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Abstract—A high-yielding and stereocontrolled construction of 2-azido-2-deoxy-1,2-trans-�-glycosidic linkages has been achieved
by exploiting TMSOTf-promoted 1,2-trans-glycosidation of 2-azido-2-deoxyglycopyranosyl diphenyl phosphates with various
glycoside alcohols in propionitrile at −78°C. The present method exhibits the highest levels of 1,2-trans-�-selectivity reported to
date for this type of glycosidation.
© 2003 Elsevier Ltd. All rights reserved.

2-Acetamido-2-deoxy-D-glycopyranosides are ubiqui-
tous constituents of biologically significant oligosaccha-
rides and glycoconjugates including glycolipids,
glycoproteins, proteoglycans, and peptidoglycan. Most
2-acetamido-2-deoxy-D-glycopyranosides are present in
these molecules in 1,2-trans-�-glycosidic linkages.

In terms of efficiency and practicality, direct glycosida-
tion using 2-acetamido-2-deoxyglycosyl donors should
constitute an ideal procedure for the stereocontrolled
construction of 2-acetamido-2-deoxy-1,2-trans-�-glyco-
sidic linkages.1 In practice, however, reaction of these
donors generally leads to the predominant formation of
oxazoline derivatives via neighboring group participa-
tion and subsequent abstraction of an amide proton.
To overcome this problem, a number of different 2-
amino protecting groups with an anchimeric assistance
have been investigated,2,3 though this method requires
two additional synthetic steps: deprotection and subse-
quent replacement by an acetyl group. The phthaloyl
group2a has been most widely used for this purpose,
and results in high yields and virtually complete �-selec-
tivity with most glycosyl acceptors as has been demon-
strated by a number of syntheses of complex
oligosaccharides. However, removal of the phthaloyl
group requires relatively harsh conditions which often
cause partial decomposition of the product.

An alternative approach to 2-acetamido-2-deoxy-�-
glycopyranosides involves the use of 2-azido-2-
deoxyglycopyranosyl donors. Although the azido group
as a latent amino functionality is incapable of neighbor-
ing group participation, the glycosidation of 2-azido-2-
deoxyglycosyl trichloroacetimidates4 in the presence of
BF3·OEt2 in CH2Cl2–hexane5 or TMSOTf in
acetonitrile6 has proven to be the method of choice for
a highly stereocontrolled construction of 2-azido-2-
deoxy-�-glycosides. Modest to good levels of �-selectiv-
ity were observed with the corresponding S-xanthates,7

isopropenyl carbonate,8 2-pyridinecarboxylates,9 and
phenylthio glycosides.10

We have recently developed glycosyl donors incorpo-
rating a variety of phosphorus-containing leaving
groups, the glycosidations of which constitute mild and
efficient methods for the highly stereocontrolled con-
struction of 1,2-trans-�- and 1,2-cis-�-glycosidic link-
ages with or without a participating group at C-2.11,12 A
recent report by Seeberger and co-workers concerning
TMSOTf-promoted glycosidations of 2-azido-2-
deoxyglucosyl dibutyl phosphate13 with modest �-selec-
tivity has prompted us to report our efforts toward the
stereocontrolled construction of 2-azido-2-deoxy-�-gly-
cosides from 2-azido-2-deoxyglycosyl donors carrying
phosphorus-containing leaving groups.

At the outset of this study, we explored glycosidations
of 2-azido-2-deoxy-3,4,6-tri-O-benzyl-D-glucopyranosyl
diphenyl phosphate 114 (�:�=72:28 or 2:98) and tetra-
methylphosphorodiamidate 216 (�:�=65:35) with 6- or
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4-O-unprotected glycosides 3 or 4 (1.1 equiv. each) as
highly reactive and less reactive acceptor alcohols,
respectively. Some representative results are summa-
rized in Table 1, from which several features have been
noted.

As expected from previous work,11a TMSOTf-pro-
moted glycosidations of the diphenyl phosphate 1 with
3 or 4 in propionitrile at −78°C proceeded smoothly to
give disaccharides 5 and 6 in high yields with excellent
�-selectivity regardless of the anomeric composition of
the donor (entries 1–4).17 A solvent survey revealed that
propionitrile was the optimal solvent for this glycosida-
tion, bringing about a beneficial effect on the stereose-
lectivity as well as the reaction rate (entries 1 and 3
versus 5–8). As is consistent with the proposal by
Schmidt,6 an exceptionally high order of �-selectivity
observed with both 3 and 4 may be explained by
assuming the predominant formation of an intermedi-
ate 2-azido-2-deoxy-�-D-glucosyl-nitrilium ion associ-
ated with triflate as a gegenion18 followed by the back-
side attack of acceptor alcohols on this intermediate.
Not unexpectedly, an increase in the reaction tempera-
ture was accompanied by a significant decrease in
stereoselectivity (entries 1 and 3 versus 9–11). As would
be expected if the reactions proceed via a common
mechanism, TMSOTf-promoted glycosidations of phos-
phorodiamidate 2 under the identical conditions exhib-
ited virtually the same �-selectivities as those with 1
(entries 12 and 13), albeit with a slightly lower yield in
the case of 4.

Next, we selected the phosphate method for ease of
preparation of this type of donor, and explored glycosi-
dations of 2-azido-2-deoxyglycosyl phosphates 1 (�:�=
72:28), 714 (�:�=95:5), and 814 (�:�=95:5) in the
D-gluco and D-galacto series with a range of suitably
protected glycoside alcohols of different reactivities
(Scheme 1). The examples highlighted in Table 2
deserve some comments. In all cases, TMSOTf-pro-
moted glycosidations in propionitrile at −78°C were
found to offer a facile and high-yielding entry to 1,2-
trans-�-linked disaccharides, in which the �:� ratios
ranged from 9:91 to 1:>99. As touched on above,
Seeberger and co-workers reported that TMSOTf-pro-
moted coupling of 2-azido-2-deoxyglucosyl dibutyl
phosphate with glycoside alcohols 9 or 10 in acetoni-
trile at −40°C produced disaccharides 16 and 17 in
modest yields with �:� ratios of 1:4 and 1:5, respec-
tively.13 Clearly, the present method is superior to the
dibutyl phosphate method in terms of both product
yield and stereoselectivity (entries 1 and 2). It is also
noteworthy that glucosylation of O-3-unprotected
galactose derivative 11 led to the exclusive formation of
disaccharide 18, which constitutes a building block of
gangliosides such as sialyl Lewisx (entry 3). As might be
expected from the fact that the fully benzoylated gluco-
syl tetramethylphosphorodiamidate is unaffected at
temperatures below −5°C by such reaction conditions,19

chemoselective glycosidation was uneventfully realized
by using O-6-unprotected glucosyl phosphorodiamidate
12 as a disarmed acceptor (entry 4). It is interesting to
note that 2-azido-2-deoxygalactosyl diphenyl phosphate
7 is even more reactive than the corresponding glucosyl

Table 1. TMSOTf-promoted glycosidation of 2-azido-2-deoxyglucosyl donors 1a and 2b

Entry Donor GlycosideTime (h)Temp. (°C)SolventROH

�:�c Yield (%)d �:�e

EtCN372:281 1:991 8451.5−78
12 3 EtCN2:98 −78 1.5 5 85 1:99

72:28 4 EtCN −78 23 61 90 6:94
2:98 4 EtCN −78 24 61 92 7:93

1:998854−785 CH2Cl2372:281
6 72:281 3 PhMe −65 2 5 90 4:96
7 10:908468−78CH2Cl2472:281

8168−65 24:76PhMe472:2818
19 72:28 3 EtCN −45 0.5 5 89 3:97
1 72:28 4 EtCN10 −45 0.5 6 88 13:87

11 51 72:28 3 EtCN −10 0.1 8:9292
EtCN365:35212 2:988152.5−78

2 65:35 4 EtCN −78 3 6 81 7:9313

a Donor 1/ROH/TMSOTf molar ratio=1.0/1.1/1.5.
b Donor 2/ROH/TMSOTf molar ratio=1.0/1.1/1.8.
c Determined by 109 MHz 31P NMR using 85% H3PO4 as an external standard.
d Isolated yield based on the donor used.
e The ratio was determined by HPLC (column, Zorbax® Sil, 4.6×250 mm; eluent, 17% ethyl acetate in hexane; flow rate 1.0 mL/min).
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Scheme 1.

In conclusion, we have demonstrated that TMSOTf-
promoted glycosidations of 2-azido-2-deoxyglycopyran-
osyl diphenyl phosphates with a variety of glycoside
alcohols give 1,2-trans-�-linked disaccharides in high
yields. Furthermore, these reactions proceed with the
highest levels of stereoselectivity reported to date for
this type of glycosidation, regardless of the anomeric
configuration of the donor, in which the key to the
success of the present protocol lies in a smooth cou-
pling in propionitrile at −78°C. This method has the
advantages of operational simplicity and practical
value, and thus should be a potent alternative to
Schmidt’s trichloroacetimidate procedure.21
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