constant , n  \\ J o

g ° '1 i f '
( A c P - )  , k \  ! I«'obsd A-monoanion / a „t>\---- l _ 40 - 1 j £

( A c P  )total «  O L  i I

,  (A c P 2 - ) , ,  (A c P 2~ ) (O H - ) J \  1 I |
fcdUnion ( A c p ) t . , ai +  fc °H  ( A c p W l  V )  3 0 - U  / j  -

for hydroxide ion catalysis, A'0h, in Table I I. The 20- J  R -
pK& values were determined by measuring the pH of a 'w -----^ 0 f j
half-neutralized solution of the disodium salt. The 10- YN»-  v/o
experimental pK 2 values at 25° are 4.86, 5.02, and 5.11 \ V_0__Q__
for isobutyryl phosphate, trimethylacetyl phosphate, o1----- | — £---- a----- l----

pH

T able I  F igu re  1.— P lo t  o f  k0bSa a t  60 ° fo r  h yd ro lys is  o f a cy l
Observed R ate Constants for H ydrolysis of A liphatic phosphates vs. p H :  0 , is ob u ty ry l phosphate ; 0 , tr im e th y l-

A cyl Phosphates at Various p H  Values a ce ty l phosphate; A, 3 ,3 -d im eth y lb u ty ry l phosphate.

(6 0 ° and n =  0 .6  with  K C 1 )

kobsi X 10̂
No. Acyl group6 Buffer“ ( M )  pH 60° min-1 T able I I

1 Is o b u ty ry l HC1 (0 .2 9 9 ) 159 .4  R ate Constants for Spontaneous and H ydroxide I on

HC1 (0 .1 0 1 ) 9 3 .5  Catalyzed Hydrolysis of A cyl P hosphates at 60°

HC1 1 .98  6 1 .7  (M =  0 .6  w i t h  K C 1 )
F o rm a te  3 .5 7  5 6 .9  kom
A c e ta te  5 .0 2  36 . 3 &monoanion X 1. dianion X 1. mol *
Im id a zo le  5 .8 3  2 0 .4  No. Acyl group6 UP min'i 103 min-1 min-i
T r is  8 .8 3  1 4 .5  1 A c e ty l  128 .0 “ 5 8 .5 “  15.7

K O H  10 .60  1 6 .3  2 Is o b u ty ry l 5 6 .9  14 .5  1 .0

K O H  (0 .0 6 7 9 ) 8 2 .2  3 Is o v a le ry l 5 7 .6  16 .9

2 T r im e th y la c e ty l HC1 (0 .4 9 7 ) 8 5 .3  4 T r im e th y la c e ty l 3 6 .0  3 .1 4  0 .115

HC1 (0 .2 9 9 ) 6 5 .3  5 3 ,3 -D im e th y lb u ty ry l 6 3 .7  8 .7 8  0 .1 0

HC1 (0 .1 0 1 ) 4 7 .9  “ V a lu e  calcu lated  em p loy in g  th e  a c t iv a t io n  en ergy  rep o rted  in
HC1 1 .98  3 7 .7  re f 4. 6 R eg is try  num bers are as fo llow s  (m on oan ion  and  d ian ion ,
F o rm a te  2 .8 5  3 5 .4  re sp e c t iv e ly ):  1, 19926-70-6, 19926-71-7 ; 2, 19926-72-8 ,
F o rm a te  3 48 33 7 19926-73-9 ; 3, 19926-74-0, 19926-75-1 ; 4, 19926-76-2, 19926-
A c e ta te  4 .6 1  28'. 1 77 -3 ; 5, 19926-43-4, 19926-44-4.

A c e ta te  5 .0 2  2 2 .8

A c e ta te  5 51 13 7
Im id a zo le  5 .6 5  l i  ’ 5  and 3,3-dimethylbutyryl phosphate, respectively.
Im id a zo le  6 .61  3 .9 7  These values were used as pK2 of the compounds at
Im id a zo le  7 .6 3  3 .0 4  60°. pA i for the compounds could not be deter-
T r is  8 .8 3  3 .1 4  mined by this method due to rapid hydrolysis of all the
K O H  (0 .0 6 7 9 ) 10.2 compounds below pH 2. For this reason, theoretical
K O H  (0.170) 21.2 lines were not continued below pH 3.
K O H  (0 .4 2 4 ) °l-9 The rate constants at various temperatures for tri-

„ „ „ r,- methylacetyl phosphate and 3,3-dimethylbutyryl phos-
, - im e y u yry ( ) ' phate are reported in Table I I I .  Activation param-

HC1 (0 .1 0 1 ) 7 8 .4  V  1 . . 1 . 1  1 i . j  . on  n o  nHq  1 98 64 6 eters are also tabulated, calculated at 39.0 . For
F o rm a te  3.48 6S.7 comparative purposes, the literature values for acetyl
Acetate 4.61 46.5 phosphate4 are presented.
Im id a zo le  5.65 15.7 The effects of changing ionic strength and organic
Im id a zo le  6.61 8.98 solvent can be seen in Table IV. For monoanion and
T r is  8.83 8.78 dianion reactions of both trimethylacetyl phosphate
K O H  10.66 8.68 and 3,3-dimethylbutyryl phosphate the rate is slightly
K O H  (0.0679) 15.6 increased by changing the ionic strength from 0.6 to
wn11 ^6-7 2.0 M.  Similar effects are noted when the solvent is
k o h  m ton fi1'0 changed from water to 50% dioxane-water. The rate

„  „  . „ „  ,1 , constant for hydrolysis of the dianion of trimethylacetyl
“ B u ffer concen tration  was 0.05 M  excep t w h ere  in d ica ted . . , , . , , , ,  , . ,. TT „

6 R eg is try  num bers are as fo llow s : 1, 19926-78-4; 2, 19926-68- phosphate is, however, doubled in 50% dioxane-H20  
2; 3,19926-69-3. and a rate decrease is observed for the dianion of 3,3-
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00401 1 1 1 1 1 sured and are also reported in Table IV . Comparing
these values to those determined in H20, D20  solvent

o.o35 - ph 5.620^  isotope effects (fcmoAmo) of 1.27 and 1.10 were ob-
yS  tained.

~  a030 '  s s ' " T able  IV

•| s ' H ydrolysis of T rim ethylacetyl P hosphate and

“  o.025 - y /  - 3,3-D im e th ylb u tyr yl  P hosphate W hen  Subjected to V arious

| cf Solvent Conditions at 60° in  0.05 M  Buffer  a t  I onic

•* Strength  0.6 w ith  KC1, Except W here I ndicated

C-02.0 - -  pH or fcobsdi
Acyl group n Buffer Solvent pD a m in-1

Trimethylacetyl 0.6 Formate D 2O 3.30 0.0438
0.0l5i;__________________________ pH 7-7Qe  - 2.0 Formate H 2O 3.47 0.0390

0.6 Formate 50% dioxane- 4.57 0.049
H 2O

0,010______ 1______ I_______I______ 1________ 1 0.6 Tris D 2O 7.93 0.00345
0 0.1 0.2 0.3 0.4 0.5 2.0 Tris H 2O 8.82 0.00416

0.6 Tris 50% dioxane- 8.96 0.00866
[lmidazoIe]To|o| h 20

3,3-Dimethylbutyryl 2.0 Formate H 2O 3.47 0.0655
F igu re  2.— P lo t  o f  fcobsd fo r  h yd ro ly s is  o f  iso b u ty ry l ph osp h ate  0 .6 Formate 50% dioxane- 4.57 0.0814

at 60° and n  =  0.6 vs . to ta l im idazo le  concen tra tion  (m o les  per HjO
liter). 2.0 Tris H 2O 8.82 0.0102

0.6 Tris 50% dioxane— 8.96 0.00582
T a b le  I I I  ILO

R ate  C onstants  for the  H ydrolysis of A cyl  P hosphates  at  0 pD  values were determined from pH  meter readings employ- 
V arioijs T em peratures  a n d  the  A ctivatio n  P aram eters  mg the glass electrode correction formula of T . H . Fife and T . C.

C a lculated  at  39.0° Bruice> J ■ PhVs- Chem-> 65> 1079 ( 1961)-
Temp, fcobsd, A H * ,

Acyl group °c min-» kcai/moi a s *, eu The second-order rate constants for pyridine catalysis
Monoanion a r e  presented in Table V  and show a decrease for the

Trimethylacetyl 20 ® 22 9 ±  0 3 ~ i A  ±  0 8  more highly branched compounds. No detectable
70 0.107 reaction could be observed between imidazole or mor-

. 80 °-286 pholine and the branched acyl phosphates. There was
3.3- Dimethylbutyryl6 40 0.00617 23.4 ± 0 . 1  - 2 .0  ± 0 . 4  v  . . TT n  1  r , n  rn  u c , ,  • • ,  ,

60 0.0214 no catalysis at pH 5.65, 6.12, or 7.50 by 0.5 M  imidazole
60 0.0637 nor at pH 8.10 by 0.5 M  morpholine. However, a

pronounced imidazole catalysis was observed in the 
Acetyl 39 o 'o i 27 case of isobutyryl phosphate at pH 5.62 where the
AcetD b so o . i 28c 22 .5^ - 3 . 6 “* monoanion would be at high concentration although
iaovaieryi* 60 0 0576 no catalysis was observed at pH 7.70 where little mono-
chioropropionyi6 39 o.oo5i2 anion would be present. A  plot of k0bsd vs. total im-

Dianion idazole concentration is shown for isobutyryl phos-
Trimethylacetyl® 55 0.00205 27.7 ± 0 . 5  + 5 .4  ± 1 . 3  . , .

60 0.00314 phate in Figure 2.
65 0.00736

75 0.0222 T ^ E V
80 0.0425 Se c o n d -O r d e r  R a t e  C o n s t a n t s  f o r  P y r id in e  C a t a l y s is  o f

3.3- Dimethylbutyryle 50 0.00274 25.7 ± 0 . 1  + 1 .1  ±  0.5 THE H y d r o l y s is  OF A c y l  P h o s p h a t e s  AT 60.0° AND
60 0.00878 rv /}«-v T/Cil
65 0.0170 M — 0.60 WITH KC1
70 0.0304 *----- k , 1. mol- * min“ 1-------- « Mor-
75 0.0508 Acyl group Pyridine® Imidazole pholine6

Acetyl 39 0.0056 Monoanion
Acetyl 60 0.0585° 25.i d +  3.7“* . ,  , „
Isobutyryl® 60 0.0145 A ^ 1 0 1 63°
Isovaleryl® 60 0.0169 Isobutyryl 0.114° 1.68
Chloropropiony1 39 0.00814 Trimethylacetyl 0.0375° b
“ Rates were measured at pH  3.48, where the monanion is the 3,3-Dimethylbutyryl 0.0590° b

predominant species, in 0.05 M, formate buffer, fi =  0.6 with KC1. Dianion
6 Rates were measured at pH  3.57, where the monoanion is the Acetyl 0 0412<i
predominant species, in 0.05 M  formate buffer, /i =  0.6 with KC1. Isobutyryl 0 0060d 6 6
° Value calculated from activation energy reported in ref 4. Trimethylacetyl 0.'o0060“ b b

buffer,''“ ‘I6 0.6 with K C iere meaSUrC P ln S 3,3-Dimethylbutyryl 0.00134“ b b
°  Rate constants determined at four concentrations from 

i , o mi , , , „ 0.5 to 0.05 M  amine. b N o  detectable reaction in 0.5 M  amine,
dimethylbutyryl phosphate. 9 The rate constants for . In  pyridine bufferj pH  5>22. 4 i n 0.05 M  Tris buffer, pH  8.89.
hydrolysis of the monoanion and dianion of trimethyl
acetyl phosphate in deuterium oxide were also mea- The p/^  of pyridine wag determined at 60° and an

(9) I t  should be noted that the p K i  values of the acyl phosphates may be i o n ic  S t r e n g t h  o f  0 .6  b y  h a l f - n e u t r a l i z a t i o n  a n d  W aS
considerably different in the mixed solvent than in water. Also, the effect f o u n d  ^  b e  4  7 5  T h e  p K  Qf  im id a z o l e  a t  6 0 °  W aS
of solvent on the rate constant includes its effect on the ratio of activity £ - . , i  • . . i  .
coefficients of the initial state and the transition state. I t  is probable that IOUIK1 t o  b e  6.58 b y  e x t r a p o la t i o n  OI V a lu e s  d e t e r m in e d
the observed differences between trimethylacetyl and 3,3-dimethylbutyryl a t  a  n u m b e r  o f  o t h e r  t e m p e r a t u r e s .10
phosphate indicate that these ratios are affected differently upon going from
water to 50% dioxane-HiO. (i0 ) J. B. Milstien and T. H. Fife, J .  A m er. Chem . S oc ., 90, 2164 (1968).
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1 1 i 1 oi ----------- 1----------- 1----------- 1----------- 1----------- 1----------- i----------- 1-----------

■ - ' J  -2.0 -Trimethyl --------------_  -

— - 2 .o - y i  -  ■* — s ---------■*---------------------- --------------------
jc / •  o> © Benzoyl
ct 3,3-Dimethyl y ^
o  /  -3.0 - b u ty r y l^ ^

-30  - -  -4.01-------- 1--------- 1-------- 1-------- 1-------- 1-------- 1______ I______
-0.4 -02  0 02 0.4 0.6 0.8 1.0 12

O’*
-------- 1______ I______ I______ I______

-0.4 -0.3 -0.2 -0.1 0 +0.1
#  F igu re  4.— P lo ‘  o f  lo g  k  a t 39 ° fo r  h yd ro ly s is  o f a cy l phosphate

a  m onoan ions (O )  and dian ions ( Q )  vs . <r*. C onstan ts fo r

F igu re  3.— P lo t  o f  lo g  k  a t  60 ° fo r  h yd ro lys is  o f a cy l phosphate benzo-v l  Phosphate w ere  fro m  re f 4. 

m onoan ions (O ) and  d ian ions ( • )  vs . a * .

drawal (p =  —0 .2 ). When the logarithms of the rate 
Discussion constants at 60° for the aliphatic series are plotted vs.

the Taft <r* constants, 13 a straight line relationship is 
On the basis of present evidence it is likely that the obtained as shown in Figure 3. The value of p* is

monoanion and the dianion of acetyl phosphate hy- -f-1 .8  for the monoanion hydrolysis reaction and + 4 .3
drolyze by the unimolecular mechanisms 2 and 3, for the dianion reaction. Thus, while the order of
respectively.4 The D20  solvent isotope effect (/"d2o/ reactivity is in accord with inductive effects being of

great importance, still the large magnitude of the p*
0 —* "£ 0  9 _ values might indicate that steric factors are indeed of
II tT) | ^ 0  *■ ¿I______+  [PO3] (2) some importance. Data obtained at 39° were also

CH3C 0 3 plotted vs. a* in order to incorporate more compounds. 14
This plot is shown in Figure 4. I t  can be seen that the 

9 9 0  same general relationship between the alkyl-substituted
CH(|__1^0 — ► II _ +  [P03]~ (3 )  compounds is obtained at 39° as at 60°. However,

3 ® inclusion of compounds having acyl groups with positive
r p o jjq __  ̂ h po - a* vables) benzoyl, /3-chloropropionyl, and chloroacetyl,
L 3 2 2 4 makes it appear that the actual p* values are approxi-

fcH,o =  0.94) for acetyl phosphate monoanion is in mately zero for the monoanion reaction and +2.2 for
accord with an internal proton transfer that is either the dianion reaction. The large apparent p* values
complete or partially rate determining. 11’12 Likewise, when only alkyl-substituted derivatives are considered
in the present study this ratio for trimethylacetyl are due mainly to acetyl phosphate hydrolyzing con-
phosphate monoanion was found to be 1.27. Salt siderably faster than expected in comparison with the
effects and solvent effects are also similar for these other compounds. A  possible explanation is that the
compounds. p*<r* plots are actually curved (dotted line in Figure 4)

In general, increased branching decreases the rate of in which case the importance of steric factors in the
both monoanion and dianion hydrolysis. This rate hydrolytic reaction would be evident since linear up
decrease could be due to either steric or electronic plots are obtained with the benzoyl phosphates.4
factors, or to a combination of both. As seen in Table When the second-order rate constants, fcpyr (mono- 
i l l ,  the entropies of activation for the branched com- anion) and fcpyr (dianion) for the reaction of the acyl
pounds and acetyl phosphate are very similar, with phosphates with pyridine at 60° are plotted against
AS* for the monoanion of trimethylacetyl phosphate Ta ft’s a* constants (Figure 5), reasonably straight lines
and the dianion of 3 ,3-dimethylbutyryl phosphate being are obtained with large p* values of + 2 .0  and + 6 .1 .
only slightly more negative than the corresponding Steric hindrance to approach of the nucleophile should
values for acetyl phosphate. Steric hindrance to only account for a part of the differences in the second-
solvation could lead to large rate reductions with order rate constants since pyridine has been shown to
increasing size of the acyl group, but it can be concluded attack predominantly at phosphorus when it reacts with
from the similar entropies of activation that this is not either the monoanion or the dianion of acetyl phos-
an important factor. phate.3’4 Thus, two atoms, oxygen and the carbonyl

Inductive effects in the aliphatic series could be quite carbon, separate the reaction center from the point of
important in producing the rate retardations observed branching thereby reducing greatly the magnitude of
for the highly branched compounds. Di Sabato and any steric effect. This can be illustrated by the similar
Jencks4 found that the dianion rate of substituted Taft Es constants13 for the groups— n-C3H 7 (-0 .36 ),
benzoyl phosphates is facilitated by electron-withdraw- f-CJIii ( —0.35), ¿-C4H 9C II2CH 2 ( —0.34) although in
ing substituents (p =  + 1 .2 ), while the hydrolysis of this comparison replacement of the carbonyl carbon
monoanions is relatively insensitive to electron with- and the oxygen by two saturated carbon atoms may

(11) A. J. Kirby and A. G. Varvoglis, J . A m er. Chem . Soc., 89, 415 (1967). (13) R. W. Taft, Jr., in “ Steric Effects in Organic Chemistry,”  M . S.
(12) Solvent isotope effects of about unity might be expected if a awitter- Newman, Ed., John W iley &  Sons, Inc., New York, N. Y ., 1956, p 556.

ionic species was involved as an intermediate since D 2O would have com- (14) For chloroacetyl phosphate, Adianioa is 0.190 min 1 at 39.0° and p. —
pensating effects on the equilibrium concentrations of monoanion and the 0.6. Elemental analysis on this compound was not possible due to its rapid 
zwitterion. partial hydrolysis in aqueous solutions during the isolation procedure.

Vol. 84, N o . 9, September 1969 A cyl P hosphate Reactions 2713



1 1 1 phates since proton transfer does not, of course, take
place in the dianion reaction.

cr “,0 “ Reactions of acyl phosphates which occur at the
•| © _/  carbonyl carbon center are subject to normal steric
T 7  effects. Imidazole and morpholine, two amine bases
a  /  which attack at the carbonyl of acetyl phosphate,4
ñ ~z'° ~ /  " show no observable reaction with trimethylacetyl
- °  /  phosphate and 3,3-dimethylbutyryl phosphate. Hy-

£  /  droxide ion, a much smaller nucleophile, will catalyze
o' /  0 the hydrolysis of the dianionic species of these two com-

“30" /  ‘  pounds, although at a reduced rate in comparison with
Y  acetyl phosphate, the relative rate ratios being acetyl

-OA -ai Hoi o tai 1-0, trimethylacetyl 0.0073, and 3,3-dimethylbutyryl
cr* phosphate 0.0064. The fact that imidazole is a good

_. , . ,, , . ,,.l0, , , , , • „ catalyst for the hydrolysis of isobutyryl phosphate at a
(©) and dianions (• ) vs. a*. pH value where the monoamon is at high concentra

tion, but not at higher pH, indicates that the monoan- 
not be exact. In the case of /3-glycerol phosphate15 the ion is the kinetically significant species with attack by
C-O -P bond distance is similar to the C -C -C  distance, the free base of imidazole taking place. A  nucleophilic
but with acyl phosphates the C -O -P distance could be reaction involving the conjugate acid of imidazole and
shorter because of resonance interaction between oxy- the dianion would not be expected on chemical grounds.4
gen and the carbonyl group. I t  is therefore possible bbe monoanionic species should be considerably more
that steric and inductive effects are both affecting the reactive than the dianion in reactions involving attack
nucleophilic attack of pyridine. of a nucleophile at the carbonyl since H P042-  is a much

The value of p* for the reaction of acyl phosphate better leaving group than P 0 43 .
dianions with pyridine is larger than for the dianion An important observation is that inductive and/or
hydrolytic reaction. Inductively electron-donating ste™  influences at the carbonyl carbon will not change
groups would not only make it more difficult for the position of attack of amines. The relatively rapid
carboxylate anion to leave, as in the hydrolytic reac- acylation of imidazole by acetyl phosphate could
tion, but would also impede the attack of pyridine. possibly conceal a slower reaction at phosphorus, but
Also, p* for the pyridine-catalyzed hydrolysis of acyl the present data show that this is not the case. Imid-
phosphate dianions is much larger than the p* for the azole will not preferentially attack at phosphorus even
pyridine catalysis of acyl phosphate monoanion hydrol- when relatively high electron density (trimethylacetyl
ysis. This observation can be attributed to a proton- phosphate) or large steric hindrance (3,3-dimethyl-
transfer step taking place in the monoanion reaction butyryl phosphate) occurs at the carbonyl carbon, no
with pyridine, as in the hydrolytic reaction.4 Thus the catalysis by imidazole being detected with those com
probable transition state for the pyridine reaction with pounds. I t  is not clear why imidazole is such a poor
the monoanion would appear as shown in I. A  nucleophile toward phosphorus in these compounds in
pentacovalent intermediate could also be forming, and comparison to pyridine.
the kinetic data do not eliminate this possibility. Some enzymes which exhibit acyl phosphatase activ

ity have histidine at their active sites. In the case of 
0„-H..0r  glyceraldehyde-3-phosphate dehydrogenase,3 it has
i; | £f- been suggested that histidine might attack at the car-

bonyl, as observed in the nonenzymatic reaction of 
^ I A imidazole with acetyl phosphate. However, when

succinyl phosphate is utilized by succinic thiokinase, 
j the acyl phosphate transfers the phosphoryl group to

the enzyme to form a phosphoryl enzyme.18 The 
Pyridine has been shown not to catalyze the hydrol- phosphorylated group in the enzyme has been identified

ysis of phenyl phosphate monoanions,16 although weak as 3-phosphohistidine.18’19 The chemical data indicate
catalysis was observed in the hydrolysis of p-nitro- that a phosphoryl group cannot be transferred directly
phenyl phosphate dianion.17 The facile pyridine reac- from an acyl phosphate to histidine. Transfer must
tion with the monoamon of acyl phosphates may be due then be mediated through an intermediate carrier or
to the ease of proton transfer with these compounds, else the enzyme, in an unknown manner, is inducing a
and in addition, the low p A a of the carboxyl leaving change in mechanism from that normally seen in the
group, compared with 9.9 for phenol and 7.1 for p- nonenzymatic reactions,
nitrophenol, should greatly facilitate the reaction.
These differences in pA a undoubtedly strongly influence Acknowledgment. This study was supported by a 
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T rea tm e n t o f th e  m e th y l h a lide salts o f th e  b ridgeh ead  hydrazines, 5 -(p -ch lorop h en y l)-2 ,3 ,5 ,10-tetrahydro-1  H - 
p y ra zo lo [l,2 -6 ]p h th a la z in e  (9) and 5 ,7 ,12 ,14 -tetrahyd rophtha laz ino[2 ,3 -6 ]ph tha laz ine (19 ), w ith  sod iu m  m eth ox- 
id e -m eth a n o l g a ve  th e  m ed iu m -sized  heterccyc les  l- (p -ch lo roph en y l)-6 -m eth y l-4 ,5 ,6 ,7 -te trah yd ro-3 H -2 ,6 - 
benzod iazon ine  (1 0 ) and 6 -m ethyl-5 ,6 ,7 ,14-tetrahydrod ibenzo[c ,/ t] [ l , 6 ]d ia zec in e  (2 2 ). T h e  lith iu m  alum inum  
h yd r id e  redu ction  o f 2 -(4 -ch lo rob u ty l)-4 -p -ch lo rop h en y lp h th a la z in -l(2 H )-on e  (5 e ) resu lted  in  an unusual N - N  
c leavage  and r in g  fo rm a tion  to  g iv e  2 -p y rro lid in om eth y lb en zh yd ry lam in e  (16 ).

The base elimination (Hofmann elimination2) of het- excess lithium aluminum hydride4 in refluxing tetrahy-
erocycles containing a quaternary bridgehead nitrogen drofuran for 96 hr afforded the tetrahydrophthalazine
atom has been demonstrated3 to be a useful technique 6 a (Scheme I). Treatment of 6a with thionyl chloride
for preparing medium-sized nitrogen-containing rings. followed by distillation gave the pyrazolo [1,2-5 ]phthal-
In a simplified model system 1 this reaction occurs by azine 7a. This compound was also obtained when the
the removal of a proton from a carbon atom 6  to the chloropropylphthalazinone 5b, obtained from 5a and
quaternary nitrogen atom to give the unsaturated amine thionyl chloride, was reduced with lithium aluminum
2 . In all cases reported2’3 to date the a atom in this hydride. In addition a small amount of a polar, water-
system has been carbon ( 1 , C„) and the resultant prod- soluble chloride was obtained. Spectral and analytical
uct has been an olefin amine (2 , Cp=Ca). Replace- data indicate that this substance is probably the immin- 
ment of the a atom in this system by N  (3, N a) suggests ium salt 8a. Treatment of 7a with methyl iodide gave
that this reaction can be modified to produce imino a quaternary salt that could be assigned as the N-4 or
amines such as 4. N - l l  derivative. The nmr spectrum of this compound

gave a single methyl signal and the ArCH2N  protons rel
ative to the ArCH Ar'N  proton have undergone a larger 

N  \ downfield shift indicating that the quaternary N  is at
/ N - l l  (9). Inspection of models also indicate that

Ca—. (  methylation at N - l l  is sterically more favorable.
| j  V ) +  BH When 9 was treated with sodium methoxide in refluxing

""-N.-N  methanol an unsaturated amine was isolated. This
| i compound gave a typical benzophenonimine ultraviolet6
R A spectrum, an A i-CHaH bN  quartet, a CH3N  singlet, six
1 2 aliphatic and eight aromatic protons in agreement with
d y  structure 10, the Hofmann elimination product resulting

CB from removal of the benzhydryl /3 hydrogen in 9. The
 ̂ i  products resulting from ¡3 elimination6 at positions C-2

l | ) :E( l ) + BH and C-3 were not detected. Attempted reduction of
\ —n  n__ '  the C = N  bond in 10 with lithium aluminum hydride in

| | refluxing tetrahydrofuran (96 hr) resulted in recovered
R R starting material. The platinum-catalyzed hydrogena-
3 4 tion of 10 in acetic acid proceeded easily to give the de

sired 1 1 .
, , . ,. . . .  . The reduction of the hydroxybutylphthalazinone 5c

I f  such a transformation could be accomplished this ^  Hthium aluminum hydride resulted in a mixture of
would allow a convenient prepara ion of medium-sized dih drQ_ and tetrahydrophthalazines 1 2 a and 6b with 
heterocycles containing at least two nitrogen atoms. ^  former dominati The tetrahydro compound 
In this paper we report the successful application of the 6fo underwent dehydrogenation to 12a at a rate sufficient
generalized reaction 3 - 4  in the preparation o: the tQ exclude it ag a useful intermediate to prepare the
2,6-benzodiazonme and dibenzo[c,/i][l,6]diazecme ring razinophthaiazine 7 b. In an attempt to utilize 12a 
system and an unusual hthium aluminum hydride re- ag an intermediate to prepare 7 b it was treated with
duction of a phthalazinone. . thionyl chloride with the hope of obtaining the immin-

The reaction of o-(4-chlorobenzoyl)benzoic acid with ium ^  gb rather than the spiro salt 13  In order to
3-hydrazmopropanol in toluene gave 3-hydroxypropy - distinguish between 13 and 8b the model quaternary
phthalazmone 5. Reduction of this compound wit sap 1 3 b was prepared by partial lithium aluminum hy-

(1) (a) Portions of this paper were presented by W. J. Houlihan and li. E. dride reduction of 5d to the imine 12b followed by treat-
Manning at the First International Congress of Heterocyclic Chemistry,
the University of New Mexico, Albuquerque, N. M., June 1967. (b) (4) The lithium aluminum hydride reduction of the C = N  bond in phthal-
Sandoz Ltd., Basle, Switzerland, (c) To who inquiries should be sent. azinones has been reported to be sluggish: Yu. S. Shabarov, N. I. Vasil’er,

(2) A. C. Cope, Org. R ea ctions , 11, Chapter 5 (1960). N. K. Mamaeva, and R. Ya. Levina, J .  Gen. Chem . U S S R , 33, 1182 (1963).
(3) See ref 2 and E. Gellert, T. R. Govindachari, M . V. Laksmikanthan, (5) A. E. Gillam and E. S. Stern, “ Electronic Absorption Spectroscopy,”

J . Chem. Soc., 1008 (1962); M . G. Reinecke, L. R. Kray, and R. F. Francis, Edward Arnold Ltd., London, 1954.
Tetrahedron L e tt., 3549 (1965; L. A. Paquette and L. D. Wise, J . A m er. (6) For some comments on the olefin(s) expected from the (3 elimination
Chem. Soc., 87, 1561 (1965); J . O rg. Chem ., 30, 228 (1965); L. A. Paquette of quaternary ammonium salts, see ref 2 and D..V. Banthrope, “Elimination
and M. K. Scott, ib id ., 33, 2379 (1968). Reactions,”  Elsevier Publishing Co., Amsterdam, The Netherlands, 1963.
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Scheme I

Cl
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Sa, R x =  (C H ^ O H ; R , =  p-ClC6H 4 « a ,  a = 3

b, R 4 =  (C H 2) 3C1; R , =  p-C lC (,H4 b > n  “ '4
c, R i  =  (C H 2) 4OH ; R * -  p -C1C6H 4

d, R 1 = C H 3; R 2= p -C lC 6H 4

e ,  R 1 = (C H 2) 4C I;R 2 =  p -C lC 6H 4

f ,  R 1 = C H 3; R 2 =  H
' ’

Cl Cl

f i i " 1  +  c r

/
7a, n - = l  8 a, «  =  1

b, n =  2 b, 71=2

Cl Cl

/ jH ^ I u  I I k

—sj/  3 r^ Y ^ N -----1 -----1
k k k ^  k J k / N ^

c h 3i '  H a h b c h 3 c h 3

9 10 11

ment with methyl iodide. The structure of 13b was Lithium aluminum hydride reduction of the known 
confirmed by an nmr spectrum that gave a 6 H  singlet dione 17 gave the tetracycle 18 which on treatment
indicating +N (C H 3)2 rather than = N + (C H 3)N (C H 3)-. with methyl bromide afforded the quaternary salt 19. ;
Comparison of the position of the nmr benzyl singlet in The same compound was obtained when the tetrahydro -
13b (5 5.52) and the salt (8 5.73) obtained from 12a and phthalazine 21, obtained from lithium aluminum hy-
thionyl chloride indicated that both were in a similar dride reduction of 5f, was treated with a,a'-dibromo-o-
environment. These data, together with the result xylene. In addition a second quaternary salt was iso-
that 12b methylated only on the tertiary amine nitro- lated from this reaction that has been assigned the
gen, indicate the spiro salt 13. In an additional at- spiro salt 20. When 19 was treated with sodium meth-
tempt to prepare 7b, the chlorobutylphthalazone 5e was oxide in refluxing methanol the dibenzo[c,h] [l,6]dia-
treated with lithium aluminum hydride under condi- zecine 22 was obtained. The structure of 22 was estab-
tions that converted 5b into 7a. Instead of 7b a di- lished by nmr and ultraviolet data. Platinum-cata-
amine that formed a monoacetyl derivative and gave lyzed hydrogenation of 22 in acetic acid gave
two D20  exchangeable hydrogens was obtained. On 23.
the basis of nmr data and possible mechanistic path
ways, structure 14 was postulated for this compound.
This assumption was then synthetically established by H
lithium aluminum hydride reduction of the oxime of the 19 __^
pyrrolobenzophenone 16 to 14 (Scheme I I ) .  The ke-
tone was prepared by monobromination of the ketal 15, ! j
followed by treatment with pyrrolidine and acid hydrol- CH3
ysis. 22 23
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S c h e m e  I I

Cl Cl

r  t  i —  r  t  i +^ r

^T? I
CH 2R '

12u  B  :  f ^ i0 E  13a, R , R ' =  (C H 2) 2, X  =  C l

b ,R  CHs b, R, R ' =  H , H , X = I

C l C l C l

6 6 6
n f t i n  -LiSS M l M fo Vk  2. LiAlH, V J k  / 2. C,HSN V  ^

\____ | CH 2N  3. H20,H + CH 3
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oico - occo -
0 18
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OTm O + CCCO -  rT >V V N xv v  W n

C H 3 B r-  CH s CH 3

19 2 0  21

Experimental Section7 h yd rox id e , 253 m l o f w a te r , and  150 g  o f  anhydrous sod ium
su lfa te . T h e  salts w ere  f ilte red  o ff  and w ashed  w ith  ether. T h e  

2-(3-Hydroxypropyl)-4-p-chlorophenylphthalazin-l(2H)-one f i ltra te  was concen trated  in  vacuo to  g iv e  91.9 g  o f 6a as an o il: 
(5a).—A  m ix tu re  o f 54 g  (0 .60  m o l) o f 3 -h yd razin op rop an o l,8 R , 0 .50, C H C I3- C H 3O H  (9 5 :5 );  nm r (C D C 1 8) S 1.72 (2  H ,
130.5 g  (0 .50 m o l) o f 2 -p-ch lorobenzoy lben zo ic  ac id , and 2000 qu in te t, J  =  6.0 cps, - C C H 2C - ) ,  2 .68 (2  H ,  t ,  J  =  6 .0  cps,
m l o f to lu ene w as s tirred  and re flu xed  in  a flask  equ ipped  w ith  a C H 2N ) ,  3.48 (2  H ,  t ,  J  =  6 .0  cps, C H 2O H ) ,  3.66 (2  H ,  D 20
D ea n -S ta rk  tu be. A f te r  th e le v e l o f  th e  w a te r  la y e r  w as con- exchangeab le, N H ,  O H ) ,  3 .27 (2  H ,  s, A r C H 2N ) ,  51.3 (1  H ,  s,
s tan t (19.0  m l)  th e s o lv en t was rem oved  in  vacua and th e  residue - C H N ) ,  6 .83-7 .43  (8  H ,  m , C 6I I ( , C eH tC l ).
c rysta llized  from  m e th an o l-w a te r to  g iv e  143 g  (9 1 % ) o f 5a: A n a l. C a lcd  fo r  C n H i9C lN 20 :’  C , 67.3 ; H ,  6 .3 ; C l,  11.7.
m p 104-106°; ir  (K B r )  2.98 (O H ) ,  6.07 m ( C = 0 ) ;  nm r (C D C 1 3) F o u n d : C , 67.0; H ,  6 .3 ; C l,  11.9.
5 2.07 (2  H ,  qu in te t, •/ =  6  cps, C C H 2C ),  3.65 (3  H ,  t ,  J  =  6  5-'p-Chlorophenyl)-2,3,5,10-tetrahydro-lH-pyrazolo[ 1,2-5]-
cps, C H 2O H , 1 H ,  D 20  exch an geab le ), 4.43 (2  H ,  t ,  J  =  6  cps, phthalazine (7a) and (p-Chlorophenyl)-l,2,3,ll-tetrahydropyr- 
N C H 2), 7 .3 0 -7 .9 0  (8  H ,  m , C eH 4 and C 6H 4C1). azolo[ 1,2-6]phtkalazinium Chloride (8a). A . From Thionyl

A n a l. C a lcd  fo r  C n H i5C lN 20 2: C , 64.9 ; H ,  4 .8 ; C l,  11.3; Chloride Treatment of 6a.— A  solu tion  o f 6 .0  g  (0 .02 m o l) o f 6a,
N ,  8.9. F ou n d : C , 65.2; H ,  5 .0 ; C l,  11.3; N ,  8 .7 . 2.4 g  (0 .20  m o l) o f  th ion y l ch loride, and 50 m l o f ch lo ro fo rm  was

l-p-Chlorophenyl-3-(3-hydroxypropyl)-l,2,3,4-tetrahydro- stirred  and re flu xed  fo r  18 h r. T h e  so lu tion  w as w ashed  w ith  
phthalazine (6a).—A  s lu rry  o f 84.5 g  (2 .20 m o l) o f lith iu m  2 N  NaeCCb, w a ter, d ried  (M gS C h ), filte red , and concen tra ted  to
alum inum  h yd ride  and 2500 m l o f d ie th y l e ther (n itrogen  at- g iv e  4 .7  g  (8 3 % ) o f 7a: m p  123-125° (e th e r -p e n ta n e );  nm r
m osphere) w as s tirred  and re flu xed  (96 h r ) th rou gh  a Soxh let (C D C 1 3 ) 5 1.99 (2  H ,  m , C C H 2C ),  2 .28-3 .07  (3  H ,  m , C H 2-
apparatus con ta in ing 100.0 g  (0 .32 m o l) o f  5a. A fte r  coo ling  in  N N C H A ), 3.32 (1 H ,  m , C H BN ) ,  3.72 (H A ), 4 .14 (H B, q ,
an ice  b a th  th e  reactan ts w ere  trea ted  w ith  169 ml o f 2 N  sod ium  J  =  14 cps, A r C H AH BN ) ,  4.48 (1 H ,  s, A r C H A r ' ) ,  6 .64-7 .37

-------------------  (8  H ,  m , C 6H „  G H 5C I).

(7 ) Melting points were determined on a Thomas-Hoover capillary A n a l. C a lcd  fo r  C 17H 17CIN ;;: C , 71.7 , H ,  6 .0 ; C l, 12.4;
melting point apparatus and have not been corrected. Proton nmr spectra N ,  9.8. F ou n d : C , 71.5 ; H ,  6 .0 ; C l, 12.4; N ,  9.7.
were obtained on a Varian Associates A-60 spectrometer and are recorded T rea tm e n t o f 7a in e ther w ith  anhydrous HC1 g a ve  th e  hyd ro-
in parts per million from an internal SiMe4 standard. Infrared spectra were ch loride 7 (h yg ro scop ic ), m p  189-192° (C H 2C I2—e th e r ),
determined using a Perkin-Elmer Infracord. Ultraviolet spectrum were A n a l. C a lcd  fo r  C i7H i8C l2N 2: C , 63.6 ; H ,  5 .6 ; C l,  22.1;
determined in 95% C2H 5OH on a Beckman Model DB or a Cary Model N  8 7 Found" C  63 2" H  6  0" C l 22 4" N  8  6 
15 spectrometer. Mass spectra. were determined on a Consolidated Elec- g/ F rom  L ith iu m  Aluminum Hydride Reduction of 5b.—
tromcs Co. mass spectrometer Model 21-103 C, equipped with an all-glass . T - * m  o  x j • 1 ™ rv
heated inlet. Thin layer chromatography (tic) was determined on glass F o llo w in g  th e  L 1A IH 4 Soxh le t p rocedu re g iv en  a b ove , 50.0 g 
plates coated with silica gel HF-254, Merck AG. (0 .15 m o l) o f 5b, 28.5 g  (0 .75 m o l) o f L iA lH 4, and 2000 m l o f

(8) G. Gever, J . Amer. Chem. Soc., 76, 1283 (1954). d ie th y l e ther (re flu x  48 h r ) g a ve  43.7 g  o f o il. C ry s ta lliza tion
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o f  th e o il fro m  eth er a fforded  19.6 g  o f 7a, m p  123-125°. C h ro- 2-(4-Hydroxybutyl)-4-p-chlorophenyl-l,2-dihydrophthalazine
m a tog ra p h y  o f th e  filtra te  on silica  ge l (d ev e lo p ed  w ith  C H C 13-  (12a) and l-(p-Chlorophenyl)-3-(4-hydroxybutyl)-l,2,3,4-tetra-
C H 3O H  9 5 :5 ) g a ve  16.1 g  o f 7a (to ta l y ie ld  8 3 % ) and 2.0 g  o f 8a: hydrophthalazine (6b).— F o llo w in g  th e  p rocedu re  fo r  6a, 50.0 g
m p 203 -205 ° (C H 3O H -e th e r -p e n ta n e );  n m r (C D C 1 3)  5 2.38 (0.15 m o l) o f  5c, 28.8 g  (0 .76 m o l) o f lith iu m  alum inum  h yd rid e
(2  H ,  qu in te t, J  =  7 eps, - C C H 2C - ) ,  3 .90 (2  H ,  t ,  /  — 6 .0  and 1500 m l o f  d ie th y l e th er (re flu x  96 h r ) g a ve  47.8 g  o f o il
cps, C H 2N ) ,  4.55 (2  H ,  t ,  /  =  7 cps, C H 2N + )> 5.00 (2  H ,  s, con ta in ing tw o  com ponents, l i t  0 .4  and 0 .6  (C H C 1 3- C H 30 H ,  
A r C H 2N ) ,  6 .90-8 .00  (8  H ,  m , C 6H 4, C 6H 4C1). 9 5 :5 ).  C ry s ta lliza tio n  fro m  e th er-pen tan e  g a ve  20.1 g  o f 12a:

A n a l. C a lcd  fo r  C 17H 16C12N 2: C , 63.9; H ,  5 .0 ; C l,  22.3; m p  7 6 °; R t 0 .6 ; ir (C H 2C12) n m r (C D C 1 ,) 5 1.84 (4  H ,  m ,
N ,  8 .8 . F ou n d : C , 63.6; H ,  5 .2 ; C l, 22.1 ; N ,  8 .5 . C C H 2C H 2C ) ,  2.40 (1 H ,  D 20  exchangeab le, O H ) ,  3.21 (2  H ,

2-(3-Chloropropyl)-4-p-chlorophenylphthalazin-l(2H)-one (5b). t ,  J  =  6 .0  cps, C H 2N ) ,  3.57 (2  11, t ,  ./ =  6.0 cps, C H 20 ) ,  3.93
■— A  m ix tu re  o f 15.8 g  (0 .04  m o l) o f 5a, 8.9 g  (0 .075  m o l)  o f (2  H ,  s, A r C H 2), 7 .05-7 .70  (8  H , m , C eH 4, C 6H 4C1). T h e  filtra te
th io n y l ch loride, and  ch loro form  (250 m l)  w as s tirred  and re- from 12a was ch rom atographed  on silica ge l (500 g , C 6H 6-C H C 13,
flu xed  fo r  20 hr in a n itrogen  atm osphere. T h e  so lu tion  was 50 :50  e lu en t) to  g iv e  (1 ) 18.8 g  o f 12a (to ta l,  38.9 g )  and  (2 )  6.2
w ashed  w ith  2 N  sod ium  b icarbon ate  (100 m l) ,  sa tu rated  sod ium  g  o f 6b as an o il: nm r (C D C 1 3) 5 1.66 (4  H ,  m , C C H 2C H 2C ),
ch lorid e  (100 m l) ,  d ried  (M g S 0 4), filte red , and con cen tra ted  2.57 (2  H ,  t ,  «7 =  6.0 cps, C H 2N ) ,  3.00 (2  H , D 20  exchangeab le,
in  vacuo. T h e  residue g a ve  13.1 g  (9 7 % ) o f 5b: m p  112-113° N H ,  O H ) ,  3.42 (2  H ,  t ,  J  =  6.0 cps, C H 20 ) ,  5 .18 ((1 H , s,
(e th e r );  ir (K B r )  6.05 M ( C = 0 ) ;  u v  m ax im a  245 m M (e 17,425), A r C H A r ' ) ,  6 .80-7 .58  (8 H ,  m , C 6H 4, C 6H 4C1). W h en  6b w as
295 (1 0 ,56 0 ); n m r (C D C 1 3) 3 2.35 (2  H , qu in te t, J  =  6.0 cps, rechecked  b y  tic  ca. 2 hr a fte r  it  was iso la ted  th e  presence o f 12a
C C H 2C ),  3.63 (2  H ,  t ,  /  =  6.0 cps, C H 2C1), 4.43 (2  H ,  J  =  6.0 (R t 0 .6 ) was detec ted . Fu rth er eva lu a tion  a fte r  4 and  8 hr
cps, C H 2N ) ,  7 .43-7 .96  (8 H ,  m , C 6H 4 and  C 6H 4C1). revea led  th a t th e  in ten sity  o f th e  R t 0 .6  spo t (12a) had increased.

A n a l. C a lcd  fo r  C „ H 14C12N 20 :  C , 61.3; H , 4 .2 ; C l,  21.3 ; A n a l.  C a lcd  fo r  C i8H 19C1N 20 :  C , 68.7; H ,  6 .1 ; C l,  11.3.
N ,  8 .4 . F ou n d : C , 61.5; H ,  4 .3 ; C l,  21.5; N ,  8 .2 . F ou n d : C , 68.3; H ,  6 .1 ; C l, 11.3.

5-p-Chlorophenyl-ll-methyl-2,3,5,10-tetrahydro-lH-pyrazolo- A n a l.  C a lcd  fo r  C i8H 2iC1N 20 :  C , 68.1; H ,  6 .6 ; C l,  11.2.
[l,2-b]phthalainium Iodide (9 ) .— A  solu tion  o f 12.0 g  (0 .042 m o l) F ou n d : C , 68.2; H ,  6 .5 ; C l, 11.0.
o f 7a, 1 2 .0  g  (0 .084 m o l) o f m e th y l iod ide, and 250 m l o f d ry  te tra - 4-(p-Chlorophenyl)spiro[phthalazine-2(lH)-l'-pyrrolidinium]
h yd ro fu ran  w as s tirred  a t room  tem p era tu re  fo r  18 h r. T h e  Chloride (13).— A  solu tion  con ta in ing 2.0 g  (0.0063 m o l) o f  12a,
resu ltan t so lid  w as filte red  to  g iv e  16.7 g  (9 3 % ) o f 9 : m p  215 - 0.91 g  (0.0076 m o l)  o f th ion y l ch loride, and 20 m l o f  d ry  ch loro-
217° (C H 2C12- C 6H 6) ;  nm r (C D C 1 3) 3 2.48 (2  H ,  m , C C H 2C ),  fo rm  w as s tirred  and re fluxed  fo r  18 h r. T h e  so lu tion  w as
3.28 (2  H ,  m , N C H 2C ),  3.63 (3 H , s, N +C H 3), 3.95 (H A ),  4 .78 washed w ith  satu rated  N a H C 0 3 and H 20 ,  d ried  (M g S 0 4),
(H b , m , N C +H a C H bC ),  4.97 (H A ')> 5.67 (H B', q , /  =  14 cps, filtered , and concen trated  in  vacuo. T h e re  w as ob ta in ed  1.6 g
A r C H A 'H B'N + ) ,  5.42 (1 H ,  s, A r C H A r 'N ) ,  6 .78-7 .54  (8  H , m , (7 6 % ) o f  13: m p 149-150° (C H 2C l2-p e n ta n e );  n m r (C D C 1 3) 3
C 6H 4, C 6H 4C1). 2.42 (4  H ,  m , C C H 2C H 2C ),  3.78 (2  H , m , C H 2N + ),  5 .73 (2  H ,  s,

A n a l. C a lcd  fo r  C i8H 2()C 1 IN 2: C , 50.7; H ,  4 .7 ; I ,  29.0; A r C H 2N + ) ,  7 .32-7 .98  (8  H , m , C 6H 4, C 6H 4C1).
N ,  6 .6 . F ou n d : C , 50.7; H ,  4 .8 ; I ,  29.4; N ,  6.4. W h en  13 w as d isso lved  in  CH C 1 3-C C 1 4 i t  c rys ta llized  as 13-

l-(p-Chlorophenyl)-6-methyl-4,5,6,7-tetrahydro-3H-2,6-benzo- CC14, m p  129-130°. T h e  nm r o f 1 3 -C C L  w as id en tica l w ith  
diazonine ( 1 0 ) .— T o  a fre s h ly  p repared  solu tion  o f 4 .0  g  (0 .17 m o l) pure 13.
o f sod ium  in 100 m l o f  d ry  m ethanol m a in ta in ed  under a  n itrogen  A n a l. C a lcd  fo r  C i8H i8C12N 2: C , 64.9; H ,  5 .4 ; C l,  21.3 ;
atm osphere th ere  was added  16.0 g  (0 .037 m o l) o f 9 in 150 m l N ,  8 .4 . F ou n d : C , 64.7; H , 5 .8 ; C l, 21.0; N ,  8.7. 
o f  d ry  m eth an o l. T h e  solu tion  was re flu xed  fo r  24 hr and  then  A n a l. C a lcd  fo r  C i9H i8C l6N 2: C , 46.9 ; H ,  3 .7 ; C l, 43 .7 ;
the so lven t rem oved  in  vacuo. T h e  residue w as trea ted  w ith  100 N ,  5 .7 . F ou n d : 46.5; H , 3 .8 ; C l, 43.4; N ,  5.8. 
m l o f ch lo ro fo rm  and 50 m l o f w a te r. T h e  ch loro fo rm  w as d ried  4-p-Chlorophenyl-2-methylphthalzin-l(2H)-one (Sd).— F o llo w - 
(M g S 0 4),  filte red , and  concen trated  in  vacuo to  g iv e  5 .8  g  (5 2 % ) in g  th e  procedu re g iv en  in the p reparation  o f 5a, 130.5 g  (0 .50
o f o ily  1 0 : u v  m axim a  253 m^i (16 ,000 ); nm r (C D C 1 3) 3 1.68 m o l) o f 2 -p-ch lorobenzoy lben zo ic  ac id , 27.6 g  (0 .60 m o l)  o f
(2  H , m , C C H 2C ),  2.28 (3 H ,  s, N C H 3),  2.68 (2  H , m , N C H 2C ),  m e th y lh yd raz in e  and 750 m l o f to lu ene g a ve  117.2 g  (8 7 % ) o f
3.08 (H A ),  3.78 (H b, t-d , J  =  10 cps, J ’ =  4.0 cps, C = N C H A- 5d: m p 152-154° (CC14-C H C 1 3);  ir (K B r )  6.01 M ( C = 0 ) ;
H b ),  3.32 (H a ), 3.58 (H B, q , /  =  14 cps, A r C H AH B),  6 .87-7 .68  n m r (C D C ls ) 5 3.88 (3  H ,  s, C H 3), 7 .50-7 .90  (7  H ,  m , C 6H 4,
(8  H , m , C 6H 4, C 6H 4C1). C „H 3), 8.41 (1 H ,  m , C H = C C O ) .

T rea tm e n t o f a  te trah yd ro fu ran  solu tion  o f 10 w ith  d ry  h yd ro- A n a l. C a lcd  fo r  C i5H n C lN 20 : C , 66.4; H ,  4 .1 ; C l,  13.1.
gen  ch loride g a ve  th e  d ihyd roch lor id e  o f m p  215-217° (C H 2C12-  F ou n d : C , 66.5; H ,  4 .0 ; C l, 13.4.
CC14).  4-p-Chlorophenyl-2-methyl-1,2-dihydrophthalazine (12b).—

A n a l. C a lcd  fo r  C i8H 21C l3N 2: C , 58.2; H ,  5 .7 ; C l,  28.6; F o llo w in g  th e  procedu re g iv en  in th e  p reparation  o f 6a, 50.0 g

N ,  7 .5 . F o u n d : C , 57.9 ; H ,  5 .8 ; C l,  28.9; H ,  7 .3 . ( ° - 1 8 5  mo1) o f  s d > 1 3 -4  S ( ° - 3 48  mo1) o f L iA lH 4, and 1500 m l o f

1- p-(Chlorophenyl)-6-methyl-2,3,4,5,6,7-hexahydro-lH-2,6- (refluX 8? g (81%) °f 12b: mp 1377
benzodiazonine (11).— A  m ix tu re  o f 5.4 g  o f 10, 0.6 g  o f p la tin u m  ’ olr ^ N ) ;  nm r (C D C 1 3)
ox ide , and 100 m l o f acetic  ac id  was h yd rogen a ted  (50 psi, 26°) 3 'P2 ^  s ’  C H 2N ) ,  7.10-7.70 (8 H , m,
on  a P a rr  h yd rogen a tion  apparatus. A f t e r  h yd rogen  u p take  '^6pL‘ ’ C 6H 4C1).
(th eo ry  17.0 psi; actu a l 16.2 p s i) had ceased (18 h r ) the ca ta lys t A n a l. C a lcd  fo r  C i5H i 3C1N2: C , 70.2; H ,  5 .1 ; N ,  10.9. 
w as filte red  o ff and th e  filtra te  concen trated  in vacuo. T h e  F ou n d : C , /0.1; H ,  5 .4 ; N ,  10.7.
residue was m ade basic w ith  2 N  N a 2C 0 3, ex trac ted  w ith  C H C 13, 4-p-Chlorophenyl-2,2-dimethyl-1,2-dihydrophthalazinium Io-
dried  (M g S 0 4),  and concen trated  in  vacuo to  g iv e  4.3 g  (7 8 % ) of d4de (13b).— A  m ix tu re  o f 8.0 g  (0 .03 m o l) o f 12b, 8.7 g  (0 .062
11: m p 132-134° (e th e r -p e n ta n e ); ir (C H C la ) 2.92 (N H ) ;  m ° l )  o f m e th y l iod ide , and 200 m l o f d ry  te trah yd ro fu ran  w ere
nm r (C D C 1 3) 3 1.58 (2  H ,  m , - C C H 2C - ) ,  2.32 (3  H ,  s, N C H 3), s tirred  fo r  56 hr a t room  tem peratu re  and  then  d ilu ted  w ith  250
2.50 (H a ), 3.47 (H b , m , C H AH B),  2.98 (H A ') ,  4-45 (H B', /  =  13 m l o f d ry  d ie th y l ether to  g iv e  7.4 g  (6 0 % ) o f 13b: m p  163 -16 6 °;
cps, A r C H A 'H B'N ) ,  3.78 (1 H ,  D 20  exchangeab le, N H ) ,  5 .58 nm r (C D C 1 3- C 2D 6S 0 )  3 3.67 (6  H , s, C H 3N C + H 3),  5.52 (2  H ,
(1 H ,  s, C H N ) ,  6.50 ( 1  H ,  m , C .H ) ,  6 .90-7 .75  (7  H ,  m , C 6H 3, s, A r C H 2N + ) ,  7 .40-7 .80  (8  H , m , C 6I I 4C1, C 6H 4).

C 6H 4C1). A n a l. C a lcd  fo r  C i5H i 6C 1 IN 2: C , 48.2; H ,  4 .0 ; I ,  31.8.
A n a l. C a lcd  fo r  C i8H 21C1N2: C , 71.8; H , 7 .0 ; C l, 11.9; F ou n d : C , 48.4; H , 3 .8 ; I ,  31.5.

N ,  9 .3 . F ou n d : C , 72.1; H ,  7.1; C l, 11.7; N ,  9 .6 . 2-(4-Chlorobutyl)-4-p-chlorophenylphthalazin-l(2H)-one (5e).
2- (4-Hydroxybutyl)-4-p-chlorophenylphthalazin-l-(2H)-one — F o llo w in g  th e  procedure g iv en  fo r  th e  p rep ara tion  o f 5b a

(5c).— F o llo w in g  th e  procedu re used to  p repare  5 a m ix tu re  o f m ix tu re  o f 50.0 g  (0 .15 m o l) o f 5c, 27.0 g  (0 .23 m o l) o f th io n y l 
31 g  (0 .03 m o l) o f 4 -h yd razin obu tan o l,8 73 g  (0 .28 m o l) o f 2-p- ch loride, and 400 m l o f ch loro form  ga ve  51.5 g  (9 7 % ) o f 5e:
ch lo rob en zoy lben zo ic  ac id , and 400 m l o f to lu ene g a ve  70.8 g  m P 148-151° (C H 2C l2- e th e r ) ;  ir (K B r )  6.05 ^  (C = k ) ) ;  n m r
(7 7 % ) o f 5c: m p 116-118° (C H C l3-p e n ta n e );  ir  (K B r )  3.00 (C D C 1 3) 3 1.85 (4  H ,  m , C C H 2C H 2C ),  3.68 (2  H ,  t, J  =  6.0
(O H ) ,  6.06 M ( C = 0 ) ;  nm r (C D C ls ) 3 1 .45-2.10 (4  H ,  m , C C H 2- cps, C H 2C1), 4 .40 (2  H , t ,  J  =  6.0 cps, C H 2N ) ,  7 .38 -7 .89  (8  H ,
C H 2C ) ,  2.83 (1 H ,  D 20  exchangeab le, O H )  3.72 (2  H ,  t, J  =  6 .0  m , C 6H 4C1, C 6H 4).
cps, C H 2O H ),  4.33 (2  H , t ,  /  =  6.0 cps, C H 2N ) ,  7 .42-7 .92  A n a l. C a lcd  fo r  C i 8H i6C12N 20 :  C , 62.3; H ,  4 .6 ; C l,  20.4; 
(7  H ,  m , C 6H 3, C 6H 3C 6H 4C1), 8.42 (1  H ,  m , H C = C C O ) .  N ,  8.1. F ou n d : C , 62.0; H ,  4 .9 ; C l, 20.2; N ,  8.0.

A n a l. C a lcd  fo r  C i8H i7C lN 20 2: C , 65.8; H ,  5 .2 ; C l,  10.8; 2-(Pyrrolidmomethyl)benzhydrylamine (14). A. From Lithium 
N ,  8.05; 0 ,9 .7 .  F ou n d : C , 65.4; H ,  5 .3 ; C l, 11.2; 0 ,9 .7 .  Hydride Reduction of 5e.-— F o llo w in g  th e  p rocedu re  fo r  6a 50.0
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g  (0 .14  m o l) o f 5e, 16.4 g  (0 .43 m o l) o f  lith iu m  alum inum  h yd rid e , 18: m p  127-129° ( l i t .10 m p  1 32 -13 3 °); u v  m a x im a  252 mju
and 1500 m l o f  d ie th y l e ther (re flu xed  56 h r ) g a ve  40.3 g  o f o il. (e 575 ), 258 (690 ) 266 (8 95 ), 273 (9 7 5 ); n m r11 (C D C 1 3) 8 3.98
T h e  o il was taken  up in  C H 2C12 and w ashed  w ith  2 N HC1 (200 [8 H ,  s, (C H 2)2N N (C H 2)2] , 7.09 (8  H ,  A 2B 2, C 6H 4, C 6H 4).  T h e
m l, tw ic e ).  T h e  acid  la y e r  was m ade a lka lin e  w ith  5 0 %  N a O H , mass spectrum  exh ib its  a m olecu lar ion  peak  a t m /e  236 (C i6H i6-
ex trac ted  w ith  C H C h , d ried  (M g S 0 4),  filte red , and concen trated  N 2) w ith  abundant fragm en t peaks a t m /e  132 ( M + — C H 2C 8H 4-
to  g iv e  33.0 g  (8 3 % ) o f 14 as an o il: R , 0.2 (C H C 1 3- C H 30 H ,  C H 2), 118 (C H 2C 6H 4C H 2N ) ,  and 104 (C H 2C 6H 4C H 2).
9 5 :5 );  ir  (C H 2C12) 2.87, 2.98 m ( N H 2);  n m r C D C I3) 8 1.67 (2  H ,  T rea tm e n t o f 18 in  d ry  T H F  w ith  anhydrous H B r  g a ve  the 
m , C C H 2C H 2C ) ,  2.18 (2  H ,  D 20  exchangeab le, N H 2) 2.42 (4  H ,  h yd rob rom id e  o f 18, m p  253-256° (C H 2C l2- e th e r ) .  
m , C H 2N C H 2),  3.32 ( I I A ), 3.72 (H B, q , J  =  12.0 cps, A r C H 2N ) ,  A n a l. C a lcd  fo r  C i6H i7B r N 2: C , 60.6; H , 5 .4 ; B r, 25.2;
5.52 (1  H , s, A r C H A r ' ) ,  7 .00-7 .32  (8 H ,  m , C 6H 4, C 6H 4C1). N ,  8 .8 . Fou n d : C , 60.1; H ,  5 .5 ; B r, 25.2; N ,  8.5.

A  solu tion  o f 14 in  anhydrous T H F  was trea ted  w ith  d ry  HC1 6-Methyl-5,7,12,14-tetrahydrophthalazino[2,3-6]phthalazinium
to  g iv e  the d eh ydroch lorid e  14 o f  m p  220° (h yg ro scop ic ). Iodide (19) and l,2,3',4'-Tetrahydrospiro[isoindoline-2,2'-(l'H)-

A n a l. C a lcd  fo r  C i8H 23C13N 2: C , 57.8; H ,  6 .1 ; C l,  28.6; phthalazinium] Bromide (20). A. From 18 and Methyl Bromide.
N ,  7 .5 . F ou n d : C , 58.1; H ,  6 .4 ; C l, 28.3; N ,  7.2. •— A  solu tion  o f 5.0 g  o f 18 in  50 m l o f d ry  T H F  w as cooled  in an

B. From Lithium Aluminum Hydride Reduction of 16 Oxime. ice b a th  and trea ted  w ith  a  stream  o f m e th y l b rom ide  gas fo r
— A  m ix tu re  o f  7.0 g  (0 .023 m o l) o f 16, 7.0 g  (0 .10  m o l) o f h y - 0.3 h r. A f te r  s tirrin g  18 hr a t room  tem peratu re  th e  resu ltan t
droxy lam in e h yd roch lo rid e , 5 .6  g  (0 .10 m o l) o f potassiu m  h y- so lid  was filte red  o ff to  g iv e  5 .9  g  o f 19: m p 2 18 -219 °; nm r
droxide, and 200 m l o f  9 5 %  ethanol w as s tirred  and re fluxed  fo r  (C 2D 6S O ) 8 3.52 (3 H , s, N C +H 3) 4.32 (2 H A ),  4.72 (2 H B, q ,
6 hr. T h e  so lven t w as rem oved  in  vacuo and the residue trea ted  J  =  8.0 cps, A r C H AH BN C H AC H BA r ) ,  5.15 (4  H , s, A r C H 2N +-
w ith  50 m l o f w a te r and 150 m l o f m eth y len e  ch loride. T h e  C H 2A r ) ,  7 .10-7 .56  (8 H ,  m , C 8H 4, C 6I I 4).
organic la y er w as d ried  (M g S 0 4), filte red , and eva p o ra ted  to  g iv e  A n a l. C a lcd  fo r  C n H l9B r N 2: C , 61.6; H ,  5 .8 ; B r , 24.1;
6.5 g  o f crude 16 ox im e as an o il: R t 0.15 (C H C 1 3- C H 30 H ;  N ,  8 .5 . F ou n d : C , 61.5; H ,  5 .9 ; B r, 23.9; N ,  8.4.
95.5; 22 R t 0 .8 5 ); ir  (C H 2C12) no C = = 0  ban d . B. From 21 and a ,a '-Dibromo-o-xylene.— A  m ix tu re  o f 10.7

A n a l. C a lcd : N ,  4 .6 . F ou n d : N ,  4 .7 . g  (0.075 m o l) o f  21, 19.2 g  (0 .072 m o l) o f  a ,a '-d ib rom o-o -xy len e ,
F o llow in g  th e  procedu re g iv en  in A ,  6.5 g  (0.023 m o l) o f crude 20.0 g  (0 .15 m o l) o f anhydrous K 2C 0 3, and 100 m l o f acetone was

16 oxim e, 1.75 g  (0 .046 m o l)  o f lith iu m  a lu m inum  h yd rid e , and stirred  and re fluxed  fo r  52 hr. T h e  acetone was decan ted  o ff  and
200 m l o f d ie th y l e ther (re flu xed  14 h r ) g a ve  2 .8  g  o f 14. C om - th e  rem ain ing solid  was trea ted  w ith  ab ou t 100 m l o f  w a te r and
parison o f th e  ir and n m r spectrum  o f  14 p repared  from  5e 100 m l o f  C H C 1 2 and then  stirred  fo r  2 hr. T h e  insoluble m a-
show ed th em  to  be id en tica l. te r ia l was filte red  o ff to  g iv e  7.5 g  (3 1 % ) o f  19: m p  215-217°;

2-p-Chlorophenyl-2-o-tolyl-1,3-dioxolane (15).— A  m ix tu re  o f nm r id en tica l w ith  19 ob ta in ed  in  procedu re A .  O n  stand ing fo r
50.0 g (0 .22 m o l) o f 2 -p-ch lorobenzoy lto lu en e, 26.8 g  (0 .43  m o l) ab ou t 48 hr there was ob ta in ed  4 .7  g  o f so lid , m p  157-165°.
o f e thy lene  g ly co l, 5.0 g  o f p -to luenesu lfon ic  ac id , and 300 m l R ec rys ta lliza t io n  (C H 2C l2-e th e r ) g a ve  4 .2  g  (1 8 % ) o f 20: m p
o f benzene w as stirred  and re flu xed  in  a flask  equ ip p ed  w ith  a  142° dec; nm r (C 2D 6S O ) 8 3.08 (3  H ,  s, N C H 3), 4 .12 (2  H ,  s ),
D ea n -S ta rk  tu be u n til (25 h r ) th e  “ w a te r la y e r ”  (19 m l) in  the 4.32 (2  H , s, A r C H 2N ) ,  5.12 (2  H , s, C H 2N + ),  7 .00-8 .00  (8 H ,
side arm  rem ained  constant. T h e  so lu tion  was washed w ith  150 m , C 8H 4, C 8H 4).
m l o f  2 N N a O H , d ried  (N a 2S 0 4), filte red , and concen trated  A n a l. C a lcd  fo r  C n H i9B r N 2: C , 61.6 ; H ,  5 .8 ; B r, 24.1;
in  vacuo. T h e  residue g a v e  43.0 g  (7 1 % ) o f 15: bp  135-137° N ,  8.5. F ou n d : C , 61.5; H , 5 .8 ; B r , 24.2; N ,  8.9.
(0 .10 m m ); n i0D 1.5842; nm r (C H C 1 3) 8 2.17 (3 H , s, C H 3), 2-Methyl-l,2,3,4-tetrahydrophthalazine (21).— F ro m  60 g
4.02 (4  H ,  A 2B 2, 0 C H 2C H 20 ) ,  7 .05-7 .88  (8 H ,  m , C 3H 4, C eH 4C l) .  (0 .40 m o l) o f 2 -carboxyben za ldeh yde, 23 g  (0 .50 m o l) o f m e th y l-

A n a l. C a lcd  fo r  C ieHisClCh: C , 69.9; H ,  5 .5 ; C l,  12.9. h yd raz ine , and to lu ene there  w as ob ta in ed  50 g  (8 1 % ) o f 2-
Fou n d : C , 69.7; H ,  5 .4 ; C l,  12.8. m e th y lp h th a la z in e - l(2 H )-o n e  (5f): m p 110-111° (to lu en e,

4-Chloro-2'-pyrrolidinomethylbenzophenone (16).— T o  a l i t .12 m p  113 -11 5 °); u v  m axim a, 225 nqr (e 14,855), 244 (5905),
stirred  re flu x ing m ix tu re  o f 82.5 g  (0 .30 m o l) o f  15, 34.8 g  (0 .42 253 (5905 ), 287 (6855 ), 313 (3045 ); n m r (C H C 1 3) 8 3.80 (3 H ,  s,
m o l) o f anhydrous N a H C O s , and 500 m l o f carbon  te trach lorid e , C H 3), 6.28 (4  H , m , C eH 4), 8.08 (1 H ,  s, C H = N ) .
irrad ia ted  w ith  a h igh -in tens ity  ligh t source, th ere  was added  a  F o llo w in g  th e  procedure g iv en  to  p repare  7a a  m ix tu re  o f 35.0 g
solu tion  o f 48 g  (0 .30  m o l) o f b rom in e and 200 m l o f carbon  (0.22 m o l) o f 5f, 10.0 g  (0 .22 m o l) o f lith iu m  alum inum  h yd ride ,
te trach lorid e  a t such a ra te  th a t th e  b rom ine co lor fad ed  ra p id ly . and ether (1200 m l) g a ve  28.6 g  (9 2 % ) o f 21: b p  140-141° (25
A fte r  1 ad d ition a l hr o f re flu x  th e  m ix tu re  w as coo led  to  ca. 3 0 ° m m ); n 20D 1.5613; nm r (C H C 1 3) 8 2.40 (1 H , D 20  exchangeab le,
and trea ted  w ith  a solu tion  o f 42.6 g  (0 .60 m o l) o f p yrro lid in e  in N H ) ,  2.55 (3  H ,  s, C H 3), 3.57 (2  H ,  s, C H 2N M e ) ,  4 .06 (2  H , s,
200 m l o f carbon te trach lo rid e . A f te r  18 hr the salts w ere  filte red  C H 2N ) ,  7.06 (4  H , m , C 6H 4). T h 3  h yd roch lo rid e  o f 21 prepared
o ff and th e  f iltra te  was satu rated  w ith  anhydrous H C1. T h e  in th e  usual m anner had m p 160-162° (C H 2C l2- e th e r ) .
so lven t was decan ted  and th e  o i ly  residue (59.7  g , crude k e ta l A n a l. C a lcd  fo r  C 9H i 3C1N2: C , 58.5 ; H , 7 .1 ; C l,  19.1;
am ine ) was re fluxed  fo r  20 hr in a  solu tion  o f 300 m l o f m eth an o l, N ,  15.2. F ou n d : C , 58.7; H ,  7 .1 ; C l,  18.9; N ,  14.9.
30 m l o f w a te r, and 60 m l o f concen trated  h yd roch loric  ac id . 6-Methyl-5,6,7,14-tetrahydrodibenzo[c,b] [l,6]diazecine (22).
T h e  cooled  solu tion  w as m ade basic w ith  2 N  N a 2C 0 3, ex trac ted  — T o  a fresh ly  p repared  solu tion  o f 1.5 g  (0.065 m o l) o f sodium  
w ith  m eth y len e  ch loride, d ried  (M g S 0 4), filte red , and concen- in  40 m l o f d ry  m ethanol m a in ta ined  under a  n itrogen  atm osphere
tra ted  in  vacuo. T h e  residue ga ve  22.8 g  (2 5 % ) o f 16: m p 6 9 - there  was added  7.0 g  (0.021 m o l) o f 19 in 50 m l o f d ry  m ethanol.
71° (C H 30 H - H 20 ) ;  ir (C H 2C12) 5.98 ( C = 0 ) ;  nm r (C D C 1 3) 5 T h e  solu tion  was re flu xed  fo r  192 hr and th e  so lv en t was rem oved
1.45 (4  H ,  m , C C H 2C H 2C ),  2.21 (4  H ,  m , C H 2N C H 2), 3.60 (2  H ,  in  vacuo. T h e  residue w as trea ted  w ith  100 m l o f w a te r  and 100
s, A r C H 2N ) ,  7.32 (4  H ,  s, C 6H 4C1), 7.50 (4  H ,  A 2B 2, C 6H 4). m l o f ch lo ro fo rm . T h e  ch loro fo rm  la y er w as w ashed  w ith  2 N

A n a l. C a lcd  fo r  C i8H i8C 1N O : C , 72.1; H ,  6 .1 ; C l.  11.8; HC1 (100 m l, tw ic e ) and th e  acid  la y e r  w as m ade basic (2  N
N ,  4 .7 ; 0 ,  5 .3 . F ou n d : C , 72.0; H ,  6 .1 ; C l, 11.7; N ,  4 .6 ; N a O H ),  extracted  w ith  C H 2C12, d ried  (N a 2S 0 4),  filte red , and
O , 5.6. concen trated  in  vacuo to  g iv e  4.3 g  (8 5 % ) o f 22: m p  219-222°

A  solu tion  o f  16 in d ie th y l e th er-m eth y len e  ch lorid e  w as (C H 2C12- C H :iO H );  ir  (K B r )  6.12 u  ( C = N ) ;  u v  m axim a  250
trea ted  w ith  anhydrous HC1 to  g iv e  th e  h yd roch lo rid e  o f 16, (e 9800); nm r (C D C 1 3- C 2D 6S 0 )  8 1.92 (3  H ,  s, C H 3N ) ,
m p 201 -204 °. 4.34 (2  H ,  s, C H 2N ) ,  4.38 (2  H ,  s, C H 2N ) ,  4.48 (2  H ,  s, = N C H 2),

A n a l. C a lcd  fo r  C 18H 19C12N 0 :  C , 64.3; H ,  5 .7 ; C l, 21.1; 7 .21-7 .44  (7  H ,  m , C 6H 4, C 6H 3),  8.08 (1 H ,  m , H C = C C = N ) ,
N ,  4 .2 . F ou n d : C , 64.2; H , 5 .7 ; C l,  20.9; N ,  4 .2 . 8.81 (1 H ,  s, C H = N ) .

7 H ,12H -Ph th a lazin o [2 ,3 -b ]ph th a lazin e-5 ,14 -d ion e (1 7 ).—  A n a l. C a lcd  fo r  C i7H i8N 2: C , 81.6; H ,  7 .3 ; N ,  11.2. F ou n d :
F o llo w in g  th e  procedu re o f H a t t  and S tephenson , 9 a ,cr'-d ibrom o- C , 81.1; H ,  7 .3 ; N ,  11.2.
o -xy len e  and p h th a la z in e-l,4 -d ion e  ga ve  17: m p 195-196° 6 - M ethyl-5,6 ,7 ,12,13,14-hexahydrodibenzo[c,h\ [ 1,6 ] diazecine
( l i t . 9 m p  196 .5 -1 97 .5 °); u v  X®‘° H 232 m ^ (e 11,250), 236 (11 ,100 ), (23).— A  m ix tu re  o f 1.0 g  o f  22, 0.1 g  o f p la tin u m  ox ide , and 50
308 (5900 ); nm r (C D C ls ) 8 5.32 (4  H ,  s, C H 2N N C H 2), 7.32 m l o f acetic  ac id  w as h yd rogen a ted  as in  th e  p repara tion  o f 11 to
(4  H ,  s, C 6H 4),  7.75 and 8.23 (4  H ,  A 2B 2, C O C 6H 4C O ).  g iv e  0.80 g  (7 9 % ) o f 23: m p 162-164° (C H 3O H );  ir (C H 2C12)

5,7,12,14-Tetrahydrophthalazino[2,3-b]phthalazine (18).— 3.03 /x (N H ) ;  nm r (C D C 1 3) 8 1.92 (3 H ,  s, N C H 3),  3.03 (1 H ,
F o llo w in g  th e  procedu re used to  p repare  7a a m ix tu re  o : 6 .0  g  --------------------
(0.023 m o l) o f 17, 1.7 g  (0 .035 m o l) o f lith iu m  alum inum  h yd r id e , (10) H. H. Hat-, and E. F. M. Stephenson, ibid., 199 (1952).
and absolu te te trah yd ro fu ran  (24  hr re flu x ) g a ve  2.5 g  (4 6 % ) o f  U D  The effect of temperature on the nmr spectrum of IS has been re-
______________ _ ported by B. Junge and H. A. Staab, Tetrahedron L e tt., 709 (1967).

(9) H. H. Hatt and E. F. M. Stephenson, J .  Chem . Soc., 658 (1943). (12) It. Gompper, Chem . B er., 93, 198 (1960).
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D 20  exchangeab le, N H ) ,  3.61 (4  H , s, C H 2N C H 2), 3.83 (4  H ,  S, 20126-04-9; 13b, 20072-49-5; 14, 20072-50-8; 14,
C H 2N C H 2), 7 .13-7 .50  (8 H ,  m , C 6H ,, C e H ,).  dihvdrochloride 20072-51-9• 15 20072 52 0- 16

A n a l. C a lc d fo r C „ H 2„N 2: C , 80.9; H ,  8 .0 ; N ,  11.1. F ou n d : 2 !  « 7  , 7 V  l  - J ’ o S n o  i  o i  J o
C  80 9- H  8 2 -  N  111 20072-53-1: 16 hydrochloride, 20072-54-2; 17, 13152-

91-5; 18, hydrobromide, 20126-05-0; 19, 20072-56-4; 
Registry No.— 5a, 20072-33-7; 5b, 20072-34-8; 5c, 20, 20126-06-1; 21, 20072-57-5; 21 hydrochloride,

20072-35-9; 5d, 4725-83-1; 5e, 20072-37-1; 6a, 20072-58-6; 22, 20072-59-7; 23, 20072-60-0.
20072-38-2; 6b, 20072-39-3; 7a, 20072-40-6 ; 7 hydro
chloride, 20072-41-7; 8a, 20072-42-8; 9, 20072-43-9; Acknowledgment.— The authors thank Messrs. Urs
10, 20072-44-0; 10, dihydrochloride, 20072-45-1; 11, Stoeckli and Alvin Schneider for instrumental and 
20072-46-2; 12a, 20072-47-3; 12b, 20072-48-4; 13a synthetic assistance.
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T rea tm en t o f th e  m e th y l iod id e  salts (4  and  10) o f th e  b ridgeh ead  hydrazines, 2 -j> -an isy l-l,6 -d iazab icyclo- 
[4 .3 .0 ]nonane (3 ) and 2 -p -a n isy l- l,6 -d ia zab icy c lo [4 .4 .0 ]decane (9 ), w ith  re flu x ing  sod ium  m eth ox id e -m eth an o l 
resu lted  in  th e  fo rm a tion  o f th e  N - C H 2- N  b rid ged  d er iva tives  2 -p -an isy l-l,6 -d iaza [4 .3 .1 ]d ecan e  (1 2 ) and  2-p- 
an isy l-l,6 -d iaza [4 .4 .1 ]u n d ecan e  (1 4 ). T h e  sam e h yd raz in e  salts w hen  trea ted  w ith  sod iu m -am m on ia  g a ve  
th e  m edium -sized  r in g  com pounds 6 -p -an isy l- l-m e th y l- l,5 -d ia zacyc lon on an e  (1 3 ) and o -p -a n isy l- l-m eth y l-1 ,6 - 
d iazacyclodecan e ( IS ) .  T h e  fo rm a tion  o f th e  N C H 2N  d er iva tiv e s  is p ostu la ted  to  occur b y  a  1,2 sh ift (1 7 ) 
analogous to  a S tevens rearrangem en t.

In the preceding paper2 from our laboratories it was Scheme I
reported that the 2,6-benzodiazonine and dibenzo[c,5]- QCH; OCH3
[l,6]diazecine ring systems could be prepared by the ] j
base elimination of the appropriate bridgehead hydra-
zine quaternary salts from 2,3,5,10-tetrahydro-lH- L J
pyrazolo [1,2-6 ]phthalazinc and 5,7,12,14-tetrahydro- T  j
phthalazino [2,3-5 ]phthalazine. The present work re- I'-'uNi
ports our findings in the attempt to extend the synthetic L . N .
usefulness of this reaction to the preparation of 1,5-di- X  (CH2)3OH X c H 2)3OH
azacyclononane and 1,6-diazacyclodecane ring systems O
from the appropriate bridgehead hydrazine quaternary 1 2
salts.

The synthesis of the required bridgehead hydrazine |soc'2
intermediates 3 and 9 are given in Schemes I and II.
When 3 was allowed to react with methyl iodide it gave OCH3
a sharp melting quaternary salt in nearly quantitative
yield. The nmr of this compound gave a single methyl f jj
signal (5 3.62) indicating that the methylation had oc- CH2
curred stereoselectively. Recent findings on the qua- |
ternization of piperidine3a and other cyclic nitrogen de- ■*__ | i ---- 1
rivatives3b have shown that the methylation of these
systems occurs stereoselectively with the incoming N
methyl group occupying an axial position. By analogy *_
with this work we have assigned structure 4, with an ’ r—p-anisyl 3
axial methyl group and an equatorial anisyl group, as 
the most probable conformational form.4 Additional
support for the methyl assignments will be given below. When the mixed anhydride from 3-p-anisylpropionic

acid (5) and ethyl chloroformate was allowed to react
(1) (a) Portions of this paper were presented by W. J. Houlihan and W it h  h e X a h y d r O p y r id a z in e  i t  g a v e  &  h y d r a z id e  t h a t

R. E. Manningat the First International Congress of Heterocyclic Chemistry, Could  b e  rpnrpspntpd  b v  6 rvr i t «  rinrr to u to m e r  ( f , a  1
The University of New Mexico, Albuquerque, N. M „ June 1967. (b) r j u  c \ e P T e S e I M M  W  O 0 f  ™  r in g  t a u t o m e r  (6a).
Sandoz Ltd., Basel, Switzerland, (e) To whom inquiries should be sent. -LllG i r  OI tills Compound gave Carbonyl bands at 5.97

(2) p. Aeberli and w. j. Houlihan, j. Org. c h e m . ,  34, 2715 ( 1969). and 6.10 fx and a uv maximum at 228 mu indicating that
(3) (a) Y. Kawazoe and M. Tsuda, C h e m .  P h a r m .  B u l l .  T o k y o ,  15, 1405 t b o  to iit^ ro a T - io  f .  rr, , , c

(1967); D. K . Brown, J. McKenna, J. M . McKenna, J. M. Stuart, and , t a U t °m e iT C  IO rm  6  p r e d o m in a t e s .  T r e a t m e n t  o f  a
B. G. Hutley, C h e m .  C o m m u n . ,  380 (1967); H. 0. House, B. A. Tefertiller, t o lu e n e  S o lu t io n  o f  6  w i t h  a c id  g a v e  t h e  U n s a tu r a t e d  la c -

iw, °ibid X ’ h ' ô h (1966)' X I  ” 0 °, X T  an/\c' tam 7’ The Position of the double bond was deter-
1068 (1966); C. D. Johnson, R. A. Y. Jones, A. R. Katritzky, C. R. Palmer, trO H l U V  a n d  n m r  d a t a .  C a t a l y t i c  h y d r O g G n a -
k . Schofield, and r . j. Wells, j .  c h e m .  S o c . ,  6797 (1965). ’ tion of 7 afforded 8 which on further reduction with lith-
J X X X ™  presumod that tho indioat°d chair conformations (trans- iUm aluminum hydride gave 9. Reaction of 9 with
fused) predominate in all compounds containing a six-membered ring since u l * , i i
inspection of models reveals no apparent reason why the usual order of m G til iy l lO d ld G  gaV G  a  Q u a t e r n a r y  S a lt  t h a t  g a v e  a  n m r
stability (chair > boat) should be reversed. spectrum with a single methyl signal (5 3.62). By ar-
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Schem e  I I  being assigned to the 5 4.12 singlet. When 4 was
OCR, OCH3 OCH treated with a sodium-ammonia reducing system under

Js. X  I conditions used to cleave >  C— N  <  bonds there resulted
f j  f  I  +

1. (CjHs)3n L O  a > N — N <  cleavage to form the desired 1,5-diazacy-
; cico2caHj OjJj HoJl clononane 13. Alternative structures where a CH 2 +N  <

2. c,h10n/ f  H N ^  ^ cleavage occurred were ruled out since the nmr spec
ie 2 I JT J I JT I trum of 13 did not contain any CH3C group. (See

Í 0H Y  ^  V N^  Scheme I I I . )
0 0 0
e *  Schem e  I I I

0 6a

S ' kn-CH2̂  I
p  p  < _ 4  * ■  G O

O  C D  *  >2 ch-
Y  nh3 11

p p  _  r V ]  f
T l CD

7 8 I
CH3

A
OCHi 3 The treatment of 10  with refluxing sodium meth-
Pv. oxide-methanol resulted in a C16H 24N 2O compound that

I  gave isolated anisyl absorption in the uv region and an
A  nmr spectrum with a 2 H AB pattern at 5 4.08 (HA) and

„  I + j~ 4.42 (H b, J  =  15.0 cps), attributed to an NCH 2N
j 1 j — ► I group,6 * * a OCH3 singlet, 15 aliphatic and 4 aromatic pro-
C D 'v G  ----tons. These data are in agreement with the 1,6-diaza-

Ar bicyclo[4.4.1]decane 14. Treatment of 10 with the so
dium-ammonia reducing system gave two novel com- 

9 10, Ar = p-anisyl pounds. The major product gave ir and nmr data con
sistent with the N — N +  cleavage product 15. The ir 

guments analogous with the assignment of structure 4 spectrum of the minor component gave a C = N  bond at
we propose formula 10 for this compound. 6.05 n, uv maxima at 226, 276 and 283 m¿i, and nmr sig-

Treatment of 4 with a refluxing sodium methoxide- na ŝ corresponding to an N C H 3 singlet (5 2.27), 17 ali-
methanol solution gave a novel CisH^NsO compound. Phatic and 4 aromatic protons. This compound has
The uv spectrum of this substance gave only isolated been assigned as the Hofmann elimination6 product 16.
anisyl absorption thereby ruling out structure 11, the Further evidence for this structure was obtained by cat-
compound expected to be formed by analogy with the alytic reduction to 15. (See Scheme IV .)
examples given in the preceding paper.2 The nmr spec
trum gave a broad 2 H  singlet at 5 4.12 in addition to a Scheme IV
OCH3 singlet (5 3.72) and 13 aliphatic and 4 aromatic H
protons. The low-field position and absence of split- — / Y —\
ting for the 2 H  signal at 4.12 suggests a CH2 grouping \
attached to two polar atoms that are devoid of H. A
Such an arrangement is present in the 1,6-diazabicyclo- Ar
[4.3.1]decane structure 12 with the N C H 2N  group6 10 14

•V Ar Ar
(5) The nmr signal of the N C H 2N grouping in the ring system i and ii is ^  1 H

reported to occur as AB quartets at 3.95 (H a ), 4.26 (H b , J  =  13 cps) and N

C Q i  O Q a  i f  ?
C ft  h b . . ,

Ar = p-amsyl1 11
(6) The formation of Hofmann elimination products from -C — N  + systems

3.30 (H a ), 3.85 (H b , J  =  10.5 cps), respectively: S. Shiotani and K . under sodium-ammonia reducing conditions has been reported: A. C.
Mitsuhashi, J .  P h a rm . Chem . J a p ., 14, 608 (1966). Cope, O rg. R ea ction s , 11, Chapter 5 (1960).
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The formation of 12 and 14 from 4 and 10 represents Experimental Section9
a 1,2 shift analogous to the Stevens rearrangement7 4-p-Anisyl-2-(3-hydroxypropyl)-5,6-dihydropyridazm-l(2H)-one 
where an N N +C system rather than an C N +C system is (j).—a  m ixtu re  o f 20.8 g (0.10 m o l) o f 3 -p -an isoy lp rop ion ic  acid ,

undergoing rearrangement. In simplified form these 13.5 g (0.15 m o l) o f 3 -h yd raz in op ropa n o l, 10 and 250 m l o f  to lu ene

transformations may be represented by eq 1 and 2. w as stirred  and re fluxed  in a flask  equ ipped  w ith  a D e a n -S ta rk
tu be u n til th e  "w a t e r ”  le v e l in th e  s ide arm  rem a in ed  constan t.

, T h e  so lven t was rem oved  in  vacuo and the residue g a ve  21 g
I (8 1 % ) o f 1: m p  117-118°; ir (K B r )  6.05 p  ( C = 0 ) .

•— C—  A n a l. C a lcd  fo r  C 14H i8N 20 3: C , 64.1 ; H ,  6 .9 ; N ,  10.7.
+| 0R_  F ou n d : C , 64.0; H ,  6 .7 ; N ,  10.6.

-----N — CH 3 > 3 -p -A n isy l- l- (3 -h yd roxyp rop y l)h exah yd rop yrid azin e  (2 ) .— A
| s lu rry  o f 14.3 g  (0.376 m o l)  o f lith iu m  alum inum  h yd r id e  and

1500 m l o f d ie th y l ether (n itrogen  a tm osph ere) w as  s tirred  and 
re fluxed  (72 h r ) th rou gh  a Soxh let apparatus con ta in in g  50.0 g  

i (0 .19 m o l)  o f 1. A fte r  coo ling  in an ice b a th  th e  reac tan ts  w ere
— G— — trea ted  w ith  28.6 m l o f 2 N  sod ium  h yd rox id e , 42.9 m l o f  w a te r ,

+| i | and 50 g  o f anhydrous sodium  su lfa te . T h e  salts w e re  filte red
N — - ¿ w ~  — >■ -----N -----CHoG----- (Y ) o ff and the filtra te  w as concen tra ted  in  vacuo to  g iv e  46 g  o f  2 as
I H  I I an o il:  n m r (C D C 1 3) 8 1.87 (6  H ,  m , C H 2C H 2, C H 2),  2 .2 8 -3 .2 4
1 1 1  (4  H ,  m , C H 2N C H 2),  3.63 (2  H , t ,  /  =  6 .0  cps, C H 2O H ) ,  3.73

(3  H ,  s, O C H 3), 3.82 (2  H , D 20  exchangeab le, N H ,  O H ) ,  3 .88 
(1 H ,  m , A r C H N ) ,  7.10 (4  H , A 2B 2, C 6H 4).

| A n a l. C a lcd  fo r  C 14H 22N 20 2: C , 67.2; H ,  8 .8 . F o u n d : C ,

0R~ ,  67..4, H ,  8.7.
in g h 3 2 -p -A n isy l-1 ,6 -d ia za b icyc lo [4 .3 .0 ]nonane (3 ) .— A  m ix tu re  con-
I ta in ing  50.0 g  (0 .20 m o l) o f 2, 35.7 g  (0 .30 m o l) o f th io n y l ch lo 

r id e , and 500 m l o f  d ry  ch loro form  w as re flu xed  fo r  18 h r. T h e  
— j j —  solu tion  w as washed w ith  100 m l o f 2  N  N a H C 0 3, d ried  (M g S 0 4),

| | j filte red , and concen trated  in  vacuo to  g iv e  47.5 g  o f  o il. D is t i l la -
___ n n ”  ___ ^  N  GIT N  ('o') t ion  ga ve  33.2 g  (7 2 % ) o f 3 : b p  150—152° (2 .0  m m ); n 20D 1.5507;

| H  •• 2 •• W  nmr (CDC13) 3 1.52-3.40 (13 H , series of overlapping multiplets),
1 3.78 (3 H , s, O C H a ), 7.08 (4  H , A 2B 2, C 6H 4).

„  A n a l. C a lcd  fo r  C 14H 20N 2O : C , 72.4; H ,  8 .6 . F o u n d : C ,
lh e  formation of Stevens rearrangement rather than 7 2 .7 ; h , 8.5.

Hofmann elimination8 products from 4 and 10 is prob- A  solu tion  o f 3 in d ie th y l e ther w as trea ted  w ith  anhydrous 

ably due to the unfavorable steric conditions for 0-H HC1 to  g iv e  th e  h yd roch lo rid e  o f 3, m p  135-138° (h y g ro s co p ic ),

elimination. Inspection of models of 4 and 10 reveal Fou™d!' c  ' ° h ^ ( b ' N^l0 3 C’ 62’6’ 7 9’ N ’ 10 4
that attack of methoxide ion on the axial benzyl hydro- T p -A n U y l- l -m e th y l i , 6-d ia zon ia [4 .3  ,0 ]nonane Io d id e  (4).—A 
gen is sterically unfavorable owing to crowding of this solu tion  con ta in ing 24.2 g (0 .102 m o l) o f 3, 29.6 g  (0 .204  m o l )  o f

site by the axial N +CH3 group. The H atoms on the m eth y l iod ide , and 500 m l o f d ry  e ther w as s tirred  a t  room

N+CH 3 group are readily accessible to methoxide ion to tem peratu re  fo r  15 hr. T h e  so lid  w as filte red  o ff and g a v e  37.6 g

form the anion 17 which has the proper geometrical ori- ( 98% )  ° f  4: m P  194-197 , n m r S
, 4 senes o f o ve r la p p m g m u ltip le ts ), 3.62 (3  H ,  s, C H 3N + ),  3.66

e n t a t i o n  t o  u n d e r g o  a  1,2 s h i f t  t o  12 o r  14. (2  H> m> c h 2N + ), 3.78 (3 H ,  s, O C H 3),  4 .32 (2  H ,  m , C H 2N + ) ,

7.10 (4  H ,  A 2B 2, C 6H 4).
r r f i  A n a l, C a lcd  fo r  C i5H 23I N 20 :  C , 48.1 ; H ,  6 .2 ; N ,  7.5.

| F ou n d : C , 48.0 ; H ,  6 .4 ; N ,  7.2.
4  +  I \  (C H ,) 12 l-(3 -p -A n isoy lp rop ion y l)h exa h yd rop yrid az in e  (6 ) . — T o  a
o r  ___^  J  ^ ___  o r  stirred , ice  coo led  so lu tion  o f  50.6 g  (0 .243 m o l) o f 3-an isoyl-

p rop ion ic  ac id , 24.6 g  (0 .243 m o l) o f tr ie th y la m in e , and 500 m l 
10 /  . !  14 o f d ry  ch loro fo rm  th ere  was added  d ropw ise  (0 .7  h r; in te rn a l

tem peratu re  10 ±  5 ° )  a  solu tion  o f 26.5 g  (0 .243 m o l) o f e th y l 
17, A r  =  p -an isy l ch lo ro fo rm ate  in 150 m l o f ch lo ro fo rm . A fte r  s tirr in g  1 a d d itio n a l

n =  l , 2  hr a  solu tion  o f 20.8 g  (0 .275 m o l) o f h ex a h yd ro p y r id a z in e 11
-------------------  [nm r, CD C 1S, 8 1.68 (4  H , m , C H 2C H 2),  2.90 (4  H ,  m , C H 2-

(7) The Stevens rearrangement has been postulated to occur by (a) an N N C H 2), 3.38 (2 H , D 20  exchangeab le, N H N H ) ]  in  150 m l o f 
ion-pair mechanism [R. A. W  Johnstone and T. S Stevens, J. Chem  Sac chl o ro fo rm  was added dropw ise (0.3 h r ).  T h e  ice  b a th  w as
4487 (1955); E. F. Jenny and A. Melzer, Tetrahedron  L e tt., 3507 (1966)], * , ,1 a*. . . .  . , .... . , , . m r» ir rem ovedand thereactionw asstirred io rl8n ratroom tem pera -(b) a stepwise internal nucleophilic displacement mechanism [C. R. Hauser , , - , j  • j
and S. W . Cantor, J .  Amer. Chev.. Sac., IS, 1437 (1951) ] that has recently tu re, w ashed  W ith  100 m l o f 2 A  N a 2C 0 3 and 150 m l o f w a te r , d ried
been proposed to involve (c) a concerted cyclic process [H. E. Zimmerman (Iv lg S 0 4), filte red , and concen trated  in vacuo to  g iv e  56.0 g
in “ Molecular Rearrangements,”  Part 1, P. de Mayo, Ed., Interscience (8 4 % ) o f 6  as an o il: R t  0.70 (C H C 1 3—C H 3O H , 9 5 :5 );  ir (C H 2C12)
Publishers, New York, N. Y ., 1963, pp 378-391; E. Grovenstein, Jr., and 5.97 ( C = 0 ) ,  6.10 M (C O N ) ;  nm r (C D C 1 3) 8 1.63 (4  H ,  m ,
G. Wentworth, J .  Amer. Chem. Soc., 89, 1852, (1967)1 and (d) carbene C C H 2C H 2C ),  2.83 (1 H ,  D 20  exchangeab le, N H ) ,  2 .72 -3 .40
pathway [A. G. Anderson and M . T. Wills, J .  Org. Chem., S3, 537 (1968)]. (5  H> m  A R C O C H 2, C H 2N N C H a ),  3.61 (3 H , m , C H 2C O N C H B),
The pathway given in eq 2 corresponds to the stepwise nucleophilic dis- Q co /Q TT o OPTT  ̂ 7 AF) (A  TT A R  n  i t  \
placement (eq 1). W e do not consider that this is the only possible pathway  ̂ * ’  3 )> • \ » 2 2» 6 * )•

for forming 12 and 14. Ion-pair intermediates such as iii are also possible. _______________

¿
Ar (9) Melting points were determined on a Thomas-Hoover capillary

melting point apparatus and have not been corrected. Proton nmr spectra 
J were obtained on a Varian Associates A-60 spectrometer and are recorded

Nn̂ C H j) «  in parts per million from an internal (CH)s)4Si standard. Infrared spectrum
II were determined on a Perkin-Elmer Infracord spectrophotometer. Ultra-

violet spectrum were carried out on a Cary Model 15 spectrometer. Mass 
iii, n** 1,2 spectra were determined on a Consolidated Electronics Co. mass spectrom-

Ar — p-anisyl eter, Model 21-103C, equipped with an all-glass heated inlet. Thin layer
chromatography was determined on glass plates coated with silica gel 

(8) For a recent discussion on the Hofmann elimination in cyclic hydro- HF-254, Merck AG.
carbons, see M. P. Cooke, Jr., and J. L. Coke, J .  A m er. Chem . Soc., 90, 5556 (10) G. Gever, J . A m er. Chem . Soc., 76, 1283 (1954).
(1968). (11) P. Baranger and J. Levisalles, B u ll.  Soc. C h im . F r . ,  704 (1957).
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A n a l. C a lcd  fo r  C i6H 20N 2O 3: C , 65.2; H ,  7 .2 ; N ,  10.1. C H BN ] ,  3.72 (3 H ,  s, O C H 3),  4.12 (2  H ,  s, N C H 2N ) ,  7.03 (4 
F ou n d : C , 65.0; H ,  7 .0 ; N ,  10.0. H ,  A 2B 2, C 6H 4);  m /e  256 (C 16H 22N 20 ) .

5 -p -A n isy l-l,6 -d iazab icyc lo [4 .4 .0 ]d ec -4 -en -2 -on e  (7 ) .— A  m ix- A n a l. C a lcd  fo r  C i5H 22N 20 :  C , 73.1; H , 9 .0 ; N ,  11.4.
tu re  con tain ing 56.0 g  o f 6, 2.5 g  o f p -to luenesu lfon ic acid , and F ou n d : C , 72.8; H , 9 .1 ; N ,  11.4.
750 m l o f to luene was stirred  and refluxed  in a flask equ ipped  w ith  6 -p-A n isy l-1 -m ethyl-1 ,5 -d iazacyclononane (1 3 ).— T o  a  m ixtu re
a  D ea n -S ta rk  tu be . A fte r  the “ w a te r ”  le v e l in the side arm  o f 5 .0  g  (0.013 m o l) o f 4 in ca. 100 m l o f anhydrous am m onia ,
rem ained  constant (18 h r ) the solu tion  was washed w ith  100 m l coo led  in a D r y  Ic e -a ce to n e  b a th , th ere  was added  in sm all
o f 1 A ' N a 2C 0 3 and 50 m l o f w a te r, d ried  (M g S 0 4), filte red , and portions 0.76 g  (0.033 g -a to m ) o f sod ium  o ve r  a 0 .2 -h r p er iod . T h e
concen trated  in  vacuo to  g iv e  33.4 g  (6 3 % ) o f 7: m p 119-121° system  tu rned  b row n , then  b lue, and fin a lly  colorless in ca. 0.3
(C H 2C l2-d ie th y l e th er ); ir (K B r )  6.08 n ( C = 0 ) ;  u v  m axim u m  hr a fte r  the add ition  was com p le ted . T h e  am m on ia  was a llow ed
246 m/j (18 ,300 ); nm r (C D C 1 3) 5 1.68 (4  H ,  m , C C H 2C H 2C )  to  e va p o ra te  and the residue w as trea ted  w ith  50 m l o f ic e -w a te r
3.02 (4  H , m , C H 2N N C H 2), 3.78 (3 H ,  s, O C H 3), 3.83 (2  H ,  m , and then  50 m l o f ch lo ro fo rm . T h e  organ ic  la y e r  w as extracted
C H 2C O ),  5.18 (1 I I ,  t ,  .7 =  4 cps, H C = C ) ,  7.12 (4  H ,  A 2B 2, w ith  1 N  HC1 (50 m l, tw ic e ) and th e  acid  la y e r  m ade basic w ith
C eH 4). 2 N  N a O H , extracted  w ith  ch loro fo rm , d ried  (M g S 0 4),  filte red ,

A n a l. C a lcd  fo r  C i5H iSN 20 2: C , 69.7; H , 7 .0 ; N ,  10.9; and concen trated  to  g iv e  2.8 g  (8 7 % ) o f 13: bp  183-185° (0 .5
O , 12.4. F ou n d : C , 69.6; H ,  7 .3 ; N ,  10.7; O , 12.3. m m ); ir (C H 2C12) 2.98 (N H ) ;  nm r (C D C 1 3) S 1 .46-1.80 (4  H ,

5 -p-A n isy l-1,6 -d iazab icyc lo [4 .4 .0 ] decan-2-one (8 ) .— A  m ix tu re  m , tw o  C H 2 grou ps ), 1.78 (1 H ,  D 20  exchangeab le, N H ) ,  2 .0 3 -
o f 14.0 g  o f 7, 0.7 g  o f p la tin u m  ox ide  and 75 m l o f acetic  ac id  3.33 (8  H ,  m , 4 C H 2 grou ps ), 2 .32 (3  H ,  s, H C N 3),  3.72 (1 H ,
was hyd rogenated  (50 psi; room  tem p era tu re ) on a P a rr  h y - m , A r C H N ) ,  3.75 (3  H ,  s, O C H 3),  7.02 (4  H ,  A 2B 2, C 6H 4).
hydrogenation  apparatus un til 1 equ iv  o f h yd rogen  was absorbed  A n a l. C a lcd  fo r  C i5H 24N 20 :  C , 72.6; H , 9 .7 ; N ,  11.3.
(2 .0  h r ). T h e  ca ta lys t w as filte red  o ff, th e  filtra te  concen trated  F ou n d : C , 72.4; H , 9 .8 ; N ,  11.1.
in  vacuo, and the residue trea ted  w ith  100 m l o f 2 N  N a H C 0 3 and A  solu tion  o f 13 in d ie th y l e th er was trea ted  w ith  anhydrous
100 m l o f ch lo ro fo rm . T h e  organ ic  layer w as washed w ith  w a te r, HC1 to  g iv e  th e d ihydroch lor ide  o f 13, m p  187-188° (h ygroscop ic ),
dried  (M g S 0 4),  filte red , and concen trated  to  g iv e  12.7 g  (9 0 % ) A n a l. C a lcd  fo r  C i5H 29C12N 20 : C , 56.1; H , 8 .2 ; N ,  8 .7 . 
o f 8: bp  220° (kugelroh r, 0.5 m m ); ir (C H 2C12) 6.10 y. ( C = 0 ) ;  F ou n d : C , 56.1; H ,  8 .4 ; N ,  8.8.
nm r (C D C 1 3) d 1.58 (4  H ,  m , C C H 2C H 2C ),  1.90-3.50 (7  H , 2 -p -A n is y l- l,6 -d ia za [4 .4 .1 ]undecane (1 4 ).— T o  a fresh ly  p re 
overlapp in g  m u ltip lets, C H AN N C H 2, A r C C H 2C H 2C O ),  3.70 pared  solu tion  o f 1.7 g  (0.074 g -a to m ) o f sod ium  in 50 m l o f anhy-
(3  H , s, O C H 3), 3.92 (1 H ,  t ,  J  =  5.0 cps, A r C H N ) ,  4.28 (1 H , drous m ethanol (n itrogen  a tm osp h ere) th ere  was added  a  solu tion
m , C H b N C O ),  7.08 (4 H , A 2B 2, C eH 4).  o f 9.0 g  (0 .023 m o l) o f 10 and 60 m l o f  m eth an o l. T h e  solu tion

A na l. C a lcd  fo r  C i5H 20N 2O 2: C , 69.2; H , 7 .7 ; N ,  10.8; w as re fluxed  96 hr, concen trated  in  vacuo, and th e  residue trea ted
0 ,1 2 .3 .  Fou n d : C , 68.7; H ,  8.0; N ,  10.7; 0 ,1 2 .5 .  w ith  75 m l o f w a te r and 75 m l o f p en tan e. T h e  organ ic  la y er was

A  solution o f 8 in te trah yd ro fu ran  was trea ted  w ith  anhydrous d ried  (N a 2SO<), filte red , concen tra ted  in  vacuo, and d istilled  
HC1 to  g iv e  the h yd roch lorid e  o f 8, m p  174-176°. (ku ge lroh r; 1.0 m m , 2 0 0 -2 2 0 °) to  g iv e  4 .4  g  (9 0 % ) o f 14 as an

A n a l. C a lcd  fo r  C isH 2iC 1N20 2: C , 60.5; H , 7.1; N ,  9 .4 ; o il: nm r (C D C 13) 6 1 .33-3 .27  [14 H ,  o ve r la p p in g  m u ltip lets ,
0 ,1 0 .8 .  F ou n d : C , 60.5 ; H ,  7 .5 ; N ,  9 .1 ; O , 11.0. (C H 2)3N (C H 2)4N ] , 3.70 (1 H , m , A r C H N ) ,  3.75 (3 H ,  s, O C H 3),

A  solu tion  o f 1.0 g  (0 .004 m o l) o f 8, 1.8 g  ]0.008 m o l) o f m e th y l 4 .O8 (H A ), 4.42 (H B, A B ,  J  =  15.0 cps, N C H AH BN ) ,  7.00 (4  H ,
iod ide, and 60 m l o f d ry  d ie th y l ether w hen  stirred  a t room  A 2B 2, C 6H 4).
tem peratu re  fo r  52 hr (t ic  g a ve  on ly  8 ) and re fluxed  fo r  18 hr A n a l. C a lcd  fo r  C i6H 24N 20 :  C , 73.8 ; H ,  9 .3 ; N ,  10.8.
g a ve  a fte r  w ork -up  on ly  recovered  8. F ou n d : C , 73.4; H ,  9 .5 ; N ,  10.8.

2 -p -A n isy l- l,6 -d ia zab icyc lo [4 .4 .0 ]d ecan e  (9 ) .— T o  a s tirred  A  solu tion  o f 14 in anhydrous d ie th y l e ther w as trea ted  w ith
s lu rry  (n itrogen  atm osphere) o f 6 .7  g  (0 .176 m o l) o f lith iu m  d ry  HC1 to  g iv e  the h yd roch lo rid e  o f 14: m p  187-189° (h yg ro -
alum inum  h yd ride  and 500 m l o f d ry  d ie th y l e ther there was added  scop ic ); nm r (C D C la ) 5 1.98 [8 H , m , (C C H 2C H 2C )2] , 2 .60-3 .80
dropw ise a solu tion o f 22.8 g  (0 .088 m o l) o f 8 in 250 m l o f d ry  [6 H , C H 2N C N + (C H 2)C H 2] , 3 .72 (3  H ,  s, O C H 3),  3.81 (1 H ,  m ,
d ie th y l ether. A fte r  96-hr re flux the m ix tu re  w as cooled  in  an A r C H N ) ,  4.62 (H A ), 4.93 (H B, A 2B 2, J  =  15.0 cps, +N C H AH BN ) ,
ice bath , trea ted  w ith  13.4 m l o f 2 N  N a O H , 20 m l o f w a te r, and 6.98 (4  H ,  A 2B 2, C 6H 4),  9.20 (1 H , D 20  exchangeab le, + N H ) .
50 g  o f anhydrous N a 2S 0 4, filte red , and concen trated  in  vacuo. A n a l. C a lcd  fo r  C i6H 26C1N20 :  C , 61.6; H ,  8 .4 ; C l, 12.0.
D is tilla t ion  o f th e  residue ga ve  17.8 (8 2 % ) o f 9: b p  205° (16 Fou n d : C , 61.7; H , 8 .7 ; C l, 12.3.
m m ); m p  66-68° (p en ta n e ); nm r (C D C 1 £) 5 1.62 (8  H ,  over- 5 -p -A n isy l- l-m e th y l- l,6 -d ia zacyc lod eca n e  (1 5 ) and 5 -p-A n isy l-
lapp ing  m u ltip lets , C C H 2C H 2C , C H 2C H 2C A r ) ,  1 .90-3.32 [7 H ,  l-m e th y l- l,6 -d ia zacyc lod ec-4 -en e  (1 6 ).— F o llo w in g  th e  procedu re
over la pp in g  m u ltip le ts , C H 2N (C H 2)N (C H » )C H A r ] ,  3.73 (3  H ,  used to  prepare 13 a m ixtu re  o f  9.0 g  (0 .023 m o l) o f 10, 1.3 g
s, O C H 3),  7.01 (4  H , A 2B 2, C 9H 4).  (0 .055 g -a to m ) c f  sod ium , and ~ 2 0 0 m lo f  anhydrous liqu id  am-

A n a l. C a lcd  fo r  C i5H22N 20 :  C , 73.1; H ,  9 .0 ; N ,  11.4; 0 ,  m on ia  g a ve  7.2 g  o f basic m a teria l, R i 0.2 and 0.5 (C H C 1 3- C H 30 H ,
6.5. F ou n d : C , 73.1 ; H ,  9 .3 ; N ,  11.6; O , 6.9. 9 0 :1 0 ). C h rom a togra p h y  on  s ilica  ge l (100 g ;  e lu en t CH C 13-

A  solu tion  o f 9 in  d ie th y l e ther trea ted  w ith  anhydrous HC1 C H 3O H , 9 8 :2 ) g a ve  1.8 g  o f 16 as an o il: R f 0 .5 ; ir  (C H 2C12)
ga ve  th e  h yd roch lorid e  o f 9, m p  153-156°. 6.05 M ( C = N ) ;  u v  m axim a  226 m M (9030 ), 276 (1805 ), 283

A na l. C a lcd  fo r  C ,6H 23C1N20 :  C , 63.7; H ,  8 .2 ; C l, 12.5. (1435 ); nm r (C D C 1 3) S 1.63 (8  H ,  m , fou r C H 2 grou ps ), 2.27
Fou n d : C , 63.5; H ,  8 .4 ; C l,  12.7. (3  H , s, N C H 3), 2.32 (6  H ,  m , C H 2N C H 2, = N C H 2) ,  3 .72 (3  H ,

5 -p -A n isy l-1 -m ethyl-1,6 -d ia zon ia [4 .4 .0 ]decane Io d id e  (1 0 ).— A  S; O C H 3), 6.98 (4  H , A 2B 2, C 6H 4) and 4 .7  g  o f 15 as an o il, R {
solu tion o f 12.7 g  (0 .052 m o l) o f 9, 14.7 g  (0 .104 m o l) o f m e th y l 0 .2 ; ir (C H 2C12)  2.75, 3.08 and 3.13 ¿1 ( N H ) ;  n m r (C D C 1 3 S 1.71
iod ide, and 125 m l o f d ry  d ie th y l e ther w as stirred  fo r  50 hr a t (g  H , m ,fo u r  C H 2grou ps ), 2.25 (3  H , s , N C H 3),  2 .05-2 .54  (6  H ,  m ,
room  tem peratu re . T h e  resu ltant so lid  w as filte red  o ff to  g iv e  C H 2N C H 2, N 'C H 2), 3.50 (1 H ,  m , A r C H N ) ,  3.71 (3  H ,  s, O C H 3),
18.2 g  (9 1 % ) o f 1 0 : m p  212-215° (C H 2C l2- e th e r ) ;  n m r (C D C 1 3) 5 .0 2  (1  H ,  D 20  exchangeab le, N H ) ,  7.00 (4  H ,  A 2B 2, C 6H 4).
5 1 .68-3.28 (11 H , over la pp in g  m u ltip lets , C H 2C H 2C H N C H 2- A n a l. C a lcd  fo r  C ieH 24N zO : C , 73.9 ; H ,  9 .2 ; N ,  10.8.
C H 2C H 2), 3.62 (3 H , s, C H 3N + ) ,  3.66 (2  H ,  m , C H AN + C H A ),  F ou n d : C> 73 .7; H , 9 .1 ; N ,  10.6.
3.78 (3  H ,  s, O C H 3), 4.32 (C H BN + C H B),  7.10 (4  H ,  A 2B 2,
C 6H 4) .  Registry No.— 1, 20072-61-1; 2, 20072-62-2; 3,

A n a l. C a lcd  fo r  C 16H 25I N 20 :  C , 49 .5 ; H ,  6 .5 ; N ,  7 .2 . 20072-63-3; hydrochloride of 3, 20072-64-4 ; 4, 20126-
F ou n d : C , 49.1; H ,  6 .7 ; N ,  7.2 07-2; 6  20072-65-5; 7,20072-66-6; 8, 20072-67-7;

l‘ o “ ,hg  hydrochloride of 8 . 20072-68-8; 0 . 20072-69-9; hydro-
anhydrous m ethanol (n itrogen  a tm osph ere) th ere  was added  a  chloride of 9, 20072-71-3; 10, 20072-72-4) 12, 20072-
solu tion  o f 25 g  (0.067 m o l) o f 4 in  200 m l o f anhydrous m eth an o l. 73-5; 13, 20072-70-2; dihydrochloride of 13, 20072-
A fte r  48 hr a t reflux th e  so lven t w as rem oved  in  vacuo and th e  7 4 , 5 . 1 4  20072-29-1 • dihydrochloride of 14, 20072-
residue trea ted  w ith  100 m l o f w a te r and 150 m l o f m eth y len e  3Q ’ ’ 20072-31-5; ’ 16, 20072-32-6.
chloride. T h e  organ ic  la y er w as concen trated  m  vacua and th e  7 7 7 7
residue trea ted  w ith  250 m l o f pen tane, fib e red , and th e  f iltra te  Acknowledgment.— The authors express their ap-
concentrated in  vacuo to  g iv e  10.6 (6 2 % ) o f 12: bp  192-195 . . , A/r TT c,, •, r  i i  • 4- ^  j»
(0.25 m m ); nm r (C D C 1 3) s 1.05 (1 H , d -m . J  =  12  cps, C H AN ) ,  preciation to M r .  Urs Stoeckli and his associates for
l .50-3.56 [12 H , over la pp in g  m u ltip lets , A r C H (C H 2) 3N C H 2C H 2- instrumental and analytical data.
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A procedure has been developed which allows successful extension of the Darzens synthesis to the preparation 
of aziridine esters and amides. The stereochemical course of the condensation yields the unexpected result of 
preferential formation of trans ester and cfs-amide. The significance and a possible explanation of this result are 
discussed. The chemistry of these aziridines has been briefly investigated and found to be dominated by the 
ease with which these compounds form azomethine ylides.

The unexpected reactions and stereochemical be- aziridines to isomerize under the reaction conditions
havior which we encountered in our studies of 2-chloro- (see Experimental Section) indicates that these product
1,3-diphenylaziridines have focused our interest on ex- ratios are kinetically controlled. This rather remark-
ploring the chemistry of related functionally substi- able change in the stereochemistry of the major product
tuted aziridines.2’ 3 Although a number of precursors to from trans to cis will be discussed below. The structure
functionally substituted aziridines were considered, and stereochemistry of these products were established
aziridine esters appeared to offer the greatest versatility. by their elemental analyses and nmr spectra (Table I).
In order to correlate our results with our previous work, The isolation of aziridines la, 2a and 2b is interesting 
we chose to prepare cis- and fran.s-l,3-diphenyl-2-azir- in view of a recent publication concerning the reaction of
idinecarboxylic acid derivatives (1 and 2 ). benzalaniline (3) with sulfonium ylides (4) .5 The main

product of these reactions were cinnamic acid deriv- 
0  atives 5. Careful inspection (see Experimental Sec-
II tion) revealed that 5 was not formed as a by-product in

P  P x  the aziridine synthesis. Conversely, aziridines lb  and
) r— V — -p 2b were not detected in the synthesis of 5b.

H \ (  C - X  H V  H

I 0  I °  Ph H
Ph Ph + - || \ /  0 

1 2 PhCH=NPh +  (CH3)2SCHCX —*• V S
a, X=OC2H5 3 4 yX = < ^ X
b, X=N(C2H5)2 \  Ph H

\  /  t  5Attempts to extend conventional procedures for azir- \  0 /  v
idine synthesis were unsuccessful when applied to the *  + || /  /
preparation of 1 and 2. Our search for alternative (CH3)2SCHCX b '
routes to these compounds has resulted in the discovery / T \ “ *" 1,2
that the Darzens condensation4 can be extended to the Ph ^  NPh
synthesis of 1 and 2.

Reaction of benzalaniline (3) and ethyl chloroacetate 
in ether (sodium methoxide as base) or in benzene (po
tassium f-butoxide as base) failed to yield the desired It  was concluded by the authors that the initially 
product. The combination of dimethoxyethane as sol- formed betaine (6 ) underwent initial closure (b) to azir-
vent and potassium f-butoxide as base, however, re- idine ( 1 , 2 ) which rapidly opened (b ') to the observed
suited in the formation of la in 29% yield. Examina- product. An alternative mechanism (a) which by

passed the aziridine ring was excluded by means of an 
PhCH=NPh +  ClCH2C02Et -* la alternative (carbenoid) reaction with 3 which also

3 yielded 5.
,. • , , , In view of this reported instability of aziridines 1 andtion of the crude reaction mixture by nmr spectroscopy „  , , , . , . ,. ,

, „ , ,, mm’ c 11 • • • 2 , we undertook a brief examination of their thermafshowed that no more than 10 %  of the isomeric cis ’ . .... . . . . . . .  , , Ali, ,, ,  , A r , T . .. 0 , ,  stability and sensitivity toward base. Although no readduct (2a) was formed. In a similar manner, 2-chloro- J J , , . , & , ,
at at j- ,i i . •, u  i , j  -,i ,  . action occurred at room temperature in carbon tetra-N,N-diethylacetamide could be condensed with 3 to , ,  .. . . . .  , . . . .
• • ok „ i l . __ • • rom , • , ,  chloride, irans-azindine la underwent isomerization ingive cis amide 2b as the major product in 58% yield. .. . . ’ , , ono » •  /cn Cfvs

°  . i • i%. j • nm • i j  j  this solvent at 80 . After 10 hr, equilibrium (50:50)A  second product was also isolated in 7% yield and 1 , ,  , • /
■a j.-« a +k~ 4, u.__ „ „ ik  a i ■. ' f  was established between la  and a new substance whichidentified as the trans isomer lb. Analysis of the crude . .  , , , , . , . . ... r 0 .
reaction mixture showed a similar ratio (approximately f Juld,not be obtained m pure crystalline form. Struc-
9:1) of cis to trans products. The failure of these t'ure 2a was thT18 compound on the basis of

its nmr spectrum (Table I). In a similar manner, lb
(1) Acknowledgement: Support of this research by National Science COUld b e  e q u i l ib r a t e d  in  C a rb o n  t e t r a c h lo r id e  a t  80 t o

Foundation Grants GP-5531 and GP-8044 is gratefully acknowledged. a  52:48 m ix t u r e  o f  lb  a n d  2b r e s p e c t i v e l y .

(i965)J A* DeyrUP ^  R< B‘ Greenwald’ ^mer‘ Chem' S°c" ®7, 4538' These isomerizations in the absence of base are most
(3) j . a . Deyrup and r . b . Greenwald, Tetrahedron Lett., 5091 (1966). reasonably explained, in terms of intermediate azo-
(4) M . S. Newman and B. J. Magerlein, Org. R ea ctions , 5, 413 (1949);

H. O. House, “ Modern Synthetic Reactions,”  W. A. Benjamin, Inc., New (5) A. J. Speziale, C. C. Tung, K . W. Ratts, and A. Yao, J .  A m e r. Chem .

York, 1965, p 240. Soc., 87, 3460 (1965).

2724 Deyrup The Journal of Organic Chemistry



T a b le  I

N m r  Sp e c t r a  o f  C o n d e n s a t io n  P r o d u c t s “

Compd ArH  C-3 I l ‘  C-2 H* CHj CHs

la 6.7-7.4 3.72(2.0) 3.08(2.0) 4.07 1.08
2a 6.7-7.6 3.44(7.0) 3.04(7.0) 3.80 0.92
2b 6.8-7.5 3.42(7.5) 3.07(7.5) 2.9-3.5 4-1.1
lb 6.7-7.4 3.90(2.0) 3.07(2.0) 3.0-3.8 0.8-1.4

“ Chemical shifts are expressed in S, ppm, with respect to internal TMS. Values in parantheses are for J , , , .  6 The assignment of C-2
and C-3 is tentatively based on the greater deshielding effect of a Cells over a C02R group. c L. M. Jackman, “Applications of Nuclear 
Magnetic Resonance Spectroscopy in Organic Chemistry,” Pergamon Press, New York, N. Y., 1959, p 53.

methine ylide 7.6 In order to confirm the intermediacy signment of structures 10 and 11 to the products of the
of this dipolar species, aziridines la, lb, and 2b were reactions described in this paper. An unusual feature

0 of the nmr spectra of these compounds in the magnitude
Ph _ || (3.5-7 Hz) of the long range coupling constants Jab-

H '-\ ,+/CFi C X CH30,C. C02CH3

T  la, lb —  pO = C C 0 X
Ph haA nA hb

7 I
heated in carbon tetrachloride in the presence of a two- Ph
fold excess of a dipolarophile (dimethyl acetylenedicar- A b = 3-5 Hz
boxylate). In each case a single 1:1 adduct was ob- 10

Previous reactions of aziridines with alkynes (via azo- CHJkC. CQ2CH3
methine ylides) have produced 2-pyrrolines,7 3-pyr- 2b__* X  x f  B
rolines,6b'8 and mixtures of both.6a Especially relevant HA ' j A  N 3OX
to this work is the adduct formed from 1,2,3-triphe- !
nylaziridine and dimethyl acetylenedicarboxylate.8 Ph
This symmetrical adduct has been definitely assigned JAB = 7 Hz
the 3-pyrroline structure (8) on the basis of the single jj
OCH3 and ring proton peaks in its nmr spectrum. The
unsymmetrical 2-pyrroline isomer (0) would be expected Although efficient coupling does not normally occur

through four a bonds,7’11 the presence of the nitrogen 
CH302C . C 0 2CH3 CH302C C02CH3 atom12 and possible contributions of the homoallylic

z ' Y  h~7 ^  type13 could contribute to the size of J ab-14
PhÎ 7 \ ;>,/\ph Both the esters and the amides were unaffected by

j I base in ethanol and dimethoxyethane at 25°. A t
Ph ph higher temperatures (80°), alcoholic base converted
8 g ester la into benzaldehyde and ethyl 2-anilinoacetate.

These products were presumably formed in the reaction 
to show two separate OCH3 peaks as well as different of 7 with trace amounts of water present in the solvent.16
(and coupled) ring protons. Similar nmr spectral sym- A  solution of potassium i-butoxide and lb  or 2b in t-
metry arguments can not be extended to the adducts butyl alcohol at 82° produced an equilibrium mixture of
from la, lb, and 2b. The difference in the chromo- 2b and lb  (65:35). Although no attempts were made
phoric systems of N-phenyl-2- and 3-pyrrolines allows to ascertain the role (if any) of base in this latter equi-
ultraviolet spectral comparison of these adducts with 8. librium, it is clear that aziridines 1 and 2 are not pre-
The great similarity of the uv spectra of 8 (XmlxH 242 mp, cursors of 5. We conclude, therefore, that the reaction
log t 4.29; 288 m/i, log e 3.26), the adduct from la of sulphonium ylides with imines proceeds via path a and
(XmSH 240 m/Li, log « 4.37; 284 m/i, log e 3.27), and the does not involve intermediacy of aziridine (path b).
adduct from 2b (X®lxH 242 npi, log e 4.35; 288 npi, log e The details of the mechanism by which the unsaturated
3.25) thus allows assignment of the 3-pyrroline structure product 5 is formed is an interesting but as yet un
to them.9 The stereospecificity of adduct formation settled question. A  number of possible mechanisms
also suggests that the initial adduct has not undergone can be considered.16
1,3-hydride migration to a 2-pyrroline isomer. A  con- The stereochemical course of these Darzens condensa- 
certed 1,3 shift is not thermally allowed, and stereo- tions is unusual and deserves further comment. The 
specific two-step isomerization seems unlikely.

The verification by Huisgen that aziridines open via . (11) N: sABhacca and P  H; A pHcationfiA  NMR~P,T
J  . 0  . Ru ii  troscopy in Organic Chemistry, Holden Day, Inc., San Francisco, Calif.,

a conrotatory process in thermal reactions6“ allows as- 1994, PP115.
(12) C f. reference 11, p 121.

(6) R. Huisgen, W. Scheer, G. Szeimies, and H. Huber, Tetrahedron L e tt., (13) Reference 11, p 110.
397 (1966); (b) R. Huisgen, W. Scheer, and H. Huber, J .  A m er. Chem. Soc., (14) Professor R. Huisgen has kindly informed us of his observation of
89, 1753 (1967). similar long range coupling constants in 3-pyrrolines.

(7) A. Padwa and L. Hamilton, J . H eterocyclic  Chem ., 4, 118 (1967). (15) Similar reactions and conclusions have been observed in the chemistry
(8) H. W. Heine and R. Peavy, Tetrahedron L e tt., 3123 (1965). of the N-alkyl aziridine esters; P. B. Woller and N. H. Cromwell, J .  H etero -
(9) The position and relative intensities of these maxima are in qualita- cy c lic  C hem ., 0, 579 (1968).

tive agreement with models for similar aniline chromophores.10 (16) C f. E. J. Corey and M. Chaykovsky, J . A m er. Chem . S oc ., 87, 1353
(10) A. T. Bottini and C. P. Nash, J .  A m er. Chem . Soc., 84, 734 (1962). (1965).
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Darzens condensation between halo esters and carbonyl ments (16 and 17) which have minimal incipient
compounds has been investigated by Zimmerman.17 eclipsing interactions. The bulk of the diethylamino
He concluded that the aldol intermediate 14 (Y  =  0, Z group and its probable coplanarity with the enolate
=  OR) is formed rapidly and reversibly prior to rate-de- anion t  system stands in opposition to the bulk of the
termining cyclization (fc-i >  fc2). The stereochemistry chloro group. For this reason, 17 would appear to be 
of the product 15 is, therefore, determined by the fc2 the preferred arrangement. Bond formation from 17
(itrans)/k2 (cis) ratio. This ratio for Y  =  0, Z =  OR was would produce 18, which is the diastereomeric precur-

sor to 2b. The extent to which these considerations are 
L Z l V applicable to the Darzens and similar condensations is

\ = Y  +  \ __/  _ L  \ \ under further study.19

H  H  D h- ‘ H y - '  Z

12 13 14 Experimental Section

0  cis- and trans-l,3 -D ip h en y l-2 -aza ir id in ecarb oxy lic  A c id  D i-
| e th y lam id e .— A  m ix tu re  o f 9.05 g  (0 .05 m o l)  o f b en za ldeh yd e

TT-A  an il and 7.87 g  (0 .0 7 ) m o l) o f potassium  f-bu tox ide  in  200 m l o f
\  / \  d im eth oxye th an e  w as coo led  to  — 40° under n itro gen . T h is

1 m ix tu re  w as stirred  and m a in ta ined  a t th is tem p era tu re  w h ile
15 a solu tion  o f  10.47 g  (0 .07 m o l)  o f 2 -ch lo ro -N ,N -d ie th y la c e t-

. . am ide  in 125 m l o f d im eth oxye th an e  was added  o ve r  a  2-hr
observed to be greater than unity. In order to explain period . T h e  reaction  w as a llow ed  to  w a rm  to  room  tem p era -

this result, Zimmerman noted that overlap of the C -0  -W tu re o ve r  a 30-m in  period  and concen trated  to  a sm a ll v o lu m e

orbital with the departing halide is greatest in the tran- in vacu0 afc 35°- T h e  residue was d ilu ted  w ith  w a te r  an d  e th er .

sition state which leads to the trans product ( “ overlap ***** f  of thefcther ^  the a(i”  fraotio“  wf  ef, ,,,v \ ■ r  tracted with two portions of ether, and the combined extracts
control ). w ere  d ried  (M g S O * ).  F ilt ra t io n  and e va p o ra tion  o f th e  e th er

The preferred formation of trans-aziridine la is in y ie ld ed  16.32 g  o f  crude m a te r ia l . 21 T h is  m a te r ia l w as chrom a-

agreement with Zimmerman’s picture of the Darzens tographed  on d ea c tiva ted  a lu m ina w ith  in itia l e lu tion  b y  p e tro -

condensation. In contrast, there is no reason to expect leum ether fo llo w ed  b y  benzene. In  th is  wa,y tw o  pu re  frac tion s

overlap control of fe to favor the trans eater (1 .) and the
CIS amide (2b). The stereochemistry of 2b must, there- ( 7 % ),  and  th e  cis isom er, m p  80 .5 -82 .5 ° (5 8 % ).  

fore, be determined in the condensation of 12 and 13 to Anal. C a lcd  fo r  C i9H 22N 20 :  C , 77.51; H ,  7 .53; N ,  9.52.

give 14. In other words, fc2 is greater than f c - i  and F ou n d : C , 77.76; H ,  7.60; N ,  9.61 (trans); C , 77.41; H,
fa (cis) is greater than fci (trans). The suggested inversion 7.73; N ,  9.30 (cis).
■ -7 i e ,  , , 7 , y  • , In spection  (n m r spectra l and th in  la y e r ) o f  th e  o th er frac tion s
m  m a g n i t u d e  o f  r a t e  c o n s t a n t s  k 2 a n d  fc - i  is  n o t  u n r e a -  d id  n o t revea l an y  3 -an ilin o -N ,N -d ie th y lc in n a m a m id e .

sonable in view of the decreased stability of enolate E th y l ¿m n s-l,3 -D iphen y l-2 -azir id in eca rboxy la te .—A  m ix tu re  o f

anion (9)18 and the increased nucleophilicity of the 42.5 g  (0 .25 m o l)  o f b en za ldeh yd e  an il and 39.2 g  (0 .35  m o l )  o f

heteroatom in 14. In  order to understand the stereo- potassium  f-bu tox ide  in 250 m l o f d im eth oxye th a n e  w as coo led  to

chemical control of this. reaction, i, is necessary to con-
Slder the transition state leading to the aldol mterme- ch loroaceta te . T h e  reaction  w as a llow ed  to  w a rm  to  room  tern-

diate (as opposed to the relative stability of these inter- peratu re fo r  1 hr, and then  eva pora ted  in vacuo. T h e  residue

mediates). We would like to suggest that the preferred was d ilu ted  w ith  w a te r and ex trac ted  severa l tim es w ith  e th er ,

geometry for the reaction between enolate anion 13 (Z The . f i f  ®f.ract? ^ e r e  d ried  and concen trated  to  g iv e  66.85 g  o f

=  N R 2) and mune (Y  =  N R  ) will find the cation more yieId 19.4 g (29%) of solid> mp 80_8r .  R ec rys ta lliza tio n  from

or less symmetrically disposed between the developing ethanol g a ve  colorless p rism s: m p  8 2 -8 4 °; ir  (N u jo l )  1730 c m -1,

(on nitrogen) and dispersing (acyl oxygen) negative Anal. C a lcd  fo r  C i7H I7N 0 2: C , 76.38; H ,  6 .41; N ,  5.24.

charge. This restriction allows two possible arrange- Fou n d : C , 76.62; H ,  6.29; N ,  5.45.
P rep ara tion  o f 3 -A n ilin o -N ,N -d ie th y lc in n am am id e .— T h is  

C2H 5 C2H 5 com pound  was p repared  in  4 8 %  y ie ld  (m p  9 0 -9 2 ° ),  9 1 -9 2 ° )5
■ \ - r  \  /  accord ing to  th e  p rev iou s ly  pub lished  procedu re. C a re fu l chro-

' N  m a tograph ic  in ves tiga tion  o f  th e  m o th er liqu ors fa iled  to  re vea l
Cl H  I e ith er o f th e  isom eric  azirid ines.

S ta b ility  o f P rod u cts  to  R ea c tion  Cond itions.— A  so lu tion  o f 
p , 40 m g  (0.35 m m o l) o f potassium  ¿-butoxide and 74 m g  (0 .25
™  | | m m o l) o f irans-am ide lb  in 5 m l o f d im eth oxye th a n e  w as a llow ed

H  I to  stand  a t room  tem peratu re  fo r  2 hr. T h e  so lu tion  w as then
” k  eva p o ra ted , d ilu ted  w ith  w a te r, and ex trac ted  w ith  ch loro fo rm .

16 T h e  th in -layer ch rom atogram  o f  these extracts  show ed  lb  and
no other p rodu cts. T h e  ch lo ro fo rm  w as then  e va p o ra ted . T h e  

C2H 5 C2H 5 w e igh t o f th e  residue and its  nm r spectru m  dem on stra ted  th a t  lb
\  /  N E t2 bad  been recovered  q u a n tita t iv e ly .

H  H  I w H \ / V  (19) In contrast to our observed Jci (c is )/ k i (t ra n s ), a recent report of the
| Darzens condensation between 12 (Y  =  O) and 3 (Z =  N R 2) explained the ap-

I — ► 2b proximately equal (isolated) yields of cis and trans in terms of an expectation
K  P l l ^ \  ^  ~  t t rans)  (re  ̂ 20). Alternatively, their result could reflect

I 1 a fortuitous combination of almost equally rapid aldolization and cyclization
C l I I steps.

Jj, (20) C. C. Tung, A. J. Speziale, and H. W . Frazier, J .  O rg. C hem ., 28,
17 r h  1514 (1963).

18 (21) The nmr spectrum of this crude material revealed none of the trans
-------------------- isomer. The complexity of the spectrum in the region of the ring protons

(17) H. E. Zimmerman and L. Ahramjian, J .  A m er. Chem . Soc., 82, 5459 might (conservatively) prevent detection of less than 10% trans isomer.
(1960). (22) The nmr spectrum of this crude product showed no detectable amount

(18) A. J. Spezialle and H. W. Frazier, J .  O rg. Chem ., 26, 3176 (1961). (less than 10%) of the cis  isomer.
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A  solu tion  o f trans ester la  (125 m g , 0.5 m m o l) and potassium  6.18 (d , 1 H ,  J  =  7 H z ) ,  6.12 (d , 1 H , J  =  7 H z ) ,  3.76 (s , 3 H )
¿-butoxide (112 m g , 1 m m o l) in  10 m l o f  e thanol w as a llow ed  to  3.60 (s, 3 H ) ,  3 .1 -3 .8  (m , 4 H ) ,  and 0 .8 -1 .4 p p m  (m , 6  H ) .
stand a t room  tem p era tu re  fo r  3 hr. T h in  la y e r  analysis o f th is A n a l. C a lcd  fo r  C 25H 28N 2O 5: C , 68.69; H ,  6.47; N ,  6.42.
solu tion  in d ica ted  th a t no change had occurred . F ou n d : C , 68.81; H ,  6.46; N ,  6.28.

Ring Opening of Ethyl trans-1,3-Diphenyl-2-aziridinecarboxyl- Reaction of ¿raws-l,3-Diphenyl-2-aziridine Carboxylic Acid
ate (CC14).— A  solu tion  o f 268 m g  (1  m m o l) o f th e  azirid ine  ester Diethylamide with Dimethyl Acetylenedicarboxylate.— A  solu- 
and 4 m g  o f N a O E t  in  20 m l o f e thanol was re fluxed  fo r  3 days . t ion  o f 294 m g  (1  m m o l) o f th e  azirid ine and 282 m g  (2  m m o l) o f
T h e  solu tion  w as then  eva pora ted , d ilu ted  w ith  w a te r, and ex- the d ipo laroph ile  was re fluxed  in 30 m l o f carbon  te trach loride
tracted  w ith  e ther. T h e  e th er extracts  w ere  d ried  and concen- fo r  24 hr. E va p o ra tio n  a t reduced  pressure y ie ld ed  a solid  
tra ted  to  g iv e  250 m g  o f o il w h ich  had a s tron g  odor o f benza l- w h ich  was recrysta llized  fro m  b en zen e-cyc lohexan e to  g iv e  350
deh yde. T h e  nm r spectrum  o f th is o il was id en tica l to  th e  n m r m g  (8 0 % ) o f a so lid : m p  148-149°; n m r (C D C I 3 ) S 6 .3 -8 .1  (m ,
spectrum  o f a 50 :50  m ix tu re  o f b en za ldeh yd e  and e th y l 2 -an ilino- 10 H ) ,  5.77 (d , 1 H ,  ./ =  4  H z ) ,  5.40 (d , 1 H ,  ./ =  4  H z ) ,  3.76
aceta te . T h is  assignm ent was con firm ed b y  iso la tion  o f the (s, 3 H ) ,  3.60 (s, 3 H ) ,  3 .1 -4 .1  (m , 4 H ) ,  and l - 1 .5 p p m  (m , 6H ) .
la tte r  com pound . A na l. C a lcd  fo r  CasRaN iCh: C , 68.79; H ,  6 .47; N ,  6.42.

Equilibration of cis- and irans-Diethylamides (¿-BuOH).— A  Fou n d : C , 6 8 .6 6 ; H ,  6.53; N ,  6.31.
solu tion o f 235 m g  o f th e  cis am ide  was heated  a t reflux w ith  10  m g  E xa m in ation  o f th e crude reaction  m ix tu re  fro m  th e  reaction  o f 
o f potassium  f-bu tox ide  in  10 m l o f i-b u ty l a lcohol. A f te r  3 the cis- and irans-azirid ines fa iled  to  revea l d etec tab le  am ounts 
days, tic  analysis revea led  no fu rther change. T h e  solu tion  was o f isom eric con tam ination .

evapora ted , d ilu ted  w ith  w a te r , and ex trac ted  w ith  e ther. T h e  Reaction of Ethyl ira?is-l,2-Diphenyl-2-aziridinecarboxylate
residue was exam ined  b y  n m r spectroscopy , w h ich  in d ica ted  with Dimethyl Acetylenedicarboxylate.— A  solu tion  o f  500 m g
cis and trans isom er in an 6 5 :35  ra tio , re sp ective ly . A  solu tion  (1 .9  m m o l) o f th is azirid ine  and 530 m g  (3 .7  m o l)  o f th e  d ipo laro-
o f 160 m g  o f th e  irans-am ide and 8 m g  o f potassium  i-b u tox id e  ph ile  was refluxed  in 30 m l o f carbon  te trach lorid e  fo r  3 days,
in 8 m l o f i-b u ty l a lcohol was trea ted  in a s im ilar m anner and T h e  so lven t was rem oved  and th e  residue recrysta llized  from
produced th e  sam e 65 :35  d istribu tion . e thanol to  g iv e  500 m g  (6 4 % ) o f so lid : m p  12 0 - 1 2 1 ° ;  n m r (C C l4)

Equilibration of Ethyl trans-l,3-Diphenyl-2-aziridinecarboxyl- S 6 .4 -7 .8  (m , 10 H ) ,  5.70 (d , J  =  3 .5  H z ,  1 H ), 5.22 (d , J  =
ate.— A  solu tion  o f 1 g  o f th is ester in  25 m l o f CC14 was re fluxed  3.5 H z ,  1 H ) ,  4.35 (q ,  ./ =  7 H z, 2 H ) ,  3.76 (s, 3 H ) ,  3 .60 (s,
fo r  10  hr. A n  n m r spectrum  o f an a liq u o t was iden tified  as a 3 H ) ,  and 1.37 p p m  ( t , /  =  7 H z ) .
50 :50  m ix tu re  o f cis- and irans-azirid ine esters. T h is  ra tio  had A n a l. C a lcd  fo r  C 23H 23N O 6: C , 67.47; H ,  5.66; N ,  3.42.
n ot changed a fte r  9 hr o f  ad d ition a l re flux. T h e  so lven t was F ou n d : C , 67.31; H ,  5 .56; N ,  3.23.
then  rem oved  and th e  residue was d ilu ted  w ith  petro leu m  ether. N o  isom ers cou ld be detec ted  in th e  crude reaction  m ixtu re. 
T h e  m a jo r ity  o f the trans isom er cou ld be rem oved  b y  filtra tion . A n o th er experim en t w ith  equ im ola r am ounts o f the tw o  reactants
T h e  n m r spectrum  o f th e  residue was in  agreem en t (see T a b le  produ ced  the sam e stereochem ica l resu lt. In  con trast, reflux
I )  w ith  th a t expected  fo r  the cis isom er. A l l  a ttem p ts  to  ob ta in  o f an equ im ola r m ix tu re  o f the tw o  reactants in  to lu ene fo r  3 hr
this m a teria l in  a  crysta llin e  fo rm  h ave  beer, unsuccessful. p roduced  a m ix tu re  o f tw o  adducts. T h e  second adduct was

Equilibration of irans-Diethylamide lb (CC14).— A  solu tion  o f recogn ized  as isom eric  to  th e  firs t: n m r (CC14) S 6 .14 (d , J  =
80 m g  o f 7 in 25 m l o f CC14 was re fluxed  fo r  3 days . T h e  solu - 7.5 H z ,  1 H ) ,  and 5.81 p p m  (d , J  =  7.5 H z ,  1 H ) .  T h is  second
tion was evapora ted  and th e  percentages o f 2b and lb determ ined  adduct was n o t characterized  fu rther,
as 52 :48  (re sp ec t iv e ly ) b y  n m r spectroscopy . 23

Reaction of cis-1,3-Diphenyl-2-aziridinscarboxyIic Acid Di- i „ o o a -i a  -n n  ori, .  . ,
ethylamide with Dimethyl Acetylenedicarboxylate - A  solu tion „  Re£Stry ri l ° ‘ ? ’ lb > S0414' 51' 1;
o f 294 m g  (1 m m o l) o f  th e  azirid ine and 282 m g  (2 m m o l) o f th e  2a, 20414-52-2; 2b, 20414-53-3; 10b, 20414-54-4;
d ipo laroph ile  w as re fluxed  in  30 m l o f  carbon  te trach lorid e  fo r  l ib , 20414-55-5; 11a, 20414-56-6.
24 hr. E va p o ra tio n  a t reduced  pressure y ie ld ed  a solid  w h ich

was re c iy s ta m z a i from  benzene-petrcfleurr e ther to  g iv e  330 m g  Acknowledgments.— The author wishes to express
(7 6 % ) o f a solid : m p  139-140 ; nm r (C D O . )  5 6 .3 -7 .S  (m , 10  H ) ,  h is  a p p r e c ia t i o n  t o  M ig s  K a r y l  B a r r o n  (National

Science Foundation Summer Research Participation 
1968) for the preparation of several of the

equilibrations: R. E. Lutz and A. B. Turner, J . Org. Chem ., S3, 516 (1968). S lb o v e  C O IIlpO U Ilds.
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Reactions of Phenylchlorodiazirine with 
Nucleophiles and Substituted Acetylenes1,2

Albert Padwa3 and David Eastman
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The chemistry of phenylchlorodiazirine (I) has been investigated with emphasis on the nucleophilic attack on 
the nitrogen-nitrogen double bond and the formation and chemistry of phenylchlorocarbene. Treatment of I 
with phenyllithium afforded diphenylbenzamidine, whereas reaction with methyllithium gave acetophenone.
The reaction of I with sulfonium and phosphonium ylides was also studied. Like other diazirines, phenyl
chlorodiazirine decomposes thermally to produce phenylchlorocarbene, which may be trapped with triphenyl- 
phosphine, tri-re-butyltin hydride, and substituted acetylenes.

Among the numerous heterocyclic ions which have Once formed, the carbene reacts with excess starting 
been prepared, the diazirinium ion is of particular in- diazirine (I ) to give a transient diazabicyclo[1.1.0]-
terest. The heterocyclic cation is isoelectronic with the butane intermediate.12 Subsequent bond reorganiza-
cyclopropenyl cation4 and consequently would be pre- tion readily rationalizes the formation of azine II. In 
dieted to be stable according to Hiickel’s 4n +  2 rule.6,6
Although this rule strictly applies only to monocyclic Ph N A •• Ph N
hydrocarbons, heterocyclic aromatics possessing this C| X j  -  [Phcn] +  -
number of t electrons are considered to meet the criteria ph
of aromaticity.7 Extended Hiickel calculations have
indicated however, that the diazirinium cation is un- C1 C1
stable with respect to a distortion to a diazomethane Ph^ __  .Ph
cation.8 In an attempt to gain some insight into the C I ^ I n TI  Cl'^=  ==*̂ 'C1

N = N
\y  * = +> —> * fact, thermolysis of I  in benzene gives I I  in excellent

I* yield. Similarly, irradiation of I  in pentane yields I I
R and a mixture believed to be the insertion products of

. .................  phenylchlorocarbene with n-pentane. Evidently I I  is
chemical and physical properties of the diazirinium ion a secondary product formed from partial decomposition 
system, the chemistry of 3-chlorophenyldiazirine has of j  under the original reaction conditions, 
been investigated. The results of some attempts to With the hope of documenting the transient existence 
generate the anion and radical from a 3-halodiazirine 0f ^he diazirinyl anion, we set out to examine the metal
are reported in this paper. exchange reactions of phenylchlorodiazirine. Treat-

3-Chlorophenyldiazirme (I ) was available from the ment of I  with phenylhthium in ether afforded diphenyl- 
reaction of benzanudine hydrochloride with an aqueous benzamidine (IV ) in excellent yield. Isolation of the 
sodium hypochlorite solution.6 In addition to diazirine 
I  (60%), smaller quantities of l,4-diphenyl-l,4-dichloro-
2,3-diaza-l,3-butadiene (I I )  (4%) and 3,5-diphenyl- |
1,2,4-oxadiazole ( I I I )  (3%) were formed. r N ’

NH Ph\ / N  M T. „  / \  PhLiX  noc c1><n + PhLl — Lph-^= NJ
Ph^^NH,HCl ^

* ci>=N- N=<a ♦ X X *  A "
CY n  P h ' ^ 0  N  Ph ^ N H P h

i  m fv

Like other diazirines, phenylchlorodiazirine decorn- amidine su ts that the reaction occurs by attack of
poses thermally to produce phenylchlorocarbene.9- 11 phenyliithium on the N -N  double bond followed by

(1) We gratefully acknowledge support of this research by the Public chloride ion loss and subsequent reaction of the initially
Health Service Grant g m  13990-02. formed intermediate with excess phenyllithium. Pre-

(2) For a preliminary report of this work, see A. Padwa and D. Eastman, • . , , . . . .  r ..
Tetrahedron Lea., 4035 ( 1967). v i o u s  r e p o r t s  b y  S c h m i t z 13 h a v e  d e m o n s t r a t e d  t h e  fa c i l e

(3) Alfred p. sioan Foundation Fellow, 1968- 1970. addition of related organometallics to diazirines and
oiit)M̂ Â re8l°w’ H' Hover’ and H' w' Chang' J - A m e r - C h e m - S o c -  M> provide reasonable chemical analogy for the first step.

(5) A. Streitwieser, Jr., “ Molecular Orbital Theory for Organic Chemists”  -»-t SG6II1S &S t l lO U g n  t ilG  ln itlB/l ln tG riX lC u ia tG  llIld.GrgOGS
John Wiley &  Sons, inc., New York, n . y „  1961, p 256. f u r t h e r  r e a c t i o n  w i t h  p h e n y l l i t h iu m  a t  a  fa s t e r  r a t e  t h a n

(6) W. H. Graham, J .  A m er. Chem . Soc., 87, 4396 (1965).
(7) R. Breslow, J. Brown, and J. J. Gajewski, ib id ., 89, 4383 (1967).
(8) R. Hoffmann, Tetrahedron , 22, 539 (1966). (12) The formation of oxadiazole I I I  may also originate from the transient
(9) H. M . Frey and I. D. R. Stevens, J .  Chem. Soc., 1700 (1965). diazabicyclo[1.1.0]butane.
(10) R. A. Mitsch, J . A m er. Chem . S oc ., 87, 758 (1965). (13) E. Schmitz, “ Advances in Heterocyclic Chemistry,”  Vol. I I , A. R .
(11) R. A. Moss, Tetrahedron Le tt., 4905 (1967). Katritzky, Ed., Academic Press, New York, N. Y ., 1965, p 129.

2728 Padwa and Eastman The Journal of Organic Chemistry



does starting material. 14 This explanation accounts for mostly benzonitrile and dimethyl sulfide, with lesser 
the large amount (50%) of starting material that can be quantities of benzaldehyde and benzal chloride, 
recovered when equivalent quantities of phenyllithium
were used. When a 2 mol excess of phenyllithium was Ph-v^N - __+__ dmso

employed, a near quantitative yield of IV  could be ob- Ct n  2 1 3 *"
tained. CH

The rewtion course followed by treating I  with PhcN +  CHjSCH +
methylhthium in ether proved to be dramatically dif- 2
ferent. The major product obtained in this case was Although no detailed mechanistic study was under
identified as acetophenone. Careful examination of the taken, it is possible to formulate a reasonable path for 
residue revealed no detectable amount of dimethylbenz- the formation of benzonitrile based on the mechanism
amidine. I t  appears that the major difference in reac- previously outlined. As discussed above, initial nu

cleophilic attack on nitrogen followed by chloride ion 
Me loss would lead to a strained sulfonium salt. Removal

Ph N cHjii MeLi a proton from the salt followed by ring cleavage
C l^ N  Ph— I —^  readily accounts for the observed products. The for-

Me c, X l l  + C H -S -C H 3 —

C H X £  ^  PhCOCH3 + CH3
3 t  ch2- s- ch3 ( c h - A - c u 3

L‘ A N*) CH3
/  \  — X X  —

tion of I  with the two lithium compounds used is related N J <^=N
to the direction of addition across the carbon-nitrogen
double bond of the initial intermediate. I f  phenyl- PhCN +  HCN +  CH3SCH3
lithium simply adds across the carbon-nitrogen double
bond in the observed direction, then the only phenyl mation of the remaini products obtained from the
group with which the anion is conjugated is one which is a W e  reaction be attributed to the decomposition
also present in the starting material and which could of unreacted starting material upon aqueous work-up.
unction just as well in the methylhthium reaction. I t  When phenylchlorodiazirine (I )  was treated with aque-

therefore appears that attack by phenyllithium is ac- oug *_butanol benzaidehyde and benzal chloride were
compamed by ring opening, since the amidine anion ^  on] twQ ducts isolated. It  seems reasonable to
which results does indeed have the extra phenyl stabili
zation in this case. In contrast, methylhthium prefers pb ^
to undergo stepwise addition at the carbon atom end, C1X “ «¿ ¡ iT  PhCH 0 +  PhCHCI2
since the related amidine anion would be devoid of this “
overlap. The formation of acetophenone may be ,, , , , , ,  , . , . , ,, „  TT

1 . , , assume that phenylchlorocarbene inserts into the U-H
readily explained by a hydrolytic fission of the dia- , , r , , ,  ,, , ,  ,,. ... . , , , , . ,, bond of solvent, and the reactive chloro ether so pro-zindine upon acid hydrolysis.14 , , , ’ , ,, ,. *

.Jr',. , , •, , ., duced undergoes solvolysis under the reaction con-
With the above results in hand, we considered it diti0n«

relevant to explore the reactivity of I  with other nu- T ,V , , , ,  , , , ,, ,. , T
, , r  , m i f  j , , , ,, In the expectation that a study of the reaction of Ioleophilic reagents, i o  this end we undertook the ... ,, .., . , . ... . : ,, , . P, Y ,. j. T ,, , 1f . with other yudes might illuminate the mechanism forstudy of the reaction of 1 with dimethylsulfomum yiide. ., . - ,. ? . , ,  ,. . . , . ,J , , , j  ., ,r, nitrile formation, phenylchlorodiazirine was treated

I  he reaction was observed to proceed quite readily at ... , , . , rr . , P T -u,, , .. , 1 . c 1, j u with a phosphomum yiide. Treatment of I  with p-room temperature. Removal of the solvent followed by , . , \ r , . , , , , c 0 , ,., r, , j  toluylmethylene tnphenylphosphorane for 2 hr at room 
vapor phase chromatography of the residue afforded

Ph N  _
(14) A referee has suggested that since the initial intermediate is anti- cix «  +  CH3c6H 4CH=P(Ph)3 -#*

aromatic it may rearrange to a nitrene which in turn may rapidly react with 
phenyllithium to give the observed product. This could explain the un-

ph ph temperature produced small amounts of benzal chloride
| | and benzonitrile (4%). The remaining organic prod-
N N ucts were brown to black tars with ill-defined spectra,

/  \  —► II ■ PhLl> unresolved by careful chromatography. In view of the
Ph— ^ = N  Pli ^ N : difficulty of isolating characterizable products from this

Ph reaction, we abandoned further study of the reaction of
I I  with phosphonium ylides.
¥  ph H+ In an attempt to further demonstrate the generality

A A  /  ^  of nucleophilic attack on the nitrogen double bond,
X phenylchlorodiazirine was treated with triphenylphos-

Li phine under two different sets of conditions. In the
„ , J , first case, which utilized benzene as the solvent, a 28%

expected direction of addition of phenyllithium to the C = N  double oond and r  i t  1 i. •
also its faster rate of addition relative to i. yield of a-chlorobenzyltnphenylphosphomum chloride
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(V )  was obtained. The  second set of conditions used 2- satellites ( J SnH =  23 cps), and a singlet at r  2.80 ppm
butanone as solvent and resulted in the form ation of ben- for the aromatic hydrogens. The  mass spectroscop-
zyltriphenylphosphonium  chloride (V I ) .  I t  w as noted ically determined molecular weight was 416, and there

were peaks at m / e  379 and 381 corresponding to the loss
| of chlorine. T he  formation of this product is readily

x— benzene > [PhCHP(Ph)3]+ Cl” accounted for b y  the insertion of phenylchloroearbene
Ph N a V into the tin -hydrogen bond. The insertion of dichloro-

PhT +  c i ^ 'N  1 2 -butanone carbene into a tin-hydrogen bond has already been re-
\  2-butanone + -  ported on b y  Seyferth and Burlitch and provides rea-

a 2 31 sonable chemical analogy for the above reaction . 22 I t
1 appears that the decomposition of I  to phenylchlorocar-

that refluxing V  in 2-butanone for 2 hr resulted in the bene precludes diaziridinyl-radical formation, 
form ation of V I .  T h e  above reactions apparently pro- Inasm uch as both heat and light caused phenylchloro- 
ceed by  therm al decomposition of I  to phenylchlorocar- diazirine ( I )  to lose nitrogen, it became of further in -
bene, which is subsequently trapped b y  triphenylphos- terest to investigate the reaction of phenylchloroearbene
phine . 15’ 16 I t  is interesting to note that the behavior w ith reagents possessing ir bonds. G raham  has al-
of I  w ith  triphenylphosphine is substantially different ready reported on the reaction of I  w ith  cyclohexene . 6

from  the diazirine ring-opening defluorination reaction Treatm ent of I  with diphenylacetylene in refluxing ben-
observed w ith  difluorodiazirine . 17 T he  reaction seems zene produced a single component in high yield which
to be more closely related to the behavior of b is (tri- w as subsequently identified as sym -triphenylcyclopro-
fluorom ethyl) diazirine w ith trivalent organophospho- penyl chloride (V I I I ) .  T he  structure o f this m ateria:
rous derivatives . 18 was fu lly  established by  conversion to 1,2,3-triphenylcy-

A s  a result of the above experiments, it is possible at clopropenyl ethyl ether ( I X )  b y  refluxing in ethanol,
this time to draw  some conclusions concerning the re- Com pound I X  was converted to the known triphen-
activity of I  w ith  nucleophilic reagents. I t  is obvious ylcyclopropenyl brom ide23 b y  saturating an ethereal
from  the results on hand that the reaction o f phen- solution of I X  w ith hydrogen bromide,
ylchlorodiazirine occurs readily w ith  carbanions and Ph N  A
less readily w ith nucleophilic reagents. A s  discussed c i '^ 'N  ^  Ph
in some detail b y  M itsch , 17 a m ajor factor responsible p^ p^ ph
for nucleophilic attack on a diazirine is the electron \  /  X  /
availability  of the nucleophilic reagent. In  no case was \  /  £2T ° ^  \  /

there any evidence for diaziridinyl anion formation. y

I t  appears that the heterocyclic 4-ir-electron system, like Ph + Cl-  Ph OC2H5

the cyclopropenyl anion , 19 is quite unstable and resists VIII IX
formation. . . , ,

In  connection w ith our attempts to generate the d ia- Sim ilarly, the reaction of I  w ith p eny ace y  ene gave  
ziridinyl anion, we felt it desirable to obtain data on the l-ch lo ro -l,2 -diphenylcyclopropene, w  ic cou e con- 
stability of the related 3-ir-electron system. Accor- verted to the known bis-A  -1,2-dip eny eye opropeny  

dingly, we set out to examine the reaction of tri-n -bu - e t h e r 2 4  b>r recrystallizmg the chloride from  aqueous 
tyltin hydride w ith  I  in the hope of documenting the ethanol. T he  form ation of the cyclopropenyl chlorides

transient existence of the radical. I t  is generally P h .^ ,N  __  A
accepted that the reaction of alkyl halides w ith  organo- c r ^ N  +  ==C 11

tin hydrides proceeds by  a free-radical chain mecha- ph H Ph ph
nism . 20 Furtherm ore, it is known that the reduction .. /  P h \ = = = a_ ^ ' Ph
of alkyl chlorides w ith tin hydrides occurs more readily \  /  / \ y '

than addition to multiple double bonds . 21 T h e  reaction y y

between I  and tri-n -butyltin  hydride in refluxing ether Ph G  H °  H
gave a-chlorobenzyl tri-n -butyltm  hydride (V I I ) .  The

in high yields suggests that this m ethod can be  
Ph.— N . . effectively utilized for the preparation o f these sm all-
C i ^ N  +  (C iU ° ) S n E  PhCHSn(C4H9)3 ring carbocyclic systems.

Cl
^  Experimental Section26

structure of the product was confim ed bynm r and mass 
spectroscopy. I  he nmr spectrum (GDGI3) showed a --------------
broad  multiplet between r  8.70 and 9 .1 0 , a singlet at <**> d . Seyferth and j.RBurUidt j . A m » c ^ m S o c M ,  2667 (ues).

r 0 1  i? xi v a -at_ at a t  a- (23) R. Breslow and H. W. Chang, ibid., 83, 2367 (1961).
r  5.^1 lor the benzylic proton, w ith  the expected tin (24) d . G.Famum and m . Burr, ibid., 8 2,2651 (i960).

(25) All melting points are corrected and boiling points are uncorrected.
(15) A. J. Speziale, G. J. Marco and K. W. Ratts, J .  A m er. Chem . S oc ., Elemental analyses were performed by Scandinavian Microanalytical

82, 1260 (1960). Laboratory, Herlev, Denmark, and Alfred Bernhardt Laboratories, Hohen-
(16) D. Seyferth, S. O. Grim and T. O. Read, ibid., 82, 1510 (1960). weg, Germany. The infrared absorption spectra were determined on a Per
il?) R. A. Mitsch, ibid., 89, 6297 (1967). kin-Elmer Infracord spectrophotometer, Model 137. All infrared spectra
(18) D. M. Gale, W. J. Middleton, and C. G. Krespan, ibid., 88, 3617 were determined in carbon tetrachloride as solvent unless otherwise stated.

(1966). The ultraviolet absorption spectra were measured with a Cary recording
(19) R. Breslow and P. Dowd, ibid., 85, 2729 (1963). spectrophotometer, using 1-cm matched cells. Ethyl alcohol (95%) was
(20) H. G. Kuivila, L. W. Menapace, and C. R. Warner, ibid., 84, 3584 used as the solvent unless otherwise stated. The nuclear magnetic resonance

(1962). spectra were determined at 60 Me with the Varian Associates high resolution
(21) H. G. Kuivila, A ccoun ts  Chem . Res., 1, 299 (1968). spectrometer. Tetramethylsilane was used as an internal standard.
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o f  G ra h a m .6 T o  a  so lu tion  o f 53 g  o f lith iu m  ch loride and 37 g  o f  su lfon ium  iod id e  in  10 m l o f d im e th y l su lfox ide. T h e  reaction
benzam id ine  h yd roch lo rid e  in  800 m l o f d im eth y lsu lfox id e  and m ix tu re  w as s tirred  fo r  5 m in , and then  1.0 g  o f p hen y lch loro -
600 m l o f hexane was added  ra p id ly  and w ith  s tirr in g  310 g  o f d iaz ir in e  w as added  d ropw ise  w ith  v igo rou s  s tirr in g . T h e  m ix-
sod ium  ch loride in  1800 m l o f a 7 %  sod ium  h yp och lo r ite  solu tion . tu re was a llow ed  to  s tir  a t  room  tem p era tu re  fo r  2 h r and was
T h e  reaction  m ix tu re  was cooled  in  an ice b a th  and v igorou s  then  pou red  on to  500 g  o f crushed ice. T h e  aqueous solu tion  was
m echanical s tirr in g  was em p loyed  th rou gh ou t th e  ad d ition . ex trac ted  th ree tim es w ith  100-m l portions  o f  e th er. T h e  etherea l
A f t e r  s tirr in g  fo r  an ad d ition a l 15 m in , ih e  hexane la y e r  was extracts  w ere  com b in ed , d ried  o ve r  sod ium  su lfa te , and  concen-
rem oved  and th e  aqueous la y e r  was washed w ith  severa l portions  tra ted  in vacuo. A n a lys is  o f th e  residue b y  g lp c  using a 6  f t
(10 0  m l )  o f e ther. T h e  com b ined  w ashings w ere  d ried  o v e r  X  0.25 in . D E G S  on  C h rom osorb  W  a t 120° revea led  th e  presence
sod ium  su lfa te  and th e  s o lv en t was rem oved  under redu ced  o f th ree  com ponents. These  p rodu cts w ere  assigned as benza l-
pressure. D is tilla t ion  o f  th e  residue ga ve  12 g  (6 0 % ) o f  p h en y l- d eh yd e  (5 % ) ,  b en zon itr ile  (2 5 % ),  and ben za l ch lorid e  (5 % ) .
ch lorod iazirine, bp  3 3 -3 5 ° (0 .5  m m ). S pectra l ir  peaks ap- T h ese  m ateria ls  w ere  id en tified  b y  re ten tion  tim e  and in frared
peared  a t 6 .3 8 ,1 1 .0 1 ,1 3 .2 2 , and 14.51 ju; u v  Xm» i  388 m/a. com parisons w ith  au then tic  sam ples. T h e  fo rm a tion  o f d im eth y l

T h e  residue fro m  th e  d is tilla tion  was ch rom atographed  on  a su lfide was e v id en t fro m  its characteris tic  odor.
3 X  98 cm  silica  ge l colu m n. T h e  colu m n was e lu ted  w ith  Reaction o f I with p-Toluylmethylenetriphenylphosphorane.—  
benzene, and the e luent, in  50 m l o f fraction s, was concen trated  A  m ix tu re  o f 9 .2  g  o f  p -m eth y l-a -b rom o to lu en e  and 13.1 g  o f
and d ried  in vacuo. F ractions  2  and 3 con ta ined  0 .3  g  o f 1,4- tr ipheny lphosph ine in 300 m l o f  benzene was heated  to  re flux fo r
d iph en y l-1 ,4 -d ich loro -2 ,3 -d iaza -l,3 -bu tad ien e  ( I I ) :  m p  121-122° 2 hr. T h e  resu ltant w h ite  p rec ip ita te  was rem oved  b y  filtra tio n ,
( l i t . 26 m p  1 22 -1 2 3 °); ir  6 .25, 8.25, and 10.91 /». T h e  id en tity  o f  washed w ith  cold  benzene, and d ried . T o  a  suspension o f  2.84
th is p rodu ct was fu rth er con firm ed  b y  h ea tin g  0.1 g  o f  th e  d i- g  o f tr iph eny l-p -m eth y lb enzy lp hosph on iu m  b rom id e  in  30 m l o f
ch loroazine in  50 m l o f aqueous e th an o l fo r  16 h r to  g iv e  2,5- e th er was added  an eq u iva len t am ou n t o f b u ty llith iu m  in  hexane.
d iph eny l-1 ,3 ,4 -oxad iazo le , m p  135-136° ( l i t . 27 m p  1 3 5 -13 6 °). T o  the ab ove  solu tion  was added  1.0 g  o f phen y lch lorod iaz ir in e
Fractions  4 and 5 con ta ined  0 .4  g  o f 3 ,5 -d ip h en y l- l,2 ,4 -ox id iazo le , in  10 m l o f e ther. T h e  m ix tu re  w as a llow ed  to  s tir  a t  room
m p  105-106 ( l i t .28 m p  1 0 8 °). V erifica tion  o f  th is p rodu ct was tem peratu re  fo r  2  h r. A t  th e end o f  th is t im e  the m ix tu re  was
obtained  b y  com parison  w ith  an au then tic  sam p le prepared  b y  a poured  on to  ice and the aqueous la y e r  w as extrac ted  w ith  severa l
procedure described b y  C la rk e .29 portions o f e ther. T h e  e therea l extracts  w ere  d ried  o v e r  sod ium

Photolysis of I in Pentane.— A  solu tion  o f  600 m g  o f I in  200 m l su lfate  and th e  so lven t was rem oved  under redu ced  pressure,
o f pen tane w as irrad ia ted  w ith  an in terna l, w a ter-coo led  m ercu ry  A n a lys is  o f th e resu lting  residue b y  g lp c  on a 6  f t  X  0.25 in. 10%
arc lam p  (H a n o v ia , T y p e  L ,  450 w )  w ith  a P y re x  filte r  fc r  1 h r. D E G S  colum n (C h rom osorb  W )  a t  110° revea led  the presence
A t  the end o f th is t im e , th e  solu tion  w as eva pora ted  to  dryness to  o f benza l ch loride and b en zon itr ile  (4 % ) .  N o  d etec ta b le  quan-
g iv e  a red  o il w h ich  p a r t ia lly  solid ified  on  stand ing. T h e  solid  tit ies  o f  p -to ly ln itr ile  w ere  ev id en t. T h e  bu lk  o f th e  reaction
was separated  fro m  th e  crude o il b y  filtra tion  and was subse- p rod u ct appeared  to  be a ta r ry  phosphoru s-con ta in ing m ixtu re ,
qu en tly  iden tified  as l,4 -d ip h en y l- l,4 -d ich lo ro -2 ,3 -d ia za - l,3 -  Reaction of I with Triphenylphosphine. A. In Benzene.—  
butad iene (0 .15 g , 2 8 % ).  T h e  red o il w as taken  up in  m eth y len e  A  so lu tion  o f 1.0 g  o f I  and 1.7 g  o f  tr ipheny lphosph ine  in  60 m l o f
ch loride and filte red  th rou gh  a colum n o f  carbon  b lack . T h e  benzene w as refluxed  fo r  3 hr. T h e  so lv en t w as rem oved  under
so lven t was rem oved  in vacuo, le a v in g  a y e llo w  o il (0 .55 g , 7 1 % ).  reduced pressure and the crude o il was shaken fo r  severa l hours
T h e  o il w as te n ta tiv e ly  id en tified  as a m ix tu re  o f isom eric  p h en y l w ith  80 m l o f  acetone. T h e  resu ltan t w h ite  p rec ip ita te  (0 .4  g )
h exy lch lorides as ev id en ced  b y  in frared  and nm r spectroscopy . was pu rified  b y  tr itu ra tion  w ith  re flu x ing  acetone. T h is  m a te r ia l

Thermal Decomposition of Phenylchlorodiazirine.— A  solu tion  was id en tified  as a -ch loroben zy ltr iph en y lph osph on iu m  ch loride:
o f 1.0 g  o f I  in  70 m l o f  benzene was re flu xed  fo r  3 hr. R e m o v a l m p  258 -25 9 °; ir  6.95 and 9.01 m -
o f th e  s o lv en t le ft  a  w h ite  so lid  th a t was id en tified  as 1,4-di- Anal. C a lcd  fo r  C 25H 21C I2P :  C , 70.93; H ,  5.00. F ou n d : 
phen yl-1 ,4 -d ich loro -2 ,3 -d iaza-l,3 -bu tad ien e  (0 .95 g ) .  T h e  ab o ve  C , 70.64; 11 ,5 .01 .
procedure w as repeated  using 60 m l o f ¿-butyl a lcoh ol. E va p -  E va p o ra tion  o f th e  com b in ed  acetone w ash ings le ft  1.2 g  o f  a
ora tion  o f the so lven t and analysis o f th e  residue b y  g lp c  using a  h ygroscop ic  y e llo w  solid  w hose in frared  spectrum  in d ica ted  a  m ix- 
6  f t  X  0.25 in . 1 0%  D E G S  on  C h rom sorb  W  (60-80  m esh ) a t tu re o f th e phosphon ium  sa lt and tr ipheny lphosph ine  ox ide.
110° revea led  th e  presence o f b en za ldeh yd e  (6 5 % ) and benza l B. In 2-Butanone.— A  solu tion  o f 1.0 g  o f I  and 1.7 g  o f 
ch loride (3 5 % ).  T h ese  m ateria ls  w ere  id en tified  b y  com parison tr ipheny lphosph ine in 70 m l o f 2 -bu tanone w as re fluxed  fo r  2 hr.
w ith  au thentic  sam ples. T h e  resu ltan t w h ite  p rec ip ita te  w as c rys ta llized  fro m  eh loro-

Reaction of I  with Organometallics—T o  a so lu tion  o f 4 .6  g  o f  fo rm -a ce to n e  to  g iv e  b en zy ltr ip h en y lp h osp hon iu m  chloride.
I  in  200 m l o f e th er was added  s low ly  and w ith  s tirr in g  0.06 m o l W h en  a 0.1 g  sam p le  o f a -ch loroben zy ltr iph en y lph osph on iu m
o f  p h en y llith iu m  in  e ther. T h e  reac tion  m ix tu re  was s tirred  fo r  ch loride and 0.1 g  o f tr ipheny lphosph ine  w as heated  to  re flux in
an add ition a l 30 m in  and w as then quenched b y  th e  ad d ition  o f  70 m l o f 2-butanone, a  q u a n tita t iv e  y ie ld  o f b en zy ltr ip h en y l-
w a te r. T h e  e th er la y e r  w as separated  and th e  aqueous la y e r  phosphon ium  ch loride w as ob ta in ed .
was extracted  w ith  th ree  50-m l portions  o f  e ther. T h e  e therea l Reaction of I with Tributyltin Hydride— T ri-n -b u ty lt in  h yd rid e
extracts  w ere  com bined  and dried  o ve r  sod ium  su lfa te . R e - was syn thesized  b y  th e  m eth od  o f  K u iv i la  and B eu m e l32 and
m o va l o f th e so lven t le ft  a w h ite  solid , w h ich  was re c rys 'a lliz ed  purified  b y  d is tilla tion  b e fo re  use. A  m ix tu re  o f 1.0 g  o f I  and
fro m  ethanol to  g iv e  8 .0  g  o f  N ,N -d ip h en y lb en za m id in e ,' m p  145- 2.0 g  o f  tri-re-butyltin  h yd rid e  in  100 m l o f e ther w as re fluxed  fo r
146°. P ro o f  o f structure was ob ta in ed  b y  hyd ro lys is  to  an ilin e 3 days . T h e  reaction  m ix tu re  was pou red  in to  a 1 0%  su lfuric
and benzan ilide and also com parison  w ith  an au thentic  sam p le . 30 ac id  so lu tion  and th e  aqueous la y e r  w as ex trac ted  w ith  e ther.
W h en  equ iva len t qu an tities  o f  p h en y llith iu m  and I  w ere  used, T h e  e ther was washed w ith  w a te r, d ried  o ve r  sod iu m  su lfa te , and
the y ie ld  o f N ,N -d ip h en y lb en za m id in e  d im in ished  (4 5 % ) and concen trated  under reduced pressure. T h e  crude residue was
s ta rtin g  m ateria l (5 0 % ) cou ld be recovered . T h e  p rocedu re ou t- chrom atographed  on a 3 X  5 0 c m F lo r is i l  colum n. T h e  colu m n
lined  ab ove  was repeated  using phenylm agnesium  b rom ide . w as e lu ted  w ith  400 m l o f  benzene and th e  e luent, in  oO-m l frac-
A ga in  N ,N -d ip h en y lb en za m id in e  was th e  o n ly  d etec tab le  p rod - tions, was concen trated  and d ried  in vacuo. F ra c t io n  4 con ta ined
uct. R ep e t it io n  o f  th e  ab o ve  p rocedu re  using m eth y l.ith iu m  1.6 g  o f a y e llo w  o il. T h e  o il was su b jected  to  a m olecu lar dis-
afforded  acetophenone w ith ou t an y  d etec tab le  fo rm a tion  o f filia tion  a t 120° (0 .5  m m ). T h e  clear o il ob ta in ed  was assigned
d im eth y lben zam id in e . as a -ch lo ro -ben zy ltr i-n -bu ty ltin  h yd rid e , as ev id en ced  b y  its

Reaction of I with Dimethylsulfonium Methylide.— D ried  nm r and mass spectra l d a ta : ir  3.45, 6.23, 6.71, 6.82, 7.25, 9.30,
d im eth y l su lfox ide  (10 m l)  and sod ium  h yd rid e  (0 .32 g )  w ere  11.40, 13.05, and 14.40 n. T h e  n m r spectrum  (C D C I3) has a
reacted  in  a  n itrogen  a tm osphere a t  60 ° un til th e  h yd rogen  evo lu - b road  m u ltip le t b etw een  t  8.70 and 9.10 (27  H ) ,  a s ing le t a t  t
tion  ceased. T h e  so lu tion  w as cooled  to  — 10° and enough anhy- 5.31 (w ith  sa te llite  peaks due to  tin —h yd rogen  cou p ling, J  —
drous te trah yd ro fu ran  was added  to  keep  th e  solu tion  fro m  solid - 23 cps ), and a s ing let a t r  2.80 (5  H ) .  T h e  mass spectrum  (60
i fy in g . 31 T o  th e  ab o ve  so lu tion  w as added  2 .7  g  o f tr im e th y l-  e V )  has paren t peaks a t m /e  414 and 416, as w e ll as peaks a t m /e
_______________  379 and 381 correspond ing to  th e  loss o f  ch lorine.

Reaction of I with Diphenylacetylene.— A  m ix tu re  o f 1.0 g  o f
(26) E. Gunther, Chem . B e r., 21, 517 (1888). j  an (j g  0f  d iph en y lacety len e  in  70 m l o f benzene was heated
(27) R. Stolle, J. Prakt. C5em., 73, 278 (1906). fc, reflux fo r  4 hr. T h e  so lven t w as rem oved  in vacuo and the

(29) K . Clarke^./”. Chem . Soc.', 4251 (1954). ' colorless o il ob ta in ed  w as so lid ified  upon  s tan d in g . T h e  crude

(30) A. J. Hill and M . V. Cos, A m er. Chem . Soc., 48, 3214 (1926). --------------------
(31) E. J. Corey and M. Chaykovky, ib id ., 87, 1353 (1965). (32) H. G. Kuivila and O. F. Beumel, ib id ., 83, 1246 (1961).
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so lid  was p laced  on a porous p la te  to  rem o ve  th e  residua l o ils . crude m a teria l is n o t purified  im m ed ia te ly , v io le n t d ecom pos ition
T h e  colorless so lid  obta ined  ra p id ly  decom posed  upon s tan d in g  occurs and a dark  o il is p rodu ced . T h e  y e llo w  solid  was crys ta l-
to  a dark  o il. T h e  stru ctu re o f th is m a te r ia l was concluded to  b e  lized  fro m  cold  pen tane to  g iv e  l-ch lo ro - l,2 -d ip h en y lc y c lo p ro -
s?/m -triphenylcyclopropenyl ch loride fro m  th e  fo llo w in g  d a ta . pene: m p  8 2 -8 5 °; ir 5.50 m ; u v  (a c e to n itr ile ) Xmax 316 (e 23,400 ),
C ry s ta lliza tio n  o f  th e  so lid  fro m  e th a n o l-w a te r  g a v e  1 ,2 ,3-tri- 301 (e 29,600), and 288 m y  (e 23,400 ). T h e  n m r spectru m
p h en y lcyc lop rop en y l e th y l e th er as w h ite  prisms', m p  1 2 1 - 1 2 2 ° ;  (C D C h ) has a s ing let a t r  5.05 (1 H )  and a  m u ltip le t b etw een  r

ir  (K B r )  5.50 y, u v  (9 5 %  e th a n o l) 317 (e 21 ,800 ), 302 ( e 22,100 ) 2.27 and 2.61 (10 H ) .  _
228 (e 26,500 ), and 223 m ^  (e 27,600). T h e  n m r spectrum  T h e  stru ctu re o f th is m a teria l w as fu rth e r con firm ed  b y  b r ie f ly
(C D C ls ) has a tr ip le t  a t r  8.77 (3  H ) ,  a qu arte t a t  t  6.32 (2  H ) ,  h ea tin g  th e  solid  in  an aqueous e thanol so lu tion . R e m o v a l o f  th e
and a m u ltip le t a t r  2 .60-2 .25  p p m  (15 H ) .  so lv en t and c rys ta lliza tion  o f th e  w h ite  so lid  fro m  b en ze n e -

A n a l. C a lcd  fo r  C 2SH 20O : C , 88.42; H ,  6.45. F ou n d : C , hexane g a ve  0.15 g  o f b is -A '- l ,2 -d ip h en y lcyc lop rop en y l e th er ,
88.29; H ,  6.54. m p  164-166° ( l i t .24 163-165 ). T h e  spectroscop ic  d a ta  ob ta in ed

A  0 .5 -g  sam p le o f 1 ,2 ,3 -tr ip h en y lcye lop rop en y l e th y l e th er in  w ere  in  com p lete  agreem en t w ith  th a t reported  b y  B res low . 33 

50 m l o f e ther w as satu rated  w ith  h yd rogen  b rom ide  gas a t 0 ° . _  T rrT
and was a llow ed  to  stand o ve rn igh t a t room  tem p era tu re . T h e  Registry No.- I, 4460-46-2; V ,  20420-97-7; V I I ,

resu lting  so lid  th a t p rec ip ita ted  w as c rys ta llized  fro m  ace ton itr ile  20420-98-8; IX , 13668-03-6; l-Chloro-l,2-diphenyl- 
to  g iv e  0.33 g  o f tr ip h en y lcyc lop rop en y l b rom ide . T h e  b rom id e  cvclopropene 20421-00-5. 
was id en tified  b y  com parison  o f in frared  and m ix tu re  m e lt in g  J F  F  >

p o in t w ith  those o f an au thentic  sam p le . 23 T h e  ir  spectrum  o f th e  Acknowledgment.— The authors are indebted to the
bromide was almost identical with that of the original solid. t t  c- i-> u v  xr ui, //<„,, „-t mx/r looonnol

R ea c t ion  of I  w ith  P h e n y la c e t y le n e . - A  m ix tu re  of 1.0 g of I  U .  S. Public Health Service (Grant G M  13990-02)
and 0 .7  g of p h en y lace ty len e  in  70 m l of benzene w as re fluxed  for for generous support of this research.
4 hr. T h e  so lv en t was rem oved  under redu ced  pressure to  g iv e
a y e llo w  o il w h ich  so lid ified  upon s tan d in g . T h e  o ily  so lid  w as (33) R. Breslow, J. Lockhart, and H. W. Chang, J . A m e r . Chem . S o c ., 88 ,

p laced  on  a  porous p la te  to  g iv e  0.9 g  o f a y e llo w  solid . I f  th e  2375 (1961).
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T h e  reaction  o f te tracyan oeth y len e  ox ide  w ith  m e th y l erucate (m e th y l c is-13-docosenoate) and m e th y l bras- 
s idate  (m e th y l ¿rons-13-docosenoate) g a ve  2 ,2 ,5 ,5 -te tracyan o -3 - (l l-c a rb o m e th o x y u n d e c y l)-4-o c ty lte tra h yd ro - 
fu rans (2 and 3) in  good  y ie lds. In  m eth an o l con ta in in g  5 %  h yd rogen  ch loride, b o th  2 and  3 undergo p a rt ia l 
and se lective  m ethanolys is  to  g iv e  2 ,5 -d icyan o-2 ,5 -d ica rbom eth oxy te trah yd ro fu ran  d e r iva tiv e s  (4  and 5 ). T h e  
n ew ly  fo rm ed  carb om eth oxy  groups are trans to  th e ir  ad jacen t a lk y l groups. B o th  2 and 3 also are p a r t ia lly  and 
s e le c t iv e ly  h yd ro ly zed  on  th e  surface o f s ilica  g e l to  g iv e  2 ,5 -d icyan o-2 ,5-d ica rba m oy lte trah yd ro fu ran  d e r iva tiv e s  
(10 and 1 1 )  in  good  y ie lds . T h e  n ew ly  fo rm ed  ca rb am oy l groups h a ve  a cis re lationsh ip  to  each other.

Adducts of tetracyanoethylene oxide (TCNEO, 1) via several different geometric configurations. However,
the unusual cis cycloaddition to olefins, acetylenes, and most of these can be excluded as likely possibilities.
aromatics2-4 are products having potential for further Since the cycloaddition of TCNEO to olefins is cis,12,3 we
modifications to provide compounds of diverse function- may reasonably assume that the ring alkyl substituents
ality. We have prepared TCNEO adducts 2 and 3 of have a cis relationship in compounds 2 and 4 and a trans
methyl erucate and methyl brassidate, the respective cis relationship in compounds 3 and 5. Chemical shift
and trans isomers of methyl 13-docosenoate. Homo- values for the ring protons, when compared with litera-
geneity of each adduct was determined by tic on silica ture values,2 are consistent with this interpretation,
gel, on which the two can be readily resolved. The Nmr analyses of both methanolysis products 4 and 5
adducts were isomeric 2,2,5,5-tetracyano-3-(ll-carbo- show that the six protons associated with the carbo-
methoxyundecyl)-4-octyltetrahydrofurans, as judged methoxy groups on the rings occur as a sharp singlet6
by ir, nmr, and elemental analyses. (r  6.09 and 6.08, respectively). Thus, in both 4 and S,

Esters.— In contrast with the complete methanolysis the two carbomethoxy groups on the ring appear to be in
of TCNEO adducts obtained by somewhat different magnetically equivalent environments. The two ring
conditions,2 we found that both adducts may undergo protons in 4 and 5 are also magnetically equivalent
partial and selective methanolysis. Reaction at room (multiplets at r  7.20 and 7.37, respectively). These
temperature with methanol containing 5% hydrogen observations imply that, in compounds 4 and 5, one
chloride converts 2 and 3 to 4 and 5, respectively, in carbomethoxy is attached at position 2 and the other at
90% yield. Their ir and nmr spectra are consistent position 5. I f  gem functions were present, the ring pro-
for dicyanodicarbomethoxytetrahydrofuran derivatives. tons could be expected to have greatly different chemi-

The methanolysis products of the two TCNEO ad- cal shift values due to the marked difference in diamag-
ducts could have their respective ring substituents in netic anisotropy of the cyano and carbomethoxy groups.

Also, each carbomethoxy group should have identical
(1) (a) Presented in part at the 58th Annual Meeting of the American Oil j  • , • i l l  l

Chemists’ Society, New Orleans, La., M ay 7-10, 1967. (b) This is a labora- geometric relationships W it h  its adjacent ring alkyl S U b -
tory of the Northern Utilization Research and Development Division, Agri- stituent. Apparently the methanolysis reaction has
cultural Research Service, U. S. Department of Agriculture. C o n s id e r a b le  S t e r e o s e le c t iv i t y .

(2) W. J. Linn and R. E. Benson, J .  A m e r. Chem . S oc ., 87, 3657 (1965).
(3) W . J. Linn, ib id ., 87, 3665 (1965).
(4) P. Brown and R. C. Cookson. P ro c . Chem . Soc., 185 (1964). (5) The band width at half peak height is approximately 1 Hz.
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\  H H R(R') H H H R(R')
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f  h 3cn h  h  h

h ^ c_ ĉ c h 3 h ĉ—ch2 H ^ C - cC cHs NCH 3P-C H .C N
(NC)2C C(CN)2 (NC)2C C(CN)2 NC- - ^ 7 V -C 0 2Me C H2NOC- ^ c7 ^-CONH,

N0/  N<T MeO/T \ /  u!N Me02C O NC02Me NCT \ ( /  XN
6 7 8 9 10

\  / « ' )  Ĥ  js s n  H3c H

R'(R )^C— C— H R'(rW c— C—  H C— CH3
h2noc~ - c c c ' c° nh2 (nc)2/  V - cn nc- 7 V c CN 

NC X0 7  CN Xcr cONH, H,NOC^ ^ o 7̂  > CONH2
11 12 13

R = CH3(CH2)7- 
R' = Me02C(CH2)n-

The nmr spectrum of an admixture of 4 and 5 showed less than anticipated, and almost all fractions contained
singlets at r 6.10 and 6.07 corresponding to the ring some amide as determined by ir. A  large amount of
carbomethoxy groups of the respective compounds. product of greater polarity than the starting material
Evidently the small differences observed between 'hese could be removed from the silica gel columns, and the ir
signals in the separate spectra are real, and, in addition spectrum of this polar fraction revealed bands corre-
to being attached to different carbon atoms, it is proba- sponding to amide absorption. Since the initial mix-
ble for steric reasons that the newly formed carbo- ture had no amide absorption in the ir, the hydrolysis
methoxy groups are trans to their adjacent alkyl groups. reaction probably occurred during a short residence
For each, the present nmr data do not rule out the time on silica gel.
possibility that the carbomethoxy groups are cis to their This fact was established by spotting pure adduct 2 
adjacent alkyl groups. on a tic plate, waiting about 2 min, and then spotting

On steric grounds, one might assume that carbome- the pure adduct in a second place on the plate. The
thoxv groups would be generated in these selective meth- chromatogram was developed with an irrigant (chloro-
anolysis reactions from nitrile groups that are trans to form/acetonitrile) containing about 1% acetic acid to
adjacent alkyl groups. Therefore, the two products eliminase streaking. The first applied material was re-
would have the structures as shown for 4 and 5. To solved into two spots, while the second was homo
test this hypothesis and to gain greater insight into the geneous. In she absence of acetic acid, streaking oc-
sterie course of the reaction, two model compounds were curred with the pure adduct. This streaking implies
prepared by methanolysis of the known2 ¿rans-3 4-di- that hydrolysis occurs during development of the chro-
m^thy 1-2,2,5,5-tetracyanotetrahydrofuran (6) and 2,2,- matogram.
5,5-tetracyanotetrahydrofuran (7). For larger scale reactions, adducts 2 and 3 were mixed

The diester product 8 from 6 gives a six-proton singlet neat with silica gel. Adduct 2 reacted more readily
at r 6.03,6 corresponding to carbomethoxy protons. than did adduct 3, which did not react appreciably dur-
According to our reasoning, the carbomethoxy groups ing conventional tic. These reaction differences prob-
shou.d be generated trans to their adjacent methyl ably reflect steric inhibition exerted by the bulky trans
groups. In contrast, the four cyano groups of 7 should alkyl groups present in 3. We observed that silica gel
have equivalent reactivity. I f  a monoester species was not unique in its ability to catalyze this reaction,
actually is formed, the methanolysis of the second nitrile Neutral alumina and washed sand also hydrolyzed the
group might occur selectively so as to favor formation of nitriles to amides.
the product with trans carbomethoxy groups. In fact, Although examples described in the Experimental 
the nmr spectrum of product 9 shows two sharp bands Section involve addition of water to the silica gel, the
corresponding to the carbomethoxy protons. The reactions proceed equally well on silica gel samples acti-
major band5 occurs at r 6.03, which is coincident with vated as received from the suppliers or water-washed
that of £mns-dimethyl compound 8. We believe that silica gels activated by heating for several hours at 120°.
the second band5 at r 6.06 is due to the isomer of 9 hav- Acetonitrile, malononitrile, and 1,11-undecanedinitrile
ing cis carbomethoxy groups. yielded little or no amide when treated with silica gel;

Additional support for the conclusions concerning therefore, this silica-catalyzed hydrolysis of nitriles is 
products of the selective methanolysis is provided in the not general in scope. In its facility, this reaction paral- 
following section on amides. lels the solid phase catalysis reported by Cook, Forbes,

Amides — In early phase of our investigation, we at- and Khan.6 They found that a variety of nitriles are
tempted to purify reaction product 2 from TCNEO
and methyl erucate by chromatography on silica gel. (6) M. Cook, E. Forbes, and G. M. Khan, Chem. Commun._ m  
The yield of adduct by this procedure was considerably (1966).
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converted to amides when agitated in methylene chlo- discussion by Jones and Sandorfy.8 The tetrahydro-
ride with solid manganese dioxide. In contrast, the furan monoamide trinitrile, 12, is without detectable
hydrolysis of nitriles to amides in solution frequently associated N -H  stretching bands at concentrations of
involves quite rigorous acid or alkali treatment. 0.02 to 0.0004 M  in chloroform solution. In carbon

Diamide 10 was obtained from 2, and in addition to tetrachloride solution, 12 has appreciable associated
diamide 11, a small yield of monoamide 12 was isolated N -H  bands only at the 0.02 M  concentration, 
from the reaction mixture after silica gel treatment of 3. These data suggest that in either chloroform or car- 

Diamide products 10 and 11 have nmr spectra consis- bon tetrachloride, amide 12 occurs mainly, if not en-
tent with 2,5-dicyano-2,5-dicarbamoyltetrahydrofuran tirely, as the monomer at concentrations of 0.004 M  or
derivatives. The alkyl substituents must be oriented less. Also, at least in chloroform, there is no detectable
as in 2 and 3. The two ring protons in 10 and 11 appear N -H  intramolecular association with t  bonds of the
to be in magnetically equivalent environments (multi- nitriles or with electron pairs of ring oxygen, 
plets at r 7.31 and 7.34, respectively). In contrast, the I t  seems likely that at concentrations of less than 
amide protons are in different environments. Amide 10 0.004 M , at any rate, the appreciable N -H  association
has two broad singlets of nearly equal intensity, whereas found for amides 10 and 11 is due to intramolecular hy-
amide 11 has three broad singlets of unequal intensity drogen bonding. This bonding must involve interac-
(r  3.31, 1.5 H; t  2.57, 0.6 H; and r 2.20, 0.9 H ). The tion between the two amide groups. From this inter
signal for the fourth proton may be so broad that it is pretation, it follows that the two amide groups in both
not detected. 10 and 11 must be cis as shown.

These hydrolysis reactions probably involve com- It  has been suggested that the association bands of 
pound interaction with water adsorbed on the silica gel amides chiefly involve -N -H  • • ■ 0 = C -  rather than
surface. I f  the tetranitrile compounds are adsorbed at -N H  ■ • ■ N -  linkages.8 This bonding would require one 
the silica surface and then displaced by solvent or by carbonyl oxygen to achieve a preferred conformation
desorption and diffusion, the amide groups should be projecting over the plane of the tetrahydrofuran ring,
generated with a cis relationship in most of the diamide The amide group cis to its adjacent alkyl group in com-
molecules formed. Therefore, amide groups in 10 pound 11 should experience steric interactions causing
should be in a greatly different environment from those restricted rotation about its carbon-carbon bond, 
in 11. In product 10, amide groups would be trans to This restricted rotation, together with hydrogen bond-
their adjacent alkyl groups, whereas in product 11 one ing effects, should cause considerable preference for one
amide group would be trans and the other would be cis conformation.
to its adjacent alkyl group. In a study that has some For 11 and 12, there is a two-proton multiplet corre- 
parallel to ours, Ciganek7 has reported a selective hy- sponding to a greatly deshielded methylene. The mul-
drolysis of 7,7-dicyanonorcaradiene with alkaline hy- tiplets centered at r 7.94 and 7.97, respectively, are
drogen peroxide. probably deshielded by amide carbonyl.9 In addition

In an effort to determine whether the amide groups in to a preferred conformation of the amide groups, this
10 and 11 are cis or trans, both products were allowed to deshielding effect would require a preferred orientation
react with methanol containing 5% hydrogen chloride of one alkyl group. Presumably this alkyl group is on
under the same conditions used to prepare 4 and 5. the same side of the tetrahydrofuran ring as the amide
The reaction with 10 was not complete, but the corre- groups. Spectra of more model compounds would be
sponding ester was isolated by column chromatography. needed for an unambiguous assignment of the deshielded
This ester had ir and nmr spectra identical with those of proton pair. However, examination of molecular mod-
4. In contrast, the amide groups of 11 were not con- els prompts the suggestion that the methylene in ques-
verted to ester groups in a clear-cut manner. A  small tion is ¡3 to the tetrahydrofuran ring. Both diester 8
sample of amide 11 gave several products (at least six by and diamide 13 give A X 3 A 'X '3 spectra10 with their
tic). The major one probably contains two nitrile respective dimethyl multiplets occurring with nearly
groups, one amide group, and one ester group on the identical chemical shift values of t  8.63 and 8.66.
tetrahydrofuran ring. Its ir spectrum showed amide Since the methyl proton shift values of both 8 and 13 are
bands of lower intensity than in the parent compound X 3X '3 spectra rather than M 3X 3, we conclude that pro-
11. The other major change in the spectrum was an tons of substituents a to the ring are essentially af-
increase in intensity and broadening of the absorption fected equally by amide groups. Therefore, it seems
band at 1250-1290 cm "1. The nmr spectrum, com- unlikely that the preferentially deshielded methylenes
pared to that of the parent amide 11, showed a diminu- (T 7.94 and 7.97) of compounds 11 and 12 are those a to
tion of the three amide bands and of the deshielded the tetrahydrofuran ring.
methylene multiplet at about r 8.0. A  band also ap- Quenched Infrared Nitrile Absorptions— Com
peared at r 6.05, but it was not of sufficient inten- pounds 4, 5, 8-11, and 13, which have either two disub-
sity to account for one new methoxyl group per mole- stituted cyano acetamides or two disubstituted methyl
cu ê- cyano acetate groups, lack ir absorption bands owing

Hydrogen-Bonding Studies—Additional insight into to the nitrile groups (ca. 2250 c m '1). Such nitriles
the suggested selectivity in the nitrile hydrolysis is (one substituent is an ether oxygen) have been discussed
gained by ir spectra of amide products 10, 11, and
12 at concentration levels ranging from 0.02 to 0.0004 „  >, T .

°  °  (8) K. N. Jones and C. Sandorfy, “ Techniques of Organic Chemistry,
M  • Chemical Applications of Spectroscopy,”  Vol. IX , W. West, Ed., Interscience

Band assignments were made in accordance with the Publishers, inc., New York, n . y „  1956, p 509 s.
(9) G. J. Karabatsos, G. C. Sonnichsen, N. Hsi, and D. J. Fenoglio, J .

A m er. Chem . Soc., 89, 5067 (1967).
(10) For discussions of A X gA 'x 's  spectra, see A. A. Bothner-By and C. 

(7) E. Ciganek, J .  A m er. Chem . Soc., 89, 1458 (1967). Naar-Colin, ib id ., 84, 743 (1962), and F. A. L. Anet, ib id ., 84, 747 (1962).
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in the literature, and there is ample precedent for the fu ran  ( 6 , 0.124 g )  w as le t  stand  w ith  m eth an o l con ta in in g  5 %  

absence of nitrile absorption.11“ 13 h yd rogen  ch loride as described b efo re . T h e  crude p rod u ct (0.141
g )  was ch rom atographed  on  s ilica  ge l. S elected  fraction s  w ere  
com bined  to  g iv e  0.134 g  o f pure 8 : m p  111 .5 -114 °; ir (F lu oro lu b  

Experimental Section m u ll) 1770 and 1745 (C — O ),  1050, 1028, 812 cm  1; n m r (C D C I3)
r  8.63 (m , 6 , C H , ) ,  7.41 (m , 2, C H ) ,  and 6.03 p p m  (s , 6 , O C H 3).

M e lt in g  poin ts  w ere  taken  on a F ish er-Joh n s 14 b lock . I r  A n a l. C a lcd  fo r  C i 2H i4N 20 3: C , 54.13; H ,  5.30; N ,  10.52.
spectra w ere  determ ined  w ith  an in fracord  M o d e l 337 spectro- F ou n d : C , 54.33; H ,  5 .48; N ,  10.54.
p h o tom eter; n m r spectra  w ere  determ ined  w ith  a V a r ian  A -6 0  2 ,5 -D icyan o-2 ,5 -d icarbom eth oxytetrah yd ro fu ran  (9 ) .— 2,2,5 ,5- 
o r  an H A -1 0 0  spectrom eter on solu tions con ta in ing te tra m e th y l-  T e tracyan o te tran yd ro fu ran  (7 , 0.168 g )  was le t  stand  w ith  m eth -
silane. F ra c tion a tion  and p u r ity  o f m ateria ls  w ere  m on ito red  anol con ta in ing 5 %  h yd rogen  ch loride as described  p rev iou s ly ,
b y  t ic  on  s ilica  ge l. Spots w ere  d eve lop ed  b y  charing w ith  chro- T h e  crude p rodu ct (0 .203 g )  was pu rified  b y  silica  ge l ehrom a-
m ic  acid  a t ab ou t 160°. T C N E O  (1 ) w as p repared  b y  th e  ac tion  to g ra p h y  to  g iv e  selected fraction s  o f  pure 9 (0 .144 g ) :  ir  (n ea t)
o f  aqueous h yd rogen  perox id e  on  te tracyan oeth y len e  in aceto - 1760 (b road , C = 0 ) ,  1089, 1049, 796 c m -1; nm r (C D C 13) r
n itrile  as described b y  L in n , W eb s te r , and B en son .16 A d d u cts  7.14 (s, 4 , C H 2) 6  06 and 6.03 pp m , m a jo r band (2s, 6 , O C H 3).
o f  1 w ith  o lefins w ere  p repared  in  to lu ene b y  th e  p rocedu re o f  A n a l. C a lcd  fo r  C 10H 10N 2O 5: N ,  11.76. F ou n d : N ,  10.77.
L in n  and B en son .2 2 ,5 -D icyan o -2 ,5 -d ica rb am oy l-3 -(ll-ca rb om eth oxyu n decy l)-4 -oc -

2 ,2 ,5 ,5 -T e tracya n o -3 -(ll-ca rb om eth oxyu n d ecy l)-4 -o c ty l:e tra - ty lte trahydro fu ran  (10  and 11).— E ru ca te  ad du ct 2 (0 .314 g )  was 
hydro fu rans (2 and 3 ).— A  ty p ica l p repara tion  o f  ad du ct fro m  m ixed  w ith  5 g  o f  30-60 m esh  s ilica  ge l and 1.0 g  o f w a te r, and
m eth y l erucate (m e th y l as-13 -docosen oate ) is described  as fo l-  then  le ft  fo r  18 hr. T h e  p rodu ct was fra c tion a ted  on  a  s ilica  ge l
low s: 0.6 g  o f T C N E O  was re fluxed  fo r  16 hr w ith  1.7 g  o f colu m n. S im ilar fraction s  w ere  com bined  and then  deco lorized
m e th y l erucate in  to lu ene. T h e  so lven t was rem oved  in  vacuo in  an acetone s lu rry  o f  charcoa l. D eco lo r ized  10  (0 .238 g , 7 0 % )
and the residue w as p a rtition ed  cou n tercu rren tly  betw een  hexane w as fu rth er purified  b y  s ilica  ge l ch rom atograp h y  to  g iv e  0 .1 2 0  g
and aceton itr ile . A d d u c t 2 (2 .1  g , 1 0 0 % ) was obta ined  fro m  o f pure am orphous solid . T h e  so lid , w h ich  was opa lescen t to
th e  aceton itrile  phases: ir  (n e a t ) 2250 ( C = N ) ,  1730 ( C = 0 ) ,  transparen t on th e  m e ltin g  p o in t b lock , b ecam e m ore  transparen t
1075,1018 c m - 1; n m r (CC14) t  9 .10 ( t ,  3, C H 3), 8 .0 -8 .95  (m , 34, as th e  tem peratu re  increased and flu id  a t 7 2 .5 °: ir (C H C 13)
C H 2), 7.76 (t ,  2, C H 2C O ),  6.83 (m , 2, r in g  C H ) ,  and 6.38 p p m  3509, 3479, 3400, 3330, 3284, 3170, 1710 (b road , 0 = 0 ) ,  1590,
(s, 3, O C H 3). 1082 c m " 1; n m r (C D C 1 3) r  9.12 (t ,  3, C H 3), 7 .9 -8 .9  I'm, 34,

A n a l. C a lcd  fo r  C 29H 44N 40 3: C , 70.13; H ,  8.93; N ,  11.28. C H 2),  7.69 (t ,  2, C H 2C O ),  7.31 (m , 2, r in g  C H ) ,  6.32 (s, 3,
Found : C , 70.68; H ,  9 .00; N ,  11.13. O C H 3),  2.25 and 2.89 pp m  [2s (b ro a d ), 4, N H 2] .

A d d u c t 3 (0 .65 g , 9 2 % ) w as p repared  b y  reaction  o f  T C N E O  A n a l. C a lcd  fo r  C 29H 43N 40.i: C , 65.38; H , 9 .08; N ,  10.52.
(0.20 g )  w ith  m e th y l brassidate (0 .53 g )  (m e th y l irans-13-do- F ou n d : C , 65.91; H ,  9 .27; N ,  10.36.
cosenoa te ): ir (n e a t ) 2250 ( C = N ) ,  1730 ( C = 0 ) ,  1115, 1068, T h e  brassidate adduct 3 (0.211 g )  was m ixed  w ith  s ilica  ge l as 
1010 c m '1; nm r (CC14) r  9.12 (t ,  3, C H 3),  7 .90-8 .90  (m , 34, C H 2),  ab ove  excep t th a t the con tac t t im e  was 120 hr. T ic  o f th e  prod-
7.79 ( t ,  2 , C H 2C O ),  7.22 (m , 2, r in g  C H ) ,  and 6.42 p pm  (s , nets revea led  six  spots. T h e  m a jo r  m a te r ia l ( 1 1 , 0.106 g , 4 7 % )
3, O C H 3).  w as iso la ted  b y  ch rom atograp hy  on s ilica  ge l. O ne ad d ition a l

A n a l. C a lcd  fo r  C 29H 44N 40 3: C ,  70.13; H ,  8.93; N ,  11.28. frac tion a tion  g a ve  selected  fraction s  (0 .042 g )  o f pure 11. T h e
F ou n d : 0 ,7 0 .3 6 ; H ,  8 .95; N ,  11.21. n ea rly  transparen t am orphous solid  b ecam e ra p id ly  flu id  a t  103°:

C h rom a togra p h y  o f ad du ct 3 and  in particu lar o f adduct 2 on  ir  (C H C 1 3) 3510, 3480, 3397, 3332, 3292, 3176, 1720 (b road ,
th in  layers  o f s ilica  ge l re vea led  th a t th e  adducts react w ith  s ilica  C = = 0 ),  1592, 1117, 1072, 1028 c m -1 ; n m r (C D C 1 3) t  9.12 (t ,
ge l. 3, C H 3), 8 .05-8 .95  (m , 32, C H 2), 7 .94 (m , 2, C H 2),  7.71 ( t ,  2,

2 ,5 -D icyan o -2 ,5 -d ica rb om eth oxy -3 -(ll-ca rb om eth oxyu n d ecy l)-  C H 2C O ),  7.34 (m , 2, r in g  C H ) ,  6.36 (s , 3, O C H 3), and 3.31, 2.57,

4 -octy lte trahydro fu rans (4 and 5 ).— T h e  eru cate  ad du ct 2 (3 .332 2.20 p p m  [3s (b ro a d ), 3, N H 2] .
g ) ,  ch illed  in  an ice  b ath , was m ixed  w ith  10 m l o f  5 %  hydrogen  A  sm all sam p le (0.011 g )  o f p rodu ct 1 2 , w h ich  has a h igher 
ch loride in m eth an o l. T h e  m ix tu re  becam e hom ogeneous a fte r  R i than  11, was isola ted  fro m  som e chrom atograph ic  fraction s  as 
abou t 10 m in ; then  i t  was held  a t room  tem p era tu re  fo r  20 hr. a sem iso lid : ir  (n ea t) 3440, 3352, 3290, 3188, 2247 ( C = N ) ,
V o la t ile  s o lv en t was rem oved  in  vacuo, w a te r  (5  m l )  w as ad d ed , 1720 (b road  C = 0 ) ,  1594, 1114, 1065, 1020 c m -1 ; n m r (C D C 1 3)
and th e  p rodu ct was ex trac ted  w ith  fou r 5 -m l portions o f e th er. r  9.12 (t ,  3, C H 3), 8 .05-8 .90  (m , 32, C H 2),  7 .97 (m , 2, C H 2),
T h e  so lven t was rem o ved  in  vacuo t o  g iv e  0.332 g  o f 4 . Ch ro- 7.00—7.82 [ove r la p p in g  m  and t  (7 .7 0 ), 4, r in g  C H  and C H 2C O ],
m a togra p h y  on s ilica  ge l and tw o  trea tm en ts  w ith  charcoal g a ve  6.36 (s, 3, O C H 3), 3.90 and 3.62 pp m  [2s (b ro a d ), 2 (1 .6 ),  N H 2] .
0.238 g  o f 4 : ir  (n ea t) 1750 ( C = 0 ,  b ro a d ), 1092, 1070, 797 trans-3 ,4 -D im ethyl-2 ,5 -d icyano-2 ,5 -d icarbam oy lte trahydro fu ran
c m “ 1; nm r (CC14) r  9.10 ( t ,  3, C H 3), 8 .0 -8 .9  (m , 34, C H 2),  (1 3 ).— ira ras-3 ,4 -D im ethyl-2 ,2 ,5 ,5 -te tracyanotetrahydro fu ran  (6 ,
7.76 (t ,  2 , C H 2C O ),  7.20 (m , 2, r in g  C H ) ,  6.39 (s , 3, O C H 3) 0.114 g )  w as stored  w ith  s ilica  ge l as described  b e fo re . C h rom a-
and 6.09 p p m  (s, 6 , O C H 3). to g ra p h y  on a silica  ge l colu m n g a ve  0.126 g  o f 13: m p  197-199°

A n a l. C a lcd  fo r  C 3iH 6oN 20 7: C , 66.16; H ,  8 .96; N ,  4.98. w ith  som e su b lim ation  beg in n in g a t  180°; ir  (F lu oro lu b  m u ll)
F ou n d : C , 65.34; H ,  8 .83; N ,  4.96. 3470, 3445, 3335, 3255, 3190, 1710, 1685, 1590, 1064, 1040, 1010,

T h e  brassidate ad du ct 3 (0.193 g )  was esterified  as ab o ve  to  803, 770 c m " 1; n m r (C D 3C = N )  r  8 .6 6  (m , 6 , C H 3),  7.56 (m , 2,
g iv e  0.198 g  o f 5. C h rom a togra p h y  on  s ilica  ge l g a ve  0.132 g  o f  C H ) ,  3 .55, 3 .0 5 ,2 .4 4  ppm  [3s (b ro a d ), 4, N H 2] . 
pure 5 :  ir  (n e a t ) 1750 ( C = 0 ,  b ro a d ), 1120, 1075, 1045, 815, A n a l. C a lcd  fo r  C i„H ,2N 40 3: C , 50.84; H ,  5 .12; N ,  23.72.
790, 780 c m “ 1; n m r (CC14)  r  9.12 (t ,  3, C H 3),  8 .0 -9 .0  (m , 34, F ou n d : C , 50.82; H ,  5.43; N ,  23.81.

a^26 08^DDm (h ^ O C h ’l m̂’ CH)’ 6 4° (s’ 3’ 0CH3)’ Registry No.— 2, 20407-00-5; 3, 20462-29-7; 4, 
A na l. C a lcd ’ fo r  C 3iH » N 20 , :  C , 66.16- H ,  8.96; N ,  4.98. 20407-01-6; 5: 20407-02-7; 8, 20407-03-8; 9, 20407-

Fou n d : C , 67.01; H ,  9.06; N ,  4.84. 05-0; 10,20407-07-2; 11,20407-10-7; 12,20407-11-8;
trans-3 ,4 -D im eth y l-2 ,5 -d icyano-2 ,5 -d icarbom ethoxytetrahydro- j 3  20407-12-9.

furan  ( 8 ).— trans - 3 ,4  - D im e th y l - 2 ,2 ,5 ,5  - te tracyan o te tra h yd ro-
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P y ry liu m  salts con ta in ing an a c tiv e  m e th y l group g iv e  m ono im in iu m  salts w ith  N ,N -d im e th y lfo rm a m id e  in  
acetic  an h ydride  and b isim in ium  salts w ith  th e  V ilsm eier com plex. M e th y len e  p y ry liu m  salts y ie ld  m onoim in ium  
salts w ith  the V ilsm eier com plex. M on o im in iu m  salts are ob ta in ed  fro m  a lk y lp y ry liu m  salts and e ith er N ,N -d i-  
m e th y lth ioa ee ta m ide  in  acetic  an h ydride  or N ,N -d ia lk y la m id es  in  th e  presence o f phosphorus oxych lorid e. V i-  
n y logs  o f certa in  o f th e  m ono im in iu m  salts are ob ta in ed  fro m  a lk y lp y ry liu m  com pounds and d iethy lam in oacro le in  
in  acetic  anhydride. T h e  im in iu m  salts a re  h yd ro ly zed  to  g iv e , in  m ost cases, a ldehydes and ketones. T h e  h y 
d ro lysis  produ cts obta ined  from  th e  im in iu m  sa lt d er ived  from  2 -m eth y l-4 ,6 -d ip h en y lp yry liu m  p erch lora te  are 
2 -fo rm y lm eth y lid en e-4 ,6 -d iph en y l-2H -p yran ,4 -d im ethy lam in o-2 -p h en y lb enzoph enon e ,and 4 -m eth oxy -2 -p h en y l- 
benzophenone.

As suggested by the results of earlier work with p- instances.6 Other N,N-disubstituted amides and phos-
dimethylaminobenzaldehyde,1 it was not surprising to phorous oxychloride led to monoiminium salts (see
learn than N,N-dimethylformamide reacted with 2- 9-12 and 24-29, Table I). We feel that the course of
methyl-4,6-diphenylpyrylium perchlorate in acetic an- bisiminium salt formation is accounted for by Scheme I.
hydride to yield the expected 2-N,N-dimethylamino- The facts that methylpyrylium salts gave bisiminium
vinyl derivative l .2 The generality of the reaction with salts and that monoiminium salts gave bisiminium salts

with the Vilsmeier reagent suggested that this reagent 
C6H5 reacts more readily with monoiminium salts than with
J. methylpyrylium salts. Ethylpyrylium salts reacted

f  j 4. (CH3)2NCHO ACi°  >■ with the Vilsmeier reagent to form monoiminium salts,
ar>d isopropylpyryliam salts failed to react. The form- 

qjO _ ation of monoiminium salts by the reaction of the phos
phorous oxychloride complex of other N,N-disubsti- 

?6H5 C6H5 tuted amides with methylpyrylium salts may be the
J*. result of steric effects.

Jf + jl ■*-*■ If J = chcH=N(CH ) Iminium salts are usually readily hydrolyzed to alde-
C6Hŝ O i^CH==CHN(CH;J)2 32 hydes, and the Vilsmeier-Haack procedure often yields

CIO,- 3 2 C 4 an aldehyde owing to hydrolysis of the intermediate
I j iminium salt during the work-up. The iminium salts

described in this paper are quite stable, but they are hy- 
N,N-dimethylformamide was demonstrated by the drolyzed by strong bases. In most cases, hydrolysis of
formation of the related compounds 2-7 (see Table I). various iminium salts gave the expected aldehydes or
Attempts to extend the reaction through the use of ketones, and the hydrolysis products, 30-46, are re-
N,N-dimethylacetamide under the same conditions corded in Table II.
were unsuccessful.3 However, N,N-dimethylthioacet- The bisiminium salt 20 was hydrolyzed by meth- 
amide furnished the desired iminium derivatives anolic potassium hydroxide to give the bisaldehyde 44.
readily, as shown by the synthesis of 9-12 (Table I). Hydrolysis of 21 by the same procedure gave the mono-
Vinylogs related to 1 were prepared either through the aldehyde 47. A  possible explanation for the failure of 
use of dialkylaminoacrolein or its closely related
methoxyiminium derivative4 (see 13-18 in Table I). +

Under Vilsmeier-Haack conditions, 2 mol of N ,N- O H C — C— C H = N (C H 3)2

dimethylformamide-phosphorous oxychloride complex II C)0 _
reacted with 1 mol of the methyl pyrylium salts to give f ^ l l l l  4
bisiminium salts (19-23, Table I )  as illustrated below w
for 19. Similar behavior has been observed in other 6 5

47
C6H 5

. +__ _ 21 to yield a bisaldehyde on hydrolysis is that 47 is
+ THAN CHG P02C12-  *■ stabilized by resonance to such an extent that the imino

C6H5 0 CH3 bond is no longer reactive. When 20 was heated with
cio4-
p  „  (2) We will use the iminium structures for the compounds described in this
y6^5 paper.

(3) Only 4-methylflavylium perchlorate gave a product with dimethyl- 
ij *^| + acetamide in acetic anhydride, and the product was shown to be the pyrylium

J L  i = C [ C H = N ( C H 3)7 l  2 X -  (iso la ted  as C IO,-  )  c( anine dy*• 4-13-OH-flaven-4-ylidene)-2-methyl-l-propenyl]-fiavylium per-
Ca  -=J2 v 4 chlorate rather than an iminium salt.

6 5  (4) H. Brodereck, F. Effenberger, and G. Simchen, Chem . B e r., 96, 1350
19 {1963).

-----------------------------------------------------------------  (5) Z. Arnold, C oll. Czech. Chem . C om m ., 28, 863 (1963); H. V. Hansen,
(1) R. Wizinger and K . Wagner, H elv. C h im . A cta , 34, 2290 (1951). J. A. Caputo, and R. I. Meltzer, J . Org. Chem ., 31, 3845 (1966).
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T a b l e  I
M e t h o d s  o f  P r e p a r a t io n  a n d  P h y s ic a l  P r o p e r t ie s  o f  I m in iu m  Sa l t s

Compd Struc- Method of Yield, Empirical -Calcd, ,-Found, % ,  Solvent of Abirice ton itrieietra
number tore" preparation % formula C H N  or Cl recrystallization Mp, °C  X,m„ (« X « - > )

1 A_1 A  38 C21H 20CINO5 62.8 5.0 3.5 alcohol 243-244 239 (17.6) 476 (21.2)
62.9 5.3 3.4 316 (40.7)

' A "2 A an d C  73; 67 CaEfaClNOs 63.5 5.3 3.4 acetonitrile 261-262 241 (15,2) ~366 (9.9)
6 3 2  5-2 3.1 313 (21.8) 380(16.2)

,  356( 9.6)
A  91 CmH mCINOs 65.2 5.5 (C l) 8.0 acetic 275 238 (16.6) 353 (9.5)

6 5 5  5-7 (C l) 8.3 anhydride 305 (30.0) 493 (18.5)
4 A  90 C 21H 20CINO6 62.8 5.0 3.5 acetonitrile 261-262 226 (15.7) 422 (41.5)

63 0 6.1 3.7 ~252(12.7 ) 443 (39.8)
—264 (12.3) 544 (13.9)

.  336(17.1)
5 U ' 1 A  76 CisHisCINOi 60.7 4.8 (Cl) 9.5 formic and 240-241 241 (19.3) 428 (39.5)

60.5 5.0 (C l) 9.8 acericacid 268 (8.3) 450 (31.3)
,  _  „  320(14.2)
o u -2  A  42 CisHisCINOiS 58.2 4.6 (S) 8.2 acetonitrile 186-187 244 (23.0) 326 (13.2)

58.5 4.7 (S) 8.2 264 (16.2) 464 (35.8)
284 (8.3)

7 E -l A an d C  82; 70 CjoHajClNOs 61.6 5.2 (C l) 9.1 acetonitrile 279-280 217 (42.2) 350 (7.2)
61.3 4.9 (C l) 8.9 254 (23.2) 368 (6.7)

288(14.7) 462(27.0)
327(11.1) 468 (28.1)

at 518(14.7)
8 A ' 3 A  42 CzaHjoClNOe 61.5 4.7 3.3 acetonitrile 240-241 255 (25.6) ~310 (12.0)

6 !.7  4.7 3.1 280 (23.2)
9 A-4 B an dD  39; 54 C22H 22CINOS 63.5 5.3 3.4 acetonitrile 242-244 237(15.3) 466 (20.3)

, A 63-5 5.1 3.2 310(32.3) 484 (19.6)
10 B"2 B an dD  43; 60 CiiHuClNOs 63.5 5.3 (C l) 8.5 acetonitrile 302-303 247(13.2) 328(10.7)

83-7 5.0 (C l) 8.3 273 (10.2) 420 (24.0)
11 C-2 B 46 CssILoClNOi 65.8 5.7 3.1 acetic 212-213 239 (16.2) 374 (5.9)

65.8 5.6 2.9 anhydride 278(18.0) 465 (9.0)
360 (6 -3)

12 D-3 B an dD  90; 81 CmH^CINOs 61.6 5.2 3.6 acetonitrile 195-196 237(19.2) 310 (13.8)
61.4 5.4 3.3 274 (6.2) 522 (27.1)

13 A-5 E 52 CmH juCINOs 65.8 5.8 3.1 acetonitrile 201-202 263 (18.2) ~397 (15.2)
F  78 66.0 5.9 3.0 ~300(14.4 ) 558(36.1)

325 (26.8) 595 (35.4)
14 B-3 E 96 CaHjeClNOi 65.8 5.8 3.1 acetonitrile 210-211 234 (14.7) 340(14.9)

66.1 5.6 2.9 248(14.2) 516 (76.3)
274 (5.1) 549 (72.5)
285 (4.9)

15 B-4 E 88 CaHioClNChS 63.6 5.6 3.0 ethylalcohol 185-186 243 (20.0) 339 (10.4)
63.6 5.4 2.8 286 (6.5) 540(67.0)

302 (6.2) 576 (54.6)
16 C-3 E 66 CaHjoClNOt 67.7 6.3 2.8 ethylalcohol 240-241 262 (14.4) 424 (15.9)

F 89 67.9 6.0 2.7 326 (24.9) 570(34.8)
~340 (20.1) 605 (26.1)

408 (12.2) ~652 (18.9)
17 D-4 E 72 C23H 23CI2NO5 59.5 5.0 (C l) 15.3 acetonitrile 250-251 248(21.6) 513 (50.5)

59.7 5.2 (Cl) 14.9 320 (17,5) ~543 (33.2)
~333 (14.4) 715 (2.1)

18 F ' 1 E  81 CrfLuClNOs 67.6 5.5 (C l) 7.4 acetonitrile 207-207.5 244 (32.8) 367 (13.0)
67.9 5.7 (C l) 7.4 268 (23.6) 518(50.5)

301 (7.7)
A-8 C 83 CmH mCLN sOj 51.7 4.7 (C l) 12.7 acetonitrile 240-241 244(13.5) 343 (31.4)

51.5 5.0 (C l) 12.9 315 (32.4) 472 (24.0)
29 B-6 C 94 C24H 28CI2N 2O9 51.7 4.7 (C l) 12.7 formic acid +  265-266 268(13.9)

51.4 5.0 (C l)12 .7  acetic acid 355 (25.9)
430(46.0)

21 C 73 C22H 24CI2N 2O9 49.7 4.6 (C l) 13.5 acetic anhydride 209-210 —243 (20.4; 428 (15.7)
50.0 4.7 (C l) 13.5 ~266 (17.4) 453 (15 4)

313 (31.2)
22 D-6 C 78 C22.d2iCl2N20«S 48.3 4.4 5.1 acetic anhydride 249-250 267 (17.4) 400(17.2)

48.3 4.2 4.9 303 (27.4) 520(11.9)
23 A-7 C 90 C2SHS0CI2N 2O11 50.6 4.9 4.5 acetonitrile 235-236 266 (14.3) 407 (36.2)

50.4 4.6 4.2 310 (19.0) 479 (28.0)
24 B-6 D  84 CnHnClNOs 67.8 5.1 2.9 acetonitrile 260-261 255(14.4) 432 (40.4)

67.4 5.2 3.2 340(14.4) 453 (40.0)
25 B-7 D 93 Cii.:-feClNOi 64.6 5.2 3.3 acetonitrile 272-273 253 (10.2) 423 (42.6)

64.5 5.2 3.1 280 (8.8) 445 (33.3)
335(15.6)

26 A-8 D  66 CctH mCINOs 67.8 5.1 2.9 acetonitrile 255-256 245 (18.6)
67.8 5.2 2.7 318(26.4)

500(16.3)
27 A-9 D 50 CssHuClNOt 64.6 5.2 3.3 pyridine +  229-230 275(101.0)

64.5 5.3 3.1 methyl alcohol 465 (20.0)
28 D-7 D 51 C21H 22CINO8 66.4 4.9 3.1 acetonitrile 241-242 238(22.0)

66.4 4.6 2.9 320(14.2)
445 (35.4)

29 D-8 D 95 CsiHajCINOs 62.8 5.0 3.5 acetonitrile 226-227 238(19.0)
62.8 5.1 3.2 317 (16.5)

430(36.7)

0 The structures are given in Chart I, and to aid in finding these structures they have been designated in the tables by a capital letter 
to indicate the heterocyclic nucleus followed by a number to give the position of the compound in the listings below these nuclei. b Pre
pared from 2-methyl-4,6-diphenylpyrylium perchlorate and N-methylacetamide by procedure A.
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T a b l e  I I

H y d r o l y s is  P r o d u c t s  o f  I m in iu m  Sa l t s

,-------------- Anal.-------------- * Absorption spectra
Compd Struc- Method of Yield, Empirical ' ^-Calcd, % - .  .-Found, Solvent of in acetonitrile,
number ture preparation %  formula C H  N  or S recrystallization Mp, °C  X,m/t (e X 10“ *)

30 A-10 H  82 CuHuOl 83.2 5.1 ligroin 125-126 224 (13.5) 327 (10.0)
83.4 5.3 (bp 63-75°) 286 (33.4) 445 (9.7)

31 A - l l  H 52 CajHieOa 83.3 5.6 ethylalcohol 170-171 228(15.2) 340(13.4)
83.4 5.8 283 (30.2) 4

32“ C-4 Hand I  62; 74 CsjH isOs 84.0 5.8 benzene +  165-166 227(13.9) 352 (8.0)
83.7 5.5 ligroin 282(26.2) 443 (9.9)

(b p 63-75°) 340 (9.9)
33 B-8 H  and I  90; 87 CisHuOj 83.2 5.1 ethyl ether 89-90 241 (11.8) 298(18.0)

83.3 5.4 272(12.5) 370(26.0)
34 D-9 H  80 C17H 12O2 82.2 4.9 methyl alcohol 110-111 244 (21.8)

81.9 4.8 295 (15.7)
374 (21.4)

35 D-10 H  81 C17H 12OS 77.2 4.6 (S )12.1 methyl alcohol 89-90 255(27.2)
77.7 4.5 (S) 11.9 299 (13.4)

401 (19.7)
36 E-2 J 74 C isH uOj 82.4 5.4 methyl alcohol 172-173 257 (21.8) 342(13.2)

82.3 5.3 267(20.8) 357(10.8)
278(20.4) 404 (14.0)
327 (10.4) 419 (16.5)

438(12.9)
37 A-12 H  44 CzoHuiOj 83.3 5.6 ethylalcohol 115-117

83.2 5.8
38 B-9 H  69 C20H 16O2 83.3 5.6 ethylalcohol 109-110 230(12.2) 297 (18.0)

83.0 5.9 270(12.9) 375 (24.7)
39 C-5 I 64 C2SH20O2 84.1 6.2 ethylalcohol 142-143

84.0 6.4
40 D - l l  I 78 CisHuCh 82.4 5.4 methyl alcohol 111-112 243 (25.4)

82.3 5.6 296 (15.3)
380(18.2)

41 B-10 I 51 C21H 1.O2 84.0 5.4 acetonitrile 165-166 245 (13.9)
83.9 5.9 302(13.9)

421 (39.2)
42 C-6 I  63 C21H 20O2 84.7 5.9 acetonitrile 196-197 242(17.6) 365 (15.0)

84.5 6.2 255 (18.3) 384(15.8)
270(19.8) 470(13,6)

~345(12.8 ) ~510(11.6 )
43 F-2 I  67 CaHieOs 85.2 5.0 acetonitrile 171-172

84.9 5.1

44 B - l l  K  88 C20H 14O3 79.5 4.7 acetonitrile 234-235 . . .
79.6 4.9

45s B-12 K  96 CasHwCL 85.7 5.2 ethylalcohol 158-159 222(19.4) 305 (16.4)
85.4 5.5 247 (17.9) 410(33.4)

46° D-12 K  97 OaHnOj 85.2 5.0 ethylalcohol 129-130 250(22.5)
85.0 4.9 295 (15.9)

405 (26.4)
47 D-13 L  24 C2OH18CINO0 59.5 4.5 acetonitrile 234-235 . . .

59.6 4.4
48 B-13 J 31 C 22H 20CINO6 61.5 4.7 3.3 acetic acid 224-225

61.2 5.0 3.3
49 G -l see Experimental C2iHi9NO 83.7 6.4 4.7 isopropyl alcohol 145-146 . . .

Section 83.6 6.4 4.7
50 G-2 see Experimental C20H 16O2 83.3 5.6 ligroin 93-94 . . .

Section 83.3 5.8 (bp 63-75°)
53 G-3 see Experimental C23H 21NO 2 80.4 6.2 4.1 butyl alcohol 152 . . .

Section 80.2 6.2 4.0
54 G-4 see Experimental C24H 23NO 84.5 6.8 4.1 ligroin 110 . . .

Section 84.5 6.6 4.2 (bp 63-75°)

“  H . D . K irm e r  and R . W iz in ge r, Helv. Chim. Acta, 44,1766 (1961). 6 H . S trzelecka , A n n . Chim., 201 (1966). ° J. A .  V a n A lla n , G . A . 
R eyn o ld s , and T .  H . R ega n , J . Org. Chem., 32 ,1897  (1967).

aqueous pyridine rather than methanolic potassium hy- 1, 2%  aqueous sodium hydroxide, and ether was stirred
droxide, only one of the iminium groups was hydrolyzed, for 24 hr; (b) a mixture of 1, 2% sodium hydroxide, and
and compound 48 was obtained. chloroform was stirred for 3 hr; (c) a solution of 1 in 5%

methanolic potassium hydroxide was refluxed for 1 hr.
Ohc__C__CH=N(CH.)., On the basis of the other hydrolyses described in this

|  ̂1 paper, it was expected that the product would be the
i || j  4 aldehyde 30 (Scheme II ) .  Although 30 was the major

product from procedure a, it was a minor product from 
C6H5 C6H5 procedure b and was not obtained by procedure c.

48 The principal product isolated by procedure b was
4-dimethylamino-2-phenylbenzophenone (49), and pro- 

Alkaline hydrolysis of the iminium salt 1 gave rise to cedure c gave a mixture of 49 and 4-methoxy-2-phe-
a mixture of products, and the reaction conditions were nylbenzophenone (50). The structural assignments for
found to change the reaction path. The methods which 49 and 50 were made on the basis of the elemental anal-
were used for the hydrolysis of 1 are (a) a mixture of ysis and nmr, ultraviolet, infrared, and mass spectra.
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Sc h e m e  I

Cl

f * 3 f|H2 CH2—CH—N(CH3)2

w A X c h  "  H a ° '  +  / A  A  J E ,
CeHs 0 C6H5 C6H', 0 " \ C6hs C J !^ 0 r  h

CIO,- 5 L6H5
X -

Cl— CHN(CH3)2

QH== CH-^-N(CH3)2 CH— CH=N(CH3)2

j f S  (CHi);N=CHCl x; A .  -HC1 ^

X ~ 2 X -

CH—N(CH3)2

c—CH=N(CH3)2 C[CH=N(CH3)J2

C6h M CA  C6H5̂ 0 ^ CeH5

2 X -  2 X -

SCHEME I I

C6H5 c  h
1“ cior Y® 5

CeHJ l o > = CH- CH= N(CH3)2 +  NaOH QH/ i 0 J =C H C H O  +  (CH3)2NH +  NaCIO,

1 A .  30

C H 0-  ^ A ^ f c H o W H  NS\ (C H 3 )jNH

9eHii CcH5 c6h5

f j / C H = C H N ( C H 3)2 j X A c H = C H ^ N ( C H 3)2 ¡ A ^ = CHj r 0 -
c6h5 O ' xicHj c6H5̂ x r A N(CH^  c6h^ oA N(ch3)2

3  ?  jo
50 +  (CH.,),NH

H f Hs H
c6h5co- A  c6h5co- A
(CH3)2N - v_ A  h o  J

/ A A ( C H 3)2 r ^ ^ N ( C H 3)2
xi H

J-fcH jtNH j  -h20

49 49

The absorption maxima for 49 and 50 are compared 224,180,152; (50) M  (m/e) 288, m/e 211, 168, 140, 139 
with those of 4-dimethylaminobenzophenone (51) and 105.
4-methoxybenzophenone (52) in Table III; the simi- The nmr spectra of 49 and 50 demonstrated that a 
larity of the spectra of the related compounds is ap- 1,2,4-trisubstituted phenyl ring was present in these
parent. The carbonyl stretching vibrations for these compounds. The 100-MHz spectrum of 49 in ben-
compounds are also recorded in Table III. zene-de has absorption at r 7.49 (s, 6 H, NM e2) and

The mass spectrometric analyses of 49 and 50 were from r 3.6 to 2.5 (complex m, 13 H, ArH ). The sub-
consistent with the proposed structures, and some of stitution pattern on the central ring is clearly seen, how-
the major fragmentations are (49) M  (m/e) 301, m/e ever, from the typical A B X  pattern characteristic of
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Chart I Table III
Structures of Compounds in Tables II and III Absorption Maxima of Benzophenone Derivatives

A  b  CO
Compd Xmax, m u  e X  10" 8 Solvent vibration,/*

S S' 49 241 25.6 acetonitrile 6.08
f S  l i i i  346 11 1II J—T> 1  II 51“ 247 15.7 alcohol 6.1

C6H5̂ X '^ 'C 6H5 355 20.6
,____________ r___________ _ ,___________ ji____________ , 50 245 24.3 acetonitrile 6.05
1 (CHCH=N+(CH3)2) 4 (CHCH=N+(CH3)2) 285 7-8
2 (C(CH3)CH=N+(CH3)2) 10 (CHC(CH3)=N+(CH3)2) 249 9-°
8 (CHCH=N+(CH3)COCH3) 14 (CHCH=CHCH= 526 283 16 0 alcohol 6.05

N+(C2H6)2) 288 16-55
9 (CHC(CH3)=N+(CH3)2) 15 (X = S; Rasin 14) “ H. Szmant and C. McGinnis, J .  A m e r .  C h e m .  S o c . ,  74, 241

13 (CHCH=CHCH= 20 (C[CH=N+(CH3)2]2) (1952). 6E. Moriconi, W. O’Connor, and W. Forbes, i b i d . ,

N+(C2H5)2) ' 82,5454(1960).
19 (C[CH=N+(CH3)2]2) 24 (CHC(C6H5)=N+(CH3)2)

23 iPR1asinXi9)inb0thPhenylSi compound, the signals for the protons ortho to the
asin ' ___  methoxy group are at lower field than the analogous

(ch-Jk+J) protons for 49 and the H* signal falls on the side of a
26 (CHC(C6H6)=N+(CH3)2) 25 *

CHj
___ c6H5

27 (CH-^p) 33 (CHCHO) L
] 38 (CHCOCHa) I
0113 r 2-34 h B \ ^ \ ^ C 6H5 J a x = 2.5 H z

30 (CHCHO) 41 (CHCH=CHCHO) II 1 JAR = 8-5Hz
31 (C(CH3)CHO) 44 (C[CHO]2) t 3.52 Hâ N ^ H x r3.32 j

37 (CHCOCH3) 45 (CHCOC6H6) JjM BX
48 (C(CHO)CH=N+(CH3)2) 2

C D  49

CA  ft
JL . II complex absorption. The assignments for the protons

f i l l  r Y l  of 30 are HA, t 3.28; H b, r 2.54; H x , r 3.09; J  AB =
CcH3 8-f> Hz; JAx =  2.5 Hz; JBX ~  0.

I Scheme I I  shows a reaction path which accounts for
"  the formation of 30, 49, and 50 from the hydrolysis of 1.

' R — ' ' R ' To test the proposed reaction scheme, 1 and dimeth-
1? a ylamine were heated in alcohol for a short time and 49

16 (CH=CHCH=N+(C2H6)2) 12 (CHC(CH3)=N+(CH3)2) V̂aS 1®ola4ed 1R hlgh y ield- The same results were ob-
32 (CHO) 17 (4'-chloro- R is CHCH= tamed when the aldehyde 30 was treated with dimeth-

CHCH=N+(C2H6)») ylamine. The substitution of other secondary amines
39 (COCH3) 21 (C [CH=N+(CII3)2]2) f° r dimethylamine in these reactions also gave amino-
42 (CH=CHCHO) 22 (X = S; Rasin2 1 ) benzophenone derivatives. For example, 1 and mor-

28 (CHC(CsH5)=N+(CH3)2) pholine gave 4-morpholino-2-phenylbenzophenone (53),
.  (qi L-1 J) and 1 and piperidine gave 4-piperidino-2-phenylbenzo-

| j  29 ^ phenone (54). The reaction of 1 with sodium meth-
cti3 oxide in methanol gave 50 and a small amount of 49.

i  I 1. I 34 (CHCHO) The reaction of 1 with 5% potassium hydroxide in meth-
^ " 0  35 (X = S; R as in 34) anol gave about 75% 49 and 25% 50, and, when 25%

40 (CHCOCH3) methanolic potassium hydroxide was used, approx-
,----------- r---------  46 (CllCOCells) imately equal amounts of 49 and 50 were formed. We
7 (CH=N+(CH3)2) 47 (C(CH0)CII=N+(CH3)2) were unable to isolate 4-hydroxy-2-phenylbenzophenone

36 (CHO) G from any of our experiments. This result may be due
f to the low nucleophilicity of the hydroxide ion or be-

E— S—coca cause attack of hydroxide at the 2 position of the pyran
| j f  ring is reversible. The results described above are con-

sistent with nucleophilic attack of secondary amine or JL 4® methoxide ion at the 2 position of the pyran ring
0 C6" 5 r _^) followed by rearrangement as shown in Scheme II.

'— -------R-------------s 53 (t/ jb ) The dimethylamine, which is necessary for the forma-
18 +rc H °nCH= tion of 49, is Produced by the hydrolysis of the iminium
. - iTT2_n T jnxin\ 54 (N \) bond and also from the final aromatization step.

Probably the formation of the aldehyde 30 by pro-
1,2,4-trisubstituted benzenes. Compound 50 has a cedure a is the result of the poor solubility of 30 in
singlet at r 6.76 (3 H, OCH3) and a complex multiplet ether, which prevents subsequent reaction to form re-
from r 3.4 to 2.2 (13 H, ArH ). As expected for this arranged products.
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Experimental Section phase was separated  and the so lven t w as rem oved . A n a lys is  o f
. . th e residue b y  v p c  show ed th a t i t  consisted o f 6 2 %  49 and

T h e  m ethods o f p rep ara tion  o f the various classes o f com - 3 8 %  a ldehyde 30. T h ese  tw o  com pounds w ere  re a d ily  sep-
pounds are described  as genera l procedures. T h e  com pounds are arated  b y  p rep a ra tiv e  vp c , o r th ey  cou ld  be fra c t io n a lly  crysta l-
lis ted  in  T a b les  I  and I I  a lon g w ith  th e  m ethods o f p reparation  lized  fro m  isop rop y l a lcohol to  g iv e  49, and th e  alcohol-so lub le
and som e p hysica l p roperties . fra c tion  was th en  crys ta llized  fro m  lig ro in  (b p  6 3 -7 5 ° ) to  g iv e  30.

Preparation of Monoiminium Salts. Procedure A.—A m ix- (b) A m ix tu re  o f 1 g  o f 1 or 1 g  o f th e  a ld ehyde  30, 5 m l o f 
tu re o f  5 g  o f a lk y lp y ry liu m  perch lora te , 3 m l o f N ,N -d im e th y l-  2 5 %  aqueous d im eth y lam in e , and 50 m l o f a lcohol w as heated  on
fo rm am id e , and 100 parts  o f acetic  an h ydride  w as refluxed  fo r  a  steam  ba th  fo r  0.5 hr and d ilu ted  w ith  w a te r, and th e  solid  was
15 m in . T h e  m ix tu re  was coo led , and i f  no p rodu ct separated , co llected  and recrysta llized  to  g iv e  49 in  8 5 %  y ie ld  (fro m  1)
ether was added  to  p rec ip ita te  th e  crude p rodu ct, w h ich  was and 8 8 %  y ie ld  (fro m  30).
co llected  and recrysta llized . 4-Methoxy-2-phenylbenzophenone (50).— (a )  A m ix tu re  o f

Procedure B.—A m ixtu re  o f 0.02 m ol o f a lk y lp y ry liu m  sa lt, 12 g  o f 1 and 100 m l o f 5% m eth an o lic  potassium  h yd rox id e  was
0.02 m ol o f N ,N -d im e th y lth io a c e ta m id e , and 30 m l o f acetic  h eated  on  a steam  ba th  fo r  1 hr and pou red  in to  w a te r , and th e
anhydride was refluxed  fo r  30 m in  and ch illed , and  the p rodu ct solid  w as extracted  in to  benzene. T h e  benzene ex trac t w as d ried
was collected  and recrysta llized . (M g S O ,) and th e  so lven t rem oved . T h e  residue as an a lyzed  b y

Procedure C.—A solu tion  o f the V ilsm eie r  com p lex  w as pre- Vpc consisted o f 75% 49 and 25% 50. D is tilla t io n  o f  th e  residue
pared from  2 m l o f phosphorous oxych lo rid e  and 10 m l o f cold  fo llow ed  b y  c rys ta lliza tion  o f th e  d is t illa tion  fraction s  d id  n o t
N ,N -d im e th y lfo rm a m id e , 0.01 m ol o f th e  a lk y lp y ry liu m  per- com p le te ly  separate  49 and 50. T h e  tw o  p roducts w ere  separated
ch lora te  was added , and the so lu tion  was heated  fo r  30 m in  on  a  b y  p rep a ra tiv e  vp c , y ie ld in g  5.1 g  o f 49 and 1 g  o f 50.
steam  bath . T h e  reaction  m ix tu re  w as pou red  on to  ice  and the W h en  this procedu re was repeated  using 100 m l o f 25% m eth -
solid  was co llected . anolic potassium  hyd rox id e , th e  reac tion  m ix tu re  consisted o f

Procedure D. T h is  procedu re was th e  sam e as C , excep t th a t ap p rox im a te ly  equa l parts  o f 49 and 50, as show n  b y  vp c .
N ,  N -d im eth y lace tam id e , N ,N -d im eth y lb e n za m id e , and N -  (b )  A  m ixtu re  o f 2 g  o f 1 ,4  g  o f sod ium  m eth ox ide , and 75 m l
m eth y lpyrro lid in on e w ere  used ra ther than  d im eth y lfo rm am id e. o f m eth an o l w as heated  on  th e  steam  ba th  fo r  1 hr, coo led , and

Procedu re  E . A  m ix tu re  o f 2 g  o f a lk y lp y ry liu m  perch lora te , d ilu ted  w ith  w a te r, and the s t ick y  so lid  w as co llec ted  and re-
2 m l o f d iethy lam in oacro le in , and 50 m l o f acetic  an h ydride  was crysta llized  to  g iv e  50 in 8 7 %  y ie ld .
stirred  a t room  tem peratu re  fo r  2 hr. I t  was then  d ilu ted  w ith  4-Morpholino-2-phenylbenzophenone (53).— A  m ix tu re  o f 2 g  
ether and ch illed , and the solid  was co llec ted . o f 1, 3 m l o f m orpholin e , and 25 m l o f a lcohol Was heated  on  a

Procedure F .— A  m ix tu re  o f 0.01 m o l o f a c tiv e  m e th y l com - steam  b a th  fo r  15 m in  and poured  in to  w a te r, and th e  so lid  was
pound, 0.012 m o l o f N ,N -d ie th y l-N - (l-m e th o x y - l-p ro p e n -3 -  co llected  and recrysta llized  to  g iv e  1.2 g  o f 53.
y lid en e )-am m on iu m  m eth y lsu lfa te ,4 2 m l o f N ,N -d iis o p ro p y l-  4-Piperidino-2-phenylbenzophenone (54).—T h is  com pound 
eth y lam ine , and 25 m l o f a lcohol w as heated  on a steam  b a th  fo r  was p repared  as described  fo r  53, p iperid in e  bein g substitu ted  
15 m in  and ch illed , and the solid  was co llec ted . fo r  m orph olin e ; y ie ld  1.3 g.

Preparation of Bisiminium Salts. Procedure G.— This pro
cedure was the same as C, except that the amount of N,N- Registry No.— 1, 20439-71-8; 2, 20439-72-9; 3,
dimethylformamide was doubled. 20439-73-0; 4,20439-74-1; 5,20439-75-2; 6, 20420-

P reparation  o f M on oa ld eh yd es . P ro ced u re  H .— A  mixture of . oA/L'tQ 7 7  A- o  W q q  c .
O. 01 m o l o f the m ono im in iu m  sa lt, 75 m l o f 2 %  aqueous sod ium  9 5 -0 ,  7 , 2 U 4 o 9 -7 6 -o ,  5 , 2 U 4 5 9 -7 7 -4 , 9, 2 0 4 5 9 -7 8 -5 ,

hyd rox id e , and 75 m l o f e ther was s tirred  fo r  24 hr. T h e  e ther 10, 20439-79-6; 11, 20439-80-9; 12, 20439-81-0;
phase w as separated. In  som e cases th e  a ld eh yde  was spa rin g ly  13, 17203-20-2; 14, 17203-19-9; 15, 17203-24-6; 16,
soluble in  e ther and ad d ition a l e ther w as added . T h e  e ther 17203-21-3" 17 17203-22-4" 18 17203-23-5" 19

rSsUlIizeddlied’ theS°1Vent W3S rem°Ved’ and the residue WaS 20439-85-4; 2o’, 20439-86-5’; 2 l ’ 20439-87-6’; 2 2*,
Procedure I.— A  mixture of 0.01 mol of monoiminium salt and 20439-88-7; 23, 20420-94-4 ; 24, 20399-80-8; 25,

50 ml of 5%  methanolic potassium hydroxide was heated on a 20399-81-9; 26, 20399-82-0; 27, 20399-83-1; 28,
steam bath for 0.5 hr and chilled, and the solid was collected. 20399-84-2; 29, 20399-85-3; 30, 20399-86-4; 31,

Procedure J - A  mixture of 0.01 mol of iminium salt, 25 ml 20399-87-5; 32, 20399-88-6; 33, 20399-89-7; 34,
of pyridine, and 2 ml of water was refluxed for 1 hr, cooled, and ohqqq  on n . ac onQoa cn 1 . 2 /  omnn  no o ’ 2-7
diluted with water, and the solid which separated was collected. 2U 899-9U  U , 55, 2 U 5 9 9 -9 1 - I ,  50, 2 U 0 9 9 -9 2 -2 , 5/,

Preparation of Bisaldehydes. Procedure K.-—Procedure H 20399-93-3; 38, 1914-17-6; 39, 20399-95-5; 40,
was duplicated with a bisiminium salt. 20399-96-6; 41,17203-26-8; 42,17202-98-1; 43,17202-

Procedure L.—Procedure I was employed with a bisiminium salt. 97-0" 44 20400-00-4" 45 1914-13-2" 46 10385-47-4"
4- -3-(4H-Flaven-4- ylidene) - 2 - methyl-1 - propenyl] flavylium 20400-03-7 ; 481 20400-04-8; ’ 49, ’ 20400-05-9;

Perchlorate.—A mixture of 3 g  of 4-methylflavyhumperchlorate, > „  ’ nnm n n>7  ̂ . ca on Ann no o
3 m l o f N ,N -d im e th y la c e ta m id e , and 25 m l o f acetic  an h ydride  50, 2 0 4 0 0 -0 6 -0  , 53, 2 0 4 0 0 -0 7 -1 ,  54, 2 0 4 0 0 -0 8 -2 .

was refluxed  fo r  0.5 hr and ch illed , and  th e  dark  so lid  was col- . . .
lected  and recrysta llized  fro m  ace ton itr ile  to  g iv e  2.4 g  o f th e Acknowledgment. We wish to acknowledge the 
cyan ine d ye . assistance of Dr. T. H. Regan and Mr. R. L. Young for

A na l. C a lcd  fo r  C 32H 23C IO 6: C , 71.3; H ,  4 .3 ; C l, 6 .6 . the determination and interpretation of the nmr spec-
Fou n d : C , 71.6; H , 4 .3 ; C l, 6 .6. tra; to Mr. D. P .  Maier for the mass spectral data;
t u r e ^ ^ g ^ f  th e  im in iu ^ s S t^ f^ S O ^ fo f ’ c h lo rr fo rm ,S d  5 0 m l'o f  and to Mr. D. H. Miles for the determination of the
2 %  aqueous sod ium  h yd rox id e  was stirred  fo r  3 hr. T h e  organ ic  electronic spectra.
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T h e  reaction  o f h ippuric acid  w ith  isoxazolium  salts to  g iv e  enol esters has been  fou nd  to  b e  accom panied  b y  
az lactone form ation . T h e  exten t o f th e  side reac tion  w ith  N -i-b u ty l-5 -m eth y lisoxazo liu m  p erch lora te  (7 ) 
decreases w ith  increasing b as ic ity  o f th e  m edium , althou gh  th e  ester (1 2 ) fro m  7 itse lf decom poses to  az lacton e in  
th e  presence o f s trong base. T h e  ester 12 free  o f a z lacton e m a y  be ob ta in ed  b y  use o f 2 -p ico line as th e  reaction  
so lven t to  m ainta in  a m edium  o f in te rm ed ia te  base strength . T h e  p ep tid e  reagen t N -e th y l-5 -ph en y lisoxazo liu m  
3 '-su lfonate  (1 ) does n o t g iv e  appreciab le  az lactone in  th e  norm al procedu re fo r  its use because th e  lo w  ra te  o f 
solu tion  o f th e  reagen t fo r tu itou s ly  controls th e  b as ic ity  o f the reaction  m ixtu re.

In the investigation1 of the use of N-ethy 1-5-phenyl- that the enol ester acylating agents (4) from isoxazolium
isoxazolium 3'-sulfonate (1) for the synthesis of pep- salts (5) are formed from more highly reactive, interme-
tides, conditions were defined under which no racemiza- diate acylating agents (6 ) by an intramolecular acyl mi-
tion was observed in the Anderson test. 2 Since then, gration process. 9 On the basis of the initial favorable

s o r  I

/ V  1 ^ N +— R' +  — C0NHCHC02—  —►

5
T  ^ N — E t I- I

j  O C O CH N H C O —  O CO CH NH CO

o t h e r  w o r k e r s  h a v e  r e p o r t e d  t h e  d e t e c t i o n  o f  s o m e  d e -  RC O C H  C N K R  R C  C H C O N H R

g r e e  o f  r a c e m iz a t i o n  in  d i f f e r e n t  t e s t s  w i t h  l . 3-5 O u r  6 4

fu r t h e r  s t u d ie s  o f  t h e  r e a c t i o n  o f  i s o x a z o l iu m  s a lt s  w i t h

N-acylamino acids have now provided clarification of racemization results with 1 , it appeared likely that the
the potential for racemization in this method of peptide decomposition of 6  to azlactone was not so rapid as the
synthesis. facile rearrangement of 6  to 4 and that the use of isox-

The common mechanism established6’ 7 for racemiza- azolium salts might, therefore, eliminate the problem of
tion during peptide synthesis involves fragmentation of racemization during the formation of active esters of
an acylating agent (2 ) derived from a peptide acid to peptide acids.
give an azlactone (3), which may then ionize with loss of Infrared spectral studies of the reaction of hippuric 
chirality at the a carbon. Although with other acylat- acid with a variety of isoxazolium salts have now re

vealed that, actually, enol ester preparation generally is
| _ Y- NV ° \  - h + __rr  complicated by azlactone formation. 1 0 - 1 2  The spec-

— CONHCHCOY =f== =5=*= NvZ' trum of the product mixture from hippuric acid, tri-
2  9 \ H ^  S\  ethylamine, and the new reagent, N-f-butyl-5-methyl-

’ isoxazolium perchlorate (7) , 13 in acetonitrile contained a
3  strong peak at 5.45 p attributable to 2-phenylazlactone

ing agents of the active ester type racemization via az- W » “  with only weak e n o 1  ester absorption at 5.65 p. A  
lactones usually does not compete effectively with acyla-
tion of an amine group during the peptide bond forma- IT 'S  V - - 0

t i o n  r e a c t i o n  i t s e l f ,  p r e p a r a t i o n  o f  t h e  o p t i c a l l y  p u r e  a c -  CM e3 L, \ ___

tive esters of peptide acids by acyl transfer from a race- _ N
mization-prone acylating agent of greater activity is a C1 0 4

common problem.8 However, it has been proposed 7  8

(1) R. B. Woodward, R. A. Olofson, and H. Mayer, J. Amer. Chem. Soc., s im i la r  r e s u l t  W a s  o b t a in e d  w i t h  N - ( - b u t y l - 5 - p h e n y l is O X -
83, lo io  (1961); Tetrahedron Suppi, 8,3 2 1  ( 1966). a z o l iu m  p e r c h lo r a t e  ( 9 ) ,  w h i l e  N ,5 - d ip h e n y l i s o x a z o l iu m

(2) G. W. Anderson and F. M. Callahan, J. Amer. Chem. Soc., 80, 2902
C958). (9) R. B. Woodward and R. A. Olofson, J. Amer. Chem. Soc., 83, 1007

(3) F. Weygand, A. Prox, L. Schmidhammer, and W. König, Angew. (1961); Tetrahedron Suppi., 7, 415 (1966).
Chem., 75, 282 (1963).* ( 10) The extent of racemization, since it depends on the relative rates of

(4) The observation of racemization in this test was not unexpected since acylation and racemization for the azlactone, would be less than the amount
under comparable conditions racemization also was observed in the Anderson of azlactone formed. Thus, in cases where the azlactone is stable, direct

_ spectral assay of the actual amount of azlactone provides an especially
(5) M . W . Williams and G. T. Young, J. Chem. Soc., 881 (1963). sensitive measure of the potential hazard of racemization associated with
(6) M . Goodman and K . C. Stueben, J. Org. Chem., 27, 3409 (1962); the formation of enol esters.

M. Goodman and L. Levine, J. Amer. Chem. S o c . , 86, 2918 (1964); M. Good- (11) Related results were previously obtained in a study of the N-ethyl-
man and W. J. McGahren, ibid., 87, 3028 (1965). benzisoxazolium cation.12

(7) M. W. Williams and G. T. Young, J. Chem. Soc., 3701 (1964); I. An- (12) D. S. Kemp, Ph.D. Thesis, Harvard University, 1964.
tonovics and G. T. Young, Chem. Commun., 398 (1963). (13) R. B. Woodward and D. J. Woodman, J. Amer. Chem. Soc., 90,

(8) M . Bodanszky and M . A, Ondetti, "Peptide Synthesis," Interscience 1371 (1968).
Publishers, New York, N. Y ., 1966, p 150. ( 14) Assignment confirmed by isolation of 8.
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Sc h e m e  I
r  OCOCH2NHCOPh-|

MeCOCH=C=NCMe3 +  PhC0NHCH2C02Il — >■ LMeCOCH=CNHCMe3 |
13 14

OCOCH2NHCOPh

MeCOCH2CONHCMe3 +  8 ■<—  [14] — MeC=CHCONHCMe3 
18 12

Sc h e m e  II
1 +  PhC0NHCH2C02-  — >- [ArCOCH=C=NEt] +  PhC0NHCH2C02H

IS

r  OCOCH2NHCOPhl

[IS] +  PhC0NHCH2C02H — =- L.ArCOCH=CNHEt J
16

OCOCH2NHCOPh

ArCOCH2CONHEt +  8 -<—  [16] — >  ArC=CHCONHEt
17

perchlorate ( 1 0 ) gave an azlactone band of lesser inten- tested is that 1 is a zwitterion which is relatively insolu- 
sity than that of the enol ester. Azlactone absorption ble in acetonitrile. A ll the other isoxazolium salts dis- 
was negligible only with the original reagent 1 , and even solve immediately in the triethylammonium hippurate 
the closely related compound, N-ethyl-5-phenylisoxazo- solution with rapid ring opening to give hippuric acid 
lium fluoroborate ( 1 1 ), gave an azlactone peakcompara- and ketoketenimine, 16 which then combine in the slow
ble in intensity with that of the enol ester. step of the reaction. In contrast 1 dissolves so slowly

(45 min) that the rate of solution is rate determin
e s . __q pjj ing, and the acid and ketoketenimine (15) do not build

| \ N'lT""0\ ^ ir 'S  UP d e t e c t a b l e  concentrations. Thus, while the inter-
V N ± —CMe3 l^ N ± -P h  L  Jj±-E t mediates from the other isoxazolium salts decompose in

C104-  c io r  ^B p- a mecbum containing acid generated by the fast prior
9  1 0  4 11 4 ring opening and give azlactone, the intermediate (16)

from 1 is exposed to unconsumed base which favors the

It  was also found that the relative amounts of azlac- form,ation f  ester < » )  ,(S+cbeme That the 
tone (8 ) and enol ester ( 1 2 ) from the reaction of hippuric a™ dance of azlactone with 1 is the result of the rate of
acid and the ketoketenimine 13, from 7 , varied with the S° lu1f n/ .r a t h .e 5  *han son?e otber factor was confirmed
basicity of the reaction mixture. In a series of spectral “  a+ test m ^  th® 0rf f  ° f  cof  ̂ nation of the reac-
tests in acetonitrile containing progressively greater J™. 1 . f 0Wing ?.to +react ™ tb a s°iu'
concentrations of pyridine, the proportion of ester in the tl0n ° f  bef« re combination with the hip-
product mixture increased steadily, but some azlactone p™ c  add, a reaction mixture similar m acidity to those
was formed even when pyridine was used as the solvent. Wlth f *  l her ™ ° bum+ salts was obtalned- and> “
The effect of pyridine concentration on the product ratio 6Xpf  Cted’ the P^duct spectrum contained an azlactone
cannot be attributed to an equilibrium between the enol Pef  comParable m intensity with that of the enol ester,
ester and azlactone since control experiments estab- , In ™ W ° f tLe P0“  adva» tages of ^ / n o l  esters
lished that there is no interconversion of 8  and 1 2  in the f ° m^ e “ T  reagent 7  for synthetic use,- lt was of m-

„  - r  rpi , , , , , terest to determine it the basicity of the reaction me-
presence of pyridine. Therefore azlactone and enol es- .. , . . .  , , , J , ., , . .i „ j i i ■ , • dium could be maintained at such a level that azlactone-ter must be formed by competing reactions. t i , u  °

t i i t free enol ester could also be obtained from 7. Attemptsthe observation of azlactone formation under condi- , , . . , , , ...Vf l .
tions where the product ester itself does not give 8  pro- *° P] ? ' Ve “ b“ 1? by  ™ 7  ¿ »w  add.tron of
vides support for the proposal* that the reaction of car- a 1? I"*10"  °  V '°  hippurate m aeeto-
boxylic acids with isoxL liu m  salts proceeds via a resu *“ *,m ?°“  <*” ™l>n.ent of the product mix-
i - v. • i ,r , , ,. 1 , , ,  ture in enol ester, but, even when 7 was added at a con-highlv reactive intermediate acylating agent such as 6 . , , . • , f  0  3 ,, , , , ,.

n , i  ? j  • e stant rate over a period of 6  hr, the enol ester absorption.Presumably, then, alternate modes of decomposition of ______ + _____ , ' . . .  mi t •, , , ,.i j. . . „ . . . . .  was not so great as that of 8 . Ih e  failure of the slow

^  i erT ,  ^  t  ' fr  T UT1C 7  and tbe fact that a greaterand 13, give either 8  or 1 2  (Scheme I  , and increasing proportion^ f azlactone is obtained from 7  and trl ethyl.
basicity favors the pathway to enol ester.» ammoniumhippuratethanfromthereverseadditionex-

A  similar dependence of the reaction course upon ba- ■ ,{' , f ,.• *i c ,, j ■ , . , , , , . , . penment with 1 suggest that azlactone formation issicity of the medium can be invoked to explain why m p , ,. , , , r , A, i , i . , , ,, , ,  X . J, more favorable, relative to enol ester formation, from 14the spectral tests only the reagent 1 gave the enol ester b̂an frQm 1 6

of hippuric acid relatively free of azlactone. The era- A]though the use of more strongly basic conditions 
cial difference between 1 and the other isoxazolium salts stm offered the possibility of channeling the decomposi-

(15) This effect of basicity on the reaction course, which could be rationa- t i o i l  o f  14 e x c lu s i v e l y  t o  12; SUCh C o n d it io n s  a ls o  p r e -  
lized on the basis of preferential rearrangement of the anion of 14 to 12,
was originally proposed by D. S. Kemp as a result of his study of the N - (16) Detected by the characteristic band in the cumulene region of the
ethylbenzisoxazolium cation.10 infrared spectrum.
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sented the hazard of equilibration of enol ester with the reaction is largely complete ( 2 0  hr) forces the enol
azlactone. Racemization of the closely related enol ester preparation to completion and azlactone can not
esters from peptide acids and benzisoxazolium salts in be detected in the spectrum of the residue. However,
the presence of triethylamine has recently been ex- azlactone is apparent with only minor variations on
plained on the basis of such an equilibrium. 17 In the this technique, such as using the isoxazolium salt 7 in
present system the equilibrium actually favors azlactone stead of 13 or evaporating the solvent immediately. In
as shown by spectral tests in acetonitrile containing a both these modifications the basicity of the reaction
catalytic amount of triethylamine in which 1 2  slowly medium is diminished slightly and some decomposition
gave 8  but no reverse reaction was observed with a mix- of 14 to 8  presumably occurs. 21

ture of 8  and 18. Complete avoidance of azlactone Finally, while the rate of solution of the original pep- 
therefore required that conditions be found more basic tide reagent 1 has been shown to favor enol ester forma-
than the tests with pyridine to prevent the formation of tion under the optimum conditions previously de-
8  from 14 yet not so basic that 8  would be formed from scribed1 for its use, it must be stressed that modifica-
1 2 . Since the equilibrium favors 8  relative to 1 2 , direct tions of the procedure which might upset this accidental
spectral assay could be used to detect azlactone from control mechanism can lead to competing azlactone for-
either source in further tests designed to find conditions mation and the attendant danger of racemization. For
of appropriate intermediate basicity. example increased azlactone absorption was detected in

Substantial reduction in the proportion of azlactone a spectral test in which 10% excess hippuric acid was
was achieved in a test of the reaction of 13 and hippuric present in acetonitrile and also when exact equivalents
acid with 1 0 %  excess triethylamine in dimethylformam- were used in the solvent nitromethane, in which the re-
ide (D M F) under vacuum on a rotary evaporator. I t  agent 1 dissolves more rapidly. Therefore any changes
was hoped that the excess strong base liberated during in the conditions for enol ester preparation with 1 which
the reaction would be continually removed by evapora- might increase the rate of solution of the reagent and/or
tion along with the high boiling solvent. However, all increase the acidity of the medium should be avoided, 
of the azlactone could not be eliminated by this ap
proach even when the more volatile trimethylamine or Experimental Section
only an exact equivalent of triethylamine was employed.
A  more promising method for controlling the basicity M e lt in g  poin ts  w ere  taken  on a K o f le r  h o t-s tage  m icroscope, 

was to use a tertiary base intermediate in strength be- ca lib ra ted  w ith  m e ltin g  p o in t standards fro m  A r th u r  H .  T h om a s

tween tnethylamme (pA of the conjugate acid m water and chemical ^  are reported m T values relati‘ e to te tra -

— 1 0 .6 5 18)  a n d  p y r id in e  ( p ^v a . —  5 .1 7 19) .  I n  a  t e s t  w i t h  m eth y ls ilan e  as an in tern a l standard  ( r  10.00 ). T h e  ir  spectra

10% excess N-methylmorpholine (pA a  =  7.1418) in ace- w ere  recorded  w ith  a  P erk in -E lm er In fra c o rd  spectroph otom -

tonitrile, some azlactone absorption was observed in the eter> using fixefi 0-2-m m  p a th  len g th  cells. A l l  am ines w ere

initial product spectrum, and, later in the reaction, the f ied ?Ter0type, 5A m“ ar T f '  , P 1® analysis was per'
a z la c t o n e  p e a k  b e g a n  t o  in c r e a s e  as  t h a t  o f  t h e  e s t e r  S pectra l T e s ts  o f A z la c ton e  Form ation .— A  so lu tion  o f 0.179 g

diminished. I t  is likely that in this test the basicity at ( i  m m o l) o f h ippuric  ac id  and 0.101 g  (1 m m o l) o f E t 3N  in  10 m l

t h e  o u t s e t  w a s  in s u f f ic ie n t  t o  p r e v e n t  t h e  f o r m a t i o n  o f  8  o f M e C N  (spectra l g ra d e ) w as s tirred  v ig o ro u s ly  w h ile  0.240 g

from 14 and that increasing basicity as the reaction pro- ^  m m o l) o f  7 was added  ra p id ly . T h e  ir spectrum  o f  th e  resu lting

gressed with consumption of acid subsequently brought soluti(%  wa\ scanned from P to7KM ™tU th®^eten:
& . /  . H J & unine absorption  near 4.85 n d isappeared  in  ab ou t 20 m m  (¿ ), and
a b o u t  c o n v e r s io n  o f  12  in t o  8 . A p p a r e n t l y ,  th e n ,  a  th e  absorbance o f th e  ca rb ony l p eak  o f 8 a t 5.45 ¡x in  th e  p rod u ct

b a s e  w e a k e r  t h a n  N - m e t h y lm o r p h o l in e  w a s  n e e d e d  t o  spectrum  w as 0.58 ( A ) . 22

a v o i d  t h e  l a t t e r  p r o b le m  w h i l e  t h e  b a s e  w o u ld  h a v e  t o  b e  T h e  tes t w as repeated  w ith  1 m m o l each o f 9 23 (t =  20 m in ,

present in large excess so that decomposition of 14 would 4 = 9 ^ ’ ?  = 9 I?*n ’ A = 0 .1 3 ), and 111 ( i  =  7 m in ,
i _  p i - A  =  0 .2 0 ). W ith  1 stirring w as con tinu ed  u n til a ll b u t traces

give on y  1 2 . The range of base strength in question of the reagent had dissolved\45 min)> and no k eteu im m e absorp-

s p a n s  t h e  p ic o lm e s  a n d  lu t id m e s ,  b u t  w i t h  3 - p ic o h n e  tion  cou ld  b e  d etec ted  in th e  spectrum  o f th e  so lu tion  (A  <  0 .02 ).
( p A A  =  5.6817)  a s  t h e  s o l v e n t  t h e  r e s u l t  w a s  t h e  s a m e  a s  2-Phenylazlactone (8).— A  d u p lica te  o f th e  tes t reac tion  m ix- 

w i t h  p y r id in e .  F in a l l y ,  t e s t s  w i t h  e i t h e r  2 - p ic o l in e  tu re  wlt,b  7 w as a llow ed  to  stand o ve rn igh t, d ilu ted  w ith  20 m l o f

(pA Â =  5.9717) or 2,6-lutidine (pA A =  6.7517) as the sol- CH,2Cl2- Jw a s h ,e d  with wat%> dried (Na*sO<), and e va p o ra ted
N , j .  , . -, , , , -j under redu ced  pressure. T h e  residue w as w ashed  w ith  th ree
vent did give product spectra which contained no azlac- 5 -mi portions  o f cold  w a te r to  rem ove  th e  bu lk  o f th e  b y -p rod u c t

tone peak, establishing that in this range of basicity 18, and th e  rem ain ing so lid  was d ried  under vacu u m . P a r t ia l

both pathways to azlactone are inoperative. 20 su b lim ation  (8 0 -9 0 °, 0.1 m m ) ga ve  0.034 g  (2 1 % ) o f 8, m p  8 8 -

The practical consequence of the spectral tests of az- 88-5° f l i t .1* m P 9 0 .0 -9 1 .2 ° ). F u rth er su b lim ation  g a v e  8 con-

la c t o n e  f o r m a t i o n  w i t h  7  is  t h a t  s p e c ia l  p r e c a u t io n s  J®* spec t™ % w a s  id en tica l w ith  th a t o f
. . .  , , , . J. 1 , an au thentic  sam ple o f 8 ;12 nm r (C D C h ) show ed r  5.65 (s , 2 ) and

w o u ld  h a v e  t o  b e  t a k e n  f o r  t h e  p r e p a r a t i o n  o f  e n o l  e s t e r s  2 .83-2 .00  (m , 5 ).

with the new reagent and N-acylamino acids or peptide T es ts  w ith  P y r id in e .— A  m ix tu re  o f  1 m m o l o f h ipp u ric  acid  

acids which are likely to form azlaetones. Vacuum 0.155 m l ( l  m m o l) o f 1324 in  10 m l o f M e C N  w as swirled
evaporation of a solution of equivalents of hippuric acid
and the ketoketenimine 13 from 7 in dry 2-picoline after (21) The yield of 12 With the successful technique could not be determined

** c  accurately because the ester failed to crystallize, but with carbobenzoxy-
glycine the crude enol ester (19) was obtained in 90% yield, albeit in a low

(17) D. S. Kemp and S. W. Chien, J. Amer. Chem. S o c . , 89, 2745 (1967). state of purity. Since carbobenzoxyglycine is not subject to the azlactone
(18) H. K . Hall, Jr., ibid., 79 , 5441 (1957). problem and pure 19 can be recovered from the reaction conditions, addi-
(19) H. C. Brown, D. H. McDaniel, and O. Hafliger, in “ Determination tional side reactions must be responsible for the low purity of the product

of Organic Structures by Physical Methods,”  E. A. Braude and F. C. obtained from the reaction in 2-picoline.
Nachod, Ed., Academic Press, New York, N. Y ., 1955, p 567. (22) For 0.1 M  8 in M eCN, A  =  1.0.

(20) The possibility that the absence of the azlactone peak can be at- (23) R . B. Woodward and D. J. Woodman, J. Org. Chem., 31, 2039
tributed to rapid, selective decomposition of 8 by reaction with traces of (1966).
nucleophilic impurities in these solvents is ruled out by the detection of (24) R. B. Woodward and D. J. Woodman, J. Amer. Chem. Soc., 88,
azlactone in 2-picoline in the modified procedures below. 3169 (1966).
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u n til a ll th e  ac id  h ad  d isso lved . T h e  ir spectrum  o f th e  solu tion  (A  =  0 .1 5 ). T h e  tes t w as repeated  w ith  1 m m o l o f E t3N  (A  =
w as scanned fro m  4  to  7 n u n til 13 had  been  consum ed com p le te ly  0 .1 7 ) and w ith  excess (< 0 .0 6  g )  o f M e 3N  (A  =  0 .1 2 ).
( f  =  30 m in , A  =  0 .7 7 ). T h e  p rodu ct spectrum  was id en tica l T h e  spectrum  c f  a so lu tion  o f  1 m m o l each  o f  h ippuric  ac id  and 
a fte r  24 h r. N o  change w as observed  in  th e  ra tio  o f in tensities 13 in  10 m l M e C N  con ta in ing 1 . 1  m m o l o f  N -m eth y lm orp h o lin e  
o f th e  azlactone and enol ester peaks a fte r  a d u p lica te  o f th e  te s t recorded  2  m in  a fte r com bin ing th e  reactan ts  con ta ined  enol
m ix tu re  was d ilu ted  w ith  p y r id in e  (fin a l concen tration  2 .0  M ). ester absorp tion  and a  w eaker az lacton e p eak  (A  =  0 .03 ).

T h e  test w as repea ted  w ith  reac tion  m ixtu res  0.1 M  (A =  A f te r  10 h r b o th  bands had  increased in  in ten s ity  (A  =  0 .07 ), and
0 .5 0 ), 0 .2  M  (A  =  0 .3 9 ), 0.5 M  (A  =  0 .33 ), and  2 .0  M  (A  =  a fte r  60 h r th e  ester p eak  had  d im in ished  w h ile  th a t  o f  the azlae-
0 .17 ) in p y r id in e . A  fin a l tes t w as conducted  in  p y r id in e  as th e  ton e  had  fu rth er increased (A  =  0 .1 3 ).
so lven t (A  =  0 .0 5 ). Spectra  w ere  scanned fro m  4  to  7 y. u n til a ll th e  keten im in e  had

R ev e r s e  Addition with 1.— A  m ix tu re  o f 0.202 g  (2  m m o l) o f been  consum ed in  tes t reactions o f  1 m m ol each  o f  13 and  h ip- 
E t3N  in  10 m l o f M e C N  and 0.507 g  (2  m m o l) o f 1 w as s tirred  puric  ac id  in  3 -p ico line ( i  =  25 h r, A  =  0 .0 6 ), 2 -p ieo lin e  ( f  =  30
un til a ll b u t traces o f  th e  so lid  h ad  d isso lved . T h e n  5 m l o f  th e  h r, A  <  0 .0 1 ), and 2 .6 -lu tid ine  ( f  =  30 h r, A  <  0 .01 ).
resu lting solu tion  was added  ra p id ly  to  a  v igo ro u s ly  s tirred  N-Z-Butyl-/3-hippuryloxycrotonamide (1 2 ).— A  d u p lica te  o f  th e
suspension o f 1 m m ol o f  h ippuric  ac id  in  5 m l o f M e C N .  T h e  spectra l tes t so lu tion  o f  13 and  h ippuric  ac id  in  2 -p ico line was
acid  d isso lved  w ith in  2  m in , and th e  p rod u ct spectrum  w as a llow ed  to  stand  2 0  h r and then  eva p o ra ted  under vacu u m  a t
recorded  (A  = 0 .3 5 ) .  room  tem p era tu re . T h e  residue w as taken  up in  10 m l o f M e C N ,

Slow Addition with 7.— A  solu tion  o f  1 m m o l o f 7 in  0 .5  m l o f  and th e  ir  spectrum  show ed enol ester absorp tion  a t 5.65 ¡i free
M e C N  was added  during 75 m in  a t a  constant ra te  w ith  a  m o to r  o f an y  az lacton e p ea k . A t te m p ts  to  c rys ta llize  th e  o il fro m  a
d riven  syrin ge  con tro l to  a w e ll-s tirred  so lu tion  o f 0.102 g  (1 .01 v a r ie ty  o f  so lven ts  w ere  unsuccessful. T h e  p rocedu re  w as
m m o l) and 0.181 g  (1 .01 m m o l) o f h ippu ric  ac id  in  9.5 m l o f th e  repea ted , e va p o ra tin g  th e  solu tion  im m ed ia te ly  (A  =  0 .0 2 ) and
so lven t. T h e  p rodu ct spectrum  was recorded  w hen  th e  ad d ition  su bstitu ting 1 m m o l o f 7 fo r  13 (A  =  0 .0 4 ). 
was com p lete  (A  =  0 .3 5 ). T h e  tes t w as repeated  w ith  ad d ition  N-f-Butyl-/3-carbobenzoxyglycyloxycrotonamide (19).— A  solu-
tim es o f 150 m in  (A  =  0 .3 2 ) and 375 m in  (A  =  0 .2 9 ). t ion  o f 1.05 g  (5  m m o l) o f ea rb oben zoxyg lyc in e  in  40 m l o f 2-

Interconversion of 12 and 8.— T h e  ir  spectrum  o f  a 0.1 M  p ico lin e  was com bined  w ith  0.696 g  (5  m m o l) o f  13 in  10 m l o f th e
solu tion o f 12 (iso la ted  b e lo w ) in  M e C N  con ta in ing a c a ta ly tic  s o lv en t under d ry  n itrogen . T h e  n ex t d a y  th e  so lu tion  was
am ount ( 1  drop/100 m l)  o f  E t3N  show ed  an az lacton e ban d  a t  eva p o ra ted  and th e  residue was taken  up in  C H 2C I2 and  w ashed
5.45 n (A  =  0 .0 4 ) w ith in  1 hr a t  room  tem peratu re . T h e  spec- w ith  w a te r, 8 %  N a H C O s , and  w a te r . E a ch  aqueous ex tra c t was
trum  o f th e  so lu tion  th e  n ex t d a y  con ta ined  a  d im in ished  eno l w ashed  w ith  tw o  sm all portions  o f  C H 2C12. T h e  com bined  organ ic
ester p eak  and increased az lactone absorp tion  (A  =  0 .1 8 ). phases w ere  d ried  (N a^SO ,), filte red , and e va p o ra ted . P rec ip ita -
No ester absorption  w as d e tec ted  on  lon g  stand ing o f  an M e C N  tio n  o f th e  residue fro m  benzene w ith  p etro leu m  eth er (b p  4 0 -
solu tion  0.1 M  in  b o th  8 and 18 (fro m  b e lo w ) w ith  a c a ta ly tic  6 0 ° )  g a ve  1.57 g  (9 0 % ) o f y e llo w  crysta ls , m p  7 6 -8 3 °, con tam i-
am ount o f E t 3N .  n a ted  w ith  a  sm all am ount o f ta r ry  m a ter ia l. R ec rys ta lliza t io n

N-i-Butylacetoacetamide (18).— T h e  isoxazo liu m  sa lt 7 (2 .40  fro m  b en zen e-p e tro leu m  eth er g a ve  pure, colorless 19: 16 m p
g ,  10 m m o l) w as d isso lved  in  50 m l o f 8 %  N a H C 0 3. A f t e r  24 8 4 -8 5 °; n m r (C D C I 3 )  r  8.72 (s , 8 .8 ) ,  8 .10 (3 ),  5.92 (d , 1 .9 ; J  =  6

hr th e  solu tion  was ex trac ted  w ith  th ree  25-m l portions  o f  C H 2C I2 . H z ) ,  4.91 (s , 2 .1 ), 4 .60 (1 .1 ), 4.26 (b road , 1.9), 2.73 (s , 5 .1 ).
T h e  com bined  organ ic  extrac ts  w ere  d ried  (N a 2SO ( ) and filte red . Anal. C a lcd  fo r  C isIh iN aO s: C , 62.05; H ,  6 .94; N ,  8.04. 
R e m o v a l o f th e  s o lv en t u nder redu ced  pressure le ft  1.2 g  o f  F ou n d : C , 62.26; H ,  7.06; N ,  8.07.
crysta llin e  solid , m p  4 5 -4 7 .5 °. T w o  recrysta lliza tion s  fro m  W h en  pure 19 was d isso lved  in  2 -p ico line and  iso la ted  b y  the
ether g a ve  pure 18: m p  4 6 .5 -4 8 ° ( l i t . 26 m p  4 4 -4 5 ° );  n m r (C C h ) ab o ve  p rocedu re , eva p o ra tion  o f th e  C H 2C12 le f t  m a te r ia l (9 3 % )

r  8.70 (s ) ,  7.83 (s ) ,  6.95 (s ) ,  and 2.97 (b ro a d ). o f m p  8 4 -8 5 °.
Tests with Other Bases.— A  m ix tu re  o f  1 m m o l each  o f h ip - Modifications o f the Procedure with 1.— T h e  spectra l tes t w ith  

puric  acid  and 13 in  10 m l o f D M F  con ta in ing 0.154 m l (1 .1  1 w as repeated  in  th e  so lven t M eN C h  (so lu tion  in  15 m in , A  =
m m o l) o f E t3N  w as sw irled  u n til a ll th e  ac id  had  d isso lved , and 0 .0 7 ) and  w ith  1.1 m m o l o f  h ippu ric  ac id  in  M e C N  (so lu tion  in
th e  solu tion  w as eva p o ra ted  in  th e  course o f 3 h r a t room  tem - 3 0  m in , A  =  0 .03 ).
perature with a rotary evaporator attached to a mechanical . . lnK1„
vacuum pump. After 2 hr more on the evaporator, the residue Registry No. Hippuric acid, 495-69-2, 7, 105Id- 
was taken up in 10 ml of MeCN and the ir spectrum recorded 45-8; 12, 20122-51-4; 19, 19625-78-6.
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Formation of Pyrazoles from 3,3-Disubstituted
2,4-Pentanediones and 2-Hydroxyethyl Hydrazines.

Coproduction of 3,3a,5,6-Tetrahydropyrazolo[3,2-b]oxazoles

David T. M anning and Harold A. Coleman

Research and Development Department, Union Carbide Corporation, Chemicals and Plastics,
South Charleston, West Virginia 25303

Received January 15, 1969

C ondensation  o f variou s 3 ,3-d isubstitu ted  2,4-pentanediones w ith  2 -h yaroxye th y lh yd raz in es  affords 3,3a,5,6- 
te trah yd ropyrazo lo [3 ,2 -6 ]oxazo les  resu ltin g  fro m  an in tram olecu la r a leoh o l-en am in e  reaction  o f th e  in it ia lly  
fo rm ed  5-m ethylene-2-pyrazo lines. N u c lea r  m agn etic  resonance studies o f these nonp lanar heterob ieycles  w h ich  
h a ve  been  iso la ted  in d ica te  th a t phen y l, w hen  a tta ch ed  to  C-5, gen era lly  occupies a s ing le  p re fe rred  con figura
tion . W h en  one or b o th  o f th e  s ta rtin g  d ike ton e  substituents is a lly lic , a  rearrangem ent, e v id en t ly  o f th e  C la i- 
s en -C op e  ty p e , occurs p rodu cing isom eric  p y razo les  as coproducts. T e trah yd rop y ra zo lo [3 ,2 -6 ]oxa zo les  bearin g 
one or m ore  a lly ! groups a t C -3 undergo isom eriza tion  to  th e ir  p y ra zo le  coproducts under th erm a l cond itions (ca.
2 0 0 °) o r upon  s im ple re flu x ing  in  e thanol solution. T h is  la tte r  tran sform ation  o f 3 -a lly lte trah yd rop y ra zo lo - 
[3 ,2-b]oxazoles suggests th a t th e y  are k in e tica lly  fa v o red  p roducts w h ich  g iv e  rise to  th e ir  th e rm od yn am ica lly  

s tab le  p yra zo le  isom ers during th e  course o f th e  condensation  reaction .

Earlier we noted that 3,3-disubstituted 2,4-pentane- groups at the pyrazoline C-4 of intermediates such as 3
diones having allylic or propargylic groups at C-3 react rearrange more rapidly than do propargylic groups.1
with monosubstituted hydrazines forming rearranged
pyrazoles via a Claisen-Cope type of rearrangement.1 Scheme I
By means of an exceptionally facile propargylic re- CH2NHNH2 _h2o
arrangement, the reaction enables preparation, in good r.—  ̂ | +  (ClI,CO)2C(CH2C=CH )2 ------ ►
yields, of pyrazoles having C-5 allenic substitution. \___/ CHOH 2
The aim of obtaining such unsaturated pyrazoles with
additional pharmacophoric /3-phenylethyl substitution 1 CH
suggested a-(hydrazinomethyl)benzyl alcohol (1) as an j
appropriate carbonyl reactant. CH2C=CH

Results and Discussion CHCH2Nnv / ^ cH2C=e€H

Treatment of 3,3-di(2-propynyl)-2,4-pentanedione OH Cih
(2) with 1 was performed in refluxing ethanol under 
conditions typical1 for formation of 4 by propargylic re
arrangement (Scheme I). The product, obtained in QHj

59% yield, displayed none of the expected spectroscopic jI
features of 4, however, but was a nonhydroxylic isomer N '^ \ .C H 2C=CH
with strong C-O-C (9.95 p) absorption. The nmr at. / \ qHn—
spectrum showed two methyl groups and three A M X  ,—- | 2
protons as pairs of doublets at 5 3.07, 3.99, and 4.65. /  \ — ^
These data, along with mass spectral studies, led to 
formulation of the new product as 3,3a,5,6-tetrahydro-
2,3a-dimethyl-5-phenyl-3,3 - di(2 - propynyl)pyrazolo- CH3
[3,2-6 ]oxazole (5) representing a heterobicyclic system i
described only recently by Gillis and Weinkam.2

Formation of S may be viewed as an intramolecular \  CIICIIN /r CH2C=CH
nucleophilic interception of the Claisen-Cope precursor \ __/ J 2
3 by an aleohol-enamine addition related to the oxida- OH 'CH2CH =C=CH 2
tive cyclization of 2-pyrrolidinoethanols reported by 4
Leonard and Musker.3 We had observed that allylic

(1) D. T. Manning, H. A. Coleman, and R . A. Langdale-Smith [J. Org. Thus it Was not Unexpected that in the reaction of 3,3-
1 ‘ 2 ' dMyl-2,4-pentenedione (6) with 1 rearra^ement com-

(2) b. t . Gillis and r . Weinkam, M d ., 32,3321 (1967). peted with enamine cyclization giving both the pyrazole
(3) n. J. Leonard and w. k . Musker, j . Amer. chem. Soc., 82, 5148 io  and the tetrahydropyrazolo [3,2-6Joxazole 9 in crude

(1960). By analogy with the oxidative cyclization of these authors the pro- . , ,  r r .  , n , M  ,• , ,a  . TT\ m ,
tonated iminium species 3a may be considered to be the precursor of the bi- y i e l d s  o f  o 4  a n d  2 4 % ,  r e s p e c t i v e l y  (S c h e m e  I I ) . T h e
cyclic system. relatively nonpolar 9 was readily separated from 10 by

column chromatography.
T Condensation of 1 with 6 to give the carbinol 7 is a

;]Iŝ \ / ch2c—CH reasonable first step and the ability to form enamines
CsHsCHCHiVw^cRfeCH such as 8 under these reaction conditions has been dem-

oh vifi onstrated.1 Compound 9 may then arise via paths
3a A  or B. The ability of 9 to serve as the precursor of 1 0
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S c h e m e  II
ch3

1 +  (CH3CO)2C(CH2CH=CH ) 2 —*- N ^ ^ \ , C H 2CH=CH2

6 r N ^ / \ c H 2C H = C H 2

C6H5—  s ^O ch3

(JH
/  H

| A

CH3 s  ch3

n##\ , ch2ch==ch2 n^ \ . ch2ch= ch2

[/ n-n / / ^CH2CH=CH2 /Nx>/ A sCH2CH=CH2

C6H5-------OH CH2 CeH5-------0 /XCH3

H H
8 9

V  „X
I > - ch2ch= ch2

HC6H5— — OH ch2ch2ch= ch2 

H
10

was shown by refluxing 9 with ethanol under simulated Sc h e m e  III
reaction conditions. An approximately 85% conver- CH3

sion of 9 into 10 occurred suggesting that 3-allylic tetra- j
hydropyrazolo [3,2-6 [oxazoles are kinetically controlled Ni5! \ . C H 2C=CH
products which are converted into their thermodynami- ^  ^
cally stable pyrazole isomers during the reaction by V  CH2CH=CH2

paths C and D. Similarly, synthesis of the 3-allyl-3- ______0  'CH3
propargyl derivative 11 resulted in coproduction of 12
along with a small amount of the product (13) of pro- “
pargylic rearrangement (Scheme I I I ) .  Attempted 11
vacuum distillation of 11 also gave 12, containing a trace QH3

of 13, in high yield. Tetrahydropyrazolo [3,2-6 [oxazoles J
were the only products observed upon reaction of hy- \ _ P H r = r i r
droxyethylhydrazines with 3,3-dimethyl-2,4-pentane- 2 2

dione. | \ +
Inferences from Nmr Spectral Data.— The rigid C6H5------- OH CH2CH2CH=CH2

tetrahydropyrazolo [3,2-6 [oxazole system is butterfly H
shaped with magnetically nonequivalent “ concave”  12
and “ convex”  surfaces. This accounts for the 5
2.55-2.82 resonance range of the propargyl methylenes CH3

of 5 (at C-3) and for the appearance of two C-3 methyl \
singlets for the tetramethyl derivative 14. With two N - ' n.

I > — CH2CH=CH2
Ha i^ NXHm. I \

I ~N. c6h5-------OH ch2ch= c= ch2

c6h5— 7 6  L ^ h3 ¥ —ch3 h
Hx 0 3) CH2C^CH

ch2c= ch 13

5  centers of asymmetry 5 can exist, theoretically, as two
stereoisomers. The appearance of both the C-2 and 

V- "N . C-3a methyl resonances of 5 as sharp singlets indicates
5 \ / ~CH3 that either (a) a mixture of cis and trans isomers exists

0 3» 1 ^~CH3 but this variation in phenyl position is without effect on
CH3 the chemical shift of the methyl protons, or (b) the C-5

1 4  phenyl group exists in a single preferred configuration.
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Consideration of the above-mentioned A M X  patterns H e yw o o d  and P h illip s .10 T h e  d ihydroch lor ide , m p  212-216° 

of the 5-phcnyltetrahydropyrazolo [3,2-6 ]oxazoles en- dec, w as an a lyzed . „  „  ,

ables a choice between these alternatives. While we l0A£ ah Calcd for c °HloN2° cl2: N- 10-50- Pound: N>
are not able to give configurational assignments to H a, a -(H yd ra zm o m eth y l)-4 -m e th y lp ip e ra zw e -l-e th a n o l.— 1-G ly-

H m, Hx, and phenyl, the appearance of three sharp pairs c idy l-4 -m eth y lp ipera zin e  (78.1 g , 0.5 m o l) and anhydrous hy-

of doublets, with no second A M X  sets apparent, indi- drazine  (165.0 g , 5 .0  m o l) w ere  a llow ed  to  reac t under cond itions

cates that the phenyl group occupies one preferred con- sim dar to  those em p loyed  in  the p reparation  o f  l D is tilla t ion  
n i *  • l i  £ • ! , • T and red is tilla tion  ga ve  55.8 g  o f p rodu ct, b p  132-135° (0 .35
figuration and 5 is therefore a single stereoisomer. In m m ), w hose nm r spectrum  was con firm a tory  b u t show ed th e

the case of 11 the unlike allyl and propargyl groups at presence o f som e rem ain ing bu tanol so lven t.

C-3 form a ca. 50: 50 cis-trans mixture with the C-2 and Anal. C a lcd  fo r  C 8H 2,,N40 :  N ,  29.76. F ou n d : N ,  28.13. 
C-3a methyls consequently showing pairs of singlets of 3,3a,5 ,6-Tetrahydro-2 ,3a-dimethyl- 5 - phenyl-3 ,3 -di(2 -propy-
a D D r o x im a t e lv  e o u a l  a r e a  U n l ik e  n h e n v l  s u b s t i t u t io n  n y l)p yra zo lo  [3,2-6] oxazo le  (5 ) .— T o  a m ix tu re  o f 1 (7 .6  g , 0.05
a p p r o x im a t e l y  e q u a l  a r e a .  u n i iK e  p n e n y i  s u b s t i t u t io n ,  m o l) and 2 (8  8 g> 0 .05 m o l) in  2oo  m l o f e thanol was added  15

15, having an amino methyl group at C-5, was isolated as ml of 5  % acetic acid and the resulting mixture was then refluxed
an isomer mixture of ca. 2 : 1  as estimated from the in- fo r  a  p eriod  o f 3.5 h r. E va p o ra tion  o f vo la tiles  g a ve  an o il

w h ich  crys ta llized  on stand ing. T h e  crude p rodu ct was dis-
so lved  in  m eth an o l and  p rec ip ita ted  w ith  w a te r g iv in g  7.05 g

„  o f  cream -colored  crysta ls , m p  99-1 01 °. A n  im pure fra c tion
H — i —■— " y  — .j t  (1 .55 g , m p  7 2 -9 5 ° ) b rou gh t the to ta l y ie ld  to  5 8 .9 % : ir  (K B r )

raA m __T I CH , V_nT 3.04 ( D = C H ) ,  6.16 ( C = N ) ,  7.24 (C C H , ) ,  9.95 (C O C ),  13.25
3 \ i 2 /  Tttt and  14.32 n (m onosu bstitu ted  p h e n y l);  mass spectrum  [70

/ U  Sa eV  (4 9 ° ) ]  m/e 292 (p a re n t), 186 (loss o f C 6H 5C H C H 2 io n ),  147
CH3 (ion  a ),  104 (C eH sC H C H , io n ),  91 (b en zy l io n ),  77 (p h en y l io n ),

15 / “ X
tegrals of the two C-3a methyl signals. Here, the usual C6H5CH^ /
A M X  pattern was obscured by the apparent presence 0
of isomers and by additional coupling with the methy- a
lene protons attached at C-5. Surprisingly, the ap- .„ ,n w „ n . . , . . .  ,, , . . . ,
parent isomer mixture melted relatively sharply at j , 6 3  (s> 3 ) C H 3C O ),  2.0 (s, 3, C H 3C = N ) ,  2.46 ( t ,  2, H O s € ) ,

55.8-58 . Two additional recrystalhzations changed 3.07 (d ou b le t pair, 1, = 13 H z , J liK = 10 H z , H aC N ) ,  3 .99

the isomer ratio, indicated by the C-3a methyl integrals, (d ou b le t pair, 1, /ma = 13 H z , Jm% = 5.5 H z , H mC N ) ,  4.65

to 3-5:1, but with only a  small change in melting point. (d ou b le t pair, 1 , 1™ = 5.5  H z , /ia = 1 0  H z ,  H *C O ),  7.32 (s,

Despite the nmr evidence of stereoisomerism both 11 5> J f U  ^  ^  6,90; N> 9.58.
and 15 behaved as single compounds upon thin layer F ou n d : C , 78.15; H , 6.95; N ,  9.72.

chromatography (tic). An nmr examination of 15 in a 3,3 -D iaU yl-3 ,3a ’ 5 ,6 -tetrahydro-2 ,3a-d im ethyl-5 -phenylpyr-

second solvent produced an identical spectrum following a z o lo [3,2-6] oxazo le  (9 ) .— A  m ixtu re o f 6 (14.9 g , 0.083 m o l),  1

which the unchanged compound was recovered. This D 2 -6 g , 0.083 m o l),  5 %  acetic  acid  (3 0 m l) ,  and ethanol (400 m l)
i,  , r  , , 1  *i q . ,  , i  , . 1 w as re fluxed  fo r  4 hr and then  stripped  under reduced pressure

result seems to eliminate the possibility that a single to give 24A g  o f an o iL  T h e  la tte r  ^  d ilu ted  w ith  e ther and th e

isomer of 15 is converted into two isomers by ring resu lting solu tion  w as chrom atographed  (a lu m in a ) g iv in g  fou r

opening-reclosing in the nmr solvent system.4 In the fraction s, ob ta in ed  b y  anhydrous e th y l e ther e lu tion , h av in g  a

tetramethyl derivative 14, as expected, the A M X  sys- com bined  com position  (estim ated  b y  i r )  o f 5 .9  g  o f 9 (2 4 .1 %

tern was replaced by an ABCD multiplet representing cm ,de, y/ e ]d ) a lon g ,tW Ith ( som ei;,c rearranged  p y ra zo le  10 
, „ „  , K. 1 °  and keton ic  im purities . R ech rom atograph ing  (e th er e lu tion )

the UXI2UXI2 groups at positions 5 and 0 . fractions r ich  in  9 fo llow ed  b y  recrysta lliza tion  o f the residue from

isop rop y l a lcohol g a ve  1.5 g  o f 9 as w h ite  crysta ls : m p  7 1 -7 2 °; 
_  . . , _  ir (K B r )  6.1 ( C = C ) ,  7.21 (C C H , ) ,  8.19 (C N ) ,  9.71 (C O C ),
Expenmental Section 10.5S, 1 0 .9 1 , and 1 1 .84 M ( C H = C H 2) ;  nm r (C D C l , )  s 1.54

A l l  m e ltin g  poin ts  are  corrected . N m r  spectra  w ere  ob ta in ed  &  f S’ 3-’ j?- 3 '89 1™’ 4 ’ ^n*A ?2"
w ith  Y a r ia n  A -6 0  and  H A -1 0 0  instrum ents em p lo y in g  te tra - 3:™  P a lr ’ h  £ »  =  12.5 H z ,  =  10 H z ,

m eth y ls ilan e  as th e  in tern a l s tandard . A n  A e ro g ra p h  M o d e l tt* a /j° U u f \ pai-r ’ /  ' i ma z/ ^ mx K ** z>
202B  dual-co lum n gas ch rom atograph  was used fo r  v p c  ana lysis . r n i  n i a  5 Z’ I_
3 .3- D i(2 -p rop yn y l)-2 ,4 -p en ta n ed ion e  (2 ) ,1.* 3 -a lly l-3 -(2 -p rop y- O  ^  ^ l O -  N  9 45
n y l)-2 ,4 -p en ta n ed ion e ,1 3 ,3 -d ia lly l-2 ,4 -pen taned ion e (6 ),°  and 76 '99> H > 8 J 6 ’ N ,  9.45.

3 .3- d im ethyl-2 ,4 -pen taned ior.e7 w ere  p repared  as p rev iou s ly  de- ou a'. S ' n  ,  ’ 1 , , , , . ,
scribed  7 ,* 4 -A lly l-5 -(3 -b u ten y l)-3 -m eth y l-a -p h en y lpyrazo le -l-e th an o l

'  " - (H y d ra z m o m e th y l)b e n z y l A lc o h o l ( l ) . - T o  a  stirred  so lu tion  ( [ 0 ) - f  A s  C oproduct o f 9.- I n f r a r e d  exam ination  o f th e
o f 186.9 g  (5 .84  m o l) o f  h yd raz in e  in 500 m l o f b u tan o l, he ld  a t  ch rom atographed  fraction s  from  th e  p reparation  (a b o v e ) o f  9

8 6 -9 2 ° b y  a  steam  cone, w as added  60 g  (0 .5  m o l) o f  s tyren e  ox ide  md^ a4ed an aPP r<“ te  “ “  o fA13'3 g  (53 '9 %  crl‘ d ? -v le Id )
o v e r  a 45-m in  p er iod . A f te r  con tinu ed  h ea tin g  and s tirr in g  fo r  °.f  10 show ing O H  a t  3 .0  M (N a C l ) .  A n  e ther solu tion  o f th e  frac-
17 h r, 150 m l o f w a te r  w as ca re fu lly  added  and vo la tile s  rem oved  tions w as rech rom atographed , e lu tin g w ith  e th er to  rem ove  im -

u nder redu ced  pressure. D is t illa t ion  g a v e  54.0 g  (7 1 .0 % ) o f P ,! r lt ies - J che a l)im m a c o u f n was den washed w ith  m eth an o l
p rodu ct, bp  162-165° (4  m m ) [ l i t .0 165° (4  m m ) ] . releasing 7 .6  g  o f  m od era te ly  pure 10. R ec rys ta l iza tion  from

l-G lyc id y l-4 -m eth y lp ip e ra z in e . W a s  p repared  from  epich lor- ) C & f T l  C - C l  °9  38^ ^ O hT  n m r f r W r n
h yd rin  -  1 -m eth y lp iperaz ine  b y  ,  „ „ h o d  t o  thM  J g g  J [ V S i m S o t , ) i

-------------------- 3 .5  H z ,  C H 2C H 2C H = C H 2),  3.08 (m , 2, a lly l C H 2), 4 .09 (m , 2,

(4) A  possible rationale of the melting point behavior suggested by a ref- C H jN )  5.0 (m , 5, 2 C — C H 2 and C s H sC II),  5.27 (s , 1, O H ),
eree. 5 .45-6 .20  (m , 2, C H = C < ) ,  7.32 (s , 5, C 6H 5).

(5) E. K . Schulte, J. Reisch, and A. Mock, Arch. Pharm., 295, 627 (1962). Anal. C a lcd  fo r  C i9H 24N 20 :  C , 76.99; H ,  8.16, N ,  9.45.
(6) R. B. Davis and P. Hurd, J. Amer. Chem. Soc., 77, 3284 (1955). F ou n d : C , 76.71; H ,  8.11; N ,  9.46.
(7) J. J. Bloomfield, J. Org. Chem., 26, 4112 (1961). --------------------
(8) A. W . Johnson, E. Markham, and R. Price, Org. Syn., 42, 75 (1962). (10) D. L. Heywood and B. Phillips, J. Amer. Chem. Soc., 80, 1257
(9) G. Benoit, Bull. Soc. Chim. Fr., 6, 708 (1939). (1958).
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B. By Isomerization of 9.— A  solu tion  o f  0.15 g  o f  9 in 200 m l and th e  so lu tion  was ch rom atograp hed  on  a lu m ina . E lu tib n
o f ethanol con ta in ing 3 drops o f w a te r  (p H  ~ 6 )  w as re flu xed  fo r  w ith  e th er g a v e  frac tion s  o f  crude p rod u ct to ta lin g  11.0 g . T h ese
3.5  h r a fte r w h ich  the s o lv en t w as rem oved  under redu ced  pres- w ere  d is tilled  g iv in g  10.3 g  (6 1 .2 % ) o f  14: bp  5 0 ° (1.1 m m );
sure. In fra red  analysis o f th e  residual colorless syrup  (0 .15 g )  100%  pu re  b y  v p c ;  ir  (K B r )  3 .4  and 3 .5  (C H 3, C H 2), 6 .15 ( C = N ) ,
produced  a  spectrum  essen tia lly  id en tica l w ith  th a t o f 1 0  ob - 7.24 and 7.32 (C C H 3), 8.55 (C N ) ,  9 .77 (C O C ) ;  n m r (C D C 1 3)
ta ined  in p a r t A  (a b o v e ).  T h e  n m r spectru m  show ed  th e  p rod u ct S 1.03 and 1.13 (tw o  s ing lets , 6 , C H 3C C H 3), 1.25 (s , 3 , C H 3C O ),
to  be p red om in an tly  10 ( > 8 5 % )  con ta in ing som e u n con verted  9. 1.83 (s , 3, C H 3C = N ) ,  3 .17 -3 .94  (A B C D  m u lt ip le t , 4 , C H 2-

3-Allyl-3,3a,5,6-tetrahydro-2,3a-dimethyl-5-phenyI-3-(2-propy- C H 2). 
nyl)pyrazolo[3,2-6]oxazole (11).— A  m ix tu re  o f 3 -a lly l-3 -(2 - Anal. C a lcd  fo r  C 9H i 6N 20 :  C , 64.25 ; H ,  9 .59; N ,  16.65. 
p ropyn y l)-2 ,4 -p en tan ed ion e  (12.6  g , 0 .0708 m o l),  1 (10.75 g , P ou n d : C , 64.71; H ,  9 .69; N ,  16.69.
0 . 0708 m o l),  5 %  aqueous ace tic  ac id  (20  m l) ,  and eth an o l (300 3,3a,5,6-Tetrahydro-5-(4'-methylpiperazin-l'-ylmethyl)-2,3,-
m l) w as re fluxed  fo r  an 8 -hr p eriod  a fte r  w h ich  vo la t ile s  w ere  3,3a-tetramethylpyrazolo[3,2-6]oxazole (15).— A  so lu tion  o f
evapora ted  le a v in g  an o il. T h is  was d isso lved  in  e th er, d r ied  a - (h yd ra z in o m eth y l)-4 -m eth y lp ip e ra z in e - l-e th a n o l (20.6  g , 0.11
(M gS O < ), and ch rom atographed  on a lu m ina g iv in g  8 .7  g  (4 1 .7 % ) m o l) ,  3 ,3 -d im ethy l-2 ,4 -p en tan ed ion e  (12.9  g , 0.1 m o l) ,  and 5 %
o f crude 1 1 , recovered  b y  e ther e lu tion . T w o  recrysta lliza tion s  aqueous acetic  ac id  (26 m l)  in e th an o l (300 m l)  was re flu xed  fo r
from  hexane g a ve  pure m a te r ia l: m p  6 6 - 6 8 ° ;  ir  (K B r )  3.01 4 .5  hr a fte r  w h ich  vo la t ile s  w ere  rem o ved  under redu ced  pressure,
and 3.06 ( C = C H ) ,  7.25 (C C H 3),  9 .75 -9 .80  m (C O C ) ;  n m r T h e  residue was d is tilled  th rou gh  a  sh o rt-p a th  sys tem  g iv in g  19.3
(C D C l i )  5 1.51 and 1.60 (tw o  s ing lets, 3, C H a C O , cis and trans), g  (6 9 .0 % ) o f  15, bp  116-118° ( 0 . 2  m m ),  w h ich  so lid ified  on  stand-
1.90 and 2.01 (tw o  s ing lets, 3, C H 3C = N ,  cis and trans), 2.10 (m , in g . C ry s ta lliza tio n  fro m  p etro leu m  eth er a t  — 8 0 ° g a v e  w h ite
1, H C = eC ),  2 .34-2 .70  (m , 4, C H 2C H = C H 2, and C H 2G = C H ) ,  c rysta ls : m p  5 5 .5 -5 8 °; ir  (K B r )  3 .35 and 3.55 (C H 3, C H 2),
3.11 (d ou b le t p a ir , 1 , =  12.6 H z ,  =  10.5 H z ,  H aC N ) ,  6 .15 ( C = N ) ,  7.25 (C C H 3), 8 .57 (C N ) ,  9.83 (C O C ) ;  n m r (C D -
4.03 (d ou b le t p a ir, 1, / ma =  12.6 H z ,  Jmx =  5.5 H z ,  H mC N ) ,  C l3) S 1.02 and 1.12 (tw o  s ing lets , 6 , C H 3C C H 3),  1.26 (s , 0 .33 X
4.68 (d ou b le t p a ir , 1, Jxm =  5.5 H z ,  / xa =  10.5 H z ,  H xC O ),  3, C H 3C O  o f isom er “ A ” ), 1.29 (s , 0 .67 X  3, C H 3C O  o f isom er
4 .9 -6 .4  (m , 3, C H = C H 2),  7 .32 (s, 5, C 6H 6).  “ B ” ) ,  1.82 (s, 3, C H 3C = N ) ,  2 .26 (s , 3 , C H 3N < ) ,  2 .34-2 .70

Anal. C a lcd  fo r  C 19H 22N 20 :  C , 77.52; H , 7.53; N ,  9 .52. (m , 10, 5 C H 2),  3 .0 1 -4 .30  (series o f  m u ltip le ts , 3, N C H 2C H O ).
Fou nd : C , 77.83; H ,  7.67; N ,  9.55. Anal. C a lcd  fo r  C 16H 28N 40 :  C , 64.25; H ,  10.06; N ,  19.98.

Separation  o f the app aren t a lly l-p ro p a rg y l cis-trans isom ers F o u n d : C , 64.27; H ,  10.25; N ,  19.72. 
was a ttem p ted  b y  tic  b u t th e  va riou s  system s exam ined  revea led  T w o  ad d ition a l recrysta lliza tion s  (p en ta n e ) o f th e  p rod u ct g a ve
on ly  a single p rod u ct spo t. m a te r ia l, m p  5 4 .5 -5 5 .5 °, w hose n m r spectru m  show ed  the ap-

5-(3-Butenyl)-3-methyl-a-phenyl-4-(2-propynyl)pyrazole-l- p aren t isom er “ A ”  (C H 3C O  a t  0 1 .26 ) con ten t redu ced  to  2 0 - 
ethanol (12). A. As Coproduct of 11.— F o llo w in g  e th er e lu tion  2 5 % . A  s im ilar spectru m  was ob ta in ed  in  d eu te r ioace ton itr ile
o f 11 fro m  the ab ove-descr ibed  ch rom atograp h y  the colum n w as and th e  sam ple, reco vered  fro m  th e  so lu tion , w as unchanged  15
flushed w ith  m eth an o l to  g iv e ,  on e va p o ra tion , 10.8 g  (5 1 .8 %  (m e ltin g  p o in t and m ix tu re  m e lt in g  p o in t ) .  V ariou s tic  system s
crude y ie ld )  o f s y ru p y  1 2 : ir (N a C l )  2 .95 -3 .10  m (O H  and C ^  w ere  in ves tiga ted  in  an a t te m p t to  separa te  th e  ap p aren t isom ers.
C H ) .  A  w eak  a llene band  a t  5.1 n was due to  th e  isom eric  13, T h e  variou s p rod u ct fra c tion s , in c lu d in g  those recovered  fro m
an im p u rity  w h ich  cou ld  n o t b e  separa ted  fro m  the p rodu ct. n m r determ ina tion s, b eh aved  id en tic a lly  and in  no  case was sep-

B. By Thermolysis of 11.—A  10.76-g sam p le o f 11 w as dis- ara tion  o f  a  second com pon en t e v id en t. B e s t resu lts w ere  ob-
tilled  th rou gh  a short-pa th  system  em p lo y in g  a p o t  tem p era tu re  ta in ed  b y  e lu tion  w ith  m e th a n o l-d ie th y la m in e  (3 % )  on  s ilica
o f 193-215° (0 .25 m m ). T h e  d is t illa te , bp  154-166° (8 .93  g ) ,  g e l w h ich  p rodu ced  s ing le, w e ll-d e fin ed  spots, 
crys ta llized  in th e  rece iver . T w o  recrysta lliza tion s  o f the solid
fro m  hexane g a v e  4 .2  g  o f 12, m p  8 0 -8 2 °. T h e  in frared  spec- Registry N o — l-Glycidyl-4-methylpiperazine di- 
trum  was essen tia lly  id en tica l w ith  th a t o f  th e  cop rodu ct o f l l  hydrochloride. 20238-14-6; a -(hydrazinomethyl)-4-
(p a r t A ,  a b o ve ) and s W d  in  ad d ition  to  w e a k a lle n e  absorp- methylpiperazine-l-ethanol, 20238-15-7; 5, 20238-16-8;
tion , bands a t 3.01 ( C = C H ) ,  3.15 (O H ) ,  4 .7  (C — C ),  6.1 and _ onoQ Q  1 7  q . i n  9 H 9 QQ I S O *  1 1  909*^8 IQ  1 • 19
6.42 ( C = C ,  C = N ) ,  7.21 (C C H 3), 9.37 (C O H ),  10.05 and 10.95 9 > 2 U2 d 8 - l / - y ,  i d ,  2 U Z 3 8 -1 S -U , 1 1 , / u z q s - i y - i , 1 2 ,

( = C H ,  = C H 2),  13.0 and 14.25 y. (m on osu bstitu ted  p h e n y l).  20238-20-4; 14,20238-21-5; 15,20238-22-6.
Anal. C a lcd  fo r  C w H ^ O :  C , 77.52; H , 7.53; N, 9.52 A , , , A ,

F ou n d : C , 77.79; H , 7.66; N, 9.52. Acknowledgment.-— The nmr spectral studies ot
3,3a,5,6-Tetrahydro-2’,3,3,3a-tetramethylpyrazolo[3,2-6]ox- Mr. C. B. Strow, Jr., were of particular importance in 

azole (1 4 ).— A  m ix tu re  o f 3 ,3 -d im ethy l-2 ,4 -p en tan ed ion e  (12 .9  carrying out the present studies. W e also thank Mr.
g , 0.10 m o l),  2 -h yd ro x ye th y lh yd ra z in e  (8 37 g, 0.11 m o l),  5 %  H  L  J o  f o r  h ig  infrared spectral determinations,
aqueous acetic  acid  (26 m l) ,  and eth an o l ( 2 0 0  m l)  w as re flu xed  „  '  H  , f  « n w t r n m e t r i c  s tu d ie s  a n d
fo r  a  3 .5 -hr p eriod  and then  eva p o ra ted  free  o f vo la t ile s  under fearless lor mass spectrometnc studies, and
reduced pressure. T h e  residua l o il was d isso lved  in  e th y l e th er Mr. S. Gottlieb for performing the combustion analyses.
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T h e  course o f condensation  o f a  ca rb oxy lic  ac id  h yd raz id e  w ith  2 -hyd roxy-l,4 -n aph th oqu in one  ( I )  is  dependen t 
upon th e  so lven t em p loyed . In  8 0 %  acetic  acid, condensation  occurred  a t C 2 o f th e  naphthoqu inone nucleus; 
in  w ea k ly  a lka lin e solution, condensation  occurred a t C i. T h ese  reactions are discussed in  con tex t w ith  earlier 
w o rk  regard in g  th e  condensations o f p h en y lh yd raz in e  and h yd roxy lam in e  w ith  1 in  neu tra l and a lka lin e solution.
R ea ction  o f h yd raz id e  w ith  am m onium  l,2 -naph thoqu inone-4-su lfona te constitu ted  a m eth od  fo r  ob ta in in g  a  con
densation  p rodu ct a t C< o f th e  2 -hydroxy-1 ,4 -naph thoqu inone (1 ) nucleus. Ir ,  nmr, uv, and v is ib le  spectra fa vo red  
assignm ent o f naphthoqu inone structures to  th e  th ree  classes o f  condensation  products, ra th er than  an assign
m en t o f p o ten tia l tau tom eric  naph thalene structures.

This Article describes reactions of a carboxylic acid cal preparation of 2-anilino-l,4-naphthoquinone.7 A
hydrazide with some naphthoquinones, reactions which simple, unambiguous structure proof of 2 lay in the re
permit preparation of the three possible, positional con- action of hydrazide with 2-methoxy-l,4-naphtho-
densation products of the 2-hydroxy-1,4-naphtho- quinone (3) in glacial acetic acid. In addition, the
quinone system (e.g., as denoted by arrows in 1). At- point of condensation in 2 was identified by catalytic
tention was directed especially to an understanding of hydrogenolysis of the -N H N H - bond, which, when
the physical properties of the 2-acylhydrazino-l,4- followed by aerobic oxidation, led to isolation of 2-
naphthoquinone system (2, R  =  alkyl), for this system amino-1,4-naphthoquinone (4).
showed an unusual acidic character and was amenable ^
to distribution (between aqueous buffers and ether). A  ii n
knowledge of certain physical parameters of 2 was of 80% hoac or 2 ^#\JL/NHNHCOR(Ar)
particular interest because of bearing to the critical ex- L J J  I sô tfa' > L. J L  1
traction value (pE), a measurement which had been cor- || 25°
related with, and related to, the optimal antirespira- 0 0
tory (antimalarial) activities of certain 2-hydroxy-3-al- I 2
kyl-1,4-naphthoquinones,6 and which, thus could be de
termined as a guideline in the synthesis of analogs of 2 ArCONHNfL^ i.H2,Pd-c
for biological evaluation (antimalarial activity). A  2,°2
more extensive list of 2-acylhydrazino-l,4-naphtho- js-AiA
quinone (2, R  =  alkyl or aryl), their pi? data, and their 0 0

o r  r '

0 0

Infrared (ir) and nuclear magnetic resonance (nmr) 
0 I spectra of the condensation products (e.g., 2) were con-

1 sistent with an assignment of a naphthoquinone struc
ture. For example, the ir spectrum of 2-acetylhy- 

2-Acylhydrazino-l,4-naphthoquinones. 2-Aeylhy- drazino-1,4-naphthoquinone (5) contained two bands at
drazino-1,4-naphthoquinones (2 ) were prepared by reac- 3 3 3 0  and 3230 cm-1, assignable to -N H -  stretching fre- 
tion of a carboxylic acid hydrazide with 1 in 80% acetic quencies of the acylhydrazino group (-C O N H N H -), 
acid, this type of reaction having precedent in the classi- and two bands at 1675 and 1640 cm-1 (overlapping hy

drazide carbonyl at 1675 cm-1), typical of 1,4-naphtho-
(1) The Union Carbide Corp. is gratefully acknowledged for a fellowship q u i n o n e  b a n d s . T h e  n m r  S p e c t r u m  o f  5 ( i n  d im e t h y l -

which supported the preliminary work. The greater part of this mvestiga- t , »  x • i x J
tion was carried out at the Research Triangle Institute under Contract No. *̂6 SU llOXluG, JJlVLfelJ-Cle) COntRlIlGQ R S llS irp 0 1 1 6 -p ro to n
DA-49-193-MD-2862 with the Department of Army and the U. S. Army s in g l e t  a t  5 5 .8 0 , t h e  p o s i t i o n in g  o f  w h ic h  C o r r e la t e d  w i t h
Research and Development Command. This paper is contribution num- r  ___• • ,
ber 238 from the Army Research Program on Malaria. a s s ig n m e n t  o f  t h e  q u m o n e - r in g  p r o t o n  r e s o n a n c e

(2) Union Carbide Research Fellow, University of North Carolina, 1961- (P  5 .9 6 , D M S O - d e )  i n  t h e  S p e c t r u m  o f  4 .

19®:3; „  , , . . . . . . .  4 .. _ . „  Ultraviolet and visible absorption spectra of the
(3) To whom correspondence should be addressed at the Center for Re- O 1  A i ,i . . tv

search in Pharmacology and Toxicology, School of Medicine, University of ¿-aCylnyaraZinO-l,4-napnthoqilinoneS (2 ,  R  =  alkyl,
North Carolina, chapel Hill, North Carolina 27514. undissociated species) were similar to curves measured

$  S ZZS ’i Z S i S S ?  ° f 2-amino-l,4-naphthoquinone (4) (note Figure 1).
(6) (a) L. F. Fieser, “ The Scientific Method,”  Reinhold Publishing However, a 2-acylhydraZinO-1,4-naphthoqilinone ( 2 )

Corp., New York, n . Y „  1964, pp 163-191; (b) l . f . Fieser, m . t. Leffler, proved uniquely different from 4,8 in that the acvlhv-
and coworkers, J. Amer. Chem. Sec., 70, 3151 (1948); (c) L. F. Fieser, S.
Archer, and coworkers, J. Med. Chem., 10, 513 (1967), and references therein; (7) (a) C. Liebermann, Ber., 14, 1664 (1881); (b) C. Liebermann and P.
(d) L. F. Fieser, M . G. Ettlinger, and G. Fawaz, J. Amer. Chem. Soc., 70, Jacobson, Ann., 211, 82 (1881).
3228 (1948). See also C. M . Moser and M. Paulshook, ibid., 72, 5419 (1950). (8) L. F. and M . Fieser, J. Amer. Chem. Soc., 56, 1565 (1934).
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Figure 1.—The ultraviolet and visible light absorption curves of 2  3 4 5 6 7 8 9  10 11 12 13

2-acetylhydrazmo-l,4-napthoquinone in methanol (--------- ) and -Log [H*]
alkaline (■—-——) solutions; 2-acetamido-l,4-naphthoquinone in
methanol (------) and alkaline (— — ) solutions; and 2-amino-l,4- Figure 2.—The variation of the molar extinction coefficient of
naphthoquinone in methanol ( .............) solution. 2-hexanoylhydrazino-l,4-naphthoquinone [2, R = -(CHafiCHs]

for various light absorption bands w ith—log [H+]. At pH <9, 
isosbestic points were indicated at 265 m/i (log e 4.25) and at 447 

drazino moiety (—C O N H N H -) exhibited an acidity (3.45). At pH > 12, isobestic points were indicated at 290 mu 
comparable with a phenol. Proton release in 2 was (log e 4.33) and 620 (3.49). 
marked by a striking, reversible color change. Acid so
lutions (pH 1-6) were bright yellow, while alkaline so- Table I
lutions (pH 8-13) were royal purple (alkyl series, i.e., 2, Some Ionization Exponents (pKJ) of
R  =  alkyl) or deep blue (aromatic series, i.e., 2, R  =  2-Acylhydrazino-I,^naphthoquinones Determined
para-substituted C6H 5). Such properties, say of 5, by Potentiometric Titration

were contrasted furthermore by the character of 2-acet- Slde ohain 50% aoetone 50% ethano1
amido-1,4-naphthoquinone (6). The acetamido deriv- 8 23 8 16
ative 6 may be regarded as a vinylog of an imide and, /rui^r-T
in analogy,8 ought to be “imidelike” . It was therefore -CH cC H  8 50
surprising that 6 was cleaved readily by alkali to 2- -Cyclohexyl9 8 83“ 8 90“
amino-1,4-naphthoquinone (4) during spectral mea- * The cyclohexyl compound was titrated as a slight suspension, 
surement (note Figure 1) and potentiometric titration

(note Experimental Section). flections, particularly those of the 430- and 540-m/t
0  0  bands in the range pH 6-10, agreed with data obtained
| II potentiometrically. In addition, there was evidence for

3 NHCOCH3 a second ionization occurring at higher alkalinity (pH

UU 1 ULJ 1(M3)-
;j J  2 -Hydroxy-1,4-naphthoquinone-l-acylhydrazones. 10

O O — In weakly alkaline solution, reaction of cyclohexane
5 6  carboxylic acid hydrazide with 1 resulted in formation of

the 2-hydroxv-l,4-naphthoquinone-l-acylhydrazone 7. 
Potentiometric titration of the 2-acylhydrazino-l,4- The yellow compound titrated as a monobasic acid, 

naphthoquinones (2 , R  =  alkyl) showed curves typi- p K J  = 4.3; its ir spectrum (KBr) had two bands in
cal of monobasic acids; the ionization exponents the carbonyl region at 1660 and 1618 cm-1; and its nmr
(pAa') lay in the range 8-9 (note Table I ) . 9 The re
versible yellow-to-purple color change exhibited by the NNHCO— 0
2 -acylhydrazino-l,4-naphthoquinones (2 , alkyl series) || \ _ y  11

was shown by potentiometry and spectrophotometry to
be associated with the one-proton release commensurate L i l B  [ I I  \ _
with the acidic and monobasic forms. The variation of ||
the molar extinction coefficients (e) of various light ab- 0  6

sorption w i th —log [H+] is shown in Figure 2. The in- 7  g

(9) These exponents are 1.6-2.0 pJTa units above values reported for 2- (10) Observations regarding a similar variance observed in the condensa-
hydroxy-3-alkyl-l,4-naphthoquinones (p.KV 6.3-0.7) representative of the tion reactions of phenylhydrazine with 1 in 80% acetic acid and aquous 
antimalarial drugs, cf. ref 6b. ethanolic solutions are noted in the Experimental Section.
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spectrum (DMSO-d6) showed a one-proton singlet at 5 resemblance to the deeply colored, red-brown 12. 
5.95 (quinone-ring hydrogen). Spectrographically, the longer wavelength absorption

It  would seem that the variance observed in the maximum of 10 (R  =  isopropyl) was positioned at X L « '
course of condensation of hydrazide with 1 upon chang- 394 m/i (log e 4.22), which proved different in position
ing from 80% acetic acid to alkaline solution would be and molar absorptivity from the principal visible band
related to the concentrations of the conjugate forms of of 12, Xg2x2 462 mu (log e 3.47).
1 present under the specific conditions. 2-Hydroxy- q
1.4- naphthoquinone (1, pKa8 =  3.98) in weakly alkaline H o  1 0
solution would be present largely as its conjugate base
8, and the fact that condensation occurred largely at f  II i  L J 1 J
position Ci would seem consistent with the electronic ' /
disposition of 8 . No significant condensation at po- NHNHCOR NH2

sition Ci occurred in 80% acetic acid solution, and no 12
significant condensation at position C2 occurred in al
kaline solution (as evidenced by tic ). I t  would thus Infrared and nmr data were consistent with the naph- 
seem that the formation of 2 in 80% acetic acid involved thoquinone structure 10. Infrared spectra of 10 con-
the acid form of 1; the acid form (i.e., 1) would be re- tained a broad absorption in the 3600-2900-cm“ 1 re
quired to exist only to the measure at which hydrazide gion (vmRX 3260 cm-1), typical of the hydroxyl stretching
“ condensation”  at position C2 would be exclusively rate frequency shown by 1 itself; in the carbonyl region,
favored. Plausible mechanisms would include11 (1) maxima of equal intensity were positioned at 1670 and
addition of hydrazide at position C2 of 1 followed by loss 1640 cm-1. In the nmr spectra (DMSO-de), a one-pro
of water, and/or (2) addition of hydrazide at position ton singlet was observed at <5 7.50 for each of the two
C 3 of 1 followed by loss of water. examples (i.e., 10, R =  cyclohexyl or isopropyl) and was

2-Hydroxy-1,4-naphthoquinone-4-acylhydrazones.—  attributed to the quinone-ring hydrogen in 10. Al-
The reaction of aniline with ammonium 1,2-naphtho- though the chemical shift of the quinone-ring hydrogen
quinone-4-sulfonate (9) is well established,12 and an in 10 was displaced from the region (8 5.5-6.5) where
analogous displacement of bisulfite by hydrazide has such resonances commonly occur, this chemical shift was
been reported.13 Reaction of either cyclohexanecar- paralleled in the spectrum (DMSO-d6) of 2-acetamido-
boxylic acid hydrazide or isobutyric acid hydrazide with 1,4-naphthoquinone (6) by the positioning of the qui-
9 provided products which, after inspection of their none-ring hydrogen resonance at 8 7.70.
spectral data, were assigned structures as 2-hydroxy-
1.4- naphthoquinone-4-aeyIhydrazones (e.g., 10). This Experimental Section14

0  O  C arboxylic  A c id  H yd ra z id e s .— E x c e p t fo r  one  com pound  em -

|| p. RCONHNH2 II n u  p loy ed  here, th e  h yd razides  are know n  com pounds.
aqueous EtOH / V n / ®  C yc lopen ty lacetic  ac id  h yd raz id e  w as p repared  as fo llo w s .

! ¡I J --------------------- ► I I] I] C y c lo p en ty la ce tic  ac id  (7 .0  g ) 16 w as trea ted  w ith  an excess o f
e th era l d iazom eth ane (0 -5 ° ,  15-20 m in ),  th e  excess d iazom eth ane

1 II w as des troyed  b y  d ropw ise  ad d ition  o f g la c ia l a ce tic  ac id , and  th e
SO3NH4 NNHCOR eth erea l so lu tion  was washed w ith  tw o  100-ml portion s  o f satu rated

9 10 —-------- —
(14) Thin layer plates were prepared by coating microscope slides with 

. . n silica gel H. The following abbreviations represent the solvent systems em-
structural assignment was based principally upon cor- ployed for elution of chromatograms: (A) the organic phase of 1-butanol-
relations of ultraviolet and visible light absorption data. pyridine-saturated sodium chloride (1:1:2); (B) the organic phase of ben-

That it, as spectra of 2 (R  -  alkyl, undissociated form)
and 4 were nearly identical with respect to band posi- (3:2: l ) ; (E) benzene-chloroform (2: l ) ; (F) benzene-ethyl acetate-acetic
tions and molar absorptivities (note Figure 1 ), it would aoid <90:10:1); (G) benzene-ethyl acetate-acetic acid (9:1:1). Potentio-

v i  , j  , r , • j  i metric titrations were carried out by dissolving an accurately weighed sample
thus Seem  that the displacement products obtained here, (0.800- 0.850 mmol) in 50 ml of acetone, diluting a 20-ml aliquot with an
if actually possessing basic structures as 4-aeylhydra- equal volume of water, and titrating with 0.100 N  sodium hydroxide. Values
zino-l,2-naphthoquinones (e.g., 11), ought to correlate reported in Table I are averaged from at least two determinations (±0.06

; ^  ^  - i o  1 , 1  • /io\ accuracy). The set of curves used for construction of Figure 2 was measured
Spectrally with 4-ammO-l,^-naphthopUinone (12). from buffered solutions (pH 2.0-11.0) prepared with tablets of Coleman
However, the displacement products (¿.6., 10), like the Instruments, Inc. (Maywood, 111.), and sodium hydroxide solutions (pH

2-hydroxy-l,4-naphthoquinone-l-aeylhydrazone 7, were o f
bright yellow in the crystalline state and bore no visual (A ) at 255 and 283 mp, spectra were measured of 2 in 0.0125 N  sodium hydro

xide with added salt (so that final solutions were 0.00-0.10 N  in sodium
(11) Either of these mechanisms could be applied to rationalize the forma- chloride). The 282-m/t band showed a positive 0.02 A unit change at NaCl

tion of 2 from the reaction of hydrazide with 3 in glacial acetic acid. I t  is =  0.10 N , and the 255-m/* band showed a positive 0.045 A  unit change at
interesting to note that neither 2-hydroxy-3-methyl-l,4-naphthoquinone NaCl 0.10 N . The stability of 2 in alkaline solution was indicated by the fol-
(phthicol) nor 2-hydroxy-3-bromo-1,4-naphthoquinone would react with a lowing spectral changes: the visible curves of 2 [R =  -(Cm^CHa] at X0,1 N HC1 
carboxylic acid in 80% acetic acid (25°), or even under more forcing condi- 430 m/i and \0-1 N Na0H 535 mM were measured at identical concentration;
tions (refluxing glacial acetic acid). I f  these reactions were granted to be when the alkaline solution was acidified with 1 small drop of concentrated
not wholly retarded by steric or electronic effects of the 3-methyl and 3- sulfuric acid, the resultant curve was identical with the standard curve and 
bromo groups, it would appear that the mechanism would actually involve varied by 0.005 A unit. Melting points were taken in capillaries (copper
an addition of hydrazide at position Cs followed by loss of the hydroxyl group block) and are uncorrected. Infrared spectra were measured on Perkin-
from position C2. The “ normal”  (C2 addition) and “ abnormal” (Ci addi- Elmer Models 421 and 237 spectrophotometers; samples were prepared in
tion) displacement mechanisms have been considered previously in connec- the form of pressed KBr disks. Uv and visible spectra were measured on
tion with the nucleophilic displacement of halogen by thiol in 2-halogeno-l,4- Cary Models 14 and 15 spectrophotometers. Nmr spectra were measured on
naphthoquinones: F. G. Rothman, J. Org. Chem., 23, 1049 (1958), and a Varian A-60 instrument using dimethyl sulfoxide-de as solvent and tetra-
J. W. McLeod and R. H. Thomson, ibid., 25, 36 (1960). methylsilane (TMS) as an internal standard. Microanalyses were carried

(12) L. F. Fieser and M. Fieser, “ Advanced Organic Chemistry,”  Rein- out by one of us (K. H. D), Mr. A. Bernhardt (Mttlheim, Germany), and
hold Publishing Corp., New York, N. Y., 1961, p 859. Micro-Tech Laboratories (Skokie, 111.).

(13) W. L. Mosby and M. L. Silva, J .  Chem. S o c . , 3990 (1964). (15) Aldrich Chemical Co., Inc.
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b icarbon ate  solu tion  and d ried  (anhydrous N a 2SO<). T h e  crude T a b l e  I I
m eth y l ester, ob ta in ed  b y  rem o va l o f th e  e ther, was trea ted  w ith  d

9 5 % +  anhydrous h yd raz in e  (3 .0  g ) ,  the m ix tu re  w as hea ted  Side chain“ ’6 Mp,c °C  C a °H  ° n

(s team  b a th ) fo r  16 hr, and vo la tile s  w ere  rem oved  a t  redu ced  _ p r r
pressure (asp ira tor, 5 0 ° ) .  T h e  solid  residue w as recrysta llized  „  ^  1 2 .3 oe
fro m  benzene (15 m l)  to  g iv e  th e  p rod u ct as a w h ite  cake; th is 201-205 63 .82  5 .0 9  11.49
m ateria l was su itab le  fo r  p rep ara tion  o f  2  (R  =  - C H 2-c-C 5H g) - ( C H ^ C I R  157-159 .5  66 .90  6 .1 3  9 .92
b u t was n o t pu re . A  sm all sam ple w ou ld  n o t d isso lve  c om p le te ly  —C H j-c-C jH j 187-190 68 .69  6 .1 8  9 .6 8
in  w a te r, even  upon h ea tin g ; th e s ligh t suspension o f insoluble  -C y c lo h e x y l 202-205 68 .41  6 . 1 1  9 .4 9

p rodu ct was p resu m ab ly  a d ia cy lh yd ra z in e  as ju d ged  b y  its in- “  C om pounds in  T a b le  I I  w ere  recrysta llized  fro m  acetone fo r  
so lu b ility  in  d ilu te  ac id . pu rifica tion  and analysis. b Y ie ld s  o f  recrysta llized  p roducts

T o r  pu rifica tion  the sam p le  (6 .5  g )  w as added  to  w a te r  (100 ranged  fro m  30 to  6 5 % . “ Fu sion  w as accom pan ied  b y  decom -
m l) and the so lu tion  w as filte red  free  o f th e  s ligh t suspension. p os ition  and gas evo lu tion . d E lem en ta l analyses (C , H , N )
T h e  h yd raz id e  so lu tion  w as d ilu ted  w ith  50 m l o f sa tu rated  so- agreed  w ith  theoretica l values w ith in  ± 0 .3 % .  e A n a lys is  per-
d iu m  ch loride so lu tion  and was ex trac ted  w ith  six  50-m l portion s  fo rm ed  b y  K .  H . D .
o f  ether. A n o th e r  p o rtion  (50 m l)  o f sa tu rated  sa lt so lu tion  w as 
ad d ed  and an ether ex trac tion  (th ree  1 0 0 -m l p o r tion s ) was re
p ea ted . T h e  e th er so lu tion  w as d ried  (anhydrous N a 2S 0 4) was shaken fo r  24 h r in  a  P a a r  apparatus under h yd rogen  (in it ia l
an d  strip ped , and th e  residue was red isso lved  in benzene and fu r- pressure: 60 p s i). T h e  ca ta lys t was filte red  o ff, and a  s tream  o f
th er d ried  (anhydrou s N a 2S 0 4).  E va p o ra tio n  o f the s o lv en t a ir was d raw n  th o u g h  the so lu tion  fo r  s evera l hours, a fte r  w h ich
p ro v id ed  a w h ite  crysta llin e  residue w h ich  w as recrysta llized  ^he so lv en t w as s tripped  (o ran ge  c rys ta llin e  residue con tained
fro m  dry e ther to  g iv e  cyc lopen ty lacetic  ac id  h yd raz id e  ( 3 . 4  g ) ,  s ta r tin g  m a te r ia l, as ev id en ced  b y  tic  and co lo r im p arted  to  an
m p 89—91 °  (sh a rp ), and characterized  b y  fo rm a tion  o f a sub lim ate  a lka lin e  so lu tion ). T h e  residue w as ex trac ted  w ith  100 m l o f 2 %
(s lender n eed les ) a t  ~ 7 0 ° .  Su b lim ation , 6 0 -6 5 ° (0 .0 5 -0 .10  e th an o l-ch lo ro fo rm , th is e x tra c t then  b e in g  filte red  through a
m m ) , ra ised the m e ltin g  p o in t to  9 4 -9 5 °. colum n o f  25 g  o f  M e rc k  a lu m ina (b a s ic ) and w ork ed  up to  g iv e

Anal. C a lcd  fo r  C ,H 14N 20  (1 4 2 .2 ): C , 59.12; H , 9 .92; 1 3 0  m S o f crude 4 - T h e  sam p le  w as chrom atographed  th rou gh
N ,  19.70. F ou n d : C , 58.98; H ,  10.08; N ,  20.00. S 0  8  o f  M e rc k  a lu m ina (b a s ic ) to  g iv e  4 (100 m g ),  m p  206-208°,

C ondensations o f H y d ra z id e  w ith  1  in  8 0 %  A ce tic  A c id . id en tified  b y  m ix tu re  m e ltin g  p o in t and com parison  o f  ir  spectra.
A .  2 -B en zoy lhydrazin o-l,4 -n aph th oqu in on e (2 , R  =  C 6H 6) 2 -A cetam ido- 1 ,4-naphthoquinone ( 6 ) .— A  solu tion  o f  2.0 g  o f
and R e la te d  2-Aroylhydrazino-1 ,4-naph thoqu inones. 1 — A  sus- 4 in  a m ix tu re  o f 25 m l o f  acetic  an h yd rid e  and 2 m l o f  p y r id in e
pension o f equ im ola r qu an tities  (0 .056 m o l) o f f in e ly  p u lver ized  h ea ted  under re flu x  fo r  1.5 h r. T h e  crude so lid  (1 .95 g ) ,
l 16 and ben zh yd razid e  in  8 0 %  ace tic  ac id  ( 2 0 0  m l) was s tirred  a t  ob ta in ed  b y  h yd ro lys is  o f  excess acetic  an h ydride, was washed
25° fo r  24 hr, w h erea fte r th e  o rig in a l suspension o f qu inone had w ith  sm all portions  o f cold  acetone, thus g iv in g  1.35 g  o f deep
g iv en  p lace  to  a th ick  mass o f c rysta llin e  p rodu ct (suspension y e llo w  m ateria l. C h rom a togra p h y  o f th is p rod u ct th rou gh
checked b y  m icroscop ic  exam in ation  p r io r  to  w o rk -u p ). T h e  a lu m in a , 1 fo llo w ed  b y  recrys ta lliza tion  o f the m a in  band from

p rodu ct was filte red  o ff and w as w ashed  successively w ith  8 0 %  a<te^ n e ’ ®a v ® 9 S)> m P 205-207 , as b r igh t y e llo w  p lates
acetic  ac id , e thanol, and ether. R ec rys ta lliza t io n  o f th e  p rodu ct ■1 ™ P 2 9 9  )•
fro m  absolu te e thanol g a v e  2 (R  =  CeH s) as a m a tt  o f lon g  s ilk y , D u r in g  p oten tiom etr ic  t itra t io n  (5 0 %  a ce ton e ) o f 6 , in  w h ich  a
orange  threads (3 7 % ):  m p  210-212° dec, gas; ir 3340, 3300, to ta l o f 1.67 m o la r eq u iv  o f base w as added , th e  so lu tion  o f 6

1685, 1635, 1614, and 1578 c m “ 1; v is ib le  spectrum  \°m'J  HC1 4 3 5  d eve lop ed  a red -oran ge  co lo r w h ich  q u ick ly  passed to  o liv e  green ,
m^i (e 3 0 3 0 ); X ™ / NoOH 555 m,u (11 ,500 ). T h e  o b ve  co io r w as aiso unstable, passing a fte r  30 m in  to  a

Anal. C a lc d ”Xfo r  C „ H 12N 20 3 ’ (292 '.3 ): N ,  9.59. F ou n d : m urky  b ro w n - T h e  s im ila r ity  o f  th e  u v  and v is ib le  spectra
N  g 7 3  m easured from  a lka lin e solu tions o f  6  to  those o f 4 suggested

T h e  ab ove  p rocedu re was adequ ate  fo r  th e  p reparation  o f s ix  d ea ce ty la tion  o f 6 . In  a separate  experim en t, 1 m m o l o f  6 in
o th er para-su bstitu ted  b enzoy lhyd razino-1 ,4-naph thoqu inones , 10 m l o f acetone was d ilu ted  w ith  5 m l o f 1 %  sod ium  h yd rox id e
using a para-su bstitu ted  b en zh yd razid e  and 1 ; y ie ld s  o f recrys- and th<r / esulff n t  so lu tion  w as k ep t a t  25 u n til a fina l de-
ta llized  p rodu ct ranged  fro m  40 to  5 5 % . com position  co lor w as ob ta in ed  ( ~ 1  h r ).  D ilu t io n  o f an a liq u o t

2 .— A  solu tion  o f 5 4 4  m g  (2 .9  m m o l) o f 2 -m e th o x y - l,4 -naph- w ltb  w a te r and tic  (e.g. s o lv en t system  G )  o f  an e th er ex trac t
thoqu inone (3 ) 16 and 390 m g  (2 .9  m m o l) o f b en zh yd razid e  in con firm ed the presence o f 6  and 4.
g la c ia l acetic  acid  (15 m l)  w as heated  on  the steam  ba th  fo r  1 hr, 2 -H ydroxy-l,4 -n aph th oq iim on e-l-cyc loh exan ecarb on yU iy-
a llow ed  to  stand  a t 25 ° fo r  30 h r, and the clear, deep  red  solu tion  dr,aZ?^„m ^  ^  suspension o f 4 .0  g  (23.0  m m o l) o f  l 1 m  320
was seeded w ith  a  c rys ta l o f 2 -b en zoy lh yd raz in o -l,4 -n a ph th o - m l o f 5 0 %  aqueous e th an o l con ta in ing 12.0 m l o f  fresh ly  p repared
qu inone. A f t e r  20 hr, th e  p rod u ct w as filte red  o ff and was re- sod “ m  h yd rox id e  so lu tion  was w arm ed  to  65 to  e ffe c t solu-
crysta llized  (abso lu te  e th a n o l) to  g iv e  2 (R  =  C 6H 6) (100 m g, tion  and a  v e r y  sm all am ou n t o f  insoluble m a te r ia l w as rem oved  
12°/) m n  210-212° b y  filtra tion . C yc loh exan e  carb oxy lic  ac id  h yd raz id e  (3 .4  g ,

M e th o d  2 was app lied  to  the p rep ara tion  o f th ree  o f th e  com - 2 3 ‘ 6  mmo1)  w as added  in  one P ortion  and th e  resu lting  solu tion  
pounds p repared  under m eth od  1; th e  y ie ld s  in a ll exam ples o f 2 w as s tlrred  a t tem peratu re  fo r  2 5 days . T h e  th ick  mass 
ranged  fro m  1 0  to  15%  0* m icrocry s ta lbne needles w as f ilte red  o ff, w ashed  w ith  w a ter,

B . 2 -A cy lh yd raz in o-l,4 -naph thoqu in on es  (2 , R  =  A lk y l or a? d  m ost of± e w a *er was rem oved  b y  pressing during suction
C yc loa lk y l) .— R ep resen ta tives  o f 2 (R  =  a lk y l or c y c lo a lk y l) filtra tion  T h e  solid  crys ta llized  fro m  abso u te  m eth an o l ( - 3 5 0

are included  in  T a b le  I I .  A  suspension o f 0.029 m o l o f 1“  and m l> as soi} ‘ b r lSb t  yeU ow  needles (2  8 8  g ) ,  m p  205 -208 ° dec,

O. 056 m o l o f h yd raz id e  in 200 m l o f 8 0 %  acetic  acid  was s tirred  a t t lc )  “  S° lv en t
25° fo r  12-24 h r. I f  p rod u ct p rec ip ita ted , the reaction  period  j*  1660 (s ) 1610 (s ) 1595 (s ) ,  and 1562 cm  u v  X 370

w as extended  a t leas t 2  hr a fte r  m icroscop ic  exam in ation  in - C 1 6 ’ t ° P l ’on ? 4  qÎ  o œ  î  i m f  ’  ° °  ’ . V m
d ica ted  com p le te  so lu tion  o f  1 , w h erea fte r  th e  p rodu ct w as filte red  3 5 5  m/i 0 - M 0 0 ) ,  311 (16,70 ), 6 6  (1 6 00 ); n m r a 5.95,
o ff and was recrysta llized . In  cases w h ere  th e  p rodu ct was solu- s> one P ™ *0“  (ffu m one-ring H ) ;  p X .  (5 0 %  aceton e, p o ten tio -

b le , th e  reaction  w as p e rm itted  to  run fo r  24 h r, and th e  solu tion  m etrica  y )  . . „  „ „  . .  „  „  no
w as freed  b y  f iltra tio n  fro m  a n y  sm all am ou n t o f insoluble m a- C a lcd  fo r  C „ H , 0 a  (2 9 8 .3 ): C  68.44; H , 6.08;
teria l. T h e s o lv e n t  was s trip ped  in vacuo (tem p era tu re  o f b a th  F ° f d : C . f -72; H , 6 . 0 8 ; N 9 .5 2 .

d id  n o t exceed  5 0 ° ),  firs t a t th e  asp irator and then  a t th e  vacu u m  *
pum p. T h e  orange-red  residue w as w ashed  w ith  an ap p rop ria te  fi tered  solu tion  o f 2.0 g  (7  8  m m o l) o f 9“  in  40 m l o f 5 0 %  aqueous
so lven t to  rem ove  unreacted  h yd raz id e , and th e  residual so lid  e “  was added  a e lu t io n  o f 7 .8  m m o l o f h yd ra z id e  in  30 m l

qu inone.— A  suspension o f  630 m g  o f n aph thoqu inone ana 1UU . ' l  J . y J r  .. pH i.s
m g o f 1 0%  pa llad iu m  on charcoal in  100 m l o f absolu te  e thanol d ec i lr  3255- 1675> and 1 6 4 3  cm  "  u v  <50%  e t h a n o l )  X’m„

(16) L. F. Fieser and E. L. Martin, “ Organic Syntheses,”  Coll. Vol. I l l ,  (17) G. B. Barlin, K . G. Pausacker, and N. V. Riggs, J. Chem. Soc., 3122
John Wiley & Sons Inc., New York, N. Y ., 1955, p 465. (1954).
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Sc h e m e  I

A c

O A c j j  N  C6H5

q V ~  C y  0
O A c 0

17, m p l6 3 °  1 8 ,m p l22 °19'23

' Ac20, Ac20,
NaOAo NaOAc.

o n = nc5h5
II C H NHNW, C6H5NHNH2, I

^ J U NHNHCA  ¿ ¿ hoaS  1 n o  ■ a V 011
L  1 1  "* 1. SnCI2T  2FcCia T

0  l.SnCl, NHjOH-HCl,
2.FeCl3 aqueous NaOH ^

l.SnCl2. LSnCl2

2. FeCI3 2.02, NaOAc

0  0  15a,R  =  H

4 14 b ,R  =  COCH;1

395 m M (1 9 ,80 0 ); X^L12'1 450 m/, (12 ,600 ); pK J  (5 0 %  M e O H ) On the o th er hand, th e  fina l ev id en ce18'19'23 surrounding the 
~  6 .7 ; nm r 5 7 .50, s, one p ro ton  (qu inone-ring p ro to n ). phen y lh yd raz ine  13, though  seem in g ly  lim it in g  the p o in t o f  con-

Anal. C a lcd  fo r  C i7H 18N 20 3 (2 98 .3 ): C , 68.44; H , 6.08; densation  to  C i o r C 4, w as less con v in cin g. T h e  issue o f  stru ctu re
N ,  9 .39. F ou n d : C , 68.41; H ,  5.99; N ,  9.17. 13 was regarded  w ith  ad d ition a l reserve  in  v ie w  o f Z in cke  and

2 -H ydroxy-l,4 -n ap h th oqu in on e-4 -isob u tyroy lh yd razon e  [10, R  T h e le n ’s com m ent18 th a t p h en y lh yd raz in e  u n derw en t reaction
=  C H (C H b)2] had  a  0.57 g  y ie ld : m p  279-284° d ec ; ir  3260, w ith  1 in  aqueous, o r in a lcoholic , or in acetic  acid  so lu tion . I t
1670, and 1638 c m -1; u v  (3 0 %  m eth an o l) X9»,1'2394 m/t (16 ,800 ), was n o t app aren t in  the o rig in a l a r tic le ,18 nor was i t  c larified  in
305 (10 ,800 ), 257 (7400 ), 224 (19 ,800 ), X ' « 12’2 450 m/i (11 ,000 ); th e  subsequent lite ra tu re , w h eth er th e p hen y lh yd raz in e  d er iva -
294 (9500 ); p l ia '  (3 0 %  m eth an o l) ~  6 .5 ; nm r 6 7 .50, s, one p ro- t iv e  o f 1 fo rm ed  in  acetic  ac id  so lu tion  was 13 as w e ll o r a  posi-
ton  (qu inone r in g  p ro to n ). tion a l cou n terpart. I t  was th ere fo re  o f in terest to  re la te  d er iva -

Anal. C a lcd  fo r  C hH !4N 20 3 (2 58 .3 ): C , 65.10; H ,  5.46; t ives  13 and 14, i.e., those prepared  in n eu tra l and w e a k ly  a lka lin e
N ,  10.85. F ou n d : C , 65.13; H ,  5 .53; N ,  11.11. so lu tion , and to  c la r ify  the reac tion  course o f p h en y lh yd raz in e

T h e  pK J  va lu es  fo r  10 (R  =  cyc loh exy l o r is o p ro p y l) w ere  w ith  1 in  acetic  acid  m edium ,
d eterm ined  sp ectroph o tom etr ica lly  (v is ib le  sp ec tra ), em p loy in g  T h e  basic stru ctu re o f the p hen y lh yd raz ine  d e r iv a t iv e  13 was
acid  (0 .1  N ), base (0.1 N ),  and bu ffer solu tions (p H  4 -6 ) .  H o w - m ore  firm ly  estab lished  b y  its  conversion  to  K eh rm a n ’s d inaph-
eve r , these va lues rem ain  qu estionab le  even  as a  crude approxi- thoresoru fin  (1 5 a ), a com pound w h ich  was best con verted  in to
m ation , fo r  th e  u ltra v io le t  curves m easured in  each case fro m  0.1 ace ta te  15b fo r  characteriza tion  purposes (Schem e I ) . 24 D i-
N  base so lu tion  d id  n o t pass th rou gh  apparen t isosbestic po in ts  naphthoresoru fin  (1 5 a ) was the p rin cipa l p rodu ct w hen  th e  t i n ( I I )
seen a t 309 and 229 m ^ in  th e  acid  and bu ffer solu tions spectra . redu ction  p rod u ct25 o f e ith er 13 or 14 was sub jected  to  aerob ic
I t  w ou ld  thus seem  th a t th e  va lu es  are an o ve r-a ll pK J  o f tw o  ox ida tion  in  a ce ta te  bu ffer. I t  is n o tew o rth y  here th a t i r o n ( I I I )
ion iza tions , th e  second o f  w h ich  has v e r y  l i t t le  e ffec t, i f  an y , in  ox ida tion  o f th is redu ction  p rod u ct25 led  to  1 (n o te  13 -*• 1,
a lter ing  th e  p os ition  o f the v is ib le  bands; the isosbestic p o in t and 14 -*■ 1), fo r  th is  set o f reactions [i.e., t i n ( I I )  redu ction
seen a t 415 m/j m u st then  be fortu itou s . T h e  ex trem e insolu- fo llow ed  b y  i r o n ( I I I )  ox ida tion ] was usefu l fo r  cha racteriz ing  the
b il i t y  o f 10 ( R  =  cyc loh exy l and is o p ro p y l) in  aqueous e th an o l o r condensation  p rodu ct, p resum ab ly  2 -ph eny lhyd razin o -l,4 -n ap h -
aqueous acetone p roh ib ited  p o ten tiom etr ic  t itra t io n . thoqu inone (16, o r a tau tom er th e reo f), w h ich  w e  fou nd  to  resu lt

R ea ction s  o f P h en y lh yd ra z in e  w ith  2 -H ydroxy-1 ,4-naphtho- from  reaction  o f  p h en y lh yd raz in e  w ith  1 in  8 0 %  acetic  ac id . U n -
qu inone in  N eu tra l and  A c id ic  M e d ia .— In  1884, Z incke and lik e  its cou n terpart 13, com pound 16 underw ent ex ten s ive  de-
T h e le n 18 described  a  reaction  o f  p h en y lh yd raz in e  w ith  1. T h is  com position  during a ttem p ted  pu rifica tion  th rou gh  its  sod ium  sa lt
reac tion , w h ich  was conducted  in  aqueous e th an o l, g a ve  a  con- and rem ained  nonhom ogeneous (con ta in ed  a  trace  im p u r ity ) a fte r
densation  p rod u ct regarded  as 4 -ph en y lazon ap h th a len e-l,3 -d io l severa l tria ls  a t p u rifica tion . H o w e ve r , t i n ( I I )  redu ction  o f 16
(1 3 ).  In  1889, K os ta n eck i19 reported  a  re la ted  reaction , th e  fo llow ed  b y  i r o n ( I I I )  ox ida tion  led  to  p rodu ction  o f 2 -a m in o - l,4-
d er iva t io n  o f  1 w ith  h yd roxy lam in e  in  a lka lin e so lu tion , to  
g iv e  ox im e 14. T h e  proposed  stru ctu re o f  14, i.e., the basic

stru ctu re  w ith  resp ect to  th e p o in t o f condensation ,20 la te r  ac- (22) (a) F. Kehrman, Ber., 28, 353 (1895). (b) In  the preceding paper
corded  w ith  conclusions d raw n  b y  H o o k e r ,21 b u t u n til K eh rm a n  [ibid.., 28, 345 (1895)], F. Kehrman and B. Masconi describe the use of t in (II)
(1895 ) dem onstra ted  conversion  o f 14 in to  “ d inaph thoresoru fin ”  and iron (III) for the conversion of 14 into 1.
(1 5 a ), no  chem ica l ev id en ce  su pported  C l pos ition in g  o f th e  ox im e (23) Th. Zincke and P. Wiegand, Ann., 2 8 6 , 86 (1895).
g ro u p .22 (24) The reported melting point for 15b is 200° (c/. ref 22a). This value
-------------------- is presumably a typographical error, for it markedly conflicts with our value

(18) Th. Zincke and H. Thelen, Ber., 17, 1809 (1884). of 275° for samples of 15b prepared from either 13 or 14. Our preparation
(19) St. von Kostanecki, ibid., 22 , 3163 (1889). of 15b gave satisfactory analytical data, the reported color reactions, and was
(20) Insofar as we are aware, the correct tautomeric representations of 13 homogeneous by tic.

and 14 have not been determined. (25) The reduction product, which may be isolated as its hydrochloride, is
(21) S. C. Hooker and E. Wilson, J .  C h e m . Soc., 65, 717 (1894). presumably l-amino-2,4-dihydroxynaphthalene.
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naphthoqu inone (4 )  in  6 5 %  y ie ld .26 M ild  ace ty la tion  o f  16 E le v en  fraction s  [ (1 -8  (25 m l),  9 (200 m l),  10 (100 m l)  11 (200
w ith  acetic  an h yd rid e-sod iu m  aceta te  g a ve  a hom ogeneous (b y  m l)] w ere  co llec ted ; a ll show ed tw o  zones on tic .
t ic )  d iacetate,^assigned stru ctu re 17 on  the basis o f a sing le, in- Because o f its  in tense co lor and p o o r ly  reso lved  ir  spectrum  the 
tense 1760-cm 1 absorption  con ta ined  in the carbony l region  o f th e  com pound was considered a qu in hydron e, and p u r ifica tio n ’was

„  . a ttem p ted  b y  shaking a  so lu tion  o f  1.0 g  o f  16 in  100 m l o f  1 :3
4 -P fcen y lazonaph tha len e-l,3 -d io l (1 3 ). R ea c tion  o f 5.0 g  o f  e th an o l-ch lo ro fo rm  w ith  an aqueous solu tion  con ta in ing 2 2

phen y lh yd raz ine  and 8.0 g  o f  1 in  aqueous e thanol b y  the p ro - g  o f i r o n ( I I I )  ch loride 6 -hydra te . T h e  iso la ted  organ ic  layer
cedure o f Z in cke  and T h e len 18 g a ve  crude 13 w h ich , con tra ry  to  show ed no less than f iv e  zones on tic .

the op in ion  o f K os ta n eck i,19 requ ired  fo r  pu rifica tion  the p repara- T h e  u v  and v is ib le  spectrum  o f  16 w as m a rk ed ly  d iffe ren t from  
tion>8 and recrys ta lliza tion  o f  the sod ium  sa lt. T h e  y ie lds  o f th a t o f  4 : X” »e° H 227 m M (18 ,000 ), 298 (13 ,000 ), 453 (10 200)
13 ranged  fro m  8.6 to  10.0 g , m p  231° dec, gas, b u t the sam ples and 525 (12 ,200 ). A  sam p le was d ried  a t 80 ° ’(0  05 m m ) fo r
s till contained a  trace im p u rity  as evid en ced  b y  tic  in so lven t sys- analysis.

terns A  and B . R ec rys ta lliza t io n  o f 8 .6  g  fro m  absolu te e thanol Anal. C a lcd  fo r  C i6H 12N 20 2 (2 6 4 .3 ): C , 72.71; H  4 58- N  
g a ve  7.1 g  o f ch rom atograp h ica lly  u n ifo rm , b r igh t orange-red  10.60. F ou n d : C , 72.50; IR  4 .57; N ,  1 0A 0 . ’

needles, m p 231 dec, gas. D ia ce ty l D e r iva tiv e  17.— T h e  d ia c e ty l d e r iv a t iv e  was p repared
Conversion  o f 13 in to  O -A cety ld inaphthoresoru fin  (1 5 b ).—  b y  h ea tin g under re flu x  fo r  15 m in  a  so lu tion  o f  1.0 g  o f 16 (dec

A  suspension o f 3.0 g  (11.4  m m o l) o f 13 in  a  m ix tu re  o f 50 m l o f  p t  1 71 °) and 0.1 g  o f  sod ium  aceta te  in 20 m l o f acetic  anhydride
w a ter, 60 m l o f e thanol, and 30 m l o f concen trated  h yd roch loric  A f te r  h yd ro lys is  o f  excess acetic  an h yd rid e  b y  s tirr in g  w ith  w a ter
acid  con tain ing 6.75 g  (30.0  m m o l) o f t i n ( I I )  ch loride 2 -hydra te  (200 m l, 2 h r ) ,  co llec tion , and d ry in g  o f the crude p rod u ct through
was heated  under re flu x  fo r  5 hr and then  concen tra ted  b y  b o ilin g  its  e th era l solu tion  (anhydrous N a 2S 0 4), th e  p rodu ct w as isolated
to  rem ove  m ost o f the a lcohol. T h e  h o t so lu tion  was filte red  b y  b y  cautious concen tration  o f its e th er-p e tro leu m  ether solu tion
g ra v it y  and, a fte r  add ing 30 m l o f concen trated  h yd roch lo ric  as an orange p ow der (0 .8  g ) ,  m p  161-163°, to  an orange o il.
acid  and coo ling , th e  h yd roch lo r id ew a s  iso la ted  and recrysta llized  T ic  (s o lv en t system s A ,  B , C , D , and E )  in d ica ted  the d e r iv a t iv e
from  80 m l o f 6 N  h yd roch lo ric  ac id  (2 .3  g  o f laven d er n eed les ). to  be un iform . C h rom a togra p h y  o f  the ab o ve  sam ple (0 .8  g )
A  solu tion  o f th e h yd roch lo rid e  (2 .3  g )  in 50 m l o f  w a te r  w as added  th rou gh  s ilic ic  acid  (40 g )  and severa l recrysta lliza tion s  from
to  a solu tion  o f 3 .0  g  o f sod ium  ace ta te  in  200 m l o f w a te r  (im - petro leu m  ether (b p  9 0 -1 0 0 ° ) ra ised the m e ltin g  p o in t to  163-
m ed ia te  d ark en in g ), and air w as d raw n  th rou gh  th e  so lu tion  fo r  165°: ir a s trong sym m etrica l band  w as seen a t  1763 c m -1;
7 hr. A f t e r  collec tion  o f th e  b row n  solid  (1 .15 g ) ,  tr itu ra tion  and other bands appeared  a t  1602 (w ) ,  1372 (s ),  1205 (s ),  1170 (s ) ’
wash ing w ith  e ther, th e  e th er insoluble residue (1 .07 g )  appeared  1064 (m ),  1010 (m ),  918 (w ) ,  770 (m ) and ’ 750 c m - i  (m );  u v
deep reddish  pu rp le  in  co lor. T h e  in frared  spectrum , co lor re- X“ « H 285 m/r (e 16,400), 295 (16 ,900 ), 331 (2 0 ,500 ); X.t 365
action s ,22“ and th in  la y er chrom atogram s (tw o  zones, s o lv en t sys- (9200).

terns A ,  B , and D )  w ere  id en tica l in  a ll respects w ith  those o f Anal. C a lcd  fo r  C 2oH j6N 20 ,  (3 4 8 .4 ): C , 68.94; H , 4.63- 
15a prepared  fro m  14.220 O -A ce ty ld in ap h th oreso ru fin  (1 5 b ) N ,  8.04. F ou n d : C , 68.87; H ,  4 .54; N ,  8.61.
was p repared  b y  h ea tin g  under re flu x  fo r  40 m in  a solu tion  o f 1.07 C onvers ion  o f 16 in to 2 -A m in o-l,4 -n aph th oqu in on e (4 ) .__ A
g o f 15a in  50 m l o f acetic  an h yd rid e  con ta in ing 0.5 g  o f sod ium  m ix tu re  o f 3.15 g  (12.0  m m o l) o f 16, 50 m l o f w a te r , 60 m l o f
ace ta te . R ec ry s ta lliza t io n  o f th e  crude aceta te  (1 .10  g )  fro m  absolu te ethanol, and 30 m l o f concen tra ted  h yd roch lo ric  acid
to lu ene g a ve  0.88 g  o f  orange-red  need les, m p  274-276° dec ( l i t . 22“ con ta in ing 6.75 g  (30.0  m m o l) o f t i n ( I I )  ch lo rid e  2 -hyd ra te  was
m p  2 0 0 ° ),  w h ich  p ro ved  id en tica l b y  ir and m ix tu re  m e ltin g  h ea ted  under re flux and, a fte r  4 h r (so lu tion  con ta ined  a b lack
p o in t w ith  a sam ple (m p  2 7 5 -2 7 6 °) p repared  from  14.22“ T h e  suspension ), th e  solu tion  was concen tra ted  b y  b o ilin g  to  abou t
com pound m oved  as one zone in  s o lv en t system s A ,  B , C , and 70 m l and w as filte red  (a c t iv a ted  ch a rcoa l). T h e  y e llo w  f iltra te
D ;  chrom atogram s d eve lop ed  in  A  and D  show ed  the hyd ro lys is  was d ilu ted  w ith  30 m l o f concen tra ted  h yd roch loric  ac id  and
o f th e  orange ac e ty l d e r iv a t iv e  to  a  b lue ion , ir  1760 and 1635 ch illed  to  0 -5 °  (fa iled  to  y ie ld  a p rec ip ita te  o f h yd roch lo r id e ).
c m -1. T o  this solu tion  w as added  a ll a t  once a  co ld  so lu tion  o f 13.5 g

Anal. C a lcd  fo r  G bR isN O , (3 5 5 .3 ): C , 74.37; H ,  3 .66; (50.0  m m o l) o f i r o n ( I I I )  ch loride 6 -h yd ra te  in  a m ix tu re  o f  50
N ,  3.94. F ou n d : C , 74.33 ; H ,  3 .52; N ,  4 .32. m l o f  w a te r and 10 m l o f concen trated  h yd roch lo ric  ac id . A fte r

2 -P h eny lhyd razin o-l,4 -n ap h th oqu inon e  (1 6 ).— A  suspension 5 -10  m in  in th e  cold , a  copious crop  o f  sm all orange-red  needles
o f 5.0 g  (28.7  m m o l) o f  1 (f in e ly  p u lv e r iz ed ) in 80 m l o f 8 0 %  separated , w h ich  was co llec ted  and washed w ith  w a te r  u n til a
acetic  ac id  con ta in ing 3 .4  g  (31.5  m m o l) o f p hen y lh yd raz in e  w as consistent b r igh t orange co lor was ob ta in ed . T h e  vacu u m  dried
stirred  a t 25 ° fo r  2 days ; th e  deep  pu rp le  p rec ip ita te  was filte red  p rodu ct (1 .35 g , 6 5 % ) was ch rom atograp h ica lly  u n ifo rm  (sol-
and washed su ccessively  w ith  tw o  10-ml portions  o f 8 0 %  acetic  v e n t  system  B )  and c rys ta llized  fro m  benzene in  the fo rm  o f slen-
acid , tw o  10-ml portion s  o f absolu te  e thanol, and e th er : y ie ld  der orange  needles, m p  204 -206 °. A  m ix tu re  m e ltin g  p o in t w ith
4.09 g ; m p  170° dec and v igo rou s  gas. A  ch rom atogram  e lu ted  au thentic  4 ,27 w h ich  was fu rth er pu rified  b y  f ilte r in g  its  chloro-
in  so lven t system  F  con ta ined  a b r illia n t m agen ta  zone (m a jo r  fo rm  solu tion  th rou gh  M erc k  basic alum ina and then  recrysta lliza -
p rod u ct) and a  b r igh t y e llo w  zone (tra ce  p rodu ct, re ta ined  near tion  fro m  benzene, was 204-206°.
the o r ig in ). T h e  p rod u ct fa iled  to  c rys ta llize  sa tis fa c to r ily  from
the com m on so lven ts, and a ttem p ted  pu rifica tion  b y  p reparation  Registry No.' 2, R  =  C e H s , 20287-12-1; 2, R  =  

o f a sod ium  sa lt (as described  fo r  1318) led  to  im m ed ia te , ex ten s ive  CH3, 20287-13-2; 2, R  =  C 2H 5, 20287-14-3; 2, R  =

decom position . A  sam p le (0 .25 g , tw o  zones on  t ic ) ,  w h ich  had  (CH 2) 4CH3, 20287-15-4; 2, R  =  CH 2-cyelopentyl,
been  c rys ta llized  rep ea ted ly  fro m  to lu ene (w ith  considerable  loss 20287-16-5; 2, R  =  cyclohexyl, 20287-17-6’ 4, 2348- 
and w ith ou t an y  apparen t im p ro vem en t) was suspended m  chloro- Q1 ^  ,
fo rm  and filte red  th rou gh  a colum n o f s ilic ic  acid  (15.0  g ) .  o l - 4 ,  O, ¿ o 4 o - 7 4 - 5 ;  7, 20287-20-1; 10, R  =  cyclohexyl,
____________ 20287-21-2; 1 0 , R  =  CH (CH 3)2, 20287-22-3; 15b,

(26) The reduction of 16 to 4 is interesting in connection with the report 20287-26-7; 16, 20287-23-4; 17, 20287-24-5; cyclo-
[D. B. Bruce and R. H. Thomson, J. Chem. Soc., 1428 (1954)] that t in (I l) pentylacetic acid hydrazide, 20287-25-6.
reduction of 2-anilino- 1,4-naphthoquinone, followed by oxidation, gave 1,4-
naphthoquinone. (27) L. F. Fieser and J. L. Hartwell, J. Amer. Chem. Soc., 67, 1482 (1935).
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T h e  sod ium  m eth ox ide  ca ta lyzed  exchange rates b etw een  m eth an o l and w -tritium -substitu ted  p ico lines and 
m ethylqu ino lines  w ere  determ ined . T h e  re la t iv e  reac tiv itie s  w ere  2 -m eth y lqu ino lin e  >  4 -p ico line >  2 -p ico line 
>  3 -m eth y lqu ino lin e  >  3 -picoline. T h ese  resu lts h ave  been  in te rp reted  b y  use o f  th e  q u a lita t iv e  resonance 
th eo ry  and correla ted  b y  means o f L C A O - M O  calculations.

The weak acidity of alkylated pyridines, quinolines, of an a hydrogen on the alkyl group. Again the results
and other similar heterocyclic systems has long been are often conflicting. Thus, 2,4-lutidine reacts with
recognized and has been utilized in condensation re- formaldehyde to give the 4-ethanol derivative8 but
actions of these substances to effect the synthesis 2,4,6-collidine with formalin at 200° yields the 2-
of desired carbon skeletons.3 However, there seems ethanol.9
to be no definite information regarding the relative There are quite a few other contradictory examples 
reactivities of various substituted alkylpyridines or of reactivities of alkylpyridines and quinolines. In
alkylquinolines. Knowledge of this sort should be of view of this it is desirable to have some unambiguous,
interest not only from a practical standpoint but also quantitative relative reactivity data for reactions of
for theoretical reasons. With regard to the latter, a these systems. In particular, hydrogen exchange
quantitative evaluation and interpretation of the effect rates which can be related to acidities should be es-
of a ring nitrogen on reactivity of side chains should pecially valuable,
lead to a better understanding of the fundamental
nature of such systems. Results

Previous studies of the reactivity of alkylated pyri- „-Tritiated 2-, 3-, and 4-picolines and 2- and 3- 
dmes ave not yielded results capable of quantitative methylquinolines were prepared by decarboxylation
comparison. In some instances they are confusing of the corregponding pyridyl- or quinolylacetic acids
or conflicting thus, although 2 4-lutidme is prefer- in tritium water (eq 1}. 2-Pyridylacetic acid, 4-pyridyl-
entially metallated on the 2-methyl group with phenyl-
lithium,4 it has been shown that alkylation of the same A r C H 2C 0 2H  T2°> A r C H 2T  +  C 0 2 (1 )

compound with methyl iodide in the presence of sod-
amide gives mainly the 4-methyl-alkylated product.6 acetic acid, and 2-quinolylacetic acid decarboxylated
The studies of Pines and coworkers6 also support a readily at 100° in neutral solution. Decarboxylation
higher alkylation reactivity for the 4-alkylated pyri- 3-pyridylacetic acid and 3-quinolylacetic did not 
dines. Since it is very difficult to alkylate 3-picoline7 occur under these conditions and was carried out at
and because 2,3-dimethylpyridine is alkylated on the 215-220 .
2-methyl,6 the available information with regard to determine the extent of nuclear tritiation during
the base-catalyzed alkylation reactions leads to the decarboxylation, quinoline was subjected to the de
reactivity order 4-picofine >  2-picoline »  3-picoline. carboxylation conditions. Quinoline rather than pic- 
However, the results (except for those of Pines and his oline or methylquinoline was used to eliminate the
coworkers6) do not lend themselves to quantitative possibility of methyl-group tritiation. Methylquin-
comparisons and there is no estabfished relationship olines should undergo nuclear tritiation faster than
between the pyridine series and the quinoline series. quinoline, but picoline should react more slowly if the
Furthermore, the alkylation reaction is a two-step reaction is an electrophilic substitution. In an ex
process (anion formation and alkylation) and either or periment at 220°, the relative activities of the recovered
both stages may be responsible for the over-all rate. quinoline and of the tritium water used indicated that
The rate of alkylation is therefore not necessarily a tritium in the nucleus of 3-picoline-u-f and 3-methyl-
true reflection of the acidity of the substrate. quinoline-w-f could account for no more than 1% of

The condensation of alkylpyridines and quinolines the total activity. At 100° nuclear tritiation of quino-
with aldehydes and ketones may also involve ionization ^ne djd 110̂  occur; thus the other compounds probably

contain no nuclear tritium.
(1) Presented at the 148th National Meeting of the American Chemical  ̂̂  Cases, the activity of the tritiated Compound

Society, Chicago, in., Sept 1964. was approximately equal to that of the tritium water
(2) To  whom inquiries should be addressed: Department of Chemistry, used (106 to 10s CDm/mmoll

University of Vermont, Burlington, Vt. 05401. rpu -i ^  .
(3) E. Klingsberg, “ The Chemistry of Heterocyclic Compounds— Pyridine -LilG GXCllHIlgG THtGS W6TG QGtGrnilllGCl b y  h.6£lt}illg

and Its Derivatives, Part Tw o," Interscience Publishers, Inc., New York, Samples of the tritiated Compounds with methanofic

(4) J. F. Arens, D. A. van Dorp, and G. M . van Dijk, Bee. Trov. Chim., s°dium methoxide (ionic Strength Was maintained
69, 287 (1950). constant with sodium chloride) for varying lengths of

(5) a . l . Lochte and t . h . cheavens, j. Amer. Chem. S o c . , 79 , 1667 time. The reaction mixture was acidified, the meth-
(1957). ’

(6) H. Pines and B. Notari, ibid., 82, 2209, 2945 (1960); H. Pines and (8) K . Winterfeld, Arch. Pharm., 268, 308 (1930); Chem. Abstr., 24, 3790
D. Wunderlich, ibid., 81, 2568 (1959). (1930).

(7) H. C. Brown and W. A. Murphey, ibid., 73, 3308 (1951). (9) F. Melichan, Chem. Ber., 88, 1208 (1955).
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anol was distilled off, and its tritium content was change reaction has considerable carbanionic character
determined. and the relative exchange rates can be interpreted by

The exchange reaction was found to be first order comparison of the factors stabilizing the anion and its
in the tritiated compound and first order in the base conjugate acid.
concentration. For each of the compounds, the rates Qualitative resonance theory13 can be used to esti- 
of exchange were determined at two temperatures and mate the relative acidities of the heterocyclic ''acids”
extrapolated to 135°. The results are summarized in if several features of the resonance structures of the
Tables I  and II. acids and their anions are taken into account. The

location of the negative charge in the anion and the 
Table I relative number of important resonance structures

Tritium Exchange Rates in Methanolic Sodium Methoxide of the acid and anion appear to be important. The 
at 135° (Extrapolated) possibility of positioning a portion of the anion’s nega-

Compound k2a x 10= tive charge on the electronegative nitrogen atom
2-Methylquinoline-u-i 2200 appears to be the principal factor in determining the
4-Picolme-w-i 760 exchange rates of these compounds. Thus, 2- and 4-
2- Picoline-u-i 54 picolines are more reactive than 3-picoline, and 2-
3- Methylquinoline-w-i 2.9 methylquinoline reacts faster than 3-methylquinoline.
3-Picoline-a>-i 0.42 Superimposed upon this consideration is that of the

° mo1 1 sec 1- number of resonance structures of the anion compared
with the acid. There is a larger difference between 

Table I I  the numbers of resonance contributors to the anion
Tritium Exchange Rates and the acid for the methylquinolines than for the

in Methanolic Sodium Methoxide picolines. For this reason, 2-methylquinoline under-

Compound ^ 7 ’ NaOM e Nfci fc* x 10« kf x icx goes¡exchange more rapidly than 2-picoline and 3-
2 -Picoiine-aff 1 2 9 .8  o.io2 o.ooo 3.53 ± 0 .0 1  3.50 ±  o.oi methylquinoline is more reactive than 3-picoline. The

149.5 o.ioo o.ooo 17.4 ± 0 . 2  17.4 ±  o.2 difference in reactivity between 2-picoline and 4-pic-
„ „  149 ® °-?54 ° 04® 9-®4 17;® n ^  oline may be the result of additional stabilization of

18 4.2  0.098 o.ooo 4.93  ± 0.02 5.oo ± 0.02 tlie 4-picoline anion, occasioned by the fact that there
184.2 o.o5i 0.048 2.53 ±0.05 4.97 ±0.10 are two pairs of equivalent contributors to the 4-pico-

4-Pioohne-“-( lo i^ o  T  2o^6 ± o ^  line anion and no equivalent resonance structures for
H9.7 o.o5i 0.048 hl3 ± o'.i 2o.2 ± 0.2 the 2-picoline anion. Thus, the exchange rates of the

2- Metbyiqumoiine-w-i 85.8 o.io2 o.ooo 3.33 ± o.o7 3.26 ±0.06 picolines and methylquinolines can be interpreted
105 i o 061 o 040 io 9 ± o.7 17.9 ±  i.2 qualitatively by application of the resonance theory.

3- Methyiquinoixne-w-i 149.5 o.ioo o.ooo i.o8 ± 0 .0 1  i .0 8  ± 0 .0 1  A  quantitative correlation of the exchange rates of
169.8 0.099 o.ooo 5.98 ± 0.04 6.08 ± 0.06 the picolines and methylquinolines by means of mo- 

_1 61 mol-1 see-1 lecular orbital calculations was also attempted. The
exchange rate should be related to the 7r-electron energy 

Discussion change of the reaction, which is simply the difference be
tween the v-electron energies of the heterocyclic anion 

Hydrogen exchange rates of very weak acids often and its conjugate acid.14 These v-electron energies are
parallel the acidities of this type of compound.10 This readily calculated by the LCAO-M O method. In
parallelism would be expected from the Bfensted catal- treating compounds that contain atoms other than
ysis law11 if k is the rate constant for the protonation carbon, it is necessary to take account of the perturbing
of the strong base by the weak acid and fca is the dis- influence of the electronegative heteroatom on the

rest of the system14 by assigning different parameters 
log k -  a log fca +  log G to the carbons bonded to the heteroatom since they

sociation constant of the weak acid. This procedure wld ^e inductively affected. The best correlation re
fer evaluating relative acidities of weak acids is not sulted when the coulomb and resonance integrals were
without some ambiguities. The mechanism of the defined as shown m Chart I. h was varied from 0.50
exchange process must be the same for each of the 2.50, while hac was allowed to assume values from
weak acids and must be a true acid-base reaction. 0.100 to 0.417. The best fit of the experimental data
The results are least equivocal if the reaction is un- resulted when A =  1.00 and hac =  0.125 (see Figure 1)
complicated by ion-pair formation or recombination of with /3eff =  49.6 keal/mol.
the anion of the weak acid with its original proton
before exchange with the bulk solvent can occur. And- Chart I
reades has shown that these phenomena do not occur «c = “ °
in sodium methoxide-methanol solutions.12 In this _j_ ^°c(3o
medium, the transition state for the hydrogen-ex- /SCN = /3Co = A

(10) (a) A. Streitwieser, Jr., J. I. Brauman, J. H. Hammons, and A. H. . .
Pudjaatmaaka, J. Amer. Chem. S o c . , 87, 384 (1965); (b) r . g . Pearson and In  conclusion, it appears that the rates of amon 
r . l . Dillon, ibid., 7 5 , 2439 ( 1953); (c) a . i. Shatenshtein, Advan. Phys. formation for picoUnes and methylquinohnes is that
Org. Chem., I, 155 (1963); (d) S. G. Cohen, A. Streitwieser, Jr., and R. W.
Taft, "Progress in Physical Organic Chemistry,”  Vol. 3, Interscience Pub
lishers, New York, N. Y „  1965, PP 41-80. (13) G. W. Wheland, “ Resonance in Organic Chemistry,”  John W iley &

(11) A. A. Frost and R. G. Pearson, “ Kinetics and Mechanism,”  John Sons, Inc., New York, N. Y ., 1955.
Wiley & Sons, Inc., New York, N. Y „  1953, pp 209-218. (14) A. Streitwieser, Jr., “ Molecular Orbital Theory for Organic Chem-

(12) S. Andreades, J. Amer. Chem. Soc., 86, 2003 (1964). ists,”  John Wiley & Sons, Inc., New York, N. Y ., 1961.
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.......... y  con verted  in to  th e  p icra te , w h ich  was crys ta llized  fro m  absolu te
/  m eth an o l. T h e  y ie ld  o f th e  ester p icra te , m p  161 .0 -162 .6 ° ( l i t . 17

y /  m p  1 62 °) w as 10.5 g  (1 5 % ).
; Cj 3 -C yanoqu inolin e.— H e a tin g  o f 3 -brom oqu ino line  w ith  cuprous

/ '  cyan id e 18 u n til th e  m ix tu re  liqu e fied  fo llow ed  b y  im m ed ia te  d istil-
O  /  la tion  o f th e  p rodu ct and recrysta lliza tion  fro m  m eth an o l y ie ld ed

/  6 2 %  o f 3 -cyanoqu inoline, m p  106.8-107.4° ( l i t . 18 m p  1 06 -1 0 8 °).
/  M e th y l 3 -Q u in o linecarboxy la te .— R ea ction  o f 3 -cyanoqu ino-

/  line w ith  h yd rogen  ch loride in m eth an o l19 fo llow ed  b y  e rysta lliza -
■2 /  tion  o f th e  p rodu ct fro m  S ke llyso lve  B  a t 0 °  y ie ld ed  5 8 %  m e th y l

+  ~  /  3 -qu in o lin ecarboxyla te  as w h ite  crysta ls , m p  7 0 -7 2 ° ( l i t . 19 m p
cm y O  7 3 -7 4 ° ).

/  3 -A cety lqu ino lin e .— M e th y l 3 -qu in o lin ecarboxyla te  was con-
g 1 /  densed w ith  e th y l ace ta te  in  th e  presence o f sod ium  m eth ox ide ,®
—  /  and the crude k eto  ester w as h yd ro ly zed  and d eca rb oxy la ted  in

/  2 5 %  su lfuric  ac id  a t 100°. T h e  crude p rodu ct w as crys ta llized
/  fro m  S ke llyso lve  F  to  g iv e  3 -acety lqu ino lin e  in  3 7 %  y ie ld  as tan

O  /  flakes, m p  98 .4 -9 9 .2 ° ( l i t . 20 m p  9 7 .5 -9 8 .5 ° ).
/  3 -Q u in o ly lacetic  A c id  H yd ro ch lo r id e .— 3 -A cety lqu in o lin e  w as

^ 0  —/  sub jected  to  th e  W illg e ro d t  reaction  under the cond itions de-
'  scribed  b y  Jones, Soper, Behrens, and  C orse.®  T h e  procedu re
O  I I w as m od ified  as described  b e lo w  so th a t th e  ac id  h yd roch lo rid e

ra th er than  th e  m e th y l ester w as iso la ted . T h e  so lu tion  rem ain - 
0 . 4 0  0 . 5 0  in g  a fte r  hyd ro lys is  o f th e  3 -qu in o ly lth ioacetam ide  w as eva p o -

p ,  . . . . .  ra ted  to  50 cc, m ade basic w ith  so lid  potassium  carbonate , and
t lO n iO n )  -  t ( a c i a ) .  filte red . T h e  f iltra te  w as extracted  f iv e  tim es w ith  150-cc p o r -

F igu re  1 .— Loga r ith m s  o f th e  exchange rates o f  p ico lin es and t i ° n®. o f  ethe+; to  rem ove  nonacid ic  substances T h e  aqueous
m eth y lqu in o lin es  vs. th e  calcu lated  .-e le c tro n  en ergy  changes 8 ol, f ! ? n  w a fi,then  eva pora ted  to  dryness under reduced  pressure
(i _  i  n 7 _  n r r „  ^  Ä ® and th e  residue w as ex trac ted  th ree  tim es w ith  50-cc p ortion s  o f(ft — l.u . hac — U .lz o ) to r  an ion io rm a tion  iro m  these com - i •« , •« mi_ i j. ,1 •« .
nound«? absolu te  e thanol. I h e  vo lu m e  o f  th e  e thanol so lu tion  w as re-
^  ' duced  to  50 cc under vacu u m , and th e  so lid  w h ich  p rec ip ita ted

w as co llec ted  b y  filtra tion . T o  th e  filtra te  was added  200 cc o f 

s u g g e s t e d  b y  t h e  r e s u lt s  o f  a lk y l a t i o n  a n d  c o n d e n s a t io n  e ther, and th e  p rec ip ita te  fo rm ed  w as filte red  o ff. B o th  p re 

r e a c t io n s  o f  th e s e  c o m p o u n d s .  T h e  s e m iq u a n t i t a t i v e  c ip ita tes  appeared  to  be m ixtures o f potassium  ch loride and the
, ,  ,, . , . i  , , , , o rgan ic  p rodu ct; so th e y  w ere  com bined . T h e  3 -qu m oly lacetic

c o r r e la t i o n  o f  th e s e  r a t e s  b y  t h e  m o le c u la r  o r b i t a l  ac id  hydProch lorid e  w as E la t e d  b y  b o ilin g  th e  com £ ined  ^ J d u e s

a p p r o a c h  IS o b v i o u s l y  n o t  c o m p le t e l y  s a t i s f a c t o r y .  w ith  25 cc o f  absolu te  e thanol fo r  a  few  m inutes, f ilte r in g  th e  h o t
T h i s  m a y  b e  d u e  t o  d e f ic ie n c ie s  in  t h e  c o m p u t a t i o n a l  suspension, and  a llow in g  th e  p rodu ct to  c rys ta llize  fro m  th e  fil-

m e t h o d s  u s e d  o r  t o  c o m p l i c a t in g  f e a t u r e s  in  t h e  e x -  tra te . T h is  ex trac tion  was repeated  th ree  tim es w ith  10-ec por-

c h a n g e  r e a c t io n .  H o w e v e r ,  t h e  fu n d a m e n t a l  v a l i d i t y  tions o f absolu te  ethanol. In  th is w a y  there  w as ob ta in ed  2.35 g
,  ,. . , , i  , J (1 5 % ) o f  3 -qu m oly lacetic  acid  h yd roch lorid e, m p  194.8-197.4  .

o f  th e s e  p r o c e d u r e s  is  in d ic a t e d  b y  t h e  f a c t  t h a t  t h e y  AnaL C a lcd  fo r  c „ H I0O 2N C 1 : C , 59.1; H ,  4 .5 ; N ,  6 .3 ; C l,

l e a d  t o  t h e  a p p r o x im a t e l y  c o r r e c t  o r d e r in g  o f  r e a c t i v i -  15.9. F ou n d : C , 59.4; H ,  4 .7 ; N ,  6 .6 ; C l, 15.3. 

t ie s .  T h e  e x c h a n g e  r a t e s  c a n  b e  s a t i s f a c t o r i l y  in -  2 -P ico lin e -«-¿ .— A  suspension o f 2.5 g  o f m e th y l 2 -pyr idy la ce -

t e r p r e t e d  q u a l i t a t i v e l y  b y  t h e  r e s o n a n c e  t h e o r y .  ta te  P iorate  “  5 cc  o f concen trated  h yd roch lo ric  ac id  was ex
trac ted  w ith  seven  2 0 -ec portions o f ether to  rem o ve  th e  p icric  
ac id . T h e  aqueous solu tion  w as then  re fluxed  fo r  4  hr and 

E x p e r im e n t a l  S e c t i o n  eva p o ra ted  to  dryness under vacuum . T h e  residual 2 -p y r id y l-
acetic  ac id  h yd roch lorid e  w as d ried  b y  add ing 5 cc o f acetone and 

M e th y l 2 -P y r id y la c e ta te .— T h e  ester w as pu rified  b y  conver- again  eva p o ra tin g  to  dryness. T h is  w as repeated  th ree  tim es,
sion  in to  th e  p ic ra te  w h ich  w as crys ta llized  fro m  absolu te m etha- A  m eth an o l solu tion  o f a p ortion  o f th e  residue ga ve  n o  p rec ip ita te
no l to  g iv e  y e llo w  crystals, m p  141.6-142.8° ( l i t . 15 m p  1 42 -1 4 4 °). w ith  p icric  ac id , in d ica tin g  th e  absence o f b o th  th e  ester and

M e th y l 4 -P yr id y la ce ta te .— T rea tm e n t o f the ester w ith  p ic r ic  2 -p ico line. A  solu tion  o f 0.9 g  o f th e  2 -pyr id y la ce tic  acid  h yd ro 
acid  y ie ld ed  a p icra te  w h ich  m e lted  a t 146 .4-147.7° ( l i t . 16 m p  ch loride in 1 cc o f tr it iu m  w a te r w as sealed  in  a  tu be  and h ea ted
1 46 .5 -147 .5 °; a fte r  crys ta lliza tion  fro m  m eth an o l. fo r  3 hr a t 100°. T h e  tu be was then  opened , th e con ten ts w ere

M e th y l 2 -Q u in o ly la ce ta te .— A  solu tion  o f 21.4 g  (0 .15 m o l) o f m ade basic w ith  solid  potassium  carbonate, and to  th e  basic  solu- 
qu inald ine in  50 cc o f  anhydrous e ther w as added  du rin g  15 m in  tion  w ere  added  5 cc o f e ther and 2 g  o f m agnesium  su lfa te . T h e
to  160 cc o f 0.95 M  p h en y llith iu m  in  e ther. T h e  m ix tu re  w as m ix tu re  w as a llow ed  to  stand fo r  severa l hours, and th e  e th er was
stirred  fo r  3 hr a t room  tem peratu re  and then  ra p id ly  pou red  on  decan ted . T h e  residue was w ashed  w ith  2-cc portions  o f  e th er
D r y  Ic e . A f t e r  com pletion  o f th e  reaction , th e  ether w as a llow ed  u n til portions  o f th e  washings no lon ger g a ve  a p rec ip ita te  w ith
to  eva p o ra te  a t room  tem peratu re , and th e  residue was suspended p icric  acid . T h e  com bined  e ther solu tions w ere  d is tilled  th rou gh
in  250 cc o f  absolu te  m ethanol. T h e  suspension w as sa tu rated  a  short colum n a t atm ospheric pressure u n til a ll o f  th e  e th er ap-
w ith  d ry  h yd rogen  ch loride and th e  resu lting  solu tion  Was a llow ed  peared  to  h ave  been  rem oved . T h e  residue was then  d is tilled
to  stand fo r  24 hr a t 2 5 °. A t  th e  end  o f th is p eriod  th e  m eth an o l under vacu u m  to  g iv e  0.44 g  (9 1 % ) o f 2 -p icoline-w -i w ith  an
w as d istilled  o ff  under reduced  pressure, and  to  th e  residue was ap p rox im ate  a c t iv ity  o f 2.03 X  107 cpm /m m ol. G as phase
added  1 0 0  cc o f w a te r and su ffic ien t sod ium  carbonate to  m ake ch rom atography  in d ica ted  th a t th is p rodu ct w as a t least 9 8 .5 %
th e  solu tion  basic. T h e  basic solu tion  w as ex trac ted  th ree  tim es pure 2 -p ico line. T h e  p icra te  m e lted  a t 164 .8-166.6° ( l i t . 21 m p
w ith  100-cc portions  o f e ther, and th e  com bined  e th er extracts  1 64 °).
w ere  d ried  o ve r  m agnesium  su lfa te  and eva p o ra ted . T h e  residue 4 -P ico line-w -f.— T h is  com pound w as p repared  fro m  m e th y l
was d isso lved  in  a sm all v o lu m e  o f benzene and  chrom atographed  4 -p y r id y la ce ta te  p icra te  in  th e  w a y  described  a b o ve  fo r  2 -p ico line-
on  a  2.5 X  40 cm  colum n o f  a c t iv ity  g rade  I I  W o e lm  a lum ina, w-f. O ne gram  o f 4 -p yr id y la ce tic  ac id  h yd roch lo rid e  y ie ld e d  0.48
using S k e llyso lve  F  as the eluent. T h e  first fra c tion  o f th e  e luate, g  (8 9 % ) o f  4-picolm e-w -i o f app rox im ate  a c t iv ity  2.03 X  107 cpm /
w h ich  corresponded  to  a ligh t y e llo w  band  on  th e  colum n, y ie ld ed  _______________
14 g  (6 5 % ) o f  qu inald ine. T h e  residue ob ta in ed  upon  evapora - ,
t io n  o f th e  second fra c tion  (correspond ing to  a  dark  y e llo w  b a n d ) L J  '  ° rsc e a“ d R -M a “ teuffel  4nn., 626, 22 (1936).
„ „ „  ________ , J  „  '  J  r r t  , \ '  (18) H. Gilman and S. M. Spatz, J. Amer. Chem. Soc., 63, 1533 (1941).
w as chrom atographed  a second tim e . T h e  ester so ob tam ed  w as {19) s . ChiavareU; and G. B. Marini-Betoiio, G*zz. Chim. it a., 8 2 , 86
-------------------  (1952).

(15) W . Gruber and K . Schlögl, Monatsh., 81, 473 (1950). (20) H. G. Jones, Q. F. Soper, O. K . Behrens, and J. W. Corse, J. Amer.
(16) J. Thesing, H. Ramlock, and C. Willersinn, Chem. Ber., 89, 2896 Chem. Soc., 70, 2843 (1948).

(1956). (21) E. J. Constam and J. White, Am. Chem. J ., 29, 38 (1903).

2758 W hite and Lazdins The Journal of Organic Chemistry



m m ol. T h is  m a teria l was show n to  b e  pu re  b y  gas phase chrom a- In  another experim en t a  so lu tion  o f  0 .30 g  o f  qu in o lin e  in  0.5
to grap h y . I t s  p icra te  m e lted  a t 166 .8 -168 .2 ° ( l i t . 22 m p  1 67 °). cc o f 6 IV  tr it ia ted  h yd roch lo ric  acid  so lu tion  (a c t iv ity  5.28 X  105

2- M eth y lq u in o lin e -u -i.— A  suspension o f 2 g  o f  m e th y l 2-qu ino- cpm /m m ol) was sealed  in  a tu be  and hea ted  fo r  7 h r a t 100°.
ly la ce ta te  p ic ra te  (m p  1 6 1 .0 -1 62 .6 °) in  5 cc o f  concen tra ted  h y - T h e  tu be  was opened  and th e  con ten ts w ere  m ade basic  w ith  solid
droch loric  acid  w as ex trac ted  seven  tim es w ith  100-ec portions  o f  potassium  carbonate and then  ex trac ted  f iv e  tim es w ith  2-cc por-
ether. T h e  h yd roch loric  ac id  solu tion  w as then  eva p o ra ted  to  tions o f e ther. T h e  com bined  e th er solu tions w ere  d ried  o ve r
dryness under vacu u m  a t 2 5 °. T h e  residue was d isso lved  in  2 cc sod ium  ox ide  and eva p o ra ted , and th e  residue was d is tilled  under
o f tr it ia ted  4 N  h yd roch lo ric  ac id  solu tion , sea led  in  a tu be, and vacu u m . T h e  qu inolin e  trea ted  in  th is m anner exh ib ited  no
heated  fo r  7 hr a t 100°. T h e  resu lting so lu tion  was trea ted  in  th e  a c t iv ity .
sam e w a y  as w as th e  reac tion  m ix tu re  ob ta in ed  in  th e  p rep ara tion  K in e t ic  P ro ced u re .— T h e  ra tes o f  tr it iu m  exchange w ere  de-
o f 2-picoline-a>-f. U p o n  d is t illa tion  th e re  w as ob ta in ed  0.44 g  term in ed  in  0.1 N  and 0.05 N  sod ium  m eth ox ide  solu tions. T h e
(6 5 % ) o f 2 -m ethylqu inoline-io-f h av in g  an a c t iv ity  o f ab ou t 3.79 ion ic  s tren gth  was m a in ta in ed  a t 0.1 b y  th e  ad d ition  o f sod ium
X  106 cpm /m m ol. T h e  p rodu ct was show n to  consist en tire ly  o f  ch loride. T h e  solutions w ere  p repared  im m ed ia te ly  b e fo re  using
th is com pound b y  gas phase chrom atograp hy . T h e  p ic ra te  b y  d isso lv in g  sod ium  in  degassed absolu te  m eth an o l (M a llin c -
m elted  a t 194 .8 -196 .4 ° ( l i t . 23 m p  1 9 5 °). k rod t, reagen t g ra d e ) and w ere  t it ra ted  w ith  s tandard  0.0999 N

3- P ico lin e-w -f.— A  suspension o f 1.0 g o f  3 -p y r id y la ce tic  ac id  h yd roch lo ric  acid , using pheno lph tha le in  as th e  in d ica tor.
in 1 cc o f tr it iu m  w a te r  was sea led  in  a  tu b e  and hea ted  fo r  7 h r A liq u o ts  (2 .5  c c ) o f a  so lu tion  o f  10-20 m g  o f th e  tr it ia ted  com 
a t  220 °. A t  th e  end  o f th is p eriod , th e  tu be  w as coo led  and pound in  25 cc o f  sod ium  m eth ox ide  so lu tion  w ere  sea led  in  tubes
opened  and 2 .0  g  o f m agnesium  su lfa te  w as added . T h e  3-pico- under n itrogen  and h ea ted  in  a constan t-tem pera tu re  b a th  fo r
line-w-f was iso la ted  accord ing to  th e  p rocedu re  g iv en  fo r  th e  iso- v a ry in g  tim ed  in terva ls . A f t e r  rem o va l fro m  th e  constant-tem -
la tion  o f  2-picoline-w-i. T h e  y ie ld  o f  3-picoline-w -i w ith  an p era tu re  b a th , a tu be  w as coo led  and opened  and a 2.00-cc
a c t iv ity  o f 1.83 X  106 cpm /m m ol w as 0.59 g  (8 7 % ).  G as phase a liq u o t o f th e  con ten ts w as added  to  1.00 cc o f  0.5 N  su lfuric ac id
ch rom atography  in d ica ted  th a t th e  p rod u ct w as  a t leas t 9 8 .5 %  in  9 5 %  m eth an o l. T h e  resu lting  m ix tu re  was d is tilled  a lm ost to
pure. T h e  p ic ra te  had  m p  150.4-150.8° ( l i t .21 m p  1 49 .5 °). _ d ryness under vacu u m  a t 2 5 °. A  2.00-cc a liq u o t o f th e  d is tilla te

3 -M eth y lq u in o lm e-u -i.— A  solu tion  o f 0 .7  g  o f 3 -qu in o ly la ce tic  was then  added  to  15 cc o f th e  sc in tilla to r  so lu tion  {0 .4  g  o f  d i
acid  h yd roch lo rid e  in  0 .7  cc o f tr it iu m  w a te r  was n eu tra lized  w ith  p h en y loxazo le  and 5 m g  o f l,4 -b is [2 - (5 -p h en y lox a zo ly l)]b en zen e
0.15 g o f so lid  potassium  carbonate and sea led  in  a  tu be. T h e  jn i  j .  0f  reagen t g rade  to lu en e } and th e  a c t iv ity  w as determ ined
tu be w as h ea ted  fo r  7 hr a t 215 -220 °. T o  th e  resu lting  suspen- jn  a T racer lab  C E -1 B  liqu id  sc in tilla tion  counter,
sion w ere  added  2.0 g  m agnesium  su lfa te  and 5 cc o f  e ther. T h e  I n  th e  runs using solu tions con ta in ing sod ium  ch loride the dis-
ether solu tion  w as decan ted  and th e  residua l m agnesium  su lfa te  t illa te  con ta ined  traces o f h yd roch lo r ic  ac id . I t  w as th ere fo re
was then  w ashed  w ith  e ther u n til portion s  o f th e  w ash ings no m ade basic w ith  a  sm all q u a n tity  o f sod ium  ox ide  and  red is tilled , 
longer g a ve  p rec ip ita tes  w ith  p icric  ac id . T h e  com bined  e ther In f in ity  va lues w ere  ca lcu lated  fro m  th e  count ra te  obta ined
solutions w ere  eva p o ra ted  to  10 cc. and chrom atographed  on a  w jth  1.00 cc o f  th e  o rig in a l so lu tion  in  a  m ix tu re  o f  1.00 cc o f 
1 X  12 cm  colum n o f a c t iv ity  g rade  I  W o e lm  a lum ina, using absolu te  m eth an o l and 15 cc o f th e  sc in tilla to r solu tion . T h e
ether as th e  e luent. E va p o ra tio n  o f th e  e ther fro m  th e  e lu ate  quench ing e ffec t o f th e  tr it ia ted  com pound  was ascertained  b y
ga ve  0.17 g  (3 8 % ) o f 3 -m ethylqu ino lin e-u -i. I t s  p icra te  m e lted  n o tin g  w h eth er th e  count ra te  fo r  a  m ix tu re  o f th e o r ig in a l am ine
a t 190.4-191.6° ( l i t . 24 m p  1 8 7 .5 °). T o  th e  3-m ethylqu inoline-w -f solu tion  and  1.00 cc o f a  standard  m eth an o l-i so lu tion  w as equal
was then  added  0.15 g  o f pu re  in a c tiv e  3 -m eth y lqu ino lin e  and th e  to  th e  sum  o f th e  count rates o f th e  tw o  solu tions determ ined
m ix tu re  w as fu rth er p u rified  b y  e va p o ra tiv e  d is tilla tion . T h e  in d iv id u a lly . S ign ifican t qu ench ing w as fou n d  o n ly  in  th e  runs
approx im ate  a c t iv ity  o f th e  p rod u ct w as 1.07 X  10s cpm /m m ol. w ;th  3-picoline-w -i and w ith  2 -m ethylqu ino line-w -f a t 105°. In
T h e  presence o f  on ly  one com pon en t w as dem onstra ted  b y  gas these runs i arger qu an tities  o f th e  tr it ia ted  com pound  w ere  used 
phase ch rom atography . _ . than  in  th e  others. In f in ity  va lues w ere  corrected  fo r  an y  quench-

T ritia tion  o f Q u in o lin e .— A  solu tion  o f 0.52 g  o f qu inoline and ju g e ffec t. 
ca. 0.3 g  o f D r y  Ic e  in  0.5 cc o f tr it iu m  w a te r (a c t iv ity  4 .4  X  106 T h e  cou n ting results w ere  trea ted  b y  m eans o f a  first-o rder ra te
cpm /m m ol) was sealed  in  a tu be  and heated  fo r  7 h r a t 215-220 . expression. W h en  lo g  (am — at) w as p lo tte d  aga inst t, th e  poin ts  
T h e  tu be was opened  and th e  contents w ere  extrac ted  f iv e  tim es defined  a  s tra igh t lin e . T h e  ra te  constan t w as d eterm ined  from
w ith  2-cc portions o f e ther. T h e  com bined  ether solu tions w ere  th e  siope  0f  th is lin e  in  th e  usual w a y .
d ried  o ve r  sod ium  ox ide  and e va p o ra ted . T h e  residue w as dis
t illed  under vacu u m . T h e  a c t iv ity  o f th e  p rod u ct w as 4.34 X  .
103 cpm/mmol. Registry No.— 2-Picoline-co-i, 19656-78-1, 3-picolme-

- |. i9« 66-79i L « pi f i ° r % 19,656'8t! '5;(23) R. F. Manske, L. Marion, and F. Leger, Can. J. Research, 20B, 133 quinoline-O^, 19656-81-6; 3-methylqUmollIie-a>-r, lyOOD- 
(1942;. 82-7 ; 3-quinolylacetic acid hydrochloride, 19656-83-8.

(24) W. P. Utermohlen, Jr., J. Org. Chern., 8, 544 (1943). ’ 1
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____________Notes_____________________________________________________

Ring-C hain  Isom erism  o f  The ir spectra (Nujol) had only one absorption band in
Tetrahydropyrim ido[4,5-d]pyrim idinesla the region 3300-3200 cm -, characteristic of secondary

ammes. The nmr spectra of these compounds showed 
t, -c t t  T t t> „ 1 0  a singlet at 5 5.42-5.83, characteristic of the methine

and S. K. Gupta proton.4 In confirmation of the proposed rmg struc
ture 2, the protons on N -l and N-3 could be exchanged 

Department of Chemistry, Western Michigan University, with deuterium.
Kalamazoo, Michigan 49001 The reaction of 1 with p-chloro- and p-bromobenz-

aldehydes furnished the Schiff bases 6 and 7, respec- 
Received February 11,1969 tively, which were found to be homogenous by tic.

Recent work by McDonagh and Smith2,3 and Dor- i^ ^ v ^ C H 2N=CHAr
man4 has demonstrated the existence of ring-chain tau- 1 +  ArC^ —*■ II
tomerism involving hydroxyl and imine functions. H H3C "'A N 4 NH2
This paper describes a new type of ring-chain isomer
ism involving the amine and imine functions of tetrahy- 6, Ar = p-chlorophenyl
dropyrimido [4,5-d]pyrimidines. 7, Ar = p-bromopheny!

In 1955, Suter and Habicht6 reported that the re- . . . , , , , , , „ ,nr. , OOAri
action of 4-amino-5-(ammomethyl)-2,6-disubstituted , . ?, \ TTT
pyrimidine with aromatic aldehydes gave two isomers, om or group. e nmr spec ra o e c am
the Schiff base A  or the tetrahydropyrimido [4,5-d]pyri- 1S"  6 and 7 were considerably different than those
midine B. But they were unable to differentiate be- of the rmg isomers 2-5 The most significant ddfer-
, ,, , • .r ence was the peak for the azomethme proton at S 8.44.tween these two isomers. On reinvestigating the re- . . 1 „ , , 1 , .

This assignment was confirmed by the nmr spectra ot
X X authentic Schiff bases of aniline with p-chloro- and
1 CHN=CHAr i  H p-bromobenzaldehydes. As expected, the protons on

2 the 4-NH2 group in 6 could be exchanged with deute-
rium. To determine if 6 and 7 were involved in the 

Y y  | Ar following type of equilibrium, 6 was hydrolyzed with 1

H H
A B, X = H, NH2, OH, etc. |

Y = CH3, NH2, OH, etc. RCH2N=CAr ^  RCH=NCH2Ar

action of 4-amino-5-(aminomethyl)-2-methylpyrimidine A ’ hydrochloric acid at room temperature for 15 min. 
(1) with a number of substituted aromatic aldehydes by A  quantitative yield of p-chlorobenzaldehyde appeared 
nmr and ir spectroscopy, we have obtained strong evi- to rule out this possibility.6
dence for the existence of a ring-chain isomerism be- The reaction of 1 with p-fiuorobenz aldehyde afforded 
tween the two forms A  and B. Thus, the reaction of a mixture of the open-chain and the ring isomers, 8 and
p-methoxy, p-nitro, 2,4-dichloro- and 3,4-dichlorobenz- 9, respectively, as shown by ir and nmr spectra and tic of
aldehydes with 1 afforded only the corresponding ring the reaction mixture. Tic indicated two spots, and the
isomers, tetrahydropyrimido(4,5-d) pyrimidines 2-5 as ir spectrum (Nujol) showed three bands in the N -H  re
outlined below. Their tic indicated only one spot. gion at 3400, 3300, and 3250 cm-1. The nmr spectrum

showed absorptions characteristic of both 8 and 9. The

N^ C H 2NH2 «n^ _ h f

1  I  +  CAr ► I I  jL_-Ar «- rHN— P
H3C ^ N ^ N H 2 h 7 HjC ^ N  iN ^ h

1 H HsC '^ N '^ N H ,
3'

2, Ar = p-methoxyphenyl 8
3, Ar = p-nitrophenyl
4, Ar = 2,4-dichlorophenyl H H
5, Ar = 3,4-dichlorophenyl s V/

------------
(1) (a) R. E. Harmon and J. L. Parsons, Abstracts, 154th National Meet- \ ___/

ing of the American Chemical Society, Chicago, 111., September 1967, S H3C N i v
138. (b) To  whom correspondence should be sent, (c) J. L. Parsons, j
M . A. Thesis, Western Michigan University, Kalamazoo, Michigan, 1966. H

(2) A. F. McDonagh and H. E. Smith, Chem. Commun., 12, 374 (1966).
(3) A. F. McDonagh and H. E. Smith, J. Org. Chem., 33, 8 (1968). 9
(4) L. C. Dorman, ibid., 32, 255 (1967). --------------------
(5) H. Suter and E. Habicht, U.S. Patent 2,707,185 (1955). (6) B. Witkop and T. W. Beiler, J. Amer. Chem. Soc., 76, 5589 (1954).
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T a b l e  I

Empirical »-------------- Analysis-------------- . ,------------------------------------Nmr data------------------------------------ .
Compd Mp, °C  formula Calcd, % Found, % Solvent 5

2  142-143 C I4H 16N 40  C  65 .60  65 .40  C H C b -d  2.0 (m , 1 , 3 H ) ;  2.35 (s, 3, C H 3) ;  3.80

H  6 .2 9  6 .1 7  ( s ,3 ,O C H 3) ;  3.87 (m , 2, 4 C H 2) ;  5.42

N  21 .89  2 2 .12  (s, 1, 2 H ) ;  6.55 (s, 1, 1  H ) ;  7.13 (m ,

4, a rom a tics ); 7.83 (s, 1, 5 H )
3 189-190 C 13H 13N A  C  5 7 .56  5 7 .80  D M S O -d  2.32 (s, 3, C H 3) ;  3.23 (m , 2, C H 2) ;  5.50

H  4 .8 3  5 .0 2  (s, 1, 2 H ) ;  7.98 (m , 4, a rom atics );
N  2 5 .82  2 5 .5 8  8.04 (m , 1 ,5  H )

4 179-180 C 13H 12C12N 4 C  5 2 .90  52 .89  C H C ls-d  2.13 (m , 1, 3 H ) ;  2.41 (s, 3, C H S) ;  3.90

H  4 .1 0  4 .1 9  (d , 2, /  =  3.0, C H 2);  5.83 (s, 1, 2 H ) ;

N  18 .98  18 .74  6.21 (s, 1, 1 H ) ;  7.38 (m , 4, arom at

ic s );  7.93 (m , 1, 5 H )

5 163-165 C i3H 12C12N 2 C  5 2 .90  52 .85  C H C b -d  2.48 (s, 3, C H 3) ;  3.86 (d , 2, /  =  2.0,

H  4 .1 0  4 .3 2  C H 2) ;  5.50 (s, 1, 2 H ) ;  7.37 (m , 4,

N  18 .98  19 .24  a rom atics ); 7.55 (m , 1 ,5 H )

6 169-170 C 13H 13N 4C1 C  59 .88  5 9 .73  C H C h -d  2.30 (s, 3, C H S) ;  4.82 (s, 2, C H 2) ;  6.06

H  5 .0 2  5 .1 0  (s, 2, N H 2) ;  7.60 (m , 4, a rom atics );

N  2 1 .49  2 1 .2 7  8.16 (s, 1, 6 H ) ;  8.44 (s, 1, azom eth -

in e H )

7 170-172 C ,3H I3B r N 4 C  51 .16  51 .27  C H C ls-d  2.46 (s, 3, C H S) ;  4.60 (s, 2, C H 2) ;  5.92

H  4 .2 9  4 .3 9  (s, 2, N H 2) ;  7.52 (m , 4, a rom atics );

N  18 .36  18 .64  7.98 (2, 1, 6 H ) ;  8.26 (s, 1, azo-

m eth ine H )

8 and 9 163-170 C 13H 13F N 4 C  63 .92  63 .72  D M S O - i  2.34 (s, 3, C H 3) ;  3.60 (s, 0.7, 4 C H 2) ;

H  5 .3 6  5 .4 7  4.54 (s, 1.3, 5 C H 2 );  5.36 (m , 0.33, 2

N  2 2 .9 4  2 3 .0 9  C H ) ;  6.60 (s, 1.2, 4 N H 2) ;  7.20 (m ,

2.6, chain  a rom atics ); 7.78 (m , 1.4, 

r in g  a rom atics ); 7.92 (m , 1, 5, and 6 

C H ) ;  8.44 (m , 0.66, azom eth ine  H )

11 132 .5 -133  C i 9H isN 40  C  71 .78  71 .77  D M S O -d  3.78 (s, 5, O C H 3 and C H 2) ;  5.42 (s, 1,

H  5 .7 0  5 .7 4  2 H ) ;  7.44 (m , 8, a rom atics )

N  17 .60  17.68

12 182 -182 .5  C i8H 16C1N4 C  6 6 .9 7  67 .21  D M S O -d  4.66 (s, 2, C H 2) ;  6.80 (s, 2, N H , ) ;  7.80

H  4 .6 8  4 .8 1  (m , 8, a rom atics ); 8.48 (s, 1, azo-
N  17 .36  17.51  m e th in e H )

peak at 5 8.44 (azomethine proton, structure 8) inte- Sodium borohydride reduction of the Schiff base 6 
grated for 0.66 H, whereas the peak at 5 5.36 (methine afforded 4-amino-5-(p-chlorobenzylaminomethyl)-2-
proton, structure 9) integrated for 0.33 H. This sug- methylpyrimidine (13). Reaction of 13 with acetalde-
gested the approximate composition of the mixture to be hyde gave the ring isomer 14 as shown in Scheme II.
33% 9 and 67% 8. The nmr and ir spectra of 14 were consistent with the

The reaction of 4-amino-5-(aminomethyl)-2-phen- structure, 
ylpyrimidine (10) with p-chloro- and p-methoxybenz- 
aldehydes furnished products (shown in Scheme I )  simi-
i  x , i  , , b  ,  S c h e m e  I Ilar to those obtained from 1.

NaBH4

S c h e m e  I

H\ f  NH— CH2—
O v ,__ _ _  .  V  ___ _ r  y  \ _ J  CHa-CHO

10 H

+  14

< \  N ^ Y CH=N- i - 0 ^ cl
/P V  ff ^ ^ H The conclusion is that the reaction of 4-amino-5-

H Ph N NH2 (aminomethyl)-2-methylpyrimidine with substituted
12 aromatic aldehydes afforded Schiff bases, tetrahydropy-
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rimido (4,5-d) pyrimidines, or a mixture of both, de- Preparation o f Substituted
pending on the aldehyde substituent. 5,6-Dihydro-l,4-dithiins

Experimental Section H a r r y  R u b in s t e in  a n d  M ic h a e l  W u e r t h e l e

T h e  m e ltin g  poin ts  w ere  taken  on  a  T h o m a s -H o o v e r  m e ltin g
p o in t apparatus and are corrected . M icroana lyses  w ere  per- Department of Chemistry, Lowell Technological Institute,
fo rm ed  b y  G a lb ra ith  Lab ora to ries , In c .,  K n o x v il le ,  T en n . T h e  Lowell, Massachusetts 01854
nm r spectra  w ere  ob ta in ed  w ith  a V ar ian  A -60  spectrom eter.
A  B eckm an  I R - 8  spectroph otom eter was used to  d eterm ine th e  ir Received January 29, 1969
spectra. Glass p lates coated  w ith  silica ge l G  w ere  used fo r  tic

" o t n e r i  pr^edure for the Reaction of 4-Amino-S-(amino- , a 8 " » *  * * 1  of interest in the chemistry of
methyl)-2-methylpyrimidine (l)7 and 4-Amino-5-(aminomethyl)- 1,4-dlthims and 1,4 dltflianes.1 Unsubstituted dlthlins
2-phenylpyrimidine (io) with Substituted Benzaldehydes.— T o  a and dithianes can be prepared by relatively straightfor-
solu tion  o f 0.075 m o l o f the benza ldehyde in  150 m l o f benzene ward procedures.2’3 There are, however, few good
w as added  0.075 m o l o f th e  p y r im id in e  w ith  s tirr in g . T h e  mix- methods for the preparation of simple alkvl or aryl
tu re was heated  under reflux lo r  8 - 1 2  hr in  th e  presence o f a D e a n -  .. , ,  . , .  r. , -
S ta rk  trap . T h e  reaction  m ix tu re  was filte red  w h ile  h o t to  re- d l t h l f n e s  o r  dlthuns. Of the existing methods, the
m o ve  a n y  unreacted p yrim id in e . T h e  p rodu ct, th e  Sch iff base usual procedures give 2,5-disubstituted or 2,3,5,6-tetra-
or th e  te trah yd rop y r im id o (4 ,5 -d )p y r im id in e , was ob ta in ed  in  substituted derivatives.4“ 9 The reported methods for
7 0 -9 0 %  y ie ld  b y  e ith er coo lin g  th e  filtra te  or b y  eva p o ra tin g  i t  to  the preparation of monoalkyl and aryl substituted

usu.al1J  involve multistep syntheses and proceed 
recrysta lliza tion s  fro m  benzene or e thanol. T h e  analyses as w e ll with poor yields. There are no reports m the litera- 
as the nm r d a ta  are sum m arized  in  T a b le  I .  ture of simple procedures for the preparation of 2,3-di-

Hydrolysis of 4-Ammo-5-(»-chlorobenzylideneaminomethyl)-2- substituted dithianes or dithiins except for benz-l,4-di- 
methylpyrimidine (6).—A  solu tion  o f 2.06 g  (0.008 m o l) o f 6 in  thianes 12
50 m l o f 1 N  h yd roch loric  acid  was k ep t a t room  tem peratu re  fo r  , , , ,, • r> i r, o
15-20 m in . Colorless crysta ls , m p  4 5 -4 8 °, o f p -eh lorobenza lde- W e  r e p o r t  h e r e  a  n o v e l  s y n th e s is  o f  2 -  a n d  2 ,3 - m o n o -

h yd e  w ere  ob ta ined  b y  filtra tion  o f th e  reaction  m ix tu re . E x- d is u b s t l t u t e d  5 ,6 - d lh y d r o - l , 4 - d i t h i in s  (1). T h e s e

trac tion  o f the m other liquors w ith  e ther furn ished an ad d ition a l compounds can readily be prepared by treating ethane-
y ie ld  o f p -ch lorobenza ldehyde, m p  4 5 -4 8 °. T h e  p-ch lorobenz- d i t h i o l  w i t h  a n  a - b r o m o  k e t o n e .
a ld ehyde thus ob ta ined  was d issolved in  e th er and trea ted  w ith  a
solu tion  o f 2 ,4 -d in itroph eny lhydrazin e  in  e ther. F iltra t ion
a fforded  2.3 g  (9 3 % ) crystals o f p -ch lorobenza ldehyde-2 ,4 -d in itro- 9  ? r  g

p hen y lh yd razon e, m p  264-267° ( l i t . 8 m p  2 6 6 ° ).  H S r a r H  W  4 - n'— r  p  t> " Y "  Y C
4-Amino-5-(p-chlorobenzylammomethyl)-2-methylpyrimidme 2'~.tl2s>ll -r K C L K *■ 11̂

(1 3 ).— T o  a solu tion  o f 2 . 0  g  (0.008 m o l) o f 2  in  40 m l o f absolu te X  R ' S \
M e O H  a t — 5 ° was added  s low ly  and w ith  s tirr in g  0.43 g  (0 .012 “  l a R  =  H -R ' =  CH
m o l) o f sod ium  b oroh yd rid e . T h e  reaction  m ix tu re  was heated  j, R  =  R ' =  C H
under re flux fo r  2 0  m in  and then  m ade basic b y  th e  ad d ition  o f 
45 m l o f 1.0 N  sod ium  h yd rox id e  w ith  v igorou s  s tirring . E x 
trac tion  w ith  six 25-m l portions o f e th er and eva pora tion  o f th e  When a-bromoacetone is treated with ethanedithiol, 
ether ex trac t to  dryness a ffo rded  1.7 g  (8 4 % ) o f crysta ls  o f 13, m p  the resulting 2-methyl-5,6-dihydro-l,4-dithiin ( l a )  is 
97-100 ° T h ree  recrysta lliza tion s  fro m  benzene furn ished  th e  obtained in 60% yield. This compound has previously

nsssrss. i sLWfi ass ir >?**-« ? ■
C H 2), 6.23 (s, 2 , N H 2), 7.30 (m , 4, a rom atics ), and 7.92 (s, 1 , l t j /o yields o t  l a .  A s  a n  e x a m p le  o f  t h e  f o r m a t i o n  o f

6  H ) ;  ir  3400 and 3300 cm - 1  (N H 2). 2,3-disubstituted dithiins, 2-bromo-2-phenylacetophe-
Anal. C a lcd  fo r  C i 3H i 5C1N4: C , 59.42; H ,  5 .75; N ,  21.33. none gives the corresponding 2,3-diphenyl-5,6-dihvdro-

F ou n d : C, 59.36; H, 5 .82 ;_N, 21.48. . 1,4-dithiin ( l b )  in 50% yield.

(4,5-d)pyrimidine (14).— T w o  drops o f concen trated  HC1 dihydrodithims resulting from these reactions
w as added  to  a solu tion  o f 2 .0  g  (0 .008 m o l) o f 13 and 2.5 g  may be reduced to the dithianes12 or oxidized to the di-
(0 .06 m o l) o f aceta ld ehyde in  75 m l o f benzene. T h e  reaction  thiins13 by established procedures,
m ixtu re  was heated  under reflux fo r  6  h r. E va p o ra tio n  to  d ry 
ness a fforded  1.6 g  (7 3 % ) c f  crystals o f 14, m p  144-146°. R e 
c rys ta lliza tion  fro m  benzene ga ve  the an a ly tica l sam ple: m p l4 6 -  Experimental Section
147°; n m r (C I I C R d )  5 1.40 (d , 3, J  =  7.0, 2 C H , ) ,  2.47 (s, 3, , . , ,  , , T ,
7 C H A  3 57 fd  2 J  =  2 0 3  C H A  3 73 I'd 2  7  — 7 0  d M ic ro  analyses w ere  carried  ou t b y  W e rb y  Lab o ra to r ies , Bos- 
C H 2) ,5 .7 1  ^ i ,  l i r a ) ,  7 31 (m  T  a r o m a f e h  a n d V .8 5  (s ! ton , M assachusetts. M e lt in g  poin ts  are corrected . N u c lea r

1, 5 H ) ;  ir  3230 cm  1 ( N i l ) .  (1) W. E. Parham in "The Chemistry ot Organic Sulfur Compounds,”
Anal. C a lcd  fo r  CX5H 17C IN 4 : C , 62.92; H ,  5.88; N, 19.40. Vol. I, N. Kharasch, Ed., Pergamon Press Ltd., London, 1966, p 248.

F ou n d : 0 ,6 3 .2 5 ; H ,6 .1 0 ;  N ,  19.23. (2) R. G. Gillis and A. B. Lacey in “ Organic Syntheses,”  Coll. Vol. IV , N.
Rabjohn, Ed., John Wiley & Sons, New York, N. Y ., 1963, p 396.

• , A T „  o n o r r .  0-7 o  ,  o o o - o o o o  . (3) W. Schroth and J. Peschel, Z. Chem., 4 (7), 27 (1964).
Registry No. 2, 20352-37-8; 3, 20352-38-9; 4, (4) w . Draher, chem. Ber., 1 00 (5), 1559 ( 1967).

20352-39-0; 5,20352-40-3; 6,20352-46-9; 7,20352-47- (5) Y . Hiroyoshi, Chem. Pharm. Bull. (Tokyo), 16 (3), 148 (1968); Chem.

0 ;  * * ^ V * J ™ ? * *  U > 2 0 3 5 2 -4 2 - 5 ; K^m^Gundermann and C. Burba, Chem. Ber., 94, 2157 (1961).
12,20352-43-6; 13,20352-44-7; 14,20352-45 -8. (7) B- Hirsch and H. Fink, Angew. Chem., 74, 28 (1962).

(8) R. H. Baker and C. Barkenbus, J. Amer. Chem. Soc., 68, 262 (1936).
A , , , , m i . , , , , (9) H. Szmant and L. M. Alfonso, ibid., 79, 205 (1957).
Acknowledgment. This work was supported by a (io) a . Bottim ande. f . Bottner, j. org. chem .,si, 586 ( 1966). 
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H2) W. E. Parham, T. M. Roder, and W. R. Hasek, J. Amer. Chem. Soc,
(7) W. H. Huber, J. Amer. Chem. Soc., 66, 876 (1944). 76, 1647 (1953).
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m a gn etic  resonance spectra  w ere  determ ined  on a V a r ian  M o d e l An alkanesulfenium ion (R S+, or its alkanesuifenyl
A-60  n m r spectrom eter using te tram eth y ls ilan e  as a  standard  2,4,6-trinitrobenzcnesulfonatc progenitor) can be com-

P rep a ra tion  o f S -M eth y l-2 ,3 -d ih yd ro-l,4 -d ith n n  ( l a ) . — A  250- , , , , ’ , . ,
m l single neck flask fit te d  w ith  a  D ea n -S ta rk  trap  and  a  m ag- Pared to mtrenes and carbenes with regard to formation
netic stirrer w as charged  w ith  120 m l o f benzene (sod ium  d r ied ),  of three-membered rings from alkenes. With one
26.6 g  (0.196 m o l) o f  a -b rom oaceton e,14 18.3 g  (0.195 m o l)  o f  exception, all of the reported examples of the reaction of
1,2 -ethaned ith io l and 0.044 g  o f purified  p-to luenesu lfon ic  ac id . conjugated dienes with carbenes7 and nitrenes8 pro-
T h e  resu lting  so lu tion  was stirred  and re fluxed  fo r  3 hr, and 4.22 c e e d  b  formation of 1 2  adducts as primary reaction
m l o f w a te r w as co llec ted  m  th e  trap . T h e  reac tion  m ix tu re  w as , , , ’ ^ 17
cooled  and w ashed  tw ice  w ith  100 m l o f  2 A  sod ium  h yd rox id e  products. In that exceptional case a  concerted 1,4 
and tw ice  w ith  100 m l o f w a te r. T h e  organ ic  la y e r  w as concen- cycloaddition of cyanonitrene to cyclooctatetraene was
tra ted  and d istilled , g iv in g  13.7 g , bp  4 4 -5 2 ° (0 .5 -0 .7  m m ), and  proposed on the basis of a time- and temperature-
2.6 g , bp  7 0 -9 4 ° (0 .7 -0 .9  m m ). T h e  p u r ity  o f these fraction s  dependency study o f  the stability o f  the 1,2 adduct in
was checked b y  g lp c  using a 6 f t  C a rbow ax  colu m n; th e  first frac - ,
t ion  was 9 8 %  la  and th e  second fra c tio n  7 2 %  la .  A  to ta l e  sys e m . #
y ie ld  o f 6 0 %  la  w as ob ta in ed  in th is reac tion  (b y  g lp c  a s sa y ); As our continuing studies on the synthetic
this p rodu ct show ed the correct m icroanalysis , n m r, and in- utility of methanesulfenyl 2,4,6-trinitrobenzenesulfo- 
frared  spectra  fo r  l a  as p rev io u s ly  rep o rted .1» nate10-11 ( 1 ) ,  some of the isomeric diphenylbutadienes

Prep ara tion  o f 4 ,5 -D iPheny l-2 ,3 -d ih yd ro -l,4 -d ith im  ( l b ) -  h a v e  b e e n  u s e d  a s  s u b s t r a t e s  f o r  t h i s  r e a g e n t .  I t  w a s  o f  
I h e  ab ove  described  apparatus w as charged  w ith  5.31 g  (0 .0194 . , . .  , . . , ., °  . , , , „
m o l) o f 2 -brom o-2 -phenylacetophenone (E a s tm a n ), 2.48 g  in t e r e s t  t o  d e t e r m in e  w h e t h e r  t h e  p r o d u c t s  i s o la t e d  f r o m

(0.0265 m o l) o f 1 ,2 -ethaned ith io l, 0.02 g  o f  p -to luenesu lfon ic  ac id , these reactions arose from a 1,4 cycloaddition in a
and 120 m l o f benzene (sod ium  d r ie d ).  T h e  resu lting  so lu tion  concerted manner, a 1,2 addition, or a 1,2 addition
was refluxed  fo r  54 hr, and 0 .4  m l o f w a te r  w as co llec ted . T h e  followed by rearrangement to the 1,4 product, 
reaction  m ix tu re  was w ashed  and concen trated  as a b ove , le a v in g  a  T b  +: n f  i  w ; f k  f rn r . „  frnn f2a)
solid  residue. T h is  was recrysta llized  th ree  tim es fro m  m eth an o l, . . . . 1 \ ’ s
g iv in g  a w h ite  so lid : 2.66 g  (5 0 .6 % ),  m p  101 .9 -102 .2 °. E x - ( 2 b )> or m,m-l,4-diphenylbutadiene (2c) was found to
am ination  o f th e  n m r spectrum  (CC14) show ed a  s in g le t a t s yield the same product, namely 2,5-dihydro-2,5-
7.05 (a rom a tic ) and a s ing let a t s 3.31 (a lip h a t ic );  the ra tio  o f diphenyl-S-methylthiophenonium2,4,6-trinitrobenzene-
ahphatic to  a rom atic  p rotons w as 2 : 0 . s u l f o n a t e  (3) a s  s h o w n  in  e q  1. T h e  s t r u c t u r e  o f  3 w a s

Anal. C a led  fo r  C i6H h S2: C , 71.1; H ,  5 .18; S , 23.7 . , . ., , , , ,
Found- C  71.30- H  5.22- S 23.73. a s s ig n e d  o n  t h e  b a s is  o f  i t s  n m r  s p e c t r u m  a n d  m o le c u la r

weight (data are provided in the Experimental Section). 
Registry No.— la, 5769-49-3; lb, 20273-71-6. The structural equivalence of 3 originating from the

t h r e e  d i f f e r e n t  d ie n e s  w a s  b a s e d  o n  c o m p a r is o n  o f

(14) p. a . Levene in “ Organic Syntheses,”  Coil. Voi. i i ,  a . h . B iatt, in f r a r e d  a n d  n m r  s p e c t r a ,  o n  m ix t u r e  m e l t i n g  p o in t s ,
Ed., John Wiley & Sons, New York, N. Y ., 1963, p 88. a n d  Qn c 0 n s t a n c y  0 f  t h e s e  p h y s i c a l  c h a r a c t e r is t i c s  On

___________________  repeated purification procedures.

o 2n

Synthesis of 2,5-Dihydrothiophenonium \__
2,4,6-Trinitrobenzenesulfonates from CH 3S 0 S 0 2— \ — N 0 2 +  P h C H = C H — C H = C H P h  —

Butadienes and Methanesulfenyl 2a_c
2,4,6-T rinitrobenzenesulfonates1 2

G e o r g e  K .  H e l m k a m p , D e n n is  C . O w s l e y ,2 V ^ P h  «p x rg g -  /in

a n d  B r u c e  R .  H a r r is 3 '

Department of Chemistry, University of California at 
Riverside, Riverside, California 92502

Received January 24, 1969 P h  P h  Ph\ ____ .Ph

The reaction of a very limited variety of sulfenyl 1 +  CH2 C C ^ \ + /  T N B S  (2 )

compounds with conjugated dienes has received recent 4 |
attention, but the process has the potential of providing CH3
interesting results related to the problem of concerted 5
cycloaddition. Mueller and Butler4,6 studied the reac- T N B S -  = 2 ,4 ,6 -trm itrob en zen esu lfon a te  an ion

tion of methanesulfenyl or benzenesulfenyl chloride
with a number of conjugated dienes. Their findings The reaction of the same reagent (1) with 2,3- 
showed that the additions occurred predominantly in a diphenylbutadiene (4, eq 2) yielded 2,5-dihydro-3,4-
1,2 manner. This was in contrast to the report of diphenyl-S-methylthiophenonium 2,4,6-trinitrobenzene- 
earlier workers6 in which 1,4 addition was tentatively sulfonate (5).
proposed to occur in the reaction of sulfenyl chlorides The stereochemistry of 3 has not been established 
with cyclopentadiene or cyclooctatetraene. unequivocally, although nmr data suggest that the

(7) See, for example, W. Kirmse, “ Carbene Chemistry," Academic Press,
(1) This investigation was supported by the National Science Foundation New York, N . Y ., 1964.

under Grant No. GP-8594. (8) For example of isolable, stable 1,2-adducts see: S. Masamune and
(2) Environmental Sciences Trainee, United States Public Health Service, N . T . Castellucci, Angew. Chem., 76, 569 (1964); K . Hafner, W . Kaiser, and

1967-1969. R. Puttner, Tetrahedron Lett., 3953 (1964).
(3) N 3F -U R P Summer Fellow, 1968 (Grant No. GY-3041). (9) A. G. Anastassiou, J. Amer. Chem. Soc., 90, 1527 (1968).
(4) W. H. Mueller and P. E. Butler, Chem. Commun., 646 (1966). (10) D. J. Pettitt and G. K . Helmkamp, J. Org. Chem., 29, 2702 (1964).
(5) W . H. Mueller and P. E. Butler, J. Org. Chem., 33, 2642 (1968). (11) G. K . Helmkamp, D. C. Owsley, W . M . Barnes, and H. N. Cassey,
(6) H. Brintzinger and H. Eilwanger, Chem. Ber., 87, 300 (1954). J. Amer. Chem. Soc., 90, 1635 (1968).
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phenyl groups are cis, and the observation of constancy lized  fro m  w a rm  aceton e-e th er to  y ie ld  crysta ls  o f th e  th io

of product suggests thermodynamic control. I f  com- phenom um  sa lt, m p  132-135.5° dec. T h e  y ie ld s  fro m  th e  th ree
*  , _ , . , . , , , ,  isom ers o f 1 ,4 -d iphenylbu tad iene w ere  as fo llo w s : trans,trans,

pound 3 contained irons-phenyl groups, the nmr spec- 49%. cis>tranSt 15%; cis>cis> 2d%.
trum might be expected to show nonequivalence of Anal. C a lcd  fo r  C 23H i9N 30 9S2: 0 ,  50.64; H ,  3 .51; N ,  7.70; 

the hydrogen atoms at the 2 and 5 positions. Since the S , 11.75; m o l w t ,  546. F ou n d : C , 50.90; H , 3.72; N ,  7 .08;

methynyl hydrogens appear as only one singlet12 (at S , 11.37; m o l w t ,  565 (b y  va p o r  pressure o sm om etry ).

5 6.07), it seems most likely that they are cis, for the , TheTmr f 60*™“  o f  th e  p rodu ct m  p erd eu ten om trom eth a n e
J ra i T _ * i  show ed peaks a t 8 3.40 (s ing let, th ree  p rotons assigned to  S-

S-methyl group would provide a different chemical m e th y l);  6.07 (s ing let, tw o  m eth yn y l p ro to n s ); 6.59 (s ing let,

environment for a trans pair. An unfavorable inter- tw o  v in y l p ro to n s ); 7.45 (b road  s ing let, ten  p h en y l p ro to n s );

action between the S-methyl group and an adjacent and 8.50 (s in g le t, tw o  protons fro m  th e  an ion ),

phenyl group also leads to the tentative conclusion that 2,5-Diliydro-3,4-diphenyl-S-methylthiophenonium 2,4,6-Tri-
. , .  , , . , - n r  i  mtrobenzenesulfonate.— In  a  m anner e x a c t ly  analogous to  th a t

a m-diphenyl array is thermodynamically favored over degcribed abov6 j 0 0 1  m d  o f  m ethanesu lf en y l 2 ,4 ,6 -trin itro-

the opposite configuration. benzenesu lfonate and 0.01 m o l o f 2 ,3 -d iphenylbu tad iene  y ie ld ed

The production of the same product from each of the 3.40 g  o f an am orphous solid  th a t m e lted  w ith  decom position  a t

isomeric compounds 2a, 2b, and 2c is inconsistent with a ab ou t 110°. T h e  desired p rodu ct cou ld be iso la ted  o n ly  w ith

concerted 1,4 addition13 of the methanesulfenyl group, f ea t d iff icu lty  fro m  th is m ix tu re . A f t e r  m a n y  recrysta lh za tion s
. j i  i . T t ,̂1. l u  from  aceton e-e th er, 30 m g  o f an an a ly tic a lly  consistent sam ple o f

CH 3S , to the diene. In such a reaction, 2b should 2 ,5 -d ih ydro-3 ,4 -d iphenyl-S -m ethylth iophenon ium  2 ,4 ,6 -tr in itro - 

yield a product that is stereoisomeric with that obtained benzenesu lfonate was iso la ted : m p  230 .5 -231 .5 °. 

from either 2a or 2c. A  concerted, stereospecific addi- Anal. C a lcd  fo r  C 23H i9N 30 9S2: C , 50.64; H ,  3 .51; N ,  7 .70; 

tion has been observed, for example, in the reaction of s > H -7 5 . F ou n d : C , 50.75; H ,  3.48; N ,  7.75; S , 11.81.

sulfur dioxide with 1,3-dienes. 14' 16 Thus, the reaction Registry N o — 3, 20178-09-0; 5, 20178-10-3.
of 1 with 2 a, 2 b, or 2 c probably proceeds via 1 , 2  addition
followed by rearrangement, even though it has been ------------------------
impossible to detect any primary product under a
variety of reaction conditions and with different isola- Concerning the Postulated Rearrangem ent o f
tion techniques. Our results show direct agreement 4-Acyloxy- and 4-Aroyloxycoumarins to
with the conclusions of Mueller and Butler4' 6 that addi- - , , , , ,.. ,  ... . . , - . i t  5-Acyl- and 5-Aroyl-4-hydroxycoumarins
t i o n  o f  s u i f e n y l  c o m p o u n d s  t o  c o n ju g a t e d  d ie n e s  o c c u r s

in a 1 , 2  manner. T „  „ P , ,’ J. F . St e p h e n  a n d  E . M a r c u s

Experimental Section
Research and Development Department,

M icoan a lyses  on  th e  d ihydro th iop h en e  p roducts w ere  carried  Union Carhide Corporation, Chemicals and Plastics,
ou t b y  E lek  M ic ro a n a ly tic a l Lab ora to ries , T orran ce , C a lif. ,  and South Charleston, West Virginia
G a lb ra ith  L ab o ra to ries , K n o x v il le ,  T en n . A l l  so lven ts w ere
reagen t g rade  and w ere  dried  o ve r  L in d e  4 A  M o le cu la r  S ieves  .
b e fo re  use. 2a w as p repared  b y  th e  m eth od  described  b y  Received January 13, 1969
F ieser;16 2b w as prepared  fro m  th e  W it t ig  reaction  o f tr iph eny l-

c innam ylphosphon ium  b rom ide  w ith  b en za ldeh yd e;17 and 2c w as There have been a number of reports on the acylation 
prepared  b y  c a ta ly tic  h yd rogen a tion  o f 1 ,4 -d iph en ylbu tad iyn e o f  4 -hydroxycoumarin ( 1 ) with aliphatic and aromatic 
as described  b y  L m d la r .18 l h e  2 ,3 -d iphenylbu tad iene  w as * 1 1 1 . 1  tb - 1 1 T * t o  j t  i  n
prepared  fro m  acetophenone p inaco l b y  the p rodedu re  o f  A ld e r  acid chlorides 1 3 Eisenhauer and Link2 studied the
and H a y d e n .19 A l l  m e ltin g  poin ts  are uncorrected . mechanism of the reaction of 1 with aliphatic acid

2,5-Dihydro-2,5-diphenyl-S-methylthiophenonium 2,4,6-Tri- chlorides in pyridine leading to 3-acyl-4-hydroxycouma-
nitrobenzenesulfonate. O n th e  fr itted  d isk  o f a m od ified  rins (3), using acetyl chloride as representative of this
S S  f * .  the initial product formed wan
n ate  (a ce ton itr ile  c om p lex )10 in 20 m l o f d ry  n itrom eth ane. D r y  4-acetoxycoumarm (2a), which then rearranged to
n itrogen  was passed upw ard  th rou gh  the fr it te d  d isk  to  keep  th e  3-acetyl-4-hydroxycoumarin (3a). These authors also
reaction  m ix tu re  b lan keted  w ith  an in ert atm osphere. A  so lu tion  investigated the reaction of 1 with various aromatic acid
of 0 01 m o l o f  m ethanesu lfenyl b rom ide  in  35 m l o f  d ich loro- chlorides in pyridine and observed that the initially
m ethane (so lu tion  p repared  m situ fro m  b rom in e and d im eth y l c
d isu lfid e ) was added  to  th e  s ilve r sa lt solu tion , w ith  im m ed ia te  f o r m e d  e s t e r s  4 d id  n o t  r e a r r a n g e  t o  t h e  c o r r e s p o n d in g

fo rm a tion  o f  a s ilve r  b rom ide  p rec ip ita te . T h e  solu tion  was 3-aroyl-4-hydroxycoumarins (5) as in the aliphatic
stirred  fo r  30 m in , then  filte red  free  o f  s ilve r  b rom ide  b y  fo rc in g  series. 3 The ester 4a, however, can be rearranged to
th e  m ix tu re  th rou gh  th e  fr it te d  d isk  w ith  p os it iv e  n itrogen  pres- 3 -benzoyl-4 -hydroxycoumarin (5 a) with aluminum
sure ab ove  and a p a rt ia l vacu u m  b e low . T h e  so lu tion  o f m ethane- c h lo r id e  4
su ifen y l 2 ,4 ,6 -tr in itrobenzenesu lfona te  was m ixed  w ith  2.06 g
(0.01 m o l) o f one o f th e  isom eric  1 ,4 -d iphenylbutad ienes in  35 m l „
o f  d ich lorom eth an e. T h e  co lor o f  the reac tion  m ix tu re  im - V 11 OCOR O H
m ed ia te ly  tu rned  a deep  pu rp le . T h e  p rodu ct was iso la ted  b y  th e  I I
ad d ition  o f  ab ou t 650 m l o f  anhydrous e th er to  th e  s tirred  solu- — C O L
tion . T h e  p rec ip ita te  was d isso lved  in  acetone and crys ta l- / — 0  s-___O

(12) The absence of splitting between the methynyl protons and the ^
adjacent vinyl protons can be accounted for by a dihedral angle that may 1 2, R  =  a lk y l 3, R  =  a lk y l
be as large as 80° owing to ring distortion from phenyl-phenyl interaction. 2a, R  =  CH3 3a R  =  CH

(13) R . Hoffmann and R. B. Woodward, Accounts Chem. Res., 1, 17 a t d i  r- 3>
(1968). 4, R  =  a r y l 5,R =  a r y l

(14) W . L. Mock, J. Amer. Chem. Soc., 88, 2857 (1966). 4a, R  =  CeHs 5a, R  =  CgHs
(15) S. D. McGregor and D. M . Lemal, ibid., 88, 2858 (1966). _______________
(16) L. F. Fieser, “ Organic Experiments,”  2nd ed, Haytheon Education (1) T . Uklta, S. Nojima, and M . Matsumoto, J. Amer. Chem. Soc., 72,

Co., Lexington, Mass., 1968, pp 121-123. 6143 (1950).
(17) H. Misumi and M. Nakagawa, Bull. Chem. Soc. Jap., 36, 399 (1963). (2) H. R. Eisenhauer and K. P. Link, ibid., 76, 2044 (1953).
(18) H. Lindlar, Helv. Chim. Acta, 36, 446 (1952). (3) H. R. Eisenhauer and K . P. Link, ibid., 76, 2046 (1953).
(19) K . Alder and J. Hayden, Ann., 670, 201 (1950). (4) K . Veres and V. Horak, Coll. Czech. Chem. Commun., 20, 371 (1955).
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In view of these observations, the recent report of followed by fractional crystallization of the resulting 
Woods5 concerning the rearrangement of 4-acetoxycou- solid from ethanol. 4-Hydroxycoumarin (1) was ob-
marin (2a) and various 4-aroyloxycoumarins (4) to tained in 40% yield7 by evaporation of the ethanol
5-acetyl-4-hydroxycoumarin (6a) and the corresponding mother liquor from the above crystallization, followed
5-aroyl-4-hydroxycoumarins (7) (Scheme I) was noted by recrystallization from water. The structures of 3a

and 1 were confirmed by comparison of their ir and nmr 
spectra and mixture melting point determinations with 

CHEME authentic 3a and 1, respectively. Structure 3a was
O COR COR O H  further substantiated when 3a was converted into

JL 2-methylchromone (13) upon refluxing with concen-
I j j  j __>. (| trated hydrochloric acid in ethanol solution.8 No for-
\ ^ k o ^ = 0  mation of 5-acetyl-4-hydroxycoumarin (6a) was ob-

„ D n„  . D „ „  served in this reaction.
¿ 3 ,  Jtv — V-/JLI3 DSj iv  — U n 3

4, R  =  a r y l  7 , R = a r y l

Scheme III
with considerable interest. However, these results OCOCH3
were surprising, not only because of the unprecedented I
course of the rearrangements involved, but also because l| __*•
recent studies6 in these laboratories have shown that the 0'^==0
related 4-acetoxy-6-methyl-2-pyrone (8a) rearranges to 2a
dehydroacetic acid (9a) with some degradation to tri-
acetic acid lactone (1 0 )  in refluxing trifluoroacetic acid O H  O H

(Scheme II ) .  4-Benzoyloxy-6-methyl-2-pyrone ( l ia ) ,  I „ „ „ „  ,1
on the other hand, is rearranged only with difficulty6 to 3 +  ||
3- benzoyl-4-hydroxy-6-methyl-2-pyrone (12a) and suf- K^¿íK ()J==0
fers considerable degradation to 10 and benzoic acid, ^
under similar conditions. I t  would be supposed a 3a

OCOC6H5 OH

Scheme II

p  U C 0X o  -  Q v U  + cji-co-h

c„ i o X o  -
8a, R  =  C H 3
11a, R  = C6H 5 Treatment of 4-benzoyloxycoumarin (4a) with tri

fluoroacetic acid under reflux for 15 2/3 hr gave a mix- 
O H  O H  ture, thin layer chromatography of which indicated the
J. .COR presence of 1, benzoic acid, and unchanged 4a. Nmr

jf / +  [( L_ +  R C 0 2H  analysis (DMF-d6) showed that the mixture contained
CH/ J'X r = 0  CH/ v r = 0  2 about 45 mol %  of 1, 31 mol %  of benzoic acid, and 24

3 9 R-CH 3 10 mol %  of 4a. The product mixture was easily sepa
r a  R  -  C H  rated from 4a by extraction into aqueous sodium bicar-

a’ _  6 5 bonate followed by acidification. 4-Hydroxycoumarin
(1) and benzoic acid were then isolated in 48 and 26% 

priori that analogous rearrangements would occur with yields, respectively, by fractional crystallization from
4- acetoxycoumarin (2a) and 4-benzoyloxycoumarin (4a) water. The identity of these products was established
in trifluoroacetic acid. We wish to report at this time by comparison of their respective ir and nmr spectra and
our observations concerning the fate of 2a and 4a upon mixture melting point determinations with authentic
treatment with trifluoroacetic acid. samples of 1 and benzoic acid. No rearrangement

4-Acetoxycoumarin (2a) was treated with trifluoro- product, 5a or 7a, was detected in this reaction, 
acetic acid under reflux for 15.5 hr. Thin layer chro- As mentioned above, in neither the reaction of 4-ace- 
matography of the product mixture showed the presence toxycoumarin (2a) nor the reaction of 4-benzoyloxycou- 
of 4-hydroxycoumarin (1), 3-acetyM-hydroxycoumarin marin (4a) with trifluoroacetic acid did we detect the 
(3a), as well as unchanged 2a (Scheme III). Nmr previously reported6 rearrangement products, 6a and 7a, 
analysis (DMF-d6) indicated that the mixture contained respectively. The reason for these differing results is 
about 46 mol %  of 1, 43 mol %  of 3a, and 11 mol %  of n°t  apparent to us.
2a. C o m p o u n d s  1 a n d  3a w e re  s ep a ra te d  f r o m  u n 

ch a n ged  2a b y  e x t r a c t io n  in to  a q u eo u s  s o d iu m  c a rb o n -  (7) Such a high yield of 4-hydroxycoumarin (1) cannot be accounted 
a te . 3 -A cety l-4 -h yd rO X yC O U m arin  (3a) w a s  is o la te d  in  for by hydrolysis of ester 2a by traces of water in the solvent. The mecha-

29% yield by acidifioatioa of the carbonate extract
acidolysis and subsequent hydrolysis of the formed trifluoroacetic acid ester

(5) L. L. Woods and M. Fooladi, J. Org. Chem., 33, 2966 (1968). during work-up.
(6) E. Marcus, J. F. Stephen, and J. K. Chan, J. Heterocycl. Chem., 6, 13 (8) C. Mentzer, J. Chopin, and M. Mercier, C. R. Acad. Sci., (Paris),

(1969). 242, 1034 (1956).
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E xp erim en ta l S ec tion 9 10 fo llow ed  b y  su b lim ation  in vacuo ra ised the m e ltin g  p o in t to  121 -
122°. N o  depression in m e ltin g  p o in t w as observed  on  adm ix-

4 -A cetoxycou m a rin  (2 a ) w as p repared  fro m  1 and acetic  an- tu re  w ;t j1 auth en tic  b en zo ic  ac id . T h e  m ateria ls  w ere  spec- 
h yd rid e  in 10%  aqueous sod ium  h yd rox id e  as ou tlin ed  b y  E isen - tr a lly  id en tica l, 
hauer and L in k .2 4 -B en zoy loxycou m arin  (4 a ) was ob ta in ed

fro m  1 and b en zo y l ch loride in p y r id in e .3 _  . , - T .  1 m e n  on  c  n r r p  nn e . Aa
T rea tm e n t o f 4 -A cetoxycou m arin  (2 a ) w ith  T r iflu o ro a ce tic  R e g i s t r y  N o — 2 a ,  15U 5y-db -t> , d a ,  ¿000-61-0, 4 a ,

A c id — A  solu tion  o f 2a (20 g , 0.098 m o l) in 60 m l o f tr iflu oro- 1 6 7 0 9 -5 8 -3 ; t r i f lu o r o a c e t i c  a c id ,  7 6 -0 5 -1 . 
acetic  ac id  was re flu xed  fo r  15.5 hr and  then  pou red  in to  400
m l o f w a te r. T h e  m ix tu re  w as ch illed  in  ice  fo r  severa l hours, ___________________________
and th e  p rec ip ita ted  so lid  o f 17.5 g , m p  7 6 -1 84 °, w as co llected  
b y  filtra t io n . T ic  o f  th is m a teria l w ith  b en zen e-e th an o l (3 :2 )

in d ica ted  the presence o f 1, 3a, and som e unchanged  s ta rtin g  S i l i c o n  T e t r a c h l o r i d e  a s  a  C o u p l i n g
m ateria l. T h e  solid  w as extracted  w ith  th ree  100-ml portions
o f 5 %  aqueous N a 2C 0 3; th e insoluble  p ortion  was crys ta llized  R e a g e n t  f o r  A m i d e  F o r m a t i o n
fro m  eth an o l to  g iv e  1.33 g  o f 2a, whose m e ltin g  p o in t and m ixtu re

m e ltin g  p o in t w ith  au thentic  2a w as 111-112°. T h e  carbonate ^  C h a n 1 a n d  L  T  L  W o n g 2
ex tra c t was ac id ified  w ith  concen trated  h yd roch lo ric  ac id , and 
the so lid  o f 14.0 g, m p  130-185°, w h ich  p rec ip ita ted  w as filtered
o ff. R ec rys ta lliza t io n  fro m  ca. 75 m l o f e th an o l a fforded  5.18 g  Department of Chemistry, McGill University, Montreal, Canada 
o f 3a, m p  137-138°. T h e  e thanol m oth er liqu o r was ch illed  in
ice  to  g iv e  a  second crop  o f m a teria l, w h ich  upon recrysta lliza - Received January 22, 1969
t ion  fro m  ethanol furn ished an ad d ition a l 0.53 g  o f 3a. m p  137-
138°. T h e  com bined  y ie ld  o f 3a (5.71 g )  w as 2 8 .6 % ; ir (K B r )  _  , , , , , , • . • , _  , ,
3.25 (a rom atic  C H ) ,  3 .4  (C H 3), 4 .0  (b road , w eak , che la ted  O H ) ,  E v e n  t h o u Sh  s lh c o n  t e t r a c h lo r id e  IS k n o w n  t o  r e a c t
5 .8  (la c ton e  C = 0 ) ,  6.23 (che la ted  a ce ty l C = 0  and C = C ) ,  v i g o r o u s l y  w i t h  w a t e r 3 a n d  t h e  s i l i c o n - o x y g e n - s i l i c o n

6.5 and 6.68 (a rom a tic  C = C ) ,  7.34 (C H 3C O ),  8.55 (la c ton e  b o n d  is  e x t r e m e l y  s t a b le  t h e r m o d y n a m ic a l l y  a s

C — 0 ) ,  9.66, 10.24, 11.14, and 13.1 n (4  ad jacen t a rom atic  e x e m p l i f i e d  b y  s i l i c a  a n d  t h e  s i l i c o n e s ,4 t h e  u s e  o f

m . ' r & ^ i n r & S ™  <t2spfit(Sint3o' d ° i , H - 7 ) ? ' ¡ ^ o s i l a n e s  a s  d e h y d r a t in g  a g e n t s  f o r  o r g a n ic  s y n th e s is  

in to  d , 1, H -5 ),  and 17.60 (b road  s, 1, in tram olecu la rly  chelated  h a s  n o t  b e e n  f u l l y  e x p lo r e d .  ’
O H ) .  W e  r e p o r t  t h e  u s e  o f  s i l i c o n  t e t r a c h lo r id e  in  p y r i d in e

Anal. C a lcd  fo r  C u E 80 , :  C , 64.70; H ,  3.95. F ou n d : a s  a  c o u p l in g  r e a g e n t  f o r  t h e  f o r m a t i o n  o f  a n  a m id e

H ’ ,4 '00 :, ,• , , . , ... .. f r o m  a  c a r b o x y l i c  a c id  a n d  a n  a m in e .7 T h u s ,  t o  a
T h e  ethanol m oth er liquors fro m  th e  ab o ve  crysta lliza tion s  w ere

com bined  and th e  e thanol was eva p o ra ted  under redu ced  pres- s o lu t io n  o f  2 .0  g  (0 -0 4  m o le )  o f  a c e t ic  a c id  a n d  3 .8  g

sure. R ec rys ta lliza t io n  o f the residue thus ob ta in ed  fro m  w a te r (0 .0 4  m o l )  o f  a n i l in e  in  5 0  m l  o f  p y r id in e ,  4 .0  g  (0 .0 2 3

furnished 6.31 g  (3 9 .7 % ) o f  1, m p  2 10 -212 °. T h e  m ix tu re  m e lt- m o l )  o f  s i l ic o n  t e t r a c h lo r id e  w a s  a d d e d .  A  w h i t e

in g  p o in t w ith  au then tic  l  w as n o t depressed. p r e c ip i t a t e  w a s  f o r m e d  in s t a n t a n e o u s ly .  T h e  m ix t u r e
C onvers ion  o f 3 -Acety l-4 -hyd roxycou m arm  (3 a ) in to  2 -M eth y l-  s t i r r e d  a t  r o o m  t e m n e r a t l i r e  f o r  10  h r  a n d  w a s

chrom on e (1 3 ).— A  m ix tu re  o f 3 -acety l-4 -h yd roxycou m arin  (3 a ) w a s  s t l r r e d  a t  ™ or7\  t e m p e r a t u r e  t o r  1U n r ,  a n a  w a s
(3 g , 0.0245 m o l),  150 m l o f concen trated  h yd roch loric  acid , and p o u r e d  o n t o  c r u s h e d  ic e .  I h e  a c e t a n i l id e  w a s  o b t a in e d

90 m l o f  e thanol was heated  under re flu x  fo r  67 hr. T h e  e thanol in  6 0 %  y i e l d  a f t e r  r e c r y s t a l l i z a t i o n  f r o m  w a t e r .  U n d e r

and m ost o f the h yd roch loric  ac id  w ere  rem oved  under reduced  th e s e  c o n d i t io n s ,  a r o m a t i c  a m in e s  r e a c t e d  w i t h  b o t h
pressure T h e  p H  o f the solu tion  was ad justed  to  7 b y  add ing a l ip h a t i c  a n d  a r o m a t i c  a c id s  t o  g i v e  g o o d  t o  m o d e r a t e
3 0 %  sod ium  h yd rox id e  so lu tion , and the o il w h ich  separated  was . 7 i
ex trac ted  w ith  e ther. T h e  e ther e x trac t w as washed w ith  5 %  y i e ld s  o f  a m id e s .  A l i p h a t i c  a m in e s ,  h o w e v e r ,  g a v e

sod ium  b icarbon ate  so lu tion ; the e th er la y e r  w as d r ied  (M gS C L ), o n l y  p o o r  y i e l d s  o f  a m id e s  a t  r o o m  t e m p e r a t u r e .  T h e

and a fte r  e va pora tion  in vacuo, a solid  residue w as ob ta in ed . y i e l d  c o u ld  b e  s u b s t a n t ia l l y  im p r o v e d  b y  r a is in g  t h e

R ec rys ta lliza t io n  fro m  hexane g a ve  1.1 g  (4 7 % ) o f 2 -m eth yl- r e a c t i o n  t e m p e r a t u r e  t o  r e f lu x  ( T a b l e  I ) .
chrom one, m p  7 0 -7 1 °. T h is  m a teria l was id en tica l w ith  au- r ™ • ,v  , c a  j.i_ e r  .
th en tic  2 -m ethylch rom one p repared  fro m  o -h yd roxyb en zoy l- T h lS  m e t h o d  o f  e f f e c t in g  t h e  f o r m a t i o n  o f  a  c a r b o n -
acetone as described  b y  B adcock , et al.w n i t r o g e n  b o n d  a p p e a r s  t o  b e  s im p le  a n d  e f f i c i e n t .  I t

T rea tm en t o f 4 -B enzoy loxycoum arin  (4 a ) w ith  T r iflu o roace tic  o f f e r s  t h e  a d v a n t a g e  t h a t  t h e  o t h e r  p r o d u c t  o f  t h is  
ac id .— A  solu tion  o f 4a (10 g , 0.038 m o l) in 30 m l o f  tr iflu oroacetic  
ac id  was heated  under re flu x  fo r  15 2/3 hr and then  pou red  in to
200 m l o f w a te r. A f te r  ch illin g in ice  fo r  s evera l hours, th e  ( l )  To whom inquiries should be addressed,
m ix tu re  was filte red  to  g iv e  10.0 g  o f a so lid , m p  74—184°, w h ich  (2) Holder of National Research Council Studentship, 1968-1969.
accord ing to  tic  (w ith  b en zen e-e th an o l 3 :2 )  con ta ined  1, ben- (3) See for example, R. J. H. Voorhoeve, “ Organohalosilanes,”  Elsevier
zo ic  ac id , and unchanged 4a. T h is  solid  was ex trac ted  w ith  tw o  Publishing Co., Amsterdam, 1967.

100-ml portions o f 5 %  aqueous sod ium  b ica rbon ate; th e insoluble A  (4a), See Rooh° w ' ‘^ n <The’
solid  was recrysta lh zed  fro m  ethanol to  a fford  3.07 g  o f 4a, w hose Angew_ Chem Jn(er„ . Ed Engl < 7 x (19a8).
m e ltin g  p o in t and m ix tu re  m e ltin g  p o in t w ith  au then tic  4a w as (5) The use of silanes for organic reactions ha3 been reviewed by R. Calas,
125-127°. T h e  b ica rbon ate  so lu tion  w as ac id ified  w ith  concen- p ure Appl. Chem., is , 61 (1966).
tra ted  h yd roch lo ric  ac id , and the p rec ip ita ted  so lid  w as filte red  (6) J. F. Klebe [J. Amer. Chem. Soc., 90, 5346 (1968)] reported the reac-
o ff  and recrysta llized  fro m  w a te r  to  g iv e  2.93 g  (4 8 .1 % ) o f 1, tion of acetamide or benzamide with dichlorosilanea and found that nitrile
m p  210 -213 °. A  m ix tu re  m e ltin g  p o in t w ith  au thentic  1 was was eliminated on heating
n o t depressed. E va p o ra tio n  o f th e  aqueous m oth er liqu o r to
sm all v o lu m e  under reduced  pressure furn ished 1.2 g  (2 6 .2 % ) 9
o f b en zo ic  acid , m p  118-120°. R ec rys ta lliza t ion  fro m  w a te r  r ,__ c n h2 +  2R‘R!SiCl2 EtlN,

(9) Melting points are uncorrected. Ir  spectra were determined with R1 R2 0
a Baird-Atomic 4-55 spectrometer using potassium bromide pellets of the Si / ^ l \
compounds. Nmr spectra were obtained with a Varian HA-100 spectrom-  ̂ / | \
eter using tetramethylsilane as an internal standard. Elemental analyses ~T—Si— 0 “j~ +  RCN
were performed by Union Carbide Corporation, Analytical Department, vO \ 12 /
South Charleston, West Virgin,a. Fluorescent silica gel (Eastman Chroma- '  n
togram Sheet type K  301 R ) was used for tic. Visualization of spots was
accomplished with uv light. (7) For a summary of reagents for amide formation, see J. P. Greenstein

(10) G. G. Badcock, F. M , Dean, A. Robertson, and W. B. Whalley, and M . Winitz, “ The Chemistry of the Amino Acids,”  Vol. 2, John W iley &
J. Chem. Soc., 903 (1950). Sons, New York, 1961.
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T able I
Amide Formation prom Carboxylic A cid and Amine with Silicon T etrachloride-P yridine as

Coupling Reagent

Acid Amine Conditions Product (yield,® % )

A c e tic  A n ilin e  R .t ., 10 h r A ce tan ilid e  (6 0 )

S tearic  A n ilin e  R .t .,  10 hr S tearan ilide  (7 0 )

B en zo ic  A n ilin e  R eflu x , 1 h r B en zan ilid e  (7 0 )

p -T o lu ic  A n ilin e  R .t . ,  10 h r p -T o lu a n ilid e  (40 )

p -T o lu ic  A n ilin e  R e flu x , 1 hr p -T o lu a n ilid e  (7 0 )

p -H yd rox yb en zo ic  A n ilin e  R eflu x , 1 h r p -H yd rox yb en za n ilid e  (5 0 )

S a licy lic  A n ilin e  R e flu x , 1 h r < 1 % 6

B en zo ic  C yc loh exy la m in e  R .t .,  10 hr N -C yc loh exy lb en zam id e ,

(2 5 )
B en zo ic  C yc loh exy la m in e  R eflu x , 1 h r N -C ye lo h ex y lb en za m id e

(9 0 )
B en zo ic  2-Butylam ine R eflu x , 1 h r N -2 -B u ty lben zam ide  (6 5 )

B en zo ic  2 ,4 ,6 -M esid ine R eflu x , 1 hr N -2 ,4 ,6 -T rim e th y lp h en y l-

ben zam ide  (80 )
A c e tic  N -M e th y la n ilin e  R e flu x , 1 hr, N 2 N -M e th y la c e ta n ilid e  (7 5 )

0  Iso la ted  y ie ld . b S a lic y lic  ac id  w as recovered  qu a n tita t ive ly .

reaction is silica, which is insoluble in all common E xam p le  B . N -C -Bu tylbenzam ide.— T o  a  so lu tion  o f  benzo ic  

solvents, and thereby avoids the problem of con- acid  (1 .0  g) and i-b u ty lam in e  (0 .60  g) in  anhydrous p y rid in e  (30
la m in a t io n  h v  s id e  n r o d u c t  8 m l )> silicon  te trach lorid e  (1 .0  g )  w as in trodu ced . T h e  m ixtu re
L a m in a t io n  o y  s id e  p r o d u c t .  was re fluxed  fo r  one hour, and w as pou red  on to  crushed ice . T h e

2 R C 0 2H  +  2 R 'N H 2 +  SiCLi — preci pi t at e w as filte red  and tr itu ra ted  w ith  h o t e th an o l. T h e
e th an o l so lu tion  was concen tra ted  to  y ie ld  0.90 g  o f  N - i-b u ty l-  

2 R C O N H R ' +  (S i0 2) „  +  HC1 b en zam ide, m p  134-136“ .

Some comments can be made about the mechanism R j No._Siiicon tetrachloride, 10026-04-7. 
of this reaction. Both carboxylic acids9 and amines10
are known to displace chlorine from chlorosilanes to Acknowledgment.—-We gratefully acknowledge fi-
form the acyloxy- or aminosilanes. Two modes of nancial support from the National Research Council of 
condensation can be postulated to take place. One Canada, 
involves a nucleophilic attack by amine on what may 
be considered as a mixed anhydride (A ). The other
involves an intramolecular four-centered reaction (B). _  , „  . . . . ..
A t present, we favor the latter mode of reaction. This Perchloric Acid Catalyzed Acylations.
is based on the observation that p-hydroxybenzoic acid Occurrence o f Carbon Acylation
reacted with aniline to give the anilide, whereas under in  Enol Lactones1
identical conditions, salicyclic acid was recovered after
hydrofysis.11 Salicyclic acid forms a stable chelate P. N arasimha R ao,2“ James E. Burdett, Jr .,21>
with silicon (C )12 and thus prevents the formation of and Ben E. E dwards

B.
Department of Organic Chemistry,

O Division of Biological Growth and Development,
;! Southwest Foundation for Research and Education,

a C N Q  San Antonio, Texas 78228

0/Si Received February 4 , 1969
R— C— O— Si—

^  | R if °  if We have published earlier a versatile procedure for
^ j!) preparing the enol lactones and enol acetates using a re

agent composed of acetic anhydride and perchloric acid 
A B c in ethyl acetate.3’4 After detailed experimentation

with reaction times and reagent composition, we have 
E xp erim en ta l S ec tion  established that a 5-min reaction at room temperature

E xam ple A .  A c e ta n ilid e .— T o  a so lu tion  o f  acetic  acid  (2 .5  g )  with a reagent composed of 1 M  acetic anhydride and
and an iline (3.8 g) in  anhydrous p y rid in e  (50  m l) ,  silicon  te tra - 10—3 M  perchloric acid in ethyl acetate converts a 5-keto
ch loride (4 .0  g) was in trodu ced . T h e  m ix tu re  was stirred  a t acid such as 17j3-hydroxy-4-nor-5-oxo-3,5-seco-3-andro- 
room  tem peratu re  fo r  ten  hours and w as pou red  on to  crushed 
ice. T h e  p rec ip ita te  w as filte red  and th e  filtra te  was concen
tra ted  to  y ie ld  3.3 g o f c rysta llin e  acetan ilid e, m p  113°. T <X? This work was supported by Grant No. AM-03270, from the National
__________ J & J Institute of Arthritis and Metabolic Diseases, National Institutes of Health,

(8) For example, the well-known coupling reagent dicyolochexylcarbo- Bethesda, Md. 
diimide sometimes gives acylurea as a side product which is difficult to sep- (2) (a) To whom all correspondence should be addressed, (b) Taken
arate from the M.S. Thesis submitted by J. E. B. to St. M ary’s University, San

(9) R. C. Mehrotra, P u r e  A p p l .  C h e m ., 13, 111 (1966). Antonio, Tex., M ay 1968.
(10) R. O. Sauer and R. H. Hasek, J. A m e r .  C h e m . S o c . , 68, 241 (1946). (3) (a) P. Narasimha Rao and L. R. Axelrod, C h e m . I n d .  (London),
(11) This differs from phosphonitrilic chloride, which activated salicyclic 1838, (1963); (b) P. Narasimha Rao and L. R. Axelrod, J. C h e m . S o c . ,

acid to form amide: L. Caglioti, M. Poloni and G. Rosini, J. O rg . C h e m ., 1356 (1965).
33 2979 (1968) (4) B. E. Edwards and P. Narasimha Rao, J. O rg . C h e m ., 31, 324

(12) R. C. Mehrotra and B. C. Pant, J. I n d ia n  C h e m . S o c . , 40, 623 (1963). (1966).
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stanoic acid ( I )  to the corresponding 17/3-acetoxy-3,5- Experimental Section8

enol lactone (I I )  in essentially quantitative yield with- Perchloric Acid Reagent.— T o  absolu te e th y l aceta te  (30  m l)

was added  7 2 %  perch loric  ac id  (0 .75 m l)  and ace tic  an h yd rid e  
A (9 .6  m l) ,  and th e  solu tion  was m ade up to  50 m l w ith  e th y l ace-

? H  ° A c  ta te .
17/3-Acetoxy-6-acetyl-5-hydroxy-3,5-seco-4-norandrost-5-en- 

[ j | |  3-oic acid 3,5-Lactone ( I I I ) . — A  sam ple o f th e  k eto  ac id  ( I ,  200
-------  m g )  was trea ted  w ith  perch loric  ac id  reagen t ( 2 0  m l )  fo r  1  h r

j j | j ! a t  room  tem p era tu re . T h e  reaction  m ix tu re  w as th en  w ashed

0 = C  C r^ Q '**1**' w ith  sa tu rated  sod ium  b icarbon ate  so lu tion , d ried  o v e r  anhydrous
| O  sod ium  su lfa te , and eva pora ted  to  dryness. T h e  to ta l crude

O H  m ate r ia l w as then  ch rom atographed  on  silica  ge l to  g iv e  com -
I  I I  pound I I I  (114 m g ).  T h e  an a ly tica l sam p le  was c rys ta llized

O A c  fro m  ace ton e-h exan e: m p  190 .5 -191 .5 °, 1755, 1725,
| 1677 and 1265 c m '1, « “ is”  0.85, 1.22, 2.06 and 2.51 p p m ,

X l ' ° H 252 m M (e 9 ,874 ).
[ ______ Anal. C a lcd  fo r  C 22H 30O 5 : C , 70.56; H ,  8.08. F ou n d :

C , 70.47; H ,  8.08.
I J 17/3-Acetoxy-6-acetyl-5-hydroxy-3,5-seco-4-norandrost-5-en-

3-oic acid 3,5-Lactone (H I )  from H .— A  sam ple o f th e  lac ton e  I I
I ___ (31 m g ) was trea ted  w ith  perch loric  acid  reagen t (3  m l )  fo r  40
I u  m in  a t room  tem peratu re . T h e  crude p rod u ct ob ta in ed  a fte r

th e  usual w ork -u p  was ch rom atographed  on  s ilica  ge l to  g iv e  com - 
3 pound I I I  (27  m g ),  m p  190.5 -191 .5 °, w h ich  was fou n d  to  b e
I I I  id en tica l in  aE respects w ith  the au then tic  sam p le ob ta in ed  earlie r.

Registry No.-—Perchloric acid, 7601-90-3; I I I ,  
out formation of other side products. 4 However, with 20104-38-5. 
increase in reaction time or concentration of perchloric
acid, or both, a second reaction product was obtained as Acknowledgment.— We wish to thank Dr. Walter J.
the major product in addition to the enol lactone II. McMurray of Yale University, School of Medicine, for
Accordingly, when the keto acid (I ) was treated with a determining the mass spectrum, and Dr. David Buss of
reagent consisting of 2  M  acetic anhydride and 0.15 M  our department for stimulating discussions,
perchloric acid in ethyl acetate for one hour at room
temperature, a second product of mp 190.5-191.5° was (8 ) Melting points were determined on a Thomas-Hoover capillary 

obtained. This reaction product was identified as 17/3- melti“g poin* apparatus and are unoo" al ed' .Nmr 8pectra were recorded
a , l e i ? o r  . „  on a Yanan A-60A spectrometer using TMS as internal standard. Infrared

a C e tO X y -D -a C e ty l-5 -n ya rO X y -d ,5 -S eC O -4 -n O ra n d rO S t> -5 -en - spectra were determined on a Perkin-Elmer Model 21 spectrometer. Ultra-
3-oic acid 3,5-lactone ( I I I )  on the basis of analytical and Violet absorption spectra were determined with a Cary recording spectro-

other spectral data. Compound I I I  analyzed for a n a ly s e 8  performed by Micro~
C22H 30O5 and had a molecular weight of 374 as deter
mined by mass spectrum5 (molecular ion peak at m/e ________________
374). The infrared spectrum demonstrated enol lac
tone (1755 cm-1), 17/3-acetate (1725 and 1265 cm-1) and
conjugated carbonyl (1677 cm-1) bands. The ultravio- Th e Acetolyses o f  Certain 3,5-Disubstituted 
let absorption spectrum showed an absorption maxi- 6-Oxo-5/3-cholestanesla
mum at 252 mp. (e 9874) and is in good agreement with
the calculated value6 7 of 254 m p . The nmr spectrum of Alex T. Rowland, Arthur F. K riner, Jr.,11»
compound I I I  (CDClj, TM S) showed peaks at 5 0.85 and K aren P. Long1«
(C-18 methyl), 1 . 2 2  (C-19 methyl), 2.06 (17/3-acetate),
and 2.51 (conjugated C - 6  acetyl) ppm. Department of Chemistry, Gettysburg ColUge,

The possibility of the acetyl group being in the A  ring Gettysburg, Pennsylvania 17325
was ruled out by mass spectral data. The major frag- „  . , „  ,
mentation pattern of both I I I  and the enol lactone I I  f ie c W  February 13’ 1969
showed the loss of C3H 40  (56 mass units) as the first w , oa , , _ , , , . . _
fragmentation product. I f  the acetyl group had been Whf  ^-tosyloxy-5-hydroxy-5d-cholestan-6-one (Id ) 
located in ring A, the fragmentation pattern would have ^ o l v o f e d  m anhydrous ethanol, methanol, or di-
been different since the C3H40  fragment was due to the T  w  s u l ftf o x i d e ’ ^ e2 maj° r Produ<f . WaS f  .5-epoxy-5/J-
loss of carbons 1,2, and 3 of the lactone. cholestan-6 -one (3) . 2 The formation of the oxetane

That the lactone I I  was the intermediate in the for- ™ g fr0I\ m  f?nC“  f ° uP* Is unusua• j Fu/ thJer'  
mation of I I I  was shown by treatment of the lactone I I  more> ^  Fav® found that the C-3 epimer (2d) of Id  is
with the perchloric acid reagent and isolation of the recovered unchanged when heated under reflux for 19.5
6 -aeetyl product I I I  in excellent yield. ,r in. et7 an° f  usual stereochemical considera-

Recently, Liston and Toft2 have also observed a simi- tl0ns 1f ad1t°  coaclusion that 2d and nof Id  would be 
lar carbon acylation of enol acetates with perchloric acid f 1 0 1 6̂  to undergo oxetane ring formation. We
and acetic anhydride. h.ave attemPted to determine if some type of participa-

tion by hydroxyl occurs in the conversion Id  -*■ 3  by

(5) The mass spectrum was recorded on Model MS9 instrument of (1) (a) This work was supported by National Science Foundation
Associated Electrical Industries, Manchester, England. Undergraduate Research Participation Grants GE-2760 and GE-9534; (b)

(6) L. F. Fieser and M . Fieser, “ Steroids,”  Reinhold Publishing Corp., N SF-U R P, 1964-1965; (c) N SF-U R P, Summer, 1965.
New  York, N. Y ., 1959, p 19. (2) A. T. Rowland, Steroids, 7, 527 (1966).

(7) A. J. Liston and P. Tof", J. Org. Chem., 83, 3109 (1968). (3) Unpublished observation in this laboratory.
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studying the kinetics and product compositions of the T a b l e  I
acetolyses of Id, 2d, and their C-5 acetates le  and 2e. R a t e  D a t a  f r o m  A c e t o l y s e s  o f  t h e  T o s y l a t e s

Equiv of
C 0H 17 C «H , 7  Tosylate Temp, °C° added solute ki X 10>, min-i

T  T  Id  60 . . .  0 .7 3  ± 0 . 0 2

7 0  2 .4 0  ± 0 . 0 8
J --------1 1  J--------1 70 I N a O A e  2 .7 0  ± 0 . 0 4

\ \ \ I 7 0  2 N a O A c  2 .8 0  ± 0 . 1 3

7 0  l p - T s O H  2 .4 9  ± 0 . 0 3

R 0  T R 0  T  70 1 L iC IO , b
W/n 0  b /a  0  70 1 A c * °  2 .5 2
K U  R 0  70 3 AC 2O  2 .5 2

la, R  =  R ' =  H  2a, R  =  R ' =  H  70 1 H C IO , 6

b, R = A c ; R ' =  H  b, R = A c ; R '  =  H  8 0  7 .1 0  ± 0 . 0 3

c, R  =  R '= A c  c, R  =  R ' =  A c  l e  ™  I N a O A e  6 .0 6  ± 0 . 1 9

'‘ ’ r ’ ? ? - " ?  »  1 N , 0 A „  1 8 . 1 * 0 . 8
e, R - T s ; R - A c  e, R - T s ; R - A c  8 0  2 N a O A c  18 .8

2 d 70 I N a O A e  0 .1 4  ± 0 . 0 1

C8H 17 C8H 17 80 . . .  b
I I  80 I N a O A e  0 .4 8  ± 0 . 0 3

8 0  2 N a O A c  0 .4 9  ± 0 . 0 2
___  1  J --------1 ^  I 1______I 2 e  60 . . .  5 .4 3  ± 0 . 0 7

7 0  1 6 .9  ± 0 . 3
L X J  70 I N a O A e  17 .5  ± 0 . 3

\ /  J  I  70 2 N a O A c  1 7 .3  ± 0 . 3

0  0  R 0  0  80 . . .  4 8 .8  ± 0 . 6

R _ „  “ ± 0 .0 5 ° .  6 D ark en in g  o f  reac tion  m ix tu re  p rec lu ded  accur-
8  4a, K  — n  a te ra te  m easurem ent,

b, R = A c

The first-order rate constants for the acetolyses are yielded produ,ct+s typical ° ! those from ê uatorial f er” d
listed in Table I. Since neighboring group participa- tosylates and therefore shows no participation by the
tion reactions are often reflected in rate enhancements/ trans ? ; 5  hydr° xy f ° +up' , In ^buffered acetic acid 2 d 
the rate ratio of 19:1 of Id : 2d in buffered solution at 70° 3,5-diacetates lc  and 2c in poor yield (see
is instructive. Since the ratios for epimeric axial and TabK1\ I1I ) ' a ' a u ™’ ?  apr 0 Jact 0 J r" ° n)
equatorial tosylates are normally 2 - 6 : 1  in saturated probably produced by acetolysis of 2 e which was formed
cyclohexanes, 6 the larger ratio found here is probably T  Sltu fr,om+tbe aCetylatl0n of 2d under P'toluenesul-
due in part to the size of the C-5 axial hydroxy group, a C 1  .-Ca ,a yS1S' , ? ,, , . ,, . , r  . • n ,. ■ ,i , , . The activation parameters for the acetolyses of Id, 2d,which provides some stenc acceleration in the solvoiysis , ,, , , ,, , . .

, tvt- v j  u l 1 i 1 . . .  1 . 1  and the corresponding acetates ( le  and 2 e) are given mof Id. Nishida has shown that an axial tosylate sub- „  , .  TTT , , , . , , • i r. , , 7 „ . , . i . 1 1  . Table I I I .  Ihe values obtained are typical of satu-lected to 1,3 diaxial interactions with a hydrogen atom , , , , ,  , , , 1 . , ,
J , . , , . rated steroid tosylate acetolyses6 and are consistentand a methyl group undergoes acetolysis ten times . , , , , ,  • • ,. .
, , ,, . 7  . ■ , • b n  xt u • with rate-determining ionization reactions.faster than its equatorial isomer. 6 On the basis 0 1  the ,  , . . ,, 0 . , , , ,, , , ,, ,,. . , ,, ,, , i l l  In  contrast to the rates found for the acetolyses of the
comparative sizes of the methyl and hydroxy groups tosylates Id and 2 d, the acetate derivative (2 e)
the rate ratio for Id : 2 d is probably due to a modest J  Miiatorial tosvlate 2 d undergoes acetolvsis 125
amount of stenc acceleration in Id  by the C-5 hydroxyl . * ± il  oa a o +• ? , ,x- i i .  i r ,. . , ... times faster than 2d and ca. 3 times taster than its axial
accompanied by partial bond formation m the transition le  at 7Qo ToSylate 2e therefore undergoes sol-
state by the free p electrons on the oxygen atom v^ lysis with participation of the C-5 acetoxy group,

CH 3 probably through an acetoxonium ion . 7 As .seen in
H ^ ( J) __  / . Table II, the major product produced from the acetoly-

{+) 7 sis of le  is 3/3,5-diacetoxy-5/3-cholestan-6-one (lc ) result-
ing from retention of configuration at C-3 while the

/ J equatorial tosylate 2 e gives a significant amount of di-
Ts H acetate lc  (product of inversion) along with the diaee-

Partial bonding from the oxygen to C-3 before signifi- tate 2 c (product of retention of configuration at C-3).
cant carbonium ion character at C - 3  is developed is The difference iri product composition from the acetoxy

, i • xi, c „-i t___ „+,•__ i  ^  tosylate le  and ze rules out the possibility of a commonnecessary to explain the facile formation of 3 in lieu of . /  .. , . , ~ 1 , ,r . ,, ,
, , t ■ ■ ■ , ,  a-,, ..a mtermediate and renders a firm explanation for the ob-products of inversion in unbunered acetic acid (see , .  . . . IT. ,. , ,.

m ui tt\ t i . • . • • „  __served behaviors difficult. A  possible rationale may fieTable I I ) .  In solutions containing acetate ion or water . , * . . , .  ,, ,
.. , c ,  , . f in the formation of an acetoxonium ion during the sol-the amount of 3 decreases while products of inversion . . . T1 , , ,. ... .. ., ,

. . . . . . .  rp. u • volvsis of 2 e followed by reaction with acetic acid by aand elimination mcrease. These results are m accord /  r , , . , . ■ ,
... ,. , , . n  o . ,, n  r pathway similar to that proposed for the acetolysis of

with partial bonding to C-3 of the C-5 oxygen durmg J . . . .  , y. i x * » t i **• . x- r , j * x i • t u  • . „ j , , m- 2 -tosyloxymethylcyclohexyl acetate. 7 In the latterionization of Id. Acetolysis of 2d m buffered solution ■ . , . , , ,. . , r ,
case, a mixture of cts and trans diacetates was formed

(4) h . w. Heine, a . d . Miller, w. h . Barton, and r . w. Greiner, j . with 80% retention. On the other hand, the acetoxy 
Amer. Chem. Soc., 75, 4778 (1953).

(5) C. W. Shoppee and G. A. R. Johnston, J. Chem. Soc., 3261 (1961). (7) O. K. J. Kov4cs, Gy. Schneider, L. K. Ling, and J. Apjok, Tetro-
(6) S. Nishida, J. Amer. Chem. Soc., 82, 4290 (1960). hedron Lett., 23, 4181 (1967).
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T a b l e  I I

P r o d u c t  D is t r ib u t io n  f r o m  A c e t o l y s e s  o f  t h e  T o s y l a t e s “

Added Reaction
NaOAc, time, ,-------------------------------------------------- % product-------------------------------------------------- -

Tosylate Solvent equiv hr 3 4a 2b lb  2a 2c lc

Id  H O A c  . . .  7 54 7 . . .  . . .  . . .  16 11

H O A c  1 .06  7 40 13 28 ............................................

H O A c  1 1 .3  7 3 7 .5  15 18 . . .  16

H 0 A c - H 20  . . .  6  2 .7  14 48 . . .  26

(5/1, v / v )
le H O A c 6 ... 4 ... 10' ... ... ... ~ 4  ~64

H O A c  1.03 15 3.8 2.6' ... ... . . .  7.3 70.5
2d H O A c 6 ... 6.2 . ..  . . .  ... ... ... 16.5 13.5

H O A c  1.06 42.5 . ..  40 ... 44.5
2e H O A c 6 ... 2.1 . ..  18.5' ... ... . . .  48 19.5

H O A c  1.02 2.25 ...  3.8' ... ... .... 51 34
“  A ce to lyses  carried  ou t a t 92 ± 4 °  fo r  in d ica ted  tim es. 6 All y ie ld s  fro m  th e  unbu ffered  reac tion  lo w  because o f s id e  reaction s  of 

produ cts. '  A s  its  aceta te  4b.

T a b l e  I I I  d ifferen t fro m  those in  5a-cholest-3-ene . 12 A ls o , th e  spectru m

A c t iv a t io n  P a r a m e t e r s  o f  t h e  T o s y l a t e  A c e t o l y s e s  5-hydroxy-5/3-eholest-3-ene13 show ed a tw o -p ro ton  absorp tion
^  o f  th e C -3  and C -4  hydrogens as fou r  sm all peaks a t 314.5, 32o,

_  , . .~ ±  334, and 344.5 H z  in  m arked  con trast to  th e  v in y l h yd rogen s inTosylate kcal/mole kcal/mole AS^, eu J ,8, ,,
4a. O n th e  basis o f these n m r da ta , com pound 4a m u st b e  th e  

Id  2 6 .8  2 6 .1  - 2 . 9  2 -ene.

l e 2 6 .3  2 5 .6  — 2 . 6  T h e  aceta te  4b w as prepared  as fo llow s . A  suspension o f  471
2d 2 9 .6  2 8 .9  — 0 .3  m g  (1.18 m m o l) o f 4a and 44 m g  o f p -to luenesu lfon ic  ac id  m ono-
26 2 5 .6  2 4 .9  — 2 .5  h yd ra te  in  15 m l o f acetic  an h ydride  w as heated  on  th e  steam

b a th  fo r  35 m in . T h e  resu ltin g  solu tion  was coo led  and d ilu ted

g r o u p  in  t o s y l a t e  l e  m a y  s e r v e  o n l y  t o  h o ld  t h e  c o n f i g u -  ice  anc]  a  l it t le  2  *  h yd roch loric  ac id . T h e  w h ite  needles
. . .  . v . . m  , Jr th a t separa ted  w ere  co llected  and recrysta llized  fro m  aqueous

r a t t o n  o f  t h e  in c ip i e n t  c a r b o m u m  io n  a t  C - 3  w i t h o u t  f o r -  m e thanol, y ie ld in g  400 m g  ( 7 7 % )  o f 5 -ace toxy -5 /3-cholest-2 -en-

m a t io n  o f  a  t r u e  a c e t o x o n iu m  io n ,  th u s  p e r m i t t i n g  a t -  6 -one (4b) w ith  m p  116-118 .5 °. A  fu rth e r recrysta lliza tion

t a c k  f r o m  th e/3  s id e  o f  t h e  m o le c u le  b y  a  m o le c u le  o f  a c e -  fro m  m eth an o l g a ve  m p  119 .5 -121°; [ « ]n  - 1 8 °  (c  1 .01 ), — 20°

t i c  a c id ,  r e s u l t in g  in  t h e  p r o d u c t io n  o f  m a in l y  t h e  cis d i -  ( c 1 -00); ir  (CC14) 1754 (s ),  1730 (s ),  1233 (s , w ith  s tron g  shou lder
n c p fn tp  1 r  a t  low er freq u e n cy ) c m -1.
a  te  Anal. C a lcd  fo r  C 29H 460 3 (442 .66 ): C , 78.68; H ,  10.47.

F ou n d : C , 78.95; H ,  10.31.

E xp erim en ta l S ec tion 8 S o lvo lyses .— A ce to lys is  reactions w ere  conducted  w ith  ca.
2 X  10 - 2  M  to sy la te  solutions a t  92 ±  4 ° .  S tandard  iso la tion  

Kinetic Procedures.— R ea ction  rates in  anhydrous acetic  ac id  techn iques w ere  em p loyed . Separation  o f p rodu cts w as accom -
w ere  determ ined  t itr im e tr ic a lly  accord ing to  a reported  p roced - p lished  b y  colum n ch rom atograp hy  and id en tifica tion  w as m a de
u re . 9 b y  t ic  and/or ir analysis and  b y  com parison  o f th e  c rys ta llized

Steroids.— W ith  the excep tion  o f th e  th ree com pounds dis- m ateria ls  w ith  au thentic  sam ples. In  those cases w h ere  s im ila r 
cussed b elow , a ll stero ids h ave  been  p rev iou s ly  rep o rted  fro m  th is  a d s o rp t iv ity  on  th e  colum n precluded  separation , th e  en tire  m ix -
la b o ra to ry . 10 tu re w as sub jected  to  a  d e r iv a t iv e  fo rm in g  reaction . T w o  rep-

3a,5-Diacetoxy-5/3-cholestan-6-one (2c).— A  solu tion  o f 562 m g  resen ta tive  so lvo lyses  are as fo llow s.
(1 .34  m m o l) o f  th e  3a,5/3-diol-6-one 2a and 129 m g  o f p -to luene- Acetolysis of 3/3-Tosyloxy-5-hydroxy-5/3-cholestan-6-one (Id )
su lfon ic  acid  m on oh ydra te  in  5 m l o f  g lac ia l acetic  ac id  and 5 m l o f  in Buffered Solution.— A  solu tion  o f 660 m g  (1 .15 m m o l) o f  Id
acetic  an h ydride  w as a llow ed  to  rem ain  a t room  tem peratu re  fo r  in  59 m l o f 0.0208 N  sod ium  a ce ta te -a ce tic  ac id  w as hea ted  a t
21.5 h r. T h e  cu stom ary w ork -u p 11 g a v e  a  c rysta llin e  p rec ip ita te  9 0 -9 2 ° fo r  7 hr. T h e  colorless so lu tion  w as coo led , d ilu ted  with
w h ich  was d isso lved  in  m eth an o l and  filte red . P a r t ia l rem o va l w a te r, sa tu rated  w ith  sod ium  chloride, and ex trac ted  th ree  tim es
o f  th e  so lv en t b y  an  a ir steam  caused th e  dep os ition  o f need les, w ith  e ther. T h e  e th er extracts  w ere  washed tw ice  w ith  w a te r
one o f w h ich  w as used to  seed th e  fu rth er concen trated  so lu tion  and d ried . T h e  colorless o il thus ob ta in ed  was ch rom ato-
(c rys ta lliza tion  d id  n o t occur w ith ou t seed in g ), resu ltin g  in  th e  graphed  on  24 g  o f a lum ina. E lu tion  w ith  4 0 %  ben zen e in  
p rec ip ita tion  o f 555 m g  (8 2 % ) o f d iaceta te  2c as w h ite  needles petro leu m  ether g a ve  184 m g  (4 0 % ) o f th e  ox ide  3. R ec rys ta l-
wit-h m p  108 -110 °; [ « ] d — 4 1 ° (e 1 .095 ); ir  (CC14)  1748 (s, w ith  liza tion  fro m  ace ton e-m eth ano l y ie ld ed  172 m g  o f  3 w ith  m p
stron g  shoulders a t h igher freq u en cy  and a t 1730), 1229 (s , b r 112 -11 5 °.2
absorption  w ith  s tron g  shou lder a t h igh er freq u e n cy ) cm -1; T h e  m a teria l (229 m g , a m ix tu re  o f 4a and 2b) e lu ted  fro m  th e
u v  m ax  (absolu te  E tO H )  292 ( « 5 3 ) .  colum n w ith  e th er-ben zen e  m ixtu res w as sub jected  to  h yd ro-

Anal. C a lcd  fo r  C 31H 50O 5 (502 .71 ): C ,  74.06; H ,  10.02. gen a tion  w ith  a  pa llad ium -on -carbon  ca ta lys t in  e th y l aceta te
F ou n d : C ,  74.05, 74.10; H ,  9 .8 0 ,1 0 .00 . so lu tion . T h e  p rodu ct w as ch rom atographed  on  7 g  o f  a lu m ina.

5-Hydroxy-5/3-cholest-2-en-6-one (4a).— T h is  m a teria l w as E lu tio n  w ith  5 0 -8 0 %  benzene in  p etro leu m  eth er y ie ld ed  61 mg
te n ta t iv e ly , b u t in co rrec tly , id en tified  p rev iou s ly  as th e  isom eric  (1 3 % ) o f  5-hydroxy-5/3-cholestan-6-one (redu ction  p rod u ct of
3-ene . 2 N m r  analysis (60 M H z ,  CC14)  o f 4a exh ib ited  v in y l 4a). R ecrys ta lliza t ion  fro m  ace ton e-m eth a n o l g a ve  46 m g  of
hydrogen s absorptions a t  C - 2  and C-3 as a tw o -p ro ton  d ou b le t th e  h yd ro x y  ketone w ith  m p  101-103°. E lu tio n  w ith  2 0 %
centered  a t 337.5 H z  (Wm =  4 .5  H z ) .  U n d er increased am p li- e th er-ben zen e  p roduced  149 m g  (2 8 % ) o f th e  3 a -ace ta te  2b.
fica tion , tw o  sm all sa te llite  peaks w ere  observed  a t 325 and 351 R ec rys ta lliza t io n  fro m  m eth an o l ga ve , in  tw o  crops, a  to ta l of
H z .  T h e  natu re and freq u en cy  o f th e  v in y l h yd rogen  absorp- 130 m g  o f 2b, m p  126-128°.
tions are s tr ik in g ly  s im ila r to  those o f 5 »-cho lest-2 -ene b u t m uch Acetolysis of 3«-Tosyloxy-5-hydroxy-5/3-cholestan-6-one (2d) 
___________  in Buffered Solution.— A  solu tion  o f 588 m g  (1 .03  m m o l) o f

(8) Experimental details have been reported elsewhere: A. T . Rowland,
P. J. Bennett, and T. S. Shoupe, J. O rg . C h e m ., S3, 2426 (1968). (12) G. M . L. Cragg, C. W. Davey, D. N . Hall, G. D. Meakins, E. E.

(9) S. Winstein, E. Grunwald, and L. L. Ingraham, J. A m e r .  C h e m . S o c . t Richards, and T. L. Whateley, J. C h e m . S o c . ,  C , 1266 (1966).
70, 821 (1948). ( 13) (a) E. Glotter, S. Greenfield, and D. Lavie, T e tra h e d ro n  L e t t ., 5261

(10) See ref 8 and references cited therein. (1967); (b) We thank Professor Peter S. Wharton, Wesleyan University,
(11) A. T. Rowland, J. O rg . C h e m ., 29, 222 (1964). for the sample used in the nmr analysis.
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2d in  55 m l o f 0.0198 N  sod ium  a ce ta te -a ce tic  ac id  was heated  Scheme I
a t 9 0 -9 5 ° fo r  42.5 h r. T h e  colorless so lu tion  w as w orked  up as _
in  the p reced ing exam p le. A  p re lim in a ry  a tte m p t to  separate  v ></ O A c

th e  products b y  ch rom atograp h y  was unsuccessful, hence th e  rrr i^ O  K0Ac) < a

en tire  m ix tu re  (in d ica ted  b y  ir to  be 4a and l b )  was sub jected  to  I J  / A cU  I I P  “
ca ta ly tic  h yd rogen a tion . T h e  resu lting  o il was chrom atographed  x V
on 20 g  o f a lu m ina. E lu tio n  w ith  8 0 %  b en zen e-p e tro leu m  ether
ga ve  165 m g  (4 0 % ) o f 5-hydroxy-5/3-cholestan-6-one w h ich  y  y j
had m p  103-105° a fte r  c ry s ta lliza tion  fro m  m eth an o l. E lu tio n  
w ith  15%  e th er-ben zen e  y ie ld ed  210 m g  (4 4 .5 % ) o f lb  w h ich

m elted  a t 141-143° w hen  c rys ta llized  fro m  m eth an o l. a m o u n t  o f  a c id ;  a t t e m p t s  t o  p y r o l y z e  V I  a lo n e  g a v e

Registry N o . - lb ,  14956-13-9; Id, 6770-44-1; le, only tar' T } e Russian ^ rk ers  also reported the
20352-32-3; 2b, 6580-09-2; 2c, 20352-49-2; 2d, 20352- Presence of a ketone and a hydrocarbon in the reaction
33-4; 2e, 20398-53-2; 4a, 20352-34-5; 4b, 20352-50-5; mixture, but these were not identified. 
5-Hydroxy-5/3-cholestan-6-one, 16526-09-3. r 0 u r 'ntercst \n the above series of reactions stemmed

from the recently reported findings6’6 that, contrary to
---------------------  the early literature,3-4 pinol reacts with bromine to

afford the rearranged dibromide V I I  (endo,endo-6,7- 
The Acid-Catalyzed Rearrangements dibromocineole) instead of the reported structure V  and

o f en d o ,en d o - 6 ,7-Dihydroxy- and that “ pinol diacetate”  is actually V I I I  (endo,endo-6,7-
en d o ,en d o - 6,7-Diacetoxycineole diacetoxycineole). In view of these revised assign

ments, regular acetate elimination reactions would be

Robert O. Hutchins and David KoharskP f  PeTcted to §ive diene IX ’ while *he conversion of V I I I
to 11, it correct, represents a rather unusual and mter-

Devartment of Chemistry, Drexel Institute of Technology,
Philadelphia, Pennsylvania 19104 V /  \ /  \ /

o '  o '  0 '
Received December SO, 1968 ^J.

Recently, Arbuzov, Isaeva, and Ratner2 reported the 
isolation of the interesting oxabicyclic diene I I  as one of ^ gr I
the products arising from the oxidation of A3-carene (I ) r
with selenium dioxide. The structure assignment was VIII, R = A c  IX
substantiated by the infrared and ultraviolet spectra, XIV, R = H
the formation of pinol ( I I I )  upon reduction with . , , . . .
sodium in ethanol, and the production of terebic acid estmg rearrangement, certainly not proceeding by a
(IV ) by permanganate oxidation. Further evidence nornaal acetate Pyrolysls mechanism. In order to clear
offered in support of structure I I  included an indepen- UP  the ab°ve anomalies and to determine the composi-
dent synthesis from pinol ( I I I )  using the steps outlined Ron of the unidentified hydrocarbon and ketone we

have reinvestigated the acid-pyrolysis reaction of V lll.  
j p | Under the same conditions employed by Arbuzov and

Se02- f i > v  Na.EtOH coworkers, an oily mixture was obtained which was suc-
[  — b- (I J 9 — 1 \ J O  cessfully separated by gas-liquid partition chromatog-

raphy and the four major components (>90%  of mix- 
s  ture) identified as the diene I I  (42.2%), p-isopropenyl-

I II III toluene (X , 36%), carvone (X I, 13.9%), and carvacrol
jiiMnO* (X II, 7.9%). The data are tabulated in Table I.

.0 m
/ r Table I

| ' q  Acid Pyrolysis of endo,endo-6,7-Diacetoxy-
H O O C ^ V ^  AND U lH YD R O X YC IN E O LE

IV H+ A / ° h
in Scheme I  based upon the early work of Wallach3’4 VIE or XIV H +  [C j j  +  f  T  +  K^aT  
in which “ pinol dibromide”  and “ pinol diacetate”  were S y
assigned structures V  and V I, respectively. Normal
acetate pyrolysis of V I would be expected to afford II. X XI XU
Indeed, one of the pyrolysis products of VI, isolated by
column chromatography, had an mirared spectrum  ̂ 42 2 36 Q 13 9 7 9
“identical with I I  (although the ir sample contained a XXV 8 2 8 5 65 0 18 3
carbonyl impurity) and gave IV  upon oxidation with . The percentages reflect only the relative amounts of the four 
permanganate. Noteworthy was the finding that the major products (ca. 90% of the total volatile material) and are
pyrolysis was successful only in the presence of a small approximate, since differences in glpc detector responses were

n o t m easured.
(1) Undergraduate research participant, 1968-1969. ________________
(2) B. A. Arbuzov, Z. G. Isaeva, and V. V. Ratner, Zh. Org. Khim .t 2,

1401 (1966); J. Org. Chem. USSR, 1391 (1966). (5) R. O. Hutchins, Ph.D. Thesis, Purdue University, Jan 1967.
(3) O. Wallach and A. Otto, Ann., 2S3, 249 (1889). (6) J. Wolinsky and R. O. Hutchins, presented at the 153rd National
(4) O. Wallach, ibid., 259, 309 (1890). Meeting of the American Chemical Society, Miami, Fla., April 1967.
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Identification of X , X I  and X I I  was accomplished by (X I I I )  ;4'6 this suggested that the corresponding diol
glpc and spectral comparisons with authentic samples or (X IV , ewdo,endo-6,7-dihydroxycineole) should also af-
literature values. The data obtained for the diene I I  ford similar products upon heating with acid and,
agreed well with that reported2 and, furthermore, the indeed, treatment of X IV  under the same reaction con-
nmr spectrum was in complete accord with I I  and in- ditions produced the same four products although the
consistent with structure IX  (see Experimental Sec- relative amounts of each were different (Table I).
tion). The mechanistic pathways for the observed No evidence for the isomeric cineole diene IX  was ob-
transformations must be complex, but probably involve tained from either reaction, but trace amounts of
a series of acid-catalyzed elimination and isomerization several other products were detected by glpc in both
reactions similar to those depicted in Scheme II. cases (<10%  total) so that presumably one of these

might be IX . Even if IX  were initially formed in 
Sc h e m e  II substantial quantity, it probably would not survive the

acidic reaction conditions, since the compound is a 
0/ diallylic ether. In fact, the expected product from ring

j l  H+ V I I I  + opening of IX , p-isopropenyltoluene (X ), may arise, at
■*------  or —-—»- //T J  least in part, from this source. Carvacrol (X I I )  most

/ - y X IV  l '  1 probably arises from the well known acid catalyzed
I JL p i  HOR isomerization of X I.5'7

RO + The conversion of V I I I  and X IV  into the rearranged
T h+ | diene I I  somewhat parallels the corresponding trans-

. formation of endo,endo-6,7-dibromocineole (V I I )  to
HO^T i y C*' pinol ( I I I )  upon reaction with sodium in refluxing tol-

__ _H+ I uene or with hot alcoholic potassium hydroxide.4’6
< +  — *■ ^  Finally, it is noteworthy that the successful conversion

I k T j  ° f  H I t°  diene I I  by Arbuzov and coworkers involved a
I ¿R ' OR I combination of two skeletal rearrangements, unknown

R O  R O  to them, which fortuitously cancelled and generated the
j-H+ h +| - roh | desired product.

R° \ A ^ ° R  H O ' ^ r '  L  Experimental Section8
I I  t e n d o ,e n d o -6,7-Dibromocineole (VII).—B rom in a tion  o f p in o l4’5

ip — y O H  in m eth y len e  ch loride as p rev iou s ly  described3’5 a ffo rd ed  colorless
prism s (fro m  cyc loh exan e), m p  9 2 -9 4 ° ( l i t .  m p  9 2 -9 4 °, 9 4 ° ) . 3 

e n d o ,e n d o -6,7-Diacetoxycineole (VHI).— T re a tm e n t o f  VII 
O H  | J v  w ith  s ilve r  aceta te  in g la c ia l acetic  ac id  in  th e  rep orted  m ann er4’5
I R O  i  |  g a ve  d iaceta te  V I I I  in 7 8 %  y ie ld . R ec ry s ta lliza t io n  fro m  n-
1 11a pen tane and su b lim ation  g a ve  w h ite  needles, m p  9 4 -9 6 ° ( l i t .
I I | m p  9 7 ° ,4 9 5 .5 -9 6 .5 °,2 9 2 ° 5).

R ° \ A ^ 0  r , ere<fo,eredo-6,7-Dihydroxycineole (X IV ) .— R ea ction  o f  I I I  w ith
f f  11 H+j —H20 aqueous p erfo rm ic  acid  fo llo w ed  b y  hyd ro lys is  o f  th e  resu ltin g

Y  fo rm a te  ester w ith  sod ium  h yd rox id e6 g a ve  X I V .  R ec rys ta lliza -
A  tion  fro m  n -h exan e-eth y l aceta te  and su b lim ation  a ffo rd ed

colorless needles, m p  121-124° ( l i t .4’5’9 m p  122 -12 4 °).
q jj  Acid-Pyrolysis Reactions. A. VIII.— F o llo w in g  th e  p roce

dure o f  A r b u z o v ,2 a  m ix tu re  o f  5.01 g  o f V I I I ,  0.10 g  o f  |3-naph- 
H+|-ROH thalenesu lfon ic ac id , and 20 m l o f  di-re-butyl p h th a la te  was s lo w ly

heated  w ith  a  W o o d ’s m e ta l ba th  to  ca. 280° under a  90-m m  
n itrogen  a tm osphere. T h e  d is t illa te  (b p  ca. 6 0 -1 7 3 ° ) was 

H+ H+ d ilu ted  w ith  5 m l o f  ether, w ashed  w ith  10 m l o f  w a te r and  tw ice
! I - • * X I  — *■ X I I  w ith  10-m l portions  o f  5 %  sod ium  b ica rbon ate, and  d ried

(M g S O ,).  D is t illa t ion  in  a  short-pa th  apparatus a t 11 m m  a f
forded  0.74 g  o f y e llo w  o il. A n a lys is  b y  g lp c10 d em on stra ted  th e  
presence o f fou r m a jo r  constituents w h ich  w ere  iso la ted  b y  

H O  p rep a ra tiv e  g lp c .10 In  o rder o f  increasing re ten tion  tim es , th e
fo llo w in g  com ponents w ere  id en tified . (1 )  D ien e  I I :  n 25D

TT x . . .  , 1.5004 ( f i t .2 re20D 1.5020, 1 .5030); ir (n e a t ) 1630, 1587, 1374,
I  be formation of the rearranged diene I I  most likely 1359, 1271, 1046, 993, and 880 c m - 1 ( l i t .2 1636, 1592, 1378,

occurs by initial ring opening followed by an acid- ~ ,
, , , . , r  1 11 1 - • X . (7) H. Rupe and P. Sohlochoff, Ber., 38, 1719 (1905).

catalyzed ring closure of a labile allylic mtermediate as (8) AU boiling points and melting points are uneorrected. Infrared 
Ila . Such a closure is similar to that observed in the spectra were obtained on a Perkin-Elmer Infracord spectrometer or a Perkin-
acid-catalyzed formation of I I I  from pinol hydrate Elmer Model e z i spectrometer. Nmr spectra were measured with a Varian

. c  ^ Associates A-60 spectrometer; chemical shifts are given m parts per million
downfield from tetramethylsilane as internal standard. Ultraviolet spectra 
were obtained with a Perkin-Elmer ultraviolet-visible spectrometer, Model 

I H O ' \  202. Gas-liquid partition chromatography was performed with a Perkin-
✓ O H  Elmer Model 900 gas chromatograph or an Aerograph A-700 preparative

jf _  H~*~̂  chromatograph, both equipped with thermal conductivity detectors.
I I  ~  a > ^  (9) G. Wagner and K . Slawinski, Ber., 32, 2064 (1899).

(1°) Analysis was accomplished using a 10 ft X  V* in. 20% Apiazon L  
on Chromosorb W  column at 160°. Preparative isolations were performed 

^  ^  JJQ using a 20 ft X  */« in* 15% Bentone, 5% SE-52 on Chromosorb W  column
Q j j  at 160°. A  20 ft X 3/8 in. 20% DEGS on Chromosorb W  column also sepa-

rated the components, but in this case the elution order of I I  and X  was 
A. I l l  reversed.
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1362, 1278, 1052, 1000, and 887 c m -1) ;  u v  Am»* (c yc loh exa n e ) S c h e m e  I
232 m M (lo g  £ 4 .1 7 ) [ l i t .2 Amax 233 ( lo g  e 4 .2 ) ] ;  (C 2DC13) S 1.27 n „  nxj
[s, 6 H ;  (C H 3)2C O ],  1 .7 -2 .6  (m , 3 H ) ,  4 .52 (b road  d , 1 H ,  / CHa v r n
C = C C H C O ,  b ridge  H ) ,  ca. 4.81 (m , 2 H ;  C = C H 2), ca. 6 .10 Q T  +  C l— C— C 0 2H
(m , 2 H ;  conj C H = C H ) .  (2 ) p -Isop ropen y lto lu en e  ( X ) :  \ _ h  acetone
nlsD 1.5325 (l it .  n25D 1.5290,11 n'mD 1.535012) ;  u v  Ama* (c y c lo -  2 ^
hexane) 245 m y. ( lo g  e 4 .0 8 ) [ l i t .13 Amax 245 m/r ( lo g  e 4 .1 3 )];
nm r (C D C 1 3) S 2 .14 (d , 3 H ,  J  = ca. 1 cps; C H 3C = C ) ,  2 .34 CH 3 r CHC02R'
(s, 3 H ;  C H 3A r ) ,  5 .10 and 5.34 (tw o  m , 2 H ;  C C H 2), ca. 7.26
(m , 4 H ;  A r H ) ;  ir  spectrum  id en tica l w ith  th a t reproduced  in  K)J I_nn ---- -----
the lite ra tu re .13 (3 ) C a rvon e  ( X I )  w as id en tified  b y  g lp c  reten - | 2
tion tim e  and ir  and n m r spectra l com parisons w ith  an au then tic  NC)2 O
sam ple. (4 ) C a rva cro l ( X I I )  w as id en tified  b y  ir  and nm r
spectra l com parisons w ith  an au then tic  sam p le. In  a  second 1
experim ent, 5 .0  g  o f V I I I  g a ve  1.22 g  o f  th e  p rod u ct m ix tu re . q jj3

B . X IV .— In  th e  sam e m anner described  fo r  V I I I ,  a  m ix tu re  / V / O s /  „ r .
o f 2.68 g  o f  X I V  and 0.06 g  o f /3-naphthalenesulfonic ac id  in  20 f (^ J )J  3
m l o f d i-w -buty l p h th a la te  w as heated  a t 100-m m  pressure under jj N H C H C 0 2R '
n itrogen . W ork -u p  and d is t illa tion  ga ve  0.58 g  o f  y e llo w  o il. 0  I
Ana lys is  b y  g lp c  in d ica ted  th e  o il to  be p r im a r ily  X I  (6 5 % ) w ith  2 R
lesser am ounts o f I I  (8 .2 % ),  X  (8 .5 % ),  and X I I  (1 8 .3 % ).  3

Registry No.—V II I ,  20178-11-4; X IV , 20178-12-5. r
n , “ 3

r r ^ T  " Y “ CH3 H+(11) G. B. Bachman and H. M. Heilman, J .  A m e r .  C h e m . Soc., 70 , 1772 1 \__J ___\ T u c u m
(1948). JNHCHCU2K  room

(12) V. N. Ipatieff, H. Pines, and R. C. Olberg, ibid., 70, 2123 (1948). N H O H  O  I temp
(13) M. J. Murray and W. S. Gallaway, ibid., 70, 3867 (1948). _  R  _

4

-------------------
A Novel Procedure fo r the Rem oval o f  3 +  R C H C 0 2R '

o-Nitrophenoxyacetyl A m ino-Protecting Groups1 ^  O  N H 3C1

OH 6
C h a r l e s  A . P a n e t t a  g

Department of Chemistry, University of Mississippi, The reduction of the MNP-amino acid ester 3 to the
University, Mississippi 88677 o-hydroxylamino derivative (4) is accomplished using

either aluminum amalgam or zinc and ammonium 
Received January 20,1969 chloride in aqueous tetrahydrofuran. The former

method was the less preferred one because it appeared, 
Several years ago, Holley and Holley2 introduced the by tic, to give a much larger amount of the o-amino-

o-nitrophenoxyacetyl moiety as an amino-protecting phenoxyacetyl derivative (7) than did the latter, a-
group during the synthesis of peptides. They reported Methyl-a-(o-aminophenoxy)propionyl glycine ethyl es- 
that this type of blocking group is removed by thermal ter (7, R  =  H, R ' =  Et) was prepared by using a 10:1
cyclization of the corresponding o-aminophenoxyacetyl molar ratio of aluminum amalgam to 3 (R  =  H, R ' =
derivative which is obtained by catalytic reduction. Et) and was characterized. According to tic, 7 (R  =
Formation of the lactam of o-aminophenoxyacetic acid H, R ' =  Et) was found to deblock (Scheme I I )  much
occurs with concomitant liberation of the amino group
on the peptide. Sc h e m e  II

We have found that the removal of the o-nitrophen- qjj3

oxyacetyl protecting group is facilitated by partial jj+
reduction of the nitro group to a hydroxylamino moiety. K J J  L—N H C H C 0 2R ' *" LvJJl, +  6
The deblocking is accomplished at room temperature, II | H  0
does not require a noble metal catalyst, and is unaffected R

by sulfur-containing amino acids. The procedure is 7 8
illustrated in Scheme I.

The specific blocking group used in this work was more slowly than did the ferric chloride positive4 reduc-
derived from a-methyl-a-(o-mtrophenoxy)propionic ^ on product which is apparently the corresponding
acid ( l ) . 3 I t  is easily coupled to an ammo acid ester hydroxylamino derivative 4, (R  =  H, R ' =  Et). A
(2) via either the acid chloride or carbodnmide proce- proportionately smaller amount of aluminum amalgam
dure. The amino-protected derivative (3) was named afforded a larger yield of 4 (R  =  H, R ' =  Et) from 3
an MNP-amino acid ester. I t  has an infrared spectrum (R  =  H R ' =  Et)
which contains a very characteristic peak at 1600 cm 1 Compound 4 was not isolated, but a solution of it was 
(apparently an aromatic stretching band) among the acidified with alcoholic hydrogen chloride solution and
other expected absorptions. stored at room temperature. The hydrochloride of the

(1) Presented at the 20th Southeastern Regional Meeting of the American a m in o  a d d  e s t e r  ( 6 )  C r y s t a l l i z e d  a n d  W a s  S e p a r a te d  
Chemical Society, Tallahassee, Fla., Dec 4, 1968.

(2) R. W. Holley and A. D. Holley, J. A m e r .  C h e m . Soc., 74, 3069 (1952). (4) R. L. Shriner, R. C. Tuson, and D. Y . Curtin, "T h e  Systematic
(3) D. A. Johnson, C. A. Panetta, and R. R. Smith, J .  O r g .  C h e m ., 31, Identification o f Organic Compounds,”  5th ed, John W iley & Sons, Ino.,

2560 (1966). N ew  York, N. Y „  1964, p 135.
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T a b l e  I
T h e  R e s u l t s  o f  Z in c  a n d  A m m o n iu m  C h l o r id e  D e b l o c k in g  E x p e r im e n t s  o n  S e v e r a l  M N P - A m in o  A c id  E s t e r s  3

,---------------------------MNP-amino acid ester 3---------------------------> % yield of deblocked
Optical amino acid M p [a ] of product ( [a ]  of starting

R  isomer R ' ester HC1 (lit.° value), °C  material)

H-(glycine) E t 72.8 142.5-143.0
(144)

(C H 3)2C H C H 2-(leucine) L  E t 41.6 120.5-126.0
(134)

C H 3-(alanine) L  E t 57.0
C H 3-(alanine) L  M e 44.6 101.0-104.0

(109)
C»HtCH 2-(phenylalanine) L  M e 46.7 158.0-159.0 +1 .83° (c 0.5, M eO H ) ( +  1.84°)

(159)
(C H 3)2CH-(valine) L  M e 78.1 164.0-167.0 +2 .42 ° (c 0.5, M eO H ) (+ 2 .3 1 °)

(168)
“ See ref 7, pp 929-932.

fro m  the reaction  m ix tu re  b y  filtration . T h e  b y -  an amber oil which easily crystallized. One recrystallization
p ro d u c t  N -h y d ro x y la c ta m  (5 ) w a s  iso lated , in  som e fro5n a warm mixture of benzene and petroleum ether (bp 30-
cases b v  evan o ration  o f the filtrate  60 } afforded 3 -81 g (55-3% ) of 3 (R  =  H , R ' =  E t) from which
cases, y  e p  r  0 t  ® trate. an analytical sample was obtained after a second recrystalliza-

S eve ra l M N P -a m in o  ac id  esters w ere  p rep a red  an d  tion: mp io2.5-104.0°; ir (C H 2C12) 1730 (ester C = 0 ), 1670
su bseq u en tly  d eb lock ed  b y  the zinc an d  am m o n iu m  (amide I ), 1520 (amide I I ) ,  1535 and 1360 (N 0 2), and 1600
ch lo ride  p rocedure . T h e  resu lts o f these experim ents (aromatic stretching); nmr (C D C U ) consistent with kind and
are  sum m arized  in  T a b le  I .  E x c e p t  in  the case o f number of protons present in 3 (R  =  H , R  =  E t); tic showed

, . ,, , , -r> tt n /  T io  n c . i the product to be homogeneous,
g lyc in e  e th y l ester (2 , R  -  H, R  -  E t )  a ll o f the AnaL Calcd for c „ H 18N 20 6: C , 54.19; H , 5.85; N ,  9.03.
M N P -p r o te c t e d  de riva tive s  3 w ere  m ad e  fro m  the  l -  Found: C , 53.91; H , 5.83; N , 9.10.
isom er o f the  co rrespon d ing  am ino  ac id  ester h y d ro -  M N P -P h e -O M e (3, R  =  C6H 5CH 2> R ' =  M e ).— To a solution 
ch loride . A  check o f the specific ro ta tion s o f th e  of 2.16 g (10 mmol) of H -L -P h e-O M e-H C l ,6 40 ml of acetonitrile,

m eth y l esters o f v a lin e  an d  p h en y la lan in e  be fo re  an d  and L 4  m l 9(19‘01 S’ " U )  m“ olf} ?f ^ jth y la m m ew as  added in
, . , , , ,  , . J . . succession, 2.2t> g (10 mmol) of 1 and 4.24 g (10 mmol) of 1-

a fte r  b lock in g  an d  deb lock in g  experim ents w ere  com - cyclohexyl-3- (2 -morpholinoethyl)carbodiimide metho-p-toluene-
p leted  show ed  essentially  no change, in d ic a tin g  th a t  sulfonate (Aldrich Chemical Co.). A  solution was the immediate
racem ization  p ro b a b ly  does n o t  occu r d u rin g  these p ro - result, but a solid separated slowly while the mixture was stirred
cesses. T h e  h om ogen eity  o f the am in o  ac id  ester at room temperature for 2  days. The solvent was removed under

i i  -j „  j j. „  x v r  u j v ii i ,, reduced pressure and the residue was distributed between 1 .2  A»
h y d ro ch lo rid e  p rodu cts  w a s  estab lished  b y  tic an d  the aqueous and ether (about 50 ml and 100 ml> respectively).
m eltin g  p o in t  an d  rtf o f each  p ro d u c t  w a s  co m pared  W ith  The ether layer was washed consecutively with water, 1 N
k n o w n  va lu es  in  o rd er to  p ro v e  iden tity . aqueous N a 2C 0 3, and water and was dried (M gSO ,). Removal

of the ether left a yellow oil 3 (R  =  C 6H 5C H 2, R ' =  M e ) which 
weighed 0.972 g (25.2%): ir (C H 2C12) 1735 (ester C = 0 ) ,  1665 

Experimental Section6 (amide I ),  1510 (amide I I ) ,  1537 and 1348 (N 0 2), and 1600

The thin layer chromatograms of the amino acid ester hydro- ^  Sh° WCd ^  Pr° dl’Ct t0 be essentially
chlorides 6 were run on microscope slides coated with a 250-M T e ^ r T ^ o c e d u r e  for the Deblocking of M NP-Am ino Acid
r fr6! n l nflla?c/ °  s . ca ge • P ° lng was Per orm® using Esters 3.— The general procedure is illustrated by the removal of
0.5-1.0 jul of a 1% solution and the solvent system was benzene- iv/rATr> ~ f i\/txtt> m  rvcu «
E tO H -N H ,O H  (60:39:1). The thin layer chromatograms o f “ H  r o  »
the M NP-am ino acid esters 3 and the reduction nroducts 4  5 The Deblocking of M N P-G ly -O E t (3, R  =  H , R ' =  E t).— Atne iviiNr ammo acm esters 3 and tne reduction products 4, 5, mixture of 0.31 g ( 1 .0 mmoi) 0f 3 (R  =  H , R ' =  E t), 0.082 g
7, and 8 were run on slices coated with neutral aluminum oxide M co f m  n \ c mW™ j o i r ' ,  B
n  /it i ,___ i m n n  (1-53 mmol) of N H 4C1, 9 ml of T H F , and 3 m l of water wasG  (Hj. Merck). ih e  solvent system was benzene-EtOAc • , J ’ . . .  1X
/7n.on\ tr« „___ „  ̂ ii i vigorously stirred at room temperature while 0.654 g (10 mmol)(70:30). Ihe  zones were detected as yellow areas on a purple f • j  , , ,  , . ^  . 6 \ , .  , 7

„ o Ka/ t/"\/f i of zinc dust was added m one portion. After 35 mm a thin layerbackground after spraying with a 0.5% aqueous K M n 0 4 solution i _  , ,, ^
i _  ri-x j t> i chromatogram was run on the reaction mixture. The zone forsometimes followed with heating. Cited R i values are ap- , .. . • , ™  AT?, r> n ,

proximate figures the startinS material (M N P -G ly -O E t, R { ~  0.9) was completely
General Procedure for the Preparation of M NP-Am ino Acid “ issir‘g) but f w  and slower zones were visible The spot at 

Esters 3 . -T h e  general procedure is illustrated by the preparation ~ ° ' 6 ™  fa ,a4  and ^ a U  and was later shown to be 7 (R  =
of M N P -G ly -O E t6 via the acid chloride method and by the prep- H ’ ,R  =  E t ) ‘ SP0}  a R{ ~ °A 3, ^ m t e  arge and intense
aration of M N P -Phe -O M e6 via the carbodiimide process. and was assumed to be 4 (R  =  H , R  =  E t). Vigorous agitation

M N P-G ly -O E t (3, R  =  H , R ' =  E t ) . -T h e  acid chloride of °Jn , a ofi 8 w ljereupon the mixture was
1 was prepared from 5 .0  g (2 2 .2  mmol) of 1 , 25 ml (0 .344 mol) d a% l !be filtrate was' drstilled under reduced pressure until
of SOCl2, and 0.3 ml of D M F  according to a published procedure. 6 of the WaS re,m° ved- T he aqueous residue was extracted
A  solution of the acid chloride in 20 ml of C H 2C12 was added dur- ^lth ®th,e,r and th® ^suitant etherea1 solution was dried
ing a 10 -min period to a cooled and stirred mixture of 3 .1 0  g g , and d!.uted w it'b 1 '5  ™ ° f  ^  ,Tbe0r' (;b  solution
(22.2 mmol) of H -G ly -O E t• HC1,6 10 ml (7.25 g, 71.6 mmol) of tth,en ,a^ldlded (I °  ~ 0 )  ^ lth alcohollc HC1 solution,
triethylamine, and about 200 ml of C H 2C12. The resultant mix- Cry]stals, of [R  V  H ’ R  =  E t ) began to separate almost im-
ture was stirred at room temperature for 16 hr and was then mediately. The mixture was stored at ambient temperature for
diluted with 100 ml of water. The phases were thoroughly 27« hr (other amino acid ester hydrochlorides completely pre
mixed, after which the organic layer was washed with water at ^  an<* was. ^ en filtered m order to separate
pH  1.5 and then with neutral water. The rich C H 2C12 solution b.'. 7 4 g ° l  gray'^b ite  crystals: mp 142.5-143.0
was dried (MgSCq) and concentrated under reduced pressure to mp 144  ): ,tIc sbo'I ed ,the Product rto be homogeneous and

to have an Rt value identical with that of authentic H -G ly -O E t- 
---------------_  H C 1 -6

(5) Melting points are corrected. Microanalyses were performed by 
Midwest Microlab, Inc., Indianapolis, Ind.

(6) Nomenclature according to E. Schroder and K . Lttbke, “ The Pep- (7) J. P. Greenstein and M . Winitz, “ Chemistry of the Amino Acids,”
tides,”  Vol. 1, Academic Press, New York, N . Y., 1965, p xiii. Vol. 2, John W iley & Sons, Inc.; New York, N. Y ., 1961, p 932.
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The ethereal filtrate from above gave a deep purple color when methyl ester 2b was utilized5 for our synthesis of au-
a sample of it in E tO H  was treated with a few drops of 5%  thentic 8a,130-abietan-18-oic acid (3),6 and was gen-
aqueous FeCl3 solution, this test is indicative of the presence „  , , , , , .  ,, ,
of a hydroxamic acid (such as 5).« The solution was distilled eraUy  Prepared by hydrogenation of l b 8 in ethanol.
at reduced pressure in order to remove the ether solvent, and
the dark oily residue was crystallized from hot aqueous EtOH . OH OH
The colored solid thus obtained, 5, gave a positive test with ■ / ' J  /
FeCh solution and was identical with an authentic sample of
53 when these samples were compared by tic. The yield of 5 I J  I ; I I ; J
was 84 mg (43.5%). ¿ J  t i l  ¿ J

a-Methyl-a-(o-aminophenoxy)propionylglycine Ethyl Ester (7, I J H J  L JLH I L JL ■“  J
R = H , R' = Et).—A  solution of 0.7868 g (2.54 mmol) of 3 ^
(R  =  H , R ' =  E t) in 25 ml of T H F  and 15 ml of water was C02R C02R C02H
treated with A l(H g )8 made from 0.685 g (0.0254 g-atom) of A l. j a r  =  2a R =  H 3
The resultant mixture was stirred at room temperature and a b R =  Me b' R =  Me
tic was run after 90 min. The only zone visible had an R i of
~ 0 .6 , which was smaller than that of the starting material. OR 0
After being stirred for 105 min, the reaction mixture was filtered i  /  /  II /
and the filtrate was concentrated under reduced pressure in / V / x
order to remove the T H F . The aqueous residue contained a I I I H I I
relatively large amount of crystals which gave a negative test
with FeCh in aqueous alcohol.7 These were collected, washed I I  I H [
with water, and dried. The yield of 7 (R  =  H , R ' =  E t) was
0.5763 g (81% ): mp 100.0-101.5°; ir (C H 2C12) 3457 (N H ), x  'C 0 2Me x  ''C 0 2H  x  'C02Me
1745 (ester C = 0 ) ,  1681 (amide I ) ,  1502 (amide I I ) ,  and 1617 4a R =  H  5 6
(aromatic stretching); nmr (CDC13) consistent with kind and b R =  Ms
number of protons present in 7 (R  =  H , R ' =  E t). One re
crystallization from benzene and petroleum ether (bp 30-60°) O O OH
( 1 :5 ) afforded an antlytically pure sample: mp 101.0-101.5°. 11 / II / \ /

Anal. Calcd for C »H 20N 2O4: C, 59.98; H , 7.19; N , 10.00. ( i T ^  f l l ' '  r r ^
Found: C , 60.34,60.54; H , 7.43,7.28; N , 10.32, 10.13. _______N I I I  I J

Compound 7 (R  =  H , R ' =  E t) was converted into H -G ly - [ ■  ■ '¡ 'Y V  „  p ' ' '
O E t-H C l by a procedure similar to that used on 4 (R  =  H , I ^1 I OH I OH I I I I )
R ' =  E t) above. The time required for cyclization and fragmen-
tation to 8 and 6 (R  =  H , R ' =  E t), however, was 18 hr, and C02Me C02Me C02Me
the yield of the second product was 62%. Comparable figures 7 8 9
via the hydroxylamino derivative 4 (R  =  H , R ' =  E t) were
2V« hr and 72.8%. O , O 0

Registry No.— 3 (R  =  H, R ' =  Et), 20178-13-6; [ XT S' i i u T ^  iTh T '
3 (R  =  i-Bu, R ' =  Et), 20178-14-7; 3 (R  =  CH3, R ' =  .  1  J _ l 11J
Et), 20178-15-8; 3 (R  =  CH3, R ' =  Me), 20178-16-9; f  ¿ Y - 0H \ \ \
3 (R  =  C6H6CH2, R ' =  Me), 20178-17-0; 3 (R  =  i-Pr,
R ' =  Me), 20178-18-1; 7 (R  =  H, R ' =  Et), 20178- '  -'C 0 2Me ^  NC02Me X  ''CO.Me
19-2; zinc chloride, 7646-85-7; ammonium chloride, 10 11 12

12125-02-9. 0  0  0
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Resin Acids. X Y I. II ^
Some Transform ations o f  M ethyl f  H J f  H J

12a-Hydroxy-13/3-abiet-8(9)-en-18-oate1,2

W er ner  H erz a n d  J. J. Schmid3 '  NC02Me ' '  'C 0 2H

16 17
Department of Chemistry, The Florida State University,

Tallahassee,[Florida 32306 j n an effort to improve the yield, the reduction was
carried out in acetic acid, with the result that partial

Received January 14, 1968

(5) J. M . Huffman, T. Kamiya, L. H. Wright, J. J. Schmid, and W.
In an earlier4 paper we reported the hydrogenation of Herz, ib id ., si, 4128 (1966).

anlntinn T h e  corresnond ine (6) Numbering and nomenclature used in this paper are based on a recentla  t o  2a in  a c e t i c  a c id  s o lu t io n ,  i n e  c o r r e s p o n d in g  ̂  {third revi9ionj 0ctober 1968) by j  w . Rowe, -The Common and 1 2 3

(1) Previous paper, W. Herz and R. C. Blackstone, J .  O rg. Chem ., 34, Systematic Nomenclature of Cyclic Diterpenes,”  subscribed to by most
/1Q6qn workers in the area. The parent abietane skeleton possesses the tra n s-a n tt-

(2) Supported in part by a grant from the National Science Foundation irons configuration with a 13a-isopropyI group.’  Inverted configurations
1/ are designated by the position number and the correct stereochemistry just(u r _0o02). . .
(3) National Science Foundation Fellow 1967-1968. before the skeletal name.
4 W  Herz H. J. Wahlborg, W . D. Lloyd, W. H. Schuller, and G. W. (7) E. Fujita, T . Fumita, and H. Katayama, Chem  Commun 968 (1967).

Hedrick,' J  O rg  C h e m X o ,  3190 (1965). (8) W. G. Dauben and R. Coates, J . O rg. Chem ., 28, 1698 (1963).
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isomerization (20%) to a new hydroxy ester took place.9 ative Cotton effect even if ring C were somewhat dis-
The new compound was identified as 4a because of the torted.4 Since the observed Cotton effect was positive
nmr spectra which had no signals characteristic of and of moderately strong amplitude, formula 15, in
vinyl protons. I t  exhibited the resonance of an axial which the isopropyl group is axial and should be epi-
(H-12) proton as a broad multiplet (Wi/2 =  19 IIz ) and merizable, was strongly favored. Indeed, base-cat-
the C-10 methyl signal at 0.97 ppm, 6 Hz downfield alyzed equilibration of C resulted in quantitative con-
relative to 5 in accordance with the postulated struc- version to 13. Hence C was 15 and B was 1 2 .13
ture. 10 Some transformations of this compound which
cast additional light on stability relationships in the Experimental Section14
abietane series are reported in this note. Methyl 12a-Hydroxy-133-abiet-8(9)-en-18-oate (4a).— Gaseous

Oxidation of 4a with Jones reagent gave two prod- hydrogen chloride was bubbled through a chloroform solution of
ucts (9:1) readily separable by chromatography. The 4.0 g of 2a for 3 hr. The solution was washed thoroughly with
major product appeared to be 6 (ir bands at 1720 and water, dried, and evaporated. The residue, 3.8 g, was chroma-
1712 cm-1). The nmr spectrum possessed a somewhat tographed over alumina. Elution with hexane-benzene (1:1)
, 1 , /ttT n tit \ j. , -„ „„ i „+ o vo gave nonhydroxylic material. Elution with benzene gave 4a
broadened ( l ly ,  -  7 Hz) two proton Signal at 2.73 ppm (40%) followed by 2a (20%). Elution with ether gave small
which was ascribed to the 11-methylene group, lh e  amounts of unidentified products. Recrystallization of 4a from
minor product, C21H 34O4, was a hydroxylic a./3-unsat- cold ether gave crystals which had mp 95-98°, [«]%> (CHC13,
urated keto ester (ir bands at 3600, 1658, and 1605 c 0.92), ir 3600 (hydroxyl) and 1720, 1240 cm - 1 (ester); nmr
cm-1 X 236 € 19 800) whose nmr displayed a very 3.62 (methoxyl), 3.56 m (Wi/219, 317-12), 2.42 (hydroxyl), 1.18cm , A M O , e wnose n m r u isp iayeu  a  very methyl), 0.97 (C-10 methyl), 0.91 d and 0.82 d (J  =  7,
sharp singlet at o.83 ppm ascribable to a vinyl proto a isopropyl). The reaction was capricious, the 40% yield of 4a
to the carbonyl groups. The absence of other low-field being difficulty to reproduce.
signals required that the hydroxyl group be tertiary and Anal. Calcd for C 2iH M0 3: C .75 .40 ; H , 10.25; 0 ,1 4 .3 5 . 
attached to C-8, since a proton at C-8 would have been Found: C, 75.33; H , 10.26; 0 , 14.36.
expected to couple allylically to H - l l  {vide infra). Treatm entof 80 mg of 4a with methanesulfonyl chloride- 

\ ~ J , , .£, \  , ,  Jo, A  pyridine at 0 for 15 hr, dilution with water, extraction with
Moreover the observed chemical shift of the C-10 ether, washing and drying the ether extract, and evaporation
methyl group (1.26 ppm) corresponded approximately at reduced pressure gave the mesylate 4b as a gum (85 mg) which
to the expected deshielding effect of the A9(11)-12-OXO solidified on standing but could not be recrystallized satisfactorily:
function (16 H z );11 hence the hydroxyl group was as- lr 1715, 1250 (ester) and 1340, 1170 cm -1 (mesylate); nmr

, ,, k  A i  4.78 m (PF1/2 =  19, 3H-12), 3.62 (methoxyl), 2.99 (mesylate),
Signed the 8 a  configuration asm / 1.17 (C-4 methyl), 0.97 (C-10 methyl), 0.93 and 0.87 d (/  =

The formation of an analogous a,p-unsaturatea 7 -hy- 0 isopropyl). In an attempt to prepare the unknown resin
droxy ketone (8) as a minor product in the oxidation of acid ester 18 the mesylate was placed on a column of alumina, but
9 has been reported previously. Hydrogenation of 8 was recovered unchanged after 18 hr. Attempts to eliminate
gave 10.4 Hydrogenation of 7 also afforded 10, thus the mesylate function by refluxing with collidine or sodium ace-

n ■ ,, , , , j  , j. tate-acetic acid resulted m complex mixtures,confirming the postulated structure.
It  was expected that isomerization of 6 would result /

in predominant formation of one of the two possible
8/3-H isomers 11 or 12. However base treatment of 6 [  J
or exposure to acid-washed alumina produced a 1:1 
mixture of two a./S-un saturated keto esters (A  and B)
which were separated by preparative tic. The less ''C02Me
polar keto ester A  (ir bands at 1722,1658, and 1605 cm-1; lg
Xmax 238 nm, e 12,500, vinyl proton signal at 5.78 ppm,

=  2 Hz) could be hydrogenated to the Oxidation of 4a.— Jones reagent12 was added to a solution of 
known4'8 keto ester 13. Hence hydrogenation of A  took 0.5 g of 4a in acetone at room temperature until the brown color 

i i • i £ i  i i x a i t , persisted. Work-up m the usual manner1 gave a gum, tic anal-place exclusively from the face and ketone A  had to ^  ^  ^  ^  pregence of twQ components. Prepara.
be  11. tive tic afforded 0.37 g of 6 and 0.050 g of 7. The major product

H y d ro ge n a t io n  o f the m ore p o la r  keto  ester B  ( ir  (6 ) was a gum, [ « ] 2Ed + 3 2 °  (CHC13, c 3.76); ir 1720,1220 (ester),
b an d s  a t  1719, 1660, an d  1609 cm “ 1, Amax 241 nm , e and 1712 cm" 1 (ketone), nmr 3.61 (methoxyl), 2.73 br (2 pro-

15,000, v in y l p ro to n  signa l a t  5.70 ppm , ./H-n n-s =  tonf ’ oT / ’ (C ' 4 I?ethyl)’ 0-99 ( C "10

1.8 H z ) in  a  s im ila r fash ion  g a v e  a  n e w  sa tu ra ted  'minor product 7 was recrystaUized from methanol and
keto  ester C ( ir  b an d s  a t  1716 an d  1700 c m -1 )  d ifferen t had mp 196-198°; [<*]%> + 6 ° (CHC13, c 635); uv 236 nm
fro m  13 an d  the p rev io u s ly  repo rted  14.4 O n  the a s -  (e 19,800); ir 3600 (hydroxyl), 1720,1250 (ester), and 1658,1615
sum ption  th a t  h y d ro gen atio n  o f B ,  like th a t  o f A ,  h a d  cm _1 (conjugated enone); nmr 5.83 (H - l l ) ,  3.62 (methoxyl),

tak en  p lace  fro m  the a  face, keto ester C  h a d  to  b e  --------------------
formulated as either 15 or 16. (13) The observed chemical shifts of the C-10 methyl resonances of 11

m i _  i i • j „  c ■ i  T ^  ^ and 12 were in excellent agreement with the predicted values (AS A9̂u)-12-
The octant rule predicts a fairly strong positive M0 function 16 H z,u observed for U  17 H . relative to IT, observed for l i

Cotton effect for 15, almost all of the contributing atoms 17 Hz relative to 5 .
of ring B and C being located in the upper left rear <14> Melting points are uneorrected. Analyses were by Dr. F. Pascher,

. . 1 n ,  • 1 , 1  i i i  i *i_*j_ Bonn, Germany. Nmr spectra were run on a Varian A-60 instrument in
octant, whereas 16 might be expected to exhibit a neg- deuteriochloroform with tetramethylsilane as internal standard. Line

positions are expressed in ppm from tetramethylsilane. Signals are char-
(9) Treatment of a chloroform solution of 2a with gaseous hydrogen acterized in the usual way: d doublet, br somewhat broadened singlet, m

chloride was somewhat more efficient for producing the new isomer (40% of multiplet. Coupling constants are expressed in Hz. Infrared spectra
4a, 20% of starting material and 40% of a mixture of unidentified sub- were run on Perkin-Elmer Infracord or Model 257 spectrophotometers in
stances). chloroform solution. Ultraviolet spectra were run on a Cary 14 recording

(10) In  the steroid series, A5 A8-9 =  7 and AS 12a-OH =  —0.5 Hz.11 spectrometer in 95% ethanol solution. Ord curves were obtained with a
(11) R. F. Ztlrcher, H elv. C h im . A c ta , 46, 2054 (1963). Jasco ORD/UV-5 recording spectrophotometer in methanol solution. Col-
(12) L. F. Fieser and M. Fieser, “ Reagents for Organic Synthesis,”  umn chromatograms were performed on Alcoa F-20 alumina. Silica gel

John W iley & Sons, New York, N . Y ., 1967, p 142. G was used for analytical tic, silica gel P F 2M+866 (Merck) for preparative tic.
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1.26 (C -10  methyl), 1.17 (C-4 methyl), 0.93 d and 0.87 d (./ =  The R a t e s  o f  Hydrolysis o f  Tw o
7, isopropyl). J 17

Anal. Calcd for C 21H 320 4: C , 72.38; H , 9.26; O, 18.37. Th io l Esters in  W ater1
Found: C , 72.15; H , 9.25; 0 , 18.48.

Catalytic hydrogenation of 60 mg of 7 in 10 ml of absolute r  B arnett  a n d  W . P. Jencks
ethanol (15 psi, 10% P d -C ) for 10 hr gave 60 mg of 10, mp 161-
164°, mmp with authentic material4 162-164°, ir and nmr spec- „  . _  , , ,  .
tra superimposable. „  Graduate Department of Biochemistry,

Isomerization of 6 .-T reatm ent of 6 with sodium methoxide- Brandeis University, Waltham, Massachusetts 02154
methanol in the usual fashion4 or chromatography over alumina
gave a 1:1 mixture of 11 and 12 which was separated by prepara- Received December 9, 1968
tive tic The less polar substance 11 was recrystallized from

mP + T  ■C H C Ij  T h e  pu rpose  o f this no te  is to  p o in t  ou t th a t  lim it-
c  0.256); ir 1722, 122o (ester), and 16t>8, 160t> cm“ 1 (conjugated • , l c ,, , , , ,  ... . . .
enone); uv Xmax 238 nm (« 12,500); nmr 5.87 d (J  =  2, H - l l ) ,  v a lu e s  o f the  rate  constan ts fo r  decom position  o f the
3.60 (methoxyl), 1.2 2  (C -4 methyl), 1.13 (C-10 methyl), 0.92 te trah ed ra l ad d itio n  in te rm ed ia te  in  th io l ester h y d ro -
and 0.79 d {J =  7.1, isopropyl). lysis  to  s ta rtin g  m ateria ls  an d  p ro d u cts  m a y  b e  ca lcu -

Anal. Calcd for C 21H 32O3: C , 75.86; H , 9.70; 0 , 14.44. la ted  fro m  the  o b se rved  ra te  constan ts a t  a  p H  v a lu e
Found: C , 75.64; H , 9.69; 0,14.62. . n ear th a t a t  w h ich  a  chan ge  in  ra te -d e te rm in in g  step

Hydrogenation of 50 mg of 11 m absolute ethanol (10 psi, 0 %  ,  ,, . . . . . , .
P d -C ) for 1 hr gave 50 mg of 13,4.* mp 96-97°, mmp 96-97°, ir occu rs - In  the case o f a  th io l ester o f trifluoroacetic
and nmr spectra superimposable. ac id  the v a lu e  o f  these ra te  constan ts ap p ro a ch  those

The more polar ketone 12 was recrystallized from methanol- expected  fo r  a  d iffu sion -con tro lled  reaction , reflecting
water and had mp 103-104°; M 25d +1 6 3 ° (C H C I3, c 0.33); the lo w  s ta b ility  o f the te trah ed ra l in term ed iate , 
ir 1719, 1225 (ester) and 1660, 1609 c m -  (conjugated enone); K in e tic  ev idence fo r  a  ch an ge in  ra te -de te rm in in g  
uv Xmax 241 nm (e In,000); nmr 5./0 d (J  =  1.8, H - l l ) ,  3.60 ... , . tt i . i r , i ,
(methoxyl), 1 .2 2  (C -4 methyl), 1.14 (C -10  methyl), 0.91 d and step  w ith  ch an g in g  p H , the ab so lu te  v a lu e s  o f  the rate
0.83 d (J  =  6 , isopropyl). constan ts requ ired  fo r  a lte rn a tive  m echanism s, an d  a

Anal. Calcd for C2iH 320 3: C , 75.86; H , 9.70; O, 14.44. dependence on  p H  o f the exchange  o f 180  fro m  labe led
Found: C , 75.90; H , 9.71; 0,14.50. ester in to  the so lven t th a t  agrees w ith  the b eh av io r

In an attempt to form the thioketal of 11 for the purpose of nrPfi;0tpH f rnm  tu p k inetic data n rn v id e  conv in cing
eventually removing the ketone group, a solution of 130 mg of p red ic ted  rrom  the Kinetic d a ta  p ro v id e  conv in cing
l l  in 1.5 ml of ethanedithiol was allowed to Stand with 0.75 ml ev idence th a t the h y d ro lys is  of e th y l trifiuo ro -
of boron trifluoride for 4 hr, poured into water, and extracted th io lacetate  proceeds w ith  the fo rm ation  o f a  k in etica lly
with ether. The washed and dried ether extracts were evapo- sign ificant in term ed iate  acco rd in g  to  the m echan ism
rated at reduced pressure. The residue could not be induced to o f j  M  A t  h igh  an d  in term ed iate  p H  v a lu e s  the
solidify. Preparative tic afforded separation of the two major _
components as gums. The major product, ca. 70%, appeared 0  0
to be 19 since the nmr spectrum did not display signals character- || i,(H20) I fe
istic of vinyl protons, but had signals at 3.63 (methoxyl), 3.22 CF3CSR - CF3— C— SR — ► CF3COO~ +  HSR
m (4 protons, -C H 2S -), 2.53 (2 protons, 1 1 -methylene group), j
1.17 (C-4 methyl), 1.01 (C-10 methyl), and 0.92 d (/  =  6.7, Nv OH
isopropyl). The minor product, less than 20%, appeared to be nx k  a
20, nmr 5.55 br (W m  =  2.2, H - l l ) ,  3.62 (methoxyl), 3.20 m X / 1 ±H+f * -  (D
(4 protons, -C H 2S -), 1.19 (C-4 methyl) and 0.92 d (./ =  7.5, + .
isopropyl). The nmr spectrum of the crude product also indi- I
cated that a small amount, c a .  10 % , of a third product was present, ___\ 
possibly a C-13 epimer. 3 |

f------1 . f------1 , OH
“ X + X  rate -de te rm in in g  step is the a ttac k  o f h y d ro x id e  ion  or
| |  | T  the genera l base  ca ta ly zed  a ttack  o f w a te r  on  the ester,

w h ereas  b e lo w  p H  2 the b re a k d o w n  o f the an ion ic  

1 11 J I I te trah ed ra l ad d itio n  in term ed iate  becom es ra te  d e te r-
, ,  m ining. C a lcu la tio n s  o f lim it in g  v a lu e s  fo r  the ra te

constants o f  eq  1, based  u p o n  estim ates ot the eq u i-  
19  l ib r iu m  constants fo r  fo rm ation  an d  ion ization  o f the

Methyl i 2-O xo-l3/3-abietan-l8-oate (15).— A  solution of 70 n eu tra l tetrah ed ra l in term ed iate , suggested  th a t  these
mg of 12 in absolute ethanol was hydrogenated (9 psi, 5%  P d -C ) rate  constants ap p ro a ch  the m agn itu de  expected  fo r
for 4 hr, filtered, and evaporated. Recrystallization of the residue d iffu sion -con tro lled  reactions4 an d  led  u s  to  exam ine

(methoxyl), +10 (C-4 methyl), 0.92 (C -10  methyl), 0.97 d and I- T h is  th io l ester has a  b e tte r le a v in g  g ro u p  (p K  =
0.88 d (J  =  7, isopropyl); ord curve (c 0.048), [a ]400 +2 7 4 °, q

[a] 304 +1880°, [a] 255 -1 5 8 0 °. I|
Anal. Calcd for CaHaiOs: C , 75.40; H , 10.25; O, 14.35. C F 3CSCH 2COOC 2H 5

Found: C, 75.45; H , 9.95; O, 14.34. I
A  solution of 55 mg of 15 in 20 ml of aqueous methanol con- --------------------

tabling 250 mg of potassium hydroxide was allowed to stand for (1) Contribution No. 653 from the Graduate Department of Biochemistry,
2 hr acidified diluted with water, and extracted with ether. Brandeis University, Waltham, Mass. 02154. Supported by grants from

1 , ’ , , . , , , _  , o iv,raT,ro’a+lnn fiirm'vlioH the National Science Foundation (GB-5648) and the National Institute of
The washed and dried ether extract p Child Health and Human Development of the National Institutes of Health
50 mg of 13 identical in all respects With authentic materia . (HD-1247). R. B. was a National Science Foundation Predoctoral Fellow,

1965-1968
Registry  N o .— 4a, 20104-28-3; 4b, 20104-29-4 ) (2) L. R. Fedor and T. C. Bruice, J .  A m e r .  C h e m . S o c . , 86, 5697 (1964);

6  20144-61-0- 7,20104-30-7; 11,20104-31-8; 12 , 87, 4138 <i965).
O , z u m o i u ,  ’  ’  o n l n 1  o ,  , 9n  (3) M . L, Bender and H. d'A. Heck, ib id ., 89, 1211 (1967).
20104-32-9; 15, 20104-33-0; 19, 2 U iU 4 -3 4 -1 ; zu, (4) W . P. Jencks, “ Catalysis in Chemistry and Enzymology,”  McGraw-
20104-35-2. Hill Book Co.. New York, N. Y ., 1969, p 521.
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-------------------------------------------------------------------------------------  T a b l e  I

__________ * ____________________ H ydrolysis o f  P h e n y l  T hioform ate  at  25° I onic

4  -  / —  ~  •  Strength  1.0 M a
pH *0bsd, min“1

r  0.09 0.072
/  0.10 0.076

3 - /  0.49 0.027
/  0.50 0.027

/  1.07 0.012
... '  '  ° _______________ 1.07 0.012

---------- °  1.46 0.0072
/  1.46 0.0066

~  2  -  /  2.06 0.0058
w /  2.06 0.0057

A  3.106 0.0039'
/  o  4.99li 0.0033'

/  ° Maintained with potassium chloride. k Methoxyacetate buf-
0  /  fer, 0.017-0.100 M, 30% base. c Extrapolated to zero buffer

/ o  concentration. d Acetate buffer, 0.017-0.100 M, 70% base.

/  °
reactants and serves to rule out this mechanism, as

__i_______ I_______ |_______ I_______ i_______ | shown previously for ethyl trifluorothiolacetate.2 In
* the case of phenyl thioformate, there is no indication of

a change in rate-determining step and acid catalysis of 
r +-| the rate-determining attack of water becomes apparent

”  09 *■ J with increasing acidity. The change in rate-deter-
Figure 1.—Hydrolysis of ethyl S-trifluoroacetylmercaptoace- mining step for I  occurs approximately one pH unit

tate ( I )  in hydrochloric acid solutions at 25°, followed at 244 below that for ethyl trifluoroacetate, as might be
mM: upper curve, ionic strength maintained at 1.0 M  with potas- expected in view of the better leaving group of the
SÍ̂ .v1TÍ?°rideLilo ĵer curve’ lonic strensth maintained at 3.0 M  former compound; it must occur at a still lower pH

with phenyl thioformate.
The rate constant for breakdown of the anionic 

7.8) than that of ethyl trifluorothiolacetate (pK = 10.3) tetrahedral addition intermediate of eq 1 is given by eq
and might be expected to exhibit even larger absolute 3 ; ]n which k0\¡s¿ is the observed pseudo-first-order rate
rate constants.

The pH-rate profiles for the hydrolysis of the thiol k2 > fe°b3daH + (3 )
ester bond of I  are shown in Figure 1. A t an ionic Kuh\
strength of 1.0 M, maintained with potassium chloride constant for hydrolysis at a given acidity, K a is the
(upper curve), there is an indication of a decrease in equilibrium constant for formation of the uncharged
rate in the most acidic solution. This small rate tetrahedral intermediate from the ester, and K & is the
decrease is probably not an activity coefficient effect, acid dissociation constant of this intermediate. No
because it is observed even more clearly in solutions evidence for accumulation of an addition compound
maintained at an ionic strength of 3.0 M  with lithium was obtained by comparison of the ultraviolet (uv)
chloride (lower curve). In contrast, the pseudo-first- absorbance of I  (or phenyl thioformate) in hexane and
order rate constants for the hydrolysis of phenyl water. The value of the pA a of the addition inter-
thioformate increase with increasing acidity and follow mediate was estimated to be approximately 9 from a
the rate law of eq 2, with values of kw and fca of 3.3 X plot of pKa against 2 or for a series of alcohols.6 The

rate = ¡Wester] +  W a s te r ]  (2) f 6 tnfluoroacetaldehyde hydrate CF.CH(OH),,
is 10.2.6 I f  the value of K h is assumed to be <0.1 and

10-3 m in-1 and 9.2 X 10-2 M ~l min-1, respectively A a is taken as 10"9, the value of k2 for the anionic
(Table I). addition intermediate formed from I is > 4  X 109

The rate constant for the pH-independent hydrolysis sec-1.7. The magnitude of this first-order rate constant
of I  is 4.1 min-1, compared with a value of 0.42 min-1 suggests that as the pH is increased the rate of diffusion-
for the corresponding reaction of ethyl trifluoro- controlled protonation of the anionic intermediate will
thiolacetate.2 This corresponds to a Brpnsted (i value become slower than its rate of breakdown to products;
of 0.4 for the sensitivity of water-catalyzed thiol ester 7-e-i it will not be in equilibrium with its conjugate acid,
hydrolysis to the pK& of the leaving group. A  change in rate-determining step occurs with

The acid inhibition of the hydrolysis of I  is similar increasing acidity when the addition intermediate
to that observed with ethyl trifluorothiolacetate2 and undergoes acid-catalyzed breakdown to starting
suggests that the hydrolysis of I also proceeds according materials faster than it decomposes to products, i.e.,
to the mechanism of eq 1, with a change from rate
determining attack of water to rate-determining break- (5) r . w . Taft, j r„ and i. c. Lewis,./. Amer. chem. Soc., si, 5343 ( 1959); 

down of the anionic addition intermediate as the pH is p- R- Wells’ Chem- Rm- 63’ 171 0963); m . cimrton, j. org. chem., »9,
d e c r e a s e d  T h e  a l t e r n a t i v e  m e p t in n is m  r>f rate Hetor 1222 (1964): R. Barnett, Ph.D. Thesis, Brandéis University, 1968.
a e c r e a s e a .  i n e  a l t e r n a t i v e  m e c h a n is m  o t  r a t e - d e t e r -  (6) r . stewart and m . m . Mocek, Can. j . chem. , « ,  n e o  (1963).
numng -hydroxide ion tdytiick &X low pH would recjuire Sj (7) This rate constant may be calculated more exactly from the steady-
rate constant of 4 X 1013 M ~l sec-1. This value is State rate equation, l-obsd = W»Kh1i O +*2/4- 1) and the data of Figure 1.
I.,,..,, , 1,,, ........ i ■ iv • , Note that a low value for the experimental rate constant in acid solution will

above the rate ot diff asion-controlled encounter of the give too low a value for*,.

2778 N otes The Journal of Organic Chemistry



fe_i[H+] >  k2. Thus, the value of k- 1 must also be sified by a report by Poutsma3 confirming a radical
large; from the pH at which the change in rate-deter- route in the chlorination of butadiene at high diene
mining step occurs this rate constant may be estimated concentrations. Therefore, we decided to reinvestigate
to be on the order of 109 M - 1  sec-1. These rate con- the bromination of butadiene. The structures of the
stants are of the magnitude expected for diffusion- three possible dibromide products in this reaction are
controlled reactions8 and raise the possibility that the shown.
k-i — ki step might represent a diffusion-controlled
proton transfer. A  rate-determining proton-transfer >
step of this kind should exhibit general acid-base C H 2—CH —C H = C H 2 B rC H 2—C = C —C H 2Br
catalysis with Bronsted (3 values of 0 or 1.0 when the ^  ^  ^
acidities of the proton donors and acceptors are 3,^dibromo-l-butene ( l )  irans-l,4-dibromo-2-butene (2 ) 
sufficiently different.8' 9 The value of (2 for the hydrol
ysis of ethyl trifluorothiolacetate2 is approximately ¥  ¥
0.3, which means either that this hypothesis does not B rC H 2— C = C —C H 2Br
hold for this ester or that the observed catalytic c£s-l,4-dibromo-2-butene (3)
constants represent a curved portion of the Bronsted
plot. In any case, the calculations serve to emphasize Results and Discussion
the high reactivity, low stability, and short lifetime of
the addition intermediate even for the hydrolysis of Treatment of butadiene at various concentrations in 
thiol esters of trifluoroacetate; the line between the carbon tetrachloride with bromine gave 1 ,2 , and 3 in the
usual type of intermediate and a series of incompletely quantities indicated in Table I. The formation of 3
defined way stations along the reaction coordinate at was not previously reported in the bromination of
which proton transfer may occur becomes increasingly butadiene. The percentages of the dibromides were
hard to draw for these reactions. determined by vpc analysis. The material balances

were obtained by the internal standard method using
„  . , , _ n-diehlorobenzene.
Experimental Section

Ethyl S-trifluoroacetylmercaptoacetate [bp 106-107° (60- T able  I
65 mm); ir 1709, 1739 cm-1 in acetonitrile, Xmax 242 mjj in _  „
water] was synthkzed2 from ethyl mercaptoacetate and tri- A ddition  of  B rom ine  to B u t a d ie n e  u n d e r

fluoroaeetic anhydride at 0°. Phenyl thioformate10 [bp 73- V a r io u s  C o n d it io n s

75° (1.5 mm); ir 1682, 782, 728 cm-1 in acetonitrile; Xmax 230 Mole fraction of
m/i in water, 236 my. in hexane] was prepared from benzenethiol butadiene % of 1 Yield, %
and the mixed anhydride formed from formic acid and ethyl Nitrogen, Safelight, -  15°
chloroformate.11 Pseudo-first-order rate constants for the hy
drolysis of these esters were determined spectrophotometrically 0.020 60
as described previously.12 Good first-order kinetics were observed 0.032 60
for at least two half times and the total change in absorbance was 0.045 56 100
approximately the same at all pH  values. 0.067 51 100

0 11 45°
Registry No.— I, 20104-50-1; phenyl thioformate, 0 3 9  21 100

20104-51-2. 1.0 21

(8) M. Eigen, Angew . Chem . In te rn . E d . E n g l., 3, 1 U964). Nitrogen, Illuminated, — 15°
(9) R. Barnett and W. P. Jencks, J .  A m er. Chem. Soc., 90, 4199 (1968);

91,2358 (1969). f  co on
(10) G. A. Olah and S. J. Kuhn, ib id ., 82, 2380 (I960). 0.045 52 80
(11) T. Wieland and H. Koppe, A n n . Chem ., 581, 1 (1953). 0.067 45°
(12) W. P. Jencks and J. Carriuolo, J . A m er. Chem . Soc., 82, 675 (1960). q 34

------------------------------  0.14 21 85
1.0 23

Ion ic and Radical Reactions in  the
. e ,.  Nitrogen, Safelight, 25°

Brom ination o l Butadiene
0.045 56
0 10 45“

V ictor L. H e asley  a n d  Steph en  K . T aylo r  0 ' 37

0.30 24
Department of Chemistry, Pasadena College,

Pasadena, California 91104 Nitrogen, Illuminated, 25°

0.032 41“
Received December 10, 1968 0.045 31

0.10 21 85
W h ile  con tinu ing o u r studies on  the b ro m in atio n  o f a Dibromide 3 first appears here in trace amounts and increases 

dienes 1 w e  becam e concerned th a t  p rev io u s  rep o rts1'2 with increasing concentration of butadiene until it becomes ap-
w h ich  p roposed  ion ic m echanism s in  the b ro m in atio n  o f proximately 4%  at complete radical conditions,

dienes m ay  h a ve  o verlook ed  a possib le  rad ic a l com -
ponent to these reactions. This concern was inten- The results in Table I  show that at —15° the per

centages of 1 vary from approximately 60% at low 
andPFs0w X 0: i Z ec I i : . ^ ! 2 “ 68)C- ^  ^  ^  ^  concentrations of butadiene to approximately 20%  at

8 l!2594L3 U 9f 6)tCh’ P ' D ‘ Gardner’ a“ d R ' E ' Gilbert’ ^  Chem '  S0C"  (3) M . L. P o u te r ,  7. 0r*. Chem ., 31, 4167 (1966).
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high concentrations of butadiene, both under safelight is following a radical course under all concentrations of
and illumination. The percentages of 1 and 2 (under butadiene. We are unable to explain this apparent
safelight) are remarkably similar to the percentages of anomaly, except to say that we have more confidence
3.4- dichloro-l-butene and ¿rons-l,4-dichloro-2-butene in the validity of the results indicating an ionic mech-
reported by Poutsma3 for the chlorination of butadiene. anism than in the relative reactivity results from
Poutsma3 also observed that when the percentage of ethylbenzene.5
3.4- dichloro-l-butene is high (ca. 60%), the reaction is The results from the bromination of butadiene at
following an ionic pathway. Conversely, when the room temperature under safelight and illumination are
percentage of 3,4-dichloro-l-butene is low (ca. 20%), a similar to those at -1 5 ° (Table I) with the exception
radical mechanism is operative. that the reaction assumes a radical pathway at a lower

These relationships also seem to apply to the bro- concentration of butadiene, 
mination of butadiene under safelight at -1 5 °, where The formation of ci's-l,4-dibromo-2-butene (3) should 
we have determined that bromination of butadiene at be noted. As reported in Table I, 3 was observed only 
low concentrations leads to 1 and 2 by an ionic pathway, under radical conditions.
whereas 1, 2, and small amounts of 3 are formed by a Table I  shows that the earlier study of the 
radical mechanism at high concentrations of butadiene. bromination of butadiene by Hatch, et al.J was carried
These conclusions are based on the following observa- out under essentially ionic conditions (ca. n =  0.1).
tions: (1) significant quantities of a-bromoethyl- Our investigation of isoprene1 was undoubtedly in the
benzene are formed from ethylbenzene4 and butadiene ionic range since the concentration of isoprene was
where the concentration of the latter is high, and the low (ca. n =  0.1).
amount of a-bromoethylbenzene decreases with A  possible explanation for the change in mechanisms
decreasing concentration of butadiene to become a with a change in concentration of butadiene is suggested 
mere trace (see Table I I ) ; and, (2) where the per- in Scheme I. These equations would seem to be
centage of 1 is low, suggesting a radical reaction, it can general for the bromination of any linear6 diene,
be significantly increased by the addition of the radical
inhibitor, 2,6-di-/-butyl-4-methylphenol (see Table S c h e m e  I

I I I } ' C H 2 =C H  C H = C I I 2 ! and 2

Table I I  jur: t

Relative Reactivities at -15° C H ^ C H — C H = C H 2 ----------— — =» C H 2— C H — C H = C H 2
Mole fraction of : low \  /
butadiene and ,---------Relative Reactivities-------- , R r, concentration g  R r, -
ethylbenzene“ Safelight Illumination of butadlene

0.50 100 60 I CH2= C H — C H = C H j , , ,  ,. , ,
.  . .  4  (high concentration) (a delocalized charge
0-40 155 42 Y is possible)
0.25 500 64 C H i= C H — C H = C H 2
0 .1 0  2000 5  1
0.032 i. 16 1  B r — >- 2CH2B rC H — C H = C H 2

.  „ „  , . . , ,  . .  , ,  . I (a  delocalized radical is probable)
“ Where necessary, carbon tetrachloride was added to give a B r .

mole fraction of 1. 5 N o  a-bromoethy lbenzene was detected at I j  Br2
these conditions. When the mole fraction of ethylbenzene was C H 2= C H — C H = C H 2 »
increased to 0.968 (for butadiene, n =  0.032) a trace of a- 1, 2, and 3
bromoethylbenzene was detected.

Experimental Section

Table I I I  Materials.— Unless otherwise indicated, the solvents and reag-
Effect of the Inhibitor at —15° ents were obtained commercially in high purity. The buta-

Concentration, diene was Matheson’s instrument grade, 99.5%. a-Bromoethyl-
Mole fraction ill, of the .-----Percentage of 1-----. benzene was prepared by bromination of ethylbenzene in the
of butadiene inhibitor Safelight Illumination presence of sunlamp illumination. The product had the follow-

0.18 0.16 38 ing physical constants: bp 88° (15 mm), n20d  1.5615. The
0.18 0.91 40 reported values7 are bp 86-88° (15-16 mm), tc20d  1.5612.
0.39 0.18 34 Bromination. General Procedure.— Butadiene was dissolved
0 39 0.46 39 in carbon tetrachloride to give a solution of approximately 10 ml.

To this solution, under the selected conditions, bromine was 
. ,  . . . . .  added until 10-20% of the butadiene had reacted. The result-

1 he results of bromination under illumination ( —15 )  ing solution was then analyzed immediately by vpc. 
are more difficult to understand. Assuming that a The concentration of butadiene was determined by adding 
high percentage of 1 indicates an ionic reaction, then liquefied butadiene to the determined quantity of solvent, on
the results in Table I  would suggest that an ionic a balance, until the appropriate weight was obtained. A t 25°,

. ,? , , , .. and at high mole fractions of butadiene, some evaporation oc-
reaction occurs at low concentrations of butadiene, ______
even under illumination, and that the mechanism (5) Ethylber zene (illumination, —15°) seemed to have an erratic effect
becomes completely radical at a mole fraction of on the percen Ses of 1 and 2. For example, in the presence of ethylbenzene

appmrimateiy A lS  H ^ V M  fc 'e la t iv e r e a c t iv i fe  ^
in lable 11 indicate that under illumination the reaction indicated, in the absence of ethylbenzene the results are considerably dif

ferent. Under safelight ( — 15°) the percentages of 1 and 2 were uneffected 
(4) Ethylbenzene was used rather than cyclohexane because the selective by the presence of ethylbenzene, 

bromine atom preferred addition to butadiene exclusively over abstraction (6) For a discussion on the effect of branching on the addition of chlorine
of a hydrogen atom from cyclchexane. I t  was confirmed that under the re- to olefins, see M. L. Poutsma, J .  A m er. Chem. S oc ., 87, 4285 (1965).
actions conditions of safelight ( - 1 5 ° ) ,  ethylbenzene did not react directly (7) “ Dictionary of Organic Compounds,”  Vol. I, I. Heilbron and H. M .
with bromine. Toluene was not employed in the study because its bromina- Bunbury, Editors, Oxford University Press, New York, N . Y ., 1953, p 
tion product, benzyl bromide, had the same retention time as 2. 327.
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f T  the t if e re(luil'edifoi; b romination was include the epoxidation of 2-cyclohexeneoP ( cis ) ,  the
very short, the effect of evaporation was negligible. f  , ,, „  \  ,

A ll brominations requiring the absence of light were carried » m m o n s -S m  th  reaction  o f b o th  a lly h c  an d  h om o - 
out in a dark room with a photographic safelight. a lly lic  a lcohols ( a s ) , 4 an d  the h y d ro xym ercu ra t ion  o f

Procedure for Analyses of Products.— The vpc analysis of the 3 -cyc lohexen o l5 (eq  1). 
dibromides was accomplished with an Aerograph 90 P-3 chro
matograph under the following conditions: flow rate (H e) _ _
300 cc/min; column length and diameter, 6 ft X  0.25 in.; col- I OR
umn temperature, 50°; column composition, 2.5% SE-30 on JL
60-80 mesh D M C S  Chromosorb W . Under these conditions | " ' >  Hg(QAc)2 reduction
the retention times of 1 , 2 , and 3 are, respectively, 108, 297, and jj-qh * *  L J 9 )
247 sec. The retention time of a-bromoethylbenzene was 372 sec. ¡i

None of the dibromides rearranged under the conditions of 
analysis. This was determined by collecting the dibromide mix- “
ture after it had passed through the chromatograph and observing
that no change in composition had occurred on reinjection. We have recently reported preliminary results on

The percentages of the dibromides were based on their adjusted the hydroxymercuration of 2-cyclohexenol (1), its
areas in the chromatograms The adjustments were based on the methyl ether (2), and acetate (3) derivatives.6 The
followmg determination: the ratio of A,/Ai divided by W 1/W2 •__ . , , , , ,  , . . .
is equal to 0.85. The area/weight ratio for dibromides 2 and 3 reactlon Proved to be only moderately stereoselective
was assumed to be unity on the basis of their similar molecular a ® normally carried out (THB water), but appeared, in
structures. the limited range examined, to be somewhat solvent

The relative reactivities of butadiene and ethylbenzene were dependent. We report here the results of an expanded
determined from the following expression where C8H 9Br refers s tu d y  o f so lvent effects w ith  thege system s. T h e

P2( 1 +  2 +  3 )ir (C 8Hio)o1 products in each case were reduced by borohydride to
L (C sH 9B r) JLuhlhhJ the corresponding diols (or derivatives), which in turn

., „ , , „ „ , . , were analyzed by vpc. The results are shown in
to the quantity of a-bromoethylbenzene formed m the reaction, Table I 
and (CgH10)o and (C4H6)0 refer to the initial concentrations of 
ethylbenzene and butadiene, respectively.

The Authentic Dibromide Isomers.— Dibromides 1 and 2 were OR
prepared according to the methods described by Hatch, et al.2
Dibromide 3 was prepared as described by Valette .8 The peaks r ' N !) Hg(0Ac>2 NaBH4
assigned to dibromides 1 and 2 were confirmed by comparison of I | "  > -----------►
their retention times with those of authentic samples, and by col- ^ “
lecting the compounds as they emerged from the vpc and compar- 1, R = H
ing the absorption bands in their infrared spectra with the re- g R  =  CH
ported absorption bands.2 The peak assigned to dibromide 3 ’ 6
was done so on the basis of a comparison of its retention with 3, R  =  COCH3
that of authentic 3.

Registry No.— Butadiene, 106-99-0; 1, 10463-48-6; ?R OR OR OR
2,821-06-7; 3,18866-73-4. j L  J L  1  ,,OR' 1 a )R'

Acknowledgment.—Acknowledgment is made to the L J
Petroleum Research Fund, administered by the Ameri- OR' g
can Chemical Society, and to Union Oil Co., Bea, Calif., 4 5
for the support of this research. R'=H, CH3, or COCH3 (2)

(8) A. Valette, A n n . C h im ., 3, 644 (1948).

_________________  The most significant aspect to be noted is the high
selectivity associated with the use of acetonitrile

Solvent Effects in  the Oxymercuration water) as solvent. Thus all three substrates
.  „  ^  . , , , „  . , (1-3) give nearly pure (>94% ) (rans-3-hydroxy product

o f 2-Cyclohexenol and Related in this medium. This feature should prove of synthetic
A lly lic  Derivatives utility.

All three starting materials show approximately the
M. Ross Johnson1 and Bruce Rickborn2 same responses to solvent changes, suggesting that

nearly identical directive influences are exerted by the 
Department of Chemistry, University of California, different substituents. The observed product distri-

Santa Barham, California 98106 buttons do n( t vary in any eagily predictable manner

Received December 3, 1968 W ith  Chan?e ’ f  ^appears to be associated with the less ¿rans-3-selective
, , . , . reaction of 1, but similar behavior is not found with

Stereoselective reactions are of great importance in th n ] i  t . , 7 r , , m.eferred for
11 i • /• ,-t , • l A 1 611C dll Y llv  CtuC bit UC «J» -HI Ut/llDluiii lllC Ult/lClloU. 1U1
the design  o f syn thetic  procedures. A  n u m be r of sim p le
olefin addition reactions exhibit this feature, which (3) <»> H- B- Henbest and R- A- L- Wilson, j. ch em . so c ., 1958 (1957).
in c r e a s e «  b v  a l a r v p  f a c t o r  t h e  d e c r e e  o f  s v n t h e t i c  (b) For a recent example of solvent effect on epoxidation of a homoallylic
in c r e a s e s  D y  a  l a r g e  i a c t o r  m e  a e g r e c  01 s y n m e r i c  alcohol, see R. Zurfiuh, e . n . Wail, J. b . siddaii, and j . a . Edwards, j .

utility. A  related phenomenon, stereoselective A m er. ch em . Soc., 90, 6224 (1968).

addition controlled by a substituent in the vicinity of J- H- Chan and B- Rlckborn. ***■■ 90> 6406 (1968); references to

the double bond, has been explored in several reactions. (5) H. b . Henbest and b . Nichoiis, j . ch em . s o c ., 227 (1959).
Examples for which high selectivity has been reported (6) M . R. Johnson and B. Rickborn, Chem . C om m u n ., 1073 (1968).

(7) Two early runs with 3 in aqueous T H F  gave only product 4 in moderate
(1) N D E A  Title IV  Predoctoral Fellow. yield;6 numerous subsequent attempts to repeat this observation have a ll
(2) Alfred P. Sloan Fellow, 1967-1969. resulted in the distribution shown in Table I.
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T able  I
P koduct  D istr ibutio n  from Ox ym er c u r atio n - R eduction  (eq 2)

----------------------------------- %-----------------------------------
Solvent R fi/ Yield, % 4 5 6 7

8%  H 20  in T H F  H  H  37“ 73.5 24.6 0.9 1.0
50% H 20  in T H F  H  H  86 78.2 19.6 0.9 0.8
H 20  H  H  84 83.6 15.1 0.7 0.6
20% H 20  in glyme H  H  78 86.4 12.6 0.6 0.4
5%  H 20 in  D M S O  H  H  6 90.5 1.6 3.3 4.6
20% H 20  in C H 3C N  H  H  78 94.0 6.0 0 0
5%  H 20  in C H 3C N  H  H  83 96.3 3.7 0 0
CHsOH H  C H 3 92 84.4 15.6 0 0
AcOH H  Ac 95 82.0 6.8 4.4 6.8
40% H 20  in T H F  C H 3 H  85 86.8 13.2 0 0
50% H 20  in T H F  C H 3 H  92 89.0 11.0 0 0
5%  H 20  in D M SO  C H 3 H  b 88.8 11.2 0 0
5%  H 20  in C H 3C N  C H 3 H  93 94.0 6.0 0 0
AcOH CH„ A c 87 93.6 6.4 0 0
25% H 20  in T H F  Ac H  95 70.0 30.0 0 0
75% H 20  in T H F  Ac H  95 70.5 29.5 0 0
5%  H 20  in D M SO  Ac H  6 85.6 3.3 8.6 2.5
5%  H 20  in C H SC N  Ac H  95 96.0 4.0  0 0
C H 3O H  A c C H 3 90 74.5 25.5 0 0
AcOH  Ac Ac 95 92 8 0 0

° The reaction is quite slow under these conditions; 58% of starting material recovered after 33 hr. 6 Yields were not determined 
owing to difficulty in separating solvent from products.

rnation of 1,3 derivative can be ascribed to the inductive 2-methoxycyclohexanone (96% ), which in turn was reduced by
effect of the ring substituent. Halpern and Tinker8 L iA lH , in ether to give a mixture (nearly equal amounts) of the
, , , , j  ,i , ¿ - f i  , cis and trans alcohols. irans-3-Methoxycyclohexanol was ob-
have demonstrated that oxymercuration of 1 occurs at tained by the prooedure of Eliel and B rett.« A ll compounds
about one tenth the rate for cyclohexene, and there is exhibited the anticipated nmr and ir spectral properties, 
thus no kinetic basis for anticipating stereospecific
reaction of this system.4 Registry No.'—2-Cyclohexenol, 822-67-3.

Experimental Section Acknowledgment.'—This work was supported in part
, , „ ,, , . by a grant from the National Science Foundation (GP

Oxymercuration and Reduction.— The olefin was added in one 
portion to a stirred solution of solvent and mercuric acetate. DU
The reactions were run at 25°, and in general for 0.5 hr after the (15) E. L, ElieI and T j. Bretti j ,  0rg, Chem., 28,1923 (1963). 
disappearance of the colloidal yellow mercuric oxide (not formed
in nonaqueous solvents or pure water). The reactions for the _____________________
most part were rapid, requiring only a few minutes to become
colorless. The reactions in acetonitrile (5%  H 20 )  were fast (4 . . „
min to decolorize). D M SO , glyme, and T H F  containing small Convenient Synthesis ot
amounts of water required longer times for reaction. 2,2-Dimethylcyclobutanone

Reduction was accomplished by using the sodium borohydride 
procedure of Brown and Geoghegan.9 The aqueous base used in
this method causes rapid hydrolysis of the acetate esters; this W ill ia m  C. A gosta a n d  D avid  K . H erron

can be avoided by omitting -he base and using excess borohydride.
The mercury was removed by filtration through Celite, the Laboratories of the Rockefeller University,

aqueous solution saturated with salt and extracted several times New York, New York 10021
with ether. The combined ether extracts were dried with mag
nesium sulfate and evaporated. The diols thus obtained were Received February IS, 1969
taken up in pyridine and treated with excess acetic anhydride.
The diacetates were analyzed using a 9 m X 3.2 mm 15% Carbo-
wax 20M column at 152°. Retention times (R T ) in minutes for In connection with another investigation we required
these derivatives follow: 4, 86; 5, 100; 6, 66; 7, 62. The a convenient source of 2,2-dimethylcyclobutanone (1 ).
methoxy alcohols formed by hydroxymercuration of 2 or me- There are two previously recorded preparations of thisasss# * i in s it  srivts-ts  «• w?«•»«*• «
materials 2-cyclohexenol ( l ) , 4,I° 3-methoxyeyclohexene (2 ) ,4 and ketene with ethylene at 200 atm pressure,  ̂and
2-cyclohexenyl acetate (3)11 have been described previously. the second2 involving addition of 2 equiv of diazo-

Product Assignments.— Commercial samples of cis,trans- methane to dimethylketene. Neither of these seemed
l^-cyclohexanediol and ci's,irans-l,3-cyclohexanediol were con- suitable for our purposes; the first requires pressure
verted into the diacetate derivatives. Literature procedures were . . , .
used to prepare trans- 1,2-diol,« trans- 1,3-diol,49 and trans-2- equipment not conveniently available, while the
methoxy cyclohexanol.14 Jones oxidation of the latter gave second gives largely the isomeric 3,3-dime thy Icy clo-

; „  „ butanone, from which the desired minor product 1 is(8) J. Halpern and H. B. Tinker, J . A rtier. Chem . S oc., 89, 6427 (1967). ™ 1 __T .. , , ~ ,
(9) h . c. Brown and p. Geoghegan, jr., ibid., 89,1522 (1967). d ifficu ltly  separab le . W e  describe  b e lo w  a  u se fu l
(10) r . wiiistatter and e . Sonnenfeid, Chem. Ber., 46,2952 (1913). preparative route to 1 from ¿-butyl acrylate and the
S  dimethylenamine of isobutyraldehyde. Although four

0956). steps a re  in v o lv ed  fro m  com m erc ia lly  a v a ila b le
(13) M. F. Clarke and L. N. Owen, J . Chem . S oc., 2103 (1959).
(14) S. Winstein and R. B. Henderson, J .  A m er. Chem . S oc ., 65, 2196 (1) H. Bestian and D. Guenter, Angew . Chem ., 75, 841 (1963).

(1943). (2) J.-M. Conia and J. Salaiin, B u ll.  Soc. C h im . F r . , 1957 (1964).
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materials, the reactions proceed in high yield (50% acterized both by its ir and nmr spectra2 and by
over-all) and may be carried out quickly with little preparation of its known 2,4-dinitrophenylhydrazone.1
intermediate purification. .

4-----f °  4-----/NMe2 (J \  \ cooh C l
0 cr^O 0

--------  ---------s 5 ,R  = Me 6, X=H

I 2 C00R 8, R = H 7, X = Br

4 — f  —1— We  now describe two side products encountered in
the methyl ester series. The first arose in variable 
yield (up to 18%) in the bromine oxidation of 2a and

I r COOR appeared to be favored at the expense of 3a if the
3 C00R reaction mixture, which became heterogeneous as oily

3a separated, was stirred vigorously. The two prod-
a , R_Me ucts were readily separated by fractional distillation,
b, R = CMe3 and spectroscopic and analytical data for the side

product suggested that it was lactone ester 5. There
The cycloaddition of acrylic esters to isobutyr- was some uncertainty in this conclusion, however, for

aldehyde enamine leads readily to amino esters 2.3 We the nmr spectrum of this substance showed a six-proton
have used both the previously known3 methyl ester singlet for the geminal methyl groups, and the ir
(2a) and the corresponding ¿-butyl ester (2b), finally spectrum (carbon tetrachloride) had three carbonyl
converting the latter to 1. The synthetic problem is absorption bands, at 1800, 1775, and 1750 cm“ 1. The
then simply conversion of a dimethylamino group to problem was settled by independent synthesis of 5.
carbonyl oxygen and complete elimination of an ester Direct bromination of 2,2-dimethylglutaric anhydride
function. The first of these operations was smoothly (6 )9 gave a-bromo anhydride 7, treatment of which
effected by oxidation with bromine.4 An aqueous first with hot aqueous sodium hydroxide and then with
solution of the amino ester buffered at pH 6 readily hydrochloric acid furnished lactone carboxylic acid 8.
absorbed bromine to give the bromoketo ester (3). Diazomethane converted 8 into its methyl ester 5 
A  second product accompanying 3a is discussed later; without difficulty, and this substance proved to be
this side reaction was absent in the ¿-butyl series, and identical with the observed side product. Apparently
3b could be obtained in good yield. The structure of 3 5 arises in the bromination reaction by slow hydrolytic
is clear from subsequent transformations, as well as cleavage of 3a followed by intramolecular displacement 
completely appropriate spectroscopic properties. The of bromide ion. 
extraneous bromine atom in bromoketo ester 3 was H
next removed by reduction with zinc dust in glacial 2 0
acetic acid to furnish keto ester 4. A  second side [ C00H
product obtained in small amount in this reduction is __4 - B r  * ____ Br " 5
also treated below; once again the side reaction occurred
only in the methyl ester series. /I

We were unable to define acidic conditions which Cr
favored ester hydrolysis in 4a rather than ring opening. Occurrence of the second side product is rather more 
While this result is in agreement with recent experience interesting, although its origin has not been clearly
elsewhere,5 it contrasts with an early description of the traced. I f  3a was not rigorously purified before reaction
successful hydrolysis and decarboxylation in acid of a with zinc in acetic acid, 4a was accompanied by 5-15%
2-carbethoxycyclobutanone.6'7 Similarly, mildly basic of an isomeric methyl ester. This isomer was easily
hydrolysis of 4a gave only open-chain products; purified by vpc, after which it showed spectroscopic 
exposure of 4a to 1.1 equiv of bicarbonate in methanol properties indicative of a conjugated enol ether [ir
at room temperature, for example, led to a mixture of 1710 (s), 1625 (s) cm-1; nmr S 6.98 (t, J  =  1.5 Hz, 1 H ) ;
monomethyl and dimethyl 2,2-dime thylglu tar ate in and uv Xmax 253.5 («11,000)]. The data point to the
87% yield. On the other hand, acid-catalyzed pyroly- carbomethoxydihydrofuran 10, a conclusion sub-
sis8 of the ¿-butyl ester 4b proceeded most satisfactorily. stantiated by direct comparison of the side product with
A t 138° 4b lost isobutylene and carbon dioxide to give an authentic sample of 10.10 While we have been
2,2-dimethylcyclobutanone (1), which was char- unable to isolate the precursor of 10, which must

accompany 3a and 5 in the bromine oxidation, we
O ) k . c .  Brannock, a . Beil, r . d . Burpitt, and c . a . Kelly, J .  O rg. ch em ., s u g g e s t  t h a t  t h e  r e q u i r e d  t r a n s fo r m a t io n s  c a n  b e

»6,625 (1961); 29,801 (1964). e x p la in e d  s t a r t in g  w i t h  a n  in t e r m e d ia t e  s u c h  a s
(4) The conditions used were based on the general study of N . C. Deno i i i 1 * ttt i ,1 , 1 1 L  , 1

and r . e . Fm it, Jr., j .  A m er. ch em . S o c ,  90,3502 ( 1968). alcohol 11. We emphasize that 11 has not been isolated
(5) k . c. Brannock, r . d . Burpitt, and j. g . Thweatt, j. O rg. c h e m ., 2 9 , and that other precursors, also plausibly present in the

940 (1964) reaction mixture, could be advanced in its stead.
(7) We find, however, that from its nmr spectrum (see Experimental Sec- x v l l lg  CODXrRCllOIl 111 11 WOUlU. 168/U. t o  t l l6  C y c lo p r o p y l “

tion) the 2 ,4-dinitrophenyihydrazone of 4a, formed under the usual acidic aldehyde 12, a reasonable rearrangement in light of
conditions, is indeed a cyclobutanone derivative rather than a glutaric acid
hydrazide. The compound is identical with the hydrazone previously ob- (9) E. Rothstein and W . G. Schofield, J .  Chem . See ., 4566 (1965).
tained6 from the dimethylenamine of 4a. (10) F. Korte, K.-H. Biichel, D. Scharf, and A. Zschocke, Chem . B e r.,

(8) D. S. Breslow, E. Baumgarten, and C. R. Hauser, J .  A m er. Chem . 92, 884 (1959). W e thank Professor Friedhelm Eorte and Dr. Heinrich
S o c ., 66, 1286 (1944); R. S. Yost and C. R . Hauser, ib id ., 69, 2325 (1947); Wamhoff, University of Bonn, for generous samples of both 10 and the cor-
W. B. Renfrow and G. B. Walker, ib id ., 70, 3957 (1948). responding carboxylic acid.
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the facility with which the parent bromo ketone (13) bath. Zinc dust (1.0 g ) was added with vigorous stirring and the

undergoes Favorskii rearrangement.11 Acid-catalyzed mixture™  all°wed to c°®etor°omtemP^atu.re“
& , . °  , , continued for 30 mm. The mixture was filtered and the excess

transformation oî 12 to 10 is mechanistically reasonable zjnc wasbec; w ;th ether and water. The residting solution was 
and has venerable analogy in the rearrangement of extracted with ether, and the ether extracts were washed with 
cis- or irans-caronic acid (14) to terebic acid (15).12 water, 0.6 M  N a H C 0 3, water, and brine and were dried over

Na«S04. Evaporation of ether gave 340 mg (76% ) of crude 
rnn . /O  keto ester contaminated with about 5%  of dihydrofuran 10:

----- ,UJUMe | LU H V  ir 1795 (s), 1735 (s), 1315, 1205, 1170 cm -1; nmr (parts per mil
's/ % \-------------_____ _ / \  lion downfield from external tetramethylsilane in CC14) 4.12
/ \  /  ____V _  Br Z ___ V CH0 (dd, Jx =  10 Hz, J t =  6.5 Hz, 1 H ), 3.68 (s, 3 H ), 2.30-1.75

0  rnnu  (m, 2 H ), 1.20 (s, 6 H ). When analytically pure bromoketo
|Q ester was reduced, no 10 was formed.

A  2,4-dinitrophenylhydrazone was prepared for analysis: mp
132-133° from methanol (lit.6 mp 128.5-130°); nmr (CDC13; 

q HOOC parts per million downfield from external tetramethylsilane in
---------- f  Y  > ------v CHCls) 11.4 (broad s, 1 H ), 8.95 (d, /  =  2 Hz, 1 H ), 8.20

/ \  J  V  (dd, Jx =  9 Hz, J 2 =  2 Hz, 1 H ), 7.80 (d, J  =  9 Hz, 1 H ), 4.23
------- 1 / ___ \  A \  (dd, Jx =  10  Hz, J 1 =  6 Hz, 1 H ), 3.84 fc  3 H ), 2.24-1.93 (m,

Br HOOC C00H 0 2 H ), 1.33 (s, 6 H ).
13 14 15 Anal. Calcd for C 14H I60 6N 4: C, 49.99; H , 4.80; N , 16.66.

Found: C, 49.80; H , 4.97; N , 16.91.
Methyl 4,5-Dihydro-5,5-dimethyl-3-furqate (10).— Reduction 

Experimental Section 0f cru(je bromoketo ester 3a with zinc dust always gave 5-15%
Materials and Equipment.— Isobutyraldéhyde dimethylen- of dihydrofuran 10. Preparative vpc destroyed the keto ester

amine (N,N-dimethylisobutenylamine, K  and K  Laboratories), but Save Pure 10 (retention time 24 mm); ir 1710 (s), 1625 (s),
methyl acrylate (practical, Matheson Coleman and Bell), and 1175> 1090 nmr (parts per million downfield from external
¿-butyl acrylate (Borden Chemical Co., Monomer-Polymer Lab- tetramethylsilane m CCh) 6.981 (t, J  =  1.5^Hz 1 H ) 3A6 (s,
oratories) were used without further purification. Ypc was car- ^ 2* ^  ** ~~ ^  2 ®)> **^2  b bf)> uv (Y H 3U j1 )
ried out using a Yarian Aerograph Model 700 Autoprep with a ^max 253.5 my, (e 11,000). 1
20 ft X  0.25 in. stainless steel column packed with 30% F F A P  Anal. Calcd for CsHuOs: C, 61.52; H , 7.74. Found, 
on Chromosorb W , and operated at 180° with a helium carrier 61.61; H , 7.56. _
gas flow rate of 100 ml/min. Unless otherwise noted, both ir rp̂ ie VPC i’efenfi °n time and ir, uv, and nmr spectra of this ma-
and nmr spectra were obtained for CC14 solutions, the former on a terial were identical with those of an authentic sample.10 
Perkin-Elmer 237B spectrophotometer and the latter on a Varian Hydrolysis of Methyl 3,3-Dimethyl-2-oxocyclobutanecarboxyl-
A-60 spectrometer. Distillations were carried out under nitro- a*e ®asic Hydrolysis. Keto ester 4a (4.74 g ) was
gexli stirred at room temperature under nitrogen for 23 hr with 20 ml

¿-Butyl 2-(Dimethylamino)-3,3-dimethylcyclobutanecarboxyl- methanol, 60 ml of water, and 2.90 g (1.1 equiv) of N a H C 0 3.
ate (2b ).— ¿-Butyl acrylate (16.25 g ), isobutyraldéhyde dimethyl- rea°fion mixture was diluted with water and extracted
enamine (34.10 g), and 40 ml of acetonitrile were heated at reflux with ether. The ether extracts were washed with water, dried
under nitrogen for 54 hr. Acetonitrile and excess enamine were over N a 2S04, and evaporated to give 2.04 g of colorless oil, ir
removed by distillation at atmospheric pressure and the remainder a^d nmr sPec r̂a identical with those of authentic dimethyl 2 ,2-
was distilled at reduced pressure to give 18.06 g (63% ) of prod- dimethylglutarate. Acidification of the reaction mixture fol-
uct: bp 45-47° (0.08 mmi; ir 2855, 2805, 2760, 1725 (s), 1365, lowed ether extraction gave 2.70 g of colorless oil: ir 3300-
1145 cm "1; nmr 5 2.72-2.18 (m, 3 H ), 2.02 (s, 6 H ), 1.70 (m, 2700 (broad), 1740 (s), 1701 (s); nmr (parts per million downfield
1 H ), 1.41 (s, 9 H ), 1.12, 1.06 (two s, 6 H ). from external tetramethylsilane in CC14) 10.4 (s, 1 H ), 3.57

Anal. Calcd for C 13H „O aN : C,’ 68 .68 ; H , 11.08; N , 6.16. (s, 3 H ), 2.47-1.67 (m, 4 H ), 1.17 (s, 6 H ). Esterification of this
Found: C, 68.54; H , 11.37- N , 6.05. material with diazomethane gave dimethyl 2,2-dimethylglu-

Methyl l-Bromo-2-oxo-3,3-dimethylcyclobutanecarboxylate tarate.
(3a).— Amino ester 2a3 (21.7 g ) was dissolved in 600 ml of 2 M  Acidic Hydrolysis. The keto ester 4a (820 m g) was heated
acetate buffer (pH  6 ). Bromine (43 g ) was added dropwise with reflux with 1.6 ml of 6 M  HC1 for 1.5 hr and the reaction mix-
mechanical stirring and cooling below room temperature. Ex- ^u.re was extracted with ether. The ether extracts were washed
cess bromine was destroyed with solid N a H S 0 3 about 15 min with water and brine and dried over N a 3S04. Evaporation of
after bromine addition was complete, and the reaction mixture ether gave 746 mg of crude brown oil: ir 3400-2400 (broad),
was extracted with ether. The ether extracts were washed with 1735 (w ), 1710 (s). There was no cyclobutane carbonyl absorp-
0.5 M  HC1, 0.6 M  N a H C 0 3, water, and brine, and dried over tlon-
NasSCh. Evaporation of e-her gave 17.3 g (63% ) crude product, ¿-Butyl 3,3-Dimethyl-2-oxocyclobutanecarboxylate (4b).—
which was distilled; bp 46-48° (0.1 mm); mp 31-33°; ir 1801 ¿-Butyl bromoketo ester 3b (5.93 g ) was reduced as described 
(s), 1730 (s), 1430, 1250 (s), 1120, 1000 cm“1; nmr S 3.80 (s, above for 3a to give 4.31 g (100%) of crude product which showed
3 H ), 3.00 (d, J  =  13 Hz, 1 H ), 2.28 (d, J  =  13 Hz, 1 H ), 1.44 no impurities in its nmr spectrum. Distillation gave analytically
(s, 3 H ),  1.26 (s, 3 H ).  pure material: bp 80.2° (2.8 mm); ir 1780 (s), 1724 (s), 1365

Anal. Calcd for C 8H n 0 3Br: C, 40.87; H , 4.72. Found: (m ), 1150 (s); nmr 5 4.05 (dd, Jx =  10 Hz, ,/2 =  7 Hz, 1 H ),
C , 41.13; H , 4.78. 2.40-1.75 (m, 2 H ), 1.41 (s, 9 H ), 1.22 (s, 6 H ).

¿-Butyl l-Bromo-2-oxo-3,3-dimethylcyclobutanecarboxylate Anal. Calcd for CnHi80 3: C, 66.63; H , 9.15. Found: 
(3b).— ¿-Butyl amino ester 2b (32.9 g ) was oxidized as described C, 66.81; H , 9.33.
above for 2a to give 35.13 g (88% ) crude product, which from 2 ,2-Dimethylcyclobutanone (1).— ¿-Butyl keto ester 4b (9.86
nmr analysis contained very little impurity (no absorption below g) and p-toluenesulfonic acid monohydrate (40 mg) were
3.1 ppm ). Distillation gave an analytical sample: bp 71-73° heated with an oil bath in a distillation apparatus under nitro-
(0.5 m m ); ir 1798 (s), 1775 (m ), 1725 (s), 1370 (s), 1255 (s), gen. Smooth gas evolution began at a bath temperature of
1160 (s); nmr S 2.92 (d, J  =  13.5 Hz, 1 H ), 2.22 (d, J  =  13.5 138°, and product began to distil. The reaction was complete
H z, 1 H ), 1.48, 1.42 (two s, 12 H ), 1.25 (s, 3 H ). in 15 min, during which time bath temperature increased to 152°

Anal. Calcd for CnH n03Br: C, 47.66; H , 6.18. Found: and 4.31 g (91% ) very slightly impure product distilled. Re-
C, 47.76; H , 6.24. distillation through a short Vigreux column gave pure material,

Methyl 3,3-Dimethyl-2-oxocyclobutanecarboxylate (4a).— A  bp 113.5-114° (760 mm). The spectroscopic properties of this
solution of slightly impure bromoketo ester 3a [(671 mg, bp 72- material were in complete agreement with literature values.2 
87° (2.0 mm)] in 25 ml of glacial acetic acid was chilled in an ice a  2,4-dinitrophenylhydrazone was prepared: mp 140.5-

(11) Treatment of 13 with hot water or liquid ammonia or aqueous car- 141.5 from methanol (lit. mp 140—141 ).
bonate at 50° brings about quantitative Favorskii rearrangement.2 2,2-Dimethyl-4-br0I110glutaric Anhydride (7). A mixture of

(12) A. Baeyer and W. ipatiew, Ber., 29, 2796 (1896). 2,2-dimethylglutaric anhydride (6 )9 (1.29 g ) and red phosphorus
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(about 10 m g) was heated to 85-90° and tre&ted over 5 min with merization2'3 of the p-nitrotoluene carbanion. Con- 
beTene g ive  610 mg densation with aldehydes has resulted in very poor
cyclohexane followed by sublimation gave an analytical sample: y ields o f  the desired stilbenes4 (eq 1), and has led to the
mp 79-81°; ir 1823 (m ), 1780 (s), 1024 (s) cm-1; nmr s 4.72 use of the condensation-decarboxylation sequence em-
(t. J =  8 Hz, l  H ),  2.38 (d, .7 =  8 Hz, 2 H ), 1.47 (s, 3 H ), 1.43 ploying p-nitrophenylacetic acid6 (eq 2).
(s, 3 H ).

Anal. Calcd for C 7H 90 3Br: C , 38.03; H , 4.10; B r, 33.15.
Found: C , 37.97; H , 4.12; Br, 35.89. CH3

2,2-Dimethyl-4-hydroxyglutaric Acid Lactone (8 ). A . Au- I
thentic Sample.— A  mixture of bromo anhydride 7 (150 mg) and
10 ml of 5%  aqueous sodium hydroxide was heated at reflux under K ) J  ArCHO
nitrogen for 3 hr. The resulting clear solution was taken to dry-
ness in  vacuo; the residue was taken up in hydrochloric acid, I
and the solution was again taken to dryness. Extraction of the blU2
residue with several portions of hot benzene gave 89 mg (90% ) OH
of crude product. Several recrystallizations from benzene- / T -N  I
cyclohexane gave an analytical sample: mp 82-84°; ir (K B r 0 2N — (C  -------CH2------ CH Ar . ~Ha0»
disk) 3600-2800 (broad), 1780 (s), 1750 (s), 1178 (s), 1165 (s),
1060 (s) cm -1; nmr (C D C h ) S 10.71 (s, 1 H ), 4.95 (t, /  =  8 Hz, _
1 H ), 2.42 (dd, J , =  6 Hz, J 2 =  8 Hz, 2 H ), 1.31 (s, 6 H ). 1

Anal. Calcd for C 7H 10O4: C, 53.16; H , 6.37. Found: C,
53.16; H , 6.35. f̂ S ^ - C H = C H A r

B. By Saponification of 5.— A  solution of lactone methyl es- I C J J
ter 5 (300 mg) in 40 ml of methanol containing 6.9 ml of 0.5 M  0 2N ' ^ Vv^
sodium hydroxide was kept overnight at room temperature under
nitrogen and was then taken to dryness. The residue was taken II (1)
up in water, acidified with concentrated HC1 to pH  2, taken again OCH
to dryness, and then worked up as in A  above. There was re- I 3
covered 260 mg (94% ) of crude crystalline product. Two re-
crystallizations gave a sample with melting point, mixture melt- a  _  l ( \ |
ing point, ir, and nmr spectra identical with those of an authentic ’
sample. j

2,2-Dimethyl-4-hydroxyglutaric Acid Lactone Methyl Ester qqjj

(5). A. Authentic Sample.— A  solution of lactone carboxylic 
acid 8 (50 m g) in 10 ml of ether was treated with excess ethereal
diazomethane and allowed to remain at room temperature for 2 Ar= jT  J)T
hr. The solution was taken to dryness and the product twice
crystallized from benzene-cyclohexane: mp 49.5-50°; ir ,— .
(K B r disk) 2950 (m ), 1775 (s), 1760 (s), 1220 (ms), 1195 (ms), „ ( C l )
1065 (s) cm -1; (CC14) 2950 (m ), 1800 (s), 1775 (ms), 1750 (ms), '  V ~ V
1200 (ms), 1110 (m ), 1070 (m ) cm-1; nmr 5 4.80 (t, J  =  7.5
Hz, 1 H ), 3.80 (s, 3 H ), 2.29 (dd, J i =  7.5 Hz, J 2 =  6.5 Hz, 2 H ), CHoCOOH
I. 25 (s, 6 H ). |

B. From Bromination of Amino Ester 2a.— Distillation of the / k
crude bromination product described above gave a fraction of J V j l  +  ArCHO — ►
variable amount, bp 85-88° (0.3 mm), which spontaneously crys-
tallized in the cold. Recrystallization of this material first from
CC14 and then from benzene-cyclohexane gave stout needles, N 0 2
melting point, mixture melting point, and ir and nmr spectra
identical with those of an authentic sample. COOH

Anal. Calcd for C8H i20 4: C, 55.80; H , 7.03. Found: !
C , 55.97; H , 7.25. ^ - \ ^ C = C H A r

Registry N o — 1, 1192-14-9; 2b, 20104-44-3; 3a, 1 Q J  11 (2)
20104-45-4; 3b, 20104-46-5 ; 4b, 20104-47-6; 5,20104- 0,N ^
48-7; 7,20104-49-8; 8,20104-52-3; 10,20104-53-4.
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Results and Discussion point, and thin layer chromatography and was free of
„  . , .. the minor impurities encountered in the mineral acid
The reaction of p-nitrotoluene with 2,5-dimet oxy- catafyzed dehydration. The over-all yield of 90%

benzaldehyde was examined m a number of so vents, based on starting aldehyde represents a considerable
with several bases as catalysts and under a variety of improvement over the p-nitrophenylacetic acid
conditions. Certain limitations were apparent at the method 5
outset. Dimethyl sulfoxide (DMSO), for example, p-Nitrobenzaldehvde and benzaldehyde have been con-
added to the aldehyde under the reaction conditions,^ densed with p.nitrotoluene and the corresponding diar-
to the exclusion of the desired condensation. Bases ylethanols (i b and i c) prepared. This method provides
such as potassium ¿-butoxide promoted formation of gi le procedure for the synthesis of 4-nitrostilbenes
2,5-dimethoxybenzoic acid, rather than the condensa- and their derivatives. 0 f course, the equilibrium con-
tion products Of the bases morpholine piperidine, centrati and hence the yield> of i  wiU vary with the
alkali metal hydroxides and alkoxides tetra-n-buty - substrat but the reactioil suitable enough for
ammonium hydroxide) and solvents [DMSO, dimethyl- ral licabilit
formamide (D M F), hexamethylphosphoramide] em
ployed, a DMF-lithium hydroxide system offered the
first spectral and tic evidence of the desired stilbene re- Experimental Section12
action product, and showed that the condensation could p-Nitrotoluene Condensation. Synthesis of l-(2,5-Dimeth- 
compete favorably with the dimerization-oxidation re- oxy phenyl-2-(4 '-nitrophenyl )ethanol (la).—To a well-stirred 
actions solution of 6.85 g (0.05 mole) of p-nitrotoluene and 8.3 g (0.05

We sought, in subsequent experiments, to improve mo1̂  of 2,5-dimethoxybenzaldehyde in 100 ml of dimethylform-
» ,f  amide was added, under nitrogen, 0.2 g (0.005 mole) of freshly

the yield of stilbene by increasing the severity of the re- ground sodium hydroxide. The reaction mixture turned bright
action conditions (80—100°, 4—18 hr), by using benzene green in 25 min at room temperature. After 2 hr, the reaction
to aid in water removal, and by increasing the catalyst mixture was acidified with 60 ml of 5%  hydrochloric acid and ex
concentration (0.5-1.2 moles). Despite these efforts, tracted with benzene. The benzene solution was dried and the

startmg material persisted at the termmatiop of the re-
action, and the products were accompanied by the usual solid; Ia> mp 9 9 - 1 0 1=. Repeated recrystallization from ethyl
tarry intractable matter. We were able, however, to acetate-petroleum ether raised the melting point to 102.5-104.5°:
isolate from these reaction mixtures a solid product nmr (D M SO -d6), $ 8.09 (d, 2, A r-H ), 7.48 (d, 2, A r-H ), 6.9 (m,
which was shown to be the diarylethanol, la. Nearly 0) ^ 2" m̂’ 2’ A-rCH0H)’ 3-78-3.72 (2 s, 6 , O C H 3), 3.0

quantitative yields of la  could be obtained in 2 hr at ^naL ¿ l e d  for C 16H „ 0 5N : C , 63.36; H , 5.65; N , 4.62. 
20-28° with a threefold excess of p-nitrotoluene. Found: C, 63.46; H , 5.82; N ,  4.67.

Although the equilibrium nature of the reaction Excess p-Nitrotoluene.— In a similar manner were reacted 61.6
seemed probable from the experimental results, we S (0-45 mole) of p-nitrotoluene and 19.1 g (0.15 mole) of 2,5-
sought spectral verification of this and the proposed dimethoxybenzaldehyde in 100 ml of dimethylformamide with

. -j , . . . 1 . . t 0.2 g (0.005 mole) of sodium hydroxide. I  he mixture turned
p-mtrotoluene carbanxon intermediate. Miller  ̂ and dark green in 7 min. After 2 hr the reaction mixture was acidi-
Pobiner8 have examined the ultraviolet and visible fied with 1 ml of concentratedhydrochloric acid, filtered, and
spectra of p-nitrotoluene in potassium f-butoxide-f-bu- vacuum distilled. The solvent was removed at 45-52° (10
tyl alcohol solution and have observed bands at 362 mu mm) an(f excess p-nitrotoluene at 90° (0.25 mm) to yield 45.15

(p-nitrotoluene carbanion) and 557 mM (charge-transfer «  S  soM ’^ S - IO D  ̂  ^  “  S°lldlfied ^  ” g t0 
complex). Neither is associated with free-radical forma- a The yield E q u a l i t y  of the product were not affected by in-
tion. In sodium hydroxide-DMF we find an absorp- traducing the catalyst as a 50% aqueous solution. However,
tion at 580 ifot for p-nitrotoluene alone, and for the re- as little as 3%  water in the solvent gave a slower reaction rate
action mixture with dimethoxybenzaldehyde present. and lower yield (75% ) of inferior quality product.

Most convincingly, .  solution of la  in D M F -vhich is ^  T p “ °”  ¡“ ¿ ‘„ Z p C y S S
essentially transparent m the visible, develops a strong phenylethanol (Ic ), mp 90-91 °, in 33% yield,
blue-green color and an absorption at 580 m u  on treat- Anal. Calcd for CiJfoNCh (Ic ): C , 69.12; H , 5.39; N ,  
ment with sodium hydroxide. On acidification, this so- 5.76. Found: C , 68.93; H , 5.17; N ,  5.92. 
lution yields recovered la  plus p-nitrotoluene and di- •2,5-Dimethoxy-4'-nitrostilbene (Ila). A  solution of l-(2 ,5- 
methoxvbenzaldehvde 9 dimethoxyphenyl)-2-(4'-mtrophenyl)ethanol ( la )  (6.07 g, 0.02
metnoxyDenzaiaenyae. . . . mole) in dimethyl sulfoxide (40 m l) was refluxed with stirring for

To complete the stilbene synthesis, it remained to 3 hr. The reaction mixture was evaporated to a red oil (5.46 g )
demonstrate that la  was readily dehydrated to Ila . which began to crystallize at room temperature. After washing
This could be accomplished with phosphoric acid, or, with petroleum ether, bright yellow 2,5-dimethoxy-4'-nitrostil-
most conveniently, by refluxing a solution of la  in di- bene (5/ 50 § ’ 96-5%)> ® P  116.5-118 , was obtained. On  

,, , 1 . • i in r  o 1 ii , . . 1 „„  -yw recrystallization from cyclohexane, it had mp 119-119.5 ,13
methyl sulfoxide.10 In 3 hr, there was obtained a 96.5% (e i 9 )150);5 thin iayer chromatography on a phosphor
yield of exclusively (rans-2,5-dimethoxy-4,-nitrostilbene piate showed a single spot both under visible and ultraviolet light. 
( I la ) .11

The product was of exceptional purity as evidenced by
its infrared, ultraviolet, and nmr spectral data, melting Registry No.-p-Nitrotoluene, 99-99-0; la , 20273-

(7) E. J. Corey and M . Chaykovsky, J .  A m er. Chem . Soc., 84, 566 (1962). 72-7 \ lb, 20273-73-8 J Ic, 20273-74-9.
(8) J. M , Miller and H. Pobiner, A n a l. Chem ., 36 (1), 238 (1964).
(9) G. A. Russell and E. G. Janzen, J .  A m er. Chem . Soc., 84, 4153 

(1962); 89, 300 (1967); E. Buneel, A. R. Norris, and K . E. Russell, Q uart.
Rev. (London), 22, 128 (1968).

(10) Y. J. Traynelis, W . L. Hergenrother, J. R . Livingston, and J. A. (12) Melting points are uncorrected. Infrared spectra were obtained on
Valicenti J. O rg. Chem ., 29, 123 (1964). a Beckman IR-8; ultraviolet spectra on a Beckman DU and a Cary Model

(11) . H. Wheeler and H. N. Battle de Pabon, J .  O rg. Chem ., 30, 1473 14; nmr spectra on a Varian A-60.
(1965). (13) H. Kaufmann, B er., 54, 795 (1921), reports mp 118°.
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Acknowledgment. The authors are indebted to When analyzed by glpc, the amine product showed two
Martha Reiter for excellent assistance with much of the barely resolved peaks in a roughly 2 : 1  ratio on a 6 ft X
early experimental work. '/4 in. Apiezon column. Acylation of the amine with

________________  butyryl chloride gave the amide 4, which showed two
peaks in a similar ratio. In the case of the amide, how-

The Steric Course o f  a K etim ine Reduction ever’ ,the tw 0  Peaks were sufficiently well resolved to
permit their separation by preparative glp, and in this

David A. M itchard1 wa.Y it was shown that the two peaks were due to dia-
stereoisomers.

Shell Oil Company, Research Laboratory, Wood River, Illinois The two chiral centers in the amide 4 are probably
closer to one another than are the chiral centers in the 

Received December 3,1968 amine 3. The greater interaction of symmetries in 4
presumably explains the ease of resolution of the dia- 

Asymmetric induction occurs when a new chiral cen- stereoisomers of 4 on a short-packed glpc column. The
ter is formed by a reaction in which its symmetry is in- tw 0  isomers collected from preparative glpc were indis-
fluenced by a second chiral center, already present in the tinguishable by ir, nmr, and tic, while their mass spectra
reacting molecule. The phenomenon is most readily did skow slight differences.
observed with optically active materials when the extent Before attempting to explain why the two diastereo- 
of asymmetric induction is evident from the optical ac- isomers were produced in unequal amounts, it was first
tivity of the products. For example, # (-)-a lan in e is necessary to determine whether the major product from
formed in excess over the ,S'(+) enantiomer when py- reduction of the ketimine 2 was the meso or the racemic
ruvic acid is reductively aminated with R ( + ) - «-methyl- form of thc amine 3. The racemic form should be re-
benzylamine.2 More recently, an explanation of the solvable on a glpc column containing an optically active
stereochemistry involved has been proposed. 3 One liquid phase, and in fact Gil-Av4 has reported the resolu-
problem, however, was the difficulty in specifying the ^ on racemic amines as their trifluoroacetyl (TFA )
amounts of the two geometrical isomers possible for derivatives on columns containing amino acid deriva-
ketimine 1 . tives. Consequently, a 200 ft X 0.010 in. column was

coated with the ureide of L-valine isopropyl ester. On 
CH3 this column, for example, the TF A  derivative of
I __ __ / 2 H2 1 -methylheptylamine gave two equal peaks due to the

\  *■ two enantiomers. However, all attempts to analyze
the TF A  derivative of bis(1-methylheptyl)amine (2) by 

1 this method were unsuccessful owing to excessive bleed-
CH3 NH2 ing of the column above the recommended maximum
! tt ii tt ^ r/  ^  h2 I temperature of 1 2 0 °.

?h—CH NH—CH^ pioilT C02H As an alternative method for distinguishing between
the diastereoisomers, the amine 3 was acylated with an

^  . . optically active acid chloride, N-trifluoroacetyl-L-
During the course of a synthesis of the amide 4, we prolyl chloride 'T P C ).6 The product was anaiyzed on

have observed a related case of asymmetric induction an 8 ft x  i/ 4 in. column containing diethylene glycol
urmg the reduction of a ketimine with lithium alumi- succinate and showed three peaks. Two of these were

num hydride. In this case, the phenomenon was ob- equal in size and clearly resulted from the racemic dia- 
served with optically inactive materials and the extent stereoisomer of the amine
of the asymmetric induction was evident, by glpc analysis As further confirmation of the above peak assign-
of the two diastereoisomers present in the product. An ment, the amine 3 was converted to its hydrochloride
exp anation for the steric course of the reduction is pre- salt, which was recrystallized several times. When the
sented which is based on the geometry of the ketimine 2 . amine was regenerated from the purified salt, the ratio

of the two diastereoisomers was found to be significantly 
9 i ®2 CH3 altered. The TPC  derivative of this refined amine was

RCCH +  R__CHCH __► R—C =N_CHR __*• analyzed as described above, and the size of the two
equal peaks had changed relative to the third peak, con- 

2 firming the earlier peak assignment.

[ qjj-i c h ]  O Having thus distinguished between the two isomers,
| 3 | it was now evident that the racemate of 3 was the major

R—CH- —NH —► R—CH- — N— C— Pr product from reduction of the ketimine 2, and in fact the
racemate made up 62% of the isomeric mixture. Any 

3 explanation of this difference in the quantity of the dia-
The ketimine 2 , resulting from condensation of stereoisomers is complicated by the existence in the

2-octanone and 2-aminooctane, was reduced with lith- ket™ me 4tf lf of two geometrical isomers, which is evi-
ium aluminum hydride to give the amine 3 in 69% yield. from lts nm" spectrum. The oefinic methyl group

oi 2 appears as two distinct singlets at 8.30 and 8.16
(1) Present address: Imperial Chemical Industries, Ltd., Petrochemical ppm. The peak at 8.30 is much larger and is probably 

and Polymer Laboratory, P. O. Box No. 11, The Heath, Runcorn, Cheshire,
England.

(2) R. G. Hiskey and R. C. Northrop, J . A m er. Chem . S oc ., 83, 4798 (4) B. Feibush and E. Gil-Av, J . Gas Chrom atog., 257 (1967).
(1961). (5) B. Halpern and J. W. Westley, B iochem . B ioph ys . Res. C om m u n ., 19,

(3) K . Harada and K. Matsumoto, J .  O rg. C hem ., 32, 1794 (1967). 361 (1965); Tetrahedron L e tt., 2283 (1966); Chem . C om m ., 34 (1966).
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due to the more stable isomer 2A  which seems to make pension was filtered, and the organic layer of the filtrate was dried 
o*7frt U h  • x (MgSCW and evaporated. The residue was distilled to give

UP 87% Of the mixture. bis(l-methylheptyl)amine (105.4 g, 69% ), bp 102-105“ (60 M),
-r pjj n26u 1.4363-1.4372; nmr (neat) t 7.36 (broad, 2, C H -N ) ppm.

N = c /  N = C X 3 AnaL Calcd for CieH35N : C , 79.59; H , 14.61; N ,  5.80.
g / /  \cH ~ Found: C , 80.08; H , 14.85; N ,  5.79.

Treatment of a sample of the amine in hexane with aqueous 
2 A  2B hydrochloric acid gave the amine hydrochloride salt, mp 104-

R  =  n-hexyl 107°, after two recrystallizations from heptane.
R' =  2-octyl AnaL Calcd for C i6H 36NC1: C, 69.01; H , 13.05; N ,  5.04.

Found: C, 68.92; 13.51; N , 4.96.
Of the various conformations which can result from A  second sample of the amine was converted to the trifluoro-

ro ta tio n  a b o u t  the single C N  b o n d  in  2 A , the  tw o  m ost f e t y 1 derivative by treatment of a 10 %  solution of the amine in
, ... . , , „  , ____  hexane (1 m l) with tnfluoroacetic anhydride (100 jul). Iheso lu -

lik e ly  to  b e  presen t in  the transition  state  le ad in g  to  re - t;on wag anaiyzed at 200° on a 6 ft x  1/\ in. glpc column containing
duction are shown in the diagrams below. When the 15% Apiezon L  and shown to contain two isomers in a 62:38 ratio,
tertiary hydrogen lies in the plane of the paper, the at- A  third sample of the amine (50 mg, 0.21 nmol) in chloroform
tacking hydride ion is more likely to approach the ole- (2 m l) w as treated with a 0.1 M solution of N-trifluoroacetyl-L-
finic carbon from below the plane of the paper for the prolyl chloride in chloroform (2.3 m l), as obtained from Regis

. T xi • %  • Chemical Co. After stirring for 1 mm, tnethylamme (40 /xl,
particular enantiomer shown. In this case, the mcom- Q 23 Mmol) was added and the solution stirred for 15 min at room
ing ion encounters the methyl group rather than the temperature when 6 N  hydrochloric acid (3 m l) was added. The
bulkier six-carbon chain and the amine is produced as organic layer was washed with water, dried (MgSCh), and most
the racemic diastereoisomer of the solvent evaporated m a stream of nitrogen. The remaining

derivative of 3 was analyzed directly at 225° on an 8 ft X  1/t 
.(CH2) 6CH3 in. column containing 10 %  of diethylene glycol succinate.

N = ( J  Bis(l-methylheptyl)butyramide (4).— Bis(l-m ethylheptyl)-
CH3% /  N CH3 amine (85.6 g, 0.356 mol) was refluxed overnight in toluene (600

CH3(CH2)5 ^ C  — ► 2 racemate m l) containing butyryl chloride (20.6  g, 0.193 mol). The toluene
i was evaporated and hexane (600 m l) was added when the amine

H  hydrochloride was removed by filtration and the filtrate washed
with aqueous base and water before drying (M gSO i). The hex- 

A  second lik e ly  con fo rm ation  fo r  th is en an tiom er ane was evaporated and the residue distilled, giving a small fore-
w o u ld  occur w h en  the te rt ia ry  h y d ro gen  an d  the m eth y l run of bis(l-methylheptyl)amine, bp 80-83° (8 n), followed by
g ro u p  are  b o th  s taggered  on  either side o f the  p lan e  o f bis(l-methylheptyl)butyramide (38.6 g, 64% ) bp, 127-130°

the paper. Then the attacking hydride ion would pre- ablorpdoni i f r  69)9 aml= 6 84 ppm in the
fer to approach from above the plane ol the paper and so nmr. These two peaks, which are due to the tertiary hydrogens
encounter the hydrogen atom rather than the bulkier ;n two distinct conformations, coalesced to one broad peak on
methyl group. Consequently, the amine would be pro- warming above room temperature. The nmr also showed a peak
duced in the meso form when the ketimine is reduced in at TJ " j  ppiri (-t ’ \ C H 2C O ), while the glpc analysis gave twowell-
,, . c resolved peaks on Apiezon L  at 250 .
th is con form ation . AnaL Calcd for c 20H 41N O : C, 77.10; H , 13.27; N , 4.50.

Found: C.77.21; H , 13.26; N , 4.54.

/i= C 'sCH3 Registry No.— 2A, 20273-75-0; 2B, 20273-76-1;
CHaCCH^-C — ► 2 meso (± )-3 , 20221-59-4; ( ± ) - 3  HC1, 20273-77-2; m eso-3,

il>H 20273-78-3; meso-3 HC1, 20273-79-4; (± )-4 , 20273-
CHs 80-7; m eso-4,20273-81-8.

The observation that 3 is formed as an isomeric mix
ture containing 62% of the racemate indicates that the Acknowledgment.— The author wishes to express his
first conformation is more favored than the second. gratitude to Dr. J. J. Conradi and Dr. H. A. Harris for 
Other factors, however, in addition to those described helpful discussions, 
above may well be involved. ________________

Experimental Section A lk o x y l  E x c h a n g e  R e a c t i o n s  o f

N - (2-Octyl)methylhexylketimine (2 ).— A  solution of 2-octa- N a p h t h a l e n e  E t h e r s
none (157.5 g, 1.24 mol) and 2-aminooctane (158.9 g,1.24 mol)
in toluene (1.5 1.) was refluxed overnight with a Dean-Stark trap „
in which water (20.2 g, 1.13 mol) was collected. The solvent J a c k  E. B a l d w in 1 a n d  H e n r y  H. B a ss o n
was evaporated and the residue distilled under nitrogen to give a
small forerun of starting materials, bp 45-95° (1 mm), followed Ch&rrAstry Department, Pennsylvania State University,
by the ketimine (190 g, 62% ): bp 96-97° (52 ¡x); to27d 1.4414; University Park, Pennsylvania 16802
uv max (isooctane) 245 m#» (e 112); ir (liquid film) 1658 cm-1
( C = N ) ;  nmr (neat) r  6.62 (m, 1, C H  -N C ), 7.87 (t, 2, Received January 27, 1969
J  =  6 Hz, C H 2— C = N ) ,  8.16 and 8.30 (S, 3, C H 3= N )  ppm. ' ’
Analysis by glpc on several different columns showed one peak.

Anal. Calcd for C 16H 33N :  N , 5.85. Found: N ,  5.70. During the course of our work on the photooxxdation
Bis(l-methylheptyl)amine (3).— N-(2-Octyl)methylhexylket- of aromatic systems2 we had occasion to prepare 1,2,4-

imine (150.0 g, 0.772 mol) was added to a stirred solution of hth- trimethoxynaphthalene. In order to do this we hy-
ium aluminum hydride (23.3 g, 0.772 mol) in tetrahydrofuran d ro lyzed  l )4-diacetoxy-2-methoxynaphthalene3 (1) with
(1 1.) at room temperature under a nitrogen atmosphere. After J 1 J J c  v
refluxing for 24 hr, the me*al complex was decomposed by treat
ment with aqueous base in the usual manner,6 the resulting sus- (f) To whom all communications should be addressed.
-------------------  (2) J. E. Baldwin, H. H. Basson, and H. C. Krauss, Chem . C om m u n ., 984

(6) N. G. Gaylord, “Reduction with the Complex Metal Hydrides,” (1968).
Interscience Publishers, Inc., New York and London, 1956, p 1011. (3) L. F. Fieser, J . A m er. Chem . S oc ., 48, 2933 (1926).
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methanolic hydrogen chloride. Surprisingly the prod- dered 4 position would then provide the product 3 
uct isolated in quantitative yield after 1 min at 60° To test this possibility we subjected 1,4-naphtho

quinone to methanolic hydrogen chloride under the 
same conditions as before and obtained in quantitative 
yield a chlorine-containing compound. This substance 

M I T  was shown to be the phenolic ether 8 by hydrogenolysis
to 4-methoxy-l-naphthol.8 The position of the chlorine 

r3 atom in 8 was confirmed by the observation that the
1, R1=R3 = OAc-R2=OCH phenol 8 did not exchange with deuterium under con-
2 pj = OH- R =R = OCH 3 ditions in which 4-methoxy-l-naphthol rapidly ex-

- t )  -n r u m  changed its 2-hydrogen atom. 1,4-Naphthoquinone
' 1 _ p _ nrJ  3 can tberefore not mediate in the ether exchange reac-
’ tion of 1 and the conversion to 8 is best understood in

8, R, — OH; Rj = Cl; R3 = OCH3 terms of a simple addition of hydrogen chloride to the
11, R1 = OAc;R2=R3=OCH3
12, Ri = OAc;R2 = R3= OCH2CH3
13, R, = OAc; R!=C1;R3 = OCH3 |[
14, R,=OCH3; R2 = H;R3 = OAc

was 2,4-dimethoxy-l-naphthol (2 ). Hydrolysis of 1 with
ethanolic hydrogen chloride yielded, under the same con- 0
ditions, 2,4-diethoxy-l-naphthol (3) and, furthermore, 9
the products 2 and 3 were found to be interconvertible
under the same conditions of reaction and time. , , ,  , ,,

There are in the literature a number of studies of acid- double bond y:ei dmg f f .  dlke}°™  9  Exchange of the
catalyzed conversions of phenols to phenol ethers/ .8 less hindered carbonyl followed by aromatization would
rpi , , , , , . r , 1 , ,. . , provide the observed product,these and related deuterium exchange studies6 have r
, i j . j j . u j . j - v .  u i i j  • We conclude from these observations that the ex-demonstrated that the carbon-protonated species, e.q., , , , ., , , ,

4 is the reactive exchaneimr intermediate However change Proceeds the Protonation process already de-4, the reactive exchanging intermediate. However scribed4-6 with three additional qualifications: first,

H U + that an increased number of electron-releasing groups
causes a large increase in the rate of protonation and 

f Jj J hence in the rate of exchange; second, that /3-alkoxyl ex-
change occurs more rapidly6 and a meta orientation of 

4 two alkoxyls is particularly favorable. Thus whereas
1,4-dimethoxynaphthalene10 did not exchange under our 

the generally vigorous conditions required,7 completely usuai conditions, 1 ,3-dimethoxynaphthalene11 pro-
different from those we used, suggested the possibility ceeded to a 1 ,3-substituted monomethoxylmonoeth-
of an alternate mechanism for the conversion of 1 into 2 . oxylnaphthalene which was not further characterized.
Acid-catalyzed ketonization of 5 would produce 6 which However the ethoxyl function could readily be re-

q placed by a meihoxyl function again in methanolic hy-
| h drogen chloride to give the original 1,3-dimethoxynaph-

thalene. Finally, that a para-hydroxyl group strongly 
L 0CH3 assists the exchange of an alkoxyl function, as was

noted when l-acetoxy-4-methoxynaphthalene12 14 was 
treated under usual conditions with ethanolic hydrogen 

H chloride to give 4-ethoxy-l-naphthol8 while a-naphthyl
g methyl ether showed no exchange under the same con

ditions.
could readily lose the elements of methanol to give 1,4- We believe that the origin of this last effect is to be 
naphthoquinone. Michael addition of solvent ethanol found in the facile tautomerism to the keto form 1 0 , in
to the quinone would give 7. Enolization of 7 followed
by acid-catalyzed ether exchange4'5 of 7 at the less hin- 0

r v V  A1 T POCH2CH3 T
V A s V  och3

OH 10

y  (8) A. Inoue, N. Kuroki, and K . Konishi, Y u k i Gosei K a g a k u  K y o k a i S h i,
-------------------  17, 773 (1959).

(4) K . B. Wiberg and K . A. Saegebarth, J . O rg. Chem ., 25, 832 (1960). (9) L. F. Fieser and M. Fieser, “ Advanced Organic Chemistry,”  Reinhold
(5) S. Oae and R. Kiritani, B u ll.  Chem . Soc. J a p ., 39, 611 (1966). Publishing Corp., Nev.r York, N. Y ., 1963, p 860.
(6) P. F. Tryon, W. G. Brown, and M . S. Kharasch, J .  A m er. Chem . S oc ., (10) P. P. T . Sah, R ec. T rav . C h im . Pa y s -B a s , 59, 1021 (1940).

70, 2003 (1948). (11) Ng. Ph. Buu-Hoi and D. Lavit, J . O rg. C hem .,21, 1022 (1956).
(7) For example Kharasch6 observed that the deuterium exchange of 4 (12) F. Wessely, J. Kotlan, and W. Metlesics, M ona tsh . Chem ., 85, 69

required 112 hr at 120° in ethanolic sulfuric acid. (1954).
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keeping with the generally faster deuteration of the free Th e Stereochemistry o f  the
phenol relative to the ether,5 followed by acid-catalyzed Hydroform ylation  o f Norbornene
exchange of the free enol ether function, which has many
precedents.4’13 In summary we have observed rapid W i l l ia m  E . F ic h t e m a n  a n d  M il t o n  O r c h in

exchange reactions of various naphthols and their ethers
which may be of use for the preparation of polyalkoxy- Department of Chemistry, University of Cincinnati,
naphthalenes by a process of aryl oxygen fission. Cincinnati, Ohio 46221

Experimental Section14 Received September 4, 1968

Melting points were measured on a Kofler hot stage and are i j .i j . xt_ i . j  a- c
uncorrected. Ultraviolet spectra were recorded in M eO H  on a W e  recently  reported  th a t the h y d ro gen atio n  of
Coleman-Hitachi 124 double-beam spectrophotometer. Infrared 1 ,2 -d ipheny lcyclobu ten e w ith  co ba lt  h y d ro ca rbo n y l,
spectra were recorded on a Perkin-Elmer 257 spectrophotometer. H C o (C O ) 4, is p r im arily  a  cis process . 1 T h e  stereochem -
Nm r spectra were recorded on a Varian A -6CI spectrometer with j ,  o f the stoich iom etric h y d ro fo rm y la tio n  o f olefins
tetramethylsilane as internal reference. Mass spectra were . , , , r  i , U v „  i . •
measured on an A E I  M S  9 mass spectrometer. has n ever been  established, a lth ou gh  tw o  p rev io u s

Alcoholic hydrogen chloride solutions were prepared by absorb- studies of the high-pressure catalytic oxo reaction mdi-
ing dry HC1 gas (1.0 g ) in 9.0 g of the respective alcohol. The cated a cleanly cis hydroformylation of unsaturated car-
three naphthols 2 , 3, and 3 were characterized as the colorless bohydrates possessing a vinyl ether structure.2,3 W e
crystalline acetate derivatives 11, 12 and 13, respectively. The w ish  to  report th a t the stoichiometric hydrofor-
acetates 11, 12, 13, and 14 were readdy formed by heating the ' . 1 , . , . ..  ,
parent naphthol in AC2O in the presence of 2 equiv of NaO Ac mylation of an olefin, norbornene, is fargely, if not 
for 10 min at 80°. entirely, a cis process.

2 .4 - Dimethoxy-l-naphthol (2 ).— 1(0.5 g ) was dissolved in 10 ml When a hexane solution of DCo(CO)4 was added to
of methanolic HC1. The solution was heated to 60° for 1mm and norbornene under an atmosphere of carbon monoxide at
then evaporated to yield pinkish crystals, ih is product was , , , , ,. » , . ,
then redissolved in 10 ml of M eO H  and evaporated down again room temperature, slow absorption of carbon monoxi e
in order to remove any remaining HC1 gas. Another aliquot of occurred and deuterated norbornane-2-carboxaldehyde4
M eO H  was added to the product and then again evaporated off was isolated in about 20% yield. The product was
to yield a colorless crystalline compound 2: mp 77-82°; uv max oxidized with potassium permanganate to give exo-nor-

2 8 4 o 7 o M e f  i S i ’lSo, S c m - ;  (C D O O  « 3.85 (s?3 ) ’, bornane-2-carboxylic acid which, were the hydrofor-
3.90 (s, 3 ), 5 .10  (bs, 1 ), 6.60 (s, 1 ), 7.40 (m, 2 ), 8.15 (m, 2 ); mylation cis, would have structure 1 , and were it trans,
mass spectrum (70 eV ) m/e (relative intensity) 204 (25), 189 (17), would have structure 2. The nmr of the acid from the
174 (2), 161 (5).

2.4- Dimethoxy-1-naphthcl acetate (11) had mp 90.5-91.5°; jj rr
uv max 253 mM (e 40,200), 301 (4680); ir (C H C h ) 2940, 2840 H7v /  7 H ?v  /  7
(O M e), 1760 (ester C = 0 ) ,  1640, 1600, 1560 cm’ 1; nmr (CDC la ) \  M  \  M
5 2.34 (s, 3), 3.76 (s, 3), 3.80 (s, 3), 6.47 (s, 1), 7.35 (m, 2 ), 7.56 H6 A X .  .COOH H6 .COOH
(m, 1), 8.08 (m, 1); mass spectrum (70 eV ) m/e (relative in ten- [ \  xx ^ 1 \
sity) 246 (5), 204 (22), 189 (12). \ Hz rl6 \ ^ H 2

Anal. Calcd for CiJT140 4: C , 68.28; H , 5.73. Found: C , Hs - J - -----V - ___ L -H 3
68.36; H , 5.85. H /  ' \ t r  H X  A  \ n

2.4- Diethoxy-l-naphthol (3 ).— Ethanolic HC1 was substituted 114 3 114
for methanolic HC1 and the preparation proceeded as that for 2 : j  o
nmr (CDC1S) 5 1.40 (t, 3), 1.46 (t, 3), 4.10 (q, 2), 4.12 (q, 2),
5.20 (bs, 1), 6.64 (s, 1), 7.35 (m, 2), 8.12 (m, 2). , , , , , , , , , ...

2.4- Diethoxy-l-naphthol acetate (12) had mp 110.5-111.5°; hydroformylated product was essentially identical with
uv max 236 mM (e 35,400), 301 (4130); ir (CIIC13) 2980-2900 (m ), that of an authentic sample5 of 1 (Figure 1). We con-
1760 (ester C = 0 ) ,  1640, 1600, 1570 cm-1; nmr (CDC13) s sider it quite unlikely that 2 would give a spectrum
1.37 (t, 3), 1.48 (t, 3 ), 2.40 (s, 3), 4.14 (q, 4), 6.64 (s, 1), 7.36 identical with 1, since the coupling constant J H2-h 3 be-

& ^ 7i J ^ j r )  2 7 l^ )!M l a i ^ V a ^ r ™  6 ' mh tween two erado hydrogens in norbornyl systems is about
Anal. Calcd for Ci6H1804: C, 70.05; H , 6.61. Found; C , 8 cps and that between an endo,exo pair is about 2 cps.

69.96; H , 6.84.
2-Chloro-4-methoxy-l-naphthol (8 ).— 1,4-Naphthoquinone (0.5 .

g ) was substituted for 1 and the preparation proceeded as that Experimental Section
for 2: nmr (C D C I3) S 3.90 (s, 3), 5.55 (bs, 1), 6.67 (s, 1), 7.50 Melting points were taken on a Fisher-Johns block and are un-
(m, 2), 8.16 (m, 2). corrected. N m r spectra were obtained with a Varian A-60

2-Chloro-4-methoxy-l-naphthol acetate (13) had mp 74-75.5 ; spectrometer and infrared spectra were determined with a Per-
uv max 235 m/i (e 43,000), 295 (9200); ir (CC14) 3180-2950 (m ), kin-Elmer Infracord 337. Norbornene was purchased from
2850 (O M e), 1790 (ester C = 0 ) ,  1630, 1590; nmr (CDC13) S Aldrich Chemicals
2.36 (s, 3), 3.82 (s, 3), 6.67 (s, 1), 7.40 (m, 2), 7.58 (m, 1), 8.14

m * l S ( 3 ) ’  (1) W. Fichteman and M. Orchin, J .  O r„ . Chem ., 33, 1281 (1968). A l-
250 (10), 210 (30), 208 (50), 195 (20), 193 (55), 157 (10). though a small amount of trans product was observed, it can be accounted

Anal. Calcd fo r  C 13H 11CIO3: C , 62.28, H , 4.42, Cl, 14.14. for olefin isomerization, followed by cis  addition.
Found: C.62.57; H , 4.37; Cl, 14.00. (2) A. Rosenthal and D. Abson, Can. J . Chem ., 42, 1811 (1964).

(3) A. Rosenthal and H. J. Koch, ib id ., 43, 1375 (1965).
Registry No.’ 2, 20352-27-6; 3, 20352-28-7; 8, (4) Y. Colleuille and P. Perras, French Patent 1,352,841, Chem . A b s tr .,

20352-29-8; 11, 20352-30-1; 12, 20352-35-6; 13, 61 ■ 593a (1964), reports that when norbornene is treated with dicobaltocta-
QAQ KO Q A *7? * * carbonyl in cyclohexane solvent under high carbon monoxide pressure, a
Z U oO Z-oQ -/ . low yield of norbornane-2-carboxaldehyde is obtained along with other

u  T i 4. , r  l T 7\-t- products. We found that under catalytic oxo conditions using dicobaltocta-
Acknowleagment.----W e  w o u ld  l i k e  t o  t h a n k  M l carbonyl as catalyst, norbornene hydroformylates quite readily to give

Lilly and Co. for generous financial support. a good yield of norbornane-2-carboxa’dehyde.
(5) Supplied by Dr. John Hudec; see C. W. Bird, R . C. Cookson, J.

(13) W. F. Gannon and H. O. House, O rg. S y n ., 40, 41 (1960). Hudec, and R. O. Williams, J .  Chem . S oc., 410 (1963), who report here the
(14) Elemental analyses were performed by the Midwest Microlab Inc., cis hydrocarboxylation of norbornene by Ni(CO)4 and H 2O.

Indianapolis, Ind. 46226. (6) A. Factor and T. G. Traylor, J . Org. Chem ., 33, 2607 (1968).
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J j /j Use o f  N ,N -D im ethylvinylam ine in  an Improved

» J I i'l Synthesis o f  Derivatives o f  Th ietane and T h ie te1

\ J I \  P eter  L .-F . C h a n g  a n d  D o nald  C. D ittm er

fl C u , Department of Chemistry, Bowne Hall,
A "WA" 'W ’w Syracuse University, Syracuse, New York 13210

I
t Received March 6, 1969

111 The original synthesis of thiete (thiacyclobutene) in-

Jl volved a long, multistep sequence starting with epi-
I Vi chlorohydrin, and the over-all yield was relatively low.2

v J \ Because large quantities of thiete were desired in order
J I V . to study its chemical and physical properties, a new

ILyv- synthesis was devised utilizing the addition of “ sulfene”
I to N,N-dimethylvinylamine, which was obtained con-

____ |________ ______i_____________________________| veniently and in high yield by dehydrohalogenation of
- '- '7.V ■ J.o' ‘ ‘ctm'( t)' ' '9.o ‘ ' 1 ' ' 'J.C1, ' N,N-dimethyl-N-j8-chloroethylamine.3 The addition

of sulfenes to enamines is an efficient method of prepara- 
Figure 1. (a ) 60-Mc nmr spectrum of exo-norbomane- tion  o f fam ine thietane sulfones.4

2-carboxync acid from deuterioformylated norbornene. (b ) 60- t » at at i- ,1 i , at at t  ji i • i
M e nrnr spectrum Of authentic sample of l, 30% by weight in B o th  N,N-dimethyl- and N.N-diethylvmylamines
DCC13; T M S  reference. were obtained by the dehydrohalogenation procedure in

84-87% yields as colorless liquids, stable below —20°. 
They are sensitive to air and become brown and resinous 

Stoichiometric Reaction of D C o (C O ), with Norbornene. N or- at room temperature. The nmr spectrum shows clearly
bornene (2.42 g, 24.8 mmol) was dissolved in 50 ml of hexane ^  v in v l p rotons a t  T 6.35-6.65 (C H *= ) and 3.95-4.10
and a small amount of some insoluble impurity was removed by * v  v '
filtration. About 75 ml of a hexane solution7 of DCo(CO )< ^  lrdrared spectrum shows absorp-
was injected in 10-ml portions over a period of 6 hr into the hexane tion at 1630—1640 cm-1 attributed to the carbon-carbon
solution of norbornene. The reaction was carried out in a serum double bond.
stoppered flask connected to a gas buret, under an atmosphere A  chem ical p ro o f o f the structu re  o f N ,N -d im e t h y l-
of carbon monoxide and at room temperature. A  total of 57.1 . , . . , r ., , .... , , .
mmol of D C o (C O )4 was used, and about 13 mmol of carbon mon- V in y lam ine  consists o f its ad d itio n  to  sulfene to  g ive
oxide was absorbed slowly. The reaction mixture was stirred for 3 - (N ,N -d im e th y la m in o )th ie ta n e  1 ,1 -d ioxide in  8 6 %
24 hr, and 25 ml of dimethylformamide was added to destroy y ie ld . T h e  ad d u ct  can  b e  converted  either to  th iete b y
the dicobaltooctacarbonyl. About 50 ml of water was then added
and the mixture was extracted with ether. The ether solution ,r u  , r rr p i KOC(CH3)3 . N lr t , _ rTj  CHjSOjCl
was dried with magnesium sulfate and evaporated to dryness 3'2 2 2 3 2 2 (C2H5).,n
on a rotary evaporator. The light pink viscous oil was vacuum _____gQ _____g _____g
distilled at 3 mm to give 0.65 g of clear distillate: bp 42-52°, [ | 2 LiAlH, I | CH,1
20% yield. The infrared spectrum of the distillate showed C -D  / *" /  ~ /
stretching bands at 2163 and 2048 cm-1 and the C = 0  stretching N(CH3), N (CH3)2 N(CH3)3+I _
band at 1713 cm-1. The nmr (DCC13 solution, T M S  reference)
showed a multiplet from t 7.23-7.83 (2.9 H ) assigned to protons at |l- CHj1 Ikoc/CH,),
positions 1, 2, and 4 and a multiplet from 8.08-8.97 (7.1 H ) I2. Ag20
assigned to the protons at positions 3, 5, 6, and 7. An unsym- '
metrical doublet (/  =  1 cps) at r  0.36 due to the aldehydic pro- _____gQ^ --------s
ton indicated that about 7%  of the product had no deuterium [| | 2 (j_____|
on the carbonyl carbon. ______________

The aldehyde was oxidized with potassium permanganate to
yield 0.13 g of the acid 1 (mp 52.0-53.5°, mmp with authentic This work was supported by National Science Foundation Grants

sample, 53-54°). The nmr spectrum of the acid was taken in m f 86, w n . T , . . T ,,, . , , ,  , . , (2) D. C. Dit;mer, K. Takanashi, and F. A. Davis, Tetrahedron Le tte rs ,
DCC13 (~ 3 0 %  by weight) and is shown in Figure 1. The car- 4061 (1967).
boxyl proton absorbed at T 1.5, the carboxyl to norbornyl (3) The preparation of N,N-dimethylvinyIamine by other methods has
proton ratio was 1.0:10.0. been reported previously: K. H. Meyer and H. Hopff, B e r., 54, 2277

(1921); British Patent 832,078; Chem . A bstr., 54, 20877 (1960). Our 
Registry N o .  —Norbornene, 498-66-8 ; deuterated attempts to prepare the vinylamine by published procedures were not suc- 

& -7 i j u  j  o n o o o  k l  n  cessful. The preparation of N,N-diethylvinylamine from acetaldehyde and
exo-norbornane-z-carboxaldehyde, 2 0 2 o o - q 7 - 7 .  diethylamine has been reported: G. Laban and R. Mayer, Z .  Chem ., 7,

12 (1967); G. Opitz and H. Mildenberger, A n n ., 649, 26 (1961).

Acknowledgment.— The authors are grateful to the ?• St°rk„ a“d, ̂  A™\°hZ J ° cl  8T4,T<313 (? 62J:°  A  G. Opitz and H. Adolph, Angew . Chem ., 74, 77 (1962); I. J. Borowitz, J .
donors o f tn© x 6trolGUni Xv6S6arCn r u n d  adminiStGrCCl A m e r. Chem. Soc., 86, 1146 (1964). The reaction is reviewed in L. L. MUller

and J. Hamer, “ 1,2-Cycloaddition Reactions,”  Interscience Publishers, 
(7) L. Roos and M. Orchin, J .  A m er. Chem . S oc., 87, 5502 (1965). New York, N. Y . f 1967.
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procedures previously published2’8 or to thiete 1,1-diox- portions of methylene chloride. The combined extract was dried 
jd e  with Drierite and evaporated to dryness on a rotary evaporator.

The solids obtained were recrystallized from ether-ethanol to 
give thiete 1,1-dioxide (0.42 g, 2.73 mmol, 79.3%), mp 49.5- 

Experimental Section 50.0° (lit.7 mp 52-54°). When this compound was compared
tvt at t>- , . , . , ,  , ,  ,, , with an authentic sample,7 no depression was observed in the mix-

• w y- r ^ n T e - 7 ^ ,  D ™ethyl-N-^chloroethyl- ture meltin point> a J their infrared spectra were identical, 
amine hydrochloride (70.0 g, 0.485 mol) was converted to the ^
free amine in crude form (45 g, 0.42 mol, 87% ) by treatment with Registry N o .— N,N-Dimethylvinylamine, 5763-87-1;

Xide'6Ti,Pure r ine-Can be obiT T ?  in N,N-diethylvinylamine, 6053-97-0; 3-(N,N-dimethyl-0 2%  yield after distillation. The crude amine was added to a . J t ,. ’ . , ’ , T ,.T , T , .
stirred solution of potassium i-butoxide (70.0 g, 0.625 mcl) in 500 amino)thietane 1,1-dlOXlde, 20440-18-0; N ,N ,N-tn-
ml of purified N,N-dimethyiformamide in a nitrogen atmosphere methyl-N-(l,l-dioxo-3-thietanyl)ammonium iodide,
at —20°. After 15 min, the mixture was distilled (room tem- 20440-19-1. 
perature, 2 mm) until ca. 100 ml of liquid was collected in a re
ceiver cooled in a bath at —78°. Fractional distillation of this ^  D - c - Dittmer and M. E. Christy, J. Org. Chem., 26, 1324 (1961).
liquid at 20 mm into a receiver in a bath at —78° gave N ,N -  
dimethylvinylamine (25.0 g, 0.352 mol, 72.6% over-all).

The amine had the following properties: nmr (N,N-dim ethyl- 
formamide, 60 M H z, T M S ) t 3.95 (m, = C H ) ,  6.35-6.65 (m, S y n t h e s is  a n d  R e a c t io n s  o f
= C H 2), and 7.45 ppm (s, 6 H , C H 3); ir (C C h ) 3100 (w ), 2900 c is -2  2 - D i c h lo r o - l  2 2a  7 a - t e t r a h v d r o -7 H -e v e ln  
(m ), 1730 (w ), 1690 (w ), 1640 (s), 1550 (w ), 1430 (m ), 1335 (m ), ’ U i c n io r o  l , Z , Z a , ( a  t e t r a h y d r o  7 t i  c y c lo
1240 (w ), 1090 (m ), 1050 (w ), 1000 (w ), 965 (m ), 940 (w ), 910 b u t [ a ] i n d e n - l - o n e la
(w ) cm“1; mass spectrum (20 eV ) m/e 71 (parent ion), 58, 56
(parent —  C H 3), 45 (parent -  C H = C H ),  44, 43 (parent -  H 2C =  T , R. p 0TTs a n d  R . E. H a r m o n11>

N ,N-Diethylvinylamine.— B y the above procedure, N ,N -d i-
ethyl-N-^-chloroethylamine hydrochloride (17.2 g, 0.1 mol) was Department of Chemistry, Western Michigan University,
neutralized to the crude amine (11.0 g, 0.08 mol, 81% ), which in Kalamazoo, Michigan 49001
turn was converted to N,N-diethylvinylamine (7.05 g, 0.071
mol, 71% overall). Received February 7, 1969

This compound had the following properties: nmr (cyclohex
ane, 60 M H z, T M S ) r 4.10 (m, = C H ) ,  6.30-7.60 (m 6 H , to ,, rp , 0  , ,  , .
= C H 2, — C H 2— ), and 8.75-9.15 ppm (2 1 , 6 H , C H 3); ir (CC14) , .  R ecen tly , T u rn e r  an d  S ed an 2 repo rted  the reaction  o f
2900 (s), 1720 (m), 1690 (s), 1630 (s), 1440 (s), 1370 (s), 1240 dichloroketene with indene to give small amounts (12%)
(w ), 1200 (w ), 1120 (s), 965 (w ), 940 (w ) cm-1; mass spectrum (20 of a compound, tentatively designated as cfs-2,2-di-
e V )™/%?T9T (parent ion), 84 (parent -  C H 3), 7 4 , 73  (parent chloro-l,2,2a,7a-tetrahydro-7H-cyclobut[a]inden-l-one,
30 ~  ’ -parent _ 2C— C H 2), 59, 58, 56, 45, 44, 31, mainly on the basis of its nmr spectrum. This paper

’ 3-(N,N-Dimethylammo}thietane l,l-B ioxide.— Methanesul- describes the synthesis and proof of structure of this
fonyl chloride (40.0 g, 0.352 mol) in 100 ml of dry ether was added compound.
dropwise to a stirred solution of pure N,N-dimethylvinylamine The reaction of indene (1) with dichloroketene3,4 fur-
m fn in V oo 352, mf°!i anf. Purif ed tnethylamine (50 5 g 0.500 rolled 48% yield of m-2,2-dichloro-l,2,2a,7a-tetrahy-
mol) in 700 ml of dry ether at -2 0 ° .  After 5 hr at -2 0 ° ,  tri- m i: n 1 , ■ , ’ ’ , ,7
ethylamine hydrochloride was removed by filtration and washed dro-7H-cyclobut[a]inden-l-one, which Could have the
with dry ether. Ether and excess triethylamine were removed structure 2a or 2b, assuming that the initial cycloaddi-
on a rotary evaporator at about 40°. The light yellow syrup tion occurs CIS.
obtained was recrystallized from dry ether to yield white crystals, 
mp 23-25° (45.5 g, 0.306 mol, 86.7%).

The adduct had the following properties: nmr (benzene, 60 1 ^
M H z, T M S ) r  3.88 (2 H ), 3.77 (2 H ), 2.85(1 H ), and 1.95 ppm -------n , ™ Et,N _____ }______ n
( s , 6 H ,C H 3); i r (K B r )  3000 (m ), 2860 (m ), 2800 (m ), 1460 (m ), L  1 J  +  C12CHCC1 — ---------|T f "
1395 (m ), 1315 (s), 1220 (s), 1175 (m ), 1140 (s), 1050 (s), 975 || '1‘hePtaiie V ' - ' V / j — V
(w ), 915 (m ), 850 (w ), 785 (m ), 765 (m ), 705 (w ) cm-1. These 1 O H  ^
spectra are identical with those of an authentic sample of 3 - „
(N,N-dimethylamino)thietane 1 ,1-dioxide prepared from 3 - 
chlorothietane 1 ,1 -dioxide.60

N,N,N-Trimethyl-N-(l,l-dioxo-3-thietanyl)ammonium Iodide. j .0
— Methyl iodide (1.5 g, 11 mmol) was added to a solution of 3- --------— f
(N,N-dimethylamino)thietane 1 ,1 -dioxide (1.49 g, 10.0  mmol) L I I ______ Cj
in 25 ml of methyl ethyl ketone. After 5 hr at room temperature, ^
the white flakes of product were removed by filtration and re- H  Cl
crystallized from 95% ethanol to yield N ,N ,N -tr im eth y l-N -(l,l-
dioxo-3-thietanyl)ammonium iodide, mp 188-190° dee (lit .60 2b
mp 188-190°) (2.60 g, 8.93 mmol, 89.3%) which had the follow-

s T w T S  s  a  z ,  a -  , T h e  °° .m pou n d  r  ^  *  » .  ■ * » » » .  b y
(w ), 780 (m ), 751 (w ) cm“1. The melting point and the infared fayer an d  vapor-phase chromatographic analyses, and
spectrum are identical with that of the methiodide prepared from ^ S  physical constants were in agreement with those re-
an authentic sample of 3-(N,N-dimethylamino)thietane 1,1- ported by the previous workers.2 The study of nuclear
d'fTn!l% 1 1 q-i -a /f c„ „ __ magnetic resonance, infrared, and ultraviolet spectraThiete 1,1-Dioxide.— Silver oxide (1.59 g, 6.88  mmol) was j :j  , , e , I , . . . 7  .
mixed with N,N,N-trim ethyl-N-(l,l-dioxo-3-thietanyl)am m o- d ld  n0t pr0Ve to  b e  ° f  m Uch h e lp  ln  d istin gu ish in g  b e -
nium iodide ( 1 .0  g, 3.4 mmol) in 25 ml of water. The suspension m  p .vA . p, H ~  „  ..z  stiTrhd sr5 mmfi,rd the preT^ r  rr ved n  ?«*;tion. The aqueous filtrate was extracted three times with 25-ml p 159. (b) To whom inquiries should be directed.
------------------------------------------------------------------ (2) R. W. Turner and T. Sedan, Chem. C om m u n ., 13, 399 (1966).

,_N r \ tv /~i Tvn (3) H. C. Stevens, D. A. Reich, D. R. Brandt, K . R. Fountain, and E. J.
(5) (a) D. C. Dittmer and M . E. Christy, J . A m er. Chem . S gc., 84, 399 Gaugham, J .  A m er. Chem . Soc., 87, 5257 (1965).

(1962); (b) D. C. Dittmer and F. A. Davis, ib id ., 8T, 2064 (1965). (4) L. Gosez, R. Montaigne, and P. Mollet, Tetrahedron L e tt. , 1, 135
(6) E. Baer and S. K. Pavanaram, J .  B io l. Chem ., 236, 2410 (1961). (1966).
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tween structures 2a and 2b. Catalytic hydrogenation as-2,2-Dichloro-l,2,2a,7a-tetrahydro-7H-cyclobut[a]inden-l-
of 2 a (or 2b) furnished a  93% yield of 2-chloro-7H- one (2a).— A  solution of 116.0 g (1 .0  mol) of indene ( l )  and 74.0
pvclnbut \n linden -1 -on e 3a nr 3b A ffain  the nuc lear g (0.74 mol) of tnethylamme m 200 ml of anhydrous n-heptanecy c lo D u t [a jin ae n  i  one d a  or 3D A g a in  trie nuc lear was added dropwige with gtirring to a solution of 100 g (0.68
m agnetic  resonance, in fra red , an d  u ltrav io le t  spectra  mol) of dichloroacetyl chloride in 1 1. of anhydrous n-heptane.
w ere  not h e lp fu l in  d istin gu ish in g  b e tw e en  the stru c - After the addition was over (ca. 30 min), the reaction mixture

was refluxed for 15 hr. On letting it cool to 10°, triethylamine
hydrochloride was precipitated. The precipitate was filtered
and washed with five 200-ml portions of water. The filtrate

"  p, I / O  was evaporated to dryness under reduced pressure and the result-
y  ------------ r ing black oil was flash-distilled (0.1 mm). This furnished a vis-

| jj II __ (  cous liquid which crystallized on standing to yield 64.0 g (42% ) of
\  'nqj yellowish white crystals of 2a, mp 78-80°. It gave one spot on

pj u  H tic (benzene or p-dioxane) and one peak on vpc. The analytical
sample was obtained by one more recrystallization from pe-

3a troleum ether (bp 30-60°); mp 80-81° (lit . 2 mp 78-79°); uv
x r * H 213 (i 8600) and 205 (c 16,400) mM; ir »LT ' 1821 ( C = 0 )
and 741 cm-> (C — Cl).

tures 3a and 3b. The reaction of cfs-2,2-dichloro- Anal. Calcd for CnHgChO: C, 58.18; H , 3.55. Found: 
l,2,2a,7a-tetrahydro-7H-cyclobut[o]inden-l-one with C, 58.23; H , 3.59.
sodium methoxide in methanol gave a 7 9 %  yield of 4 ^Chloro-^H-eydobut [ a ] s o l u t i o n  of 4.0 g 

, . , , , , , , , ,, ■ , , (0.017 mol) of 2a in 250 ml of anhydrous p-dioxane was hydro-
which was found to be homogenous by thin layer and genated for 3.5 hr at room temperature and 60 psi pressure in the
vapor phase chromatographic analyses. Its ir spec- presence of 2.0  g of 10 %  palladium on carbon and 2.0  g of anhy-
trum (Nujol) showed strong absorption at 1739 cm- 1  drous calcium carbonate. The catalyst was filtered off and the
(—  CO2CH3), and the nmr spectrum (CC14), determined fihrate was evaporated to dryness to give a white solid, which

on a Varian A-60 spectrometer, gave signals at r 2.5 (m, re" ^ aUif ti(n ,from pf ole» “  ether 
a  +• 1 Q Q t / j 1 T 1 «  r i r p n  t r n / m  1 3.1 g (93% ) of odorless crystals of 3a, mp 111.5-112 . It gave
4, aromatics), 0 .0 0  (Cl, 1, O, 0 x1 1 .̂ 12) ,  o.OU (m, 1 , one spot on tic (benzene or cyclohexane) and one peak on vpc.
1 H ), 6.17 (s, 3, CO2CH3), and 6.53 p p m  (m , 3, 2 H, 3a One more recrystallization from petroleum ether furnished the
H and 3b H). When 4  was treated with zinc dust in analytical sample: mp 111.5-112°; uv x®‘°H 216 (t 7600) and
acetic acid, it afforded 5 in 41% yield. Compound 5 2°7mM (e 14,000); i r ^ l 7®6 (c = ^ and7^ cm - 2 (C—Cl).

, i x 1 • j  i* i -i t  -V ,• * i „c Anal. Calcd for CnH 9C10: C, 68.58; H , 4.70; Cl, 18.41.
w&s fo u n d  to be  iden tica l with, an  authentic sam ple  ot Found' C  68 62* H  4 6 8 * Cl 18 49
frans-l-methyl-2-indancarboxylic acid8 by undepressed Methyl Varas-i-(Dichloromethyl)-2-indancarboxylate (4).—
mixture melting point and superimposable infrared To a solution of 3.0 g of sodium in 120 ml of absolute methanol
spectra. The conversion of c is -2,2-dichloro-l,2,2a,7a- at - 5 °  was added with stirring 3.0 g (0.013 mol) of 2a. The

mixture was stirred at —5° for 30 min and then allowed to warm  
up to room temperature. It was neutralized with glacial acetic 

7 8 acid and then evaporated to dryness under reduced pressure.
Na0Me „ ^ -CHC12 Zn_HoAc The resulting solid was dissolved in 50 ml of distilled water and

2a ---------*- f  I  P  --------------► extracted with five 150-ml portions of ether. The ether extract
MeOH was dried (NajSO i) and concentrated to give a yellow oil. Crys-

4 / \  i| e tallization from petroleum ether (bp 30-60°)-ether furnished 2.7
Ha Hb II g (7 9 % ) of colorless crystals of 4, mp 45-46°. It gave one spot

^  on tic (benzene or chloroform-methanol, 2 0 : 1 ) and one peak on
4  vpc; uv \ Z T  280 (e 10,400), 267 (e 20,000), 236 (<= 19,500), and

T H 3 232 mM («= 21,000): ir Z T  1739 (C 0 2C H 3) and 741 cm " 1 (C — Cl),
f  Anal. Calcd for C 12H 12C1,0,: C, 55.61; H , 4.66; Cl, 27.36.

L  LL J— C— OH Found: C, 55.40; H , 4.77; Cl, 27.61. _
II frans-l-Methylinden-2-carboxylic Acid (5).— A  solution con-
0  taining 50 mg (0.193 mmol) of 4 and 12.3 mg (0.193 g-atom) of

powdered zinc in 25 ml of glacial acetic acid was heated under 
® reflux for 2 hr. The reaction mixture was then cooled to room

temperature and the precipitated zinc chloride was removed by 
filtration. The filtrate was evaporated to dryness in  vacuo, and 

tetrahydro-7H-cyclobut [a]inden-l-one to tra n s -1- the resuit,ing oil was dissolved in 10 ml of ether. The ether solu-
methyI-2-indancarboxylic acid (5) unequivocally proves tion was washed with five 5-ml portions of 10 %  sodium bicar-
its Structure to be 2a and not 2b. bonate solution dried (NajSO .), and concentrated in  vacuo to

yield 31 mg (97% ) of a crude yellow oil. The oil was chromato
graphed over a column containing 75 g of silica gel G . Elution 

Experimental Section with 150 ml of benzene and removal of the solvent in  vacuo gave
23 mg of a light yellow oil which was treated with 10 %  sodium 

The melting points were determined on a Thomas-Hoover hydroxide solution and poured into ice-water containing con- 
melting point apparatus and are corrected. Elemental analyses centrated hydrochloric acid. On letting it stand for sometime,
were performed by Galbraith Laboratories, Inc., Knoxville, 13 mg (41% ) of colorless crystals of 5, mp 78-79° (lit .5 mp 79°),
Tenn. Thin layer chromatography was done on 20 X 5 cm glass wag obtained. ir 2857 (O H ) and 1724 cm " 1 ( C = 0 ) .  A
plates coated with a 0.1-mm thickness of silica gel G  (Darm - mixture melting point with an authentic sample was undepressed. 
stadt). Vapor phase chromatographic analyses were carried 
out on an F  & M  (Model 720) instrument by using silicon gum
rubber SE-30 on chromosorb P  column. The infrared spectra Registry No.— 2a, 20429-38-3; 3a, 20429-39-4; 4, 
were recorded on a Beckman IR -8  spectrophotometer. A  Cary 20429-40-7.
14 spectrophotometer was used to measure the ultraviolet spectra.
The nuclear magnetic resonance spectra were determined in
carbon tetrachloride and deuterated chloroform as solvents and Acknowledgment.-— This work was supported by a
tetramethylsilane as an internal standard and were recorded on grant from the Michigan Cancer Foundation. The
Varian A-60 and Varian HA-100 spectrometers. authorg w igh  tQ th an k  p rofesgor D o n  C . I ff la n d  for

.-------------  help in interpreting the nmr spectra and Air. Michael
(5) s. c. Lahiri and b. Pathak, j. Med. chem., s, i3t (1965). McAneny for determining the uv spectra.
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Cleavage, Reduction, and Decarboxylation o f  the keto group of the ester, VIb, to the hydroxy acid,
l-Carboxybicyclo[4.3.1]decan-10-one V I I I > however, shows that the cleavage reaction still is

not particularly easy.
Richard D Sands Results similar to those obtained with V ia  and V Ib

were obtained with IXa. The acid was cleaved to X  
Department of Chemistry, Alfred University, with sodamide, it was decarboxylated to IX c  by heat

Alfred, New York 11,802 alone,4 and the keto group of its ester, IXb, was reduced
to an alcohol, X I, when the ester was heated with so- 

Received January 10, 1969 dium hydroxide in methyl alcohol.
In addition to these reactions in common with V ia  

While l-carboxybicyclo[3.3.1]nonan-9-one (la ) has and VIb, however, IX b  gave an unexpected cleavage of
resisted decarboxylation,1 and its ester, lb, does not both rings. Upon standing in dilute ethoxide, IX b  was
seem to have been cleaved, 1-carbethoxybicyclo [3.3.1]- partially converted to a-(5-valeric acid)-y-vinyl-y-
non-3-en-9-one (I I ),  which differs from lb only by the butyrolactone5 (X II ).
double bond at C-3, has been smoothly converted into In an earlier investigation, 2-carbethoxycycloalka- 
I I I  with ethoxide.2 nones with five- and six-membered rings were cleaved

Suggestion has been made that the cleavage of I I  de- during attempted alkylation while the seven-membered
pends on the migration of the olefinic bond. That homolog was not.5 It  would now appear that a /3-keto
mechanism was supported when attempts to cleave IV  ester in a seven-membered ring is relatively easier to
under the same conditions resulted in formation of the cleave when it is part of a bicyclic, instead of a mono
alcohol V, because cleavage was blocked when the cyclic, molecule. The opposite apparently is true of a
methyl group prevented the migration of the double /3-keto ester in a six-membered ring. I t  is concluded
bond.3 that the size of the rings involved is important in deter-

.. ^  mining the occurrence of some of these cleavage, reduc-
jj | | jj | COOEt, tion, and decarboxylation reactions.

^ ------R — COOEt /
\ ___ /  COOEt Experimental Section

la R =C O O H  II III Bicyclo[4.3.1]decan-10-one (V ic ).— l-Carboxybicyclo[4.3.1]-
nr\r>u decan-10-one4 (8.75 g ) was kept at its boiling point for 15 min and

b, R =  COOEt then distilled at 240° to give 5.0 g (72.7%) of solid w ithacam -
f phor odor. Sublimation gave a pure white solid, mp 92-94°, 

¡1 /  0  \  whose infrared spectrum showed no carboxyl group and whose
■»<_  r'nnv+ iw / 7 \  m n u  \  I  / 2,4-dinitrophenylhydrazone derivative melted at 190°; ir
Me COOEt Me ^  COOH \ S .— R (CHC13) 1690 cm “ 1 ( C = 0 ) .

^ (. )  Anal. Calcd for CwHieO: C, 78.95; H , 10.53. Found:
IV  y  VIa r X C00H  C, 78.80; H , 10.45. Calcd for Ci6H 2oN40 ,: C , 57.83; H ,

’ 6.01. Found: 0,57.69; H , 5.95.
b, R =  COOEt l-Carbethoxybicyclo[4.3.1]decan-10-one (V Ib ).— IX b  (30 g )
Cj R = H  and 3.0 g of 5%  Pd-BaSO , were placed in 300 ml of 95% alcohol

0 ___ and agitated overnight in a Parr low-pressure hydrogenator at 3
/  \  /  9 \  atm. Removal of the catalyst and the solvent was followed

m n u  W ^ J — m n u  \JL/ P b>’ distillation to give 19.3 g (63.6%) of light yellow liquid, bp
^COH C oh 3 COOH U j  R 110-130° (2 mm). Redistillation gave a sample of pure mate-

rial: bp 114° (1 mm), n 2SD 1.4752, ir (neat) 1712 cm -1 ( C = 0 ) .  
, „ T Anal. Calcd for C 13H 20O3: C , 69.64; H , 8.91. Found:
v n  v n i  IXa, R=C O O H  c ,  69.65; H , 8 .9 9 .

b, R =  COOEt 1-Carboxybicyclo[4.3.1]dec-3-en-lO-ol (X I).«— IX b  (20 g,
c, R = H  0 .06 mol) was added dropwise with stirring to a solution of 15.2

—  ___ ’ g of sodium hydroxide in 45.6 ml of anhydrous methyl alcohol
/  \  /  \  y  C H = C H , maintained at 100-120° in an oil bath. The resulting mixture

TTn n p__\ / m n u  II | 2 was stirred overnight at 120 °, cooled, and diluted with 200 ml of
42 / \ COUR K U r  COOH ,COH/ water, and then the alcohol was distilled off. The residue was

[ / y - 0  acidified, heated with decolorizing carbon, and filtered. The
'  I filtrate was extracted with ether, and the ether was in turn

0  washed with NaHCOs solution.
y  XI XII Acidification of the NaHCOs solution produced an oil which was

taken up in ether and dried (N a 2SOt). Evaporation of the ether 
In the present investigation, 1-carboxybicyclo [4.3.1 ] -  produced 3.5 g of an impure solid which was heated with 60-110°

decan-10-one (V ia ), containing a six- and a seven- ligroin- treated with decolorizing carbon filteredandallowed to
, 1 . k. , , a ,, , . u r evaporate partially. Filtration gave 1.0 g of hard white crystals,

membered ring instead of the two six-membered rings of mp 108- I IO 0, ir (CHC13) 1695 cm “ 1 (C = 0 ) .
Ia, has been decarboxylated to V ic  and has been cleaved Anal. Calcd for C i,H 160 3: C, 67.35; H , 8.16. Found: 
upon heating with sodamide. The cleavage not only C, 66.98; H , 8.44.
provides a convenient route to cyclononane-1,5-di- l-CarboxybicycIo[4.3.1]decan-10-oI (V III ). '— 1-Carbethoxy-

carboxylic acid (V II) but also demonstrates that the ed °ver.30 mm
c • h x i i i i i  i i i i  to a solution of 11.4 g of N aO H  m 34.1 ml of methanol main-

Size of the ring as well as the double bond can help de- tained at 125° in an oil bath. The resulting mixture was kept
termine the course of the reaction. The reduction of at 125° overnight, cooled, treated with 150 ml of water, and then

distilled until the temperature of the residue reached 98°. Ex-
(1) A. C. Cope and M . E. Synerholm, J .  A m e r . Chem . Soc., 72, 5228 --------------------

(1950). (4) R. D. Sands, J . O rg. Chem ., 29, 2488 (1964).
(2) A. C. Cope, E. S. Graham, and D. J. Marshall, ib id ., 76, 6159 (1954). (5) R. D. Sands, ib id ., 32, 3681 (1967).
(3) G. L. Buchanan, A. McRillop, and R. A. Raphael, J .  Chem . Soc., 833 (6) The epimeric structure shown was assigned to V.* Similar con-

(1965). sidérations would lead to similar assignments for V I I I  and X I.
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actly 74 ml of concentrated HC1 was added over 1 .5 hr, producing 0
an orange-brown precipitate. The solid was taken up in ether, ||
which was washed with N a H C 0 3 solution. Acidification of the HOCH 2CH2NH 2 +  C1C0CH2CC13 — *■
N aH C O j solution produced 11.4 g of crude solid, which yielded .
8 g (60.3%) of white solid upon recrystallization from methyl-
cyclohexane: mp 130-132°, neut equiv 198, ir (C H C I3) 1700 0
cm“ 1 ( C = 0 ) .  II

Anal. Calcd for CuH 180 3: C, 66.67; H , 9.08. Found: HOCH2CH2NHCOCH.CCl, —  lj>-
C, 66.60; H , 9.09.

Ethyl ester had bp 115° (2 mm); w22d 1.4982; nmr (C D C I3) “
1.1-2.2 (m, 18 H ), 3.8 (1 H ), 3.9-4.3 (m, 3 H ); ir (neat) 1700 0  0
(C = 0 ) ,  3530 cm -1 (O -H );  mass spectrum, m/e (rel intensity) j! j|
226 (5), 208 (25), 135 (100), 134 (44), 123 (31), 93 (43), 91 (25), (Cl POCH2CH2NHCOCH,CCl3 —
81 (51), 73 (28), (72).

Cyclononane-1,5-dicarboxylic Acid (V II ).— 1-Carboxybicyclo- 3

[4.3.1] decan-10-one (V ia ) (1.0 g ) was refluxed with 2 g of sodium _
amide in 50 ml of xylene for 1 week. The xylene was distilled V V
off, the residue was treated with water, and the mixture was then /wn L e u  n n  xmnnr'rr rv i
extracted with ether. Next the water suspension was acidified (HO-fe- rO CH 2CH2NHCOCH2CCl3
and again extracted with ether. The ether extract was washed ^
with water and dried (NaiSO ,). Evaporation gave a small 
amount of white solid and 0.4 g of crude, sticky solid. Recrys- Q
tallization from ethyl acetate gave 0.3 g of a clear white solid: Q II
mp 138-140°. II |— OCR

Anal. Calcd for C nH I80 4: C , 61.68; H , 8.41. Found: C, RCO—  +  3 — ^  >
61.36; H , 8.39. *— OH 3

l-Cyclononene-4,8-dicarboxylic Acid (X ).— 1-Carboxybieyclo-
[4.3.1] dec-3-en-10-one4 5 ( IX a ) (6.0 g ) was refluxed for 1 week with 5
5 g of sodium amide in 200 ml of xylene. The above work-up, f-  0  ~
followed by recrystallization from ethyl acetate, produced 0.70 ji
g of a white solid: mp 183-185°. q  .. J ,r

Anal. Calcd for CuHieO,: C , 62.26; H , 7.56. Found: || Zn
C, 61.89; H, 7.56. RCO—  0 0  95%HOAc *

«-(5-Valeric acid )-y-vinyl-7 -butyrolactone (X II).— 1-Carb- || ||
ethoxybicyclo[4.3.1]dec-3-en-10-one (IX b ) (20 g ) in a solution of — OPOCH2CH2NHCOCH2CCl:,
0.92 g of sodium in 58.3 ml of absolute ethyl alcohol was left at
room temperature for 3 days. Treatment with NaH COs q
solution was followed by extraction with ether. From the ether
extract, 9.5 g of starting material was recovered. Acidification 6 “
of the bicarbonate layer, followed by extraction with ether, dry
ing, and evaporation of the ether produced a crude solid. Upon Q
recrystallization from toluene, only about 1 g of pure white V  II
solid was recovered. Its infrared spectrum identified it as X I I .6 II OCR

RCO—
Registry No.— Via, 13348-05-5; VIb, 13348-03-3; 0

Vic, 20440-21-5; V ic  (2,4-dinitrophenylhydrazone), __ II
20440-22-6; V II, 20440-24-8; V III, 20440-23-7; V I I I  ufulh2oh2jnh2
(ethyl ester), 20440-25-9; X , 20440-26-0; X I, 20440- OH
27-1. ?

Glycerolipids. I I .1 Use o f the /3,/3,/S- protecting groups, which suffer from complications,
m . x i , w t) • ^  including the difficulty of purifying the final products.1 nchloroetnoxycarbonyl Protecting Group ^ i  \ r ,J J (Jur recen  ̂ tacile and direct synthesis of either optical

in  Phosphatidylethanolam ine Synthesis modification of 1,2-diacylglycerols1 and the use of a new
amine protecting group described below, which is re- 

F. R. P feiffer , S. R. C o h en , a n d  J. A. W eisbach  moved under reductive, nonhydrolytic conditions,
provides renewed impetus for use of this general se- 

Research and Development Division, Smith Kline and French ce to phosphatidylethanolamines.
Laboratories. Philadelphia, rennsylvania 19101 mi , ^ ^ „ . . , , ,,

I  he new protecting group, 0,/3,jd-trichloroethoxycar-
Received February U ,  1969 borf ]- w a s  originally introduced in the total synthesis of

cephalosporin O;7 recently, further demonstrations of
Phosphorylation of 1,2-diacylglycerols with phos- ^  utility *̂ as well as that of the closely related W -

phorus oxychloride or with a phosphorylated, protected tnbromoethoxycarbonyl group » have been reported,
amine is an approach to phosphatidylethanolamines. Removai of the /3,0,^-trichloroethoxycarbonyl group is
This method was limited by (1) the availability of ap- ^om phshed with zmc m 90% acetic> acid» or m reflux-
propriate optically active 1,2-diglycerides and (2) the *nf  ™etha?oL! Under these conditions, phospha-
current use of the carbobenzoxy^ and phthaloyl2“ « tidylethanolamme variants contaimng mono- or poly-

(1) Part I :  F. R. Pfeiffer, S. R . Cohen, K . R . Williams, and J. A. Weis- (6) E. Baer and D. Buchnea, C an . J .  B ioch em ., 39, 1471 (1961).
bach, Tetrahedron L e tt., 3549 (1968). (7) R. B. Woodward, J. Heusler, J. Gosteli, P. Naegeli, W . Oppolzer,

(2) W. G. Rose, J .  A m er. Chem . Soc., 69, 1384 (1947). R. Ramage, S. Ranganathan, and H. Vorbruggen, J . A m er. Chem . Soc., 88,
(3) E. Baer, J .  A m er. O il  Chem ists Soc., 42, 257 (1965). 852 (1966).
(4) R . Hirt and R. Berchtold, H elv . C h im . A c ta , 40, 1928 (1957). (8) T . B. Windholz and D. B. R. Johnston, Tetrahedron L e tt., 2555
(5) I. R. Hunter, R. L. Roberts, and E. B. Kester, J .  A m er. Chem . Soc., (1967).

70, 3244 (1948). (9) A. F. Cook, J .  O rg. C hem ., 33, 3589 (1968).
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u n satu rated  a c y l residues can  b e  expected  to  b e  stab le . did not give an analytically pure sample of 3; the material readily

W-tricWoroethylcWoroformate (1 )“  was allowed to p0^ 0Ẑ i ^ o n t o g S  of N-ftft+Trichloroethoxycar-
react with ethanolamine m a suspension, ot dioxane bonyl-2-aminoethylphosphoric Acid (4).— A  solution of 5 g of crude
containing magnesium oxide to give the syrupy N -(/3 ,d r 3 , 50 ml of 50% aqueous dioxane, and 100 ml of 0 .1  N  K C 1 was
,S-trichloroethoxycarbonyl)ethanolamine (2) in 90“95% stirred at room temperature for 2 hr. Solid N aC l was added,
yield. Treatment of 2 with excess phosphorus oxy- and the mixture was extracted several times with EtOAc The
% , . . . , nc , 1 ,1 j -  1.1 ■> E tOAc extracts were washed with H zO, dried (N a 2S04), and
chloride m benzene afforded the dichloride 3. Hy- concentrated to a colorless oiL Acetone (150 mi) was added;
drolysis of 3 gave N-/3,/3,/3-trlchloroethoxycarbonyl 2- and golution was treated with cyclohexylamine until basic, 
aminoethylphosphoric acid (4), which was isolated as After being cooled, the white solid was filtered to give 5.8 g (80%)
the dicyclohexylamine salt. The purified dicyclohexyl- of the dicyclohexylammonium salt of 4, mp 201-203°. Several

amine salt of 4 was converted into the free acid by r®cIyf^ Uiznat“ ns from a “ lxt« re of EtOH-cyclohexylamine-

stirring a solution of the salt with Amberlite J.K-12U Angl Calcd for Ci7H 35Cl3N 3O6P - 0 .5H 2O: C, 38.98; H , 
(H+) ion-exchange resin. 6.93; N , 8.02; H 20 , 1.72. Found: C, 38.58; H , 6.97; N ,

The synthesis of 0-(l,2-dilinoleoyl-sn-glycero-3-phos- 7.69; H 20 , 1.60.15 
phoryl)ethanolamine (7), i.e ., l,2-dilinoleoyl-3-sn-phos- ]+A/3,+Trichloroethoxycarbonyl-2-aminoethylphosphoric Acid

phatidylethanolamine^11 is an example of the use of the f t
intermediate 3. sn-Glycerol 1,2-ailinoleate (5 ) was IR-120 (H +) for 1 hr. The resin was filtered and washed with
allowed to react in chloroform with a benzene solution CHC13, and the filtrate was concentrated to a viscous syrup,
of 3 with pyridine as the acid acceptor. The derived Chromatography on silicic acid with 9:2 C H C h -M eO H  gave
diacylglycerophosphate ester chloride 6 was treated pure4, acolortes.viscoi^^rup.

,-r - r  -,i • • orct* Anal. Calcd for C 5H 9C13N06P: C , 19.13; H , 2.87; N ,
w ith o u t  fu rth e r pu rifica tion  w ith  zinc in  95/b acetic 4 4 3 . C1; 3361 . P> 9-79. Pound; <3 , 19.38; H , 3.11; N ,
acid. Thin layer chromatography of the crude phos- 4 .2 3 ; c i, 3 3 .4 5 ; P , 9.52.
phatidylethanolamine 7 showed one ninhydrin positive l,2-Dilinoleoyl-3-sn-phosphatidylethanolamine (7 ).— A  solu- 
material and some trace phosphate-containing im- tion of 4.0 g (0.00644 mol) of 51 in 35 ml of dry CHC13 and 3 ml of
purities.12 Filtration of the crude product through dry pyridme was added to an icev=old solution of 4 1 g (0.0116

. -1-, „  , • ii , , r io -j  j 1 o mol) of 3 in 10 ml of Celle. 1 he addition took about 70 mm and,
DEAE-cellulose m  the acetate form provided , -d -  after being stirred 1 hr at 0 °, the solution was stirred at room
linoleoy 1-3-sn-phosphatidylethanolamine. The phos- temperature under N 2 for 18 hr longer. Ether (700 m l) was
phatide was hydrolyzed with boron trifluoride-metha- added, and the mixture was washed with H 20 , dilute HC1, brine,
nol and glpc analysis of the derived methyl esters in- 5%  N a H C 0 3, and brine again. The Et20  layer was evaporated

dicated about 98% methyl linoleate. wi* ou.t. d/ying 1° giT\the T my 1  T1° fsh° ? d ° 7  T j°I/v J spot which was phosphate positive. This material was dissolved
in H OAc (50 ml) and Et20  (25 ml) and 20 g of activated zinc16 

Experimental Section14 were added. Then the suspension was stirred at 25° for 16 hr.
After being diluted with Et20  (600 ml), the zinc and inorganics 

N-(j3,/3,|3-Trichloroetboxycarbonyl)ethanolamme (2).— A  solu- were filtered, and the filtrate was washed with four 200-ml por
tion of 100 g (0.47 mol) of /3,/3,/3-trichloroethylchloroformate10 tions of H 20 , then with 5%  N a H C 0 3 (the addition of brine re
in 50 ml of dioxane was added at 0° to a mixture of 36.7 g (0.6 tards emulsification), and finally with brine. Evaporation of the
mol) of ethanolamine, 40 g of M gO , 125 ml of dioxane, and 125 dried (N a 2SO<) solvent gave 5.8 g of a yellow oil which contained
ml of H 20 . The suspension was warmed to room temperature one ninhydrin-positive material and some lesser amounts of
and stirred for an additional 16 hr. Ether (500 ml) was added, phosphate-positive products. Chromatography on 400 g of
the inorganics were filtered, and the filtrate was washed with DEAE-cellulose in the acetate form13 gave 1.2 g of homogeneous
dilute HC1, brine, 5%  N aH C O , and brine again. After being 7 and an additional 0.8 g containing trace impurities (42% yield
dried (N a 2S0 4), the solvent was evaporated to yield 112 g of the over-all): H 25d  + 6 .2 ° (c 1, C H C h ) ¡lit .11 [<*]d  + 5 .8 ° (c 5,
colorless syrup 2 . An analytical specimen was prepared by C H C h )}; Rf 0.67, using the solvent system 65:25:4, CHC13-
chromatography over Florisil, using 1 : 1  E t20-petroleum ether M e O H -H 20 , on 0.25-mm silica gel G  plates,
as the eluent: infrared absorption at 3.04, 5.83 and 8.01 m- Anal. Calcd for C 4iH 74N 0 8P : C, 66.55; H , 10.08; N ,

Anal. Calcd for C 5H 8C13N 0 3: C, 25.39; H , 3.41; Cl, 44.98. 1.89. Found: C, 66.51; H , 9.94; N , 1.75.
Found: C, 25.56; H , 3.55; Cl, 44.48.

The 3,5-dinitrobenzoate derivative of 2 had mp 86-87° after Registry N o .— 2, 20708-12-7; 2 (3,5-dinitrobenzoate
crystallization from acetone-H20 . derivative), 20708-13-8; 4, 20728-37-4; 4 (dicyclo-

9 .7+  Found ¿ 3S  S S S N + . M  ’ ’ hexylammoniumsalt), 20708-11-6; 7,20707-71-5.
Dichloro(N-/3,|'j,|3-trichloroethoxycarbonyl-2-aminoethyl)phoS- (IS) Thermal gravitational analysis performed on a Du Pont 950 thermo-

phate (3).— A  solution of 41 g (0.174 mol) of 2 in 100 ml of dry gravimetric analyzer.
C 6H 6 was added dropwise under N 2 over 4 hr to a cooled, stirred (16) E. Baer and D. Buchnea, J  B io l.  Chem ., 230, 447 (1958).
solution of 60 ml (0.64 mol) of freshly distilled P0C13 in 250 ml of
dry C 6H 6. After being stirred for 16 hr at room temperature, ------------------------------
the reaction mixture was concentrated at H 20  aspirator pressure
at 40°. Then the residue was azeotroped with dry C6H 6 several T h e  R e a c t io n  o f  /3 -K eto  E s t e r s
times and finally concentrated at 1 mm to give about 55 g of , , .  .  _
crude 3 . The product was dissolved in dry C6H 6, diluted to w i t h  1 ,3 -U ik e t o n e s
volume in a 100-ml volumetric flask, and stored at 0° under N 2.
Under these conditions, the compound is stable for several L. L . W oods

months. Attempted molecular distillation at high vacuum

. 7 • , rx Texas Southern University,(10) Aldrich Chemical Co. v m / l ,
(11) E. Baer and J. Blackwell [B iochem is try , 3, 975 (1964)] prepared this H o u s to n ,  1  e x a s  / /(JU4

compound by acylation of the barium salt of ii-a-glycerylphosphoryl-2/-
hydroxyethylphthalimide followed by hydrazinolysis. Received. January 14, 1969

(12) J. C. Dittmer and R. L. Lester, J . L ip id  Res ., 5, 126 (1964).
(13) G. Rouser, G. Kritchevsky, D. Heller, and E. Lieber, J . A m e r. O il

ch em is ts  S oc ., 4 0 , 425 (1963). The reaction of /3-keto esters with 5,5-dimethyl-l,3-
(14) Elemental analyses and optical rotations were obtained by Miss cyclohexanedione and 1,3-ffldanedione in trifiuoroacetic

Margaret Carroll and Mr. Walter Hamill with their staffs, respectively, of the ^ .
Smith Kline and French Physical and Analytical Chemistry Section, RCld. (1 -T A) SHOWS 8J1 in teresting COntfRSt OI tile RCtion
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T a b l e  I
4-Pyrones from 0-Keto Esters from 1,3-Diketones

Yield, .----------- Calcd, % ------------- ,------------Found, %----------- .
No. fi-Keto ester used Mp, °C  % Formula C H N  C H  N

5,5 Dimethyl-1,3-cyclohexanedione (methone)
1 Ethyl acetoaeetate 207-208 84 C i2H uO, 69.88 6.84 69.69 7.06
2 Ethyl ¡»-nitrobenzoyl-

acetate 203-204 96 C 17H 15N 0 5 65.17 4.82 4.47 64.90 4.64 4.19
3 Ethyl benzoylacetate 123-125 52 CnH 160 3 76.10 6.01 75.94 6.08

1,3-Indanedione
4 Ethyl acetoaeetate 129 95 C 13H 80 3 73.58 3.80 73.70 3.94
5 Ethyl benzoylacetate 209-210 91 Cx8H I0O3 78.82 3.67 78.57 3.90
6 Ethyl p-nitrobenzoyl-

acetate 179-181 99 Ci8H 9N 0 5 67.71 2.84 4.38 67.43 2.59 4.17
7 Dimethyl acetone

dicarboxylate 129-131 81 Ci3H 80 3 73.58 3.80 73.85 4.04
1 =  7,8-Dihydro-2,7,7-trimethyl-4H-l-benzopyran-4,5(6H)-dione
2 =  7,8-Dihydro-7,7-dimethyl-2-(4-nitrophenyl)-4H-l-benzopyran-4,5(6H )-dione
3 =  7,8-Dihydro-7,7-dimethyl-2-phenyl-4H-l-benzopyran-4,5(6H)-dione
4 =  2-Methylindeno[l,2-6]pyran-4,5-dione
5 =  2-Phenylindeno[l,2-6]pyran-4,5-dione
6 =  2-(4-Nitrophenyl)indeno[l,2-i>]pyran-4,5-dione
7 =  2-Methylindeno [1,2-6] pyran-4,5-dione

of the same reagents and catalyst with resorcinol and giving the visualized reaction for compound 4, may be 
substituted resorcinols. considered to be a faithful representation of the general

It  has been shown that resorcinols, which under reaction for compounds 4-7. 
certain conditions have a 1,3-diketo structure, always Hydrolysis ar_d decarboxylation of compound 7 takes 
react with /3-keto esters ortho to one hydroxyl and para place during the course of the reaction and is the same
to the other, rather than at the position between the as 4 by melting point, mixture melting point, and
two hydroxyls, and that the product is always a analysis.
coumarin.1 A  nuclear magnetic resonance study of compound 1

The two cyclic 1,3-diketones selected for this study by the author and by an experienced spectroseopist2 
react with /3-diketones at the position between the two failed to show decisive results as to whether the com-
keto groups simply because it is either the only position pound was a 2-pyrone or a 4-pyrone. This indecision
having an active methylene group, as in 1,3-indane- was resolved by preparing bis-2,4-dinitrophenylhydra-
dione, or the only position having a single active meth- zones from compounds 1 and 4 labeled as 1A and 4A,
ylene group available, as in 5,5-dimethyl-l,3-cyclo- respectively. No structures other than those proposed
hexanedione, because positions 4 and 6 are effectively in Schemes I  and I I  would form such substances, 
covered and sterically hindered by the two methyl Table I  records the essential data on the 1-7 series, 
groups at position 5. Compounds 4-7 are powerful fluorescers.

The chief product from 1,3-dimethyl-1,3-cyclohexane- 
dione is a 4-pyrone, and the general course of the re- Experimental Section3
action may be considered to be the same as given in
Scheme I  for compound 1. However, the difficulty in Preparation of Members of 1-7 Series- A  mixture consisting 

r  of 0.1 mol of the 1,3-diketone, 0.1 mol of /3-keto ester, and 40 ml
of trifluoroacetic acid was refluxed for 24 hr in the case of the 

Sc h e m e  I  1 -3  compounds; however, in the case of the 4-7 compounds, the
0 0 0  refluxing period was dropped to 2  hr because the product began

0 9 <0 TFA J k J k  to precipitate out c-f solution.
+ cHj- c - ch2- c- ° c2h5 -------«•cHjvf T  J  CH + Ha° + c2hsoh Upon the termination of the reflux period, each of the mixtures

ch3 0 chv/A ' ° ^  3 was poured into 400 ml of water. A ll of the compounds quickly
crystallized except compounds 1 and 3. In  these two cases, the 

I  oils were separated from the water-diluted solutions and let into
about 500 ml of a saturated solution of sodium bicarbonate in a 

purification of compounds 1-3 appears to indicate that 1000-ml beaker. Neutralization of the occluded acid in this
an appreciable amount of the product is 2-pyrone, manner permits the product to crystallize. A ll compounds were

, .  , . , , 1 j  j  . -a ■ • then filtered and the precipitates were dried in an.
which is removed along with occluded trifluoroacetic Compounds x_3 were purified three times by taking them up in
acid by the sodium bicarbonate treatment described m boiling heptane followed by chilling. Compounds 4-7 were
the Experimental Section. purified by extracting small powdered samples with boiling ethyl

No such difficulty, was encountered in the reaction of acetate and filtering. The precipitate was discarded and the
1,3-indanedione with /3-keto esters and Scheme II, compound was recovered by precipitating with heptane and

’ chilling. The precipitate was again purified by repeating the
process. Extreme care was taken on the second precipitation to 

Sc h e m e  I I  use no more ethyl acetate than required to redissolve the com-
.0 0 0 v pounds, and 10 -20  times that volume of heptane was used.

C J Q  + CHj-C-CHg-C-OCgHj + »2° + W "  ______________

^ 0 0 £2) Sadtler Research Laboratories, Philadelphia, Pa. 19104.
^  (3) A ll analyses were performed by Dr. Carl Tiedcke, 705 George St.,

______________  Teaneck, N . J. Melting points were taken on a Fisher-Johns melting
(1) L. L. Woods and John Sapp, J .  O rg. Chem ., 27, 3703 (1962). point block.
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An integrated nmr of compound I gave chemical shifts s 1.10, hydroxide ion will involve attack of this reagent and the
1.66, 2.20-2.80, 3.35, and 5.50, interpreted as 6 , 2, 4, 0.4, and rest will be a salt-assisted spontaneous hydrolysis of the
0 .6  protons, respectively. ,. .

2,4-Dinitrophenylhydrazones of Compounds 1 and 4.— Two cuamon.J .
grams each of compound 1 and 2 ,4-dinitrophenylhydrazine and Inorganic phosphate was isolated after complete 
2 ml of concentrated hydrochloric acid were gently heated at hydrolysis in 180-enriched water and its excess isotopic
70-80° for 10  min in 70 ml of absolute ethanol. Compound 4 was abundance, N, was determined. The results (Table I )
treated in a similar manner The cooled solutions wre filtered show that hydrolysis of the dianion, at pH 6.0, intro-
and the filtrates were discarded. 1  he air-dried precipitates were ,  ̂ n.i , . , . , ,
extracted with two successive 50-ml portions of boiling ethanol. duces one oxygen of the water into inorganic phosphate, 
The precipitates were again dried in air. The melting points of as expected, 
the hydrazones 1A and 4A were 205-207° and 248-249°, respec-
tiveiy. , „  T a b l e  I

Anal. Calcd for ( 1A ): N , 19.10. Found: N ,
19.23. Calcd for C 25H 16N 80 9 (4A ): N ,  16.66. Found: N , B ond  F ission IN THE H y d r o l y s is  o f

4Q ̂ 2,4 -D in it r o p h e n y l  P h o s p h a t e ®

Reagent N ^ 2ob Np6 % N p/A ^o

Registry No.— 1, 20452-84-0; 1A, 20452-85-1 ; 2, pH  6 .0c 0.80 0.21 26
20452-86-2 ; 3, 20452-87-3; 4, 20452-88-4 ; 4A, 20452- PH  6.0« 0.78 0.18 23
8 9 -5 ; 5, 20452-90-8 ; 6, 20452-91-9. l  M  K O H  1.37 0.31 23

1 M  K O H  1.37 0.33 24
Acknowledgment.—The author acknowledges with l  M  K O H  0.73 0.19 26

thanks the financial support for this project by the <■ At 25.0° unless specified. 1 Atom per cent excess above 
Robert A. Welch Foundation and thanks Dr. Kurt normal. ' At 45.0° with acetate buffer; the pH  was readjusted 

Leoning of the Chemical Abstracts Service for his during the reaction, 

assistance in the naming of the compounds.
The dianion with alkoxide ion in methanol or ethanol

' gives both phenol and phenolic ether, showing that
„  , • • i tt j i • e phosphorus- and aryl-oxy fission are occurring.3 InBond fis s ion  in  the Hydrolysis o l , , ,J J water we find predominantly phosphorus-oxygen

2,4-D initrophenyI Phosphate1 fission (Table I). The spontaneous hydrolysis of the
dianion makes some contribution to the over-all reac- 

C. A. B u n t o n  a n d  J. M . H e l l y e r  lion, even with 1 M  hydroxide ion, but not enough to
account for all the phosphorus-oxygen fission, and 

Department of Chemistry, therefore the hydroxide ion is attacking the phosphorus
Santa ^ ^ ^ ¡ ^ 9 3 1 0 6 ^ ’ atom, although attack upon the aryl group is important

with alkoxide ion in alcohol.3 For nucleophilic attack 
Received January 27, 1970 upon 2,4-dinitrophenyl tosylate it was found that the

more polarizable reagents tended to attack the aryl
The hydrolyses of 2,4- and 2,6-dinitrophenyl phos- group preferentially,4 but amines have been shown to

phate differ from those of most simple monophosphates attack the phosphorus atom of 2,4-dinitrophenyl phos-
in that the dianion, rather than the monoanion, is the phate.6 These changes in the site of attack with
most reactive species 2’3 changes in reagent accord with Pearson s classification

It  is assumed that the dianion generates phenoxide ° f  “ hard and soft reagents.6 
and metaphosphate ions, and the inorganic phosphate However there was some nucleophilic attack upon the

aryl group in the reaction between the bis-2,4-dmitro- 
ArO  P 0 32~ sI°> A r O - +  P 0 3-  * > H 2P 0 180 3-  phenyl phosphate monoanion and hydroxide ion.7 In

fast this system two aryl groups are available for attack,
should therefore have 25% of the abundance of the and the spontaneous hydrolysis makes little contribu-
water. Experiments in mixed aqueous organic solvents tion to the over-all reaction in alkali. These results
show that the phosphorus-oxygen bond is broken, as provide other examples of phosphorylation by anions of
required by this mechanism. The aim of the present phosphate esters.3,5,7 Phosphorylations of one anion
work was to confirm the phosphorus-oxygen bond by another have been considered as models for degrada-
fission for hydrolysis of the dianion in water, and in tions of several biologically important phosphates.8
addition to determine the position of bond fission for
hydrolysis at high pH, where part of the reaction in- Experimental Section
volves attack of hydroxide ion upon the dianion.3 (The . , , ,

.. ,. J , . . ' , , , . Materials.— 2,4-Dmitrophenyl phosphate was prepared and
over-all reaction rate is increased approximately six- isolated as its cyclohexylamine salt, mp 145° (lit.3 mp 147°).
fold by 1 M  potassium hydroxide; however sodium and The water was distilled from KMnCh (twice) and its isotopic
potassium chloride have marked salt effects on the abundance was determined by equilibration with C 0 2 which was
spontaneous hydrolysis of the dianion, and, assuming analyzed mass spectrometrically.

that the potassium chloride and hydroxide exert similar S t
salt effects, approximately half the reaction in 1 M -------------

(4) J. F. Bunnett and J. Y . Bassett, ib id ., 81, 2014 (1959).
(1) (a) Abstracted from the thesis of J. M . Hellyer, submitted in partial (5) A. J. K irby and A. G. Varvoglis, J .  Chem . Son., Ph y s . O rg ., 13S (1968).

fulfillment of the requirements of the Doctor of Philosophy degree of the (6) R. G. Pearson, J .  A m er. Chem . Soc., 85, 3533 (1963).
University of California at Santa Barbara, (b) Support of this work by the (7) C. A. Bunton and S. J. Farber, J . O rg. Chem ., 34, 767 (1969).
National Institute of Arthritis and Metabolic Diseases of the U. S. Public (8) J. R. Cox and O. B. Ramsay, Chem . Rev., 64, 343 (1964); J. R. Cox
Health Service is gratefully acknowledged. and J. P. Cleveland, in the Symposium on Naturally Occurring Phosphate

(2) A. J. K irby and A. G. Varvoglis, J .  A m er. Chem . S oc ., 89, 415 (1967). Esters, Newcastle, The Chemical Society, London, 1967; D. G. Oakenfull,
(3) C. A. Bunton, E. J. Fendler, and J. H. Fendler, ib id ., 89, 1221 (1967). D. I. Richardson, and D. A. Usher, J .  A m er. Chem . Soc., 89, 5491 (1967).
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solved in H 2180  (150 ml) and the solution was made alkaline and proved to be possible to synthesize 2 from 1 by using al-
extraeted with pentane to remove the cyclohexylamine. The ternative basic catalysts. Sodium amide in liquid
pH  of the solution was then adjusted and the hydrolysis was „  , ,, , c ,■ ■ , o w  -„in
carried to completion. For reactions at pH  6 the dinitrophenol ammonia effects the transformation m 43% yield,
was extracted with chloroform; this step was omitted for reaction whereas use of potassium i-butoxide m dimethyl SUl-
in alkali. Barium phosphate was then precipitated, redissolved foxide gave 2 in 67% yield.
in acid and reprecipitated, following procedures already described, We propose that the formation of 3 results from
and then converted into potassium dihydrogen phosphate using base-catalyzed intramolecular condensation of the 
Dowex 50W-X8 resin m its acid form followed by neutralization r . ,. » ,
with K OH . Potassium dihydrogen phosphate was then isolated amide and nitro groups in 2 and that the reaction iol- 
followir.g procedures already described,9 and its 180  abundance lows the course outlined in Scheme II. 
was determined by heating it in  vacuo with phenylenediamine 
hydrochloride and guanidine hydrochloride and analyzing the
evolved CO2 mass spectrometrically.10 s c h e m e  1

Ph CH3
Registry No.— 2,4-Dinitrophenyl phosphate, 2566- _ V /  „

26-9. oh,h2o ^

(9) C. A. Bunton, D. R. Llewellyn, K . G. Oldham, and C. A. Vernon, {
J .  Chem. Soc., 3574 (1958). y V * —

(10) C. A. Bunton and B. N. Hendy, ib id ., 627 (1963). —C\ ISC')
U U .* p ,

------------------------------  'H — OH

Base-Catalyzed Form ation and Reactions o f A
o-N itrophenylacetam idesla,b ^

R ic h a r d  J. S h n d b e r g  a n d  D a l e  E. B l a c k b u r n 10 ?h n u  Ph
_ JA C H s

Department of Chemistry, University of Virginia, y  |j
Charlottesville, Virginia 22901 L II Jj V / \ . T 

N— NO

Received. February 24, 1969 I C

-° n r r  y
Naito and coworkers2 have shown that Smiles rear- B ***^%Ss  _H 0

rangement of N-(nitrophenylsulfonyl)acetamides can /
be a useful synthetic route to nitrophenylacetamides. CH3 ----- I I I
We subjected N-(o-nitrophenylsulfonyl)-2-phenylpro- Ph—
pionamide (1) to prolonged heating (26 hr) with 10% j| | Cih C02~
aqueous sodium hydroxide in an attempt to synthesize N = N
2-(o-nitrophenyl)-2-phenylpropionamide (2) (Scheme 
I ) . The principal product of the reaction was found to j p

Sc h e m e  I  ^

0  CH
H || | 3 The following observations can be cited in support of

a S02N— C—CHPh - ^  / y  this proposal. When 2 is subjected to reaction with
■0H’ H2°> f  j r - f  J aqueous base, 3 is formed in 59% yield after 4.5 hr.

N02 Reaction of 1 with aqueous sodium hydroxide in the
j COH 3 presence of d-naphthol leads to an azo compound be

lieved to be 4 on the basis of analytical and spectral 
NaNH2, nh3, data. The formation of 4 suggests the intermediacy
(CHjjCO- chsoch ° f  a diazonium hydroxide (C) in the reaction. I f  C is

formed by intramolecular condensation from 2, the 
CH3pk final step in the formation of 9-methylfluorene-9~car-
J A  boxylic acid can readily be explained as a Pschorr cy-

clization.3
q The intramolecular condensation between an amide

N02 group and nitro group which is proposed to account for
2 the formation of intermediate B is an example of a rela

tively rare class of reactions, although condensations
. . .  , . j  ,or,rr/ . , n o , , „ with many other types of carbon and nitrogen nucleo-be a nitrogen-free acid (30% yield), spectral evidence * J1 . f  T , ,

, & . -,i ,£ .• philes and nitro groups are quite common.4 The for-and comparison with an authentic sample showed tne ,. , „  , 0 5 , , AT , ., , , ,
. ,  , A _ r, i, r  -j /a , n mation of 3-phervlmdazole when JN-(o-mtrophenylsul-acid to be 9-methylfluorene-9-carboxyhc acid (3). I t  ,, 0 , , , ■ , • , , , A  JJ fonyl)-2-phenylacetamide (5) is heated with aqueous
(i) (a) Supported in part by nih  Grant GM-14344. (b) Abstracted base is believed to involve a similar condensation2’4

from the Ph.D. Thesis of D. E. Blackburn, University of Virginia, 1969. proceeding Via the Smiles rearrangement product 6
(c) NASA Trainee, 1964-1967. A  , y TTX . , ,  , , , \  , .

(2) t . Naito, r . Dohmori, and o. Nagase, j . p h a rm . Soc. ja p a n ,  74 , (Scheme I I I ) .  An attempt was made to trap a di-
593 (1954); T. Naito, R. Dohmori, and M. Sano, ib id ., 74, 596 (1954);
T. Naito, R. Dohmori, and M. Shimoda, P h a rm . B u ll . (Tokyo), 3, 34 (3) D. F. DeTar, O rg. R eactions , 9, 409 (1957).
(1955). (4) J* D. Loudon and G. Tennant, Q uart. Rev. (London), 18, 389 (1964).
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Sc h e m e  I I I  ferric nitrate. Phenylacetic acid (28.2 g, 0.208 mol) was added
„ and the mixture was stirred for 0.5 hr. Methyl iodide (29.6 g,
II p ^ H  0  0.208 mol) in ether (40 ml) was added. After the reaction

qj-. i j  p  „ „ p ,  OH, N J  II mixture had been stirred for 1.5 hr, the ammonia was allowed to

a 2 2 HaO CNH2 evaporate. Ether (250 ml) was added to the residue and the
L II *■ mixture was evaporated to dryness on the steam bath. This

N 0 2 ^ ' ^ v'N 0 2 procedure was repeated and the residue was then dissolved in
_  water (600 ml) and washed with ether. The aqueous solution was
“  ® filtered and acidified with hydrochloric acid. The organic layer

^ ______ „ P h  was separated and distilled to yield pure 2-phenylpropionie acid
T  I  f  (24.4 g, 0.162 mol, 78% ), bp 92-97° (0.3 mm).

N-(o-Nitrophenylsulfonyl)-2-phenylpropionamide (1).— 2-Phen- 
I£ ylpropionyl chloride was prepared from the acid by reaction

with thionyl chloride and then distilled. The acid chloride (33.7 
* g, 0.200 mol) and o-nitrobenzenesulfonamide (40.4 g, 0.200 mol)

were mixed and heated in an oil bath at 170-180° for 1.5 hr. 
azon iu m  in term ed iate  b y  treatin g  5 w ith  aqu eou s  base  Crushed ice was added with stirring until the viscous reaction 

,, -vr j  mixture solidified. The water was decanted and the residue was
m  the presence o f /3-naphthol. N o  azo com pou n d  w a s  crystallized from ethanol-water giving 74 .3  g of crude product,
formed and the formation of 3-phenylindazole was not mp 1 4 4 -1 5 5  °. Treatment with charcoal and several recrystal-
inhibited. The diazonium intermediate from 6 may lizations gave pure l (34.3 g, 0.103 mol, 51%); mp 152.5-155°;
cyclize to 7 faster than it can be trapped by /3-naph- rNH 3210, p C 0  1720, v s o ,  1525,1350 cm-1,
thol. It is interesting to note that, in contrast to 2 and - p A n f '  e r r ’ '53'88, 4'22, N ’ 8'38'
6 , the parent compound o-mtrophenylacetamide under- Reaction of 1 with Aqueous Sodium Hydroxide.— A  solution of 
goes hydrolysis in preference to intramolecular conden- i (1 .7  g, 0.0050 mol) and 10% sodium hydroxide (20 ml, —0.05
sation.6 The presence of the substituents a  to the car- mol O H ) was heated on a steam bath for 26 hr. The reaction
bonyl group in 2 and 6  may be important in retarding mixture was acidified causing the separation of an oil which
, 1  , c , , , rr- ■ ,, , • , ■ , „  solidified on standing. The mixture was extracted with chloro-the rate of hydrolysis sufficiently to permit mtramo- form and( after concgntration> the product, was chromatographed
lecu lar condensation  to  com pete successfu lly . on silicic acid. Chloroform eluted 9-methylfluorene-9-carboxylic

F u rth e r  ev idence that condensation  reactions in - acid (3) which was recrystallized from ethanol-water giving pure
v o lv in g  the am ido  an d  n itro  functions o f 2 le ad  to  the 3 (°-33 g, 0.0015 mol, 29% ); mp 172-173° (lit .7 mp 170-171°);

fo rm ation  o f 3 can  b e  in ferred  fro m  the resu lts o b ta in ed  methanol) 256 m/i t i ! og e 4'24\  26.5 I4)?™ ’

w ith  N -m e th y  1 -N -1 o -m troph en y lsu lfon y  1)-2 -p h en y l- at t  x ,75  (3 H , s ), 7 .2- 7 .S (8 H , m ) and 10 .5  ( 1 H ,S).
acetam ide  (8). U n lik e  5, the N -m e t h y l h om o log  8 The sample was identical (mixture melting point and super
g ives  the n o rm al Sm iles rea rran gem en t p ro d u ct 9 on  imposable infrared spectra) with an authentic sample of 3 pre
reaction  w ith  aqu eou s base  (Schem e I V ) .  T h e  N -  pared by the method of Anet and Bavin .7

2-(o-Nitrophenyl)-2-phenylpropionamide (2 ).— A  solution of 1 
(3.34 g, 0.0100 mol) in dimethyl sulfoxide (10 ml) was added to a 

Sc h e m e  IV  solution of potassium ¿-butoxide (3.36 g, 0.0300 mol) in dimethyl
CJJ3 O Ph O sulfoxide (50 m l). The solution was heated at 80-85° for 24 hr.
j jj i p  The reaction mixture was diluted with saturated aqueous sodium

a S02N — C— CH2Ph -  — C— NHCH3 chloride (500 ml) and extracted thoroughly with ether. The
OH»» | || ether solution was washed with water and dried over magnesium

H20  sulfate. The solution was filtered and evaporated. Crystal-
NO 2 lization of the residue from benzene-petroleum ether gave 2

8  o (1.10 g, 0.0041 mol, 67% based on unrecovered 1): mp 129-
' 131°; rNH2 3470 and 3360, vco 1670, rNo2 1535 and 1365 cm "1;

if nmr peaks in C D C h  at S 2.15 (3 H , s), 5.87 (2 H , broad singlet),
j  and 6.9-7.9 (8 H , m ).
I Anal. Calcd for C 15H 14N 2O.,: C, 6 6 .6 6 ; H , 5.22; N , 10.36.

Ph H Found: C, 66.64; H , 5.40; N , 10.35.
V /  q  Unreacted 1 (1.30 g, 0.0039 mol, 39% ) was recovered by acidi-

| ^ Y p  fication of the alkaline aqueous layer remaining from the ex-
L H traction of 2 .

Reaction of 1 with sodamide (2 mol) in liquid ammonia for 2.5 
_ q \ hr led to formation of a 43% yield of 2 (based on unrecovered

O -  3 1 ) and recovery of 65% of the starting material.
, , . - i i -  Reaction of 2 with Aqueous Sodium Hydroxide.— 2-(o-Nitro-

m eth y i g ro u p  can  interfere w ith  the in tram o lecu la r phenyl)-2-phenylpropionamide (0.63 g, 0.0023 mol) was heated 
condensation  b y  p reven tin g  loss o f w a te r  an d  the fo r - with 10% aqueous sodium hydroxide (7.5 ml, ~0.018 mol O H - ) 
m ation  o f a  n itrogen -n itro gen  do u b le  bo n d . f ° r hr on a steam bath. The reaction mixture was cooled,

A  conven ien t synthesis o f 2 -ph en y lp rop ion ic  acid  acidified, and extracted with ether. The ether extract was 
u j n i x -  r xi_ t  v  washed with water, dried, and concentrated using a rotary evap- 

(h y d ra tro p ic  ac id ) b ased  on  a lk y la tio n  o f the d isod io  orator. The residue w ; § chromatographed 0gn silicicy aci’f.
sa lt0 Of ph eny lacetic  ac id  w a s  deve lo ped  d u rin g  the Chloroform eluted 9-methylfiuorene-9-carboxylic acid (0.30 g,
course o f this w o rk  an d  is d esc ribed  in  the E x p e r i-  0.0013 mol, 59% ), mp 170-172° after recrystallization from
m en ta l Section. ethanol-water.

Reaction of 1 with Aqueous Sodium Hydroxide in the Presence 
of /3-Naphthol.— A  mixture of 1 (1.67 g, 0.0050 mol) and /3- 

Experimental Section naphthol (0.72 g, 0.0050 mol) in 10% aqueous sodium hydroxide
-> A (30 ml) was heated on a steam bath for 26 hr. The reaction

„ j j - c  c „  u c j - , , r, . „ , r mixture was acidified giving a partially crystalline precipitate.
^  rn n  P nCeS ° f .SodlUm (1° - 4  g ’ ° ;45f Recrystallization from ethanol-water gave pure 2-phenyl-2-[2-

g-atom ) to liquid ammon.a (750 ml) containing a small amount of (2-hydroxy-l-naphthylazo)phenyl] propionic acid (4, 0.8 g,

(5) C. W. Muth, N . Abraham, M. L. Linfield, R. B. Wotring, and E. A. ° - 002 m oh 40% ): mp 214-216° dec; von 3450 and 2200-3200,
Pacofsky, J .  Org. Chem ., 25, 736 (1960). _______________

(6) C. R. Hauser and W. R. Dunnavent, O rg. S y n ., 40, 38 (1960). (7) F. A. L. Anet and P. M. G. Bavin, C an . J .  C hem ., 34, 991 (1956).
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vco 1730 cm-1; xmai (in 95% ethanol) 228 him (log e 4.59), 315 We describe a convenient two-step general synthesis for
l3o9f i iu 8° l4-08] ^  P?akf  m DMS° - *  at s 2-° (3 H> s)> esters or acids of these types. This reaction sequence, a

Anal- Calcd for C 25H 2«N 20 3: C, 7 5 .7 4 ; H , 5.09; N , 7.07. Favorsku-type rearrangement of dibromo derivatives
Found: C, 75.78; H , 5.00; N .6 .83. of /3-keto esters, was first applied to 4,4-dibromo-2-

Reaction of 5 with Aqueous Sodium Hydroxide in the Presence methylacetoacetic acid.4
?f „ "̂^®Plltllo^ ~ ^ '(0"^*troPlienyhulfonyl)-2-phenylacetamide As shown in Scheme I, methyl 2-oxocyclohexane-
(1.6 g, 0.005 mol) and /3-naphthol (0.72 g, 0.005 mol) were mixed /.„\ / 1 \ m 1 a 1 o 1
with 10 %  aqueous sodium hydroxide (30 ml) and heated on Carboxylate (la ), +)-m ethyl 4-methyl-2-oxocyclo-
a steam bath for 14 hr. A  gummy precipitate was present. nBxanecarboxyiate (lb ), and ( )-methyl 4-methyl-2-
After crystallization from ethanol and elution through a short 
column of alumina, 3-phenylindazole (0.66 g, 0.0034 mol, 68% ), 
mp 116-118°, was obtained.

Acidification of the aqueous reaction solution precipitated Scheme I
/3-naphthol (0.70 g, 0.0049 mol, 97% ), mp 121-122° after puri- g
fication by chromatography. T

Reaction of o-Nitrophenylacetamide with Aqueous Sodium 4. / r u n
Hydroxide.— A  mixture of o-nitrophenylacetamide ( 1.8  g, 0.010 | |  .p a s>2 ,
mol) and 10 %  aqueous sodium hydroxide was heated on a s^eam 
bath for 7 hr. Acidification of the reaction mixture followed I
by recrystallization of the precipitate from ethanol-water gave C02CH3
o-nitrophenylacetic acid (1.0 g, 0.05 mol, 55% ), mp 138-141°. la  R =  H

N-Methyl-N-(o-nitrophenylsulfonyl)-2 -phenylacetamide (8 ).—  , , ,  ' r> =  ptr
N-Methyl-o-nitrobenzenesulfonamide ( 10.8  g, 0.050 mol) and 1
phenylacetyl chloride (12.4 g, 0.080 mol) were heated together \ )  c, — 3
at 150-160° in an oil bath for 2 hr. Crushed ice was added to the R
reaction mixture with stirring and the precipitate was collected i
by filtration. Several recrystallizations from ethanol gave pure T .
8 (12.1 g, 0.036 mol, 72% ): mp 126.5-128°; vco 1700, xNo2 | ^ > Br2 NaOCH„CH3OH)
1540 and 1355, rso21175 cm-1. 01

Anal. Calcd for C 15H 14N 2O5S: C, 53.88; H, 4.22, N , 8.38. | ® Na0H,H20
Found: C, 53.80; H .4.17; N . 8 .2 1 . C02CH3

Reaction of 8 with Aqueous Sodium Hydroxide.— A  solution of _ „  _  „
8 (1.67 g, 0.050 mol) in 10% aqueous sodium hydroxide (12.5 2h R — PH
ml) was heated on a steam bath for 4.5 hr. The reaction mixture K —
contained an oil which was dissolved in ether. The aqueous R
solution was extracted with ether. The combined ether solu- I _ _
tions were washed with water, dried, and evaporated. The / y
residue was chromatographed on silicic acid. N-M ethyl-(o- 1_____II
nitrophenyl)phenylacet,amide (9) was eluted with chloroform and ^ C 0 2R'
recrystallized from ethanol (0.37 g, 1.4 mol, 88%  based on un
recovered 8 ): mp 142-144°; xNh 3250, vco 1645, vNo2 1525 and 3a,R =  R '=  CH3
1345 cm -1. 3b| R =  R' =  H

Anal. Calcd for C 15H 14N 2O3: C , 6 6 .6 6 ; H , 5.22; N , 10.36. /_i_\ o P s r R '— pH
Found: C, 66.43, H , 5.39; N , 10.32. ( + )  3d R =  R' =  H

Acidification of the aqueous reaction mixture gave unreacted f  ; : ,  ’ R _  R/ _  Ptj
8 (1.15 g, 0.034 mol, 68%  recovery). J  ^ ^

Registry No.— 1, 20512-89-4; 2, 20512-90-7; 4, H"° CH 0
20512-91-8; 8,20512-92-9; 9,20512-93-0. T j i f

_____________________  1----------------- L J _ !

( + )  4
The Synthesis o f ( + ) - ,  ( —)-, and (rt)-D im eth y l

3-M ethyl-l-cyclopentene-l,2-dicarboxylates and

the Corresponding Aeids oxocyclohexanecarboxylate (1 c) on treatment with 2.2
^ T „  molar equiv of bromine afforded the dibromides 2a and

K. S. Schoeno , 1 G. H. A d o lphen , a n d  E . J. E is e n b r a u n ’ 2 b .6 T h ese  crude unidentified dibromides were then

r, , , . . ,  , , , ,  , cu , TT ■ -a separately treated with a methanolic solution of sodium
Stillwater, Oklahoma 74074 methoxxde. Subsequent work-up provided the new

esters (+)-dim ethyl (3/2)-methyl-l-cyclopentene-l,2- 
Received March 14,1969 dicarboxylate (3c) and (-)-d im ethyl (3£)-methyl-l-

cyclopentene-l,2-dicarboxylate (3e). Hydrolysis of 2b5 
The synthesis of l-cyclopentene-l,2-dicarboxylic acid yielded the new acids ( + )-(3ii)-methyl-l-cyclopentene- 

and its dimethyl ester has been reported.3 However, 1,2-dicarboxylie acid (3d) and ( —)-(3iS)-methyl-l-
the reported synthesis of comparable esters with alkyl cyclopentene-l,2-dicarboxylic acid (3f).
substitution at positions C-3 and C-4 are time con- Dimethyl l-cyclopentene-l,2-dicarboxylate (3a) and 
suming and multistep, and the over-all yields are low.3c the acid 3b were prepared and identified as described in

the Experimental Section. The racemic forms of 3c
(1) Graduate Assistant, Oklahoma State University, 1962-1967.
(2) Address correspondence and reprint requests to this author. (4) (a) M . Demarcay, A n n . C h im . P h y s ., 20, 433 (1880); (b) P. Walden,
(3) (a) E. Haworth and W. H. Perkin, J .  Chem . Soc., 65, 978 (1894); B er., 24, 2025 (1891).

(b) L. L. McCoy, J . A m er. Chem . Soc., 89, 1673 (1967); (c) R. B. Bates, (5) Structure 2b is used to represent the dibromide from both ( +  ) lb
E. J. Eisenbraun, and S. M. McElvain, ib id ., 80, 3413 (1958). and ( —) lc .
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and 3d are also known.30 The absolute configuration room temperature yielded 210 mg (55% ) of brown leaflets of
assignm ents o f  ( +  ) 3c, ( + )  3d, an d  ( + )  4 as R° as w e ll i ^ ^ P f 't ^ 'e - l^ -d ic a r b o x y l ic  acid (3b), mp 150 - 16 0 ° and

p  . ^ y ri/ i , /,1 _? / i \ 176-177 after recrystallization from ethyl acetate (lit.7a mp
as (  — ) 3e a n d  ( — ) 3f as £ 6 are  based  on  the use ot ( + ) -  178 - 1 7 9 °).
(3fl)-methylcyclohexanone7a b and (  — )-(3iS)-methylcy- Dibromo Keto Ester 2b.— The procedure described for the 
clohexanone70 in the synthesis of ( + )  l b  and ( — ) lc . preparation of 2a was applied to 29 g (0.17 mol) of lb, which

We found it convenient to use sodium methoxide in was dibrommated to yield 41.3 g (75% ) of crude 2b: ir (liquid

methanol to cause the Favorskn-type rearrangement u 6 (j 110 0  960 g10  7so, and 740 cm“1.
since the product was thus directly available for distilla- ( 4  /-Dimethyl (3 R ) -Methyl 1 cyclopentene-1,2-dicarboxylate
tion. However, aqueous sodium hydroxide may be (3c).— The procedure described for the preparation of 3a was
used to cause the direct formation of the sodium salts of used to convert 41.3 g (0.126 mol) of 2b into 22 g (88% ) of 3c:
the dibasic acids 3b, ( + )  3d, and ( - )  3f. ¡?p 45° (0 2 mm); W " d +2 9  6 ° (c 1.2 CH aOH ); nmr (CC14)

The nmr spectra of 3c and/or 3e show 8 1.15 (d, o, five pro ôns were observed as complex resonances between 1.7
J  =  7 Hz), which is in agreement with a methyl-group and 3 .5 ; ;r (liquid film) 2950, 1725, 1640, 1430, and 1260 cm -1;
split by a proton allylic to a double bond; 3.72 (s, 3) uv max (C H 3O H ) 223 m^ (log e 4.33); mass spectrum 70 eV
and 3.73 (s, 3 ) assigned to the two carboxymethyl molecular ion m/e 198.

groups; and a series of highly coupled resonances be- 60 39* H  7a i°l or 10 14 4' ’ ’ ’ oun ' ’
tween 1.30 and o.30 (m, 5 ) attributed to the protons of ( —- 4 (3R  ¡-Methyl-1- cyclopen tene-1,2-dicarboxylic Acid (3d).—
the cyclopentene ring. Their ir absorption (ester To a well-stirred solution of 20 g (0.5 mol) of sodium hydroxide in 
C = 0 ) at 1720 cm-1 is comparable with that of maleic 200 ml of distilled water at room temperature was added 41.3 g
ac id  an d  not w ith  the  1 6 8 0 -c m -1 v a lu e  o b ta in ed  fo r  (0.126 mol) of 2b prepared from ( + )  lb . After the addition was
, . • i mi • ij. • i x x • complete, the solution was allowed to stir for an additional hour
fu m aric  acid. T h e ir  u ltrav io le t  spectra  are  m  ag ree - andf t was then added to 200 ml of a 5%  solution of hydrochloric 
ment with the reported value for the ( ± )  form.30 The acid and extracted with five 100-ml portions of ether. The
molecular ion peak at m/e 198 from their mass spectra ether extracts were combined, dried (M gS 0 4), and concentrated
lends additional support to the assigned structures. to 20 g (80% ) of brown crystals, mp 105-125°. Recrystallization

The nmr spectrum of the acid 3d in NaOD showed from petroleum ether (bp 60-68°) gave 14 g of colorless crystals
, JT . , . , XT of 3d: mp 135-136 ; nmr (CDC13) 8 8.75 (s, 2), 4.25 (m, 1),

peaks compatible with the assigned structure. How- 3 .60 (m> 2)> and 1 3 0  (d> 3> j  =  7 H z ); ir (CH O I,) 3000, 1720,
ever, as expected, dow n fie ld  sh ifts o f a bo u t 29 H z  w ere  1625, 1420, 1250, 1040, and 930 cm“1; uv max (C 2H 5O H ) 236
o bse rved  an d  the m eth y l-g ro u p  sp lit ap p ea red  a t  8 1.58 m/x (log e 4.05); [ « ] 24d +12 .1 ° (c 0.5, C H 3O H ).
(A o t _  7 TT7 ) Anal. Calcd for C8H i0O4: C , 56.46; H , 5.92. Found: C,
K 9 ’ 56.38; H , 5.97.

_  ( — )-Dimethyl (3$)-Methyl-l-cyclopentene-l,2-dicarboxylate
Experimental Section8 (3e) and ( - )-(3i8)-Methyl-l-cyclopentene~l,2-dicarboxylic Acid

tvm. v  j. t? j.  ̂ rn ii ,• j  -I .• r or (3f).— A  1.7-g sample of ( — ) lc7a*c was converted into 1.06 gDibromo Keto Ester 2a.— To a well-stirred solution of 25 g \ o u oo/no i \ r i no / a ~m 1N r i o i u u i i /« \ i onn (¿>3%) of ( — ) 3e: bp 88-90 (0.1 mm); [a ] d —28.7 (c 6 .6 ,(0.16 mol) of methyl 2-oxocyclohexanecarboxylate ( la )  and 200 A tt X W n i i • i , 1ftD v .i r v i , AO j j j j  • rC /A or i\ U H 3O ii );  molecular ion peak m e  198. the mass, nmr, and irml of anhydrous ether at 0 was added dropwise 56 g (0.35 mol) , ' ,  . . s , , , \  ,  „ . j  ,. Arj. ,, , , ,, , spectra of ( + )  3c and ( — ) 3e were essentially identical,
of bromine. After the addition was complete, the solution was . 7 a  , f ^ Tt A  o  ca ca tt n m  -n j ^,. j  r i , - 4- i v  , ao j A, i i  j x ia a  r Anal. Calcd for CioH]40 4: C, 60.59; H , 7.12. Found: C,
stirred for an additional hour at 0 and then added to 100 g of 60 40* H  7 22
crushed ice and 100 ml of a saturated solution of sodium bi- *A C o ’ * * i c , \ * . . j -xu h i -
carbonate. The ether layer was separated and the aqueous , An sa“ p e  of ^  w lth aqueous alkali as
layer was extracted with three additional 100-ml portions of described for 3c to give 0.11 g (64% ) of ( - )  3f. Recrystalhza-
ether. The ether layers were combined, dried (M gS 0 4), and con- /ot io t .  r i V°lo Tn.eSS cr7s. a s " , mp
centrated to 40 g (78% ) of crude 2a: nmr (neat) 6 3.80 (s, 3), 1327133 A “  V  (C A  C / ° l  ^ T * ’ “V
2.90 (m, 2 ), 2.40 (m, 2 ), and 1.80 (m, 2 ); ir (liquid film) 2950, spectra of ( - )  3f were essentially identical with those of ( + )3 d .
1730, 1650, 1620, 1440, 1360, 1340, 1240, 790, and 730 cm“1. C q g  f° r C8Hl0° 4- C - 56'46’ H ’ 5-92‘ Found- C,
This crude material was used directly in the next step. , , . , , .  ,. .

Dimethvl 1 Cvrlnnenten^ 1 2 dicarboxvlate (3a) — Tn a well (+)-(3fl)-Methyl-l-cyclopentene-l,2-dlcarboxylic Acid Anhy-
stirred S t i o n  of sodium methoxide (12  g, 0.52 g-atom of dride (4 ) ;- A  0.28-g sample of c™ de 3d was distilled at 180° (1
sodium 1 in 200 ml of methanol was added dronwise at room mm) to give 0.21 g (83% ) of 4: [a ]28D +17 .4 ° (c2.1 CHC13); ir

, L  (Mtluid film) 2945> 1840> 1770> 1650> 145°- 1325> 1265. H05,temperature 40 g (0.127 mol) of 2a. After the addition was com- inon ’ j  ON
plete, the solution was allowed to stir for 1 hr, poured into 200 ml 866^ 729’-  “ d 718rCm wnnar (? Cl4) 5 2'7° (? ’ 3J j
of 5%  hydrochloric acid solution, and extracted with five 100-ml 2 ‘20 and (d ’ 3’ J , =  7 A, swef p past 5 8 ' /0
portions of ether. The ether extracts were combined and washed showed absence of absorption due to carboxyl proton
with distilled water until neutral to pH  paper, dried (M gS 0 4), ‘ “  for CsH8° 8: C ’ 63-15>' H - 5 '30- Found: C >
concentrated, and distilled, giving 19 g (81% ) of dimethyl 1- TT' ' ... . , ... . . ,
cyclopentene-1,2-dicarboxylate (3a): bp 63° (0.4 mm); ir Hydrolysis of 4 with warm water and recrystellization of the
(liquid film) 2950, 1730, 1640, 1440, 1330, 1275, and 1200 cm -1; Pr°duct from ethyl acetate gave 3d, mp 135-136 . 
nmr (CC1) S 3.65 (s, 3), 3.64 (s, 3), 2.60 (t, 4, /  =  6 H z), 2.00 
(q, 2, J  — 7 H z); mass spectrum (70 eV ) molecular ion peak at
m/e 184.9 Hydrolysis of 450 mg of 3a in l  ml of 10 %  N aO H  at Registry No.— 3a, 13368-79-1; 3c, 20512-95-2 ; 3d,
______________  20512-96-3; 3e, 20512-97-4; 3f, 20512-98-5; 4, 20512-

99-6
(6) R. S. Cahn, C. K . Ingold, and V. Prelog, Angew. Chem. Intern. Ed.

Engl., 5, 385 (1966).
(7) (a) E. J. Eisenbraun, P. G. Hanel, K . S. Schorno, S. St. Francis Dil-

gen, and Jeanne Osiecki, j. Or3 chem 32, 3010 (1967). (b) e. j. Eisen- Acknowledgment.— We thank Mr. M. C. Hamming,
braun and S. M . McElvain, J. Amer. Chem. Soc., 77, 3383 (1955). (c) The rr x* x i ^ v i  r i  r +h x j  tn  r i
( — )-(3£)-methylcyclohexanone was obtained by resolution of racemic ketone C o n t in e n t a l  O i l  b O . ,  IOP t i l e  mRSS S p ectP R , and . H r .  O . O .
through use of the amine bisulfite technique: R. Adams and J. D. Garber, D e r m e r  f o r  h a v in g  r e a d  t h e  m a n u s c r ip t .  T h e  p a r t i a l

i&id 7i, 522 a » « ) .  , s u p p o r t  o f  t h is  w o r k  b y  t h e  A m e r i c a n  P e t r o l e u m  I n s t i -
(8) Spectral data were obtained from Vanan A-60, Beckman IR-5a, and j t a t * i o * -n

Beckman DK-1 spectrometers. The nmr measurements are in 8 0 ppm from tut© Rnd th© NR tionR l Sci©nCG F o u n d a t io n  (G r a n t  G B -
tetramethylsilane standard: m, multiplet; q, quartet; t, triplet; d, dou- 5607) is g ra te fu lly  acknow ledged . W e  also  th a n k  the

ble(9) Thls'mTsfspectrum ana others were obtained from a ConsoUdated Research Foundation, Oklahoma State University, for
Electrodynamics Corp. Model 21-103C spectrometer. its aSSistanCG.
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Studies on the Constituents o f  Corydalis sp. having the structure of I I I ,  and also to report further 
V I . 1 A lkaloids from  Chinese Corydalis and the investigations on the tertiary alkaloids from the same

Dlanf 2
Id en tity  o f  d-Corydalm ine w ith  d-Corybulbine Reexamination of the tertiary alkaloid fraction from

„  „  „  the plant resulted in the isolation of eleven crystalline
H id eh ik o  K a n e k o  a n d  Sh u n s u k e  N aruto  a lka lo idg  (T a b le  I }  F ro m  the te rt ia ry  nonphenolic

Research Laboratory, Dainippon Pharmaceutical Co., Ltd.,
Fukushima-ku, Osaka, Japan T a b le  I

A lkaloids  I solated  from  C om m ercially  A v a ila b le  
Received December 30, 1968 C h in e se  Co r yd alis“

Name Yield,6 %

Several years ago, the first isolation of two new pro- Tertiary Phenolic Alkaloids
toberberine bases named corydalmine (I), CjoHgsC^N f-Tetrahydrocolumbamine 0.0474
(mp 238-239°, [a]D 337.4°), and dehydrocorydalmine d-Corybulbine 0.0054
(II ),  C20H 20O4N ( i o d i d e ,  C20H20O4N I 2H 2O, mp 238- i-Scoulerir.e 0.0021

d-Tetrahydrojatrorrhizine 0.0015

MeO— 1 || | MeO— | ^  || | Tertiary Nonphenolic Alkaloids

Me O— Me O d-Corydaline 0.1161
> |  ¡j j d-Glaucine 0.0822

— OMe li *! ! ||— C'Me (R-Tetrahydropalmatine 0.0530
L J I  OH L I — OH Protopine 0.0282
^  _  i-Tetrahycrocoptisine 0.0182

^ a-Allocryptopine 0.0003

240° dec), from the commercially available Corydalis Noroxyhydrastinine 0 .0001

species2 cultivated for use in Chinese medicine, and 0 Reference 2 . 6 Per cent yields calculated from the dried 

their structural assignments were reported by Imaseki ma ena ' 
ancj Taguchi ^

Recently,' Telang and Bradsher4 synthesized dl- f[ action: ^-corydaline, df-tetrahydropalmatine,
10 -hydroxy-2 ,3 ,9-trimcthoxydibenzo[a,f/]quinolizidine ^etrahydrocopusine, and protopine were isolated by 
corresponding to the structure of I, and more recently means 0 a1“ , CTolumn, .'chromatography in the
Doskotch, et al.s isolated dehydrocorydalmine ioaide de*C }  ^  i Further
from Stephania glabra. I t  was noted by the above elution with methanol from the alumina column gave a
authors4'6 and by Jeffs6 that there were large differences large amount of a crystalline aporphine-type alkaloid
in melting points between the synthetic product of dl- which " as ¿entafiod as d-glaucine6. by direct compar-

l 1 . , c 100 co j ai ison. On the other hand, the tertiary phenolic basecorydalmine,4 mp 187.5-188.5 , and the natural dl- 1 J fi . .
corydalmine,3 mp 213-215°, and also between dehycro- fractlon+ showed more than ten spots on the thin layer
corydalmine iodide from Corydalis species, 3 mp 238- chromatogram, and eight alkaloids were isolated by
240° dec, and that from Stephania glabra,6 mp 195°. ¡ f ans o: slh?a f *  f IUI™  chromatography. Five of
tt , ,, m a U t hem were identified as ¿-tetrahydrocolumbamine, 3 d-Up to now, those discrepancies in the melting points . . .  7 . . ln
r • j  i j u  i + u u  ~ corydaline, ¿-scculerme, 10 noroxyhydrastimne, 11 and a-have remained unresolved because of the absence cf a .. J A \ ir i  J ,. ,
sample for direct comparison, and there is still some un- allocryptopme, 11 respectively, by direct comparison, 

. . .  , - , , , , , i.e., thin layer chromatography, infrared and nmrcertainty which cannot be resolved satisfactorily by the ’ , . , r  . . , .
accented formulas I  and I I  for these alkaloids spectra, and mixture melting point determinations.

T . . v . , ., . ,, One new base, mp 248-250 , having a characteristic m-In this paper, we wish to reveal that the alkaloid . . , K _ , . , , , . „
, ■ ooo oono j , i r frared absorption at 1715 cm-1, was isolated m so smallhaving mp 238-239 , and named d-corydalmme by , , ., . ,  , , ,, , ,
t ,• jm  , • , • an amount that it could not be further investigated.Imaseki and Taguchi, 8 is identical with d-corybulbme7 ,

°  ’ The other two tertiary phenolic bases were tentatively
RO designated as base A  and B .
R,0 — Base A  was obtained not only by the method pre

viously reported for the isolation of d-corydalmine3 but 
M e A A — OMe also by means of column chromatography described in

— OMe the Experimantal Section. Base A, mp 220-222° dec,
III. R =H;R = Me [<*]d 307°, analyzed for C21HM0 4N. Its infrared spec-
IV) R, = Me- Rj = H trum taken in a Nujol mull was superimposable on the

__________  ’ ’ reported spectrum of the “ d-corydalmine”  of Imaseki
(1) For part V, see S. Naruto, S. Arakawa, and H. Kaneko, Tetrahedron ancJ T a g U C h i ,3 a l t h o u g h  W e  W e re  U n a b le  t o  o b t a in  a n

LMm The Original plant of Chinese corydalis is described as Coryoatis authentic sample for a direct comparison. The nmr
bulbosa D. C. in the official Chinese pharmacognostical book "Chung Yao Spectrum of base A  taken m DMSO-de Solution Was
Chih,”  Vol. 1, Peking, 1959, p 263, but is quite different from C. bulbosa
D. C. occuring in Europe. I t  rather seems to be morphologically a variety (8) J. Gadamer, Arch. Pharm., 249, 224 (1911).
of C. ambigua Cham, et Schlecht. The pharmacognostical data of this (9) The isolation of d-glaucine served to identify one of the main spots
plant will be reported elsewhere by our coworkers, Dr. S. Takahashi and which had not been identified hitherto on the two-dimensional thin layer
Mr. K. Namba. chromatogram of the total alkaloid fraction of this plant. On the other

(3) I. Imaseki and H. Taguchi, Yakugaku. Zasshi, 82, 1214 (1962). hand, it was found that the peak of d-corydaline contained that of d-glaucine
(4) S. A. Telang and C. K . Bradsher, J . Org. Chem., 30, 752 (1965). on the gas chromatogram of the total alkaloid, since the retention times of
(5) R. W. Doskotch, M. Y . Malik, and J. L. Beal, ibid., 32, 3253 (1967). both alkaloids were almost equal on 2% QF-1 column: J. Iwasa, S. Naruto,
(6) P. W . Jeffs, “ The Alkaloids, Chemistry and Physiology,”  Vol. 9, and Y . Utsui, Yakugaku Zasshi, 86, 396 (1966).

R. H. F. Manske, Ed., Academic Press Inc., New York, N .Y ., 1967, pp 71-72. (10) R. H. F. Manske, Con. J .  Res., 14B, 347 (1936).
(7) R. H. F. Manske, Can. J .  Res., 21B, 13 (1943). (11) W. H. Perkin, Jr., and R. Robinson, J .  Chem. Soc., 97, 305 (1910).
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m ost in fo rm ative , sh o w in g  fo u r  a rom atic  p rotons a t  5 photoelectric polarimeter. Thin layer chromatography (tic)
6.85 (2  H ) ,  6.72 (1 H ) ,  an d  6.47 (1 H ) ,  three m eth oxy l was carried out ™ th i.he.,lse ° f sil!ca f 1 «  (M erck) and the sol-

, ’  „  /V. t t \ i  n  o i  i r -' t t \ i  i -  ,  vent system used m tic is abbreviated as follows: chloroform-
g ro u p s  at 5 3.8o (3  H )  an d  3.81 (6  H ) ,  one pheno lic  h y -  methanol, 25: l (solvent a ). Alkaloid spots or bands were
d ro x y l p ro to n  a t  5 8.70, an d  a  secon d ary  m eth y l g ro u p  detected by spraying with Dragendorff’s reagent. Micro-
a t  5 0.83 (3  H )  as a d o u b le t  (J  =  6 .8  cp s ). T h is  sec- analyses were performed by M r. Y . Utsui and his associates, 
o n d a ry  m eth y l s igna l cou ld  not b e  exp la ined  b y  the Separation of the Crude Alkaloid. The ether extract of the

rT  j  i ■ , Ti __ iU l total tertiary alkaloids was obtained from the tubers of Chinese
stru ctu re  o f I  p roposed  fo r  d -c o ry d a lm m e 3 I t s  m eth y l- corydalig ;mJorted from China (5 0 kg) according to the procedure

atio n  w ith  d iazom ethane  to  d co ryd a lin e  served  to described previously.14 This ether extract was concentrated to
characterize  it  as a  13 -m ethy lated  p ro to berbe rin e  base  0.05 volume and allowed to stand for 1 week. The crude
h a v in g  a 2 ,3 ,9 ,1 0 -oxygen ation  pa tte rn . T h e  position  crystals of Z-tetrahydrocolumbamine were deposited. The
o f the pheno lic  h y d ro x y l g ro u p  rem ain ed  to b e  settled. etherial mother liquor was extracted with 5%  aqueous sodium
, ,, ,. . , , . . hydroxide solution. The ether layer was dried over anhydrous

A m o n g  the fo u r  possib le  isom ers, tw o  bases, (¿ -corybul- potassium carbonate and evaporated to dryness to give the non
b in e  ( I I I )  an d  d -isocorybu lb in e  ( I V ) ,  w e re  a lre a d y  phenolic alkaloid fraction (22 g ). The 5 %  aqueous sodium
k now n , the fo rm er o f w h ich  w a s  sim ila r to b ase  hydroxide layer was saturated with ammonium chloride and
A  in  respect to ph ys ica l constants. A s  a  resu lt, it  w a s  extracted with ether. The ether layer was dried over anhydrous
fo u n d  th a t  base  A  w a s  iden tica l w ith  d -co ry bu lb in e  P o t^ m ra  carbonate and the solvent was removed to give the

b y  com parison  o f n m r an d  in fra red  spectra , th in  Isolation of the Alkaloids! A . Nonphenolic Alkaloids.— The
la y e r  ch rom atograph ic  beh av io r, an d  m ixtu re  m eltin g  crude alkaloid fraction (22 g ) was placed on a column of basic
po in t. A cco rd in g ly , the nam e o f d -co ryd a lm in e  an d  its alumina (350 g, activity I, Merck). ¿-Corydaline, mp 132-134°
p roposed  structu re  I , first repo rted  b y  Im asek i an d  T a -  (3.87 g ), dl-te tr ahy d r op al m a tine, mp 143-145° (0.37 g ), Z-

, . , , , , , • , , ,i j, , it.• tetrahydrocoptisine, mp 197-200 (0.35 g ), and protopine, mp
g u c h l , 3 shou ld  b e  rev ised  to those o f d -co ry bu lb in e  205-207° (1.05 g), were isolated in the manner described by  Ima-
( I I I ) .  Fu rth e rm ore , l j  is suggested  th a t  the accom - seki and Taguchi3 and were each identified with authentic
p a n y in g  q u a te rn a ry  base, “ d e h y d ro c o ry d a lm in e ,”  samples. The mother liquors of /-tetrahydrocoptisine, dl-
w h ich  on redu ction  a ffo rded  a n  o p tic a lly  in active  d l- tetrahydropalmatine, and ¿-corydaline were combined and
co ryd a lm in e , 3 w a s  iden tica l w ith  d eh y d roco ry bu lb in e . concentrated. The residue (9.56 g ) was rechromatographed on
rrM r n • /r i i i , . ... silica gel column (100 g, silica gel, Merck). From benzene (6
T h e re fo re  the genu ine deh y d roco ry d a lm in e ,' rep re - l.) and benzene-ether ( 1 : 1 ) (1 1.) elutes, ¿-corydaline (0 .9 7  g ),
sented b y  structu re  I I ,  is considered  to  b e  th a t fro m  /-tetrahydrocoptisine (0.57 g ), and ¿/-tetrahydropalmatine (1.3
S tephan ia  glabra .5 R ecen t in ve st iga tio n  on  the con - g ) were isolated in a manner similar to the above procedure.3
stituents o f S . glabra  has con firm ed the presence o f (  — ) -  Ether (31.) and methanol (0.8  1.) elutes were combined and con-

1 0 -h y d ro x y -2 ,3 ^ 9 -tr im e th o x y d ib e n zo  [o ,p ]qu iiio iia id in e

(so -ca lled  ¿ -corydalm ine) as a  n a tu ra l product.. trated and crystallized from ether-petroleum ether to yield
B a se  B , m p  2 1 4 -2 1 5 °, [ a ] D 302°, C 20H 23O 4N ,  g a v e  crystals of ¿-glaucine: mp 120-121.5° (2.958 g ); [<*]d  125° (c

d -te trah yd ro p a lm atin e  b y  m eth y la t io n  w ith  d iazo - 1.0, methanol); 219 m^ (log £4.58), 282 (4.18), 302 (4.17). 
m ethane. T h e  in fra red  spectrum  tak en  in  the ch lo ro - „  dna/. 9> 70.96; H , 7.09; N ,  3.94.

fo rm  so lu tion  w a s  sup erim posab le  on  the in fra red  spec - The hydrobromide melted at 234-236° (from ethanol), 
tru m  o f (¿¿ -tetrahydro jatrorrh izm e syn thesized  fro m  Anal. Calcd for C 2iH 250 4N  H B r: C, 57.80; H , 6.01; N ,
berbe rin e  accord ing  to the m eth od  o f S p ä th  an d  Q u ie - 3.21; Br, 18.32. Found: C, 57.71; H , 6.08; N , 3.05; B r,
ten sk y . 13 T h ese  results, in  con jun ction  w ith  the n m r 18-12- Identity was established by comparisons of the infrared

spectrum  o f base  B ,  ind icated  th a t it  w a s  d -te trah y d ro - SamPle’

ja tro rrh iz in e . The methanol elute from the first alumina column chroma-
In  conclusion, d -g laucine, ¿-scoulerine, d-tet rah y d ro - tography and the mother liquor of protopine were combined and

jatro rrh iz in e, noroxyhydrastin ine , an d  a -a llo c ry p to p in e  concentrated. The residue (6.242 g ) was applied to the top of
w ere  iso lated  fo r  the first tim e fro m  C h in ese  co ry d a lis 2 th? sil!ca sel Lc,olu™n (30 «>• Tl!e chromatography was de-

cu lt iva ted  in  C h in a . I t  is in teresting to note fro m  the (1 150  g ) and protopine (0 .363 g ) .
ch em otaxonom ical v iew p o in t  th a t  th ree m am  alka lo id s, b . Phenolic Alkaloids.— The crude phenolic alkaloid fraction 
d -co ryda line , d -co rybu lb in e , an d  d e h y d ro c o ry d a lin e , 14 (4.1 g ) was combined with the similar material from another
in  th is p la n t  a re  iden tica l w ith  the m a jo r  a lka lo id s  o f extraction (total, 19.6 g ), and treated with chloroform (200 ml).
C oryda lis  am bigua  C h am , et Sch lecht, var. am urensis  fThe chloroform-insoluble fraction wa.s recrystallized from chloro-
,  r • 1= m i- - - i i i  form-methanol to give Z-tetrahydrocolumbamme, mp 222-224 ,
M a x im . ’ T h is  fa c t suggests th a t  the o rig in a l p la n t  (4 .3  g ), which was identical with an authentic sample of l-tetra-
o f  C h in ese co ry d a lis 2 is closely  re la ted  to  C. am bigua  hydrocolumbamine. The mother liquor was combined with the
C h am , et Sch lecht. chloroform-soluble fraction and concentrated. The brown

residue (15.3 g ) was dissolved in 4%  methanol-chloroform ap- 
Plied to the toP of a silica 8el column (200 g, 4.8 X  23.4 cm, 

"  silica gel, Merck) and eluted in six fractions as shown in Table I I .
Melting points are uncorrected. Ultraviolet spectra were 

measured in ethanol on a Hitachi Model EPS-2U  recording spec- T a b u e  I I
trophotometer, and infrared spectra were taken in K B r disks
unless otherwise specified, with a Hitachi Model EPI-S2 infra- C o lu m n  C h r o m a t o g r a p h y  o p  P h e n o l ic  A l k a l o id  (1)
red spectrophotometer. Nm r spectra were determined in deu- Volume, Yield, Rt values on tie,
teriochloroform or DMSO-dä solution, with tetramethylsilane Fraction Eluent ml mg solvent a
as an internal standard, with a Varian A-60 spectrometer. The l-i 4% MeOH-CHCla 100 911 0.93,0.83
optical rotations were determined with a Rex Model N E P -2  1-2 4% M eOH-CHCh 360 8890 0.66, 0.55, 0.43
-------------------- 1-3 4% MeOH-CHCla 360 1750 0.55, 0.43, 0.33 0.24

(12) M. P. Cava, K . Nomura, S. K . Talapatra, M . J. Mitchell, R . H . 1-4 4% M eOH-CHCh 180 680 0.15, 0.11, 0.05
Schlessinger, K. T. Buck, J. L. Beal, B. Douglas, R. F. Raffauf, and J. A . 1-5 4% MeOH-CHCU 800 807 0.11, 0.05
Weisbach, J . Org. Chem., 33, 2785 (1968). 1-6 6% MeOH-CHCla 800 310 0.02

(13) E. Späth and H. Quietensky, B e r 58, 2267 (1925).
(14) J. Iwasa, S. Naruto, and N. Ikeda, Y akugaku  Zassh i, 86, 437 (1966).
(15) H. Taguchi and I. Imaseki, ibid., 83, 578 (1963). Fraction 1-1 showed two spots (Ä f  0.93 and 0.83) on tic. These
(16) H. Taguchi and I. Imaseki, ibid., 84, 773 (1964). two components were separated by rechromatography on silica
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gel column (20 g, 2.3 X  13 cm) with methanol-chloroform (1:100) components ( R i C.15 and 0.11), none of which could be isolated 
as a developing solvent. The component of R i 0.93 was obtained in pure form.
as colorless needles, mp 248-250°, after recrystallization from Crystallization of fraction 1-6  from ethanol yielded a small 
methanol. This material, showing an infrared absorption at amount (120 mg) of the material showing R t 0.02, mp 163-164°,
1715 cm-1, was obtained in such a small amount (3 mg) that it which proved to be identical with a-allocryptopine. Identity
could not be further investigated. The other component (R t  was established by comparison of the infrared spectrum with that
0.83) was cZ-corydaline, mp 132-134°, identical (tic behavior, of an authentic sample, by tic behavior, and by mixture melting
infrared spectrum, and mixture melting point determination) point determination. The remainder of the fraction could not
with an authentic sample. Fraction 1 - 2  showed three spots be separated into pure components.
(R t  0.66, 0.55, and 0.43) on tic. Repeated crystallization of Base A (d-Corybulbine =  cZ-Corydalmine) (I I I ).— Base A , mp 
this fraction from chloroform-methanol yielded a material 220-222° dec, [<*]d 307° (c 0.38, chloroform), was identical with
showing R i 0.55, which proved to be identical with Z-tetra- d-corybulbine [nmr (described in the text) and infrared spectra, 
hydrocolumbamine by direct comparison. The mixture con- tic behavior, and mixture melting point determination]. 
sisted of Z-tetrahydrocolumbamine, and a material showing R t Anal. Calcd for C2IH 2S0 4N : C, 70.96; H , 7.09; N , 3.94. 
0.66 was deposited from the mother liquor. These two com- Found: C, 71.30; H , 6.96; N , 3.84.
ponents were separated by means of silica gel column chroma- A  solution of 5 mg of base A  in 10 ml of methanol was added to
tography with methanol-chloroform (3:100) as a developing a solution of an excess of diazomethane in ether, and the mixture
solvent. The component (R i 0.66) was obtained from the first was allowed to stand for 3 hr. The solution was concentrated
elute in pure form, which was designated as base A  descr.bed under reduced pressure and the residue was recrystallized from
below. The last elute gave Z-tetrahydrocolumbamine. The ethanol to give pale yellow prisms of mp 134-136°. This corn-
mother liquors of these two bases were combined and con- pound was identified with d-corydaline by comparison of its
centrated to yield the residue (2.0  g ) which was rechromato- infrared spectrum and by mixture melting point determination,
graphed on silica gel column (60 g, 2.8 X  20 cm) and eluted in Base B (d-Tetrahydrojatrorrhizine).— Base B  had mp 214- 
four fractions as shown in Table I I I .  215°, [a'D  302.2° ( ;  0.65, chloroform).

Anal. Calcd for C 20H 23O4N : C, 70.36; H, 6.79; N , 4.10. 
_  .  Found: C, 70.57; H , 7.09; N , 4.04. Infrared (in chloroform

AB E solution) and nmr spectra and tic behavior of this compound were
C o l u m n  C h r o m a t o g r a p h y  o f  P h e n o l ic  A l k a l o id  (2) identical with those of synthetic dZ-tetrahydrojatrorrhizine.13

Volume, Yield, Ri values on tic, Base B  was methylated as in the case of base A  by diazomethane 
Fraction Eluent ml mg solvent a to give pale yellow prisms, mp 143-145°. Tic behavior and

2 -1 4 %  M eO H -C H C h  50 150 0.83 0.66 infrared spectrum of this methylated compound were identical
2-2 4 %  M eO H -C H C h  100 804 0.66  ̂0.55, 0.43 with those of df-tetrahydropalmatine.
2-3 4%  M eO H -CH C la 40 494 0.43, 0.33
2-4 4%  M eO H -C H C h  40 285 0.33,0.24 Registry No.— Z-Tetrahydrocolumbamine, 20504-

94-3; cZ-corybulbine, 518774; Z-scoulerine, 6451-73-6; 
Additional amounts of Z-tetrahydrocolumbamine (200 mg) (Z-tetrahydrojatrorrhizine, 6018-39-9; d-corydaline,

and base A  (500 mg) were obtained by recrystallization of fraction 3907-48-0; cZ-glaucine, 475-81-0; (ZZ-tetrahydropalm-
2-2 from chloroform-methanol. The mother liquors were com- ati 2934-97-6; protopine, 130-86-9; Z-tetrahydro- 
Dined with the fraction 2-3 and recrystallized from the same sol- . . .  n A r A , ' 0 ±  „  , . , o r  „
vent to give base B (R ,  0.43) (341 mg). Fraction 2-4 was con- coptisine, 20504-98-7; c*-allo cryptopine, 485-91-6.
verted to the hydrochloride and crystallized from ethanol-ether
to yield pale yellow crystals of Z-scoulerine hydrochloride (74 mg). Acknowledgment.— The authors are very grateful
Identity was established by comparison of the infrared spectrum . D  q q  D ire c to r  o f this la bo rn to rv  fo r  his en -
of its base (mp 194-196°, R t 0.24) with that of an authentic t0  U r ' U ®e’ ^ ^ e c t o r  Ot this la bo ra to ry , tor 1US en
sample, and by mixture melting point determination. couragement and also to 1 rofessor bheng-1 eh Lu, Kaoh-

Fraction 1-3 was recrystallized from chloroform-methanol to siung Medical College, for the kind supply of the au-
give Z-tetrahydrocolumbamine (351 mg). This mother liquor thentic sample of eZ-glaucine hydrobromide. Thanks
was concentrated to give the residue (1 4 g ), which was rechroma- a re  a lg 0  due to the m em bers  0f Analytical Center of this
tographed on silica gel column (70 g, 3.2 X  20 cm) and eluted , , , r , ,
in three fractions as shown in Table IV . laboratory for microanalyses and nmr measurements.

T a b l e  IV  ------------------------------

C o l u m n  C h r o m a t o g r a p h y  o f  P h e n o l ic  A l k a l o id  (3 )

Volume, Yield, Ri values on tic, A Novel M ethod o f Converting Aldehydes in to
Fraction Eluent ml mg solvent a

3 -1 4 %  M eO H -C H C h  20 198 0.5 5 , 0.43 N itriles under M ild  Conditions. The Reaction o f
3-2 4%  M eO H -C H C h  60 1250 0.33, 0.24 Dialkyl Hydrogen Phosphonates w ith  Oximes
3-3 4%  M eO H -C H C h  60 68 0.33, 0.24

P a t r ic k  J. F o l e y , J r .1

Fraction 3-1 was treated as in the case of fraction 2-2 to give
Z-tetrahydrocolumbamine (51 mg) and base B  (108 mg). Frac- Department of the Army, Harry Diamond Laboratories,
tion 3-2 was converted to the hydrochloride and treated as in the Washington, D. C. 20438
case of fraction 2-4 to give Z-scoulerine hydrochloride (451 mg).
The mother liquor of the hydrochloride was reconverted to the March 10 1969
base. This basic fraction (714 m g) showed the presence of a ’
component of R i 0.33 which was isolated by means of silica gel
column chromatography (24 g, 2 .1  x  16.5 cm) using chloroform- Present methods of converting aldehydes into nitriles
methanol (25:1) as a developing solvent. The compound, iso- generally require rather vigorous conditions.2 We wish 
lated as pale yellow needles (R f 0.33), mp 189-190 , was identical report a very mild method of effecting this conversion
with an authentic sample of noroxyhydrastmine. . , ,

Fraction 1-4 was converted to the hydrochloride and allowed 111 lW 0  s lm P le Steps, 
to stand for 4 davs. Pale yellow crystals of protopine hydrochlo- . _  T , „ . , .. , „  T,
ride separated which, after «crystallization from ethanol, were mental gtation Laboratory, wiImington, Del. 19898.
Converted to the base. This base was identified W ith  an authen- (2) See, for example, W . Theilheimer [“ Synthetic Methods of Organic
tic sample of protopine by comparison of the infrared spectrum chemistry,”  Vol. 1-22, 3. Karger, A  G., Basel, Switzerland, 1946-1968] for
and by mixture melting point determination. The mother representative techniques. For a mild method, see J. H. Pomeroy and C. A.
liquor of fraction 1-4 and fraction 1-5 contained more than two Craig, J . A m er. Chem . Soc., 81, 6340 (1959).
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Treatment of various aldoximes (3), readily available and triethylamine to produce the dialkyl phosphoro-
from the aldehydes, with dialkyl hydrogen phospho- chloridate (2 ) and chloroform, 4 followed by esterifica-
nates (1, R  =  phenyl, methyl, n-butyl) at room temper- tion of the aldoxime (3) and Beckmann fragmentation5

ature in the presence of carbon tetrachloride and a of this ester (4) to the nitrile (5) and the dialkylphos-
tertiary amine (triethylamine) produced a high yield of phoric acid (6 ).
the corresponding nitrile. Aliphatic, aromatic, and Although the intermediate ester (4) could not be 
olefinic oximes all reacted cleanly to give good yields of isolated, the likelihood of the correctness of this mecha-
the nitriles, but it was found that diphenyl hydrogen nism was shown by treating st/n-benzaldoxime with
phosphonate gave higher yields than either the dimethyl diphenylphosphorochloridate (2 , R  =  Ph) under the
or di-n-butyl compounds. The stereochemistry of the same conditions used in the phosphonate reactions. An
aldoxime (syn or anti) had little effect on the reaction, 85% yield of benzonitrile was obtained directly, in
although it is possible that the oximes are isomerized support of the intermediacy of the dialkyl phosphoro-
under the reaction conditions. 3 chloridate (2 ) in the dialkyl hydrogen phosphonate reac-

The oximes used and the yields of the purified nitriles tions. 
produced in the reactions with diphenyl hydrogen
phosphonate are syw-benzaldoxime, 8 8 % ; syn-anis- Experimental Section

aldoxime, 85%, st/Ti-p-nitrobenzaldoxime, 85%, syn- The oximes were either purchased or prepared by standard 
cinnamaldoxime, 95%; butyraldoxime (stereochemistry routes. The nitriles were identified by comparison of their ir
unknown), 40%; and anif-furaldoxime, 60%. spectra and gc retention times with those of authentic material,

The mechanism of this reaction is undoubtedly reac- andby then melting points, in the case of solids.

tmn of the phosphonate ( 1 ) with carbon tetrachloride in 250 ml of carbon tetrachi0ride was treated over 30 min with 0 .1

mol of diphenyl hydrogen phosphonate and the solution was 
O / O \ stirred for 4 hr at ambient temperature. The triethylamine hy

men l>w Et>?  I uni T r r  / cci ‘ drochloride was removed by filtration and the filtrate was poured
(RO)iPH >  \(liOj2l  Et3NH/ >■ into water. The organic layer was separated, washed twice with

* dilute aqueous sodium hydroxide, and dried (Na2SO<), and the
I solvent was removed at reduced pressure. The resulting nitrile

(RO)2PCl +  CHCls +  Et3N was purified by distillation or recrystallization.

2 Registry No.— 1 (R  =  Ph), 4712-55-4; 1 (R  =  Me),
/ O \ 868-85-9; 1 (R  =  Bu), 1809-19-4; syn-benzaldoxime,

2 +  R'CHNOH EtjN’HCl +  U c H N o W j  lSSSO-S4-?; « »-a n m ld o r im e , 20707-68-0;
3 trobenzaldoxime, 20707-69-1; si/n-cmnamaldoxime,

0 20707-70-4; butyraldoxime, 110-69-0; anif-furaldox-
1 ime, 20728-36-3.

R'CN -(- (RO)2POH
5  5  (4) G. M . Steinberg, J. O rg . C h e m ., 15, 637 (1950); G. W . Kenner and

-------------------- N. R. Williams, J. C h e m . Soc., 522 (1955).
(3) P. A. S. Smith, “ Open Chain Nitrogen Compounds,”  Vol. 2, W. A. (5) P. A. S. Smith, in “ Molecular Rearrangements,”  Vol. 1, P. de Mayo.

Benjamin, Inc., New York, N. Y ., 1966, p 34. Ed., Interscience Publishers, New York, N. Y ., 1963, p 504,
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Potassium
nitrosodisulfonate(Frews s*

NOCSO3 IO2

Fremy's salt finds wide- Fremy's salt should find many uses
spread use In organic chemistry as in the fields ot inorganic chemistry, 
a mild selective oxidizing agent (1), A li-st of references to its use Is 
capable of oxidizing phenols to available on request,
quinones anc aryl amines to 49103 Fremy's salt
qulnoneimlnes. It will oxidize 25 grams -  $22 00

A l A lfa  in n  o lo n  hydrazobenzene to azobenzene 100 grams -  754)0
111 A I Iu b W u  1I15U and isobutana! to 2-methyl-2-

nrnnpn-1 -al 1- L.F. Fieser and M. Fieser. Reagents for

Stock technical Awacersolublefreeradlcal, 2. & 6 o i d ^ X ’jWE ! t t^ :&I!0,
If  HIIUS h n i if  Fremy’s salt has been of consider- 2,938,793.
I I I IU lV BI I U l l a able interest to physical chemists. 3a H Gehlen and G. Dase.Z.anorg.allgem.

Ask us for any of over A variety of magnetic effects of the H^ehf/fleuzoe 1980 (1937).
2500 Inorganic and organometallic salt have been studied, including
research chemicals, ultrapure electron spin resonance and the Write for your free Alfa '69
chemicals, and pure metals, and Overhauser effect. Its decomposi- Catalog. Alfa Inorganics, Inc., 
you’ll get off-the-shelf, Immediate tion has been the subject of rate 80 Congress Street, Beverly, Mass, 
delivery. and mechanism studies, and It has 01915. Tel: (617) 922-0768.

Ask us for technical been found to be a latenslfier for
assistance, and you’ll get that too. photographic images In mildly 
That’s what distinguishes Alfa alkaline solution (2). It is often used
from the ordertakers. as an e. s. r. standard.

Fremy's salt Is useful In 
analytical chemistry forthe colori
metric determination of hydroxy- 
lam I ne and hydrazine, and forthe 
absorption and determination of 
nitric oxide (3).

As a mild oxidizing agent 
and water-so uble free-radical,

Western Distributor: /j§J|F I f C A lT D f lA I
Wllshire Chemical Co., Inc., \  WW V C H  I  H U H
15324 So. Broadway, Gardena, M  ALFA INORGANICS INCCalif. 90247/(213) 323-9232. M  ALLA IIMUHUAIMlUa, INU.



^ ^ a T A Y L O R -M c K IL L O P
R eactio n s

New reagent for facile electrophilic metallation of aromatic compounds, leading to formation of 
aryithallium di-trifluoroacetates (ArTIfOCOCF^).«11 These compounds are versatile interme
diates for the synthesis of substituted aromatics. For example, treatment with aqueous Kl 
leads directly to aromatic iodides in high yield.®

#15,053-3 Thallic trifluoroacetate $5.50/10 g. $19/50 g.
T kg. $ 2 4 0

Unique reagent for the controlled electrophilic bromination of aromatic compounds under very 
mild conditions/3) Other applications include the stereospecific cleavage of substituted cyclo- 
propanes/0 conversion of enamines to a-acetoxyketones,<5) and oxythallation of olefins*6'.

#15,116-5 Thallic acetate $9.75/25 g. $32/100 g.
$ 1 9 0 /kg. in 5  kg. lo ts

Thallous ethoxide reacts instantly and quantitatively with a wide range of acidic organic com
pounds, to generate the corresponding salts. These salts can be used for:

1. Exclusive C-alkylation of /3-dicarbonyl compounds 4. Conversion of carboxylic acids to alkyl bromides (7)
2. Either O- or C-acylation of /3-dicarbonyl compounds (1) 5. Alkylation and glycosidation of purines (8>
3. Acylation, aroylation and tosylation of carboxylic 6. Acylation of heterocyclic amides (9)

acids (2)
#14,984-5 Thallous ethoxide $6.75/25 g. $21/100 g.

$95/500 g. $ 1 10/kg. in 10 kg. lo ts

REFERENCES

(1) A. McKillop eta I, Tetrahedron Letters, 29, 2423 (1969) (6) W. Kitching, Organometal. Chem. Rev. 3, 35 (1968)
(2) A. McKillop et al, ibid., 29, 2427(1969) (7) A. McKillop, D. Bromley and E. C. Taylor, J. Org. Chem. 34,
(3) A. McKillop, D. Bromley and E. C. Taylor, ibid, 27, 1623 (1969) 1172(1969)
(4) A. South Jr. and R. J. Ouellette, J. Am. Chen. Soc. 90, 7064 (8) E. C. Taylor, V. Maki and A. McKillop, ibid, 34, 1170(1969)

(1968) (9) A. McKillop, M. J. Zelesko and E. C. Taylor, Tetrahedron Let-
(5) M. E. Kuehne and T. J. Giacubbe, J. Org. Chem. 33, 3359 ters, 48, 4945 (1968)

(1968)

O TH ER T H A LL IU M -O R G A N IC S  A V A IL A B L E
15,335-0 Ethyl acetoacetate, thallous salt $5.75/10 g. $21/50 g.
15.386- 9 Diethyl malonate, thallous salt $5.75/10 g. $21/50 g.
15.387- 7 Ethyl benzoylacetate, thallous salt $5.75/10 g. $21/50 g.
15.388- 5 Acetylacetone, thallous salt $5.75/10 g. $21/50 g.
15.389- 3 Thallous phenoxide $5.75/10 g. $21/50 g.
15,229-3 2(lH)-Pyridone, thailium(l) salt $6.25/5 g. $21/25 g. $375/1 kg.
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© Aldrich Chemical Company, Inc.
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