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Abstract—Thieno analogues of the potent and selective furo-pyrimidine anti-VZV nucleoside family are herein reported. The
compounds retain full antiviral potency in comparison to the furo parent. © 2001 Elsevier Science Ltd. All rights reserved.

Since our discovery of the 2,3-dihydrofuro[2,3-d|pyr-
imidin-2-one nucleosides (1) as a new class of anti-Var-
icella—Zoster virus (VZV) nucleosides,! several studies
have been made in our group in order to investigate the
structure—activity relationships of these compounds and
increase the antiviral activity.> We have studied mod-
ifications in the side chain,> in the sugar moiety® and
in the bicyclic base.” In particular, the pyrrolo analogues
(2) have shown a marked decrease in potency.’
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As a continuation of that work, we here report the
synthesis and the biological evaluation of some thieno
analogues, where the oxygen atom in the 7-position of 1
is replaced by a sulfur atom (3).

Several synthetic methods have been tried in order to
achieve these modified nucleosides,® one route is
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summarised in Scheme 1.° The starting 5-alkynyl deoxy-
uridines (4a—e) were prepared as reported previously.!
The first step is the protection of the free nucleosides by
chlorotrimethylsilane in the presence of triethylamine.
After 2 h, TLC showed the complete conversion of the
starting material. Phosphorous oxychloride and triazole
were added at 0°C and the reaction was stirred for a
further 5 h. After this time, the solution was treated
with a saturated solution of sodium bicarbonate and
then extracted with dichloromethane. TLC revealed the
presence of an intense fluorescent spot, corresponding
to compounds 5a—e. The gum obtained after the eva-
poration of the organic solvent was dissolved in
acetonitrile and treated with thiolacetic acid.
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The mixture was stirred for 19 h at room temperature.
Visible on TLC was an intense fluorescent slower run-
ning spot. After purification by silica column, 'H NMR,
13C NMR and mass spectrometry revealed that the
molecule was the unprotected thieno derivative (3a—e).!°
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This result was unexpected; in all the cases, no uncy-
clised compound was isolated. At the present moment,
there is no clear explanation for the cyclisation of the 5-
alkynyl deoxythiouridine that occurred in an acidic
media and without any copper catalyst, while the parent
nucleosides need basic conditions and the presence of
copper (I) in order to cyclise.!

To reach the target molecules, another synthetic route
was explored starting from, 3',5'-di-O-acetyl-5-iodo-2'-
deoxyuridine 6 (Scheme 2).!! Thus, 6 was converted into
the corresponding 4-thio derivative 7 upon treatment
with phosphorous pentasulfide. Subsequently, this
compound was methylated with methyl iodide in the
presence of triethylamine to give the 4-methylthio deri-
vative 8. We were pleased to find that this 5-iodopyr-
imidine nucleoside, in contrast to its precursor 7, could
undergo a Pd-catalysed coupling reaction with a num-
ber of terminal alkynes 9 (R=n-CgH;7, n-CoH9 and n-
CioH») to give the desired derivatives 10 in moderate
yields (70-75%).!?> Conventional removal of the S-
methyl group of 10 by treatment of a solution of 10 in
DMF with an excess of sodium hydrogen sulfide gave
directly the cyclised derivative 11.13 In this instance,
cyclisation of the presumed 4-thio intermediate occur-
red in basic medium as observed with the oxygen ana-
logue, albeit in the absence of copper iodide. Finally,
the remaining O-acetyl groups of 11 were conveniently
eliminated by treament of the protected nucleosides 11
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with a methanolic solution of aqueous ammonia to give
analogues 3.4

Compounds 3a—f were evaluated as inhibitors of a vari-
ety of herpes viruses in vitro, including herpes simplex
virus type 1 (HSV-1) and type 2 (HSV-2), and cytome-
galovirus. Data for VZV in human embryonic lung
(HEL) cells are shown in Table 1. The antiviral activity
(ECs9) was measured as the effective concentration
required to reduce virus-induced plaque formation by
50%.

In Table 1, the activity of these new nucleosides is
compared with that of the lead compound 1 and the
reference compound acyclovir (ACV).

The target compounds 3a—f proved to be highly active
against VZV, with a biological activity of compound 3¢
that was superior to the lead compound 1. No cyto-
toxicity was observed for the short chain compounds
(3a-b) at the highest concentration tested (50-200 uM)
whilst the longer chain analogues were cytotoxic at 5 to
50 uM (3c—e). As with all the other compounds of this
class,> the nucleosides 3a—e displayed no significant
activity against thymidine kinase-deficient VZV strains
confirming their dependence on VZV thymidine kinase-
mediated activation for their biological activity. They
also did not show activity against HSV-1, HSV-2 and
CMYV (data not shown). It is worth noting that the

CH

%ﬁ

H
(CH,),CH, CH,),CH,
\ \

/

10 c,d,f

11 ¢c,d,f

fn_

3c,d,f dn=9

Scheme 2. (a) P,Ss, dioxane, 120°C, 1 h, 80%; (b) Mel, TEA, DCM, rt, 1 h, 93%; (c) 9, TEA, Cul, Pd(PPh;),Cl,, dioxane, 80°C, 1 h, 70-75%; (d)

excess NaSH, DMF, rt, 18 h, 75%; (e) NH4,OH, MeOH, rt, 18 h, 85%.
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Table 1. Antiviral and cytostatic activity of test compounds
Compound ECso (UM)? MCC (uM)® CCso (UM)©

VZV (YS) VZV (OKA) TK~ VZV4 (07/1) TK~ VZV¢ (YS/R)

3a 0.15+0.07 0.16+£0.07 >200 153+9 >100 >200
3b 0.14£0.06 0.14£0.06 > 50 >50 125 >200
3c 0.005+0.003 0.002£0.002 >5 >5 20+£0.0 53
3f 0.01 0.01 >20 >20 >20 >20
3d 0.06 0.03 >5 >5 20 54
3e 0.3£0.1 0.240.05 >5 >5 12+12 49
1 0.008 0.015 >50 >50 >50 >50
ACV 1.5+£0.6 1.1+0.1 40+5 44+3 >200 >400

2ECs0, 50% effective concentration, required to reduce virus plaque formation by 50%.
®MCC, minimal cytotoxic concentration, required to alter microscopically detectable cell morphology.
°CCsp, 50% cytotoxic concentration, required to inhibit Hel cell growth by 50%.

4TK -, thymidine kinase-deficient.

results obtained with these new nucleosides follow the
correlation between chain length and antiviral activity,
typical of the analogues of this class (optimal activity at
a chain length of 8-10 carbon atoms).> Finally, the
potent activity herein reported may suggest the possibi-
lity of other heteroatom substitutions in the heterocycle.”
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