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Thiosugars are important compounds because of their structural complexity and crucial biological activities.
Therefore, a series of methods are developed for their synthesis using new methods. Unlike, oxygen sugars,
thiosugars are more stable and therefore, much scope exists to alter their structures by chemical manipulations.
Notably, thiosugars can act as glycosyl donors as well as acceptors. Many functionalized thiosugars occur
naturally and are potential targets for therapeutics. Synthesis of thiosugars following convergent route is a
challenge. Over the years, scientists have explored thiosugars through numerous green and sustainable methods.

These studies are highly significant and timely since it opens the door towards carbohydrate-based drugs.

Thiosugar Synthesis Anomer Therapeutics

| 1. Introduction

Sugar containing compounds with sulfur or nitrogen instead of oxygen in the ring have attracted considerable
attention due to their pronounced biological activities compared to their parent oxygen counterparts. Among these
sugar analogs, sulfur containing carbohydrate acquired special attention because its close resemblance with
oxygen, as sulfur is positioned next to oxygen in periodic table. However, it is also important to note that sulfur
atom is larger than oxygen, the carbon—sulfur bond is longer, the bond is weaker, and less polar than the carbon
oxygen bond. The endocyclic C-S—C angle is more acute than that for a cyclic oxygen system. Sulfur-in-the-ring
sugar analogues demonstrate different properties than their oxygen counterparts. These differences include
anomeric effect, chemical reactivity, conformational behavior, molecular recognition by proteins, and metabolic

stability.

Thiosugars and their derivatives are inhibitors of glycosidases . This is due to the hydrophobic interaction
between the sulfur-containing carbohydrates and the enzyme inhibitory activities 2. Thiosugars are used as
antineoplastic, B antidiabetic, ! antiviral, 2! and antithrombotic compounds €. Some of these are precursors for
the preparation of inositol and aminocyclitol derivatives 4. Codeé et al. reported that the thiosugars and thio-
oligosaccharides are glycosidase inhibitors 4. Many methods are available for the preparation of thiosugars [,

Thiosugars with sulfur atom as heteroatom or a disaccharide linked via a sulfur bridge are included.

| 2. Thiosugars: Sulfur as a Ring Heteroatom

Several groups reported the synthesis of thiosugars and its derivatives containing sulfur as a ring heteroatom £,

Examples include 4/-thiopentofuranosyl nucleosides 1% and 5-thiopyranoses of the D-gluco, D-ribo, and D-xylo
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configuration 111,

Perlin et al. reported the synthesis of 5-thio-D-galactoses, anomeric methyl glycopyranosides 2. The study

examined the influences of a ring-sulfur atom on enzymes: D-galactose oxidase 18l and a- and b-D-galactosidase
4],

Gonzalez et al. described the uses of cyclic sulfates of vic-diols in the synthesis of thiosugars 1. A series of

enantiomerically pure thiosugars and their corresponding sulfoxide or sulfone were synthesized by Merrer et al. (18],

Haudrechy et al. reported a thiosubstituted ‘D-arabino’-type derivative, obtained from an open carbohydrate via a

cascade of four consecutive transformations (17 This thiosugar was formed as a side-product (1811291,

Muraoka et al. isolated a new class of a-glucosidase inhibitors 29, Among them, sulfonium salts (10) showed
potent inhibitory activity against three enzymes 21, Eskandri et al. reported the most active inhibitor in this class of

molecules 22, For the synthesis of Neoponkoranol, benzyl 2,3,4-tri-O-benzyl-D-glucopyranoside 28 was used.

Ye et al. reported one-pot synthesis of polyoxygenated tetrahydrothiopyrans and thiepanes from alditol
derivatives24l, The one-pot synthesis was initiated from diols, which were synthesised from natural sugars or
alditols 28, Chandrasekaran et al. reported an efficient method for the synthesis of biologically potent 1-
deoxythiosugars [281. The group used benzyltriethyl ammonium tetra thiomolybdate [BnEt3N];M0S,, 27 as an
efficient sulfur transfer reagent for the synthesis of biologically active deoxythiosugars and derivatives 28 starting

from aldonolactones 22, The presence of cis-hydroxy groups at C, and C5 was not necessary for this method.

Scanlan et al. reported an approach for the preparation of thiosugars and thioglycals using the intramolecular thiol-
ene and thiol-yne cyclization reactions with control over regioselectivity and diastereoselectivity B9, Utilizing the
intramolecular thiol-ene cyclization pathway, both thiofuranose and thiopyranose products were attained 1. These

findings were in agreement with the report by Surzur 32,

The intramolecular thiol-yne reaction produced the 5-exo glycal as the major product and L-sugar gave a
separable mixture of both the 5-exo and 6- endo glycals [B3l. These results were in contrast with the unsubstituted

pent-4-yne-1-thiol substrate where 6-endo cyclization was favored 22,

Yoshimura et al. reported the synthesis of 4'-thionucleosides as antitumor and antiviral agents 34, To achieve the
synthesis, they developed the Pummerer-type thioglycosylation reaction and the reaction was applied for the

synthesis of dihydrothiopyranonucleosides.

The synthesis of 4'-thioribonucleosides (2 by constructing the skeleton of the 4-thioribose via a ring-contraction

reaction under reductive conditions was developed.

Due to their increased chemical stability [36] 4-thiofuranosides and its derivatives showed biological activities, such

as antiviral, B4 antibiotic, (28] and anticancer 32 activities. Madern et al. reported the synthesis, reactivity and
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stereoselectivity of 4-thiofuranosides 49,

The synthesis of 4-thiofuranosyl donors was accomplished 1. The synthesis of the 4-thio ribosyl donor started

from D-ribose.

| 3. Thiosugars-Sulfur Outside the Ring

Numerous naturally occurring, including the anticancer agents mithramycin, chromomycin A3, and olivomycin A as

well as many of the cardiac glycosides such as digitoxin and digoxin, contained 2,6-dideoxy sugar system.
Toshima et al. described the synthesis of 2,6-dideoxy sugars by using 2,6-anhydro-2-thio sugars 42,

The synthesis started with the conversion of methyl a-L-glucopyranoside (53) [43!44] Butler et al. reported the
synthesis of S-nitroso derivatives of 1-thiosugar and its activity as vasodilator 4. Witczak et al. designed and
synthesized S-linked fucosides and were tested for the inhibition of a-L-fucosidases 28, Hasegawa et al. reported

the synthesis of thiosugars and thioglycosides using p-octyloxyphenylmethanethiol and p-dodecylbenzenethiol 47,

Auranofin (AF) is a gold containing drug and largely used as an antiarthritic agent. It consists of a gold(l) center
linearly coordinated to triethylphosphine and to a thiosugar (3,4,5 triacetyloxy-6-(acetyloxymethyl) oxane-2-
thiolate). Along with antiarthritic activity, auranofin revealed a wide range of pharmaceutical applications 48491501
BUB2 lari et al. described the antiparasitic activity of AF against Leishmania infantum B3l Witczak et al.
synthesized (1-4)-S-thiodisaccharides and assessed their cytotoxicity and apoptosis against human cancer cell
lines B4l. The cytotoxicity of functional CARB-pharmacophore was tested at nine different concentrations on four
cell lines: lung (A549), cervix (HeLa), mammary gland-breast (MCF-7) and colon carcinoma (LoVo). The FCP has
four hydroxyl groups in the sugar ring protected by acetyl groups. A study showed that the hydroxyl group
deprotection by removing the acetyl groups and/or substitution of glucose with galactose did not increase the
cytotoxicity of compounds. Lazar et al. demonstrated a free-radical hydrothiolation of alkenyl sugars resulted in
stable carbon-sulfur-bridges glycomimetics. Photoinduced addition of thiols to exoglycal is was demonstrated 54!,
Dada et al. reported the synthesis, characterization and biological activity of four novel N-heterocyclic carbene-
gold(l)-thiosugar complexes derived from lactose, glucose and galactose 23!, Appropriate thio-containing sugars
were prepared following different procedures BEIEABEIBABA The g-anomeric thiol, which was known to be less

nucleophilic than its corresponding B-counterpart 61, showed fairly good reactivity towards the NHC-Au(l) chloride.

Komor et al. reported the synthesis of 1-thiosugar with a-configuration 82, This group also synthesized and tested

biological activity of glycoconjugates analogues of acyclic uridine derivatives.

Heteroaryl-glycosides are commonly found in many compounds of enormous practical importance, ranging from
natural compounds to pharmaceutical agents [63l[64651[66] ' N_glycosyl quinolin-2-ones, in which a glycosyl unit is
attached to a quinolin-2-one core, is one of the most important members of heteroaryl-N-glycosides family,

because of its biological activity. Several studies presented quinolin-2-ones as biologically active compounds and
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pharmaceutical agents BZG8IBAIOTLI27ZS] Thys, coupling of thiosugar derivatives with N-glycosyl quinolin-2-one
nucleus had caused several changes in their features, including their chemical, physical, biochemical, and

biological properties.

Redjdal et al. synthesized N,S-bis-glycosyl quinolin-2-ones via the palladium-catalyzed coupling of a- or 3-mono-,

di-, and poly-thiosugar derivatives with a- or B-3-iodo-N-glycosylquinolin-2-ones 4],

Thioglycoside are biologically important molecules [IZEII7IZEIABOIBLIB2IES] and are more stable than their O-
glycosides analogs to both chemical and enzymatic degradations. Different methods are available to synthesis
thioglycosides [B4BSIE6IETIB8IBIP0NIP2]  Copper-catalyzed functionalization of 1-thiosugars for the synthesis of
thioglycosides was reported 28, Metal complexes with N-heterocyclic carbene (NHC) ligands has wide range of
applications, such as in catalysis 24 as metal-based drugs 2228l and as materials 24. Several groups reported
potential antibiotic or anticancer activity of metal NHC complexes 281991200l The synthesis of anticancer drug
candidate 1,3-dibenzyl-4,5-diphenyl-imidazol-2-ylidene gold(l) chloride (NHC*-AuCl) and its derivative 2',3',4',6'-
tetra-O-acetyl-B-D-glucopyranosyl-1'-thiolate (NHC*-AuSR) [204[1021103] \y a5 described [294]. NHC*-AuCl and NHC*-
AuSR were tested in vitro against NCI-60 cancer cell panel and both compounds showed very good activity against

a wide range of human cancer cell lines.

| 4. Naturally Occurring Thiosugars

Many of functionalized thiosugars occur naturally. A few examples are salacinol and kotalanol, tagetitoxin,
thiolactomycin and analogues, mycothiol and analogues, and S-nitrosothiols. Among them many are used as a
potential target for the development of carbohydrate-based therapeutics. 5-Thio-D-mannose is the first naturally
occurring free thiosugar and was isolated from the marine sponge Clathria pyramida 195 1 4-thioanhydrosugar,
salacinol and kotalanol, is a class of thiosugar that possess potent sucrase inhibition, which bear a sulfonium salt-
containing heterocycle in their skeleton 19 Yoshikawa et al. synthesized a-glucosidase inhibitor salacinol with
unique thiosugar sulfonium sulfate structure 197, |t was extracted from the water-soluble fraction from the dried
roots of salacia reticulata by silica gel column chromatography and repeated various HPLC. Yoshikawae et al.
isolated also kotalanol (98), another potent a-glucosidase inhibitor from the roots and stems of Salacia reticulate

[198] ' molecular structure is shown in Scheme 24.

4-0O-acetyl-3-amino-1,6-anhydro-3-deoxy-D-gulose 2-phosphate commonly known as Tagetitoxin (99) is a bacterial
phytotoxin 1991 Tagetitoxin is produced by the plant pathogenic bacteria, Pseudomonas syringae pv. tagetis. By
specifically inhibiting chloroplast RNA polymerase, tagetitoxin induces chlorosis in the apex of the host plant
making it potentially useful as herbicide 119, Qishi et al. isolated thiolactomycin (100) from Nocardia sp. 11, It has
unique pharmacological activity against parasitic and bacterial organisms. In vitro studies showed that
thiolactomycin is active against a wide range of Mycobacterium tuberculosis strains. It selectively inhibited the
mycobacterial acyl carrier protein-dependent type Il FAS (FAS-II) but not the multifunctional type | FAS (FAS-I)

present in mammals [1221113]
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The low molecular weight thiol found in most actinomycetes, including mycobacteria and strepto-mycetes, is the
Mycothiol (101) 2241 |t was isolated first in 1996 and is a conjugate of N-acetylcysteine, glucosamine, and myo-
inositol, produced by most of actinomycetes but not by other bacteria or eukaryotes (113 | ee et al. reported the

first total synthesis of mycothiol and its disulfide 118l Different methods and protocols are now available to
synthesize mycothiol L17[(118][119]

| 5. Conclusions

Many aspects of synthesis as well as biological activities associated with thiosugars are extensively reviewed in
this chapter. Thiosugars with sulfur atom as heteroatom or a disaccharide linked via a sulfur bridge were treated
separately and the data were taken from recent literatures. New methodologies and techniques to synthesize
almost all representatives of functionalized analogs of thiosugars, oligosaccharides including thiodisaccharides and

simple functionalized thiosugars, were illustrated.
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