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Novel Glycomimetics: Anomeric and N-Glycosyl Sulfonamides
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Abstract: Native glycosidic bonds in carbohydrates, are sensitive to the presence of enzymes. Thus, design of small molecule mimics

(glycomimetics) is an active area of research. This review will focus on the development of a new class of glycomimetics: anomeric and

N-glycosyl sulfonamides. These novel compounds have been demonstrated to be enzyme inhibitors or antiproliferative agents.
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INTRODUCTION

In many cases, use of carbohydrates as drugs has an important
drawback: they are sensitive to the presence of enzymes and acidic
or basic media. Thus, design of mimetics that bind to enzymes but
are not processed to product in the usual way is an active area of
research [1]. An unusual enzyme-resistant replacement for the gly-
cosidic linkage, is the sulfonamide corresponding to the union of an
anomeric sulfonic acid and an amine, or a glycosylamine carrying a
sulfonyl group at nitrogen. These novel glycomimetics have been
demonstrated to be enzyme inhibitors or antitumor agents. This
review aims to outline the progress in the synthesis of anomeric and
N-glycosyl sulfonamides, study of their conformational behaviour
and biological activity [2].

A) ANOMERIC SULFONAMIDES

Anomeric sulfonamides is a class of glycosides which possess a
sulfonamide moiety directly attached to the anomeric center of a
carbohydrate. The synthesis of sulfonamides is tipically achieved
by ammonolysis of the corresponding sulfonyl chlorides, which are
generally prepared by chlorination of sulfonates. Several sulfonic
acids and their salts attached to a sugar skeleton were described [3,
4]. The general method for obtaining such compounds was a nu-
cleophilic displacement by thiolacetic acid or thiourea in the corre-
sponding peracetylated sugar. Subsequent oxidation with dimeth-
yldioxirane provided the anomeric sulfonic salts in good yields.
Unfortunately treatment of anomeric sulfonates with PCls, POCl; or
SOCl, gave several compounds [5, 6]. Knapp isolated the corre-
sponding a-anomeric chlorides from the chlorynation mixtures [5].
It was proposed that the anomeric sulfonyl chlorides are unstable
toward loss of SO,, rapidly converting into the chlorides. For these
reasons only recently suitable synthetic strategies has been devel-
oped to prepare these chemical entities.

First synthesis of S-glycosyl sulfonamides was described by
Knapp et al. (Schemee 1) [5]. Glucosyl thiazoline 2 has been pre-
pared by reaction of peracetylated 2-acetamido-2-deoxy-f-D-
glucopyranose 1 with Lawesson’s reagent [7]. Subsequent treat-
ment with acidic conditions gave thioglycopyranose 3 in quantita-
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tive yield. Reaction with bromine and dietylamine afforded the
corresponding glycosyl sulfenamide 4. The last step involved oxi-
dation with m-chlorperbenzoic acid to give the peracetylated N,N-
diethyl-D-glucosylsulfonamide 5 in 56% yield over 4 steps.

A small series of galactofuranosyl sulfonamides were prepared
by oxidation of anomeric sulfenamides with the aim to develop new
inhibitors of mycobacterial growth (Scheme 2) [8]. One pot synthe-
sis of glycosyl sulfenamides has been developed by reaction of
peracetylated anomeric thiolacetates 8 with diethyl bromomalonate
in the presence of a dialkyl amine. Subsequent oxidation with an
excess of m-chloroperbenzoic acid afforded the protected galacto-
furanosyl sulfonamides 10. Deprotection using sodium methoxide
in methanol gave the target compounds in 75-92 % overall yield.
Only N,N-dioctyl derivative showed antimycobacterial activity
against M. smegmatis (ATCC 14468).

Recently Poulsen's group has reported a related methodology
for the synthesis of S-glycosyl sulfonamides throug oxidation of
2,4-dimethoxybenzyl protected sulfenamides (Scheme 3) [9]. These
compounds have been prepared by reaction of glycosyl thioacetates
12 with diethyl bromomalonate and 2,4-dimethoxybenzylamine.
Subsequent oxidation with KmnO,/CuSO, and remotion of the
protecting group under acidic conditions afforded the per-O-
acetylated glycosyl sulfonamides 16 (10-45% yields over three
steps). Although other substituted benzylamines were used to pre-
pared the intermediate sulfenamides, only 2,3-dimethoxybenzyl
group could be easily removed to give the target compounds. The
O-acetate groups of the carbohydrate moiety were removed using
Zemplen's conditions to afford the fully deprotected S-glycosyl
sulfonamides 17 in good to high yields. This methodology was also
applied to the synthesis of saccharides linked via a sulfonamide
bridge [10]. Reaction of thioglycopyranoses 13 with different gly-
cosyl amines afforded the corresponding sulfenamide disaccharides.
Subsequent oxidation with mCPBA and deprotection with sodium
methoxide gave the sulfonamide-bridged disaccharides. This was
the first general methodology that allows the incorporation of the
sulfonamide linker in the place of a native O-glycosidic bond.

The protected 16 and deprotected anomeric sulfonamides 17
were tested as carbonic anhydrase inhibitors [11]. Recently this zinc
metalloenzyme, which catalyzes the reversible hydration of cell-
generated carbon dioxide into protons and bicarbonate ions, has
emerged as a potential target in cancer therapy [12]. Mammalian
cells express different carbonic anhydrase isozymes, which differ in
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their tissue distribution and cellular localization [13]. Membrane-
bound CA isozymes IX and XII are expressed at high levels and
with a high prevalence in different tumor tissues, whose normal
counterparts do not contain this protein [14].

The high catalytic activity of CA IX isozyme leading to forma-
tion of protons by the hydration of CO,, was demonstrated to par-
ticipate to the tumor microenvironment acidification by maintaining
low extracellular acidity (pH,) [12]. Overexpression of CA IX (or
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IX and XII) due to hypoxia has a strong impact on cancer progres-
sion, because maintenance of neutral intracellular pH is vital for
cell proliferation and survival, whereas low pH, contributes to ag-
gressive tumor phenotype by promoting invasion and metastasis
[12]. Supuran’s group showed that targeting of CA IX (and XII)
with sulfonamide or coumarin potent and specific inhibitors, leads
to effective inhibition of both primary tumor and metastases
growth, and that this may provide a novel anticancer therapy [15].
The anomeric sulfonamides 16 and 17 were screened using the
CO, hydration assay against the cytosolic hCA I and hCAII
isozymes, as well as cancer-associated hCA IX and XII. Strikingly
the sulfonamides showed no isozyme selectivity with inhibition
constants in the micromolar range and neither the carbohydrate
moiety nor the nature of the hydroxyl groups impacted to alter en-

zyme inhibition profile [11]. Using protein X-ray crystallography,
Poulsen and co-workers demonstrated that the shape of the glycosyl
sulfonamides resulted in weak interaction of the inhibitor with the
enzyme active site. The sugar moieties of sulfonamides do not pro-
vide sufficient transverse bulk to span the active site cleft, which
leads to a high degree flexibility of ligand conformations and to less
fewer interactions of the inhibitor with the enzyme active site [11].
In the development of anti-cancer compounds that target selec-
tively the membrane bound isoform CA IX versus the ubiquitous
isoform CA II, the design of membrane non-permeant inhibitors is
crucial. Poulsen's group had calculated the lipophilicity and topo-
logical polar surface area for the S-glycosyl sulfonamides showing
that all compounds fall within the range indicative of molecules
with poor membrane permeability. The authors also measured ap-
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parent in vitro effective permeability (Pe) using a parallel artificial
membrane artificial assay (PAMPA) [16]. Although it was not pos-
sible to measure Pe of anomeric sulfonamides due to the analytical
limits of the method, the results suggested that the compounds have
poor passive membrane permeability. Though anomeric sulfona-
mides showed no selectivity for the cancer associated CAs, their
pysicochemical properties would lead to preferential inhibition of
the transmembrane CA IX over cytosolic CA I [11].

At the same time Somsék reported an alternate synthesis to S-
glycosyl primary sulfonamides (Scheme 4) [6]. The first step of the
synthesis involved the reaction of peracetylated carbohydrate with
methyl 3-sulfanylpropanoate in the presence of boron trifluoride
etherate to give the thioglycosides in moderate yield. D-galacto
derivative was obtained as a-anomer thus an alternative route to 3-
anomer was proposed. Reation of 1-thio-B-D-galactopyranose 18
with methyl 3-bromopropanate afforded the B-thiogalactoside 19 b
with excellent B-stereoselectivity and in good yield. Subsequent
oxidation with Oxone and base-elimination of glycosyl sulfones
afforded the S-glycosyl primary sulfinate salts 22. The non-isolated
sulfinates were treated with hydroxylamine O-sulfonic acid to af-
ford the anomeric sulfonamides 17 a-b in moderate overall yields
(25% for D-glucosyl sulfonamide 17 a and 67% for D-galactosyl
compound 17 b). Deprotected glucosylsulfonamide was tested

against rabbit muscle GPb, a validated target for the treatment of
type 2 diabetes mellitus, but showed to be inactive [6].

Very recently Poulsen’s methodology was employed in the syn-
thesis of sulfonamide linked neoglycoconjugates (Scheme 5) [17].
The first step involved the reaction of glycosyl thioacetates 13 with
primary amines to give the sulfenamide glycoconjugates 23. Oxida-
tion of sulfenamides with mCPBA gave the per-O-acetylated sul-
fonamides 24 in good yields. Deprotection using Zemplen's condi-
tions afforded the target compounds 25. The neoglycoconjugates
were tested against carbonic anhydrase isozymes. Deprotected gly-
coconjugates 25 were shown to be slightly better CA II inhibitors
than the acetylated ones. Glycoconjugates 24 and 25 were good CA
IX inhibitors in the nanomolar range but the inhibition was weaker
than for CA 11 [17].

B) N-GLYCOSYL SULFONAMIDES
i.) N-pyranosyl and N-glucosyl Sulfonamides

In 2003 we reported on the azaglycosylation of benzylated
endo-glycals 26 and 27 using a catalytic amount of triphenyl-
phosphine hydrobromide at room temperature (Scheme 6) [18]. The
reaction proceeded in a highly stereoselective fashion to give the j3-
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anomers in good to high yields. Also reaction proceeded well with
sulfonamides with higher steric hindrance.

The high B-selectivity could be explained in terms of a thermo-
dynamically controlled reaction. Petillo et al. reported that 2-B-
iodo-1-a-sulfonamidohexoses readily epimerize at C-1 to a isomers
in acidic media [19]. A similar epimerization of the kinetically
formed o-sulfonamidoglycosides could be proposed for this reac-
tion (Scheme 7, path ¢). It was not possible to find any evidence of
the a-glycosides in the crude reaction mixtures. Although it could
be suggested that the proposed epimerization is very fast, another
possibility is the attack of the anomeric positive charge by sulfona-
mide. Attack from the axial position would afford the o-isomer
(Scheme 7, path b) while attack from the equatorial position would
give the B-isomer (Scheme 7, path a). The f-anomer should be fa-
vored by steric effects in the axial isomer accentuated by an
nN—6*c.o orbital interaction (exo-anomeric effect). An anti rela-
tionship between NH and anomeric hydrogen would permit an ex-
pression of the exo-anomeric interaction in the a-anomer. [20]. This
conformation would necessarily point the hydrogen atom on nitro-
gen under the pyranose ring, giving an accentuated steric effect and
thereby favoring the equatorial isomer (Fig. 1).
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1
nl_ @ .0
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k./ IS\ O
steric R
interactions

Fig. (1).

B-D-galactosyl p-toluenesulfonamide (28 R*=tolyl) and benzyl-
sulfonamide (28 R?>=CH,Ph), prepared by this methodology, were
tested as antiproliferative agents against human hepatocellular car-
cinoma cell line Hep-G2 and they showed to be potent inhibitors in
the micromolar range [18].

Next we turned our attention to the preparation of sulfonami-
doribofuranosides (Scheme 8). Also several methodologies for
glycals synthesis have been reported, many of these approaches
involve several steps or fail in the furanoid glycal series [21]. For
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these reason other possibility was sought for the preparation of the
target sulfonamides. The methyl glycosides are liable to generate an
oxocarbenium ion under the catalyst of Lewis acids and subsequent
addition of a sulfonamide to the ion, could generate the sulfonami-
doglycosides. We found that sulfonamidoglycosylation of the
methyl ribofuranosides 30 and 31 proceeded well in the presence of
boron trifluoride etherate and molecular sieves 4 A [22]. The reac-
tion showed no stereoselectivity as was previously found with other
furanoses substrates. The methodology was also applied to methyl
glycopyranoses 34 and 35, which afforded the corresponding sul-
fonamidoglycosides 28 and 29 in very good yields and with excel-
lent fB-stereoselectivity.

Then we decided to study the reaction of the methyl glycosides
with sulfonamides in the presence of HC10,4.SiO, [23], which is an
inexpensive, nontoxic, and recyclable catalyst for various organic
transformations, affording the corresponding products in excellent
yields with high selectivity [24]. The sulfonamidoglycosylations in
the presence of this catalyst afforded the corresponding glycosyl
sulfonamides in excellent yields. Although no influence of the pro-
moter in the anomeric selectivity was found, the reaction times
were reduced from 90 min with BF5.Et,O to 5-10 min with
HC10,.Si0O; and the workup merely required filtration of the cata-
lyst [23].

Alves et al. reported the synthesis of N-D-galactosyl and N-
lactosyl sulfonamides by treatment of the corresponding glycosyl
amines with various sulfonyl chlorides (Scheme 8) [25]. Sulfona-
mides 39 and 40 were obtained in poor to good yields but low
stereoselectivity in almost all cases. Unfortunately anomeric ratios
were not mentioned by the authors. N-B-glycosyl sulfonamides
showed no anomerization in the same conditions employed in their
synthesis. Thus it was concluded that a-anomers could arise from
the anomerization of the glycosyl amines. Interaction of the sul-
fonamides 41 and 42 with two lectins, have been evaluated in a
hemagglutination inhibitory activity assay. N-D-galactosyl sul-
fonamides 41 were less active than D-galactose. A quite similar
activity was found in the lactose series [25].

In a related methodology Sucheck’s group prepared a N-B-
glucosyl sulfonamide as suitable intermediate in the synthesis of N-
linked glycopeptides (Scheme 10) [26]. N-acetyl-D-glucosamine 43
was treated with 2.,4-dinitrobenzenesulfonyl chloride to give the
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corresponding sulfonamide 45 in moderate yield. Subsequent
treatment with thioacid 46 in the presence of cesium carbonate af-
forded the N-B-glucosylasparagine derivative 47 in good yield and
excellent stereoseletivity.

As can be seen above glycosyl amines are prone to hydrolysis
and anomerization thus their use in the synthesis is limited [27]. To
overcome this problem we have developed the synthesis of N-
glycosyl sulfonamides, by sulfonamidoglycosylation of peracety-
lated monosaccharides [28].

Per-O-acetylated pyranoses 48 derived from the monosaccha-
rides D-glucose, D-galactose, D-mannose and L-rhamnose were

reacted with boron trifluoride diethyl etherate and various sulfona-
mides to provide the B-sulfonamidoglycosides 49 in very good
yields (Scheme 10). Next Zemplen’s conditions were applied to
afford the fully deprotected N-glycosyl sulfonamides 50 in nearly
quantitative yields. To our surprise the sulfonamidoglycosylation of
peracetylated D-mannose 48¢ also afforded the corresponding B-
mannosyl sulfonamides 49¢ (R=CHj3, Tolyl, NH;) [28]. The stereo-
chemical outcome could be explained in terms of the exo-americ
effect and steric interactions as was discussed above. The glycoysl
sulfamides 49 and 50 (R=NH,) prepared were tested as carbonic
anhydrase inhibitors [29]. Per-O-acetylated compounds 49 were
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micromolar inhibitors of hCA I, while deprotected carbohydrate
derivatives showed a diminished affinity. A similar pattern was
found for the dominant isoform hCA II although acetylated glyco-
syl sulfamides 49 were quite effective inhibitors in the micromolar
range. These compounds also were shown to be very good hCA IX
inhibitors with inhibition constants clustered below 8 nM with very
good selectivity over CA I and CA II. On the other hand the deace-
tylated sulfamideglycosides 50 were weaker inhibitors of CA IX in
the micromolar range. Anyhow, deprotected sulfamides inhibited
selectively this isoform over CA II. Calculated physicochemical
properties of sulfamide glycosides (topological polar surface area
and lipophilicity) showed that all compounds fall within the range
indicative of molecules with poor membrane permeability and thus
would lead to preferential preferential inhibition of CA IX over the
ubiquitous cytosolic hCA Il in vivo [29].

ii) N-(hex-2-enopyranosyl) Sulfonamides

In the presence of Lewis acids, D-glycals having leaving groups
at the allylic site readily undergo nucleophilic displacement reac-
tion with allylic rearrangement resulting in 2,3-unsaturated gly-
cosides (Scheme 12). This is commonly known as the Ferrier rear-
rangement [30].

In 2004 Chandrasekhar’s group developed the Ferrier azaglyco-
sylation of peracetylated D-glucal 60 in the presence of
tris(pentafluorophenyl)borane as Lewis acid catalyst (Scheme
13)[31]. The D-hex-2-enopyranosylsulfonamides were obtained in
good to high yields and with low o-selectivity. Also the azaglycosy-
lation with N-substitued sulfonamides furnished the corresponding
glycosylsulfonamides in good yields. The authors reported that
reaction in the presence of boron trifluoride etherate gave a com-

plex mixture of products. Surprisingly, in our hands, the sulfomi-
doglycosylation of per-O-acetylated D-glucal 60, D-galactal 61 and
2-hydroxy-D-glucal 62 afforded the 2,3-unsaturated
glycosylsulfonamides 63-65 in high yield with very good a-
stereoselectivity [32].

The a anomers of the 2,3-enopyranosyl systems could be pre-
sent in two equilibrium conformations (°Hs and *Hp) (Scheme 14).
The values of *J; 4 1.5-1.9 Hz (in CDCls) found in the erythro com-
pounds 63 and 3J3,4 5.4-5.5 Hz in the threo compounds 64 indicate
that the equilibrium between the two half-chair forms of the sul-
fonamidoglycosides lies significantly toward the °Hs conformation
[32]. Also the conformation in the crystal state has been studied by
X-ray diffraction of 4,6-di-O-acetyl-2,3-dideoxy-D-erythro-hex-2-
enopyranosyl sulfamide 63 a (R3:NH2) obtained from the sulfona-
midoglycosylation of 60 with sulfamide [33]. Close inspection of
the X-ray atomic coordinates showed that its conformation can be
described mainly as as distorted °Hs half-chair in the crystal lattice.

Sulfonamidoglycosylation of D-glycals with sulfonamides was
also studied from a theoretical point of view [34, 35]. Gas-phase
results showed that the relative composition at room temperature is
about 61% in the f anomeric form of 4,6-di-O-acetyl-2,3-dideoxy-
D-erythro-hex-2-enopyranosyl sulfamide 63 a (R*=NH,), and about
39% in the o form. When solvent effects were taken into account in
the theoretical calculations, the relative composition at room tem-
perature was reversed to about 5% in the f anomeric form of the
glycosyl sulfamide and about 95% in the o form, in excellent
agreement with experimental results [35]. These findings could
indicate that the synthesis of the glycosyl sulfamide should occur
mainly under thermodynamic control. As stated above, the B-
selectivity found in the sulfonamidoglycosylation of endo-glycals in
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the presence of triphenylphosphine hydrobromide could be ex-
plained in terms of interactions present in the axial isomer of gly-
copyranosylsulfonamides mainly due to the conformation of the
anomeric nitrogen, thereby favoring the equatorial isomer, in which
that interaction is absent. In the present 2,3-enopyranosyl a-isomer,
on the other hand, the situation is quite different. Examination of
dihedral angles indicates an almost planar conformation of C1-C2-
C3-C4, thus the unfavorable steric interaction described previously
is absent. Thus, the stereochemical outcome of Ferrier sulfonami-
doglycosylation could be tentatively explained as a combination of
several factors including the absence of steric interactions due to
the conformation of the anomeric nitrogen in the a-isomer, which
enables the exo-anomeric interaction and a no—>c*cy orbital
interaction (endo-anomeric effect) that it is only present in the a-
isomer [35].

Althoug our methodology is useful for the synthesis of 2,3-
unsaturated sulfonamideglycosides, it has an important drawback:
boron trifluoride etherate is a highly toxic reagent. This prompted
us to initiate studies designed to provide an environmentally friend-
lier route for the synthesis of sulfonamidoglycosides. Thus we in-
vestigated the use of ion exchange resin Amberlyst 15 as an alterna-
tive catalyst to prepare 2,3-unsaturated sulfonamideglycosides 63-
64 [36]. It is well known that ion exchange resins are the most
widely used heterogeneous catalysts due to their advantages such as
high activity and selectivity, reusability, ease of separation, no cor-
rosion, or disposal of effluent problems [37]. The sulfonamidogly-
cosylations proceeded well with the use of 30 wt % of the resin, a
much lower amount of catalyst than the reported in the O- and S-
glycosylations [38]. Although the yields and anomeric ratios were
comparable to the homogeneous methodology, no aqueous workup
was necessary. Recycled catalyst has been reused with no changes
in the yields or in the anomeric selectivity [36].

At the same time Liu’s group developed a Ferrier sulfonami-
doglycosylation of tri-O-acetyl-D-glucal 60 promoted by
ZnCly/A1,0;5 [39]. Reactions afforded the corresponding 2,3-
enopyranosyl sulfonamides 63 in excellent yields (86-96%) with

good a-selectivity. Workup is very simple in this methodology and
promoter could be reused up to three times.

N-glycosyl sulfamides 63 a and 64 a synthetized by Ferrier sul-
fonamidoglycosylation of per-O-acetylated D-glycals 60 and 61
with sulfamide (Scheme 15), were tested as carbonic anhydrase
inhibitors [40]. B-N-2-deoxy-glycosyl sulfamides 66 and 67, pre-
pared by reaction of 60 and 61 in the presence of triphenyl-
phosphine hydrobromide, were also tested to analyze the effect of
the carbohydrate moiety in the inhibition. The glycosyl sulfamides
were screened using the CO, hydration assay against the cytosolic
hCA I and hCAII isozymes, as well as cancer-associated hCA IX
and XII. The sulfamideglycosides were potent inhibitors of hCA 1I,
IX and XII in the namolar range but weaker inhibitors of hCA 1
[39]. Erythro derivative 63 a was a very effective hCA IX inhibitor
and showed selectivity against hCA II. On the other hand, its threo
epimer 64 a showed no selectivity. It was explained in terms of
negative interactions within the hCA 1II active site [40].

In the development of new chemotherapeutic agents, several
sulfonamides have emerged as useful therapeutics for the treatment
of cancer. E7010 [41], E7070 [41], ABT751 [42], and T138067
[43], have been found to be inhibitors of tumor cell proliferation,
and some of them are under clinical evaluation. N-(2-
(Cyclohexyloxy)-4-nitrophenyl)-methanesulfonamide (NS398)
inhibits the growth of human hepatocellular carcinoma cell line
HepG2 by inducing cells cycle arrest and is a potential candidate as
an effective chemopreventive tool [44]. Celecoxib sulfonamide
derivatives have shown to be highly toxic to human non-small-cell
lung adenocarcinoma cells line A549 and the results suggest the
potential of celecoxib-derived agents as chemotherapeutic drug
[45]. Also sulfonamide containing compounds, such as N-pyridinyl-
and indole-sulfonamides demonstrated effective inhibition of tubu-
lin polymerization and were found to be potent antimitotic agents
[46]. In view of these reports, the 2,3-enopyranosyl sulfonami-
doglycosides 63-65 were evaluated for their cytotoxicity in vitro
towards the human hepatocellular liver carcinoma cell line (HepG2)
and human lung adenocarcinoma cell line (A549) [47]. These as-
says demonstrated that HepG2 cells, in general, are more sensitive
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to the inhibition by the synthesized compounds. The two inhibitors
of carbonic anhydrase 63 a and 64 a were also tested. However,
despite the fact that, they inhibited CA IX and XII at low nanomo-
lar concentrations [40], effects on cell proliferation were noted only
at low milimolar concentrations for both cell lines. Absence of the
effect of CA IX inhibition on cell growth in culture could be ex-
plained by the fact that both CA IX and XII grant the survival ad-
vantage to hypoxic tumor cells by regulating and maintaining pH.
In the cell culture models used, cells grew in monolayer and have
never become hypoxic. So inhibition of the mechanism that helps
survive hypoxic conditions had no effect in cell cultures [48].

Other interesting feature is the clear activity dependency on the
nature of the carbohydrate moiety present in the inhibitor. The threo
compounds 63 were more active than erythro ones 64 against A549
cells. It was found that 2-acetyl-D-erythro-hex-2-enopyranosyl
sulfonamides 65 were the most potent antiproliferative agents
against both cell lines [47]. Thus results demonstrate that 2-acetyl
group of the glycosyl ring plays a pivotal role in affecting cytotox-
icity. Also it is important to note that alkyl sulfonamide derivatives,
in general, were more potent inhibitors of tumor cells than their aryl
sulfonamide and sulfamide analogs [47].

CONCLUSIONS

Several methods for the preparation of anomeric and N-
glycosyl sulfonamides have been developed in the last ten years.
This enzyme-resistant linkage replacement for the glycosidic link-
age, proved to be very helpful in the design of compounds with
biological activity, such as carbonic anhydrse inhibitors, antitumor
and antibacterial agents. Also carbohydrate moieties were shown to
impart unique properties to the known sulfonamido functionality.
Some studies have been performed on the conformational behav-
iour of these compounds. It is of course desirable that our under-
standing of the interaction of glycosyl and anomeric sulfonamides
with enzymes and other drug targets would also be improved,
thereby leading to the development of more effective enzyme in-
hibitors and antiproliferative agents. We hope that this review will
stimulate further advances in the synthesis of S- and N-glycosyl
sulfonamides and promote further studies of their biological activ-

ity.
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