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En particulier, nous avons développé une nouvelle méthode chimioenzymatique pour synthétiser les dérivés glucosamine sialylée ou galactosamine sialylée, puis en utilisant cette approche, des analogues GM3 contenant de la glucosamine ont été construits avec succès.

Tous les nouveaux composés ont été purifiés par chromatographie et ont été caractérisés par les spectres RMN et HRMS.

Les activités biologiques de ces analogues synthétiques de GM3 ont été évaluées. Par des essais de cytotoxicité, les analogues GM3 ont été déterminés contre la cellule du cancer du côlon humain HCT116 et la cellule de leucémie K562. Il est intéressant de noter que, par le test de guérison des plaies, certains analogues ont montré des effets significatifs sur le mouvement des cellules tumorales, qui est censé représenter l'un des facteurs pertinents dans l'évaluation de la malignité des cancers. En outre, nous avons employé le modèle de cellule PC12 pour évaluer les effets de certains analogues de GM3 sur l'excroissance de neurites.

Cette étude peut fournir des informations précieuses pour synthétiser divers analogues de GM3 et leurs études biologiques.
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Synthesis and biological evaluation of ganglioside GM3 analogues

Abstract

Glycosphingolipids (GSLs) are ubiquitous components on animal cell membranes and involved in many cellular functions, such as cell proliferation, adhesion, motility and differentiation. Ganglioside GM3 (NeuAcα3Galβ4Glcβ1Cer), the first and simplest member in the metabolic series of a GSLs family, containing sialic acid, lactose and ceramide. It has been reported that GM3 is implicated in some human serious diseases, such as cancers and nervous diseases. Studies over the past decades have demonstrated that GM3 and its analogues play important roles in many physiological and pathological processes. It is well known that GM3 is a tumor-associated carbohydrate antigen on several types of cancer.

In the present study, a series of GM3 analogues with α-2,6 sialosides containing different sugars, including galactose, mannose, lactose and glucosamine, were totally synthesized based on a concise protocol from commercially available substrates and reagents. And the sugar building blocks with a free 6-OH were prepared by regioselective enzymatic hydrolysis, which can avoid multiple chemical procedures. In particular, we developed a new chemoenzymatic method to synthesize sialylated glucosamine or galactosamine derivatives, then using this approach, glucosamine-containing GM3 analogues were constructed successfully. All the new compounds were purified by chromatography and characterized by NMR and HRMS spectra.

Furthermore, the biological activities of these synthetic GM3 analogues were evaluated. By cytotoxicity assays, synthesized GM3 analogues were determined against human colon cancer cell HCT116 and leukemia cell K562. Interestingly, by wound healing test, some analogues showed significant effects on tumor cell movement, which is believed to represent one of the relevant factors in assessing the malignancy of cancers. In addition, we employed the PC12 cell model to evaluate the effects of some GM3 analogues on neurite outgrowth.

This study can provide valuable information for synthesizing various GM3 analogues and their biological studies. anchor for animal glycolipids, it is composed of sphingosine that is substituted at its 
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Biological functions of GSLs

In various tissues, GSLs exhibit different distribution and the specific pattern which indicate that they may play important and specific functions in these tissues. At the cellular level, the organizing potential of GSLs plays important roles in the lateral build-up of membranes. In addition, the self-organizing principles of GSLs in combination with their structural specificity have been confirmed to play crucial roles in signaling pathways at the cell surface. Studies over the past decades have demonstrated that GSLs are involved in many physiological and pathological processes 3,4 Due to the tightly packed backbone of GSLs, they are able to interact with themselves or with sphingomyelin (SM) and cholesterol in a phospholipid environment, therefore forming rafts (Figure I-5) 5,6 . It is believed that raft formation is necessary for many properties of GSLs. They are thought to be enriched in both specific proteins in their lumenal leaflet 7,8 and peripheral proteins carrying myristoyl and palmitoyl chains in their cytoplasmic leaflet, such as Src-family kinases related to signal pathway 9,10 .

Then the concept of glycosynapse has emerged, defined as a microdomain involved in glycosylation-dependent adhesion, recognition and signaling at the cell surface. GSLs are ubiquitous components on animal cell membranes. Some studies have revealed that they are involved in tumor cells proliferation, adhesion, invasion and apoptosis 12,13,14 . Usually, the specific types of GSLs are expressed more highly in tumors than in normal tissues, which are known as tumor-associated antigens. The expression of GSLs on some kinds of human cancers is shown in Table I-1. It has been concluded that most cancer cells exhibit altered GSLs patterns on their surface, especially the aberrant sialylation of GSLs, abnormal GSLs signaling and biosynthesis, which together play a major role in tumor progression 15,16,17 . .

At the terminal of natural glycoconjugates on the cell surface, sialic acids can mediate carbohydrate-protein interactions in cell-cell recognition processes. For example, sialic acids are involved in the sialyl Lewis x -selectin binding which occurs in the recruitment of leukocytes during the inflammation process. In addition, sialic acids can act as receptors for some toxins, viruses and bacteria, such as the interaction between heamaglutinin and Neu5Ac that is the first stage of infection by influenza virus. Sialic acids are also implicated in preventing biological recognition, and the cell interaction can be interfered by modifications of sialic acids. For example, O-acetylation or N-acetyl hydroxylation can result in a longer lifespan for rat erythrocytes due to hindering the action of sialidases 21,[START_REF] Herrler | Biology of the sialic acids[END_REF][START_REF] Reutter | Sialic acids. chemistry, metabolism and function[END_REF] .

Gangliosides and tumors

Some evidences have already demonstrated that tumor cellular function and For example, in human melanomas, ganglioside GD3 is the predominant ganglioside component 25,26 . Activation of natural killer T (NKT) cells produces cytokines to influence immune responses against cancers, and GD3 can induce NKT cells response in melanoma. In addition, some studies showed that GD3 can enhance malignancy of melanomas as shown in Figure I-8. The molecules involved in GD3-mediated signaling pathway include focal adhesion kinase (FAK), p130Cas and paxillin. Further, siRNA can block p130Cas and paxillin, which can obviously suppress melanoma growth 26 . In GD3-positive, not GD3-negative, human melanoma SK-MEL-28-N1 cells, the proliferation and apoptosis resistance were enhanced through hepatocyte growth factor (HGF) or adhesion to collagen type I via MAPK (Mitogen-activated protein kinases) and Akt (Protein kinase B) signaling pathways. Increased GD3 expression can promote melanoma cells adhesion to surrounding tissues and susceptibility to HGF presented in the tumor microenvironment [START_REF] Furukawa | [END_REF]28 . Other results further showed that the melanoma malignancy is enhanced by GD3 due to g-secretase recruiting to rafts and facilitating efficient cleavage of neogenin 29 . In a MDA-MB-231 breast cancer cell line, it was reported that ganglioside GD2 can enhance proliferation and tumorigenicity by ganglioside-mediated activation of c-Met receptor 30 as shown in Figure I-9. GD2 has been considered as a breast cancer marker 31 . The expression of GSLs in CD44 hi /CD24 lo breast cancer stem cells (CSCs) and non-CSCs was also studied by flow cytometry, and up-regulation of GD2, GD3, GM2, and GD1a in CSCs were detected [START_REF] Liang | Proc. Natl. Acad. Sci[END_REF] .

It has been demonstrated that gangliosides are shed from tumor to their microenvironment in the form of micelles, monomers, or membrane vesicles [START_REF] Kong | [END_REF]34 .

Shed gangliosides can bind and interact with a wide variety of proteins, including signaling molecules presenting in the tumor microenvironment 35 . In addition, shed gangliosides can be incorporated into the membrane of neighboring host cells, and it is possible that they can modulate tumor-host cell interactions 36,37 .

Gangliosides and nerves

Distribution of gangliosides in brain and nervous tissues

It is well known that gangliosides are widely expressed in mammalian tissues, particularly in brain and nervous tissues 38 . Gangliosides express differently at different time period during neurodevelopment, brain maturation or aging, and their expression patterns alter obviously during these processes 39,40,41 .

There is a specific regional distribution about gangliosides in the adult human brain.

In general, a-series gangliosides, such as GD1a and GM1, were found in parietal, frontal and temporal cortical areas, while b-series gangliosides, including GQ1b, GT1b, and GD1b, were found in occipital cortex or structures related to visual system.

In addition, in cerebellum, b-series gangliosides were found as the main gangliosides, and in hippocampal archicortex and the amygdala 42 , a-series gangliosides are the predominant species. The c-series gangliosides are biosynthesized during the early neurodevelopment, and found in modest quantities in adult brain. GM1, GD1b and GT1b are abundant during neurogenesis, neuronal migration and neuritogenesis.

GD1a is in much higher proportion during synaptogenesis. It was reported that gangliosides are enriched in terminal axons and synaptic endings 43 .

Gangliosides expression differed in the brain samples of Alzheimer's disease from the parietal, frontal and temporal cortices, displaying decreased ganglioside GD1a, GD1b

and GT1b, and increased ganglioside GM2, GM3 and GM4. The expression of gangliosides in brain is highly region-specific and strongly associated with neurodevelopment, including neural tube formation, neuritogenesis, synaptogenesis, axonogenesis and myelination 44,45,46,47 .

Effect of gangliosides on nerve growth

The effects of gangliosides on nerve growth and development have already been studied for a long time. It has been revealed that ganglioside GD3 plays a key role in maintaining the self-renewal capacity for neural stem cells, and hence neurogenesis, through sustaining EFG-induced EFGR signaling [START_REF] Wang | Proc. Nat. Acad. Sci[END_REF] . The study also displayed that GM1a clustering in lipid rafts is involved in neurite outgrowth [START_REF] Ichikawa | [END_REF] . In addition, in the developing human brain, GM1a is implicated in glia-neuronal contacts during neuroblast migration 50 . Gangliosides also have been confirmed to be neuroprotective against toxic nutrients insult 51 . Anti-apoptotic during neural cell differentiation 52 and pro-apoptotic during neural cell proliferation 53 were also observed, respectively.

The 9-O-acetyl GD3 is implicated in glial-guided neuronal migration and neurite outgrowth for both the developing and adult rat nervous system. Additionally, during the development and regeneration of mouse peripheral nerve, 9-O-acetyl GD3 is also involved in facilitation of axonal growth and Schwann cell-induced myelination 54,55 .

The 9-O-acetyl GD3 involved in neuronal motility has also been studied as shown in Despite exogenously added gangliosides are known to promote neurite outgrowth in a variety of cell lines, including some neuroblastoma cell lines, a study in SH-SY5Y human neuroblastoma cell line demonstrated that gangliosides can inhibit neurite outgrowth. Further results revealed that gangliosides have inhibitory effects on cell growth through the regulation of lipid rafts [START_REF] Kabayama | Proc. Natl. Acad. Sci[END_REF][START_REF] Toledo | [END_REF]59 .

Myelin-associated glycoprotein (MAG) can bind to the nerve cell surface resulting in inhibiting nerve regeneration. Gangliosides GD1a and GT1b can be as ligands for MAG-mediated inhibition of neurite outgrowth from primary rat cerebellar granule neurons. Other results showed that MAG-gangliosides binding can not only ensure optimal axon-myelin cell-cell interactions, but also enhance long-term axon-myelin stability, and further inhibit axon outgrowth after injury. It is encouraging that studying brain gangliosides interactions can provide new chances to enhance recovery after nerve injury 60,[START_REF] Vyas | Proc. Natl. Acad. Sci[END_REF] .

Neural tumors

It has been observed that anti-GD2 mAbs addition can significantly improve event-free survival and overall survival in patients with high-risk neuroblastoma [START_REF] Sait | [END_REF] .

The GSLs composition in an F-11 neuroblastoma cell line has also been studied, and the results showed that major neutral GSLs are Gb4, Gb3, LacCer, and GlcCer, and major gangliosides are GM3, GD3, O-acetylated GD3, and GD1a with trace amounts of GD2. Further studies indicated that the alteration of gangliosides, especially GD3

and O-acetylated GD3, is associated with neuroblastoma behavior, and the specific ganglioside expression may be as a neural cancer marker 63,64 . A ratio between GD3 and 9-O-acetylated GD3 on glioblastoma promotes tumor survival, and restoring GD3 through removing acetyl group can reduce tumor cell viability through inducing also inhibit tumor cell migration. In particular, GM3 can modulate functions of other molecules co-localized in membrane microdomain. 

Expression on tumor cells

GM3 expression is strongly related to human cancers, and change of GM3 expression is associated with the growth and invasion of tumor cells 71,72 . It has been reported that GM3 is expressed with a much higher proportion in the primary and metastatic melanomas than GD2, and that GM3 and GD3 expressions are strongly related to each other. GM3 can not be found in normal skin or on skin neighboring primary melanoma, which is in contrast with GD3 73,74 . GM3 is more exposed in the strongly metastatic line than the weakly metastatic line on the melanomas. It is clear that GM3 expression on the tumor cell surface is an important factor in determining the metastatic phenotype in cancer cells 75 .

Cancer cell growth can be stimulated with GM3 depletion, whereas increasing GM3 can lead to suppression. In the murine MBT-2 bladder tumors, the exogenous GM3 can inhibit tumor growth and invasion. It is obvious that GM3 has a significant antitumor effect on bladder cancer 76,77 . And a large quantity of GM3 is accumulated in nonmuscle-invasive bladder cancer, but a small quantity of GM3 is accumulated in muscle-invasive bladder tumor.

The expression of GM3 on the invasive and metastatic properties in four mouse melanoma Bl6 variants has been studied. The results showed that GM3 expression is the highest in B16, and it is the most invasive and metastatic type, followed by F10, F1 and WA4. It has been reported that GM3 can be regarded as an adhesion molecule for another two GSLs, gangliotriaosylceramide (Gg3Cer) and lactosylceramide (LacCer). The metastasis of Bl6 is triggered through the recognition between GM3 and Gg3Cer or LacCer on endothelial cells, which is GSL-GSL interaction, and the interaction initiates the signaling pathway 78,79 .

N-glycolyl-GM3 contains N-glycolylneuraminic acid instead of N-acetylneuraminic acid, and it is widely expressed in most mammals 80 . However, it has been detected in many human cancers, such as colon carcinomas and breast cancers, not in normal human cells, and it can be considered as one of potential target molecules for cancer therapy 81 .

Effect on tumor EGFR

Over activation of epidermal growth factor receptor (EGFR) is well known to be associated with cancer development and progression. Many studies have demonstrated that GM3 has an inhibitory effect on EGFR. In human epidermoid carcinoma A431 cells, exogenous addition of GM3 inhibited EGF-induced autophosphorylation of EGFR 82 . GM3 has been known to inhibit EGFR tyrosine kinase since 1986 83,84 . Further research results showed that GM3 inhibits EGFR tyrosine kinase through binding to N-linked glycan having multivalent GlcNAc termini on EGFR. It is important to realize that GM3 susceptibility for EGFR is strongly dependent on the presence of N-glycosylation, and it is carbohydrate to carbohydrate interaction in the same membrane plane with presumably within the same glyco synaptic microdomain [START_REF] Yoon | Proc. Natl. Acad. Sci[END_REF][START_REF] Wang | [END_REF] .

The studies also indicated that receptor dimer formation is not strongly blocked by GM3, but tyrosine phosphorylation on both monomeric and dimeric EGFR is inhibited by GM3 87 . Besides, other studies further determined the effect of GM3 on the Tyr-1173 and Tyr-1086 residues phosphorylation of EGFR. The results indicated that GM3 suppressed the phosphorylation of Tyr-1173 residue, and enhanced the phosphorylation of Tyr-1086 residue. Both Tyr-1173 and Tyr-1086 residues, which located at EGFR's C-terminal, are important EGFR autophosphorylation sites 88,89 .

The importance of sialosyl group in GM3 for its EGFR inhibitory effect was also studied. In A431 cells, they were transfected with a gene that encodes for a soluble Mr 42,000 sialidase. Compared with control cells, despite having similar level of EGF binding, the transfected cells could decrease sialic acid expression, promote cells growth, and enhance EGFR autophosphorylation 90 . Miyagi's group demonstrated that the enhanced NEU3 expression can lead to suppression of apoptosis and decreased NEU3 expression can inhibit Ras activation. The involvement of NEU3 up regulation in cancer development can also be confirmed from increased EGFR phosphorylation detected in NEU3 transgenic mice 91,92,93,94 .

Previous study revealed the order of binding intensity for some gangliosides, and it is clear that GM3 exhibits the strongest effect on inhibiting EGFR among ganglioside family 95 .

GM3 is the main ganglioside for Hepa1-6 cells. Research found that GM3 can suppress the EGF-induced autophosphorylation of EGFR at tyr1173, and subsequently, down regulates the PI-3K/Akt signaling pathway 96 . However, GM3 can enhance the HGF-induced autophosphorylation of HGFR at Tyr-1313 and Tyr-1365, and subsequently, up regulates the PI-3K/Akt signaling pathway 97 . It is demonstrated that GM3 has an opposite effect on the EGF and HGF-induced Hepa1-6 cells motility and migration 98 . Actually, GM3 is implicated in tumor progression through different ways, especially for EGFR activity. Firstly, GM3 can directly influence the EGFR activity by interaction with N-linked GlcNAc termini on the receptor. Secondly, GM3 can indirectly regulate EGFR activity not only through the interaction between EGFR and membrane proteins such as integrins and CD9, but also influencing the intracellular Src kinase and protein tyrosine phosphatase activity. Therefore, it seems that the mechanism of GM3 modulating EGFR activity is rather complex.

The co-expression of EGFR and ganglioside Neu5Gc GM3 in different human tumors has been reported 99 . Neu5Gc GM3 and EGFR can coordinately contribute to the tumor progression. Combinations against these two targets will provide a valuable insight for cancer therapy.

Effect on tumor angiogenesis

The ratio of GM3 to a variety of gangliosides, such as GM1, GD3, GD1a and GT1b, can influence the angiogenic properties on many brain tumor types. The ratio of GM3 to the proangiogenic gangliosides GD3 and GD1a (GM3/GD3; GM3/GD1a) is lower in more metastatic and aggressive tumors than that in less metastatic tumors 100,101,102 .

In mouse or most cultured human brain tumor cells, GM3 expression serves to regulate or counteract the proangiogenic action of other gangliosides 103 . It has been reported that brain tumors with high GM3 expression are less angiogenic. Other studies showed that removing GM3 expression gene in the ependymoblastoma tumor that contains GM3 as the only ganglioside, increased angiogenesis was observed 104,105

. And in the highly angiogenic CT-2A astrocytoma, decreased angiogenesis was observed when GM3 expression was up regulated 106 .

It has been reported that urokinase plasminogen activator receptor (μPAR) localization in caveolar lipid-rafts (LRs) is necessary for an efficient angiogenesis program in endothelial progenitor cells or endothelial colony forming cells, EPCs/ECFCs, usually considered as the main source of vasculogenesis in human cancers 107,108 . Further studies found that μPAR is present on the ECFC surface in at least three compartments, one associated to GM1, another associated to GM3, a third one related to caveolar-LRs. Following the exogenous GM1 addition, μPAR is depleted in the GM3 compartment which is recruited within caveolar-LRs Perhaps their modulatory effects on angiogenesis play roles in metastatic or primary tumor growth 111 .

Vascular endothelial growth factor receptor-2 (VEGFR-2) is also involved in tumor angiogenesis. The various downstream signaling pathways can be regulated by GM3 through the inhibitory effect on VEGF-induced VEGFR-2 activation 112,113 . GM3 can inhibit the VEGF-induced activation of PI-3K/Akt, extracellular signal-regulated kinases (ERK), vascular endothelial cadherin and FAK/paxillin, then suppress proliferation, migration and the tube formation caused by VEGF.

Effect on membrane microdomain

The concept of membrane microdomains is that GSLs (GM3), growth factor receptors (GFRs), and other signaling molecules, such as TSs and integrins, are localized and functionalized as clusters in the membrane. Further studies indicated that membrane microdomains are involved in tumor cells interaction, adhesion or other related signal transduction.

Studies of melanoma B16 cells revealed the presence of "GSL signaling domains", which is different from caveolin-containing membrane domains 114 . In mouse neuroblastoma Neuro2a cells, studies found that GM3 enriched microdomains were involved in signal transduction during neurite formation 115 . Moreover, Hakomori's group indicated that clustered GSLs associated with c-Src, small G-protein (Rho A)

and FAK are involved in GSL-dependent signaling pathways 116,117 . A typical example is GM3 clustering at the cell surface of B16, forming a "glycosignaling domain" (GSD) 118 . GM3 attributes to initiate the adhesion of melanoma to endothelial cells, which is the first step in metastasis 119 . Antigenicity, adhesion mediation and signaling initiation by GM3 are believed to be maintained by GM3 clustering in GSD.

The "glycosynapse" is highly enriched in TSs, hydrophobic proteolipids, integrins, and a wider range of signaling molecules and GFRs 120,121 . The studies demonstrated that glycosynapses are involved in various cellular functions, such as cell growth and motility, which are enhanced during tumor progression 122 . Studies also showed that increased GM3 expression can enhance the anti-metastatic functions of TSs, CD82 and CD9 123 . In a human colon cancer cell line HRT18 that highly expresses CD9, the increased GM3 expression resulted in increased interaction between CD9 and integrin α3 and decreased cell migration through laminin-5-coated membranes 124 .

Effect on tumor cell movement

Tumor cell adhesion, motility and migration are very important in the development and progression of cancers. Studies have demonstrated that GM3 has a clear effect on cell adhesion, motility and migration, and change of GM3 expression plays multiple roles in the tumor cell motility, invasiveness and survival 125 .

On ovarian cancer, the effect of GM3 synthase over expression on cell motility is due to the change of ganglioside content. The cell motility can be reduced by the exogenous addition of GM3, GM2 or GM1 (not GD1a) as well as pharmacologically achieved higher ganglioside levels in human ovarian cancer cell line A2780 126,127 .

Further results demonstrated that the reduced cell motility is associated with modulating caveolin expression and regulating c-Src kinase activity in the glycolipid-enriched microdomains.

GM3 has already been confirmed as a cofactor of CD9, which is a motility-regulatory membrane receptor. In regulating cancer cell motility, CD9 complexed with GM3 can inhibit motility. The enhanced synthesis of GM3 caused by brefeldin A can lead to decreased invasiveness in some tumors, including bladder cancer and colonic cancer, due to the capability of GM3 to interconnect integrin with CD9 128 .

GM2/GM3 complex fixed on silica nanospheres strongly inhibits cell motility through CD82/c-Met-mediated pathway has been reported [START_REF] Todeschini | Proc. Natl. Acad. Sci[END_REF] . Other report also explained that HGFR/c-Met is involved in the regulation of cell motility and migration 47 .

Further studies showed that GM3 and GM2, independently or through the formation 

Synthetic strategies towards gangliosides

Several important concepts can be applied to the synthesis of almost all gangliosides.

At first, the lipid moiety should be incorporated into the oligosaccharide chain after complete construction of the sugar chain. For example, to synthesize ganglioside GM3, it has been found that when the lipid precursor is coupled with glucose that is the reducing terminal of the oligosaccharide chain, due to the steric hindrance, the reactivity of the resulting glycolipid intermediate is too low to serve as a glycosyl acceptor for further sugar chain elongation. In addition, it is popular that azidosphingosine is employed as a ceramide precursor, a sphingosine equivalent.

be obtained. This approach is principally effective for the sialylation of primary acceptors 142,143 .

In particular, thioglycosides have been used as versatile building blocks for sugar synthesis, and for its activation, many different conditions have been developed 144,145 .

When synthesizing Neu5Acα2→3Gal derivative, in the presence of promoter dimethyl(methylthio)sulfonium trifluoromethanesulfonate (DMTST, Scheme I-3), good yield with high α-anomeric selectivity was achieved. Especially, the best results

were obtained when glycosyl acceptor was only protected at C-1 and C-6 positions 146,147,148,149

. For this sialylation, the complete regioselectivity is attributed to the greater reactivity of the 3-OH and a considerable steric bulkiness of the sialosyl donor.

When still using DMTST as promoter for the sialylation with a lactosyl acceptor bearing a free secondary 3′,4′-diol, the yield accompanied with the stereoselectivity was reduced, 38% yield of a mixture α/β -4/1 (Scheme I-3). However, the yield and the stereoselectivity (69% yield of a mixture α/β -6/1) were improved using highly reactive promoter system NIS/TfOH. It has been confirmed that NIS/TfOH promoter is especially useful for glycosylations of sterically more hindered hydroxyls 150 .

the C-1 and C-3 positions 153,154,155,156,157 . In addition, C-5 acetamido group modifications have also been reported that have effects on glycosylation reactions.

Furthermore, it has been shown that the nature of the protecting group at the C-5

position plays an important role in influencing the reactivity of both sialosyl donors and acceptors 158,159,160,161,162,163 .

Glycosylation of azidosphingosines

Usually Secondly, conduction of the sialylation reaction with sialic acid acceptors to construct the sialo-oligosaccharides. Finally, incorporation the lipid precursor into the sugar chains.

Preparation of sialic acid block

In this study, the sialic acid donor was activated as sialyl xanthate or sialyl chloride form. The synthesis of sialic acid donors 2 and 3 can be achieved as shown in Scheme II-1.

Firstly, methyl ester 1 was formed by reaction of sialic acid with methanol under acidic conditions. After 6 h at 45 o C, the reaction solution became clear. For this reaction, we adopted Amblyst-H + resin as acidic catalyst to avoid liquid acid, which was easy to remove by filtration. The obtained compound 1 in good yield was pure enough to be used in the subsequent reaction without further purification. Then, the crude methyl ester 1 was treated with acetyl chloride for 3 days resulting in formation further treated with NaIO4 in phosphate buffer at room temperature for 2 h to give aldehyde 6. Then tetradecyltriphenylphosphonium bromide 7 was prepared using 1-bromotetradecane and PPh3 at 140 ℃ for 7 h 192 . The wittig reaction was conducted with n-butyllithium in THF at low temperature to provide a mixture of isomers in the radio of E/Z = 3/1. After careful purification, the desired trans-8 was obtained in 45% yield. The Z-isomer can be transformed to the desired E-isomer through an illumination reaction in the presence of diphenyldisulfide. Finally, the introduction of azide group was carefully carried out from trans-8 via the corresponding triflate intermediate by the reported method 193,194 . It is important to notice that the extraction and concentration of reaction mixtures containing sodium azide have been reported to be potentially explosive, so this procedure should be performed with caution 195,196 .

Removing of 4,6-O-benzylidene group from compound 9 by PTSA catalysis with an Et3N quench and non-aqueous workup can give a higher yield to azidosphingosine 10.

Next, for the diol 10, the primary hydroxyl was selectively protected using TBDMSCl to obtain 11 in high yield. Then in the compound 11, the secondary hydroxyl was protected with benzoyl group to get compound 12 quantitatively. At last, removing TBDMS group, the desired 3-O-benzoyl azidosphingosine derivative 13 was synthesized, which can be used for glycosidic coupling reactions.

Galactose-containing analogues 2.4.1 Preparation of galactose with a free 6-OH block

Using regioselective enzymatic hydrolysis of per-acetylated sugar has been proposed

as an important tool for developing simple and efficient synthesis of sugar building AgOTf as promoters in a 2:1 mixture of CH3CN/CH2Cl2 at low temperature afforded α sialoside in significantly higher yield 176 . So for the sialylation of galactose residue with a free 6-OH 15, we directly selected this Martichonok and Whitesides method.

As shown in Scheme II-4, the α-sialylation reaction was carried out at -68 ℃ with PhSCl and AgOTf as promoters in the mixture of CH2Cl2:CH3CN (1:2) for 3 h. PhSCl was freshly prepared each time using S-Phenyl thioacetate and SO2Cl2 151 . In fact, the PhSCl and AgOTf formed PhSOTf in situ as a activator in this reaction. At last, the sialylation product 16 was obtained as absolute α isomer in the yield of 70%.

Empirical rules have been used for confirmation of the anomeric configuration due to the absence of an anomeric hydrogen (C-2) for sialic acid, including δ H-3eq, δ H- On the other hand, as shown in Scheme II-10, the protected groups of compound 30

were removed by Zemplén transesterification, followed by adding several drops of water, product 34 was obtained. Subsequently, without further purification, the azide group in 34 was reduced with propanedithiol/triethylamine to afford the new analogue 35 in 80% yield.

Chapter III Synthesis of lactose-containing ganglioside GM3 analogues 4.1 Introduction

Sialylated oligosaccharides are implicated in cell-cell adhesion processes 218 and many of these oligosaccharides are considered as TACAs because over expressed in cancer cells. GSLs can be detectable in normal cells, but they are more highly expressed in cancers. The over expression on the surface of tumor cells causes an antibody response towards these GSLs, which are therefore considered as targets for cancer therapy 219 . Similarly, sialyl-Le X , sialyl-α-1-6-galactosamine (Sialyl-Tn antigen), and other sialylated TACAs with a core of N-acetyl glucosamine or galactosamine, are over expressed in a wide variety of human cancers 220 .

However, studying carbohydrates is limited by the complex procedures required for preparation of protected building blocks bearing free hydroxyl groups in the desired positions. In the presence of glucosamine or galactosamine, the synthesis of oligosaccharides is currently performed protecting the amino as acetyl-amide, as naturally existing in the TACAs structure [START_REF] Van Kasteren | Proc. Natl. Acad. Sci[END_REF]222 or as phthalimide 223 . At the anomeric position of the acceptors, different leaving groups can be used due to after glycosylation of the free hydroxyl group, these products can be used as sugar donors for a further glycosylation reaction 224 .

In this chapter, we described a chemoenzymatic method to synthesize sialylated glucosamine or galactosamine derivatives. The results demonstrated that this approach is versatile and can be conveniently used for the preparation of different building blocks bearing only a free hydroxyl group at C-6 with presenting different leaving groups at anomeric position. Then these intermediates can be glycosylated with sialic acid donors, allowing the preparation of sialylated sugars, which can be synthesis. The enzyme can be completely selective to provide the pure α anomer of 59, corresponding to almost complete hydrolysis of the α-form of 47. In this case, the β anomer remains completely unreacted and can be easily separated from the α-59. 

Synthesis of sialylated glucosamine or galactosamine derivatives

Then the different building blocks prepared by enzymatic hydrolysis have been used

as acceptors for the preparation of sialylated disaccharides. However, when the building block 59 was used for glycosylation with sialyl xanthate, the product 69 (60% yield) was produced in 2/1 α/β mixture (Scheme IV-2). Similarly, sialylation of building blocks 60 and 61, also allowed preparation of the disaccharides 70 and 71 as a mixture of α/β anomers. In addition, the sialylation of 61 was investigated using sialyl chloride as donor and Ag2CO3 as promoter, but the similar yield and anomeric mixtures of 71 were obtained.

The intrinsic difficulties in the stereo-controlled synthesis of α-sialosides have been largely reported and complex procedures are required in order to obtain pure or almost pure anomers 226 . In fact, α/β mixtures are obtained in different ratio using mono-deprotected sugar acceptors, regardless the protection used for the C-2 amino group of the pyranose acceptor or using precursors with the 2-azido group 227,228 . In this work, this effect was observed regardless the kind of sialyl-donor used in the glycosylation of 2-deoxy-2-acetamido pyranose building block.

the 2-phthalimido group, could be responsible for the formation of the β-anomer during sialylation. In particular, the 2-acetamido group could be involved in the formation of a hydrogen bond with the carboxy-ester of the sialic acid donor.

Consequently, the use of 2-phthalimido pyranoses should be preferred for the synthesis of sialyl disaccharides.

Synthesis of glucosamine-containing GM3 analogues

From the previous studies, we synthesized a series of sialyl disaccharides with glucosamine or galactosamine. Next, we started with sialylated glucosamine having acetyl group at C-1 72 to synthesize glucosamine-containing GM3 analogues.

For α-sialoside 72, the acetyl group at the anomeric center was selectively removed.

At first, we tried to use PhCH2NH2 as promoter, but after optimizing the reaction conditions, including solvents and reaction temperature, the yield still was so poor. 

Introduction

Glycoconjugates including glycoproteins and glycolipids are involved in various cell functions. Among them, GSLs are ubiquitous components on mammalian cell membranes, and studies demonstrated that they are implicated in many cellular functions, such as cell proliferation, adhesion, motility and differentiation. The changes of GSLs structures associated with biological functions have been a matter of research recently because structural change is the starting point for understanding biological significance, and enzymatic or genetic mechanisms. Ganglioside GM3 is the first and simplest member in the metabolic series of a GSLs family. It has been reported that ganglioside GM3 is implicated in some human serious diseases, such as cancers, nervous diseases and diabetes 3,4,68,69,70 .

In the previous chapters, we reported the preparation of GM3 analogues based on a concise protocol that can provide a series of gangliosides. Herein, the biological activities of these synthetic GM3 analogues, including galactose-, mannose-, lactoseand glucosamine-containing analogues, were delineated through cooperation with other labs.

Inhibitory effects on tumor cell growth and migration

Ganglioside GM3 is over expressed on some cancers, and it is well known as the tumor-associated carbohydrate antigen on several types of tumor, such as melanomas and bladder cancers. The obvious influence of GM3 on the proliferation, invasion and metastasis of cancer cells has been observed. GM3 can not only modulate the receptors, such as EGFR and VEGFR-2, but also glycolipid-enriched membrane microdomain signaling pathway. Besides, some studies have revealed that GM3 has a clear effect on tumor cell movement, such as motility and migration. It has been confirmed that cell movement in tumor growth is crucial because it is not only believed to have effects on the tumor shape, but also cell to cell adhesive properties, and it represents one of the relevant factors in assessing the cancer malignancy 229,230 .

In this section, the effects of synthesized ganglioside GM3 analogues on tumor cell growth and migration will be studied.

Experimental methods

Cell culture

Human colon cancer HCT116 cells, human leukemia K562 cells, highly metastatic human liver cancer HCCLM3 cells, murine melanoma B16 cells and highly metastatic murine melanoma B16-F10 cells were originally obtained from Shanghai Institutes for Biological Sciences, Chinese Academy of Sciences (China), and cultured in RPMI-1640 supplemented with 10% heat-inactivated fetal bovine serum (FBS, Hyclone), as well as penicillin and streptomycin (100 µg/ml each), at 37 ℃ in a humidified atmosphere of 5% CO2.

Cytotoxicity assay

Cell viability was assessed using MTT method. Briefly, the cells (8 × 10 3 /well) were seeded into 96-well plate, and treated with GM3 analogues at 20, 200, 400, 1000 µM or vehicle DMSO for 48 h. At the end of the incubation period, 20 µL (5 mg/mL)

MTT solution was added into each well of the 96-well plate. Following 4 h of incubation at 37 ℃ with 5% CO2, absorbance was detected at a wavelength of 570 nm.

The results are presented as means ± SD from the three independent experiments.

Wound healing test

We used wound healing test to evaluate the effect of GM3 analogues on tumor cell The experiments were performed in triplicate.

Results and discussion

Galactose-and mannose-containing analogues

For synthesized galactose-and mannose-containing analogues ( Wound healing test, also called scratch assay, is a common tool to study cell migration, which makes a scratch on a cell monolayer. In general, for cancer cells, the scratch wound can be healed automatically after some time ( antitumor activities were also evaluated by cytotoxicity assay and wound healing test.

At first, the effect of GM3 analogues 44, 46, 81 and 83 the proliferation of human colon cancer HCT116 cells and chronic myeloid leukemia K562 cells was evaluated.

As shown in Table V-1, the IC50 of analogue 81 for HCT116 and K562 was lower than that of 44, indicated that 81 had more potent antiproliferative activity than 44.

Similarly, the IC50 of analogue 83 for K562 was lower than 46, therefore possessed stronger cytotoxicity than 46. The results showed that glucosamine-containing analogues have more potent antiproliferative activity than lactose-containing analogues. Little is known on the mechanisms which explain how ganglioside GM3 inhibits tumor cell motility. Previous studies suggest that the suppressive effect of ganglioside GM3 on cell motility and growth associated with modulating functions of other molecules co-localized in membrane microdomains 231 .

Along with some old analogues that synthesized previously in our lab 176 , for a series of GM3 analogues containing different sugars with α-2,6 sialosides, the structure-activity relationships were discussed. We found that different glycosyl residues can influence antiproliferation and antimigration activities. ceramide or sphingosine moiety, it's more likely to influence the antimigration activities.

At first, for antiproliferation ability: glucosamine-containing analogue > lactose-, mannose-containing analogues > galactose-containing analogue > glucose-containing analogue. Compared with glucose-containing analogue, galactose-containing analogue is much stronger than it. However, the mannose-and lactose-containing analogues are similar, but both of them are stronger than galactose-containing analogue. Among them, glucosamine-containing analogue is the strongest.

Then for antimigration ability: glucosamine-, lactose-containing analogues > mannose-containing analogue > galactose-containing analogue. We found that mannose-containing analogue is stronger than galactose-containing analogue. And lactose-and glucosamine-containing analogues are similar, but it seems that both of them are a little stronger than mannose-containing analogue. Especially, for antimigration ability, it also showed that analogues with sphingosine are stronger than the corresponding analogues with ceramide moiety.

These are preliminary results from our analogues, and we think that more analogues are needed for obtaining more information on structure-activity relationships. and regeneration of the nervous system after injury 232 . The addition of neurotrophic factors such as nerve growth factor (NGF) to rat PC12 pheochromocytoma cells leads to cell cycle arrest and differentiate into neuron-like cells with elongated neurites 233 .

The phenotypic changes associated with NGF-induced differentiation include the biosynthesis of neurotransmitters, the acquisition of electrical excitability and the growth of axon-like extensions named neuritis through a process known as neuritogenesis [START_REF] Jocavina | [END_REF] .

In . Our results demonstrated that some GM3 analogues could induce neurite outgrowth. From the preliminary results, it seems that GM3 analogues having sphingosine moiety are more prone to induce neurite outgrowth, despite of different sugar composition or linkages.

Results and discussion

It has been reported that nervous system injuries affect many people every year, and due to its high incidence, nerve regeneration or repair, is becoming a rapidly growing field for discovery of new ways to recover nerve functionality after injury 239,240 .

Neurite outgrowth is a key process in the development of functional neuronal circuits and regeneration of the nervous system after injury. The ability of GM3 analogues to induce neurite outgrowth can provide a valuable sight for developing potential therapeutic agents to recover nervous functionality after injury.

. 

General methods

All chemical reactions were carried out under N2 atmosphere and in the anhydrous conditions with fresh solvents, unless otherwise noted. The solvents were evaporated under reduced pressure and below 40 ℃ (water bath), followed by removal of residual solvent at high vacuum (< 0.2 mbar). High-resolution mass spectra (HRMS) were recorded on a Bruker micrOTOF spectrometer in electrospray ionization (ESI) mode, using Tuning-Mix as a reference.

Optical rotations were measured at 589 nm (Na line) at 20 C with a Perkin-Elmer 343 digital polarimeter using a 10 cm, 1 mL cell. in the dry CH2Cl2 (1.5 mL) was added by running the solution down the cold wall of the reaction flask. Finally, the mixture was stirred for 2.5 h at -68 o C. After that, the mixture was diluted with a suspension of silica gel (7.5 g) in EtOAc (45 mL), filtered through celite, washed with saturated aqueous NaHCO3 and water, dried with MgSO4, and concentrated under reduced pressure. The residue was chromatographed (Cy-EtOAc 1:3) to give the compound 27 as a white foam (883.9 mg, 75%). Rf = 0.31 (Cy-EtOAc 1:3, twice).

[α]D 20 = -10.8 (c 1.0 in CHCl3). [α]D 20 = +2.8 (c 1.0 in CHCl3). previously washed with the same buffer, was added and the suspension was stirred at room temperature for 3 h. The enzyme derivative (CRL-OD) was then filtered and washed with distilled water.

The activity of the enzyme was measured at pH 7.0 and room temperature in the hydrolysis of tripropioninn according to the literature258 .

Enzymatic hydrolysis

The enzymatic hydrolysis of substrates ( 10 The biological activities of these synthetic GM3 analogues were evaluated. By cytotoxicity assays, synthesized GM3 analogues were determined to be against human HCT116 and K562 cancer cells. Interestingly, by wound healing test, some analogues showed significant effects on tumor cell movement, which is believed to represent one of the relevant factors in assessing the malignancy of cancers. In addition, we employed the PC12 cell model to show that some GM3 analogues can induce neurite outgrowth with or without NGF induction.

We believe that the present work can facilitate to construct various GM3 analogues with improved biological activities and provide the useful information for exploring novel carbohydrate agents for biological studies associated with human diseases.
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  enjoy my time in France for these four years, and I would like to thank all the Chinese colleagues in our lab. I think working with them is the precious memory in my life. Thanks for Mme Xiaolei ZHU, M Zhihao LI, M Guangcan XU, Mlle Wenting HU, M Jiang LIU, M Haipeng LIU and M Zhonghang WEN. I sincerely acknowledge the China Scholarship Council (CSC) for supporting me with a PhD scholarship. I also acknowledge the financial supports from the Centre National de la Recherche Scientifique (CNRS) and the Sorbonne Université.At last, I would like to express my sincere thanks to my family for their supporting and love in these years. ) sont des composants omniprésents des membranes cellulaires animales et impliqués dans de nombreuses fonctions cellulaires, y compris la prolifération, l'adhérence, la motilité et la différenciation. Ganglioside GM3 (NeuAcα3Galβ4Glcβ1Cer), le premier et le plus simple membre de la série métabolique d'une famille de GSLs, contenant de l'acide sialique, du lactose et du céramide. Il a été rapporté que GM3 est impliqué dans certaines maladies graves humaines, telles que les cancers et les maladies nerveuses. La recherche au cours des dernières décennies a démontré que GM3 et ses analogues jouent des rôles importants dans de nombreux processus physiologiques et pathologiques. Il est bien connu que GM3 est un antigène glucide associé à la tumeur sur plusieurs types de tumeur.

  : glycosphingolipid, ganglioside GM3, sialic acid, synthesis, tumor, neurite outgrowth, biological evaluation.Carbohydrates, along with proteins, nucleic acids and lipids, are the most important organic natural products on earth. It has been demonstrated that carbohydrates and their derivatives play important roles in many biological processes, such as protein structure modulation or cell-cell recognition. The biological implications of carbohydrates are strongly related with serious human diseases, such as cancers or diabetes. Carbohydrates are becoming highly attractive targets for biological study, including drug discovery1 .Carbohydrates usually expose on the outer surface of cell membranes, and exist as glycoconjugates, including glycolipids and glycoproteins as shown in Figure I-1. The glycolipids are composed of hydrophobic lipid moieties with carbohydrate attached, including acylglycerol, ceramide and prenyl phosphate, and the glycoproteins contain proteins with carbohydrate attached.

Figure I- 1 Figure I- 2 .

 12 Figure I-1 Carbohydrates exist as glycoconjugates on the cell membranes.

Figure I- 3

 3 Figure I-3 Structures of typical GSLs.

Figure I- 4

 4 Figure I-4 Some of the biological functions that are associated with GSLs. GSLs associate with oncogenesis (process 1). GSLs interact with bacterial receptors (process 2), with GFRs (process 3), with integrin receptor (process 4), or with integrin/TSP complex (process 5). Cells recognition is mediated by GSL-to-GSL interaction in microdomains (process 6). GSLs interact with signal transducers in signal pathways (process 7).

Figure I- 5

 5 Figure I-5 Scheme of a sphingolipid/cholesterol raft. GSLs can form a hydrogen-bonded network with sphingomyelin and cholesterol in a phospholipid environment, forming rafts on the noncytosolic side of the plasma membrane. GPI-anchored proteins (G) are enriched in these rafts. Acylated proteins (A) are thought to associate with the cytosolic leaflet of rafts and prenylated proteins (P) are excluded.

Figure I- 6

 6 Figure I-6 Carbohydrate-to-carbohydrate interactions controlling glycosylation-dependent cell motility and growth. GFR, TSP and integrin subunits α and β can be mediated by N-linked glycans and surrounding GSLs. GSLs associate with Src family kinases and other signal transducers. (a) GFR and its interaction with surrounding GSLs. (b) TSP interaction with GSLs.

  phenotype are strongly influenced by the presence of gangliosides. The research results have indicated that tumor-associated gangliosides play a key role in invasion and metastasis of cancer development. The role of gangliosides in tumor development is crucially important for cancer research 24 .

Figure I- 8

 8 Figure I-8 Malignancy enhancement by ganglioside GD3 in melanomas. GD3 can activate FAK, p130Cas and paxillin, thus promoting cells proliferation and invasion.

Figure I- 9

 9 Figure I-9 Activation of c-Met by ganglioside GD2. (a) Breast cancer cell line MDA-MB-231 mainly expresses GM3 and GM2. (b) GD3 synthase induces b-and c-series gangliosides accumulation, mainly GD2, which can activate c-Met in the absence of HGF, then increase proliferation and migration via PI3K/Akt and MEK/Erk pathways. (c) In the competition assays, anti-GD2 mAb was used, which can inhibit c-Met phosphorylation and cells proliferation.

Figure I- 10

 10 Figure I-10 56 .

Figure I- 10

 10 Figure I-10 Mechanism for 9-O-acetyl GD3 on neuronal motility. The 9-O-acetyl GD3 may modulate the integrin receptor through a Ca 2+ -dependent mechanism or by a direct interaction between the ceramide moiety and the integrin transmembrane helix. Gangliosides in the adjacent membrane are laterally packed around the integrin receptor, affording an optimal Ca 2+ -enriched microenvironment for the activation and recognition of extracellular matrix proteins by this receptor.

  compartment. Therefore, angiogenesis-related signaling pathways are triggered, which result in enhanced ECFC invasion and capillary morphogenesis 109 . Some evidences also indicated that GM3 can reduce the ability of endothelial cell membrane to transfer growth signals present in the microenvironment into the endothelial cell itself, leading to block the growth stimulation of vascular endothelium 110 . Some cancer cells, such as melanomas, shed GM3 or other gangliosides into the microenvironment. Then gangliosides can act as modulators of the angiogenic response by promoting the angiogenic capacity of PGEl (Prostaglandin E1) and bFGF (Basic fibroblast growth factor), normally present in the tissue microenvironment.

  of GM3/GM2 dimers, can negatively regulate the motility through inhibiting c-Src or c-Met tyrosine kinase signaling pathways in the tetraspanin-expressing normal and tumor cells 130 . GM3-enriched microdomain plays an important role in modulating tumor cell motility, and three kinds of bladder cancer cell lines have been studied, and show different cell motility and GM3 expression 131 . Through the study, the scheme of the inhibitory or suppressive effects for GM3 on cell motility and growth was established (Figure weaker, and the complex can inhibit HGF-induced activation of c-Met and the cross-talk between c-Met and integrin α3β1. Further, various signal transducer molecules, such as FAK, Src, Ras, Raf and MAPK (mitogen-activated protein kinase), are implicated. Finally, the cell adhesion, motility and growth are mediated 132 . These results demonstrated that GM3 inhibits cell motility through modulating functions of other molecules co-localized in membrane microdomains.

Figure I- 12

 12 Figure I-12 Scheme of the inhibitory or suppressive effects for GM3 on cell motility and growth through modulating functions of other molecules co-localized in membrane microdomains.

  Scheme I-6, glucosyl azidosphingosine L-4 was prepared in 56% yield through reaction between L-1 and lipid precursor L-3 using BF3•Et2O as promoter165 .Galactosyl azidosphingosine L-5a was synthesized in 55% yield by reaction of L-2a with L-3 using triethylsilyl trifluoromethanesulfonate as promoter166 . From galactose trichloroacetimidate L-2b using BF3•Et2O as promoter, L-5b was obtained in an excellent 88% yield 167 .

( 1 . 5 - 2 . 6 4 .

 15264 Hz), which suggests different conformations of the side chain. Furthermore, the anomeric configuration of the sialosides can also be determined from the chemical shift difference between two vicinal protons at C-9, such as ∆δ {H-9a-H-9b} value, which is 0.5 ppm for α-glycosides and around 1.0 ppm for β-anomers. The anomeric configuration can also be determined through the long-range JC,H. It was demonstrated that sialic acid residues within α-anomers show a larger JC-1,H-3ax (5.8-7.5 Hz) than the β-anomers (1.0-1.7 Hz). Moreover, the JC-2,H-3ax values were found to be around 8.0 Hz for the α-anomers, whereas about 4.0 Hz for the β-anomers204,205,206,207,208,209,210,211 . removed by PhCH2NH2 in the dry THF at room temperature for 24 h to provide the hemiacetal 17 as α and β mixture. This crude product 17 was not separated and could be directly used for the next step. This hemiacetal was then treated with trichloroacetonitrile in the presence o f DBU to give the trichloroacetimidate 18 in 70% yield for two steps as shown in Scheme II-The 1 H NMR spectrum showed that compound 18 is the α-trichloroacetimidate on the basis of the H-1' and H-2' coupling constant (J1',2' = 3.7 Hz) of the galactose residue. Conjugation of trichloroacetimidate 18 with 3-O-benzoyl azidosphingosine 13 was performed using BF3•Et2O as promoter to provide the desired glycolipid 19 in 65% yield, as shown in Scheme II-5. The β configuration of the newly introduced glycosidic linkage was confirmed from the 1 H NMR spectrum (J1',2' = 8.0 Hz) due to the neighboring participation effect of acetyl group at C-2 position of galactose. Then the azide group of 19 was reduced by triphenylphosphine in a mixture of toluene and water at 50 ℃ for 12 h to give an amino free derivative 20. Compound 20 was not separated and directly reacted with stearic acid in the presence of EDC in dry CH2Cl2 to give the glycosyl ceramide 21 in 60% yield for two steps from 19. The protected groups of compound 21 were subsequently removed by NaOMe/MeOH at room temperature overnight. After adding several drops of water, new ganglioside GM3 analogue 22 was obtained with the yield of 95%.

Cyanomethyl 2 - 53 (64% of 64 ) 55 and 56 ,

 253645556 deoxy-2-acetamido-3,4-di-O-acetyl-1-thio-β-D-glucopyranoside 60 -2-acetamido-1,3,4,6-tetra-O-acetyl-α-D-galactopyranose 49 has been performed, providing 2-deoxy-2-acetamido-1,3,4-tri-O-acetyl-α-D-galactopyranose 61 with 70% yield using CRL. In the hydrolysis of 2-deoxy-2-phthalimido glucopyranoside derivatives, good yields could be obtained, but in these cases, CRL provided the best results. Starting from the 2-deoxy-2-phthalimido-1,3,4,6-tetra-O-acetyl-α-D-glucopyranose 50, 76% yield of 2-deoxy-2-phthalimido-1,3,4-tri-O-acetyl-α-D-glucopyranose 62 was obtained after 6 h (Table IV-1). In this case, it was also observed that the reaction catalyzed by CRL immobilized on octyl-agarose proceeded much slower compared with the CRL-Sepabeads-OD. Methyl 2-deoxy-2-phthalimido-3,4,6-tri-O-acetyl-β-D-glucopyranoside 52 (85% of 63)and ethyl 2-deoxy-2-phthalimido-3,4,6-tri-O-acetyl-1-thio-β-D-glucopyranoside were also conducted by enzymatic hydrolysis. About 90% of these two substrates, characterized by a little O-or S-alkyl anomeric group, were hydrolyzed in 4 and 24 h, respectively. Lower yield was obtained in the hydrolysis of phenyl 2-deoxy-2-phthalimido-3,4,6-tri-O-acetyl-1-thio-β-D-glucopyranoside 54, because this reaction proceeded slowly (38% of 65 in 24 h). Furthermore, for the substrates the regioselective enzymatic hydrolysis was also carried out, but the yields were a little poor for products 66 and 67. Ethyl 2-deoxy-2-phthalimido-3,4,6-tri-O-acetyl-1-thio-β-D-galactopyranoside 58 proceeded much faster compared with the fully acetylated galactosamine 49, and ethyl 2-deoxy-2-phthalimido-3,4-di-O-acetyl-1-thio-β-D-galactopyranoside 68 was obtained in very good yield after only 5 h.

4 . 4 .

 44 Next, we tried to use hydrazine acetate to remove the C-1 position acetyl group, but no reaction happened. At last, we used NH2CH2CH2NH2 and CH3COOH forming salts as promoter in the dry THF at room temperature for 3 h to provide the hemiacetal 76 as an α and β mixture as shown in Scheme IV-After extraction, this crude product 76 was not separated at this stage and was used directly for the next step in spite of a little impurities. The hemiacetal 76 was then treated with trichloroacetonitrile in the presence of DBU to give the trichloroacetimidate 77 in 60% yield as an α and β mixture after purification by chromatography as shown in Scheme IV-Glycosylation of 3-O-benzoyl azidosphingosine with trichloroacetimidate 77 was performed by BF3•Et2O as promoter at low temperature to provide the desired glycolipid 78 in 61% yield, as shown in Scheme IV-4, and the β configuration of newly introduced glycosidic linkage was obtained.

  photographed under a DMIL LED AE2000 inverted microscope (Leica, Wetzlar, Germany) and the effect of GM3 analogues on tumor cell motility was expressed as migration % of 0 hour (wound width at exposure time point/wound width at 0 hour).

Figure V- 1 )

 1 , their antitumor activities were evaluated by cytotoxicity assay and wound healing test. At first, the effect of GM3 analogues 22, 24, 33 and 35 on the proliferation of human colon cancer HCT116 cells and chronic myeloid leukemia K562 cells was evaluated by MTT assay after treating with different concentrations of GM3 analogues for 48 h (Figure V-2). The IC50 of analogue 33 for HCT116 and K562 was lower than that of 22, indicated that 33 had more potent antiproliferative activity than 22. Similarly, the IC50 of analogue 35 for K562 was lower than 24, therefore 35 possessed stronger cytotoxicity than 24. The results showed that mannose-containing analogues 33 and 35 could have more potent antiproliferative activity than galactose-containing analogues 22 and 24.

  Figure V-3A). If this process can be inhibited by exogenous compounds, it means that the compounds have an inhibitory effect on cell movement (Figure V-3B).

Figure V- 3

 3 Figure V-3 Mode of wound healing test.

Figure V- 4

 4 Figure V-4 Galactose-and mannose-containing analogues inhibited cancer cell migration: B16 cells after 48 h of exposure. Significant inhibition in migration of cancer cells was observed upon treatment with GM3 analogues. Values were calculated as a percentage of the 0 hour (wound width at exposure time point/wound width at 0 h %).

Figure V- 5

 5 Figure V-5 Galactose-and mannose-containing analogues inhibited cancer cell migration: B16-F10 cells after 12 h of exposure. Significant inhibition in migration of cancer cells was observed upon treatment with GM3 analogues. Values were calculated as a percentage of the 0 hour (wound width at exposure time point/wound width at 0 h %).

Figure V- 6

 6 Figure V-6 Galactose-and mannose-containing analogues inhibited cancer cell migration: HCCLM3 cells after 48 h of exposure. Values were calculated as a percentage of the 0 hour (wound width at exposure time point/wound width at 0 h %).

Figure V- 8 and

 8 Figure V-8 and Figure V-9 revealed that these GM3 analogues at concentration of 12.5 μM and 25 μM resulted in a suppressive effect on migration of murine melanoma cells, as if the anti-migration activity of analogue 46 was stronger than 44, and analogue 81 was similar to 83.

Figure V- 8

 8 Figure V-8 Lactose-and glucosamine-containing analogues inhibited cancer cell migration: B16-F1 cells after 24 h of exposure. Significant inhibition in migration of cancer cells was observed upon treatment with GM3 analogues. Values were calculated as a percentage of the 0 hour (wound width at exposure time point/wound width at 0 h %).

Figure V- 9

 9 Figure V-9 Lactose-and glucosamine-containing analogues inhibited cancer cell migration: B16-F10 cells after 24 h of exposure. Significant inhibition in migration of cancer cells was observed upon treatment with GM3 analogues. Values were calculated as a percentage of the 0 hour (wound width at exposure time point/wound width at 0 h %).
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 531 the present study, we employed PC12 cells as a model to study the effects of ganglioside GM3 analogues on neurite outgrowth, including galactose-containing novel analogues 22 and 24 along with other analogues 84-88 prepared previously in our lab (Figure V-10). Experimental methods PC12 cells were obtained from the ATCC (Manassas, VA, USA). The cells were maintained in DMEM (Dulbecco's modified Eagle's medium; HyClone, USA), supplemented with 10% (v/v) heat-inactivated horse serum (Gibco, USA) and 5% (v/v) FBS (Gibco, USA). The cells were cultured in a humidified incubator at 37 o C with 5% CO2 atmosphere.The experiments were conducted as the previous study 235 . Briefly, PC12 cells were seeded into a 12-well plate pre-coated with 50 ng/mL poly-L-lysine (Sigma-Aldrich, USA) at a density of 2 × 10 4 cells/well. The cells were allowed to attach for 24 h, then treated with DMEM containing 1% horse serum and 0.5% FBS for 24 h. In the non-NGF-induced experiments, PC12 cells were treated by the indicated compounds at the concentration of 10 μM or treated by NGF (25 ng/mL) alone, subsequently cultured for another 72 h. In the NGF-induced assay, NGF (25 ng/mL) was added into the culture medium accompanied with the compounds, then maintained for further 72 h. PC12 cell morphology was observed by the inverted microscope (Olympus, Japan) and determined by counting the proportion of cells containing at least one neurite twice as long as the cell body diameter, at least over 200 cells per sample were scored (Image J software, NIH, USA).

Firstly, we employed

  no NGF induced model, and in this model, NGF was used as a positive control. Generally, the cells maintained in low-serum medium were treated with NGF (25 ng/mL), compound 84, 85, 24, 22, 86, 87 and 88 (10 μM). After 72 h, the morphology of the cells was photographed under an inverted microscope and the representative micrographs were exhibited in Figure V-11A, and the number of neurite bearing cells was counted and shown in Figure V-11B. Interestingly, neuritogenesis was augmented robustly by compound 84 comparing to the blank group (Figure V-11A-c), the percentage of neurite-bearing cells reached 26%, even higher than that of the NGF group (Figure V-11B). The compound 24 (Figure V-11A-e), 86 (Figure V-11A-g) and 88 (Figure V-11A-i) could significantly promote neurite outgrowth, and the percentage of neurite-bearing cells was 9%, 6% and 8%, respectively (Figure V-11B). While the compound 85, 22 and 87 had no obvious effects on neuritogenesis, as the proportion of neurite-bearing cells was closed to the blank group (Figure V-11B). The NGF-induced PC12 cell model was a common tool to study neuritogenesis, we then investigated the effects of these analogues on neurite outgrowth in the NGF-induced model. In this model, NGF (at the concentration of 25 ng/mL) was added into the cell culture medium along with the compounds. The results showed that the proportion of neurite-bearing cells in 84 is more than 30% (Figure V-12A-b and Figure V-12B), and the 86 (Figure V-12A-f and Figure V-12B) also could significantly accelerate neuritogenesis comparing to NGF group. It seemed that 85 (Figure V-12A-c), 24 (Figure V-12A-d), 22 (Figure V-12A-e), 87 (Figure V-12A-g) and 88 (Figure V-12A-h) had no obvious effects on neurite outgrowth comparing to NGF group. These data indicated that GM3 analogues 84 and 86 potently induce neurite outgrowth in PC12 cells both in NGF free or NGF-induced systems.Several literatures had emphasized the role of GM3 and glycolipids in neuritogenesis. For example, in mouse neuroblastoma Neuro2a cells, studies found that GM3 enriched microdomains were involved in signal transduction during neurite formation. PC12 cell line has been widely used as a model system for studying neuronal differentiation and neurosecretion. In the present study, we firstly employed PC12 cells as a model to evaluate the effects of GM3 analogues on neuritogenesis236,237,238 

Figure V- 11

 11 Figure V-11 Compound 84, 24, 86 and 88 could induce the neuritogenesis of PC12 cells. (A): PC12 cells were seeded in a 12-well plate, incubated overnight and then were maintained in a low-serum medium (DMEM supplemented with 1.0% horse serum and 0.5% FBS) for 24 h, followed by the treatment with the compound 84 (c), 85 (d), 24 (e), 22 (f), 86 (g), 87 (h), 88 (i) at the concentration of 10 μM or 25 ng/mL NGF (b) or without (a) for an additional 72 h. The cells were photographed by a phase contrast microscope, and the representative micrographs of each group were exhibited. (B): Quantification of PC12 cells bearing one neurite at least twice the length of the cell body diameter in each group were shown. Results are presented as means ± S.D., scale bar, 5 μm, and experiments were repeated at least three times. ***, p<0.001; *, p<0.05.

Figure V- 12

 12 Figure V-12 Compound 84 and 86 could promote NGF-induced PC12 cells neuritogenesis. (A): In this assay, PC12 cells were plated in a 12-well plate, 12 h later, the culture medium was changed by the low-serum medium and the cells were maintained for further 24 h, followed by the treatment of the compound 84 (b), 85 (c), 24 (d), 22 (e), 86 (f), 87 (g) and 88 (h) accompanied by NGF for an additional 72 h. The morphology of the cells were photographed by the inverted microscope. (B): The proportion of PC12 cells bearing one neurite at least twice the length of the cell body diameter in each group were shown. Results are presented as means ± S.D., scale bar, 5 μm, and experiments were repeated at least three times. ***, p<0.001; **, p<0.01.

1 H

 1 NMR and 13 C NMR spectra were recorded at Bruker AVANCE DRX 400 spectrometer. 2D COSY, HSQC and HMBC experiments were used to assist NMR assignments. The chemical shifts were referenced to the solvent peaks, δ = 7.26 ppm ( 1 H) and δ = 77.16 ppm ( 13 C) for CDCl3, δ = 3.31 ppm ( 1 H) and δ = 49.00 ppm ( 13 C) for CD3OD, δ = 2.50 ppm ( 1 H) and δ = 39.52 ppm ( 13 C) for DMSO, at 25 o C, and the coupling constants were given in Hz.

O-(methyl 5 -acetamido- 4 , 7 , 8 , 9 -

 54789 tetra-O-acetyl-3,5-dideoxy-D-glycero-α-D-galacto-2nonulopyranosylonate)-(2→6)-2,3,4-tri-O-acetyl-α/β-D-mannopyranoside (28) Rf = 0.33 (EtOAc).

6. 6 . 3

 63 Conjugation of lipid part with the sialo-oligosaccharide residue was flash-chromatographed, eluted with CHCl3-MeOH 3:1 to yield the analogue 46 (12 mg, 80% for two steps from 41) as a white amorphous solid. Rf = 0.20 (EtOAc-iPrOH-H2O 3:2:1).[α] 20 D = +12.1 (c 1.0 in CHCl3-MeOH 1:1

6 . 8 . 2 . 3 Data analysis of enzymatic hydrolysis products 1 , 3 , 4 - 1 H

 68231341 mM) was carried out in 50 mM phosphate buffer (15 mL) containing 20% acetonitrile under mechanical stirring. The reaction started after the addition of 1 g of immobilized enzyme CRL-OD (1200 UI/g) or AXE (90 UI/g). During the reaction, the pH of the solution was maintained by automatic titration. The course of the hydrolysis reaction was monitored by HPLC (HPLC analysis: 30-50% acetonitrile in phosphate buffer (10 mM) at pH 4, flow rate 1.0 mL/min, λ = 210 nm) and TLC. After complete or almost-complete consumption of the substrate, the reaction was stopped by biocatalyst filtration. The obtained mixtures extracted by EtOAc, dried over MgSO4 and filtered, and concentrated under the reduced pressure. The crude product was purified by silica gel chromatography (product 59 and 60: CH2Cl2-MeOH 95:5, product 61 and 63: Hexane-EtOAc 1:1, product 62: Toluene-EtOAc 3:2, product 65, 67 and 68: Hexane-EtOAc 3:2, product 66: Hexane-EtOAc 1:2) and further characterized by NMR spectra and HRMS spectrometry. tri-O-acetyl-2-acetamido-2-deoxy-α-D-glucopyranose (59) 198 A mixture of sialyl xanthate 3 (912 mg, 1.54 mmol) and acceptor 62 (370 mg, 0.85 mmol) with 4Å powdered molecular sieves were dissolved in the dry CH3CN (17.2 mL) and CH2Cl2 (8.6 mL) stirring at room temperature for 1 h. Further, AgOTf (360 mg, 1.38 mmol) and DTBP (337 uL, 1.55 mmol) were added, and the mixture was cooled to -68 C and kept protected from light. Then PhSCl (337 uL, 1.38 mmol) in the dry CH2Cl2 (0.86 mL) was added by running the solution down the cold wall of the reaction flask. Finally, the mixture was stirred for 3 h at -68 o C. After that, the mixture was diluted with a suspension of silica gel (3.6 g) in EtOAc (22.5 mL), filtered through celite, washed with saturated aqueous NaHCO3 and water, dried with MgSO4, and concentrated under reduced pressure. The residue was chromatographed (Cy-EtOAc 1:3) to give disaccharide 72 (540 mg, 70%). Rf = 0.31 (Cy-EtOAc 1:3, twice). NMR (400 MHz, CDCl3): δ 7.84-7.81 (m, 2H, phthalimido protons), 7.73-7.71 (m, 2H, phthalimido protons), 6.52 (dd, J = 9.2, 2.2 Hz, 1H, H-3'), 6.24 (d, J = 3.9 Hz, 1H, H-1'), 5.35-5.15 (m, 3H, H-4', H-7, H-8), 4.89-4.82 (m, 1H, H-4), 4.68 (dd, J = 8.2, 3.6 Hz, 1H, H-2'), 4.28-4.23 (m, 2H, H-5', Ha-9), 4.03-3.99 (m, 4H, Ha-6', H-5, H-6, Hb-9), 3.80 (s, 3H, COOCH3), 3.40 (dd, J = 11.

Table I - 1

 I1 The expression of GSLs on some types of cancers

	(α2→6)-linked to N-acetyl galactosaminides. In addition, the disialosyl structures
	GSLs (α2→8) and (α2→9) have been found as constituents of glycoconjugates. Polysialic Tumor types
	GM3 acids of Neu5Ac and Neu5Gc, having (α2→8), (α2→9), or alternating melanoma, medulloblastoma, superficial bladder cancer
	de-N-acetyl GM3 (α2→8)/(α2→9) glycosidic linkages, have also been found. Other sialosides, such as melanoma
	Neu5Gc GM3 (α2→4)-linked homopolymer and (α2→5)-linked derivatives, have also been reported melanoma, colon and breast cancers, retinoblastoma
	18,19,20	9-O-acetyl GM3	melanoma, glioblastoma
		GM2	melanoma, neuroblastoma, medulloblastoma
		GM1	small cell lung carcinoma, renal cell carcinoma
		Fucosyl-GM1	small cell lung carcinoma
		9-O-acetyl GD3	melanoma, neuroblastoma, breast cancer
		GD2	melanoma, neuroblastoma, retinoblastoma
		9-O-acetyl GD2	ovarian cancer, neuroblastoma, small cell lung cancer
		Gb3	ovarian cancer, burkitt lymphoma
		Globo H	ovarian and breast cancers, teratocarcinoma
	Disialosyl galactosyl globoside	renal cell carcinoma
		Gb5	teratocarcinoma
		Monosialyl Gb5	renal cell carcinoma
		Disialyl Gb5	renal cell carcinoma
		Disialyl Lc4	colon cancer
		Le a -Le a	gastric, colon, bladder and breast cancers
		Sialyl Le a	colon, pancreatic and gastric cancers
		Disialyl Le a	colon cancer
		Le x	gastric, breast and colorectal cancers
		Le x -Le x	colon, gastric, breast, lung and liver cancers
		Sialyl Le x	colon and bladder cancers, T cell leukemia
		Sialyl Le x -Le x	colon, gastrointestinal, colorectal, lung and breast cancers
		Le y	colon, gastric and lung cancers
		Le y -Le x	colon, liver, lung, colorectal and pancreatic cancers

Table I - 2

 I2 Cancers related with ganglioside GM3

	Tumor types	Mode of changing cell GM3 content	Effect on tumor
	KB and A431 human	Exogenous addition	Suppression of proliferation
	epidemoid carcinoma		
	cells		
	Human glioblastoma cells	The same	The same
	Rat 9L gliosarcoma cells	The same	Increase in symptom-free
	into mice		survival of mice
	Primary brain tumors	The same	Suppression of proliferation
	Ependymomas		
	Combined gliomas		
	Astrocytomas		
	Oligodendrogliomas		
	Gangliogliomas		
	Human urinary bladder	The same	Decrease the invasive
	cancer cells T24 and		potential
	KK-47		
	The SCC12 human	Increase in GM3 degradation by	Activation the
	epidermoid carcinoma	transfecting with cDNA of	EGFR-induced proliferation
	cells	neuraminidase Neu3	
	The same	Increase in GM3 content by inhibition	Activation the
		of higher ganglioside synthesis by	urokinase-caused
		treatment with antisense oligodeoxy	proliferation
		nucleotides	
	Meningeal gliomatosis of	Intrathecal addition	Increase in animal lifespan
	rats		
	Cells of urinary bladder	Treatment of the cells with PPPP,	Decrease the cell mobility,
	cancer	exogenous addition	invasiveness, metastasizing

Table V -

 V 1 IC50 (μM) values for 48 h

	Tumor cell lines	44	46	81	83
	HCT116	161.1	108.9	147.8	126.8
	K562	161.9	104.9	71.5	66.7

  ). ), 4.35-4.30 (m, 2H), 3.91-3.67 (m, 21H), 3.35-3.23 (m, 2H), 2.80 (dd, J = 7.4, 3.2 Hz, 1H, H-3eq), 2.03 (s, 3H, NAc), 1.71-1.65 (m, 2H, H2-6cer), 1.47-1.42 (m, 3H, H-3ax, H2-7cer), 1.31 (s, 20H, 10 × CH2), 0.92 (t, J = 6.8 Hz, 3H, CH3). .86 (C=O), 167.00 (C=O), 136.82 (5cer), 128.73 (4cer), 100.35 (C-1'), 99.14 (C-1''), 99.10 (C-2), 73.99, 72.65, 71.84, 71.05, 70.76, 69.35, 69.10, 68.65, 68.42, 68.02, 67.78, 66.59, 62.95, 62.65, 62.50, 61.90, 57.58 (2cer), 51.69 (C-5), 37.89 (C-3), 31.27 (CH2), 30.13 (CH2), 29.63 (CH2), 23.19 (CH3, NAc), 14.92 (CH3). ESI-HRMS (m/z) calcd for C41H73N2O20 [M-H] -: 913.4762, found: 913.4750. buffer pH 7 (32 mL) and kept under stirring for 30 min. 5 g of octadecyl-Sepabeads TM ,

	H NMR (400 MHz, CD3OD): δ 5.92-5.86 (m, 1H, H-5cer), 5.50-5.34 (m, 1H,
	H-4cer

13 

C NMR (100 MHz, CD3OD): δ 167

  4, 1.6 Hz, 1H, Hb-6'), 2.65 (dd, J = 12.7, 4.4 Hz, 1H, H-3eq), 2.14 (s, 3H, OAc), 2.13 (s, 3H, OAc), 2.09 (s, 3H, OAc), 2.05 (s, 3H, OAc), 2.03 (s, 3H, OAc), 2.02 (s, 3H, OAc), 2.01 (s, 3H, OAc), 1.96 (t, J = 3.6 Hz, 1H, H-3ax), 1.85 (s, 3H, NAc). .17 (C=O), 170.73 (C=O), 170.40 (C=O), 170.32 (C=O), 170.22 (C=O), 170.18 (C=O), 169.83 (C=O), 169.56 (C=O), 169.52 (C=O), 167.79 (C=O), 134.51, 123.81 (aromatic C), 98.46 (C-2), 90.80 (C-1'), 72.47, 70.74, 69.26, 69.14, 68.01, 67.50, 67.33 (C-4, C-6, C-7, C-8, C-3', C-4', C-5'), 62.60 (C-9), 62.30 (C-6'), 53.67 (C-2'), 53.05 (COOCH3), 49.50 (C-5), 37.89 (C-3), 23.33 (CH3, NAc), 21.29 (CH3, OAc), 21.15 (CH3, OAc), 20.99 (CH3, OAc), 20.96 (CH3, OAc), 20.92 (CH3, OAc), 20.85 (CH3, OAc), 20.81 (CH3, OAc). ESI-HRMS (m/z) calcd for C40H48N2O22Na [M+Na] + : 931.2596, found: 931.2590. for another 15 minutes. After that, acceptor 68 (32 mg, 0.073 mmol) and DTBP (34 uL, 0.154 mmol) in the dry CH2Cl2 (0.4 mL) were added. Finally, the mixture was stirred for 3 h at -68 o C, but no product was formed. Method The acceptor 68 (20 mg, 0.046 mmol) and Ag2CO3 (89 mg, 0.322 mmol) in the dry CH2Cl2 (2.3 ml) were stirred with 4Å powdered molecular sieves protected from light for 0.5 h at room temperature. Then acetochloroneuraminate methyl ester 2 (70 mg, 0.138 mmol) in the dry CH2Cl2 (2.3 ml) was added dropwise. The mixture was then stirred at room temperature overnight, and no desired product was formed. The acceptor 68 (20 mg, 0.046 mmol) and acetochloroneuraminate methyl ester 2 (70 mg, 0.138 mmol) in the dry CH2Cl2 (4.6 ml) were stirred with 4Å powdered molecular sieves for 1 h at room temperature. Then AgOTf (83 mg, 0.322 mmol) was added protected from light. The mixture was stirred at room temperature overnight. At last, filtered by celite and concentrated under reduced pressure. The residue was chromatographed (DCM-MeOH 9:1) to give disaccharide 75 (27 mg, 65%) as α and β mixture of 3:2. .87-7.85 (m, 2H, phthalimido protons), 7.76-7.73 (m, 2H, phthalimido protons), 5.87 (dd, J = 9.4, 2.9 Hz, 1H, H-3'), 5.72-5.70 (m, 2H, NH, H-4'), 5.52 (d, J = 10.9 Hz, 1H, H-1'), 5.37-5.35 (m, 1H, H-8), 5.27-5.20 (m, 1H, H-4), 5.14-5.10 (m, 1H, H-7), 4.72 (dd, J = 12.2, 3.6 Hz, 1H, H-6), 4.60 (t, J = 10.2 Hz, 1H, H-2'), 4.19-4.05 (m, 3H, H-5, H-5', Ha-9), 3.83 (s, 3H, COOCH3), 3.66-3.59 (m, 2H, Ha-6', Hb-9), 3.44 (t, J = 7.2 Hz, 1H, Hb-6'), 2.74-2.63 (m, 1H, SCH2CH3), 2.47 (dd, J 12.7, 4.4 Hz, 1H, H-3eq), 2.35 (s, 3H, OAc), 2.16 (s, 3H, OAc), 2.11 (s, 3H, OAc), 2.04 (s, 3H, OAc), 2.00 (s, 3H, OAc), 1.89 (s, 3H, OAc), 1.86 (s, 3H, NAc), 1.83 (t, J = 10.4 Hz, 1H, H-3ax), 1.20 (t, J = 9.6 Hz, 3H, SCH2CH3).

	Method E: Rf = 0.38 (Cy-EtOAc 1:3, twice).
	13 C NMR (100 MHz, CDCl3): δ 172.13 (C=O), 170.71 (C=O), 170.67 (C=O), 170.65

13 C NMR (100 MHz, CDCl3): δ 1711 H NMR (400 MHz, CDCl3): δ 7170.43 (C=O), 170.17 (C=O), 169.56 (C=O), 168.06 (C=O), 167.61 (C=O), 167.06 (C=O), 134.57, 134.40, 131.76, 131.39, 123.83 (aromatic C), 98.70 (C-2),
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Chapter I Introduction

activities of these analogues will be studied.

In addition, the important role of ganglioside in neuritogenesis has been revealed.

Neurite outgrowth is a key process in the development of functional neuronal circuits and regeneration of the nervous system after injury. However, the study of ganglioside GM3 on neurite outgrowth is very limited. In the present study, the effect of GM3 analogues on neurite outgrowth will also be studied. Ganglioside GM3, one of the most abundant tumor-associated carbohydrate antigens on several types of tumors, is implicated in many cellular functions, such as proliferation, adhesion, motility, and differentiation. It has been demonstrated that ganglioside GM3 is involved in many human diseases, such as cancers, diabetes or nervous diseases. Study on ganglioside GM3 and its analogues with biological activities appears to be a logical matter of research.

Chapter

In this thesis, we reported the preparation of GM3 analogues based on a concise protocol that can provide a series of gangliosides from the commercially available substrates and reagents by enzymatic hydrolysis and chemical procedures. We introduced enzymatic hydrolysis to prepare ganglioside GM3 building blocks, which can avoid multiple chemical procedures. In addition, we developed new chemoenzymatic method to synthesize sialylated glucosamine or galactosamine derivatives, and it was successfully applied to synthesize ganglioside GM3 analogues containing glucosamine. The key step is a highly regioselective and stereoselective α-sialylation which was established by the previous method. At last, eight analogues with α-2,6 sialosides instead of α-2,3 sialosides containing different sugars, including galactose, mannose, lactose and glucosamine, were successfully synthesized.