Bioorganic & Medicinal Chemistry Letters 18 (2008) 5123-5125

journal homepage: www.elsevier.com/locate/bmcl

Contents lists available at ScienceDirect

Bioorganic & Medicinal Chemistry Letters

Synthesis and anti-CVB 3 evaluation of substituted

5-nitro-2-phenoxybenzonitriles

Gerhard Piirstinger **, Armando M. De Palma b Giinther Zimmerhofer?, Simone Huber?, Sophie Ladurner?,

Johan NeytsP

@ Institut fiir Pharmazie, Abteilung Pharmazeutische Chemie, Universitdt Innsbruck, Innrain 52a, A-6020 Innsbruck, Austria
b Rega Institute for Medical Research, Katholieke Universiteit Leuven, Minderbroedersstraat 10, B-3000 Leuven, Belgium

ARTICLE INFO ABSTRACT

Article history:

Received 15 June 2008
Revised 23 July 2008
Accepted 25 July 2008
Available online 30 July 2008

Keywords:
5-Nitro-2-phenoxybenzonitriles
MDL-860

Enterovirus inhibitors

CVB 3

Antiviral

The synthesis and SAR of a series of 60 substituted 2-phenoxy-5-nitrobenzonitriles (analogues of MDL~
860) as inhibitors of enterovirus replication (in particular of coxsackievirus B3 (CVB 3)) are reported. Sev-
eral of the analogues inhibited CVB 3 and other enteroviruses at low-micromolar concentrations.

© 2008 Elsevier Ltd. All rights reserved.

Enteroviruses are non-enveloped, single-stranded (+) RNA
viruses belonging to the picornavirus family. This large family har-
bours several pathogens that are implicated in a wide range of clin-
ical manifestations, affecting humans as well as animals.! It is
estimated that enteroviruses cause each year 10-15 million (or
more) symptomatic infections.? Although often mild and self-lim-
iting, enteroviruses may also be involved in more serious condi-
tions, which can be life-threatening, such as pancreatitis,
meningitis, encephalitis or myocarditis.? Coxsackieviruses, and in
particular CVB 3, have often been associated with the development
of myocarditis, which may lead to sudden death in young adults or
progress to dilated cardiomyopathy.>—>

In the past, several compounds have been reported to be selec-
tive inhibitors of enteroviruses, some of which have entered clini-
cal trials.® Pleconaril is the prototype of a series of broad-spectrum
picornavirus inhibitors, known as ‘WIN-compounds’.” These com-
pounds block replication by inhibiting host cell attachment and/
or uncoating, as a result of binding into a pocket, located under-
neath the canyon on the virion surface.® Despite its proven efficacy
in several studies,®!° pleconaril was not approved by the FDA for
the treatment of the common cold (due to rhinovirus infections),!!
but is still being studied on a compassionate base for the treatment
of life-threatening infections in children, such as meningitis or
encephalitis, but on the other hand it is also being developed at
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Schering-Plough, under license of Viropharma, for the treatment
of rhinovirus infections in high-risk asthma and COPD (chronic
obstructive pulmonary disease) patients. Pleconaril is inactive
against the cardiotropic coxsackievirus B3 (Nancy strain).'?!3
Although several research groups are still working on the synthesis
of antivirals structurally related to pleconaril,'*'® the search for
novel broad-spectrum inhibitors of enteroviruses replication re-
mains compulsory.

MDL-860 (2-(3,4-dichlorophenoxy)-5-nitrobenzonitrile, 1)'7~2°
was previously reported to possess broad-spectrum in vitro activ-
ity against picornaviruses by inhibiting an early event in virus rep-
lication, after initial uncoating.'® This compound also elicited
in vivo efficacy in a model of coxsackievirus B3-induced myocardi-
tis.'® However, MDL-860 was never further developed. To gain in-
sight into the structural features that might contribute to a
potential improvement in antiviral activity, 60 analogues of this
lead compound were synthesized?' (Scheme 1) and evaluated??
for inhibition of coxsackievirus replication.
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Scheme 1. Reagent and condition: (a) dry DMF, anhydrous K,CO3, room tempera-
ture, 24 h.
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Figure 1. Structures of compounds 1 and 2-39.
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Figure 2. Structures of compounds 40-61.

Table 1
Anti-CVB 3 activities and cytotoxicities for compounds 1 and 2, and monosubstituted Table 2
analogues 3-39 Anti-CVB 3 activities and cytotoxicities for di- and trisubstituted analogues 40-61
Compound R ICso? (M) CCso° (UM) SILP Compound R', R? R® 1Cs07 (M) CCs® (UM) s1P
1 = 65+49 >324 >49.8 40 2,3-Cl, 49+3.1 >324 >66.1
H 87+15 >416 >47.8 a1 2,4-Cl, 13£9.6 >324 >24.9
3 2-Cl 6.9+3.1 >364 >52.8 42 2,5-Cl, 38+22 >324 >85.3
4 3-Cl 49109 >364 >74.3 43 3,5-Cl, >81 81 na.
5 4-Cl 5.0%4.1 >364 >72.8 44 2-Cl-4-NO, 39+9.0 >313 >8.0
6 2-CH3 57+15 >393 >6.9 45 2-Cl-4-CN 73243 >334 >45.8
7 3-CH3 6.4%4.6 >393 >61.4 46 2-Cl-4-Br 3727 >283 >76.5
8 4-CHs 6222 >393 >63.4 47 2-Br-4-Cl 3.7+26 >283 >76.5
9 2-Br >143 >269 1.9 48 2-NH,-4-Cl >53 53 na.
10 3-Br 5.0%1.9 >313 >62.6 49 3-Cl-4-Br 6.7+0.4 >283 >42.2
11 4-Br 5.7+43 >313 >54.9 50 2-CH3-4-Cl 119 >346 >31.5
12 2-OCH3 54 +6.5 >370 >6.9 51 3-Me-4-Cl 2016 >346 >173
13 3-OCH; 12422 >370 >30.8 52 3-Et-4-Cl >330 >330 na.
14 4-OCH; 46 3.6 >370 >8.0 53 2,4-Br, 6.2+0.1 >251 >40.3
15 2-CN 11427 >377 >34.3 54 3,4-Me, 99 +71 >346 >3.5
16 3-CN 74115 >377 >50.9 55 3-Me-4-Br 2602 >300 >115.4
17 4-CN 4126 >377 >92.0 56 3-Me-4-NO, 11222 >334 >30.4
18 3-Isopropyl 40 +37 >354 >8.9 57 3-NO,-4-NH, 10£9.0 >333 >33.3
19 3-N(CH3), 3115 >353 >11.4 58 3,5-Me, >324 >324 na.
20 3-NH, 24152 >392 >1.6 59 2,3,4-Cls >146 146 na.
21 4-NH, 106 + 68 >392 >3.7 60 2,4,5-Cls 59 27 >291 >4.9
22 3-COOH >352 >352 na. 61 2,4,6-Cls 7220 >291 >4.0
= 4-COOH >332 >332 . ¢ Values are means of three independent experi ts + standard deviati
24 3-COCHs 57446 >354 >6.2 . ! ans o P periments + standard deviation.
25 4-COCHs 35423 >354 >10.1 In vitro selectivity index (CCso/ICsp).
26 3-NO, 38422 >351 >9.2
27 4-NO, 33104 >351 >106.4
28 3-NHCOCH; 121+ 26 >336 >238 better than that of the lead compound against CVB 3. In particular,
- 4- NHCOCH, >336 >336 ha 3. 24- and 3,4-disubstitution with halogens (or in part with
30 3-1 5719 >273 >47.9 . . .
31 4l 57431 273 >47.9 other substituents such as methyl, cyano or nitro) were beneficial
32 3-NH-CO-NH, >335 >335 na. for anti-CVB 3 activity. Most potent activities were measured for
33 3-NH-CS-NH, 234 +40 >318 >14 the 4-chloro-3-methyl analogue 51 and for the 4-bromo-3-methyl
e A=0R, 93434 >349 >3.8 analogue 55. Interestingly, formal replacement of the methyl group
23 4-S0CH; 205£9.2 >331 716 in compound 51 by an ethyl group resulted in an inactive analogue
36 4-SO,CH3 17416 >314 >1.8 L
37 4-tert-Butyl >338 >338 el (52). Also, replacement of the chlorine in compound 51 by a second
38 4-CONH, >353 >353 na. methyl group resulted in reduced anti-CVB 3 activity (54). Simi-
39 4-CH,0H 121£91 >370 >3.1 larly, 3,5-disubstitution with chlorine (43) or methyl (58), or tri-

2 Values are means of three independent experiments + standard deviation.
b In vitro selectivity index (CCso/ICs0).

First, the unsubstituted analogue 2 and a set of 38 monosubsti-
tuted MDL-860 analogues (3-39) (Fig. 1) were synthesized and
tested against CVB 3 (Table 1). Several compounds exhibited activ-
ities and selectivities comparable to that of the lead compound (1),
in particular when substituted with a halogen, a cyano group or a
4-nitro group. Introduction of polar and/or bulkier substituents
seemed to result in reduced antiviral activities. There also ap-
peared a preference—at least for some substituents—for positions
3 and 4.

Recently, it has been proposed that the anti-human rhinovirus 2
(HRV-2) activity of MDL-860 and its analogues is highly dependent
on hydrophobicity.?> This may possibly also be applied for the
activities against enteroviruses within this class of inhibitors.

Next, a set of 22 di- and trisubstituted MDL-860 analogues (40—
61) was prepared (Fig. 2, Table 2). Again, several of these com-
pounds had activities and selectivities comparable to or slightly

substitution with chlorine (compounds 59-61) resulted in—more
or less—inactive analogues.

A selection of six compounds was evaluated against the other
five coxsackie B viruses (Table 3). All of the analogues, with the
exception of 51, which was inactive against CVB 4 and 6, had
broad-spectrum activity with analogues 3 and 40 being the most
potent ones.

Table 3
Activities (on Vero cells, uM)* of selected compounds against CVB 1, 2, 4, 5 and 6
Compound CVB 1 CVB 2 CVB 4 CVB 5 CVB 6
1 15+6.9 15+11 17+£9.9 18+9.4 12£5.2
2 69+33 17+6.9 26+3.3 10+4.8 1942
3 56+1.4 6.2+0.7 14+73 3.1+2.1 8.1+0.5
7 8.9+3.1 11+£33 22+1.0 13£6.1 22+44
40 33+1.7 8.6+6.3 17+0.6 48+22 10+4.2
51 48+34 52+0.8 >346 2.1£05 >346

@ Values are means of three independent experiments + standard deviation.
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Table 4
Activities (on MRC-5 cells, uM)* of selected compounds against selected non-CVB
picornaviruses

Compound CVA 24 Echo 9 Echo 11 Entero 68
1 1.8+0.9 >324 6.7 £3.7 12+9.0
2 >240 >416 >416 >416
3 2377 35+18 3515 227
5 >364 >364 >364 >364
7 19+94 >393 >393 76 + 28

27 >350 >350 >350 >350

40 >309 >323 >323 >323

42 >323 >323 >323 >323

51 234+70 >346 >346 >346

@ Values are means of three independent experiments + standard deviation.

Nine compounds were selected for evaluation against a set of 4
non-CVB enteroviruses (Table 4). This selection was based on the
activities against CVB 3 and on diversity with respect to the substi-
tution pattern of the phenoxy substructure. The lead compound
MDL-860 (1) proved active against CVA 24, echovirus 11 and
enterovirus 68, but was inactive against echovirus 9. Only the 2-
chloro analogue (3) proved active against all four non-CVB entero-
viruses, and five analogues (2, 5, 27, 40 and 42) were inactive
against any of the four viruses. Compound 40, therefore, seemed
to be a selective inhibitor of coxsackie B virus replication. Com-
pound 7 had moderate activity against CVA 24 and enterovirus
68, whereas the 3-methyl-4-chloro analogue 51 exhibited only
weak activity against CVA 24.

The exact mode of action of this class of compounds against
enteroviruses has yet to be figured out. Without knowing the tar-
get (and the structural differences of the target within the different
enteroviruses), it is very difficult to fully understand the obtained
structure-activity relationships (SARs).

In summary, several of the MDL-860 analogues are selective
inhibitors of CVB replication with activities that are comparable
to or slightly better than that of the lead compound. The SAR of this
class of compounds for CVB 3 does, however, not parallel the SAR
for other enteroviruses. At least one compound (3) was identified
that had broad-spectrum enterovirus activity and that was—unlike
the lead compound MDL-860—active against echovirus 9. Further
exploration of this class of compounds should allow obtaining fur-
ther insights into the SAR for inhibition of enterovirus replication.
Also studies are underway to identify the molecular target of this
class of compounds. Once this target has been identified, this infor-
mation may help to rationally design analogues with improved
antiviral activity.
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