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INDIUM(III) TRIFLATE–MEDIATED ONE-STEP
PREPARATION OF GLYCOSYL HALIDES
FROM FREE SUGARS

Santosh Kumar Giri and K. P. Ravindranathan Kartha
Department of Medicinal Chemistry, National Institute of Pharmaceutical
Education and Research, Punjab, India

In(OTf)3 has been found to be an efficient catalyst for the direct conversion of reducing

sugars to their respective acylated glycosyl halides in good yields under mild conditions.

The glycosyl halides so obtained can be converted to alkyl glycosides in the same pot by

reacting them with the respective alcohols in good yield.

Keywords: Glycoside synthesis; indium(III) triflate; Lewis acid; one-step glycosyl halide synthesis

INTRODUCTION

Glycosyl halides are important glycosyl donors for the preparation of O- and
S-glycosides. Traditionally acetochloro-, benzochloro-, and benzobromoglycoses are
prepared from the corresponding reducing sugars via their respective per-O-esters in
two steps.[1] Preparation of glycosyl esters is generally achieved by treating the sugar
with either the desired acid anhydride under catalysis by acids such as HClO4=
H2SO4

[2] or a Lewis acid[3] or the desired acid halide=acid anhydride in pyridine.[4]

The glycosyl esters so obtained are subsequently treated with the desired halide
donor reagent to obtain the desired glycosyl halide.[1] We reasoned that if the sugar
is treated with an acid halide in the presence of a Lewis acid, the hydrogen halide
formed as by-product in the reaction must be available for reaction with the glycosyl
ester obtained as an intermediate, thus leading to the formation of the respective
glycosyl halide in one step (Fig. 1).

Based on our recent observations that In(OTf)3 is a very efficient Lewis
acid for the conversion of sugars to their per-O-acylated derivatives by reaction
with stoichiometric quantities of the respective neat acid anhydrides[5] we decided
to investigate this reaction utilizing this novel Lewis acid[6] for the purpose.
The results are reported here.
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RESULTS AND DISCUSSION

When D-glucose (1) was treated with acetyl chloride in the presence of
In(OTf)3, the sugar went into solution in about 25min. After allowing the reaction
to continue for an additional 2.5 h at rt, the expected acetochloro-a-D-glucopyranose
(2) was obtained, following a simple aqueous workup, as a crystalline product in
80% yield (Scheme 1).

No reaction was observed in the absence of the metal triflate. Other sugars
[pentoses: L-arabinose (3) and D-xylose (5); hexoses: D-galactose (7) and D-mannose

Scheme 1. In(OTf)3-catalyzed one-step preparation of glycosyl halides from sugars.

Figure 1. In(OTf)3-mediated conversion of sugars to their acylated glycosyl halides.
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(9); disaccharides: D-lactose (11), D-maltose (13), and D-cellobiose (15)] also reacted
with ease, giving the respective acetochloro derivatives (4, 6, 8, 10, 12, 14, and 16

respectively) in good yields (Scheme 1). Other common Lewis acids such as AlCl3,
ZnCl2, and InCl3 were also investigated as possible alternatives for In(OTf)3. The
results of the experiments conducted using 1 as the model substrate showed AlCl3
to be ineffective for the reaction. In the case of ZnCl2, comparable efficiency [as
for In(OTf)3 under the conditions reported (0.8mol% of In(OTf)3)] required use of
stoichiometric proportions of the catalyst and InCl3 gave comparable results when
it was used at about the 3.2mol% level.

The preparation of benzochloro- as well as benzobromosugars promoted by
In(OTf)3 was also tried. Thus, treatment of monosaccharides such as 1, 3, 5, 7,

and 9 with BzCl=BzBr in the presence of the metal triflate resulted in the desired
smooth reaction, and the respective halides 17/18, 19/20, 21/22, 23/24, and 25/26

were obtained in good yields (Scheme 1). However, similar reactions with the
disaccharides 11/13/15 led to the cleavage of the interglycosidic linkage, giving the
corresponding 2,3,4,6-tetra-O-benzoylated glycosyl halides of the monosaccharides
expected of them.

The applicability of the present method for the preparation of simple alkyl=
substituted alkyl glycosides such as the methyl, allyl, and benzyl glycosides of
hexoses such as 1 and 7 often used as starting materials in many synthetic carbo-
hydrate transformations was also verified by conducting model one-pot, two-step
reactions in which the initially formed glycosyl halide was treated with the
desired alcohol in a subsequent step in the same pot. Methyl=allyl=benzyl
2,3,4,6-tetra-O-acetyl-=benzoyl-b-D-glucopyranosides were thus also synthesized
successfully (Scheme 2). Although obvious, it is important to note that while
the latter may serve as a convenient method for the preparation of simple alkyl
glycosides such as those described (wherein the aglycon residues are derived
from cheap and commercially available alcohol acceptors, excess use of which
therefore may be acceptable), it may not be suitable for building sugar–sugar
linkages as required in oligosaccharide synthesis (considering the cost involved;
detailed optimization studies will be necessary for assessing the actual sugar
acceptor requirement in the second step). Because an acyl halide (the halide
donor reagent) is used in excess of the stoichiometric requirement during the
initial glycosyl halide preparation, a corresponding proportion of the glycosyl
donor reagent (needed for the desired glycoside synthesis in the second step)
should be expected to be consumed in its possible side reaction with the acyl
halide, as a result of which an increase in the glycosyl acceptor requirement is
experienced.

Scheme 2. In(OTf)3-catalyzed one-pot preparation of alkyl glucosides.
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CONCLUSIONS

In(OTf)3 has been found to be effective in the conversion of free sugars to
their respective glycosyl halides in one step. The glycosyl halides so prepared can
be converted to alkyl glycosides in the same pot in a sequential manner if desired.
We hope that the method will find wide acceptance in the area of synthetic
carbohydrate chemistry.

EXPERIMENTAL

General Procedure for the Preparation of the Glycosyl Halide

The free sugar was suspended in an excess amount of acetyl chloride or benzoyl
chloride=bromide and was stirred at room temperature. In(OTf)3 (25 to 40mg=g
sugar or its derivative, see Scheme 1) was added, and stirring was continued until
thin-layer chromatography (TLC) showed the reaction to be complete. In small-scale
reactions, the reaction mixture was diluted with CH2Cl2 and washed successively
with aqueous Na2CO3 and brine. The organic layer was then dried (Na2SO4) and
concentrated to give the product. In large-scale preparations, the reaction mixture
was poured into ice-cold dilute Na2CO3 solution with stirring (pH, approximately
7.5), and the product was allowed to crystallize in the refrigerator and was separated
by filtration. The products were recrystallized from diethyl ether and petroleum
ether. The products thus obtained were pure enough in most of the cases for use
elsewhere directly or else were purified by column chromatography. The following
compounds were prepared: 2,[7] 4,[8] 6,[9] 8, 10,[7] 12,[10] 14,[7] 16,[11] 17, 18,[12] 19,[13]

20,[14] 21,[13] 22,[14] 23,[15] 24,[16] 25, and 26.[12]

Typical Procedure for the Preparation of 2

In(OTf)3 (25mg, 4.4� 10�2mmol, 0.79mol%) was added at room temperature,
to a suspension of D-glucose (1, 1.0 g, 5.55mmol) in acetyl chloride (7ml), and
stirring was continued until TLC (EtOAc–n-hex, 1:1, v=v) showed complete
consumption of the starting sugar. No undissolved sugar was visible at this stage.
Aqueous workup and crystallization of the halide formed yielded crystalline
2,3,4,6-tetra-O-acetyl-a-D-glucopyranosyl chloride (2, 1.62 g, 80%).[7]
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