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ABSTRACT

Diphenylsulfoxide in combination with triflic anhydride provides a very potent thiophilic glycosylation promotor system, capable of activating
disarmed thioglycosides. The usefulness of this novel thiophilic activator is illustrated in a successful chemoselective glycosylation sequence
in which the donor thioglycoside in the first condensation step may be either armed or disarmed.

Oligosaccharides and glycoconjugates, carbohydrate-based
biomolecules with broad structural diversity, play a crucial
role in a multitude of important biological processes.1 Despite
the recent advances in oligosaccharide synthesis,2 there still
is a demand for efficient and stereoselective glycosylation
procedures. Thioglycosides have been shown to be attractive
building blocks for the construction of oligosaccharides.2d,e

Thus, the anomeric thiogroup may not only function as a
protecting group but also as a leaving group in the formation
of interglycosidic linkages. In addition, the glycosylating

properties of thioglycosides can be tuned by varying the
nucleophilicity of the anomeric sulfur atom3 as well as the
electron-withdrawing and -donating effects inherent to the
protecting groups in the donor glycoside.4 The difference in
reactivity of thioglycosides can be exploited elegantly in a
chemoselective glycosylation, in which a reactive (“armed”)
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thiodonor is selectively activated with a mild thiophilic
promotor and condensed with a relatively unreactive (“dis-
armed”) thioglycoside.5 The resulting thio disaccharide can
then be activated by a more potent promotor in the next
glycosidic coupling step, thus obviating the need for elaborate
protecting group manipulations at the oligosaccharide stage.
With the easy availability of a large variety of thioglycosidic
building blocks, progress in oligosaccharide synthesis em-
ploying thioglycosides is highly dependent on the develop-
ment of new thiophilic promotor systems. Thus far, relatively
few efficient activation systems for disarmed thioglycosidic
donors have been reported.6

Recently, a breakthrough in the development of novel
thiophilic promotor systems was reported by Crich et al.,6a

who showed that reaction ofS-(4-methoxyphenyl)benzene-
thiosulfinate (MBPT,1a, Scheme 1) and trifluoromethane-

sulfonic anhydride (Tf2O) results in sulfonium species2a,
which was capable of promoting the notoriously difficult
formation of aâ-mannosidic linkage in excellent yield and
stereoselectivity. The latter activation procedure could be
improved by using the easily accessible 1-benzenesulfinyl
piperidine (BSP,1b)/Tf2O system, which, in contrast to1a/
Tf2O, can also be used for the activation of disarmed
thioglycosides.6b,7

As part of a program aimed at the development of efficient
synthetic strategies toward biologically important oligosac-
charides,8 we investigated the applicability of1a/b in
combination with Tf2O as promotors in the stereoselective
construction ofâ-mannosamine linkages. We observed that
activating agent2a failed to effectuate the condensation of
S-phenyl-2-azido-3-O-benzyl-4,6-di-O-benzylidene thioman-
noside (3a, Figure 1) with a variety of acceptors.9 We could
circumvent this limitation by replacing the thiophenyl

function in3a by the more nucleophilic thio(p-methoxyphe-
nyl) group in3b. MBPT/Tf2O (2a)-mediated condensations
of thiomannoside3b led to the isolation of a variety of
disaccharides in high yield and stereoselectivity.9 In the
course of these studies, we also explored the application of
the more potent thiophilic promotor system BSP/Tf2O (2b)
in the condensation reactions of phenylthioglycosides. To
our surprise, this promotor system also proved to be unable
to activate mannosazide3a.10 Even more intriguing, the use
of other disarmed donors such as glucosazide4 and rham-
nosides5a/b also did not result in productive BSP/Tf2O (2b)-
mediated glycosylations.

Gin et al. recently reported an innovative dehydrative
glycosylation strategy,11 based on the powerful electrophile
diphenylsulfide bis(trifluoromethanesulfonate) (2c), generated
in situ from diphenyl sulfoxide (1c) and Tf2O. It occurred
to us that2c, which lacks the nitrogen lone pair stabilization
of 2b, would be a stronger electrophile capable of activating
not only anomeric hydroxyl groups but also the weakly
nucleophilic thiofunction present in disarmed thioglycosides.

The Ph2SO/Tf2O (2c) promotor system was evaluated
using the above-mentioned disarmed donor phenyl thiogly-
cosides3a, 4, and5a/b and acceptors6-8 (Figure 1). Indeed
phenyl thiomannoside3a was readily activated with diphe-
nylsulfide bis(triflate) at low temperatures (-60 °C) and
condensed with acceptors6-8 to give disaccharides9-11,
respectively, in excellent yields (Table 1, entries 1-3).
Condensations of3awith the relatively unreactive acetylated
glucoside6 as well as its more reactive benzylated congener
7 both occurred with comparableâ-selectivity. The more
stereocongested acceptor8 was condensed with3a in equal
efficiency, but with a lower stereoselectivity, as compared
to 6 and7. Interestingly, smooth activation and glycosidation
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Scheme 1. Activated Sulfonium Species2a-c, Generated by
Reaction of1a-c with Triflic Anhydride

Figure 1. Glycosyl donors (3-5) and acceptors (6-8) employed
in the Ph2SO/Tf2O mediated couplings.
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also occurred readily in the glucosazide series (entries 4-6).
However, a striking difference in stereochemistry of the
newly introduced glycosidic bond in disaccharides12/14and
13 was observed. Thus, condensation of glucosazide4 and
glucoside6 or 8 gave theR-linked disaccharides (i.e.,12
and14 in entry 4 and 6, respectively) predominantly, while
condensation of donor4 and acceptor7 proceeded with a
high degree ofâ-selectivity (13, entry 5).12 These results
agree with the finding that the nature of the protecting groups
in the acceptor can have a profound effect on the stereo-
chemical outcome of a glycosylation.13 The Ph2SO/Tf2O-

promoted coupling of rhamnosides5aand5b with 6 (entries
7, 8) proceeded in high yield and expectedR-selectivity.14

As the next research objective, we employed the thus
established difference in reactivity between the BSP/Tf2O
and Ph2SO/Tf2O reagents in the development of a novel
chemoselective oligosaccharide synthesis strategy. As a first
example, the construction of trisaccharide20was undertaken
(Scheme 2). The armed thiogalactose donor17was activated

by BSP/Tf2O and condensed with disarmed thiomannosazide
18. Unfortunately, although we initially observed the forma-
tion of the expected condensation product, deterioration of
dimer 19 occurred. Apparently, the transiently formed
S-thiophenyl species2115 activates the dimer thioglycoside
19 resulting in hydrolysis during aqueous workup. On the
basis of this assumption, we reasoned that the timely addition
of a suitable reagent capable of quenching21 would lead to
more effective glycosylation. Indeed, addition of triethyl
phosphite16 prior to the aqueous workup led to the isolation
of the desiredR-linked disaccharide19 in 74% yield.
Activation of 19 by Ph2SO/Tf2O and condensation with
glucose acceptor6 proceeded uneventfully, and with excel-
lent stereoselectivity, to provide trisaccharide20 in 64%
yield.

The potency of the Ph2SO/Tf2O activator system was next
demonstrated in the assembly of trisaccharide25 (Scheme
3). Activation of disarmed galactose22 with BSP/Tf2O
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temperatures (∼0°C) to decomposition of the donor glycosides.

(16) Sliedregt, L. A. J. M.; Van der Marel, G. A.; Van Boom, J. H.
Tetrahedron Lett.1994,35, 4015-4018.

Table 1. Results of Ph2SO/Tf2O-Mediated Glycosylations

a Anomeric ratio determined from an anomeric mixture by1H NMR
analysis.

Scheme 2. Chemoselective Glycosylationa

a Key: (a) BSP, Tf2O, TTBP, DCM, (EtO)3P quench, 73%; (b)
Ph2SO, Tf2O, TTBP, DCM, 64%.
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followed by treatment with thioglycoside23 and quenching
with (EtO)3P afforded dimer24 in an efficient chemoselective
glycosylation process. Subsequent Ph2SO/Tf2O-mediated

activation of24 and condensation with methylglucoside7
furnished theâ-linked trimer23 (61%).

In conclusion, we have demonstrated Ph2SO/Tf2O to be a
powerful thiophilic promotor system capable of activating
disarmed thioglycosides. In exploiting the difference in
reactivity of the BSP/Tf2O and Ph2SO/Tf2O activating agents,
we have developed a novel chemoselective condensation
sequence in which both armed and disarmed thiodonors can
be chemoselectively condensed in the first glycosylation step.
Research is currently underway to evaluate the scope and
limitations of both reagents in chemoselective condensations
using different thiodonors (for instance,p-methoxyphenyl
and phenyl thioglycosides) and 1-hydroxyl glycosyl donors.
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Scheme 3. Chemoselective Glycosylationa

a Key: (a) BSP, Tf2O, TTBP, DCM, (EtO)3P quench, 64%; (b)
Ph2SO, Tf2O, TTBP, DCM, 61%.

1522 Org. Lett., Vol. 5, No. 9, 2003


