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Abstract—Diacetone-DD-glucose mediated dynamic kinetic resolution of a-chloro-a-aryl esters in nucleophilic substitution reactions
has been investigated. Reactions of various amine nucleophiles in the presence of TBAI and DIEA can provide the substitution
products 2–10 up to 97% yield and 97:3 dr. This simple procedure with easy removal of the chiral auxiliary provides a practical
protocol for asymmetric syntheses of a-amino acid derivatives up to 97:3 er.
� 2005 Elsevier Ltd. All rights reserved.
Chiral auxiliary mediated dynamic resolution of a-halo
esters or a-halo amides has been recently recognized as
an effective synthetic method for asymmetric syntheses
of a-heteroatom substituted carboxylic acid deriva-
tives.1,2 Although many existing chiral auxiliaries can
achieve a useful level of diastereoselection in the dy-
namic resolution process, it is still desirable to find effec-
tive chiral auxiliaries for achieving practical asymmetric
nucleophilic substitution. Carbohydrates are readily
available inexpensive natural products in which numer-
ous functional groups and stereogenic centers are pres-
ent in a molecule. A number of carbohydrate based
templates have been used as chiral auxiliaries for various
stereoselective reactions.3 Herein, we report first success-
ful example of carbohydrate mediated dynamic resolu-
tion of a-halo esters in nucleophilic substitution for
asymmetric syntheses of a-amino acid derivatives.4

Initial studies on dynamic resolution of a-phenyl-a-
chloro ester were carried out with diacetone-DD-glucose
as a chiral auxiliary. Treatment of diacetone-DD-glucose
with racemic a-chloro-a-phenylacetyl chloride in the
presence of Et3N provided a-chloro-a-phenyl ester
(aRS)-1 in 80% yield with 55:45 diastereomeric ratio
(dr). When the two diastereomeric mixtures of (aRS)-1
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were treated with benzylamine (BnNH2, 1.5 equiv),
tetrabutylammonium iodide (TBAI, 1.0 equiv), and
diisopropylethylamine (DIEA, 1.0 equiv) in CH2Cl2 at
room temperature for 12 h, the amino acid derivative
2 was produced in 86% yield with 96:4 diastereomeric
ratio (dr, aS:aR) as shown in Table 1 (entry 1).5 The
observed dr and yield suggest that a-chloro stereogenic
center is configurationally labile with respect to the rate
of substitution with benzylamine and (aRS)-1 can be
dynamically resolved under the reaction condition.
Most of the solvents explored gave similar selectivities.
As shown in entries 2–5, the substitution product 2
was obtained with 97:3 dr in CHCl3, 97:3 dr in ether,
96:4 dr in THF and 96:4 dr in hexane. However, the
selectivity was reduced in CH3CN (entry 6) and the reac-
tion was very slow in toluene. The faster reaction at
50 �C gave the product with slightly lower stereoselectiv-
ity (93:7 dr) compared to the reaction at rt. Similar
stereoselectivity was observed in the substitution at
0 �C (entries 7 and 8). In the absence of TBAI, the reac-
tion of a-chloro ester 1 gave the substitution product 2
with almost the same stereoselectivity (entry 9). How-
ever, the rate of the substitution is substantially
decreased compared to the reactions with TBAI and
require longer reaction time (70 h) to obtain moderate
yield (54% yield). In addition, in the absence of both
TBAI and DIEA, the reaction did not produce product
2, and most of the starting material was recovered (entry
10). The results in entries 9 and 10 pointed to the impor-
tance of the presence of iodide ion and base for sufficient
rate acceleration. When 1 with 88:12 dr was treated with
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Table 2. Reactions with various amine nucleophiles
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Entry R1R2NH Yielda (%) Dr (aS:aR)b

1

Ph

Ph

NH2

62 (3) 97:3

2
NH2

75 (4) 95:5

3 NH2 48 (5) 95:5

4 NH2MeO 97 (6) 97:3

5 Ph N
H

Ph 61 (7) 94:6

6 Ph N
H 82 (8) 96:4

7 NH 73 (9) 93:7

8
NH

96 (10) 97:3

a Isolated yields.
b The drs are determined by 1H NMR of reaction mixture.

Table 1. Dynamic kinetic resolution of a-chloro ester 1 in nucleophilic

substitution
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Entry Dr of S.M. Condition Yielda (%) Dr (aS:aR)b

1 55:45 CH2Cl2 86 96:4

2 55:45 CHCl3 53 97:3

3 55:45 Ether 51 97:3

4 55:45 THF 72 96:4

5 55:45 n-Hexane, 70 96:4

6 55:45 CH3CN 96 90:10

7c 55:45 50 �C 76 93:7

8c 55:45 0 �C 92 97:3

9c 55:45 No TBAI 54 95:5

10c 55:45 No TBAI,

No DIEA

N.R. —

11 88:12d CH2Cl2 83 96:4

12 30:70d CH2Cl2 85 95:5

a Isolated yields.
b The drs are determined by 1H NMR of reaction mixture.
c The reactions were carried out in CH2Cl2.
d The mixtures are prepared by column chromatography with frac-

tional collection.
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13 (R=PhCH2, Ar=p-CH3-Ph)
88% yield, 96:4 dr

14 (R=PhCH2, Ar=p-Ph-Ph)
66% yield, 94:6 dr

3 (R= Ph2CH, Ar=Ph)
62% yield, 97:3 dr

6 (R=p-MeO-Ph, Ar=Ph)
97% yield, 97:3 dr

11 (Ar = p-CH3-Ph)
12 (Ar = p-Ph-Ph)
 1 (Ar = Ph)
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15 (R=PhCH2, Ar=p-CH3-Ph)
57% yield, 96:4 er

16 (R=Ph2CH, Ar=Ph)
80% yield, 97:3 er

17 (R=p-MeO-Ph, Ar=Ph)
97% yield, 96:4 er

Scheme 1.
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benzylamine in the presence of TBAI and DIEA, the
reaction gave product 2 with 96:4 dr as shown in entry
11. Also, almost the same dr of 2 was observed in the
reaction of 1 with reversed diastereomeric enrichment
of 30:70 dr (entry 12). Thus, the dr of product 2 is not
dependent on the starting ratio of two epimers of 1.
These preliminary results indicate that the epimerization
promoted by TBAI and DIEA is sufficiently fast with
respect to the rate of substitution and the primary
pathway of the asymmetric induction is a dynamic
kinetic resolution.

With the identification of diacetone-DD-glucose as an
appropriate stereocontrolling element for dynamic
kinetic resolution of a-chloro-a-phenyl acetate, we set
out to examine the scope of this methodology with eight
different amine nucleophiles as shown in Table 2. We
were pleased to observe that this methodology is efficient
for a variety of primary amine, secondary amine, and
cyclic amine nucleophiles, affording amino acid deriva-
tives 3–10 in 97–48% isolated yields with high stereo-
selectivities as shown in entries 1–8. Limited results
indicate that the size and nucleophilicity of amines
may have relatively little effect on stereoselectivity, but
that it significantly affected the yield.
As an extension of the above DKR, same sequences
were applied to two different a-chloro-a-aryl esters as
shown in Scheme 1. Treatment of a-p-methylphenyl a-
chloro acetate 11 with benzylamine, TBAI, and DIEA
gave the substitution product 13 in 88% yield with
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96:4 dr. Also, the reactions of a-p-phenylphenyl a-
chloro acetate 12 took place with high stereoselectivity,
affording 14 in 66% yield with 94:6 dr. The removal of
the diacetone-DD-glucose chiral auxiliary was readily
achieved by the treatment of esters 3, 6, and 13 in meth-
anol with Et3N at room temperature for 2–3 days. The
basic methanolysis furnished arylglycine methyl esters
15, 16, and 17 in 98–57% yields without racemization
within experimental error.6

We have presented a novel and practical approach for
the asymmetric syntheses of unnatural a-amino acid
derivatives via dynamic kinetic resolution of a-chloro es-
ters using carbohydrate as a chiral auxiliary. The simple
protocol with mild conditions and the easy removal of
chiral auxiliary suggests further development of this
methodology. Further applications of this methodology
to various a-alkyl substituents and nucleophiles are
currently under investigation.
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