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Kinetic resolution of racemic N-arylmethylated trans-2-
acetoxy-methyl-5-hydroxymethylpyrrolidines by using lipase-
catalyzed transesterification has been studied. The
enantioselectivity depends significantly on the structure of the
aryl ring and N-3,5-dimethylbenzylpyrrolidine was found to be
the best substrate for the present reaction.

Chiral Cp-symmetric frans-2,5-disubstituted pyrrolidines have
been demonstrated to be efficient chiral auxiliaries for a variety of
asymmetric syntheses.! Furthermore, they serve as chiral
building blocks for the synthesis of pyrrolidine alkaloids
possessing biological activity.2 Many enatiospecific syntheses
of optically active trans-2,5-disubstituted pyrrolidines using
chiral starting materials,3 or double asymmetric dihydroxylation
of symmetric terminal dienes? has been reported so far.

Recently, lipases have been widely used in organic synthesis,
in particular, kinetic resolution of racemic alcohols.5 We
previously reported the synthesis of optically active N-benzyl-
trans-2,5-bis(acetoxymethyl)pyrrolidine by using lipase-
catalyzed hydrolysis as a key step.6 On the other hand, Sibi et
al. reported their synthesis by using lipase-catalyzed sequential
acylation of racemic trans-2,5-bis(hydroxymethyl)pyrrolidine.”
However, the methodology provided equal amount of the
starting diol, monoacetate, and diacetate and the enantiomeric
excess (ee) of the monoacetate showed quite low.

In this paper, we describe highly efficient lipase-catalyzed
transesterification of racemic rrans-2,5-disubstituted pyrrolidines
taking advantage of the active site model of lipase from
Pseudomonas cepacia (PCL), which has been recently proposed
to explain and predict the stereochemical outcomne for the kinetic
resolution of secondary alcohols and primary alcohols by
substrate-mapping.8-10
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The lipase-catalyzed transesterification of trans-2,5-bis
(hydroxymethyl)pyrrolidine afforded the complex reaction
mixture as mentioned above and so it is not simple to evaluate the
effectiveness of kinetic resolution, E value.!! Therefore, we

examined the lipase-catalyzed acylation of the corresponding
monoacetate, since the second acylation step is expected to be
highly enantioselective judging from the lipase-catalyzed
hydrolysis of the similar substrate. 6

The substrates were prepared from readily available trans-2,5-
diethoxycarbonyl pyrrolidine,® which was acylated with various
substituted benzoyl cholide, followed by reduction with LiAlH4
to give the corresponding diols (Scheme 2). The subsequent
acetylation of the resulting diols with acetic anhydride in ether at
0 °C afforded the monoacetates in 57-79% yield.
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The enantioselective acylations of the monoacetate la-g were
carried out in hexane at 30 °C with Pseudomonas cepacia lipase
(lipase Amano PS, one of the most popular lipase used in
organic synthesis) and vinyl acetate as an acylating agent . The
ee's of the monoacetate and diacetate were determined by HPL.C
using a column with a chiral stationary phase.!2 The absolute
configurations of all the diacetates 2a-g were determined to be
2R, 5R by comparison of specific rotations with the authentic
specimens by the similar procedure as described Ref. 6.
The results are summarized in Table 1.

Table 1. Lipase-catalyzed transesterification of mono-
acetates (la-g)2

Substrate Time (5,8)-1 (R,R)-2 Conv. E
h Joee Joee o
la 2 35 82 30 15
1b 1 57 77 40 13
lc 1.5 97 60 60 16
1d 1.5 99 56 60 20
le 2 84 82 50 26
If 4 19 63 23 5.3
1g 25 33 95 26 50
Ig 4 98 84 54 52

AThe reaction condition: A mixture of substrate (0.5 mmol), vinyl
acetate (1 mmol). lipase PS (150 mg), and hexane (5 ml) was stirred
at 30 °C.
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The lipase-catalyzed acylation of the substrate possessing an
electron-withdrawing (lc, R=Br) or electron-donating (1d,
R=0Me) substituent in the para-position of the aromatic ring
showed enantioselectivity comparable to that of 1a (R=H),
suggesting that electronic effect does not play a major role in
enantioselection, although the reaction rate was increased. The
substrate (le) possessing bulky rerz-butyl substituent showed
higher enantioselectivity, while acylation of the substrate (1f)
with a planar and larger phenyl substituent resulted in a
significantly lower enantioselectivity and a decrease of the
reaction rate.!3 This result suggests that the larger para-phenyl
group at the aromatic ring may not allow only slow-reacting
(S,S)-enantiomer but also fast-reacting (R,R)-enantiomer to be
accommodated to a hydrophobic binding site (Figure 1. A,
R =Ph, Rz=H) and led to the slow reaction and poor
enantioselectivity.
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On the other hand, 3,5-dimethylbenzyl derivative (1g) was
efficiently resolved substrate for PCL (E=50-52). Generally, it
is difficult to discriminate two enantiomers of primary alcohols in
lipase-catalyzed kinetic resolution due to the flexibility of rotation
of C-CH,OH such as shown Figure 1. B.8 However, this
result suggests that introduction of the meta-dimethyl group at
the aryl ring should lead (R,R)-enantiomer to be accommodated
(Figure 1. A, R1=H, Rp=Me) and (S§,S)-enantiomer to be not
accommodated in the hydrophobic site of active site model
(Figure 1. C, Rj=H, Ry=Me) and therefore increase the
enantioselectivity. Thus it is noteworthy that the shape of
substrate is more crucial than the size for the enantioselectivity of
PCL, which is in accordance with Theil's findings. 9

In summary, we have demonstrated that the lipase-catalyzed
kinetic resolution of frans-2,5-disubstituted pyrrolidine using
PCL was accomplished by efficient modification of the substrate
structure and this substrate-tuning strategy should be predictable
and effective for enhancing the enantioselectivity of PCL toward
primary alcohols which are generally poor resolved-substrates,
compared with secondary alcohols. Further studies on the
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substituent effect on the enantioselectivity by molecular modeling
are now under way.

We are grateful to Professor T, Katsuki for helpful discussion
and to Amano Pharmaceutical Co. for providing lipase Amano
PS.
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