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A NEW APPROACH TO THE SYNTHESIS OF 4’-CARBON-SUBSTITUTED
NUCLEOSIDES: DEVELOPMENT OF A HIGHLY ACTIVE ANTI-HIV
AGENT 2’, 3’-DIDEHYDRO-3’-DEOXY-4’-ETHYNYLTHYMIDINE
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5 Oxidation of 3’-O-TBDMS-4’,5’-unsaturated thymidine 3 with dimethyldioxirane (DMDO)
allowed the isolation of the epoxide 4. Upon reacting with organosilicon reagents in the presence of
SnCl4, 4 underwent stereoselective ring opening to give 4’-a-allyl (6), 4’-a-(2-bromoallyl) (7), 4’-a-
(cyclopenten-3-yl) (8), and 4’-a-cyano (9) derivatives of thymidine. Reactions of the 3’-epimer 12 with
organoaluminum reagents gave 4’-a-methyl (13), 4’-a-vinyl (14), and 4’-a-ethynyl (15) analogues.
Compounds 13^15 were transformed into corresponding 2’,3’-didehydro-3’-deoxy derivatives.
Evaluation of their ability to inhibit the replication of HIV in cell culture showed that 4’-ethynyl-
d4T (19) is more potent and less toxic than the parent compound d4T.
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INTRODUCTION

Nucleoside analogues are an important class of biological ly active compounds,
especial ly as antiviral and antitumor agents.* Recently, 4’-substituted nucleosides
have attracted much attention because of the discovery of the potent anti-HIV
agents 4’-cyano (1) and 4’-ethynyl (2) analogues of thymidine (Figure 1).[2,3] The
most frequently utilized method for the preparation of these analogues is
manipulation of 4’-hydroxymethyl derivatives of nucleosides or sugars prepared
via an aldol-Cannizzaro reaction of the corresponding aldehyde.[4,5]

Although ring opening of epoxides with carbon nucleophiles constitutes a
powerful synthetic operation for C--C bond-forming reactions,y little attention
has been paid for its application to the synthesis of branched sugar-nucleosides.[7]

In this article, we describe a novel method for the stereoselective synthesis of 4’-a-
carbon-substituted nucleosides based on epoxidation of 4’,5’-unsaturated nucleo-
sides fol lowed by ring opening with organosilicon reagents or organoaluminum
reagents. Results of the anti-HIV evaluation of the synthesized compounds are
also reported.

RESULTS AND DISCUSSION

Ring Opening of 4’,5’-Epoxythymidine Derivative 4 with
Organosilicon Reagents

When 3’-O-TBDMS-4’,5’-unsaturated thymidine 3 was treated with an acetone
solution of dimethyldioxirane (DMDO) in CH2Cl2 at �30�C, the reaction went to
completion within 0.5 h, and 4’,5’-epoxythymidine derivative 4 was formed in a
single diastereomer (Scheme 1).[8] Subsequent reaction of 4 with al lyltrimethyl-
silane in the presence of SnCl4 gave two products. Their 1H NMR spectra showed
that the more polar product was the expected 4’-a-al lylthymidine (6) whereas the
less polar one was its 5’-O-trimethylsilyl derivative (5). Thus, simple extractive

FIGURE 1 4’-Cyano- and 4’-ethynylthymidines.

*For a review, see Ref. [1].
yFor a review, see Ref. [6].
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workup of the reaction mixture fol lowed by treatment with NH3/MeOH allowed
the isolation of 6 in 80% yield.

4’-a-(2-Bromoal lyl)-(7) (47%) and 4’-a-(cyclopenten-3-yl)-thymidine derivative (8)
(32%) were also synthesized as a single isomer by reacting 4 with (2-bromoal lyl)-
trimethylsilane and (cyclopentenyl)trimethylsilane, respectively. The present method
provides an access to a potent anti-HIV agent, 4’-a-cyanothymidine, since a cyano
group can be introduced into the 4’-position by using cyanotrimethylsilane to yield
9 (45%).

Ring Opening of the 4’,5’-Epoxide 12 with
Organoaluminum Reagents

Reaction of 4 with Me3Al resulted in the dominant formation of 10 (64%), the
desired product 11 being isolated only in 5% yield (Figure 2).[9] This stereochemical
outcome was assumed to be a reflection of conformational preference of the
oxonium intermediate: conformer A can avoid the steric repulsion between the 5’-
O-aluminate and the 3’-O-TBDMS group. To see if our assumption is reasonable,
the 4’,5’-epoxide 12 having the opposite 3’-configuration to 4 was prepared from
the corresponding 4’,5’-unsaturated derivative by DMDO oxidation. When 12 was
reacted with Me3Al under the conditions shown in Scheme 2 (a possible
intermediate is depicted as B), exclusive formation of 13 (72%) having the expected
4’-configuration was observed. This was also the case for (CH2 = CH)3Al, although

FIGURE 2 Ring opening of 4’,5’-epoxide 4 with Me3Al.

SCHEME 1 Epoxidation of 3 with DMDO and subsequent ring opening of 4’,5’-epoxythymidine derivative 4
with al lyltrimethylsilane.

345K. Haraguchi et al.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
1
6
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



the yield of 14 (27%) was rather low. In contrast to these two reactions, both the 4’-
a-(15: 57%) and 4’-b-(16: 31%) substituted products were isolated upon reacting 12
with (HC � C)3Al (Figure 3).

Transformation of 13--15 to the respective 4’-substituted analogue of d4T was
carried out by sequential conventional reactions: acetylation of the 5’-hydroxyl
group, desilylation (TBAF/THF), 3’-O-mesylation, elimination of MsOH (DBN/
CH3CN), and deacetylation (NH3/MeOH). Compounds 17--19 were obtained in
good overal l yields (Figure 4).

Anti-HIV Activity of 4’-Carbon-Substituted d4T

The anti-HIV-1 IIIB activity of 17--19 was evaluated and the results were
summarized in Table 1.[10] Interestingly, 4’-ethynyl-d4T 19 was found to be more
potent and less toxic to host cel ls than d4T.

FIGURE 3 4’-Carbon-substituted thymidine derivatives.

SCHEME 2 Ring opening of the 4’,5’-epoxide 12 with organoaluminum reagents.

FIGURE 4 4’-Substituted d4T.
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TABLE 1 Anti-HIV 1 IIIB Activity of 17--19 in MT-2 Cells

Compd IC50 (mM)a CC50 (mM)b

17 >100 >100
18 >100 >100
19 0.20 >100
Stavudine 2.8 100

aInhibitory concentration required to achieve 50% protection of
MT-2 cel ls against the cytopathic effect of HIV-1 IIIB.

bCytotoxic concentration required to reduce the viability of mock-
infected MT-2 cel ls by 50%.
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