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ABSTRACT

Hydrozirconation of terminal alkynes, followed by AgClO 4-catalyzed in situ addition of the resultant alkenylzirconocenes to 1,2-anhydrosugars
(glycal epoxides) leads to r-C-glycosides in moderate to high yields.

The replacement of the anomeric oxygen atom in glycosides
with carbon substitutents provides carbohydrate mimetics
with improved stability toward glycosidases and hydrolytic
conditions.1 In principle, the greater chemical and enzymatic
stability of theseC-glycosides bodes well for their application
as small molecule inhibitors of cell-surface recognition events
and glycoside metabolism, but in practice the mimicry of
conformational and electrostatic properties of the parent
O-glycosides has been challenging to realize. Not surpris-
ingly, biological activity is often critically dependent on
solution conformation.2 While most syntheticC-glycosides
show diminished activity compared to the corresponding
O-glycoside lead structures, considerable enhancement of
activity has also been observed.3 In this context, the
development of new methods for the stereoselective synthesis
of side-chain substitutedC-glycosides continues to be of
interest, not just for the preparation of analogues for
biological assays but also for complex natural product
synthesis.4 We,5 as well as others,6,7 have investigated the
use of 1,2-anhydrosugars forC-glycoside synthesis, and we

now report a new protocol that allows the stereospecific C(1)-
opening with unsaturated, functionalized nucleophiles derived
from readily available terminal alkynes.
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Hydrozirconation8 of alkyne1 provides a stoichiometric
alkenyl zirconocene2,9 which upon addition of 10 mol %
of silver perchlorate on Celite followed by glucal epoxide
310 givesR-C-glycoside4 in 76% yield (Scheme 1).11-13 Due

to cationic zirconocene-assisted oxocarbenium ion formation
and chelation-directed delivery of the alkenyl substituent,
the reaction proceeds to give theR-epimer exclusively
(Figure 1). After initial chloride ligand abstraction and
initiation of the catalytic cycle by the silver(I) salt,14

subsequent formation of the cationic zirconium species is a
chain transfer process, in which the more Lewis-acidic
cationic alkoxy zirconium(IV) species accepts the chloride
anion from the alkenyl(chloro)zirconocene2. The R-C-
glycoside configuration was assigned based on the coupling
constant3J1,2 ) 5.5 Hz, which is characteristic for the 1,2-
gauche relationship of the neighboring hydrogen atoms and
compares well with literature values.15

The scope of theC-glycosylation reaction is illustrated in
detail in Table 1.16,17 In the absence of AgClO4, no reaction
between epoxides and organozirconocenes was detected.
Systematic variation of the functional groups on the alkyne

demonstrated the general tolerance of the process for a range
of ether, ester, carbamate, and sulfonamide functions (entries
2-4). While terminal alkynes were very effective, internal
alkynes such as 4-octyne yielded only trace amounts of the
desired addition product (entry 9).18 Presumably, the increase
in steric hindrance at the zirconium-bearing carbon is
sufficient to prevent the metal center from interacting with
the Lewis-basic epoxide oxygen. Both benzyl and silyl ethers
are feasible on the glycal epoxide (entries 1-8),19 and the
D-galactose derivative reacted analogously to theD-glucose
epoxide (entries 1 and 2 vs 5 and 6). In all cases,3JH,H

analysis confirmed that the configuration of the newly formed
glycosidic bond was exclusivelyR, i.e., syn to the C(2)-
hydroxyl group.

In conclusion, the ability to combine relatively sensitive
functional groups with the nucleophilic zirconocene under
mild Ag(I) catalysis allows for rapid conversion of 1,2-
anhydrosugars to complexR-C-glycosides that have previ-
ously not been readily available for synthetic or biological
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Scheme 1. Formation ofR-Alkenyl-C-glycoside4 from
Alkyne 1

Figure 1. Proposed mechanism for regio- and stereoselective
delivery of the alkenyl ligand on zirconium.
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studies. Prior organometallic protocols for glycal epoxide
ring opening used Al(III)-,7e,f B(III)-, 7e Cu(I)-,7d,e,f,h,l,m

Li(I)-, 7c,e,h,i Mg(II)-,7c,e,g,h,kSn(IV)-,7h Ti(IV)-, 7c and Zn(II)-
mediated processes.7a,b,c,e,j Many of these reactions have
proven to be substrate- and nucleophile-dependent, and
mixtures ofR- andâ-C-glycosides were obtained.7e Despite
the synthetic potential of vinyl-C-glycosides,20 currently there
is no effective method available for the addition of func-
tionalized alkenyl organometallics to glycal epoxides. The

Ag(I)-catalyzed addition of terminal alkyne-derived zir-
conocenes addresses this shortcoming and provides a ver-
satile stereospecific access to substitutedR-C-glycosides.
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Table 1. Conversion of Glycal Epoxides toC-glycosides by Addition of in Situ Prepared Alkenylzirconocenes

a Yields are based on glycal epoxide.
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