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Abstract—The environmentally benign and stereocontrolled glycosidations of mannopyranosyl sulfoxides and alcohols using a
heterogeneous solid acid, Nafion-H or sulfated zirconia (SO4/ZrO2) as a new activator for the direct syntheses of both the �- and
�-mannopyranosides have been developed. © 2001 Elsevier Science Ltd. All rights reserved.

Glycosubstances including glycolipids, glycoproteins
and many antibiotics continue to be the central focus of
research both in chemistry and biology. Since �- and
�-mannopyranosides frequently appear in many natur-
ally occurring bioactive substances, the stereocon-
trolled construction of �- and �-mannopyranosides is of
considerable importance in synthetic organic chem-
istry.1 The stereoselective and direct formation of �-
mannopyranoside has proved particularly difficult to
achieve because the axial �-hydroxy group at the C2
position and the anomeric effect blocks access to the
�-face.2 On the other hand, a practical and environmen-
tally benign glycosidation method without using a
heavy metal or a Lewis acid, which is not reusable and
would make the reaction solvent dirty, is urgently
needed both in the laboratory and in industry. There-
fore, the highly stereocontrolled synthesis of both the �-
and �-mannopyranosides in an environmentally

friendly manner is of particular interest. In a previous
paper, we demonstrated the stereocontrolled mannopy-
ranoside formation with mannopyranosyl fluoride using
a heterogeneous promoter, sulfated zirconia (SO4/
ZrO2).3 Recently, glycosyl sulfoxide has been paid con-
siderable attention as an effective glycosyl donor (as
Kahne’s glycosidation)4 as well as glycosyl fluoride,
because glycosyl sulfoxide can be easily prepared from
another glycosyl donor, thioglycoside, and converted
into the other glycosyl donor, sulfonylglycoside.1,2 In
this context, the intermolecular �-stereoselective
mannopyranosylation of 4,6-O-benzylidene protected
mannopyranosyl sulfoxides using a homogeneous acti-
vator, triflic anhydride (Tf2O), was announced by
Crich.5 In this letter, we now report the novel stereo-
controlled glycosidations of mannopyranosyl sulfox-
ides 1 and 2 with several alcohols using an
environmentally compatible heterogeneous solid acid,

Figure 1. Stereocontrolled mannosylations using heterogeneous solid acids.
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Nafion-H or SO4/ZrO2, as a new activator for the direct
syntheses of both the �- and �-mannopyranosides in
high yields (Fig. 1).

In our first experiments, we examined the glycosida-
tions of the totally benzylated �- and �-mannopyran-
osyl sulfoxides 1 and 2 with cyclohexylmethanol (3)
using several heterogeneous solid acids such as mont-
morillonite K-10,6 Nafion-H7 and SO4/ZrO2,8 all of
which are well known as environmentally benign solid
acids because they could be recovered from the reaction
mixture only by filtration and then reused. These results
are summarized in Table 1. It was found that the
glycosidation of �-mannopyranosyl sulfoxide 1 using
Nafion-H smoothly proceeded to give the mannopyra-
noside 9 in moderate yield (entry 3). It was also con-
firmed that MeCN was shown to be superior to the other
solvents such as CH2Cl2, PhMe and Et2O (entries 3–6).
However, when the reaction was performed in MeCN,
considerable amounts of the corresponding 1-hydroxy
sugar was produced, while the unreacted glycosyl donor
was recovered in CH2Cl2, PhMe and Et2O. The use of
5 A� molecular sieves (5 A� MS)9 as an additive in MeCN
led to the high chemical yield and stereoselectivity for
the �-mannopyranoside 9� (entry 7). Thus, the glycosi-
dation of �-mannopyranosyl sulfoxide 1 and 3 using
100 wt% Nafion-H and 100 wt% 5 A� MS in MeCN at
25°C for 3 h exclusively gave the �-mannopyranoside
9� in high yield with high stereoselectivity. On the other
hand, after many attempts for the successful �-stereo-
selective mannopyranosylation, we finally found that
the glycosidation of �-mannopyranosyl sulfoxide 2
using SO4/ZrO2 in Et2O proceeded to selectively give
the �-mannopyranoside 9� (entry 9). Furthermore, it

was confirmed that the �-mannopyranosyl sulfoxide 2 is
a better glycosyl donor than the �-anomer 1 with
respect to both the chemical yield and �-stereoselectiv-
ity (entries 8 and 9), and only the use of SO4/ZrO2 in
Et2O provided �-stereoselectivity among the examined
conditions (entries 9–14). Moreover, the use of 300 wt%
SO4/ZrO2 in the presence of an equal amount of 5 A�
MS9 led to the satisfactory result for the �-stereoselec-
tive mannopyranosylation (entry 15). Thus, the glycosi-
dation of �-mannopyranosyl sulfoxide 2 and 3 using
300 wt% SO4/ZrO2 and 300 wt% 5 A� MS in EtO2 at
25°C for 3 h selectively furnished the �-mannopyrano-
side 9� in high yield with high stereoselectivity.

To enhance the synthetic utility of this novel and
environmentally benign protocol, the glycosidations
using other primary and secondary alcohols 4–8 includ-
ing sugar derivatives were examined next. Based on the
results summarized as entries 1–6 in Table 2, all the
glycosidations of 1 and 4–8 using 100 wt% Nafion-H in
MeCN at 25°C for 3 h, as well as that of 3, effectively
proceeded to give the corresponding �-mannopyrano-
sides 10�–14�, respectively, in high yields with high
stereoselectivity. On the other hand, the �-stereoselec-
tive mannopyranosylation using 2 with 4–8 are outlined
as entries 7–12 in Table 2. Although the �-mannopyrano-
side 14� was produced from 2 and 8 with moderate
stereoselectivity, other �-mannopyranosides 10�–13�
were obtained in high yield with good stereoselectivity
by the glycosidations of 2 and 4–7 under the conditions
similar to that for 9�. Since the configuration of the
anomeric position was not epimerized by exposure of
the isolated single anomer of the O-mannopyranoside

Table 1. Glycosidations of 1 and 2 with cyclohexylmethanol (3) using solid acidsa

Entry Glycosyl donor Solid acid (wt%) Additive Solvent Yield (%) �/� Ratiob

1 1 Montmorillonite K-10 (100) 60/40– MeCN 6
MeCN– 57/43SO4/ZrO2 (100) 3812

1 Nafion-H (100) –3 MeCN 64 77/23
4 –TraceCH2Cl2–Nafion-H (100)1

TracePhMe– –Nafion-H (100)15
6 1 Nafion-H (100) – Et2O Trace –

1 97 97/3Nafion-H (100) 5 A� MS (100)7 MeCN
Et2O 2 39/618 1 SO4/ZrO2 (100) –

2 17 32/68SO4/ZrO2 (100) –9 Et2O
10 64/3652MeCN–SO4/ZrO2 (100)2

4CH2Cl2– 75/25SO4/ZrO2 (100)211
PhMe 4 74/2612 2 SO4/ZrO2 (100) –

2 Nafion-H (100) –13 Et2O 21 67/33
–14 Montmorillonite K-10 (100) 58/428Et2O2

215 5 A� MS (300)SO4/ZrO2 (300) Et2O 99 19/81

a All reactions were carried out using 2.0 equiv. of 3 to the glycosyl donor.
b �:� Ratios were determined by HPLC analysis (column, CrestPack C18S®, 4.6×150 mm; eluent, 10% H2O in MeCN; flow rate, 1.0 ml/min, 40°C;

detection, UV 250 nm).
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Table 2. �- and �-Stereoselective glycosidations of 1 and 2 with several alcoholsa

for both reaction conditions, the predominant �- and
�-stereoselectivities observed in the present glycosida-
tions must occur kinetically.

The general experimental protocols for the preparations
of the �- and �-mannopyranosides.10 �-Mannopyran-
osides: To a stirred solution of the �-mannopyranosyl
sulfoxide 1 (0.5 mmol) and an alcohol (1.0 mmol) in
dry MeCN (5.0 ml) were added powdered 5 A� MS (100
wt% to 1) and Nafion-H (100 wt% to 1). After stirring
for 3 h at 25°C, the mixture was filtered and the filtrate
was concentrated in vacuo. Purification of the residue
by flash column chromatography gave the mannopy-
ranosides, which predominately contained its �-anomer.
�-Mannopyranosides: To a stirred solution of the �-
mannopyranosyl sulfoxide 2 (0.5 mmol) and an alcohol

(1.0 mmol) in dry Et2O (5.0 ml) were added powdered
5 A� MS (300 wt% to 1) and SO4/ZrO2 (300 wt% to 1).
After stirring for 3 h at 25°C, a similar workup and
purification mentioned above gave the mannopyran-
osides which included its �-anomer as the major
product.

In conclusion, we have described the novel and stereo-
controlled strategy for the direct syntheses of both �-
and �-mannopyranosides from mannopyranosyl sulfox-
ides and alcohols using an environmentally acceptable
heterogeneous solid acid. Moreover, the results includ-
ing the simple protocol, high yield and stereoselectivity
should find wide application in the synthesis of
biomolecules and functional materials. Further studies
along this line are currently underway..
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