
TETRAHEDRON
LETTERS

Tetrahedron Letters 43 (2002) 8935–8940Pergamon

Stereoselective synthesis of C-ketosides by Lewis acid-catalyzed
C-glycosylation of alkynyl-ketoses
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Abstract—C-Ketosides are conveniently prepared in a stereoselective manner from alkynyl-ketoses by reaction with carbon
nucleophiles in the presence of a Lewis acid. © 2002 Elsevier Science Ltd. All rights reserved.

C-glycosides (1)1 (Fig. 1) have become attractive targets
for research since they are stable analogs of glycans
involved in important intra- and inter-cellular processes
with potential activity as inhibitors of sugar processing
enzymes,2 and they have been recognized as important
building blocks in the synthesis of biologically impor-
tant molecules.3

Additionally, several C-glycosides are potent antitu-
mor, antiviral or antibiotic agents.4 On the other hand,
C-ketosides or bis-C,C-glycosides (2),5 have not found
similar favor,5,6 although methods for the preparation
of spirocyclic C-ketosides7 and C-glycosides of ulosonic
acids8 have been reported by several groups.9

One of the most commonly employed method for the
synthesis of C-glycosides, based in the pioneering work
of Kishi and collaborators,3 is shown in Scheme 1. It
involves the addition of an organometallic reagent to a
sugar lactone (3) followed by subsequent reduction of
the resulting lactol, 4, by treatment with a Lewis acid in
the presence of silicon hydride. Furthermore, as the
hydride nucleophile is generally delivered to the axial
position, these reactions constitute a very reliable
method to produce �-C-glycosides (at least with gluco-
and galacto-pyranosides).10,11

As a continuation of our interest in the synthesis of
C-glycosides,12 we turned our attention to the synthesis
of C-ketosides as a class of C-glycoside analogs with
potential biological activity. We hypothesized that a
Lewis acid catalyzed C-glycosylation of hemiketals, 4,

could efficiently lead to C-ketopyranosides, 2 (Scheme
2).

In fact, although Lewis acid catalyzed C-glycosylations
of glycosyl halides, glycosyl acetates, glycosides and
aldoses, have been thoroughly exploited for the synthe-
sis of C-glycosides,1c we were not aware of any report
which would correlate sugar pyrano-lactones (3) with
bis-C,C-glycopyranosides (2) via the corresponding lac-
tols, 4 which would involve reaction of with a carbon
nucleophile in the presence of a Lewis acid (Scheme

Figure 1. C-Glycosides and C-ketosides.

Scheme 1. Synthesis of C-glycosides from sugar lactones.

Scheme 2. Synthesis of C-ketosides from sugar lactones.
* Corresponding authors. Fax: +34 91 5644853 (A.M.G.); fax: +34 91

5644853 (J.C.L.); e-mail: anago@iqog.csic.es; clopez@iqog.csic.es

0040-4039/02/$ - see front matter © 2002 Elsevier Science Ltd. All rights reserved.
PII: S0040 -4039 (02 )02145 -7

mailto:anago@iqog.csic.es
mailto:clopez@iqog.csic.es
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2).13–15 However, ketose-hemiacetals (e.g. 4) have been
utilized by the Schmidt’s group in the preparation of
C-ketosides, via reaction of open-chain intermediates.16

In this letter we disclose our results in the preparation
of C-ketopyranosides by the Lewis acid mediated C-
glycosylation of readily available hemiketals of type 4.

As starting materials in our study we used glucose-
derived hemiketals 7 and 810c (Fig. 2), readily available
from aldonolactones 510b,17 and 6.17a,18 As nucleophilic
partners we tested allylsilanes, propargylsilanes,
silylenol ethers, silyl cyanides and azides, and electron
rich aromatic compounds.

Our results from the reaction of 7 with carbon nucle-
ophiles in the presence of boron trifluoride etherate are
shown in Table 1. Reaction with allyltrimethylsilane (9)
(entry 1) led to C-ketoglucoside 10 (70%) (entry 1). The
stereochemistry at C-1, in compound 10; was expected
to be the one shown in Table 1, assuming an axial
approach of the nucleophile to the anomeric carbenium
ion, in keeping with literature precedents,3 and further
proved by the existence of a NOE between the allylic
protons and the axially disposed H-3 as shown in Table
1. The reaction of 7 with phenyl-1-(trimethylsilyl-
oxy)ethylene (11) afforded C-ketoside 12 (entry 2).
Trimethyl silyl cyanide and azide reacted smoothly with
7 to yield C- and N-ketosides 13 and 14, respectively, in
good yields. 1,3,5-Trimethoxybenzene (15) reacted with
7 to furnish open chain bis-arylated compound 16, as
the major product. However, 1,4-dimethoxybenzene
(17) and (trimethylsilyl)acetylene failed to yield any
C-ketoside upon reaction with 7. In the latter reactions
(entries 6, 7) methylketoside 1819 was isolated as the
major reaction product.

Table 2 summarizes the reactions carried out with
hemiketal 8, in which more synthetically useful, benzyl
protecting groups had been installed, with C-nucle-
ophiles. Compound 8 showed similar behavior to that
displayed by 7. Reaction of 8 with allylsilane (9) and
1-phenyl-1-(trimethylsilyloxy)ethylene (11) yielded the
corresponding C-ketosides 19 and 20 in moderate
yields. Reaction of 8, with 1,3,5-trimethoxybenzene (15)
(entry 3) afforded bis-arylated open-chain compound
21 as the major product. Treatment of 8 with 1,4-

Table 1. Preparation of bis-C,C-glucopyranosides from
hemiketal 7 catalyzed by BF3·Et2O

Figure 2.

dimethoxybenzene (17) was again unsuccessful to yield
any C-ketosylated product (entry 4) and only benzyl
glucoside 23 could be isolated from the reaction
mixture.

Lewis acid-catalyzed C-glycosylation of hemiketals 7
and 8 takes place via an stabilized anomeric oxonium
ion (e.g. A, Scheme 3) which react efficiently with
allyltrimethylsilane, 1-phenyl-1-(trimethylsilyloxy)-
ethylene, and silyl cyanide. Electron rich aromatic
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Table 2. Preparation of bis-C,C-glucopyranosides from
hemiketal 8 catalyzed by BF3·Et2O

Scheme 3. Reaction of hemiketals 7 and 8 with 15.

C-nucleophiles (entries 6, 7, Table 1; entry 4 Table 2).
Neither of the hemiketals gave any coupled product
with trimethylsilylacetylene.

The configurational assignment at C-1 for the C-
ketosides prepared in this study, was inferred from the
fact that only one isomeric C-ketoglucopyranoside was
obtained in each case, and that literature precedents
were consistent with an axial attack of the nucleophile
onto oxocarbenium ions in derivatives with gluco-
configuration. The stereochemistry at C-1 in compound
10, vide supra, was also in support of this assumption.
Furthermore, NOEs were also observed in compounds
12 and 19 between H-5 and H-3 with the corresponding
axially disposed anomeric methylene groups.

In summary we have disclosed herein a novel and
concise strategy for the stereocontrolled preparation of
C-ketosides by Lewis acid-catalyzed C-glycosylation of
alkynyl-glucopyranose hemiketals. As nucleophilic
partners, two silanes and one silyl enol–ether has been
successfully employed. One electron rich aromatic com-
pound yielded a open chain bis-arylated compound.
Trimethyl silyl azide led efficiently to the corresponding
N-ketopyranoside. This approach represents an exten-
sion of the method by Kishi and co-workers,3 in which
the nucleophile utilized was a hydride, for the stereo-
controlled synthesis of �-C-glycosides, and permits a
rapid correlation between ketones and C-ketosides.20–22
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compounds, e.g. 15, also behaved as C-nucleophiles
although the main observed reaction course was the
formation of bis-arylated open chain derivatives (16
and 21). The formation of bis-arylated compounds
(Type D, Scheme 3) can be easily rationalized since the
intermediate C-ketoside (B) would be prone to undergo
C1–O cleavage to form a propargyl, benzyl cation (e.g.
C) which could react further with 12 to generate struc-
tures type D.

The difference in behavior between 1,3,5-trimethoxy-
benzene (15), which was able to react with the oxonium
ion (A), and 1,4-dimethoxybenzene (17) which did not
yield any C-glycosylated product (compare entry 6 with
entry 5 in Table 1 entry 3 with entry 4 in Table 2) is
also of interest. The formation of methyl- and benzyl-
glycosides was observed when methyl or benzyl pro-
tected hemiketals were treated with not reactive enough
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19. An authentic sample of methyl ketoside, 17, was prepared
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21. General procedure for the Lewis acid-catalyzed C-glycosyl-
ation of ketoses : To a solution of the hemiketal in anhy-
drous CH2Cl2 (20 ml/mmol), cooled to the appropriate
temperature (see Tables 1 and 2) and under argon,
BF3OEt2 (0.5 equiv. unless otherwise noted) and the
corresponding nucleophile (1.5 equiv. unless otherwise
noted) were added. The resulting solution was stirred
until consumption of the starting material was observed
(TLC, usually between 30 min and 3 h). The reaction was
then quenched with a saturated aqueous solution of
NaHCO3 and extracted with CH2Cl2. The organic phase
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128.3, 128.4, 128.5, 129.0, 131.6, 132.8, 138.1, 138.2, 138.5,
197.0; MS (EI) m/z : 743.2 (M+H)+, 765.3 (M+Na)+. Anal.
calcd for C50H46O6: C, 80.84; H, 6.24. Found: C, 80.67; H,
6.41. Bis-arylated compound 21: �D=+57.19° (CHCl3, c
1.0); 1H NMR (300 MHz, CDCl3) � (ppm): 3.49 (s, 6H)
3.80 (s, 3H), 3.85 (s, 3H), 3.40–3.88 (m, 4H), 3.94 (d, 1H,
J=11.4 Hz), 4.07 (dd, 1H, J=2.6, 6.0 Hz), 4.24 (d, 1H,
J=11.4 Hz), 4.43 (d, 1H, J=12.2 Hz), 4.50 (d, 1H, J=11.4
Hz), 4.72 (d, 1H, J=12.0 Hz), 4.80 (d, 1H, J=11.4 Hz),

4.86 (d, 1H, J=6.0 Hz), 4.97 (d, 1H, J=11.4 Hz), 6.07 (s,
2H), 6.12 (s, 2H), 6.97–7.47 (m, 25H); 13C NMR (75 MHz,
CDCl3) � (ppm): 55.2, 55.3, 55.4, 55.5, 71.0, 71.4, 71.7,
72.5, 73.2, 74.1, 78.0, 79.0, 80.8, 91.0, 91.1, 99.6, 102.0,
107.1, 125.8, 126.7, 126.8, 127.0, 127.2, 127.4, 127.4, 127.6,
127.8, 127.8, 127.9, 128.1, 128.2, 128.4, 137.1, 138.6, 139.0,
139.6, 158.8, 159.1, 160.4, 160.7;); MS (CI) m/z : 982.4
(M+Na)+. Anal. calcd for C60H62O11: C, 75.14; H, 6.52.
Found: C, 74.86; H, 6.74.
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