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Abstract—Chiral 4-pyrrolidinopyridine analogues 8–13 with two distinct functional side chains at C(2) and C(4) of the pyrrolidine
ring were prepared from 4-hydroxy-L-proline. We examined desymmetrization of meso-1,3-cyclohexanediol through enantioselec-
tive acylation using these catalysts and found that introduction of a C(4)-side chain was effective for improving both the chemo-
and enantioselectivity of acylation. © 2003 Elsevier Science Ltd. All rights reserved.

Nonenzymatic kinetic resolution of racemic alcohols
via enantioselective acylation is a recent focus of syn-
thetic attention.1–3 We developed chiral 4-pyrro-
lidinopyridine (PPY) analogue 1 which could effectively
catalyze acylative kinetic resolution of racemic diol and
amino alcohol derivatives with high enantioselectivity.3

A unique feature of 1 is that chiral elements are not
present in the catalytically active pyridine ring.
Recently, we reported that chiral PPY analogue 2 could
also promote the acylative kinetic resolution of
racemic-3 with a selectivity factor (s) of 8.1.4,5 The
structure of the peptide side chain at C(2) in 2 was
found to be closely related to the enantioselectivity of
the acylative catalysis.4,6 We report here the prepara-
tion and properties of a new class of chiral PPY
analogues 8–13 with dual functional side chains at C(2)
and C(4) on the pyrrolidine ring (Scheme 1). Our
hypothesis involves the expectation that a peptide side
chain at C(4) might participate in substrate-recognition
through hydrogen-bonding interaction with a sub-
strate.7 Combinatorial introduction of functional side
chains at C(2) and C(4) is possible and may make it
possible to search for a catalyst that is most suitable for
the reaction of interest.

Side-chain structures at C(4) of 8–13 were selected
based on the expected function of a 1,4-disubstituted
imidazole subunit in 8 and 9 as a general base,8 a
tryptophan residue in 10 as a hydrogen-bond donor
and for �–� interaction, and a protected proline subunit
in 11–13 as a hydrogen-bond acceptor. Compound 4,9

which is readily prepared from commercially available
trans-4-hydroxy-L-proline, was selected as a starting
material for the preparation of chiral nucleophilic cata-
lysts 8–13. Hydrogenolysis of 4 followed by condensa-
tion with 4-bromopyridine gave trans-2,4-disubstituted
pyrrolidinopyridine (5) in 50% yield. The key intermedi-
ate 6 for 8–13 was obtained in 87% yield by treatment
of 5 with iodotrimethylsilane10 followed by 4 M HCl in
ethyl acetate. Condensation of 6 with L-tryptophan
methyl ester was performed without protecting the 4-
hydroxyl group by treatment with 1-(3-dimethylamino-
propyl)-3-ethylcarbodiimide hydrochloride (EDCI) and
1-hydroxybenzotriazole (HOBT) in the presence of N-
methylmorpholine (NMM) to give 7 in 85% yield. A
second amino acid residue was easily introduced at C(4)
by the EDCI/HOBT method to give the desired cata-
lysts 8–13 in yields of 64–100%. In contrast to a recent
report on the preparation of N-pyridinyl prolines,5b no
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Scheme 1.

epimerization at C(2) was observed throughout the
transformation. All of these molecules displayed cata-
lytic activity for the acylation of alcohols.11,12

We examined enantioselective desymmetrization of
meso-1,3-cyclohexanediol (14) (Table 1). Treatment of
14 with 1.3 mole equivalents of isobutyric anhydride in
the presence of 5 mol% of catalyst 1 and 1.4 mole
equivalents of 2,4,6-collidine in toluene at 20°C for 4 h
gave monoester 15 in 27% yield (32% ee), diester 16 in
48% yield, and 6% recovery of 14 (entry 3). The pre-
dominant formation of 16 over 15 could be ascribed to
the fact that 14 is less soluble than 15 in toluene, and
the reaction mixture was suspended at an early stage of
the reaction. The corresponding reaction in a chloro-
form solution, however, gave a similar ratio of 15 to 16
(entry 4). The observed chemoselectivity seems intrinsic
to the acylation of 14, since the ratio of 15 to 16
obtained by acylation with PPY was comparable to
that obtained with 1 (entries 1–4). Similar chemo- and
enantioselectivity was observed in acylation of 14 with
catalyst 2 (entries 3 versus 5). On the other hand,
monoester 15 was the major product of the acylation
with catalysts 8–11 (entries 7–12). Among them, cata-
lyst 10 gave the most improved chemoselectivity (60%,
entry 12) and enantioselectivity (52% ee, entry 11) for
acylation. Thus, the introduction of an ester side chain

at C(4) in the nucleophilic catalyst improved both the
chemo- and enantioselectivity of the acylation (entries
5, 6 versus 11, 12). To the best of our knowledge, this
is the first example of nonenzymatic enantioselective
acylation of 14.13–15

The asymmetric desymmetrization of meso-1,2-diol 17
was also examined with catalysts 2 and 8–13 (Table 2).
Acylation of 17 with isobutyric anhydride in the pres-
ence of catalyst 2 in toluene gave mono-ester (1R,
2S)-18 in 60% ee and in 59% yield (entry 1). Only slight
differences were observed in the chemo- and enantiose-
lectivity of acylation with changes in the structure of
catalysts 8–13 (entries 2–9). The highest chemoselectiv-
ity (77%, entry 7) and enantioselectivity (65% ee, entry
9) for mono-acylation were achieved with catalysts 11
and 13, respectively. The difference in chirality at C(2�)
in the C(4)-side chains of 12 and 13 did not affect the
selectivity of acylation (entry 8 versus 9). The enan-
tiomeric purity of 18 is the result of enantioselective
acylation of 17 followed by kinetic resolution of 18.
The ee of 18 was increased with an increase in diester-
formation (entry 5 versus 6). This indicates that the
minor enantiomer 18 formed by enantioselective mono-
acylation of 17 is consumed faster than the major
enantiomer in the following kinetic resolution. In fact,
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Table 1. Enantioselective desymmetrization of meso-1,3-
diol 14

Entry SolventCatalyst 15:16:14 (%)a Ee of 15 (%)b

Toluene 19:48:5PPYc –1
CHCl3 35:39:42 –PPYc

Toluene 27:48:61 323
4 CHCl31 32:46:2 34

Toluene 30:43:122 285
CHCl3 44:29:86 232
Toluene 37:35:98 337

88 CHCl3 49:31:7 20
Toluene 43:28:129 449

910 CHCl3 53:22:9 32
Toluene 48:32:9 5211 10
CHCl3 60:28:510 4112

1113 Toluene 45:36:19 39
CHCl3 44:9:37 2414 11

a Yields determined by 1H NMR with dibenzyl ether as an internal
standard.

b Determined by GC analysis with a chiral stationary phase, beta-
DEX™ 225.

c 4-Pyrrolidinopyridine.

In conclusion, we have developed a new class of chiral
PPY analogues with two distinct functional side chains
at C(2) and C(4) of the pyrrolidine ring. Introduction of
the C(4)-side chain was effective for improving the chemo-
and enantioselectivity of acylation. Although these cata-
lysts are not yet practically useful, this approach provides
clues to the development of catalysts with the desired
substrate-specificity.
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