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Abstract

A new and powerful glycosylation protocol with glycosyl ortho-alkynylbenzoates as donors and Ph3PAuOTf as a promoter is dis-
closed. The donors are readily available and stable; the glycosidic coupling yields are generally excellent; the promotion system is cat-
alytic, neutral, and orthogonal to the known glycosylation conditions.
� 2008 Elsevier Ltd. All rights reserved.
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The continuous addition of various glycosylation meth-
ods, especially since 1980s, to the historical Koenigs–Knorr
protocol has enabled the synthesis of oligosaccharides and
glycoconjugates of increasing complexity in unprecedented
effectiveness.1,2 Not only the once formidable glycosylation
problems have been addressed satisfactorily, such as the b-
mannopyranoside synthesis,3 but also the assembly of oli-
gosaccharides and glycoconjugates could be achieved in
an efficient ‘programmable’ manner by employing a set of
the carefully designed glycosyl donors and acceptors,4 such
as the orthogonal glycosylation.5 However, those glycosyl-
ation methods are mostly variants (e.g., variation in pro-
tecting pattern or activating system) of the still limited
types of glycosyl donors with functional groups of dispa-
rate chemical nature at the anomeric position. The major
ones include (1) glycosyl halides, (2) thioglycosides, (3) imi-
dates, (4) phosphate/phosphite derivatives, (5) sulfoxides,
(6) glycals, (7) 1-acyl-, 1-carbonate, and variants, (8) 4-pen-
tenyl glycosides, (9) 1-hydroxyl sugars, (10) orthoesters,
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(11) 1,2-anhydrosugars, and (12) glycosyl diazirines.2

Among them only glycosyl imidates and phosphate/phos-
phite derivatives are able to be activated for glycosidation
with a catalytic amount of the promoters.6 Development
of new anomeric leaving groups capable of being activated
(preferably catalytically) under new mechanisms (thus new
glycosylation conditions orthogonal to the present ones)
would raise the glycosidic coupling technique to a new
height, where automated synthesis of oligosaccharides as
efficient as the synthesis of nucleotides and peptides shall
be implemented.7

In fact, no advantageous properties have been disclosed
for glycosyl donors outside the above categories. A recent
trial was the activation of propargyl glycosides with AuCl3
for glycosidation.8a Unfortunately, acyl protected propar-
gyl glycosides failed to glycosidation, and the coupling of
the ‘armed’ propargyl per-benzylglucoside with a slightly
less active acceptor (i.e., cholesterol) led to a low yield
(39%) of the coupled product. Nevertheless, use of the C–
C triple bond as an activating element to trigger the glycos-
idation is novel and could find orthogonal conditions to the
conventional ones.8,9 In addition, recent studies have
shown that activation of C–C triple bonds could be highly
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Scheme 1. Glycosylation with glycosyl ortho-hexynylbenzoates as donors under the catalysis of Au(I).
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efficient with various cationic gold complexes, and those
complexes, particularly Au(I) complexes, possess little oxo-
philic character, thus displaying good functional group
compatibility and low air and moisture sensitivity.10 We
envisioned the position of the C–C triple bond installed
in the anomeric group as a key element to determine the
leaving property of the group and thus the efficiency of
the new glycosylation protocol. Here we report a new
and highly efficient glycosylation protocol with glycosyl
ortho-hexynylbenzoates as donors and Ph3PAuOTf as a
catalyst.

Our earlier studies showed that 4-pentynyl and 5-hexy-
nyl glycosides (in analogy to the 4-pentenyl glycosides
under the activation of iodonium species)11 were almost
inert under the action of gold complexes (e.g., AuCl3 and
Ph3PAuOTf). Therefore, an inherently more active alkynyl
group (toward the action of gold complexes) was desired to
serve as the leaving group in the new glycosylation proto-
col. o-Alkynylbenzoate perfectly fits this requirement; and
its leaving property (in the presence of Ph3PAuCl/AgOTf)
has just been demonstrated by Umetsu et al.12 Thus, acti-
vation of the benzylic triple bond with Au(I) in glycosyl
o-hexynylbenzoate 1 attracts nucleophilic attack of the
proximal carbonyl oxygen, resulting in subsequently the
Table 1
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cleavage of the glycosidic bond to give isocoumarin B
and the sugar oxocarbenium A, which is the common inter-
mediate for glycosidation (Scheme 1). Protonolysis of the
Au–C bond in B regenerates the Au(I) catalyst; an addi-
tional merit of this catalytic cycle is the consumption of
the proton (from alcohol 2), leading to inherent neutral
conditions for the reaction (to provide cleanly glycoside
3 and isocoumarin 4).

The representative glycosyl ortho-hexynylbenzoates (1a–
d) were readily prepared by condensation of the corre-
sponding lactols (5a–d) with o-hexynylbenzoic acid (6)13

in high yields (Table 1).14 Depending on the type of lactols
and the reaction conditions as well, a varied ratio of the a:b
anomers was attained. However, experiments showed little
difference (in accord with the glycosylation mechanism
shown in Scheme 1) between the pair of anomers in glyco-
sylation (e.g., Table 2, entry 4); thus the anomeric mixtures
were not separated but directly used in the glycosylation
reactions.

Exhilaratingly, the first trial in the coupling of per-ben-
zoyl-D-glucopyranosyl o-hexynylbenzoate (1a, 1.2 equiv)
with cholesterol (2b, 1 equiv) in the presence of Ph3PAu-
OTf (0.1 equiv)15 and 4 Å MS in CH2Cl2 at rt has attained
a very clean reaction within 2 h, leading to the desired
, reflux; then
P, CH2Cl2, rt

AP, CH2Cl2, rt
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Conditions Yield b:a

A 80 1:2.2
B 95 1.4:1
A 81 1:2.5
B 98 1:1.4
A 69 b only
B 94 b only
A 83 1:12.4
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glycoside 3ab and isocoumarin 4 in nearly quantitative
yields (Table 2, entry 2). Thus, we were eager to see a scope
of the present glycosylation protocol; the coupling results
of the glucose-type donors 1a–c with a panel of alcohols
(2a–e) were listed in Table 1. Worth noting is that (1) the
reactions were fast, those with the armed donor 1b com-
pleted at �0.5 h, and with the disarmed donors 1a and 1c

completed within 3 h; (2) the reactions were clean; even
in the cases of the glycosylation of the hindered 4-hydroxyl
sugar derivative 2e (entries 5, 10, and 15) where only good
yields (63–81%) of the coupling products were obtained,
the remaining acceptors could be largely recovered; (3)
thioglycosides and 4-pentenyl glycosides remained intact;
(4) a hindered phenol (2c)16 as well as the aliphatic and
sugar alcohols could be glycosylated in nearly quantitative
yields ( Scheme 2).

The utility of the present protocol was further demon-
strated by the synthesis of a representative cytotoxic steroi-
dal saponin, dioscin (Scheme 3).17 Without modifying the
reaction conditions, both the glycosidic coupling between
1a and diosgenin (7) and the bis-glycosylation of the hin-
Table 2
Glycosidic coupling of glycosyl ortho-hexynylbenzoates (1) with alcohols (2) u
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5 2e
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12 2b
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a For a typical procedure: To a stirred mixture of the glycosyl benzoate 1a (94
(2.5 mL) at rt was added a newly prepared Ph3PAuOTf in CH2Cl2 (0.02 M, 0.5
was filtered through Celite, and concentrated. The residue was purified by silica
3ab as a white solid (96 mg, 98%).

b Using the pure a or b-anomer of 1a in the reaction led to similar results.
c Yields based on the consumed acceptors.
dered glucopyranoside 2,4-diol 9 with per-acetyl-L-rhamno-
pyranosyl donor 1d afforded the corresponding glycosides
(8 and 10, respectively) in nearly quantitative yields.

Exploiting the new activation conditions that are
orthogonal to the activation of the many known glycosyl
donors, new versions of the one-pot synthesis of glycocon-
jugates shall be realized easily. An example is shown in
Scheme 3, whereupon addition of the second acceptor (7)
and promoter NIS to the coupling system of 1a and thio-
glycoside 11 led to the steroidal disaccharide 12 in a good
70% yield. The combination of NIS and Ph3PAuOTf was
shown (for the first time) to be effective for the promotion
of the glycosidation of thioglycosides.

Summarizing, a glycosylation protocol with glycosyl
ortho-alkynylbenzoates as donors and Ph3PAuOTf as a
promoter is disclosed. This new method has significant
merits that chemists have been seeking after for a glycosyl-
ation reaction: (1) the glycosidic coupling yields are gener-
ally excellent; (2) the donors are readily available and
stable; (3) the promotion is catalytic; (4) the promotion
conditions are orthogonal to the others; (5) the reaction
nder the catalysis of Ph3PAuOTfa
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3be 71 (95)c 1:2
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mg, 0.12 mmol), cholesterol 2b (39 mg, 0.1 mmol), and 4 Å MS in CH2Cl2
mL). After stirring at rt for 0.5–3 h (as monitored by TLC), the mixture

gel chromatography (hexane/EtOAc/CH2Cl2 12:1:1) to provide glycoside
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Scheme 2. Synthesis of dioscin with glycosyl ortho-hexynylbenzoates as glycosylation donors.
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conditions are mild and neutral; thus (6) side reactions are
minimal. These excellent preliminary results shall warrant
further elaboration and application of this new glycosyla-
tion technique.
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Organic Chemistry of Sugars; Levy, D. E., Fügedi, P., Eds.; CRC
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