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In the syntheses of 5-oxazolones (2-isopropenyl-4-alkyl-2-oxazolin-5-ones) from N-meth-
acryloyl-α-amino acids, new isomerized oxazolones were obtained. By NMR spectroscopy, the

structures of isomerized oxazolones were determined to be pseudoxazolones (2-isopropylidene-
4-alkyl-3-oxazolin-5-ones). The NMR spectra of several pseudoxazolones were measured and
compared with the normal oxazolones.

Several methods have been reported on the

preparation of 5-oxazolones from N-acyl-α-amino

acids. Two methods were studied for the cyclo-

dehydration of N-methacryloyl-DL-α-amino acids

(I):a) the action of excess acetic anhydride
(Cleaver's method; Method A),1) and b) the

.action of an equimolar amount of acetic anhydride
in pyridine (Carter's method; Method B).2) We
have previously found that two types of 5-oxa-
zolones-normal and isomerized oxazolones-were
obtained in high yields depending on the method
of syntheses.3) By infrared and ultraviolet spectral
studies, the structure of III (2-isopropylidene-4-
alkyl-3-oxazolin-5-one, pseudoxazolone)4) was as-
signed to these isomerized oxazolones. Only a few

methods have been known for the preparation of
pseudoxazolones containing aromatic substituents;
the method reported here is new and unique. In
order to obtain a more definite basis for the assigned
structures, we have prepared several 5-oxazolones
and compared their nuclear magnetic resonance

(NMR) spectra. We have found that the assigned
structure was correct, and that NMR spectroscopy
was the best method to distinguish these isomers.5)
It is the purpose of this paper to make available
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Fig. 1. The NMR spectrum of compound lid at 100 Mc.

the information obtained in this laboratory by

means of NMR spectroscopy.6)

(I)

(II)

(III)

b: R=Me
c: Et
d: i-Pr
e: i-Bu
f: t-Bu
(g: Phenyl)

The NMR spectrum of 2-isopropenyl-4-isopropyl-2-
oxazolin-5-one (IId) is shown in Fig. 1. The
methyl protons of the isopropenyl group at the 2-
position gave a singlet at δ 2.03. The terminal

methylene protons were shown to be at δ 5.91

and 5.67. The proton at the 4-position afforded

a doublet (δ 4.12, J=4.2cps) split by the spin-

coupling with the tertiary proton of the isopropyl

substituent. The fact that the protons of two

methyl groups gave two pair of doublets at δ 1.08

and 0.94 (J=7.2cps) can be explained by the

differences in conformational populations, which

cause the magnetic nonequivalence of the isopropyl

group close to the center of molecular asymmetry.7)
The isomerization of oxazolones was readily de-

tected from the changes in their infrared and ul-

traviolet spectra. In the cases of IId and IIId,

TABLE 1. THE NMR OF III (ppm FROM TMS)

the absorption of carbonyl groups (νc=o)8,9) and

the λmax10) in cyclohexane were changed from 1825

to 1775cm-1 and from 218 to 305mμ after iso-

merization. The NMR spectra of III are listed

in Table 1. In Fig. 2, the NMR spectrum of IIId

is shown for the sake of comparison. The protons

6) After this manuscript had been submitted to
this Bulletin, we found a paper (W. Steglich and R.
Hurnaus, Tetrahedron Letters, No. 4, 383 (1966)), in which
the work similar to ours was described. Their results
agreed essentially with ours written in this paper. We
presented these results orally at the 17th Annual Meeting
of The Chemical Society of Japan (Abstract of 17th
Annual Meeting of The Chemical Society of Japan,
3HO5, 182, April (1964)).

7) A.T. Bottini and R.L. VanEtten, J. Org. Chem.,
30, 575 (1965).

8) Y. Shimodoi, K. Matsuda and N. Murata,
Kogyo Kagaku Zasshi (J. Chem. Soc. Japan, Ind. Chem.
Sect.), 65, 1664 (1962); R. Filler and E.J. Piasek,
J. Org. Chem., 28, 221 (1963).

9) R. Filler and E.J. Piasek, ibid., 29, 2205 (1964).
10) D.A. Bassi, V. Deulofeu and F.A. Ortega,

J. Am. Chem. Soc., 75, 171 (1953); F. Weygand and W.S
teglich, Angew. Chem., 73, 433 (1961).
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of two methyl groups of the isopropyl substituent

at the 4-position afForded a doublet at δ 1.28

(J=6.6cps), while the tertiary proton afforded

a septet at δ 2.97. Two methyl groups of the

isopropylidene substituent at the 2-position gave

two singlets, at δ 2.11 and 2.02. This results

from the magnetic nonequivalence of methyl groups,

as the oxazolone ring contains oxygen and nitrogen

atoms.

In the cases of N-methacryloyl-DL-phenylalanine

and N-acryloyl-DL-valine, double bonds migrated

Fig. 2. The NMR spectrum of compund IIId

at 60Mc.

further under the treatment of Method B and gave
a product which had an exo-double bond at the
4-position, as is shown in IV and V (in N-acryloyl-
DL-valine, about a 1:1 mixture of V and VIId
was obtained). This phenomena seems to result
from the increased conjugate system with the
phenyl group in IV and hyperconjugation with two
methyl groups in V. The NMR spectra of IV
and V are exhibited in Table 2. IIIc and V are
thought to be isomers with regard to each other;
they can be clearly distinguished by their NMR
spectra.

(IV) (V)

2-Ethylidene-4-alkyl-3-oxazolin-5-ones (VII) were

prepared from  N-(2-bromopropionyl)-α-amino

acids (VI) by Bergmann's method,11) using benzoic

TABLE 2. THE NMR SPECTRA OF IV AND V

anhydride and sodium acetate as dehydrating
agents (Method C).

(VI)

(VII) (VIII)

VII was also prepared by Method B from N-

acryloyl-DL-α-amino acids, but it was accompanied

by a small amount of VIII, as has been mentioned

above. Bergmann suggested that a dynamic

equilibrium existed between normal and pseud-

oxazolone, but the resulting mixture of VIId and

V obtained by Method B was separated satisfac-

torily into two fractions, which were distilled

at 74.5-78.5℃/11 mmHg and 88.5-91.5℃/11

mmHg respectively.12) Their infrared spectra

resembled each other except that V exhibited

new absorptions at 1620, 1275 and 880cm-1.

Characteristic differences were seen in the λmax

values of VIId and V in cyclohexane, the former

being at 292mμ, and the latter, at 271mμ. From

the experimental finding that VIId rearranged to

V with a small amount of acetic acid in pyridine

at an elevated temperature, it may be concluded

that rearrangement proceeded to V step by step

via VIId, since Method B was thought to be a

rather drastic reaction in comparison with Method

C.

The NMR spectra of VII at 60 Mc are shown in

Table 3. The methyl group of the ethylidene

substituent at the 2-position of VIIb was exhibited

11) M. Bergmann and F. Stern, Ann., 448, 20 (1926).

12) 2-Isopropyl-4-isopropylidene-2-oxazolin-5-one was
prepared by a similar method to that of Simonsen(G

.R. Ramage and J.L. Simonsen, J. Chem. Soc.,
1935, 532) from N-isobutyrylglycine and acetone in
low yield. The product was decided to be the above
compound by NMR: (CH3)2 isopropyl, δ 1.28, J=

6.6 cps, doublet; Me2CH 82.81, septet; (CH3)2C=

δ 2.32, 2.22, two singlets. νc=c was also observed

in the infrared spectrum at 1610cm-1.
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TABLE 3. THE NMR SPECTRA OF VII

a) Content of isomers concerning the exo-double bond.

in two doublets,13) at δ 2.02 and 1.96, while the

proton attached to the exo-double bond gave two

pair of quartets, at δ 5.51 and 5.43 (J=7.8 cps),

as is shown in Fig. 3.

Fig. 3. The NMR spectrum of compound VIIb

at 60 Mc.

"These observations show that VII is composed
of two geometric isomers concerning the exo-
double bonds (the isomer ratios were approximately
2:1), as has been suggested in the literature.14)

In the spectrum of VIIb at 100 Mc, shown in
Fig. 4, the methyl protons at δ 2.31 were divided

into two large peaks. The finding that their rela-

tive intensities are roughly 2:1 may be elucidated

as follows: each geometric isomer would exert

different chemical shifts even on the methyl protons

at the 4-position. The fact that each peak ex-

hibits fine structures indicates the existence of long-

range interaction in these compounds between

the methyl protons at the 4-position and the

protons in the ethylidene group at the 2-position.
When the infrared spectrum of VIIb was com-

pared with that of IIIb, VIIb gave absorptions at
3078 and 3062cm-1 (in chloroform; -CH=C-
stretching) and at 820 and 812cm-1 (in carbon
disulfide; out-of-plane deformation). However, it
was not certain that these absorptions corresponded
to geometric isomers concerning the exo-double
bond at the 2-position. An attempt to isolate
each isomer from the mixture by distillation and
gas chromatography was unsuccessful.

Fig. 4. The NMR spectrum of compound VIIb
at 100 Mc.

Experimental

NMR Spectra Measurement. The proton mag-
netic resonance spectra were taken with Varian DP-
60, HR-100, HA-100 and JEOL 3H-60 on 10-20%
(W/V) solutions of the samples in carbon tetrachloride
containing tetramethylsilane as an internal standard,
at 60 Mcps and 100 Mcps and at room temperature.

13) E. Sturm and K. Haner, Angew. Chem., 76,
862 (1964).

14) A.R. Katritzky, "Advances in Heterocyclic
Chemistry," Vol. IV, Academic Press, New York (1965),
p. 98.
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The chemical shifts are expressed as ppm from te-
tramethylsilane.

The Preparation of 2-Isopropenyl-4-isopropyl-2-
oxazolin-5-one (IId). Method A. About 200ml
of acetic anhydride was heated to 100℃ in an oil

bath; into the preheated acetic anhydride, 25g of N-

methacryloyl-Dr-valine was then added as quickly as

possible, after which the mixture was held at 100℃

for an additional five minutes. Acetic acid and ex-

cess acetic anhydride were removed under reduced

pressure, and the residue was fractionated in vacuo.
The yield of the product boiling at 100-103℃/20

mmHe was 11.5g (51%).

The Preparation of 2-Isopropylidene-4-isopro-
pyl-3-oxazolin-5-one (IIId). Method B. A mix-
ture of 37g of N-methacryloyl-DL-valine and 100ml
of pyridine was heated to 90-100℃ in an oil bath.

Then 21g of acetic anhydride was vigorously stirred
in. The mixture was kept at the same temperature
for two hours. After pyridine and acetic acid were

distilled off under reduced pressure, the fraction boil-
ing at 74-76℃/1 mmHg was collected as pure material;

it weighed 21g (64%).
Found (for IIId): C, 64.16; H, 7.93; N, 7.92%.

Calcd for C9H13NO2: C, 64.65; H, 7.78; N, 8.38%.
By analogous procedures, IIIb (bp 54-56℃/1.5

mmHg; mp 31-32℃; 41%), IIIc (bp 66-68℃/

1 mmHg), IIIe (bp 84-86℃/1 mmHg; 78%), IIIf

(bp 73-74℃/1 mmHg; 69%), IIIg (mp 138°), IV

(bp 130℃/1 mmHg; 80%) and V (bp 89-92℃/

11 mmHg) were prepared.
The Preparation of 2-Ethylidene-4-isopropyl-3-

oxazolin-5-one (VIId). Method C. A mixture of
14g of N-(2-bromopropionyl)-DL-valine, 4.6g of
sodium acetate, and 18.8g of benzoic anhydride was
ground in a mortar. The solid mixture was then heated
on an oil bath at 11 mmH gg; the distillate boiled at
74.5-78.5℃ was collected. The yield was 4.8g

(51%).
Found (for VIId): C, 62.83; H, 7.36; N, 9.12%.

Calcd for C8H11NO2: C, 62.72; H, 7.24; N, 9.14%.
By the same method, VIIb (bp 57-60℃/5 mmHg;

75%), VIIe (bp 75℃/4 mmHg; 30%) and IIIa (R=H,

by 63-64℃/4 mmHg; 47%) were synthesized.
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