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Abstract: Perchloric acid supported on silica gel acts as
an excellent reagent system in converting glucals into 2,3-
unsaturated-O-glucosides in good to excellent yields in short
reaction time with good R selectivity. Primary, secondary,
and allylic alcohols, phenols, and thiols react with 3,4,6-tri-
O-acetyl glucal with equal ease. In addition to this, a chiral
furan diol is obtained from unprotected D-glucal or D-galactal
in good yields.

2,3-Unsaturated-O-glycosides are useful chiral inter-
mediates1 in the synthesis of biologically active com-
pounds such as glycopeptide building blocks,2 oligosac-
charides,3 and modified carbohydrates.4 They have also
been employed in the synthesis of some important
antibiotics5 and nucleosides.6 2,3-Unsaturated-O-glyco-
sides 2 (Scheme 1) are readily obtained from the corre-
sponding glycal derivatives 1 upon treatment with vari-
ous alcohols, generally in the presence of a Lewis acid
catalyst. This reaction was discovered by Ferrier in 1969
by using BF3‚Et2O as a Lewis acid catalyst and is
popularly known as the Ferrier reaction.7 Apart from
BF3‚Et2O,7,8 a large number of other Lewis acid catalysts
have been reported to effect the Ferrier reaction, which
include InCl3,9 SnCl4,10 Yb(OTf)3,11 Sc(OTf)3,12 FeCl3,13

BiCl3,14 ZnCl2,15 LiBF4 ,16 montmorillionite K-10,17 Dy-
(OTf)3,18 and ZrCl4.19 In addition to these Lewis acids,
oxidants such as DDQ,20 NIS,21 I2,22 I(Coll)2 ClO4,23 and
CAN24 have also been employed for the Ferrier reaction.

Recently, an interesting reagent system, viz., HClO4

supported on silica gel, has been introduced25 for convert-
ing alcohols to the corresponding acetates in an effective
manner. Glycals are known to react with alcohols in the
presence of protic acid catalysts such as MeOH‚HCl,26

cationic-exchange resin AG 50WX2,27 and Ph3P/HBr28 to
form the corresponding 2-deoxy-O-glycosides. It was
therefore of interest to us to find out the behavior of the
reagent system of HClO4 supported on silica gel, which
is cheap and moisture-insensitive, toward glycals in the
presence of alcohols. In this Note we wish to report that
HClO4 supported on column silica gel (200-400 mesh)29

allows the reaction of several alcohols, including primary,
secondary, and allylic alcohols, phenols, and thiophenol
with 3,4,6-tri-O-acetyl-D-glucal 1 to yield the correspond-
ing 2,3-unsaturated-O-glycosides in good to excellent
yields and in short reaction times with high R selectivity.
Further, it does not require any workup, as mere filtra-
tion of the catalyst followed by chromatographic purifica-
tion is sufficient. Our results are summarized in Table
1. All reactions were completed in less than 1 h except
with MeOH, EtOH, and cholesterol. Varying amounts of
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HClO4-SiO2 reagent system were needed for better
yields and shorter reaction time, depending on the
glycosyl acceptors. Thus, with phenols, thiophenol, meth-
yl 2,3,4-tri-O-benzyl-R-D-glucopyranoside, and methyl
2,3,6-tri-O-benzyl-R-D-glucopyranoside, the reactions were
completed within less than 20 min, requiring only 5-20
mg of the reagent per 100 mg of glucal 1. On the other
hand, reactions with aliphatic alcohols required 100-300
mg of the reagent per 100 mg of the glucal and also
required longer reaction time to obtain better yields.
Further, anomeric stereocontrol was found to be particu-
larly high in reactions using cyclohexanol (entry 8),

cholesterol (entry 9), 4-unprotected sugar (entry 12),
phenol (entry 13), and thiophenol (entry 15). Interest-
ingly, in the reaction with â-naphthol, the corresponding
1-C-glucoside was formed, presumably via rearrange-
ment33 of the corresponding O-glucoside. Formation of the
C-glucoside was confirmed by its acetylation followed by
the characterization of the corresponding acetylated
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TABLE 1. Ferrier Reaction of 2,3-Tri-O-acetyl-D-glucal with Alcohols in the Presence of the HClO4-SiO2 Reagent
System

a 300 mg. b 100 mg. c 5 mg. d 20 mg of HClO4-SiO2 used per 100 mg of tri-O-acetyl-D-glucal 1.
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product by 1H NMR, 13C NMR, IR, and mass spectral
data. Unfortunately, however, reaction of glucal 1 with
tert-butyl alcohol did not give a clean product. Apart from
the fact that the HClO4-SiO2 reagent system is cheaper
than many catalysts used for the Ferrier reaction, in
some respects such as % yield of the product, time
required for the reaction, or the anomeric selectivity, the
present method is also better than some of the known
methods, as can be gauged from the data presented in
Table 2. We therefore hope that the Ferrier reaction using
the HClO4-SiO2 reagent system will be useful in organic
synthesis.

Furanoid skeletons are important components34 of
many biologically important natural products. Besides
this, an optically active furan derivative such as a furan
diol 4 (Scheme 2) is well recognized35 as a useful chiral
building block in organic synthesis. Gonzalez et al.36

reported the transformation of D-glucal 3 to furan diol 4
(Scheme 2) using HgSO4 in the presence of concentrated
sulfuric acid-dioxane solution. Subsequently, Hayashi
et al.37 screened several catalysts such as Pd(OAc)2,
RuCl2(PPh3), Sm(OTf)3, and Yb(OTf)3 for this transfor-
mation and reported the formation of diol 4 in yields
ranging from 44% to 70% and requiring 30-165 min at
80-100 °C. However, some of these catalysts are expen-
sive, HgSO4 is toxic in nature, and yield of the diol 4 is
not very good in some of these reactions. In view of this,
recently InCl3‚3H2O has been introduced38 as a catalyst
for this transformation, which requires 10 mol % of it
for the reaction to be completed in 2.5 h, giving diol 4 in
82% yield from D-glucal. We have now found that the
present reagent system, viz., HClO4-supported silica gel
(5 wt %), reacts with D-glucal to form the diol 4 in 89%
yield. Likewise, D-galactal also readily reacted with this
reagent forming the diol 4 in 82% yield, although it
required a bit longer time (2.5 h) at 80 °C. The diol 4
obtained from both D-glucal as well as D-galactal had
comparable rotation value {[R]D ) +36.0 (c 1.0, chloro-
form); lit.36 [R]D ) + 38.0 (c 3.3, chloroform)} and
spectroscopic data as reported for it in the literature.36
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TABLE 2. Comparison of Results of the Ferrier
Reaction with Other Catalysts

a 0 °C to room temperature. b Refluxing in acetonitrile. c 85 °C
in toluene.
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During these reactions, there appears to be some race-
mization and the diol obtained from D-glucal was 85%
enantiomerically pure,39 whereas the one obtained from
D-galactal was 87% enantiomerically pure. Among all of
the reagents reported so far, for the above transforma-
tion, vide supra, the present reagent, viz., HClO4 sup-
ported on silica gel, clearly is the best for this purpose
from every angle i.e., the cost, easy availability, yield of
the product, and the reaction time. In these transforma-
tions also, the workup merely required filtration of the
catalyst followed by purification.

In conclusion, we believe that the reagent system
HClO4 supported on silica gel is useful for carrying out
Ferrier reactions leading to 2,3-unsaturated-O-glucosides
2 and obtaining the chiral furan diol 4. We expect that
these methods will find application in organic synthesis,
as this reagent system is nontoxic, inexpensive, and
environmentally acceptable.

Experimental Section

Genera1 Procedure for 2,3-Unsaturated-O-glycosides
Preparation. To a stirred mixture of tri-O-acetyl-D-glucal (100
mg, 0.37 mmol) and an alcohol (1 equiv; 2 equiv in case of MeOH,
EtOH, and allyl alcohol) in dichloromethane (1 mL) was added
HClO4-SiO2 (amount as indicated in Table 1) at ambient
temperature. The mixture was stirred for appropriate time
(Table 1), and completion of the reaction was monitored by TLC
analysis. The reaction mixture was then filtered and washed
with dichloromethane, and the combined organic extract was
concentrated under vacuum. All the products were purified by
silica gel column chromatography.

1-C-Glucoside (Corresponding to Entry 16). 1H NMR (400
MHz, CDCl3) (R-anomer) δ: 2.13 (s, 3H), 2.15 (s, 3H), 4.08-
4.11 (dt, J ) 2.92, 5.84, 9.28 Hz, 1H), 4.32-4.39 (m, 2H), 5.65
(dd, J ) 1.96, 9.28 Hz, 1H), 5.87-5.90 (m, 1H), 5.97-6.00 (dd,
1H, J ) 4.4, 11.84 Hz), 6.31 (brs, 1H), 7.09-7.79 (m, 6H), 8.53
(s, 1H). (â-anomer) δ: 8.34 (s, 1H), 6.11(brs, 1H). 13C NMR (100
MHz, CDCl3) (R-anomer) δ: 20.7, 20.9, 62.4, 64.2, 75.3, 75.3,
119.9, 120.6, 112.6-154.0 (10 aromatic carbons), 170.1, 170.8.
IR(CH2Cl2) ν: 3362, 1742, 1622 1264, 1230 cm-1. MSES+: 379
[M + Na]+, 295 [(M + 2) - 86 + Na]+, 237 [M - 143 + Na] +.

Spectral Data for the Acetate of 1-C-Glucoside. 1H NMR
(400 MHz, CDCl3) (R-anomer) δ: 2.06 (s, 3H), 2.14 (s, 3H), 2.38
(s, 3H), 4.06-4.12 (m, 1H), 4.21-4.34 (m, 2H), 5.67-5.69 (m,
1H), 5.89-6.02 (m, 3H). 13C NMR (100 MHz, CDCl3) (R-anomer)
δ: 20.8, 21.0, 21.1, 63.5, 65.2, 71.6, 75.4, 121.4-146.7 (10
aromatic and 2 olefinic carbons), 169.6, 170.4, 171.0. IR (CH2-
Cl2) ν: 3055, 1740, 1232, 739 cm-1. MSES+: 819 [2M + Na]+,
421 [M + Na]+.

Preparation of Furan-diol 4. The HClO4-SiO2 reagent
system (5 wt %) was added to a solution of D-glycal in acetonitrile
at room temperature. Stirring was continued for 1 h with
D-glucal, whereas with D-galactal the reaction mixture was
heated at 80 °C for 2.5 h. After completion of the reaction
(monitored by TLC), the reaction mixture was filtered, and the
filtrate was concentrated and purified by column chromatogra-
phy. The spectral data was in accordance with the reported
data.36
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