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ABSTRACT

The r,â-unsaturated-γ,δ-epoxyester 1 is a novel and versatile precursor to a wide variety of C-glycosides. For instance, treatment of Z-1 or
E-1 with palladium(0) affords, stereospecifically, â- or r-C-furanosides, respectively. In contrast, reaction of Z-1 or E-1 with base gives,
stereoselectively, the â- or r-C-pyranosides, respectively.

C-Glycosides are important as analogues of naturally oc-
curring heteroatom-linked glycosides as a result of their
hydrolytic stability toward enzymes that normally catalyze
cleavage of the anomeric bond. Such compounds can
therefore act as small-molecule inhibitors of, inter alia,
processes that involve cell-surface glycoside cleavage. The
design of newC-glycosides is therefore driven by the need
to probe the mode of action of enzymes that are implicated
in disease and to inhibit these enzymes in the form of
pharmaceutical drugs.C-Glycosides are also found in a
number of natural products and, as such, represent attractive
synthetic targets.1 A number of routes toC-glycosides have
been published,1-3 but they are usually specific for a single
type of product. We have previously described a synthetic
route toC-glycosides, includingC-disaccharides, using the
Ramberg-Bäcklund reaction as a key step.3,4 We now wish
to report the preparation of building blocksZ- and E-1
(Scheme 1), prepared fromD-glucose in five steps, which
can be utilized in a novel and particularly versatile approach
to C-glycosides. Depending on the conditions used,C-

furanosides orC-pyranosides can be synthesized in a
chemoselective and stereocontrolled manner.

The key precursors for this approach, i.e.R,â-unsaturated-
γ,δ-epoxyestersE- andZ-1, appeared to be accessible from
D-glucose (Scheme 2). Thus, the known diol35 was prepared
from D-glucose (2) in two steps, comprising anomeric
allylation followed by 4,6-O-benzylidene acetal formation.
The epoxide of compound4 was installed by double
deprotonation of the diol, followed by selective tosylation
at O-2 and spontaneous displacement of the resulting leaving
group.6,7 Removal of the allyl group with Pd(PPh3)4, prepared
in situ from Pd(OAc)2 and PPh3, in the presence of both
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methanol and diethylamine afforded the hemiacetal5 as a
pale yellow solid in 78% yield. This common intermediate
could be transformed either exclusively to theE-alkeneE-1
by Horner-Wadsworth-Emmons (HWE) reaction with
triethyl phosphonoacetate and KHMDS or to theZ-alkene
Z-1 by Z-selective stabilized Wittig reaction8 with (ethoxy-
carbonylmethylene)triphenylphosphorane in methanol in the
presence of triethylamine (Z:E) 4:1).

The allyl epoxide functionality present withinE- and
Z-alkenes1 undergoes reaction with Pd(0) to provide the
corresponding palladiumπ-allyl intermediates, which can be

trapped by the internal hydroxyl moiety to form a five-
membered ring.9 Although a 1.5:1 mixture of stereoisomers
6 and 7 (Scheme 3) was obtained upon treatment of

compoundZ-1 with a catalytic quantity of Pd2(dba)3/dppf,
the use of Pd(PPh3)4, prepared in situ from Pd(OAc)2/PPh3,
provided solely theâ-C-furanoside6 in 70% yield as the
E-alkene (3Ja,b15.7 Hz). The “anomeric” stereochemistry was
established by NOE studies, which showed a through-space
interaction between H-1 and H-2 (using furanoside number-
ing scheme).10 Under identical conditions, theE-isomer also
reacted stereospecifically to afford theR-C-furanoside7 in
77% yield. The stereochemical assignment was confirmed
by an NOE interaction between H-2 and H-b. Related
compounds have been prepared before2i by a number of
groups as precursors to, inter alia,C-nucleoside analogues,11

the antibiotic elfamycins aurodox and efrotomycin,12 and the
antitumor polyether macrolide halichondrin B.13 The novel
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Scheme 1. Cyclization ofZ-1 andE-1 to Afford C-Furanoside andC-Pyranoside Products

Scheme 2. Preparation of Cyclization PrecursorsZ-1 andE-1

Scheme 3. Stereospecific Synthesis ofC-Furanosides6 and7
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chemistry described in this Letter produces building blocks
of this type in a particularly efficient and inexpensive manner.
Furthermore, the ability to access, in a fully stereocon-
trolled manner, either anomer of theC-furanoside is note-
worthy.14

We next investigated Michael-type cyclizations of the
alkenes1.15 When compound Z-1 was treated with NaH, the
â-C-pyranoside8 (Scheme 4) was obtained in excellent yield.

The stereochemistry at C-1 was assigned on the basis of a
NOE interaction between H-1 and H-5. At lower temperature
(0 °C), alkeneZ-1 reacted only extremely slowly with NaH,
but the E-isomerE-1 underwent conjugate cyclization to
afford a 1:1.4 mixture of the novel epoxide-containingR-
andâ-C-pyranosides9 and8. Chilling the reaction to-40
°C improved theR-selectivity to 2.5:1. The isomers were
partially separable by chromatography, but theR-isomer9
could be crystallized out of a mixture containing8 using
hot MeOH. An NOE between the exocyclic methylene
protons (Ha) and H-5 confirmed the assignment of the
product stereochemistry.

The presence of the benzylidene acetal, hydroxyl, alkene,
and ester in theC-furanosides6 and7 should enable further
functionalization or differential protection, if required for
future applications. Indeed, it was demonstrated that depro-
tection of 7 could be carried out by hydrogenation in the
presence of acetic acid to afford the saturated triol10
(Scheme 5), which was isolated as the peracetylated deriva-
tive 11.

The presence of the epoxide inC-pyranoside products8
and9 also provides a useful synthetic handle, allowing further

functionalization. For instance, epoxide opening ofR-isomer
9 with NaN3 gave the azide12 (Scheme 6) in excellent yield.
Hydrogenolysis of the azide and benzylidene acetal re-
moval followed by global acetylation afforded the novel
3-acetamido-3-deoxy-C-glycoside13.

As the above results show, the versatility of alkenes of
type 1 is particularly noteworthy in terms of the range of
products accessible. Thus,R- andâ-C-furanosides7 and6
andâ-C-pyranoside8 can be prepared in a stereocontrolled
fashion from theγ,δ-epoxy-R,â-unsaturated estersZ- and
E-1. The R-C-pyranoside9 can be isolated by crystalli-
zation from a mixture containing theâ-anomer8. Further-
more, the resulting products may be further functionalized
at the ring and/or aglycon positions. Alternatively, it is
proposed that reaction of hemiacetal5 with other Wittig or
HWE reagents would give a number of other interesting and
useful alkenes whose cyclizations could be investigated. We
plan to report our results in this area in due course, together
with a fuller rationalization for the origin of the observed
stereocontrol.
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Popsavin, V.Tetrahedron2002,58, 569-580. Fleet, G. W. J.; Seymour,
L. C. Tetrahedron Lett.1987,28, 3015-3018.

(12) Dolle, R. E.; Nicolaou, K. C.J. Am. Chem. Soc.1985,107, 1691-
1694.

(13) Horita, K.; Hachiya, S.; Yamazaki, T.; Naitou, T.; Uenishi, J.;
Yonemitsu, O.Chem. Pharm. Bull.1997,45, 1265-1281.

(14) TheR-C-furanoside,7, is presumably formed by overall retention
in the Pd(0)-catalyzed cyclization, as is typical withE-allylic substrates. It
is likely that theâ-configuration of6 is due to aπ-σ-π rearrangement of
the intermediate palladium complex prior to cyclization, with concomitant
Z- to E-isomerisation. See: Vares, L.; Rein, T.Org. Lett.2000,2, 2611-
2614 and references therein.

(15) Similar reactions, albeit without an epoxide group, are known; See
ref 1 and Dawe, R. D.; Fraser-Reid, B.J. Org. Chem.1984,49, 522-528.
Betancort, J. M.; Martı́n, V. S.; Padrón, J. M.; Palazón, J. M.; Ramı́rez, M.
A.; Soler, M. A.J. Org. Chem.1997, 62, 4570-4583. Martı́n, V. S.;. Nuñez,
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Scheme 4. Stereoselective Synthesis ofC-Pyranosides8 and9

Scheme 5. Deprotection ofC-Furanoside7

Scheme 6. Deprotection ofC-Pyranoside9
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