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ABSTRACT 

Diastereoselective conjugate addition of 1-enoyl-5-substituted hydantoins with allyltrimethylsilane in the presence of 
Ti(IV) chloride proceeded to give the corresponding allyl adducts in high yield and high diastereoselectivity. In order to 
determine the absolute configuration on the β-position of the acyl group, the hydantoin was removed by hydrolysis of 
the allyl adducts with a base to give the corresponding carboxylic acid. It was found that the absolute configuration was 
S on the basis of specific rotation. 
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1. Introduction 

Chiral auxiliaries are one of the most useful tools to syn- 
thesize optically active compounds. Among the many 
types of chiral auxiliaries, 5-membered heterocycles con- 
taining nitrogen atom(s), such as 2-oxazolidinone or 2- 
imidazolidinone, are the most popular [1]. Optically ac- 
tive hydantoins, which resemble 2-oxazolidinone or 2- 
imidazolidinone in structure, were easily prepared from 
amino acid amides without racemization [2] and they 
play a role as a chiral auxiliary [3]. We have reported high 
diastereoselective conjugate addition of 1-enoyl-5-sub- 
stituted hydantoin with a nucleophile, e.g., diethylalumi- 
num chloride or dialkylcuprate reagent [3]. Generally, 
the diastereoselectivity at the β-position of the acyl group 
can be lower than that at the β-position of the acyl group 
(Scheme 1) [4,5] in the synthesis of optically active 
compounds via the use of a chiral auxiliary.  

Therefore, development of a new method and a new 
chiral auxiliary is required. In this paper, we examined 
Ti(IV) chloride-promoted diastereoselective conjugate 
addition of 1-enoyl-5-substituted hydantoins with allyl- 
trimethylsilane and found that optically active hydantoins 
are effective chiral auxiliaries for inducing a chiral center 
at the β-position of the acyl group. 

2. Results and Discussion 

The results in the diastereoselective conjugate addition of 

1-enoyl-5-substituted hydantoins 1 with allyltrimethylsi- 
lane (All-TMS) are shown in Table 1 and Scheme 2. 
Ti(IV) chloride was a suitable promoter for the conjugate 
addition of 1a with All-TMS, but Sn(IV) chloride was 
not (entries 1 and 2). However, the diastereomeric excess 
(d.e.) of the allyl adduct 2a was not determined by 1H 
NMR or HPLC analysis. The diastereoselectivity of 2a 
could be successful determined from the HPLC analysis 
of 3a, which was obtained from the catalytic hydrogena- 
tion of 2a (Scheme 3). Conjugate additions of 1-enoyl- 
hydantoin 1b and 1c, which were prepared from Trypto- 
phan and Valine, respectively, were also examined. Un- 
fortunately, the d.e.s of both allyl adducts were lower 
(entries 3 and 4).  

In addition, 1-cinnamoylhydantoin 1d was used as a 
substrate. Since the steric hindrance of the phenyl group 
at the cinnamoyl group is relative higher than that of the 
methyl group at the crotonyl group, the reactivity of 1d 
was expected to decrease relative to that of 1a. In fact, a 
reaction temperature of −50˚C was necessary to complete 
the reaction, however, their chemical yield and d.e. were 
similar (entry 5). Under the conditions of a higher reac- 
tion temperature at room temperature, the chemical yield 
and d.e. decreased (entry 6).  

Wu et al. reported a similar conjugate addition of 1- 
cinnamoyl-4-substituted 2-oxazolidinone with allylsilane 
in the presence of Ti(IV) chloride at 25˚C [6]. However, 
the present conjugate addition using 1-cinnamoylhydan- 
toin proceeded under a lower temperature of −50˚C. 
Comparing the two reaction t mperatures above, the re-  e  
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Table 1. Lewis acid-promoted diastereoselective conjugate addition of 1 with All-TMS. 

Entry 1 R2 M X eq. Y eq. Temp ˚C Time h Yield % d.e. % 

1 a Me Sn 1.5 2.5 RTa 24 NRb  

2 a Me Ti 1.5 1.8 −78 3 93 78c 

3 b Me Ti 3.0 3.0 −78 24 23 46d 

4 c Me Ti 3.0 3.0 −78 3 73 6d 

5 d Ph Ti 4.0 5.0 −50 24 92 82d 

6 d Ph Ti 1.5 1.3 RTa 48 52 50d 

aRT = room temperature; bNR = no reaction; cd.e. was determined by HPLC analysis of 3a which was transformed by catalytic hydrogenation of 2a; dd.e. was 
determined from the 1H NMR spectrum. 
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Scheme 1. Comparison of diastereoselectivities. 
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Scheme 2. Ti(IV) chloride-promoted diastereoselective con- 
jugate addition of 1-enoyl-5-substituted hydantoins with All- 
TMS.  
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Scheme 3. Catalytic hydrogenation of 2a to 3a. 
 
activity of hydantoin would be higher than that of 2-oxa- 
zolidinone in the conjugate addition.  

In order to determine the absolute configuration of the 
β-position of the acyl group, hydantoin was removed 
from the adduct to give the corresponding carboxylic 
acid [7]. Allin and co-workers reported that the specific 
rotation of (3R)-3-phenyl-hex-5-enoic acid was [

c 0.59). Comparison between the specific rotations, the 
absolute configuration of 4 was S (Scheme 4). The above 
result suggested that the structure of intermediate 5 in the 
transition state would be a bicoordinated model, and thus 
allylsilane attacks the enoyl group from the Si-face (Fig-
ure 1). 

3. Experimental 

General procedure for preparation of 1: To a DMF 
solution of hydantoin, acid anhydride and N,N-diiso- 
propylethylamine was added a catalytic amount of N,N- 
dimethylaminopyridine at room temperature and the re- 
action mixture was stirred for over night. DMF was re- 
moved under reduced pressure and the residue was ex- 
tracted with EtOAc. The organic layer was washed with 
5% citric acid aq., 5% NaHCO3 aq., and brine. The or- 
ganic layer was dried with Na2SO4 and was concentrated 
under reduced pressure. The residue was purified by pre- 
parative TLC on silica-gel and 1 was given.  

(S)-5-benzyl-1-crotonyl-3-phenylhydantoin: mp 85˚C. 
[ ]25α

D
 + 233.7˚ (CHCl3, c1.0). IR (KBr) 1791, 1733, 1686, 

1639 cm−1. 1H NMR (CDCl3, 400 MHz) δ 1.98 (3H, dd, J 
= 1.4 and 6.4 Hz), 3.35 (1H, dd, J = 2.3 and 13.7 Hz), 
3.67 (1H, dd, J = 5.0 and 13.7 Hz), 5.02 (1H, dd, J = 2.3 
and 5.0 Hz), 6.84-6.90 (2H, m), 7.02 - 7.10 (2H, m), 7.13 
- 7.40 (8H, m). 13C NMR (CDCl3, 400 MHz) δ 18.63, 
34.80, 59.58, 123.12, 126.44, 127.67, 128.61, 128.92, 
129.10, 129.78, 130.25, 133.37, 147.72, 152.43, 164.20, 
169.65. 

(S)-1-crotonyl-5-(3-indolylmethyl)-3-phenylhydantoin: 
mp 85˚C. [ ]25α

D
 + 172.3˚ (CHCl3, c1.0). IR (KBr) 1791, 

1731, 1684, 1635 cm−1. 1H NMR (CDCl3, 400 MHz) δ 
1.97 (3H, dd, J = 1.8 and 6.9 Hz), 3.62 (1H, dd, J = 2.3 
and 14.7 Hz), 3.85 (1H, dd, J = 5.0 and 14.7 Hz), 5.03 
(1H, dd, J = 2.3 and 5.0 Hz), 6.55 - 6.65 (2H, m), 6.89 
(1H, s), 7.05 (1H, dt, J = 0.9 and 8.2), 7.10 - 7.20 (2H, m), 
7.20 - 7.35 (5H, m), 7.51 (1H, dd, J = 0.9 and 8.2 Hz), 
8.31 (1H, s). 13C NMR (CDCl3, 400 MHz) δ 18.62, 25.27, 
59.59, 107.64, 111.05, 119.20, 120.03, 122.42, 123.39,  

]25α
D

- 
20.0˚ (CH2Cl2), c 1.27) [8]. The specific rotation of 4, 
which was cleaved from 2d, was [ ]25

D
α  + 27.6˚ (CH2Cl2,  
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Scheme 4. Hydrolysis of 2 to carboxylic acid 4 and hydan- 
toin. 
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Figure 1. Conformation of intermediate 5 in the transition 
state. 
 
123.75, 126.44, 127.36, 128.77, 128.97, 130.27, 135.89, 
147.33, 152.70, 164.32, 170.58. 

(S)-1-crotonyl-5-isopropyl-3-phenylhydantoin: oil. [ ]25α
D

 
+ 19.7˚ (CHCl3, c 0.27). IR (neat) 1790, 1732, 1688, 
1637 cm−1. 1H NMR (CDCl3, 400 MHz) δ 0.97 (3H, d, J 
= 6.9 Hz), 1.26 (3H, d, J = 6.9 Hz), 1.97 (3H, dd, J = 6.4 
and 0.9 Hz), 2.66 (1H, dsept, J = 6.9 and 3.2 Hz), 4.70 
(1H, d, J = 3.2 Hz), 7.20 (1H, dq, J = 15.1 and 6.4 Hz), 
7.30 (1H, dq, J = 15.1 and 0.9 Hz), 7.33 (2H, dt, J = 7.3 
and 2.7 Hz), 7.41 (1H, dt, J = 7.3 and 2.3 Hz), 7.48 (2H, 
tt, J = 7.3 and 2.3 Hz). 13C NMR (CDCl3, 400 MHz) δ 
15.64, 18.06, 18.58, 29.70, 63.02, 123.41, 126.47, 128.90, 
129.22, 130.60, 147.39, 153.10, 164.07, 169.32. 

(S)-5-benzyl-1-cinnnamoyl-3-phenylhydantoin: mp 129˚C 
- 130˚C. [ ]25α

D
 + 233.7˚ (CHCl3, c1.0). IR (KBr) 1786, 

1726, 1679, 1618 cm−1. 1H NMR (CDCl3, 400 MHz) δ 
3.40 (1H, dd, J = 2.8 and 13.7 Hz), 3.74 (1H, dd, J = 5.0 
and 13.7 Hz), 5.11 (1H, dd, J = 2.8 and 5.0 Hz), 6.85 - 
6.95 (2H, m), 7.05 - 7.15 (2H, m), 7.25 - 7.30 (3H, m), 
7.35 - 7.45 (6H, m), 7.60 - 7.65 (2H, m), 7.88 (1H, d, J = 
16.0 Hz), 8.00 (1H, d, J = 16.0 Hz). 13C NMR (CDCl3, 
400 MHz) δ 34.91, 59.82, 118.20, 126.52, 27.77, 128.69, 
128.72, 128.93, 129.07, 129.22, 129.87, 130.27, 130.91, 
133.38, 134.41, 147.13, 152.69, 164.51, 169.66. 

General procedure for conjugate addition of 1 with 
All-TMS: To a CH2Cl2 solution of 1 was added Ti(IV) 
chloride under nitrogen. The mixture was stirred for 10 
min. All-TMS was added to the reaction mixture. The 
reaction was quenched by adding saturated NH4Cl solu- 
tion, and the organic materials were extracted with 
CH2Cl2. The CH2Cl2 layer was washed with brine, and 
dried over Na2SO4. After removal of solvent under re- 
duced pressure, the residue was purified by silica-gel col- 
umn chromatography, and the allyl adduct was isolated.  

Allyl adduct 2a (signals of the major adduct were 
showed only): 1H NMR (CDCl3, 300 MHz) δ 1.03 (3H, d, 
J = 7.2 Hz), 2.05 - 2.25 (3H, m), 2.79 (1H, dd, J = 16.7 

and 7.5 Hz), 2.93 (1H, dd, J = 16.7 and 5.1 Hz), 3.37 (1H, 
dd, J = 13.9 and 2.7 Hz), 3.66 (1H, dd, J = 13.9 and 5.1 
Hz), 4.95 - 5.10 (3H, m), 5.70 - 5.90 (1H, m), 6.85 - 6.95 
(2H, m), 7.05 - 7.10 (2H, m), 7.20 - 7.45 (6H, m). 

Allyl adduct 2b: 1H NMR (CDCl3, 400MHz) δ 1.03 
(2.19H, d, J = 6.4 Hz, the major adduct signal), 1.07 
(0.81H, d, J = 6.9 Hz, the minor adduct signal), 2.00 - 
2.30 (3H, m), 2.64 (0.27H, dd, J = 16.9 and 7.3 Hz, the 
minor adduct signal), 2.79 (0.73H, dd, J = 16.9 and 6.4 
Hz, the major adduct signal), 2.84 (0.73H, dd, J = 16.9 
and 6.9 Hz, the major adduct signal), 2.99 (0.27H, dd, J = 
16.9 and 5.5 Hz, the minor adduct signal), 3.59 (1H, dd, J 
= 14.2 and 2.3 Hz), 3.85 (1H, dd, J = 14.2 and 5.0 Hz), 
5.00 - 5.10 (3H, m), 5.70 - 5.90 (1H, m), 6.50 - 6.60 (2H, 
m), 6.92 (1H, d, J = 2.8 Hz), 7.07 (1H, td, J = 6.9 and 0.9 
Hz), 7.19 (1H, td, J = 8.2 and 0.9 Hz), 7.25 - 7.30 (3H, 
m), 7.33 (1H, d, J = 8.2 Hz), 7.50 (1H, d, J = 8.2 Hz), 
8.10 (1H, s). 

Allyl adduct 2c: 1H NMR (CDCl3, 400 MHz) δ 0.95 - 
1.05 (3H, m), 1.25 (3H, d, J = 6.9 Hz), 1.95 - 2.30 (3H, 
m), 2.55 - 2.65 (1H, m), 2.71 (1H, dd, J = 16.0 and 8.2 
Hz, the minor adduct signal), 2.92 (1H, dd, J = 16.0 and 
6.4 Hz, the major adduct signal), 2.96 (1H, dd, J = 16.0 
and 7.3 Hz, the major adduct signal), 3.14 (1H, dd, J = 
16.0 and 5.0 Hz, the minor adduct signal), 4.65 (1H, d, J 
= 3.2 Hz), 4.95 - 5.10 (2H, m), 5.70 - 5.85 (1H, m), 7.30 
- 7.35 (2H, m), 7.30 - 7.35 (3H, m). 

Allyl adduct 2d: 1H NMR (CDCl3, 400 MHz) δ 2.47 
(2H, t, J = 6.9 Hz), 3.17 (1H, dd, J = 16.5 and 5.0 Hz), 
3.29 (1H, dd, J = 13.7 and 2.8 Hz), 3.35 - 3.50 (1H, m), 
3.51 (1H, dd, J = 16.5 and 8.7 Hz), 3.59 (1H, dd, J = 13.7 
and 5.0 Hz), 4.79 (0.91H, dd, J = 5.0 and 2.5 Hz), 4.88 
(0.09H, dd, J = 5.0 and 2.3 Hz), 4.95 - 5.10 (2H, m), 5.65 
- 5.80 (1H, m), 6.57 (0.18H, d, J = 6.9 Hz), 6.80 - 6.85 
(1.82H, m), 6.95 - 7.05 (1.82H, m), 7.09 (0.18H, t, J = 
7.3 Hz), 7.15 - 7.40 (11H, m). 

Catalytic hydrogenation of 2a: To a methanol (80 
mL) and a small amount of CH2Cl2 solution of 2a was 
added 10% Pd/C as catalyst under hydrogen, and the 
reaction mixture was stirred for 2 days. After removal of 
the catalyst by Celite filtration, the organic layer was 
concentrated under reduced pressure and 3a was given. 

3a (signals of the major adduct were showed only): 1H 
NMR (CDCl3, 300 MHz) δ 0.93 (3H, t, J = 6.6 Hz), 1.02 
(3H, d, J = 6.6 Hz), 1.25 - 1.45 (4H, m), 2.00 - 2.10 (1H, 
m), 2.75 (1H, dd, J = 16.4 and 8.1 Hz), 2.93 (1H, dd, J = 
16.4 and 5.4 Hz), 3.37 (1H, dd, J = 13.9 and 2.7 Hz), 
3.66 (1H, dd, J = 13.9 and 4.9 Hz), 4.79 (1H, dd, J = 4.9 
and 2.7 Hz), 6.85 - 6.95 (2H, m), 7.05 - 7.10 (2H, m), 
7.25 - 7.40 (6H, m). 

Hydrolysis of the allyl adduct into 4 [7]: To a solu- 
tion of LiOH and H2O2 was added a solution (THF and 
H2O) of 4 at 0˚C. The reaction mixture was stirred for 2 h. 
Na2SO3 was added to the reaction mixture at 0˚C, and it 
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was stirred for 30 min. After removal of the solvent un- 
der reduced pressure, the residue was aciditified by add- 
ing 10% citric acid solution. The organic materials were 
extracted with CH2Cl2. The organic layer was dried over 
Na2SO4. The solvent was removed under reduced pres- 
sure, and the residue was purified by silica-gel prepara- 
tive TLC and 4 was obtained as oil.  

4: 1H NMR (CDCl3, 400 MHz) δ 2.37 (2H, t, J = 7.3 
Hz), 2.57 (1H, dd, J = 16.0 and 8.2 Hz), 2.69 (1H, dd, J = 
16.0 and 6.4 Hz), 3.17 (1H, quint, J = 7.3 Hz), 4.90 - 5.05 
(2H, m), 5.63 (1H, ddt, J = 16.9, 10.0, and 7.3 Hz), 7.10 - 
7.30 (5H, m), 8.65 (1H, brs).  

4. Conclusion 

We showed that hydantoin is more reactive than conven- 
tional 2-oxazolidinone chiral auxiliaries. Further studies 
on the utilizations of hydantoin as a unique chiral auxil- 
iary are now in progress. 
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