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The genetic probe labeled with positron emitter for monitor-
ing tumor cells transfacted by herpes simplex virus thymidine
kinase gene has been intensively studied. A useful synthetic
methodology was developed to synthesize (E)-5-[2-(tributyl-
stannyl)vinyl]arabinosyl uridine (TSVAU) and to radiolabel
(E)-5-{2-[125I]iodovinyl}arabinosyl uridine (IVAU) substrate
for herpes simplex virus type-1 thymidine kinase gene. The
synthesis started from arabinosyl uridine via six steps to provide
TSVAU in 18% yield. The subsequent radiolabeling with Na-
[125I]I under oxidation provided [125I]IVAU in 80% radiochem-
ical yield.

Gene therapy has become one of the most promising ap-
proaches for cancer treatment. The mechanism underlying the
therapy starts by delivering the suicide gene into the target cells,
followed by administering the prodrugs. The presence of the sui-
cide gene in the target cells activates the prodrugs, such as nu-
cleoside analogs, to form toxic metabolites, which then initiate
the subsequent suicidal mechanism. The most intensively stud-
ied suicide gene, HSV-1 TK (herpes simplex virus thymidine
kinase), can serve bi-functionally as both therapeutic and report-
er genes in this system.2 Moreover, in vivo gene expression of
HSV-1 TK can be successfully monitored by imaging its sub-
strate analog, usually a nucleoside analog. After being phos-
phorylated by viral TK, the metabolite can be randomly incorpo-
rated into elongating DNA chains by cellular enzymes.3 The lo-
calization of this event could be traced down by using a tagged
nucleoside analog. Of the most excellent candidates for in vivo
studies are which radiolabeled with positron emitters owing to
their higher imaging quality and quantification capacity. For ex-
ample, [124I]FIAU (pyrimidine nucleoside) and [18F]FHBG (pu-
rine nucleoside) have been coupled with PET (positron emission
tomography) to provide invaluable images (Scheme 1).4,5

Recently, an investigation on bioactivity-guided screening
of nucleosides as substrates for HSV-1 TK by Degrève et al.
discovered two potential compounds: IaraU (5-iodoarabinosyl
uridine) and IVAU {(E)-5-(2-iodovinyl)arabinosyl uridine} 1
(Scheme 2).6 As part of our systematic syntheses of radiolabeled
thymidine analogs,7 we have developed a facile synthesis of the
former compound [125I]IaraU.8 Though the syntheses of [123I]
IVAU and its precursor TSVAU {(E)-5-[2-(tributylstannyl)-
vinyl]arabinosyl uridine} 2 have been reported by Dougan
et al., the use of acetylene during production of trans-1,2-di-
stannyl ethene was a formidable procedure for the most medic-
inal chemistry laboratories.9 Consequently, an alternative pre-
cursor bearing trimethylsilyl vinyl group was developed by
Morin et al. and [125I]IVAU 1 could be prepared in fair yield.10

In view of the potential application of organotin to radio-
labeling with positron emitter 18F, we developed a practical
preparation of the 20-deoxy moieties of TSVAU and demonstrat-

ed their usefulness in radiolabeling with radio bromine and
fluorine.7a–7c These 20-deoxy nucleosides usually suffer from
the easy cleavage by phosphorylase in vivo, however. Aiming
to develop a longer half-life genetic probe for the in vivo study,
we describe here a facile synthesis of TSVAU and its radio-
labeling leading to [125I]IVAU. This synthesis should be able to
apply to positron-emitter-labeling chemistry accordingly.

The whole synthesis started from the commercial arabinosyl
uridine 3, which could be easily prepared according to the
reported procedure (Scheme 2).8,11 Through the iodination, the
Heck coupling reaction and the removal of the silyl group,
compound 6 was obtained in good yield. Whereas an attempt
to purify 6 by using repeated column chromatography was not
successful, the impurities could be removed during subsequent
stannylation and satisfactory elemental analysis of compound
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Scheme 1. Recently developed genetic probes.
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Scheme 2. Reaction conditions: (a): Ac2O/pyridine; (b): I2,
CAN, CH3CN, 88%; (c) trimethylsilyl ethyne, CuI, (PPh3)2-
PdCl2, DMF, 80%; (d) KF, NEt4Br, CH3CN, 63%; (e) HSnBu3,
AIBN, toluene, 80%; (f) NaOMe/MeOH, Hþ, �50%; (g) Na-
[125I]I, H2O2, HPLC, 80%.
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7 could be obtained. Likewise, the next deprotection of 7 en-
countered the same difficulties; a satisfactory elemental analysis
of 2 was not available.12 The byproduct 5-vinyl araU 8 was easi-
ly formed through a proposed water-catalyzed destannylation
(Scheme 3).8

In comparison with the recently described 5-trimethylstan-
nyl araU,8 such an instability derived from chelating effect in
compound 2was relatively mild. It is probably because the bulky
n-butyl groups decrease the adequate formation of coordination
complex to a certain extent. During radioiodination (Scheme 2g),
we found the best yield (80%) of 1 was obtained in 20min
(Figure 1). In comparison with the usual high yield of 99%
within one minute as reported for the 20-deoxy and 20-fluoro an-
alogs,7a,13 the 20-OH group might interfere with the electrophilic
attack through iodine. The stereochemistry of (E)-isomer 1 was
confirmed from the spectra of the authentic sample prepared via
the same synthetic route but without radioactivity. Data of 1H-
NMR unambiguously indicated the identity of the sole isomer
corresponding to (E)-1.

In brief, we established a practical preparation of TSVAU 2
and demonstrated its application to radioiodination. The present
method provided the base for incorporation of the positron
emitter [124I]I-. Additionally, a well protected analog of 2 should
be capable of radiolabeling with [18F]F2 by adopting our recent-
ly reported method.7a–7c
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Scheme 3. Proposed chelating effect leading to destannylation.

Figure 1. HPLC chromatogram of 5-[125I]IVAU 1.
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