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ABSTRACT

5-N-Acetyl-5-N,4-O-oxazolidinone protected R- and β-sialyl phosphates react with allyltributylstannane and a variety of trimethylsilyl enol ethers to give
R-sialylC-glycosides in high yield and excellent selectivity. Elimination to give the 2,3-glycal is minimized by the presence of the oxazolidinone ring. The
oxazolidinone ring can be subsequently cleaved under mild conditions at room temperature leaving in place the native acetamide group.

Because of resistance to hydrolytic enzymes and their
ability tomimic nativeO-glycosides, theC-glycosides have
enjoyed considerable attention from synthetic and medic-
inal chemists.1 One of the earliest,2 most reliable, and
widely applied approaches to C-glycosides has been the
reaction of electrophilic glycosyl donors, typically under
Lewis acid catalysis with C-nucleophiles such as alkenes,

silyl enol ethers, and allylsilanes. Interestingly, however,
following Paulsen’s report that treatment of chloride 1
with allyltrimethylsilane in the presence of trimethylsilyl
trifluoromethanesulfonate (TMSOTf) leads exclusively to
the elimination product 3 (Scheme 1),3 thismethod has not
been applied in the sialic and ulosonic acid series with the
exception of the low yield formation of aC-aryl glycoside 4
from the anomeric acetate 2 (Scheme 1).4

The formation ofC-sialosides by the trapping of anome-
ric radicals generated from 1 and related radical precursors
avoids the problem of elimination but is typically un-
selective.3,5 This being the case, sialic and ulosonic acid
C-glycosides are typically generated by alkylation of en-
olate anions or their equivalents, most commonly gener-
ated reductively from thioglycosides or the corresponding
sulfones, when excellent R-selectivity is observed.1c,e,g,6
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In our laboratory, we have developed the N-acetylox-
azolidinone protected thioglycosides 5 and 6 as highly R-
selective donors for the synthesis of O-sialosides,7 while
closely related oxazolidinones lacking the N-acetyl group
have been developed and employed by the Takahashi,8 De
Meo,9 and other groups.10 Subsequently, Wong and co-
workers converted the thioglycoside 7 to the anomeric
phosphates 8 and showed that they are also excellent R-
sialoside donors.11We now describe the use of this class of
compounds as highly R-selective electrophilic C-sialosyl
donors, thereby opening up the electrophilic manifold as a
facile route into the sialic acid C-glycosides.

Initial experiments employing 6 and standard thiogly-
coside activating systems such as the combinations of

1-benzenesulfinyl piperidine12 and diphenyl sulfoxide13

with trifluoromethanesulfonic anhydride, and theN-iodo-
succinimide�trifluoromethanesulfonic acid pair14 were
unsatisfactory owing to competing reaction with the nucleo-
phile. We turned, therefore, to the phosphates 8 that are
activated under standard Lewis acidic conditions compatible
with electron-rich olefins. Screening experiments revealed
TMSOTf to be a suitable Lewis acid capable of promoting
the reactionof 8with allyltrimethylsilane at�78 �C indichloro-
methane. These conditions were therefore adopted as standard
and applied to a range of allylmetals and silyl enol ethers as
reported inTable1. Inadditiontotheuseofdichloromethaneas
solvent, and in view of the strong R-directing effect exerted in
sialidations in general by the use of acetonitrile-containing
solvents, we also studied the use of a 2:1 mixture of dichloro-
methane and acetonitrile as solvent (Table 1).
With allyltrimethylsilane as a nucleophile (Table 1, en-

tries 1 and 2), the allyl C-glycosides 10 were obtained in
moderate to good yields, but poor selectivity irrespective of
the solvent employed. With the more nucleophilic allyltri-
butylstannane, 10 was obtained in high yield from the R-
anomer of the sialyl phosphate 8r (Table 1, entry 3), but
only a moderate yield was obtained from the β-anomer 8β
(Table 1, entry 4) irrespective of the solvent employed. The
selectivity for the formation of 10was essentially complete
when allyltributylstannane was used as the nucleophile,
with only the R-anomer being formed, unimpacted by the
configuration of the donor employed and either of the
solvents studied (Table 1, entries 3 and 4). The stereochem-
istry of the two anomers of the C-allyl sialoside was as-
signed on the basis ofNOE correlations between the allylic
methylene group and the axial hydrogens atC4and 6 in the
β-anomer and between the allylic methylene group and the
axial hydrogen at C3 for the R-anomer. The stereochem-
istry of all subsequent C-sialosides was assigned an-
alogously as described in the Supporting Information.
Turning to the use of silyl enol ethers as nucleophiles, the
application of trimethylsiloxyethene gave the C-sialo-
side 11 in high yield and exquisite R-selectivity both in
dichloromethane and in the mixture with acetonitrile
(Table 1, entries 5 and 6). A lower yield was, however,
observed when the β-phosphate 8β was employed as the
donor in dichloromethane. With the trimethylsilyl enol ether
derived from pinacolone (Table 1, entries 7 and 8), the yields
were generally good, irrespective of the configuration of the
donor, and the selectivities were high and in favor of the
R-anomer in dichloromethane. However, interestingly, a
much lower selectivity was noted when the combination
of dichloromethane and acetonitrile was the solvent. With
acetophenone trimethylsilyl enol ether, good yields and
excellent R-selectivities also were obtained from either
anomer of the donor (Table 1, entries 9 and 10). Finally, with

Scheme 1. Attempted Electrophilic C-Sialylation
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trimethylsiloxycyclohexene, an excellent yield of a single
diastereomer 14 was obtained from both phosphates 8. This
compound was assigned as the equatorialC-glycoside on the
basis ofNOEmeasurements.TheR-configurationadjacent to
the ketone is tentatively assigned on the basis of the open,
antiperiplanar transition state model shown in Figure 1.15

Four of the C-sialosides (10r and 10β, 12 and 13) were
subjected to a deacetylation and concomitant cleavage of
the oxazolidinone ring with sodium methoxide in metha-
nol at room temperature, all in good yields (Table 1, entries
1/2, 3/4, 7/8, and 9/10). Importantly, the spectroscopic
data for the C-sialosides 15 and 16 correlate with those
described earlier in the literature3 for these known sub-
stances and thereby confirm the configurational assign-
ments made on the basis of NOE measurements. The
ability to cleave the oxazolidinone selectively under mild,
practical conditions, leaving in place the acetamide typi-
cally found in the sialic acid glycosides, is one advantage
presented by the N-acetyloxazolidinone protected donors
5�8, as compared with the N-deacetyl analogs studied by

Table 1. Electrophilic C-Sialylation and Subsequent Oxazolidinone Cleavage

aAnomeric ratios were determined by integration of the 1H NMR spectra of the crude reaction mixtures.

Figure 1. Proposed transition state for the formation of 14. (15) Gennari, C. In Comprehensive Organic Synthesis; Trost, B. M.,
Fleming, I., Eds.; Pergamon Press: Oxford, 1991; Vol. 2, pp 629�660.
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Takahashi and De Meo,8,9 which require much harsher
conditions for removal of the oxazolidinone ring, followed
by N-acetylation.
Overall, the use of the 5-N,4-O-oxazolidinoneprotecting

group adds the stereoselective electrophilic C-glycosyla-
tion route to the existing methods for the formation of the
sialic acid C-glycosides and, in doing so, opens up a new
avenue for the synthesis of glycomimetics. Furthermore,
the 5-N,4-O-protecting group for the sialic acid donors joins
the 4,6-O-benzylidene acetal group in the hexopyranoside
class of donors in displaying an apparent commonality
of mechanism for the formation of both the C- and

O-glycosides.16 In particular, its ability to direct electro-
philicC- andO-glycosylation to the formation of equatorial
glycosides is remarkable and closely resembles the parallel
effect of the benzylidene acetal in mannopyranosylation.17

While the underlying reasons for this selectivity are not
yet entirely clear, we maintain that they are related to a
combination of the restriction of conformational mobi-
lity imposed by the trans-fused oxazolidinone ring
and its powerful electron-withdrawing effect due the co-
planarity of the carbonyl dipole with the mean plane of the
pyranose ring.18

Supporting Information Available. Experimental pro-
cedures and characterization data for all new compounds.
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