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C-Glycosides, compounds in which the interglycosidic oxygen
atom has been replaced by a carbon atom, are an important class
of stable carbohydrate mimics.1 These compounds have received
considerable attention from both a synthetic2 and biological3 point
of view, and the debate regarding their validity as conformational
mimics of the parentO-glycosides is ongoing.4

The preparation ofC-saccharides,5 whether they areC-
disaccharides or higher homologues, is considerably more chal-
lenging than the synthesis of simpleC-glycosides. Any linkage,
other than (1f6), consists of only one carbon atom separating
the two monosaccharide units. Although there have been several
approaches to the synthesis of a variety of differentially linked
C-disaccharides,6 no single method provides a unified and versatile
strategy for a convergent and efficient synthesis of (1f1), (1f2),
(1f3), (1f4), and (1f6) linked-C-disaccharides. In this com-
munication, we report that a Keck allylation-ring-closing me-
tathesis (RCM) approach delivers a variety of differentially linked
â-C-disaccharides in an efficient manner and provides the first
unified entry to this important class of carbohydrate mimics.7

The general approach begins with dehydrative coupling of a
suitable carbohydrate-based acid such as2 with olefin alcohol1
to give ester3, Scheme 1. Methylenation of3 is followed by
RCM to then give glycal5. Functionalization of the double bond
then delivers theâ-C-disaccharides6 or 7.

For the preparation of the various carbohydrate-based carboxy-
lic acids, we relied upon a radical allylation-oxidative cleavage
approach. The chemistry is illustrated with the preparation of the
C-4 gluco acid12a, Scheme 2.

Alcohol 88 was converted to iodide9 and exposure to
allyltributyltin and AIBN9 gave the equatorially allylated product
10a in 75% yield. Some of the inseparable axial isomer (15%)
was also formed. The acetates were exchanged for benzyl groups
(75% over two steps), and oxidative cleavage of the mixture of
olefins 11a gave the corresponding aldehydes which were
separated.10 The major aldehyde was then oxidized to acid12a,
Scheme 2.

DCC-mediated coupling of acid12awith alcohol13gave ester
14a in good yield. Methylenation11 of 14a and subsequent ring-
closing metathesis of acyclic enol ether15amediated by catalyst
1912 furnished the (1f4)-C-disaccharide glycal16a (41%). This
low yield was puzzling, since TLC analysis of the reaction showed
clean conversion of15ato the cyclized material16a. We reasoned
that the glycal was decomposing or hydrolyzing during purifica-
tion, and this prompted us to explore a one-pot approach. Once
the RCM reaction was deemed complete by TLC analysis, an
excess of BH3‚THF13 was added to the reaction mixture. Oxidative
workup then furnished the (1f4)-â-C-disaccharide17a in 64%
over two steps. Hydrogenolysis of the benzyl groups on17aand
peracetylation then afforded the known14 (1f4)-â-C-disaccharide
18a, Scheme 3. This one-pot protocol not only improved the yield
of the final product but also removed the need for purification of
the sensitiveC-disaccharide glycal16a.

Acids 12c-12e (not shown) were prepared using the same
general approach outlined in Scheme 2.15 The stereochemistry of
the allylation step was ascertained by Noe and1H NMR
decoupling experiments on the corresponding aldehydes and was
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Scheme 1.Metathesis Approach toC-Saccharide Synthesis

Scheme 2.Preparation ofC-4 Acid 12a
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found to favor equatorial allylation atC-3 andC-4, but not at
C-2 (entries 4 and 5).15 In this case, the adjacent OBn and OMe
groups exert opposing steric effects on the course of the allylation
to give a mixture (R: â, 2:3) of allylated products.

Olefin alcohol13 was prepared by Wittig reaction16 of 3,4,6-
tri-O-benzyl-D-arabinofuranose17 with Ph3PdCH2.

Ester formation (12+13f14), mediated by DCC and 4-DMAP,
proved to be routine. Methylenation of the resulting esters

(14f15) proceeded in reasonable yield, although a large excess
of the methylenating reagent was required for reactions to be
driven to completion. The one-pot RCM-hydroboration protocol
works well, and the results in Table 1 (entries 1 and 2) contrast
the difference between the one-pot procedure and simple isolation
of the glycal. TheC-disaccharide17 was consistently isolated in
∼60% yield over two steps. Significantly, the one-pot protocol
works efficiently with the easily handled catalyst2018 (entries
2-5). It was necessary to add 20-30 mol % of metathesis catalyst
portion-wise over the course of the reaction (toluene, 60°C) to
drive the cyclization to completion.19

The above results show that the RCM approach toC-saccharide
synthesis is a viable route to a variety of differentially linked
â-C-disaccharides in good overall yield starting from readily
available starting materials. This approach should allow access
to a host of other biologically relevant glycosidic linkages.
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Table 1. Synthesis ofâ-C-Disaccharides by RCMa

a Yields refer to chromatographically homogeneous material.b Acid
12bwas prepared from the corresponding known20 ethyl ester.15 c Acid
12f was prepared from the known21 allyl derivative.15 d The corre-
sponding olefin alcohol is known.22 e Yields are for two steps; RCM
and hydroboration-oxidative workup.f Stereochemistry atC-1 andC-2
determined by acetylation and analysis ofH-2 coupling constant in1H
NMR.15 g Reaction carried out with 20-30 mol % of19 in a glovebox
followed by hydroboration.h Reaction carried out with 20-30 mol %
of 20 on an argon manifold followed by hydroboration.i RCM with
20-30 mol % of19 gave a 34% yield of the corresponding glycal.

Scheme 3.RCM-Based Synthesis ofâ-C-Disaccharides
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