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Stereoselective synthesis and glycosidase inhibitory activity
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Abstract—3,4-Dihydroxy-pyrrolidin-2-one, 3,4-dihydroxy-piperidin-2-one and 1,2-dihydroxy-pyrrolizidin-3-one have been synthe-
sized, using a simple strategy based on the asymmetric dihydroxylation of vinylogous aminoesters and subsequent mild intramolec-
ular cyclization. All these compounds show a partial inhibition of a-glucosidase, but were inactive towards other glycosidases.
� 2005 Elsevier Ltd. All rights reserved.
3,4-Dihydroxy-pyrrolidin-2-one, 3,4-dihydroxy-piperi-
din-2-one and 1,2-dihydroxy-pyrrolizidin-3-one consti-
tute attractive synthetic targets as they are designed
and developed as useful tools for promising biological
applications including antifungal, AIDS agents and
antitumour antibiotics.1 These compounds also repre-
sent potent glycosidase inhibitors.2 The potential tauto-
merisation of the carboxamide moiety was interesting to
mimic the 2-hydroxyl of the natural substrates that lacks
in the structure of most iminosugar inhibitors. Likewise,
such optically active a,b-dihydroxy-c-lactams have been
shown to be versatile starting materials for the asymmet-
ric synthesis of biologically active compounds.3

Consequently, the research of new methods for the prep-
aration of these heterocycles or synthetic analogues and
the study of their capacity to inhibit glycosidase are of
increasing interest. Many syntheses have been reported,
often in connection with a particular structure and with
sophisticated methods including numerous steps.1–4 We
have previously investigated stereoselective methods for
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the synthesis of vinylogous aminoesters5 and we have
shown that the insertion of a Z ethenyl–CH@CR1–
group between the a-carbon and the ester moiety into
an aminoester induced the formation of a very stable
closed conformation.6

As a result, the ester group of such Z vinylogous amino-
esters was found to be positioned near the amino moiety
and an easy intramolecular cyclization into enantiopure
unsaturated c- or d-lactams was clearly a favoured
transformation.7 In this letter, we describe a novel pos-
sibility that offers this strategy to obtain the newly
substituted azasugar analogues 3,4-dihydroxy-pyrroli-
din-2-one, 3,4-dihydroxy-piperidin-2-one and 1, 2-dihy-
droxy-pyrrolizidin-3-one 4, via the asymmetric
dihydroxylation of vinylogous aminoesters 1 and subse-
quent intramolecular cyclization (Scheme 1). The glyco-
sidase inhibitory activity of the new iminosugar
analogues 4 is also described.

Z or E vinylogous aminoesters 1 were prepared using a
Horner reaction between suitable phosphonate anions
and a- or b-N-t-butoxycarbonyl aminoaldehydes, as
previously described by us.5 The asymmetric dihydroxy-
lation of vinylogous aminoesters 1 was investigated
using either the achiral reagent osmium tetroxide-
N-methyl-morpholine N-oxide (NMO/OsO4) or osmium
tetroxide in the presence of quinine and quinidine
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Scheme 1. Synthesis of dihydroxylactams 4/4 0.
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ligands (AD-mix-a and AD-mix-b) under conditions of
the Sharpless catalytic asymmetric dihydroxylation
(AD)8 (Table 1). When the C@C double bond was
feebly hindered (1a, 1b and 1f), the Sharpless catalytic
asymmetric dihydroxylation (AD) could be used to set
the stereochemistry of the final two stereocentres into
4/4 0. With a bulky R2, the AD led to lower reaction rates
(1c, 1d and 1e) and the dihydroxylation with NMO/
OsO4 was then the most efficient system. Removal of
the N-t-butoxycarbonyl-protecting group of a,b-dihy-
droxy-c-aminoesters 2/2 0 with HCl/ether yielded the cor-
responding hydrochlorides 3/3 0 without affecting the
diol group. Subsequent addition of triethylamine (2.5
equiv) for 2 h at 20 �C in dichloromethane provided a
stereospecifically cyclic material 4/4 0 in good yields.
The strategy allowed the construction of dihydroxylac-
tams 4/4 0 with different substituents at the 3 or 5
positions and allowed the preparation of 3,4-dihydroxy-
2-pyrrolidinone, 3,4-dihydroxy-2-piperidinone and 1,
2-dihydroxy-3-pyrrolizidinone. No products of intermo-
lecular reaction were detected, even in the case of n = 2.
The mild cyclization conditions, and then the enhanced
reactivity of a, b-dihydroxy-c-aminoesters 3/3 0 compared
to those of vinylogous aminoesters7 and corresponding
hydrogenated aminoesters9 could be explained by the a-
hydroxy neighbouring-group participation.

It is known that the rate of asymmetric dihydroxylation
of electron-deficient olefins can be very low.7 However,
Table 1. Enantiomeric or diastereomeric excess and isolated yields of a, b-d

1 R1 R2 R3 n Dihydroxylation conditions 2/2 0

1a (Z) H H Me 1 AD-mix b, 3days 2a/2 0

1a (Z) H H Me 1 AD-mixa, 3days 2a/2 0

1b (Z) H Me Me 1 AD-mixb, 15days 2b/2 0

1b (Z) H Me Me 1 AD-mixa, 15days 2b/2 0

1c (Z) H iPr Me 1 OsO4/NMO,1day 2c/2 0

1d (Z) –(CH2)3– Me 1 OsO4/NMO,15 days 2d/2 0

1e (Z) –(CH2)3- H 1 OsO4/NMO,15 days 2e/2 0

1f (Z) H H Me 2 AD-mix b, 1day 2f/20

1g (E) H H Me 2 AD-mix b, 2days 2g/20

a The enantiomeric ratio was determined by 1H NMR and 19F NMR of the
b The diastereomeric ratio was determined by 1H NMR of the crude produc
c Pure 4d was obtained from pure 2d.
in the present case, the AD of vinylogous aminoesters
1a, 1f and 1g gave satisfactory results at room tempera-
ture under the standard conditions.10 In these cases, an
estimation of the enantiomeric excess of 2/2 0 was ob-
tained from the diastereomeric ratio of the Mosher ester
derivatives of 2/2 0 determined by 1H NMR and 19F
NMR analyses. Interesting levels of enantioselectivity
were thus obtained with AD-mix-b that could be
compared favourably with recent reports in the litera-
ture relating the asymmetric dihydroxylation of 1,
2-disubstituted c-amino-a, b-unsaturated ester deriva-
tives.1a,e,3d,11 Particularly, Z and E vinylogous b-alanine
derivatives 1f (Z) and 1g (E) gave the corresponding
pairs of enantiomeric diols 2f/2 0f and 2g/2 0g, respectively
(these two pairs being diastereomeric to each other), in
good yields and with an excellent enantioselectivity
(ee = 96). On the basis of the Sharpless �mnemonic de-
vice,�9 1g (E) would lead to the major diol (2S, 3R) 2g.
However, in the absence of such a model in the case
of (Z) olefin, it would be hazardous to propose the con-
figuration of the major diol 2f. In the context of match-
ing and mismatching in the AD reaction, the vinylogous
alanine 1a (Z) and AD-mix-b (85% yield, ee = 60) and
1b (Z) and AD-mix-b (70% yield, de = 56) represent
the matched pairs, whereas the set 1a (Z) and AD-mix-
a (90% yield, ee = 38) and 1b (Z) and AD-mix-a (30%
yield, de = 22) that lead to lower stereoselectivity consti-
tute the mismatching pairs.

Compounds 1c, 1d and 1e only efficiently reacted with
the classical achiral system NMO/OsO4 (68–78%). In
these cases, it appeared that the stereoselectivity depend-
ed on the degree of substitution of the double bond, the
best diastereoselection being obtained with the tri-
substituted olefins 1c and 1d. Similar results have been
reported by Koskinen et al. in dihydroxylation of a
cyclically protected vinylogous serine.12 Moreover, in
the case of 1d, the dihydroxylation led to the diastereo-
mers 2d/2 0d, which could be easily separated on a chro-
matographic silica gel column. Consequently, after
removal of Boc of pure 2d and further cyclization, pure
4d was easily obtained.

The mechanism of osmylation is not well defined in the
case of Z-trisubstituted c-amino-a, b-unsaturated ester
derivatives. Consequently, the factors determining the
stereoselectivity are particularly difficult to evaluate. In
ihydroxy-c-aminoesters 2/2 0 and dihydroxylactams 4/4 0

ee de Yield % 4/4 0 Yield %

a80/20a 60 85 4a/4 0a 82

a69/31a 38 90 — —

b78/22b 56 70 4b/4 0b70/30b 66

b61/39b 22 30 — —

c 75/25b 50 68 4c/4 0c 79/21b 68

d 81/19b 62 78 4d100/0c 73

e 59/41b 18 73 4e/4 0e 59/41b 79

f98/2a 96 78 4f/40f 75

g98/2a 96 84 4g/4 0g 72

Mosher ester derivatives.

t.



Figure 1. Ortep16 view of one of the molecules of the asymmetric unit

of the lactam 4d. Ellipsoids are drawn at the 50% probability level.
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accordance with the Vedejs� model13a and by analogy
with the reported catalytic osmylation of 4-alkoxy-2-
methyl Z-enoates13b and E-vinylogous leucine,13c the
(2S, 3S, 4S)-configuration can be predicted for the major
diols 2c, 2d and 2e. The results accord also with the pre-
ferred approach of OsO4 to the Z-4-alkenylazetidinon-
es.11c In order to confirm the predictions of the Vedejs�
model, the relative stereochemistry of the 1-hydroxyl
and the methyl group into the cyclic product 4d was ten-
tatively established by 1H NMR spectroscopy on the ba-
sis of a NOE study. A NOE between 1-H and Me
confirmed the syn relation between these atoms and
led to the (1S, 2S, 7aS)-configuration. In addition, the
coupling constant values between 1-H and 7a-H
(3J1,7a = 6.6 Hz) were compatible with the antiperiplanar
relationship between these hydrogens.14 Definitive evi-
dence for such assignment was provided by the determi-
nations of the crystal structures of 2d and 4d and
confirmed the (S,S,S)-configuration in the major diaste-
reomer (Figure 1).15 These NMR data and the crystal
data confirmed the prediction of the Vedejs� model.14,15

The inhibitory activity of four a,b-dihydroxy c-lactams
4b/4b 0, 4c/4c 0, 4d and 4f/4f 0 was tested towards 22 glyco-
sidases.17 They did not inhibit the following enzymes at
1 mM concentration: a-LL-fucosidase from bovine kid-
ney, a-galactosidase from coffee beans, a-galactosidase
from Escherichia coli, b-galactosidase from E. coli,
b-galactosidase from bovine liver, b-galactosidase from
Aspergillus oryzae, a-glucosidase from rice, amyloglu-
cosidase from Aspergillus niger, amyloglucosidase
from rhizopus mold, b-glucosidase from almonds,
a-mannosidase from jack beans, b-mannosidase from
Helix pomotia, b-xylosidase from A. niger, b-N-acetyl-
glucosaminidase from jack beans, b-N-acetylglucosa-
minidase from bovine kidney. In return, all the tested
compounds revealed inhibition of a-glucosidase from
yeast with a percentage near 50% (4b/4b 0: 48%, 4c/4c 0:
51%, 4d: 45%, 4f/4f 0: 46%).

In summary, a simple stereoselective access to dihydroxy
lactams 4 via a facile sequence asymmetric dihydroxyla-
tion-cyclization of Z vinylogous aminoesters was de-
scribed which provided a versatile route to the
construction of five- and six-membered ring heterocycles
and substituted pyrrolizidinones. The diastereoselectivity
of the catalytic osmylation of vinylogous aminoesters 1
could be predicted with the Vedejs�model. Although these
compounds only showed modest inhibition of a-glucosi-
dase among many glycosidases tested, these dihydroxy
lactams may offer an interesting framework for selective
glucosidase inhibitors with further modification.
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