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ABSTRACT

2,3-Di-O-benzyl-4,6-O-benzylidene-thiohexopyranosides, on activation with 1-benzenesulfinyl piperidine and triflic anhydride, react with allyl
silanes and stannanes, and with silyl enolethers to give C-glycosides. In the mannose series the �-isomers are formed selectively whereas the
glucose series provides the r-anomers. This selectivity pattern parallels that of O-glycoside formation and eliminates the need to consider
donor-acceptor hydrogen bonding in the formation of the O-glycosides.

4,6-O-Benzylidene protected mannopyranosyl triflates car-
rying ether-type blocking groups on O2 and O3 are highly
�-selective in their reactions with alcohols.1,2 This selectivity
is independent of the nature of the triflate precursor,
thioglycoside or sulfoxide, and extends to other classes of
glycosyl donor including the imidates,3 the 2-hydroxycar-
bonylbenzyl glycosides,4 and the phosphites.5 The selectivity,
however, is highly dependent on the presence of the
benzylidene acetal or related group, as the corresponding

tetra-O-benzyl or alkyl donors are unselective under com-
parable conditions.1 In terms of reaction mechanism, the
covalent triflate6 is understood to serve as a resevoir for a
transient contact ion pair (CIP) and, thereafter, for a solvent
separated ion pair (SSIP). The CIP, in which the triflate
shields the R-face of the oxacarbenium ion, is �-selective
whereas the SSIP is R-selective in agreement with the dictates
of the anomeric effect (Scheme 1).7 As established by Bols,8

the benzylidene effect is due to the locking of the C5-C6
bond in the most electron-withdrawing trans-gauche con-
formation, which destabilizes the oxacarbenium ion and
limits the concentration of the undesired, R-selective SSIP.9
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In stark contrast the corresponding 4,6-O-benzylidene
glucosyl donors are R-selective.10 With the help of a series
of 2- or 3-deoxy and the corresponding deoxy fluoro gluco
and mannosyl donors, we have rationalized the glucose/
mannose stereoselectivity shift on the basis of the differing
O2-C2-C3-O3 torsional interactions as the covalent
triflates collapse to the ion pairs.11 In mannose, this torsion
angle is compressed as the oxacarbenium ion is formed,
whereas in glucose it is relaxed. Effectively, the formation
of the glucosyl oxacarbenium ion is less endothermic than
that of its mannosyl counterpart leading to a higher concen-
tration of ion pairs in glucose than in mannose.12

A potential alternative explanation for the change in
selectivity between the glucose and mannose series invokes
hydrogen bonding between the OH group of the incoming
nucleophilic alcohol and O2 of the donor as the major
influence on reaction stereoselectivity, at least for the case
of the benzylidene acetal protected donors.13,14 As we now
describe, to address this issue we have investigated the
reaction of glucosyl and mannosyl triflates with C-nucleo-
philes, for which the possibility of hydrogen bonding does
not exist.

Thioglycosides 4-6 (Figure 1) were synthesized as
previously described15 and converted in dichloromethane at

-60 °C with the combination of 1-benzenesulfinyl piperidine
(BSP, Figure 2)1b and trifluoromethanesulfonic anhydride,

in the presence of the hindered base 2,4,6-tri-tert-butylpy-
rimidine (TTBP, Figure 2),16 to the corresponding glycosyl
triflates. The nucleophile was then added and the reaction
mixture was stirred for a further 2 h at -60 °C, before it
was quenched at that temperature, leading to the results
presented in Table 1.

It is immediately apparent from the results presented in
Table 1 that the carbon nucleophiles follow the well-
established pattern of the alcohols, with the 4,6-O-ben-
zylidene protected mannosyl donors being �-selective, their
gluco counterparts R-selective, and the tetrabenzyl mannosyl
donor relatively unselective, ergo, there is no requirement
for hydrogen bonding to direct these systems.

Comparison of Table 1, entries 1 and 2 reveals that, not
unexpectedly, the more reactive allylstannane gives better
�-selectivity than the allylsilane in reactions with the
benzylidene protected mannosyl triflate. In the gluco-series
(Table 1, entries 7 and 8) complete R-selectivity is observed
regardless of the nature of the allylmetal employed. With
the trimethylsilyl enolethers as nucleophiles excellent �-
selectivity was again observed for the formation of ben-
zylidene protected mannosyl C-glycosides (Table 1, entries,
3,4, and 5), whereas the opposite selectivity was observed
for glucose (Table 1, entry 9). Interestingly, with the
pinacolone silyl enolether a minor amount of an R-O-glycosyl
enolether 8b was observed as byproduct in coupling to the
mannosyl donor 4 (Table 1, entry 3). With the corresponding
glucosyl donor 5, the R-enolether was formed in greater yield
than the correspoding C-glycoside (Table 1, entry 9).17 With
trimethylsiloxycyclohexene as nucleophile the major product
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Scheme 1. General Glycosylation Mechanism

Figure 1. Thioglycosides Employed.

Figure 2. Coupling Reagents.
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10a was accompanied by the formation of a double adduct
10b arising from a subsequent condensation step.

Importantly, the reaction of the tetra-O-benzyl thioman-
noside 6 with allyl trimethylsilane afforded C-glycoside 11

as a mixture of anomers favoring the R-anomer, thereby
revealing the importance of the benzylidene acetal in the
control of stereochemistry (Table 1, entry 6). Lucero and
Woerpel have discussed the preferential formation of R-C-

Table 1. Formation of C-Glycosides

a Isolated yields after column chromatography. b Ratio was determined by 1H NMR of crude reaction mixtures. c Anomeric stereochemistry was assigned
on the basis of NOESY measurements. d See Supporting Information for the assignment of stereochemistry R to the ketone in 10a and 10b.
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mannopyranosides from tetra-O-benzyl mannopyranosyl
acetate and allyl trimethylsilane with activation by trimeth-
ylsilyl trifluoromethanesulfonate in terms of a Curtin-
Hammett kinetic scheme in which reaction takes place
preferentially on the less populated 4H3 conformer of the
intermediate oxacarbenium ion that is in equilibrium with
the more stable 3H4 conformer.18 While the result obtained
with the tetra-O-benzyl system 6 (Table 1, entry 6) could
be interpreted as consisent with the Woerpel model, the
�-selective reactions (Table 1, entries 1-5) from the 4,6-
O-benzylidene mannosyl donor, for which the intermediate
cation is locked in the 4H3 or a closely related conformer
clearly require another explanation. Consistent with our
explanation for the selective formation of �-O-mannosides
(Scheme 1) we suggest that the explanation lies in the role
of the counterion, with glycosylation occurring via the CIP
in the benzylidene protected mannose series.

In conclusion, the benzylidene acetal effect extends beyond
the formation of O-glycosides to that of C-glycosides. The
stereoselective formation of �-C-mannosides and R-C-

glucosides by this chemistry strongly suggests that hydrogen
bonding between the incoming acceptor and O2 of the donor,
or indeed any other donor oxygen, or the departing triflate
anion, does not exert a strong influence on the formation of
the equivalent O-glycosides. The benzylidene acetal-
controlled one step stereoselective formation of �-C-man-
nosides is an attractive alternative to existing methods.19,20
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