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Summary. — Four novel analogues of (#)-5-(2-bromovinyl)-2'-
deoxyuridine [(#)-BrVUdR] — the (&)- and (Z)-isomer of 5-(2-
fluorovinyl)-UdR (FVUdR), (Z)-5-(2-carboxy-2-fluorovinyl)-UdR
[(Z)-COOH-FVUdR], and (£)-5-(2-ethoxyvinyl)-UdR [(E)-
"-EOVUdR] were compared with the reference compounds (£)-
-BrVUdR and 5-vinyl-UdR (VUdR) for their inhibitory effects
on plaque formation of herpes simplex virus type 1 (HSV-1
strain 77) and type 2 (HSV-2 strain 82) in human embryonic
lung fibroblast (HELF) cell cultures. (Z)-FVUdR and (Z)-COOH-
-FVUdR were completely inactive against HSV-1 and HSV-2
(IDso > 500 pAl). For the other analogues the following order
of decreasing potency was found: (#)-BrVUdR > VUdR >
(£)-FVUdR >> (E)-EOVUdR (against HSV-1) and VUdR >
> (E)-BrVUdR > (E)-FVUdR > > (£)-EOVUdR (against HSV-
-2).
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Introduction

Among the great number of synthesized 5-substituted-2’-deoxyuridine
(UdR) derivatives, those with a 5-vinyl structure are the most potent and
selective inhibitors of herpes simplex virus type 1 (HSV-1) replication
(De Clercq, 1980). Substitution of a halogene (chlorine, bromine, iodine) for
an H atom on the C-2 of the vinyl group yields compounds, e.g. (E)-5-(2-
bromovinyl)-UdR [(#)-BrVUdR], with an enhanced anti-HSV-1 potency
and selectivity (De Clerq et al., 1979; Reefschliger et al., 1982a). The (£)-5-
(2-halogenovinyl) substituent also confers excellent anti-HSV-1 properties

1) Presented in part at the conference on ‘“‘Synthetic Oligonucleotides in Molecular Biology,”
August 15— 20, 1982, Uppsala, Sweden

282



ANTIHERPES ACTIVITY OF FVUdR 283

to 2’-deoxycytidines (De Clerq et al., 1982a) and to 1-B-D-arabinofuranosylur-
acil (araU) nucleosides (Machida et al., 1981; Busson et al., 1981; De Clerq
et al., 1982b; Reefschliger et al., 1983). The replication of herpes simplex
virus type 2 (HSV-2), however, inhibited only at 100—1000 fold higher
concentrations of these analogues (De Clerq et al., 1980, 1982a; Busson et al.,
1981; Machida ef al., 1981: Reefschliger et al., 1982b, 1983). Therefore, recent
efforts have been directed to the elucidation of the general structure (type
of base, sugar and substituents) as well as the specific sterical and electyonical
configuration of the 5-(2-X-vinyl) substituent of pyrimidine nucleosides
required for maximal anti-HSV-1 and anti-HSV-2 activity. The replacement
of the deoxyribose in (#)-BrVUdR analogues by various substituted and
nonsubstituted sugars (Busson et al., 1981; De Clerq et al., 1982b) as well as the
replacement of the halogen in (F)-5-(2-halogenovinyl)-UdR analogues by
substituents with different steric and electronic properties (De Clerq et al.,
1981; Reefschlager et al., 1984) have not lead to more potent or selective
compounds.

When the deoxyribose of (#)-5-(1-propenyl)-UdR (Cheng et al., 1980;
De Clerq et al., 1981), a strongly antiherpetic (#)-5-(2-X-vinyl)-UdR derivati-
ve (X = CHs), is replaced by arabinose, a virtually inactive analogue results
(Stening et al., 1981). The reduced antiherpes activity of the (Z)-isomer of
BrVUdR (Jones et al., 1981; Reefschliger et al., 1984) and of the 5-(2,2-
-dibromovinyl)-UdR (Br;VUdR) (Reefschliger ei al., 1984) emphasize the
importance of the C-2 H atom of the bromovinyl group in cis (Z) position.

We have now synthesized the (#)- and the (Z)-isomers of 5-(2-fluorovinyl)
-UdR (FVUdR) (Barwolff et al., 1981), the ether derivative ()-5-(2-ethoxy-
vinyl)-UdR [(#)-EOVUdR] and the disubstituted (Z)-5-(2-carboxy-2-fluoro-
vinyl)-UdR [(Z)-COOH-FVUdR] and compared their effects against HSV-1
and HSV-2 with those of (#)-BrVUdR and 5-vinyl-UdR (VUdR).

Materials and Methods

The antiviral potency of the analogues was evaluated by a plaque inhibition assay in HELF
cell cultures. The cells were grown in Eagle’s minimal essential medium (MEM; Institut far
Immunpriparate und Nihrmedien, Berlin, G.D.R.) containing Earle salts supplemented with
109, calf serum (59, foetal and 59, neonatal; Gibco Bio-Cult Laboratory, Glasgow, Scotland
(MEM/10). Neomycin (Spofa, Prague, Czechoslovakia) was used as an antibiotic. Twenty ml-
-scintillation vials (diameter 2.5 em) were used for the estimation of the effective concentration
range of the compounds, whereas precise determinations of the 509, inhibition (IDsg) values
were performed in plaque assays with 50 ml-tissue culture flasks. Nearly confluent monolayers
(24 hr after seeding) were infected with 0.1 or 0.2 ml of a virus suspension, respectively, yielding
about 50 or 100 plaques per bottle. The origin, differentiation and biological characteristics of
the recent clinical isolates HSV-1 (strain 77) and HSV-2 (strain 82) (obtained by courtesy of P.
Wutzler, Medizinische Akademie, Erfurt, G.D.R.) were described previously (Reefschliger et al.,
1982b). After a 1 hr adsorption at 37 °C a methocel (0.59%, w/v: Methylcellulose MC U.S.P. 4000 cP,
Fluka AG, Buchs SG, Switzerland) overlay medium (MEM/10) without antibiotics and appropriate
substance dilutions (1/20 of the total overlay volume) were added to each culture. Plaques were
counted after direct addition of a neutral red solution to the overlay at 48 hr p.i. with HSV-2
(strain 82) and 72 hr p.i. with HSV-1 (strain 77). The resulting plaque counts were expressed
as percentages of the counts obtained for untreated infected control cultures and were plotted
on a decimal scale against the logarithm of the concentration. The ID3( values were determined
graphically from the dose-response curves. The individual data listed in Table 1 represent average
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Table 1. Inhibition of HSV-1 and HSV-2 plaque formation in HELF cell cultures by some 5-substi-
tuted 2-deouxyuridine analogues

5-Substituent ID;50 (LM)* IDj5o (HSV-2)
Ratio —4m™@M8 —M———
HSV-1 HSV-2 1Dso (HSV-1)
(strain 77) (strain 82)

(E)—CH —=CH—Br 0.036 5.5 153
—CH=CH, 0.32 2.2 7
(E)—CH=CH—F 3.8, 9.2 2
(B)—CH=CH—OC3Hj; 90 1000 11
(E)—CH=CF—COOH > 500 > 500 1
(Z)—CH=CH—F > 500 > 500 1

* Inhibitory dose 59 = concentration required to reduce the number of plaques by 509, compared
with an untreated infected control culture

values for two to three separate experiments with three concentrations each within the inhibition
range of the compounds and triplicate cultures.

The reference compounds (E)-5-(2-bromovinyl)-and 5-vinyl-UdR were prepared as described
previously (Langen and Biirwolff, 1975; Reefschlé ger et al., 1982a). The synthesis and preparation
of (E)- and (Z)-FVUdR as well as (E)-EOVUdR and (Z)-COOH-FVUdR will be described elsewhe-
re (D. Béarwolff et al., in preparation).

Results and Discussion

We found marked differences between the antiviral activities of the various
5-(2-X-vinyl)-UdR analogues (Table 1). The activity decreased in the fol-
lowing order towards HSV-1 (strain 77) and HSV-2 (strain 82), respectively:
(£)-BrVUdR > VUdR > (£)-FVUdR > > (E)-EOVUdR and VUdR > (£)
-BrVUdR > (E)-FVUdR >> (E)-EOVUdR. The (Z)-isomer of FVUdR
and the disubstituted derivative (Z)-COOH-FVUdR were devoid of activity
against either HSV type up to the concentration of 500 uM. The results
clearly showed that, while the ()-bromo substitution of one of the vinyl
C-2 H atoms led to a 10-fold higher anti-HSV-1 activity, the fluoro substitu-
tion lowered the activity of the parent VUdR compound 10-times. Thus (E)-
FVUdR had a 100-times lower anti-HSV-1 effect than (E)-BrVUdR. On the
other hand, the anti-HSV-2 potential of the parent VUdR compound was
decreased by both the bromo and the fluoro substitution (Table 1). The
(£)-5-(2-halogenovinyl)-UdR analogues (with the halogen = chloro, bromo,
iodo) varied little in their antiherpetie activity (De Clercq et al., 1981).
Whereas (Z)-BrVUdR was 20—100 times less active against HCV-1 than
(£)-BrVUdR (Jones et al., 1981; Reefchliger et al., 1984), (Z)-FVUdR was
completely inactive against HSV-1 and HSV-2 (Table 1). The fact that
(£)-5-(2-carboxyvinyl)-UdR had a slight effect on HSV-1 (strain 77) (IDso =
= 300 uM) (Reefschlager et al., 1984) which was completely abolished by an
additional fluoro substitution [(Z)-COOH-FVUdR], attested to the importan-
ce of the H atom in (Z)-position, confirming our results with 5-(2,2-dibro-
movinyl)-UdR (Reefschlager et al., 1984) (Fig. 1).
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The low antiherpetic activity of [(#)-5-(2-ethoxyvinyl]-UdR carrying a
new type of 5-substituent, was in agreement with our previous conclusion
(Reefschlager et al., 1982a) that 2’-deoxypyrimidine nucleosides with more
than three atoms in the C-5 side chain possessed only weak antiherpetic
activity. It remains to be seen whether another ether derivative,  (#)-5-

R= H Br
0 C=cCZ (E)-5-(2-bromovinyl)-UdR
HN l R H
He _H
J\ C=C_ 5-vinyl-UdR
H_ /F
HO /C = C_ (E)-5-(2-fluorovinyl)-UdR
H
H _H , ,
C= C\ (Z2)-5 -(2-fluorovinyl) -UdR
OH - E
H, _COOH .
L£=c (Z)-5-(2-carboxy-2-fluorovinyl) -UdR
F
H.__O-CH,"CH, _
C= C\H (E)-5-(2-ethoxyviny!)-UdR

Analogues of (E)-5-(2-bromovinyl)-2"-deoxyuridine [(E)-BrVUdR]

Fig. 1.
Structural formulae of 5-substituted 2’-deoxyuridine (UdR) analogues

(2-methoxyvinyl)-UdR, has any activity. The ratios of the IDso values
for HSV-2 and HSV-1 (column 4, Table 1) show that (£)-FVUdR and the
parent VUdR compound suppressed both HSV types to similar degrees in
contrast to (£)-BrVUdR which diseriminated 100-fold between HSV-1 and
HSV-2.

The main conclusions of this investigation could be summarized as follows:
first, a fluorine in the (Z)-position of the C-2 of the 5-vinyl substituent leads
to a loss of antiherpetic activity: second, replacement of the bromine in
(£)-BrVUdR by fluorine results in a severe reduction of anti-HSV-1 activity
and: third, HSV-1 and HCV-2 differ only slightly in their sensitivity to (X)
-FVUdR. Although our both present and previous data indicate the impor-
tance of the (Z)-position of the vinyl-C-2 hydrogen, the study of (K)-5-
(2-bromo-2-fluorovinyl)-UdR and (Z)-5-(2-bromo-2-fluorovinyl)-UdR may
be useful for establishment of further relationship between the structure
and activity of these compounds.
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