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Abstract

Synthesis of the 10-�-phenylselenouridine derivative1�, a potentially useful precursor for the synthesis of a
variety of 10-modified nucleosides, was achieved via enolization of the 30,50-O-TIPDS-20-ketouridine2. Successive
treatment of2 with LiHMDS and PhSeCl at�70°C in THF gave the corresponding 10-phenylseleno product, which
was reduced stereoselectively with NaBH4/CeCl3 in MeOH to give the target compound1�. © 2000 Elsevier
Science Ltd. All rights reserved.

In recent years, we have been engaged in the synthetic study of medicinal chemically important
branched-chain sugar nucleosides.1 Although a number of procedures for preparing them have been de-
veloped, examples of newly synthesized 10-branched-chain sugar nucleosides are limited.2 Furthermore,
their biological activities have not yet been investigated in a systematic manner presumably because
efficient synthetic methods for their preparation have not been developed.

We previously demonstrated that 40-phenylselenonucleosidesI could be used successfully in preparing
a variety of 40-�-branched-chain sugar nucleosidesII via the radical reaction with a temporary con-
necting vinylsilyl tether (Fig. 1).3 Among these, 40-�-ethenyl- and -ethynylthymidines showed potent
antiviral effects.3d Considering the results of the synthetic study of 40-branched-chain sugar nucleosides,
10-phenylselenonucleosides should also be highly useful precursors for the synthesis of 10-�-branched-
chain sugar nucleosides having biological importance. In this communication, we describe the synthesis
of a sugar-protected 10-phenylselenouridine1 via enolization of the 20-ketouridine derivative followed
by reaction with PhSeCl.

The 30,50-O-(1,1,3,3-tetraisopropyldisiloxane-1,3-diyl) (TIPDS)-20-ketouridine2, first prepared by
our group,4 has been widely used for the synthesis of 20-modified nucleosides via nucleophilic addition
reactions at the 20-carbonyl.5 We presumed that treatment of the 20-ketouridine derivative2 with a strong
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Fig. 1.

base would produce the corresponding 10-enolate3 (Scheme 1) and that the subsequent reaction with
PhSeCl as an electrophile would give the 10-phenylseleno-20-ketouridine derivative. The stereoselective
hydride reduction of the 20-carbonyl from the�-face would provide the desired 10-�-phenylselenouridine
derivative1�.

Scheme 1.

We first examined whether enolization at the 10-positon occurred by deuterium-labeling experiments.
A mixture of 2 and LiHMDS (2.1 equiv.) in THF was stirred at�70°C for 1 h and quenched with
CD3CO2D/CD3OD. The 20-ketouridine2D was obtained in about 90% yield,6 of which 54% of the
10-proton was replaced by a deuterium atom. A similar experiment with LDA as the base also gave
the 10-deuterium-labeled product2D (yield 72%, deuterium-incorporation 50%). Furthermore, when the
reaction mixture of2 and LiHMDS (2.1 equiv.) in THF was treated with BzCl at�70°C, the enol-
O-benzoate4 was obtained in 73% yield. These experiments clearly show that the 10-enolate3 was
produced under these conditions, as predicted. As far as we know, this is the first example demonstrating
enolization at the 10-position of a 20-ketonucleoside.7

Introduction of a phenylseleno group at the 10-position was next investigated (Scheme 2), and the
results are summarized in Table 1. The reactions were carried out as follows. A mixture of2 and a base
in a solvent was stirred at�70°C for 1 h. Two equivalents of PhSeCl were added and the resulting mixture
was further stirred at the same temperature for 1 h. The reaction products were purified by neutral silica
gel column chromatography. The reaction was first performed with 1.5 equivalents of LiHMDS to give
the desired 10-phenylseleno product in 47% yield as an anomeric mixture of5 and6 (5:6=2.9:1, entry
1), respectively. It is noteworthy that the 10-�-phenylseleno product6 was in equilibrium between the 20-
keto-form6a and its 20-hydrate6b. The stereochemistries were confirmed by NOE experiments of6b,
as shown in Fig. 2. When 2.1 or 3.0 equivalents of LiHMDS were used, the yield increased significantly
(entry 2, yield 85%; entry 3, yield 73%).8 However, using 4.0 equivalents of the base resulted in poorer
yield (entry 4).9 In all these reactions, the 10-�-phenylseleno product5 was selectively obtained as the
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major product. The effect of the solvent on the reaction was next examined. Although DME was suitable
for this reaction (entry 5) and gave results similar to the reaction in THF, the yield decreased when Et2O
was used (entry 6). Although the anomeric ratio did not change in the reactions in DME or Et2O, the facial
selectivity was almost lost in the reaction in THF/HMPA as the solvent (entry 7, yield 75%,5:6=1.4:1).
Reactions were further carried out with other strong bases. Although the yield decreased in the reaction
with LDA as the base, the 10-phenylseleno products were obtained in excellent yields similar to those
with LiHMDS, when NaHMDS or KHMDS was used as the base (entries 9 and 10). It is interesting to
note that the�-selectivity is lost when the counterion of HMDS is changed to sodium. Furthermore, the
stereoselectivity was reversed to give 10-�-phenylseleno derivative6 as the major product (5:6=1:3.0)
when potassium was used as the counterion. These results with different counterions, together with the
result in the presence of HMPA (entry 7), suggest that the 10-�-phenylseleno product5 is probably
produced via a chelation-controlled reaction pathway.10

Scheme 2.

Table 1
The introduction of a phenylseleno group at the 10-position of2

Fig. 2.

The 10-�-phenyseleno product5, which was obtained in a pure form after neutral silica gel column
chromatography, was subjected to reduction at the 20-keto moiety. After investigation of various reaction
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conditions, we found that the 20-carbonyl group of5 was functionally- and stereoselectively reduced
from the�-face when it was treated with NaBH4/CeCl3 in MeOH11 at�70°C to give the desired sugar-
protected 10-phenylselenouridine1� in 81% yield as the sole product.12

As far as we know, this is the first example of functionalization at the anomeric 10-position of a
nucleoside, starting from a natural nucleoside, to produce aribo-type 10-modified nucleoside.13

In summary, we have successfully introduced a phenylseleno group at the 10-position via enolization
of the 20-ketouridine derivative2. Subsequent functional- and stereoselective reduction of the 20-keto
moiety gave the desired sugar-protected 10-phenylselenouridine1� (Scheme 3), which should be a highly
useful precursor in the preparation of various 10-�-modified nucleosides of biological interest.14

Scheme 3.
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