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 Since the three polymorphic forms of 
allocinnamic acid were found and studied 
by Liebermann1), by Paal2), and by Biil-
mann3), they have been the subject of 
many researches4) including those on the 
dipole moments), the infrared absorption"), 
other physical properties, and the transi-
tion between them7). 

 In the course of the studies of the poly-
morphic behaviors of the compounds with 
group C6H5CH=CHCO8), deuterated allo-
cinnamic acids have been investigated in 
comparison with the ordinary allocinnamic 
acid, the powder X-ray diffraction and
ultraviolet absorptionl spectra of α,β-d2-

allocinnamic acid and O-d-allocinnamic 

acid being measured. The X-ray diffrac-

tion patterns of the 0-d-allocinnamic acid 

showed an expansion of the crystal lattice. 

No remarkable difference was found 

among the ultraviolet absorptions of 

three polymorphic forms of allocinnamic 

acid. In an experiment of catalytic hydro-

genation of phenylpropiolic acid to allo-

cinnamic acid, a new polymorphic form, 

m. p. 120•Ž, of (trans-)cinnamic acid was 

obtained by chance, and its transition to 

the stable form, m. p. 133•Ž, was observed. 

 Experimental 

 Partial Hydrogenation of Phenylpropiolic 

Acid.-Phenylpropiolic acid was prepared from 

commercial cinnamic acid according to the 

method of " Organic Syntheses"9,10), and catalyti-

cally hydrogenated to allocinnamic acid. Pal-

ladium catalysts, e. g., Pd-BaSO411) Pd-poly (vinyl

alcohol)12) and Pd-Na protalbinate13), and the 

Urushibara catalysts14,15), e. g., U-Ni-B and U-

Co-A, were used in the partial hydrogenation 

and the latter catalysts were found useful for 

the purpose. The U-Ni-B catalyst gave the 

purest allocinnamic acid, while the palladium 

catalysts yielded hardly crystallizable products 

which had to be purified through the aniline 

salt16). The results of the catalytic hydrogena-

tion with various catalysts are summarized in 

Table I. 

The 58•‹-form17) of allocinnamic acid was pre-

pared by recrystallization of the hydrogenation 

products, the 68•‹-form through the aniline salt 

and the 42•‹-form by cooling suddenly the melt of 

the 58•‹-form or 68•‹-form in dry ice. 

 Preparation of Deuterated Allocinnamic 

Acids.-a,B-d2-Allocinnamic acid was prepared by 

the catalytic deuteration of sodium phenylpro-

piolate with deuterium in a solution in 99.7% 

heavy water produced by the Norsk Hydro-

Elektrisk Kvaelstofaktieselskab, Norway. The 

deuterium was generated by the electrolysis of 

the heavy water by using anhydrous sodium 

sulfate as the electrolyte, platinum electrodes,

and an electric current of density 0.02～0.03 amp./

cm2 and 6～8 V. Palladium on barium sulfate,

which was chosen on account of its small content

of exchangeable hydrogen, was first deuterated

in the heavy water and then employed for the

catalytic deuteration. It was presumed without

ally determination that the α,β-d2-allocinnamic

acid contained nearly 100% deuterium in the α

and β positions.

 In order to deuterate the carboxylic hydrogen, 

allocinnamic acid was recrystallized once from 

47.4% D2O and then from 99.7% D2O. The deu-

terium content of allocinnamic acid deuterated 

in this way was determined to be 80•}5% of the 

carboxylic hydrogen. 

 Measurements of Absorption Spectra.-

Ultraviolet absorptions were measured in ethanolic

solution in the range of wavelengths 2100～40°o A

with a Beckman Model DU spectrophotometer.

Infrared absorptions were measured with a Baird

Model B infrared recording spectrophotometer in
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 TABLE I. PARTIAL HYDROGENATION OF PHENYLPROPIOLIC ACID 

WITH VARIOUS CATALYSTS*

* Hydrogenation was stopped when one mole of hydrogen was absorbed . 
** Phenylpropionic acid was obtained .

Nujol and in carbon tetrachloride solution-when 
necessary. 

Measurements of X-ray Diffraction Pat-
terns.-The powder method was used with a 
Norelco X-ray diffractometer. The identity and 
the difference among polymorphic forms were 
determined by the diffraction patterns, the dif-
fraction angles being mainly taken into considera-
tion for the identification and the intensity of 
the diffracted beams being only auxiliarily re-
spected. 

Results and Discussion 

Ultraviolet Absorption.-Guy18) observed 
that polymorphic forms of allocinnamic 
acid give different infrared spectra es-

pecially in the finger print region, and 
Urushibara, Iimura and Iked8,19) showed 
that polymorphic forms of chalcones differ 
not only in infrared but also in ultraviolet 
spectra. The ultraviolet absorptions of 
cinnamic acid and allocinnamic acid have 
been reported with no notice of any dif-
ference in polymorphic forms20). 

 TABLE II. ULTRAVIOLET ABSORPTION SPECTRA 
OF ClNNAMIC AClDS IN ETHANOL

Fig. 1. The ultraviolet spectra of cin-

 namic acids.

 Ultraviolet absorption spectra in ethanol 
were measured with all the polymorphic 
forms of cinnamic acid and of allocin-
namic acid with the results shown in 
Table II and Fig. 1. The three forms of 
allocinnamic acid gave similar absorption 
curves with no remarkable differences in 
either the locations or the intensities of 
the absorption maxima. Moreover, cin-
namic acid and allocinnamic acid absorbed 
almost the same wavelength but the in-
tensity of the former was roughly twice 
as strong as the latter.
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Braude and his co-workers21-23) have ex-
tensively studied the relations between 
the ultraviolet spectra and the steric 
hindrance in conjugated systems and 
concluded that, when the steric hindrance 
is not so large as to prevent the conjuga-
tion, the sterically hindered cis-isomer 
gives an absorption maximum almost at 
the same location as the unhindered trans-
isomer but having a remarkably lower 
intensity. The appearance of polymorph-
ism in a molecule with a partially hindered 
conjugated system is caused by the ex-
istence of metastable, rotationally hin-
dered, forms conditioned by both the 
steric hindrance and the a-electron interac-
tion between two parts of the molecule 24,25). 
The interpretation that the polymorphism 
of cinnamic acids is based on such causes 
is supported by the different infrared 
spectra of the polymorphic forms. 
 The ultraviolet spectra of the deuterated 

allocinnamic acids revealed no isotope 
effect in any polymorphic forms. 
 Polymorphism of Deuterated Allocin-

namic Acids.-Measurements of the pow-
der X-ray diffraction with α,β →d2-allocin-

namic acid (II) and O-d-allocinnamic acid 
(III) in comparison with the ordinary al-
locinnamic acid (I) showed that the diffrac-
tion patterns of the polymorphic forms of 
O-d-allocinnamic acid deviate from those 
of the corresponding forms of the other

two, respectively. The deviations are

comparatively remarkable, though small,

in the two polymorphic forms melting at

58℃ and at 68℃, and noticeably in the

direction of smaller diffraction angles,

suggesting a lattice expansion caused by

deuteration. Deviations observed in the

42°-form permit to conclude neither a

lattice expansion nor a lattice contraction.

 The lattice expansion observed in the

two forms of O-d-allocinnamic acid is sup-

posed to be due to the deuterium bond 
which is weaker than the hydrogen bond 
in the corresponding forms of the ordinary 
allocinnamic acid. Such an isotope effect 
is known in oxalic acid26) and other com-

pounds27) and explained on the basis of 
the weaker deuterium bond.

TABLE III. THE MELTING POINTS OF 

 ALLOClNNAMIC AClDS

 Some forms of the deuterated allocin-

namic acids melted lower than the cor-

responding forms of the ordinary allocin-

namic acid, as shown in Table III, and, 

since the melting point of either the 58•‹-

form or the 68•‹-form of the ordinary 

allocinnamic acid was lowered by recrys-

tallization from heavy water, it can be 

concluded that the lowering of the melting 

points of O-d-allocinnamic acid is connected 

with the lattice expansion. 

 Formation and Properties of the Meta-

stable Form, m. p. 120•Ž, of Cinnamic 

Acid.-The new form of (trans-)cinnamic 

acid was obtained in an experiment to 

prepare allocinnamic acid from phenyl-

propiolic acid. The experimental sequence 
was as follows: When phenylpropiolic 

acid was hydrogenated with the U-Co-A 

catalyst, the reaction was too slow to be 

completed. Then U-Ni-A was added with 

an intension of finishing the partial hydro-

genation to allocinnamic acid. After be-

ing left to stand for a day, the product 

was isolated from the reaction mixture,

but it melted at 120℃ and did not coincide

with any form of allocinnamic acid. The

product proved a new form of(trans-)cin-

namic acid, since it gave an infrared

absorption in solution quite similar to that

of the known form(m.p.133℃)of cin-

namic acid except for a slight difference

in the finger print region, and an ultra-

violet absorption also similar to that of

the 133°-form of cinnamic acid(120°-form

λmax 2725 A, εmax 19000;133°-form: λmax

2730A, εmax 20500). On the other hand,
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706 Minoru HIROTA and Yoshiyuki URUSHIBARA [Vol. 32, No. 7

Fig. 2. The X-raq diffraction patterns

 of the 120°-form and the 133°-form of

(traps-)cinnamic acid.

 Fig.3. Changes of the melting points of

the 120°-form of cinnamic acid.

the X-ray diffraction pattern of the 120°-

form is clearly different from that of the

stable 133°-form of cinnamic acid, as

shown in Fig.2.

 The formation of the new form of cin-
namic acid in the hydrogenation of phenyl-

propiolic acid is explained by assuming 
that the allocinnamic acid formed by the 
catalytic hydrogenation was isomerized 
to a metastable form of the trans-isomer 
during its contact with the catalyst. The
120°-form was transformed into the 133°-

form in one week or two, when itwas

kept in a dark place at room temperature.

All attempts to repeat the preparation of

the metastable form failed and the cis-

isomer was always obtained instead.

Further, it was observed that the transi-

tion of the metastable form to the stable

form occurred abruptly when it once

started by chance. Namely, when five

portions of the metastable form were kept

in a dark place at about 15℃, the melting

points of these portions, determined every 
second or third day, changed suddenly 
but at different times, as shown in Fig. 3. 
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