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The majority of the ortho substituted nitro
compounds that do not hydrogenate readily are of
the type known to exist as a chelated structure.

Platinum introduced as chloroplatinic acid acts
as a true promoter, since through its action all ni-
tro compounds that are hydrogenated with Raney
nickel are hydrogenated more readily, while the
platinum does not initiate reactions with com-
pounds which are not hydrogenated by the cata-
lyst alone.

The addition of a small amount (3 millimoles) of
alkali to the reaction mixture usually retards the
hydrogenation of nitro compounds. Contrary to
the conclusion of Reasenberg this poisoning action
is not limited to the neutral compounds. A few
of the reactions with nitro compounds are pro-
moted by the addition of alkali to the Raney
nickel. This is particularly true in the case of the
reduction of the nitroalkanes.

The fact that the addition of platinum tends to
oppose the poisoning action of alkali gives support
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to the idea that the action of both alkali and plati-
num are probably at the catalyst surface, and not
due to the effect of the small amount of these sub-
stances upon the nitro compound undergoing re-
duction.

Summary

Data on the relative rates of hydrogenation
with Raney nickel, and with Raney nickel treated
with chloroplatinic acid and with alkali of 32 ni-
tro compounds are presented.

Under the mild conditions of these experiments,
the primary amine was obtained in almost quan-
titative yield. No evidence of the formation of
intermediate compounds was observed.

The action of chloroplatinic acid and of alkali in
the quantities used in these experiments and added
just prior to the introduction of the hydrogen into
the system, appears to exert their effect upon the
catalyst surface rather than upon the nitro com-
pound being hydrogenated.
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The Addition of Acetic Anhydride to Benzalaniline. ' The Perkin Reaction in the
Nitrogen System!

By HENRY S. ANGEL AND ALLAN R. Day

Although many writers have commented on the
similarities in chemical behavior of the carbonyl

group (—|C=O) and the Schiff base linkage
(>C==N—), there is little work reported on the
Perkin reaction in the nitrogen system. Kalnin?
heated benzalaniline, acetic anhydride and anhy-
drous potassium carbonate at 180° for fifteen
minutes. He isolated a very small amount of
cinnamic acid (4.39) from the reaction mixture.
He did not isolate any intermediates and the
mechanism which he proposed appears to be
highly improbable.?

Passerini and Macentelli* heated benzalaniline
with acetic anhydride for several minutes and
isolated a forty per cent. yield of an addition
product which they formulated as

[CsHaCH=I|\I—'CeH5] + _OOCCHs
COCH;

I

This formula was proposed because of the ease
with which the compound hydrolyzed to form
acetanilide, benzaldehyde and acetic acid.

Later workers formulated the addition product

(1) From the Ph.D. Dissertation of Henry S. Angel.

(2) Kalnin, Hely. Chim. Acta, 11, 977 (1928).

(3) Kalnin assumed that the carbon-hydrogen bond of the alde-
hyde group adds across the double bond of the enol form of the an-
hydride,

(4) Passerini and Macentelli, Gazs. chim. ital., §8, 64 (1928).

differently.  Ekeley, Swisher and Johnson® for-
mulated the reaction as

C5H5CH=NC5H5 ~+ (CHsCO)zO —_—
CeH;CH—NC¢H;

|
CH;CO—O  COCH;
I

Snyder, Levin and Wiley® accepted this formula-
tion of the addition product but suggested a dif-
ferent course for its formation. Since the pres-
ence of acetic acid improved the yield of addition
product, they proposed that the first step involves
the addition of acetic acid to the double bond be-
tween carbon and nitrogen. This is followed by
reaction with acetic anhydride to form the N-
acetyl derivative (II). If this course of reaction
were the correct one, one would assume that if the
addition were carried out in the presence of ace-
tic acid, benzoic acid and sulfuric acid, respec-
tively, three different adducts might be obtained.
Actually it is shown, in the present investigation,
that the same adduct is formed in each case.
Thus the acid must function solely as a catalyst
for the addition of the anhydride to the Schiff
base.

Previous workers apparently failed to notice
the possibility of an aldol-type addition of the
acetic anhydride to benzalaniline. Such an addi-
tion would be acid catalyzed and may be shown as

(5) Ekeley, Swisher and Johnson, ibid., 63, 81 (1932).
(6) Snyder, Levin and Wiley, THIS JOURNAL, 60, 2025 (1938).
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CsHsCH=NCeH5 + H+ 2 [CsHacH_‘NHCaHal +

: I -CH,CO
CsHCH—NHCH, | * + >o =
6415 6413 CHSCO

C:H;CH—CH,CO

CsH;NH CH,;C
III

This course of reaction appeared reasonable not
only because it is acid catalyzed but also because
it agrees with the accepted mechanism for the
Perkin reaction.”

O + H*

H
| sCO
CeHC=0 + >o 4+ B —>
H;CO
}|I =

CeH;—C—CH,CO

O CHC
H H

Wl
CeH5C£CH—CO
Q|+ B —>

O| -+ BH*—>

OH CH;C
v
C:H;CH=CHCO

CH,;CO
CsH;CH=CHCOO™~ + CH;COO~ + 2BH*

The intermediate IV has never been isolated.
Water splits out spontaneously and hydrolyzes
the resulting anhydride to cinnamic acid and ace-
tic acid. Acetic B-anilinohydrocinnamic anhy-
dride (III) is much more stable than the interme-
diate (IV) and can be isolated in good yields. The
fact that the initial addition product of the Perkin
reaction in the nitrogen system can be isolated is of
interest since it supplies confirmatory evidence for
the accepted mechanism of the Perkin reaction.

Acetic B-anilinohydrocinnamic anhydride, even
when pure, when allowed to stand in the air under-
goes a slow decomposition. This change involves
the reversal of the aldol-type addition rather than
deanilination to form cinnamic acid. When
heated with water, it decomposes rapidly and
almost quantitatively to benzaldehyde, acetanil-
ide and acetic acid. A similar change is pro-
duced when the addition product is dissolved in
concentrated sulfuric acid and after standing for
several hours is diluted with water. In this case
benzaldehyde and aniline were
isolated in nearly quantitative
yields. In both cases the initial
cleavage products probably were
benzalaniline and acetic anhy-
dride.

Benzalaniline and acetic anhy-
dride were obtained in good yields when acetic
B-anilinohydrocinnamic anhydride was heated, in
the dry state, in a stream of nitrogen. Thus there

(7) Johnson, "Organic Reactions,’”’ Vol, I, John Wiley and Sons,
Inc.. New York, N. Y. 1942,

>0 + HO 2B
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can be no doubt that this compound under acidic
or neutral conditions cleaves to form the original
reactants rather than splitting out aniline to form
the normal end-product of a Perkin reaction.

The open chain structure (IIT) assigned to the
adduct appears to be indicated by the cleavage
reactions noted for acidic or neutral conditions.
Since the addition product possesses both a sec-
ondary amine group and an acid anhydride group-
ing, however, it is possible that III is in equilib-
rium with an unstable cyclic structure I1Ia. The
latter may be considered as the intermediate of an
acylation reaction.

CH, CH,
CoH,—CH \ICO CsHs—-C|H N\co
CsHy—N o = CH—N,_ /0
}'1 0 c| C
| ad e
CH, s
III IIla

It is not possible, at present, to say with certainty
that the adduct is best represented as III, IIla or
an equilibrium mixture of the two. What is more
important is the fact that either structure fits the
data and the same fundamental principles are in-
volved regardless of which form is used.

In view of Kalnin’s work, it was thought that
cinnamic acid might be obtained by heating III
with anhydrous potassium carbonate. The re-
sults obtained, however, were essentially the same
as when the heating was carried out in the ab-
sence of potassium carbonate and no cinnamic acid
could be isolated. Better results were obtained
by treating III with sodium ethoxide in ethanol
at room temperature. Under these conditions it
was possible to isolate ethyl cinnamate or cin-
namic acid in yields of 21-459,. In every case
fair yields of acetanilide were also formed. The
formation of ethyl cinnamate is not surprising in
view of the similarity in structure between the
adduct III and the corresponding intermediate in
the Perkin reaction.

H
\

CngCH[CHCO NaOCsz

0O ——

CH,NH CH,CO
CsH:CH=CHCO
>o 4 CeH;NH,

CH,CO
NaOCsz
—— 3 C;H,CH=CHCOOGC,H; + CH;CO0~
_! C,H;0H

__l HOH

L———> C¢H;CH=CHCOO~ -+ CH;COO0~
NaOH

The formation of acetanilide must be the result of
an intramolecular acylation reaction. There ap-
pears to be no reason to believe that it is formed
by the direct action of aniline on acetic cinnamic
anhydride. Such a reaction might be expected
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to give cinnamanilide, similar to the reaction with
ethyl alcohol which gives ethyl cinnamate. It is
probable that the acetanilide is formed by a differ-
ent mechanism, namely, by an intramolecular
acylation reaction.

H
|
C3H5C|§H—CH2CO>O CGHECH—fCHCO\O
CoHN---mmmm O —> csHsN——cQ —
| / YO | /N0
H cH; H ¢H,

CngCH=CH COO_ + CHgCONH CsHs

Further evidence for the assumption that the
addition product obtained from benzalaniline and
acetic anhydride is acetic $-anilinohydrocinnamic
anhydride was obtained by heating the adduct
with anhydrous ethanol. Excellent yields of
ethyl @-anilinohydrocinnamate were obtained
from this reaction.

CoH;CH—CH,CO

>o + C,H,;0H —>
C:H,NH CH,CO

C5H5C|H—-CH2COO C:H;
C¢H:NH

+ CH;COOH

The formation of this ester gives strong support-
ing evidence for the acid anhydride nature of the
addition product III.

An attempt to prepare the ethyl ester in the
presence of a small amount of concentrated sul-
furic acid resulted in an almost quantitative yield
of benzaldehyde and acetanilide. This confirms
the observations noted above that strong acids are
catalysts for the reversal of the aldol-type reaction
between acetic anhydride and benzalaniline.

The ethyl ester, on treatment with concen-
trated sulfuric acid, and subsequent dilution with
water, also forms benzaldehyde and acetanilide in
almost quantitative yields. Acid cleavage of the
ester is not surprising in view of its structural
similarity to acetic B-anilinohydrocinnamic an-
hydride. The formation of acetanilide, however,
was not expected. It would appear that the
initial products of cleavage should be benzalani-
line and ethyl acetate which in turn might be hy-
drolyzed to benzaldehyde, aniline, ethyl alcohol
and acetic acid. Under the conditions of the ex-
periment, it is difficult to see how acetanilide
could result from these products. It seems nec-
essary, therefore, to postulate an intramolecular
cleavage reaction.

CeHE?H—-CHg H+ CeHsclH—-CHz
C¢H;NH ==0 (__5 CéH:N *C—QOH —>»
H
0OC,H; OC:H;

C¢H;CH—CH_,
N HOH
C¢H;N--»C—0—H —>

{
OCsz

HARRY S. ANGEL AND ALLAN R. DAy

Vol. 72

S
CaHECH*CHchHCeH5 + CzHEOH + H* —>
H

|
C5H5C=O + CH@ CO NH CeH 5

Ethyl B-anilinohydrocinnamate is unusually re-
sistant to alkaline hydrolysis. It is recovered es-
sentially unchanged after refluxing with 10 or 259,
sodium hydroxide solution. When refluxed with
sodium ethoxide in ethanol solution, about half of
the ester isconverted to benzaldehyde and acet-
anilide but no cinnamate was isolated.

Experimental

Preparation of Benzalaniline.—This compouud was pre-
pared according to the procedure of Bigelow and Eat-
ough,® m. p. 51-52° cor.

Reaction of Benzalaniline with Acetic Anhydride.—
Benzalaniline (27.2 g., 0.15 mole), 0.15 mole of acetic
anhydride and 3 cc. (0.05 mole) of glacial acetic acid were
mixed in a glass-stoppered flask and shaken until complete
solution was effected. After standing for ten days, the
crystals were removed and washed with a mixture of 15.
cc. of benzene and 25 cc. of petroleum ether (30-60°).
The crystals were then ground to a powder, mixed with
40 cc. of petroleum ether and filtered; yield 38.4 g.,
90.7%. Air drying is sufficient for most purposes, since
the product should be used at once because it decomposes
on standing. A slightly purer product may be obtained
by recrystallization from dry benzene, m. p. 130-131.5°
cor. Anal. Caled. for C;H;zNO;: C, 72.06; H, 6.05;
N, 4.94. Found: C, 72.29; H, 6.19; N, 4.92. From
many preparations, it was found that the yields varied
from 50-949,. The yields are dependent, to a large de-
gree, on the purity of the starting materials. Use of
acetic acid which contained more than 59, of water or
benzalaniline which had not been recrystallized gave only
acetanilide and no addition product. Best results were
obtained when pure starting materials were employed and
when no more than 0.2-0.5 of an equivalent of glacial
acetic acid was used as catalyst. Use of larger quantities
of acetic acid gave lower yields.

Reaction of Benzalaniline with Acetic Anhydride, Using
Benzoic Acid as Catalyst.—Equivalent amounts of ben-
zalaniline and acetic anhydride were mixed with o¢ne-
third of an equivalent of benzoic acid and heated on a
steam-bath for three hours. On cooling the reaction mix-
ture solidified. The product was recrystallized from
benzene; yield 37%, m. p. 130-131°, Its identity was
confirmed by conversion to the ethyl ester of B-anilino-
hydrocinnamic acid in 729, yield, m. p. 80-81° cor.

Reaction of Benzalaniline with Acetic Anhydride, Using
Sulfuric Acid as Catalyst.—Equivalent amounts (0.075
mole) of benzalaniline and acetic anhydride, containing 3
drops of concentrated sulfuric acid, were mixed and allowed
to stand for 26 days in a stoppered flask. Although a
929, yield of crude product resulted, only a 159, yield
of pure product was obtained after recrystallization from
benzene, m. p. 130-131°. This loss is probably due to the
presence of traces of sulfuric acid in the crude product,
since, as shown elsewhere in this paper, sulfuric acid is a
powerful catalyst for the decomposition of the addition
product.

Decomposition of Acetic B-Anilinohydrocinnamic An-
hydride with Water.—Treatment of the addition product
with boiling water decomposed it rapidly and almost
quantitatively to benzaldehyde and acetanilide. The
benzaldehyde was converted to its phenylhydrazone, m. p.
156-157°. The acetanilide, after recrystallization from
hot water, was identified by its melting point, 113-114°,
and a ncnixed melting point with an authentic sample,
113-114°.

(8) Bigelow and. Eatough, "Organic Syntheses,’” Coll. Vol. I,
John Wiley and Sons, Inc., New York, N. Y., 1941, p. 80.
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Acid Catalyzed Decomposition of Acetic-g-anilinohydro-
cinnamic Anhydride.—The addition product was added
slowly to five molar equivalents of concentrated sulfuric
acid. Solution took place slowly, with shaking, and was
complete in about three hours. After sixteen hours a
mass of fine needles had separated. Ice was added slowly,
with shaking, keeping the temperature below 30°. The
mixture was then steam distilled and the distillate treated
with acetic acid and phenylhydrazine. Benzaldehyde
phenylhydrazone was obtained in almost quantitative
yield. After recrystallization from alcohol it melted at
156-157°. The residue from the steam distillation was
made alkaline and again steam distilled. The aniline in
the distillate was precipitated as its tribromo derivative,
yield 80%. After recrystallization from alcohol, it melted
at 120-121° cor.

Cleavage of Acetic-g-anilinohydrocinnamic Anhydride
by the Action of Heat.—The anhydride (0.118 mole) was
heated, in a stream of nitrogen. The temperature was
slowly raised to 225° and kept at this temperature for 20
minutes. During this period, 10.6 g. of distillate col-
lected in the receiver. This distillate gave a 909, vield
of acetanilide, m. p. 113-114°, when treated with aniline.
The 10.6 g. of acetic anhydride corresponds to 0.104 mole.

The residue from the above heat treatment weighed 21.1
g. and melted at 48-51°. After recrystallization from 809,
alcohol it melted at 51-52° cor. It gave no melting point
depression with an authentic sample of benzalaniline.
The benzalaniline was isolated from the residue in a 929,
yield.

When the above experiment was repeated in the pres-
ence of anhydrous potassium carbonate, somewhat similar
results were obtained. Only a small amount of acetic an-
hydride distilled over but a fair yield of benzalaniline was
obtained from the residue. No cinnamic acid could be
isolated.

Base-Catalyzed Cleavage of Acetic S-Anilinohydro-
cinnamic Anhydride.—The reaction product from ben-
zalaniline and acetic anhydride was treated with 2 molar
equivalents of sodium ethoxide in ethanol. On standing
for sixteen hours, a reddish color had developed and the
solution had set to gel. The mixture was diluted with
water, refluxed for one hour and steam distilled. The
distillate was extracted with ether and the latter then ex-
tracted with dilute hydrochloric acid. The acid extract
was made alkaline and steam distilled. From this dis-
tillate 0.29 equivalent of aniline was recovered as tri-
bromoaniline; m. p. after recrystallization from alcohol,
120.5-121.5° cor. On distillation of the ether extract
0.049 of an equivalent of benzaldehyde was obtained and
identified as its phenylhydrazone.

The residual solution from the first steam distillation de-
posited fine needles on cooling. It was identified as acet-
anilide (0.463 equivalent), m. p. 113-114°, mixed melting
point, 113-114°. The filtrate from the acetanilide on
acidification with hydrochloric acid gave 0.458 of an
equivalent of cinnamic acid. After recrystallization from
boiling water. it inelted at 133.5-134.5°, mixed inelting
point 133-134°.
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In another experiment, only one molar equivalent of
sodium ethoxide was used and the yield of cinnamic acid
dropped to 28.4%. In these two experiments the reaction
mixture, after standing, was diluted with water and re-
fluxed in order to hydrolyze the ethyl cinnamate formed.

Preparation of Ethyl g8-Anilinohydrocinnamate.—Acetic
B-anilinohydrocinnamic anhydride (20 g.) was refluxed
for 45 minutes with 17 cc. of dry ethanol. On cooling,
crystals were deposited. They were removed and washed
with cooled petroleum ether, yield 85%. The product
may be recrystallized from either cyclohexane or high
boiling petroleum ether, m. p. 80-81° cor. Amnal. Calcd.
for CyH1sNO»: C, 78.84; H, 7.06; N, 4.95. Found:
C,78.78; H,7.01; N, 5.04. The ester is quite stable and
distills at 306-310° at 760 mm. without decomposing.
It is also volatile with steam. An attempt to carry out
the esterification in the presence of a trace of concentrated
sulfuric acid was unsuccessful. An almost quantitative
yield of acetanilide was obtained.

Acid-Catalyzed Cleavage of Ethyl B-Anilinohydrocin-
namate.—The ester was dissolved in a minimum amount
of concentrated sulfuric acid. After standing for thirty
minutes the solution was diluted with water and steam
distilled. A 969, yield of benzaldehyde was isolated, from
the distillate, in the form of its phenylhydrazone; m. p.
156-157°, after recrystallization from 75% alcohol. Th
residual solution from the steam distillation was treated
with bromine to precipitate tribromoaniline. The weight
of this precipitate corresponded to an 889, yield of aniline;
m. p. 120.5-121.5°, after recrystallization from alcohol.

If the solution of the ester is diluted with water and
filtered, instead of steam distilling, 60-65% yields of acet-
anilide are obtained.

Base-Catalyzed Cleavage of Ethyl g-Anilinohydrocin-
namate.—Attempts to cleave the ester by refluxing with
10-25% sodium hydroxide solutions were unsuccessful,
the ester being almost quantitatively recovered. Re-
fluxing the ester in ethanol containing a molar equivalent
of sodium ethoxide produced cleavage. On cooling the
alcohol solution, 50-609, yields of acetanilide separated.

Summary

1. It has been shown that the addition of ace-
tic anhydride to benzalaniline is an acid catalyzed
reaction and forms acetic S-anilinohydrocinnamic
anhydride. This compound represents the ini-
tial addition product of the Perkin reaction in the
nitrogen system.

2. The addition product may be converted to
the starting materials by heat alone or by treat-
ing with aqueous acids.

3. The addition product is converted to the
normal end-product of the Perkin reaction, cin-
namic acid, by treatment with sodium ethoxide.
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