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A novel, highly stereoselective method for O-glycosylation of glycals and glycosylbromides is developed
using orthoformates as acceptors in the presence of InCl3 to afford the corresponding O-glycopyranosides
in 66–94% yield. Both perbenzyl and peracetyl glycals afford the corresponding 2,3-unsaturated-O-glyco-
sides with high a-selectivity. Stoichiometric amounts of orthoformates are sufficient to bring about this
transformation instead of large excesses of alcohols.

� 2008 Elsevier Ltd. All rights reserved.
Table 1
A comparative study of the effect of different Lewis acids on the O-glycosylation of
glycal 1 to product 1a

Entry Acid catalysta Time (h) Yieldb (%) (a:b)c

1 BF3�Et2O 3 75 (6:1)
2 ZnCl2 3 60 (5:1)
3 FeCl3 3.2 60 (34:1)
4 In(OTf)3 2 65 (6:1)
5 CAN 4 70 (3:1)
6 HClO4�silica 3 Degraded product
7 I2 5 Mixture of products
8 TMSOTf 4 35
9 IR120 H+ resin 6 10

10 BBr3 4 65 (3:1)
11 PPh3 8 55 (4:1)
12 Fe2 (SO4)3�nH2O 4 60 (4:1)
The development of methods leading to the efficient and stereo-
selective synthesis of glycosides has attracted considerable atten-
tion in carbohydrate and biological chemistry.1 Since the
development by Koenigs and Knorr of a glycosylation method2

using glycosyl halides and a silver salt, much attention has been
paid to improve O-glycosylation reactions. One of the important
O-glycosylation methods for producing 2,3-unsaturated-O-glycos-
ides, which are useful chiral building blocks in the synthesis of
biologically active compounds such as glycopeptides,3 oligosaccha-
rides,4 and modified carbohydrate derivatives,5 is allylic rearrange-
ment (the Ferrier rearrangement) of the corresponding glycals
upon treatment with various alcohols,6 in presence of either acid
catalysts or redox reagents. However, most of these systems
require large excess of alcohol leading to extensive work up. Hence,
there is a pressing need for a practical synthetic strategy that will
provide access to these important sugar building blocks with good
anomeric selectivity using stoichiometric amounts of reagents.

Orthoesters have been used as alkylating agents to convert sev-
eral carboxylic, sulfonic, and phosphinic acids to their correspond-
ing esters,7 and primary alcohols to their corresponding ethers.8

Neutral substrates such as aldehydes and ketones were readily
converted into acetals/ketals, while dialkyl aryl amines were con-
verted into formyl derivatives using orthoesters in the presence
of a Lewis acid catalyst.9 Orthoesters also act as mono-C-alkylating
agent for arylacetonitriles.10 Recently, etherification of homoallylic
ll rights reserved.
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alcohols using trimethylorthoformate has been reported.11 In car-
bohydrate chemistry, orthoesters are employed generally only for
temporary protection of vicinal hydroxy groups.12 Very recently,
cycloaddition of glucal triacetate with alkyl azides has been carried
out in trialkyl orthoformate at elevated temperature to afford triazo-
line intermediates.13 Orthoesters can be viewed as the ketals of
esters which can release two molecules of alcohols and one
molecule of ester upon acid hydrolysis. Thus, we envisaged that
they can be used as acceptors, and stoichiometric amount of an
13 InCl3 1.2 92 (8:1)

a 10 mol % catalyst loading.
b Isolated yield.
c Determined by 1H NMR.

mailto:sc_taneja@yahoo.co.in
http://www.sciencedirect.com/science/journal/00404039
http://www.elsevier.com/locate/tetlet


O
AcO

AcO

OAc

O
AcO

OAc

OR

+ CH(OR)3
InCl3

acetonitrile, rt

1a.R= CH3          (94%)
1b.R=C2H5         (86%)
1c.R=CH (CH3)2 (89%)

Scheme 1.

O
AcO

AcO

BrOAc

OAc

O
AcO

AcO
OAc

OAc

OR
+ CH(OR)3

InCl3
dichloromethane, rt

5a.R= CH3          (72%)
5b.R=C2H5         (74%)
5c.R=CH (CH3)2 (78%)

Scheme 2.

D. Mukherjee et al. / Tetrahedron Letters 49 (2008) 4944–4948 4945
orthoester (in the presence of a Lewis acid) in place of an alcohol
should be sufficient to bring about the Ferrier transformation.

InCl3 has emerged as a mild Lewis acid14 for a variety of organic
transformations due to its water solubility and simplicity in oper-
Table 2
O-Glycosylation of various glycals with orthoesters in the presence of indium chloride

Entry Glycal Acceptora P

1 1 CH(OMe)3 1
2 1 CH(OEt)3 1
3 1 CH(OiPr)3 1

4

O

OBn
BnO

BnO

2

CH(OMe)3

B

5 2 CH(OEt)3

B

6 2 CH(OiPr)3
B

7

O

OAc
AcO

AcO

3

CH(OMe)3

A

8 3 CH(OEt)3

A

9 3 CH(OiPr)3

A

10

O

OBn
BnO

BnO

4

CH(OMe)3

B

11 4 CH(OEt)3

B

12 4 CH(OiPr)3
B

a Reaction with 1.2 equiv of orthoformate.
b All the products were characterized by 1H, 13C NMR and mass spectra.
c Isolated and unoptimized yields.
d Anomeric ratios were determined by 1H NMR spectroscopy.
ation, but to date, its application in glycosylation reactions6g,15a

does not appear to have been studied in detail. As a part of our
ongoing interest15 in the study of indium chloride as a promoter
for glycosylations, we investigated its use as a promoter in O-gly-
cosylation reactions using orthoformates.
roductb Time (h) Yieldc (%) (a:b)d

a 1.2 94 (15:1)
b 1.2 86 (10:1)
c 1.4 89 (7:1)
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Table 3
O-Glycosylation of various glycosyl bromides in the presence of InCl3

Entry Donor Acceptora Productb Time (h) Yieldc (%) (b:a)d

1 5 CH(OMe)3 O
AcO

AcO
OAc

OMe

OAc

5a

4.2 72 (>9:1)

2 5 CH(OEt)3
O

AcO
AcO

OAc
OEt

OAc

5b

4.5 74 (>9:1)

3 5 CH(OiPr)3
O

AcO
AcO

OAc
O

OAc

5c

3.5 78 (>9:1)

4 Acetobromomannose (6) CH(OMe)3
O

AcO
AcO

AcO

OMe

OAc

6a

6 71 (>1:9)

5 6 CH(OEt)3
O

AcO
AcO

AcO

OEt

OAc

6b

5.2 69 (>1:9)

6 6 CH(OiPr)3

O
AcO

AcO

AcO

O

OAc

6c

4.5 79 (>1:9)

7 Acetobromogalactose (7) CH(OMe)3
O

OAc

AcO
OAc

OMe

OAc

7a

4 69 (>9:1)

8 7 CH(OEt)3
O

OAc

AcO
OAc

OEt

OAc

7b

4.5 74 (>9:1)

9. 7 CH(OiPr)3
O

OAc

AcO
OAc

O

OAc

7c

4.2 71 (>9:1)

10 2-Deoxy-2-phthalimido-acetobromoglucose (8) CH(OMe)3

8a

O
AcO

AcO
NPhth

OMe

OAc

4 67 (>9:1)

11 8 CH(OEt)3

8b

O
AcO

AcO
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OEt

OAc

4 69 (>9:1)

12 8 CH(OiPr)3

8c

O
AcO

AcO
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O
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4 69 (>9:1)

13 Acetobromolactose (9) CH(OMe)3
O

AcO
OAc
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OAc
O

OAc

AcO
OAc

O

OAc

9a

5 66 (>9:1)
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Table 3 (continued)

Entry Donor Acceptora Productb Time (h) Yieldc (%) (b:a)d

14 9 CH(OEt)3

O

AcO
OAc

OEt

OAc
O

OAc

AcO
OAc

O

OAc

9a

5.2 69 (>9:1)

15 9 CH(OiPr)3
O

AcO
OAc

O

OAc
O

OAc

AcO
OAc

O

OAc

9a

5 71 (>9:1)

a Reaction with 1.5 equiv of orthoformate.
b All the products were characterized by 1H, 13C NMR and mass spectra.
c Isolated and unoptimized yields.
d Ratios >9:1 are conservative minima; no other anomers were detected.

D. Mukherjee et al. / Tetrahedron Letters 49 (2008) 4944–4948 4947
In order to generate preliminary information on this method,
initial experiments were performed with peracetyl glucal as the
donor and orthoformates as the acceptor in various solvent sys-
tems in the presence of a catalyst. Further, to study the effect of
the catalyst, various Lewis acids and redox agents were used as
promoters. A comparative study, summarized in Table 1, proved
that InCl3 (5 mol %) in acetonitrile was superior to other catalysts
in terms of yield, reaction time, and stereoselectivity (Scheme 1).

After obtaining acceptable results, other glycals were subjected
to the same reaction under the optimized conditions.16 From
the literature,17 it has been reported that perbenzyl glucal and
peracetyl galactal undergo addition reactions to afford 2-deoxy-
O-glycosides upon treatment with alcohols in the presence of
Lewis acid catalysts. It is noteworthy that under the present condi-
tions, the reaction of 3,4,6-tri-O-benzyl glucal and 3,4,6-tri-O-acet-
yl galactal proceeded smoothly leading to the complete conversion
of 2,3-unsaturated O-glycosides in high yield with almost exclusive
a-selectivity (Table 2).

Encouraged by the results obtained with glycals and orthofor-
mates, we studied the coupling of various glycosyl bromides with
orthoformates in the presence of a catalytic amount of indium
chloride (20 mol %) at ambient temperature using dichlorometh-
ane as solvent18 (Scheme 2).

Under these conditions glycosides were obtained in all the cases
with pronounced b-stereoselectivity (except with acetobromo-
mannose which gave predominantly the a-product) in moderate
yield. The results using this reagent system for glycosylations are
summarized in Table 3.

A plausible mechanism for the formation of glycosides from
orthoformates may occur in the following way: Indium chloride
coordinates with the leaving group X� (X = Br, OAc, OBn) to gener-
ate a carbonium ion (stabilized by the ring oxygen) which abstracts
an alkoxy group from the orthoester (perhaps with the help of
another InCl3) to form the glycoside. The InCl3X� species then
attacks the HCðORÞ2þ species with the formation of RX and HCOOR,
and regeneration of InCl3.

In conclusion, we have demonstrated a new InCl3-catalyzed
orthoformate-mediated O-glycosylation method to produce 2,3-
unsaturated-O-glycosides from glycals (via Ferrier rearrangement)
and alkoxy glycosides from glycosyl bromides. Both peracetyl
glucal and perbenzyl glucal gave satisfactory results with good
a-selectivity and without the formation of 2-deoxy hexopyrano-
sides as side products.
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