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The pyrolysis of diphenylcyclopropenone monohydrate (II) at 150°C afforded a-phenyl-trans-cinnamic anhy-

dride (VI).

It was proved that the reaction consists of two main steps, the nucleophilic attack of water on I to
yield a-phenyl-trans-cinnamic acid (IV), and the reaction of I with IV, thus finally yielding VI.

The same type

of reaction as that of I with IV was also observed when I was heated in phenol to afford phenyl x-phenyl-trans-

cinnamate (XII).

The reaction of I with the weak nucleophilic reagent, a-phenyl-trans-cinnamamide (XIV),

afforded a monoimino derivative of VI (XVI), which is believed to be produced by the nucleophilic attack of the

amide-oxygen of XIV on the carbonyl-carbon of I.

Since the first preparation of diphenylcyclopro-
penone (I) in 1959 by Breslow and his co-workers!
and by Vol’pin and his co-workers,? independently,
many reactions of I have been reported.® Because
of the strongly polarized nature of the ketone,® to
which the contribution of the IA and IB structures is
considerable, the carbonyl carbon and the double
bond of I cause a nucleophilic attack by various re-
agents. Although the reaction of I with a base such
as aqueous sodium hydroxide,? hydroxylamine,® liquid
ammonia,»® aqueous ammonia,” primary amine,®
aziridine,® and alkyllithium® has been reported, no
reaction with acid has yet been done except the case
in which I forms hydrobromide in crystalline forms.?
The salt, however, can be decomposed by heating or
by weak bases to give I again.?
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We have found that I reacted with such acids as
a-phenyl-trans-cinnamic acid (IV) and phenol at 150°C
to give «-phenyl-trans-cinnamic anhydride (VI) and
phenyl a-phenyl-trans-cinnamate (XII) respectively. We
have also found that I reacted with a weak nucleophilic
reagent, o-phenyl-trans-cinnamamide, and N-methyl-
acetamide to afford a monoimino derivative of VI (XVI)
and N-methyl-a-phenyl-frans-cinnamamide (XVII) re-
spectively.

The heating of the monohydrate (II)!® at 150°C
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for 32 hr afforded the anhydride VI, the cyclic dimer
VII, and tolan (VIII) in 12.6, 14.1, and 23.99, yields
respectively. The structure of VI (mp 117—118.5°C)
was determined by a comparison of its electronic,
infrared, and NMR spectral data with those reported
in the literature for the anhydride (mp 113—117°C).1»
The spectral data of VII were identical with those
recorded for the cyclic dimer? obtained in 409, together
with VIII (209,), by the pyrolysis of I at 145—150°C
for 36 hr, to this dimer the structure VII has been
assigned? provisionally. Since the heating of an equi-
molar mixture of I and IV at 150°C for 3 hr and
10 hr afforded VI in 25.4 and 55.59, yields respectively,
IV must be the intermediate of the pyrolysis of II.
The formation of IV from II can be interpreted in
terms of the ketonization of the III initially produced
by the attack of water on the carbonyl-carbon of I.
The reaction of I with IV, of the same fashion as
that of I and water, would give V as an intermediate.
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The ketonization and the ring-openning of V afford
VI (Scheme 1). The contribution of the cation-delo-
calized structure (VA) to V, and the reversibility of
the process of the formation of V from I and IV, are
considerable, judging from the following observations.
The heating of an equimolar mixture of I and a-phenyl-
cis-cinnamic acid (IX) at 150°C for 27 hr afforded
VI and the trans-acid IV in 35.4 and 31.6% yields
respectively, but no recovered IX or cis-isomer of VI
was detected. Since it is known that!® the trans-acid
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IV is more stable than cis-acid IX because of the
much greater steric interaction between the phenyl and
carboxylic group in IX than that between the two
phenyls in IV, and since the heating of IX at 150°C
for 34 hr gave recovered IX in almost a quantitative
yield, the isomerization of IX into IV probably occurs
during the course of the reaction of I and IX.

The above complete isomerization of the geometry
around the carbon-carbon double bond both in the
product, VI, and in the acid, IV, can be reasonably
interpreted by assuming a reversible process and the
contribution of the cation-delocalized structure (VA or
XA), as has been described above. The intermediate,
X, initially produced by the reaction of I and IX
can be rearranged to V uia the cation-delocalized
structure, XA, in which a rotation around the carbon-
carbon bond of the diphenylethylene part is possible for its
increased single-bond nature, as is shown in Scheme 2.
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The reaction of I with another carboxylic acid, such
as trans-cinnamic acid or benzoic acid, gave no any
acid anhydride. However, I reacted with phenol at
150°C for 26 hr to afford the ester XII in a 429, yield.
The structure of XII was determined by a comparison
of its spectral data with those of an authentic sample
prepared according to the previously reported method.!®
The reaction probably proceeds via XI, which corre-
sponds to V or X. Therefore, XIII is a possible inter-
mediate of the thermal dimerization of I.

The observation that the oxygen of water, carboxylic
acid (IV), and phenol react with I prompted us to
investigate the reaction of I with several amides. Our
attention was focussed on the question of which it
was, the oxygen or the nitrogen of amide, which reacts
with I. The heating of a mixture of I and an equimolar
amount of the amide XIV at 150°C for 33 hr afforded
XVI in a 4.29%, vyield, together with VIII (17.69,),
recovered XIV (459,), and a small amount of an
unidentified product, C,;;H;;ON. The structure of XVI
was determined by means of a study of the spectral
data and by a base-catalyzed hydrolysis, which gave
IV only. The electronic spectrum of XVI, 225 and
312nm in ethanol, was comparable to that of VI,
223 and 300 nm in ethanol. The infrared spectrum
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of XVI in chloroform showed vyg Vc=0, and veoy
and/or ve-¢ at 3380, 1735, and 1615 cm~! respectively,
in addition to the strong ester absorption band at
1145 cm~!.  Since no absorption band of amide-1I
appeared in the 1600—1500 cm~! region, and since the
vo-o appeared at the field of frequencies higher than
1700 cm~1, there is no possibility that XVI is amide
or urea. The NMR spectral data, 1.88 (s, =CH, 1H),
2.10 (s, =CH, 1H), 2.86 (m, Ph, 20H), and 8.03
(s, =NH, 1H), which disappeared upon shaking with
D,0, also supported the structure of XVI.

The formation of XVI in the reaction of I with
XIV shows that the reaction site of XIV is oxygen,
not nitrogen, as is shown in Scheme 3. This result
is reasonable, since the electron density on the oxygen
of amide is higher than that of nitrogen because of
the resonance, —I{I—Cll=0<——>—1{lz(|]—0“. This result is
also consistent with the fact that the protonation of
amide in a solution occurs on its oxygen.14-16) The
N-alkyl derivative of XIV, however, did not react with
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Nevertheless, the reaction of I with N-methylacet-
amide under the same conditions as those employed
for the above reaction showed a widely different mode,
and the reaction product was N-methyl-a-phenyl-trans-
cinnamamide (XVII). The structure of XVII was
determined by a comparison of its spectral data with
those of an authentic sample prepared from IV by
the method described in the Experimental section. The
product XVII can be derived formally by the attack
of the methylamino group produced by the fission of
the amide-bond of N-methylacetamide on I, in the
same fashion as that shown in Schemes 1—3.

Experimental

All the melting points are uncorrected. The electronic
spectra were measured on a Hitachi spectrophotometer, model
124. The infrared spectra were recorded on a spectrophotom-
eter, IR-E, of the Japan Spectroscopic Co. The NMR
spectra were recorded in deuteriochloroform on a Japan Elec-
tron Optics Laboratory H-100 spectrometer, TMS being used
as the internal standard.

Materials. Diphenylcyclopropenone (I) was prepared
according to the reported procedure;¥ mp 119—120°C (lit,»
mp 119—121°C). Diphenylcyclopropenone monohydrate (II)
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was prepared according to the previously-reported method ;1%
mp 87.5°C (1it, mp 87.5°C). «-Phenyl-trans-cinnamic acid
(IV) and «-phenyl-cis-cinnamic acid (IX) were prepared by
the reported method.1?

Pyrolysis of II. In an oil bath, IT (2.2 g, 10 mmol) was
heated at 150°C for 32 hr. After cooling, the crude product
which had solidified was dissolved in ethanol (20 m/). An
alcohol-insoluble crystalline solid was collected by filtration
and recrystallized from ethanol to yield VI as colorless needles;
yield, 0.27 g (12.6%); mp 117—118.5°C (lit,'”» mp 113—
117°C). ARQH: 223 (13400) and 300 nm (g, 16000), IR (Nujol):
1715 and 1750 cm~1 (C=0), NMR: 2.23 (s, =CH, 2H) and
2.80 7 (m, Ph, 20H). The spectral data were identical with
those reported for VI in the literature.!?)

The ethanol mother liquor remaining after the separation
of VI was concentrated to dryness, and the residue was re-
crystallized from cyclohexane to afford VII; yield, 0.29 g
(14.1%); mp 180—181°C (lit, mp 181—182°C). The in-
frared and electronic spectra of VII thus obtained were
identical with those of an authentic sample.? The evapora-
tion of the solvent of the cyclohexane solution remaining
after the removal of VII afforded tolan (yield, 0.45 g (23.99%,))
after recrystallization from petroleum ether.

Reaction of I with IV. A mixture of I (0.5 g, 2.5 mmol)
and IV (0.56 g, 2.5 mmol) was heated at 150°C for 3 hr.
After cooling, the reaction mixture was recrystallized from
ethanol to afford VI; yield, 0.28 g (25.4%). When the above
mixture was heated at 150°C for 10 hr, 0.61 g (55.59%,) of VI
was isolated.

Reaction of I with I1X. A mixture of I (0.7 g, 3.4 mmol)
and IX (0.76 g, 3.4 mmol) was heated at 150°C for 27 hr,
After cooling, the reaction mixture which had solidified was
fractionated into the following two components by fractional
recrystallization from ethanol: VI, 0.53 g (35.4%), and 1V,
0.24 g (31.6%).

Reaction of I with Phenol. A mixture of I (2 g, 10 mmol)
and phenol (2.8 g, 30 mmol) was heated at 150°C for 26 hr.
After cooling, the crude product which had crystallized was
recrystallized from cyclohexane to give XII; 1.68 % (42%);
mp 138.5—139.5°C (lit,”» mp 142—143°C). The infrared
spectrum of the XII thus obtained in Nujol mull, 1725 (C=0),
1620 (C=C), and 1235, 1200, 1170, and 1155 cm™ (ester),
was identical with that of an authentic sample prepared ac-
cording to the literature.!®

Reaction of I with XIV. A mixture of I (3.0 g, 15 mmol)
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and XIV (8.36 g, 15 mmol) was heated at 150°C for 33 hr.
After the mixture had cooled, cyclohexane (10 m/) was added.
The crystals which separated out were collected by filtration
and recrystallized from ethanol to afford XVI as colorless
needles; 0.27 g (4.2%); mp 199—200°C. AEJH: 225 (13000)
and 312 nm (g, 19500), IR (CHCI,;): 3380 (NH), 1736 (C=0),
and 1145 cm™ (ester), NMR: 1.88 (s, =CH, 1H), 2.10 (s,
=CH, 1H), 2.86 (m, Ph, 20H), and 8.03 r (s, =NH, 1H).

Found: C, 84.04; H, 5.34; N, 3.749%,. Calcd for CyH,,-
O,N: C, 83.89; H, 5.40; N, 3.269%,.

The heating of a solution of XVI in acetone-aqueous
potassium hydroxide afforded IV.

The cyclohexane solution which remained after the removal
of XVI was concentrated to dryness. Then the residue was
chromatographed on alumina, using carbon tetrachloride as
the solvent. From the fraction eluted with carbon tetra-
chloride, tolan (0.47 g (17.6%)) was obtained. From the
fraction eluted with benzene, an unidentified product, C;;H,,-
ON, was isolated, 0.1 g; mp 161—163°C. From the fraction
eluted with benzene - chloroform (1:1), XIV (1.51 g (45%))
was recovered.

Reaction of I with N-Methylacetamide. A mixture of I
(1.5 g, 7.5 mmol) and N-methylacetamide (1.1 g, 15 mmol)
was heated at 150°C for 40 hr. The crude product which
solidified upon cooling was chromatographed on alumina,
using carbon tetrachloride as the solvent. The fraction eluted
with carbon tetrachloride was concentrated by distillation to
afford tolan (0.38 g (289)). From the fraction eluted with
chloroform, XVII (0.14 g (7.9%)) was isolated, mp 166—
167°C. AZOH: 223 (8500) and 289 nm (g, 12300), IR (Nujol):
1630 (C=0), 1610 (C=C), and 1540 cm™! (amide-1I), NMR:
2.68 (m, Ph, 10H), 3.13 (s, =CH, 1H), 4.06 (s, NH, 1H),
and 7.23 7 (d, CH,, 3H).

Found: C, 80.92; H, 6.309,.
80.98; H, 6.379,.

The spectral data of XVII were identical with those of
an authentic sample (mp 165.5—167°C) prepared by the re-
action of methylamine and a-phenyl-trans-cinnamoyl chloride

derived from IV.

Calcd for C,;H,;ON: C,
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