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A new glucoside has been isolated from the bark of Populus tremuloides. This glucoside, which we have named tremuloidin, 
is a monobenzoate of salicin and an isomer of populin. Tremuloidin was completely methylated to tetramethyltremuloidin 
which, in turn, was debenzoylated to a tetramethylsalicin yielding 3,4,6-tri-O-methyl-D-glucopyranoside on acid hydrolysis. 
Thus, tremuloidin was identified as 2-benzoylsalicin. Tremuloidin was oxidized with dilute nitric acid to 2-benzoylhelicin. 
All products and intermediates were characterized by means of infrared absorption spectra.

In 1830 the glucoside salicin was discovered in the 
bark of S a l ix  h e lix  by Leroux,2 and in the same year 
Braconnot3 isolated salicin from the bark of the 
European quaking aspen, P o p u lu s  trem u la , along 
with a new substance which he named “populin.” 
Although the structural formulas for these com
pounds remained unknown for a long time, Piria4 5 
demonstrated that salicin could be hydrolyzed with 
dilute acid or enzymatically to yield salicyl alcohol 
and glucose and that the phenolic hydroxyl in salicyl 
alcohol was involved in the glucosidic linkage because 
salicin could be oxidized to helicin, the glucoside of 
salicylaldehyde. Piria even showed the relationship 
between salicin and populin by demonstrating that 
populin yielded salicin and benzoic acid when sap
onified with barium hydroxide solution. Somewhat 
later Schiff6 showed that the benzoyl group in pop
ulin must be attached to the glucose and not the 
salicyl alcohol moiety because populin could be oxi
dized to benzoylhelicin, a compound he prepared by 
benzoylating helicin. In addition, Schiff benzoylated 
salicin by several methods and obtained a synthetic 
populin which he compared with a sample of natural 
populin from Piria’s laboratory. Identity was estab
lished by such properties as taste, solubility, and

( 1) Presented before the Division of Cellulose Chemistry 
at the 135th meeting of the American Chemical Society, 
Boston, Mass., April 5-10, 1959.

(2) Leroux, Ann. Chim. Phys., [2] 43, 440 (1830).
(3) H. Braconnot, Ann. Chim. Phys., [2] 44, 296 (1830).
(4) R. Piria, Ann., 56, 35 (1845); 96, 375 (1855).
(5) H. Schiff, Ann., 154, 1 (1870).

color with concentrated sulfuric acid, properties now 
known to be exhibited by similarly related and con
stituted substances. Dobbin and White6 improved 
Schiff’s benzoylation technique for preparing syn
thetic populin from salicin and noted that their 
synthetic compound had the same melting point 
(180°) as a purified natural material. The uncer
tainty of absolute identity was continued by Dobbin 
and White who wrote: “The purified natural prod
uct behaved in every other respect exactly as our 
synthetic sample did.” In 1906, Irvine and Rose7 
completely methylated salicin and hydrolyzed the 
resulting pentamethylsalicin to 2,3,4,6-tetramethyl- 
glucose. This finding together with the fact that sal
icin is hydrolyzed by emulsin proves salicin to be
o-hydroxymethylphenyl-0-/3-D-glucopyranoside (I). 
Many years later Richtmyer and Yeakel8 methyl
ated synthetic populin with methyl iodide and silver 
oxide. The resulting tetramethylpopulin was deben
zoylated to a tetramethylsalicin, which on hydroly
sis with hydrochloric acid yielded 2,3,4-tri-O- 
methyl-D-glueosei Thus, the structure of synthetic 
populin was proved to be 6-benzoylsalicin (II), and 
the intermediate tetramethylpopulin and tetra
methylsalicin had the structures III  and IV, re-

16) L. Dobbin and A. I). White, Pharm. ./., [4] 19, 233 
(1904).

(7) J. C. Irvine and It. E. Rose, J. Chern. Soc., 89, 814 
(1906).

(8) N. K. Richtmyer and E. H. Yeakel, J. Am. Chem. 
Soc., 56, 2495 (1934).
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spectively. Richtmyer and Yeakel reported for syn
thetic populin [a]D — 2.0° (c = 5 in pyridine). I t  is 
interesting to note that as early as 1852 Biot and 
Pasteur9 recorded for natural populin f a ] D — 
20.75° (c = 1 in absolute ethanol), while much later 
Bridel10 reported fa]D — 24.73° (in 60% acetone). 
However, none of the investigators of synthetic 
populin ever compared rotations of synthetic and 
natural populins.

During the past century the presence of saliein 
and populin has been reported in the barks of a 
number of species of P o p u lu s , n  but unfortunately, 
the presence of these glucosides was usually demon
strated by some indirect physical, chemical, or bio
chemical procedure such as increase in glucose con
centration upon hydrolysis, oxidation, and deter
mination of salicylic acid, or calculation of enzymo- 
lytic indices. Some of these procedures would give 
valid results when applied to solutions of glucose and 
only the two pure glucosides, but results obtained 
on aqueous extracts of P o p u lu s  barks might be very 
misleading when interpreted in the light of our pres
ent knowledge of possible components of P o p u lu s  
bark extracts.

H

I. R, = 1 {‘ — R3 — 11; =  R., =  H
II. R. = R; =  R3 =  R5 =  H ; R4 =  C6H 5CO

III. Ri — Ri =  R3 =  Ro =  CH3; R4 =  CeHsCO
IV. Ri = R2 =  R3 =  R& =  CH3; R4 =  H
V. Ri R2 — R 3 =  R4 =  H ; Rs =  C6H 5CO

VI. Ri = CsHsCO; R2 = R 3 = R 4 — R5 =  H
VII. R, = R 3 =  R4 — R5 =  H ; R, =  C6H:,CO

VIII. R, = R- =  R4 =  Rä =  H ; R3 =  CeHsCO
IX. Ri = H: Ro =  R3 = R 4 =  R 5 =  CH,

XII. R i = C jR C O ; Ro = R., =  R4 =  Ro =  CH3CO
XIII. R, = C6H 5CO; R2 = R3 = R4 =  Rä =  CHs

X. R. = Ro =  R s =  H; R4 =  CeHoCO
XI. R, = C6H5CO; R2 = Ro =  R 4 =  H

In the course of our investigations on P o p u lu s  
trem ulo ides, American quaking aspen, some fresh 
bark obtained in late May was extracted with 95% 
ethanol, and the ethanol extract was concentrated 
to approximately 25% solids. The fresh concen
trated extract was evaporated to dryness and ex
tracted with water at 25°. The extract was purified 
by treating with basic lead acetate, filtering, and re
moving the lead with hydrogen sulfide. Upon partial 
concentration, the clear filtrate deposited color

(9) J. B. Biot and L. Pasteur, Compt. rend., 34, 600 
(1852).

(10) M. Bridel, J. Pharm. Chim., [7j 20, 14 (1919,).
(11) For a complete bibliography see W. Thies and C.

VVehmer, in G. Klein, Handbuch der Pflanzenanalyze, Bd.
Ill, 2 Teil, 845, Vienna, 1932. See also A. Kuhn and G.
Schäfer, Pharm. Zfj., 82, 949 (1937).

less needles melting at 201-202°. The yield 
amounted to 0.37% based on the original oven- 
dried P . trem ulo ides bark. Further concentration of 
the filtrate yielded crystals of saliein melting at 193— 
194° and very different from the first crystals in 
water solubility and taste.

Recrystallization of the 201-202° melting ma
terial from water and then from methanol raised the1 
melting point to 207-208°. The specific rotation in 
pyridine [«]d +  17.1° (c = 3.1) increased slightly 
on standing 72 hr. to +  19.5°. The rotation in 
80% acetone [cx]d ■ 12.3° (c = 1.5) remained un
changed on standing. Hydrolysis with alkali a t room 
temperature yielded benzoic acid and saliein, and 
analysis of the pure compound and of its acetate in
dicated it to be a monobenzoate of saliein. Thus, the 
new compound, which we have named “tremu- 
loidin,” is an isomer of synthetic populin.

In order to obviate the remote possibility that 
natural populin and synthetic populin are not iden
tical and that the populin isolated by investigators 
more than one hundred years ago without recording 
the melting point might actually be identical with 
our tremuloidin, the work of the early investigators 
was repeated. Natural populin was isolated from the* 
bark of P . trem u la  according to Braconnot3 and from 
the leaves of P . alba according to Herberger.12 
The isolated populin was compared with synthetic 
populin8 by means of optical activity, mixed melting 
point, and infrared absorption spectra, and the two 
were found to be identical.Therefore, “tremuloidin” 
was a new monobenzoate of saliein with benzoyl 
substitution at some position other than the 6-posi- 
tion on the glucose, which is the known benzoyl 
substitution of populin.8

Controlled periodate oxidation13 of tremuloidin 
developed no acidity and consumed one mole of 
periodate, indicating a compound containing only 
two adjacent hydroxyl groups. Of the possible mon
obenzoates of saliein other than 6-glucose substitu
tion (V-VIII) only VI and VIII with substitution 
at positions 2 and 4, respectively, would satisfy 
these criteria. The anomalous dextrorotation of the 
tetraacetate of tremuloidin, [«]d +  33.9° (c =
2.5 in chloroform); suggested the structure VI be
cause the data of Pigman14 indicated that acetates 
of several glucosides substituted in the 2-glucose po
sition demonstrated this anomalous dextrorotation. 
For determining the exact location of benzoyl sub
stitution in tremuloidin, the general procedure of 
Richtmyer and Yeakel8 was employed.

Tremuloidin was methylated completely with 
methyl iodide and silver oxide to yield tetramethyl- 
tremuloidin as a sirup which failed to crystallize,

(12) J. K  Herberger, Buchners Report Pharm., 51, 266 
(1835).

(13) J. It. Dyer in D. Gliek, Methods of Biochemical 
Analysis, Vol. 3, pp. 123, Interscience, New York, 1946.

(14) W. W. Pigman, J. Research Natl. Bur. Standards. 33, 
129,144(1944).
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but whose purity was demonstrated by paper chro
matography and by the fact that paper chroma
tography of its acid hydrolyzate indicated only one 
sugar spot, that for a trimethylglucose. The oily tet- 
ramethyltremuloidin was debenzoylated by means 
of sodium methylate in methanol to yield the cor
responding tetramethylsalicin as a crystalline com
pound. The tetramethylsalicin was hydrolyzed by 
boiling with hydrochloric acid in aqueous methanol 
to yield 3,4,6-tri-O-methyl-D-glucopyranoside which 
was identified by mixed melting point and by iden
tity of infrared absorption spectra with authentic 
material.15 Thus, the structure of the tetramethyl
salicin must be co,3,4,6-tetramethylsalicin (IX) and 
that of tremuloidin, 2-benzoylsalicin (VI).

The locating of the benzoyl group in populin by 
Richtmyer and Yealcel8 establishes the structure of 
the benzohelicin obtained by Piria4 and by Schiff5 
by dilute nitric acid oxidation of populin as 6-ben- 
zoylhelicin (X). Similar oxidation of tremuloidin 
gave 2-benzoylhelicin (XI).

Because populin had been reported in the bark of 
P . trem ulo ides by earlier investigators,11'16 on the 
basis of indirect evidence which may have been mis
leading, it was desired to determine whether this 
were true or whether tremuloidin had been respon
sible for earlier reports. Accordingly, the original 
ethanol extractives left after water extraction at 25° 
were reextracted with boiling water, and the hot 
water extract was processed as before. Partial con
centration yielded an additional 0.15% tremuloidin 
as relatively pure material melting at 200-202°. 
Further concentration yielded 0.26% of crystals 
melting between 178 and 186° which proved to be a 
mixture of tremuloidin and populin. Further con
centration yielded salicin and other glucosidic ma
terial to be described in future papers. Tremuloidin, 
populin, and salicin were easily recognized sep
arately or in a mixture of all three when paper chro
matograms were developed in either 10:3:3 bu- 
tanol-pyridine-water or 9:2:2 ethyl acetate-acetic 
acid-water and spots located by means of a modifi
cation of Trevelyan’s17 silver spray. In this modifi
cation, Trevelyan’s procedure for removing unre
duced silver oxide with 6V ammonium hydroxide is 
replaced with a concentrated sodium thiosulfate 
wash resulting in chromatograms with glycoside 
spots appearing as black spots against a white back
ground instead of brown spots against a light brown 
background.

The mixture of populin and tremuloidin obtained 
above was submitted to column chromatography 
by adsorption on a dry packed column of powdered 
cellulose and elution with the ethyl acetate-acetic 
acid-water developer noted above. Collection of the

(15) Kindly supplied by Dr. N. K. Richtmyer, National 
Institutes of Health, Bethesda, Md.

(16) R. L. Hossfeld and F. H. Kaufert, Forest Products J., 
7,437(1957).

(17) W. E. Trevelyan, D. P. Proctor and J. S. Harrison,
Nature, 166, 44411950). .
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Fig. 1. Infrared absorption curves: salicin, populin, tremu
loidin, 6-benzohelicin, 2-benzohelicin

eluate in fractions gave complete separation of pop
ulin and tremuloidin, and both glucosides were re
crystallized and identified by mixed melting point 
and by identity of infrared absorption spectra (Fig. 
1) and optical activity with authentic samples.

EXPERIMENTAL18

Isolation of tremuloidin (VI). An amount of 15 kg. (oven- 
dry basis) of fresh whole bark peeled from a 35-year-old 
quaking aspen (Populu-s tremuloides) in late May was broken 
into strips, placed in three 5-gal. jars, and covered with 95% 
ethanol. After standing at room temperature one week, the 
ethanolic extract was decanted, and the bark was covered 
with fresh ethanol. After another week, the solvent was 
changed again. The process was repeated once more, and 
the combined ethanolic extracts were filtered and concen
trated under reduced pressure in a circulating evaporator 
to 8395 g. containing 2240 g. of solids. After a few days, a 
well mixed sample containing 291 g. of solids was evapo
rated to dryness below 25° in a rotating evaporator. The 
residue was stirred with 3 1. of water at 25° and allowed to 
stand overnight. The aqueous extract was decanted and 
filtered through a Celite pad. The slightly turbid yellow solu
tion was treated with stirring with an excess of a slurry of 
basic lead acetate, and the resulting precipitate was fil
tered. The filtrate was saturated with hydrogen sulfide and 
filtered to yield a colorless clear solution. This was concen
trated under reduced pressure to approximately 1500 ml. 
volume and cooled. The crystals which separated were fil-

(18) All melting points are uncorrected. Analyses were 
performed by Huffman Microanalytical Laboratories, 
Wheatridge, Col.
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tered and washed with water to yield 7.0 g. of crude tremu- 
loidin melting at 201- 202°. Stepwise concentration of the fil
trate and washings yielded crude salicin as bitter crystals 
melting at 193-194°. The yield in three batches amounted 
to 12 g., but more precipitated in the filtrate after concen
tration to a sirup and standing.

The 201-202° crystals were recrystallized from water and 
then from methanol to give colorless needles melting at 207- 
208° and with specific rotation in pyridine [a]2D5 +17.1° 
(c = 3.1) which increased slightly on standing 72 hr. to 
[a]n5 +19.5°. The rotation in 80% acetone [a]c5 —12.3° 
(c = 1.5) remained unchanged on standing.

Anal. Calcd. for C2oH22Os: C, 61.53; H, 5.68. Found: C, 
61.44; H, 5.66.

Acetylation of tremuloidin with acetic anhydride and 
pyridine and recrystallization from ethanol yielded crystals 
of tremuloidin tetraacetate (XII) melting at 114-115°, 
[«Id4 +33.9° (c = 2.5 in chloroform).

Anal. Calcd. for C28H30O12: C, 60.21; H, 5.41. Found: C, 
60.25; H, 5.36.

Alkaline hydrolysis of tremuloidin. One g. of tremuloidin 
was covered with 150 ml. of 1% sodium hydroxide solution 
and allowed to stand at 25° overnight. The clear yellow solu
tion was exactly neutralized with dilute sulfuric acid and 
concentrated to half volume in a rotating evaporator. The 
shiny crystals which separated were filtered, washed with 
water, and recrystallized from ethanol to give colorless 
platelets which melted at 119-120° and did not lower a 
mixed melting point with authentic benzoic acid. The aque
ous filtrate was concentrated further, and the crystalline 
precipitate was filtered and recrystallized from ethanol to 
give white crystals which melted at 190-191° and did not 
depress a mixed melting point with authentic salicin.

Populin (II) from salicin (I). Salicin was benzoylated with 
benzoyl chloride and potassium hydroxide solution accord
ing to Richtmyer and Yeakel8 and the product was recrys
tallized first from water and then from ethanol to give 
colorless needles of synthetic populin melting at 178-179°, 
[a]2D4 —2.0° (c = 5 in pyridine); [a]2D5 —29.7° (c = 5 in 
80% acetone).

Populin (II) from Populus alba leaves. A batch of fresh 
leaves from an authentic P. alba obtained in June was ex
tracted with hot water according to Herberger,12 and the hot 
water extract was purified by means of basic lead acetate. 
The purified solution was freed from lead by means of hy
drogen sulfide and partially concentrated. Some ash-con
taining crystals which separated were filtered, and the clear 
filtrate was evaporated further to yield crystals. These were 
recrystallized from water in the presence of decolorizing 
carbon to give colorless needles of natural populin which 
melted at 179-180° and did not depress a mixed melting 
point with synthetic populin prepared above. Infrared ab
sorption spectra of the two populins were superimposable. 
The specific rotation of natural populin in both pyridine and 
80% acetone was identical with that of synthetic populin.

Natural populin was also isolated from the fresh bark of
P. iremula in accordance with Braconnot3 by essentially 
the same procedure.

Periodate oxidation of tremuloidin. The general procedure 
outlined by Dyer13 was modified to some extent. Approxi
mately 50 mg. of tremuloidin wras dissolved in 40 ml. of 50% 
ethanol with warming and then treated with 25 or 50 "ml. 
of O.OIM sodium metaperiodate. The solution was diluted 
with water to 100 ml. and maintained at 4° in “actinic red” 
flasks. Aliquots of 5 ml. each were taken at appropriate 
times for analysis. To each 5-ml. aliquot was added 10 ml. 
of saturated aqueous sodium bicarbonate, 5 ml. of O.Ollff 
sodium arsenite and 1 ml. of 1% potassium iodide in satu
rated sodium bicarbonate solution. After 15 min., the re
maining arsenite was titrated with iodine to a starch end 
point. Data for tremuloidin indicated 1 mole periodate con
sumed per mole of glucoside.

Acidity developed was determined by a modification of

the method of Abdel-Akher and Smith19 in which the aliquot 
is allowed to stand 60 min. after addition of 10% ethylene 
glycol to ensure complete destruction of excess periodate 
before addition of potassium iodide solution. Data indicated 
no developed acidity with tremuloidin.

Similar oxidations on salicin in water at 25° consumed two 
moles of oxidant and developed one mole of acid as expected. 
Oxidations on populin showed overoxidation at 25°, while 
at 4°, populin was insoluble in water or in the dilute ethanol 
solutions employed.

Méthylation of tremuloidin. In a small flask fitted with a 
reflux condenser and silicone-sealed stirrer was placed a mix
ture of 1.0 g. of tremuloidin, 10 ml. of methyl iodide, and 
15 ml. absolute methanol. With stirring and boiling under 
reflux, 6.0 g. of freshly prepared silver oxide was added over 
a period of 3 hr. in 1-g. lots. After the second addition, 5 ml. 
of acetone were added to completely dissolve all tremuloidin. 
The mixture was allowed to stand overnight at room tem
perature and filtered. The silver oxide was washed thor
oughly with acetone, and the combined filtrate and wash
ings were evaporated to dryness in a rotating evaporator. 
The colorless sirup was dissolved in 10 ml. of methyl iodide 
and a few drops of methanol and methylated as before. The 
process wyas repeated three times making a total of four 
méthylations. After the third méthylation, the product was 
completely soluble in methyl iodide without the addition of 
methanol. The final product tetramethyltremuloidin (XIII), 
was obtained as 1.05 g. of clear colorless viscous oil having a 
specific rotation [a]2D6 +6.56° (c = 4.2 in chloroform). 
All attempts at crystallization failed. Complete méthylation 
was demonstrated by the fact that, upon hydrolysis with 
hydrochloric acid, paper chromatograms of the hydrolyzate 
showed only one sugar spot, that for a trimethylglucose. 
Paper chromatograms were developed with 9:2:2 ethyl 
acetate-acetic acid-water, and spots wyere located by means 
of the p-anisidine spray.20

Débenzoylation of tetramethyltremuloidin to u,3,4,6-tetra- 
methylsalicin (IX). A solution of 1.05 g. of tetramethyl
tremuloidin in 20 ml. of anhydrous methanol was treated 
with a solution of 0.1 g. of metallic sodium in 10 ml. of an
hydrous methanol, and the mixture was boiled under reflux 
for 10 min., diluted with 30 ml. of water, and partially evap
orated in a rotating evaporator to remove all methanol. 
The turbid aqueous solution was extracted with ether, and 
the ether was washed with -water, dried with sodium sulfate, 
and evaporated in a rotating evaporator to yield a colorless 
oil which solidified upon standing. The crystals were dis
solved in a little anhydrous ether and filtered. The clear 
filtrate was diluted with petroleum ether (b.r. 30-60°) and 
placed in the freezer. The colorless needles which separated 
were filtered and recrystallized again in the same manner 
to yield 0.31 g. of IX melting at 85-86°, [a]2D5 —39.1° (c =
1.2 in chloroform).

Anal. Calcd. for CiÆeCV. C, 59.63; H, 7.65; CH30, 36.3. 
Found: C, 59.64; H, 7.68; CH30, 36.1.

The aqueous layer remaining after the ether extraction 
was acidified with dilute hydrochloric acid and allowed to 
stand. The crystals which separated were filtered and re
crystallized from water to give shiny platelets of benzoic 
acid which melted at 119-120° and did not depress the melt
ing point of a mixture with authentic benzoic acid.

Hydrolysis of a,3,4,6-telramethylsalicin. A mixture of 0.35 
g. of «,3,4,6-tetramethylsalicin, 4 ml. of methanol, and 6 
ml. of 2N  hydrochloric acid was heated on the steam bath 
under reflux for 2 hr. The mixture became turbid after 1 hr. 
and had deposited a reddish gum after 2 hr. Methanol was 
removed under reduced pressure, and the residual aqueous 
mixture was filtered with the aid of a little Celite. The clear

(19) M. A. Abdel-Akher and F. Smith, J. Am. Chem. Soc., 
73,996(1951).

(20) L. Hough, J. K. N. Jones, and W. H. Wadman, J. 
Chem. Soc., 1950, 1702.
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filtrate was treated with excess IR-4B ion-exchange resin in 
the acetate form and filtered. The resin was washed thor
oughly with water, and the combined filtrate and washings 
were evaporated to dryness under reduced pressure in the 
rotating evaporator to leave a slightly yellow syrup. Paper 
chromatography in the ethyl acetate-acetic acid-water 
developer and spraying with p-anisidine indicated only a 
trimethylglucose and some phenolic aglucone material with 
good separation. The entire yellow sirup was dissolved in
2.5 ml. of methanol and streaked on four eight-inch wide 
Whatman 3M papers, previously washed with methanol. 
The papers were developed in the ethyl acetate-acetic acid- 
water developer. One-fourth inch strips were cut from each 
paper for monitoring, and the located bands of trimethyl
glucose were cut from the papers. These bands were eluted 
with methanol in a Soxhlet apparatus, and the methanol 
eluate was evaporated in a rotating evaporator to yield a 
colorless sirup. After standing for two weeks, the partially 
crystalline sirup was covered with a few milliliters of diiso
propyl ether and filtered. The crystals were recrystallized 
from 2 ml. of diisopropyl ether to give colorless crystals 
which melted at 97-98° and did not depress a mixed melt
ing point with authentic 3,4,6-tri-O-methyl-D-glucopyrano- 
side.15 The infrared curves of the authentic 3,4,6-tri-O- 
methyl-D-glucopyranoside and the trimethylglucose obtained 
by hydrolysis of IX were identical.

Paper chromatography of glucosides. The silver spray pro
cedure of Trevelyan and co-workers17 indicated the gluco
sides under study as dark brown spots on a light brown 
background. As such, the procedure was unsatisfactory for 
the location of small amounts of glycosidic materials. In the 
Trevelyan procedure the chromatogram is sprayed with an 
acetone solution of silver nitrate, allowed to dry, sprayed 
with an alcoholic solution of sodium hydroxide, and allowed 
to stand at room temperature for 5 to 10 min. to develop 
the spots. The paper is then washed with 6V ammonium hy
droxide to remove unreduced silver oxide, then washed 
with water and dried. The procedure was modified as fol
lows. The paper, after standing at room temperature to 
develop the spots, is bathed a few times in a concentrated 
(350 g. per liter) solution of sodium thiosulfate, washed 
thoroughly with water and dried. In this modified procedure, 
glycoside spots appear as almost black spots against a white 
background, and much smaller amounts of glycosidic mate
rials can be detected. I t  is important in this modified pro
cedure that all excess sodium thiosulfate be removed from 
the paper by washing if it is desired to store the chroma
tograms. Otherwise, the spots will gradually fade over a 
period of several weeks. Very recently, Hathaway and 
Seakins21 published a modification of the Trevelyan pro
cedure in which a 4% sodium thiosulfate wash was em
ployed.

The three glucosides, salicin, populin, and tremuloidin, 
were easily recognized separately or in admixture when paper

(21) D. E. Hathaway and J. W. T. Seakins, Biochem. J.. 
70,158(1958).

chromatograms were developed in either 10:3:3 butanol- 
pyridine-water (BPW) or 9:2:2 ethyl acetate-acetic acid- 
water (EAW) and sprayed with the modified silver spray. 
R f  values at 25° for BPW are: salicin, 0.52; populin, 0.69; 
and tremuloidin, 0.77. R f values for EAW are: salicin, 0.60; 
populin, 0.84; and tremuloidin, 0.85.

Isolation of populin from P. tremuloides. The residue re
maining after water extraction at 25° noted above under 
the isolation of tremuloidin was covered with 1 1. of hot 
water, and the mixture boiled under reflux for 1 hr. The 
mixture was allowed to cool, and the turbid yellow aqueous 
layer was decanted from the residual heavy oil. The boiling 
water extraction was repeated on the heavy oil, and the 
combined turbid aqueous extracts were filtered through 
Celite and purified by means of basic lead acetate precipi
tation followed by hj^drogen sulfide treatment. The resulting 
clear solution was concentrated to one-half volume and 
allowed to stand overnight. The crystals which separated 
were filtered, washed with water, and dried to yield 2.8 g. 
of almost pure tremuloidin melting at 200- 202°. The filtrate 
and washings were concentrated again to a smaller volume 
and allowed to stand. The crystals which separated at this 
point weighed 0.8 g. and melted at 178-181°. Paper chroma
tography indicated about 75% tremuloidin and 25% popu
lin. Another concentration and crystallization yielded 4.1 
g. of crystals melting at 185-186° comprising about 50% 
each of tremulcidin and populin. Crystalline products ob
tained on further concentration contained substantial 
amounts of salicin and other glucosidic materials.

A 0.1-g. sample of the 50% mixture of populin and tremu
loidin melting at 185-186° was dissolved in EAW developer 
and absorbed on a dry-packed column of powdered cellu
lose (Whatman Standard Grade) 2 cm. in diameter and 
15 cm. in height. The column was eluted with EAW, and the 
eluate wyas collected in 5-ml. fractions. The fractions were 
monitored by means of paper chromatography as follows: 
1, pure tremuloidin; 2, tremuloidin with trace of populin; 
3, pure populin; 4, pure populin; 5, pure populin; 6, trace 
of populin; 7 ff., nothing. Fractions 3, 4, and 5 were com
bined and evaporated to dryness. The residue was covered 
with a little water and filtered to give crystals of populin 
which melted at 179-180° and did not depress a mixed 
melting point with synthetic populin.

I t is interesting to note that Fraction 1 deposited crystals 
of tremuloidin melting at 209-210°, slightly higher than that 
of any sample purified by recrystallization alone.

Infrared spectra. Infrared absorption spectra were ob
tained with a Perkin-Elmer model 21 recording spectro
photometer using a sodium chloride prism and potassium 
bromide pellets prepared by hand grinding with sample 
before pressing
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The Rf value in two solvent systems and the infrared absorption spectra of twenty-five lignin model compounds are re
ported. These model compounds comprise phenylpropane derivatives with 4-hydroxy-, 4-hydroxy-3-methoxy-, and 3,5-di- 
methoxy-4-hydroxy-substitution. Many of these compounds were prepared by new procedures, and in other cases many 
intermediates were new or were prepared by new procedures.

During the past few years, in connection with our 
studies on the isolation and identification of individ
ual compounds from lignin reaction mixtures, 
pulping spent liquors, and wood extracts, we had the 
occasion to prepare many phenylpropane deriva
tives with 4-hydroxy-, 4-hydroxy-3-methoxy-, and
3,5-dimethoxy-4-hydroxy- substitution. These com
pounds have proved invaluable for compound iden
tification in these isolation studies. The use of 
paper chromatographic, electrophoretic, and coun
tercurrent distribution techniques in recent years 
has enabled investigators in many laboratories to 
isolate from lignin and wood mixtures individual 
compounds in amounts much too small for identi
fication by conventional procedures. Under such 
conditions R  f  values in several developing systems 
together with color reactions of spray reagents 
known for individual functional groups serve for 
preliminary identification, and infrared spectra 
serve admirably for positive identification of 
isolated compounds. The present paper reports 
infrared absorption spectra and R f  data for the 
butanol saturated with 2% aqueous ammonia and 
10:3:3 butanol-pyridine-water systems at 20° for a 
number of phenylpropane derivatives with the 
above noted substitution. Many of these compounds 
were prepared by known procedures and others 
required new procedures or intermediates prepared 
by new procedures. New compounds, new inter
mediates, and new procedures are noted in the 
experimental portion.

4-Hydroxy-3-methoxyphenylpropane was pre
pared by hydrogenation at room temperature over 
palladium on charcoal catalyst of either eugenol or 
isoeugenol. 3,5-Dimethoxy-4-hydroxyphenylpro- 
pane was prepared by similar hydrogenation of 4- 
allyl-2,6-dimethoxyphenol2 and 4-hydroxyphenyl- 
propane by hydrogenation of anethole followed by 
déméthylation with hydrobromic acid.

Ferulic acid, p-coumaric acid, and sinapic acid 
were prepared by condensation with malonic acid 
in the presence of piperidine of vanillin, p-hydroxy- 
benzaldehyde, and syringaldéhyde,3 respectively,

(1) For paper XIII of this series, see 1. A. Pearl, J. Am. 
Chem.Soc., 78, 5672 (1956).

(2) G. Hahn and H. Wassmuth, Ber., 67, 702 (1934).
(3) I. A. Pearl, J. Org. Chem., 22, 1229 (1957).

in accordance with an earlier described procedure.4 5 
Hydrogenation of ferulic and p-coumaric acids 
yielded dihydroferulic and dihydro-p-coumaric 
acids, respectively. Similar hydrogenation of sinapic 
acid failed to yield the dihydro acid, but dihy- 
drosinapic acid was prepared simply by reduction 
of sinapic acid with Raney nickel alloy in alkaline 
solution.

Coniferyl alcohol was prepared by the lithium 
aluminum hydride reduction of ethyl acetylferulate 
according to Allen and Byers,6 and p-coumaryl 
alcohol was prepared by similar reduction of ethyl 
acetyl-p-coumarate in accordance with Freuden- 
berg and Gehrke.6 The procedure of Freudenberg 
and co-workers7-8 was also employed for the prepa
ration of sinapyl alcohol from ethyl acetylsinapate. 
Dihydroconiferyl alcohol was prepared by low- 
pressure hydrogenation of coniferyl alcohol and by 
lithium aluminum hydride reduction of ethyl 
acetyldihydroferulate at room temperature. At
tempted hydrogenation of p-coumaryl alcohol and 
sinapyl alcohol failed to give the desired dihydro
alcohols, but dihydro-p-coumaryl alcohol was 
readily prepared by lithium aluminum hydride 
reduction of methyl acetyldihydro-p-coumarate at 
room temperature, and dihydrosinapyl alcohol was 
prepared by sodium and ethanol reduction of 
methyl dihydrosinapate according to Brewer, 
Cooke, and Hibbert.9

Coniferaldehyde and p-coumaraldehyde were 
prepared by reduction with lithium tri-i-butoxy- 
aluminohydride of acetylferuoyl chloride and acetyl- 
p-coumaroyl chloride, respectively, and hydrolysis 
of the acetylated aldehydes as described earlier.10 
Similar reaction with acetylsinapoyl chloride

(4) I. A. Pearl and D. L. Beyer, J. Org. Chem., 16, 216
(1951).

(5) C. H. F. Allen and J. R. Bvers, Jr., J. Am. Chem. 
Soc., 71, 2683 (1949).

(6) K. Freudenberg and G. Gehrke, Chem. Ber., 84, 443 
(1951).

(7) K. Freudenberg and R. Dillenburg, Chem. Ber., 84, 
70(1951).

(8) K. Freudenberg, R. Kraft, and W. Heimberger, Chem. 
Ber., 84,472(1951).

(9) C. P. Brewer, L. M. Cooke, and H. Hibbert, J. Am. 
Chem. Soc., 70, 57 (1948).

(10) I. A. Pearl and S. F. Darling, J. Org. Chem., 22, 1266 
(1957).
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yielded sinapaldehyde. Sinapaldehyde was also 
prepared by reduction of acetylsinapoyl chloride 
with sodium trimethoxyborohydride and hydroly
sis of the resulting acetylated aldehyde.

Propiovanillone was prepared by oxidation of 1- 
(4-hydroxy-3-methoxyphenyl)-1-propanol with al
kaline silver oxide,11 propiosyringone by Fries 
rearrangement of the propionate of pyrogallol
1,3-dimethyl ether12 and 4-hydroxypropiophenone 
was obtained commercially. Propiovanillone and 
propiosyringone were converted to their a-bromo 
derivatives by direct bromination, and these bromo 
compounds were converted to a-hydroxypropio- 
vanillone and a-hydroxypropiosyringone, respec
tively, by the procedures of Hibbert and co-work
ers.13'14 Copper sulfate and pyridine oxidation of 
these a-hydroxypropiophenones according to Hib-

TABLE I 
R/  V a l u e s  a t  2000

Compound

Butanol- 
2% Aqueous 

Ammonia

10:3:3
Butanol-
Pyridine-

Water
4-Hydroxy-3-methoxyphenyl-

propane 0.79 0.90
4-Hydroxyphenylpropane 0.93 0.89
3,5-Dimethoxy-4-hydroxyphenyl-

propane6 0.86 0.84
Ferulic acid6 0.13 0.48
p-Coumaric acid 0.18 0.57
Sinapic acid6 0.06 0.36
Dihydroferulic acid 0.20 0.42
Dihydro-p-coumaric acid 0.25 0.50
Dihydrosinapic acid6 0.13 0.47
Conifervl alcohol 0.81 0.79
p-Coumaryl alcohol 0.84 0.88
Sinapyl alcohol 0.70 0.75
Dihydroconiferyl alcohol 0.87 0.81
Dihydro-p-coumaryl alcohol 0.89 0.85
Dihydrosinapyl alcohol 0.85 0.78
Coniferaldehyde6 0.55 0.84
p- Coumaralde.li vde 0.65 0.84
Sinapaldehyde6 0.47 0.80
Propiovanillone 0.76 0.84
p-Hydroxypropiophenone 0.61 0.88
Propiosyringone 0.60 0.81
a-Hydroxypropiovanillone 0.45 0.82
a-Hydroxypropiosvringone6 0.33 0.78
Vanillovl methyl ketone 0.53 0.87
Syringoyl methyl ketone1* 0.40 0.81

a R f  values were located by means of bis-diazotized 
benzidine spray. 6 An immediate red spot appears, but dis
appears after a few moments. 0 Blue fluorescence under 
ultraviolet light before spraying. a Negative fluorescence 
under ultraviolet light before spraying.

(11) I. A. Pearl, J. Am. Chem. Soc., 78, 4433 (1956).
(12) M. J. Hunter, A. B. Cramer, and H. Hibbert, J. Am. 

Chem. Soc., 61, 516 (1939).
(13) A. B. Cramer and H. Hibbert, J. Am. Chem. Soc., 

61,2204(1939).
(14) M. J. Hunter and H. Hibbert, J. Am. Chem. Soc.,

61,2190(1939).

bert and co-workers16'16 yielded vanilloyl methyl 
ketone and syringoyl methyl ketone, respectively.

R f  values determined at 20° by the descending 
technique in butanol saturated with 2% aqueous 
ammonia and in 10:3:3 butanol-pyridine-water 
developers are given in Table I. Infrared absorp
tion spectra are given in Figs. 1-9.

FREQUENCY, CM-'5000 3000___ 2000 1600 14QQ ¡200____IQOO 900 80C 7 5 0  700

2  3  4  5 6  7  8  9  10 M 12 13 14 15WAVELENGTH. MICRONS
Fig. 1. Infrared absorption spectra for 4-hydroxyphenyl- 

propane, 4-hydroxy-3-methoxyphenylpropane, and 3,5- 
dimethoxy-4-hydroxyphenylpropane

ratavtmx Un-’)

Fig. 2. Infrared absorption spectra for p-coumaric acid, 
ferulic acid, and sinapic acid

(15) L. Brickman, W. L. Hawkins, and H. Hibbert, J. 
Am. Chem. Soc., 62, 2149 (1940).

(16) M. Kulka, W. L. Hawkins, and H. Hibbert, J. Am. 
Chem. Soc., 63, 2371 (1941).



738 PEARL VOL. 24

FREQUENCY {CM-isoco 2000____roo_____  __iodo_______soo____ roo

Fig. 3. Infrared absorption spectra for dihydro-p-coumaric 
acid, dihydroferulic acid, and dihydrosinapic acid

frequency; cm'15000 3000 2000 1600 1400 1200 1000 900 800 750 700I------- 1--------- 1-------1-----1------ 1--------- 1------1 i i I

/  Ï ! , a A  o A  (  V v y'~
/  ' y p  \ i i ip. V

1 ! I i i  - V - r

Fig. 4. Infrared absorption spectra for p-coumaryl alcohol, 
coniferyl alcohol, and sinapyl alcohol

2 3 4 5 6 7 8 9 10 II 12 13 14 15WAVELENGTH, MICRONS
Fig. 5. Infrared absorption spectra for dihydro-p-coumaryl 
alcohol, dihydroconiferyl alcohol, and dihydrosinapyl alcohol

3000 POCO -.too íOfQUENO -O-'

Fig. 6. Infrared absorption spectra for p-coumaraldehyde, 
coniferaldehyde, and sinapaldehyde

FREQUENCY. CM'15000 3000___ 2000 1600 I4Q0 1200____1000 900___ 8 PC 750 700

WAVELENGTH. MICRONS
Fig. 7. Infrared absorption spectra for p-hydroxypropio- 

phenone, propiovanillone, and propiosyringone

FREQUENCY. CM'15000 3000 2000 1600 1400 1200 1000 9CC 8CG 750 700i-------1---------1------ 1---- 1------ 1---------1------:------- i----1---- 1—

Fig, 8. Infrared absorption spectra for a-hydroxypropio- 
vanillone and a-hydroxypropiosyringone
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FREQUENCY. CM'15000 3000 2000 1600 1400 1200 1000 900___ 800 750 700̂i-------1---------1------ 1---- 1------ r--------1— i i 1 1

1 __ i___ i____i___ i----- 1-----1___ t___ i-----1-----1------1-----1____i
2  3  4  5 6  7  8  9  10 II 12 13 14 15WAVELENGTH. MICRONS

Fig. 9. Infrared absorption spectra for vanilloyl methyl ke
tone and syringoyl methyl ketone

EXPERIMENTAL

All melting points are uncorrected, and ultraviolet spec
tral data are for solutions in 95% ethanol (concentration, 
0.02 g. per liter).

4-Hydroxy-3-methoxyphenylpropane. A solution of 50 g. 
(0.3 mole) of eugenol (or isoeugenol) in 200 ml. of absolute 
ethanol was treated with 0.5 g. of 10% palladium on carbon 
catalyst and hydrogenated at 24° with an initial pressure of 
48 p.s.i. After 15 min., 0.3 mole of hydrogen had been ab
sorbed, and no further pressure drop was observed. The 
mixture was filtered, and the clear filtrate was concentrated 
to dryness to yield 50 g. of oil which was distilled under re
duced pressure to yield 4-hydroxy-3-methoxyphenylpro- 
pane as a colorless oil boiling at 110° at 3.5 mm. and having 
an index of refraction n)? 1.5196. The product was identical 
with that produced according to Brochet and Bauer17 18 by 
hydrogenating eugenol at 60° over active nickel.

3,5-Dimethoxy-Jf-hydroxyphenylpropane. Similar hydro
genation of 2,6-dimethoxy-4-allylphenol2 yielded 3,5-di- 
methoxy-4-hydroxyphenylpropane as a viscous light- 
colored oil boiling at 160° at 6.0 mm. and having an index 
of refraction n2D5 1.5259. Melting points of its acetate and 
benzoate agreed with recorded values.9,18

4-Methoxyphenylpropane. Hydrogenation of anethole 
under the same conditions yielded 4-methoxyphenylpropane 
as a colorless oil boiling at 67° at 2.0 mm. and having an index 
of refraction ti”  1.5024. Klages19 reported a boiling point of 
215-216° at atmospheric pressure and an index of refrac
tion » d° 1.5045 for the compound prepared by reduction 
of anethole with sodium and ethanol.

4-Hydroryphenylprovane. A solution of 60 g. of 4-meth
oxyphenylpropane in 600 ml. of acetic acid was heated to 
boiling under reflux and treated over a period of 1 hr. with 
120 ml. of 48% hydrobromic acid. The solution was boiled 
an additional 4 hr., concentrated under reduced pressure 
to 200 ml. volume, and stirred into excess water. The aqueous 
mixture was neutralized with a slurry of sodium bicarbonate 
and extracted with ether, and the ether was dried and dis
tilled to leave an oil. Redistillation under reduced pressure 
yielded 49 g. of pure 4-hydroxyphenylpropane boiling at 90° 
at 3.0 mm. and having an index of refraction n2D3 1.5231. The 
benzoate melted at 36-37°, agreeing with the benzoate pre
pared by Coulthard, Marshall, and Pyman20 from 4-hydroxy
phenylpropane obtained by Clemmenson reduction of 4- 
hydroxypropiophenone.

Dihydroferulic acid. A solution of 19.4 g. (0.10 mole) of 
ferulic acid in 125 ml. of tetrahydrofuran was treated

(17) A. Brochet and M. Bauer, Compt. rend., 159, 192 
<1914).

(18) A. W. Hoffman, Ber., 11, 331 (1878).
(19) A. Klages, Ber., 37, 3987 (1904).
(20) C. F. Coulthard, J. Marshall, and F. L. Pyman, J.

Chem. Soc., 1930, 280.

with 0.1 g. of platinum oxide and hydrogenated at 27° with 
an initial pressure of 49 p.s.i. Hydrogen uptake was com
plete after 90 min. The mixture was filtered, and the clear 
filtrate was concentrated to dryness under reduced pressure. 
The white residue was recrystallized from water to give white 
crystals of dihydroferulic acid melting at 90-91° and not de
pressing a mixed melting point w ith authentic dihydroferulic 
acid prepared by alkaline hydrolysis of ethyl acetvldihy- 
droferulate.21

Dihydro-p-coumaric acid. Similar reduction of p-coumaric 
acid and recrysoallization of the product from benzene gave 
dihydro-p-couir.aric acid melting at 125-126° and not de
pressing a mixed melting point with authentic material 
prepared by alkaline hydrolysis of ethyl acetyldihydro-p- 
coumarate.

Dihydrosinapic acid. A solution of 10 g. of sinapie acid in 
400 ml. of 4% sodium hydroxide solution was treated with 
stirring with 10 g. of Raney nickel alloy in 1-g. amounts over 
a period of 15 min. After stirring an additional 15 min., the 
mixture was filtered, and the filtrate was stirred into a mix
ture of ice and excess hydrochloric acid. The clear solution 
was extracted with ether, and the ether was dried and dis
tilled. The white residue was recrystallized from benzene 
to give crystals of pure dihydrosinapic acid melting at 102-  
103°.

Anal. Calcd. for CuHh0 6: C, 58.40; H, 6.24. Found: C, 
58.54; H, 6.34.

Dihydrosinapic acid wras also prepared by alkaline hy
drolysis of ethyl dihydrosinapate.

Methyl dihydrosinapate. Esterification of dihydrosinapic 
acid with absolute methanol and sulfuric acid yielded methyl 
dihydrosinapate as a viscous colorless oil boiling at 165-167° 
at 0.5 mm. ar.d having an index of refraction n2D5 1.5302; 
Xmi, 264 m/j, e 866.

Anal. Calcd. for Ci2H160 5: C, 59.99; H, 6.71. Found: C, 
59.99; H, 6.71.

Ethyl dihydrosinapate. A solution of 19.7 g. of ethyl acetyl- 
sinapate8 in 150 ml. of acetic acid was treated with 10 ml. 
of water and then with 20 g. of zinc dust. The mixture was 
heated to boiling under reflux with occasional shaking for 2 
hr. and filtered hot. The precipitate was washed with hot 
acetic acid, and the combined' filtrate and washings were 
stirred into 1 1. of mixed cracked ice and water. The white 
precipitate which separated was filtered, washed with w'ater, 
and recrystalhzed to give 12 g .  of ethyl dihydrosinapate as 
colorless crystals melting at 48-49°. Brewer, Cooke, and 
Hibbert9 recorded only a boiling point of 178-179° at 1 mm.

Anal. Calcd. for CnHisO»: C, 61.40; H, 7.14. Found: C, 
61.25; H, 6.99.

Ethyl dihydrosinapate was also prepared by esterification 
of dihydrosinapic acid with absolute ethanol in the presence 
of sulfuric acid.

Acetyldihydroferulic acid. Acetylferulic acid22 was hydro
genated in tetrahydrofuran with platinum oxide at 25°, and 
the product was recrystallized from Skellysolve “C” to 
give white crystals of acetyl dihydroferulic acid melting at 
93-94°; Xma„ 273 nut, e 2,785.

Anal. Calcd. for Ci2H140 6; C, 60.50; H, 5.92. Found: C, 
60.68; H, 6.04.

Acetyldihyaro-p-coumaric acid. Similar hydrogenation of 
acetyl-p-coumaric acid23 and recrystallization from petro
leum ether (88-95°) yielded acetyldihydro-p-coumaric acid 
melting at 94-95°; Xmax 265 mp, e 500.

Anal. Calcd. for C11H12O«: C, 63.45; H, 5.81. Found: C, 
63.53; H, 5.86.

Ethyl acetyldihydro-p-coumarate. H3’drogenation of ethyl 
acetyl-p-coumarate6 in tetrahydrofuran in the presence of 
palladium oxide at 28° and distillation of the resulting oil

(21) M. Granath and C. Schuerch, J. Am. Chem. Soc., 
75,707(1953).

(22) K. Kratzl and G. Billek, Monalsh., [2 ] 84, 413 (1953).
(23) F. E. King, M. F. Grundon, and K. G. Neill, J. 

Chem. Soc., 1952, 4580.
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under reduced pressure gave an 85% yield of ethyl acetyl
dihydro-p-coumarate as a colorless oil boiling at 145-146° at 
0.5 mm. and having an index of refraction b2d5 1.4950; Xmax 
266 m/i, e 1,110; Xmax 210 m,u, « 9,650.

Anal. Calc-d. for C13H16O4: C, 66.08; H, 6.83. Found: C, 
66.10; H, 6.89.

Methyl acetyldihydro-p-coumarate. Similar hydrogenation 
of methyl acetyl-p-coumarate6 in the presence of platinum 
oxide and distillation under reduced pressure gave 90% 
of methyl acetyldihydro-p-coumarate as a sweet- smelling 
oil boiling at 149-150° at 0.5 mm. and having an index of 
refraction nsD° 1.5010; Xmax my, e 695.

Anal. Calcd. for C12H14O.1: C, 64.85; H, 6.35. Found: C, 
64.85; H, 6.36.

Dihydroconiferyl alcohol. Hydrogenation of coniferyl alco
hol in tetrahydrofuran in the presence of palladium oxide at 
28° gave a quantitative yield of dihydroconiferyl alcohol as 
a viscous colorless oil boiling at 155° and having a refractive 
index ?i2D° 1.5518, identical with an authentic sample pre
pared according to Granath and Schuerch21 by lithium 
aluminum hydride reduction at low temperature of ethyl 
acetvldihydroferulate. Dihydroconiferyl alcohol was also 
prepared in almost quantitative yield by the reduction of 
ethyl acetyldihydroferulate at room temperature with lith
ium aluminum hydride according to the procedure de
scribed for the preparation of dihydro-p-coumaryl alcohol 
and by the reduction of acetyldihydroferuoyl chloride with 
sodium trimethoxyborohydride in tetrahydrofuran.

Dihydro-p-coumaryl alcohol. A mixture of 3.5 g. of pow
dered lithium aluminum hydride and 400 ml. of anhydrous 
ether was placed in a one-liter 3-neck flask fitted with a gas 
inlet tube, reflux condenser, silicone oil-sealed stirrer, and 
dropping funnel. Nitrogen was introduced, and stirring was 
begun. After 1 hr. of stirring at room temperature a solution 
of 7.6 g. of methyl acetyldihydro-p-coumarate in 500 ml. of 
anhydrous ether was added dropwise over a period of 2 hr. 
After addition was complete, the mixture was stirred an 
additional hour, treated dropwise with 100 ml. of water, and 
then with 150 ml. of 2N  sulfuric acid. The ether layer was 
removed, and the slightly acid aqueous layer was extracted 
twice with ether. All ether solutions were combined, dried, 
and concentrated to dryness to yield 5.5 g. crude dihydro- 
p-coumaryl alcohol as a white crystalline solid. Two re
crystallizations by solution in a little anhydrous ether, addi
tion of petroleum ether (b.r. 30-60°) to incipient turbidity, 
and freezing yielded colorless crystals melting at 54-55°. 
This is the melting point recorded by Braun and Deutsch24 
for dihydro-p-coumaryl alcohol prepared by reaction of p- 
hydroxyphenylpropyl chloride with acetic acid and sodium 
acetate and hydrolysis of the reaction product with sodium 
hydroxide.

Acetylsinapaldehyie. Reduction of 14.2 g. of acetyl- 
sinapoyl chloride in diglyme (diethylene glycol dimethyl 
ether) with lithium tri-i-butoxyaluminohydride as described 
earlier10 for acetylconiferyl aldehyde yielded 4.8 g. crude

(24) J. von Braun and H. Deutsch, Ber., 45, 2513 (1912).

acetylsinapaldehyde melting at 132-134° which, upon re
crystallization from methanol, gave colorless crystals 
melting at 134-135°; Xmax 230 m/i, e 16,430; Xmax 310] m/j, 
€ 18,410.

Anal. Calcd. for Ci3H140 5: C, 62.39; H, 5.64. Found: C, 
62.44; H, 5.64.

Reduction of acetylsinapoyl chloride in tetrahydrofuran 
with sodium trimethoxyborohydride at —5° and then at 
room temperature gave a 30% yield of acetylsinapaldehyde 
melting at 134-135° and not depressing a mixed melting 
point with the authentic aldehyde prepared above.

Sinapaldehyde. Acetylsinapaldehyde was reduced with 
sodium methylate in methanol-chloroform solution"!'as 
described for coniferaldehyde10 to give an almost quantita
tive yield of sinapaldehyde which was recryst.allized from 
benzene to give slightly yellow needles melting at 107-108°. 
This agrees with the melting point reported by Freudenberg 
and Hübner24 25 who prepared the compound by Rosenmund 
reduction of acetylsinapoyl chloride and that reported by 
Pauly and Strassberger26 W'ho condensed methoxvmethyl- 
syringaldehyde with acetaldehyde and hydrolyzed the re
sulting methoxymethylsinapaldehyde. Sinapaldehyde gives 
a very strong violet-red color with phloroglucinol-hydro- 
chloric acid reagent.

Sinapaldehyde wras prepared directly by reduction of 
acetylsinapoyl chloride in tetrahydrofuran by lithium tri- 
i-butoxyaluminohydride. Acetylsinapoyl chloride w-as pre
pared from 10 g. of acetylsinapic acid with thionyl chloride 
and recrystallized from xylene. The chloride was dissolved 
in 150 ml. of tetrahydrofuran and treated at room temper
ature with a solution of 15 g. of lithium tri-t-butoxyalumino- 
hydride in 100 ml. of tetrahydrofuran. The mixture was 
allowed to stand at 20° for 6 hr. and then poured into 1 1. 
of cold water. The mixture was filtered, and the filtrate was 
concentrated to a small volume in a rotating evaporator. 
The crystals which separated were recrystallized from ben
zene to give 3.4 g. of yellow sinapaldehyde melting at 106- 
107° and not depressing the melting point of a mixture with 
the authentic material prepared above.
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Pseudosapogenins and certain other steroid olefins with especially reactive double bonds can be smoothly oxidized with a 
permanganate-periodate reagent.

Modern steroid hormone technology is based in 
large part on 16-dehydro-20-oxo-pregnenes obtained 
by oxidative degradation of the steroidal sapogenin 
side chain. The classical three-step process was 
first developed by R. E. Marker and his asso
ciates3 consisting of (1) conversion of sapogenins 
to pseudosapogenins, (2) oxidation of pseudo
sapogenins to give 16/3-acyl esters of 20-oxo- 
pregnanes, and (3) alkaline cleavage of the 16/5- 
ester followed by dehydration to give 16-dehydro- 
20-oxo-pregnanes. The over-all process has been 
studied in a number of laboratories4“-11 leading to 
a degree of improvement in the classical procedure. 
However, in all of the cited references the oxida
tion agent has been chromic acid in acetic acid. 
As we have reported previously,40 the 16/5-esters

formed during oxidation of pseudosapogenins 
invariably undergo partial hydrolysis under the 
acidic reaction conditions giving 16-dehydro-20- 
oxo pregnenes which may then further react 
with excess oxidant. In order to avoid this un
desirable hydrolysis we have studied the oxidation 
of pseudosapogenins under neutral or slightly 
alkaline conditions. A procedure developed by 
Lemieux and von Rudloff6 involving permanganate- 
periodate oxidation of olefins soluble in slightly 
alkaline aqueous media seemed to offer promising 
possibilities. With some slight modifications the 
procedure was readily adapted to the oxidation of 
water insoluble pseudosapogenins by the route 
shown in Chart I.

The details of the procedure were developed

(1) Eastern Utilization Research and Development 
Division, Agricultural Research Service, U. S. Department 
of Agriculture.

(2) Previous paper in this series, “Steroidal Sapogenins. 
LII. Structure and Properties of the Acetyl Hypobromite 
Adduct from a A16-Pregnen-20-one,” S. G. Levine and 
M. E. Wall, J. Am. Chem. Soc., in press.

(3) R. E. Marker et al, J. Am. Chem. Soc., 62, 3350 
(1940); J. Am. Chem. Soc., 64, 468 (1942); J. Am. Chem. 
Soc., 69, 2167 (1947).

(4) (a) D. H. Gould, H. Staeudle, and E. B. Hershberg, 
J. Am. Chem. Soc., 74, 3685 (1952); (b) W. G. Dauben and 
G. J. Fonken, J. Am. Chem. Soc., 76, 4618 (1954); (c)

with speudosarsasapogenin, readily obtainable in 
pure, crystalline condition.6 The conversion of

M. E. Wall, H. E. Kenney, and E. S. Rothman, J. Am. 
Chem. Soc., 77, 5665 (1955); (d) M. E. Wall and S. Serota, 
J. Am. Chem. Soc., 79, 6481 (1957); (e) A. F. B. Cameron, 
R. M. Evans, J. C. Hamlet, J. S. Hunt, P. G. Jones, and 
A. G. Long, J. Chem. Soc., 2807 (1955).

(5) R. U. Lemieux and E. von Rudloff, Can. J. Chem., 33, 
1710 (1955).

(6) M. E. Wall, S. Serota, and C. R. Eddy, J. Am. Chem. 
Soc., 77, 1230 (1955).
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pseudosapogenins III to the corresponding 16/3- 
ester, IV, was conveniently followed by noting 
the decrease or disappearance of the ultraviolet 
absorption band at 215 mu found in pseudosapo
genins,36 and by observing the concomitant ap
pearance of strong infrared absorption bands 
at 1725 cm.-1 and 1707 cm.-1 due to 16/3-ester 
and 20-ketone groups, respectively, found in IV. 
After some experimentation the correct conditions 
for conducting the oxidation of the water-insoluble 
pseudosapogenins were developed. I t  was found 
that the steroid, in the free hydroxyl form, must 
be dissolved in a water-miscible, inert solvent 
such as dioxane or tertiary butylalcohol. The 
steroid solution was then added to the aqueous 
solution of inorganic reagents and the mixture 
strongly agitated or shaken. The general reaction 
conditions of Lemieux and von Rudloff,5 which 
utilize for 1 Mm. of olefin an oxidizing mixture of 
3 Mm. of potassium carbonate, 8 Mm. of sodium 
metaperiodate, and 0.34 Mm. potassium perman
ganate a t room temperature, were satisfactory 
under our experimental conditions and gave rapid 
oxidation of the C2o,C22 double bond. Due possibly 
to their lower solubility in the aqueous dioxane or 
tertiary butyl alcohol solutions, pseudosapogenin 
diacetates were poorly oxidized under similar 
conditions. The yield was not improved by adding 
benzene as a co-solvent to the aqueous organic 
solutions. As shown in the experimental section 
the procedure was applicable to a variety of pseudo
sapogenins including those with unsaturation at 
C5 or with a 12-ketone group.

Because of the noncrystalline nature of the 
pseudosapogenin oxidation products of structure 
IV it was difficult to ascertain yields. All oxidation 
products were checked by infrared spectroscopy 
and then subjected to alkaline hydrolysis46 to the 
corresponding 16-dehydro-20-keto-pregnenes, all 
of which were known crystalline compounds. We 
have not made a thorough comparison of yields of
16-dehydro-20-ketopregnenes by the chromium 
trioxide4c and the present procedure. However, 
with simple cases, i.e. no A5-unsaturation or ab
sence of 12-keto groups, higher yields are obtained 
by the present method. Thus from pseudosmilagenin 
we obtained a 40% yield of 3/3-ucetoxy-16-pregnen- 
20-one and 70% by the permanganateperiodate 
procedure, using potassium hydroxide in i-butyl 
alcohol4“ in both cases.

Because of the mild, smooth oxidation action of 
the permanganateperiodate reagent we tested its 
effect on several types of steroidal olefins available 
to us. Oxidation of 12-methylene tigogenin7 pro
ceeded smoothly to give hecogenin in excellent 
yield. Similar treatment of 3/3-hydroxy-16-pregnen- 
20-one converted this steroid completely to acidic 
products which were not further characterized. 
An enol-acetate, 3/3,20-diacetoxy-17-pregnene, and 
stigmasterol, a steroid with both a tri- and a di-

substituted olefinic linkage, were recovered un
changed. From our brief experiences with a limited 
variety of steroid olefins we conclude that only 
highly reactive steroid double bonds are attacked 
by the permanganate-periodate reagent. This is 
not a general observation because as previously 
shown by Lemieux and von Rudloff the disubsti- 
tuted olefinic bond in oleic acid is easily oxidized. 
Whether this is due to the greater solubility of 
sodium oleate in the aqueous medium or to steric 
factors which may be encountered with steroids 
cannot be decided by evidence on hand.

EXPERIMENTAL

All pseudosapogenins were prepared in a manner described 
previously.4"1 The following oxidation procedure is typical. 
A solution of 1.2 g. of potassium permanganate (3.2 Mm.),
10.0 g. of anhydrous potassium carbonate (71.4 Mm.), and
41.0 g. of sodium metaperiodate (190.4 Mm.) in 1.0 1. of 
water was mixed w'ith a solution of 10.0 g. (23.8 Mm.) of 
pseudosarsasapogenin in 500 ml. of purified dioxane and 500 
ml. of benzene. The mixture was vigorously shaken for 1 
hr. Probe tests on smaller quantities indicated the reaction 
was substantially complete in 5 min. The benzene layer 
was separated from the aqueous fraction, the latter ex
tracted several times with benzene, and all the benzene 
extracted united and washed with distilled water. The 
benzene was concentrated to dryness in vacuo leaving a pale 
yellow glass which was undoubtedly 3/3-hydroxy-16/3-(-y- 
methyl-j-hydroxy)-valeroxy-pregnan-20-one. The compound 
had negligible ultraviolet absorption at 215 ro^ in contrast 
to the starting pseudosarsasapogenin. The infrared spec
trum of I showed two strong carbonyl bands at 1720 and 
1707 cm. -1 and a strong band at 1250 cm. -1 attributable 
to the C—O—C bond of the 16/3-ester. Because of the well 
known difficulty in crystallizing compounds with structures 
similar to IV and because of the general instability of 16/3- 
ester steroids no further attempts were made to charac
terize it. The viscous product was taken up in 200 ml. of 
i-butyl alcohol by warming on the steam bath. To the solu
tion was added 5.0 g. of potassium hydroxide in 4 ml. of 
water. Nitrogen was passed through the i-butyl alcohol 
solution. The flask was stoppered and vigorously stirred with 
a magnetic stirrer for 3 hr. The initial temperature was 40° 
which fell to 30° at the expiration of 3 hr. To the hydro
lyzed solution was added 400 ml. of water with vigorous 
stirring. The aqueous solution was seeded with authentic 
3/3-hydroxy-16-pregnen-20-one and another 400 ml. of water 
added with stirring. Crystalline plates began to form and the 
stirring was continued for 1 hr. The crystalline product was 
filtered, washed with water, and dried, yield 6.91 g., m.p. 
170-180°, 85% purity based on ultraviolet absorption at 
239 mja, equivalent to 77% of theory. Crystallization from 
methanol gave 5.0 g. of plates, m.p. 185-187°4° with infra
red spectrum identical to an authentic specimen.

In exactly the same manner described above pseudo- 
diosgenin, pseudotigogenin, and pseudohecogenin were 
oxidized to their corresponding 16/S-acyl esters and hydro
lytically cleaved to give respectively 3|8-hydroxy-5,16- 
pregnadiene-20-one, 3/3-hydroxy-5a-pregn-16-en-20-one, and 
3<3-hydroxy-5a-pregn-16-en-12,20-dione, all characterized by 
melting point and identity with known samples.40 The yields 
were not so high as in the pseudosarsasapogenin oxidation 
ranging from 30-50% of theory by ultraviolet absorption 
analysis. I t was found that ¿-butyl alcohol was as effective 
a solvent as dioxane for this purpose and since it was much 
easier to purify, the former solvent was adopted for all 
subsequent work. I t  was also found that the use of benzene 
during oxidation was unnecessary. However no reaction 
occurred if an aqueous solution of the inorganic oxidant was
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shaken with a benzene solution of steroid in the absence 
of dioxane or ¿-butyl alcohol.

Oxidation of 12-methylene-iigogenin to hecogenin. 0.4 g. of
12-methylene tigogenin7 in 100 ml. of ¿-butyl alcohol was 
oxidized with a solution of 1.7 g. of sodium metaperiodate, 
0.42 g. of potassium carbonate, and 0.05 g. of potassium 
permanganate in 100 ml. of water, shaking the mixture in a 
500-ml. bottle. Infrared analysis for carbonyl indicated 
maximum formation in 5 hr. The solution was extracted 
with benzene, yielding after the usual work-up 0.3 g. of 
hecogenin, m.p. 250-253°, infrared spectrum identical with 
that of an authentic specimen.

Oxidation of 3f3-acetoxy-16-pregnen-20-one. A solution of
(7) F. Sondheimer and R. Mechoulam, J. Am. Chon. Soc., 

79,5029(1957).

0.42 g. of 3/3-acetoxy-16-pregnen-20-one in 100 ml. of 
¿-butyl alcohol was shaken overnight with the aqueous 
oxidation solution used above. The aqueous mixture was 
further diluted with water and extracted with ether. The 
ether solution contained a negligible weight of steroid. The 
aqueous layer was acidified with hydrochloric acid and the 
resultant precipitate extracted with ether to yield 0.4 g. of 
amorphous glass. The infrared absorption spectrum showed, 
as might be expected, a strong carboxyl carbonyl band at 
1700 cm.-1.

Under the above reaction conditions stigmasterol and 
3/3,20-diacetoxy-17-pregnen-20-one were recovered un
changed.

E a s t e r n  R e g i o n a l  R e s e a r c h  L a b o r a t o r y

P h i l a d e l p h i a  1 8 , P a .

[C o n t r i b u t i o n  f r o m  t h e  D i v i s i o n  o f  C h e m i c a l  R e s e a r c h  o f  G. D. S e a r l e  a n d  Co.]

S teroidal A ld osteron e B lockers. I

JOHN A. CELLA, EDWARD A. BROWN, a n d  ROBERT R. BURTNER

Received January 5, 1959

The synthesis and specific biological activities of a variety of C-17 steroidal 5 and 6 membered spirolactones are pre
sented. The 19-nor compound with a 5 membered lactone (Xa) is the most potent aldosterone blocker.

Since the first reports of the antialdosterone 
activity of several steroidal 17-spirolactones1(a)’(b) 
we have prepared a number of new spirolactones 
in order to test the effect on blocking activity of 
changes in both the lactone and steroid portions of 
the molecule. I t  is our purpose in this article to 
record the experimental details of synthesizing the 
drugs reported in earlier communications1̂ 2 
and to report on some of the new compounds in this 
series.

The first member of this series to show aldos
terone blocking activity was 3-(3-keto-17/3-hy- 
droxy-4-androsten-17a-yl) propanoic acid lactone 
(Via). This was prepared by the sequence shown 
on Chart 1. The Grignard reagent of 17a-ethynyl- 
5-androstene-3;8,17/3-diol (Ia)3 was carbonated in 
good yield to give an acetylenic acid (Ila). The 
acetylenic bond was selectively reduced to an ole
fin by catalytic hydrogenation over palladium on 
calcium carbonate using dioxane and pyridine as 
solvents. The resulting product on treatment with 
mineral acid yielded an unsaturated lactone (Ilia) 
which could be readily reduced to a saturated lac
tone (Va) by hydrogen over palladium on charcoal. 
Oxidation of I l ia  and Va by the Oppenauer 
method produced the corresponding 3-oxo-4-ene 
compounds IV and Via.

Because of the interesting antialdosterone ac
tivity of Via we decided to make the correpond- 
ing 19-nor compound. To this end the spirolactone

(1) (a) J. A. Celia and C. M. Kagawa, J. Am. Chem. Soc., 
79, 4808 (1957). (b) C. M. Kagawa, J. A. Celia, and C. G. 
Van Arman, Science, 126, 1015 (1957).

(2) J. A. Celia, U. S. Patent 2,705,712, April 5, 1955.
(3) H. E. Stavely, J. Am. Chem. Soc., 61, 79 (1939).

side chain was built onto a steroid nucleus con
taining an aromatic A ring by the same series of 
reactions used in the androstane series (Chart I). 
17 a-Ethynyl - 3 - methoxy -1,3,5(10) - estratrien -17/3- 
ol4 (Ic) was carbonated to give an acetylenic acid 
(lie) which could be hydrogenated partially or com
pletely to give an unsaturated (IIIc) or saturated 
(Vc) lactone. As shown on Chart 2, the A ring 
of this could be most effectively reduced to the di
hydroaromatic system (V illa) by preparing the 
sodium salt (Vila) of the saturated lactone (Vc) 
and reducing this with lithium in ammonia and 
f-butyl alcohol.6 Hydrolysis of the enol ether (V illa) 
with dilute acetic acid afforded a compound (IXa) 
in which simultaneous lactonization of the liber
ated hydroxy acid had occurred. On the other 
hand, hydrolysis with mineral acid gave the com
pound (Xa) containing not only a lactone, but also 
a conjugated ketone. Xa was also prepared by treat
ing IXa with strong acid. Lactonization of the 
hydroxy acids was best accomplished by treating 
them with strong acid in solution; stirring the pre
cipitated hydroxy acid with aqueous acid was 
usually ineffective.

In the hope of reducing the triple bond and aro
matic A ring simultaneously the acetylenic acid 
(lie) was subjected directly to reduction by lithium 
in ethanol and ammonia. After hydrolysis of the 
uncharacterized intermediate enol ether with 
strong acid, there was obtained not only the satu-

(4) F. B. Colton, U. S. Patent 2,666,769, June 19, 1954.
(5) This is a modification of the Birch reduction de

scribed by A. L. Wilds and N. A. Nelson, J. Am. Chem. Soc., 
75, 5360 (1953) which was developed by Dr. H. Dryden 
of these laboratories.
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Chart I

b. n -  1
c. A*, n = 0
d. -A*, n = 1

H,, Pd /C aC 03

b. n = 1
c. A*, n = 0

H2, Pd/C

V ^ i  ° Y ^ i

b. n = 1 b. n = 1
c. A*, n = 0
d. A*, n = 1

rated lactone (Xa) but also the unsaturated lactone
(XI).

We now turned our synthetic efforts to making 
the six-membered lactones analogous to Via and 
Xa. The same sequence of lactone building reactions 
was used on 17a-propargyl-5-androstene-3/3,17/3 
diol6 (lb), e.g., carbonation of the Grignard reagent 
to give 4-(3/3,17/3-dihydroxy-5-androste n-17a-yl) - 
2-butynoic acid (lib). This compound (lib) 
was hydrogenated stepwise to the saturated lactone 
(Vb), which was oxidized by the Oppenauer method 
to the corresponding 3-oxo-4-ene derivative (VIb).

The 19-nor six-membered lactone was prepared 
by a similar route. Estrone methyl ether was reacted 
with propargyl bromide in the presence of zinc to

(6) C. W. Greenhalgh, H. B. Henhest, and E. R. H. Jones,
J .  C hem . S o c ., 1190 (1951).

yield Id. This was carbonated as described earlier 
to yield l id  which was then hydrogenated to the 
corresponding 4 - [17¡3- hydroxy - 1,3,5(10) - estra- 
trien-17 a-yl] bu tanoic acid which was lactonized to 
Vd. The free acid (Vllb) was reduced to a dihydro
aromatic intermediate (VUIb) which was acidi
fied without isolating, to give 4-(3-oxo-17£-hy- 
droxy-19-nor- 4 - androsten - 17a - yl)butanoic acid 
which yielded the lactone (Xb) by treatment with 
p-toluenesulfonic acid in benzene. Xb wras also 
prepared by an alternate route. The Grignard 
reagent of Ic was treated with ethylene oxide to give
l-[3-methoxy-17/3-hydroxy-l,3,5(10)-estratrien-17a- 
yl]-l-butynol-4, which was reduced catalytically 
to the corresponding l-[3-methoxy-17/3-hydroxy- 
l,3,5(10)-estratrien-17a-yl]butanol-4. Chromic acid 
oxidation of this diol yielded the lactone (Yd). 
This method was not so satisfactory as the other 
because of the poor yield in the Grignard step.

Chart II 
OH
J<c-(CH,)„COOR

Some of the lactones containing a 3-oxo-4-ene 
system were hydrogenated in the presence of pal
ladium (Chart III), to yield a mixture of epimers at 
C-5 which was separated by chromatography. The 
first of these was Via, which gave about a 70-30 
mixture of A/B trans  (X lla) to A/B c is  (XHIa). 
The stereochemistry of X lla  was established by 
hydrogenating Va in neutral alcohol to give a single 
compound (XIV),7 which was oxidized in good

(7) L. F. Fieser and M. Fieser, Natural Products Related 
to Phenanthrene, 3rd ed., Reinhold, New York, p .  375.



u u u  f)Yi s o  r i j j  fi m i m i u  1 fi 1 t f f i :

STEROIDAL ALDOSTERONE BLOCKERS f i l e n i  J l
ju x e  1959

yield to X lla. The other isomer (XHIa) was there
fore assigned the A/B cis configuration.

Chart III

Catalytic hydrogenation of Xa yielded two di
hydro isomers (XIIc andX IIIc). The stereochemis
try of XIIc was established as the A/B tra n s  ring 
fusion by reducing Xa with lithium in ammonia and 
alcohol8 and then oxidizing the uncharacterized 
product with chromic acid to give a single compound 
(XIIc). The configuration of X IIIc  was therefore 
A/B cis.

Similar treatment of VIb with hydrogen over 
palladium gave two dihydro isomers (X llb  and 
XHIb) in the six-membered series. The stereo
chemistry of these isomers was assigned by analogy 
to the two previous cases, e.g., the tra n s  isomer was 
eluted first from a chromatographic column and the 
tra n s  isomer is lower melting.

B io lo g y ,1{b)'9 The anti-DCA blocking activities 
available are in Table I. Active compounds were 
screened further against aldosterone. Examination 
of the blocking activities listed in Table I will 
show that changing the 3-oxo-4-ene system to a
3-hydroxy-5-ene, 3-oxo-4,5-dihydro, or an aro
matic A ring reduces blocking activity as does 
introducing a double bond a t C-20 to C-21, or 
expansion of the lactone to a six-membered ring. 
On the other hand, going from the normal series 
to the 19-nor compound enhances activity. Hence 
the most active compound of this series is Xa.

(8) W. S. Johnson, E. R. Roger, J. Szmuszkoviez, H. I. 
Hadler, J. Ackerman, B. K. Bhattacharyya, B. M. Bloom, 
L. Stalmann, R. A. Clement, B. Bannister, and H. Wynberg, 
J. Am. Chem. Soc., 78, 6289 (1956).

TABLE' I

Relative Relative
Com- Blocking Com- Blocking
pound Potency“ pound Potency“

IV < 0.01 X lla 0.3
Va 0.1 X llb < 0.1
Vc < 0.01 XIIc 0.6

Via 1.0 XIHa < 0.01
VIb 0.08 XHIb < 0.1
IXa 0.8 XIIIc <0.3
Xä 3.8 XIV 0.1
Xb 1.0

“ Via was arbitrarily assigned the value of 1.0. A dose of 
0.22 mg. of Via produces a 50% block of the effect of 12 ¿ig. 
of desoxycorticosterone acetate on the urinary Xa / K ratio 
in adrenalectomized rats.

E X P E R IM E N T A L

General. The microanalyses and optical determinations 
recorded here were carried out by Dr. Robert T. Dillon and 
his associates of these laboratories.

A number of preparations were made by the same general 
procedures. These are listed and reference is made to them 
under specific preparations where they were used.

Temperatures are reported in degrees centigrade. Melting 
points were determined on a Fisher-Johns block and are 
reported uncorrected. Ultraviolet spectra were determined 
in methanol.

Procedure A. Carbonation of acetylenic Grignard reagents. 
One g. of the ethynylated steroid was dissolved in 5 ml. of 
tetrahydrofuran. This solution is added to a refluxing solu
tion of 6 ml. of 311/ méthylmagnésium bromide in 15 ml. of 
tetrahydrofuran. The tetrahydrofuran was previously puri
fied by distillation from excess Grignard reagent. The result
ing gray suspension was stirred and refluxed for 24 hr. It 
gave a strong positive test for RMgX at this point. A slight 
positive pressure of carbon dioxide was then maintained 
over the rapidly stirred solution for 24 hr. The mixture was 
poured into excess ice-cold 0.2M  sulfuric acid and most of 
the solvent removed by vacuum distillation. The crude 
granular product was filtered, washed free of mineral acid, 
and set to dry.

Procedure B. Preparation of unsaturated lactones from 
acetylenic acids. One g. of 17a-steroidylalkvnoic acid (II) 
was dissolved in 10 ml. of dioxane containing I ml. of pyri
dine. This solution was stirred under hydrogen at atmos
pheric pressure in the presence of 0.3 g. of 5% palladium on 
calcium carbonate until one equivalent was absorbed. The 
stirring was then stopped, the catalyrst filtered off, and the 
solvent removed by vacuum distillation. The viscous residue 
was dissolved in 10 ml. of cold ethanol and 1.4 ml. of con
centrated hydrochloric acid added. After standing for 5 
min. the solution was diluted with 175 ml. of cold water and 
the crude unsaturated lactone collected by filtration and 
set to dry-.

Procedure C. Oppenauer oxidation of Sg-hydroxy lactones. 
One g. of the appropriate 3/3-hydroxy-5-ene lactone (V) was 
dissolved in a boiling solution of 25 ml. of toluene and 8 ml. 
of cyclohexanone. Five ml. of toluene was removed by dis
tillation to insure dryness. Then to this refluxing solution 
was added a solution of 0.5 g. of aluminum isopropylate in 
5 ml. of toluene. The resulting solution was refluxed and 
stirred for an additional 20 min. whereupon it was cooled to 
95° and 5 ml. of water added. The heterogeneous mixture 
was cooled to room temperature and made strongly acid 
with 6N  sulfuric acid. The layers were separated, washed, 
and each back-extracted. The combined organic layers

(9) The biological testing was carried out by Dr. C. M. 
Kagawa and his associates of these laboratories. The 
experimental details of testing will be reported elsewhere.



746 CELLA, BROWN, AND BURTNER VOL. 24

were then steam distilled exhaustively. The cooled distilla
tion residue was extracted with chloroform. This extract 
was dried and evaporated to dryness to give the crude 3- 
oxo-4-ene lactone (VI).

Procedure D,5 Reduction of aromatic compounds to dihydro
aromatic compounds with lithium in ammonia and t-butyl 
alcohol. A solution of 10 g. of the aromatic acid or salt (VII) 
in 150 ml. of ¿-butyl alcohol and 150 ml. of tetrahydrofuran 
was diluted to 650 ml. with anhydrous ammonia in a flask 
equipped with a sealed stirrer and a Dry Ice condenser. 
Then 5.5 g. of lithium wire was added during a 30-min. 
period, producing a heterogeneous mixture of a deep blue 
ammonia layer and an oily bronze colored lithium-ammonia 
alloy layer. Stirring was adjusted so as to produce thorough 
mixing of the two layers. After 3 hr., 25 ml. of ethanol was 
added to destroj' any unreacted lithium. An additional 25 
ml. of ethanol was added, the condenser removed, and the 
ammonia allowed to evaporate under a stream of nitrogen 
overnight. Then 200 ml. of water was added and the mixture 
vacuum distilled until about 250 ml. of reaction mixture 
remained. This mixture was then worked up in a suitable 
way which will be described for the individual compounds.

17a-Propargyl-5-androstene-30,170-diol (lb). The follow
ing modification of the method of Jones et al.s was employed. 
Freshly distilled propargyl bromide (64.2 g.) was added 
during a 20-min. period to a stirred, refluxing suspension of
35.2 g. of 20-mesh zinc (acid washed and dried with solvents) 
and 36 g. of dehydroisoandrosterone acetate in 1 I. of tetra
hydrofuran. When about half of the bromide had been 
added, a vigorous reaction set in which required ice bath 
cooling. After 5 min. the reaction subsided, whereupon the 
balance of the bromide was added at a rate to cause spon
taneous refluxing. When the spontaneous effect ceased, the 
mixture was refluxed for 15 min. longer, then cooled and 
poured into 2 1. of water containing 100 ml. of 12M  hydro
chloric acid. Extraction with benzene and removal of sol
vent gave the crude acetate as a brown crystal paste which 
was then saponified by refluxing under nitrogen for 0.5 hr. 
with 25 g. of potassium hydroxide in 1 1. of methanol. After 
dilution with 8 1. of water, the precipitate was collected on a 
funnel, rinsed free of base and dried (40 g.). Since an infra
red spectrum at this point showed the presence of un
reacted ketone, the crude product was refluxed with 15 g. 
of Girard’s T reagent and 15 ml. of acetic acid in 380 ml. of 
absolute alcohol for 0.5 hr. Work-up in the conventional 
manner yielded the crude propargyl derivative (lb) which, 
after crystallization from methanol, weighed 20 g. and melted 
at 152-154°.

3-M ethoxy-17 a-propargyl-1,3,5{10)-estratrien-17iS-ol (Id). 
The procedure for preparation of this compound from 
estrone-3-methyl ether wras like that for 17a-propargyl-
5-androstene-3/?,17/3-diol (lb). The reaction was a little 
sluggish and, after the exothermic period, reflux wTas con
tinued for 2 hr. The crude propargyl derivative ŵ as separated 
from unreacted starting material by means of Girard’s T 
reagent and recrystallized from methanol. From 10 g. of 
estrone-3-methyl ether 2.9 g. of the starting material was 
recovered and 6.0 g. of the desired product, melting at 49- 
60°C., was obtained. Infrared spectrum (KBr), 2.82/i, 
3.05ft (O—H, = C —H).

Anal. Calcd. for C22H28O2: C, 81.44; H, 8.70. Found: 
C, 81.18; H, 8.65.

S0,170-Dihydroxy-5-androsten-17a-ylpropynoic acid (Ha). 
Procedure A was used on 25 g. of 17a-ethynyl-5-androstene- 
3/3,17j8-diol.3 The crude product was dissolved in 250 ml. 
of tetrahydrofuran and 12.1 g. of triethylamine added. The 
triethylamine salt, 28.8 g., which precipitated was dissolved 
in 300 ml. of 50% aqueous dioxane and the boiling solution 
then acidified with concentrated hydrochloric acid. Upon 
chilling, 20 g. of Ila  precipitated as a monohydrate, m.p. 
234-235° dec. (loses H20 at 120-140°), [a]D -132.5° 
(dioxane).

Anal. Calcd. for C22H30O4.H2O: C, 70.18; H, 8.57. Found: 
C, 70.19; H, 8.46.

4- (.3f},17f3-Dihydroxy-5-andro$ten-17a-yl)-3-butynoic acid 
(lib). Procedure A vTas used on 4.58 g. of 17a-propargyl-
5-androstene-3/3,17/3-diol (lb). The crude product (4.9 g.) 
was triturated with 30 ml. of boiling chloroform to give 3.5 
g. of the desired acid (lib), m.p. 201-205°. A sample, m.p.
203-206°, for analysis was obtained by recrystallization 
from acetonitrile.

Anal. Calcd. for C23H3204: C, 74.16; H, 8.66. Found: C, 
74.09; H, 8.83.

3-M ethoxy-17(3-hydroxy-l ,8,5( 10) -estralrien-17a-ylpropynoic 
acid (lie). Procedure A was used on 132 g. of 17a-ethynyl- 
3-methoxy-l,3,5(10)-estratrien-17/3-ol (Ic).4 The 142 g. of 
dark yellow crude acid was suspended in 2 1. of boiling car
bon tetrachloride for 5 min. The slurry was cooled to room 
temperature and filtered. The white solid was rinsed on the 
funnel wfith 100 ml. of carbon tetrachloride and dried to 
give 108 g. of anhydrous acid (lie) melting at 198-200° 
with decomposition. About 15 g. of Ic can be recovered from 
the liquors. Crystallization of the acid lie  from 50% 
aqueous dioxane gave a monohydrate, m.p. 204-207° dec. 
(-H2O, 120-140°), [aln -17.7° (diox.).

Anal. Calcd. for C22H21A .H 2O: C, 70.94; II, 7.58. Found: 
C, 70.74; H, 7.93.

4--[3-M ethoxy-17 8-hydroxy-l,3,5{10)-estratrien-17 a-yl\-2- 
butynoic acid (lid). Procedure A was used on 6.5 g. of 17a- 
propargyl-3-methoxy-l,3,5(10)-estratrien-17/3-ol (Id). The 
crude dry product was suspended in 35 ml. of boiling carbon 
tetrachloride for 5 min. and the slurry then cooled to room 
temperature. Filtration yielded 7.0 g. of acceptable product 
lid. Crystallization from 50% aqueous ethanol gave an 
analytical sample, m.p. 187.5-191.5° dec.

Anal. Calcd. for C23H28O4: C, 74.97; H, 7.66. Found: 
C, 75.25; H, 7.95.

3-(30,l 7@-Dihydroxy-5-androsten-17a-yT)propenoic acid 
lactone (Ilia). Procedure B was used on 0.2 g. of acetylenic 
acid hydrate Ila. Two crystallizations of the crude product 
from aqueous methanol yielded 0.07 g. of the desired product 
Ilia , m.p. 201-203°, [a]D +2° (CHCI3), f22» 9550.

Anal. Calcd. for C22H30O3: C, 77.15; H, 8.83. Found: C, 
76.95; H, 8.81.

4- (80,17f}-Dihydroxy-5-androsten-17a-yl)-2-butenoic acid 
lactone (Illb). Procedure B was used on 3.0 g. of acetylenic 
acid lib . The crude product (Illb) was not characterized 
but rather used directly in the preparation of Vb.

5- [3-Methoxy-170-hydroxy-l,3,5{10)-estratrien-l7a-yl]pro- 
penoic acid lactone (IIIc). Procedure B was used on 5 g. of 
acetylenic acid hydrate lie. The 4.0 g. of crude lactone was 
recrystallized from ethyl acetate to yield 2.55 g. of un
saturated lactone IIIC, m.p. 170-173°, [a] d+ 94° (diox.).

Anal. Calcd. for C22H26O3: C, 78.07; H, 7.74. Found: C, 
78.17; H, 7.45.

5- (3-Oxo-170-hydroxy-4-androsten-17a-yl)propenoic acid 
lactone (IV). Procedure C was used on 0.81 g. of Ilia . The 
crude product was chromatographed over silica gel and the 
product eluted with 10% ethyl acetate-90% benzene. Upon 
crystallization from ethyl acetate-cyclohexane there was 
obtained 0.30 g. of unsaturated lactone IV, m.p. 153.5- 
154.5°, [a]d +203.5° (CHC13), £237 20,200, IR (KBr) 
5.78/t (unsaturated lactone).

Anal. Calcd. for C22H28O3: C, 77.61; H, 8.29. Found: C, 
77.41; H, 8.44.

3-{30,l70-Dihydroxy-o-androsten-17a-yT)propanoic acid 
lactone (Va). The unsaturated lactone (Ilia) (20 g.) was dis
solved in 225 ml. of absolute ethanol and treated wfith hydro
gen at atmospheric pressure and at room temperature in 
the presence of 4 g. of 5% palladium on carbon. When 
one equivalent of hydrogen was absorbed the reaction was 
stopped, the catalyst filtered off, and the filtrate evaporated 
to dryness. The residue was recrystallized from ethyl 
acetate. There was obtained 14 g. of Va, m.p. 190-191°, 
[a]D -91.5° (CHCI3).

Anal. Calcd. for C22H32O3: C, 76.70; H, 9.36. Found: C, 
76.40; H, 9.90.

4-(S0,l70-Dihydroxy-o-androsten-l 7a-yl)butanoic acid lac
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tone (Vb). The crude lactone I llb  derived from 3.0 g. of 
lib  was dissolved in 50 ml. of absolute ethanol containing 
0.1 ml. of concentrated hydrochloric acid and hydrogenated 
at atmospheric pressure over 0.5 g. of 5% palladium on 
carbon. After one equivalent of hydrogen was absorbed the 
reaction was stopped. The catalyst was filtered off and the 
filtrate diluted with water. Extraction of the aqueous phase 
with chloroform yielded upon evaporation of the extracts, 
3 g. of the saturated lactone Vb as a viscous oil which resisted 
crystallization. The infrared spectrum showed a peak at 
5.80m, characteristic of a six-membered saturated lactone. 
The crude product was used directly in the next step.

3- \3-Methoxy-170-hydroxy-l ,S,5(10)-eslratrien-17a-yl ]- 
propanoic acid lactone (Vc). A solution of 2.55 g. of IIIc in 
150 ml. of ethyl acetate was treated with hydrogen at 
atmospheric pressure in the presence of 0.5 g. of 5% pal
ladium on charcoal at 21°. When hydrogen uptake had 
ceased the catalyst was filtered off and the solvent evapo
rated. The residue was recrystallized from ethyl acetate- 
isopropyl ether to yield 1.8 g. of Vc, m.p. 150-152°, [a]D 
+  12.5° (diox.).

Anal. Calcd. for C22H280 3: C, 77.61; H, 8.29. Found: C, 
77.49; H, 8.13.

4- [3-M ethoxy-170-hydroxy-l ,3,5(10)-estratrien-l 7 a-yl ]- 
butanoic acid lactone (Vd). To 6.5 g. of lid  dissolved in 130 
ml. of ethanol, 2.0 g. of triethylamine was added to form the 
salt. The solution was hydrogenated over 1.0 g. of 5% 
palladium on carbon at room temperature at about 24 p.s.i. 
of hydrogen pressure. Hydrogen uptake ceased in 40 min. 
The solution was filtered to remove the catalyst and evapo
rated to a small volume which was poured into an excess of 
dilute hydrochloric acid. The product was collected on a 
funnel and washed free of acid with water. After drying, the 
product was crystallized from ethyl acetate to yield 4.05 g. 
of 4- [3-methoxy-l7/3-hydroxy-l,3,5( 10)-estratrien-17a-yl ]- 
butanoic acid (Vllb), m.p. 164-168.5° dec.

Anal. Calcd. for C^H^O*: C, 74.15; H, 8.66. Found: 
C, 74.31; H, 8.77.

To obtain the lactone (Vd), 3.1 g. of hydroxy acid was 
dissolved w-ith 100 mg. of p-toluenesulfonic acid in 500 ml. 
of benzene and the solution distilled slowly to a residual 
volume of 100 ml. The residual solution was washed twice 
with water and dried over sodium sulfate. Removal of solvent 
in vacuo and two crystallizations of the residue from ethyl 
acetate yielded 1.5 g. of Vd, m.p. 161-166°, after vacuum 
drying at 100° for 2 hr.

Anal. Calcd. for C23H3o03: C, 77.93; H, 8.53. Found: 
C, 77.57; H, 8.46.

3-(S-Oxo-170-hydroxy-4-androslen-17a-yl)propanoic acid 
lactone (Via). Procedure C was used on 10 g. of Va. The 
crude product was recrystallized from ethyl acetate to yield
4.8 g. of the 3-oxo-4-ene lactone (Via), m.p. 148-150° (poly
morph melts 163-165°), [«]d +76.5° (CHC13), t241 17,000.

Anal. Calcd. for C22H30O3: C, 77.15; H, 8.83. Found: 
C, 77.31; H, 8.94.

4-(8-Oxo-17f)-hydroxy-4-androsten-17a-yl)butanoic acid 
lactone (VIb). The crude product (Vb) was oxidized accord
ing to Procedure C. This crude product was chromato
graphed over silica and the product eluted with 15% ethyl ace- 
tate-85% benzene. The crude fractions weighing 1.2 g. were 
recrystallized twice from ethyl acetate-isopropyl ether to 
give 0.7 g. of VIb, m.p. 192-193°, e240 17,000. Infrared spec
trum (KBr) 5.77m (six-membered lactone).

Anal. Calcd. for C23H320 3: C, 77.49; H, 9.05. Found: 
C, 77.43; H, 9.09.

8-{3-Oxo-17B-hydroxy-19-nor-4-androsten-17a-yl)prcpenoic 
acid lactone (XI) and ?,-{3-oxo-170-hydroxy-19-nor-4-andro- 
sten-17a-yl)propanoic acid lactone (Xa) by direct reduction of 
lie. A suspension of 7.8 g. of the hydrate of lie  in 500 ml. 
of ¿-butyl alcohol and 1 1. of ammonia was treated with 8.0 
g. of lithium added portionwise over a period of 30 min. 
After a total of about 2 hr. all the lithium had reacted and 
the ammonia was allowed to evaporate overnight in a stream 
of nitrogen. The solution was quenched with 250 ml. of

water and the i-butyl alcohol removed by distillation. Then 
the solution was made acid with acetic acid and the product 
extracted with ether. The tacky product obtained from 
the ether was dissolved in 50 ml. of methanol and treated 
with 2 ml. of concentrated hydrochloric acid for 1 hr. to 
complete isomerization of the 5(10) double bond and to 
insure closure of the lactone ring. This was quenched in 
water and the product extracted with ether. Upon 
removal of the ether the gummy residue was chromato
graphed over silica using mixtures of benzene and ethyl 
acetate as developing solvents. In the 10% ethyl acetate 
eluate there was obtained by crystallization from ethyl 
acetate-isopropyl ether, 0.14 g. of the unsaturated lactone 
(XI) m.p. 117-118°, [a]D +55.2° (diox.), f220-° 18,700, 
infrared (KBr), 5.78m (unsatd. five-membered lactone 
carbonyl).

Anal. Calcd. for C2iH260 3: C, 77.27; H, 8.03. Found: 
C, 77.48; H, 8.84.

Elution with 15% ethyl acetate yielded after crystalliza
tion from ethyl acetate 1.0 g. of the saturated lactone (Xa), 
m.p. 135.5-137° (another form melted 126.5-127°), [a]D 
+  22.7° (CHClj), e240 17,500. The ana^dical sample melted 
at 137-138°.

Anal. Calcd. for C2iH280 3: C, 76.79; H, 8.59. Found: 
C, 76.49; H, 8.34.

Sodium 3- [3-methoxy-l 70-hydroxy-1,3,5(10)-estralrien-17a- 
yl]propanoate (Vila). A solution of 124 g. (0.35 mole) of 
acetylenic acid lie and 40.4 g. of triethylamine in 1 1. of 
absolute ethanol was hydrogenated10 over 12.4 g. of 5% 
palladium on carbon at about 500 p.s.i. at laboratory tem
perature. The reaction was complete in about 25 min.

To this solution of the triethylamine salt of 3-methoxy- 
17S-hydroxv-l,3,5( 10)-estratrien-l7a-ylpropanoic acid was 
added with good mixing a solution of 28 g. (0.7 mole) of 
sodium hydroxide in 200 ml. of methanol. A dense white 
precipitate of the sodium salt formed promptly. After 5 hr. 
the salt was collected on a funnel, rinsed with 100 ml. of 
alcohol and finally dried in a vacuum oven at 75° for 12 hr. 
to give 116 g. of the desired product (Vila) which is com
pletely soluble in warm water. The mother liquor was vac
uum evaporated to a small volume and then poured into an 
excess of dilute hydrochloric acid. After several hours the 
granular precipitate was collected on a funnel, rinsed free 
of mineral acid and dried to furnish 20 g. of a mixture of the 
hydroxy acid and its lactone (Vc). Extraction with 200 ml. 
of boiling ethyl acetate left 10 g. of the insoluble 3-methoxy- 
17(3-hydroxy-l,3,5(10)-estratrien-17o:-ylpropanoic acid, melt
ing at 150-152° with decomposition.

Anal. Calcd. for 0 22HM0 (: C, 73.71; H, 8.44. Found: 
C, 73.71; H, 8.44.

Heating this acid at 160° for a few minutes resulted in 
loss of water and quantitative conversion to the lactone 
(Va). Lactonization may also be achieved by treating a 
concentrated solution of the hydroxy acid in alcohol with a 
small amount of 3N  hydrochloric acid, letting the solution 
stand for 5 min. and then recovering the product by dilution 
with water.

3-(3-Oxo-170-hydroxy-l 9-nor-4-androsten-17a-yT)-propanoic 
acid lactone (Xa) by reduction of sodium salt (Vila). Pro
cedure D was used on 114 g. of the sodium salt Vila. The 
reaction mixture was diluted to a volume of 3 1. with water 
and acidified by the addition of 600 ml. of acetic acid. 
After 2 hr. the finely divided white solid was collected on a 
filter, rinsed well with water, and pressed as dry as possible 
on the funnel. This crude enol ether (Villa) was hydrolyzed 
and rearranged by stirring it with 200 ml. of hydrochloric 
acid and 360 ml. of water in 2 1. of methanol for 2 hr. The 
resulting solution was treated with Darco, filtered, poured 
into 8 1. of water, and the mixture was allowed to stand 
overnight. The white crystals were collected, rinsed free of 
acid, and dried to give 79.1 g. of crude (Xa). Crystallization

(10) This hydrogenation was carried out by Mr. W. M. 
Selby.
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from 237 ml. of ethyl acetate and 553 ml. of isopropyl ether 
yielded 52 g. of the lactone melting at 134-135°. Concen
tration of the mother liquor gave 14 g. of material which 
was chromatographed to furnish an additional 6 g. of pure 
product.

3- [3-Oxo-l78-hydroxy-19-nor-5{10)-androsten-17a-yl\pro- 
panoic acid lactone (IXa). Procedure D was followed on 3.7 
g. of Vila to the point where excess ammonia was evapo
rated. Addition of 250 ml. of -water at this point produced a 
two-phase solution. The upper solvent layer was separated, 
carefully acidified with hydrochloric acid, and diluted with 
several volumes of water. The precipitate was collected on a 
funnel and washed free of acid with -water. The product 
was dried and crystallized twice from ethyl acetate to yield 
0.470 g. of lactone (IXa), m.p. 173-177°.

Anal. Calcd. for C21H28O3: C, 76.79; H, 8.59. Found: 
C, 76.65; H, 8.14. .

4- (3-Oxo-178-hydroxy-19-nor-4-and.rosten-17a-yl)butanoic 
acid lactone (Xb). Procedure D was used on 6.9 g. of 4-[3- 
methoxy-173- hydroxy-1,3,5( 10) - estratrien- 17a-yl Jbutanoic 
acid (Vllb). The dilute aqueous solution containing the 
crude lithium salt was carefully acidified with dilute hydro
chloric acid and the precipitate collected on a funnel and 
washed free of acid with water. Two crystallizations from 
ethyl acetate yielded 1.45 g. of 4-[3-oxo-17/3-hydroxy-19-nor- 
5(10)-androsten-17a-ylJbutanoic acid as the semihydrate, 
m.p. 108-111°, after vacuum drying at 80°.

Anal. Calcd. for CtoH^Oi.V-'H'O: C, 71.51; H, 9.00. 
Found: C, 71.09; H, 9.03.

The ethyl acetate mother liquors were evaporated to dry
ness and dissolved in 500 ml. of benzene. After adding 150 
mg. of p-toluene sulfonic acid the solution was distilled to 
a residual volume of 100 ml. which was washed twice with 
water and then dried over sodium sulfate. After evaporation 
of the solvent the crude residue was chromatographed over 
silica gel. Elution with 15% ethyl acetate-85% benzene 
produced a fraction which was crystallized from ethyl 
acetate with isopropyl ether to yield 84 mg. of Xb, m.p.
143-145°, e240 17,700, infrared (CHCI3) 5.75m (six-mem- 
bered lactone).

Anal. Calcd. for C22H30O3: C, 77.15; H, 8.83. Found: 
C, 76.77; H, 8.82.

3- {3-Oxo-l7@-hydroxy-5a-androstan-l7a-yl)propanoic acid 
lactone (Xlla) and 3-(3-oxo-17@-hydroxy-6fi-androstan-17a- 
yl)propanoic acid lactone (XHIa). A solution of 1.0 g. of 
Via in 25 ml. of ethyl acetate was treated with hydrogen 
at atmospheric pressure at 30° in the presence of 0.2 g. of 
5% palladium on carbon. When the uptake of hydrogen 
ceased, the catalyst was filtered off and the filtrate evapo
rated to dryness. The residue was chromatographed over 
silica and the products were eluted with 10% ethyl acetate- 
90 % benzene. The early fractions gave 0.50 g. of the trans 
isomer (Xlla), which on recrystallization from ethyl acetate 
yielded 0.45 g. of Xlla, m.p. 178-179°, [<*]n +5.2° (CHC13).

Anal. Calcd. for Co-T^CL: C, 76.70; H, 9.36. Found: 
C, 76.41; H, 9.12.

The later eluates yielded on recrystallization from ethyl 
acetate 0.14 g. of the cis isomer (X llla), m.p. 183-185°,
[a]D + 6 .8 °  (CHCI3).

Anal. Calcd. for C92H30O3: C, 76.70; H, 9.36. Found: 
C, 76.62; H, 9.17.

4- {3-Oxo-178-hydroxy-5 a-androstan-17 a-yl)butanoic acid 
lactone (Xllb) and 4-(8-oxo-17f)-hydroxy-5fl-androstan-17a- 
yl)butanoic acid lactone (XHIb). Seven and one-half g. of 
the crude lactone (VIb), which assayed 80% by ultraviolet, 
was dissolved in 100 ml. of ethanol and hydrogenated at 
atmospheric pressure in the presence of 1.5 g. of 5% pal
ladium on carbon until absorption ceased (8.0 hr.). The 
catalyst and the solvent were removed, leaving 7.3 g. of a 
viscous product which could not be crystallized. The mix
ture was chromatographed over silica and eluted with ethyl 
acetate-benzene solution. Early in the 10% ethyl acetate 
eluate there was obtained 720 mg. of solid product which

was crystallized from ethyl acetate-isopropyl ether to fur
nish 260 mg. of the trans isomer (Xllb) as fine white 
needles, m.p. 191-193°, [a]o +30° (CHCI3). Infrared 
(KBr) 5.78m-

Anal. Calcd. for C23H34O3: C, 77.05; H, 9.56. Found: 
C, 77.02; H, 9.24.

Late in the 10% ethyl acetate eluate, 1.7 g. of solid frac
tions were collected, which, after crystallization from ethyl 
acetate-isopropyl ether, weighed 800 mg. and melted at 
196-197°, (cis isomer, Xlllb), [<*]d +28.6° (CHCI3). 
Infrared (KBr) 5.78m-

Anal. Calcd. for C23H3,03: C, 77.05; H, 9.50. Found: 
C, 76.90; H, 9.43.

A mixture of the cis and trans isomers melted at 175°.
3-(3-Oxo~17f}-hy droxy-19-nor-5 a-androstan-17 a-yl)pro- 

panoic acid lactone (XIIc) and 3-(3-oxo-17f3-hydroxy-19-nor- 
50-androstan-17a-yl)propanoic acid lactone (XIIIc). A solu
tion of 6.0 g. of Xa in 100 ml. of ethyl acetate at 30° was 
treated with hydrogen at atmospheric pressure in the pres
ence of 1.0 g. of 5% palladium on carbon. After hydrogen 
uptake ceased, the solution was filtered and the filtrate 
evaporated to dryness. The residue was chromatographed 
over silica and the products were eluted with 15% ethyl 
acetate-85% benzene. The early fractions were recrystal
lized from ethyl acetate to give 0.45 g. of XIIc, m.p. 198- 
201° (also obtained as a polymorph melting 168-170°), 
[a]D +9.7° (diox.).

Anal. Calcd. for C21H30O3: C, 76.32; H, 9.15. Found: 
C, 76.41; H, 9.27.

The middle fractions of this eluate contained a mixture of 
XIIc and XIIIc. However, pure XIIIc could be obtained 
from the later 15% ethyl acetate eluates by crystallization 
from ethyl acetate. In this fashion 1.63 g. of XIIIc, m.p. 
218-222°, [<*]D 0.0° (diox.), was obtained.

Anal. Calcd. for C21H30O3: C, 76.32; H, 9.15. Found: C, 
76.36; H, 9.50.

3-(S/S, 17 @-Dihydroxy-5 a-androstan-17 a-yl) propanoic acid 
lactone (XIV). A solution of 0.60 g. of Va in 20 ml. of abso
lute ethanol was treated with hydrogen at atmospheric 
pressure and 24° in the presence of 0.1 g. of 5% palladium 
on charcoal. After 7 hr., hydrogen uptake ceased and the 
mixture was filtered and the filtrate evaporated to dryness. 
Recrystallization from ethyl acetate yielded 0.40 g. of 
product, m.p. 196-199°. An analytical sample of the prod
uct, XIV, prepared by recrystallization from ethyl acetate, 
melted 199-201° and showed an [a]D of —20.0° (CHC13).

Anal. Calcd. for C22H34O3: C, 76.26; H, 9.89. Found: 
C, 76.29; Ii, 9.91.

3-(3-Oxo-17fl-hydroxy-5 a-androstan-17 a-yl) propanoic acid 
lactone (Xlla) from XIV. Procedure C was used on 10 g. 
of XIV. The crude product was recrystallized from ethyl 
acetate to give 7.1 g. of Xlla, m.p. 177-179°. This was 
shown to be identical with Xlla, obtained above by hydro
genation, by determination of mixture melting points, and 
comparison of infrared spectra.

8-(3-Oxo-170-hydroxy-19-nor-5 a-androstan-17 a-yl) pro
panoic acid lactone (XIIc) from Xa. To a solution of 1.5 g. 
of Xa in 50 ml. of ¿-butyl alcohol, 50 ml. of tetrahydrofuran, 
and 150 ml. of ammonia was added 1.0 g. of lithium. After 
the blue color disappeared the solvents were removed by 
distillation. The residue was treated with water and made 
strongly acid with hydrochloric acid. The precipitate was 
collected, washed with water, and dried. Then it was sus
pended in 150 ml. of acetone and treated with 3.5 ml. of 6Ar 
chromic acid-sulfuric acid solution. The excess chromium 
was destroyed with isopropyl alcohol and the solution 
filtered and evaporated to dryness. The residue was crystal
lized from ethyl acetate (Darco) to give a total of 0.65 g. 
of material m.p. 195-197°. This was shown to be identical 
with XIIc, obtained by hydrogenation, by mixture melting 
point determination and comparison of infrared spectra.

C h ic a g o  80, III.
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The reaction of cystine with sodium sulfide in 0.24/ sodium hydroxide solution produces a product with an absorption 
maximum at 335 m/x; it is postulated that this absorption is due to ( - SSCH2CHNH2COO-). In the presence of excess sul
fide this species reacts further, and, overall, there are produced two cysteinate ions and disulfide or polysulfide ions. When 
the reaction mixture is made strongly acid, the absorption at 335 m/z disappears, sulfur precipitates, and cysteine is found; 
with 5-10 equivalents of sodium sulfide the reaction of cystine is more than 95% complete. The change of optical rotation 
with time in mixtures of cystine and sulfide has been measured, and the approximate speed of reaction determined.

Cystine is a substance of considerable importance 
in biochemistry, primarily because of its participa
tion in the composition of many proteins, and of the 
unique role which it plays in establishing and 
maintaining protein structure. Owing to the interest 
which attaches to this substance, many of its phys
ical and chemical properties have been intensively 
studied, but these studies have not extended, 
except in a cursory way, to the reaction with 
sodium sulfide.1'2 This is rather surprising, because 
the solubilizing and softening action of sodium 
sulfide on wool and hair, a phenomenon of some 
practical importance, is largely due to reaction 
with the cystinyl residues in these protein ma
terials.3 Sodium sulfide also interacts in an interest
ing way with globular proteins, for instance with 
the enzyme papain.4 The present investigation 
was undertaken to obtain fundamental information 
concerning this type of reaction.

Before entering upon a discussion of the experi
mental results, it is necessary to make reference to 
two problems which are pertinent to that discus
sion, namely, the acid-base properties of sulfide 
ion, and the nature and absorption of polysulfide 
ions.

The second ionization constant of hydrogen 
sulfide is so small that sulfide ion is almost com
pletely hydrolyzed in aqueous solution; unfortu
nately, there is lack of agreement in the values 
reported for the ionization constant,5’6 so that the 
relative concentrations of sulfide and hydrosulfide 
cannot be calculated accurately. In most of the 
experiments to be described, 0.2M  sodium hy
droxide was used as a medium. This would serve 
to reduce the hydrolysis, and maintain a nearly 
constant, although undetermined, ratio between 
the sulfide and hydrosulfide ions. Even in this alka

(1) J. C. Andrews, J. Biol. Chem., 69, 211 (1926); 80, 
196(1928).

(2) W. Küster and W. Irion, Hoppe-Seyler’s Z. Physiol. 
Chem., 184, 237 (1929).

(3) H. Ward and H. P. Lundgren, Adv. Protein Chem., 9, 
259 (1954).

(4) J. R. Kimmel and E. L. Smith, Adv. Enzymology, 19, 
285 (1957).

(5) H. Kubli, Helv. Chim. Acta, 29, 1962 (1946).
(6) P. Souehay and R. Schaal, Bull. soc. chim. France,

819 (1950).

line medium, considerable hydrosulfide ion is 
present,7 and it should be kept in mind that re
actions and equations ascribed to the sulfide ion 
might involve hydrosulfide ion instead, or both 
ions.

With reference to the nature and properties of 
polysulfide ions, it should first be admitted that 
they are not well understood. However it is known 
that polysulfide ions form when sulfur is dissolved 
in sodium sulfide solution, and that they exist in 
mobile equilibrium with each other;8 these facts 
are of importance in the work to be discussed. 
This usually involved comparatively small amounts 
of sulfur and an excess of sulfide, and disulfide 
was, accordingly, the predominant species, but 
higher polysulfide ions were probably present to 
an appreciable extent. This should be understood 
in the discussion to follow, even though disulfide 
will be the only species specifically named. Disul
fide has a characteristic lemon-yellow color, and 
absorbs fairly strongly in the near ultraviolet. 
Attempts to determine its spectrum by dissolving 
known amounts of sulfur in excess sodium sulfide 
resulted in an absorption that changed gradually 
with time, probably because of the gradual estab
lishment of the polysulfide equilibria previously 
alluded to, and of the occurrence of side reactions, 
such as interaction with oxygen. The solutions were 
protected from air as well as was conveniently pos
sible, but oxidation could not be completely pre
vented. Qualitatively, the spectrum exhibits a 
broad band with a maximum about 270 m/z, and a 
gradually decreasing absorption toward higher 
wave lengths; for the purposes of comparisons to 
be made below, it should be noted that the molar 
absorption coefficient (calculated from the amount 
of sulfur) at 335 m/i is about 310, and the absorp
tion at 310 mp is four times greater.9

Figure 1 shows a series of curves that represent 
spectra obtained in the reaction of cystine and 
sodium sulfide. In all cases, development of the ab
sorption was fairly rapid, although slow alterations

(7) G. E. Martin, Tappi, 33, 84 (1950).
(8) F. Fehér, Angew. Chem., 67, 337 (1955).
(9) The spectrum of Na2S is reported by L. H. Noda, 

S. A. Kuby, and H. A. Lardy, J. Am. Chem. Soc., 75, 913
(1953).
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Fig. 1. A: 25 ml. 0.044/ cystine +  1 ml. 0.0524/ Na2S, 
1 hr. after mixing, vs. 0.0385.1/ cystine. B: 25 ml. 0.044/ 
cystine +  4 ml. 0.52.1/ Na2S, 28 min. after mixing and 
diluted 25 times with 0.24/ NaOH vs. 0.24/ NaOH. C: 
3 ml. 0.0084/ cystine +  2 ml. 0.5164/ Na2S +  7 ml. 0.24/ 
NaOH, 25 min. after mixing, vs. 0.0864/ Na2S. D : 0.054/ 
disulfide solution prepared by dissolving 0.054 g. sulfur in 
30 ml. of 1.54/ NaoS, diluted 25 times with 0.24/ NaOH vs. 
0.064/ Na->S. E: 0.0024/ disulfide solution +  0.36 g. of 
cysteine vs. 0.064/ Na2S +  0.36 g. cysteine. (Cystine and 
Na2S solutions prepared in 0.24/ NaOH).

of the spectrum would generally be observed over 
a long period of time; the curves represent the 
spectra developed when the first rapid reaction 
had reached essential completion. Curve A repre
sents the spectrum developed from a large excess of 
cystine and sodium sulfide, and a clearly defined 
absorption maximum is seen at 335 m/x. This 
maximum cannot be due to disulfde, or to cystei- 
nate ion,1(1 and it is postulated that it is due to the 
species RSS~, formed according to Equation (1).

CH 2—CHNHü—coo-
s-

+

CHjCH N HsCO O- 
(RSSR)

CH 2C H N H 2C OO -

4
I +s-

(RSS-) (RS-)

CHsCH NH iCO O- 
I

(1)

The assumption is supported by the observation 
that the absorption maximum at 335 m¡x was also 
formed when sulfur was dissolved in alkaline cys- 
teinate solution.

(10) R. E. Benesch and R. Benesch, J. Am. Chem. Soc.,
77, 5877 (1955).

As the proportion of sulfide was increased, the 
absorption at 310 m/x increased, both in absolute 
value and especially with respect to that at 335 
m/x. In the experiment represented by Curve B, 
sodium sulfide and cystine were mixed in 2:1 
molar ratio, and the maximum at 335 m/x is still 
visible, but the relative absorption at 310 m/x is a 
little higher than in Curve A. The concentrations 
of reaction product in experiments A and B are not 
known exactly, but are not the same, and there
fore the intensities of absorption should not be 
compared directly. In the experiment represented 
by Curve C, sodium sulfide was used in large excess, 
and it is seen that the absorption at 310 m/x is now 
much higher than that at 335 m/x. I t is postulated 
that, in excess sulfide, disulfide ion is formed, ac
cording to Equation (2), and that its absorption

RSS- +  S- RS- +  S2-  (2)

obliterates the minimum at 310 m/x, observed in the 
other two cases. Unfortunately, the absorption of 
disulfide is not very distinctive, and its quantitative 
features are somewhat uncertain, as has already 
been stated; furthermore, the other product of the 
reaction, cysteinate ion, absorbs fairly strongly in 
the region of the disulfide maximum. For these 
reasons, a quantitative interpretation of the 
curves has not been attempted. However, it can be 
deduced from the appearance of Curve B that only 
a little disulfide could have been formed in that 
experiment, even though sufficient sulfide had been 
added to react with RSS~ completely according 
to Equation (2); it follows that the equilibrium 
constant of reaction (2) is small.

This conclusion is supported by Curves D and E. 
Curve D represents the spectrum of a disulfide 
solution prepared by dissolving 0.0024/ sulfur in 
excess sodium sulfide, and Curve E the spectrum 
developed when cysteine was added to this in a 
concentration comparable to that of sulfide, it is 
seen that the absorption typical of RSS-  is de
veloped, by reversal of reaction (2).

When solutions showing the absorption maximum 
at 335 rn.fi were treated with strong hydrochloric 
acid, the maximum disappeared quickly, and sulfur 
precipitated. In the very dilute solutions used 
for spectrophotometric measurements, the pre
cipitate was, of course, very light.

More concentrated solutions were next investi
gated. In this series of experiments, the reaction 
between cystine and sulfide was allowed to come 
to substantial completion, the reaction mixture 
was made strongly acid, excess hydrogen sulfide 
was expelled, and the remaining solution was 
titrated with iodine, in the conditions prescribed 
by Lavine* 77 11 for the determination of cysteine. 
The results are shown in Table I. At sulfide- 
cystine ratios smaller than 2:1, the amount of 
cysteine formed was greater than the amount of

(11) T. F. Lavine, J. Biol. Chem., 109, 141 (1935).
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sulfide; this shows that the reaction cannot be 
represented by an equation such as (3), according

RSSR +  2S" — >- 2RS- +  S r  (3)

to which the amount of cysteine and sulfide should 
be at most equivalent. The data can be explained, 
however, if it is further postulated that the species 
RSS~ is unstable in acid solution, and decomposes 
according to Equation (4). Such a postulate is

RSS- +  H+ — > [RSSH] — RSH +  S 1 (4)

reasonable, in view of the similar behavior of in
organic disulfides toward acidification. The de
composition, however, is probably not instan
taneous. In many cases, it was observed that the 
deposition of sulfur, although largely complete 
upon the first addition of acid, continued for some 
time afterwards. This may be due to the temporary 
existence of RSSH. In the experiments described, 
where acidification was followed by expulsion of 
hydrogen sulfide and long standing, the separation 
of sulfur appeared to be complete before other 
determinations were undertaken, and it has been 
assumed that no RSSH remained.

TABLE I
C o n v e r s io n  o f  C y s t i n e  t o  C y s t e i n e

10 4 Moles in 20-MI. Samples
Cystine NasS Cysteine

5.0 2.5 3.8
5.0 5.0 7.0
5.0 7.5 8.8
5.0 10.0 9.0
5.0 15.0 9.4
5.0 50.0 9.6
3.8 3.8 5.4
7.6 3.8 6.2

26.6 3.8 7.2

The results of Table I indicate that the reactions 
do not go to completion. However, there is a gradual 
shift toward completion as the excess of either 
reagent is increased, in accordance with the Law 
of Mass Action. I t cannot be deduced from the 
data to what extent reactions (1) and (2) contribute 
to the total reaction; indeed, the results might be 
explained in terms of reaction (1) and (4) alone. 
However, the occurrence of reaction (2) and for
mation of disulfide is clearly indicated by the spec- 
trophotometric experiments, and by the strong 
yellow coloration observed in the more concen
trated solutions containing excess disulfide.

Further confirmation of these conclusions was 
obtained by polarimetric measurements. In a 
typical experiment, an 0.02M solution of cystine 
in 0.2M sodium hydroxide, having a rotation of 
— 0.415° (1-dm. tube; [a]D—87°) was treated 
with varying amounts of approximately 1M  sodium 
sulfide; in one case, 5.00 ml. was added, giving a 
concentration of 0.0166M cystine and 0.188M 
sulfide. The levo-rotation decreased rapidly, and

finally leveled off at a value of —0.033°; this 
value varied little in the interval between 2000 
and 6000 seconds. The final value of the rotation 
is significant only as to order of magnitude, because 
it was found that the final rotation given by samples 
of similar initial composition was not closely 
reproducible. I t is believed that exposure to oxygen 
was a major cause of the variation, and care was 
taken to minimize such exposure, but it did not 
prove practicable to eliminate it. Fully significant 
values of the final rotation were consequently not 
obtained.

The reaction mixture was allowed to stand about 
90 minutes after attaining constant rotation, and 
then was made strongly acid. After removal of 
precipitated sulfur and hydrogen sulfide, the optical 
rotation of the solution, then approximately 1M  
in hydrochloric acid, was found to be —0.016°; 
this corresponds to less than 2% of the original 
amount of optically active cystine. An aliquot 
portion of this solution was made 1M  in potas
sium iodide, then treated with iodine solution drop 
by drop until a small excess had been added, and 
finally decolorized with a drop or two of sodium 
thiosulfate. Measurement of the optical activity 
then gave a value of —0.296°, which corresponded 
to regeneration of 95% of the original cystine 
activity (the solution having been diluted 3.3 
times, but the activity now being measured in 
1M  hydrochloric, in which [a]D—215°). These 
results confirm that cysteine wras a product of the 
reaction and that the reaction was better than 90% 
complete in those conditions.

Table II summarizes some data obtained with 
varying concentrations of sulfide. The values called 
“half-life” actually measure the times required 
for the initial rotation to decrease to half the 
value, and do not truly correspond to half-lives 
of reaction, because the final rotations were not 
zero. However, these values were small enough 
to make little difference. The values decrease as 
the concentration of sulfide increases, as might be 
expected, and serve to indicate the approximate 
speed of the reaction, which is fairly great. The 
final values of the rotation are of qualitative sig
nificance only, as has already been explained. 
Although not exactly reproducible, the values 
obtained in any one experiment were constant for 
long periods of time after the initial rapid decrease. 
The gradual decrease in the final levo-rotation with 
increasing sulfide concentration is consistent with 
the existence of an equilibrium which is gradually 
shifted toward completion of the reaction. The 
specific rotation of cysteine is so small12 it can be 
neglected in the interpretation of the observed 
rotation in these experiments.

To evaluate from these results the possible 
utility of sodium sulfide for reducing disulfide 
bonds in proteins, one must keep in mind that the

(12) J. P. Greenstein, Adv. Protein Chem., 9, 184 (1954).
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TABLE II
POLAHIMETRIC S t VDT OF C y STIN E-Sü LFIDE M IXTURES

Concn.
Cystine

M

Concn.
Sulfide

M

“Half-
Life”
Sec.

Final 
Rotation 

1-dm. Tube

0.0185 0.0689 760 -0.068°
0.0180 0.103 503 -0.043°
0.0167 0.155 250 -0.030°
0.0166 0.188 -0.017°
0.0143 0.310 -0.012°

free energy of disulfide bonds in proteins is not the 
same as that of the bond in cystine; accordingly 
the values of the equilibrium constants may be 
different. To the extent that protein disulfide 
bonds would show the same reactivity as those in 
cystine, it can be inferred that sodium sulfide in 
moderate excess would reduce disulfide bonds 
almost completely to give —S-  and —SS~ resi
dues, and that, in a large excess of sulfide, reduction 
to two —S-  residues would be expected. Acidifica
tion of the solution would convert both types of 
residue to —SH groups in any case; some time may 
be required for reaction. During and after acidi
fication, excess reagent, now in the form of hydro
gen sulfide, can be removed easily.

EXPERIMENTAL

Materials. All reagents were of analytical reagent grade, 
except as otherwise specified. L-Cystine, “cfp” grade, and 
L-cysteine, purified grade, were obtained from the California 
Foundation for Biochemical Research, Los Angeles; the 
former compound was estimated to be 98% pure, but no 
correction for the 2% impurity was made in the calculation 
of yields. The water used in the preparation of all solutions 
was distilled, deionized by passage through Amberlite MB-1 
resin, deaerated by boiling and cooling with a stream of 
nitrogen bubbling through it, and stored in a siphon out of 
contact with the air. Sodium sulfide solutions were prepared 
by dissolving crystals of Na2S.9H20  which had been washed 
clean of yellowish spots of sulfur and polysulfide; the titer 
was determined iodimetrically.13 Cystine solutions were also 
prepared in sodium hydroxide, 0.2 or 0.6M, freshly before 
use, since the disulfide bond suffers slow hydrolytic fission 
in strong alkali; in the period of time involved in the experi
ments described, this reaction would occur only to a very 
small extent.

Nitrogen was of commercial grade, except in one case as 
noted below; the commercial gas was purified by passing it 
through a solution of vanadous ion.14

Reaction of cystine with sulfide and titration of cysteine. For 
the first set of data reported in Table I, 0.123 g. of cystine 
was xveighed in a 50-ml. round-bottom flask, and sufficient 
0.2M  sodium hydroxide added so the final volume, after 
addition of sulfide, would be 20.0 ml. The solution was 
stirred with a magnetic stirrer until the cystine had dis
solved, sodium sulfide in 0.2M sodium hydroxide solution 
was added, the air above the solution was displaced with 
nitrogen, the flask was closed, and the solution stirred for 
the length of time required to give constant cysteine titer 
(1 hr. for the smallest concentration of sulfide to 15 min.
P (13) N. H. Furman, Scott’s Standard Methods of Chemical 
Analysis, Vol. II, Van Nostrand Co., New York 1939, p. 
2182.

(14) L. Meites, Polarographic Techniques, Interscience 
Publishers, New York, 1955.

for the largest). The temperature was maintained at 30°. 
Then approximately 5 ml. of ice-cold 6A' HC1 was added, 
and the hydrogen sulfide was expelled: in one set of measure
ments, this was accomplished by stirring and bubbling 
nitrogen through the solution for 1.5 hr., and in another 
set by boiling the solution under vacuum with gentle heat
ing and vigorous stirring for 10-15 min., both procedures 
giving the same results. The solution freed from hydrogen 
sulfide was added to about 25 ml. of standard iodine solu
tion, prepared from standard potassium iodate and suf
ficient potassium iodide and hydrochloric acid to give a final 
concentration of approximately 1M  in iodide and hydrogen 
ions; after standing a few minutes, the excess iodine was 
titrated with standard sodium thiosulfate. Blank experi
ments were run, first on solutions containing a representa
tive amount of sodium sulfide, by which it was established 
that the procedure employed expelled all but a small amount 
of hydrogen sulfide; and secondly, on mixtures of cysteine 
and sodium sulfide, in which about 97% of the cysteine 
originally taken could be recovered; the two corrections, 
i.e. for residual hydrogen sulfide and for loss of cysteine 
during manipulation nearly cancelled one another, so no 
correction was applied to the results obtained by titration 
on the cystine-sulfide samples. The accuracy of the deter
mination is believed to be about ±3%.

The second set of data was determined in a similar way, 
except that in all the experiments the sodium sulfide con
centration was kept constant at about 0.019M and the 
concentration of cystine varied; 0.6M  sodium hydroxide was 
used to dissolve the sodium sulfide and cystine.

Spectropholometric measurements. Spectra were scanned 
with a Beckman DK-1 Spectrophotometer; some optical 
density measurements at a fixed wave length were made 
with a Beckman DU Spectrophotometer. Sodium sulfide 
solutions were prepared shortly before measurement. Both 
cystine and sulfide solutions were made up in deaerated
0. 2M  sodium hydroxide and stored under nitrogen. They 
were mixed and transferred to the spectrophotometer cell, 
taking care to minimize exposure to air. The cell had a 
ground glass stopper and was filled completely with liquid;
1. e., no air space was left above the solution.

Polarimetric measurements. Measurements were made with 
a Rudolph Model 80 High Precision Polarimeter, modified 
for photoelectric recording by Mr. Donald Sproul (Depart
ment of Biochemistry, University of California, Berkeley). 
The accuracy and precision of the instrument were checked 
with samples of cystine. Solutions of cystine in 0.2M 
sodium hydroxide solution were prepared and the tempera
ture was allowed to rise to 25.0°, sodium sulfide was then 
quickly added with a pipet, and the time of mixing was 
noted. A sample was transferred to a jacketed polarimeter 
tube, and measurements of the optical rotation were made 
at 25° as soon as possible after mixing and at appropriate 
intervals thereafter. The bulk of the solution was kept in a 
flask under nitrogen; when the sample in the polarimeter 
tube had attained constant rotation, a fresh sample from the 
bulk of the solution was also measured. The two measure
ments usually disagreed by some appreciable amount; in 
very unfavorable cases, the discrepancy was as large as 
0.03°, an amount which is not great when compared to the 
initial rotation, but of the same order of magnitude as the 
final rotation itself.

Polarimetric study of the reaction products. The solution, 
which typically would contain 0.016A7 cystine, 0.17M 
sodium hydroxide, and 0.18M sodium sulfide, was allowed 
to stand about 90 min. A 10-ml. aliquot was transferred to a 
50-ml. centrifuge tube and 3.00 ml. of concentrated hydro
chloric acid gradually added; the tip of a thin capillary was 
then introduced below the surface of the reaction mixture 
and high-purity (>99.8%) nitrogen was bubbled through for 
30 min. The mouth of the tube was covered with foil and 
allowed to stand 2 hr. I t  was then centrifuged in a Servall 
Superspeed Centrifuge at about 8000 r.p.m. To an aliquot 
of the clear centrifugate was added sufficient solid potas
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sium iodide to make the solution approximately 1.1/, and 
0.1M iodine was added drop by drop until a permanent 
iodine color remained. After the solution had stood for 10 
min., QAM sodium thiosulfate was added drop by drop 
until the iodine color was just discharged.
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If D L -7 -C h lo r o v a s ic in e  ( 7 - c h lo r o -3 - h y d r o x y p e g - 9 - e n e )  h a s  b e e n  p r e p a r e d  fr o m  2 - c h lo r o - 0 -n i t r o t o lu e n e .  T h e  c o m p o u n d  d is 
p la y s  a  m o d e r a t e  a c t i v i t y  a g a in s t  h is t a m in e - in d u c e d  b r o n c h o s p a s m  in  g u in e a  p ig s ,  a n  a c t i v i t y  w h ic h  is  p o t e n t ia t e d  b y  
s im u l t a n e o u s  a d m in is t r a t io n  o f  a t r o p in e .  D L -V a s ic in e  is  l e s s  a c t i v e ,  a n d  D L - f - m e t h o \y v a s i c in e  ( 6 - m e t h o x y - .3 - h y d r o x y p e g -
9 -e n e )  s h o w e d  n o  a c t i v i t y  o f  t h i s  k in d .

In a recent publication2 from this laboratory there 
was described a new scheme of synthesis for the 
alkaloid vasicine which was successfully applied 
to the synthesis of an analog carrying a methoxyl 
group in the 6- position of the pegene ring system. 
The method has now been extended to the synthesis 
of a chloro derivative (I), which could be described 
as DL-7-chloro-3-hydroxypeg-9-ene according to the 
system of nomenclature introduced by Späth,3 
and which, for convenience, we have designated 
DL-7-chlorovasicine.

The general synthetic scheme was discussed in 
some detail in the previous paper.2 In the present 
instance the starting point for the synthesis was 
the commercially available 2-chloro-6-nitrotoluene 
(II). The methyl group of II was brominated by use 
of V-bromosuccinimide (NBS),4 5 and the crude 
bromide so obtained was converted into 2-chloro-6- 
nitrobenzylamine (III) in an over-all yield of 
24.8% from II by first forming the hexaminium 
salt with hexamethylenetetramine and then hy
drolyzing this product via an intermediate methylol 
sulfite.2,6

The 2-chloro-6-nitrobenzylamine (HI) was 
treated with ethyl acrylate to produce a 93% 
yield of ethyl /?-(2-chloro-6-nitrobenzylamino)-

(1) This investigation was supported by a research grant 
(RG-4371) from the Division of Research Grants, National 
Institutes of Health, Public Health Service.

(2) P. L. Southwick and J. Casanova, Jr., J . Am. Chem. 
Soc., 80, 1168 (1958).

(3) E. Späth, Monatsh., 72, 115 (1938).
(4) Cf. N. Komblum and D. C. Iffland, ./. Am. Chem. 

Soc., 71, 2137 (1949).
(5) Cf. B. Reichert and W. Domis, Arch. Pharm., 282, 

100 (1944); Chem. Abstr., 45, 1969 (1951).

Cl Cl
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^N CH2 i . cicoco,c,Hj
NO-, H ç h 2 2' Na0C*H; 

I
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Cl Cl
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propionate, (IV), which was characterized in the 
form of the hydrochloride. Compound IV reacted 
with ethoxalyl chloride to from the .V-ethoxalyl 
derivative, which, upon treatment with sodium 
ethoxide, underwent a cyclization of the Dieck- 
mann type to yield l-(2-chloro-6-nitrobenzyl)-4- 
carbethoxy-2,3-dioxopyrrolidine (V). The over-all 
yield of V from III was 44.6%.

Completion of the synthesis of DL-7-chloro- 
vasicine (I) involved hydrolysis and decarboxyla
tion of V to yield l-(2-chloro-6-nitrobenzyl)-2,3- 
dioxopyrrolidine (VI) (74.5% yield), followed by 
two reduction steps. Reduction of crude VI with
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sodium borohydride yielded l-(2-chloro-6-nitro- 
benzyl)-3-hydroxy-2-oxopyrrolidine (VII), which 
was not purified, but was treated with iron and 
aqueous acetic acid to reduce the nitro group and 
permit spontaneous condensation of the resulting 
amino group with the lactam (pyrrolidone) carbonyl 
to yield I. The over-all yield of crude DL-7-chloro- 
vasicine (I) from V was 50%, but purification 
losses reduced this figure to 16.8% of crystallized 
product. Thus the over-all yield of I from 2- 
chloro-6-nitrotoluene (II) was approximately 2%.

DL-7-Chlorovasicine has an infrared spectrum 
very similar to that of vasicine itself,6 with promi
nent bands in the 5.5-6.5m region at 6.10m, 6.25m, 
and 6.39m (measured in chloroform solution). 
Comparison of this spectrum with that of vasicine6 
and 6-methoxvvasicine2 shows that three bands 
(listed in decreasing order of intensity) at 6.09- 
6.10m, 6.22-6.25m, and 6.30-6.39m are common to 
all three substances, and probably can be regarded 
as characteristic of simple vasicine derivatives.

In 1925 Chopra and Ghosh7 reported that natural 
vasicine produced “a slight but a persistent 
broncho-dilation” which was rendered much more 
pronounced by simultaneous administration of 
atropine. These earlier results are supported in 
some degree by the finding that a sample of our 
synthetic DL-vasicine2 had a slight activity against 
histamine-induced bronchospasm in guinea pigs, 
and that this activity was markedly potentiated 
by atropine. Toxic effects which resulted in the 
death of some animals were observed at dose 
levels as low as 5 mg./kg. when vasicine was ad
ministered intraperitoneally without atropine, d l -

7-Chlorovasicine (I) proved to be more active 
(rated moderately active) and less toxic (no ap
parent side effects at 25 mg./kg.) than DL-vasicine 
itself when tested in guinea pigs in the same fashion. 
Again the activity was markedly potentiated by 
atropine. DL-Vasicine administered alone at in
travenous dose levels up to 5 mg./kg. showed no 
bronchodilator activity in the pithed dog. d l - 6 -  

Methoxyvasicine appeared to be devoid of anti- 
histaminic and bronchodilator activity.

E X P E R IM E N T A L 8

Z-Chloro-6-nilrohenzylamine (III). A mixture prepared 
from 202 g. (1.18 mole) of 2-chloro-6-nitrotoluene, 230 g. 
(1.29 mole) of A'-bromosuccinimide, 10 g. of benzoyl per
oxide, and 1 1. of carbon tetrachloride was refluxed on a 
steam bath for 14 hr. with vigorous stirring. The mixture 
was cooled for 1 hr. in an ice bath, then filtered to remove the 
succinimide, which was extracted with 200 ml. of ether. 
The ether extract was added to the chloroform filtrate, and 
the resulting solution was passed through a 5 X 55 cm.

(6) B. Witkop, Experientia, 10, 420 (1954).
(7) R. M. Chopra and S. Ghosh, Indian Med. Gaz., 60, 

354 (1925).
(8) Melting points are corrected. The melting points of 

samples of 7-chlorovasicine were taken in evacuated capil
laries. Microanalyses by Geller Microanalytical Laboratories, 
Bardonia, N. Y.

column of alumina (1 lb., 80-200 mesh). The column was 
then washed with 1.5 1. of ether, and the total eluate was 
concentrated by evaporation under reduced pressure at a 
temperature maintained at 40° or below. A pale yellow oil 
was obtained, weight 310 g.

The oil was added cautiously to 165 g. (1.18 moles) of 
hexamethylenetetramine in 800 ml. of chloroform. The 
reaction began promptly with the evolution of heat. (Cool
ing may at times be needed to prevent overheating of the 
reaction mixture.) After the initial reaction had subsided 
somewhat the mixture was refluxed and stirred for 2 hr., 
then was cooled in an ice bath for several hours before the 
hexaminium salt was collected by filtration. The filter cake 
was washed with small portions of cold acetone. The separa
tion of a second crop of the salt was induced by concentrat
ing the filtrate to about one half the original volume and 
diluting the solution with acetone. The crude hexaminium 
salt was partially purified and freed of colored impurities by 
trituration with warm absolute ethanol, followed by cooling 
of the mixture in an ice bath and removal of the product by 
filtration. The product (284 g.; 61.6% yield) was a white 
powder m.p. 174-178°.

For conversion of the hexaminium salt to the benzylamine 
via the methylol sulfite, 197 g. (0.504 mole) of the hexamin
ium salt was added rapidly with stirring to 700 ml. of water 
at 5° which had been saturated with sulfur dioxide. After 
1 hr. of stirring with cooling and continuous addition of 
sulfur dioxide, the product (the amine methylol sulfite) was 
collected by filtration and dried. The white powder, m.p. 
164—168° with previous softening, weighed 90.0 g. (63.7% 
yield).

The methylol sulfite (120 g., 0.427 mole) was added to 250 
ml. of 25% hydrochloric acid. The mixture was steam dis
tilled for 3 hr. The volume was maintained at ca. 250 ml. 
throughout the distillation by regulating the rate of intro
duction of steam and the heating of the distillation vessel. 
The solution was next cooled and made strongly basic by 
addition of sodium hydroxide. The mixture was extracted 
with three 300-ml. portions of ether and the combined ether 
extract was dried over Drierite. The mixture was filtered 
and the filtrate was concentrated under reduced pressure to 
yield 2-chloro-6-nitrobenzylamine (50.5 g.; 63.1% yield) 
in the form of a low-melting yellow solid. The over-all yield 
from 2-chloro-6-nitrotoluene was 24.8%.

The hydrochloride was prepared in order to characterize 
2-chloro-6-nitrobenzylamine (III). The free amine {ca. 2.5 
g.) was dissolved in dry ether and the hydrochloride was 
precipitated by addition of dry hydrogen chloride. The com
pound was obtained as pale yellow diamond-shaped plates, 
m.p. 258-260°, following three crystallizations from absolute 
ethanol.

Anal. Calcd. for C,H80 2N2C12: C, 37.69; H, 3.62; N, 12.56. 
Found: C, 38.03; H, 3.64; N, 12.55.

Ethyl 8-{2-chloro-6-nitrobenzylcm.ino)-propionate hydrochlo
ride (IV). To a mixture prepared from 48.0 g. (0.256 mole) 
of 2-chloro-6-nitrobenzylamine (III) and 150 ml. of absolute 
ethanol, 25.6 g. (0.256 mole) of freshly distilled ethyl acrylate 
was added The mixture was allowed to stand for 24 hr., and 
the solvent was then removed by distillation under reduced 
pressure from a steam cone. The residual oil was dissolved 
in 300 ml. of dry ether and dry hydrogen chloride was added 
until precipitation was complete. The product was removed 
by filtration and dried in a vacuum desiccator. The yield was
77.0 g. (93%) of a white product, m.p. ca. 180°. Following 
two crystallizations from absolute ethanol and a final crystal
lization from acetone, white hexagonal prisms were ob
tained, m.p. 180-181.5°.

Anal. Calcd. for Ci2H160 4N2Cl2: C, 44.59; H, 4.99; N,
8.67. Found: C, 44.30; H, 4.81; N, 8.83.

l-{Z-Chloro-6-nitrobenzyl)-4-carbethcxy-2,8-dioxopyrrolidine
(V). A solution prepared by dissol ing 100 g. (0.310 mole) 
of ethyl 3-(2-ehloro-6-nitrobenzylamino (propionate hydro
chloride (IV) in a minimum volume of water was made basic 
by addition of an aqueous solution contairing 20 g. (0.5
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mole) of sodium hydroxide. The mixture was then extracted 
with three 300-ml. portions of ether, and the combined ether 
extract was dried over magnesium sulfate, filtered, and 
concentrated under reduced pressure at a temperature of 
about 40°. The residual oil was added dropwise to 46.5 g. 
(0.341 mole) of ethoxalyl chloride. The mixture was heated 
on a steam cone for 3.5 hr. in an apparatus protected from 
moisture.

The crude A'-ethoxalyl derivative so obtained, a light 
orange viscous oil, was added dropwise over a 45-min. 
period to a vigorously stirred solution of 15.6 g. (0.68 mole) 
of sodium in 350 ml. of absolute ethanol which was held at 
a temperature of —5° in an apparatus protected from mois
ture. After a half hour of stirring without cooling the mix- 
ture was poured into 1 1. of boiling water. After the solution 
had cooled it was stirred and acidified by addition of ca.
1.2 moles of 6N  hydrochloric acid. The mixture was kept 
overnight in a refrigerator, and the precipitated product was 
collected by filtration, then triturated with ether to remove 
colored impurities. The yield was 51.0 g. (48%) of a light 
tan product which was purified by crystallization from 95% 
ethanol to give 36 g. of light gray needles. (A second crop 
of 10 g. was recovered from the mother liquors.) A sample 
was purified by three crystallizations from absolute ethanol 
to give needles, m.p. 193-195.5° (dec., red melt) which 
retained a trace of grav color.

Anal. Calcd. for CuH130 6N2C1: C, 49.35; H, 3.85; N, 8.22. 
Found: C, 49.26; H, 3.95; N, 8.19.

l-(2-Chloro-6-nitrobenzyl)-2,8-dioxopyrrolidine (VI). A mix
ture of 15.0 g. (0.044 mole) of l-(2-chloro-6-nitrobenzyl)- 
4-carbethoxy-2,3-dioxopyrrolidine (V), 15 ml. of 48% 
hydrobromic acid, and 100 ml. of glacial acetic acid was 
refluxed for 55 min. The dark solution was poured onto 400 
g. of ice. Approximately 6 g. of starting material was re
covered by filtration after the ice had melted. The filtrate 
was extracted with three 150-ml. portions of chloroform, 
and the combined extracts were dried over anhydrous mag
nesium sulfate, then filtered, and concentrated by evapora
tion under reduced pressure. After removal of the chloro
form, dry ether {ca. 25 ml.) was added to the residual oil 
and the mixture was kept overnight in a refrigerator. The 
product, a tan precipitate, was removed by filtration. The 
yield was 5.28 g. (74.5% yield, 44.7% conversion) of a 
material melting at 137-140° with previous softening.

Because pyrrolidinediones of this type often undergo 
condensation reactions during attempted purification, the 
compound was characterized as the anil. To a hot solution 
of 0.4 g. of the crude product in 5 ml. of absolute ethanol, 
0.28 g. of aniline was added, and the solution was boiled 
for 5 min. The product, which crystallized when the solution 
was cooled, was washed with a 1:1 absolute ethanol- 
petroleum ether mixture, then recrystallized twice from 
ethanol and once from acetone. Yellow, hexagonal prisms 
were obtained, m.p. 207-209° (dec.).

Anal. Calcd. for C17H14O3N3CI: C, 59.39; H, 4.11; N, 
12.23. Found: C, 59.14; H, 4.03; N, 12.61.

7-Chlorovasicine (I). Crude l-(2-chloro-6-nitrobenzyl)-2,3- 
dioxopyrrolidine (VI) (11.9 g.; 0.044 mole) was dissolved in 
200 of warm absolute ethanol, and the solution was added 
to a mixture prepared by suspending 12.0 g. (0.318 mole) of 
98% sodium borohydride in 100 ml. of absolute ethanol. 
The mixture was allowed to stand at room temperature for 
12 hr. and then the solvent was removed by evaporation 
under reduced pressure. The gelatinous residue was treated 
with 100 ml. of 25% hydrochloric acid and the mixture was 
extracted with four 150-ml. portions of chloroform. The 
combined extract was dried over magnesium sulfate. I t was 
filtered and the solvent was removed by evaporation under 
reduced pressure.

Because the reduction product, l-(2-chloro-6-nitrobenzyl)-
3-hydroxy-2-oxopyrrolidine (VII), as obtained in this way, 
was a viscous oil which did not respond to attempts at 
crystallization, it wras not purified but was converted 
directly into 7-chlorovasicine. To the oil was added 200 ml. 
of a 50% aqueous acetic acid solution and 18 g. of iron 
filings. The mixture was stirred and heated on a steam cone 
for 3 hr. After ohe mixture had been cooled in an ice bath 
it was made strongly basic by addition of a 25% aqueous 
sodium hydroxide solution. The mixture, which was not 
filtered, was then extracted with three 500-ml. portions 
of chloroform. (Separation of layers was achieved by cen
trifugation.) The combined chloroform extract was dried 
over magnesium sulfate, filtered, and evaporated under 
reduced pressure. The residue was a pink solid weighing
6.6 g. (68% yield). The infrared spectrum of this material 
indicated the presence of a small amount of a pyrrolidone 
impurity. The product was purified by three crystallizations 
from absolute ethanol using charcoal to decolorize the solu
tions. The quantity of fully purified product obtained 
(white needles, m.p. 221-223°) was 1.58 g. (The mother 
liquors from the crystallizations yielded an additional 0.63 
g. of pink needles, m.p. 217-219°, raising the yield of crystal
line product to 2.21 g. (22.6%)).

Anal. Calcd. for C„H„ON2Cl: C, 59.33; H, 4.98; N, 12.58. 
Found: C, 59.39; H, 4.97; N, 12.60.

In the 5.5-7.0m region the infrared spectrum of the com
pound ( C H C I 3 soin.) revealed bands at 6.10m ( 20%  trans
mittance), 6.25/1 (32% transmittance), 6.39m (56% trans
mittance), 6.66u (61% transmittance), and 6.87m (38% 
transmittance). The measurements were made with a 
Perkin-Elmer model 21 spectrophotometer.
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The double salt obtained from the reaction of iodine and pyridine with iV-/3-(3,4-dimethoxyphenylethyl)-4-carboxy-5~ 
ethyl-2-methylpyridine is hydrolyzed by dilute alkali to pyridine and not to a pyridone. ¿V-/3(3,4-dimethoxyphenylethyl)- 
o-ethyl-2-pyridone and lV-/S(3,4-dimethoxyphenyleth3d)-2-pyridone are, however, readily prepared by this method. The 
former pyridone is reduced by lithium aluminum Iwdride to a mixture of a (de-oxygenated) dihydropyridine and the 7,5- 
unsaturated lactam, and by lithium, sodium or calcium in liquid ammonia to the 7,5-unsaturated lactam and its phenolic, 
monodemethylated analog. Other transformation products of these substances are described.

The present paper reports an extension of a 
previously outlined1 2 experimental approach to the 
synthesis of emetine(I) and other alkaloids of the 
ipecac group. The immediate objective of this 
work was the stereospecific synthesis of the trans- 
piperidoneacetic acid II, which has3’4 the “natural” 
stereochemistry, and which, after having been pre
pared by non-stereospecific means,3’5’6 had been

converted to emetine. We envisioned two means 
of control of the stereochemistry: (i) hydrogenation 
of the pyridonecarboxylic acid III to the next lower 
homologue of II— which would place the carboxyl 
group next to an epimerizable asymmetric center— 
followed by homologation, and (ii) attachment of a 
two-carbon chain to the dihydropyridone IV by 
Michael addition, a process that, being reversible, 
would be expected to afford the thermodynamically 
favored fnros-stereochemistry. After this work was

(1) (a) This work was supported in part by a grant from 
Abbott Laboratories, Inc. (b) From a dissertation to be 
submitted by J. S. Walia in partial fulfillment of the require
ments for the degree of Doctor of Philosophy.

(2) For previous papers in this series see (a) J. A. Berson 
and T. Cohen, J. Am. Chem. Soc., 78, 416 (1956); (b) J. A. 
Berson and T. Cohen, J. Org. Chem., 20, 1461 (1955).

(3) E. E. van Tamelen, P. E. Aldrich, and J. B. Hester, 
J. Am. Chem. Soc., 79, 4817 (1957).

(4) A. R. Battersby and S. Cox, Chem. & Ind. (London), 
983 (1957). A. R. Battersby, R. Binks, D. Davidson, G. C. 
Davidson, and T. P. Edwards, Chem. & Ind. (London), 
982 (1957). A. R. Battersby, G. C. Davidson, and B. J. T. 
Harper, Chem. & Ind. (London), 983 (1957).

(5) R. P. Evstigneeva, R. S. Livshits, M. S. Bainova, 
L. I. Zakharkin, and N. A. Preobrazhenskii, J. Gen. Chem., 
22, 1467 (1952).

(6) M. Barash and J. M. Osbond, Chem. & Ind. (London),
490 (1958).

Ill R = S-(3,4-dimethoxyphenylethyl)

under way, Battersby and Turner7 reported a 
successful synthesis of IV by a method other than 
the one we were attempting; Michael addition of 
malonic ester to IV, hydrolysis, and decarboxyla
tion gave II which was converted to emetine.7 
These developments prompt us to record our ob
servations now.

Approach (i) Homoveratryl bromide reacted 
with methyl o-ethyl-2-methylpyridine-4-carboxy- 
late2b to give the extremely hygroscopic quaternary 
bromide V. Reaction of V with moist silver oxide 
gave the hygroscopic, glassy betaine VI. Both V 
and VI reacted with iodine and pyridine23 to give 
the corresponding double salts V ila and Vllb, 
which were also hygroscopic and were not ob
tained in the pure state.

Vila. R ' = CO,CH3 
b. R ' = COM

R = /?-(3,4-diroethox}-phenylethyl)

That V ila and VHb were actually in hand, 
however, was evident from the characteristic23 
transient blood-red color that both crude prepa
rations gave with aqueous alkali. Although other 
double salts of this type are smoothly hydrolyzed 
by aqueous alkali to pyridones,23 V ila and Vllb 
gave no pyridone under these conditions. The only 
identifiable product was pyridine, characterized 
as the picrate and as the hydroiodide. Apparently,

(7) A. R. Battersby and J. C. Turner, Chem. & Ind. 
(London), 1324 (1958).
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hydroxyl ion attacked V ila and Vllb not at the 
desired position, C.2, which would have given 
pyridone, but at C.o>, which resulted in displace
ment of pyridine. The previous pyridone syntheses2“ 
had been carried out on double salts with the N- 
alkyl groups methyl or /?-phenylethyl and without 
a substituent at C.4 of the pyridine nucleus. 
That the failures in the present cases were not 
caused by the use of a 3,4-dimethoxyphenylethyl 
group as the V-alkyl residue was established by the 
fact that the double salts (Villa and VUIb) 
derived from Ar-d-(3,4-dimethoxyphenylethyl)-2- 
methylpyridinium bromide and V-/3-(3,4-dimeth- 
oxy phenylethyl) -5-ethyl-2-methylpyridinium bro
mide, respectively, both gave pyridones in high 
yield.

R = /S-(3,4-dimethoxyphenylethyl)
Villa. R ' = H 

b. R ' = C2H6

The difference in behavior of Vila and VII b 
compared to V illa  and VUIb is therefore pre
sumably attributable to the ester or carboxyl 
function in the former salts. This is reasonable on 
the following grounds. In alkaline solution, the 
double salt is partially converted to the red anhy- 
drobase. Attack of hydroxyl ion at C.2, leading to 
pyridone, most probably occurs on the double 
salt itself. An electron-withdrawing substituent like 
carbomethoxy at C.4 would increase the acidity 
of the methylene hydrogens, thus decreasing the 
amount of substrate in the double salt form, and 
also, would facilitate attack of hydroxyl ion at 
C.co (see ATIa—>-VHc->-IX-*-X), leading to the 
undesirable side reaction that releases pyridine. 
The other product of such processes (X) would be 
expected to be unstable, and its transformation 
products may be the origin of the intractable tars 
observed.

OH R

OH-

V lla

Approach (ii). Either the dihydropyridone IV 
or its /3.7-unsaturated isomer XI were the ob
jectives of these experiments. Accordingly, we 
investigated the partial reduction of the readily 
available pyridone XII, obtained in 90% yield 
from the nicely crystalline double salt ATIIb.

R R
! I

R = /J-(3,4-dimethoxyphenylethyl)

An attractive precedent for the reduction XII-»- 
XI existed in the reported8 reduction of the pyri
done XIII to the /3-7-unsaturated dihydropyridone 
XIAr with lithium aluminum hydride. Further 
precedent was also available for the required

XV OH XVI

isomerization XI-»-IV in the cyclization of iso
strychnine I (XV) to strychnine (XAT) under 
alkaline conditions.8’9 However, lithium aluminum 
hydride reduction of XII gave undesirable results. 
In ether, the reaction was slow; starting ma
terial was recovered even after prolonged reaction 
periods. Even in refluxing tetrahydrofuran, com
plete reduction of XII required several hours. 
From this reaction, a new base was isolated in 27% 
yield as the crystalline, hygroscopic, chloroform- 
soluble hydrochloride XIX. The infrared spectra 
of the new base and of its hydrochloride showed no 
absorption in the lactam carbonyl region. The ul
traviolet spectrum clearly demonstrated that the 
pyridone chromophore (Amax 312 m/j) had been 
destroyed, since only the absorption (Ama% 282 mp) 
associated with the 3,4-dimethoxyphenylethyl nu
cleus remained. The hydrochloride absorbed two 
moles of hydrogen over platinum to give a new 
hydrochloride (XVII), which was identical with 
the hydrochloride of a base obtained by catalytic 
hydrogenation (two moles) of the pyridone XII to 
the piperidone XATII and lithium aluminum hy
dride reduction of the latter.

(8) R. B. Woodward, M. P. Cava, W. D. Ollis, A. Hun
ger, H. U. Daeniker, and K. Schenker, J. Am. Chem. Soc., 76, 
4749 (1954). C/., R. B. Woodward, XIVth International 
Congress of Pure and Applied Chemistry, Experientia Sup- 
plementum II, Birkhauser Verlag, Basel, 1955, p. 213.

(9) V. Prelog, J. Battegay, and W. I. Taylor, Helv. Chim. 
Acta, 31, 2244 (1948).
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The elemental composition of the hydride re
duction product XIX agreed best with the empirical 
formula CnH^ChNCldA H20, although a formula 
with C3H80  (from the isopropyl alcohol solvent) 
instead of ‘A H20  was not completely excluded by 
the data. The former formula is consistent with 
structure XlXa for the free base,10 and the dimeric 
formula, C34H50O5N2CI:!, is consistent with that of 
the dihydrochlorides of the ether XlXb or the 
octahydrobipyridyl10 XIXc. Regardless of which 
of these is correct, it is clear that the 1,6-addition 
observed in the change X III—»-XIV did not occur, 
XIX being formed by formal 1,2-addition instead. 
The remainder of the reduction product was a mix
ture, a major component of which was probably 
the 7,5-unsaturated lactam XX.

XIXc
XII

Li, Pt,
NH, h2 LiAIH^

R R XIX

With lithium, calcium, or sodium in liquid am
monia, XII was reduced to a mixture of the y,S- 
unsaturated lactam XX and a crystalline phenolic 
unsaturated lactam. The empirical composition of 
the phenol corresponded to the next lower homo- 
logue of XX; this type of product is not unexpected, 
since monodemethylation of homoveratrylamine 
has been previously reported in a metal-ammonia 
reduction.11 The phenol and the undemethylated 
product both consumed one mole of hydrogen over

(10) A referee has pointed out to us that A. G. Anderson 
and G. Berkelhammer, J, Am. Chem. Soc., 80, 992 (1958), 
have obtained a dihydropyridine from hydride reduction 
of a pyridone similar to XII. These authors also observed 
a dimeric product from acid treatment of l-benzyl-3- 
acetyl-l,4-dihydropyridine.

(11) K. E. Hamlin and F. E. Fischer, J. Am. Chem. Soc., 
75, 5119 (1953).

platinum. The ultraviolet (Xmas 282 mja) and in
frared (Xrax 6.13 n) spectra of these substances 
demonstrated the destruction of the pyridone 
nucleus (\„„  282, 312 mu, 6.03 n) with retention of 
the homoveratryl nucleus and lactam function. 
The non-phenolic lactam XX gave upon catalytic 
hydrogenation the same piperidone (XYIII) that 
was obtained by catalytic hydrogenation of the 
pyridone XII.

Phosphorus oxychloride converted XVIII to the 
crystalline hexahydroquinolizinium salt XXI. I t is 
of ancillary interest that the pyridone XII was 
converted by phosphorus ox\Tchloride not to a 
quinolizinium salt but rather to the 2-chloropyri- 
dinium salt XXII. The latter was smoothly hy
drolyzed to the pyridone XII by aqueous alkali. 
The failure of the Bischler-Napieralski cyclization 
has been noted previously with the analogue 
XII, R = d-phenylethyl.2a Apparently, even a

R
I

XXII
R = /3-(3,4-dimethoxyphenylethyl)

nucleus as reactive as 0-(3,4-dimethoxyphenylethyl) 
can escape electrophilic attack under these con
ditions.

The assignment of the double bond of XX to the
7,5-position follows from the failure of the sub
stance to react with sodiodiethylmalonate, potas
sium cyanide, or sodium bisulfite, reagents that 
would have been expected to add to the «,/?- 
unsaturated lactam IV. The remaining possible 
isomer, the /3,7-unsaturated lactam XI, would 
have been expected, under the basic conditions of 
the Michael addition, to isomerize to IV which 
would undergo condensation. Even treatment with 
lithium amide failed to produce any discernible 
change in the infrared spectrum of XX. Further, 
crude hydride and metal-ammonia reduction mix
tures were subjected to vigorous Michael condensa
tion conditions, using large excesses of malonic 
ester, and the products were scrutinized by chroma
tography and infrared analysis. In no case was 
there any evidence of adduct formation. Since IV 
has already been shown to give a Michael adduct 
with malonic ester in high yield,7 it seems unlikely 
that our reduction mixtures contained appreciable 
amounts of IV. Metal-ammonia reduction, there
fore, proceeded almost exclusively by formal
1,4-addition to give XX.

The results reported here demonstrate that 
partial reduction of pyridones can be achieved 
with lithium aluminum hydride or with metal- 
ammonia systems. The course of these reductions 
appears to be unpredictable at present.
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EXPERIMENTAL12

Preparation and hydrolysis of the double salts Vila and 
VHb. A mixture of 4.80 g. of homoveratryl bromide and 
3.58 g. of methyl 5-ethyl-2-methylpyridine-4-carboxylate2b 
(b.p. 95-96°/3 mm., picrate m.p. 115-116°, reported,2b 
picrate m.p. 114.2-115.5°) was heated on the steam bath 
for 2 days. The resulting viscous mass was dissolved in 
water and washed with ether to remove unreacted starting 
materials. Evaporation of the water left a thick glass, from 
which colorless crystalline material could be obtained by 
allowing an ethanol-ethyl acetate or pyridine solution to 
stand. The crystals (V) m.p. 253-256°, were extremely 
hygroscopic, and they liquified on exposure to moist air.

A mixture of 2.00 g. of the above salt and 1.41 g. of iodine 
in 25 ml. of pyridine was heated on the steam bath for 7 hr. 
After having been kept overnight at room temperature, the 
pyridine was removed in vacuo, and the residue was leached 
with several portions of warm water. The aqueous extract 
was washed with ether and evaporated leaving a thick 
glass which could not be induced to crystallize (Vila).

The betaine VI was prepared by shaking a mixture of 1.00 
g. of V in 10 ml. of water with freshly precipitated and 
washed moist silver oxide (from 2.38 g. of silver nitrate) 
until the supernatant liquor gave a negative test for bromide 
ion. The mixture was filtered through diatomaceous earth, 
the filtrate was treated with hydrogen sulfide (which gave 
no precipitate of silver sulfide), filtered again, and evapo
rated to dryness in vacuo. The resulting hygroscopic glass 
was readily soluble in water. The conjugate acid of VI, 
also a hygroscopic glass, was prepared by direct alkylation 
of 5-ethyl-2-methylpyridine-4-carboxylic acid with /3-(3,4- 
dimethoxyphenylethyl )bromide.

A number of attempts to prepare crystalline double salts 
of the ester V, betaine VI and conjugate acid were carried 
out. Double salts were obtained in each case, as was indi
cated by the color reaction with alkali, but none could be 
induced to crystalline. The following experiment is typical.

A solution of 0.7764 g. of the conjugate acid of VI in 25 
ml. of ice-cold pyridine was treated dropwise with a solu
tion of 0.548 g. of iodine in pyridine during 20 min. The 
mixture was kept at room temperature for 1 hr., then 
heated briefly (3-4 min.) on the steam bath. At this point, 
the solution gave a negative test with starch-iodide paper. 
The pyridine was removed in vacuo, the residue was taken 
up in water, the aqueous solution was washed with ether 
(two 10-ml. portions) and the aqueous layer cooled and 
treated dropwise with cold 2N  sodium hydroxide. Each 
drop of alkali produced a blood-red color which gradually 
faded. When further addition of alkali produced no more 
color, the solution -was kept at room temperature for 2 hr. 
and then acidified with dilute hydrochloric acid. Evapora
tion of the solution left a salt residue which was leached 
with hot absolute ethanol. The ethanol solution was evapo
rated and the residue crystallized from isopropyl alcohol- 
hexane to give 0.247 g. of material of m.p. ca. 250-268° 
(dec.). A mixed m.p. with an authentic sample of pyridine 
hydroiodide (m.p. 255° dec.) was not depressed. The ultra
violet spectra of the two samples were identical. The picrate 
had m.p. 166-167° after recrystallization from ethanol. A 
mixed m.p. with an authentic sample of pyridine picrate, 
m.p. 165-166°, was undepressed. A mixed m.p. with 0- 
(3,4-dimethoxyphenvlethylamine) picrate, m.p. 165-166°, 
was depressed to 139-150°.

Anal. Calcd. for CuH8N40 7: C, 42.85; H, 2.60; N, 18.18. 
Found: C, 43.04; H, 2.60; N, 18.32.

The yield of pyridine hydroiodide was not decreased by 
repeated evaporation of the original pyridine reaction mix
ture with water or by exhaustive extraction of the aqueous

(12) Melting points are corrected. The microanalyses are 
by Dr. Adalbert Elek, Elek Microanalytical Laboratories, 
Los Angeles, 24, Calif., and by Truesdail Laboratories, Los 
Angeles, Calif.

solution with ether and chloroform before addition of alkali. 
This indicated that the pyridine isolated subsequent to the 
addition of alkali was a product of the hydrolysis of the 
double salt and not an artifact carried through from the 
original pyridine solvent. Similar results were obtained in 
experiments with Vila. The crude reaction mixtures from 
several hydrolyses were free of absorption in the 6ju region.

Preparation and hydrolysis of V illa  and VIHb. A sus
pension of 1.69 g. of Ar-/3-(3,4-dimethoxyphenylethyl)-2- 
methylpyridinium bromide (m.p. 179-181°, prepared in 
85% yield from a-picoline and homoveratryl bromide) in 
20 ml. of pyridine was treated dropwise with a solution of
1.29 g. of iodine in 20 ml. of pyridine while the reaction 
mixture was heated on the steam bath. After about 30 min., 
2.40 g. of the double salt V illa had separated as pale pink 
crystals. This material was filtered off and hydrolyzed with
out further purification. A solution of the salt in 10 ml. of 
water was treated with dilute sodium hydroxide. A transient 
blood-red color -was observed. When further addition of 
alkali produced r.o more color, the mixture was extracted 
with chloroform, the extract was dried, filtered, and evapo
rated. The residue was taken up in ether and washed with 
dilute hydrochloric acid to remove a little pyridine, dried, 
and evaporated. The residue, a black, viscous oil, was frac
tionally distilled in a Vigreux column to give 0.81 g. (69% 
based on V illa) of a pale yellow oil, b.p. 218-220°/3.5 
mm., which crystallized upon standing at room tempera
ture. After recryseallization from benzene-hexane, N-0-(S,4- 
dimethoxyphenylethyl)-2-pyridone was obtained as colorless 
needles m.p. 82-83°; the ultraviolet spectrum in ethanol 
showed XXmix 286,303 ni/z, log e 3.84, 3.80, infrared maxi
mum in chloroform at 6.02 u-

Anal. Calcd. for Ci5Hi7N03: C, 69.50; H, 6.56; N, 5.41. 
Found: C, 69.36; H, 6.44; N, 5.32.

The picrate, m.p. 126-127°, was prepared in ether-ethanol 
and recrystallized from ethanol.

Anal. Calcd. for C2iH20OioN4: C, 51.64; H, 4.10. Found: 
C, 51.50; H, 4.35.

Heating a mixture of homoveratryl bromide and 5-ethyl- 
2-methylpyridine gave the quaternary bromide, m.p. 153- 
156° (soft at 145°), after recrystallization from isopropyl 
alcohol.

Anal. Calcd. for Ci6H24BrN02: Br, 21.86. Found: Br,
21.80.

When 3.66 g. of the above bromide and 2.54 g. of iodine 
were heated in 15 ml. of pyridine for 3 hr., 4.3 g. of the 
double salt VIHb were obtained. Recrystallization from 
aqueous ethanol gave faintly yellow plates, m.p. 210- 
210.5° with pre-darkening at 205°.

Anal. Calcd. for CisHraCbLNa: C, 44.64; H, 4.53; N, 4.53; 
I, 41.10. Found: C, 44.49; H, 4.41; N, 4.51; I, 41.26.

Hydrolysis of the double salt VIHb wras carried out as 
for Villa. Distillation gave 90% of N-p-(S,4-dimethoxy- 
phenylethyl)S-ethyl-2-pyridone (XII) as a viscous oil, b.p. 
220-225°/3.5 mm., which crystallized slowly upon standing. 
Recrystallization from ether gave material of m.p. 57-58°; 
the ultraviolet spectrum in ethanol showed XXmal 287, 
313 m/n, log e 3.77, 3.80; the infrared spectrum in chloroform 
showed Xmax 6.02 y.

Anal. Calcd. for C17H210 3N: C, 71.08; H, 7.32; N, 4.88. 
Found: C, 70.97; H, 7.45; N, 4.85.

The picrate, prepared in ether-alcohol and recrystallized 
from ethyl acetate-hexane, had m.p. 99-100°.

Anal. Calcd. for Cr,H240 1(l>h: C, 53.52; H, 4.69; N, 10.66. 
Found: C, 53.57; H, 4.55; N, 10.63.

From a large scale preparation in which 106 g. of double 
salt gave 41 g. of XII, there was obtained as distillation 
fore-run 4.5 g. of a by-product, b.p. 95-97 °/5 mm., which 
gave a picrate m.p. 161-162°.

Reaction of XII with phosphorus oxychloride. A solution of 
2.75 g. of XII in 10 ml. of dry benzene was treated with a 
solution of 9 ml. of phosphorus oxychloride in 20 ml. of 
benzene and the mixture was boiled in a nitrogen atmos
phere for 3 hr. The solvent and excess phosphorus oxy
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chloride were removed in vacuo and the residue was taken 
up in water and treated with a saturated solution of potas
sium iodide. The resulting precipitate was recrystallized 
from aqueous alcohol to give XXII iodide, m.p. 194-195°; 
in ethanol, Amax 281 my, log e 3.87.

Anal. Calcd. for C„H2102C1IN: C, 47.05; H, 4.83. Found: 
C, 46.60; H, 4.77.

Heating this material with 10% aqueous sodium hydroxide 
regenerated XII.

Conversion o/XII lo XXI. Catalytic hydrogenation of XII 
was carried out over platinum oxide in methanol. Gas con
sumption ceased after 2.02 moles had been absorbed. The 
product, XVIII, was a colorless oil, whose infrared spec
trum showed Amax 6.15 y.

Cyclization of 5.0 g. of XVIII was accomplished with 
phosphorus oxychloride in boiling benzene. Treatment with 
potassium iodide of an aqueous solution of the residue 
obtained by evaporation of the reaction mixture gave 6.0 
g. of XXI iodide, m.p. 188-190°. Recrystallization from 
ethyl acetate-aqueous alcohol gave material of m.p. 195- 
196°. The ultraviolet spectrum in ethanol showed AAmax 
246, 302, 352 m^. log e 4.23, 3.94, 3.99. A mixed m.p. with 
XXII iodide was depressed. Fifty milligrams of uncyclized 
XVIII were recovered from the reaction mixture by ex
traction with ether.

Anal. Calcd. for CnH2i02IN: C, 50.88; H, 5.99; N, 3.49; 
I, 31.67. Found: C, 50.82; H, 6.11; N, 3.54; I, 31.63.

Lithium aluminum hydride reduction of XII to XIX. A 
solution of 12.0 g. of XII in 75 ml. of dry tetrahydrofuran 
(distilled from calcium hydride) was treated in portions 
with 2.00 g. of lithium aluminum hydride in tetrahydro
furan. The reaction mixture was boiled for 11 hr. and then 
evaporated, cooled, and treated with cold dilute hydro
chloric acid. The mixture was repeatedly extracted with 
chloroform, the chloroform extract was dried with sodium 
sulfate and evaporated. The residue was treated with ether 
to give 3.50 g. of XIX, m.p. 163-165°, as a white precipitate. 
Recrystallization from isopropjd alcohol-ethyl acetate gave 
material of m.p. 169-170°. The infrared spectrum in chloro
form showed no absorption on the 6.0- 6.1 y region. The 
ultraviolet spectrum in ethanol showed Amax 280 my, log « 
3.51. The substance w-as readily soluble in water and its 
aqueous solution gave an immediate precipitate with silver 
nitrate. The crvstals were hygroscopic.

Anal. Calcd. for Ci7H2i0 2NC1.‘AWO: C, 64.13; H, 7.92; 
Cl, 11.10. Found: C, 64.20; H, 8.45; Cl, 10.76.

The free base was a colorless oil which also showed no 
absorption in the 6.0- 6.1 y region.

The non-crystalline portion of the chloroform extract 
(after separation of XIX) was chromatographed on alumina. 
A small amount of the free base of XIX w'as eluted from 
the column first wdth benzene, followed by a major fraction 
(1.64 g.) that appeared to be XX, since its infrared spectrum 
was identical with that of XX, it did not react with malonic 
ester in the presence of ethanolic sodium ethoxide, and it 
consumed 0.91 mole of hydrogen over palladium charcoal 
in absolute ethanol to give an oil whose infrared spectrum 
was identical with that of XVIII.

XVII. A. By hydrogenation of XIX. A solution of 0.206 g. 
of XIX in 20 ml. of absolute ethanol absorbed 16.0 ml. (2.13 
moles) of hydrogen in 3.5 hr. over 10% palladium-on-char
coal, whereupon hydrogenation ceased. Evaporation of the 
solvent gave 0.200 g. of XVII, m.p. 186-187°. Recrystal
lization from isopropyl alcohol-ethyl acetate gave material 
of m.p. 187-187.5°, alone or mixed with a sample prepared 
by method B. A mixed m.p. with XIX was depressed. The 
salt was hygroscopic; it was dried to constant weight at 90° 
immediately before analysis.

Anal. Calcd. for C17H280 2C1X: C, 65.05; H, 8.99; X, 4.48. 
Found: C, 65.00; H, 9.05; N, 4.50.

B. By lithium aluminum hydride reduction of XVIII. A 
solution of 0.50 g. of XVIII in 10 ml. of tetrahydrofuran 
was added during 7 min. to a stirred solution of 0.120 g. of 
lithium aluminum hydride in 10 ml. of tetrahydrofuran. 
Heat was evolved. The reaction mixture was boiled under 
reflux for 7 hr., evaporated, acidified with dilute hydro
chloride acid, and extracted with chloroform. Evaporation 
of the chloroform left a residue which after recrystallization 
from isopropyl alcohol-ethyl acetate gave 0.50 g. of crystals, 
m.p. 187-188°, alone or mixed with a sample prepared by 
method A. The infrared spectra of chloroform solutions of 
the two samples were identical.

Metal-ammonia reduction of XII. A large number of ex
periments were carried out in which XII was reduced with 
varying atomic proportions of lithium, sodium, and calcium. 
A typical run was carried out as follows. A solution of 10 g. 
of XII in about 100 ml. of tetrahydrofuran was added slowly 
to a solution of 0.80 g. of lithium in about 20 ml. of liquid 
ammonia. The blue color was discharged in about 2 hr. 
The excess ammonia was evaporated and the residue was 
treated with dilute hydrochloric acid and extracted with 
chloroform. The chloroform extract was dried over sodium 
sulfate and evaporated, and the residue was distilled to give
6.0 g. of a viscous liquid, b.p. 210-215°/1.5 mm.

This material deposited crystals after standing several 
days. The mixture was triturated with ether to give 1.8 g. 
of a white crystalline product, m.p. 133-135°. The filtrate 
was evaporated to give 4.0 g. of a thick oil, Amax 280 my, 
log e 3.60, Amax 6.14 y. The oil consisted mainly of XX 
contaminated with about 25% of XII (as evidenced by weak 
absorption at 312 my).

The crystalline material was recrystallized from ethyl 
acetate-ether to give material of m.p. 139.5-140°. I t  was 
phenolic, being insoluble in water or bicarbonate solution, 
but readily soluble in aqueous sodium hydroxide. Carbon 
dioxide precipitated it unchanged from alkaline solution. 
The substance showed a sharp O-H absorption in the 
infrared, and a sharp, strong lactam absorption at 6.15 m/i. 
It gave a green-brown color with ferric chloride which was 
unstable to water. The ultraviolet spectrum had Amax 281.5 
my, log c 3.53, and was completely blank at longer wave 
lengths. Catalytic hydrogenation over palladium-on-char- 
coal ceased after the absorption of 1.00 mole of gas.

Anal. Calcd. for C16H21O3N: C, 69.82; H, 7.64; X, 5.10. 
Found: C, 69.81; H, 7.70; N, 5.21.

The yield of the crystalline phenolic product (isolated by 
alkali extraction) increased at the expense of the yield of XX 
when the amount of lithium was increased. A preparation 
of XX was re-distilled and submitted for analysis. This 
material contained 9% of XII as determined speetro- 
photometricallv.

Anal. Calcd. for C17H230 3N : C, 70.58; H, 7.95; X, 4.85. 
Found: C, 70.35; H, 7.73; X, 5.01.

This material had Amax 280 my, log e 3.61, Amnx 6.14 y. 
Hydrogenation in ethanol over palladium-on-charcoal 
ceased after the consumption of 0.92 mole of gas. The 
product, identified by its infrared spectrum, was XVIII.

Attempts to add sodiomalonic ester, potassium cyanide, 
or sodium bisulfite to XX were fruitless. In each case, 
chromatography gave only starting material. None of the 
chromatographic fractions had infrared spectra (e.g., both 
ester and lactam absorption) expected of an adduct.
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Commercially produced sec-butvl 6-methyl-3-cyclohexene-l-carboxylate was less effective as a Mediterranean fruit fly 
lure than the laboratory-prepared compound. The difference in activity was traced to their cis-trans isomer content, the 
irons ester being much superior to the cis analog. In the laboratory the intermediate acid, which is prepared by a Diels- 
Alder condensation and is known to be the trans isomer, is converted to the ester via the acid chloride route. The cis acid 
was prepared and isolated in pure form for the first time by means of a partition chromatographic procedure, which also 
proved useful for determining the isomer content of acid mixtures. An isomer analysis of the sec-butyl ester depended on 
infrared spectroscopy. With the aid of the two analytical methods conditions affecting epimerization of the acid, acid chloride, 
and ester isomers were studied. Thus the acid was not epimerized by refluxing with 6iV sulfuric acid or 1JV alkali but epi
merization did take place when the acid chloride was heated at 150° or when the ester was saponified. Epimerized solutions 
contained 50-62% of the trans isomer at equilibrium.

The recent successful eradication of the Mediter
ranean fruit fly [Ceratitis capitata (Wied.)j from 
Florida depended on traps baited with an attract- 
ant to delineate the infested areas. Angelica seed 
oil,1 first used as the attractant, was replaced by 
a synthetic lure, the sec-butyl ester of 6-methyl-3- 
cyclohexene-l-carboxylic acid (la),2 now known 
as siglure.

CH3
la . R= -CH CH 2CH3
lb. R = H

Commercially produced lots of the ester were 
consistently less attractive than those synthesized 
in the laboratory. The investigation of this prob
lem shed much light on the chemistry of 6-methyl- 
3-cyclohexene-l-carboxylic acid (lb) and its sec- 
butyl ester (la). Cis-trans isomerism was found to 
affect the attractiveness of the ester.

Previous work. Perkin3 first prepared the free 
acid (lb) from 4-hydroxy-o-toluic acid by a long, 
tedious procedure involving fractional esterifica
tion and hydrolysis. His final product was a liquid, 
and he made no attempt to separate the cis (lib) 
and trans (Ha) isomers.

l i b -  cis

H COOH CH3 COOH

Only the cis configuration of the double bond is 
possible in a six-membered ring; the trans con
figuration would give rise to too much strain.4 
This point was confirmed by the absence of a trans 
double-bond peak in the 10.3-ju region of the in-

H2 H
C O O R

h 2
H
CH3

frared spectra of the esters and acids of this study. 
A cyclohexene ring, which is not made rigid by 
ring fusion, can readily exist in two conformations 
which closely resemble the boat and chair (or 
“half-chair”) forms.5 6 X-ray data indicate that the 
half-chair form is the favored one and Barton, 
et al, 6  state tha^ this conformation may exist in two 
interconvertible forms. In view of these investiga
tions it is reasonable to assume that the compounds 
of this study exist mainly, if not entirely, as the half
chair conformation.

The Diels-Alder reaction provided a far simpler 
means of preparing the trans acid (Ha): Butadiene 
(III) is heated in a bomb with excess crotonic 
acid (IV) for 3 hours at 150-170°.7

HC
I

HC

^CH2

'V;h 2
in

h 2 COOH
HC-COOH H[ | t ^ H
HC—CH3 h I^J% -C H 3

IV H’ H
Ila ■ irons

According to the Alder rules,8 the relative position 
of the substituents in the dienophile are retained 
in the adduct. Therefore, the product Ila  of the 
foregoing reaction is trans because crotonic acid 
in trans. This fact was confirmed by hydrogenat
ing the acid to the irans-2-methylcyclohexane- 
carboxylic acid, identified by its melting point and 
that of its amide.7

Present Work. Although the trans acid has been 
known for some time, we could find no report on the 
preparation or isolation of the cis isomer (lib). 
We were able to isolate this acid by a partition- 
chromatographic method, which was also useful 
for the quantitative determination of the isomers.

(1) L. F. Steiner, D. H. Miyashita, and L. D. Christenson, 
J. Econ. Entomol., 50, 505 (1957).

(2) S. I. Gertler, L. F. Steiner, W. C. Mitchell, and W. F. 
Barthel, J. Agr. Food Chem., 6, 592 (1958).

(3) W. H. Perkin, Jr., J. Chem. Soc., 99, 741 (1911).
(4) F. Ebel, Freudenberg’s Stereochemie, Franz Deuticke, 

Leipzig and Vienna, 1933, p. 650.

(5) M. S. Newman, “Steric Effects in Organic Chemis
try,” John Wiley & Sons, New York, 1956, p. 38.

(6) D. H. R. Barton, R. C. Cookson, W. Klyne, and 
C. W. Shopee, Chem. & Ind. (London), 21, (1954), and refer
ences therein.

(7) O. Diels and K. Alder, Ann., 470, 88 (1929).
(8) M. C. Kloetzel, Org. Reactions, 4, 10 (1948).
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With slight modifications this method may be 
generally useful for the separation and determina
tion of other cis and trans acids.

The pure cis acid is a liquid. Its identity was 
established by hydrogenation of the double bond 
to the known cis-2-methylcyclohexanecarboxylic 
acid. The melting point (151-153°) of the amide 
of this saturated acid agreed with that reported in 
the literature.
In laboratory preparations of the ester the trans 

acid (Ha) was treated with thionyl chloride to 
give the acid chloride, which was reacted with the 
alcohol to give the ester. Acid catalytic esterifica
tion of the trans acid gave low yields of product, 
probably due to dehydration of the alcohol. 
At first the acid chloride was prepared under re
flux and was reacted with the alcohol without an 
acid acceptor. By the partition chromatographic 
method we were able to demonstrate that the 
trans acid was being changed partially to cis by 
this treatment. Thus, hydrolysis of the acid chloride, 
prepared from the trans acid under reflux, gave a 
product containing only 70% of the trans isomer. It 
was postulated that the acid may isomerize as a 
result of the hydrogen chloride being liberated in 
the formation of the acid chloride. Refluxing of the 
trans acid with GN  hydrochloric acid gave some 
substitution of hydrogen chloride onto the double 
bond of the ring, so that the results were not clear- 
cut. However, attempts to add dry hydrogen chlo
ride to the trans acid directly or in a nonaqueous 
medium were unsuccessful, and it was noted that 
hydrogen chloride did not add appreciably to the 
double bond in the course of the thionyl chloride 
treatment. The fact that refluxing of the trans 
acid with &N sulfuric acid caused no isomerization 
shows that heating with acidic reagents per se docs 
not account for the conversion.

Additional experiments showed that epimeriza- 
tion of trans- and as-rich acid chlorides could be 
effected thermally; isomerization took place after 
several hours of heating at 150° and 200° but not 
at 100°. When the acid chloride was prepared at 
room temperature, there was no epimerization.9 
In subsequent laboratory preparations of the ester 
the acid chloride was formed at room temperature 
and pyridine was included as an acid acceptor. 
Under these mild conditions little, if any, cis- 
trans isomerization took place.

We attempted to adapt the chromatographic 
procedure for determining the cis and trans con
tents of commercial lots of the ester, but saponi
fication yielded isomerized acids. The free trans 
acid, oddly enough, did not isomerize even after 
prolonged heating with alkali. The method of

(9) This experience parallels that reported by A. K. 
Macbeth, J. A. Mills, and D. H. Simmonds, J. Chem. Soc., 
1011 (1949), in their preparation of the anilide of cis-2- 
metlvylcyclohexane-l-carboxylic acid. They found that the 
acid was partially epimerized by refluxing with thionyl 
chloride but not by the cold reagent.

Redemann and Lucas,10 known to saponify re
fractory esters (ca. 125°), was ineffective in the 
saponification of the ester. Higher temperatures 
(obtained by refluxing with potassium hydroxide- 
diethylene glycol) were necessary to effect the con
version.

Other unsuccessful attempts to determine the 
isomer content of the ester included fractional 
distillation and gas chromatography.

The difficulty was finally overcome by employ
ing infrared spectroscopy. In carbon disulfide solu
tion the ester gives a trans peak at 14.26 n', the 
absorbance at 8.79 p, an isosbestic point, can be 
subtracted from that at 8.27 p to give a measure of 
the cis content. Several acid mixtures of known 
cis-trans contents were esterified under mild con
ditions with sec-butyl alcohol and their spectra 
determined. By setting up calibration curves it was 
possible to get independent estimates of the two 
isomers, which generally were in good agreement.

These procedures enabled us to establish the 
relationship between cis-trans content and attrac
tiveness to the Medfly. The all-irans product con
sistently outperformed products of lower trans 
content.11 Commercial preparations were shown to 
contain only about 70% of the trans isomer, and 
thus their lesser activity was accounted for.

EXPERIMENTAL

trans-6-Methyl-S-cyclohexme-l-carboxylic acid (Ila). The 
acid was prepared according to Diels and Alder.7 It distilled 
at 132-142°/16 mm. and solidified in colorless crystals. 
After 3 crystallizations from aqueous methanol, it melted 
at 64-65° (lit. b.p. 144-145° in vacuo, m.p. 08°,6 b.p. 
240°12).

The previously unreported amide of Ila  was prepared by 
allowing the acid to stand at room temperature overnight 
with a slight excess of thionyl chloride in benzene solution 
and then pouring the product into ice cold ammonia. It 
melted at 154.5-155.5° after crystallization from benzene- 
hexane.

Anal. Calcd. for C8H,3NO: N, 10.06. Found: N, 9.69.
The p-chlorophenacyl ester of Ila  was prepared in the usual 

manner.13 I t crystallized from ethanol as needles melting 
at 88-89°.

Anal. Calcd. for C10H„ClO3: C, 65.64; H, 5.81. Found: 
C, 65.76; H, 6.00.

The p-phenylphenacyl ester of Ila  was prepared in the usual 
manner,13 m.p. 124-125° after recrystallization from 
ethanol.

Anal. Calcd. for C-JEUCb: C, 79.04; II, 6.59. Found: 
C, 78.75; H, 6.80.

cis-6-Melhyl-S-cyclohexene-l-carhoxylic acid. (lib). A com
mercial semiliquid acid (70% trans, 30% cis) was used for 
this preparation. The liquid portion was kept at —15° for 
several hours and filtered cold. The solid portion was 
mainly the trans isomer; it could be purified by several

(10) C. E. Redemann and H. J. Lucas, Ind. Eng. Chem., 
Anal. Ed., 9, 521 (1937).

(11) L. F. Steiner, W. C. Mitchell, Nathan Green, and 
M. Beroza, J. Econ. Entomol., 51, 921 (1958).

(12) N. A. Chayanov and P. I. Grishin, Colloid J. 
(U.S.S.R.), 3, 461 (1937).

(13) R. L. Shriner and R, C. Fuson, Systematic Identifica
tion of Organic Compounds, 2nd ed., John Wiley and Sons, 
New York, 1940, p. 132.
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crystallizations from petroleum ether. The liquid portion, 
which was found to contain 69% of the cis isomer, deposited 
no additional crystals even when solvents such as petroleum 
ether were added.

About 0.7 g. of the cis-rich fraction was chromatographed 
exactly as described later except that a 200-g. column was 
used. Yield of the cis isomer was about 0.5 g. Final purifica
tion was effected by distillation; b.p. 104-105°/0.6 mm.; 
n2u5 = 1.4780. The compound would not crystallize even at 
Dry Ice temperatures.

Anal. Caled. for CgHi20 2: C, 68.54; H, 8.63. Found: C, 
68.92; H, 8.79.

Hydrogenation. Five g. (0.036 mole) of the crude cis acid 
absorbed 744 ml. (0.033 mole) of hydrogen to form cis- 
2-methylcyclohexanecarboxylic acid, also a liquid. Its 
amide, prepared as described in the next paragraph, de
posited from aqueous methanol crystals melting at 151— 
152.5° (lit. 151-153°).14 A mixed melting point using equal 
amounts of the cis and trans saturated amides was not de
pressed but fell between the two melting points.

The amide of lib  was prepared in the same manner as 
the amide of Ha; m.p. 122-124° after recrystallization from 
benzene-hexane.

Anal. Caled. for CgHisNO: N, 10.06. Found: N, 9.66.
The p-chlorophenacyl ester of lib  was prepared in the usual 

manner,13 m.p. 53.5-54° (ethanol).
Anal. Caled. for Ci6HnC103: C, 65.64; H, 5.81. Found: 

C, 65.34; H, 6.11.
The p-phenylphenacyl ester of lib  was prepared in the usual 

manner,13 m.p. 90-91° (ethanol).
Anal. Caled. for C22H23O3: C, 79.04; H, 6.59. Found: 

C, 78.52; H, 6.50.
Treatment of trans acid (Ha) with acidic reagents. Fourteen 

g. of Ha was refluxed with 10 ml. of thionyl chloride for 2 
hr.; water was cautiously added to the cooled mixture. 
Extraction of the acids with ether in the usual manner 
yielded a partially solid product which was shown by chro
matography to contain 36% of the cis isomer.

Refluxing of the trans acid with 6N  sulfuric acid failed to 
isomerize it. However, refluxing it with &N hydrochloric acid 
for 4 hr. resulted in partial addition of hydrogen chloride to 
the double bond to give some 4- (or 5-)chloro-2-methyl- 
cyclohexanecarboxylic acid. The impure product distilled 
at 106-lll°/0.4 mm. and melted at 50-65°.

Treatment of trans acid (Ha) and ester with alkali. Ten g. 
of the trans acid was refluxed with 100 ml. of an 8% solution 
of potassium hydroxide in diethylene glycol for 7 hr. After 
dilution with 10 volumes of water, the mixture was extracted 
several times with ether. The aqueous layer was acidified 
with 6N  hydrochloric acid while the mixture was kept cool. 
Ether was added, and the organic layer was washed with 
water and saturated brine and then filtered through dry 
cotton. Evaporation of the ether and distillation of the 
residue (86°/0.7 mm.) gave a product which solidified 
immediately. The melting point, 62-64°, was undepressed 
in admixture with a sample of the untreated acid; practically 
no isomerization had occurred.

In another experiment 2.0 g. of the all-irons ester was 
saponified by refluxing for 2 hr. with 20 ml. of IN  potassium 
hydroxide in diethylene glycol. The mixture was worked 
up as outlined immediately above; the acid product distilled 
at 140°/4 mm. The isomer analysis (by partition chro
matography) was 41% cis and 59% trans. A similar saponifi
cation of a 69% cis-31% trans ester gave an acid containing 
55% cis and 45% trans isomers. In both cases epimerization 
had occurred upon saponification.

Thermal isomerization of acid chlorides. Although the iso
mers of 6-methyl-3-cyclohexene-l-carboxylic acid appear to 
be resistant to isomerization, their acid chlorides were 
readily epimerized by heating at 150-200°. Acid chlorides 
were prepared under mild conditions that avoid isomeriza
tion as described in the next section from acids of known

cis-trans content, the excess thionyl chloride and benzene 
being evaporated as indicated. The undistilled acid chlorides 
were then heated with no solvent, as shown below, and 
the converted to their sec-butyl esters in order to analyze 
them for isomer content by the infrared method.

Tem
perature,

Dura
tion of 

Heating,

Isomer Content, %
Untreated Acid 

Chloride
Treated Acid 

Chloride
°C. Hr. cis trans cis trans
200 2.5 0 100 50 50
150 0.5 0 100 32 68

1 0 100 36 64
2 0 100 38 62
0.5 66 34 47 53
1 66 34 38 62
2 66 34 38 62

100 1 0 100 0 100
2 0 100 1 99

A sample of aL-lrans acid chloride that was refluxed for 2 
hr. with 2 volumes of benzene was not isomerized.

Preparation of esters to avoid isomerization. The following 
procedure was sufficiently mild so that isomerization was 
avoided. To a so.ution of 420 mg. of cis acid (lib) in 4 ml. 
of benzene was added 725 mg. (100% excess) of thionyl 
chloride, the temperature being kept below 28°. After the 
mixture had stcod overnight at room temperature, the 
excess thionyl chloride and solvent were evaporated off 
below 50° at reduced pressure. To the cold product 500 mg. 
of pyridine mixed with an excess of sec-butyl alcohol was 
slowly added without allowing the temperature to rise 
above 30°. After the mixture had stood for 16 hr., it was 
taken up in ether, washed successively with w'ater, dilute 
hydrochloric acid, sodium bicarbonate, and brine, and dried 
over sodium sulfate. After, the solvent was removed, the 
product distilled at 112°/16 mm.; n d5 1.4518.15

Anal. Caled. for Ci2H20O2: C, 73.43; H, 10.27. Found: C, 
73.45; H, 9.85.

Partition chromatography of cis and trans acids. The im
mobile solvent was a solution of 1.5 g. of ethylenediamine 
and 50 mg. of bromthymol blue in 100 ml. of anhydrous 
methanol. The mobile solvent was prepared by equilibrating 
1 1. of petroleum ether (b.p. 60-70°) with 25 ml. of 95% 
methanol. After the lower layer wfas rejected, the solvent 
wras filtered through a cotton plug.

The column was prepared by mixing in a mortar 10 g. of 
silicic acid (Mallinckrodt’s 100-mesh partition chromato
graphic grade dried overnight at 110°) with 11.5 ml. of im
mobile solvent to form a uniform free-flowing slurry; the 
latter was introduced into a glass column (400 mm. long, 
21 mm. i.d.) fitted with a fritted disk at the bottom; the 
adsorbent was settled by tapping and applying gentle air 
pressure on the solvent in the usual manner. From 40 to 50 
mg. of the acid sample w as introduced in 1 ml. of the mobile 
solvent and w'ashed into the adsorbent wflth three 1-ml. 
portions of solvent. The tube was then filled with solvent 
using a 250-ml. separatory funnel as a reservoir. The acids 
were visible on the column as yellow zones on a blue back
ground. Twenty-five-ml. fractions were titrated with 
standardized 0.03Af sodium et.hoxide solution in ethanol. 
Titrations were conducted at the boiling point of the liquid 
after addition of 5 ml. of neutralized isopropanol containing 
a few drops of bromothymol blue solution in methanol. 
The cis acid is eluted between 150 and 290 ml. and the 
trans analog between 290 and 750 ml.

The foregoing procedure was set up for the quantitative 
determination of the acid isomers. For preparative purposes 
larger columns were employed.

(15) Constants of the corresponding trans ester have been 
reported by Gertler el at.2 to be 113-114°/15 mm., n”  = 
1.4482.(14) N. Zelinsky, Ber., 41, 2676 (1908).
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Fig. 1. Infrared spectra of 6-methyl-3-cyclohexene-l-carboxylic acid isomers (upper spectra) 10 mg./ml., and their sec- 
butyl esters (lower spectra) 50 mg./ml. in carbon disulfide. Trans isomers solid line, cis isomers broken line

Determination of cis-trans content of the sec-butyl esters by 
infrared spectroscopy. The infrared spectra of the acids and 
their sec-butyl esters are show'n in Fig. 1. Two regions of the 
ester spectra exhibited absorbance differences that were 
adapted for analytical purposes. A trans peak appearing at 
14.27 p was measured by subtracting a background cor
rection at 14.0 and 14.6 p .  A measure of cis absorption was 
obtained by subtracting the absorbance at 8.79 p  (an isosbes- 
tic point) from that at 8.27 p .  Several ester mixtures of known 
isomer content were prepared by careful esterification of 
known mixtures of the acid isomers and their spectra deter
mined in the 2 regions. Although the absorbances did not 
follow' Beer’s law, this ideal was approached. Calibration 
curves made it possible to estimate isomer content, and in 
general the results obtained by the foregoing 2 procedures, 
which gave independent measures of cis and trans content, 
agreed within a few' per cent.
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isomerism may affect the attractive properties of 
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Research Service, U. S. Department of Agriculture. 
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Derivatives of Piperazine. XXXIV. Some Reactions of 
Trimethylene Chlorobromide with 1-Arylpiperazines

C. B. POLLARD, WERNER M. LAUTER, a n d  NOEL 0. NUESSLE 
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The variety of pharmacological activities shown 
by piperazine derivatives led to the syntheses of 
38 new compounds by the reactions of trimethylene 
chlorobromide with various 1-arylpiperazines and 
other amines. The 1-arylpiperazines required for 
these syntheses were prepared by the method of 
Pollard et alA1 2

The compounds in Table I were prepared by the 
reaction of equimolar quantities of trimethylene

(1) C. B. Pollard and L. G. MacDowell, J. Am. Chem. 
Soc., 56, 2199 (1934).

(2) C. B. Pollard and T. H. Wicker, Jr., J . Am. Chem. Soc., 
76,1853 (1954).
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TABLE I
D a t a  C o n c e r n in g  C o m p o u n d s  H a v i n g  t h e  G e n e r a l  F o r m u l a

_  CH—CHa

V  / ~ NX N -C H -C H -C H 2C1
c h 2- c h /

R
Yield,

% B.P., Mm." «D 5
Empirical
Formula

Analyses, %
Carbon Hydrogen Nitrogen Chlorine

Caled. Found Caled. Found Caled. Found Caled. Found
H 53 132-138 0.5 1.5605 C13H19C1N, 65.39 65.55 8.02 8.19 11.73 11.92 14.85 14.70
0-CH3 43 143-151 1.2 1.5447 C,(H21C1N, 66.52 66.60 8.37 8.19 11.08 10.85 14.03 14.42
m-CH, 46 152-159 0.8 1.5576 C14H21CIN2 66.52 66.84 8.37 8.03 11.08 11.10 14.03 14.25
p-CH, 40 148-150 0.5 _6 C14H2IC1N2 66.52 66.59 8.37 8.37 11.08 10.81 14.03 13.91
o-Cl 66 151-154 0.8 1.5594 C13H18C12N2 57.15 56.79 6.64 6.55 10.25 10.55 25.96 25.91
TO-C1 45 157-162 0.5 1.5715 C13H18C12N2 57.15 56.92 6.64 6.49 10.25 10.45 25.96 26.36
p-Cl 47 __ C — c 13h 18ci2n 2 57.15 57.35 6.64 6.28 10.25 10.58 25.96 25.50
“ All boiling points are uncorrected. 6 M.p. 35-36° (corr.) .c M.p. 63-64° (corr.).

chlorobromide and the 1-arylpiperazine in the 
presence of sodium hydroxide.
R ,__, CH2- C H 2

C ' N NH +  BrCH2—CH2—CH2C1 NaP--»
N— / xc h - c h /

R../==\
C  / - N  N—CH2—CH2—CH2C1
'—  CH—C H /

The l-(3-chloropropyl)-4-phenylpiperazine was 
previously prepared by Bach et al.3 from the cor
responding propanol and phosphorus penta- 
chloride. These authors obtained a product with a 
boiling range of 146-150° at 0.1 mm.

Table II contains data concerning compounds 
prepared by either of two methods. The bis com
pounds were synthesized by the reaction of 1- 
arylpiperazines and trimethylene chlorobromide in 
the molar ratio 2:1, in the presence of sodium car
bonate. The other compounds in this table were

of lithium amide in dimethylformamide,4 and 
subsequent addition of l-(3-chloropropyl)-4-phen- 
ylpiperazine.

All of the new compounds synthesized have been 
submitted for pharmacological testing.

EXPERIMENTAL

l-(8-Chbropropyl)-4-{3-tolyl)piperazine. To a solution of 
0.5 mole (88.1 g.) of l-(3-tolyl)piperazine in 100 ml. of 
acetone was added 75 ml. of a 25% solution of sodium 
hydroxide. Trimethylene chlorobromide (0.55 mole, 86.6 
g.) was added carefully to minimize its mixing with the 
aqueous layer. The mixture was stirred slowly for 8 hr. 
with a magnetic stirrer. The organic phase was then sepa
rated and the solvent removed under vacuum. Fractional 
distillation of the resulting oil yielded 57.8 g. (46%) of the 
product boiling at 152-159° (0.8 mm.).

l }3-Bis[l-(4-phenyl)piperazinyl]propane. A solution of 0.2 
mole (32.4 g.) of 1-phenylpiperazine and 0.1 mole (15.7 g.) 
of trimethylene chlorobromide in 75 ml. of ethanol was 
stirred until the mixture became almost solid. I t was then 
allowed to stand overnight and 200 ml. of a 30% sodium 
carbonate solution was added. The alcohol was removed by

2 ■N NH
C H —C H /

+ BrCH,-CH,-CH,Cl
2 Na2C03

R p H i - CH2 CHj-C H j _  R
N 'k -C H 2-C H 2- C H 2-N ^

c h 2—c h /  c h 2—c h 2, /

prepared by refluxing the l-(3-chloropropyl)-4- 
arylpiperaiznes, shown in Table I, with the various 
1-arylpiperazines, in the presence of sodium 
carbonate.

The compounds in Table III, with the exception 
of the carbazolyl derivative, were prepared by the 
reaction of the amine and l-(3-chloropropyl)-4- 
phenylpiperazine in a molar ratio of 3:1. The car- 
bazolyl compound was synthesized by first pre
paring the iV-lithium salt of carbazole, by means

(3) F. L. Bach, Jr., H. J. Brabander, and S. Kushner, 
J. Am. Chem. Soc., 79, 2221 (1957).

distillation and the mixture refluxed for 16 hr. After cool
ing to room temperature, the resulting solid was filtered 
and air dried. Recrystallization from hexane yielded 10 g. 
(27%) of the product, m.p. 104.5-105°.

1-[1 - {4-Phenyl) piperazinyl ]-3- {1- [4-(3-tolyl) ]piperazinyl }- 
propane. To 0.05 mole (12.6 g.) of l-(3-chloropropyl)-4-(3- 
tolyllpiperazine was added 0.05 mole (8.1 g.) of 1-phenyl
piperazine, 12 g. of sodium carbonate, and 40 ml. of water. 
The mixture was refluxed for 48 hr. and allowed to cool. 
The resulting solid was filtered and dried in vacuum. 
Recrystallization from hexane yielded 14.5 g. (77%) of the 
product, m.p. 70-72°.

(4) R. F. Parcel!, unpublished material.
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TABLE II
D a t a  C o n c e e n in g  C o m p o u n d s  H a v in g  t h e  G e n e r a l  F o r m u l a

R V = \ ^C H 2-C H 2\  /C H 2-C H 2\  /= V R '
>  /V-N N-CH2-CH2-C H 2-N > - { v 'J)

'— '  - o n  /  CH2-C H 2vc h 2- c h 2
y,__ !J

Analyses, %
Yield, M.P. Empirical Carbon Hydrogen Nitrogen Chlorine

R R ' % (Corr.) Formula Caled. Found Caled. Found Caled. Found Caled. Found

H H 27 104.5-105 C23H32N4 75. 78 75. 73 8 .85 8 .70 15.37 15. 05 — —
H O-CH; 59 60.5-62 C24H34N, 76. 15 75. 75 9. 05 8 .87 14.80 14. 84 — —
H to-CH3 77 70-72 c 24h 34n 4 76. 15 76. 27 9. 05 8 .01 14.80 15. 00 — —
H p-c h 3 80 103-104 c 24h 34n 4 76..15 76. 02 9. 05 9. 05 14.80 14. 95 — —
H o-Cl 63 69-71 c 23h 31c in 4 69. 24 68 .59 7. 83 8 .00 14.04 13. 75 8.89 9.17
H m-Cl 70 63-65.5 c 23h 31c in „ 69. 24 69. 15 7. 83 7. 73 14.04 13. 73 8.89 8.79
H p-Cl 66 119.5-120.5 c 23h 31c in 4 69. 24 69. 52 7..83 7. 71 14.04 13. 92 8.89 8.73
o-CH3 o-CH3 58 _a c 25h 36n 4 76 .48 76 .22 9 .24 9 .22 14.27 14..65 — —
o-CH3 m-CH3 65 _b c26h 36n 4 76..48 76 .56 9 .24 8 .92 14.27 14..46 — —
o-CH3 p-c h 3 54 59-60.5 c 25h 36n 4 76..48 76 .52 9..24 9 .25 14.27 14..15 — —
o-CH3 c-Ci 52 ___ C C24H33C]N4 69..79 69 .93 8 .,05 7..90 13.57 13 .74 8.59 8.43
o-CH, m-Cl 53 _d c 24h 33c in 4 69..79 69 .86 8 ..05 8 06 13.57 13..85 8.59 8.42
o-CH3 p-Cl 74 85.5-86 c24h 33c in 4 69 .79 69 .55 8 .05 8 .05 13.57 13 .83 8.59 8.80
m-CH3 m-CH3 44 59-61 c25h 36n 4 76 .48 76 .24 9 .24 9 .21 14.27 14..34 — —
m-CH3 p-c h 3 62 61-63 c26h 36n 4 76..48 76 .32 9 .24 9 .18 14.27 14..47 — —
m-CH3 o-Cl 46 _e c24h 33c in 4 69..79 69 .30 8 .05 7..86 13.57 13..09 8.59 8.62
m-CH, m-Cl 62 53-56 CuH33C1N4 69 .79 69 .74 8..05 7..68 13.57 13..64 8.59 8.44
m-CH3 p-Cl 85 88-90 c 24h 33c in 4 69 .79 69 .22 8..05 7..72 13.57 13 .47 8.59 8.31
p-c h 3 p-CHa 62 148-149 c25h 36n 4 76..48 76 .09 9 .24 9 .20 14.27 14..17 — —
p-CH3 o-Cl 72 76-77.5 c24h 33c in 4 69 .79 69 .48 8 .05 7 .69 13.57 13 .86 8.59 8.30
p-CH3 m-Cl 65 77-78 c 24h 33c in 4 69 .79 69 .79 8 .05 8 .04 13.57 13 .55 8.59 8.87
p-c h 3 p-Cl 70 157-158 c 24h .3c in 4 69 .79 70 .04 8..05 8 .03 13.57 13. 32 8.59 8.42
o-Cl o-c: 58 82-83 c23h 30ci2n 4 63 .73 63 .77 6 .98 6 .91 12.93 12 .90 16.36 16.16
o-Cl m-Cl 67 _/ c 23h 30ci2n 4 63 .73 63 .26 6 .98 6 .91 12.93 13 .01 16 36 16.64
o-Cl p-Cl 74 75-76 c23h 30ci2n 4 63 .73 63 .62 6 .98 6 .52 12.93 12 .93 16.36 16.72
m-Cl m-Cl 34 69-70 C23H3(,C12N4 63 .73 63 .66 6 .98 7 .13 12.93 12 .81 16.36 16.09
m-Cl p-Cl 63 84-S6 C23H30C12N4 63 .73 63 .15 6 .98 7 .07 12.93 12 .95 16 36 16.75
p-Cl p-Cl 85 172-173 c23h 3„c i .n 4 63 .73 63 .78 6 .98 6 .70 12.93 12 .84 16.36 16.28
° B.p. 236-240° at 0.3 mm. (uncorr.), n \> 1.5707. * B.p. 246-250° at 0.6 mm. (uncorr.), 1.5779. c B.p. 248-252° at 0.7 

mm. (uncorr.), 1.5805. d B.p. 258-263° at 0.75 mm. (uncorr.), n“  1.5879. e B.p. 260-262° at 0.7 mm. (uncorr.), n2¿  
1.5875. ! B.p. 286-292° at 1.1 mm. (uncoir.), ?t2Ds 1.5977.

TABLE III
D a t a  C o n c e r n in g  C o m p o u n d s  H a v in g  t h e  G e n e r a l  F o r m u l a  

/ = \  /-CH2 CH2\
\ \  n - c h 2- c h 2- c h 2- y
w  ^ C H 2- C H r

Y
Yield,

%
M.P. or B.P. 

(Mm.)“ n2o
Empirical
Formula

Carbon
Caled. Found

Analyses, % 
Hydrogen 

Caled. Found
Nitrogen 

Caled. Found
C4H,„N-

(Diethvlamino)
44 164-169(0.1) 1.5330 C17ÏÎ29N3 74.13 73.50 10.61 10.61 15.26 15.30

CSH,„N-
(1-Piperidvl)

20 148-150(0.075)
46-47

— c 18h 29n 3 75.22 75.24 10.17 9.62 14.62 14.65

C4H8NO- 
( 4-Morpholinvl )

52 170-172(0.08) 1.5513 c „h 27n 3o 70.55 69.92 9.41 9.52 14.52 14.42

C12H8N-
(9-Carbazolyl)

32 130.5-131.5 — c25h 27n 3 81.26 81.65 7.37 6.98 11.37 11.30

0 All melting points are corrected, boiling points are not.

l-[3-(Dielhylamino)propyl]-4-phenylpiperazine. To 0.1 
mole (23.9 g.) of l-(3-chloropropyl)-4-pherylpiperazine in 25 
ml. of ethanol was added 0.3 mole (21.9 g.) of diethylamine. 
The mixture was refluxed for 8 hr., cooled, and the diethyl
amine hydrochloride filtered. After removal of the solvent 
and excess diethylamine under vacuum, the resulting oil 
was distilled. Fractional distillation yielded 12.2 g. (44%) 
of the product boiling at 164-169° (Ô.1 mm.).

1- \S-(9-CarbazolyT)propyl ]-4-phenylpiperazine. A suspen
sion of 0.1 mole (16.7 g.) of carbazole in 35 ml. of dimethyl- 
formamide was vigorously stirred while 0.105 mole (2.4 g.) 
of lithium amide was added. The addition caused the tem
perature to rise to 60°. When the temperature began to fall, 
heating was started. The mixture was maintained at 80-90° 
for 30 min., while partial vacuum was applied. When the 
mixture had cooled to 65°, 0.11 mole (26.3 g.) of l-(3-
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chloropropyl)-4-phenylpiperazine was added. Heating was 
resumed and the temperature was kept at 100-110° for 3 
hr. After the mixture had cooled to 60°, it was poured, with 
stirring, into 600 ml. of ice and water. The solid was fil
tered, triturated with 100 ml. of water, and then dried under 
vacuum. Recrystallization from ethanol yielded 11.9 g. 
(32%) of the product, m.p. 130.5-131.5°.

The lithium amide was obtained from the Lithium Corp. 
of America and the trimethylene chlorobromide from the 
Dow Chemical Co. The amines were purchased from the 
Fisher Scientific Co. and were used without further puri
fication.

G a i n e s v i l l e , F l a .

[C o n t r i b u t io n  f r o m  t h e  D e p a r t m e n t  o f  C h e m is t r y , K a n s a s  S t a t e  U n i v e r s it y ]

The pKa’s of Aromatic Sulfinic Acids1

R. K. BURKHARD, DOUGLAS E. SELLERS,2 FRANK DeCOU, a n d  JACK L. LAMBERT

Received July 25, 1958

The pKa’s of six aromatic sulfinic acids have been determined by means of potentiometric titration and found to be in 
the vicinity of 1.8 to 2.0.

During the course of research in the laboratory 
of the first author, the occasion arose to determine 
the neutral equivalent of p-nitrobenzenesulfinic 
acid.3 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 * The results from this determination not only 
yielded the desired neutral equivalent but also 
indicated that the acidic group being titrated was 
weaker than benzenesulfinic acid.4-7 This observa
tion suggested that the ionization constants of 
aromatic sulfinic acids be reinvestigated and ac
cordingly such a program was undertaken.

Six aromatic sulfinic acids were selected for this 
study: benzene-, p-toluene-, p-chlorobenzene-, p- 
bromobenzene, m- and p-nitrobenzenesulfinic acids. 
Each of these was prepared from the corresponding 
sulfonyl chloride by reduction. The identity and 
purity of each compound was established by means 
of melting point and neutral equivalent determina
tions (Table I).

TABLE I
M e l t in g  P o in t s  a n d  N e u t r a l  E q u iv a l e n t s  o f  S u l f i n i c  

A c id s

Sulfinic Acid
M.P.,

Obsd.

+3¡3
d0 Neut.

Obsd.
Equiv.
Theor.

Benzene 81.5-83 847
858’9

144.6 142.2

p-T oluene 84-85 8410
84-8511
86-878,9’12

160.1 156.2

p-Chlorobenzene 98.5-99.5 93-9413 
98-9910 
9914
100-10215

179.7 176.7

p-Bromobenzene 113-114 11410 
114—11513 
11516

229.8 221.1

m-Nitrobenzene 94.5-96 95-9617
9818

190.4 187.2

p-Nitrobenzene s. 125 
m. 152-154

s. 13619,2° 
m. 15919 

16020 
12021'22

195.5 187.2

(1) Supported in part by the Faculty Research Fund,
Kansas State University and National Science Foundation
Grant No. P-2670.

As a means of comparing the values obtained for 
benzenesulfinic acid with the values reported earlier 
in the literature two methods of sample prepara
tion (A and B) were used. In method A the samples 
were dried in vacuo prior to use, while in method B 
the samples were used immediately after prepara
tion. The pKa’s and other data related to the 
potentiometric titrations are given in Table II.

With the exception of the value of 1.29 which 
Rumpf and Sadet report7 for benzesulfinic acid there 
is reasonable agreement among the values re
ported in Table II and the earlier literature. Loven, 
for example, has reported that the dissociation

(2) Present address, Department of Chemistry, Southern 
Illinois University, Carbondale, 111.

(3) Unpublished data taken by Harry A. Smith, de
ceased.

(4) J. M. Loven, Z. Physik. chem., 19, 456 (1896).
(5) R. R. Coats and D. T. Gibson, J. Chem. Soc., 442

(1940).
(6) P. Rumpf and J. Sadet, Bull. soc. chim. France, 447

(1958).
(7) L. F. Fieser and M. Fieser, Organic Chemistry, 3rd 

ed., D. C. Heath and Co., New York, N. Y., 1956, p. 593.
(8) J. Thomas, J. Chem. Soc., 342 (1909).
(9) S. Krishna and H. Singh, J. Am. Chem. Soc., 50, 795

(1928).
(10) E. Knoevenagle and J. Kenner, Ber., 41, 3315 
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TABLE IT
¡ o K a ’s  f o r  S u l f i n i c  A c i d s  ( 2 5 ° )

Method

Sulfinic
Acid

of
Sample
Prep.

No. of 
Titra
tions

Mean 
pKa 

(Corr. )
Ave.
Dev.

Benzene A 2 1.84 0.07
B 2 2.16 0.05

p-Toluene A 2 1.99 0.04
p-Bromobenzene A 2 1.89 0.09
p-Chlorobenzene A 2 1.81 0.01
TO-Nitrobenzene A 3 1.88 0.07
p-Nitrobenzene A 5 1.86 0.08

constants for benzene- and p-toluenesulfinic acids 
are 3.5 X 10~2 and 2.5 X 10~2, respectively.4 
Coats and Gibson have reealulated Loven’s data to 
obtain very similar values and have also reported 
that the dissociation constant for o-toluenesulfinic 
acid is near 3.4 X 10~2.5Fieser and Fieser state that 
the pKa for benzenesulfinic acid is 1.80.6

It should be pointed out that two methods have 
been used for the determinations reported previ
ously in the literature. Loven (and presumably 
Coats and Gibson) performed conductance experi
ments on freshly prepared samples of sulfinic acids. 
Rumpf and Sadet, in contrast, performed potent- 
iometric titrations on dried samples of benzene
sulfinic acid and its sodium salt. Since this latter 
method was also used by the authors of this paper 
it is quite surprising to find such great disagree
ment. The reasons for this are not apparent. 
However, from the brief description of the experi
mental procedure employed by Rumpf and Sadet 
it seems likely that there could have been ap
preciable differences between the two titration 
procedures.

A likely source of error in either type of measure
ment arises from the instability of sulfinic acids. 
Due to oxidation varying amounts of sulfonic acid 
might contaminate a solution of sulfinic acid. 
Loven used freshly prepared samples of sulfinic 
acid in order to minimize this source of error. 
Rumpf and Sadet, on the other hand, used dried 
samples. In this paper both types of samples were 
used in the case of benzenesulfinic acid and it was 
found that the pKa for the freshly prepared acid 
was slightly higher than for the dried acid. This 
difference could have been caused by oxidation of 
the sulfinic acid during drying and suggests that the 
true pKa's for sulfinic acids are probably higher 
than reported.

EXPERIMENTAL

Preparation of sulfinic acids. Each sulfinic acid was pre
pared from the corresponding sulfonyl chloride by zinc or 
sodium sulfite reduction.23-26

(23) F. Ullman and G. Pasder Jadjian, Ber., 34, 1151 
(1901).

(24) S. Smiles and C. Bere, Orq. Syntheses, Coll. Vol. I, 
7 (1946).

Sample preparation and titration. Two methods of sample 
preparation (A and B) were used. In method A the sample 
of sulfinic acid was dried in vacuo over Drierite after re
crystallization. Then a weighed, dry sample of acid was 
added to water, heated briefly on a steam cone to affect 
solution, cooled, and made up to volume. Aliquots of this 
solution were then titrated with standardized sodium 
hydroxide by use of a microburet and a Model H-2 Beck
man pH meter.

Method B was patterned after that of Loven in that the 
acid rvas isolated and then recrystallized once from boiling 
water as rapidly as possible. An unweighed, wet sample of 
the acid was then placed in a titration vessel containing a 
known volume of water and titrated with standardized 
NaOH by use of a microburet. and a Model G Beckman pH 
meter equipped with external electrodes.

In both methods the water which was used had previously 
been boiled and gassed with nitrogen during cooling. Also 
in both cases nitrogen was bubbled through each titration 
vessel during titration in order to exclude oxygen and 
affect stirring. The temperature of each titration vessel 
was maintained at 25° by use of a constant temperature 
bath. Each pH meter was standardized before use by check
ing against buffers of known pH. The author who used 
method A determined the end point of each titration by the 
parallelogram method. The authors who used method B 
determined each end point by plotting ApH/AV versus V.

Evaluation of pKa. The calculation of the pKa for each 
acid was achieved by the use of an IBM 650 computer. A 
program was devised27 by which the data for each experi
mental point (up to the equivalence point) of a titration 
curve could be fed into the computer and from these data 
calculate a pKa for each experimental point and a mean 
pKa for each titration. The equations which the computer 
solved are derived below.

A solution of an acid (HA) when being titrated contains at 
at any point i (up to the equivalence point) the species H +, 
A- , and HA whose concentrations at point i can be expressed 
as follows: [H + ]i equals the concentration of the hydrogen 
ion due to ionization of the untitrated acid; the total con
centration of A- equals that formed by titration, [A- ]f, 
plus that formed by ionization of the untitrated acid, 
[H+],-; the total concentration of HA equals the untitrated 
acid, [HA],, minus that lost due to ionization, [H + ]i- Thus 
at any point i on a titration curve the ionization constant 
for HA (using concentration terms) can be given by Equa
tion 1.

[H+h j [A~] 1 +  [H+]ij 
[HA], -  [H+], (1)

Each of the quantities in Equation 1 can be expressed in 
terms of data taken during titration:

[H+]i = 10—«

[A_li = r 0 +  Vi

r x r  a l  ( F /  —  Vi)N 
[HA]i -  Vo +  E,

where x t is the pH at point i, X  is the normality of the base 
used to titrate HA, V0 is the volume of water used to dis
solve the sample of sulfinic acid, Vi is the volume of base 
added up to ¡joint and V f is the volume of base needed 
to reach the equivalence ¡joint. 25 26 27

(25) F. C. Whitmore and F. H. Hamilton, Org. Syntheses. 
Coll. Vol. I, 492 (1946).

(26) M. Kulka, J. Am. Chcm. Soc., 72, 1215 (1950).
(27) The authors are indebted to Mr. Thomas L. Hamil

ton of the IBM-650 Computer Center, Kansas State LTni- 
versitv for devising the program used to solve for pKa.
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Making these substitutions into Equation 1, one can 
obtain Equation 2 from which hi can be calculated at point 
i on the titration curve (up to the equivalence point).

10-*.
ki =

ViN
Vo +  V¡ 

{V/ -  Vi)N 
Vc +  Vi

+  10-

10 -
(2)

While Equation 2 corrects for the ionization of the un
titrated acid and the volume change at each point on the 
titration curve, it does not correct for ionic strength. 
Accordingly, a correction term was then derived from the 
limiting equation of Debye and Huckel for the mean 
activity coefficients of strong electrolytes. The use of this 
limiting equation was considered valid since the ionic 
strengths involved were all in the vicinity of 0.01.

The correction which should be applied to any experi
mental pKi is equal to —2 log/ ,  where / j  is the mean activity 
coefficient at point i. At 25° this correction is equal to 1.011 
(wi)i, where m  is the ionic strength at that point and is 
given by rhe equation

= \  Í [H+]< +  [A-],- +  [Na+Iij

Using the symbols introduced above, can be expressed 
by Equation 3.

m  = 110-»  +  (3)

Thus by use of Equations 2 and 3 it is possible to calculate a 
corrected pK„ for each point on the titration curve (up to 
the equivalence point) and hence a mean corrected pKa 
for each titration.

Calculation by computer was deemed necessary since the 
denominator of Equation 1 may become very small because 
the solubilities of the sulfinic acids are limited and their 
extends of ionization are appreciable. With the aid of the 
computer, the pKa’s were conveniently calculated from a suf
ficient number of points to permit statistical treatment.

It should further be pointed out that near the equivalence 
point the first term in the denominator of Equation 2 be
comes very small. Experimental data on the steeply rising 
portion of the titration curve close to the end point were 
generally found to be less reliable than those on the more 
horizontal portion. Accordingly, experimental points in this 
region were not analyzed by the computer. The number of 
experimental points analyzed in each titration averaged 22, 
but ranged from a low of 12 to a high of 58 depending on the 
sample size and the experimentor.

M a n h a t t a n , K a n .

[C o n t r i b u t io n  f r o m  t h e  M e t c a l f  C h e m ic a l  L a b o r a t o r ie s  o f  B r o w n  U n i v e r s i t y ]

Polyol Complexes and Structure of the Benzeneboronate Ion

JOHN P. LORAND1 a n d  JOHN O. EDWARDS

Received September 11, 1958

The complexing equilibria of aqueous benzeneboronate ion with several polyols have been studied and the measured 
constants compared with those of borate. The results indicate that the anion has the formula CeHsBfOHb- with tetrahedral 
coordination about boron; this is consistent with a steric effect, previously cited, on the acid-base equilibria of ortho sub
stituted benzeneboronic acids. Examination of the data on complexing equilibria requires modification of an earlier assump
tion that only anionic complexes are formed.

Following the recent elucidation of the structure 
of the borate ion in aqueous medium,2 a study of the 
structure of aqueous benzeneboronate has been 
made, using quite different methods. Borate was 
previously thought to be either a trigonal Bronsted 
base form, H2B03~, or a tetrahedral Lewis acid-base 
adduct, B(OH)w. The present case, likewise, 
offered a choice between

and

OH
I 9
B-OH
I
OH

for the anion of benzeneboronic acid, C6HbB(OH)2. 
The borate ion was studied by infrared and Raman 
spectroscopy, its behavior being found analogous 
to fluoborate, BFw, because of the symmetry 
about boron. Such evidence was believed inappli
cable to benzeneboronate because of the loss of 
symmetry and larger number of spectral bands.

(1) Taken from the Sc.B. thesis of John P. Lorand at 
Brown University (1958).

(2) J. O. Edwards, G. C. Morrison, V. Ross, and J. W. 
Schultz, J. Am. Chem. Soc., 77, 266 (1955).

Three different methods of attack were, however, 
available. The first two will be mentioned briefly, 
since the first proved inconclusive and the second 
has been previously cited. I t was the third method 
for which complexing equilibria were experi
mentally studied.

Method A consisted of comparing meta and para 
substituted benzeneboronic acids8 with benzoic 
acids3 4 * through their acid dissociation constants, 
using a plot of pKa for X-C6H4B(OH)2 vs. Ham
mett’s <t values. It was thought that, if the tetra
hedral form prdeominated, a curvature might be 
observed at negative values because of the presence 
of a resonance form,

(3) C. K. Ingald, Structure and Mechanism in Organic 
Chemistry, Cornell Univ. Press, Ithaca, N. Y. (1953), 
Chapter XIII, pp. 738, 741, 750.

(4) J. Hine, Physical Organic Chemistry, McGraw-Hill,
New York (1956), pp. 72.
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possible for a triangular boron but not for the 
tetrahedral anion. Although a straight line is, in 
fact, obtained, suggesting the trigonal form, the 
reasoning involved is admittedly tenuous and the 
conclusions conflicts with those of the other 
methods.

Method B depends upon detection of a rather 
strong steric effect on the acidity of ortho substi
tuted benzeneboronic acids. McDaniel and Brown6 
have shown that ortho substituents inhibit the 
acidity of benzeneboronic acids, by comparison 
with substituted pyridines. Interpretation of the 
result as a steric effect leads to postulation of the 
tetrahedral structure; the trigonal form does not 
adequately account for the observed inhibition of 
the acidic function by substituents. Comparison of 
ortho substituted benzeneboronic acids with the 
corresponding benzoic acids yields the same result. 
Table I6 lists the ratio, “o/p”, of Iva for ortho 
substituted isomers in both series. Although 
the trigonal form would require that ‘‘o/p” be 
roughly the same for a given substituent in both 
series, the ratio is invariably smaller in the ben
zeneboronic acids. A steric effect is again implied, 
supporting the bulky tetrahedral structure for the 
benzeneboronate anion.

TABLE I
I o n iz a t io n  C o n s t a n t s  o f  S u b s t it u t e d  A c id s

Acid
Substit

uent
Ka

(para)
Ka

(ortho) “o/p”
Benzoic® OCHj 3.38 X 8.06 X 2.38

10 “5 10 “5
c h 3 4.24 12.3 2.90
H 6.27 6.27 8
Cl 10.5 114. 10.8
n o 2 37.0 671. 18.

Benzene- oc2h 5 0.608 X 0.91 X 1.50
boronic6 lO-io lO-io

c h 3 1.0 0.261 0.26
H 1.97 1.97 8
Cl 6.30 14.0 2.22
NO, 98. 5.6 0.057

° In water at 25° 6 In 25% ethanol at 25°.

Method C involved measurements of equi
librium constants for formation of complexes be
tween benzeneboronate ions and several organic 
polyhydroxy compounds, constants which had been 
measured for borate. Examples of such complexes

HOx :/ OH HO— c h 2
B/  \

HO OH HO—-CH2 2H’°

HO 9  0 —CH2 (CH;OH); C H j - O G ^ O — CH? 
B

c h 2— o/  xo — c h 2
B

HO/  X0 —CH, 2 H ,0

1:1 complex, I 2:1 complex, II

(5) D. H. McDaniel and H. C. Brown, J. Am. Chem. Soc., 
77, 3756 (1955).

(6) Compiled from the data of Branch and Dippy; see 
ref. 3.

are shown by the equations and structures I and 
II for the borates and III and IV for the phenyl- 
boronates. Formation of such complexes is well

OH

O - ! “ 0
o
V
H H 
III

XcHH

HQ H H
’\© A )—C-

H .Q
- C '  xBv I I B O-CH HC . , • 

r  \  H H O

1:2 complex, IV

H
,0

V

established, several having been isolated;7-8 it is 
known that, at least in dilute solution, only anionic 
complexes are formed to a detectable extent;9 
and a simple method is available for measuring 
their formation constants.

Clearly, only the tetrahedral form of benzene
boronate ion has enough hydroxyl groups to form a 
complex. If, then, the tetrahedral form predomi
nates, formation constants should be of the same 
order of magnitude as those of borate. If the con
stants were considerably smaller, it could be argued 
that the measured constants represent the product 
of the real constant for the tetrahedral form and a 
hydration constant for the trigonal form, which 
would then be seen as predominating.

For fourteen polyols (including 1,2- and 1,3- 
glycols and several sugars and derivatives), 
complex formation constants were calculated us
ing the method of pH depression. The pH of a ben- 
zeneboronate-benzeneboronic acid buffer changes 
when a polyol is added, i.e., the acid-base equilibrium 
shifts when some of the anion is removed by com
plex formation. This pH change, ApH, is related, 
as shown in the appendix, to the formation constant, 
1C,, and equilibrium polyol concentration, [P]f, 
by the Expression 1 which is more compact and

10-*pn  -  1
[P]f (1)

direct than that previously employed.9 It is subject 
to the condition that the acid and base forms are in 
equal concentrations initially, and to the assumption 
that the concentration of acid form remains con
stant.

In addition to the measurement of formation 
constants in benzeneboronate systems, certain 
experiments in the borate series which gave data 
either anomalous or inconclusive were repeated; 
two polyols are introduced which had not been 
measured. Symbols, definitions, assumptions, and 
derivations are all presented in the Appendix.

EXPERIMENTAL

Reagents. Polyols, with the following exceptions, were 
Eastman White Label grade and were used without further

(7) H. G. Kuivila, A. H. Keough, and E. J. Soboczenki, 
J. Org. Chem., 19, 780 (1954).

(8) J. M. Sugihara and C. M. Bowman, J. Am. Chem. 
Soc., 80, 2443 (1958).

(9) G. L. Roy, A. Laferriere, and J. O. Edwards, J. Inorg. 
and Nucl. Chem., 4, 106 (1957).
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purification: Phenyl-1,2-ethanediol, Eastman practical, re
crystallized from benzene and hexane; polyvinyl alcohol, 
Du Pont Elvanol grade 70-05, not further purified9; d -  
glucose, Matheson reagent; D-mannose, Pfanstiehl c.p.;
1,3-propanediol, Eastman practical, redistilled. Weighed 
amounts of each were dissolved in 0.5M K N 03 (B&A 
reagent) solution to provide stock solutions, usually one 
molar. From these were prepared replicates for measure
ment.

Benzeneboronic acid was prepared in yields up to 50 % by 
the method of Bean and Johnson,10 and recrystallized from 
benzene. Since the anhydride, C6HsB=0, is more stable 
and its purity more readily established than the acid, all 
samples were dehydrated by heating overnight at 105°. 
The neutralization equivalent (by alkali titration to the 
phenolphthalein end point in the presence of a tenfold excess 
of mannitol) was within 0.5 of the theoretical value of 
103.93 g./mol. The acid melted at 225° on a heated bar; 
melting point was not, however, utilized as a criterion of 
purity because of well known complications attributable to 
dehydration.11 Finally, three infrared bands reported 
recently for a number of benzeneboronic acids12 were found 
for a sample of anhydride in CCL, using the Perkin Elmer 
Infracord instrument.

Benzeneboronic anhydride was made up as a buffer solu
tion about 0.1 M  benzeneboronate by half neutralizing with 
potassium hydroxide (B&A reagent) the solution of a 
weighed sample. Borax, Na2B4O7T0H2O (B&A reagent), 
yields a solution in which the acid and base forms already 
have equal concentrations. The stock buffer solution was 
about 0.2.17 in borate.

Procedure. Differences in pH between polyol-free (blank) 
and polyol-containing benzeneboronate buffer solutions 
(rather than absolute pH) were measured. The expanded 
scale of a Beckman Model GS pH meter with standard 
calomel and glass electrodes was used, affording sensitivity 
better than ±0.003 pH unit and reproducibility about 
±0.005 pH unit. Solutions, always 50 ml. in volume, were 
placed in a jacketed flask in 25.00 ±  0.01° and stirred at a 
constant rate.

In general, for a given polyol, five buffer solutions were 
prepared for measurement from the stock solutions: one
blank and four replicates varying in polyol over a fourfold 
concentration range. In certain cases replicates needed to be 
very dilute in polyol or to include more than four concen
trations. Equilibrium in the complexing reaction was 
ostensibly reached immediately upon mixing polyol and 
buffer, as was previously found with borate systems.

Results. A fairly extensive series of complex 
formation constants was obtained from pH de
pression data; values of the constants, treated as 
explained in the Appendix, are listed in Table II, 
along with the corresponding values for borate 
equilibria. For purposes of the original problem, 
discussion of these constants is straightforward. 
A number of problems have arisen, however, in the 
interpretation of these data, and have been carried 
over from the borate studies which will be dealt 
with afterward.

All measured constants except that for 1,3- 
propanediol ranged, within experimental error, 
from slightly larger than the borate constant to 
twice as large. The correlation of pairs of values is

(10) F. R. Bean and J. R. Johnson, J. Am. Chem. Soc., 
54, 4415 (1932).

(11) Li. M. Dennis and R. S. Shelton, J. Am. Chem. Soc., 
52, 3128 (1930).

(12) L. Santucci and H. Gilman, J. Am. Chem. Soc., 80, 
193 (1958).

TABLE II
F o r m a t io n  C o n s t a n t s  f o r  P o l y o l  C o m p l e x e s

Polyol No.

Benzene
boronate

K Ki
Borate

K21 K ,/K /
Ethylene glycol 1 2.76 1.85 0.07 50
Propylene glycol 2 3.80 3.10 1.60 6.0
2,3-ButanedioF 3 (3.6)* 3.45 4.85 2.5
3-Methoxy-l,2- 4 8.45 7.50 5.55 10.1

propanediol
Phenyl-1,2-ethane- 5 9.90 7.45 7.16 7.8

diol
Catechol 6 17500 7800 14200 4300
Polyvinyl alcohol 7 (1-9)® 1.8 4.3 0.75
PentaerythritoF 8 650 240 1110 52
1,3-Propanediol 9 0.88 1.15 — —
Glycerol 10 19.7 16.0 41.2 6.2
D-(+)-galactose 11 276 127 298 54
Fructose 12 4370 650 98500 4.3
L-(+)-arabinose 13 391 130 675 25
D-glucose'* 14 110 80 770 8.3
D-mannose 15 172 50 49 51
Mannitol® 16 2275/ 2100 88500 50
a Probably a mixture of dl and meso forms. 6 Estimate 

from the log-log plot. (Fig. 1). c KI2 = 980,000 and Ki/K i2' 
= 0.31. dKa = 39,500 and Ki/K,2' = 0.30. eIC12 = 6,900,000 
and Ki/K 12' = 0.75.  ̂Average of two values (2450 and 2100) 
from different plots.

illustrated by Fig. 1; this plot of log K„ for ben
zeneboronate vs. log Ki for borate is linear and 
shows a slope slightly greater than unity. The 
conclusion is inescapable that the benzeneboronate 
ion has the tetrahedral structure, the high degree 
of complex formation being unaccountable other
wise.

Fig. !. Linear free energy plot of equilibrium constants 
forglycol-phenyl-boronates against glycol-borate. Numbers 
refer to glycols listed in Table II. Two points (3 and 7) 
shown as squares are not experimental points

The reasoning on which this conclusion is based 
is as follows: If the benzeneboronate ion wTere 
mainly trigonal, then the hydration equilibrium 2



772 LORAND AND EDWARDS v o l . 24

(2)

would have a constant less than one. The over-all 
reaction of anion and glycol to form complex would 
have an equilibrium constant Kc which would 
be the product of Kh times IvC4, where K« is the 
Reaction 3 of glycol with tetrahedral anion to form

OH
I ̂
B— OH
I
OH

+

H
HO—CH

HO—CH 
H

OH
'©

-B -0  

I / ° H
O -C H

+ 2H ,0

(3)

complex. Now the values with borate ion are KC4 
values since the aqueous borate ion is tetrahedral.2 
Making the reasonable assumption that the re
placement of hydroxyl by phenyl does not greatly 
influence the electronic picture about a four-co
ordinated boron, then one predicts that the KC4 
for phenylboronate should be the same size as for 
borate. Indeed the observed complexing constants 
are just slightly larger with phenylboronate than 
with borate, thus we feel that the anion is primarily 
tetrahedral. The alternative explanation (that 
Kh is less than one and Kc4 for phenylboronate is 
much larger than KC4 for borate) is unreasonable 
since no new types of bonds are formed or broken 
in the complexing reaction. In order to satisfy 
the quantitative aspects of these data, one must 
conclude that the phenylboronate ion is tetrahedral 
when uncomplexed as well as when complexed.

After submission of this paper, the recent article 
by Torssell13 was called to our attention. From 
measurements on the fructose and benzeneboronate 
system, he draws a conclusion similar to the one 
presented here.

It might be argued that comparison of two such 
series of equilibria, in one of which a double 
complex is consistently observed, is not justified. 
To the extent, however, that extrapolation of all 
sets of values to zero polyol concentration elimi
nates the effect of the second equilibrium in the 
borate series, and introduces a standard concentra
tion, the procedure is valid.

The first new problem in the interpretation of 
formation constants arose with the mannitol- 
benzeneboronate system as may be seen in Table 
III. In two series of measurements lie leveled off, 
and ApH ceased to be a function of polyol concen
tration, with increasing | P ] although the Kc — 
[P]f plot is linear, with negative slope, at low con

centrations. Such behavior has not been observed 
with other polyols, linear plots throughout being 
the rule. The usual significance of large variations in 
Kc with concentration is given in the Appendix. 
The leveling off of ApH is an indication of the for
mation of neutral complexes in competition 
with anionic complexes. Complexing of the acid 
form is a pH-increasing force, while that of the 
anion is a pH-decreasing one. This fact explains 
the observation that ApH becomes virtually con
stant, within experimental error, if the concentra
tions of anionic and neutral complexes are con
ceived to increase at comparable rates. On this basis, 
one can derive the Equation 4 where Kh is the for-

K _ K»Ki 
h [H+]c (4)

mation constant for the neutral complex and 
[H+]c is the value of hydrogen ion concentration 
when the pH has become constant. Using the values 
of Ki = 2275 and — ApH = 2.80, it is estimated the 
Kh is about 3.6 for the mannitol-benzeneboronic 
acid complex.

TABLE III
E f f e c t  o f  M a n n it o l  C o n c e n t r a t io n  o n  pH  C h a n o e

[Mannitol ]f Series“ - p H Kj>

0.1834/ A 2.505 1750
0.338 B 2.630 1260
0.383 A 2.705 1330
0.499 B 2.730 1083
0.583 A 2.786 1050
0.597 B 2.760 955
0 697 B 2.795 881
0.783 A 2 830 865
0.797 B 2.795 771
0.897 B 2.825 747
0.977 B 2.805 655

“ Series A; [benzeneboronate] = 0.0174M and Series B; 
[benzeneboronate] = 0.00174/IL 6 Calculated assuming 
only a “1:1 complex.”

Another conclusion that seems quite certain is 
that the neutral complexes of benzeneboronic acid 
must be more strongly acidic than the free acid 
itself. Such a conclusion can be drawn directly 
from a thermodynamic cycle involving the pos
sible species and the known constants. The reason 
for this is possibly linked up with the oxygen- 
boron-oxygen angle which is roughly 120° in the 
neutral species and about 109° in the anionic 
species. In this connection, it should be pointed out 
that the observation here that anionic complexes are 
favored is in no way contradictory to the discovery 
of neutral complexes elsewhere,7'8 since gross dif
ferences in conditions prevail.

It is notable that polyvinyl alcohol gave a pH 
increase with benzeneboronate. Although precipi
tation from these systems occurred, the highest pH 
increase was observed in the solution containing the 
smallest amount of precipitate. Polyvinyl alcohol 
in borate buffers gave a small measurable pH(13) K. Torssell, .1 rkiv Kemi, 10, 541 (1957).
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decrease9 (see Table II for constants). The most 
concentrated replicate in the pentaerythritol- 
benzeneboronate series gave a precipitate; whether 
this contained a neutral or anionic complex, or 
pentaerythritol itself, has not been ascertained. 
When more accurate measurement of the catechol- 
borate system was attempted in the range 0.2 to 
0.8M, precipitation occurred in all replicates. 
Since precipitation was not observed in the previous 
borate work,9 and since no potassium ion was then 
present it was concluded that the precipitate con
tained the potassium salt of the anionic “2:1 
complex.” Since, however, this precipitate appeared 
to contain two crystalline phases, the conclusion is 
tentative. It may be that the other precipitates 
noted contained potassium salts of complexes, 
and further work along these lines is needed.

The great difference between constants for 1,3- 
propanediol and pentaerythritol is intriguing, since 
both have apparently simple 1,3-diol systems. 
Statistical reasoning would suggest that K0 for the 
former should be one sixth that for the latter: 
pentaerythritol can accommodate the first ben- 
zeneboronate (or borate) ion in six ways, 1,3- 
propanediol only one. Such things as statistical 
factors can not explain the orders of magnitude 
difference, however. Professor J. F. Bunnett has 
pointed out that pentaerythritol could form com
plexes of the type and this may well be the correct

HOCH2—C-CH2-O—B -—OH
'x c h 2—0 /

reason for the high formation constants for this 
polyol as compared to 1,3-propanediol.

Mannitol, pentaerythritol, and glucose are the 
only polyols for which a value for the second forma
tion constant Ki2 has been estimated in the ben- 
zeneboronate system. This suggests an explanation 
for the notable deviation of mannitol on the log- 
log plot. If there are mannitol-borate complexes of 
the 1:2 type (in dilute mannitol solutions) the 
observed constant Ki with borate will be slightly 
large. The result of any correction would be to 
lower the Ki value and thereby to bring the point 
on the plot closer to the line.

Other borate values redetermined here included
3-methoxy-l,2-propanediol (Kt lower than re
ported in ref. 9), and fructose, previous data for 
which contained too much scatter for either a pre
cise extrapolation or slope determination.14

A second major problem was encountered in the 
relationship of Ki and K2i. That K2i is frequently 
far larger than Ki is puzzling until it is realized 
that K21 describes the formation of a “2:1 complex” 
not from the “1:1 complex,” but from the borate 
(or benzeneboronate ion if one is referring to Ki2) . 
The Appendix gives a derivation of the relationship

among Kj, K21, and the constant for the former 
process, K2'.

K2' = Ka/Ki

By simple statistical reasoning, Ki and K2' 
should be related by

K j/E V  =  4

if addition of the first glycol does not alter the bind
ing capacity for the second glycol. I t is this relation
ship which has significance, not that between Ki 
and K21. Values of K2' and Ki/K 2' are presented in 
Table II. Departure from the ideal value for the 
ratio is widespread, approaching four only with 
simple 1,2-diols and fructose and glucose. There is 
little basis for speculation on this problem, but a 
few observations can be made; (1) Values may be 
accurate only within 50%. (2) Catechol gives an 
extremely large value and several sugars give values 
in the range 25-60. (3) Pentaerythritol, mannitol, 
and glucose with benzeneboronate are in the range 
0.3 to 0.7 (reasoning for “1:2 complexes” of this 
type is analogous to that for 2:1 complexes of 
borate). (4) K2i for 1,3-propanediol was not meas
urable because the medium effect predominated.

Appendix. Origin of formulas. Symbols used:
Kc = measured equilibrium constant 

fP] 0, [P]f = polyol concentration—initial and 
final, respectively

[BH] = boric or benzeneboronic acid con
centration

[B- ] = borate or benzeneboronate concen
tration

[BP- ] = “1:1 complex” concentration 
[BP2-] and [B2P ] = “2:1 complex” and “1:2 complex” 

concentrations
[BPh-] = IBP-] +  [BP2-] +  . . . = total 

complex concentration

Equilibria and constants: acid-base—

BH +  H20  = B - +  HsO + IV = LJ_> j [ U  j
[BH] (5)

complex-f ormation—

B - +  P = B P- +  2H20 K, = [BP-]
[B-],2 (6)

B - +  2P = BP2-  +  4H,0 IVi = [BP,] (7)[B —] [P] f2

2B- +  P = B2P — +  4H20 k 12 = [B.P—] 
[B~]2[P]f (8)

X _  or
0 [B-][P]f°r

[B„P -"] 
[B-][P]f (9)

Conservation of mass:
[B —]„ = [B —] f +  [BPn ] (10)
[P]o = [P]f +  [BPm—] (11)

[BH]„ = [BH]t (12)

Equation 12 is based on two assumptions, both 
of which are reasonable. The first is that only the 
anion forms complexes appreciably; its validity is 
based on the fact that the change in pH with glycol(14) G. L. Boy, Sc.M. thesis, Brown University (1950).
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concentration cannot be explained if the acid form 
complexes (see text for the exceptional case of 
mannitol). The second assumption is that the 
change in concentration of acid form due to 
ionization (Equation 5) is negligible; such must be 
the case since the concentration of hydrogen ion 
never exceeded 10 ~6Af.
From (5) log [H+] = log Ka +  log [BH] — log [B~] 

with polyol present,
— pHf = —pKa +  log [BH], — log [B“]t 

w/o polyol,
- p H 0 = -p K , +  log [BH]f -  log [B~]0 

and by addition,
pHt — pH0 = ApH = log [B-]f — log [B“]0 

Then ApH = log or

ioAp °h =  -  tBp»"!
[B -]0

by equation (9), and, 10APfl = 1 

by equation (6), [BPn~] = K0[B- ]t[P]f

and lOApH = 1 -  Kc[P]f

[B —] o 
[BPn-
IB“ ]»

[B-

( 1 3 )

[B-
= 1 -  KolPlf lOApH

division by 10ap#  gives IC, =
10-ApH _  i

[Ph
Measurements yield ApH; [P]f is found by cor

recting [P]0 with the use of equations (10), (11), 
and (13).

Treatment of constants. K„ = Kj if only “1:1 
complex” is formed. Kc is then usually found to 
decrease slightly with polyol concentration in
crease, owing to decline in the dielectric constant; 
a standard value is obtained by extrapolation to
[P]f = o.

When 2:1 complex (from two polyol molecules) 
is present,

K0 = [BP: i - t riBP^ ]- -K , +  K21[Ph, from (7) and (9) IB JfLPJf

Ki and K2i ore obtained by plotting K„, extrapolat
ing to [P]t = 0, and measuring the slope.

For a complex formed from two anions and one 
polyol molecule, reasoning is similar, and Ki and 
Ki2 are obtained as above:

K„ = K: +  2KIS[B-]f

Relationship of K f , K2 and Ki. The formation 
constant for “2:1 complex” from “1:1 complex” is

, _  [BP,~]
[BP- ] [P] f

since [BP- ] = KRB- ] [P]f, it follows from (6) and (7) that

K ,'-K , [B P ,- ] _  
[B- ] [P]1 2 3f
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A number of new mixed benzoic (and mesitoic)-carbonic anhydrides (C6H5COOCOOR) have been prepared and charac
terized. They are stable at room temperature, but decompose around 150-170° with carbon dioxide evolution. It has been 
shown that the thermal decomposition of these anhydrides proceeds by two different paths: A, formation of an ester by loss 
of carbon dioxide and B, disproportionation to the symmetrical anhydride, alkyl carbonate, and carbon dioxide. Path A 
is favored when the point of attachment of the alkyl group is a secondary carbon or a primary carbon, with heavy sub
stitution on the 0-carbon. Both paths A and B occur about equally when the alkyl group is primary, as ethyl or butyl. Al
though tertiary amines lower the temperature of decomposition of the anhydrides, they do not alter the course of the decom
position. Rearrangement of the mixed anhydride from ( —)-2-octanol proceeds with complete retention of configuration. 
A-Methylpiperidine is a much more effective catalyst than triethylamine in forming the mixed anhydride from a highly 
branched chlorocarbonate.

It was shown in an earlier paper2 that mixed 
carboxylic-carbonic anhydrides, RCOOCOOR/

(1) National Science Foundation Fellow, 1958-59.
(2) D. S. Tarbell and N. A. Leister, J. Org. Chem., 23, 

1149 (1958). This paper contains leading references to the 
literature describing the usefulness of the mixed anhydrides 
as acylating agents.

were, in general, reasonably stable compounds 
which could be obtained in pure form. It has been 
considered2-4 that the mixed anhydrides decom-

(3) J. Herzog, Ber., 42, 2557 (1909); A. Einhorn, Ber., 42, 
2772 (1909); T. Wieland and H. Bernhard, Ann., 572, 190 
(1951).
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TABLE I
M i x e d  C a r b o x y l ic -C a r b o n ic  A n h y d r id e s

0  0

R—¿ —O—¿ —OR '

R R ' Formula
Carbon, % 

Caled. Found
Hydrogen, % 
Caled. Found

Infrared
Bands,
Cm.“1

CeHä CH2CH3 n\D5 1.4988 C10H10O4 61.85 62.23 5.19 5.32 1800, 1739
C Ä c h 2c h 2c h 2c h 3 «"„• 1.4902 C12ÍÍHO4 64.85 64.65 6.35 6.35 1802, 1745
C6H5 CH2—C(CHs)3 n D5 1.4849 CiaHjeOi 66.08 66.44 6.83 7.05 1802, 1745
c 6h 5 CH2—C(CH2CH3)3 n\D5 1.4913 C16H22O4 69.04 69.06 7.97 8.05 1802, 1745
c6h 5 c h 2—c 6h 5 a 1800,1739
c 6h 5 CH(CH3)C„H13 n2D 1.4801 C16H22O4 69.04 69.41 7.97 8.17 1795, 1739
c6h 6 CH(CH(CH3)2)24 »D 1.4890 C15H20O4 68.16 68.45 7.63 7.73 1795,1739
2,4,6-(CH3)3—C6H2 c h 2c h 3 n]b6 1.4919 C13H16O4 66.08 65.83 6.83 6.85 1802, 1754
2,4,6-(CH3)s—C6H2 CH(CH3)CsH13 ra d4 1.4802 C19H28O4 71.22 71.08 8.81 8.85 1802, 1754
“ Too unstable for valid elemental analysis. 4 Required Ar-methylpiperidine as the tertiary amine during synthesis. Tri- 

ethylamine gives only 40% conversion of reactants to mixed anhydride.

pose by two routes, path A leading to ester, and 
path B giving the symmetrical disproportionation 
products. Thus, for the benzoic-carbonic anhydride :

served for a sample of the mixed anhydride dis
solved in toluene, after a heating period of 8 hr. 
The temperature range of 150-170° was selected

O

C6R

O O

OR

C6H6—C—OR +  C02

\ B  O O O

c 6h 5—è —o— C6H5 +  RO—è —OR +  co2
The present paper gives evidence for this dual 
mode of decomposition of pure mixed anhydrides, 
studies the effect of structural changes in R on the 
proportion of paths A and B, and indicates the 
stereochemical course of the reaction when the R 
group is attached to oxygen through an asym
metric carbon.

The mixed anhydrides synthesized and studied 
are listed, along with analytical and infrared data, 
in Table I. They were prepared from benzoic (or 
mesitoic) acid and the appropriate alkyl chloro- 
carbonate in the presence of triethylamine or of 
A'-methylpiperidine in ether solution. (The latter 
base proved superior in the case of the chloro- 
carbonate derived from the highly branched al
cohol, 2,4-dimethyl-3-pentanol.) The chloro- 
carbonates were generated from phosgene and the 
appropriate alcohol.

With the exception of benzoic-benzylcarbonic 
mixed anhydride, the mixed anhydrides showed no 
essential changes in their infrared absorption 
spectra after standing at room temperature for 
several months. A temperature greater than 100° 
was required to effect a marked degree of decom
position. Even at the temperature of boiling toluene, 
112°, no change in the infrared spectrum was ob-

(4) D. S. Tarbell and J. A. Price, J. Org. Chem., 22, 245
(1947); E. Schipper and J. Nichols, J. Am. Chem. Sot., 80, 
5714 (1958). A recent communication [T. B. Windholz, 
J. Org. Chem., 23, 2044 (1958)] reports observation of paths
A and B.

for the rearrangements since it gave total decomposi
tions within a convenient time interval of 2 to 4 hr. 
As seen from the reaction paths, both modes of de
composition of the mixed anhydride lead to the 
evolution of carbon dioxide. Assuming both these 
paths of decomposition to occur simultaneously, 
the measurement of the total quantity of carbon 
dioxide evolved should give a reliable indication of 
the predominant path taken by the reaction, since 
path A evolves one equivalent of carbon dioxide, 
and path B evolves one-half equivalent of carbon 
dioxide.

Hence, the mixed anhydrides were heated in a 
flask provided with a nitrogen sweep, and the 
carbon dioxide was trapped in an absorption tube 
filled with “Ascarite.” Isolation of the three ex
pected products from each of the rearrangements 
and in the yields required by the total quantity of 
carbon dioxide trapped, within experimental error, 
indeed proved the validity of the original assump
tions. As seen from Table II, the course taken by 
the rearrangement depends on the type of alkyl 
group in the mixed anhydride. When the point of 
attachment of the alkyl component is a secondary 
carbon atom or a primary carbon atom with heavy 
substitution on the /3-carbon atom, the decompo
sition is chiefly to the respective ester. When the 
point of attachment is a primary carbon atom, 
such as ethyl or butyl, the decomposition proceeds 
about equally along paths A and B. The mixed 
anhydride derived from mesitoic acid leads to
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/  /
T hermal R earrangem ent of M ixed  C arboxylic-C arbonic A nhydrides (R— C — 0 — C — O— R')

R R' Temp.
Catalyst 
(Mole %)

C02
Evolved

% of
Theory

%
Ester
Pre

dicted

Cl /0
Ester

Recov
ered

c6h 5 CH2CH3 150° None 69 38 41
c 6h 5 c h 2c h 3 155° None 70 40 —
c 6h 6 c h 2c h 3 130° C6H5N(CH3)2(4) 69 38 42
c6h 5 c h 2c h , 70° C5H10NCH3(4) 68 36 35
c 6h 5 c h 2c h 3 125° C5H10NCH3(1) 75° 50 —
c 6h 5 c h 2c h 2c h 2c h 3 150° None 78 56 50
CgHô c h 2c h 2c h 2c h 3 115° E t3N (3) 75 50 —
c 6h 6 CH2C(CHs)3 150° None 79 58 48
c 6h 5 CH2C(CH2CH3)3 150° None 89 78 85
CeHa 1-CH(CH3)C6H13 170° None 84 68 65
c 6h 5 CH(CH3)C6H13 170° None 84 68 —
c6h 5 CH(CH3)C6H13 115° C6H10NCH3(4) 84 68 —
c 6h 5 CH(CH(CH3)2)2 Ca. 170° None — — 716
2,4,6-(CH3)3CsH, c h 2c h 3 170° None 56 12 10
2,4,6-(CH3)3C3H2 CH(CHs)C6H13 170° None 90 80 77

a This rearrangement in 1.9 molar excess of ethyl carbonate. 6 Benzoate ester of 2,4-dimet.hyl-3-pentanol formed during 
attempted acylation of ethanol by mixed anhydride. This ester formed during distillation of reaction mixture, which con
tained unreacted mixed anhydride.

substantially the same result when the alkyl com
ponent is 2-octyl, but gives almost exclusively 
disproportionation when the alkyl component is 
ethyl. The presence of tertiary amines, such as 
triethylamine, iV-methylpiperidine, or JV,lV-di- 
methylaniline during the rearrangement process 
evidently has a catalytic effect, since the elimi
nation of carbon dioxide takes place at a much 
lower temperature. A significant fact is that the 
ratio of the two reaction paths is not altered. 
Neither does the presence of excess diethyl carbon
ate during the decomposition of benzoic-ethyl- 
carbonic anhydride shift the reaction path mark
edly.

Ester formation (path A) occurs directly from the 
mixed anhydride, and not through prior dispro
portionation to symmetrical products (path B) 
followed by esterification of the anhydride by the 
organic carbonate.48 Equivalent amounts of di
ethyl carbonate and benzoic anhydride were 
heated under the conditions of the decomposition, 
but no carbon dioxide was eliminated. The same 
results were obtained with di-2-octyl carbonate and 
benzoic anhydride. The addition of tertiary amines 
had no effect in promoting this reaction; only start
ing materials were isolated in each case.

Some insight into the mechanism of the re
action was gained by the rearrangement of benzoic- 
2-octylcarbonic anhydride, where a center of 
asymmetry was introduced into the alkyl portion 
of the anhydride. It was found that the configura
tion at this center of asymmetry was completely 
retained in the resulting 2-octyl benzoate. This 
rules out the formation of an easily racemizable 
carbonium ion, resulting from an alkyl oxygen

cleavage as a step in the rearrangement process. 
Also ruled out is a prior dissociation to a benzoate 
ion and a rearward attack by this ion on the center 
of asymmetry, to invert the configuration. The 
path leading to disproportionation products must 
also lead to retention of configuration, since the 
sample of optically active 2-octyl benzoate was 
contaminated with di-2-octyl carbonate, because 
of identity of boiling points of the two compounds. 
Hydrolysis of the mixture, however, yielded 2- 
octanol with a rotation identical to that of the 
starting alcohol. The following sequence of re
actions was carried out with ( —)-2-octanol:

CH3

COCb +  HO—¿HC6H,3 -—*
o  c h 3

Cl— O—¿HCcH13 +  HC1 (1)

o o  c h 3
II II I Et,N

C6H— C~ OH +  Cl—C—O—CHCeH.a— >*
O O CH,

C6H5--C—O— O- ¿HC6H13 +  EtjN.HCI (2)*
O O CH:,

c6h s—h-- o —h —o —¿ h c sh 13 *
0  CH,
1 !C6H5—C—OCHC6H,3 +  CO, (3)%

<) CH-
11, 1  OH -

C,H, O O—CHC6H,3— >
*  I L O

O CH:,

(Ml. O OH +  HO CHCMl,:, (4) *(4a) Cf. T. B. Windholz, ref. 4.
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It is unreasonable to suppose that the asym
metric center is disturbed in reactions (1) and (2) 
and it is well known that Reaction 4 proceeds with 
retention of configuration.5 6 Hence two inversions of 
configuration in the sequence, one in Reaction 3 
and another in one of the other three reactions, 
leading to apparent retention during the sequence, 
can be ruled out. Houssa and Phillips6 obtained the 
same stereochemical result when they heated 
potassium benzoate and ( —)-2-octyl chlorocarbon- 
ate. However, this procedure was attended by low 
yields of the optically active ester, the formation of 
large quantities of ( —)-2-octanol, and a poor over
all material balance; furthermore, threre was no 
evidence that the mixed anhydride was actually an 
intermediate.

Further evidence for the lack of formation of a 
carbonium ion during the decomposition of the 
mixed benzoic-carbonic anhydride is that no rear
rangement of the neopentyl skeleton took, place. 
Under certain conditions, the neopentyl system 
undergoes a skeletal rearrangement, presumably 
through a carbonium ion.7 In the light of this evi
dence, it is difficult to explain the ready decompo
sition of the benzyl mixed anhydride, which elimi
nated carbon dioxide even at room temperature. 
The major path followed in this decomposition 
could not be determined because of similarity of the 
boding points of all three products. However, the 
three expected products are present in more than 
trace amounts, because of strong absorption at the 
expected frequencies in the infrared.

A procedure for making esters reported by New
man,8 in which the sodium salt of an acid is heated 
with an alkyl chlorosulfite, is undoubtedly similar 
to the one discussed in this paper.

Work is currently in progress in these laboratories 
to elucidate the mechanism of these rearrangements 
and to establish their relationship to various 1,3- 
rearrangements, such as the decomposition of 
chlorocarbonates9 and chlorosulfites,10 and the re
arrangement of thione carbonates.11

EXPERIMENTAL12 *

2,4-Dimethyl-3-pentanol,4 2,2-diethyl-l-butanol,lz and neo
pentyl alcohol14 were prepared following the references indi

(5) B. Holmberg, Ber., 45, 2997 (1912).
(6) A. Houssa and H. Phillips, J. Chem. Soc., 2510

(1929).
(7) F. C. Whitmore and G. H. Fleming, J. Chem. Soc., 

1269 (1934). F. C. Whitmore, E. L. Wittle, and A. H. 
Popkin, J. Am. Chem.. Soc., 61, 1586 (1939). I. Ilostrovsky 
and E. D. Hughes, J. Chem. Soc., 169 (1946).

(8) M. S. Newman and W. S. Fones, J. Am. Chem. Soc., 
69, 1046 (1947).

(9) K. B. Wiberg and T. M. Shryne, J. Am. Chem. Soc., 
7 7 , 2774 (1955).

(10) C. E. Boozer and E. S. Lewis, J. Am. Chem. Soc., 
7 5 , 3182 (1953).

(11) H. R. Al-Kazimi, 1). S . Tarbell, and 1>. Plant,
J. Am. Chem. Soc., 7 7 , 2479 (1955); D. H. Powers and
D. S. Tarbell, J. Am. Chem. Soc., 7 8 , 70 (1956).

cated, and had physical properties in agreement with those 
reported.

Preparation cf alkyl chlorocarbonates. Except for ethyl 
chlorocarbonate, which was commercially available, all the 
chlorocarbonates used in this study were prepared by the 
action of phosgene on the respective alcohol. Following is 
the general method used: In a 250-ml., three necked flask 
set in a Dry Ice-acetone bath, was condensed approximately 
100 g. (1 mole) of phosgene. The flask was transferred to an 
ice bath and fitted with a stirrer, a condenser, and a dropping 
funnel. Over a period of one hour, 0.7 mole of the alcohol Was 
added. The ice bath was removed after the addition and the 
mixture allowed to stand at room temperature overnight. 
The excess phosgene was removed by means of an aspirator 
for ca. 2 hr., and the residue fractionally distilled. The 
chlorocarbonates synthesized in this manner are listed in 
Table III.

Di-2-oclyl carbonate was made by the action of 2-octanol 
on 2-octyl chlorocarbonate. Our sample had b.p. 118-123° 
(0.7-1 mm.), 1.4280; the reported16 b.p. is 168° (13
mm.).

Preparation of carboxylic-carbonic anhydrides. In a 250- 
ml. three-necked flask were placed benzoic acid, an equimolar 
quantity of pure triethylamine and dry ether (100 ml. for 
every 0.04 mole of reagent used). The flask was equipped 
with a stirrer, addition funnel, and reflux condenser. The 
mixture was cooled to 0 to 5° and an equimolar quantity of 
the alkyl chlorocarbonate was added at such a rate as to 
keep the temperature of the mixture between 0 and 5°. After 
the addition, the reaction was allowed to continue for an 
additional 0.5 hr. at the temperature of the ice bath, then 
slowly warmed to room temperature. The triethylamine 
hydrochloride was recovered by filtration in better than 
95% yield in all cases. The filtrate was washed thoroughly 
with dilute hydrochloric acid, saturated sodium bicarbonate 
solution, and water, then dried over anhydrous magnesium 
sulfate. After thorough drying, the ether was removed under 
reduced pressure at room temperature, leaving behind a 
clear, mobile liquid. The mixed anhydrides thus prepared 
are listed in Table I. Little or no change in the infrared 
absorption spectra of the samples was noticed after standing 
at room temperature for several months.

Thermal rearrangement of mixed carboxylic-carbonic an
hydrides. The mixed anhydride (about 0.05 mole) prepared 
and isolated as described above, was accurately weighed 
into a 50 ml. round bottomed flask, equipped vTith a gas 
inlet tube, thermometer, and a reflux condenser. The reflux 
condenser was attached to a U-trap filled with “Anhydrite,” 
which in turn was attached to an absorption bulb filled with 
“Ascarite.” Heating of the flask containing the mixed 
anhydride was accomplished by means of an oil bath. The 
carbon dioxide evolved was swept by a continuous stream of 
nitrogen. The absorption bulb was periodically weighed and 
the heating stopped when it reached constant weight. After 
dissolving the rearrangement product in ether and washing 
it with dilute hydrochloric acid, saturated sodium bicar
bonate solution and water, it was dried over anhydrous mag
nesium sulfate. The products of the rearrangement were 
isolated by means of fractional distillation through a 
vacuum-jacketed Vigreux column (100 X 10 mm.). The 
experiments with ethyl, butyl, and neopcntyl mixed an
hydrides are not described in detail because their decom
position products represent knowm products. The yield of 
benzoate ester reported in Table II represents a corrected 
yield, that is, it includes benzoate ester obtained in a pure 
form and also that contaminated with organic carbonate in

(12) Melting points arc uncorrected. Microanalyses are 
by Miss Annette Smith and Dr. Franz Pascher.

(13) S. Sarel and M. S. Newman, J. Am. Chem. Soc., 78, 
5416 (1956).

(14) D. Y. Curtin and S. M. Gerber, J. Am. Chem. Soc., 
74, 4052 (1952).

(15) H. Hunter, ./. Chem. Soc., 1389 (1924).
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TABLE III
P r o p e r t ie s  o f  A l k y l  C h l o r o c a r b o n a t e s

O

r —o —l:—ci

R B.P. nn
Literature,

B.P.
Literature,

n d°

ii-CiH9 45-46° 1.4095 138°° 1.4128
(18 mm.) (24°)

CH2C(CH3)3 39° 1.4085 52° 1.4091
(15 mm.) (23°) (27 mm.)6

CH2 Ceils 73-74° 1.5146 103° ---
(3 mm.) (25°) (19-20 mm.)1

CH(CH(CH3)2)2 95-97° 1.4220 90-100° 1.4225
(69-70 mm.) (20°) (60-70 mm.)Æ

CH(CH3)C6H13 92-93° 1.4252 92° 1.4282
(12 mm.) (25°) (13 mm.)‘

CH2—C(C2H5) / 133° 1.4381 — —
(85 mm.) (24°)

a A. N. Kost, Russian Doctoral Dissertation, Chem. Abstr., 47, 9907 (1953). 6 F. Strain et al., J. Am. Chem. Soc., 72, 1254 
(1950). c J. Thiele and F. Dent, Ann., 302, 257 (1898). d D. S. Tarbell and J. A. Price, J. Org. Chem., 22, 245 (1957). e H. 
Hunter, J. Chem. Soc., 1389 (1924). f  Calcd. for C9H17O2CI: C, 56.10; H, 8.90. Found: C, 56.63; H, 9.14. The carbamate, 
made by the action of concentrated aqueous ammonia on this chlorocarbonate had m.p. 93.5-94.5° after purification by 
sublimation. Calcd. for C9Hi9N 02: C, 62.39; H, 11.05; N, 8.09. Found: C, 61.91; H, 10.98; N, 8.36.

intermediate fractions. These corrections were made by 
application of ultraviolet and hydrolysis experiments. The 
experiments with the optically active mixed anhydride, and 
cases in which new compounds were formed, are described 
in detail below.

Rearrangement of optically active benzoic-2-octylcarbonic 
anhydride. Optically active 2-octyl chlorocarbonate was 
made in the manner discussed above using 2-octanol having 
a —6.82 ±  0.03° (neat, 1 = 1) and b.p. 81-83° (14 mm.), 
» d° 1.4250. Having generated the benzoic mixed anhydride 
(16.3 g., 0.059 mole) and decomposed it in the standard 
manner, an 84% yield of carbon dioxide was collected. 
Upon fractionation of the rearrangement product, there 
was obtained 11.1 g. of liquid, b.p. 117-119° (0.7-1 mm.), 
?rD6 1.4680 to 1.4799; reported6 for 2-octyl benzoate, b.p. 
171° (20 mm.), n 1.4840. An authentic sample had b.p. 
113-116° (0.5 mm.), n™ 1.4885. An authentic sample of 
di-2-octyl carbonate had b.p. 118-123° (0.7-1 mm.), n2J  
1.4280. All fractions, besides showing a strong infrared 
absorption band at 5.80/1, typical for aromatic esters, 
showed weaker absorption at 5.75m, apparently due to the 
presence of di-2-octyl carbonate. The residue from the dis
tillation yielded benzoic anhydride, 1.8 g. (27%). Saponifica
tion of the above distillate in alcoholic potassium hydroxide 
gave an 80% yield of benzoic acid, indicating that only 80% 
of the liquid product obtained from the rearrangement 
was 2-octyl benzoate. From the infrared spectrum and 
boiling point, the remaining 20% is di-2-octyl carbonate. 
On this basis, the yield of 2-octyl benzoate from the rear
rangement is 65%, reasonably close to the predicted 68%. 
The 2-octanol obtained from the saponification had a 2Ds 
— 6.87 ±  0.03° (neat, 1 = 1) and b.p. 77° (10 mm.), m2D° 
1.4250.

Rearrangement of benzoic-2,2-diethyl-l-butylcarbonic anhy
dride. Fractionation of the rearrangement product resulting 
from this mixed anhydride (12.3 g., 0.044 mole) yielded two 
fractions, the first, 1.2 g., with b.p. 109-113° (1 mm.) was 
contaminated with a white solid (approx. 0.2 g.) which was 
benzoic acid. The second, b.p. 113-114° (1 mm.) n2D° 
1.4942, amounted to 7.8 g. The residue from the distillation 
amounted to 0.5 g. and yielded 0.2 g. (4%) of benzoic 
anhydride. An infrared spectrum of the remaining material 
indicated the presence of organic carbonate and benzoic 
anhydride. A sample of the second fraction, redistilled before 
submitting for analysis, had b.p. 110° (0.7 mm.) ra2D5' 5 
1.4945.

Anal. Calcd. for Ci5H220 2: C, 76.88; H, 9.46. Found: 
C, 77.44; H, 9.75.

A similar sample of this material had a maximum in the 
ultraviolet at 228 him (log t, 4.03) in 95% ethanol. The 
ultraviolet absorption spectrum16 of alkyl benzoates has a 
maximum at 228 my (log ., 4.02 to 4.09) in 95% ethanol. 
Saponification of this material yielded benzoic acid and an 
alcohol whose 1-naphthylurethan had m.p. 135-136°, unde
pressed by the 1-naphthylurethan of authentic 2,2-diethyl- 
1-butanol. The reported17 m.p. for this derivative is 135-136°.

Rearrangement of meiitoic-2-octylcarbonic anhydride. Frac
tionation of the rearrangement product resulting from this 
mixed anhydride (12.9 g., 0.0403 m.) yielded 8.9 g. of liquid 
b.p. 137-148° (1 mm.), s !D* 1.4561-1.4871. The first two frac
tions, 1.3 g., b.p. 137-141°, contained an aromatic ester 
and an organic carbonate, as evidenced by peaks in the 
infrared at 5 . 8 0 m , and 5 . 7 5 m , respectively. The latter three 
fractions, 7.6 g., b.p. 141-148°, were redistilled, and a middle 
cut having b.p. 145-147° (1 mm.) n 1.4835 submitted 
for analysis.

Anal. Calcd. for C18H280 2: C, 78.21; H, 10.21. Found: C, 
78.03; H, 10.26.

In addition, an authentic sample of 2-octyl mesitoate 
made from mesitoyl chloride and 2-octanol had the same 
properties and infrared spectrum as the above sample. The 
residue from the above distillation yielded 1.2 g. (19%) of 
mesitoic anhydride, m.p. 104°, undepressed by an authentic 
sample. The reported18 m.p. for mesitoic anhydride is 106- 
107°.

Attempted reaction of di-2-octyl carbonate and benzoic 
anhydride. Di-2-octyl carbonate (4.1 g., 0.014 m.) and ben
zoic anhydride (3.2 g., 0.014 m.) were heated at 177° in 
the manner used for the decomposition of the mixed anhy
drides. No carbon dioxide was trapped after 3 hr. of heat
ing. The addition of iV,A-dimethylaniline (0.10 g., 0.0008 
m.) and continued heating likewise produced no carbon 
dioxide. Fractionation of the mixture yielded only starting 
materials. Repetition of the experiment with ethyl carbonate 
and benzoic anhydride yielded similar results.

R o c h e s t e r , N. Y.

(16) H. E. Ungnade and R. W. Lamb, J. Am. Chem. Soc., 
74, 3789 (1952).

(17) R. V. Rice el al, J. Am. Chem. Soc., 59, 2000 (1937).
(18) R. C. Fuson, J. Corse, and N. Rabjohn, J. Am. 

Chem. Soc., 63, 2852 (1941).
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The Structure of Certain Polyazaindenes. I. Absorption Spectra
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The structures of the polyazaindenes have been uncertain since their discovery many years ago, inasmuch as the syn
theses are ambiguous, and no mild methods of degradation are available. The infrared and ultraviolet absorption spectra 
of a number of related heterocyclic ring systems are discussed. Structures are assigned based on the interpretation of the 
data.

The present paper is concerned with the in
terpretation of the ultraviolet absorption spectra of 
a large number of heterocyclic bases of related 
structures. The first part (A) deals with the con
densation products of ethyl ethoxymethylene- 
malonate (I) with various heteroamines. The second 
part (B) covers the structure of the condensation 
products of ethyl acetoacetate with these same 
amines. Parts C and D are concerned with the 
thiadiazaindenes, the tetrazaindenes, and the 
pentazaindenes.

A. Carbethoxyazcmaphthalenes and carbethoxy- 
azaindenes. The substances (old and new) were pre
pared by condensing a number of heterocyclic

amines having the amidino group, —N = C —NH2, 
with ethyl ethoxymethylenemalonate (I) and ethyl 
acetoacetate. For instance, in a reaction involving 
I, X, Y, and Z may be nitrogen, sulfur, or carbon. 
The amines employed were 2-aminothiazoles, 2-

CAOCO

CAOCO

V ' ï
•N----Z

O II
or

0 , N X -Yh
■N— Z

III

amino-1,3,4-thiadiazoles, 5-amino-3-methyl-l,2,4- 
thiadiazole, 2-aminoimidazole, 3-amino-5-methyl-
1,2-pyrazole, and 3-amino-l,2,4-triazoles. The re
action products of ethyl ethoxymethylenemalonate 
(I) with these amines and with certain alkyl deriva
tives are shown in Table I. The reaction failed with 
5-aminotetrazole. As will become evident in the 
following discussion, the products have the oxo 
group in the position shown in II, rather than that 
in III.

The structures of 3-carbethoxy-4-oxo-4a-aza- 
naphthalene (X)1-1 2 and of 3-carbethoxy-4-oxo-

(1) F. Bohlmann, A. Englisch, J. Pollitt, H. Sander, and 
W. Weise, Chem. Ber., 88, 1831 (1955).

(2) V. Boekelheide and J. P. Lodge, Jr., J. Am. Chem.
Soc., 73, 3681 (1951).

l,4a-diazanaphthalene (XI),3 which are isosteric 
with II, have been well established. These sub
stances are taken as models with which to compare 
the spectra of derivatives of II. Inspection of 
Figs. 1 and 2 shows clearly that the shapes of the 
spectra of IV-IX are very similar to those of the 
two compounds (X and XI) of known structure.

; ix ,

It is convenient, in discussing these spectra, to 
divide them into three regions: a (212-230 rri/i) 
with high e values, b (250-270 m/a) with medium e

(3) R. Adams and I. J. Pachter, J. Am. Chem. Sor., 74, 
5491 (1952).
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TABLE I
U l t r a v io l e t  A b s o r p t io n  S p e c t r a  o f  S o m e  H e t e r o c y c l ic  O x o e s t e r s 0’6

Amine Used Product

5-Carbethoxy- 
4-oxo- Derivative

of No.

A X c

Absorption Bands from
Xa Xb Xc X

H„V S
N----L.-R C2H5OOC N— u—R

l-Thia-3a,7-diaza- IV 236(4.1) 
indene

3-Methyl-l-thia-3a,7- IVa 
diazaindene

258(4.6) 340(18.6) 64

265(4.1)

" • WN— N

r-Nw S Y 'R ' 2-Ethy 1-1 -thia-3,3a,7- V 215(10.7)
Jj 1__JL triazaindene

C2H5OOC'^>|^N W 2-Methyl-l-thia- Va 218(0.7;
q 3,3a,7-triazaindene

252(3.8) 324(16.5) 80

253(4.0) 322(15.4) 82

" ii
N S.

N----L CH, C2H5OOC

■N
I jlj__ ¡L c  H 3-Met,hyl-l-thia-

3 2,3a,7-triazaindene
VI 260(5.7) 339(17.1) 65

H
h 2n ^ n

HN N

CdUOOC N- l,3a,7-Triazaindene VIIe 211 (17.4) 258(5.0) 308(15.7) 96

H
H2N7 n .

X
■N

H
H2N N ^ -R

X T
N— N

CH C,H,OOC

,CH3 6-Carbethoxy-2- VHP 218(7.3)d 
methyl-7-oxo- 

N N l,4,7a-triazaindene

272(5.9) 306(4.1) 98

O

H l,3,3a,7-Tetraza- IXe
indene

2- Methyl-l,3,3a,7- IXac
tetrazaindene

3- Carbethoxy-4-oxo- X 210(22.4)

3-Carbethoxy-4-oxo- XI 220(10.2) 
l,4a-diazanaph-

248(5.1) 291(9.0) 113

253(11.0) 404(19.5) 
262(9.4)
248 (4.1)

248(8.8) 358(15.8) 46
252(9.0)
310(5.0)

0 In all tables, the wave length is given in mu, and the extinction is e X 10-3. 6 The solvent was methanol. c A referee 
has suggested that these compounds should be named as 4,7-dihydro derivatives. We have chosen to omit this designation
(1) in order to emphasize the relation to the derivatives in this table that have no other tautomers, since (2) the tautomeric 
hydroxy compounds are obviously completely unsaturated, (3) the rules covering specification of extra hydrogen specifically 
except cases of this sort, and (4) the name as given is unequivocal. d Incomplete solution.

values, and c (300-400 mg) with high e values. 
Table I shows that the a and b regions are relatively 
constant in position and intensity. Less fine struc
ture is seen in the b region with increasing nitrogen 
content. The largest variation in these spectra 
occurs in the long wave-length band c. There is a 
hypsochromic shift of the c band as the ethylenic 
function in X is replaced successively by less 
efficient electrical conductors; thus, replacement of 
the carbon in the 1-position of X by a nitrogen atom, 
as in XI results in a hypsochromic shift of about 46

niu and a corresponding decrease in intensity with 
respect to X. Similarly, substitution of a sulfur 
atom for the ethylenic function in the 7,8-position 
of X again results in a hyposchromic shift of about 
64 ni/i, as shown in IV. The pair V and VI are 
interesting in that position of a nitrogen atom 
relative to the sulfur atom has been changed. This 
affects the position of the long wave-length band, 
but does not alter the general shape of the absorp
tion curve (Fig. 1). In VII, the ethylenic function 
in the 7,8-position of X has been replaced by a



j u n e  1959 S T R U C T U R E  O F  P O L Y A Z A IN D E N E S . I 781

nitrogen atom. Here again, the nitrogen atom has 
caused the long wave-length band to be shifted 
about 96 mg toward shorter wave lengths in re
spect to X. The isomeric compound, VIII, shows 
about the same absorption as VII. Increasing the 
nitrogen content of the molecule, as in IX, re
sulted in a further bathochromic shift of the long 
wave-length band, as shown in Fig. 2.4

These arguments, by analogy and from the fact 
that in no case was the spectrum similar to that of 
the type B compounds (see B), can be accepted as 
good evidence for Formulations IV through IX.

B. Azanaphthalenes and azaindenes. The structure 
of the condensation product of ethyl acetoacetate 
and 2-arninopyridine has been the subject of num
erous papers and has been shown to be 4-oxo-l,4a-

(4) V. I. Bliznyukov and V. M. Reznikov, J. Gen. Chem.
U.S.S.R. (Eng. Transl.), 25, 1735 (1955). These authors 
have shown, on the basis of spectral evidence, that 2 - and
4-pyridones are most accurately represented by the formula
tions, A and B. If this condition obtains in the bicyclic 
heterocyclic examples, then a more accurate formulation of 
the foregoing substances is illustrated by C.

Oe

The anticipated spectrum of C should be reminiscent of 
naphthalene. The spectra of various substituted naph
thalenes have been summarized by Morton and deGouveia 
[A. R. Morton and A. J. A. deGouveia, J. Chem. Soc., p. 
916 (1934)]. I t  is shown that their spectra fall into three 
regions, as follows: a about 2 2 0  m^ with high e values; b 
250-290 mg with moderate e values; c 295-325 mg with low 
€ values. The a region has been identified as arising from the 
ethylenic chromophore and the b region from the styrene 
chromophore. I t is seen immediately that there is a parallel 
between the spectra of naphthalene derivatives and the 
spectra of the compounds under discussion. This is good 
evidence that ionic structures would make important con
tributions to the resonance hybrid.

H H
CH3- _ N  X r CHy N X  CH

T  T  II * I  © T
N— Z S j /N — z

Ò o 6

Formulation I

CH,-. X u X

H

•N'

Oe

I II
- - J — z 1 N — ZY N

OH "OH
Formulation II

a "

Formulation I is in better agreement with the infrared 
spectrum, which shows N—H absorption characteristic of 
an ammonium salt as a broad band at 3.6 to 4.0 g and an 
amide carbonyl absorption at about 5.9 g (not six-membered 
ring vibrations, which are unknown below 6.1 g). The 
spectrum of 3,6-dimethvl-4-oxo-l,2,3a,7-tetrazaindene (Fig. 
7) illustrates this point. (These absorptions do not enable 
us to distinguish between the 4- and 6 -positions for the oxy
gen atom, but do show its carbonyl character. A different 
tautomer than that shown woidd also agree as well.)

diazanaphthalene (XII).2 The structure of 4-oxo- 
4a-azanaphthalene (XIII) has also been established 
unequivocally.2 The spectra of these two substances

O O
X II XIII

wall serve as reference spectra with which to com
pare the spectra of the condensation products of 
ethyl acetoacetate (or related esters) with the 
heterocyclic amines used in A.

The spectra of these compounds are shown in 
Figs. 3 and 4, and the values for the peaks of maxi
mum absorption, together with their molecular 
extinction coefficients, are given in Table II.

Fig. 3. Ultraviolet absorption spectra: X I I , ---------; X III,
-------- ; X IV ,---------

Wavelength ( rn g )

Fig. 4. Ultraviolet absorption spectra: X V ,.......... ; XVI,
---------; X V III,--------- ; X IX ,---------

It is apparent, on comparison of Figs. 3 and 4 with 
Figs. 1 and 2, that there is a large hypsochromic 
shift of the entire spectrum between the two 
series, owing to the absence of the carbethoxy group. 
The general shape of the curves, however, remains 
unaltered. Furthermore, replacement of the 7,8- 
ethylenic group of XIII with sulfur or nitrogen has
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TABLE II
U l t r a v i o l e t  A b s o r p t i o n  S p e c t r a  o f  S o m e  H e t e r o c y c l i c  O x o  B a s e s

AXc
Absorption Bands from

Substance No. Xa Xb Xc X III

CH;Ŝ N  S C2 H;
I  T  «
V / N — N

o
H

II
CHa s .N  N

T  T  Ì
y N - N

0

H
CH> y N Y/ v N

p T  »
V N“ N

o

4-Oxo-4a-azanaphthalene X III 220(16.0)
230(12.6)

277(1.6) 380(16)

4-Oxo-l,4a-diazanaph-
thalene

X II 220(16.0) 248(10.0)
258(9.6)

348(10.0) 32

4-Oxo-l-thia-3a,7-diaza-
indene

XIV 220(8.4) 252(5.6)
260(5.4)

320(12.4) 60

4-Oxo-6-met.hyl
derivatives of

2-Ethyl-l-thia-3,3a,7-tri-
azaindene

XV 215(10.8) 235(5.4)
255(4.1)

305(6.3) 75

l,3a,7-Triazaindene XVI 214(12.4) 248(4.2) 292(9.9) 8 8

2-Methyl-3,3a,7-triaza- XVII 218(28.0) 255(6.4)° 292(6.8) 8 8

indene

1 ,3,3a, 7-Tetrazaindene XVIII 256(6.4) 278(10.8) 1 0 2

Its 5-methyl isomer XVIIIa 244(4.8) 280(9.0) 1 0 0

l,2,3,3a,7-Pentazaindene XIX 244(5.3) 274(6.3) 106

“ In order to make this peak more obvious, this spectrum was run in ammoniacal methanol; this treatment causes little 
change in the position of the peaks of the other isomers.

resulted in a shift of the long wave-length band to 
shorter wave lengths, a result which parallels the 
carbethoxy derivatives previously described. The 
main absorption bands again fall roughly into three 
regions, as described for the first series. The chief 
difference is in the position of the long wave
length band which is now at shorter wave lengths 
with respect to XII and XIII. The similarities and 
differences between the two series will be seen more 
clearly by comparisons made from Tables I and II. 
I t is apparent from consideration of these data that 
the long wave-length band is shifted progressively 
toward shorter wave lengths as the carbon atoms 
of the indene ring system are successively replaced 
by hetero atoms.

It might be argued that the alternate method of 
ring closure to give a structure of type III rather 
than II is responsible for the shorter wave-length 
absorptions of XYI through XIX. For this reason,

three compounds: 2-oxo-l,4a-diazanaphthalene
(XX), 3,5-dimethyl-6-oxo-l-thia-3a,4,7-triazain- 
dene (XXI), and 3-amino-5-methyl-6-oxo-l,2,3a,-
4,7-pentazaindene (XXII)6 were synthesized. These 
latter two substances may well be the 3,6-dimethyl- 
5-oxo-l-thia-3a,4,7-triazaindene and 3-amino-6- 
methyl-5-oxo-l,2,3a,4,7-pentazaindene isomers, re
spectively. In either case, the carbonyl group is 
connected to an exocyclic nitrogen atom, which is 
the relevant point for this discussion. Synthetic 
difficulties make the number of compounds for 
comparison in this series necessarily small.

N, o  CU N
CH

Y Y Ì 1
A . . 'N — 1

3 N
XXI

CH, N 'N L N H ‘ 
XXII

(5) E. C. Taylor, Jr., W. H. Gumprecht, and R. F. 
Vance, J, Am. Chem. Soc., 76, 619 (1954).
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The structure of XX has been well established 
by Adams.3 Its spectrum is shown in Fig. 5, to
gether with the spectra of XXI and XXII. As is 
immediately apparent on comparison of Figs. 3 and 
4 with Fig. 5, there is a considerable difference in

Fig. 5. Ultraviolet absorption spectra: X X ,---------; XXI,
---------; X X I I , ...........

the shapes of the absorption curves for the two 
series. The main difference is the relation of the 
long wave-length band in the c region to that of the 
absorption peak in the b region. In the II series 
(4-one), the ratio of the extinction coefficients 
of the c to that of the b band is always greater than 1, 
whereas, in the III (6-one) series, the c band is at 
best only one third the intensity of the b band. 
The relative intensities of these bands are shown 
in Table III. The values for XXI are included for 
comparison. Taking all the available evidence into 
account, the similarity of the absorption spectra 
of the condensation products described in this paper 
to those of the spectra of compounds with known 
II (4-one) configuration supports the thesis that 
the reaction of heterocyclic amines having the

I
amidine structure —N = C —NH2 with both ethyl 
ethoxymethylenemalonate and ethyl acetoacetate 
proceeds to give, as the principal products, com
pounds possessing the 4-one structure.

TABLE III
C oM PA R ISO N  OF U LTR A V IO L ET A B SO R PTIO N  Ü A T A  O F TH E 

4 - O N E  a n d  6 - O N E  S é r i é s

Com
pound Xa Xb Xc

Inten
sity

Ratio,
c
b

XVI 214(12.4) 248( 4.2) 292(9.9) 2.4
XX 218(28.2) 268(10.0) 324(3.2) 0.31

XXI 226(11.1) 280(11.6) 322(3.4) 0.29
XXII 218( 7.4) 240(13.1) 310(1.4) 0 . 1 1

C. Thiadiazaindenes. A comparison of the ultra
violet absorption spectra of several derivatives of

4-oxo-l-thia-3a,7-diazaindene (XIV) may be of 
interest. The introduction of a methyl group into 
the 6-position of a thiadiazaindene nucleus, as in 
XlVa, produces a new band at 212 mju and a 
splitting of the c band into a peak at 313 and 
a shoulder at 323 m/x. An additional methyl group, 
as in 3,6-dimethyl-4-oxo-l-thia-3a,7-diazaindene 
(XlVb), again shows the 212 m/x band, and the c 
band has been split into two definite bands at 323 
npx and 338 m«.

N ^
XIV. — |f V  1  X X III. 6-CH3-3-C6H 5
XlVa. 6 -CH 2 '1  xr----- !1 XXIV. 5-COoC,H5-3-C6H 5

XlVb. 3,6-diCH3 J  XXV. 5-C02 C2 H 5-2-Cl
0

The 5-carbethoxy- (IV), the 5-carbethoxy-3- 
methyl- (IVa), and the 5-carbethoxy-3-phenyl- 
(XXIV) derivatives show a bathochromic shift of 
the long wave-length bands, as would be expected 
for the respective auxochromes. The b band in the 
spectrum of 5-carbethoxy-2-chloro-4-oxo-l-thia- 
3a,7-diazaindene (XXV) has almost disappeared, 
occurring only as a shoulder. The ultraviolet 
absorption data for this series are collected in 
Table IV.

D. 1,2,3a,7- and 1,8,3a, 7-Tetrazaindenes. 3- 
Amino-1,2,4-triazole reacts with ethyl acetoacetate 
and certain related substances to give a tetrazain- 
dene, m.p. 278°, but an isomer, m.p. 254°, results 
when 2-hydrazino-4-hydroxy-6-methylpyrimidine is 
cyclized by warm formic acid.6 The latter is iso- 
merized to the former by treatment with hot formic 
acid. Both isomers show ultraviolet absorption 
spectra typical of a 4-one structure (Figs. 9 and 10); 
accordingly, the two structures (XVIII and XXVI) 
must be involved. It was shown in the related

H

CH 3

systems, Va and VI, that a shift of the nitrogen 
atom from the 3-position to the 2-position resulted 
in a bathochromic shift of about 17 m/x in the ab
sorption of the long wave-length band (cf. Fig. 1, 
Table I). Since there is a 16-m/x difference in the 
long wave-length absorptions of the two isomers, 
structure XVIII has been assigned to the 278° 
isomer and XXVI to the 254° isomer.

It is curious that both XVIII and XXVI show 
one acidic hydrogen when titrated against potas
sium methoxide in a nonaqueous titration, yet form

(6 ) C. F. H. Allen, H. R. Beilfuss, D. M. Burness, G. A. 
Reynolds, J. F. Tinker, and J. A. VanAllan, J. Org. Chem., 
24,'787 (1959).
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TABLE IV
U l t r a v i o l e t  S p e c t r a  o f  4 - O x o - l - T H iA - 3 a ,7 - i> iA Z A iN D E N E s

O

Compound Substituent Xa
Absorption Bands 

Xb Xc

XIV None 222(8.4) 252(5.6) 320(12.5)
260(5.3)

XI Va 6 -CH 3 212(9.7) 252(4.9) 313(10.3)
225(11.4) 260(4.8) ~323

XIVb 3,6-di-CHs 212(9.6) 258(4.9) 323(10.8)
231(10.0) 265(4.8) 338(9.4)

X X III 6-CH3-3-C6Hi 228(8.0) 256(7.0) 350(11.0)
280(6.3)

IV 5-C02CjH 5 336(4.1) 258(4.6) 340(18.6)
261(4.1)

IVa 5-CO,C,H5-3-CH, 243(5.7) 260(4.2) 348(16.6)
XXIV 5-C02C2H 6-3-C6H 5 2 2 2 ( 1 1 . 2 ) 268(10.3) 352(15.6)
XXV 5-C02CoH 5-2-C1 232(6.9) ~258 342(17.4)

well-defined salts with methyl p-toluenesulfonate. 
The absorption spectra of these salts (Fig. 6) 
parallel those of the parent compounds in respect 
to the relative positions of the long wave-length 
bands. These latter bands have increased intensity 
and a short wave-length band has appeared in the 
210-220 m^ region. Attention is drawn to the 
marked similarity of the absorptions of the salts to 
XIV, again emphasizing the 4-one structures.

H C L N  NHNH 2  CH;

U  .hcioc-h-\
H
N N.

CH3

1  r
V N~

0

XXVI

■N
H

^
c h 3

XXVII

The dimethylhydroxytetrazaindenes (XXVIII- 
XXX) corresponding to the monomethyl series 
have been prepared by analogous reactions. The

Fig. 6 . Ultraviolet absorption spectra of two salts and 
X IV ,..........

When 2-hydrazino-4-hydroxy-6-methylpyrimi- 
dine is treated with a nonacidic formylating agent 
(ethyl orthoformate, dimethylformamide), two 
isomeric tetrazaindenes are produced. One of these 
is identical with the isomer, XXVI, previously 
mentioned as having been obtained using warm 
formic acid. The second was also obtained from the 
same hydrazinopyrimidine and phenyl isothiocya
nate; this reaction gave a mercapto derivative, in 
which the —SH group was replaced by hydrogen 
when catalytically reduced in the presence of 
Raney nickel.6 The new isomer is 4-methyl-6- 
oxo-1,2,3a,7-tetrazaindene (XXVII).

CHa V T  cĥ ^ n
AN N 

O
XXVIII

melting points of the three isomers are almost 
identical, and a mixture of the two 4-one isomers 
does not give a depressed melting point, whereas 
a mixture of 4-one and 6-one isomers does.7

Three of the four isomers theoretically possible 
from the reaction of 3-amino-l,2,4-triazole and 
ethyl acetoacetate have, thus, been prepared, 
along with the corresponding products from 3- 
amino-o-methyl-1,2,4-triazole. Numerous attempts 
to synthesize the fourth isomer in each series have 
met with failure. The ultraviolet spectra of these 
substances are collected in Table V. The ultraviolet 
spectrum of XXVII has a peak absorption at 248 
mp, which is consistent with the 6-one structure. 
The spectra of the dimethyl series, XXVIII, 
XXIX, and XXX, parallel exactly those of the 
monomethyl series, as shown in Table V. While 
the infrared spectra of XVIII and XXVI are about 
identical (see Figs. 9 and 10), there is considerable 
difference in their ultraviolet spectra. The infrared

(7) C. F. H. Allen, H. R. Beilfuss, D. M. Burness, G. A. 
Reynolds, J. F. Tinker, and J. A. VanAIlan, J. Org. Chem., 
24, 793 (1959).
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spectra of the 4-ones, XXIX and XXVIII, are 
quite similar but are not identical (see Figs. 7 and 
8 ).

TABLE V
U l t r a v i o l e t  S p e c t r a  o f  M e t h y l  a n d  

D i m e t h y l  O x o t e t r a z a i n d e n e s

Com-
pound Xa Xb Xc

XVIII 2 1 0 256(6.4) 278(10.8)
XXVI 210(17.7) 246(4.8) 294 ( 6 .8 )

XXVII 210(22.7) 248(7.0)
XXX 210(23.0) 248(6.6)

XXIX 209(17.0) 248(4.6) 298( 9.2)
XXVFT 210(23.5) 238(2.8) 272( 9.5)

Fig. 7. Infrared spectrum of 3,6-dimethyl-4-oxo-l,2,3a,7- 
tetrazaindene (XXIX)

Fig. 8 . Infrared spectrum of 2,6-dimethyl-4-oxo-l,3,3a,7- 
tetrazaindene (XXVIII)

Fig. 9. Infrared spectrum of 6-methyl-4-oxo-l,2,3a,7- 
tetrazaindene (XXVI)

Fig. 10. Infrared spectrum of 6-methyl-4-oxo-l,3,3a,7- 
tetrazaindene (XVIII)

Attention is drawn to the remarkable similarity 
of spectra in the 6-one series. Thus, XXVII and 
XXX have very similar absorptions in the in
frared (see Figs. 11 and 12), but they are greatly 
different from the isomeric 4-one series, particu
larly in the carbonyl region. The 4-one series has 
an amide band below 6 /¿, whereas the 6-one series

tetrazaindene (XXX)

Fig. 1 2 . Infrared spectrum of 4-methyl-6-oxo-l,2,3a,7- 
tetrazaindene (XXVII)

has a band at 6 m- The large amount of fine-struc
ture vibrations between 3 and 4 /i seems to be 
characteristic of the 6-one series.

The condensation of 5-aminotetrazole with ethyl 
acetoacetate or with ethyl /3-aminocrotonate gives 
a product (XIX) identical with that obtained by 
the action of nitrous acid on 2-hydrazino-4- 
hydroxy-6-methylpyrimidine.7 Since the five-mem- 
bered tetrazole ring is symmetrical, the only two

H
H.N vjA n

possible isomers are 6-methyl-4-oxo- (XIX) and
4-methyl-6-oxo-l,2,3,3a,7-pentazaindene. In all 
known instances,4’8 ethyl /3-aminocrotonate has 
been shown to give compounds of the 4-one con
figuration. For this reason, it seems highly prob
able that XIX represents the correct configuration 
of the reaction product of the tetrazole with 
ethyl /3-aminocrotonate.

The effect of substituents on the ultraviolet 
absorption spectrum of 4-oxo-l,3,3a,7-tetrazaindene 
(XXXI) is shown in Table VI. The a band occurs 
at wave lengths of less than 200 m/i and can be 
seen only in the salts (Fig. 6). The b band is rela
tively constant in position and intensity in the 
whole series. Methyl substituents as in XVIII 
and XVIIIa do not affect the c band, in contrast to 
the l-thia-3a,7-diazaindene series. As the 2-position 
is progressively substituted by more efficient elec
tron donors, the long wave-length band is shifted

(8 ) H. Antaki and V. Petrow, J. Chem. Soc., 551 
(1951).



786 A L L E N ,  B E IL F U S S , B U R N E S S , R E Y N O L D S , T IN K E R ,  A N D  V a n A L L A N v o l . 24

toward longer wave lengths (IX through XXXV, 
Table VI). It is clear then, that these substituents 
are attached to the end of a conjugated system, 
such as is indicated in XXXVI.

nY nY r
N NH

0

XXXVI

TABLE VI
U l t r a v i o l e t  A b s o r p t i o n  S p e c t r a  o f

4 -O x O -l,3 ,3 a ,7 -T E T R A Z A IN D E N E S

Com
pound Substituent Xb Xc

XXXI 248(10.8) 282(12.9)
XVIII 6 -CH 3 256( 6.4) 278(10.8)
X V illa 5-CH3 244( 4.8) 280( 9.0)

X XXII 6-Me-5-Cl 262( 7.2) 298(10.8)
IX 5 -OO2O2H 5 247( 5.3) 290( 8.9)
IXa 5-C02CoHs-2-CH3 248( 5.4) 291 ( 9.0)

XX XIII 5-CCLC2H 6-2-CH,OH 252( 5.8) 298(10.0)
XXXIV 5-C02 C2H 3-2-SCH3 265( 6 . 6 ) 308(16.2)
XXXV 5-C02C2H 6-2-NH2 252( 3.0) 310(14.0)

Chlorination of XVIII gives the 5-chloro deriva
tive (XXXII),3 but the position taken by the 
entering methyl group when méthylation is ef
fected by dimethyl sulfate is unknown. It is prob
ably on one of the nitrogen atoms, because of a 
negative Zeisel (not oxygen alkylation); carbon 
alkylation is excluded since the substance is not 
identical with the known isomer, XXXVII.9 
From the absorption spectra it is apparent that the 
-one structure of XVIII is still present (Table VII).

CH? N
r Ni
■N N

0

XVIII

CH,

Cl
VS

■N— N
0

XXXII

CHS

CH3

V ì
N — N

0

XXXVII

The sulfur analog8 of XVIII has an ultraviolet 
spectrum comparable in respect to shape, showing 
that it, too, has the thiono structure (XXXVIII). 
When this substance is alkylated by sodium

H
C H s ^ x y x ^  

HM N 
S

XXXVIII
SCH2COOH

XXXIX

chloroacetate, the alkylation product shows a 
hypsochromic shift of 40 my. in the long wave
length band (Table VII). This indicates the disap
pearance of the thiono structure, i.e., S-alkylation 
has occurred to give XXXIX.

The 4-chloro- and 4-amino-derivatives (XL and 
XLI), as well as XXXIX, resemble the parent 
base (XLII), having quite similar spectra, with the 
expected modifications due to the substituents 
(Table VII).

TABLE VII
U l t r a v i o l e t  A b s o r p t i o n  S p e c t r a  o f  M i s c e l l a n e o u s

l,3 ,3 a ,7 -T E T R A Z A IN D E N E S

Com
pound Substituent X max b A max c

XVIII 6-CH3-4-oxo 256( 6 .4)“ 278(10.8)
XXXII 6-CH3-5-C1-4-oxo 262( 7.2) 298(10.8)

XXXVII 5,6-(CH3)2-4-oxo 265( 4.7) 298(12.5)
XXXVIII 6-CH3-4-thiono 235( 9.0) 336(20.8)

XXXIX 6-CH3-4-SCH2 CO,H 210(15.0)5 291(11.4)
XL 6-CHs-4-C1 222 (23.8)6 272( 5.0)

XLI 6-CH3-4-NH, 288(13.5)
XLII e-oils 234( 1.5) 271 ( 4.0)

a Run in ammoniacal methanol. Lacking a 5-substituent, 
XVIII shows a very faint b band in neutral or acidic 
methanol; see footnote a, Table II. s These are Aa. bands.

E X P E R IM E N T A L

The various new substances were mostly prepared by one 
of the following general procedures. Their properties are 
collected in Table VIII.

A. Equimolecular quantities of the heterocyclic amine 
and ethyl acetoacetate or ethyl ethoxymethylenemalonate 
in 5 volumes of trichlorobenzene -were refluxed and the 
ethanol was collected until the theoretical amount had been 
evolved. The reaction mixture was cooled and the solid 
collected. In some cases, it was necessary to add petroleum 
ether to the cooled reaction mixture to precipitate the 
product. The solid was washed with petroleum ether and 
recrystallized from the appropriate solvent.

B. A mixture of the amine and 10% excess of either of 
the esters in 3 to 5 volumes of acetic acid was refluxed 3-6 
hr. and cooled. If a solid separated, it was collected and 
recrystallized. In some cases, it was necessary to concen
trate the reaction mixture to obtain the product.

C. A solution of 0.1 mole of the carbethoxyindene in 150 
ml. of 2N  hydrochloric acid was refluxed for 5 hr., cooled, 
and the solid collected and recrystallized.

D. A mixture of the amine and a 10% molar excess of 
ethyl ^-aminocrotonate was held at 180-190° for 8  hr. If 
the product was a low-melting solid, for example, XV, the 
reaction mixture was subjected to vacuum distillation. 
Otherwise, alcohol was added and the product was collected 
on a filter.

3,5-Dimethyl-6-oxo-l-thia-3a,4,7-triazaindene (XXXI). A 
mixture of 0.02 mole each of 3-amino-2-imino-4-methyl- 
thiazoline hydrochloride10 and pyruvic acid in 50 ml. of 2N  
sulfuric acid was refluxed 4 hr. and evaporated in vacuo to 
C ml. The residue was carefully neutralized with 3N  sodium 
hydroxide solution and the solid collected and recrystal
lized from water. Yield, 3 g. of the indene, m.p. 227°.

Anal. Calcd. for C,H7N 3OS: N, 23.2; S, 17.7. Found: N, 
23.2; S, 17.3.

Acknowledgment. We are indebted to Dr. D. W. 
Stewart and Miss T. J. Davis, of these Laboratories, 
for the ultraviolet and infrared spectra.

R o c h e s t e r  4, N. Y.

(10) H. Beyer, W. Lässig, and E. Bulka, Ber., 87, 1385 
(1954).(9) E. Birr, Z. mss. Phot., 50, 107 (1955).
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TABLE V III
P r o p e r t ie s  o p  P o l y a z a in d e n e s

No.
Substituents and 

Positions

Method
of M.P., 

Prep. °C.
Empirical
Formula or o/O ^

Calcd. 
% H

Analysis

% N % c
Found

% H % N
4-Oxo-l-thia-3a,7-diazaindenes

IV 5 -COOC2H.,« A 186 c 9h 8n 2o 3s 48.4 3.5 48.3 3.5
I Va 5-COOC2H 5-3-CH/ A . 192 c 10h 10n 2o 3s 50.5 4.1 51.8 5.1
IVb 5-COOH C 285 dec. c ,h 6n 2o 4s 39.2 2 . 8 39.0 2 . 6

XIV None' d 116 c 6h 4n 2o s 47.3 2 . 6 47.3 2.9
XlVa 6 -CHs' B 1 1 2 c ,h 6n .o s 50.6 3.6 50.3 3.9
XlVb 3,6-(CH3) / ' ' D 133-135 c 8h 8n o s

X X III e-CHs-S-CeH/ B 238-240 Ci3H,„N2OS 64.5 4.5 63.4 4.3
XXIV 5-COOC2H 6-3-C6H5'» A 174 c 14h I2n 2o 3s 60.0 4.0 60.1 4.1
XXV 5-COOC2H 6-2-Cl!' A 149 C 9H7C1N2 0 3S 41.8 2.7 42.0 2.7

5-COOC2H 6-3-C6H 6C6H(i5 A 169 c 21h i6n 2o 3s 6 6 . 0 4.4 6 6 . 8 4.3
5-C00C 2H 5-3-N02a A 225 c 9h ,n 3o 5s 39.4 2.5 39.4 2.9

4-Oxo-l-thia-3,3a,7-triazaindenes
V 5-COOC2H 5-2-C2H / A 96 CxoHx.N-AS 47.5 4.3 47.6 4.6
Va 5-COOC2H 6-2-CH3“ A 140 C 9H 9N 30 3S 45.2 3.8 45.2 3.6

XV 2-C2H 6-6-CH,' D 40 c 8h 9n 3o s 49.2 4.6 49.0 4.7

4-Oxo-l-thia-2,3a,7-triazaindene
VI 5-COOC2H 6-3-CH3' A 1 1 0 c 9h 9n 3o 3s 45.2 3.8 17.5 45.3 3.6 17.6

4-Oxo-l,3a,7-triazaindenes
VII s - c o o c d V B 253 c 9h 9n 3o 3 52.2 4.4 20.3 52.4 4.3 2 0 . 6

XVI 6 -CHsl B 239 c ,h 7n 3o 28.2 27.8

7-Oxo-l ,4,7a-triazaindenes
V ili 2-CH3-6-COOC2H / B 294 C,oH „N 30 3 19.0 18.7

XVII 2,5-(CHsy B 253 c 8h 9n 3o 58.5 5.5 25.8 59.4 6.5 26.3
2-CH3-5-C6H / B 286 C13HuN30 18.6 19.3
S -C H ^-C d V B >315 c 13h „n 3o 69.3 4.9 18.6 69.8 5.0 19.6
5-C W B 307 c ,h ,n 3o 56.4 4.7 28.2 56.0 4.8 28.6
2-CH3-6-COOH C >285 dec. c 8h 7n 3o 3 49.7 3.6 49.4 4.0

“ Recrystallization from ethanol. b Butanol. '  Ligroin. d Decarboxylation of IVb. e H. Antaki and V. Petrow, J. Chem. 
Soc., 551 (1951). 1 Benzene-ligroin. 1 Toluene-ligroin. h Ethyl nitrate. * Water 1 Dimethylformamide.

[C o m m u n ic a t io n  N o. 1995 fr o m  t h e  K o d a k  R e s e a r c h  L a b o r a t o r ie s ]

T h e S tru ctu re  o f  C ertain  P o lyaza in d en es. II. T h e P rodu ct 
from  E th y l A cetoaceta te  and  3 -A m in o -l,2 ,4 -triazo le

C. F. H. ALLEN, H. R. BEILFUSS, D. M. BURNESS, G. A. REYNOLDS,
J. F. TINKER, a n d  J. A. VanALLAN

Received December 19, 1958

3-Amino-l,2,4-triazole and ethyl acetoacetate or diketene give only one of the four possible isomeric substances, which 
is 6-methyl-4-oxo-l,3,3a,7-tetrazaindene. Two of the other isomers are obtained from 2-hydrazino-4-methy 1-6-hydroxy- 
pyrimidine and ethyl orthoformate. One of the latter is isomerized to the first substance by strong acid. A number of related 
compounds are described and their interrelationships are shown. The accumulated spectral and chemical evidence support 
the structure named; the latter is also in accord with theoretical considerations.

a substance from 3-amino-l,2,4-triazole and ethyl 
acetoacetate to which he assigned the structure 
la, 4-hydroxy-6-methyl-l, 3,3a, 7-tetrazaindene.2'3
Since the structure was not determined by the 
method of synthesis, it was assumed that the

In a study of the reaction between aminotriazoles 
and 1,3-dicarbonyl compounds, Billow1'2 obtained

( 1 ) C. Bulow, Ber., 42, 2599, 3555, 4429 (1909).
(2) C. Biilow and K. Haas, Ber., 42, 4638 (especially, p. 

4642)(1909).
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ketonic carbonyl group had reacted with the amino 
group of the triazole, with subsequent cyclization, 
as shown in Scheme A. However, ring closure could 
equally well have occurred as shown in Scheme B, 
leading to isomer II. Furthermore, the ester group 
could have reacted with the amino group, with 
subsequent cyclization either way, Scheme C, 
leading to isomers III and IV. Thus, the synthesis 
is ambiguous. The empirical formula and bicyclic 
nature of the product are clearly established; 
the position of the substituents and the nature of 
the tautomerism are not.

/P B 2N H
CHSC \ N  CHV N^ - N>

I +  ■■ I il H  Y  Y  Scheme A
c h 2  h n — n  L n - nor \  

diketene COC2 H5  

II
0

0  I

CH;
O

J  H,N
X N.

c h 3  h
c h 3c  T * y %  Y * V n - n

I +  
c h 2  h n -
\

COC2 H5

0

/O C 2H 5

o = c  H2N

II

Y  ì
■N— N

0

OH
la

II

CH 3 n  n  .

I
c h 2

\  N 
Y  ''N I li

y *  'N

c=o
HN \

CHi „ H

Y NY Nì

H
O.x N N

ÒH Ha 

■N

Scheme B

Scheme C
.N

S j / N — N 5

c h 3

The a designation represents the tautomeric form.

I IV CH3 HI
CH3

Birr and Walther4 devised what appeared to them 
to be an unequivocal synthesis; by cyclizing 2- 
hydrazino-4-hydroxy-6-methylpyrimidine (V) with 
formic acid, the same substance was obtained as 
resulted from aminotriazole and ethyl acetoacetate. 
Hence, it wTas concluded that the nitrogen atoms 
had the 1,2,3a,7-arrangement, as shown in (Ila). 
Repetition of Birr and Walther’s work in these 
Laboratories led to the discovery that the nature 
of the product depended on the acidity of the 
reacting solution. Under conditions milder than 
Birr and Walther’s, an isomer was obtained, which, 
amazingly, in boiling formic acid, was isomerized 
to the long-known 1,3,3a,7-isomer! Thus, Birr and 
Walther’s synthesis is not unambiguous. Homologs 
were obtained in a similar manner under slightly 
altered experimental conditions.

(3) The German authors used the name “6 -methyl- 
l,3-triazo-7,0'-pyridazine-4-hydroxylic acid.” Beilstein 
(main work, 4th ed., Vol. XXVI, p. 433) has renamed the 
oxo form I, “7-oxo-5-methyl-6,7-dihydro-l,3,4-triazaindoli- 
zine,” dropping the “6,7-dihydro-” in the case of the 
tautomer shown in structure la. The authors of this paper 
have continued to use the “a” system, used in the preceding 
paper.

(4) E. Birr and W. Walther, Ber., 8 6 , 1401 (1953).

NH 2

Ila

CHi

ny nì
V N — N

OH
la

An independent synthesis of (II) (the 1,2,3a,7- 
isomer) was carried out here by the action of ethyl 
orthoformate on the same 2-hydrazinopyrimidine. 
This reaction can give two products (II and III), 
since ring closure can take place through either 
nitrogen atom of the pyrimidine, and both were 
obtained! The third isomer (Ilia)6 was also formed 
from the hydrazine (V) and phenyl isothiocyanate, 
by way of the mercapto intermediate (VI). Thus,

CH3 NH NH

/Y
C2 H50  0C 2 H5

three (I—III) of the four isomers possible are readily 
synthesized. Many attempts to obtain the fourth 
isomer (IV), and to accomplish an unequivocal 
synthesis of any one, were unsuccessful. For in
stance, 1-benzylthiourea and ethyl acetoacetate 
gave 1-benzylthiouracil, which was readily mono- 
methylated by dimethyl sulfate and sodium hy
droxide, but this product did not react with hy
drazine. This suggested that W-methylation took 
place, rather than the desired attack at the sulfur 
atom.

Diketene and ethyl acetoacetate usually give the 
same products when employed in reactions of this 
type, and in this instance, both gave the same 
isomer, I. In addition, diketene gives a trimolecular 
product, which, it seems to us, is best represented 
as the amide, VII. Although the formation of this

N -
IL -NN

H

-NHC=CHCONH- 
I

c h 3

VII

- N
Y  ÜN N 

H

product indicates that the reaction proceeds step
wise, it cannot be used to show at which carbonyl

(5) Although these substances have the isomeric oxo 
structure (refer to 1 st paper), for convenience in comparison 
the hydroxy form is often employed in this and succeeding- 
ing papers.
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group of ethyl acetoacetate the aminotriazole reacts 
first. This substance (VII) has been mentioned in 
the patent literature, 6 ' 7 but given a different struc
ture. The products are identical whatever procedure 
is followed.

Although it is generally known8 that the ketonic 
carbonyl group of ethyl acetoacetate reacts pref
erentially with amines under acidic conditions, 
the only evidence applicable here is by analogy 
when a 3-aminopyrazole is substituted for the 
aminotriazole. 9 In this instance, the intermediate 
aminocrotonate (VIII) was actually isolated. It 
can cyclize in only one way, owing to the lack of 
the fourth nitrogen atom (cf . aminotriazole). 
The two reactions and the substances (I and IX) 
are entirely comparable. Corroborating evidence

CH3 C=0 HíN

c h 2 +  

o = c o c 2 h 5

HN— N

CH3. n

C6 H 5 / N H \ x\ . C jH5

— *• c h 3c  r  Y
Il HN— N
CH 
I

^  0= C 0C 2 H5  VIII
c 6 h 5

N— N 

0  IX

is also available from the corresponding compound 
in the pentazaindene series. Two independent 
reactions, (a) action of nitrous acid on the hydrazi- 
nopyrimidine (Va), and (b) interaction of ethyl 
acetoacetate and 5-aminotetrazole, gave products 
that Avere identical in all physical properties, in
cluding absorption spectra; 10 these are formulated 
as

H
CH3y Mv NHn

T  T  NHS
,N

H
h n o 2 p u  N N------—r AUjv  '-Jsi

■N— N

Va O H,NV N y
■N O

CH3 COCH2COOEt +  ^
X

Finally, a study ivas made of the residues from 
the preparation of the 1,3,3a,7-isomer (I) after 
removal of the latter. The residues, which amounted 
to 5 % of the reaction mixture, were submitted to 
a countercurrent distribution in a Craig extractor. 1 1  

Two products were definitely present; the major 
material (90+%) Avas the bisamide (VII); the 
remainder was 3-acetamido-l ,2,4-triazole. A pos-

(6 ) N. Heimbaeh and IV. Ivell.v, Jr., U. S. Patent 2,444,608
(1948) ; Chem. Abstr., 42, 7180 (1948).

(7) N. Heimbaeh and W. Kelly, Jr., IT. S. Patent 2,475,136
(1949) ; Chem. Abstr., 43, 8294 (1949).

(8 ) C. R. Hauser and G. A. Reynolds, J. Am. Chem Soc., 
70, 2402 (1948).

(9) S. Chechi, P. Papini, and M. Ridi, Gazz. rhim. Hat., 
85, 1160 (1955); Chem. Abstr., 50, 10098 (1956).

(10) C. F. H. Allen, H. R. Beilfuss, D. M. Burness, 
G. A. Reynolds, J. F. Tinker, and J. A. VanAllan, J. Org. 
Chem., 24, 779 (1959).

(11) L. 0. Craig, W. Hausmann, F. H. Ahrens, Jr., and 
E. J. Harfenist, Anal. Chem., 23, 1236 (1951). \A e are 
indebted to Dr. M. Hill for this operation.

sible trace of the 1,2,3a,7-isomer (II) was suggested, 
but there Avas not the slightest evidence of any
thing that could be interpreted as the missing 
fourth isomer (IV). These products are consistent 
Avith the mechanisms that are suggested in this 
paper.

The rearrangement of the 1,2,3a,7-isomer (II) 
to the 1,3,3a,7-form (I) by strong acids is easily 
visualized as outlined in Chart I.

Chart I

ff:

Most of the physical and chemical properties of 
the tetrazaindene are best accounted for by the 
oxo structure (I) ;5 among these may be mentioned 
absorption spectra, behavfior at a dropping mercury 
electrode, and reactions outlined here. It behaves 
like similar heterocyclic nitrogen compounds, 
forming a 4-cliloro derivative (XI) when treated 
Avith phosphoryl chloride. The chlorine atom is 
available for reactions of double decomposition. 
Thus, upon hydrolysis, the parent hydroxy com
pound (I) is regenerated. By suitable procedures, 
the 4-thiono (XII), 4-carboxymethylmercapto 
(XIII), 4-amino, 4-azido, and 4-triazolylamino 
derivatiAres (XIV) have been prepared. The chlorine 
atom can be replaced by hydrogen catalytically, 
giA+ig 6-methyl-l,3,3a,7-tetrazaindene (XV); the 
latter has been prepared by tAVO independent syn
theses and a variety of conditions. 1 2

Chlorination of I gives a 5-chloro derivative
(XVI) ; the position of the chlorine atom Avas shown 
by an independent synthesis of the same substance 
from 3-aminotriazole and ethyl a-chloroaceto- 
acetate. Persulfate gives a 5-hvdroxy compound
(XVII) . The reactions are summarized in Chart II.

It A v i l l  be seen that the evidence in favor of
structures I and la is cumulative; the most con
vincing is based on the absorption spectra (refer 
to Part I). Additional support, as Avell as an 
explanation of some of the reactions, is afforded by 
mechanistic considerations.

(12) C. F. H. Allen, H. R. Beilfuss, D. M. Burness, 
G. A. Reynolds J. F. Tinker, and J. A. VanAllan. J . Org. 
Chem. 24, 796 (1959).
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Mechanistic discussion. In ionizing solvents, the 
aminotriazole is best represented as:

_  N H 2

ii e i l  — ii____ T
1-------- N H

H

N Y n h 2 _ _  H N - - - N . y N H 2

L } ,
^ = N

It is well known8 that, under mild acedic cataly
sis, acetoacetic ester reacts with amines rapidly 
and exclusively at the ketonic carbonyl group, 
producing substituted aminocrotonates, H.13

acid
R 2N H  +  C H 3 C O C H 2 C O O C 2 H 5  — >

r 2 N — c = c h c o o c 2 h 5

I
C H a

A

Clearly, catalysts promoting enolization favor 
the path to A. The rate of addition to the enol, 
ke, is faster than that to the ketone, k*, partly as a 
consequence of better stabilization of the charge 
in the transition state, A,, compared to B,. I t is 
possible to mobilize all the equilibria between A 
and B so that the ratio of products obtained is

CHaCOCH^OOCÄ
e n o l iz a t io n

c a t a l y s t s

n o  c a t a l y s t  ^

r 2n h

h

. c h
C H 3—  Q ' ^ , C - O C 2 H 5

. T
C k  ,  0  

H

x r  ®O ' N R 2

ch3- X
c h 2  o e

Bl
I

C H 3 C O C H 2 C O N R 2

B

R SN H ke

c 2 H 5

r 2 n - c = c h c o o c 2 h 5

c h 3A

— Y
rJ Y  CH

C H s  Ie0-, /O  
0  H

C H ;

e

^ C - O C 2H 5

O v  , ' O q  

H  0

e
R 2N H  C H

c n r f  Y 0C Ä
(K ,*0 

H

equal to the ratio of rates. Under these circum
stances8 the anil, A, is formed, showing experi
mentally that ke is much larger than kt. Further
more, the reaction forming A must occur with a 
basic nitrogen possessing an attached hydrogen. 
The NH of the triazole ring is not basic; the 
structure of the only possible intermediate is thus 
C. (If the two steps of the reaction were simultan
eous, no true intermediate would be formed;

NHC=CHCOOC2 H6

c h 3

other tautomers

n N̂ NH-C=CH-COOC2H5 ̂  
l J h  c h 3 n ^n  NH 2C=CHCOOC2Hs

^  O C  CHs

e N.Nr f H 2C=CHCOOC2H5_ 9 other contributors 
I---N q CH3

yet the influences would be the same, so that the 
argument as to the structure does not require 
the existence of the intermediate.) Birr’s synthesis4 
from (3-chlorocrotonic ester with aminotriazole 
should also, via a Michael addition, lead to C.

The subsequent step of the condensation is an 
addition to the ester carbonyl: Here, the reaction

Rc/° + onr2 ^
Y)C2H6

/ ° e Y>R-Cx------ NR2 ;r± R—C——NR2Y)C2H5
+  c 2 h 5o -

an amine

(13) The structure of vinylamines and of compounds 
like A has recently been discussed [B. Witkop, J. Am. 
Chem. Soc., 78, 2873 (1956)]. Aroyl (and acyl) acetic esters 
and aromatic amines form arovlacetanilides in the absence 
of an acidic catalyst; water must be excluded to get the best 
yields. Conversely, traces of acid and water favor reaction 
at the ketonic carbonyl group (Org. Syntheses, Coll. Vol. Ill, 
108).

vs.
+  eNR—NR 2

/ ° 9  YM-C<-----------NRNR 2  R—C'Z-— NRNR 2

x o c 2 h 5

+  c 2 h 5o -
a hydrazine Db

(The R ’s represent parts of rings)
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should be most rapid with that tautomer of C 
carrying a negative charge on the appropriate 
nitrogen atom. Of the two remaining paths, Da 
and D&, the fastest will correspond to the reaction 
with the more nucleophilic site. Usually, the order 
of nucleophilicity follows the order of basicity, 
but hydrazine (a weaker base) is more nucleophilic 
than ammonia; trimethylhydrazine is a much 
weaker base than dimethylamine. (Comparing 
Ea and E„, we find that replacing R3C— by R2N—,

RsC—N il R2 N—NH
I I

It It
■Ea Kb

that is, substituting a more electronegative group, 
has decreased the electron contribution about N“ 
furnished by this bond. The N“ makes up for this 
decrease by becoming more electronegative, so 
that it is a stronger acid.14’15 

Furthermore, groups in which the negative 
charge is diffuse are more highly nucleophilic; 
thiocyanate and azide, bases of medium strength, 
are among the most powerful nucleophilic agents. 
It follows that insight to the configuration of the 
transition state cannot be obtained from considera
tion of the separate parts.

The whole is best represented as F, or, more 
explicitly, by the several contributors Fa . . .  Fe

N; . 8  8 h 2:

I L Jr•N
r Nr N®H2Z 
e 1— N 

Fh

N rV § H ’Z Sr N N F i
T

NP
Fi

~N

(Z = /3-crotonate residue). Of these, the forms with 
a negative charge on carbon Fh and F0 will con
tribute very little, and are ignored in the summary, 
Ft. The greater electronegativity of the hydrazine

5

axis'

N-
s-
N

Z
-N,

system may also increase its share of the charge 
at the expense of the nitrogen at position 4. The 
resulting effect, as shown in Ft, is a greater nega
tive charge on the side of the axis toward position

(14) The basic ionization constant of trimethylhydrazine 
[J. B. Class, J. G. Aston, and T. S. Oakwood, J . Am. Chem. 
Soc., 75, 2937 (1953)] is 6  X 10-8, while that of dimethyl- 
amine is 5.2 X 10 ~4.

(15) Q uaternization of 1,2,4-triazole, a reaction that 
should proceed most rapidly a t the most basic nitrogen, 
results in alkylation a t position 4 [G. F. Duffin, J. D. 
Kendall, and H. R. J. Waddington, Chem. cfc Ind. {London), 
1458 (1954)] in agreement with the argument.

2 than that toward position 4. This charge guides 
the carboxyl group toward the vicinity of position 
2 (of the triazole ring) so that the reaction takes 
the path shown in Scheme G.

N----N >
r  5_ C

r  o  OGH-'

H;
N N

i t e
N— N-

O

n

J J  J -  CHN----N,e ,
o c 2h ,

1
c h 3

+  C2H5Oe
Scheme G

N NH 2

if Y  Y CH>N— N
A )C 2H5

The acidity of the ring NH of aminotriazole and 
of the intermediate allows the ready tautomeriza- 
tion to the zwitterionic form, so that the further 
reaction, once the proper geometry has been 
achieved, can proceed through resonance contribu
tors and loss of fragments. Consequently, we should 
expect this step to go rapidly: this has been con
firmed experimentally.16

The cyclization of the 2-hydrazinopyrimidine by 
formic acid or its equivalent is equally well ex
plained.

c h V / N v A n

1 2a 2J
CH,. NH NHNH2 formlracld

r
■n 3

-either:
\

OH
Ila

0

HO. N N. M 

CH:,
I l ia

The first reaction of the hydrazine is formylation 
at 2(3, since amines are easily converted to amides 
in warm formic acid. The reaction is reversible 
and proceeds most rapidly at the most basic 2/3 
nitrogen. Thus, attention must be focused on the 
formyl derivative, H. (The formylhydrazine cannot 
be isolated, but the acetylhydrazine has been 
obtained.)

Since the nitrogen atoms of the pyrimidine ring 
in H are vinylogously related, any electrical char
acter of either one of the atoms is conducted to the 
other. That is, a reaction can take place with equal 
facility at either nitrogen atom; the two pos
sibilities of reaction correspond to SN2 and Sn2' 
types. The tautomerism between the two forms of 
H cannot control the course of the reaction (since 
it is, in all probability, a very fast interconversion). 
The stabilization of the charge is identical in both 
transition states; in both, the resonance of the 
pyrimidine nitrogens is lost. Ring closure to either

(16) That is, no m atter how gentle the conditions, no 
intermediate can be isolated.
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position might occur. Indeed, under neutral con
ditions, both isomers are formed. In an acidic solu
tion, however, hydrogen-bonding between the two 
oxygen atoms in the transition state so favors the 
path leading to the 4-oxo isomer, II, that none of the 
other isomer can be found, despite its lower solu
bility.

NIW
N ç fC H

CH
H
N NH 

"Tf ''-NH
cÂ j CH
o - h - 6 /

II

E X P E R I M E N T A L

6-Methyl-4-oxo-l,8,3a,7-tetmzaindene (I). 1. Billow's 
method:1 If very pure 3-amino-l,2,4-triazole is emploj'ed, 
the crude yield may be as high as 95 %.

2. The diketene reaction: 3-Amino-1,2,4-triazole (32 g.; 
0.38 m.) was dissolved in 700 ml. of hot, dry dioxane, the 
solution cooled to 50°, and diketene (34 g.; 0.387 m.) in 100 
ml. of dry dioxane slowly added, with stirring. The solution 
was stirred 1  hr. and refluxed an additional hr., when a solid 
began to separate. The mixture was chilled and the solid 
collected. Evaporation of the filtrate to dryness and re
crystallization from ethanol gave 5 g. of 3-amino-l,2,4- 
triazole. The solid obtained from the reaction was recrystal
lized from 400 ml. of 95% ethanol to give 15 g. of a solid 
which was a mixture of long rods and short crystals. No 
separation could be effected on repeated recrystallizations 
from ethanol but extraction of the mixture with cold water 
dissolved the short crystals. The long rods were recrvstal- 
lized from ethanol to give 4 g. of 6-methvl-4-oxo-l,3,3a,7- 
tetrazaindene (I), m.p. 278°. The aqueous extract was 
evaporated to dryness and the residue recrystallized from 
alcohol to give 11 g. of .V,.V'-di-l,2,4-triazol-3-yl-/3-amino- 
crotonamide (VII), m.p. 221-222°.

Anal. Calcd. for C8H 10NsO: C, 41.0; H, 4.3; N, 47.8. 
Found: C, 41.3; II 4.0; N, 48.0.

Another run made as just described, using dry tetra- 
hydrofuran as the solvent, gave the same azaindene, m.p. 
278°, and an isomeric material which melted at 229-230°. 
I t was not determined whether this was a single isomer or a 
mixture of isomers. When the experiment was repeated on a 
larger scale, only the compound melting at 278° and 3- 
acetami(lo-l,2,4-triazole were obtained.

4-Chloro-d-methyl-l,3,3a,7-tetrazaindene (XI). A mixture 
of 120 g. of 6-methvl-4-oxo-l,3,3a,7-tetrazaindene (I) and

600 ml. of phosphoryl chloride was refluxed for 2  hr., the 
excess chloride removed under vacuum, ice and chloroform 
were added to the residue, and the mixture was made basic 
with a saturated sodium carbonate solution. The chloroform 
layer was dried, and passed through a column packed with 
activated alumina to remove its orange color. Removal of 
the solvent from the effluent left 55 g. (37%) of the desired 
product, m.p. 151-152°. The yield was considerably higher 
without the alumina treatment, but the product was then 
highly colored. The yield was also higher if a very dilute 
solution was used and the alumina washed with much chloro
form. I t  is quite soluble in chloroform and recrystallizes well 
from benzene.

Anal. Calcd. for CoH 6N 4C1: C, 42.7; H, 3.0; N, 33.2. 
Found; C, 42.8; H, 3.2; N, 33.7.

The substance is very easily hydrolyzed to I, even by the 
moisture in the air.

6-Methyl-4-thiono-l,3,3a,7-ietrazain.dene (XII). A mixture 
of 5 g. (0.03 mole) of the chloro compound (XI) and 3.8 g. 
(0.03 mole) of thiourea in 50 ml. of ethanol was refluxed 3 
hr. and then most of the alcohol was distilled off under 
vacuum. To the residue was added 75 ml. of 0.53.V NaOH, 
the mixture was refluxed 0.5 hr., filtered hot, the filtrate 
was acidified with acetic acid and cooled, and the solid col
lected and recrystallized from aqueous dimethylformamide. 
Yield, 4 g. (72%) of product, m.p. 310° dec.

Anal. Calcd. for C6H 6N 4S: C, 43.4; H, 3.6; X’, 33.7. 
Found: C, 43.6; H, 3.8; N, 34.0

4-Carboxymelhylmercapto-6-methyTl ,3,3a, 7-tetrazaindene
(X III) A mixture of 3.2 g. of the thiono compound and 3 g. 
of sodium chloroacetate in 40 ml. of water was heated on 
the steam-bath, sodium carbonate was added until solution 
was nearly complete, and the heating was continued for 15 
min. .After filtering off a small amount of insoluble material 
(disulfide from the mercaptan), the filtrate was acidified 
with hydrochloric acid and cooled. Yield, 1.5 g. (44%) of 
product, m.p. 246-247° (recrvstallized from water).

Anal. Calcd. for C,H8N 46 2S: C, 42.8; H, 3.6; X, 25. 
Found: C, 42.4; H, 3.5; N, 24.4.

4-(l ,2,4-Triazolyl-3-amino)-6-methyl-l,3,3a,7-tetrazaindene 
(XIVc). A mixture of 1.8 g. of sodium carbonate, 3.4 g. of 
4-chloro-6-methyl-1,3,3a,7-tetrazaindene, 1.8 g. of 3-amino-
1,2,4-triazole, and 25 ml. of nitrobenzene was refluxed for 
2 hr. I t  was then cooled, the solid was collected, washed 
with water and ether, and recrystallized from dimethyl
formamide. Yield, 2 g. of white product, m.p. >315°.

Anal Calcd for C8H8N’8: N, 51 8  Found: N, 51.5
4-Azido-6-methyl-l,3,3a,7-tetrazaindene (XlVb). A mixture 

of 4 g. of the chloro compound, 3 g. of sodium azide in 10 ml. 
of water and 10 ml. of methanol was refluxed for 1.5 hr., 
then 2 0  ml. of water was added and the mixture chilled. 
The product that separated was removed and recrystal
lized from water; m.p., 120° dec. Yield, 3.4 g. (84%).

Anal. Calcd. for CsHsNj: N, 56.1. Found: N, 56.4.
4-Amino-6-methyl-l,3,3a,7-tetrazaindene (X lV a ) . 17 A solu

tion of 10 g. of the azide in 125 ml. of methanol was reduced 
a t 25-30° and 50 p.s.i. of hydrogen in the presence of 1-2 
g. of Raney nickel. The pressure rose as nitrogen was 
evolved . 18 The residue, after removal of the catalyst and 
solvent, was recrystallized from water, decolorizing with 
Norit. Yield, 7 g. (81%); m.p. 244°.

Anal. Calcd. for CsHtXV. C, 48.3; H, 4.7. Found: C, 48.4; 
H, 4.7.

o-Cldoro-6-meth yl-4-oxo-l,3,3a,7-tetrazaindene (X V I). 1. 
From 6-»iethyl-4-oxo-l,3,3a,7-tetrazaindene: Into a stirred 
solution of 15 g. of G-methyl-4-oxo-l,3,3a,7-tetrazaindene

(17) This amine has been mentioned in the literature 
several times. In our hands, none of the procedures wen' 
successful. N. Heimbach and W. Kelly, Jr., U. S. Patent 
2,449,225 [Chem. Abstr., 43, 52 (1949)]. D. J. Frv, U. S. 
Patent. 2,566,658 \Chem. Abstr., 46, 1379 (1952)].

(18) We are indebted to Mr. J. F. Stenberg for this 
reduction.
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(I) in 750 ml. of water at 60° there was passed a current 
of chlorine for 45 min. After cooling to 35°, the solid (3.4 
g.) was collected on a filter. I t  was recrystallized from di- 
methylformamide (with a Norit decolorizat-ion) on addition 
of one-third its volume of water. Yield, 2.7 g. (15%). It 
begins to char at about 300° but melts >350°.

Anal. Calcd. for C«H5N40C1: C, 39.0; H, 2.7; N, 30.4. 
Found: C, 39.3; H, 2.9; 30.4.

3. Froir, ethyl a-chloroaceloacelate and 3-amino-l,2,4- 
tnazole: To 28 ml. (0.15 mole) of ethyl acet-oacetate there 
was added 24 ml. of sulfuryl chloride and the solution was 
heated on the steam-bath 2 hr. To this crude ethyl a- 
chloroacetoacetate there was added 1 0 0  ml. of acetic acid 
and 12.6 g. (0.15 mole) of 3-amino-l,2,4-triazole: the mix
ture was refluxed for 4 hr., cooled, and the solid collected 
and recrystallized from dimethylformamide. Yield, 25 g. 
The product was identical with that obtained by chlorina
tion of I, as shown by the infrared absorption curve.

S-Hydroxy-6-meth.yl-4-oxo-l,3,3a,7-tetrazaindene (XVII). 
Ammonium persulfate (34 g.; 0.15 mole) in 70 ml. of water 
was added dropwise over a period of 1  hr. to a stirred, cold 
solution of 15 g. (0.1 mole) of 6-methyl-4-oxo-l,3,3a,7- 
tetrazaindene (I), dissolved in 2 2 0  ml. of 3N  sodium hy
droxide. The 6-methy]-4-oxo-l,3,3a,7-tetrazainden-5-yl sul
fate was collected (15 g.) and recrystallized from water.

A mixture of 7 g. of the sulfate and 28 ml. of 5.V hydro
chloric ac:d was refluxed 0.5 hr., cooled, and the solid col
lected. The crude product was recrystallized from dimethyl
formamide to give 3.5 g. of XVII, m.p. above 330°, with pro
gressive darkening above 300°.

Anal. Calcd. for C6H 6N40.: : C, 43.4; H, 3.6. Found: C, 
44.0; H, 4.0.

4-Methyl-6-oxo-l,2,3a,7-tetrazaindene (III); synthesis via 
3-mercapto-4-methyl-6-oxo-l ,2,3a,7-tetrazaindene. To a solu
tion of 7 g. (0.05 mole) of 2-hydrazino-6-methyl-4-oxo- 
pyrimidine (V) in 2 1. of hot absolute alcohol there was 
added 7 g. of phenyl isothiocyanate, the mixture was re
fluxed for 15 min., was allowed to stand overnight, and the 
solid product was collected. After recrystallization from 
water, 5 g. of 3-mercapto-4-methyl-6-oxo-l,2,3a,7-tetra
zaindene (VI), m.p. 280°, was obtained.

Anal. Calcd. for CeHeNjOS: C, 40.0; H, 3.3; X, 30.1; S,
17.7. Found: C, 39.6; H, 3.7; N, 31.1; S, 18.5.

For desulfurization, 5 g. of VI in 250 ml. of water and 3 
tablespoons of commercial Raney nickel was refluxed for 3 
hr., with stirring. The mixture was filtered and the filtrate 
evaporated to 50 ml., cooled, and the solid collected and 
recrvstallized from water to give 0 .C g. of product, m.p. 
295-298°.

Anal. Calcd. for C6H6N40 : C, 48.0; H, 4.0. Found: C, 
47.7; H, 5.4. Although the analysis of this material was not 
considered to be satisfactory, it was shown to be identical 
with a pure sample, prepared as described below7, both by 
mixed melting point and absorption curves.

Synthesis and separation of mixture of 6-methyl-4-oxo- and 
4-methy!-6-oxo-l ,2,3a,7-tetrazaindenes. A mixture of 2- 
hydrazino-6-methyl-4-oxopyrimidine (V) (5 g.) and ethyl 
orthoformate (200 ml.) was refluxed for 72 hr., cooled, and 
the orange solid collected. 1 9 ’ 20 The crude reaction product 
was recrystallized from water and the material that was 
obtained was recrvstallized twice more from water and once 
from ethanol to give 1.7 g. (32%) of 4-methyl-6-oxo-l,2,3a,7- 
tetrazaindene (III), m.p. 296-298°.

Anal. Calcd. for C6H 6N 40 : C, 48.0; H, 4.0; N, 37.3. 
Found: C, 47.9; H, 3.9; N, 37.3.

The filtrates from the recrystallizations were evaporated 
to a small volume, filtered hot, and the filtrate cooled in the 
refrigerator. The solid that was obtained was recrystallized 
three times from water to give 2.5 g. (48%) of 6 -methyl- 
4-oxo-l,2,3a,7-tetrazaindene (II), m.p. 252-254°.

Anal. Calcd. for C,H,N 40 : C, 48.0; H, 4.0; X, 37.3. 
Found: C, 48.1; H, 4.0; N, 37.1.

In an alternate procedure, 100 ml. of dimethylformamide 
was used in place of the ortho ester, yielding 1  g. of III 
and 3 g. of II. A mixture of dimethylformamide and ethyl 
orthoformate gave about the same mixture.

6-Meth.yl-4-ox.o-l ,2,3a,7-tetrazaindene. A solution of 10 g. 
of 2-hvdrazino-6-methvl-4-oxopyrimidine (V) in 15 ml. of 
os*)). formic acid was kept a t 50-60° for 1 hr. and evaporated 
to dryness below 60°. The solid was crystallized from w7ater, 
yielding 7.7 g. (72%) of II, m.p. 251-253°, identical in all 
respects to that prepared as described in the preceding 
section. This material, when refluxed in formic acid, was 
transformed into 6-methyl-4-oxo-l,3,3a,7-tetrazaindene (I), 
identical in melting point, mixed melting point, and ultra
violet and infrared spectra with that- prepared according to 
ref. ( 1 ).

R o c h e s t e r  4, X. Y:

(19) I t is believed that the orange color is due to a for- 
mazan formed by the reaction of 2  moles of hydrazine with 
1  mole of ethyl orthoformate followed by oxidation, but a 
pure material has not been isolated.

(20) This reaction has also been studied by Mr. L. A. 
Williams, of the Kodak Limited Research Laboratories, 
Harrow7, England.

[C o m m u n ic a t io n  X o. 1996 fr o m  T h e  K o d a k  R e s e a r c h  L a b o r a t o r ie s ]

T he S tru ctu re  o f  C ertain  P olyaza in d en es. III.
1,2,3a,7- and  l,3 ,3a ,7 -T etraza in d en es

C. F. H. ALLEX, H. R. BEILFUSS, D. M. BURXESS, G. A. REYXOLDS, 
J. F. TIXKER, a n d  J. A. VanALLAX
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This paper contains a description of the preparation and properties of 1,2,3a,7- and 1 ,3 ,3 a,7-tetrazaindenes not specifically
pertinent to topics discussed in the first two papers.

A considerable variety of tetrazaindenes is now 
known. Some examples having the nitrogen atom in

( 1 ) C. F. H. Allen, H. R. Beilfnss, D. VI. Burness, G. A. 
Reynolds, J. F. Tinker, and J. A. VanAllan, J . Ory. Chem., 
24,‘ 779, 787 (1959).

the 1,2,8a, and 7- or tin1 1,8,8a, and 7-positions are 
described in this and the preceding papers of the 
series,1 as well as in the earlier literature.2-6

(2) E. Birr and W. Walther, Her., 8 6 , 1401 (1953).
(3) E. Birr, Z. miss. Phot., 50, 107 (1955).
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Several preparative procedures have been em
ployed. The most general is the interaction of ethyl 
acetoacetate and a 3-amino-l,2,4-triazole. Analo
gous reactions have been carried out using alkylated 
acetoacetic esters, diketene, ethyl ethoxalylpro- 
pionate, ethyl a,d-dibromopropionate, and ethyl 
ethoxymethylenemalonate. A second procedure 
employs an ortho-ester and 2-hydrazino-4-hydroxy- 
6-methylpyrimidine. The ester may be replaced by 
formic acid or dimethylformamide. Substances ob
tained by the same procedures were assumed to have 
the same bond arrangement; in several instances, 
this was confirmed by a comparison of the absorp
tion spectra.1

A few notes on the individual substances are in 
order. 5 - Methyl - 4 - oxo -1,3,3a,7 - tetrazaindene
(I) was obtained from 3-amino-l,2,4-triazole and 
ethyl ethoxalylpropionate. The first product that 
separated appeared to be a solvated 5-methyl-4- 
oxo-6-(3-triazolylcarbamyl) - l,3,3a,7-tetrazaindene
(II) , which, upon subsequent hydrolysis, gave 6- 
carboxy - 5 -methyl - 4 - oxo - 1,3,3a,7 - tetraza
indene (III). The latter underwent easy decarboxyl
ation to the 5-methyl-4-oxo derivative (I).

C2 H5 00C C = 0 H2N n

r  ì
i

H
. N-

CH3CH +  H Ì - J Ì I  j iN CH;0 = C -0 C 2 H6 H

N H C O N  N

N

II
1
H

- N ^ N  N N  HOOC N N
T  ì  -  i  T  Ì  I  T  i
-N — N / k ^ N — N 1 -• -

PH  I OH,
CHs OH 0

I

c h 3^ y n  n

h i  0

4-Oxo-l,3,3a,7-tetrazaindene (IV) resulted from 
the interaction of ethyl a,/3-dibromopropionate and 
3-amino-l,2,4-triazole.

BrCH2

BiCH +
I

0= C —OEt

H,N
\

r  ii
HN— N

H
N N N N

1 HS! N k N " N
0 IV OH

In a manner analogous to that discussed in the 
previous paper,1 when 2-hydrazino-4-hydroxy-G- 
methylpyrimidine was treated with an ortho ester, 
a mixture of the two expected isomers (V and VI) 
in the 1,2,3a,7-series resulted; these were separated 
by fractional crystallization.

(4) C. Billow, Ber., 42 , 2208, 2599, 3555, 4429 (1909).
(5) C. Biilow and Iv. Haas, Ber., 4 2 ,  3648 (1909).
(6 ) N. Heimbach and W. Kellv, Jr., U. S. Patent 

2 , 4 4 4 , 6 0 5  (1948).

HO. N /N H N H 2

Y  Y  ---------
S " N  +  CH3 C(OEt)a 

CH3

H

N-
CH3

- c h 3

+

N~
O VI

-c h 3

The cyclizations of hydrazinopyrimidines give 
different products under different conditions. 
For instance, 2-hydrazino-4-hydroxy-6-methylpy- 
rimidine, on warming (50°) in formic acid, gives 4- 
oxo-6-methyl-l,2,3a,7-tetrazaindene (VII); in boil
ing formic acid, the hydrazine is converted to the 
1,3,3a,7-isomer (VIII). In boiling phenyl acetate, 
the hydrazine is converted to the rearranged di-

methyl isomer, (IX, R = CH3). When the free 
hydrazine in acetic acid or its acetyl derivative in 
formic acid is employed, only a trace of IX (R = 
CH3) is produced, but hydrogen chloride in acetic 
acid brings about the rearrangement of X (R = 
CH3) satisfactorily. 2-Ethylmercapto-6-methyl- 
4-hydroxypyrimidine can also be used as a starting 
material, provided it is given a prior treatment with 
acethydrazide. The analogous /3-hydroxyethyl- 
tetrazaindenes (IX, X. II = CFRCIIoOH) are 
obtainable by slight modifications of the same 
procedures. The 1,2,3a,7-form results from ring 
closure in phenol, whereas the rearranged 1,3,3a,7- 
isomer is obtained if hydrogen chloride in acetic 
acid is employed.

Birr has listed a series of G-alkylated-4-oxo- 
l,3,3a,7-tetrazaindenes (erroneously named as “1,2- 
3a,7”). Some of these, and the 6-benzyl derivative 
were also prepared in these Laboratories. The 2- 
hydroxymethyl (IX. R = CH2OH) compound 
was obtained by the standard synthesis from a 
substituted aminotriazole.



j c n b  1959 S T R U C T U R E  O F  P O L Y A Z A IN D E N E S . I l l 795

TABLE I
P r o p e r t i e s  o f  T e t r a z a i n i i e n e s

r  l

Analyses, %
Position of Subs. 1,3,3a,7-series M.P., Empirical ______ Calcd._____  _____ Found

No. 2 4 5 6 °C. Formula c H N C H N

IV OH 204-205“ C-HnXuO, 46.4 5.5 30.9 45.9 5.2 30.6
OH CH, CH, 304-305* C7H N 4O 51.2 4.9 34.2 50.9 5.0 34.7

XI OH C2H 5 212-214 C7 H,N,0 51.2 4.9 34.2 51,4 5.0 34.3
OH c 7 h I5 128-130 c 12h 18n 4o 61.4 7.7 23.9 61.3 8 . 1 24.2
OH C11H 23 128-131° c ,6h 26n 4o 6 6 . 2 9.0 19.3 65.9 8.9 19.8
OH c 6h 6c h 2 240 C.-HoN.O 63.8 4.4 24.8 63.8 4.5 24.9

c h Cl CH., 149-150tf C7H C 1N 4 46.0 3.8 30.7 46.1 4.6 31.0
IX CHOH OH c h 3 227-229 C7H N 40 2.7 2 H 0 44.5 4.8 29.7 44.5 4.7 29.8
IX CH,OH OH CH, 275-277 c ,h 8n 4o 2 46.6 4.5 31.1 45.8 4.8 31.1
IX CH,C1 OH CH, 211-260s c ,h 7c in 4o 42.4 3.5 42.4 3.7
IX c 7h 15 OH CH, 172 C4.,HoN40 62.9 8 . 1 2 2 . 6 62.9 8 . 0 2 2 . 2

IX C11H 23 OH CH, 163 c 17h 28n 4o 67.1 9.2 18.4 66.9 9.4 18.6
I OH c h , >300 CsH H O 37.4 37.4

III OH c h , COOH >325 c 7h 6n 4o , 43.3 3.1 29.4 43.2 3.4 28.9
IX CHLOH OH CH, 262-263 C8H10N 4O2 49.5 5.2 28.8 49.7 4.9 28.4

V CH,e c h OH 309-310 c 7h 8n 4o 51.2 4.9 34.2 50.9 5.0 34.5
VI CH3e OH C H 310-311 c ,h n 4o 51.2 4.9 34.2 51.4 5.1 34.7
X C,H 4OHe OH CH, 237-240 C8ÏÏIPN402 49.5 5.2 28.8 50.0 6.3 28.9

0  The alcoholate. Birr3 gives 287-288° for the unsolvated substances. * Birr3 gives 291-292° .e Birr3 gives 100-101°, doubt
less a hydrate. d Cl: Calcd., 19.5. Found, 19.4. e In 3-position of the 1,2,3a,7- compound.

E X P E R I M E N T A L

Most of the procedures employed for the preparation of 
the various substances have been described in the previous 
papers of this series. The properties of the new tetrazain- 
denes are collected in Table I.

The various tetrazaindenes that contain oxo groups re
semble those described in the preceding paper . 1 The most 
conspicuous property is the tendency to retain solvent of 
crystallization. One solvent may partially or entirely replace 
another on recrystallization.

5-Methyl-/-i.-oxo-l,3,3a,7-tetrazaindene (I). A mixture of 3- 
amino-1,2,4-triazole (8.4 g., 0.1 mole), ethyl ethoxalvl- 
propionate (21 g., 0.1 mole), and 54 ml. of acetic acid was 
refluxed for 3 hr. After standing at room temperature over
night, the solid was collected and recrystallized from 
dimethylformamide to give 5-8 g. of 5-methyl-4-oxo-6-(3- 
triazolylcarbamvl)-l,3,3a,7-tetrazaindene (II) as the mono- 
hydrate , 1 m.p. 275°, and sometimes as the monoalcoholate, 7 

m.p. 257°. Hydrolysis of 8  g. of this material by boiling for 
5 hr. with 85 ml. of 4% hydrochloric acid gave 5 g. of 6 - 
carboxy-5-methyl-4-oxo-l,3,3a,7-tetrazaindene (III). The 
latter compound was decarboxylated by heating for 1 0  min. 
in boiling Dowtherm to give 5-methyl-4-oxo-l,3,3a,7-tetr- 
azaindene.

4- Oxo-l,3,3a,7-tetrazaindene (IV). A solution of 17 g. 
(0.2 mole) of 3-amino-l,2,4-triazole and 52 g. (0.2 mole) of 
ethyl a,/3-dibromopropionate in 100 ml. of pyridine was re
fluxed for 3 hr., cooled, and diluted with an equal volume 
of water. The cream-colored solid was collected and recrystal
lized from alcohol to give 7 g. of product as the alcoholate.

5- Hydroxymethyl-6-methyl-.l-nxo-l,3,3a,7-tetrazaindene (IX, 
R = CH,OH). The necessary 3-amino-5-hvdroxymethyl- 
triazole glyeolate was prepared as follows: To 1.24 kg. of 
aminoguanidine bicarbonate in a 1 2 -1 . flask was added 2  kg. 
of 70% aqueous glycolic acid, octyl alcohol being added to 
control foaming. When foaming had ceased, 10 ml. of con
centrated nitric acid was added so that it wet the sides of

(7) Indicated by the analytical results; the solvent-free 
form is obtainable, but only by stringent drying.

the flask above the liquid. The whole was refluxed for 24 hr. 
The liquid was poured into an enameled pan, cooled to 5° 
for 15 min., the solid was collected on a filter, sucked dry, 
and recrystallized from 2 1. of ethanol. This solution was 
cooled to 5° for 15 min. and filtered. Yield of triazole, m.p 
113-115°, 78-95 g. (45-55%).

Anal. Calcd. for C5H 10N4O4: C, 31.5; H, 5.3; H, 29.5. 
Found: C, 32.0; H, 5.2; N, 31.4.

Cyclization. A mixture of 1 kg. of 3-amino-5-hydroxy- 
methyltriazole gtycolate, 4.5 1. of practical ethyl aceto- 
acetate, and 80 ml. of glacial acetic acid was heated on the 
steam-cone for 24 hr., cooled to 25°, filtered, and washed with 
ethanol. The damp cake was dissolved in 3 1. of boiling water, 
decolorized and filtered, and 3 1. of concentrated hydro
chloric acid was added to the hot solution. After cooling at 
5° for 1 hr., the product was filtered and dried. A quantita
tive yield of the pure white anhydrous material resulted 
(crystallization from water yielded a hemihydrate).

2-Chloromethyi-6-melhyH-oxo-l, 3,3a, 7-tetrazaindene (IX, 
R =  CH-2Cl). A mixture of 900 g. of 2-hydroxymethyl-6- 
methyl-4-oxo-l,S,3a,7-totrazaindene and 2 or 3 1. of recently 
distilled phosphoryl chloride was heated gently until dis
solved, and then 20-40 min. longer and cooled. I t  was 
poured upon ice and filtered promptly (the filtrate will heat 
up in a few minutes if not drowned out). The solid was 
washed with cold water and recrystallized in portions from 
water (100 ml. per g.) using Darco, and allowing the hot 
solution to boil briskly for at least 10 min. Yield was 400 
g-

S,7f-Dimcthyl-€-oxo- and S ,6-dimethyl-4-oxo-i ,2,3a,7-tetr
azaindenes (V and VI). I. From a pyrimidinehydrazine and an 
ortho ester. A mixture of 5 g. of 2-hydrazino-4-hydroxy-6- 
methylpyrimidine2 and 2 0 0  ml. of ethyl orthoacetate was 
refluxed for 24 hr., cooled, and the solid collected. The crude 
material was recrystallized from 3 1. of water to give 3,6- 
dimethyl-4-oxo-l,2,3a,7-tetrazaindene (VI), m.p. 310°. The 
filtrate was concentrated to half its volume to give more of 
the same material (3.5 g. combined yield). The filtrate was 
concentrated to about 25 ml. and cooled, and the solid that 
was obtained was recrystallized twice from water and once 
from ethanol to give 0.8 g. of 3,4-dimethyl-6-oxo-l,2,3a,7-
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tetrazaindene (V), m.p. 308-310°. The absorption spectra 
wore Riven previously . 1

2. From 2-acethydrazido-4-hydroxy-fi-inethylpyrimidine. A 
mixture of 10 g. of 2-hydrazino-4-hydroxy-6-methvlpvrimi- 
dine2 and 50 ml. of pyridine was treated with 5 ml. of aeetvl 
chloride. The temperature rose to about 50°, and a solid 
separated. After 0.5 hr., the mixture was filtered. The white 
solid, m.p. 213 216°, was crystallized from 125 ml. of water. 
Yield was 1.7 g., m.p. 251-253° dee.

Anal. Calcd. for C-H„,N40.,: C, 46.1; H, 5.5; X, 30.8. 
Found; C, 46.1 : H, 5.8: X, 30.8.

It may he noted that the hydrazides melt with foaming, 
suggesting a loss of water on heating. Treatment of this 
material with formic acid at 70 ±  5° for 1 hr. leaves it 
unchanged. In boiling formic acid (4 hr.), substantially pure
3,6-dimethyl-4-oxo-l,2,3a,7-tetrazaindene (VI) is formed, 
contaminated with a detectable amount of the rearranged 
isomer, 2,6-dimethvl-4-oxo-l,3,3a,7-tetrazaindene (IX. R = 
OH.,).

2,6-DimethyI-4-oxo-l,3,3a,7-tetrazeiindene (IX. R = FT/,). 
A solution of 5 g. of 2-hydrazino-4-hvdroxv-6-methylpyrimi- 
dine2 in 50 ml. of phenyl acetate was refluxed for 4 hr., 
cooled, and filtered. The white solid was crystallized from 
water; it melted at 311-313°. The infrared absorption was 
identical with that of material prepared from ethyl aceto- 
acetate and 3-amino-5-methy 1-1,2,4-triazole. 8

4-Chloro-2,6-dimethyJ-l.3,Sa.7-tetraznindene. A mixture of 
30 g. of 2,6-dimethyl-4-oxo-l,3,3a,7-tetrazaindene (prepared 
from 3-amino-5-methyl-l,2,4-triazole and ethyl aceto- 
acetate8) and 1 0 0  ml. of freshly distilled phosphoryl chloride

(8 ) J. Thiele and K. Heidenreich, Rer., 26, 2500 (1803).

was refluxed for 1  hr., evaporated to dryness, the residue 
washed with chloroform, and then shaken with ice water 
and chloroform. The second chloroform solution was dried 
over sodium sulfate, passed through a l ‘/,-in. by 36-in. 
column of alumina (Alcoa F-20, 200-meshl, and evaporated 
to drvness. The pure white chloride was obtained in a vield 
of 18 g. (54^).

4-Hydroxy-2-fi-hydroxypropion.hydrazido-6-methylpyrimi- 
dine. This was formed by refluxing equimolecular propor
tions of /3-hydroxypropionhydrazide9 and 2-ethylmereapto- 
4-hydroxy-6-methvlpyrimidine in aqueous alcohol for 20 
hr., cooling to 25°, and filtering. The crude solid (60-75N 
yield), m.p. 223-226°, with evolution of gas, was usually 
used directly, but could be recrystallized from water, after 
which it melted a t 223-234°, with foaming.

2- 0-Hydxoxyeth.yl-6-mclhyl-4-oxo-l ,3,3a,7-tetrazaindene (IX. 
R = CJhO li). A mixture of 6.3 g. of the hydrazide, 500 ml. 
of glacial acetic acid, and 50 ml. of concentrated hydro
chloric acid was refluxed for 2 0  hr., filtered hot from small 
impurities, and cooled. A white solid separated (12 g., m.p. 
257-260°). Recrvstallized from water, it yielded 6.5 g., 
m.p. 262-263°.

3- fl-H ydroxyeth yl-d-methyI-4-oxo-l,2,3a,7-tetrazaindene (X . 
7? = CJhfiH). Eight, g. of the hydrazide in about 100 g. of 
phenol was refluxed for 1 hr., cooled, and the phenol steam- 
distilled. A white solid crystallized from the water. Yield 
was 3.3 g., m.p. 237-240°.

R o c h e s t e r  4. X. Y.

(9) T. L. Gresham, J. E. Jansen, F. AY. Shaver, R. A. 
Banker!, and F. T. Fredorek, J. Am. Chem. Soc., 73, 3168 
(1951).

[ C o m m u n i c a t i o n  X o. 1 9 9 7  f r o m  t h e  K o d a k  R e s e a r c h  L a b o r a t o r i e s , E a s t m a n  K o d a k  C o m p a n y ]
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The reaction of 4,4-dimethoxy-2-butanone or 4-methoxy-3-buten-2-one with 3-amino-l,2,4-triazole leads to 6 -methyl- 
l,3,3a,7-tetrazaindene. The mode of formation and relation to the product from ethyl aretoacetate are discussed. This 
reaction of /S-keto acetals with amino-substituted azoles appears to be general for the synthesis of polyazaindenes.

The reaction between 3-amino-l ,2,4 triazole (I) 
and ethyl acetoacetate is now known2 to produce 
fi-methyl-4-oxo-l,3,3a,7-tetrazaindene (II); how
ever, at the time the following work was under
taken there existed neither spectral evidence nor 
convincing chemical proof in that regard. Numerous 
attempts had been made to isolate an intermediate 
compound from this reaction, or related reactions, 
but to no avail.

In earlier work involving reactions of d-koto 
acetals with aromatic amines and hydrazines,3

(1) This paper is Part III of another scries from these 
Laboratories “Beta-Keto Acetals,” Parts I and II of which 
appeared in J. Org. Chem., 21, 97, 102 (1956). A portion 
of the subject matter of this paper appears in II. S. Patent 
2,837,521, dated June 3, 1958.

(2) C. F. H. Allen, H. R. Beilfuss, D. M. Burness, G. A. 
Reynolds, J. F. Tinker, and J. A. VanAllan, J. Org. Chem., 
24, 787 (1959).

it was possible to isolate intermediate condensation 
products, which could be characterized so that 
the structure of the product of a subsequent cycli- 
zation was clearly evident. It seemed reasonable to 
expect a similar degree of success in the reaction of
3- amino-l ,2,4-triazole with 4,4-dimethoxy-2-buta- 
none (III).

/3-Biketones are known to react with 3-amino-l,2-
4- triazole to give dialkyltetrazaindenes,4 while 
diethyl ethoxymethylenemalonate produces a prod
uct with an ethoxycarbonyl substituent.5’6

(3) L>. M. Burness, ./. Org. Chem., 2 1 , 97 (1956).
(4) C. Biilow and K. Haas, Ber., 42, 4638 (1909); XT. 

Heimbach, U. S. Patent 2,443,136 (1948); Chem. Abete., 
42, 6685 (1948).

(5) X. Heimbach, U. S. Patent 2,450,397 (1948): Chem.
Abstr., 43,'4165 (1949).
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The reaction of 4,4-dimethoxy-2-butanone with 
I produced solely, and in good yield, a product 
which proved to be identical with the 6-methyl- 
l,3,3a,7-tetrazaindene (IV) obtained from II, 
as shown.

CH 3COCH2CH(OCH 3 ) 2

III

Thus, of the four possible products (methyl at 4 
or 6, nitrogens at 1,2,3a,7 or 1,3,3a,7), only one 
was obtained. The relation demonstrated here 
between II and IV leads to the conclusion that each 
possesses the same C—N skeleton. This is not 
necessarily valid in the l,2,3a,7-tetrazaindene 
series, since it has been shown2 that acidic condi
tions (such as prevail during the phosphoryl chlo
ride reaction) may cause rearrangement. That no 
rearrangement occurs in the present case was shown 
by the regeneration of II from the chloro compound 
by hydrolysis.

As with a /3-keto ester, there are two possible 
sites for the initial reaction of the amino group 
(i.e., the most basic center) of I with a /3-keto 
acetal. By analogy to the corresponding reaction 
with aniline,3 however, the acetal group of III 
would be expected to react first to give the inter
mediate,

CH:tCOCH2CH =N -
HN-

-N
(V) , 6 7

'N

which, when cyclized, would produce either 4- 
methyl-l,2,3a,7- or 4-methyl-l,3,3a,7-tetrazaindene. 
Obviously, this is at variance with the correct 
structure (II) of the oxo compound.

(6 ) C. F. H. Allen, H. R. Beilfuss, D. M. Burness, G. A- 
Reynolds, J. F. Tinker, and J. A. VanAllan, J. Orq. Chem., 
24,' 779 (1959).

(7) This may appear at first to be contradictory to the 
reaction with acetoacetic ester which is known to condense 
with amines under mild acidic catalysis at the ket.onic 
carbonyl group. The difference lies in the far greater elec
tronegativity of the carbethoxy group which facilitates 
addition o: the amine to the enolic form of the /3-keto ester.

„CK
O hC-" "COC2 H5

0  +  RNH 2

H

c h 3.

RNH^
©

CHV
C ^C-OC 2 H 5 etc.

The acetal group, on the other hand, is not electronegative, 
so that the carbonyl of a /S-keto acetal resembles more 
closely that of a simple ketone in reactivity; ketones ordi
narily react with amines with considerable difficulty.

Efforts were made to isolate or determine in 
some fashion the nature of the intermediate, but 
to no avail. The reaction proceeded at the low 
temperature 0: boiling benzene, slowly but com
pletely to the end-product. Determination of the 
composition of the initial distillate obtained at the 
start of the reaction showed a methanol-water 
ratio of 2.5 (theory for the complete reaction is 3.5), 
confirming the fact that the two steps occur simul
taneously or in rapid succession.

Further evidence that the first step may well 
involve the intermediate, V, was obtained when 
the reaction was carried out with 4-methoxy-3- 
buten-2-one (VI). The latter reacts with aniline to 
yield, only under milder conditions, the same 
product (C6H5N=CHCH2COCH3) as is obtained 
with the /3-keto acetal (III). The reaction of I with 
VI undoubtedly proceeds preferentially by a 1,4- 
addition mechanism8 to produce the same inter
mediate (V) as before, and indeed the same methyl- 
tetrazaindene was isolated.

8~
O O
I !!

CH 3C—CH=CHOCH 3 < —> CH 3C—CH=CHOCH.i 
s+

8“  s~
o  o
| 8+ \ 8+

CH3C = C H —CHOCH, CIbO OH -CFI OCR,

The reaction of 3-amino-l,2,4-triazole with VI 
was run under the mildest of conditions, at 25°, in 
V,V-dimethylformamide; again, it was impos
sible to isolate an intermediate compound. The 
methyltetrazaindene crystallized from the reaction 
mixture as a pure compound in 56% yield, prac
tically identical with the yield of anil obtained with 
aniline.

In another experiment, this reaction was run at 
25° in dimethyl sulfoxide as a solvent (which is 
essentially transparent in the region of 4.0-6.8 p) 
and the reaction was followed by infrared examina
tion of samples of the reaction mixture at various 
intervals. No definite conclusions could be drawn 
from the spectra, owing largely to overlapping 
absorptions.

It is possible that the course of the reaction of 
the aminotriazole with the /3-keto acetal is identical 
with that of the methoxyvinyl ketone, after a 
preliminary step involving the loss of methanol, 
a reaction which proceeds readily under acid 
catalysis. The higher temperatures required for 
condensations with the acetal are similar to those 
necessary for this elimination reaction, which here

(8 ) The tendency for 1,4-addition to VI is actually some
what greater than in the case of methyl vinyl ketone which 
also reacts in this maimer [N. Murata, H. Arai, and Y. 
Tashima, J. Chem. Soc. Japan, 56, 709 (1953); Chem. 
Abstr., 49, 7517 (1955)]. The additional resonance possi
bilities due to the methoxyl group make for a still more 
positive center at the number four carbon atom.
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may well be catalyzed by the mildly acidic 3- 
amino-1,2,4-triazole.

Another possibility which must be considered is 
that the 1,4-addition might involve the 2-position 
of the triazole ring rather than the amino group; 
this could lead directly to IV. This is most improb
able in view of the results in the analogous case 
involving ethyl ethoxymethylenemalonate (VII). 
Addition to this enol ether necessarily involves the 
amino group of I, for the ultraviolet absorption 
spectrum of the product conforms to that of a 4- 
oxo-l,3,3a,7-tetrazaindene (VIII) rather than the 
alternate 6-oxo isomer.6

(C2Hs0 2C)2C=CH0C2Hä +  I 
VII

,NH
/ \ --------N

c h  i — - 
¡I h n - /

c 2 h ,,o 2c c  ^  c 2 h 5 o2c 
xc o 2 c 2 h 5

IX

H

N'
■N— N

0

VIII

It is clear that some other intermediate must 
interpose between V and IV. Condensation of V 
with aminotriazole9 leads to such an intermediate.

pH
CH3 C* "CH Î - T I c  n 3cV c - o c 2 h 5

1 H 
(X .N"-"

H

1 II 
(X . . 0  

H
V

This bis compound, X, then spontaneously loses a 
mole of aminotriazole to form 6-methyl-l,3,3a,7- 
tetrazaindene (IV). The aminoanil (X) could not, 
however, be isolated.

CH;,CCH=CHNHn N
JJ I j] ciirqct ring closure
0  v  HN----N — + h  '

CH,
N .

I — N = C — C H = C H ( N H —f  'l l  

N — N H  /  \ H N — N

N  N

r  T  ì
V N “ N

C H ;

N  N

T  T  Ì
V N “ N

X IV

Support for such a mechanism was gained from 
a study of the reaction of p-nitrophenylhydrazine 
with VI. An attempt to condense a single mole of 
the hydrazine with the methoxyvinyl ketone, 
under the same mild conditions employed with I, 
produced the bishydrazone, XI. This, when heated, 
cyclized to the known 3-methyl-1-p-nitrophenyl- 
pyrazole with loss of one mole of p-nitrophenyl- 
hydrazine. This is the same behavior as is postulated 
for X.

(9) The carbonyl group of V should be more active than 
that of its precursors, III  or VI; there is now a close resem
blance between its enolic form and that of acetoacetic ester 
which, as stated earlier, has been found to condense with 
amines at the ketonic carbonyl.

c h 3c c h = c h ;n h n h c 6h ., n o 2
II ^  ''
n - n h c 6h 4n o 2

XI

i r ° H 3

- .N 
N 
I

c 6h 4n o 2

p-0 2 NCfiH4 NHNH 2

A similar process occurs in the related case where
5-aminotetrazole replaces I. Of the two isomers 
possible in this case, only one has been obtained in 
each of five syntheses; this is formulated by analogy 
as 6-methyl-l,2,3,3a,7-pentazaindene (XII). These 
methods involved (1) reaction of III  with 5- 
aminotetrazole in xylene-DMF at 140°, (2) re
action of III with 5-aminotetrazole in glacial acetic 
acid, (3) reaction of VI with 5-aminotetrazole at 
25°, (4) dehydroxylation of 6-methyl-4-oxo-l,2,3,- 
3a,7-pentazaindene, and (5) the action of nitrous 
acid on 2-hydrazino-4-methylpyrimidine.

Numerous other azoles were found to react with 
III, and III, in turn, could be replaced by other 
/3-keto acetals; thus, the reaction is quite general for 
the synthesis of polyazaindenes containing only 
hydrocarbon substituents in the 6-membered ring. 
The actual structures of the products formed in 
most of these reactions are not known and the names 
assigned are based on analogy. The compounds pre
pared are listed in Tables I and II.

The reaction of 4,4-dimethoxy-3-methyl-2-buta- 
none (XIII) with I in boiling xylene produced two 
isomers; one of these was found to be identical with 
the compound obtained by reduction of 5,6- 
dimethyl-4-oxo-l,3,3a,7-tetrazaindene (formed by 
interaction of ethyl a-methylacetoacetate with 3- 
amino-1,2,4-triazole) and is, therefore, 5,6-di- 
methyl-l,3,3a,7-tetrazaindene (XIV). The fact 
that the second isomer, although analytically pure, 
was low-melting and melted over a range (91- 
99°) might be due to inseparable isomers, although 
the infrared spectrum indicates the presence of 
very little, if any, of the higher-melting isomer.

It seems unlikely that the amino group of I 
would react first with the carbonyl; instead, this 
acetal loses methanol (much more readily than III) 
to form an unsaturated ketone,10 the reactive spe
cies. Accordingly, the structure assigned to the 
second isomer is 4,5-dimethvl-l,3,3a,7-tetrazain- 
dene(XV).

In two other instances, it was possible to isolate 
two separate, isomeric tetrazaindenes. These were 
from the reactions of 3,5-diamino-l,2,4-triazole with
2-methoxymethylenecyclohexanone (XVI), and 
with /3,|3-dimethoxypropiophenone (XVII). In these

(10) This behavior is parallel to tha t observed in the syn
thesis of X III itself, in which a considerable quantity of 
unsaturated ketone is formed; very little is formed in the 
case of III. [E. Royals and K. Brannock, J. Am. Chem. 
Soc., 75, 2050 (1953) and unpublished observations of these 
Laboratories.]
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TABLE I
l ,3 ,3 a ,7 - T E T R A Z A I N D E N E S

N N
r n
% /N — N

Analyses
Num- Precursors Reaction Yield, M.P., Calcd. Found

ber Substituents Acetal Azole Solvent % °C. C H N C H N

XXI Unsubstituted a I Acetic acid* 2 2  (crude) 140-142° 50.0 3.3 46.8 50.4 3.3 46.7
IV 6 -CH 3 h i I Xylene 63 182.5-183° 53.7 4.5 41.8 53.7 4.5 42.0
IV 6 -CH 3 h i I Benzene 57 (crude )"1 173-18C
IV 6 -CH 3 h i I Acetic acid 53 (crude) 179-183°
IV 6 -CH 3 h i I None; heat 6 6  (crude) 173-178°

only
IV 6 -CH 3 VI I DM FS 57 181.5-183

XIV*
XV*

5,6-Di-CH3]
4,5-Di-CH3J X III I Xylene 69° j 178-178.5° 

\91-99/
56.8
56.8

5.4
5.4

37.8
37.8

56.9
57.1

5.3
5.5

38.1
37.7

XX II 2-SCHs-6-CH3 h i Q Xvlene 65 125-126-1 46.7 4.5 31.1 46.6 4.3 31.3
X X III 2-NIL-6-CH, h i h Xylene 58 210-211.5* 48.3 4.7 47.0 47.9 5.1 47.3

X IX 1 2-NH2-4-C6H6 XVII h Xylene 95° 268.5-269' 62.6 4.3 33.1 62.6 4.3 33.1
X V IIP 2-NH2-6-C6Hs XVII h Acetic acid 85° 236.5' 62.6 4.3 33.1 62.4 4.3 33.6

“ 1,1,3,3-Tetraethoxypropane, Eastman Chemical No. 7118. 6  See Experimental. ° Recrystallized from benzene. d After 
a 4-day period a t reflux. The yield based on unrecovered triazole was 79%. ° Crude mixed isomers. r Unchanged after re
peated recrystallization from methylcyclohexane or ligroin (65-75°). " 3-Amino-5-met.hylmercapto-l,2,4-triazole [F. Arndt 
and E. Milde, Ber., 54, 2089 (1921)]. h 3,5-Diamino-l,2,4-triazoIe; courtesy of American Cyanamid Co. 1 Both reactions 
produced small amounts of the other isomer and a by-product (XX). See Experimental. '  Recrystallized from xylene. * Re- 
crystallized from NjlV-dimethylformamide. ' Recrystallized from n-butanol.

-~ ^ C H O C H 3

XVI

COCH2 CH(OCH3 ) 2

XVII

cases, steric effects might operate to change the 
course of reaction from that characteristic of III.

In the case of /3,/3-dimethoxypropiophenone, 
the two isomers obtained had vastly different ul
traviolet spectra. The reaction run in xylene pro
duced predominantly the higher-melting isomer of 
X„lax 339. The lower-melting isomer, which was 
detected (via infrared) but not isolated from the 
xylene reaction, predominated when glacial acetic 
acid was used as solvent;11 this had Amax of 311. 
This difference could be attributed to a change 
in ring structure from a 1,3,3a,7- to a 1,2,3a,7- 
tetrazaindene,12 but more likely is due to a dif
ference in location of the phenyl substituent. Thus, 
the cross-conjugated type of structure such as 
exists in XVIII absorbs at a shorter wave length 
than the linear conjugated system of XIX.

C6 H6̂  jm  n h :
T

•N—  N

XVIII (Xmax 311 m/x)

r V Y " '
V N  N

c 6 h 6

XIX (Xmax339 mji)

The reaction in either solvent produced a by
product derived from two moles of the acetal 
(XVII) and one of 3,5-diamino-l,2,4-triazole. In

view of the elemental composition and the ultra
violet spectra (X„,„ = 373; e = 58,800), this by
product is tentatively considered to have the highly 
conjugated structure XX. Acid hydrolysis of XX 
produced the high-melting isomer, XIX.

Ny y N~ CH=CHC0C6H*
N — NH

6 H5 XX

This series of transformations is most reasonable 
in terms of a l,3,3a,7-tetraza structure (rather than 
a 1,2,3a,7- one) provided XX is formed only from 
the dianil, XXI. Both steric hindrance and sta-

C6H5 COCH2 CH=N n = c h c h 2 c o c 6h 5

N— NH 
XXI

tistical influence favor the rate leading to the 1,3,- 
3a,7- isomer.

The formation of a product such as XX, in 
which it is evident that condensation with the 
second mole of /3-keto acetal has occurred via 
the acetal group and not the carbonyl, lends addi
tional support to the argument regarding the first 
step in the reaction of /3-keto acetals with amino- 
substituted azoles.

E X P E R I M E N T A L 13

(11) The higher-melting isomer was also isolated from 
the reaction in acetic acid.

(12) The l,3,3a,7-tetrazaindenes have a Xmax in the longer- 
wave-length region of 16 to 26 m/i lower than the cor- 
presonding compounds of 1 ,2 ,3a,7-structure . 6

Conditions for the reactions of the various amino azoles 
with /?-keto acetals and properties of the resulting products 
are shown in Tables I  and II. Except as noted, the reac-

(13) All melting points are corrected.
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tions were carried out in the refluxing solvent (no catalyst 
required) with a packed column and a water separator, until 
formation of the water-methanol phase was essentially com
plete. The product crystallized from the reaction mixture 
and was purified by recrystallization from the designated 
solvent with Pittsburgh Carbon Type RB. Reactions run 
in acetic acid were refluxed for 4 to 6  hr. Supplementary 
details are given in Tables I and II  and in the following 
examples.

1,3,3a,7-Tetrazaindene (XXI). A solution of 8.4 g. of 
3-amino-l,2,4-triazole (I) and 33 g. of 1,1,3,3-tetraethoxy- 
propane was heated at reflux for 2 hr. in 50 ml. of glacial 
acetic acid containing 5 drops of concentrated hydrochloric 
acid. The solvent was removed under reduced pressure and 
the residue extracted with boiling benzene from which was 
obtained 2.9 g. (2 2 % yield) of crude product, melting at 
138-141°. Purification by passage of a benzene solution 
through a column of activated alumina, followed by elution 
with benzene-chloroform (3:1), produced the pure material 
of m.p. 140-142°.

6-Methyl-1,3,3a,7-letrazaindene (IV). (a) From 4-,4-dimeth- 
oxy-S-butanone (III) (see Table I).

(b) From 4-methoxy-3-bvten-2-one (VI). A solution of 5 g. 
of VI and 4.2 g. of I in 25 ml. of A'.V-dimethylformamide, 
held at 25° for 18 daj'S, deposited 2.4 g. of peach-colored 
prisms, m.p. 181-182.5°. An additional 1.4 g. of slightly 
less pure material was obtained from the mother liquor after 
heating for 2 hr. and concentration to a small volume. Total 
yield, 3.8 g. (57%). Dimethyl sulfoxide can also be used 
advantageously in this reaction. Identity of the compound 
with that prepared from III  was established by mixture 
melting points and the infrared spectra.

(c) From Jf-chloro-6-methyl-l,3,3a,7-letrazaindene. A mix
ture of 16.9 g. of the chloro compound,216.9 g. of magnesium 
oxide, 6  g. of 5% Pd-C, and 200 ml. of water was shaken 
under 37 p.s.i. of hydrogen in a Parr hydrogenation appa
ratus until the theoretical amount of hydrogen had been 
consumed (40 min.). Filtration and evaporation of the fil
trate produced a solid which was dissolved in methanol and 
passed through a column of methanol-washed activated 
alumina. Evaporation of the effluent and recrystallization 
of the residue from benzene yielded 2.7 g. of pure IV, m.p. 
180-182°. This was shown to be identical with the products 
in Parts a and b bv mixture melting points and the infrared 
spectrum.

Dimethyltetrazaindenes (XIV and XV). The xylene reac
tion mixture, from 1 2  g. of 4,4-dimethoxy-3-methyl-2- 
butanone (X III ) 3 and 6.3 g. of I, deposited 5.3 g. of crystals, 
m.p. 119-148°, on cooling. These were recrystallized twice 
from benzene to give 1.2 g. of pure XIV, m.p. 178-178.5°, 
which was indistinguishable from the 5,6-dimethyl-l,3,3a,7- 
tetrazaindene (infrared spectrum and mixture melting 
point) prepared by the method which follows. Concentration 
of the xylene mother liquor produced 2.4 g. of the crude 
second isomer (XV), m.p. 90-105°. Repeated recrystalliza
tion from ligroin (65-75°) or methylcyclohexane failed to 
change the 91-99° melting point of the analytically pure 
material. Infrared analysis indicated the virtual absence of 
XIV.

5,6-Dimelhyl-l,8,8a,7-tetrazaindene (XIV ) . 14 4-Chloro-5,6- 
dimethvl-l,3,3a,7-tetrazaindene was prepared from the cor
responding 4-hydroxy compound4 ’ 15 by essentially the same 
procedure used for 4-chloro-6-methyl-l,3,3a,7-tetrazain- 
dene . 2 Five grams of the chloro compound, 4.65 g. of mag
nesium oxide. 1.65 g. of 6 % Pd-C, and 55 ml. of water were 
shaken for 1.5 hr. a t 50 p.s.i. in a Parr hydrogenation appa
ratus (pressure drop, 7 lb.). The solution, after filtration, 
was taken to dryness and the residue recrystallized from 
benzene (Norit) to yield 2.3 g. (59%) of pure XIV, m.p. 
177-178°.

(14) The authors are indebted to Mrs. M. K. Massad, 
of these Laboratories, for the preparation of this compound.

(15) #E. Birr, X. mss. Phot., 50, 107 (1955).
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2-Amino-4-phenyl-l,3,3a,7-{etrazaindene (XIX). The crude 
product (11.7 g.) from the reaction run in xylene was ex
tracted with 400 ml. of hot chlorobenzene. The extract, on 
cooling, yielded 3.8 g. of a mixture of XVIII, XIX, and XX, 
which, when extracted with n-butanol, left 0 . 2  g. of the 
highly insoluble, pale yellow 2 -(2 -benzoylethylideneamino)- 
4-phenyl-l,3,3a,7-tetrazaindene (XX), m.p. 282-283°;
= 373 m/j, e = 58,800 (solvent chloroform).

Anal. Calcd. for C»HltNtO: C, 70.3; H, 4.4; N, 20.5. 
Found: C, 70.5; H, 4.4; N, 20.4.

A small amount (0.25 g.) of X IX  was also isolated from 
the butanol extract, but the bulk of the material consisting 
essentially of a mixture of XVIII and XIX  resisted separa
tion. A second crop from the chlorobenzene extract con
sisted of 1.4 g. of nearly pure X IX  which, after recrystal
lization from xylene, melted at 268.5-269° as slightly yellow 
platelets; Xmax = 339 mp, e = 15,700 (solvent chloroform).

2-Amino-6-phenyl-l,3,3a,7-telrazaindene (XVIII). The 
crude product ( 1 2 . 2  g.) from the reaction run in glacial 
acetic acid was fractionally crystallized from n-butanol to 
give 0.6 g. of XX, 1 g. of XIX, and 3.1 g. of XVIII. The 
latter had m.p. 236.5°; Xmai =  311 m^, e = 10,500 (solvent 
chloroform).

Acid cleavage of 2-(2-benzoylethylideneamino)-J-phenyl- 
1,3,3a,7-tetrazaindene (XX). A small sample (0.1 g.) of XX 
in 50 ml. of 0.1V hydrochloric acid was heated under reflux 
for 48 hr. and the solution filtered. The filtrate was neu
tralized with dilute carbonate solution and cooled. Re
crystallization of the resulting solid from xylene gave faintly 
yellow platelets, identical in melting point and ultraviolet 
spectra with X IX ; the mixture melting point was not de
pressed.

6-Methyl-l,2,3,3a,7-pentazaindene (XII). (a.) From 4,4- 
dimethoxy-2-butanone. (1) The reaction in xylene required 
the addition of 0.15 volume of MV-dimethylformamide to 
help solubilize the 5-aminotetrazole and allow the reaction 
to proceed. The bulk of the product separated on cooling 
the reac'ion mixture; the remainder was obtained by 
evaporation of the solvent and recrvstallization from 
ethanol. (2) The reaction in acetic acid gave a good yield 
directly, which was enhanced by evaporation of the solvent 
and recrvstallization from benzene.

(b.) From 4-methoxy-3-buten-2-one. In a manner similar to 
that described for the corresponding reaction in the tetraza 
series, a 72% yield of analytically pure material (m.p.
132.5-134°) was obtained after 3 days.

(c.)FromS-hyd.razino-4-methylpyrimidine. A solution of 4.0 
g. of the hydrazine16 in 1 2 0  ml. of wrater was treated wuth 2 . 0  

g. of sodium nitrite in 4 ml. of water, followed by 4 ml. of 
glacial acetic acid. After heating for 1.5 hr. a t 90°, the solu
tion w'as evaporated to dryness and extracted with benzene, 
from which 2.9 g. (6 8 %) of slightly impure X II crystallized. 
Recrvstallization produced material of m.p. 133-133.5°.

(d.) From 6-mcthyl-J,.-oxo-l,2,3,3a,7-pentazaindene. (1) 6- 
Methyl-/t-oxo-l,2,3,8a,7-pentazaindene. Ten grams of 2-

(16) T. Matsukawa, S. Ban, K. Shirakawa, and M. 
Yoneda, J. Pharm. Soc. Japan. 73, 159 (1953): Chem. 
Abstr., 47, 11185 (1953).

hydrazino-4-hyd:ox}--6-methyl pyrimidine17 and 5 g. of 
sodium nitrite were dissolved in 500 ml. of hot water, and 
acidified with excess acetic acid. The mixture was allowed 
to cool slowly, and finally chilled. The solid, recrystallized 
from water, yielded pure white needles; 5.5 g. (51%); m.p. 
258-260° dec.

Anal. Calcd. for C5H 5NsO: C, 39.7; H, 3.3; N, 46.4. 
Found: C, 39.8, 40.0; H, 3.6, 3.4; N, 46.9.

(2) 4-Chloro-6-methyl-l,2,3,3a,7-pentazaindene. A mixture 
of the hydroxy compound (50 g.) and phosphoryl chloride 
(250 ml.) wyas heated under reflux for 1.2 hr. and evaporated 
to dryness at reduced pressure on the steam-bath. The 
partially crystallized residue w'as stirred briefly with ice 
water and extracted with several portions (900 ml. total) 
of chloroform. The chloroform solution was dried over 
anhydrous magnesium sulfate, evaporated to dryness, and 
the residue recrvstallized from benzene, yielding 24.8 g. of 
pale yellow crystals; m.p. 106.5-107.5°. The aqueous slurry 
from the chloroform extraction was filtered, and the crystal
line solid dried over calcium chloride in a vacuum desiccator 
to yield an additional 19 g. of crude product. Recrystalliza
tion from benzene resulted in a total yield of 39.3 g. (70%); 
m.p. 106.5-107.5°.

Anal. Calcd for CARON),: C, 35.4; H, 2.4; N, 41.3. 
Found: C, 35.7; H, 2.5; N, 41.4.

(3) 6-Methyl-1,2,3,3a,7-pentazaind.ene. By a procedure simi
lar to that described for the tetraza analog, the chloro com
pound w-as reduced in very poor yield (apparently due 
largelv to the sensitivity of the product to basic conditions) 
to XII, m.p. 132.5-133°.

The identity of the products of all five methods of syn
thesis was shown by mixture melting points and by com
parisons of the infrared and ultraviolet spectra.

Reaction of A-methoxy-S-buten-2-one (VI) with p-nilro- 
phenylhydrazine. A solution of 2.2 g. of VI (10% excess) 
and 3.0 g. of p-nitrophenylhydrazine in 5 ml. of N,N- 
dimethylformair.ide wras allowed to stand for 2 2  hr. and then 
filtered, yielding 1.45 g. of orange crystals of m.p. 155-180° 
(dec.). Recrystallization from 500 ml. of acetonitrile gave 
0.7 g. of m.p. 151-187° (dec.), which wras unchanged on 
further recrystallization.

Anal Calcd. for Ci6H i6N60( (dihydrazone): C, 53.9; H, 
4.5; N, 23.6. Found: C, 54.3; H, 4.6; N, 24.1.

Heating the DMF filtrate produced 0.4 g. of 3-methyl-
1-p-nitrophenylpyrazole, 3 m.p. 165.5°. When 0.6 g. of the 
pure bis(p-nitrophenylhydrazone) was heated at 180-200° 
for 5 minutes and the resulting solid recrystallized from 
ethanol, two fractions were obtained: (1) 0.25 g. of pure
3-methyl-l-p-nitrophenylpyrazole, and (2) 0.22 g. of a mix
ture of the latter with p-nitrophenylhydrazine (shown by 
the infrared spectrum).

Acknowledgment. The authors are indebted to 
Dr. D. W. Stewart and Miss T. J. Davis for in
frared and ultraviolet spectra, and to Mr. D. Hesel- 
tine for his interest and efforts to help elucidate the 
structures of some of the products.

R o c h e s t e r  4  N .  Y .

(17) E. Birr and W. Walther, Her., 8 6 , 1402 (1953).
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U ltravio let A bsorption  Spectra o f  Som e H ydroxam ic  
A cids and  H ydroxam ic Acid D erivatives

ROBERT E. PLAPINGER

Received August 1, 1958

Ultraviolet absorption spectra of several hydroxamic acids and hydroxamic acid derivatives were determined and cor
related. An attem pt has been made to describe the structure of benzohydroxamic acid anion on the basis of the spectral 
data.

In connection with studies involving a series 
of p-substituted benzohydroxamic acids, it was 
deemed desirable to obtain ultraviolet absorption 
spectra of these materials in acid and alkaline 
solution. The compounds studied, their absorption 
maxima (A) and their molar extinction coefficients 
(e) are given in Table I. The unexpected behavior 
of the anion with respect to its acid, prompted us 
to investigate the spectra of other hydroxamic 
acids. The data on the second group of acids are 
presented in Table II.

The similarity in the Xma* of acids I and IX, the

latter of which can exist only in the keto form, and 
the dissimilarity between I and XIV, the latter of 
which can exist only in the enol form, suggests 
that benzohydroxamic acid (I) exists predominantly 
at the keto state (Fig. 1). Mathis came to the

Il H
C -N -O H

keto form
Figure 1

OH
C = N —OH

enol form

TABLE I
Wave Lengths of M aximum Absorption and Molar E xtinction Coefficients for Series

Acid3 Anion6

CoiD- ^max l̂max ^2max
pound (Mr) emax (Mr) ilmax (Mr) C2max

I X = H  227 8,750 215 9,510 268 5,350
II CH 3 232 11,800 224 10,350 267 6,650

III OCH, 253 18,250 236 10,600 264 9,460
IV NH2c 220 8,260 272 12,350
V Cl 237 13,800 227 11,600 272 6,150

VI F 230 8,530 219 8,390 265 5,600
VII CN 236 16,500 232 16,400 291 6,160

V ili N O / 268 11,180

3  Determined in 0.1 A’ HC1. 6  Determined in 0.005N  NaOH. 3  Compound IV exists as NH3— /  \ —CONHOH in acid

solution. d Decomposes in base.

TABLE II
Wave Lengths of Maximum Absorption and Molar Extinction Coefficients

of Several Hydroxamic Acids and Derivatives

Acid3 Anion6

^max
Compound (Mr) emax (Mr) imax

IX Cf,H5CON CHaOH 228 1 0 , 0 0 0 2 2 0 9,250
X CÄCONHOCH,* 223 1 1 , 0 0 0 257 5,150

XI CH 3C H =C H —CONHOH 2 1 1 13,000 263 7,200
X II CH3— (CH =CH )2—CONHOH 262 29,500 255 2 0 , 0 0 0

X III c h 3— (c h = c h )2—c o o h 256 25,200 254 25,100
XIV C6H 6 (C = N 0H )0C 2H6" 238 8,520 265 8 , 0 2 0

XV p-CHaOCÄCONCHaOH 248 11,600 235 10,600

3  Determined in O.IJV HC1. 6  Determined in O.OOoiV NaOH . c Determined in ethyl alcohol and at pH 13 in water. d Deter
mined at pH 6.7 and 13. The pK„ of XIV is ca. 11.
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same conclusions through infrared analysis of 
various hydroxamic acids and oximes.1

The absorption maxima of all the p-substituted 
benzohydroxamic acids shown in Table I (except p- 
aminobenzhydroxamic acid cation) are displaced 
toward longer wave lengths with respect to benzo
hydroxamic acid. The shifts shown by compounds 
II, III, IV, V, and VIII are qualitatively similar 
to those observed with p-substituted derivatives in 
the benzoic acid series.2 The p-fluoro group appears 
to exert a slight bathochromic shift.

Benzohydroxamic acid anion and the anions of 
its p-substituted derivatives exhibit two absorp
tion maxima, one, bathochromic, the other, hvpso- 
chromic to that of the corresponding hydroxamic 
acids. p-Aminobenzohydroxamic acid anion is an 
exception showing only a bathochromic shift.

In contrast to the p-substituted benzohydrox
amic acid anions which give two absorption bands, 
the anions of V-methylbenzohydroxamic acid (IX),
O-methylbenzohydroxamic acid (X) and ethyl- 
synbenzhydroximic acid (XIV) exhibit only one 
absorption band. The anion of V-methylbenzohy
droxamic acid is hypsochromic with respect to its 
conjugate acid; O-methylbenzohydroxamic acid 
anion, bathochromic to its conjugate acid. Tauto- 
merism is prohibited in IX and its anion leading to 
absorption behavior analogous to benzoic acid- 
benzoate ion while such is not the case with X. 
Ethylsynbenzhydroximic acid anion is batho
chromic with respect to its acid form.

Benzohydroxamic acid anion is capable of exist
ing in several forms (Fig. 2). A, B, and C represent

B C
Figure 2

various possible structures. If we assume that 
internally hydrogen bonded structures of B and C 
do not contribute appreciably to the excited state 
of the anion, then replacing a hydrogen in the 
hydroxamate group by an alkyl group in B and C 
should give spectra which are representative of B 
and C. Similarly, replacing the hydrogen on the 
nitrogen atom of structure A with a methyl group 
should give a spectral curve representative of A. 
Thus V-methylbenzohydroxamic acid anion should

(1) M. F. Mathis, Compt. rend., 232, 505 (1951).
(2) L. Doub and J. M. Vandenbelt, J. Am. Chem. Soc., 

69, 2714 (1947).

give an absorption curve typical of A, ethylsyn
benzhydroximic acid anion would represent B and
O-methylbenzohydroxamic acid anion would be 
characteristic of C.

Since the anions of these three compounds 
(IX, X, and XIV) all exhibit only one absorption 
band, while benzohydroxamic acid anion and its 
para- substituted derivatives exhibit two bands, it 
seems plausible that benzohydroxamic acid anion 
contains contributions from at least two and 
possibly three forms, one of which is form A and the 
other is either form B or C or both. Thus, the 
bathochromic shift exhibited by benzohydroxamic 
acid anion is probably due to structures B or C or 
both, contributing to the excited state of the 
molecule. The hypsochromic shift is probably due 
to the contribution of structure A.3

It is interesting to note that the 268 mp absorp
tion band of benzohydroxamic acid anion is 
hardly affected by introduction into the para- 
position of a methyl, methoxyl, chloro, amino or 
fluoro group. It is likewise noteworthy that no 
reasonable resonance structures involving partici
pation of the benzene ring, the para- substituent 
and the hydroxamate group can be readily repre
sented for these substances. Introduction of the 
electron attracting cyano group in the para position 
readily displaces the 268 mp band to 291 mp 
as the possibilities for conjugation of this group 
with the benzene ring and the hydroximate group 
are now greatly enhanced (Fig. 3).

Figure 3

Two olefinic hydroxamic acids, ¿rans-crotonohy- 
droxamic acid (XI) and sorbohydroxamic acid
(XII) were also studied. The anion of the former 
gave a bathochromic shift with respect to its acid 
form. It is passible that crotonohydroxamic acid 
anion has a band which is also hypsochromic, 
however if it does exist, this band would be ex
pected in the vacuum ultraviolet region. Sorbohy
droxamic acid anion was hypsochromic with respect 
to its conjugate acid. A broad shoulder appeared in 
the region of 277 rrip to 293 mp which could well be 
the manifestation of a bathochromic band. The 
255 mp band of this anion is not due to the forma
tion of sorbic acid anion which absorbs at 254 mp. 
A colorimetric study of the hydrolysis of sorbo
hydroxamic acid indicated that this substance was 
stable in the pH range of 11 to 13.4

(3) Through an infrared study of the potassium salt of 
benzohydroxamic acid, Mathis (ref. 1 ) concludes that the 
anion has the structure of A only. His conclusion is based 
upon the absence of a band indicative of the OH bond and, 
an absorption cf the molecule at 3.0p, which he attributes 
to the NH bond.

(4) Determined by the disappearance of sorbohydroxamic 
acid analyzed as its ferric chloride complex; S. Hestrin, 
J. Biol. Chem., 180, 249 (1949).
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Compounds investigated. Most of the hydroxamic acids 
used in this study were prepared by procedures already 
described in the literature . 5

iV-Methyl benzohydroxamic acid and its p-methoxy 
derivatives were prepared by the reaction of benzoyl and 
anisoyl chloride, respectively, with Ar-methylhydroxylamine. 
.V-Methylbenzohydroxamie acid was a colorless liquid 
which boiled at 103-105° at 0.6 mm.

Anal. Calcd. for C8H 9NO,: C, 63.5; H, 5.95; N, 9.3. 
Found: C, 63.1; H, 6.1; N, 9.7.

p-Methoxy-iV-methylbenzohydroxamic acid melted at 
108°.

(5) Benzohydroxamic acid—W. B. Renfrew and C. R. 
Hauser, J. Am. Chem. Soc., 59, 2312 (1957); p-substituted 
benzohydroxamic acids—B. E. Hackley, Jr., R. E. Plapinger, 
M. Stolberg, and T. Wagner-Jauregg, J. Am. Chem. Soc.,
77, 3651 (1955); ethylsynbenzhydroximic acid—E. Eiseler, 
Ann., 175, 328 (1875) and O. Gurke, Ann., 205, 285 (1905); 
sorbohydroxamic acid—G. M. Steinberg and J. Bolger, 
J. Org. Chem., 21, 660 (1956); and O-methylbenzohydrox- 
amic acid—W. Lossen, Ann., 281, 186 (1894).

Anal. Calcd. for C„HuN 03: C, 59.7; H, 6.1. Found: C, 
60.2; H, 6.2.

¿raws-Crotonohydroxamic acid was synthesized from 
erotyl chloride and hydroxylamine and melted at 116°.

Anal. Calcd. for C4H 7N 02: C, 47.5; H, 6.9. Found: C, 
47.4; H, 6.9.

Spectra. The ultraviolet absorption spectra were deter
mined by means of a Beckman Quartz DU Photoelectric 
spectrophotometer or a Cary Spectrophotometer. Solutions 
of the hydroxamic acids (ca. 5.8 X 10“ 5  molar) were made 
up in O.liV hydrochloric acid and 0.005N sodium hydroxide 
except as noted in Tables I and II. To minimize decomposi
tion of the hydroxamic acids, the solution was made alkaline 
just prior to use.

Acknowledgment. The author wishes to express 
gratitude to Mr. Omer O. Owens for preparing 
some of the compounds used in this investigation. 
The author also wishes to thank the Analytical 
Research Branch of these Laboratories for the use 
of their Cary recording spectrophotometer.

Army Chemical Center, Md.
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R earrangem ent o f  iV -P henylbenzim idoyl 7-E th y la lly l E ther

W. M. LAUER AND C. S. BENTON * 77 1

Received September 22, 1958

Thermal rearrangement of A-phenylbenzimidoyl -y-ethylallyl ether leads to the formation of JV-ethylvinylcarbinyl 
benzanilide. Thus, migration of the 7 -ethylallyl group from the oxygen to nitrogen occurs with inversion. At somewhat 
higher temperatures this initial pyrolysis product rearranges to o-benzamido-y-ethylallylbenzene. This nitrogen to carbon 
migration also proceeds with inversion.

Relatively few IV-phenylbenzimidoyl allyl ethers 
have been rearranged. Mumm and Moller2 demon
strated that iV-phenylbenzimidoyl 7 -methylallyl 
ether (I) rearranges with inversion to produce N- 
a-methylallyl benzanilide (II). In order to obtain

C6H5-

0 —CH2—CH=CHCH,

-C = N —C6H s 
I

O CH(CH 3 )—c h = c h 2

c 6h 5—c -
I

-N—C„H5 

II

further information concerning the similarity of 
this transformation and the Claisen rearrangement, 
Lauer and Lockwood3 studied the pyrolysis of 
IV-phenylbenzimidoyl 7 ,7 -dimethylallyl ether, III. 
No normal rearrangement product had been ob
tained in the case of the 7 ,7 -dimethylallyl ether of 
ethyl p-hydroxybenzoate4 and likewise, no shift 
of the 7 ,7 -dimethylallyl group from oxygen to

(1) From the Ph.D. Thesis of C. S. Benton submitted 
in August 1957.

(2) O. Mumm and F. Moller, Ber., 70, 2214 (1937).
(3) W. M. Lauer and R. G. Lockwood, J. Am. Chem. 

Soc., 76, 3974 (1954).
(4) W. M. Lauer and O. Moe, ,T. Am,. Chem. Soc., 65, 

289 (1943).

nitrogen occurred in the case of N-phenylbenzimi- 
doyl 7 ,7 -dimethylallyl ether. Instead, the migrat
ing 7 ,7 -dimethylallyl group became attached to the 
aromatic nucleus without inversion, and the struc
tural change was represented as follows: 

OCH2-C H = C (C H 3 ) 2 

c 6 h 5- c = n - c 6h 5

IV

C H ,-C H =C (C H 3)S

- b

This process can be viewed as a double inversion; 
the first step involving migration from oxygen to 
nitrogen and the second from nitrogen to carbon. 
A first step of this kind might be expected to be 
hindered by steric factors. No normal migration 
of the 7 ,7 -dimethylallyl group with inversion 
occurs in the Claisen rearrangement and therefore 
by analogy such a step might be considered to be 
unlikely. A single six-membered cyclic transition 
state of type A, which would not require oxygen to 
nitrogen migration with inversion, can be postu
lated.

CH=C(CH 3 ) 2

Cr,H—C
A
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In the present study two A—phenylbenzimidoyl 
substituted allyl ethers were pyrolyzed. One, 
A—phenylbenzimidoyl y - ethylallyl ether (V), in 
which oxygen to nitrogen migration is more prob
able than in III and A—2,6-dimethylphenylbenzimi- 
doyl 7 ,7-dimethylallyl ether (VIII), in which 
migration into the aromatic nucleus is hindered and 
in which, perhaps, oxygen to nitrogen migration 
may occur. The results of this study can be de
scribed by means of the following equations.

o - c h 2- c h = c h c h 2c h 3 c h 2 c h 3

<%h 5 - c = n - c 6h 5

V
o  c h c h = c h 2 

6 h 6

235" Il I

c 6 h 5—c —n - c 6h

VI

c h 2 c h = c h c h 2 c h 3

H
VII

0 - C H 2-C H = C (C H 3)2 
c h 3

O H
c h .

Il I
CSH ,—C—N-

gH 5  C=N \  \

c h 3

VIII

c h 3IX
+

c h 2= c h - c = c h 2

c h 3

A-ethylvinylcarbinylbenzanilide (VI) was de
graded to A—phenyl-A—benzoyl-a-aminobutyric acid 
(X), which was synthesized starting with ethyl 
a-bromo-n-butyrate. o-Benzamido-7-ethylallyl-

migration with inversion of the y-substituted allyl 
group, (b) There is no indication of a comparable 
oxygen to nitrogen migration in the case of N- 
phenylbenzimidoyl 77-dimethylallyl ether III, 
but instead oxygen to carbon migration occurs, 
(c) The product of oxygen to nitrogen migration 
(VI) in the case of the ether V is capable of under
going nitrogen to carbon migration (with inversion). 
These findings become understandable if it is as
sumed that the two transition states A and B are 
in competition, and if assignment of determinative

C H =C R ,R 2
I

A

power is made to the steric effect of the 7-sub
stituents, Ri and R2, in the allyl group.

In the limiting sense, it can be argued that, where 
the intermediate resulting from transition state B 
cannot be isolated, its rate of decomposition must 
be as fast as its rate of formation, so that there is 
no necessity for postulating its existence at all. 
Thus, in the case in which R i = R2 = CH3, there 
appears to be no present justification for postu
lating a double migration with inversion at each 
step.

E X P E R IM E N T A L

c h 2c h 3

I
O CHCOOH

C6H5—If—N—C6H 5 

X

benzene (VII) was degraded to V-benzoyl an- 
thranili:* acid and propionaldéhyde, which was 
identified as its 2,4-dinitrophenylhydrazone. Benz- 
2, 6-dimethylanilide (IX) was identified by means 
of its melting point and infrared spectrum. The 
above equations represent the main products 
which are produced on pyrolysis. Certainly, in the 
case of A—phenylbenzimidoyl y-ethylallyl ether
(V), oxygen to nitrogen migration with inversion, 
followed by a second migration from nitrogen to 
the aromatic nucleus with inversion can occur. 
However, the cases of Ar-2,6-dimethylphenyl- 
benzimidoyl 7,7-dimethylallyl ether (VIII) and 
A-phenylbenzimidoyl 77-dimethylallyl ether do 
show that there is little or no tendency for the
7,7-dimethylallyl group to undergo oxygen to nitro
gen migration. Apparently, migration of this group 
with normal inversion is beset with difficulty— 
a feature also manifested in the Claisen rearrange
ment. Therefore the following facts emerge, (a) 
A—Phenylbenzimidoyl 7-methylallyl ether (I) and 
the next higher homolog, A-phenylbenzimidoyl
7-ethylallyl ether (V), undergo oxygen to nitrogen

N-Phenylbenzimidoyl y-ethylallyl ether (V). Ethylvinyl 
carbinol (b.p. 110-113° at 735 mm.; m2d° 1.4233) was ob
tained by the action of ethylmagnesium bromide on freshly 
distilled acrolein. The carbinol was next transformed to 
y-ethylallyl chloride (b.p. 103-110°; ra2D° 1.4372) by means of 
t.hionyl chloride. The chloride was then added slowly to 
glacial acetic acid containing fused potassium acetate and 
heated under reflux for 4 hr. After the reaction mixture was 
poured into ice water, extraction with ether yielded 7 - 
ethylallyl acetate (b.p. 142-152°). Saponification of this ester 
(10% aq. NaOH and ethanol) gave y-ethylallyl alcohol (b.p. 
138-139°; ra2D° 1.4347). N-Phenylbenzimidoyl chloride was 
obtained by heating benzanilide and thionyl chloride under 
reflux with stirring for 4 hr. The greenish reaction mixture 
was then distilled (b.p. 190-210° at 15-20 mm.). The clear 
yellow chloride (m.p. 39-39.5°) solidified on cooling and 
was obtained in 95% yield.

N-Phenylbenrimidoyl y-ethylallyl ether (V) was prepared 
by the action of sodium 7 -ethylallvloxide on AT-phenyl- 
benzimidoyl chloride. The 7 -ethylallyl alcohol was treated 
in benzene solution with sodium sand in an atmosphere of 
purified nitrogen. After the disappearance (ca. 10 hr.) of 
the metallic sodium, an equimolar amount of iV-phenyl- 
benzimidovl chloride was added to the benzene solution. 
Stirring and heating in an atmosphere of nitrogen was con
tinued for several hours and the reaction mixture was then 
allowed to stand. The benzene was removed by distillation 
and the material remaining was subjected to distillation 
under diminished pressure using a motor-driven pump. A 
small amount of 7 -ethylallyl alcohol (b.p. 135° at 740 
mm.; n2D° 1.4358) was isolated from the forerun. Likewise, 
a small amount of benzanilide separated from the main 
fraction. I t  was removed by filtration and the yellow imido 
ether was redistilled (b.p. 150-155° at 0.005-0.01 nun.).
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Anal. Calcd. for C 18H19NO: C, 81.5; H, 7.22; N, 5.28. 
Found: C, 81.7; H, 7.25; N, 5.27.

Hydrolysis using methanolic potassium hydroxide gave 
benzoic acid, aniline and 7 -ethylallyl alcohol (identified 
by means of b.p. and infrared spectrum).

The rearrangement of N-phenylbenzimidoyl y-ethylallyl 
ether (V). Preliminary studies were conducted at 250° (7 
hr.). The pyrolysis products were dissolved in benzene and 
then chromatographed on alumina. The two main products 
were (a) a compound (58% yield) with an infrared spectrum 
similar to that of W-allyl benzanilide which was shown to be 
.V-ethylvinylcarbinyl benzanilide and (b) a compound (ca. 
20%) with an infrared spectrum similar to that of o-benz- 
amido-y,7 -dimethylallylbenzene, which had been prepared 
earlier by Lauer and Lockwood. This second pyrolysis 
product was shown to be o-benzamido-7 -ethylallylbenzene. 
Subsequent studies showed that rearrangement at 235° 
yielded iV-ethylvinylcarbinyl benzanilide which rearranged 
at 290° to give o-benzamido-y-ethylallylbenzene (m.p. 110- 
110.5° Fisher-Johns melting block).

A t 235°. The ether (V) was heated for 7 hr. under nitrogen 
in a tube immersed in a boiling diethvlene glycol bath. 
The contents of the tube were then fractionally distilled. A 
sample of the middle fraction (120-125° at 0.03-0.05 mm.) 
was analyzed.

Anal. Calcd. for C i8H19NO: C, 81.5; H, 7.22. Found: 
C, 81.5, 81.5; H, 7.39, 7.20.

A sample of this rearrangement product, dissolved in ethyl 
acetate was subjected to ozonolysis at 0°. Hydrogen peroxide 
(200 ml. 3%) containing sodium hydroxide was then added 
and the resulting mixture was stirred. The aqueous layer 
was neutralized (Congo Red) with coned, hydrochloric and 
extracted with ether. The ether solution (positive peroxide 
test) was then extracted several times with aqueous sodium 
hydroxide (5%). Acidification followed by extraction with 
benzene, drying (MgSOP, evaporation to a small volume 
and the addition of petroleum ether (b.p. 30-60°) produced 
crystalline degradation product. After several recrystal
lizations from benzene and petroleum ether the colorless 
product (m.p. 129-131° Fisher-Johns melting block) was 
analyzed.

Anal. Calcd. for C^HnNCh: C, 72.1; H, 6.05; N, 4.94. 
Found: C, 72.2, 72.4; H, 6.22, 6.22; N, 5.18, 5.19. Neu
tralization equivalent 281.

This degradation product, W-phenyl-Af-benzoyl-a-amino- 
butyric acid was synthesized by treatment of ethyl a- 
bromobutyrate with aniline, condensing the resulting 
anilino compound with benzoyl chloride and saponifying the 
ester. The melting point (129-131° Fisher-Johns melting 
block) of the synthetic material was not changed by mixing 
with the degradation product. A comparison of the infrared 
spectra of the two samples showed no significant differences.

A t 290°. Either the unrearranged ether (V), or the prod
uct of rearrangement at 235° (VI) when heated at 290° 
for 3 hr. in an atmosphere of nitrogen produced a solid. 
Purification by passage through a column of activated 
alumina, followed by elution with benzene containing a small

amount of ethanol and by recrystallizing several times gave 
a product (m.p. 110-110.5°) which was analyzed.

Anal. Calcd. for CisHiaNO: C, 81.5; H, 7.22. Found: 
C, 81.4; II, 7.35.

Ozonolysis of this rearrangement product was carried out 
in ethyl acetate. After removal of the ethyl acetate, the 
ozonide was gradually added to a mixture of boiling water 
containing a small amount of hydrochloric acid and zinc 
dust. The resultant mixture was then subjected to steam 
distillation. The steam distillate was treated with 2,4- 
dinitrophenylhydrazine in sulfuric acid. The 2,4-dinitro- 
phenylhydrazone of propionaldehyde (m.p. 154—155° after 
recrystallization from alcohol) was obtained. A mixture of 
authentic propionaldehyde 2,4-dinitrophenylhydrazone with 
this material showed no change in melting point.

The residue from the steam distillation was extracted 
with ether. After removal of the ether, the ether soluble 
material was treated with aqueous potassium permanganate 
and heated. Dilute sulfuric acid was then added to the cool 
solution. A small amount of sodium bisulfite removed the 
manganese dioxide precipitate from the slightly acidic solu
tion. Extraction with benzene was followed by an extraction 
of the benzene extracts with aqueous sodium hydroxide 
(5%). Acidification of the alkaline solution yielded a solid 
acid. Purification by recrystallization from benzene and 
petroleum ether gave a product (m.p. 186-187.5°) which 
was identical with an authentic specimen of A-benzoyl 
anthranilic acid.

Preparation and pyrolysis of N -2.6-dimethylphenylbenz- 
im idoyl y,-y-dun.ethylaUyl ether, (VIII). 7 ,7 -Dimethvlallyl 
bromide, prepared by the addition of hydrogen bromide to 
isoprene in glacial acetic acid, was converted to 7 ,7 -di- 
methylallyl acetate by means of acetic anhydride and fused 
potassium acetate. Saponification of the acetate gave 7 ,7 - 
dimethylallyl alcohol (b.p. 139-141°, lit .5 141°). The Ar- 
phenyl urethane melted at 63.5° (lit-.5 63.5-64.5°).

2,6-Dimethylaniline was benzoylated and the benzoyl 
derivative (m.p. 163-164°) was converted to Ar-2,6-di- 
methylphenylbenzimidoyl chloride by means of thionyl 
chloride. The addition of N-2,6-dimethylphenylbenzimidoyl 
chloride in benzene to sodium 7 ,7 -dimethylallyloxide in an 
atmosphere of nitrogen yielded the desired ether, A’-2,6- 
dimethylphenylbenzimidovl 7 ,7 -dimethylallyl ether (b.p.
117-129 70.005-0.03 mm.).

Anal. Calcd. for C20H23NO: C, 82.0; H, 7.93. Found: 
C, 81.9; H, 7.90.

Pyrolysis, either without solvent or dissolved in dimethyl- 
aniline yielded V -2 ,6-dimethylphenyl benzamide (m.p. 163- 
164°) as the only isolable solid product. A substance be
lieved to be isoprene (» "  1.4098) was collected in a cold 
trap.

M inneapolis 14, M inn.

(5) W. G. Young and I. D. Webb, J . Am . Chem. Soc., 73, 
781 (1951).
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New methods are here reported for the preparation of dibenzhydryl and dibenzyl penta- and hexasulfides by condensation 
of the corresponding alkyl hydrodisulfide with sulfur di- or monochloride. The ultraviolet absorption spectra and molar 
refractions of these compounds were determined and compared with those of the corresponding mono-, di-, tri- and tetra- 
sulfides. No anomaly was observed among them as the number of sulfur atoms increased from one to six.

Some organic polysulfides have been prepared by 
condensation of two moles of a mercaptan and one 
mole of sulfur mono- or dichloride. I t has been 
proved by various methods, for instance, by de
termining ultraviolet absorption spectra,1-3 dipole 
moments,4 x-ray,5 and electron diffraction6 dia
grams, that the tri- and tetrasulfides thus ob
tained have linear S—S linkages. Polysulfides which 
contain a definite number of sulfur atoms, more 
than four, and linear sulfur linkages, are rare. 
Thomas and Riding7 prepared dibenzyl penta- 
sulfide as an oily substance from benzyl chloride 
and sodium pentasulfide. Recently Feluk et al.s 
prepared diethyl pentasulfide by condensation of 
ethylmercaptan with trisulfur dichloride (CIS tCl). 
Organic polysulfides containing more than four 
sulfur atoms were often isolated from the reaction 
products of hydrocarbons9'10 with sulfur, but these 
compounds were found to be a mixture of poly
sulfides, each of which contains a different number 
of sulfur atoms. Higher polysulfides have also been 
obtained by sulfur disproportionation reactions 
such10 as

RS„R -— > RS„R +  RSm_„R (m > n )

(1) H. P. Koch, J. Chem. Soc., 394 (1949).
(2) Y. Minoura, Nippon Kagaku Zasshi, 73, 131 (1952).
(3) J. E. Baer and M. Carmack, J. Am. Chem. Soc., 71, 

1251 (1949).
(4) L. M. Kushner, G. Gorin, and C. P. Smyth, J. Am. 

Chem. Soc., 72, 477 (1950); H. E. Westlake, Jr., H. L. 
Lacquer, and C. P. Smyth, J. Am. Chem. Soc., 72 , 436
(1950).

(5) I. M. Dawson, A. M. Mathieson, and J. M. Robert
son, J. Chem. Soc., 322, 1256 (1948).

(6 ) J. Donohue and V. Shomaker, J. Chem. Phys., 16, 
92 (1948).

(7) J. S. Thomas and R. W. Riding, J . Chem. Soc., 125, 
2214 (1924).

(8 ) F. Fehér, G. Krause, and K. Vogelbruch, Chem. Ber., 
90, 1570 (1957).

(9) R. T. Armstrong, J. R. Little, and K. W. Doak, Ind. 
Eng. Chem., 36, 628 (1944); M. L. Selker and A. R. Kemp, 
Ind. Eng. Chem., 39, 895 (1947); A. S. Broun, M. G. Moron- 
kov, and K. P. Katkova, Zhur. Obshchi Khim., 20, (82) 
726 (1950); Chem. Zentr., 123, 34 (1952); E. H. Farmer 
and F. W. Shipley, J. Chem. Soc., 1519 (1947); J. Tsurugi,
H. Fukuda, and T. Nakabayashi, Nippon Kagaku Zasshi, 
76, 111, 113(1955).

(10) G. F. Bloomfield, J. Chem. Soc., 1546 (1947).
(11) E. N. Guryanova, V. N. Vasilyeva, and L. S. Kuzina, 

Rubber Chem. Tech., 29, 534 (1956).

or by exchange reaction11 of polysulfides with sulfur 
such as

RS„R -  S8 — =► RSmR (m >  n)

but the products are considered to be merely a 
mixture of polysulfides, each of which contains a 
different number of sulfur atoms, unless the prod
ucts are separable from each other by vacuum 
distillation or by other methods.

Recently Böhme and Zinner12 have prepared so 
called alkyl hydropolysulfides (RS„H) in which the 
sulfur linkage has been shown to be linear. They 
oxidized the alkyl hydrotrisulfide with iodine and 
isolated the organic hexasulfides (dibenzyl and 
dimethyl and diethyl hexasulfides) containing 
linear sulfur linkages. The organic pentasulfides 
(dibenzyl and diethyl) were also obtained as an 
oily substance in their laboratory by distilling 
the corresponding alkyl hydrotrisulfide under high 
vacuum.

However, the higher polysulfides may be pre
pared by condensation of the alkyl hydropoly
sulfide with sulfur mono- or dichloride. Polysulfides 
containing an odd number of sulfur atoms, for 
instance, pentasulfide can be prepared by conden
sation of alkyl hydrodisulfide with sulfur dichloride 
more easily than by other methods. In this paper 
dibenzhydryl and dibenzyl penta- and hexasul
fides were prepared by condensation of the cor
responding alkyl hydrodisulfide with sulfur di- 
or monochloride, respectively, some of which were 
obtained in crystalline state (the pentasulfides) 
and some of which were new compounds (dibenzhy
dryl penta- and hexasulfides). Apparently this 
synthetic method is preferable to other methods, 
by which dibenzyl pentasulfide was obtained as an 
oily substance. The synthetic method is indicated 
in Equations 1 to 7, where R represents benzhydryl 
or benzyl groups.
(CH,CO)j() +  K2S — >- OH,COSH +  CH,COOH (1 ) 13 14

CHaCOSH +  CHaCOCl — »•
CHaCOSCOCHa +  HCl (2 ) 11

CH 3COSCOCH3 +  Cl2 — >
CHaCOSCl +  CHaCOCl (3 ) 15

(12) H. Böhme and G. Zinner, Ann., 585, 142 (1954).
(13) E. K. Ellingboe, Org. Syntheses, 31 , 105.
(14) W. A. Bonner, J. Am. Chem. Soc., 72, 4270 (1950).
(15) H. Böhme and M. Clement, Ann., 576, 65 (1952).
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CH3 COSCI +  RSH — RSSCOCH., +  HCl (4 ) 12

RSSCOCH, +  CoHjOH — >
RSSH +  CH,COOC2 H 5 (5)

2RSSH -  C1SC1---->- RSSSSSR +  2HC1 (6 )
2 RSSH +  C1SSC1 — RSSSSSSR +  2HC1 (7)

Some of the physical constants and ultraviolet 
absorption spectra of these polysulfides were de
termined together with the corresponding mono-,

TABLE I
Melting Points and Color of D ibenzhydryl and 

D ibenzyl Sulfides and Polysulfides

Dibenzhydryl Dibenzyl
(Color) (M.P.) (Color) (M.P.)

Mono- White (6 6 .5 ° ) 16 White (48.5°)2
Di- White (152°)16 White (71°)2
Tri- White (72.8°) White (49° ) 2

Tetra- Faintly (82- Faintly (54° ) 2

yellow 83°)17 yellow
Penta- Faintly (80- Faintly (57.5-

yellow 81.5°) yellow* 58.5°)
Hexa- Yellow Yellow

oil oil

Pig. 1. Ultraviolet absorption spectra of dibenzhydryl 
polvsulfides in alcoholic solution. I, mono-17; II, di-17; 
III, tri-; IV, tetra-17; V, penta-; VI, hexa- 18

(16) J. Tsurugi and T. Nakabayashi, Nippon Kagaku 
Zasshi, 77, 578 (1956).

(17) J. Tsurugi and T. Nakabayashi, Nippon Kagaku 
Zasshi, 77, 583 (1956).

Fig. 2. Ultraviolet absorption spectra of dibenzyl poly
sulfides in alcoholic solution. I, mono-; II, di-; III, tri-; 
tetra-; V, penta-; VI, hexa-18; VII, sulfur molecule. 3 The 
spectra of dibenzyl mono- to tetra-sulfide have been already 
determined in ra-hexane solution . 2 These coincide with those 
indicated in Fig. 1, completely in the range of the wave 
length determined.

di-, tri-, and tetrasulfides. Table I indicates melting 
points and color of these compounds.

The ultraviolet absorption spectra (Figs. 1 and 
2) were measured in alcoholic solution between 230 
and 3G0 mp.

It is noteworthy that as the number of sulfur 
atoms in these compounds increases, the absorbance 
becomes more intense, and the displacement toward 
the longer wave lengths occurs as in the polyene 
series.19 However, passing through from tetra- 
sulfide to hexasulfide, the increase of intensity of 
the absorbance and the wave-length displacement 
become smaller for each additional sulfur atom. 
The shape of curves of tetra-, penta- and hexa- 
sulfides resembles each other. Especially that of the 
pentasulfide can coincide almost completely with 
that of the hexasulfide by shifting the former toward 
the longer wave lengths. This means that as the 
sulfur chain becomes longer, the excitation energy 
decreases, but the excited state is almost the same 
regardless of the chain length. Comparing the 
curves of the corresponding higher polvsulfides in 
Figs. 1 and 2 with each other, one can conclude

(18) After long standing, the hexasulfide in the solution, 
especially in a polar solvent, decomposes slowly to a mix
ture of sulfur and lower polvsulfides, but within the time 
period necessary for the determination no alteration in 
the shape of the spectra was observed.

(19) A. E. Gillam and E. S. Stern, Electronic Absorption 
Spectroscopy, E. Arnold Ltd., London, 11)54, p. 67.
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that even if the organic group attached to the sulfur 
chain differs, the absorption spectra do not differ 
very much. The yellow color of the higher poly
sulfides indicated in Table I can be accounted for 
by the fact that the spectra of higher polysulfides 
are in the same range of that of the sulfur molecule.

Koch suggested that canonical structures of the 
polar (o- or p-) quinoid type I make a significant 
contribution to the optically excited state of benzyl 
monosulfide,20 and canonical structures II in addi
tion to III  to that of benzyl disulfide.1 He also 
suggested that the enhanced absorption of dialkyl 
tetrasulfide over the disulfide may be correlated 
with the fact that further possible conjugated 
polar structures IV would be expected to stabilize 
the excited level of the tetrasulfide, and that the 
still greater absorption of a dialkyl hexasulfide may 
follow from the more highly conjugated polar struc
ture V participating in the excited state. By analogy 
with Koch’s consideration it is deduced that canon
ical structures VI and VII may participate in the 
excited state of dibenzyl tri- and pentasulftde, 
respectively. Additional canonical structures may 
be plausible in correspondence with the related 
formulations above, for instance, in hexasulfide the

TABLE II
Molar Réfractions of D ibenzhydryl and Dibenzyi. 
POLYSULFIDES AND AtOMIC REFRACTION OF SlJLFUR IN 

T hese Compounds

Refrac-
Molar lion of Atomic Refraction 

Poly- Refrae- Group of Sulfur
sulfides, tion, Sn, Rd(S„) —

RS„R î,IRd(RS„R) R d(S„.) RD(S„)/na Rd(Sb- ,)

(Ph2CH)2S 120.8 9.8 9.8 9.8
(Ph2CH)»So 131.0 20.0 10.0 10.2
(PhoCH) >S;, 141.2 30.2 10.1 10.2
(Ph,CH)2S, 151.0 40.0 10.0 9.8
( Ph2CH) 2S5 160.3 49.3 9.8 9.3
(Ph2CH),S6 170.1 59.1 9.8 9.8

9.9 ± 9.9 ±
0.2 0 5

(PhCHs)oS 70.5 10 0 10.0 10.0
(PhCH2)2S2 81.3 20.8 10.4 10.8
(PhCH2)2S3 91.7 31.2 10.4 10.4
(PhCH2)2S, 100.2 39.7 9.9 8.5
(PhCH2)2S„ 109.3 48.8 9.7 9 . 1

(PhCH2)2S6 118.2 57.7 9.6 8 . 9

10.0 ± 9 . 6  ±
0.4 1 . 2

“ The much better agreement was obtained by this 
method. In Table I II  cited below the values of atomic 
refraction of sulfur calculated by this method are indicated.

PhCHj.S*
I

c h 2 = 0 phC H ^s*  cH 2= y y y RS* ^SR 
III

RS* S=S ^SR RS* S=S S==S XSR
IV V

PhCHjS* s = s  c h 2= (  y
VI

PhCHîS* S=S 
VII

S = s  CH2̂ h

PhCHsSS* S=S S=S CH2=/ >  
VIII

VIII structures and the similar ones may be 
plausible in correspondence with V structures.

Various canonical forms cited above were written 
with regard to dibenzyl polysulfides. However, if 
an a-hydrogen atom of the benzyl group is re
placed by a phenyl group, the same structures may 
be applicable to benzhydryl polysulfides. The results 
on the ultraviolet absorption spectra of these poly
sulfides indicated in Figs. 1 and 2 can be interpreted 
qualitatively by the above discussion.

I t is more important that no anomaly was ob
served among the curves of a series of polysulfides 
as the number of sulfur atoms increases from one to 
six. If the higher polysulfides would have any co
ordinate sulfur atoms in branches, its spectrum 
would differ from that of the linear one. As stated 
above the tetra- and trisulfides have been proved 
to have linear sulfur chains. It is concluded that 
polysulfides thus prepared have suffered no rear
rangement of sulfur atoms. Here also no evidence 
has come to light in support of the possible existence 
of structural isomers of the branched chain type.

(20) II. P. Koch, .7. Chem. Sor., 387 (1040).

The above conclusion is supported by the de
termination of molar refraction of the polysulfides. 
The results are indicated in Table II.

Table II indicates that even if the length of the 
sulfur chain increases or the organic group attached 
to sulfur chain differs, the atomic refraction of 
sulfur remains nearly constant. The same constant 
value of atomic refraction of sulfur has been 
observed by others in various polysulfides con
taining sulfur atoms less than four or five. These 
values are shown in Table III.

E X P E R IM E N T A L

The preparation of dibenzhydryl mono-, di-, and tetra- 
sulfides has been already reported in other papers.16' 17 
Dibenzyl mono-, di-, tri-, and tetrasnlfides were prepared 
by method in the literature.2

Dibenzhydryl trisulfide was prepared by the ordinary 
method from benzhydrylmercaptan16 and sulfur diehloride.

Anal. Calcd. for GseHjjS^: C, 72.51; H, 5.15; S, 22.34. 
Found: C, 72.37; H, 5.44; S, 21.74.

In order to prepare acetyl sulfenyl chloride the most 
convenient method appeared in the literatures was found 
to lie the course indicated in Equations 1 to 3.
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TABLE III
Atomic Refraction of Sulfur Rr>(Sre)/n  in Various 

P olysulfides RS„R

R -
n Tolyl21 Ethyl8 Methyl9

n-Hexa-
decyl22

1 9.2 7.85 — 8.4
2 9.5 8.0 7.9 9.0
3 10.4 8.3 8.3 8.7
4 10.2 8.4 11.1 9.2
5 — 8.5 — —

Acetyl benzhydryl disulfide (Eq. 4). A solution of 9.2 g. of 
benzhydrylmercaptan in absolute ether was added drop- 
wise under stirring in the stream of carbon dioxide to a solu
tion of 6 g. of acetyl sulfenyl chloride in 30 ml. of absolute 
ether. During the reaction the temperature should be kept 
under 5° by cooling. After standing for 1 hr. the mixture 
was washed with water, aqueous sodium bicarbonate solu
tion, and dried with anhydrous sodium sulfate. After evapo
rating the solvent, 8.6 g. of white crystals remained, re
crystallized from petroleum ether, m.p. 43.5-45°.

Anal. Calcd. for C15H„OS2: S, 23.37. Found: S, 23.57.
Benzhydryl hydrodisulfi.de. (Eq. 5.) Ten g. of acetyl benz- 

hydryl disulfide and 100 ml. of absolute alcohol were placed 
in a four necked flask equipped with reflux condenser, the 
top of which was protected with a calcium chloride tube, 
dropping funnel, thermometer, and carbon dioxide inlet 
tube. In the stream of carbon dioxide 20 ml. of dry 5N  
alcoholic hydrogen chloride was added to the content of 
the flask, which was kept at 25°. The crystals of acetyl 
benzhydryl disulfide disappeared completely after 4 hr. 
By evaporating alcohol and ethyl acetate (which was 
formed during the reaction) at room temperature under 
reduced pressure, separating the solid by cooling, adding a 
small amount of petroleum ether-ether mixture, and again 
cooling, 8.3 g. of raw crystals were obtained, from petroleum 
ether, m.p. 32.5-34°. This compound in absolute alcohol was 
oxidized by alcoholic iodine solution and gave quantitatively 
dibenzhydrul tetrasulfide, m.p. 82-83°, mixed m.p. with 
authentic sample,16 82-83°. Under room temperature the 
slow evolution of hydrogen sulfide was observed from 
benzhydryl hydrodisulfide. This compound should be 
stored in a solid carbon dioxide bath in an inert atmos
phere.

Dibenzhydryl pentasulfide. (Eq. 6.) Under cooling 0.45 g. 
of freshly distilled sulfur dichloride in absolute ether was 
added dropwise under stirring in the stream of carbon 
dioxide gas to 2 g. of benzhydryl hydrodisulfide in absolute 
ether. After the evolution of hydrogen chloride gas the 
solvent was evaporated at room temperature. The residue 
gave 2 g. of raw crystals from petroleum ether-ether mix
ture, recrystallized once more from the same solvent mix
ture, m.p. 80-81.5°.

(21) Y. Minoura, Nippon Kagaku Zasshi, 75, 870
(1954).

(22) C. C. Woodrow, M. Carmack, and J. G. Miller,
J. Chem. Phys., 19, 951 (1951).

Anal. Calcd. for C26H 22S5 : C, 63.11; H, 4.48; S, 32.40. 
Found: C, 62.78; H, 4.75; S, 31.28.

Dibenzhydryl hexasulfide. (Eq. 7.) Freshly distilled sulfur 
monochloride (0.55 g.) was added to benzhydryl hydro
disulfide (2 g.) as above. After evaporating the solvent, the 
residue could not be crystallized by any method. Distil
lation under high vacuum resulted in its decomposition. 
After washing with petroleum ether, cooling separates the 
oily substance. A slight excess of benzhydryl hydrodisulfide 
was dissolved in petroleum ether and detected by iodine. 
The washing was repeated as long as the formation of tetra
sulfide was observed. The oily residue, dried in vacuum, 
weighed 1.5 g.

Anal. Calcd. for CmHmS«: C, 59.27; H, 4.21; S, 36.52. 
Found: C, 59.04; H, 4.42; S, 35.30.

Acetyl benzyl disulfide. (Eq. 4.) As in the preparation of 
acetyl benzhydryl disulfide, 8.15 g. of benzylmercaptan was 
added to 14.5 g. of acetyl sulfenyl chloride. The crude 
product was recrystallized from petroleum ether, m.p. 54— 
55° (lit. 11 58-59°).

Benzyl hydrodisulfide. (Eq. 5.) As for the benzhydryl com
pound, 10 g. of acetyl benzyl disulfide was treated with 25
ml. of dry 5N  alcoholic hydrogen chloride. After evaporat
ing the solvent and ethyl acetate, the residue was distilled 
under vacuum, b.p. 65-70°/0.01 mm. (lit. 11 67-70°/0.01
mm. ) to yield, 5.6 g. This oil was oxidized by iodine, and 
gave dibenzyl tetrasulfide, m.p. 53.5-54°, mixed m.p. with 
an authentic sample, 53.5-54°.

Dibenzyl pentasulfide. (Eq. 6 .) From 1.5 g. of benzyl 
hydrodisulfide and 0.5 g. of sulfur dichloride, 1.5 g. of crude 
product was obtained. After recrystallization from ether, it 
melted a t 57.5-58.5° (lit . 7 , 1 2  oily substance).

Anal. Calcd. for ChHhS5: C, 49.1; H, 4.12; S, 46.78. 
Found: C, 49.08; H, 3.93; S, 45.40.

Dibenzyl hexasulfide. (Eq. 7.) From 3 g. of benzyl hydro
disulfide and 1 . 1  g. of sulfur monochloride 2  g. of an oily 
substance was obtained. The preparing and refining pro
cedures were the same as for the benzhydryl compound.

Anal. Calcd. for ChH 14S6: S, 51.53. Found: S, 50.70.
Determination of the spectra. The ultraviolet absorption 

spectra were determined with a Hitachi EPU-2 spectro
photometer, using alcohol as the solvent.

Determination of the molar refractions. The refractive 
indices n 2D° of dilute carbon tetrachloride solutions of a 
polysulfide in various concentrations were determined by 
Abbe Refractometer, and densities d* 0 of the same solutions 
were determined by Ostwald-Sprengel pycnometer. Molar 
refraction values were calculated by Lorenz-Lorent.z 
equation from and D4 0  of the dilute solutions, and the 
value of a polysulfide was obtained by extrapolating these 
values to infinite dilution . 23

Acknowledgment. The authors wish to express 
their thanks to Prof. E. Campaigne of Indiana 
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script.

Sakai City, Osaka, J atan

(23) F. Daniels, J. H. Mathews, and J. W. Williams, Ex
perimental Physical Chemistry (1949), pp. 14, 232.
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The reactions of maleic hydrazide (I) were found to be different from those of cyclic succinhydrazide (II). Under condi
tions such that II  gave bicyclic disuccinhydrazide, I did not react. Compound I reacted with benzenesulfonyl chloride to 
give in addition to 3-(l'H,6'-pyridazinonyl)benzenesulfonate, l-(3',l'H,6'-pyridazinone)-3,6-pyridazinedione (III). Its 
structure was established by converting it to the known l-(3'-chloro-6'-p}rridazyl)-3-chloro-6-pyridazone (IV). The reaction 
of compound I and maleic anhydride with chlorine is discussed.

Cyclic succinhydrazide reacted readily with di
ethyl succinate, succinoyl chloride, or benzene
sulfonyl chloride to give bicyclic disuccinhydrazide.4 
But attempts to synthesize bicyclic dimaleichy- 
drazide (l,4,6,9-tetraketopyridazo[l,2-a]pyridaz- 
ine) (V) by treating maleic hydrazide (I) with 
diethyl maleate or maleic anhydride in various 
solvents and under various conditions were fruit
less.6

XIV

The reaction of compound I with benzenesulfonyl 
chloride gave 3-(l'H,6'-pyridazinonyl)benzenesul- 
fonate as the major product.6 The filtrate of the re
action mixture, on further heating, gave a new prod
uct which was not the expected compound V. 
On the basis of the empirical formula CsHeNiCh, 
calculated from the elemental analysis, and the in
frared spectrum, which showed a carbonyl ab
sorption maximum similar to that of compound I, 
the material was thought to be ]-(3',l'H,6'-pyri- 
dazinone)-3,6-pyridazinedione (III). A search of 
the literature revealed that Druey and coworkers7 
had isolated in small amounts from the reaction

(1) Paper V in the series, “The Chemistry of Cyclic 
Hydrazides.”

(2) Abstracted in part from the Ph.D. thesis of Harry 
Rubinstein (February 1958).

(3) Purdue Research Foundation Fellow 1956-1957.
(4) H. Feuer, G. B. Bachman, and E. White, J. Am. 

Chem. Soc., 73, 4716 (1951).
(5) H. Rubinstein, Master’s thesis, Purdue University, 

February 1956.
(6 ) H. Feuer and H. Rubinstein, J. Am. Chem. Soc., 80, 

5873 (1958).
(7) J. Druey, K. Meier, and K. Eichenberger, Helv. Chim. 

Acta, 37, 121 (1954).

of compound I with phosphorus oxychloride8 a 
compound to which they assigned structure IV. 
The assignment of structure was made on the basis 
of elemental analysis, molecular weight, and in
frared and ultraviolet spectra. I t was therefore 
decided to synthesize compound IV and to prove 
the structure of compound III by relating it to 
compound IV.

Toward the preparation of compound IV we have 
found that the crude reaction product of compound 
I and phosphorus oxychloride8 gave on fractional 
crystallization from carbon tetrachloride, 3,6- 
dichloropyridazine (VI), 3-chloro-6-pyridazinone
(VII), and a third material which had a distinct 
melting point. By infrared anlaysis, molecular 
weight determination, and elemental analysis, the 
latter was shown to be an equimolar mixture of 
compounds VI and VII. The actual structure of 
this “complex’' is not known; however, compound 
VI could be readily removed from compound VII 
by sublimation, indicating that actual compound 
formation had not occurred.

When the published procedure7 for the prepara
tion of compound IV was followed, that’is, recrystal
lizing the above crude reaction mixture from cyclo
hexane and then from isopropyl ether followed by 
sublimation, compound IV could not be obtained. 
I t was, however, obtained9 after the crude reaction 
mixture was sublimed in vacuum without 'prior 
purification, and the residue subsequently recrystal
lized.

It is believed that compound IV formed during 
heating (sublimation) from compounds VI and VII 
in the following way :

Cl Cl

Cl
VI
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The hase (excess ammonium hydroxide), indi
cated in step (1) was introduced on neutralizing 
the crude reaction mixture8 9 prior to sublimation.

Efforts to convert compound IV into III by 
hydrolysis with aqueous base, resulted only in de
composition. Compound III was, however, readily 
converted into IV on refluxing with phosphorus 
oxychloride, and the structure of compound III 
was thereby established.

Reaction of maleic anhydride and maleic hydroxide 
with bromine and chlorine. In further efforts toward 
the synthesis of compound V, it was hoped that 
perhy dro-4,5-dihalo-3,6-pyridazinedione (VIII)
would react with maleic anhydride to give the 
bicyclic compound (IX) which then could be con
verted to V on treatment with zinc.

VIII IX

However, all efforts to prepare VIII by reacting 
I with either chlorine or bromine were fruitless. 
An alternate method for its preparation was then 
chosen by following the directions of Ligett, 
Closson, and Wolf,10 who reported that the re
action of hydrazine hydrate and a,Q:'-dichlorosuc- 
cinic anhydride (X) gave compound VIII (X = 
Cl). Compound X was prepared from maleic an
hydride and chlorine in carbon tetrachloride in the 
presence of ultraviolet light and treated with hy
drazine hydrate in a mixture of benzene and 
ethanol.10 This, however, gave only polymeric 
material. When acetic acid was used as a solvent, 
the reaction afforded monochloromaleic hydrazide11
(XI), m.p. 263° dec., and hydrazine dihydrochloride 
instead of compound VIII. Since it was possible that 
dehydrohalogenation was caused by the basic 
hydrazine hydrate, it was substituted by hydrazine 
sulfate; but this also gave only compound XI.

XI

The failure of compound I to add bromine or 
chlorine to its double bond, the failure encountered 
in the preparation of compound V from I, and the

(8 ) R. H. Mizzoni and P. E. Spoerri, J. Am. Chem. Sec., 
73, 1874 (1951).

(9) We are indebted to Dr. Druey for this advice and for 
an authentic sample of this compound.

(10) W. B. Ligett, R. D. Closson, and C. N. Wolf, 
U. S. Patent 2,640,005, May 26, 1953.

(11) The patent10 indicates an m.p. 260-263° for VIII
(X =  Cl), which agrees with our value of 263° for com
pound XI. Furthermore, the chlorine analysis indicated is 
2% high for compound VIII.

preferred dehydrohalogenation with the formation 
of compound XI rather than the expected com
pound VIII are believed to be due to resonance 
stabilization of compounds I and XI. This is sup
ported by the work of Arndt et al.1'2 who state that 
the double bond in compound I is not olefinic be
cause of its failure to add diazomethane.12 Further
more, by comparing 2-methyl-6-methoxy-3-pyri- 
dazinone (XII) and l,2-dimethyl-3,6-pyridazine
dione (XIII) as to their reactivity to bromine, 
Eichenberger et al.u found that only compound 
X III added bromine. This was explained by the 
fact that in order to become aromatic, compound 
X III would have to form a structure which would 
violate the adjacent charge rule. On the other hand, 
compound X II can easily gain aromaticity without 
any such restriction.

It is also not surprising that compound I resists 
any chemical transformation which would lead to 
the loss of resonance stabilization. This would be 
the case in the conversion of compound I to V 
since the latter cannot have aromatic stabilization, 
due to the fact that it would involve two adjacent 
positive charges on the nitrogens.

E X P E R IM E N T A L

l - ( l ’, l ’H'6'-Pyiidazinone)-3,6-pyridazinedione (III). Five 
g. (0.044 mole) of maleic hydrazide and 25 g. of benzene- 
sulfonyl chloride were heated in a beaker until a slight brown 
solution resulted. Then, 50 ml. of water was added with stir
ring and the mixture was left standing overnight on ice. The 
precipitated 3 - ( l 'H '6 '-pyridazonyl)benzenesulfonate was re
moved and the filtrate was then heated gently until a single 
layer had formed while more water was added to compensate 
for losses due to evaporation. Upon cooling, 1 g. (20%) of 
compound III  deposited, m.p. >350° after two recrystal
lizations from water.

Anal. Calcd. for C8H 60 3N4: C, 46.60; H, 2.93; N, 27.18. 
Found: C, 46.46; H, 2.75; N, 26.99.

Reaction of maleic hydrazide and phosphorus oxychloride. 
Maleic hydrazide (37.5 g., 0.29 mole) and 450 ml. of phos
phorus oxychloride were refluxed for 5 hr. The solution was 
the concentrated in vacuo to a volume of 50 ml., poured into 
ice, and neutralized with coned, ammonium hydroxide until 
slightly basic. Filtration and drying gave 46 g. of crude 
reaction product, m.p. 150-190° dec. Boiling 5 g. of this 
material for 1  hr. with carbon tetrachloride and filtering 
gave the following products: (1 ) 0 . 8  g. of an insoluble mate
rial, m.p. 185-278° dec., which was not identified; (2) 1.3 
g. of product which came out of the carbon tetrachloride 
solution on cooling to 25° in a Dewar containing warm water. 
This product consisted of a mixture which was separated 
manually to give needles, m.p. 140° and clusters, m.p. 116— 
117°; (3) 0.6 g. of crystals, m.p. 115-116° which deposited 
after placing the carbon tetrachloride filtrate from (2 ) on 
ice for several hours; (4) 1.7 g. of solid, m.p. 60-65° which 
was obtained on evaporating to dryness the filtrate from
(3).

Mixture (2) was recrystallized from hot carbon tetra
chloride by allowing it to cool to 25° overnight. This gave 
needles “A,” m.p. 142-142.5°, the infrared spectrum of 
which was found to be identical wuth that of 3-chloro-6-

(12) F. Arndt, L. Löwe, and L. Ergener, Rev. Faculté Sei 
Univ. Istanbul, 13, 104 (1948).

(13) K. Eichenberger, H. Staehelin, and J. Druey, Helv. 
Chim. Acta, 37, 837 (1954).
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pyridazinone14 (VII) and a mixture of authentic VII 
melted at 138-140°. The analytical data of “A” was as 
follows:

Anal. Calcd. for C,H30N SC1: C, 36.80; H, 2.30; N, 21.4. 
Found: C, 36.90; H, 2.41; N, 21.26.

The above mother liquor gave after cooling on ice, clusters 
“B,” m.p. 115-116°. Products “B” and (3) were identified 
as equimolar mixtures of 3,6-dichloropyridazine (VI) and 
compound VII. The infrared spectrum of a prepared equi
molar mixture of compounds VI and VII was similar to 
“B” and (3) and a mixture of “B” and (3) melted at 115- 
116° after recrystallization from carbon tetrachloride.

Anal. Calcd. for (an equimolar mixture of VI and VII) 
C8H5ON4CI3/ 2 : N, 20.0; mol. wt. 139.7. Found: N, 19.95; 
mol. wt. 145 (Rast).

Subjecting mixtures “B” or (3) to heating in vacuo caused 
sublimation of compound VI and gave pure VII as the 
residue.

Anal. Calcd. for C4H3ON2Cl (VII): C, 36.8; H, 2.30; Cl,
27.21. Found: C, 36.95; H, 2.53; Cl, 27.22.

Product (4) on sublimation in vacuo gave pure VI, m.p. 
69°, lit. value,8 m.p. 68-69°, and no appreciable residue 
remained.

l-(3'-Chloro-6'-pyridazyl)-3-chloro-6-pyridazone (IV). A 7 
g. sample of the crude reaction product resulting from the 
reaction of maleic hydrazide and phosphorus oxychloride 
was sublimed for 28 hr. at 70-80°. The residue was boiled 
with about 500 ml. of cyclohexane and after cooling, 1 g. of 
compound IV, m.p. 151-152° was obtained. This material 
gave no depression in a mixed melting point determination 
with authentic IV9 and had a similar infrared spectrum.

Conversion of compound III  to compound IV . In a 50-ml. 
flask fitted with an efficient condenser were placed 0.182 g. 
(0.88 mmole) of III and 15 ml. of phosphorus oxychloride. 
The mixture was refluxed 5.5 hr., filtered, and the filtrate 
concentrated in vacuo until 2 ml. of liquid remained. Addi
tion of crushed ice, followed by sufficient coned, ammonium 
hydroxide to basify the solution, cooling on ice overnight, 
and filtering gave 0.12 g .  (57% yield) of slightly tan product, 
m.p. 150-153°. Recrystallization from cyclohexane gave a 
m.p. 151-152°. A mixed melting point determination with 
authentic IV gave no depression.

(14) This material has previously been reported, but was 
obtained with a half mole of water of hydration,7 m.p. 
138-140°.

a,a'-Dichlorosuccinii: anhydride15 (X). A three necked 
1000-ml. flask was equipped with a coarse sintered glass 
gas dispersion tube and a condenser. Into this flask were 
placed 50 g. of maleic anhydride and 500 ml. of carbon tetra
chloride. The mixture was heated to reflux and irradiated 
with an ultraviolet light while chlorine was introduced for 
about 14 hr. Upon cooling, light gray crystals deposited 
and evaporation of the solvent in vacuo gave additional 
material. Several recrystallizations from benzene gave a m.p. 
91-92° which was raised to m.p. 95-97° (lit. value15 m.p. 
95°) after recrystallization from carbon tetrachloride.

It was found necessary to purify the crude reaction prod
uct immediately, since it discolorized readily on standing. 
The purified product (X) was converted very rapidly to the 
acid on standing in air and had to be kept dry.

Reaction of a,a,-dichlorosuccinic anhydride with hydrazine 
hydrate. To a mixture of 10 g. (0.059 mole) of a,a'-dichloro- 
succinic anhydride and 100 ml. of acetic acid was added in 3 
min. 3 g. (0.06 mole) of hydrazine hydrate with stirring. 
Refluxing for 1 hr., cooling, and filtering gave 4.4 g. of 
crystals, m.p. 225-240° dec. Concentrating the filtrate to 
10 ml. gave an additional 2.5 g. of material, m.p. 256-257° 
dec. and evaporation to dryness afforded 3 g. of a dark resi
due. These solids were partially soluble in boiling ethanol. 
The residue was identified as hydrazine dihydrochloride, 
by a mixed melting point determination with an authentic 
sample which gave no depression, and by comparison of the 
infrared spectra which were identical.

On cooling, the filtrate gave 4.0 g. (50%) 4-chloromaleic 
hydrazide, m.p. 263° dec., lit. value,16 254° dec., after re
crystallization from ethanol.

Anal. Calcd. for C4H30 2N2C1: C, 32.8; H, 2.04; N, 19.13; 
neut. equiv. 146.5. Found: C, 33.12; H, 2.28; N, 19.36; neut. 
equiv. 147.

Acknowledgment. The authors are grateful to the 
Purdue Research Foundation for financial support 
of this investigation.

L a f a y e t t e , I istd.

(15) A. Michael and G. Tissot, J. prakt. Chem., 46, 392 
(1892).

(16) Yu. A. Baskakov and N. N. Melnikov, J. Gen. 
Chem. U.S.S.R., 24, 1205 (1954).

[C o n t r ib u t io n  f r o m  t h e  D i v is io n  o f  C h e m ic a l  R e s e a r c h , G. D . S e a r l e  a n d  C o .]

Syntheses in the 1,2,4-Benzotriazine Series

JAMES JIU a n d  GEORGE P. MUELLER

Received January 5, 1959

A series of 3-substituted-l,2,4-benzotriazine-l-oxides together with a few of the 3-substituted-l,2,4-benzotriazines have 
been synthesized for pharmacological evaluation.

The variety of structural modifications possible 
in substituted 1,2,4-benzotriazines and their kin
ship to existing chemotherapeutic agents prompted 
us to explore further derivatives for biological ac
tivity. Earlier work in this field, though limited, is 
well documented1 and more recently claims for the 
utility of 1,2,4-benzotriazines have been regis-

(1) J. G. Erickson, P. F. Wiley, and V. P. Wystrach, The
1,2,3- and 1,2,4-Triazines, Tetrazines and Pentazines, Inter
science Publishers, Inc., New York, N. Y., 1956, p. 44.#

tered;2'3 as yet no member of this series has found 
widespread use.

A group of 1,2,4-benzotriazine-l-oxides together 
with a few of the corresponding 1,2,4-benzotriazines 
has been prepared by the general synthetic scheme
I-V I.

(2) B. H. Shoemaker and C. M. Loane, U. S. Patent 
2,160,293 (May 30, 1939).

(3) F. J. Wolf and K. Pfister III, U. S. Patents 2,489,351 
to 2,489,359 (November 29, 1949), and J. Am. Chem. 
Soc., 76,3551, 4611 (1954).
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TABLE I
3 - A m i n o - 1 ,2 ,4 - b e n z o t r i a z i n e - 1 - o x i d e s

O
t

Rj

Analyses, (F b /O
Calcd. Found

Ri r 2 M.P.“ Formula c H N C H N
Me Me 251-253 c 9h 10n (o 56.83 5.30 29.46 56.92 5.29 29.18
c 6h H 303-305 c 13h 10n ,o 65.53 4.23 23.52 65.46 4.23 23.25
EtO H 276-278 C9H oN40 2 52.42 4.89 27.17 52.61 4.97 26.77
MeO H 278-28V C8H8N40 2 50.00 4.19 29.16 49.99 4.19 29.05
Cl H >300^ C7H.ClN.1O 42.76 2.56 28.50 43.01 2.41 28.60

TABLE II
3-Oxygen ATED-1,2,4-benzotriazine-I--OXIDES

O

R i-r
1

. J -  Z 
N

Analyses, %b
Calcd. Found

R, Z M.P.,“ Formula c H N C H N
H OH 244-246* C,H N 30 ; 51.53 3.09 25.76 51.31 3.12 25.90
MeO OH 244-246 CsHtiS 3O3 49.74 3.66 21.75 49.32 3.49 21.64
Cl OH 259-262/ C,H4C1N30 2 42.55 2.04 21.27 42.75 2.07 21.55
H OEt 111-113 c 9h 9n 3o2 56.54 4.74 21.98 56.78 4.82 22.10
H OBu

0

t

N

52.5-53.5 c „h 13n 3o2 60.26 5.98 19.17 60.47 6.45 18.96

0
237-241 c 8h 7n 3o2 54.23 3.99 23.72 54.59 4.15 23.89

i
c h

R2 R, v i

ino-l,2,4-benzotriazine-l-oxides (III) (Table I), in 
alkali.3-6 Diazotization converted the latter to
3-hydroxy-l,2,4-benzotriazine-l-oxides (IV) (Table 
II), and these on treatment with phosphorous oxy- 
halides3-6 yielded 3-chloro- or 3-bromo-l,2,4-benzo- 
triazine-l-oxides (V) (Table III). A mixture of the
3-hydroxy- and 3-chloro-l,2,4-benzotriazine-l-ox- 
ides was also obtained by diazotization, as recorded,4 5 
in the presence of a mixture of potassium ferrocy- 
anide and potassium ferricyanide.

Condensation of the 3-chloro-l,2,4-benzotriazine-
1-oxides with selected amines yielded the appro
priately 3-substituted amino-1,2,4-benzotriazine-l- 
oxides (VI) (Table IV).

The substituted o-nitroanilines (I) were con
densed with cyanamide or monosodium cyanamide 
under acid conditions, yielding o-nitrophenylguani- 
dines (II), which were cyclized directly to the 3-am-

(4) F. Arndt, Ber., 4 6 ,  3522 (1913).
(5) F. Arndt and B. Rosenau, Ber., 50, 1248 (1917).
(6) R. F. Robbins and K. Schofield, J. Chem. Soc., 3186 

(1957).
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TABLE III
3 -H a l o g e n a t e i>-1,2,4-b e n z o t r i a z in e -1 - o x id e s

0

Analyses, %6
Calcd. Found

R, X  M.P.° Formula C H N C H N

H Cl 117-119" C,H4C1N30  46.30 2.22 23 .14 46.36 1.92 22.93
Cl Cl 157-158.5" C,H3C12N30  38.92 1.40 19.45 39.02 1.67 18.93
MeO Cl 188.5-190.5 C„H6C1N30 2 45.41 2.86 19 .86 45.48 2.77 19.78
H Br 154-156 C,H4BrN30  37.19 1.78 18 .59 37.48 1.86 18.44

TABLE IV

3 -S ü b s t it u t e d  A m in o -1 ,2 ,4 -b e n z o t r ia z in e - I - o x id e s  

O

r ,X ï

t
N

"
v J —z
N

Analyses, %6
Cabd. Found

Ri = H ,Z M.P.“ Formula C H N C H N

Morpholino 174-176 c „h 12n 4o2 56.88 5.21 24.13 56.42 5.38 24.19
Piperidino 108-110 c 12h 14n 4o 62.59 6.13 24.33 62.75 5.96 23.97
Hexamethyleneimino 121-122.5 c 13h 16n 4o 63.91 6.60 22.94 64.40 6.77 23.38
3-Ketopiperazino 254-257 CnHj.NeOo 53.87 4.52 28.56 53.62 4.53 28.23
Isoquinolino 125-126.5 c 16h 14n 4o 69.05 5.07 20.13 68.80 5.29 19.93
/3-Phenylethylamino
^-Dimethylaminoethyl-

193-195 c15h 14n 4o 67.65 5.30 21.04 67.74 5.34 20.64

amino 128.5-131 CnH15N60 56.63 6.48 30.03 56.94 6.48 30.05
/3-Diethylaminoethyl-

amino 77.5-80 c 13h „ n 5o 59.75 7.33 26.80 59.93 7.22 26.59
/3-Morpholinoct.hylamino
7-Di-n-butylaminopropyl-

170.5-173 c13h „n 6o2 56.71 6.23 25.44 56.66 6.35 25.49

amino 77-78.5 C18H2cN50 65.22 8.82 21.13 64.97 8.72 21.57
y-Morpholinopropylamino 143-144.5 c 14h 1?n 6o2 58.11 6.62 24.21 57.95 6.38 23.97
Thiosemicarbazido 253-255 (dec.) CsH8N6OS 40.67 3.41 35.57 40.50 3.24 35.32
/3-Hydroxyethylamino
/3-Hydroxy-/S-methyl

114-116 c 9h ,„n 4os 52.42 4.89 27.17 52.42 4.79 26.93

propylamino
(<*,a-Bishydroxymethyl-

159-160 c „h 14n 4o2 56.40 6.02 23.92 56.48 6.00 24.26

ene)ethylamino 127-128 c„h „n 4o3 52.79 5.64 22.39 53.04 5.66 22.67
Methylglucamino 135-137 C14H2CN406 49.40 5.92 16.46 49.27 5.99 15.93
Furfurylamino 172-178 C12H,cN40 2 59.50 4.16 23.13 59.55 4.38 22.96
Hydrazino 207.5-209 c ,h 7n 6o 47.45 3.99 39.53 47.46 3.92 39.02
a-Methylhydrazino 134-135 c8h 9n 6o 50.25 4.74 36.63 50.69 5.11 37.21

R, = Cl
Methylphenylamino*
/3-Dimethylaminoethyl-

158.5-160 c ,4h „c in 4o 58.64 3.37 19.54 58.37 3.78 19.61

26.37amino 157-161 c „h 14c in 5o 49.35 5.27 26.16 49.67 5.50

Direct O-alkylation of 3-hydroxy-l,2,4-benzotri- 
azine-l-oxide was not feasible as shown by attempts 
to methylate in the usual way with methyl iodide; 
the product proved to be 4-methyl-3-keto-3-4-di- 
hydro-l,2,4-benzotriazine-l-oxide.7 The 3-alkoxy * 91

(7) L. Ergener, Rev. fac. sei. univ. Istanbul, 15A, No. 2,
91 (1950); Chem. Abstr., 44, 10718 (1950).

derivatives were obtained in other ways; for ex
ample, the attempted displacement in 3-chloro-l,2,-
4-benzotriazine-l-oxide with sodium cyanide and 
ethanol led to formation of 3-ethoxy-l,2,4-benzotri- 
azine-1-oxide (VIII) R = C2HB; also with potassium 
fluoride, or potassium glutamate, and n-butanol the 
reaction yielded 3-n-butoxy-l,2,4-benzotriazine-l- 
oxide (VIII) R = C4H 9. Similar displacement where
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t a b u : y

^ - S u b s t it u t e d  A min ' o -1 ,2 ,4 -b e n z o t r ia z in e r

R! = H M.P." Formula c
Calcd.

H

Analyses, fob 

N C
Found

H V
3 Ketopiperazino 237-239.5 c „h „n 6o 57.63 4.84 30.55 57.95 4.93 30.73
/S-Dimethylaminoethylamino 98-100 c „h ,5n 5 60.80 6.96 32.24 60.82 6.83 32.00
Hydrazino 173-175 c ,h 7n 5 52.16 4.38 43.46 52.14 4.51 44.06
a-methylhydrazino 85-89 c 8h 9n 5 39.98 40.44

“ Melting points taken on a Fiseher-Johns block, uncorrected. 6 The authors express their appreciation to Dr. R. T. Dillon 
and his staff of the Analytical Department of the G. I). Searle and Co. for the analytical data presented here. c Lit. m.p. 
'258-259°, see ref. 3. d Lit. m.p. 302° (dec.), see ref. 3. e Lit. m.p. 219°, see ref. 4. { Lit. m.p. 230-231°, see ref. 3. 0 Lit. m.p. 
117-118°, see ref. 0. h Lit. m.p. 153-154°, see ref. 3. 1 Obtained as a by-product, in the preparation of 3,7-dichloro-l,2,4- 
benzotriazine-l-oxide using phosphorus oxychloride and dimet.hylaniline. This was probably formed from traces of mono- 
methylaniline present in the reaction medium.

solvolysis preponderates was recently reported to 
occur in the purines.8

3 - Mercapto -1,2,4 - benzotriazine - 1 - oxide has 
been prepared from o-nitrophenylthiourea5 but our 
attempts to do so starting either with 3-hydroxy-
1,2,4-benzotriazine-l-oxide and phosphorus penta- 
sulfide, or with the 3-chloro-l,2,4-benzotriazine-l- 
oxide and sodium hydrosulfide were unsuccessful. 
Turning to the thiuronium-complex reaction9-11 
we found that treatment of the chloro compound 
with thiourea in absolute alcohol formed the sulfide
(IX).

IX

The 1,2,4-benzotriazines (XI) were prepared 
either by direct treatment of the 1-oxides (X) with 
zinc dust and ammonium chloride in water,3 or 
by reduction 8 9 10 11

(8) As an example, L. Goldman, J. W. Marsico, and M. 
J. Weiss, at the 133rd American Chemical Society Meeting 
at San Francisco, April 13, 1958, obtained a 6-methoxy ß- 
purine on treating the 6-chloro-d-purine with difso-propyl- 
amine in refluxing methanol.

(9) R. K. Robins, L. B. Holum, and F. W. Furcht, J. 
Org. Chem., 21,833 (1956).

(10) J. K. Landquist and J. A. Silk, J. Chem. Soc., 2052
(1956).

(11) C. L. Arcus and P. A. Hallgarten, J. Chem. Soc., 
2987(1956)

with tin and hydrochloric acid4 to give first the 
3 - substituted -1,2 - dihydro - 1,2,4 - benzotriazines
(XII) which were readily oxidized by potassium 
ferricvanide to the 3-substituted-l,2,4-benzotria- 
zines~(XI) (Table V).

E X P E R IM E N T A L

Preparation of the 3-amino-l,2,J,-benzotriazine-l-oxides. 
Method A. 3-Amino-1,2,4-bemotriazine-l-oxide. A mixture of
5.00 g. of o-nitroaniline and 10.95 g. of monosodium cyana- 
mide in a large beaker was heated gently on a hot plate until 
the nitroaniline melted. The cooled solid was then mixed 
well, and then 25 ml. of concentrated hydrochloric acid was 
added all at once. Immediate^ a very vigorous reaction en
sued, which subsided in a few minutes. The reaction mixture 
was allowed to cool slowly to room temperature; then 25 ml. 
of water was added followed by 20 g. of sodium hydroxide. 
After the vigorous reaction subsided, the mixture was heated 
on a steam bath for 30 min. On cooling, crystals formed, 
which were collected and washed well with water. (This 
material may be used in this form for subsequent reac
tions.) Recrystallization from ethanol gave 3-amino-1,2,4- 
benzotriazine-1-oxide, yield 2.60 g., m.p. 285.5-288°.

Method B. 3-Amino-l,2,f-benzotriazine-l-oxide. A mixture 
of 10 g. of o-nitroaniline and 10 g. of cyanamide was fused by 
heating on a steam bath. To the cooled mixture was added 
25 ml. of concentrated hydrochloric acid. The reaction mix
ture was swirled and heated gently on a steam hath until all 
solids were liquefied. After allowing to cool to room tem
peratures, 25 ml. of water and 20 g. of sodium hydroxide 
were added to the reaction mixture. The reaction mixture 
was heated on a steam bath for 30 min., and then diluted 
with water. The solid, 8.30 g., was collected by filtration
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:ind washed well with water. Recrystallization from ethanol 
gave 3-amino-l,2,4-benzotriazine-l-oxide, m.p. 284-287°C.

3-Hydroxy-l,2,4-benzotriazine-l-oxide. A solution of 130 g. 
of 3-amino-l,2,4-benzotriazine-l-oxide in 1400 ml. of water 
and 510 ml. concentrated sulfuric acid was cooled to 0°. 
( iver a period of 2.5 hr. a solution of 254 g. of sodium nitrite 
in 350 ml. of water was added dropwise. During the addition 
an ice-bath was used to maintain a 0° temperature. The 
reaction mixture was stirred at room temperatures for 39.5 
hr., filtered, and the product washed well with water; yield
120.9 g. This product melting at 241-244°, was satisfactory 
for use in further reactions. Recrystallization from meth
anol gave 3-hydroxy-l,2,4-benzotriazine-l-oxide, m.p. 244- 
246°.

S-Chloro-1,2,4-benzotriazine-l-oxide. A solution of 170 g. 
of 3-hydroxy-l,2,4-benzotriazine-l-oxide in 1350 ml. of 
phosphorus oxychloride was heated at reflux for 2 hr. The 
reaction mixture was distilled to dryness in vacuo, and the 
residue was poured over cracked ice. The mixture was di
luted with water and extracted with chloroform. The com
bined chloroform extracts were washed with water, dried 
over sodium sulfate, and evaporated to dryness. The oily 
residue was taken up in hexane and allowed to crystallize 
to give 3-chloro-l,2,4-benzotriazine-l-oxide, m.p. 115-117°; 
yield 106.1 g.

Preparation of both 3-hydroxy- and 3-chloro-l ,2,4-benzo- 
triazine-l-oxide. A stirred suspension consisting of 10 g. of 
3-amino-l,2,4-benzotriazine-l-oxide, 6 g. of potassium ferro- 
cyanide, 6 g. of potassium ferricyanide, 200 ml. concen
trated hydrochloric acid, and 300 ml. of water was cooled 
to 4°. To the cooled mixture was added over a period of 2 
min. a solution of 6 g. of sodium nitrite in 20 ml. of water. 
The mixture was stirred at 4° for an additional 30 min., 
then at 25° for 30 min. The precipitate was filtered. The 
filtrate on neutralization with sodium carbonate yielded 
0.75 g. of starting material.

The precipitate was slurried with water and twice with 
ethyl ether. The combined ethyl ether extracts were washed 
with water and dried over sodium sulfate. Evaporation of 
the solvent in vacuo left a white residue which was taken up 
in hexane and allowed to crystallize, giving 1.64 g. of 3-chlo- 
ro-l,2,4-benzotriazine-l-oxide, m.p. 114-116°. Recrystalli
zation from aqueous methanol gave the pure compound, m.p. 
117-119°.

The ether-extracted aqueous mixture was filtered, and the 
greenish precipitate dissolved in 50 ml. of 10% potassium 
hydroxide. The basic solution was filtered and the filtrate 
acidified with diluted hydrochloric acid. The 3-hydroxy-
1,2,4-benzotriazine-l-oxide was collected by filtration and 
recryst.allized from methanol, m.p. 244-247°; yield 1.55 g.

3-Bromo-l ,2,4-benzotriazine-l-oxide. To 4.00 g. of 3-hy- 
droxy-l,2,4-benzotriazine-l-oxide was added 35 ml. of phos
phorus oxybromide. The mixture was heated to reflux for 10 
min. and then allowed to cool to room temperatures for 15 
min. The cooled solution was then poured over cracked ice 
and water. The heterogeneous mixture was extracted with 
chloroform. The combined chloroform extracts were washed 
with water, filtered through a sintered-glass funnel to re
move any tarry material, then dried over sodium sulfate. 
The solvent was distilled in vacuo and the residue taken up in 
methanol and allowed to crystallize to give 2.82 g. of 3- 
bromo-l,2,4-benzotriazine-l-oxide, m.p. 154-156°.

3-($-Di.methylaminoethyT)amino-l ,2,4-benzotriazine-l-oxide. 
A solution of 1.50 g. of 3-chloro-l,2,4-benzotriazine-l-oxide 
and 5 ml. of /3-dimethylaminoethylamine in 130 ml. of 1- 
butanol was allowed to stand at room temperatures for 16 
hr., then heated to reflux for 1.5 hr. The solvent was dis
tilled under reduced pressure and the resulting residue taken 
up in chloroform and washed with water. After drying with 
sodium sulfate and evaporating the solvent in vacuo, the 
residue was crystallized from hexane to give 3-(/3-dimethyl- 
aminoethyl)amino-l,2,4-benzotriazine-l-oxide, m.p. 128.5- 
131 °C.; yield 1.36 g.

3- Thiosemicarbazido-l ,2,4-bmzotriazinc-l-oxide. A mix
ture of 1.00 g. of 3-chloro-l,2,4-benzotriazine-l-oxide and
l. 00 g. thiosemicarbazone in 50 ml. of 1-butanol was heated 
to reflux for 2 hr. The reaction mixture w7as allowed to cool 
and the solid collected by filtration. The crystalline solid was 
recrystallized from aqueous dimethyl formamide to give 
0.85 g. of 3-thiosemicarbazido-l,2,4-benzotriazine-l-oxide,
m. p. 253-255° (dec.).

3-(a, a-Bishyd.roxym,ethylene) ethylamino-1,2,4-benzotri- 
azine-1-oxide. A solution of 2 g. of 3-chloro-l,2,4-benzotri- 
azine-l-oxide, 5 g. of 2-amino-2-methyl-l,3-propanediol in 
125 ml. of 1-butanol was heated to reflux for 2 hr. The sol
vent -was distilled in vacuo, and the residue taken up in chloro
form and water. The water layer was further extracted with 
chloroform. The combined chloroform extracts were washed 
with rvater, dried over sodium sulfate, and evaporated to 
dryness. The oily residue was chromatographed on 75 g. of 
silica gel. Elution with ethyl acetate-benzene (7:13) gave 
3 - (a,o:-bishydroxymethylene)ethylamino - 1,2,4 -benzotri- 
azine-l-oxide, which was recrystallized from ethyl acetate, 
m.p. 127-128°; yield 0.37 g.

4- Methyl-3-keto-3,4-dihydro-l ,2,4-benzotriazine-l-oxide. To 
2 g. of 3-hydroxy-l,2,4-benzotriazine-l-oxide, 10 g. potassium 
carbonate and 150 ml. of methanol in a pressure bottle was 
added 50 ml. of methyl iodide. The pressure bottle was sealed 
and heated at 65-70° for 18 hr. The excess methanol was 
blown off with nitrogen and the residue taken up in chloro
form and water. The water layer was further extracted with 
chloroform. The combined chloroform extracts were washed 
with water and dried over sodium sulfate and then evapo
rated to dryness in vacuo. The solid residue was recrystallized 
from methanol to give 1.22 g .  of 4-methyl-3-keto-3,4-di- 
hydro-l,2,4-benzotriazine-l-oxide, m.p. 235.5-240°.

8-Ethoxy-l,2,4-benzotriazine-l-oxide. A suspension of 2 
g. of 3-chloro-l,2,4-benzotriazine-l-oxide and 2 g. of sodium 
cyanide in 50 ml. of ethanol was heated at reflux for 1 hr. 
The solvent was evaporated under nitrogen and the residue 
taken up in water and chloroform. The aqueous layer was 
further extracted with chloroform. The combined chloro
form extracts were washed with water, dried over sodium 
sulfate, and evaporated in vacuo. The residue was taken up 
in hexane and allowed to crystallize, yielding 3-ethoxy-l,2,4- 
benzotriazine-l-oxide, m.p. 106.5-109°. Further recrystal
lization from methanol gave 1.20 g., m.p. 111-113°.

Preparation of S-n-butoxy-1,2,4-benzotriazine-l-oxide. 
Method A. To a solution of 1.5 g. of 3-chloro-l,2,4-benzo- 
triazine-1-oxide and 6 g .  of glutamic acid in 150 ml. of 1- 
butanol was added about 5 g. of potassium carbonate. The 
heterogeneous mixture was stirred mechanically for 2 hr. and 
then evaporated to dryness in vacuo. The residue was taken 
up in chloroform and water, the water layer further extracted 
with chloroform, and the combined chloroform extracts were 
washed with water, dried over sodium sulfate, and evapo
rated to dryness in vacuo. Crystallization from aqueous iso
propyl alcohol gave 3-n-butoxy-l,2,4-benzotriazine-l-oxide, 
m.p. 53-54°.

Method B. A suspension of 2 g. of 3-chloro-l,2,4-benzo- 
triazine-l-oxide and 5 g. of potassium fluoride in 175 ml. of 
1-butanol was distilled until 50 ml. of distillate was collected. 
A condenser was put on the reaction flask and the reaction 
mixture was heated at reflux for 21 hr. The solvent was dis
tilled and the residue diluted with water and extracted with 
chloroform. The combined chloroform extracts were washed 
with water, dried over sodium sulfate, and then evaporated 
to dryness. Crystallization of the residue from pentane gave 
3-n-butoxy-l,2,4-benzotriazine-l-oxide, m.p. 52-53°.

Bis\3-(l-oxo-l,2,4-benzotriazyl)}sulfide (IX). A mixture 
of 2.0 g. of 3-chloro-l ,2,4-benzotriazine-l-oxide and 2.0 g. of 
thiourea in 125 ml. of absolute ethanol was heated to reflux 
for 4 hr. The solution was cooled and the solid collected and 
washed with a few7 ml. of ethanol. The solid was slurried in 
100 ml. of hot ethanol, cooled, and filtered to give bis [3-(l- 
oxo-l,2,4-benzotriazyl) ] sulfide, yield 1.20 g., m.p. 267-271.
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Anal. Cal od. for CI4HsN6OS2: C, 51.84; H, 2.49; N, 25.92; 
8, 9.89. Found: C, 51.80; H, 2.43; X, 20.35; S, 10.29.

3-Chhro-l,2,4-bmzotriazine. A suspension consisting of
1.00 g. of 3-chloro-l,2,4-benzotriazine-l-oxide, 0.40 g. of 
zinc dust, and 0.30 g. of ammonium chloride in 25 ml. of 
water was stirred mechanically for 17 hr. at room temper
ature. The reaction mixture was diluted with an equal vol
ume of acetic acid and then filtered. The filtrate was ex
tracted with hexane and the combined hexane extracts were 
washed with water, dried over sodium sulfate, and evapor
ated to dryness in vacuo. Crystallization of the residue from 
pentane yielded 0.35 g. of 3-chloro-l,2,4-benzotriazine, m.p.
96-98°.

3-Hydrazino-l,2,4-hcnzotriazinc. Treatment of 1.0 g. of 
3-chloro-l,2,4-benzotriazine with 0.5 gm. of hydrazine hy
drate with -warming gave immediately a dark yellow solu
tion which on standing crystallized. The solid was taken

up in 35 ml. of ethanol and allowed to crystallize. The crys
tals were collected and recrystallized from benzene to give 
3-hydrazino-l,2,4-benzotriazine, yield 0.55 g., m.p. 173-175°.

S-(@-Dimeih !ilaminoelhyl)amino-l,2,4-bcnzotriazine. A sus
pension of 1.0 g. of 3-(d-dimethylaminoethyl)amino-l,2,4- 
benzotriazine-l-oxide, 0.4 g. of zinc dust, and 0.3 g. of am
monium chloride in 25 ml. of water was stirred mechanically 
for 17 hr. at room temperature. The reaction mixture was 
diluted wdth water and extracted with chloroform and ben
zene. The combined chloroform and benzene extracts were 
washed with water, dried over sodium sulfate, and evapo
rated to dryness in vacuo. The residue was taken up in hexane 
and allowed to crystallize giving 0.57 g. of 3-(/3-dimethyl- 
aminoethyl)amino-l,2,4-bcnzotriazme, m.p. 98-100°.

C h i c a g o  80, 111.

[C O N T R IB U T IO N  F R O M  T H E  C H E M IS T R Y  D E P A R T M E N T , S t . O L A F  C O L L E G E ]

Reactions of Diamines with Isocyanates and Isothiocy anates

OLIVER STOUTLAND, LON HELGEN, a n d  COURTLAND L. AGRE1 

Received January 9, 1959

Diamines react with less than equivalent quantities of isocyanates and isothiocyanates to yield the mono- and disub- 
stituted ethylenediamines and recovered diamine. The distribution of products is dependent on the reactivity of the reagent, 
on concentration, and on the solvent.

Recently it was shown2 that acids react with 
diamines to give amides and recovered diamine 
in nearly the predicted yields based on random 
distribution. I t  was of interest to observe if the 
more facile reactions of diamines with isothio
cyanates and isocyanates might yield similar dis
tributions of products.

Amines react with isocyanates to give substi
tuted ureas.3 Similarly, reaction of diamines with 
equivalent amounts of isocyanates would be ex
pected to give addition at each of the two amino 
groups. With less than two moles of isocyanates, 
the diamines should give mixtures in which the 
relative yields of the products would depend on the 
ratios of reactants.
H ,N (C H 2)*NH2 +  b RNCO — >  ELN(CH2)IN H 2 +

(I)
RNHCONH(CHo)jNHo +  RN H C O N H (C H 2)*NHCONHR

(II) (III)

There is the possibility that II  would react with 
a second molecule of isocyanate to give (RNHCO)2- 
N(CH2)XNH2 (IV), but the decreased basicity of 
the substituted nitrogen in II  relative to the 
primary amine should minimize this reaction.

In the above equation, when b is greater than 
O but less than 2, the recovery of I would be

^—9— ^ , the formation of I II  would be ^ ^ 3  and

(1) To whom requests for reprints should be addressed.
(2) C. Agre, G. Dinga, and R. Pflaum, J. Org. Chem., 21, 

561 (1956).
(3) J. Saunders and R. Sloeombe, Chem . R e v ., 43, 203

(1948).

the yield of II  would be \b  — — j .  W henthe react

ants are present in equimolar quantities and b 
therefore is 1, the respective yields of I, II, and III 
would be 25%, 50%, and 25%.

The reaction of amines with isocyanates is known 
to occur very rapidly. I t  thus would be antici
pated, as frequently7 was encountered, that the yield 
of III might be above the expected value due to a 
concentration effect at the instant of mixing the re
actants. I t  is known3 that isocyanates vary ap
preciably in their reactivities depending on the na
ture of the alkyl or aryl groups. I t  would be rea
sonable to expect that the isocyanates with the 
lesser reactivity would approach the statistical dis
tribution more closely. The reactions of diamines 
with isothiocyanates4 would parallel these consider
ations and substituted thioureas would result. The 
lower reactivity of the isothiocyanates would cause 
slower reactions and thus allow an approach to the 
statistical distribution.

Ideally, in each run the three products, I, I I  and 
III, would be isolated quantitatively. However, 
once the existence of all three products was estab
lished, it was expeditious to isolate only the di- 
substituted product III quantitatively and on occa
sion product II. The separation was accomplished 
due to the low solubility of the disubstituted com
pound in dilute acid solution in contrast to the ap
preciable solubility of the other products.

The data presented in Table I relate to the yields

(4) D. Schroeder, Chem. Rev., 55, 181 (1955).



j u n e  1959 REACTIONS OF DIAMINES WITH ISOCYANATES 819

TABLE I
D i s u b s t i t u t e d  P r o d u c t s  III“ f r o m  E t h y l e n e d i a m i n e  a n d  IINCS o r  RNCO

Value Per Cent M.P.,d Recrvst. N Analysis
RNCS Solvent “b”» IIP °C. Solvent Formula Calcd. Found

Ethyl Isopropyl alcohol 1.0 88 127-128 Ethanol C8H18N4S2 23.9 23.8
Allyl isopropyl alcohol 1.0 87 98-99 Ethanol c 10h 18n 4s2 21.7 21.4
n-Butyl Isopropyl alcohol 1.0 88 137-138 Ethanol c 12h 26n 4s2 19.3 19.3
n-Heptyl Isopropyl alcohol 1.0 83 134-135 Ethanol C .Ä sN Ä 15.0 15.1
Phenyl Isopropyl alcohol 1.0 99 195-196 Acetic acid C16H18ÎS4S2 17.0 17.2
Phenyl Water 1.0 164
Phenyl Benzene 1.0 11
Phenyl Ether 1.0 17
Phenyl Chloroform 1.0 54
Phenyl Xylene 0.5 15

RNCO
o-Nitrophenyl Isopropyl alcohol 1.0 176 256-258 Acetic acid C16H16N60 6 21.6 21.1
2,5-Dichloro- isopropyl alcohol 1.0 154 295-299 Dimethylformamide C^HhCLNA. 12.8 13.1

phenyl
a-Naphthyl Isopropyl alcohol 1.0 166 282-284 Dimethylforrr.amide c24h 22n 4o2 14.1 14.3
m-Chlorophenyl Isopropyl alcohol 1.0 151 261-263 Acetic acid Ci6H,6C12N40 2 15.3 15.2
o-Tolyl Isopropyl alcohol 1.0 125 250-252 Acetic acid c 18h 22n 4o2 17.1 17.3
Octadecyl Chloroform 0.9 104 185-186 Acetic acid C40H82N4O2 8.6 8.6
Phenyl Isopropyl alcohol 1.0 128 247-248e Acetic acid CieHigN̂ Oo 18.8 18.7
Phenyl Isopropyl alcohol 0.4 230
Phenyl Benzene 1.0 107
Phenyl Chloroform 1.0 135

° Disubstituted products RNHCONHCH2CH2NHCONHR or RNHCSNHCH2CH2NHCSNHR. 6 Ratio of moles of 
RNCS or RNCO to moles of ethylenediamine. c Based on yield expected from random distribution. d All melting points are 
uncorrected. e Recorded melting points: 263,6 245,6 2987.

of disubstituted products I II  obtained from ethyl- 
enediamine. The isocyanates, in practically every 
instance, gave relatively high yields of III, due 
probably to a concentration effect. In contrast to 
this, products from the isothiocyanates were 
formed in some instances in approximately the ex
pected yields. There is an appreciable solvent ef
fect, which we shall not now try  to explain, as shown 
by some of the reactions involving phenyl isothio
cyanate in which the yield of I II  is much lower than 
expected. I t  is evident that a solvent like benzene 
can be used to good advantage in the preparation of 
high yields of monosubstituted compounds (II), 
since the formation of I II  is very low. This solvent 
effect appears less significant with the isocyanates.

Similar results were encountered in the data of 
Table II, which represent the yields of I II  when the 
diamine was hexamethylenediamine. Concentra
tion effect again apparently was responsible for the 
high yield of I I I  from isocyanates. Throughout 
this research I II  was obtained in unusually high 
yield when “b” was appreciably below unity, es
pecially with the isocyanates.

In a number of instances the monosubstituted 
products II  were isolated and characterized, as 
shown in Table III. Except in the systems where 
the alkyl groups were relatively short aliphatic 
chains, these products were solids. These mono
substituted products from ethylenediamine decom
pose slightly above their melting points.

Titration of aliquot portions of the reaction mix
tures showed active amine in quantity equal to the

total equivalents of original amine minus the 
iso(thio)cyanates employed. A portion of this 
amine in each instance was accounted for by the 
product II. The balance ought to be unreacted di
amine. In a number of instances this excess dia
mine, a t least in part, was isolated and identified. 
However, the recovery of I and II were seldom at
tempted quantitatively.

E X P E R IM E N T A L

The following example is a typical illustration of the pro
cedure employed in this study.

Addition of phenyl isothiocyanate to ethylenediamine. A 
solution of 27 g. (0.20 mole) of phenyl isothiocyanate in 
50 ml. of absolute ether was added dropwise to a vigorously 
stirred solution of 12 g .  (0.20 mole) of anhydrous ethylene
diamine in 300 ml. of isopropyl alcohol. Addition required 
40 min., during which period the temperature rose slightly 
and a white precipitate separated. The mixture was stirred 
for 2 hr., was diluted with water to about 800 ml., and was 
allowed to stand overnight. Titration of a portion of the clear 
solution with aqueous hydrochloric acid (methyl orange) 
indicated a residual free amine content equivalent to 5.9 g., 
or 49% of the original diamine.

The solution was poured into a Pyrex baking dish, 18 ml. 
coned, hydrochloric acid was added, and evaporation to 
dryness was effected on a steam bath. The white residue was 
suspended in 250 ml. of water at about 50° and was stirred 
to dissolve all soluble material. The remaining solid was re
moved by filtration and was W'ashed with warm wrater. 
The IVjA'-bisphenylthiocarbamylethylenediamine weighed
13.7 g., equivalent to 21% of the original diamine. Recrys
tallization was effected from acetic acid, m.p. 195-196°.

Anal. Calcd. for Ci6Hi8N4S2: N, 17.0. Found: N, 17.2.
The aqueous filtrate was cooled and then made very basic
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TABLE IF
D i s u b s t i t u t e d  P r o d u c t s  III f r o m  H e x a m e t h y l e n e d i a m i n e  a n d  RNCS o r  RNCO

RNCS Solvent Value “b
M.P.,

” Per Cent III °C.
Recryst.
Solvent Formula

N Analysis 
Calcd. Found

Ethyl Isopropyl alcohol 1.0 102 102-103 Ethanol c 12h 26n 4s2 19.3 19.2
Allyl Isopropyl alcohol 1.0 107 103-104 Ethanol c 14h 26n 4s2 17.8 17.8
n-Heptyl Isopropyl alcohol 1.0 98 112-113 Ethanol C22H46N4S2 13.0 12.9
Phenyl Isopropyl alcohol 1.0 95 145-147 Ethanol C20H26N4S2 14.5 14.5
Phenyl Chloroform 1.0 98
Phenyl Chloroform 0.5 103

RNCO
m.-Chlorophenyl Isopropyl alcohol 1.0 154 188-190 Ethanol c2„h 24ci2n 4o2 13.2 13.4
a-Naphthyl Isopropyl alcohol 1.0 155 248-251 Acetic acid c28h 3„n 4o2 12.4 12.4
o-Tolyl Isopropyl alcohol 1.0 126 229-231 ¿Acetic acid C22H30ÎS 402 14.7 14.7
Phenyl Isopropyl alcohol 1.0 148 219-221 Ethanol C20H,6N4O2 15.8 15.7
Phenyl Chloroform 1.0 186
Phenyl Chloroform 0.5 330

a Same interpretations as in Table I.

TABLE III
M o n o s u b s t i t u t i o n  P r o d u c t s  IF  a n d  D e r i v a t i v e s

Neutral Equiv. Nitrogen
Material M.P., °C. Solvent Formula Calcd. Found Calcd. Found

iV-Phenylthiocarbamylethylenediamine 135-136 Chloroform C»H„N3S 195 196
xV'-CeHjNCO derivative 185-187 Acetic acid Ci<iHi8N4OS 17.8 18.2
N  '-Benzoyl derivative 150-1526 Acetone

A-Phenyicarbamylethyienediamine 115-116 Chloroform C9Hi3N30 179 182 23.3 22.8
A*'-Benzoyl derivative 214-215° ¿Acetone C»¡H17N3O2 14.8 14.8
X'-C6H,,NCS derivative 185-186

¿V-Phenylthiocarbamylhexamethylenediamine 89-92 c„,h 21n 3s 251 251
A'-CsH5 NCO derivative 132-133 Ethanol Cm,h 2Cn 4os 15.1 15.1

Ar-Phenylcarbamylhexamethylenediamine 114-117 c„,h 2,n 3o 17.8 17.5
A '-CötioJN (JS derivative 132-134

a II represents CeHsNHCONHiCWBN^ or C 6H5N HG S N H ( ( H>) rN IE. 6 Reported8 m.p. 150°. c Reported8 m.p. 
215°.

with concentrated sodium hydroxide solution. There sepa
rated an abundant yield (20.3 g., or 104% based on random 
distribution) of the monosubstituted product, phenylthio- 
carbamylethylenediamine. This was recrystallized from 
water, m.p. 136-137°. The neutral equivalent was deter
mined by titration with aqueous hydrochloric acid (methyl 
orange).

Anal. Calcd. for C9Hi3N3S: neut. equiv., 195. Found: 
neut. equiv., 196.

(5) Beilstein XII, page 365, Fourth Edition.
(6) Curtius and Hectenberg, J. prakt. Chem., 105, 289 

(1923).
(7) von Alphen, Rec. trav. chim., 54, 595 (1935).
(8) A. Hill and S. Aspinall, J. Am. Chem. Soc., 61, 822 

(1939).

The filtrate from the above product was distilled to dry
ness to recover the diamine. The distillate was acidified wdth 
hydrochloric acid and was evaporated to drjmess to leave
3.5 g. of the salt. Treatment with benzoyl chloride in aque
ous alkali gave the known dibenzylethylenediamine.

A cknow ledgem en t. We are indebted to the Re
search Corporation for a grant which allowed the 
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taken under a grant provided by the Dearborn 
Chemical Corp., to whom thanks also are ex
pressed.
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The thermal stabilities were tested by heating in partially evacuated sealed Pyrex tubes for 24 hr. at approximately 300°. 
Tribenzylsilane was found to be very stable under these conditions. The other organosilanes tested disproportionated to 
some extent. Of the di(aralkyl)silanes, dibenzylsilane appeared to be the most stable. Tribenzylmethane was found to be 
less stable than tribenzylsilane; however, dibenzylmethane proved to be somewhat more stable than dibenzylsilane. The 
results of isoteniscope studies on dibenzylsilane, dibenzylmethane, tribenzylsilane, and tribenzylmethane nearly parallel 
those obtained from the sealed tube reactions. The preparations of (/3-phenylethyl)silane, di(|3-phenylethyl)silane, and 
dify-phenylpropyl)silane are described.

Recently, it was reported that diphenylsilane 
undergoes a disproportionation reaction when 
heated in the absence of any added catalyst1 
(Reaction 1). Ethyl-, diethyl- and triethylsilanes

(C6H5)2SiH2----^  SiH4 +  C6H5SiH3 +
(C6H5)2SiH2 +  (C6H5)3SiH +  (C6H5)4Si (1)

have also been observed to undergo disproportiona
tion and decomposition when heated in sealed tubes 
at temperatures in excess of 400°.2

Many Lewis acid- catalyzed redistribution re
actions of organosilicon compounds may be found 
scattered throughout the literature. Only within the 
last few years has interest turned toward dispro
portionation reactions of compounds containing 
silicon hydrogen bonds.3

This study was primarily concerned with the 
effects of heating some organosilicon hydrides in 
partially evacuated sealed Pyrex tubes for 24 hr. 
a t temperatures around 300°. The results of these 
experiments are summarized in Tables I and II of 
the Experimental. I t  is realized that the results of 
these thermal stability tests may be valid only 
under the specific reaction conditions used; how
ever, the results obtained are significant in them
selves and may apply to other conditions.

With one exception, all of the organosilanes under
went redistribution reactions. Tribenzylsilane, the 
one exception, was outstanding because it did not 
disproportionate to any appreciable extent, if at 
all, under the conditions employed.

(1) H. Gilman and D. H. Miles, ./. Org. Chem., 23, 326
(1958).

(2) G. Fritz, Z. anorg. u. allgem. Chem., 273, 275 (1953).
(3) J. L. Speier and R. E. Zimmerman, J. Am. Chem. 

Soc., 77, 6395 (1955); S. N. Borisov, M. G. Voronkov, and 
B. N. Dolgov (Chem. Silicate Inst., Leningrad), Invest. 
Akad. Nauk S.S.S.R., Otdel Khiin. Nauk, 1957, 1396; 
[Chem. Abstr., 52, 7136 (1958)]; B. N. Dolgov, S. N. Borisov, 
and M. G. Voronkov (State Univ., Leningrad), Zhur. 
Obshchel Khim., 27, 709 (1957); [Chem. Abstr., 51, 16283
(1957)1; 27, 2062 (1957); [Chem. Abstr., 52, 6160 (1958)]; 
Dow Corning Ltd. British Patent 663,810, Dec. 27, 1951;
|Chem. Abstr., 46, 1123 (1952)].

Also, it is interesting to note that silane was not 
formed in detectable amounts in any of the py
rolysis reactions of aralkyl substituted silanes. 
This is quite contrary to the case of diphenyl- 
silane.1 There was, however, slight evidence of the 
formation of silane when triphenylsilane was heated.

Furthermore, in the case of dibenzylsilane,4 
another difference was observed; there was no indi
cation of the formation of tetrabenzylsilane. Fur
ther data on the relative thermal stability of di- 
benzylsilane was obtained in another experiment 
in which dibenzylsilane was refluxed at 310±5° 
for 3 hr. on a vacuum line system under a pressure 
of about 500 mm. of nitrogen. In this experiment, 
there was no evidence of redistribution or decom
position of the dibenzylsilane.

The infrared spectra of the products obtained 
from heating di- and tri(gramma-phenylpropyl)- 
silanes contained an additional absorption band at 
9.0 microns, indicative of silicon-phenyl bonds. 
It is believed that these products possibly contain 
rearranged and/or cyclized compounds.

In view of the uncommon thermal stability of 
tribenzylsilane and the relative stability of dibenzyl
silane, as compared with diphenylsilane,1 it was of 
interest to empirically compare the thermal sta
bility of their carbon analogs under similar condi
tions, even though the modes of decomposition of 
the two classes of compounds may be quite dif
ferent. Tribenzylmethane5 was found to decom
pose slightly; a small amount of charring was de
tected, the heated material had a carbonaceous 
odor, its melting point was depressed 6°, and its 
infrared spectrum was not quite identical to that of 
the pure hydrocarbon. Recrystallization of the 
heated material led to a recovery of 92.2% of pure 
tribenzylmethane.

(4) Preparation described by H. Gilman and R. A. 
Tomasi, J. Am. Chem. Soc., 81, 137 (1959).

(5) Prepared according to the directions of G. A. Hill, 
M. H. Little, S. Wrav, Jr., and R. J. Trimbey, J. Am. 
Chem. Soc., 56, 911 (1934), in an 80% yield. The reported 
yield was 70%.
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The only indications of decomposition of di- 
benzylmethane after heating were a slight yellow 
coloration and a decrease in the refractive index by 
0.0005. The infrared spectrum of the heated 
material was identical with that of pure dibenzyl- 
methane. Distillation of the heated material yielded 
96.9% of colorless dibenzylmethane boiling over a 
two-degree range.

Thus, it can be seen that tribenzylsilane is more 
thermally stable than tribenzylmethane and that 
dibenzylsilane is somewhat less stable than di
benzylmethane under the reaction conditions em
ployed.

To obtain further data on the thermal stability of 
dibenzylsilane, dibenzylmethane, tribenzylsilane, 
and tribenzylmethane, these compounds were 
subjected to isoteniscopic studies. Dibenzylsilane 
gave no evidence of decomposition during the 
measurement, which was carried out over the tem
perature range between 83.7 and 304.5°. Similar 
results were obtained with dibenzylmethane over 
the temperature range of 69.0 to 303.5°. Further
more, when the logarithms of the pressures were 
plotted against the reciprocals of the absolute tem
peratures for both dibenzylsilane and dibenzyl
methane, nearly straight lines were obtained. In 
neither case did these plots exhibit a break, which 
indicates that the temperatures at which these com
pounds begin to decompose are above 300°.

Tribenzylsilane gave results similar to those 
obtained for dibenzylsilane and dibenzjdmethane 
over the temperature range between 117.2 and 
363.9°, with the exception that it turned slightly 
yellow during the measurement. A plot of logioP 
vs. l / T  was also nearly a straight line which did 
not show a break, again indicating that the de
composition temperature of tribenzylsilane had not 
been reached during the determination. Tribenzyl
methane also yellowed slightly during the isoteni
scopic measurement which covered the temperature 
range of 121.8 to 364.1°. Furthermore, the plot of 
logioP vs. l / T  was nearly a straight line which 
exhibited a break at 349°, indicating thermal de
composition began at that temperature.

Thus, the results of the isoteniscopic measure
ments on dibenzylsilane, dibenzylmethane, tri
benzylsilane, and tribenzylmethane nearly parallel 
the results obtained from the other thermal sta
bility tests on these compounds.

E X P E R IM E N T A L 6

General procedures fcr pyrolysis reactions. The reactions 
were carried out in Pyrex Schlenk tubes of approximately 50 
ml. volume, which were dried in an oven,7 flushed with 
oxygen-free, dry nitrogen, charged with the sample to be 
tested, evacuated, filled again with nitrogen, evacuated

(6) Temperatures reported are uncorrected.
(7) In the cases of the tri (aralkyl) silanes and the hydro

carbons, before drying, the tubes were rinsed with dilute 
alkali and then with distilled water until the rinse water
was neutral to litmus.

again to pressures varying from 1 to 10 mm., and sealed. 
The sealed tubes were heated slowly in an oil bath to the 
reported temperatures (temperature of the oil bath) for 24 
hr.

The tubes were allowed to cool to room temperature and 
were then cooled in a Dry Ice-acetone bath before opening. 
The tubes were examined for the presence of silica which 
would be indicative of the combustion of silane formed 
during the reaction. Infrared spectra -were run on all reaction 
mixtures; melting points or refractive indices were also 
determined. With the exceptions of tribenzylsilane and tri
benzylmethane, -which -were recrystallized from petroleum 
ether (b.p. 60-70°), the products were distilled under re
duced pressure. Identification of all pyrolysis products was 
made by comparisons of infrared spectra with those of 
authentic samples; in the case of liquids, refractive indices, 
and in the case of solids, melting points and mixed melting 
points were also used for identifications. The results of these 
experiments are summarized in Tables I and II.

TABLE I
P y r o l y s i s “  o p  D i ( a r a l k y l ) s i l a n e s

Types of Products, %
Compound RSiH3 R2SiH2 RsSiH R4Si

(CeHsCHjJsSiHj6 Ie 20.2“
m .z c-e

0 A c’e 0

(C6H5CH2CH2)2SiH2 3e 13“ 
58.6“

10. hcj f

(C6H5CH2CH2CH2)2SiH2 0,h 84e'71 2.8c'h h.i

“ Heated in partially evacuated sealed tubes for 24 hr. at 
310-320°. See Experimental for details. * Heated to 400° 
for 1 hr., cooled to and maintained at 310-320° for 23 hr. 
c Product not quite pure. “ Pure product. e The distillation 
residue contained an additional 6.8% of a mixture of R2SiII2 
and R3SiH, from which the R3SiH was isolated. 1 No prod
ucts were isolated from the distillation residue. The infrared 
spectrum indicated the presence of some R3SiH with a high 
probability of the presence of R4Si. Q A low boiling fraction 
containing 2.8% of a mixture of RSiH3 and R2SiH2. h The 
infrared spectra contained an additional absorption band 
at 9.0 microns. 1 The distillation residue contained 3.5% 
of a yellow oil which appeared to be mainly R4Si; however, 
the infrared spectrum indicated the presence of a small 
amount of R3SiH.

TABLE II
P y r o l y s i s “  o f  T r i p h e n y l s i l a n e  a n d  

T r i  (  a r a l k y l ) s i l a n e  s

Compound
Types of Products, Cf /0

RSiH3 R2SiH2 R3SiH R„Si

(CÄLSiH6 0.5 4.5 69 16
(C6H5CH2)3SiH 0 0 100° 0
(C6H6CH2CH2) 3SiH T races 5.8 72.5 8.5
(C6H3CH2CH2CH2)3SiH Traces 2.5“ 88.5 4.7
“ Heated in partially evacuated sealed tubes for 24 hr. at 

300-310°. See Experimental for details. 6 A small explosion 
occurred upon opening the tube, indicating the possible 
formation of Sill4. No evidence in other reactions. c Melting 
point lowered by 0.5°. “ Two fractions were obtained; n4,° 
1.5460 and n2D° 1.5512 compared to ?%0 1.5444 for di (gamm,a- 
phenylpropyDsilane. The infrared spectra of these fractions 
contained additional absorption bands at 8.0 and 9.0 
microns.

Isoteniscopic studies (by A. Dobry).8 Dibenzylsilane, di
benzylmethane, tribenzylsilane, and tribenzylmethane

(8) The isoteniscopic measurements and calculations 
were made through the courtesy of Dr. Alan Dobry, 
Standard Oil Co. of Indiana, Whiting, Ind.



j u n e  1959 STABILITY OP SOME SUBSTITUTED SILICONE HYDRIDES AND ANALOGS 82.3

were tested on a conventional Smith-Menzies type iso- 
teniscope. The temperatures were found with an iron- 
constantan thermocouple and a Rubicon Type 2745 portable 
precision potentiometer. Pressures were measured with an 
Ace Type C tilting McLeod gauge and a Wallace and 
Tiernan Type FA-135-173 manometer. The temperature 
ranges covered and the corresponding vapor pressures are 
listed in Table III.

TABLE III
T e m p e r a t u r e  R a n g e s  a n d  C o r r e s p o n d i n g  

V a p o r  P r e s s u r e s

Compound
Temp., °C.

Vapor Pressure, 
Mm.

Initial Final Initial Final

Dibenzylsilane 83.7 304.5 1.10 794.6
Dibenzylmethane 69.0 303.5 0.17 776.7
Tribenzylsilane® 117.2 363.9 0.55 777.1
Tribenzylmethane“ 121.8 364.1 0.13 780.7

a Slight yellowing of the sample occurred during the 
measurement.

Plots of log,oP vs. 1/7' were nearly straight lines in all 
cases. Only in the case of tribenzylmethane did the plot 
exhibit a break, which -was at 349°.

The data obtained from the isoteniscopic studies were 
fitted to the regression equation logioP (mm.) = - A /T -  
(°K.) +  C. The values of A and C, as well as Lv, the latent 
heat of vaporization, wTere calculated and are tabulated in 
Table IV.

TABLE IV
C o n s t a n t s  C a l c u l a t e d  f r o m  I s o t e n i s c o p e  D a t a

Di-
benzyl-
silane“

Di
benzyl

methane0

Tri-
benzyl-
silanec

Tri
benzyl

methane'*

A 2926 3211 4280 4128
C 7.94 8.49 9.61 9.26
Lv (K cal./mole) 13.4 14.7 19.6 18.9

a Points below 3.1 mm. were left out of this calculation. 
b Only the observation at 0.17 mm. was rejected. c Points 
below- 2.1 mm. were rejected. d Points below 1.47 mm. and 
above 497.7 mm. were rejected.

Refluxing of dibenzylsilane. In a dry 25 ml., round-bot
tomed flask, equipped with a reflux condenser was placed 
0.85 g. (0.004 mole) of dibenzylsilane, ra2D° 1.5742. This was 
attached to a vacuum line system and cooled with a liquid 
nitrogen bath. The system was evacuated and filled with 
nitrogen to a pressure of ca. 500 mm. The dibenzylsilane was 
heated to 310 ±  5° for 3 hr. and cooled to room temperature. 
The heated material, 0.84 g. (98.0%), had a refractive index 
and infrared spectrum identical to those of the starting 
material.

Di(8-phenylelhyl)silane.s A solution of 0.1 mole of 8- 
phenylethylmagnesium bromide in 100 ml. of tetrahydro- 
furan was added rapidly to 13.6 g. (0.1 mole) of (/9-phenyl- 
ethyl)silane (see next experiment), and stirred overnight. 
The reaction mixture was hydrolyzed by the slow addition 
of 50 ml. of 5% hydrochloric acid. The work-up consisted of 
separating the aqueous layer from the organic layer, wash
ing it twice with 75-ml. portions of ether, drying the com
bined organic layer and ether washings over sodium sulfate,

(9) The tetrahydrofuran used was dried by refluxing
over sodium for at least 24 hr. and distilling, immediately 
before use, from lithium aluminum hydride. The reaction was
carried out under an atmosphere of dry oxygen-free nitro
gen.

filtering, removal of the solvents by distillation, and dis
tilling the products under reduced pressure. Di(j8-phenyl- 
ethyl)silane, 15.4 g. (64.3%), was collected at 140-144° 
(0.9-0.95 mm.), n2D° 1.5562, n20 0.9728.

Anal. Calcd. for C^ILoSi: Si, 11.68; M R d , 79.56. Found: 
Si, 11.55, 11.58; MR„, 79.47.

(fl-Phenylethyl)silane. To 13.5 g. (0.356 mole) of lithium 
aluminum hydride suspended in 100 ml. of sodium-dried 
ether was added 102 g. (0.426 mole) of /3-phenylethyltri- 
chlorosilane in 150 ml. of ether at a rate which maintained 
refluxing of the ether. The reaction mixture was refluxed for 
16 hr., and hydrolyzed by pouring cautiously onto a mix
ture of cracked ice and 50 ml. of concentrated sulfuric acid. 
The work-up was the same as described in the previous 
reaction. Two fractions of (;3-phenylethyl)silane were col
lected: 16.2 g. (26.9%), b.p. 82-85° (45-48 mm.), n2D° 
1.5122; and 20.4 g. (35.2%), b.p. 85-86° (48-49 mm.), n2D° 
1.5119, d °̂ 0.8815. The infrared spectra had absorption 
bands characteristic of silanes of the type RSiH3.9 10

Anal. Calcd. for CgH12Si: Si, 20.61; MRd, 46.12. Found: 
Si, 20.18, 20.23; MRd, 46.48.

Di(j-phenylpropyl)silane. 7-PhenyIpropylmagnesium bro
mide, 0.97 mole in 1000 ml. of ether solution, was added to
75.4 g. (0.44 mole) of silicon tetrachloride in 100 ml. of ether 
at a rate which maintained refluxing. The reaction mixture 
was refluxed for 1 hr. and cooled to room temperature. 
The magnesium salts were removed by filtration under 
nitrogen pressure and washed with 300 ml. of ether. The 
combined filtrate and ether washings were added to 9.47 
g. (0.25 mole) of lithium aluminum hydride suspended in 
100 ml. of ether at a rate which maintained refluxing. The 
reaction mixture was refluxed for 2 hr., and worked up as 
described in the previous reaction. The products were dis
tilled under a pressure of 25 mm. until the temperature of 
the distillate was 100°. The infrared spectrum of this low- 
boiling material indicated the presence of (7-phenylpropyl)- 
silane. The distillation was continued at a lesser pressure 
to give 58.5 g. (49.2%) of di(7-phenylpropyl)silane, b.p. 
139-145° (0.2-0.3 mm.), w2D° 1.5445. A portion of this mate
rial was redistilled and was collected at 153-154° (0.55 mm.), 
n 2D° 1.5444, d 20 0.9530.

Anal. Calcd. for C,gH26Si: Si, 10.46; MRd, 88.82. Found: 
Si, 10.34, 10.24; MRd, 88.98.

Dibenzylmethane (1,3-diphenylpropane). l,3-Diphenyl-2- 
propanone, b.p. 142-146° (0.16 mm.), m.p. 36°, was re
duced to the hydrocarbon by a Wolff-Kischner reaction 
using the modified, general procedure of Huang-Minlon11 10 11 12 
for other ketones. A mixture of 31.9 g. (0.15 mole) of the 
ketone, 20 g. (0.36 mole) of potassium hydroxide, 13.5 ml. 
of 95% hydrazine and 150 ml. of triethylene glycol was 
heated slowly tc 140° over a period of 2 hr. The tempera
ture was slowly raised to 190°, during which the aqueous 
distillate was removed by means of a take-off adapter on 
the reflux condenser. The reaction mixture was refluxed for 
16 hr. and cooled to room temperature. The aqueous dis
tillate and the reaction mixture were combined with 100 
ml. of water and extracted four times with 50-ml. portions 
of ether. The combined ether extracts were washed twice 
with 100-ml. portions of water, dried over sodium sulfate, 
and filtered. The ether was removed by distillation and the 
product distilled under reduced pressure to give two frac
tions of dibenzylmethane: 4.81 g. (16.4%), b.p. 123-124° 
(1.7 mm.); and 22.92 g. (77.8%), b.p. 124° (1.7 mm.). 
The infrared spectra and physical constants of the two frac
tions were identical: n 2D°  1.5595,12 d 20 0.9818.

(10) Unpublished studies.
(11) Huang-Minlon, J. Am. Chem. Soc., 68, 2487 (1946).
(12) Wide variations of the value for the refractive index 

of 1,3-diphenylpropane have been reported in the literature. 
However, a refractive index of n”  1.5634 with a tempera
ture dependence of 0.0008 per degree was reported by J.
F. Sirks, Ree. trav. chim., 62, 193 (1943). His value, when 
corrected to 20° is n™ 1.5594.
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Anal. Calcd. for C15H16: MRd, 64.80. Found: MR», 
64.61.
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Derivatives of Ferrocene. VI. Heteroannular Disubstitution of Ferrocene1

STANLEY I. GOLDBERG, DANA W. MAYO, MARTIN VOGEL, HAROLD ROSENBERG, a n d  MARVIN RAUSCH
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Confirmation of previous postulates regarding the sterio, course of two metalation reactions of ferrocene is presented. It 
is rigorously shown that treatment of ferrocene with n-butyllithium or with phenylsodium gives rise to l,l'-dilithioferrocene 
or l,l'-disodioferrocene, respectively. Dilithio- and disodioferrocene were converted to silyl derivatives which are identical 
to those obtained from reactions of correspondingly substituted cyclopentadienes and iron(II) chloride.

In a previous publication from this laboratory2 
some work concerning the metalation of ferrocene 
was described. Included in that report was the prep
aration of two silylferrocenes which were obtained 
from treatment of the reaction mixture of ferrocene 
and n-butyllithium with trimethylchlorosilane. 
Analytical values obtained from these products 
were consistent with a monosubstituted ferrocene, 
trimethylsilylferrocene (I), and a disubstituted 
ferrocene which was assigned the structure, 1,1'- 
bis(trimethylsilyl)ferrocene (II). The assignment 
had as its basis the absence of absorption near 9 
and 10 ^ in the infrared spectrum of the compound 
(9-10 Rule3).

$
r 2

Ri r 2
I. (CH3)3Si— H—

II. (CH,),Si— (CHOsSi—
III. (re-C6H13)3Si— H—
IV. (7l-CeHi3 )3Si— (n-CflHi3)3Si—
V. Li— H—

VI. Li— Li—
VII. Na— H—

Vili. Na— Na—

tuted silylferrocene. The infrared spectra of both 
compounds, in this case, exhibited strong absorp
tion at 9 and 10 n. This observation, therefore, 
caused us to consider the correctness of the prev
ious structural assignment for II .2 The fact that the 
spectrum of tri-n-hexylbromosilane also showed 
strong absorption at 9 and 10 y, could not, a t first, 
be taken to mean that these bands were the ones 
present in the spectrum of IV since it was not pos
sible to preclude the absence of 9-10 absorption due 
to the ferrocene nucleus of IV. Additional experi
mental work, however, conclusively showed both 
disubstituted silylferrocenes, II  and IV, to possess 
heteroannular orientation; so that the absorption 
at 9 and 10 n  in the spectrum of IV was, in fact 
attributed to the substituents and not to a possible 
inconsistency with the 9-10 Rule.

The heteroannular locations of the silyl functions 
in II and IV were proven by synthesis of both 
compounds from the correspondingly substituted 
cyclopentadiene derivatives, IX and X.

Si(CH,),

r f \  1. n-BuLi, „
b s - /  2. Feill)

IX

Sí '

b 1. ft-BuLi
2. Fedi . IV

In the present study, treatment of the mixture 
of lithioferrocenes (V and VI) with tri-n-hexyl- 
bromosilane also yielded a mono- and disubsti-

(1) Presented before the Division of Organic Chemistry, 
134th Meeting, ACS, Chicago, September 1958.

(2) M. Rausch, M. Vogel, and H. Rosenberg, ./. Org. 
Chem., 22, 900 (1957).

(3) M. Rosenblum and R. B. Woodward, J. Am. Chem. 
Soc., 80, 5443 (1958); cf. M. Rosenblum, doctoral disserta
tion, Harvard University 1953.

Trimethylsilylcyclopentadiene (IX) was prepared 
according to the procedure reported by Frisch.4 
This material was treated with n-butyllithium fol
lowed by iron(II) chloride to yield l,l'-bis(tri- 
methylsily 1)ferrocene (II). The product gave rise 
to an infrared spectrum identical to that obtained 
from the disubstituted product previously pre
pared via  lithiation of ferrocene.2

(4) K. C. Frisch, / .  Am. Chem. Soc., 75, 6050 (1953).
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The tri-w-hexylsilylferrocenes, III  and IV, were 
also prepared from the mixture of V and VI, but 
during the present investigation an improved 
method for the lithiation of ferrocene5 was used. 
The extent of metalation was checked after 18 hr. 
by carbonation of an aliquot of the reaction mix
ture. The amount of ferrocenedicarboxylic acid 
thus obtained indicated a 56% conversion of fer
rocene to VI. After treatment of the mixture 
with tri-n-hexylbromosilane and isolation of the 
products by means of chromatography on alumina, 
the relative amounts of III  and IV obtained indi
cated that an incomplete reaction between VI and 
the bromosilane took place since an unaccountably 
large yield of III  was isolated. Replacement of both 
Iithio groups of VI by bulky tri-w-hexylsilyl radi
cals was probably attended with difficulty because 
of steric factors. The high yield of III  was best 
explained by hydrolysis of the intermediate, 1- 
lithio- l'-tri-n-hexylsilylferrocene.

The same two products, I II  and IV, were also 
obtained from treatment of the reaction mixture 
of ferrocene and phenylsodium with tri-n-hexyl
bromosilane. Formation of III in this case may have 
also resulted from an incomplete reaction of dis- 
odioferrocene (VIII) with the bromosilane since 
it was reported6 that a negligible quantity of mono- 
sodioferrocene (VII) is formed by the action of 
phenylsodium on ferrocene.

Unequivocal synthesis of IV was achieved by 
the preparation of tri-n-hexylsilylcyclopentadiene
(X) (not isolated), and treatment of the latter 
with n-butyllithium followed by iron(II) chloride. 
Although IV was formed in small yield (4%), it 
was isolated in the pure state by means of chroma
tography on alumina. This authentic heteroan- 
nularly substituted compound possessed proper
ties (infrared spectrum and refractive index) 
identical to those of the same two disubstituted 
products obtained via  lithiation and sodiation of 
ferrocene.

The chemical evidence obtained in this work, 
which rigorously proves the structures II and IV 
and establishes the steric course of the two meta
lation reactions described, serves an additional 
purpose as well. The intermediates VI and VIII 
are directly relatable to l,l'-diacetylferrocene 
through l,V-ferrocene dicarboxylic acid,7 and the 
results of the present investigation, therefore, serve 
as further confirmation for the structures previously 
assigned to these compounds.8

E X P E R IM E N T A L 9

1,1 '-Ris(tnmeth.ylsiluDferrocene (III). Trimethylsilycyclo- 
pentadiene4 (IX) (12.2 g.; 0.88 mole in 100 ml. of dry

(5) D. W. Mayo, 1’. D. Shaw, and M. Rausch, Chem. it 
Ind. (London), 1388 (1957).

(6) A. N. Nesmeyanov, E. G. Perevalova, and Z. A. 
Beinoravichut.e, Doklady Akad. Nauk S. S. S. R., 112, 439 
(1957).

benzene) was added to a solution of n-butyllithium (125 
ml. of a 0.70 molar solution in petroleum ether, b.p. 40— 
00°) during 30 min. The reaction mixture was heated under 
reflux during 1 hr. while it was kept under Nj. After the 
mixture had cooled to room temperature, anhydrous iron (II) 
chloride [prepared from 27 ml. of chlorobenzene and 9.7 g. 
of anhydrous iron (III) chloride10] was added as a slurry 
in 150 ml. of benzene. The petroleum ether was then re
moved by distillation, and 200 ml. of pure dry tetrahydro- 
furan (THF) was added in its place. After the reaction mix
ture was stirred overnight at room temperature, it was 
treated with ice water; and the THF removed by evapora
tion. The residue was filtered, and the filtrate phase- 
separated. Ether extracts of the aqueous phase, combined 
with the bulk organic phase obtained from the filtrate, were 
evaporated to a dark-colored oil which was fractionated in 
vacuo. The distillation yielded 11(7.3 g.; 50% yield based on 
0.88 mole of IX), n2D5 1.5437, which was collected at 96- 
104° (0.04-0.15 mm.). This orange-red-colored oil gave rise 
to an infrared spectrum which was superimposable upon 
the spectrum obtained from the disubstituted product 
prepared via the lithiation of ferrocene.2

Tri-n-hexylsitylferrocenes. A. I l l  and IV via lithiation of 
ferrocene.6 n-Butyllithium (1100 ml. of a 0.88A7 ethereal 
solution), cooled to —10°, was added to ferrocene (35.0 g.; 
0.19 mole in 1100 ml. of THF) which was stirred in an 
atmosphere of dry N2. The solution of ferrocene was initially 
cooled to —35°. Addition of the solution of n-butyllithium, 
although carried out as fast as possible (15 min.), was 
made so that the temperature of the reaction mixture did 
not rise above —10°. Stirring was continued while the 
mixture was allowed to warm to room temperature (2 hr.), 
and the reaction was then kept at room temperature for an 
additional 18 hr. At that time an aliquot was withdrawn 
and treated with carbon dioxide (Dry Ice) to form ferro
cenedicarboxylic acid. The amount of diacid obtained 
(304 mg.) indicated a 56% conversion of ferrocene to VI. 
The lithiation was allowed to continue for another 4 hr. 
(24 hr. total time), after which time tri-n-hexylbromosilane11 
(73.6 g.; 0.23 mole) was rapidly added. A mild exothermic 
reaction was observed during the addition. The reaction 
mixture, adequately protected from light and kept in an 
atmosphere of Ns, was stirred during 4 days at room tem
perature. Enough water was then added (200 ml.) to dis
solve the solid material (presumed to be LiBr) which was 
deposited, and the dark orange-red mixture was heated on 
a steam bath until the odor of THF was no longer detected.

The residue was extracted with CHCh, and the extracts 
evaporated to a dark, red-brown, mobile oil which was sub
sequently heated in vacuo (90-100°) to sublime the un

(7) Carbonation of VI by R. A. Benkeser, D. Goggin, and
G. Schroll [J. Am. Chem. Soc., 76, 4025 (1954)], A. N. 
Nesmeyanov, E. G. Perevalova, R. V. Golovnya, and O. A. 
Nesmeyanova [Doklady Akad. Nauk S. S. S. R., 97, 459 
(1954)] mid D. W. Mayo, P. D. Shaw, and M. Rausch (Ref. 
5), and carbonation of VIII by A. N. Nesmeyanov, E. G. 
Perevalova, R. V. Golovnya, and O. A. Nesmeyanova 
(above), produced a dicarboxylic acid (1,1,-ferrocenedi
carboxylic acid) with properties identical to those of the 
diacid obtained by Rosenblum and Woodward (Ref. 3) 
through hypoiodito, oxidation of diacetylferrocene-A (1,1,- 
diacetylferrocene).

(8) See. M. Rosenblum and R. B. Woodward, Ref. 3 and 
other work cited therein.

(9) All boiling points are uncorrected. Analyses by 
Sehwartzkopf Microanalytical Laboratory, Woodside 77, 
N. Y. and Spang Microanalytical Laboratory, Ann Arbor, 
Mich.

(10) P. Kovacie and N. O. Brace, ./. Am. Chem. Soi-., 76, 
5491 (1954).

(11) The authors wish to express their gratitude to Dr. 
C. Tamborski of this laboratory for the tri-n-hexylbromo
silane used in this work.
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reacted ferrocene (3.9 g.; 11% of the original amount). 
Distillation of the ferrocene-free residue gave 111 (34.7 g.; 
32% yield) which was collected as an orange-red oil within 
the temperature range of 180-198° (0.17-0.25 mm.). This 
material was subsequently column-chromatographed on 1000 
g. of Woelm, nonalkaline, Grade I alumina. The product, 
III, was eluted from the column with a benzene-ethanol 
mixture (35 parts of benzene and 1 part of ethanol) after 
the column was developed with benzene. The material was 
chromatographically homogeneous; 1.5202.

Anal. Calcd. for CjsH^FeSi: C, 71.76; H, 10.32; Fe, 11.92. 
Found: C, 71.96; H, 10.30; Fe, 11.85.

The residue obtained from the distillation of the crude 
reaction product was column-chromatographed on 800 g. 
of alumina. Development and elution were carried out with 
benzene, and IV (29.8 g.; 35% yield) was obtained from the 
eluate. A portion of the product was rechromatographed for 
analysis; 1.5054.

Anal. Calcd. for C16H86FeSi2: C, 73.55; H, 11.54; Fe, 7.43. 
Found: C, 73.23; H, 11.36; Fe, 7.24.

B. I l l  and IV via sodiation of ferrocene.6 Ferrocene (23.3 
g.; 0.125 mole), dissolved in toluene, was treated with 
phenylsodium12 (0.25 mole) at room temperature during 
24 hr.; and at 75-80° for an additional 7 hr. Tri-ra-hexyl- 
bromosilane (90.8 g.; 0.25 mole) was rapidly added (mild 
exothermic reaction), and the mixture stirred at room tem
perature overnight; then heated at 70-80° for 24 hr. The 
reaction mixture, cooled to 10°, was passed through a bed 
of “Filter-Aid,” and the filtrate (500 ml.) was heated on a 
steam bath in vacuo (20 min.) to sublime the unreacted 
ferrocene (17.9 g.; 77% of the initial amount). The residue 
was then heated under distillation conditions, and material 
which was collected up to 100° (0.04 mm.) was not investi
gated. The undistilled portion (28.2 g. of a dark fluid) 
was chromatographed on 400 g. of alumina. The chromato
gram was developed with cyclohexane and eluted with ben
zene. Two bright orange-colored bands were successively 
eluted. The slower-moving band yielded III (580 mg., 0.5% 
yield) which when rechromatographed was obtained 
analytically pure; n» 1.5202.

Elution of the faster-moving band gave IV (5.63 g., 8% 
yield) ;w2D5 1.5054.

C. IV via tri-w-hexylsilylcyclopentadiene (X). Freshly 
distilled cyclopentadiene (13.7 g.; 0.21 mole) was added

(12) H. Gilman, H. A. Pacewitz, and O. Blaine, J. Am. 
Chem. Soc., 62, 1517 (1940).

to sodium shot (2.34 g.; 0.10 mole) over a 15-min. period. 
Evolvement of hydrogen ceased 45 min. after the addition 
was completed. The reaction mixture was cooled to 5°, and 
tri-a-hexylbromosilane (36.5 g.; 0.10 mole), dissolved in 20 
ml. of THF was added with stirring during a 1-hr. period. 
The mixture was allowed to reach room temperature while 
the stirring was continued for an additional 2 hr. After the 
reaction mixture was subsequently heated under reflux 
during 24 hr., it was cooled to room temperature and 
passed through a bed of Filter-Aid to remove the white 
precipitate (NaBr) which was present. The filtrate was 
evaporated on a steam bath in vacuo, and the residue dis
tilled.

Infrared analysis of a fraction collected at 140-160° 
(0.5-0.7 mm.), 1.4750-1.4743, indicated the presence of
a substituted cyclopentadiene compound. A portion of this 
material (3.5 g.; 0.01 mole based on the presence of pure X) 
was dissolved in benzene and treated with n-butyllithium 
(9 ml. of a 0.18M ethereal solution), and then heated under 
reflux during 1 hr. Iron (II) chloride (3.5 g.; 0.02 mole) was 
added as a slurry in THF, and the reaction mixture heated 
under reflux for 3 hr.; then stirred at room temperature 
during an additional 24 hr. After the mixture was poured 
onto 200 ml. of water-crushed ice and phase-separated, 
ether extracts of the aqueous phase were combined writh the 
bulk organic portion. The presence of the ferrocene nucleus 
in this solution was indicated by means of a paper chro
matography test.13 1 Evaporation of the solvent jnelded a 
dark fluid which was heated to 250° (0.1 mm.) until no 
further distillate was obtained. The undistilled portion was 
chromatographed on 30 g. of alumina, and the compound, 
IV (56 mg., 4% yield), 1.5056, was obtained from the 
benzene eluate.

The infrared spectrum of the product was found to be 
identical to those of the disubstituted compounds (both IV) 
prepared via the 2 metalation procedures.

A ckn o w led g m en t. The authors wish to express 
their appreciation to Mr. F. F. Bentley and as
sociates of this laboratory for the infrared spectra 
cited in this work.

W r i g h t - P a t t e r s o n  A i r  F o r c e  B a s e , O h io

(13) S. I. Goldberg, Anal. Chem.,31, 486 (1959).

[C o n t r i b u t io n  f r o m  t h e  D e p a r t m e n t  o f  C h e m i s t r y , De P a u l  U n i v e r s i t y ]

The Active 12-Methyloctadecanoic Acids
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The ( +  )- and ( — )-12-methyloctadecanoic acids have been prepared from (+ )- and ( — )-2-octanols by the procedure 
pioneered by Prout, Cason, and Ingersoll.2 The active acids have higher melting points than the Dmacid.

The preparation of the active 12-methylocta- 
decanoic acids represents an extension of earlier 
work2’3 and the scheme is given in the chart.

(1) This work was abstracted from the Master of Science 
theses submitted to the faculty at De Paul University by 
Donald E. Dickson (1952) and Robert J. Klimkowski
(1958).

(2) F. S. Prout, J. Cason, and A. W. Ingersoll, J. Am. 
Chem. Soc., 70, 298 (1948).

(3) J. Cason and R. A. Coad, J. Am. Chem. Soc., 72,
4695 (1950).

The (+ )-an d  ( —)-2-octanols4 (I) were converted 
to the antipodally pure ( —)- and (+)-3-methyl- 
nonanoic acids (V) by a four-step procedure in 
which optical purity was assured by fractional 
crystallization of the ( —)- and (+)-2-octylmalonic 
acids (IV). The active forms of IV (m.p. 106-108°) 
were obtained readily by crystallization from 
hexane; however, the DL-form (m.p. 80-82°) did

(4) J. Kenyon, Org. Syntheses, Coll. Vol. I, 2nd ed , 
418-21 (1941).
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not crystallize except when equal amounts of the 
two purified antipodes were mixed.

The active 3-methylnonanoic acids5 ( [ ]  r> =f 
4.5°) (V) which resulted from decarboxylation 
of the ( —)- and (+)-2-octylmalonic acids (IV) 
were esterified and reduced catalytically over 
copper chromite. The yields of ( —)- and (+)-3- 
methyl-l-nonanol (VII) were low, presumably 
because conditions for reduction were too severe 
and gave hydrocarbon (3-methylnonane). Action 
of hydrogen bromide gave the (+ )-  and ( —)-l- 
bromo-3-methylnonanes (VIII). These bromides 
were lengthened to the ethyl (±)-12-methyl-9- 
oxo-octadecanoate (IX) and the keto esters were 
reduced6 to give (±)-12-methyloctadecanoic acid
(XI). The properties of these acids and their deriv
atives are summarized in Table I.

EXPERIMENTAL

All melting points and boiling points were uncorrected. 
Most products were fractionated through a 60-cm., heated 
Vigreux column. Density is reported in absolute units 
(g./cc.). The expression “hexane” refers to Skellysoive B, 
a ligroin fraction, b.p. 60-70°, supplied by the Skelly Oil 
Company, Kansas City, Mo. All rotations were observed in 
a Rudolph Universal High Precision polarimeter through a 
two-decimeter tube unless otherwise noted. The elemental

TABLE I
Melting Points of 12-Methyloctadecanoic Acid and 

Derivatives

Acid
°C. a2J a

Amide,
°C.

Tri-
bromo-
anilide,

°C.
DL- 26-27 84-86 93-94

27.6-28.26 86-88.26 94.2-95.26
(+) 37-38 +0.09° 74-75 89-91
( - ) 36-37 -0 .10° 72-75 90-92

a Rotation is homogeneous, 2 d. tube. 6 Ref. 7.

analyses were performed by Abbott Laboratories, North 
Chicago, 111., by Micro-Tech Laboratories, Skokie, 111. or 
by Drs. Strauss and Weiler, Oxford, England.

2-Octanol (I) was resolved bjr the method of Kenyon.4 
The alcohols used had specific activities of [a]k6 +7.92° to 
+  9.19° and [a]),8 —5.91° to —9.07°. Pickard and Kenyon8 
reported maximum values [«]d ±9.9°. Highly purified 
alcohol was not required because the very efficient crystal
lization of antipodal 2-octylmalonic acids (below) effected 
separation of pure antipodal 2-octylmalonic acid where 
the excess of one form was small.

The S-bromo-octanes (II) w7ere prepared in 50-80%  
yields using the basic procedure of Hseuh and M arvel:9 
DL-form, b.p. 110-115° (90 mm .), rf23 1.111; ( —)-form, 
b.p. 105-108° (60 mm .), d26 1.105, [a ]2D6 - 3 5 .3 °  (homo
geneous); (+ )-form , b.p. 95-97° (13 mm.), d24 1.10, [a]2D5

Scheme for Synthesis of 12-Methyloctadecanoic Acid"

C6H13CH(CH3)—OH
79-80%
------- > C6H13CH(CH3)-

71-83%
-Br ------- > C6H13CH ;CH3 )—CH—( COOC4H9)2

+9.19s -35.3 0.0
-9.07 +30.8 0.0

I II III

69-70% 
--------->

C6H13CH(CH3)—CH- 
-8.33 
+8.18 

IV

(COOH)2
92%

C6H13CH(CH3)-
-4.51
+4.44

V

-CHoCOOH
92-98% 

--------- >

C6H13CH(CH3)-
-0.37
+0.38
VII

-CH2CH2OH

C6H13CH(CH3)—c h 2c o o c ,h 5 
-0.59  
+0.59 

VI

37-67% 
--------- >

80-82%
------- > C6HI3CH(CH3)-

+  1.15 
-1.17 
VIII

-CR,—CH2Br
43-52%

60-73% 59-92%
C6H13CH(CH3)—CH2—CH2—C(CH2)vCOOC2H6 --------C6H13CH(CH3)—(CH2)10—c o o c2h 6 ---------- *-

II +0.15
0  -0.14

+0.11 X

IX
C6H,3CH( CH3)—(CR+oCOOH

+0.09 (2d)
-0.10 (2d)

XI
a The yields refer to those obtained with the active antipodes. b These numbers are the specific rotation in degrees (except 

for XI, an “observed” rotation) for the two forms using the light of the sodium D-line. The first rotation listed throughout 
is the optical activity of the compound ultimately prepared from (+  )-2-octanol; the rotation below the first is the activity 
of the compund derived from ( — )-2-octanol.

(5) This acid was resolved previously by P. A. Levine 
and R. E. Marker who reported [«¡d +0.78°, J. Biol. 
Chem., 91, 98 (1931).

(6) Huang-Minlon, J. Am. Chem. Soc., 68, 2487 (1946).

(7) J. Cason, E. L. Pippen, P. B. Taylor, and W. R. 
Winans, / .  Org. Chem., 15, 135 (1950).

(8) R. H. Pickard and J. Kenyon, J. Chem. Soc., 99, 49
(1911).

(9) C.-M. Hseuh and C. S. Marvel, J. Am. Chem. Soc., 
50, 855 (1928).
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+  30.8° (homogeneous). The maximum optical activity is 
±38.9°.10

Butyl 2-octylmalonates (III) were prepared by adaptation 
of the malonic ester procedure in 1-butanol of Reid and 
Ruhoff.2’11 Thus 21 g. of DL-2-bromo-octane and 27 g. of 
ethyl malonate were condensed to furnish 33 g. (92%) of 
butyl DL-2-octylmalonate; b.p. 160-210° (3 mm.); d20 0.932; 
w2d5 1.4361

The (-f)-form12 was prepared from 27.4 g. of ( —)-2- 
bromo-octane ([«]2d —35.3°). The yield of ester was 39.0 
g. (83%); b.p. 131-134° (0.3 mm.); b2d5 1.4360; d25 0.925; 
[“ Id6 + 0.0° (homogeneous).

The ( —)-form12 was prepared in 71% yield (140 g.) from 
116 g. of (+)-2-bromo-octane ([a]2Ds +29.3°); b.p. 131— 
134° (0.3 mm.); n\* 1.4360; d25 0.925; [«]2D6 -0 .0° (homo
geneous) .

Anal. Calcd. for Ci9HM0 4: C, 69.46; H, 10.88; sapon. 
equiv., 164. Found: C, 68.97; H, 11.05; sapon. equiv., 169 
( d l ) ,  159 (+ ), 161 ( - ) .

m.-2-Octylmalonic acid (IV). Butyl DL-2-octylmalonate 
(33 g.) was heated under reflux for an hour in a solution of 
23 g. of potassium hydroxide, 150 ml. of 95% ethyl alcohol, 
and 6 ml. of water. After extraction the solvent was removed 
furnishing 17 g. (78%) of crude acid as an oil.

DL-2-Oetylmalonic acid failed to crystallize directly. 
However, the DL-acid made from mixing the two forms had 
a melting point of 80-82° after two crystallizations from 
hexane.

( — )-2-Odylmalonic acid was prepared from 145 g. of 
butyl (+ )-2-octylmalonate12 and furnished 120 g. (126%) 
of crude acid. The acid was systematically crystallized from 
hexane to give 66 g. (69%) of pure ( —)-2-octylmalonic acid; 
m.p. 106-108° (apparently polymorphic); [«Id6 —8.3° 
(0.901 g. dissolved up to 10 ml. in 95% ethanol, —0.75°, 
1 d. tube).

Anal. Calcd. for C11H20O4: C, 61.09; H, 9.32; equiv. wt.,
108.1. Found: C, 61.30; H, 9.27; equiv. wt., 107.2.

( +  )-2-Octylmalanic acid was prepared in 130% (120 g.) 
crude yield by saponifying 140 g. of the butyl ( —)-2-octyl- 
malonate.12 Systematic crystallization from hexane gave 64 
g. (70%) of pure (+)-2-octylmalonic acid: m.p. 106-108° 
(probably polymorphic); [a]2D6 + 8.2° (0.882 g. of acid dis
solved up to 10 ml. in 95% ethanol, a 2De +0.72°, 1 d. tube); 
equiv. wt., 108.6 (calcd. for C11H20O4: 108.1).

d l - 8 - M ethylnonanoic acid (V). Seventeen g. of D L -2 -o c ty l-  
malonic acid was heated at 1 6 5 - 1 7 0 °  for an hour. The 
product was distilled: b.p. 1 2 2 - 1 2 5 °  (3  mm.); 1 0  g. ( 7 6 % ) ;  
« d3 1 .4 3 1 8 ;  d 23 0 .8 8 8 ;  equiv. wt., 1 7 4 .1  (calcd. for C10H20O2:
172.3) .

The p-bromoanilide13 was prepared in 83% yield and 
crystallized twice from methanol, m.p. 93-94°.

Anal. Calcd. for Ci6H23BrNO: N, 4.31. Found: N, 4.39.
The amide2 was prepared in 93% yield. Three crystal

lizations from acetone gave, a waxy solid, m.p. 85-86°.
Anal. Calcd. for Ci0H2iNO: N, 8.18. Found: N, 8.48.
( - ) S - M ethylnonanoic acid was prepared from 59.5 g .  of 

( —)-2-octylmalonic acid ([a]2D6 —8.3°): b.p. 140-141° (11 
mm.); 43.5 g. (92.2%); re2D5 1.4326; d24 0.899; [«]2DB -4.51° 
(homogeneous, 1 dm.); equiv. wt., 169.6 (calcd. for CicH2o02:
172.3) .

The p-bromoanilide had m.p. 109-109.5° after two crystal
lizations. The amide had m.p. 86.5-88°.

(10) W. Gerrard, J. Chem. Soc., 848 (1945).
(11) E. E. Reid and J. Ruhoff, Org. Syntheses, Coll. Vol. 

II, 474-5 (1943).
(12) The plus or negative sign here is arbitrary because 

the optical activity is zero. The sign corresponds to the sign 
observed by Prout, Cason, and Ingersoll (Ref. 2) for the 
active butyl 2-decylmalonates.

(13) R. L. Shriner, R. C. Fuson, and D. Y. Curtin, “The
Systematic Identification of Organic Compounds,” 4t,h
ed., John Wiley and Sons, New York, N. Y. (1956), p. 200.

( + )S-Methylnonanoic acid was prepared from 72 g. of 
( +  )-2-octvlmalonic acid ([a]2D5 +8.3°) in 92% yield 
(52.5 g.): b.p. 131-133° (9 mm.); ra2D5 1.4323; d24 0*898; 
[«Id8 +4.44° (homogeneous, 1 dm.); equiv. w't., 174.5 
(calcd. for C10H20O2: 172.3).

The p-bromoanilide melted at 109-110°. The amide 
melted at 86- 88°.

Ethyl m.-3-m.ethylnonanoate (VI). D L - 3 - M e th y l n o n a n o ic  
a c id  (9 6 .9  g .)  w a s  e s t e r i f i e d  w i t h  e t h a n o l  i n  t h e  u s u a l  w a y  t o  
g i v e  1 0 0 .9  g . ( 9 2 .1 % ) ;  b . p .  1 0 8 - 1 0 9 °  (1 6  m m . ) ;  tc2d5 1 .4 2 4 0 ;  
d 25 0 .8 6 4 .

Anal. Calcd. for C12H24O2: C, 71.95; H, 12.08. Found: C, 
71.70; H, 11.98.

Ethyl (-)-S-methylnonanoate was prepared from 41.5 g. 
of (— )-3-methylnonanoic acid ([ale6 —4.51°) in 91.9% 
yield: 44.2 g.; b.p. 108-109° (16 mm.); ??2D5 1.4238; asD3 
— 1.02° (homogeneous); [a]3D3 —0.59°.

Ethyl (-\-)-S-methylnonanoate, prepared from 32.5 g. of 
( +  )-3-methylnonanoic acid ((ale0 +4.54°), w'as obtained 
in 98.1% yield: 36.9 g.; b.p. 101-102° (1 mm.); re2n5 1.4238; 
a 3,3 +1.02° (homogeneous); [a]3D3 +0.59°.

m.-3-Methyl-l-nonanol (VII). A mixture of 100.9 g. of 
ethyl DL-3-methylnonanoate and 8 g. of copper chromite14 
in a bomb was charged with hydrogen at 1575 p.s.i. at 3C°. 
The mixture was then heated and shaken at 285° for 3 
hr. Upon fractionation two products were obtained: (1)
16.7 g., b.p. 48-84° (1 mm.), n d“ 1.4536; and (2) 43.0 g. 
(55.8%), b.p. 95-97° (1 mm.), d25 0.847, ra“  1.4355. Fraction 
1 was insoluble in concentrated sulfuric acid and presumabty 
is DL-3-methylnonane. The literature7 reports b.p. 103- 
109° (11 mm j .

Anal. Calcd. for C10H22O: C, 75.88; H, 14.01. Found: C, 
75.29; H, 13.86.

(-)S-Methyl-l-nonanol was prepared from 39.1 g. of 
ethyl ( — )-3-methylnonanoate ([«Id1 —0.59°). Fractionation 
gave two fractions: (1) 7.2 g., probably hydrocarbon; b.p. 
62-73° (30 mm.); n2D5 1.4326; and (2) 21.1 g. (67.4%) of 
alcohol; b.p. 125-126° (30 mm.); n2D5 1.4353; a 3D5 -0.63° 
(homogeneous); [a]rT —0.37°.

( + )-3-Methyl-l-nonanol was prepared from 36.2 g .  of 
ethyl (+)-3-methylnonanoate ([a]3D +0.59°). Distillation 
gave 14.6 g. of forerun; b.p. 43-65° (1 mm.); ?i2D5 1.4330 
and 13.0 g. (37.2%) of alcohol; b.p. 96-97° (1 mm.); n2̂  
1.4356; a aD5 +0.64° (homogeneous), [<i ]d8 +0.38°.

m.-l-Bromo-3-methylnonane (VIII). DL-3-Methyl-l-non- 
anol (43.0 g.) was treated at 100° with hydrogen bromide.15 
The reaction mixture, dissolved in benzene, was washed with 
cold concentrated sulfuric acid, w'ater, and saturated sodium 
chloride solution. After drying over potassium carbonate the 
bromide w’as distilled: 45.0 g. (74.8%); b.p. 92-94° (1 mm ); 
n2D5 1.4553; d25 1.060.

Anal. Calcd. for CioH-nBr: C, 54.30; H, 9.57; Br, 36.13. 
Found: C, 54.63; H, 9.60; Br, 35.87.

The literature gives b.p. 121-122° (25 mm.).7
(+ )-l-Bromo-S-methylnonane was prepared in 81.8% 

yield from 19.8 g. of ( —)-3-methyl-l-nonanol ([a]3D5 —0.37°). 
Distillation gave 22.5 g. of bromide; b.p. 92-94° (1 mm ); 
«o 1.4550; a 2D7 +2.43° (homogeneous); [a]2D7 +1.15°.

( — )-l-Bromo-3-methylnonane was prepared in 80.3% 
yield from 13.0 g. of (+)-3-methyl~l-nonanoI ([«Id5 +0.38°). 
Distillation furnished 14.6 g. of bromide; b.p. 92-94° (1 
mm.);«!,0 1.4552; o%7 —2.48° (homogeneous); [«Id7 —1.17°.

Ethyl mA)-oxo-12-methybctadecanoate (IX). I ) i - (D L -3 -
m e t h v l n o n y l - ) c a d m i u m 16 w a s  m a d e  u s i n g  2 .7 0  g . o f  m a g 
n e s iu m ,  2 4 .2  g .  o f  D L - l - b r o m o - 3 - m e t h y l n o n a n e  a n d  1 2 .1  g .  
o f  c a d m i u m  c h l o r id e .  A f t e r  t h e  s o l v e n t  h a d  b e e n  c h a n g e d  
t o  b e n z e n e ,  2 0 .7  g . o f  w - c a r b e t h o x y c a p r y l y l  c h l o r i d e  [b .p .

(14) W. A. Lazier and H. R. Arnold, Org. Syntheses, 
Coll. Vol. II, 142-5 (1943).

(15) E. E. Reid, J. Ruhoff, and R. Burnett, Org. Syn
theses, Coll. Vol. II, 246-8 (1943).

(16) J. Cason and F. S. Prout, Org. Syntheses, Coll. 
Vol. Ill, 601-605 (1955).
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148-152° (3 mm.)] '7 was added. After the usual work-up 
the product was fractionated to give 17.8 g. (47.7%) of keto 
ester; b.p. 195-230° (1 mm.); r2d5 1.4482; d25 0.864. Two 
carbon-hydrogen analyses indicated that the keto ester was 
contaminated with ethyl azelate: C, 72.44, 72.54; H, 11.56, 
11.65 (calcd. for C21H40O3: C, 74.06; H, 11.87). Cason et a!,.7 
report a 43% yield, b.p. 216-220° (5 mm.).

Ethyl (-\-)-9-oxo-12-methyloctadecanoate. This ester was 
prepared using 18.6 g. of (+)-l-bromo-3-methylnonane 
([«]dt +1-15°), 2.02 g. of magnesium, 9.3 g. of cadmium 
chloride, and 15.9 g. of w-carbethoxyeaprylyl chloride. Dis
tillation gave 14.8 g. (51.9%); b.p. 198-225° (1 mm.); ra2D5 
1.4481; a 2D8 +0.10° (homogeneous, 1 dm. tube); [a]2Ds 
+0.11°.

Ethyl ( —)-9-oxo-12-methyloctadecanoate. The levorotatory 
ester was made from 14.4 g. of (— )-l-bromo-3-met.hylnonane 
( [ « I d7 —1.17°), 1.60 g. of magnesium, 7.16 g. of cadmium 
chloride, and 12.2 g. of w-carbethoxycaprylvl chloride. The 
yield was 9.4 g. (43%); b.p. 191-212° (1 mm.) ; n2D5 1.4479.

Ethyl ■Dh-12-methyloctadecanoate (X). Ethyl ni,-9-oxo-12- 
methyloctadecanoate (17.0 g.), 9.5 g. of potassium hy
droxide, 8.5 ml. of 85% hydrazine hydrate, and 85 ml. of 
diethylene glycol was heated under reflux for 1.5 hr.6 The 
mixture was concentrated until the temperature of the solu
tion was 195°, then reflux was continued 4 hr. The reaction 
mixture was worked up to furnish the acid. The crude acid 
was esterified with absolute ethanol and sulfuric acid. The 
ester was ultimately distilled to give 12.3 g. (75.4%,) of ethyl 
DL-12-methyloctadeeanoate; b.p. 205-212° (1 mm.); 
1.4425; d26 0.824; sapon. equiv., 319 (calcd. for C2,H4202: 
327). Cason et al.1 report b.p. 183-185° (2 mm.), w2D5 1.4463.

Ethyl (-\-)-12-methyloctadecanoate was prepared by the 
procedure used above with 14.8 g. of ethyl (+)-9-oxo-12- 
methyloctadecanoate ([o:]d8 —0.10°). After extraction and 
esterification 10.5 g. (73.1%) of (+)-ester was obtained; 
b.p. 191-204° (0.5 mm.); n2D5 1.4428; «2D8 +0.23° (homo
geneous) ; [« Id8 +0.15°; sapon. equiv., 322 (calcd. for 
CaHuCh: 327).

(17) F. S. Prout and J. Cason, J. Org. Chem.., 14, 132
(1949); cf. also H. McKennis, Jr., and V. du Vigneaud,
J. Am. Chern. Soc., 68, 832 (1946).

Ethyl (—)-/2-methyloctadecanoate was prepared by reduc
tion of 9.4 g. (ethyl (— )-9-oxo-12-met.hyloctadecanoate. 
After the work-up 5.4 g. (60%) reduced ( —)-ester was 
obtained; b.p. 1)(M98° (0.5 mm.); n™ 1.4429; «3D° —0.22° 
(homogeneous); [a]h° —0.14°; sapon. equiv., 325 (calcd. 
for C21H4o0 2: 327).

m.-12-Methyloctadecanoic acid (XI). Ethyl DL-12-methyl- 
octadecanoate (5.2 g.) was heated under reflux for 1 hr. 
with 3.6 g. of potassium hydroxide in 100 ml. of 95% 
ethanol. The mixture was diluted with water and extracted 
with ether. The aqueous phase was acidified with hydro
chloric acid and the acid was extracted with benzene. 
Removal of the solvent and crystallization of the acid from 
acetone-water mixtures furnished 3.7 g. (78%), m.p. 26- 
27°, equiv. wt., 299.1 (calcd. for C)9H380 2: 298.5). The 
literature7 reports m.p. 27.6-28.2°.

The amide2 after 5 crystallizations from methanol-water 
melted at 84-86°. A mixture containing equal amounts of 
the ( +  )- and ( —)-amides melted at 76-78°.

The lribromoanilideia after 5 crystallizations from meth
anol-water melted at 93-94°. A mixture of equal amounts of 
( +  )- and ( —)-forms melted at 91-92°.

elhyloctadecanoic acid was prepared in 92% 
yield using 5.8 g. of ethyl (+)-12-methyloct,adecanoate. 
Two crystallizations from acetone-water gave 4.9 g. of the 
(+)-acid; m.p. 37-38°; «2D7 +0.09° (homogeneous, 2 dm., 
tube); equiv. wt., 298.9 (calcd. for Ci3Hj80 2; 298.5).

The amide'1 after 5 crystallizations melted at 74-75°.
The trihromoanilide17 18 after 5 crystallizations melted at

89-91°.
( — )-12-Methy1odadecanoic acid was prepared like the 

other two forms using 5.4 g .  of ethyl ( —)-12-methylocta- 
decanoate. Two crystallizations from acetone-water fur
nished 2.9 g. (59%) of ( —)-acid, m.p. 36-37°, «2D7 —0.10° 
(homogeneous, 2 dm. tube); equiv. wt., 299.4 (calcd. for 
C19H38O2; 298.5).

The amide2 after 5 crystallizations melted at 72-74°.
The tribromoanilide18 melted at 90-92° after 5 crystal

lizations.
C h i c a g o  14, III.

(18) J. Cason, J. Am. Chern. Soc., 64, 1106 (1942).
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Ozonolysis of Norbornylene
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Ozonolysis of norbornylene in methanol, a “reacting” solvent, gave a mixture of an aldehydic inethoxyhydroperoxide and 
its condensation products, whereas “inert” solvents afforded a polymeric, active oxygen-containing substance tentatively 
characterized as a polymeric ozonide. The nature and modes of formation of these materials are discussed. Conversion of 
both products to rts-pyelopcntane-l,3-dicarboxylic acid was effected in high yield.

In a course of study concerned with the prepara
tion of carboxylic acids from olefins employing ozone 
as an oxidant, the conversion of norbornylene to 
cyclopentane-1,3-dicarboxylic acid was investi
gated. Since the literature does not reveal any 
reports of ozonolysis studies utilizing this olefin, 
it was of interest to characterize the intermediate, 
or active oxygen-containing, products formed 
prior to oxidative decomposition to the desired 
acid.

Criegee and co-workers have shown1 that, in 
general, the ozonolysis of olefins in hydroxylic or

“reacting” solvents gives rise to hydroperoxides

(1) (a) R. Criegee, Ann., 583, 1 (1953); (b) R. Criegee, G. 
Blust, and H. Zincke, Chem. Ber., 87, 766 (1954); (c) R. 
Criegee, A. Kerchow, and H. Zinke, Chem. Ber., 88, 1878
(1955) ; (d) R. Criegee and G. Lohaus, Chem. Ber., 86, 1 
(1953); (e) R. Criegee and G. Lohaus, Ann., 583, 6 (1953);
(f) R. Criegee and G. Wenner, Ann., 564, 9 (1949); (g) R. 
Criegee, Record of Chemical Progress, 18, 111 (1957); (h) 
G. Lohaus, Chem. Ber., 87, 1708 (1954); (i) P. S. Bailey, 
Chem. Ber., 88, 795 (1956); (j) P. S. Bailey, J. Am. Chem. 
Soc., 78, 3811 (1956); (k) P. S. Bailev, J. Org. Chem., 22, 
1548 (1957); (1) P. S. Bailey, J. Org. Chem., 21, 1335
(1956) .
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in addition to a carbonyl fragment, whereas 
aprotic (“inert7’) solvents allow the formation of 
ozonides or polymeric peroxides.

I t should be noted that some olefins, e.g., 1,2- 
diphenylindene2 and 2,3-disubstituted indenones,2-3 
form ozonides in both solvent types. Furthermore, 
the extent of formation of monomeric ozonides or 
polymeric peroxidic products, particularly from 
cyclic olefins, is influenced by substitution in the 
olefin and the amount of strain in the interme
diate.lc,g Cyclic olefins which can form a six- or 
seven-membered ring in addition to the five- 
membered trioxolane ring give ozonides, whereas 
polymerization products predominate from cyclic 
olefins of larger or smaller size.

D isc u ss io n  a n d  resu lts  A. “R e a c tin g ” solvents. 
Norbornylene was ozonized in methanol at —78°, 
and the product appeared to consist largely of an 
equilibrium mixture of the peroxidic compounds 
(I, II, and III). I t  is believed that the aldehydic

methoxyhydroperoxide (I) was formed as the ini
tial product, following which intramolecular con
densation occurred, in part, to give the labile 
peracetals (II and III). The possibility exists that 
some IIA was produced by the other mode of 
hemiacetal formation, i.e ., that involving the alde
hyde group and methanol. Although the results did 
not enable a definite distinction of IIA from the 
other structures shown, this substance was probably 
not formed to an appreciable extent, since an 
aldehyde generally interacts preferentially with a 
hydroperoxide when the two functions are produced 
by ozonolysis in alcohols as solvents.lk Evidence for 
the mixture of peroxidic compounds (I—III) as the 
main product was afforded by qualitative tests, 
analyses, and conversion to the corresponding di- 
carboxylic acid and dicarboxaldehyde. Due to the 
physical nature (viscous oil) and instability of the 
product, it was not possible to effect a separation 
of this mixture into analytically pure components

(2) P. S. Bailey, Chem. Ber., 87, 993 (1954).
(3) R. Criegee, P. de Bruyn, and G. Lohaus, Ann., 583, 

19 (1953).

by techniques such as distillation, fractional crys
tallization, or chromatography.

Treatment of the intermediate with sodium 
iodide resulted in a rapid liberation of iodine fol
lowed by a slower reaction. Such behavior would be 
consistent with the expected lower peroxidic 
activity of the peracetal forms following the initial, 
rapid reaction of the hydroperoxide. Treatment 
with lead tetraacetate brought about oxygen 
evolution, which is characteristic of hydroper
oxides. The material responded weakly to aldehyde 
tests and decomposed to intractable products when 
hydrolyzed in the presence of strong acids or bases. 
Infrared analysis showed strong hydroxyl and car
bonyl bands at 3 . 0 and 5.85yu, respectively. 
Elemental and methoxyl group analyses were in 
accord with the existence of a mixture, with III 
probably preponderating because of its higher 
methoxyl content. Active oxygen analyses were 
low, a result often observed with peroxides. The 
molecular weight was slightly higher than that 
calculated for III, indicating the presence of some 
intermolecular condensation product, probably of 
the type shown by IV.

0ii
H -C

H
c -o -o -c

OCH3

o c h 3

H
C-OOH
OCH3

IV

The results with norbornylene were similar in 
many respects to those obtained with cyclohexene 
in methanol,lk except that in the present work the 
preponderant product was not polymeric. Ap
parently the intramolecular reaction in the case of 
cyclohexene was not favored due both to steric 
limitations in the formation of an eight-membered 
ring and to the fact that the interacting ends of 
the molecule are far apart. Moreover, the cf.s-1,3- 
configuration in I should facilitate the intramolecu
lar reaction.

The active oxygen-containing intermediate was 
converted to cfs-cyclopentane-1,3-dicarboxylic acid 
(Va) in excellent yield (95%) by means of hydrogen 
peroxide in formic acid. Conversion of the alde
hydic methoxyhydroperoxide to suitable deriva
tives was not successful due to the instability of the 
material and to the low availability of the aldehyde 
function under the weakly alkaline conditions of 
the reactions. Reductive decomposition by means 
of zinc, or catalytic hydrogenolysis, gave cyclo- 
pentanedicarboxaldehyde (Vb).

(a) R = OH
(b) R = H



j u n e  1 9 5 9 OZONOLYSIS OF NORBORNYLENE 8 3 1

B. “I n e r t” solvents. Norbornylene was ozonized in 
several “inert” solvents and the products isolated 
in all instances appeared to possess identical prop
erties. At the low temperatures of the reaction 
( — 20° to —78°) the product remained in solution 
until the mixture was allowed to warm to room 
temperature, whereupon a highly swollen peroxidic 
solid precipitated. Purification of this material was 
difficult because of its insolubility and moderate 
instability. Similarly, the determination of certain 
physical properties such as molecular weight and 
infrared spectrum was not successful. Elemental 
analysis gave values near those calculated for 
Y I(C 7H10O3):

VI

The fact that the properties of the product were 
those characteristic of polymers precludes VI 
and suggests VII and V III as structures for this 
material. Its ease of hydrolytic decomposition to 
aldehydic products as well as its oxidation in 
high yield (95%) to Va favor the polymeric ozo- 
nide (VII).

The soluble substance formed initially during 
low temperature ozonolysis presumably is unstable 
and polymerizes as the temperature is increased to 
near ambient conditions. This intermediate could 
be the simple ozonide (VI) or one of the forms of a 
molozonide (IX or X), although the existence of the 
latter two structural types has not been established. 
There is no evidence in support of any one structure,

X

but reduction4 of the low temperature-soluble 
product should afford cfs-bicyclo[2.2.1]heptane-
2,3-diol from the molozonide, whereas the dialde
hyde (Vb) or the corresponding dicarbinol would 
be the expected product from VI.

(4) Suggestion by Prof. W. von E. Doering.

Experiments conducted thus far in this regard 
have been largely without avail due to the lack of 
suitable reducing agents which are effective a t low 
temperature. Lithium aluminum hydride was partly 
reactive, but the product was a complicated mix
ture containing aldehydic function as well as the 
usual polymeric active oxygen-containing product. 
Stronger reducing agents are currently being stud
ied, and the nature of the low temperature-soluble 
substance is being investigated.

E X P E R IM E N T A L 5 6

Norbornylene. This compound was prepared by the method 
of Joshel and Butz6 from dicyclopentadiene and ethylene 
at elevated temperature and pressure. The material used 
had b.p. 95.0-95.8° (762 mm.), m.p. 44.8-45.2°.

Ozonolysis of norbornylene in methanol. In a typical run
4.0 g. (0.042 mole) of norbornylene in 50 ml. of methanol 
solution contained in a tubular reactor with a fritted gas 
inlet were treated at —75° to —20°7 with an oxygen-ozone 
stream8 containing 3 to 4 wt. % ozone. One molar equiv
alent of ozone was absorbed by the mixture. The methanol 
was subsequently removed under high vacuum by means of 
a rotating evaporator maintained at room temperature, and 
the nonvolatile product was a viscous syrup amounting to
8.4 g. (theory for the monomeric aldehydic methoxy- 
hydroperoxide is 7.5 g.). Analyses of this product are pre
sented in Table L

TABLE I
O z o n o l y s is  P r o d u c t  f r o m  M e t h a n o l

Calculated“ for
Analysis, % III IIA I, II Found6

C 57.10 52.41 55.16 54.73
H 8.53 8.80 8.10 8.39
Active oxygen 8.50 7.77 9.20 7.16

Methoxyl 32.80 30.09 17.82
6.73

33.16
Molecular weight“ 

Immediately 189 206 174 212
After 21 days 225

Infrared analysis (film): Strong —OH absorption band 
at 3.0/j; strong carbonyl band at 5.85y.

“ C9H160 4 (III) : C9H180 6 (IIA); C8HhOi (I, II). 6 Elemental 
and methoxyl group analyses by Schwarzkopf Microanalyti- 
cal Laboratory, Woodside, N. Y. c Determined cryoscopically 
in benzene at several concentrations; M. W. obtained from 
extrapolated values.

The sirup reacted with sodium iodide and liberated oxygen 
with lead tetraacetate. With the former reagent the iodine 
liberated in the initial rapid reaction was removed by 
sodium thiosulfate solution, but the iodine color repeatedly 
returned, although more slowly, even after several successive 
treatments with thiosulfate. No reaction occurred in the

(5) Melting points are uncorrocted. Infrared spectra were 
determined either with a Baird Model B or a Perkin-Elmer 
Model 21 infrared spectrophotometer fitted with a sodium 
chloride prism.

(6) L. M. Joshel and L. W'. Butz, J. Am. Chem. Soc., 63, 
3350 (1941).

(7) Reactions conducted at room temperature or slightly 
below resulted in appreciable attack by ozone on methanol, 
thus giving indistinct end points in the ozone-olefin reaction.

(8) Produced by a laboratory ozonator, Model T-23, 
manufactured by the Welsbach Corp., Philadelphia, Pa.
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cold with water, mineral acids and bases, or hydrogen 
peroxide. Decomposition of the product occurred when 
these mixtures were heated. The sirup responded mildly 
to Tollen’s and Furhsin’s tests.

Oxidation of peroxidic product (methanol) to cis-cyclo- 
pentane-1,3-dicarboxylic acid. The sirup remaining from the 
evaporated methanolic solution was dissolved in 35 ml. of 
90% formic acid, and 20 g. (0.18 mole) of 30% hydrogen 
peroxide was added. The solution was warmed to approxi
mately 52°, and a strongly exothermic reaction ensued 
causing refluxing for 15-20 min. Excess peroxide was de
stroyed by heating 1 hr. longer. The solution was evapo
rated to dryness on a rotating evaporator, leaving a fine 
white crystalline residue: m.p. 110-115°. Recrystallization 
from cold water and recovery from mother liquors afforded
6.5 g. (95% yield) of pure cis-cyclopentane-l,3-dicarboxylie 
acid; m.p. 120.5-121.0°; lit.,9 121°. Neut. oquiv.: ealed.,
79.1. Found, 79.4.

Anal. Calcd. for C7H10O4: C, 52.98; H, 6.18. Found: 
C, 53.17; H, 6.38.

Attempted, preparation of derivatives of ozonolysis inter
mediate (methanol). Attempts were made to prepare alde
hyde derivatives from the active oxygen intermediate before 
and after isolation from methanol. Hvdroxylamine hydro
chloride with pyridine or sodium acetate solutions, semi- 
carbazide hydrochloride under similar conditions and 2,4- 
dinitrophenylhvdrazine in acidified ethanol gave intractable 
mixtures.

Reductive decomposition of peroxidic. product (methanol) to 
cyclopentane-l,S-dicarboxaldehyde. The alcoholic solution was 
reduced by catalytic hydrogenolysis employing platinum 
oxide or by means of zinc dust and water. In the latter in
stance the methanolic solution (0.1 mole) was added drop- 
wise to a stirred mixture of zinc dust (0.1 mole) and water 
(100 ml.), during which time the temperature rose to 54°. 
The mixture was heated to 85° for 2 hr., filtered, the fil
trate saturated with salt, and extracted continuously with 
ether for 24 hr. The material boiling at 70-75°/l mm. was 
collected; lit.10 b.p. 74—75°/1.5 mm. The crude product 
was converted to the 6fs-2,4-dinitrophenylhydrazono using 
an acetic acid solution of 2,4-dinitrophenylhydrazine rather 
than mineral acid; m.p. 225-226°.

Anal. Calcd. for C19H,8N80 8: C, 46.91; H, 3.70; N, 23.04. 
Found: C, 46.50; H, 3.71; N, 22.75.

Ozonolysis in “inert” solvents. Reactions in these media 
(ethyl acetate, carbon tetrachloride, chloroform, tetra- 
hydrofuran, etc.) were performed in a stirred reactor pro
vided with gas inlet tube (without fritted tip) in a manner 
similar to that described previously. The temperatures 
normally were maintained at —75° or as low as the solvent 
would allow. Ozone was rapidly absorbed until 0.90 to 0.95 
molar equivalent had been added, following which absorp
tion was incomplete. The solvents allowing reactions at 
— 75° to about —40° gave essentially clear solutions at the 
end of the ozonolysis period. Normally, as the mixture 
warmed to near room temperature the solution became 
turbid, and after 2-3 hr. at room temperature, complete 
precipitation of a highly swollen “gel” occurred. The solvent 
was removed from the solid (S) by suction filtration and 
freeze drying, the last traces being removed very slowly. 
A small amount of gummy residue (G), ca. 5% or loss of the 
product, remained on evaporation of the filtrate. This 
material exhibited similar chemical behavior to S. It 
swelled with partial dissolution in the original solvent. 
Substance G from analyses and properties was suspected 
as being a lower molecular weight polymer, similar other
wise to the main product. Both .S' and G were insensitive

(9) W. H. Perkin and H. A. Scarborough, J . Chem. Soc., 
119, 1405 (1921).

(10) K. B. Wiberg and K. A. Saegebarth, J. Am. Chem. 
Soc., 79, 2824 (1957).

to shock but burned violently in an open flame. Substance 
S appeared to be stable in a vacuum desiccator for several 
days but decomposed to gummy aldehydic products on 
standing in contact with air at room temperature ever 
the same period.

Due to the insolubility of S  and G in solvents other than 
those which caused decomposition [the latter inducing 
pyridine, dimethylformamide, methanol (hot) and acetic 
acid (hot)], the preparation of an analytically pure species 
was difficult (analyses, Table II). Active oxygen analyses 
were lower than those calculated for VI, a result which has 
often been observed11 with ozonides and other peroxidic 
compounds, due partly to their tendency to undergo the 
“acid rearrangement.” No reaction occurred in the cold 
with water or hydrogen peroxide, whereas decomposition 
occurred when these mixtures were heated. Mineral acids 
and bases caused moderately rapid decomposition.

TABLE II
O z o n o l y s i s  P r o d u c t  f r o m  I n e r t  S o l v e n t s  

[M.p. (S) 95-105° (dec.)]

Found6
Analysis,

0/Zo
Calcu
lated"

Precipitate
(S)

Gum
«?)

c 59.15 58.30 57.63
H 7.04 7.48 7.31
O 33.80 34.31 —
Active oxygen 11.3 5.22°

5.70“*
4.38
4.34

" For C-Hin()j (VI). 6 See footnote h, Table I. c Allowed 
to stand 1 hr. at room temperature with sodium iodide and 
glacial acetic acid followed by 1 hr. reflux; less blank. 
rf Allowed to stand 2 hr. at room temperature; less blank.

Infrared analysis was attempted in KBr and mulls with 
decomposition occurring during each preparation. Infrared 
analyses were made on solutions removed from the reactor 
during ozonolyses in methyl chloroform, since precipitation 
of product in this solvent was very slow. These mixtures 
exhibited an increasingly intense carbonyl absorption at 
5.85m, but this was suspected as being due to the presence 
of decomposition products.12

Oxidation of peroxidic product (inert solvents) to cis- 
cydopentane-1,8-dicarboxylic acid. This reaction was con
ducted in a manner similar to that with the product from 
methanol. The yield was 95% of high purity product.

Attempted reduction of low temperature-soluble “ozonid.'o.” 
Norbornylene was ozonized at —55° in carefully dried tetra- 
hydrofuran. An excess of lithium aluminum hydride solu
tion in tetrahydrofuran was slowly added to the com
pletely ozonized mixture containing the dissolved product, 
and an exothermic reaction occurred accompanied by copious 
precipitation of white solid. The mixture was stirred at 
— 50° for 2 hr., then allowed to warm to room temperature, 
and the hydride and the complex were destroyed with water 
and dilute sulfuric acid, respectively. In addition to the 
normal peroxidic product. (S), an oil was obtained winch 
contained hydroxyl and aldehyde function. Attempts to 
separate the components in this mixture were not successful.

Other reducing agents including ferrous sulfate, sodium 
sulfite and catalytic hvdrogenolvsis were unreactive at 
-40°.

(11) R. Oriegee, Fortsch. Chem. Forsch., 1, 508 (1950).
(12) E. Briner and E. Dallwigk, Helv. Chim. Acta, 39, 

1446 (1956).
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1,8,9-Naphthanthracene (VI) has been prepared by reduction of the ketone (VII). A second hydrocarbon, 2,3-trimethylene- 
pyrene (VIII), was also isolated. Comparison of the ultraviolet spectra of VI with those of other benzo[c]phenanthrenes 
provided evidence for intramolecular overcrowding between the Ci and C12 hydrogens in benzo[c]phenanthrene.

Jones1 has attempted to correlate the differences 
in fine structure observed in the ultraviolet spectra 
of many polynuclear aromatic hydrocarbons. 
The “Fine Structure (Fs) Effect,” which was an 
outgrowth of these correlations, referred to an in
crease of fine structure produced by the fusion of 
alicyclic rings to an aromatic nucleus.2 However, 
Jones and, more recently, Friedel3 both pointed 
out a large number of exceptions to the general 
rule. The latter indicated that the Fs effect, as 
originally outlined by Jones, was not generally 
applicable to polynuclear hydrocarbons and in its 
place offered a tripartite correlation of the spectra 
of aromatic hydrocarbons containing fused ali
cyclic rings.

The ultraviolet spectrum of 4,5-dimethylphe- 
nanthrene (I) shows a marked decrease in fine struc
ture (band splitting) when compared with the 
spectrum of 4,5-methylenephenanthrene (II)2a

I II

(Fig. 1). However, the parent hydrocarbon, phen- 
anthrene, exhibits a spectrum very similar in detail 
to that of II. Analogous relationships are found in 
the chrysene4 and 1,2-benzanthracene5 series.
4,5-Methylenechrysene (III) and chrysene exhibit 
more fine structure in their spectra than does 4,5- 
dimethylchrysene. Similarly, both 1',9-methyiene-
1,2-benzanthracene (IV) and 1,2-benzanthracene 
show more band splitting than 1',9-dimethyl-

(1) R. N. Jones, J. Am. Chem. Soc., 67, 2127 (1945).
(2) (a) R. N. Jones, Chem. Revs., 32, 1 (1945). (b) For 

a brief review of the Fs effect see R. A. Friedel and M. 
Orchin, Ultraviolet Spectra of Aromatic Hydrocarbons, John 
Wiley and Sons, Inc., New York, 1951, p. 23.

(3) R. A. Friedel, Applied Spectroscopy, 11, 13 (1957).
(4) R. N. Jones, J. Am. Chem. Soc., 63 , 313 (1941).
(5) R. N. Jones, J. Am. Chem. Soc., 62, 148 (1940).

I l l  IV

X ( mp. )
Fig. 1. 4,5-Dimethylphenanthrene (Ref. 2 (b), Spectrum 

No. 352) (I). 4,5-Methylenephenanthrene (Ref. 2 (b), Spec
trum No. 363) (II)
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1,2-benzanthracene. These observations have been 
designated as Fs effects by Jones2 and Ring-strain 
effects by Friedel.3

I t  is known that molecules of the 4,5-dimethyl- 
phenanthrene type possess streric interferences 
between the C4 and C6 substituents. This was 
demonstrated by the resolution of 4,5,8-trimethyl- 
phenanthryl-l-acetic acid into its optical enantio- 
morphs.6 I t seems likely that this “intramolecular 
overcrowding”7 is responsible for the decrease in fine 
structure shown by their spectra.3 9 In accord with 
this postulate, the spectrum of 4-methylphenan- 
threne, which should be intermediate in degree 
of intramolecular overcrowding between phenan- 
threne and the 4,5-dimethyl derivative, exhibits 
fine structure detail intermediate between the 
latter two compounds. An analogous relationship 
has been shown to exist in the chrysene series.213'3 
In all cases, the spectrum of the unsubstituted 
hydrocarbon, which possesses no steric interferences 
between the 4 and 5 substituents, exhibits the same 
amount of fine structure as that of the methylene- 
bridged compounds.

D iscu ss io n . I t  was of interest to ascertain if the 
above effect, regardless of its name or origin, 
existed in the benzo[c]phenanthrene (V) ring sys-

VII

Vollmann and co-workers10 originally prepared 
VI via  zinc dust distillation of 1,8,9-naphthanthrone- 
10 (VII) or of 3-carboxy-l,8,9-naphthanthrone-2. 
In our hands zinc-sodium hydroxide reduction of 
the ketone (VII) afforded the hydrocarbon (VI) in 
20% yield, but Clemmensen reduction afforded a 
mixture of VI and a second hydrocarbon. The latter, 
through a comparison of ultraviolet spectra, has 
been tentatively identified as 2,3-trimethylene- 
pyrene (VIII), previously prepared by Scholl and 
Meyer.11 10 11 12 13 Recently, Clar and Stewart123 performed 
a reduction of VII and reported isolating only VIII, 
no mention being made of VI.12,3 The formation of 
VIII in these reductions finds analogy in the report 
that reduction of benzanthrone with phosphorus 
and hydriodic acid afforded only 1,10-trimethylene- 
phenanthrene.13

As expected, the spectrum of VI was similar in 
over-all shape to that of l,12-dimethylbenzo[c]- 
phenanthrene (IX) but the former possessed a much

V

tern. I t  has been noted that the degree of fine 
structure present in the spectra of derivatives of 
V increased in the order l,12-dimethyl<l-methyl< 
unsubstituted V.8 Newman and co-workers have 
demonstrated that l-methylbenzo[c]phenanthryl-
4-acetic acid9a and l,12-dimethylbenzo(c)phenan- 
thryl-5-acetic acid0b are nonplanar by resolving them 
into their optical enantiomorphs. This nonpla
narity was attributed to intramolecular over
crowding between the 1 and 12 substituents.

By analogy with the phenanthrene and related 
systems, it could be predicted that a methylene- 
bridged hydrocarbon, 1,8,9-naphthanthracene (1,-
12-methylenebenzo[c]phenanthrene) (VI), should 
afford the spectrum of a 1,12-disubstituted benzo-
[c]phenanthrene devoid of any steric interferences 
characteristically associated with the 1,12- posi
tions. Its spectrum was expected to exhibit con
siderable fine structure.

(6) M. S. Newman and A. B. Hussey, J. Am. Chem. Soc., 
69, 3023 (1947).

(7) M. S. Newman, J. Am. Chem. Soc., 62, 2295 (1940).
(8) M. S. Newman and M. Wolf, J. Am. Chem. Soc., 74, 

3225 (1952).
(9) (a) M. S. Newman and W. B. Wheatley, J. Am.

Chem. Soc , 70, 1913 (1948). (b) M. S. Newman and R. M.
Wise, J. Am. Chem. Soc., 78, 450 (1956)

larger number of well defined absorption maxima 
(Fig. 2). A comparison with the spectrum of 
benzo[c]phenanthrene (V) indicated that VI ex
hibits even more fine structure than the former 
(Figs. 2 and 3). In fact, the spectrum of V re
sembles that of IX  more closely than that of VI. 
This relationship is in contrast with the phenan- 
threne-like systems in which there is essentially no 
difference between the spectra of the unsubsti
tuted and the bridged hydrocarbons. This sug
gested that even in benzo[c]phenanthrene (V) 
itself there exists significant intramolecular over
crowding between the Ci and Ci2 hydrogen atoms. 
This conclusion has been supported by the recently 
completed x-ray analysis of benzo[c]phenanthrene 
in which the molecule was found to be considerably 
distorted in order to prevent carbons 1 and 12 
from approaching closer than 3.0 A, the minimal 
approach distance of sp2 hybridized carbon atoms

(10) H. Vollman et al., Ann., 531, 1 (1937).
(11) R. Scholl and K. Meyer, Ber., 69, 156 (1936).
(12) (a) E. Clar and D. G. Stewart, J. Am. Chem. Soc., 

75, 2667 (1953). (b) In spite of this report, Clar and Stewart 
(ref. 16) had described the spectrum of VI earlier. However, 
their method of preparation of VI was not revealed and 
remains a mystery.

(13) E. Clar and Fr. Furnari, Ber., 65, 1420 (1932).
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Fig. 2. l,12-Dimethylbenzo[c]phenant.hrene (IX). 1,8,9- 
Naphthanthracene (VI)

carrying hydrogen.14 This is the first time in a 
series of this type that the unsubstituted hydro
carbon has been found to spectrally and, therefore, 
structurally resemble an overcrowded derivative 
more closely than a planar, bridged derivative. 
I t  is thus apparent that reliable evidence regarding 
steric interactions in polynuclear systems may be 
obtained by an examination of the UV spectra of a 
properly constituted series of derivatives.

Further evidence for steric interferences between 
the 1 and 12 hydrogens in benzofc]phenanthrene 
was obtained by a comparison of its spectrum with 
that of the elusive and only recently synthesized 
hydrocarbon, 6,7 - dimethylenebenzo[c]phenan- 
threne (X)15 (Fig. 3). The latter exhibited more

fine structure detail than V in the long wave
length region. This is probably due to the severe

(14) G. M. J. Schmidt and F. H. Iierbstein, J. Chem. Soc., 
3302 (1954).

(15) F>. D. Phillips and D. X. Chatterjee, J. Am. Chem. 
Soc., 80, 4364 (1958).

Fig. 3. Benzo[c phenanthrene (V). 6,7-Dimethylenebenzo- 
[c] phenanthrene (X)

limitations imposed on the freedom of the aromatic 
nucleus by the restraining dimethylene bridge. 
The spectrum of 6,7-trimethylenebenzo [c]phe- 
nanthrene16 also exhibited fine structure detail 
similar to that shown by X. Since introduction of 
a carbon bridge increased the fine structure, the 
original molecule must have been somewhat flexible 
due to intramolecular overcrowding.17

Friedel3 observed that the greatest spectral 
effect of a fused alicyclic ring was the enhance
ment of the intensity of the longest wave-length 
bands. This effect has indeed been observed in the 
spectra of both VI and X.

E X P E R IM E N T A L 18

Reduction of 1 :S,9-naphthanthrone. A. Clemmensen reduc
tion. A solution of 2.5 g. (0.01 mole) of ketone (VII) in 15 ml. 
of toluene was heated under reflux for 26 hr. with 4.3 g. of 
zinc amalgam and 10 ml. of concentrated hydrochloric acid. 
The solution was cooled, the organic layer separated, and the 
aqueous portion extracted exhaustively with benzene. The 
combined organic layers were dried and the solvent removed

(16) E. Clar and D. G. Stewart, J. Am. Chem. Soc., 74, 
6235 (1952).

(17) L. L. Ingraham in “Steric Effects in Organic Chemis- 
trv,” ed. by M. S. Xewman, John Wiley and Sons, Inc., 
New York, 1956, p. 479.

(18) Ultraviolet spectra were recorded in 95% ethanol 
solution using Beckmann DK and Cary model 11 spectro
photometers. Analyses are by Schwarzkopf Microanalytical 
Laboratory, Woodside 77, N. Y. Melting points are uncor
rected.



8 3 6 ROSENTHAL AND SCHWARTZMAN VOL. 2 4

leaving 2.3 g. of a brown solid mass, m.p. 140°. A solution 
of 0.5 g. of the latter was taken up in 10 ml. of benzene and 
passed through a column containing 15 g. of neutral alumina 
(Merck) to afford 0.05 g. of crude hydrocarbon (benzene 
eluent) and 0.30 g. of unchanged ketone (VII) (chloroform 
eluent). The former was recrystallized from 95% ethanol 
as pale yellow needles, m.p. 118-120°, unchanged upon 
further recrystallization.

This hydrocarbon (50 mg.) was dissolved in 2 ml. of 
benzene-hexane (50:50) and passed through a column con
taining 5 g. of acidic alumina (Merck). The first fraction (10 
mg.) was recrystallized from 95% ethanol to afford VIII 
as colorless fine needles, m.p. 108-109°, XS,oh (log e) 235 mg 
(4.7), 244 (4.9), 256 (4.1), 266 (4.5), 277 (4.7), 313 (4.1),
327 (4.5), 343 (4.6), 357 (3.5), 369 (2.8), and 377 (3.4).
(Lit., m.p. 107-108°,11 112-113“12; the spectra were super- 
imposable in all respects.12)

The second fraction (20 mg.) was recrystallized from 95% 
ethanol to afford VI as pale yellow plates, m.p. 123-124°, 
kE.0H (log t) 218 mg (4.6), 228 (4.4), 235 (4.5), 269 (4.4),
279 (4.6), 290 (4.7), 311 (3.9), 325 ( 3.9), 340 ( 3.8), 356
(3.3), 367 (2.9), 374 (3.2). (Lit.,10 m.p. 134°.)

Anal Calcd. for C19H12: C, 94.97; II, 5.03. Found: C, 
94.80; H, 5.09.

B. Zinc-sodium hydroxide reduction. A mixture of 1.0 g. 
of ketone (VII) and 8 g. of zinc dust in 60 ml. of 10% sodium 
hydroxide solution was covered with 10 ml. of 1-hexanol and 
heated under reflux for 6 hr. The solution was evaporated 
and acidified with 6.V hydrochloric acid. The resulting black 
precipitate was filtered, dried, and pyrolyzed for 15 min. 
at 280° and 0.5 mm. pressure. The yellow sublimate (0.30 
g.) was chromatographed on 10 g. of acidic alumina to afford 
0.13 g. of hydrocarbon (VI) and 0.08 g. of unchanged ketone
(VII). The former was recrystallized from 95% ethanol as 
pale yellow plates, m.p. 123-124°, undepressed on admixture 
with that prepared via method A.
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The reactions of propargyl halides with nickel carbonyl have been studied. Carbox.ylation of propargyl bromide at 70° 
and atmospheric pressure yielded ethyl 3-bromo-3-butenoate (I). Partial reduction of I with LiAlH4 yielded 3-bromo-3- 
buten-l-ol which upon ozonolysis yielded formaldehyde. A mechanism is given which postulates the formation of an allenic 
ester, ethyl 2,3-butadienoate (II), intermediate. In the case of propargyl chloride both II and ethyl 3-chloro-3-butenoate
(III) were isolated. Lower yields of product were obtained when the reaction was run under carbon monoxide pressure. 
This result is consistent with the hypothesis of Wender that the first step of the reaction is the formation of an acetylenic- 
carbonyl complex and carbon monoxide.

In the course of investigations being carried out 
in our laboratories, propargyl halides were car- 
boxylated with nickel carbonyl. The recent disclo
sure by Jones, Whitham, Whiting1 of similar work 
made it desirable for us to release our findings.

According to Raphael2 propargylic bromides in 
ethanol react with nickel carbonyl and water to 
yield bromine-free allenic acids. In our laboratories 
when propargyl bromide in ethanol was caused to 
react with nickel carbonyl at 70° and atmospheric 
pressure, an evolution of heat took place and in
stead of a halogen-free allenic acids being formed, 
ethyl 3-bromo-3-butenoate, CH2=C B rC H 2C 02- 
C2H5 (I), was obtained in 21% yield. The char
acterization of I presented some interesting prob
lems. Due to the presence of the bromine atom, 
infrared analysis could not distinguish whether 
the ester contained a terminal methylene group or 
a double bond conjugated with the carbonyl group. 
Semimicro hydrogenation revealed that two moles

(1) E. R. H. Jonos, G. H. Whitham, and M. C. Whiting, 
J. Chem. Soc., 4628 (1957).

(2) R. A. Raphael, Acetylene Compounds in Organic Syn
thesis, Academic Press, N. Y., 1955, p. 138.

of hydrogen was absorbed per mole of compound. 
Although the compound did not give a positive 
halide test when tested directly with alcoholic 
silver nitrate, it was found to contain approximately 
39% bromine when the solution formed by either 
hydrogenating the sample or heating it one hour 
with caustic, was analyzed for halide ion. Saponi
fication equivalents of several samples averaged 
190. Vapor phase chromatographic analysis in
dicated the presence of a single compound of 90+% 
purity. All these data were consistent with the 
ethyl ester of a monobromobutenoic acid, which 
would have a molecular weight of 193 and would, 
under the conditions used, absorb two moles of 
hydrogen (hydrogenation of the double bond and 
hydrogenolysis of the bromine atom). The problem 
of which isomer was present, however, was as yet 
undecided. Therefore, the hydrogenated solution 
was saponified and yielded the potassium salt of an 
acid which was converted to n-butyro-p-toluide, 
and the p-bromo- and p-phenylphenacyl esters of 
rt-butyric acid. Thus the carbon skeleton was that 
of w-butane. The location of the halogen atom was 
assigned to the third carbon atom by the fact that
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saponification of the ester followed by acidification 
with further refluxing yielded acetone. The re
action sequence is pictured as in equation (1).

2 0 H "
CH2= C —CH-—C02C,H5 ------->

I
Br

2HjO +
CH2= C —CH2—C02 -  CH3—C—CH3 (1)

| -co . it
o -  6

Despite the fact that infrared analysis suggested a 
terminal methylene group, this was not confirmed 
by ozonolysis. The compound was ozonized but 
attempts to isolate formaldehyde either as the 2,4- 
dinitrophenylhydrazone or as the dimedone ad
duct failed. However, the presence of the terminal 
methylene group was established by the method 
of Lemieux and RudlofP which consisted of 
oxidizing the compound with a periodate-perman
ganate mixture at pH 7 and then observing the 
color formed by the addition of chromotropic acid 
to the formaldehyde formed. Partial reduction of
I with lithium aluminum hydride yielded 3-bromo-
3-buten-l-ol which was characterized by infrared 
analysis, bromine analysis, hydrogen and hydroxyl 
numbers, and preparation of a derivative. Ozonoly
sis of this compound in the presence of 2,4-dinitro- 
phenylhydrazine yielded formaldehyde 2,4-dini- 
trophenylhydrazone.

The mechanism for the formation of I can be 
visualized as follows:

/ ^ *  C iH iO H  HBr
H—C =C —CH2Br ------- >- H—C =C =C H 2 — >

^CO ¿O2C.H5

( I I )  .ethyl 2,3-butadienoate
H BrI

H—C—C =C H 2

CO2C2H5
(0

It was hoped that ethyl 2,3-butadienoate (II) 
could be isolated from the reaction mixture and 
caused to react with hydrobromic acid to form I 
and thus lend support to this mechanism. How
ever, none was isolated from the propargyl bromide 
carboxylation mixture. Because of the well-known 
relationship of the rates of addition of hydrobromic 
acid and hydrochloric acid to double bonds, it was 
hoped that II (formed from the analogous carboxyl
ation of propargyl chloride) could be isolated before 
it reacted with the hydrochloric acid present. 
Consequently, propargyl chloride was carboxylated 
at atmospheric pressure and small yields of both
II and ethyl 3-chloro-3-butenoate (III) were 
isolated. II was identified by its infrared spectrum, 
hydrogen number, and saponification equivalent. 
The index of refraction of II was the same as re

ts) R. U. Lemieux and K. von KudlofT, Can. J . Chian., 33,
1710 (1955).

ported by Eglenton et a l . ,*  but the boiling point 
(44°/130 mm.) differed from ours (92-94°/140 
mm.). However, hydrolysis of II with dilute sodium 
hydroxide yielded 2,3-butadienoic acid, m.p. 63- 
65°, the same melting point reported by them. I ll , 
which was not either ethyl /S-chlorocrotonate or 
-isocrotonate reported by Hatch and Perry,5 was 
characterized by the same sequence of reactions 
used to identify I. Some support for the mecha
nism was gotten from the fact that when hydro
chloric acid was caused to react with II, the only 
products obtained were II and III.

The low yield obtained in the carboxylation of 
propargyl chloride was believed to be due to the 
fact that the boiling point (65°) of propargyl 
chloride was lower than the reaction temperature 
(70°). The carboxylation, therefore, was carried 
out in an autoclave and a 30% yield of a mixture of 
II and III  was isolated. No heat was used, an ex
otherm was avoided, and 88% of the product was 
II.

This work is comparable to that of Jones, 
Whitham, and Whiting2 in winch they carboxy
lated 3-chloro-3-methyl-l-butyne in the presence 
of sodium acetate buffer to remove the hydro
chloric acid formed and obtained a 34% yield of
4-methylpenti-2,3-dienoic acid along with 11% 
of its ethyl ester. In the case of propargyl chloride 
they reported a 6% yield of buta-2,3-dienoic acid, 
but made no mention of an ester fraction.

Several attempts were made to carboxylate pro
pargyl chloride under an elevated carbon monoxide 
pressure (400-2000 p.s.i.g.) and it was found that 
considerably less carboxylation took place. These 
data indicate it is possible that carbon monoxide 
inhibits the carboxylation. This conclusion is 
analogous to that of Natta, Ercoli, Castellano, and 
Barbieri6 who, in a study of the hydroformylation 
reaction, found that above carbon monoxide partial 
pressures of 10 atm. the percent olefin conversion 
decreased with increasing pressure. They postu
lated that the first step involved the reaction of the 
olefin with cobalt carbonyl to form an olefin- 
carbonyl complex and carbon monoxide. I t is pos
sible, therefore, that the first step of the carboxyla
tion of acetylenic compounds with nickel carbonyl 
involves the reaction of the two compounds to 
form an acetylenic-carbonyl complex and carbon 
monoxide. This has been shown7 to be the case in 
the reaction of acetylenes and cobalt carbonyl 
as shown in equation (2). Carboxylations of
R—C =C —R' +  Co(CO)8 — >
__________  RC2R'Co2(CO)6 +  2 CO (2)

(4) G. Eglenton, E. R. H. Jones, G. H. Mansfield, and 
M. G. Whiting, J. Chan. Soc., 3197 (1954).

(5) L. F. Hatch and R. H. Perry. ./. .4m. ('hem. Soc., 77, 
1137 (1955).

(6) G. Natta R. Ercoli, S. Castellano, and F. H. Barbieri, 
J. Am. Chem. Sac., 76, 4049 (1954).

(7) I. Wonder, H. W. Sternberg, H. Greenfield, R. A. 
Friedel, J. Wotiz. and R. Markbv, J. Am. Chem. Soc., 76, 
1457 (1954).
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propargyl chloride with cobalt carbonyl both in the 
absence of carbon monoxide and under elevated 
carbon monoxide pressure were attempted and 
yielded no carboxylation product.

E X P E R IM E N T A L

Carboxylation of propargyl bromide. A mixture of freshly 
distilled propargyl bromide (119 g., 1.0 m.), absolute ethanol 
(100 ml.), and concentrated hydrochloric acid (59.5 g., 0.6 
m.) was placed into a 4-necked flask having a stirrer, ther
mometer, dropping funnel, and condenser. Nitrogen was 
swept through the system while the stirred solution was 
heated to 70°. At this temperature a small portion of a solu
tion of nickel carbonyl (39 g., 0.23 m.) in absolute ethanol 
(100 ml.) was added to the reaction mixture. After a short 
induction period an exothermic reaction took place and the 
solution was kept at 70° (heating mantle removed) by the 
rate of addition of carbonyl solution. At the end of the 
reaction (1.5 hr.) the temperature gradually dropped to 45°. 
Ether was added, the pot was heated, and everything 
distilling off below 82° was discarded. The contents were 
cooled, dissolved in ether, and washed with 5% sodium 
bicarbonate solution. The dried (magnesium sulfate) layer 
was distilled through a 6-in. Vigreux column and yielded 
46 g. (24%) of ethyl 3-bromo-3-butenoate boiling at 82° 
(23 mm.). The crude product was redistilled through a 
helix-packed Todd column (900 X 12 mm.) and there was 
obtained 33.2 g. of product boiling at 85° (25 mm.); n* 2D3 * 
1.4650. Infrared: 5.75 y (vs), 6.12 y (s), 8-9 y (vs), 11.1 y 
(vs).

Anal. Calcd. for C6H902Br: Br, 41.4; Hydrogen No., 2.0; 
Sapon. Equiv., 193. Found: Br (hydrogenation), 39.8, 
Br (caustic), 39.1; Hydrogen No., 1.9; Sapon. Equiv., 191.

The experiment was repeated using acetic acid instead of 
hydrochloric acid and a 21% yield of the same product was 
obtained.

Proof of structure of ethyl 3-bromo-S-butenoate. (a) Carbon 
skeleton. (1) The carboxylation product (13 g., 0.07 m.) 
was hydrogenated over pre-reduced platinum oxide catalyst 
at atmospheric pressure and room temperature. The absorp
tion was 1.9 moles of hydrogen per mole of compound. 
Solid potassium hydroxide (4 g., 0.07 m.) was added to the 
alcoholic ester solution and the mixture was refluxed 1 hr. 
The ethanol was removed under reduced pressure to give
5.8 g. of solid. This potassium salt was converted by stand
ard methods into the p-bromophenacyl ester, the p-phenyl- 
phenacyl ester, and the p-toluidide. Table I summarizes the 
results. The acid, therefore, was »-butyric acid.

TABLE I
Literature Value, 

M.P., °C.

Derivative

Iso-
butyric

Acid

n-
Butyric

Acid

Observed
M.P.,

°C.
p-Bromophenaeyl ester 77a 63“ 62-63e
p-Phenylphenacyl ester 896 826 79-80
p-Toluidide 106° 7Zd 68-70
“ W. L. Judefind and E. E. Reid, J. Am. Chem. Soc., 42, 

1055 (1920). 6 P. W. Clutterbuok, H. Raistrick, and F. 
Reuter, Biochem. ./., 29, 880 (1935). c L. F. Fieser, J. L. 
Hartwell, and A. M. Seligman, J. Am. Chem. Soc., 58, 1226
(1936). d P. W. Robertson, J. Chem. Soc., 115, 1220 (1919). 
e Authentic sample melted at 61-62°; mixed m.p. with 
unknown sample, 61-62°.

(2) Carboxylation product (50 g., 0.26 m.) was dissolved
in 125 ml. anhydrous ether and over a period of 3 hr. lithium
aluminum hydride (9.5 g., 0.25 m.) was added with gentle

refluxing. The reaction was stirred overnight and water was 
added to the mixture at such a rate that there was gentle 
refluxing. The solution was filtered, the filtrate was dried 
(magnesium sulfate), distilled under reduced pressure 
through a 6-in. Vigreux column, and there was isolated 11.6 
g. of 3-bromo-3-buten-l-ol boiling at 80-85° (16 mm.); 
nl° 1.4949.

Anal. Calcd. for C<H7OBr: Br, 53.0; Hydrogen No., 2.0; 
Hydroxyl No., 1.0. Found: Br, 53.0; Hydrogen No., 2.1; 
Hydroxyl No., 1.0.

3-Bromo-3-buten-l-ol was converted into its 3,5-dinitro- 
benzoate which after two recrystallizations (ethanol-water) 
melted at 57.5-58.0°.

Anal. Calcd. for CiiH9N206Br: C, 38.3; H, 2.6; N, 8.1. 
Found: C, 39.0; H, 2.7; N, 8.3.

3-Bromo-3-buten-l-ol (1.1 g.) wras dissolved in 25 ml. 
benzene and completely hydrogenated over pre-reduced 
platinum oxide catalyst at atmospheric pressure and room 
temperature and 2.0 moles of hydrogen was absorbed per 
mole of compound. The catalyst w-as removed by filtration 
and 1 g. of alpha-naphthyl isocyanate was added. The solu
tion was warmed on the steam bath and the benzene re
moved by evaporation. »-Hexane was added and a high 
melting solid separated. The filtrate was concentrated and a 
solid melting at 60-65° separated. Recrystallization three 
times from »-hexane raised the m.p. to 68-69°. The melting 
point of a mixture of this compound and the alpha-naphthyl- 
urethane of »-butanol (m.p. 70°) was 68-69°.

(b) Location of bromine atom. Ethanol (40 ml.) was added 
to a mixture of propargyl bromide carboxylation product 
(10 g., 0.05 m.) and 150 ml. water containing 5 g. (0.13 m.) 
sodium hydroxide until the solution was homogeneous and 
the mixture was allowed to stand overnight at room tem
perature. Concentrated hydrochloric acid (15 ml.) was 
added and the solution was heated 1 hr. on the steam bath. 
The solution was cooled and a solution of 10 g. (0.05 m.) of
2,4-dinitrophenylhydrazine in 20 ml. concentrated sulfuric 
acid and 5 ml. water -was added. There was obtained 5 g. 
(0.02 m.) of acetone 2,4-dinitrophenylhydrazone melting 
at 125-126°. No depression was observed on the melting 
point of a mixture of it and authentic acetone 2,4-dinitro
phenylhydrazone.

(c) Location of the double bond. (1) Permanganate-periodate 
oxidation. A sample of the compound was oxidized according 
to the method of Lemieux and Rudloff.3 Propargyl bromide 
carboxylation product (10 ml. of a solution made by dis
solving 3 drops of compound in 300 ml. water) was adjusted 
to pH 7.0-7.6 with 0.1V potassium carbonate. Then 10 ml. 
of 0.02M potassium meta-periodate and 1 ml. of 0.005V 
KMn04 were added. The solution was made up to 25 ml. and 
a 5 ml. aliquot was removed and added to a mixture of 2 
ml. of 1M sodium arsenite and 2 ml. of 2V sulfuric acid. The 
solution was allowed to stand 15 min. and then a 1 ml. 
aliquot was added to 10 ml. of chromotropic acid reagent 
(1 g. of acid dissolved in 100 ml. of H20  and the solution 
made to 500 ml. with 2:1 v/v sulfuric acid-water mixture) 
and heated on a boiling water bath for 30 min. An intense 
violet color appeared signifying the presence of a terminal 
methylene group.

(2) Ozonolysis of 8-bromo-3-baten-l-ol. 3-Bromo-3-but,en- 
l-ol, (1 g.) was dissolved in 100 ml. of methanol and this 
solution was ozonized (Welsbach Corp. Model T-23 Labora
tory Ozonator) at 0° for 100 min. Then 1.5 g. of 2,4-dinitro
phenylhydrazine in 5 ml. of concentrated sulfuric acid was 
added. A small amount of amorphous solid precipitated. The 
addition of water to the filtrate yielded a yellow compound 
melting at 140-148°. Recrystallization from ethanol (char
coal) gave a solid melting at 166-168°. The melting point 
of a mixture of it and acetaldehyde 2,4-dinitrophenyl
hydrazone (m.p. 167-168°) showed melting point depres
sion, m.p. 130+°; but with authentic formaldehyde 2,4- 
dinitrophenylhydrazone (m.p. 166-167°) no depression, 
m.p. 166-167°.

Stoichiometric carboxylation of propargyl chloride with
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nickel carbonyl. Propargyl chloride (50 g., 0.66 m.), acetic 
acid (30 g., 0.66 m.), water (12 g., 0.66 m.), 95% ethanol 
(38 g., 0.83 m.), and hydroquinone (trace) were placed in 
Dry Ice and then placed in a stainless steel autoclave of 300 
ml. capacity. Nickel carbonyl (26 g., 0.15 m.), was frozen 
in a test tube and the open tube carefully placed in the 
autoclave. The autoclave was sealed and rocked for 1 hr., 
during which time no heat evolution was observed. The 
contents were extracted with ether, the ether solution dried 
(magnesium sulfate), stripped, and the residue distilled 
under reduced pressure (nitrogen bleeder) through a 6-in. 
Yigreux column. There was obtained 21 g. of a mixture 
which was 88% ethyl 2,3-butadienoate (II) and 12% ethyl 
3-chloro-3-butenoate (III). A portion of the product was 
distilled through a Todd column (900 X 12 mm.) at reduced 
pressure and compounds II and III were obtained.

II boiled at 92-94° (140 mm.); n2D4 1.4578. It exhibited 
infrared absorptions at 5.06 and 5.13 microns characteristic 
of the terminal allenic group, and at 5.82, 7.95, and 8.5 
microns characteristic of an alpha,beta-unsaturated ester.

Anal. Calcd. for CsHsCh: Cl, 0.0; Hydrogen No., 2.0; 
Sapon. Equiv., 112. Found: Cl, 0.3; Hydrogen No., 1.9; 
Sapon. Equiv., 121.

Saponification of II for 10 min. on a steam bath with IN  
sodium hydroxide, followed by acidification to pH 4.5 with 
dilute sulfuric acid and extraction with ether yielded 2,3- 
butadienoie acid, m.p. 63-65° (4).

III boiled at 67° (75 mm.); n2D4 1.4389. It exhibited infra
red absorptions at 5.76 and 8.40 microns characteristic of 
an ester group. Absorptions at 6.12 and 11.16 microns 
indicated the presence of a branched terminal vinyl group. 
No allenic group absorption could be detected in this 
sample.

Anal. Calcd. for CeHgOjCl: Cl, 23.6; Hydrogen No., 2.0; 
Sapon. Equiv., 74.0. Found: Cl, 23.5; Hydrogen No. 2.1; 
Sapon. Equiv., 75.6.

Reaction of ethyl 2,3-huladienoate (II) with concentrated 
hydrochloric acid. II (3.1 g., 0.03 m.) and 12iV hydrochloric 
acid (3.5 ml., 0.03 m.) were mixed with 95% ethanol (10 
ml.) at room temperature with stirring. After being allowed 
to sit overnight, the solution was warmed on a steam bath 
for 15 min. and allowed to sit 1 hr. while cooling. Water was 
added, the layers were separated, and the organic layer was 
washed again with water. The water layers were combined 
and found by titration to contain 0.016 m. hydrochloric 
acid, i.e., about half had reacted. The organic layer (2.3 g.) 
was dissolved in ether, extracted with 5% sodium bicar
bonate, dried over magnesium sulfate, filtered, and con
centrated. An ester residue (0.7 g.) was obtained which 
infrared analysis indicated was a mixture of II and III.

Proof of structure of ethyl 3-chloro-3-butenoate (III), (a) 
Carbon skeleton. A sample of compound III was hydro
genated and saponified in a manner similar to that done to 
ethyl 3-bromo-3-butenoate (see above). The p-bromo-

phenacyl ester made from the sodium salt of the acid 
melted at 63-64°. The melting point of a mixture of it ai d 
authentic p-bromophenacyl-n-butyrate showed no depres
sion.

(b) Location of the chlorine atom. A portion of the ethyl 
3-chloro-3-butenoate was saponified, acidified, and then 
treated with 2,4-dinitrophenylhydrazine as was done 
was to ethyl 3-bromo-3-butenoate (see above). There was 
obtained a 2,4-dinitrophenylhydrazone melting at 122-125°. 
The melting point of a mixture of it and authentic acetone
2,4-dinitrophenylhydrazone showed no depression.

Catalytic carboxylation of propargyl chloride with nickel 
carbonyl. A series of carboxylations was run and the follow
ing is a description of a typical experment. Propargyl chlo
ride (50 g., 0.66 m.), acetic acid (30 g., 0.66 m.), water (12 
g., 0.66 m.), 95% ethanol (48 g., 1.04 m.), and hydroquinone 
(trace) were placed in Dry Ice and then placed in a stainless 
steel autoclave of 300 ml. capacity. Nickel carbonyl (2.6 g., 
0.02 m.), was frozen in a test tube and the open tube placed 
in the autoclave and the autoclave sealed. The system was 
charged with 2000 p.s.i.g. carbon monoxide and the system 
was heated and rocked at 90° for 2 hr. The cold absorption 
was 1400 p.s.i. The contents (26 g.) were extracted with 
ether, the ether solution dried (magnesium sulfate), and the 
ether removed under reduced pressure (nitrogen bleeder). 
The residue was distilled under reduced pressure through a 
6-in. Vigreux column and yielded 13 g. (12%) of material 
boiling at 75-80° (30 mm.), » ’D‘ 1.4330. The product by 
anafy-sis was 73% ethjd 3-chloro-3-butenoate.

Attempted carboxylation of propargyl chloride with cobalt 
carbonyl. Cobalt carbonyl solution in benzene (0.1 g./ml.) 
was made from cobalt carbonate and CO:H2 (1:1) according 
to the directions of Vender, Greenfield, and Orchin.8 Prop- 
pargvl chloride was treated with cobalt carbonyl in 
reactions analogous to those done with nickel carbonyl 
and in neither the stoichiometric nor the catalytic reaction 
was an insoluble carboxylation product obtained.

A cknow ledgm en t. The authors are indebted to the 
General Aniline and Film Corp. for the generous 
supply of propargyl chloride and bromide. We 
acknowledge also the help of Dr. Charles Teitel- 
baum of the Battelle Memorial Institute for the 
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and the Analytical Group of the Koppers Co., with 
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V e r o n a , P a .

(8) I. Wender, H. Greenfield, and M. Orchin, J. Am. 
Chem. Sor., 73, 2656 (1957).
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Dimethyl sulfate reacted with sodium acetylide in organic diluents such as xylene to form 80-85% yields of propyne, along 
with 8-20% yields of 2-butyne. One of the unusual features of this reaction is that both of the methyl groups of the di
methyl sulfate are utilized in the alkylation. A mixture of xylene and dimethylformamide (115-45 volume %) was found to 
be an excellent medium for alkylation of sodium acetylide by alkyl bromides. n-Butyl bromide reacted with sodium acetylide 
to form 1-hexyne in 80% yield. Several other reaction media, such as n-butyl ether-dimethylformamide, were equally satis
factory.

Monoalkyl acetylenes (1-alkynes) usually are 
prepared by reaction of sodium acetylide with 
alkyl halides, sulfates, etc., in liquid ammonia. An 
excellent review has been prepared by Nieuwland.3 
Vaughn, Hennion, Vogt, and Nieuwland4 5 have re
ported results of extensive investigations of the re
action of alkali acetylides with organic halides and 
sulfates in ammonia. Dimethyl sulfate and diethyl 
sulfate reacted to form the corresponding 1-alkynes 
in 50-100% conversions. Only one alkyl group re
acted. Alkyl bromides, from n-propyl to n-amyl, 
formed 1-alkynes in 44-80% yields. The higher yields 
were obtained at elevated temperatures and at 
superatmospheric pressure, an operation described 
as hazardous by these authors4. Pressure reactions 
were necessary for alkyl halides of 10 carbon and 
greater chain length. Presumably the higher tem
peratures achieved in this way increased the solu
bility of the alkyl halides, thus allowing reasonably 
satisfactory reaction. Alkyl iodides were too reac
tive, forming large quantities of by-product olefins 
and amines. Alkyl chlorides were less reactive than 
bromides. Chlorides were inconvenient because their 
boiling points are usually very close to those of the 
product 1-alkyne, making separation and purifica
tion very difficult.

When these authors4 attempted to dilute the 
ammonia with organic materials, such as diethyl 
ether, ethylene diamine, etc., yields of 1-alkynes 
were greatly reduced.

In a more recent paper, Pomerantz et a l . f  re
(1) Part I. Preparation of Sodium Acetylide by Reaction 

of Acetylene with Sodium in Organic Media, J. Org. Chem., 
22,649-652(1957).

(2) Present address: Atlas Powder Co., Wilmington, Del. 
This work was carried out at The Central Research Labo
ratories, Air Reduction Co., Inc., Murray Hill, N. J. The 
reactions described in this paper are covered by issued pat
ents assigned to Air Reduction Co., Inc. (U.S. Patent 
2,848,520 and U.S. Patent 2,846,491).

(3) J. A. Nieuwland and R. B. Vogt, The Chemistry of 
Acetylene, Reinhold Publishing Company, N. Y., 1945, 
pp. 74-80.

(4) T. H. Vaughn, G. F. Hennion, R. R. Vogt, and J. A. 
Nieuwland, J. Org. Chem., 2, 1 (1937).

(5) P. Pomerantz, A. Fookson, T. W. Mears, S. Roth- 
berg, and F. L. Howard, J. Res. Nat’l Bur. Standards, 52,
51 (1954).

ported larger scale (60 mole) preparations of various
1-alkynes. Their results confirm those reported 
earlier.3’4

Only one reference6 was found which describes re
action of sodium acetylide with an alkyl sulfate in 
an organic diluent. Diethyl sulfate reacted with so
dium acetylide in diphenyl ether a t 190° to form 
1-butyne in about 35% yield, based upon one ethyl 
group reacting.

The availability in our laboratories of pure finely 
divided sodium acetylide1 was the starting point for 
the work reported here. Since the sodium acetylide 
was prepared in diluents such as xylene, it was de
cided to study these organic media for alkylation of 
sodium acetlide. The work was directed at simple 
fast reactions which could be carried out a t a t
mospheric pressure.

R ea c tio n  o f so d iu m  acety lide w ith  a lk y l su lfa tes . 
When one mole of dimethyl sulfate was added to a 
slurry of two moles of sodium acetylide in xylene 
(prepared in xylene1) at 90° both methyl groups

TABLE I
R e a c t i o n  o f  S o d i u m  A c e t y l i d e  w i t h  D i m e t h y l  S u l f a t e  

i n  X y l e n e

1 2 3 4
Sodium acetylide, 

moles'1 0.688 0.643 0.706 1.17
Dimethyl sulfate, 

moles 0.344 0.321 0 .353J O.ôS1’
Xylene, grams 165 150 173 274
Mode of addition" Normal Normal Reverse Reverse
Temp., °C. 90 120 90 120
Time, min. 90 90 65 58

Conversion of 
Acetylide, Mole % 

To propyne 85.5 73.1 82.3 83.0
To 2-butyne 7.9 17.5 11.3 10.8
Total conversion 93.4 90.6 93.6 93.8

a 95% pure. Conversions are based on actual sodium 
acetylide content.

6 30% excess added subsequently to complete the reaction. 
c “Normal” addition involved addition of dimethyl sul

fate to sodium acetylide slurry. In “reverse” addition, sodium 
acetylide slurry was added to dimethyl sulfate.

(6) O. Nicodemus, German Patent 562,010 (Feb. 20, 
1931).
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were observed to react. This is the first known case in 
which both alkyl groups of a dialkyl sulfate reacted 
completely with sodium acetylide. About 80-85% of 
the dimethyl sulfate formed propyne, and 8-10% 
went to 2-butvne (typical data are summarized in 
Table I). Total conversions were 90-95%. Addition 
of dimethyl sulfate at 120° resulted in less propyne, 
and about twice as much 2-butyne. “Reverse” ad
dition, i.e ., addition of sodium acetylide slurry to di
methyl sulfate, was decidedly poorer at both tem
peratures. Excess dimethyl sulfate (25-30%) was 
required to form the same quantity of propyne, 
2-butyne mixture as was obtained by ‘‘normal” addi
tion. Again, conversion to 2-butyne was about 10%.

2-Butyne probably resulted from reaction of prod
uct propyne with unreacted sodium acetylide to 
form sodiopropyne (and acetylene), followed by re
action of sodiopropyne with dimethyl sulfate. 
Some acetylene was always found in the crude re
action products. Direct reaction of dimethyl sulfate 
with disodioacetylene (sodium carbide) contained in 
the acetylide was not possible, since disodioacetylene 
was never detected in the sodium acetylide.1 Since 
the sodium acetylide contaned no free sodium, di
rect reaction of propyne to form sodiopropyne could 
not occur. However, in several cases sodium dis
persion was added to the acetylide prior to “methyl- 
ation,” and increased 2-butyne formation was ob
served. Propyne reacted with sodium dispersion 
alone to form sodiopropyne under similar condi
tions. Thus, sodiopropyne once formed will react 
with dimethyl sulfate under these conditions to form 
2-butyne. The necessity for a large excess of di
methyl sulfate in the “reverse” addition procedure 
implies that intermediate sodium methyl sulfate re
acts more slowly than dimethyl sulfate, and that a 
small excess of sodium acetylide is necessary 
throughout the reaction for rapid conversion of the 
methyl group in sodium methyl sulfate into another 
mole of propyne. The following sequence of reac
tions is consistent with all the known facts:
NaC=CH +  (CH3)2S04 — >• CH3C=CH +  NaCH3S04 
CH3C=CH +  X aC =C H ----> CH3C=CXa + 0 2H2
CH3C=CNa +  (CH3)2S04 — >-

OHjC=CCH:! +  XaCH3S04
XaCHjSO, +  XaC=CH — ^  CH3C=CH +  Xa2S04

When diethyl sulfate was treated with sodium 
acetylide as described above, 1-butyne was formed 
in 70% yield, based on both ethyl groups reacting. 
This represents an average of 1.4 ethyl groups react
ing per mole of diethyl sulfate. Prolonged reaction 
times did not increase the yield of 1-butyne.

In one experiment the sodium acetylide was pre
pared by the conventional liquid ammonia proce
dure.4 The ammonia was replaced by xylene, and 
methylation was conducted at 90° in the usual man
ner. Yield of propyne was only 50%. This was pre
sumably due to the fact that the sodium acetylide 
from liquid ammonia could not be dispersed to any

extent in the xylene. The solid remained coarse, 
hard, and flaky even after vigorous stirring. Henn- 
ion and Bell7 have reported a similar experience.

R ea c tio n  o f  so d iu m  acety lide w ith  a lk y l halides. 
Alkyl halides, such as n-butyl bromide, failed to 
alkylate our sodium acetylide in common organic dil
uents such as xylene, n-butyl ether, dioxane, and 
tetrahydrofuran. Consequently, a search for suit
able organic diluents was undertaken. Highly polar 
solvents were studied first, since these alkylation re
actions are ionic processes. A rapid “screening test” 
was devised. Sodium acetylide (dry or in xylene 
slurry) (0.3-0.5 gram) was placed in a few milliliters 
of the diluent. Two or three drops of n-butyl bro
mide were added to the slurry. After a few minutes, 
the characteristic odor of 1-hexyne was easily de
tected when suitable media were present. This sim
ple test was used for screening dozens of diluents.

Although a number of diluents were “active” as 
judged by the screening test, only three diluents 
were found to be useful in preparative work. These 
were, in decreasing order of effectiveness, 
Ar,A—dimethylformamide, hexamethyl phosphoram- 
ide (tris-A’,Ar-dimethyl phosphorus triamide), and 
Ar,AT-dimethylacetamide. Since the best diluent 
(DAIF) was also the most readily available and 
least expensive, it was studied most thoroughly. The 
reaction of n-butyl bromide with sodium acetylide 
to form 1-hexyne was chosen as the model. A few 
experiments showed that pure dimethyl formamide 
was not entirely satisfactory. Yields of 1-hexyne were 
only fair, and excessive decomposition of DAIF 
occurred. Therefore, mixtures of DAIF with other 
organic solvents were studied. From the data sum
marized in Table II (Runs 1-5), it is apparent that 
35-45 volume % dimethyl formamide in xylene was 
quite satisfactory. This was a fortunate situation, 
since the sodium acetylide was usually prepared in 
xylene. Optimum “loading” of sodium acetylide 
was about 2 moles per liter of mixed diluent (Runs
8-10). Reaction time and temperature were not 
critical (Runs 6-7). Reaction for 4-10 hr. a t 25-50° 
gave good yields of 1-hexyne. Best results were ob
tained when the butyl bromide was added to the 
acetylide-diluent mixture. “Reverse addition” (i.e ., 
addition of DAIF to sodium acetylide and butyl 
bromide in xylene) resulted in lower yields. Mix
tures of n-butyl ether and DAIF were equally satis
factory.

?i-Butyl chloride reacted with sodium acetylide in 
DAIF-xylene to form 1-hexyne in only 32% yield. 
This parallels the yields obtained when alkyl chlo
rides were used in liquid ammonia.4 n-Octadecyl 
bromide reacted with sodium acetylide in xylene- 
dimethyl formamide to form 1-eicosyne in 90% 
yield. This is superior to results obtained in liquid 
ammonia. Xo dialkyl acetylenes were found in any 
of the alkylation products.

(7) G. F. Her.nion and E. P. Bell, ./. Am. Chem. Soc., 65, 
1847(1943).
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TABLE II
R e a c t io n  o f  N -B u t y l  B r o m id e  w i t h  S o d iu m  A c e t y l id e  i n  X y l e n e - D im e t h y u  F o r m a m id e  M i x t u r e s

Run No. 1 2 3 4 5 6 7 8 9 10

Sodium acetylide, moles 0.25 0.25 0.25 0.2 0.25 0.25 0.25 1 1 1
«-Butyl bromide, moles 0.25 0.25 0.25 0.2 0.25 0.25 0.25 1 1 1
Volume, % D.M.F." 25 35 44 75 92.3 91 35 37.5 37.5 37.5
Total vol. diluent, cc. 390 380 400 250 215 220 400 240 480 800
Reaction time, hr. 
Reaction

5 5 5 3 1 7 5 8 8 8

Temp.
Product

25-30 25-30 25-30 30 15 -1 0 45-50 25-35 25-30 25-30

1-Hexyne
Conversion* 20 60 64 44 31 32.5 68 60 81 67.5
Yield6 66 67 71 47 31 34.5 73 60 81 67.5

“ Dimethylformamide. 6 Mole % on butyl bromide.

All of the xylene and most of the DM F were re
covered by ordinary vacuum distillation. A small 
amount of the DM F was lost through decomposi
tion. The odor of dimethylamine was noticed in 
many crude reaction mixtures.

Increased solubility of sodium acetylide is un
doubtedly a t least partly responsible for the excel
lent results obtained in mixed diluents. Even so, so
dium acetylide solubility was probably less than 
0.5%. Other factors, such as solvent polarity, and 
solubility of any intermediates, must also be in
volved. More work will be required in order to ex
plain completely the unusual “solvent” effects noted 
here.

E X P E R IM E N T A L

The procedures outlined here are typical of the many 
experiments conducted in the study of these alkylation 
reactions.

Preparation of sodium acetylide. The procedure described 
in Part I 1 of this series was used.

Reaction of Sodium Acetylide with Alkyl Sulfates in Xylene. 
A 1-liter three-necked flask was fitted with a thermometer, 
dropping funnel, and water jacketed reflux condenser. 
The exit end of the condenser was connected to two volu- 
metrically calibrated dry ice traps. A tube of desiccant 
(Drierit.e) was placed at the end of the system to avoid 
condensation of atmospheric moisture in the traps.

The sodium acetylide slurry was placed in the flask, and 
heated rapidly to 90° (or 120°) while stirring at 600-800 
r.p.m. The heat was turned off (heating mantle still in 
place), and dimethyl sulfate was added at a rate such that 
the reaction temperature was maintained at 90-95° (or 120- 
125°). After about 1.25 hr. the exothermic reaction ceased. 
The mixture was quickly heated to reflux (about 140°) until 
no additional material collected in traps. This usually re
quired 5-10 min. of refluxing. The traps were then dis
connected, and the total weight and volume of condensate 
were determined.

“Reverse” addition was identical, except that the sodium 
acetylide slurry was added to dimethyl sulfate heated to 
the desired temperature. Blank experiments showed that 
dimethyl sulfate was stable at these temperatures.

The composition of the crude product was determined 
by infrared spectrographic analysis. The instrument was 
calibrated with known mixtures of pure components. Com
position of the crude product varied, but the product always 
contained a small amount of free acetylene and dimethyl 
ether in addition to propyne and 2-butyne. Fractionation 
through a low temperature column resulted in an acetylene- 
free propyne fraction which contained a trace of dimethyl 
ether, and a pure 2-butyne fraction. The dimethyl ether was 
removed by water scrubbing in some cases.

Reaction of sodium acetylide with n-butyl bromide in xylene- 
DMF mixtures. Sodium acetylide wras suspended in the 
reaction medium (c/. Table II) in a 1-1. three necked flask 
equipped with a stirrer, dropping funnel, and water-cooled 
reflux condenser. The mixture was heated to reaction tem
perature, and «.-butyl bromide was added over a period of 
20 min. After the desired reaction time, the contents of the 
reactor were filtered (suction) into a chilled receiver. A Dry 
Ice trap was placed on the suction line to avoid loss of prod
uct 1-hexyne.

The filtrate was fractionated to isolate l-hexvne (b.p. 
69-71°) and unreacted «-butyl bromide (b.p. 100-102°). 
Total distilled 1-hexyne was confirmed in many cases by 
analysis.8 Further distillation at reduced pressure was 
used to recover xylene and DMF. No 5-decyne was found 
in any of these fractions.

A ckn o w led g m en t. The author is grateful to Dr.
G. L. Moore, Mr. R. L. Siegmann, ami Mr. T, E. 
Johnson for a large amount of experimental work, 
and thanks Dr. B. C. Redmon, Research Director of 
the Air Reduction Co., Central Research Labora
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lishing this work.

M u r r a y  H i l l , N. J.
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(1949).
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Attractive intermediates for polynuclear syntheses are obtainable from the reaction of aryl Grignard reagents and cyclic 
a-chloroketones. The addition reaction leads predominately to the formation of the m-chlorohydrin which rearranges in 
good yield to the a-aryl ketone. Factors affecting the yield of the latter have been investigated.

The reaction of Grignard reagents with cyclic 
a-haloketones may lead to a number of products1 
among which are the c is- and tra n s- halohydrin 
isomers resulting from addition to the carbonyl 
function. One of these isomers can be converted 
in good yield to the corresponding ketone simply 
by heating the halomagnesium addition product.2 
All of the evidence, including stereochemicallc'3 
and mechanistic considerations,4 seems clearly 
to establish that this is the c is  isomer. The tra n s  
isomer, when similarly treated, on the other hand, 
appears to rearrange by way of the epoxide and 
gives rise to a mixture of products.3a,3b'4

This reaction has considerable appeal as a 
synthetic procedure to obtain intermediates for 
polycyclic compounds and has been used in such 
syntheses with 2-chlorocyclohexanone2b,3d’5 and 
with 4-methyl-2-chlorocyclohexanone.3d Because 
of dipolar repulsion the halogen atom in simple 
a-halocyclohexanones exists in an axial confor
mation.6 Consequently, the least hindered side 
for the approach of the entering group to the 
carbon of the coordinated carbonyl group would 
be predicted to be the side opposite to the axial 
halogen atom.7 The cfs-halohydrin should there
fore predominate in the addition of a Grignard 
reagent to simple a-halocyclohexanones or poly
cyclic haloketones such as 2-chloro-l-tetralone and 
2-chlorcindanone. This is the isomer which can be

(1) (a) G. Vavon and B. Tchoubar, Bull. soc. chim., 45, 
965 (1929). (b) E. P. Kohler and M. Tishler, J. Am. Chem. 
Soc., 54, 1594 (1932); 57, 217 (1935). (c) M. Tiffeneau and 
B. Tchoubar, Compt. rend., 198, 941 (1934); 199, 360
(1934). (d) B. Tchoubar and O. Sackur, Compt. rend., 207, 
1105 (1938).

(2) (a) M. Tiffeneau, B. Tchoubar, and S. Letellier, 
Compt. rend., 216, 856 (1943). (b) M. S. Newman and 
M. D. Farbman, J. Am. Chem. Soc., 66, 1550 (1944).

(3) (a) P. D. Bartlett and R. H. Rosenwald, J. Am. 
Chem. Soc., 56, 1990 (1934), (b) P. D. Bartlett, and R. V. 
White, J. Am. Chem. Soc., 56, 2785 (1934). (c) M. Tif
feneau, B. Tchoubar, and S. Letellier, Compt. rend., 217, 
588 (1943). (d) M. S. Newman and W. T. Booth, J. Org. 
Chem., 12, 737 (1947).

(4) T. A. Geissman and R. I. Akawie, J. Am. Chem. Soc.,
73, 1993 (1951).

(5) W. E. Bachmann, G. I. Fujimoto, and L. B. Wick, 
J. Am. Chem. Soc., 72, 1995 (1950).

(6) E. J. Corey, J. Am. Chem. Soc., 75, 2301 (1953); 77, 
5418 (1955).

(7) D. J. Cram and F. A. A. Elhafez, J. Am. Chem. Soc.,
74, 5828 (1952),

rearranged to give good yields of substituted cyclic 
ketone.

We report here a study of the reaction of 2- 
chlorocyclohexanone, 2-chloro-l-tetralone, 2-bromo- 
1-tetralone, 2-chloroindanone, and 2-chloro-l-keto-
1,2,3,4,5,6,7,8-octahydroanthracene with aryl 
Grignard reagents. I t  is possible to isolate the cor
responding ketones, in which chlorine has been re
placed by the organic portion of the Grignard 
reagent, in yields of 50-70% by adding the Gri
gnard reagent to a cooled solution of the chloro- 
ketone in ether-benzene followed by a period at 
reflux. If the reflux period is omitted, it is also pos
sible to isolate the halohydrin addition products 
(except where rearrangement occurs even at low 
temperature or when the molecular weight of 
the chlorohydrin makes distillation difficult) in 
yields of 60-80%. These may subsequently be re
arranged in 80-90% yield. The two-step procedure 
often results in a better over-all yield but the im
provement in yield does not generally offset the 
extra work involved. These results are summarized 
in Table I.

TABLE I
R e a c t i o n  o f  P i i e n y l m a g n e s i u m  B r o m i d e

WITH a-CHLOROKETONES

Product Yield, %
Ketone

from

a-Chloroketone Ketone
Halo
hydrin

halo
hydrin

2-Chlorocyclohexanone 68“ 836 86"
2-Chloro-l-tetralone 43c 60 81
2-Chloro-l-indanone 60 70 92
2-Chloro-l-ke'jO- 52 — —

1,2,3,4,5,6,7,8-octa-
hydroanthraeene

a With p-tolvl, m-anisyl, and o-naphthyl Grignard re
agents the yields of ketone were 68%, 52%, and 50%, 
respectively. 6 With m-anisyl Grignard reagent the yields 
of halohydrin and its rearrangement product were 67% and 
90%, respectively. c 2-Bromo-l-tetralone furnished 24% of 
ketone product.

The results of this study may be generalized in 
the following statements:

(1) For optimum yield, the addition of Grignard 
reagent in ether to a solution of the chloroketone 
(in benzene to prevent precipitation) is to be pre
ferred, particularly where the chlorohydrin inter
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mediate rearranges easily. This order of addition 
minimizes secondary reaction of the Grignard 
reagent with the ketone rearrangement product.

(2) When the addition is carried out at 0 to 5°, 
it is often possible to isolate the intermediate 
chlorohydrin in good yield; when the addition 
is followed by several hours a t reflux, the ketone 
rearrangement product is obtained.

(3) Improved yield of ketone product may be 
realized in some cases by the isolation of the chloro
hydrin followed by subsequent rearrangement by 
treatment with an equivalent of Grignard reagent 
and refluxing.

(4) The principal side reactions appear to be re
action of the chloroketone forming enolate and 
consuming Grignard reagent and formation of 
tertiary alcohols by the reaction of the ketone 
product with Grignard reagent.

(5) Chlorohydrin products formed in this re
action appear to be predominately the c is  stereo
isomers. These are not rearranged by refluxing in 
ether with powdered potassium hydroxide,8 nor 
in benzene ether with sodium hydride, but are 
readily rearranged with one equivalent of Grignard 
reagent followed by refluxing.

(6) Ketone products in yields of 50% to 70% 
may reasonably be expected from the reaction of 
aryl Grignard reagents with cyclic a-chloroketones.

E X P E R IM E N T A L 9’ 10

2-Chlorocyclohexanone. 2-Chlorocyclohexanone was pre
pared by the chlorination of cyclohexanone as described 
earlier.11

2-Chloro-l-phenylcyclohexanol (Procedure A). To an»ice- 
cold solution of 19.5 g. (0.15 mole) of 2-chlorocyclohexanone 
in 150 cc. of dry benzene w as added 100 cc. of 2.3.1/ phenyl- 
magnesium bromide solution in ether (0.23 mole) over a 15- 
min. period. After the addition, the mixture was allowed to 
stir in the ice bath for 0.5 hr. and was then hydrolyzed by 
pouring into ice and hydrochloric acid. The residue, after 
removal of the solvent, was distilled at 0.2-0.3 mm. to give 
3 g. forerun (mostly biphenyl), 26 g. (83%) of 2-chloro-
1-phenyleyclohexanol, m.p. 32-36°, and 2 g. residue. After 
several recrystallizations from petroleum pentane, a sample 
for analysis melted at 37-38°.30

Anal. Calcd. for Ci2Hi6OC1: C, 68.4; H, 7.2. Found: C, 
68.6; H, 7.5.

Rearrangement of 2-chloro-l-phenylcyclohexanol with phenyl- 
magnesium, bromide (Procedure B). A solution of 7.0 g. (0.033 
mole) of 2-chloro-l-phenylcyclohexanol in 60 cc. of dry 
benzene was cooled in an ice bath and 15.9 cc. of 2.14/ 
phenylmagnesium bromide solution in ether (0.033 mole) 
■was added rapidly. The mixture was refluxed for 6 hr. in an 
atmosphere of dry nitrogen then hydrolyzed by pouring into 
iced hydrochloric acid. After extracting with ether, washing, 
and removing the solvent, the residue crystallized to give
6.0 g. of crude product. One recrystallization from petroleum 
hexane furnished 5.0 g. (86%) of 2-phenvlcyclohexanone

(8) P. D. Bartlett, J. Am. Chem. Soc., 57, 224 (1935).
(9) All m.p.’s corrected unless otherwise indicated.
(10) Microanalyses by J. Sorensen, V. Hobbs, and M. 

Hines, Microanalytical Laboratory, Department of Chemis
try, Northwestern University.

(11) M. S. Newman, M. D. Farbman, and H. Hipsher,
Org. Syntheses, 25, 22 (1945).

m.p. 45-50° (pure m.p. 59-60°).s One g. of the ketone gave
1.96 g. of the 2,4-dinitrophenylhydrazone derivative, m.p.
121-125°. After two recrystallizations from methanol 
pyridine, the derivative melted at 137-138°.5 With potas
sium hydroxide in ether3a: A solution of 6 g. (0.029 mole) 
of 2-chloro-l-phenylcyclohexanol in 100 cc. of dry ether was 
refluxed with 3.2 g. (0.053 mole) of crushed potassium 
hydroxide for 4 hr. The product proved to be 5.5 g. (92%) 
unchanged chlorohydrin. A mixed melting point with the 
starting material showed no depression.

2-{p-Tolyl)cyclohexanone (Procedure C). To a solution of 
164 g. (1.24 moles) of 2-chlorocyclohexanone in 600 cc. dry 
benzene was added 830 cc. (1.24 moles) of 1.54/ p-tolyl- 
magnesium bromide solution with good cooling in an ice 
bath. The mixture was allowed to come to room tempera
ture, then refluxed for 2 hr. Hydrolysis was accomplished by 
pouring into dilute ammonium chloride solution. Distillation 
of the washed ether solution gave 169 g. of crude product 
distilling below 135° at 1.0 mm. Redistillation gave 160 g. 
(68%) of 2-(p-tolyl)cyclohexanone, b.p. 121-125° at 0.7 
mm., m.p. 40-45°. A sample recrystallized from ether and 
from alcohol melted at 49-50°.

Anal. Calcd. for Ci3H160: C, 83.0; H, 8.5. Found: C, 82.8; 
H, 8.6.

The 2,4-dinitrophenylhydrazcne derivative melted at 156- 
157°.

Anal. Calcd. for C19H20O4N4: N, 15.2. Found: N, 15.0.
1- {m-Anisyl)-2-chlorocyclohexanol. A Grignard solution 

prepared from 47 g. (0.25 mole) of m-anisyl bromide was 
added to 19.5 g. (0.15 mole) of 2-chlorocyclohexanone under 
the conditions of Procedure A. The product was 24 g. (67%) 
of l-(TO-anisyl)-2-chlorocyclohexanol, b.p. 147-148° at 0.3 
mm.

Anal. Calcd. for Ci3Hn0 2Cl: C, 64.9; H, 7.1. Found: 
C; 65.7; H, 7.1.

Rearrangement of l-(m-anisyl)-2-chhrocyclohexanol. Under 
conditions as described in Procedure B, but with 22 hr. 
refluxing, 21.5 g. (0.09 mole) of l-(m-anisyl)-2-chlorocyclo- 
hexanol was treated with 43 cc. of 2.14/ phenylmagnesium 
bromide in ether solution (0.09 mole) to give 17 g. (90%) 
of 2-(m-anisyl)cyclohexanone, b.p. 124-127° at 0.2 mm.6

Anal. Calcd. for Ci3H160 2: C, 76.4; H, 7.9. Found: C, 
75.6; H, 7.9.

The 2,4-dinitrophtnyU>ydrazone derivative melted at 124- 
125°.6

2- {l-Naphthyl)cyclohexanone. A Grignard solution pre
pared from 31 g. (0.15 mole) of 1-bromonaphthalene was 
added to 20 g. (0.15 mole) of 2-chlorocyclohexanone under 
conditions of Procedure C to give 15.5 g. (48% based on the 
bromide) of 2-(l-naphthyI)cyv:lohexanone, m.p. 71-76°. A 
sample for analysis melted at 86-87°.

Anal. Calcd. for C16H160 : C, 85.7; H, 7.1. Found: C, 85.3; 
H, 7.3.

The 2,4-dinitrophenylhydrazone derivative melted at 144- 
145°.

2-Bromo-l-tetralone. 2-Bromo-l-tetralone was prepared by 
the bromination of l-tetralone as described by Wilds.12

2-Chloro-l-tetrabne. 1-Tetralone was chlorinated in glacial 
acetic acid as previously described.13 A 50% yield of 2- 
chloro-l-tetralone was obtained, m.p. 40-42°, b.p. 123- 
126° at. 1.0 mm., n2D5 1.590.

2-Ph.enyl-l-tetralone. A. From 2-bromo-l-tetralone. The 
reaction of 15.0 g. (0.066 mole) of 2-bromo-l-tetralone with 
45 cc. of 1.54/ phenylmagnesium bromide solution in ether 
(0.068 mole) under conditions of Procedure C (with 1 hr. at 
reflux) gave 3.5 g. (24%) of crude 2-phenyl-l-tetralone. 
Several recrystallizations from alcohol gave a product melt
ing at 76-77°.14

(12) A. L. Wilds and J. A. Johnson, Jr., J. Am. Chem. 
Soc., 68 , 86 (1946).

(13) German Patent 377,587, Chem. Centr., 95, I, 956
(1924).

(14) M. S. Newman, J. Am. Chem. Soc., 60, 2947 (1938).
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Anal. Calod. for C16HhO: C, 8C.5; H, 6.3. Found: C, 87.2;
H, 6.0.

The 2,4-dinitrophenylhydrazone derivative melted at 197- 
198°.15

B. From 2-chloro-l-tetralone. The reaction of 27 g. (0.15 
mole) of 2-chloro-l-tetralone with 100 cc. of 1.54/ phenyl- 
magnesium bromide solution in ether (0.15 mole) under 
conditions of Procedure C gave 14 g. (43%) of 2-phenvl- 
1-t.etraIone with 10.0 g. chlorotetralone recovered. Recrystal
lization of the ketone from alcohol yielded 12.0 g. crystals, 
m.p. 71-74°.

Reaction of 2-chloro-l-tetralone with excess Grignard re
agent. Under the conditions of Procedure C, 27 g. (0.15 mole) 
of 2-chloro-l-tetralone was treated with 200 cc. of 1.5M 
phenjdmagnesium bromide solution in ether (0.30 mole) 
to give a product consisting of 10 g. of recovered 2-chloro-
1- tetralone and 24 g. of residue which would not distill at 
1 mm. No fraction corresponding to 2-phenyl- 1-tetralone 
was obtained.

2-Chloro-l-phenyl-l,2,S,4-tetrahydro-l-naphthol. Eighteen 
g. (0.1 mole) of 2-chloro-l-tetralone was treated with 100 cc. 
of 1.5.1/ phenylmagnesium bromide solution in ether (0.15 
mole) according to Procedure A to give 15.5 g. (60%) of
2- chloro-l-phenyl-l,2,3,4-tetrahydro-l-naphthol (140-160° 
at 0.5 mm.) m.p. 90-95°, with 6.0 g. chlorotetralone re
covered. A sample of the chlorohydrin recrystallized several 
times from ligroin melted at 98-99°.

Anal. Calcd. for C16H150C1: C, 74.3; H, 5.8. Found: C, 
74.2; H, 5.8.

This experiment was repeated and the reaction mixture 
was carbonated by adding powdered Dry Ice before hydrol
ysis. No benzoic acid was obtained. The product consisted 
of 42% 2-chloro-l-tetralone and 58%. chlorohydrin.

Rearrangement of 2-chloro-l-phenyl-l ,2,3,4-tetrahydro-l- 
naphthol. A. With Phenylmagnesium bromide. Under condi
tions of Procedure B, 10 g. (0.039 mole) of 2-chloro-l-phenyl-
I, 2,3,4-tetrahvdro-l-naphthol was added to 26 cc. (0.039 
mole) of 1.54/ phenylmagnesium bromide solution to give
7.0 g. (81%) of 2-phenyl-l-tetralone, m.p. 71-74°.

B. With sodium hydride. Thirteen g. (0.05 mole) of the 
chlorohydrin, when refluxed for 3 hr. with 1.3 g. (0.055 
mole) of sodium hydride In dry benzene ether, gave 12.0 g. 
of starting material unchanged, m.p. 85-90°.

(15) A. A. Plentl and M. T. Bogert, J. Am. Chem. Soc.. 
63, 989 (1941).

2-Chloroindancne. The procedure used was that described 
for 2-chloro-l-tetralone. Fractionation of the product ob
tained from 132 g. (1.0 mole) of 1-indanone gave 92 g. 
(55%) of 2-chloroindanone [with 28 g. (21%) of 1-indanoue 
recovered] ; m.p. 34-38°, from petroleum heptane.16

2-Chloro l-phe l-l-indanol. Under the conditions of Pro
cedure A 25 g. (0 15 mole) of 2-chloroindanone was treated 
with 100 cc. of 2.1 M  phenylmagnesium bromide solution in 
ether (0.21 mole) to give 25 g. (69%) of 2-chloro-l-phenyl- 
1-indanol, m.p. 81-84°. A sample for analysis melted at
gy_gg °

Anal. Calcd. for Ci5H13OC1: C, 73.6; H, 5.3. Found: C, 
73.3; H, 5.2.

2-Phenylindanone. Ten g. (0.06 mole) of 2-chloroindanone 
was treated with 51 cc. (0.077 mole) of 1.54/ phenylmag
nesium bromide solution according to Procedure C to give
7.6 g. (60%) of 2-phenyIindanone, m.p. 73-75°.17 The 2,4- 
dinitrophenylhydrazone derivative melted at 226-227°

Anal. Calcd. for C2iH1604N4: N, 14.4. Found: N, 14.1.
1- Keto-l ,2,8,4,5,6,7,8-octahydroanthracene. This ketone was 

prepared as described by Krollpfeiffer and Schafer.18 A 75% 
yield of the ketone, m.p. 41-44°, was obtained.

2-Chloro-l-keto-l ,2,3,4,6,6,7,8-octahydroanthracene. The 
procedure used was that described for the chlorination of 1- 
tetralone. Twenty-six g. of the ketone gave 20 g. (66%) of 
the chloroketone, m.p. 61-65°, after crystallization from 
alcohol. A sample for analysis melted at 66-67°.

Anal. Calcd. for ChHI5OC1: C, 71.6; H, 6.4. Found: C, 
71.1; H, 6.4.

2- Ph.enyl-l-keto-l,2,3,4,5,6,7,8-octahydroanthracene. Under 
the conditions of Procedure C, 16.5 g. (0.07 mole) of the 
chloroketone was treated with 33 cc. of 2.14/ phenylmag
nesium bromide solution in ether (0.07 mole) to give 10.0 
g. (52%) of the phenyl ketone, m.p. 132-140°. A sample for 
analysis melted at 144-145°.

Anal. Calcd. for C2oH200: C, 87.0; H, 7.2. Found: C, 87.1; 
H, 7.3.

The 2,4-dinitrophenylhydrazone derivative melted at 209- 
210°.

Anal. Calcd. for C26H240 4N4: N, 12.2. Found: N, 11.7.

E v a n s t o n , III.

(16) C. Courtot, A. Fayet, and P. Parant, Compt. rend., 
186, 372 (1928).

(17) P. A. Plattner, R. Sandrin, and J. Wyss, Helv. 
Chim. Acta, 29, 1604 (1946).

(18) F. Krollpfeiffer and W. Schafer, Ber., 56, 620 (1923).

[C o n t r i b u t i o n  f r o m  t h e  R e s e a r c h  D i v i s i o n , A m e r i c a n  C y a n a m id  C o .]

Triacylhalomethanes : 2-Halo-2-acyl-l,3-indandiones

K. C. MURDOCK1

Received December 5, 1958

Various 2-halo-2-acyl-l,3-indandiones were prepared for evaluation as blood anticoagulants. Stability and activity paral
leled the degree of branching in the acyl group. A halogénation procedure was developed which was particularly useful 
for the synthesis of the more labile products. The structures of some anomalous bromination products are discussed.

Certain 3-alkyl-4-hydroxycoumarins and 2-acyl-
1 ,3 -indandiones have been found to be potent 
blood anticoagulants2 and are in general use for the

(1) Present address: Organic Chemical Research Section, 
Lederle Division, American Cyanamid Co., Pearl River, 
N. Y.

(2) W. H. Seegers, Pharm. Rev., 3, 278 (1951).

treatment of thrombo-embolism. Somewhat er
ratic dose-response relationships present the al
ternative hazards of embolism or hemorrhage and 
have required that such therapy be very carefully 
controlled. In a search for improved anticoagulants 
there have been prepared a number of 2 -halo-2 - 
acyl-1,3-indandiones (I), novel triacylhalomethanes.
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TABLE I
2-Halo-2-acyl-1,3-indandiones

O

R X Method
Yield,

%
M.P.,
°C.a

Carbon, % 
Calcd. Found

Hydrogen, % 
Calcd. Found

Halogen, % 
Calcd. Found

c 6h 5 Br A4 62 119 58.4 58.2 2.76 2.66 24.2 24.4
2-HOOC-C6iL Br 25 120-132c 54.8 54.2d 2.43 2.40á 21.4 22.0
(C6H5)2CH Br Ae 80 139-140 66.0 66.0 3.62 3.29 19.1 19.0
(C6H6)2CH Br B ' 79 136-139
(C6H5)2CH Cl Be 20 157 73.7 73.1 4.03 4.01 9.46 9.75
(C6H5)2COH Br Ae 2" 160 63.5h 63.0 3.48 3.46 18.4 18.9
c 6h 5c h 2 Br Be 42 86 59.5 59.5 3.23 3.19 23.3 23.0d
CH,CH2 Br Be 7 74-75 51.3 51.4 3.23 3.45 28.4 28.Ia
(CH3)2CH Br Be 78 60-61 53.0 52.9 3.76 3.79 27.1 27.2
(CH,)3C Br Be 66 103 54.4 54.4 4.24 4.19 25.8 26.1

a All melting points are corrected. 4 Product recrystallized from carbon tetrachloride. c Lit. (ref. 3): no m.p. reported. 
d Average of two determinations. e Product recrystallized from a mixture of benzene and ra-hexane. r Product was not re
crystallized. 0 Obtained as a by-product. See text. n Calcd.: 0, 14.7. Pound: 0, 15.5.

0

II. R = 2-C6H,COOH, X = Br
III. R = CH(C6H5)2, X = Br
IV. It = C(CH3)3, X = Br

The only halogen compound of this type previ
ously described in the literature was 2 -bromo-2 - 
(2-carboxybenzoyl)-l,3-indandione (II). This was 
an unstable substance for which no physical con
stants were reported . 3 In the present investigation 
early attempts to brominate 2-pivalyl-l,3-in- 
dandione resulted in the formation of 2 ,2 -dibromo-
1,3-indandione, a product of brominative cleavage. 
This result paralleled the findings of Hunter and 
Yackel who obtained the same product from the 
action of bromine on 2-benzoyl-l,3-indandione; 
they recommended this method of degradation as 
a proof of structure for 2-acyl-l,3-indandiones. 4

Two bromination methods have been developed 
which have enabled the synthesis of the 2 -bromo-2 - 
acyl-l,3-indandiones listed in Table I. In the first 
method (A), the reaction was carried out in re
fluxing chloroform with two equivalents of bromine 
being preferred. The second method (B) was 
generally applicable and was the only method suc
cessfully used for the preparation of the more 
sensitive bromo compounds. This method involved 
a two-phase reaction at 0 ° of a chloroform solution 
of the triketone with bromine dissolved in an 
equivalent amount of aqueous sodium hydroxide. 
Stirring was adjusted so as to mix the two phases

(3) W. Wislicenus and H. Schlichenmaier, Ann., 460, 
278 (1928).

(4) W. H. Hunter and E. C. Yackel, J. Am. Chem, 8oc., 
58, 1395 (1936).

O

CR + Br2 — 
0  0 +  NaOH

Ir + H20

CR + NaBr 
II
O

only slightly; thus, the sensitive brominated 
product, in the organic layer, was less subject to 
hydrolysis. 2-Chloro-2-diphenylacetyl-l,3-indan- 
dione was prepared with a commercial sodium 
hypochlorite solution.

The conditions of time and temperature and the 
use of an inert solvent for recrystallization were 
found to be important. Stability of the brominated 
products paralleled the degree of branching in the 
acyl side chain. The brominated 2-propionyl and
2 -phenylacety] compounds decomposed extensively 
on standing overnight. The 2-bromo-2-diphenyl- 
acetyl-l,3-indandione (III) and 2-bromo-2-pivalyl-
1,3-indandione (IV) did not evidence decomposi
tion for months. The 2-chloro analog of I I I  was 
stable. This stability of the chloro analog as com
pared with the bromo compound parallels the re
ported relationship between the corresponding 2 - 
halo-2-carbethoxy-l,3-indandiones.5 6

With those 2-acyl-l ,3-indandiones having an 
a-hydrogen atom in the acyl group, it was neces
sary to consider the possibility that halogenation 
replaced this hydrogen atom rather than that in the 
2-position of the indandione nucleus. In the bromi
nation of the somewhat analogous ethyl aceto- 
acetate the a-bromo derivative is the primary prod
uct, but it gradually rearranges to form the more 
stable 7 -bromo isomer.6 After one bromination of
2-diphenylacetyl-l,3-indandione the reaction mix
ture was allowed to stand at 1 0 0 ° for several hours

(5) L. Flatow, Ber., 34, 2145 (1901).
(6) A. Hantzsch, Ber., 27, 3168, 355 (1894).
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during the removal of solvent. Though none of the 
usual monobromo derivative was isolated, there was 
obtained a small amount of an isomeric mono
bromide, along with what appears to be a bis 
compound from two molecules of starting material. 
In the infrared absorption spectrum of this isomeric 
monobromide twin maxima were seen7 in the car
bonyl region at 5.74 and 5.83/1. These set it apart 
from the other monobromides (Table I) in which 
the location of the bromine atom was in question. 
The latter compounds, like 2-bromo-2-pivalyl-
1,3-indandione (IV) in which the bromine atom is 
necessarily alpha to all three carbonyl groups, 
exhibited only a single strong maximum in that 
region (5.79p). They were accordingly designated 
as 2 -bromo derivatives while the above, abnormal 
product was designated as V, 2-diphenylbromo- 
acetyl-1,3-indandione.

0

VI
0

.Br(OH) 
■C-Ç(C6H5)2 
O OH(Br)

From the normal bromination of 2-diphenyl- 
acetyl-1,3-indandione there was isolated in addi
tion to the 2 -bromo derivative about 2 % of another 
brominated substance. This compound exhibited 
an infrared absorption maximum at 2.98/t (Nujol 
mull), indicating the presence of a hydrogen- 
bonded hydroxyl group. From the location of the 
absorption peaks in the carbonyl region (5.63 and 
5.77/x), the alternative locations of the bromine 
and hydroxyl groups of this bromohydroxy-2 - 
diphenylacetyl-l,3-indandione (VI) could not be 
firmly established.

An aminolysis of the bromine atom in 2-bromo-2- 
diphenylacetyl-l,3-indandione (III) was effected 
with piperidine, forming the corresponding 2 - 
piperidino compound.

Most of the compounds of Table I were active 
as anticoagulants. In general their activities paral
leled the degree of branching in the acyl side chain 
and were about the same as those8 of the correspond
ing unhalogenated precursors. Toxicities were 
somewhat lower. The pharmacological evaluations 
were made by Mr. Vincent Downing and his as
sociates at the Lederle Laboratories and are to be 
reported in detail elsewhere. 9

E X P E R IM E N T A L

2-Acyl-1,3-itulaii/liones. 2-Benzoyl-, 2-propionyl-, 2-iso- 
butyryl-, 2-pivalvl-,10 2-diphenylacetyl-,11 and 2-phenyl-

(7) All infrared absorptions were determined in chloro
form solution unless specified otherwise.

(8) J. T. Correli, L. L. Coleman, S. Long and R. F. Willy, 
Proc. Soc. Exp. Biol. Med., 80, 139 (1952).

(9) V. Downing, et al., to be published.
(10) L. B. Kilgore, J. H. Ford, and W. B. Wolfe, hid. 

Eng. Chem.., 34, 494 (1942).
(11) D. G. Thomas, U. S. Patent 2,672,483 (1954).

acetyl-1,3-indandione were prepared by the acylation of 
the appropriate methyl ketone with diethyl phthalate in 
the presence of sodium methoxide. The synthesis of 2- 
phenylacetyl-1,3-indandione12 does not appear to have been 
described previously: m.p. 84°.

Anal. Calcd. for CnHI20 3: C, 77.3; H, 4.58. Found: C, 
77.1; H, 4.63.

2-{2-Carboxybenzcyl)-l,3-indandione. Instead of following 
the reported synthetic sequence for the preparation of this 
compound,3 which requires four steps after the preparation 
of 1,3-indandione, the magnesium salt of 1,3-indandione was 
acylated with phthalie anhydride. To a warm slurry of 0.16 
mole of finely powdered magnesium methoxide in 80 ml. of 
dry benzene, protected from moisture, was added with 
stirring a solution at 50° of 23.4 g. (0.16 mole) of 1,3- 
indandione13 in 320 ml. of benzene. (The magnesium 
methoxide, 19.4 g., had been dried in vacuo at 100° and ap
peared to be free of methanol, but from the apparently 
excessive yield obtained in its preparation it did not contain 
more than 63% of the desired compound.) A deep brown 
color developed with the addition. After 5 min. of stirring 
the mixture was chilled to 5° with an ice bath. There was 
then added with chilling and stirring a hot solution of 23.4 
g. (0.16 mole) of phthalie anhydride in 240 ml. of benzene, 
at such a rate that the temperature of the reaction mixture 
did not rise above 10°. With the reaction flask initially 
chilled in the ice bath, stirring was continued for 42 hr. It 
was estimated that the ice bath used would require 3-4 
hr. to come to room temperature.

The solid in the reaction mixture was collected by filtra
tion and washed with benzene, giving 14.9 g. of a dark mate
rial (A) which did not melt by 360° (see below). The dark 
gray filtrate was extracted with 500 ml. of water. The 
intensely purple, aqueous extract was neutralized just to the 
disappearance of the purple color by the gradual addition 
with swirling of 95 ml. of 1 Ar hydrochloric acid. The mixture 
was allowed to stand 1 hr. as the precipitate agglomerated. 
The precipitate was collected (saving the dark brown 
filtrate—see below), washed with water, dried, and recrystal
lized from dioxane. The produt separated as yellow-orange 
granules, m.p. 208-211° (dec.). Wislicenus and Kotzle14 
reported the m.p. of 2-(3-oxo-l-indanylidene)-l,3-indandione 
(“bindone” ) as 206-208°.

Anal. Calcd. for C^HjoCh: C, 78.8; H, 3.68. Found: C, 
78.6; H, 3.22.

After thorough extraction with water of the above- 
mentioned dark solid (A) present in the reaction mixture 
there remained after drying 4.0 g. of a green, infusible salt. 
This appeared to be inert to the action of dilute acid. Upon 
stirring with concentrated hydrochloric acid, however, the 
green color was 'discharged, leaving 3.4 g. of a yellow-orange 
solid, m.p. 205-207°. The melting point of this material was 
not depressed after admixture with bindone.

The above-mentioned filtrate remaining after removal of 
the bindone was acidified by the portionwise addition of ca. 
150 ml. of IN  hydrochloric acid. A solid slowly separated 
during the next 1.5 hr. This solid was collected and washed 
with water; 2.2 g., m.p. 160-162°. Recrystallization from 
ethanol-water followed by drying in vacuo at 60° over phos
phorus pentoxide gave a tan powder, m.p. (taken rapidly)
156-160°, with sudden gassing at about 180°; lit.,3 m.p. 
155-160°.

Anal. Calcd. for Ci7H10O5: C, 69.4; H, 3.43. Found: C, 
68.3, 68.0; H, 3.37, 3.45.

2-Halo-2-acyl-l ,8-indandiones. The two halogenation 
methods used for the preparation of the 2-halo-2-substituted-
1,3-indandiones of Table I involved the use of: (A) bromine 
in refluxing chloroform or (B) a two-phase mixture at 0°

(12) Prepared by Dr. R. L. Horton.
(13) W. Teeters and R. Shriner, J. Am. Chem. Soc., 55, 

3026 (1933).
(14) W. Wislicenus and A. Kotzle, Ann., 252, 72 (1889).
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of chloroform and a solution of bromine in an equivalent 
amount of aqueous sodium hydroxide.

The following examples are illustrative: Method A. 2- 
Bromo-2-diphenylac tyl-1,3-indandione (III). To a solution of
136.2 g. (0.4 mole) of 2-diphenylaeetyl-l,3-indandione in 600 
ml. of chloroform was added 41.9 ml. (127.8 g., 0.8 mole) of 
bromine. The mixture was heated under reflux for 6 hr. 
The hydrogen bromide evolved was trapped in a beaker of 
water. The solvent and excess bromine were distilled off 
until the rate of distillation diminished. To avoid over
heating the sensitive product, the remaining volatile mate
rial was then distilled under aspirator pressure until the 
residue just began to crystallize. Immediately, 320 ml. of 
dry, boiling benzene was added. The resulting red solution 
was filtered through a plug of cotton, 800 ml. of warm n- 
hexane was added to the filtrate, and the resulting solution 
was allowed to cool to room temperature. On top of the main 
crop of large, white prisms which separated there were ob
served clumps of light tan, fine needles. The product was 
collected by filtration and thoroughly washed on the Buchner 
funnel with ethanol, thus removing the contaminating 
needles. (The isolation of this by-product, bromohydroxy- 
2-diphenylacetyl-l,3-indandione, VI, is described below.) 
After drying at 60° the product weighed 133.7 g. (80%), 
m.p. 139-140°.

Anal. Calcd. for C^ITsOsBr: C, 66.0; H, 3.62; Br, 19.1. 
Found: C, 66.0; H, 3.29; Br, 19.0.

After 2 months in a brown bottle at room temperature 
the melting point of a sample of this compound was not 
lower, nor were there observed any other signs of decom
position. But after 9 months the external surfaces had be
come yellow and the melting point had dropped to 129- 
136°.

Method B. 2-Bromo-2-pivalyl-l ,3-indandione (IV). To an 
ice-cold solution of 4.5 g. (0.02 mole) of 2-pivaly 1-1,3- 
indandione in 25 ml. of chloroform was added an ice-cold 
solution of 0.8 g. (0.02 mole) of sodium hydroxide and 3.2 g. 
(0.02 mole) of bromine in 25 ml. of water. The mixture was 
stirred for 5 hr. while chilling the reaction flask with an ice 
bath. The chloroform layer was separated, diluted with 25 
ml. of cold chloroform, extracted rapidly with an ice-cold 
solution of 0.4 g. (0.01 mole) of sodium hydroxide in 25 ml. 
of -water, washed with two ice-cold portions of water, and 
dried over anhydrous calcium chloride. The chloroform 
solution was filtered, then concentrated to dryness in vacuo. 
The pale yellow crystalline residue was dissolved in 11 ml. 
of warm, dry benzene and 25 ml. of n-hexane was added. 
Crystallization began rapidly and was allowed to continue, 
finally at 5°. The product was collected by filtration, washed 
with n-hexane, and dried at room temperature; 4.1 g. (66%), 
elongated prisms, m.p. 103°.

Anal. Calcd. for C14H130 3Br: C, 54.4; H, 4.24; Br, 25.8. 
Found: C, 54.4; H, 4.19; Br, 26.1.

Brominative cleavage of 2-pivalyl-l ,3-indandione: 2,2- 
dibromo-1,3-indandione. To a solution of 1.0 g. of 2-pivalyl-
1,3-indandione in 2.5 ml. of chloroform was added portion- 
wise about 1.5 ml. of bromine. The evolution of hydrogen 
bromide was accompanied by the separation of a crystalline 
material which, however, redissolved upon the addition of 
the last 0.5 ml. of bromine. The mixture was allowed to 
stand for 1 hr., whence the solvent and unreacted bromine 
were removed in vacuo. The residue, after four recrystal
lizations from ethanol, gave a small quantity of a white 
solid, m.p. 179-181°; lit.,4 m.p. 178-179°.

Anal. Calcd. for C9H40 2Br2: C, 35.6; H, 1.33; Br, 52.5. 
Found: C, 35.0, 35.0; H, 1.53, 1.80; Br, 52.6, 52.4.

Abnormal products from the action of bromine on 2-diphenyl- 
acetyl-l,3-indandione. In an early attempt to prepare 2- 
bromo-2-diphenylacetyl-l,3-indandione by the procedure 
described in Method A, the molar ratio of bromine to 2- 
diphenylacetyl-l,3-indandione (96.1 g.) was only 1.2:1, 
rather than 2:1. After heating the reaction mixture under 
reflux for 3 hr., the chloroform and unreacted bromine were 
distilled off over the steam bath, allowing the distillation

residue to stand over the steam bath for an additional 3 
hr. Although this residue was thoroughly investigated by a 
series of fractional crystallizations, none of the desired 
product was isolated. In addition to 33% of recovered start
ing material there were finally isolated, on the basis of the 
solubilities mentioned below, the following two compounds:

1. 2-Diphenylbromoacetyl-l,3-indandione (V). This com
pound separated from a mixture of benzene and n-hexane 
as white platelets, 3.6 g., m.p. 184° (orange melt). In con
trast to the starting material it was relatively insoluble in 
carbon tetrachloride, though soluble in benzene and dioxane.

Anal. Calcd. for C23H1603Br: C, 66.0; H, 3.62; Br, 19.1. 
Found: C, 66.2, 66.2; H, 3.47, 3.44; Br, 19.0.

2. “Bis{2-diphenylacetyl-l,S-indandione).” This second 
compound was recrystallized with much loss from dimethyl- 
formamide (2 ml./g.). There was obtained 8.6 g. of deeply 
yellow prisms, m.p. 190-195°, with gassing. This material 
was almost insoluble in most solvents, although it was 
moderately soluble in hot 2-ethoxyethanol. I t gave a nega
tive Beilstein test for halogen. Though soluble in 2N  
methanolic potassium hydroxide, it was apparently insoluble 
in and did not color 20% aqueous sodium hydroxide.

Anal. Calcd. for C46H3o03: C, 81.5; H, 4.46. Found: C,
80.9, 81.2; H, 4.14, 4.05.

Bromohydroxy-2-diphenylacetyl-l,8-indandione (VI). This 
compound was isolated, as indicated above in the example 
illustrating Method A, as a by-product from the synthesis of 
2-bromo-2-diphenylacetyl-l,3-indandione. In three runs 
there was brominated a total of 680 g. (2.0 moles) of 2- 
diphenylacetyl-l,3-indandione. From the crude solids ob
tained by chilling and concentrating the mother liquor and 
alcoholic washes of the main product, there was obtained 
a total of 18.7 g. (2%) of the by-product. Its extraction 
from these crude solids was enabled by its ready solubility 
in unheated alcohol. The alcoholic extracts were concen
trated to dryness in vacuo and the residue was recrystallized 
from mixtures of benzene and n-hexane. The product 
separated as fine, white needles, m.p. 160°.

Anal. Calcd. for C23H150 4Br: C, 63.5; H, 3.48; Br, 18.4; 
O, 14.7. Found: C, 63.0; H, 3.46; Br, 18.9; O, 15.5.

From the above crude solids there was also obtained 
about 10% of unreacted starting material and 3.1 g. of 
“bis(2-diphenylacetyl-l,3-indandione).”

2-Chloro-2-diphenylacetyl-l,3-indandione. To a. solution at 
0° of 68.0 g. (0.2 mole) of 2-diphenylacetyl-l,3-indandione 
in 200 ml. of chloroform was added 94.0 ml. of a cold sodium 
hypochlorite solution (containing 15.1 g. of active chlorine 
per 100 ml, of solution. This hypochlorite was later found 
to contain free sodium hydroxide, which would be expected 
to convert some of the starting material to its sodium salt, 
thus lowering the yield in the chlorination). The mixture 
was kept cold with an ice bath and stirred for 7.5 hr. The 
yellow solid then present was removed by filtration and 
washed once with chloroform. The chloroform layer from 
the combined filtrate and wash was washed once with water 
and dried over anhydrous calcium chloride. The solvent 
was removed in vacuo, the yellowish residue dissolved in 180 
ml. of hot benzene, 200 ml. of hot n-hexane added to the 
filtrate, and the solution allowed to cool, finally at 5°. The 
solid which separated was collected, washed with a mixture 
of benzene and n-hexane (3:1), and dried at 60°. There 
was thus obtained 16.7 g. of a pale, pink solid, m.p. 157°. 
After two more recrystallizations from mixtures of benzene 
(3 ml./g.) and ?i-hexane (6 ml./g.), using decolorizing char
coal, there was obtained 14.5 g. (20%) of a pinkish white 
solid, m.p. still 157°. After 1.5 months at room temperature 
a sample had become slightly yellow on the surface, where it 
was exposed to diffuse light, but the melting point had not 
dropped.

Anal. Calcd. for C23Hi50 3C1: C, 73.7; H, 4.03; Cl, 9.46. 
Found: C, 73.1; H, 4.01; Cl, 9.75.

The yellow solid which separated from the reaction mix
ture, 33.8 g., was suspended in hot water, and concentrated 
hydrochloric acid was added dropwise until the mixture was
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acidic to benzopurpurin paper. The solid present was col
lected, washed with water, dried, and recrystallizcd from 80 
ml. of 2-ethoxyethanol to give 18.5 g. (27% recovery) of 
yellow needles, m.p. 147-148°. A mixture melting point 
determination with starting material showed no depression 
(148-149°).

2-Diphenylacelyl-2-piperidino-l,3-indandione. To a solu
tion at 20° of 29.7 g. (0.071 mole) of 2-bromo-2-diphenyl- 
acetyl-l,3-indandione (III) in 1200 ml. of dioxane was added 
gradually with swirling 21.0 ml. (18.1 g., 0.213 mole) of 
piperidine. The mixture warmed spontaneously to 43°. 
After standing overnight the piperidinium bromide which 
had separated was removed by filtration and washed with 
dioxane and acetone; 5.5 g. (47%), m.p. and mixture m.p. 
240-241°. The bright orange mother liquor and the dioxane 
wash were combined, evaporated under reduced pressure, 
and the dark, viscous residue allowed to crystallize at 5° 
from 140 ml. of carbon tetrachloride. The solid which sepa

rated, after washing with carbon tetrachloride and water, 
amounted to 11.6 g., m.p. 181-187 . Recrystallization from 
methyl ethyl ketone gave 6.6 g. (22%) of bright yellow rods, 
m.p. 192-193°.

Anal. Calcd. for C28H260 3N: C, 79.41; H, 5.95; N, 3.31. 
Found: C, 79.8; H, 6.12; N, 3.35.
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Dialkyl thetin salts, RiR2SCH2C02H-X , undergo facile decarboxylation to the corresponding trialkylsulfonium salts. 
The presence of an electron-donating (methyl) group on the alpha-carbon tends to suppress the reaction.

To the ever-increasing accounts of differences in 
reactivity , 1 conjugative ability2’3 and the like 
between numerous sulfonium and ammonium 
compounds should be added another example of 
considerable interest. In the course of a study of 
various long-chain thetin salts (I), it was discovered 
that facile decarboxylation occurrred under rela
tively mild conditions to give the corresponding 
trialkyl sulfonium salts.

CH3

r s c h ,c o 2h+
X -
I

c h 3

r s c h 3 +  c o 2+
X -

This reaction is virtually unknown in the cor
responding betaine (ammonium) series, in which 
the compounds are ordinarily stable a t tempera
tures below their melting points which often run 
in excess of 200°. A noteworthy exception4 * has been 
reported with the betaine derived from 2,5- 
dimethylpyrazine, in which case decarboxylation 
is facilitated by an intermediate capable of reso
nance stabilization.

The reaction was first encountered in alkaline
(1) W. E. Doering and K. Schreiber, J. Am. Chem. Soc.,

77, 514 (1955).
(2) F. G. Bordwell and P. J. Boutan, ./. Am. Chem. Soc.,

78, 87 (1956).
(3) N. F. Blau and C. G. Stuckwisch, J. Ory. Chem., 22, 

82 (1957).
(4) E. V. Hort and P. E. Spoerri, J. Am. Chem. Soc., 77,

5898 (1955).

hydrolysis of carbethoxymethyl(dodecyl)methylsul- 
fonium p-tolnenesulfonate. The identity of the 
product as dodecyldimethylsulfonium p-toluene- 
sulfonate was shown by (1 ) analysis, (2 ) the in
frared spectrum which indicated the absence of 
carboxyl ion and the presence of p-toluene- 
sulfonate ion, and (3) comparison with an authentic 
specimen. Dodecylmethylthetin, the expected prod
uct, was prepared by the action of silver oxide on 
the thetin hydrochloride and proved to be quite 
stable in contrast to the report of Werntz , 6 who 
used alkali to liberate this thetin from its salt. 
The thetin can also be reconverted to a salt, as 
shown by the reaction of dodecylmethylthetin 
with p-toluenesulfonic acid. The decarboxylation 
of the thetin salts is quite general, as was later 
confirmed in the cases of the decyl, tetradecyl, 
hexadecyl, and decamethylenebis analogs.

The ease with which decarboxylation of dodecyl- 
dimethylthetin p-toluenesulfonate occurs was shown 
by experiments carried out in refluxing acetone. 
At this relatively low temperature (56°), de
carboxylation occurred readily and was complete 
within 2  hours in the presence of such mildly 
basic catalysts as piperidine, Amberlite IR-4B, 
and dodecylmethylthetin, itself. In the absence of 
a catalyst, no reaction was apparent after 1 hour, 
but, after 6  hours, a 94% yield of decarboxylated 
product was obtained. Evidently the reaction is 
extremely slow at first, until a sufficient quantity

(5) J. H. Werntz, U. S. Patent 2,178,353, October 31, 
1939; Chem. Abstr., 34, 1419 (1940).
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of the dodecyldimethylsulfonium p-toluenesulfo- 
nate6 is formed to act as a catalyst. Acetic acid, 
however, did not completely inhibit the reaction, 
for, after 2  hours, decarboxylation was about 
one-third complete.

The ease with which thetin salts undergo de
carboxylation may well be attributed to resonance 
forms arising from an expansion of the valence shell 
of the sulfur atom, a phenomenon which is essen
tially impossible with nitrogen; accordingly, the 
following course of reaction is proposed:

CH3 0
I // c,

RSt CH2T Ct O - -co,

CH3
I

r s c h 2t

c h 3
r s = c h 2

c h 3
r s c h 3

The effect of substitution at the alpha-carbon 
atom by the methyl group was investigated briefly 
with the expected result. Decarboxylation was 
rendered exceedingly more difficult; an acetone 
solution of dodecylmethyl-a-propiothetin p-tolu- 
enesulfate (II) required prolonged refluxing ( 6  

hours) in the presence of a piperidine catalyst to 
effect complete reaction. The reaction proceeded 
readily, however, at temperatures above the fusion

OH, c h 3

C+IL5S— ¿ h c o 2h c 7h 7so3- +
II

point of the pure substance (■ca. 160°). I t  is ap
parent that the inductive effect of the sulfonium 
group is partially satisfied by the electron-donating 
a-methyl group.

Previous evidence relating to the decarboxyla
tion of thetin salts appears to be limited to that 
of Weibull, 7 who detected cyclohexyldimethyl- 
sulfonium and carbonate ions among numerous 
products of decomposition of cyclohexylmethyl- 
thetin hydrobromide under the influence of al
coholic potassium hydroxide.

E X P E R IM E N T A L 8

Although specific examples are given in the following para
graphs, most of the procedures are quite generally applicable 
to the other members of the homologous series with minor 
modifications. Properties and yields of the various com
pounds prepared are to be found in Tables I-IV.

(6) A 1% acetone solution of the sulfonium salt gave a 
reading of 7.65 at 40° on a Beckman pH meter.

(7) B. Weibull, Arkiv Kemi, 3, 171 (1951); Chem. Abslr., 
46, 3962 (1952).

(8) All melting points obtained by capillary method and
corrected.

TABLE I
E thyl ti-A lkylmercaptoacetates (RSCH2CO2C2H5)

R
B.P., °C./Mm. 

or M.P. 91 D5
Yield,

%
c ,h 15 120-123/9 — 81
C9H19 101-105/0.25-0.35 1.4585 65
c 10h 21 117-119/0.7 1.4615 70 +
C12H2S 137-139/0.35 1.4604 76
C^H*. 133-143/0.3 1.4629 83
c 16h 3, 166-168/0.35 1.4640 82
—(CH2):o— 187-215/0.30-0.37 1.4902 81

TABLE II
ji-A lkyl M ethyl  S ulfides

(RSCHs and CH3S(CH2)bSCH,)
B.P., °C./Mm. Yield,

R or M.P. n2o %
C10H2I 118-119/11“ 1.4567 86
C12H-5 156-159/17" 1.4582 87
c „h 29 134-140/0.35-0.5" 1.4594 88

134-156/0.33-0.37" 1.4615 81
—(CH2) r - 181-183“ 1.5260 74
—(CH2) r - 127/10“ 1.5065 49"
—(CH.ho— 117-131/0.4/ 1.4938 72

0 J. von Braun, W. Teuffert, and K. Weissbach, Ann., 
472, 139 (1929), report b.p. 125° (13 mm.) 4 R. Kuhn and 
O. Dann, Ber., 73B, 1092 (1940), report b.p. 163-165° (19 
mm.) for codecyl and m.p. 19.5-20.5° for hexadecyl com
pound. c Anal. Calcd. for C15H32S: C, 73.8; H, 13.1. Found: 
C, 74.0; H, 13.4. “ M. Protiva, J. O. Jilek, and O. Exner, 
Chem. Listy, 47, 580 (1953); [Chem. Abstr., 49, 155 (1955)] 
report b.p. 78-80° (10-12 mm.) for C2 and b.p. 112-114° 
(8 mm.) for C5 compound. e Low owing to accidental loss. 
1 D. Jerchel, L. Dippelhoffer, and D. Renner, Chem. Ber., 
87, 947 (1954), report b.p. 206° (19 mm.).

I. Elhyl hexadecylmercaptoacetale. To a solution of 6.9 g. 
(0.3 g. atom) of sodium in 150 ml. of methanol was added 
36 g. (0.3 mole) of ethyl mercaptoacetate, followed by 91.5 
g. (0.3 mole) of 1-bromohexadecane. The solution was heated 
at reflux for 2 hr., cooled, and 150 ml. of water added. The 
product was extracted with ether, dried, and distilled through 
a 10-inch heated column packed with Berl Saddles, using a 
variable reflux head. Yield, 84 g. (82%); b.p. 166-168° 
(0.35 mm.);n2D5 1.4640.

II. Hexadecylmercaptoacetic acid. A. From the ester. Hydrol
ysis of the ester in a 10% ethanol solution yielded 96% of 
the acid as colorless plates; m.p. 75-76° (from hexane).9

B. By a Williamson synthesis.I0 The acid was also prepared 
directly from 1-bromohexadecane and mercaptoaeetic acid 
as in Section I, but using two equivalents of sodium. After 
the addition of water to the reaction mixture, it was heated 
until solution was complete, and was acidified with excess 
hydrochloric acid. Recrystallization of the crude product 
from methanol yielded 86% of the acid; m.p. 74.5-75.5°.

III. a-Dodecylmercaptopropionic acid. To a cooled solution 
of 11.5 g. (0.5 mole) of sodium in 400 ml. of methanol was 
added 50.5 g. (0.25 mole) of n-dodecanethiol, followed by
38.2 g. (0.25 mole) of a-bromopropionic acid. The solution 
was stirred and cooled in an ice bath during the addition and

(9) A. J. Hill and E. W. Fager, J. Am. Chem. Soc., 65, 
2300 (1943), report 73.5-74° for m.p.

(10) By this procedure the decyl compound, m.p. 51-52°, 
and dodecyl compound, m.p. 61.5-62.5°, were prepared in 
64 and 82% respective yields. L. Rapoport, A. Smith, and 
M. S. Newman, J. Am. Chem. Soc., 69 , 693 (1947), report 
52-53° and 61-62° for the melting points of decyl and 
dodecylmercaptoacetic acids.
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TABLE III
Sulfonium  ¡»-Toluenesulfonates

CH,
RSR'-C,H7SO,-

+
Analyses

Method Y ie ld ,_____ Ca ĉd-______  _____Found
R R ' Used M.P., °C. % C H S C H S Formula

c ,h 15 c h 2c o 2c 2h 5 VA a 84
C9H19 c h 2co2c 2h 5 VA 75-76.5“ 81
c10h 21 c h 2co2c 2h 5 VA 77-81“ 90
c 12h 25 c h 2co2c 2h 5 VA 92-94" 68 60.7 8.9 13.5 60.5 8.9 13.8 C24H42O5S2
c 14h 29 c h 2co2c 2h 5 VA 82-86“ 74
C16ÏÏ33 c h 2co2c2h 5 VA 87-90“ 78
—(C H ,)* - c h 2co2c2h 5 VA 55-59“ 77
C7H15 CEL VB 183.5-185 62 57.8 8.4 19.25 57.8 8.4 19.6 C16H28O3S2

9-til 9 c h , VB 179-181.5 68 60.0 8.9 17.8 60.0 8.9 17.9 C18H32O3S2
C10H21 c h 3 VA and B 169.5 79 60.9 9.2 17.1 61.0 9.1 16.7 C19H34O3S2
c 12h 25 CH, VA and B 164-170 74 62.8 9.5 15.9 62.8 9.3 15.6 C21H38O3S2
C14H29 CH, VA and B 163.5-180.5 71 64.2 9.8 14.9 64.4 9.9 15.2 C23H42O3S2
C16H33 CH, V A and B 163.5-182.5 78 65.4 10.0 14.0 65.1 10.3 14.3 C25H46O3S2
—(CH2)s— CH, VA 129-130 50 51.5 6.7 23.9 51.6 6.7 24.2 c 2,h ,6o6s4
—(CH2)10— CH, VA and B 182-183 92 55.4 7.6 21.1 55.4 7.7 20.9 C38H4606S4

“ Not purified. 6 Crude product melted at 66-80°; purified by repeated recrystallization from acetone.

TABLE IV
T h etin s  and T h e ir  Salts

RSCHR'COC1- and RSCHR'COOH-X-
+ +

R R' x -
Method

Used
M.P.,

°C.
Yield,

% C
Calcd.

H

Analyses 

S C
F ound 

H S Formula
C10H2I H C7H7SO,~ VA 107-135

(dec.)
50 57.4 8.2 15.3 57.6 8.5 15.1 C20H34O5S2

c 12h 25 H VIB 102-108
(dec.)

62 65.7 11.0 11.7 65.9 10.9 11.4 C15H,„02S

c I2h 26 II Cl- VIA 68-100 41 57.9 10.0 10.3 57.6 10.3 10.5 C15H,iC1G2S
c 12h 25 H c7h 7so , - VA and 

VIC
114-135

(dec.)
73 59.2 8.6 14.4 59.1 8.4 14.2 c 22h ,8o ,s2

C12H25 CH, c7h 7so , - VA 154-155
(dec.)

DO 60.0 8.7 13.9 60.3 8.9 13.7 C23ÏÏ40O5S2

C16H33 H c 7h ,so , - VA 121.5-141
(dec.)

65 62.2 9.2 12.75 62.5 9.5 12.7 C26H4605S2

allowed to warm up gradually to 25°. After 2 hr. at reflux, 
one half of the methanol was removed and 110 ml. of 10% 
hydrochloric acid added. The product which separated was 
isolated and recrystallizcd from hexane; yield 50.4 g. (74%); 
m.p. 51-52°.

Anal. Calcd. for Ci5H,()02S: C, 65.75; H, 10.95. Found: 
C, 65.9; H, 11.2.

IV. Dodecyl methyl sulfide. This was prepared by essentially 
the same procedure as in I with added precautions. The low- 
boiling methyl mercaptan (b.p. 6°) was chilled in an ice- 
salt bath and added to an ice cold solution of sodium 
methoxide. After addition of the alkyl bromide, the solution 
was heated carefully to the reflux temperature. An exo
thermic reaction soon occurred, necessitating immediate 
cooling to avoid loss. Thereafter, the reaction and workup 
proceeded normally.

V. Dodecyldimethylsulfonium p-toluenesulfonate. A. Direct 
synthesis. A mixture of 216 g. of dodecyl methyl sulfide 
and 475 g. (a 7% excess) of freshly distilled methyl p-toluene
sulfonate was heated on a steam-bath for 3 hr.; benzene 
was added as necessary to control frothing. When cool, the

product was filtered, washed with benzene, and recrystal
lized from 1 1. of absolute ethanol, using Nuchar, and again 
from 800 ml. of fresh solvent, giving 530 g. of colorless 
plates; m.p. 164-170°. Concentration of the ethanolic fil
trates produced a large second crop (172 g.) of slightly less 
pure material. Total yield, 702 g. (74%).

B. From carhethoxymethyl{dodecyl)methylsulfonium p- 
toluenesulfonate. A solution of 439 g. (0.93 mole) of the ester- 
salt (prepared as in A preceding paragraph from ethyl 
dodecylmercaptcacetate) in 650 ml. of 95% ethanol contain
ing 61.2 g. of potassium hydroxide (85% pellets) was heated 
at reflux for 2.5 hr. and filtered hot. The filtrate was concen
trated to 400 ml. and 4 1. of ether added. The crude, white 
crystalline product was isolated and extracted with 18 1. 
of boiling acetone, the undissolved potassium p-toluene
sulfonate being filtered off. The filtrate was concentrated 
to one-half volume and cooled, to give 211 g. (57%,) of 
large, colorless plates; m.p. 163-170°.

Further consecutive recrystallizations from acetonitrile, 
absolute ethanol, and acetone failed to change the melting 
point of this compound.
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('. From dodecylmethylthetin p-loluencsulfonate. See Section
VII.

VI. Dodecylmethyllhelin (DMT). A. DMT hydrochloride. 
A mixture of 61.8 g. (0.3 mole) of dodecyl methyl sulfide 
and 28.5 g. (0.3 mole) of chloroacetic acid was heated, with 
stirring, at 60-65° for 1 hr. and allowed to stand overnight. 
Dry ether (800 ml.) was added, but the white, crystalline 
solid was too sticky to filter. The ether was removed, and 
1 1. of benzene was distilled from the residue, using a 55° 
bath. This residue, after 3 hr. at 20 mm., was allowed to 
stand for several days until more than half the mass had 
crystallized. Dilution with 800 ml. of dry ether gave 40.4 
g. (41%) of crude product, m.p. 65-98°, which, after 
recrystallization from 140 ml. of acetone, amounted to
21.5 g.; m.p. 68-100°. Further recrystallization failed to 
improve the molting point.

B. DMT. To a solution of 6.0 g. of DMT hydrochloride 
in 50 ml. of dry methanol was added 2.7 g. (20% excess) 
of silver oxide, and the mixture was shaken for 1.5 hr. 
After filtration through Super Filtrol and removal of the 
solvent (bath <40°), the white, crystalline residue was re
dissolved in 4 ml. of dry methanol and reprecipitated by 
addition of 50 ml. of dry ether; yield, 3.3 g. (62%); m.p. 
101-109° (dec.); Beilstein test, negative. Recrystallization 
from methanol-ether, ether being added only up to the 
point of crystallization, produced m.p. 102-108° dec.).

C. Dodecylmethylthetin p-toluenesulfonate. Although for 
preparative purposes the method of Section VA would be 
used, the following is of interest.

An equimolar mixture of dodecylmethylthetin and p- 
toluenesulfonic acid was heated in acetone for 1.25 hr. 
Cooling produced silky needles of dodecylmethylthetin p- 
toluenesulfonate in 56% yield; m.p. 113-133° (dec.), not 
depressed by a sample prepared by the aforementioned 
method.

VII. Decarboxylation of DMT p-toluenesulfonate. An 
example has already been given (Section VB) where de
carboxylation occurred during the course of the reaction. 
Other examples are outlined in succeeding sections.

A. With Amberlite IIl-fB. A 4-g. sample of DMT p- 
toluenesulfonate was heated in 750 ml. of refluxing acetone 
for 2 hr. in the presence of 24 g. of acetone-washed Amber
lite IR-4B. Filtration and cooling produced 2.5 g. (70%) of 
dodecyldimethylsulfonium p-toluenesulfonate; m.p. 163— 
170°.

B. With piperidine. Reaction as in A, with one small drop 
of piperidine in place of the Amberlite resin and concentra

tion of the reaction mixture, produced 3.5 g. (97%) of the 
decarboxylated product, m.p. 163-169°.

C. With DMT. Reaction of equivalent amounts of DMT 
and DMT p-toluenesulfonate under conditions of Section A 
produced a 60% yield of the decarboxylated product; m.p. 
163-169.5°.

D. With acetic acid. Reaction as in A, with one drop of 
acetic acid in place of the Amberlite resin and concentration 
to one-fifth volume, gave a 62% recovery of impure start
ing material. A second crop consisted of 27% of dodecyl
dimethylsulfonium p-toluenesulfonate, m.p. 163.5-169.5°.

E. .Vo catalyst. When DMT p-toluenesulfonate was heated 
for 1 hr. in refluxing acetone without a catalyst, no reaction 
was apparent and the starting material was recovered 
unchanged. However, after 6 hr., a 94% yield of the de
carboxylated product, m.p. 163.5-169°, was obtained.

VIII. Decarboxylation of dodecylmethyl-a-propiolhetin p- 
toluenesulfonate (II). A. No catalyst. A solution of 4.0 g. of 
the thetin salt in 1400 ml. of boiling acetone was sampled 
at intervals of 1, 5, and 7 hr. The crystals separating from 
the concentrated ( J/ 3 vol.) sample melted 2.5°, 5.5°, and 6.5° 
lower, respectively, than the original pure salt, and mixtures 
with the latter were undepressed. The recovered crystalline 
material (3.5 g.) was shown by infrared analysis to consist 
almost exclusively of thetin salt (strong band at 1710 
cm.-1).

B. With piperidine. A solution of 2 g. of the salt in 750 
ml. of boiling acetone containing 6 drops of piperidine was 
sampled after 3 hr.; a 5.5° drop in melting point had oc
curred. After 6 hr., crystallization did not readily occur. The 
solvent was evaporated and the residue washed with ether 
to give 1.55 g. of colorless crystals, m.p. 75-88°. The infra
red curve, showing the complete absence of thetin salt, 
strongly resembled that of dodecyldimethylsulfonium p- 
toluenesulfonate.

C. By heat. The dry salt was wrarmed in a test tube at 
160° until the evolution of carbon dioxide had ceased. 
The resulting oil was shown by infrared analysis to contain 
a substantial amount (20-30%) of non-deearboxylated 
thetin salt. Under the same conditions decarboxylation of 
dodecylmethylthetin p-toluenesulfonate is essentially com
plete.

Acknowledgment. The author is indebted to D. 
W. Stewart and Thelma J. Davis, of these Labo
ratories, for infrared analyses.

R o c h e s t e r  4 , N. Y .
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p-Hydrazophenol could not be prepared by the 
method reported for the ortho isomer. 1 However, 
acyl derivatives of the three hydrazophenols were 
obtained by reducing the corresponding azo or 
azoxy compounds according to Jacobson’s method . 2 

In the course of the reduction we have observed 
that substituents which increase the electron density 
of the azo- group favor reductive fission, while 
those which lower this density or at least do not 
increase it above that of azobenzene favor the re
duction to the hydrazo stage only. The same 
applies to Jacobson’s reported results. 2-3

The intermediate azo- and azoxyphenols were 
prepared from the corresponding nitrophenols ac
cording to W illstatter’s fusion method . 4 The for
mation of such compounds probably takes place 
through the reduction6 of part of the nitrophenol to 
aminophenol and condensation of the latter with 
the nitro-body giving rise to the azoxy compound 
which may be reduced further to the azo compound. 
That such a mechanism is possible is supported by 
the fact that azoxy and azo compounds are pre
pared by fusing aromatic amines together with 
aromatic nitro compounds in the presence of 
powdered caustic alkalis. 6“ 8

The formation of the by-product triphenodioxa- 
zine from o-nitrophenol probably takes place ac
cording to the following scheme:

Triphenodioxazine

(1) Hen and Badasivam, J. Indian Chrm. A oc., 9, 405 
(1932).

(2) Jacobson and Steinbrenk, Ann., 303, 384 (1898).
(3) Jacobson and Hönigsberger, Ber., 36, 4093 (1903).

The above scheme besides being in conformity 
with the one given for the formation of the azo 
and azoxy compounds gives a reasonable answer to 
the evolution of ammonia in the course of the fusion 
process. This suggested scheme finds support in 
the formation of phenoxazine9 through the conden
sation of o-aminophenol and catechol and in the 
fact that triphenodioxazine itself had been pre
pared from 4,6-diaminoresorcinol and o-amino
phenol10

E X P E R IM E N T A L 11

2,2'-Dihydroxy azobenzene and J, J '-dihydroxyazobenzene 
were prepared according to a method described in the 
literature.4

S,S'-Dihydroxyazoxybenzene was obtained instead of the 
corresponding azo compound when the method4 reported 
for the preparation of the latter was adopted.

Acetylation and benzoylation. The above compounds were 
acetylated by acetyl chloride in presence of glacial acetic 
acid and benzoylated according to Schotten-Baumann 
method of benzoylation. Yields were almost theoretical.

Reduction. The acyl derivatives were reduced in 80 to 
90% yields by Jacobson’s procedure2 which was modified 
by stirring brisidy the reaction mixture and concentrating 
the alcoholic filtrate12 containing the hydrazo compound 
before its dilution with cold water.

Acknowledgment. Thanks are due to Messrs. J. R. 
Geigy of Basle, Switzerland, for the microanalyses 
of the new compounds and to Prof. Y. M. Abou- 
Zeid of the Faculty of Pharmacy, Cairo University 
for the facilities during this work.

C 'h e m i s t h y  D e p a r t m e n t

F a c u l t y  o f  P h a r m a c y

C a i r o  U n i v e r s i t y

(4) Willstatter and Benz, Ber., 39, 3495 (190G).
(5) The hydrogen for the reduction probable comes from 

the breaking down of part of the starting material.
(0) Martynoff, Compt. rend., 223, 747 (1946).
(7) Martynoff, Compt. rend., 225, 1332 (1947).
(8) Sidgwick, Organic Chemistry of Nitrogen, Oxford Uni

versity Press, 1942, p. 436.
(9) Ref. 8, p. 75.
(10) Seidel, Ber., 23, 188 (1890).
(11) All melting points recorded here are uncorrected.
(12) The filtrate containing diacetyl-o-hydrazophenol in

stantaneously acquired a green coloration probably due to 
contamination with the very unstable p-diaminohydro- 
quinone resulting from triphenodioxazine which is a by
product in the preparation of o-azophenol.
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TABLE I
A c y l  D e r i v a t i v e s  o f  A zo -  a n d  A z o x y p h e n o i .s

Sol- ________________ Analysis
vent of

Acryl Derivative Crystln.6 Color
M.P.,

°C. F ormula
Carbon, r,'c 

Caled. Found
Hydrogen, % 
Calcd. Found

Nitrogi
Calcd.

•u. ro 
Found

2,2'-Diaceto.\yazoben- A Orange 154-155 C16H14N2O4 64.42 64.23 4.69 4.58 9.39 9.45
zene

3,3'-Diacetoxyazoxy- B Reddish 102-103 C16H14N2O0 61.14 01.16 4.45 4.58 8.92 8.82
benzene brown

4,4'-Diaceto.\yazoben- C Golden 198-199 c 16h 14n 2o4
zene6 yellow

2,2'-Dibenzoyloxyazo- A Orange 172-173 C26HiaN20 4 73.93 73.88 4.26 4.20 6.63 6.67
benzene

3,3'-Dibenzoyloxyazoxy- B Yellowish 174-175 C26Hi8N2Os 71.23 71.10 4.11 4.06 6.39 0.47
benzene brown

4,4'-Dibenzoyloxyazo- A Reddish 210-211 C26Hl8^204
benzene6 yellow 249-251

“ A, benzene; B, alcohol; C, glacial acetic acid. 6 Willstatter and Benz, Bcr., 4 0 ,  1582 (1907).

TABLE I I

A c y l  D e r i v a t i v e s o f  t h e  T h r e e  S y m m e t r ic a l  I I y d r a z o i’He n o l s

Sol- Analysis
vent of M.P., Carbon, % Hydrogen, % Nitrogen, %

Acyl Hydrazophenol Crystln." °C. Formula Caled. Found Calcd. Found Calcd. Found
Diacetyl-o-hydrazophenol6 A 146-147 C16H16X2O4 64.00 04.09 5.33 5.11 9.33 9.36
Diacetyl-m-hydrazophenol A 136 C16H16N2O4 64.00 04.05 5.33 5.27 9.33 9.38
Diacetyl-p-hydr azophenol-0 B 138-140 2O4 64 00 63.81 5.33 5.17 9.33 9.29
Dibenzoyl-o-hydrazophenol C 169-170" C26Hoo^ 2O4 73.58 73.52 4 71 4.64 6.00 0.50
Dibenzoyl-ni-hydrazophenol A 146-147 Ca&HirjX/b 73.58 73.72 4.71 4.75 6.60 6.69
Dibenzoyl-p-hydrazophenol C 188-190 C26H20X2O4 73.58 74.11 4.71 4.65 6.00 0.50
" A, aq. ale.; B, benzene-pet. ether (80-100°); C, alcohol. 6 Purified by refluxing its alcoholic solution with charcoal in 

an atmosphere of nitrogen. 0 Hydrolysis with 5% sodium hydroxide did not yield the free hydrazophenol, but instead af
forded the oxidation product viz. p-azophenol. d Ref. 1, m.p. 186°.

R ed u ctio n  o f  O rganic C om p ou n d s by L ith iu m  
in  Low M olecu lar W eigh t A m in es. V. T he  
M ech a n ism  o f  F o rm a tio n  o f  C yclohexanes. 
U tility  o f  th e  R ed u cin g  M ed iu m  in  E ffecting  

Stereospecific  R ed u ctio n s

R o b e r t  A. B e n k e s e r , J a m e s  J .  H a z d r a ,
R o g e r s  F. L a m b e r t , a n d  P a t r i c k  W. R y a n

Received October 9, 1958

I t was reported in a previous paper1 in this series 
that reduction of aromatic nitro compounds with 
the lithium-amine reagent stops rather cleanly at 
the aromatic amine. On the other hand, aromatic 
amines (primary, secondary, or tertiary) are re
duced by excess lithium in ethylamine to cyclo
hexane derivatives principally. This unusual be
havior was shown to be due to the generation of 
alkyl amide ions during the reduction of the nitro 
group. These maintain the aromatic amino group as 
the anilide ion which resists further reduction. 
However, when one starts with an aromatic amine,

(1) R. A. Bcnkeser, R. F. Lambert., P. \V. Ryan, and
1). Cl. Stoffey, J. .4»i. Chein. Soc., 81, 228 (1059).

the ring is reduced rapidly at first, since little or 
no amide ion is present, and hence reasonably good 
yields of reduction product can be realized in many 
instances.

In extending this work, we have found that all 
three isomeric toluidines are reduced to methyl- 
cyclohexylamines with excess lithium. In every case 
the most stable cyclohexane isomer was the pre
dominant product (all substituent groups equa
torial). Hence it appears that the lithium-amine 
reducing system should prove a valuable tool in the 
stereospecific synthesis of certain cyclohexanes. 2

It was suggested previously1 that complete satu
ration of the aromatic ring of certain 1 ° and 2 ° 
amines occurs because of the facile reduction of 
imine intermediates, arising from the isomerization 
of 1-aminocyclohexene isomers (enamines). Fur-

(2) We have observed also that certain of the xylidines 
undergo what appear to be similar stereospecific reductions. 
Details of these, and other stereospecific reductions will be 
published later.
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thermore, any 3- or 4-olefin isomers formed in such 
reductions would undergo ready reduction as well.

This hypothesis has now been substantiated by a 
detailed study of the reduction of Ar-methylaniline 
and N ,A-dimethy 1 aniline. In the latter case, through 
the use of four equivalents of lithium as the reducing 
agent, a 40% yield of cyclohexanone was obtained 
following hydrolysis. Previous work1 showed that 
cyclohexanone arises in this case only from hy
drolytic cleavage of the enamine, 1-dimethylamino- 
cyclohexene. Thus, a minimum yield of 38% of 
this olefin in the reduction mixture is indicated. 
Analysis of the basic fraction of the hydrolysate by 
gas chromatography indicated an olefin distribution 
of about 33% 3-dimethylaminocyclohexene and 
62% 4-dimethylaminocyclohexene. When the re
duction was repeated using an excess of lithium, a 
35% yield of cyclohexanone was again obtained 
following hydrolysis. Analysis of the basic fraction 
of the hydrolysate indicated that virtually all of 
the 3- and 4-olefin isomers had been removed by 
reduction, with cyclohexyldimethylamine remaining 
as the principal product. When A-methylaniline 
was reduced with excess lithium only a trace of 
cyclohexanone could be detected in the hydrolysate 
of the reduction product. Thus it is clear that the 
enamine arising from A'-methylaniline is reduced 
readily in this system, while the enamine from TV,IV- 
dimethvlaniline is not. Reduction via an imine 
intermediate in the former case is clearly indicated.

These findings immediately raised the issue of 
whether the saturated products reported in earlier 
work3 also were arising from a 1,2-reduction of 3- 
and 4-olefin isomers hitherto unreported. Accord
ingly a systematic study of the reduction of toluene, 
ethylbenzene, cumene, and f-butylbenzene was 
undertaken using both four equivalents of metal 
as well as an excess. The products were analyzed by 
gas chromatography (a technique not avilable when 
the initial work3 on this reduction was done) and 
are listed in Table I.

TABLE I
R e d u c t i o n  o p  A r o m a t i c  H y d r o c a r b o n s  w i t h  L i t h i u m  

i n  M e t h y l a m i n e “ ’4

l-
Alkyl-
cvclo-

hexene

3 + 4 -
Alkyl-
cyclo-

hexene

Alkyl-
cyclo

hexane
B.P.

Range

Toluene 59(58)% 37(23)% 4(18)% 100- 110°
Ethylbenzene 62(60) 38(30) 0 (10) 130-136
Isopropylben- 46 (46) 54(44) 0 (10) 150-156

zene
¿-Butylbenzene 43(40) 57(52) 0(9) 169-172

“ The olefin mixtures were analyzed by gas chromatogra
phy utilizing a 14-ft. column packed with either dibutyl- 
phthalate, di-n-octylphthalate or /3,/3'-oxydipropionitrile on 
firebrick. 4 The first percentage listed in each case was ob
tained using four equivalents of lithium. The percentage in 
parentheses resulted from six equivalents of lithium.

(3) R. A. Benkeser et al., J. Am. Chem. Soc., 77, 3230 
(1955) and 77, 6042 (1955).

I t  becomes immediately apparent from Table I 
that appreciable quantities of 3- and 4-alkylcyclo- 
hexenes do form under the conditions employed. 4 

I t  is also apparent that the cyclohexanes which are 
formed in the presence of excess lithium arise prin
cipally from a reduction of the 3- and 4-olefins 
rather than from reduction of the 1-isomer. As 
further confirmation of this point several alkyl- 
cyclohexenes were reduced under comparable 
conditions with two equivalents of lithium in meth- 
ylamine (Table II). I t  is obvious that the rate of 
reduction of the 1 -alkyl isomers is very slow rela
tive to that of the 3- and 4-isomers. This is under
standable in terms of an electronic influence, 
wherein the inductive effect of the alkyl group 
slows down the uptake of electrons by the double 
bond . 5

TABLE II
R e d u c t i o n  o p  1 - A l k y l c y c l o h e x e n e s  w i t h  L i t h i u m  i n  

M e t h y l a m i n e “ ’4

Reaction Alkylcvclo-
Time, hexane,

Compound Hr. %
1-Methylcvclohexene 3 4
4-Methylcvclohexene 3 59
1-Isopropylcyclohexene 3 1
4-Isopropylc y cl ohexene u

(21
(30

“ Analysis was by gas chromatography. See (a) of Table 
II. 4 Two equivalents of lithium were employed in even- 
case.

Another interesting piece of information which 
can be gleaned from Table I is that the percentage 
of 1 -alkylcyclohexene gradually drops as the + 1  

effect (and also steric bulk) of the substituent alkyl 
group increases. The significance of this observa
tion is presently under investigation.

E X P E R IM E N T A L

Reduction of the toluidines with lithium in ethylamine. To a 
mixture of 10 g. (1.4 g. atoms) of lithium in 300 ml. of ethyl- 
amine was added 21 g. (0.2 mole) of the toluidine. The mix
ture was stirred for 6 hr. The remaining lithium was then 
removed and the mixture hydrolyzed by the slow addition 
of 200 ml. of water. The ethylamine was evaporated with 
a steam cone and the product was dissolved in ether, dried, 
and distilled through a Todd column.

o-Toluidine. A 20% conversion (4.5 g.) into trans-2- 
methylcyclohexylamine was obtained (b.p. 151-153°, n2D°

(4) It is possible that the percentages of 1-isomer re
ported in our earlier work (ref. 3) were high in some cases 
since the 1-isomer may have been contaminated with the
3- and 4-olefins. The conditions employed in these early 
reductions, however (excess lithium, prolonged reaction 
time), would tend to diminish the amounts of 3- and 4- 
olefins relative to the 1-isomer. There are indications that 
other techniques (to be reported later) can be employed 
as well to diminish the quantity of 3- and 4-isomer. We are 
at present reevaluating by gas chromatography some of the 
percentage yields we reported in our earlier work (ref. 3).

(5) A. J. Birch, J. Chem. Soc., 430 (1944).
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I. 4547), and 10.5 g. (50%) of starting material was re
covered. The product formed a benzamide derivative melt
ing at 148-149.5° when crude, and at 150-150.5° after re
crystallization from 95% ethanol (reported6 m.p. for the 
benzamide, 151°). Its phenylthiourea derivative melted at 
150-151° (reported7 m.p. for phenylthiourea 145°).

Anal. Dialed, for ChH20N2S (phenylthiourea): O, 07.73;
II, 8.13. Found: C, 67.70; H, 8.42.

m.-Toluidine. A 41% conversion (9 g.) into cfs-3-methyl- 
cyclohexylnmine was obtained (b.p. 149-150°, n'd 1.4512) 
and 7 g. (33%) of starting material was recovered. The 
product formed a benzamide derivative melting at 126- 
127° (reported8 m.p. 124.5-125.8°) and a phenylthiourea 
melting at 139-140° (reported7’9 m.p. 105-106°).

Anal. Calcd. for ChH2oN2S (phenylthiourea derivative): 
C, 67.73; H, 8.13; N, 11.20. Found: C, 67.80; H, 8.40; N, 
11.23.

p-Toluidine.1 A 49% conversion (11 g.) into trans-A- 
methylcyclohexylamine was obtained (n™ 1.4509),1 and 
3 g. (14%) of starring material was recovered.

Alkylbenzenes (Table I). The alkylbenzene reductions 
were carried out in the usual fashion with 500-600 ml. of 
methylamine, 0.34 mole of aromatic and either 4 or 6 
equivalents of lithium. In the cases where 4 equivalents of 
metal were used, the reaction was allowed to proceed for 
approximately 3 hr. With six equivalents the reaction time 
was about 6 hr.

Alkylcyclohexenes (Table II). The alkylc.yclohexenes were 
reduced in approximately 300 ml. of methylamine using 0.2 
mole of olefin and two equivalents of lithium.

X  ,N-Dimethylaniline. (a) (%Equivalents of lithium). The 
reduction of 41.2 g. (0.34 mole) of Ar,Ar-dimethylaniline by
10.2 g. (1.45 g. atoms) of lithium in 500 ml. of methylamine 
was carried out in the usual manner. After 2 hr. the solution 
was colorless, and the solvent was then allowed to evaporate. 
Five hundred ml. of water was added and then 10% hydro
chloric acid until the aqueous layer was acidic. This aqueous 
layer was then extracted thoroughly with ether and the 
ether solution dried over anhydrous sodium sulfate (extract 
No. 1). The acidic solution remaining was made basic with 
solid sodium hydroxide, and the basic solution was then 
extracted with ether. This extract (extract No. 2) was also 
dried over anhydrous sodium sulfate. Subsequent distillation 
of extract No. 1 through a Todd column, gave 13.2 g. (40%) 
of cyclohexanone (b.p. 154-155°; » "  1.4490). Distillation 
of extract No. 2 gave 13.7 g. of material boiling at 162- 
164° (n2D2 1.4673). An infrared spectrum of this cut showed 
an olefin band at 6 microns. Subsequent analysis of this 
material by gas chromatography (earbowax “1500” on fire
brick packing) showed it to contain approximately 5% 
Ar,Ar-dimethylcyclohexylamine, 33% 3-dimethylaminocyclo- 
hexene and 62% 4-dimethylaminocyclohexene.

(b) Excess lithium. The reduction was repeated with 41.2 
g. of A',A’-dimethylaniline (0.34 mole) and 16.8 g. (2.4 g. 
atoms) of lithium in 500 ml. of methylamine. The reaction 
time was 7 hr., after which the product was worked up as 
described above. Distillation of extract No. 1 gave 11.7 g. 
(35%) of cyclohexanone (b.p. 154-155°, n ‘□ 1.4492). Dis
tillation of extract No. 2 gave 11.5 g. (27%) of cyclohexyl- 
dimethylamine (b.p. 159-161°, n2D2 1.4540). A gas phase 
chromatogram showed the latter to be only slightly con
taminated with 3- and 4-dimethylaminocyclohexenes.

N-Methylaniline (excess lithium). The product from the

(6) D. S. Novce and F. W. Bachelor, J. Am. Chem. Soc., 
74,4577 (1952)'.

(7) A. Skita, Ber., 56, 1014 (1923).
(8) D. S. Noyce and R. J. Nagle, J. Am. Chem. Soc., 75, 

127 (1953).
(9) It should be noted that Skita’s assignment of con

figuration for cis- and irans-3-methylcycylohexylamine was 
reversed. See ref. 8,

reduction of 36.4 g. (0.34 mole) of A’-methylaniline wfith 16.8 
g. (2.4 g. atom) of lithium in 500 ml. of methylamine for 
7 hr. was worked up as described above. Distillation of 
extract No. 1 gave 1 g. of residue whose infrared spectrum 
showed no carbonyl band. Distillation of extract No. 2 
gave 6.1 g. (16%) of JV-methylcyclohexylamine (b.p. 148- 
150°, » 2d4 1.4562) and 22.7 g. (62%,) of recovered A7-methyl- 
aniline (b.p. 195-196°, nao 1-5685). A gas phase chromato
gram and an infrared spectrum of the Ar-methylcyclohexyl- 
aniine showed it to be slightly contaminated with cyclo
hexanone.
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The activity of a number of substituted 7- 
aminobenz [cjacridines against E. histolytica in 
vitro and in intestinal amaebiasis in rats has been 
reported by Elslager and co-workers1*2 and by 
Short and cowvorkers. 3 The present communication 
deals with the preparation of a number of substi
tuted 1 2 -aminobenz [ajacridines for trials against
E. histolytica.

The acridine derivatives were obtained by the 
interaction of 0.005 mole of 1 2 -chlorobenz[a]- 
acridine, prepared from N -(2 -naphthyl)anthranilic 
acid according to Bachman and Picha, 4 with a 
slight excess of the appropriate amine in phenol at 
1 2 0  for a period of 2  hr. in the presence of powdered 
sodium carbonate to neutralize the liberated hydro- 
caloric acid. The reaction mixture was poured into 
an excess of an aqueous solution of potassium 
hydroxide and the sticky precipitate, on solidi
fication, was filtered off and dried after washing 
with water. The dry solid was dissolved in ether 
and the ether extract was treated with hydrogen 
cnloride gas to precipitate the hydrochloride, or 
with a solution of salicylic acid in ether to precipi
tate and salicylate. The salt was purified by crystal-

(1) E. F. Klslager, A. M. Moore, F. W. Short, M. J. 
S illivan, and F. H. Tendick, J. Am. Chem. Soc., 79, 4699, 
(957).

(2) E. F. Elslager, F. W. Short, M. J. Sullivan, and F. H. 
A endiek, J. Am. Chem. Soc., 80, 451, (1958).

(3) F. W. Short, E. F. Elslager, A. M. Moore, M. J. Sulli
van, and F. H. Tendick, ,/. Am. Chem. Soc., 80, 223, (1958).

(4) G. B. Bachman & G. M. Picha, ./. Am. Chem. Soc., 
63,1599(1946).
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TABLE I
S u b s t i t u t e d  1 2 - A m i n o b e n z [ í i ] a c r i d i n e s

No. Base Salt
Crystallizing

Solvent
M.p.“ of 

Salt
Carbon, % 

Calcd. Found
Hydrogen, % 

Calecí. Found
i 12-p-Chloroanilinobenz [a ¡acridine HC1 Methanol 265 70.58 70.96 4.10 3.98
2 12-p-Iodoanilinobenz [a ]aeridine c 7h 6o36 Benzene-ethanol 212 61.64 61.99 3.60 3.22
3 12-Anilinobenz [a ¡acridine 3 C,H60 3 Benzene 220 71.93 71.72 4.63 4,86
4 12-p-ToIuidinobenz [ajaeridine 2 CvHeO, 50'", Ethanol 210 74.75 75.03 4.92 5.23
5 12-ra-Chloroanilinobenz [a ¡acridine C7H60 3, 2H2Oc Chloroform 190 68.12 68.00 4.72 4.48
6 12-m-Iodoanilinobenz [a ¡acridine C-HfD., Ethanol 185 61.64 61.85 3.60 3.30
7 12-w-T oluidinobenz [o ¡acridine 1.5 C7H60 3 Benzene 195 76.53 76.90 4.99 4.97
8 12-p-Anisidinobenz [a ¡acridine 1.5C7H60 3 Ethanol 207 74.33 74.45 4.85 4.80
a All melting points are uncorrected. 4 C7H60 3 = salicylic acid. c H20, caled., 6.81%; found, 6.72%.

lization from a suitable solvent. The data are 
recorded in Table I.

A r m e d  F o r c e s  M e d i c a l  C o l l e g e  

P o o n a ,

I ndia

D erivatives o f  S u lfen ic  A cids. X X X III.
2 ,4 -D in itro p h en y l S e len iu m  T rich lor id e 1

I ) .  D a v i d  L a w s o n  a n d  N o r m a n  K h a r a s c h

Received October 27, 1958

The recent papers of Jenny and co-workers2 

on various selenenyl derivatives prompt us to report 
a study, carried out some time ago, concerning
2,4-dinitrophenyl selenium trichloride (I).

I II III

Our purpose was to prepare 2,4-dinitrobenzene- 
selenenyl chloride (II) for comparison with the well 
known sulfur analog, 3 2,4-dinitrobenzenesulfenyl 
chloride (III). While numerous selenenyl halides 
have been reported, including 2,4-dinitrobenzene- 
selenenyl bromide4 5 and 2 -nitrobenzeneselenenyl 
chloride, 6 II has not been described previously.

The synthesis of III is generally carried out by the 
catalytic chlorinoly.sis of bis(2,4-dinitrophenyl)

(1) The research reported in this document was made 
possible, in part, through support extended by the Office 
of Scientific Research, Air-Research and Development 
Command, under Contract No. AF-49-638-330.

(2) W. Jenny, Helv. Chim. Acta, 41, 317 (1958); G. Holzle 
and W. Jenny, Helv. Chim. Acta, 41, 331 (1958), and earlier 
papers.

(3) N. Kharasch, ./. Chem. Ed., 33, 585 (1956). Cf. also 
R. B. Langford and D. D. Lawson, J. Chem. Ed., 34, 510
(1957) and reference cited therein.

(4) W. S. Cook and R. A. Donia, J. Am. Chem. Soc., 73, 
2275 (1951). (4a) Cf. also O. Behaghel and H. Siebert, 
Ber., 66, 708 (1933).

(5) N. Kharasch, S. J. Potempa, and H. L. Wehrmeister, 
Chem. Revs., 39, 269 (1946). Cf. also ref. 3a.

disulfide.6 This procedure, using chlorine gas, did not 
permit the convenient chlorinolysis of the very in
soluble bis(2,4-dinitrophenyl) diselenide. In the 
course of the work, however, a superior method 
for cleaving bis(2,4-dinitrophenyl) disulfide was 
devised, involving the use of sulfuryl chloride and 
pyridine. This procedure was succesful in the 
chlorinolysis of the corresponding diselenide, but 
the product obtained was not the selenenyl chloride 
(II), but the trichloride (I). The use of sulfuryl 
chloride as reagent for chlorinolyses of disulfides 
and diselenides has been previously reported by 
Behaghel and Seibert.4a

Since selenocyanates are known to undergo 
brominolysis to selenenyl bromides,7 the direct 
chlorinolysis of 2,4-dinitrophenyl selenocyanate 
was attempted. The reaction proceeded smoothly, 
the product again being the selenium trichloride (I). 
Further study established that the trichloride is in 
equilibrium with the monochloride (Equation 1);

ArSeCI, ArSeCl +  CL
I II

(Ar = 2,4-dinitrophenyl) (1)

and that pure I can be prepared by using excess 
sulfuryl chloride in the chlorinolysis of the seleno
cyanate or bis(2,4-dinitrophenyl) diselenide; and 
II results by heating I in an evacuated atmosphere. 
The reverse reaction was demonstrated by con
verting the monochloride (II) to trichloride, by re
action of the former with excess chlorine. Such 
reversible relations of the trichloride and mono
chloride derivatives have been noted previously, 
both in the selenium8 and the sulfur series.9

2,4-Dinitrophenyl selenium trichloride (I) is an 
excellently crystalline solid, which may be stored 
for long periods without change. As expected, how
ever, I decomposes on heating and does not exhibit 
a sharp melting point. The bright yellow crystals 
begin to turn orange at 70°; at 80-85°, chlorine is 
evolved and at 1 0 0 °, the whole mass turns to an

(6) N. Kharasch, G. I. Gleason, and C. M. Buess, J. 
Am. Chem. Soc., 72, 1796 (1950).

(7) O. Behaghel and II. Seibert, Ber., 65B, 812 (1932).
(8) O. Behaghel and K. Hofmann, Ber., 72, 582 (1939).
(9) Houben-Weyl, “Methoden der Organischen Chemie,” 

4th ed., Vol. IX, p. 270, Georg Thieme Verlag, Stuttgart, 
Germany (1955).
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orange melt. The proportion of II, in equilibrium 
with I was not estimated. In cyclohexane there is no 
appreciable apparent deviation from Beer’s law at 
selected wave lengths, at room temperature, sug
gesting that the proportion of II in this solvent, at 
room temperature, is probably fairly low.

The equilibrium of Equation 1 and the reactivity 
of the monochloride are also shown by the fact that 
the products found when I is treated with various 
reagents are those expected for the monochloride
(II) . Thus, reactions of I with cyclohexene, ethanol, 
acetone, aniline, or dimethylaniline gave high 
yields of the products expected for the monochlo
ride with these reagents. The product from cyclo
hexene is undoubtedly irans-2 -chlorocyclohexyl 
2'4'-dinitrophenyl selenide10; and with ethanol, I 
gave ethyl 2,4-dinitrobenzeneselenenate, which was 
identical with the product reported by Cook and 
Donia, 4 who prepared it by reaction of the sulfenyl 
bromide and the alcohol, in the required presence of 
silver salts to remove hydrogen bromide formed in 
the reaction. The product from acetone was acetonyl
2,4-dinitrophenyl selenide, while aniline and di
methylaniline, respectively, gave 2,4-dinitroben- 
zeneselenanilide and 4-dimethylaminophenyl 2'- 
4'-dinitrophenyl selenide. The reactions to obtain 
these products ■were conducted under conditions 
identical to those which readily yield the cor
responding derivatives from the sulfenyl chloride
(III) . 3 The results therefore suggest that the readily 
prepared trichloride (I) may be used as the in situ 
precursor for reactions requiring the selenenyl 
chloride (II). However, if desired, II  may be made 
from I and isolated as a crystalline, reactive sub
stance, which can be kept for extended periods.

As Jenny has shown, 2 the ultraviolet and visible 
spectra of corresponding sulfur and selenium com
pounds are nearly superimposable, but with definite 
shifts in both position of maxima and absorbancy. 
This is also borne out by the several pairs of sulfur 
and selenium compounds whose ultraviolet spectra 
were compared in this study. In general, the sele
nium analogs showed a somewhat higher extinction 
and absorbed at slightly longer wave lengths than 
the corresponding sulfur analogs. Comparisons of 
the infrared spectra of these same pairs of com
pounds also showed them to be practically super
imposable with only minor displacements of the 
bands (in both directions, toward longer and 
shorter wave lengths). Indeed, the spectral com
parisons of analytical samples of the selenium com
pounds (with authentic sulfur analogs) served as 
good indications of whether the analytical results 
could be expected to conform to the calculated 
values. Samples showing deviations in the infrared

(10) For the proof of structure of t.rans-2-chlorocyelohex3'l 
2'4'-dinitrophenyl sulfide, Cf. A. J. Havlik and N. Kharasch,
J. Am. Chem. Soc., 78, 1207 (1956). The sulfide and the 
selenide showed identical x-ray powder diagrams, made 
with the kind assistance of Dr. J. Donohue,

patterns invariably failed to give satisfactory 
elementary analyses.

E X P E R I M E N T A L 11

In view of the toxicit.ies and vile odors of selenium com
pounds, a powerful hood and scrupulous avoidance of con
tact was assured throughout the work. To avoid accumula
tion, preparative runs involving possible volatilization were 
generally conducted on alternate days.

Chlorinolysis of bis(2,4-dinitrophenyl) disulfide by sulfuryl 
chloride in presence of pyridine. The disulfide (100 g.) was 
pulverized and dried in an oven (80-90°) for 12 hr. It was 
t ien suspended in 600 ml. carbon tetrachloride, in a 1-1. 
flask with a reflux condenser. Sulfuryl chloride (40 ml.) was 
added, followed by 5 ml. of dry pyridine. The mixture was 
refluxed (steam bath) for 1 hr., and 50 ml. more sulfuryl 
cnloride was added, in 10 ml. portions, about every half 
hour. An additional 2 ml. of pyridine was also added during 
tlie course of the reaction, which was generally complete in 
3 to 5 hr., as shown by the near disappearance of the in
soluble disulfide. In some runs, tar may appear at the surface 
of the reactions mixture; but causes no difficulty.

The hot reaction mixture was treated with ca. 5 g. “Norit 
A” and filtered (hot) through “filter-aid.” The filtrate was 
concentrated and the product collected; 91 g. (m.p. 97-98°). 
Sx g. more were obtained from the mother liquor bjr further 
concentration. Total jdeld: 97 g.; 82.5%.

Runs o: up to 500 g. disulfide were made, as above, with 
minor variations required in time of heating and proportion 
of pyridine for a particular batch. Yields of 80-90% of 
good product were obtained in these batches. Similarly as 
reported by Kharasch, Gleason, and Buess,6 the mother 
liquor from one batch can be used advantageously in suc
ceeding runs, to improve the over-all yield of product.12

2,4-Dinitrophenyl selenium trichloride (I). The above 
method was adapted to the chlorinolysis of 2,4-dinitrophenyl 
selenocyanate, as follows. To 200 ml. of redistilled sulfuryl 
cnloride was added 27.2 g. (0.1 mole) of dry 2,4-dinitro
phenyl selenocyanate, prepared in 70-75% yields from 
dinitrochlorobenzene and potassium selenocyanate13 by the 
method of Fromm and Martin.14 The mixture was refluxed 
for 10 min., filtered hot, and cooled slowly, giving a crop 
of bright yellow crystals. The liquid was decanted and the 
crystal crop was dried in vacuo, for 24 hr., over a mixture of 
calcium chloride and sodium hydroxide. Yield 30 g. (86%). 
The decomposition characteristics of this product were 
described in the introduction.

Anal. Calcd. for CeTRNjChSeCl,: C, 20..44; II, 0.85; Cl, 
33.15; N, 7.96. Found: C, 20.63; H, 0.88; Cl, 30.39; N, 8.31. 
Cryoscopic mol. wt. (in benzene): 350 ±  8.5; Calcd. 352.

While the direct chlorination of bis(2.,4-dinit.rophenyl)- 
diselenide15 failed to give I, in suitable yield, reaction of the 
diselenide with sulfuryl chloride and pyridine gave I.

Conversion of 2,4-dinitrophenyl selenium trichloride (I) to 
2 4-dinilrobenzeneselenenyl chloride (II). The yellow tri
chloride (0.9665 g.) was placed in an Abderhalden pistol, 
evacuated to 1 ml. pressure, and heated at the reflux tern-

i l l )  Melting points were taken on a Fisher-Johns block.
(12) The same procedure, using sulfuryl chloride, was 

applied advantageously to the synthesis of 2-nitrobenzene- 
sulfenyl chloride, 2-chloro-i-nitrobenzenesulfenyl chloride 
and benzenesulfenyl chloride. Only very small amounts of 
pyridine are required in these preparations. In the case of 
benzenesulfenyl chloride, we prefer not to use any pyridine 
o:- solvent, since this gives a product which appears to have 
better keeping qualities. The excess sulfuryl chloride serves 
as a good solvent medium for the reaction.

(13) G. R. Waitkins and R. Shutt, Inorganic Synthesis, 
Vol. II, p. 186; John Wiley and Sons Inc., New York, N. Y.

(14) E. Fromm and Martin, Ann., 401, 177 (1917).
(15) D, I’. Twiss, J. Chem. Soc., 105, 1672 (1914).
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perature of acetone. After 9 hr., a weight loss of 22.65% 
was observed (calcd. for full conversion of I to II, 21.50%). 
The resulting orange solid was collected and recrystallized 
from carbon tetrachloride. The m.p. was 88-89°.

Anal. Calcd. for C6H3(N02)2SeCl: Cl, 12.58. Found: Cl, 
13.42.

2.4- Dinitrophenyl selenium trichloride ( I) from 2,4-dinitro- 
benzeneselenenyl chloride. The orange monochloride (0.3330 
g.) was placed in an atmosphere of dry chlorine for 3 days 
at room temperature. A weight gain of 7.80% was noted, 
and a somewhat amorphous material resulted. Recrystal
lization from carbon tetrachloride gave an orange product, 
which lost chlorine typically at 80-85°, and turned to an 
orange melt at 100°.

Anal. Calcd. for C6H3N20 4SeCl,: Cl, 30.15. Found: Cl,
30.54.

Acetonyl 2,4-dinitrophenyl seleni.de. 2,4-Dinitrophenyl 
selenium trichloride (3.52 g., 0.01 mole) was added to 10 ml. 
of acetone. The mixture was refluxed for 5 min., filtered, 
cooled, and the yellow product collected and recrystallized 
from absolute ethanol. The product melted at 116-118°.

Anal. Calcd. for C9H8N20 5Se: N, 9.54. Found: N, 9.94.
Ethyl 2,4-dinitrobenzeneselenate. Into 10 ml. of absolute 

ethanol 3.52 g. (0.01 mole) of I was added. Addition of 1 
ml. of dry pyridine caused formation of an orange color. 
The volume of the solution was reduced to one third on the 
steam bath and the remaining solution cooled, causing 
deposits of orange needles, which were collected and washed 
with a few ml. of absolute alcohol. After recrystallizing from 
absolute alcohol, the product melted at 128-129°, which cor
responds exactly to the literature value4 for the ethyl 
ester.

2.4- Dinitrobenzene selenenalide. Into 15 ml. of dry ether 
was added 3.52 g. (0.01 mole) of 2,4-dinitrophenyl selenium 
trichloride. One g. of dry aniline was then added slowly, 
whereupon a deep red color was noted. The volume was 
reduced by one fifth and the residue taken up in 50 ml. of 
95% ethanol. This was treated with decolorizing charcoal, 
the mixture was reduced to about two thirds of the original 
volume and the remaining solution was cooled. The red- 
orange crystals were collected, washed, and dried; m.p. 187- 
189°.

Anal. Calcd. for Ci2H9N30 4Se: N, 12.41. Found: N, 12.59.
2-Chlorocyclohexyl, 2,4-dinitrophenyl selenide. Into 10 ml. 

of dry cyclohexene, was added 3.52 g. of 2,4-dinitrophenyl 
selenium trichloride (0.01 mole). The reaction mixture be
came warm and turned a deeper yellow color. It was let 
stand for one hour and then, by using a stream of dry air, 
the solvent was removed. The residue was taken up in 10 
ml. of 95% ethanol, filtered, and the filtrate cooled, yield
ing, 1.10 g. of yellow needles, m.p. 114-115°.

Anal. Calcd. for CI2H12N20 4ClSe: N, 7.74. Found: N, 
7.47.

The x-ray powder patterns of the selenide and cor
responding sulfide were practically identical, indicating 
similar space distribution of the substituents and size of 
unit cells; Cf. ref. 9.

4-Dimethylaminophenyl 2,4-dinitrophenyl selenide. This 
was prepared from reaction of I (3.5 g.) and dimethylaniline 
(2 ml.) dissolved in dry benzene (10 ml.) at room tempera
ture. The solution was concentrated and the crude deep red 
product recrystallized from hot methanol, giving bright red 
needles, m.p. 194r-196°.

Anal. Calcd. for Ci4HnN20 4Se: N, 11.28. Found: N, 10.88.
Spectra. The ultraviolet and infrared absorption spectra 

of the several pairs of sulfur and selenium compounds 
encountered in this work are recorded in a catalog of spectra 
being prepared for publication from this laboratory. The 
ultraviolet spectra of I and II are defined by the following 
absorption coefficients, at the wave lengths stated.

2.4- Dinitrobenzenesulfenyl chloride, in ethylene chloride 
solution; 4180 A (max.)/2.4 X 103; 3660 A (min.)/3.5 X 
103; 3190 A (max.)/8.9 X 103; 2930 A (min.)/6.4 X 10s; 
2640 A (mux.)/10 X 103.

2,4-Dinitrophenyl selenium trichloride (in cyclohexane); 
4180 A (max.)/4.3 X 103; 3660 A (min.)/2.4 X 103; 3235 
A (max.)/11.4 X 103; 2921 A (min.)/5.0 X 103; 2640 A 
(max.)/12.6 X 103; 2480 A (min.)/l 1.5 X 103.

Acknowledgment. We are indebted to Mr. William 
II. Wilcox for assistance with experiments on the re
actions of sulfuryl chloride with bis (2,4-dinitro
phenyl) disulfide, to Dr. J. Donohue for help with 
the x-ray comparisons, to Dr. Adalbert Elek for 
microanalyses, and to the Office of Scientific 
Research, Air-Research and Development Com
mand, for partial support of this study.

D e p a r t m e n t  o f  C h e m is t r y  
U n iv e r s it y  o f  S o u t h e r n  C a l if o r n ia  
L o s  A n g e l e s  7, C a l i f .

A m in a tio n  o f  T ertiary  A m in es by  
H y d ro x y la m in e -O -su lfo n ic  A cid

H a r r y  H. S i s l e r , R ic h a r d  A. B a f f o r d ,
G e o r g e  M . O m i e t a n s k i , B e r n a r d  R u d n e r , 

a n d  R o n a l d  J. D r a g o

Received November 3, 1958

The reaction of chloramine with tertiary amines 
to form 1 ,1 ,1 , trisubstituted hydrazinium chlorides 
has been clearly established. 1 I t  seemed desirable 
to us to investigate the possibility of a similar re
action with another compound of the type NH2X 
where X represents an electronegative group other 
than chlorine. We have, therefore, investigated the 
reactions of hydroxylamine-O-sulfonic acid (NH2- 
OS03H) with a variety of tertiary amines and have 
found that W-aminating reactions of the type

R3N +  NII20S03H — > [R3NNH2+] [HS04-]

do indeed occur. The present communication re
ports the results of studies of a series of these re
actions. Meuwsen and Gosl have very recently re
ported a similar reaction with trimethylamine and 
pyridine. 2

Since our results show that the reaction of 
tertiary amines with hydroxylamine-O-sulfonic 
takes place in basic media and that it also occurs 
with the sodium salt, we may postulate the fol
lowing equation for the reaction

R3N +  it2n o so 2o -  — ^  R3NNH2+ +  so4-
The question as to wdiether the sulfate or hy

drogen sulfate crystallizes undoubtedly depends 
upon solubility factors as well as the basicity of 
the individual nitrogen base concerned. In the case 
of dimethylaniline the hydrogen sulfate is obtained. 
In all other cases studied where crystallization 
occurred the sulfate was obtained.

(1) G. Omietanski and H. Sisler, J. Am. Chem. Soc., 78, 
1211 (1956).

(2) A. Meuwsen and R. Gosl, Angew. Chem., 69, 754 
(1957).
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E X P E R IM E N T A L

Materials. Hydroxylamine-O-sulfonic acid was prepared 
by the reaction of hydroxylammonium sulfate and chloro- 
sulfonic acid according to the method of Sommer, Schulz, 
and Nassau.3 After preparation it was stored in a vacuum 
desiccator. Commercially available tertiary amines were 
used, in most instances, without further purification.

Procedure. The reactions were carried out by mixing a 
methanol, ethanol, or water solution of hydroxylamine-O- 
sulfonic acid with a methanol, ethanol, or water solution of 
the corresponding amine. Where necessary to initiate the 
reaction, the reaction mixture was heated. After reaction the 
mixture was allowed to stand at room temperature until the 
product separated. Occasionally it was necessary to add a 
non-polar solvent such as chloroform to precipitate the 
product. The procedures used do not necessarily represent 
conditions for optimum yields.

All the aliphatic tertiary amines studied react vigorously 
with solid hydroxylamine-O-sulfonic acid or its solution in 
methanol. Aromatic amines react much more slowly and 
these reaction mixtures were usually heated, though reaction 
will occur at room temperature if the reaction mixture is 
allowed to stand for several days.

Ammonium sulfate and considerable amounts of unidenti
fied tarry materials are obtained as by-products in the reac
tions with aromatic amines. This results from the fact that 
hydroxylamine-O-sulfonic acid is an oxidizing agent, though 
a less active one than chloramine.

It was found that the sodium salt, of hydroxylamine-O- 
sulfonic acid may also be used as an animating agent..

Reaction with trimethylamine. A solution of 20 g. of hy- 
droxylamine-O-sulionic acid in about 75 ml. of water at 0° 
was added over a one hour period to a refluxing aqueous 
solution of 5 molar equivalents of trimethylamine. The reac
tion mixture was evaporated t.o a sirup in vacuo and was 
cooled. The crystals which formed w ere removed by filtra
tion and repeatedly recrystallized from aqueous ethanol. 
They were, insoluble in ether but. readily soluble in water. 
The product decomposes from 250° to 255°.

Anal.4 Calcd. for [(CH3)3NNH,].,S04: 0, 29.26%; H, 
9.00%; N, 22.75%; S, 13.00%. Found: C, 27.20, 27.41%; 
H, 9.16, 9.38%; X, 21.29, 21.09%; S, 13.16, 13.27%.

A portion of the salt was converted bxr metathesis to the 
hexafluorophosphate. This salt, decomposes above 300°.

Anal.4 Calc.d. for [(CH3)3NNH2]PF6: C, 16.36%; H, 
5.04%; P, 14.07%. Found: C, 16.28, 16.38%; H, 4.98, 
5.14%; F, 14.01, 14.13%.

Reaction with trielhylamine. A solution of 20 g. hydroxyl
amine-O-sulfonic acid in 150 ml. of ice water was added drop- 
wise to a solution of 300 ml. of triethylamine in 300 ml. of 
water.

The reaction mixture was vacuum evaporated to a sirup. 
The sirup was heated with excess sodium hydroxide solution 
to drive off the excess triethylamine. The residue was neu
tralized with sulfuric acid and evaporated to dryness. The 
product was separated from the sodium sulfate by ethanol 
extraction. The alcoholic solution was treated with a satu
rated alcoholic solution of picric acid. Triethylhydrazinium 
picrate separated as yellow needles, m.p. 215°,5 (reported1 
m.p. 214-215°).

Anal.4 Calc.d. for [(C2H5)3NNH,]C6H..0(N02)3: C, 41.73%; 
H, 5.54%.; N, 20.28%. Found: C, 41.76%,; H, 5.61%; N, 
20.31%.

Triethylhydrazinium sulfate has been obtained only as a 
viscous hygroscopic sirup.

Reaction with dimethylaminoethanol. To a suspension of
5.6 g. of hydroxylamine-O-sulfonic acid in 75 ml. of absolute

(3) F. Sommer, O. Schulz, M. Nassau, Z. anorg. allgem. 
Chem., 147, 142(1925).

(4) Microanalysis by the Clark Microanalytical Labo
ratory, Urbana, 111.

(5) All molting points are uncorrected.

e'hanol was added 22 g. of dimethylaminoethanol. The mix
ture became hot. and soon became homogeneous. When the 
initial reaction subsided, the mixture was gently boiled for 
5 min. and placed in a refrigerator.

Addition of ether caused the solution to become cloudy, 
and a viscous oil separated; this oil crystallized in platelets 
after 3 days. This colorless, hygroscopic product weighed 
5 g. (66% yield).

AnalA Calcd. for [H0CH2CH,N(CH3)2NH,],S04: C, 
31.36%; H, 8.56%; N, 18.29%; S, 10.46%. Found: C, 
3 1.00%; H, 8.50%; N, 19.25%; S, 10.69%.

The chloroplatinate salt was prepared by the method of 
Snriner and Fuson.6 It melts with decomposition at. 207- 
209°.

Anal,4 Calcd. for [HOCH2CH2N(CH3)2NH2]2[PtCl6]: C, 
15.54%; H, 4.24%,; N, 9.06%; Cl, 34.37%; Pt, 31.58%. 
Found: C. 16.04%; Id, 4.34%; N, 8.90%; Cl, 33.20%; Pt.
3-.90%.

Reaction with N-ethyl morpholine. Eastman Kodak Yellow 
Label A'-ethylmorpholine was distilled through a Todd col
umn packed with glass helices at a reflux ratio of 20: 1, and 
the fraction distilling at 137.5° ovas collected. Forty grams 
of the purified jV-ethylmorpholine and 50 ml. of water were 
heated to reflux and a solution of 8 g. of hydroxylamine-O- 
sulfonic acid in 50 ml. of ice water was added slowly and the 
mixture heated for 30 min. The mixture was allowed to cool 
and then concentrated by vacuum distillation of the solvent. 
The concentrated solution was treated with potassium hexa
fluorophosphate. The resulting solid was recrystallized 
twice from hot water. The product melted at 178-180° which 
agrees with the melting point obtained for the hexafluoro
phosphate obtained from the product of the Y-ethylmor- 
pholine-chloramine reaction.

Anal.4 Calcd. for

%c h 2- c h 2x C2Hs

° \  N\  
c h 2— c h /  xn h 2

C, 26.05%; H, 5.47%; N, 10.14%; F, 41.28%. Found: C, 
25.46%; H, 5.44%; X, 10.25%; F, 41.01%.

Reaction with dimethylaniline. To a suspension of 5.6 g. 
of hydroxylamine-O-sulfonic acid in 75 ml. of absolute 
ethanol was added 30 g. dimethylaniline. There was no exo
thermic reaction. The mixture was heated to boiling for 10 
min. during which time the mixture darkened. When the 
mixture s*ood overnight in a refrigerator, pink platelets 
separated. These platelets were filtered, washed with a small 
amount of absolute ethanol, and recrystallized from an etha
nol-diethyl ether mixture. The product melted at 142- 
1-4°. Yield: 4.5 g. (38.5%). The analytical data below indi
cate that, the hydrogen sulfate salt cr3’stallizes in this 
instance.

Anal.4 Calcd. for [C6H5N(CH3)2NH2]HS04: C, 41.05%; 
H, 5.98%; N, 11.98%; S, 13.68%. Found: C, 41.01%; H, 
5.80% ; N, 12.72%; S, 13.72%.

The chloroplatinate salt was prepared. It melts at 156- 
157° (reported 156.7°,' 158-159°7).

Anal Calcd. for [C6H0N(CH3)2NH,],[PtCl6]: C, 28.16%; 
H, 3.84%; N, 8.21%; Pt, 28.61%. Found: C, 28.04%; II, 
3.36%; N, 8.09%; Pt, 27.96%.

Reaction with benzylidene-bis{N,N-dimethylaniline). To a 
mixture of 6.6 g. benzylidene-bis(AvV-dimethvlaniline, 50 
ml. of methanol, and 50 ml. of a saturated solution of sodium 
hydroxide in methanol was added 5.6 g. of hydroxylamine-O- 
sulfonic acid dissolved in 25 g. methanol. There was a vigor
ous reaction. The reaction mixture was heated for 30 min. 
ar d filtered and washed with methanol. The combined fil-

(6) R. L. Shriner, R. C. Fuson, and D. Y. Curtin, The 
Systematic Identification of Organic Compounds, 4t,h Edition, 
Jchn Wiley and Sons, Inc., 1956, p. 230.

(7) B. K. Singh, J. Chem. Soc., 105, 1986 (1914).

[PF.]"
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trates were evaporated to dryness and the residue shaken 
with a 50/50 (by volume) mixture of water and ether. The 
aqueous layer was treated with Norit, and evaporated to 
dryness. The residue was taken up in isoprop3'l alcohol and 
reprecipitated with ethyl acetate. Weight of product: 2 g. 
(24% yield) m.p. (after recrystallization) 193-194°.

Anal 1 Calcd. for

N(CH3)3NH2
sou

C, 00.24%; H, c.59%.; X, 12.22%; S, 0.99%. Found: 
C, 50.09%; H, 0.20%; N, 11.76%; S, 0.97%.

The chloroplatinate salt -was prepared.
AnalA Caled. for [C23Hs0N4PtCl6]: C, 35.85%; II. 3.92%: 

X, 7.27%; Cl, 27.61%; Pt, 25.33%. Found: C, 36.27%; 
H, 4.17%; N, 7.01%; Cl, 24.19%; Pt, 25.24%.

Reaction of sodium hydroxylamine-O-sulfonate with, di- 
methylaniline. To a methanolic solution of 5.6 g. hydroxvl- 
amine-O-sulfonic acid was added 6.2 g. sodium carbonate 
monohydrate. Carbon dioxide was immediately evolved. 
Dimethylaniline (6 g.) was added to the suspension of the 
sodium salt. The mixture was heated for 30 min. and filtered 
hot to remove inorganic salts. Addition of chloroform to the 
methano-ic solution caused gradual precipitation of a dark 
colored product. Recrystallization of the dark material from 
ethanol-diethyl ether acidified with sulfuric acid produced
4.5 g. of pink platelets identical to those obtained by reaction 
of the free acid with the amine (38.5% yield).

General characteristics of the hydrazinmm sulfates. The 
quaternized hvdrazinium sulfates are colorless crystalline 
compounds, very soluble in water and generally insoluble in 
organic solvents. Those prepared from aminoalcohols are 
veiy hj'groscopic and difficult to crystallize. The products 
from Ar-(2-hydroxvethyl) pyrrolidine and triethanolamine 
resisted ill attempts at crystallization and were obtained 
only as viscous oils.

It was shown that hydroxylamine-O-sulfonic acid also 
reacts with AyY-diethyl cyelohexylamine, 3-dimethylamino 
propylamine, tri-rc-heptylamine, A%V-dimethyl dodecyl- 
amine, but the hydrazinium salts were not isolated.

D e p a r t m e n t  o f  C h e m is t r y  
U n iv e r s it y  o f  F l o r id a  
G a i n e s v i l l e , F l a .

W a s h in g t o n  R e s e a r c h  C e n t e r  
W . R . G r a c e  a n d  C o m p a n y  
C l a r k s v i l l e , M d .

D e p a r t m e n t  o f  C h e m is t r y  
T h e  O h io  S t a t e  U n iv e r s it y  
C o l u m b u s , O h io

N ew  S im p le  P rep aration  o f  
H exap h en ylcyclo tr isiloxan e

In separate papers the author has reported two 
methods2 for the preparation of I directly from di- 
phenyldichlorosilane. I t is found now that I can 
he obtained easily from the reaction of diphenyl- 
dichlorosilane with ammonium thiocyanate dis
solved in acetone.

Stoichiometry supports the following equation:

(CJIsbSiCb +  2XH4CNS +  F F O  •— »-
‘AKCJTfiSiOh +  2XH4C1 +  2HCXS

Although the details of reaction mechanism are 
not yet clear, the acidity of by-products including 
ammonium chloride would cause the formation of 
trimer in good yields.

EXPERIMENTAL

Reagents. Ammonium thiocyanate was purified by re
crystallization from methanol followed by drying in vacuum. 
Highest purity diphenyldichlorosilane was received from the 
Shin-etsu Chemical Industrial Company. Reagent grade 
acetone was used without further purification.

Preparation of trimer. In a 2 liter, 3-necked flask equipped 
with reflux condenser and dropping funnel in which 150 g. 
of diphenyldichlorosilane dissolved in 200 ml. of acetone 
had been placed, was placed 95 g. of powdered ammonium 
thiocyanate and 1000 ml. of acetone. When ammonium 
thiocyanate was dissolved by heating on a water bath, addi
tion of silane solution portionwise immediately precipitated 
ammonium chloride as a fine white powder. After the 
addition was complete, the mixture was heated 10 min. 
further under reflux. After cooling, the product was filtered 
rapidly under suction and the precipitate was washed with a 
small amount of fresh acetone; 62 g. (99%) of ammonium 
chloride was obtained after drying. The filtrate then was 
transferred to a separate flask and was refluxed gently for 
about 1 hr. after the addition of 20 ml. of distilled wra:er. 
The yellowish transparent product was transferred in a clean 
crystallizing dish and was concentrated to about 100 ml. 
on a water bath; a jHlowish crystalline mass mixed with oily 
product having a pungent odor was obtained upon cooling. 
The crystalline mass was rinsed several times with a small 
amount of methanol and was recrystallized from ethanol- 
benzene (1: 1); crude trimer was obtained as white shiny 
platelets melting at 187-188°. Further purification was 
effected by recrystallization from purified ethyl acetate; 
108 g. (92%) of pure trimer was obtained as elongated 
hexagonal plates melting at 189.6°.

Anal. Calcd. for CseHjoSisCh: Si, 14.10; C, 72.68; H, 5.09; 
mol. wt., 594. Found: Si, 14.1; C, 72.5; H, 4.9; mol. wfi, 588 
(benzene), 579 (camphor).

The x-ray powder pattern data were in complete agree
ment with those given by Hyde and coworkers.3

Acknowledgment. The author gratefully acknowl
edges the helpful suggestions given by Dr. Fumio 
Hirata, the chief professor of this college.
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Hexaphenylcyclotrisiloxane (1) has usually been 
prepared by the method of Burkhard1 which in
volves condensation of diphenylsilanediol in the 
presence of hydrochloric acid as a catalyst.

( 1) C. A. Burkhard, J. Aw. Chem. Soc., 67, 2173 (1945).

D e p a r t m e n t  o f  A p p l i e d  C h e m is t r y  
K ir y u  C o l l e g e  o f  T e c h n o l o g y  
G u n m a  U n i v e r s it y , K ir y u , J a p a n

(2a) From oxygenation in acetone upon standing: .7. Org. 
Chem., 23, 1213 (1958); J. Chem. Soc. Japan (Ind. Chem. 
Sect.), 61, 478 (1958).

(2b) From the reaction of diphenyldichlorosilane with 
formamide: J. Chem. Soc. Japan (Ind. Chem. Sect.), 62, 148
(1959).

(3) J. F. Hyde, L. K. Frevel, H. S. Xutting, P. S. Petrie, 
and M. A. Purcell, J. Am. Chem. Soc., 69, 488 (1947).
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C h em ica l M od ifica tion  o f  C ellu lose. R ea ctio n  
o f  C ellu lose  X a n th a te  w ith  /3-P ropiolactone 1

M a r t i n  W .  F a r r a r

Received November 12, 1958

Although of primary commercial usefulness as a 
method for solubilizing cellulose for subsequent 
regeneration to form rayon, cellophane, and other 
cellulose products, cellulose xanthate, nevertheless 
possesses a high degree of chemical reactivity. 
In addition to the complex reactions that take place 
during ripening, viscose is reported to undergo a 
number of other chemical transformations. For 
example, when viscose or sodium cellulose xanthate 
(I), Cen—OCSSNa, reacts with alkyl halides (or 
sulfates),2 iodine, sodium chloroacetate,3 aniline,4 
arenediazonium chloride,5 or acrylonitrile6 the 
products, respectively, are xanthic esters Cen— 
OCSSR, a “disulfide” (Cen—OCSS—)2, an acetic 
derivative Ce„—OCSSCH2COONa, a N-substi- 
tuted thiourethan Ceii—OCSNHPh, an aryl cel
lulose xanthate Ceii—OCSSAr (with evolution of 
nitrogen), and a cyanoethyl ether Ceii—OCH2- 
CH2CN.

The reaction of simple xanthates with j8-pro- 
piolactone has been studied recently,7 and the 
present study is an extension to include (I). 
Reaction with the beta lactone did occur as evi
denced by the rise in temperature and a change in 
the color of solution from deep orange to yellow 
when an excess of |3-propiolactone had been added. 
In conformance with earlier results7 the following 
reaction is believed to have taken place.

Cen—OCSSNa +  CH2CH2CO — >  
i— o — i

Cen—OCSSCH2CH2COONa

Upon acidification, /?-carboxyethyl cellulose xan
thate (II) precipitated. The product was quite 
insoluble in water, alcohol, ether, and acetone but 
could be dissolved in dimethvlformamide by warm
ing. Evaporation of the dimethylformamide from 
a glass plate left a transparent, colorless, tough 
film of the modified cellulose. Although insoluble, 
the film was softened appreciably by water with 
concomitant increase in elasticity and decrease in 
strength.

Having the free carboxyl group available for

(1) Presented at the 134th American Chemical Society 
Meeting, Chicago, 111., September 7-12, 1958.

(2) L. Lilienfeld, U. S. Patent 1,680,224 (Aug. 7, 1928).
(3) T. Nakashima, J. Soc. Chem. Ind., Japan, 31, Suppl, 

binding, 31 (1928).
(4) L. Lilienfeld, U. S. Patents 1,674,401 (June 19, 1928), 

1,674,405 (June 19, 1928), 1,906,910 (May 2, 1933).
(5) J. H. Helberger, German Patent 562,180 (Oct. 1, 

1931).
(6) J. P. Hollihan and S. A. Moss, Jr., Ind. Eng. Chem., 

39,929(1947).
(7) M. W. Farrar, J. Org. Chem., 23, 1065 (1958).

further reaction, the effect of internal esterification 
on the properties of the polymer was next investi
gated. Treatment of the dimethylformamide solu
tion at 80-90° with a small amount of sulfuric ac.id 
and removal of water by azeotropic distillation ef
fected internal esterification. After evaporating 
the solvent on a glass plate a brittle film was ob
tained. This brittleness is probably due to a certain 
amount of cross linking effected by the internal 
esterification.

Esterification of the (J-carboxyethyl group with 
a simple alcohol was next accomplished. Reaction 
with butanol in the presence of sulfuric acid was 
effective in bringing about the desired esterification. 
The dimethylformamide solution upon evaporation 
left a film of greater flexibility, indicating some 
degree of internal plasticization.

Acetylation of the viscose-/3-propiolactone re
action product by two different methods was in
vestigated. Refluxing with acetic anhydride in the 
presence of a trace of sulfuric acid produced a 
material insoluble in dimethylformamide. Some 
cross linking through internal esterification may be 
a complicating side reaction in this case. Acetyla
tion by the pyridine-acetic anhydride method 
produced a different material, still insoluble in 
dimethylformamide, however. During this treat
ment it is possible that a substantial amount of the 
xanthic ester is decomposed with concomitant loss 
of carbon disulfide is indicated by the sulfur analysis 
on the product.

Since the aging of alkali cellulose and ripening 
of the viscose solution produced therefrom play a 
significant role in the properties of the fiber or film 
obtained upen regeneration, efforts to obtain opti
mum conditions for achieving the most desirable 
products are not being reported at this time.

E X P E R I M E N T A L

Preparation of viscose solution,8 Ten grams of absorbent 
cctt.on was treated with 250 g. of 18% sodium hydroxide 
solution for L5 hr. at 25°. At the end of this time the excess 
XaOH was pressed out to a final weight of 32 g. The result
ing alkali cellulose was shredded b3r hand and allowed to 
stand at room temperature for 72 hr.

After this aging period the alkali cellulose was reacted with 
8 ml. of carbon disulfide in a closed vessel. The mixture was 
agitated for 4 hr. and excess CS2 removed by evacuation, 
after which a mixture of 18 g. of 18% NaOH and 75 ml. water 
was added and stirring continued for 2 hr. Solution was 
essentially complete at this point. Filtration of the viscose 
was effective in producing a sparkling clear solution of 90- 
lC’O ml. volume.

Reaction of I with (¡-propiolactone. The above prepared 
viscose solution was diluted with 300 ml. of water and cooled 
to 20°. /3-Propiolactone (15.0 g.) was added dropwise during 
1C min. with cooling to maintain the temperature between 
2C-25°. At this point the color of the solution changed from 
deep orange to light yellow. Stirring at 25° was continued 
for 0.5 hr. longer and the mixture was poured into an excess 
of dilute hydrochloric acid. The light yellow solid which

(8) E. Kline, Cellulose and Cellulose Derivatives, Part II, 
Interscience Publishers, Inc., New York, 1954, p. 960.
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separated was filtered and washed with water and finally 
with acetone in a Waring blender. The resulting product 
was an almost white granular solid.

Anal. C, 39.65; H, 5.68; S, 11.16.
A portion was dissolved in dimethylformamide by heating 

to 50°. Evaporation of the solvent from a glass plate left 
the product as a clear, tough film.

Internal esterification of II. Two grams of the modified 
cellulose was dissolved in 25 ml. of dimethylformamide by 
warming. A small amount of concentrated H2SO4 was added 
from a stirring rod and the solution was heated under 
vacuum at 90-95° for 4 hr. with slow distillation of the 
solvent. The solution remained clear upon cooling. Upon 
evaporation of the solvent a clear, brittle film was obtained. 
Anal. C, 40.71; H, 5.58; S, 11.01.

Esterification of II with butanol. Two grams of the modi
fied cellulose was dissolved in 25 ml. of dimethylformamide 
by warming. To this solution was added 10 ml. of butanol. 
Some gellation of the solution occurred at this point but it 
remained stirrable. Once again a trace of H2S04 was added 
and the mixture was heated under vacuum at 80-85° for 3 
hr. with slow distillation. Evaporation of the product left 
a clear film of better flexibility than the original modified 
cellulose.

Anal. C, 41.47; H, 5.82; S, 10.91.
Acetylation of II. (a) One gram of the modified cellulose 

was heated to reflux for 1 hr. with 10 ml. of acetic anhydride 
containing a trace of sulfuric acid. During this period appre
ciable swelling of the polymer took place. Upon cooling, water 
was added to decompose excess acetic anhydride after which 
the granular solid was separated by filtration and was 
washed thoroughly with water and finally ethanol. Upon 
drying there was obtained 1.27 g. of the acetylated product 
which was found to be completely insoluble in acetone, 
alcohol, and dimethvlformamide.

Anal. C, 45.33; H, 5.52; S, 8.36.
(b) One gram of the modified cellulose was heated at

90-100° for 1 hr. with 10 ml. of pyridine, 10 ml. of acetic 
anhydride, and 10 ml. of dimethylformamide. After quench
ing with water, separation of the solid, and finally washing 
with water and alcohol, there was obtained 1.08 g. of mate
rial.

Anal. C, 44.20; H, 5.28; S, 6.55.

S t . L o u i s  R e s e a r c h  D e p a r t m e n t

O r g a n i c  C h e m i c a l s  D i v i s i o n

M o n s a n t o  C h e m i c a l  C o m p a n y

St. L o u i s  77, Mo.

S y n th es is  o f  7 -A m in o b u ty ry l-y -a m iiio b u ty r ic
A cid

R .  L .  E v a n s 1 a n d  F .  I r r e v e r r e

Received November 17, 1958

y-Aminobutyric acid has been found in brain 
extracts by Awapara et al.,1 2 Roberts and Frankel, 3 

and Udenfriend. 4 Recently an analog, 7 -guanidino- 
butyric acid, was isolated from brain by Irreverre

(1) Present address: Mead Johnson and Co., Evansville, 
Ind.

(2) J. Awapara, A. J. Landua, R. Fuerst, and B. Seale, 
J. Biol. Chem., 187, 35 (1950).

(3) E. Roberts and S. Frankel, J. Biol. Chem., 187, 55
(1950).

(4) S. Udenfriend, J. Biol. Chem., 187, 65 (1950).

et al.6 Due to the demonstration of enzymatic 
interconversion between these two butyric acids6’7 

and their possible role as humoral agents, 8 -10  we 
were prompted to synthesize the dipeptide of 7 - 
aminobutyric acid for physiological testing and for 
comparison 011 paper chromatography.

The synthesized 7 -aminobutyryl-y-aminobutyric 
acid in a concentration of 5.3 /im/ml. is not effec
tive in blocking the neutromuscular transmission 
of crustaceans while 7 -aminobutyric acid was ef
fective a t the threshold concentration of 9.7 X
10- 3  jum/ml. 11 The dipeptide as well as the benzyl 
ester of 7 -aminobutyric acid give negative reactions 
in the specific enzymatic method for the determi
nation of 7 -aminobutyric acid developed by Jakoby 
and Scott. 12

E X P E R I M E N T A L

N-Carbobenzoxy-y-aminobutyric acid. This compound was 
prepared by a procedure similar to that used for the prep
aration of iV-carbobenzoxyglycine,13 using 0.05 mole of
7-aminobutyric acid and 0.05 mole of carbobenzoxy chlo
ride. The yield was 7.8 g. (66%). Recrystallized from ethyl- 
acetate-petroleum ether the compound melted at 66-67°.

Anal. Calcd. for C12H150 4N: C, 60.75; H, 6.37; N, 5.90. 
Found: C, 60.89 H, 6.23; N, 5.90.

y-Aminobutyric acid benzyl ester hydrochloride. This de
rivative was prepared using the procedure employed by 
Erlanger and Hall14 for the synthesis of D,L-phenylalanine 
benzyl ester hydrochloride. Using 0.033 mole of 7-amino- 
butyric acid and 70 ml. of benzyl alcohol there was ob
tained 5.2 g. of material (69%). Recrystallized three times 
from ethyl acetate it melted at 109-110°.

Anal. Calcd. for CUH,60 2NC1: C, 57.66: H, 7.02; N, 6.10. 
Found: C, 57.38: H, 7.05; N, 5.81.

N-Carbobenzoxy-y-aminobutyryl-y-aminobidyric acid benzyl 
ester. To a mixture of 2.6 g. of iV-carbobenzoxy-y-amino- 
butyrie acid and 1.51 ml. of triethylamine in 20 ml. of 
methylene chloride pre-cooled to —5° was added 1.0 ml. of 
ethylchloroformate and stored at —5° for 5 min. A second 
flask containing a solution of 2.6 g. of 7-aminobutyric acid 
benzyl ester hydrochloride and 4.68 ml. of triethylamine 
in 20 ml. of methylene chloride pre-cooled to —5° was added 
to above mixture. An additional 10 ml. of methylene chloride 
was used for washing out the flask. The reaction mixture 
was kept at —5’ for 20 min. and allowed to come to room 
temperature with continuous stirring (magnetic) for 4 hr. 
The solution was extracted with 50 ml. of dilute hydro
chloric acid, then with a cold, saturated solution of NaHC03 
and finally with water. The methylene chloride layer was

(5) F. Irreverre, R. L. Evans, A. R. Hayden, and R. 
Sillier, Nature, 180, 704 (1957).

(6) G. Kobayashi, J. Jap. Biochcm. Soc., 19, 85 (1947).
(7) J. J. Pisano, C. Mitoma, and S. Udenfriend, Nature, 

180, 1125(1957).
(8) A. Bazemore, K. A. Elliott, and E. Florey, Nature, 

178,1052(1956).
(9) C. Edwards and S. W. Kuffler, Federation Proc., 16, 

34(1957).
(10) D. P. Purpura. M. Girado, and 4L Grundfest, 

Science, 127, 1179(1958).
(11) J. Dudel and S. W. Kuffler, personal communication.
(12) W. B. Jakoby and E. Scott, J. Biol. Chem., 234, 937

(1959).
(13) H. E. Carter, R. I,. Frank, and H. W. Johnston, Urq. 

Syntheses, Coll. Vol. Ill, 167 (1955).
(14) B. F. Erlanger and R. M. Hall, J. Am. Chem. Soc., 

76,5781(1954).
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dried over Xa2SO.i, filtered and concentrated in vacuo to the 
point, of crystallization. The flask was warmed to redissolve 
the crystals, petroleum ether was added, and the flask placed 
in the iee box overnight. The precipitate of soft needles was 
filtered and washed with petroleum ether. The yield was
3.3 g. (73%) and it melted at, 86-S7°. After recrystallization 
from 75% ethyl alcohol and drying in vacuo the melting 
point was unchanged.

Anal. Calcd. for C22IE.'EXu C, 60.97; H, 6.S4; X, 6.79. 
Found: C, 66.91; H, 7.06; X, 6.79.

y-Aminobutyryl-y-aminobutvric acid. To a solution of 2.1 
g. (0.0051 mole) of A’-carbohenzoxy-v-aminobutjTyl-y- 
aminobutyric acid benzyl ester in 35 ml. of methyl alcohol 
were added 2 drops of glacial acetic acid and 0.7 g. of Palla
dium black catalyst (Fisher Scientific Co.). Hydrogen gas was 
bubbled through and after 2 hr., 20 ml. of H20  were added 
and the hydrogenation continued for an additional 3 hr. The 
catalyst was removed by filtration and washed with a small 
volume of water. The filtrate was concentrated in vacuo to 
a crystalline residue. The solid was recrystallized from ab
solute ethyl alcohol. The yield was 0.75 g. (79%). Dried 
in r adio at 80-81° it melted at 178-179°. Another crop (0.2 
g .) was recovered from the filtrate. Recrystallized from 
water-ethyl alcohol it melted at 177-178°. The total yield 
was practically quantitative.

Anal. Calcd. for C'sH^OAC: C, 51.01; H. 8.57; X. 1 1.88. 
Found: C, 50.89; H, 8.56; X, 14.76.

Acknowledgment. The authors wish to thank 
Dr. W. C. Alford of this Institute for the micro- 
analyses.
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K eton e  an d  C ycloh exy lm eth y lcarb in o l

W i l l i a m  K. J o h n s o n  

¡{•■ccived November 2/f, 1DS8

The preparation of a sizable quantity of vinyl- 
cyclohexane from cyclohexylmethydcarbinyl ace
tate1 required that cyclohexylmethylcarbinol (III) 
be readily available. This alcohol has been pre
viously prepared by several routes including the re
action of the cyclohexyl Grignard reagent with ac
etaldehyde,2'3 the sodium and alcohol reduction of 
cyclohexen-l-yl methyl ketone4 and the catalytic 
hydrogenation of acetophenone.3’5 The latter 
method seemed to be the only reported route to 
III which might be particularly well suited to rather

(li J. R. Van Der Bij and F. ('. Kooymau, Ree. trav. 
c i u m . ,  71 ,837 (1952).

f2 ) L. Bouveault. Bull. sor. cium. France. 131 29, 1049 
( 1903).

(3i S. van Woerden, Ree. hav. c h in i . .  4 5 , 124 (1926).
(4) O. Wallach and E. Evans, .ln«., 360, 26 (1908).
(5) V. X. Ipatieff and B. B. Corson, J. A m .  ('hem. Soc., 

61,3292(1939).

large scale laboratory operation. An investigation 
o: the hydrogenation of acetophenone substan
tiated the observations of others3'5 that the hydro
genation of acetophenone is very sensitive to 
poisons, and the reaction conditions must be con
trolled extremely carefully. A search for an alternate 
reliable method of preparing quantities of cyclo
hexylmethylcarbinol resulted in the development of 
a procedure based on the Diels-Alder adduct (I) 
o: methyl vinyl ketone and butadiene-1,3.6 The 
hydrogenation of I over W-4 Raney nickel was ac
complished in two distinct steps, the first being 
the highly exothermic hydrogenation (25° a t 
200 p.s.i.g. H2) of I to cyclohexyl methyl ketone 
(II) which is further reduced to I II  under somewhat 
more strenuous conditions (120° at 1500 p.s.i.g. 
H2). The hydrogenation of I to I II  without isola-

[ II furnished III ill 96% yield. II  may

f  j h=/ni , H,/Ni f J

C—o
V

c = o CHOH

c ip CIE CII3

I II III

also be reduced to III with lithium aluminum hy
dride, the acetate being isolated to 90% yield.

E X P K R IM K X T A L

Cyclohexen-S-yl methyl ketone (I). Equimolar amounts 
(5.3 moles) of mtadiene-1,3 and methyl vinyl ketone7 were 
heated at 140° in a sealed reactor during i) hr. as described by 
Petrov.6 The n action temperature must be approached with 
caution as in several runs an uncontrollable exothermic 
reaction was observed. Distillation furnished a 90% yield of 
ketone; b.p. 78-80° (20 mm.), v 1.4662 [reported b.p.
79.5-80° (20 mm.),6 n.2D° 1,4698s].

Cyclohexyl methyl ketone (II). A mixture of I (620 g.; 5 
moles) and about 5 g. of W-4 Raney nickel catalyst8 was 
treated with hydrogen at 150- 200 p.s.i.g. The temperature 
of the reaction mixture was initially 25° and increased to 60° 
during 30 min. at which point no further hydrogen was con
sumed. Distillation furnished 569 g. (89% yield) of II, b.p. 
73-74° (17 m i l l . ) .  n2J  1.4494 [reported b.p. 72° (18 mm.)3, 
n]if' 9 1.449553 . The semiearbazone. after recrystallization 
from methanol, melted at 177° which is in agreement with 
the literature valued

CyclohexyhmIhylcarbinol (III). A mixture of I (540 g.;
4.35 moles') and about 5 g. of W-4 Raney nickel catalyst in a 
rocking autoclave pressurized with hydrogen to 900 p.s.i.g. 
was hydrogenated to II as described above. The temperature 
of the reaction mixture rose from 20° to 63° in 10 min. and 
then slowly dropped. Hydrogen was then added until the 
pressure within the system was 1500 p.s.i.g., and the system 
heated by an external heater to 120°. By maintaining the 
hydrogen pressure at about 1500 p.s.i.g. by repressuriza- 
tians, the hydrogenation of the carbonyl was completed in 
1 hr. Distil hit on furnished 527 g. (96% yield) of alcohol 
b p. 85-87° (17 mm.); 1.4639 [reported b.p. 189.4-189.8°

(6 ) A. A. Petrov, ./. Cm. Cheni. (L'.S.S.R.), 11, 309
(1941): C.hem. Abstr., 3 5 , 5873 (1941).

(7) Purchased from ( ’has. Pfizer & Co., Brooklyn 6. 
X V.

(8) A. A. I avlic and H. Adkins. ./. Am. ('Item. Soc.,
68, 1471 (1946).
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(761 mm.)5, n™ 1.46431 2 3 4 5 1, 1.4677s]. The a-naphthyl urethane 
melted at 123° after reerystallization from hexane.

Anal. Calcd. for CAH^NCh: C, 76.74; H, 7.80; X, 4.71. 
Found: C, 76.88; H, 7.79; X (Dumas) 4.69.

Cyclohexylmethylcarbinyl acetate. The ketone II (252 g.; 
2 moles) was reduced with lithium aluminum hydride 
(22.8 g.; 0.6 mole) in 900 ml. of ether in the conventional 
manner.9 The crude undistilled alcohol III (255 g.) obtained 
was treated with 10 drops of concentrated sulfuric acid and 
acetic anhydride (250 g.) was added drop wise to the stirred 
mixture which was maintained at 80-90°. The mixture was 
then heated for an additional 2 hr. at 90°. Distillation fur
nished 305 g. (90% yield) of ester b.p. 92-93° (18 mm.), 
n2o 1.4425 [reported b.p. 136° (93 mm.),1 n™ 1.44591].

R e s e a r c h  D e p a r t m e n t  
R e s e a r c h  a n d  E n g i n e e r i n g  D i v i s i o n  
M o n s a n t o  C h e m i c a l  C o .
D a y t o n  7 , O h i o

(9) W. G. Brown, Org. Reactions, VI, 469 (1951).

R ea ctio n  o f  C am p h en e an d  D in ilrogen  
P en to x id e

T r a v i s  E .  S t e v e n s  

Received November 26, 195S

The addition of dinitrogen pentoxide to several 
simple olefins to produce 1,2-nitronitrates and a- 
and /3-nitro-olefins has been reported.1 In connec
tion with this study and with the investigation of 
the dinitrogen tetroxide-camphene reaction,2 the 
addition of dinitrogen pentoxide to camphene (I) 
was examined. An earlier study of this reaction3 
led to the isolation of a nitrato acid assigned struc
ture I I .4

b. Y = H

Three compounds were isolated from the mix
ture of products produced in the cumphene- 
dinitrogen pentoxide reaction. The first, m.p. 
64-65°, was DL-w-nitrocamphene5 (III). The second 
product, a nitronitrate, m.p. 98-99°, was formu
lated as 10-nitro-2-nitratocamphane (IV) on the 
basis of its read}' conversion to the known 10,10-

(1) T. E. Stevens and W. D. Emmons, J. Am. t'hem. Soc., 
79,6008(1957).

(2) T. E. Stevens, Chem. and Ind. (London), 1546 (1957).
(3) N. Demjanov, J. Russ. Phys. Chem. Soc., 33, 284 

(1901) [Chem. Zentr., 72 (2), 346 (1901)].
(4) J. I,. Simonsen, The Terpenes, 2nd ed., Yol. II, Cam

bridge University Press, Cambridge, England, 1949, p. 311.
(5) P. Lipp, Ann., 399, 241 (1913).

dinitro-2-hydroxycamphane (V).5 The significance 
of the rearrangement of IV to V has been discussed 
previously.2 Formation of IV presumably occurred 
by addition o: NU2+ to camphene to give the ex
pected camphenyl-isobornyl cation which then pro
duced the rearranged nitronitrate.

The third compound, a nitrato acid, m.p. 138- 
140°, undoubtedly was the acid reported pre
viously.3 In view of the structure IV assigned the 
nitronitrate, the acid may have structure Via. 
Conversion of the nitrato acid to tricyclenic acid 
was the basis for its formulation as I I ,3 but acids 
such as VI whh Y = Br or OH appear to undergo 
the same conversion.6 Since it has been shown 
that an a- or /3-nitrato acid has a lower pK  and 
higher carbonyl stretching frequency than the un- 
substituted acid, these values were measured for 
Via and for 1-apocamphane carboxylic acid (VIb). 
The pK of Via (5.26) was lower than that of VIb
(6.02), and the carbonyl frequency of Via (1700 
cm.-1) was higher than that of VIb (1690 cm.-1). 
While these values are about what should be ex
pected for a d-nitrato acid such as Via (the a- 
nitrato acids have much larger differences7) they 
are not definite evidence for the structure Via 
since the corresponding values for an acid related 
to II were not available.

The campheno-dinitrogen pentoxide reaction 
also was carried out in the presence of tetraethylam- 
monium nitrate, a process known to reduce the 
nitration by r.itronium ion and to eliminate much 
of the oxidation in olefin-dinitrogen pentoxide re
actions.1 The products isolated were co-nitrocam- 
phene (12%) and 10 - nitro - 2 - nitratocamphane 
(29%). The infrared spectrum of the crude mixture 
from the reaction conducted in the presence of excess 
nitrate ion indicated that the two products iso
lated were the major constituents of the reaction 
mixture. Apparently some hydrolysis or reaction 
of IV occurred on the chromatographic column for 
a considerable amount of the oily material eluted 
possessed hydroxyl and carbonyl absorption in the 
infrared that was not present in the original resi
due. However, the main point is that, in contrast 
with simple olefins, rearrangement did occur8 
even in the presence of added nitrate ion.

E X P E R I M E N T A L 9

Addition of dinitrogen pentoxide to camphene. A solution of 
10 g. (0.073 mole) of camphene in 150 ml. of methylene 
chloride was coded to —15°, and 0.080 mole of dinitrogen

(6) Ref. 4, pp. 334, 335.
(7) K. S. McCallum and W. D. Emmons, J. Org. Chem., 

21,367(1950).
(8) Addition of dinitrogen pentoxide to cis- or Irans- 

stilbene, a reaction in which a relatively stable carbonium 
ion could be produced, has been found to be predominantly 
a cis- process. (Unpublished results from this laboratory.)

(9) All melting points are uncorrected. The infrared 
spectra of the compounds reported below were consistent 
with the structural assignments.
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pentoxide1 in G8 ml. of methylene chloride was added over 
15 min. while the temperature of the reaction mixture was 
maintained between —15° and —10°. After addition of the 
dinitrogen pentoxide the solution was allowed to warm to 
3° and stirred for 15 min. The reaction mixture was then 
quenched with aqueous sodium bicarbonate. The organic 
layer was washed with water, combined with the organic 
extracts of the neutralized aqueous washes, and dried over 
magnesium sulfate. Removal of the methylene chloride at 
reduced pressure left 15.5 g. of residue. A 3.1-g. portion of 
this residue was extracted with hot ligroin and the cooled 
extract was chromatographed on a silica acid-Celite (1:1) 
column packed in ligroin. Elution of the column with 
ligroin-ether (30:1) gave 0.43 g. (12%) of 10-nitro-2-nitra- 
tocamphane, m.p. 95-97°. Recrystallization of this material 
from ligroin gave white crystals, m.p. 98-99°.

Anal. Calcd. for CinH16N 05: C, 49.18; H, 6.59; N, 11.47. 
Found: C, 49.38; H, 6.70; N, 11.14.

From the ligroin-ether (9:1) eluate was obtained 0.35 g. 
(10%) of the carboxylic acid (II or Via), m.p. 138-140° re
ported 140-141°.3

The ligroin filtrate from the recrystallization of the nitro- 
nitrate was chromatographed on silicic acid-Celite and 
yielded w-nitrocamphene, 0.12 g. (4.5%), m.p. 60-62°, m.p. 
64-65° after recrystallization from aqueous ethanol, re
ported 64-65°.5

The addition of dinitrogen pentoxide to camphene in the 
manner described above except that an equivalent of tetra- 
ethylammonium nitrate was present1 led to the isolation 
of 29% of 10-nitro-2-nitratocamphane and 12.4% of w-nitro- 
camphene.

Rearrangeme.nl of 10-nitro-2-nitratocamphane. To 10 ml. 
of 50% ethanol containing 1.2 g. of potassium hydroxide 
was added 2.30 g. of 10-nitro-2-nitratocamphane. The mix
ture was warmed and swirled until solution occurred. On 
cooling in ice, a red salt separated and was removed by fil
tration. This red salt was suspended in a mixture of 25 ml. 
of water and 25 ml. of ether and acidified with aqueous hy
drochloric acid. The ether layer was separated and the 
aqueous layer was extracted -with ether. Evaporation of the 
ether left 1.97 g. of a solid, m.p. 155-156°. Two recrystalli
zations from ligroin gave 10,10-dinitro-2-hydroxycamphane
(V) as white needles, m.p. 157-158°, reported 158.5°.6

Anal. Calcd. for CinH16N20 5: C, 49.18; H, 6.59; N, 11.47. 
Found: C, 49.56; H, 7.11; N, 11.14.

pK determinations. ThepK’s of the nitratoacid (II or Via) 
and of VIb were estimated from the titration curves of the 
acids in 50% ethanol-water at 25°. Under these conditions 
benzoic acid was found to have a pK of 4.50.

R o h m  &  H a a s  Co.
R e d s t o n e  A r s e n a l  R e s e a r c h  D i v i s i o n

H u n t s v i l l e , A l a .

2 -N itro -6 -m eth o x y b en za ld eh y d e 1

G e o r g e  R .  P e t t i t

Received November 26, 1958

Incidental to another study, it was necessary 
to prepare ¿raKs-2-amino-6-methoxy-a-(3',4'-meth- 
ylenedioxy-h'-bromophenyl)cinnamic acid (Illb) 
from 2-nitro-6-methoxybenzaldehyde (I). Syn
thesis of I from m-nitrophenol by means of a

(1) T h e  a u th o r  is p leased  to  ack n o w led g e  th e  financia l
a s s is ta n c e  p ro v id e d  b y  th e  C oe R e se a rc h  F u n d  of th e  U n i
v e r s i ty  of M ain e .

Reimer-Tiemann reaction followed by methvlation 
had already been described by Ashley, Perkin, 
and Robinson.2 However, conclusive evidence for 
the assigned orientation of the formyl group was 
unavailable since the original structural assignment 
was made o_i the basis of color reactions and a 
physical property.2'3

In order to remove any doubt concerning the 
reliability of the Reimer-Tiemann route to I, a 
sample for comparison purposes was obtained by 
the following unequivocal procedure. Conversion 
of 2,6-dinitrotoluene to 2-methyl-3-nitrophenol was 
accomplished as previously described.4'5 Methyla- 
tion of the phenol followed by chromyl chloride 
oxidation6 of the methyl ether afforded an authentic 
specimen of the aldehyde (I) which was found to be 
identical with the compound described by Ashley.2 
Reaction of m-nitrophenol with chloroform in the 
presence of sodium hydroxide does indeed yield 
some 6-nitrosalicylaldehyde.

Condensing7 8 9 10 I with 6-bromohomopiperonylic 
acid (II)8-10 in the presence of triethylamine and 
acetic anhydride led to (ra?is-2-nitro-6-methoxy- 
o:-(3,,4,-methylenedioxy-6,-bromophenyl) cinnamic 
acid (Ilia). Reduction of I l ia  with ferrous sulfate 
gave the required amino acid (Illb).

II Ilia . R = —N 02
b. R = —NHs

(2) J. N. Ashley, W. II. Perkin, Jr., and R. Robinson, 
J . Chan. Hoc., 382 (1930).

(3) The corresponding phenol, 6-nitrosalicylaldehyde, 
which was obtained in 3% yield, was shown to be steam 
volatile and therefore the product of p-formylation was ex
cluded as a possible structure. After completion of the pres
ent investigation, it was found that additional experi
mental evidence favoring the 6-nitrosalicylaldehyde struc
ture has been presented by II. Shirai and N. Oda, Bull. 
Nagoya City Unir. Phnrin. School No. 4, 30 (1956); Chem. 
Abstr., 51,9522 (1957).

(4) O. L. Bradv and A. Taylor, J. Chem. Soc., 117, 876 
(1920).

(5) K. G. Blaikie and W. H. Perkin, Jr., J. Chan. Soc., 
125,296(1924)

(6) IV. 11. Hartford and M. Darrin have recently re
viewed the Éta.'d reaction: Chem. Revs., 58, 1 (1958).

(7) Cf., M. bailer, A. Schleppnik. and A. Meller, Monatsh. 
Chem.,89,211 (1958).

(8) D. Davidson and M. T. Bogert, J. Am. Chem. Soc., 
57,905(1935).

(9) W. F. Barthel and B. II. Alexander, J. Org. Chem., 23, 
1012(1958).

(10) R. G. Naik and T. S. Wheeler, ./. Chem. Soc., 1780
(1938).
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2-Nitro-6-methoxytoluene. A solution of 2-methyl-3-nitro- 
phenol4’5 (73 g.) in 400 ml. of water containing 19 g. of so
dium hydroxide was cooled and treated with 60 g. of di- 
methylsulfate. The mixture was then stirred and heated on 
the steam bath for 2 hr. before subjecting the crude reaction 
mixture to a steam distillation. The cream colored product 
was collected with ca. 6 1. of water; yield 42 g. (53%), m.p. 
55-57.5°. Simonsen and Nayak12 report a melting point of 
52-53°.

2-Nitro-6-methoxybenzaldehyde (I). A solution of 2-nitro-6- 
methoxytoluene (40 g.) in 250 ml. of carbon disulfide was 
added over a 30 min. period to a stirred solution of chromyl 
chloride (70 g.) in the same solvent (150 ml.). After 72 hr. at 
room temperature, the dark colored crystalline intermediate 
was collected and washed with carbon disulfide. After adding 
the solid to water, the aqueous mixture was extracted with 
chloroform and the combined chloroform extracts washed 
with saturated sodium bicarbonate solution and water. 
Removal of solvent afforded 15 g. (35%) of crude red colored 
crystalline product. Four recrystallizations from carbon 
tetrachloride gave an analytical sample as colorless needles, 
m.p. 110- 111°, XCHCI* 5.g.5

Anal. Calcd. for C8H7N 04: C, 53.04; H, 3.90; N, 7.73. 
Found: C, 53.44; H, 4.23; N, 7.87.

The product was found to be identical (mixture melting 
point and infrared comparison) with a specimen prepared 
by Ashley’s2 procedure.

Trans-2-nitro-6-methoxy-a-(3 ' '-methylenedioxy-6 '-bro mo- 
phenyl) cinnamic acid (Ilia). A mixture of 2-nitro-6-meth- 
oxybenzaldehyde (2.0 g.), 3.06 g. of 6-bromohomopiperonylio 
acid (II),8-10 acetic anhydride (10 ml.), and triethylamine 
(1 ml.) was heated at reflux for 15 min. before cautiously 
treating the hot reaction mixture with 10 ml. of water. After 
cooling, the mixture was neutralized with saturated sodium 
bicarbonate solution and extracted with chloroform. Acidi
fication of the aqueous solution with dilute hydrochloric acid 
yielded 0.87 g. (17%) of crude pale yellow product, m.p. 
200-230°. Three recrystallizations from acetic acid-water 
afforded a pure sample as pale yellow crystals, m.p. 264- 
265° (dec.), \KBr 5.95 y.

Anal. Calcd. for C„H,,BrN07: 0, 48.36; H, 2.87; N, 3.32. 
Found: C, 48.48; H, 3.03; N, 3.53.

Trans-2-amino-6-methoxy-a-(3',4'-melhylenedioxy-6'- 
hromophenyljcinnamic acid (Illb). A suspension of I lia  
(0.55 g.) in a solution composed of ferrous sulfate (3.3 g.), 
hydrochloric acid (0.2 ml.), and water (5 ml.) was heated 
to 90-95° before adding 3 ml. of 28% ammonium hydroxide. 
Heating on the steam bath and intermittent stirring were 
continued for 45 min. The hot reaction mixture was then 
filtered through Norit-A. and after washing the filter cake 
with water the combined filtrate was acidified to pH 4.5 
with hydrochloric acid. The gray colored crystalline product 
weighed 0.41 g. (81%) and melted at 160-164°. Three re
crystallizations from methanol-water gave a pure sample of 
the amino acid as yellow needles, m.p. 205-206°, XKBr 5.95 y.

Anal. Calcd. for C17H14BrNO0: C, 52.07; H, 3.60; N, 3.57. 
Found: C, 52.04; H, 3.58; N, 3.62.

The amino acid was found to be virtually insoluble in 
dilute hydrochloric acid.13

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  M a i n e

O r o n o , M e .

(117 All melting points were taken in open Kimble glass 
capillaries and are uncorrected. Elemental analyses were 
derformed by The Microanalytical Laboratory of Dr. A. 
Bernhardt, Miilheim, Germany. The infrared spectra were 
peterminated by Mr. Evan Thomas of this department.

(12) J. L. Simonsen and M. Nayak, J. Chem. Soc., 107, 
828 (1915).

(13) Low solubility in dilute mineral acid has been en
countered with other amino cinnamic acids. See for ex
ample: L. S. Hornig, J. Am. Chem. Soc., 74, 4572 (1952).

P reparation  o f  a ,/3 -U nsaturated  S u lfon es

V . B a l i a h  a n d  M .  S e s h a f a t h i r a o  

Received November 26, 1958

In earlier papers1 2’2 from these laboratories it was 
reported that /3-andno and a,/3-unsaturated sul
fones are formed when aryl- or alkyl-sulfon.yl- 
acetic acids are condensed with aromatic aldehydes 
in the presence of ammonia in glacial acetic acid. 
The yields of the a,/3-unsaturated sulfones in such 
condensations were found to be generally very low. 
Being engaged in studies on a,/3-unsaturated sul
fones we were interested in getting increased yields 
of these compounds. It has been found that the use 
of benzylamine in place of ammonia and refluxing 
the reaction mixture for a longer period reduce the 
/3-amino sulfone in the product to a negligible 
amount and greatly increase the yield of the 
a,/3-unsaturated sulfone. Even with catalytic 
amounts of benzylamine excellent yields of the un
saturated sulfones were obtained. Using this pro
cedure many new unsaturated sulfones have been 
prepared (see Table I). In the same Table are shown 
the increased yields of the previously reported 
a„3-unsaturated sulfones.

E X P E R I M E N T A L

General procedure for the preparation of a,fl-unsaturated 
sulfones. A mixture of the sulfonylacetic acid (0.1 mole), 
the aldehyde (C.l mole), glacial acetic acid (25 ml.) and 
benzylamine (0.1-0.2 g.) was refluxed on a hot plate for 50 
min. The product was cooled, mixed with 100 ml. of dry 
ether and set aside for 1 hr. In most cases the a,6-unsa:,u- 
rated sulfone, being sparingly soluble in ether, partly 
crystallized out. It was removed by filtration and dry 
hydrogen chloride was passed into the ether solution. The 
precipitated /3-amino sulfone hydrochloride, if any, was 
filtered off. Evaporation of the ether from the filtrate gave 
a mixture of the unreacted aldehyde, acetic acid, and 
unsaturated sulfone. Treatment of this mixture with a few 
ml. of methanol or isopropyl alcohol precipitated the un
saturated sulfone in many cases. In other cases the un
changed aldehyde had to be removed with sodium bisulfite 
before the unsaturated sulfone could be separated. The 
relevant data on the compounds prepared are given in 
Table I.

Acknowledgment. The authors wish to thank the 
Government of India for the award of a Research 
Scholarship to one of them (M.S.).

A n n a m a l a i  U n i v e r s i t y

A n n a m a l a i n a g a r , I n d i a

(1) M. Balasubramanian and V. Baliah, J. Chem. Soc., 
1844 (1954).

(2) M. Balas ibramanian, V. Baliah, and T. Rangarajan, 
J. Chem. Soc., 3296 (1955).
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TABLE I
a,/S-U.NSATURATED SlJLFONES, RS02CH=CHR'

R R' M.P., °C. Yield,“ % Calcd. for

Analysis
Carbon

Calcd. Found
Hydrogen 

Calcd. Found

c h 3 m-02NC6H4 130-132 49(16)
c h 3 p-ClCeHi 125-126 32 C,H9C102Sc 49.87 50.16 4.20 4.40
c h 3 2,4-Cl2C6H3 72-73 62 CjHsCIAS" 43.04 42.91 3.21 3.42
c 6h 5 c 6h 5 74-74.5 39 (21)
c 6h 5 0-O2N c 6h 4 131-132 44 (10)
C6H3 to-02NC6H4 142-143 64(14)
c sh 6 p-o2n c 6h 4 169-170 52 C14H„N04S" 58.11 58.41 3.83 4.15
c 6h 6 o-C1C6H4 105-106 35 C„H„C102Sc 60.32 59.89 3.98 3.72
c 6h 5 p-c ic6h 4 129-130 63 (28)
c 6h 5 2,4-Cl2C6H3 132-133 48 c !4h 10ci2o2s6 53.68 54.20 3 .22 3.47
c 6h 5 3,4-CI2C6H3 156-156.5 44 C,4H,oC120 2S" 53.68 53.38 3.22 3.67
C6H;> p-CH3OC6H4 117-118 19 CläH140 3S" 65.64 65.70 5.14 5.23
c 6h 5 p-h o c 6h 4 109-110 10 C14H12()3Srf 64.59 64.43 4.65 4.93
OffE P-CH:,C6H4 135.5-136.5 28(17)
C6H5 3-Pvridvl 85-86 13 C13HnN 02S,2H2()c 55.49 55.46 5.38 5.55
c 6h 5 4-Pvridvl 190-191 5 C^HhNO.S.H^“ 59.28 59.64 4.98 4.90
c 6h 5 2-Thienyl 86-87 40 C,2H10O2S2c 57.58 56.90 4.04 4.51
P-C7H7 C6H5 120-121 40(25)
p-C7H7 o-0,NC6H4 159-160 71 (5 )
p-c -h 7 m-O.XCrJL 146-147 75(20)
P-C7H7 P-C1C6H4 151-152 68(31)
p-C-H, 2,4-Cl2C6H3 129-129.5 64 c 15h 12ci2o2s" 55.05 55.42 3.70 3.70
p-c7h 7 3,4-Cl2C6H3 163-163.5 67 c ,5h 12ci2o2s" 55.05 55.5S 3.70 3.69
p-c7h 7 p-CH3OC6H4 100-101 54(12)
p-c7h 7 p-c h 3c 6h 4 154-155 35(22)
P-C-H, 2-Thienvl 133-134 31(20)
P-C7H7 3-Pvridvl 84-85 20 C14IInN02S,2I[2()^ 56.94 56.64 5, SO 6.04
p-c 7h 7 4-Pvridvl 215-216 29 c 14h 13n o 2s,h 2o" 60,61 60.44 5.45 5.85
p-c7h , 1-Xaphthvl 111-112 14 0i9Hl602S^ 74.01 74.09 5.23 5.30
p-c7h 7 p-(CH3)2NC6H4 204-205 23" CnH.sNO.S9 67.74 67.56 6.35 6 .74

“ The percentage yields in parentheses are those reported in the previous papers.1'5 Reerystallized from " ethanol, c meth
anol, i  isopropyl alcohol, c cyclohexane, 1 n-ho.xane and 9 acetone-water. " The reactants were refluxed for 90 min.

l , l - l ) in i lr o c \c io h e x a n c  in N itrocycloh exan e  
S till R esid u es

E. H. Sl'H M O R R

Received December 3, 133S

Nitrocyclohexane was prepared by the reaction 
of cyclohexane with nitric acid.

During the course of an investigation which in
volved the identification of impurities in the nitro
cyclohexane still residues, a white crystalline com
pound melting at 174°. was isolated. Its infrared 
spectrum indicated no functional groups other than 
the nitro group, and the carbon, hydrogen, and 
nitrogen contents of this compound agreed with 
those of a dinitrocyclohexane.

Anal. Calcd. for C6H10N2O4: C, 41.4; H, 5.75; 
N, 16.1. Found: C, 41.5; H, 5.90; N, 15.9.

(1) Beilstein, Handbuch der organischen Chemie, 4th ed., 
Voi. 7, pp. 554 and 556.

1,1 -Dinitrocyclohexane and 1,2-dinit rocyclo-
liexane are known, having melting points of 36° 
and 46°, respectively. I t  seemed likely, therefore, 
that this new nitro compound was either 1,4- 
dinitrocyclohexane or 1,3-dinitrocyclohexane. No 
reference to either of these isomers was found in the 
literature, but the corresponding diketones were 
both listed in Bcilstein.1 1,4-Cyclohexanedione has 
a melting point of 78° while 1,3-cyclohexanedione 
melts with decomposition at 104-106°.

The cyclohexanedione was prepared from the 
unknown dinitrocyclohexane by the Nef reaction. 
Two recrystallizations yielded a small amount of 
ar. off-white compound having a melting point of 
74-76°. The infrared spectrum of this compound 
confirmed that this derivative was a ketone.

The conclusion drawn from the above data is that 
the compound isolated from the nitrocyclohexane 
still heels is 1,4-dinitrocyclohexane (having a 
melting point of 174°).

E a s t e r n  L a b o r a t o r y

E .  I .  d u  P o n t  d e  N e m o u r s  a n d  C o m p a n y

Gibbstown, N. J.
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Aldehyde C otrim ers

O. C . D e r m e r  a n d  A l f r e d  M. J e n k in s  

Received December 12, 1958

Whereas the trimerization of individual aliphatic 
aldehydes is a familiar reaction, the formation of 
mixed trimers has received no systematic study. It 
has now been found that cotrimerization is a general 
reaction also, and that the suggestion1 that aldehyde 
cotrimers must always contain at least one halogen- 
ated aldehyde unit is invalid. Binary mixture of indi
vidually polymerizable aldehydes are largely con
verted by acid catalysts to a mixture of two sym
metrically substituted and two unsymmetrically 
substituted 1,3,5-trioxanes; under favorable cir
cumstances the several trimers can be separated by 
fractional distillation.

The products obtained are shown in Table I. 
Since purity and not yield was stressed in fractiona-

since Hibben, Gillespie, and Montonna2 were 
unable to obtain such compounds from halogenated 
aldehydes.

A few trials of 2,4-dimethyl-6-ethyltrioxane as 
a hypnotic by hypodermic injection in rats showed 
it to be quite toxic, lacking the safety margin of 
paraldehyde. This extends the observation of 
Knoefel3 that other symmetrical trialkyltrioxanes 
are inferior to paraldehyde. We are indebted to Dr. 
A. A. Hellbaum and Mr. Dwight L. Smith of the 
University of Oklahoma School of Medicine for 
the pharmacological tests.

E X P E R I M E N T A L

Reagent grade or redistilled technical grade aldehydes 
were mixed, chilled in an ice bath, and treated with a small 
stream of hydrogen chloride for several seconds. The solu
tion was stirred briefly, kept in a closed container in the ice 
bath for several hours, and then poured into aqueous 
potassium carbonate. The nonaqueous layer was dried over 
potassium carbonate and fractionally distilled, usually in

TABLE I
A l d e h y d e  C o t r im e r s

RCHO +  R'CHO 
Used, Moles

Substd. Trioxane 
Obtained“

Yield,
G.

B.P.,
°C./mm.

d at t, 
G./Ml.

WD 
at t

t,
°C.

2 MeCHO +  4 EtCHO 2,4-Me2-6-Et 60 139.5/745 0.976 1.4098 20
2,4-Et2-6-Me 16 155.5/745 0.961 1.4131 20

2.6 MeCHO + 2,4-Me2-6-Pr 8 96/80 0.953 1.4141 20
3.0 PrCHO 2,4-Pr2-6-Me 42 121/69 0.932 1.4208 20

3.3 MeCHO + 2,4-Me2-6-tso-Pr 16 97/140 0.939 1.4060 31
1.4 fso-l’rCHO 2,4-(tso-Pr )2-6-M e 11 113/131 0.923 1.4150 29

1.8 MeCHO + 2,4-Me2-6-/?-C6H,n 21 102-103/11 0,917 1.4214 30
1.3 a-f Vl I i f IK ) 2,4-( /¿-C'6Hi3 )2-G-Mĉ 12 164/11 0.895 1.4337 27

1.7 EtCHO + 2, l-Et2-0-Pr 11 138-139/165 0.917 1.4150 26.5
2,5 PrCHO 2,4-Pr,-6-Et 19 128/55 0.918 1.4192 28

2.7 MeCHO + 2,4-Me2-6-EtOC»H/ 13 96/17 0.996 1.4202 25.5
0.8 EtOCH.CHjCHO 2,l-(Et<)C,H4 b-6-Mc“ 11 141-142/14 1.000 1.4294 24

1 MeCHO +  1 PrCHO 2-/t-C6Hi3-4-Me-6-Prc 8 122/10 0.913 1.4289 22
+  1 a-CeHuCHO

3.6 MeCHO + 2,4-Me2-6-viuylrf 5 138-140/745 1.000 1.4199 26.5
1.2 CH» : CHCHO

1.8 MeCHO + 2,4-Me2-6-(l-propenyl)c 9 94/40 0.983 1.4301 29
1.1 MeCH: CHCHO

“ Purity was established for each by showing agreement of calculated and observed values for carbon and hydrogen con
tent (except as noted), molecular refraction, and molecular weight. b No carbon-hydrogen analysis. c Other products were 
not sought. d Bromine number according to J. B. Bradstreet and R. B. Lewis, Ind. Eng. Chem., Anal. Ed., 12, 387 (1940): 
Calcd., I l l ;  Found, 73. This and the results of analysis for hydrogen (Calcd., 8.39%; Found, 8.98%) suggest that the com
pound was very pure. e Bromine number: Calcd., 101 ; Found, 99.

tion, the yields shown are minimal and of little 
significance. Attempts to isolate cotrimers of 
formaldehyde with acetaldehyde and with pro
pionaldéhyde failed, but this is attributed to 
difficulties in separation rather than to failure of 
the reaction. As might have been expected, acetal
dehyde formed no cotrimer with acetone or benz- 
aldefiyde.

The formation of the cotrimer containing three 
different aldehyde units is of particular interest

(1) J. C. Bevington, Quart. Rev., 6, 141 (1952).

either an Oldershaw or a Todd column. It consisted almost 
entirely of monomers and trimers; very little viscous or 
solid product wTas obtained.

D e p a r t m e n t  o f  C h e m is t r y  
O k l a h o m a  S t a t e  U n iv e r s it y  
S t il l w a t e r , O k l a .

(2) H. Hibbert, W. F. Gillespie, and R. E. Montonna, 
J. Am. Chem. Soc., 50, 1950 (1928).

(3) P. K. Knoefel, J. Pharmacol., 48, 488 (1933).
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C o n stitu e n ts  o f  Casimiroa Edulis Lluve et 
Lex. V . 1 Id e n tity  o f  C asim irolid  

an d  O bacunone

F r a n z  S o n d h e i m e r , A l e x  M e i s e l s , a n d  F r e d  A . K j n c l 2 

Received December 15, 1058

The isolation of the lactone casimirolid (m.p.
229- 231°, [o ]d —49°) from the seeds of Casimiroa 
edulis Have et Lex was described in 1911 by Power 
and Callan3 and recently by our group.4 The lactone 
obacunone (m.p. 229-230°, [a]r> —51°) was first 
isolated by Kaku and Ri5 from the bark of Phel- 
lodendron amurense; it was later obtained from 
citrus oil by Emerson,6 who suspected it to be 
identical with casimirolid. We have now carried out 
a direct comparison between casimirolid and oba
cunone. The complete identity of the characteristic 
infrared spectra, as well as the fact that no melting 
point depression was observed on admixture, con
clusively proves the two substances to be identical.

Casimirolid had been assigned the formula 
C24H2s06 by Power and Callan3 and C28H32O8 by 
ourselves,4 whereas obacunone undoubtedly pos
sesses the formula C26H3o07.6’: A series of new 
analyses of casimirolid has now shown the previously 
proposed formulas to be incorrect and favors the 
C26H30O7 formulation also for this substance.

Although the name casimirolid has priority,3 
the structural investigations by Emerson6 and 
especially by Dean and Geissman7 have been carried 
out with obacunone, yielding degradation products 
the names of which have been derived from this 
substance. We propose therefore that the name 
obacunone be retained and casimirolid be 
abandoned.

E X P E R IM E N T A L

Comparison of casimirolid with obacunone. A sample of 
casimirolid4 was crystallized repeatedly from ethanol and 
was then dried for 24 hr. at 120° (0.1 mm.). I t  showed m.p.
230- 2:11°, [«In -49.6° (CHCfi).

Anal. Calcd. for C26H3o07: C, 68.70; H, 6.65; O, 24.64; 
Culcd. for CisEhA: C, 67.73; II, 6.50; O, 25.78. Found: 
C, 68.90, 68.79; H, 6.76, 6.83; O, 24.57, 24.33.

The infrared spectrum (potassium bromide pellet, deter
mined on a Baird double-beam spectrophotometer) showed 
more than 20 well defined bands, the main ones being at
2.87, 3.31, 5.78, 5.88, 6.68, 6.85, 7.20, 7.45, 7.63, 7.83, 8.17,

( 1) Part IV, F. Sondheimer and A. Meisels, J. Org. 
Client., 23, 762 (1958).

(2) Syntex S.A., Apart. Post. 2679, Mexico D.F., Mexico.
(3) F. B. Power and T. Callan, J. Chem. Soc., 1993 

(1911).
(4) F. A. Kind, J. Romo, G. Rosenkranz, and F. Sond

heimer, J. Chem. Soc., 4163 (1956).
(0) T. Kaku and II. Ri, J. Pharm. Soc. Japan, 55, 222

(1935) [Chem. Abstr., 31, 6643 (1937)1.
(6) O. H. Emerson, J. Am. Chem. Soc., 73, 2621 (1951).
(7) F. M. Dean and T. A. Geissman, J. Org. Chem., 23, 

596 (1958).

8.62, 8.95, 9.35, 9.40, 9.75, 10.16, 10.24, 10.92, 11.46, 12.17, 
and 12.48m-

An authentic sample of obacunone showed m.p. 229-231°, 
[a]n —49.8° (CHCh). There was no depression in m.p. 
on admixture with a sample of casimirolid. The infrared 
spectrum was completely identical with that of casimirolid.

Acknowledgment. We are indebted to Dr. 0. H. 
Emerson and to Drs. F. M. Dean and T. A. Geiss- 
rnan for their courtesy in providing us with samples 
of obacunone.

T h e  D a n i e l  S i e f f  R e s e a r c h  I n s t i t u t e

W e i z m a n n  I n s t i t u t e  o f  S c i e n c e

R e h o v o t h , I s r a e l

B eck m a n n  R earran gem en t o f  
1 -T r im e lh v ls ily la c e lo p lie n o iic  O xim e

R o y  G . N e v i l l e 1 

Received December 17, 1958

Few reports of aminoaryltrialkylsilanes occur 
in the literature2 as these compounds readily 
undergo fission of the aromatic carbon-silicon bond, 
particularly in acidic media. Those amines which 
have been reported were prepared by hydrogena
tion of the corresponding nitro compounds over a 
Raney nickel catalyst.3-6

Since 4-trimethylsilylacetophenone oxime (I) 
has recently become available6 an attem pt has been 
made to prepare 4-trimethylsilylaectanilido (If), 
by a Beckmann rearrangement, and then to hy
drolyze this compound to 4-trimethylsilylaniline. 
Treatment of an ethereal solution of I with thionyl 
chloride or phosphorus pentachloride gave good 
yields of II. With sulfuric acid the yields of II were 
lower. The anticipated cleavage of the aromatic 
carbon-silicon bond of I did not occur under the 
conditions employed.7 Analysis for nitrogen and 
silicon, and the infrared spectrum, confirmed the 
structure of II.

On heating the anilide under reflux with 40 or 
70% aqueous-alcoholic potassium hydroxide for 
30 minutes, then neutralizing, unreacted II was 
quantitatively recovered. The anilide is thus ex
tremely difficult to cleave under basic conditions.

Heating II under reflux for 15 minutes with 10% 
aqueous-alcoholic sulfuric acid liberated a dark- 
brown oil (HI). On distilling this oil and examining

(1) For reprints: 783 Cereza Drive, Palo Alto, Calif.
(2) F. S. Kipping and N. W. Cusa, J. Chem. Soc., 1088 

(1935); F. S. Kipping and J. C. Blackburn, J. Chem. Soc., 
1085(1935).

(3) R. F. Fleming, U.S. Patent 2,386,452 (1945).
(4) B. N. Dolgov and O. K. Panina, J. Gen. Chem. U.S. 

S.R., 18, 1129(1948).
(5) R. A. Benkeser and P. E. Brumfield, J. Am. Chem. 

Soc., 73, 4770 (1951); 74, 253 (1952).
(6) R. G. Neville, J. Org. Chem., 24, 111 (1959).
(7) N. V. Sidgwick, The Chemical Elements and Their 

Compounds, Oxford; Clarendon Press, 1950, vol. 1, p. 561.
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its infrared absorption spectrum no evidence was 
found for the presence of the trimethylsilyl group, 
and the spectrum resembled in every way that of 
aniline. This was confirmed by forming derivatives 
of III with phenyl isocyanate and 2,4-dinitro- 
chlorobenzene. I t thus appears that the Beckmann 
rearrangement of 4-trimethylsilylacetophenone ox
ime occurs in good yield; however, conditions for 
the preparation of 4-trimethylsilylaniline from this 
Beckmann product have not been found.

data are identical with those for the corresponding aniline 
derivatives.

Acknowledgment. The author thanks Mr. Joseph 
Wirth for preparing 4-trimethylsilylacetophenone 
from which tne oxime was made; Dr. Allen E. 
Senear for the spectral measurements; and Dr. 
Murray Taylor for the analytical data.

R e s e a r c h  U n i t  
B o e i n g  A i r p l a n e  C o .
S e a t t l e , W a s h .

E X P E R I M E N T A L

Beckmann rearrangements of I. A solution of I (20.7 g., 
0.1 mole) in anhydrous diethyl ether (500 ml.) was treated 
with thionyl chloride (12 g., 0.1 mole). After the initially 
exothermic reaction had moderated, the mixture was heated 
at reflux for 0.5 hr. Water (500 ml.) was then added to de
compose unreacted thionyl chloride. Excess powdered so
dium bicarbonate was then cautiously added to the stirred 
mixture, the ether layer separated, washed three times with 
water, then dried over anhydrous sodium sulfate. On dis
tilling off the ether a yellow crystalline solid remained, yield 
18 g. (87%). After two treatments with charcoal, and a fur
ther recrystallization from alcohol, colorless flat crystalline 
plates were obtained of m.p. 171°,8 in good agreement with 
the literature5 value of 169-170°.

Anal. Calcd. for CnHnNOSi: N, 6.76; Si, 13.55. Found: 
N, 6.64; Si, 13.29.

Employing the same experimental conditions with phos
phorus pentachloride (21 g., 0.1 mole) the yield of II was 
18 g. With concentrated sulfuric acid (10 g., 0.1 mole) the 
yield of II was 15 g. (72.5%).

Infrared absorption spectrum of II. The spectrum was de
termined using a Perkin-Elmer Model 112 spectropho
tometer with sodium bromide optics. Prominent bands in
cluded those assigned to NH stretching at 3257; aliphatic 
CH stretch at 2927; amide C :0  at 1666; aromatic C:C at 
1506 and 1592; NH bend at 1537; parasubstitution at 823; 
and three strong bands due to the trimethylsilyl group at 
1248,838, and 759 cm.-19’><>

Attempted alkaline hydrolysis of II. One-gram samples of 
II were dissolved in 20-30 ml. of 40% potassium hydroxide 
in dilute (1:1) alcohol. On heating at reflux for 30 min., cool
ing, and making slightly acid, II was quantitatively re
covered, m.p. 170-171°. Similar results were obtained using 
70% potassium hydroxide in dilute alcohol.

Acid hydrolysis of II. On heating II (10 g.) under reflux 
with excess dilute (1:10) sulfuric acid for 15 min. the solu
tion turned dark brown. Heating was continued for a further 
15 min. to ensure complete reaction. Excess 10% sodium 
hydroxide solution was then added to liberate the free base. 
The crude amine (approx. 7 g.) was extracted with ether, the 
extracts washed with water, dried, and the ether removed. 
Fractional distillation yielded 3.5 g. of a colorless oil, b.p. 
100-120°/12-15 mm. The oil was redistilled and the fraction 
of b.p. 112-115°/12-15 mm. collected. Yield, 2.0 g.

Identification of hydrolysis product. The infrared absorp
tion spectrum of the colorless oil obtained by acidic hy
drolysis of II was identical with that of an authentic speci
men of freshly distilled aniline.

Phenyl isocyanate reacted with the oil to give 1,3-di- 
phenylurea, m.p. 238°; and 2,4-dinitrochlorobenzene reacted 
to give 2,4-dinitrodiphenylamine, m.p. 156°. Both these

(8) All melting points are uncorrected.
(9) L. J. Bellamy, The Infrared Spectra of Complex Mole

cules, John Wiley & Sons, New York, 1954, pp. 274-81.
(10) E. G. Rochow, D. T. Hurd, and R. N. Lewis, The 

Chemistry of Organometallic Compounds, John Wiley & Sons, 
Inc., New York, 1957, pp. 146-7.

16-H ydroxyIated S tero id s. IX .8 9 10 1 S y n th esis  o f  
12a-B rom o-16a-hydroxy cortison e  
21-A cetate  and  16 ,21-D iaceta te

S e y m o u r  B e r n s t e i n  a n d  R u d d y  L i t t e l l

Received December IS, 1958

Ptecently described work from this Laboratory 
on 16a-hydroxycorticoids2 has now been extended 
to include those containing a 12a-halogen group.3 
The present note describes the synthesis of 12a- 
bromo-16 a-hydroxycortisone (12 a-bromo-16 a, 17 a- 
21-trihydroxy-4-pregnene-3,ll,20-trione) in the 
form of its 21-acetate Ha and 1G,21-diacetate lib .

la. R = Ac; X = Br
lb. R = Ac; X = H 
le. R = X = H

Ila. R! = Ac; R2 = H; X = Br 
lib . R 1 = R2 = Ac; X = Br 
Ile. R1 = R2 = Ac; X = H

Hydroxylation of 21-acetoxy~12a-bromo-4,16- 
pregnadiene-3;ll,20-trione (la)4 5 6 with potassium 
permanganate in aqueous acetone5a,b gave a mixture 
of products6 from which the desired 21-acetoxy-12a-

(1) Paper VIII, S. Bernstein and R. Littell, J. Org. 
Chem., 24, 429 (1959).

(2) (a) S. Bernstein, R. H. Lenhard, W. S. Allen, M. 
Heller, R. Littell, S. M. Stolar, L. I. Feldman, and R. H. 
Blank, J. Am. Chem. Soc., 78, 5693 (1956); (b) S. Bernstein, 
M. Heller, R. Littell, S. M. Stolar, R. H. Lenhard, and
W. S. Allen, J. Am. Chem, Soc., 79, 4555 (1957); and (c) 
S. Bernstein, Rec. Prog. Hormone Res., 14, 1 (1958).

(3) (a) D. Taub, R. D. Hoffsommer and N. L. Wendler, 
J. Am. Chem. Soc., 78, 2912 (1956); (b) J. E. Herz, J. 
Fried and E. Sabo, J. Am. Chem. Soc., 78, 2017 (1956); 
and (c) J. Fried, I. E. Herz, E. F. Sabo, and M. H. Morrison, 
Chem. and Ind. (London), 1232 (1956).

(4) W. F. McGuckin and H. L. Mason, J. Am. Chem. 
Soc., 77, 1822 (1955).

(5) (a) G. Cooley, B. Ellis, F. Hartley, and V. Petrow, 
J. Chem. Soc., 4373 (1955); (b) B. Ellis, F. Hartley, V. 
Petrow, and D. Wedlake, J. Chem. Soc., 4383 (1955).

(6) The reaction mixture was shown by paper-strip 
chromatographic analysis to contain at least five products. 
No attempt was made to isolate and identify the by
products.
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bromo-16«, 17a-dihydroxy-4 -pregnene-3,11,20-tri
one (Ila) was obtained by direct crystallization. 
Acetylation gave the solvated 10«,21-diacetate 
l ib  in an 8% over-all yield from la. The same final 
product l ib  was obtained in 10% yield when 
the hydroxylation was carried out with osmic acid 
in benzene.7 8'9 These yields are to be compared with 
a 28% yield obtained by hydroxylation of the 
parent nonhalogenated compound 21-acetoxy-4,16- 
pregnadiene-3,ll,20-trione (lb) with permanga
nate,515 and with a 50% yield by hydroxylation of 
Ic with osmic acid.7

The lower yields observed in the preparation of 
the 12a-bromo-16«, 17«-diols may, in part, be 
ascribed to steric hindrance. Examination of a 
molecular model of la  shows the axial 12a-bromine 
atom to be in close proximity to the rear side of the 
C16,17-double bond. Consequently, the bromine 
atom may inhibit the formation of a large osmate 
or permanganate complex on the rear side of the 
D-ring.

The assigned structure of l ib  was confirmed by 
the reductive removal of the bromine atom with zinc 
in acetic acid9 to afford in good yield the known 
16«,21 - diacetoxy-17a - hydroxy - 4 - pregnene- 3,11 ,- 
20-trione (IIc).ob’7

E X P E R I M E N T A L 10

21-Acetoxy-12a-bromo-16a,17a-dihydroxy-4-pre<jnene-
8.11.20- trione (Ila). To a solution of 926 rag. of 21-aeetoxy- 
12c*-bromo-4,16-pregnadiene-3,l 1,20-trione (la) in 40 ml. 
of acetone at 0° was added 320 mg. of potassium perman
ganate dissolved in 25 ml. of 85% aqueous acetone. The 
mixture was stirred at 0° for 7 min. when a solution of cold 
saturated sodium bisulfite was added. The resulting in
organic precipitate -was separated by filtration. The filtrate 
was concentrated and 440 mg. of white solid, m.p. 200-205°, 
was collected. Paper strip chromatographic analysis re
vealed the presence in appreciable amount of five Blue 
Tetrazolium reducing products.

Crystallization of this mixture from acetone-petroleum 
ether gave 88 mg. of crude product, m.p. 250° (dec.). Two 
further crystallizations from acetone gave 20 mg. of pure 
Ila, m.p. 263° (dec.), [«]2D5 +39° (c, 0.28, pyridine); rmax 
3400, 1738, 1714, 1664. 1662, and 1236 cm.“ 1

Anal. Calcd. for C23H290,Br (497.38): C, 55.54: H, 5.88; 
Br, 16.07. Pound: O, 55.85; II, 5.95; Br, 16.21.

In another run with 1.4 g. of la in 60 ml. of acetone, 480 
mg. of potassium permanganate in 50 ml. of 85% acetone, 
and 0.35 ml. of acetic acid there was obtained 180 mg. 
(12% yield) of Ila, m.p .261° (dec.);X “ *h“ 0' 237 m/x 
(e 16,400).

16 a,21-Diacetoxy-l 2a-bromo-l 7 a-hydroxy-4-pregnene-
3.11.20- trione (lib), (a) To a solution of 155 mg. of 21-

(7) W. S. Allen and S. Bernstein, J. Am. Chem. Soc., 78, 
1909 (1956).

(8) Here also the reaction mixture was complex and no 
attempt was made to isolate and identify the by-products.

(9) V. R. Mattox and E. C. Kendall, ./. Biol. Chem., 188, 
287 (1951).

(10) Melting points are uncorrected. The pe‘. oleum ether 
used had a b.p. 60-70°, unless otherwise specified. The 
infrared absorption spectra were determined in a potassium 
bromide disk.

acetoxy-1 2a~bromo- 16a, 17«-dihydroxy-4- pregnene - 3,11,20- 
trione (Ila) in 6 ml. of pyridine was added 0.6 ml. of acetic 
anhydride. After standing at room temperature for 20 hr. 
the mixture was poured into ice water and filtered to afford 
135 mg. of a white powder, m.p. 219-221° (dec.). Crystal
lization from acetone-petroleum ether gave 105 mg. of lib , 
m.p. 228-229°. Further crystallization did not change the 
melting point; r„,ax 3430, 1740, 1718, 1760, 1622, and 1238 
cm.“ 1

Anal. Calcd. for C25H310 8Br (539.42): C, 55.66; II, 5.79; 
Br, 14.82. Found: C, 56.46; H, 5.97; Br, 14.55.

(hi A solution of 575 mg. of osmic acid in 10 ml. of benzene 
was added to a solution of 926 mg. of the diene la in 25 ml. 
of benzene containing 0.4 ml. of pyridine. The mixture was 
stirred at room temperature for 7 hr. when a solution of 3.8 
g. of sodium sulfite and 3.8 g. of potassium bicarbonate in 
40 ml. of water and 25 ml. of methanol was added. After 
being stirred at room temperature overnight the mixture 
was filtered, and the residue was washed thoroughlj' with 
ethyl acetate. The combined filtrates were washed, dried, 
and filtered. Evaporation gave an intractable oil which on 
acetylation resisted crystallization.

The crude diacetate was subjected to partition chro
matography on 150 g. of Celite11 with a ternary system con
sisting of 10 parts petroleum ether (b.p. 90-100°), 3 parts 
diehloromethane, and one part ethylene glycol. The second 
hold-back volume (240 ml.) upon concentration gave 83 
mg. of crystals, m.p. 225-227° (dec.). Three crystallizations 
from acetone-petroleum ether gave 50 mg. of pure lib, 
m.p. 228-229° (dec.), X̂ " “1 237 m y  (e 13,700); H u 1 
—26° (c, 0.99, chloroform). Infrared spectral analysis 
showed this product to be identical with that obtained 
from the potassium permanganate hydroxylation.

16 a,21 -Diacetoxy-17 a-hydroxy-4-pregnene-S,11,20-trione 
(lie). A mixture of 60 mg. of zinc dust and 54 mg. of the 
12a-bromo-diacetate lib  in 5 ml. of glacial acetic acid was 
stirred at 15-20° for 20 min. It was then filtered and the 
separated solid was washed with several portions of ethanol. 
The combined filtrates were evaporated (bath temperature 
<40°), and the residue was extracted with ethyl acetate. 
The extract was washed with saturated sodium bicarbonate 
and saturated saline solution. The dried extract was filtered 
and evaporated. A single crystallization of the crude product 
from acetone-petroleum ether gave 36 mg. of lie, m.p.
233-234°. The product exhibited a negative Beilstein test 
for halogen, and its infrared spectrum was identical with 
that of an authentic sample.6b’7

O r g a n i c  C h e m i c a l  R e s e a r c h  S e c t i o n  
R e s e a r c h  D i v i s i o n  
A m e r i c a n  C y a n a m id  C o .
P e a r l  R i v e r , N. Y.

(11) The adsorbent was specially treated Celite “545” 
which was slurried in 6.V hydrochloric acid and allowed to 
stand overnight. I t was then filtered and was washed with 
water, followed by alcohol and/or acetone. Finally, it was 
dried at 100°. Celite is the trade-mark of Johns-Manville Co. 
for diatomaceous silica products.

4-(3 -P y rid y l)-4 -k eto b u ty r ic  Acid

H a r v e y  N. W i n g f i e l d , J r .

Received December 19, 1958

A synthesis of 4-3-pyridyl-4-ketobutyric acid 
which would give increased yields was desired, as 
this compound is an intermediate in the synthesis of
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D L-desm ethycotin ine a n d  n o rn ic o tin e .1 P rev ious 
sy n th eses  h a v e  been  b y  th e  condensa tion  of e th y l 
n ic o tin a te  a n d  d ie th y l su c c in a te 1 in  th e  p resence of 
sodam ide2 o r b y  th e  co n d en sa tio n  of e th y l b rom o- 
a c e ta te  w ith  e th y l n ico tinoy l a c e ta te .3

The present method involving the condensation 
of diethyl sodiomalonate with bromomethyl ketone, 
reduces the possibility of concurrently formed con
densation products to a minimum, and gives a good 
yield. The intermediate bromomethyl pyridyl ke
tone should also be a useful intermediate for synthe
sis of keto alcohols, esters, substituted malonic es
ters, keto aldehydes, thiazoles, and similar com
pounds.

E X P E R IM E N T A L

Bromomethyl pyridyl ketone. A solution of 6 g. of 3- 
pjT-idyl methyl ketone in 20 ml. of acetic acid containing 
32% hydrobromic acid was cooled and a solution of 16 g. 
of pyridine hydrobromide perbromide4 5 in 200 ml. of glacial 
acetic acid was added. Warming slightly and shaking inter
mittently brought about decolorization and the precipita
tion of the bromoketone hydrobromide.

The contents of the flask were cooled and 400 ml. of ether 
were added. After standing at 4° overnight, the precipitate 
was filtered off, washed well with ether, vacuum dried, and 
placed in an icebox in a closed container. Under these condi
tions the hydrobromide was stable and was used in the next 
step without further purification. A small sample was dis
solved in hot acetic acid and precipitated with ether several 
times to procure a pure sample for analysis.

Anal. Calcd. for C7H7NOBr>: Br, 56.94. Found: Br,
56.98, 57.00. The yield of crude material was nearly quanti
tative.

4-{8-Pyridyl)-4-ketobutyric acid. To a solution of 0.2 mole 
of diethyl sodiomalonate in an excess of malonic ester as a 
solvent was gradually added 0.1 mole bromomethyl-3-pyridyl 
ketone, stirring continuously. If, after part of the ketone 
has been added, the reaction remains sluggish, about 20 
ml. of ethanol may be added. Care was taken to prevent a 
rise in temperature.

After about 12 hr. stirring, while in an ice bath, the tem
perature was permitted to rise to about 25° and stirring con
tinued for another 12 hr. The salt formed was removed by 
filtration and the filtrate made acid with hydrochloric acid 
and refluxed to hydrolyze the ester. After 16 hr. the solution 
was cooled, extracted with ether once, and evaporated to 
near dryness in a rotating film evaporator. The solution 
was brought to a pH of 5.7 and allowed to crystallize at 
4°. The yield averaged about 60% of crude material based 
on the bromoketone used.

Anal. Calcd. for C9H9NO3: C, 60.33; H, 5.08. Found: 
C, 60.32, 60.55; H, 5.13, 5.20.

T he A merican T obacco C ompany

D epartm ent of R esearch  and D evelopment
R ichmond 24, V irginia

(1) H. McKennis, Jr., L. B. Turnbull, H. N. Wingfield, 
Jr., and L. J. Dewey, J. Am. Chem. Soc., 80, 1634 (1958).

(2) R. N. Castle and A. Burger, J. Am. Pharm. Assoc., 
43, 163 (1954).

(3) S. Sugasawa, T. Tatsuno, and T. Kamiya, Pharm. 
Bull. [Japan), 2, 39 (1954).

(4) C. Djerassi and C. Scholz, J. Am. Chem. Soc., 70, 417 
(1948).

T h e S tru ctu re  o f  th e  T r im eth y ls ily l 
D erivative o f  M eth y l C yan oaceta te

P eter  L. deB en n eville , M arvin  J. H urwitz, 
and Law rence J. E xner

Received December 22, 1958

A recent note1 corrects the structure which two 
of us had assigned to the trimethylsilyl derivative 
of ethyl acetoacetate. Since we presented the origi
nal paper,2 we have had occasion ourselves to 
reexamine by spectral methods one other product 
which we had disclosed there. We had withheld 
publication pending a more complete clarification; 
however, none of us at present is working in this 
field, and it seems appropriate now to present what 
data we have.

Our original assignment was based primarily 
on the reaction of trimethylchlorosilane with 
methyl cyanoacetate.3 The reported reactions of 
alkylating agents with cyanoacetic esters have, as 
far as we know, been observed to give only C-alkyla- 
tion,4 and our assignment of C-silylation to give 
structure I seemed to be a proper deduction. How-

/Si(CH3)3
N=CCH<

Ac o o c h 3
I

ever, examination of the infrared spectrum of the 
carefully distilled compound showed strong ab
sorption bands at 1623 cm.-1 and at 2222 cm.-1 
The band at 2222 cm.-1 is very likely displaced 
and strengthened absorption attributable to C = N  
in a conjugated position.6 The band at 1623 cm.-1 is 
attributed to the absorption due to a carbon- 
carbon double bond in conjugation with the nitrile 
group. A relatively small absorption at 1761 cm.“ 1, 
which progressively disappeared in successive 
fractions, is attributed to methyl cyanoacetate 
contaminant; otherwise no major carbonyl peak 
was apparent. Two strong bands at 850 cm.“ 1 and 
1250 cm.-1 correspond to Si(CH3)3 absorption. 
There was no absorption in the reported range for 
normal Si—0  stretching vibrations, but there were 
strong bands at 965 cm.“ 1 and 1105 cm.-1, either of 
which could be so assigned, in view of the evidently 
unusual structure.6 A weak band at 3100 cm.-1 is a

(1) R. West, J. Org. Chem., 23, 1552 (1958).
(2) M. J. Hurwitz, P. L. de Benneville, and R. A. Yon- 

coskie, Abstracts of Papers, 131st National Meeting, Ameri
can Chemical Society, Miami, Fla., 1957, p. 52-160.

(3) M. J. Hurwitz and P. L. de Benneville, U.S. Patent 
2,775,605.

(4) A. C. Cope, H. L. Holmes, and H. O. House, Org. 
Reactions, IX, 109 (1957).

(5) L. J. Bellamy, The Infrared Spectra of Complex Mole
cules, 2nd ed., Methuen & Co., Lt., London, Eng., 1957, p. 
264.

(6) Bellamy (footnote 5, p. 340) suggests 1090-1020 
cm.“1 for normal Si—O absorption. West (footnote 1) re
ports “near 1000 cm.“1” for Si—O in a more closely related 
structure.
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probable CH stretching vibration arising from the 
structural unit = C H —.

This evidence allows a probable assignment of 
the structure II to the compound. None of these

(CH3)3Si<\
>C=CHC=N

CH,(K
II

data corresponds to the original structural assign
ment. We therefore wish to withdraw the assign
ments that we had previously made.2'3

E X P E R IM E N T A L

Reaction of trimethylchlorosilane with methyl cyanoacelale. 
To a solution of methyl cyanoacetate (49.5 g., 0.5 mole) and 
triethylamine (202 g., 2.0 moles) in benzene (264 g.) at 
— 5° was added dropwise a solution of trimethylehlorosilane 
(54.5 g., 0.5 mole) in benzene (264 g.) over a period of 1.5 hr. 
During the addition, the temperature was hold at 5° with 
an ice bath. The reaction mixture was filtered, and the fil
trate was stripped and carefully distilled through a well 
dried 6-inch Vigreux column. After removal of unreacted cy- 
anoacetic ester, the product (42.5 g., 50%) distilled as a 
colorless liquid, very sensitive to moisture, at 75-76°/0.65 
mm., n l5 1.4465.

Anal. Calcd. for C,HI30 2NSi: C, 49.1; H, 7.6; N, 8.2. 
Found: C, 49.1; H. 7.6; N, 8.2.

Infrared spectra were carried out on films, using a Perkin- 
Elmer Model 21 spectrophotometer.

R o h m  &  H a a s  C o .
P h i l a d e l p h i a , P a .

C leavage o f  T etrah yd rofu ran  by 
T rip h en y lm eth y lm a g n es iu m  B rom id e

F r e d e r i c k  R .  J e n s e n  a n d  R o n a l d  L .  B e d a r d

Received December 23, 1958

Most ethers, except strained cyclic ethers and 
allyl ethers, are not cleaved by Grignard reagents at 
temperatures below 175°.1 For example, ethylene 
oxide reacts with Grignard reagents at room temper
ature,2 trimethylene oxide is cleaved by Grignard 
reagents in refluxing benzene,3 but anisole is cleaved 
by Grignard reagents a t 200°. Cleavage of tetrahy- 
drofuran, which is not highly strained, has not been 
generally found to occur, and tetrahydrofuran has 
been widely used as a solvent for the preparation 
and reaction of Grignard reagents.

In an attempt to prepare i-butylmagnesium 
bromide in tetrahydrofuran, Assarson4 obtained a 
white precipitate which he assumed to be a product 
of the cleavage of tetrahydrofuran by the Grignard

(1) M. S. Kharasch and O. Reinmuth, Grignard Reactions 
of Nonmetallic Substances, Prentice-Hall, Inc., New York, 
1 9 5 4 , p p .  9 6 1 - 1 0 2 2 .

(2) For example, see R. C. Huston and A. II. Agett, 
J. Org. Chem., 6, 123 (1941).

(3) S. Searles, J. Am. Chem. Soc., 7 3 ,  124 (1951).
(4) L. O. Assarson, Acta Chem. Scand., 10, 1510 (1956).

reagent, and was unable to find any gas evolved 
upon hydrolysis of the reaction mixture. However, 
in a reinvestigation of this reaction, Normant6 
was able to prepare i-butylmagnesium bromide 
in normal fashion in tetrahydrofuran, and obtained 
the normal addition product from further reaction 
with acetaldehyde. He proposed that the white 
precipitate was analogous to the precipitates ob
tained with dioxane.

In a study of organometallic complexes, Wittig 
and co-workers6 found that in the presence of tri- 
phenylaluminum and triphenylboron, triphenyl- 
methylsodium reacts with tetrahydrofuran at 
room temperature to produce 5,5,5-triphenyl- 
pentanol-1 in good yield. Triphenylmethylsodium 
alone, however, was ineffective as a cleaving agent. 
These workers also found that 9-fluorenyllithium 
and 9-phcnyl-9-fluorenyllithium also cleave tetra
hydrofuran in good yield in the presence of tri- 
phenylaluminum.

I t seems reasonable that triphenylaluminum 
forms an etherate complex with tetrahydrofuran, 
and the complex then undergoes attack by triphenyl
methylsodium to lead eventually to the product 
obtained. The decreased complexing ability of 
sodium accounts for the fact that no cleavage was 
observed in the absence of triphenylaluminum.

(CTTriAi + r j r n  (ctHal..cN«r
I

A1(C„H5)3

(C„Hä):iC-(CH2)4—ONa + (C„H,)3A1 (1)

We have found that triphenylmethylmagnesium 
bromide also cleaves tetrahydrofuran to produce
5,5,5-triphcnylpentanol-l in excellent yield. In 
this case, the Grignard reagent complexes strongly 
with the ether, and the complex can then undergo 
either further attack by another molecule of Gri
gnard reagent, or intramolecular rearrangement to 
form the product :

(CuH.v);,CMgBr 
+ —

P H  (C6H.-,)3C -M g-Bi
ci I

(CnH, ijCMgBr
I

(CuH-.hC—(CH2).iOMgBr

(C,,Hri:jGMgBr

(CsHAaC—(CH2).,—OMgBr (2)

Triphenylmethylmagnesium bromide is ionized in 
solution to a sufficient extent to impart the dark red 
color of the triphenylmethylcarbanion6 to the solu
tion. Since most Grignard reagents are not highly 
ionized in solution and do not cleave tetrahydro
furan, it is not unlikely that the cleavage occurs by 
way of the carbanion.

(5) H. Normant, Bull. soc. chim. France, 11-12, 1444 
( 1 9 5 7 ) .

(6) G. Wittig and A. Ruckert, Ann., 5 6 6 ,  111 (1950); 
G .  Wittig and O. Bub, Ann., 5 6 6 ,  127 (1950).
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There exists considerable evidence indicating 
that the addition of magnesium halides increases 
the rate of cleavage of ethers by Grignard rea
gents.1-3 In the present case, because of the size of 
the group attached to magnesium, the Schlenck 
equilibrium should lie almost completely toward 
the monoalkylmagnesium compound and the con
centration of magnesium bromide in solution should 
be very low. This does not preclude the possibility 
that magnesium bromide, even though present in 
very low concentration, is the effective complexing 
agent instead of triphenylmethylmagnesium bro
mide.

Triphenylmethylmagnesium bromide was pre
pared in normal fashion in tetrahydrofuran. The 
resulting dark red color disappears when reaction 
is complete. After 24 hr. a t room temperature, the 
red color still persisted but upon analysis the prod
ucts were 29.6% triphenylmethane, and 62.9%
5,5,5-triphenylpentanol-l. After 5 hr. reflux the 
red colcr had disappeared and the products were 
13.0% triphenylmethane and 73.5% 5,5,5-tri
phenylpentanol-l .

In order to ascertain whether the results were 
due to possible cleavage of the tetrahydrofuran 
during formation of the Grignard reagent, the 
Grignard reagent was also prepared in 2:1 benzene- 
ethyl ether solution, and tetrahydrofuran was then 
added to the solution. After 10 hr. reflux the red 
color had disappeared, and upon hydrolysis, a 
94.6% yield of 5,5,5-triphenylpentanol-l was ob
tained.

EXPERIMENTAL

Triphenylmethyl bromide was prepared using the method 
of Bachmann7 by reacting triphenyl carbinol with acetyl 
bromide. The product was subjected to further purification 
by recry3tallizing from 3 :1 methylene chloride-benzene 
under a nitrogen atmosphere, m.p. 155.1-155.5° (lit.,8 m.p. 
153-155°). The tetrahydrofuran was purified by redistilling 
from potassium hydroxide pellets until the pellets remained 
white after distillation, then distilling from calcium hydride, 
and finally distilling from 0.1 Af solution of triphenylmethyl
magnesium bromide under an atmosphere of nitrogen.

Reactions in tetrahydrofuran as solvent. The triphenyl
methylmagnesium bromide was prepared by adding a solu
tion of 22.7 g. (0.0703 mole) triphenylmethyl bromide in 200 
ml. tetrahydrofuran to 2.30 g. (0.096 mole) magnesium shav
ings, which were covered with tetrahydrofuran, under a 
nitrogen atmosphere at 25°. The reaction began immediately 
and the solution turned deep red. After the reaction was 
complete the contents of the flask were diluted with tetra
hydrofuran to a total volume of 270 ml.

After allowing the solution to stand at room temperature, 
a 42.5-ml. aliquot was hydrolyzed with dilute hydrochloric 
acid, ether was added to extract the organic material, the 
ether extraction was dried with calcium chloride, the drying 
agent removed by filtration, and the ether was removed. 
The material thus obtained was dissolved in pentane-ben
zene (5%) and this solution was placed on an alumina 
column. Elution with pentane gave 0.828 g. triphenyl-

(7) W. E. Bachmann, in Org. Syntheses, Coll. Vol. Ill, 
841 (1955).

(8) C. G. Swain, C. B. Scott, and K. H. Lohman, J. Am.
Chem. Soc., 75, 137 (1953).

methane (29.6%), m.p. 92.4-94.5° after recrystallization 
from hexane (lit.,9 m.p. 94.5-95.5°). Elution with carbon 
tetrachloride gave 0.33 g. unidentified material. Elution 
with ether gave 2.28 g. 5,5,5-triphenylpentanol-l (62.9%), 
m.p. 119-119.7° after recrystallization from cyclohexane 
and sublimation (lit.,6 m.p. 118-119°).

Anal. Calcd. for (AsH^O: C, 87.34; H, 7.59. Found: C, 
87.23; H, 7.77.

p-Nitrobenzoate, m.p. 107.2-108.5°.
Anal. Calcd. for C3„H270 4N: C, 77.42; H, 5.81; N, 3.01. 

Found: C, 77.33; H, 5.87; N, 3.00.
A 50-ml. aliquot of the Grignard solution was refluxed 5 

hr. and the solution was worked up as before. The products 
found were: 0.431 g. triphenylmethane (13.0%); 0.11 g. 
unidentified material; 3.14 g. 5,5,5-triphenylpentanol-I 
(73.5%).

The reaction of triphenylmethylmagnesium bromide with 
tetrahydrofuran in benzene-ether solution. The Grignard 
reagent was prepared by mixing 16.42 g. (0.0508 mole) 
triphenylmethyl bromide, 1.23 g. (0.0513 mole) magnesium 
shaving, 60 ml. dry benzene and 30 ml. anhydrous ether 
and then refluxing the mixture for 30 min.9 A 25-ml. portion 
of tetrahydrofuran was added and the mixture was re
fluxed for 10 hr. The products were isolated as before. The 
yields of crude materials were 15.2 g. 5,5,5-triphenyl
pentanol-l (94.6%) and a small amount of triphenyl
methane.

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  C a l i f o r n i a

B e r k e l e y , C a l i f .

(9) M. Gomberg and W. E. Bachmann, J. Am. Chem. Soc., 
52, 2455 (1930).

C lem m en sen  R ed u ctio n  o f  A ceto p h en o n e

M a r v i n  P o u t s m a  a n d  E n n o  W o l t h u i s 1 

Received December 24, 195S

The Clemmensen reduction of a carbonyl to a 
methylene group has been applied to a large variety 
of aldehydes and ketones. An excellent review has 
been published by M artin.2 When applied to the 
more complex compounds, e.g. bifunctional, this 
reduction often leads to rearrangements, and this 
aspect of it has been studied fairly extensively in 
recent years. However, little work has been done to 
clarify the mechanism by which relatively simple 
compounds like acetophenone are reduced. I t 
seemed likely that gas chromatography as an 
analytical tool might be useful in identifying the 
intermediates involved in such a reduction.

Literature references on the mechanism are 
confusing. While one3 states that the alcohol cannot 
be an intermediate because alcohols are not re
duced by the Clemmensen medium, another4 
assumes the alcohol to be formed but consumed as 
rapidly as formed. In a study on the Clemmensen 
reduction of acetophenone, Steinkopf and Wol

(1) Calvin College, Grand Rapids, Mich.; Sr. author.
(2) E. L. Martin, Org. Reactions, I, 155-209 (1942).
(3) F. Rovals, Advanced Organic Chemistry, Prentice-Hall, 

Englewood Cliffs, N. J., 1954, p. 110.
(4) C. Weygand, Organic Preparations, Heath and Co., 

Boston, 1954, p . 51.
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fram5 isolated ethylbenzene, styrene and its poly
mers, and the pinacolone of acetophenone. They 
suggested the likelihood of alcohol formation 
followed by dehydration and reduction, and postu
lated that (1-chloroethyl) benzene might take 
part in the reaction. Therefore, a study was under
taken to clarify the mechanism of the Clemmensen 
reduction of acetophenone with the help of gas 
chromatography to detect the intermediates and 
products of the reaction.

Experimental observations. Anticipating the pos
sible intermediates to be ethylbenzene, styrene 
and a-methylbenzyl alcohol, synthetic mixtures of 
these with acetophenone were prepared for 
analysis by gas chromatography to establish the 
efficiency of this method of analysis. I t  was found 
that a 10-foot column of 30% Harflex 370 plasti
cizer6 on Burrell carrier, operated at 175°, with 
He at 40 ml. per min, successfully separated all of 
the components of such a mixture, and that as 
little as 1 % of the alcohol could be detected with a 
filament current of 105 ma. in the conductivity 
cell detector.7

The reduction of acetophenone was faster than 
expected, only 15-20% of it remaining after 20 min 
refluxing. The ratio of ethylbenzene to styrene 
found was about 7:1, changing only slightly as the 
reaction progressed. After one hour, only traces of 
the ketone remained, but thereafter the styrene 
slowly changed to ethylbenzene, especially in the 
presence of a large excess of acid. At no time 
could the alcohol be detected in the reaction 
mixture, even at lower acid concentrations and 
lower temperatures.

a-Methylbenzyl alcohol cannot long exist in the 
reducing medium. After 5 minutes it was completely 
changed to styrene and a little ethylbenzene, after 
which the styrene was gradually converted to 
ethylbenzene. Using 21% HC1, the amount of 
ethylbenzene in the total hydrocarbons was 70, 
80, 83, and 88% after 15, 25, 35, and 60 min. 
respectively. As the acid concentration was re
duced the ethylbenzene content dropped, after 
15 min. reaction time, to 67 and 52% for 15 and 
12.5% IT Cl respectively, 21% HC1 alone quickly 
changed the alcohol to the corresponding chloride, 
which gradually dehydrated to styrene. Reduction 
of the alcohol by HCI with zinc instead of its amal
gam gave only styrene and its polymer.

Styrene was reduced slowly by the usual Clem
mensen medium. After 15, 30, 45, 60, 90, and 120 
minutes the yields of ethylbenzene were 25, 45, 
58, 63, 70, and 79% respectively. Omitting the zinc 
amalgam, styrene was partly changed to (1- 
chloroethyl) benzene, which was proved to be

(5) W. Steinkopf and A. Wolfram, Ann., 430, 113-161 
(1922).

(6) Obtained from Harchem Div., Wallace and Tiernan, 
Belleville, N. J.

(7) The authors are indebted to R. S. Gohlke of the Dow 
Chemical Co. for assistance in assembling the apparatus.

identical with that obtained from the alcohol with 
HCI.

(l-Chloroethyl)benzene was readily reduced by 
the C. procedure to ethylbenzene, with the forma
tion of only traces of styrene.

Inasmuch as the experiments indicated that the 
chloride is an important intermediate, a few experi
ments were tried in which 20% sulfuric acid was 
substituted for HCI. Acetophenone was reduced 
in this way to ethylbenzene and styrene but more 
slowly, and the styrene/ethylbenzene ratio was 
greater than before. Again, no alcohol could be 
detected at any time. Although the alcohol was 
reduced by the amalgam in HCI to ethylbenzene, 
styrene was the chief product when sulfuric acid 
was employed, and was formed very rapidly. 
Even after 6 hours in 20% sulfuric acid at reflux 
temperature, only traces of ethylbenzene were de
tected. Likewise, styrene was not appreciably 
reduced to ethylbenzene in the sulfuric acid 
medium.

It should be mentioned in passing that whenever 
styrene was formed in the presence of HCI small 
deposits of polystryene were also detected among 
the products.

Interpretation and conclusions. Contrary to 
much of the literature, a-methylbenzyl alcohol 
is reduced by the Clemmensen method to ethyl
benzene, the rate of this reaction decreasing with 
lower concentrations of HCI. These facts, together 
with the fact that the alcohol is very rapidly 
changed to the corresponding chloride and styrene, 
make it reasonable to suppose that the alcohol can 
be an intermediate, even though it could not be 
detected by gas chromatographic methods. Fur
thermore, since the chloride is reduced more rapidly 
than styrene to ethylbenzene, and the change from 
styrene to the chloride is a reversible one under the 
conditions of the Clemmensen reduction, it seems 
likely that acetophenone is reduced to ethylben
zene primarily by way of the alcohol and the 
chloride, and secondarily via the alcohol-styrene- 
chloride route. This theory is supported by the 
fact that in sulfuric acid the alcohol, as well as 
acetophenone, gave much more styrene and much 
less ethylbenzene in a given time, and styrene was 
hardly a t all reduced to ethylbenzene. In the 
presence of HCI the chloride-styrene equilibrium 
is established as fast as the chloride is formed, and 
the ethylbenzene is derived mainly from the reduc
tion of the chloride.

E X P E R IM E N T A L

Preparation of amalgam. Fifty grams of zinc, Baker’s 20- 
mesh granules, were etched a few minutes with dilute HCI, 
rinsed well with w'ater, and then stirred with 100 ml. aq. 5% 
mercuric chloride containing 3 ml. coned. HCI. After 15 
min., the liquid was decanted and the amalgam thoroughly 
washed with water.

Reduction procedure. Two hundred milliliters of 21% HCI 
were heated to reflux temperature in a 500-ml. 3-neck flask,
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fitted with a thermometer, a reflux condenser, and an agitator 
for vigorous agitation. The amalgam was then added, fol
lowed by 30 g. of the compound to be reduced, added 
through the condenser. Vigorous agitation was maintained 
at reflux temperature. Samples were taken at timed intervals 
by stopping the agitator, allowing the layers to separate, 
drawing off some of the top layer, and washing it well with 
water to remove all acid. Each sample was then analyzed by 
gas chromatography as described here.

D e p a r t m e n t  o p  C h e m is t r y  
C a l v in  C o l l e g e  
G r a n d  R a p i d s , M ic h .

P y ro ly s is  o f  2 -B u ty l A c e ta te

W e r n e r  O . H a a g  a n d  H e r m a n  P in e s  

Received January 3, 1959

In conjunction with the study of the stereo
selective dehydration of butanols over alumina 
catalysts1-2 the pyrolytic decomposition of 2-

of c is / tr a n s  = 0.5. The percentage of 1-butene 
produced approximates that expected from statis
tical elimination of the neighboring hydrogen 
atoms.

The experimental results are summarized in 
Table 1. The flow rate of 2-butyl acetate in the 
experiments carried out at 450° and 510° was varied 
and in the case of 450° experiments the compo
sition of the butenes produced was plotted against 
the percentage of 2-butyl acetate which underwent 
pyrolysis. By extrapolating the plot to zero con
version, the composition of the primary products 
of the pyrolysis could be established. They were 
composed of 71% 1-butene, 9% c is-2- and 20% 
trans-2-butene (Fig. 1). The ratios of cis- to trans-2 -  
butene approximate the thermodynamic equilib
rium mixture.6 Butenes per se do not undergo 
isomerization under the experimental conditions 
used for the pyrolysis of the acetate. The reason 
therefore for the change of the composition of the 
butenes with change in the extending of 2-butyl 
acetate decomposition is not immediately apparent

TABLE I
P y r o l y s i s  o p  2 -B u t y l  A c e t a t e

Temp.,
°C.

Flow 
Rate, 

Ml./hr.
Nitrogen

Added
Packing

Kind

Conver
sion,

0//c 1-
Butenes

cis-2- trans-2 cis/trans

410 5 — Glass 12 61.5 25.9 12.6 0.49
450 5 — Glass 100 57.8 27.4 14.8 0.54
450 10 — Glass 54 62.0 24.2 13.8 0.57
450 50 — Glass 9 69.1 20.7 10.2 0.49
450 5 + Glass 47 55.4 28.4 16.2 0.57
490 14 + Quartz 82 55.4 28.6 16.0 0.56
510 5 — Glass 81 58.3 27.0 14.7 0.54
510 20 — Glass 69 58.2 27.1 14.7 0.54
510 40 — Glass 65 61.6 25.2 13.2 0.52
525 12 + Quartz 71 57.5 26.7 15.8 0.58

butyl acetate was reinvestigated. I t was reported 
in the literature3'4 5 that the pyrolysis of acetates 
gives exclusively the least substituted olefins fol
lowing the Hoffmann rule. Contrary to the above 
reported findings and in accordance with recently 
published results on the pyrolytic decomposition 
of 2-heptyl acetate,6 it was found that the pyrolysis 
of 2-butyl acetate yields a mixture composed of 1- 
and 2-butenes. The concentration of 1-butene in 
the reaction product varied from 55 to 69%, de
pending upon the experimental conditions used. 
The remainder of the product was composed of 
cis-2- and irans-2-butene in an approximate ratio

(1) H. Pines and W. O. Haag, J. Org. Chem., 23, 328
(1958).

(2) H. Pines and W. O. Haag, Paper presented before 
the Division of Colloid Chemistry, American Chemical 
Society, April 13-18, 1958, San Francisco, Calif.

(3) W. J. Bailey and C. King, J. Am. Chem. Soc., 77, 75 
(1955).

(4) W. J. Bailey, J. J. Hewitt, and C. King, J. Am. Chem. 
Soc., 77, 357 (1955).

(5) E. E. Royals, J. Org. Chem., 23, 1822 (1958).

C O N V E R S IO N , %
Fig. 1. Pyrolysis of 2-butyl acetate at 450°. Primary 

products: 71%. 1-butene, 20% trans-2-, 9%, cis-2-

n-Butyl acetate on pyrolysis formed only 1- 
butene.

(6) J. E Kilpatrick, E. J. Prosen, K. S. Pitzer and F. D. 
Rossini, J. Research Natl. Bur. Stand., 36, 554 (1946).
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The apparatus used for the pyrolysis of the ace
tates consisted of a Pyrex reaction tube having a 
reaction zone of 1.5 cm. outside diameter and 
packed with 15 ml. of about Vs inch quartz chips 
or Vs inch glass beads. The tube was heated by a 
thermostatically controlled vertical furnace. The 
acetates were introduced by means of a motor 
driven syringe.

The butenes were analyzed by vapor phase 
chromatography using a column described prev
iously. 1

A cknow ledgm en t. The authors wish to thank 
Mr. E. M. Lewicki for assisting in the experimental 
work.

I p a t i e f f  H ig h  P r e s s u r e  a n d  
C a t a l y t i c  L a b o r a t o r y  

D e p a r t m e n t  o f  C h e m is t r y  
N o r t h w e s t e r n  U n iv e r s it y  
E v a n s t o n , I I I .

P r e p a r a t io n  o f  P y rro le

J o h n  M. P a t t e r s o n  a n d  P e t e r  D r e n c h k o  
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The requirement for relatively large quantities 
of pyrrole in this laboratory prompted an investi
gation for a rapid inexpensive synthesis of this 
material. Of the methods reported in the literature, 
the dehydrogenation of pyrrolidine using a flow 
system offered the greatest promise.

Catalysts which have been used in the dehydro
genation of cyclic amines include platinum or 
palladium on asbestos,1 oxides of magnesium, 
calcium or zinc or mixtures of these,2 and nickel- 
nickel chromite.3 Although the catalysts most 
frequently employed in the dehydrogenation of 
pyrrolidine or substituted pyrrolidines have been 
platinum or palladium on asbestos, the effective
ness of rhodium on alumina in reducing nitrogen 
heterocyclic systems,4 5 suggested that it might be a 
superior dehydrogenation catalyst for cyclic amines. 
Accordingly, this was the catalyst investigated in 
these experiments.

The optimum conditions for the dehydrogenation 
of pyrrolidine using rhodium on alumina were 
650° with an HLSV6 of 8-10. Shorter contract 
times resulted in lower yields of pyrrole while 
longer contact times produced more decomposition.

(1) N. D. Zelinsky and Y. K. Yur’ev, Ber., 62, 2589
(1929).

(2) I. G. Farben Ind., Brit. Patent 515,865, Dec. 15, 
1939.

(3) H. Adkins and L. G. Lundsted, J. Am. Chem. Soc., 
71, 2964 (1949).

(4) Brochure, The Role of Platinum Group Metal as 
Catalysts, Baker and Co., Newark, N. J.

(5) Hourly liquid space velocity = volume of reactant/
volume of catalyst/hour.

I t  is interesting to note that the dehydrogenation 
using platinum or palladium on asbestos is reported 
to occur at 800°.1

Two other potential catalysts were investigated: 
Berl saddles were ineffective; activated alumina 
pellets were about half as effective as rhodium on 
alumina at optimum conditions.

In addition to pyrrole and unreacted pyrrolidine 
in the dehydrogenated product, there was obtained 
some of the 2-(2-pyrrolidyl)pvrrole reported by 
Fuhlhage and Vander Werf.6 I + appears that 1- 
pyrroline is an intermediate in dehydrogenation 
reactions in which rhodium on alumina is the 
catalyst.

The slightly better yield of pyrrole obtained in 
the distillation procedure is probably due to the 
dissociation of the 2-(2-pyrrolidyl)pyrrole present 
in the crude dehydrogenation mixture.

Bell7 reports that diethylamine can be converted 
into pyrrole when introduced into a hot tube. 
Using the optimum conditions of the pyrrolidine 
experiments and a rhodium on alumina catalyst, 
pyrrole was produced in less than 1% yield.

E X P E R IM E N T A L 8

Materials. The pyrrolidine used in these experiments was 
the practical grade supplied by the Matheson, Coleman and 
Bell Co. The rhodium catalyst, 0.5% rhodium on 1/ s" 
activated alumina pellets, was obtained from Baker and Co., 
Inc. and the Puralox catalyst, Vs" activated alumina pel
lets, from the Ilarshaw Scientific Co.

Apparatus. The apparatus consisted of a vertically ar
ranged vycor reactor tube (2.5 X 30 cm.) in a continuous 
flow system. The reactor contained 30 ml. of the catalyst 
and an upper layer (30 ml.) of Berl saddles. A vycor pre
heater tube containing 30-ml. Berl saddles was used to 
volatilize the sample which was introduced into the pre
heater from a buret and flushed through the system by a 
stream of dry nitrogen.

Preparation of pyrrole. Eighty-five grams of pyrrolidine 
was introduced into the flow type apparatus at an HLSV 
of 8-10 and nitrogen flow rate of 440 ml./min. The tem
perature of the reactor, containing 30 ml. of 0.5% rhodium 
on alumina was maintained at 650° and the preheater tem
perature was maintained at 300°. The weight of the con
densed pyrolysis product was 70 g. The crude product was 
added to 200 ml. of water, saturated with Dry Ice and then 
separated from the carbonic acid solution. After a second 
treatment, the combined aqueous portions were extracted 
with three 100-ml. portions of ether, the ether extract com
bined with the carbonic acid insoluble layer and dried over 
sodium sulfate. Distillation of the residue after removal of 
the drying agent and the ether yielded 35.6 g. (45%) of 
pyrrole, b.p. 127-129°, 1.5040. Analysis by gas chro
matography indicated the pyrrole to be 99.5% pure. In 
addition to the pyrrole, a tarry residue (5.1 g.) was obtained.

The crude product could also be purified by distillation 
in a Podbielniak High-Temperature Fractional Distillation 
Apparatus to give pyrrole in 50% yield. Columns of lesser 
efficiency were ineffective.

(6) D. W. Fuhlhage and C. A. Vander Werf, J. Am. 
Chem. Soc., 80, 6249 (1958).

(7) C. A. Bell, Ber., 10, 1868 (1877).
(8) Melting points were taken on a Fisher-Johns melting 

point apparatus and are corrected. Boiling points are un
corrected. Microanalyses were by Weiler and Strauss, 
Oxford, England.
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1nvestigation of the carbonic acid soluble portion. The car
bonic acid extract of the pyrolysis product was made 
strongly alkaline with sodium hydroxide, extracted with 
three 100-ml. portions of ether and the ether extract dried 
over potassium carbonate. Distillation of the ether extract, 
after removal of the ether, gave 16.3 g. of a water-pyr
rolidine mixture, b.p. 78-98°, 4.8 g. of a semi-solid liquid, 
b.p. 122-169° (1 mm.) and 9.7 g. of tarry residue.

2-{2-Pyrrolidyl)pyrrole (I). The semi-solid liquid, b.p. 122- 
169° (1 mm.) on several recrystallizations from Skellysolve 
B gave 3.6 g. of a white crystalline solid, melting at 85.5- 
86.5°. The solid was basic and gave a positive Ehrlich test 
for pyrrole.

Anal. Calcd. for C8Hi2N2: Neut. equiv., 136. Found: 
Neut. equiv., 134, 138.

Literature6 b.p. 94° (0.5 mm.); m.p. 86.3-87.8°.
Picrate of I. Treatment of a solution of I in 95% ethanol 

with a saturated ethanolic picric acid solution produced a 
picrate which melted at 170-171° after several recrystal
lizations from 95% ethanol. Literature6 m.p. 164-165.5° 
(uncorrected).

Anal. Calcd. for ChH,5N(iO,: C, 46.0; H, 4.2; N, 19.2 
Found: C, 46.7; H, 4.2; N, 18.8.

A ckn o w led g m en t. One of us (J.M.P.) thanks the 
University of Kentucky Research Fund Com
mittee for a grant-in-aid for the purchase of some 
of the equipment used in this research.

D e p a r t m e n t  o f  C h e m is t r y

U n i v e r s i t y  o f  K e n t u c k y

L e x in g t o n , K y.

R e a r r a n g e m e n t  o f  
9 a - lIy d ro x y -4 -a n d ro s  le n e -3 ,1 7 -d io n c

L e i ,a n d  J .  C i i i n n  a n d  R .  M. D o d s o n  

Received January 5, 105!)

4-Androstene-3,17-dione was shown to be hy- 
droxylated in the 9«-position with a species of 
Nocardia (A20-10) isolated from soil.1 We have ob
served that treatment of the hydroxylated product
(I) with pyridine hydrochloride at 218° resulted 
in a rearrangement to l-hydroxy-4-methylestra- 
1,3,5(10)-trien-17-one (IV).2

A possible mechanism for this transformation is 
outlined in the partial formulas (I-IV). The initial 
step involves a reverse aldol type of reaction, which 
parallels that previously postulated for the micro
biological conversion of 4-androstene-3,17-dione to 
9,10-seco-3-hydroxy-l,3.5(10)-androstatriene-9,17- 
dione,3 except in the present case the reaction is 
facilitated by acid. Rotation about the C6—C6 
bond of II places C4 in a favorable position to 
undergo an aldol condensation with the carbonyl 
group at Cg. Dehydration of the aldol product (III)

(1) R. M. Dodson and R. D. Muir, J. Am. Chem. Soc., 
80, 6148 (1958).

(2) (a) A. S. Dreiding, W. J. Plummer, and A. J. Toma- 
sewski, J. Am. Chem. Soc., 75, 3159 (1953). (b) A. S. Dreid- 
ing and A. Voltman, J. Am. Chem. Soc., 76, 537 (1954).

(3) R. M. Dodson and R. D. Muir, J. Am. Chem. Soc.,
80,5004 (1958).

followed by migration of the resulting double bond 
into ring A and enolization complete the transforma
tion.

E X P E R IM E N T A L

A mixture of 1.00 g. of 9a-hydroxy-4-androstene-3,l7- 
dione, m.p. 222-223.5°, and 10 g. of pyridine hydrochloride 
was maintained at 218° for 50 min. in an atmosphere of 
nitrogen. The reaction then was cooled, diluted with water, 
and chilled in an ice bath. The precipitate, which was col
lected by filtration, washed well with water, and dried, 
could not be induced to crystallize from ether-petroleum 
ether (60-68°). The residue remaining after the organic 
solvents had been removed was chromatographed on 70 g. 
of silica gel. The column was eluted with varying propor
tions of benzene-ethyl acetate. Elution with 5% ethyl 
acetate in benzene gave 404 mg. of a mixture of oil and 
solid. Two hundred sixty-seven mg. of this mixture was 
washed free of oil with ether. The solid, which remained, 
was recrystallized from ether-petroleum ether (60-68°) 
to afford 57 mg. of colorless massive rods, m.p. 239-248°. 
Repeated crystallization from ether-petroleum ether (60- 
68°) raised the m.p. to 251-254°, undepressed by an authen
tic sample of l-hydroxy-4-methyiestra-l,3,5(10)-tricn-17- 
one (IV).2’4

Its infrared spectrum determined in IvBr was identical 
with that of the authentic sample of IV. X“'°H 281-286 m/i 
(e 2250), XT'°H 249.5 my (e 182); 3.07, 5.82, 6.28,
12.28p.

Other fractions obtained from the column proved to be 
intractable tars and resins.

C h e m i c a l  R e s e a r c h  D i v i s i o n

G. D. S e a r i .e  a n d  Co.
C h i c a g o , I i .i ,.

(4) We are indebted to Drs. Willard M. lloelm and 
Richard A. Mikulec of our laboratory for providing us with 
a sample of l-hydroxy-4-methyl-estra-l,3,5(10)-trien-17-ono 
prepared according to ref. 2.

M e th o d  fo r  P re p a r in g
2 -A ry l-3 -a ro y lp ro p io n itr i le s

R. B. D a v i s

Received January 5, 1950

An attempt was made to prepare 2-phenyl-3- 
benzoylpropionitrile by treating benzaldehyde with 
acetophenone and sodium cyanide.1 The ma; or

(1) R. B. Davis, J. Org. Chem., 24, 880 (1959).
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TABLE I
CN O

Ar—CH—CH2—C—Ar"2

Ar Ar'
Yield,

%
M.P.,

Crude
°C.S
Recrystd.

Carbon, % 
Calcd. Found

Hydrogen, % 
Calcd. Found

c 6h 5 C6H5 77-82 124-126 126-1.27
p-CH3OC6H4 c6h 5 72 115-117 116-118 76.96 76.94 5.70 5.68e
c 6h 5 p-c h 3c 6h 4 51 67-69 72-73 81.90 82.24 6.06 5 .96¿
o-C1C6H4 c 6h 5 76 106-108 107-109 71.25 71.54 4.48 4.63
p-c ic6h 4 c6h „ 89 116-118 117-119 71.25 71.35 4.48 4.49
p-c h 3o c 6h 4 p-c h 3c 6h 4 67 95-99 103-105 77.39 77.49 6.13 6.22
o-C1C6H4 p-c h 3o c 6h 4 85 118-120 118-120 68.11 68.25 4.71 4.72

O O

“ Ar is from the aldehyde, Ar—C—H. Ar' is from the aryl methyl ketone, Ar'—C—CH3. 6 Melting points are uncorrected. 
c Nitrogen, Calcd. 5.28, found 5.18. d Nitrogen, Calcd. 5.62, found 5.74.

product of the reaction, however, was not the ex
pected propionitrile. The preferred method for pre
paring 2-phenyl-3-benzoylpropionitrile has been by 
the addition of hydrogen cyanide to benzalaceto- 
phenone,2 which in turn may be prepared by the 
base catalyzed condensation of benzaldehyde with 
acetophenone.3 As was previously reported,4 we 
have likewise found that hydrogen cyanide does 
not add to benzalacetophenone in the absence of a 
metal cyanide. Likewise the use of sodium or 
potassium cyanide alone, yields a mixture of 
products. The best method for adding hydrogen 
cyanide to benzalacetophenone employs an alkali 
cyanide and a weak acid such as acetic acid.2’4 
In search of a more convenient procedure for prepar
ing 2-phenyl-3-benzoylpropionitrile, it occurred to 
us that there is no need to isolate the intermediate 
benzalacetophenone since it forms in excellent 
yield3 in a basic medium. The addition of an excess 
of hydrogen cyanide to the original reaction mix
ture seemed, theoretically at least to constitute 
ideal conditions for the second step in the process.

O 0
I! KOIl

< , 11. < Il +  ' . i l .  C ( I I
O

(..II, CH ( I l  C ( 11,
HCN

CN O
I il

c 8h „ - c h —c h 2- -c —c „h 5

When benzaldehyde and acetophenone were 
reacted in the manner proposed, 2-phenyl-3- 
benzoylpropionitrile was obtained in 77 to 82% 
yields. Furthermore it was found that the pro
cedure is general to the extent that other aromatic 
aldehydes and other aryl methyl ketones can be 
used. Employing this method a number of new 
2-aryl-3-aroylpropionitriles were prepared. Table

(2) G. F. H. Allen and R. K. Kimball, Org. Syntheses, 10, 
80 (1930).

(3) E. P. Kohler and H. M. Chadwell, Org. Syntheses, 
Coll. Vol. I, 78 (1941).

(4) A. C. O. Harm and A. Lapworth, J. Cileni. Soc., 85, 
1355 (1904).

I will serve to illustrate the versatility of the pro
cedure.

E X P E R IM E N T A L

Preparation of S-phenyl-8-benzoyIpropionitrile. Twenty-six 
grams of potassium hydroxide (assay 85%) was dissolved 
in 400 ml. of absolute acetone-free methanol by heating. 
The solution was cooled to room temperature on a water 
bath; 66 g. of acetophenone and then 53 g. of benzaldehyde 
were added with stirring. Gentle stirring was continued 
while the water bath was heated at 25-30° for 3 hr. The 
reaction mixture was then allowed to stand at room tem
perature overnight.

Hydrogen cyanide (caution5) w-as prepared6 by adding a 
solution of 100 g. of sodium cyanide in 200 ml. water to a 
solution of 200 g. concentrated sulfuric acid in 120 ml. 
water over 25 min. The hydrogen cyanide evolved was col
lected in 200 ml. absolute acetone-free methanol cooled on 
an ice bath. The hydrogen cyanide solution was added to 
the original reaction mixture described above. While gentle 
stirring was maintained, the water bath was heated slowly 
to 50-55°, holding this temperature for 1 hr. Then 150 ml. 
water was added drop wise with stirring over 20 min. The 
reaction mixture was allowed to cool, was filtered, and the 
solid was washed with a solution of two parts methanol and 
one part water. Upon drying, 91—96 g. (77-82% yield) of 
2-phenyl-3-benzoylpropionitrile was obtained, m.p. 124- 
126°, recrystallized from ethyl alcohol, m.p. 126-127° 
(lit.2127°).

D e p a r t m e n t  o f  C h e m is t r y

U n iv e r s it y  o f  N o t r e  D a m e

N o t r e  D a m e , I n d .

(5) The preparation of hydrogen cyanide and all subse
quent operations must be performed in a well ventilated 
hood.

(6) A. I. Vogel, “Practical Organic Chemistry,” Longmans, 
Green and Co., London, 1954, p. 179.

C o n d e n s a tio n  o f  A ro m a tic  A ld eh y d es  w ith  
M e th y l A ryl K e to n e s  a n d  S o d iu m  C y a n id e

R. B. D a v i s

Received January 5, 1969

Previous work has shown that aromatic alde
hydes condense with arylacetonitriles and sodium
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cyanide to produce 2,3-diarylsuccinonitriles. 1’2 3 

I t was proposed that similar reactions might be 
employed as a useful method for preparing 2 - 
aryl-3-aroylpropionitriles(II) by using methyl aryl 
ketones in place of the arylacetonitriles.

0  O
|l U NaCN

Ar—C—H +  CH3—C- Ar' ------- s-
O
Ij NaCN

H ,0 +  A rC H =C H —C—Ar' ------->
H20

I
C X o

A r—¿H —CH2—<11—Ar' +  NaOH
II

When benzaldehyde was reacted with aceto
phenone and sodium cyanide we obtained a solid 
product, C31H23ON. Infrared analysis indicated 
the presence of a nitrile group and a carbonyl 
group. The nitrile was converted to the cor
responding amide by dissolving in concentrated 
sulfuric acid and then pouring the solution into 
water. Attempts to hydrolyze the nitrile and the 
amide to the corresponding acid were not successful. 
An examination of the literature indicated that 
other workers3 -5  had prepared the same compound, 
C31H23OX, the latter4’5 having prepared it from

Ar

0 Ü
II II

C H -C r-C -A r' A r-C H -C -C
1 \ —  1 \

C -C H j-C —Ar' Ar—C—CHj—C 
1

C = 0
1

CN
1

NH2 VIA
VA

Î

ti
II

Ai—CH CH-J C Ar'
I

I + H - A r - C - C H  - C —Ar'
I II

CN O
III

O
II

Ar-CII C H -C  Ar’
I \

Ar—C—CH*—C—Ar'
I ' I

CN OH 
IVA

OH
I

Ar -CH -CH,—C Ar'

Ar—C—CH—C—Ar'
I

CN O 
IVB

Ai—O H -C H ^ C -A i

A r - C - C - C - A r '
I II c=o o
I

N H, VIB

A r -  C H — C H 2 C — A r '
I ^

A r - C - C - C - A r '
I I!

CN O 
VB

(1) R. B. Davis, J. Am. Chem. Soc., 80, 1752 (1958).
(2) R. B. Davis, U. S. Patent 2,851,477 (1958).
(3) H. Rupe and F. Schneider, Ber., 28, 960 (1895).
(4) A. C. O. Hann and A. Lapworth, Trans. J. Chem. 

Soc., 85, 1355 (1904).
(5) A. Michael and N. Weiner, J. Am. Chem. Soc., 59,

744 (1937).

benzalacetophcnone and potassium cyanide. The 
following sequence of reactions in which all of the 
aryl groups are phenyl, has been adopted in large 
part from the reports of the previous workers4’5 

in an effort to rationalize the structure of the 
product.

These same authors were unsuccessful in their 
attempts to hydrolyze the compound, C31H23ON, 
and also in their attempts to prove the structure. 
While we have likewise been unsuccessful in our 
attempts to prove definitely the structure of the 
product, nevertheless our evidence is consistent 
with either VA or VB.

Upon reacting 2 -thiophenaldehyde with aceto
phenone and sodium cyanide, a solid product, 
C27H 19S2ON, was obtained. Infrared analysis indi
cated the presence of a nitrile group and a carbonyl 
group. The evidence is consistent with either VA or 
VB in which the two Ar-groups are 2-thiophenyl 
and the two Ar'-groups are phenyl.

When benzaldehyde was reacted with methyl- 
p-tolyl ketone and sodium cyanide, the product 
obtained was C33H29O2N. Infrared analysis indi
cated the presence of carbonyl and nitrile groups, 
and the absence of hydroxyl and amide groups. 
The evidence is consistent with structure III  in 
which the Ar-groups are phenyl and the Ar'- 
groups are p-tolyl.

The reaction of p-methoxybenzaldehyde with 
actophenone and sodium cyanide produced C 33-  
1129O4X . The compound gave infrared absorption 
peaks characteristic of the carbonyl group and 
either nitrogen to hydrogen or oxygen to hydrogen 
bonds. No evidence was obtained for the presence 
of a nitrile group. These facts are consistent with 
either VIA cr VIB in which the Ar-groups are p- 
methoxyphenyl and the Ar'-groups are phenyl.

Upon treating p-methoxylbenzaldehyde with 
methyl-p-tolyl ketone and sodium cyanide, C35- 
H 33O4N was obtained. Again infrared analysis in
dicated the presence of carbonyl and either nitro
gen to hydrogen or oxygen to hydrogen bonds, but 
no evidence for a nitrile group. The facts are con
sistent with either VIA or VIB in which the Ar- 
groups are p-met boxy phenyl and the Ar'-groups 
are p-tolyl.

In conclusion it may be stated that aromatic alde
hydes react with aryl methyl ketones and sodium 
cyanide to produce complex compounds involving 
two molecules of the aldehyde, two molecules of 
the ketone and one molecule of hydrogen cyanide 
with the loss of two or three molecules of water.

E X P E R IM E N T A L 6’7

Reaction of benzaldehyde, acetophenone and sodium 
cyanide. A mixture of 49 g. of sodium cyanide and 350 ml. 
of acetone-free methanol was heated with stirring to 55- 
00°, and 60 g. of acetophenone was added. A solution of 53

(6) Analyses by Micro-Tech Laboratories, Skokie, 111.
(7) All melting points are uncorrected.
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g. of benzaldehyde, 20 g. of acetophenone and 50 ml. of 
acetone-free methanol was then added dropwise with stirring 
over 15 min. The reaction mixture was heated at 55-00° 
with stirring for an additional 1.5 hr., during which colorless 
solid precipitated. The mixture was cooled, filtered, and the 
precipitate was washed with methanol, water, again with 
methanol, and then ether. Upon drying, 49 g. of colorless 
solid was obtained, m.p. 244-248°, recrystallized from a large 
volume of acetone and also from benzene, m.p. 253-255°, 
(lit.3 m.p. 249°). Infrared analysis showed significant 
absorption bands at 4.50 y  and 6.12 /1.

Anal. Calcd. for C.niUsON: C, 87.50; H, 5.45. Found: 
C, 87.67; H, 5.51.

Molecular weight. Calcd.8 * * for C31II23ON: 425. Found: 
427.

Hydrolysis of Ci\HkON to the corresponding amide. Ten 
grams of C31H23ON was added portionwise with stirring to 
200 g. of concentrated sulfuric acid at room temperature. 
Stirring was continued until all the solid dissolved. After 
standing at room temperature for 4 hr., the solution was 
poured with stirring into 2 1. water, solid precipitating. The 
mixture was filtered and the solid washed with water. Upon 
drying, 8.7 g. of colorless solid was obtained, m.p. 169-173° 
(dec.), recrystallized from acetone, m.p. 194-196 (dec.).

Anal. Calcd. for C31H25O2N: C, 83.94; H, 5.68. Found: 
C, 83.88; H, 5.82.

Reaction of 2-thiophenaldehyde, acetophenone and sodium 
cyanide. A mixture of 3 g. of sodium cyanide and 30 ml. of 
acetone-free methanol was heated to 55-60° with stirring, 
10 g. of acetophenone was added, and then 4 g. of 2-thio
phenaldehyde over 5 min. with stirring. The reaction mix
ture was heated at 55-60° for an additional hour, cooled, 
filtered, and the solid washed with methanol, water, a second 
time with methanol, and dried. The colorless solid, 2.3 g., 
melted at 198-204°, recrystallized from acetone, m.p. 205- 
207°. Infrared analysis showed significant absorption peaks 
at 4.50 y  and 6.13 y.

Anal. Calcd. for C27H19S2ON: C, 74.13; H, 4.38. Found: 
C, 74.16; H, 4.46.

Reaction of benzaldehyde, methyl-p-lolyl ketone and sodium 
cyanide. In a similar manner, 53 g. of benzaldehyde was 
added over 20 min. at 55-60° to a mixture of 30 g. sodium 
cyanide, 400 ml. acetone-free methanol, 25 ml. water, and 90 
g. of methyl-p-tolyl ketone. After stirring at 55-60° for 2 
hr., the mixture was cooled, filtered, and solid washed with 
methanol, water, methanol, ether, and then dried. The 
colorless solid, 52.5 g., melted at 253-257°, recrystallized 
from dioxane, m.p. 263-266°. Infrared analysis showed 
significant absorption bands at 4.48 y  and 5.91 y.

Anal. Calcd. for C33H29O9N: C, 84.04; H, 6.20. Found: 
C, 84.16; H, 6.24.

Reaction of p-melhoxybenzaldehyde, acetophenone and 
sodium cyanide. In like manner, the addition of 20 g. of p- 
methoxybenzaldehyde over 10 min. at 60-65° to 20 g. 
sodium cyanide, 200 ml. acetone-free methanol and 35 g. 
acetophenone produced 10.5 g. of colorless solid, m.p. 252- 
255°, recrystallized from acetic acid, m.p. 258-260°. Infra
red analysis showed significant absorption bands at 2.95 y,
3.06 y ,  and 5.98 y.

Anal. Calcd. for C33H29O4N: C, 78.70; H, 5.80; N, 2.78. 
Found: C, 78.52; H, 5.94; N, 2.81.

Reaction of p-methoxybenzaldehyde, methyl-p-tolyl ketone 
and sodium cyanide. Similarly, the addition of 20 g. of p- 
methoxybenzaldehyde over 10 min. at 60-65° to a mixture 
of 20 g. sodium cyanide, 200 ml. acetone-free methanol and 
40 g. methyl-p-tolyl ketone yielded 8.5 g. of solid, m.p. 
231-233°, recrystallized from dioxane, m.p. 233-235°. 
Infrared analysis showed significant absorption bands at 
2 95 y,  3.05 y ,  and 5.99 y.

(8) R. L. Shriner, R. C. Fuson, and D. Y. Curtin, The
Systematic Identification of Organic Compounds, Fourth
Edition, John Wiley and Sons, New York (1956), p. 55.

Anal. Calcd for CslH„0«N: C, 79.07; H, 6.26; N, 2.63. 
Found: C, 78.82; H, 6.62; N, 2.67.

D e p a r t m e n t  o f  C h e m ist r y  
U n iv e r s it y  o f  N o t r e  D a m e  
N o t r e  D a m e . I n d .

Q u a te r n a r y  H y d ro x a m ic  A cids D eriv ed  f ro m  
P y r id in e 1 11

D. G. C o e2

Received January 12, 1959

W ith in  th e  p a s t  few y ears  several p u b lica tio n s  
h a v e  a p p e a re d 3-12 in w hich  hyd roxam ic  acids an d  
oxim es hav e  been  described  a n d  te s te d  as p ro te c t
ing  cho linesterase  (or a lte rn a tiv e ly  re a c tiv a tin g  
it)  from  th e  in h ib itin g  effects of such  su b stan ces 
as  te tra e th y l  p y ro p h o sp h a te , d i-isopropy l phos- 
p h o ro flu o rid a te  a n d  isopropyl m ethy lp h o sp h o n o - 
fluo rida te . I t  h a s  been  show n th a t  w hile th e  
hyd roxam ic  acids exh ib it little  to x ic ity  of th e ir  ow n 
to  enzym e p re p a ra tio n s , th e  oxim es w hich a re  m ore 
p o te n t p ro p h y lac tica lly  a n d  th e ra p e u tic a lly  m an i
fe s t in h ib itin g  p ro p e rtie s  of th e ir  o w n .13 Som e of th e  
m o s t effective com pounds described  to  d a te  a re  
n ico tin - a n d  p ico linhydroxam ic acids a n d  th e ir  
m eth iod ides, a n d  in  p a rtic u la r  py rid ine-2 -aldox im e 
m e th io d id e .14-25 I t  seem ed of in te re s t to  d e te rm in e

(1) This research was carried out under Project D52-20- 
20-20 of the Defence Research Board of Canada, whose per
mission to publish this work is gratefully acknowledged. 
Published in lieu of Suffield Experimental Station, Ralston, 
Alberta, Technical Note No. 34.

(2) Present address: Jackson Laboratory, Box 525 
Wilmington, Del.

(3) A. F. Childs, D. R. Davies, A. L. Green, and J. P. 
Rutland, Brit. J. Pharmacol., 10, 462 (1955).

(4) A. Funke. G. Benoit, and J. Jacob, Compt. rend., 
240,2575(1955).'

(5) B. E. Hackle j', R. Plapinger, M. Stolberg, and T. 
Wagner-Jauregg, J. Am. Chem. Soc., 77, 3651 (1955).

(6) S. Ginsberg and I. B. Wilson, Arch. Biochem. Bio- 
phys., 54, 569 (1955).

(7) B. B. Roy and A. S. Kuperman, Proc. Soc. Exptl. Biol. 
Med., 89,255(1955).

(8) I. B. Wilson and E. K. Meislich, J. Am. Chem. Soc., 
75,4628(1953).

(9) I. B. Wilson, S. Ginsberg, and E. K. Meislich, J. 
Am. Chem. Soc., 77, 4286 (1955).

(10) I. B. Wilson and S. Ginsberg, J. Am. Chem. Soc., 79, 
481(1957).

(11) F. Hobbiger, Brit. J. Pharmacol., 10, 356 (1955).
(12) G. Benoit and A. Funke, Bull. soc. chim. France, 

757(1958).
(13) R. Holmes and E. L. Robins, Brit. J. Pharmacol., 

10,490(1955).
(14) T. Wagner-Jaurcgg, Arzneimittel-Forsch., 6 , 194

(1956).
(15) I. B. Wilson and S. Ginsberg, Biochim. el Biophys. 

Acta, 18, 168 (1955).
(16) I. B. Wilson and Sondhcimer, Arch. Biochem. Bio

phys., 69, 468 (1957).
(17) H. Kewitz and I. B. Wilson, Arch. Biochem. Bio

phys., 60, 261 (1956).
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w hether or n ot the a c t iv ity  d isplayed b y  these p y ri
dine com pounds w as retained when the hydroxam ic 
acid  residue w as a ttach ed  th rough  th e nitrogen 
atom , and a series of com pounds h ave been prepared 
rom  pyridin e and its hom ologs, u tilizin g  the fo l

low ing sequence of reactions:

COOEt NHOH
I II

R = H, :ilkvl or substituted alkvl
X = — CH:—, — CH.CH,—, or —CH(OH,)—

T rea tm en t o f the appropriate base w ith  the 
e th yl ester o f a -  or /3-chloroaliphatic acids ga v e  rise 
to  su b stitu ted  carb e th o x y a lk y l pyridin ium  chlorides 
(I). T h e  ease of this reaction  depends en tirely  on 
th e n ature of the reactan ts and in som e cases pro
ceeds v e r y  slow ly. T h e reaction w as carried ou t a t 
a  re la tiv e ly  low  tem perature in v iew  of the fa ct 
th a t  a lk y l /3-chloropropionates can be dehydro- 
halogenated b y  certain  te rtia ry  b ases26'27; how 
ever, since this w ork w as com pleted a  paper has 
appeared describing the form ation  of a  base ester- 
chloride from  ethyl-/3-chloropropionate and p y ri
dine b y  refluxing in eth an ol.28 T h e  base e ste r- 
chlorides are extrem ely  hygroscopic solids w hich are 
difficult to purify. T h e y  were reacted  w ith  h vdroxyl- 
am ine in m eth yl alcohol to g iv e  the corresponding 
hydroxam ic acid  (II) in good y ield  as colorless 
crystallin e solids. T h e h ydroxam ic acids prepared 
in th is fashion are listed in T a b le  I.

T hese com pounds were found to be v e ry  effective 
in preven tin g and reversing som e of th e p h ysio logi
cal effects of cholinesterase inhibition, p resum ab ly 
b y  protectin g, or re a ctiv atin g  th e cholinesterase. 
T h e precise results o f the b iological testin g  o f these 
com pounds w ill be published elsew here.29

EXPER IM EN TAL30

Base ester-chlorides (I). The appropriate base31 was 
mixed with an equivalent amount of the ethyl chloroacylate

(18) H. Kewitz, I. B. Wilson, and D. Nachmansohn, 
Arch. Biochem. Biophys., 60, 261 (1956).

(18) H. Kewitz, I. B. Wilson, and D. Nachmansohn, 
Arch. Biochem. Biophys., 64, 456 (1956).

(19) I. B. Wilson, Biochim. et Biophys. Acta, 27, 196
(1958).

(20) D. R. Davies and A. L. Green, Biochem J ., 63, 529 
(1956).

(21) F. Hobbiger, Brit. J. Pharmacol., 12, 438 (1957).
(22) B. M. Askew, Brit. J. Pharmacol., 12, 336 (1957).
(23) H. Kewitz, Arch. Biochem. Biophys., 66, 263 (1957).
(24) H. Kewitz and D. Nachmansohn, Arch. Biochem. 

Biophys., 66, 271 (1957).
(25) H. Kewitz, Klin. Wochschr., 35, 550 (1957).
(26) C. S. Marvel, J. Dee, H. G. Cooke, and J. C. Cowan,
Am. Chem. Soc., 62, 3495 (1940).
(27) C. Moureu, M. Murat, and L. Tampier, .1»«. 

chini. (Pans), [9] 15, 221 (1921).

and an equal volume of ether added. If after standing at 
room temperature for 2 days little product had separated, 
then the mixture was heated under reflux for several days, 
ether being added if any was lost. The total time depended 
on the nature of the reactants.32 No attempt was made to 
obtain the maximum possible yield and the reaction was 
terminated as soon as sufficient product had separated. 
The product was rapidly filtered through a sintered funnel, 
washed with e:her, and dried in a vacuum desiccator. The 
base ester-chlorides obtained in this fashion were sufficiently 
pure for the subsequent reaction and as they are very hy
groscopic, recrystallization is a tedious and wasteful pro
cedure. These compounds form adducts with mercuric 
chloride from an aqueous solution. Most of them were ob
tained as oils which could not be crystallized; however, the 
adducts of N-earbethoxymethyl pyridinium chloride, m.p. 
124-125° (Kruger33, gives 124-125°); W-carbethoxymethyl-
3- picolinium chloride, m.p. 149-151°; A-earbethoxymethyl-
4- picolinium chloride, m.p. 104°; and A'-earbethoxymethyl-
2,3-lutidinium chloride, m.p. 95-98° were obtained and 
recrystallized from water.

Hydroxamic acids. A solution of hydroxylamine was pre
pared by mixing hot methanolic solutions of hydroxylamine 
hydrochloride (0.15 mole) and sodium methoxide (0.15 mole). 
The mixture was filtered under suction into a flask containing 
the base ester-chloride (0.1 mole) in methanol (40 ml.). 
The flask was stoppered and kept at 0° for 4 days. The 
solution was decanted from small amounts of solid that had 
separated and then concentrated under vacuum until 
crystallization of the hydroxamic acid commenced; ether 
was then added to precipitate the product which was finally 
recrystallized from ethanol. Data for these compounds are 
given in Table I.

S u f f i e l d  E x p e r i m e n t a l  S t a t i o n

D e f e n c e  R e s e a r c h  B o a r d  o f  C a n a d a

R a l s t o n , A l t a ., C a n .

(28) S. A. Heininger, J. Org. Chem., 22, 704 (1957).
(29) W. C. Stewart and D. G. Coe, unpublished work.
(30) Melting points are uncorrected.
(31) The gif: of several of the pyridine bases used in tliis 

work by the Ansul Chemical Co. is gratefully acknowl
edged.

(32) Ethyl chloroacetate reacts fairly rapidly at room 
temperature with pyridine, 2-, 3-, and 4-picoline, also 4- 
(3'-hydrox.vpropyl)-pyridine. All of the lutidines and any 
of the reactions involving ethyl a- or /3-chloropropionate 
require heating; 2 :6-lutidine gave no signs of reaction with 
ethyl chloroacetate even after standing for several months.

(33) M. Kruger, J. prakt. Chem., 43 (2), 274 (1891).

P y ro ly s is  o f  A '-P lie n y lth io c a rb a m y le th y le iie -  
d ia m in e  a n d  R e la te d  M a te r ia ls

L o n  H e l g e n , O l i v e r  S t o u t l a n d , 
a n d  C o u r t l a n d  L . A g r e 1

Received January !), 1050

Im idazolines are form ed readily  from  m on oacyl- 
or d iacyleth ylen ediam in es2 b y  heatin g the m aterials

(1) To whom inquiries for reprints should be addressed.
(2) K. Hofmann, The Chemistry of Heterocyclic Com

pounds. Part /. Imidazole and Its Derivatives, Interscience 
Publishers, New York, 1953, p. 214.
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H,C----- XH
\

C—II
II

H>C—XH. O

H-.C XH
\

C—R
/

H2C—N

with selected reagents. In somewhat similar manner, 
Forssel3 prepared 2-substituted 2-imidazolines from 
thioamides and ethylenediamine.

I t  seemed reasonable, therefore, to expect N -  
phenylthiocarbamylethylenediamine to eliminate 
hydrogen sulfide on heating to give 2-anilinoimid- 
azoline. These substituted ethylenediamines are 
readily available by the process recently described.4 
I t  had been observed that these materials evolved 
hydrogen sulfide above the melting points. The 
expected reaction follows.
H,C----- XH

‘ I
( '—NHCJls

lf2C—NH2 I

H,C—XH

H,S + C MK'.li,,
/

H2C—N

I t  was verified that this reaction did occur to an 
appreciable extent (about 20%). The hydrogen 
sulfide was precipitated as copper sulfide. The 2- 
anilinoimidazoline was isolated in quantity reason
ably equivalent to the hydrogen sulfide. The 2- 
anilinoimidazoline and its picrate proved to be 
identical with the same products synthesized from 
the methyl thioether of ethylenethiourea and 
aniline.

The major reaction, however, was different. 
A liquid evolved during the pyrolysis proved to be 
aniline. The bulk of the residue was ethylenethio
urea, about equivalent in quantity to the aniline. 
It thus appears that initially there might be an 
elimination of aniline to give an intermediate 
isothiocyanate which intranioleculaiiy reacts to

1 M '-X lf ,
S
;i — > (A fix ib  +

11 '  M l C MIC, 11,
ICC- XII, H2C - XH

IIC \  C S H.C Ml

give ethylenethiourea. This decomposition of 
ureas above the melting points is not unexpected for 
it has been shown repeatedly8 that substituted 
ureas and thioureas are thermally unstable.

Similar results were obtained when the phenyl 
group was replaced by ??-butyl and n-heptyl groups, 
respectively. The major reaction was the elimina
tion of the amine and the formation of ethylene
thiourea. The minor reaction was the elimination 
of hydrogen sulfide accompanied by imidazoline 
formation. The 2-alkylimidazolines were synthe-

(3) Ref. 2, p. 216.
(4) O. Stoutland, L. Helgen, and C. Agre, J. Org. Chem., 

24, 818 (1959).
(5) J. Saunders and R. Sloc.ombe, Chem. Revs., 43, 211 

(1948).

sized6 and they and their picrates proved identical 
with those obtained from pyrolysis.

Attempts were made to prepare the benzoyl 
derivatives of each of the three mentioned imid
azolines. All three materials proved to be N ,N '~  
dibenzoylethylenediamine. This reaction is in line 
with the known7 reactions of 2-alkylimidazolines.

At-Phenylcarbamylethylenediamine decomposed 
similarly to give a series of parallel products. 
Aniline was obtained in abundance and a small 
amount of ethyleneurea was recovered. How
ever, the bulk of the residue was a white solid 
melting above 300°. This has not been identified 
but probably is a low polymer formed by the re
action of the hypothetical intermediate, H2NCH2- 
CHjNCO, to give a linear polymer as well as the 
cyclic urea.

I t  was interesting to observe the pyrolysis of 
¿V,iV'-bis-phenylthiocarbamylethylenediamine, for 
a number of possible reactions might be encountered. 
Amongst the products obtained were hydrogen 
sulfide, aniline, XjiV'-diphenylthiourea, and ethyl
enethiourea. I t  appeared, therefore, that in part the 
pyrolysis might have eliminated phenyl isothio
cyanate and thus formed .V-phenylcarbamylethyl- 
enediamine. This latter material would decompose 
according to the earlier comments in this research. 
Lastly, the aniline and the phenyl isothiocyanate 
would unite to give the diphenylthiourea.

E X P E R IM E N T A L 8

N-l'henylthiocarbamyleihylenediaminc. This material was 
prepared4 using benzene as the solvent. The yield was 165% 
of the quantity anticipated on the basis of random dis
tribution.

Pyrolysis of N-plwti.yUliioearlMtmyltihylrnaliavt.ine. A 500 
re. Claisen flask was partially filled with 168 g. (0.87 mole) 
of the amine. Tire flask was placed in an oil bath maintained 
at 155° and a slow flow of nitrogen was introduced. A heavy 
evolution of hydrogen sulfide resulted and the gas was 
trapped reasonably effectively by copper sulfate solution. 
After 90 min. the reaction appeared complete and the flask 
was gradually evacuated until at the end of 1 hr. the vacuum 
was 10 mm.

The distillate thus obtained weighed 60 g. (0.65 mole), 
boiled at 182-184°, and was identified as aniline by con
verting a portion to phenylthiourea.

The residue in the pyrolysis flask weighed 101 g. It was 
washed several times with ethanol and yielded 61 g. (0.60 
mole) of a granular solid, m.p. 203-204°, which was identified 
as ethylenethiourea.

The balance of the residue was mainly 2-anilinoimid- 
a.zoline. The alcoholic filtrate from above was evaporated 
to a low volume and was cooled to give an abundant pre
cipitate. This was filtered and washed with cold alcohol. 
The solid was dissolved in dilute hydrochloric acid, treated 
with charcoal, and was recovered by making the solution 
strongly basic. The 2-anilinoimidazoline thus obtained was 
a white solid, recrystallized from water, m.p. 137-138°. 
Additional yield wras obtained by working up the filtrate 
from this isolation. Even though the recovery was not 
quantitative, the y-ield was 9 g.

(6) Chem. Abstr., 2 4 ,  P732 (1930); British Patent 3 1 0 ,5 3 4 .
(7) Ref. 2, p. 221.
(8) All melting points are uncorrected.
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Anal. Calcd. for C9HuN3: N, 26.0; equiv. wt., 161. 
Found: N, 26.2; equiv. wt., 163.

Treatment of the 2-anilinoimidazoline in alcohol with 
picric acid gave a picrate, recrystallized from alcohol, 
m.p. 201-202°. A mixed melting point with the authentic 
synthetic material was unchanged.

Anal. Calcd. for C15H16N,0,: N, 21.6. Found: N, 21.6.
The copper sulfide was recovered and weighed 14 g., 

equivalent to 4.6 g. hydrogen sulfide.
2-Anilinoimidazoline. This material was made by a modi

fication of the process of Aspinall and Bianco.9 A mixture 
of 12 g. of aniline, 16 g. of the methyl thioether of ethylene- 
thiourea,10 and 28 ml. of ethanol was refluxed for 2 days. 
The volatile material was removed by heating on a steam 
bath followed by evacuation for a few minutes. There 
remained a yellow, viscous oil which dissolved in dilute 
acid. Addition of base to the cold, filtered solution liberated 
an oil which solidified. The product, 1.8 g., is 2-anilino
imidazoline, m.p. 138-139° when recrystallized from water. 
The reported6 value is 122°. Treatment of an alcohol solu
tion with picric acid gave the picrate, recrystallized from 
alcohol, m.p. 201-203°.

Treatment of 2-anilinoimidazoline with benzoyl chloride 
in aqueous alkali gave Af,A''-dibenzoylethylenediamine, m.p. 
250° from alcohol.

A cknow ledgm en t. The authors thank the Research 
Corporation for the generous grant under which 
this research was conducted.

D e p a r t m e n t  o f  C h e m i s t r y

S t . O i .a f  C o l l e g e

XORTHFIELD, MlXX.

(9) S. Aspinall and E. Bianco, J. Am. ('hem. Soc., 73, 602
(1951).

(10) A. McKay, M. Buchanan, and G. Grant, Am. 
Chan. Soc., 71, 766 (1949).

F o r m a t io n  o f  a  C yclic  E s lc r  f ro m  th e  R e a c tio n  
o f  D i-J i-b u ty l t in  D ic h lo r id e  w ith  E th y le n e  

G lycol

J. B o r n s t f . i n , 1 B .  K .  L a L i b e r t k , T. M . A n d r e w s , a n d  
J. C. M o n t e k m o s o
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Recently, Ramsden and Banks2 reported that the 
product formed from the reaction of di-n-butyltin 
dichloride with ethylene glycol in the presence of 
sodium hydroxide has the linear structure I.
HOCH2CH2OSn(C4H9-R)2OCH2CH2OSn

(C4I i9-n)2OCH2CH2OH
I

We have repeated this reaction and the resulting 
product has been found by means of its elemental 
analysis, melting point, and infrared spectrum to 
be identical to the compound obtained in this 
laboratory from the treatment of di-n-butyltin 
oxide with ethylene glycol. Our results of the in-

( 1) Department of Chemistry, Boston College, Chestnut 
Hill, Mass.

(2) H. E. Ramsden and C. K. Banks, U. S. Patent 
2,789,994 (Apr. 23, 1957).

vestigation cf the structure of this product do not 
support structure I, however. The following evi
dence shows that the product is a cyclic tin ester 
which should be formulated as III.

When equ.molar amounts of ethylene glycol and 
di-n-butyltin oxide were heated under reflux in 
benzene, an equimolar amount of water was evolved 
and a crystalline product separated from the 
resulting solution. This solid was found consistently 
to have the molecular formula CaoIR/TSi], from 
numerous elemental analyses3 and from the de
termination of its molecular weight by three dif
ferent methods. The infrared spectrum of the 
compound in the O—I f stretching region was par
ticularly interesting. The spectrum in chloroform 
solution displayed a broad, medium intense band 
at 3250 cm. _1 which could be indicative of the 
presence of bonded 0 —II.4 However, in carbon 
disulfide solution this band was completely absent. 
The identical behavior was observed with di-n- 
butyltin methyldioxolane (II).5 In contrast, this

crSlKo
i i

CH,—CHCIf,
II

band was not observed with di-n-butyltin dichloride 
in chloroform. These observations indicate that the 
band is not d ie to the presence of a hydroxyl group 
but, rather, may be due to hydrogen bonding 
involving the hydrogen of the chloroform and the 
oxygen of the glycol derivative. Tests for the 
presence of active hydrogen with methylmagnesium 
iodide and with lithium aluminum hydride were 
negative and, hence, provided additional proof of 
the absence of the hydroxyl function. These facts 
demonstrate that the product is a cyclic tin ester
whose structure must be either I I I  or IV . Struct ure 
IV is precluded, however, since the compound is 
very rapidly hydrolyzed in boiling aqueous ethanol

h CjH.i OjHp h 
/SlK

0 O (.,1 1
O

C ,lt, Sn Sm(',11, «V. 1 1
V"-

1 1 
O 0

CII, CH.. \
1 1 

CH 2 CH»
O Ô\ CH, CH,

/ Sn\ o " '
» C4H,i CiH„- „ iv

III

(3) Ramsden and Banks (ref. 2) reported 36.95% Sn 
for their compound. Our Sn values were always significantly 
higher. Cfr. experimental section of this paper.

(4) Dr. Ramsden has kindly pointed out (private com
munication to J. B.) that although a hydroxyl group 
attached to tin is not always detectable by infrared, a 
hydroxyl bonded to carbon as in structure I should be 
observable.

(5) First prepared and characterized by Ramsden and 
Banks (ref. 2). Investigation of the structure of II in this 
laboratory supports their findings.
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to di-n-butyltin oxide and ethylene glycol, which 
was characterized as its dibenzoate ester. No 
diethylene glycol was found in the products of 
hydrolysis.

EXPER IM EN TAL1 2 3 4 5 6

The reaction of di-n-butyltin oxide with ethylene glycol. A 
mixture of di-n-butyltin oxide (25.0 g., 0.10 mole, dried at 
110° for 2 hr.), freshly distilled ethylene glycol (6.0 g., 0.097 
mole), and 250 ml. of dry benzene was heated under reflux 
for 1.5 hr. in an apparatus fitted with a Dean-Stark water 
separator. At the end of this time a clear solution was 
obtained and 0.1 mole of water was collected. The crystals 
which deposited from the solution on standing at room tem
perature overnight were removed by filtration and washed 
■with petroleum ether. Recrystallization from benzene gave 
III as matted, white needles, 24.0 g. (85%), m.p. 223-229° 
with decomposition.

Anal. Calcd. for C20Hi4O4Sn2: C, 40.99; H, 7.57; Sn, 40.52; 
mol. wt., 586. Found: C, 41.2; H, 7.5; Sn, 40.79, 40.81, 
40.87; mol. wt., 606 (Rast, camphor), 611 (ebullioscopic, 
benzene), 638 (isothermal distillation, chloroform).

Refluxing of di-n-butyltin oxide with a three-fold excess 
of ethylene glycol in the absence of benzene afforded the 
same product. The material was identical with that pre
pared from di-n-butyltin dichloride and the glycol by the 
method of Ramsden and Banks,2 m.p. 223-226°, mixed m.p 
not depressed.

Hydrolysis of III was readily effected by adding as light 
excess of water to a stirred, boiling solution of the com
pound in ethanol. Di-n-butyltin oxide precipitated immedi
ately. After stirring and refluxing for an additional 10 min., 
the mixture was cooled to room temperature and filtered 
to remove the oxide. The filtrate was concentrated by heat
ing gently under reduced pressure in order to remove the 
ethanol. The residue was dissolved in a small quantity of 
water, made alkaline with aqueous 10% sodium hydroxide, 
and shaken with benzoyl chloride. Crystallization of the 
product from petroleum ether gave the dibenzoate of eth
ylene glycol as felted needles m.p. 72.5-73.0°, which was 
found to be identical to an authentic sample7 by means 
of m.p., mixed m.p., and comparison of the infrared spec
trum.

C h e m i c a l s  a n d  P l a s t i c s  D i v i s i o n

Q u a r t e r m a s t e r  R e s e a r c h  a n d  E n g i n e e r i n g  C e n t e r

N a t i c k , M a s s .

(6) Melting points are corrected. Infrared measurements 
were made using a Baird double beam recording spectro
photometer equipped with a sodium chloride prism. Analyses 
were performed by Dr. Carol K. Fitz, Needham Heights, 
Mass., and Dr. S. M. Nagy, Microanalytieal Laboratory, 
Massachusetts Institute of Technology, Cambridge, Mass.

(7) E. H. Huntress and S. P. Mulliken, Identification of 
Pure Organic Compounds, Order I, John Wiley and Sons, 
Inc., New York, 1941, p. 469.

U se o f  T e tr a c y a n o e th y le n e  a s  a  C o lo r -F o rm in g  
R e a g e n t in  P a p e r  C h ro m a to g ra p h y  o f  A ro 

m a t ic  C o m p o u n d s 1

D. S. T a r b e l l  a n d  T h e r e s e  H u a n g

Received January 19, 1959

In earlier publications,23 we have reported on a 
system for paper chromatography of polycyclic aro
matic compounds, which has proved useful in sep

aration and identification of benzyprene derivatives 
and other polycyclic compounds.2b_4 In this scheme, 
the position of spots on the paper was determined 
by observation of the fluorescence of the spots un
der ultraviolet light. A spray reagent which would 
indicate the position of spots of aromatic com
pounds which were not fluorescent would be of ob
vious advantage in this procedure.5

The observation6 that tetracyanoethylene7 forms 
colored complexes with many aromatic compounds, 
including simple ones, suggested an examination of 
this reagent in paper chromatography of aromatic 
compounds. I t is the purpose of the present note to 
indicate that it does have promise in this connec
tion.

EXPER IM ENTAL

The pyrene derivatives were prepared by published pro
cedures,8 with some modifications, or were commercial 
samples purified by chromatography on alumina with 
petroleum ether as the eluant. The hydrocarbons were used 
as benzene solutions having concentration of 1 mg. per 
ml. About 10 y of the material was applied as a spot on the 
paper.

The dry developed paper chromatogram, prepared by the 
published procedure,2 was laid on paper towels in the hood. 
The freshly prepared tetracyanoethylene (TCNE) solution 
in distilled acetone9 (ca. 0.0117) was sprayed gently and 
evenly over the surface. The acetone was dried rapidly by 
playing a stream of air over the surface, or by waving the 
sheet in the air if it was not too wet. As the solvent evapo
rated, the temporary dark gray complex of TCNE-aeetone- 
paper disappeared and a permanent yellow color was left on 
the paper. If a spot was not visible, even when the paper 
was scrutinized against the light, the spraying was repeated. 
Often three or four applications were necessary.

In the Table are given the R /  values in hexane saturated 
with dimethylformamide, the color with TCNE, and for 
comparison, the color of the spots developed by spraying 
with picric acid in ethanol and with trinitrofluorenone10 in 
acetone solution. As can be seen, the TCNE colors cover a 
much wider range than those produced with picric acid or

(1) Aided by Grant C-2654 from the National Institutes 
of Health.

(2) (a) D. S. Tarbell, E. G. Brooker, A. Vanterpool, W. 
Conway, C. J. Claus, and T. J. Hall, J. Am. Chem. Soc., 
77, 767 (1955); (b) W. Conway and D. S. Tarbell, J. Am. 
Chem. Soc., 78, 2228 (1956).

(3) D. S. Tarbell, E. G. Brooker, P. Seifert, A. Vander- 
pool, C. J. Claus, and W. Conway, Cancer Research, 16, 1
(1956) .

(4) B. L. Van Duuren, J. Nat. Cancer Inst., 21, 1 (1958).
(5) Tetrachlorophthalic anhydride forms complexes with 

a variety of aromatic compounds: P. Pfeiffer, Ber., 55, 413 
(1922); Ng. Ph. Buu-Hoi and P. Jacquignon, Compt. rena., 
234, 1056 (1952).

(6) R. E. Merrifield and W. D. Phillips, J. Am. Chem. 
Soc., 80, 2778 (1958).

(7) T. L. Cairns el al., J. Am. Chem. Soc., 79, 2340
(1957) ; 80, 2775 (1958).

(8) H. Vollman et al., Ann., 531, 1 (1937); M. de Clercq 
and R. H. Martin, Bull. soc. chim. Belg., 64, 367 (1955).

(9) Chloroform proved to be an unsatisfactory solvent 
because TCNE is only slightly soluble (less than 2 mg./lOO 
ml.), and also it does not evaporate fast enough; rapid 
evaporation is necessary to prevent the dissolving of the 
complex and consequent spreading of the spot.

(10) M. Orchin and W. O. Woolfolk, J. Am. Chem. Soc., 
68, 1727 (1946).
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TABLE

Compound Fluorescence ■0 TONE

Color
Picric

acid

with
T rinitro- 

fluorenone

Pyrene Blue 0.63 Brown-violet Orange Orange
o-Methylpvrene Yellow-blue 0.69 Brown-violet Red Brown-red
3,5-Dimethyl pyrene Yellow 0.74 Red-brown Orange Brown
3,8-Dimethvlpyrene Green-yellow 0.78 Rod-brown Orange Brown
3-Nitropyrene Orange 0.38 Gold Yellow Orange
3-Bromopvrene Blue 0.68 Green Bed-orange Red-orange
3,8-Dibromop3'rene Blue 0.69 Green Orange Orange
3-Acetylpyrene Bright yellow 0.37 Green Yellow Orange
3-Hydroxymethyl pyrene Green 0.05 Brown Red-orange Brown
3-Carboxypyrene Yellow 0.01 light green Yellow ■--
3-F ormylpy rene Gold 0.37 Yellow Orange Orange
3-Methyl-5-formylpyrene Orange 0.46 Light green Orange Brown-

orange
Anthracene Violet 0.70 — Orange Brown-red
9,10-Dibromoanthracene Y ellow 0.77 Green Orange Orange
1,2-Benzanthracene“ Yellow 0.60 Blue Orange Red-orange
1:2,5:6-Dibenzanthracene“ Violet 0.47 Green Light orange Orange
Chrj'sene“ Dark blue 0.63 Light violet Light orange Orange
Fluoranthene Blue 0.79 Violet Yellow Yellow
20-Methyleholanthrene“ Yellow 0.82 Gray-green Brown Gray-green
10-Ethylbenzpy rene" Yellow 0.66 Brown Brown Gray-
1O-Acetylbenzpyrene“ Gold 0.18 Gray-brown Light orange Tan
5-Acetylbenzpyrene“ Blue 0.09 Light brown Orange Brown-gray
Phenanthrene Violet 0.63 Violet Yellow Yellow
9-Bromophenanthrene — 0.78 Violet Yellow Yellow
Naphthalene Blue 0.89 Red-violet Yellow Yellow
1 -Nitronaphthalene — 0.50 Orange Yellow YYllow
2-Methylnaphthalene Blue 0.92 Blue-gray Yellow Yellow
Di-m-xylylenes — 0.66 Red — —
Di-^-metln-l-m-xj-lylene)6 — 0.66 Gold — —
Acepleiadiene4 Black-red 0.69 Gold Dark gra3r Brown
Acepleiadylene6 Orange-red 0.59 Brown Red-brown Red-brown
Tetrahydroacepleiadane6 Blue 0.06 Purple Yellow Yellow
Perinaphthanone“ Light blue- 

violet
0.51 Salmon Yellow Yellow

Benzpyrene“ Blue 0.60 Violet-pink Brown Gra3'-brown
Fluorene“ light violet 0.65 Light brown Yellow Yellow
l-Phenyl-l-(a-naphthyl)-

propene-1“
Blue 0.74 Purple Yellow Yellow

a Gift of Dr. S. C. Pakrashi of this Laboratory. 4 Gift of Dr. Leslie Humber of this Laboratory.

trinitrofluorenone. It is possible to detect the position of 
nonfluorescent compounds, such as the xylylenes and the 
substituted naphthalenes, by the TONE spots. The method 
is sensitive to I gamma of pyrene, and 10 gamma of naph
thalene; the equilibrium constants for the complex forma
tion in methylene chloride solution for these two com
pounds8 are 29.5 and 11.7.

A slight drawback to the method is the impermanence 
of the color, which fades in some cases in the course of 3 
min. but generally is visible for over 1 hr. The rate of fading 
appears to depend on the stability and amount of the com
plex present.

D e p a r t m e n t  o f  C h e m is t r y  
U n i v e r s it y  o f  R o c h e s t e r  
R o c h e s t e r , N. Y.

l-P h e n y l- 2 ,2 - d im e th y lb u ta n e

G o r d o n  L. G o e r n e r  

Received March 4, 195S

When Francis1 published his review on the 
properties of the alkylbenzenes in 1948, fifteen of

the seventeen possible monoalkylbenzenes of the 
formula C12H i8 had been described. One of the two 
remaining unknown isomers, 1-phenyl-3,3-dimethyl- 
butane, has since been prepared.2 The other, 1- 
phenyl-2,2-dimethylbutane (VI), was reportedly 
obtained by Tafel and Jurgens3 4 5 from the electro
lytic reduction of “methylbenzylacetoacetic ester.” 
Later Tafel and Andre4 decided that their hydro
carbon was probably l-phenyl-3-methylpentane 
rather than VI. Francis1 stated that VI “must be 
considered unknown.” This paper reports the 
synthesis of VI by the following reaction sequence.

Prout et a l:‘ have reported carrying out the first 
two steps above, leading to the acid (III). The latter 
was smoothly reduced to the alcohol (IV) by means

(1) A. IV. Francis, Chern. Revs., 42, 107 (1948).
(2) E. Berliner and F. Berliner, J. Am. Chein. Soc., 72, 222

(1950).
(3) J. Tafel and IV. Jürgens, Rer., 42, 2550 (1909).
(4) J. Tafel and F. Andre, Ber., 45, 437 (1912).
(5) F. S. Prout, E. P.-Y. Huang, R. J. Hartman, and 

C. J, Korpics, J. Am. Chem. Soc., 76, 1911 (1954).
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CH3V /COOEt ¿CHiMgCl
> C = C < ----------- >
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ir. c — c h  ----------- >
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V
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e i i 3
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I

CH3
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of lithium aluminum hydride.6 The reduction re
sulted in the disappearance of the characteristic 
infrared absorption bands of the acid a t 3.7/j., 
5.8/i and 10.5-11.5^ and the appearance of hy
droxyl absorption bands at 3.4/x and 9.3-9.9/i. 
This alcohol proved to be singularly nonreactive. 
I t  reacted only slowly with freshly cut sodium. 
Although it formed a small amount of the tosylate7 
on one occasion, in numerous other attempts this 
derivative did not form. The 3,5-dinitrobenzoate 
ester resulted only when the alcohol and acid 
chloride were heated together. An attempt to pre
pare the corresponding chloride using thionyl 
chloride and pyridine as described by Whitmore and 
Bernstein8 for a similar alcohol resulted in recovery 
of the unchanged alcohol. When the alcohol was 
heated overnight at 75° with phosphorus tri
bromide following the procedure of Pines et a l.,9 
only traces of the expected bromide were formed. 
However, when the temperature of the latter 
reaction mixture was maintained above 125° for 
several hours, the expected bromide (V) was ob
tained in reasonable yields. The infrared spectrum 
of the bromide no longer possessed the sharp hy
droxyl absorption at 3.4^ nor the broad band at
9.3-9.9/i. Inasmuch as the reaction conditions

(6) R. F. Nystrom and W. G. Brown, J. Am. Chcm. Soc., 
69, 2548(1947).

(7) M. F. Clarke and L. N. Owen, J. Chon. Soc., 2108 
(1950).

(8) F. C. Whitmore and H. Bernstein, J. Am. Chem. Soc., 
60, 2626(1938).

(9) H. Pines, W. D. Huntsman, and V. N. Ipatieff, J. Am.
Chem. Soc., 75, 2311 (1953).

were rather severe, the possibility existed that some 
bromide other than V might have formed. That the 
expected bromide was formed was demonstrated 
by converting a sample of the bromide to the 
Grignard reagent, oxidizing the latter to the bromo- 
magne.sium alkoxide, hydrolyzing the latter, and 
recovering the alcohol.8 This latter sample of al
cohol formed a 3,5-dinitrobenzoate identical with 
the one prepared from the alcohol (IV). When bro
mide (V) was refluxed with lithium aluminum hy
dride in tetrahydrofuran solvent, hydrocarbon (VI) 
was formed. The infrared absorption spectrum of 
the hydrocarbon obtained by reduction of the tosyl 
ester was identical with that of the hydrocarbon 
obtained by reduction of the bromide. Samples 
of VI obtained via  both the bromide and tosyl 
ester yielded the same acetamino derivative.

The physical properties of 1-phenyl-2 ,2-dimethyl- 
butane (b.p. 212.4° (737 mm.), no 1.4935, ¿ 4° 
0.8704) observed here compare favorably with the 
physical constants listed by Francis1 for the other 
C12H 18 alkylbenzenes with similar branching. The 
above refractive index and density are higher than 
the n|^ 1.4882 and d]9 0.860 reported by Tafel 
and Jurgens3 for presumably the same hydrocarbon 
and recalculated by Francis as 11™ 1.4878 and 
d f  0.8592.

EXPER IM EN T A L10

Ethyl isopropylidene malonate (I) was prepared in about 
50% yield from acetone and malonic ester by the procedure 
of Cope and Hancock,11 b.p. 110-111° (9 mm.), n2D° 1.4490 
to 1.4503.

Ethyl 4-phenyl-3,S-dimelhyl-2-carbethoxybutanoate (II). To 
the Grignard reagent prepared from 26.75 g. (1.1 moles) of 
magnesium and 139.1 g. (1.1 moles) of benzyl chloride in 
400 ml. of anhydrous ether was added over a period of 4 hr., 
a solution of 200 g. (1.0 mole) of ester I in 200 ml. of 
anhydrous ether. After standing overnight the reaction 
mixture was hydrolyzed by pouring onto chipped ice, acidi
fied (Congo paper) with dilute sulfuric acid and stirred 
vigorously and the oil layer cleared. The oil was separated, 
the water extracted with ether, and the combined extracts 
were washed, dried, and the ether was distilled. Fractionation 
through a 1-ft. Fenske-type column packed with 3/ 32 in. glass 
helices yielded the following: Fractions 1-3, 14.8, b.p. up to 
103° (1 to 2 mm.); Fractions4~6, 24 g., b.p. 104-107° (1 mm.), 
which solidihed as it distilled (probably bibenzyl); Frac
tions 7-8, 18.4 g., 119 to 148° (1 mm.), n2D° 1.4952-1.4935, 
ester II contaminated with a little bibenzyl; Fractions 9-12,
106.5 g., b.p. 148-153° (1 mm.), nk° 1.4908-1.4912, W ‘
1.4887-1.4892; Fractions 13-14, 17.7 g., b.p. 148° falling 
to 131° (1 mm.), n]? 1.4880-1.4862. Fractions 7 through 
14 weighed a total of 142.6 g., or a 49% yield of crude 
product. Fractions 9-12 are essentially pure ester II, which 
is reported5 to have b.p. 185-186° (8 mm.), 1.4890.

4-Phenyl-3,3-dimethylbutanoic acid (III). Saponification 
was achieved by refluxing ester II (206 g., 0.704 mole) for
3.5 hr. with 120 g. potassium hj^droxide in 400 ml. ethylene 
glycol. The cold reaction mixture was poured into 1 1. of

(10) All melting points and boiling points are uncorrected 
unless otherwise indicated. Analyses by Micro-Tech Labora
tories, Skokie, 111.

(11) A. C. Cope and E. M. Hancock, J. Am. Chem. Soc., 
60,2644(1938).
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water, filtered (Celite) and neutral oils were removed by ex
traction with ether. After acidification, acidic materials were 
extracted into ether and the ether was stripped at tire water 
pump. Decarboxylation of the malonic acid was brought 
about by heating under an air-cooled condenser to an in
ternal temperature of 230°. A short-path distillation of the 
above oil, by placing a distilling head directly on a distilling 
flask, yielded the following at 2 mm.: Fractions 1-2, 12.3 g., 
b.p. up to 152°; Fractions S~4, 78.2 g., b.p. 152-153°, n2D°
1.5142- 1.5143; Fractions S S ,  11.5 g., b.p. 154-163°, n2D°
1.5142- 1.5140. Fractions 3 through 6 weighed 89.7 g., a 
yield of 66%. Other preparations gave yields of 49 and 
72%. In a final preparation, the yield was low and the residue 
unusually large. This residue, about 75 g., possibly an ester 
of ethylene glycol, was saponified by refluxing with excess 
aqueous potassium hydroxide and worked up as described 
above. Distillation gave an additional 58 g. of acid, an 
amount sufficient to raise the yield to 89%.

Acid (III) has a reported6 b.p. 181-182° (18 mm.), n2D5 
1.5140.

4-Phenyl-3,3-dimethyl-l-bulanol (IV). In a 1-1. three necked 
flask equipped with a stirrer, condenser, dropping funnel, 
and necessary drying tubes there were placed 16.35 g. 
lithium aluminum hydride6 (about a 20% excess) and 300 
ml. anhjnlrous ether. To this was added 91.7 g. (0.478 mole) 
of acid (III) in 100 ml. absolute ether during 2 hr. The 
reaction mixture was refluxed for an additional 1.5 hr. 
and permitted to stand overnight. Decomposition of the 
complex was accomplished by the slow dropwise addition of 
(a) 10 ml. ethyl acetate and then (b) water (care!). When 
the hydrolysis was complete, the mixture was acidified. 
The ether layer was separated, washed with sodium car
bonate solution, and dried over anhydrous potassium car
bonate. The solvent was stripped at the water pump and 
the last traces of water were azeotroped off with benzene. 
Distillation through a 2 X 20 cm. column packed with 
3/is in. glass helices gave the following fractions at approxi
mately 1-mm. pressure: Fraction 1, 0.4 g., b.p. up to 103°; 
Fraction 2, 9.7 g., b.p. 103-108.5°. n2D5 1.5150; Fractions 
3 S ,  55.4 g., b.p. 107-108°, n2D° 1.5168, n2D5 1.5150; Fraction 
7, 2.7 g., b.p. 106-96°, 1.5140. Fraction 4, selected as
the analytical sample, had d\° 0.9713. d\s 0.9680. Fractions 
2 through 7 weighed 67.8 g., a yield of 79.7%. The alcohol 
possesses the odor of roses. It reacts slowly with sodium.

Anal. Calcd. for C12HiS O: C, 80.85; II, 10.18. Found: C, 
80.70; H, 10.24.

The S,S-dinitrobenzoaie, prepared by heating the acid 
chloride and alcohol together directly and recrystallized 
from ethanol (charcoal), melted at 75.5-76.5 corr. The mix
ture m.p. with 3,5-dinitrobenzoyl chloride was 55°.

Anal. Calcd. for Ci9H2nN20 6: N, 7.52. Found: N, 7.59.
4-Bromo-l-phenyl-2,2-dimethylbutane (V). The above de

scribed alcohol (48.8 g., 0.274 mole) was placed in a 500-ml. 
three necked flask equipped with stirrer, thermometer, con
denser and dropping funnel and supported in a Glas-Col 
mantle. The alcohol was heated to about 65° and redistilled 
phosphorus tribromide (74.3 g., 0.274 mole) was added ra
pidly dropwise. The temperature rose to and was main
tained at 95° for 4 hr. by the application of external 
heat. The mixture was then heated at 120° for two additional 
hours, during which time it became orange colored. Excess 
phosphorus tribromide was hydrolyzed by pouring onto ice, 
and the product separated. The aqueous layer was extracted 
with benzene. Acidic materials were washed from the com
bined product and benzene phases with water, sodium car
bonate solution, and salt water. After brief drying over an
hydrous sodium sulfate, the benzene was stripped at the 
water aspirator and the product fractionated through the 
previously described column at about 1-mm. pressure. After 
a small forerun, there was collected a total of 57.1 g. (86.5% 
yield) of bromide, b.p. 103-106° (1-2 mm.), re2D5 1.5275 
-1.5302. Purification of a part of the bromide was achieved 
by repeated shaking with fresh portions of cold concentrated 
sulfuric until the acid no longer became colored. After wash

ing and drying, the purified bromide distilled constantly at
95-96° (ca. 1 mm.), n2Ds 1.5327, d20 1.2110, d f  1.2065.

Anal. Calcd. for C„H17Br: C, 59.76; H, 7.10; Br, 33.14. 
Found: C, 59.84; II, 7.21; Br, 33.06.

Conversion of V to IV. The Grignard reagent was made in 
the usual fashion in an 8-in. test tube from 2 g. of the 
bromide and 0.5 g. magnesium turnings. The test tube was 
cooled in an ice-salt bath and air (dried by a calcium chlo
ride-sodium hydroxide-soda lime tube), was sucked through 
the ether solution and the latter permitted to stand over
night. After working up the reaction mixture in the usual 
way, the ether was evaporated to leave a thick oil. The latter 
formed a 3,5-dinitrobenzoate which melted at 75.5-70.5° 
after two recrystallizations (ethanol). The mixture m.p. 
with the previously prepared 3,5-dinitrobenzoate was 75.5- 
76.7°.

l-Phenyl-2,2-dimethylbutane (VI). (a) From the bromide. 
A suspension of 5 g. (0.13 mole) of lithium aluminum hy
dride in 50 ml. of dry purified tetrahydrofuran was prepared 
in a 500-ml. three necked flask equipped with a stirrer, con
denser, thermometer, dropping funnel, and drying tubes. 
To this a solution of 50 g. (0.207 mole) of bromide (V) in 50-
ml. tetrahydrofuran was added dropwise and the whole 
heated at 75° for 7 hr. Next morning the excess lithium 
aluminum hydride was destroyed by the dropwise addition 
of 15 ml. of ethyl acetate, followed by the dropwise addition 
of water. Finally excess water was added and the solution 
acidified (hydrochloric acid). The organic layer was sepa
rated and the water layer extracted with benzene. The com
bined organic layers were washed successively with water, 
5% sodium carbonate solution and water, and then dried 
brieflŷ  with calcium chloride. The solvents were stripped at 
the water pump and the product was fractionated at 10 mm. 
A total of 22.2 g. (0.137 mole) of VI, b.p. 84-87°, ra2D5 1.4915 
to 1.4935 was collected.

(b) Via the '.osylale. To a solution of 29.7 g. (0.167 mole) 
of alcohol (IV) in 50-ml. dry pyridine was added, over a 
period of 1 hr. and with frequent cooling, a solution of 31.8 g. 
(0.167 mole) of tosyl chloride in dry pyridine. After standing 
overnight the reaction mixture was poured onto a mixture of 
ice and excess dilute sulfuric acid. The emulsion was ex
tracted successively with benzene and the benzene layer 
dried over anhydrous sodium sulfate. The benzene was 
stripped at the -water aspirator, and the residual oil evacuated 
at 1-2 mm. pressure at room temperature. This oil, pos
sessing the odor of the initial alcohol, was added to a sus
pension of 6.7 g. of lithium aluminum hydride in 125 ml. 
anhydrous ether12 and refluxed for 4 hr. The next 
morning excess lithium aluminum hydride w-as destroyed by 
the addition of ethyl acetate, and wyater and excess acid were 
added. The organic phase was separated and the water ex
tracted with ether. After the ethereal solution was washed 
(sodium carbonate solution) and dried, the ether was re
moved and the residual oil fractionated through the 2 X 20 
cm. column. The following fractions were collected at 10
mm. : Fraction 1, 0.6 g., b.p. 81-83°, n2D5 1.4884; Fraction 2,
7.6 g., 83-84°, Ti“  1.4912; Fraction 3, 0.4 g., 83° and less, 
n2D5 1.4917. The residue, based on odor and refractive index, 
appeared to be largely unchanged alcohol (IV).

The purification of VI was carried out in the manner 
described by Berliner2 for a similar hydrocarbon. A total of 
53 g. of hydrocarbon was washed successively writh four 25- 
ml. portions of ice-cold concentrated sulfuric acid, with 
water, and with sodium carbonate solution and was dried over 
anhydrous calcium chloride. A small amount of added ben
zene was distilled to remove any traces of water. The hydro
carbon was then distilled from 1 g. sodium metal through 
the 2 X 20 cm. Fenske-type column, giving the following at

(12) H. Rapoport and R. M. Bonner, J. Am. Chem. 
Soc., 73, 2872(1951).
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10 mm.: Fraction 1, 7.2 g., b.p. 85-80°, n*D° 1.4933, n2D5 
1.4912; Fractions S~4, 23.3 g., b.p. 85.3-86°, n2D° 1.4935, 
n2D5 1.4912; Fraction 5, 8.6 g„ n2D° 1.4938, n l5 1.4916; Frac
tion 6, 6.1 g., n’D'  1.4940, m2d5 1.4920. Fraction S, taken as the 
pure hydrocarbon, had micro b.p. 213.5° (745 mm.) corr. 
and dl° 0.8694, d25 0.8058.

Anal. Calcd. for C12H„: C, 88.82; H, 11.18. Found: C,
89.01 ;H, 11.38.

The diacetamino derivative (from ethanol) had a m.p.
231.5-232.5° corr.

Anal. Calcd. for Ci6H24jSi20 2: C, 69.53; H, 8.75; N, 10.14. 
Found: C, 69.44, H, 8.83; N, 10.42.

I v e d z i e  C h e m i c a l  L a b o r a t o r y  
M i c h i g a n  S t a t e  U n i v e r s i t y  
E a s t  L a n s i n g , M i c h .
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Communications t o  t h e  e d i t o r

T h e  F o rm a tio n  o f  N itr i le  Im in e s  in  th e  
T h e rm a l  B re a k d o w n  o f  2 ,5 -D is u h s ti tu te d  

T e tra z o le s

S ir :
We wish to report evidence that nitrile imines 

(II) are intermediates in the thermal decompo
sition of 2,5-disubstituted tetrazoles (I). As one 
might expect from the structural and electronic 
relationship to azides and nitrile oxides, these com
pounds are quite reactive and attempts to isolate 
them have thus far been unsuccessful. However, 
these intermediates can be intercepted by various 
reagents. These reactions are of theoretical interest 
because they demonstrate the existence of II and 
they also appear to have synthetic possibilities.

-1_ _

C6H5—0 = X —X—R

UH,
N_ K --R

- C f  1 1
î

+ 1
xNT= N U H , -C = N —N—R

î
la. R = CH, - 1  +
Ib. R = UH, UH,—-C= ,N = N  - R

lia. R = CH, 
lib. R =  UH,

The first-order thermolysis of the 2,5-disubsti
tuted tetrazoles (I) occurs at a convenient rate at 
temperatures of 150° for lb  and 200° for la. These 
compounds are less reactive than pentazoles and
5-substituted 2-acyl tetrazoles1 but lb undergoes 
ring opening faster than 1,5-disubstituted tetrazoles 
which are reported2 to give carbodiimides at 220°.

When lb  is decomposed in aniline a 75% yield 
of I l ia  is obtained. The thermal breakdown of lb  
in thiophenol gives I llb  in 88%, yield. Both of these 
reactions apparently involve a 1,3-addition to the 
intermediate nitrile imine lib . The analogous re
action with phenol is followed by an 0 —>-N migra-

(1) Phenylpentazole gives a quantitative yield of phenyl 
azide and nitrogen at 0° in methanol with a half-life of 13 
min. 5-Substituted tetrazoles react rapidly with carboxylic 
acid chlorides or imino chlorides in pyridine at 50-90° to 
give 1,3,4-oxadiazoles and 1,2,4-triazoles, respectively. It 
is noteworthy that these compounds represent substances 
which are highly aromatic in the sense that there is sub
stantial resonance stabilization, but nonetheless are very- 
reactive. See R. Huisgen and I. Ugi, Chem. Ber., 90, 2914
(1957) ; I. Ugi and R. Huisgen, Chem. Ber., 91, 531 (1958); 
I. Ugi, H. Perlinger, and L. Behringer, Chem. Ber., 91, 2324
(1958) ; R. Huisgen, J. Sauer, and H. J. Sturm, Angew. 
Chem., 70, 272 (1958); R. Huisgen, J. Sauer, and M. Seidel, 
Chem. and Ind. (London,') 1114 (1958).

(2) P. A. S. Smith and E. Leon, J. Am. Chem. Soc., 80,
4647 (1958); J. Vaughan and P. A. S. Smith, J. Org. Chem., 
23,1909(1958).

tion of the phenyl group to give 79% yield of 
benz-W,V-diphenylhydrazide IV.

„N—NH - CJTr,
C6H,—Clf 

'R
Ilia . R = —NHC,H,
Illb . R = —SUH,

U h 6- c .
•NH—N(C6H6)2

^ 0  
IV

Cyclic structures are formed when I is de
composed in nitriles, aldehydes or olefins with 
strained carbon-carbon double bonds. For example, 
the decomposition of lb  in benzonitrile gives 63% 
of 1,3,5-triphenyl-l ,2,4-triazole (Va) (identified 
by comparison with an authentic specimen). 
The reaction of la  with benzonitrile yields 1- 
methyl-3,5-diphenyltriazole (Vb) ; with p-chloro- 
benzonitrile t,he product is Vc. The product re
sulting from the decomposition of lb  in benzal- 
dehyde (yield 75%) has analytical and spectral 
data indicating that it is VI. Both V and VI can 
be considered to arise by the 1,3-addition of a 
multiple bond to the nitrile imine intermediate.

UH-. XT % 
<W N
\
N=

/
= C \

R'

/U H ,
U  N 
\  /
O— CH—C,H,

Va. R = R ' = C6H,
Vb. R = OH3, R ' = C6H5 VI
Ve. R = CH,, I t ' = p-CICcH,

The reaction of nitrile imines with olefins con
taining strained double bonds is apparently anal
ogous to the reaction of azides and diazoalkanes 
with substances of this type.3 The thermolysis of 
lb  in dicyclopentadiene gives a 68% yield of a 
crystalline compound which appears to be the 
tetracyclic product VII. This structural assign
ment is based on the chemical composition and the 
infrared spectrum. This same compound VII is 
obtained in 83% yield when a benzene solution of 
benzphenylhydrazide chloride (VIII) and dicyclo
pentadiene is treated with triethylamine. This 
alternate route to the nitrile imine intermediate by 
a 1,3-dehydrochlorination is probably analogous 
to the syntheses of nitrile oxides from hydroxamic 
acid chlorides.

UH,

N. /
N

VII UH,

Æ —NH—UH, 
CfiH ,- C ^

Cl

V ili

(3) K. Alder ar.d G. Stein, Ann., 485, 211 (1931); 501, 1
(1933); K. Ziegler, H. Sauer, L. Bruns, H. Froitzheim- 
Kohlhorn, and 1. Schneider, Ann. 589, 122 (1954).
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The addition reactions involving the nitrile 
imines and their formation by thermolysis of I and 
dehydrochlorination of VIII are novel in that they 
represent examples of 1,3-addition and elimi
nation reactions. Apparently, the only nitrile 
inline described previously is “isodiazomethane,” 4 
prepared by de- and reprotonation of diazomethane.

D e p a r t m e n t  o f  C h e m i s t r y  R o l f  H u i s g e n

U n i v e r s i t y  o f  M u n i c h  M i c h a e l  S e i d e l

M u n i c h , G e r m a n y  J u e r g e n  S a u e r

J a m e s  W. M c F a r l a n d  
G u e x t e r  W a l l b i l l i c h

Received March 30, 1959

(4) E. Müller and W. Kreutzmann, Ann., 512, 264
(1934); E. Müller and D. Ludsteck, Ber., 87, 1887 (1954); 
88, 921 (1955); E. Müller and W. Rundel, 90, 2673 (1957).

Im p ro v e m e n t  in  th e  P r e p a r a t io n  o f  
3 /3 -A ceto x y -5 a-p reg n -1 6 -en -2 0 -o n e  

a n d  3 /3 -A ce to x y p reg n a-5 ,l6 -d ien -2 0 -o n e  
f ro m  th e  S te ro id a l A lk a lo id s , T o m a tid in e  

a n d  S o la so d in e

S ir :

The degradation of the steroidal alkaloids, to
matidine and solasodine into 3/3-hydro xy-5a-pregn- 
lb-en^O-one1 (yield; ca. 60%) and 3/3-ncetoxv- 
pregna-5,16-dien-20-one2’3 4 5 6 7 (yield: ca. 10%) has 
been previously reported. A recent article,4 using a 
modification of the original method, reports a 
marked improvement in the yield of pregnadieno- 
lone from solasodine. We wish to report our findings 
on the conversion of the steroidal alkaloids which 
lead to a further substantial increase in the produc
tion of allopregnenolone and pregnadienolone from 
tomatidine and solasodine, respectively.

0,V-Diacetyltomatidine5 (IA) and 0,Ar-diace- 
tylsolasodine6 (IB) in an acidic medium undergo a 
remarkably facile prototropic rearrangement to 
yield the unsaturated 0 ,,V-diacetyl derivatives 
IIA and IIB. Thus, 0,N-diacetyltomatidine (IA) 
can be converted in an almost quantitative manner 
(95-98%) to IIA, m.p. 128-132°,7 [a ]?,0 +1.5°, 
A n^fx 2.89, 2.i)7g (N—II): 5.78/u (3-ncetoxy);

(1) Y. Sato, A. Katz, and E. Moscttig, J. Am. Chem. 
Soc., 73, 880 (1951); 74, 538 (1952).

(2) Y. Sato, H. K. Miller, and E. Mosettig, J. Am. Chem. 
Soc., 73,5009 (1951).

(3) Y. Sato, H. G. Latham, Jr., and E. Mosettig, J. Org. 
Chem., 22, 1496(1957).

(4) N. X. Suvorov, L. V. Sokolova, L. M. Morozovskava, 
and V. S. Murasheva, Khim Nauka i Prom., 3, 281 (1958).

(5) T. D. Fontaine, J. S. Ard. and R. M. M a,./. Am. Chem. 
Soc., 73, 878 (1951 J.

(6) L. H. Briggs and T. O’Shea, J. Chem. Soc., 1654
(1952).

(7) Melting points were taken on the Kofler block and 
are uncorrected. Micro analyses were performed by the 
Analytical Service Laboratory under the direction of Dr. 
William C. Alford.

5.99, 6.59/x (NH-acetyl) (A n a l . Calcd. iorT( :u- 
H49O4N: C, 74.51; H, 9.88. Found: C, 74.66; 
H, 10.02), by the treatment of IA with a solution 
of mineral acid in acetic acid a t room temperature 
or more conveniently by the direct introduction of 
IA into boiling acetic acid followed by brief refluxing 
(15 min.). The partially hydrolyzed alcohol of IIA 
has been previously obtained b.y the alkaline hy
drolysis of the so-called unsaturated triacetylto- 
matidine.8

Upon carefully controlled oxidation of IIA with 
chromic acid in acetic acid and subsequent cleavage 
of the side chain moiety with acetic acid9 3/3- 
acetoxy-5a-pregn-16-en-20-one (IIIA) is obtained 
in excellent yields (ca. 80% based on IA), m.p. 
165-167°, [a]f)} +  42° (CHCh), X*« 239 n M, 
log e 3.98, (A n a l. Calcd, for C23H34O3: C, 77.05; 
H, 9.56. Found: C, 77.32; H, 9.58). I t  agreed in all 
properties with an authentic sample of allopregneno
lone.

In a similar manner the treatment with acetic 
acid of 0,A’-diacetylsolasodine (IB) yielded IIB 
(95-98%), m.p. 135-138°, [«]£ -2 3 ° , Ac“ x 2.90, 
2.98/i (N—H); 5.78/i (3-acetoxy); 5.98, 6.60/r 
(NH-acetyl). (A n a l . Calcd. for C31H47O4N: C, 
74.81; II, 9.52. Found: C, 75.09; H, 9.36) which has 
also been previously obtained from the alumina 
chromatography of the unsaturated triacetyl sola
sodine3 (pseudosolasodine A). Oxidation and re
moval of the consequent 16/3-ester side chain of 
IIB  resulted in a good yield (75-80% based on IB) 
of 3/3-acetoxypregna-5,16-dien-20-one (IIIB ) m.p. 
173-175.5°, [alb0 -3 5 ° , Xraax 239 m/i, log « 4.0, 
(A n a l . Calcd. for C23H32O3: C, 77.49; H, 9.05. 
Found: C, 77.45; II, 9.11), identical in all respects 
with an authentic specimen. In a cont inuous opera
tion from solasodine without isolation and puri
fication of intermediates, an over-all yield of 65% 
of IIIB  was obtained.

(8) Y. Sato and H. G. Latham, Jr., J. .4to. Chem. Soc., 
78,3150(1956).

(9) A. F. B Cameron, K. M. Evans, J. C. Hamlet, J. S. 
Hunt, P. C. Jones, and A. G. Long, J. Chem. Soc., 2807 
(1955).
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This method of production of pregnadienolone 
appears to be superior to the hitherto published 
methods3-4 where some by-product10 formation is 
involved. The successful degradation of these 
steroidal alkaloids in high yields, particularly sola- 
sodine to pregnadienolone, a biologically important 
hormone intermediate, may lie of considerable 
industrial importance.

Y . S a t o  
N. I k e k a w a 11 

E .  M o s e t t i g

N a t i o n a l  I n s t i t u t e  o f  A r t h r i t i s  
& M e t a b o l i c  D i s e a s e s

N a t i o n a l  I n s t i t u t e s  o f  H e a l t h

B e t h e s d a , M d .

Received April 6, 1959

(10) The stucture and the various chemical manifest
ations of this substance will be published in the full report.

(11) Visiting Scientist, National Institutes of Health.

P ,P , P f , P f - T e t r a e th y l -  
p - p h e n y le n e d ip h o s p h in e

S ir :

A recent preliminary report by Clifford and 
Olsen1 prompts us to record at this time our prep
aration of P,P,.P',P'-tetraethyl-p-phenylenedi- 
phosphine (I). This substance is the phosphorus 
analog of the tetraalkyl-p-phenylenediamines, which 
are the precursors of the highly colored Wurster 
radical ions. Our studies on the behavior toward 
oxidizing agents of the diphosphine I and of the

Et Et

I

corresponding N-P system, will be published else
where.

The diphosphine I was obtained in ca. 20% yield 
from the reaction of diethylchlorophosphine2 3 4 5 with 
p-phenylenedilithium3 in petroleum ether a t tem
peratures below 30°, in a nitrogen atmosphere. I 
was isolated by extraction into hydrochloric acid 
followed by the usual alkaline treatment and frac-

(1) A. F. Clifford and R. R. Olsen, Abstracts of Papers, 
Division of Inorganic Chemistry, A.C.S. Meeting, Boston, 
Mass., April 1959, page 16M.

(2) (a) M. H. Beeby and F. G. Mann, J. Chem. Soc., 411
(1951) ; (b) M. S. Kharasch, E. V. Jensen, and S. Wein- 
house, J. Org. Chem., 14, 429 (1949).

(3) H. Gilman, W. Langham and F. W. Moore, J. Am. 
Chem. Soc., 62 , 2327 (1949).

tional distillation. The diphosphine I had b.p.
172-174° (9 mm.), Up 1.5666, bands at 6.85, 7.00, 
7.22, 8.1. and 8.90 n. Calcd. for C14H24P2: C, 66 .2 ; 
H, 9.5; P, 24.4. Found: C, 66.2; H, 9.4; P, 2.3.9.

D e p a r t m e n t  o f  C h e m i s t r y  F a u s t o  R a m i r e z 4
C o l u m b i a  U n i v e r s i t y  D a v id  R h u m

N e w  Y o r k  2 7 , N .  Y .

Received April 27, 1959
(4) Address inquiries to F. Ramirez, State University of 

New York, College on Long Island, Oyster Bay, N. Y.

A N ew  S y n th e s is  o f  S e ro to n in

S ir :
The nitroethylation of indoles and substituted 

indoles, yielding 3-(2-nitroethyl) indoles has been 
previously described. 1-3 Catalytic hydrogenation 
of the 3-(2-nitroethyl)indoles provides a general 
synthetic route to tryptamine and substituted 
tryptamines. We wish to record the successful ap
plication of this procedure to the synthesis of sero
tonin.

Dropwise addition of a 147 excess of nitro- 
ethylene4-5 to molten 5-benzyloxyindole a t steam- 
bath temperature (total time 1.83 hr.) gave 3-(2- 
nitroethy.)-5-benzyloxyindole (I, hygroscopic white 
crystals from methylene chloride-light petroleum 
(b.p. 60-68°), m.p. 93.5-95°, calcd. for CuHiebCOo 
(296.31): C, 68.90; H, 5.44; N, 9.45; found: C, 
68.62; H, 5.58; N, 9.13) in 45% yield. Use of excess 
nitroethylene is desirable since unreacted 5-benzyl
oxyindole (36% by wt.) and I (64%) form a 
eutectic mixture, m.p. 81-81.5°. Similar reactions 
of 5-benzyloxyindole with equimolar portions of 
(J-nitrostyrene (6 hr., 72% yield) and /?-methyl-/3- 
nitrostyrene (22 hr., 37% yield), both a t steam bath 
temperature, gave 3-(l-phenyl-2-nitroethyl)-5-ben- 
zylox3nndole (II, white platelets from ethanol, 
m.p. 117-118°. calcd. for C23H2oN20 3 (372.41): 
C, 74.17; H, 5.41; N, 7.52; found: C, 74.36; H, 
5.40; N, 7.36) and 3-(l-phenyl-2-nitropropyl)-5- 
benzyloxyindole (III, white rod-like crystals from 
ethanol, m.p. 152-152.5°, calcd. for C24H22N 2O3 
(386.43): C, 74.59; H, 5.74; N, 7.25; found: C, 
74.80; H, 5.61; N, 7.26).

Hydrogenation at 2 atm. over platinic oxide 
catalyst of the adducts I—III gave in high yields 
the corresponding tryptamines, isolated as the 
picrates: la  (84% yield from I), very hygroscopic 
reddish orange crystals from ethanol, m.p. 231.5-

(1) W. E. Noland and P. J. Hartman, J. Am. Chem. Soc., 
76, 3227 (1954).

(2) W. E. Noland, G. M. Christensen, G. L. Sauer, and 
G. G. S. Dutton, J. Am. Chem. Soc., 77, 456 (1955).

(3) W. E. Noland and R. F. Lange, J. Am. Chem. Soc., 
81, 1203 (1959).

(4) G. D. Bucldev and C. W. Scaife, J. Chem. Soc., 1471 
(1947).

(5) W. E. Noland, H. I. Freeman, and M. S. Baker, J. Am. 
Chem. Soc., 78, 188 (1956).
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S p e c t r a l  D a t a  o n  N e w  C o m p o u n d s

__________________________ Ultraviolet__________________
Wave lengths of maxima and inflections (*) in 95% ethanol are given in m/j _____ Infrared Frequencies in Cm.- 1 ___

with intensities in (log e) Medium NH NCh (Aliphatic)
I 275 296* 307* CHCf 3520 1558, 1387

(3.83) (3.70) (3.54) Nujol 3380 1553, 1385
II 275 295* 308* CHCI3 3440 1552, 1380

(3.85) (3.74) (3.60) Nujol 3400 1550, 1380
III 275 295* 309* CHCI3 3450 1550, 1387 or 1360

(3.81) (3.73) (3.57) Nujol 3390 1547, 1385 or 1355
la 275* 297 309 357 Nujol 3400

(3.92) (3.85) (3.85) (4.20)
Ha 277* 297 302* 309 357 Nujol 3360

(3.91) (3.87) (3.87) (3.87) (4.20)
I lia 277* 298 304* 309 357 Nujol 3400

(3.90) (3.88) (3.87) (3.89) (4.20)

232° dec., calcd. for C23H2iN60 8 (495.44): C, 55.75; 
H, 4.27; N, 14.14; found: C, 55.69; H, 4.58; N, 
14.07; Ha (94% yield from II), red crystals from 
ethanol, m.p. 176-176.5°, calcd. for C29H26N80 8 
(571.53): C, 60.94; H, 4.41; N, 12.25; found: C, 
60.96; H, 4.74; N, 12.08; I l ia  (62% yield from III), 
bright red crystals from ethanol, m.p. 213-215°, 
calcd. for C3oH27N60 8 (585.56): C, 61.53; H, 4.65; 
N, 11.96; found: C, 61.83; H, 4.91; N, 12.09. The 
tryptamine from I was also characterized as the 
hydrochloride, which had m.p. 245-247° dec., in 
agreement with that reported, 248-250°.6

Hydrogenation of I a t 2 atm. over 10% palladium 
on charcoal catalyst, resulting in concomitant re
duction of the nitro group and debenzylation, gave 
serotonin in 69% yield as the hygroscopic creatinine 
sulfate monohydrate salt, m.p. 212-214°, mixed 
m.p. with an authentic sample (of m.p. 214-216°), 
212-216°. The infrared spectra of the two samples 
in Nujol were identical and in agreement with the 
spectrum described in the literature6—Xm.„ in 
water: 220 m/x (log e 4.40), 274 (3.72), 293 inflection 
(3.63). Reported Xmai in water: 275 m^ and 293 
inflection.7 Calcd. for C14H23N5O7S (405.43): C, 
41.47; H, 5.72; N, 17.28; S, 7.91; found: C, 41.43; 
II, 5.73; N, 17.54; S, 8.14. This new synthesis of 
serotonin in two steps from 5-benzyloxyindole is 
simpler than previously described methods. The 
over-all yield (31%) from 5-benzyloxyindole ap
pears to be higher than that reported for all other 
methods except those of Speeter and Anthony8 
(probably greater than 60%) and Young (34% ).9

School of Chem istry  W ayland E. N oland
U n iv ersity  of M in neso ta  R obert  A. H o vden10 1
M in n ea po lis  14, M in n .
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(6) M. E. Speeter, R. V. Heinzelmann, and D. I. Weisblat,

J. Am. Chem. Soc., 73, 5514 (1951).
(7) M. M. Rapport, A. A. Green, and I. H. Pago, J. Biol. 

Chem., 176, 1243 (1948).
(8) M. E. Speeter and W. C. Anthony, J. Am. Chem. 

Soc., 76, 6208 (1954).
(9) E. H. P. Young, J. Chem. Soc., 3493 (1958).
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F o rm y la t io n  o f  A ro m a tic  A m in e s  w ith  
D im e tl iy l f o r m a m id e 1

S ir :
A variety of methods are available for the 

preparation of formamides.2 However, only several 
procedures exist for the direct formylation of 
amines with more readily available formamides.

In 1886, Just described the formylation of phenyl- 
hydrazine with formamide at 130°.3 Several years 
later Hirst and Cohen obtained formanilides from a 
number of aromatic amines using formamide in 
glacial acetic acid.4 5 A more recent procedure em
ploys the amine hydrochloride and formamide.8

We now wish to report the facile formylation of 
aromatic amines with dimethylformamide in the 
presence of sodium methoxide. Conversion to the 
formanilide is accomplished by heating a mixture 
of sodium methoxide (0.3 mole), the aniline (0.15 
mole) and dimethylformamide (150 ml.) a t reflux 
for 30 min. The reaction is accompanied by the 
evolution of dimethylformamine. Generally, the 
formanilide, obtained by diluting the reaction mix
ture with water, does not require further purifica
tion. Typical examples include 2-iodoformanilide, 
colorless needles, m.p. 113-113.5°, 68% yield (A n a l.  
Calcd. for C7H6INO: C, 34.04; H, 2.45; N, 5.67.
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(2) C/., H. Winteler, A. Bieler, and A. Guyer, Helv. Chim. 
Acta, 37, 2370 (1954); L. Pichat, M. Audinot, and J. 
Monnet, Bull. soc. chim. France, 85 (1954); P. de Benneville,
J. S. Strong, and V. T. Elkind, J. Org. Chem., 21, 772 (1956); 
It. Gompper, Chem. Ber., 89, 1762 (1956); G. Olan and S. 
Kuhn, Chem. Ber., 89, 2211 (1956); E. C. Kornfeld et al., 
J. Am. Chem. See., 78, 3112 (1956); R. M. Roberts and P. 
J. Vogt, J. Am. Chem. Soc., 78, 4778 (1956); F. E. King, 
J. W. Clark-Lewis, and R. Wade, J. Chem. Soc., 880 (1957); 
C. W. Huffman, J. Org. Chem., 23, 727 (1958).

(3) F. Just, Ber., 19, 1201 (1886). At 160-170° this reac
tion yields 1-phenyl-l,2,4-triazole; M. Sekiya and S. Ishi- 
kawa, Yakugaku Zasshi, 78, 549 (1958).

(4) H. R. Hirst and J. B. Cohen, J. Chem. Soc., 67, 830 
(1895).

(5) A. Galat and G. Elion, J. Am. Chem. Soc., 65, 1566 
(1943).
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Found: C.33.71; H, 2.27; N, 5.84), 4-bromoform- 
anilide (70.5% yield, m.p. 117-119°; lit.6 m.p. 
119°), 2-chloroformanilide (88.4% yield, m.p.
77.5-78°, lit.7 m.p. 77°), 3-chloro-4-methylform- 
anilide, colorless needles, m.p. 97-97.5°, 68.5% yield 
(A n a l. Calcd. for C8I i8ClNO: C, 56.79; H, 4.77; N, 
8.28. Found: C, 56.60; H, 4.66; N, 8.11), and 4-

(6) M. Dennstedt, Ber., 13, 228 (1880).
(7) F. P. Chattaway and J. P. Orton, Ber., 2, 2306 (1000).

formamidobenzoic acid (45.6% yield, m.p. 270° dec., 
lit.8 m.p. 268° dec.).

The composition of a water labile intermediate 
and the scope of this formylation reaction are 
presently under investigation.
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(8) A. Zehra, Ber., 23, 3625 (1890).
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