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Phosphomolybdic acid supported on silica gel: a mild, efficient
and reusable catalyst for the synthesis of 2,3-unsaturated

glycopyranosides by Ferrier rearrangement
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Abstract—A simple, mild, efficient and environmentally benign method for the synthesis of 2,3-unsaturated allyl C-glycosides and
O- and S-glycosides is described using phosphomolybdic acid supported on silica gel as a reusable catalyst with high a-selectivity.
� 2006 Elsevier Ltd. All rights reserved.
Phosphomolybdic acid (PMA) belongs to the class of
heteropoly acids (HPA). Catalysis using HPAs and re-
lated polyoxometalate compounds is a field of growing
importance.1 HPAs are commercially cheap and envi-
ronmentally friendly catalysts. They exhibit high activi-
ties and selectivities and allow cleaner processes than
conventional catalysts. HPAs are promising solid acid,
redox and bifunctional catalysts under homogeneous
as well as in heterogeneous conditions. HPAs are very
strong acids, approaching the superacid region, with a
Brönsted acidity greatly exceeding that of ordinary min-
eral acids and solid acid catalysts. HPAs are several
times more active than H2SO4, TsOH, BF3ÆEt2O and
ZnCl2.2 It has been shown that in organic media, the
molar catalytic activity of HPAs is often 100–1000 times
higher than that of H2SO4.3 This makes it possible to
carry out a catalytic process at low concentrations and
at lower temperatures. Supported HPAs are more active
than typical solid acids. Acidic or neutral substances
such as silica gel,2 active carbon4a,b or an acidic ion-
exchange resin4c are suitable supports, the more com-
monly used being silica gel.2 Synthetically, a variety of
methods have been developed and commercialized using
HPAs as catalysts.5 For example, Fries rearrangement
of phenyl acetate,6a Friedel–Crafts acylation of
phenols,6b oxidation of alcohols,6c regioselective ring
opening of aziridines,6d chemoselective deprotection of
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isopropylidene acetals6e and chemoselective hydrolysis
of tert-butyldimethylsilyl ethers6f have been reported
using HPAs. The synthesis of glycosides using HPAs
as catalysts is of great industrial importance.7 Acetyl-
ated monosaccharides interact readily with alcohols in
the presence of 2% HPA to yield glycosides,8 which
are used as a new, effective and biodegradable
surfactants.

The acid-catalyzed allylic rearrangement of glycals in
the presence of nucleophiles such as alcohols, and thiols,
a process known as Ferrier rearrangement,9 is widely
employed to obtain 2,3-unsaturated glycosides. Allyl
C-glycosides are attractive synthons due to the presence
of terminal double bond that is amenable to easy func-
tionalization, for instance, by hydroxylation, hydro-
genation, epoxidation and aminohydroxylation. These
glycosides or pseudoglycals represent versatile chiral
intermediates for the synthesis of modified carbo-
hydrates and nucleosides with important pharmacological
properties.10 This class of compounds can be trans-
formed into 2-deoxy or 2,3-dideoxy sugars, which are
building blocks for the total synthesis of many antibiot-
ics.11 Several strong Lewis acids12 such as BF3ÆEt2O,
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Table 1. Synthesis of 2,3-unsaturated glycosides by PMA–SiO2 catalyzed Ferrier rearrangement

Entry Substrate (1) Product (2) Time (min) Yielda (%) (a/b)b Ref.
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Table 1 (continued)

Entry Substrate (1) Product (2) Time (min) Yielda (%) (a/b)b Ref.

o

O

AcO

AcO

OAc

O

AcO

S
AcO

10 94 a —

p

O
AcO

OAc
AcO

O
AcO

S

OMeAcO
10 88 a —

q

O
AcO

OAc
AcO

O
AcO

S

BrAcO
10 94 a —

r

O
AcO

OAc
AcO

O
AcO

S

AcO
10 90 a —

a Isolated yields as pure anomeric mixtures after purification.
b Anomeric ratio was determined on the basis of the integrated ratios of the anomeric hydrogens in the 1H NMR spectra.
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SnCl4, TiCl4 and I2,13a montmorillonite K10,13b

DDQ,13c N-iodosuccinamide,13d LiBF4,13e TMSOTf,14a

Sc(OTf)3,14b,c Yb(OTf)3,14d,e indium halides,15 BiCl3,16a

FeCl3,16b CAN,16c CeCl3Æ7H2O,16d HClO4–SiO2
16e,f are

also known to promote glycosylation of glycals.
However, many of the above methods suffer from
disadvantages in terms of yields, stoichiometric amounts
of catalysts to be used, harsh reaction conditions, high
cost of the catalysts, low stereoselectivities and in
reusability of the catalysts. Therefore, there is still a
need to find a potentially general method for this
transformation.

In continuation of our efforts6e to explore the synthetic
utility of phosphomolybdic acid supported on silica gel
(PMA–SiO2), herein we report the synthesis of 2,3-
unsaturated allyl C-glycosides and O- and S-glycosides
with PMA–SiO2. The reaction proceeds smoothly with
1 mol % of PMA–SiO2 at room temperature with allyl-
trimethylsilane. When alcohols and thiols were used
instead of allyltrimethylsilane, the corresponding
O- and S-glycosides were obtained in excellent yields
within 10–15 min (Scheme 1 and Table 1).

In a typical experiment, a solution of triacetyl glucal and
allyltrimethylsilane in acetonitrile was stirred with
1 mol % PMA–SiO2 at room temperature. The reaction
was completed within 10 min to produce exclusively the
corresponding a-4,6-di-O-acetyl-2,3-unsaturated C-allyl
glycoside in high yield. After the reaction was complete,
the catalyst was filtered and could be reused five times
without any appreciable loss in catalytic activity and
yields. In all the cases studied, we obtained exclusively
the a-anomer, as confirmed by spectroscopic data.
Although no reaction was observed with nucleophiles
such as trimethylsilyl cyanide, trimethylsilylacetylene,
silyl enol ethers and b-ketoesters, 2,3-unsaturated
glycopyranosides were successfully prepared with nucleo-
philes such as alcohols and thiols. A mixture of two
anomers of 2,3-unsaturated glycopyranosides (a and b)
was obtained in the case of glucal and galactal where
an alcohol was the nucleophile, while exclusively a-ano-
mers were obtained with thiols. The predominant
formation of this a-anomer may arise from a thermo-
dynamic anomeric effect.

There are several advantages to the use of PMA–SiO2 as
catalyst for this transformation, which include high a-
selectivity, high yields of the products, the very small
quantity of the catalyst required and its reusability.

In summary, we have shown17 that PMA–SiO2 is as
an efficient and reusable catalyst for the synthesis of allyl
C-glycosides, O- and S-glycopyranosides with high
a-selectivity and high yields. The simplicity in operation,
low cost of the catalyst, reusability and environmental
considerations make this procedure reliable and useful.
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