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Abstract

Some 2-substituted benzimidazole-N-carbamates were synthesized and tested in vitro for antiviral activity. Two derivatives were
active at noncytotoxic concentrations. The results confirmed the importance of the substituents at the 2-position of benzimidazole;
an isopropylcarboxamide group led to the best activity. © 2000 Elsevier Science S.A. All rights reserved.
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1. Introduction

The versatility of benzimidazole and its potentiality
to yield derivatives with a wide range of biological
activity have made it a useful structure for further
molecular exploration. The substituents at the 1- and
2-positions of this heterocycle have been intensively
studied and led to derivatives with good antiviral activ-
ity. It is well known that several 1,2-disubstituted benz-
imidazoles 1 [1], 2 [2], 3 [3], 4 [4], 5 [5], 6 [6] were potent
inhibitors of RNA viruses and this effect prompted
intensive efforts to prepare and evaluate other deriva-
tives. Recently, studies on quinoline and quinoxaline
bearing the carbamoyl moiety on the nitrogen in posi-
tion 1 afforded compounds with antiviral activity [7,8].
A number of benzimidazole-2- or -5-carbamates
demonstrated significant antifilarial [9] and antineoplas-
tic activities, in addition to a broad spectrum of an-
thelmintic action [10]. Instead, there is little information
concerning benzimidazole-N-carbamates. Therefore we
decided to study a series of N-carboxylated benzimida-
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zoles to evaluate if the presence of this moiety is useful
for antiviral activity. Moreover, we expanded our re-
search on the substitution at the 2-position. The choice
of chains linked at the C-2 was made in view of their
presence in other classes of antiviral compounds.
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An amide group appeared in L-737,126 [11]; an ester
function was crucial for activity in some aryl pyrrolyl
sulfone derivatives [12]. The sulfonyl group led to im-
portant derivatives [12,13], moreover the thioether moi-
ety was useful in certain 2-(alkylthio)-5,6-dichloro
benzimidazoles [14,15]. In this study we describe the
synthesis and antiviral activity of some 1,2-disubsti-
tuted benzimidazoles.

2. Chemistry

1H-Benzimidazole-2-N-isopropylcarboxamide @)
and isopropyl 2-benzimidazolecarboxylate (8) were pre-
pared treating 2-trichloromethylbenzimidazole (9) [16],
respectively, with a mixture of isopropylamine and
triethylamine and with isopropanol in the presence of
10% sodium carbonate (Scheme 1).

Treatment of derivatives 7, 10 [17], 11 [17], with
methyl chloroformate, heated under reflux, gave the
corresponding 7a, 10—11a (Scheme 2).

The reaction of 8, 12 [17], 13 [16], 14 [17], 15 [17], 16
[18], 17 [19] with isopropyl chloroformate in pyridine
afforded compounds 8a, 12—17a (Scheme 3).

Table 1
Cytotoxicity of benzimidazole derivatives on VERO cells
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3. Pharmacology

In the present study we describe the inhibitory effects
of some benzimidazole derivatives on viral replication
in vitro.

All compounds were investigated with respect to
inhibition of Herpes Simplex Virus type 2 (HSV 2) and
Coxsackievirus B2 replication in VERO cells.

In order to verify the antiviral effect of all com-
pounds against HSV 2 and Coxsackievirus B2, several
experiments on cytotoxicity in infected and uninfected
cell cultures, tested in parallel with inhibition of virus-
induced cytopatic effect, were carried out.

Concentration (uM) % Viability of cells *

Ta 8a 10a 11a 12a 13a 14a 15a 16a 17a

200 65.3 <40 <40 <40 55.6 40.8 <40 <40 <40 72.8
100 88.2 76.6 86.1 80.2 81.9 84.2 78.5 80.6 78.5 924
50 88.6 80.9 87.0 82.7 85.7 84.5 80.2 81.3 80.2 94.4
25 86.2 81.4 87.8 86.6 87.2 89.6 81.3 83.3 81.3 96.8
12.5 90.0 83.5 90.3 88.1 91.2 92.7 84.0 85.7 83.0 99.2
6.25 90.0 85.0 94.8 90.9 91.9 96.2 86.5 87.2 87.2 99.7
3.12 93.8 89.0 96.3 93.2 93.3 97.8 89.3 90.4 90.0 100.1
1.56 95.6 90.8 100.6 94.7 100.5 99.2 90.7 92.5 92.2 102.3
0.78 103.0 98.9 105.4 101.3 101.2 99.8 97.8 98.2 96.7 105.5

* Values are the average of three independent experiments (MTT test).
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Table 2
In vitro inhibition of Coxsackievirus B2 replication

% inhibition *

Concentration (uM) Controls ® 7a° 17a¢

0 0 0 0

0.78 0 9.3+3.1 ND

1.56 0 11.2+3.2 ND

3.12 0 17.4 +3.5 ND

6.25 0 22.54+2.3 54+13
12.5 0 248 +£0.3 9.8+34
25 0 29.9+0.9 15.3+3.5
50 0 41.1+0.6 28.7+0.7
100 0 524425 48.1+2.5
200 0 62.3+0.2 51.8+1.2

4 Values are the average of three independent experiments.
® Uninfected cells.

¢ ECs, for 7a is 95 mM.

4 ECs, for 17a is 193 mM. ND = not determined.

Table 3
Comparative cytotoxicity and potency of benzimidazole derivatives
7a and 17a in Coxsackievirus B2 infected VERO cells.

Compound CCsp ECs, ° S.L¢
7a 153 95 1.6
17a 138 195 0.7

& Cytotoxic concentration (M) of compound required to reduce
the viability of mock-infected VERO cells by 50%.

® Effective concentration (uM) of compound required to achieve
50% protection of VERO cells against cytopathic effect of Coxsackie-
virus B2.

¢ Selectivity index: ratio CCsy/ECs,.

The results presented in Table 1 show the cytotoxic-
ity of compounds for VERO cell cultures obtained by
the MTT method and trypan blue (TB) exclusion
method.

4. Results and discussion

None of the compounds included in this study had a
significant effect on HSV 2 replication, but the deriva-
tives 7a and 17a showed modest antiviral activity on
Coxsackievirus B2.

To confirm their inhibition on Coxsackievirus B2
replication, virus yield assays were performed. The
compounds suppressed the viral growth in VERO cells
in a non-cytotoxic concentration (Table 2). Compound
7a is the most active with an ECs, of 95 uM, reducing
the virus titre (from 10° to 10°) and being non-cytotoxic
at the same concentration (Table 3). This result is
important because the activity is well separated from

cytotoxicity. Compound 17a shows moderate antiviral
activity, with a ECs, of 195 uM, therefore the methylth-
iomethyl group is also promising. These results indicate
that the presence of the carbamoyl moiety at the nitro-
gen in position 1 of the benzimidazole is not useful for
antiviral activity and confirm the importance of sub-
stituents at the 2-position. The presence of the iso-
propyl carboxamide is crucial; when the amide is
unsubstituted or bears other alkyl groups, the deriva-
tives are inactive (14a,10a,15a). Otherwise the carbox-
amide is important: in fact, when it is replaced by a
carboxylate function, the inactive derivative 8a is ob-
tained. The methyl-thiomethyl group is also useful,
confirming the importance of this substituent. In con-
clusion, only two compounds are poorly active but
show antiviral activity well separated from cytotoxicity.

5. Experimental
5.1. Chemistry

Reaction courses and product mixtures were rou-
tinely monitored by thin-layer chromatography (TLC)
on silica gel (precoated F,s, Merck plates) and visual-
ized with iodine or aqueous potassium permanganate.
Infrared spectra (IR) were measured on a Perkin-—
Elmer 683 instrument. 'H NMR spectra were deter-
mined in DMSO-d, solutions with a Varian VXR 300
spectrometer, peaks positions are given in ppm
downfield from tetramethylsilane as internal standard.
Melting points were determined on a Biichi—Tottoli
instrument and are uncorrected. Chromatography was
performed with Merck 60-200 mesh silica gel. All
products reported showed IR and '"H NMR spectra in
agreement with the assigned structures. Organic solu-
tions were dried over anhydrous magnesium sulfate.
Elemental analyses were performed by the microanalyt-
ical laboratory of Dipartimento di Chimica, University
of Ferrara, and agreed within =+ 0.4% of the theoretical
values.

5.1.1. 1H-Benzimidazole 2-N-isopropylcarboxamide (7)

2-Trichloromethylbenzimidazole 9 (0.200 g, 0.85
mmol) was slowly added to a mixture of isopropyl-
amine (0.06 g, 1 mmol) and triethylamine (0.1 g, 1
mmol) in ethanol (20 ml). The solution was kept at
room temperature for 1 day, diluted with water and
basified with sodium carbonate to give the amide 7
(85%) as a white solid, m.p. 203°C. '"H NMR (DMSO-
dg): 0 1.20 (s, 3H), 1.23 (s, 3H), 4.2 (m, 1H), 7.2 (m,
2H), 7.6 (m, 2H), 8.3 (sb 2H).

5.1.2. Isopropyl 2-benzimidazolecarboxylate (8)

A suspension of 2-trichloromethylbenzimidazole (9)
(0.200 g, 0.85 mmol) in 2-propanol (10 ml) was heated
with a 10% sodium carbonate solution for 10 h. Dilu-
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tion of the reaction mixture with water yielded the
isopropyl ester (8) (70%) as a white solid, m.p. 215°C. 'H
NMR (DMSO-d,): 6 1.37 (s, 3H), 1.40 (s, 3H), 5.3 (m,
1H), 7.5 (m, 2H), 7.8 (m, 2H), 9.3 (sb, 1H).

5.1.3. General procedure for methylcarbamates (7a,
10-11a)

Methyl chloroformate (0.09 ml, 1.2 mmol) was added
dropwise to a cold solution of the appropriate benzimi-
dazole 7, 10, 11 (I mmol) in dry THF (15 ml). The
mixture was stirred for 2 h at room temperature, then
refluxed for 1 h. The solvent was removed and the residue
was purified by column chromatography on silica gel
eluting with 7:3 ethyl acetate—petroleum ether. 7a: (80%);
m.p. 130°C; '"H NMR (DMSO-dy): § 2.30 (s, 3H), 3.07
(s, 3H), 4.07 (s, 3H), 7.5 (m, 2H), 7.8 (m, 1H), 8.00 (m,
1H). 10a: (60%); oil; '"H NMR (DMSO-dj): 1.15 (s, 3H),
1.18 (s, 3H), 3.8 (m, 1H), 4.01 (m, 3H), 7.5 (m, 2H), 7.8
(m, 1H), 8.00 (m, 1H), 8.8 (sb, 1H). 11a: 70%; m.p. 126°C;
'"H NMR (DMSO-dy): 6 4.19 (s, 3H), 7.6 (m, 2H), 7.9
(m, 1H), 8.00 (m, 1H).

5.1.4. General procedure for isopropylcarbamates (8a,
12— 17a)

Isopropyl chloroformate ( 1.3 ml, 1 mmol) was slowly
added to a stirred solution of the appropriate benzimida-
zole 8, 12—17 (1 mmol) in pyridine at 0°C. The mixture
was stirred for 8 h at room temperature, then poured into
ice water and extracted with ethyl acetate (3 x 30 ml).
The organic phase dried on Na,SO, was concentrated in
vacuo and purified on column chromatography on silica
gel eluting with 7:3 petroleum ether—ethyl acetate. 8a:
75%; m.p. 48°C; '"H NMR (DMSO-dy): 5 1.36 (s, 3H),
1.41 (s, 3H), 3.96 (s, 3H), 5.2 (m, 1H), 7.5 (m, 2H), 7.8
(m, 2H). 12a: 60%; m.p. 35°C; '"H NMR (DMSO-d,): §
1.37 (s, 3H), 1.40 (s, 3H), 1.44 (s, 3H), 1.47 (s, 3H), 5.2
(m, 2H), 7.5 (m, 2H), 7.8 (m, 2H), 8.00 (m, 2H). 13a: 70%;
m.p. 110°C; '"H NMR (DMSO-dy): d 0.97 (s, 6H), 1.00
(s, 6H), 5 (m, 2H), 7.6 (m, 4H), 7.9 (m, 1H), 8.1 (m, 1H).
14a: 68%; m.p. 163°; 'H NMR (DMSO-d,): 6 1.39 (s,
3H), 1.33 (s, 3H), 5.2 (m, 1H), 7.3 (m, 2H), 7.8 (m, 1H),
7.9 (m, 1H), 8.1 (sb, 1H), 8.3 (sb, 1H). 15a: 50%; oil; 'H
NMR (DMSO-d,): 6 1.42 (s, 3H), 1.43 (s, 3H), 3.6 (m,
2H), 3.8 (m, 2H), 5.2 (m, 1H), 7.8 (m, 2H), 8.00 (m, 2H),
9.3 (sb, 1H). 16a: 80%; m.p. 53°C; '"H NMR (DMSO-d;):
0 1.49 (s, 3H), 1.46 (s, 3H), 2.62 (s, 3H), 5.2 (m, 1H), 7.9
(m, 2H), 7.6 (m, 1H), 7.8 (m, 1H). 17a: 86%; oil; '"H NMR
(DMSO-dy): 6 1.44 (s, 3H), 1.46 (s, 3H), 2.07 (s, 3H), 4.12
(s, 2H), 5.2 (m, 1H), 7.4 (m, 2H), 7.7 (m, 1H), 7.9 (m,
1H).

5.2. Biology
5.2.1. Cells and viruses

VERO cells (African green monkey kidney cell line)
were used. Cells were propagated in MEM (Minimal

Essential Medium) with 10% FCS (fetal calf serum), 1%
L-glutamine, 100 U/ml of penicillin and 100 U/ml of
streptomycin. All experiments were performed using two
laboratory strains; one of HSV 2 and one of Coxsackie-
virus B2.

5.2.2. Peroxidase staining for determination of virus
titers

VERO monolayers in 96-well plates (Nunc Denmark)
were overlaid with 100 ml of each virus dilution (dilutions
from 10! to 10—%). After adsorption for 1 h at 37°C
and 5% CO,, the medium was removed and replaced with
100 ml of fresh complete MEM. After 24 h of incubation,
peroxidase staining was performed [20].

After fixation of cells with methanol for 15 min at
— 20°C, the monolayers were incubated for 15 min with
PBS supplemented with 1% bovin serum albumin (PBS/
BSA) at 37°C.

Pools of reference sera against HSV 2 or Coxsack-
ievirus B2 (dilution of 1:20 in PBS/BSA) were added.
After 45 min incubation at 37°C the monolayers were
washed three times with PBS and peroxidase-conjugated
antibodies anti-human immunoglobulinG (Dako Den-
mark) were added.

After 45 min incubation at 37°C the monolayers were
washed three times with PBS and substrate (HRP color
development reagent, Bio-Rad Laboratories S.r.l.) was
added.

Plaques were counted under a light microscope. The
viral titres for HSV 2 were 2 x 10° PFU/ml and 1.8 x 10°
PFU/ml for Coxsackievirus B2.

5.2.3. Antiviral assays

Evaluation of anti-HSV 2 and anti-Coxsackievirus B2
activity was based on the 3-(4,5-dimethylthiazol-2yl)-2,5-
diphenyltetrazolium bromide (MTT) (Bochringer
Mannheim) assay as previously described [21]. Briefly, a
serial twofold dilution of compounds starting at 200 uM
(100 ml aliquots in DMSO diluted in MEM) was
prepared in a 96-well tissue culture tray (Nunc Denmark)
with three wells used for each concentration.

To each well, 5 x 10* cells (in 50 ml of DMSO/MEM)
were added. When the monolayers had become conflu-
ent, usually after 24 h, the medium was aspirated and
viruses, at the M.O.I. of 102 PFU/cell (in 50 ml of
DMSO/MEM), were added.

After 1 h adsorption at 37°C the inoculum was
removed and the culture medium, or, in the case of the
controls DMSO/MEM, was then added to the com-
pounds dissolved in DMSO. Each compound was as-
sayed in triplicate.

To determine the median effective concentration
(ECs) of the compounds, 10 ml of MTT (Boehringer
Mannheim) was added to each well.

The mixture was incubated at 37°C for 4 h, and
reduced MTT (formazan) was extracted from the cells by
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the addition of 100 ml of solubilization mixture
(Boehringer Mannheim).

After an overnight incubation at 37°C the ab-
sorbance of the formazan was measured by using a
microplate reader (Labsystems Multiscan MS—DASIT
S.p.A.) at two different wavelengths (550-690 nm).

The ECs, of each compound was defined as the
concentration that achieved 50% protection of virus-in-
fected cells from virus-induced destruction [21].

5.2.4. Cytotoxicity assays

Confluent monolayers of VERO cells grown in 96-
well tissue culture plates were incubated with MEM
supplemented with 2% of FCS, 1% L-glutamine in the
presence of different concentrations of compounds dis-
solved in DMSO in triplicate.

Cell cultures were incubated at 37°C, 5% CO, for 96
h. The viability of the cells was assessed by the MTT
method and trypan blue (TB) exclusion method [21].
The cytotoxicity of compounds against VERO cells was
evaluated in terms of the 50% cytotoxic concentration
(CCsp), i.e. the compound concentration required to
reduce cell number by 50% with respect to the number
of cells in the untreated control cell cultures [22].

Acknowledgements

This work was supported by Ministero della Ricerca
Scientifica e Tecnologica (MURST, grants 60%).

References

[1] D.G. O’Sullivan, A.K. Wallis, New benzimidazole derivatives
with powerful protective action on tissue-culture cells infected
with types 1,2, and 3 polio virus, Nature 198 (1963) 1270-1273.

[2] A.R. Porcari, R.V. Devivar, L.S. Kucera, J.C. Drach, L.B.

Townsend, Design, synthesis, and antiviral evaluations of 1-(sub-

stituted benzyl)-2-substituted-5,6-dichlorobenzimidazoles as non-

nucleoside analogues of 2,5,6-trichloro-1-((-d-ribofuranosyl)-

benzimidazole, J. Med. Chem. 41 (1998) 1252-1262.

F. Victor, T.J. Brown, K. Campanale, B.A. Heinz, L.A. Shirp-

ley, S.K. Su, J. Tang, L.M. Vance, W. Spitzer, Synthesis, antivi-

ral activity, and biological properties of vinylacetylene analogs of

enviroxime, J. Med. Chem. 40 (1997) 1511-1518.

L. Garuti, M. Roberti, T. Rossi, C. Cermelli, M. Portolani, M.

Malagoli, M. Castelli, Synthesis, antiviral and antiproliferative

activity of some N-benzenesulphonyl-2-(2-or 3-pyridylethyl)-ben-

zimidazoles, Anti-Cancer Drug Design 13 (1998) 397-406.

[5] E.E. Swayze, S.M. Peiris, L.S. Kucera, E.L. White, D.S. Wise,

J.C. Drach, L.B. Townsend, Synthesis of 1-(2-aminopropyl)

benzimidazoles, structurally related to the TIBO derivative R82

with activity against human immunodeficiency virus, Bioorg.

Med. Chem. Lett. 3 (1993) 543-546.

J.M. Gardiner, C.R. Loyns, A. Burke, A. Khan, N. Mahmood,

Synthesis and HIV-1 inhibition of novel benzimidazole deriva-

tives, Bioorg. Med. Chem. Lett. 5 (1995) 1251-1254.

[7]1 J.P. Klein, R. Bender, R. Kirsch, C. Meichsner, A. Paessens, M.
Rosner, H. Rubsamen-Waigmann, R. Kaiser, M. Wichers, K.E.

3

[4

6

Schneweis, I. Winkler, G. Reiss, Preclinical evaluation of HBY
097, a new nonnucleoside reverse transcriptase inhibitor of hu-
man immunodeficiency virus type 1 replication, Antimicrob.
Agents Chemother. 9 (1995) 2253-2257.

M. Font, A. Monge, E. Alvare, A. Cuarter, M-J. Losa, M.-J.

Fidalgo, C. Sanmartin, P. Sarobe, F. Borras, Synthesis and

evaluation of new Reissert analogs as HIV-1 reverse transcrip-

tase inhibitors, 1. Quinoline and quinoxaline derivatives, Drug

Design and Discovery 14 (1997) 305-332.

S. Ram, D.S. Wise, L.L. Wotring, JJW. McCall, L.B. Townsend,

Synthesis and biological activity of certain alkyl 5-(alkoxycar-

bonyl)-1H-benzimidazole-2-carbamates and related derivatives: a

new class of potential antineoplastic and antifilarial agents, J.

Med. Chem. 35 (1992) 539-547.

[10] R. Dubey, S. Abuzar, S. Sharma, R.K. Chatterjee, J.C. Katiyar,
Synthesis and anthelmintic activity of 5(6)-(benzimidazol-2-ylcar-
bamoyl) and (4-substituted piperazin-1-yl) benzimidazoles, J.
Med. Chem. 28 (1985) 1748-1750.

[11] T.M. Williams, T.M. Ciccarone, S.C. MacToug, C.S. Rooney,
S.K. Balani, J.H. Condra, E.A. Emini, M.E. Goldman, W.J.
Greenlee, L.R. Kauffman, J.A. O’Brien, V.V. Sardara, W.A.
Schleif, A.D. Theoharides, P.S. Anderson, 5-Chloro-3-(phenyl-
sulfonyl)indole-2-carboxamide: a novel, non-nucleoside inhibitor
of HIV-1 reverse transcriptase, J. Med. Chem. 36 (1993) 1291
1294.

[12] M. Artico, R. Silvestri, S. Massa, A.G. Loi, S. Corrias, G. Piras,
P. La Colla, 2-Sulfonyl-4-chloroanilino moiety: a potent phar-
macophore for the anti-human immunodeficiency virus type 1
Activity of Pyrrolyl Aryl Sulfones, J. Med. Chem 39 (1996)
522-530.

[13] M. Artico, Non-nucleoside anti-HIV-1 reverse transcriptase in-
hibitors (NNRTIs): a chemical survey from lead compounds to
selected drugs for clinical trials, Il Farmaco 51 (1996) 305-331.

[14] R.V. Devivar, E. Kawashima, G.R. Revankar, J.M. Breitenbach,
E.D. Kreske, J.C. Drach, L.B. Townsend, Benzimidazole ribo-
nucleosides: design, synthesis, and antiviral activity of certain
2-(alkylthio)-and 2-(benzylthio)-5,6-dichloro-1-((-d-ribofura-
nosyl) benzimidazoles, J. Med. Chem. 37 (1994) 2942-2949.

[15] S. Saluja, R. Zou, J.C. Drach, L.B. Townsend, Structure—activ-
ity relationships among 2-substituted 5,6-dichloro-, 4,6-di-
chloro-, and 4,5-dichloro-1-[(2-hydroxyethoxy)methyl]- and-1-
[(1,3-dihydroxy-2-propoxy)methyl] benzimidazoles, J. Med.
Chem. 39 (1996) 881-891.

[16] G. Holan, E.L. Samuel, 2-Trihalogenomethylbenzazoles. Part II.
Reactions of 2-trihalogeno-methylbenzimidazoles with ammonia
and amines, J. Chem. Soc. (C) (1967) 25-29.

[17] B.C. Ennis, G. Holan, E.L. Samuel, 2-Trihalogenomethylbenza-
zoles. Part III. Reactions of 2-trichloro-methylbenzimidazole
with nucleophiles, J. Chem. Soc. (C) (1967) 30-33.

[18] N.P. Bednyagina, 1.Y. Postovskil, Synthesis and hydrolytic de-
composition of alkyl and benzyl sulfones of benzimidazole,
Chem. Abstr. 54 (1960) 510c.

[19] Haugwitz, D. Rudiger, Narayanan, L. Venkatachala, 2-(Alkyl-
sulfonylmethyl) benzimidazole derivatives, Chem. Abstr. 76
(1972) 140820m.

[20] I. Pavic, A. Haltmann, A. Zimmermann, D. Michel, W. Hampl,
I. Schleyer, T. Mertens, Flow cytometric analysis of herpes
simplex virus type 1 susceptibility to acyclovir, ganciclovir, and
foscarnet, Antimicrob. Agents Chemother. 41 (1997) 2686—-2692.

[21] S. Shigeta, S. Mori, J. Watanabe, S. Soeda, K. Takahashi, T.
Yamase, Synergistic anti-influenza virus A (HIN1) activities of
PM-523 (polyoxometalate) and ribavirin in vitro and in vivo,
Antimicrob. Agents and Chemother. 41 (1997) 1423-1427.

[22] G. Andrei, R. Snoeck, M. Vandeputte, E. De Clercq, Activities
of various compounds against murine and primate poly-
omaviruses, Antimicrob. Agents and Chemother. 41 (1997) 587
593.

[8

—_

[9

—



