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Abstract: Use of La(OTf)3 as a Lewis acid promoter for N-iodosuc-
cinimide-mediated activation of thioglycosides is reported. The gly-
cosylation reactions proceeded smoothly with good to excellent
yields and stereoselectivity.
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Glycosylation is the pivotal reaction for the construction
of complex oligosaccharides. In recent years, significant
developments have been made through reactivity tuning
protocols based on the ‘armed’ and ‘disarmed’ concept,1

orthogonal glycosylation strategies, and instrument-driv-
en automated glycosylation techniques.2 Among the vari-
ous glycosyl donors, thioglycosides have proven to be the
best so far due to their stability and compatibility with a
wide range of protecting group manipulation strategies.3,4

As a result, thioglycosides are currently the most com-
monly used glycosyl donors in oligosaccharide synthesis.
Various promoter systems have been developed for effi-
cient activation of thioglycosides to form glycosidic
bonds with high stereoselectivity. Early methods of acti-
vation of thioglycosides with heavy metal salts in a
Koenigs–Knorr type reaction5 failed to achieve popularity
because of the limitations associated with this protocol.
Further developments saw the use of various organosulfur
reagents, such as dimethyl(methylthio)sulfonium trifluo-
romethanesulfonate (DMTST),6 methylsulfenyl triflate,7

phenylsulfenyl triflate,8 sulfenamides in conjunction with
Lewis acids such as PhSNPhTh–TMSOTf,9 MeSNPhTh–
TrB(C6F5)4,

10 N-(phenylthio)-e-caprolactam–Tf2O,11 and
sulfinates such as benzenesulfinyl piperidine (BSP),12

benzenesulfinyl morpholine,13 diphenyl sulfoxide.14

Me2S2–Tf2O is also been used as a promoter system.15

However, the most common promoter system for the acti-
vation of thioglycosides is N-halosuccinimide in conjunc-
tion with a Lewis acid. The reagent system was first
reported by van Boom et al. in 1990 whereby N-iodosuc-
cinimide (NIS) and triflic acid (TfOH) were used for the
activation of ‘disarmed’ thioglycosides.16 In the same
year, Fraser-Reid et al. used the same reagent system for
the activation of n-pentenyl glycosides.17 There are limi-

tations to the TfOH-mediated reaction and thus TMSOTf
has been used as an alternative Lewis acid. Further modi-
fications of the system utilized silica-supported Brønsted
acids, such as HClO4 immobilized on silica18 and H2SO4

immobilized on silica, which have been developed in our
laboratory.19 These systems work satisfactorily for vari-
ous types of glycosylations. However, further improve-
ments are still required to achieve ultimate efficiency.
Recently we found La(OTf)3 to be an efficient promoter
for per-O-acetylation of sugars and further thioglycoside
or O-glycoside formation.20 Taking our cue from those ex-
periments, we envisaged that La(OTf)3 may serve as a bet-
ter Lewis acid for the activation of thioglycosides in
conjunction with NIS. Herein, we report the results of gly-
cosylation reactions with ‘disarmed’ thioglycoside donors
and various acceptors using NIS in the presence of
La(OTf)3. 

Our initial studies started with p-tolyl 2,3,4,6-tetra-O-
acetyl-1-thio-b-D-glucopyranoside (1) as the thioglyco-
side donor. Compound 1 (1.2 mmol) was reacted with the
primary alcohol of methyl 2,3,4-tri-O-benzyl-a-D-glu-
copyranoside (2; 1 mmol) in the presence of NIS (1.1 mol
equiv) and La(OTf)3 (0.3 mol equiv). The reaction was
complete in 90 min (TLC) at 0 °C and afforded the de-
sired disaccharide 3 in 87% yield after isolation by flash
chromatography (Scheme 1). Reducing the amount of
La(OTf)3 resulted in longer reaction time and lower yield. 

Scheme 1 NIS–La(OTf)3-mediated activation of thioglycosides

Once the reaction conditions were optimized, our next tar-
get was to establish the generality of the reagent system
with various thioglycoside donors and acceptors. There-
fore, a series of thioglycosides and acceptors was subject-
ed to NIS–La(OTf)3-mediated glycosylation in various
combinations. Satisfactory results were obtained in all
cases. The reaction was faster with 6-deoxy sugars due to

O
AcO

OAc

AcO

OAc

STol

1

O
BnO

BnO

BnO
HO

OMe

+
NIS, La(OTf)3

CH2Cl2

2

O
AcO

AcO

AcO

OAc

O
BnO

BnO

BnO
O

OMe3

D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
ite

 L
av

al
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.



2854 S. Mukherjee, B. Mukhopadhyay LETTER

Synlett 2010, No. 19, 2853–2856 © Thieme Stuttgart · New York

their extra reactivity. Both thioethyl and thiophenyl glyco-
sides proved to be equally good glycosyl donors as com-
pared to p-tolyl thioglycosides. Acid-labile protecting
groups, such as benzylidene, isopropylidene, and p-meth-
oxybenzyl ethers, were stable during the glycosylation re-
action. The yield was low in the case of the C-2 axial

mannose donor due to hydrolysis of the orthoester formed
during glycosylation. The results of these reactions are
summarized in Table 1.

Table 1 Scope of the Reaction

Entry Donor Acceptor Product Time 
(min)

Yield 
(%)

Ref.

1

1 2
3

90 87 21

2 1

4 5

90 85 22

3 1

6 7
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4 1

8
9

90 83 24

5
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45 89 19d

6
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15
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In conclusion, La(OTf)3, in combination with NIS, is an
efficient catalytic system for activation of ‘disarmed’
thioglycosides.30 The solid, moisture-tolerant catalyst is
easy to handle in comparison with the traditional TfOH or
TMSOTf. The yields are comparable or slightly better
than those obtained by using HClO4 immobilized on silica
or H2SO4 immobilized on silica.
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