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Wittig reaction of glycosyl phosphonium salts: a stereoselective
route to C-disaccharides and C,O-trisaccharides�
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Abstract—C-Disaccharides and C,O-trisaccharides, with a quaternary anomeric center, were prepared in good yields and excellent
stereoselectivity by a route involving the Wittig reaction of glycosyl phosphonium salts and hydrogenation or glycosidation of
exo-glycals as key steps.
© 2003 Elsevier Ltd. All rights reserved.

C-Disaccharides, i.e. analogs of disaccharides in which
the interglycosidic oxygen atom is replaced by a meth-
ylene group, form a class of carbohydrates mimics of
increasing importance. Such compounds constitute use-
ful glycosidase-resistant probes for the study, at the
molecular level, of carbohydrate–protein interactions in
lectins, antibodies and possible enzymes.

Of particular significance are the recent findings that
methylene bridged analogs retain the same affinity as
the substrate for their macromolecular receptors in a
number of cases.1,2 These results suggested that the
interglycosidic oxygen atom of natural substrate is not
involved in an essential interaction with the receptor.
C-Disaccharides have been shown to have conforma-
tional properties close to those of the corresponding
parent O-glycosides.3 It is essential that the conforma-
tional behavior of the C-glycosides should be
analogous to that of natural compound to minimize the
entropic costs of the recognition process with receptor.4

C-Disaccharides have been the continuous pursuit of
synthetic chemists and several methods have been
developed. Sinaÿ and Rouzud reported the first exam-
ple of a C-disaccharide, which was prepared by lactone
and acetylide coupling.5 Later on Schmidt and co-

workers described the synthesis of C-disaccharides by
condensation of nucleophilic 1-C-lithiated 2-(phenylsul-
phinyl)glycals with carbohydrate aldehydes.6 Condensa-
tions of this class of aldehydes with enolates or
furyllithium have been used for the preparation of
C-disaccharides.7,8 Other synthetic approach involves
the coupling of carbohydrate derived aldehydes with
glycosylnitromethane using Martin’s procedure to
afford 1-6 and 1-1 linked C-disaccharides.9 Dondoni
and co-workers reported that Wittig olefination of car-
bohydrate C-1 aldehydes with C-6 phosphoranes pro-
vided 1-6 linked C-disaccharides with very good yield.10

Recently Taylor et al. have converted S-glycosides to
exo-glycals via Ramberg–Bäcklund rearrangement. The
synthetic sequence involved several steps with moderate
yields. Subsequent hydrogenation afforded C-
disaccharides.11

For several years we have been interested in the synthe-
sis of olefinated sugars at the anomeric center via
Wittig reaction of glycosyl phosphonium tetra-
fluoroborates.12 Further interest is in the reaction of the
enol ether function which affords numerous possibilities
for transformations. This methodology was applied as a
key step in the preparation of a galactopyranosyl ala-
nine.13 Recently we have reported the stereoselective
glycosidations and the nitrile oxide additions to exo-
glycals.14,15 This synthetic approach allowed us to pre-
pare carbohydrates with a quaternary anomeric carbon,
with excellent stereoselectivity and very good yields. To
build up this chemistry is indeed a synthetic challenge
as can be seen, for example, in the recent synthesis of a
novel galactosyltransferase inhibition. The preparation
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took more than six reaction steps from fully protected
galactonolactone to construct two tethers extending
from the anomeric center.16

We wish to report a method for the synthesis of C-di-
saccharides by a sequence involving the Wittig reaction
as key step. Also we describe the glycosidation of these
compounds to afford new C,O-trisaccharides.

The enol ethers 3 were prepared by the Wittig reaction
of the �,� mixture of 2-deoxiglycosyl phosphonium
salts 1a–b with the aldehyde 2 (Scheme 1). After filtra-
tion on silica gel the exocyclic enol ethers were obtained
spectroscopically pure in the yields shown in Table 1,
predominantly as the Z isomer.17 The E and Z configu-
rations were assigned on the basis of the chemical shifts
of vinyl protons.18

The same reaction performed with the 2-deoxiribofura-
nosyl phosphonium salt only gave traces of the exo-gly-
cals. Similar results were described by us in the reaction
of this phosphonium salt with aliphatic aldehydes.12

The mixture of E and Z isomers was not separated and
used directly in the next steps. Hydrogenation of the
exo-glycals afforded the � C-disaccharides with good
yields (Scheme 2). The presence of NOE effect between
the H-7 and the H-11 in compounds 4 confirms the
configuration of the disaccharides.19

The O-glycosidation employing the exo-glycals and the
glycosyl acceptors 5 and 6 was illustrated in Scheme 3.
To the best of our knowledge, no example of synthesis
of this class of trisaccharides is known.

To a mixture of E and Z isomers and the glycosyl
acceptors in dry methylenchloride, was added, under
argon, 0.05 equiv. of BCl3 at 0°C.20 The results are
shown in Table 2. Purification as usual afforded the
trisaccharides 7 and 8 in good yields. In all cases 1H
NMR indicated the formation of one anomeric isomer
(in the reaction mixtures and purified products). The
1H, 13C NMR, 2D COSY experiments and mass spec-
tral data of the trisaccharides were in full accordance
with their structure. The presence of NOE effect

Scheme 1. Reagents and conditions : (i) BuLi, THF, −90°C, −90°C to rt.

Table 1. Wittig reaction of phosphonium salts 1a–b with aldehyde 2a

Yield (%)exo-Glycal Ratio (E/Z)b NMR data of H-6

E Z

(Gal) 683a 15:85 5.48 5.37
3b (Glc) 63 10:90 5.60 5.32

a The reactions were carried out in THF at −90°C (1 h) and then 12 h at room temperature.
b E/Z ratios determined by 1H NMR of the reaction mixture.

Scheme 2. Reagents and conditions : (i) H2 (1 atm). Pd/C, Et3N, MeOH.
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Scheme 3. Reagents and conditions : (i) BCl3 (0.05 equiv.), MS 4 A� , CH2Cl2, Ar, 0°C, 0.5 h.

Table 2. Glycosidations of exo-glycals 3a–b with 0.05 equiv. of BCl3
a

exo-Glycal R1 R2 ROH Equiv. Yield (%)

OBn H3a 5(Gal) 1.5 45
2 56
3 63
4 62

6 1.5 38
2 45
3 60
4 57

3b H(Glc) OBn 5 3 60
6 3 65

a The reactions were carried out at 0°C.

between the H-11 and H-5� in compounds 7 and H-11
and H-6� in compounds 8 confirms the configuration of
the quaternary anomeric center. The high selectivity of
the reaction and the stereochemical outcome can be
explained in terms of the approach of the nucleophile
to the less hindered face of the enol ether.21 Higher
quantities of the catalyst showed no effect on the
reaction times or yields.22

Our methodology allowed us to prepare C-disaccha-
rides in good yields and excellent stereoselectivity. Also
the O-glycosidation of the intermediate exo-glycals
proceeded in a highly stereoselective fashion to afford a
new class of trisaccharides, which contained a quater-
nary anomeric center.

Further applications of the above method for the syn-
thesis of various di- and trisaccharides will be presented
in due course. Also the deprotection of the compounds
described and enzymatic studies are currently in
progress.
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11 and 13.
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mmol) in dry CH2Cl2 (5 mL) was added, under argon, 5
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for 30 min at 0°C and then quenched with a satd solution
of NaHCO3 (10 mL). The organic layer was separated and
washed with brine (2×10 mL), dried over Na2SO4 and
concentrated in vacuo to afford an oil. The residue was
chromatographed on silica gel (eluent: hexane: ethyl acetate
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the isomerization of the anomeric center under the reaction
conditions could not be analyzed. Without these experi-
ments, it is difficult to decide if kinetic or thermodynamic
factors are responsible for the observed selectivity.
Although, in related glycosidations using BCl3 the predom-
inance of the � isomer was shown to arise from the
thermodynamic anomeric effect, see: Toshima, K.; Nagai,
H.; Ushiki, Y.; Matsumura, S. Synlett 1998, 1007–1009.

22. The use of other catalysts (HBr·PPh3, CSA) showed no
effects on the stereoselectivity but lower yields were found.
See Ref. 14.
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