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Synthesis of furanosyl a-C-glycosides derived from
4-chloro-4-deoxy-a-DD-galactose and their cytotoxic activities
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Abstract—Condensation of a new unnatural sugar 1 with 1,3-dicarbonyl compounds in the presence of anhydrous zinc chloride gave
the polyhydroxyalkyl-furans in excellent yields. Further modification afforded the corresponding furanosyl a-C-glycoside deriva-
tives. The absolute configuration of 3-acetyl-2-methyl-5-(2 0-chloro-DD-galacto-tetritol-1-yl)-furan was confirmed by single-crystal
X-ray analysis. The in vitro cytotoxic activities of these furanosyl C-glycosides were also investigated.
� 2007 Elsevier Ltd. All rights reserved.
Due to their unique properties and applications, C-gly-
cosides are becoming useful building blocks1 for the to-
tal synthesis of various types of natural products such as
palytoxin,2 brevetoxin3, and polyether antibiotics,4 and
used as a model in enzymatic and metabolic studies as
well. A number of recent reviews have been devoted to
synthetic methodology for C-glycosides.5 In general,
introduction of halogen atom may significantly modify
the chemical, physical, and biological activities of the
natural substances.6,7 At the same time, structural mod-
ifications via substitution with nitrogen, sulfur, phos-
phate, and other groups8 could endow compounds
with new and attractive characteristics. Therefore, in re-
cent years many efforts have been directed toward the
introduction of azido and halogen atom into carbohy-
drate analogues.

In our previous paper, we reported the preparation of
1 0,4 0:3 0,6 0-dianhydro-4-chloro-4-deoxy-galacto-sucrose
by using sucralose as the starting material9 and further
hydrolysis to afford 4-chloro-4-deoxy-a-DD-galactose
(1),10 in which 4-hydroxyl group was substituted by a
chlorine atom. Some new bio-based quinoxaline deriva-
tives were synthesized by using this building block.11

Thus, we decided to apply this unnatural sugar as start-
ing material into preparation of desired new C-glyco-
sides with potential biological activities. Several
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attempts have been made to prepare furanosyl C-glyco-
sides from the free sugar, but in most cases b-linked
derivatives are obtained in the literature.12–15 Herein,
we report the synthesis of new polyhydroxyalkyl furan
derivatives and further cyclization to furnish corre-
sponding a-C-glycosides. The mechanism of this reac-
tion and the determination of configuration were
detailedly expatiated as well in this article.

Aiming to prepare polyhydroxyalkyl furan scaffolds
through the Knoevenagel condensation of the new
unnatural sugar and 1,3-dicarbonyl compounds,
4-chloro-4-deoxy-a-DD-galactose was treated with acety-
lacetone and ethyl acetoacetate, respectively, in acidic
medium (ZnCl2, MeOH). The reaction afforded high
yields of corresponding polyhydroxyalkyl furan deriva-
tives (2a and 2b), which have a chlorine atom in the
polyhydroxylic chain as confirmed by spectral analysis.
The absolute configuration of the polyhydroxyalkyl fur-
an derivatives was established by X-ray crystallographic
analysis of a suitable crystal of 2a (as shown in Fig. 1)
after recrystallization from ethanol. It can be seen from
the structure that C(6), C(7), and C(8) remained R, S,
and R configurations, respectively, as those in the start-
ing material.

Cyclization of the polyhydroxyalkyl furan derivatives 2a
and 2b in the presence of POCl3 in anhydrous acetoni-
trile at room temperature afforded furanosyl C-glycoside
derivatives 3a and 3b (Scheme 1), whose structures were
confirmed by spectral analysis. The correlations of
H-4 0a (d 4.19) and H-4 0b (d 4.01) to C-1 0 (d 80.8)
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Figure 1. X-ray crystal structure for compound 2a.
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observed in the HMBC spectrum of 3a indicated the for-
mation of tetrahydrofuran ring. The HRMS spectrum
revealed the molecular formula of 3a to be C11H13ClO4

from its [M+Na]+ peak at m/z 267.0396 and the
[M+Na+2]+ peak at m/z 269.0375, and the intensity ra-
tio of the two peaks was 3:1, corresponding to Cl-35 and
Cl-37 isotopes, respectively. All of these indicated that
3a is a dehydrated product of 2a. It is worth pointing
out that the product 3a is a mixture of two stereoisomers
in the ratio of 9:1 based on their 1H NMR integrals. This
fact indicates that the cyclodehydration predominantly
follows the SN1 mechanism. That is to say, the easily
formed carbocation at C(1 0) undergoes nucleophilic
Scheme 1. Reagents and conditions: (a) 1,3-dicarbonyl compounds, ZnCl2,
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Scheme 3. Reagents and conditions: (a) acetylacetone, ZnCl2, CH3OH, reflu
attack of the hydroxyl group on C(4 0) in a stereoselective
process to give the mixture of a-isomer (retention of the
configuration of C-1 0) and b-isomer (inversion of the con-
figuration of C-1 0). However, it is not easy to confirm the
absolute configuration of the main isomer.

In order to further clarify the configurations of 3a, we
designed and conducted a stereospecific SN2 substitu-
tion as follows. First, selective monomesylation of pri-
mary hydroxyl group at C-4 0 of 2a afforded a
mesylate 4a. Then treatment of 4a with alkali allowed
a ring closure of the polyhydroxyalkyl chain to form a
sole furanosyl C-glycoside 5a. This reaction, not
involving the cleavage of C(1 0)–O bond, should give
a stereospecifically product with retention of the con-
figuration of C-1 0, that is, 5a is an a-C-glycoside.
Compound 5b was stereospecifically synthesized by
following above procedure (Scheme 2). Comparing
the NMR spectrum of 3a with that of 5a, we con-
cluded the main product of 3a has a-configuration.
Compound 3b have a same anomeric ratio as 3a
due to its similar NMR spectrum. It should be noted
that the anomeric ratio of 3a was a:b = 9:1, which was
higher than those of the normal SN1 reactions, prob-
ably due to the participation of the neighboring chlo-
rine atom. This proposition was confirmed by the fact
that under the same conditions described above for
preparation of 3a and 3b, the DD-galactose (9) gave fur-
anosyl C-glycoside (11) with a 1:1.4 ratio of a and b
isomers (Scheme 3), in a lower stereoselectivity.
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Table 1. Cytotoxic activities of the compounds determined at different

concentrations

Compound Percentage of inhibition (%)
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Glycosyl azides are frequently applied as carbohydrate
intermediates, especially as precursors to glycosylam-
ines and 1,2,3-triazole nucleosides.16 Herein conven-
tional mesylation of 5a and 5b gave compounds 6a
and 6b, respectively (Scheme 4), and subsequent treat-
ment with NaN3 (10 equiv) in N,N-dimethylformamide
at 80 �C overnight afforded compounds 7a and 7b,
respectively. Both of the compounds showed IR
absorption at �2100 cm�1 corresponding to the azido
group. The HRMS spectra showed the molecular for-
mula of 7a and 7b to be C11H12ClN3O3 and
C12H14ClN3O4, respectively, from the [M7a+H]+ peak
at m/z 270.0646 and [M7b+H]+ peak at m/z 300.0753.
All the spectral data elucidated the products 7a and
7b to be the corresponding azide derivatives. The azi-
doglycosides 7a and 7b were further treated with
Ph3P overnight and followed by H2O offering the cor-
responding aminoglycosides 8a and 8b (Scheme 4).
Resonances of H-3 0 and C-3 0 in 8a and 8b were upfield
shifted comparing to the corresponding signals in 7a
and 7b, indicating the conversion of the azido groups
to the amino groups.

Moreover, oxo derivatives of glycosides have biological
importance,17 thus we attempted to convert 3 0-OH to
carbonyl group. In organic synthesis, PDC is a common
reagent used to oxidize hydroxyl groups of cyclic com-
pound to the corresponding ketones. Therefore, treat-
ment of compounds 5a and 5b with PDC in CH2Cl2
provided the ketones 12a and 12b (Scheme 5). The dis-
appearance of the signal of H-3 0 in 1H NMR spectrum
and the presence of two carbonyl groups at d205.2 and
193.5, respectively, in 13C NMR spectrum of 12a
revealed that the new carbonyl group was generated.
In consideration of the a-configurations of the com-
pounds 5a and 5b, and basic conditions being unfavor-
able to anomerization,18 we could deduce the a-
configuration of the compounds 6a and 6b, 7a and 7b,
8a and 8b, and 12a and 12b.
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Scheme 5. Reagents and condition: PDC, CH2Cl2, reflux, 76–81%.
We are interested in the influence on the bioactivity with
introduction of chlorine at C-2 0 and the effect of other
substituents at C-3 0 in furanosyl a-C-glycosides. The
cytotoxic activities of the above furanosyl C-glycoside
derivatives were evaluated against A549, human lung
adenocarcinoma cells, as described.19 The results are
summarized in Table 1. All the compounds exhibited
moderate cytotoxic activity in the evaluation. Compari-
son of the data for the chlorinated compound (5a) with
their hydroxylated counterpart (11) showed that com-
pound 5a has higher cytotoxicity than compound 11.
The introduction of 3 0-OMs, 3 0-N3, 3 0-NH2, and 3 0-car-
bonyl substituents, respectively, caused the changes of
the inhibition to some extent. The slightly poor inhibi-
tions of the compounds 8a and 8b showed that 3 0-NH2

substituent is unfavorable for the cytotoxic activity.
The lower inhibitions of the compounds 5b, 6b, 7b,
and 8b, than those of the corresponding compounds
5a, 6a, 7a, and 8a, suggested that replacement of the
methyl group with the ethoxyl group is not well toler-
ated in most cases. An exception was that in oxo deriv-
atives the inhibitory activity of 12b is higher than that of
12a.

In conclusion, the reaction of 4-chloro-4-deoxy-a-DD-
galactose 1 with 1,3-dicarbonyl compounds led to
polyhydroxyalkyl furan derivatives bearing a chlorine
atom in the polyhydroxylic chain. Further modifica-
tion afforded the corresponding a-C-glycoside deriva-
tives. The preliminary study on structure–activity
relationships revealed that introduction of chlorine
and other substituents at sugar ring has an important
influence on the cytotoxicity of the furanosyl a-C-gly-
coside derivatives.
50 lmol mL�1 100 lmol mL�1 200 lmol mL�1

5a 24.36 31.92 39.36

5b 15.15 18.51 25.72

6a 26.42 35.65 46.80

6b 15.30 18.55 27.87

7a 32.73 48.60 56.70

7b 18.28 19.79 36.89

8a 13.04 24.86 34.57

8b 10.09 16.29 24.82

12a 21.49 28.55 37.67

12b 28.81 31.36 45.68

11 23.14 27.40 33.09
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Supplementary data

CCDC-628469 (derivative 2a) contain the supplemen-
tary crystallographic data for this paper. These data
can be obtained free of charge via www.ccdc.cam.
ac.uk/data_request/cif, by emailing data_request@ccdc.
cam.ac.uk, or by contacting The Cambridge Crystallo-
graphic Data Centre, 12, Union Road, Cambridge
CB2 1EZ, UK; fax: +44 1223 336 033.
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