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Chromium(II)-complex mediated formation of C-glycosides
from glycosyl halides under aqueous biphasic conditions
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Abstract—C-Glycosyl compounds were formed in the reactions of hydrolytically sensitive glycosyl halides with electron deficient
alkenes mediated by the complex [CrII(EDTA)]2� under aqueous conditions.
� 2007 Published by Elsevier Ltd.
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Scheme 1.
C-Glycosyl derivatives play an important role in carbo-
hydrate and natural product chemistry, because: (i)
there are numerous naturally occurring C-glycosides
with important biological or pharmacological activities;
(ii) these compounds can be considered as hydrolytically
stable counterparts of O- and N-glycosides, and there-
fore suitable to mimic biologically important carbo-
hydrate derivatives; (iii) the use of C-glycosides as
intermediates is also of great importance in syntheses
of complex structures of natural origin.1 Therefore, for-
mation of carbon–carbon bonds at the anomeric center
of carbohydrate derivatives has received considerable
attention.

Amongst numerous methods for the synthesis of C-gly-
cosyl compounds1 (Scheme 1, 7) the generation of glyco-
syl anions1i 4 or radicals1d,2 5 offers possibilities for
umpolung of the ‘naturally’ electrophilic reactivity of
the anomeric center (cf. 1).

Carrying out chemical transformations under aqueous
conditions has attracted particular interest in the last
decade because it offers several advantages: there is no
need for anhydrous organic solvents; the burden of sol-
vent disposal on the environment can be moderated;
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several protection-deprotection steps can be omitted
from synthetic sequences; in metal ion assisted reactions
separation of the organic product can be simplified; bio-
chemical processes occur in the presence of water.3
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Although most ‘classical’ methods for the generation of
(glycosyl) anions are incompatible with aqueous or
even slightly protic circumstances,1i some years ago we
demonstrated that glycosyl–chromium(III) species (4,
M = CrIII) were remarkably stable under aqueous con-
ditions.4a Based on this finding a general method was
elaborated for the preparation of pyranoid glycals 6
from per-O-acylated glycosyl chlorides or bromides 1
in water–DMF solvent mixture,4b and the transforma-
tion could also be performed in water.4c Under these
conditions nucleophilic substitutions as side-reactions
leading to 2 and 3 could be suppressed. Attempts to ob-
tain C-glycosyl derivatives 7 from 4 with aldehydes were
unsuccessful, the monomolecular E1cb type elimination
being faster than the bimolecular reaction with the elec-
trophile. Since glycosyl–chromium(III) (4 M = Cr) must
form via radical 54b we have investigated the possibility
of tuning the above reaction conditions in order to trap
nucleophile 5 with electron deficient alkenes to yield 7.
In doing this we were also encouraged by a report on
the formation of C-(a-DD-glucopyranosyl) derivatives
(30% + �60% glucal) in reactions of 9 with 20 equiv of
methyl acrylate or methyl vinyl ketone mediated by
CrCl3/Mn/TMEDA under strictly anhydrous condi-
tions.5 Similarly, when the reaction of 2,3,4,6-tetra-O-
acetyl-b-DD-glucoypranosyl 2-benzothiazolyl sulfone with
[CrII(EDTA)]2� complex was performed in the presence
of 60 equiv of acrylonitrile in H2O/DMF = 1:1, forma-
tion of the corresponding C-(a-DD-glucopyranosyl) deriv-
ative was observed (�40%).6

The reactions of various glycosyl halides (Scheme 2,
9–13) were studied with the [CrII(EDTA)]2� complex in
the presence of acrylic acid derivatives in neutral aque-
ous-DMF and under biphasic conditions. The complex
was chosen on the basis of our earlier observations prov-
ing [CrII(EDTA)]2� to be the most efficient amongst
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Scheme 2. The C-glycosyl derivatives were identified by comparing their
conditions see Ref. 9.
Cr(II) amino-polycarboxylate complexes in glycal4a–c

and carbon–carbon bond forming reactions.4d First,
the reaction was studied under homogeneous condi-
tions, in which both the complex and the solution of
the glycosyl halide with acrylonitrile were prepared in
H2O/DMF = 1:1. In order to avoid the formation of
glycals 6 due to high concentrations of Cr(II), the
[CrII(EDTA)]2� complex7 was prepared8 in a separate
reaction vessel and this solution was added dropwise
to the solution of glycosyl halide 1 and acrylonitrile.
During the first few minutes of addition of the complex,
the colour of the reaction mixture turned brown indicat-
ing the rapid formation of glycosyl–CrIII complex inter-
mediate.4a Starting with 9, under these conditions, the
expected product 9a was isolated in 44% yield, but by-
products of type 2 and 3 were present in the worked
up reaction mixture and a small amount of glycal 6
was also apparent (26%, 21% and 9%, respectively).
With methylacrylate, a slightly better yield was achieved
for 9b (52%) together with the above by-products. The
corresponding a-DD-glucopyranosyl chloride, which is
less susceptible towards nucleophilic attack, did not
react completely and the products were the same as
above.

To avoid these side-reactions the substrates and the
reagent were placed into separate phases. When the
complex was prepared in water and added dropwise to
a solution of bromide 9 and acrylonitrile in ethyl acetate,
starting material 9 (7%), 9a (24%), hydrolyzed product 2
(60%) and glycal 6 (7%) were present in the mixture.
However, no unreacted starting material remained when
DMF was added to the solution of the Cr complex.9 The
role of DMF was most probably to help the reactants
meet at the phase boundary.4c However, coupled prod-
uct 9a (39%) was still accompanied by side-products 2,
3 and 6 (30%, 23% and 7%, respectively).
9a  : 81%, Z=CN
9b: 76%, Z=COOCH3

9c   : 52%, Z=COOH
10a   : 29%, Z=CN
11a : 57%, Z=CN
11b   : 62%, Z=COOCH3
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13b : 53%, Z=COOCH3
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1H NMR spectra with the literature data.12 For optimized reaction
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Further optimization revealed that the organic solvent
was also important with ethyl acetate being better than
diethyl ether. More dilute reaction mixtures (lower con-
centration of [CrII(EDTA)]2�) were also favourable
(yield of 9a 39% with a total volume of 40 ml of the solu-
tion of the Cr complex,8 44% with 60 ml). A faster drop-
ping speed (20 drops/min instead of 7) resulted in an
81% yield of 9a demonstrating that it was possible to
suppress eliminative and nucleophilic side-reactions.

Under these optimized conditions several C-glycosyl
derivatives 9–13 were obtained as shown in Scheme 2.
The lower yields of 10a and 12b may be explained by
the lower solubility of 10 and the higher sensitivity to-
wards hydrolysis of 12, respectively. Since arabinose
derivatives show greater tendency towards conforma-
tional changes, 13a and 13b proved to be a/b anomeric
mixtures in �1:1 ratio.

The formation of C-glycosyl derivatives under the above
conditions may occur either by radical (5!7) or ionic
(4!7) pathways. The preponderance of the a-DD-glycosyl
derivatives infers a the radical pathway according to the
known a-selectivity of glycosyl radicals.2 Although the
absence of 2-deoxyglycosyl products10a,b was considered
to be an indication of non-radical reactions5 one has to
take into account that this rearrangement (5!8) is
rather slow11 and the end products (e.g. 2-deoxyglycosyl
derivatives) can be obtained only if the trapping agents
are present in very low concentration.2 Therefore, we
are in favour of the radical pathway but cannot exclude
the ionic possibility on the basis of the present experi-
mental data.

In summary, mild aqueous reaction conditions mediated
by [CrII(EDTA)]2� have been developed and tuned to
form C-glycosyl derivatives from hydrolytically sensitive
acetylated glycosyl halides.
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