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Gold(III)-catalysed glycosylation reaction has been developed 

by employing  a new and easily accessible leaving group 

synthesized from ethyl cyanoacetate. Several nucleophiles like 

alcohols, thiols, allyltrimethylsilane, trimethylsilyl azide and 

triethylsilane have been reacted to make the corresponding 10 

glycosides in good yields and with marginal to excellent α-

selectivity. 

Chemical glycosylation reaction involves formation of glycosidic 

bond between glycosyl donor and glycosyl acceptor.1 Numerous 

glycosyl donors such as glycosyl halides,2 glycosyl 15 

trichloroacetimidates,3 n-pentenyl glycosides,4 thio glycosides,5 

phosphates6 and propargyl glycosides7 have been reported for the 

glycosylation reaction. Among them, glycosyl 

trichloroacetimidates and thio glycosides are routinely employed 

in oligosaccharide synthesis.   Still, there is a quest for finding 20 

new glycosyl donors which favour smooth glycosylation. 

Transition metal catalysis has taken centre stage in organic 

synthesis in the recent time because of their versatility and wider 

applicability in organic synthesis. Several transition metals such 

as Pd, Au, Ni, Re, Rh, Cu and Ti have been known to activate 25 

glycosyl donors like glycosyl trichloroacetimidate, glycals and 

glycal epoxides.8 There is considerable interest in finding novel 

leaving groups to employ transition metal based catalyst systems 

for synthesising glycosides. Gold catalysis has already marked its 

uniqueness in catalysing organic transformations very efficiently 30 

under ambient conditions.9 Till now, few reports are there for the 

application of gold catalysis in carbohydrate chemistry. Hotha 

and co-workers utilised the leaving group ability of propargyloxy 

group under gold(III)-catalysed conditions.7 Further, 1,2-ortho 

esters10a and methyl glycosides10b have also been activated using 35 

gold catalysts to make glycosides and oligosaccharides in good 

yields. Glycosyl halides and trichloroacetimidates have been 

activated under Au(I) catalysis for glycosylation reaction.11 Gold 

catalysis has been applied in the activation of epoxides in 

glycalepoxides for glycosylation reaction to make 2-hydroxy free 40 

sugars.12a Glycosyl ortho-alkynylbenzoates have been reported as 

efficient glycosyl donors in the synthesis of cyclic triterpene 

saponin and Lupane type saponin under gold(I) catalysis.12b This 

glycosylation strategy has been applied for making nucleosides12c 

and kaemferol12d derivatives as well. Even the proposed 45 

isochromen-4-yl gold(I) intermediate has been isolated and 

structurally characterised.12e Because of synthetic simplicity and 

chemical stability, glycosyl esters  have emerged as glycosyl  
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Fig. 1 Strategy for making glycosyl donor 

donors for the construction of glycosidic bond. Glycosyl 

acetates,13a  2-pyridyl esters,13b glycosyl p-bromophenyl 

phthalates14 and 4-pentenyl glycosyl esters15 have been used as 

donors until now. Very recently, Vankar and co-workers have 55 

utilized glycosyl acetates as glycosyl donors in the gold-catalysed 

glycosylations.16  

Table 1. Results of catalyst optimisation for the glycosylation 

 60 

Entrya Catalyst (5 mol%) Time (h) Yieldb (%) α/βc 

1 AuCl3 48 28 0.6:1 

2 AgSbF6
d 48 50 1:1 

3 Cu(OTf)2 24 5 1.4:1 

4 AuCl3/3AgSbF6 12 78 1.2:1 

5 AuCl3/3AgOTf 24 66 1.1:1 

6 AuCl3/3AgBF4 24 22 1.1:1 

7 Au(PPh3)Cl 48 NR - 

8 Au(PPh3)Cl/AgSbF6 24 69 1.8:1 

9 Au(PPh3)Cl/AgOTf 24 44 1.3:1 

10 Au(PPh3)Cl/AgBF4 24 12 1.3:1 

11 PtCl4/4AgSbF6 24 30 1.4:1 
a α/β of starting glycosyl ester is 1.3:1. b Isolated yields. c Ratio is based on 

the 1H NMR integration. d 15 mol% of the catalyst was used. 
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Imagava et al. reported the Hg(OTf)2-catalysed glycosylation 

reaction with glycosyl 5-hexynoates as the glycosyl donors.17 

Kunz and Zimmer have reported  N-allyl carbamates as leaving 

group for glycosylation via electrophilic cyclization.18  In our 

continuing efforts to synthesise glycosides under gold catalysis,19 5 

we have found out a simple and easily accessible leaving group 

for the glycosylation reaction. The design of leaving group 

presented in this manuscript is based on the work by Genet and 

co-workers.  They reported a gold-catalysed cyclisation of 4-

alkynyl carboxylic acids to make γ-methylene lactones.20 In this 10 

regard, glycosyl donors 1-3 were obtained from easily accessible 

anomeric unprotected sugars and dipropargylcyanoacetic acid. 

This leaving group was designed for two reasons. First, it is easy 

to propargylate ethyl cyanoacetate.  Additionally, there is a 

chance for the cyano group to participate in the stereochemical 15 

outcome of glycosylation reaction by coordinating to the 

oxacarbenium ion intermediate. Moreover, the cyano group 

cannot cyclise on the propargyl group under gold catalysis. Our 

initial glycosylation studies were carried out on 2,3,4,6-tetra-O-

benzylglucopyranosyl ester 1 which was made by coupling 20 

2,3,4,6-tetra-O-benzyl-D-glucose  and dipropargylcyanoacetic 

acid. The acid fragment was made by base hydrolysis of the 

dipropargylated ethyl cyanoacetate.21 We were unable to carry 

out monopropargylation on ethyl cyanoacetate as it always 

resulted in dipropargylated product preferentially.22 Therefore the 25 

study was conducted using the leaving group having dipropargyl 

group. Sugar fragment and acid fragment were coupled using 

DIAD/PPh3 system in THF solvent to form glycosyl esters 1-3 in 

very good yields.  

Table 2. Results of solvent optimisation for the glycosylation 30 

 

 

 

S.Noa Solvent Time (h) Yield (%)b α:βc 

1 THF 48 23 0.8:1 

2 CH2Cl2 12 78 1.2:1 

3 ClCH2CH2Cl 48 66 1.1:1 

4 CH3CN 36 67 0.6:1 

5 Dioxane 48 trace - 

6 DMF 48 NR - 

7 Acetone 48 19 0.6:1 
a Starting glycosyl ester α /β is 1.3:1, b Isolated yields, c Ratio is based on 

the 1H NMR integration  35 

 

Screening of appropriate conditions for gold-catalysed 

glycosylation reactions was carried out on substrate 1 in 

dichloromethane using n-BuOH as the acceptor. The results are 

summarised in Table 1.With AuCl3 alone as the catalyst, the 40 

glycosylation proceeded and gave the desired product in 23% 

yield as a mixture of anomers with α/β ratio 0.6:1 (Table 1, entry 

1). Although the yield increased when AgSbF6 was used as the 

catalyst, the catalyst was required in 15 mol% (Table 1, entry 2).  

With AuPPh3Cl, the glycosylation reaction did not proceed 45 

(Table 1, entry 7). Among the catalysts screened AuCl3/3AgSbF6 

was found to give good yield of n-butyl 2,3,4,6-tetra-O-

benzylglucopyranoside (Table 1, entry 4). AuPPh3Cl/AgSbF6 and 

AuPPh3Cl/AgOTf catalytic systems also worked, but were less 

effective than AuCl3/3AgSbF6 in terms of yield of the product 50 

(Table 1, entries 8 and 9).  

Table 3 Results of gold-catalysed glycosylation reaction to make 

2,3,4,6-tetra-O-benzyl-D-glycopyranosides 

O O

R4

OBn

R2

BnO

O

CN
Nucleophile (1.5 equiv.)

AuCl3/3AgSbF6 (5 mol%)

dry CH2Cl2, rt

O Nu

R4

OBn

R2

BnO

1, R2 = R4 = OBn; R1 = R3 = Ha

2, R1 = R4 = OBn; R2 = R3 = Hb 

3, R2 = R3 = OBn; R1 = R4 = Hc

R3 R1
R3 R1

Time, Yieldd, α:βe

4, R2 = R4 = OBn; R1 = R3 = H

5, R1 = R4 = OBn; R2 = R3 = H 

6, R2 = R3 = OBn; R1 = R4 = H

 55 
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O
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a α/β ratio of 1 is 1.3:1, b α/β ratio of 2 is 25:1 (in the reactions resulting 

5a, 5b and 5h) and is 2:1 for other reactions, c Pure α-galactosyl ester 3 

was used, d Isolated yields, e α/β ratio is based on the integration of 

anomeric protons in the 1H NMR spectrum of the mixture of anomers. 60 

 

After identifying AuCl3/3AgSbF6 as the suitable catalyst system, 

the reactions were carried out in different solvents to find the best 
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one which favours high yield of the product. Among the solvents 

screened, CH2Cl2, DCE and CH3CN were found to be good for 

glycosylation reaction (Table 2, entries 2, 3 and 4). The 

selectivity observed was different in different solvents. More β-

selectivity was observed in CH3CN, THF and acetone due to 5 

possible coordination of solvents to the oxocarbenium ion from 

α-face making the nucleophile to attack from the β-face (Table 2, 

entries 1, 4 and 7). Based on these experiments, AuCl3/3AgSbF6 

system in CH2Cl2 was chosen for investigation of substrate scope. 

2,3,4,6-Tetra-O-benzylglucosyl ester 1 was treated with various 10 

acceptors to get the corresponding glucosides 4a-4f as mixture of 

anomers. Acceptors such as n-butyl, benzyl and allyl alcohols 

reacted smoothly to give the corresponding n-butyl, benzyl and 

allyl glycosides 4a-4c respectively in very good yields with 

marginal α-selectivity. Thiophenol also reacted with glucosyl 15 

donor 1 to give thioglucoside 4d in 73% yield.  Because of 

growing number of applications of azides in click chemistry,23 we 

attempted the  glycosylation with TMSN3. To our delight we 

were successful in getting the 1-azido-2,3,4,6-tetra-O-

benzylglucose 4e in good yield with excellent α-selectivity. The 20 

yield was poor when allyltrimethylsilane was used as 

nucleophile. The reactions using monosaccharide acceptors such 

as methyl-2,3,4-tri-O-benzyl-α-D-glucopyranoside and methyl-

2,3,6-tri-O-benzyl-α-D-glucopyranoside were unsuccessful as the 

desired disaccharides were not obtained. Reaction of 25 

corresponding peracetyl glycosyl donor analogue of 1 with n-

butanol under the present reaction condition did not result in any 

product even after 24 h. The starting material was recovered. It 

was the same case when AuPPh3Cl/AgSbF6 was used in the place 

of AuCl3/3AgSbF6. Then the glycosylation studies were carried 30 

out on 2,3,4,6-tetra-O-benzylmannopyranosyl ester 2 with several 

nucleophiles under gold-catalysed conditions. Mannosyl donor 2 

reacted faster than the glucosyl donor 1 under the present reaction 

conditions. Nucleophiles like benzyl alcohol, n-butanol, 

isopropanol and allyl alcohol reacted smoothly to give the 35 

respective mannosides 5a-5d in excellent yields with exclusive α-

selectivity. With TMSN3, α-1-azidomannoside 5e was obtained 

in good yield. Interestingly, with hydride donors like Et3SiH the 

donor 2 furnished the 1,5-anhydromannitol 5f  in moderate yield. 

Benzyl mercaptan and thiophenol were also reacted with 40 

mannosyl ester 2 to get thioglycosides 5g and 5h in moderate 

yields. As in the case of glucosyl donor 1, mannosyl donor 2 also 

resulted in poor yield of C-glycoside with allyltrimethylsilane. In 

all the cases, mannosides were obtained as pure α-anomer. 

Glycosylation reactions on galactosyl donor 3 were performed 45 

with n-propanol and allyl alcohol to get the corresponding 

galactosides 6a and 6b in excellent yields and slight α-selectivity.  

Then, using TMSN3 and benzyl mercaptan, 1-azidogalactoside, 

thiogalactoside 6c and 6d were synthesised in 61% and 57% 

yields respectively with good α-selectivity. From the mechanistic 50 

perspective,24 we hypothesise that gold(III) first coordinates to 

the triple bond of the leaving group. Intramolecular attack of the 

carboxyl oxygen on the alkyne in 5-exo-dig fashion give γ-

methylene lactone A and the oxacarbenium ion intermediate B. 

Then, sugar oxocarbenium ion B reacts with nucleophiles to form 55 

anomeric glycosides. To understand the mechanism of the 

reaction, ethyl dipropargylcyanoacetate was treated with catalytic 

Au(III)/3AgSbF6 under the optimised conditions (Table 1, entry 

4). To our surprise, we didn’t observe the formation of γ-

methylene lactone derivative A. Whereas the corresponding acid 60 

gave the methylene lactone derivative under identical reaction 

conditions. These observations reveal that the ring oxygen of the 

sugar unit facilitates the gold-catalysed cycloisomerisation to 

form oxocarbenium ion required for glycosylation as shown in 

Figure 2. 65 
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Figure 2. Plausible mechanism for gold-catalysed glycosylation 

In summary, we have developed a leaving group for 

glycosylation reaction under gold catalysis. By employing this 

leaving group, gluco, manno and galactopyranosides could be 70 

prepared using a variety of nucleophiles. 
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