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Novel alkenyl substituted aryl bicyclic furano pyrimidines have been prepared and evaluated in vitro
against Varicella Zoster Virus (VZV). The para-substituted analogues retain the nanomolar potency we
have reported for p-alkyl analogues, while the ortho- and meta- alkenyl systems lose 3–4 orders of
potency.

Crown Copyright � 2009 Published by Elsevier Ltd. All rights reserved.
We have previously reported the discovery in our laboratories
of the bicyclic furano pyrimidine family of antivirals (the BCNAs),
which display unique potency and selectivity versus Varicella Zos-
ter Virus (VZV).1 We had originally reported the alkyl family but
subsequently noted substantial increases in potency for the phenyl
analogues, particularly with p-alkyl substitution (1–3).2 We believe
the p-pentyl analogue to be the most potent inhibitor of VZV
reported to date, with in vitro efficacy at ca. 0.5 nM, and little or
no detectable toxicity.3 Indeed, as its orally bioavailable 50-valyl
prodrug, FV100, (4) has entered clinical trials for VZV shingles,
and promising early clinical data have emerged.4
We have described some of the structure–activity relationships
surrounding lead compound (3).5 In particular, activity increases

ca. 1000-fold on para-n-pentyl substitution of the phenyl ring.6
009 Published by Elsevier Ltd. All r

gan).
There are few reports of alternative substitution patterns on the
phenyl ring, although we have noted that ortho halogens are toler-
ated while meta are not.7 In this paper we report the effect of
unsaturation in the p-alkyl side chain at the position adjacent to
the phenyl ring, and also the effect of moving the alkenyl chain
to the ortho and meta positions of the phenyl.

The synthetic route to the desired target compounds was based
around the need for a regio- and stereo- selective access. We chose
to follow the one-pot method of Kabalka8 where E-1-arylalkenes
are prepared in high selectivity from ketones and aromatic
aldehydes. Kabalka suggests a tandem Aldol-Grob sequence mech-
anism for this reaction.9 Thus, the ortho- (5a) meta- (5b) and para-
(5c) bromo benzaldehydes were reacted with symmetrical ketones
pentan-3-one, heptan-4-one and nonan-5-one in the presence of
boran-trifluoride to generate the corresponding E-1-alkenylaryl
bromides (Scheme 1). Yields ranged from 12% to 81% and were
higher for longer chain homologues. Pure E stereochemistry was
confirmed by a ca. 15 Hz olefinic coupling constant.

Following poorly satisfactory attempts to convert these
bromophenyl systems to their trimethysilylacetylenes for coupling
to 5-iodo nucleoside, we decided instead to prepare the
ights reserved.

Scheme 1.
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Scheme 2.

Table 1
Anti-VZV activity of compounds 13–15a–c

C3 EC50 C3 (lM) C4 EC50 (lM) C5 EC50 (lM)

Compd OKA YS MCC (lM) CC50 (lM) Compd OKA YS MCC (lM) CC50 (lM) Compd OKA YS MCC (lM) CC50 (lM)

o 13a 12 — 400 103 14a 33 — 400 102 15a 8.4 — 80 41
m 13b 13 58 >200 >200 14b 1.9 2.3 P20 68 15b 1.1 1.3 P200 >200
p 13c 0.004 0.004 P50 >200 14c 0.0006 0.0007 P5 >200 15c 0.0003 0.0008 >5 >200

p-Alkyl 1 0.011 0.003 P50 188 2 0.0016 0.0005 P50 >200 3 0.0006 0.0005 P50 >200

Figure 1. Flexible alignment simulation of compounds 3 and 14c.

Figure 2. Energy minimized structures of compounds 14a–c.
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5-ethynyl nucleoside and couple to the iodo phenyl system. Thus,
we carried out halogen (iodine for bromine) exchange on the aryl
bromides using copper iodide in hexamethyl phosphoric acid and
elevated temperature.10 Thus, products 6–8a–c were isolated in
good yield (67–93%) after flash column chromatography. The sub-
stitution of bromine by iodine was most evident in the 13C NMR
Spectra (dc Ar-I 95 ppm, Ar-Br 120 ppm), and by changes in the
phenyl hydrogen pattern in the 1H NMR.

The necessary nucleoside synthon 5-ethynyl-20-deoxyuridine
(9) was prepared from the 5-iodo nucleoside via Sonogoshira
coupling to trimethylsilyl acetylene,11 and this was coupled to
the iodophenyl species 6–8a–c under Pd(0) and Cu(I) catalysis in
DMF to yield the intermediate 5-alkynyl species 10–12a–c, Scheme
2. These were then cyclised to give the desired bicyclic systems
13–15a–c. The products were characterised by 1H and 13C NMR,
mass spectrometry and microanalysis, all data confirming the
structure and purity of the products.12

The target compounds were assayed for their ability to inhibit
two strains of VZV in vitro, OKA and YS, with data being shown
in Table 1.13 Data on the comparative alkyl analogues (para only)
1–3 are included for comparison.

For the para series 13–15c a very potent anti-VZV effect is noted
ranging from ca. 4 nM (C3) to ca. 0.3–0.8 nM (C4, C5). Data on this
family mirrors closely that of the parent alkyl series 1–3.

In all cases, compounds lost completely activity versus thymi-
dine kinase-deficient virus mutants (data not shown) confirming
their complete dependence on VZV TK for activation. By compari-
son to the para family the ortho- and meta series were noted to
be poorly active, being ca. 3–4 orders of magnitude less potent
than the para series. For the C3–C4 homologues the meta com-
pounds were slightly more active than the ortho and indeed were
equiactive with acyclovir in these assays but still ca. 2000-fold less
potent than their para isomers.

Lastly, slight cytotoxicity was seen for some of the ortho and
meta compounds but not the para regioisomers.

Flexible alignment simulation14 (Fig. 1) of 3 (red chain) and 15c
(green chain) showed a good alignment for these two compounds,
supporting their similarly high potencies, while the ortho and the
meta derivatives showed completely different structures (Fig. 2),
supporting the poor activity for these latter compounds.



Table 2
Inhibition of VZV TK-catalysed dThd phosphorylation by test compounds

Compound IC50
a (lM)

13a 0.31 ± 0.04
13b 2.6 ± 1.0
13c 1.9 ± 1.5
14a 3.8 ± 0.4
14b 23 ± 7
14c 2.4 ± 0.2
15a 119 ± 73
15b 397 ± 34
15c 2.3 ± 0.4
1 25 ± 3
2 4.7 ± 0.2
3 4.1 ± 0.5

a 50% Inhibitory concentration required to inhibit VZV TK-catalysed dThd (1 lM)
phosphorylation by 50%.
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The compounds have also been investigated for their affinity
against recombinant VZV thymidine kinase (TK) (Table 2). The
assays were performed by measuring the inhibition of VZV TK-cat-
alysed [3H]thymidine phosphorylation by the test compounds. The
50% inhibitory concentrations ranked between 0.33 and 416 lM
and did not correlate within the C3 (13), C4 (14), C5 (15) series
nor with their antiviral activity.

For example, compound 13a (ortho analogue with C3 side
chain) was more inhibitory (IC50: 0.33 lM) than its meta and para
counterparts (IC50: 2.7–3.2 lM), whereas the para derivative in the
C5-series was more inhibitory (IC50: 2.6 lM) than the ortho and
meta derivatives (IC50: 160–416 lM). Lack of correlation between
the antiviral activity of the BCNAs and their affinity for VZV TK
has been noted earlier,15 and indicates a different structure–activ-
ity relationship of the compounds for VZV TK and the eventual
antiviral target.

While the precise mode of action of the BCNAs versus VZV
remains unclear, the data in this manuscript support our earlier con-
clusions3 that phosphorylation of the compounds by the VZV-en-
coded thymidine kinase is a pre-requisite for their antiviral action.
Interestingly, we have found16 that although the TK from Simian
Varicella Virus (SVV) can phosphorylate the BCNAs, the agents are
not inhibitory to SVV in vitro. This implies that the eventual target
of the BCNAs may be specific to VZV. We are now further pursuing
such a target by utilising a tritium labelled (3) prepared by the cata-
lytic addition of tritium to compound (15c) described above. The re-
sults of these studies will be reported in due course.

In conclusion, p-1-alkenyl phenyl BCNAs are noted to be highly
potent anti-VZV agents, being roughly equipotent with their p-al-
kyl parents. By contrast their ortho and meta 1-akenyl analogues
are rather poorly active. There was, however, no correlation
between affinity of the compounds for VZV TK and the eventual
anti-VZV activity.
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