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ABSTRACT

A cleavage reaction of 1-acylhydantoin by an amine in tetrahydrofuran at elevated temperature provided the corre-
sponding amide and hydantoin in high yield. It was found that the addition of diethylaluminum chloride accelerated the
cleavage reaction rate. The amide yield depended on the steric hindrance of the amine.
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1. Introduction

In the synthesis of an optically active compound utilizing
a chiral auxiliary, cleaving the chiral auxiliary with con-
comitant reduction of the chiral center is an important
step. Therefore, many methodologies for the cleavage of
the chiral auxiliary such as the use of 2-oxazolidinone
have been reported. The typical method for N-acyl-2-
oxazolidinone cleavage is the treatment with alkoxide or
lithium hydroperoxide to convert the substrate into a
benzyl ester [1-3], a methyl ester [4], or a carboxylic acid
[5-7], respectively (route A, Scheme 1). It is also well-
known that a reductive cleavage reaction using a reduc-
tant such as LiAlH, [8-14] or LiBH, [15] gives the cor-
responding alcohol (route B). On the other hand, only
few reports of Lewis acid-promoted cleavage reactions of
N-acyl-2-oxazolidinones to esters [16] or hydroxamic
acid derivatives [17-19] have been published (route C).

We have reported that hydantoin is conveniently de-
rived from an amino acid amide without racemization
[20] and can be used as a chiral auxiliary to create a
chiral center at the S-position of an acyl group utilizing a
conjugate addition system [21]. In order to develop hy-
dantoin as a more useful tool as a chiral auxiliary, a new
cleavage reaction of l-acylhydantoin is required (Sche-
me 2). We report here that treatment of 1-acylhydantoin
with an amine at an elevated temperature provides the
corresponding amide and hydantoin in high yields. The
use of a catalytic amount of diethylaluminum chloride
accelerated the reaction rate.
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2. Results and Discussion

The initial examinations began with treatment of N-(3-
phenylpropionyl) hydantoin 1 with propylamine a in
several solvents. As shown in Table 1, the cleavage re-
action of 1 with 1.2 - 3.0 equimolar amounts of a in sev-
eral solvents from 0°C to room temperature proceeded to
give the corresponding amide 2a and hydantoin 3 in
moderate yields (Entries 1 - 3). The cleavage reaction in
THF performed at elevated temperature resulted in im-
provement of the yields of 2a and 3 (Entry 4). Since
propylamine has a low boiling point (<50°C), the cleav-
age reaction using an equimolar amount of propylamine
gave 2a in lower yield (Entry 5). In the case of ben-
zylamine instead of n-propylamine, the yields of 2b and
3 were improved (Entry 6). Lewis acids are known to be
effective additives in the cleavage reaction of N-ac-
yl-2-oxazolidinone [7]. Therefore, we expected that the
addition of a Lewis acid would also be effective for en-
hancing the present cleavage reaction. The cleavage re-
action in the presence of 1.2 equimolar amounts of
Et,AICI was complete in only 1 h (Entry 7). Furthermore,
a catalytic amount of Et,AlCl was enough to complete
the cleavage reaction, and 2b and 3 were obtained in ex-
cellent yields (Entry 8).

In the cleavage reaction of N-acyl-2-oxazolidinone,
Narasaka and co-workers reported its tolerance to the
attack of primary amines and that the addition of a
Cp,ZrHCI (Cp = cyclopentadienyl) catalyst was neces-
sary for the amide conversion [22].

The cleavage reaction using primary amines or aniline
also gave 2 and 3 in excellent yields in the presence of
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Scheme 1. Conventional cleavage reactions of N-acyl-2-oxa-
zolidinone.
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Scheme 2. Concept of the present work.

Table 1. Cleavage reaction of 1 with propylamine or benzy-
lamine.
Y hi
H,N-R | ELAICI 0
Ph/\)]\N N’Ph 2 » Bl HN N,Ph
\ { - Ph/\)J\N’R +
S o) H N 0
1\\ 2 ‘\ 3
a H,N">>" b: H,NTPh

soquinoline resulted in better yields than acyclic second-
dary amines (Entries 7 and 8).

The cleavage reaction of N-(3-phenylpropionyl)-2-
oxazolidinone 4 under similar reaction conditions was
also examined (Scheme 3). Treatment of 4 with 1.2
equimolar amounts of benzylamine gave 2b in 71% yield.
The reaction using hydantoin affords better results than
that with 2-oxazolidinone.

3. Experimental

Typical Procedure for Cleavage Reaction of 1. Pro-
pylamine and a hexane solution of Et;AIC] were added to
a THF solution of 1-acylhydantoin under Ar. After reflux,
the reaction was quenched by addition of 1M HCI solu-
tion. The organic materials were extracted with CH,Cl,.
The extract was washed with saturated NaCl solution and
dried over Na,SO,. After removal of solvent under re-
duced pressure, the residue was separated by preparative
TLC (hexane:EtOAc = 1:1) to give the amide and hy-
dantoin.

Table 2. Cleavagereactions of 1 with other amines.

o 0 amine (1.2 eq.), o
Ph/\)LNJLN,ph EtAICI h/\j’\ R, HNJLN,Ph
\‘\\_QO THF, reflux P 22 \i%o

1 2 3

HoN HoN
¢ \O di BN~ er BNpy \©
g N h: H t Hl\C@ I HI\D

Entry Amine ELAICI Temp. Time g 1vent Yield %)
(equation) (equation) (h) 2 3
1 a(l.2) none 0°C-RT 48 THF 73 65"
2 a(3) none 0°C-RT 16 CH)Cl, 33 41°
3 a3 none 0°C-RT 17 DMF 77 T77°
4 a3) none reflux 6 THF 95 88
5 a(l.2) none reflux 6 THF 10 9¢
6 b (1.2) none reflux 14 THF 97 96
7 b (1.2) 1.2 reflux 1 THF 95 88
8 b (1.2) 0.1 reflux 1 THF 95 97

Percentage of the starting material recovered: a. 19%; b. 56%; c. 23%; d.
84%.

diethylaluminum chloride (Table 2, Entries 1 - 4). In
contrast, the reactivity using secondary amines depended
on the steric hindrance of the amine (Entries 5 - 8). Thus,
the cleavage reaction with the more sterically demanding
diisopropylamine failed, whereas that with diethylamine
succeeded (Entries 5 and 6). Among secondary amines,
cyclic amines such as pyrrolidine or 1,2,3,4-tetrahydroi-

Copyright © 2013 SciRes.

: Yield (%)
Entry Amine EtzAl'Cl Time
(equation) (h) 2 3
1 c 0.5 3 88 96
2 d 0.1 1 96 99
3 e 0.1 1.5 84 86
4 f 0.3 3 88 90
5 g 1.2 2 Trace Trace
6 h 1.2 4 50 50"
7 i 0.1 1 91 96
8 j 1.2 15 92 98
a. The starting material was recovered in 34% yield.
o 92 HN"Ph (1.2 eq) o
PP P G SN ¢
Ph N o Ph N Ph
\ / THF, reflux, 14 h H

4 1%

Scheme 3. Conversion of N-dihydrocinnamoyl-2-oxazoli-
dinoneto amide.
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N-Propyl-3-phenylpropionamide: 'H NMR (300
MHz, CDCl;) 6 = 0.85 (3H, t, J = 7.3 Hz), 1.46 (2H, dq,
J=17.3and 7.3 Hz), 2.46 (2H, t, J= 6.8 Hz), 2.96 (2H, t,
J = 6.8 Hz), 3.16 (2H, q, J = 7.3 Hz), 5.48 (1H, br s),
7.18 - 7.38 (5H, m).

N-Benzyl-3-phenylpropionamide: 'H NMR (300
MHz, CDCl;) 0 =2.51 2H, t, J= 7.3 Hz), 2.99 2H, t, J
=7.3 Hz),4.39 (2H, d, J=5.7 Hz), 5.64 (1H, br s), 7.10 -
7.30 (5H, m).

N-Butyl-3-phenylpropionamide: '"H NMR (300 MHz,
CDCl;) 6 = 0.89 (3H, t, J = 7.1 Hz), 1.25 (2H, sext, J =
7.1 Hz), 1.40 2H, t, J = 7.1 and 5.9 Hz), 2.46 2H, t, J =
7.8 Hz), 2.97 2H, t, J="7.8 Hz), 3.21 (2H, q, /= 5.9 Hz),
5.34 (1H, brs), 7.10 - 7.35 (5H, m).

N-Phenethyl-3-phenylpropionamide: 'H NMR (300
MHz, CDCLy) 6 =2.42 (2H, t, J = 7.3 Hz), 2.73 H, t, J
=7.1 Hz), 2.95 (82H, t,J= 7.3 Hz), 3.48 2H, q, J=7.1
Hz), 5.34 (1H, brs), 7.00 - 7.35 (10H, m).

N-Cyclohexyl-3-phenylpropionamide: '"H NMR (300
MHz, CDCl3) § = 0.85 - 1.20 (3H, m), 1.25-1.45 (2H, m),
1.55-1.70 (3H, m), 1.80 - 1.85 (2H, m), 2.43 (2H, t, J =
7.3 Hz), 2.96 (2H, t, J = 7.3 Hz), 3.65 - 3.80 (1H, m),
5.16 (1H, brs), 7.15 - 7.35 (5H, m).

N-Phenyl-3-phenylpropionamide: 'H NMR (300
MHz, CDCL3) 6 = 2.64 (2H, t, J = 7.6 Hz), 3.04 2H, t, J
= 7.6 Hz), 7.06 (1H, t, J = 7.8 Hz), 7.10-7.35 (8H, m),
7.43 (2H, d, J= 7.8 Hz).

N-(3-Phenylpropionyl)pyrrolidine. '"H NMR (300
MHz, CDCl3) § = 1.65 - 1.90 (4H, m), 2.56 (2H, t, J =
7.6 Hz), 2.99 (2H, t, J = 7.6 Hz), 3.29 (2H, t, J = 6.6 Hz),
3.47 (2H, t,J=6.6 Hz), 7.10 - 7.35 (5H, m).

N,N-Diethyl-3-phenylpropionamide: '"H NMR (300
MHz, CDCl;) 6 = 1.10 (3H, t, J = 7.1 Hz), 1.11 (3H, t, J
= 7.1 Hz), 2.60 2H, t, J= 7.6 Hz), 2.99 2H, t, J = 7.6
Hz), 3.23 (2H, q, J = 7.1 Hz), 3.38 (2H, q, J = 7.1 Hz),
7.15-7.35 (5H, m).

N-(3-Phenylpr opionyl)-1,2,3,4-tetr ahydr oisoquinoli-
ne: A mixture of rotamers. 'H NMR (300 MHz, CDCl5)
0 =2.65-2.75 (2H, m), 2.80 - 2.90 (2H, m), 2.95 - 3.05
(2H, m), 3.60 and 3.84 (2H, t, J/ = 5.9 and 5.9 Hz), 5.54
and 4.75 (2H, s and s), 7.00 - 7.35 (8H, m).

4. Conclusion

We have developed the convenient cleavage reaction of
1-acylhydantoin to the corresponding amide. The con-
version is successfully performed under mild conditions
with a catalytic amount of Et,AICI. The activation of the
imide moiety accelerates the formation of the amide.
Other methodologies for new and convenient conver-
sions are now in progress.
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