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ABSTRACT 

Oligosaccharides are the ubiquitous molecules of life. In order to translate human bioglycosylation 

into clinical applications, homogeneous samples of oligosaccharides and glycoconjugates can be 

obtained by chemical, enzymatic or other biological methods for systematic studies. However, the 

structural complexity and diversity of glycans and their conjugates present a major challenge for the 

synthesis of such molecules. This review summarizes the chemical synthesis methods of 

oligosaccharides, the application of oligosaccharides in the field of medicinal chemistry according to 

their related biological activities, and shows the great prospect of oligosaccharides in the field of 

pharmaceutical chemistry. 
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1. Introduction 

According to the definition of the Joint Committee on Biochemical Nomenclature 

(IUPAC-IUBMB), natural carbohydrates consisting of 3-10 monosaccharide units in a linear or 

branched structure connected by α- and/or β-glycosidic bonds are defined as oligosaccharides, whose 

constituent monosaccharides can be galactose, glucose, fructose, xylose, etc. (Fig. 1).
[1-2] 

Oligosaccharides are found in large quantities in plants, animals and microorganisms (Fig. 2).
[3-4] 

These natural sources provide sufficient raw materials for the extraction and isolation of 

oligosaccharides, offering ample possibilities for the preparation of different derivatives for specific 

applications.
[5-7] 

 

Fig. 1. Common monosaccharide structures in oligosaccharides. 

 



 3 

 

Fig. 2. Source of oligosaccharides. 

 

Oligosaccharides are structurally complex and, as biopolymers prevalent in life, are thought to 

play an important role in various biological systems and signal recognition processes.
[7-9]

 These 

important roles of oligosaccharides have made it a focus of attention in the life sciences. In the 

human body, more than 300 genes are involved in the biosynthesis of glycans, which are linked to 

lipids and proteins, and different mechanisms control the expression of genes with different results, 

forming glycoconjugates with diversity, and analyzing these different results can be used as a 

diagnostic and therapeutic tool with great potential for new drug research.
[10-11]

 

Oligosaccharides are used in a wide range of industrial markets, such as skin care, food, livestock 

and pharmaceutical industries, among others.
[12-14] 

Oligosaccharides have the activities of anti-cancer, 

anti-bacterial, anti-inflammatory, anti-viral and enhancing human immune regulation. The synthesis 

of oligosaccharides is crucial in the field of medicine.
[1] 

However, obtaining homogeneous samples 

during glycosylation is a challenge, and historically, chemical synthesis as an exploratory research 
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method to obtain homogeneous samples can cope with the preparation of homogeneous 

oligosaccharides.
[8] 

In recent years, there has been an increasing number of studies on the synthesis of 

oligosaccharides by chemical methods for novel drugs, and this review aims to collate the relevant 

contents. 

 

2. Strategy for chemical synthesis of oligosaccharides 

Although oligosaccharides can be obtained by purification and isolation of polysaccharides widely 

distributed in plants and animals by physicochemical means, it is a great challenge to obtain 

homogeneous oligosaccharide samples for further studies. In the field of chemical synthesis of 

oligosaccharides, although the synthetic analysis of products is more advantageous, there are still 

challenges in some aspects, such as stereoselectivity and regioselectivity during glycosidic bond 

formation. Most of these problems have been reported to be solved by chemical methods that can 

provide most structurally complex oligosaccharide products,
[15-16]

 such as the synthesis of 92-mer 

arabinogalactan from mycobacteria.
[17] 

 

2.1 Effect of Protective Groups on Glycosylation Reaction Without Catalyst 

2.1.1 The effect of proximal ( C1, C2 ) protective groups on the glycosylation reaction 

Stereoselective construction of glycosides has been the goal of scientists since the first report of 

glycosylation reactions of glycosyl donors in 1964. Depending on the mechanism, glycosylation can 

take place between the C-1 and C-2 substituents in a trans- or cis-selective manner.
[18] 

Among 

numerous parameters (e.g., nucleophilicity of the receptor), the protecting group has the strongest 

influence on the stereochemistry of glycosylation.
[8] 

The formation of 1,2-trans-glycosidic linkages 

can usually be sterically controlled using the involvement of the five-membered ring neighbor group 

participation of 2-O-acetyl-protected glycosyl donors.
[19] 

H. Shi et al. used the Mitsunobu reaction to 

achieve 1,2-trans-glycosidic bonds of unprotected flavonoids and pyranose by one-step glycosylation 

under mild conditions with excellent yields. The high stereoselectivity and regioselectivity of this 

method easily enabled the conversion of unprotected flavonoids to the corresponding glycoside 

structures.
[20] 

However, the synthesis of 1,2-cis-glycosides is quite difficult.
[21] 

R. R. Gadikota et al. 

reported a way to generate highly stereoselective glycosidic alcohols by protecting C-2 and C-3 of 
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arabinose by generating epoxides to obtain 1,2-cis-β-arabinofuranosides (Scheme 1).
[22] 

G. P. Singh et 

al. reported a way to control the diastereoselectivity of glycosylation by introducing a highly 

electron-rich non-chiral aromatic thiol-2,4,6-trimethoxyphenylthio in the donor 2-O-ethyl ether, 

through six-ring neighboring group participation, using the stereocentric conformation of the 

auxiliary group to obtain high α-selective 1,2-cis-configuration glycosides (Scheme 2).
[19,23]

 

 

Scheme 1. Synthesis of 1,2-cis β-arabinofuranosides. 

 

 

Scheme 2. Synthesis of 1,2-cis α-glycosides. 

 

The use of leaving groups can also affect the stereoselectivity of glycosylation.
[24] 

So far, 

1-thioglycoside is one of the most popular glycosylation donors.
[25-26] 

G. Li et al. achieved the first 

unprotected/deprotected process of radical C-glycosylation by a one-step preparable glycosyl 

dithiocarbamate (GDTC). Giese-type reactions of unprotected GDTCs and radical allylation 

reactions were successfully carried out under mild reaction conditions to stereoselectively obtain the 

corresponding α-C-glycosides (Scheme 3).
[27] 

W. C. Zhao et al. used triphenylphosphine as the 

leaving group and 1,2-boronic acid salts to simultaneously introduce gem-C, B bonds at the anomeric 

stereocenters of furanose and pyranose (Scheme 4).
[28] 
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Scheme 3. Synthesis of α-C-glycosides without protecting groups. 

 

 

Scheme 4. Synthesis of gem-C, B glycosylation. 

Thioglycosides are more resistant to enzymatic hydrolysis than their O-linked counterparts, 

thereby becoming attractive targets for carbohydrate-based therapeutic development. C. Romanò et 

al. introduced S-bonds in arabinoxylan oligosaccharides (AXs) by anomeric thiol S-alkylation of 

orthogonally protected L-arabinopyranoside triflate, which facilitates the introduction of branched 

chain L-arabinofuranoside in oligosaccharide synthesis (Scheme 5).
[29] 

G. L. Zhang et al. achieved 

thioglycosidation in aqueous phase using readily prepared fluorosides as donors (Scheme 6). Notably, 

no sugar protection was required for this reaction.
[30]  

 

 

Scheme 5. Synthesis of S-linked disaccharide. 
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Scheme 6. Synthesis of glucosinolate bonds in aqueous phase. 

 

2.1.2 Effect of distal auxiliary groups on glycosylation reaction 

On the other hand, auxiliary groups at distal positions (e.g., C-3, C-4, C-5, etc.) have an effect on 

stereoselectivity during glycosylation. The tuning effect of carboxylate ester groups at C5-position 

on the glycosylation stereoselectivity of Kdo (3-deoxy-D-mano-oct-2-ulosonic acid) thioglycoside 

donors was reported by W. Huang et al. . The Kdo thioglycosides of 5-O-benzoate or acetate groups 

were highly α-selective in their glycosylation reactions with the acceptor; 5-O-Quin Kdo donors 

reacted with the primary hydroxy acceptor glycosylation to give β-glycosides, and when the acceptor 

was a secondary hydroxy, mainly α-glycosides were obtained; in contrast, 5-O-4-nitropicoloyl Kdo 

donors reacted with the primary or tertiary hydroxy acceptor glycosylation reaction, mainly 

α-glycosides are obtained, and when the acceptor is a seco-hydroxy, mainly β-glycosides are 

obtained. W. Huang et al. successfully prepared trisaccharides containing both α- and β-glycosidic 

linkages by the above method (Fig. 3).
[31] 

Y. F. Wu et al. reported that the glycosyl donor C6-linked 

7,8-di-O-picolinyl group was used to direct the α-configuration glycosylation of primary hydroxy 

glycosides and was successfully applied to the synthesis of ganglioside Hp-s1 by chemoselective 

glycosylation (Scheme 7).
[32] 

X. Li et al. used two groups, N-phenyltrifluoroacetimidoyl (PTFAI) and 

2-diphenylphosphinoyl-acetyl (DPPA), as leaving groups to achieve α- and β-glycosylation of 

multiple glycosyl groups, respectively, with high stereoselectivity through remote guidance (Scheme 

8). The imine group of PTFAI can remotely attack the allosteric position of the sugar, forming a 

relatively stable intermediate of the bridge ring and thus shielding the same side of the sugar ring, 

allowing the receptor to attack only from the other side to obtain a single α-glycoside.
[33] 

DPPA is an 

excellent hydrogen-bonded receptor with a phosphine oxygen functional group, which has the 

advantages of neutrality and less interference. It can tract the receptor to the ipsilateral side through 

intermolecular hydrogen bonding and then obtain a single β-glycoside from the ipsilateral attack on 

the heterocapsid of the sugar.
[34] 
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Fig. 3. Structure of β-Kdo-(2→7)-α-Hep-(1→5)-α-Kdo trisaccharide. 

 

 

Scheme 7. 7,8-di-O-picoloyl sialyl donors control the generation of α-configuration glycosidic 

bonds. 

 

 

Scheme 8. PTFAI-mediated alpha glycosylation and DPPA-mediated beta glycosylation. 

 

 

2.2 Metal-catalyzed glycosylation reaction 

Gold catalysis has become a hot spot in organometallic chemistry. In recent years, metal-catalyzed 

glycosylation reactions have also been developed. B. Yu developed a new chemical approach to 

alkynophilic gold(I) catalysts using glycosyl o-alkynyl benzoates as donors under gold(I) catalysis 

with Ph3PAuNTf2 and Ph3PAuOTf, which can be widely applied to the synthesis of the majority of 

glycosidic bonds. The method has been successfully applied to the synthesis of a variety of complex 

glycans and glycoconjugates, such as nucleobases and flavonoids. Moreover, some sensitive 

glycosidic ligands, such as dammarane C20-ol, have been realized for the first time (Scheme 9).
[35] 

On the basis of this method, B. Yu et al. firstly synthesized a cyclic starfish saponin with unique 
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structure.
[36] 

In addition, J. Fu et al. successfully synthesized nucleoside antibiotics amicetin, 

plicacetin and cytosaminomycin using this method.
[37] 

A glycosylation method for the stereoselective 

synthesis of glycosylphosphates using Au(I)-catalyzed glycosylation with phosphate as the acceptor 

was also reported by X. Zhang et al. The broad substrate compatibility and high α-selectivity of the 

Au(I)-catalyzed glycosylation method were demonstrated.
[38] 

Jiang Xuefeng's group achieved 

anti-toxic oxidative addition of transition metals through palladium-catalyzed allyl rearrangement, 

back attack on thiosulfate, and stereoselective thioglycosylation of uronic acid to obtain 

α-thioglycosides , and can produce a variety of substituents. Now through the synthesis of 

stereospecific thiolglucals, glycoconjugates diosgenyl α-L-rhamnoside (α-oxy-rhamnoside) and 

isoquercitrin (β-oxy-glucoside) have been successfully obtained, which is expected to be further 

studied in biological activity (Fig. 4).
[39]

 Q. Wang et al. developed a palladium-catalyzed reaction 

between an enolose donor and an arylboronic acid in an open system using a base as an additive to 

construct an aryl oxygen glycosidic bond.
[40] 

 

 

Scheme 9. Gold(I)-catalyzed glycosylation with glycosyl O-alkynylbenzoates as donors. 

 

 

Fig. 4. Structure of α-L-rhamnoside (α-oxy-rhamnoside) and isoquercitrin (β-oxy-glucoside). 

 

 
According to M. Kumar et al. , Bi(OTf)3 can directly catalyze the synthesis of 2-deoxyglucoside 

from ‘armed’ and ‘disarmed’ glycals with high stereoselectivity . This method can be applied to the 
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oligosaccharide synthesis of natural products and drugs and other 2-deoxyglycosylation reactions 

(Scheme 10).
[41] 

C. A. H. Jones et al. developed an iridium-catalyzed hydrosilylation method for the 

selective demethylation of O-arylglycosides, a cationic bis(phospho)iridium complex catalyzed a 

variety of 2,3,4-tri-O-methylpyranose, providing a unique approach to 3-hydroxy or 3-acetyl 

2,4-di-O-methylpyranose (Scheme 11).
[42] 

Synthesis of linear and branched penta-arabinofuranosides 

using a silver-assisted gold-catalyzed glycosylation method was reported by Y. Sutar et al (Fig. 5).
[43] 

 

 

 

Scheme 10. Bi(OTf)3-catalyzed access to α-glycosidic bonds. 

 

 

Scheme 11. Selective demethylation of O-aryl glycosides by iridium-catalyzed hydrosilylation. 

 

 

Fig. 5. Structure of linear and branched pentaarabinofuranosides in α-configuration. 

 

Q. Sun et al. reported a new method for the synthesis of alkenyl carbon glycosides based on 

palladium-catalyzed guide-group regulation. Using readily available isoquinoline carboxylic acid 

(iQA) as auxiliary group and palladium compound as catalyst, almost a single α-glycoside product 

was obtained (Scheme 12), which provided a new method for the synthesis of alkenyl and alkyl 
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carbon glycosides.
[44] 

Y. Li et al. used furanosyl acetate and (hetero) aryl iodide 

2-bromo-4-iodoanisole as model substrates, nickel(II) acetylacetonate as catalyst, TMSBr as Lewis 

acid, Zn was used as a reducing agent to react in THF to obtain C-aryl nucleoside analogs through 

cross-coupling reaction (Scheme 13). This nickel-catalyzed method has mild reaction conditions, a 

wide substrate range, good β-selectivity, and high functional group compatibility. The unique 

chemoselectivity for aryl iodides enables efficient preparation of various C-aryl halide furanosides.
[45] 

Y. An et al. reported a palladium-catalyzed C-H glycosylation and retro Diels–Alder tandem reaction 

via structurally modified norbornadienes (smNBDs). smNBDs are used to modulate the reactivity of 

aryl norbornadiene palladium rings (ANPs) with high chemoselectivity and regioselectivity to 

construct a series of highly functionalized C4-glycosyl indole reactions with C2 and C3 

unsubstituted (Scheme 14). This method has a wide range of applications and can be used for the 

smooth reaction of halogenated six- and five-membered glycosides, as well as the reaction of N-alkyl 

(primary, secondary and tertiary) C4-glycosidic indoles.
[46] 

The first ruthenium-based catalyzed 

highly stereo- and site-selective ortho- and meta-C-H glycosylation was reported by X. Y. Gou et al. 

using the substrate 2-phenylpyridine and the glycosyl chloride donor as a model, [RuCl2(p-cymene)]2 

was used as a catalyst to obtain the ortho-/meta-glycosylation products by a key oxidative 

addition/reductive elimination or σ-activation strategy. This method can be used for the synthesis of 

a variety of C-aryl pyranosides and furanosides.
[47] 

J. Wu. et al. used this method to also obtain the 

corresponding C-aryl glycosides via glycosyl bromide donors (Scheme 15).
[48]  

 

 

Scheme 12. Synthesis of C-vinyl glycosides. 

 

 

Scheme 13. Synthesis of C-aryl nucleoside analogs. 
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Scheme 14. Synthesis of C4-glycosidic indoles via palladium/structurally modified norbornadiene 

(smNBDs). 

 

 

Scheme 15. Synthesis of C-aryl glycoside. 

 

F. Ding group reports a ZnI2-catalyzed α-glucosylation strategy in which ZnI2 acts as a Lewis acid 

activator of the glycosyl donor leaving group and a targeted control agent of nucleophilic reagent 

attack for the highly stereospecific construction of α-glucosides.
[49] 

When mannose is used as a 

glycosyl donor, β-mannoside is obtained by the same reaction mechanism catalyzed by ZnI2 because 

mannose is in the opposite direction of 2-C-O of glucose.
[50] 

When galactose was used as the 

glycosyl donor, the 4-C-O orientation of galactose was opposite to that of glucose, resulting in a 

different conformation of the 4,6-O-naphthylidene protecting group of galactose and glucose. 

Therefore, under the catalysis of ZnI2, by the same reaction mechanism, the 6-C-O in the 

4,6-O-naphthylidene protecting group will be coordinated with zinc ion to obtain β-galactoside due 

to the end-group isomerization effect of galactose ( Scheme 16).
[51] 

A method for the iterative 

synthesis of thioglycosides without protecting groups in aqueous phase was developed by P. Wen et 

al. It introduces sulfhydryl groups at different positions of sugar molecules, and utilizes Ca(II) in 

water at room temperature to promote the unprotected thioglycosylation reaction to obtain 1,2-trans 

thioglycosides with high chemical and stereoselectivity. And further applied to the synthesis of 

3,6-branched mannose cores of N-linked glycans (Fig. 6).
[52] 

T. Li et al. developed a new method for 

glycosidation via an "acid-base catalyzed" pathway using platinum (IV) chloride as a catalyst and 

O-glycosyl trichloroacetimide ester as a glycosyl donor (Scheme 21). This method can be applied to 

the highly stereoselective glycosylation of various glycosyl donors and glycosyl acceptors.
[53]  
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Scheme 16. Synthesis of α-Glc、β-Gal、β-Man glycosides. 

 

 

 

Fig. 6. Structure of S-trimannose. 

 

 

Scheme 17. Stereoselective glycosylation of O-glycosyltrichloroethylimine donors catalyzed by 

PtCl4. 
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2.3 Non-metal-catalyzed glycosylation reaction 

In addition to metal-catalyzed methods, there are also non-metal-catalyzed methods.
 
K. A. 

D'Angelo et al. used diarylboronic acids as catalysts, glycosyl mesylate donors and partially 

protected pyranoside and furanoside acceptors for regioselective and stereoselective coupling, via an 

associative mechanism, β-glycosidic structures can be selectively obtained (Scheme 18).
[54] 

D. 

Takahashi et al. reported a highly 1,2-cis-selective product glycosylation using organoboron reagents 

and 1,2-anhydroglycosyl donors to obtain highly 1,2-cis-selective product glycosylation by an 

intramolecular acid-base catalyzed SN2-type reaction via hydrogen bond-mediated formation of a 

cyclic transition state, this method is also called hydrogen bond-mediated aglycon delivery (HAD), 

which is representative in the synthesis of biologically active natural products and complex 

oligosaccharides (Scheme 19).
[55] 

S. Li et al. achieved boron-promoted thiosidylation by 

boron-promoted reductive deoxygenation coupling reaction using readily available bromosaccharides 

and sulfonyl chloride as raw materials (Scheme 20). This method has the advantages of mild 

conditions, wide range of substrates, good functional group compatibility and excellent 

stereoselectivity, while the corresponding thioglycoside products were obtained in excellent 

yields.
[56]  

 

 

Scheme 18. Boronic acid-catalyzed access to β-glycosidic bonds. 

 



 15 

 

Scheme 19. Boronate-catalyzed formation of 1,2-cis-glycosidic bonds. 

 

 

Scheme 20. Proposed mechanism. 

 

Z. Qiao et al. established a novel acid (Tf2NH)-catalyzed glycosylation of glycosyl 2-isopropenyl 

phenylacetate and 2-isopropenyl benzyl glucoside for complex oligosaccharides and glycoconjugates. 

The synthesis provides new synthetic means (Scheme 21).
[57]  

 

 

Scheme 21. Acid-catalyzed glycosylation of glycosyl 2-isopropenyl phenyl acetate and 

2-isopropenyl benzyl glycosides. 

 

K. M. Liu et al. reported a fast photocatalytic glycosylation method that proceeds through a 

bromide-based hydrogen species and electron transfer process using Ir(ppy)3 as a catalyst (Scheme 

22). This method can be used for stereoselective iterative synthesis of 2-deoxyoligosaccharides.
[58] 

Q. 

Li et al. exploited the catalytic effect of electron-rich bis(thiourea) on unprotected or minimally 
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protected monosaccharides (disaccharides) to achieve high stereoselectivity and precise site-control 

of galactose and mannose glycosylation reactions by effectively exploiting non-covalent 

interactions.
[59] 

H. Li et al. developed a light-mediated metal-free glycosylation method for the 

synthesis of C2-phosphonylated carbohydrates from glyoxal and diarylphosphine oxide using the 

photosensitizer 4CzIPN as the catalyst in order to avoid the use of excessive metal co-catalysts 

(Scheme 23).
[60]

 Y. Wei et al. obtained NHPI esters (or pyridine salts) by photoinduced 

decarboxylation (or deamination) cross-coupling, and photoactive electron donor-acceptor (EDA) 

complexes by complexation with Hantzsch ester and LiI (or Et3N), which were used in the next 

C-alkyl glycosylation reaction by obtaining alkyl radicals under blue LED irradiation (Scheme 24).
[61] 

Q. Wang et al. obtained photoactive electron donor-acceptor (EDA) complexes by combining cesium 

acetate (CsOAc) with Hantzsch ester; its association with 2-pyridyl glycosyl sulfone under blue LED 

irradiation gave glycosyl radicals (Scheme 25). The sugar radicals further react with coupling 

reagents of different substituents to give the corresponding C-alkenyl, C-heteroaryl, and S-aryl and 

S-alkyl glycosides etc. .
[62] 

D. Xie et al. used EDA complexes formed by glycosyl sulfoxide, pyridine 

salts and hydrated fluoride ions to obtain glycosyl radicals under blue LED irradiation for the next 

step of C-glycoside reaction. This approach enabled the glycosylation modification of the vasodilator 

drug fasudil (Fig. 7).
[63]  

 

 

Scheme 22. Photoinitiated intermolecular hydroetherification of glycals with acceptors. 

 

 

Scheme 23. Synthesis of 1,2-dideoxy-2-phosphinylated carbohydrates. 

 



 17 

 

Scheme 24. Synthesis of C-alkyl glycosides with blue LED. 

 

 

Scheme 25. Synthesis of glycosyl radicals with blue LED. 

 

 

Fig. 7. Structure of glycosylation-modified fasudil. 

 

L. Xia et al. obtained C-alkynyl glycosides by photooxidative (eosin Y) reductive catalysis 

(organic base N, N-diisopropylethylamine) coupling of alkynyl bromides and brominated glycosides, 

which is a versatile, convenient and highly α-stereoselective method (Scheme 26).
[64] 

C. Zhang et al. 

used allyl glycosyl sulfone (as a donor) to convert stable allyl glycosyl sulfone to electron-philic 

glycosyl iodide by glycosyl radicals using XB-assisted and light-promoted single electron transfer 

cascade activation (Scheme 27). Sterically convergent 1,2-cis-glycosides were obtained under mild 

conditions using in situ capture of nucleophilic reagents.
[65] 
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Scheme 26. Synthesis of α-C-alkynyl glycosides with alkyne bromide. 

 

 

Scheme 27. XB-assisted radical activation of donors. 

 

2.4 One-pot glycosylation reaction 

Of course for the synthesis of oligosaccharides, one-pot glycosylation is an important approach, 

increasing the overall efficiency of the synthesis by minimizing steps and eliminating 

post-processing and purification procedures (Fig. 8).
[66] 

Sequential chemoselective activation under 

orthogonal conditions takes advantage of the reactivity differences at different sites of the donor and 

acceptor.
[67] 

R. Liu et al. successfully constructed a one-pot synthesis of trisaccharides under mild 

conditions using NIS/TMSOTf as a promoter and a tetranucleoside related to n-hexynyl benzoic acid 

glycoside as a donor. And it is applied to the synthesis of tetrafucosides related to type I fucoidan 

fragments using phthalic acid sugar group as the donor (Fig. 9).
[68] 

Z. Zhang et al., developed a 

computer program using data from the determination of -STol glycoside donor reactivity and its 

correlation with the chemical shift of the acceptor anomeric proton, using a database of 

thioglycosides as glycosyl donors Opti Mer, one-pot assembly building blocks for 

oligosaccharides.
[69] 

A more advanced Auto-CHO software was developed by C. W. Cheng et al. to 

accommodate more data processing and to support hierarchical one-pot synthesis using fragments as 
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building blocks generated by one-pot synthesis. It provides a potential synthetic solution for complex 

glycans, such as the glycosylceramide Globo-H hexasaccharide that can be used in prostate cancer 

antigen vaccines.
[70] 

Y. C. Ko et al. used a microwave-assisted one-pot method to generate 

per-O-trimethylsilylated monosaccharide intermediates in situ with trimethylsilyl 

trifluoromethanesulfonate or trimethylsilyl trifluoromethanesulfonate, respectively, under microwave 

irradiation. Treatment with methyl(4-methylphenylthio)silane and ZnI2 provides 1,6-anhydrosugars 

or thioglucosides, which are further processed by regioselective protecting groups for many 

thioglucoside and disilylated derivatives. This approach opens up the possibility to generate 

appropriate protective building blocks arrays for oligosaccharide assembly in a short time with 

minimal purification stages (Scheme 28).
[71]  

 

 

Fig. 8. Schematic diagram of the one-pot method. 

 

 
Fig. 9. Structure of tetrasaccharide backbone of type I fucoidan. 
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Scheme 28. Microwave-assisted one-pot synthesis of different 1,6-anhydrosugars. 

 

A. Das et al. reported an allyl halide-mediated glycosylation of allyl glycosides without carbon 

tetrachloride as a solvent, using silver trifluoromethanesulfonate as the promoter, in (EtO)2CO and 

PhCF3 solution. A one-pot allylic halogenation and subsequent glycosylation method was developed. 

Xylose-pyranoside disaccharides and trisaccharides have been synthesized using this method 

(Scheme 29).
[72] 

C. M. Carthy et al. took advantage of the higher nucleophilicity of anomeric sulfur 

in ethyl glucosinolate, using N-trifluoromethyl thiosaccharin and thioperoxide as promoters, by a 

one-pot oligosaccharide glycosylation method, to provide protocols for stereoselective synthesis of 

glycosylation.
[73] 

H. He et al. reported a one-pot glycosylation strategy for glycan and nucleoside 

synthesis based on ortho-(1-phenylvinyl)benzyl (PVB) glycosides, it can be used to synthesize the 

anti-tuberculosis drug Capuramycin (Scheme 30).
[74] 

Professor X. S. Ye's research group improved 

the regioselectivity and stereoselectivity of oligosaccharide assembly by changing the order of 

addition of sugar residues, and successfully synthesis of hexasaccharide attached to ATCV-1 

( Acanthocystis turfacea Chlorella virus ) by one-pot glycosylation reaction (Scheme 31).
[75]

 

 

 
Scheme 29. Allyl halogenation and TfOH-promoted glycosylation take place in one-pot. 
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Scheme 30. Synthesis of capuramycin via the orthogonal one-pot glycosylation strategy based on 

PVB-glycosyl. 

 

 
Scheme 31. Synthesis of hexasaccharide attached to ATCV-1by ont-pot glycosylation strategy. 

 

2.5 Solid-phase glycosylation reaction 

Solid-phase synthesis is another effective method to accelerate the preparation of oligosaccharides, 

not only the reaction process is automated, but the reaction does not require purification of the 

reaction intermediates. Automated glycan assembly (AGA) is mainly used for the synthesis of 

trans-glycosidic bonds, where C2 is involved in a protecting group to ensure stereoselective 

coupling.
[76-77] 

Since the generation of the cis-configuration cannot rely on C-2 participation, H. S. 

Hahm et al. successfully obtained multiple cis-containing glycosides using monosaccharides 

containing distantly participating protecting groups (acetyl or benzoate) as AGA building blocks 

linked oligosaccharides.
[78] 

The fully automated Glyconeer 2.1™ has been deployed in the laboratory 

(Fig. 10).
[79] 

D. Budhadev et al. performed iterative solid-phase glycosylation on photolabile resins, 

followed by photochemical cleavage and glycan purification using simple flash column 

chromatography. Synthesis of complex heparan sulfate oligosaccharide precursors by automated 
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glycan assembly using disaccharide donor building blocks.
[80] 

Other examples of automated methods 

such as: one-pot solution-phase oligosaccharide synthesis by Quest-210 (Takahashi), fluorine 

label-assisted synthesis (Pohl) based on automated liquid handlers and fluorine solid phase extraction 

(FSPE) techniques. HPLC-assisted oligosaccharide synthesis (Demchenko, Stine) and automated 

electrochemical synthesis (Nokami), among others, are also worth noting.
[81] 

K. L. M. Hoang et al. 

reported a traceless photo-unstable linkage method for the preparation of carbohydrates with free 

reducing ends and the preparation of oligosaccharide fragments and linear as well as branched 

β-oligosaccharide assembled asymmetric biphasic N-glycans by AGA.
[82] 

J. Jung et al. successfully 

synthesized bromoalkyl glycosides on a microreactor scale by Fischer glycosylation with improved 

yields via acidic catalysts.
[83] 

Based on the principle of preactivated one-pot, multicomponent 

glycosylation reaction and continuous multiplying amplification synthesis, X. S. Ye's research group 

independently developed a new type of dual-mode olution-phase glycan automatic synthesizer (Fig. 

11) , the synthesis of oligosaccharides and polysaccharides with various complex structures has been 

realized, among which the molecular size of the synthetic polysaccharides has reached an astonishing 

1080 sugar (1080-mer),
[84] 

far surpassing the synthesis level of nucleic acids (up to 200-mer)
[85] 

and 

proteins (up to 472-mer).
[86]

 The synthesizer provides a platform for non-professionals to assemble 

target glycans, fills the gaps in the development of liquid phase sugar synthesizers at home and 

abroad, and is of landmark significance to sugar science and its application in the fields of medicine 

and materials. 

 

 
Fig. 10. Automation: Glyconeer 2.1

TM
. 
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Fig. 11. Automation synthesizer. 

 

The chemical synthesis method of glycosylation occupies an important position in the field of 

chemical synthesis of carbohydrate, and is crucial for the study of homogeneous glycosylation 

products (Fig. 12). 

 

 

Fig. 12. Summary of chemical synthesis of oligosaccharides. 

 

3. Study on new drugs related to oligosaccharides 
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The concept of carbohydrate drugs can be divided into broad and narrow sense. In the narrow 

sense, carbohydrate drugs refer to drugs containing sugar structures. In the broad sense, carbohydrate 

drugs can be extended to carbohydrate-based drugs, because carbohydrates can not only be used as 

drugs alone, it can also bind to and interact with many compounds such as proteins, fats, etc., and 

affect some physiological and pathological processes.
[87]

 

Oligosaccharide drugs usually use six-membered ring pyranose, five-membered ring furanose, aza 

sugar and high-carbon sugar sialic acid as the structure as the backbone. It has applications in 

infectious diseases, tumor diseases, cardiovascular and cerebrovascular diseases, endocrine and 

metabolic diseases, respiratory system diseases, skin diseases, nervous system diseases and other 

fields.
[88] 

 

3.1 Anti-infective activity 

Anti-infective drugs, as drugs for the treatment of pathogenic infections, include two categories of 

antimicrobial drugs and anti-parasitic drugs. Antimicrobial drugs include antibiotics, synthetic 

antibacterials, anti-tuberculosis drugs, anti-leprosy drugs, and antiviral drugs. It has long been 

recognized that soluble carbohydrates can prevent microorganisms from binding and multiplying on 

the cell surface.
[89]

 For example, human milk oligosaccharides are thought to prevent infection in 

nursing infants. The highly glycosylated mucins constitute another line of defense against pathogenic 

infection.
[90]

 This understanding has led to the rapid development of carbohydrate drugs in the field 

of anti-infection.
[89] 

 

3.1.1 Anti-bacterial activity
 

Chitosan hydrolysates are water soluble with antibacterial activity.
[91]

 Y. E. Tsvetkov et al. 

synthesized a series of β-(1→4)-linked N-acetyl-D-glucosamine oligomers as major components of 

the fungal cell outer wall (Fig. 13). And observed in vitro evaluation in RAW 264.7 cells. It has 

effective immune response and immune regulation, and no cell proliferation and cytotoxicity were 

observed after 48h, showing strong immune regulation activity. It is expected to serve as a potential 

antigen for in vitro diagnosis of candidiasis and monitoring of antifungal therapy.
[92] 

Using 

triethylamine (TEA) to catalyze the substitution reaction of Cinnamyl Bromide (Cin-Br) with 

chitooligosaccharides, L. Yue et al. synthesized COS-N-Cin1-3 in one step ( the molar ratio of COS 
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to Cin-Br was 1:1/1:2/1:3, respectively ). The antibacterial activity test showed that it had excellent 

antibacterial activity against Escherichia coli and Staphylococcus aureus, and the antibacterial 

activity was proportional to the degree of substitution of cinnamic acid (Scheme 32).
[93] 

 

 

Fig. 13. Structures of biotinylated chitooligosaccharide.
 

 

 

Schemg 32. Synthesis of oligosaccharide COS-N-Cin. 
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Fig.14. Mechanism of COS and its derivatives against (A)Fungi, (B)Gram-negative Bacteria, 

(C)Gram-positive bacteria.  

 

Staphylococcus aureus is a Gram-positive bacterium that mainly infects skin, lungs and joints. 

Newborns and immunocompromised people are more likely to be infected.
[94-96] 

Its antibiotic 

resistance seriously affects the safety of the global public health system.
[97] 

Under environmental 

pressure and immune conditions of the host immune system, the capsular polysaccharide (CP) on the 

surface of S.aureus can provide protection, so CP is considered to be an effective target for the 

development of anti-infective agents.
[98] 

Most strains of known serotype capsular polysaccharide 

express capsular polysaccharide type 5 (CP5) or 8 (CP8).
[99] 

A. Behera et al. obtained D-FucNAc and 

L-FucNAc units from D-mannose and L-rhamnose, obtained disaccharide units by 1,2-cis linkage, 

protected the C3 position of L-FucNAc unit, and introduced D-glucoside glucosinolate donor at the 

C4 position to obtain CP5 trisaccharide repeating unit (Scheme 33) for the first time，providing a 

new synthetic method for the development of glycoconjugate vaccines.
[100] 

After, M. Zhao et al. 
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synthesized amino-terminated CP8 trisaccharide by chemical method using D-glucose and L-fucose 

as raw materials (Scheme 34). The conjugate of CP8 trisaccharide and CRM197 protein expressed 

strong immunoglobulin G (IgG) immune response in mice. Both the serum antibody and the 

prepared monoclonal antibody could recognize S.aureus strains, demonstrating the great potential of 

CP8 trisaccharide as an efficient antigen vaccine.
[101] 

Wall teichoic acids (WTAs) composed of 

repeating ribitol phosphate (RboP) residues modified by D-alanine and N-acetyl-D-glucosamine 

(GlcNAc) are an important part of the cell wall of S.aureus and interact with the host immune system. 

Therefore, WTAs are also considered as potential targets for the development of glycoconjugate 

vaccines.
[102] 

P. Shen et al. used D-ribose derivatives and H-phosphate linker as raw materials, using 

PivCl catalysis and iodine in situ reduction one-pot reaction to obtain WTAs main chain, and 

modified it by D-glucose derivatives through glycosylation reaction to obtain modified WTAs 

(Scheme 35). In vivo immunological studies, WTAs glycoconjugates induce a strong T 

cell-dependent immune response and induce high levels of specific IgG antibodies; in further 

immunological studies in vitro, the antibodies of WTAs glycoconjugates had significant phagocytic 

killing activity. It shows that WTAs glycoconjugates can be used as preventive vaccines and 

effective antigens.
[103] 

 

 

Scheme 33. Synthesis of CP5 trisaccharide repeating unit. 
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Scheme 34. Synthesis of CP8 trisaccharide repeating unit. 

 

 

Scheme 35. Synthesis of WTAs glycoconjugates. 

 

Burkholderia pseudomallei and Burkholderia mallei are highly infectious pathogens that cause 

serious illness in humans due to their high levels of resistance, diverse symptoms, difficulty in 

diagnosis, and high mortality.
[104-105] 

Many glycoconjugate vaccines based on CPS have been 

clinically applied
[106] 

(such as Haemophilus influenzae type b(Hib) glycoconjugate vaccine
[107] 

), with 
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good tolerance and lifelong immunity. CPS-based Burkholderia pseudomallei and Burkholderia 

mallei glycoconjugate vaccines need to be developed. Y. Chen et al. used SPhosAuNTf2 acts as a 

promoter for the stereoselective synthesis of 6-deoxy-D-mano-heptopyranosyl o-hexyl benzoate 

(Scheme 36) associated with the surface polysaccharides of burkholderia pseudomallei and 

burkholderia mallei (Fig. 15).
[108-111] 

X. Y. Geng et al. added a carbon at the C-6 position of mannose 

through the Dess-Martin Oxidation reaction, and then introduced a hydroxyl group at the C-7 

position through anti-Markovnikov hydroboration / oxidation ; next, the Pico group was introduced 

at the C-3 position and the hydrogen-bond-mediated aglycone delivery ( HAD ) strategy was used to 

stereoselectively synthesize 6-deoxy-D-mannoheptose and its β-(1→3) linked oligomer (Scheme 37). 

The preliminary in vivo immunological evaluation of these oligomers in mice confirmed their 

efficacy in triggering high titers of immunoglobulin G antibodies and strong T cell-dependent 

immune responses.
[112] 

The triose conjugates were also found to elicit the strongest immune 

responses.
[108] 

 

 
Scheme 36. Stereoselective synthesis of 6-deoxy-D-manno-heptopyranose tri- and tetrasaccharides. 

 

 
Fig. 15. Structures of surface polysaccharides of B. pseudomallei. and B. mallei. . 
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Scheme 37. Synthesis of 6-deoxy-D-mannoheptose and its β-(1→3) linked oligomer. 

 

 

As a human intestinal symbiotic bacteria, Escherichia coli can cause diarrhea, urinary tract 

infection and even sepsis and other serious diseases due to its toxicity.
[113] 

N. Nishi et al. firstly 

synthesized LPS pentasaccharide repeat unit from pathogenic E.coli O1 (Scheme 38) and its 

conjugate with BSA from L-rhamnose monohydrate and D-glucosamine hydrochloride. ELISA 

detection using semi-synthetic glycoconjugates and APEC O1 ( zoonotic risk ) immunized chicken 

serum showed great potential as vaccine development antigens.
[114] 

M. Kundu et al.used a sequential 

glycosylation strategy, using D-mannosyl thioglycoside as a glycosyl donor, N-iodosuccinimide 

(NIS) and silica-loaded perchloric acid (HClO4-SiO2) as accelerators, and successfully obtained the 

branched pentasaccharide repeat unit of o-antigen cell wall polysaccharide of E.coli O44:H18 

(Scheme 39).
[115] 

It provides a basis for further development of E. coli vaccine. S. K. Jana et al. used 

the same method to successfully synthesize the pentasaccharide repeating unit rich in 2-acetylamino 

sugars corresponding to the O-antigen polysaccharide of Escherichia coli (E. coli) .
[116]
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Scheme 38. Synthesis of the lipopolysaccharide mimetic pentasaccharide repeating unit of virulent 

Escherichia coli O1. 

 

 

Scheme 39. Synthesis of the synthesized pentasaccharide repeating unit of the O-antigenic 

polysaccharide of E. coli O44:H18 strain. 
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Helicobacter pylori is a microaerophilic gram-negative pathogen. Long-term infection of 

Helicobacter pylori can lead to diseases such as gastritis, peptic ulcer and duodenal ulcer, which may 

develop into gastric cancer.
[117-120]

 The high resistance of traditional antibiotic therapy increases the 

risk of repeated infection in cured patients.
[121] 

Therefore, a safe and effective new glycoconjugate 

Helicobacter pylori vaccine needs to be developed. The outer nucleus and O-antigen contained in 

lipopolysaccharide covering the surface of Helicobacter pylori are considered to be effective targets 

for glycoconjugate vaccines.
[122-124] 

Professor J. Yin 's research group has made a series of important 

progress in the synthesis and activity of Helicobacter pylori glycan antigen, and has completed the 

chemical synthesis and antigenicity of Helicobacter pylori outer core octasaccharide,
[125] 

O2 serotype 

O-antigen hexasaccharide,
[126] 

O6 serotype O-antigen tridecasaccharide.
[127] 

On this basis, the high 

steric hindrance core undecylose of Helicobacter pylori lipopolysaccharide was used as the target 

molecule to carry out chemical synthesis research. The core glycan structure of Helicobacter pylori 

lipopolysaccharide is relatively conserved, and the core structure of lipopolysaccharide of different 

serotypes is very similar, which can be used for the development of broad-spectrum glycoconjugate 

vaccines for various serotypes. The core undecylose is composed of an octasaccharide backbone 

α-D-Glc-(1→3)-α-D-Glc-(1→4)-β-D-Gal-(1→7)-[α-D,D-Hep-(1→2)]-α-D, D-Hep-(1→2)-α-L, 

D-Hep-(1→3)-α-L, D-Hep[P/AEP]-(1→5)-Kdo and an α-(1→6)-glucan trisaccharide branch.
[128] 

Professor Yin Jian 's research group first synthesized several monosaccharide units including 

manno-heptose unit which is not easy to synthesize, and completed the synthesis of 

lipopolysaccharide core undecasaccharide of Helicobacter pylori by linear [2+(1+(3+(1+(1+3)))] 

synthesis strategy (Scheme 40). Glycan Microarrays technology was further used to analyze the 

antigenicity of glycans. It was found that α-1,6-glucotriose had a strong binding effect with the 

serum of most Helicobacter pylori infected patients and was an important epitope of core 

undecasaccharide. The number and intensity of phosphorylated core trisaccharide binding to infected 

serum were significantly higher than those of phosphate-free core trisaccharide, indicating that the 

phosphate group is an important specific structure of the core undecasaccharide. This study provides 

an important theoretical basis for the development of Helicobacter pylori glycoconjugate vaccine.
[129] 
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Scheme 40. Synthesis of lipopolysaccharide core undecasaccharide of Helicobacter pylori by linear 

[2+(1+(3+(1+(1+3)))] synthesis strategy.
 

 

 

The Gram-negative pathogen Klebsiella pneumoniae is one of the multidrug-resistant bacteria 

responsible for infections and epidemics.
[130]

 D. A. Argunov et al. successfully synthesized the 

galactosyl-II O-specific chain hexasaccharide repeat unit of Klebsiella pneumoniae LPS using 

D-galactose as the starting material (Scheme 41), and its biotinylated derivatives were used as 

components of the glycoarray built up on the surface of streptavidin-coated microtiter plates, which 

could be effectively recognized in the screening of serum antibodies against Klebsiella pneumoniae 

O1. It has shown great potential in the development of vaccines and diagnostic kits.
[131]

 P. Shit et al. 

synthesized tetrasaccharide acceptors from D-glucose and L-rhamnose, and disaccharide 

thioglycoside donors from D-galactose and L-rhamnose. The hexasaccharides were stereoselectively 

synthesized by [4+2] strategy using NIS and HClO4-SiO2 as catalysts. The primary hydroxyl group 

was oxidized to carboxyl group by TEMPO and bis (acetoxy) iodobenzene (BAIB) to obtain capsular 

polysaccharide of Klebsiella serotype K-34 type hexasaccharide repeat unit (Scheme 42).
[132] 
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Scheme 41. Synthesis of galactosyl-II O-specific chain hexasaccharide repeat unit. 

 

 

Scheme 42. Synthesis of K-34 type hexasaccharide repeat unit. 

 

Acute pneumonia, meningitis, sepsis and other serious diseases can be caused by Acinetobacter 

baumannii.
[133]

 X. Y. Zhou et al. synthesized for the first time four oligosaccharide fragments of the 

core within the LPS of Acinetobacter baumannii strain ATCC 17904 and evaluated them 

antigenically using sugar microarray technology, in which the 4,5-branched Kdo trisaccharide 

(Scheme 43) has strong binding ability to IgG antibody in infected serum, which can be used as a 

potential minimal epitope for the development of diagnostic tools and vaccines against Acinetobacter 

baumannii.
[134] 
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Scheme 43. Synthesis of 4,5-branched Kdo trisaccharide. 

 

 
Tuberculosis (TB), which is one of the top ten causes of death globally due to mycobacterial 

infection,
[135]

 and the alarming increase in clinical cases of drug-resistant tuberculosis (TB) have 

prompted the need for the rapid development of novel chemotherapeutic agents with novel 

mechanisms of action.
[136-138] 

As the main component of mycobacterial cell walls, the polysaccharide 

lipoarabinomannan (LAM) has always attracted the interest of researchers.
[139] 

Z. Li et al. synthesis 

of five LAM oligosaccharide compounds using D-arabinose and D-mannose as potential candidates 

for conjugate vaccines(Scheme 44).
[140] 

 

 

 

Scheme 44. Synthesis of five LAM oligosaccharides. 
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Fig. 16. Anti-bacterial mechanism of glycoconjugate vaccine. 

 

3.1.2 Anti-viral activity   

The long-term epidemic of coronavirus disease 2019 (COVID-19) caused by severe acute 

respiratory syndrome coronavirus 2 (SARS-CoV-2) has caused a health crisis worldwide.
[141]

 

COVID-19 can cause fever, fatigue, cough, shortness of breath, and severe pneumonia.
[142] 

At 

present, Paxlovid has been authorized by FDA for emergency use，[143] 
but in vitro studies and 

clinical trials of effective therapies for SARS-CoV-2 infection are still ongoing.
[144] 

Chitosan-derived 

is considered to have antiviral activity.
[145] 

D. Jang et al. first proposed that chitooligosaccharides 

could produce anti-SARS-CoV-2 virus activity in vitro.
[146] 

H. Hamada et al. co-cultured 
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SARS-CoV-2 infected MRC5 lung cells with different concentrations of resveratrol oligosaccharides, 

and found that the inhibitory effect of resveratrol oligosaccharides on the death of infected cells 

exceeded that of resveratrol at the concentration of 0.1%, and could effectively inhibit SARS-CoV-2 

infection at the concentration of 5%-10%, indicating that resveratrol oligosaccharides are effective 

anti-SARS-CoV-2 drugs.
[147]

 

Influenza is an acute viral respiratory disease caused by respiratory tract infection with influenza 

virus ( RNA virus ), which is spread worldwide. 
[148] 

Influenza viruses are classified into three types, 

A, B and C according to their internal protein antigens. Type A (e.g. H1N1) is the most toxic to 

humans due to its extensive host range and causes millions of deaths worldwide.
[149] 

Vaccination and 

specific antiviral drugs are two main strategies for influenza prevention and treatment.
[150] 

The drug 

resistance caused by the excessive use of antiviral drugs and the continuous evolution of influenza 

viruses are urgent to develop new anti-influenza virus drugs.
[151] 

The approved antiviral drugs 

include neuraminidase inhibitors (NAIs) (zanamivir), M2 ion channel blockers (amantadine), RNA 

polymerase inhibitors (favipiravir).
[152-154] 

Neuraminidase glycoprotein ( NA ) is a glycoprotein on 

the surface of influenza virus. It is still a favorable target for the development of anti-influenza virus 

drugs.
[155] 

O. Kutkat et al. using Cu(Ⅱ)-catalyzed click chemistry, produced 1,2,3-triazole glycosides 

by the reaction of terminal alkynyl glycosides with azido groups (Scheme 45), which have high 

antiviral activity against wild-type and neuraminidase inhibitor-resistant strains of avian influenza 

H5N1 and human influenza H1N1 viruses in vitro and in mice.
[156]

 S. M. Mohamed et al. isolated the 

oligosaccharide compound Canthoside C from Gardenia latifolia Aiton (Fig. 17), Rubiaceae and 

evaluated its activity against influenza A (H1N1) virus. Canthoside C has significant antiviral 

activity against H1N1, with a half inhibitory concentration of 10.93μg/mL, and has low cytotoxicity 

to host MDCK cells, CC50 value of 140.8μg/mL and a SI of 12.88, indicating its potential in 

anti-H1N1 virus.
[157] 

 



 38 

 

Scheme 45. Synthesis of 1,2,3-triazole glycosides. 

 

 

Fig. 17. Structure of Canthoside C. 

 

The binding of glycoprotein hemagglutination of influenza A virus to Host membrane viral is one 

of the main processes of infection. Therefore, glycoprotein hemagglutinin (HA) is also a potential 

target for influenza drug research.
[158] 

S. Wang et al. tested the antiviral activity of the synthesized 

sulfated chitosan oligosaccharides (SCOS) (Fig. 18) in vitro and in vivo, and showed good inhibitory 

effect on IAV infection. SCOS binds to HA protein and blocks the entry of IAV into the infection 

process by inhibiting IAV adsorption and subsequent membrane fusion.
[159] 

 

 

Fig. 18. Structure of SCOS. 
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Fig. 19. The anti-viral mechanism of 1,2,3-triazole glycosides and SCOS.
[160]

 

 

Herpes simplex virus type 2 ( HSV-2 ) is a large double-stranded DNA virus. As a popular human 

pathogen, it can establish a lifelong latency in the dorsal root ganglion by escaping the host 's innate 

immunity after initial infection.
[161] 

The sulfated polysaccharide purified from Monostroma nitidum 

Wittrock contains a large amount of L-rhamnose and a small amount of D-glucose, mainly composed 

of 1,2-and 1,3-linked rhamnose residues, which is called rhamnan sulfate (RS). It exhibits strong 

antiviral activity by preventing the adsorption and penetration of HSV-2 virus on the surface of host 

cells.
[162] 

H. Tanaka et al. successfully developed a concise synthesis of rhamnose hexasaccharides 

with alternating α-(1→2)/(1→3)-bonds and repeating α-(1→3)-bonds by using iterative 

α-glycosylation of disaccharide structural units (Scheme 46), providing favorable conditions for their 

application in anti-HSV-2.
[163] 



 40 

 

Scheme 46. Synthesis of repeating α-(1→3)-linkages and alternating α-(1→2)/(1→3)-linkages 

hexasaccharides. 

HIV ( human immunodeficiency virus ) is an RNA retrovirus with high genetic variability and 

rapid adaptation.
[164] 

The gp120 is main envelope glycoprotein on HIV-1 virus particles and the 

binding protein for virus entry.
[165] 

The glycan shield on gp120 is a vulnerable site for 

broad-spectrum neutralizing antibodies and has the effect of host HIV-1 adaptive immune response, 

which is a noteworthy target for anti-HIV-1 virus research.
[166] 

Sulfated polymannuronate ( SPMG ) 

binds gp120 protein with high affinity to fight HIV-1 infection.
[167] 

M. Bai et al. used β-cyclodextrin 

as raw material to synthesize sulfated alkyl heptasaccharides with long alkyl chains by click 

chemistry (Scheme 47). The long-chain alkyl groups pass through and are fixed in the lipid bilayer of 

HIV, and the negatively charged sulfated alkyl heptasaccharide part interacts with the positively 

charged amino acid through electrostatic interaction with HIV gp120 molecules, thereby achieving 

inhibition of HIV infection.
[168]
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Scheme 47. Synthesis sulfated alkyl heptasaccharides. 

 

3.1.3  Anti-parasitic activity 

In 2019, B. K. Chhetri et al. isolated for the first time two marine sulfated diterpene glycosides 

peyssonnosides from the red alga Peyssonnelia sp. It exhibits good antimalarial activity against 

hepatic stage Plasmodium berghei.
[169]

 G. A. Chesnokov et al. succinctly and efficiently realized the 

first asymmetric total synthesis of (-)-peyssonnoside A (Scheme 48), which provides a reference for 

the antimalarial treatment of Plasmodium berghei.
[170]

 

 

Scheme 48. Synthesis of peyssonnoside A. 

 

3.2 Anti-inflammatory activity 

Inflammation is an innate immune response initiated by foreign antigens and injurious stimuli, and 

numerous studies have demonstrated that inflammation is accompanied by a broad range of diseases, 

such as diabetes
[171-172]

, cancer, 
[173-174] 

atherosclerosis,
[175] 

asthma,
[176]

 and Alzheimer’s disease,
[177-178]

 

and these diseases can be ameliorate by enhancing anti-inflammatory response.
[179-182]

  

S. Mao et al. obtained a chitosan oligosaccharide-grafted citronellol derivative (COS-g-Cit) 

(Scheme 49) by grafting citronellol (Cit) onto a chitosan oligosaccharide (COS) backbone with 

anti-inflammatory activity in vivo Evaluations indicate that it has modulating anti-inflammatory 

activity to reduce foot edema.
[183] 
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Scheme 49. Synthesis of COS-g-Cit. 

 

 

Fig. 20. The anti-inflammatory mechanism of COS-g-Cit.
[182]

 

 

Cerebral hemorrhage (ICH) occurs when cerebral blood vessels rupture, leading to inflammation 

and cell death.
[184-185] 

T. W. Hung et al. tested a human milk oligosaccharide (2-Fucosyllactose (2FL)) 
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with potent anti-apoptotic and anti-inflammatory effects by cell symbiosis to simulate ICH in 

vitro,
[186-187]

 and the test data showed that it could neuroprotective effect on ICH by inhibiting 

neuroinflammation and ER stress.
[188] 

J. Li et al. synthesized 3-O-heparan sulfate oligosaccharides by 

2-O-sulfated glucuronic acid (GlcA2S) and 3-O-sulfated glucosamine (GlcNS3S), in vitro biological 

experiments were correlated with tau protein and Increased binding of HMGB-1, both proteins 

thought to be involved in inflammatory processes, which in turn are implicated in Alzheimer's 

disease pathogenic processes(Fig. 21).
[189] 

 

 

Fig. 21. Structures of hexasaccharides and octasaccharides containing a 3-O-sulfated glucosamine 

residue. 

 

3.3 Antitumor activity 

Cancer is the second leading cause of death worldwide responsible for about 10 million deaths per 

year.
[190] 

Globally, nearly one-sixth of all deaths are caused by cancer.
[191] 

At present, the methods of 

cancer treatment mainly include surgery, radiotherapy and chemotherapy. These treatments are very 

damaging to the patient, and the pain that the patient needs to endure during the treatment process 

may be greater than the tumor itself. Several oligosaccharide drugs that have been developed have 

brought hope for a more effective solution to this problem, including DNA synthesis inhibitors for 

tumor cells, and immune enhancers to enhance patient immunity. 

Both the anionic linear non-sulfated glycosaminoglycan hyaluronic acid (HA) and the 

transmembrane glycoprotein CD44, which are ubiquitous in the extracellular matrix, have good 

biological activities.
[192-198]

 The interaction between HA and CD44 can provide ideas for the research 

of new tumor drugs has been confirmed.
 
C. J. Yeh et al. synthesized the hyaluronic acid HA repeat 
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fragment (GlcNAc-GlcA) tetrasaccharide through the SN2 reaction using a glucosamine donor and a 

glucoside acceptor, which was shown to be the shortest fragment bound to CD44 by ITC 

analysis(Scheme 50).
[192]  

 

Scheme 50. Synthesis of the HA tetrasaccharide fragment. 

 

 

Fig. 22. The anti-tumor mechanism of HA-CD44 conjugate.
[199]

 

 

Triptolide has strong antitumor activity and is difficult to develop due to its toxicity and low water 

solubility.
[200-204] 

Q. L. He et al. synthesized glutriptolide, which can selectively target tumor cells 

overexpressing glucose transporters, by conjugation of triptolide and glucose. The cytotoxicity of 

Glutriptolide to tumor cells was significantly higher than that of normal cells, and the water 

solubility was higher than that of triptolide. And it shows remarkable tumor control in vivo, which is 

expected to provide a lead for the development of new anticancer drugs(Scheme 51).
[205]  
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Scheme 51. Syntnesis of glutriptolide. 
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Fig. 23. The anti-tumor mechanism of glutriptolide.
[206]

 

GM3 is a typical tumor-associated carbohydrate antigen and is considered an important target for 

cancer vaccine development, but its low immunogenicity limits its application.
[207] 

Ganglioside GM3 

is a GSLs that composed of a single terminal sialic acid, lactose and ceramide.
[208] 

T. Li et al. 

synthesized ganglioside GM3 and Lyso-GM3 by chemoenzymatic method (Fig. 24). The 

anti-proliferative activity study showed that they can effectively inhibit the migration of melanoma 

B16-F10 cells, which provides value for the search for new anti-tumor therapeutic drugs 's 

reference.
[209] 

X. G. Yin et al. obtained a vaccine candidate with strong antitumor activity by 

non-covalently binding GM3 to the cellular agonist α-GalCer (Fig. 25).
[207]  

 



 47 

 

Fig. 24. Structure of GM3 and Lyso-GM3. 

 

 

Fig. 25. Structure of GM3-αGalCer. 

 

 

Fig. 26. Anticancer mechanism of GM3 analogues with α-GalCer.
[210]

 

As a promising antitumor candidate, poor water solubility and cytotoxicity limit the application of 

Celastrol.
[211-212] 

X. Zeng et al. synthesized Celastrol (Cel)-chitosan oligosaccharide (CSO) conjugate 

(Cel-CSO) (Scheme 52), which increased water solubility and decreased cytotoxicity, and showed 

significant expression in human pancreatic cancer cells (BxPC-3). It inhibits tumor growth, induces 

apoptosis and effectively inhibits tumor metastasis.
[213] 
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Scheme 52. Synthesis of Cel-CSO. 

 

Telomerase plays a crucial role in the course of human cancers.
[214] 

Telomerase is overactivated in 

90% of cancers to induce sustained cell proliferation,
[215] 

making telomerase inhibition a potential 

target for cancer therapy.
[216] 

Sulfated polysaccharides are ubiquitous in biological systems and 

possess anti-tumor activities.
[217] 

Axinelloside A is a highly sulfated lipooligosaccharide was isolated 

from a marine sponge Axinella infundibula,
[218] 

possessing excellent human telomerase inhibitory 

activity.
[219] 

Axinelloside A consists of 1 cyanocrab inositol and 1 D-arabinose, 5 D-galactose, 5 

L-fucose, linked by 1,2-cis/trans glycosidic bonds and modified by (R)-3-hydroxy-octadecanoic acid, 

3 (E)-2-hexadecenoic acids, and 19 sulfates.
[220] 

S. J. Li et al. successfully completed the synthesis of 

a highly branched hexasaccharide backbone at the non-reducing end of Axinelloside A (Scheme 53) 

by means of a linear synthesis strategy using chemical synthesis. Its use as a well-defined 

oligosaccharide can be used for the study of the structure-activity relationship between telomerase 

and this sulfate polysaccharide, providing a basis for further application to anticancer drug 

research.
[221]

 

 

 

Scheme 53. Synthesis of hexasaccharide backbone at Axinelloside A. 
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Fig. 27. Anti-tumor mechanism of telomerase inhibitor.
[222]

 

 

3.4 Hypoglycemic activity (antidiabetic) 

The symptoms of higher blood glucose levels than normal due to defects in insulin secretion or 

( and ) action and metabolic disorders of the three major nutrients
[223] 

are called diabetes. Diabetes 

increases the risk of cardiovascular and cerebrovascular diseases while causing complications such 

as retinopathy, nephropathy and neuropathy.
[224] 

Insulin replacement therapy for type 1 diabetes 

(T1D)
[225] 

and sodium-glucose cotransporter 2 (SGLT2) inhibitor therapy for type 2 diabetes (T2D) 

[226] 
are two commonly used therapies, Type 2 diabetes is a common type.

[227] 
Dapaglifozin (Forxiga 

®) is a C-glucoside drug approved by the European Union as a T2D therapeutic drug in 2014.
[228-229] 

It is an efficient and reversible SGLT2 inhibitor, but its synthesis method has rarely been 

reported.
[230-231] 

SGLT2 inhibitors reduce blood glucose levels by promoting glucose excretion, 

thereby inhibiting the repeated absorption of glucose (Fig. 28).
[232]  
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Fig. 28. The hypoglycemic mechanism of SGLT2 inhibitor Dapaglifozin.
[233]

 

 

Using 5-bromo-2-chlorobenzoic acid and gluconolactone as starting materials, L. Hu et al. realized 

the green and simple synthesis of dapagliflozin in only 4 steps by one-pot method (Scheme 54).
[234] 

V. 

V. Triantakonstanti et al. successfully synthesized dapagliflozin by selective synthesis of 

β-C-glucosides using α-D-tetra-O-pivaloylglucosyl iodide as a glucosyl donor (Scheme 55).
[235] 

Under mild conditions, K. Vaková et al. realized the Hiyama reaction of unprotected unprotected 

1-diisopropylsilyl-D-glucal with iodo- or bromo- (hetero) arenes to synthesize (hetero) aryl 

C-glycosides under the catalysis of palladium (Scheme 56). On this basis, dapagliflozin was obtained 

by two-step method.
[236]

 In the presence of copper chloride and DBU, R. Venkatesh et al. 

successfully synthesized the antidiabetic drug dapagliflozin analogues by the cross-coupling reaction 

of 1-thiosaccharose with aryl diazonium salts, followed by S-arylation to prepare S-aryl 

glucosinolates (Scheme 57).
[237]

 

 

Scheme 54. synthesis of dapagliflozin. 
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Scheme 55. Synthesized dapagliflozin by selective synthesis of β-C-glucosides. 

 

Scheme 56. Synthesized of dapagliflozin. 

 

Scheme 57. Synthesized of S-aryl dapagliflozin analogues. 

 

3.5 Other activities 

L. Zhang et al. used orthogonally protected trisaccharides as key building blocks to synthesize 

fucosylated chondroitin sulfate oligosaccharides through glycoside coupling, which selectively 

inhibited intrinsic tenase and exhibited potent anticoagulant activity, which can be developed 

anticoagulant or antithrombotic drugs.
[238] 

C. Zheng et al. synthesized ganglioside GM3 analogs (Fig. 

29) and used PC12 cells as a model to assess the effect of GM3 analogs on NGF-induced neurite 

outgrowth. Biological experiments have shown that GM3 analogs can induce neurite outgrowth, 

providing a valuable reference for potential nervous system therapy after injury.
[208]
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Fig. 29. Structures of two GM3 analogs. 

 

Obesity-related hypertension is a global medical challenge that greatly increases the risk of stroke, 

coronary heart disease and chronic renal failure. Its pathogenesis is mainly related to the kidneys and 

sympathetic nervous system. J. Peng et al. found that mice lacking the inhibitory immunoglobulin G 

(IgG) receptor FcγRIIB were protected from high-fat diet (HFD)-induced obesity, which may cause 

blood pressure and other effects. Breaking the link between obesity and hypertension by 

supplementing the sialic acid precursor N-acetyl-mannosamine (ManNAC) could serve as a new way 

to prevent related diseases.
[239] 

Chitosan (COS) is a bioactive oligosaccharide with hepatoprotective effects.
[240-241] 

P. Liu et al. 

used carbon tetrachloride (CCl4) to induce hepatic fibrosis in mice, which could be protected from 

hepatic fibrosis by oral administration of COS, and targeted hepatic macrophage polarization to 

regulate immune homeostasis to achieve hepatic fibrosis treatment, suggesting that COS may be an 

effective therapeutic measure for hepatic fibrosis.
[242] 

Z. W. Zhang et al. revealed at the molecular 

level that Morinda citrifolia oligosaccharide (MOO) (Fig. 30) (pentasaccharide as the main active 

ingredient) can positively regulate the tryptophan → 5-hydroxytryptophan (5-HTP) → 

5-hydroxytryptamine (5-HT) metabolic pathway in the intestinal flora (Clostridium butyricum, etc.). 

The enhanced level of tryptophan hydroxylase and the inhibition of 5-hydroxytryptophan 

decarboxylase activity in the intestinal flora. As a result, the level of 5-HTP increases and crosses the 

blood-brain barrier, using the metabolism of 5-HTP to increase the level of 5-HT in the brain, 

realizing the "intestine-brain" dialogue and achieving the purpose of antidepressant.
[243]

 

 
Fig. 30. Structure of the main active component of MOO- the pentasaccharide. 
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Colonic acid (CA) is the main extracellular polysaccharide in Enterobacteriaceae,
[244] 

and plays a 

crucial role in adaptation to the external environment.
[245] 

CA has great potential in the food, 

cosmetic and healthcare industries.
[246] 

Recent studies have found that CA has good anti-aging 

activity.
[247-248] 

CA hexasaccharide repeating unit consists of D-galactose, L-fucose, D-glucose and 

D-galacturonic acid,
[249] 

and is modified with three O-acetyl (Ac) and one pyruvate groups.
[250] 

B. 

Yu's group was the first to use chemical methods to stereoselectively synthesize CA hexasaccharide 

(Scheme 58), providing the basis for further in-depth study of their biological activities.
[251]

 

 

 

Scheme 58. Synthesis of CA hexasaccharide. 

 

4. Conclusion 

Oligosaccharides are molecules that play an important role in life. The structures of 

oligosaccharides are complex and diverse. Obtaining homogeneous samples of oligosaccharides and 

glycoconjugates by chemical synthesis is the basis of oligosaccharide synthesis. Stereoselective 

construction of glycosidic bonds using C1 linking different types of leaving groups, C3-C6 and other 

linking distal auxiliary groups, construction of glycosidic bonds using metal/nonmetal catalysts, 

construction of more enzymatically resistant S-glycosides, automated glycan assembly method and 

the widely applied one-pot method have been widely used in the construction of 1,2-cis/trans 

glycosidic bonds. Homogeneous oligosaccharide molecules obtained by chemical synthesis methods 

and their glycoconjugates formed with proteins or lipids have promising biological activities in 
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anti-infective, anti-inflammatory, and antitumor fields. Using chemical methods to synthesize 

oligosaccharide molecules plays an important role in exploratory studies to understand biological 

glycosylation. At present, the stereoselective construction of different glycosidic bonds of 

oligosaccharides still has potential for development. There is still a huge space for the synthesis and 

development of existing oligosaccharide drugs. The structure-activity relationship of some 

oligosaccharide compounds in the field of medicinal chemistry still needs to be clarified. 
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