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ABSTRACT

The first catalytic process for protection of hydroxyl groups in sugars has been developed. Highly regioselective protection was accomplished
along with high chemical yield. The regioselectivity of the benzoylation was realized as an intrinsic character of sugars based on a
stereorelationship among their hydroxyl groups. Furthermore, complete protection of r-methyl glucoside and �-methyl xyloside was accomplished.

Selective protection of hydroxyl groups in sugars is one of
the most fundamental techniques in sugar chemistry since it
is essential for selective functionalization of sugars including
glycosidation.1 For this purpose, some methods have been
developed based on regioselective complexation of hydroxyl
groups in sugars with tin or boron reagents.2 These methods,
however, require a stoichiometric amount of hazardous
reagents. We have developed selective monobenzoylation of
1,2-diols using a catalytic amount of dimethyltin dichloride.3

Also, the catalytic ability of dibutyltin reagent for activation
of 1,2-diols has been demonstrated.4 However, so far there

is no literature applying organotin catalysts to regioselective
protection of unprotected sugars.5

In this communication, we present the first catalytic
process for protection of hydroxyl groups of sugars6 in a
highly regioselective manner using dimethyltin dichloride
(Me2SnCl2) and its application to preparation of com-
pletely protected sugars.

We started off by treating sugars 1a-g with 1.2 equiv
of benzoyl chloride in the presence of DIPEA and 0.05
equiv of Me2SnCl2 in THF or aqueous THF to test their
benzoylation. The results are summarized in Table 1.

In all cases, monobenzoylated sugars 2a-g were
regioselectively obtained in high to excellent yields. The
monobenzoylation predominantly took place at the 1,2-
diol moiety except for �-methyl glucoside (2b) where the
primary hydroxyl group at the 6-position was selectively
benzoylated (entry 2). For 1a-d, anhydrous THF as a
solvent was better than aqueous THF (entries 1-4), while
aqueous THF (THF:H2O ) 9: 1) was more effective for
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1e-g which are hardly soluble in anhydrous THF (entries
5-7). Although the benzoylation of R-methyl mannoside
(1e) by dibutyltin or dioctyltin dichloride exhibited similar
regioselectivity, the yields were low especially in reactions
carried out in aqueous THF. The decrease in yields may
be due to the bulkiness of the alkyl group.7

Monobenzoylated sugars 2a,c,e,g were further mono-
tosylated to give the corresponding 3a,c,e,gwithout any
acyl migration in consecutive treatment (Table 2, entries
1-3 and 5).8 However, tosylation of O4-benzoylated
�-methyl xyloside (2f) proceeded in a low regioselective
manner to afford a mixture of O2- and O3-tosylated
products (3f and 3f′) (entry 4). Moreover, tosylation of
O6-benzoylated �-methyl glucoside (2b) and O4-benzoy-
lated �-methyl galactoside (2d) gave complex mixtures.

R-Methyl glucoside derivative 3a was t-butoxycarbony-
lated at the 3-position catalyzed by Me2SnCl2 to give 4 in
93% yield regioselectively, while phosphorylation of 4
afforded completely protected glucoside 5 in 95% yield
(Scheme 1). Full protection of �-methyl xyloside (1f) was
carried out as follows. Monotosylation of the 4-hydroxyl
group in 1f and successive monobenzoylation of the 2-hy-
droxyl group afforded 6. Finally, t-butoxycarbonylation of
6 gave 7 in satisfactory yield.

Fully protected R-methyl glucoside 5 was treated with
NaN3 to give the 6-azido sugar 8. The azide group in 8 could
be reduced to give the 6-amino sugar 9 or subjected to
cycloaddition with phenyl acetylene in the presence of
catalytic CuSO4 to give the 6-triazole sugar 10 (Scheme 2).

The regioselectivity of monobenzoylation of these sugars
can be explained as follows: Me2SnCl2 can loosely interact
with sugars and can move freely among diol moieties on
sugars. Since the coordination of metal ions may increase
the acidity of hydroxyl groups, they are readily deprotonated
by even a weak base such as DIPEA. Thus, the most
accessible hydroxyl group of 1,2-diol moieties may be
attacked by DIPEA and benzoylated. The accessibility can
be explained according to a simple rule (Figure 1). Obvi-
ously, an equatorial substituent adjacent to the reacting
hydroxyl group is restricting the approach of DIPEA. From

(7) Compound 2e was obtained in 48% for n-Bu2SnCl2 and 39% for
(n-C8H16)2SnCl2.

(8) By one-pot reaction without isolating the intermediates, 3a and 4
were obtained starting from 1a in 63% and 32% yield, respectively.

Table 1. Regioselective Monobenzoylation of Various Sugarsa

a See Supporting Information for experimental details. b A small amount
of dibenzoylated sugars was observed. c In THF. d In THF:H2O ) 9:1.

Table 2. Regioselective Tosylation of Monobenzoylated Sugarsa

a See Supporting Information for experimental details. b 0.1 equiv of
DMAP was added. c A mixture of O2- and O3-monotosylated (3f: 26% and
3f′: 38%) was obtained.
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this point of view, sugars 1a,d,e,f,g in their preferred
conformations have a single equatorial hydroxyl group which
has an adjacent carbon atom with an equatorial hydrogen
atom (Figure 1b), whereas in 1b, no secondary alcohol has
an adjacent carbon atom bearing an equatorial hydrogen

atom. Therefore, the primary alcohol becomes more reactive
than the secondary one which is in the situation depicted in
Figure 1a. Although sugar 1c has two equatorial OH groups
at the 2- and 3-position, O3-benzoylated sugar 2c was
exclusively obtained. It is still unclear why the 3-OH group
of 1c was more reactive than the 2-OH group. One of the
reasons may be probability, that is, the 3-OH of 1c has two
possibilities (2,3- and 3,4-complexation) to form active
complexes, and the 2-OH has only one (2,3-complexation).

In conclusion, we have developed the first catalytic process
for protection of hydroxyl groups in sugars. Highly regiose-
lective protection was accomplished along with high chemi-
cal yield. The regioselectivity of the benzoylation was
realized as an intrinsic character of sugars based on a
stereorelationship among their hydroxyl groups. Furthermore,
complete protection of R-methyl glucoside and �-methyl
xyloside was accomplished. The findings presented here will
greatly contribute not only to the development of a direct
manipulation method of unprotected sugars but also to a
better understanding of sugar-metal ion interaction and its
activation process.9 Design of new sugar-recognizing cata-
lysts and their application for catalytic functionalization of
sugars are current subjects of our focus.
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Scheme 2. Application for R-Methyl Glucoside Derivative 5

Scheme 1. Successive Protection of R-Methyl Glucoside and
�-Methyl Xyloside

Figure 1. Plausible explanation for regioselective protection of
sugars by tin catalyst.
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