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Abstract—An improved synthesis of 9-(2,3-dideoxy-2-fluoro-b-D-threo-pentofuranosyl)adenine (1, FddA) via a fluorination of
3%-O-benzoyl-5%-O-tritylriboside (4a) using noncorrosive triethylamine trihydrofluoride (Et3N·3HF) is described. The method is
suitable for large-scale synthesis. In particular, the synthesis of the pivotal intermediate 4a was much improved in avoidance of
the use of toxic tin reagent. Radical deoxygenation with several silanes was also studied. The total yield of FddA from
6-chloropurine riboside (2) in this study was greater than that we reported previously. © 2001 Elsevier Science Ltd. All rights
reserved.

9-(2,3-Dideoxy-2-fluoro-b-D-threo-pentofuranosyl)ade-
nine (1, FddA, lodenosine) is a potent anti-HIV agent,1

which has significant advantages over non-fluorinated
dideoxynucleoside analogs such as dideoxyinosine (ddI,
didanosine). One of its most promising advantages is
that 1 has been shown to be effective against otherwise
resistant HIV strains.2 Compound 1 is currently being
tested in clinical trials for the treatment of AIDS.1d,3

FddA has been synthesized by several different meth-
ods.1d,4 A problem in each of these methods is how to
introduce a fluorine at C2%-b of the sugar moiety. Most
attempts to fluorinate the C2%-b position of nucleoside
derivatives lead to a migration or elimination product5

and give a poor yield,6 or sometimes even none of the

desired fluorinated compound.1a Recently, we reported
the fluorination of 3%-O-benzoyl-5%-O-tritylriboside (4a)
with diethylaminosulfur trifluoride (DAST).7 The intro-
duction of an electron-withdrawing 6-chloro group to
the purine moiety was essential for improving the yield
of fluorination, probably because the 6-chloro group
decreases the nucleophilicity of purine base and pre-
vents a purine base migration during the fluorination.
Although the reaction yield was excellent and neither
migration nor elimination occurred, it would be prefer-
able to avoid the use of corrosive DAST in large-scale
industrial production.

Chou et al. reported8a the large-scale synthesis of C-2
(arabino) fluorinated sugar derivatives with noncorro-
sive triethylamine trihydrofluoride (Et3N·3HF).8b,c

Since the condensation of fluorinated sugar with a
nucleic base still presents the problem of the undesired
a-anomer formation,1d,9 we became interested in using
Et3N·3HF for fluorination of nucleoside 4a.10

In our previous report,7 one of the major problems for
obtaining the pivotal intermediate 4a from 6-chloro-
purine riboside (2)11 was the use of highly toxic
dibutyltin oxide during the formation of 3%-O-benzoate.
Decrease of the reaction yield due to acyl migration
between the 2%- and 3%-O-benzoyl groups followed by
subsequent dibenzoylation12 was another important
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Scheme 1.

problem. In order to improve the process, the selective
tritylation at the 5%-hydroxyl group was performed
prior to benzoylation. When we used pyridine as a base
for the benzoylation (Scheme 1), undesired dibenzoyla-
tion was remarkably suppressed and 4a was obtained in
a moderate yield without using the toxic tin reagent.

Thus, compound 2 was mono-tritylated with 2 equiv. of
trityl chloride (TrCl) in the presence of diisopropy-
lamine (iPr2NH) in N,N-dimethylformamide (DMF) at
40°C. Small amounts of the 2%,5%- and 3%,5%-di-O-trity-
lated compounds were also formed. The resulting solu-
tion was subjected to conventional work-up and the
tritylated compound (3) was extracted by toluene.
Without further purification, compound 3 was benzoy-
lated with an excess amount of benzoyl chloride (BzCl)
in the presence of pyridine at 0°C. After conventional
work-up and purification by silica gel chromatography,
the mixture of 4a and 4b was subjected to crystalliza-
tion to afford pure 4a as white crystals in 70% yield.
Compound 4b remained in the mother liquor, and was
recycled, after the acyl migration from 4b to 4a, by
treating with triethylamine (Et3N).

Compound 4a was fluorinated with Et3N·3HF in two
steps, as shown in Scheme 2. Prior to the reaction with
Et3N·3HF, the 2%-hydroxyl group of 4a was converted
to imidazolesulfonate (5a) or trifluoromethanesulfonate
(5b). We tried to fluorinate the compound having other
leaving group, but without success. It was revealed that
the 6-chloro group was effective again in preventing a
purine base migration and improving the yield of
fluorination.

Compound 5a was reacted with Et3N·3HF in several
solvents at 50°C or 70°C (Table 1). High-performance
liquid chromatography (HPLC) analysis showed that
the yield of fluorinated compound 6 varied from 54 to
78% including imidazolesulfonation.13 The best result
was obtained when toluene was used as the solvent. It
has been reported14 that the addition of 0.5 equiv. of
Et3N to Et3N·3HF enhances the nucleophilicity of the
reagent. We also studied the addition of Et3N (run 2),
but the yield of product decreased.

The trifluoromethanesulfonate (5b), which was quanti-
tatively obtained from 4a, was also reacted with 6

Scheme 2.

Table 1. Fluorination of imidazolesulfonate (5a)

Time (h)Run Solvent Et3N·3HF (equiv.) Et3N (equiv.) Temp. (°C) Yield (%)a

67241 70AcOEt 6.0 –
542 AcOEt 6.0 3.0 70 24
78243 Toluene 706.0 –

244 CH3CN 6.0 – 6270
245 CH2Cl2 6.0 – 6050

a The yield includes imidazolesulfonation of 4a.
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Scheme 3.

Table 2. Deoxygenation of 8a and 8b with silanes

R2 Silane Yield (%)Run Solvent

Ph [(Me)3Si]3SiH1 Toluene 78
2 81DioxanePh2SiH2Ph

ToluenePh2SiH2Ph 743
4 Ph Ph2MeSiH Dioxane 69

4-F-Ph Et3SiH5 Dioxane 55
6 Et3SiH 564-F-Ph Acetone
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