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Microwave-assisted, tin-mediated, regioselective
3-O-alkylation of galactosides
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Abstract—A rapid, efficient and versatile microwave-assisted dibutylstannylene-mediated 3-O-alkylation method for galactosides
was established. The alkylation reaction was significantly enhanced by microwave irradiation and allowed the use of an alkylating
agent too unstable for incorporation using conventional heating.
� 2004 Elsevier Ltd. All rights reserved.
OR
O

OHHO

HO
HO

Bu2SnO

OR
O

OHO

O
HO

Sn
Bu

Bu
R'-X

OR
O

OHHO

R'O
HO

OR
O

OR'HO

HO
HO

Bu4NI

minor major

Reflux
Reflux

+

Scheme 1. Tin-mediated alkylation of galactosides.
The use of microwave irradiation is rapidly increasing
within the various domains of organic chemistry.1 How-
ever, its use in carbohydrate synthesis is clearly under-
explored.2 So far it has been limited to Ferrier rear-
rangements,3 protecting group manipulations,4 aglycon
introductions,5 and only very recently has the prospect
of its use in glycosylation reactions been explored.6 In
the light of the acute need for new carbohydrate func-
tionalization methods that minimize the employment
of protecting groups, tin acetal-mediated regioselec-
tive functionalization of galactosides are of great inter-
est.7–11 While the action of microwave irradiation on
acylation reactions have been reported,12,13 no such
examples exist involving alkylation. In this paper we
report on the 3/6-O-regioselective tin-mediated micro-
wave-assisted alkylation of different galactosides.

In non-microwave procedures dibutylstannylene acetals
are generated by heating the unprotected carbohydrates
along with Bu2SnO under reflux (Scheme 1). These reac-
tions take several hours in either methanol, benzene or
toluene until a clear solution indicates completion. The
subsequent acylation or alkylation in DMF or toluene,
in some cases in the presence of tetrabutylammonium
salts, takes up to 16h to complete.14 Even though this
method can be successfully employed for simple regiose-
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lective acylations/alkylations of glycosides, high-temper-
atures and long reaction times limit the scope of the
reaction. Less stable alkylating agents cannot be em-
ployed.

Our initial microwave-assisted experiments were con-
cerned mainly with the alkylation of two different gala-
biose and lactose building blocks (Scheme 2). These
were part of ongoing efforts to synthesize different multi-
valent sugar-containing structures that can inhibit bac-
terial adhesion to human cells with enhanced
activity.15 Reactions were run with controlled micro-
wave irradiation (MW) under sealed vessel conditions.16

In the optimized 3-O-alkylation reaction, the unpro-
tected galactoside (100mg) was suspended in a dry
benzene/acetonitrile mixture (5:1, 3mL). After addition
of Bu2SnO (1.1equiv) the mixture was exposed to
microwave radiation in a sealed vessel at a controlled
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Scheme 2. Tin-mediated alkylation of galactosides. Reagents and conditions: (a) Bu2SnO, benzene/CH3CN (5:1), MW, 150 �C, 5min; (b) Bu4NI,

R–Br, MW.
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temperature of 150 �C for 5min. A homogenous colour-
less solution was obtained indicating completion of the
tin–acetal formation. After addition of the alkylating
agent (5equiv) and Bu4NI (2.5equiv) the mixture was
irradiated again for the specific times and temperatures
shown in Table 1.17 The results for the alkylation reac-
tions using several alkylating agents are summarized in
Table 1. Good yields (75–86%) of alkylated products
were obtained both with the lactose derivative 1 and
the galabiose derivative 3. The short reaction times
clearly indicated the beneficial effect of heating by
microwave irradiation. Compound 4d was formed in
lower yield due to the heat-sensitive nature of the alky-
lating agent. However, the benefit of microwave irradia-
tion is also evident here as the corresponding
conventionally heated reaction did not yield any prod-
uct. The products derived from 1 and 3 were acetylated
and characterized by 1H, 13C, 2D-COSY NMR and
mass spectrometry. While the reactions invariably
yielded the 1fi3 linked isomer as the major product, a
second regioisomer, the 6-O-alkylated galactoside could
Table 1. Microwave assisted tin-mediated alkylation of galactosides

Start.

mat.

R–Br Product Time

(min)

T (�C) Yielda

(%)

1 Br 2 10 150 80

3 Br 4a 6 170 84

3 Br 4b 6 170 86

3

O

Br
4c 10 150 75

3
Br

O

N3

4d 20 110 45

3
O

tBuO Br 4e 15 170 85

a Isolated yields.
be observed by TLC as a minor spot. Typically the ratio
between the isomers was around 8:1 (1fi3 vs 1fi6).

In summary we have developed a convenient microwave
assisted one-pot protocol for the preparation of different
3-O-alkylated galactosides, using stannylene acetal
chemistry. The action of microwave irradiation dramati-
cally shortened the reaction times and allowed the use of
an alkylating agent, too unstable for incorporation
using conventional heating as shown in the synthesis
of 4d.
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