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Structurally modified nucleosides have proven to be a
valuable source of antiviral agents (Figure 1).1 Structure 1
represents an example of such agents that display high
antiviral activity. This class of 2′,3′-dideoxynucleosides is
made by the replacement of the 2′,3′-hydroxyl groups on the
ribose ring with hydrogen or/and fluorine atoms. The
substitution of a fluorine atom at the 2′-position has resulted
in several classes of compounds with effective antiviral
activity.2 Analysis of structure-activity relationships shows
that many active 2′-fluorinated nucleosides (including F-ddA
1b; B ) adenine) adopt a 2′-â-configuration while the
corresponding 2′-R-isomers tend to be inactive.3 Compounds
2-4 feature several of the other related biologically active
dideoxynucleosides that possess a variety of 2′,3′-substitu-
ents. It appears that the increase of the 3′-substituent size
does not always diminish the antiviral activity of nucleoside
analogues. The 3′-substituents of biologically active com-
pounds include a hydroxymethyl group (such as 2)4 or
nitrogen-containing moieties (3 and 4).5,6 Compounds 3a,
which contain nucleophilic nitrogen substituents (R ) H, or
alkyl) at the 3′-position, have been shown to possess anti-
HIV activity.5 The synthesis of the corresponding fluoride
derivatives 3b has not been reported, probably due to the
difficulty in preparing trans-2-fluoroethylamine-type struc-
tures. We now report a procedure that allows introduction
of a 3′-hydroxylamine group into nucleoside structure 4b,
which contains a 2′-â-fluorine atom. The trans relationship

of the fluoride and amine moieties can be effectively con-
trolled by the conjugate addition of N-alkylhydroxylamine
to a 2-fluorolactone.7

Our synthetic route involves a key conjugate addition of
N-methylhydroxylamine to butenolides 5 (Scheme 1), which
can be prepared in high yield from D-glyceraldehyde.8 It has
been reported that nucleophiles generally attack butenolide
5a (X ) H) from the less hindered R-face due to the bulky
O-protected hydroxymethyl group.9,10 We have also carried
out the reaction of butenolide 5a with N-methylhydroxyl-
amine hydrochloride, after neutralization in situ by triethyl-
amine in THF. The corresponding adduct 6a was exclusively
formed in high yield.10a Unfortunately, the use of the 2-fluoro
material 5b failed to give the desired product 6b under this
triethylamine-neutralization condition. Alternatively, so-
dium ethoxide was used to generate a free N-methylhy-
droxylamine nucleophile, and N-methylhydroxylamine was
added to the trisubstituted butenolide 5b in refluxing
ethanol to furnish compound 6b as a single isomer. The 1H
NMR spectrum of compound 6b showed a doublet of doublets
at 5.5 ppm, which was assigned to H-2. The trans relation-
ship of the two protons at the 2,3-positions was assigned on
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the basis of their coupling constant (7.7 Hz), which is
consistent with the literature data of a related system.11 The
1H NMR spectroscopic data of 6b were compared with that
of the well-studied compound 6a, and the expected 2,3,4-
trans,trans configuration of 6b was determined.7,10 It can
be assumed that both electronic and steric effects control
the resulting trans,trans stereochemistry.

Protection of the hydroxyl group of 6b with TBSCl in dry
DMF gave compound 7 (93% yield), which was converted to
the corresponding lactol 8 by DIBAL reduction in CH2Cl2.
Glycosyl acetate and glycosyl chloride are two intermediates
that are often used for coupling with nucleoside bases.
Hence, acetate 9a was prepared by acetylation of 8; chloride
9b12 was prepared by employing mesyl chloride in the
presence of triethylamine and a catalytic amount of tri-
butylamine.13

Initially, the glycosylation of acetate 9a with TMS-
protected heterocyclic base in the presence of trimethylsilyl
triflate was attempted, but the desired coupling product was
not isolated due to the silyl transformation reaction between
the silylated nucleoside bases and 9a. Similar observations
have been reported in the literature.11 Glycoside chloride 9b
was reacted with silylated heterocyclic bases, including
uracil, thymine, and cytosine. Glycosylation reactions pro-
ceeded smoothly to afford the TBS-protected nucleosides 10,
and overall yields for three steps from the corresponding
lactone 6b were in the range of 65-70% (Scheme 2).
Protected nucleosides 10 were generally obtained as an
anomeric mixture (R and â) in a ratio of about 1:1. No

attempt was made to improve the ratio of R/â anomers since
the final nucleoside analogues of both isomers were needed
for biological evaluations. Deprotection of the TBS groups
was easily achieved by treatment of TBAF in dry THF,
resulting in 83-99% yields. Finally, uridine 11a and cytidine
11c were separated by silica gel column chromatography.
The initial antiviral studies of cytidine 11c displayed very
encouraging anti-HIV-1 results.14 The anomeric configura-
tion of nucleoside analogues 11 can be determined by a well-
established rule;15 the shielding/deshielding effects of nu-
cleoside bases make the chemical shift of H-4′ appear at a
lower field for R-isomers than for that of the corresponding
â-isomers.

This synthesis offers an efficient method for preparation
of 2′,3′-dideoxy-2′-fluoro-3′-(N-hydroxyl-N-methylamino)-D-
arabinofuranosyl nucleosides 11 via the conjugate addition
of N-methylhydroxylamine to a lactone. N-Methylhydroxyl-
amine proved to be an excellent nucleophile toward sp2

centers in that it added to 2-fluorobutenolide 5b in a regio-
and diastereoselective fashion to afford compound 6b with
the desired â-configuration of the 2-fluorine atom. Additional
advantages for using conjugate addition reactions exist,
namely: (a) the difficult step of fluorination in the presence
of N-alkoxyamine moieties is avoided and (b) the synthesis
of the key intermediates 9 can be achieved in four high-yield
steps from the readily available starting material 5b. The
title compounds 11, which contain 2′-N-alkyl-N-hydroxyl-
amine groups, are useful for investigating the electronic and
steric properties of a N-hydroxylamine structure in terms
of replacing the 2′-hydroxymethyl group of nucleoside ana-
logues 2.
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