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Abstract—HClO4–SiO2 has been used successfully for the deprotection of benzylidene acetals and the direct conversion of benzyl-
idene acetals to the corresponding di-O-acetates. The reactions are very fast and yields are excellent.
� 2006 Elsevier Ltd. All rights reserved.
Selective protection and deprotection of polyhydroxyl-
ated substrates is often of decisive importance for the
successful outcome of a chemical synthesis. Numerous
methods and reagents are available for this purpose,
particularly for carbohydrate and natural product syn-
thesis.1 Conversion of the assembled carbohydrates into
functional derivatives is a necessary prerequisite for the
synthesis of complex oligosaccharides.

A benzylidene acetal, a widely used functional group for
the protection of 1,2- and 1,3-diols, has an advantage
that it can be used to protect two hydroxyl groups
simultaneously and can be removed by hydrogenation
or hydrolysis under acidic conditions.1,2 Furthermore,
one of the two C–O bonds of the benzylidene acetal
can be regioselectively opened for application in oligo-
saccharide synthesis.2,3 Besides the selective opening of
benzylidene acetals, there are a plethora of methods
available for the complete removal of benzylidene ace-
tals, which include strong acidic media1 (H2SO4, AcOH,
Zn(OTf)2, FeCl3, BCl3, SnCl2, camphorsulfonic acid) or
other demanding conditions4 (H2/Pd–C, hydrazine,
EtSH, I2, Na/NH3, Er(OTf)3, etc.). However, in spite
of their potential utility, many of these methods suffer
from drawbacks such as relatively low yields, formation
of by-products, use of expensive reagents, incompatibil-
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ity with other functional groups and relatively harsh
reaction conditions. Therefore, the development of mild,
efficient and metal-free reaction conditions would ex-
tend the scope of this conversion. Use of a catalytic
quantity of cheap solid supported acid, which could be
removed from the reaction mixture by simple filtration
avoiding expensive and toxic reagents, could be useful
for this purpose.

Recently, we have devoted considerable effort towards
the development of a more environmentally benign cata-
lyst for several important organic transformations.5

During our study on the acetylation of carbohydrate
derivatives containing acid-labile functionalities, (such
as benzylidene acetals) using perchloric acid supported
on silica5b (HClO4–SiO2), a non-toxic cheaper alterna-
tive of triflate salts and solid acids and acetic anhydride,
we observed that a clean deprotection of benzylidene
acetals was taking place with exclusive formation of
the corresponding acetylated products. Prompted by
this observation, we set out to explore the use of
HClO4–SiO2 for the removal of benzylidene acetals in
carbohydrate derivatives and for the direct conversion
of benzylidene acetals to the corresponding acetates.
Although HClO4–SiO2

6 is not commercially available,
it can be easily prepared in the laboratory and the free
flowing powder obtained can be stored for years without
any loss of catalytic activity. We herein disclose a conve-
nient methodology for the rapid deprotection of benzyl-
idene acetals and direct conversion of benzylidene
acetals to the acetylated carbohydrate derivatives using
HClO4–SiO2 (Schemes 1 and 2).
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As a model, methyl 2,3-di-O-acetyl-4,6-O-benzylidene-
a-DD-glucopyranoside was treated with HClO4–SiO2 in
a variety of solvents and reaction conditions. After a ser-
ies of experiments, it was observed that the use of 50 mg
of HClO4–SiO2 (0.025 mmol of HClO4) per millimole of
methyl 2,3-di-O-acetyl-4,6-O-benzylidene-a-DD-glucopyr-
Table 1. Cleavage of benzylidene acetals using HClO4–SiO2 in CH3CN at r
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gave clean deprotection of the benzylidene acetal in a
few minutes. In order to test the reaction protocol, a ser-
ies of protected mono-, di- and trisaccharide derivatives
containing benzylidene acetals were treated with
HClO4–SiO2 in CH3CN and the results are presented
in Table 1. Following similar reaction conditions, 4-
methoxybenzylidene acetals were also deprotected suc-
cessfully. A series of anomeric protecting groups and
interglycosidic linkages remained intact under the reac-
tion conditions. Pure products were obtained by
removal of the catalyst by simple filtration and
evaporation of the solvent. CH3CN was found to be
oom temperature

Time (min) Yield (%) Ref.

Me

20 95 7

Me

20 96 7

Me

20 95 —

OMe
20 92 8

OMe
20 96 9

OMe
20 95 9

20 95 9

OC8H17
th

30 96 —

15 90 10

O

OMe
AcO

30 95 —

O

AcO

O OAc
OAc

O
OAc

AcO

30 92 —



G. Agnihotri, A. K. Misra / Tetrahedron Letters 47 (2006) 3653–3658 3655
the best solvent in comparison to other commonly used
apolar solvents (e.g. CH2Cl2, CHCl3, THF) in which
lower yields were obtained (Table 2).
Table 2. Deprotection of methyl 2,3-di-O-acetyl-4,6-O-benzylidene-a-
DD-glucopyranoside at room temperature in different solvents

Entry Solvent Time (min) Yield (%)

1 CH3CN 20 95
2 CH2Cl2 60 40
3 CHCl3 60 45
4 THF 60 75
5 Toluene 120 30
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Scheme 2.

Table 3. One-pot cleavage-acetylation of benzylidene acetals using HClO4–S
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After achieving satisfactory yields in the deprotection of
benzylidene acetals, we turned our attention to the
applicability of the catalyst for a sequential deprotection
of benzylidene acetal and acetylation of the diol gener-
ated in situ following a one-pot protocol. Methyl 2,3-
di-O-acetyl-4,6-O-benzylidene-a-DD-glucopyranoside was
treated with acetic anhydride (5.0 equiv) in the presence
of HClO4–SiO2 (50 mg of HClO4–SiO2 per millimole) at
room temperature (Scheme 2). The exothermic reaction
started immediately and quantitative formation of
2,3,4,6-tetra-O-acetyl-a-DD-glucopyranoside was achie-
ved in 15 min. The protocol was successfully applied
to a series of mono-, di- and trisaccharide derivatives
containing benzylidene or 4-methoxybenzylidene acetals
and excellent yields were achieved in every case as pre-
sented in Table 3. A variety of anomeric protecting
groups and interglycosidic linkages remained unaffected
under the reaction conditions. Pure products were iso-
lated by removal of the catalyst and evaporation under
reduced pressure.
iO2 in Ac2O at room temperature
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Table 3 (continued)
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12

O
AcO O

AcO
O

AcO OMP
OAc

OAc

O
O

Ph
O

AcO

AcO O
AcO

OAc

O
AcO OMP

OAc

OAc
20 92 15

13 O
AcO O

AcO
O

AcO OSE
OAc

OAc

O
O

Ph

O
AcO

AcO O
AcO

OAc

O
AcO OSE

OAc

OAc
20 96 16

14

O
BnO

BnO
BnO

OBn

O
OAllyl

NPhth
O

O
OPh

O
BnO

BnO
BnO

OBn

O
OAllyl

NPhth
O

AcO
OAc

20 95 17

15 OAcO
AcO

OMe
AcO

O
O

AcO
NPhth

O
OPh

OAcO
AcO

OMe
AcO

O
O

AcO
NPhth

AcO

OAc

20 95 —

16

O
AcO

O
AcO

O
OPh

O OAc
OAc

O
O Ph

OAcO
AcO

AcO

OAc

O OAc
OAc

O
OAc

AcO

20 98 5b

17 O

AcO
OAc

OAc

OAcO

O
AcO AcO
O

OPh

O

AcO
OAc

OAc

OAcO

O
AcO AcO

AcO

OAc

20 18

MP: p-Methoxyphenyl; SE: trimethylsilyl ethyl; Phth: phthalimido.
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Furthermore, the catalyst can be reused several times
without significant loss of activity. After filtering the cat-
alyst from the reaction mixture, it could be recycled after
drying under vacuum. The recovered catalyst was used
three times in the direct deprotection and acetylation
of methyl 2,3-di-O-acetyl-4,6-O-benzylidene-a-DD-gluco-
pyranoside and the yields were higher than 90% in each
case.

A typical experimental protocol for the deprotection of
benzylidene acetal is as follows: to a solution of methyl
2,3-di-O-acetyl-4,6-O-benzylidene-a-DD-glucopyranoside
(366 mg, 1.0 mmol) in commercial grade CH3CN (5 mL)
was added HClO4–SiO2 (50 mg) and the reaction mix-
ture was stirred at room temperature for 20 min. After
completion (TLC), the reaction mixture was filtered with
ethyl acetate through a Celite bed and concentrated to
dryness to give methyl 2,3-di-O-acetyl-a-DD-glucopyrano-
side (265 mg, 95%). Although the product was pure
enough, analytical samples were prepared by passing
the crude reaction product through a short column of
SiO2 using toluene–EtOAc (1:1) as eluant. Following
similar reaction conditions, a series of di-hydroxylated
carbohydrate derivatives were prepared (Table 1). All
the products are known compounds and gave acceptable
NMR spectra19 that matched data reported in the
literature.

A typical experimental protocol for the direct conversion
of benzylidene acetals to the corresponding di-O-acetates
is as follows: to a solution of methyl 2,3-di-O-acetyl-4,6-
O-benzylidene-a-DD-glucopyranoside (366 mg, 1.0 mmol)
in acetic anhydride (0.5 mL) was added HClO4–SiO2

(50 mg) and the reaction mixture was stirred at room
temperature for 15 min. After completion (TLC), the
reaction mixture was filtered with ethyl acetate through
a Celite bed and concentrated to dryness to give methyl
2,3,4,6-tetra-O-acetyl-a-DD-glucopyranoside (355 mg, 98%).
Although the product was pure enough, analytical
samples were prepared by passing the crude reaction
product through a short column of SiO2 using hexane–
EtOAc (1:1) as eluant. Following similar reaction condi-
tions, a series of acetylated carbohydrate derivatives
were prepared directly from carbohydrate benzylidene
acetals (Table 1). All the products are known com-
pounds and gave acceptable NMR spectra19 that



G. Agnihotri, A. K. Misra / Tetrahedron Letters 47 (2006) 3653–3658 3657
matched data reported in the literature. Caution:
Although no explosions occured under these conditions,
extreme care has to be applied for large-scale reactions.
The generation of the catalyst should be performed with
special care and in a safe environment.

In summary, we have introduced a new method for the
rapid deprotection of benzylidene acetals and direct con-
version of acid labile benzylidene acetals to the base-
labile acetate derivatives in a one-pot reaction using
HClO4–SiO2 with almost quantitative yields avoiding
the formation of by-products. HClO4–SiO2 is a non-
toxic catalyst system, which can be reused after easy
recovery from the reaction mixture. As the reaction does
not require any toxic reagents and chromatographic
purification, this environmentally benign reaction proto-
col should find application in synthetic organic
chemistry.
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1H), 4.76–4.52 (2 ABq, 4H), 4.48 (d, J = 3.5 Hz, 1H), 4.09
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CDCl3): d 7.33–7.14 (m, 10H, aromatic protons), 5.44 (br s,
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2H), 4.50 (d, J = 11.3 Hz, 1H), 4.24 (m, 1H), 4.14–4.10 (m,
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side (Table 3, entry 15): 1H NMR (200 MHz, CDCl3): d
7.86–7.65 (m, 4H, aromatic protons), 5.75 (t, J = 10.2 Hz,
1H), 5.38 (t, J = 8.3 Hz, 1H), 5.30 (br s, 1H), 5.17 (t,
J = 9.4 Hz, 1H), 4.79–4.65 (m, 2H), 4.45 (br s, 1H), 4.38–
4.19 (m, 3H), 3.90–3.80 (m, 3H), 3.54–3.45 (m, 1H), 3.01 (s,
3H), 2.12, 2.03, 2.0, 1.92, 1.90, 1.86 (6s, 18H); ESI-MS: m/z
760 [M+Na]; Anal. calcd for C33H39NO18 (737): C, 53.73;
H, 5.33; found: C, 53.55; H, 5.52.
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