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Abstract—The preparation of [(2S,3S,4R)-3,4-dihydroxypyrrolidin-2-yl]furan derivatives in a stereoselective route starting from
d-glucose and ethyl acetoacetate is presented. Ethyl ester (6), N,N-diethylamide (7) and N-isopropylamide (8) have been tested
towards 25 glycosidases. Ester (6) is a selective inhibitor of b-galactosidases. The new compounds represent a new type of imino-C-
nucleoside analogues. # 2002 Published by Elsevier Science Ltd.

Cell sociology involves a language based on molecular
recognition between cell-surface carbohydrates and
proteins.1 The biosynthesis of the surface oligosacchar-
ides uses glycosyltransferases and glycosidases as cata-
lysts. Inhibitors of these enzymes2 are important
molecular tools for glycobiology, and can be used to
modulate cellular functions. They are also potential
drugs in new therapeutic strategies.3 Among the most
potent glycosidase inhibitors are polyhydroxypiperidines
(1,5-dideoxy-1,5-iminoalditols) that are mimics of the
glycosyl cation intermediates liberated during the
enzyme-catalyzed hydrolytic processes.4,5 Derivatives of

3,4-dihydroxypyrrolidines (1,4-dideoxy-1,4-iminoalditols)
also emerge as an important class of glycosidase4a,6,7

and glycosyltransferase inhibitors.7 Simple meso-3,4-
dihydroxypyrrolidine (1) is a non-selective, weak inhi-
bitor of several glycosidases.8 We have found that
derivatives 2 with (2R)-iminomethyl side chains can be
highly selective and competitive inhibitors of a-manno-
sidases, especially for Ar=phenyl or thiophenyl.8

We have also found that [(2R,3S,4R)-3,4-dihydroxy-
pyrrolidin-2-yl]furan derivatives 3–5 are selective and
competitive inhibitors of a-l-fucosidases.9
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We now report on the synthesis of their (2S)-stereo-
isomers 6–8 and their evaluation as glycosidase inhibi-
tors. It is worth mentioning that we have found the
latter compounds to be selective inhibitors of b-galac-
tosidases, the highest inhibitory activity being observed
for ester 6.

A stereoselective method was found9 to convert the
readily available ethyl furancarboxylate 910 into 3–5.
We have now found conditions under which their (2S)-
stereoisomers can also be obtained. Regioselective tosyl-
ation of tetritol 9 with ClTs and pyridine at �15 �C
generated tosylate 10 in 57% yield. Chlorination11 of
the benzylic position with N-chlorosuccinimide and
dimethylsulfide at �20 �C afforded a 1:1 mixture of fur-
furyl chlorides 11 and 12 that were not separated. This
mixture was directly reacted with an excess of NaN3 in
DMF at rt to give a 1:2 mixture of azides 13 and 14
in 64% overall yield. This result can be interpreted
in terms of competing SN1 and SN2 azidolysis. The
existence of epoxide intermediates by participation of
adjacent hydroxy group to the chlorine atom cannot be
excluded. Hydrogenation (10% Pd/C, EtOH, 20 �C) of
the mixtures of azides 13 and 14 gave corresponding
primary amines that underwent fast intramolecular dis-
placements of the primary tosylates, leading to a 1:2
mixture of (2S)- and (2R)-pyrrolidin-2-yl derivatives
that was not resolvable. Protection of the amine func-
tions of 3 and 6 as benzylcarbamate and acetylation of
the diols provided a 2:1 mixture of 15 and 16 (60%
overall yield) that could be separated by chromato-
graphy on silica gel. The structures of 1512 and 1613

were established unambiguously by their spectral data,
and confirmed by NOE experiments. Compound 16
showed an NOE between proton pairs H-20/H-30 that
was not observed in 15. Alkaline methanolysis of 15 and

16, followed by hydrogenolysis, gave 3 (100%) and 6
(92%), respectively (Scheme 1).

Saponification of a 2:1 mixture of 3 and 6, followed by
silylation of the diol moieties with Me3SiCl/pyridine

Scheme 1.

Scheme 2.

2336 A. J. Moreno-Vargas et al. / Bioorg. Med. Chem. Lett. 12 (2002) 2335–2339



and Fmoc-protection of the pyrrolidines units,14 gave a
2:1 mixture of carboxylic acids 17 and18 after aqueous
workup. They were not purified but directly submitted
to their amidification with Et2NH or i-PrNH2 (activa-
tion with PyBOP and Hünig’s base in DMF) to give the
corresponding mixture of amides 19+20 and 21+22,
that were separated by flash chromatography on silica
gel. Alkaline methanolysis of 20, followed by treatment
with Et2NH in DMF, liberated pure 715 (66% yield).16

In a similar way, 22 rendered compound 816 in 60%
yield (Scheme 2).

Pyrrolidine derivatives 6–8 were tested for their enzy-
matic inhibitory activities towards 25 commercially
available glycosidases.17 At 1 mM concentration, no
inhibition was detected for a-galactosidases from
Aspergillus niger and from Escherichia coli, for a-gluco-
sidases (maltase) from yeast and from rice, for a-gluco-
sidase (isomaltase) from Baker’s yeast, for b-glucosidases
from almond and from Caldocellum saccharolyticum,
for b-mannosidase from Helix pomatia, for b-xylosidase
from Aspergillus niger, from a-N-acetylgalactos-

aminidase from chicken liver and for b-N-acetyl-
glucosaminidases from jack bean, bovine epididymis A
and from bovine epididymis B. Results of other
glycosidases are summarized in the table. The inhibition
constants (Ki) and the type of inhibition (competitive,
non-competitive, mixed) were determined from Line-
weaver–Burk plots.17 For each plot, a blank and two
concentrations of inhibitor were used corresponding to
IC50 and IC50/2.

Except for a weak inhibitory activity towards a-man-
nosidases from jack bean and from almond, ester 6
appears to be a selective inhibitor of b-galactosidases.
Competitive inhibition was established only for
b-galactosidases from E. coli. Non-competitive inhibi-
tion was found with b-galactosidases from A. niger, and
mixed-type inhibition was observed with the other
b-galactosidases. Amides 7 and 8 showed a similar
spectrum of inhibitory activity, but with less potency,
the N-isopropylamide 8 being a much weaker inhibitor
than diethylamido derivative 7 and ethyl ester 6. Thus,
activity and selectivity towards b-galactosidases are

Table 1. Inhibitory activity of pyrrolidine derivatives: percentage of inhibition at 1 mM (IC50 and Ki in mM, except when indicated mM)

Enzyme/compd 3 4 5 6 7 8

a-l-Fucosidase
Bovine epididymis 84%

IC50=200
Ki=9 (C)

85%
IC50=110
Ki=9.1 (C)

94%
IC50=40
Ki=3 (C)

NI NI 22%

Human placenta 76%
IC50=300
Ki=15 (C)

91%
IC50=220
Ki=20.1 (C)

93%
IC50=80
Ki=5.3 (C)

ND ND 39%

a-Galactosidase
Coffee bean NI NI 29% NI NI NI

b-Galactosidase
Escherichia coli NI NI NI 83%

IC50=90
Ki=74 (C)

33% NI

Bovine liver 57%
IC50=850

58% 38% 78%
IC50=250
Ki=35 (M)

90%
IC50=42
Ki=13 (C)

49%
IC50=1mM

Aspergillus niger 80%
IC50=370
Ki=340 (C)

NI NI 99%
IC50=7.5

Ki=9.8 (NC)

96%
IC50=28

Ki=30 (NC)

79%
IC50=250

Aspergillus orizae 45% NI NI 98%
IC50=12

Ki=6.6 (M)

93%
IC50=65
Ki=13 (M)

68%
IC50=500

Jack beans 42% NI NI 94%
IC50=12

Ki=6.4 (M)

52%
IC50=1 mM

22%

Amyloglucosidases
Aspergillus niger NI NI 23% NI NI NI

Rhizopus mold 25% 25% 33% NI NI NI

a-Mannosidases
Jack beans 38% 27% NI 49% 37% NI

Almonds NI 31% 9% 37% 38% NI

Inhibitions: (C), competitive; (NC), non-competitive; (M), mixed; NI, no inhibition at 1 mM concentration; ND, not determined.
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highest for ester 6. In the case of the (2R)-stereoisomers
3–5, the trend is the opposite (Table 1) as the highest
activity and selectivity towards a-l-fucosidase are for
N-isopropylamide 5.

With respect to the inhibitory activity for 6–8 towards
b-galactosidases and a-mannosidases for non-competi-
tive, and perhaps also for the mixed type of inhibition,
the inhibitors do not interact with the active site of the
enzymes, but adhere to it and lead to allosteric effects
responsible for the inhibitions observed. In the case of
competitive inhibitors (6 for b-galactosidase from E.
coli, 7 for b-galactosidase from bovine liver) the inhibi-
tion can be explained considering actual configuration
of these compounds which resembles that of centers
C(3,4,5) of d-galactosides (Fig. 1). The weak inhibitory
activity towards a-mannosidases can be explained by
invoking that these compounds have the same configur-
ations of centers C(2,3,4) of d-mannopyranosides. The
pyrrolidine moiety can mimic the transition states of the
hydrolysis of galactopyranosides or mannopyranosides
but no other enzymes such as amyloglucosidases or
glucosidases. This is consistent with the reports that 1,4-
dideoxy-1,4-imino-d-lyxitol18 and 2,5-dideoxy-2,5-imino-
d-altritol19 are potent inhibitors of a- and b-galactosidases
and a-mannosidases.

It is expected, though, that other structural modifi-
cations of the aromatic heterocycle moiety, as well as
the introduction of hydroxymethyl or 1,2-dihydroxy-
methyl side chain at C-50 of the pyrrolidinyl moiety,
may lead to higher inhibitory activities. Our work
demonstrates that simple systems such as 2,3-dihydroxy-
pyrrolidine, which is neither a potent nor a selective
glycosidase inhibitor, can be transformed by adequate
substitution at (C-20) or (C-50) into new leads for selec-
tive inhibition of various types of glycosides. Particu-
larly striking is the observation that enzymatic
selectivity of b-galactosidases versus a-fucosidases
depends on the configuration of the (C-20) center of the
[(3S,4R)-3,4-dihydroxypyrrolidin-2-yl]-5-methylfuran-4-
carboxylic acid derivatives.
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