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Abstract—Facile chemoenzymatic enantioselective synthesis of (3S,4S)-3-methoxy-4-methylaminopyrrolidine, a key intermediate
for a new quinolone antitumor compound AG-7352 has been described. This methodology illustrates the preparation of 3-azido-
1-benzyloxycarbonyl-4-hydroxypyrrolidine starting from diallylamine via 1-benzyloxycarbonyl-3-pyrroline obtained by ring-closing
metathesis (RCM) employing Grubbs� catalyst. Enzymatic transesterification employing PS-C lipase gave (3S,4S)-3-azido-1-benzyl-
oxycarbonyl-4-hydroxypyrrolidine in >99% ee, which upon methylation of the hydroxyl group followed by sequential reactions gave
the desired intermediates, (3S,4S)-1-tert-butoxycarbonyl-3-tert-butoxycarbonylamino-4-methoxypyrrolidine.
� 2004 Published by Elsevier Ltd.
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A large number of synthetic and naturally occurring
biologically important compounds contain chiral pyrro-
lidines as subunits in their structures.1 Tsuzuki and
co-workers2,3 have recently developed a novel antitumor
agent quinolone framework that has a 3-methoxy-4-
methylaminopyrrolidine group 2a at the C-7 position
(AG-7352, 1). This compound has been claimed to
possess equal or superior antitumor activity to those
of cisplatin and etoposide against human breast, ovar-
ian, and colon cancers implanted in nude mice.4 Some
quinolone related compounds show antitumor activity
with inhibition of eukaryotic topoisomerase II.5 3-Meth-
oxy-4-methylaminopyrrolidine 2a is a key intermediate
for the synthesis of 1 and it is also an intermediate
for related biologically important heterocyclic com-
pounds.6,7 Recently, a structure activity relationship
study carried out for 7-substituted 1,4-dihydro-4-oxo-
1-(2-thiazolyl)-1,8-naphthyridine-3-carboxylic acids has
shown that the stereochemistry of the 7-substituted
pyrrolidine group effects the in vitro and in vivo cytotoxi-
city of these compounds,8 thus illustrating the
importance of the preparation of this pyrrolidine inter-
mediate in optically pure form. There are very few
methods that have been reported for the stereospecific
synthesis of this biologically active pyrrolidine interme-
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diate. These methods involve either a chiron approach2,9

or an optical resolution of a racemate.3 In view of
our interest for the development of chemoenzymatic
methodologies, it was considered of interest to develop
a chemoenzymatic route for the preparation of the
optically active precursor 2b. Herein, we wish to report
an efficient chemoenzymatic synthesis of 2b starting
from diallylamine involving ring-closing metathesis
and lipase mediated resolution.
In the present synthetic strategy, commercially available
diallylamine 3 was employed as the starting material for
the construction of the pyrrolidine ring. The amine func-
tionality of compound 3 was protected with CbzCl
before ring-closing metathesis employing Grubbs� cata-
lyst to give N-Cbz-3-pyrroline 5. The epoxide 6 was
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Scheme 1. Reagents and conditions: (i) CbzCl, Et3N, CH2Cl2, rt, 10h,

98%; (ii) (Pcy2)2Cl2Ru@CHph, CH2Cl2, rt, 6h, 96%; (iii) NBS,

DMSO–H2O, rt, 2h, 89%; (iv) 1N NaOH, rt, 1h, 76%; (v) NaN3,

1,4-dioxane–H2O, reflux, 12h, 85%.
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Scheme 2. Reagents and conditions: (i) lipase PS-C, vinyl acetate,

diisopropylether, 10h; (ii) K2CO3, methanol, 2h.
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obtained from 5 via its bromohydrin and epoxide 6
upon treatment with NaN3 yielded the required interme-
diate (±)-trans-3-azido-1-Cbz-4-hydroxypyrrolidine 7
(Scheme 1). In view of our interest in enzyme mediated
kinetic resolutions of chiral building blocks,10 we carried
out the lipase mediated resolution of compound (±)-7. A
number of lipases from different sources11 were exam-
ined for this process and it was observed that lipases
from Pseudomonas cepacia particularly in their immobi-
lized forms, that is, PS-C (lipase immobilized on ceramic
particles) and PS-D (lipase immobilized on diatom-
aceous earth) gave interesting results with respect to
conversion and enantioselectivity. Moreover, the effect
of various solvents was also investigated for this transe-
sterification process employing PS-C lipase.12 Diisoprop-
yl ether provided suitable conversion with high enantio-
selectivity employing vinyl acetate as an acylating
agent (Scheme 2). The lipase catalyzed transesterifica-
tion13 of (±)-trans-3-azido-1-Cbz-4-hydroxypyrrolidine
7 using PS-C lipase and vinyl acetate in diisopropyl
ether afforded (3S,4S)-7 (46% yield, >99% ee)14

and (3R,4R)-8 (52% yield, 81% ee).15 The deacetylation
of (3R,4R)-8 using anhydrous K2CO3 in methanol gave
(3R,4R)-7 with 81% ee.16

The enantiomerically enriched (3S,4S)-3-azido-1-Cbz-4-
hydroxypyrrolidine 7 obtained by the lipase mediated
kinetic resolution of (±)-7 was converted to its methyl
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Scheme 3. Reagents and conditions: (i) MeI, NaH, DMF, rt, 6h, 72%; (ii) PP

Pd/C, EtOH; (v) (Boc)2O, Et3N, rt, 8h, 95%.
ether (3S,4S)-9 using MeI/NaH. The pyrrolidine azide
(3S,4S)-9 was reduced to its amine under mild condi-
tions employing PPh3 in THF–H2O followed by protec-
tion with (Boc)2O to give (3S,4S)-10. Compound
(3S,4S)-10 upon Cbz deprotection under extremely mild
conditions employing poly(methylhydrosiloxane)
(PMHS) over 10% Pd/C in ethanol followed by treat-
ment with (Boc)2O gave the required product (3S,4S)-
2b with >99% ee. The other enantiomer (3R,4R)-7
obtained by employing the same reaction sequence
was converted to (3R,4R)-2b with 81% ee (Scheme 3).
The absolute configurations of the compounds have
been confirmed by comparison of their rotation values
with those previously reported.17

In summary, an efficient chemoenzymatic methodology
has been developed for the preparation of (3S,4S)-2b a
key intermediate required for the synthesis of the novel
quinolone antitumor agent AG-7352 1. This protocol
provides excellent enantiomeric excess through lipase
PS-C mediated kinetic resolution. Moreover this meth-
od utilizes a simple and inexpensive starting material,
diallylamine for building the pyrrolidine ring. Addition-
ally this method describes the synthesis of both the
enantiomers of this key intermediate 2b in high degree
of enantiopurity.
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