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Osmium Tetroxide Oxidation of Protoporphyrin IX and
Synthesis of Deuteroporphyrin IX 2,4-Diacrylic Acid

FABIO SPARATORE1l and DAVID MAUZERALL

Received October 12, 1059

Protoporphyrin IX has been oxidized with osmium tetroxide to 2.4-di(a,/3-dihydroxy)ethyldeuteroporphyrin, which on re-
action with sodium periodate formed 2,4-diformyldeuteroporphyrin. This dialdehyde on condensation with malonic acid

gave deuteroporphyrin-2,4-diacrj-lic acid.

It is now commonly accepted that the bio-
synthetic precursor of protoporphyrin 1X (Fig. 1)
is coproporphvrinogen (isomer 111),2but there are
still some uncertainties about the oxidative de-
carboxylation of the two propionic acid chains and
at what step the porphyrinogen ring is oxidized
to a porphyrin. The oxidative decarboxylation
could possibly proceed via a concerted mechanism,
in which case deuteroporphyrin 1X 24-diacrylic
acid (hereafter referred to as diacrylic porphyrin)
or its corresponding porphyrinogen would not be
an intermediate in the biosynthesis of protopor-
phyrin 1X. This diacrylic porphyrin was therefore
synthesized as one approach to test this hypothesis.

The preparation of this diacrylic porphyrin has
been reported by Fischer and Beer,3but no criteria
of purity were given. The fact that their starting
material, 2,4-diformyldeuteroporphyrin 1X, had
a rhodo type spectra shows it to be impure.4
Lemberg and Parker4 obtained a 5% yield of
diformyldeuteroporphyrin IX by alumina chro-

(1) To whom inquiries concerning this paper should be
sent. Present, address: Istituto di Chimica Pharmaceutics
dell’Universita Genoa, ltaly. A preliminary note on this
work has appeared: F. Sparatore, Boll. sei. fac. chini, univ.
Bologna, 17, 08 (1959).

(2) R. A Neve. R. F. Labbe, and R. A. Aldrich, 3. Am.
Chem. Soc., 78, 692 (1956); S. Granick and D. Mauzerall,
Ann. V. Y. Acad. Sci.. 75, 115 (1958); L. Bogorad, J. Biol.
Cchem., 233, 516 (1958).

(3) H. Fischer and L. Beer, z. physiol. Chem., Hoppe-
Seyler’s, 244, 54 (1936).

(4) R. ljemberg and J. Parker, Australian J. Exp. Biol.
Med. Sci., 30, 163 (1952).

matography of the reaction products between
potassium permanganate and protoporphyrin IX
dimethyl ester. Lemberg and Falk5claimed a 12%
yield of the diformyl porphyrin by carefully con-
trolling the reaction time of this oxidation. Several
attempts were made to increase this yield by
oxidizing protoporphyrin I X or hernin 1X dimethyl
ester with potassium permanganate, or with the
neutral magnesium permanganate under a variety
of conditions, but none of these experiments gave
encouraging results.

However, when protoporphyrin 1X dimethyl
ester was oxidized with osmium tetroxide, a pre-
viously unknown diglycol, very easily purified
through its low hydrogen chloride-number, was
obtained in good vyield. Fischer and Deilmann6
obtained a very complex mixture of substances with
this reaction from which they were able to isolate
the diformyldeutero porphyrin in 6% yield. Under
the experimental conditions here described, osmium
tetroxide does not affect the porphyrin ring; how-
ever, if an excess of osmium tetraoxide is used
substances absorbing at 640 and 490 m” are ob-
tained. The similarity of the spectrum to that of
chlorins suggests that the osmium tetroxide has
oxidized a peripheral double bond of a pyrrole
nucleus giving a dihydroxv compound similar to
those postulated by Fischer.7 This interesting pos-
sibility will be studied further.

(5) R. LembergandJ. E. Falk, Biochem .J .49, 674 (1951).
(6) H. Fischer and K. Deilmann, z. physiol. Chem,
Hoppe-Seyler's, 280, 186 (1944).
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CH=CH2
h3c
H
H
CH2CH2CO2H" -

Protoporphyrin X
Fig. 1.

The diglycol, 2,4-di(a,/3-dihydroxy)ethyldeutero-
porphyrin 1X dimethyl ester (presumably a mix-
ture of the two pairs of enantiomorphs), was oxi-
dized with sodium periodate to diformyldeutero-
porphyrin 1X dimethyl ester in high yield. The
insolubility of the diformyl derivative relative to
the glycols makes its purification a simple matter.

The condensation of the diformyl porphyrin with
malonic acid was effected by the method of Fischer
and Beer3with only minor changes. It is interesting
that an attempt to condense the diformyl porphyrin
with diethyl malonate (using piperidine piperi-
dinium acetate as catalyst) failed completely.

-|CHs -iCIL,
I

- ch3

Jch=ch?2 - CH(OH)—CH20H

(Models of the diacrylic acid porphyrin showed
that only the trans acrylic acid group could be
made coplanar with the porphyrin ring. In con-
firmation of this, the infrared spectra showed a
trans peak8at 973 cm.-1 which was absent in the
closely related coproporphyrin I11. Bands were also
present in the 1300 cm.-1 region, but no new ab-
sorption was found in the cis regions. The double
bonded carbon stretching band was at 1630
cm.-1 This steric interference may also explain
the lack of reaction of diethyl malonate with the
diformylporphyrin. As proof of structure, the di-
acrylic acid porphyrin was reduced with sodium
amalgam giving coproporphyrin 111 (after oxidation
of the porphyrinogen with iodine) in 70% vyield.
The coproporphyrin was shown to be identical
with the naturally occurring isomer 111 by infrared
spectra, mixed melting points, and paper chroma-
tography.9

(7) H. Fischer and H. Orth, Die Chemie des Pyrrols, Vol.
I, part 1, Leipzig, 1937, pp. 269-274.

(8) L.J. Bellamy, The Infrared Spectra of Complex Mole-
rules, 2nd ed., J. Wilev & Sons, Inc., Xew York, 1958, p. 45
ff.

(9) J. E. Falk, E. I. B. Dresel, A. Benson, and B. C.
Knight, Biochem. J., 63, 87 (1956).
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EXPERIMENTAL

2,4-Di{a,0-dihydroxy)ethyldeuteroporphyrin (IX) dimethyl
ester. Protoporphyrin dimethyl ester (550 mg.) was dis-
solved in dry dioxane (200 ml.) and osmium tetraoxide (500
mg.) in ether (25 ml.) followed by pyridine (0.35 ml.) was
added. This solution was kept in the dark, under nitrogen,
for 24 hr. After that time, the ether was removed in racuo, a
solution of sodium sulfite (1.1 g.) in water (20 ml.) was added,
and the mixture heated on a boiling water bath for 40 min.
After partial cooling, the solution was filtered and the black
residue was dissolved in warm dioxane. The dioxane solution
obtained from four similar preparations was concentrated in
vacuo, taking care not to allow the mixture to dry. This mix-
ture was extracted with water and the water insoluble ma-
terial was dissolved in 500 ml. 0.5Ar hydrochloric acid and
filtered. The acid solution was diluted with 11 of water and
was extracted several times with ether and ethyl acetate
(1/1, vlv). The organic solvent was back extracted with
0.17.V hydrochloric acid (500 ml.). The combined acid solu-
tions were neutralized with sodium acetate and the precipi-
tate was centrifuged and washed noth water.

The yield was 1.1 g. (45%) of dry 2,4-di(«,/3-dihydroxy)-
ethyldeuteroporphyrin dimethyl ester. In preliminary ex-
periments with smaller amounts of protoporphyrin the yield
was higher (74%).

A crystalline sample was obtained by dissolving a small
part of the former product in a warm mixture of methanol
and benzene (1/1, v/v) and filtering. Two thirds of the
volume of petroleum ether (b.p. 30°-60°) was added and
the solution left in the cold. The crystals, dried in vacuo
melted sharply at 238-240°. The absorption spectrum (Table

CH, -cil,
CH2ZCO.H).
--------------- - CH=CH—COoH
-CH, - CHs
- CHO - CH=CH—COH

1) obtained in LY hydrochloric acid agrees quantitatively
with that of hematoporphyrin.

Anal. Calcd. for CPBH4N.iOs: C, 65.64; H, 6.43. Found:
C, 65.10; H, 6.53. Nitrogen determinations by both Dumas
and Kjeldahl methods gave low values. Porphyrins often
give low values by the former method, but the latter method
(with Van Slyke modification) is usually more successful.

Periodate oxidation of 2,4-di(a,0-dihydroxy)ethyldeutero-
porphyrin (IX) dimethyl ester. To this diglycol (900 mg.),
dissolved in 500 ml. of warm dioxane, a solution of sodium
periodate (1.15 g.) in water (200 ml.) was added and the mix-
ture left in the dark for 22 hr. Water was added (200 ml.)
and the precipitate centrifuged, washed with methanol, and
dried in vacuo; yield: 680 mg. The absorption spectrum shows
the presence of about. 20% of monoformylporphvrin. This
crude diformyl derivative was extracted with a mixture of 200
ml. of chloroform and 300 ml. of dioxane (solution A) and
the insoluble material was then dissolved in 300 ml. of warm
chloroform (solution B).

(a) 2-{or 4) Formyl-4-{or 2)-(a,0-dihydroxy)ethyldeutero-

porphyrin IX dimethyl ester. Aqueous methanol (45% metha-
nol V/V) was gradually added to solution A so that a mix-
ture of mono and diformyl derivatives (preponderantly di-
formvl) was precipitated, while in solution there remained
only a mixture of the two possible monoformvl derivatives.
After diluting the solution with water, the porphyrins were
extracted with chloroform; this solution was washed with
water and dried with sodium sulfate. The solubility of this
porphyrin, the position of its absorption bands (Table II),
and the rhodo type spectrum agree with its formulation as
the monoglyeolmonoformyl derivative
0
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OSMTTIM TKTHOXIDK OXIDATION OF PROTOPORPHYRIN 107"
TABLE |
Spectra of 2,4-Di(0,/3dihydroxy)ethyldeuteroithokphyrin IX Dimethyl Ester
Maxima
| 1l 1 v \Y Minima
CHC1» + Xin my. 621 568 535 500 400 603 51 519 457
20% CH30H CMx 104 0.362 0.65 0.86 1.385 19.1
ratio 0.261 0.476 0621 100 137 0.05 0.10 0.19 o.10
LY HC1 Xin npu 592 (567) 550 402.5 582 450
em X 10- ¢ 0.52 (0.55) 1.56 38.0
ratio 0.33 (0.35) 1.00 24.35 0.20 0.028
TABLE 11
Spectra of 2-(or 4)formyl-4-(or 2)(a/3-DiHYDRoXY)ETHYLDBUTEROPORPHYRM IX Dimethyl Ester
Maxima
Solvent | 1 11 v \% Minima
CHC13
Xin my 643 580 558 519 415 622 572 538 472
Absorbancy
ratio 0.20 1.00 1.63 1.00 155 0.10 0.81 0.63 0.26

Fig. 2. 2,4-1 liformvldeuteropurphvrin IX. llunedivi ester
(X800)

(b) 2,4-Diformyldeuteroporphyrin  1X dimethyl ester.
Solution B was treated gradually with 350 ml. of methanol
and the precipitated porphyrin was centrifuged, washed with
methanol, and dried; yield: about 300 mg. of pure diformyl
derivative. The spectrum does not show any trace of the
Soret band of the monoformvl. or glycol derivative. This
porphyrin was easily crystallized from hot pyridine (Fig. 2).
This porphyrin appeared to crystallize with pyridine, most of
which was lost on drying at 60° in vacuo over phosphorus
pentoxide. The dried crystals melted at 300° dec.; lit., m.p.
301-303°,4 280°,4 and 303-305°,6 all with decomposition.
Melting points were observed with polarized light on a mi-
croscope hot stage and are corrected. The spectrum of this
compound (Table I11) (in chloroform) is in good agreement

Fig. 3. Deuteroporphyrin IX. 2,4-Diacrylic acid dihvdro-
chioride (X800)

with that reported by Lemberg and Parker,4the bands being
somewhat sharper.

The yield was increased by working up the mother liquors
and reoxidizing with sodium periodate.

Anal. Calcd. for CaH3N4Q6: C, 68.67; H, 5.76; CaHH
NO6CHN: C, 69.31; H, 5.82. Found: C, 69.13; H, 6.16.

Deuteroporphyrin 1X 2,4-Diacrylic Acid. Diformyldeutero-
porphyrin IX dimethyl ester (150 mg.) was dissolved in boil-
ing pyridine (100 ml.) containing piperidine (0.03 ml.). The
temperature was decreased to 95° and a solution of malonic
acid (6 g.) in pyridine (60 ml.) containing piperidine (0.1 ml.)
was added dropwise during 6 hr. After that time the tempera-
ture was raised to the boiling point and an additional
amount of malonic acid (2 g. in 20 ml. of pyridine + 0.02 ml.
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TABLE 111
Spectrum 0r 2,4-Diformyi.deuteroporpiiyrin IX Dimethyl Ester
Maxima
Solvent | 1 11 v Vv Minima
CHCI3
in mu 650.5 596 563 527 437 631 581 550 482
Absorbancy
ratio 0.265 0.470 0.580 1.00 10.12 0.07 0.23 0.40 0.23
TABLE IV
Spectra or Deuteroporphyrin IX 2,4-Diacrylic Acid
Maxima
Solvent | 1 1 v \Y Minima
Pyridine in m/x 641 586 554 517 428 621 572 537 479
X 10“4 0.577 0.805 1.36 1.49 15.1 0.14 0.40 0.73 0.48
ratio 0.387 0.540 0.913 1.00 10.13 0.094 0.27 0.49 0.32
0.1.1/ KOIl + in mp 635 581 552 515 402 615 567 534 477
10% pvridine eir X 10"1 0.432 0.705 1.15 1.15 9.90 0.17 051 061 0.46
ratio 0.375 0.613 1.00 1.00 8.60 0.15 0.44 053 0.40
6.0.1/ HC1 + in mn 611 566 423" 597 485-495
+ 10% pyridine X 10-4 0.708 1.66 25.7 0.52 0.11
ratio 0.426 1.00 15.48 0.31 0.066

“ These bands were measured in solvents not containing pyridine.

piperidine) was added dropwise during 1 hr. Upon cooling,
800 ml. of petroleum ether (b.p. 30-60°) were added and
after standing in the cold, the solution was centrifuged. The
precipitate was shaken twice with a mixture of chloroform
and ether (2/3, v/v) and centrifuged. The insoluble material
showed on paper chromatography9 (using 2,6-lutidine (50
ml.) and 0.5.V ammonia (35 ml.) as liquid phase) that it was
mainly composed of a dicarboxylic acid porphyrin with
only a trace of tricarboxylic acid porphyrin.

This residue was dissolved in 100 ml. of 0.5Ar potassium
hydroxide and kept for 64 hr. in the dark at 3° to hydrolyze
the two methyl ester groups. The alkaline solution was then
acidified with acetic acid and the porphyrins collected by
centrifugation, washed with water several times and dis-
solved in 100 ml. of 0.0LV potassium hydroxide. This solu-
tion was kept frozen. Attempts to dry the free porphyrin led
to considerable alteration. Paper chromatography showed
that this product was composed of a tetracarboxylio acid
porphyrin with a trace only of a pentacarboxylic porphyrin.
The spectra of deuteroporphyrin diacrylic acid in different
solvents follow (Table 1V); the spectrum in pyridine dis-
agrees with the spectrum reported by Fischer and Beer.3

This porphyrin was crystallized from formic-6.il/ hydro-
chloric acid. The crystals darkened above 320°, but did not
melt below 340°.

Anal. Calcd. for C+ILUN./V2 HC1l: C, 59.75; H, 5.02.
Found: C, 59.71; H, 4.90.
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Curtins Rearrangement of a-Oximino Acids’

WYMAN R. VAUGHAN and JOHN L. SPENCER2

Received January J, 1960

A new method of synthesis for 3-substituted 5-hydroxy-I,2,4-oxadiazoles is reported. The oxime of an a-ketoester is con-
verted to the acid hydrazide, which in turn is converted to the azide by reaction witli nitrous acid. Curtins rearrangement

of the azide leads directly to the 1,2,4-oxadiazole.

In connection with studies of lactam-enamide
taut.omerism3aof the type represented by

H

it was of interest to examine the properties of
benzylidenepyruvic acid derivatives. The anilide,
which is isomeric in the enamide-lactam sense with
1,5-diphenyl-2,3-pyrrolidinedione, does not partake
of the tautomerism described above,3a but re-
action of benzylidenepyruvic acid with aniline
leads at once to a system in which lacto-enoic
tautomerism obtains, e.g.

The reaction of benzylidenepyruvic acid with
phenvihydrazine affords the phenylhydrazone,4
which likewise partakes of lactoenoic tautomer-
ism, &4 but which may be irreversibly cyclized to
I,5-diphenyl-A2pyrrazoline-3-carboxylic acid.4 The
comparative ease of the latter cyclization is il-
lustrated by the reaction of benzylidenepyruvani-
lide with phenylhydrazine. The phenylhydrazone
is probably formed at once, but it is not isolable
even though the tautomeric lactam form is known.34
Instead the reaction leads at once to 1,5-diphenyl-
A2pyrrazoline-3-carboxanilide.3

The oxime and oxime acetate of benzylidene-
pyruvanilide, however, are normal and do not
cydize to the isomeric lactams; and in turn these
lactams, synthesized by another method, have been
shown not to open up to the acyclic isomers.3a

(1) Abstracted from a portion of the Ph.D. Dissertation
of John L. Spencer, University of Michigan, 1958.

(2) National Science Foundation predoctoral
1956-58.

(3) (a) W. L. Meyer and W. R. Vaughan, ./. org. Chem.,
22, 1565 (1957). (b) W. L. Meyer and W. R. Vaughan, J.
Org. Chem., 22, 1560(1957).

(4) W. R. Vaughan, J. orq. Chem., 20, 1619 (1955).

fellow

Consequently it was deemed of interest to examine
the behavior of benzylidenepyruvic acid oxime,
which would be especially interesting, since it is
potentially tautomeric, in the lacto-enoic sense,3
with the oxime derived from 3-phenylamino-5-
phenyl- 2(5H)furanone (pseudo -1,5 - diphenyl - 2,3 -
pyrrolidinedione):

CeH:,CH=CHCCOH ; CeH.CH—O
NOH CH2 &
AAR
c o
1
NOH
+ NH=OH
CHLH—O
CH C
CH o0
NHC«H5

On the other hand it might cyclize like the analo-
gous phenylhydrazone, 314 which affords a pyr-
azoline, i.e. like chalcone oxime which affords a
2-isoxazoline.5"7 However, the open-chain form of
benzylidenepyruvic acid oxime proved to be com-
pletely resistant to either type of cyclization.
Indeed the reaction of 3-phenylamino-5-phenyl-2-
(5H)furanone with hydroxylamine leads to re-
placement of the 3-phenylamino group by hydroxyl-
amino and ring opening to give the oxime of benzyli-
denepyruvic acid.

In the course of the foregoing studies the oxime
of methyl benzylidenepyruvate was prepared, and
it, too, resisted cyclization. In the interest of seeing
whether this reluctance to cyclize could be over-
come, the ester was converted to the hydrazide,
which in turn was converted into the acid azide
by treatment with nitrous acid. Upon heating, the
azide might be expected to afford one of three dif-
ferent products: the amide oxime (C6HZCH==
CHC(=NOH)NH2, 3 - amino - 5 - phenyl - 2-
isoxazoline (by cyclization of the amide oxime),
or 5 - hydroxy - 3 - styryl - 1,2,4 - oxadiazole (by
cyclization of the intermediate isocyanate).

Upon carrying out the Curtius rearrangement,
it was in fact the 1,2,4-oxadiazole which was

(5) A H.Blatt, 3. Am. Chem. Soc., 71, 1861 (1949).

(6) R. P. Barnes, el al., 3. Am. Chem. Soc. 76, 276 (1954).
(7) H. H. Blecker, Dissertation, Rutgers (1955).
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obtained. The course of the reaction may be likened
to the Curtius rearrangement of /3-hydroxy acid
azides8 which afford oxazolidones. Thus, the hy-
droxy group of the oxime is structurally analogous
to the /3-hydroxyl of the latter compounds.

In order to determine the generality of the re-
action, it was applied to the oximes of benzoyl-
formic acid azide and phenylpyruvic acid azide
with identical results. The structure of each of the
3-subst.ituted-o-hydroxy-I1,2,4-oxadiazoles was con-
firmed by unequivocal synthesis from the ap-
propriate amide oxime by treatment with ethyl
chloroformate followed by sodium hydroxide.9

One might possibly have expected some dif-
ficulty arising from the possible interchange of
oximino and hydrazido groups or sensitivity of the
oximino group to the nitrous acid used in con-
verting the hydrazide to azide, but no undesirable
side reactions were encountered. Thus, the pro-
cedure appears to be well suited for general syn-
thesis of compounds of this type. It is only neces-
sary to call attention to the rather large melting
ranges for the oximes, which may of course be
attributed to the presence of both syn and anti
forms, for no attempt was made to separate isomers.
However, such ranges were also encountered by
Blatt5 in the course of his work or the ehalcone
oximes even after the isomers had been separated.
In any case the substances had good analyses and
upon reaction afforded good yields of products.

EXPERIMENTALI'" 19

Benzylidenepyrnrir acid oxime. Benzaldehyde and pyruvic
acid were condensed in methanol by means of methanolic
sodium hydroxide according to the directions of Steelier
and Ryder.13 When needed, the free acid was obtained
from the salt according to directions of the same authors.

The oxime was obtained under each of the following sets
of conditions: (A) From equimolar quantities of the arid
salt and hydroxylamine hydrochloride in the presence of
excess potassium hydroxide; (B) From tie acid salt and
hydroxylamine hydrochloride in glacial acetic acid; (C)
From equimolar quantities of the free acid and hydroxyl-
amine hydrochloride in aqueous ethanolXat room tempera-
ture (at reflux,14 hr., only cinnamonitrilr was obtained):
m.p. 158“I1(i()° dec., reportedEm.p. 168°, dec. Samples of
the oxime were allowed to stand in coned, sulfuric acid for
from 3 hr. to 3 days, but upon pouring any of the solutions
onto ice, only the unchanged oxime was obtained.

Itethyl benzylidenepymvate oxime. Methyl benzylidene-
pyruvate,8 9.5 g. (0.050 mole) was refluxed with 5.1 g.

(8) IV.J. Close, 3. Am. Ghent. Soc., 73, 95 (1951).

(9) H. Wolff, Ber., 22, 2400 (1889).

(20 I Melting points are uncorrected.

(11 I Microanalyses by Spang Microanalytical Labora-
tory, Ann Arbor, Mich.

(12)  Infrared spectra of Xujol mulls obtained by means
of a Perkin-EImer model 21 infrared spectrophotometer.

(131 E. F= Stecher and H. F. Ryder, 3. Am. Chem. Sor.,
74,4392(1952).

(14) A I1l. Blatt, 3. Am. chem. Soc., 53, 1133 (1931).

(15) R. Ciusa and A. Bernardi, Gazz. chim. ital, 41, 152
(1911).

(16) M. Reimer, ./. Am. Chem. Soc., 46, 783 (1924).

VAUGHAN' AND SPENCER

vol. 2d

(0.075 mole) of hydroxylamine in 50 ml. of methanol for
4 hr., during which time the original yellow color of the
solution almost completely disappeared. The solution was
then cooled and the resulting precipitate collected. An
additional quantity of crude product was obtained by con-
centrating the filtrate and adding water. In this manner
there was obtained 8.0 g. (78(7), m.p. 115-120°. Recrys-
tallization from methanol-water afforded 6.5 g. of white
solid, m.]). 116-126°. Subsequent recrystallizations from
the same solvent pair or from benzene-petroleum ether
(b.p. 60-75°) did not improve the melting point.

Anal. Calcd. for CnHnXO.i: C, 64.38; H, 5.40; X, 6.83.
Found: C, 64.49; H, 5.35; N, 6.88.

A sample of the product was hydrolyzed with 10*7 sodium
hydroxide, and the acid obtained by acidification was shown
to be identical with the oxime of benzylidenepyruvic acid by
mixed melting point determination and identity of infrared
spectra. Attempts to cyclize the ester oxime by standing in
coned, sulfuric acid for periods from 1 night to 1 week
afforded only unaltered starting material or the acid oxime.

The ester oxime reacts with hydrogen bromide in carbon
tetrachloride to produce a white solid, m.p. 75-120°, but
this turns yellow on exposure to the atmosphere and upon
standing again becomes colorless and identical with the
original oxime (mixed melting point determination). How-
ever, when a solution of 3.0 g. (0.016 mole) of bromine in
carbon tetrachloride was added to a solution of 2.0 g. (0.01
mole) of the ester oxime in warm carbon tetrachloride and
the resulting solution refluxed for 2 hr., there was obtained
a large quantity of solid from the cooled reaction mixture:
2.9 g. (779)), m]> 179-186° dec. An analytical sample was
prepared by thrice recrystallizing from benzene, m.p.
186-190° dec.

Anal. Calcd. for C,H,Br,X(),: C. 36.19; H, 3.03; Br.
43.79: X, 3.84. Found: C, 36.04; H, 3.22; Br, 43.79; X,
3.89. '

Benzylidenepyrnrir. arid oxime hydrazide. To a solution
of 2.0 g (0.0097 mole) of methyl benzylidenepvruvate
oxime in 12 ml. of methanol was added 2 ml. of hydrazine.
The solution was warmed on the steam bath for 20 min.,
during which time a white precipitate formed. An equal vol-
ume of water was added, and the solution was cooled. This
afforded 19 g. (950 of crude hydrazide, m.p. 193-202°
dec. The melting point was found to be very dependent on
the rate of heating. An analytical sample was obtained by
two recrystallizations from ethanol, m.p. 192-193° dec.
heated at 2°/min.

Anal. Calcd. for C,,,HnN,0..: C, 58.53; H, 5.40; X, 20.48.
Found: C, 58.51; H, 5.50; X, 20.43.

Benzylidenepyruvic acid oxime azide. A solution of 0.5 g.
(0.0024 mole) of the above oxime hydrazide in 20 ml. of
acetic acid with 5 ml. of water was cooled in an ice bath,
and a solution of 0.25 g. (0.0036 mole) of sodium nitrite in
5 ml. of water was added dropwise to it, This yielded 0.4 g.
(76")) of white solid, m.p. 104° vig. dec. A sample for analy-
sis was prepared by dissolving in cold methanol, filtering, and
reprecipitating with water, m.p. 108° vig. dec.

Anal. Calcd. for C,nH8XM 2: C, 55.55: H, 3.73; X. 25.92.
Found: C, 55.46; H, 3.81; X, 25.95.

o-Hydroxy-S-styryl-1,2-4-oxadiazole. (a) By rearrangement
of the azide in ethanol. Refluxing 0.2 g. of the above azide in
30 ml. of ethanol for 2 hr. gave on evaporation of the alcohol
and trituration with water 0.1 g. of white solid, m.p. 192-
200°. An analytical sample, m.p. 198.5-200.0°, was obtained
bv recrystallization from ethanol-water.

Anal. Calcd. for C,o0HKX35: C, 63.82; H, 4.29; X, 14.89.
Found: C, 63.54; H, 4.42; X, 14.82.

(b) By rearrangement of the azide in benzene. Refluxing 0.2
g. of the above azide in 20 ml. of benzene for 2 hr. gave
after filtering and cooling 0.1 g. of white solid, m.p. 187-197°.
Recrystallization from carbon tetrachloride raised the
melting point to 196-200°.

(c) From amidoxime. The oxadiazole was prepared ac-
cording to the procedure of I"olff9 from cinnamamidoxime
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and ethyl chloroformate followed by treatment with sodium
hydroxide.

The identical nature of these three compounds was shown
by superimposable infrared spectra and no depression of the
melting points on mixing.

Ethyl benzoylformate oxime. The oxime was prepared
according to GabrielZ’ by the treatment of ethyl benzoyl-
formate® with hydroxjdamine hydrochloride and sodium
carbonate in aqueous ethanol.

Benzoylformic acid oxime hydrazide. To a solution of 1.0 g.
of ethyl benzoylformate oxime in 6 ml. of ethanol was added
1 ml. of hydrazine. The solution was refluxed for 10 min.
and evaporated to approximately one third its volume.
The addition of water afforded 1.0 g. of crude solid, m.p.
150-170°. An analytical sample was prepared by recrys-
tallization from alcohol-carbon tetrachloride and alcohol-
water, m.p. 164-172°.

Anal. Calcd. for CaHoXjO-u C, 53.62; H, 5.06; X, 23.45.
Found: C, 53.81; H, 5.19; X, 23.45.

Benzoylformic acid oxime azide. TO a solution of 0.1 g.
of the above hydrazide in 4 ml. of acetic acid and 1 ml. of
water was added dropwise a solution of 60 mg. of sodium
nitrite in 1 ml. of water. An additional 2 ml. of water was
added to yield 70 mg. of white solid, m.p. 110° vigorous dec.
It was not purified due to its instability. The infrared spec-
trum of this compound showed an absorption band at ca.
2160 cm.“1

3-Phenyl-S-h.ydroxy-I,2,4-oxadlazole. (@) By rearrangement
of the azide. Refluxing 60 mg. of the above azide, in 5 ml.
of ethanol for 1 hr., adding water, and cooling afforded 30
mg. of white solid, m.p. 192-199°. Recrystallization from
benzene raised the melting point to 197.0-200.5°.

(b) From amidoxime. The procedure of Falck was used
to obtain the oxadiazole from benzamidoxime.

Anal. Calcd. for CSHEND 2 C, 59.26; H, 3.73; X, 17.28.
Found: C, 59.23; H. 3.80; X, 17.22.

The identity of these two compounds is shown by identical
infrared spectra and undepressed mixture melting point.

Ethyl phenylpyruvate oxime. The oxime was prepared by
refluxing ethyl phenylpyruvate (from phcnylpyruvic acid)

(17) S. Gabriel, Ber., 16, 519 (1883).

(18) B. B. Corson, el a/., in org. syntheses. Coll. Vol I,
John Wiley and Sons, Inc., Xew York. 1932. p. 241.

(19) E. Falck, Ber., 18, 2469 (1885).
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with hydroxylamine in ethanol for 3 hr. The preparation
of the same substance by the action of nitrosylsulfuric acid
on benzylacetoacetate ester is reported.2l

Phenylpyruvic acid oxime hydrazide. To a solution of 5.0
g. (0.025 mole) of the above oxime in 25 ml. of ethanol was
added 5 ml. of hydrazine. The solution was refluxed 15
min. and 50 ml. of water was added. Cooling afforded 2.3
g. (49(7) of white needles, m.p. 138-143° dec. An analytical
sample, m.p. 143-146°, was obtained by recrystallizations
from benzene, ethanol-water, and chloroform-carbon tetra-
chloride.

Anal. Calcd. for C'sHUCLX.,: C, 55.95; H, 5.74; X, 21.75.
Found: C, 55.96; H, 5.73; X, 21.78.

Phenylpyruvic acid oxime azide. TO a solution of 1.2 g. of
the above hydrazide in 50 ml. of 5% hydrochloric acid
cooled in an ice bath was added dropwise 0.6 g. of sodium
nitrite in 5 ml. of water. This yielded 1.0 g. of solid, m.p.
95° vig. dec., whose infrared spectrum had an absorption
band at ca. 2160 cm.“1 It was not purified due to its insta-
bility.

3-Benzyl-5-hydroxy-1,2,4-oxadiazole. (2) By rearrangement
of the azide. Refluxing 1.0 g. of the above azide in 25 ml. of
benzene for 30 min. caused the solution to darken. Evapora-
tion left a dark residue which was recrystallized from water
to give 0.4 g. of solid, m.p. 60-100°. Recrystallizations
from carbon tetrachloride, water, and petroleum ether
(b.p. 60-75°) with a trace of benzene gave an analytical
sample, m.p. 112-115°,

Anal. Calcd. for CaHgN.CL: C, 61.41; H, 4.58; X, 15.94.
Found: C, 61.36; H, 4.58; X, 15.90.

(b) From amidoxime. Phenylacetamidoxime2 was con-
verted to the oxadiazoleZwith ethyl chloroformate and base.
Identical infrared spectra and undepressed mixture melting
point showed these two samples to be the same compound.

Ann Arbor, Mich.

(20) R. M. Herbst and D. Shemin, in Org. Syntheses, Coll.
Voi. I, John Wiley and Sons, Ine.. Xew York, 1943, p.
519.

(21) X. Hall, J. E. Hvnes, and A. Lapworth, ./. Chem.
Soc., 107, 132 (1915). "

(22) P. Knudsen, Ber., 18, 1068 (1885).

(23) G. Ponzio and B. Zanardi-Lamberti, Gozz. chini, ital.,
53,818(1923).
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The nitration of several aliphatic alcohols containing carbon-carbon unsaturation has been accomplished using acetyl
nitrate as the reagent. In specific cases, the normal nitration procedure could be modified to afford good yields but in most
cases only 10 to 30% yields were obtained. These low yields are ascribed to subsequent addition of the elements of acetyl
nitrate to the double bond with the formation of high boiling by-products. A number of new unsaturated nitrates, dibromo-
alcohols, and dibromoalcohol nitrates are described. The last can be obtained in good yields by both nitration of the dibro-

moalcohols and bromination of the unsaturated nitrates.

The most attractive method for the synthesis of
molecules containing both nitrate ester functions

(1)  This work was carried out under contract between the

Ordnance Corps (DA-33-019-ORD-2025) and The Ohio
State LTiversity Research Foundation (Project 675). The
support of the supervising agency, the Ballistic Research
Laboratories of Aberdeen Proving Ground, Md., and the
counsel of Dr. L. P. Kuhn are gratefully acknowledged.
Preliminary communication: Papers Am. Chem. Soc., 137,
970 (1960).

and carbon-carbon unsaturation is the nitration
of the corresponding unsaturated alcohol. A wide
variety of general nitration media have been
employed by different workers.Z3 Most of these
media, if not all, are composed of reagents which in

(2) J. Honevman and J. W. W. Morgan, Advances in
Carbohydrate Chem., 12, 117 (1957).

(3) R. Boschan, R. T. Merrow, and R. \Y. Van Dolah,
Chem. Revs., 55, 485 (1955).
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addition to effecting hydroxyl nitration may also
add to wunsaturated systems. The successful
nitrations of allyl alcohol," both cis- and trans-2-
huten-1,4-diol,8 2,2-bis(hydroxymethyl)-3-buten-I-
ol,6 and 2-(h3rdroxymethji)-2-methyl-3-buten-1-
olBwith absolute nitric acid in acetic anhydride
(acetic acid was used as a diluent in the last
two examples) suggested that this system might
serve for the projected investigation. However,
it was shown.7-9 after the study reported herein
was nearly complete, that acetyl nitrate, the ef-
fective nitrating reagent in this system, can add
to olefinic linkages. The report by Bordwell and
Garbisch9 dealing with the addition of acetyl
nitrate to aliphatic systems containing carbon-
carbon double bonds was of particular value since
it outlined the best addition conditions which
were exactly the converse of our intention.

Since the eventual goal of our work was to study
the polymerization of unsaturated substances con-
taining nitrate ester groups, the unsaturated
alcohols of greatest interest were those which
contained a terminal or vinyl type carbon-carbon
unsaturation. However, for completeness, several
alcohols with internal unsaturation were also
investigated. Nitration of the corresponding al-
cohols with acetyl nitrate (threefold excess at
—30°) in acetic anhydride afforded the nitrates:
I-nitrato-4-pentene, I-nitrato-5-hexene, 2-methyl-4-
nitrato - 1- pentene, 1- nitrato - 2 - butene, and 2-
methyl-I-nitrato-2-propene. The vyields of un-
saturated nitrates obtained by this method, desig-
nated herein the standard method, ranged from
10 to 30%. These nitrates are all liquids and the
last step in their preparation was distillation
under reduced pressure. When the standard nitra-
tion method was employed, considerable nondistil-
lable (bath temperature 75° at 0.1 mm. pressure)
residues invariably resulted. These residues were
viscous and on quantitative analysis always proved
to contain more nitrogen than that required for
hydroxyl nitration alone.

The reaction of silver nitrate dissolved in aceto-
nitrileD with the corresponding unsaturated halo-
gen derivatives gave I-nitrato-4-pentene and 2-
methyl-I-nitrato-2-propene in high vyields (83
and 88%, respectively). Although ~hese nitrates

(4) (5. Desseigne, Bull. soc. chim. France,

(1946).

(5) L. Fishbein and J. A. Ciallaghan, ./. Am. Chem. Soc.,
78, 1218(1956).

(6) L. P. Kuhn and A. C. Duckworth, ./. org. chem., 24,
1005(1959).

(7) C. Drefahl, Il. Cramer, and W. Thomas, Chem. Her.,
91,282(1958).

(8) G. Drefahl and H. Cramer, chem. Bee.,
(19581.

(9) F. G. Bordwell and E. W. Garbisch, Jr., J. Am.
Chem. Soc., in press; the authors are grateful for having had
access to this paper in manuscript form.

(101 J. W. H. Oldham and J. K. Rutherford, ./. Am.
Chem. Soc., 54, 366 (1932).

[G1 13, 98

91, 750

WOLFROM, McFADDEX, AND CHANEY

VOL. 25

were isolated bv distillation, as were the products
from the standard nitration method, only negligible
residues were formed.

These observations suggest that two factors may
operate to reduce the yields in the standard
nitration method. First, the acetyl nitrate may
add to the double bond7-9 to produce the high
boiling acetoxy-nitronitrates. Second, these adducts
may decompose on heating to produce radicals
serving to initiate the polymerization of the un-
saturated nitrates. In a single case, it was possible
to isolate one of these adducts, 2-methyl-1 -nitrato-
2(or 3)-nitropropan-2(or 3)-ol acetate by subject-
ing the residue from the distillation of the un-
saturated nitrate to higher temperature and
greatly reduced pressure. Attempts to isolate simi-
lar adducts from the other residues by the same
technique terminated in minor explosions or
detonations.

Bordwell and Garbisch9state that acetyl nitrate
fails to form on the addition of nitric acid (70%b)
to acetic anhydride at temperatures below —10°.
This observation suggested that the solution of
nitric acid in acetic anhydride formed in this way
might effect hydroxyl nitration without the inter-
ference of double bond addition. However, experi-
ments using this technique for the nitration of 2-
methyl-2-propen-I-ol gave neither the unsaturated
nitrate nor any adduct. Apparently, the alcohol
survived this treatment without effect.

Although, as evidenced by the considerable heat
of reaction, acetyl nitrate forms on the addition
of absolute nitric acid to acetic anhydride at —30°,
the nitrating mixture is more effective if it is pre-
pared at 20 to 25° and then cooled to —30° prior
to addition of the alcohol. Thus, I-nitrato-2-bu-
tene was obtained in 30% vyield by the standard
method and in 65% yield when the nitrating solu-
tion was prepared at 25° {caution). The higher
temperature may permit more nearly quantitative
conversion of the nitric acid to the much more
effectived nitrating agent acetyl nitrate. A similar
increase in yield (25 to 50%) was observed when
2-methyl-2-propen-l-ol was nitrated with the
mixture prepared at 25°.

After many experiments, the best method (65%
yield) for the nitration of this last alcohol was
evolved. This required the use of acetic acid as a
diluent for the nitration system.6 These various
modifications appear to be rather specific for a given
unsaturated alcohol since their application to the
other alcohols studied did not meet with any im-
provement in yield over the standard method. None
of the various methods permitted the preparation of
2-methyl-2-nitrato-3-butene from the corresponding
alcohol. Perhaps this tertiary nitrate readily elimi-
nates the elements of nitric acid to form isoprene.

In order to confirm the structures of these un-
saturated nitrate derivatives, the original alcohols
were brominated (50 to 70% yields) to obtain:
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1.2- dibromo-o-pentanol, 1,2-dibromo-6-hexanol, 1,- boiling points cited do not correlate exactly with each other

2-dibromo-2-meth\fl-4-pentanol, 1,2-dibromo-2-
methyl-3-propanol, 2,3-dibromo-I-propanol, and
1.2- dibromo-3-methyl-3-butanol; the second, third,
and fourth compounds in the list are new. Since
some of these dibromoaleohols tend to decompose
during purification by distillation, conflicts appear

in the literature on their physical propertiesil
and this problem has not been resolved in our
work.

Nitration of these dibromoaleohols by the

standard nitration method afforded the new di-
bromonitrates: 1,2-dibromo-5-nitratopentane, 1,2-
dibromo-6-nitratohexane,2,3-dibromo-I-nitratopro-
pane, I,2-dibromo-2-methyl-3-nitratopropane, 1,2-
dibromo-2-inethyl-4-nitratopentane, and 1,2-dibro-
mo-3-methyl-3-nitratobutane in yields of 67,47, 56,
61, 86, and 50%, respectively. Identical samples of
the first four were obtained by bromination of the
corresponding unsaturated nitrates (79, 72, 87,
and 88% yields, respectively).

EXPERIMENTAL

Materials and methods. The unsaturated alcohols, except
2-methyl-I-penten-4-ol, were commercial samples which
were fractionated prior to use. Middle fractions with boiling
point ranges of less than a degree were selected.

Prior to analysis of all the various products described
below, the infrared spectra were checked to ensure their
gross purity. The presence of the proper absorption peaks,
following the assignments given by Bellamjy2 as well as
the absence of extraneous absorption peaks was employed
for this purpose.

General bromination procedure. The unsaturated compound
(0.1 mole) was dissolved in 100 ml. of dichloromethane (or
carbon disulfide), stirred at —20° and 0.11 mole of bromine
dissolved in 100 ml. of the same solvent was added drop-
wise. The resulting solution was extracted with 5% aqueous
sodium hydroxide until colorless and with water until neu-
tral. After drying with calcium sulfate, the solvent was re-
moved under reduced pressure and the brominated product
was purified by distillation under reduced pressure.

2,3-Dibromo-I-propanol. Pure material was isolated in
53% yield; b.p. 109° (20 mm.), n\° 1.5597. These values are
in reasonable agreement with those cited for this sub-
stance.3

1.2- Dibromo-5-pentanol.  This
slightly during distillation under reduced pressure. A slightly
impure sample was obtained; yield 69%, b.p. 107° (2 mm.),
na 15417 (lit., W b.p. 132-133° at 16 mm.).

1.2- Dibromo-6-hexanol. This new substance also decom-
posed slowly during distillation; yield 65%, b.p. 120° (2
mm.), 1.5242.

1.2-
stance vras obtained; b.p. 103° (10 mm.), n® 1.5302. This
latter value agrees with the reported valuesi4® but the

(11) R. Paul, compt. rend., 192, 1574 (1931).

(12) L. J. Bellamy, The Infra-red Spectra of Complex
Molecules, 2nd ed., John Wiley & Sons, New York, N. Y.,
1958.

(13) S. Winstein and L. Goodman, J. Am. Chein. Soc.,
76,4368(1954).

(14) A. A Petrov, J. Gen. chem. (U.s.5.R.), 12, 741
(1943); chem. Absir., 39, 695 (1945).

(15) S. Winstein and L. Goodman, J. Am. Chem. Soc.,
76,4373(1954). %

compound decompose

Dibromo-3-melhyl-3-butanol. A 62% yield of this sub

or with our data.

1.2-
penten-4-ol was prepared following Hudson and Schmer-
baile.Bromination gave the new, 1,2-dibromo-2-methyl-4-
pentanol; yield 56%, b.p. 104° (5 mm.), re® 1.5384.

1.2- Dibromo-2-methyl-3-propanol. Bromination of the
saturated alcohol in carbon disulfide afforded this new
compound; yield 50%, b.p. 104°, n\° 1.5453.

General nitration procedure. The absolute nitric acid em-
ployed was prepared by the reduced pressure distillation
of colorless commercial reagent grade 70% nitric acid from
an equal volume of coned, reagent grade sulfuric acid; b.p.
35-40° (30 mm.). All work was done behind explosion
screens.

To 50 ml. of acetic anhydride, stirred and cooled at —30°
in a flask covered with aluminum foil and protected from
moisture, w-as added 12.6 ml. (0.3 mole) of absolute nitric
acid. At the same temperature, 0.1 mole of the alcohol was
added slowly. After stirring for a few minutes, the mixture
was poured rapidly onto cracked ice. This and all subse-
quent processing in experiments with the unsaturated
materials was conducted with a minimum exposure to light.
The oily layer which formed was separated and washed with
5% sodium carbonate solution until neutral and then with
water. With small volumes, the addition of either dichloro-
methane or ether facilitated these operations. The neutral
material was dried with calcium sulfate (Drierite) and dis-
tilled under reduced pressure.

The reported nitrations, employing this method, of 2-
propen-l-ol4 and both cis- and irarrs-2-buten-1,4-diol» ware
successfully repeated in this laboratory. In the work de-
scribed below, nearly all of the distillations produced
large yields of viscous pot residues which were found to
provide more complex infrared spectra and to contain more
nitrogen than the desired product as determined by ele-
mental analysis. Attempts were made to distill the pot
residues obtained in most of the nitration experiments.
The usual result was at least a fume-off if not an actual
explosion.

Unless noted to the contrary, this general method was
used for the nitration of the alcoholic substances.

2.3- Dibromo-I-nitratopropane. This new compound was
prepared by two methods. Nitration of 2,3-dibromo-I-pro-
panol and bromination of I-nitrato-2-propene by the
methods described afforded pure material of like constants
and identical infrared spectra, in yields of 56 and 87%.,
respectively; b.p. 119° (20 mm.), 1.5349.

Anal. Calcd. for CHtBr>N03 C, 13.90; H, 1.92; Br,
60.79; N, 5.33. Found: C, 14.04; H, 2.02; Br, 61.04; N, 5.55.

1.2- Dibromo-2-methyl-3-nitratopropane. Bromination
2-methyl-1-nitrato-2-propene gave this new compound;
yield 88%, b.p. 58° (0.4 mm.), nz 1.5235. Identical con-
stants and infrared spectra were obtained with a sample of
this compound prepared by nitration of the dibromoalcohol;
yield 61%.

Anal. Calcd. for CH,BraNO3 C, 17.35; H, 2.55; Br,
57.71; N, 5.06. Found: C, 17.35; H, 2.66; Br, 57.80; N, 5.11.

1.2- Dibromo-3-methyl-3-nitralobutane. This new compou
was prepared from I,2-dibromo-3-methyl-3-butanol by
nitration; vield 50%,, b.p. 106° (5 mm.), n\° 1.5222.

Anal. Calcd. for CJIBraNO.,: C, 20.64; H, 3.12; N, 4.81;
Br, 54.93. Found: C, 20.97; H, 3.21; N, 4.54; Br, 54.74.

1.2- Dibronm-2-methyl-4-nitratopentane. Nitration of
corresponding dibromoalcohol afforded this new com-
pound; yield 86%, b.p. 120° (6 mm.), nj 1.5155.

Anal. Calcd. for C6HNnBrAN03: C, 23.63; H, 3.64; Br,
52.40; N, 4.59. Found: C, 23.99; H, 3.87; Br, 52.23; N, 4.51.

1.2- Dibromo-S-nitratopentane. This new substance
sulted from the nitration of the corresponding dibromo-
alcohol and the bromination (carbon disulfide) of the un-

(16) J. F. Hudson and G. Schmerbaile, Tetrahedron, 1, 284
(1957).

Dibromo-2-methyl-/r pentanol. The required 2-methyl-I-

un-

of

nd

the

re-
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saturated nitrate; yields 67 and 79%, respectively, b.p. 109°
(0.7 mm.), 1.5263 + 0.0004, infrared spectra identical.

Anal. Calcd. for CsHLBrjN’Oj: C, 20.64; H, 3.12; Br,
54.93; X, 4.81. Found: C, 20.77; H, 3.2T; Br, 55.05: X,
4.94.

1,2-1)ibromo-6-nitralohexane. Nitration of the dibromo-
alcohol and bromination of the unsaturated nitrate gave this
new compound; yields 47 and 72‘% respectively, b.p. 149°
(5 mm.), n2 1.5182 + 0.0005, infrared spectra identical.

Anal. Calcd. for CsHnBr2x03: C, 23.63; H, 3.64; Br,
52.40; X, 4.59. Found: C, 23.46; H, 3.91; Br, 52.77; X,

4,52,

1-Xilrato-/f-pente>i(!. This new nitrate was isolated in 20%
yield; b.p. 27° (5 mm.), n2 1.4321.

Anal. Calcd. for GHsNO:: C, 45.71); H. 6.91; X, 10.68.
Found: C, 46.04; H, 7.06; X, 10.83.

A mixture of I-bromo-4-pentene (25 g.1and 250 ml. of
acetonitrile containing 90 g. of silver nitrate and 2 g. of
hydroquinone was stirred for 56 hr. at room temperature.
The insoluble material was removed by titration and the
filtrate was dissolved in ether and the solution was washed
thoroughly with water. Drying over sodium sulfate, and
distillation (no residue) afforded I-nitrato-4-pentene identi-
cal in boiling point, refractive index, and infrared spectra
with the sample described above; yield 18 g. (83% ).
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Although the compound was prepared in this way for use
as a reference compound in the studies described below, the
data given represent significant improvements over those
cited in the literature.1v

Xitration of 2-methyl-2-propen-I-ol, employing the gen-
eral method described previously, afforded the same ni-
trate in 25%, yield. Almost no nitration was effected if the
temperature was held at —55° during the course of the nitra-
tion process including the addition of the nitric acid to the
acetic anhydride. Following the method of Kuhn and Duck-
worth.6 which differs in that acetic acid is used to dilute the
nitration system, there was likewise obtained low yields
(25%) of unsaturated nitrate and considerable amounts of
pot residue on distillation. In either process if the molar
ratio of nitric acid to unsaturated alcohol was reduced to
1:1, only traces of unsaturated nitrate could be isolated;
under these conditions no pot residue was obtained either.

Following an adaptation of the method of Bordwcll and
Garbisch,9 60 ml. of acetic anhydride was treated at, 25°
with 21 ml. (0.5 mole) of absolute nitric acid. The solution
was cooled to —25° and 14.4 g. (0.2 mole) of 2-methyl-2-
propen-l-ol was added dropwise. After 15 min. at —20°,
the mixture was poured into ice and water and processed
as described; yield 11.8 g. (50%,), with only a trace of pot
residue. When sulfuric acid (several drops) was added to this

1-  Xitrato-5-hexene. An 11%. yield of this new compoundmixture before addition of the alcohol,9considerable amounts

was obtained; b.p. 30° (0.1 mm.). n2f 1.4385.

Anal. Calcd. for CAl,,X<3: C. 49.64; H, 7.64: X, 9.65.
Found: C, 49.75: H, 7.60; X, 9.67.

2-  Methi/l-f-nitralo-l-pentene.  This
unstable nitrate was isolated in 19% vyield; b.p. 26° (2
mm.), n2° 1.4308.

Anal. Calcd. for CiH1,X(>3: C, 49.64; If, 7.64; X, 9.65.
Found: C, 49.67; H, 7.78: X, 9.56.

Attempted nitration of 2-methyl-3-buten-2-ol. Xumerous
attempts to prepare the nitrate of this alcohol by the
method described above and by the various alternative
methods discussed below were unsuccessful. Large pot
residues were normally obtained and in the few cases where
any distillate of product, resulted, it shortly decomposed
violently.

Lxilrato-2-butene. Anhydrous acetic anhydride (60 ml.)
was stirred at 25° while adding dropwise 21 ml. (0.5 mole)
of absolute nitric acid (caution). The solution was cooled to
—25° and 14.4 g. (0.2 mole) of 2-buten-1-ol was added drop-
wise. After 30 min. at —20°, the solution was poured into
ice and water and the nitrate was isolated in the described
manner; yield 15.2 g. (65%), b.p. 42° (18 run.), n™ 1.4294.
Employing the previously described nitration method, the
yield was 30%.

Anal. Calcd. for C4H8X03 C. 41.02; H 6.03; X, 11.96.
Found: C, 41.24: H, 6.20; X, 12.19.

2-Nethyl-1-nitralo-2-propene. A mixture of acetonitrile
(250 ml.), silver nitrate (125 g.), and 2 g. of hydroquinone
was stirred at 0° in the dark while adding 25 g. of 1-ehloro-
2-methyl-2-propene dropwise. The mixture was allowed to
stir for 36 hr. without further cooling. After filtration, the
filtrate was diluted with ether and the resulting solution was
extracted with water, 2% aqueous sodium bisulfite, and
again with water. Drying over sodium sulfate, evaporation
of the ether, and distillation gave colorless 2-mothyl-I-ni-
trato-2-propene: yield 88%, b.p. 37° (25 mm.), ir,, 1.4229.

Anal. Calcd. for CiH-Xt)3: C, 41.02; H. 6.03: X, 11.96.
Found: C, 41.24; H, 6.10; X, 11.87.

of pot residue and almost no unsaturated nitrate resulted.
When the method of Bordwcll and Garbisch,9 employing a
much larger ratio of acetic anhydride to 70% nitric acid,

new, comparativelyvas used, no product of any kind was obtained; in these

experiments various temperatures between —10 and 25°
were employed for the addition of the nitric acid to the
anhydride and in all rases the alcohol was added at —20°.

After these many experiments, the following method,
comparable to that of Kuhn and Duckworth,8 was found
to give the best results. Acetic anhydride (28.3 ml., 0.3
mole) and acetic acid (57.2 ml., 1.0 mole) were stirred at
10° while adding 21 ml. (0.5 mole) of absolute nitric acid.
This solution was cooled to —3° and 14.4 g. (0.2 mole) of
2-methy1-2-propen-l-ol was added slowly". After 15 min. at
this temperature, the cooling bath was removed and the
mixture was stirred until the temperature reached 10°. Then
the solution was poured into ice and water and processed
as described: yield 65%.

2-Methyl-l-nitralo-2(or 3)-nitropropan-2(or 3)-ol acetate.

Following a modification of the method of Bordwell and
Garbisch,9 37.8 g. of absolute nitric acid was added to 400
ml. of acetic anhydride stirred at 25°. The solution was
cooled to —30° and 3 g. of coned, sulfuric acid was added.
After 15 min., 21.6 g. of 2-methy1-2-propen-I-ol was added
in one portion. The temperature rose rapidly to 23° and then
subsided. After cooling to —35° and maintaining this tem-
perature for 15 min., the mixture was poured into ice and
water. Processing in the manner described under the general
nitration procedure yielded a small amount of unsaturated
nitrate and a pot residue which could he distilled in part.
Redistillation afforded pure material; yield 3.5 g. (5%),
b.p. 109-110° (1 mm.), n2> 1.4797.

Anal. Calcd. for CH,,1X..07: O. 32,14; H, 4,54: X, 12.61.
Found: C, 32.67: H, 4.36: X, 12.89.

Columbus 10, ()nio

(17) A R\ Ferris, K. W. McLean, I. G. Marks, and W.
D. Emmons, J. .1m. Chem. Soc., 75, 4078 (1953).
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General Formation of Aryl Dithiolcarbonates and Ethyl Ethylxanthate in the
Leuckart Thiophenol Synthesisl

JAMES R. COX, JR., CASIMIR L. GLADYS, LAMAR FIELD,2 ana D. E. PEARSON
Received November SO, 195ft

Study of the reactions of a variety of diazonium salts with potassium ethylxanthate showed that in addition to the aryl
ethylxanthate previously considered to be the principal product, other important and general products are the correspond-
ing diarvl dithiolcarbonate and ethyl ethylxanthate. Evidence is given for the structure of typical products and for the
probability that the dithiolcarbonate is not formed from the aryl ethylxanthate, either during the Leuckart reaction or sub-
sequently. The yield of a typical dithiolcarbonate was not improved by use of potassium isopropid- or benzvixanthate. Both
heterolytic and homolytic processes apparently occur, at least to some extent. Experiments are described which permit

tentative generalizations and conclusions as to the nature of the Leuckart thiophenol synthesis.

The Leuckart reaction for the preparation of
thiophenols involves addition of a neutralized solu-
tion of a diazonium salt to a hot aqueous solution
of potassium ethylxanthate (I). The product,
assumed in the past to be an aryl ethylxanthate
(1), ordinarily is not, purified but is hydrolyzed
directly to the thiophenol, as shown by the equa-
tions.34

ArNsX + KSCSOCHS5 -AU-
[
ArS-CS-OCH5+ N, + KX. ...(1)
T

Ag. KOH H+
1 Cdt.OH + KS CO OK + ArsK -------- s- ArSH

ArNV + CAOCSS-

r 1

(ArS)xX0

thiol 11l had a refractive index higher than re-
ported. Conversions of IV to V and Il in yields
exceeding 50% demonstrated that 1V could not be
the isomeric thionothiolcarbonate.

Information as to how IV might have been formed
was sought by an attempt to isolate all reaction
products. Washing the crude product with acid
removed negligible material, but aqueous alkali
extracted a little 2,0-dimethylphenol and what
appeared to be an azophenol, a type of compound
which could account for the dark red color of the
crude product.

Partial distillation of the neutral products then
gave ethyl ethylxanthate (VIII), a finding which

ArS-CS-OCjHs

+OH

Ar = 2,6-(CHg)CeH3-
Fig. 1. Identification of bis(2,6-dimethylphenyl) dithiolcarbonate (V)

In preparing 2,6-dimethylthiophenol (I111) by
this reaction, we found that the crude product be-
fore hydrolysis partially crystallized. The solid,
surprisingly, was bis(2,6-dimethylphenyl) dithiol-
carbonate (1V). Fig. 1 shows the evidence for its
identity; the disulfide A was prepared because the

(1) Largely abstracted from the M.A. thesis of J. R. C,,
December 1955, and the Ph.D. thesis of C. L. U.,, May
1959. Presented in part at the Southeastern Regional Meet-
ing of the American Chemical Society at Durham, N. C,,
Nov. 14-16, 1957.

(2) To whom inquiries should be addressed.

(3) K. H. Saunders, The Aromatic Diazo Compounds,
2nd ed., Edward Arnold and Co., London, 1949, p. 324.

(4) E. E. Reid, oOrganic Chemistry of Bivalent Sulfur,
Vol. 1, Chemical Publishing Co., Inc., New York, X. Y.,
1958, p. 31. %

surprised us even more than had the isolation of
IV, because of the evident transfer of an ethyl
group from | and the necessarily concomitant
cleavage of the bond in | between oxygen and a
primary carbon atom. The identity of VIII was
demonstrated by comparing its infrared spectrum
with that of authentic VIII, itself characterized
by derivatives. Potassium ethylxanthate (1) gave
no VIIlI when heated in water and therefore its
simple decomposition was not responsible for for-
mation of VIII.

2 ArN2X + 2 KS-CSOCIR — >
|

(ArS)iCO + CILK-CS-OCIL + 2N, + 2KX ... (2)

IXfin IV, Ar« Vil
2,G-(CH5)C H,-)
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The yield of VIII was 44%, calculated using
Equation 2, which later seemed likely to apply.
For the sake of brevity, the ratio cf the yield of
ethyl ethylxanthate (VII1) to the yields of various
diaryl dithiolcarbonates (I1X) will be called the
“5TII/1X ratio”; X will be used to refer to diaryl
dithiolcarbonates in a general sense, and Il will
be used in the same way for aryl ethylxanthates.

Since the dithiolcarbonate 15’ was isolated in
02% yield, the VIII/1X ratio in this instance was
0.7, rather than 1 as required by Equation 2. A
plausible explanation for the discrepancy was that
V11l had been destroyed in part, either during the
reaction or the isolation. Since VIII was resistant
to acid and base, as used in its isolation, an effort
was made to approximate its destruction in the re-
action (or the subsequent distillation) by deter-
mining that proportion of an extraneous amount of
VIl which could be recovered after it had been
added during the usual reaction; the assumption
was made that the amount of V111 actually formed
in the reaction would be unchanged. About 81%
of the extraneous V111 survived. Correction for the
loss suggested that about 55% of VIII had been
formed in the conventional reaction. The VIII/IX
ratio obtained using the corrected yield was 0.9,
which thus rather strongly supports the validity
of Equation 2.

Chromatographic separation of the residue from
the distillation of V111 gave the aryl xanthate VII
in 23% yield and the dithiolcarbonate 1V in 62%
yield (including 15’ which had crystallized earlier).
VIl was identified conclusively by independent
synthesis from ethyl chlorothionoformate and the
thiol 111 (Fig. 1); this type of reaction has been
used with alcohols but seems to be novel with a
thiol.

The effect of varied conditions next was explored
in the hope of improving the yield of 157 and of
obtaining intimations as to the mechanism of its
formation. It might be added here that yields as
high as 75% of 157 have been obtained but that
occasionally, in the same procedure, they were as
low as 53%. One possible explanation for this vari-
ation may be that an important part of the re-
action occurs in the water-insoluble organic phase
and that there is erratic diffusion of a necessary
intermediate within this mass. Another explana-
tion is suggested later. In any event, caution is
dictated in the interpretation of results in the
various reactions leading to aryl xanthates (I1)
and dithiolcarbonates (1X) which are to be con-
sidered.

In this study of conditions, the proportions of
reagents were varied by adding the diazonium salt
VI to three molar proportions (usually 1.25) of
xanthate I. In an effort to have VI in excess, it
also was added, both slowly and rapidly, to 0.5
molar proportion of I. The range of -0-54% in the
yield of 15’ probably is not very significant but does
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suggest that better yields of 15r are obtained with a
ratio of 571 to | which approximates unity.6

A feature of the reaction which undoubtedly
plays a highly significant role, both theoretically
and practically, is the solid which forms when VI
is allowed to react with | in the cold. This solid
presumably is a diazoxanthate,3 ArNZX-CS-OR,
and ordinarily is decomposed immediately when
the reaction is effected at 60° (an explosion may
ensue if it is not).3 Attempts to isolate this com-
plex were thought to be hazardous because of its
apparent explosive tendency. It was studied, how-
ever, in situ. 5vVhen 0.52 molar proportion of the |
was added to one equivalent of 5rl at 0° and the
mixture then heated slowly to 60°, IV resulted
but only in 25% yield. The same result ensued when
the cold mixture of I and VI was added rapidly to
water at 60°. It is noteworthy that when 2.1
proportions of |1 to 1 of VI were used, IV was iso-
lated in only 1% yield. These results, more than
those obtained only at 00°, point to the unde-
sirability of a ratio of VI to | which differs much
from unity, if 1V is sought from the reaction.

The most obvious explanation for the formation
of the dithiolcarbonate 1V in the Leuckart synthe-
sis was that the anticipated aryl xanthate 571
is in fact a major initial product, but that it is at-
tacked by 5°l and water and thus partially con-
verted into 15", as shown by the cancelled arrow
of Fig. 1

Holzle had previously isolated bis(5,8-dichloro-
I-naphthyl)dithiolcarbonate in 34% vyield in the
appropriate Leuckart reaction (and the aryl xan-
thate in 46% yield).6In considering the mechanism
of its formation, he rejected the aryl ethylxanthate
as an intermediate on the ground of its insolubility
in water; he also excluded its hydrolysis product,
ArS-CO-S-, on the basis that the aryl ethylxanthate
could not be hydrolyzed under the conditions of the
reaction and that, even if it were, the hydrolysis
product would not be that indicated. Sre substan-
tiated Holzle’s opinion as to simple direct attack
upon the aryl xanthate by recovering the xanthate
5TI after it had been treated with 5T in water.
Since it was possible, however, that the V11 formed
in the Leuckart reaction would appear so finely
dispersed that our experiment in bulk would not be
representative, 5T1 also was exposed to 5T in
methanol, which effected homogeneity. Again
VIl was recovered, despite the fact that a control
reaction of VI with 1 in methanol gave IV in 25%
yield. These observations suggest that VII is not
an intermediate in the formation of 1V, but they are
by no means conclusive; for example, the xanthate
I normally might function concertedly with 5T8

(5) Owing to the rapidity of the reaction, | probably
was in excess in all of these experiments, since the VI had
to be added to it. The reverse addition to beateli VI obvi-
ously is impracticable.

(0) K. lldlzle, 11dv. chini, cda, 29, 1883 (1910).
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upon the aryl xanthate VII in a manner that would
be difficult to duplicate in a model situation. It
might be added that Holzle’s exclusion of a hy-
drolysis product of VII also is reasonable, if our
observation of the slow decrease in pH of an alka-
line solution of VII indicates only slow hydrolysis.
Holzle noted that the yield of his dithiolcarbonate
was inversely proportional to the acidity of the
medium,6 and concluded that the reactive species
was a diazonium hydroxide. His view, as we under-
stand it, was that the xanthate ion, in the form of

H— —
the mesomeric structure CHP-CS-S, upon
simultaneous attack by the diazonium and hydrox-
ide ions, followed by loss of alcohol, gave the inter-

mediate ArS-CO-S, which then underwent attack
by a second diazonium ion to give the dithiolcarbo-
nate; attack of the xanthate ion in its usual form

(CH®-CS-S) gave the aryl ethylxanthate. In
both paths nitrogen was lost at appropriate points.
The formation of VIII, however, cannot be ac-
counted for by Holzle’s mechanism.

One of the most important questions connected
with the Leuckart synthesis, and probably one of
the most difficult to answer, is whether the reac-
tion is heterolytic, homolytic, or some combina-
tion of the two (one path perhaps leading to the
dithiolearbonates 1X and the other to the aryl
xanthate« 11).7 In a consideration of the uncata-
lyzed reactions of diazonium salts, Ingold has
pointed out the probable importance of Skl de-
composition into arylcarbonium ions, which sub-
sequently react rapidly with nucleophilic species
which are at hand;9 decreased reactivity of the p-
nitro compound (and perhaps of the p-methoxy)
and enhanced reactivity of or/Ao-substituted sys-
tems are to be anticipated in such reactions (vide
infra) .9 De Tar and Turetzky found that diazon-
ium salts decomposed homolvtically in acetate-
buffered methanol® but stated their belief that
decomposition in water up to about pH 7 occurred
mainly by an ionic mechanism.105In our reactions,
the solution of diazonium salt was neutralized to
Congo Red (pH 3-5)11 and added to an essentially
neutral solution of I. One is tempted therefore to
conclude that the pH favors an ionic mechanism;
however, the fact that the reaction mixture ulti-

(7) It is worth mentioning that there is a rather sug-
gestive similarity of the Leuckart synthesis to the Karnl-
ineyer reaction, in that the facile oxidation of the cuprous
iong has a possible counterpart in the presumably facile
oxidation of | to the disulfide.

(8) ct. ref. 3, p. 282.

(9) C. K. Ingold, structure and Mechanism in Organic
Chemistry, Cornell University Press, Ithaca, N. Y., 1953, p.
799.

(10) (a) D. F. De Tar and M. N. Turetzky, ,/. 4m. Chem.
Sac., 77, 1745 (1955); (b) 78, 3925 (1950); (c) 78, 3928
1950).

( (11; Q. Tomicek, chemical Indicators, Butterworths
Scientific Publications, London, 1951, p. 50.
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mately had a pH of about 7-7.5 makes such a con-
clusion seem somewhat injudicious.

In an effort to determine whether or not homoly-
sis is involved in the Leuckart synthesis, the usual
reaction with VI and | was effected in the presence
of acrylamide. The formation of a considerable
amount of presumed polyacrylamide was a strong
indication that free radicals were in fact present.
The yields of IV and VII differed little from that of
a control reaction without acrylamide, but this
result would be anticipated if the chain length of
the polyacrylamide were sufficiently great so that
relatively few initiating radicals were trapped.
An interesting implication that radicals might
form more readily with a hindered diazonium salt
was obtained by warming both VI and a ben-
zenediazonium salt in the presence of the diam-
ine-precursor of Wurster’s Blue: the deep
blue color indicative of a free radical formed at
15-20° and 40-50° respectively. Enhanced re-
activity has been noted with diazonium salts
of o-terf-butylaniline which decompose above
about —25°12 behavior of this kind, whether it
depends upon homolysis or not, demonstrates
enhanced reactivity for ort/w-substituted systems
which probably is quite important in relation to
the varied yields of IX discussed presently. It is
also noteworthy that neutralization at 0° of the
solution either of VI or the benzenediazonium salt
caused development of the Wurster color, sug-
gesting that radicals may be generated rather
easily from the unhindered salt, even though
perhaps less easily tnan from the hindered one.

In probing further into the nature of the Leuck-
art reaction, it next became desirable to determine
whether the formation of V111 and of dithiolearbo-
nates (1X) was general and, if so, the influence of
steric and electronic factors on the ratio of the
dithiolcarbonate I1X to the aryl xanthate II;
this ratio will be referred to subsequently as the
“IX/11 ratio.”

No attention has been paid to the generality of
formation of dithiolearbonates (1X) in the Leuckart
reaction, although in at least three instances, be-
sides that of Holzle,6 they have been isolated in
small or undeclared amounts using p-methyl-,13
o-methoxy-,4and 2,4,6-tribromo-5benzenediazon-
ium salts. Table | shows the results obtained when
various representative diazonium salts were sub-
jected to the Leuckart reaction. It is notable that
the VIII/IX ratio seems to approximate unity
closely enough to support the validity of Equation
2; the variations from unity probably reflect, in

(12) F. Greer, Ph.D. thesis, Vanderbilt University, 1955,
.73
P (13) It. Leuckart, .1 praxe. Chem.,,
J. chem. Soc. (absiraces), 58, 003 (1890).

114) F. Mauthner, Her., 39, 1347 (1900).

(15) W. H. Hunter and A. H. Kohlhase, J. Am. Chem.
Soc., 54,2425 (1932).

[2] 41, 100 (1891));
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TABLE |
Yields,” from Representative Diazonium Salts, of Aryl Dithiolcarbonates (IX), Aryl Ethylxanthates (”)
and Ethyl Ethylxanthate (V”I)
Ri
W—ArNT
(ArS)aco ArS-CS-()C H, C.H&CSOCiHs
r3 IX I Ratio VI Ratio
Xo. Ri R: Rr, Xo. Yield, ' r Xo. Yield, %  1X/116 Yield, Ve viiilix"
VI ch3 H CH;, IV 62 VIl 23 2.7 55 0.9
X CTb, H CdL Xl 40 X1 29 14 33 0.8
Xl ech3 H H XIvV 50 XV 42 1.2 45 0.9
XVI H H H XVII 30(11) XVII  50(30) 0.0 22 0.7
XIX 1 och3 H XX 20(12) XX 30 0.0 25 iV
XX H X0* H XX 27 XXIV 42 0.0 219 0.8

“ Yields are based on material before final purification. When substantial losses were incurred in purification, the yield
of pure material follows in parentheses. 6 Crude yield ¢c of the particular aryl dithiolearbonate/crude yield (( of the aryl
ethylxanthate. ¢ Corrected (see Experimental) for estimated decomposition after its formation. d Corie. ted yield 'c¢ of
V Il/yield /(, crude, of the particular aryl dithiolcarbonate. e 72'/ in a large-scale operation (see Experimental). 1 This
unusually high value may simply be a result of greater loss than usual in the isolation of the XX. 9 Possibly an artifact.

part, differences in stabilities of products and ease
of isolation in the various instances.

Consideration of most of the dithiolcarbonates
which previously had been isolated from the
Leuckart reaction suggested that steric hindrance
about the diazonium function might tmve been an
important factor in their formation and in the
IX 1l ratio. Table I shows that the yield of the
dithiolcarbonate and the 1X/Il ratio are indeed
greater when ortho substituents are present (i.e.
with VI, X, and XIII). On the other hand, the
isolation of IX after the reaction of XVI, XIX,
and XXI1, which contained no ortho substituents,
shows that the formation of 1X is general. The
diazonium reagents X1X and XXII, containing a
p-methoxy and a p-nitro group respectively, were
used to determine the extent to which electron
donation or withdrawal might affect the reaction;
the rough similarity of these results to those ob-
tained with the benzene-diazonium salt (XVI)
indicates that electronic effects do no: play a major
role in determining the 1X/I1 ratio.

The structures of the various dithiolcarbonates
(IX) and aryl xanthates (I1) probably need not be
regarded with suspicion, since reactions of diazon-
ium salts in which nitrogen is replaced appear in-
variably to result in entrance of the replacing
group at the carbon atom which bore the nitrogen
originally, irrespective of whether the reaction is
heterolvtic or homolytic.16 Xevertheless, to obviate
any possibility that the orientations of the prod-
ucts differed from those of the parer.t amines, the
infrared spectra of all of the compounds of types IX
and 11 were carefully scrutinized, especially in those
regions which characterize the nature of aromatic

(10) Cf.ret. 3, Chapter VIII.

(171 L. J. Bellamy, The Infra-red Sptctra of Complex
Molecules, 2nd ed., Methuen and Co., Ltd., London, 1958,
Chap. 5. For the series from VI, the thiol IIl1 was used
below 1000 cm. 'instead of IV and VII.

substitution (1650-2000 cm.-1, 950-1225 cm,-1,
and 670-1000 cm.-1).I7 Correspondence of the
spectra with expectation and with those of the
parent amines appeared to support the validity of
the various structures proposed.B3

The experiments which led to the data of Table
I were without notable incidents, except for those
involving the benzene-(XVI1) and p-nitrobenzene-
diazonium salts (XXI1), which deserve some com-
ment: (a) The melting points of the dithiolcarbo-
nates XVII and XXIII differed from reported
values. Evidence supporting our constants ap-
pears in the Experimental part (furthermore, ab-
sorption occurred in the infrared regionl8 common
to the other dithiolcarbonates). (b) Phenyl disul-
fide was obtained along with XVII and XVIII;
XVIlI and XVIII seemed likely sources (e.g.
dibenzyl dithiolcarbonate decomposes to the di-
sulfide),Bbut, since both proved to be rather stable
to heat, the origin of the disulfide still is unknown,
(c) A red solid appeared when the nitro salt XX11
was added to the I, even at 60°. This solid un-
doubtedly was a more stable counterpart of the
presumed diazoxanthates. Another anomaly in
this reaction was our inability to secure unequivocal
evidence for the formation of VIII. As Table I
shows, VIII was isolated, but the temperature
required for distillation was sufficiently greater
than usual to induce suspicion that ATII actually
was an artifact; chromatography separated ma-
terial which gave V111 upon distillation, but again

(18) The six dithiolcarbonates (1X) showed two medium
(m) to strong (s) bands in the range of 830-880 cm.-1 which
accordingly may be characteristic of structure IX. The six
xanthates (I1), as well as VIII, showed sixX bands in the
region of 1000-1300 cm.“1 which may be characteristic:
1000-1015 cm.-1 (m); 1020-1075 cm.-1 (s; often as two
overlapping bands); 1105-1110 cm.“1(m); 1139-1150 cm.“1
(m); 1212-1235 cm. 1(s); 1205-1300 cm.“1(m).

(19) G. Buhner and F. G. Mann, ./. chem. Hoc., 000
(10t5).
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only with excessive heating. In the experiments
with XXII, both VIHI and XXIII conceivably
could have formed according to Equation 3. This

2 p-NO2C6H,S CSO0C 2H5 —
XXIV

(p-ONC6H®)sCO + CALS-CSOCAL... (3)
XX VIl

possibility was dismissed for the nitroarvl xanthate
XXIV by demonstrating reasonable thermal sta-
bility for it. As a precaution, thermal stability un-
der the conditions used to remove VIII also was
established for the solid xanthates VII and XII.
The other aryl xanthates (XV, XVIII, and XXI)
were liquids which were considered to be stable,
since no indication of behavior according to
Equation 3 had been noticed when each was twice
distilled for purification.

Since VIII evidently was an authentic product
of the Leuckart reaction, an effort was worth-
while to determine the effect of using alkvixanthate
salts other than | in the reaction, in order to
facilitate the transfer of the alkyl group. The 2,6-
diethyl compound X was found to give the dithiol-
carbonate X1 in a yield of between 50% (crude)
and 18% (recrystallized) with potassium benzyl-
xanthate, and of 37-28% with potassium isopropyl-
xanthate (an effort to prepare potassium fert-butyl-
xanthate was unpromising); both results thus
approximate those obtained using I. Xo special
effort was made to isolate products other than the
XlI, but 2,6-diethylphenyl benzylxanthate (43%)
was isolated because it happened to crystallize
nicely; the ratio of dithiolcarbonate XI to this
xanthate resembles the IX 11 ratio obtained with
the ethyl xanthate | (approximately the same
ratio resulted also with the isopropylxanthate if
unpurified material which appeared at the expected
point is considered to be the aryl isopropylxan-
thate).

Conclusions regarding the Leuckart process
which now seem to be justified are these: (1)
Formation is general of aryl xanthates (II),
dithiolcarbonates (I1X) and ethyl ethylxanthate
(VIII; one possible exception); 1X is not formed
from Il alone, in the reaction or subsequently.
(2 Substituents in IX and 11 are oriented as in the
parent amines. (3) The molar amount of 51II
formed usually is smaller than of IX, but only
slightly so. (4) Replacement of the ethyl group of
I by isopropyl or benzyl has little effect on the
yield of IX. (5) A diazonium salt and | at —5°
give a solid diazoxanthate, which usually decom-
poses rapidly at 60°. (6) A 1:1 ratio of diazonium
salt to | best produces I1X. With solid diazoxan-
thate, excess | gives nearly no IX: excess diazon-
ium salt produces IX, even though in low yield.
(7) Free radicals are present. An unsubstituted
diazonium salt yields radicals at 0° in neutral
solution; a hindered sail probably does so more
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readily. (8) Xo biaryl coupling products were
isolated (saponification of crude reaction product
from XIX and steam distillation gave no 4,4'-
dimethoxybiphenyl; however, aryl radicals may not
survive long enough to couple). (9) Aryl carbonium
ions are present, since a phenol was isolated. (10)
Less IX forms in methanol than in water. Side
reactions in methanol may be responsible but,
since solvents of high dielectric constant favor
heterolytie rather than homolytic processes. &)
the result may signify that IX forms chiefly by a
heterolytie path. (11) Substituents ortho to the
diazonium function effect some increase in the
yield of IX and in the IX/Il ratio. (12) The
yields of IX and Il and the IX/Il ratio are little
affected by replacement of hydrogen by methoxy
or nitro in the para position in the diazonium salt.
(13) The vyield of IX decreases with increasing
acidity.6 The reason may be that the diazotate
anion is required,”"Q that a homolytic dissociation
of the diazonium salt (known to be favored by a
high pH) occurs, or simply that at low pH the con-
centration of ethylxanthate ion is reduced relative
to the less nucleophilic free acid. Variation of pH
may be a factor in the variable yields of IV which
were mentioned earlier.

Mechanisms for the Leuckart synthesis cannot
be offered now with much assurance. Thus, in
addition to the quandary of heterolysis versus
homolvsis, the extent is unknown to which syn,
anti  stereoisomerism of diazoxanthates might
determine whether IX or Il predominates. Xever-
theless, the fact that long-known react ionsof diazon-
ium reagents often are poorly understood leads us
to believe that definitive evidence on the Leuckart
process may appear only slowly and prompts us
to suggest processes which may play a role. We
wish to emphasize that these suggestions are quite
speculative and are intended to be more provoca-
tive than definitive in explaining an unusual
combination of reactions which results in the forma-
tion of a dithiolcarbonate and ethyl ethylxanthate
along with the aryl xanthate.

An attractive pathway to the aryl ethylxanthates
(1) involves the quusi-ring structures XXV
Aor XXV B for the diazoxanthate.

auC/An
[]

I or Ar N-~"ArSCS-OCAL

(st A /i

[S—CS—OCH5r I
g OCAL

XX Va

CSOCAL
XXVb

N2

ArN at+

(20) (a) \V. A Waters, The Chemistry of Free Radicals,
2nd ed., Oxford University Iress, London, 10-18 p. 10.

(20)  (b) H. Zollinger, Experientia, 12, 105 (1050):
Wittwer and H. Zollinger, Heir. chini. Acta, 37, 1954
(1954).
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Formation of the diaryl dithiolcarbonates (IX)
might follow one or more of the sequences outlined
in Fig. 2

EXPERIMENTALZ3

Shirtinii materials and general procedures. Potassium ethyl-
xanthate (1)2*was dried under vacuum and stored at 0-10°;
no decomposition was evident after 3.5 years, the longest
any was kept. Potassium isopropyl- (86(\) and benzyl-

(1)
nitrogen being lost at once or subsequently. The formation
of Il shown could lie competitive with or alternative to its
formation via XXV A or XXV B. Paths (a), (b), and (c),
shown for conversion of XXYI to IX, may be concomitant
or alternative. In (a), XXVII is particularly speculative,
since models are strained if the ring is coplanar; nevertheless,
XXVII provides an attractive explanation for the unusual
facile transfer of a primary alkyl group, especially since an
otherwise rather puzzling reaction2 can be formulated
similarly:

CIIOZH
ch?2

fICf

ch® cs<chZoh
(o]

Cd-hBr + ;HO2ZCCHZ5)Z0

In (I>), the cthylxanthatc anion is regarded as effecting
nucleophilic displacement on the ethyl group of XXVI.
Path (c) explains why the ratio of VU I/IX can be less than
1 [cf. (3)]. Compound XXVIII, however formed, may lose
nitrogen essentially as in conversion of XXVB to II; loss
of nitrogen is reserved to this point only for convenience.
Fig. 2 rationalizes (6); with excess I, ArX’;+ or Ar+ pre-
sumably gave Il, and hence negligible XXV1 or IX; excess
Aids';+ could produce I1X via path (c), but in low yield since
lack of | precluded paths (a) and (b).

(22)
abernes Selskabs Vorhandlinger, 1907 [2], S3; Chem. Abstr.,
2, 1269 (1908).
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In Fig. 2, ArN2+ (like Ar+) could attack XXV,

K. Biilmann, ohersigt over del kgl. Danske Vulensk-
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xanthatc (88fic) were prepared in essentially the standard
manner,2 except that with the benzylxanthate the propor-
tion of the alcohol was reduced by ca. one half and the
product was precipitated with ether: both xanthates were
completely soluble in acetone, showing the absence of po-
tassium trithiocarbonate.

Amines used were purified commercial products. Sul-
furic acid gave more soluble amine and diazonium salts
with 2,0-dimethylaniline (XX1X) than did hydrochloric
acid and accordingly was used for convenience in diazo-
tizing all of the amines; hydrochloric acid, however, gave
comparable results with XXIX. Xo explosions were en-
countered during the work, although the solids obtained bjr
treating | with the nitro compound XXII or with the di-
methyl salt VI in the low-temperature experiments gave
indication of decomposing violently if handled incautiously
in quantity; nevertheless care should be taken in the dia-
zonium salt reactions generally, owing to the possibility of
explosion.5 In the Leuckart reactions, unless otherwise
stated, the procedure of 1(a) was used with specified amounts
of amines, and of other reagents in the molar proportions of
1(a), for diazotization, neutralization, reaction with |,
and isolation of crude product by ether extraction; how-
ever, most diazotizations and neutralizations were done at
0-3° instead of at —5° to avoid solidification, hither ex-
tracts of the reaction products usually were dried over
anhydrous sodium sulfate and solvent then was removed
under reduced pressure, most often by means of a rotating-
fiask evaporator (moist extracts in general were handled
similarly); the term “red oil” refers to the residue left after
removal of ether from the extract of the crude product of
the Leuckart reaction. Chromatography was effected usually
with a 3 X 32-em. column of aluminum oxide (*“Merck,
Acid Washed, Suitable for Chromatographic Adsorption™).

Yields in the Leuckart. reaction were based on the amine,
those of the aryl alkylxanthates being calculated on the
basis of liquation 1and those of the aryl dithiocarbonates
(IX) and of ethyl ethylxanthate (V111) on that of liquation
2. The identity of the samples of VIII isolated always was
established by comparison of the infrared spectrum with
that of authentic VIII.

1 Reactions of the 2,6-dimelhylbenzenediazonium salt VI.
(a) Preparation of bis{2,6-dimethylphenyl) dithiolcarbonate
(1V). Asolution of 60.5 g. of 2,6-dimethylaniline (XXI1X) in
500 ml. of water containing 42 ml. of sulfuric acid (sp. gr.,
1.84) was diazotized below —5° by dropwise addition of a
cold solution of 34.5 g. of sodium nitrite in 200 ml. of water
(unless a positive starch-iodide test resulted 1 min. after
addition, more nitrite solution w-as added). The resulting
solution of the diazonium salt, VI was neutralized to Congo
Red by adding 30°‘L aqueous sodium carbonate below —5°;
the color changed from light yellow to light brown.® The
solution (containing some precipitated sodium sulfate) then
was poured (ca. 1 min.) into a solution, kept at 50-60° of
100 g. of I in 500 ml. of water. Nitrogen evolved smoothly
and oil separated. Upon completion of gas evolution at 60°,
the mixture was cooled. An ether extract was washed with

(23) Melting points are corrected and boiling points are
uncorrected. Analyses mainly were by Micro-Tech Labora-
tories, Skokie, 111 Infrared spectra were obtained using a
Perkin-Klmer Model 137 Infracord spectrophotometer;
most substances, being liquid or low melting, were used as
liquid films (XXl in Nujol mull; X1, solid film; IV, VII in
carbon tetrachloride).

(24) C. C. Price and G. W. Stacy, Org. Syntheses, 28, 82
(1948).

(25) W. E. Baehmam. and R. A. Hoffman, Org. Reactions,
Vol. 11, 224 (1944).

(26) In later Leuckart reactions, the pll was adjusted
to co. 5 using pHvdrior. test paper and was checked using
Congo Red. Variations within the Congo Red transition
range" may have been responsible for the variation in yields
of IV mentioned in the discussion.



July inno

5% hydrochloric acid (100 ml.), 0') aqueous sodium hy-
droxide (200 ml.) and finally with water until neutral.
Concentration of the dried extract to ca. 150 ml. and cooling
gave the dit.hiolcarbonate 1V, which was washed with cold
petroleum ether; yield 352 4. (47")). m.p. 101-103.5°.
Further concentration to ca. 75 ml. and chilling (Dry Ice-
acetone) gave a second crop of 185 g. (25%), m.p. 98-
101°. Recrystallization from ether (low yields) and carbon
tetrachloride-methyleyelohexane gave colorless IV with a
constant m.p. of 103-104.5°.

Anal. Calcd. for CIH,0S,: C, 07.51; H, 6.00; R 21.20.
Found: C, 07.60; H, 6.00; R, 20.04.

(b) conversion of I\ to 2.6-dimethylphenyl disulfide (V)
and 2,6-dimethylthiophenol (I11). A mixture of 10 g. of IV
and 20 g. of sodium hydroxide in 100 ml. of 1:1 water-etha-
nol was heated under reflux for 4 hr. The mixture was di-
luted with water and filtered. After removal of alcohol by
distillation, bromine was added dropwise with shaking until
its color persisted. Filtration removed 7.8 g. (80%) of the
disulfide (V), m.p. 100-102°, which after recrystallization
from aqueous alcohol and pentane had a constant m.p. of
103-104°; reported m.p., 10fi*-1000,Z 103-104°.8

Anal. Calcd. for C,,HIRS C, 70.03; H, 6.01. Found: C,
70.24; H, 0./6.

A solution of 1.52 g. of lithium aluminum hydride in 30
ml. of dry ether was added dropwise to 7.5 g. of IV in 50 ml.
of ether. After 8 hr., moist ether was added, then dilute
hydrochloric acid. The ether layer was washed with water
and dried. Distillation gave 4.45 g. (04°)) of the thiophenol
111, b.p. 01-64° (2 mm.), n\4 (each of four fractions) 1.5734:
reported b.p. 91° (50 mm.),B 111° (25 mm.);®nzi 1.5712.8
n25 1.5712.0 The thiol 111 also was obtained (75%- yield)
by reduction of V with lithium aluminum hvdride,® b.p.
02-64° (2 mm.), n24 1.5733.

Anal. Calcd. for C,H,,S: C, 69.51; H, 7.29. Found: C,
69.32; H, 7.41.

(c) Material balance in the reaction of VI with the xanthate
. VI from 12.12 g. of XXX was added in 2 min. and the
ether extract of the product washed and dried (Extract
XXX). all as usual.

In another experiment, with 60.5 g. of XXIX, the alka-
line wash solution was strongly acidified and extracted with
ether. This extract, dried and concentrated, left 0.98 g. of
brown solid (XXX1). Rublimation of the XXXI gave 0.3 g.
of 2,6-dimethylphenol, m.p. and mixture m.p. 45-47°.
Reduction of the residue from this sublimation with aqueous
sodium hydrosulfite resulted in an acid-soluble precipitate;
since the precipitate apparently was an aminophenol and
since the color of XXXI in water was pH-variable, XXXI
presumably contained an azo coupling product along with
2,0-dimethylphenol. In this same experiment, only a trace
of solid resulted when the usual acid wash was made basic.

Removal of ether from Extract XXX gave “red oil” which
partially crystallized in 3 hr. at. 5°: solid 1V, removed and
washed with cold hexane, amounted to 0.42 g. (43%), m.p.
100-103°.

The remaining oil (and hexane wash) was cautiously dis-
tilled through an 8 X 250 mm. tube until low boiling mate-
rial was removed: 3.28 g. (44°)) of ethyl ethvixanthate
(V1) distilled, b.p. 80-82° (1) mm.), rey? 1.5353-1.5354:
reported, b.p. 78° (18 mm.),9rA® 1.5375.3L The identity of
VIl first was suggested by analysis of material from an
earlier experiment., n 2f 1.5349.

(27) R. M. Pierson, A. .1L Costanza, and A. H. Wein-
stein, J. Polymer sri., 17, 221 (1955).

(28) H. R. Al-Kazimi, D. R Tarbell, and D. Plant, J.
Am. Chem. Soc., 77, 2479 (1955).

(29) E. Campaigne and R W Osborn, J. org. Chem., 22,
501 (1957).

(30) L. Field and F. A. Grunwald, J. Org. chem., 16, 946
(1951).

(31) H. Reihlen, E. Elben, and J. Everet, Ann., 485, 43
(1931).
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Anal. Calcd. for CoHMOR.,; O, 39.97; H, 0.71; R 42.08.
Found: 0, 40.65; 11, 6.02; R 43.13.

For evidence that the VIII was not formed simply by
decomposition of 1, 9.9 g. of | in 50 ml. of water was heated
at 50-55° for 1 hr; the pH rose from 7 to 8 but no insoluble
oil (i.e. VIII) was observed at any time.

Undistilled residue (10.17 g.) from the distillation was
dissolved in enough hexane to give 50 ml. of solution, which
was chromatographed. Fractions were discerned by evapo-
rating occasional small amounts of effluent in a bath at 50°
(VI melted, IV did not). Elution with hexane removed
5.12 g. of VII (230f, m.p. 45-49°), which was followed by
oil (1.51 g., probabh’ a mixture of VII and 1V). Benzene
then eluted greasy IV in three fractions (2.91 g.; 19%).
Ether and ethyl acetate subsequently removed 0.34 g. of
gum (similar gum previously had nitrogen but no sulfur).
All weights were obtained after drying to constant values.

The combined fractions of crude VII, recrystallized from
hexane, had a melting point and mixture melting point
with authentic VII [see 1(e)] of 48.5-49.5°. The combined
fractions of crude 1V, recrystallized (hexane), had a melting
point and mixture melting point with authentic IV [see
1(e) | of 99-102°.

(d) Modified conditions in the formation of IN'. The pro-
cedures of 1(a) were followed in preparing and neutralizing
the diazonium salt VI and in isolating IV (m.p. in the range
of 101-103.5°). Solutions of VI from one molar proportion
of amine X X1X were added dropwise to solutions at 50-60°
containing 0.52 (Expt. 1) and 3.00 molar proportions of the
xant.hate I; the yields of IV were 40% and 54%, respec-
tively; since repetition of Expt. 1 with rapid addition of
the VI gave IV in 42%; yield, reasonable variations in the
mode of addition probably are unimportant.

In experiments with the solid presumed diazoxanthate,
solutions containing 2.1 (Expt. 2) and 0.52 (Expt. 3) molar
proportions of the xanthate | were added rapidly at. —5°
to a solution of VI, and the mixtures then were warmed
slowly to 00°; the yields of IV were 1% anti 25% respec-
tively. The same result (25% of 1V) ensued as in Expt. 3
when the mixture of VI and |, prepared at —5°, was added
quickly to water at 60°. It is worth adding that nearly half
of the chromatographed product from Expt. 2 contained no
sulfur, nitrogen, or halogen; since this material was soluble
in coned, sulfuric acid, it evidently contained oxygen.

In the studies of VI and VII in methanol, a control ex-
periment first established that | itself would react reason-
ably well: Sodium nitrite (1.4 g.) in water (2 ml.) was added
at ca. —5° to 2.4 g. of the amine XXIX in methanol (20
ml.) containing coned, hydrochloric acid (5 ml.). The mix-
ture was neutralized with saturated methanolic sodium hy-
droxide and decanted from salt into a boiling solution of
4.5 g. of | in methanol (30 ml.). After rapid evolution of gas
was complete, methanol was distilled (reduced pressure),
the residue was dissolved in ether, and 1V was isolated as
in 1(a); yield 0.75 g. (25%), m.p. 101-103.5°. Replacement
of I by 3.8 g. of VII resulted in no isolable IV and in re-
covery of 3.2 g. (84%) of VII, m.p. 48-49°,

When a neutralized solution of the diazonium salt VI
was added to an equimolar amount of the xanthate VII in
a vigorously stirred water suspension at 55°, VII was re-
covered in 88% vyield.

In the search for free radicals in the usual Leuckart reac-
tion, 0.1 mole of the diazonium salt VI in neutralized solu-
tion was added to an aqueous solution of 0.12 mole of | and
71.1 g. of acrylamide, all essentially according to 1(a); the
first few drops caused a vigorous reaction—the temperature
rose to ca. 90° and the solution became quite viscous. After
completion of addition and separation of oil, addition of the
aqueous layer to acetone or ethanol gave a dough presumed
to be polyacrylamide, which eventually hardened (Acryl-
amide itself is quite soluble in ethanol and acetone; further
evidence that the dough was polyacrylamide was afforded
by its failure to diffuse through a cellophane membrane).
In a similar experiment, 0.2 mole of acrylamide was added to
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the solution of YI which then was added to the I: chroma-
tography of the resulting “red oil” gave crude IV and VII
in yields of at. 48%, and 27%, respectively (a control ex-
periment. gave 1V in 53% vyield and VII in ca. 23% yield);
the water layer contained solid which was apparently
polyacrylamide. That free radicals could form from diazo-
nium salts under the conditions of the Leuckart reaction
was suggested by diazotizing aniline and XX1X (0.1 molar
solutions in 0.3A" hydrochloric and sulfuric acid respec-
tively), destroying excess nitrous acid (urea), and adding
tetramethyl-p-phenylenediamine; with either solution, neu-
tralization at 0° (sodium carbonate) resulted in the deep
blue color of the Wurster salt. Similar unneutralized solu-
tions were not colored at 0° but that from XXIX reacted
vigorously and quickly became blue at 15-20°, unlike that,
from aniline which reacted vigorously only at 40-50° and
became blue only near the end of reaction.

COX, GLADYS, FIELD, AN» PKAHSOX
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mixture to stand for 2 hr.; there was negligible change in
the volume of VIII (similar result after 2 hr. at 80°). In
assessing stability under conditions of the Leuckart reaction
itself (and the subsequent distillation), the reaction was
performed exactly as in 1(c) but with addition of 6.91 g. of
VIII along with the solution of VI to 19.9 g. of | in 100 ml.
of water. Of the 8.86 g. of VIII isolated (225 1.5340-1.5354),
the result of 1(c) had indicated that ca. 3.28 g. was formed
in the reaction proper; hence the difference (5.58 g.) repre-
sented VIII which had survived from that added, indi-
cating that only ca. 81%, (5.58 X 100/6.91) of VIl formed
in the Leuckart reaction can be expected to survive. Ac-
cordingly, to convert the % vyield of VIII actually isolated
to the yield probably formed in Leuckart reactions (the
correction referred to in footnote c of Table I), it was multi-
plied by 1.24 (i.e., 6.91/5.58).

2. Reactions of the 2,6-diethylhenzenediazonmm salt X. (a)

(e) Independent synthesis of reaction products. In the syn-With I. The diazomum salt X, prepared from 29.8 g. of 2,6-

thesis of IV, 2.77 g. of the presumed thiol 111, prepared as
described in 1(b), in benzene (10 ml.) was added to 0.90 g.
of phosgene® m benzene (15 ml.). Dry pyridine (2.27 g.)
was added. After the exothermic reaction, :he mixture was
heated 0.5 hr. under reflux and then was washed with 5%,
hydrochloric acid and water. Ifrying and removal of solvent
left bis(2,fi-dimethylphenyl) dithiolcarbonate (1V), m.p.
102-103.5°. After recrvstallization, the melting point and
mixture melting point with 1V prepared as described in 1(a)
were 103-104.5° (infrared spectra identical). A pungent
chlorine-containing oil resulted when phosgene was bubbled
through an alkaline solution of Ill: since it gave IV with
more |11 and pvridine. it probably was the chlorothiolfor-
mate, 2,6-(CH%CYH,S-COCI.

In the synthesis of VII, 4.00 g. of ethyl chlorothiono-
formate3® (50%) yield, but in carbon tetrachloride) was
added to 4.5 g. of 11 in benzene (15 ml.) at 5°. Dry pyridine
(5 g.) in benzene (15 ml.) then was added dropwise below'
10°. The mixture was stirred overnight and allowed to warm
to room temperature. The benzene solution was decanted
from pyridine hydrochloride, washed with water, 5% hydro-
chloric acid, 5'., aqueous sodium hydroxide, and dried. Re-
moval of benzene left 4.2 g. of oil which was distilled in a
short-path apparatus. The distillate (b.p. ca. 110-114°, 0.4
mm.), recrystallized from ethanol, gave 2.30 g. (32%) of
2,6-dimethylphenyl ethylxanthate (VII), m.p. 48-49°.
Further recrystallization (ether) gave VII with a constant
melting point., 48.5-49.5°.

Anal. Caled. for CnHnOS>: C, 58.37: H, 6.23; S, 28.33.
Found: C, 58.50: H, 0.41; S, 28.33.

The pH of a solution of 0.11 g. of VII in ethanol (25 ml.)-
water (6 ml.) containing 14 ml. of 0.11.V aqueous sodium
hydroxide remained that of a control (VII omitted) during
2 hr. at 25°. Heating at 50° caused a gradual decrease in pH
from 10.7 to 10.1 in 2 hr.; after 24 hr. the pH was 10.0 and
V had separated. When VII was heated at 133-139° (0.3
mm.) for 1.3 hr., 95% was recovered, m.p. and mixture m.p.
48-50°.

Authentic VIl was obtained193 by heating 40.1 g. of
I, 32.7 g. of ethyl bromide and 30 ml. of ethanol at 50°
for 4.5 hr.; removal of solid, then of solvent, drying over
sodium sulfate, and distillation gave 30.8 g. (82%); b.p.
85-87° (15 mm.), n'z 1.5350; phenylhvdrazide m.p. 71-
73.5° (reported,® m.p. 72-24°(sfc); Ohioramine-T deriva-
tive, m.p. 185-186° (reported,®m.p. 186-187.5°).3

Stability of VIII to conditions used in ns washing after
Leuckart reactions was demonstrated by shaking 10 drops
with 1 ml. of 5% acid or base for 1 min. and allowing the

(32i H. Erdmann, Ber., 26, 1993 (1893).

(33 i H. Rivier and P. Richard, Help. Chim. Acta, 8,
496(1925).

(34) A. l. Vogel, .. Chem. Soc., 1848 (1948).

(35) In our experience, this derivative should be puri-
fied immediately; delav may result in a compound melting
at 121-122°.

diethvlaniline at —4 to —2° wes poured during ca. 2 min.
into 200 ml. of a hot solution of | as usual. The “red oil”,
subjected to careful partial distillation through a 6 X 260-
mm. tube with a heated jacket, gave 3.98 g. (27%) of VIII,
b.p. 47-48°, n2b 1.5290-1.5350. Of the 39.41 g. of undis-
tilled residue, 9.65 g. was chromatographed. Elution with
hexane, gave 3.61 g. (29%) of 2,6-diet.hylphenyl ethyl-
xanthate (X11), m.p. 40-43°, which was recrystallized from
alcohol to a constant melting point, 43-44°,

Anal. Caled. for CsHuOSs: C, 61.37; H, 7.13; S, 25.20.
Found: C, 61.44; H, 7.13; S, 24.87.

Thermal stability of the XII was demonstrated by re-
covery of 99% (m.p. and mixture m.p. 43-44°) after keeping
under nitrogen for 6 hr. at 133-135°.

Further elution with hexane gave 1.10 g. of oil, probably
X1l mixed with bis(2,6-diethylphenyl) dithiolcarbonate
(X1). Benzene elution then gave 3.51 g. (40%) of XI, m.p.
49-54°, which was recrystallized from ethanol to a constant
melting point, 56.5-57.0°.

Anal. Caled. for C3H,80S2 C, 70.34; H, 7.31; S, 17.89.
Found: C, 70.63; H, 7.36; S, 17.92.

More benzene gave 0.61 g. of unidentified solid, m.p.
32.5-36° (depressed by XlI), after which benzene, ether,
and ethyl acetate eluted 0.6 g. of gum.

(b) With potassium benzyixanthate. The salt X, prepared
as in (a), was added rapidly to 55.14 g. of potassium benzyi-
xanthate in 200 ml. of water at 50-60°. The “red oil” (61.57
g.) was isolated as usual. With no attempt, to distil, 12.37 g.
was chromatographed on alumina containing 1% by weight
of “Luminescent Chemical 2 Y1.”3 Hexane eluted 5.41 g.
(43%) of colorless 2,6-diethylphenyl benzyixanthate, m.p.
57-64.5°; recrystallization from alcohol gave material with
a constant melting point, 65.5-66.0°.

Anal. Caled. for CI8HaiDS2: C, 68.31; H, 6.37; >§ 20.26.
Found: C, 68.07; H, 6.35; S, 20.26.

Further elution (hexane) gave 0.9 g. of oil and then 3.61
g. (50%,) of oily XI. Three recrystallizations from ethanol
gave XI, m.p. and mixture m.p. 53-57°, (1.32 g., 18%,; the
apparently low recovery probably resulted actually because
of the presence of considerable benzyl benzyixanthate in
the 3.61 g. of crude XI). Elution with more hexane, then
benzene, gave 0.84 g. of ail.

(c) With potassium isopropylxanthate. The salt X, pre-
pared as in (a), was added rapidly to 42.9 g. of potassium
isopropylxanthate in 200 ml. of water at 50-60°. The “red
oil” (50.99 g.) was isolated as usual, but as in 2(b) without,
distillation, and 10.06 g. was chromatographed. Hexane
eluted 3.08 g. (29%) of presumed crude 2,6-diethylphenyl
isopropylxanthate as oil, 7% 1.5452-1.5730. Benzene eluted
2.64 g. (37%,) of crude XI, m.p. 51-56°, which after reervs-

(36)
Del. This mixture, which fluoresced under ultraviolet light
except in regions containing fairly large amounts of ad-
sorbed product, is similar to one used by J. F. Carson and
F. F. Wong, J. Org. Chem., 22, F725 (1957).

Photo Products Dept,., Du Pont Co., Wilmington,
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tallization (ethanol) amounted to 2.00 g. (28',), m.p. and
mixture m.p. 54-56.5°.

3. Reaction of the o-toluenediazonium salt XIII. The pro-
cedures of 1(c) were duplicated with 10.7 g. of o-toluidine in
lieu of XXIX. The "red oil” left after removal of ether was
partially distilled as in 2(a); yield of VIII, 2.72 g. (36'Ty),
b.p. 44-70° (1-5 mm.) D 1.5354-1.5356. A portion (15.58
g.) of the undistilled residue (16.24 g.) was chromatographed.
Hexane eluted 8.52 g. (42r, ) of o-tolyl ethylxanthate (XV),
Ir,’ 1.6050-1.6139, intermediate fractions of which after
two distillations gave XV, b.p. 89° (0.5 mm.), n25 1.6001.

Anal. Calcd. for CirHI20S>: C. 56.56; H, 5.70; S. 30.20.
Found' C, 56.31; H, 5.77: S, 30.77.

Elution with hexane and then benzene gave 6.57 g.
(50%) of crude bis(o-tolyl) dithiolcarbonate (XIV; m.p.
40-47°) which, recrystallized from ethanol, gave 5.92 g.
(45%) of X1V, m.p. 46-48°; after further recrystallization,
the melting point was constant, 49-49.5°,

Anal. Calcd. for CiHhOS2 C, 65.66; H, 5.14: S. 23.37.
Found: C, 65.73; H, 5.12; S, 23.45.

Continued elution gave only 0.21 g. of gum.

4. Reaction of the benzenediazonium salt XVI. The usual
procedure was followed, as in 1(c), with 18.6 g. of aniline,
but with 21.8 ml. of sulfuric acid and with diazotization
and neutralization at —4°. Partial distillation of the “red
oil” as in 2(a) gave 2.67 g. (18%) of VIII, b.p. 55-72° (3
mm.), 1.5353-1.5358. Of 30.61 g. of undistilled residue,
11.54 g. was chromatographed. Hexane eluted 7.4 g. (50%)
of oily phenyl ethylxanthate (XVIII), n2b 1.6043-1.6267,
which upon distillation gave 5.30 g. (36%) of XVIII, b.p.
92-120° (0.4-0.6 mm.), wD 1.6064-1.6156; recrystalliza-
tion of the less volatile pot residue (1.3 g.) gave 0.3 g. of
phenyl disulfide, m.p. and mixture m.p. 59.5-61° (9% of
phenyl disulfide was obtained in another experiment in which
an attempt was made to separate the products in the “red
oil” by distillation). Fractional distillation of the crude
XVIIl gave material boiling at 110 111° (1.3 mm.), a2
1.6078; reported,¥ b.p. 155° (16 mm.).

Anal. Calcd. for CH,0S2 C, 54.51; H, 5.08: 8. 32.34.
Found: C, 54.82: H, 4.85: S, 31.83.

Elution with benzene then gave 2.8 g. (30%) of crude
phenyl dithiolcarbonate (XVII). Recrystallization from
ethanol left 1.00 g. (11%). m.p. 40 42°; further recrystalli-
zation gave XVII, m.p. and mixture m.p. 41-43° (authentic
XVI1I was prepared in 73% yield using phosgene as described
for IV, m.p. 41-43°).38 Elution finally with ethyl acetate
gave only gum (0.6 g.).

In determining the thermal stability of XVII. it was
heated at 160-170° for 6 hr. with 100% recovery (m.p. and
mixture m.p. 42-43°), and at 304° for 0.5 hr. with 35%
conversion to phenyl disulfide (m.p. and mixture m.p.
58-60°); 85% was recovered (m.p. and mixture m.p. 42.5-
44°) after distillation at 164-170° (0.6-1 mm.).

5. Reactions of the p-methoxybenzenediazonium salt XIX.
So that the reactions of XIX and XXII would be com-
parable, the diazotization of 12.3 g. of p-anisidine was per-
formed much like that in 6, by dissolving it in water (120
ml.) containing sulfuric acid (10 ml.), cooling rapidly in ice-
salt. and adding, in one portion, 35 ml. of a cold solution of
sodium nitrite (6.9 g.) in water (40 ml.); 7 ml. more was re-
quired for a positive starch-iodide test. The neutralized
solution was added to | and the “red oil” was partially
distilled as in 1(c). The yield of VIIT was 151 g. (20%); b.p.
34-38° (1.3 mm.), n261.5355-1.5367.

Chromatography of 7.14 g. of the 18.66 g. of undistilled
residue and elution with hexane gave 3.12 g. (36% )3 of
crude p-methoxyphenyl ethylxanthate (XXI), ?rb6 1.6082-

(37) H. Rivier, Bull. soc. chim. France. (4) 1, 738 (1907).

(38) Reported melting points usually have been in the
range of 41-44° (e.g., D. G. Crosby and C. Xiemann,
Am. Chem. Soc., 76, 4463 (1954), but 63° has been reported
(G. Daccomo; cf. Beihtein’s Handbuch, 6, 312).
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1.6272. Two distillations gave XXI. b.p. 82 84° (0.05 mm )
1.6073.

Anal. Calcd. for CioHiothS;: C, 52.60; H, 5.30; S, 28.08.
Found: C. 52.12: H, 5.46; S, 28.86.

Further elution gave 1.19 g. (20%) of crude bis(p-meth-
oxyphenyi) dithiolcarbonate (XX), m.p. 94-109°; recrystal-
lization (ethanol-benzene) gave 0.72 g. (12%), m.p. 107-
110°, and ultimately XX with a constant m.p. of 110-111°.

Anal. Calcd. for (Y T f C, 58.80; H, 4.60. Found:
C, 59.03; H, 4.65.

Benzene and ethyl acetate eluted only gum (0.5 g.).

To ascertain whether 4,4'-dimethoxybiphenyl might have
been formed, part of the “red oil” was saponified and the
mixture then steam distilled. Xo biaryl was isolated, al-
though biphenyl easily steam-distilled when a sample was
added to the saponification mixture.

6. Reaction of the p-nilrobenzenediazonium salt XXII.
p-Nitroaniline was diazotized4dby dissolving 13.8 g. in water
(60 ml.) and coned, sulfuric acid (15 ml.), adding ice (100
g.), chilling to —3°, and adding in one portion a cold solu-
tion of 7.68 g. of sodium nitrite in water (40 ml.). The mix-
ture was stirred for 15 min., neutralized, and added to |
(2 min.). Instead of immediate evolution of nitrogen and
formation of oil, a bright red solid formed; it persisted for
several seconds and then decomposed with a loud hiss to a
dark oil. Heal, was removed and the, mixture was stirred
for 15 min. (once, the red solid decomposed only during this
period). The ether (and 100 ml. of benzene) extract of the
crude reaction product was washed and dried as usual.
Upon removal of most of the ether and some benzene, 1.17
g (7%) of bis(p-nitrophenyl) dithiolcarbonate (XXIII)
crystallized, m.p. 179.5-184°.

Attempted distillation of a similar reaction mixture at
bath temperatures up to 120°, at which VIII usually
distilled (1 mm.), had given no appreciable distillate. In the
present experiment, distillation of 8.99 g. of the "red oil”
(21.12 g.: obtained as usual after removal of the XXIII
and concentration) did yield 0.70 g. (22%) of VIII, b.p.
44-151° (2-3 mm.). 1.5363: however, the bath tempera-
ture required was 155-197° rather than the usual 125°.

Since this VIII might have been produced by thermal
decomposition, another portion (5.04 g.) of the "red oil”
was chromatographed directly. Hexane eluted 0.36 g. of oil;
this, distilled, yielded material with an infrared spectrum
much like that of VIII but this distillate probably con-
tained little V111 since it lacked three infrared absorption
bands of the VIII and had /rD 1.6250-1.6270.11 Benzene
(150 ml.) then eluted 2.44 g. (42%) of p-nitrophenyl ethyl-
xanthate (XXIV), m.p. 34-56°: recrystallization (ethanol)
gave 1.92 g. (33%), m.p. 47-51° and finally white XXIV
with a constant m.p. 49.5-50°.

Anal. Calcd. for C.H.NOA: C, 44.43; H, 3.73. Found:
C, 44.39; H, 3.80.

(39) Includes XXI from a second chromatogram of a
large end fraction; the second chromatogram also gave
0.97 g. of oil (n2? 1.6483-1.6495), which solidified, and 0.73
g. of a solid, neither of which were studied further.

(40) Ref. 3, p. 6.

(41) If VIII were formed in this Leuc.kart reaction, it
should have been present in this fraction. Since its failure to
form would be exceptional, this part of the experiment was
repeated, but still with inconclusive results. Although dis-
tillation of the hexane effluent from the second reaction un-
questionably gave VIl (17%: b.p. 47-60° (5-6 mm.), n2b
1.5348-1.5352) again high bath temperatures were required
(152-225°). Accordingly, while VIII seems to be a genuine
product of reaction, there is a definite possibility that it is
produced instead by thermal decomposition. p-Xitrophenvl
ethylxanthate (XXI1V) was shown to be thermally stable:
after 6 hr. under nitrogen at 133-135°, 96% was recovered,
m. p. and mixture m.p. 46.5-48°.
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Further elution with benzene gave an intermediate frac-
tion (0.6 g.) and then 0.80 g. (20%) of presumed XXIII,
m.p. ca. 150 178° which upon recryst.allizat.ion from ben-
zene gave 0.68 g. (17%; m.p. 178.5-184°) and finally color-
less X X1l with a constant m.p. 183.5-184.5°; reported,2
174.5°,

(42) W. R. Waldron and E. E. Reid, 3. Am. Chem. Soc.,

45,2403(1923).
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Anal. Calcd. for CIH,N,082 C, 46.42; H, 2.40; S, 19.07.
Found; C, 46.79; H, 2.69; S, 19.00.

Elution with ethyl acetate gave only gum (0.7 g.) and 0.13
g. of a solid (m.p. 160-173°, different from XXIII).

Acknowledgment. The authors are indebted to
the Office of Ordnance Research, U. S. Army, for
generous financial support of this investigation.
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Orientation in Friedel-Crafts Acylations of 6-Substituted Chrysenes

PHILIPPE MABILLE anda N. P. BUU-HOT

Received November SO, 1959

The Friedel-Crafts acylations of 6-ethyl- and 6-benzylchrysene are shown to take place in position 12; in the case of 6-
benzylchrysene and acetyl chloride some disubstitution occurs, to give a diketone whose constitution is shown to be 6-(4'-

acetylbenzyl)-12-acetylchrysene.

Whereas there is abundant prooflthat Friedel-
Crafts reactions with chrysene occur preferentially
in position 6, the orientation in similar substitution
reactions with 6-alkylchrysenes has hitherto not
been investigated. In theory, such reactions should
lead to 12-substituted derivatives, the positions 6
and 12 in the molecule of chrysene being the most
reactive sites in view of their high free valence
index.2 Furthermore, we recently established that
6-ethylchrysene undergoes nitration to give 6-
ethyl-12-nitrochrysene.3

The present work records the results of Friedel-
Crafts acylations of 6-ethylchrysene (I) and 6-
benzylchrysene (11). The aluminum chloride-
catalyzed reaction of benzoyl chloride with (1),
using carbon disulfide as the solvent, had been

studied by Funke and Ristic,4 who obtained a
monoketone whose structure they did not investi-
gate. We now found that this ketone readily under-
went Wolff-Kishner reduction to give a 6-ethyl-x-
benzylehrysene. The same hydrocarbon was ob-
tained when 6-benzylchrysene was submitted to

(1) 8ee, for instance, F. Bergmann and H. E. Eschinazi,
J. Am. Chem. Soc., 65, 1413 (1943); N.P. Buu-Hoi, J. org.
Chem., 19,721(1954).

(2) Dictionary of Values of Molecular Constants (calcu-
lated theoretically by Wave Mechanical Methods), Vol. 1, p.
29 (C. A. Coulson and R. Daudel, eds., Oxford and Paris).

(3) P. Mabille and N. P. Buu-Hoi, J. org. chem., 25, 216
(1960).

(4) K. Funke and J. Ristic, J. prakt. chem., [2] 146,
151 (1936).

acetylation with acetyl chloride and aluminum
chloride and the resulting ketone reduced by the
Wolff-Kishner method. The fact that the same
hydrocarbon was obtained in these two sets of
reactions shows that it was 6-ethyl-12-benzyl-
chrysene (1V), the starting ketones therefore
being, respectively, 6-ethyl-12-benzoylchrysene

(11) and 6-benzyl-12-acetylchrysene (V). These
experimental results confirm those obtained by
Tr-electron density computations as regards the
pronounced reactivity of both positions 6 and 12
in the molecule of chrysene.

It is of interest to note that in the Friedel-
Crafts acetylation of 6-benzylchrysene, small
amounts of a diketone were obtained along with
the monoketone (V). This by-product was found
to be 6-(4'-acetvlibenzyl)-12-acetylchrysene (AT),
as it underwent Wolff-Kishner reduction to a hy-
drocarbon, which could also be prepared in a dif-
ferent way, viz. Friedel-Crafts acylation of 6-
ethylchrysene with p-ethylbenzoyl chloride followed
by reduction of the ensuing ketone, which there-
fore must have been 6-ethyl-12-(4'-ethylbenzoyl)
chrysene (VI11). Hence, the hydrocarbon in ques-
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tion was 6-ethvl-12-(4'-ethvlbenzyl)chrysene (Y-
).

VIl CH,—ch3

ln  the Friedel-Crafts benzoylation of chrysene,

the main product obtained was 6-benzoylchrysene,5
but two isomeric benzoylchrysenes were also formed
in very small amounts. Because of the poor yields
of these isomers, no structure determinations
could be made, but, by analogy with Carruthers’
findings in respect to the acetylation of chrysene6
(he obtained small quantities of 2- and 3-acetyl-
ehrysene along with the G-isomer), the two new
benzoylchrysenes were most likely 2- and 3-
benzoylchrysene.

EXPERIMENTAL

Benzoylation of chrysene. The following procedure was an
improvement on the method described by Funke and
Miller5 for the preparation of 6-benzoylchrysene. To a sus-
pension of 22.8 g. of pure chrysene in 1000 ml. of dry carbon
disulfide containing 20 ml. of benzoyl chloride, 16 g. of
finely-powdered aluminum chloride was added in small por-
tions with stirring, during 10 min.; the mixture was left for
14 hr. at room temperature, then refluxed for 4 hr. After
decomposition with ice and hydrochloric acid, and addition
of ca. 1000 ml. of methylene chloride, the organic layer was
washed with water and filtered. Evaporation of the solvents
left a brownish semicryst.alline mass, which was washed
several times with hot water in order to dissolve the benzoic
acid; this residue was recrystallized first from toluene, then
from benzene-ethanol, to furnish 225 g. (62% yield) of
6-benzoylchrysene, shiny cream-colored leaflets, m.p. 192°
(lit,.,5m.p. 191°), giving a blood red coloration in sulfuric
acid.

Concentration of the mother liquors from the second
crystallization yielded 5 g. of leaflets, m.p. 185-190°. Frac-
tional crystallization of this portion from toluene afforded
2 to 3 g. of 6-benzoylchrysene, along with 0.1 to 0.2 g. of
x-benzoylchrysene, which crj'stallized from acetic acid in
almost colorless needles, m.p. 256° (sublimation above
240°), whose solutions in sulfuric acid were deep red, rapidly
turning orange-brown.

(5) K. Funke and E. Miller, 3. prakt. Chem., [2] 144,

242(1936).
(6) W. Carruthers, 3. chem. Soc., 3486 (1953).
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Anal. Calcd. for ClHlI,50: C, 90.3; H, 4.9; O, 4.8. Found:
C,90.1;H, 5.0; 0,5.0.

The residue from evaporation of the first mother liquors
was submitted to fractional recrystallization, first from
acetone, then from acetic acid, to give 0.1 g. of y-benzoyl-
chrysene, cream-colored leaflets, m.p. 224°, whose solutions
in sulfuric acid were brown-yellow.

Anal. Calcd. for CjsH"O: 0, 90.3: H, 4.9. Found: C, 90.2;
H, 4.7.

Preparation of 6-benzylchrysene (I1). Reduction of 6-
benzoylchrysene was effected more conveniently by the
Wolff-Kishner than by the Clemmensen method.6 A mix-
ture of 9 g. of 6-benzoylchrysene, 9 g. of 98% hydrazine
hydrate, and 350 ml. of diethvlene glycol was refluxed for 7
hr. with 9 g. of potassium hydroxide; after cooling, dilute
hydrochloric acid was added, and the precipitate was re-
crystallized from acetone, giving 5.2 g. (61% yield) of long
colorless needles, m.p. 202-203°; lit.,6m.p. 200°.

Benzoylation of 6-ethylchrysene. 6-Ethylehrysene was pre-
pared according to the literature.3To a solution of 5 g. of
6-ethylchrysene and 7.5 ml. of benzoyl chloride in 100 ml. of
carbon disulfide, 5 g. of aluminum chloride was added with
stirring, during 15 min. The mixture was left for 14 hr. at
room temperature, then refluxed for 2 hr., and worked up
as in the case of chrysene. The reaction product was crys-
tallized, first from ethanol, then from ethanol-acetone, to
yield 3.6 g. (50%) of 6-ethyl-12-benzoylchrysene (I11), fine
yellow needles, which melted at 134°, then resolidified, to
melt anew at 147-149° (lit.,4m.p. 130°); the coloration in
sulfuric acid was cherry red.

Anal. Calcd. for CYTTnO: C, 90.0; H, 5.6. Found: C,
89.8; H, 5.6.

6-Ethyl-12-benzylchrysene (IV). Reduction of 1.3 g. of the
foregoing ketone was effected with 1.3 g. of hydrazine hy-
drate and 1.3 g. of potassium hydroxide in 50 ml. of di-
ethylene glycol in the usual way. The yield was 0.8 g. of a
hydrocarbon, crystallizing from ethanol-acetone in silky
colorless needles, m.p. 169-170°.

Anal. Calcd. for C-MU: C, 93.6; H, 6.4. Found: C, 93.7;
H, 6.4.

Acetylation of 6-benzylchrysene. TO a solution of 15 g. of
6-benzylchrysene and 60 ml. of acetyl chloride in 600 ml. of
carbon disulfide, 15 g. of aluminum chloride was added in
small portions with stirring, during 20 min., and the mixture
then treated as above. After decomposition with ice and
hydrochloric acid, the solvent was distilled, and the residual
brown crystalline mass (19 g.) was extracted with cyclo-
hexane (2000 ml.). Concentration of the cyclohexane solu-
tion to 50 ml. yielded a precipitate which was recrystallized
from ethanol, giving 6-benzyl-1é-acetylchrysene (V) (0.5 g.),
pale yellow needles, m.p. 164-165°, whose solutions in sul-
furic acid were orange-vellow.

A?ial. Calcd. for C,,HZO C, 90.0; H, 56. Found: C,
89.9; H, 5.6.

The residue from the extraction with cyclohexane was
taken up in acetone: evaporation of the acetone left a com-
pound which was recrystallized several times from benzene
and from benzene-acetone, to give 6-(4'-acetylbenzyl)-12-
acelylchrysene (V1) (4 g.), cream-colored needles, m.p.
226-227°, whose solutions in sulfuric acid were orange-
vellow.

Anal. Calcd. for C,,HZD 2 C, 86.5; H, 5.5; 0, 8.0. Found:
C, 86.3; H, 5.5; O, 8.0.

Reduction of 6-benzyl-12-ace.lylchrysene. Wolff-Kishner
reduction of 0.3 g. of this ketone was effected in the usual
way, giving a hydrocarbon (0.1 g.) which crystallized first
from ethanol, then from acetone, in colorless needles, m.p.
169-170°, identical with compound TV (no depression in
mixed melting point).

Reduction of 6-{4,-acetylbenzyl)-12-acetylchrysene. This re-
duction, performed with 0.8 g. of the diketone (V1), yielded
6-ethyl-12-{4-ethylbenzyl)c.hrysene (VIII), crystallizing from
et.hanol-acptano in siky-colarifiss.needles (0.6 g.), m.p. 179-
180°.
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Anal. Calcd. for CEH2ZB C, 93.0; H, 7.0. Found: C, 93.2;
H, 6.8.

6-Ethyl-12-(4'-ethylbenzoyl)chrysene (VII). To a solution
of 5.2 g. of 6-ethylchrysene and 5 g. of p-ethylbenzoyl chlo-
ride in 80 ml. of carbon disulfide, 4.5 g. of aluminum chloride
was added, and the mixture treated in the usual way. The
resinous mass obtained was taken up in cyclohexane, and
concentration of the cyclohexane solution yielded crystals,
which were recrystallized from ethanol-acetone to give
4.4 g. (56%) of colorless leaflets, m.p. 113-114°, whose
solutions in sulfuric acid were raspberry red.

Anal. Calcd. for C2H,80: C, 89.7; H, 6.2; 0, 4.1. Found:
C, 89.6; H, 6.2;0,4.4.
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Wolff-KiBhner reduction of this ketone (1.7 g.) afforded a
hydrocarbon (1.2 g.), m.p. 179-180°, identical with com-
pound VIII.
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The Elbs Reaction of 6-(o-Toluoyl)chrysene and Similar Ketones
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The Elbs reaction of 6-(o-toluoyl [chrysene has been investigated, and found to give rise predominantly to 15-oxatribenzo
[a,e,jk] pyrene, with small amounts of benzo[a)naphtho[ 1,2-ma]anthracene; similar compounds were obtained from the

pyrolysis of 6-(2,4-dimethylbenzoyl[chrysene.

In view of the pronounced carcinogenic activity
of many hexacyclic aromatic hydrocarbons,1la sys-
tematic investigation of other members of that
group is being undertaken in this laboratory.
Benzo[a]naphtholl,2-a]Janthracene (1), a hexacyclic
derivative of chrysene, was included in this re-
search, and a method for its preparation is reported
here.

The most direct route to | was the cyclodehydra-
tion of 6-(o-toluoyl)chrysene (11). This ketone could

be readily obtained by Friedel-Crafts acylation of
chrysene with o-toluoyl chloride, along with an iso-
meric ketone which, on grounds of analogy with the
acetylation of chrysene,2 could possibly be 2-
(o-toluoyl) chrysene.

However, the pyrolysis of ketone Il yielded only
very small amounts of the expected hydrocarbon I,
the main product of the reaction consisting of 15-
oxatribenzo [a,e,jk]pyrene (l111). This compound
had previously been identified by Clar and Kelly3
as one of the several products of an Elbs reaction
performed on a crude noncrystalline mixture of ke-
tones obtained from the Friedel-Crafts reaction of

(1) A. Lacassagne, N. P. Buu-Hoi', andF. Zajdela, com.pt.
rend.., 245, 876, 991 (1957); 246, 1156 (1958).

(2) W. Carruthers, 3. chem. soc., 3486 (1953).

(3) E. Clar and W. Kelly, 3. chem. Soc., 4163 (1957).

o-toluoyl chloride with chrysene. Those investiga-
tors attributed the formation of this oxygen hetero-
cycle to the air-oxidation undergone by the hydro-
carbon | during the pyrolysis. In view of the recent

observation of one of the present authors4 on the
ease with which compound V is converted into com-
pound VI by zinc dust distillation, and of the sta-
bility of the hydrocarbon | toward heat and air, we
prefer to consider that compound 111 is formed from
the intermediary anthrol 1V, this anthrol arising

from ketone Il through rearrangement. Both the
formation of anthrols and the occurrence of sim-

ilar rearrangements have been reported in the liter-
ature.5

(4) G. C. Barrett and N. P. Buu-Ho', 3.
2946(1958).

(5) J. W. Cook, 3. chem. Soc., 487 (1931); 1472 (1932); L.
F. Fieser and E. Hershberg, 3. Am. Chem. Soc., 62, 1640
(1940).

Chem. Soc.,
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Fig. 1 Ultraviolet absorption spectra of methylated
and non-methvlated benzo [a] napht.ho[l,2-a] anthracene

Support is given to this interpretation by the
study of the Elbs reaction of 6-(2,4-dimethylben-
zoyl)chrysene (VI1). This ketone, readily obtained

by a Friedel-Crafts acylation of chrysene with 2,4-
dimethylbenzoyl chloride, likewise gave on pyroly-
sis mostly a methyl-15-oxatribenzo[a,e,jk]pyrene,
and only small amounts of the expected 12-methyl-
benzo[a]naphthol[l,2-a]anthracene. If no rearrange-
ment were to occur during the Elbs reaction, the
methyl group in both compounds should be located
in position 13, or, if rearrangement does occur, in
position 12. The ultraviolet absorption spectra of
these two methyl compounds closely resemble that
of their nonmethylated counterparts, as is shown in
Figs. 1and 2.

In the Friedel-Crafts acylation of chrysene with
o-toluoyl chloride, three isomeric diketones could
be obtained when the proportion of the acid chlo-
ride was increased to two moles per mole of chry-
sene. A similar reaction using 2,4-dimethylbenzoyl
chloride yielded two isomeric diacylation products,

HLXACYCLIC AROMATIC HYDROCARBOYS
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Fig. 2. Ultraviolet absorption spectra of methylated
and non-methvlated 15-oxatribenzo[a,e,jk]pyrene

one melting at 233°, the other at 282°; the Elbs
reaction performed on the isomer, m.p. 233°, af-
forded a hydrocarbon, m.p. 372°, whose constitu-
tion could not be established.

EXPERIMENTAL

o-Toluoylation of chrysene. TO a solution of 22.8 g. of pure
chrysene and 35 g. of o-toluoyl chloride in 1000 ml. of dry
carbon disulfide, 30 g. of finely powdered aluminum chloride
was added during 10 min., with stirring. The brown-red mix-
ture obtained was gradually brought to the boil and refluxed
for 3 hr. After decomposition with ice and hydrochloric acid,
400 ml. of carbon disulfide was added, and the organic layer
was washed with 3% aqueous sodium hydroxide, then with
water, and dried over calcium chloride. The residue from
evaporation of the solvent was taken up in 500 ml. of hot
ethanol, and the insoluble fraction (26 g.) was added to the
crystals obtained on cooling of the ethanolic phase and re-
crystallized several times from ethanol-benzene. The vyield
was 20 g. (58.877) of 6-(o-lohwyl)chrysene (Il) as fine color-
less needles, m.p. 194°, giving an orange-red coloration in
sulfuric acid.

Anal. Calcd. for CBHIgO: C, 90.1; H, 5.2; O, 4.6. Found:
C, 90.1; H, 55; O, 4.6. From the mother-liquors, a very
small quantity (0.1 g.) of an isomeric ketone, possibly 2-(o-
toluoyl)chrvsene, could be isolated, and -was recrystallized
from ethanol-benzene in colorless leaflets, m.p. 230°, giving
a brown-yellow coloration in sulfuric acid.

Anal. Calcd. for CH,g0: C, 90.1; H, 5.2. Found: C, 89.8;
H, 5.2.

Elbs reaction of ketone Il. Eleven grams of the foregoing
ketone was refluxed for 30 min., and the reaction product
vacuum-fractionated, giving a pale yellow, low-boiling resin
A (6.5 g.), and a brown-red, higher-boiling resin B (1.5 g.).
Fractional crystallization of A from benzene furnished the
less soluble compound 11l (1 g.), orange-yellow needles,
m.p. 290-293°. Vacuum sublimation afforded the pure
compound in the form of shiny yellow needles, m.p. 296°,
giving a raspberry red coloration in sulfuric acid. Clar and
Kelly3reported m.p. 288-289° for this compound.

Anal. Calcd. for CEHW: C, 91.2; H, 4.1; O, 4.7. Found:
C, 91.4; H, 4.3; O, 4.6. Crystallization of fraction B from
toluene gave a further crop (0.4 g.) of this compound.
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Concentration of the benzene mother-liquors gave (1)
chrysene (I g.), and (2) a resin which was recrystallized
from methyl ethyl ketone to form benzol\aJnaphtno[l,2-a]-
anthrarene (I), colorless needles (50 mg.), m.p. 193° giving
no coloration in sulfuric acid. Beyer and Richter,6 who pre-
pared this hydrocarbon bv a different method, reported
m.p. 185-186°.

Di-o-toluoylation of chrysene. A solution of 22.8 g. of chry-
sene and 35 g. of o-toluoyl chloride in 1000 ml. of carbon
disulfide was treated with 40 g. of aluminum chloride and
the mixture left for 2 days at room temperature, then re-
fluxed for 150 min. After decomposition with ice aid hydro-
chloric acid, 1000 ml. of methylene chloride was added, and
the organic layer treated in the usual way. The residue from
evaporation of the solvent was a brown amorphous mass,
which was treated with 100 ml. of hot acetone. The crystals
that formed after cooling in the refrigerator were submitted
to fractional recrystallization from methy ethyl ketone, to
yield first a portion (5 g.) melting at about 250°, which,
after a second recrystaliization, formed p de yellow prisms
of a di-o-toluoylchrysene, m.p. 256°, giving a brown-red
coloration in sulfuric acid.

Anal. Calcd. for CAFF*O.: C, 87.0; H, 5.4; O, 7.1. Found:
0, 87.8; H, 5.3; O, 7.0.

A second, more soluble di-o-toluoylchrysfne (1 g.), was re-
crvstallized from methyl ethyl ketone, then from acetic acid,
in fine, cream-colored needles, m.p. 231°, giving an orange-
yellow coloration in sulfuric acid.

Anal. Oalcd. for CjjHjjO« O, 87.6; H, 5.4; (), 7.1. Found:
C,87.7; H,5.4; 0, 6.9.

A third isomeric di-o-toluoylchrysene (5 @.), the most
soluble of the three, was recrystallized from benzene to give
colorless prisms, m.p. 213°, whose coloration in sulfuric acid
was likewise orange-yellow.

Anal. Qalcd. for (%Bn0O?: C, 87.6; H, 5.4; O, 7.1. Found:
0, 87.9; H, 5.3:0, 6.9.

Jfonoacylation of chrysene with 2,4-dimeth t/Ibenzoyl chloride.
A mixture of 22.8 g. of chrysene, 33.7 g. of 2,4-dimethyl-
benzoyl chloride, and 760 ml. of carbon disulfide was treated
with 26.7 g. of aluminum chloride; after a 22-hr. stand at
room temperature, the mixture was refluxed for 1 hr., then
treated in the usual way. A resinous product was obtained
which on crystallization first from methyl ethyl ketone, and
then from acetic acid yielded (i-{2.4-dimethylbenzoyl chrysene
(V11t, colorless needles (16.5 g.), m.p. 146°, whose coloration
in sulfuric acid was crimson.

Anal. Calcd. for CZHA0: C, 89.9; H, 5.6. Found: C, 89.5;
H, 5.6.

Pyrolysis of compound VII. This operation was performed
on 9 g. of the ketone, as for ketone II, to furnish a lower-

(6) H. Beyer and J. Richter, Per., 73, 1319 (1940)
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boiling portion (0.7 g.) which was identical with chrysene,
and a higher-boiling, vitreous product (5.2 g.) which was
recrystallized several times from toluene, giving 0.7 g. of 12-
or Id-methyl-15-0.mlIribenzo [a.e,jk\pyrene, stumpy yellow
needles, m.p. 244°, whose coloration in sulfuric acid was
chocolate brown.

Anal. Calcd. for C2ZH®: C, 91.0; H, 4.5. Found: C,
91.0; H, 4.7.

From the mother-liquors, 0.13 g. of a 12- or 13-melhyl-
benzo[a]naphlho\l,2-a]Janthracene Was isolated; this hydro-
carbon was recrystallized from hexane to afford fine colorless
needles, m.p. 226°, giving no coloration in sulfuric acid.

Anal. Calcd. for C«<HIS: C, 94.7; H, 5.3. Found: C, 94.8;
11,5.1.

Diacylation of chrysene with 2,4-diniethythenzoyl chloride.
A mixture of 19 g. of chrysene, 23 g. of 2,4-dimethvibenzoyl
chloride, and 650 ml. of carbon disulfide was treated with
22 g. of aluminum chloride; after a 2-day stand at room
temperature, followed by 2 hr. refluxing, the reaction mix-
ture was worked up in the usual way. The product was a vis-
cous resin which crystallized on trituration with methyl ethyl
ketone. The solid thus obtained (10.3 g.) was treated with
550 ml. of acetic acid, leaving an insoluble residue which
was recrystallized from benzene, to give a first di-(2,4-di-
nielhylhenzoyl)chrysene (1.9 g.), yellowish prisms, m.p. 282°,
with a crimson coloration in sulfuric acid.

Anal. Calcd. for C3H802 C, 87.8; H, 5.7. Found: C,
87.3; H, 5.8.

From the benzene mother-liquors, the more soluble
isomeric di-(2,4-dimethylbenzoyl)chrysene was isolated, and
recrystallized first from ethanol, then from acetic acid. The
yield was 6 g. of fine yellowish prisms, m.p. 233°, with an
orange-red coloration in sulfuric acid.

Anal. Calcd. for ClB+02 C, 87.8; H, 5.7. Found: C,
87.5; H, 5.8.

The Elbs reaction performed on this last diketone (4.5
g.) yielded an octacyclic hydrocarbon which crystallized from
toluene in almost colorless leaflets (0.4 g.), m.p. 372°. That
this hydrocarbon is almost colorless and gives no halo-
chromism in sulfuric acid suggests that it does not contain
a naphthaeene arrangement in its molecule.

Anal. Calcd. for GMH18: C, 94.7; H, 5.3. Found: C. 94.6;
H, 5.3.
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The application of the Mannich reaction to 7-hydroxychromones and flavones, which gives rise to the corresponding 8-
aminomethyl derivatives, is described. Experimental proof of the position taken by the aminomethyl group is given. These
derivatives act as powerful central nervous system stimulants, especially on the brain stem, and have a cardiokinetic and
hypertensive action. The central nervous system stimulating activity of many of these compounds proved to be consider-
ably greater than that of pentamethjdentetrazol, which was taken as the standard.

Previous researchI2on the chromone and flavone
groups led to the discovery of a new class of power-
ful central nervous system stimulants: the Arssuli-
stituted 7-methoxy-8-aminomethyl derivatives.
Pursuing this line of research, we prepared some
Mannich bases starting from 7-hydroxychromones
and flavones, substituted in the 2 and 3 positions,
in order to extend the pharmacological investiga-
tion to derivatives with a free phenolic hydroxy
group and to compounds not attainable by the pro-
cedure hitherto used.Z3

The application of the Mannich reaction to phe-
nolic compounds is well known.46 Wiley6tried it on
the benz-substituted (including 7-methoxy) but
2,3-unsubstituted chromones; however, as far as
we know, it has not been applied to 7-hydroxy-
chromones and flavones. The conventional pro-
cedure was used, be., condensation of the phenolic
derivatives with formaldehyde and a secondary
base such as dimethyl- or diethylamine, piperidine,
or morpholine, in ethanol :

chZrhci
R2= CH3 C.H,, CtH5
Ib = H CH3CA
R = N(CH32 Xian,,),

The products were isolated as hydrochloride salts.
The position of the introduced aminomethyl

group can be predicted on the basis of Rangaswami

and Seshadri’s work.7These authors, using the Clai-

(1) P. Da Re, L. Verlicchi, I. Setnikar, W. Murmaim, and
M. J. Magistretti, Nature, 184, 362 (1959).

(2) P. Da Re, L. Verlicchi, and I. Setnikar, Arzneinvitlel-
Forsch., 10, (1960), in press.

(3) P. Da Re, and L. Verlicchi. Ann. Chim. (Rome), 46,
904(1956).

(4) F. F. Blicke, onj. Reactions, 1, 314 fl942).

(5) Houben-Weyl, Methoden der Organischen Chemie, VOl.
X1/1, George Thieme Verlag, Stuttgart, 1957, p. 755.

(6) P. F. Wiley, 3. Am. CITOn. Soc., 74, 4326 (1952).

sen rearrangement on 7-allyloxyflavones, found
that there was a peculiar distribution of aromatic
double bonds in 7-hvdroxyflavones, similar in every
respect to that of /3-hydro.xynaphthalcne, and such
as to render the 8- position more reactive, as shown
by the fact that they obtained 8-allyl derivatives.

Indeed, the Mannich reaction led to the 8-amino-
methyl derivatives, as shown by the following series
of reactions, limited to 8-dimethylaminomethyl-7-
hydroxy-2,3-dimethylchromone (). The same be-
havior was exhibited by the analogous flavone deriv-
ative (see Experimental).

.R = H, X = CH,X(CH3),

' R =H X = CHO

IfR=H X =H

IV.R = H, X = OH

V. R = CHXO, X = CHDOCCH3
VI. R=H: X = CHOH

VII. R=H; X=CHJsf_y ; CHN A0

Vili. R = CH3 X = CHO

IX. R = CH3 X = OH-OH
X.R=CH3X = ch,0occii3

Compound |, by boiling with acetic acid in
the presence of hexamine, was converted into
the 8-aldehydo-derivative (I1), also obtainable
by the Duff reaction from 7-hydroxv-2,3-dimethyl-
chromono (I11). The oxidation of 11, following the
Dakin modification of the Bayer-Williger proce-
dure,8led to the corresponding 7,8-dihydroxy com-
pound (IV), already described by Robertson el al.9

By boiling | with acetic anhydride using the Tif-
feneau procedureD for (cri-benzylamines, the di-
methylamino group could be replaced by the ace-

(7) S. Rangaswami and T. R. Seshadri, Proc. Indian
Acad. Sci., 9A, 1,7 (1939).

(8) C. H. Hassal, org. Reactions, 9, 73 (1957).

(9) F. W. Canter, A. R. Martin, and A. Robertson, J -
Chem.Snc., 1877(1931).

(10) M. rilTeno.au and K. Fuhrer, Bull. soc. chim. France,
15, 162(1914).
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toxy group, thereby yielding V, also obtainable by
acetylating VI. The catalytic reduction of Il (hy-
drogen on platinum at atmospheric pressure) led
to the 8-hydroxymethyl derivative (VI) and the
same course of the hydrogenolysis was observed
with  the  8-formyl-7-hvdroxy-3-methylflavone
(X1).

For an analogous compound, i.c., the 8-formyl-7-
hydroxy-3-methoxyflavone (XI1), Rangaswami and
Seshadri7obtained the 8-methyl derivative, as was
to be expected if the reaction analogy between 7-
hydroxyflavones and ,8-naphthol could be extended
to the formyl derivatives; indeed, I-formyl-2-hy-
droxynaphthalene is hydrogenolyzed to the 1-
methyl-2-hydroxy derivative.ll

The different behavior of 11 and X1 as compared
with X11 could, perhaps, be attributed to the sub-
stituent in the 3-position, considering the influence
exerted by a 2- or 3-substituent on the reactivity of
the positions of the aromatic ring. Kelkar and Lim-
ayel have shown that an acyl group in the 3-
position of 7-benzoyloxy-2-methylcnromone exerts
an inhibitive influence on the Fries rearrangement,
and one of usBhas also noted that the nitration of
some chromones takes a different course if an alkyl
group is in the 2-position.

The reaction analogy, on the other hand, was ob-
servable between the products we have described
and the /3-naphthol Mannich bases: in both cases it
was possible, with the amine exchange reaction, to
substitute a secondary base such as piperidine or
morpholine for the dimethylamino group (VII) us-
ing the Snyder and Brewster procedure.’4 The
methylation of Il gave the 7-methoxy derivative
(VIII), the reduction of VIII yielded 8-hydroxy-
methyl-7-methoxy-2,3-dimethylohromone (1X),
which was then acetylated to X. The mixture melt-
ing points of I1X and X with authentic samples of
the identical products obtained by another proce-
dure as described earlier,3did not show depression.

As Rangaswami and Seshadri observed7 in con-
nection with the distribution of the aromatic double
bonds in 7-hydroxyflavones, the 6-position also can
become reactive. In fact, by carrying out the Man-
nich reaction on 7-hydroxy-2,3-dimethylchromone
using two moles of piperidine and two moles of form-
aldehyde, the 6,8-dipiperidinomethyl derivative
was obtained.

The compounds prepared and their pharmacologi-
cal activity are summarized in Table 1.

Pharmacological acknowledgment. The Arsub-
stituted 7-hydroxy-8-aminomethylchromones and
flavones, like their 7-methoxy analogues, exert an
intense stimulant action upon the central nervous
system, probably at brain stem level. Administered

(11) A. Windaus and H. Schiele, Ber., 56, 846 (1923).

(12) G. R. Kelkar and D. B. Limaye, Rasayanam, 1, 183
(1939).

(13) P.DaRe, Farmaco (Pavia) Ed. sci., 11,662 (1956).

(14) H. R. Snyder and J. H. Brewster, ./. Am. Chcm.
Sue., 70,4230(1948).
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in adequate doses by oral or parenteral route to
mice, rats, rabbits, cats, or dogs, they cause clonic
convulsions, followed by maximal tonic extension
seizures. The general toxic picture is very similar to
that induced by pentamethylentetrazol.

Although generally less active than their 7-meth-
oxv analogues, some of the derivatives under ex-
amination were quite interesting. For example, the
3-methyl-7 - hydroxy - 8 - dimethylaminomethylfla-
vone (compound 21) is about nine times more active
than pentamethylentetrazol, 2-ethyl-3-methyl-7-
hydroxychromone (compound 9) about eight times
more active, and the 2,3-dimethyl analogue (com-
pound 1) is seven times more active than this well
known bulbar stimulant. Furthermore, almost all
these new derivatives, if administered intravenously
in doses equivalent to a .1 to .05 of their intraperi-
toneal 146 exert pronounced and prolonged
hypertensive and cardiokinetic effect. In addition,
they have an intense respiratory stimulant action.
This latter action together with the hypertensive
and central nervous system stimulant actions
should mean that these substances are indicated in
cases of severe depression of the central nervous
system, such as after barbiturate poisoning. In fact,
mice intoxicated with lethal doses of pentobarbital
survive if they are treated with these stimulants.
A more detailed report on the pharmacology of these
derivatives will be published elsewhere.155

EXPERIMENTAL

To exemplify the synthesis of the products of Table I,
we shall describe the synthesis of 8-dimethylaminomethyl-7-
hydroxy-2,3-dimethylchromone hydrochloride.

8-Dimeihylaininomethyl-7-hydroxy-2,3-dimethylchromone-
hydrochloride (I). To nine grams of 7-hydroxy-2,3-dimethyl-
chromone in 300 ml. of ethyl alcohol, 5.5 ml. of 40% di-
methylamine, and 5 ml. of formalin were added and the
mixture was refluxed for 5 or 6 hr. After cooling, the mixture
was acidified with alcoholic hydrochloric acid, concentrated,
and again cooled until a precipitate formed. The solid was
filtered and purified on crystallization from alcohol. The
white crystalline product, so obtained, weighed 6.3 g. and
melted at 213-214°.
8-Formyl-7-hydroxy-2,3-dimelhylchromone (I1). Two grams
of 8-dimethylaminomethyl-7-hydroxy-2,3-dimethylchro-
mone and 2 g. of hexamine in 20 ml. of glacial acetic acid
were refluxed for 1 hr. The reaction mixture was poured
into ice water-hydrochloric acid mixture and left to stand
overnight. The solid which separated was filtered, washed
with water, and dried. The crude product on crystallizing
from 40% acetic acid gave 0.3 g. of light yellow solid, m.p.
184-186°.

Anal. Calcd. for C2HX04: C, 66.05; H, 4.62. Found: C,
66.23; H, 4.77.

A mixture melting point with a sample of the same prod-
uct, prepared by the Duff reaction on 7-hydroxy-2,3-di-
methvichromone, was not depressed.

7,8-Dihydroxy-2,3-dimethylchromone (IV). 8-Formyl-t-hj--
droxy-2,3-dimethylchromone (I1) (0.8 g.) and 40 ml. of
0.DV sodium hydroxide, were diluted with water to 100 ml.
and 29.6 ml. of 4.9% hydrogen peroxide were added, while
stirring, in the course of half an hour. The mixture, after

(15) I. .Sotnikar, W. Murmann, M. J. Magistretti, and
F. Da Re, J. Pharmacol, expit Ther., 128, 176 (1960).



JULY 1960

JV-SIBSTITUTKI» 7-H yDROXY-8-AmINOMETHYL(;iIKOMONES AND F 1aVONE!

2

0-5 b

T A 1984 T19q 7749 Cﬁ[qc‘q g

Oohoaesd

MANNICH REACTION ON* I-HYDROXYCHROMOX ES

O OPBYE P td Px B® oo 8

00 xftTto *m w*to xf xf xf to X¥xf X xf ¢

T EBY M wox¥Bo Be o

tO IOXF * 1O xf xfthfxfi(to Xfxr X xr xf

PREG Y et st {8 A
Qé@*ﬁHﬁ %; § HR%k

xci-at- ©x <
iC O ifl I----

MOCO- ~CMHi~ I0i0OW-r 0&A A

8448 alingd LAKEEH: «
KPERECah, * BiLHs )

A

iO
N2Y0 f°0) ~ €O O
w
d

AA AAAA AAAA AAAAA AAA A

BSSSasa s i3
000ODDDDDDDDDDDDO: u

ii!Xr"O8*0«'NCO"»0®NXCi8|

to O Cc XX
XXTR @O X X X

%%ﬁ(%x 1—2F|H

i X CM O Cl Clo O

O B B
0 t‘-QQDXGDtoxf

H—X —X X

©|8>_ © —ox

AAAAAAAAA
adq9q9qqgqqq

sa"aa"aa"aabB
ODDOODDwD

S bbic % e

itRiscouR

=) 00
7B3 - BB
id DO
q Id][qq'

w
q
AAAAAAAA

BSEasasa
dddddddd -

ol @ RN H

“dw">n

1099



1100 DA UK, VKKLICCHI,

stirring again for 1 hr., became dark and a solid separated.
Acidification with dilute hydrochloric acid, completed the
precipitation of the product, which was then filtered, washed
with water, and dried. Crystallization of the crude product
from 70% acetic acid afforded a white crystalline solid, m.p.
230-231°.

Anal. Calcd. for CnHidOj: C, 04.07; H, 4.89. Found: C,
04.13; H. 4.89.

The djacetate was a white crystalline solid, m.p. 149-150°.
A mixture melting point of (IV) with an authentic sample
of 7,8-dihydroxy-2,3-dimethylchromonc, prepared according
to Robertson el al.,9was not depressed.

8-, lcctoxyme(hyl-7-acetoxy-2,3-dimethylchromone (V). One
gram of 8-dimethylaminomethyl-7-hydroxy-2,3-dimethyl-
chromone (1) and 1 g. of anhydrous sodium acetate in 15
ml. of acetic anhydride were refluxed for 2 hr. The reaction
mixture was poured into ice water and left to stand over-
night. The solid which separated was collected on filtration,
washed with water, and dried. On crystallizing from ligroin
the yield was 0.8 g. of white product, m.p. 127-129°.

Anal. Calcd. for CieH#®0 6 C, 03.15: H, 5.31. Found: C,
03.15; H, 5.10.

8-Hydroxymelhyl-7-hydroxy-2,3-dimelhylchromone (VI). A
solution of 11 g. of 8-formyl-7-hydroxy-2,3-dimethylchro-
mone (I1) in 150 ml. of absolute ethanol, with 0.15 g. of
platinum oxide, was hydrogenated at atmospheric pressure
until absorption ceased. The catalyst was removed by filtra-
tion and the filtrate was evaporated to dryness. The crude
product (1.1 g.) on crystallizing from ethanol gave a white
crystalline solid with no sharp melting po:nt.

Anal. Calcd. for CijHiAh: C, 65.45; H, 5.49. Found: C,
65.27; H, 5.60.

The diacelate was prepared from VI by boiling with acetic
anhydride as a white crystalline solid, m.p. 127-129°. A
mixture melting point of this diacetate with a sample of
V was not depressed.

Anal. Calcd. for CisHisOe: C, 63.15: H, 5.31. Found: C,
63.16; H, 5.23.

8-Formyl-7-methoxy-2,3-dimethylchromone (VII1). A mix-
ture of 218 g. of 8-formyl-7-hydroxy-2,3-dimethvichro-
mone, 00 ml. of anhydrous acetone, 3 g. of anhydrous po-
tassium carbonate, and 1.5 g. of methyl sulfate was boiled
for 8 hr., cooled, filtered, and the solid washed with hot
acetone. Removal of acetone left a residue which on crys-
tallizing from ethanol, 95°, gave 0.8 g. of 7-met,hoxy de-
rivative, m.p. 176-178°.

Anal. Calcd. for CMHiAh: C, 67.24; H 5.21. Found: C,
67.45:11,5.44.

8-Hydroxymethyl-7-melhoxy-2,3-dimethylchromone (I1X). A
solution of 116 g of 8-formyl-7-methoxy-2,3-dimethyl-
chromone (VIII) in 150 ml. of ethanol was hydrogenated,
at atmospheric pressure, over 0.1 g. of platinum oxide cata-
lyst until absorption ceased. After removal of the catalyst,
the filtrate was concentrated to dryness and the crude
product was crystallized from ethanol as a white crystalline
powder, m.p. 188.5-189.5°.

Anal. Calcd. for CisHhOj: C, 66.64; H, 6.01. Found: C,
66.46; IT, 5.80.

The, acetate (X) was prepared from IX by boiling with
acetic anhydride as white crystals from ligroin, m.p. Kifl-
Itilo.

Anal. Calcd. for C-iHUO»: C, 65.20; H, 5.84. Found: C,
65.31; 11. 5.57.

AND SETNIKAU VOE. 25

The mixture melting (joints of IX and X with the corre-
sponding samples of the same products obtained by another
procedure as described earlier,3 were not depressed.

8-Aceloxymelhyl-7-acetoxy-3-melhylflavone. One gram of
compound 21 (see Table I) with the same reactions as V,
gave 0.8 g. (from ligroin) of diacetoxy derivative, m.p.
117-119°.

Anal. Calcd. for Calli®6: C, 68.83; H, 4.96. Found: C,
69.10: H, 5.24.

8-Hydroxymethyl-7-hydroxy-3-melhylflavone (XII). A 1.4-g.
sample of 7-hydroxy-8-formyl-3-methylflavone with the
same reactions as VI, gave 11 g. (from ethanol) of XIlI,
m.p. 183-185° dec.

Anal. Calcd. for CnHuOi: C, 72.33; H, 5.00. Found:
C, 72.16; H, 5.31.

The diacetate was prepared as a white crystalline solid
from ligroin, m.p. 118-119°. A mixture melting point with
the same product obtained from compound 21 (see Table I)
was not depressed.

8-Formyl-7-hydroxy-3-methylflavone (XI). Three grams of
compound 21 (see Table 1), with the same reactions as I,
gave 15 g. (from dilute acetic acid) of the formyl derivative,
m.p. 156-157°.

Anal. Calcd. for C7IR204: C, 72.73; H, 4.39. Found: C,
72.49: H, 4.50.

A mixture melting point with a sample of the same prod-
uct, prepared by the Duff reaction on 7-hydroxy-3-methyl-
flavone, was not depressed.

8-Formyl-7-methoxy-3-methylflavone. Three grams of 8-
formyl-7-hydroxy-3-methylflavone, methylated according
to the procedure of VIII, gave 1.8 g. of the 7-methoxy de-
rivative, m.p. 152-154°.

Anal. Calcd. for C,sH,2i: C, 73.45; H, 4.80. Found: C,
73.23; H, 4.71.

8 Hydroxymethyl-7-methoxy-3-methylflavone. One gram of
8-formyl-7-methoxy-3-methylflavone hydrogenolyzed under
the same conditions as IX gave 0.65 g. of the 8-hydroxy-
methyl derivative as a white crystalline solid with no sharp
melting point.

Anal. Calcd. for CuHieOi: C, 72.97; H, 5.44. Found: C,
73.01 ;H, 5.34.

The acetate was prepared as a white solid from diluted
ethanol, m.p. 168-169°.

Anal. Calcd. for CaoHigOs: C, 71.00; H, 5.32. Found: C,
70.89; H, 5.20.

A mixture melting point with the same product obtained
bjr another procedure,3was not depressed.

6,8-Dipiperidinomethyl-7-hydroxy-2,3-dimethylchromone-2-
hydrochloride. To a solution of 1.9 g. of 7-hvdroxy-2,3-di-
methylchromone in 100 ml. of ethanol, 1.7 g. of piperidine,
and 2 ml. of formalin were added, and then the mixture was
refluxed for 8 hr. After cooling, alcoholic hydrochloric acid
was added and the mixture was concentrated and again
cooled until a precipitate formed. The crude product on
crystallization from ethanol/other gave 2.1 g. of white
solid, m.p. 256-257°.

Anal. Calcd. for CjjHmCLXjO»: X, 6.12. Found: X, 6.04.

Amine exchange reaction of hydroxychromones Mannich
bases. We employed the procedure of Snyder and Brewsterit
for /S-naphthol Mannich bases. The product were identified
by melting point and mixture melting [joint.

Mitan, ltaly
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Condensed Cyclobutane Aromatic Compounds. XII.
Some 5-Substituted Derivatives of Benzo[a]biphenylene

M. P. CAVA, K. W. RATTS, ana J. F. STUCKER

Received January 7J, 1960

The dehydrohalogenation of !rcms-1,2-diiodobenzocyclobutene afforded 5-iodobenzo[a]biphenylene. The latter iodide
served as starting material for the synthesis of the 5-carboxy-, 5-cj'ano- and 5-acetyl- derivatives of benzo[a]biphenylene.

The only reported substitution product of the
hydrocarbon benzo[a]biphenylene (1)1 is the 5-
bromo derivative (Il), obtained as the end prod-
uct of the dehydrobromination2 of (rans-l,2-dibro-
mobenzocyclobutene.3

As anticipated, the dehydrohalogenation of
trans-1,2-diiodobenzocyclobutene34* by potassium
f-butoxide proceeded in a completely analogous
manner to give 5-iodobenzo[a]biphenylene (111),
m.p. 131-132°, in 71% vyield. This readily available
iodo compound was employed as the starting ma-
terial for the synthesis of several other 5-substituted
benzo [a]biphenylenes.

5-lodobenzo[a]biphenylene underwent metal ex-
change with n-butyl lithium. The resulting lithium
derivative (IV) was treated with carbon di-
oxide to give, in 57% vyield, benzo[a]biphenylene-5-
carboxylic acid (V), m.p. 257°. The same acid was
obtained in lower yield, by carbonation of the lithio
derivative prepared from the bromide I, as well as
by carbonation of the Grigiiard derivative (VI) of
the iodide Il. Benzo[a]biphenylene-5-carboxylic
acid is scarlet in color as the free acid, although the
corresponding anion has the lemon yellow color char-
acteristic of the parent hydrocarbon benzo[a]bi-
phenylene.2 The acid V was converted via the acid
chloride (VI1), into the orange methyl ester (VIII),
m.p. 126-127°, and also into the yellow amide (1X),
m.p. 271-272°. Dehydration of the amide with
thionyl chloride afforded the orange 5-cyanobenzo-
[a]biphenylene (X), which was obtained directly
from iodide 111 by reaction with cuprous cyanide.

Treatment of 5-cyanobenzo[a]biphenylene with
methylmagnesium iodide gave, after hydrolysis of
the intermediate imine, 5-acetylbenzo[a]biphenvl-
ene (XI). The bright red ketone XI, m.p. 85-86°,
was isolated in pure form only in low yield (11%6)
after initial separation as a crude 2,4,7-trinitrofluo-
renone complex. It was prepared, however, in ex-
cellent yield (93%) by an alternate synthesis from
dimethylcadmium and the acid chloride VII. An

(1) M. P. Cava and J. F. Stucker, 3. Am. Chem. Soc., 77,
6022(1955).

(2) M. P. Cava and J. F. Stucker, 3. Am. Chem. Soc.,
79,1706(1957).

(3) M. P. Cavaand D. R. Napier, J. Am. Chem. Soc., 79,
1701 (1957).

(4) F. R. Jensen and W. E. Coleman, J. Org. Chem., 23,
869(1958). ”

attempt was made to effect the direct Friedel-
Crafts acetylation of benzo[a]biphenylene under
conditions employed successfully for the conversion
of biphenylene to 2-acetylbiphenylene.6 Although
partial reaction of the hydrocarbon occurred, none
of the 5-acetyl derivative (XI) tvas found after
careful chromatographic examination of the oily re-
action mixture.

L X =1

Il. X = Br

M. X = 1

IV. X = Li

V. X = COOll
VI X = Mgl
VIl. X = COC1
VIII. X = COOCIL,
IX. X = OONLL

X. X = CX

XI. X = COCIE

EXPERIMENTALG

S-lodobenzo[a,]biphenylene (I11). Finely ground Irnns-1,2-
diiodobenzocyclobutene34 (2.50 g.) was added slowly to a
hot solution of potassium i-butoxide prepared by dissolving
potassium (1.60 g.) in i-butanol (32 ml.). The orange solu-
tion was refluxed for 30 min. Water (20 ml.) was then added,
followed by sufficient acetic acid to neutralize the excess
base. The mixture was cooled and the orange crystalline
precipitate (1.00 g.) was filtered, washed with water, and
dried. The crude product was purified by continuous ex-
traction with petroleum ether (30-60°) in a Soxhlet appara-
tus, evaporation of the extract and crystallization from
aqueous ethanol to give, in two crops, orange needles of
iodide 111 (0.82 g., 71%). The first crop (0.69 g.), m.p.
131-132°, was of analytical purity.

Anal. Calcd. for Ci6H9: C, 58.56; H, 2.76; |, 38.68. Found
C, 58.56; H, 2.75; I, 38.55. Ultraviolet spectrum (ethanol):
Xex 226 (log e4.23), Xex 266 (log e 4.31).

Benzo[a]lbiphenylene-5-carboxylic acid (V) A. By carbona-
tion of Grigiiard reagent VI. To an excess of magnesium turn-
ings in dry ether (25 ml.) was added 5-iodobenzo[a]bi-
phemlene (0.100 g.), followed by a few drops of methyl
iodide. After refluxing for 30 min., the yellow ether solution
was pipetted from the residual magnesium and gaseous car-
bon dioxide was passed through it slowly for 5 min. Dilute
hydrochloric acid was added and the ether solution was
shaken with 5% sodium hydroxide until no further color
passed into the aqueous phase. The lemon yellow solution of
the sodium salt of V was acidified and the orange flocculent
precipitate was extracted into ether. Evaporation of the

(5) W. Baker, M. P. V. Boarland, and J. F. W. McOmie,
J. Chem. Soc., 1476(1954).

(6) Analyses ivere carried out by Galbraith Laboratories,
Knoxville, Tenu., and by Sclrwarzkopf Laboratories, Wood-
side, N. Y. All melting points are uncorreeted.
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dried extract and crystallization of the residue from ben-
zene-methanol-petroleum ether (30-60°) mixture afforded
small bright red needles of V (0.029 g., 39%), m.p. 257°.

Anal. Calcd. for CnHioO;: C, 82.92; H, 4.07. Found: C,
82.90; H, 4.23. Ultraviolet spectrum (ethanol): Xnax 264
(log «4.69); Xmex 287.5 (log «4.30) JXax 297 (log e4.42).

B. By carbonation of lithio derivative IV. A solution of n-
butyllithium in dry ether was prepared from 1-bromo-
butane (2 ml.), lithium (0.25 g.), and ether (25 ml.). A
5 ml. aliquot of this solution was added to a solution of 5-
iodobenzo [a] biphenylene (0.500 g.) in dry ether (10 ml.).
After 2 min. the red solution of the lithio derivative IV was
saturated with gaseous carbon dioxide and worked up as
described above for the product of the Grignard carbonation.
The yield of recrystallized acid V was 0.212 g. (56.5%).

When this same preparation was carried out using 5-
bromobenzo[a]biphenylene instead of the iodide I11 the acid
V was obtained in 37% yield.

5-Carbomethoxybenzo[a]lbiphemylene (VIII). A mixture of
benzo[a]biphenylene 5-carboxvlic acid (3.100 g.), thionyl
chloride (1.3 ml.) and a trace of pyridine was refluxed for
30 min., then allowed to stand for an additional 15 min.
Removal of excess thionyl chloride under vacuum left a
dark red residue of the crystalline acid chloride VV1I. Absolute
methanol (6 ml.) was added and the mixture refluxed for
10 min., then evaporated to dryness under reduced pressure.
Chromatography of the residue on neutral alumina in ben-
zene afforded the pure ester V111 as orange needles (0.099 g.,
94%), m.p. 126-127°, on evaporation of the benzene eluate.

Anal. Calcd. for CisH"O;: C, 83.08; Il, 4.61. Found: C,
83.10; H, 4.67.

Benzo[a\biphenylene-5-carboxamide (IX). The crude acid
chloride VII was prepared from benzo[a]biphenylene-5-
carboxylic acid (0.100 g.) as described in the preparation of
the methyl ester VIII. A solution of the chloride VII in
benzene (5 ml.) was saturated with gaseous dry ammonia.
The yellow precipitate was filtered, dried, washed with
cold water, and dried once more. Crystallization of the
yellow powder from benzene-methanol gave fine yellow
needles of amide IX (0.076 g., 76%), m.p. 271-272°. Re-
crystallization from ethanol afforded the analytical sample,
m.p. 273°.

Anal. Calcd. for CnHnXO: C, 83.24; H, 4.52; X, 5.71.
Found: C, 83.42; H, 4.74; X, 5.83.

d-Cyanobenzo[&]biphenylene (X). .4. F-om lodide Ill. A
mixture of cuprous cyanide (0.50 g.), 5-iodobenzo[a]bi-
phenylene (0.50 g.) and dimethvlformamide (11 ml.) was
refluxed for 3 hr. The cooled solution was diluted with satu-
rated aqueous ferric chloride (5 ml.) followed by sufficient
cold water to effect complete precipitation of the product.
The orange precipitate was filtered, dried, dissolved in
benzene and chromatographed on alumina. The nitrile X
moved down the column as a strong orange band, which
was eluted with benzene. Concentration of the eluate yielded,
in two crops, fine orange needles of 5-cyanobenzo[a]bi-
phenylene (0.29 g., 84%). The first crop (0.21 g.), m.p. 154-
155°, was of analytical purity.

Anal. Calcd. for CjvHgN: C, 89.84; H, 3.99; X, 6.17.
Found: C, 89.60; H, 3.83; X, 6.03. Ultraviolet spectrum
(ethanol): Xva* 239 (log e 4.43); Xmal 270 (log e 4.73); Xne*
290 (log t 4.42); Xmal 299.5 (log e4.42).

B. From benzo[a]lbiphenylene-d-carboxamide (I1X). A
solution of amide 1X (0.143 g.) in thionyl chloride (3.0 ml.)
was refluxed for 5 min. Excess thionyl chloride was removed
under vacuum and the red residue was dissolved in ether.
The ethereal solution was w-ashed successively with water,
dilute sodium hydroxide, and again with water. The solu-
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tion was dried over magnesium sulfate, evaporated, and
the residue dissolved in benzene and chromatographed on
alumina. Elution of the orange band and evaporation of
the eluate afforded 5-cyanobenzo[a]biphenylene (0.097 g.,
70%), m.p. 153-154°. Recrystallization from benzene gave
small orange needles, m.p. 154-155°. The melting point was
not depressed by a sample of nitrile prepared by the cuprous
cyanide method, and the infrared spectra of both samples
were identical.

d-Acetylbenzo[albiphenylene (XI). .4. From o-cyanobenzo-
[abiphenylene (X). A solution of the nitrile X (0.200 g.)
in benzene (2 ml.) was added to 4.1/ ethereal methylmag-
nesium bromide (4 ml.) and the mixture was refluxed for 5
hr. The cooled red solution was diluted with ether and
shaken with cold aqueous ammonium chloride. The organic
layer was then extracted with cold dilute sulfuric acid and
the aqueous acidic extract, which contained the intermediary
ketimine as the sulfate, was allowed to stand overnight at
room temperature to effect hydrolysis of the imine to the
ketone. Extraction of the cloud}- yellow solution with ether
and evaporation of the dried ether phase gave a red oil which
resisted crystallization. 2,4,7-Trinitrofluorenone (0.040 g.)
was added to a solution of this oil in a small volume of ben-
zene and the mixture was heated to effect complete solution.
Addition of excess methanol to the hot benzene solution
caused the separation of the crude 2,4,7-trinitrofluorenone
derivative of XI| as a deep purple precipitate, which was
filtered, dried, and dissolved in benzene. Chromatography
on alumina and elution of the principal orange-red band
afforded, after concentration of the benzene eluate and
addition of 30-60° petroleum ether, red needles (0.024 g.,
11%) of 5-acetylbenzo[a]biphenylene, m.p. 85-86°.

Anal. Calcd. for CiHID: C, 88.50; H, 4.95. Found: C,
88.34; H, 4.89. Ultraviolet spectrum (ethanol)e Xrex 246
(log €4.18); XnaE267 (log £4.61); Xre* 297 (log £4.35).

B. From Benzo[a]biphenylene-5-carboxylic acid (V). The
acid V (0.100 g.) ivas converted into the acid chloride VI
as described in the preparation of the methyl ester VIII.
The crude chloride VII, dissolved in dry benzene (25 ml.)
was added at room temperature to an ethereal solution
(10 ml.) of dimethylcadmium containing an excess (ca.
1g.) of cadmium reagent. After 5 min. the red turbid solu-
tion was diluted with ether and shaken with cold 10%
hydrochloric acid. The organic layer was washed with water
and dilute sodium carbonate, dried, and evaporated to dry-
ness to yield the almost pure red crystalline ketone XI
(0.092 g., 93%), m.p. 80-84°. Chromatography of this
material in benzene on alumina afforded completely pure
ketone, m.p. 85.5-86.5°. This material was identical with
that prepared from nitrile X, as evidenced from mixed
melting point and infrared comparisons.

Attempted acetylation of benzo[a]biphenylene (I). Benzo-
[a] biphenylene (0.400 g.) was dissolved in carbon disulfide
(40 ml.) and aluminum chloride (0.300 g.) and acetyl
chloride (2.1 ml.) were added. The purple mixture was re-
fluxed for 45 min. and then treated with dilute hydrochloric
acid to decompose the aluminum chloride complex formed
Extraction with ether afforded, after usual workup condi-
tions, a red oil which was dissolved in benzene and chro-
matographed on Voelm neutral alumina (activity grade
I1) to yield unchanged hydrocarbon | (0.150 g.) and two
orange bands containing red oils (0.147 g. and 0.089 g.,
respectively). Neither red oil could be seeded by authentic
5-acetylbenzo [a] biphenylene (XI) and both oils had ultra-
violet and infrared spectra quite different from those of
authentic ketone XI.

Columbus 10, Ohio
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2-Sulfonylbiphenyls and 6,7-Dihydro-2,3,4,5-dibenzothiapin-6-one-I-dioxide;
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A new seven-membered ring 3-ketosulfone has been synthesized in good yield by the Claisen condensation of ethyl 2'-
methylsulfonylbiphenyl-2-carboxylate with sodium metal. The material resembles w-phenylsulfonylacetophenone in its
chemistry and appears to be nonplanar with respect to the seven-membered ring flanked by phenyl groups.

The synthesis of a /3-ketosulfone structure of
type | was of interest in view of its potential simi-
larity to dibenzotropones. Numerous examples of
the ease of formation of seven-membered ring
0,0'-bridged biphenyls are noted in the literature.
Among these examples are the thioketal com-
pounds of Barber and Smiles.3

Also, 2,2'-diacetobiphenyl and 2'-acetobiphenyl-
2-carboxaldehvde undergo aldol-type cyclizations
to form seven-membered ringsbwith ease, while
similar condensations in the aliphatic series produce
only five- and six-membered rings.6

Several examples of cyclizations involving
methylene hydrogens activated by sulfone groups
are known.6 These cyclizations are mixed Claisen-
type condensations between alkyl sulfonyl and
carbalkoxyl groups to produce ¢3-ketosulfones.
Thus, esters of o-carboxyphenyl benzyl sulfone
readily undergo internal cyclizations in the presence
of sodium ethoxide to form cyclic /3-ketosulfones.6
Such Claisen condensations have been used to
prepare several cyclic /3-ketosulfones in the ali-
phatic series.7

6,7-Dihydro-2,3-4,5-dibenzothiapin-6-one-1-di-
oxide (l) is readily prepared in good yield by such
a Dieckmann type of ring closure employing the
action of sodium metal upon the ethyl ester of 2'-
methylsulfonylbiphenyl-2-carboxylic acid in reflux-
ing toluene. The parent (2'-methylsulfonyl)bi-
phenyl-2-carboxylic acid (1) is most conveniently
obtained by saponifying the high boiling fraction of
the products of a mixed Ullmann reaction employing
methyl o-bromobenzoate, methyl o-bromophenyl

(1) Abstracted from a portion of the Ph.D. thesis of
Donald D. Emrick, Purdue University, 1956.

(2) Present address: Research Department, The Stand-
ard Oil Company (Ohio), Cleveland 28, Ohio.

(3) H. J. Barber and S. Smiles, J. Chem.
(1928).

(4) (a) W. Borsche and A. Herbert, Ann., 546, 293 (1941);
(b) J. W. Cook, G. T. Dickson, and J. D. Loudon, J. Chem.
Soc., 1947, 746 et seq.

(5) (@) R. G. Fargher and W. H. Perkin, Jr., 3. Chem.
Soc., 105, 1353 (1914); (b) E. Bauer, compt. rend., 155,
288(1912).

(6) (a) A. Cohen and S. Smiles, J. chem. Soc., 1930, 406;
(b) R. G. Pearson, D. H. Anderson, and L. L. Alt, 3. Am.
Chem. Soc., 77, 527 (1955).

(7) W. It. Truce and R. IT. Itnospe, J. Am. Chem. Soc.,
77,5063(1955).
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sulfone and copper powder, the yield of acid after
extensive purification being only 12%. Conversion
of the acid to the acid chloride by means of thionyl
chloride followed by treatment with ethanol gave
the ethyl ester in high yield.

The Dieckmann product (I) is somewhat
acidic, being readily soluble in dilute ammonia and
sodium carbonate solution, but is not acidic enough
to react readily with cold bicarbonate or to form
stable salts with alkaloids having an ionization
constant of about 1 X 10~60r less. Like w-phenyl-
sulfonylacetophenone,81 readily reacts with phenyl-
hydrazine. It likewise does not form a coloration
with either ferric chloride or ceric sulfate nor does
it react with acetyl chloride. Bright yellow or
orange dyes are produced on coupling 1 with aro-
matic diazonium compounds similar to correspond-
ing bright orange or red dyes produced from w-
phenylsulfonylacetophenone. As with the latter,
bromine reacts with | to produce a colorless bromide
which liberates free iodine from potassium iodide
solution.

Buchanan9has confirmed the earlier suggestion
of Sakan and Nakazaki® that the presence of

(8) L. Field, 3. Am. chem. Soc., 74, 3919 (1952); J.
Troger and O. Beck, J. prackt. Chem. (2) 87, 295 (1913).

(9) G. L. Buchanan, chemistry & Industry, 1952, 855.

(10) T. Sakan and M. Nakazaki, J. Inst. Polytech., Osaka
City Univ., 1, 23 (1950); Chem. Abstr., 46, 5036 (1952).
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two flanking benzo groups suppresses the aromatic
character of the central seven-membered ring even
when highly conjugated as in the enol of the di-
benzocycloheptadienedione (111).

Truce and Lotspeichll prepared 3-benzothiepin-
3-dioxide (IT), the sulfone analog of benzotro-
pone. Many lines of recent evidencel?13 indicate
that the sulfone group, like the carbonyl group,
is capable of conjugation by electron acceptance.
However, the properties of 1V were best explained
by assuming more unsaturated character for the
ethylenic bonds than quasi-aromatic character.1l
The inference of this essential lack of quasi-
aromatic character is that the seven-membered
ring is not appreciably resonance stabilized and
is probably nonplanar. Although not so fully con-
jugated as 1V, the optical resolution of 2,7-di-
hydro - 3,4,5,6 -dibenzothiepin-1-dioxide-2*,3"-di-
carboxylic acid and a wealth of ultraviolet absorp-
tion spectra have been presented to indicate
that such seven-membered sulfones flanked by
biphenylic benzenes are definitely not coplanar.}4

During the course of this work several 2-
sulfonylbiphenyls were prepared. These 2-sulfonyl-
biphenyls show very characteristic maxima at
270-272 uand 276-278 y which are rather analo-
gous to the maxima observed at 264-265y and 271—
272 y in alkyl phenyl sulfones (alkylsulfonyl-
benzenes).B This information is summarized in
Table I. The interpretation of ultraviolet absorp-
tion spectrum of | is complicated by the presence
of the carbonyl function adjacent to one of the
aromatic nuclei (consult work of Hedden and
Brownl dealing with the ultraviolet spectra of
hindered ketones). A eonjugative interaction,
through the sulfone function, of the carbonyl
group with both benzene rings of the bridged bi-
phenyl may be possible. However, such interaction
probably would occur only with the /3-ketosulfone
anion.’6 Support of this viewpoint may possibly

(11) W. E. Truce and F. J. Lotspeich, J.
Soc., 78,848-850(1956).

(12) F. G. Bordwell and G. D. Cooper, 3. Am. Chem.
Soc., 74, 1058 (1952); F. G. Bordwell and H. M. Anderson,
J. Am. Chem. Soc., 75, 6019 (1953).

(13) W. von E. Doering, et at, ibid., 77, 509 (1955);
J. Am. Chem. Soc., 77, 514 (1955); ./. Am. Chem. Soc., 77,
521 (1955).

(14) W. E. Truce and D. D. Emrick, 3. Am. Chem. Soc.,
78,6130-6137(1956).

(15) E. A. Fehnel and M. Carmack, J. Am. Chem. Soc.,
71, 231 (1949); 3. Am. Chem. Soc., 72, 1292-1297 (1950);
cf. W. E. Truce and It. H. Ivnospe, op. cit.

(16) G. D. Hedden and W. G. Brown, J. Am. Chem. Soc.,
75,3744-3748(1953).
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TABLE |

Ultraviolet Absorption of Svifonylbenzenes and

2-Sulfonylbiphenyls

Compound (in 95% ethanol) xm,, yn €
2-Biphenylylmercaptoacetic acid 232 ca.15,000
Methylsulfonjdbenzene6 264 980

271 890
2-Methylsulfonylbiphenyl 270 2,240
276 2,490
Ethyl phenylsulfonylacctate6 266 1,050
272 890
2-Bipbenylylsulfonylacotic acid (271) 2,330
276 2,570
2'-Methylsulfonylbiphcnyl-2-carboxylic
acid (I1) 272 —
277
Ethyl 2'-methylsulfonylbiphenyl-2-
carboxylate 271 —
277
2,6-Dihydro-2,3,4,5-dibenzothiapin-6-
one-l-dioxide (I) 240 —
(271) —
Pbenylsulfonylacetone6 219 8,700
265 1,120
272 1,000
a-Phenylsulfonylisopropyl methvl 218 10,000
ketone6 266 1,150
273 1,000

0 Secondary maxima in all cases, primary maxima being
in region 210-217 . 6 See ref. 15.

be indicated by the existence of the remnant of
the 271 y peak in | which is present in all the
unbridged 2-sulfonylbiphenyls discussed in Table 1.

Papanastassioul7 has observed that nonplanar
dibenzo[a,c] [l,3]cycloheptadiene - 5 - one (car-
bonyl adjacent to aromatic nucleus) shows a
principal absorption peak at 233 y. If the sulfone
function adjacent to a benzene ring produces a
bathochromic and hyperchromic displacement of
the benzenoid absorptionl towards longer wave
lengths, the principal absorption maximum at
240 y for 6,7-dihydro-2,3,4,5-dibenzothiapin-6-
one-l-dioxide (1) would seem in accord with the
value observed by Papanastassiou for dibenzo-
[ac] [1,3]cycloheptadiene - 5 - one.I7 Admittedly,
the situation may be more complex, however.

In view of the work of Bergmann,Bthe infrared
spectrum of | also indicates nonplanarity of the
seven-membered ring. Thus, both I and nonplanar
nonaromatic dibenzotropones®8 display carbonyl
absorption bands at 6.0 y while planar aromatic
tropone displays a carbonyl band at 6.1 y.

In summary, the chemistry and properties of
| are in accord with a nonplanar configuration,
the material resembling co-phenylsulfonylaceto-
phenone more than a fully conjugated coplanar
biphenyl. The much greater chemical stability of
I as contrasted to its /3-diketone analog dibenzo-

(17) Z. B. Papanastassiou, Ph.D. Thesis, University of
West Virginia, Morgantown, West Virginia, June 1954.

(18) E. D. Bergmann, E. Fischer, D. Ginsberg, Y. Hirsh-
berg, D. Lavie, M. Mayot, A. Pullman, and B. Pullman,
Bull. soc. chim., France, (5) 1684 (1951).
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[ac] [I,3]cyclohcptadiene-c,7-dione® is also note-
worthy.

EXPERIMENTAL

Biphenyllhiol. The general procedure for converting Gri-
gnard reagents to magnesium mercaptides was that of Ta-
boury. 2D

A solution of GDg. (0.214 mole) of 2-iodobiphenyl in 150
ml. of anhydrous ether was added slowly, with refluxing,
to a well stirred suspension of 5.21 g. (0.214 g.-atom) of fine
magnesium turnings in 100 ml. of anhydrous ether, em-
ploying a crystal of iodine to initiate the reaction. The re-
sulting mixture was refluxed fer an additional hour. Eight
grams of powdered rhombic sulfur was added to the Gri-
gnard solution causing a vigorous reaction to take place.
Refluxing was continued for 45 more min. and the mixture
was then cautiously acidified with 15% sulfuric acid. The
ethereal layer was separated and extracted with two 200-ml.
portions of cold 15% sodium hydroxide. The combined
sodium hydroxide solutions were then extracted with 100
ml. ether. The sodium hydroxide layer was then acidified
with a mixture of ice and coned, hydrochloric acid to pre-
cipitate a thick light-greenish oil which was taken up in
200 ml. ether. The ethereal solution was shaken with GO ml.
water and evaporated to give nearly white crystals, m.p.
32-37°. Distillation gave 22.1 g. (5G%) of product, b.p.
143° (4 mm.), m.p. 39-40.

Anal. Calcd. for CIHXB: C. 77.4; H, 5.38. Found: C,
77.12; H, 5.37.

2-Biphenylyl methyl sulfone. A solution of sodium ethoxide
was prepared by dissolving 1.24 g. (0.054 g.-atom) of sodium
metal in 25 ml. of absolute ethanol. To this solution was
added 5.0 g. (0.027 mole) of 2-biphenylthiol and then a solu-
tion of 11.5 g. (0.081 mole) of methyl iodide in 10 ml. of
ethanol was run in with vigorous stirring. The mixture w's
refluxed with stirring for 2 hr. and then the excess alcohol
(and methyl iodide) was distilled at 100°. The residue was
taken up with 50 ml. water and the oily 2-methylmercapto-
biphenyl was separated from the aqueous phase. All of the
oily sulfide was oxidized by refluxing for 1 hr. with a mix-
ture of 30 ml. of 30% hydrogen peroxide (about 0.27 mole)
and 60 ml. of glacial acetic acid. Upon pouring the resulting
solution into excess sodium hydroxide solution and allowing
to stand at 0° overnight, crude crystals of sulfone were ob-
tained. Recrystallization from 70% ethanol gave pure w'hite
flat platelets of the desired 2-biphenylyl methyl sulfone;
yield 5.4 g. (87%), m.p. 100-101°.

Anal. Calcd. for CiHiS02: C, 67.2; H, 5.17. Found: C,
67.46; H, 5.06.

2-Biphenylylmercaploacetic acid. A solution of sodium
ethoxide was prepared by dissolving 1.92 g. (0.083 g.-atoms)
of sodium metal in 150 ml. of absolute ethanol. To this solu-
tion was added 15.5 g. (0.083 mole) of 2-biphenylthiol to
form the sodium mercaptide. Twenty milliliters (0.19 mole)
of ethyl chloroacetate was added slowly with vigorous stir-
ring. After refluxing for 6 hr., most of the ethanol was dis-
tilled and the residue was extracted with chloroform. After
drying overnight with 10 g. of anhydrous calcium sulfate,
the chloroform was removed by distillation and the residue
distilled to yield 16.4 g. of pale yellow-oil (70%), b.p. 205-
208° (16 mm.), n™ 1.5952.

Anal. Calcd. for Ci6Hi6S02: C, 70.6; H, 5.88. Found: C,
08.51; H, 6.16.

A mixture of 14 g. (0.0514 mole) of the above
ethyl 2-biphenylylmercaptoacetate, 18 ml. of water, 18 ml. of
ethanol, and 6 g. (0.15 mole) of sodium hydroxide were re-
fluxed for 5 hr. The resulting solution was poured into 50
g. of ice and was acidified with excess hydrochloric acid.

(19) If. W. Lucien and A. Taurins, Ccan. J. Chem., 30,
208(1952).

(20) M. Taboury, Ball. soc.
(1903).
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After standing 15 min., the precipitated acid was filtered
and washed with cold water. The yield of white crystals was
12.4 g. (98%), m.p. 109-170°.

Anal. Calcd. for CuHiIZS02 C, 68.8; H, 4.92; neut. eq.
244. Found: C, 68.50; H, 5.25; neut. eq. 249.

2-Biphenylylsulfonylacetic acid. A mixture of 6.0 g. (0.025
mole) of 2-biphenylylmercaptoacetic acid, 17 ml. of glacial
acetic acid, and 7.6 nd. (about 0.07 mole) of 30% hydrogen
peroxide were refluxed for 1 hr. and then poured into a cold
solution of 15 g. of sodium hydroxide dissolved in 60 ml. of
water. After standing at 0° for 1hr., the solution was filtered
and the filtrate was acidified to Congo red with coned,
hydrochloric acid. The resulting paste was allowed to stand
at 0° for 10-12 hr. to complete the precipitation of the
white crystalline acid which was filtered and washed with
ice water. The yield of glistening w-hite needles was 5.7 g.
(84%), m.p. 117-119°. Recrystallization from a minimum
of a mixture of benzene and petroleum ether (b.p. 70-90°)
gave a product melting at 119-120° (the melted material
evolved carbon dioxide at about 185° and turned black at
230°); experimental equivalent weight, 277 (calcd. 276).

Anal. Calcd. for Ci4H,2504: C, 60.90; H, 4.37. Found: C,
61.21;H, 4.29.

All attempts to prepare the seven-membered ring 0,0'-
bridged biphenyl, 6 7-dihydro-2,3-4,5-dibenzothiapin-6-one-
1-dioxide, (XX1X) by treatment of 2-biphenylylsulfonyl-
acetic acid with coned, sulfuric acid or polyphosphoric acid
failed, 2-biphenylyl methyl sulfone being produced with loss
of carbon dioxide. The preparation of 2-bipbenylylsulfonyl-
acetyl chloride from the free acid under mild conditions
(with low boiling oxalyl chloride) and attempted Friedel
Crafts cyclization of this material with aluminum chloride
or stannic chloride under very mild conditions gave ex-
tensive degradation, the only product isolated being im-
pure 2-biphenylyl methyl sulfone.

2'-Methylsulfonylbiphenyl-2-carboxylic acid. (I1) o-Bromo-
phenylmethyl sulfone2l was prepared by alkylating sodium
O-bromobenzenesulfinate2with methyl iodide by the general
method of Todd and Shriner;2392% vyield, m.p. 108-108.5°;
Martin2Lreports m.p. 108-108.5°.

Forty-four grams (0.20 mole) of methyl O-bromobenzoate
and 32 g. (0.136 mole) of O-bromophenyl methyl sulfone
Were heated to 180°, with stirring, by means of an external
oil bath. In four portions, 50 g. (0.785 g.-atom) of #445
copper bronze powrder was added, maintaining the tempera-
ture at 220-230° after each addition for 20 min. and then
cooling to 180-190° before adding more copper powder.
The resulting mixture was then stirred at 230-240° for 1
hr. and then cooled. The residue was extracted with several
portions of refluxing chloroform;the combined extracts were
filtered and evaporated on a steam cone to give a brown oil.
The resulting oily residue was distilled at 2 mm. until a pot
temperature of 200° was achieved, unchanged starting
materials and dimethyl diphenate, b.p. 158° (2 mm.), being
collected in the distillate to this point. The residue, which
was essentially a mixture of 2,2'bis(metbylsulfonyl)biphenyl
and the desired methyl 2'-methyl-sulfonylbiphenyl-2-car-
boxylate, was then refluxed with 200 ml. of 15% aqueous
potassium hydroxide. The resulting solution was cooled to
0° for 24 hr., filtered, decolorized by boiling with 2 g. of
activated charcoal, refiltered, and acidified to give a crude
acid. The product was grossly impure but was easily purified
by extraction with hot benzene, the desired 2-methyl-
sulfonylbiphenyl-2-oarboxylic acid (11) being nearly insoluble
in boiling benzene while the other acidic materials were very
soluble in benzene. The purified sulfone carboxylic acid
was recrystallized from a large volume of a mixture of ben-

(21) G. A. Martin, lowa Slate Coll. J. Sei., 21, 38-40
(1946); chem. Abstr., 41, 952 (1947).

(22) M. E. Hanke, J. Am. Cchem. Soc., 45, 1321-1323
(1923).

(23) H. R. Todd and R. L. Shriner, 3. Am. Chem. Soc.,
56, 1383(1934).
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zone and petroleum ether to give pure white crystals, m.p.
187-188°. Two more recrystallizations from 65% ethanol
gave beautiful golden-flecked crystals m.p. 11(4-195°. The
crystals showed moderate yellow fluorescence and in strong
ethanol solutions showed moderate green fluorescence. The
yield of highly purified acid was 4.5 g. (12%); experimental
equivalent weight 274 (calcd. 276).

Anal. Calcd. for C,,H1:S04: C, 60.90; H, 4.35. Found: C,
00.97; H, 4.49.

The structure of the 2'-methylsulfonvibiphenyl-2-car-
boxylic acid (1) was confirmed as follows. 2'-Methyl-2-
nitrobiphenyl was prepared2s and reduced to 2-amino-2'-
methylbiphenyl.24 The latter was diazotize 1and upon treat-
ment with potassium iodide produced 2-iodo-2'-methylbi-
phenyl24in fair yield. The Grignard of 2-iodo-2'-methylbi-
phenyl upon treatment with sulfur and subsequent acidifica-
tion (see above preparation of 2-biphenylthiol) produced
2'-methylbiphenyl-2-thiol in 51% vyield, b.p. 110-113° (1
mm.), 7w 1.6272.

2'-Methylbiphenyl-2-thiol treated with sodium ethoxide
in ethanol and then methyl iodide produced 2'-methyl-2-
methylmercaptobiphenyl as a noncrystallizable oil. Oxida-
tion of the latter sulfide with 30% hydrogen peroxide in
glacial acetic acid produced waxy low melting 2'-methyl-2-
methylsulfonvibiphenyl which could not be readily recrys-
tallized for analysis. Oxidation with strong sodium dichro-
mate and sulfuric acid in aqueous acetic acid produced fair
yields of the desired 2'-methylsulfonylbiphenyl-2-carboxvlic
acid upon diluting with water and standing for 10 days at
0°. From about 3 g. of starting 2'-methylbiphenol-2-thiol
about 0.6 g. of crude acid was obtained. After recrystalli-
zation from benzene-petroleum ether mixture and then from
56% ethanol, the material melted at 192-194°; the material
failed to depress the melting point of the acid obtained from
the mixed Ullman reaction, confirming the structure of the
latter.

Two grams of the above highly purified 2'-methylsulfonyl-
biphenyl-2-carboxvlic acid were refluxed for 16 hr. with 5
ml. of thionyl chloride to convert it to the acid chloride.
The excess thionyl chloride was distilled in vacuo at 100°

(24) U. G. Shuttleworth, IV. S. Hopson, K T. Stewart,
/. Chew. Roc., 1944, 71-73.
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and the cooled residual acid chloride was then cautiously
treated with 6 ml. of ethanol under reflux. After refluxing
for 15 min., the resulting solution was poured into ice and
the oil shaken first with 5% sodium bicarbonate solution
and then water. The oil spontaneously crystallized to form
white crystals of ethyl 2'-methylsulfonylbiphenyl-2-car-
boxvlate which was recrystallized from petroleum ether
(b.p. 70-90°); yield was 2.0 g. (91%), m.p. 70.5-72°.

Anal. Calcd. for CH1GSO4: C, 63.1; H, 5.26. Found: C,

62.96; H, 5.23.

6,7-Dihydro-2,3-4,5-dibenzothiapin-6-one-l-dioxide ().
Two grams (0.0066 mole) of ethyl 2'-methylsulfonyl-bi-
phenyl-2-carboxylate, 11 ml. of toluene, and 0.30 g. (0.0132
g.-atom) of sodium metal were refluxed with stirring for 18
hr. After cooling, the toluene layer was decanted cautiously
into 4.Y aqueous ammonia and shaken. The ammoniacal
laj-er, containing the desired compound, was decolorized
by boiling with 0.3 g. of activated charcoal, filtered, and
acidified with hydrochloric acid. After standing at 0° for
24 hr., the resulting 6,7-dihydro-2,3-4,5-dibenzothiapin-6-
one-l-dioxide was filtered and recrystallized from a mini-
mum of 70% ethanol to give white crystals; yield 1.3 g.
(76%), m.p. 167-168°.

The material was stable to hot hydrochloric acid and was
reprecipitated unchanged upon acidifying a hot sodium hy-
droxide solution of the material.

Anal. Calcd. for CuHioS03: C, 65.1; H, 3.88. Found:
C. 65.27; H, 3.86.

The infrared absorption spectrum shows characteristic
bands at 5.95m (6.26m) (benzoyl type aryl ketone bands);
757U, s 65, and 8.85m(sulfone bands); and 12.88m 13.16m
and 13.81m(apparently, substituted phenyl bands). Compare
with significant bands in ethyl 2'-methylsulfonylbiphenyl-
2-carboxylate at 5.88m (aryl ester band), 7.68-7.76m 8.69u
(8.79and s ssm) (12.63-12.74u), 13.09m and 13.24m:and also
the significant bands in 2-methylsulfonylbiphenyl at 7.71m.
8.71m, 8.90m 12.77m, 13.19m and 13.33m. Planar, aromatic,
seven-membered ring, tropone displays carbonyl band at ra.
s.1n While dibenzotropones (believed to contain non-
planar, nonaromatic seven-membered rings) have bands at

in.s.om

Cleveland 28. O hio
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Derivatives of Fluorene. IX. 4-Hydroxy-2-fluorenamine;
New 3.4-Benzocoumarin Derivativesl
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Synthesis of 4-hydroxy-2-fluorenamine, 4-hvdroxyfluorene, and related compounds is described. New 7- and 6-sub-
stituted 3,4-benzoconmarins were synthesized; the firsr series was obtained in an alternate attempt to synthesize 4-hydroxy-
2-Huorenamine. Ultraviolet and infrared spectral data for several of these new compounds are reported.

Although several ring-hydroxylated metabolites
of the carcinogen, AF~2-fluorenylaeetamide have
been identified.3 iV-2-(4-hydroxyfluorenvl}acet-
amide has not been reported, nor is there any re-

(1) This work was supported in part by a grant (C-1744)
from the National Cancer Institute of the National In-
stitutes of Health, U. S. Public Health Service.

(2) To whom correspondence regarding this communica-
tion should be addressed.

corded synthesis. The following describes the prepa-
ration of this substance and of 4-hydroxvfluorene,
also new to the literature, and of several related
derivatives. One approach failed to give the fluorene
nucleus when facile splitting of the methoxvl group

3) E. K. Weisburger and J. H. Weisburgcr in J.
Greenstein and A. Haddow (eds.). Advances in Cancer Re-
search, Foi. v, Academic Press, Inc.. New York. X.Y., 1958,
pp. 409-418.
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in 2-carboxy-2,-methoxy-4'-nitrobiphonyl, led to
lactonization giving a new 3,4-benzocoumarin
derivative.

Selective monoacetylation of 2,4-fluorenedi-
amine had given us excellent yields4 of the 2-acety-
lated derivative. Diazotization of the latter in
fluoboric acid followed by treatment with acetic
anhydride gave AF2-(4-acetoxyfluorenyl)acetamide.
Mild and more drastic hydrolysis led respectively
to X-2-(4-hydroxyfluorenyl)acetamide and 4-hy-
droxy-2-fluorenamine. Treatment of the phenolic
amine with 100% formic acid yielded A~2-(4-
hydroxyfluorenjd)formamide which was acetylated
giving the O-acetyl derivative.

Deamination of 4-hydroxy-2-fluorenamine was
not successful. The expected product, 4-hydroxy-
fluorene, was obtained by diazotization and hy-
drolysis of 4-aminofluorene.

Reaction of A2-(4-acetoxyfluorenyl)acetamide
and dimethyl sulfate in the presence of potassium
hydroxide gave A™-2-(4-merhoxyfluorenyl)acetam-
ide, which, upon hydrolysis and deamination gave
4-methoxyfluorene. The latter compound was also
obtained from reduction of the known 4-methoxy-
fluorene.

Ullmann coupling, with methyl o-bromobenzoate,
of 2-iodo-o-nitroanisole and of 2-iodo-4-nitroani-
sole followed by hydrolysis of the reaction product
in a mixture of acetic acid and 64% sulfuric acid
gave, respectively 7-nitro-3,4-benzocoumarin and
6-nitro-3,4-benzocoumarin. Raney nickel and hy-
drazine hydrate reduction6of the nitro compounds
followed by deamination gave 3,4-benzocoumarin.
Alethylation of 7-nitro-3,4-benzoc,oumarin with
dimethyl sulfate in an excess of alkali led to the
formation of 2-methoxy-4-nitrodiphenyl-2'-car-
boxylic acid. The latter was also obtained by mild
alkaline hydrolysis (to avoid ether-splitting and
lactonization) of methyl 2-methoxy-4-nitrodi-
phenyl-2-earboxylate in the Ullmann reaction
mixture. Attempted cyclization of 2-methoxy-4-
nitrodiphenyl-2'-carboxylic acid to a fluorenone in
polyphosphoric acid gave, instead, the lactone
which had been obtained from acid hydrolysis.

Table I gives data from the ultraviolet spectra6
of some of these compounds. Infrared spectral
data6 for some of the 3,4-benzocoumarin deriva-
tives are included in Table II.

(4) T. L. Fletcher, W. H. Wetzel, M. J. Namkung, and
H. L. Pan, J. Am. Chem. Soc., 81, 1092 (1959).

(5) T. L. Fletcher and M. J. Namkung, J. Org. Chem., 23,
680 (1958).

(6) All melting points were taken on a Fisher-Johns ap-
paratus and were corrected to standards. Microanalyses were
done by Schwarzkopf Microanalytical Laboratory, Wood-
side, N. Y. The ultraviolet absorptions were measured
with a Beckman model DK-1 Recording Spectrophotometer
and the infrared spectra were run on a Beckman IR-5 (potas-
sium bromide disks). %
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TABLE |
Ultraviolet Absorption Spectra*“

\ max,
Compound (molarity) m/i Log e
4-Hydroxyfluorene (2.67 X 10-5) 258 4.37
268 4.42
287 4.02
294 4.06
306 3.83
4-Hydroxyfluorenone (2.5 X 10~5 249 4.42
4-Hvdroxy-2-fluorenamine 297 3.96

(5 X 10-*) 2136

283s
.V-2-(4-Hvdroxvfluorenvl)formamide 217 4.56
(2.35 X 10-H 281 4.41
294 4.39

3006

318"
A-2-(4-Acetoxvfluoreny)formamide 281 4,51
(2.5 X 10-*) 289 4.55
303 4.45
iV-2-(4-Acetoxvfluorenvl)acetamide 282 4.47
(1.86 X 10-5H 290 4.52
303 4.43

220"
2-Methoxy-4-nitrodiphenvl-2'-car- 293 3.96
boxylie acid (8 X 10-5) 338 3.81
7-Nitro-3,4-benzocoumarin 261 4.57
(2.5 X 10-*) 278 4.57

3256
7-Amino-3,4-benzocoumarin 229 4.38
(2.5 X 10-s) 296 4.18
317 4.19
6-Nitro-3,4-benzocoumarin 226 4.41
(2.5 X 10-*) 243 4.35
258 4.38
6-Amino-3,4-benzocoumarin 232 4.53
(2.5 X 10“H 238 4.52

271"

a Determined in absolute ethanol. 5 Shoulder.

EXPERIMENTALG

N-2-(4-Acetoxyfluorenyl)acetamide. .Y-2-(4-Aminofluoren-
vl)acet,amide4(2.1 g., 0.009 mole) was stirred in a mixture of
48% fluoboric acid (25 ml.) and water (10 ml.). To the sus-
pension sodium nitrite (0.62 g., 0.009 mole) in water (3 ml.)
was added dropwise at 0° (10 min.). The reaction mixture
was stirred at -10-0° for 30 min., then filtered, washed suc-
cessively with cold 5%, fluoboric acid, methanol and ether,
and dried over phosphorus pentoxide giving 2.9 g. of 4-(2-
acetamidofluorenvl)diazonium fluoborate.

The fluoborate was suspended in acetic anhydride (15 ml.)
and heated under reflux at 90-95° (bath) until evolution of
gas ceased. The mixture was then distilled under reduced
pressure and the residue treated with dilute sodium acetate
solution, and the residual acetic anhydride destroyed with
sodium carbonate solution. The solid was filtered, washed
with water, and recrystallized twice from ethanol-w-ater and
once from acetone-methanol giving glistening crystals, 1.1 g.
(44% from the amine), m.p. 230.5-231.5°. One more
crystallization from acetone-methanol gave an analytical
sample, m.p. 231-232°,

Anal. Calcd. for CIH,5N03 C, 72.58; H, 5.37; N, 4.98.
Found: C, 72.74; H, 5.42; N, 5.09.

4-Hydroxy-S-fluorenamine. Ar-2-(4-Acetoxyfluorenyl)acet-
amide (0.3 g.) wss dissolved in boiling absolute ethanol (50
ml.). To the solution, coned, hydrochloric acid (10 ml.) was
added. The mixture was refluxed for 16.5 hr. with occasional
agitation. The alcohol was distilled and the precipitate
filtered (0.25 g.) and refluxed for 15 min. in 2N sodium hy-
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TABLE I
Setlected Infrared Absorption Bands of Some 3,4-Benzocoumarins*
Compound kc-0,/1 Ac_o.n AnH, 1< AGIHEN,M XctHs-NOLM
3,4-Benzocoumarin 5.80 7.90
8.29(?)
6-Amino-3,4-benzocoumarin 5.88 7.85 2.916 7.59
8.27(7) 2.986
3.09e
6-Nitro-3,4-benzocoumarin 5.75 7.92 7.42
8.20(7)
7-Amino-3,4-benzocoumarin 5.89 7.88 2.90" 7.62
8.44(7) 2.97"
3.07e
7-Nitro-3,4-benzocoumarin 5.75 7.91 7.43
8.29(7)

0 Potassium bromide disk. " Free.e Bonded.

droxide (10 ml.). After cooling to room temperature, the pH
was adjusted to 0 and the precipitate collected by filtration,
0.2 g. Recrystallization from methanol-water (Darco) gave
white bars which started blackening at 225° and melting at
230-234° dec., 0.15 g. (76%). Two crystallizations from
methanol-water gave an analytical sample, m.p. 234.5-
236.5° dec.

Anal. Calcd. for CiHNNO: C, 79.16; H, 5.62; N, 7.10.
Found: C, 78.98; H, 5.74; N, 7.06.

N-2- (4 - Hydroxyfluorenyl')acetamide. AT-2- (4 - Acetoxy-
fluorenyl)acetamide (0.1 g.) was refluxed for 1 hr. in a mix-
ture of ethanol (10 mi.) and 10% sodium carbonate solution
(10 ml.). The mixture was distilled to 50% of the original
volume and acidified with dilute hydrochloric acid to pH 5.
The precipitate was filtered, washed with water, and dried.
The material started darkening at 255° and melted at 265°
dec., 0.07 g. (83%). Two crystallizations from methanol-
water gave an analytical sample, m.p. 270-272.5° dec.

Anal. Calcd. for CisHisNCL: C, 75.30; H, 5.48; N, 5.85.
Found: C, 75.13; H, 5.70; N, 6.14.

N-2-(4-Hydroxyfluorenyl)formamide. 4-Hydroxy - 2 - fluo-
renamine (0.1 g.) was dissolved in 98-100% formic acid (1
ml." and the solution heated on a steam bath for 30 min. and
then cooled. The precipitate was filtered, washed with water,
and dried giving shiny flakes, 0.11 g., m.p. 250-253° dec.
Recrystallization from ethanol-water raised the m.p. to
256.5-258° dec.

Anal. Calcd. for ChHuNO2 C, 74.65; H, 4.92; N, 6.22.
Found: C, 74.46; H, 4.83; N, 6.33.

N-2-(4-Acetoxyfiuorenyl)formamide. N -2-(4- llydroxy-
fiuorenvl)formamide (0.06 g.) was mixed with acetic anhy-
dride (0.5 ml.) and warmed. Pyridine ivas added dropwise
until a solution was obtained which was heated in a water
bath at 70-80° for 20 min. and the volatile material removed
in a vacuum. The crystalline solid was stirred in 10% sodium
acetate solution, which was then made alkaline to pH 8 with
sodium bicarbonate, and the solid was filtered off, -washed
with whter, and dried. Crystallization from ethanol-water
and then from benzene-carbon tetrachloride gave lustrous
prisms (0.04 g.), m.p. 189.5-191°. Recrystallization from
benzene-carbon tetrachloride gave an analytical sample,
m.p. 190-191°.

Anal. Calcd. for CEHINO03: C, 71.90; H, 4.90; N, 5.24.
Found: C, 71.70; H, 5.05; N, 5.12.

N-2-(4-M ethoxyfluorenyl)acetamide. Ar-2-(4-Acetoxy-
fhiorenvl)acetamide (1.5 g.) was suspended in boiling acetone
(25 ml.) and 66% potassium hydroxide (1.5 ml.) was added,
(a modification of a reported method?)- The mixture was
shaken, boiled briefly and shaken at room temperature for
10 min. Dimethyl sulfate (1.5 ml.) was then added dropwise
over a period of 25 min. with occasional heating and constant
Am.

(7) H. M. Duvall and E. Mosettig, J. Chem. Soc.,

60, 2409 (1938).

agitation, which was continued for another hour. The mix-
ture was then cooled and diluted with 5% sodium acetate
solution (200 ml.), and the precipitate filtered, washed with
water, and dried (1.3 g.). Chromatographic separation on
neutral alumina gave 0.6 g. (45%), m.p. 192.5-194.5°
Crystallization from benzene-ligroin gave an analytical
sample, m.p. 195.5-196.5°.

Anal. Calcd. for CielLsNO»: C, 75.87; H, 5.97; N, 5.53.
Found: C, 75.90; H, 6.12; N, 5.77.

4-M ethoxy-2-fluorenamine. A-2-(4-Methoxyfluorenyl)acet-
amide (0.67 g.) was dissolved in hot absolute ethanol (25 ml.)
and coned, hydrochloric acid (10 ml.) was added. This solu-
tion was refluxed for 7 hr. and then distilled. The residue
(0.55 g.) was filtered, washed with absolute ethanol, and
dried.

The amine hydrochloride (0.25 g.) was treated with dilute
ammonium hydroxide (1:3) and the free amine was col-
lected and crystallized from methanol-water, 0.2 g. (95%),
m.p. 148.5-149.5°.

Anal. Calcd. for CHHINO: N, 6.63; —OCH3 14.69.
Found: N, 6.56; —OCH3 15.02.

4-M ethoxyfluorene. (a) 4-Methoxy-2-fluorenamine hydro-
chloride (0.3 g., 0.0012 mole) was diazotized in dilute hydro-
chloric acid (2:3) with sodium nitrite (0.1 g., 0.0015 mole) at
0°. The solution was then treated at 0-3° with 50% hy-
pophosphorous acid (6 ml.) for 16 hr. and the product iso-
lated and purified, 0.08 g. (30%), m.p. 72.5-76°; mixture
melting point of this material with the analytical sample ob-
tained below, 74-77°. Infrared spectra of these two com-
pounds are identical.

(b) 4-Aminofluorenone was converted to 4-hydroxy-
fluorenone by a standard procedure, m.p. 250-251.5° (re-
ported8m.p. 250-251°), and methylated with dimethyl sul-
fate to give 4-methoxyfluorenone, m.p. 114-115° (reported*
m.p. 114.5-115.5°). The methoxy ketone (4.2 g., 0.02 mole)
was mixed with 85% hydrazine hydrate (15 ml.) and a solu-
tion of sodium hydroxide (4 g., 0.1 mole) in 2,2"-oxydietha-
nol (80 ml.). The mixture was refluxed at 170-180° (bath)
for 2.5 hr. then at 200° (bath) for another 2.5 hr. and cooled.
The reaction solution was diluted with water and extracted
with ether. By evaporation of the ether there was obtained
2.6 g. of an oil which crystallized upon refrigeration. The
crystalline solid was extracted with ligroin (d. 0.67-0.69),
and recrystallized from methanol giving 1.4 g. of the product,
m.p. 73.5-76°. A second crop was obtained from the ligroin
extract (0.4 g.). The combined crops were recrystallized
again from methanol giving 1.5 g. (39%), m.p. 76.5-77.5°.

Anal. Calcd. for CIHID: C, 85.68; H, 6.16. Found: C,
85.38; H, 6.01.

4-Hydroxyfluorene. This hydroxy compound u'as prepared
from 4-aminofluorene by hydrolyzing the diazonium salt
(35% from the amine), m.p. 108-109°.

(8) R. Huisgen and H. Ris™ Ann., 594, 137 (1955).
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Anal. Calcd. for C,.,HXD: C, 85.09; H, 5.53. Found: C,
85.51; H, 5.64.

7-\ilro-8,4-benzocoumarin. To a stirred mixture of 2-iodo-
5-nitroanisole9(21 g.), activated copper powderD(10 g.), and
methyl o-bromobenzoate (32.3 g., 2 equiv.), activated copper
powder (60 g.) was added in small portions over a period of 1
hr. while the mixture was heated at 210-215° (bath) then at
220° for 30 min. with occasional addition of activated copper
powder (10 g.). The reaction mixture was cooled, extracted
with boiling chloroform, and the residual oil from the
chloroform extract was hydrolyzed by refluxing for 0 hr. in a
mixture of acetic acid (300 ml.), coned, sulfuric acid (200
ml.) and water (100 ml.).11 After water dilution of the hy-
drolysis solution the precipitate was filtered and extracted
with hot 20% sodium carbonate solution. The insoluble
solid was recrystallized from toluene giving 3.5 g. (18.5%),
m.p. 203-205°. Thinking at first that the carbonate extract
contained the desired carboxylic acid, it was acidified and
the precipitate filtered, dried (15 g.) and heated in polyphos-
phoric acid (150 g.) at 150-160° (oven) for 2 hr. Upon water
dilution and extraction of the solid with hot 20% sodium
carbonate solution there was obtained 8.5 g. of the crude
carbonate insoluble product, which, after recrystallization
from benzene gave 3.9 g. (20%) of the pure substance sup-
posedly a fluorenone, m.p. 203.5-204.5°.

This, however, was identical with the carbonate insoluble
product and did not appear tc be a fluorenone (infrared
spectrum) and is described in the following procedure.

Anal. Calcd. for CIH,XCh: C, 64.73; H, 2.93; N, 5.81.
Found: C, 64.61; H, 3.07; N, 6.07.

2-Methoxy-4-nitrodiphenyl-2'-carboxylic acid. The above
product (2 g.) was refluxed in a solution of sodium hydroxide
(1 g.) in water (20 ml.) until all the solid had gone into solu-
tion. It was cooled in an ice bath and dimethyl sulfate
(1 g., 2 equiv.) were added dropwise with rapid stirring (10
min.). The ice bath was removed and the reaction mixture
was stirred at room temperature for 30 min., then refluxed
for 10 hr. The mixture was filtered and the filtrate carefully
neutralized with coned, hydrochloric acid with rapid stirring.
The solid was removed by filtration and the filtrate acidified.
The precipitate was separated, recrystallized from glacial
acetic acid (rhombic crystals, 0.75 g.), m.p. 225-227.5°.
Two crystallizations from acetic acid-water gave an analy-
tical sample, m.p. 229.5-230.5°.

(9) W. E. Hanford and It. Adams, J. Am. Chem. Soc., 57,
1592 (1935).

(10) E. C. Kilciderer and It. Adams, J. Am. Chem. Soc.,
55, 4219 (1933).

(11) When the oil was hydrolyzed by refluxing for 7 hr.
in an equal mixture of ethanol and 20% sodium carbonate
solution, there was obtained a compound melting at 228-
229°. A mixture melting point with 2-methoxy-4-nitrodi-
phenyl-2'-carboxylic acid was not depressed.
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Anal. Calcd. for ChHuNOs: C, 61.54; H, 4.06; N, 5.13;
—OCH,, 11.36. Found: C, 61.59; H, 4.33; X, 4.91; —OCH,
11.17.

Heating this compound in polyphosphoric acid at 150°
for 2 hr. gave the compound obtained previously, 7-nitro-
3,4-benzocoumarin, m.p. and mixture m.p. 203-204°.

7-Amino-3,4-betizocovmarin. 7-Xitro-3,4-benzocoumarin (5
g.) was dissolved in a boiling mixture of toluene (200 ml.)
and 95% ethanol (200 ml.) and reduced in the usual way5
with Raney nickel and hydrazine hydrate. The product
amounted to 3.8 g. (86%), m.p. 239.5-240.5°. Recrystalliza-
tion from chloroform gave the analytical sample.

Anal. Calcd. for C,jH9X02 C, 73.92; H, 4.30; X, 6.63.
Found: C, 74.11; H, 4.35; X, 6.47.

7-Acetamido-3,4-benzocoumarin. Acetylation of the above
amine with acetic anhydride in glacial acetic acid gave a
quantitative yield of the acetamido compound, m.p. 298-
299°.

Anal. Calcd. for CisHnNOs: C, 71.14; Il, 4.37; X, 5.53.
Found: C, 71.13; H, 4.46; X, 5.76.

8,4-Benzocoumarin. Deamination of 1 g. of 7-amino-3,4-
benzocoumarin was effected with hypophosphorous acid
giving 0.9 g. of the crude product which was extracted with
ligroin (d. 0.67-0.69). After evaporation of the ligroin the
residue was recrystallized from methanol-water yielding 0.7
g. This melted at approximately 85°, resolidified and re-
melted at 91.5-92.5°. Amixture with the authentic material 2
showed no melting point depression and the infrared spec-
trum of the product is identical with that of 3,4-benzocou-
marin.

6-Nitro-3,4-benzocoumarin. Ullmann reaction of 2-iodo-4-
nitroanisolel3 and methyl o-bromobenzoate at 210-220°
(bath) for 2 hr. gave an oil which was hydrolyzed in a mix-
ture of acetic acid and 64% sulfuric acid. The solid obtained
from the hydrolysis was extracted with sodium carbonate
solution, giving 9.5% of the product as insoluble solid. The
carbonate extract ws acidified and the precipitate heated in
polyphosphoric acid at 150-160° (oven) for 2 hr. giving
another 16% of the benzocoumarin, m.p. 261.5-262.5°.

Anal. Calcd. for CIH,XO,: C, 64.73; H, 2.93; X, 5.81
Found: C, 64.78; H, 3.13; N, 5.89.

6-Amino-3,4-benzocoumarin. Raney nickel and hydrazine
hydrate reduction5of the nitro compound gave a 94% vyield
of the amine, m.p. 190-191°.

Anal. Calcd. for CIHIX02 C, 73.92; H, 4.30; X, 6.63.
Found: C, 74.09; H, 4.05; N, 6.56.

Deamination of the amine gave 3,4-benzocoumarin,2 as
shown by melting point, mixture melting point, and infrared
spectrum.

Seattle 5 Wash.

(12) C. Graebe and P. Schestakow, Ann., 284, 306 (1895).
(13) G. M. Robinson, J. Chem. Soc., 109, 1083 (1916).
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3-Phenylpentane-2,4-dione was benzylated, benzoylated, and carbonated at one of its terminal methyl groups through its
dipotassio derivative, which was prepared by means of two molecular equivalents of potassium amide in liquid ammonia.
The benzylation and benzoylation were best effected in the presence of pyridine, and the carbonation in ether. When the
benzoylation was carried out in liquid ammonia, ether or tetrahydrofuran, phenylacetone was obtained as by-product. This
ketone evidently arose by cleavage of the original /3-diketone. The benzoylation and carbonation products of the /3-diketone
were cyclized by means of acid to form the corresponding -y-pyrone and 6-lactone respectively. None of the possible cycliza-

tion products involving the aromatic ring was isolated.

Recently2 acetylacetone was benzylated and
benzoylated at one of its terminal methyl groups
through the intermediate formation of its dipotas-
sio derivative,3 which was prepared by means of
two molecular equivalents of potassium amide in
liguid ammonia (Equation 1).

CHjCOCH.COCHs-EE\JHs (CHXOCHCOCH,)2K+ (1)
lig. NH3
In the present investigation a similar study was
made of 3-phenylpentane-2,4-dione (I), which was
converted to its dipotassio derivative 113 in the
usual manner.

CH3COCHCOCH3 (CH.ICOCCOCH») 2K +

|
C,H3 (.11

[ I

Like the dipotassio derivative of acetylacetone,
Il was obtained as a suspension in liquid ammonia.
At least in this medium the latter salt was found
to be less reactive than the former. This relative
sluggishness of Il might be due to a lower solu-
bility in liqguid ammonia and/or a lower nucleo-
philicity of its dicarbanion because of contribu-
tions of ring resonance structures such as 11",

ch3Xxoccoch.

IT

First, a studj’ was made of the benzylation of
Il with benzyl chloride. Whereas the dipotassio
salt, of acetylacetone has been benzylated ir_ 60%
yield in liquid ammonia within one hour,2 11 failed
to undergo appreciable benzylation under similar
conditions even within two hours. However, the

(1) Supported by the Office of Ordnance Research, U. S.
Arm}.

(2) C. R. Hauser and T. M. Harris, J. Am. (‘hern. Soc.,
80, 6360 (1058).

(3) For the present purpose only dicarbanion resonance
forms are considered, although other resonance forms may
contribute more to the structure of the molecule.

benzylation of the latter salt was realized under
appropriate conditions, the product being the ex-
pected terminal methyl derivative I11. Thus, this
product was obtained in 16% yield on refluxing the
reactants in ether for five hours, and in 50-62%
yields on carrying out the reaction in pyridine con-
taining a small amount of liquid ammonia (Equa-
tion 2).
CHLCHXI acid

" CHjOOOCOOH.CHoCnlla — >
Pyrldlne, |
. NH3

u.hb
CHICOCHCI)01LCH,CfH5 (2)
e
i

Although the 62% yield of 111 was obtained on
stirring the reaction mixture for two hours at room
temperature, almost as good a yield (52%) was
realized when the cold reaction mixture was stopped
after three minutes, during which time the suspen-
sion of 11 had dissolved.

Evidently the benzyl chloride did not first, react
with the pyridine to form the benzylpyridinium ion
to serve as the alkylating agent, since, on first
preparing the quaternary ammonium salt and then
adding it to Il in pyridine containing a small
amount of liqguid ammonia, none of the product. 111
was isolated. In a blank experiment in which 11
was stirred with pyridine for two hours, | was re-
covered in 87% vyield.

That the product was 111 and not the possible
methinvl derivative IV was shown by the fact that
it formed a copper chelate. 1V, which has no readily

CJLCH.

|
CH3COCCOCHS

|
CeHs

\Y

enolizable hydrogen, could not yield the chelate.
Moreover, the infrared spectrum of this chelate
was similar to that of the starting /3-dikctone I,
both giving a peak at 6.35 a and no peaks in the
region of 6.52-6.60 g. This result is characteristic
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of the chelates of such /3-diketones having a 3-
substituent.5

The structure of the product was confirmed as
I11 by an independent synthesis involving the
acylation of phenylacetone with hydrocinnamic
anhydride by means of boron trifluoride (Equation
3) (CiHsOHICHjCOnO

CH3COCH2CEH 5 --mmmmmv oo — > 1 ©)

Next a study was made of the benzoylation of
Il with methyl benzoate. Whereas the dipotassio
salt of acetylacetone has been benzoylated in 60%
yield in liquid ammonia (half an hour) followed by
ether (one hour), 1l gave only a 14% yield of tri-
ketone V in liquid ammonia (five hours) and only
an 11% vyield in refluxing ether (five hours).
However, the reaction was realized in 47% vyield
in pyridine containing a small amount of liquid
ammonia (Equation 4).

CtmcoocHj -
L CHICOCCOCHICOCsHs —
yridine3
9. Nils
CoHr,
CHsCOCCOCHCOCeHs
CelL
" acid

CH,COCHCOCH,COC,H5 (4)

d‘oHs
\Y

In these experiments Il was treated with only
one half of a molecular equivalent of methyl ben-
zoate, since half of the dicarbanion 11 was involved
in converting the triketone to its dicarbanion (see
Equation 4). Therefore the yield of V was based on
the ester.6

The structure of the product was established as
triketone V by cyclization by means of concen-
trated sulfuric acid, hydrobromic acid, or poly-
phosphoric acid (PPA) to form the y-pyrone VI
in good yields (Equation 5).

CcO
mso, CEHZCH CH
HBr * CH3X =0 cicf.Hs
or PPA i
OH

A
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The ultraviolet absorption spectrum of the
cyclic product had a maximum at 270 mu and a
log «value of 4.33, which are in close agreement
with such values for certain related y-pyrones.6

There was a possibility that aromatic cyclo-
dehydration occurred as indicated in V' to form
VII, since this type of cyclization is also known to
be acid catalyzed7 especially by polyphosphoric
acid.8 However, the y-pyrone structure of the

C«H5—c =0
,/ CH.
CfH5
c=0
CIH
COCH, COCHj
VII

product is supported not only by the ultraviolet
spectrum mentioned above but also by the fact
that it failed to give a positive enol test with
ethanolic ferric chloride as should be expected if
it had been a naphthol such as VII.

When the benzoylation of Il with methyl ben-
zoate was effected in refluxing tetrahydrofuran for
five hours, the y-pyrone VI was obtained directly
in 39% vyield. This accompanying cyclization under
these conditions was unexpected, since the cycli-
zation of 1,3,5-triketones have generally been con-
sidered to be catalyzed by acids but not by bases.6
In fact certain bases have been employed to effect
ring opening of y-pyrones.6 In the present experi-
ment the y-pyrone was apparently obtained first
as a hemihydrate (based on analysis) which readily
underwent dehydration on treatment with sulfuric
acid. The possibility that the supposed hemihy-
drate was the intermediate cyclic hemiacetal shown
in equation 5 was not supported by analysis.

It should be mentioned that, in the benzo3lations
of 11 in liquid ammonia, ether, and tetrahydrofuran
described above, there was obtained phenylacetone
in yields of 20-30%, 52%, and 30% respectively.
This product evidently arose at least partly from
the cleavage of the /3-diketone I, since it was pro-
duced in 25% vyield in a blank experiment, in which
I was treated with two equivalents of potassium
amide in liquid ammonia for five hours. By analogy
with similar cleavages of /3-diketones by aqueous
alkali,9 this cleavage would be considered to be
initiated by the attack of the amide ion on one of
the carbonyl groups of the free /3-diketone, a low
concentration of which would presumably be in

(4) See R. P. Drvden and A Winston, J. Phys. Chem., 62,
635 (1958).

(5) See R. J. Light and C. R. Hauser, J. Org. Chem,, in

ress.
P (6) See ref. 5 and P. Franzosini, G. Traverso, and M.
Sanesi, Ann. chim. (Rome), 45, 128 (1955).

(7) See C. K. Bradsher, Chem-. Revs., 38, 447 (1946).

(8) See C. R. Hauser and J. G. Murray, J. Am. Chem.
Soc., 77, 3858 (1955); C. K. Bradsher, L. E. Beavers, and
N. Tokura, J. Am. Chem. Soc., 78, 3196 (1956).

(9) See J. Hine, Physical Organic Chemistry, McGraw-
Hill Book Company, Inc., New York, 1956, p. 295.
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equilibrium with the mono and dicarbanion. The
resulting intermediate (VII1) would then decom-

0-

CIRC--—- CHCOCHs
II\|i|, CIZeII»
Vili
pose as indicated. Because of the presence of the
phenyl group, however, it appears possible that
the mono or dicarbanion might also undergo some
cleavage.

Although the preferred agent for the benzoyla-
tion of Il was methyl benzoate, benzoyl chloride
was found to produce a 22% yield of triketone V on
treating Il in pyridine with benzoyl chloride in the
ratio of two to one. No dibenzoylation product was
isolated, and 64% of the original /3-diketone |
was recovered. In a previous studyD of certain
acylations of monosodio ketones with acid chlorides
a three to one ratio of the reactants was preferred
to the two to one ratio because of the tendency to
form the diacylation product.

Finally 11 was carbonated in ether (six hours)
to form the diketoacid IX in 26% yield (Equation
6).

AN

co2 - - dil.
1 > CH.,COCCOCHZCO0 e

ether |

cthb
CH3COCHCOCHZXZCOOH (6)

i,

The structure of the product was established as
IX by cyclization by means of polyphosphoric acid
(PPA) to give the 5-lactone X in 96% yield (Equa-
tion 7).

IX PPA_, ch2

CH3C-OH C—O0
|

OH

It is of interest that the diketo acid IX evidently
did not undergo aromatic cyclization as indicated
in 1X" to form the dihydroxynaphthalene derivative
XI. a type of cyclization that also is known to be
acid catalyzed. For example, /3-keto ester X1 has

HO—C=0

X' Xl Xl

(10) B. O. Linn and C. R. Hauser, J. Am. Chem. Soc., 78,
6066 (1956).
(11) G. Soliman and R. W. West, J. Chem. Soc., 54 (1944).
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been cyclized by means of sulfuric acid to form the
corresponding dihydroxynaphthalene. 1l

Evidence that the c.yclic product was the lactone
X and not the dihydroxynaphthalene derivative
X1 was provided by the fact that the product gave
a negative enol test with ferric chloride, which
result would be expected for a lactone such as X
but not for a dihydroxynaphthalene.1 The in-
frared spectrum of the product did not have a
hydroxyl peak which is further evidence that its
structure is lactone X rather than dihydroxy-
naphthalene XI.

An attempt to prepare the tripotassio salt X111
by treating | with three molecular equivalents of
potassium amide in liquid ammonia was evidently
unsuccessful.

(CHsCOCCOCHS) 3K+

cap
X1

Thus, on treating the reaction mixture with one
equivalent of benzyl chloride for five hours, none
of the possible dibenzylation product was isolated
and only a 2% yield of the monobenzylation prod-
uct 111 was realized. Instead there were obtained
a 45% vyield of stilbene based on the benzyl chlo-
ride and a 25% vyield of phenylacetone based on the
d-diketone 1, 20% of | being recovered. The purple
color associated with the formation of stilbene
through the self-condensation of benzyl chloride
by amide ion was observed.22 It is possible that the
self-condensation of the benzyl chloride was ef-
fected by tripotassio salt X111 but it seems more
likely that this reaction was brought about by the
extra equivalent of amide ion over the two equiva-
lents involved in the formation of I1.

EXPERIMENTALI13

Preparation of dipotassio derivative 11. 3-Phenylpentane-
2,4-dioneX was synthesized from phenylacetone and acetic
anhydride by the boron trifluoride method.

To a stirred solution of 0.2 mole of potassium amide in 300
ml. of commercial, anhydrous liquid ammonia was added
17.6 ¢. (0.1 mole) of solid /3-diketone | in small portions.
The resulting white suspension was stirred for 15-30 min.
after which the formation of 0.1 mole of the dipotassio de-
rivative Il was assumed to be complete.

Benzglation of dipotassio derivative II. A. In ether. To a
stirred suspension containing 0.0284 mole of the dipotassio
derivative 11 in 300 ml. of liquid ammonia was added 3.566 g.
(0.0284 mole) of benzyl chloride. The liquid ammonia was

(12) C. R. Hauser, W. R. Brasen, P. S. Skell, S. W. Kan-
tor, and A E. Brodhag, J. Am. Chem. Soc., 78, 1653 (1956).

(13) Melting points (uncorrected) were taken on a Fisher-
Johns melting point apparatus. Infrared spectra were
produced with a Perkin-EImer Model 21 Spectrophotometer
by the potassium bromide method. Ultraviolet spectra
were taken on a Warren Spectracord. Elemental analyses
¥vere by Galbraith Microchemical Laboratories, Knoxville,

enn.

(14) See C. R. Hauser, F. W. Swamer, and J. T. Adams,
Org. Reactions, Vol. VIII, John Wiley and Sons, Inc., New
York, N. Y., 1954, p. 133. .
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evaporated (steam bath) as an equal volume of dry ether
was added. The resulting ethereal suspension was stirred for
6 hr., and then cooled. The reaction mixture was shaken
with dilute hydrochloric acid, and the two layers were
separated. After washing with water, the ethereal layer was
dried over Drierite, and the solvent removed. The residual
oil was heated in vacuo until low boiling material (containing
some benzyl chloride and /3-diketone 1) was removed, and
the residue was dissolved in ether. The ethereal solution was
shaken with excess saturated aqueous copper acetate solu-
tion, and the resulting copper chelate was collected on a
funnel. After recrystallization from ethanol there -wes ob-
tained 13 g. (16%) of gray-green platelets of the copper
chelate of I,4-diphenylhexane-3,5-dione, m.p. 190-192°.

Anal. Calcd. for C3H3D,Cu: C, 72.76; H, 5.78; Cu, 10.70.
Found: C, 72.92; H, 5.57; Cu, 10.73.

Its infrared spectrum showed the following peaks: 3.3,
6.3, 3.18, 7.0, 7.2, 7.45, 7.55, 7.75, 9.35, 9.9, 9.13, 130, 132,
1425 M

B. In pyridine and liquid ammonia. A 0.05-mole suspension
of 11 was prepared in 100 ml. of liquid ammonia. When most
of the liquid ammonia had evaporated 6.33 g. (0.05 mole) of
benzyl chloride was added to the stirred suspension followed
immediately by the addition of 50 ml. of dry pyridine. The
dipotassio salt dissolved within 1-2 min. giving a very light
red colored solution. The reaction mixture was heated gently
on the steam bath until it reached room temperature and
stirring was continued at this temperature for 2 hr. 1t was
then neutralized by addition to a mixture of coned, hydro-
chloric acid and crushed ice to precipitate the product which
was dissolved in ether. The ethereal solution was washed
with a saturated solution of sodium bicarbonate, dried over
anhydrous magnesium sulfate, and the solvent removed.
The residual oil was distilled in vacuo to give 1,4-diphenyl-
hexane-3,5-dione, collected at 136-138°, 0.25 mm., which
was dissolved in ether. The ethereal solution was shaken
with a saturated aqueous solution of copper acetate to pre-
cipitate 8.64 g. (62%) of the copper chelate of 11, m.p.
188-190°. A mixed melting-point determination with an
authentic sample of the copper chelate of 111 (prepared
above) showed no depression. Some (1.7 g.) of the starting
diketone was recovered (collected at 60-63°, 0.25 mm.),
m.p. 54-57°. A mixed melting-point determination with an
authentic sample of 3-phenylpentane-2,4-dione showed no
depression.

The reaction was repeated, first adding the pyridine to
the dipotassio derivative in a small quantity of liquid am-
monia. Some of the dipotassio derivative dissolved giving a
light green colored solution, the rest of the derivative re-
maining in suspension. On addition of the benzyl chloride all
the dipotassio derivative dissolved within 1-2 min. giving a
light red colored solution which was brought to room tem-
perature and stirred for 2 hr. The product was worked up as
in the previous reaction to give 3.8 g. (51%) of the copper
chelate of 111, m.p. 183-185° and to recover 0.8 g. (18%) of
the starting diketone, m.p. 54-56°.

The above reaction was repeated except that it was neu-
tralized 3 min. after the benzyl chloride had been added to
the suspension of the dipotassio derivative in pyridine. The
product was worked up as before to give 3.45 g. (52%) of di-
ketone 111 collected mostly at 155-158°, 3.0 mm. The copper
chelate melted at 190-192° (ethanol). Some (0.65 g.; 15%)
of the starting diketone, m.p. 53-57° was recovered.

In a blank experiment 0.05 mole of Il (suspension) in
pyridine containing a small quantity of liquid ammonia was
stirred at room temperature for 2 hr. The reaction mixture
was then neutralized by addition to a mixture of coned, hy-
drochloric acid and ice to precipitate 3.8 g. (87%) of the
starting diketone, m.p. 52-54°. A mixed melting-point de-
termination with an authentic sample of 3-phenylpentane-
2,4-dione showed no depression.

An unsuccessful attempt was made to benzylate Il with
benzylpyridinium chloride, prepared by heating an equi-
moloeular mixture of benzyl «hloride and pyridine to 100°

TERMINAL METHYL CYCLIZATIONS

1113

for 5 min. Solid benzylpyridinium chloride (0.025 mole) was
added to a 0.025 mole suspension of 11 in 50 ml. of pyridine
containing a small amount of liquid ammonia. An immediate
blood red color appeared in the reaction mixture. After
stirring for 3 min. the reaction mixture was neutralized with
acid to give 2 g. (45%) of the starting diketone, m.p. 54-56°.

An attempt to benzylate Il in liguid ammonia was un-
successful. After 2 hr. none of the benzylated product was
isolated and a considerable amount of starting material was
recovered.

Independent synthesis of (j-diketone 111. A mixture of 13.4 g.
(0.1 mole) of phenylpropane-2-one, 56.5 g. (0.2 mole) of
hydrocinnamic anhydride, and 5.15 g. (0.03 mole) of p-
toluenesulfonic acid was saturated at 0-10° with boron tri-
fluoride according to the method of Hauser and Manyik.6
The product was heated in vacuo until low boiling material
was removed. The residue was dissolved in ether and the
ethereal solution was shaken with a saturated aqueous cop-
per acetate solution to precipitate 6.7 g. (23%) of the copper
chelate of |,4-diphenyl-3,5-dione, m.p. 188-190°. A mixed
melting point determination with the copper chelate of 111
(obtained in a previous reaction described above) showed no
depression. The infrared spectra of the copper chelates of
both products were identical.

The copper chelate of 111 was decomposed with 10%
sulfuric acid, and the free diketone was dissolved in ether.
The ethereal solution was washed with water, dried over
anhydrous magnesium sulfate, the solvent removed, and the
residual oil distilled in vacuo. 1,4-Diphenylhexane-3,5-dione
was collected at 127° at 0.1 mm. and redistilled at 147-148°
at 0.3 mm., n2 = 1.5769.

Anal. Calcd. for CiHi® 2 C, 81.2; I, 6.81. Found: C,
80.96; H, 6.82.

The compound gave a cherry-red enol test with alcoholic
ferric chloride.

Benzoylation of Il to form triketone V. A. In liquid am-
monia.. To a stirred suspension of 0.1 mole of 11 in 300 ml. of
liguid ammonia was added 6.8 g. (0.05 mole) of methyl
benzoate in an equal volume of ether, and stirring was con-
tinued for 5 hr. The reaction mixture was then neutralized
with an excess of ammonium chloride and the liquid am-
monia was replaced with an equal volume of ether. Water
was added to dissolve the salts present and the resulting
aqueous and ethereal layers were separated. The ethereal
layer was washed with water, dried over anhydrous mag-
nesium sulfate, and the solvent removed. The residual oil
was distilled in vacuo to give 1.3 g. of phenylacetone, n®
15165, and 7.3 g. of oil, collected at 52-58°, 0.6 mm. The oil
was dissolved in ether and the ethereal solution was shaken
with a saturated aqueous solution of copper acetate to pre-
cipitate 4 g. (18%) of the copper chelate of the starting di-
ketone |1, identified by its infrared spectrum. The residue in
the distilling flask was washed wuth a small quantity of
ethanol and recrystallized from the same solvent to give 2
g. (14%) of yellow crystals of I,4-diphenylhexane-1,3,5-
trione, m.p. 80-82°.

Anal. Calcd. for CEH®® 3 C, 77.11; H, 5.75. Found: C,
76.97; H, 5.58.

The compound gave a green enol test with alcoholic ferric
chloride.

Its infrared spectrum showed the peaks: 6.24, 6.35-6.5
(broad), 6.7, 6.85, 7.0, 7.25, 7.8, 8.4, 8.65, 9.1, 9.2, 9.3, 9.7,
9.8, 101, 106, 11.0, 12.3, 129, 13.25, 1345, 14.15, 145,
14.95 mr

B. In ether. The experiment was repeated in ether, the pro-
cedure being essentially the same as in the previous reac-
tion except that the liqguid ammonia was replaced by an equal
volume of dry ether and the reaction mixture was stirred
at reflux for 5 hr. It was then cooled and neutralized with
dilute hydrochloric acid. On distillation of the product in
vacuo, 7.6 g. of phenylacetone was collected at 61°, 0.95 mm.B

(15) C. R. Hauser and R. M. Manyik, J. Org. Chern., 18,
588 (1953).
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(«8B'51.5142; 6.7 g.) and 51°, 0.6 mm. (n.28'5 1.5145; 0.9
g.), identified by infrared spectra. The residue in the distill-
ing flask was dissolved in ether and the ethereal solution was
shaken with a saturated aqueous solution of copper acetate
to precipitate 4.8 g. of copper chelate which after washing
with boiling ethanol had a melting point of 200-240°. The
copper chelate was decomposed with 15% sulfuric acid to
give, after recrystallization from ethanol 1.0 g. of 1,4-di-
phenylhexane-1,3,5-trione, m.p. 79-83° which die not de-
press the melting point of an authentic sample of the trike-
tone (obtained in the previous reaction). A second crop of
0.5 g. of the triketone (total yield, 18%) was obtained from
the filtrate.

C. In tetrahydrofuran. To a stirred solution of 0.9 mole of
Il in 400 ml. of liquid ammonia was added 6.12 g. (0.045
mole) of methyl benzoate. The liquid ammonia was replaced
by an equal volume of tetrahydrofuran and the resulting
suspension was boiled under reflux for 5 hr. About 300 ml. of
water was added to the cooled reaction mixture which was
then acidified with dilute sulfuric acid and extracted several
times with ether. The combined ethereal extracts were
washed with water and dried over Drierite and the solvent
removed. On distillation of the residual oil in vacuo, 2.25 g.
of oil was obtained at 36°, 0.26 mm., n2 1.5154, which was
identified by its infrared spectrum as phenylacetone. The
residue in the distilling flask was washed with ether and col-
lected on a funnel to give 4.82 g. solid, m.p. 121-126°, which
on recrystallization twice from «-hexane (using Xorb once)
and finally from ethanol gave colorless prisms of 2,5-di-
phenyl-6-methvl-y-pyrone (hydrated), m.p. 120-122°.

Anal. Calcd. for C/sHuOto/olDO: C, 79.66; H. 5.57.
Found: C, 79.86; H, 5.77.

The compound did not give an enol test with an ethanolic
solution of ferric chloride. A coned, sulfuric acid solution of
the compound exhibited a bright blue fluorescence in ultra-
violet light. The ultraviolet spectrum of the compound had a
maximum at 270 m/i and a log e value 4.295.

Asample of the compound was dissolved in coned, sulfuric
acid, kept at 0° for 10 min. and poured onto ice water to give
2,5-diphenyl-6-methyl-7-pyrone. It was recrystallized several
times from ethanol from which it was obtained in white
needles, m.p. 147-148°.

Anal. Calcd. for CisHuO*: C, 82.41; H, 5.38. Found: C,
82.26; H, 5.31.

The ultraviolet spectrum of the pyrone had a maximum at
270 mji and a log evalue of 4.327. It did not give a positive
enol test with alcoholic ferric chloride.

Ft In -pyridine and liquid ammonia. A 0.05-mole suspension
of Il was prepared in 100 ml. of liquid ammonia. When most
of the liquid ammonia had evaporated. 3.4 g. (0.025 mole) of
methyl benzoate was added followed immediately by the
addition of 50 ml. of dry pyridine. Some of Il appeared to
dissolve but most of it remained in suspension. The reaction
mixture was stirred at room temperature for 2 hr. ar.d then
neutralized by pouring onto a mixture o: excess of coned,
hydrochloric acid and crushed ice to precipitate the product
which was dissolved in ether. The ethereal solution was
washed with a saturated solution of sodium bicarbonate,
dried over anhydrous magnesium sulfate, and the solvent
removed. The residual oil was distilled in vacuo to give 5.8 g.
(66%) of the starting diketone collected mostly at 67 68°,
0.3 mm., m.p. 45-51°. Mixed melting point determination
with 3-phenylpentane-2,4-dione gave m.p. 45-54°. The
distillation was stopped at 70° and the residue was recrys-
tallized from ethanol to give 2.65 g. of yellow crystals of
1.4-diphenylhe.\ane-1,3,5-trione, m.p. 76-80°, a sample of
which did not depress the melting point of an authentic
sample of the compound. A second crop, 9.6 g. of the trike-
tone (total yield, 47%) was obtained from the ethanolic
filtrate.

In another experiment 0.05 mole of Il was prepared in
liquid ammonia. The liquid ammonia was evaporated com-
pletely (steam bath), sweeping out the last traces of it with
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ether. Pyridine (50 ml.) was added to Il in a small amount of
ether, followed immediately by the addition of 351 g.
(0.025 mole) of benzoyl chloride. Most of the dipotassio
derivative appeared to dissolve in the pyridine, and the solu-
tion assumed a deep red color. The reaction mixture was
stirred for 2 hr., then neutralized by acidification and
worked up as in the previous reaction to give 5.66 g. (64%)
of starting diketone collected at 60-70° at 0.22 mm., m.p.
4S-53°, and 2.8 g. of copper chelate of triketone V, obtained
on shaking an ethereal solution of the residue (from the
distillation of the product) with a saturated aqueous solu-
tion of copper acetate. The free triketone, m.p. 81-85°,
was obtained on decomposition of the copper chelate with
15% sulfuric acid. A mixed melting point determination with
I,4-diphenylhexane-1,3,5-trione showed no depression. A
further 0.7 g. of the copper chelate was obtained from an in-
termediate fraction collected at 69-70° at 0.22 mm.

Formation of 2,5-diphenyl-6-methyl-y-pyrone. A sample of
0.25 g. of the triketone was dissolved in 5 ml. of cold coned,
sulfuric acid and cooled to 0°-10° for 10 min. and then
poured on to ice water to precipitate 0.2 g. (85%) of the py-
rone V, m.p. 143-144°. A mixed melting point determination
with an authentic sample of the pyrone obtained above
showed no depression.

Samples of the triketone were also cyclized to the pyrone,
in good yields, by refluxing for 2 hr. in 45% hydrobromic
acid and by heating (steam bath) in polyphosphoric acid for
I. 5hr.

Carbonation of I1. A 0.0284 mole suspension of Il was pre-
pared in 300 ml. of liquid ammonia. The liquid ammonia was
evaporated rapidly (steam bath) as an equal volume of dry
ether was added. The resulting slurry of 11 was poured on to
a large excess of pulverized Dr\r Ice. The mixture was agi-
tated at intervals and more Dry Ice was added as needed.
After 6 hr. the ether slurry was extracted twice with water
and the aqueous extracts combined. The aqueous solution
was cooled in an ice bath, acidified, and the resulting precipi-
tate was collected and redissolved in aqueous sodium
bicarbonate solution. After washing with ether, the cooled
bicarbonate solution was acidified and the resulting precipi-
tate was collected on a funnel, washed with water, and dried
to give 1.6 g. (26%) of 4-phenyl-3,5-dioxohexanoic acid
which recrystallized from hexane in white prisms, m.p. 110-
112°. It gave a cherry-red enol test with ethanolic ferric
chloride.

Anal. Calcd. for CIHiD4: C, 65.45; Il, 5.49. Found: C,
65.41, H, 5.67.

Its infrared spectrum showed the following peaks: 3.3
(broad), 5.8, 6.2 (broad), 6.7, 7.15, 7.55, 855, 9.35, 9.95,
10.2, 10.8 (broad), 13.15 m

Formation of lactone. A 0.5-g. sample of the /5-keto acid was
dissolved in 5 ml. of polyphosphoric acid and heated on a
steam bath for 1.5 hr. The solution was then poured onto
crushed ice and the resulting precipitate was collected,
washed with water, and dried, yielding 0.44 g. (96%) crude
4-hydroxy-6-methyl-5-phenyl-a:-pyrone which was recrystal-
lized from ethanol (Xorit) to give 0.35 g. of the pure lactone,
m. p. 227-229°. It did not give a positive enol test with alco-
holic ferric chloride.

Anal. Calcd. for C*Hinth: C, 71.27; H, 4.99. Found: C.
71.15; H, 4.96.

Its infrared spectrum showed the peaks: 3.4, 3.9, (broad),
6.0, 6.2, 6.5, (broad), 6.7, 7.95, 7.7, 7.8, 8.0, 8.5, 9.25, 9.35,
9.65, 9.9, 10.3, 10.8, 11.1, 12.05, 12.3, 130, 142 M

A sample of the /3-keto acid was heated at 135° for 5 min.
during which time carbon dioxide was evolved. The residue
was recrystallized from petroleum ether (Dry Ice cooling) to
give white crystals, m.p. 53-55°. A mixed melting point de-
termination with 3-phenylpentane-2,4-dione showed no de-
pression.

D( riiam, X. C.
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Ferric chloride, gallium chloride, and antimony pentaehloride catalyze the hydrolysis of carbon tetrachloride to phosgene
in high yield under mild conditions. The catalysts are dehydrated by the hydrolysis reaction, affording a convenient means
of preparing anhydrous ferric and gallium chlorides. The hydrolysis of other halomethanes, friehloromctbvlaryl compounds,
and trichloroethane is also easily accomplished with ferric chloride catalysis. A complex of the metal halide with the ehloro-
carbon which readily reacts with w-ater is proposed as a highly reactive intermediate in the hydrolysis reaction.

Carbon tetrachloride and other chlorinated
hydrocarbons have produced phosgene under
oxidative conditions by passing the vapor mixed
with air over heated metals, metal oxides and chlo-
rides at elevated tmperatureslb~@&and by irradiation
with light of wave length 2537 A in the presence of
oxygen.4 Phosgene from wet carbon tetrachloride
in the presence of metals such as copper and iron
has been observed qualitatively, but little informa-
tion of the nature of the reaction was reported.5
Recently we detected a small amount of phosgene
in the reaction vessel after conducting a Friedel-
Crafts type reaction involving ferric chloride as
catalyst in carbon tetrachloride solvent. In sub-
sequent experiments to determine the source of
the phosgene we found that ordinary commercial
pure sublimed ferric chloride and carbon tetra-
chloride would evolve phosgene. The apparent
hydrolysis of the solvent by small amounts of
water in the anhydrous ferric chloride was con-
firmed by the preparation of phosgene by adding
water to a mixture of carbon tetrachloride and
catalyst at reflux temperature. These observa-
tions prompted us to study the heretofore unre-
ported easily catalyzed hydrolysis of carbon tetra-
chloride and other trichloromethyl compounds by
iron, gallium, and antimony chlorides under very
mild conditions.

RESULTS

The hydrolysis of carbon tetrachloride in the
presence of ferric chloride was a convenient method
for the preparation of phosgene, one mole of phos-
gene being produced for each mole of water added.
In the general study comparing catalysts and then-
hydrates in the hydrolysis reaction, phosgene was
not isolated but was swept out of the system by
nitrogen into an ether solution of aniline which re-
acted with phosgene and hydrogen chloride. The

(la) Present address: Stamford Research Institute,
Menlo Park, California.

(Ib) E. Bielsalski, Z. angew. Chem., 37, 314 (1924).

(2) B. Sjoberg, Svensk. Kem. Tidskr., 64, 63 (19521.

(3) W. B. Crummett, and V. A. Stenger, hid. Eng.
Chem., 48,434(1956).

(4) E. H. Lyons, and R. G. Dickinson, J. Am. Chem.
Sac.. 57,443(1935).

(5) A W. Doughty, J. Am"Chem. Soc., 39, 2685 (1917).

diphenylurea which precipitated was isolated and
the phosgene yields calculated. Aniline hydro-
chloride also precipitated in the correct ratio for
the overall reaction
FeClj
CCL + H»0---- ~ COCI2+ 2HC1
C0C12+ 2HC1 + 6 CtHAHj — >
CSHENHCONHCEHs + 4CEHINH2HCL

When phosgene was desired, the effluent gases were
swept into cold traps and the phosgene recovered
from the condensate by redistillation.

Although water may be added directly to the
heterogeneous catalyst-carbon tetrachloride mix-
ture, water in the form of the tetrahydrate of
ferric chloride and lesser hydrates readily reacted.
The phosgene began evolving slowly at 60°, in-
creasing in evolution rate up to reflux temperature.
The hexahydrate of ferric chloride did not undergo
reaction. Antimony pentaehloride and gallium
chloride were also efficient in promoting carbon
tetrachloride hydrolysis. With antimony penta-
chloride it was difficult to prevent the formation
of its oxychlorides by reaction with water. Gallium
chloride was easily made inactive by the addition
of water in excess of the dihydrate equivalent.
Neither the hydrate of aluminum chloride nor a
mixture of anhydrous aluminum chloride with a
small amount of hydrated catalyst would react with
carbon tetrachloride.

In the course of the hydrolysis reaction the cata-
lysts were dehydrated. For example, ferric chloride
tetrahydrate, which initially was an orange oil,
was observed to become crystalline, eventually
having the particulate blue green anhydrous ferric
chloride form. Iron oxide formation, which usually
occurs when ferric chloride hydrates are heated,
was not observed. Therefore, this procedure pro-
vided a simple way of preparing anhydrous ferric
chloride without employing the inconvenient high
temperature sublimation procedure. Gallium chlo-
ride was also dried by the hydrolytic action without
formation of oxide and has been obtained in good
purity.6 .Although aluminum chloride hydrate

(6) \Y. F. Sager, George Washington University, private

communication; using the procedure as described by us for
ferric chloride, crude gallium chloride was dried and redis-
tilled to give pure gallium chloride crystals.
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would not react with carbon tetrachloride, its
anhydrous state could be restored by refluxing its
mixture with anhydrous ferric chloride until phos-
gene evolution stopped, yielding a reactive mixed
metal halide catalyst.

Other halomethanes such as dichlorodibromo-
methane and bromotrichloromethane reacted with
water and ferric chloride, producing low yields of
phosgene and molecular bromine by-product. Chlo-
roform was almost completely unaffected even
after prolonged reaction periods, and was sub-
sequently used as a convenient solvent for other
trichloromethyl compounds which were being
hydrolyzed. 1,1,1-Trichloroethane reacted very
vigorously at room temperature with hydrated
ferric chloride, giving acetic acid as the hydrolysis
product. However, as the catalyst become anhy-
drous, dehydrohalogenation became predominant
and vinylidene chloride was formed. In addition
a small amount of a solid side reaction product was
isolated. Elemental analysis indicated that it had
an empirical formula CsHKCLCI. Infrared analysis
showed a strong carbonyl, double bond, and some
ring absorption. This spectrum plus qualitative
organic analytical tests and melting point indi-
cated that the compound was the same as the Cs-
H®2C1 compound isolated by Wichterle and
Vogel7 as a side product from the acetylation of
vinylidene chloride by acetyl chloride in the pres-
ence of aluminum chloride. This seemed reasonable
as both vinylidene chloride from dehydrohalogena-
tion and acetyl chloride as an intermediate in the
hydrolysis of the methylchloroform were present.
Additionally, in a separate experiment, ferric
chloride did catalyze the condensation of vinyli-
dene chloride and acetyl chloride to the C6com-
pound. Wichterle and Vogel7 proposed that the
compound was either 2-methyl-6-chloro-4H-pyran-
4-one, 1, or 6-methyl-4-chloro-2H-pyran-2-one, II.

From physical data obtained on the compound
we prefer to consider the product to be the a-
pyrone, Il. The ultraviolet absorption curve in
methanol gave a single peak at 300 m/r, log «
3.38, which is not consistent with the absorp-
tions found for y-pyrones of log e 4.08-4.23 at
250-260 m/x, and corresponds to the observations
of Berson8 that the «-compounds absorb at pro-
nouncedly longer wave lengths and lower intensi-
ties than the 7-compounds. Furthermore, it is
difficult to correlate the structure of I with the

(7) O. Wichterle and J. Vogel, Collection Czechoslovak
Chem. Commun., 19, 1197 (1954).

(8) (a) J. A Berson, J. Am. Chem. Soc., 75, 3521 (1953).
(b) E. R. Riegl and M. C. Reinhard, J. Am. Chem. Soc.,
48, 1334(1920).
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fact that catalytic hydrogenation of the product
in methanol7gave methyl caproate. Prior published
work has consistently reported that only the double
bonds of 7-pyrones have been reduced by cata-
Iytic hydrogenation without ring cleavage.9

Although previous catalytic hydrolysis reactions
of aryl trichloromethyl compounds have been re-
ported, Dwe reinvestigated the hydrolysis of these
compounds because of the unusually high tempera-
ture of 150° employed to hydrolyze them by
prior investigators. We found that benzotrichloride
in chloroform solution reacted very vigorously with
hydrated ferric chloride, cooling to 0° being neces-
sary to moderate the reaction. Similarly, m-
and p-hexachloroxylene reacted extremely vigor-
ously at room temperature, producing nearly
quantitative yields of isophthalic and terephthalic
acids respectively.

DISCUSSION

In considering a mechanism for this reaction,
the simplicity of the procedure indicates that an
unexpected activation of the chlorinated hydro-
carbons by the weak Lewis acids is a principal factor
influencing the reaction. Such consideration should
be consistent with the observed activity of iron,
gallium, and antimony chlorides in anhydrous and
hydrated states in contrast to the lack of activity
by aluminum chloride. The reaction must proceed
by a nucleophilic attack by water on a reactive
trichloromethyl complex with the metal halide-,
the overall reaction being

R—CCI3+ 11OH-
‘ 0

.RCCIJ + HCI — RC—CI + HCL

Such a mechanism is not inconsistent with the lack
of reaction with chloroform because in its hydrolysis
the intermediate, HOCHCh, would have to split
out hydrogen to form phosgene, or alternatively
to split out hydrogen chloride to form the very
unstable formyl chloride. No evidence of either
course of reaction was found.

There remains then the question of the form of
the complex and why it apparently exists in the
presence of water. Consideration of its possible
structure is aided by two recent explanations which
were used to account for the results of Kinetic
measurements on Friedel-Crafts reactions. The ef-
fectiveness of ferric chloride, gallium chloride,
and antimony pentachloride in promoting the
hydrolysis of carbon tetrachloride is similar to the
observations of Jensen and Brown,11 who found
that in benzoyl chloride solvent these chlorides
catalyzed the benzoylation of toluene more ef-
fectively than did aluminum chloride. They ex-

19) I,. F. Cavalieri, Chem. Rev., 41, 525 (1947).

(20) \\'. Gridii, Fuserforsch. u. Textiltcch., 4, 404 (1953).

(11) F. R. Jensen and H. C. Brown, ./. Am. Chem. Soc.,
80,3039(1958). .
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plained the observed third order kinetics by pro-
posing the existence of a Kinetically significant
amount of a 1:2 compound of acyl halide with the
metal halide dimer, CEHHECOC1L:M2X Ahmad2
has suggested that the same results could be ac-
counted for by a cyclic intermediate or transition
state in which the iron atom or gallium atom of the

<77 C#H6—C.Fex-Cl7

\ / |
Cl...... FeCL o)

second molecule of MX,, has more than eight
valency electrons. More specifically in the hydroly-
sis reaction it seems reasonable that the halogen
bridge of the metal halide dimer is opened and re-
placed by coordination with the chlorocarbon,
forming by analogy

FeCL
/
Cl Cl—m— FleCL Cl cl
\ /
¢ a ¢
( \ /\
Cl Cl——FeCL or more extremely, Cl CI\
FeCL.

In essence the complex may have at least the form
of | in equilibrium with a very small amount of the

cl Cl Cl
|

Cl—C—Cl Fle—CI- - Fle—CI -*t
cl Cl cl

CUC+FerChb

very reactive carbonium ion-metal halide pair,
Il. That weak Lewis acids must very easily form
such complexes is strongly indicated by the ability
of the ferric chloride hydrate to react with the tri-
chloromethyl compounds. Such complexes can
similarly be formed by the gallium and antimony
chlorides, the latter chloride having been observed
by Meyeri3to exist in a stable complex as a dimer
with acetophenone. It is not presumed that a
complex does not form with aluminum chloride,
as many Friedel Crafts condensations involving
aluminum chloride and carbon tetrachloride can
be explained by proposing reactive intermediate
carbonium ion complexes with the catalyst. How-
ever, in this system the affinity of aluminum
chloride for water as the hydrate must be greater
than its affinity for chlorine in a similar manner
proposed for aluminum chloride in acylationlland
cannot enter into reaction with carbon tetrachloride.
The ability of the added anhydrous ferric chloride
to dry the hydrated aluminum chloride can be ex-
plained by considering that the ferric chloride-
carbon tetrachloride complex simply reacts with
the water of the aluminum chloride hydrate lattice.

(12) M. S. Ahmad, G. Baddeley, and It. M. Topping,

Chem. Ind., 1958, 1327.
(13) K. H. Meyer, Ber., 41.2568 (1908).

HYDROLYSIS OF TRICHLOHOMETHYL COMPOUNDS

1117

EXPERIMENTAL

Hydrolysis of carbon tetrachloride. (A) Water, 4.0 g., 0.22
mole, was added dropwise to a mixture of 60 ml. of carbon
tetrachloride and 8.1 g. (0.05 mole) of commercial anhydrous
ferric chloride over a period of 4 hr. at reflux temperature.
The gases evolved were swept by nitrogen into a spiral Dry
Ice condenser equipped with a round bottom flask as re-
ceiver and then into an aqueous methanol trap. After the
water addition, the catalyst-carbon tetrachloride mixture
was heated an additional 2 hr. and then cooled. The Dry
Ice condenser spirals contained a small amount of ice from
entrained water. The product collected in the Dry Ice trap
receivers was then redistilled, passing the vapor through
mossy zinc to remove small amounts of hydrogen chloride.
The phosgene obtained, 90% yield based on added water,
b.p. 8.0, was partially distilled into 100 ml. of an ether
solution containing 12 g. of aniline. The precipitate formed
was collected, washed with water, and recrystallized from
alcohol. The derivative, sj/m-diphenvlurea, m.p. 240°, was
identical with known diphenylurea as determined by mixed
melting point and infrared traces.

(B) A mixture of 2.34 g. of ferric chloride tetrahydrate,
m.p. 73°, (0.023 mole water) was heated with 35 ml. of car-
bon tetrachloride at reflux temperature for 3 hr., the efflux
gases being swept into a solution of 0.1 mole of aniline in
250 ml. of ether. The precipitate was collected and dried,
1255 g., and then slurried with water to recover the di-
plienylurea. This plus a small amount obtained by concen-
tration of the ether weighed 4.00 g., 0.019 mole, 82%. The
weight of aniline hydrochloride, 9.95 g., 0.077 mole, gave
a ratio of the hydrochloride to diphenylurea of 4.05 vs.
4.00 required by theory.

In 10 hr. the same system gave 94% of phosgene as deter-
mined by diphenylurea, and about 24 hr. were required
before phosgene detection was virtually nil.

Table |1 summarizes the results obtained by using the
general procedure of (A). Where applicable, phosgene yields
were determined by formation of diphenylurea derivative;
otherwise the reaction products were isolated.

TABLE |
Catalyzed Hydrolysis of C13C— Compounds

RCCL Moles % Yield,
Compound  Solvent  Catalyst Product®
CCh - 0.1 -SbCL 90, COCL
CCL - 0.01-GaCL 89, COCL
CCh - 0.01 AICL nil
CCL - 0.01 ZnClI2 nil
ChCBr, - 0.013 FeCL 30, COCL
p-(CCL)XEeH4 CHCL FeCL 98,V(COOH)X@H4
m-(CCls)XeH4 CHCL FeCL 98,6t0(COOH)ZaH4
cthécl CHCL FeCL 88,c CellsCOOH
CHCCL —_ FeCL 70,6CH3COOH

0Based on water added. 6Stoichiometric amount of
water added; reaction temperature, 25°. cReaction tern-
perature, 0°.

Catalyst drying. (A) A mixture of 10.25 g. (0.1 mole) of
commercial anhydrous ferric chloride and 75 ml. of carbon
tetrachloride was held at reflux temperature for 24 hr. while
sweeping the efflux gases from the system with nitrogen.
The catalyst after this period was finely divided dark blue
green to reflected light. A reddish deposit was identified as
ferric chloride and not iron oxide. Similarly, gallium chloride
(0.01 mole) was dried in carbon tetrachloride with nitrogen
sweep until phosgene evolution was virtually nil.

(B) A mixture of 2.14 g. (0.01 mole) of aluminum chloride
hexahydrate, 0.82 g. of anhydrous ferric chloride, and 40 ml.
of carbon tetrachloride was heated with stirring at reflux
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temperature for 24 hr. The solvent was tiecanted from the
dried mixed catalyst, which readih' catalyzed the acylation
of toluene (in excess) with benzoyl chloride, 4.20 g., 0.03
mole, giving p-methylbenzophenone in 60% yield.
Hydrolysis of 1,1,1-trichloroethane. A mixture of 21 g. of
ferric chloride (0.13 mole) containing 3 g. (0.028 mole) of
water and 72 g. (0.54 mole) of 1,1,1-trichloroethane was
warmed gently until hydrogen chloride began to evolve.
As reaction progressed, 3.0 g. of water was added over a
period of 4 hr. while maintaining a temperature of 30° by
water bath. When gas evolution had ceased, the reaction
mixture consisted of an organic layer and a heavier layer
containing the catalyst as a black oil. The organic layer was
combined with several milliliters of product distilled under
reduced pressure from the catalyst oil, and then fraction-
ated, giving 6.3 g. of acetic acid (70% vyield based on water
added), 5.5 g. of vinylidene chloride, and 22 g. of methyl-
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chloroform. The inorganic residue was triturated with water
which turned a deep violet color, leaving out of solution a
tarry' oil which eventually partially crystallized. The mix-
ture was extracted with ether, decolorized and dried.
Evaporation of the ether left a crystalline deposit which
when recrystallized from hexane yielded 4.9 g. of white
needlelike crvstals, m.p. 85-6.

Anal. Calcd. for C8H5C102 C, 49.84; H, 3.49; Cl, 24.53.
Found: C, 50.10; H, 3.63; Cl, 24.36.

Infrared analysis in carbon tetrachloride gave an ex-
tremely intense absorption at 1744 cm.-1 In methanol solu-
tion, maximum absorption occurred at 300 mp, log e =
3.38. Qualitative organic analytical tests for carbonyl and
active chlorine were negative; bromine would not add;
hydrolysis by acid solution was negative.

Silver Spring, Mu.

[Contribution from the Research Laboratory of Resources Utilization, Tokyo |nstitute of Technology]

0-Alkyl- and Aryl-A,A-ethyleneurethanes. I.

Preparation and Reaction with

Aminesl

YOSHIO IWAKURA and AIKO NABEYA

Received December 1, 19b9

Several O-alkyl- or aryl-.Y,.V-ethyleneurethanes were prepared, and the reactions of these urethanes with some aromatic
amines were investigated. O-Alkyl-.Y.A'-etnyleneuretkanes gave only O-alkyl-.Y-(cf-substit,uted ethyl (urethanes as the reac-
tion products with amines. In the case of 0-phenyl-.Y,.Y-ethyleneurethane, however, 1-substituted imidazolidinones-2 were
obtained in addition to 0-phenyl-.\-("-substituted ethyl [urethanes. This unexpected result was also observed in the reaction

of other 0-aryl-.Y,A"-ethyleneurethanes with amines.

In our previous paper,2we reported the reaction
of A-thiocarbamyl- and carbamyl derivatives of
ethvlenimine with several nucleophilic reagents.
The results obtained there are summarized as fol-
lows: (1) iV-phenyl- or cyclohexyl-7/,N -ethylene-
thiourea is isomerized to thiazoline derivatives by
heating in a high boiling solvent such as deealin
or more smoothly in acids such as hydrochloric3
or acetic. (2) The derivatives react with thiophenol
giving rV-phenyl- or eyclohexyl-A"-(,3-pheiiy]thio-
ethyl)thiourea in good yields, and (3) in all cases,
they show a strong tendency to polymerize by ring
opening. In the case of A-phenyl-iV',N"-ethylene-
urea, however, (1) the tendency to polymerize is
not marked, and (2) isomerization to the oxazoline
derivative is only observed in the reaction with
picric acid, but (3) it reacts with thiophenol,
hydrochloric acid, benzoic acid, and p-nitrobenzoic
acid to give Ar-phenyl-AT-(d-substituted ethyl)-
urea. Summarizing these results, it may be said
that the substituent groups on the nitrogen of

(1) Presented at the annual meetings of the Chemical
Society of Japan, April 1957 and April 1958, and at the
symposium of Organic Synthetic Chemistry of Japan,
November 1958.

(2) Y. lwakura and A. Nabeya, in part in the paper, J.
Chem. Soc. Japan, Pure Cherm Sect, 77, 773 (1956), and in
part presented at the symposium of Organic Synthetic
Chemistry of Japan, November 1958.

(3) Reported by S. Gabriel and R. Stelzner, lier., 28,
2929 (1895).

ethvlenimine exert a strong influence upon the
ring opening reaction of ethylenimine compounds.

We have extended the study to N - alkoxy-
carbonyl- or aryloxycarbonylethylenimine. The
preparation of 0-ethyl-Ar,A-ethyleneurethane (la)
was described by Bestian.4 In the same manner,
we prepared several O-alkyl- and aryl-N,N-
cthyleneurethanes from chloroformic acid esters
and ethylenimine.

ch?2 ch?2
(CiHM)jN
R—O - + hN R—O—C—N
0 ch2 0
|
R = alkyl or arvl

CH2

O-Alkyl-AvV-ethyloneurethanes of lower molecu-
lar weight, in general, can be isolated by distilla-
tion and stored in a sealed tube for years without
any appreciable change. But. the O-phenyl deriva-
tive (Id) seemed to be very unstable, especially
on heating, and our attempts to isolate it by distil-
lation under high vacuum were unsuccessful.
Moreover, Id could not be crystallized by strong
cooling in a Dry Ice-acetone bath. Accordingly,
the purification of Id was only performed by ex-
tracting impurities with petroleum ether. O-p-
substituted phenyl derivatives (le-lh) were re-

(4) It. Bestian, Ann., 566,.210 (1950).
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TABLE |
O-Alkyl- or Aryl-A'A'-ethyleneurethanes (I)
CH;
R—0—C—N
[
0 ch2
Analyses
Calcd Found
R B.P.,° Mm. M.P.,“ hormilla C H N c H N
la Ethyl 67-682 27 CHNO2
Ib ra-Butyl 49-51.5 2 chlho? 58.72 9.15 58.81 9.31
Ic Cyclohexyl 80-82 2.5 chlno? 63.88 8.94 63.68 8.99
Id Phenyl chho? 66.24 5.56 65.80 5.77
le p-Tolyl 46-48 CIHNNOo 7.91 8.00
If p-Ethoxyphenyl 47-49 C,,HINO, 6.76 6.97
Ik  p-Nitrophenyl 125 CHAC2 51.92 3.87 13.46 5152 4.06 13.66
Ih p-Chlorophenyl 50-51.5  CsHgCINCL 7.10 7.32
a Lit.,4b.p. 60-63721 mm.
TABLE I

Reaction Products Obtamed by the Reaction of 0-Alkyl-V,V-ethyleneurethanes with Aromatic Amines
R—O—C—NH—CHZB2—NH—Ar

0]
1
N Analyses

R Ar M.P.,° Yield, % Formula Calcd. Found
lie Cvclohexyl Phenyl0 74-75 30 CisH2N202 10.68 10.826
la' Ethyl p-Ethoxyphenyl 80-81.5 40 CrHzaN203 11.10 11.10"
lib' n-Butvl p-Ethoxyphenyl 68-69.5 30 C15H2AN D3 9.99 10.14
lie' Cvclohexyl p-Ethoxyphenyl 82.5-83.5 55f C,HAS203 9.14 9.36

“When the reaction was earned out at 75°, a small amount of higher melting compound (I\Vc), m.p. 127-128°, was ob-
tained in addition to lie. Anal. Calcd. for CHH3N3D4: C, 66.74; H, 8.64; N, 9.79. Found: C, 67.02; H, 8.58; N, 9.82. From
the analytical data, I\Vc is considered to be ArA-bis(/?-cyclohexyloxycarbonylaimno)ethylaniline. 8 Phenyl isocyanate
adducts were made as a proof of existence of amino group. From lle: R = cyclohexyl and Ar = phenyl, m.p. 142-143°,

R—OjC—NH—CH2CH2—N(Ar)CONHCeH5
Anal. Calcd. for CiidTnNaCh: N, 11.02. Found: 10.90. From Ila": R —ethyl and Ar = p-ethoxyphenyl, m.p. 129-130°. Anal.

Calcd. for CIHZN304: N, 11.31. Found: 11.72. ¢ By reaction at 75° the yield was 36% after 24 hr.

crystallized from ether or alcohol (in the case of
ig).
g)It was said that amines did not add to ethylen-
irnine in an anhydrous state and without a catalyst,6
while thiophenol6 and phenol7 did, giving /3-sub-
stituted ethylamines. In our previous study,2
no addition reactions of amines to the ethylen-
imine ring of ethylenethicurea or urea were ob-
served.

O-Cyclohexyl-iVpV-ethyleneurethaiie (Ic) gave,
after standing two months with aniline at room
temperature, 0-cyclohexyl-iV-(d-anilinoethyl)ure-
thane (lie) in 30% vyield, while the other two O-
alkyl urethanes (la and Ib) failed to give such a
product under the same conditions even after one
year. p-Phenetidine reacted with all of the three
O-alkyl derivatives (la-Ic) giving 0-alkyl-JV-

(5) G. I. Braz and V. A. Skorodumov, Compt. rend. acad.
sci. U.R.S.S. 55, 315 (1947); Chem. Abstr., 41, 6527 (1947).

(6) G. Meguerian and L. B. Clapp, ./. Am. Chem. Scc..,

73,2121 (1951).
(7) L. B. Clapp, J. Am. Ckeir. Soc., 73, 2584 (1951).

(d-p-phenetidinoethyl)urethanes (Ila'-11c") after
standing one week at room temperature.

/C h2
R—0O—C—N + Ar—NH2
4 ‘'ch2

I
R—O—C—NH—CHXHNH—Ar

J
0

1
where R = alkyl and Ar = aryl

In the case of 0-phenyl-A%V-ethyleneurethane
(Id), the reaction proceeded rather differently.
Afew hours after Id was mixed with aniline at room
temperature, white crystals began to separate, and
soon the whole contents grew to a white mass.
The melting point of the crude product ranged
from 90° to 160° showing that it was a mixture.
Recrystallization from alcohol gave 1-phenyl-
imidazolidinone-2  (I11), m.p. 163-164° (lit.,.3
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TABLE 111
Results Obtained by the Reaction of 0-Aryl-AtA-ethyleneukethanes with Aromatic Amines
(0]
[\
ArNHCHXHXNHCO02Ar Ar—N NH
ch2—ch?
1 11
React. N Analyses, %
| Ar' Ar Temp.,0 Product M.P.,° Yield, % Formula Caled. Found
Id Phenyl Phenyl f(Hd)a
{ill 163-164 CHi,ND 17.27  17.17
p-Ethoxyphenyl flld' 89-91 17 QIHZIN203 9.33 9.390
1 210-211 15 c,,hh o2 13.58 13.42
le p-Tolyl p-Ethoxyphenyl 0 He' 120-122 80 cith2h,03 8.91 9.2"«
irie' 56
3B A
1ve' 141-142 16 CBH3N 305 8.55 8.434
Tie' 10
IE i 19
Ve’ 6
If p-Ethoxyphenyl  p-Ethoxyphenyi 0 120-1406
Ih p-Chlorophenyl  p-Ethoxyphenyl 0 IfIIh' 118-120 30 CIH19CIN203 8.37 8.70
HH 20
Ih' 20
35 1
nir 30
75 " 73
Ig p-NitropheuyH  Phony] 0 Hg 107-109 40 chh s34 1395 13.95»
(Hg 7
35 <
[ >0
p-Tolyl U Ilg" 108-110 20 CHHIN3M4 13.33  13.65s
flig" 6
3 <
Lin 193-194 17 Ci,HIND 1590 15.91
p-Ethoxyphenyl 0 Hg' 115-117 18 CIHIIN305 12,17 12.56
35 " 39

all or Il refers to aniline, I'1' or 111" to p-phenetidine, and 1" or 111" refers to p-toluidine. 6 Phenyl isocyanate adducts
were prepared. Ar —0—C—NH—CHZH2—N(Ar)CNHCeH6

A A
N Analyses, %
Ar' Ar M.P., 0 Formula Caled. Found
Phenyl p-Kthoxyphenyl 101-102 CHAND4 10.02 9.98
p-Tolyl p-Ethoxyphenyl 106-108 CZHZN D4 9.69 9.81
p-Nitropheny] Phenyl 122-124 cZh 2n 406 13.33 13.52
p-Nitrophenyl p-Toiyl 110 ca. cZh Zh o5 12.90 12.86
¢ In the presence of 1% of triethylaminehydrochloride, 111" was produced in 24% yield along with He' and IVe'. From this

fact it may be said that a small amount of triethylaminehydrochloride which might be contained in Id as an impurity has a

catalytic action on the formation of type 11 compounds. Accordingly, further study on the reaction of Id was abandoned.
d IVe is considered to be Af,Af-bls(/3-p-methyIphenoxycarbonylam|no¥ethyl-p-phenetldme,

h3 O—G—NH-(CIL). -N- OCT],
O

It will be discussed in the Experimental. c The separation was unsuccessful. 1 Toluene was usijd as a solvent.
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m.p. 160-161°), which was identified with an
authentic sample prepared from A-phenyl-V'-
(/?-chloroethyl)urea and alcoholic potassium hy-
droxide. We failed, after some efforts, to isolate
another compound, presumably 0-phenyl-iV-(/3-
anilinoethyl)urethane (lid). By the reaction of Id
with p-phenetidine at 0°, 1-p-ethoxyphenylimid-
azolidinone-2  (I11"), m.p. 210-211° (lit.,8 m.p.
211-212°), and 0-phenyl-Af-(/3-p-phenetidinoethyl)-
urethane (lid"), m.p. 89-91°, were obtained in
15% and 17% yield respectively.

CHj
Ar'-O -C—N + Ar—NHj — >

4 CH,
IAr'OjCNHCHJCHjNHATr I

o

1
c

Ar- i
|
cil- cil
where Ar' = aryl

To confirm these unexpected results encountered
in the case of Id, we tried the same reaction using
crystalline O-arylurethanes such as le-lh, at var-
ious temperatures. The results are summarized in
Table III.

These results support the general observation
that the higher the reaction temperature and the
greater the basicity of amine, the more type 11l
compounds are formed (from the results of Ig,
>0% for aniline, 17% for p-toluidine, and 39%
for p-phenetidine at 35°), and that the greater the
electron-attracting power of the substituent on the
phenyl group of the urethanes the more type Il
compounds produced. It is a matter of interest
by what mechanism type IIl compounds are
formed under the experimental conditions. First,
it may be considered that type Il compounds once
formed will be converted to 111 by the condensa-
tion reaction initiated by the intramolecular attack
of nitrogen on the carbonyl carbon.

To confirm this hypothetical mechanism, we
investigated the conversion of Il to I11. First, we
heated the former in pyridine for one hour and
compared the percentages of conversion with the
yields of 111 by the reaction of ethyleneurethanes
and amines in dioxane at 55°. The results are sum-
marized in Table IV.

It is noted from Table IV that the order of con-
version percentages from 11 to I11 is the same as the
order of yields of I11 by the reaction of ethylene-
urethanes and amines (NCb > Cl > CH3 with re-
spect to p-phenetidine).

We next investigated the conversion of Il to
11 under nearly the same experimental conditions

(8) A F. McKay, W. R. R. Park, and S. J. Viron, J.
,Im. Chem. Soc., 72, 3660 (19/0).
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TABLE IV

Comparison of the Percentages of Conversion from
Il TO Il WITH THE YIELDS OF TYPE IlIl COMPOUNDS FROM
E tHYLENED!ETHANES AND AMINES

Yield of 111 Conversion from
from | and Amine“ Il to 111*
Yield of

| Amine TN % 1 Conversion, %
Ic  Aniline 0(34)" lie 0
Ic  p-Phenctidine 0(26) lie' 0
le  p-Phenetidine 18(17) He' 0
Ih  p-Phenetidine 31(32) Ih' 32
Ig Anilinel 10 Hg 74
Tg  p-Phenetidinec 43 Hg' 83

“ A 0.005-mole sample of | and 0.005 mole of amine in 10
ml. of dioxane (in the case of Ic, dioxane was not added) were
allowed to stand at 55° for 48 hr'6 A small amount of 1Vc,
m.p. 127-128°, was obtained. ¢ An appreciable amount of
Ig was polymerized. d Il was heated in pyridine at reflux
temperature for 1hr.

TABLE V
Conversion of Type Il Compounds to Type IIl Com-
pounds
6]
d
in amine /s\
ArNHCHZXHNHCO02Ar" ------—--- Ar—N  NH
{h2—ch?2
I 11
React. Con-
Temp., ver-
Ar' Ar Amine (&4 sion
Phenyl  p-Ethoxyphenyl ?)-Phenetidine 35 0
p-Tolyl  p-Ethoxyphenyl p-Phenetidine 35 0
p-Tolyl  p-Ethoxyphenvl p-Phenetidine 75 0
p-Chloro-
phenyl p-Ethoxyphenyl p-Phenetidine 35 0
p-Chloro-
phenyl p-Ethoxyphenyl p-Phenetidine 75 76
p-Nitro-
phenyl Phenyl Aniline* 35 >0
p-Nitro-
phenyl p-Ethoxyphenyl p-Phenetidine* 35 83

“ Toluene was used as a solvent.

(of Table III). The results are summarized in
Table V.

These results suggest that in some cases, type
111 compounds might be formed via type Il (from
Ig and aniline and from Ig and p-phenetidine at
35°, and from Ih and p-phenetidine at 75°).
But this fact does not entirely support the previous
mechanism. (At 75° le and p-phenetidine gave
I in 19% vyield, but lie' did not give Il at
75° in the presence of excess p-phenetidine. At
0°, Ih and p-phenetidine gave 111" in 20% yield,
but I1h' did not give I11" at a temperature lower
than 35° in the presence of excess p-phenetidine.)

The second hypothetical mechanism in which
Araryl-Ar',A"-ethyleneurea is taken as an inter-
mediate of the reaction, must be discarded, be-
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ch?2
Ar 0—C—N + Ar—NHo
CH2
ch2
[,
Ar—N—C—N
H b \J
ch2
CHj—CHo
1
Ar—l\ll NH <-
A\
C

cause iV-phenyl-.V' Ar,-ethyl(‘neurea and p-pheneti-
dine gave iV-phenyl-iV'-p-ethoxyphenylurea at
35°.

EXPERIMENTAL

All boiling points and melting points are uncorrected.
Microanalyses were done by Mr. A. lvondo of Tokyo Insti-
tute of Technology. Infrared absorption spectra were deter-
mined by Miss Y. Kada of Tokyo Institute of Technology,
using a Perkin-Elmer Spectrometer Model 112.

Chloroformic acid esters. Chloroformic acid esters were
prepared by the usual method9from phosgene and alcohols
or phenols. (Commercially available ethyl chloroformate was
distilled; b.p. 92-93°.) The following esters, ROCOC1, were
prepared: R - n-Butyl, b.p. 50°/32 mm., yield: 80%
(lit.,Db.p. 137.8°/734.5 mm.; lit., L b.p. 142°, yield: 35%;
lit.,2b.p. 40-47°/16 mm., 138°/756 mm.); R = Cvclohexyl,
b.p. 46-47°/2-3 mm., yield: 82r, (lit.,13 b.p. 78-83°/12
mm.; lit., ¥4 b.p. 38-44°/2 mm., yield: 73%); R = phenyl,
b.p. 80°/22 mm., yield: 70% (lit.,5 b.p. 95°/20 mm.);
R = p-tolyl, b.p. 55-56°/4 mm., yield: 82%, (lit.,% b.p.
108°/30 mm., yield: 78-80%); R = p-ethoxyphenyl, b.p.
99°/5 mm., yield: 65%; R = p-Nitrophenyl, m.p. 80-
81°, yield: 80% (lit.,m.p. 81-82°); R = p-Chlorophenvl,
b.p. 79-80°/5 mm., yield: 82% (lit.,9'b.p. 114°/20 mm.).

Aa example of the preparation of X-alkoxycarbonylethyl-
enimine. 0-Cyclohexyl-N,N-ethyleneurelhane (Ic). To a solu-
tion of 10.7 g. (0.250 mole) of ethylenimine and 24.4 g.
(0.241 mole) of triethylamine in 100 ml. of ether, a solution
of 37.7 g. (0.232 mole) of cyclohexyl chloroformate in 20 ml.
of ether was added dropwise under cooling in an ice-salt
bath and with vigorous stirring. After the addition was com-
plete, stirring was continued for 1 hr., then triethylamine
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hydrochloride was removed by filtration. After the ether was
evaporated, the residual liquid was distilled under vacuum.
The yield was 72% (28 g.).

The yield of la was 74%, of Ib 78%. Ib and Ic were almost
unchanged after storage in a sealed tube for 2.5 years at room
temperature.

Examples of the preparation of X-aryloxycarbonylethyleu-
imine. (a) 0-Phemjl-N,N-ethyleneurethane (Id). A 23.5-g.
sample (0.150 mole) of phenyl chloroformate, 6.6 g. (0.153
mole) of ethylenimine and 15.5 g. (0.153 mole) of triethyl-
amine were mixed by the above method keeping the tempera-
ture below —5°. After removing triethylamine hydrochloride
by filtration and ether by distillation under reduced pres-
sure, the residual liquid was submitted to distillation at
0.06 mm. When the temperature of the bath reached 60°,
the liquid became very viscous. Even by strong cooling in
a Dry Ice-acetone bath, it failed to crystallize. Thus the
isolation of Id was unsuccessful. Washing the above liquid
twice with petroleum ether, followed by distillation of the
low7 boiling substances under reduced pressure left 13.5 g.
of viscous liquid, which on standing at room temperature,
solidified to a polvmer-like mass.

(b) O-p-Tolyl-X,X-ethyleneurethane (le). An 8.5-g. sample
(0.050 mole) of p-tolyl chloroformate 2.2 g. (0.051 mole) of
ethylenimine, and 5.2 g. (0.051 mole) of triethylamine were
brought to reaction in the preceding way. After removal of
the triethylamine hydrochloride, the ethereal solution was
immersed in a Dry Ice-acetone bath. White crystals pre-
cipitated. Thus 6.4 g. (72%) of le, melting at 45-47°, was
obtained. After washing with cold water and recrystallization
from ether, it melted at 46-48°. Infrared absorption spectra
showed a strong absorption band at 1743 cm.-1 (C=0).

If (yield 69%) and 1M (yield 70%) were prepared in the
same manner.

(c) O-p-Nitrophenyl-X,X-ethyleneurethane (Ig). When a
solution of p-nitrophenyl chloroformate was added to a solu-
tion of ethylenimine and triethylamine, in the same method
mentioned in the preparation of Ic, p,p'-dinitrophenyl car-
bonate was obtained instead of ethyleneurethane, (m.p.
138-140°,8 after recrystallization from chloroform and
petroleum ether).

Anal. Calcd. for CHND7: N, 9.21. Found: N, 9.37. As
the same substance was obtained by the reaction of p-nitro-
phenyl chloroformate with triethylamine, the preceding
method of mixing was considered to be inadequate to the
preparation of ethyleneurethane. (At the beginning of the
reaction, p-nitrophenyl chloroformate was surrounded by a
large amount of amine). Therefore, a solution of amines was
slowly added to a solution of chloroformate.

To a solution of 15.0 g. (0.075 mole) of p-nitrophenyl
chloroformate in 200 ml. of ether was added a solution of 3.3
g. (0.075 mole) of ethylenimine and 7.6 g. (0.075 mole)
of triethylamine in 50 ml. of ether, keeping the temperature
at about —10°. The precipitate was filtered and extracted

(9)  (a) R. E. Oesper, W. Broker, and W. A. Cook, J. Amyyith 200 ml. of acetone. By cooling the acetone solution in a

Chem. Soc., 47, 2609 (1925); (b) F. Strain, W. E. Bissinger,
IV. R. Dial, H. Rudoff, B. J. DeWitt, H. C. Stevens, ami
J. H. Langston, J. Am. Chem. Soc., 72, 1254 (1950).

j(10) F. D. Chattaway and E. Saerens, J. Chem. Soc.,
1920, 708.

(11) C. S. Hamilton and C. Slv, J. Am. Chem. Soc., 47,
437(1925).

(12) A. N. Kost, Uchenye Zapiski, Moskovi Gosudarst.
Univ. im. M. V. Lomosova, No. 131, 39-97 (1950); Chem.
Abstr., 47, 9907 (1953).

(13) M. E. Fourneau, M. Montaigne, and J. Puyal, Anales
?%Zgipaii.fis. yquim.. 18, 323 (1920); Chem. Abstr., 16, 240

(14) J. H. Saunders, R. J. Slocombe, and E. E. Hardy, J.
Am. Chem. Soc., 73, 3797 (1951).

(15) E. Barrai and A. Morel, Compt. rend., 128, 1579
(1899).

(16) M. Copisarow, J. Chem. Soc., 253 (1929).

(17) seitstein, 6,1, 120.

Dry Ice-acetone bath, colorless crystals were obtained.
Additional yield was obtained by treating the above residue
with ice wxater. The combined product after being washed
several times with ice water and dried, weighed 10 g. (65%),
and melted at about 125°. Recrystallization from alcohol did
not raise the melting point. Infrared absorption spectra of
Ig showed a strong carbonyl absorption band at 1737 cm.-1

Examples of reaction of ethyleneurethane with aromatic,
amines, (a) Reaction of O-ethyl-N,N-ethyleneurethane (la)
with p-phenetidine. A 1.2-g. sample (0.01 mole) of la and 1.4
g. (0.01 mole) of p-phenetidine were allowed to stand at
room temperature. After a week, crystals began separating.
By adding petroleum ether (b.p. 40°-65°), the crude product
Wes obtained. After recrystallization from ether and pe-
trc_)lelém ether (b.p. 40°-65°) 1.0 g. (40%) of 1Ta' was ob-
tained.

lib' and lie' were obtained in the similar way.

(18) J. M. A Hoeflake, Rer.Jrav. chitn., 36, 24 (1916).
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By refluxing Ila' with phenyl isocyanate in benzene for
2 hr. the adduct was obtained.

(b) Reaction of 0-p-tolyl-N,N-elhyleneurethane (le) with
p-phenetidine at 0°. A 1.77-g. sample (0.010 mole) of le and
1.37 g. (0.010 mole) of p-phenetidine were mixed together
at 0°, and stored in a refrigerator for a week. By recrys-
tallization of the product from ether and alcohol, 2.5 g.
(80%) of lie', melting at 120-122°, was obtained. Infrared
absorption spectra of lie' showed a strong carbonyl absorp-
tion band at 1701 cm.“1 and NH band at 3349 cm.“1

Af 35°. A 1.77-g. sample of le and 1.37 g. of p-phenetidine
were mixed at 35° and stored in a thermostat kept at 35°.
After 4 days, the crude product was recrystallized from
alcohol. Fine needles, melting at about 140° (IVe'), were
obtained, weighing 0.8 g. From Hie alcoholic filtrate, 1.8 g.
(50%) of lie', melting at about 120°, was obtained.

IVe' was recrystallized from alcohol and melted at 141-
142°. Infrared absorption spectra of 1Ve' showed a strong
absorption band at 1695 cm.“1 (C=0), and of NH at 3311
cm._1

Anal. Calcd. for CEHZN S C, 68.41; H, 6.79. Found:
C, 07.71; H, 6.70. Molecular weight determined by Akiya’s
methodBwas nearly 490. (Calcd. 491.)

By the reaction of 220 mg. of le and 400 mg. of He' in
toluene at 35°, 450 mg. of 1Ve' was obtained. I1Ve' reacted
with diethylamine to give presumably ArA-bis(*-diethyl-
uroido)ethvl-p-phenetidine, m.p. 124-125°.

Anal. Calcd. for C2H3NsOs: C, 62.68; H, 9.33; N, 16.61.
Found: C, 62.50; H, 9.39: N, 17.06.

At 75°. A 1.77-g. sample of le and 1.37 g. of p-phenetidine
were mixed at 75°, and stored in a thermostat kept at 75°.
After an hour, crystals began separating. After 24 hr., the
sticky crude product (presumably polymerization of le
took place in part) was recrystallized from alcohol. Glitter-
ing flakes, melting at 210° (111"), were obtained first. After
filtration of I11', the alcoholic solution was concentrated
gradually, and an additional crop of 111" was filtered, and the
filtrate was again concentrated. As soon as fine needle crys-
tals began separating, the solution was cooled gradually.
IVe' was thus obtained. After -emoving IVe' and evapo-
rating the alcohol, the residue was recrj'stallized from ether.
Thus He' was obtained.

11" weighed 0.4 g (19%) and melted at 210°. IVe'
weighed 0.3 g. (6%) and melted at 140°. He' weighed 0.3
g. (10%) and melted at 120°.

(c) Reaction of O-p-nitrophenyl-N,N-ethyleneurethane (lg)
with p-toluidine, at 0°. To a solution of 0.54 g. (0.005 mole)

(19) S. Akiya, J. Pharm. Soc. Japan, 57, 967 (1937).
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of p-toluidine in 2 ml. of toluene, 1.04 g. (0.005 mole) of
finely powdered Ig was added at 0°. Ig remained undissolved
in part. The mixture was then stored in a refrigerator. After
a month, ether was added to the sticky contents, when 0.2
g. of Ig was recovered unchanged. Evaporation of the solvent
gave a yellow polymer-like residue from which 0.3 g. (20%)
of Hg", melting at 108-109° with brown coloration, was
extracted with ether.

Af 35°. To a solution of 1.07 g. (0.010 mole) of p-tolui-
dine in 1 ml. of toluene, 2.08 g. (0.010 mole) of Ig was added
at 35° Ig gradually dissolved. After the mixture had stood
at 35° for 4 days, the contents were recrystallized from
alcohol. 111", 0.3 g. (17%) melting at 193° was obtained as
flakes, and then from the filtrate, about 0.2 g. (6%) of
Ilg", melting at 108° with browui coloration, was obtained.

An example of the reaction of ethyleneurethane with amine in
dioxane at 55°. Reaction of 0-p-nitrophenyl-N,AFethyleneure-
thane (lg) with p-phenetidine. A 1.04-g. sample (0.005 mole)
of Ig and 0.69 g. (0.005 mole) of p-phenetidine in 10 ml. of
dioxane were allowed to stand at 55° for 48 hr. Fine flakes,
melting at 210° (I11"), were filtered, and the filtrate was
concentrated under reduced pressure. An additional crop
of 111" was filtered and the filtrate was again concentrated
to dryness. The residue was a polymer-like substance from
which pure compound was not obtained by extraction with
ether. The yield of 111" was 440 mg. (43%).

An example of conversion of a type |1 compound to a type 111
in refluxing pyridine. O-p-Chlorophenyl-N-(0-p-phenetidino-
ethyl)-urethane (I1h'). A 100-mg. sample of Ilh' was re-
fluxed in 1 ml. of pyridine for 1 hr. After the pyridine was
removed by distillation under reduced pressure, the residue
was recrystallized from alcohol. A 20-mg. sample (32%) of
111", melting at 210°, was obtained first. From the filtrate,
50 mg. (50%) of I1h' was recovered.

Conversion of I1h' in p-phenetidine. A 100-mg. sample of
Ilh' was allowed to stand in p-phenetidine, at 35° for 3
days, at 55° for 2 days, and at 65° for a day. In all cases,
ITh' was recovered unchanged. But at 70°, after a day, a
small quantity of IH" was obtained with 70 mg. or Ilh'

A 340-mg. sample of Ilh' was allowed to stand in p-
phenetidine at 75° for 24 hr. By addition of ether and
alcohol, 160 mg. (76%) of I11', melting at 210°, was ob-
tained. Attempts to recover Il1h" ivere unsuccessful.
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Acrvlamide and pyridinium chloride, react to give ,V-(2-carbamylethvl)pyridinium chloride, 1. whose structure was
proved by hydrogenation of it tu the piperidinium analog which was synthesized independently. The reaction was extended
to several other heterocyclic base salts and a,/3-unsaturated amides.

Some time ago it was disclosed in a patentl heterocyclic bases react to form iV-amidomethyl

that aliphatic amides, formaldehyde (or N-
hydroxymethylamides) and salts of the tertiary

(1 A
2,146,392 (February 7, 1939

IV. Baldwun and F. E. Walker, U. 8. Patent

inium salts (1). More recently, Weaver and co-
workers2 investigated this reaction in more detail

(2) T W. Weaver, H. A Schuyten, J. G. Frick, Jr., and
J. D. Reid, J. Org. Chem., 16, 1111 (1951).
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and, for stearamidomethylpyridinium chloride,
demonstrated several of its transformations. In

/] /
RCONHs + CHD + H—N + RCONHCH2—N +
\ \
|

particular they studied reactions leading to N-
alkoxymethylstearamides. In connection with other
work done in these laboratories it was of interest
to extend this reaction to acrylamide and other
unsaturated amides in order to obtain compounds
analogous to I. The reaction with acrylamide,
however, took a different course and its examina-
tion forms the subject of this report.

When an equimolar mixture of acrylamide, tri-
oxane, and pyridinium chloride was heated at 65°
in pyridine solution, there was obtained a solid,
m.p. 197°, which was unreactive toward methanol
under Weaver’s conditions2and could be recovered
from the reaction mixture. Similarly, when alco-
hols were substituted for pyridine as solvent, or
when formaldehyde was replaced by acetaldehyde,
butyraldéhyde, or benzaldehyde, still the same
compound was obtained. In contrast, from the re-
action of 7V-(hydroxymethyl)acrylamide and pyri-
dinium chloride under conditions2 known to give
compound 1, only the starting materials were re-
covered. Finally, omission of the aldehyde from
the reaction still gave the same compound above.
These results clearly indicated that aldehydes did
not participate in the reaction of acrylamide and
that, therefore, A-acrylamidomethylpyridinium
chloride was not formed, but instead an adduct of
acrylamide and pyridinium chloride was obtained.
This was confirmed by analysis which revealed an
empirical formula CsHnCIXoO and showed no
unsaturation. The latter finding was supported
also by the fact that the compound was unreactive
toward cyclopentadiene and did not polymerize
on heating in the presence of ammonium persul-
fate in aqueous or methanolic solution. This infor-
mation, along with the fact that the compound was
salt-like (soluble in water and methanol, insoluble
in ether, acetone, and hydrocarbons), led to assign-
ment of the structure W-(2-carbamylethyl)pyridin-
ium chloride (11).

Structure 11 was proved unequivocally by cata-
lytic hydrogenation to a crystalline piperidinium
compound (I11), identical with that obtained di-
rectly from 3-chloropropionamide and piperidine.

Pyridinium chloride + CH2CHCONH2—>
CEHN+—CH2ZLH2ZCOXH2Cl~
I

Piperidine + C1ICHZXH2C0XH?2
chlhhciiZhZoxh2ci-
iii
CIh=CHCONH2

CsH,, XC11,CHZCONH:2 CEH.‘O(HCHZC!—IZCOOH cI"
\% v
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Moreover, 111 could be transformed into the same
free base (V) that was obtained by the addition of
piperidine to acrylamide. Hydrolysis of I11 with
hydrochloric acid yielded V.

Addition of salts of heterocyclic bases to a,i3
unsaturated carbonyl compounds has been re-
ported on several occasions. Thus Barnett et al.3
described addition of pyridine salts to benzo-
quinone, and Goerdeler4 described addition of
pyridine to maleic and acrylic acids from which
the pyridinium betaines were obtained. The re-
action of jS-benzoylacrylic acid with pyridine5
apparently is also of the same type and may be
considered in effect a reaction of a pyridine
salt.6 Similarly, addition of pyridine to unsatu-
rated compounds in the presence of halogens is
also known and may be exemplified by the re-
action of pyridine and 1,2-dicthoxyethylene in
the presence of bromine7in which compound VI is

CH®D —CH=CH—OCZH5 Br2 —»

CHIO—CH------ CH—OCH5
2Br-
VI

obtained. A recent example of interest is that
reported by Heininger,8 who found that cyano-
ethylation of pyrrolidinium chloride with acryloni-
trile gives AZ(2-eyanoethyl)pyrrolidinium chlo-
ride. The present case, however, apparently con-
stitutes the first example of addition of pyridinium
chloride to a.R-unsaturatod amides.

In order to test the generality- of this unusually
facile addition of pyridinium chloride to acryl-
amide, several other compounds were used in the
conditions under which the former gave the adduct
Il. The results are summarized in Table | and are

(3) E. de B. Barnett, J. \V. Cook, and W. C. Peck,
J. Chem. Soc., 125, 1035 (1924).

(4) J. Goerdeler, Methoden d. org. Chemie (Houben-Weyl),
E. Mdiller, ed., Georg Thieme. Verlag, Stuttgart, 1958, Voi.
X1/2, p. 612. For similar reactions cf. also O. Lutz, Ber.,
43, 2636 (1910); O. Lutz, J. Russ. Phys. Chem. Soc., 47,
1549 (1915); P. Pfeiffer and A. Langenberg, Ber., 43,
2926 (1910); P. Pfeiffer, Ber., 47, 1580 (1914); O. Lutz, It.
Klein, and A. Jirgenson, Ann., 505, 307 (1933); O. Lutz
and A. Krauklis, Ber., 69, 419 (1936); G. LaParola, Gazz.
Chini, dial., 67, 645 (1937); F. Bergmann, J. Am. Chem.
Soc., 60, 2811 (1938); Y. Ogata, K. Tsunemitsu, and R.
Oda, Bull. Inst. Phys. Chem. Research (Tokyo) CHem. Ed.,
23, 281 (1944); R. Adams and I. J. Pachter, J. Am. Ciiem.
Soc., 74, 5491 (1952); C. D. Hurd and S. Havao, J. Am.
Chem. Soc., 77, 117(1955).

(5) J. Bougault and P. Chabrier, Compi, rend., 237, 1420
(1953).

(6) Cf. also X. H. Cromwell, P. L. Creger, and K. E.
Cook, J. Am. Chem. Soc., 78, 4412 (1956) for a more recent
discussion of this work.

(7) H. Baganz, Chem. Ber., 87, 1373 (1954); cf. also ref. 3.

(8) S. A Heininger, J. OrgJJhem., 22, 704 (1957).
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for the most part self-explanatory. It should be

00 00 2D © o CcO 0 00 P- 14 D )
5 7o T T noted, however, that 2,6-dimethylpyridinium chlo-
TP rp — Gi 05 CO o @ . . .
- L o ride was unreactive, and methacrylamide and
° crotonamide gave lower yields of the products.
meOH L, Onusgan Although nonreaction of the former compound is
O wgpeto ., oo pep probably due to steric hindrance in the 2,6-

o dimethylpyridinium ion, the lower yields from the
e 50 ® o1 cob. To 1D b @ Bmp- o latter are probably a real reflection of decreased
i> ©tp CD CD GO ~P ID Tp CO L‘D to CD nrsi
e reactivity of these compounds, although no
° P attempts to obtain the best yields were made.
o cor e cbe i tHeocoos | Therefore, the facile addition of salts of hetero-
g <@ oo o 0o ol aromatic amines to a,/3-unsaturated amides is
to to 0 §6 & & co CD D D 5 RS quite general_

Several things may be said relating to the
mechanism of this reaction, although no efforts
were made to examine it in great detail. Two main
paths appear to exist by which the reaction may
proceed. The first (1) requires addition of hydrogen

3 00 co P- - P- CH2=CHCONH!
2 % e 60w B e pyridinium chloride --------------—--- -
8 . o yal CICHSCHICONHj -—-—-— 11 (1)
o Pyridine
'; woo® B b oo 2R chloride to acrylamide and subsequent alkylation
6 © o D 10 t o o of pyridine with the resulting 3-chloropropion-
g amide. That the chloroamide is not an interme-
2 © @ & 8 o B diate in the reaction, however, was demonstrated
- T e 9 8 L © @ when 3-chloropropionamide and pyridine under
§ the conditions of acrylamide reaction gave a very
2 low yield of I1.9An alternative mode of reaction is
e} q q o that represented by (2).0 As required by this
£ 2 % 7 Z z 7z y y scheme, the reaction appears to be acid-catalyzed,
T 9q q 9 4 9 g g and if this were valid the mechanism (2) is to be
2 o K in d preferred. A still more attractive mechanism is the
§ U d d d d d d concerted one (3) involving the formation of a
g quasi six-membered ring.
5 (0]
)
& 0 a o! e . CHi=CHCONH.
% o % :;. [ pyridinium chlorlde---------o-;_-| ------- |
Y= r o
e Y e & ° B b o - | .
S ol ol ol Pyrldlne+ +CH2—CH=C—NH2+ CI" ----—--- N
g @ Cl- + CHEcH CH=C(OH)NH2 Te
& [e6) I o1 >D -p 00 —

Gi 1 00 00 GO co to

®
H,N

EXPERIMENTALILL

Reaction of acrylamide and 'pyridinium chloride in the
presence of trioxane. A solution of 71 g. (1.0 mole) of acryl-
amide, 116 g. (1.Q mole) of pyridinium chloride, 30 g. (1.0

(9) Cf. F. N. Hayes, H. K. Suzuki, and D. E. Peterson,
J. Am. Chem. Soc., 72, 4524 (1950), for the failure to obtain
A-(2-bromocyclohexyl)pyridinium bromide from 1,2-di-
bromocyclohexane on one hand, and its facile formation
from cyclohexene, bromine, and pyridine on the other.

(10) For a similar formulation of the cis-trans intercon-
version of a, 0-unsaturated ketones, cf. P. L. Southwick and
R. J. Shozda, J. Am. Chem. Soc., 81, 8298 (1959).

(11) All melting points are uncorrected. Analyses by
Dr. H. W. Galbraith, Knoxville, Tennessee.

oo

7j
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mole) of trioxane, and | g. of hydroquir.one in 500 ml. of
methanol was refluxed for 3 hr. and then was allowed to
stand at room temperature overnight. On concentration of
the reaction mixture, dilution with acetone, and filtration
there was obtained 175 g. (93%) of a hygroscopic white
powder, m.p. 181-186°. Several recrystallizations from a
mixture of methanol and acetone gave an analytical sample
of 11, m.p. 195-197°, as large needles grown in spheres.

Anal. Caled, for CHhCIN®D: C, 51.48; H, 5.04; ClI,
19.00; N, 15.01. Found: C, 51.69, 51.73; H, 5.77, 5.90; Cl,
18.81, 18.86; N, 14.78,14.88.

The compound was soluble in water and methanol, but
insoluble in acetone, ether, ethyl acetate, and hydrocarbon
solvents. It showed no unsaturation.

Substituting pyridine or butanol for methanol as solvent,
or changing the aldehyde component to acetaldehyde, bu-
tvraldehyde, or bcnzaldehyde gave comparable yields of
compound I1. Omission of trioxane from the reaction mix-
ture still gave compound I1. None of 11 could be obtained
from .V-(hydroxymethyl)acrylamide and pyridinium chlo-
ride.

Compound Il was recovered unchanged on heating with
cvclopentadiene in methanol solution at 110° for 10 hr.
Similarly, it was unchanged on refluxing its methanolic or
aqueous solution 8 hr. in the presence of potassium persulfate.

A general procedure of reaction of heterocyclic amine hydro-
chlorides with a,&-unsat;urated amides. To a solution of 0.20
mole of unsaturated amide and 0.20 mcle of heterocyclic
amine in 50 ml. of methanol is added with cooling a solu-
tion of 0.20 mole of dry hydrogen chloride in 50 ml. of
methanol. The resulting solution is refluxed for 4 hr., filtered
if necessary, and evaporated to about half of its original
volume. It is then diluted with acetone and cooled. The
product is isolated bj' filtration and purified by recrys-
tallization from a mixture of methanol and acetone. Alter-
natively, the amine hydrochloride majr be used instead of
the free base and hydrochloric acid solution where more
convenient.

Acrylamide and pyridinium chloride refluxing for 2
hr. gave about 85% of compound Il. The yield was com-
parable when the reaction was run at room temperature
for 1.5hr.

Reaction of 3-chloropropionaniide with pyridine. A solution
of 15.8 g. (0.20 mole) of pyridine and 21.6 g. (0.20 mole) of
3-chloropropionamidel2 in 100 ml. of methanol was re-
fluxed for 4 hr. and filtered. The filtrate was reduced in vol-
ume to 50 ml. and diluted with acetone. No crystallization
occurred, but on standing at room temperature for over a
week and further dilution with acetone the solution de-
posited 4.5 g. of a white solid, m.p. 185-188°, apparently
compound I1.

Reaction of acrylamide with pyridinium chloride with
added acid and base. Three experiments were carried out
using 0.20 mole of the two reactants in 5C ml. of methanol.
The first was the control experiment. The second contained
an additional 1 g. of pyridine and the third 5 ml. of coned,
methanolic hydrogen chloride. All three runs were allowed
to stand at room temperature for the same period of time;
then they were diluted simultaneously with 20 ml. of ace-
tone and allowed to stand in the cold for 1 hr. The quanti-
ties of the pyridinium compound 11 obtained were as fol-
lows (theoretical yield 37.4 g.): control, 6.2 g., m.p. 168-
170°; pyridine added, 5.2 g., m.p. 168-171°; hydrogen chlo-
ride added, 9.1 g., m.p. 164-168°.

Hydrogenation of N-(2-carbamylethyl)pyridinivm chloride
(I1). A solution of 19.9 g. (0.107 moie) o: Il in 200 ml. of
methanol and 1.0 g. of 5% palladium on charcoal was shaken
with hydrogen at an initial pressure of about 50 p.s.i. until
0.11 mole was absorbed. The catalyst was filtered off and
the solvent removed almost completely. Addition of acetone

(12) H. Henecka and P. Kurtz in Methoden d. org.
Chemie (Hmiben-Weyl), E. Miller, ed.. Georg Thieme
Yerlag, Stuttgart, 1952, Yol. VIII, p. 663.
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caused separation of 185 g. of a cream-colored solid, m.p.
155-165°. Recrystalli/.ation from a mixture of methanol
and acetone raised the m.p. to 172-175°, but further puri-
fication through recrystallization caused yellowing and
decomposition.

When a solution of 185 g. (0.10 mole) of 11 in 200 ml. of
methanol was shaken with 0.5 g. of platinum oxide until
the pressure was constant, it absorbed in 1 hr. 105% of the
theoretical 0.30 mole of hydrogen to give 17.0 g. (88.5%)
of the piperidinium compound I11. Several recrystallizations
from a mixture of methanol and acetone gave the analytical
sample, m.p. 196-197°.

Anal. Calcd. for CH,,CIND: C, 49.86; H, 8.89; Cl, 18.40;
N, 14.54. Found: C, 49.75; H, 9.14; Cl, 18.42; N, 14.60.

Hydrolysis of N-{2-carbamylethyl)piperidinium. chloride
(111). A mixture of 10.0 g. (0.052 mole) of 111 and 50 ml. of
coned, hydrochloric acid was refluxed for 6 hr. Hydrochloric
acid was removed by evaporating in vacuo, adding water
and repeating the process several times. The residue was
dissolved in a minimum amount of hot water, filtered, and
allowed to crystallize. Filtration and recrystallization of the
solid from aqueous acetone gave 7.0 g. (70%) of white
shiny platelets of the acid 1V, m.p. 210-212°. The analytical
sample, prepared by several recrystallizations from the
same solvent melted at 212-213°.

Anal. Calcd. for CHBCINO2 C, 49.61; H, 8.33; Cl,
18.31; N, 7.23. Found: C, 50.03, 49.84; H, 8.40, 8.36; Cl,
17.05, 17.26; N, 7.04,6.88.

Preparation of X-(2-carbamylethyl)piperidinium chloride
(11). A solution of 17.0 g. (0.20 mole) of piperidine and
21.6 g. (0.20 mole) of 3-chloropropionamide7in 100 ml. of
methanol was refluxed for 4 hr., then filtered hot and evapo-
rated to one-half of its original volume. Acetone was added
and the mixture was allowed to crystallize. Filtration gave
30.5 g. (79%) of a nearly white solid, m.p. 193-196°. The
analytical sample was prepared by several recrystalliz-
ations from a mixture of methanol and acetone, m.p.
197-198°. Its melting point was not depressed by admixture
of the sample prepared by the hydrogenation of .V-(2-
carbamylethyl)pyridinium chloride. Infrared spectra of
the two compounds were indistinguishable.

Anal. Calcd. for CH,TC]ND: C, 49.86; H, 8.89; Cl, 18.40;
N, 14.54. Found: C, 50.32, 50.35: H. 8.85, 8.87; Cl, 18.34,
18.37; N, 14.85, 14.65.

Reaction of N-(2-carbamylethyl)piperidinium chloride with
potassium carbonate. A solution of 9.35 g. (0.0485 mole) of
the piperidinium compound Il and 6.9 g. (0.05 mole) of
potassium carbonate in a mixture of 200 ml. of methanol
and 30 ml. of water was allowed to stand overnight. The
solvent was evaporated in vacuo and the residue was dried
by azeotropic distillation with benzene. It was then dis-
solved in ethyl acetate, filtered from inorganic salts, and
evaporated to obtain a straw-colored oil which crystallized
on standing. Recrystallization from a mixture of ether and
hexane gave 6.5 g. (86%) of nearly white, highly hygroscopic
plates, m.p. 63-68°, dissolving in water to give a strongly
alkaline solution. Several recrystallizations from the same
solvent gave an analytical sample, m.p. 80-81°.

Anal. Calcd. for C&#H,sN,0: C, 61.50: H, 10.32; N, 17.94.
Found: C, 61.89, 61.61; H, 10.15, 9.99; N, 17.63, 17.60.

Preparation of 3-X-piperidylpropion.amide (V). A solution
of 14.2 g. (0.20 mole) of acrylamide in 50 ml. of 1,2-dimeth-
oxyethane was added dropwise to a stirred solution of 17.0
g. (0.20 mole) of piperidine in 50 ml. of the same solvent.
After stirring at room temperature for 3 hr. the solution
was refluxed for the same period of time. Evaporation of the
solvent in vacuo gave a straw-colored solid which was re-
crystallized from a mixture of ether and hexane to give
22.0 g. (70.5%) of a nearly white hygroscopic solid, m.p.
77-78°. The analytical sample was prepared by several re-
crystallizations from ether containing a small amount of
methanol and hexane, m.p. 80-81°. Its melting point was
undepressed on admixture of the sample prepared by treat-
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ment of 111 with potassium carbonate and the infrared
spectra of the two compounds were identical.

Anal. Calcd. for CallieNoO: C, 61.50; H, 10.32; N, 17.94.
Found: C, 61.51, 61.34; H, 10.00, 10.19; N, 17.62, 17.59.
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Methioprim (2-methylthio-4-araino-5-hydroxymethylpyrimidine) was used for the preparation of several 2-substituted 4-
amino-o-hydroxymethylpyrimidines. The conversions were conveniently accomplished by oxidation of the acetate of methio-
prim to 2-methanesulfonyl-4-amino-5-acetoxymethylpyrimidine which was subsequently treated with ammonia or amines
to give the 2-substituted pyrimidines. The preparation of several esters and amides of methioprim and several sulfones of

related pyrimidines are also described.

Interest in 2-methyl-4-amino-5-hydroxymethyl-
pyrimidine (toxopyrimidine), 5-hydroxymethyl-
cytosme, and 2-methylthio-4-amino-5-hydroxy-
methylpyrimidine (I, methioprim)2 has led to the
synthesis of analogs of these substances in several
laboratories. Emphasis has been centered on 2-
substituted-4-amino - 5-hydroxymethylpyrimidines,
some of which have been used as intermediates
in the synthesis of thiamin analogs. Usually these
5-hydroxymethylpyrimidines are prepared by re-
duction of the corresponding 5-carbethoxypyrimi-
dines with lithium aluminum hydrideZ although
other routes have been useful. For example, 5
hydroxymethyluracil and related compounds have
been prepared by the addition of formaldehyde to
the pyrimidones.7

The discovery by Guthrie@of the unusual anti-
metabolite activity of | has led to a search for re-
lated, more potent compounds for experimental
cancer chemotherapy.  2-Trifluoromethyl-, 2-
methylthio-4-arylamino-5-carbethoxy-, and 2-

(1) Supported in part by a Grant, CY-2857, from the
National Cancer Institute of the National Institutes of
Health, U. S. Public Health Service.

(2) For leading references see T. Okuda and C. C. Price,
J. Org. Chem., 23,1738 (1958).

(3) In part from the dissertation submitted in partial
fulfillment of the requirements for the degree of Doctor of
Philosophy in the University of Buffalo.

(4) Burroughs Wellcome and Company Fellow (1954-57).

(5) Present address: Faculty cf Pharmacy, University of
Toronto, Toronto 2, Ont.

(6) (a) A Dornow and G. Petsch, Ann., 588, 45 (1954).
C. S. Miller, J. Am. Chem. Soc., 77, 752 (1955). (b) T. L.
V. Ulbricht and C. C. Price, J. Org. Chem., 21,567 (1956).
(c) J. A Barone, E. Peters, and H. Tieckelmann, J. Org.
Chem., 24, 198(1959).

(7) W. Kircher, Ann., 385, 293 (1911); R. E. Cline, R.
M. Fink, and K. Fink, J. Am. Chem. Soc., 81, 2521 (1959).

(8) R. Guthrie, M. E. Loebeck, and M. J. Hillman, Proc.
Soc. Exptl. Biol. Med.. 94, 792 (1957).

methylthio -4-arylamino-5-hydroxymethylpyrimi-
dines have been prepared.0c%hbc

The present report deals mainly with the syn-
thesis of derivatives from I. The availability of this
compoundDhas made it an attractive intermediate
for the synthesis of other 2-substituted-4-ammo-5-
hydroxymethylpyrimidines. The presence of the 5-
hydroxymethyl group in the starting material
avoids its repeated formation. In addition, the
presence of the 2-methylthio group suggested facile
substitution at this position. Sprague and Johnson1L
have shown that the oxidation of 2-alkylthio-
pyrimidines to 2-alkanesulfonylpyrimidines followed
by amination or hydrolysis is a convenient route to
2-aminopyrimidines, 2-alkoxypyrimidines, and 2-
pyrimidones. Chlorine water was used as the
oxidizing agent. This method is often effective in
cases where direct substitution of amino for alkyl-
thio is difficult. However, failures have been noted. 2

We were unable to substitute amino- or alkyl-
amino- for methylthio- in I. Furthermore, it was
not possible to isolate 2-methanesulfonyl-4-amino-5-
hydroxymethylpyrimidine (V) from a reaction
mixture of | and chlorine water. When the hydroxyl
group was protected by acetylation (1), the sulfone
(111) could be prepared by oxidation with chlorine.
This sulfone was readily converted to V, 24-

(9) (a) J. F. Holland, R. Guthrie, F. Sheelie, and H.
Tieckelmann, Cancer Research, 18, 776 (1958). (b) J. F.
Holland, R. Guthrie, H. Tieckelmann, and R. Cuddihy,
Cancer Research Suppl., 18, 335 (1958). (c) E. Peters, J. F.
Holland, B. Bryant, H. J. Minnemeyer, C. llohenstein,
and H. Tieckelmann, Cancer Research 19, 729 (1959).

(10) We thank Dr. Stanton Harris, Merck, Sharp &
Dohrne, Inc. for a generous sample of methioprim.

(11) J. M. Sprague and T. B. Johnson, J. Am. Chem.
Soc., 57, 2252 (1935); 58, 423 (1936) T. B. Johnson and
J. M. Sprague, J. Am. Chem. Soc., 60, 1622 (1938).

(12) K. J. M. Andrews, N. Anand, A R. Todd, and A
Topham, J. Chem. Soc., 2490 (1949).
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TABLE |
Esteus of M etiiiofrim
nh2
N ~r-CH,O0COR
ClId—1
Analyses
R Yield, % M.P. Formula Calc., % Found, %
(e (o % 137-138 CsHiiKd LS C45.0 44.8
H 5.2 5.1
CAR 64 159-161 CsHu>.:AS C47.6 48.1
H 5.8 6.0
8 14.1 13.7
ECHs).CH3 47 110 m c,hBro.r S 133 135
CHACOOU6 47 1S1 187 OIH N3OS C44.3 44.2
H 4.S 4.8
S 11.8 11.3
c,ha Sl 186-187 GAIuNAS N 15.3 15.0

a 50 ml. of ethyl acetate used, reerystallized from carbon tetrachloride. 6 0.7 g. of succinic anhydride in 25 ml. ethyl acetate
added to 1 in ethyl acetate, recrystallized once from dioxane and once from ethyl alcohol. 0 13,5 g. of benzoic anhydride and
2 g. of methioprim in 100 ml. of ethyl aceoate used. After evaporation of solvent the residue was extracted with 10% hydro-
chloric acid. The extract was treated with sodium hydroxide to precipitate product, which was reerystallized from methanol.

diamino-5-hydroxymethylpyrimidine (IV), and 2-
substituted aminopyrimidines (VI).

NH, NH2

CH2Ac
ch— V
N

The properties of IV were different from those
previously reported. HuberB has recorded a melt-
ing point of 265° with decomposition and a picrate
which decomposed at 244-246°. Our compound (1V)
melted at 231-234° with decomposition and formed
a picrate which decomposed at 243-244°. A dis-
cussion of the structure of these substances appears
in the succeeding paper.4

Peters, et al.,%chave prepared some 2-methylthio-
4-arylamino-5-carbethoxypyrimidin2s and have
found that members of this series inhibit the growth
of mouse tumors. The conversion of two of these
pyrimidines to 2-methanesulfonyl- and 2-amino-
pyrimidines has been accomplished. In general,
pyrimidines with electron-attracting groups on the

(13) W. Huber, J. Am. Chem. Soc., 65, 2222 (1943).
(14) H. Tieckelmann, R. Guthrie, and J. G. Nairn, J.
Oram Chem. 25, 1257 (1960).

5- position were converted to sulfones in good
yields.

In addition to the acetate, other esters of | have
been prepared. A rapid disappearance of | in serum
and a poor recovery in urine has been noted.®B
Experiments with rat liver homogenates showed
that, in this system, | is oxidized to the correspond-
ing 5-formylpyrimidine and 5-pyrimidinecarboxylic
acid. 6 These observations and the inactivity of I
in clinical trials¥ has suggested that esters, which
are less susceptible to oxidation, might be better
candidates. The hydrochloride of 11 was prepared
from | and acetyl chloride using the method of
Bretschneider.7 The amides of esters of | were
relatively difficult to prepare requiring an excess
of the anhydride and long reflux.

EXPERIMENTALI1819

Esters of 2-methyllhio-4-aminoS-hydroxymethylpyrim.idine
(1). Three ml. of the anhydride was added to a solution of
1.0 g. of I in 100 ml. of ethyl acetate. After refluxing for 2
hr., the solvent was removed under reduced pressure. The
esters were reerystallized from toluene after decolorizing
with Norit. Yields given in Table | are for reerystallized
materials.

2-Methylthio-4-amino-5-acetoxymethylpyrimidine  hydro-
chloride. This compound was prepared from | by the method
developed for esters of aminoalcohols by BretschneiderT in
69% vyield. It was reerystallized from methanol-ethyl ace-
tate, m.p. 155-159°.

(15) J. F. Holland and R. Guthrie. Unpublished results.

(16) 1. J. Slotnick, A. W. Spears, and H. Tieckelmann,
Proc. Soc. Exptl. Biol. Med. 102, 239 (1959).

(17) H. Bretschneider, Monatsh., 76, 368 (1947); H.
Bretschneider, K. Biemann, W. Koller, and W. Sachsen-
maier, Monatsh., 81, 31 (1950).

(18) Melting points were taken on a Fischer-Johns melt-
ing point apparatus and are uncorrected.

(19) Analyses by Geller Microanalytical Laboratories,
Bardonia, N. Y.
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Anal. Calcd. for CHIN SCL: C, 38.5; H, 4.8; S, 128.
Found: C, 38.1; H, 5.0; S, 13.0.

When dissolved in water and treated with 10% ammonium
hydroxide the free amino ester was formed, m.p. 134-137°.
A mixed melting point with 2-methylthio-4-amino-5-acet-
oxymethylpyrimidine (I1) prepared from | and acetic
anhydride gave no depression.

2-Methylthio-4-acelamido-o-acetoxymethylpyrimidine. Ace-
Llic anhydride (150 ml.) was added to 5.0 g. of | dissolved in
500 ml. of ethyl acetate. After reflux for 15 hr. the solvent
was removed under reduced pressure. The dry solid was
recrystallized from carbon tetrachloride to give 4.3 g.
(58%), m.p. 135-138°. The analytical sample, m.p. 141—
142°, was obtained by crystallizing from carbon tetra-
chloride.

Anal. Calcd. for CioHINES03 C, 47.0; H, 5.1; S, 126.
Found: C, 47.4; H, 5.0; S, 123.

2-Methylthio-4-propionamido-5-propu>noxymethylpyrimi-
dine. Eight ml. of propionic anhydride was added to a solu-
tion of 1.7 g. of | dissolved in 50 ml. of ethyl acetate. After
reflux for 15 hr. the solvent was removed under reduced
pressure. The residue was mixed with methanol and after
removal of the methanol, the residue was crystallized from
ethyl alcohol and water to give 1.85 g. (65%). The analyti-
cal sample, m.p. 93-94°, was recrystallized again from
alcohol-water.

Anal. Calcd. for CiHIiND S: N, 14.8. Found: N, 14.9.

2-Methylthio-4-n-butyramido-5-n-butyrozymeihylpyrimi-
dine. Butyric anhydride (20 ml.) was refluxed with 1.7 g.
of | and 40 ml. of ethyl acetate for 22 hr. The solvent and
some excess anhydride were removed under reduced pres-
sure. Alcohol was added to the oil and removed under
reduced pressure. This procedure was repeated twice with
benzene. On standing, the oil solidified. After washing thor-
oughly with 3% hydrochloric acid, the residue was cri’stal-
lized from ethyl alcohol-water to give 0.95 g. (30%) of a
white solid, m.p. 76-86°. The analytical sample, m.p. 88-
89°, was recrystallized from ligroin-ether.

Anal. Calcd. for Ci4HAND S: N, 135. Found: N, 13.3.

2-Methanesulfonyl-4-amino-5-acetoxymethylpyrimidine.
(111). Five g. of Il was dissolved in 300 ml. of 1% hydro-
chloric acid. The solution was cooled to 1-2° and chlorine
passed in rapidly for 10 min. Seven g. of sodium bisulfite was
added with stirring and the temperature maintained below
5°. After stirring for an additional 5 min. the white precipi-
tate was filtered, washed thoroughly with ice cold water,
and immediately dried at room temperature under vacuum.
The dried solid was recrystallized from dry isopropyl
alcohol to give 3.1 g. (53%) of 111, m.p. 153-154°. The
analytical sample, m.p. 154-155°, was recrystallized from
dry isopropyl alcohol.

Anal. Calcd. for CHIIND4: C, 39.2; H, 4.9; S, 131
Found: C, 39.4; H, 5.1; S, 126.

Chlorination of 5.0 g. of I1 in 300 ml. of 5% hydrochloric
acid for 17 min. at 3° gave a yellow precipitate, which was
washed with water and a little 10% sodium bisulfite solu-
tion. The precipitate changed to a gum which crystallized
on standing in water. It was crystallized from water and
gave a compound which melted at 217-220° in 15% yield.
The analysis corresponded to 4-amino-5-acetoxymethyl-5-
chloro-5,6-dihydro-6-hydroxvpvrimidine-2(IH)-one.

Anal. Calcd. for CH,ONS LCI: C, 35.7; H, 4.3; Cl, 15.1.
Found: C, 35.6; H, 3.8; Cl, 14.7.

Chlorination of 1g. of Il in 60 ml. of 5% hydrochloric acid
cooled to below 5° for 75 min. 0.95 g. of a compound, m.p.
191-192°, crystallized from water, which corresponded to a
4-amino-2,5-dichloro-5,6-dihydro - 6-hydroxy- 5- hydroxy-
methylpyrimidine.

Anal. Calcd. for CHNP 12 C, 28.3; H, 3.3; Cl, 335.
Found: C, 28.3; H, 2.8; Cl, 33.9.

2-Methanesulf<myl-4-Mnino-o-hydroxymethylpyrimidine
(V). Nine-tenths g. of I11 was dissolved in 18 ml. of warm
methanol. After the addition of 9 ml. of coned, ammonium
hj’droxide, the solution was allowed to stand at room tem-
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perature for 2 hr. and then cooled overnight at 0-5°. The
solvent was removed at reduced pressure and the residue re-
crystallized from isopropyl alcohol and methanol to give
0.48 g., m.p. 157-159° (64%) of V. The analytical sample
from isopropyl alcohol and methanol melted at 172-173°.
Anal. Calcd. for CHNI S: C, 35.5; H, 4.5. Found: C,
35.9; H, 4.5.
2,4-Diammo-5-hydroxymethylpyrimidine (IV). Five g. of
111 was dissolved in 75 ml. of methanol and saturated with
ammonia at 0° in a Carius tube. After heating to 110-115°
for 9 hr. the mixture was cooled to 0° and filtered to give
I. 59 (53%), m.p. 218-223° of VI. The analytical sample,
m. p. 231-234°, was recrystallized from methanol.
Anal. Calcd. for CHaN40: C, 42.9; H, 5.8; N, 40.0.
Found: C, 43.1; H, 5.9; N, 39.8.
2-Methylammo-4-amino-5-hydroxymethylpyrimidine.
Methylamine was absorbed in 30 ml. of absolute methanol
containing 2 g. of 111 in a Carius tube until the total volume
was 50 ml. After heating for 12 hr. at 110-115°, the solvent
was removed thoroughly under reduced pressure. Acetone
was added to the resulting oil and the mixture cooled to
0-5°. A solid formed which was dissolved in 4 ml. of 5%
sodium hydroxide and extracted four times with 10-ml.
portions of acetone. The product, after removal of the ace-
tone, weighed 0.89 g. (71%), m.p. 135-137°. The analytical
sample was recrystallized from isopropyl alcohol and melted
at 142-144°,
Anal. Calcd. for C6HiIN4: C, 46.7; H, 6.5; N, 36.3.
Found: C, 47.0; H, 6.5; N, 36.1.
2-Ethylam-ino-4-amino-5-hydroxymethylvyrimidine.  This
compound was prepared by the same method used for the
metlvyl homolog. Acetone treatment was omitted. Ether
was used as the extraction solvent. The crude product,
after removal of the ether, and after crystallization took
place, was washed with ethyl acetate and recrystallized from
chloroform. One g. of 111 gave 0.22 g. (32%) of 4-amino-2-
ethylamino-5-hydroxymethylpyrimidine, m.p. 133-136°.
Anal. Calcd. for CHiZN40: N, 33.3. Found: N, 33.2.
2-n-Propylamino-4-amino-5-hydroxymethylpyrimidine. One
g. of 111 in 13 ml. of methanol and 13 ml. of ra-propylamine
was heated at 115-120° for 19 hr. After removing the solvent
under reduced pressure the oil was dissolved in 4 ml. of 5%
sodium hydroxide. Ether was used as the extraction solvent.
After dissolving in ethyl acetate the pyrimidine was pre-
cipitated with ligroin, 0.4 g. (54%). The analytical sample,
m.p. 114-117°, was crystallized from benzene.
Anal. Calcd. for CHiANND: N, 30.8. Found: N, 30.6.
2-Methylthio-4-amino-5-carboxamidopyrimidine. Ten g. of
4-amino-2-methylthio-5-cyanopyrimidine was added to a
boiling solution of 1 1 of 0.1Ar sodium hydroxide. After
refluxing 15 min., the mixture was cooled rapidly and cooled
overnight in the refrigerator. The amide was filtered and
washed with cold water to give 8.9 g. (80%), m.p. 280-
281°. Recrystallized from methanol, the analytical sample
melted at 280-281°.
Anal. Calcd. for QH”OS: C, 39.1; H, 44; S, 174
Found: C, 39.4; H, 4.3; S, 17.1.
2-Methanesulfonylpyrimidines. 2-Methylthio-4-amino-5-
cyanopyrimidine,® 2-methylthio-4-amino-5-pyrimidinecar-
boxamide, 2-methylthio-4-o-chloranilino-5-carbethoxypvri-
midine,® 2-methylthio-4-0-bromoanilino-5-carbethoxypyri-
midine,& and 2-methylthio-4-chloro-5-carbethoxypyrimi-
dine® were converted to the corresponding 2-methane-
sulfonylpyrimidines (Table I1). The 2-methylt.hiopyrimidine
(0.5 g.) was dissolved or suspended in 60 ml. of 1% hydro-
chloric acid and cooled to 0-5°. Chlorine was passed in
rapidly for 5-10 min. After treatment with sodium bisulfite
the precipitated sulfone was filtered while cold, washed with
cold water, and dried thoroughly under vacuum. The sulfone
was crystallized from isopropyl alcohol.
2-Aniino-4-o-chloroanilino-5-carbethoxypyrinndine. 2-Meth-8

(20) Steve G. Cottis, M. A thesis, University of Buffalo,
1959
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TABLE 11
2-M bTHANESUM ONYM,YRIMIDINE
R
R'
CH3sSO02 N
Molecular Analyses

R R' Yield, % M.P. Formula Calcd. Found
xh?2 CN 67* 211-214 CJILX/YS N 28.3 28.6
nh?2 conh?2 29tc 216-218 ch b3 X 25.9 25.4
o XHCEHACL —CCDbEt 87 180-181 CHH, XD 4CL X 11.8 11.6
0-NHCdLBr —CO0ZEt 92 172-174 CiHi4X 3 4Br X 10.5 11.0
cl —CO0E, 946 129-130 CHND4LCL N 10.6 10.1

0 Oxidation solvent was 60 ml. of 5% hydrochloric acid for 0.5 g. of the pyrimidine. Recrystallization solvent was ethyl
acetate. 6 Oxidation solvent was 30 ml. of 1% hydrochloric acid. ¢ Recrystallization solvent was 95% ethyl alcohol.

ylsulfonyl-4-o-chloroanilino-o-carbethoxypyriinidine (0.5 g.)
was heated in 15 ml. of absolute methanol. Ammonia was
passed in for 10 min. while the mixture was still warm. After
standing at room temperature for 12 hr the mixture was

S-Amino-4-o-bronwanilino-S-carbethoxypyrimidine. ~ This

compound was prepared by the method used for the 4-0-
ehloroanilino- analog. The yield was 0.3 g. (71%), m.p.
204-211° of 2-amino-4-o0-bromoanilino-5-carbethoxvpyrimi-

allowed to cool to 0-5° for 12 hr. and filtered to give 0.3 g. » dine from 0.5 g. of sulfone. The analytical sample, m.p.

(73%), m.p. 209-213°. The analytical sample, m.p. 215-
216°, was recrystallized from methanol.

Anal. Calcd. for CHINDHZXI: C, 53.3; H, 45; N, 19.1.
Found: C, 53.5; H, 4.6; N, 19.1.

213-214°, was recrystallized from methanol.
Anal. Calcd. for CCH,NDH Br: N, 16.6. Found: N, 16.8.

Buffalo 14, N. v.

[Contribution from Hoffmann-La Roche, Inc]

Pyridindene Derivatives. IV. Alkylated Pyridindenes

JOHN T. FLATI and WILHELM WENNER

Received December 14, 1959

The reaction of crotonophenone and methylamine yielded a condensation product which on treatment with alkali gave

1,2,6-trimethyl-3-benzoyl-4-hydroxy-4-phenylpiperidine (111).

Dehydration followed by partial reduction gave 1,2,3-

trimethyl-9-phenyl-2,3,4,9-tetrahydro-I-pyridindene (VI). T le reaction of mothylmagncsium iodide with I-methyl-3-
benzoyl-4-phenyl-4-hydroxypiperidine (VI11) yielded a diol (IX) which on dehydration gave 2,9-dimethyl-9-phenyl-

2,3,4,9-tetrahydro-1-pyridindene (XI).

This paper deals with an extension of our earlier
work on pyridindene derivatives. Our first concern
was the introduction of alkyl groups into the hetero
ring in order to ascertain the antihistamine proper-
ties of the resulting compound. A type of Mannich
reaction between acetophenone, methylamine, and
acetaldehyde ivas briefly considered for the prepa-
ration of the starting material, but this scheme
was discarded in favor of the reaction between
crotonophenone and methylamine.

When the reaction was allowed to proceed for
a relatively short period of time, it was possible
to isolate the product (I) formed by the addition
of one mole of methylamine to one mole of crotono-
phenone. The bis product (1) may also have been
formed, but efforts at isolation were not pursued
vigorously, since our primary concern was to
obtain the piperidine derivative (l11). It was rea-
soned after our earlier workl that this compound

(1) J. T. Plali and W. Wenncr, J. Org. Chein., 14, 543
(1949).

could be obtained not only by ring closure of the bis
product (I1) but also by disproportionation of the
mono-addition product (I). The mother liquor
from (1) should contain both products, with
the bis product predominating after a prolonged
reaction time. Accordingly, treatment with alkali
should yield the piperidine (I11), and actually this
expectation was realized. By refluxing with hydro-
bromic acid, the piperidine (I11) underwent de-
hydration and ring closure to give the pyridindene
(V). On hydrogenation, a mixture of (V) and (VI)
was apparently obtained. The (VI) base was
obtained by purification through the thiocyanate
salt, followed by prolonged treatment with alkali.
It is noteworthy that the ultraviolet spectrum
(Curve 1) of the VI base is almost identical with
that of VII.2 The treatment with alkali was

(2) J. T. Flati and W. Wenncr, J. Org. Chem., 20, 1413
(1955).
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intended to cause isomerisation of 1' into VI
just as in the previously described parent series.

cthcoch=chch3+ ch,nh2

CEHEBCOCHZHCHSs +
NHCH,
[
CH,
N'aOli
(CeHJCOCH, -CH—)2X("H:1-rm -
I
OH
CH-COCHH,

H-C
‘101
CHj-HC” ACH-CH,

c\ d)/ -c6
CH,-HC, _CIZH—|
N

S, Y

The second part of our investigation was aimed
at the preparation of a pyridindene molecule con-
taining an alkyl group as well as a phenyl group in
the 9-position, as in formula XI. The type of iso-
merization, represented by a shift of the ethylenic
linkage from its position in V to its position in VI,
has been shown to be readily reversible, and, in
fact, in the case of VII mere salt formation was
sufficient to cause a shift in either direction.-
Maximum antihistamine activity is associated
with the double bond in the hetero ring. The shift-
ing of the double bond to the 9- position results in
a considerable reduction of antihistamine activity.
In X1 we have a compound of particular interest,
because shifting of the ethylenic linkage to the
9-position is blocked. In addition, the spectrum
of such a compound should confirm our earlier
assignments of structure.

To obtain the compound XI, the piperidinol
(V1) was utilized as a star ing material. Reaction
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with méthylmagnésium iodide gave the diol (IX).
Dehydration with the loss of two molecules of water
was effected by treatment with hydrobromic acid.
Two formulas, (X) and (XI), were considered for
the structure of the dehydration product. Its
ultraviolet absorption spectrum (Curve 2) strongly
resembles that of the pyridindene VI (Curve 1).
In any event, the spectrum of the conjugated di-
ene (X) would be expected to be completely dif-
ferent. Accordingly, structure XI| was assigned to
the dehydration product.

In our earlier work (2), it was shown that devi-
ations from the structure of the parent compound
(V1) led to compounds with lower antihistamine
activity. In the case of compounds VI and XI, a
significant antihistamine activity was found. This
finding is quite compatible with the structures as-
signed.

OH CH3
CH-C—CsH,
CH- OH

cH, X

EXPERIMENTALS3

@-Methylaminobutyrophenone hydrochloride (1). To a solu-
tion of (j.8 g. of methylamine hydrochloride in 200 cc. of
methanol, 6.0 g. of powdered sodium methylate was added
with stirring. On addition of 29.2 g. of crotonophenone,4
the temperature rose to 35°. The mixture was stirred for
about 4 hr., 15 cc. of coned, hydrochloric acid was added,
and the insoluble material removed by filtration. The sol-
vent was removed by distillation in vacuo, and the residue
was crystallized from 80 cc. of ethyl acetate. In this manner
10.2 4. of /?-methylaminobiityrophenone hydrochloride, m.p.
152-154°, was obtained. Further purification can be effected
by crystallization from ethanol.

Anal. Calcd. for CnHANO.HCI: Cl, 16.6. Found: CI,
16.6.

1,2,6-Trimelhyl-S-benzoyl-4-hydroxy-4-phenylpiperidine
(I11). To a solution of 89.8 g. of methylamine hydrochloride
in 2640 cc. of methanol, 79.2 g. of powdered sodium meth-
ylate was added with stirring. During 20 min., 383 g. of
crotonophenone (3) was added, during which the temperature
rose to 36°. After stirring for 3 hr., the mixture was allowed
to stand for 13 days and then acidified with 198 ec. of coned.

(3) All melting points are uncorrected.
(4) 1. C. Fuson, R. E. Christ, and <L M. Whitman,
J. Aia. Chem. Soc., 58, 2450 (1936).
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Fig. 1. Ultraviolet absorption spectra in (LEV
hydrochloric acid:
Curve 1 12,3.-Trimethyl-9-phenyl-2,3,4,9-tetra-

hydro-I-pyriauidene (V1)
Curve 2. Hydrobromide of 2,9-dimethjfl-9-phenyl-
2,3,4,9-tetrahvdro-I-pyridindene (XI)

hydrochloric acid. The mixture was filtered, the filtrate was
distilled to dryness under reduced pressure, and the residue
was digested with (160 cc. of boiling ethyl acetate. The
insoluble material was removed by filtration from the hot
solvent, and the filtrate allowed to stand in the refrigerator
for 2 days. On filtration, 75 g. of a crude crystalline mixture
was obtained, which probably consisted of a mixture of the
hydrochlorides of /3-methylaminobutvrophenone (1), and
of the bis product (11). The ethyl acetate was removed in
vacuo, anil the residue was stirred with a solution of 80 g. of
sodium hydroxide and 1.2 1 of water. On standing over-
night, the oil gradually hardened. After crystallization from
a solvent, b.p. 80-100°, consisting essentially of re-heptane,
133 g. of [,2,6-trimethyl-3-benzoyl-4-hydroxy-4-phcnyl-
piperidine (I11), m.p. 103-105°, was obtained.

Anal. Calcd. for CZHB®X02: C, 77.98; Il, 7.7C. Found:
C, 78.35; 11, 7.8G.

Hydrobromide. The hydrobromide was obtained by dis-
solving the base in ether and passing in hydrogen bromide.
After crystallization from ethanol, it melted at 18(3-187°.

Anal. Calcd. for CmH-.NO-.HBr: C, 02.37; H, 0.48.
Found: C, 62.58; H, 6.48.

1,2,8-Trimethyl-9-phenyl-2,S-dihydro-1-pyridindene hydro-
bromide (1VV). A mixture of 13 g. of the hydroxy ketone (I11)
and 50 cc. of 48% hydrobromic acid was refluxed for 6 hr.
and 40 min. and then poured into 200 cc. of water, where it
was allowed to stand for 2 days. The supernatant liquor was
removed by decantation, and the insoluble matter was
digested with 100 cc. of ethyl acetate. After crystallization
from 50 cc. of ethanol, 4.2 g. of the hvdrobromide, m.p. 198—
201°, was obtained.
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Anal. Calcd. for CAHAN.1IBr: C, 68.48; H, 0.02. Found:
C, 68.19; H, 6.19.

Mixture of 1,2,3-trimethyl-9-phenyl-2,3,4,4*-Ictrahydro and
I, 2,3-trimethyl-9-phenyl-2,S,4,9-letrahydro-I-pyridindene  hy-
drobromides. A mixture of 7.4 g. of the dihydropyridindene
hydrobromide (1V), 20 cc. of Raney nickel catalyst, and 160
cc. of ethanol was hydrogenated at room temperature
during 3.25 hr. at an initial gauge pressure of 52 Ibs. until
hydrogen uptake was extremely slow. The catalyst was
filtered, the solvent removed in vacuo, anil the residue
crystallized from 15 cc. of acetone. In this manner, 4.6 g.
of the tetrahydro compound, m.p. 226-232°, was obtained.
Further crystallization from ethanol gave crystals melting
at 230-235°.

Anal. Calcd. for CAHZAN.HBr: C, 68.10; H, 6.53. Found:
C, 68.35; Il, 6.58.

The ultraviolet spectral curve of the compound was
practically parallel to that of the base (VI) but displaced
by about 2 my towards the higher wave lengths. We have
concluded that the hydrobromide is composed prepon-
derantly of the VI species.

1,2,S-Trimethyl-9-phenyl-2,3,4,9-telrahydro-1-pyridindene
(VI). A mixture of 28 g. of the dihydropyridindene hydro-
bromide (1V), 25 cc. of Raney nickel catalyst, and 150 cc.
of ethanol was hydrogenated at room temperature during
a period of 2.5 hr. at an initial gauge pressure of 49 Ib.
Approximately the theoretical amount of hydrogen was
absorbed. The catalyst was filtered, the solvent was re-
moved in vacuo, and the residue was dissolved in 200 cc.
of warm water. The base was liberated by the addition of 63
cc. of 10% sodium hydroxide, extracted with 200 cc. of
ether, washed with water, and dried over sodium sulfate.
The ether solution was divided into two portions. One of
these portions was extracted with a mixture of 200 cc. of
water and 43 cc. of 0.87V hydrochloric acid. Addition of 13
g. of potassium thiocj'anate in 20 cc. of water to the acid
solution gave 9.9 g. of a crude thiocyanate salt. A sample
of this salt after crystallization from 50% ethanol melted
at 186-189°.

A hot solution of 7.9 g. of the crude thiocyanate in 50 cc.
ethanol was cooled, treated with 50 cc. of 6% sodium
hydroxide, and allowed to stand with occasional scratching
for about 3 days. An oil was first obtained, but on standing
it eventually solidified. After washing with 50% ethanol
and drying, the substance weighed 5.7 g. and melted at 100-
102°. After crystallization from dilute alcohol, it melted
at 101-103-.

Anal. Calcd. for c23123n: 0, 87.15; II, 8.01. Found: C,
87.13; 1, 7.98.

a-Melhyl-a-(I-methyl-4-hydroxy-4-phenyl-3-piperidyl)-
benzyl alcohol (1X). To a solution of methyl magnesium
iodide prepared from 129 g. of methyl iodide and 22.1 g.
of magnesium in 500 cc. of dmlether, was added with stirring
during 30 min. 128 g. of I-methyl-3-benzoyl-4-phenyl-4-
hydroxy-piperiiline (V111) (1). When the spontaneous re-
fluxing had ceased within a short time after the addition,
the mixture was warmed to reflux during about 3 hr,,
allowed to stand overnight, and then introduced into 1 kg.
of cracked ice. The mixture was neutralized with a solution
of 25 cc. of coned, sulfuric acid in 100 cc. of water and
filtered. The insoluble matter was digested with 1200 cc. of
hot acetone and filtered. On cooling, 16.0 g. of the iliol,
m. n. 194-197°, was obtained. An additional 3.7 g. was
obtained from the other fractions. Further crystallization
from acetone gave the pure diol, m.p. 197-198°.

Anal. Calcd. for G:J1.5X0:: C, 77.13; H, 8.05; neut. equiv.
311. Found: C, 77.22; H, 7.88; neut. equiv. 313 (with
perchloric acid).

2.9-Dimelhyl-0-phenyl-2,3,4,9-tctrahydro-I-pyridindene hy-
drobrornide (X1). A mixture of 10.4 g. of the diol (1X) and
40 cc. of 48% hydrobromic acid was refluxed in an oil bath
at 137-140° during 1 hr. and 16 min., and cooled. On addi-
tion of 80 cc. of water, a gumjvas obtained winch gradually
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solidified on standing overnight. The solid was filtered and
crystallized from 15 cc. of ethanol to give 7.73 g. of the
pyridindene (X1), m.p. 245-248°. After recrystallization, it
melted at 246-248 .

Anal. Calcd. for (- 112,XHr: C, 67.41; H, 6.22. Found:
C, 67.15; H, 6.29.
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Synthesis of Compounds in the Pyrrolo[3,4-b]indole Seriesl
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The previously unknown pyrrolo[3,4-blindole ring system is represented in a series of compounds which were produced
when the Fischer indole synthesis was conducted with phenylhydrazones of 1-substituted 2,3-dioxopvrrolidines (). Seven
2-substituted 1,4-dihydropyrrolo[3,4-b]indol-3(2H)ones (11) have been prepared in this manner; the 2-substituents were
a-propyl, n-butyl, cyclohexyl, phenyl, (3-phenylethyl, /S-phenylisopropyl, and homoveratryl. The three compounds containing
the cyclohexyl, /3-phenylethyl, and ¢5-phenylisopropyl groups have been reduced with lithium aluminum hydride and con-
verted into corresponding 2-substituted 1,2,3,4-tetrahydropyrrolo [3,4-b)indoles (VI1).

Apparently no compounds containing the rela-
tively simple fused-ring heterocyclic system of pyr-
rolo[3,4-bJindole have been described in the litera-
ture. The report of the preparation of two such
compounds by Heller and Wunderlich3 has been
shown by Taylor and Kalenda4to be in error. The
fact that other compounds containing the indole
nucleus have been known to display a variety of
interesting types of physiolcgical activity provided
the incentive for an attempt to prepare com-
pounds of this class. It seemed possible that the
ring system could be created by conducting the

R-X R-N
h
o X O NH
nhctb nhcthb
I la
R—X R—X
h
O XH H;X '\Il
0—-H

hi I

(1) Supported principally bj- i research grant (11G-4371)
from the Xational Institutes of Health, U. S. Public Health
Service.

(2) Xational Science Foundation Cooperative Predoctoral
Fellow, 1959-1960.

(3) G. Heller and P. Wunderlich, Ber., 47, 1617 (1914).

(4) E. C. Taylor, Jr., and X. W. Kalenda, J. Org. Chein.
18,1755(1953).

(5) (a) P. L. Southwick, E. P. Previc, Joseph Casanova,
Jr., and E. Herbert Carlson, J. Org. Chem. 21, 1087 (1950);
(b) P. L. Southwick and R. T. Crouch, J. Am. Chem. Soc.
75, 3413 (1953); (c) P. L. Southwick and L. L. Seivard,
J. Am. Chem. Soc., 71, 2532 (1949). The concern expressed
in ref. 5a over the possibility that the phenylhydrazine
derivatives of the 2,3-dioxopyrrolidines might not represent
the expected phenylhydrazone structure (or the related
enhydrazine tautomeric form la) was evidently unwar-
ranted. Cf. discussion by jViewer and Vaughan, ref. 6.

Fischer indole synthesis using phenylhydrazones of
2,3-dioxopyrrolidines (1), a number of which had
been prepared in this laboratory.5

The result of subjecting the phenylhydrazones |
to the conditions of the Fischer indole synthesis was,
however, considered subject to uncertainty because
of reports in the literature regarding the course of
acid-catalyzed reactions of certain similar com-
pounds. Meyer and Vaughanéhad shown that the
phenylhydrazone of |,5-diphenyl-2,3-dioxopyrroli-
dine rearranges to 1,5-diphenyl-A2pyrrazoline-3-
carboxanilide when treated with hydrochloric acid,
and this type of behavior might have proved gen-
eral for phenylhydrazones of 2,3-dioxopyrrolidines.
On the other hand, the work of Plieninger7with the
phenylhydrazone of a-keto-y-butyrolactone (IV)
suggested that another interesting departure from
the normal course of the Fischer indole synthesis
might well be encountered. Compound IV, when
treated with hydrogen chloride in acetic acid at 90°,

ON

NHCIJI,
v \% Vi

O NH H,N

had yielded the hydrochloride of a-imino-d-o-
aminophenyl-7-butyrolactone (V). Compound V
required treatment with a boiling mixture of con-
centrated hydrochloric and glacial acetic acids to
undergo cyclization to the indole derivative VI.
Whether the failure of compound V to undergo
rapid spontaneous ring-closure to VI is the result of
a steric or an electronic effect, the close resemblance

(6) W. L. Meyer ami W. R. Vaughan, J. Org. Chem. 22,
1565(1957).

(7) (a) H. Plieninger, Ber. 83, 273 (1950); (b) H. Plieninger
and |. Xogrddi, Ber., 88, 1965 (1955).
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in structure of V to the expected intermediate 111
in the conversion of | to 11 suggested that 111 might
also prove stable. Such a result could have compli-
cated the synthesis of the pyrrolo[3,4-b]Jindole
derivatives Il but would have been of interest as
another of the rare instances in which an inter-
mediate could be isolated in the Fischer indole syn-
thesis.

The phenylhydrazones of seven 1-substituted
2.3- dioxopyrrolidines (1) (see Table 1) have been
prepared and subjected to treatment in acetic
acid solution with dry hydrogen chloride (Plienin-
ger’s procedure for preparing Compound V) or with
concentrated aqueous hydrochloric acid at the boil-
ing point. Under either set of conditions a rapid re-
action occurred. It was apparent from the compo-
sition of the products obtained in this way that they
were not simply rearrangement products, either of
the type 111 or of the type encountered by Meyer
and Vaughan; the elimination of one nitrogen (as
ammonium chloride) from the molecule indicated
that the reaction which had occurred was the Fis-
cher indole synthesis. The yields of 2-substituted

1.4- dihydropyrrolo [3,4-b]indol-3(2H)ones (I1) pro-

duced (see Table Il) were good enough (59-86%)
to make the reaction of preparative value. It was
not possible to isolate an intermediate of the type
I11; cyclization occurred even at 30° in glacial
acetic acid containing hydrogen chloride. Data
concerning the preparation and characterization of
the seven compounds of type Il which were pre-
pared are given in Table II.

The assignment of structure 11 to these products
was supported not only by their composition and
method of preparation, but also by their properties.
All were stable, high-melting compounds of insuf-
ficient basicity to yield salts with aqueous acids.
The infrared spectra of the compounds (measured
in Nujol mulls) showed broad N-H bands at the
relatively long wave length of 3.19 r (overlapping,
on the long wave-length side, the aromatic C-H
bands), and the band for the lactam carbonyl was
displaced to 6.01-6.03 y. from its position at 5.86
in the parent 2,3-dioxopyrrolidines. Conjugation
with a carbon to carbon double bond has probably
shifted the carbonyl band, and it seems reasonable
to assume that the positions of both carbonyl and
X-H absorptions may have been influenced by the
opportunity for intramolecular hydrogen bonding as
pictured informula Il.

To obtain compounds in the scries with basic
properties and some likelihood of showing physio-
logical activity, reduction of the lactam carbonyl of
the compounds Il with lithium aluminum hydride
was undertaken. Attempts to bring about the re-

Vil
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duction according to the usual procedures were un-
successful. In order to secure higher reaction tem-
peratures a procedure was adopted in which the re-
action mixtures were prepared in the usual way
with ether as the solvent, then were diluted with
dry toluene and distilled until the ether was re-
moved and the reflux temperature had reached
110°. Under these conditions reduction was accom-
plished during a heating period of 1to 3.5 hours.
The vyields of 2-substituted 1,2,3,4-tetrahydropyr-
rolo [3,4-bjindoles (VII), however, were only fair
(47-52%). The data relating to the preparation and
characterization of the compounds V11 are given in
Table I11. When treated with aqueous hydrochloric
acid, these substances formed sparingly soluble hy-
drochlorides and were characterized in this form.
The free bases darkened when exposed to the air.
The hydrochlorides appeared to be quite stable
but were not easily freed of colored impurities de-
veloped during manipulation of the compounds
in the basic form. Susceptibility to air oxidation has
been observed in other compounds in which the car-
bon atoms of the 2- and 3-positions of the indole
nucleus are incorporated into a fused ring which is
not aromatic.8

The assigned structure (VI1) for these compounds
is supported by ultraviolet spectroscopic data. The
spectrum of the member of the group in which R is
d-phenylethyl was measured in 95% ethanol. (The
compound was dissolved as the hydrochloride and
the free base was liberated with sodium hydroxide.)
Comparison with a similarly determined spectrum
of 1,2,3,4-tetrahydrocarbazole revealed a striking
similarity. Structure VII showed maxima at 225 m/t
(e 38,100) and 277 mju (e 7500) with an inflection at
ca. 289 mli (e 5750). The minimum was at 245 ma
(e 2450). Tetrahvdrocarbazole showed maxima at
228 mix (e 33,400) and 283 mM (e 7100) with a
marked inflection almost amounting to another
maximum at 291 m/i (« 6100). There was a mini-
mum at 250 m/i (t 2000).

The infrared spectrum in chloroform of the same
new compound (VII. It = /Uphenylethyl) in the hy-
drochloride form showed no carbonyl band, and an
X-H band (sharp) was observed at 2.87 ix as was
expected for an indole N-H. (The N-H band for
1,2,3,4-tetrahydrocarbazole was found at 2.89 a in
chloroform.) There should be no reason to doubt
that the desired compounds of the structure VII
have been obtained.

The 2,3-dioxopyrrolidines from which the phen-
ylhydrazones (I) were obtained were themselves
prepared by the acid hydrolysis of 4-carbethoxy-
2,3-dioxopyrrolidines.5In most cases the 2,3-dioxo-

(81See (a) B. Witkop and J. B. Patrick, J. Am. Chem.
Soc. 73, 2188, 2196 (1951); (b) B. Witkop, J. B. Patrick,
and M. Rosenblum, J. Am. Chem. Soc. 73, 2641 (1951);
(e) R. B. Carlin and M. S. Moores, J. Am. Chem. Soc., 81,
1259 (1959). References to earlier literature on autoxidation
of indoles are cited in these papers.
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pyrrolidines were isolated in the crude form but
were not purified prior to conversion to the phenyl-
hydrazones. In other cases it was desirable to pre-
pare the phenylhydrazone in the hydrolysis mix-
ture without isolating the 2,3-dioxopyrrolidine at
all. This could be done by reducing the acidity of
the solutions to pH 4-5 by addition of sodium ace-
tate, then adding the requisite amount of phenyl-
hydrazine. Both procedures are described in the
Experimental. Also described are two new 1-substi-
tuted 4-carbethoxy-2,3-dioxopyrrolidines  which
were prepared during the present investigation.
One, in which the 1-substituent was /}(3,4-di-
methoxyphenyl)ethyl, was obtained from homo-
veratrylamine. The second, in which the 1-substit-
uent was /3-pheiiylisopropyl, was an optically ac-
tive compound obtained from d-/3-phenylisopropyl-
amine, and led to a series of optically active prod-
ucts.

Three of the compounds (1. R = /3-phenylethyl
and I11. R = phenylethyl or cyclohexyl) have been
tested in the screening program of the Cancer
Chemotherapy National Service Center, but did not
show significant antitumor activity. Other tests of
possible physiological activity are in progress.

EXPERIMENTALY

1-Substiluted 2,3-dioxopyrrolidine phenylhydrazones (|)
Procedure -4. 1-Substituted 4-carbethoxy-2,3-dioxopyrroli-
dines were hydrolyzed and decarboxylated by treating the
compounds with refluxing hydrochloric acid solutions.5 The
quantities of materials used and other details of the indi-
vidual experiments are recorded in Table I. The crude 2,3-
dioxopvrrolidines were taken up in chloroform by three
extractions of the hydrolysis mixtures. The chloroform solu-
tions were dried over magnesium sulfate, filtered, and
evaporated under reduced pressure on a steam cone. The
resulting residues were dissolved in 95% ethanol (5 ml. per
g. of 2,3-dioxopyrrolidine) and a few drops of glacial acetic
acid were added, followed by the calculated amount of
phenvlhydrazine (calculated on the basis of the amount of
4-carbethoxy-2,3-dioxopvrrolidine hydrolyzed). The mix-
tures were heated to boiling on a steam bath, then allowed
to cool. After further cooling in an ice bath, the crystalline
products were removed by filtration and recrystallized from
95% ethanol. Yields in Table | are for recrystallized prod-
ucts.

Procedure B. In procedure B the 1-substituted 4-c,ar-
bethoxy-2,3-dioxopyrrolidines were hydrolyzed and de-
carboxylated as in procedure A. At the end of the reflux
period the aqueous acid solution was cooled and filtered.
Sodium acetate was then added until the pH of the solution
became 4 to 5. The calculated amount of phenvlhydrazine
for the quantity of 4-carbethoxy-2,3-dioxopyrrolidine hy-
drolyzed was then added while the mixture was vigorously
stirred. Separation of the phenylhydrazone usually began
at once and appeared to be complete after a few minutes.
The product was collected by filtration and recrystallized

(9) Melting points are uncorrected. Microanalyses by

Drs. G. Weiler and F. B. Strauss, Oxford, England, and
Geller Microanalytical Laboratories, Bardonia, N. Y.
Infrared spectra were determined with a Perkin-Elmer
model 21 spectrophotometer, ultraviolet spectra with a
Cary recording spectrophotometer.
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from 95% ethanol. The amounts of materials used and other
details of individual experiments are recorded in Table I.

2-Substituted 1,4-dihydropyrrolo[3,4-bJindol-3(2H)ones (I1).
Procedure A. The 1-substituted 2,3-dioxopyrrolidine phenyl-
hydrazones (I) were treated with refluxing mixtures of coned,
hydrochloric acid and glacial acetic acid. Heating was con-
tinued until the phenjdhydrazones dissolved and for ap-
proximately 10 min. thereafter. (The total reaction times
ranged from 15to 30 min.) Several of the products separated
as crystalline precipitates when the reaction mixtures were
cooled, and were then collected by filtration. In other cases
the cooled reaction mixture was diluted with an equal vol-
ume of water and cooled in an ice bath to induce separation
of the product. The compounds were purified by crystalli-
zation from 95% ethanol. Details of individual experiments
are recorded in Table II.

Procedure B. The 1-substituted 2,3-dioxopyrrolidine
phenylhydrazones (1) were suspended in glacial acetic acid
which was kept at the boiling point under a reflux con-
denser. A slow stream of dry hydrogen chloride was passed
into the mixture while refluxing was continued and the phen-
ylhydrazones dissolved. After a reflux period of 5to 15 min.
the solution was cooled and filtered, either directly or after
dilution with water, to collect the products, which were
then recrystallized from 95% ethanol. Details of these ex-
periments are also included in Table I1.

2-Substituted 1,2,3,4-letrahydropyrrolo[3,4-b]indole hydro-
chiorides (VII). The I,4-dihydropyrrolo[3,4-b]indol-3(2H)-
ones (I1) were added in solid form in small portions to vigor-
ously stirred solutions or suspensions of excess lithium
aluminum hydride in ether (7 to 21 g. of lithium aluminum
hydride in 100 ml. of dry ether). After about 10 min. of stir-
ring, 300 ml. of dry toluene was added. The ether was then
removed from the reaction mixture by distillation through a
short packed column. After the temperature of the distilling
vapors reached 110°, the distilling column was replaced b\-
a reflux condenser, and heating and stirring under reflux
were continued for an additional period of time to complete
the reduction.

The mixture was cooled and the excess lithium aluminum
hydride was destroyed by cautious addition of water while
the mixture was kept in an ice bath. The cold mixture was
then acidified by addition of a considerable excess of 20%
hydrochloric acid while ice bath cooling was maintained.
Stirring was continued for an additional 30 min. to dis-
solve all of the inorganic reaction products. The hydro-
chlorides of the tetrahydropyrrolo[3,4-bJindoles (VII),
which were not soluble in either the aqueous or the organic
phase of the mixtures, were then collected by filtration of
the mixtures through a pad of glass wool. The products
were purified by crystallization from 95%, ethanol. (Yields
quoted are for products obtained after one recrystallization.)
The characterization of individual compounds and details
of their preparation are given in Table I11.

I-Homaveratryl-4-ccirbethoxy-2,8-dioxopyrrolidinc. The pre-
viously recommended one-step procedure6 for similar com-
pounds was modified by using excess sodium ethoxide and
slightly simplifying the method of isolating the product. A
solution of 78 g. (0.42 mole) of homoveratrylamine and 42
g. (0.42 mole) of ethyl acrylate in 200 ml. of absolute ethanol
was allowed to stand overnight. Ethyl oxalate (61.3 g.;
0.42 mole) was added and the mixture was stirred while a
solution of sodium ethoxide prepared from 15 g. (0.695 g.-
atom) of sodium and 250 ml. of absolute ethanol was added
slowly. The mixture was heated under reflux and stirred
for 2 hr., then cooled in an ice bath. Water (100 ml.) was
added and the mixture was acidified to a pH of less than 2
by careful addition of 20% aqueous hydrochloric acid while
cooling and stirring were continued. The crude product which
precipitated was removed by filtration and dried. The yield
was 123 g. (88%) of a light-tan product melting at 127-
128°. Recrystallization from 95% ethanol did not change
the melting point.
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Anal. Calcd. for CIH2ZN 06 C, 60.88; H, 6.31; N, 4.18.
Found: C, 60.53; H, 6.17; N, 4.23.

d-1-(0-Phenylisopropyl)-4-carbethoxy-2,3-dioxopyrrolidine.
The compound was prepared by the one-step procedure pre-
viously described.6' From 78 g. (0.58 mole) of d-fi-phenyliso-
propylamine, 90 g. (59% vyield) of the 4-carbethoxy-2,3-

RICHARDSON' AM) AMSTUTZ
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dioxopyrrolidine was obtained. After recrystallization from
an ethanol-water mixture white needles were obtained,
m.p. 115-116°, Mn = +75.48° (c 4.0, 95% ethanol).

Anal. Calcd. for CAHANOnN C, 66.42; H, 6.62. Found:
C, 66.55; H, 6.81.

Pittsburgh 13, Pa.

[Contribution from the William H. Chandler Chemistry Laboratory Lehigh University]

Study of the Synthesis and Chemistry of the 5,6-Dihydroimidazo[ijjquinoline
Seriesl

ALFRED RICHARDSON, JR.,2and E. D. AMSTUTZ

Received September 23, 1959

A series of 2-substituted 5,6-dihydroimidazo[ij] quinolines has been synthesized by the condensation of 8-amino-I1,2,3,4-
tetrahydroquinoline with carboxylic acids or their derivatives. These condensations may lead directly to the final product
or to amides which may be subsequently cyclized. In general, the amino-amides are obtained and isolated in the case of
substituted or unsubstituted aromatic acid chlorides. Attempts to form 2-substituted imidazo[ijJjquinolines from 8-amino-
1,2-dihydroquinoline led only to 8-amidoquinolines. Certain pyridoquinoxalines were synthesized from 8-amino-1,2,3,4-
tetrahydroquinoline and benzoin-type compounds. The spectra of the dihvdroimidazolii] quinolines are similar to those of

the benzimidazoles.

In view of the fairly wide range of physiological
activities shown by benzimidazole (I.R=H) and
its derivatives, it was of interest to prepare a series
of derivatives of the related 5,6-cihydroimidazo-
[ij (quinolines (I1). This paper describes the syn-
thetic methods employed in the preparation of a
variety of new members of this virtually unex-
plored group.

10

The first synthesis of a 5,6-dihydroimidazo-
[ij (quinoline was realized by Kunckell,3who con-
densed 8-amino-6-bromo-I,2,3,4-tetrahydroquino-
line with acetic acid. The product he obtained
was 8-bromo-2-methyl-5,6-dihydroimidazo [ij (Quin-
oline. Other earlier workers4-12 synthesized com-

(1) Abstracted from a thesis submitted by A. Richardson,
Jr., in partial fulfillment of the requirements for the Ph.D.
degree.

(2) Present address: The Wm. S. Merrell Company,
Cincinnati 15, Ohio.

(3) F. Kunckell, Ber. Dtsch. Pharm. Ges., 20, 198, 215
(1910); chem. Abstr., 5, 8718 (1911).

(4) S. J. Hazlewood, G. Hughes, and F. Lions, J. Proc.
Roy. Soc. N.S. Wales, 71, 462 (1938).

(5) H. R. Ing and R. S. Cohen, J. chem. Sor.,
(1931).

(6) R. C. Elderfield and G. L. Kreugrr, J. Org. Chem..
17,358(1952).

(7) R. C. Elderfield, F. J. Kreysa, J. H. Dunn, and D.
D. Humphreys, 3. Am. Chem.. Soc., 70, 40 (1948).

(8) E. Bamberger and P. Wulz, Ber., 24, 2070 (1891).

(9) H. R. Snyder and N. R. Easton, J. Am. Chem. Soc.,
68,2641(1946).

(10) R. C. Elderfield and E. F. Claflin, 3. Am. Chem. Soc.,
70,2953(1952).
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pounds in this series where the 2-substituent was
an alkyl group sometimes containing hydroxyl
groups or aromatic residues. The diamine usually
was 8-amino-1,2,3,4-tetrahydroquinoline, although
at times, an 8-amino-I,2,3,4-tetrahydroquinoline
was employed which contained substituents on the
aromatic ring.69 In most cases, the appropriate
diamine was heated with the corresponding acid
in the absence of solvent,4-9 although a few mem-
bers of the series were synthesized by condensing
an 8-amino-l ,2,3,4-tetrahydroquinoline with ali-
phatic aldehydes and ketones.10:12

Although simple amidines are readily hydro-
lysed in aqueous acid,Bthe dihydroimidazoquino-
lines, which are essentially cyclic amidines, are
stable in a refluxing AN hydrochloric acid medium
and many can be prepared by its use. This inertness
toward acid hydrolysis is apparently due to a
resonance stabilization of the benzimidazole sys-
tem.

Tables |1 and Il list the dihydroimidazo [ij]-
quinolines and benzimidazoles synthesized during
this research, while the condensation procedures
are discussed in detail in the paragraphs which
follow.

Condensations with carboxylic acidsN The meth-
ods used in condensing 8-amino-1,2,3,4-tetrahydro-
quinoline with carboxylic acids were either to
reflux in AN hydrochloric acid or to heat the re-
actants without a solvent. Other methods which
were attempted without success were heating in

(11) R. C. Elderfield and F. J. Kreysa, 3. Am. Chem. Soc..,
70,44(1948).

(12) H. J. Barber and W. R. Wragg, J.
(1946).

(13) R. L. Shriner and F. W. Neumann, chem. Rev., 35,
351 (1944).

Chem. Soc., 610
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TABUS T. 2-Substitutbd 5,6-Dihydroimidazo[iilquinolines

Yield, Analyses, Picrate,
No. R Method" % M.P.° c H N M.P.°
11 H— B; 14 hr. 50 58-60" Known 225
v ch3— B; 24 hr. 35 128c
B';4hr. 35 119
C;3hr. 17 128 Known 237-238
\Y HOCH. A; 24 hr. 74 1851f Known 216
Vi hsch2 A; 24 hr. 39 160-161 Calcd.P 64.71 5.88 13.73 215-216
Found: 6520 5.51 13.63 dec.
VIl HSCHoCH,— A; 24 hr. 63 oil Calcd.:* 48.30 3.84 1566 190
Found: 48.40 4.14 1535
vnr HOCHoCHIiCH—2 Am;24hr. 85 128-130 Calcd.: 7222 741 1296 157
Found: 7230 7.20 12.90
IX CHxCOXLHWLCHXLH,— E; 17hr. 56 47-49 Calcd.: 69.74 7.04 10.84 144-145
, Found: 69.85 7.12 10.84
X Cvclohexyl- D"; 6.5 hr. 67 93-95 Calcd.: 7438 859 10.84 183-184
Found: 74.80 850 10.97
Xl HO—9 C*; 1hr. 75 213-214 Calcd.: 68.94 580 16.07 None
Found: 68.65 6.02 15.73
X1l HS— o Bp; 24 hr. 32 214,5-2155 Calcd.*: 63.14 531 1472 None
Found: 63.25 5.40 14.68
XNT Cl— F 60 75-76 Calcd.: 62.32 4.72 1453 175 dec.
Found: 62.60 4.55 1450
XV CH5— D"; 12 hr. Quant. 80-82 Calcd.: 82.05 5.98 11.97 196-197
IT; 1-2 hr. 43 80-82 Found: 81.90 6.02 12.07
XV 3,4,5-Trimet.hoxyphenyl  C; 24 hr. 62 181-182 Calcd.: 70.37 6.17 8.64  208-210
D5; 2 hr. Quant.  179-180 Found: 70.50 6.22 8.70
XVI 4-Nitrophenyl- D®; 2 hr. 35 179-180 Calcd.: 68.82 4.66 15.05 214-215
IT;5hr. 43 176-179 Found: 68.70 4.52 15.35
XVII* /3-Naphthyl- C; 18hr. 51 206-207 Calcd.: 84.51 5.63 9.86 221-222
Found: 84.30 5.88 10.00
XVII1  7-Pyridyl- A; 24 hr. 14 142.5 Calcd.: 76.60 5.53 1790 183-185
C; 24 hr. 62 1425 Found: 76.38 5.76 17.70
XIX p-HANC6H,SCH2— A;69 hr. 53 92-94 Calcd.: 69.10 5.82 1421 169
Found: 69.40 5.80 14.30
XX /S-Indolyl-CHj— A; 69 hr. 10.3 232-233 Calcd.: 79.40 5.98 1461 211-213
Found: 79.15 6.01 14.23
XX1* CH;iO--- G;5.5 hr. Quant. il Calcd.“: 4891 3.64 16.79  154-155

Found: 48.90 3.67 16.45

a Method A: Equivalent quantities of 8-amino-I,2,3,4-tetrahydroquinoline and the acid were refluxed in 4N hydrochloric
acid. Neutralization with dilute ammonium hydroxide afforded the product which was recrystallized from aqueous alcohol.
Method B: Equivalent quantities of 8-amino-1,2,3,4-tetrahydroquinoline and the acid were refluxed or heated over a free
flame until effervescence ceased. The product was extracted with alcohol and recrystallized from aqueous alcohol. Method
C: Equivalent quantities of 8-amino-1,2,3,4-tetrahydroquinoline and the acid chloride were refluxed in benzene-pyridine. The
solvent was evaporated, the residue slurried wdth ammonium hydroxide, and the product recrystallized from aqueous alcohol.
Method D: The amide intermediate w-as cyclodehydrated by heating with an appropriate reagent as listed elsewhere in the
table. Evaporation of the solvent followed by neutralization of the residue with dilute ammonium hydroxide gave the product
which was recrystallized from aqueous alcohol. Method E: A solution of the carbinol in acetyl chloride was allowed to stand
at room temperature. The solution was poured onto ice, neutralized with dilute ammonium hydroxide, and the product
extracted with ether. Method F: The hydroxy compound (X1) whas refluxed in phosphorus oxychloride for 1.5 hours. The
solution was poured onto ice and neutralized with dilute ammonium hydroxide. The product was recrystallized from aqueous
alcohol. Method G: The chloro compound was refluxed with a 9v excess of sodium methoxide in methanol. The solution
was cooled, filtered and evaporated. The residue was extracted with ether and the product obtained by evaporat-
ing the dried ethereal solution. 6 Hazlewood, et al.4erroneously reported a melting point of 148°. ¢ Hazlewood, et al.* reported
a melting point of 128°. d Hazlewood, et al.* reported a melting point of 183°. e Hydrochloride, m.p. 255°. f Melting point
and analyses are for the monohydrate. 9Although the product is showm here in the imidol form, the authors believe an equilib-
rium exists and that the amide or urea form predominates. Refer to section on the discussion of the spectra. * Hydrochloride,
m.p. 250° dec. 1 Hydrochloride, m.p. 256-258° .1 Sulfur analysis: Calcd.: 15.69. Found: 15.18. *Sulfur analysis: Calcd.: 16.88.
Found: 16.65. 1 Acetic anhydride was employed. m The reactant w'ss y-butyrolactone. " The amide w's cyclized using a 9
mole excess of phosphorus pentoxide and 19 mole excess of phosphorus oxychloride in refluxing xylene. ° The 8-amino-I,2,3,4-
tetrahydroquinoline was dissolved in glacial acetic acid, treated with an equivalent quantity of phosgene in chlorobenzene, and
refluxed. p The 8-amino-I,2,3,4-tetrahydroquinoline w'ss treated with an equivalent of carbon disulfide in ethanol, refluxed
until the evolution of hydrogen sulfide ceased, and cooled, whereupon the products separated. ®The amide was cyclized via
a 9-mole excess of phosphorus pentoxide in refluxing benzene. r The amide was cyclized in refluxing phosphorus oxychlo-
ride. *The amide was cyclized by employing a 9-mole excess of phosphorus pentachloride in phosphorus oxychloride under
reflux. *Hydrochloride, m.p.~212-214°. “ Analysed as the monopicrate.
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TABLE 1
A. 2,2'-Bis(5,6-DiHYDROiIMiDAZo[ij]quiNOU\ES)
Analyses Picrate,
Xo. R Method* Yield, % M.P.° C H X M.P.°
XXII Xo. Bridge7 H 16hr.  very low 261-262 Caled.: 76.40 5.79 17.81 210
B,40.5 hr. 11 259-260 Found: 76.90 5.56 17.60
XX - ch2— B;40.5 hr. 11 262-263 Caled.: 77.74 6.23 16.03 245-246
Found: 77.40 6.22 15.80
XXIV —CHXH2— A; 48 hr. 24 256-258 Caled.: 77.16 6.48 16.36 dwmb 350
A; 65 hr. 73 255-256 Found: 77.40 6.60 16.35
XXV —CH2XH2CH2— A; 48 hr. 32 198° Caled.: 70.37 7.21 14.27 268 dec.
A; 65 hr. 61 198° Found: 70.60 7.38 14.08
XXVI —CH2XCH2XCH2XCH2— B; 0.5 hr. 5.4 217-218 Caled.: 77.79 7.10 15.11 dwmb 300
A; 48 hr. 70 215 Found: 77.50 7.29 15.00
XXVII —CH=CH-1 A; 48 hr. 11 318-320° Caled.: 70.19 6.43 14.88 dwmb 360
Found: 70.55 6.56 14.74
XXV —CH20CH2— A;5days 61 171-172 Caled.: 73.72 6.19 15.62 254 dec.
Found: 73.80 6.30 15.60
XXIX" —chXch2— A;48 hr. 47 190-193° Caled.: 67.31 6.17 14.27 247 dee.
A; 113 hr. 26 194° Found: 67.75 6.30 14.28
XXX —chXxhxchxh2— | 65 139.5-140.0 Caled.: 71.58 6.53 13.91 228 dee.
Found: 71.20 6.65 13.48
XXXI —CH2—CH(OH)— A;72hr. 14 225.0-225.5° Caled.: 70.17 6.43 14.88 dwmb 360
Found: 70.80 6.43 14.28
XXXII hoch2— A; 24 hr. 1.5 280-2837 Known 252-253
dec.
XXXI111 hsch2— A;13.5 hr. 36 164-166* Caled.: 58.49 4.93 17.05 192-194
Found: 58.40 4.97 16.85
XXXIV hochxh2xh2— A 8.6 165-166 Caled.: 68.16 6.87 15.90 Xone
Found: 68.20 7.01 15.83

“ Methods A-K are listed in footnote a of Table I. The benzimidazoles were prepared from o-phenylenediamine instead of

8-amino-1,215-t-tetrahydroquinoline. Method H: Equivalent

quantities of 8-amino-1,2,3,4-tetrahydroquinoline and the

corresponding amide were refluxed in ethylene glycol. The solution was cooled, diluted with water, and the product recrys-
tallized from methanol. Method I: The fj-mercaptoethyl compound V11 was placed under vacuum at room temperature until
effervescence ceased. The residue was recrystallized from ethanol-water. 4 The notation “dwmb” indicates, “darkens without
melting below.” ¢ Asa dihydrate. d Product assumed to be the trans isomer. ' As a monohydrate. 1 Product is 2,2"-bis(5,6-
dihydroimidazo[ij]quinoline). Starting material was ammonium oxalate hydrate. 1*Sulfur analysis: Calcd.: 8.18, found, 7.91.
4 Ammonium oxalate employed instead of oxamide or oxalic acid. 4 Malonamide employed instead of malonic acid. 1 Bisto-

zycki and Przeworskiu reported a melting point of 171-172°,

however ultraviolet confirmed the benzimidazole structure.

* Hughes and Lionsisreported a melting point of 158°. 1 The diamine was condensed with 7-butyrolactone.

4A hydrochloric acid in a sealed tube at 105° and
heating in polyphosphoric acid.

The most successful method by far was refluxing
with 4N hydrochloric acid, which is a modification
of the PhillipsT benzimidazole synthesis. A disad-
vantage of this method for dihydroimidazoquinoline
formation is that while it is generally applicable to

(14
(1912).

do) G. K. Hughes and F. Lions, J. Pr>c. Roy. Soc. X.S.
wales. 71, 209 (1938); chem. Abstr. 32, 5830 (1948).

(16) Those acids which yielded no product in all at-
tempted condensations with 8-amino-I,2,3,4-tetrahydro-
quinoline are: acrylic, aspartic, chloroacetic, cyclohexane-
carboxylic, diethylacetic, fumaric, glutamic, glycine, iso-
butyric. levulinic, maleic, malonic, oxalic, trimethylacetic,
p-aminobenzoic, benzoic, a-naphthoic, p-nitrobenzoic, tere-
phthalic, 3,4,5-trimethoxybenzoic, imidazole-2-carboxylic,
nicotinic, picolinic, thiophene-2-carboxylir, a-aminophenvl-
acetic, cinnamic, dibenzylacetic, a-naphthylacetic. A'-phenyl-
glycine, B-(2-pyridyl)acrylic, thiophenoxyacetic.

(17) M. A. Phillips, 3. chem. soc., 2393 (1928).

A. Bistozycki and G. Przcworski, Her., 45, 3483

the synthesis of aliphatic substituted compounds,
it is usually unsuccessful in the synthesis of aro-
matic-, heterocyclic-, or unsaturated aliphatic-
substituted products. In this connection, it is in-
teresting to note that thiophenoxyacetic acid, p-
aminobenzoic acid, and A-phenylgycine yielded
no product, but p-aminothiophenoxyacetic acid
and indole-3-acetic acid (vinylog of iV-phenyl-
glycine) each formed the desired product (XIX and
XX, respectively).

Decarboxylation of the acid played an important
hindering role in some condensations. Thus, picolinic,
nicotinic, isonicotinic, and /3-(2-pyridyl) acrylic
acids were observed to decarboxylate as evidenced
by a strong pvridine-like odor during the work-up.
In addition, benzylamine was isolated when a con-
densation of a-aminophenylacetic acid with 8-
amino-1,2,3,4-tetrahydroquinoline was attempted.
In contrast to the lack of reactivity of glycine,
both glycollic acid and thioglycollic acid eon-
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TABLE 111
S-AL-Acylamino-I"SA -Tetrahydroquinolines
|
CfO
R
Analyses Picrate,
No. R Method'l  Yield, % M.P.° C H N M.P.°
XXXV ch3— A 16 116.5-117.5 Caled.: 69.45 7.41 1472 233-2316
Found: 69.65 7.21 14.65
XXXVI A u 235 dec. Caled.: 71.05 7.44 13.75
ot Af 29 235 dec. Found: 70.70 7.47 13.10
i
CO-CH,-CH,-,
XXXVII Cyclohexyl- B 80 184-186 Caled.: 74.42 853 10.85 183-184
A 49 191.0-191.5 Found: 74.70 8.79 11.25
XXXVIIF CHECH2— A 17 171-172 Caled.: 76.69 6.77 10.53 152-153
Found: 76.55 6.99 10.21 dec.
XXXIXe CfHs— B 59 186-187 Caled.: 76.19 6.35 11.11 not formed
X1/ 3,4,5-Trimethoxyphenyl- A 35 182-183 Found: 76.35 6.41 11.18
B 37 223-225 Caled.: 66.67 6.43 8.19 not formed
Found: 66.45 6.33 8.08
XLF 4-Nitrophenyl- A 90 210-212 Caled.: 64.65 5.05 14.14 170-172
Bs 20 191-194 Found: 64.55 4.98 14.10

a Method A: The 8-amino-l,2,3,4-tetrahydroquinoline was treated with an equivalent of the acid chloride in benzene
at room temperature. The mixture was allowed to stand overnight and was then filtered. The solid was slurried with dilute
ammonium hydroxide and recrystallized from methanol or methanol-water. Method B: a modification of Method A. A small
amount of pyridine was added to the mixture. 6 Formed the picrate of 2-methyl-5,6-dihydroimidazo [ij Jquinoline (IV). ¢ N-
Nitroso derivative, m.p. 145-150°. d A'-Nitroso derivative, m.p. 160°. e A-Nitroso derivative, m.p. 165-170°. 1 The mixture

was refluxed for 5 hr. o The mixture was refluxed overnight.

densed readily with 8-amino-I,2,3,4-tetrahydro-
quinoline in 4V hydrochloric acid to yield the cor-
responding 2-hydroxymethyl- (V), and 2-mercapto-
methyl-5,6-dihydroimidazo [ij [quinoline (VI). The
next higher homolog of the latter compound, 2-
(/3-mercaptoethyl) -5,6-dihydroimidazo [ij [quinoline
(VIl) was synthesized in an analogous manner
from /3-mercaptopropionic acid. This product was
an oil, the only liquid product observed during the
course of this work. Upon continued standing or
with heating under vacuum, the /i-inercaptoethyl
compound yielded a solid in addition to hydrogen
sulfide. This solid was /?,/V-bis-2-(5,6-dihydroimi-
dazo[ij]quinolylethyl sulfide (XXX) which may
have formed by an addition of a second molecule
of VII to 2-vinyl-5,6-dihydroimidazo [ij [quinoline,
which should be the initial product.

A convenient synthesis of 2-mercapto-5,6-di-
hydroimidazo[ij [quinoline (XI11) involved the con-
densation of 8-amino-1,2,3,4-tetrahydroquinoline
with carbon disulfide in refluxing ethanol.

Another interesting condensation, which led to
2-(y-hydroxypropyl) -5,6-dihydroimidazo [ij [quino-
line (VIII), involved the condensation of 7-
butyrolactone with 8-amino-1,2,3,4-tetrahydroquin-
oline in 4N hydrochloric acid. That this reaction
first involved a hydrolysis of the lactone to 7-
hydroxybutyric acid was ;hown by the inability of

7- butyrolactone to condense with 8-amino-I,2,3,4-
tetrahydroquinoline hydrochloride when the re-
actants were heated without a solvent.

Dibasic acids such as succinic, glutaric, and
adipic acids condensed readily forming the ex-
pected bisdihydroimidazo [ij [quinolines when re-
fluxed with 8-amino-1,2,3,4-tetrahydroquinoline
in 4N hydrochloric acid. The series was further
extended by the condensations of diglycollic and
thiodiglycollic acids to form the corresponding
bismethyl ether (XXVIII) and bismethyl sulfide
(XX1X). Malicacid condensed with 8-amino-1,2,3,4-
tetrahydroquinoline in refluxing 4N hydrochloric
acid to yield two products. One of them was the
expected a-hydroxy-2,2'-ethylenebis- (XXXI), and
the other was 2,2/-vinylenebis(5,6-dihydroimidazo-
[ij [quinoline) (XXVII). The fact that maleic and
fumaric acids did not yield any condensed products
indicates that the unsaturated compound (XXVII)
was formed from the carbinol (XXXI) by the elim-
ination of water. Thiomalic acid formed only
XXVII.

Condensations with acid chlorides. Tables 11
and 1V list the 8-V-acylaminotetrohydroquinolines
and 8-V-acylaminoquinolines synthesized during
the course of this work and are found below.

Acid chlorides were successfully condensed with
8- amino-I,2,3,4-tetrahydroquinolines in many cases
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TABLE IV
8-.Y-ACYLAMIXOQrlIxo LINES

I\IIH
CIZO
R
Yield,
No. R Method“ %
XLII H— C Quant.
XL ch3— A 85
XLIV cth— A 49
XLV 3,4,5-Trimethoxyphenvl- A 18
Bc 62
XLVI 4-Nitrophenyl- A 93

vol. 25
Analyses Picrate,
M.P.° C H X M.P.°
152-154 Caled.: 69.77 4.65 16.27 140
Found: 69.90 4.96 16.78
100-101“  Caled.: 70.94 5.42 15.05 196-197
Found: 71.05 5.43 14.80
91-92¢ Caled.: 77.42 4.84 11.29 189-190
Found: 77.40 5.15 11.28
134 Caled.: 67.46 5.33 8.28 195-198
132-133 Found: 67.30 5.28 8.27
182-183"  Caled.: 65.53 3.75 14.33 155-156
Found: 65.65 3.64 14.38

a See footnote a in Table 111 for Methods A and B. Method C: A solution of 8-amidoquinoline in 85% formic acid was
refluxed overnight. The solution was cooled and made alkaline with dilute ammonium hydroxide. The solid was recrystallized
from methanol-water. " GorvinB®reported a melting point of 188°. ¢ HallDclaimed to have synthesized this compound but
reported no physical properties. d Ochiai et al.21 reported a melting point of 102-103°. e The mixture was refluxed for 3 hr.

and were especially useful in the synthesis of aro-
matic- and heterocyclic-substituted dihydroimi-
dazo[ijJquinolines which could not be attained
via the corresponding carboxylic acid.B In re-
fluxing benzene or benzene-pyridine, the desired
product was sometimes attained directly (IV, XV,
and XVII), while at room temperature the amide
intermediate was isolated exclusively. That the
acyl group was located on the primary nitrogen of
8-amino-I,2,3,4-tetrahydroquinolines was shown
by the fact that the amides readily formed a solid
V-nitroso derivative with nitrous acid. In addition,
8-benzamidotetrahydroquinoline (XXXIX) formed
a precipitate with benzenesulfonyl chloride in an
alkaline medium and another with nickel chloride-
carbon disulfide reagent, both reactions being in-
dicative of a free secondary amino function. It was
further found that 8-benzamido-I-benzoyltetra-
hydroquinoline (XLVII) did not react with nitrous
acid, thus ruling out the possibility of JV-nitrosa-
tion of an amide function. Conclusive proof of the
reactive nitrogen in 8-amino-l1,2,34-tet,rahydro-
quinoline was attained by the synthesis of both of
the isomeric, monoacetylated 8-amino-1,2,3,4-tetra-
hydroquinoline derivatives (XXXV and XLVIII).
One isomer (XXXV) was synthesized by treating a
benzene solution of 8-amino-l1,2,3,4-tetrahydro-
quinoline with acetyl chloride in a procedure iden-
tical with that employed in the synthesis of somef

(18) Where the desired product could be obtained through
the acid as well as via the acid chloride, it was observed
(Table 1) that generally, the acid chloride led to a better
yield of the dihydroimidazo[ijjquinoline.

(29) J. H. Gorvin, J. chem. Soc., 61 (1946).

(20) D. M. Hall, 3. chem. Ssoc., 1603 (1948).

(21) E. Ochiai, J. Haginiwa, and K. Komatsu, .7. Pharm.
Soc., Japan, 70, 372 (1950), Chem. Abstr.; 45, 2476a (1951).

of the 8-amidotetrahydroquinolines described
above. The product was a solid with an analysis
corresponding to a monoamide of 8-amino-I,2,3,4-
tetrahydroquinoline. It could not be diazotized,
but formed an alkali insoluble solid with benzene-
sulfonyl chloride. An absorption spectrum (%
max, log e: 251, 3.91; 306, 3.52 mp) was typical of
an 8-acylaminotetrahydroquinoline. In alcoholic
picric acid solution, it formed the picrate of 2-
methyl-5,6-dihvdroimidazo[ij Jquinoline (1V), which
indicates the ease of cyclization of the amide which
has been assigned structure XXXV. The other
isomer, 8-amino-l-acetyltetrahydroquinoline (XL-
VIII) was synthesized by reduction of 8-nitro-I-
acetyltetrahydroquinoline either catalytically or
with iron and acetic acid. It (XLVIII) was an
oil which had the correct analysis for a mono-
amide of 8-amino-l,2,3,4-tetrahydroquinoline and
could be diazotized and coupled with /J-naphthol.
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Treatment, with refluxing t.VV hydrochloric acid
for two hours caused cyclization to 2-methyl-5,6-
dihydroimidazo [ij Jquinoline (IV). An absorption
spectrum (Xmax, log e 257, 4.11; 282.7, 3.74 m/i)
was different from that of XXXV, and the amide
did not cyclize in alcoholic picric acid solution, but
formed a picrate of the desired product as indicated
by the analysis. These results leave no doubt that
the reactive nitrogen in 8-amino-I,2,3,4-tetrahydro-
quinoline, is the primary nitrogen.

Occasionally it was necessary to treat an amide
separately with a cyclizing agent to form the de-
sired dihydroimidazoquinoline. Thus, 8-(4/-nitro-
benzamido)tetrahydroquinoline (XLI) could be
cychzed to 8-(4'-nitrophen}'l)-5,6-dihydroimidazo-
[ijJquinoline (XVI) by phosphorus pentoxide in
refluxing benzene, or better, by phosphorus oxy-
chloride. This amide could not be ring-closed by
heating under vacuum above its melting point or
by employing polyphosphoric acid at 80°. In the
only attempt at cyclization of 3',4',5'-trimethoxy-
benzamidotetrahydroquinoline  (XL), a nearly
guantitative yield of product (XV) was obtained
by the use of phosphorus pentoxide in refluxing
benzene. A nearly quantitative yield of the desired
ring-closed product (XIV) was also obtained when
8-benzamidotetrahydroquinoline  (XXXIX) was
treated under the same conditions. The latter could
also be cyclized in refluxing phosphorus oxychloride
to give a 43% vyield of the product, although no
cychzed product was obtained when this amide was
heated under vacuum above its melting point. The
most difficult amide to cyclize was 8-cyclohexyl-
carboxamidotetrahydroquinoline (XXXVII). This
compound failed to lose the elements of water when
heated above its melting point under vacuum, when
treated with polyphosphoric acid at 80°, when re-
fluxed with phosphorus pentoxide in benzene, or
when refluxed with phosphorus pentachloride in
phosphorus oxychloride. It did ring-close (X),
however, when refluxed with phosphorus pentoxide
and phosphorus oxychloride in xylene.

A most interesting application of these methods
was the use of phosgene. When 8-amino-1,2,3,4-
tetrahydroquinoline was heated with phosgene
in an acetic acid-chlorobenzene solution, a 75%
yield of 2-hydroxy-5,6-dihydroimidazo[ij Jquino-
line resulted (XI). Like the 2-mercapto compound
(XI1I) the product appeared to exist mainly as the
keto form since the absorption spectrum (Figure
V) resembled that of 8-amino-1,2,3,4-tetrahydro-
quinoline which is essentially an W-substituted
phenyleneurea. By refluxing the 2-hydroxy com-
pound (XI) in phosphorus oxychloride for one to
two hours, the corresponding 2-chloro-5,6-dihydro-
imidazo[ij Jquinoline (XII1) was formed in 60%
yield. In addition, 2-methoxy-5,6-dihydroimidazo-
[ijJquinoline (XXI) formed quantitatively when
the chloro compound (XII1) was treated with
sodium methoxide.

5,0-OTHYDROIMIDAZO [ij JQUINOLINES
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The use of dibasic acid chlorides was generally
unsuccessful, although in two cases, a eharacteriz-
able product was isolated. Adipyl chloride formed
WAr'-bis [S'-ilI'M~'N-tetrahydroquinolyl) Jadip-
amide (XXXVI) at room temperature and at
reflux temperature in benzene. As the correspond-
ing tetramethylenebisdihydroimidazoquinoline (X-
XVI) formed readily with adipic acid in t.VV hy-
drochloric acid, no attempt was made to ring-close
this amide. Oxalyl chloride produced only a pvrido-
quinoxaline (XLIX) with 8-amino-1,2,3,4-tetrahy-
droquinoline.

Other dibasic acid chlorides were not successfully
condensed with 8-amino-I,2,3,4-tetrahydroquino-
ling; thus, terephthalyl chloride formed an intract-
able product, while reactions with fumaryl, maleyl,
chloroacetyl, diethylcarbamyl, and ff-diethylamino-
propionyl chlorides all led to tars.

Condensations with amides. The use of amides
proved fruitful in the synthesis of 2,2'-bis(5,6-di-
hydroimidazo [ij Jquinoline)  (XXII) and 2,2-
methylenebis(5,6-dihydroimidazol[ij Jquinoline) (X-
X111)  where other methods failed. Because oxamide
is probably the immediate precursor to the former
product, ammonium oxalate was employed with
success in ethylene glycol or in the absence of sol-
vent, as it decomposes to oxamide above 150°. The
products were best synthesized by heating the re-
quired reactant with an equivalent quantity of 8-
amino-l1,2,3,4-tetrahydroquinoline in the absence
of solvent. Under these conditions, both ammonium
oxalate and malonamide formed the desired
products (XXII and XXIII respectively). When
ethylene glycol was employed as a high boiling
solvent, ammonium oxalate formed the desired
product (XXII) in a very low yield while malon-
amide formed a small amount of a high-melting,
unidentified product. Benzamide did not condense
in ethylene glycol or in the absence of solvent.

Condensations with benzoins. Hazlewood4 found
that benzoin condensed with 8-amino-1,2,3,4-
tetrahydroquinoline to form the disubstituted
pyridoquinoxaline (L) and we were likewise suc-
cessful with anisoin in obtaining LI. Pyridoin,
however, did not give any recognizable product
and decomposition was obvious.

Imidazo[ijJquinolines. A route to this series
which appeared probable is as follows:

L L

The required intermediate, 8-amino-I,2-dihy-
droquinoline (LI1), is not a known compound, and
attempts were made to synthesize it via a lithium
aluminum hydride reduction of 8-aminoquinoline.
A green-yellow oil formed whose elemental analy-
sis was close to that calculated for the desired
product. The compound formed a picrate which
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TABLE V

M iscellaneous Compounds

1144
No. Structure Yield, %
XLY ™ 84
XLVIII 77
¢n,
XLIXae
L
LI
OCH,

M.P.°
155-157

oil

Caled. :
Found:

Caled.c:
Found:

Caled.:
Found :

Caled. :
Found:

77.52
78.05

48.68
48.60

65.35
05.45

78.10
78.20

Analyses
H

5.62
571

4.10
4.00

6.30
0.40

7.86
7.92

16.71
16.60

13.86
13.67

7.28
7.12

YOL. 25

Picrate,
M.P.°

Not formed

205

Not formed

150-151
dec.

106

a Refer to method B and footnote g of Table Il for experimental details. " Hazlewood, et al.4reported a melting point of

146°. c Analyzed as the monopicrate, CnHnX.-.Og.

Two moles of benzoyl chloride were employed per mole of 8-amino-

1,2,3,4-tetrahydroquinoline. « Oxalyl chloride was condensed with 8-amino-1,2,3,4-tetrahydroquinoline. 1 The method of
Hazlewood, el al.* was employed. The appropriate benzoin was heated with 8-amino-1,2,3,4-tetrahydroquinoline over a free
flame until effervescence ceased. The product was extracted with ethanol and recrystallized from ethanol or ethanol-water.

—R
—H
—CH,
—CHoOH
—CHZH
cn %)

—CH,—S—" > —NH.

—CHXHXH
—CHZXCH,CILOH
—CHXHXH2DC()CTL
Cyclohexyl

—OH

—OCH,

—SH

—Cl

CeHj

p-no2—cjl —
3,4,5-Trimethoxy phenyl
fFNaphthjd

4-Pyridyl

TABLE VI

Absorption Maxima of 2-Substituted 5,0-Dihydroimidazo [ijjQuinolines

max
X(m.u) log e
225 -1.37
999 9 4.06
225-234 3.82
225 4.27

222-225 4.55

max
X(m.u)

257
255.2
259

258

265

256.7
256
256
256.5
2425
247.6
256.0
240
240-248
252.5
243
250.7

log 6

3.78
3.73
3.83

max
X (him)

274
273 6
270

274.6

275

log e

3.65
3.63
3.77

4.10

max

X (itim) log i
283.1 3.50
282.4 3.62
285 3.63
282 4.14
283.5 4.08
284 3.72
282.8 3.77
283 3.73
283.2 3.67
284 3.76
282 3.6.3
304.8 4.47
283.5 3.78
290 4.22
337.5 4.20
298 4.35
308 4.36
306 4.21
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TABLE VII

Absorption M axima of 2,2'-Bis(5,6-diiiydroimidazo [ij]lJguinoline) Compounds
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reverted to the picrate of 8-aminoquinoline upon
recrystallization. When refluxed with formic or
acetic acid, the corresponding 8-aminoquinolines
resulted (XLII and XLIII respectively). No 2-
substituted imidazo [ij Jquinolines (LI11) were iso-
lated nor were any of the corresponding 5,6-di-
hydro derivatives (1I) found; the latter would
most certainly have formed were there any 8-
amino-l,2,3,4-tetrahydroquinolines present.

The spectra of the 5,6-dihydroimidazo [ijJquinolines.
The compounds in this series exhibited spectra
which were characteristic of the benzimidazoles and
could often be identified through their spectra.
Tables VI and VII list the absorption maxima of
the compounds described in this paper. Fig. 1
illustrates the similarity of the spectrum of 5,6-
dihydroimidazo [ij [quinoline (II1) to that of benz-
imidazole, while the other figures indicate the ef-
fect of the 2-substituent upon the spectrum of the
parent compound (I11).

The difference in the spectra of the parent com-
pound (I11) and the 2-alkyl substituted compounds
was negligible. Alkyl groups with substituents
further removed from the heterocyclic system than

Fig. 1 Absorption maxima of 5,6-dihydroimidazo[ij]-
quinoline as compared with benzimidazole

Fig. 2. Absorption maxima of 2-substituted 5,6-dihydro-
imidazo [ij] quinolines
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Fig. 3. Absorption maxima of ~-substituted 5,6-dihydro-

imidazo [ij [quinolines

Fig. -L  Absorption maxima of 2-substituted 5,0-dihydro-
imidazo [ijJquinolines

one methylene group likewise had a negligible
effect upon the resultant spectrum. A definite
effect was noted, however, where «-substituted
alkyl groups were present in the 2-position of the

RICHARDSON AND AMSTUTZ

vol. 25

dihydroimidazo [ij [quinoline nucleus. In certain
cases [2-hydroxymethyl- (V), 2-mereaptomethyl-
(YD), 2-(3'~indolylmethyl)- (XX) and 2-(p-amino-
thiophenoxymethyl - 5,6 - dihydroimidazo [ij [quino-
line (X1X)], the effect may have been merely
inductive as the fine structure disappeared and a
broad maximum resulted, while in others, the
effect appeared to be mesomeric in nature. The
latter appeared to be important in the case of the
2-aromatic or 2-heterocyclic substituted compounds
as well as in the case of certain bisdihydroimidazo-
[ij [quinolines capable of conjugation through the
bridge (XXII, XXI11, and XXVII). Furthermore,
as the aromatic or heterocyclic substituent was
increasingly capable of accepting a negative charge,
the long wave length maximum shifted batho-
chromically. One of the major contributors to the
excited state may therefore be:

A unique compound is 2,2'-methylenebis(5,6-
dihydroimidazo [ij [quinoline) (XXII11). Although
this molecule exhibited a typical spectrum in the
ultraviolet, it also absorbed in the visible (Figure
IV). For this to occur, a conjugation of the hetero-
cyclic groups through the methylene group is
necessary. Such a conjugation may be brought
about by an initial tautomerism of a methylene
hydrogen; furthermore, the charged species which
appears to be responsible for the long wave length
absorption may be stabilized by a cyclization which
would result in the formation of hydrogen bonded
six-membered ring. The resulting system is dis-
tinctly reminiscent of the pyrromethenes.

A comparison of the spectra of the 2-hydroxy-
(XI) and 2-mercapto- (XII) compounds with
those of 2-niethoxy-5,(i-dihydroimidazo [ij [quino-
line (XXI) and 8-amino-I1,2,3,4-tetrahydroquino-
line revealed that these substances exist primarily
in the corresponding keto forms.

Pharmacological results. To date, eight of the
substituted dihydroimidazo [ij [quinolines (VI, VII,
VI, XV, XVII, XVII, XXIV, XXVI) have
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been screened for pharmacological activity. One
of those examined, 2-mercaptomethyl-5,6-dihydro-
imidazo[ij Jquinoline (VI) was active toward dex-
tran edema; however, the remaining seven com-
pounds displayed no pharmacological activity.

EXPERIMENTAL

All melting points and boiling points are uncorrected.
Commercial intermediates were used without further puri-
fication. Yields correspond to the amount of pure product
obtained.

Starting materials. The 8-aminoquinoline (m.p. 03-64°)
was produced by an iron and acetic acid reduction of the
8-nitro compound2or in 67% yield from oxineZemploying
a reaction ratio of 1:2:10 of oxine, ammonium sulfite, and
ammonia. When the amount of sodium in the sodium-
alcohol reduction of 8-aminoquinoline4 was increased to
14-15 g.-atoms per mole of 8-aminoquinoline, the yield rose
to 84% of pure 8-amino-l,2,3,4-tetrahydroquinoline, b.p.
145° at 2 mm. Isonicotinyl chloride was obtained from the
acid with thionyl chloride in 88% vyield, b.p. 95-06° at 25
mm, by an adaptation of Koo's method. 2

Directions for the methods used in the preparation of the
dihydroimidazo [ij jquinolines and related compounds are
to be found as footnotes to the appropriate table.

8-Xitro-t-aeetyl-1,2,3,4-telrahy<lIroquinoline. A solution of
1-acetyltetrahydroquinoline (6.7 g. 0.0382 mole) in 10 ml.
of acetic anhydride was cooled and treated cautiously with
a solution of 3.6 g. (0.04 mole) of 70% nitric acid in 10 ml.
of acetic anhydride. After 0.5 hr. in an ice bath, the red
mixture was allowed to stand it room temperature over-
night (12 hr.). The solution was poured onto ice. The oil
which separated was extracted .vith ether and the ethereal
solution was washed with dilute sodium bicarbonate solution
and dried over magnesium sulfate. Evaporation of the
solvent yielded 7.3 g. (89%) of the product as a red ail,
which, on acid hydrolysis afforded the known 8-nitro-1,2,3,4-
tetrahydroquinoline, m.p.: 82-84° (lit.,5m.p. 82-83°).

8-Amino-1,2-dihydroquinoline (LII). A slurry of 65 g.
(0.174 mole) of lithium aluminum hydride in 150 ml. of
absolute diethyl ether was heated to boiling with stirring.
To the slurry was added 5.0 g. (0.0347 mole) of 8-amino-

(22) R. P. Dikshoorn, Rec. Trav. Chim., 48, 147 (1929).

(23) N. W. Woroshtzow and J. M. Kogan, Her., 65, 142
(1932).

(24) J. Koo, .J. Am. chem. Soc., 75, 720 (1953).

[Contribution from the Division of Sciences,
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quinoline (Eastman) dissolved in 50 ml. of absolute diethyl
ether. The mixture was refluxed for 24 hr. during which
time the initially blood-red slurry became lighter and a
yellow solid remained. The slurry was cooled to 0° and water
was added cautiously with stirring under a nitrogen at-
mosphere until hydrolysis was complete. The mixture was
filtered, the filtrate dried over magnesium sulfate, and the
solvent evaporated and the residue distilled. The green-
yellow oil boiled at 157-100° (6 mm.).

Anal. Calcd. for: CsHioNV C, 73.94; H, 6.91; N, 19.17.
Found: C, 73.10; H, 6.71; N, 18.50-18.63.

A picrate formed as golden-brown needles which melted
at 204-205° and showed no depression in melting point when
admixed with authentic 8-aminoquinoline picrate. In an-
other experiment., an orange picrate formed which melted
at 192-194° and showed a depression of 20° when admixed
with 8-aminoquinoline picrate. When the orange picrate
was recrystallized from 95% ethanol, however, golden-
brown needles resulted which melted at 200-201° and proved
to be 8-aminoquinoline picrate by a mixture melting point.

Condensation of certain acids with 8-amino-l,2-dihydro-
quinolint. -4. Formic acid. A solution of 1.1 g. (0.0075 mole)
of 8-amino-I,2-dihydroqilinoline in 25 ml. of 85% formic
acid was refluxed overnight (13-17 hr.). The orange solu-
tion was cooled and made alkaline with dilute ammonium
hydroxide, whereupon a silvery solid separated which was
filtered, washed with water, and recrystallized from metha-
nol to yield colorless needles which melted at 148.0-148.5°.
A mixture melting point with authentic 8-formamidoquino-
line (XLII) showed no depression, and an analysis and ultra-
violet spectrum confirmed the 8-formamidoquinoline struc-
ture.

Anal. Calcd. for CioHsX;0: C, 69.77; H, 4.65; X, 16.27.
Found: C, 69.90; H, 4.96; X, 16.78.

B. Acetic add. Reaction with acetic acid afforded only
8-acetamidotctrahydroquinoline, m.p. 100-101° (lit.,2L m.p.
102-103°).
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(25) R. Stoermer, lier., 31, 2523 (1898).
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Preparation of 5,6-Dihydro-1,3-thiazines and 2-Thiazolines
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Treatment of certain mercaptoalcohols with nitriles in cold

conc.ent-at.ed sulfuric acid results in a one-step nuclear syn-

thesis of dihydro-1,3-thiazines and 2-thiazolines. This ring closure has been found to bo applicable to a wide variety of

nitriles.

Earlier methods of synthesis of dihydro-1,3-
thiazines and 2-thiazolines have been extensively

] _ _ _
meeting of the American Chemical Society, Baton Rouge,
La., December 3-5, 1959.

reviewed by Elderfield2 and Kuhn and Drawert3
(2) R. C. Elderfield and E. E. Harris, Heterocyclic Com-

Presented before the 15th Annual Southwest Regional pounds, Vol. 6, R. C. Elderfield, ed., J. Viley and Sons,

Inc., Xew York, 1957, p. (j04.
(3) R. Kuhn and F. Drawert, Ann., 590, 55 (1954).
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respectively. More recently there have appeared
several reports on new methods of obtaining these
heterocyclics from the treatment of diacylated
aminoalcohols with phosphorus pentasulfide4 and
the reaction of nitriles with methdlyl mercaptan
in sulfuric acid.5The latter method :s part of a new

R R
\

—~

H  + NSCR

8—0¢

X«-H-SHcs qr=12 |

and general synthetic route to N-heterocyeles of
the type, I. Heterocyclic bases which have been pre-
pared by this method and reported to date include
0,6-dihydro-1,3-oxazines,6 1-pyrrolines, 5,6-dihy
dropyridines, and 2-thiazolines.5 This type of ring
closure is presently considered as an extension of
the Ritter iV-alkylamide7synthesis which is brought
about by the sulfuric acid-catalyzed reaction of
nitriles and tertiary alcohols or olefins.

2-Thiazolines. Addition of 2-methyl-2-hydroxy-
propanethiol (I1) to a cold solution of acetonitrile
in concentrated sulfuric acid leads to the formation
of 2,4,4-trimethyl-2-thiazoline (I11) in about 50%
yield. Comparison of the physical properties of this
product with that prepared from (a) methallyl
mercaptan and acetonitrile and (b) .Y-(2-chlon>-
ieri-butyl)acetamide and phosphorus pentasulfide3
revealed the product to be the same via all three
routes.

as
H—C—a2-SH

OH n
+ NSC-CHs

CH,-C-CH,-CL
HN-C-CH,

The use of the mercaptoalcohol, rather than the
unsaturated mercaptan, in the preparation of the
2-thiazolines possesses two distinct advantages.
First, the yield of the 2-thiazoline was considerably
higher (Table 1) when the mercaptoalcohol was
employed. This is attributed to the fact that the
alcohol does not polymerize as readily as the
methallyl mercaptan in concentrated sulfuric acid.B

(41V. G. Bach and M. Zahn, J. Prakt. Ch-ctn, 8, 08
(1959).

(5) A.I. Meyers and J. J. Ritter. J. Org. Chem., 23, 1918
(1958).

(6) E. J. Tillmans and J. J. Ritter, J. Org. Chem., 22,
839(1957).

(7) J. J. Ritter and P. P. Minieri, 3. Am. Chem. Hoc., 70,
4045.4048(1948).

(8) S. H. Babock and R. Adams, J. Am. Chem. Soc., 59,
2200(1937).
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This contrast in behavior has been previously ob-
served5in the preparation of other TV-heterocycles
by this method. The second advantage in using
the mercaptoalcohol lies in the fact that only an
equimolar ratio of nitrile to mercaptoalcohol is
required whereas a twofold excess of the methallyl
mercaptan was necessary to yield the 2-thiazoline
in approximately half the amount. The excess
methallyl mercaptan was originally employed in an
attempt to overcome the extensile polymerization
that it had undergone in the acid medium.

TABLE |

2-Substituted 4,4-1-)tmkthyl-2-Thiazomnks

% Yield of
2-Thiazoline from:
2-Methyl-2-
Methallyl hydro y-
Nitrile R Mercaptan"  propanethiol
Acetonitrile  Methyl 23 50
Acrylonitrile Vinyl 22 47
Benzonitrile Phenyl 24 51
p-Amino- p-Aminophenyl e 55
benzo-
nitrile
a See ref. 5.

The mercaptoalcohol, previously unreported,
was prepared in 40% yield by the action of glycol
dimereaptoacetate (IV) with methylmagnesium
bromide in tetrahydrofuran. This reaction pro-
ceeded poorly in diethyl ether, due to the insolu-
bility of the magnesium salt of the mcrcaptoester.

0] cm
(HSCHZE-OCHZ)2+ 6 CHMgBr ", HSCHZIC-CHj

DbC OH

5,6-Dihifilro-1,3-thiazines. When 3-methyl-3-hy-
droxy-n-butanethiol was added to a previously
cooled solution of a nitrile in concentrated sul-
furic acid, there was obtained a 2-substituted-
4,4-dimethyl-0,G-dihydro-1,3-thiazine (VI) in 41-
53% yield. A considerable quantity of polymeric
material accompanied the formation of the prod-
uct. Eight 5,6-dihydro-1,3-thiazines were prepared
in this manner and their physical constants appear
in Table Il. This dihydro-1,3-thiazine synthesis
further illustrates the scope of this nuclear nitro-
gen heterocyclic synthesis from nitriles. The forma-
tion of the thiazine ring is currently considered to
occur in a manner completely analogous to the 2-
thiazoline synthesis. As previously pointed out,5
the primary adduct, V, which is similar to that
which forms in Ritter V-alkylamide synthesis,
is capable of ring closure if an electron-rich group
is suitably situated elsewhere in the molecule.
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TABLE I

2-Substituted 4,4-Dimethyl-5,6-dihydro-1,3-thiazines

Yield,
No. R B.P.°, mm. < %
1 H 63-64/11 1.5109 42
2 CH3 53-54/1.5 1.5051 41
3 chb 62-63/1.3  1.4943 46
4 chZch 60-62/1.3 1.5273 51
5 cthb 119-121/1.3 1.5810 48
G p-chXth4 136-137/1.3 1.5750 50
7 O-CH3CrIL 130-131/1.5 1.5656 45
8 p-NH,C8H, 95-96* 53

c H Picrate®
Formula Calcd. Found Calcd. Found M.P.°
CeHuNS 55.81 5591 854 848  198-201
C7HI3NS 58.71 58.39 9.01 8.93 176-177
C8HINS 61.14 61.07 955 9.42  145-146
CE8HINS 6193 62.01 838 8.29  144-146
CIHINS 70.22  70.31 7.33 7.30 141-142
CI3HI7NS 71.23 71.03 7.76  7.66 173-174
CIL3II17NS 71.24 70.89 7.70 7.44 166-167
CIHeNZ 6546 G546 727 7.19  133-134

“ Recrystallized from ethanol. * Melting point, recrystallized twice from 50% aqueous ethanol.

o\/n aB o3 3 oh
jH
0(12 \ | B (m
oh ch2 —— ch2 n=c
ae o2 oo \
H Ny By
ch3 ch, ch3 ch,
d—IZ\N-|+— c/h2\n=c-r ©
| I + +0SmH
ch2 c-r
V ASH

Thus far, the hydroxyl, thiol, and alkene groups
have served as nucleophilic centers which have
participated in ring closure with the nitrilmm ion
(R—N:C+—R). The question of the existence of

the nitrilium species in this reaction is still at hand.
The possibility also exists that the ring closure
may occur by the nucleophilic attack of the thiol
group on the nitrilium sulfate (R—N=C(0S03
H)R) with subsequent displacement of the bisul-
fate ion. These possibilities are currently under con-
sideration and an attempt to establish the mech-
anism of this step in the ring closure is in progress.
One fact that lends support to the over-all pro-
posed mechanism of this reaction is that on the
basis of the dihydro-1,3-oxazine synthesis,6 all
the subsequent heterocyclic systems prepared by
this method were predicted before actually being
performed.

The structure of the o0,6-dihydro-I,3-thiazines
were proven by an alternative method of synthesis.
By heating 2-ethyl-4,4-dimethyl-5,6-dihydro-1,3-
oxazine (VII) with phosphorus pentasulfide for
two hours at 150° 2-e:hyl-4,4-dimethyl-5,0-di-
hydro-I,3-thiazine (VIIlj was obtained. The oxa-

zine was prepared by treating 4-chloro-2-methyl-2-
butene9with propionitrile according to the method
of Ritter and Lusskin.10 The oxazine, rather than
the expected V-(3-chloro-I-methyl-butyl-2) pro-
pionamide (IX) was isolated directly.1l

These workers found that in some cases the N-
(ehloroalkyl)amides rearranged directly without
treatment with base. Comparison of the physical
properties of the thiazine prepared from propioni-
trile and the mercaptoalechol with those of the
thiazine prepared directly2from the oxazine showed
both products to be identical.

i
o HoL H
G c- G G2 % ¢ aea Ch3£‘m
H
CH—C—CHOHL
HNIHH
d «
FEARANGES

The infrared spectra of the 2-alkyl-5,0-dihydro-
1,3-thiazines revealed a strong band in the 6.11-
6.15/1 region which is attributed to the cyclic un-
conjugated C=N link on the basis of a previous

(9) (a) W. J. Jones and H. W. T. Chorley, J. chem. Soc.,
1946, 832; (b) A.J. Ultee, Rec. Irav. chim., 68, 125 (1949).

(10) J. J. Ritter and R. M. Lusskin, 3. Am. Chem. Soe.,
72,5577(1950).

(11) See footnote in reference 5.

(12) S. Gabriel and T. Posner, Her., 27, 3519 (1894 ].
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investigation.BThe spectra, of the 2-aryl derivatives
and the 2-vinyl derivatives showed strong bands in
6.20-6.30a region. A comparison of the C=N
absorption of these dihydro-1,3-thiazines with the
C=N absorption of dihydro-1,3-oxazines will be
reported in a subsequent communication.

The synthesis of 3-hydroxy-3-methyl-n-butane-
thiol (X) in 63% yield was accomplished by treat-
ing n-butvl 3-mercaptopropionate with an excess
of methylmagnesium bromide in tetrahydrofuran.
As mentioned earlier, the use of tetrahydrofuran
was necessary due to the insolubility of the mag-
nesium salt, of the mercaptoester in ciethyl ether.

HSCH2QHRC-0CAH9 + 3 GHBIVYBY -----enennv — HSOHRGHRC-CH3
™

X

EXPERIMENTAL14'15

Glycol dimercaptoacetate (b.p. 129-130° at 5 mm., n23 =
1.5150) and o-mercaptopropionic add (m.p. 18-19°) were
kindly supplied by Evans Chemetics, New York City, N. Y.

2-Hydroxy-2-methylpropanethiol (I1). Into a suspension of
91.0 g. (3.72 g.-atoms) of magnesium in 600 ml. cf freshly
distilled tetrahydrofuranl was passed via a sulfuric acid
drying trap, sufficient methyl bromide to react completely
with all the magnesium. The methyl bromide was intro-
duced just above the surface of the suspension at a rate which
produced a mild reflux. The completion of the methylmag-
nesium bromide took approximately 9 hr. Sixty-five grams
(0.31 mole) of glycol dimercaptoacetate in 100 ml. of tetra-
hydrofuran was added to the refluxing Grgnard solution in
a dropwise manner and soon thereafter the external heating
was discontinued due to the exothermic reaction which
followed. The addition of the ester took 3.5 hr. and when
addition was complete, the mixture was refluxed for an addi-
tional 3 hr., after which the condenser on the reaction flask
was replaced by a simple distilling head and the solvent
removed at reduced pressure. The dark slurry residue was
then treated with 1.5 1 of saturated ammonium chloride
solution and allowed to stand overnight at room tempera-
ture. The resulting two-layer system was separated into
an organic and an aqueous phase. The latter was extracted
several times with ether and the organic phase and the
ethereal extracts were combined and dried over magnesium
sulfate. Distillation of the residue, after the ether had been
removed at atmospheric pressure, yielded 26.3 g. (40%) of a
colorless liquid, b.p. 61-63° (15 mm.), n3f = 1.4710.

Anal. Calcd. for CHIOS: C, 45.28; If, 9.43; 8, 30.19.
Found: C, 45.14; H, 9.36; S, 29.98.

2-(p-A minophenyl)-4,4-dimethyl-2-thiazoline. This proce-
dure can be considered as typical of all the 2-thiazolines pre-
pared by this method. The physical constants of the other
2-thiazolines were reported in a previous paper.5

(13) A. I. Meyers, J. Org. Chern., 24, 1233 (1959)

(14) All melting points and boiling points are uncorrected.

(15) Microanalyses xvere performed by Alfred Bernhardt,
Max-Planck-Institut fur Ixohlenforsehung, Mulheim (Ruhr),
Germany.

(16) The tetrahydrofuran (Matheson Coleman and Bell)
was purified by allowing it to stand over sodium wire for
2 days and then, after filtering into a flask containing 100 g.
of lithium aluminum hydride, distilled through a 24-inch
column containing glass helices as packing material: b.p.
65.5-66.0°.

MEYERS

VOL. 25

To a solution of 3.5 g. (0.03 mole) of p-aminobenzo-
nitrile in 25 ml. of coned, sulfuric acid, previously cooled
to 3°, was added with stirring 2.1 g. (0.02 mole) of 2-hy-
droxy-2-methylpropanethiol over a period of 30 min. The
reaction mixture, which was golden yellow, was stirred at
3-5° for an additional hour after which it was poured on 300
g. of chipped ice. The cold aqueous acid solution was then
extracted with chloroform until the chloroform layer was
colorless. After passing the aqueous solution through filter
paper (fluted) to remove the excess chloroform, it was care-
fully neutralized with 30% sodium hydroxide. The hetero-
cyclic base appeared as a crude brown solid which was col-
lected in a Buchner funnel and then washed several times
with hot water to remove any unchanged nitrile. Recrys-
tallization from aqueous ethanol yielded 2.3 g. (55%) of
a very light, yellow crystalline material, m.p. 162-164°.
The picrate derivative melted at 91-93°.

Anal. Calcd. for C,H,ANXS: C, 64.07; H, 6.79; N, 13.59.
Found: C, 63.88; H, 6.90; N, 13.41.

Structure proof of 2-thiazolines. The sequence' of reactions
which led to the confirmation of the structure of the 2-
thiazolines has already been described in a previous publica-
tion.5

n-Butyl 3-mercaptopropionate. /3-Mereaptopropionic acid
(102 g., 0.96 mole), »-butyl alcohol (216 g., 3.0 moles), 400
ml. of benzene, and 3 ml. of coned, sulfuric acid were heated
in a flask equipped with a motor stirrer and an azeotrope
trap. After 8 hr., 25.5 ml. of water had been removed and
the resulting solution was washed with 100 ml. of water,
100 ml. of 5% sodium bicarbonate solution, and again with
100 ml. of water. After drying over magnesium sulfate, the
benzene and excess butanol were removed initially at at-
mospheric pressure and finally at reduced pressure. The
residue was distilled in vacuo through a 12-inch glass-helices
packed column and 146 g. (93.5%) of a colorless oil was ob-
tained; b.p. 102.5-103.0° (11mm.), rel3 = 1.4539.

And. Calcd. for C,H,A2: C, 51.85; H, 8.64. Found: C,
52.10: H, 8.56.

S-Hydroxy-3-wethyl-n-butanelhiol (X). This compound
was prepared utilizing the same procedure as described for
2-hydroxy-2-methylpropanethiol. Upon distillation, this
reaction yielded 62.5 g. (63%) of a colorless oil, b.p. 52.0-
53.5° (1.5 mm.), n™ = 1.4750.

And. Calecd. for CHIOS: C, 50.00; H, 10.00; 8, 26.66.
Found: C, 49.94; H, 9.93; 8, 26.33.

¢-Substituted 4,4-dimethyl-B,6-dihydro-1,3-thiazines. A gen-
eral procedure is described for the preparation of the dihy-
dro-1,3-thiazines and the physical constants for these com-
pounds are listed in Table II.

To a cold solution of 0.025 mole of nitrile in 25 ml. of
coned, sulfuric acid, was added dropwise, with efficient
stirring, 0.020 mole of 3-hydroxy-3-methyl-n.-butanethiol.
The temperature of the reaction during the addition was
kept below 10° by means of external cooling. The addition
of the mercaptan derivative usually required 20-30 min.,
after which stirring continued at. 0-5° for an hour. The re-
sulting pale yellow solution was then poured on 300-400 g.
of chipped ice anti set aside for several hours in a refrigerator.
The aqueous acid solution was then freed of the always pres-
ent gummy polymers by extraction with chloroform. The
excess chloroform remaining in the aqueous layer was re-
moved by filtration through fluted filter paper. Subsequent
cautious neutralization of the acidic solution with 30% so-
dium hydroxide resulted in the appearance of the dihydro-
1,3-thiazine. If the product was an oil. it was taken up in
ether, dried over anhydrous potassium carbonate and dis-
tilled. If the product was a solid, it was collected in a
Buchner funnel and then recrystallized from aqueous
ethanol.

The picrate derivatives were formed by dissolving 0.2 g.
of the heterocyclic base in ethanol and adding to it an equal
volume of saturated ethanolie picric acid. The derivative
usually formed immediately, otherwise heating the reactants
to boiling and storage in a refrigerator overnight caused
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precipitation to occur. The picrates were recrystallized once
from ethanol, dried in air, and the melting points deter-

mined.

Structure proof of the 5,6-dihydro-1,3-lhiazineti. (@) 4-
Chloro-2-methyl-2-butene. The method of Ultee® was em-
ployed to prepare this compound; b.p. 50-52° (107 mm.);
nd = 14431 (reported%: b.p. 51.5-52° (100 mm.) n™ =
1.4450).

(b) 2-Ethyl-414-dimethyl-0,6-<iihydro-1,3-oxazine (VII). To
a previously cooled solution of 2.75 g. (0.05 mole) of pro-
pionitrile in 20 ml. of coned, sulfuric acid was added slowly
with efficient stirring 5.21 . (0.05 mole) of 4-chloro-2-methyl-
2-butene. The temperature of the mixture was kept below 10°
during the addition. When the addition was completed,
the deep yellow solution was allowed to warm up to room
temperature and stirred for 3 hr. after which it was poured
onto 200 g. of chipped ice. The aqueous solution was par-
tially neutralized to pH 5.5 (Beckman Zeromatic pH
meter) and no A'-alkylamide (VII1) appeared. The solution
was then further neutralized to pH 8.7 and extracted four
times with 50-ml. portions of ether. After drying the ethereal
extracts with anhydrous potassium carbonate overnight,
the ether was removed on a steam bath and the residue dis-
tilled. There was obtained 4.23 g. (59%) of a colorless liquid
possessing a strong ammoniacal odor; b.p. 52-53° (4 mm.);
n® = 1.4740.

Anal. Calcd. for C8H,5NO: C, 68.11; H, 10.62; N, 9.93.
Found: C, 67.99; H, 10.55; N, 9.91.

SYNTHESIS OF 01AKYLOXAZOLES

1151

(c) 2-Ethyl-4,4-di>nethyl-5,6-dihydro-1,3-thiazine (VIII).
An intimate mixture of 4.0 g. of 2-ethyl-4,4-dimethyl-5,6-
dihydro-I,3-oxazine (V1) and 10.0 g. of phosphorus penta-
sulfide was heated at 125° for 2 hr. in an oil bath (Hood!).
When the very dark mixture cooled to room temperature,
50 ml. of 10% sodium hydroxide was added and the sus-
pension agitated until no further odor of hydrogen sulfide
could be detected. The oil, which had appeared at this point,
was separated from the aqueous layer and after several
ether extractions of the aqueous layer, the oil and the ex-
tracts were combined and dried over anhydrous potassium
carbonate. Distillation of the residual oil, after removal of
the ether, yielded 3.2 g. (71%) of a colorless compound
whose physical properties were identical to those of com-
pound 3 (Table II).
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Nine new oxazoles have been prepared and methods have been devised for introducing reactive side chains into 4,5-

diphenyloxazole and 2,4-diphenyloxazole.

In recent years considerable interest has de-
veloped in oxazoles and oxazole quaternary salts.
Hayes, et alA6synthesized a considerable number of
2,5-diaryloxazoles after it was discovered that 2-
phenyl-5-(4-biphenylyl)oxazole was an effective
scintillation solute. In 1956 Ott, Hayes, and Kerr6
reported the synthesis of series of oxazole qua-
ternary ammonium salts after it had been shown
that certain compounds of this type possessed an

(1) This communication is based on work done under the
auspices of the l,0s Alamos Scientific Laboratory and the
Atomic Energy Commission.

(2) The authors are grateful to the Department of
Chemistry, New Mexico Highlands University, Weiler and
Strauss of Oxford, England, and to Dr. S. Yamada of the
Tokyo Research Laboratory of Tanabe Seiyaku Co., Ltd..
Tokyo, Japan, for carbon, hydrogen, and nitrogen analyses.

(3) Presented before the Division of Medicinal Chem-
istry of the American Chemical Society, April, 1960, Cleve-
land, Ohio.

(4) F. N. Haves, L. C. King, and D. E. Peterson, 3. Am.
Chem.Soc., 74, i 106 (1952).

(5) F. N. Hayes, B. S. Rogers, and D. G. Ott, J. Am.
Chem. Soc., 77, ~1850 (1955).

(6) D. G. Ott, F. N. Hayes, and V. N. Kerr. 3. .4m.
Chem. Soc., 78, 1941 (1956). .

extraordinary ability to lower the body tempera-
ture of animals.7

In this study several oxazoles and derivatives
have been prepared in the hope that compounds
with interesting physiological properties would be
found.

The general approach to the synthesis of these
oxazoles was suggested by the work of Davidson,
Weiss, and Jelling8and by Dornow and Eichholz.9
An aryl ketone (I) was converted to the a-bromo-
ketone (1) which was allowed to react with the
sodium salt of an acid to produce the ester (IlI).
Ring closure to form the oxazole (IV) was then
effected on the ester by refluxing with ammonium
acetate in a solution of acetic acid.

In Table | is presented a series of esters of type
111 which were prepared by this method in which
() was propiophenone. Table Il lists a series of
oxazoles (type IV) which were prepared from the

(7) C. C. Lushbaugh, F. N. Hayes, W. H. Langham, D.
G. Scott, and P. C. Sanders, J. Pharm. Exptl. Therap., 116,
366(1956).

(8) D. Davidson, M. Weiss, and M. Jelling, J. Org. Chem.,
2,328(1937).

(9) A. Dornow and H. Eichholz, Ber., 86, 384 (1953).
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TABLE |
Esters of ®e-hydroxypropiophenone
o]
0—C R
o]
Recrystal-
Yield, lization c H
R’ M.P.° &c Solvent Formula Caled. Found Caled. Found Caled. Found
Phenyl 109-110 69  Ethylacetate c ¥ %3 76.20 7570 5.60  5.67
a-Naphthyl 104.5-105.5 83 Ethyl acetate CAMB3 78.90 79.10 5.30 5.56
/3-Naphthyl  105-107 67 Ethyl acetate C2,HIf,03 78.94 79.29 5.30 5.44
2-Quinolyl  121-122 55  Ethylacetate c%h $o3 7474 7480 495 504 462  4.95
6-Quinolyl  120-121 62  95% Ethanol cIh¥o3 7470 7430 495 509 462 453
4-Pyridyl 112-113 23 95% Ethanol CuHINO3 70.60 7065 513 536 549 558
3-Pyridyl 84.5-85.5 trace 50% Ethanol C,j,H,NO., 70.60 70.28 513 530 549 537
2-Pyridyl 93-94 39 95% Ethanol CIH,N03 7060 7039 513 533 549 575
2,6-Dipyridyl 187-189 5  Ethyl acetate C2H2NU6 69,60 69.70 491 490 325  3.24
TABLE I
Oxazoles
CtHj—C-—— N
CH,—H A-lt
\ 7/
o]
Recrj-stal-
Yield, lization C H N
R M.P.° & Solvent Formula Caled. Found Caled Found Caled. Found
a-Naphthvl ~ 77.5-78.5 53  95% Ethanol CZHHENO 8420 84.46 530 554 491 5.23
/3-Naphthyl ~ 98.5-100 77 95% Ethanol CnmHNhNO 8420 8465 530 5.83 4091 5.20
2-Quinolvl 163-163.5 IS 95% Ethanol CIHWNOo 79.66 79.58 493 509 9.79  10.33
6-Quinolyl 150-151 49  95% Ethanol c®Bh¥o2 79.66 79.64 493 529 979  10.42
U o cths
Ar—C—Cl1I2—H + Br2m Ar—C—CIZH—R chs CH= - CH—Cfits
Br \Y
I " o]
R'_é\ It does not appear that much effort has been made
ONa to introduce functional groups on carbon atoms
HOAG 2, 4, or 5 in the oxazole ring system. The bromo-
Ar—C—N ) Ar—C—CH—R methyl group was introduced in the 2-position of
o d A MOk 45- " diphenyloxazole by brominating 2-methyl-
\ O-—C 4.5- diphenyloxazole with 1V-bromosuccinimide. 4,5-
0 , Diphenyl-2-hydroxymethyloxazole was produced
v m R in good yield by hydrolysis of this 4,5-diphenyl-2-

esters shown in Table I. It was not found possible
to eyclize all the esters listed in Table | into oxa-
zoles.

The position of the methyl group in 2-methyl-
4,5-diphenyloxazole on a carbon atom between an
electronegative oxygen and an electronegative
nitrogen suggested that the hydrogen atoms on the
methyl group might be relatively active and might,
therefore, condense with aldehydes such as benz-
aldehyde to produce the corresponding styryl-
oxazoles, e.g., (V). The four styryloxazoles pre-
pared are listed in Table I11.

bromomethyloxazole in an aqueous alcohol solu-
tion of silver nitrate.

A method of introducing a carboxyl group in the
5-position of oxazoles has been discovered. Foi
this purpose ethyl benzoylacetate was brominated,
asin (1) following the general procedure. The bromo
compound was converted to the ester, ethyl a-
benzoyloxybenzoylacetate, which in turn was
cyclized with ammonium acetate and acetic acid
to ethyl 2,4-diphenylimidazole-5-carboxylate.8 This
imidazole was refluxed in aqueous potassium hy-
droxide solution and thus converted to 2,4-di-
phenyloxazole-5-carboxyljo acid. To characterize
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TABLE 111
Stykyloxazoi.es
CHs—C------- X
ceH5—C (H=CH—II
Recrystal-
Yield, lization c u X
R M.P.° g7 Solvent Formula Calcd. Found (,aled. Found Calcd. Found
Phenyl 119-119.5 29 95% Ethanol CYH,XO" 433 4.16
p-Anisyl 269-271 Trace 95% Ethanol c2h ,%o. 81.55 81.31 542 5.13
o-Hydroxyphenyl 216-217 62 95% Ethanol C2,H,7X0, 81.37 81.49 5.05 5.44 413 3.95
3,4-Methylenedioxy
phenyl 142.5-143 Trace 95% Ethanol CYH.vXOa 78.43  77.93 4.67 4.84

" See reference (9).

further this acid it was converted to its .Y,.Y-
dimethylaminopropvl amide.

In three instances when ring closures of esters
of type Il were attempted, side products other
than the expected oxazoles were formed. When 2-
benzoyloxy-I-phenyl-I-propanone was refluxed with
ammonium acetate in acetic acid, not only was the
expected oxazole (m.p. 74-75°) produced in good
yield but another solid (m.p. 108-109°) was formed
whose properties seem to coincide with those
expected of 2-benzoylamido-I-phenyl-I-propanone
(Y1). The structure of Y1 was established from the

0]
I=\ 1

HN— C <T">
m~

Vi 0

infrared spectra and from the preparation of a
semicarbazone derivative. The amide | band at 2.9
n the amide Il band at 6.0 p and the carbonyl
band at 5.82 p were observed.

Similar observations were made when the start-
ing esters were 1 - phenyl - 2 - (6 - quinolinecar-
boxoyloxyl-I-propanone and di-a-benzoylethyl py-
ridine-2,6-dicarbo.xylate.

EXPERIMENTAL I8

The infrared absorption spectra were determined on a
Berkin-Elmer Infracord in nujol mulls.

2-Bromo-l-phcmijl-l1-propanone. To 1C0.8 g. of propiophe-
none (1.2 moles) was added 150 ml. of anhydrous ether and
the solution was stirred in an ice bath. To this cold solution
was added 1.5 g. of anhydrous aluminum chloride. Over
a 45-min. period, 192 g. (1.2 moles) of bromine was added.
Additional ether (150 ml.) was added and the contents
IKiured into water. The ether layer was washed with water
until bromide ion was removed, the ether solution dried
over anhydrous magnesium sulfate, filtered, and the ether
removed under reduced pressure. There was obtained 228
g. (89%) of yellow oil boiling at 135-144° (19 mm.).

The esters in Table | were prepared by the model pro-
cedure illustrated below.

(10) All melting points are”u.eorrected.

2-Benzoyloxy-l-phenyl-lI-prnpanone. Sodium benzoate, 14.4
g. (0.1 mole), 2-bromo-I-phenyl-l-propanone, 21 g. (0.1
mole), absolute ethanol, 125 ml., and 3 drops of coned, sul-
furic acid were stirred and refluxed for 8 hr. The mixture
was poured into 300 ml. of water with stirring and extracted
with benzene. The benzene layer was washed with 200 ml.
of 1% sodium hydroxide solution and twice with 200 ml. of
water. The benzene layer was dried over anhydrous mag-
nesium sulfate, filtered, and the benzene removed under re-
duced pressure. A white powder (14.9 g.) was obtained. A
second crop amounted to 2.6 g. (69% vyield). The product
was recrystallized from ethyl acetate, m.p. 109-110°.
Temnikovallreported 109°.

4,5-Diphenyl-2-melhyloxazole. This compound was pre-
pared according to the procedure of Davidson, Weiss, and
Jelling.8

4.5- Diphenyl-2-styryloxazole.
zole (4.7 g., 0.02 mole), benzaldehvde (15.7 g., 0.148 mole)
and zinc chloride (1.4 g., 0.01 mole) were refluxed for 3 hr.
under an atmosphere of nitrogen. The solution was cooled,
benzene added and the mixture washed three times with
water. The benzene layer was dried over anhydrous mag-
nesium sulfate, filtered, and the benzene removed under
reduced pressure. The unreacted benzaldehvde was re-
moved by distillation (74° at 17.5 mm.). The unchanged
oxazole was recovered by distillation (165-175° at 1 mm.).
The residue in the distilling flask was dissolved in 95%
ethanol and upon crystallization, 1.9 g. of a yellow-orange
powder was obtained (29%). The product was recrystal-
lized from 95% ethanol, m.p. 119-119.5° (previously re-
ported 118.5°). This compound was previously prepared by
direct cyclization bv Dornow and Eichholz.9

Anal. Calcd. for C2H,0X: C, 85.43; H, 5.30; X, 4.33.
Found: C, 86.05; H, 5.78; N, 4.16.

This general procedure was used for all the styryloxazoles
shown in Table I1I.

2-Bromomethyl-4,5-diphenyloxazole. 4,0-Diphenyl-2-meth-
yloxazole (11.8 g., 0.05 mole), A'-bromosuccinimide (9 g.,
0.05 mole), benzoyl peroxide, 2 g., and 40 ml. of dry carbon
tetrachloride were refluxed for 6 hr. The mixture was cooled
and the succinimide removed by filtration. The carbon tetra-
chloride was removed under reduced pressure leaving a
viscous orange-red liquid, which was purified by distilla-
tion, b.p. 170° at 0.025 mm., micromelting point 104-106°.

Anal. Calcd. for Ci6H,BrXO: C, 61.16; Il, 3.85. Found:
C.61.35; H, 4.13.

4.5-
diphenyloxazole (15.7 g., 0.05 mole) was dissolved in 100
ml. of 95% ethanol. Silver nitrate, 10 g., was dissolved in
12 ml. of water and this solution was added to the swirled

(11) T. I. Temnikova and E. X. Kropacheva, Doklady
Arad. Vauk. S.5.S.R., 78, 291 (1951). See Chan. Al .tr.,
46, 20101(1952).

4,5-Diphenyl-2-methyloxa-

Diphenyl-2-hydroxymethyloxazole. 2-Bromometby1-4,5-
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alcoholic solution. The mixture was rerhixod or. a steam
hath for 1 hr., the silver bromide filtered and the ethanol
removed on the steam bath. The yellow oil which remained
was dissolved in ether and washed several times with water
to remove the silver ion. The ether layer was dried over an-
hydrous magnesium sulfate, filtered, and the ether removed
under reduced pressure. It distilled at 151-150° at less
than 0.1 mm. to yield a viscous yellow liquid.

Anal. Calcd. for ('fiHI3\( b: C, 70.47; H, 5.22. Found:
C. 76.12; H, 5.53.

Ethyl a-bromobenzoylacelate. This was prepared :n a man-
ner similar to a-bromopropioplienone starting with ethyl
benzoyl acetate. An 88'c yield of a yellow oil boiling at
113-133° atO.l mm. was obtained. 2

Ethyl-a-benzoyloxybenzoylacetate.  This Compound was
prepared in a manner similar to 2-benzoyloxy-I-phenyl-I-
propanone. The cream colored solid was recrystallized from
95% ethanol (75% yield), m.p. 61-02°.

Anal. Calcd. for CAHidL: C, 09.24; H, 5.17. Found:
C, 69.65; H, 5.45.

Ethyl 2,4-diphenylimidazole-o-carboxylate. This Compound
was prepared according to the procedure of Daviscn, Weiss,
and Jelling.8 A cream colored solid (24 g.) was obtained. It
was recrystallized from 95', ethanol, m.p. 160-167.5°.

Anal. Calcd. for CisHuNjO«: C, 73419; H, 5.52; X, 9.59.
Found: C, 73.85'H, 5.67; N, 9.71.

2,4-Diphenyloxazole-b-carboiylic acid. Ethyl 2,4-diphenyl-
imidazole-5-carboxylate (5.80 g., 0.02 mo.e), potassium hy-
droxide (1.6 g ), and 50 ml. of water were refluxed. The re-
flux condenser was equipped with a side arm for the re-
moval of the condensate. The condensate was removed until a
negative test was obtained for the presence of ethanol using
ceric nitrate reagent. This required 1.75 hr. The solution was
filtered and acidified with 5éc hydrochloric acid. A white
solid, 5.3 g., m.p. 222-223°, was obtained (quantitative).

Anal. Calcd. for C,tH,,N(>3: C, 72.44; H, 4.18; N, 5.28.
bound: C, 72.04; H, 4.41; X, 5.00.

V,N-Dimethylaniinopropyl-2,4-diphenyloxazole-d-carboxa-
mide. Potassium 2,4-diphenyloxazole-5-carboxylat< (9.1 g.,
0.03 mole) was passed through a 100 mesh sieve and dried
overnight at 120°. This was added to oo ml. of dry benzene
in a three neck flask fitted with condenser, mercury seal
stirrer, dropping funnel, and drying tube. Over a period of
20 min., a solution of 3.8 g. (0.03 mole) of oxalyl chloride
in 15 ml. of dry benzene was added to the reaction mixture
cooled in an ice bath. This cooled reaction mixture was stirred
an additional 30 min., the ice bath removed, and the reac-
tion mixture stirred an additional 3 hr. Dimethylamino-
propylamine (3.2 g., 0.031 mole) was mixed with 15 ml. of
dry benzene and added over a period of 20 min. The mix-
ture was stirred for an additional 15 min., and then heated
to boiling. The mixture was cooled and a 5'c solution of
hydrochloric acid was added. The dense yellow precipitate
was filtered and the product dissolved in 5', hydrochloric
acid solution. The acidic solution was filtered and upon neu-
tralization with ammonium hydroxide, a white precipitate
was obtained. The product was recrystallized from ethyl
ag%tate whereupon long white needles separated, m.p. 161.5
16.3°.

(12)
54,282(1932).
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Anal. Caled. for C.,IT;<LX-;: X, 12.02. Found: X, 11.65.

2,4-Diphenyl-o-methyloxazole. To 12.0 g. (0.05 mole) of
2-benzoyloxy-I-phenyl-l-propanone was added 19.3 g. (0.25
mole) of ammonium acetate in 50 ml. of glacial acetic acid.
After the mixture had been refluxed for 1 hr., it was poured
into ice and water and extracted with ether. The ether was
washed with water and the ether layer dried over anhydrous
magnesium sulfate. After filtration of the drying agent and
evaporation of the ether the crude product was collected.
Upon purification by repeated recrystallization from cyclo-
hexane a buff-colored solid (m.p. 108-109.5°) separated.
The 2,4-diphenyl-5-methyloxazole separated upon concen-
tration of the mother liquors, m.p. 74-75°.

Anal. Calcd. for CleH,3XO: C, 81.70; H, 5.57; X, 5.95.
Found: C, 81.80; H, 5.54; X, 5.58.

The other oxazoles listed in Table Il were prepared in a
similar manner.

The product, m.p. 108-109.5°, described above as separat-
ing first during the purification proved to be 2-benzoylamido-
1-phenyl- 1-propanone.

Anal. Calcd. for ClH1X02 C, 75.86: H, 5.97; X, 5.53.
Found: C, 75.60; H, 6.07; X, 5.82.

This compound was characterized bv the infrared ab-
sorption spectra detailed in the discussion and by the
preparation of a semicarbazone.

2-Benzoylamido-l-phenyl-l-propanone semicarbazone. The
semicarbazone was prepared by the method of Shriner,
Fuson, and Curtin.13m.p. 202-203°.

Anal. Calcd. for CnHAXAL: C, 65.77; H, 5.58. Found:
C, 65.22; H, 5.03.

I-Phenyl-2-(6-quinolinecarboxoylamido)-I-propanone. This
compound was isolated in a manner similar to 2-benzoyl-
amido-l-phenyl-I-propanone during the preparation of 5-
methyl-4-phenyl-2-(6-quinolyl)oxazole. This compound was
purified by crystallization from ethanol, m.p. 195-197°.

Anal. Calcd. for C.sH.sXT)-: C. 74.98; H, 5.30; X, 9.21.
Found: C, 74.80; H, 5.70; X, 8.78.

This compound was characterized by the infrared spectra
detailed in the discussion and by the preparation of a semi-
carbazone.

I-Phenyl-2-(6-quinoUnecarboxoylamido)-l-propanone semi-
carbazone. This derivative was prepared in the usual manner,
m.p. 209-211°.

Anal. Calcd. for CjH,dN502: C, 00.46; H, 5.30. Found:
C, 66.72; H, 5.15.

-V,A"-Bis(a-benzoylelhyl)pyridine-2,6-dicarboxamide. This
compound was isolated in a manner similar to 2-benzoyl-
amido-I-phenyl- 1-propanone during the attempted prepara-
tion of 2,6-bis [2-f5-methy 1-4-phenyl joxazolyl]pyridine, m.p.
211-213°.

Anal. Calcd. for 0.dT.XjO,: C, 69.90; H, 5.40; X, 9.78.
Found: C, 70.36; H, 5.69; X, 9.86.

This compound was characterized by the infrared spectra
detailed in the discussion.

Albuquerque, X. M.
(13) R. L. Shriner, R. C. Fuson, and D. V. Curtin, The

Systematic Identification of Organic Compounds, 4th Ed.,
J. Wiley dc Sons, Inc., New York, 1950.
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Heterocyclic Spiranes. Oxazolidines from (I-Aminocyclohexyl)methanol
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(I-Aminocj'rlohexyl[methanol (1) has been condensed with five aldehydes and a ketone, cyclohexanone. The reaction with
ketones appears limited largely to cyclic ketones. Heterocyclic spiro oxazolidines or their derivatives were obtained from con-
densations with formaldehyde (Il), benzaldehyde (lla lie), p-nitrobenzaldehyde (IHd, Hie), and cyclohexanone (VHa-
Vlic), dispiro oxazolidines being formed in the latter case. Structures were established by comparison of infrared and ultra-
violet or molecular refraction data with appropriate analogs in the literature. Phthalaldehydic acid yielded an amino acid
(tentatively formulated as 1V, in the solid state), which isomerizes to a lactone (IVa) in chloroform solution. Dehydration of
IV with benzoyl chloride yielded an interesting heterocyclic spiro oxazolidine lactam (V). Cinnamaldehyde yielded the
Schiff base, (I-cinnamalaminocyclohexyl)methanol (V1). Several other new derivatives of (1-aminocyclohexyl[methanol are

described.

The synthesis of a number of heterocyclic spiro
oxazolidines by the condensation of cyclohexanone
and ethanolamine derivatives has been described
previously.2In all of these cases the preformed cyclic
component is contributed by the cyclohexanone.
There appear to be only two recorded cases, how-
ever, of the synthesis of spiro oxazolidines in which
the preformed cyclic component is contributed by
the aminoalcohol. In one case, 17a-aminomethyl-
A5androstene-3/3,17/3-diol condensed with acetone
to yield an anhydro product, which was assumed
to have the spiro oxazolidine structure.3 In the
other case, (I-aminoethyl)cyclohexanol condensed
with cyclohexanone to give an anhydro product,
to which the dispiro oxazolidine structure, 7-oxa-
14-aza-15-methyldispiro [5.1.5.2]pentadecane, was
assigned on the basis of molecular refraction data.Z4

In the present work another and more readily
available cyclic amino alcohol, (1-aminocyclo-
hexyl)methanol (I)56has been utilized in the syn-
thesis of four new heterocyclic spiro oxazolidines
(lla, Hia, IHd, V) or their derivatives, from alde-
hydes, and a dispiro oxazolidine (Vila) and its
derivatives, from cyclohexanone. The correspond-
ing reaction with cinnamaldehyde yielded a Schiff
base condensation product, (1-cinnamalamino-
cyclohexyl)methanol (VI). In general, the method
of azeotropic removal of water with benzene was
employed.7

(1) Taken in part from the senior thesis of Roy A. John-
son, University of Minnesota, 1958-59, and from his work
as a Research Corporation Research Assistant, summer 1959.
We are indebted to the Research Corporation for a Frederick
Gardner Cottrell grant which supported a part of this work.

(2) E. D. Bergmann, chem. Revs., 53, 309 (1953).

(3) H. Heusser, P. T. Herzig, A. Fiirst, and P. A. Plat.t-
ner, Helv. Chini. Acta, 33, 1093 (1950).

() E. D. Bergmann, E. Zimkin, and S. Pinchas, Ree.
trav. chini., 71, 168 (1952).

(5) W. E. Noland, J. F. Kneller, and D. E. Rice, J. Org.
Chem., 22, 695 (1957), and references cited therein.

(6) O. v. Schickh and G. Stochdorph (to Badische Anilin-
und Soda-Fabrik Akt.-Ges.) German Patent 860,945, Dec.
29, 1952 (Cl. 120, 25) [Chem. Abstr., 50, 4206 (1956)].

(7) A. C. Cope and E. M. Hancock, 3. Am. Chem. Sor.,
64,1503 (1942). .

The oily formaldehyde product is assumed to
have the spiro oxazolidine structure lla by analogy
with the product from formaldehyde and 3-amino-2-
methyl-2-butanol, which has been shown by in-
frared and molecular refraction data to be in the
oxazolidine form, with a slight amount of the
Schiff base.Z4 The benzoyl derivative is assigned
the spiro oxazolidine structure lib because its
infrared spectrum contains only an amide-type
carbonyl band and has no OH or NH stretching
bands.

lla. R = H llia.R =Y =H
lib. R = COCsIR IIb. R = cocthby = h
Illc. CONHCsHj, Y =
Hid. R = II, Y = NO-
Ille. R = COCsHs, Y = NO-
Vila. R = H
VIlb. R = COCH3
Vile. R = COC&-/)-NO-
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The oily benzaldehyde product, as was the case
with the 3-amino-2-methyl-2-butar_ol product,248
appears to be a mixture of the two possible isomers.
For the sake of brevity, only the oxazolidine struc-
ture Ilia has been shown in the reaction chart.
The benzoyl derivative is assighed the spiro oxazo-
lidine structure I11b because its infrared spectrum
contains only an amide-type carbonyl band and
has no OH or Nil stretching bands. The absence
of any ultraviolet absorption maximum is also
consistent with the benzamide-type structure Illb
and eliminates the possible presence of the strongly
absorbing Schiff base, which would be present in
the isomeric structure, (1-benzalaminocyclohexyl)-
methyl benzoate. For example, 3-benzalamino-2-
methyl-2-butanol has the typical Schiff base maxi-
mum at 245 mp (log e 4.01).8 The phenylurea de-
rivative is also assigned a spiro oxazolidine struc-
ture Illc. While the position of the carbonyl band
in the infrared spectrum does not permit a clear-
cut distinction between the oxazolidine and Schiff
base structures, the principal ultraviolet absorp-
tion maximum in ethanol at 239 mp (log e 4.31)
is at too low a wave length for a Schiff base (2458
2479 mp) and too high a wave length for an N-
phenylcarbamate ester, a system which would
also be present in the phenyl isocyanate derivative
of the Schiff base form. For example, isopropyl
and n-hexyl JV-phenylcarbamate have their prin-
cipal absorption maximum at 235-236 mp (log
e4.23).00n the other hand, the ultraviolet absorp-
tion maximum of an analogous N-phenylurea,
I,I-diethyl-3-phenylurea, at 239-241 mp (log e
4.26),Dis in good agreement with that of our deriva-
tive (Illc).

Roth the p-nitrobenzaldehyde product (IHd)
and its benzoyl derivative (IHe), have spiro oxazo-
lidine structures, in contrast to the product from
ethanolamine and p-nitrobenzaldehyde, which has
been shown to be in the open, Schiff base form.24
The infrared spectra of Hid and Hie have no band
in the C=N region, such as that present at 1654
cm.-1 in  3-(4-nitrobenzalamino)-2-methyl-2-bu-
tanol,4 thus excluding the Schiff base structure.
The benzoyl derivative (IHe) has only an amide-
type carbonyl band, thus confirming the oxazoli-
dine structure for it. Since compounds Hid and
Ille have very similar ultraviolet spectra, they
must both be oxazolidines. Taken by themselves,
the wave lengths of the ultraviolet absorption
maxima, at 267 (log e 4.04) in Hid and 265 him
(3.96) in IHe, allow no clear basis for distinction
between the oxazolidine and Schiff base structures
since p-nitrotoluene, a model compound for the
oxazolidine structures, has a maximum at 273

(8) E. D. Bergmann, Y. Hirshberg, S. Finchas, and E.

Zimkin, Rec. tear. chirr..,, 71, 192 (1952).

() G. E. MoOasland and E. C. Horswill, 3. Am. Chem.
soc., 73, 3923 (1951).

(10
A. O. Dekker, Anal. chem., 23, 1740 (1951).
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mu (3.98),0 whereas the condensation product of
p-nitroacetophenone and 3-amino-2-methyl-2-bu-
tanol, a model Schiff base for this system, has
maxima at 275 (4.07) and 235 (3.52).8

In what is apparently the first example of the
reaction of an amino alcohol with phthalaldehydic
acid, (I-aminocyclohexyl)methanol gave an amino
acid, obtained in dimorphic forms, m.p. 133-136°
and 147-150°, having a neutralization equivalent
corresponding to a 1:1 condensation product.
The zwitterion form of the Schiff base structure
(IV) istentatively assigned to the crystalline amino
acid because of its infrared spectrum in Nujol.
The stronger band at 1634 cm.-1 is tentatively
assigned to the C=N structure and the band at
1560 cm.-1 to the antisymmetrical stretching fre-
quency of the carbonyl group of the ionized carboxyl
group. In chloroform solution these two bands dis-
appear and are replaced by a strong y-laetone car-
bonyl band at 1754 cm.-1, indicating that the amino
acid has isomerized to the phthalide form (1Ya).
Phthalide itself has the carbonyl band at 1770 cm.-1
in carbon tetrachloride solution.1l The ultraviolet
spectrum in ethanol solution is again suggestive of
the phthalide (IVa) or oxazolidine form. The char-
acteristic Schiff base maximum at about 245 mp
(possibly shifted to a higher wave length by con-
jugation with the o-carboxyl group) appears to be
lacking. Instead, there are two maxima, the high
intensity one at 237 (log e 3.92), and the other
at 294 mp (3.15). These maxima are at higher
wave lengths and intensities, but are similar in
distance apart and in relative intensities to those
of o-toluic acid at 228 (log e 3.71) and 279 mp
(2.86),22 or of phthalide at 227 (4.00), 273 (3.24),
and 280 (3.22).D

The reaction of phthalaldehydic acid with amino
alcohols may provide interesting opportunities
in organic synthesis. For example, the amino
acid 1V upon dehydration with benzoyl chloride
in pyridine yielded the spiro lactam V. This lactam
has a strong y-lactam carbonyl band in the infrared
(at 1691 cm.-1 in Nujol) and no NH stretching ab-
sorption. The model compound, phthalimidine,
has a strong carbonyl band at 1700 cm.-1 in carbon
tetrachloride.l3 The lactam (V) is resistant to
alkaline hydrolysis in aqueous ethanol.

In contrast to the mixture of isomers obtained
with benzaldehyde, and the pure oxazolidine ob-
tained with p-nitrobenzaldehyde, cinnamaldehyde
gave the Schiff base, (1-cinnamalaminocyclohexyl)-
methanol (VI), as the only crystalline product.
The infrared spectrum in Nujol is in good agree-
ment with the Schiff base structure (VI). The
ultraviolet spectrum in ethanol is also in good
agreement, since its long wave length maximum

(11) F. Pristera, Anal. Chem., 25, 855 (1953).
(12) c. M. Moser and A. |. Kohlenberg, 3. chem. soc.,

W. A. S:'hroeder, P. E. Wilcox, K. N. Trueblood, and 804 (1951).

(13) W. Theilacker and W. bt'hmidt, Ann., 597, 95 (1955).
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occurs at 287 (log t 4.40), whereas that of the dicin-
namyl derivative of ethylenediamine occurs at
282 mu (log &2 4.44).4 In contrast, the high in-
tensity band of /3-methylstyrene, a model compound
for the oxazolidine structure, occurs at 251 mp
(log «4.21).5BThe formation of the Schiff base from
cinnamaldéhyde is consistent with the generaliza-
tion that increased conjugation with the C=N
group, such as that in the products from a,ft-
unsaturated aldehydes,” 4tends to favor the Schiff
base form.

Water collected rapidly in the trap during all
of the condensations with aldehydes; the reactions
were probably complete within an hour, although
refluxing was usually continued for a longer time.
In contrast, the condensation with the ketone,
cyclohexanone, was much slower and required
several hours for all of the water to be collected.
The liquid product from cyclohexanone has the
dispiro oxazolidine structure Villa. The only
previous report of a dispiro oxazolidine prepared
by a similar method is that from (1-aminoethyl)-
cyclohexanol and cyclohexanone.Z4 Our dispiro
oxazolidine (Vila) has a molecular refraction of
60.346 at 32°. This value is in excellent agreement
with that for the oxazolidine, of 60.379 at 30°,
calculated from the Eisenlohr atomic refractions4®
and taking into account the average depression of
0.50 for the oxazolidine ring.47 The Schiff base
structure is excluded because of the lack of a
C=N band in the infrared spectrum and because
the calculated molecular refraction of 62.359 at
30° is too high. Oxazolidine structures for the
acetyl (VIlb) and p-nitrobenzoyl (Vile) deriva-
tives of the dispiro oxazolidine are confirmed by
the presence of amide carbonyl bands in the in-
frared.

The reaction of (lI-aminocyclohexyl)methanol
with ketones appears to be restricted to the
relatively unhindered cyclic ketones and, possibly,
to reactive ketones such as pyruvic acid. Acetone
does not appear to react; when an equimolar solu-
tion of acetone and (l-am;nocyclohexyd)methanol
in benzene was refluxed for eighteen hours before
removal of the benzene, the residual oil yielded
a single benzoyl derivative, (1-benzamidocyclo-
hexyl)methanol, derived from the starting material.
Likewise, acetophenone and diethyl ketone do not
react; only negligible amounts of water were col-
lected by azeotropic removal with benzene.

During the course of this work several other new
derivatives of (l-aminocydohexyl)methanol were

(14) L. N. Ferguson and G. E. K. Branch, 3. Am. Chem.
Soc., 66, 1467 (1944).

(15) American Petroleum Institute Research Project
44. Carnegie Institute of Technology. Catalog of Ultraviolet
Spectral Data. Serial Xo. 122, contributed by The Dow
Chemical Co., Dec. 31, 1945.

(16) K. Fajans in A. Weissberger, Physical Methods of
Organic Chemistry, Vol. 1, Part 2, Interscience Publishers,
Inc., Xew York, X. Y., 1949,jr. 1163.
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prepared. Included among these, besides the benz-
amide, are the di-p-nitrobenzoyl derivative, and the
benzoate and carbonate salts. (1-Aminocyclohexyl)-
methanol is notably “carbodioxiphilic” ;T7it absorbs
carbon dioxide readily, both in the presence and
absence of water.

EXPERIMENTAL

Melting points were determined on a calibrated Koflor
micro hot stage.

I-Aza-d-oxaspiro\f.5]decane (lla). A mixture of (1-
aminocyclohexyl)methanol5(3.20 g., 0.0248 mole), aqueous
37% formalin (10 cc., 0.12 mole formaldehyde), and benzene
(50 cc.) was refluxed for 9 hr. A calibrated constant water
separator (Dean and Stark trap) was then attached and re-
fluxing was continued. The water (about 13.5 cc.) came over
during the first hour but refluxing was continued for a total
of 6 more hr. The benzene was then distilled and a large rela-
tively volatile fraction was removed at 75-82° (5 mm.), leav-
ing a light yellow residual oil (1.73 g., 0.0123 mole, 50%).
This oil was converted to its benzoyl derivative without
distillation or further purification.

I-Benzoaza-3-oxaspiro\4.5]decane (lib; benzamide of Ila).
By the Schotten-Baumann method, to a mixture of crude 1-
aza-3-oxaspiro[4.5]decane (0.8 g., 0.0057 mole), benzoyl
chloride (0.8 g., 0.0057 mole), and water (10 cc.) was added
aqueous 20% sodium hydroxide (7 cc.). The mixture was
shaken and a white crystalline solid (1.23 g., 0.0050 mole,
88%), m.p. 115-130°, formed rapidly. Four recrystalliza-
tions from ethanol-water yielded colorless flakes, m.p. 127-
129°; ron or nh none; rc-0 1639 in CSs, 1634 in CCh, 1622
ern.~*in Xujol.

Anal. Oaled. for C,53H19X 02 (245.31): C, 73.44; 11, 7.81,
X, 5.71. Found; C, 73.27; H, 7.72; X, 5.64.

Mixture of (I-benzalaminocyclohexyl)m,ethanol and 1-aza-Z-
phenyl-3-oxaspiro[4.S}decane (llia). A solution of (1-amino-
cyclohexyl)methanol5 (10.0 g., 0.0774 mole) and benzalde-
hyde (16.4 g., 0.154 mole) in undried benzene (75 cc.) was re-
fluxed under a calibrated constant water separator until the
distillation of water was complete. Water began to collect
immediately; after 30 min. 1.0 cc. (72%) had collected and
at the end of the 5-hr. reflux period a total of 1.6 cc. (115%)
had collected in the trap. The benzene was distilled and the
excess benzaldehyde was removed at 50-55° (4 mm.). The
residual light yellow oil (88%) was distilled, giving a pale
yellow fraction (12.34 g., 0.0569 mole, 74%), b.p. 127-132°
(2 mm.), 1.5413. Redistillation yielded a very pale yellow
analytical sample, b.p. 128-129° (2 mm.), 1.5415. The
odor of the sample, as well as the infrared spectrum, in-
dicated contamination by both starting materials, which
were not successfully separated by repeated distillation;
joh 3430 (shoulder); enh 3310; vGo 1704 (benzaldehyde);
rc-x 1645 cm.-1 on the liquid. The C=X band, of medium
intensity, indicated the presence of the open form of the
product, (1-benzalaminocyclohexvl)methanol.

Anal. Calcd. for C,,H,,XO (217.30): C, 77.38; II, 8.81.
Found: C, 76.78; H, 8.85.

The benzaldehyde contaminant in the sample appears to
undergo air oxidation to benzoic acid, as evidenced by pre-
cipitation of 1-(hydroxymethyl)cvclohexylammonium ben-
zoate in the samples fairly soon after distillation and analy-
sis. The melting point of the precipitate was undepressed
upon admixture with an authentic sample of this benzoate
salt.

The crude oil resulting from removal of the benzene and
excess benzaldehyde was used for the preparation of crystal-
line derivatives without distillation or other purification.
It was shown, however, that the same benzoyl derivative was

1n
Am. Chem. Soc., 73, 5068 (1951).

W. E. Parham, W. T. Hunter, and R. Hanson, J.
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obtained from a distilled sample of the oil; after two recrys-
tallizations from ethanol-water, the benzoyl derivative
melted at 134-136°, which was undepressed upon admixture
of the sample with that prepared as described in the following
section.

The oil was immiscible with water and surprisingly resist-
ant to hydrolysis. A sample which had been overlaid with
water for 2 weeks had the odor of benzaldehyde, but readily
gave the benzoyl derivative under the conditions of the
Schotten-Baumann reaction. After two recrvstallizat.ions
from ethanol-water, the benzoyl derivative melted at 133-
136°, which was undepressed upon admixture of the sample
with that prepared as described in the following section.

I-Benzoaza-2-phenyl-8-oxaspiro{4-5]clccane  (IITh; benz-
amide of Ilia). By the Schotten-Baumann method, to a mix-
ture of crude (1-benzalaminocyclohexyl Imethanol and 1-
aza-2-phenyl-3-oxaspiro [4,5]decane (1.0 g., 0.0046 mole),
benzoyl chloride (0.8 g., 0.006 mole), and water (10 cc.)
was added aqueous 20% sodium hydroxide (7 cc.) over a
period of 5 min., with vigorous shaking. The mixture was in-
termittently warmed gently on the steam bath and shaken
for 5 more min. The coagulated yellowish mass was then
crystallized from ethanol-water, giving light yellowish
plates (0.54 g., 0.0017 mole, 37%,), m.p. 126-136°. Three re-
c.rystallizations from ethanol-water yielded colorless plates,
m.p. 134-136.5°. The ultraviolet spectrum in 95% ethanol
shows only rising end absorption (at 220 my, log eis 3.99 and
at 215, 4.05); con ornn NONE; ve-o 1640 in CS2 1645 in CC14
1628in CHCh, 1629 in a KBr disk, 1627 cm."lin Xujol.

Anal. Calcd. for CAH2X02 (321.40): C, 78.47; H, 7.21,
X, 4.36. Found: C, 78.56; H, 7.32; X, 4.25.

1-(Phenylcarbamoaza)-2-phenyl-3-oxaspiro .5]decane
(111c; phenylurea derivative of Ilia) was obtained after five
recrystallizations from light petroleum (b.p. 60-68°) as
colorless, chunky crystals, m.p. 124-127°; xmal in 95%
CHOH: 239 m” (log *4.31), with inflections at 268 (3.23),
272 (3.17), 281 (3.10); rN, 3390 in CS2and CC14 3400 in
CHCDb, 3380 in Xujol: rGo 1672 in CS2 1682 in CC14 ~1667
in CHCh, 1675 cm.-1 in Xujol.

Anal. Calcd. for CZH2AX 2 (336.42): C, 74.97; H, 7.19;
X, 8.33. Found: C, 75.14; H, 7.19; X, 8.46.

I-Aza-2-(4-nitrophenyl)-3-oxaspiro[4-f>]decane (llld). A
solution of (l-aminocyclohexyl)methanol4 (4.00 g, 0.0310
mole) and p-nitrobenzaldehyde (4.70 g., 0.0311 mole) in
undried benzene (75 cc.) -was refluxed under a calibrated
constant water separator until the distillation of water was
complete. Water began to collect immediately; at the end of
the 2.5-hr. reflux period 0.62 cc. (111%) had collected. The
benzene, was distilled and the residue was dried at aspirator
pressure, leaving a brown powder (8.20 g.). Crystallization
from ethanol-water gave light yellowish flakes (5.41 g.,
0.0206 mole, 66%), m.p. 73-77°. Four recrystallizations
from ethanol-water yielded I-aza-2-(4-nit,rophenyl)-3-oxa-
spiro-[4,5]decane as colorless flakes, m.p. 77-79°; Xrex in
95% CZHBOH: 267 my (log e4.04); rNH3270 in CS,,. 3280 in
CC14 3270 in Xujol; rNIR 1347 in CS2 1528, 1349 in CC14
1516. 1348 cm.-1 in Xujol.

Anal. Calcd. for CMHISXD 3(262.30): C, 64.10; H, 6.92;
N, 10.68. Found: mol. wt. (Rast), 293; C, 63.88; H, 7.13; X,
10.73.

I-Benzoaza-2-{4-nitrophenyl)-3-oxaspiro\4.b\decane (Hie;
benzamide of Hid) was obtained by the Schotten-Baumann
reaction in 23% yield, m.p. 163-166°, after two recrystalliza-
tions. A final recrystallization from ethanol-water yielded
colorless, shiny plates, m.p. 163-165°; Xal in 95% CZ2HS0OH:
265 my (log €3.96). coh or nh none; rc-o 1625; 02 1520,
1350 cm.-1 in Xujol.

Anal. Calcd. for C2H2X2 4 (366.40): C, 68.83; H, 6.05;
X, 7.65. Found: C, 68.94; H, 6.01; X, 7.35.

Zvritterion form of (I-(2—carboxybenzal)aminocyriohexyl)-
methanol (IV). A solution of (I-aminocyclohexyl)methanol5
(6.40 g., 0.0495 mole) and phthalaldehydic acid (7.50 g.,

VOTANT) AND JOHXSOX
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water was complete. Within 20 min. 1.0 cc. of water had col-
lected; at the end of the 7.5-hr. reflux period 1.20 cc. (134%)
had collected. After the solution had been set aside over-
night, a white precipitate was present, which did not redis-
solve when the benzene was warmed for distillation. The
benzene was distilled under aspirator vacuum. The residual
solid (~—12 g., 0.046 mole, 93%) dissolved slowly in chloro-
form. Five recrystallizations from chloroform-light petro-
leum (b.p. 60-68°), yielded white crystals, m.p. 133-136°;
Xres in 95% C.HZOH: 237 my (log £ 3.92), 294 (3.15);
coh OF nh 3100; r(m\ 1634; «.=0 1560 cm.“1lin Xujol; in
CHCh: rc=0 H54 cm.“1 vc-n noNe.

Anal. Calcd. for C%H1,X03 (261.31): C, 68.94; H, 7.33;
X, 5.36. Found: acid neuf, equiv. 267, 275, 273, av. 272; C,
69.19; H, 7.70; X, 5.46.

The compound was also obtained from the same solvent
pair in admixture with, or wholly in a higher melting dimor-
phic form, m.p. 147-150°.

Anal. Found: C, 68.94; H, 7.35; X, 5.26.

The two dimorphic forms had identical infrared spectra
in Xujol and were shown to be interconvertible.

Spiro[2,3-0xazolo(2,3-a)isoindol-5-one-3,I'-hexane] (V).
Benzoyl chloride (1.08 g., 0.0077 mole) was added to a solu-
tion of (I-(2-carhoxybenzal)aminocyclohexyl)methanol (1.00
g., 0.00382 mole) in pyridine (15 cc.). The resulting solution
was warmed at, about 75° for 45 min. and then poured into
ice water, causing the separation of a light yellow oil. The
mixture was stirred and crystals (0.69 g., 0.00284 mole,
74%), m.p. 88-100°, formed over a period of an hour. The
compound can be recrystallized, if desired, from ethanol-
water. From separate solutions of water containing a small
amount of pyridine, the compound was obtained in two
forms, m.p. 80.5-82°, and m.p. 98-100°. The lower melting
form was converted to the higher melting form after heating
in vacuo at 56°; Xm,j in 95% C2H3OH: 225 » , (log e 3.94),
230 inflection (3.89), 245 (3.69), 280 inflection (3.17).
cnh none; rc-o 1691 cm.“1in Xujol.

Anal. Calcd. for CBHTX02 (243.29): C, 74.05; H, 7.04;
X, 5.76. Found: lower melting form (after heating), C,
74.11; H, 7.15; X, 5.67; higher melting form, mol. wt. (Rast),
246; C, 73.58; H, 7.25; X, 5.54.

(1-cinnamalaminocydohexyl)methanol (V). A solution of
(I-aminocyclohexyl)methanol5 (3.20 g., 0.0247 mole) and
cinnamaldéhyde (9.00 g., 0.0680 mole) in undried benzene
(60 cc.) was refluxed under a calibrated constant water
separator until the distillation of water was complete. Water
began to collect immediately; at the end of the 2.5-hr. re-
flux period 0.60 cc. (135%) had collected. The dark yellow
solution turned strawberry red upon being set aside over-
night. Excess benzene was removed at aspirator pressure and
cinnamaldéhyde was removed at 95-105° (3 mm.). The
viscous, dark red residue was dissolved in benzene (15 cc.),
causing immediate separation of crystals. These crystals
were washed with a little benzene to remove contaminating
red oil, and recrystallized from benzene-light petroleum
(b.p. 60-68°), giving light yellowish needles (1.10 g., 0.00453
mole, 18%), m.p. 90-93°. Three more recrystallizations
from benzene-light petroleum (b.p. 60-68°) yielded (1-cin-
namalaminocvclohexvl)methanol as colorless needles, m.p.
96-98°; Xmal in 95% CZHZOH: 220 »y (log (e 4.07), 225
(4.06), 287 (4.40); von 3160 in Xujol; ?o0-n 1631 in CS2
1633 in CC14, 1634 in Xujol. rc-c 1617 in CC14 1615 cm.“1
in Xujol.

Anal. Calcd. for CEH2XO (243.34): C, 78.97; H, 8.70;
X, 5.76. Found: C, 79.24; H, 8.75; X, 5.76.

An attempt to prepare a benzoyl derivative by the Schot-
ten-Baumann method gave no crystalline product.

7-Oxa-15-azadispiro[5.2.5.1]pentadecane (Vila). A solu-
tion of (I-aminocyclohexyl)methanol5 (20.0 g., 0.155 mole)
and cyclohexanone (30.4 g., 0.310 mole) in undried benzene
(100 cc.) was refluxed under a calibrated constant water
separator until the distillation of water was complete. Water

O. 0499 mole) in undried benzene (100 cc.) was refluxed under collected slowly; at, the end of the 9-hr. reflux period 3.7 cc.

a calibrated constant water separator until Tie distillation of

(132%,) of water had collected. The benzene was distilled,
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tho excess cyclohexanone was removed at 35-88° (2 mm.),
and then the main fraction distilled as a light yellow oil
(28.92 g., 0.138 mole, 89%), b.p. 98-104° (2 mm.), n” 4
1.4913. Redistillation yielded 7-oxa-15-azadispiro-[5,2,5,1]-
pentadecane as a colorless oil, b.p. 97-99° (2 mm.), n2 '4
1.4915, n32 1.4893, dj2 1.0002: c.vn 3310 (very faint) cm.-1,
rc-x none; on the oil.

Anal. Calcd. for CiH2XO (209.32): C, 74.59; H, 11.08;
X, 6.69. Pound: C, 74.85; H, 11.56; X, 7.08.

The benzoyl derivative tended to oil out of ethanol-water
solution and did not crystallize well.

7-Oxa-15-azadispiro[5.2.5.1]penladecane hydrochloride (hy—
drochloride of Vila). Hydrogen chloride gas was passed into
a solution of 7-oxa-15-azadispiro(5,2,5,llpentadecane (2.00
g., 0.0096 mole) in dry ether (50 cc.), causing precipitation
of fine, colorless platelets (1.88 g., 0.0077 mole, 80%). These
crystals appear to change form at 180-190° and melt with
sublimation at 204-207°; cNH+ 2740, 2590, 2460, 2370,
2090, 1586 cm.-1 in Xujol.

Anal. Calcd. for C13H2=XO HCI (245.79): Cl, 14.42. Found:
Cl, 14.62, 14.66, 14.56, 14.65, av. 14.62.

7-Oxa-lo-acetoazadispiro[o0.2.0.l\pentadecane (Villi, acet-
amide of Vila). A solution of 7-oxa-15-azadispiro[5,2,5,11-
pentadecane (2.00 g., 0.00957 mole) in acetic anhydride
(18.5 g., 0.181 mole) was warmed for 3.25 hr. and then the
yellow solution was poured into ice water (50 cc.). The result-
ing mixture was stirred occasionally, causing the yellow oil
to crystallize slowly as colorless plates (1.01 g., 0.00402 mole,
42%), m.p. 119-124°. Five recrvstallizations from acetone-
water yielded colorless plates, m.p. 122-124°; cCHor sn none;
vc-0 1634 cm.-1 in Xujol.

Anal. Calcd. for CiHZBX 02 (251.36): C, 71.67; H, 10.03;
X, 5.57. Found: C, 71.76; H, 9.96; X, 5.39.

{7-Oxa-15-{4-nitrobenzoaza)dispiro\5.2.5.1}pentadecane

(Vile; p-nitrobenzamide of Vila). A solution of 7-oxa-15-
azadispiro[5,2,5.1lpentadecane (2.00 g., 0.0096 mole) and p-
nitrobenzoyl chloride (1.76 g., 0.G095 mole) in pyridine (15
cc.) was warmed on a steam bath for 60 min. The deep red
solution was poured into ice water, causing precipitation of a
light brown solid (2.80 g.), m.p. 100-120°. Five recrystalliza-
tions alternately from ethanol-water and acetone-water
yielded colorless, rectangular crystals, m.p. 175-178°;
coh or nh NONE; cc-0 1630; 1524, 1349 cm.-1 in Xujol.

Anal. Calcd. for CAHZBX204 (358.42): C, 67.02: H. 7.31;
X, 7.82. Found: C, 66.94; H, 7.45; X, 8.01.

(I-Benzamidocyclohexyl)methanol (benzamide of I). By the
Schotten-Baumann method, to a mixture of (1-aminocyclo-
hexyl)methanol5(1.0 g., 0.0077 mole), benzoyl chloride (1.1
g., 0.0078 mole) and water (10 cc.) was added aqueous 20%
sodium hydroxide as needed to keep the mixture basic to
litmus. The resulting precipitate was dissolved in methylene
chloride and reprecipitated by the addition of light petro-
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leum (b.j). 60-68°). The precipitate (1.26 g., 0.0054 mole,
70%), m.p. 110-120° was recrystallized five times from
methylene chloride-light petroleum (b.p. 60-68°), yielding
colorless needles, m.p. 118-122°; cnn.on 3420, 3320, in
CHCU, 3260, 3050, 1554 in Xujol; cr_o 1640 cm.-1 in
CHCIs and in Xujol.

Anal. Calcd. for C,,H,,X02 (233.30): C, 72.07; H, 8.21;
X, 6.00. Found: C, 72.19; H, 8.35; X, 6.05.

(I—p—\itrobenzamidocyclohexyl)melhyl p-nitrobenzoate di-
p-nitrobenzoyl derivative of 1) was obtained by the Schotten-
Baumann reaction, after recrystallization from acetone-
ethanol as colorless crystals, m.p. 193-195.5°;, cxh 3380;
rc-o 1714, 1663; vsoi 1523, 1353 cm.-1 in Xujol.

Anal. Calcd. for CAH2X3) 7 (427.40): C, 59.01; H. 4.95;
X, 9.83. Found: C, 59.16; H, 4.97; X, 9.98.

I-(Hydroxymelhyl)cyclohexylarnmonium benzoate (benzoate
salt of I) was obtained after recrystallization from methylene
chloride as colorless needles, m.p. 159-160°; »oh 3310;
cnhj+ 2330, 2120, 1645; cc-o 1564 (shoulder), 1550, 1400
cm.-1in Xujol.

.17ial. Calcd. for C,,H,,X0s (251.32): C, 66.90: H, 8.42;
X, 5.57. Found: C. 66.50: H, 8.24; X, 5.51.

Bis\I-{hydroxymethyl)cyclohexylammonium\carbonate (car—
bonate salt of 1). Carbon dioxide gas was passed through a
solution of (lI-aminocyclohexyl)methanol5 (2.00 g., 0.0155
mole) in water (5 cc.) for 30 min., forming a white powder
(1.859.), m.p. 78-103°. Two washings with benzene yielded a
sample (1.00 g., 0.0031 mole, 40%), m.p. 90-96°; 2\ HI*
2140, 1618; cc-o0 1576, 1378 cm.-1 in Xujol.

Anal. Calcd. for C,sH32X,03(320.42): C. 56.22; H, 10.07,
X, 8.74. Found: C, 56.83; H, 10.05; X, 8.55.

Addition of a saturated solution of barium hydroxide to
an aqueous solution of the sample resulted in immediate
formation of a white precipitate.

When carbon dioxide gas was passed through a solution of
(1-aminocyclohexyDmethanol5(2.00 g., 0.0155 mole) in dry
benzene (10 cc.) for 20 min., a white powder (1.60 g.), m.p.
~67-69° precipitated. This precipitate had an elemental
composition resembling a mixture of the carbamide and

carbamate, It XHCOXHR-ItXHCOO-H3XR, where R =
CH,.

Anal. Caled. for C3,HsX,07(596.80): C, 60.37; H, 9.80;
X, 9.39. Found: C, 61.14; H, 10.42; X, 9.49.

In contrast to the immediate formation of a precipitate
with the carbonate, addition of a saturated solution of bar-
ium hydroxide to a freshly prepared aqueous solution of the
mixture prepared in the absence of water resulted in forma-
tion of a heavy flocculent white precipitate within 2-3 min.

Minneapolis 14, Minn.
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The preparation of 5-phenyl-2-iso.\azoline-3-carboxylic acid by the reaction between styrene and carbethoxyformonitrile
oxide, followed by hydrolysis, is described. The chemistry of this compound is discussed, and a number of derivatives are
described. In addition the analogous preparation of 4-[3-hydrazido-5-phenvl-2-isoxazolinyl] carbamate from methyl styryl-
carbamate and carbethoxyformonitrile oxide, followed by hydrazinolysis, is also described, and certain of its reactions are
considered. The use of carbethoxyformonitrile oxide in this manner affords a useful synthetic route to various 3-substituted

2-isoxazolines.

The failure of benzylidenepyruvic acid oxime
to cyclize, either to 3-hydroxylamino-5-phenyl-2-
(oH)furanone by the lactoenoic tautomeric process
common to imino derivatives of benzylidenepyruvic
acid,3or to 5-phenyl-2-isoxazoline-3-carboxylic acid
() in common with chalcone oximes,4 has been
commented upon elsewhere.51n view of the decided
reluctance of this oxime and its derivatives to
produce I, it seemed desirable to prepare | by an-
other route and investigate its stability with re-
spect to ring-opening as well as its general char-
acteristics.

The reaction between benzonitrile oxide and
various olefins@ suggested that the only known
nonaromatic nitrile oxide, carbethoxyformonitrile
oxide,7might be expected to add to styrene to give
the ethyl ester of I :

6]

T

CsHs—CH + N
I'H, C CO.C.H,

/
CeH5—CH N

¢ H - k- CO2C2H5
I (ethyl ester)

Since nitrile oxides are prone to polymerization it
seemed desirable to use very mild conditions for the
reaction and to generate the nitrile oxide in situ and
slowly. The nitrile oxide is usually made by treating
ethyl chlorooximinoacetate with a base,7and when
sodium hydroxide at 0° proved unsatisfactory, so-
dium carbonate at room temperature was tried.
Thus a solution of styrene and ethyl chlorooximino-
acetate in ether was vigorously stirred while a solu-
tion of aqueous sodium carbonate was added very

(1) Abstracted from a portion of the Ph.D. Dissertation
of John L. Spencer, University of Michigan, 1958.

(2) National Science Foundation predoctoral fellow
1956-58.

(3) W. L. Meyer and W. R. Vaughan, J. Org. chem., 22,
1560(1957).

(4) A. H. Blatt, 3. Am. chem. Soc., 71, 1861 (1949).
R. P. Barnes, G. E. Pinkney, and G. McK. Phillips, 3. Am.
Chem. Soc., 76, 276 (1954). 1l. H. Blocker, Dissertation,
Rutgers (1955).

(5) W. R. Vaughan and J. L. Spencer, J. Org. Chem., in
press.

slowly, and a 50% yield of the desired ester was
obtained. Hydrolysis by 10% sodium hydroxide,
followed by acidification afforded I. Tentative as-
signment of the desired structure was made by
analogy with the reaction between benzonitrile
oxide and styrene.G k Confirmation of this assign-
ment was obtained by oxidation of | to the known
5-phenyl-isoxazole-3-carboxylic acid,8 with addi-
tional support from decyclization studies. The
treatment of | with concentrated sulfuric acid for
twenty-four hours at room temperature converted
it into benzylidenepyruvic acid oxime, which had
previously been shown to be stable to sulfuric acid
for long periods of time.5Accordingly it is clear that
the acyclic form is the stable one in sulfuric acid
solution. Similarly treatment of the amine derived

(6) (a) A. Quilico, G. Stagno D’Alcontres, and P. Griin-
anger, Nature 166, 226 (1950). (b) A. Quilico and G. Stagno
D’Alcont.res, Gazz. chim. ital., 80, 140 (1950); Chem. Abslr.,
45, 606 (1951). (c) A. Quilico, G. Stagno D’Alcontres, and
P. Griinanger, Gazz. chim. ital., 80, 479 (1950); Chem. Abstr.,
45, 3836 (1951). (d) D. Stagno D’Alcontres and P. Griin-
anger, Gazz. chim. ital., 80, 741 (1950); chon. Abstr., 46, 971
(1952). (e) G. Stagno D’Alcontres and P. Griinanger, Gazz.
chim. ital., 80, 831 (1950); Chem. Abstr., 46, 4527 (1952).
(f) F. Monforte and G. Lo Vecchio, Gazz. chim. ital., 82,
130 (1952); chem. Abstr., 47, 4876 (1953). (g) A. Quilico
and P. Griinanger, Gazz. chim. ital., 82, 140 (1952); Chem.
Abstr., 47, 6937 (1953). (h) G. Stagno D’Alcontres and G.
Fenech, Gazz. chim. ital., 82, 175 (1952); Chem. Abstr., 47,
8734 (1953). (i) A. Quilico, P. Griinanger, and R. Mazzini,
Gazz. chim. ital., 82, 349 (1952); chem. Abstr., 48, 2039
(1954). (j) G. Stagno D’Alcontres, Gazz. chim. ital., 82,
627, (1952); chem. Abstr., 48, 5859 (1954). (k) G. Stagno
D Alcontres, Gazz. chim. ital., 82, 823, (1952); Chem. Abstr.,
47, 12354 (1953). (1) G. Stagno D’Alcontres and G. Feneck,
Acta Cient. Venezolana, 4, 95 (1953); Chem. Abstr., 49, 1706
(1955). (m) F. Monforte and G. Lo Vecchio, Gazz. chim.
ital., 83, 416 (1953); chem. Abstr., 49, 296 (1955). (n) P.
Griinanger, Gazz. chim. ital., 84, 359, (1954); Chem. Abstr.,
49, 5436 (1955). (o) P. Griinanger and |. Grasso, Gazz.
chim. ital., 85, 1271 (1955); Cchem. Abstr., 50, 9384 (1956).
(p) A. Quilico and P. Griinanger, Gazz. chim. ital., 85, 1449
(1955); chem. Abstr., 50, 10079 (1956). (q) G. W. Perold,
A. P. Steyn, and F. V. K. von Reiche, 3. Am. Chem. Soc.,
79, 462 (1957). (r) G. W. Perold and F. V. K. von Reiche,
J.S.African Chem. Inst., 10, 5 (1957); Chem. Abstr., 52, 1145
(1958). (s) P. Griinanger, Atti accad. nazi. Lincei. Rend.,
Classe sci. fis. mat. e nat., 16, 726 (1954); Chem. Abstr., 50,
305(1956).

(7) G. S. Skinner, 3. Am. Chem. Soc., 46, 731 (1924).

(8) A. Quilico and M. Simonetta, Gazz. chim. ital., 77,
586 (1947); chem. Abstr., 42,5904 (1948).
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from | via the Curtius rearrangement (see below)
with dilute hydrochloric acid afforded cinnamic
acid, presumably via the amide oxime,@which also
fails to cyclize in acidic media.

With a comparatively simple synthesis for | at
hand it was of interest to determine whether 3-
amino-5-phenyl-2-isoxazoline (I1) accessible from
derivatives of | through the Curtius rearrangement
could be converted to 3-hydroxy-5-phenyl-2-
isoxazoline, which should be tautomeric with 5-
phenyl-3-isoxazolidinone:

O 0

[\ [\
cap -ch n cap ch X—h
i u

I I
CH-——-C—OH CH---—--0=0

The latter substance is the 4-deamino analog of 5
phenylcycloserine,10-12 which has been shown to
possess some antibiotic activity.

To this end the hydrazide of | was prepared, con-
verted to the azide with nitrous acid and rear-
ranged to both the urethan (IlIl1) and the amine
(1. While Il may partake of the same type of
tautomerism pictured for the hydroxy analog, its
general behavior suggests that it exists primarily
as the 2-isoxazoline rather than the 3-imino-5-
phenylisoxazolidine. Thus, its acetyl derivative is
base-soluble; and while Il cannot be titrated po-
tentiometrically, it is soluble in 5% aqueous hydro-
chloric acid, and it forms a stable hydrochloride
in alcohol or ether. However, nitrous acid, nitrosyl
chloride, and nitrogen tetroxide under a variety of
reaction conditions afforded only untractable oils
possessing none of the expected characteristics of
the desired substance. Likewise attempts to hy-
drolyze the potential imino or amino group by con-
ventional and unconventional (e.g. Bucherer,
reverse Sommeletld procedures afforded only
starting material, cinnamic acid, or unidentifiable
tars. The only clean reactions involved acetyla-
tion, which occurs readily on warming with acetic
acid and even to some extent with 50% aqueous
acetic acid, and exchange with hydrazine in glacial
acetic acid, which affords the 3-/3-acetylhydrazino
analog of II; this, like the acetyl derivative of I,
is base-soluble.

Several other potential preparations of 5-phenyl-
3-isoxazolidinone from | and its derivatives were
investigated. The Hunsdiecker silver salt reaction
failed to afford the desired 3-bromo-5-phenyl-2-
isoxazoline, and various oxidative reactions (eg.
periodic acid, lead tetraacetate on | or the carbinol
derived from | by treatment with methyl Grignard)

(9) J. Thiele and R. H. Pickard, Ann., 309, 194 (1899).

(10) F. A. Kuehl, Jr., el al., 3 Am. Chem. Son., 77, 2344
(1955).

(11) P. H. Hidy, et al, J. Am.
(1955).

(12) 1'. A Plattner, Helv. chiin. Acta, 40, 1531 (1957);
Chem. Abslr., 52,3771 (1958).

(13) W. R. Vaughan and R. Perry, Jr., ./, Am.
soc., 75,3108(1953).

Chem. Son.,

77, 2345
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were entirely unsuccessful, only starting material
being recovered. With a stronger oxidizing agent,
permanganate, | was oxidized to the isoxazole.

In the expectation that a 4-substituent might al-
ter the characteristics of |, the addition of carbeth-
oxyformonitrile to several ¢j-substituted styrenes
was investigated. Cinnamic acid, methyl cin-
namate, and cinnamonitrile failed to afford prod-
ucts, but no exhaustive study of reaction condi-
tions was made because it was found that methyl
stjo-ylcarbamate reacted well.

The exact nature of the reaction between styrene
and a nitrile oxide is unknown, but the failure to
observe reactions with methyl cinnamate and cin-
namonitrile under conditions which are satisfactory
for styrene suggests that the attack of the nitrile
oxide is more electrophilic than nucleophilic in
character, and the comparably good reaction of
methyl styrylcarbamate would seem to substantiate
this hypothesis. Thus in spite of one’s inclination to
picture the charge distribution in a nitrile oxide as

R—C=N-—0, it would seem that R—C=X—0
is the more significant for the addition reaction.
The initial reaction intermediate with styrene is
accordingly

o
N + \
ClIs-CH = N:
CH.—H—COIiCjHs-

With methyl styrylcarbamate, however, the in-
herently greater polarizability of the p-electrons of
nitrogen (compared with the x-electrons of phenyl)
should provide greater stabilization of a transition
state leading to

CeHdELH—C—CO2CsHs
CHAO:CXH—CH N
ST
o}

On this basis, then, the hydrazide derived from the
adduct of methyl styrylcarbamate and carbethoxy-
formonitrile oxide is formulated as methyl 5-
[3-hydrazido-4-phenyl-2-isoxazolinyl) carbamate;

CHH{CH- -CCONHNHj
|
CHz20.CNH- -CH N
\
O
v

This is in keeping with the observation that the
addition of nitrile oxides to olefins is similar to
that of aliphatic diazo compounds and azides and
orientation follows the Markownikoff rule.&c

The initial product of this reaction was not puri-
fied, but by analogy with the hydrazinolysis of the
ethyl ester of I, which could be very readily con-
verted to the hydrazide, which was more tractable,
the crude product was at once converted to the
above hydrazide (IV). Since the ethyl group, and



1162

not the methyl, was hydrazinolyzed, there ran be
no doubt as to the structure.

The hydrazide was converted to the azide, which
then was rearranged in ethanol to give a bis-
urethane, which unfortunately resisted hydrolysis
under mild conditions; and under more vigorous
conditions it afforded only uncharacterizable
products. Consequently it would appear that in-
troduction of a 4-substituent consisting of a func-
tional group renders the system less tractable than
without it.

The present work constitutes an introductory
survey of the applicability of the nitrile oxide
synthesis to 3-functionally substituted 2-isoxazo-
lines. The method is a convenient one and should
be satisfactory for the preparation of any 2-
isoxazoline-3-carboxylic acid to the extent that any
given olefin has been shown to react with aromatic
nitrile oxides. From the work herein described it
further appears that one can readily prepare deriva-
tives of such acids and that the amines available
via the Curtius rearrangement should also be
readily accessible. However, the transformation of
such amines into 3-isoxazolidinones is not at present
feasible.

EXPERIMENTALI14% 16

Ethyl chloroaximinoacetate. Ethyl ehlorooximinoacetate
was prepared by the action of 2 moles of nitrous acid on
ethyl glycinate hydrochloride according to the procedure
of Skinner.7

Ethyl 5-phenyl-2-isoxazoline-3-carboxylate. Carbethoxyfor-
monitrile oxide was generated in situ with styrene to give
the addition product. The following procedure was found
to give the best yield. To a solution of 151 g. (0.10 mole)
of ethyl ehlorooximinoacetate in 220 ml. of ether was added
125 g. (0.12 mole) of styrene. The solution was vigorously
stirred with a Hershberg stirrer while a solution of 10.6 g.
(0.10 mole) of sodium carbonate in 150 ml. of water was
added dropwise over a 4-hr. period at room temperature.

The layers were separated and the ether layer washed
with water, hither extraction of the aqueous layer gave
essentially no ester. Evaporation of the original ether layer
gave about 17 g. of crude ester. This was distilled under
vacuum to yield 11.0 g. (50%) of slightly yellow colored
ester, b.p. 162-163°/2.5 mm.

Anal. Calcd. for CuUHNNOy C, 65.74; H, 5.98: X, 6.39.
Found: C, 66.02; H, 6.02; X, 6.44.

5-Phenyl-2-isoxazoline-3-carboxylic acid (). In a separate
run the 17.0 g. of crude ester was hydrolyzed to the acid.
A mixture of the ester and 100 ml. of 10% sodium hydroxide
was stirred until a white solid formed (about 4 hr.). This
was dissolved by adding 150 ml. of water and the hydrolysis
was completed by an additional 20 hr. of stirring. Xbnacidic.
impurities were removed by ether extraction, and polymeric
material was removed by filtration.

The solution of the sodium salt, was acidified by dropwise
addition of 10% hydrochloric acid. This yielded, after cool-
ing, 11.0 g. of crude acid, m.p. 90-103°. Recrystallization
from benzene yielded 9.5 g. (49%) of white product, m.p.
104-106°; neut. equiv. calcd.: 191, found: 190.

(14) Boiling points and melting points are uncorrected.

(15) Microanalyses by Spang Microanalyt.ical Labora-
tory, Ann Arbor, Mich.

(16) Infrared spectra obtained from Xujol mulls or thin
films by means of a Rerkin-Elmer model 21 infrared spectro-
photometer.

VAUGHAN AM) SPENCER

VOL. 25

Anal. Calcd. for CIH,XO.,: C, 62.82; H, 4.75; X, 7.33.
Found: C, 62.89; H, 4.83; N, 7.31.

Treatment of the acid with ethereal diazomethane and,
after evaporation, hydrazine in ethanol gave the same
hydrazide (see below) as the original crude ester. The
identity of these two compounds was shown by undepressed
mixture melting point and superimposable infrared spectra.

5-Phenyl-2-isoxazoline-3-carboxylic acid hydrazide. The
hydrazide was prepared from the crude ester by reaction
with hydrazine in ethanol. The crude ester in ethanol, 1 g.
per 10 ml., was slowly added to a 10% ethanolic solution of
hydrazine with swirling and cooling in an ice bath. (One
milliliter of hydrazine was used per g. of ester.) After the
addition the solution was allowed to warm to room tem-
perature and filtered from an orange tar. Evaporation of
the alcohol left an orange semisolid which upon trituration
with water yielded the crude hydrazide, m.p. 107-114°.
Recrystallization from alcohol raised the melting point to
112.5-115.5°. When 17.0 g. of crude ester was used, 100
ml. of water was used for the trituration and 40 ml. of
alcohol for the recrystallization to give 10.0 g. (49% based
on ethyl ehlorooximinoacetate) of hydrazide, m.p. 113-
115°. The analytical sample was recrystallized twice from
water, m.p. 113.5-115.5°.

Anal. Calcd. for C,,H,X:,(V. C, 58.53; H, 5.40; X, 20.48.
Found: C, 58.33; H, 5.49; X, 20.57.

5-Phenyl-2-isoxazoline-3-carboxylic. acid azide. TO a solu-
tion of 50 ml. of acetone and 50 ml. of 10% hydrochloric acid
was added 3.0 g. (0.015 mole) of the above hydrazide. This
solution was cooled in an ice bath while a solution of 1.5
g. (0.022 mole) of sodium nitrite in 25 ml. of water was added
dropwise with stirring. An additional 50 ml. of water was
added to yield 2.8 g. (88%) of analytically pure shiny white
plates, m.p. 82-83° vigorous dec.

Anal. Calcd. for ClJoH8X® 2: C, 55.55; H, 3.73: X, 25.92.
Found: C, 55.62; H, 3.82: X, 25.96.

Ethyl 3-[5-phenyl-2-isoxazolinyl]carbamale. The above
azide was dissolved in ethanol, 1 g. per 100 ml., and the
solution refluxed for 2 hr. Evaporation of the alcohol left a
white solid. This was recrystallized from ethanol-water,
m.p. 123.5-127°. When 13 g. of azide was used 1.2 g.
(86%) of urethan was obtained. Two further recrystalliza-
tions from the same solvent pair gave the analytical sample,
m.p. 126.0-127.5°.

Anal. Calcd. for CuHnXoCh: C, 61.52; H, 6.02; X, 11.96.
Found: C, 61.67; H, 6.17; X, 11.93.

Hydrolysis of the urethan,. (2) In base: A solution of 1.9 g.
(0.0081 mole) of the urethan in 25 ml. of 10% sodium hy-
droxide was heated at 110° for 36 hr. The resulting mixture
was cooled and the precipitate collected and washed with
water. This was found to be 3-amino-5-phenyl-2-isoxazoline,
I, m.p. 128-132°; yield 0.75 g. (56%). This product has
an infrared spectrum identical with that obtained by direct
rearrangement of the azide (see below) and no depression
of melting point was obtained on mixing the two samples.

(b) In water: The urethan (100 mg., 0.00043 mole) was
refluxed in 25 ml. of water for 65 hr. The resulting solution
was filtered and concentrated to approximately 5 ml.
Cooling yielded 45 mg. (65%) of 3-amino-5-phenyl-2-
isoxazoline (I1), m.p. 125-133°, as shown by identical
infrared spectra and undepressed mixture melting point.

(c) In acid: The urethan (526 mg., 0.002 mole) was re-
fluxed in 25 ml. of 5% hydrochloric acid for 16 hr. Cooling
yielded 230 mg. (69%) of solid, m.p. 120-132°, which was
shown to be /rans-cinnamic acid by its neutral equivalent
(calcd., 148: found, 148) and its infrared spectrum and fail-
ure to depress the melting point of an authentic sample of
tran”-cinnamic acid.

S-Amino-5-phenyl-2-isoxazoline (I1). The above azide,
(3.5 g., 0.16 mole) was slowly added to a solution of 70 ml.
of trifhioroacetic acid and 17.5 ml. of water. The azide
dissolved during the addition and the resulting solution was
heated on a steam bath for 30 min. after the bubbling had
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ceased. Evaporation of the solvents left a waxy solid which
was dissolved in 50 ml. of 10% hydrochloric acid. The solu-
tion was filtered and made basic, with 25% sodium hy-
droxide. After cooling, the solid, m.p. 127-130°, was col-
lected, 2.2 g. (84%). An analytical sample was prepared by
recrystallization from benzene and twice from water, m.p.
129.5-131.5°, in which it is less soluble than in 5% hydro-
chloric acid.

Anal. Calcd. for CsHioX20: C, 06.65; H, 0.22; X, 17.27.
Found: C, 66.66; H, 6.40; X, 17.29.

Amine hydrochloride. The above amine (Il) (1.0 g,
0.0002 mole) was added to 25 ml. of absolute ethanol satu-
rated with hydrogen chloride. Tne amine dissolved slowly
and no amine salt precipitated upon standing. Evaporation
of the solvent left a white solid, m.p. 163-170° dec. The
melting point was very dependent on the rate of heating.
Recrystallization from methanol-ether gave an analytical
sample.

Anal. Calcd. for CHNN20CI: C, 54.41; H, 5.58; X, 14.11.
Found: C, 54.37; H, 5.57; N, 14.03.

The same amine hydrochloride as shown by identical
infrared spectra and undepressed mixture melting point was
obtained by dissolving the amine in ether, bubbling in hy-
drogen chloride, and collecting the precipitate.

Hydrolysis of the amine (I1). (@) In hydrochloric acid: The
amine was dissolved in 5% hydrochloric acid and heated on a
steam bath for 12 hr. Cooling yielded a solid, m.p. 120-132°
which had an infrared spectrum identical with frans-cinnamic
acid and showed no depression of melting point on mixing.

(b) I1n glacial acetic acid: The amine (300 mg.) was dis-
solved in 7.5 ml. of acetic acid and refluxed 24 hr. The solvent
was evaporated leaving a semisolid which was recrystallized
from water, m.p. 95-135°. Recrystallization from water
twice more gave an analytical sample of acetyl derivative,
m.p. 146.5-147.5°.

Anal. Calcd. for C,,Hi2X20 2: C, 64.69; H, 5.92; X, 13.72.
Found: C, 64.08; H, 6.01; N, 13.80.

(c) In 50% acetic acid: Refluxing the amine in 50%
acetic acid gave a mixture of starting material, trans-cin-
namic acid and the acetylation product obtained from glacial
acetic acid.

Attempted deamination of the amine (I1). () with nitrous
acid: The amine (162 mg., 0.0001 mole) was dissolved in 10
ml. of 0.1023.V hydrochloric acid by warming. The solution
was cooled in an ice bath and a solution of 69 mg. (0.001
mole) sodium nitrite in 5 ml. of water was added dropwise
with swirling and continued cooling. An orange oil sepa-
rated and was extracted with chloroform. The oil remaining
after evaporation of the chloroform could not be crystallized.
The same results were obtained when two and three times
the quantity of hydrochloric acid was used, when acetic acid
buffered with sodium acetate was used, and when the
sodium nitrite solution was added over a 2-day period. The
oil was insoluble in 5% sodium hydroxide. Its infrared spec-
trum had an adsorption band at 2150 cm.-1

(b) with nitrosyl chloride: The amine suspended in carbon
tetrachloride was treated with an equivalent amount of
nitrosyl chloride dissolved in the same solvent. The mixture
was warmed on a steam bath during which time an oil
separated. Evaporation of the solvent left the same oil as
above as shown by identity of infrared spectra. Treating the
amine dissolved in chloroform and cooled in an ice bath with
excess nitrosyl chloride solution gave the same results.

(c) with nitrogen tetroxide: A solution of 0.5 g. of nitro-
gen tetroxide in 20 ml. of carbon tetrachloride was cooled to
0°. Sodium acetate, 738 mg., and 486 mg. of amine were
added. After standing 30 min. the mixture was poured on ice
and the layers separated. The aqueous layer was extracted
with ether and the combined organic layers were evaporated
leaving the same oil as obtained with nitrous acid.

Xitrosafion of the urethan. The procedures of White1 for
the nitrosation of amides were, used.

(17) E. Il. White, /. Am. them. Hoc., 77, 0008 t 1955).

5-i*hk.\yl-2-isoxazolil e-3-carboxyhc acid
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(a) with nitrogen tetroxide: Using nitrogen tetroxide, so-
dium acetate, and urethan, 702 mg., nothing but unchanged
urethan could be obtained.

(b) with acetic anhydride, acetic acid, and sodium nitrite:
Using 1.17 g. of urethan, 5 ml. of acetic acid, 25 ml. of acetic
anhydride, and 7.5 g. of sodium nitrite gave a mixture of
starting material and the same oil that was obtained by the
nitrosation of the amine (11) as indicated by the infrared
spectrum.

Reaction of amine (Il) with hydrazine in acetic acid. The
solution formed by adding 2.0 ml. of hydrazine to a solution
of 2.0 g. of Il in 20 ml. of acetic acid was allowed to stand
48 hr. The solution developed a slight yellow color after
approximately half this time. The solvent was evaporated
leaving an orange colored semisolid. This was treated with
20 ml. of 10% hydrochloric acid. The orange precipitate
which formed was collected and washed with 10% hydro-
chloric acid. Trituration of this orange solid with benzene
gave 0.6 g. of white solid, m.p. 152-155° dec. with great de-
pendence on rate of heating. It was insoluble in sodium
hydroxide as well as hydrochloric acid, but was not further
identified.

The aqueous acid filtrate from above was made neutral
with 10% sodium hydroxide. This yielded a light tan solid
which was recrystallized from water. It was then heated in
ca. 00 ml. of benzene and the mixture was cooled. This
yielded 0.5 g. of white solid, m.p. 145-150°. It was found
to be soluble in both 5% hydrochloric acid and 5% sodium
hydroxide, but insoluble in sodium bicarbonate. An analyti-
cal sample, m.p. 155-157°, was prepared by recrystallization
from benzene.

Anal. Calcd. for C,iH13X®2: C, 00.26: H, 5.98: X, 19.15.
Found: C, 60.49; H, 5.93; X, 19.40.

5-Phenylisoxazole-3-carboxylic acid. 5-Phenyl-2-isoxazo-
line-3-carboxylic acid (1) was oxidized with permanganate
to the corresponding aromatic isoxazole. To a solution of
4 ml. of coned, sulfuric acid in 40 ml. of water was added
19 g (0.01 mole) of 5-phenyl-2-isoxazoline-3-carboxylic
acid (1). With mechanical stirring 3.0 g. (0.02 mole) of po-
tassium permanganate was added in small portions. After
the addition 4 g. of sodium bisulfite was added to reduce
any manganese dioxide formed. The mixture was cooled in
an ice bath and yielded 1.0 g. of light tan solid. This was
recrystallized from benzene to give 0.8 g. (43%) of white
solid, m.p. 153-161° dec. The analytical sample was pre-
pared by recrystallization from water andaga in from ben-
zene, 156-161° dec. The reportedsm.p. is 162°. Xeut. equiv.:
Calcd., 189. Found, 191.

Anal. Calcd. for C,,H,0,X: C, 63.49; H, 3.73; X, 7.4l
Found: C, 63.52; H, 3.65; N, 7.51.

Decyclization of 5-phenyl-2-Uoxazoline-3-carboxylic acid
(). 5-Phenyl-2-isoxazoline-3-carboxylic acid (100 mg.) was
dissolved in 1 ml. of coned, sulfuric acid. After standing 24
hr. the solution was poured onto 5 g. of ice to yield 100 mg.
of slightly yellow solid, m.p. 125-135° dec. Recrystallization
from ethanol-water gave 65 mg. of white solid, m.p. 156-
158° dec. There was no depression of the melting point when
mixed with a sample of benzylidenepyruvic acid oxime'
and the two samples had identical infrared spectra.

Dimethyl-3-[5-phenyl-2-isoxazoline]-meihanol. Methylmag-
nesium iodide was prepared from 2.4 g. (0.1 g.-atom) of
magnesium and 14.1 g. (0.1 mole) of methyl iodide, and a
solution of 5.5 g. (0.025 mole) of ethyl 5-phenyl-2-isoxazo-
line-3-oarboxylate in 100 ml. of ether was added in small
portions, the reaction heing allowed to subside after each
addition. A brownish oil separated and the mixture was
stirred an additional hour.

The complex was decomposed with saturated ammonium
chloride, approximately 15 ml. being required. With con-
tinued stirring the ammonium chloride solution was added
dropwise at such a rate as to maintain reflux and in amount,
necessary to change the cloudy mixture to a clear solution
with precipitated solid. The ether layer was decanted and
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the ether evaporated leaving an oil which solidified on pro-
longed cooling. Recrystallization from a small quantity of
carbon tetrachloride gave 2.4 g. (46%) o: white solid, m.p.
58-60°. Further recrystallizations from the same solvent
gave an analytical sample, m.p. 59-61°.

Anal. Calcd. for C,H1BX02 C, 70.22; H, 7.37; N, 6.82.
Found: C, 70.29; H, 7.38; N, 6.93.

Methyl styrylcarbamate. Methyl styrylcarbamate was pre-
pared by a Hofmann rearrangement on cinnamamide ac-
cording to the procedure of Weermann.i8

Methyl 5—[3—carbeih0xy-4-'phenyI-Z—isoxazoIinyl}c‘irbamate.
A solution of 17.7 g. (0.10 mole) of methyl styrylcarbamate
in 400 ml. of ether was added to a solution of 18.2 g. (0.12
mole) of ethyl chlorooximinoacetate7 in 100 ml. of ether.
With vigorous mechanical stirring 12.7 g. (0.12 mole) of
sodium carbonate in 180 ml. of water was added dropwise
over a 7-hr. period at room temperature. After the addition
the mixture was stirred an additional hour. The layers were
separated; the ether layer was washed with water and dried
over magnesium sulfate. Filtration and evaporation of the
ether left a semisolid residue, 31 g. The ester was not puri-
fied but converted directly to the hvdrazide.

Methyl 5-[3-hydrazido-4-phenyl-2-isoxazolinyl] carbamate
(V). The above 31 g. of crude ester in 250 ml. of ethanol was
slowly added to a solution of 25 ml. of hydrazine in 250 ml.
of ethanol cooled in an ice bath. After the addition the solu-
tion was allowed to warm to room temperature over a 30-
min. period. The solution was filtered from the reddish
solid and tars and the solvent evaporated, leaving a solid.

The residual solid was dissolved in 100 ml. of chloroform
and extracted with 100 ml. of 5% hydrochloric acid. The
acid extract was washed twice with 50 ml. of chloroform,
partially neutralized with 50 ml. of 10% sodium hydroxide,
and made basic with 50 ml. of 5% sodium bicarbonate.
This yielded, after cooling, 13 g. [47% based on methyl

(18) R. A. Weerman, Ann., 401, 1 (1913).
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styrylcarbamate] of light tan solid, m.p. 127-137° si. dec.
Two recrj'stallizations from methanol only raised the melt-
ing point slightly, 130-140° si. dec. Further recrystalli-
zations from methanol-water did not raise the melting point
further.

Anal. Calcd. for C1H,aX041/2HD: C, 50.18; 11, 5.25;
X, 19.49. Found: C, 50.27, 50.17; H, 5.22, 5.29; N, 19.48,
19.59.

The analytical sample was recrystallized from benzene-
cyclohexane and dried at 0.03 mm. for 48 hr. without change.
However, drying at 100° and atmospheric pressure removed
t-ho water

Anal. Calcd. for C,2H,4X0 4: C, 51.79; H, 5.07; X, 20.14.
Found: C, 51.73; H, 5.07; N, 20.11.

Methyl G-[3-carbazido-4-phenyl-2-isoxazolinyl]carbamale.
A solution of 0.50 g. (0.0072 mole) of sodium nitrite was
added dropwise to a solution of 1.0 g. (0.0036 mole) of the
above hydrazide (IV) in 50 ml. of 5% hydrochloric arid
cooled in an ice bath. This yielded 0.94 g. (90%) of white
solid, m.p. 115° vigorous dec.

A sample for analysis was prepared by dissolving in
ethanol, filtering and reprecipitating with water, m.p.
120° vigorous dec.

Anal. Calcd. for Ci2H,,N9D 4 C, 49.83; H, 3.83; N, 24.21.
Found: C, 50.10; H, 4.16; N, 24.11.

Ethyl methyl 8,5-[4-phenyl-2-isoxazolinyl\dicarhamatc. The
above azide (0.90 g., 0.0030 mole) was dissolved in 50 ml. of
ethanol and the solution refluxed for 30 min. The solution
was decolorized with Norit and evaporated to dryness.
The residue was triturated with a very small amount of
ether to give 0.60 g. (65%) of white solid, m.p. 173-183°.
Recrystallization from ethanol-water gave an analytical
sample, m.p. 183-187°.

Anal. Calcd. for CuH,, N0 5 C, 54.72; 1, 5.58; X, 13.68.
Found: C, 54.68; H, 5.59; X, 13.82.

Ann Arbor, Mich.
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Methods suitable for the synthesis of a,o:'-dialkylthiodiacetamic acids including those with unlike radicals and their
conversion to 2,6-dialkyl-3,5-thiomorphohnediones are described. The diacetamic acids could be separated into racemates
but attempts to resolve the racemates to their optical isomers were unsuccessful. In the synthesis of 2,2-dialkyl-3-thiomor-
pholones by a previously unreported process, the intermediate dialkyl(2-aminoethylmercapto)acetic acids were isolated.

Previous workers have reported the synthesis
of unsubstituted 3,5-thiomorpholinedione,2 sym-
metrical 2,6-di- and 2,2,6,6-tetrasubstituted ana-
logs,34unsymmetrical 2,2-disubstitated analogs4-7

(1) Based on the Ph.D. thesis of Richard X. Macnair.

(2) Schulze, zeitschriftfur Chemie, 2, 182 (1866), through
Bcilstein’s Handbuch der Organischen Chemie, cd. 4, von
Julius Springer, Berlin, 1921, Vol. 27, p. 249.

(3) P. R. Rasanen and G. L. Jenkins, J. Am. Pharm.
Assoc., 38,599 (1949).

(4) C. Barkenbus and P. Panzera, J. Org. Chem., 20,
237(1955).

(5) G. S. Skinner and J. B. Bicking, J.
76,2776(1954).

(6) J. R. Lovett, M.S. thesis, University of Delaware,
1955.

Am. Chem. Soc.,

and unsymmetrical 2,2,6-trisubstituted analogs.78

The present series of 2,6-disubstituted 3,5-thio-
morpholinediones was prepared by the scheme
outlined in Fig. 1, which is equally well suited for
the synthesis of compounds with unlike radicals.

5-Monoalkyl-2-imino-thiazolidinones (Series 1)
were prepared in yields of 80-90% which is about
twice that obtained for the geminal dialkyl com-
pounds. One previously unreported member of
Series 1, 5-(2-secpentyl)-2-imino-4-thiazolidinone,
was prepared from its hydrobromide salt and hy-
drolyzed to its 2-keto derivative.

(7) J. R. Lovett, Ph.D. thesis, University of Delaware,
1957.

(8) G. S. Skinner and J. S. Elmslie, 3. org. Chem., 24,
1702(1959).
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CONHj
RHC (fHR'
|
COOH CON H»
Series 111

R is alkyl or aryl; R is alkyl

Kig. 1. Preparation of 2,6-disubstituted 3,5-thiomorpholine-
diones

Compounds of Series | were hydrolyzed in dilute
sodium hydroxide to obtain the monosubstituted
mercaptoacetic acids (Series 11) in virtually 100%
yield. Neither unchanged starting material nor
products of partial hydrolysis were recovered.
This is in direct contrast to the behavior of geminal
disubstituted derivatives which gave mixtures of
mercapto acid, mercapto amide, thiazolidinedione
and unreacted iminothiazolidinone. The acids of
Series |1 were very susceptible to oxidation in
contrast to the disubstituted mercaptoacetic acids
and amides which were readily distilled under
diminished pressure. The special precaution of
hydrolysis and extraction in a nitrogen atmosphere
had to be adopted and purification at this stage
was abandoned.

Substituted thiodiaeetamic acids (Series Ill,
Table 1) were prepared by the action of an a-
bromoamide with an alkylmercaptoacetic acid in
ether solution in the presence of alcoholic sodium
ethoxide under nitrogen. Series 111 compounds,
having two asymmetric centers, may exist in stereo-
isomeric forms. Separation of these into what
appeared to be and what we shall refer to as two
racemates (A and B) was accomplished by frac-
tional recrystallization in all cases except Il11-4
I11-5, and [lI-7. Each pair of racemates gave
identical analyses. The 2-sec-pentvl group in Il1-4
and IlI-5 provides an additional asymmetric
center causing four possible racemates. Only one
of these racemates was obtained pure in each case
but a residue of each which melted over a range was
analyzed showing identical composition to the re-
spective pure racemate. No second form of 111-7
was observed.

2,6-disubstituted 3,5-thiomorpholixediones
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2,6-Disubstituted 3,5-thiomorpholinediones (Se-
ries 1V, Table 11) were obtained by refluxing the cor-
responding thiodiaeetamic acids of Series 111 with
acetic anhydride. Where two asymmetric centers
exist in the molecule, only one pure crystalline
form was isolated. Where three asymmetric centers
exist, one being in the side chain as in IV-4 and 1V-5.
two pure crystalline forms were obtained.

Representative members of Series 111 and 1V
were shown to have no optical activity, as expected.
The infrared spectra of the amic acids including all
of the isomeric pairs showed characteristic absorp-
tion bands for OH at 2.9-3.0, NH at 3.05-3.15,
CH at 3.3-3.5, COOH carbonyl at 5.85-5.95 and
CONHo carbonyl at 6.1-6.2 p. The absorption
curve of the isomeric amic acid A and B pairs
between 6.2 and 16 p were largely different. Both
pure 111 A and 11l B forms and mixtures thereof
were used to prepare Series IV compounds but only
one form was obtained as stated above.

The infrared spectra of the thiomorpholinediones
including the isomeric pairs of IV-4 and IV-5
showed characteristic absorption bands for NH at
3.1 CIlI at 34, and CONHR carbonyl at 5.8-
6.1 p. The absorption curve of the isomeric thio-
morpholinedione A and B pairs between 6.2 and
16 p were also largely different.

.V-Methyl-2,6-disubstituted 3,5-thiomorpholine-
diones (Series 1* Table I1) were prepared by modi-
fication of the method of Ixnidon and Ogg for acyclic
and cyclic amides.9 The most important modi-
fications were a decrease in the reaction temperature
to room temperature and a decrease of methyl
iodide to an equimolecular amount. Proof that the
nitrogen was methylated lay in the absence of the
NH band at 3.1 p.

3-Thiomorpholone has been prepared unsubsti-
tutedD and substituted’? in various positions
including 2-, 4-, 5- and 6-. The 3-thiomorpholones
(Series VI, Table Ill) prepared in this work were
2,2-disubstituted. Both 2,2-diethyl- and 2-n-butyl-
2-ethvl-3-thiomorpholone have been prepared pre-
viously, the former by Goldberg and I-ehrlland the
latter by Gabbert.22 Goldberg and Lehr treated
ethyleneimine with the ethyl ester of mercapto-
diethylacet.ic acid and heated the product to close
the ring. Gabbert heated the product from n-
butylethylmercaptoaretic acid and 2-bromoethvl-
amine hydrobromide. The latter method was re-
peated successfully for 2-n-butyl-2-ethyl-3-thio-
morpholone (VII-1V). This method also proved
successful in the preparation of 2.2-diethyl-3-
thiomorpholone (VI1-2) so the procedure may very
well be a general one for all compounds of this type.
Another method was developed for the prepara-

(9) J. D. Loudon and J. Ogg, J. Chem. Soc., 739 (1955).

(10) Herbert Bestian, Ann., 566, 210 (1950).

(11j Moses Wolf Goldberg and Hanna H. Lehr, U. S.
Patent 421,680, April 7, 1954.

(12) J. D. Gabbert, M.S. thesis, University of Delaware,
1956.
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TABLE |

2,6-Disubstituted T hiodiacetamic A cids

S

[\
RCH CHR'

| |
coxh conh?2

H N
No.“ R R' M.P.,° Caled. Founds Caled. Found Caled. Found Solvent
II-IA  cxhe ch3 144 43.96 44.18 6.85 6.62 7.32 7.31 Nitromethane
I1-IB  cxhs ch3 101-102 43.96 44.20 6.85 7.18 7.32 7.23 n-Hexane
I11-2A  n-CHo9 ch3 143-144 49.29  49.15 7.81 7.94 6.38 6.40e Ethanol/water (1:1)
111-2B n-CH9 ch3 82-83 49.29 49.52 7.81 7.90 6.38 6.254 Cyclohexane
1-3A  n-GHo ch5 151-152 51.48 51.13 8.21 8.04 6.00 5.96 Ethanol/water (1:1)
111-3B n-CHo chs5 95-96 51.48 52.03 8.21 8.32 6.00 5.94 Cyclohexane

I11-4A  2-sec-CsHn  ch3  162-163 51.48 5151 8.21 8.16 6.00 5.96 Ethanol/water (1:1)
111-4B  2-sec-CHn chs 88-94 51.48 51.61 8.21 8.49 6.00 5.88e n-Hexane
II-5A  2-sec-CsHu  czh5 144-145 53.41 53.54 8.56 8.44 5.66 5.62 Ethanol/water (1:1)
111-5B  2-sec-C6Hn CHs  83-88 53.41 53.54 8.56 8.98 5.66 5.70 n-Hexane

I11-6A  cé5 chs 182-183 56.90 56.90 5.97 6.20 — — Ethanol
I11-eB C.Hs ch5 153-154 56.90 56.96 5.97 6.31 5.53 5.40 Acetone
-7 CeHs ch3 160-161 55.21 55.56 5.48 5.47 5.85 5.95 Isopropyl alcohol

a The letters A and B designate racemates of the same composition. 6 These and all subsequent analyses were performed
by Sharp and Dohme Division of Merck, Inc. S Caled. 14.62; found 14.49. d S Caled. 14.62, found 14.81.e S Caled. 13.74,
found 13.54.

TABLE 11
2,6-Disubstituted and 2,4,6-Trisdbstitdted 3,5-Thiomorpholinediones
S
[\
RCH CHR'
(0] ¢ 0
\
N
|
R”
or
B.P > Yield,
No. R R, R’ (mm.) 9%  Caled. Found Caled. Found Caled. Found Solvent
IV-1 caxns ch3 h 97-98 81 48.53 48.34 6.40 6.27 8.08 8.05 Isopropyl alcohol
V-2 n-C4Ho ch3 h 85-86 88.4 53.70 53.66 751 7.46 6.96 6.89 n-Hexane distilled
117/0.25
V-3 n-CiH 3 chs5 h 93-94 49 55.78 55.49 7.96 7.92 6.50 6.48 Isopropyl alcohol
IV-4A 2-sec-CHn ch3 h 100-101  68.5* 55.78 55.78 7.96 8.31 6.50 6.29 n-Hexane
IV-4B  2-sec-CHn <ch3 h 109-111
(0.15) 55.78 55.54 7.96 8.16 6.50 6.36 Distilled
IV-5A 2-sec-CiHh CXMHa H 120-121 63 66 57.61 5751 8.35 8.60 6.10 6.08 n-Hexane
IV-5B 2-sec-CHn CHS H 116(0.14) 57.61 57.49 8.35 8.58 6.10 6.09 Distilled
IV-5C 2-sec-Cllii  CH6 h 94-95 57.61 57.73 8.35 8.78 6.10 5.97 n-Hexane
V-6 ch6 ché h 123-124 78 3 61.25 61.21 557 5.69 595 5.88 Ethanol
V-7 CaHa ch3 h 114-115 658 59.71 59.89 501 5.17 6.33 6.34 Isopropyl alcohol
V-I n-C4Ho ch5 ch3 101-102"
(0.23) 57.61 57.35 8.35 8.93 6.10 5.85 Distilled
V-2 CaHa ch5 ch3 129-13V

(0.10) 753 6262 61.87 6.06 6.14 5.62 5.61 Distilled
0 Includes A and B.6 Includes A, B, and C.cn2 1.4990.d n™ 1.5666.

tion of Series VII compounds which consisted in intermediate dialkyl (2-aminoethylmercapto) acetic
treating a mercaptoacetamide with 2-bromoethyl- acids (Series V1) were isolated.

amine hydrobromide and subsequently pyrolyzing Pharmacological screening tests performed on
the intermediate amino amide. 2-n-Butyl-2-ethyl- members of Series IV, V, and VII showed no
3-thiomorpholone (VII-1Z) was prepared in this promise of anticonvulsant activity.13 Thus it ap-
manner and was identical with VII-1Y by com-

parison of boiling points, refractive indices, and (13)  These tests were performed by Sharp and Dohme
infrared spectra. The previously uncharacterized Division of Merck, Inc., West Point, Pa.
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2,6-disubstituted 3,5-thiomorpholinediones 1167

TABLE Il

2,2-Dialkyl 3-Thiomorpholones

S
!\
REC CHo
0 i éh2
H
M.P., ° or
No. R R’ B.P., °/mm. n D Yield, %
VII-1Y 71-CaH o C2H5 143/0.85 1.5148" 78.4
VTI-1Z 71-O4l 19 chsb 143-145/1.1 1.5138* 60.1
VIl-2 ch 6 c2h5 57-586¢ 60.0

“J D Gabbert, M.S. thesis, University of Delaware, 1956; found b.p. 155°/5.5 mm., n™ 1.5148. 6 M. W. Goldberg and
H. H. Lehr, U. S. Patent 421,680.c C8i6NOS: C, 55.47; H, 8.73; N, 8.09; S, 18.51. Found: C, 55.62; H, 8.48; N, 8.01, 8.03'

S, 18.46.

pears that the same groups in the 2,6- positions are
less effective than they are in the 2,2- position.
In addition to this comparison it is interesting to
note that where the same two groups are concerned,
geminally substituted 3,5-thiomorpholinediones
melt lower than their 2,6-disubstituted analogs.s7

EXPERIMENTAL

5-(2-sec-Pentyl)-2-imino-4-ihiazolidinone hydrobromide.
This compound separated in a crude yield of 46.8% by
application of the procedure previously used for the prepara-
tion of 5,5-dialkyl-2-imino-4-thiazolidines.8 It was washed
with ether and recrystallized from isopropyl alcohol, m.p.

was placed in a three necked flask through which nitrogen
was passed continuously. To this was added 0.2 mole of an
af-bromoamide. The mixture was stirred while a dry sodium
ethoxide solution containing 9.2 g. (0.40 mole) of sodium
in 160 cc. of absolute ethanol was added dropwise during
approximately 1 hr. The mixture was transferred to a beaker
and the solvent allowed to evaporate to about 1/8 its vol-
ume. The residue was diluted with up to 500 cc. of water
and acidified stepwise with coned, hydrochloric acid. The
precipitated fractions were filtered and dried under vacuum
to constant weight. The yields in these preparations ranged
from 74-100% before separation into racemates.
Separation of series 11l compounds into racemates. In gen-
eral, two or more fractions of impure product were obtained
from the above preparation. The mixtures were fractionally
recrystallized from appropriate solvent pairs which are noted

211-212°. . )
i in Table I. Two racemates, A and B, were obtained. The
Anal. Calcd. for C&8HisBrN2S: C, 35.96; H, 5.65; Br, . . . . .
higher melting A was obtained first from one solvent. This

29.91; N, 10.48. Found: C, 35.96; H, 5.65; Br, 29.58; N, R
10.41 solvent was then removed from the mother liquor and a

5-{2-sec-Pentyl)-2-imino-4-thuizolidinone. This substance
was prepared by dissolving 2 g. of the hydrobromide salt in
an excess of hot water and treating this solution immedi-
ately with an excess of solid sodium bicarbonate. The
product precipitated quantitatively and was recrystallized
from ethyl alcohol, m.p. 202-203°.

Anal. Calcd. for CsH ,N20S: C, 51.61; H, 7.58; N, 15.04.
Found: C, 52.00; H, 7.50; N, 15.31.

0-(2-sec-Pentyl)-2,4-thiazolidinedione. This product was
prepared by refluxing 5.0 g. (0.027 mole) of the above hydro-
bromide with 48 cc. of 2N hydrochloride acid for 8 hr. The
insoluble oil was extracted with ether and this solution
was washed with water and saturated sodium bicarbonate
solution. The ether was evaporated to yield 2.7 g. (54%)
of an oil which was distilled under diminished pressure to
give 1.6 g. of a liquid, b.p. 103°/'0.15 mm., n25 1.5155.

Anal. Calcd. for C8H 1N 02S: C, 51.32; H, 6.99; N, 7.48.
Found: C, 51.34; H, 7.10; N, 7.35.

Mercaptoacetic adds of series Il. A substituted 2-imino-
4-thiazolidinone, 0.2 mole, in a stainless steel flask with a
10% solution containing 0.9 mole of sodium hydroxide was
refluxed for at least 1 hr. while nitrogen was passed through
the vessel. The product was obtained quantitatively by
acidification of the mixture with coned, hydrochloric acid
followed by ether extraction. No bicarbonate-insoluble
products were obtained. A nitrogen atmosphere was main-
tained as much as possible during the acidification and ether
extraction and the ether solution of the product was con-
tinuously bathed with nitrogen while being dried over
magnesium sulfate before use.

Substituted thiodiacetamic acids of series I1l1. A freshly pre-
pared mercaptoacetic acid, 0.2 mole, in a dry ether solution

second solvent was used on the residue to obtain the lower
melting B. This procedure was repeated with alternation of
the solvents until the separation was effected.

2,6-Disubstituted 3,5-thiomorpholinediones of series 1V.
These were prepared by refluxing 0.02 mole of a Series |11
amic acid with 60 cc. (64.8 g.) of freshly distilled acetic
anhydride for 45 min. The product was precipitated by de-
composing the excess acetic anhydride in iced water. The
mixture was diluted with water as necessary to precipitate
the product completely. If the product was crystalline, it
was filtered. If it was oily, the acid was neutralized with
solid sodium bicarbonate and the product was extracted
with ether. The average yield of crude product was 74%.
Purification was effected by recrystallization from the sol-
vent stated in Table Il or by distillation.

In two specific examples of this procedure using pure amic
acids I11-3A, m.p. 151-152°, and I11-3B, m.p. 95-96°, a
single 3,5-thiomcrpholinedione (1V-3) was obtained, m.p.
93-94°, and a mixture of the product from III-3A with
that from 111-3B also melted at 93-94°.

Racemates of 1V-4. Separation was effected by first re-
crystallizing 20.6 g. of the crude product from «-hexane to
give 0.45 g. of a solid which was recrystallized once more to
yield a small amount of solid, m.p. 100-101° (IV-4A).
The residue was an oil which was distilled under diminished
pressure, b.p. 109-111°/0.15 mm., n23 1.5143 (I1V-4B).
This oil solidified while standing for a month.

Racemates of IV-5. Separation was effected by first re-
crystallizing 32.7 g. of crude material above from n-hexane
yielding 2.5 g. cf a solid which was recrystallized several
times from 150-cc. portions of n-hexane, to give 1.25 g. of
white plates, m.p. 120-121° (1V-5A). The oily residue (30.2



1168 BARBER, PETERSON

g.) was distilled under diminished pressure into fractions
which completely solidified within a few days. The
purest fractions were redistilled, b.p. 116°/0.74 mm.,

15101, (IV-5B) which resolidified. A representative
portion of the solidified product, 4.3 g., was readily soluble
in warm ra-hexane and was purified by fractional precipita-
tion of high melting material by cooling until the melting
point range narrowed to 1°. At this point it was recrystal-
lized once to yield 0.15 g. of a white solid, m.p. 94-95°
(IV-5C). Infrared spectra indicated that the liquid, B,
was probably a mixture of the two solids, A and C. IV-5C
was thought to predominate in this mixture due to the solu-
bility difference in «-hexane between IY-5A and 1Y-5C
anti the solubility similarity in «-hexane between 1Y-5B
and IV-5C.

X-Methyl-2,6-disubstituted 3,5-thiomorpf.olinediones. Series
V). These were most conveniently prepared by treating 0.02
mole of the corresponding Series 1V th:omorpholinedione
with 0.05 mole (2.8 g.) of potassium hydroxide in 90 cc. of
acetone while stirring at 0°. To this was added 1.25 cc. (2.84
g., 0.02 mole) of methyl iodide. The stirred mixture was
allowed to warm to room temperature. After 1 hr. the liquid
was decanted from the solid and the acetone was evapo-
rated. The residue was diluted with water and the oil was
extracted with ether yielding 2.0 g. of the cyclic imide
after evaporation of the ether. This oil was insoluble in
sodium bicarbonate solution.

The aqueous solution from above was acidified with coned,
hydrochloric acid and the oil thus precipitated was extracted
with ether and washed with sodium bicarbonate solution.
This aqueous solution was washed with ether and then
acidified to reprecipitate the oil which was extracted once
more with ether, 4.7 g. after the ether was removed. Dis-
tillation of this acid portion under diminished pressure gave
the identical cyclic imide.

n-Butylethyl{2-aininoethylmercapto)acetic acid (YI-2). This
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compound was prepared from 8.28 g. (0.047 mole) of n-
butylethylmercaptoacetic acid dissolved in a cold 10%
solution containing an equimolecular amount of sodium
hydroxide (1.88 g., 0.047 mole). To this cold solution were
added simultaneously an aqueous solution of 9.6 g. (0.047
mole) of 2-bromoethylamine hydrobromide and a 10%
solution containing 3.76 g. (0.047 mole) of sodium hydroxide.
The addition took place during a period of 45 min. with
constant stirring which was continued for 1 hr. The solution
was neutralized with glacial acetic acid and evaporated
under diminished pressure to precipitate 7.6 g. (73.8%) of a
crystalline product which was recrystallized from a 1/1
mixture of ethanol and water, m.p. 180-181° dec.

Anal. Calcd. for CidHaN02S: C, 54.76; H, 9.65; X, 6.38.
Found: C, 54.75: H, 9.43; X, 6.34.

Diethyl(2-aminoethylmercapio)acetic acid (VI-1). This was
prepared similarly in a 97.7% yield and was recrystallized
from 95% ethanol, m.p. 233-234° dec.

Anal. Calcd. for CHi,NOXS: C, 50.22; H, 8.96; N, 7.32.
Found: C, 50.17; H, 9.10; N, 7.23.

2-n-Butyl-2-ethyl- and 2,2-diethyl-3-thiomorpholone (VII-
1Y and VII-2). These were prepared from 2-bromoethyl-
amine hvdrobromidel2 with the results as shewn in Table
1.

2-n-Butyl-2-ethyl-3-thiomorpholone (VII1-2Z). In a manner
similar to that described above, 5.19 g. (0.029 mole) of n-
butylethylmercaptoacetamide was treated with 6.0 g.
(0.029 mole) of 2-bromoethylamine hvdrobromide. The
reaction mixture was made strongly basic with sodium hy-
droxide to precipitate the product which acted like an ex-
tremely deliquescent solid and was not purified but was
immediately pvrolyzed to produce 3.58 g. (60.1%) of VII-
1Z which was redistilled, b.p. 143-145°/1.1 mm., nZ 1.5138.
Infrared spectra showed this to be identical with VII-1Y.

New7ark, Del.

[Contribution from the Division of Steroid Research, The John Herr Musser Department of Research Medicine,
University of Pennsylvania, and the Research Laboratories, The Upjohn CO.]
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By the action of the fungus Cunninghaniella blakesleeana, 19-hydroxycortexone (11) has been converted into a crystalline
compound interpreted to be 19-hydroxycorticosterone (111). Contrary to expectations, acetylation of I11 gave a mixture of
products, from which as main component the crystalline 11/3,19,21-triacetate (V1 B) was isolated. Benzoylation of 11 gave
the crystalline 19,21-dibenzoate (V). 111 possesses little, if any, glucocorticoid activity and is devoid of mineralocorticoid
action. Although there appears to be no doubt that 111 and its benzoylation product are identical with compounds described
in the literature.9discrepancies exist regarding the acetylation and the physiological activity7of I1I.

The syntheses of 19-hydroxy analogs of a number
of steroid hormones were done at the University
of Pennsylvania.sdd The preparation of 19-

(1) This investigation was supported by research grants
(C757-C3, C757-C4, CY757-C5, and CY757-C6) from the
National Cancer Institute of the National Institutes of
Health, Public Health Service. A part of the K-Strophanthin
used in this investigation was kindly donated by S. B. Penick
& Co., New7York, N. Y.

(2) The findings of this paper were presented on Sep-
tember 5, 1958, at the 4th International Congress of Bio-
chemistry in Vienna \cf. Maximilian Ehrenstein: Biochem-
istry7 of the Corticoids, Proceedings of the Fourth Inter-
national Congress of Biochemistry7, Vol. 4 [Sy'mposium:
Biochemistry7of Steroids], Pergamon Press, p. 259 (1959)].

hydroxycortcxonesze (I1) coincided with the eluci-
dation of the structure of aldosterone by the com-
bined efforts of a Swiss-British team.7 |1 was subse-
quently found to occur in adrenal tissue.ss We
immediately considered it desirable to synthesize

(3) University of Pennsylvania.

(4) The Upjohn Co.

(5) (a) G. W. Barber and M. Ehrenstein, J. .4%. Chem.
soc., 76, 2026 (1954); G. W. Barber and M. Ehrenstein,
J. Oorg. Chem., 19, 1758 (1954). (b) M. Ehrenstein and M.
Diinnenberger, J. Org. Chem., 21, 774 (1956). (c) M. Ehren-
stoin and M. Dinnenberger, J. Org. Chem., 21, 783 (1956)
(dl M. Ehrenstein and K. Otto, J. org. chem., 24, 2006
(1959).
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R. Neher and A Wettstein ,

L 19,21-DIBENZOATE (analyzed)
(mp 177-182°; A°1C 231 mp, £38,900 )

a structural isomer of aldosterone in which carbon
atom 19 rather than carbon atom 18 is linked with
carbon atom 11 by way of a hemiacetal bridge.
As the first step in this direction, we aimed at
preparing 19-hydroxycorticosterone (Il1).

The microbiological hydroxylationo of 19
hydroxycortexone (1) appeared to us as the method
of choice. The microbiological procedure was car-

16) In agreement with the projiosals of Fieser, the pre-
vious name 19-hydroxy-ll-desoxycorticosterone is replaced
by 19-hvdroxycortexone. cf. “Steroids” by Louis F. Fieser
and Mary Fieser, Reinhold Publishing Corp., New York,
N. Y., 1959; see pp. 602, 706.

(7) S. A. Simpson, J. F. Tait, A. Wettstein, R. Neher,
J. v. Euw, O. Schindler, and T. Reichstein, Helv. Chim.
Acta, 37, 1200(1954).

(8) V. R. Mattox, Proe. Staff Meetings Mayo Clinic,
30,180(1955).

(9) R. Neherand A. Wettstein, Helv. Chim. Acta, 39, 2062
(1956).

(10) For the pertinent literature cf. the following reviews:
(a) A. Wettstein: Conversion of Steroids by Microorganisms,
Experientia, 11, 465-479 (1955). (b) S. H. Eppstein, P. D.
Meister, H. C. Murray, and D. H. Peterson: Microbiological
Transformations of Steroids and Their Applications to the
Synthesis of Hormones, vitamins and Hormones, 14, 359-
432, Academic Press, New York (1956). (c) D. H. Peterson:
Microbiological Transformation of Steroids and Their
Application to the Synthesis of Hormones, Proceedings of
the Fourth International Congress of Biochemistry, Vol.
4 [Symposium: Biochemistry of Steroids], Pergamon Press,
83-119(1959).
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39, 2062 (1956).

ried out in the Research Laboratories of the Up-
john Co., whereas the isolation and identification
of the reaction product were done at the University
of Pennsylvania. Hydroxylation of 11 was achieved
by applying the fungus Cunninghamella blake-
sleeana Lendner which is known to hydroxylate in
the lid- position.a In two out of three major
experiments, using in each case as starting material
several hundred milligrams of 11, we were able to
secure a yield of 25-30% of a hydroxylation product
which crystallized after repeated chromatography.
In the third fermentation experiment, for un-
explained reasons neither the starting material
nor a conversion product could be isolated. In this
instance, apparently extensive enzymatic degrada-
tion took place which was perhaps facilitated by
the presence cf the 19-hydroxyl group. Obviously,
the conditions for the microbiological hydroxyla-
tion of Il have to be studied further..2 On the basis
of the analysis and also in view of the molecular
rotation,13 the crystalline reaction product was
tentatively assigned the structure of 19-hydroxy-

(11) For specific literature, Cf. references: 10a, pp. 474,
475; 10b, p. 390; 10c, p. 87.

(12) The 21-monoacetate of Il1% was screened with
Cunninghamella blakesleeana. The reaction product con-
tained only traces of steroidal material (papergram analy-
sis). In the same fashion, discouraging results were obtained
on screening It-oxocortexone.23
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corticosterone (I11). The infrared spectrum, de-
termined in March 1955 in the laboratory of
Dr. T. F. Gallagher at the Sloan-Kettering Institute
for Cancer Research, was in agreement with this
assumption. Acetylation yielded an amorphous
product which initially resisted all attempts at
crystallization, even after repeated column chroma-
tography. The analysis of the chromatographed,
set amorphous material was in good agreement
with a triacetate. This was difficult to explain in
view of the normally unreactive 11g-hydroxyl
group. On the other hand, the infrared spectrum
showed hydroxyl absorption. Paper chromatog-
raphy of the amorphous acetate indicated that it
consisted of one major and at least two minor
components. Further purification was temporarily
suspended.

In December 1956 Neher and Wettsteing pub-
lished a comprehensive paper on the isolation of
new pregnane compounds from adrenal glands.
Among the new products was an amorphous
substance, Xa* 243 nyu, e»* 10,200 (only traces
were obtained in crystalline form; m.p. 187-192°)
also considered to be 19-hydroxycorticosterone
(111), which was isolated in small amounts from var-
ious sources, namely: (1) from beef and hog adrenal
glands; (2) from experiments in which cortexone
had been incubated with homogenates obtained
from beef or hog adrenal glands; (3) from experi-
ments in which 19-hydroxyccrtexone (1) had been
aerobically incubated with the fungus Curvularia
lunata (Wakker) Boedijn. The identity of the
products obtained from these different sources was
established by comparison of the crystalline
dibenzoates (V) (mixture melting points; paper
chromatography; infrared spectra). For compari-
son with our crystalline 111, a sample of amorphous
111 was kindly supplied by the laboratory of Dr.
Wettstein. The infrared spectrum of each of these
products was examined in the Sloan-Kettering
Institute for Cancer Research through the courtesy
of Dr. T. F. Gallagher. The spectra were measured
in chloroform solution on a Model 21 Perkin-Elmer
double beam infrared spectrometer and the spectra
were identicali in all respects in the regions of
4000 to 2750; 1800 to 1600; 1500 to 1280; and 1150
to 800 cm.« 1 (c/. also Experimental). On acetylat-
ing their amorphous compound, the CIBA group
obtained a product which remained amorphous
after chromatography over alumina. Apparently
it was considered to be uniform. Largely based on
paper chromatographic data, this material was

(13) Molecular rotation reported for
texone: +640° (Ref. 5a, second paper, see p. 1761). Incre-
ment for the introduction of an 11,3-hydroxyl group: +110°
(average of eight cases of A43-oxo steroids; range +41°
to +181 °;the rotation values recorded in the literature were
utilized without regard to certain differences of solvents).
Calcd. for 19-hydroxycorticosterone (l11): Md +750°.
Found: Md +761° £ 7°.

(14) February 1957.
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assigned the structure of the 19,21-diacetate (IV).
Surprisingly this acetate is reported to possess the
same ultraviolet characteristics as the free com-
pound. On acetylating a 19-hydroxyl group in
As3-keto steroids, normally a distinct hypso-
chromic shift of the absorption maximum is ob-
served.ss

In view of the nonuniformity of our amorphous
acetate, more recently a renewed effort at puri-
fication was made. By subjecting it to partition
chromatography, the major component was finally
obtained in crystalline form. According to the in-
frared spectrum no hydroxyl group is present.
This is in agreement with the analysis of the amor-
phous acetate which had indicated a triacetate
(see above). In our opinion several possibilities
exist for the formation of an 11/3,19,21-triacetate
(VI B) from a 19,21-diacetate (IV). This probably
involves the shift of an acetyl group from the 19-
position to the vicinal 11/3- position, possibly
through the intermediary stage of an orthoacetate
(VII). In accordance with expectations, the crystal-
line triacetate and also the minor acetylation prod-
ucts showed the typical hypsochromic shift of the
ultraviolet absorption maxima connected with the
acetylation of 19-hydroxyl® and 11/3-hydroxyls
groups in A«3-keto steroids. On the other hand,
the molecular rotation of the crystalline triacetate
wholly disagrees with the calculated value.r
This may be due to vicinal effects which do not
become manifest in the free compound. If the tri-
acetate contains a 19,11-bridge, as depicted
by formula VIII, the presence of the additional
asymmetric carbon atom (*) would prohibit a
prediction of the molecular rotation. The various
acetylation products of 11l pose an attractive
stereochemical problem which will be investigated
further.

Neher and Wettsteing characterized their amor-
phous 19-hydroxycorticosterone (I11) by the
crystalline 19,21-dibenzoate (V). On benzoylating
our crystalline (Il1), a crystalline product also
resulted. Since the supplies of the CIBA compound
were exhausted, a direct comparison of the two
substances was not possible. The recorded infrared
spectrum, kindly supplied by Dr. Wettstein, was
very similar to that of our compound. This criterion
alone does not necessarily establish the identity of

(15) Lit. cf. E. J. Becker and M. Ehrenstein, Liebigs Ann.
Chern., 608, 54 (1957), see p. 59.

(16) A moderate hypsochromic shift of the absorption
maximum has been observed on acetylating 11/S-hydroxy-
A43-keto steroids; cf. E. P. Oliveto, C. Gerold, L. Weber,
H. E. Jorgensen, R. Rausser, and E. B. Hershberg, . Am.
Chem.Soc., 75,5486(1953).

(17) Molecular rotation reported for 19-hydroxycortico-
sterone 19,21-diacetate: +902° (Ref. 5a, second paper, see p.
1761). Increment for the introduction of an 11/3-acetoxyl
group: +189° (value obtained by utilizing pertinent data
of the paper cited in ref. 16). Calcd. for 19-hydroxycortico-
sterone lift19,21-triacetate (VI B): Md +1091°. Found:
Md +708° + 35°.



JULY 1960

| 19- HYDROXYCORTEXONE M

the two products, because benzoxy groups impart
similar characteristics to the spectrum anyway.
However, in view of the similarity of the other
constants (melting point, ultraviolet absorption
spectrum), there appears to be little doubt regard-
ing their identity.

Physiological activity. The amorphous 19-hy-
droxycorticosterone (I11) described by the CIBA
group is claimed to possess notable physiological
activity. “Das neue 19-Hydroxycorticosteron be-
sitzt sowohl mineral - als auch glucocorticoide
Wirkungen, jedoch schwéchere als diejenigen von
Aldosteron bzw. Cortison.”9 (“It has both glyco-
gen-deposition and mineralocorticoid activity, but
weaker than cortisone in the first property and
weaker than aldosterone in the second.”)1s

The crystalline 19-hydroxycorticosterone (I11)
was subjected to various bioassays.

PREPARATION OF 19-HYDROXYCORTICOSTERONE

19-HYDROXYCORTICOSTERONE X
(m.p. 1§3-164°; Locjlé4+ 210°;
243 mp, £ 12,900)
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19, 21 - DIBENZOATE
(m.p. 188-192°;

~mmox 231 mp, £38,000)

# denoting asymmetric
C- atom .

the substance was less than one third as active as
corticosterone. Broadly speaking, the findings in
these two assays parallel those in the liver glycogen
deposition test which was not done with I11. One
may conclude, therefore, that Il possesses little,
if any, glucocorticoid activity.

B.  Mineralccorticoid activity. Crystalline (III)
was tested by two different groups. (1) In bioassays
performed by Dr. Robert H. Curtis in the labora-
tory of Dr. John A. Luetscher, Jr., at Stanford
University School of Medicine, 111 was not sodium-
retaining in a dose of 10 yg. Since rats are usually
sensitive to as little as one microgram of cortexone
or cortexone acetate,isthese bioassays show that
the mineralocorticoid activity of IIl, if any, is
probably less than one tenth that of cortexone
acetate. (2) In assays carried out at the Worcester
Foundation for Experimental Biology through

A.  Glucocorticoid acitivity. Two different tests the courtesy of Dr. Ralph I. Dorfman I11 in doses

were applied. (1) In the Ingle work test (4 rats),
performed by Dr. E. H. Morley in the Research
Laboratories of the Upjohn Co., this compound
was considerably less active than corticosterone.
(2 In the eosinophil depletion assay, conducted
through the courtesy of Dr. Ralph I. Dorfman at the
Worcester Foundation for Experimental Biology,

(18) English translation quoted from book mentioned
in ref. 6; see p. 706.

of 6 to 50 yg. had no significant effect on the ex-
cretion of sodium or potassium in salt loaded
adrenalectomized rats. One must conclude, there-
fore, that 111 is devoid of mineralocorticoid activity.

(19)  Cf. John A. Luetscher, Jr., and Quentin B. Deming;
“Bioassay of sodium-retaining corticoids and some changes
in excretion of these substances in disease” in “Renal
Function,” Transactions of the Second Conference, 155-
178, Josiah Macy, Jr. Foundation, New York, 1951, see p.
50.
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EXPERIMENTAL

Melting points were determined with the Fisher-Johns
melting point apparatus and are uncorrected. Ultraviolet
spectra were determined in 95% ethanol with a Beckman
Model DU spectrophotometer. The infrared studies per-
taining to this paper were carried out on a Perkin-Elmer
Model 21 double beam spectrometer in the Division of
Steroid Metabolism of the Sloan-Kettering Institute for
Cancer Research in New York through the courtesy of Dr.
Thomas F. Gallagher. The correlations are based upon those
summarized in the publication of Jones and Herling.2 Only
those bands are mentioned which appear to have a direct
bearing upon the structure of the particular compound.
Details of other correlations between spectrum and structure
will be summarized at a later time by the group at the Sloan-
lvettering Institute.

Unless stated otherwise, the microanalyses were per-
formed by Dr. E. W. D. Huffman, Wheatridge, Colo., on
samples which were dried to constant weight in vacuo (phos-
phorus pentoxide; 80°) according to Milner and Sherman.2L
The percentage loss of weight on drying is recorded; there
was in no instance a gain of weight on exposure of the dried
sample to the atmosphere. For optical rotations nNo correc-
tion for crystal solvent has been made. The sample was
dissolved in chloroform to make 2 cc. of solution and the
rotation was determined in a 2-dm. semimicro tube. The
adsorbents alumina,2 silica gel,2 and FlorisilZ22used for
chromatography have been described.

Conversion of 19-hydroxycortexor.e (II) into 19-hydroxycor-
ticosterone (l11). A. Fermentation procedure.4 In trial runs,
batches of 5 mg., 10 mg., 15 mg., and 15 mg. of II, m.p.
169-172°, were incubated with the mold cunninghamella
blakesleeana for a period of 24 hr. The procedure is described
in detail in the main experiment (see be.ow). Examination
of the isolated extracts by paper chromatography indicated,
respectively, the presence of 50, 50, 50, and 30% of starting
material (11) and 8, 8, 8, and 38% of a more polar compound.
In all instances there was present about 1to 2% of a second
transformation product which moved slower than the
starting material.

On the basis of these trial runs, the first experiment on a
larger scale wrs performed (November 1954). Ten 250 cc.
flasks, each containing 100 cc. of a medium (composition:
10 g. of technical dextrose, 20 g. of corn steep liquor solids,
and 1000 cc. of tap water; pH 5.6-5.8),ZBwere inoculated
with spores of cunninghamella blakesleeana and incubated
(25°) with shaking for 24 hr. Thereafter 10 mg. of II, m.p.
169-172°, was added in 1.0 cc. of ethanol to each flask and
the aerobic incubation (25°) was continued for 48 hr. The
beer and mycelium from each flask were combined and ex-
tracted by the procedure of Peterson et al.k The extract
was examined by paper chromatography using the Bush B-5
systemZ and was estimated to contain 18% of starting
material (11) and 45% of a newly formed more polar com-
pound showing similar maximum ultraviolet absorption.

B. Isolation of the reaction product.. Except for small

(20) R. N. Jones and F. Herling, 3. org. Chem., 19, 1252
(1954).

(21) R. T. Milner and M. S. Sherman, Ind. Eng. Chem.,
Anal.Ed., 8,427(1936).

(22) Ref. 5a, second paper.

(23) G. W. Barber and M. Ehrenstein, J.
20,1253(1955).

(24) In collaboration wnth H. C. Murray (microbiology)
and L. M. Reineke (paper chromatography), Research
Laboratories, The Upjohn Co.

(25) ct. ref. 10b, p. 422.

(26) D. H. Peterson, H. C. Murray, S. H. Eppstein, L.
M. Reineke, A. Weintraub, P. D. Meister, and H. M. Leigh,
J. Am. Chem. Soc., 74, 5933 (1952).

(27) 1. E. Bush, Nature, 166, 445 (1950); Biochem. J.,
50,370(1952).

Org. Chem.,
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amounts of material withdrawn for paper chromatographic
studies, all extracts resulting from the trial runs and the
main experiment (see A) were combined. The brownish
resinous residue (180.1 mg.), originating from a total of
145 mg. of Il and estimated to contain 37.5 mg. of un-
changed Il and 53.1 mg. of the main reaction product, was
chromatographed over 10 g. of silica gel (16 X 75 mm.).
The following eluates were collected: (a) benzene (200 cc.),
benzene-chloroform, 1:1 (200 cc.), and chloroform (400 cc.);
18.8 mg. of yellow oil; (b) chloroform-ether, 9:1 (200 cc.),
and 3:1 (200 cc.); 15.9 mg. of semicrystalline material;
(c) chloroform-ether, 1:1 (200 cc.) and ether (1200 cc.);
48.1 mg. of crystalline fractions, m.p.’s between 159 and
165°, considered to be starting material (I11); (d) ether-
methanol, 199:1 (200 cc.); 5.9 mg. of semicrystalline residue;
(e) ether-methanol, 99:1, 197:3, 39:1, 19:1, 9:1, 3:1, and
1:1 (200 cc. each); 74.0 mg. of yellow resin, representing the
crude reaction product (II11). The latter was rechromato-
graphed over 20 g. of silica gel (16 X 140 mm.). The material
eluted with ether-methanol, 39:1 (600 cc.) and 19:1 (1000
cc.) was a colorless resin; total wt.: 58.8 mg. This was
chromatographed over 20 g. of Florisil (16 X 180 mm.).
The first twenty eluates (200 cc. each of chloroform-acetone;
ratios gradually changing from 199:1 to 7:3) gave a total
of 8.5 mg. of resin. The following ten eluates (200 cc. each
of chloroform-acetone; ratios gradually changing from
13:7 to 1:3) yielded exclusively crystalline residues; total:
33.9 mg. of crude 19-hydroxycorticosterone (lIl1). The
fractions eluted subsequently with chloroform-acetone,
3:17, acetone, acetone-methanol and methanol (total vol.,
1200 cc.) gave 10.6 mg. of resin. Total recovery in this chro-
matogram was 53.0 mg.

Recrystallization of the crude crystalline 111 (33.9 mg.)
from acetone-hexane gave 31.6 mg. of globular clusters of
minute needles, m.p. 161-162°. Additional recrystallization
from acetone-water (m.p. 97-100°; resolidification about
130°; remelting at 160-161°) and acetone-hexane yielded
20.9 mg. of colorless rods, m.p. 163-164°. [a]2 +210° +
2°; [M]24 +761° + 7° (10.45 mg.; <+ 2.20° + 0.02°).
x£,243 mMel2,900.

Anal. Calcd. for C2H305 (362.45): C, 69.58; H, 8.34.
Found: C, 69.38; H, 8.55. Residue, 0.34. (Corr. for residue:
C, 69.62; H, 8.58).

The infrared spectrum of 111 was determined®in chloro-
form solution. There is strong associated hydroxyl absorp-
tion. The carbonyl region shows a band at 1708 cm.-1 which
is due to the C=0 stretching vibration of the 20-ketone
group. There is weak absorption at 1688 cm.-1 which sug-
gests the presence of a small amount of impurity. Bands at
1666 and 1618 cm.-1 are due to the A43-ketone system.

A second incubation experiment on a larger scale was
performed (May 1955) in identical fashion with a total of
248 mg. of 19-hvdroxycortexone (11).®1In this instance, ex-
traction of the beer and mycelium gave as much as 2.18 g.
of a dark brown oil. Papergram analysis of the crude ex-
tract indicated the presence of approximately 75 mg. of
111 (~30% conversion) and 25 mg. (~10%) of unchanged
I1. Chromatography over 25 g. of silica gel (18 X 150 mm.);
benzene, benzene-chloroform and chloroform eluted a total
of 171 g. of waxy and oily material, probably of non-
steroid nature; elution with chloroform-ether and ether gave
153.6 mg. of yellow resin, probably containing some starting
material (I1); ether-methanol mixtures eluted 238.4 mg.
of yellow resin. Two chromatograms of the latter material
on Florisil (25 g., 18 X 240 mm.; 10 g., 18 X 85 mm.)

(28) Experiments by G. Winston Barber.

(29) March 1955. Interpretation by Frioderiko Herling.
The fingerprint region is different from any spectrum in the
collection of the Sloan-Kettering Institute.

(30) Pooled material; m.p.’s between 160 and 173°.
Papergram analysis indicated the presence of approximately
5% of a second component which -was not affected by the
bioconversion.
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finally led, by eluting with chloroform-acetone, to a total
of 89.9 mg. of twelve consecutive crystalline fractions whose
melting points indicated uniformity throughout. Recrys-
tallization of this material from acetone-hexane (75.1 mg.;
rosettes of colorless needles; m.p. 101-103°, no resolidifica-
tion) and acetone-water yielded 33.7 mg. of fan-like clusters
of flat needles representing 19-hydroxycorticosterone (I11);
m.p. 100-105°, resolidification about 130°, final melting
at 159-160°; no depression of melting point when mixed
with the analytical sample of 111 (see above), 243 m»;
«14,000. The infrared spectrum of this product was deter-
mined3in chloroform solution and was found to be identical
in all respects with that of the reference compound (see
above) in the regions of 4000 to 2750, 1800 to 1600, 1500
to 1280, and 1150 to 800 cm.-1 Surprisingly, no additional
crystalline material could be secured from the mother
liquors of the crystallizates, even after chromatography.

A third large scale incubation experiment was carried
out in analogous fashion (April-May 1957) with 540 mg. of
19-hydroxycortexone (I1), m.p. 158-160°. Papergram analy-
sis of the extracted material indicated the following com-
position: starting material (I1), 45%; 19-hydroxycorti-
costerone (II1), 10%; two additional products, showing
greater polarity than the starting material, 14% and 10%,
respectively. The crude extracted material (solids, 1.62 g.)
was refermented with the result that, in addition to traces
of the starting material (I1) and of several products more
polar than II, only very small amounts (1-3%) of 111 could
be detected by paper chromatography. Subsequent chro-
matography (solid, 151 g.) once over silica gel and twice
over Florisil failed to yield any crystalline product.

Acetylation of 19-hydroxycorticosterone (Il11). First experi-
ment (February 1955).8 A solution of 10 mg. of pure crys-
talline (111), m.p. 163-165° (analytical sample), in 2 cc. of
pyridine and 1 cc. of acetic anhydride was kept at room tem-
perature for 16 hr. After evaporating most of the px'ridine in
vacuo, the residue was taken up in 25 cc. of 1.V hydrochloric
acid and, after standing for 5 min., the mixture was extracted
with ether. After washing with N hydrochloric acid, IN
sodium carbonate, and water, the ether phase was dried
over sodium sulfate and evaporated to dryness leaving 11.3
mg. of a white brittle foam. Attempts to crystallize this
product failed and hence it was chromatographed over 2 g.
of alumina (activity I-11; 6 X 85 mm.); petroleum ether,
petroleum ether-benzene, benzene, benzene-ether, and ether
eluted nothing; 50 cc. of ether plus 0.2 cc. of methanol, 50
cc. of ether plus 0.5 cc. of methanol, and 49 cc. of ether
plus 1 cc. of methanol eluted, respectively, 2.7 mg., 4.0
mg., and 2.1 mg. of colorless resin. Attempts to crystallize
the combined material (V1) were unsuccessful. 1t was finally
dissolved in 1 cc. of benzene, and the solution was evapo-
rated to dryness from the frozen state in vacuo. The resulting
powdery amorphous residue was triturated with 1 cc. of
petroleum ether, vyielding after decanting and drying
8.0 mg. of powdery material. [a]22 + 201° + 4° (5.07 mg.;
a + 1.02° £ 0.02°). X, 239 mM

Anal. Caled. for CsHa.O: (446.52) (diacetate): C, 67.24;
H, 7.68. Caled. for C27H30 8 (488.56) (triacetate): C, 66.37;
H, 7.43. Found® C, 66.43; H, 7.97. Weight loss, 3.74 (Did
not melton drying at 70°).

The infrared spectrum of this product was determined3
in carbon disulfide and in carbon tetrachloride solution.
It shows associated hydroxyl absorption which can be
tentatively interpreted as indicative of the presence of a
hydroxyl group at C-II/J associated with the 19-acetate.
Carbonyl absorption at 1754 and 1732 cm.-1 (carbon tetra-
chloride) is evidence for a 21-acetoxy-20-ketone group and
at 1744 cm.-1 suggests the presence of the 19-acotoxy

(31) April 1958. Interpretation by Beatrice S. Gallagher.

(32) The sample (2.104 mg.) was blocked between two
samples of known composition and of the same size. The
error should be within £0.3%.

(33) March 1955. Interpretation by Friederike Herling.
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group. Bands at 1678 and 1624 cm.-1 (carbon tetrachloride)
are due to the A43-ketone system. There is a broad band at
1421-1416 cm.-1 (carbon tetrachloride) which is due to the
C—H scissoring vibrations of the unsubstituted methylene
groups at C-2 adjoining the 3-ketone group and at C-21 in
21-acetoxy-20-ketones, and probably at C-19 in 19-acetates.
A broad band at 1375 cm .'1(carbon tetrachloride) is due to
C—H bending vibrations of the acetate methyl groups.
C—O stretching vibration at 1231 cm.-1 (carbon disulfide)
confirms the presence of acetate groups.

Papergram analysis of this material38vas conducted using
Carbitol (diethylene glycol monoethyl ether) as stationary
phase and methylcyelohexane saturated with Carbitol as
mobile phase (development time: 12 to 20 hr.). A separation
into three spots (ultraviolet scanner) was observed: The
middle spot (about 9 cm. from the starting point) represents
about 70% of the total steroid; the more polar spot (about
6 cm. from the starting point) about 20%; and the rapid
moving component (about 16 cm. from the starting point)
about 5-10%.

Second experiment (July 1955 and February 1958).n A solu-

tion of 20 mg. of crystalline 111, double m.p. 100-105° and
159-160°, in 2 cc. of dry pyridine and 1 cc. of acetic anhy-
dride was allowed to stand at room temperature for 6 days.
The reaction mixture was evaporated in vacuo at room tem-
perature and the residue was taken up in ether. After washing
with 1N hydrochlcric acid, 1V sodium carbonate, and water,
the ether was dried and evaporated, and the residual color-
less resin (30.6 mg.) was chromatographed over 10 g. of
Florisil (10 X 230 mm.). Chloroform containing 6-10%
of acetone eluted 18.7 mg. of colorless resin as a single peak
VI). .
( T)he composition of this material was investigated by
chromatographing 0.1 mg. on a V2inch strip of Whatman
No. 1 filter paper in the system propylene glycol-methyl-
cyclohexane. For comparison, 0.05-mg. samples of 19-
hydroxycorticosterone (I11), 19-hydroxycortexone (1),
and the 21-monoacetate and 19,21-diacetate of Il were
chromatographed on parallel Vi-inch strips (length: 26
cm.) at the same time. Development was continued for 10
days, 5 cc. of eluate being collected per strip.

The dried strips were scanned in a model DU Beckman
spectrophotometer at 240 m/i. The quantities were esti-
mated from the areas under the peaks when the extinction
values are plotted against the distance along the paper
strip. In this way, three ultraviolet absorbing components
of VI were detected and the composition of VI was esti-
mated as approximately 10% of VI A, a rapidly moving
component found in the eluate;3 approximately 60% of
VI B, which had moved about 7.5 cm. from the starting
point; and approximately 25% of VI C, which had moved
hardly at all. Of the comparison compounds, 111, I, and
the 21-monoaceta”e of 11 had not moved at all, whereas the
19,21-diacetate of Il had moved 21 cm from the starting

oint.
P The acetylation product (V1) was now chromatographed®
on an intimate mixture of 100 g. of Florisil and 50 g. of re-
distilled propylene glycol (26 X 190 mm.) with redistilled
methylcyelohexane as the mobile phase. Substance VI A
was apparently eluted by the first 500 cc. (residue: 2.6 mg.)
and was not investigated. The next 4500 cc. of methylcyclo-
hexane eluted nothing, so the methylcyelohexane was
gradually replaced by benzene, the following fractions being
collected and evaporated to dryness in vacuo: (1) 400 cc. of

(34) Courtesy of L. M. Reineke, Research Laboratories)
The Upjohn Co.

(35) The eluate was evaporated to dryness and the residue
was subjected to another papergram analysis (shorter time
of development).

(36) To a solution of the acetylation product VI in a few
drops of acetone was added a pinch of Florisil. The dried
mixture was placed on top of the column. All eluents of this
chromatogram were saturated with propylene glycol.
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methylcyclohexane plus 100 cc. of benzene, residue: 2.6
mg.; (2) 300 cc. of methylcyclohexane plus 200 cc. of benzene,
residue: 4.0 mg.; (3) 200 cc. of methylcyclohexane plus 300
cc. of benzene, residue: 2.3 mg.; (4) 100 cc. of methylcyclo-
hexane plus 400 cc. of benzene, residue: 4.7 mg.; (5) 500 cc.
of benzene, residue: 3.0 mg.

These five fractions were subjected to paper chromato-
graphic investigation as described above, 0.06 mg. portions
of the residues being run simultaneously cn parallel y 2inch
strips (length: 26 cm.; time: 6 days; total eluent: 43 cc.).
Fractions (1) and (2) were found to contain only substance
VI B and were therefore combined and briefly chromato-
graphed over 2 g. of Florisil (8 X 100 mm.). Chloroform
containing 2-6% of acetone eluted 5.3 mg. of colorless
resin, representing the triacetate of 19-hydroxycorticosterone
[CzH =308 (488.6)] (VI B). Crystallization from acetone-
water gave 3.0 mg. of cubic crystals, m.p. 124-125°. [a] d
+ 145° + 7°; My +708° * 35° (241 mg.; a + 0.35°
+ 0.01°). XL 238 mM £ 15,400.

The infrared spectrum of the crystall.ne triacetate (VI
B) was determinedz in carbon disulfide and in carbon tetra-
chloride solution. It is similar to but not identical with that
of the amorphous acetylation product (c/. first experiment).
There isno hydroxyl absorption and a relatively more intense
acetate-carbonyl band at 1744 cm.-1 Because of the re-
semblance in the “fingerprint” region (1400-650 cm.-1) of
the crystalline (second experiment) and amorphous product
(first experiment) and because the carbonyl region (1800-
1600 cm.-1) of both products differs only in band intensities
and not band positions, the spectra are interpreted to mean
that the amorphous material (first experiment) is a mixture
which contains the crystalline compound (second experi-
ment). Assuming that the latter is pure, the bands that
characterize it in the region 1800-1600 cm.-1 are as fol-
lows: 1754 cm. -1 (shoulder) 20-ketone-21-acetate (a-band);®
1744 cm.-1 acetate-carbonyl; 1736 cm.-1 (shoulder) 20-
ketone-21-acetate (b-band);®8 1686 cm.-1 (shoulder); 1679
cm.-1 3-ketone in A43-ketone; 1627 cm.-1 C=C stretching
vibration in A43-ketone (this value is higher than average,
probably due to the influence of the adjacent acetate group
at C-19).

Fractions 3 and 4 of the above chromatogram were found
to be mixtures of VI B and VI C, whereas fraction 5 con-
tained only substance VI C. On these papergrams, VI C

(37) April 1958. Interpretation by Beatrice S. Gallagher.

(38) ct. footnote in table, p. 37 of Glyn Roberts, Beatrice
S. Gallagher and R. Norman Jones: “Infrared Absorption
Spectra of Steroids. An Atlas. Volume I1.” Interscience
Publishers, Inc., New York, 1958.
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was itself found to be resolved into three components, each
of which, on elution from the paper and examination of the
ultraviolet absorption spectrum had maximum absorption
at 240 my, thus suggesting the hypsochromic shift of the
absorption maximum which has been generally observed on
acetylating 19-hydroxy-A43-keto steroids.1518 Each of
these components also reduced triphenyltetrazolium chloride
after a short delay, indicating the presence of the ketol ace-
tate grouping at position 17. When compared with Il and
111 by paper chromatography in the system toluene pro-
pylene glycol, all three components of VI C ran consider-
ably faster than either 11 or III.

Benzoylation of 19-hydroxycorticosterone (111).8 The
mother liquor residues from the recrystallization of 111
(microbiological hydroxylation of 11, first experiment, see
above) were combined and chromatographed over 10 g. of
Florisil. The fractions eluted by chloroform containing 25-
60% of acetone were combined (12 mg.) and dissolved in
0.6 cc. of dry pyridine. To this was added 0.8 cc. of a 10%
solution of benzoyl chloride in dry benzene. After standing
for 40 hr. and subsequently adding 1 cc. of water, the reac-
tion mixture was evaporated to dryness in vacxio. The resi-
due was taken up in ethyl acetate and the solution was
shaken with 3n hydrochloric acid and 1N sodium carbonate,
dried and evaporated, leaving 22.1 mg. of colorless resin.
This was chromatographed over 2 g. of alumina (activity
I-H; 8 X 55 mm.); petroleum ether and petroleum ether-
benzene eluted nothing; the fractions eluted by benzene
and by benzene containing 5-30% of ether were combined
(5.3 mg.). Crystallization from benzene-petroleum ether
gave 1.6 mg. of yellowish granular crystals, m.p. 188-192°.
XA~ 231 my; e (for mol. wt. 570.6) 38,000. The infrared
spectrum was determined3l in methylene chloride solution
and showed the following absorption bands: (1) 3680 and
3600 cm.-1 (hydroxyl absorption); (2) 1718 (20-ketone and
benzoate), 1667, (1620, 1602, 1583 cm.-1 obscured by solvent
absorption); (3) 1179, 1115,1098, 1073, 1042, 1028,875 cm.-1

The corresponding data obtained by Neher and Wett-
stein®on a compound interpreted to be the 19,21-dibenzoate
of 19-hydroxycorticosterone (V) are given for comparison
purposes: m.p. 177-182°; X" 231 nvx; e 38,900. The infrared
spectrum, as recorded in the CIBA laboratories, showed
the following absorption bands (in CH2C12): (1) 3690 and
3610 cm.-1; (2) 1721, 1672, 1626, 1605, 1587 cm.-1; (3)
1172, 1114, 1093, 1070, 1039, 1026, 879 cm.-1

Philadelphia 4, Pa.

K alamazoo, Mich.

(39) Ref.9, see p. 2085.
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Amino Derivatives of Strophanthidin. I. Reactions of Primary and Secondary
Amines with the Butenolide Side Chain of Strophanthidinl
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Strophanthidin undergoes aminolysis of the butenolide side-chain when heated with primary amines to give A*0-un-
saturated 7-lactams. Further reaction with additional amine leads to more complicated products. With secondary amines,
the butenolide side-chain of strophanthidin apparently is converted to an eneamine-amide. The structures of these sub-

stances are discussed and the reaction of |3-phenyl-A“>A-butenolide with amines has been investigated.

During the attempted preparation of certain
3-(N,N-dialkyl)glycvl esters of strophanthidinz
by the reaction of chloroacetylstrophanthidin with
secondary amines, nitrogenous products which were
evidently mixtures of several bases were obtained.
This introduced the possibility that these sub-
stances may have arisen from the reaction of the
amines with other reactive parts of the strophanthi-
din molecule (I) possibly not involving the chloro-
acetyl group at all. As in the preparation of the
piperidylglycyl ester of strophanthidin the most
complicated mixture of bases was obtained, the
direct reaction of strophanthidin with piperidine
was investigated. Strophanthidin does indeed
react with piperidine to give a mixture of nitrog-
enous bases. Further, nitrogenous compounds re-
sult from the reaction of strophanthidin with pri-
mary amines.

The products of the reaction of strophanthidin
with amines present interesting possibilities from
the standpoint of physiological action.4 Therefore,
an investigation of the nature of the reaction and

of the structures of the products was undertaken.
In the present paper we present the results of a
study of the reaction of strophanthidin with a
number of amines both primary and secondary.
The compounds produced by the reaction of one
equivalent of strophanthidin with one equivalent
of various primary amines are listed in Table I.

(1) This investigation was aided in part by a grant from
Eli Lilly and Company to whom we express our appreciation.

(2) Present address: Department of Chemistry, Univer-
sity of Michigan, Ann Arbor, Michigan.

(3) W. Kussner, U.S. patent 2,296,677 (Sept. 22, 1942).

(4) H. L. Otto, T. Greiner, H. Gold, F. Palumbo, L.
Warshaw, N. T. Kwit, and K. K. Chen., J. Pharmacol, and
Exp. Therap., 107, 225 (1953). In this paper the structure of
the tryptamine derivative of strophanthidin, which was
highly uncertain at the time, is erroneously pictured as in-
volving the C-10 aldehyde group.

In general the reactions involved condensation of
one equivalent of each of the reactants with elimi-
nation of one mole of water. All of the substances
gave positive Legal (nitroprusside) tests indicating
that the side-chain double bond was still intact.
There was strcng evidence that the reaction pro-
ceeded further with involvement of a second
equivalent of amine possibly at other reactive
sites of the strophanthidin molecule as mixtures of
compounds of higher nitrogen content were found
among the reaction products. However, as all
attempts to separate these mixtures into pure con-
stituents have failed so far, a discussion of them will
be postponed for a later communication. In
addition to the amines listed in Table I, the re-
action was attempted with ethanolamine, aniline,
and tetrahydroisoquinoline. However, the products
were too unstable to permit isolation and character-
ization.

In considering possible structures for the products
of the reaction of strophanthidin with one equiva-
lent of a primary amine certain observations have
been made. As indicated above all the compounds
gave a positive Legal test. Although it was impos-
sible to demonstrate the presence either of the C-10
aldehyde group by formation of carbonyl deriva-
tives of the amine condensation products or the
C-3 hydroxyl group by preparation of acyl deriva-
tives, the presence of these functions was indi-
cated indirectly. Strophanthidin benzoate and stro-
phanthidin oxime both reacted with n-propylamine
in a manner exactly analogous to the reaction of
strophanthidin itself with n-propylamine. The con-
clusion appears to be justified that the reaction of
strophanthidin with primary amines does not in-
volve either the C-3 hydroxyl group or the C-10
aldehyde group and must be concerned with the
butenolide side-chain. From the evidence at hand
we believe that the course of this reaction may be
represented by I-X1. Further reaction of X with a
second equivalent of amine may involve isomeri-
zation of X to XII under the influence of the basic
aminesfollowed by reaction of the isomerized prod-

(5) W. D. Paist, E. R. Blout, F. C. Uhle, and R. C.

Elderfield, 3. org. Chem., 6, 273 (1941).
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TABLE |
Products from the Reaction of One Mole of Primary Amines with Strophanthidin
Analysis
Caled. Found

Reacting Amine R Formula c H N C H N

n-Propyl I n-Propyl cthIhob 70.1 88 3.1 699 9.0 3.1

n-Butyl 1l ra-Butyl CZH4NO0 6-HD 68.8 9.1 3.0 68.6 9.2 2.9

n-Butyl v n-Butyl CZH4NO & 706 9.0 31 709 9.3 35

Tryptamine \% 2-(3"-Indolyl)ethyl C33H2N2C6 725 7.8 51 725 7.8 55

1-Diethylamino-4- VI 4-L>iethylamino-I- ch 5h D6 70.6 9.5 51 706 9.2 4.8
aminopentane methylbutyl

Glycine ethyl ester Vil Carboethoxvmethyl cZhFo? 66.5 8.0 2.9 66.4 8.3 2.8

(+/[-Alanine ethyl ester Vili Carboethoxvethyl CaHuNO, 66.8 8.1 2.8 67.1 81 29

'tryptophan methyl IX I-Carbethoxy-2-(3'- C35H44AN2O7 695 7.3 4.6 69.6 7.2 45
ester indolyl)ethyl

° Anhydrous compound.

C=CH CH In order to provide confirmation for the above

RNH. CH.OH CONHR interpretation attention was directed to the re-

CELICO " action of n-propylamine with the model compound,

o 0 oH /3-phenyl-A7-butenolidcrs  (XVI). This differs

from strophanthidin in lacking the C-14 hydroxyl

Ho group, the presence of which may play a role in

X C=CH the reactions under consideration, particularly

C!HZ éo those of strophanthidin with secondary amines

RNH,I N (see below). When XVI was allowed to react with

OH n-propylamine the reaction took a course which

Xl R paralleled that of strophanthidin. The initial

CH— CH, . CH-—CH, prqcciiuc'é)((){/tltlgz ;eacti%nbwas the les_atu;a';]edbalcohol

I I a] I amide ormed by aminolysis of the buteno-

CHO CONHR CHOH CONHR " ide. The greater portion of XVII was isomerized

OH i < under the influence of the amine to the aldehyde

amide (XVIII) which then reacted with a second

|lrnh2 RNH. . . . ..

equivalent of amine to give the imine (XIX),

CHemmmme CH?2 ; CH- -CH, ?sdno h)lldrfoxtyl ghrou&_c(:ic_)rresponding tto '&he CI—I14

i I : 0 ydroxyl of strophanthidin was present. A smaller

%H CONHR CH CONHR — amount of X V11 apparently underwent ring closure

OH NR X1V NHR xv to give the unsaturated lactam (XX) which was

uct with a second equivalent of amine via either
X1 or X1 to yield XIV or XV. As indicated
below in connection with the reaction of strophan-
thidin with secondary amines, we prefer the
XI1-X1V sequence. In conformity with structure
X1 the product of the reaction of strophanthidin
with n-propylamine showed strong infrared ab-
sorption characteristic of an V,V-disubstituted
amide. The compounds were all soluble in dilute
hydrochloric acid, a property characteristic of
A"V-disubstituted amides of sufficiently high
molecular weight.e

(6) R. L. Shriner, R. C. Fuson, and D. Y. Curtin, The
Systematic Identification of Organic Comoounds, 4th Ed.,
John Wiley and Sons, New York, 1956, p. 80.

too unstable for purification. However, the crude
material gave a positive Legal test. The imine
(XIX) was isolated as its hydrobromide when an
ethereal solution of it was treated with bromine.
Apparently the amide hydrogen was replaced by
bromine initially (the analogous amide derived
from morpholine which carries no amide hydrogen
was inert to bromine) and the hydrogen bromide
liberated formed a salt with the unbrominated
imine to give the stable hydrobromide (XXI) which
was isolated.

(7) M. Rubin, W. D. Paist, and R. C. Elderfield, 3. org.
Chem., 6, 260 (1941).

(8) R. G. Linville and R. C. Elderfield, 3. org. Chem., 6,
270 (1941).
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XV I
| CiHjNH7
rCcHs—CH—
| |
CH CONHCaH,

ch?2

I
L NCaHj

nc,h7
(not isolated)
Cells—CH----- CHo « HBr XX
CH CONHC;H-
JjCH7
XX1

The reaction of strophanthidin with two equiva-
lents of a secondary amine—e.g., piperidine or
morpholine—paralleled the course suggested above
for the reaction with primary amines. However, it
was not possible to isolate the product of the re-
action of one equivalent of a secondary amine with
strophanthidin in pure form. The reaction is formu-

lated as shown in [-XXIV-XXV. In this case
C= CH
C,H|,NH | base
CHoOH CONC,H,, (C,HINH)
\/"~CH — CH2

-ICH—————— CH.

p e, 'CHO CONCsHIn CHOH CONC,H,,
_°H XX11 XXI11
chh ,,nh CsH,r.NH
C— CH, CH—CH2

CH CONCsHI 'CH CONCsHD

NCsH.n
XXV

|
NC6H D
XX 1V

the carbinolamide is incapable of cyclizing through
loss of water to give an unsaturated lactam. Hence,
it can only undergo isomerization under the in-
fluence of the basic amine to give the aldehyde
amide (XXII) or its tautomer (XXI11). Reaction of
X X1 with a second equivalent of secondary amine
would then lead to the eneamine (XXV),o whereas
reaction of XXIII with a second equivalent of
secondary amine would lead to XXIV. It is also
entirely possible that XXIV and XXV may be in
equilibrium.

(9) C. Mannich and H. Davidson, Her., 69, 2106 (1936).

Of the above possibilities we favor structure
XXV as the most likely possibility based on the
infrared spectrum of the substance. Strong ab-
sorption bands were present at 1720,1650, and 1603
cm.-1 Of these the band at 1650 cm.-1 is the most
significant, as Leonard and Gashwo have shown
that such absorption is characteristic of eneamines.
Further, the infrared spectrum of the strophanthi-
din-piperidine product is clear in the region 1000
1200 c¢m.-1 where absorption due to a carbinol-
amine ether would be expected.

Substantiation of this interpretation was again
obtained from a study of the reaction of XVI with
morpholine (the products from the reaction with
piperidine was exceedingly difficult to manipulate).
When XVI was refluxed with morpholine in ben-
zene solution, the product initially obtained was
completely soluble in cold dilute hydrochloric acid.
Although the substance could not be isolated in
pure form, this acid solubility is consistent with
either the carbinolamine (XXVI) or eneamine
(XXV11) structure both of which would be ex-
pected to be reasonably unstable. This assignment
was corroborated by conversion of the product to
the oxime (XXVIII) during which the nitrogen
function was destroyed.

EXPERIMENTALI1213

Reaction of strophanthidin with amines. With n-propijl-
amine (I1). A mixture of 1g. of strophanthidin and 10 ml. of
redistilled n-propylamine was swirled until a clear solution

(10) N. J. Leonard and V. W. Gash, ./. Am. Chem. Soc.,
76, 2781 (1954).

(11) Private communication from Dr. O. E. Edwards,
National Research Council of Canada, Ottawa, Canada.

(12) All melting points are uncorrected for stem exposure.

(13) Microanalyses by Spang Microanalytical Labora-
tory, Ann Arbor, Michigan, and Schwartzkopf Microanalyti-
cal Laboratory, Woodside, N. Y.
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RjNH r RiNH
XVI CH5-(> =CH CH6 -CH-—-- CH2
RAH
JHOH conr?2 (IHO CONR2J
mCens—CH- -CH2 '
CHOH CONR2
|
nr2 NHIOH
XXVI e > CH5 CH -CH2
or |
CH conr?2
CHS5 -C--mmm- ch?2
| NOH
CH CONR2 XXVIII
+iTR2
XXVII

R2 -CHXCH2—O0—CH2XCH2

resulted. The solution was boiled in an open flask on the
steam bath for 15 min., after which residual traces of the
amine were removed at the water pump. The frothy white
residue was dissolved in 15 ml. of 3% hydrochloric acid. On
addition of 10% sodium carbonate solution a white solid pre-
cipitated which was collected, air dried, and taken up in
boiling benzene. After filtering from a little insoluble ma-
terial, addition of pentane to the cooled solution gave a
heavy white amorphous precipitate. This was collected,
taken up in cold benzene, and chromatographed over an
alumina column with 20-ml. portions of 3:1 benzene-ab-
solute methanol as eluent. The material collected in the first
three fractions was combined and weighed 499 mg. It con-
tracted at 75°, softened to a glass at 85-90°, and decom-
posed at 112°. The Legal test was positive. Analytical data
for this and other products are given in Table I.

Later fractions from the chromatogram contained more
nitrogen, gave dubious Legal tests, and probably were the
result of partial reaction with a second equivalent of amine.

W ith n-butylamine (11, V). This was obtained in almost
quantitative yield by the same procedure. After recrystal-
lization from benzene-petroleum ether, a monohydrate
which softened at 90° and decomposed at 105-107° was ob-
tained. When dried at 100° over phosphorus pentoxide in
vacuo the compound melted to a glass which gave satisfac-
tory analytical figures for the anhydrous lactam.

with tryptamine (V). Equimolar portions of strophanthi-
din (404 mg.) and tryptamine (160 mg.) were intimately
mixed and dissolved in 15 ml. of absolute ethanol. The solu-
tion was refluxed in the steam bath for 2 hr., after which
half the volume of solvent was removed by distillation.
Crystallization occurred in the hot solution and, after cool-
ing, the white material was collected, washed twice with
absolute ethanol, and air dried. It gave a positive Legal test
and melted with decomposition at 200-229°. On treatment
with 3% hydrochloric acid, it partially dissolved. After
filtering, the filtrate was neutralized with sodium carbonate
solution and the precipitate was collected, dried, and taken
up in boiling absolute ethanol. Pentane was added to the
filtered alcohol solution to the appearance of turbidity. On
refrigeration white rosettes of needles, m.p. 217-220°, ap-
peared.

In a subsequent preparation, the product crystallized
directly from the alcoholic reaction mixture without treat-
ment with hydrochloric acid. A second crop was obtained by
addition of pentane to the mother liquor. Elimination of the
hydrochloric acid treatment is desirable as some decomposi-
tion of the product attends its use.

With I-diethylamino-4-aminopentme (V). Procedure A.
To a solution of 1 g. of strophanthidin in 7 ml. of 1-diethyl-
amino-4-aminopentane purified over the dithiocarbamate#

(14) R. G. Jones, Ind.
(1944).

Eng. Chon., Anal. Ed., 16, 431

a mixture of 25 ml. of benzene and 25 ml. of toluene was
added and the clear solution was refluxed overnight. After
removal of most of the solvent at the water pump, addition
of petroleum ether precipitated the product as an oily mass.
After decanting the solvents, the oily residue was taken up
in dilute hydrochloric acid, filtered from insoluble material,
and the lactam was precipitated as an oily mass by addi-
tion of potassium carbonate solution. This was lifted from
the liquid and, after air drying, the substance solidified. It
was further purified by precipitation from benzene by
petroleum ether, a second precipitation from dilute hydro-
chloric acid by potassium carbonate, and final crystalliza-
tion from benzene-petroleum ether. The yield of material,
m.p. 92-95° dec. after softening at 80°, was 100 mg. It
gave a positive Legal test. For analysis it was dried in
vacuo at 56°.

Procedure B. To a solution of 1 g. of strophanthidin in 10
ml. of hot cyclohexanone was added 3 ml. of I-diethylamino-4-
aminopentane.4 After heating the mixture at 140-150° in an
oil bath for 15 min. and cooling, the product was precipitated
by addition of petroleum ether. After purification by the
hydrochloric acid procedure described above, 500 mg. of
product was obtained.

With glycine ethyl ester (VII1). A mixture of 0.44 g. of
freshly prepared glycine ethyl ester and 2 g. of strophanthi-
din was warmed on the steam bath in a flask provided with a
calcium chloride tube for 20 min. About half of the stro-
phanthidin went into solution and the reaction product ap-
peared as a thick viscous liquid mixed with unchanged stro-
phanthidin. The mixture was extracted twice with ether to
remove unchanged glycine ester and then with cold dilute
hydrochloric acid to remove the product from unchanged
strophanthidin. After precipitation of the product by slowly
adding solid potassium carbonate to the acid extract, the
oily material was removed and air dried, on which it solidi-
fied. 1t was taken up in boiling benzene and filtered. On
cooling and addition of petroleum ether an oil separated.
The benzene-petroleum ether purification was repeated
three times and finally a crystalline product was obtained.
The yield was 1g. The substance gave a positive Legal test,
softened at 100°, and melted with decomposition at 115-
119°. For analysis it was dried in vacuo at 65°.

With dl-alanine ethyl ester (V111). The procedure was the
same as that used with glycine ethyl ester. The product, ob-
tained in 55% yield with complete recovery of starting ma-
terial, formed a crystalline mass, m.p. 118-122° dec. with
softening at 100°. For analysis it was dried in vacuo at 65°.

W ith dI-tryptophan methyl ester (IX). This was prepared
in the same manner as was the product from glycine ethyl
ester except that a 30-min. heating period gave a product of
highest purity in maximum yield. The yield was 52% with
complete recovery of starting materials. The substance de-
composed at 155-160° with softening at 120°. For analysis
it was dried in vacuo at 80°.
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wiith piperidine (XXV). Procedure A. To a solution of 1g.
of strophanthidin in 10 ml. of warm cyclohexanone was
added 2 ml. of dry and freshly distilled piperidine. The mix-
ture was heated at 150° in an oil bath for 15 min. After
cooling, addition of three volumes of pentane precipitated a
semisolid mass. After chilling for 2 hr., the supernatant
liquid was decanted and the residual oil was extracted with
3% hydrochloric acid which left 577 mg. of crude insoluble
unreacted strophanthidin. The product was precipitated
from the acid solution by addition of dilute sodium carbon-
ate solution. Precipitation from benzene by pentane gave an
amorphous off-white powder which was chromatographed in
benzene solution over alumina. Elution with benzene-metha-
nol gave 110 mg. of crystalline material, m.p. 195-197°,
from 350 mg. of crude product. The Legal test was negative.
This is the product of the reaction of strophanthidin with
two equivalents of piperidine with elimination of one water.
This material contains methanol of crystallization. Solvent
free material can be obtained from benzene as described be-
low. For analysis it was dried in vacuo at 100°, which gave a
solvent free product.

Anal. Calcd. for CaHeN26 C, 71.1; H, 9.4; N, 5.0.
Found: C, 70.9; H, 9.4; N, 5.1.

The later fractions from the chromatogram gave material
which displayed a positive Legal test and which gave analyti-
cal figures for nitrogen corresponding to reaction of stro-
phanthidin with one equivalent of piperidine. However, the
carbon and hydrogen figures did not agree with this inter-
pretation. The compound is under further investigation.

Procedure B. A solution of 1g. of strophanthidin in 10 ml.
of cyclohexanone was diluted with 50 ml. of a 1:1 mixture of
benzene and toluene. After refluxing for 48 hr. on the steam
bath, the solvents were removed at the water pump and the
residue was worked up as in Procedure A without chroma-
tography. The product formed white prisms after several
crystallizations from benzene-petroleum ether and finally
from benzene. It contracts at 170°, begins to darken at 250°,
and decomposes at 255°. The yield was 800 mg.

Anal. Found: C, 70.8; H, 9.6; N, 5.0.

w ith morpholine. The product of the reaction of strophan-
thidin with two equivalents of morpholine was obtained in
almost quantitative yield by Procedure A as given for the
piperidine compound. It softened at 158-160° and melted
with decomposition at 180°. The Legal test was negative.

Anal. Calcd. for C3H4SN207: C, 66.4; H, 8.6; N, 4.9.
Found: C, 66.1; H, 8.5; N, 4.6.

Reaction of strophanthidin benzoate with n-propylamine. A
solution of 1 g. of strophanthidin benzoate in 5 ml. of re-
propylamine was warmed in an open flask on the steam bath
for 10 min., during which the amine evaporated leaving a
brown gum. Last traces of the amine were removed at the
water pump and the residue was extracted with dilute hydro-
chloric acid. About one-fourth of the residue went into solu-
tion leaving unchanged strophanthidin benzoate. The acid
extract was made alkaline with potassium carbonate solu-
tion and the precipitate was recrystallized from benzene-
petroleum ether to give 0.3 g. of material which softened at
100°, melted at 118-120°, resolidified, and finally melted with
decomposition at 195°. The Legal test was positive.

Anal. Calcd. for C*,H«NO6: C, 72.1; H, 7.8; N, 2.6.
Found: C, 71.9; H, 7.9; N, 2.8.

Reaction of strophanthidin oxime with n-propylamine.
A solution of 1 g. of strophanthidin oxime in 10 ml. of re-
propylamine was warmed under an air condenser on the
steam bath for 30 min. The condenser was removed and the
amine was evaporated completely. Extraction of the residue
with dilute hydrochloric acid left 0.5 g. of insoluble un-
changed oxime. The acid filtrate was made alkaline with
potassium carbonate solution and the white precipitate was
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collected. As this did not give a positive Legal test, it was put
aside for future investigation. The alkaline filtrate was al-
most saturated with solid potassium carbonate with cooling
and the solid which was salted out was collected, dried, and
extracted with boiling benzene to remove traces of the ma-
terial giving the negative Legal test. It was finally extracted
with boiling chloroform, the chloroform solution was filtered
from inorganic salts, and pentane was added. The oxime
which separated as white crystals underwent a transition at
130-140° and the new solid melted at 200° with decom-
position. The yield was 0.1 g. and the Legal test was positive.

Anal. Calcd. for CeHaN206: C, 67.8; H, 8.7; N, 6.0.
Found: C, 67.7; H, 8.7; N, 5.6.

Reaction of (j-phenyl-AaA-butenolide with n-propylamine
(XXI1). A solution of 1 g. of the butenolide and 5 ml. of re-
propylamine in 50 ml. of dry benzene was refluxed on the
steam bath for 12 hr. and the benzene was removed under
reduced pressure. The oily residue was taken up in 5% hy-
drochloric acid leaving 0.2 g. of undissolved material. The
insoluble material gave a positive Legal test which, in con-
trast to the negative test displayed by the acid insoluble
fraction, was obtained when the butenoide was heated
directly with propylamine without the use of benzene as sol-
vent. In the latter instance a portion of the butenolide may
have been altered in a different manner. The acid solution
was repeatedly extracted with ether to remove non-nitro-
genous material and made alkaline with ammonia. The alka-
line solution was extracted with ether and the alkaline solu-
tion put aside. The combined ether extracts were dried over
anhydrous sodium sulfate. Removal of the solvent left 0.6 g.
of a viscous transparent liquid which did not crystallize and
gave a negative Legal test. The oil was taken up in 15 ml. of
absolute ether and a dilute ethereal solution of bromine was
added until the color of bromine persisted. Reaction with
bromine was instantaneous. Removal of the ether under re-
duced pressure left a viscous residue which was taken up in
3 ml. of benzene. Dry ether was added until precipitation was
complete. The supernatant liquid was decanted and the
precipitation repeated twice. On stirring, the sticky residue
crystallized. Further recrystallization from benzene-ether
and finally from benzene gave 0.3 g. of white crystals, m.p.
138°. For analysis it was dried at 78° in vacuo.

Anal. Calcd. for CiGBHZBrN2: C, 56.3; H, 7.3; N, 8.2;
Br, 23.5. Found: C, 56.5; H, 7.6; N, 7.8; Br, 23.6.

The alkaline water layer from the above ether extraction
was taken to dryness and the residue was extracted with
chloroform. From the chloroform extracts 0.1 g. of material,
m.p. 160°, which gave a positive Legal test was obtained.
On attempted purification the substance was changed to one
with which the Legal test was negative and which was not
investigated further.

Reaction of 8-phenyl-AaA-buienolide with morpholine.
(XXVIIl, R = —CH2CH20CH2CH2—) The procedure was
the same as in the reaction of the butenolide with re-propyl-
amine. The residue from removal of the benzene was com-
pletely soluble in dilute hydrochloric acid. The solid residue
was extracted several times with warm acetone leaving 0.5 g.
of acetone insoluble material, m.p. 105-106°. Attempted
purification resulted in a deep-seated change. The sub-
stance was therefore converted to the oxime which formed
white prisms, m.p. 140-141°, from ethanol. Analyses cor-
responded to the oxime of /3-phenyl-/S-formylpropionylmor-
pholine.

Anal. Calcd. for ClAH,N203 C, 64.4; H, 6.5; N, 10.7.
Found: C, 64.4; H, 6.8; N, 10.4.

New York, N. Y.
Ann Arbor, Mich.
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Phenylmagnesium bromide reacts with unsaturated azlactones (1) to give carbinols (1), and in some cases the correspond-
ing oxazoline (I11) has been isolated. The oxazolines have also been obtained from the corresponding carbinol by the action
of an acetic anhydride-sodium acetate mixture. Both the carbinols (I1) and the oxazolines (111) have been transformed by
the action of a hydrochloric acid-acetic acid mixture to give compounds of structure (V). The constitution of the products

is discussed.

Recently Pourrat,s Mustafa and Harhash,2
and Filler and Wisrnar,! have investigated the
action of some Grignard reagents on unsaturated
azlactones. The results of these investigators dif-
fered in several instances. We have now reinvesti-
gated the whole problem.

Phenylmagnesium bromide reacts with 2-phenyl-
4-benzylidene-5(4H)-oxazolone (la), to give mainly
I,I-diphenyl-2-benzamidocinnamyl alcohol (lia)
as described by Mustafa and Harhash2 (the melt-
ing point of Ha is similar to that described by Filler
and Wisrnard. Contrary to the relative yields
reported by Filler and Wisrnar,3 only a small
quantity of 2,5,5-triphenyl-4-benzylidene-2-oxazo-
line (I11a)(m.p. 176°, Filler and Wisrnars 161—
1G3°%; Pourrat1 151°) was isolated together with
Ila on working with high concentrations.

cthb
Ar—CH=C-—C=0 CEH5CH = C - e
il
N 0 NH OH
\ \
c c=0
1
R R
| 1
la. Ar = R = CeHs Ila. R = CdHo
Ib. Ar = CH5 R = CH3 lib. R = OIL
cthb
CG—|6—CH=C—(.;,—CGI6
N o
% /
C
R
11
llia. R = C&H6
Illb. R = CH3

Mustafa and Harhash2 reported that refluxing
Ha with an acetic acid-hydrochloric acid mixture
gave a compound (m.p. 186°) to which they er-
roneously gave structure Ilia. Filler and Wisrnars
failed to reproduce this experiment. These authors

(1) Pourrat, Bull. Soc. chim. France, 828 (1955).

(2) Mustafa and Harhash, 3. org. chem., 21, 575 (1956).

(3) Rober Filler and James D. Wismar, J. Org. Chem.,
22,853(1957).

attributed the difference between Mustafa and
Harhash2 and Pourrat: regarding this compound
to stereochemical factors.

Attempts to prepare the above compound, m.p.
186°, under the conditions mentioned by Mustafa
and Harhash2 were not successful. However, when
the experiment was repeated in the cold or by mere
warming the compound was obtained in almost
quantitative yield.

The constitution of this product is believed to
be I,I-diphenyl-2-benzamidoindene, Va, formed
according to the following scheme.

HO CeH5
9—c5 + I I
AC—NHCOR -H.O ® '_CRizor
H iv
Va R = CIL
Vb. R = CH3

It was thought at the beginning of this study that
the carbonium ion (IV) isomerized to VI, which
readily c.yclized to give VII.

0 /Cd—|5 CeH6
OH rrv H-r cov
cbhb k Ji C.H.,
v NHcocdL ¢
VIl C.H,

Ozonolysis of the product did not give any benzo-
phenone but mainly a high melting pale yellow
compound.

The constitution of V is mainly based on:
1) oxidation with concentrated sulfuric acid and
mercuric sulfates to give phthalic anhydride, thus
definitely excluding structure (VII); 2) the infra-
red spectrum of the product in carbon tetrachloride,
showing an —NH stretching frequency at 3472

(4) A. Schonberg, W. I. Awad, and G. A. Mousa, J. Am.
Chem. Soc., 77,3850 (1955).
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cm.-1, amide | at 1694 cm.-1, and amide Il at 1618
cm.”“1; 3) its colorlessness; and 4) the compounds
being insoluble in hydrochloric acid {i.e., it is not
basic).

Compounds of structure 111 have been trans-
formed to compounds of structure V by the action
of a hydrochloric acid-acetic acid mixture.

Ilia. R CeHs
Ilb. R CH3

H+
IV — > V

This reaction is in favor of the formation of the
carbonium ion IV. The same product was obtained
by boiling 11 in benzene in the presence of phos-
phorus pentoxide or by refluxing this carbinol in
glacial acetic acid or formic acid.

A Fischer model of the cis form of that carbinol
(1) shows that the hydroxylated carbon is vicinal
to the phenyl group on which the ring closure takes
place. This cannot be taken as a criterion for the
stereochemical configuration of that carbinol,
as the formation of the carbonium ion IV and its
possible canonical structure VI may cause a free
rotation around the carbon atom attached to the
phenyl group on which the ring closure has taken
place.

The authors are in favor of structure V and not of
structure V111 (by cyclization of the carbonium
ion VI), because of the relative stability of the
carbonium ion IV when attached to two phenyl

groups (+E) as compared with the carbonium ion
VI which is attached to one phenyl group.

One might argue that the ring closure results in
an isoquinoline structure 11X, which, in reality
on oxidation can give phthalic anhydride. This

OH
cthb
cthb

IX

structure is excluded on the following basis: 1)
such a structure is basic in nature, a fact which is
not present in the compound, and 2) infrared spec-
trum (inter alia).

Trials to hydrolyze V by 70% sulfuric acid
gave only a high melting compound which may be a
polymer, as indenes are known to be easily poly-
merized.

The action of acetic anhydride and sodium ace-
tate on Ila, which gave a yellow-brown product
with a melting range (140-160°) as described by
Filler and Wismar,3 was reinvestigated. We have
isolated from that product by elution chromatog-
raphy on alumina, two compounds, a yellow prod-
uct Ilia and a colorless™product in a good vyield,
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which proved to be Vb by melting point and mix-
ture melting point.

Phenylmagnesium bromide was also allowed to
react with 2-methyl-4-benzylidene-5(4H)-oxazolone
(Ib) to give mainly I,I-diphenyl-2-acetamidocin-
namyl alcohol (lib). When this compound was
allowed to react with an acetic anhydride-sodium
acetate mixture, only one product was obtained
having structure Illb, according to Filler and
Wismar.3

When the carbinol lib or the oxazoline Illb is
treated with a hydrochloric acid-acetic acid mix-
ture, one and the same compound is obtained which
is believed to be I,I-diphenyl-2-acetamido-indene,
Vb. This structure is deduced by analogy with Va
and the infrared spectrum (an —NH stretching
frequency at 3472 cm.-1,amide | at 1697 cm.-1, and
amide 11 at 1623 cm.*1).

EXPERIMENTAL

Microanalyses were carried out by Alfred Bernhardt, im
Max Planck Institut, Milheim (Ruhr) Germany. The
melting points are not corrected.

The infrared measurements are carried out in Perkin-
Elmer infracord model 137 in carbon tetrachloride solution.
Cell thickness 0.5 mm.

Reaction of 2-phenyl-4-benzylidene-5(4H)-oxazolone (la)
with phenylmagnesium bromide. To an ethereal solution of
phenylmagnesium bromide [prepared from 3.65 g. (0.15 g.-
atom) magnesium turnings and 23.6 g. (0.15 mole) bromo-
benzene in 50 ml. ether], was added a fine suspension of 2-
phenyl-4-benzylidene-5(4H)-oxazolone (12.5 g.) in 70 ml.
ether. The reaction mixture was refluxed for 2 hr. and left
overnight. It was hydrolyzed with a saturated ammonium
chloride solution, dried over anhydrous sodium sulfate, and
evaporated on a water bath until nearly all the ether was
driven off. The oily residue thus obtained was triturated
with 50 ml. alcohol and allowed to cool. A colorless sub-
stance (lla) separated, which was filtered (yield 11.95 g.),
m.p. 165°. The substance gave an orange color with coned,
sulfuric acid.

Anal. Calcd. for CogH™NCh: C, 82.94; H, 5.72; N, 3.45.
Found: C, 83.23; H, 5.71; N, 3.34.

The mother-liquor was treated with a little water and
left overnight. A yellow substance separated (llia) which
was filtered and crystallized from ethyl alcohol in yellow
crystals, m.p. 176° (yield 1.35 g.). The substance gave an
orange color wdth coned, sulfuric acid.

Anal. Calcd. for CBH2aN O: C, 86.79; H, 5.46; N, 3.62.
Found: C, 86.18; H, 5.71; N, 3.82.

Action of a hydrochloric acid-acetic acid mixture on carbinol
lla. To a fine suspension of Ila (1.0 g.) in acetic acid (20 ml.)
was added hydrochloric acid (10 ml.) (sp. gr. 1.18). The
substance went gradually into solution (yellow color). The
reaction mixture was warmed on a water bath for 2 min. and
left at room temperature for 30 min. A colorless substance
separated: it was filtered, washed with water, and crys-
tallized from benzene-petroleum ether (b.p. 40-60°) in
colorless needles, m.p. 186° (yield 0.9 g.). The substance
gave an orange color wdth coned, sulfuric acid.

Anal. Calcd. for CBH2N O: C, 86.79; H, 5.46; N, 3.62.
Found: C, 86.56; H, 5.48: N, 3.54.

Action of acetic acid or formic acid on Ila. lla (1.0 g.)
was refluxed wdth acetic acid or formic acid (50 ml.) for
30 min. The acid was distilled and the volume was reduced
to 10 ml. and allowed to cool. A colorless substance separated
which was filtered, washed wdth water, and crystallized
from benzene-petroleum ether (b.p. 40-60°) (yield 0.81 g.
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in the case of acetic acid and 0.88 g. in the case of formic
acid). The substance proved to be Va (melting point and
mixture melting point).

Action of phosphorus pentoxide on Ha in benzene. TO a
solution of ila (1.0 g.) in anhydrous benzene (50 ml.) was
added phosphorus pentoxide (2 g). The color changed im-
mediately (orange-yellow). The reaction mixture was re-
fluxed for 30 min., filtered, and concentrated; a colorless
product separated. It was filtered and crystallized from
benzene-petroleum ether (b.p. 40-60°) as colorless needles,
(yield 0.84 g.). This product proved to be Va (melting point
and mixture melting point).

Action of acetic anhydride and sodium acetate on lla. lla
(4 g.) was refluxed with acetic anhydride (200 ml.) and fused
sodium acetate (2.0 g.) for 3 hr. The reaction mixture was
poured on ice while hot and left overnight. The yellowish-
brown substance thus obtained (m.p. 140-160°) was treated
with 50 ml. of ethyl alcohol and warmed on a water bath.
A yellow substance separated which was filtered and crys-
tallized from ethyl alcohol as yellow flakes [m.p. 176°,
undepressed on admixture with Ilia (yield 0.45 g.)]. The
mother-liquor was treated with little water and left over-
night. A colorless substance separatee, m.p. 140-145°
(yield 2.7 g.). Elution chromatography of this substance
over alumina using ether as eluent gave a colorless substance
which was crystallized from petroleum ether (b.p. 60-80°)
as colorless fluffy needles, m.p. 185° (undepressed on ad-
mixture with VVb).

The acidic aqueous layer was extracted with ether several
times. The combined ethereal extract was washed with a
little water, dried over anhydrous sodium sulfate, and
evaporated on a water bath. A colorless substance separated
(0.9 g.), which was shown to be benzoic acid (melting point
and mixture melting point).

Action ofa hydrochloric acid-acetic acid mixture on oxazoline
(Ilia). The experiment was carried out as described before
for the carbinol Ila. The product was shown to be Va (melt-
ing point and mixture melting point).

Ozonolysis of Va.5A stream of ozonized oxygen was allowed
to pass through a solution of Va (2 g.) ir. chloroform (100
ml.) for 15 min. The reaction mixture was hydrolyzed with
water. The chloroform solution was then extracted with
a dilute solution of sodium carbonate, then washed with
water. The chloroform layer was separated and concen-
trated: a solid separated which melted above 300°. Acidifi-
cation of the carbonate solution gave a colorless substance

(5) The authors wish to express their thanks to Professor
G. Soliman, Alexandria University, for allowing them to use
the ozonizer at his disposal.
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which was filtered and crystallized from water and proved
to be benzoic acid (melting point and mixture melting point).

Oxidation of Va to phthalic anhydride. A mixture of Va
(0.5 g.), mercuric sulfate (0.3 g.), and coned, sulphuric acid
(4 ml.) was placed in a glass retort (100 ml. capacity). The
mixture was then heated in a metal bath for 10 min. at
250° (bath temperature), then for 50 min. at 300-310°
(bath temperature), after which colorless needles were ob-
served on the colder part of the retort tube. The crystals
were scratched out of the tube and sublimed to give the
characteristic needles of phthalic anhydride (melting point
and mixture melting point and positive fluorescein test).

Reaction of 2-methyl-4-benzylidene-5{4H)oxazolone (Ib)
with phenylmagnesium bromide. To an ethereal solution of
phenylmagnesium bromide [prepared from 3.65 g., (0.15
g.-atom) of magnesium turnings and 23.6 g. (0.15 mole) of
bromobenzene in 50 ml. ether], was added afine suspension
of 2-methyl-4-benzylidene-5(4H)oxazolone (9.35 g.) in 70
ml. of ether. The reaction mixture was treated as in the case
of la. The oily residue thus obtained was triturated with
petroleum ether (b.p. 60-80°) and allowed to cool. A colorless
substance separated which was filtered and crystallized from
benzene as colorless needles, m.p. 147° (yield 10.5 g.). The
substance gave an orange color with coned, sulfuric acid.

Anal. Calcd. for CsH.:NO:: C, 80.44; H, 6.16; N, 4.08.
Found: C, 80.35; Il, 6.06; N, 4.31.

Action of a hydrochloric acid-acetic acid mixture on lib.
To a fine suspension of lib (1.0 g.) in acetic acid (20 ml.)
was added hydrochloric acid (10 ml.) (sp. gr. 1.18). The
substance went gradually into solution (yellow color). The
reaction mixture was treated as in the case of Ila. The prod-
uct was crystallized from petroleum ether (b.p. 60-80°)
in colorless needles, m.p. 185° (yield 0.91 g.). The substance
gave an orange color with coned, sulfuric acid.

Anal. Calcd. for CZHIN O: C, 84.89; H, 5.89; N, 4.30.
Found: C, 84.82; H, 6.16; N, 4.24.

Action of acetic anhydride and sodium acetate on lib. lib
(1.0 g.) was refluxed with acetic anhydride (50 ml.) and fused
sodium acetate (0.5 g.) for 3 hr. The reaction mixture was
poured on ice while hot and left overnight. A pale-yellow
substance (Vb) separated which was filtered, washed with
water, and crystallized from ethyl alcohol as very pale yellow
needles, m.p. 97° (yield 0.85 g.). The substance gave an
orange color with coned, sulfuric acid.

Anal. Calcd. for Cz2H19N O: C, 84.89; H, 5.89; N, 4.30.
Found: C, 84.70; H, 6.12; N, 4.32.

Action of a hydrochloric acid-acetic acid mixture on oxa-
zoline (111b). The experiment was carried out as described
before for lib. The product proved to be Vb (melting point
and mixture melting point).

Abbassia, Cairo,Egypt, U.a. R
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Various Grignard reagents were allowed to react with some substituted unsaturated azlactones (l) to give carbinols (I1)
and in some cases the corresponding oxazolines (I11). The carbinols and the oxazolines were transformed to indene derivatives

(V)

Recently, it has been shownr23za4that 2-phenyl-
4-benzylidene-5(4H)oxazolone (la) reacts with
phenylmagnesium bromide to give mainly 1,1-
diphenyl-2-benzamidocinnamyl alcohol (I1a); when
this carbinol was treated with acetic anhydride and
sodium acetate, 2,5,5-triphenyl-4-benzylidene-2-
oxazoline (llia) was obtained. Ilia was also ob-
tained from the Grignard reaction together with
Ila when working under high concentrations. It
was also showni that when the carbinol (lla) was
treated with a hydrochloric acid-acetic acid mix-
ture, boiling acetic or formic acid or boiling ben-
zene in the presence of phosphorus pentoxide, 1,1-
diphenyl-2-benzamido-indene (IVa) was formed.

This study is now extended to show the effect
of substitution in the benzylidene radical, in the
Grignard reagent used, or in the group attached in
position 2 of the oxazolone ring, on the course of
the reaction as it is assigned for each formula
{inter alia). In all cases the carbinol (II) or the
oxazoline (I11) has been transformed to the cor-
responding indene derivative (IV) by the action
of the hydrochloric acid-acetic acid mixture either
cold or by mere warming.1 The constitution of the
products discussed here is based on the analogy
with the products discussed in part |.1

by the action of a hydrochloric acid-acetic acid mixture.

Ar'
/
Ar—ClI=C- -C—Ar
| |
N o
\
o
llia. Ar = R = = C&H6
iib. Ar = R = CeIIs; Ar' = p-CHsOCHL
1ic. Ar = p-CHsOCelb; R = CeHs; Ar' = p-CH30C&H4
IHd. Ar = 0-CICeHu R = C&H5; Ar' = p-CH3OCH4
Hie. Ar = CeHs; R = CH3 Ar' = p-CiCeH,
IHIf. Ar = CeHs: R = CH3 Ar' = 0-CH3OCHH4
Ar
NH.CO.R
\Y
IVa. Ar = CeHs; R = CEHS
IVb. Ar = p-CICEH4 R = C&H5
IVe. Ar = oCHOCH4; R = CeHs
IVd. Ar = p-CHDCH4; R = Cells
IVe. Ar = CH5 R = CeHs
IVf. Ar = p-CICH4 R = CH3
IVg. Ar = oCHOCEH4, R = CH3
\Y
IVh. Ar = CeHs
IVi. Ar = p-CIC&#H4
IVj. Ar = p-CH3CeH4
Ar
Cl
\Y
IVk. Ar = CeHs
IVl Ar = p-ClCeH4
IVm. Ar = p-CH3OC&H4

Ar—CH=C c=0 la. Ar = R = CHS
Ib. Ar = p-CH30C8H4R =CeH5
Ic. Ar = 0-CICdL; R = C&H6
Id. Ar = CeHe; R = CH3
|
R
|
Ar'
Ar-CH=
\
NH OH
\
C=0
|
R
1
lla. Ar R = Ar' = CeHs
lib. Ar R = CeH6; Ar' = p-CIC&H4
lie. Ar R = CeHs; Ar' = 0-CHsOCeH.
lid. Ar p-C .OCeH4 R = Ar' = Cebk
He. Ar  p-CH3CeH4; R = CeH6, Ar' = p-CIC&H4
if. Ar  p-CH:OC:H4;R = CeHs; Ar' = 0-CHsOCeH.
1lg. Ar  0-CICeH.; R = Ar' = CEH5
ih. Ar  o-CICeH4; R = CeH5 Ar' = p-ClCeH.
Hi. Ar CeHs; R = CH3, Ar' = Ce
1lj. Ar CeHs; R = CH3 Ar' = p'CIC6H4
ik. Ar CeHs; R = CH3 Ar' = 0-CH:OC:H.

As far as the nature of the Grignard product is
concerned, whether it is of type Il or type IlI,
Filler and Wismara concluded from their experi-
ments that the nature of the product depends upon

(1) W. I. Awad and M. S. Hafez, 3. 0rg. Chem., in press.

(2) Mustafa and Harhash, 3. org. chem., 21, 575 (1956).

(3) Pourrai, Bull. Soc. chim. France, 828 (1955).

(4) Robert Filler and James D. Wismar, J. Org. Chem,.,
22,853(1957).
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the total volume of solvent used in the Grignard
reaction. However, we believe that the nature of the
Grignard reagent itself has a more pronounced effect
on the nature of the Grignard product. 5Yhen
phenylmagnesium bromide, p-chlorophenylmag-
nesium bromide, or o-anisylmagnesium bromide are
allowed to react with la, Ib, Ic, and Id, compounds
of type Il are the predominant products. When
p-anisylmagnesium bromide is used, the main prod-
uct is of type Il and no carbinol has been isolated
even using lower concentrations. This can be at-
tributed to the high + T effect of the p-anisyl
group, which facilitates the liberation of the hy-
droxylic group ef the carbinol as a hydroxide ion.

The fact that in the case of the o-anisyl deriva-
tive the carbinol Il and not the oxazoline (I11) is
obtained is not incompatible, as the possible
chelation of the o-methoxyl group with the hy-
drogen of the hydroxylic group definitely reduces
its plus T effect in comparison with the case of
the p-anisyl group (cf. V).

EXPERIMENTALS

General procedure for the reaction of oxazolone (l) with
arylmagnesium halides. To an ethereal solution of the aryl-
magnesium halide (3 moles) was added a fine suspension
of the oxazolone (I) (1 mole) in ether. The reaction mixture
was refluxed for 2 hr. and left overnight. It was hydrolyzed
with a saturated ammonium chloride solution, dried over
anhydrous sodium sulfate, and evaporated on a water bath
nearly to dryness. The oily residue thus obtained was tri-
turated with petroleum ether (b.p. 40-60°) or with methyl
alcohol and allow'ed to cool. The product was filtered and
crystallized from a suitable solvent, (cf. Tables | and I1).

Action of a hydrochloric acid-acetic acid mixture on the
carbinol Il or the oxazoline IIl. To a fine suspension of Il or
11 (1.0 g.) in acetic acid (20 ml.), hydrochloric acid (10
ml.) (sp. gr. 1.18) was added. The substance went gradually
into solution (yellow-brown color). The reaction mixture
was warmed on a water bath and left at room temperature
for 30 min. A colorless product (IV) separated; it was fil-
tered, washed with water, and crystallized from a suitable
solvent (cf. Table I11).

Action of acetic anhydride and sodium acetate on the carbinol
I. 11 (1.0 g.) was refluxed with acetic anhydride (50 ml.)
and fused sodium acetate (0.5 g.) for 3 hr. The reaction
mixture was pcured on ice while hot and left overnight.
The yellow substance thus obtained was filtered, washed
with water, and crystallized from a suitable solvent (cf.
Table I1).

Abbassia,Cairo,Egypt, U. A R.

(5) Microanalyses were carried out bj' Alfred Bernhardt,
im Max-Planck Institut, Milheim (Rihr) Germany. The
melting points are not corrected.
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Anodic Reductions. VII.

Reduction of Nitrosobenzene, Azoxybenzene, and

Azobenzene by Lower Valent Aluminum Anodically Generated

TSU TZU TSAI, WTLLIAM E. AICEWEX, ana JACOB KLEINBERG

Received December 18, 1959

The “anodic reductions” by lower valent aluminum of nitrosobenzene, azoxybenzene, and azobenzene in lithium chloride-
pyridine solution have been studied. In each case, a two-electron reduction has been observed. The results have been com-
pared with those obtained in an analogous investigation with unipositive magnesium, anodically generated, as reducing

agent.

Considerable experimental evidence for the
generation of lower valent aluminum by anodic
oxidation of the metal has appeared in the litera-
ture. Early experimentersr2 noted the evolution
of hydrogen at the anode in the electrolysis of
aqueous sodium chloride between aluminum elec-
trodes; moreover, the aluminum anode dissolved
with a current efficiency significantly greater than
100% on the assumption of oxidation to the tri-
positive state. Recently, persuasive additional
support for the anodic generation of lower valent
aluminum in aqueous salt solutions has been re-
ported.3 It was demonstrated that when a flowing
anolyte consisting of sodium chloride or nitrate
solution was passed oxer an aluminum rod serving
as anode and then into a solution of an oxidizing
agent, e.g., permanganate or silver ion, contained
in a separate x-essel, reduction of the oxidant oc-
curred, permanganate to manganese dioxide and
silver ion to metallic silver. The only logical
interpretation of the occurrence of reduction at a
distance from the anode would appear to be in
terms of the formation of loxver valent aluminum
as a primary anodic process.

Substantial evidence for the anodic generation
of lower valent aluminum in non-aqueous solvents
has also been reported.4-s

In this laboratory we have been concerned
for some time with the *“anodic reduction” of
organic compounds by means of lower valent
species of active metals.o-15 Of specific significance@

(1) F. Wihler and H. Buff, Ann., 103, 218 (1857).

(2) J. W. Turrentine, J. Phys. Chem.. 12, -148 (1908).

(J) E. Raijola and A. W. Davidson, J. Am. Chem. Soc.,
78, 550 (1950).

(4) A. W. Davidson and F. .Tirik, ./. .1»". Chem. Soc., 72,
1700(1950).

(5) P. Brouillet., 1. Epelboin, and F. Froment, Compt.
rend., 239, 1795(1954).

(fi) M. C. del Boca, Helv. Chim. Acta, 16, 505 (1933).

(7) W. E. Bennett, A. W. Davidson, and J. Kleinberg,
J. Am. Chem. Soc., 74, 732 (1952).

(8) U. Sbhorgi and P. Marchetti, xuovo Cimento, 22, 151
(1921).

(9) Al. D. Rausch, W. E. McEwen, and J. Kleinberg,
J. .1»). chem. Soc., 76, 3022 (1954).

(10) Al. D. Rausch, F. I). Popp, W. E. AlcEwen, and J.
Kleinberg, ,7. org. chem., 21,212 (1950).

to the current paper is the reduction of benzo-
phenone to the conjugate bases of benzhydrol and
benzopinacol by loxver valent aluminum anodically
generated in anhydrous pyridine.1s We noxv report
that nitrosobenzene, azoxybenzene, and azoben-
zene can also be reduced analogously. The major
objective of the study herein reported is to com-
pare the results with those obtained xvhen the same
compounds xvere reduced by anodically generated
unipositive magnesium. 13

In a typical electrolysis in anhydrous pyridine
in which the anolyte contained nitrosobenzene and
the electrolyte consisted of a saturated solution of
lithium chloride, the aluminum anode entered
solution xvith an initial mean valence number (F49
of 1.26. After hydrolysis of the anolyte following
electrolysis, azoxybenzene xvas isolated in an
amount xvhich exceeded slightly the theoretical
based on oxidation by nitrosobenzene of aluminum
from its initial mean valence state to the familiar
tripositive state.

Since no exidence X-as found that any substan-
tial amount of the reduction product arose by the
action of some reducing species which had migrated
from the catholvte, reduction in the anolyte pre-
sumably occurs through the agency of lower Xalent
aluminum generated anodically. In view of the
electronic configuration of the aluminum atom
and the results of previous inx-estigations3is-18
of the anodic oxidation of aluminum and other
metals, it seems reasonable to suggest that uni-
positive aluminum is formed as the primary anodic

(11) W. E. McEwen, J. Kleinberg, D. L. Burdick, AX. D.
lloffman, and J. Y. Aang, ./. Am. Cliem. Sor., 78, 4587
(1956).

(12) AL D. Rausch, X/ E. AlcEwon, and J. Klcinberg,
Chem. Revs., 57, 417 (1957).

(13) J. A Aang, XV E. AlcEwon, and J. Kilcinberg, .7.
»Ini. chem. sor., 80, 4300 (1958).

(14) XX 1). Hoffman, XX E. AlcEwon, and J. Kilcinberg,
Tetrahedron, 5, 293 (1959).

(15) T. T. Tsai, Xk E. AlcEwen, and J. Klcinberg, .7.
eIm. Chem. Soc., in press.

(Ifi) D. J. Royer, J. Klicinberg, and A. XV. Davidson, .7,
Inorg. & Nuclear Cliem., 4, 115 (1957).

(17) J. H. Greenblatt, ,7. Electrochem. Soc.,
(1950).

(18) D. V. Kokouliva and B. X. Kabanov, Dokhidy
Akad. Nank S.S.S.R., 112, 092 (1957).

103, 539
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process. The observed Ft value arises as a result
of the relative rates of a number of competing
reactions: (1) oxidation of the unipositive aluminum
by loss of electrons in a stepwise manner to the
anode, and (2) oxidation of lower valent aluminum
(Al+, Al2+) by nitrosobenzene.

The isolation of azoxybenzene as the sole reduc-
tion product from the anolyte hydrolyzatew
may be reasonably explained. Azoxybenzene is
believed to be formed as shown below when uni-
positive aluminum is the reducing agent:

0 0
CEH5-N—O + Al3+

0 0
(b) CicH6—N=0 + C8H5-N—0 — >

(a) CEH6-N=0 + Al+—

Oe Oe

L l.
(th N \
|

CeHs

0- ri-
te) CH6—N—N—CEH6+ 2HA) — >
OH OH
| |
CH5—N——N—C@EH5+ 20H-
OH OH

! |
(d) CH5—N—N—CH5 >
Oe

®
CsH6 N=N—C@Ho + HD

When bipositive aluminum functions as the reduc-
ing agent, intermediate | is thought to arise by
the reactions

(e) 2 CeHa—N =0 + 2A12+ — > 2 CH5—N—O + 2AF+
"

A
() 2 CH5—N—0 — > |

Evidence for the formation of intermediate | comes
from the fact that during the course of electrolysis 710
inorganic oxide is formed, in the anolyte. In one ex-
periment, the anolyte immediately following elec-
trolysis was passed through a sintered glass filter
funnel. No residue was left behind on the disk.
Since metal oxides which might have been formed
(lithium oxide and aluminum oxide) are insoluble
in pyridine, the absence of precipitate in the
anolyte definitely shows that no metal oxide was
produced during electrolysis. Thus, the departure
of oxygen occurred during hydrolysis.

It is of interest that “anodic reduction” of nitro-
sobenzene by unipositive magnesium gives (after
hydrolysis) both azoxybenzene and azobenzene and
that metal oxide is formed in the anolyte during
electrolysis. The latter observation explains why
azobenzene, a reduction product of azoxybenzene,
is formed when unipositive magnesium acts as the

(19)
tained in addition to the major reduction product azoxy-
bonzone.

KKDUCTION OF NITROSOBKNZKNK

In one experiment a trace of nzobonzeno was ob-
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reducing agent toward nitrosobenzene. The fact
that intermediate | does not lose oxide ion during
electrolysis when aluminum is the anode and lith-
ium chloride the electrolyte precludes the pro-
duction of azobenzene in this experiment.

A control experiment showed that nitrosoben-
zene dissolved in a saturated solution of lithium
chloride in pyridine did not corrode an aluminum
rod. However, after electrolysis the anolyte attacked
aluminum very slowly; in one experiment, it was
observed that four milligrams of aluminum were
dissolved in a period of twenty-four hours. This is
to be contrasted with the behavior of a similar
anolyte remaining after anodic oxidation of mag-
nesium.13 In this case, a magnesium rod was cor-
roded at a rapid rate. Furthermore, the original
electrolytic solution containing nitrosobenzene at-
tacked massive magnesium slowly. These results
may reasonably be explained by the fact that
aluminum is inherently less reactive than mag-
nesium and the assumption that the concentration
of the radical-ion 11, the only species formed dur-
ing electrolysis that is capable of attacking alumi-
num, is always small in electrolyses where alumi-
num functions as anode; that is, it is thought that
reactions (a) and (b) above account for the forma-
tion of a much larger fraction of | than do reactions
(e) and (f).

With azoxybenzene present in the anolyte, alumi-
num entered solution with Vt values in the range
2.61-2.68 and the reduction product isolated from
the anolyte hydrolyzate was azobenzene in amounts
corresponding to the oxidation by azoxybenzene of
the metal from the observed Vtto the +3 state.
Prior to hydrolysis, the anolyte solution was clear,
an excellent indication that no metal oxide was
formed during electrolysis. Control and corrosion
experiments showed that neither before nor after
electrolysis did the anolyte corrode massive alumi-
num. It is interesting to note that “anodic reduc-
tion” of azoxybenzene by unipositive magnesium
also yielded azobenzene as the sole reduction
product.3

Electrolyses between aluminum electrodes car-
ried out in saturated lithium chloride-pyridine
solutions containing azobenzene gave inconsistent
Vi values, some normal, i.e., 3, and others below 3.
In an experiment in which the Vt value was 2.67,
hydrazobenzene was isolated from the anolyte
Irydrolyzate in 68% yield. A small amount of 4,4'-
dipyridyl was also obtained. Evidence is presented
in the Experimental section that the dipyridyl
arises at least in part from the conjugate base of
tetrahydro-4,4'-dipyridyl which migrates from the
catholyte compartment of the cell. This conjugate
base is frequently formed in the catholyte during
electrolyses in pyridine.gw Hydrazobenzene, as
would be expected, was also the sole product of
the “anodic reduction” of azobenzene by unipositive
magnesium. 3
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Although detailed mechanisms fcr the formation
of azobenzene from azoxybenzene and of hydrazo-
benzene from azobenzene have not been presented,
it is visualized that these two-electron reductions,
like that of nitrosobenzene pictured in equations
(@ through (f), occur through the agency of lower
valent aluminum.

EXPERIMENTAL

Materials. The 10 mm. aluminum rod from which all
electrodes were cut was of 99.98% purity and was furnished
by the Aluminum Company of America. The lithium chlo-
ride employed as electrolyte was Baker and Adamson rea-
gent grade. Pyridine, Fisher analytical reagent, was frac-
tionally distilled from sodium and stored over barium oxide.
Nitrosobenzene, azoxybenzene, and azobenzene were pre-
pared and purified as described in a previous communica-
tion.13

Apparatus and procedure. The apparatus for carrying out
electrolyses has been described previously.B All electrolyses
were carried out at a constant temperature of 39.5 + 0.5\

The aluminum electrodes were cleaned in 10% sodium
hj'droxide solution, then washed with distilled water and
dried in an oven at 110°. A saturated solution of lithium
chloride in pyridine was made up and 50 ml. added to each
compartment of the electrolytic cell. A weighed quantity of
organic additive was then dissolved in the anolyte and the
system was swept out with pure, dry nitrogen. Electrolysis
was effected under an atmosphere of this gas. The conditions
of electrolysis (current density, cell voltage, and duration)
are specified in the appropriate places for the individual ex-
periments. After electrolysis, the electrodes were cleaned
with ethanol and distilled water and then dried at 110°.

From the loss in weight of the anode during electrolysis
and the quantity of current passed through the cell the
initial mean valence number, Vi, wWith which the aluminum
entered solution was calculated.

» _ wt. of Ag deposited in coulometer X 26.97
' 107.88 X wt. of Al lost from anode

Electrolyses with nitrosobenzene as additive. Two electrolyses
in each of which the anolyte contained 4.000 g. of nitro-
sobenzene were carried out at an initial anodic current
density of 0.002 amp. per cm.2and a cell voltage of 150 V.
The vt values obtained were 1.09 (25 hr." and 1.26 (10 hr.).

After the electrolysis in which the vt value was 1.26, the
dark anolyte was hydrolyzed with ice water and acidified
with hydrochloric acid. The hydrolyzate was extracted
continuously with petroleum ether for 24 hr. anti then with
ethyl ether for an additional 24 hr. Distillation of the organic
solvents gave, respectively, 0.6662 g. and 0.4127 g. of black
residue. The aqueous phase left after extraction was made
basic by addition of sodium hydroxide, and extraction with
ether gave a small quantity’ of brown oil. The three ex-
tracts noted above were combined and subjected to chroma-
tographic separation on alumina. The mixture was placed on
the column in petroleum ether solution and the column was
developed by means of the same solvent. Elution, first with
petroleum ether, then with ethyl ether-petroleum ether
(1:9), gave 0.4426 g. of pure azoxybenzene, m.p. 35-36°,
and 0.1008 g. of slightly impure compound, m.p. 33-34°.
The infrared spectrum of the first fraction taken in 10%
chloroform solution was identical with that of an analogous
solution of authentic azoxybenzene, anu the spectrum of
the second fraction was nearly' identical with that of the
known.

Since the reduction of nitrosobenzene to azoxybenzene
represents a two-electron process, the following equation
was employed to calculate the theoretical yield of the re-
duction product.

TSAIl, MCEWEN, AND KLEINBERU
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Theoretical yield of = (3 —Fi) X

azoxybenzene .
g. of Al dissolved mol. wt. of
2(197 *  azoxybenzene
2

The theoretical yield of azoxybenzene was 0.4752 g.

In addition to the reduction product, appreciable tarry
material was found in the anolyte. This undoubtedly arose
from decomposition of nitrosobenzene.

Electrolyses with azoxybenzene as additive. TWO electrolyses
in each of which the anolyte contained 3.000 g. of azoxy-
benzene were carried out at an initial current of 0.014 amp.
and a cell voltage of 150 V. The F, values obtained after
electrolysis for 25 hr. were 2.61 and 2.68.

After the electrolysis in which the vi value was 2.61, the
anolyte was hydrolyzed with 250 ml. of 6m hydrochloric
acid. The hydrolyzate was then extracted continuously with
petroleum ether for 24 hr. Distillation of the petroleum ether
left a red solid which weighed 3.0735 g. The solid was dis-
solved in a measured volume of petroleum ether and an
aliquot containing 1.1870 g. was placed on an alumina
column. Elution with chloroform-petroleum ether (1:19)
gave 0.0540 g. of a red solid, m.p. 64-65°. The infrared spec-
trum taken in 10% chloroform solution was identical with
that of a corresponding solution of authentic azobenzene.

A quantitative analysis was made of the remaining orig-
inal red solid by an infrared spectrophotometric method.
The spectrum of the unknown in 10% chloroform solution
was compared with the spectra of known mixtures of azoxy-
benzene and azobenzene. It was found that the spectrum of
the original red solid was identical with that of a synthetic
mixture containing 5.65% azobenzene. Calculation showed
that azobenzene was formed in 94.6% yield based on the
oxidation of aluminum from its initial mean valence state
to the tripositive state by azoxybenzene.

Electrolyses with azobenzene as additive. A number of elec-
trolyses in each of which the anolyte contained 3.000 g. of
azobenzene were carried out at an initial current of 0.012
amp. and a cell voltage of 150 V. The F,- values obtained
after electrolysis for 22 hr. were 3.00, 2.67, and 2.78.

After the electrolysis in which the Ft value was 2.67,
the anolyte was hydrolyzed with ice water and permitted
to stand for 2 hr. The mixture was filtered (filter-aid) and
the precipitate was washed with petroleum ether to remove
unchanged azobenzene and then extracted with methanol.
Evaporation of the methanol left 0.2737 g. of solid, m.p.
80-104°. The solid was recrystallized from methanol and
there was obtained 0.1186 g. of a colorless solid, m.p. 118-
119°. The infrared spectrum was taken in 10% chloroform
solution and found to be identical with that of a correspond-
ing solution of authentic hydrazobenzene. The quantity
of hydrazobenzene isolated corresponds to a 68% yield
based on conversion of aluminum from its initial mean
valence state to the +3 state by azobenzene.

The original aqueous filtrate was extracted with ether.
Evaporation of the ether left 0.1583 g. of solid. The aqueous
phase was made distinctly basic with sodium hydroxide solu-
tion and again extracted with ether. Evaporation of the
ether gave a small amount of brown solid which was com-
bined with the 0.1583 g. of solid obtained above. The com-
bined solid was washed with petroleum ether to remove any
azobenzene present. To the remaining solid was added 18%
hydrochloric acid solution and the mixture was filtered.
After neutralization of the filtrate, 0.0586 g. of colorless
solid which had precipitated was collected by filtration.
Recrvstallization from water gave a colorless solid, m.p.
69-72°. The infrared spectrum (in chloroform solution)
corresponded to that of 4,4'-dipyridyl dihydrate.

The dipyridyl dihydrate is believed to arise at least in
part by migration of the conjugate base of tctrahydro-4,4'-
dipyridyl from the catholyte to the anolyte and subsequent
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oxidation of the base during hydrolysis. That this is plausible
was shown by the following experiment. An electrolysis of a
saturated lithium chloride-pyridine solution between
aluminum electrodes for 20 hr. at an initial current of 0.010
amp. and a cell voltage of 130 V. was carried out. The vt of
the aluminum entering solution was 2.94. If it is assumed
that some of the conjugate base of tetrahydro-4,4'-di-
pyridyl is formed by reduction of the solvent by lower
valent aluminum anodically generated, calculation shows

METALATION OF 12H-BENZO[a]I’HENOTIIIAZINE
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that only 18 mg. of dipyridyl should have been formed;
actually 58 mg. was isolated.
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M etalation of 12H-Benzo[a]phenothiazine with n-Butyllithium

DAVID A SHIRLEY and JEVONS C. LIU

Received, December 28, 1059

The metalation of 12H-benzo[a]phenothiazine with ra-butyllithium followed by treatment with carbon dioxide produces
12H-benzo[a]phenothiazine-I-carboxylic acid in 94% vyield. The structure of this acid is proved by its dehydration to a
lactam and desulfurization to the known V-phenylnaphthastyril.

The metalation of a variety of heterocyclic mole-
cules with organolithium reagents has demonstrated
that this reaction is often characterized by 1) in-
troduction of the lithium atom at positions adja-
cent to heteroatoms, 2) good vyields, and 3) rapid
reaction under mild conditions. As the positions
adjacent to heteroatoms are often not the positions
involved in other common substitution reactions,
the metalation reaction offers a useful and conven-
ient synthetic technique.

As a part of recent investigationslof the chemis-
try of 12H-benzo[a]phenothiazine and derivatives
thereof, we have examined the metalation of this
polynuclear heterocyclic type with n-butyllithium.
Relatively few heterocyclic molecules containing
>N—H bonds metalate well. The active hydrogen
is rapidly replaced by metal and the resulting het-
erocyclic anion >N :~ resists metalation. Exam-
ples of this from our work are the failures of C-
metalation with pyrrole,2 indole,3 and imidazole,4
although the V-alkyl and V-aryl types metalate
smoothly. Carbazole5and pyrazole6 metalate only
in poor yield. Phenothiazine is an exception, how-
ever, as it metalates readily in 52% vyield in the 1-
position.7

Treatment of 12H-benzo[a]phenothiazine (1)
with a three-fold excess of n-butyllithium in ether
produced subsequent to carbonation a 94% yield of

(1) P. B. Talukdar and D. A. Shirley, 3. Am. Chem. Soc.,
80,3462-3406(1958).

(2) D. A. Shirley, B. H. Gross, and P. A. Roussel, J.
Org. Chem., 20, 225-231 (1955).

(3) D. A Shirley and P. A. Roussel, 3. Am. Chem. Soc.,
75,375-378(1953).

(4) Peggy W. Alley, Ph.D. Dissertation, University of
Tennessee, August, 1959.

(5) H. Gilman and R. H. Kirby, J.
(1936).

(6) R. Hiittel and M. E. Schon, Ann., 625, 55-65 (1959).

(7) H. Gilman, D. A. Shirley, and P. R. Van Ess, J. Am.
Chem. Soc., 66, 625-627 (1944).

Org. Chem., 1, 146

a deep red monocarboxylic acid derivative of I.
The carboxylic acid was rather unstable and could
not be purified by crystallization although it had a
correct analysis and melted sharply at 136-137°
with loss of water vapor. Heating the carboxylic
acid above its melting point caused its conversion,
by loss of a molecule of water, to a bright orange-red
neutral compound. These results suggested either
structure Il or 111 for the monocarboxylic and the
lactam IV for the dehydration product.

Structure Il was eliminated as a possibility, as no
carboxylic acid was isolated from an experiment
comparable to the first metalation in which equi-
molar amounts of organolithium and benzopheno-
thiazine were used.

The structure of 1V was proved by its desulfuri-
zation with Raney nickel to A-phenylnaphthastyril
(V). The latter compound was identical with a
synthetic sample prepared via the route indicated.
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The metalation of 12H-benzo[a]phenothiazine in
high yield and with remarkable selectivity of posi-
tion is a further example of the effectiveness of or-
ganolithium reagents in substitution of heterocy-
clic systems. Polynuclear systems are generally dif-
ficult to substitute in good yield at single positions.
Metalation of 12H-benzo a]phenothiazine at the 1-
position was not anticipated, as "he 11-position
should be quite susceptible to metalation on the
basis of the results with phenothiazine.7

EXPERIMENTALS

Metalation of 12H-benzo[a]phenothiazine (I). A solution
of 5.0 g. (0.020 mole) of 12H-benzo[a]phenothiazinelin 75
ml. of ether was stirred under a dry nitrogen atmosphere
while 78 ml. of a 0.77 molar solution of n-butyllithium in
ether (0.060 mole of n-butyllithium) was added (5 min.).
The now bright red solution was stirred for 90 min. after
which an excess of solid carbon dioxide was added slowly.
Hydrolysis with excess water, separation of the aqueous
lajTr, washing the ether layer with water, and acidification
of the combined aqueous layers yielded a red-brown crys-
talline solid. This was removed by filtration, washed with
water, and dried. The product weighed 5.5 g. (94% yield)
and melted at 136-137° with loss of water vapor but no ap-
parent further decomposition. The product could not be
recrystallized from common solvents, as it seemed to
undergo decomposition. The acid could be reprecipitated
from 5% aqueous sodium bicarbonate solution, but loss of
acidic property seemed to occur on long standing of the
solid at room temperature or more rapidly upon treatment
with acid. An infrared spectrum of the product showed a
carbonyl stretching band at 6.31 g in accord with a carbonyl
group conjugated to a naphthalene ring. On the basis of this
data and the analyses below the product is assigned the
structure of a monocarboxylic acid derivative of 12H-
benzo [a] phenothiazine.

Anal. Calcd. for CnHuXOjS: C. 69.6; H, 3.75; X, 4.78.
Found: C, 69.5, 69.7; H, 3.73, 3.71; X, 3.32, 4.60.

(8) All elemental analyses were performed by Drs. Weiler

and Strauss of Oxford, England. Infrared absorption bands
were observed by the potassium bromide disc technique with
a Perkin-Elmer Model 21 infrared spectrophotometer.
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Ring closure of the monocarboxy-12H-benzola]lphenothiazine
to lactam IV. A ().5-g. sample of the carboxylic acid isolated
above was placed in a small test tube and heated at a bath
temperature of 165° for several minutes. During this time
the compound gave off water vapor but no carbon dioxide.
The red-brown crystalline residue was recrystallized twice
from ethanol to produce in good yield a bright orange-red
neutral compound, m.p. 167-168°. Further crystallization
from ligroin (b.p. 90-120°) raised the melting point to 169-
170°. The product is insoluble in aqueous acid and base but
becomes water soluble after several minutes heating with
alcoholic potassium hydroxide solution. A similar solubility
behavior has been reported for phenanthridone.9 Acidifica-
tion of the aqueous solution after the latter treatment pre-
cipitated black, crude carboxylic acid. The lactam IV
showed a carbonyl stretching band at 5.90 p representing an
expectedDshift to lower wave length upon closure of the 5-
membered lactam ring from the starting carboxylic acid
().

Anal. Calcd. for CnHINOS: C, 74.1; H, 3.28; X, 5.10.
Found: C, 74.1, 74.6; H, 3.54, 3.33; X, 4.84, 5.15.

Desulfurization of lactam IV. About 3 to 4 g. of Raney
nickel in 40-50 ml. of absolute ethanol was added to a solu-
tion of 0.25 g. of the lactam IV in 40 ml. of 95% ethanol.
The mixture was heated under reflux for 30 min., filtered
and the filtrate added to an ice water slurry. The precipi-
tated light yellow needles weighed 0.20 g. and melted at
90-95°. Two recrystallizations from petroleum ether (b.p.
60-90°) raised the melting point to 102-103°.

Desulfurization of inonocarboxy-12H-benzo[a]phenothiazine
(111). Asample of the monocarboxylic acid from the metala-
tion experiment was treated generally as in the proceeding
experiment except that the gummy solid formed on pouring
the reaction mixture into excess ice, and water was ex-
tracted with warm aqueous 5%, sodium bicarbonate solu-
tion and the remaining solid recrystallized from petroleum
ether (b.p. 60-90°). The product melted at 103-104° and
was identical in infrared spectrum with the sample above
from desulfurization of the lactam.

Both of the above samples from desulfurization experi-
ments were identical (infrared spectra) with a synthetic
sample of A-phenylnaphthastyrilu (V), m.p. 103-104° (lit.,
104-105°). The synthesis of iV-phenylnaphthastyril was
accomplished by the sequence (see earlier formulas)
naphthalic acid ---->a anhydro-8-hydroxymercuric-I-naph-
thoie acid® ----> 8-chloromercuri-l-napht.hoic acid1l3 -— >
8-bromo-I-naphthoic acid¥4 ----> N-phenylnaphthastyril.1l

Acknowledgment. We should like to acknowledge
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thiazine chemistry under grant number M-1239.

K noxville, Tenn.

(9) C. Graebe and C. A. Wander, Ann., 276, 248 (1893).

(10) L. F. Bellamy, The Infrared Spectra of Complex
Molecules, John Wiley and Sons, New York, X. Y., 1958. p.
214.

(11) H. G. Rule and Il. M. Turner, 3. chem. Soc., 318
(1935).

(12) G. J. Leuck, R. P. Perkins, and F. C. Whitmore,
J.Am. Chem. Soc., 51, 1832 (1929).

(13; F. C. Whitmore and A. L. Fox, .7. Am. Chem. Sor..
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A series of organosilicon phosphonat.es has been synthesized by the peroxide-initiated addition of dialkyl phosphonates
to substituted vinyl-, allvl-, and cyelohexenylethylsilanes. Hydrolysis with concentrated hydrochloric acid gave the corre-
sponding phosphonic acids. No cleavage of silicon-carbon bonds was observed under either acid or alkaline conditions.

A series of diethyl esters of substituted silyl-
methylphosphonic acids was prepared by Gilbert
and Precopkr through the use of the Michaelis-
Arbuzov reaction. These esters containing one car-
bon between silicon and phosphorus were stated to
undergo cleavage of the silicon-carbon bonds
under both acidic and alkaline conditions when
oxygen was present on silicon. When all of the re-
maining groups attached to silicon were alkyl, hy-
drolysis of the ester groups was the principal reac-
tion and silicon-substituted phosphonic acids were
apparently isolated. Keeber and Post3prepared di-
butyd trimethjdsilylmethylphosphonate as well as
the corresponding acid, trimethylsilylmethylphos-
phonic acid. This paper also contains a summary of
the literature on organosilicon-phosphorus com-
pounds which will not be repeated here. Cherny-
shev4 has since reported the compounds: CI&i-
(CH23®(0)C12  CHXISI(CH2®(0)CI2  and
CH5)SICL11CIC1IP (O)CRresulting from reactions
of phosphorus trichloride and oxygen with various
propyl-, vinyl-, a-chloroethyl-, and d-chloroethyl-
silanes.

The preparation of the present series of organo-
silicon phosphonates followed procedures worked
out by Stiles et ale in preparing dialkvl alkylphos-
phonates through the addition of dialkyl phospho-
nates to various olefins using either peroxide or light
as initiators. After the present work was completed,
Linville6 described in a patent a similar series of
organosilicon phosphonates prepared by the same
type of addition. Catalysts claimed were free-radi-
cal producing compounds such as the azonitriles
and peroxides, as well as various potassium com-
plexes, metallic potassium, and other potassium
compounds. Only one of the resulting organosilicon
phosphonates was duplicated in this work. Six
new organosilicon phosphonates and six new or-
ganosilicon phosphonic acids are now reported.

(1) Multiple Fellowship on Silicones sustained by Dow
Corning Corporation and Corning Glass Works.

(2) A. R. Gilbert and F. M. Precopio, Abstracts of Papers
Presented at the 125th Meeting, Am. Chem. Soc., 16N (1954).

(3) W. H. Keeber and H. W. Post, J. org. chem. 21, 509
(1956).

(4) E. A. Chernyshev, Bull. Acad. Sci.
Chem. Sci. 1958, (1) 96.

(5) A R. Stiles, W. E. Vaughn, and F. F. Rust, J.
Am. Chem. Soc. 80, 714 (1958).

(6) R. G. Linville, U. S. Patgnt 2,843,615, July 15, 1958.

U.S.S.R., Div.

DISCUSSION

The organosilicon phosphonates were of the gen-
eral formula, CH,BR0)3sSi(CH2nP(0) (OR),
where n was 0, 1,2, or 3; mwas 2 or 3; and R was
ethyl or n-butyl. The following is a typical example
of the reaction.

(clazcoirsO)sicH=cH2+ HP(0)OC. HE), rmmeeeme>-
(f-CUINO).,
(CH3Z0CHD)SICH NP (0)(0CHH2 (1)

One example of a cyclohexenylethylsilane was
also included in the group of olefins used. Table |
lists the resultant adducts.

The reaction conditions used followed recom-
mendations of Stiles.5A two to one molar ratio of
dialkyl phosphonate to alkenylsilane was em-
ployed. The initiator was di-hbutylperoxide at a
concentration of 5 mole % based on the dialkyl
phosphonate. The reactions were carried out at
120°-150° for sixteen hours under a dry nitrogen
atmosphere at atmospheric pressure whenever
possible. Those with low-boiling components were
run in sealed glass ampoules. The yields (with one
exception) were 48-62%. Increasing the ratio of
dialkvl phosphonate to alkenylsilane to three to one
in one trial failed to improve the yield.

In order to prevent any possible interchange of
unlike radicals, the alkoxy groups on silicon and
the alkoxy groups on the phosphorus were the same
in each reaction.

Substitution of an alkenylehlorosilane for an al-
kenylalkoxysilane in one experiment led to an un-
desirable side-reaction which eliminated chlorosi-
lanes as suitable reactants. The products appeared
to be as shown in Equation 2:

(CHIXISI(CHY,CH=CH2+ HP(0)((>CH%» Rp— >
/i-CHIEL + CH»=CH(CHo)i( CH3SIOPH(<))(()CH 9/i)
(A

Siloxancs also proved to be undesirable for the
isolation of pure esters. The reaction investigated
was that of pentamethylvinylidisiloxane and di-n-
butyl phosphonate. Addition to the olefinic double
bond appeared to have taken place, but no con-
stant-boiling material was isolated on distillation.
Apparently, this was due to the siloxane linkage
which appeared to be reactive under these condi-
tions yielding a mixture of products.
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As phosphonates containing one carbon between
silicon and phosphorus were cleaved under both
acidic and alkaline conditions when oxygen was
present on silicon, it was of interest to determine the
behavior of analogous esters having two or more
carbon atoms in the chain between silicon and
phosphorus.

The organosilicon phosphonates were hydrolyzed
to the phosphonic acids shown in Table I in essen-
tially quantitative yields by refluxing with concen-
trated hydrochloric acid. No evidence for silicon-
carbon cleavage was found in any of the hydrolyses.

2(0H320C HE)SICHDH P (0)(0CHH2 + 5HD N
[(HO)Z0)PCHXHACHISI]/) (3)

The neutral equivalents were determined by elec-
trometric titration and were based on the first hy-
drogen only. From the titration curves, the pKi
and pK2 values were found, although the values
must be considered only approximate. The low solu-
bility of many of the acids in water required more
dilute solutions than are usually used for such
measurements, and in some cases considerable
amounts of ethanol were employed to obtain solu-
tion. Comparison of these values with values re-
ported for trimethylsilvimethylphosphonic acid
and ethylphosphonic acid in the literature suggests
that introduction of silicon into an alkyl chain at-
tached to phosphorus decreases the acidity when
the alkyl chain contains one or two carbons, but has
little effect with three carbons present. Further-
more, when the silicon is bonded to two or three
oXxygen atoms, an increase in the acidity is observed.
This effect is not observed, however, when the sili-
con is bonded to only one oxygen atom.

The phosphonic acids varied in appearance from
viscous liquids to brittle resins as the number of
silicon-oxygen bonds increased from one to three.
One exception was (2-trimethylsilyl)ethylphos-
phonic acid which was a white, crystalline solid
containing one molecule of water of hydration based
on the neutral equivalent.

The organosilicon phosphonates were also hy-
drolysed by refluxing with 0.9A aqueous sodium
hydroxide solutions for twenty-four hours. It was
expected that the phosphorus grouping would be
converted to the monosodium salts by such treat-
ment}, but it was found that the hydrolysis was not
that specific. Electrometric titrations of the hy-
drolysis mixtures indicated that some of the
phosphorus was always present as the unchanged
diester and some also as the totally-changed diso-
dium salt. No pure compounds were isolated from
the alkaline hydrolyses even in the simplest exam-
ple—di-n-butyl (2-trimethylsilyl)ethviphospho-
nate—with no functionality on silicon.

It was, however, possible to show that little if
any silicon-carbon clea\-age took place under alka-
line conditions by further investigation of the
mixtures. The mixtures were acidified, extracted
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TABLE 11
Piiosphonic Acids Derived from Acid Hydrolysis
Neut. Equiv.

Acid Found Caled. pK, pK2 Remarks
(CH3=IiCH,CH= (0)(0H)2 200° 182 3.4 8.4 White ervst. solid, m.p. 147°
[(HUWO)PCHZXH,(CH3Zi]D 176 177 3.4 8.5 Viscous liquid
[(HOMO)PCHZH-CH,(CH3)>Si]>0 182 189 25 8.3 Viscous liguid
[HOMO)PCHZHZCH,)SiO-]* 163 168 2.4 7.7 Stiff, tackv resin
[(HOMO)PCHZCH,Si03A]x 169 161 2.5 7.G Dry, brittle resin

A ) .
o . opt">—CHICH (CH SO 255 250 3.1 8.4 Dry, foam-type resin
(CHJ)JSiCHP (0)(0H) A 3.2 8.7
CTIdOHOH)/ 2.45 7.85

a Ref.3 b P. Rumpf and V. Chavane, Compt. Rend., 224, 919 (1947). ¢ A molecule of water of hydration is indicated. Re-
peated efforts to eliminate it by heating above the melting point failed.

with benzene, and the acidic products isolated by
evaporation of the benzene. The experimental evi-
dence considered on such products was: the weight
balance, electrometric titration data, and the nu-
clear magnetic resonance spectra. The argument
presented in the Experimental shows this evidence
to be in good agreement only with a structural
formula based on an assumption of no silicon-carbon
cleavage. It was also observed during the initial
reflux period with the alkali that there was no
weight loss, thus eliminating any possibility of
cleavage to yield a gas such as ethylene.

The organosilicion phosphonates containing two
and three carbons between silicon and carbon and
the one example containing the cyclohexylethyl-
grouping all proved to be stable to cleavage of the
silicon-carbon bond under both acidic and alkaline
conditions regardless of the number of oxygens
bonded to silicon. Linville6 has stated a simi-
lar conclusion: “The presence of at least two car-
bon atoms between the phosphorus atom and the
silicon atom, . . . unexpectedly lends marked sta-
bility in the presence of strong alkali or acids.”
However, he gave no experimental support for
this statement.

EXPERIMENTAL

M aterials. Diethyl phosphonate and di-n-butyl phosphonale
were obtained from Virginia-Carolina Chemical Corp., and
di-t-butylperoxide from Shell Corp., vinyltriethoxysilane and
vinylmethyldiethoxysilane were obtained from Peninsular
Chemresearch, and vinyltrimethylsilane from Metal and
Thermit Corp. These reagents were used without further
purification.

Vinyldimethyl-n-butoxysilane was prepared by the direct
reaction of the corresponding chlorosilane (Dow Corning
Corp.) with n-butanol. Dimethylethoxyvinylsilane and (2-
cyclohex-S-enylethylpnethxyldiethoxysilane were prepared from
the reaction of the corresponding chlorosilanes with ethyl
orthoformate.7 The chlorosilane for the latter reaction was
prepared by the addition of methvldichlorosilane to 4-vinyl-
cyclohexene with a chloroplatinic acid catalyst.8 Allyldi-

(7) L. M. Shorr, 3. Am. Chem. Soc., 76, 1390 (1954).
(8) J. L. Speier, J. A. Webster, and G. Il. Barnes, J. Am.
Chem. Sac., 79, 974 (1957).

methylethoxysilane®was prepared in a two-step procedure
in poor yield. The addition of dimethylchlorosilane to allyl-
magnesium chloride yielded the intermediate, allyldimethyl-
silane, which was then converted to the desired product with
sodium ethoxide in ethanol. Hex-5-enyldimethylchlorosilane
was isolated from the addition of one mole of dimethyl-
chlorosilane to 1,5-hexadiene using a chloroplatinic acid
catalyst. Pentamethylvinyldisiloxane was prepared by co-
hydrolysis of vinyldimethylchlorosilane and trimethylchloro-
silane.

General procedure for the additions. The alkenylsilane,
phosphonate, and catalyst were thoroughly mixed in a three
necked flask equipped with a nitrogen inlet tube, ther-
mometer, and condenser, and placed in an oil bath thermo-
statically controlled at 120°. Trimethylvinylsilane (b.p.
55°) was treated in a sealed glass ampoule. Two olefins re-
quired temperatures higher than 120° to react: vinyltri-
ethoxysilane (130°) and (2-cyclohex-3-enylethvl)methyldi-
ethoxvsilane (150°). In most cases, the reaction was quite
exothermic during the first hour, the temperature rising
above that of the bath, and it was necessary to remove the
flask temporarily and cool with an air stream. In no case was
the reaction vigorous after the first hour, although reaction
continued to take place during the 16-hr. period allowed.
The progress of the reaction could be determined at any time
by titration,6or qualitatively by refractive index rise.

The reaction mixtures were distilled through a small Pod-
bielniak column at 1-2 mm. in order to minimize thermal
decomposition. Resultant data are compiled in Table I.

Hex-5-enyldimethylchlorosilane and di-n-butyl phosphonate.
This mixture was sealed in a glass ampoule for reaction.
Upon distillation, a low-boiling fraction collected in the
Dry Ice trap appeared to be «-butyl chloride, 2.7 g. (theory:
2.7 g.), 1.3983 (lit. n 1.4015). A fraction obtained in the
range expected for adduct (123°/1 mm.) in approximately
30% yield (if desired product) was examined by NMR spec-
tra. The H1spectrum revealed, however, that both H—P
and C=C were present in large amounts and in approxi-
mately a 1to 1 molar ratio.

Pentamethylvinyldisiloxane and di-n-butyl phosphonate.
The general procedure was used in this reaction. Conversion,
based on titration, was 73%, but no constant-boiling material
was obtained on distillation.

Hydrolysis with hydrochloric acid. Mixtures of the organo-
silicon phosphonate and a ten-fold excess, by volume, of
coned, hydrochloric acid were refluxed for 24 hr., after
which time all of the mixtures were homogeneous; some were
so initially. The volume of the mixture was then reduced
50% by distillation. Xo organic layer was observed in any
of the aqueous distillates. The concentrated solutions were
evaporated to dryness several times on a steam bath to re-

19) J. Swiss and C. E. Arntzen, U. S. Patent 2,595,729,
May.6, 1952.
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move residual hydrogen chloride. The resulting phosphonic
acids were dried to constant weight at 100°, under vacuum
when necessary. The one crystalline solid acid was recrys-
tallized three times from cyclohexane and appeared to con-
tain one molecule of water of hydration.

Hydrolysis with alkali. A typical example of an alkaline hy-
drolysis follows: ()!-C4H,0)(CH,)!SICHXHZP (0X0CHL;i 2
10.56 g., 0.03 mole, was refluxed for 24 hr. with a OiLY
XaOH solution. The acidified hydrolysis mixture was ex-
tracted with benzene from which the product was isolated
on evaporation of the benzene. The product weighed 5.0 g.
and an electrometric titration gave neutral equivalents of
279 and 211 for one hydrogen and both hydrogens, respec-
tively. Assuming no cleavage, the titration values would be
satisfied by an overall structural formula of:

[(n-C4H sO)crs(H() LOP(O)CHIIACH:)BID  (A)

with 24 mole % of the phosphorus present with 2(—OH),
59 mole % with 1(—OCiHg-n) and I(—OH), and 17 mole %
with 2(—O0C4H ¢-D). The 5.0 g. of product isolated represents
a 73% yield based on formula A. A second structural formula
in agreement with the titration data, but in which cleavage
to yield dimethylsiloxy-units is assumed, would be:

Kre-CgHgOlo.MHOIngoPfOICHgCIMOHSshSIOi/gJj.orr
(CH3XSio0® (B)

with 30 mole % of the phosphorus present with 2(—OH),
70 mole % with 1(—OC«Hsr/i), and 1(—OH), and none with
2(—oc4H9-«). The 5.0 g. of product would then represent a
120% vyield; this was the first evidence against formula B.
The H1NMR spectra were obtained on the product diluted
to 50% in carbon tetrachloride and on the product diluted
to 25% by addition of benzene to the carbon tetrachloride
solution. Only one methyl-silicon peak was found in each
spectrum. The benzene solvent was chosen because a single
peak is often split into two peaks by benzene if two different
groups are present but give superimposed resonances. Only
one methyl-silicone peak is consistent with formula A, but
two peaks would be expected for formula B. Also, from these
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spectra, the ratio of —OH/)— to —OH groups estimated
from che area under the respective peaks to be 0.85. The
ratio calculated for formula A is 0.87 and for formula B 0.54.
Thus, all of the evidence available is in agreement with the
product having structural formula A rather than B.

Analyses. The phosphorus bond refraction values used in
this work were calculated from organophosphorus com-
pounds found in the literature, and agreed favorably with
values recently reported by Gillis el of. DTheir data included
only cue value for the P=() bond refraction in either phos-
phate or phosphonate structures, whereas our data indi-
cated that two different values were necessary as listed in
Table I11.

TABLE 111
Bond Refraction (cc._1)
Bond Gillis Our Values
P—O 3.18 3.14
P =0 inphosphates 1 —1922 —1.07
P =0 in phosphonates/ ’ -1.42
pP—C 3.60 3.66

Both silicon and phosphorus were determined gravi-
metrically following a sodium peroxide fusion in a Parr
peroxide bomb. Considerable difficulty was encountered in
this procedure by both analytical laboratories.

A Beckman pH meter, model H 2, was used for the electro-
metric titrations.
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A series of compounds containing the tribenzylsilyl group has been prepared from tribenzylsilane and the appropriate
organolithium reagent. One of these compounds, tetrakis(p-tribenzylsilylphenyl)silane, is apparently the highest molecular
weight compound containing only carbon, hydrogen, and silicon. Compounds containing the tribenzylsilyl group are char-
acteristically low-melting solids or liquids and are thermally stable.

The unusual stability of tetrabenzylsilanel and
tribenzylsilane2 prompted the preparation of a
series of tetrasubstituted silanes containing the tri-
benzylsilyl group.

The tribenzylsilyl derivatives were prepared by
treatment of tribenzylsilane with the appropriate
aryllithium reagent, a method which has been used
for the synthesis of tetrasubstituted silanes. &

(CHXCH,).,SiH + ArLi — A (CAHEH2SIAr + LiH

(1) A. Polis, Ber., 19,1012(1886).
(2) H. Gilman, R. A. Tomasi. and D. Wittenberg, J. Org.
Chern., 24,821(1959).

The aryllithium reagents were obtained by re-
action of the organic halide with lithium metal, by
halogen-metal interconversion reactions, and by
metafation reactions. The new tribenzylsilyl deriva-
tives and their physical properties are listed in
Table I.

In the preparation of p-bromophcnyltribenzyl-
silane from p-bromopheny]lithium4 and tribenzyl-

(3) H. Gilman and S. P. Massie, Jr., J. Am. Chem. Soc.,
68, 1128 (1946); R. N. Meals, J. Am. Chem. Soc., 68, 1880
(1946); H. Gilman and H. W. Melvin, J. Am. Chem. Soc.,
71, 4050 (1949); H. Gilman and E. A. Zuech, J. Am. Chem.
Soc., 81,5925 (1959).
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TABLE 1
(CEHECH2)3SIR Compounds
Yield, Silicon, % Volatilization

R Product S M.P.° % Calcd. Found Temperature6
o-Tolyl casiizat'| A 70-72 48 7.15 7.19,7.15 465
ni-Tolyl CeaH:sSI d 308 7.15  7.27,7.16 440
p-Tolyl C28H28MNC 41-43 68 715  7.13,7.22 460
0-Biphenylyl C3H 28I A 124-125 15.8 6.18 6.17,6.18 480
»i-BiphenylyF (FasHsoSI A 133-134 8.1 6.18 6.10,6.22
p-Biphenylyl CasHsoSI A 121-123 51.6 6.18 6.14,6.25 490
0-Phenoxyphenyl ABHBOSI A 81-82.5 136  5.97  5.85,5.84 450
m-Phenoxyphenyl CaaHa0OSI / 68.6 597  6.06,5.79 490
p-Phenoxyphenyl CssHs0OSI A 105-107 56.8 5.97 6.00 490
p-TrimethylsilylphenyF CsoHa.Sh 9 28.3 440
p-Bromophenyl7 CoM ZBrSi A 72-74 32.8 6.14 6.19,6.23 4654
p-Bromobiphenylyl C3H29BrSi B 114.5-115.8 25.9 5.26 5.23,5.20
p-Terphenyl-4-yP CsoHalSI C 125-127 24.6 5.29 5.28,5.20 510

“ Solvent for recrystallization. A = petroleum ether (b.p. 60-70°), B = pentane-benzene mixture, and C = petroleum
ether (b.p. 60-70°)-toluene mixture. 6See Ref. 6. ¢ B.p. 198-200°/0.007 mm. d B.p. 187-191°/0.005 mm., n® 1.6163,
i10 10692, MRd 128.36 (Calcd. MRd 128.0). c Prepared by W. J. Trepka of these laboratories. f B.p. 240-243°/0.003
mm. o Prepared by E. A. Zuech of these laboratories, b.p. 200-202°/0.005 mm., n® 1.5952, ¢2° 1.0362, Anal. Calcd. for
CoH3S>: C, 79.93; H, 7.60; MRd 149.09. Found: C, 79.91, 79.90; H, 7.41, 7.30; MRd 146.85. 1 p-Phenylenebis(tribenzyl-
silane) was also isolated. See Table Il. 1 Turns amber color at this temperature. 1 Prepared by E. A. Zuech of these labora-
tories.

TABLE I
Compounds Prepared prom jd¢Tribenzydsilylphenyllitmum

Vola-

tiliza-

tion

Tem-

Yield, Silicon, %

Reagent Product Formula sa  M.Pp.° A Calcd. Found ture6

Carbon Dioxide p-Tribenzylsilylbenzoic CaHx20SlI A 150-152 36.5 6.05 6.57,6.58 440°
Acid

Tribenzylsilane p-Phenvlenebis(tribenzyl- CaH 45i2 B 155-157 15 8.27 8.28,8.28 520*
silane)

Diphenvldichlorosilane  Bis(p-tribenzylsilylphenyl)-  O66ti6iiSI3 B 142-1435 43.4 8.99 8.82,8.90 540°
diphenylsilane

Methylphenjd-p-tolyl- ~ Methylphenyl-p-tolyl(p-tri- CaH48i2 ! / 56.1 9.54 9.34,9.43 475
silane benzvlsilylphenyl)silane
Silicon tetrachloride Tetrakis(p-tribenzylsily1- CiosHiooSi6 A 159-161 51 9.13 9.07,9.22 510

phenyl)silane

a Solvent for recrystallization. A = petroleum ether (b.p. 60-70°) and B = benzene-petroleum ether (b.p. 60-70°) mix-
ture. 6 See Ref. 6.c Turns an amber color at 425°. d Condensate was light amber. e Turns yellow to amber 525-535°. 1 Viscous
oil, b.p. 290-291 °/0.003 mm., which slowly forms a soft waxy product.

silane, p-phenylenebis(tribenzylsilane)& was iso-
lated as a side-product. The compound was identical
with that formed by the interaction of p-tribenzyl-
silylphenyllithium and tribenzylsilane. Evidently
some 1,4-dilithiobenzene was formed in the halo-
gen-metal interconversion reaction for the prepa-
ration of p-bromophenyllithium.

The compounds of Table 11 were obtained by the
reaction of p-tribenzylsilylphenyllithium (1) with
the appropriate reagent. The organolithium com-
pound Il, formed also via a halogen-metal inter-

conversion reaction, was partially characterized (CBHCHISI
by carbonation to the benzoic acid derivative I1I. Ly
o - + Li
The monomeric tribenzylsilanes (Table 1) were R = Aryl %}dlor alkyl
= Hor

(4) H. Gilman, W. Langham, and F. W. Moore, J. Am. Y

Chem. Soc., 62,2327(1940). . . . . .
(5) The names us(ed he)rein are those preferred by Chemi- all crystalline low melting solids with the exception

cal Abstraete. of m-tolyl- and ‘p-trimethylsilviphenyltribenzyl-



Nor.

silane which were liquids. The tribenzylsilyl deriva-
tives of both Tables | and Il are also noteworthy
for their good thermal stability properties, volati-
lizing above 410°.6

Tribenzylsilyl compounds previously prepared
are also low-melting solids or liquids and, in those
cases studied, possess rather high volatilization
temperatures. These compounds with their physical
properties are shownin Table I 11.

TABLE I11

P hysical Properties of T ribenzylsilyl Compounds

Volatili-
zation
B.P.0/ Tempera- Refer-
M.P.° mm. ture ence

Tribenzylsilane 91 a
Tribenzyldodecyl-

silane 216/0.06 430
Tribenzylcyclo-

hexylsilane 198/0.25 420 b
Tribenzylplienyl-

silane 59 450 b
Tribenzyl-p-anisyl-

silane 83 ¢
Tribenzyl-1-naph- d

thylsilane 314/26
Tribenzylvinvl-

silane 76.5 ¢
Tetrabenzylsilane  127.5 550 f
Tetra( m-fiuoro-

benzyl)silane 62 9
(Oxydi-p-

phenylene)bis-

(tribenzylsilane) 320/0.001 540 h

aW. E. Evison and F. S. Kipping, J. chem. Soc., 2830
(1931). See also Ref. 2. 4H. Gilman and D. Miles, 3. org.
chem., 21, 254 (1956). ¢ H. Gilman and F. G. Marshall, J.
Am. Chem. Soc., 71, 2066 (1949). d V. S. Chugunov and A.
D. Petrov, lzvest. Akad. Nauk S.5.S.R., Otdel. Khim. Nauk,
713 (1953), [Chem. Abstr., 48, 12716 (1954)]. ¢ R. Nagel
and H. W. Post, J. org. Chem., 17, 1379 (1952). 1 See Ref.
1. 5H. Gilman and R. K. Ingham, 3. Am. Chem. Soc., 77,
1680 (1955). 4 H. Gilman and D. Miles, J. org. Chem., 23,
1363(1958).

The compounds of Table |1 were also rather low-
melting solids, except for methylphenyl-p-tolyl-
(p-tribenzylsilylphenyl)silane, which was a ver¥
viscous oil slowly solidifying to a waxy solid.
The low melting points of these compounds can
be contrasted with the high melting points of the
perphenvlated analogs (Table IV).

The most interesting compound of Table Il is
t,etrakis(p-tribenzylsilylphenyl)silane obtained from
the reaction of the organolithium compound 11
with silicon tetrachloride. This low-melting solid
has a molecular weight of 1537 and can be crystal-
lized from petroleum ether (b.p. 60-70°). Only a
few compounds containing only carbon, hydrogen,
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and silicon and having a molecular weight of this
order, are known: [,2-ethylenebis(tri-n-hexadec-
ylsilane) (Ctsll-zoeSia) It m-phenylenebis(tri-n-hex-
aclecylsilanc) (CirMTsmHio),'’® and p-biphenylene-
bis(tri-n-hexadecylsilane) (CioshhoeSi?, isolated as
a slightly impure liquid).8 Apparently, tetrakis(p-
tribenzylsilylphenyl)silane is the first known ex-
ample of a pure nonpolymeric organosilicon com-
pound containing only carbon, hydrogen, and sili-
con with a molecular weight greater than 1500.
Hcrwever, compounds containing other elements in
addition to the above with known molecular weights
equal to or greater than 1500 have been reported.9

EXPERIMENTALIL

Starting materials. Except for m-bromophenyl phenj-1 ether
and p-bromophenyltrimethylsilane, the aryl halides were
commercially available. ?n-Bromophenyl phenyl ether was
prepared, in a manner similar to the preparation of p-
bromcphenvl phenyl ether,” by heating TO-dibromobenzene
and potassium phenoxide in the presence of copper catalyst
at 205° for 20 hr.: 39.4%, b.p. 168-171715 mm., n 2° 1.6075,
dH 1-3944.

Anal. Calcd. for C,sH®BrO: C, 57.82; H, 3.64; Br, 32.08.
Found: C, 58.50, 5S5.75; H, 3.74, 3.80; Br, 31.18, 31.40.

p-Bromophenyltrimethylsilane was prepared as described
previously from p-bromophenyllithium4 and trimethyl-
c.hlorosilane.2

o-Tolyltribenzylsilane. 0-Tolyllithium (0.047 mole) in 40
ml. of dry ether was added to 9.07 g. (0.03 mole) of tri-
benzylsilane dissolved in 50 ml. of ether. After refluxing
68 hr., Color Test 113 was negative. The reaction mixture
was hydrolyzed with dilute acid and the layers separated.
The organic layer was washed free of acid, dried, and dis-
tilled. The residual oil was distilled under reduced pressure
to give 5.85 g. of material boiling over the range 172-192° at
0.018 mm. After standing, the distillate crystallized, and
upon recrystallization from petroleum ether (b.p. 60-70°),
there was obtained 5.65 g. (48%) of pure product melting
at 70-72°.

Anal.” Calcd. for CAIZXSi: Si, 7.15. Found: 7.19, 7.15.

The same general procedure was used to prepare m- and
p-toly!-, o-, ©, and p-biphenylyl-, and p-trimethylsilyl-
phenyltribenzylsilane (Table 1I).

(7) (@) R. D. Gorsich, Ph.D. thesis, lowa State Univer-
sity. 1957; (b) R. D. Gorsich, unpublished studies.

(8) D. Miles, Ph.D. thesis, lowa State University, 1957.

(9) See, for example, Pharmazeutische Industrie G.m.b.H.
and R. Hausehka, Austrian Patent 86,131, Chem. Abstr.,
17, 1865 (1923); G. Klein and H. Nienberg, Ber., 69B,
2066 (1936); V. Morrill, Jr., U.S. Patent 2,416,531, Chem.
Abstr., 41, 3819 (1947); H. Staudinger and IV. Hahn,
Makromol. Chem., 11, 24 (1953); V. A. Zeitler and C. A.
Brown, J. Am. Chem. Sac., 79, 4616 (1957).

(10) All reactions were carried out under a dry, nitrogen
atmosphere using oven-dried glass ware. All melting points
are uncorrected. The infrared spectrum of each of the com-
pounds was compatible with the assigned structure.

(11) E. Krause and K. Weinberg, Ber., 62, 2235 (1929).

(121 C. A Burkhard, ./. Am. Chem. Soc., 68, 2103 (1946);
H. Gilman, H. W. Melvin, and J. J. Goodman, J. Am.
Chem. Soc., 76, 3219 (1954).

(13) H. Gilman and F. Schulze, 3. Am. Chem. Soc., 47,

(6)  Volatilization points were determined by hea