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Considerable effort has been devoted to the development of 1 3 4 T

new methods for glycosidic coupling due to the growing N
importance of synthetic oligosaccharides in glycobiolégyhe Ph,SO
synthesis of complex oligosaccharides and glycoconjugates has B0 B0 ® 7
traditionally employed multistep glycosylation protocols involv- Bno&g\ (CHg),CHOH sgo&& 716>
ing (1) functionalization of the anomeric hydroxyl to form an B0 a0 OCH(CH,), ; "

isolable glycosyl donor and (2) reaction of the donor with a BnO g
promoter or catalyst to induce irreversible carbohydrate transfer 2 TioH 5

to a nucleophilic acceptdr.However, a direct substitution of

the glycosyl anomeric hydroxyl with the desired acceptor offers Agqueous workup of the reaction mixture followed by silica gel
a potentially more efficient strategy for glycosylation as this column chromatography afforded isopropyl 2,3,4,6-t€ra-
obviates the need for anomeric derivatization prior to the benzylp-glucopyranoside2)® in 86% vyield (27:73;0:5).°
coupling even. We now report a new method for glycosidic A proposed mechanism for this transformation (Scheme 2)
bond construction directly from the free hemiacetal of the involves initial activation of diphenyl sulfoxide with trifluoro-
glycosyl donor. This one-step procedure is applicable to the methanesulfonic anhydride to form diphenyl sulfide bis(trifluo-

glycosylation of a wide range of acceptors and involvesithe
situ activation of 1-hydroxy glycosyl donors with trifluoro-
methanesulfonic anhydride and diphenyl sulfoxide.

The facility of this protocol is exemplified by direct glyco-
sylation with 2,3,4,6-tetr®-benzylp-glucopyranosel),* em-

romethanesulfonateB).’® In situ activation of the hemiacetal
hydroxyl function in1 by 3 would afford the oxosulfonium
trifluoromethanesulfonaté, which can expel diphenyl sulfox-
ide!! to generate the glycosyl oxocarbenium trifluoromethane-
sulfonateb. Reaction of5 with isopropyl alcohol would then

ploying isopropyl alcohol as a model glycosyl acceptor (Scheme afford the isopropyl glucopyranoside!?

1). In this representative procedure, trifluoromethanesulfonic

anhydride (1.4 equiv) was added to a solutionldfl equiv)
and diphenyl sulfoxide (2.8 equiv) in a mixture of toluene and
dichloromethane (3:1) at78 °C> The reaction mixture was
stirred at—40 °C for 1 h, and the acid scavenger 2-chloropy-
ridine® (5 equiv) and the glycosyl acceptor isopropy! alcohol

To illustrate the scope of this direct dehydrative glycosylation
method, a variety of acceptors in addition to isopropyl alcohol
were coupled withl (Table 1). Oxygen, sulfur, carbon, and
nitrogen nucleophiles were all found to be suitable glycosyl
acceptors using this protocol. For example, phenol, ethanethiol,
and 1,3,5-trimethoxybenzene underwent efficient glycosylation

(3 equiv) were then added sequentially at this temperature. Thewith 1 to yield the corresponding-aryl-*3 S-alkyl-,** and

solution was stirred at @C for 15 min and then at 23C for 1
h before the addition of excess triethylamingd equiv).
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C-aryl-glycoside®® in good yield (89%, 84%, 81%; entries
1-3). In addition, theN-glycosylation of amide functionalities,
which has been reported to occur with only the most reactive
of nonenzymatic glycosylation procedufésywas found to
proceed smoothly witlh and N-(trimethylsilyl)trimethylacet-
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Table 1. Glycosylations with Trifluoromethanesulfonic Anhydride
and Diphenyl Sulfoxide

Glycosyl Glycosyl Product:
Donor Entry Acceptor Yield («:3)?
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a Anomeric ratios determined biH NMR analysis® 3 equiv of
glycosyl acceptors 5 equiv of glycosyl acceptof. 1.6 equiv of glycosyl
acceptor.

amidé’ to afford the corresponding glycosyl amide with com-
pletea-selectivity (89% yield, entry 4). Of critical importance
is the application of this glycosylation method to the construction
of oligosaccharides. Thuswas coupled with the carbohydrate
acceptors methyl 2,3,4-t@-benzyla-b-glucopyranosided)!®
and the sterically hindered methyl 2,3,6-@ibenzylo-b-

(17) Glover, S. A.; Beckwith, A. L. JAust. J. Chem1987, 40, 701.
(18) Hashimoto, H.; Asano, K.; Fujii, F.; YoshimuraCarbohydr. Res.
1982 104 87.
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glucopyranosiden)!® to form the corresponding (1,6)- and (1,4)-
linked disaccharidé8 in 88% and 85% yield, respectively
(entries 5 and 6).

To determine whether C(2)-neighboring group effects would
influence the glycosylation stereochemistry, 2,3,4,6-t€tra-
benzoylp-glucopyranose§)?! was also prepared as a donor.
When 8 was coupled with benzyl alcohol (entry 7), benzyl
2,3,4,6-tetrad-benzoyls-p-glucopyranosid® was isolated in
71% vyield as the sole product of glycosylation. The high
p-selectivity was also observed when carbohydrate acceptors
such as$s and7 were employed in the coupling wiB) yielding
exclusively theB(1,6)- and the3(1,4)-linked disaccharide’,
respectively, with similar efficiency (entries 8 and 9). This
stereoselectivity is consistent with neighboring group participa-
tion of the equatorial C(2)-acyl substituent to fayleglycoside
formation? Moreover, these experiments illustrate for the first
time a single-step dehydrative glycosylation method that is
compatible with deactivated carbohydrate donors incorporating
multiple electron-withdrawing protective groups.

All of the glycosylations reported in Table 1 were carried
out with the glycosyl donor as the limiting substrate. Although
a large excess of the acceptor can be useeb(8quiv; entries
1-4, and 7) to decrease reaction times, couplings can also be
performed in good yield with a modest excess of the glycosyl
acceptor (1.6 equiv; entries 5, 6, 8, and 9) when synthetically
valuable coupling partners are employed. In each of these cases,
the excess nucleophile can be recovered from the reaction
mixture.

It is worth noting that the mechanism proposed in Scheme 2
involves the regeneration of diphenyl sulfoxitfe Efforts to
synthesize and screen various sulfoxide reagents to effect
catalytic turnover of the sulfoxide species as well as to determine
the effect of various sulfoxide structures on3 selectivity?*
are currently underway and will be reported in due course.

In summary, a new dehydrative glycosylation method is
described, involvingn situ activation of the anomeric hydroxyl
with trifluoromethanesulfonic anhydride and dipheny! sulfoxide.
This one-pot procedure allows for the construction of a wide
variety of glycoconjugates directly from 1-hydroxy glycosyl
donors.
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