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ABSTRACT

Lewis acid mediated addition of chiral titanium enolates to glycals provides either r- or â-1′-methyl-substituted C-glycosides. This highly
stereoselective methodology permits the modular preparation of three of the four possible diastereomers.

C-Glycosides are regarded as mimics of biologically relevant
O-glycosides1 in which the replacement of the exo-anomeric
oxygen by a methylene group confers upon them resistance
to both acid and enzymatic hydrolysis.2 Furthermore, they
can be considered from a structural point of view as
oxygenated heterocyclic moieties, which are found in a vast
array of natural products with important pharmacological
properties.3 Thus, a large number of strategies directed
toward the stereoselective synthesis ofC-glycosides have
already been devised.4 However, there is still a lack of

methods that enable one to predictably generateR- or â-C-
glycosides from a single glycosyl donor,5 and moreover, only
a few allow the stereoselective generation of both new
stereocenters (C-1 and C-1′ in Scheme 1) associated with
the forming carbon-carbon bond.6 Herein we disclose a
highly stereoselective approach to provide enantiomerically
pureC-glycosides, based on the Lewis acid mediated cross-
coupling reaction of glycals to chiral titanium enolates
derived from (S)-4-isopropyl-N-propanoyl-1,3-thiazolidine-
2-thione ((S)-1) and its enantiomer ((R)-1).
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(1) (a) Weatherman, R. V.; Mortell, K. H.; Chervenak, M.; Kiessling,

L. L.; Toone, E. J.Biochemistry1996,35, 3619-3624. (b) Ravishankar,
R.; Surolia, A.; Vijayan, M.; Lim, S.; Kishi, Y.J. Am. Chem. Soc.1998,
120, 11297-11303. (c) Garcı́a-Herrero, A.; Montero, E.; Muñoz, J. L.;
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Taking into account the high performance displayed by1
in preceding studies,7 we envisioned that if their titanium
enolates were able to react with glycals the stereocenter C-1′
would be completely dependent on the chirality of the
auxiliary.8 In turn, the configuration of the anomeric center
(C-1) would arise from the well-knownR-glycosidic bias
exerted by these carbohydrate derivatives.4,6a,c-e

The reaction of commercially available tri-O-acetyl-D-
glucal (a) with titanium enolates from (S)- and (R)-1 was
first examined. Contrary to our previous experience with
related systems,7,9 poor yields (<15%) were always obtained
in both cases. Therefore, several Lewis acids were surveyed
with the aim to activate the glycal, and finally it was found
that SnCl410,11promoted the formation of the predictedR-C-
glycoside2a from (S)-1and, surprisingly, the unexpected
â-C-glycoside3a from (R)-1 in good yields and diastereo-
selectivities (see entry 1 in Table 1).12 At this point, some
key issues deserve further comments: (1) throughout the
overall optimization process no adducts arising from the

nucleophilic attack at the C-3 position of the glucal were
detected; (2) only two of the four possible diastereomers were
observed; and (3) to the best of our knowledge, this is the
first case in which either theR- or â-C-glycoside is obtained
from a single glycosyl donor through a simple change of
the stereochemistry of the nucleophile.

Encouraged by the obvious potentiality of these findings,
glycalsb-d13 were submitted to the same reaction conditions
in order to gain further insight into the influence of R2 (see
Scheme 1) on the stereochemical outcome of the process.14

To our delight, stereoselectivity was greatly improved
moving from glucala to galactalb to the point that virtually
only one diastereomer was detected in the reaction mixtures
(see entry 2 in Table 1). In turn, addition of titanium enolate
from (S)-1 to c and d also proceeded with excellent
diastereoselectivity, although it was slightly eroded when
(R)-1 was used instead (see entries 3 and 4 in Table 1).
Importantly, the configuration of both new stereocenters, C-1
and C-1′, is defined by the chiral auxiliary, andR- or â-C-
glycosides can be produced from a single glycosyl donor
depending on the use of (S)- or (R)-1, in good to excellent
yields and diastereomeric ratios (see entries 1-4 in Table
1).15

Finally, glycalse-g13 were evaluated to look for adducts
with different functionality at R1 (see Scheme 1). Excellent
yields and diastereomeric ratios were again attained, but
contrary to what had been observed in the preceding cases,
these glycals only provided access to the correspondingR-C-
glycosides irrespective of the stereochemistry of the auxiliary,
which only determined the configuration at C-1′.16

These results suggest thatR- andâ-C-glycosides can be
prepared when R1 ) OOCR depending on the chirality of
the auxiliary, whereasR-C-glycosides are always obtained
when R1 ) H, OTBS (compare entries 1-4 with 5-7 in
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Scheme 1. Lewis Acid Mediated Cross-Coupling Reaction of
Glycals to Chiral Titanium Enolates Derived from (S)- and (R)-1

4652 Org. Lett., Vol. 4, No. 26, 2002



Table 1). The impact of R2 is also noteworthy (compare
entries 1-4) but does not reverse the stereochemical outcome
of the process.

The crucial role played by R1 was confirmed through the
study of related reactions involving achiralN-propanoyl-1,3-
thiazolidine-2-thione (4). As shown in Scheme 2, addition
of the titanium enolate derived from4 to glycal e (R1 )
OTBS) afforded only two adducts whose stereochemistry
corresponds toR-C-glycosides5 and6 (95% overall yield,
dr 62:38). In contrast, four diastereomers (95% overall yield,
dr 49:24:22:5) were obtained in the case of glycala (R1 )
OAc). Therefore, it can be stated that when R1 ) OTBS the
glycal overrides any trend induced by the auxiliary on the
configuration of C-1 and mainly the correspondingR-C-
glycosides are obtained in any case. Alternatively, when R1

) OAc the configuration of C-1 arises from a compromise
between the induction exerted by the auxiliary and the glycal.
Thus, substituent R1 deserves paramount attention in order
to predict the stereochemical outcome of the process.17

Further investigations into the mechanism of this process
are currently underway and results will be reported in due
course.

Finally, removal of the auxiliary was carried out under
very mild conditions. Taking2e as a model, enantiopure
alcohol 7, methyl ester8, and Weinreb’s amide9 were

(17) Although Woerpel has pointed out the dramatic influence of the
substituents in the stereoselective reactions of tetrahydropyran acetals with
nucleophiles, the aforementioned effects are unparalleled. See: Romero, J.
A. C.; Tabacco, S. A.; Woerpel, K. A.J. Am. Chem. Soc.2000,122, 168-
169.

Table 1. Addition of Titanium Enolates from (S)-1and (R)-1to Glycalsa-g14

a Yield of isolated chromatographically pure compound, except where stated.b Determined by HPLC in the reaction mixtures.c Overall yield.d Reaction
time 72 h.
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isolated in very good yields as shown in Scheme 3. Notably,
the end point is reached when the initial yellow solution
becomes almost colorless.18

In conclusion, we have developed a new, highly regio-
and stereoselectiveC-glycosidation procedure based on the
Lewis acid cross-coupling reaction between chiral titanium
enolates and glycals. The judicious combination of glycals
and titanium enolates gives high levels of selectivity as a
result of the stereochemical control elements within each
reaction component and permits enantiopure 1′-methyl-
substitutedC-glycosides to be obtained. These can then be

easily transformed into complex, densely functionalized
building blocks.
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in g90% yield.

Scheme 2a

a (a) TiCl4, i-Pr2NEt, CH2Cl2, -78 to-50 °C, 2 h; (b) SnCl4, e,
-78 to -20 °C, 16 h, 95%.

Scheme 3a

a (a) NaBH4, THF-H2O, rt, 1.5 h, 75%; (b) MeOH, DMAP cat.,
rt, 16 h, 82%; (c) MeONHMe‚HCl, Et3N, DMAP cat., CH2Cl2, rt,
16 h, 86%.
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