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ABSTRACT

Cyclic 1,2-thiocarbonate sugars are convenient starting materials for the selective and efficient preparation of glycofuranosyl azides and
nucleosides by regio- and stereoselective thiocarbonate ring-opening.

The biological role of nucleoside-related compounds1 keeps
the development of more efficient synthetic methods as a
permanent current topic due to the importance of this type
of compounds in the development of new lines of anti-
neoplastic therapeutic agents.2 The greatest challenge is the
achievement of a good stereoselectivity to avoid the forma-
tion of R/â diastereomeric mixtures, which are difficult to
separate. In other cases, the employment of strong glycosy-
lating promoters or conditions limits the use of many
protecting groups.3

Cyclic 1,2-thiocarbonate sugars4 are stable compounds that
are easily prepared and handled. They have previously been
employed as glycosyl donors in glycosidation reactions by
sulfur methylation that promotes the attack of the glycosyl
acceptor.4,5 Other related glycosyl donors are cyclic 1,2-
sulfite sugars that have also been employed for nucleoside

synthesis6 using persilylated pyrimidinic bases with good
yields and, in some cases, stereoselectivities. Nevertheless,
in these reactions, the opening of the 1,2-cyclic sulfite ring
usually requires long reaction times and high temperatures.

Glycosyl azides are important intermediates for the
synthesis of a wide variety of sugar derivatives. For their
synthesis, three general methods are normally used: (a)
reaction of glycosyl halides with metal azides or tetrameth-
ylguanidium azide7 under homogeneous conditions8 or by
using phase transfer catalysts,9 (b) reaction of glycosyl esters
with trimethylsilyl azide in the presence of a Lewis acid
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catalyst,8c,10 and (c) reaction of cyclic 1,2-sulfite sugar
derivatives with sodium azide.6b,11

Considering the particular charge density at the anomeric
carbon of the cyclic 1,2-thiocarbonate sugars as a conse-
quence of the concurrence of the sugar and thiocarbonate
rings, we thought that these bicyclic compounds should be
easily opened by attack with nucleophiles such as sodium
azide allowing the synthesis of the corresponding glycosyl
azides. This hypothesis was corroborated when compounds
1 and 2 were treated with sodium azide,12 leading to the
corresponding 3,5-di-O-benzyl-â-D-xylo (3) and the already
described 3,5-di-O-benzyl-â-D-ribofuranosyl azide (4)11 in
95 and 90% yields, respectively (Scheme 1).

On the basis of these satisfactory results, we thought that
the pyrimidinic bases could also be used as nucleophiles for
the opening of cyclic 1,2-thiocarbonate sugars, allowing an
easy access to nucleosides. Preliminary experiments were
carried out using thymine as a nucleophile, but treatment of
this base with compound1 using NaH or DBU led to
complex mixtures.

Sugimura13 has previously reported the use of NBS to
promote nucleosidation of thioglycosides achieving good
yields with moderate stereoselectivity in a variety of
examples. Taking this antecedent into consideration, we
chose NIS as the promoter for the nucleosidation of cyclic
1,2-thiocarbonates sugars. The use of NIS proves to be
particularly efficient when persilylated pyrimidinic bases
(thymine, uracil, and 5-fluoruracil) were used as nucleophilic
agents and acetonitrile as a solvent. The thiocarbonate ring-
opening of compound1 was thus effectively achieved at
room temperature, andâ-nucleosides5-7 were exclusively
obtained in high yields having the hydroxyl group at C-2′
protected as indicated in Scheme 2.

Yields were drastically affected by the number of equiva-
lents of the pyrimidine base used and the proportion of the

disposable silylating agent [N,O-bis(trimethylsilyl) aceta-
mide] (Table 1). The better results correspond to the use of

2 equiv of base and a large excess of silylating agent (see
General Method).14

To demonstrate unequivocally theâ-configuration at the
anomeric position of nucleosides5-7, the substituent at C-2′
was first removed by basic (KOH, DABCO) or acid (KHSO4)
treatment leading to the corresponding nucleosides8-10 in
almost quantitative yield. Compound8 was then mesylated
and treated with DBU to obtain the tricycle11, which showed
physical and spectroscopic data identical to those previously
described (Scheme 3).15

In summary, we report a new methodology for the
synthesis of glycofuranosyl azides and nucleosides using
cyclic 1,2-thiocarbonate sugars as readily available and useful
starting materials. The reactions were shown to be mild, fast,
and selective, allowing the isolation of only one of the
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Scheme 1. Thiocarbonate Ring-Opening with NaN3

Scheme 2. General Mechanism for the Nucleosidation Process

Table 1. Optimization of the Nucleosidation Process: Yields
of 5-7

basea silylating agentb

compd 1 equiv 2 equiv 4 equiv 6 equiv

5 29 73 86 90
6 25 39 70 76
7 26 43 57 71

a In all cases, 2 equiv of silylating agent was employed.b In all cases, 2
equiv of nucleobase was employed.

Scheme 3. Chemical Correlation Demonstrating the Obtained
â-1′ Configuration
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anomers. It could be anticipated that this approach should
constitute an adequate method for the synthesis of a wide
variety of nucleoside derivatives. Studies with other cyclic
1,2-thiocarbonate sugars are currently under investigation.
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