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The Structures and properties of α,β-unsaturated r-oxo acid, acetyl-and benzoylacrylic

acid, and their esters are studied.

It can be considered that the α,β-unsaturated

γ-oxo acid exists in three isomeric forms, the trans-

form (A), the cis-form (B), and the angelica lactone
form (C). Scheffold has established1) that acetyl-
acrylic acid (I) has two forms, A and C, which
convert to each other. However, according to
Shaw, the compoulld(mp 59℃)2)produced by

the reaction of I with diazomethane was not a
simple methyl ester of I, but 5-methyl-5-methoxy-
2,5-dihydro-2-oxofuran (III-C). The compound
(mp 60.5℃),3)synthesized from bromoacetone

and triphenylphosphine carbomethoxymethylene,
was a simple methyl ester of I, methyl acetylacrylate
(III-A).

On the other hand, it has been reported that the

compound obtained by the Friedel-Crafts reaction

of maleic anhydride with benzene was benzoyl-

acrylic acid of the A form.4) Furthermore, one

of thc simplest α,β-unsaturated γ-oxo acids,

fumaraldehydic acid (V), is not present in the
form of V-A, but in the form of V-C, 5-hydroxy-
2,5-dihydro-2-oxofuran.5)

Thus, there still remain some uncertainties about
the structures and properties of α,β-unsaturated

γ-oxo acid and their derivatives. In spite of this

situation, recently, several natural products with

a partial structure of the A, B, or C form have been

reported, for example, Cytochalasine A,6) Pyreno-

pho丘n,7)  and   (±)-2-acetamid-2,5-dihydro-5-

oxofuran.s.9)
This paper will describe the structure of typical

substances, acetylacrylic acid (I), benzoylacrylic
acid (II), methyl acetylacrylate (III) and methyl
benzoylacrylate (IV), on the basis of chemical and
spectral studies.

Results and Discussion

Acetyl- and Benzoylacrylic Acid. Scheffold
described1) how trans acetylacrylic acid (I-A) was
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obtained from acetone and glyoxylic acid, and how
the NMR spectrum of this acid showed the signal
of olefinic protons at τ 3.20.(J=16.2 cps). The I

compound, which we obtained by the elimination

of hydrogen bromide from β-bromolevuiinic acid,10)

showed the same NMR signal as I-A. The ultravio-

letspectrum showed λmax 220 mμ.

Benzoylacrylic acid (II), which was obtained
by the Friedel-Crafts reaction of maleic anhydride
and benzene,4) showed infrared absorption bands
at 1700, 1670 and 1635 cm-1, and no absorption
between 1800 and 1750 cm-1. In the ultraviolet
absorption spectrum bands were observed at λmax

238mμ and λmax 272 mμ. In the NMR spec-

trum, the signals of a pair of sharp doublets at τ

3.12 and 1.98 for the olefinic protons were ob-
served. From the fact that the coupling constant,
J=15.4 cps, of these olefinic proton signals is
nearly equal to the J= 16.2 cps of I-A, the struc-
ture of benzoylacrylic acid must be a II-A trans
form.

Since the benzene ring and the remaining part
of the molecule should be on the same plane as a
result of the conjugation, two isomers, II-A' and
II-A", are possible. However, inspection of the
molecular model of II-A shows that II-A" is not
probable because of the steric hindrance between
HA and an ortho-H of the benzene ring. In II-A',
the deshielding effect of the benzene ring for HB
is expected to be present on account of its proximity
to the benzene ring, but no such effect is expected
for HB in II-A". From the NMR data for olefinic
protons of methyl fumarate at τ 3.17,11)the signal

at τ 3.12 was assigned to HA, and that at T 1.98,

to HB. From the fact that HB is more deshielded

by the benzene ring, the II-A' trans form is pre-

ferred as the structure of benzoylacrylic acid.

 Methyl Acetylacrylate and Methyl Benzoyl-
acrylate. By the Elimination of Hydrogen Bromide.
Methyl acetylacrylate (III) was obtained by the
elimination of hydrogen bromide from methyl
β-bromolevulinate.12) In the NMR spectrum of

this product, an AB quartet signal for the olefinic

protons, centcrcd at τ 3.29(J=15.4 cps), was ob-

served. The infrared absorption spectrum showed

carbonyl absorptions at 1725 and 1675 cm-1,

and no absorption in the region of the lactone car-

bonyl band. The ultraviolet absorption spectrum

showed a λmax of 220 mμ, similar to that of I-A.

These data suggest that the structure of the product

which we obtained by this method is in the III-A

trans form.

By the elimination of hydrogen bromide from

methyl β-brom-β-benzoylpropionate, IV was pre-

pared. In the NMR spectrum of IV we observed
a pair of sharp doublets of the olefinic protons at

τ 3.12 and 2.16(J=15.4 cps). The infrared ab-

sorption spectrum of IV showed carbonyl absorp-

 tion bands at 1725 and 1670 cm -I and an olefinic

double-bond absorption band at 1630 cm-1, but

no absorption band was observed in the lactone

carbonyl region. Much as in II-A, the ultraviolet
absorption spectrum of IV showed a λmax value of

232mμ and a λmax value of 270 mμ. These

results suggest that methyl benzoylacrylate was in
the IV-A' form.

By the Acid-Catalyzed Esterification. In the pres-
ence of sulfuric acid, II-A was esterified to IV.13)
The product was identified with IV-A' on the basis
of the spectral data and by thin-layer chromatog-
raphy. In the case of the acid-catalyzed esteri-
fication of I-A, III-A was obtained in a 100 yield,
and methyl α-methoxylevulinate,14) in a 16%

yield. These results suggest that the esterification
of I-A and II-A by the acid catalyst occurs.

Isomerization. The treatment of III-A or
IV-A with aqueous sodium hydroxide gave a hy-
drolyzed product, I-A or II-A. In the reaction
mixture, the isomerized products were not de-
tected. Thus, acetyl- and benzoylacrylic acids did
not isomerize under the basic conditions.

It has been reported that I-A was isomerized by
thionyl chloride to 5-methyl-5-chloro-2,5-dihydro-
2-oxofuran (VI-C), which, in turn, was converted
to I-C with an aqueous alkali.1) Therefore, it is
interesting to examine the reaction of II-A with
thionyl chloride, followed by the reaction of meth-
anol instead of an aqueous alkali.

In the NMR spectrum of the reaction mixture of
II-A with thionyl chloride, followed by the reac-
tion of methanol, we observed the signals cor-
responding to three substances, the normal esteri-
fled product, IV-A, and two anomalous products,
5-phenyl-5-methoxy-2,5-dihydro-2-oxofuran (IV-C)
and methyl α-methoxy-β-benzoylpropionate. The

molar ratio of these products was 49 :21 :30.

The structure of IV-C was deduced from the

spectral data. In the infrared absorption spectrum

of IV-C absorption bands were observed at 1770

and 1630 cm-1. The NMR spectrum showed

olefinic proton signals at τ 3.98 and 2.82,J=5.5
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TABLE 1. THE NMR SPECTRA

cps. The corresponding f value of I-C was 6
cps. These results suggest that II-A is partly
esterified, but also partly isomerized to lactone.

Reaction of II-A with Diazomethane. When
II-A was treated with diazomethane, neither IV-A
nor IV-C was detected by thin-layer chromatog-
raphy in the reaction mixture. The reaction of
of diazomethane with carboxylic acid frequently
does not lead to the expected methyl ester. For
example, the reaction of diazomethane with I-A
gave the isomerized product III-C,2) while that
with trans p-bromobenzoylacrylic acid gave 4-(p-
bromobenzoyl)-3-carbomethoxypyrazoline.13) Thus,
α, β-unsaturated r-oxo acids do not afford the

simple methyl ester by reaction with diazomethane.
Photoisoraerization. By the photoreaction,

the cis isomer (B) was produced from the trans
isomer (A). The details of the photoreactions of
a. β-unsaturated γ-oxo acid and their derivatives

will be reported in another paper.

Experimental

Acetylacrylic Acid. This acid was prepared by

the mehtod of Wolff 10) and was recrystallized from
benzene to give colorless crystals, mp 125-126℃.

IR(KBr):1700,1670,1625 cm-1.

UV(EtOH):220 mft(e 13800),340 mμ(e 40).

Benzoylacrylic Acid. This acid was prepared by
the method of Becker,*) and was crystallized from
benzene to give colorless crystals, mp 95.5-96℃.

IR(KBr):1700,1670,1635 cm-1.

UV(EtOH);238 mμ(ε 11000),272 mμ(ε 8900).

Methyl Acetylacrylate. This was prepared by the
method of Pauly12) and was recrystallized from an ether

and hexane(1:1 vfv)mixture, mp 58.5-50℃.

IR(KBr): 1725,1675,1645 cm-1.

 UV(EtOH):220 mμ(ε 14400),338 mp(ε 40).

In the presence of sulfuric acid, acetylacrylic acid
was esterified, and the product was identified on silica-gel
thin-layer chromatography (Wakogel B-5) with a
benzene and ethyl acetate (9 : 1 v/v) mixture.

Methyl Benzoylacryllate. This ester was prepared

by two methods, by the method of Kohler15) and by
the esterification of the corresponding free acid in the
presence of sulfuric acid. In both cases, the crude
product was purified by chromatography on silica-gel
(Merk 7734) with a benzene and ethyl acetate (9 : 1
v/v)mixture; mp 34℃.

IR (liquid film):1725,1670,1630 cm-1.

UV(EtOH):232 mμ (ε 15400),270 mμ (E .9800).

Base-catalyzed Hydrolysis of III-A and IV-A.
To a solution of the III-A or IV-A ester (100 mg) in
methanol (2 ml), potassium hydroxide (25 mg) in
water (1 ml) was stirred over a 2-hr period at room
temperature. The reaction mixture was then worked
up by the usual method, and the product was identified
by thin-layer chromatography and by a study of its
absorption spectrum.

Isomerization of H-A by Thionyl Chloride.
One gram of 11-A was dissolved in 2 ml of thionyl
chloride, after which the mixture was kept for 10 min
at 50℃. The mixture was then poured into excess

methanol at 0℃. The ratio of the products in the

reaction mixture was measured by means of the NMR
spectrum and was found to be 49 :21 : 30.

NMR(CDC13): τ6.20(1.5 H)ester methyl of IV-A.

6.29 (0.9 H) ester methyl of methoxypropionate. 6.59
(0.9H) methoxy of methoxypropionate. 6.71 (0.6 H)
methoxy of IV-C.

Reaction with Diazomethane. Benzoylacrylic
acid was reacted with diazomethane in ether in the
usual manner. The reaction product was chromato-
graphed on a thin layer of silica gel (Wakogel B-5)
with a benzene and ethyl acetate (9 : 1 v/v) mixture.
No spot corresponding to IV-A or IV-C was observed.

NMR Spectra. The NMR spectra were measured
on a Hitachi H-60 High-resolution Nuclear Magnetic
Resonance Spectrometer. The solvent was deutero-
chloroform, and TMS was used as the internal standard.
The spectral data are listed in Table 1.
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