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Abstract—Several novel bicyclic furanopyrimidine deoxy nucleosides have been designed, prepared and evaluated as anti-Varicella
Zoster Virus agents. The compounds have long ether side chains. Uniquely amongst compounds of this family to date the present
agents show dual anti- (VZV) and human cytomegalovirus (HCMV) activity. The lead compounds inhibit VZV at 10 nM and
HCMV at 5 mM.
# 2003 Elsevier Ltd. All rights reserved.
We have discovered furano pyrimidine based deoxy-
nucleosides as potent and selective inhibitors of Var-
icella Zoster Virus (VZV).1 In the general structure (1)
the optimal activity resides with long alkyl side chains of
the order C8–C10. There is an apparent correlation
between lipophilicity, as measured by calculated logP
(ClogP), and antiviral potency.2 Activity is retained with
o-substitution of halogens in the alkyl side chain,3 as
with the introduction of an alkene function at the ter-
minus,4 but potency is diminished with a (more polar)
alkynyl terminus.4 Finally, we noted that replacement of
the alkyl side chain by a p-alkylphenyl unit, as in (2)
lead to a very significant potency boost, to yield com-
pounds that are inhibitors of VZV below 1 nM.5
One of the challenges facing the further development of
these agents is their very poor water solubility. Com-
pounds 1 (R=C8H17) and 2 (R=C5H11) each have
water solubility of <0.01 mg/mL.6 With this in mind,
we recently prepared a series of analogues of 1 with
ether, and glycol, linkages in the side chain.6

However, although these agents were significantly
(>100-fold) more water soluble than the parent alkyl
compounds, they had very considerably reduced anti-
viral potency. Again, to a large extent this was predicted
by ClogP (Table 1). With this in mind we wondered if
we might be able to boost liphophilicity (and hence
potency) by further lengthening the alkyl side chain of
the ethers, whilst retaining water solubility. In silico
prediction indicated that a ca. 14 atom side chain with
one ether oxygen may have approximately the optimal
ClogP (3.5). Thus, we designed a series of alkyloxynonyl
substituted systems (3) with some variation in the alkyl
terminus.

These compounds were prepared by procedures analo-
gous to those we have reported.1,6 Thus, the corre-
sponding primary alcohol was allowed to react with the
mesylate prepared from 11-hydroxyundecyne in the
presence of NaH in THF at reflux to give synthons 4 in
80–88%. These were coupled with 5-iodo-20-deoxyur-
idine (IDU) 5 and the intermediate 5-alkynyl nucleo-
sides cyclised in situ with CuI to give 3a–d in moderate
yield.7 The calculated logP values for 3a–d are 3.7, 4.2,
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4.1 and 4.2, respectively. Our prior experience with (1)
would thus predict EC50 values of ca. 0.01 mM.2

Compounds 3a–d were evaluated as inhibitors of two
strains of thymidine kinase competent (TK+) VZV and
two strains of thymidine kinase deficient virus (TK�) by
methods we have described.1,8 We have noted TK to be
a pre-requisite for agents of this family, being regarded
as the putative essential activation step for these com-
pounds.9 As shown in Table 2, compounds 3a–d do
indeed show a potent and selective TK dependent anti-
VZV activity, with EC50 values entirely as were
predicted from their ClogP values.

Further elaboration of the structure lead to 3e, with a
chlorobutyl terminus (3, R=ClC4H8). This more or less
retains the potency of 3a,d but with reduced cytotoxi-
city. All compounds of this general class reported by us
to date have complete selectivity for VZV, with no other
antiviral activity against a range of DNA or RNA
viruses. However, unique to the present agents we also
note a modest anti-human cytomegalovirus (HCMV)
activity in the low mM range (Table 3).10

As noted in Table 3, the chlorobutyl compound 3e is a
particularly promising lead compound, with 9.7–30 mM
activity against both strains of HCMV and cytotoxicity
at 200 mM.The reference compound ganciclovir, is only 3-
to 5-fold more active. Whilst among 3a–d several com-
pounds also display some HCMV activity, they also show
higher toxicity, as measured by MCC. Thus, in conclu-
sion, we report the synthesis and evaluation of a series of
long-chain alkyl ether bicyclic furanopyrimidines. These
Table 2.
EC50(mM)
 MCC
(mM)
CC50

(mM)

VZV
 VZV
 VZV
 VZV
Compd
 (OKA)
 (YS)
 TK�(07)
 TK�(YS)
3a
 0.02
 0.03
 >5
 >5
 20
 >200

3b
 0.01
 0.02
 >5
 >5
 10
 >200

3c
 0.05
 0.06
 >5
 >5
 10
 >200

3d
 0.09
 0.10
 >5
 >5
 �5
 >200

3e
 0.05
 0.03
 �200
 �50
 �200
 >200
Table 1.
R
 ClogP
 EC50
C10H21
 4.1
 0.015

C8H17
 3.0
 0.008

C6H13
 1.9
 1.3

C2-O-C7
 1.7
 6
R, refers to the side chain in (1); ClogP is calculated via Chemdraw
7.0.3 and EC50 is the concentration in mM required to give 50% inhi-
bition of replication of VZV OKA in tissue culture.1,6
Table 3.
Compd
 EC50 (mM)
 MCC (mM)
 CC50 (mM)
HCMV AD169
 HCMV Davis
3a
 >5
 >5
 20
 >200

3b
 >5
 >5
 20
 >200

3c
 >5
 5
 20
 >200

3d
 >5
 5
 20
 >200

3e
 9.7
 30
 200
 >200

Ganciclovir
 4.0
 5.7
 >150
 >150
4512 C. McGuigan et al. / Bioorg. Med. Chem. Lett. 13 (2003) 4511–4513



compounds represent the first class of compounds that
show dual anti-VZV and anti-HCMV activity. The
chlorobutyloxy nonyl analogue 3e is of particular inter-
est on account of its poor cytotoxicity. This, coupled
with its high inherent lipophilicity make it of interest for
onward antiviral evaluation.
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