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Abstract: Novel stereocontrolled glycosidations using an
environmentally friendly solid acid, sulfated zirconia (SO4/ZrO2), for
direct syntheses of α- and β-mannopyranosides have been developed.
The glycosidations of the totally benzylated mannopyranosyl fluoride 1
and various alcohols using SO4/ZrO2 in CH3CN at 40 °C for 15 h
exclusively gave the corresponding α-mannopyranosides. On the other
hand, the corresponding β-mannopyranosides were selectively obtained
by the glycosidations of 1 and various alcohols employing SO4/ZrO2 in
the presence of molecular sieves 5Å in Et2O at 25 °C for 15 h.

Glycosubstances including glycolipids, glycoproteins and many
antibiotics continue to be the central focus of research both in chemistry
and biology. Since α- and β-mannopyranosides frequently appear in
many naturally occurring bioactive substances, the stereocontrolled
formation of α- and β-mannopyranosides is of considerable importance
in synthetic organic chemistry.1 The stereospecific and direct formation
of β-mannopyranoside has proved particularly difficult to achieve, in
spite of considerable effort, because the axial β-hydroxy group at the C2
position and the anomeric effect blocks access to the β-face.1,2,3 On the
other hand, a practical and environmentally benign glycosidation
protocol without using a heavy metal or a Lewis acid, which is not
reusable and would make the reaction solvent dirty, is also needed both
in the laboratory and in industry.4 Therefore, a highly stereocontrolled
synthesis of α- and β-mannopyranosides by an environmentally friendly
manner is of particular interest. In this communication, we now report
the novel stereocontrolled glycosidations of a mannopyranosyl fluoride
using an environmentally compatible solid acid, sulfated zirconia (SO4/
ZrO2), for the direct syntheses of both α- and β-mannopyranosides in
high yields (Figure 1).

In our first experiments, we examined the glycosidations of the totally
benzylated α-mannopyranosyl fluoride 15 and cyclohexylmethanol (2)
using several solid acids such as montmorillonite K-10,6 Nafion-H7 and
SO4/ZrO2,

8 all of which could be recovered from the reaction mixture

by only filtration and then reused. These results are summarized in Table
1. It was found that these glycosidations in CH3CN at 25 °C for 15 h
smoothly proceeded to afford the mannopyranoside 8 in high yields.
Furthermore, SO4/ZrO2 was shown to be superior to the others with
respect to both chemical yield and α-stereoselectivity. These results
clearly indicated that the solid acid, SO4/ZrO2,

9,10 was very useful for
the environmentally acceptable glycosidation of the mannopyranosyl
fluoride 1.

Our attention next turned to the solvent effect on this novel
glycosidation. Therefore, we tested the glycosidations of 1 and 2 using
SO4/ZrO2 in various solvents. From the results shown in Table 2,
CH3CN was found to be the best solvent to selectively obtain the α-
mannopyranoside 8αα, and the use of 5 wt% of the present activator was
sufficient to perform this reaction at 40 °C with quite satisfactory
chemical yield and α-stereoselectivity (entries 1 and 6 in Table 2).
Moreover, interestingly, the stereoselectivity of the glycosidation was D
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dramatically changed by the solvent, and β-mannopyranoside 8ββ was
predominately produced when Et2O was used as the solvent (entry 5 in
Table 2).11 Furthermore, it was found that the use of molecular sieves
5Å (MS 5Å)12 as an additive in the glycosidation in Et2O led to the high
chemical yield and stereoselectivity for β-mannopyranoside 8ββ (entry 8
in Table 2). Thus, the glycosidation of 1 and 2 using 5 wt% of SO4/ZrO2
in CH3CN at 40 °C for 15 h exclusively gave the α-mannopyranoside
8αα, while the glycosidation employing 100 wt% of the same activator in
the presence of equal amounts of MS 5Å in Et2O at 25 °C for 15 h
afforded the β-mannopyranoside 8ββ in high yield with high
stereoselectivity.

To enhance the synthetic utility of this novel and unusual reaction, the
glycosidations using other primary and secondary alcohols 3~8 were
next examined. Based on the results summarized in Table 3, all
glycosidations of 1 and 3~8 using 5 wt% of SO4/ZrO2 in CH3CN at 40
°C for 15 h, as well as that of 2, effectively proceeded to give the
corresponding α-mannopyranosides 9αα~13αα, respectively, in high
yields with high stereoselectivity. On the other hand, stereoselective
syntheses of the corresponding β-mannopyranosides by the present
glycosidation are outlined in Table 4. Although only β-
mannopyranoside 13ββ was produced in moderate yield with low
stereoselectivity, other β-mannopyranosides 9ββ~12ββ were obtained in
high yield with good stereoselectivity by the glycosidations of 1 and 3~6
under the conditions similar to that for 8ββ.

General experimental protocols for the preparations of the α- and β-
mannopyranosides:13 α-Mannopyranosides: To a stirred solution of the
glycosyl fluoride 1 (0.5 mmol) and a glycosyl acceptor (1.0 mmol) in
dry CH3CN (5.0 ml) was added SO4/ZrO2 (5 wt% to the glycosyl donor
1). After stirring for 15 h at 40 °C, the mixture was filtered and the
filtrate was concentrated in vacuo. Purification of the residue by flash
column chromatography gave mannopyranosides which predominately
contained its α-anomer. β-Mannopyranosides: To a stirred solution of 1
(0.5 mmol) and a glycosyl acceptor (1.0 mmol) in dry Et2O (5.0 ml)
were added powdered MS 5Å (100 wt% to 1) and SO4/ZrO2 (100 wt%
to 1). After stirring for 15 h at 25 °C, the similar workup and
purification mentioned above gave mannopyranosides which included
its β-anomer as a major product. In conclusion, we have presented a
novel and stereocontrolled strategy for the direct synthesis of both α-
and β-mannopyranosides from a mannopyranosyl fluoride and an

alcohol using an environmentally acceptable solid acid. Moreover, the
results including the simple protocol, high yield and stereoselectivity
should be instructive for further research that employs solid acids in
glycosidation reactions. Further studies along this line are currently
underway.
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