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SULFONYL SEMICARBAZIDES, SEMICARBAZIDES AND UREAS,
PHARMACEUTICAL COMPOSITIONS THEREOF, AND METHODS FOR
TREATING HEMORRHAGIC FEVER VIRUSES, INCLUDING INFECTIONS

| ASSOCIATED WITH ARENAVIRUSES

T'his application claims priority to U.S. Provisional Patent Application Serial No.
60/632,990, filed December 6, 2004, incorporated herein by reference for all pUurposes.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT

This imvention was supported in part by funds from the U.S. government
(National Institutes of Health SBIR Grant Nos. 1 R43 AI056525-01, R43 AI056525-02,
and R44 Al056525-04) and the U.S. government may therefore have certain rights in the

invention.

FIELD OF THE INVENTION

The present invention relates to the use of sulfonyl semicarbazides, semicarbazides
and ureas, as well as derivatives and analogs thereof, and pharmaceutical compositions
containing the same, for the treatment or prophylaxis of viral infections and diseases
associated therewith. In particular, those viral infections and associated diseases caused

by hemorrhagic fever viruses, such as Arenaviruses may be treated.

BACKGROUND OF THE INVENTION
Hemorrhagic fever viruses have been discussed in the scientific literature. The

following publications, patents and patent applications are cited in this application as

superscript numbers:
1. Charrel, R. N. and de Lamballerie X., ANTIVIRAL RESEARCH. 57:89-100
(2003).

2. Peters C. ., “Arenavirus diseases,” in Porterfield J., ed., EXOTIC VIRAL
INFECTION, London: Chapman and Hall Medical, 227-246 (1995).

3. Buchmeier, M.J., Clegg, J.C.S., Franze-Fernandez, M. T., Kolakofsky, D.,
Peters, C. J., and Southem, P. J., “Virus Taxonomy: Sixth Report of the

International Committee on Taxonomy of Viruses,” Murphy, F.A., Fauquet,

]



10

15

20

23

30

CA 02590962 2007-06-05

WO 2006/062898 PCT/US2005/043931

10.

11,

12,

13.

14.

C. M. et al., Eds. Sprnger-Verlag, New York, 319-323 (1995).

Clegg, J.C.S., Bowen, M.D,, et al., “Arenavirideal” in Van Regenmortel, M,
H. V., Fauquet, C. M.,Bishop, D. H. L., Carsten, E.B., Estes, M.K., Lemon,
S.M., Maniloft, J., Mayo, M.A., McGeoch, D.J., Pringle, C.R., Wickner, R. B.
(Eds) Virus Taxonomy. Seven Report of the International Committee for the
Taxonomy of Viruses, Academic Press, New York, pp 633-640 (2000).
McCormick, J. B., Epidemiology and control of Lassa fever, CURR.

Top. MICROBIOL. IMMUNOL., 134: 69-78 (1987).

Leiter, E., Gocke, D.J., et al., Report of a laboratory-acquired infection treated

with plasma from a person recently recovered from the disease, AM. J. TROP.

MED. HYG., 19:677-679 (1970).

McCormick, J.B., King, I.J., Webb, P.A., et al., Lassa Fever: Effective therapy
with Ribavirin, N. ENGL. J. MED., 314: 20-26 (1986).

Kilgore, P. E., Ksiazek, T. G., Rollin, P. E., et al., Treatment of Bolivian
Hemorrhagic Fever with intravenous ribavirin, CLIN. INFECT. PIS., 24: 718-
722 (1997).

Enria, D.A., and Maiztegui, J.1., Antiviral treatment of Argentine Hemorrhagic
Fever, ANTIVIRAL RES., 23: 23-31 (1994).

Huggins, J.W., Prospects For Treatment Of Viral Hemorrhagic Fevers With
Ribavirin, A Broad-Spectrum Antiviral Drug, REV. INFECT. DIS.,
11:Suppl.4:S750-S761 (1989).

Candurra, N. A., Maskin, L., and Pamonte, E.B., Inhibition of arenavirus
multiplication in viftro byphenotiazines, ANTIVIRAL RES., 31(3): 149-158
(1996).

Glushakova, S. E., Lakuba, A. 1., Vasiuchkov, A.P., Mar'iankova, R. F.,
Kukareko, T. M., Stel'makh, T.A., Kurash, T. P., and Lukashevich, I. S.,
Lysosomotropic agents inhibit the penetration of arenavirus into a culture of
BHK-21 andvero cells, VOPROSY VIRUSOLOG II. 35(2): 146-150 (1990).
Petkevich, A. 8., Sabynin, V. M., Lemeshko, N. N., Lukashevich, I. S., and
Beloruss, N., Study of the effect ofrimantadine on the reproduction of several
arenaviruses, EPIDEMIOL. MIKROBIOL.,138-143 (1982).

Wachsman, M. B., Lopez, E. M. F., Ramirez, J. A., Galagovsky, L. R., and
Coto, C. E., Antiviral effect ofbrassinosteroids against herpes virus and

arenavirus, ANTIVIRAL. CHEM. CHEMOTHER., 11(1): 71-77 (2000).

2



10

15

20

25

30

WO 2006/062898

12,

16.

17.
18,
19,
20,
21.

22,
23.
24.
23.
26.
27.
23.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.

CA 02590962 2007-06-05

PCT/US2005/043931

Rawls, W. E., Banerjee, S.N., McMillan, C. A., and Buchmeier, M. J.,
Inhibition of Pichinde virus replication by actinomycin D, J. GEN. VIROL.,
33(3): 421-434 (1976).

Enria, D. A., Feuillade, M. R., Levis, S., Briggiler, A. M., Ambrosio, A. M.,
Saavedra, M. C, Becker, J. L., Aviles, G., Garcia, J., Sabattini, M., “Impact
of vaccination of a high-risk population for Argentine hemorrhagic fever with
a live-attenuated Junin virus vaccine” in Saluzzo, J. F., Dodet, B., (eds)
FACTORS IN THE EMERGENCE AND CONTROL FOR RODENT-BORNE VIRAL
DISEASES, Paris: Elsevier, 1999, pp. 273-279 (1999).

Bagai, S. and Lamb, R. A., J. CELL BIOL., 135: 73-84 (1996).

Beyer, W. R., et al., J. VIROL., 77: 2866-72 (2003).

Bowen, M. D., ef al., VIROLOGY, 219: 285-90 (1996).

Castagna, A., ef al., DRUGS, 65: 879-904 (2005).

Childs, J. E., and Peters, C. J., “The Arenaviridae” Ed Salvato (ed.), Plenum
Press, New York, pp. 331-84 (1993).

Cianci, C., et al., ANTIMICROB AGENTS CHEMOTHER, 48: 2448-54 (2004).
Clegg, J. C., CURR ToP MICROBIOL IMMUNOL, 262: 1-24 (2002).
Froeschke, M., et al., J. BIOL CHEM., 278: 41914-20 (2003).

Garcia, C. C., ef al., ANTIVIR CHEM CHEMOTHER, 11: 231-7 (2000).

Hall, W. C., et al., AM J TROP MED HYG, 55: 81-8 (1996).

Harman, A., ef al., J VIROL, 76. 10708-16 (2002).

Jeetendra, E., ef al., ] VIROL, 77: 12807-18 (2003).

Kinomoto, M., et al., J Virol, 79: 5996-6004 (2005).

Kunz, S., et al., VIROLOGY, 314: 168-78 (2003).

Lenz, O., et al., PROC NATL ACAD SCI USA, 98: 12701-5 (2001).

Maron, M. D. and Ames, B. N., MUTAT REs, 113: 173-215 (1983).
Oldfield, V., et al., DRUGS, 65: 1139-60 (2005).

Peters, C. J., et al., CURR Tor MICROBIOL IMMUNOL, 134: 5-68 (1987).
Petkevich, A. S., ef al., VOPR VIRUSOL, 244-5 (1981).

Southern, P. J., VIROLOGY, 2: 1505-51 (2001).

Weissenbacher, M. C., et al., INFECT IMMUN, 35: 425-30 (1982).

West, J. T., et al., J VIROL, 75: 9601-12 (2001).

Yao, Q. and Compans, R. W.,J VIROL, 69: 7045-33 (1995).



10

15

20

25

30

CA 02590962 2007-06-05
WO 2006/062898 PCT/US2005/043931

All of the publications, patents and patent applications cited in this application are

herein incorporated by reference in their entirety to the same extent as if each individual

publication, patent or patent application was specifically and individually indicated to be

incorporated by reference in its entirety.

The National Institute of Allergy and Infectious Diseases (NIAID) and the
Centers for Disease Control and Prevention (CDC) have classified a number of viruses as
potential agents of bioterrorism (www.bt.cdc.gov/agent/agentlist-category.asp). The
highest threat agents, the Category A pathogens, have the greatest potential for adverse
public health impact and mass casuaities if used in ill-intentioned ways. Within the
Category A pathogens, there are a number of viruses that can cause viral hemorrhagic
fevers with high case fatality rates. The Category A hemorrhagic fever viruses pose
serious threats as potential biological weapons because: 1) they can be disseminated
through aerosols; 2) a low dose (1-10 plaque forming unit (pfu)) can cause disease;

3) they cause severe morbidity and mortality (case fatality rates of 15-30%); 4) they can
cause fear and panic in the general public; 5) there are no U.S.-approved effective
vaccines or specific antivirals available; 6) these pathogens are easily available and can
be readily produced in large quantities; and 7) research on weaponizing various
hemorrhagic fever viruses has been conducted.’

Arenaviruses are enveloped viruses with a genome that consists of two single-
stranded RNA segments designated small (S, 3.5Kb) and large (L, 7.5Kb), both with an
ambisense coding arrangement.”® The S RNA segment encodes the major structural
proteins, nucleocapsid protein (NP) and a precursor envelope protein (GPC) encoding
two envelope glycoproteins (external GP1 and transmembrane GP2),18’ 253931 and the L
RNA segment encodes the RNA polymerase protein L and an 11 KDa protein, Z protein,
with putative regulatory function. ' GP1 and GP2, which form the tetrameric surface
glycoprotein spike, are responsible for virus entry into targeted host cells.

The family Arenaviridae consists of a single genus (Arenavirus) that includes
several viruses (currently 23 recognized viruses') causing severe hemorrhagic fever
diseases in humans.” The Arenaviridae family has been divided into two groups
according to sequence-based phylogeny. The “Old World” group, originated from Africa,
includes the human pathogens lymphocytic choriomeningitis (LCM) virus and Lassa
virus. The “New World” group, originated from Latin America, is divided into 3 clades.

Clade B includes in addition to Tacaribe and Amapari viruses, the Category A human

4
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paulogenic viruses Junim (Argenune nemorrhagic fever), Machupo (Bolivian hemorrhagic

fever), Guanarito (Venezuelan hemorrhagic fever), and Sabid (Brazilian hemorrhagic
fever). These Category A viruses are capable of causing severe and often tfatal
hemorrhagic fever disease in humans,

Rodents are the natural host of arenaviruses, although Tacaribe virus is found in
bats. The arenaviruses characteristically produce chronic viremic infections in their
natural host,”” which in turn shed virus in their urine and feces, ultimately infecting
humans in close contact with these infected materials either by aerosol or direct contact
with skin abrasions or cuts. The natural history of the human disease is determined by the
pathogenicity of the virus, its geographical distribution, the habitat and the habits of the
rodent reservoir host, and the nature of the human-rodent interaction.”

Several Arenaviruses are associated with severe hemorrhagic disease in human.
Lassa virus (from the Old World group) is responsible for Lassa hemorrhagic fever, while
4 viruses from the New World group (all from Clade B) cause severe hemorrhagic fever in
human. Those viruses are: Junin virus responsible for Argentine hemorrhagic fever,
Machupo virus for Bolivian hemorrhagic fever and Guanarito virus for Venezuelan
hemorrhagic fever. Sabia virus was isolated from a fatal case of hemorrhagic fever n
Brazil. It is estimated that Lassa virus causes 100,000-300,000 infections and
approximately 5,000 deaths annually.” So far an estimated 30,000 confirmed cases of
Junin infections have been documented, while about 2,000 of Machupo, 200 of Guanarito
and only 2 of Sabia.'

Recent concerns over the use of Arenaviruses as biological weapons have
underscored the necessity of developing small molecule therapeutics that target these
vimses.1 The availability of antiviral drugs directed at these viruses would provide
treatment and a strong deterrent against their use as biowarfare agents. Since antiviral
drugs can be easily administered (oral pill or liquid) and exert their antiviral effect within
hours of administration, they will serve to effectively treat diseased patients, protect those
suspected of being exposed to the pathogen (post-exposure prophylaxis), and assist in the
timely containment of an outbreak.

Currently, there are no virus-specific treatments approved for use against
Arenavirus hemorrhagic fevers. Present disease management consists of general
supportive care: monitoring and correcting fluid, electrolyte and osmotic imbalances and
treating hemorrhaging with clotting factor or platelet replacement. Convalescent immune

serum therapy may be effective in treating cases of Junin and Machupo virus disease, but
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the availability of such serum is extremely limited.

Ribavirin, a nucleoside analog, has been used with some success in Lassa fever
patients. In small trials, intravenous ribavirin given to patients within the first 6 days
after development of fever decreased mortality from 76% to 9%.”” A controlled trial of
18 patients with Argentine hemorrhagic fever resulted in 13% mortality in treated patients
compared with 40% in untreated patients.'’ Ribavirin therapy is associated with adverse
effects including a dose-related, reversible hemolyﬁc anemia an d also has demonstrated
teratogenicity and embryo lethality 1n several animal species. It is therefore classified as
a pregnancy category X drug, contraindicated during pregnancy. Intravenous ribavirin 1s
available in limited supplies in the U.S. for compassionate use under an FND application.
The dosing regimen for ribavirin therapy that has been used in cases of Lassa fever
consists of an initial 30 mg/ke intravenous (IV) loading dose, followed by 16 mg/kg IV
every 6 hours for 4 days; then 8§ mg/kg IV every 8 hours for 6 days (total treatment time
10 days). The cost of treatment for an adult male is approximately $800. The attributes
of ribavirin make it less than ideal for the treatment of Arenavirus hemorrhagic tevers.

A number of in vifro inhibitors of Arenavirus replication have been reported in the

1 12413

literature including phenothiazines, trifluoroperazine and chlorpromazine, amantadine,

brassinosteroids'* and actinomycin D.”” The anti-Arenavirus activities of these compounds
are generally weak and non-specific. ,

The only Arenavirus hemorrhagic fever for which studies have been undertaken
toward development of a vaccine has been Argentine hemorrhagic fever (AHF) caused by
Junin virus. A live-attenuated vaccine, called Candid 1, has been evaluated in controlled
trials among agricultural workers in AHF-endemic areas, where it appeared to reduce the
number of reported AHF cases with no serious side effects.’® It is not known if the Candid
1 vaccine would be useful against other Arenavirus hemorrhagic fevers and this vaccine 1s
not available in the United States of America.

Tacaribe virus is a biosafety level 2 (BSL 2) New World arenavirus (NWA) that
is found in clade B and phylogenetically related to the Category A NWA (Junin,
Machupo, Guanarito and Sabid). Tacaribe virus is 67% to 78% identical to Junin virus at
the amino acid level for all four viral proteins. In order to screen for inhibitors of NWA a
high-throughput screening (HTS) assay for virus replication was developed using
Tacaribe virus as a surrogate for Category A NWA. A 400,000 small molecule libi‘ary
was screened using this HTS assay. A lead series was chosen based on drug properties

and this series was optimized through iterative chemistry resulting in the identity of a
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mighly active and specific small molecule inhibitor of Tacaribe virus with selective
activity against human pathogenic NWA (Junin, Machupo, Guanarito and Sabia). This
molecule demonstrates favorable pharmacodynamic properties which permitted the
demonstration of in vive anti-arenavirus activity in a newborn mouse model.

All human pathogens Arenaviruses from the New World group causing
hemorrhagic fever are from the Clade B. These human pathogen viruses require
manipulation under high-level containment (BSL-4). However, Amapari and Tacaribe -
viruses also from Clade B can be grown in tissue culture under BSL-2 (low-level)
containment. Working under low-level containment makes experimentations easier and
safer with these viruses. While Punapar} virus produces low cytopathic efiect, Tacaribe
virus can be grown readily in cell culture and produce robust CPE in 4 {o 6 days. Since
this CPE is directly related to viral replication, compounds that inhibit virus replication in
cell culture can be identified readily as conferring protection from virus-induced CPE
(although it is theoretically possible to inhibit CPE without inhibiting virus replication).
Moreover, compounds having identified activity against Tacaribe virus will also likely be
active against Arenavirus human pathogen causing hemorrhagic fever (Junin, Machupo,
Guanarito and Sabia) given the high degree of homology (around 70% identity for all 4
proteins of Tacaribe virus compared to Junin virus, with long stretch of protein with
perfect identity) between these viruses. |

What is needed in the art are new therapies and preventives for the treatment of

viral infections and associated diseases, such as caused by hemorrhagic fever viruses like

Arenaviruses.
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SUMMARY OF THE INVENTION

The present invention provides compounds and compositions and/or methods for
the treatment and prophyltaxis of viral infections, as well as diseases associated with viral
infections in living hosts. In particular, the present invention provides compounds and
compositions and/or methods for the freatment and prophylaxis of hemorrhagic fever
viruses, such as Arenaviruses.

In one embodiment, the invention relates to a method for the treatment or
prophylaxis of a viral infection or disease associated therewith, comprising administering
1n a therapeutically effective amount to a mammal in need thereof, a compound of
formula I or a pharmaceutically acceptable salt thereof. In another embodiment, the
invention relates to a pharmaceutical composition that comprises a pharmaceutically
effective amount of the compound or a pharmaceutically acceptable salt thereof, and a

pharmaceutically acceptable carrier. In addition, the invention also relates to compounds
of formula I, as well as pharmaceutically acceptable salts thereof.

Preferred compounds of formula I include:

CF,
H3 C(Hzc)n
NR4
|
O Ni‘l
<NR<m
. /(SOZ)p
R,

wherein
n is an integer from 0-6;
m is an integer from 0-1;

p is an integer from 0-1;

R;is selected from the group consisting of H and alkyl;

R, is selected from the group consisting of substituted or unsubstituted phenyl, substituted

8
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and unsubstituted aryl, substituted and unsubstituted heteroaryl, substituted or
unsubstituted alkyl, substituted or unsubstituted branched alkyl, and substituted or
unsubstituted unsaturated cycloheteroalkyls:

or where R; and R, combine together to form a substituted or unsubstituted Ca.10 cyclic

saturated heteroalkyl;

R3 1s selected from the group consisting of H and alkyl;

or a pharmaceutically acceptable salt thereof.

Other compounds of formula I include:

CF,
H;C(H,C),
NH

F3C A

o Nil

NH\
/(302)
R;

wherein

R 1s selected from the group consisting of substituted or unsubstituted phenyl, substituted
and unsubstituted aryl, substituted and unsubstituted heteroaryl, substituted or
unsubstituted alkyl, substituted or unsubstituted branched alkyl, and substituted or
unsubstituted unsaturated cycloheteroalkyls

or a pharmaceutically acceptable salt thereof.

N
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rurther compounds ot tormula | include:

CF;
H3C(H,CO)n

- IB

| NH
F,C
R
/ 1
N
c

R,

wherein

R 1s selected from the group consisting of H and alkyl;

R; 1s selected from the group consisting of substituted or unsubstituted phenyl, substituted
and unsubstituted aryl, substituted and unsubstituted heteroaryl, substituted or
unsubstituted alkyl, substituted or unsubstituted branched alkyl, and substituted or

unsubstituted unsaturated cycloheteroalkyls;

or where R; and R; combine together to form a substituted or unsubstituted Ca.10 cyclic

saturated heteroalkyl;

ora pharmaceutiéally acceptable salt thereof.

In other embodiments, in the compound of formula I, nis 0 or 1. Also, in other
embodiments, in the compound of formula I, m is 1 and p is 1 or alternatively, m is 0 and

pi1sO.

In further embodiments, in Formula I, R; and R, combine together to form a

substituted or unsubstituted Cy.19 cyclic saturated heteroalkyl selected from the group

consisting of:
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In still further embodiments, in Formula I, R; is selected from the group consisting

of:
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: R
e |
O L0 &y

wherein each of Rs, Rg, R7, Rg and Ry 1s independently selected from the group consisting

of: hydrogen, acetyl, methoxy, trifluoromethyl, fluoro, chloro, bromo, iodo, acylamino,

methyl, sulfonamide, trifluoromethoxy, carboxy, cyano and 1,1,2,2-tetrafluoroethoxy.

In particular, certain embodiments relate to a compound of formula I selected from

the group consisting of:

N-2-(1,1,1,3,3,3-Hexafluoro-2-methylpropyl)-2-{(4-(phenyl)-phenylsulfonyl|
hydrazine-1-carboxamide;

N-2-(1,1,1,3,3,3-Hexafluoro-2-methylpropyl)-2-[ (4~(2-methyl-2-propyl)-
phenylsulfonyljhydrazine-1-carb 6xamide;
N-2-(1,1,1,3,3,3-Hexafluoro-2-methylpropyl)-2-[ 7-(4-methyl-3,4-dihydro-2 H-
benzo[l,4]oxazinyl)sulfonyl]hydrazine-l-carboxamide;

N-2-(1,1,1,3,3,3-Hexafluoro-2-methylpropyl)-2-[ 5-(I-dimethylamino-naphthyl)
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sulfonyl jhydrazine-1-carboxamide;
N-2-(1,1,1,3,3,3-Hexafluoro-2-methylpropyl)-2-[(2,4,6-trimethylphenyl)sulfonyl]
hydrazine-1-carboxamide;
N-2-(1,1,1,3,3,3-Hexatluoro-2-methylpropyl)-2-[(3-chloro-6-methoxyphenyl)

5 sulfonyl]hydrazine-1-carboxamide;
N-2-(1,1,1,3,3,3-Hexatluoro-2-methylpropyl)-2-[(3,6-dimethoxyphenyl)sulfonyl]
hydrazine-1-carboxamide; |
N-2-(1,1,1,3,3,3-Hexafluoro-2-methylpropyl)-2-[(4-(4-
[1,2,3]thiadiazolyl)phenyl)sulfonylJhydrazine-1-carboxamide;

10 N-2-(1,1,1,3,3,3-Hexafluoro-2-methylpropyl)-2-[(3-
bromophenyl)sulfonyljhydrazine-1-carboxamide;
N-2-(1,1,1,3,3,3-Hexatluoro-2-methylpropyl))-2-[(4-
bromophenyl)sultonyl }hydrazine-1-carboxamide;
N-2-(1,1,1,3,3,3-Hexafluoro-2-methylpropyl)-2-[(4-

15 methylphenyl)sulfonyl[hydrazine-1-carboxamide;
N-2-(1,1,1,3,3,3-Hexafluoro-2-methylpropyl)-2-[(4-
methoxyphenyl)sulfonyl]hydrazine-1-carboxamide;
N-2-(1,1,1,3,3,3-Hexafluoro-2-methylpropyl)-2-[ (4-
difluoromethoxyphenyl)sulfonyl[hydrazine-1-carboxamide;

20 N-2-(1,1,1,3,3,3-Hexafluoro-2-methylpropyl)-2-{{3-filuoro-4-chioro-
phenyl)sulfonyljhydrazine-1-carboxamide;
N-2-(1,1,1,3,33-Hexafluoro-2-methylpropyl)-2-[(4-
trifluoromethoxyphenyl)sulfonyllhydrazine-1-carboxamide;
N-2-(1,1,1,3,3,3-Hexafluoro-2-methylpropyl)-2-[(4-tluoro-

25 phenyl)sulfonyl}hydrazine-1-carboxamide;
N-2-(1,1,1,3,3,3-Hexafluoro-2~-methylpropyl)-2-[(3-
methoxyphenyl)sulfonyl jhydrazine-1-carboxamide;
N-2-(1,1,1,3,3,3-Hexafluoro-2-methylpropyl)-2-[ (2~
methylphenyl)sulfonyljhydrazine-1-carboxamide;

30 N-2-(1,1,1,3,3,3-Hexafluoro-2-methylpropyl)-2-[(3-
trifluoromethylphenyl)sulfonyl jhydrazine-1-carboxamide;
N-2-(1,1,1,3,3,3-Hexafluoro-2-methylpropyl)-2-[(2,4-
dimethoxyphenyl)sulfonylJhydrazine-1-carboxamide;
N-2-(1,1,1,3,3,3-Hexafluoro-2-methylpropyl)-2-[2-(S-chloro-1,3-dimethyl- 1 H-
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pyrazolyl)sulfonyl jhydrazine-1-carboxamide;

N-2-(1,1,1,3,3,3 -Hexatluoro-2-methylpropyl)-2-[(3-methylphenyl)sulfonyl]
hydrazine-1-carboxamide;

N-2-(1,1,1,3,3,3-Hexafluoro-2-methylpropyl)-2-{(4-
trifluoromethylphenyl)sulfonylthydrazine-1-carboxamide;
N-2-(1,1,1,3,3,3-Hexatluoro-2-methylpropyl)-2-[ (2-
trifluoromethylphenyl)sulfonyl jhydrazine-1-carboxamide;
N-2-(1,1,1,3,3,3-Hexatluoro-2-methylpropyl)-2-[4-(pyrrolidin-1 -sulfonyl)phenyl
sultonylJhydrazine-1-carboxamide;
N-2-(1,1,1,3,3,3-Hexafluoro-2-methylpropyl)-2-[ (2-
chiorophenyl)sulfonylhydrazine-1-carboxamide;
N-2-(1,1,1,3,3,3-Hexatluoro-2-methylpropyl)-2-[2-(5-morpholin-4-yl)pyridyl
sulfonylJhydrazine-1-carboxamide;
N-2-(1,1,1,3,3,3-Hexafluoro-2-methylpropyl)-2-[ (2-trifluoromethoxyphenyl)
sulfonyl]hydrazine-1-carboxamide;
N-2-(1,1,1,3,3,3-Hexafluoro-2-methylpropyl)-2-[(2,4-dichlorophenyl)sulfonyl]
hydrazine-1-carboxamide;

N-2-(1,1,1,3,3,3 -Hexafluoro-2-methylpropyl)-2- [phenylsulfonyl Jhydrazine-1-
carboxamide;

N-2-(1,1,1,3,3,3-Hexafluoro-2-methylpropyl)-2-[ (3-difluoromethoxyphenyl)
sutfonyl jhydrazine-1-carboxamide;
N-2-(1,1,1,3,3,3-Hexafluoro-2-methylpropyl)-2-[(3-
cyanophenyl)sulfonyl]hydrazine-1-carboxamide;
N-2-(1,1,1,3,3,3-Hexatluoro-2-methylpropyl)-2-[ (4-
cyanophenyl)sulfonyl]hydrazine-1-carboxamide;
N-2-(1,1,1,3,3,3-Hexatluoro-2-methylpropyl)-2-[5-(2,3 -dihydrobenzo[1,4]dioxinyl)
sulfonyl Jhydrazine-1-carboxamide;
N-2-(1,1,1,3,3,3-Hexatluoro-2-methylpropyl)-2-[ (4-methylphenyl)sulfonyl}-1-
methylhydrazine-1-carboxamide;
N-2-(1,1,1,3,3,3-Hexafluoro-2-methylpropyl)-2-[(3-
fluorophenyl)sulifonylhydrazine-1-carboxamide;
N-2-(1,1,1,3,3,3-Hexafluoro-2-methylpropyl)-2-[(3,4-difluorophenyl)sulfonyl]
hydrazine-1-carboxamide;

N-2-(1,1,1,3,3,3-Hexafluoro-2-methylpropyl)-2-{(2,4-dimethylthiazol-5-
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y1)sulfonyl]hydrazine-1-carboxamide;
N-2-(1,1,1,3,3,3-Hexafluoro-2-methylpropyl)-2-[(4-
acetylphenyl)sulfonyl|hydrazine-1-carboxamide;
N-2-(1,1,1,3,3,3-Hexafluoro-2-methylpropyl)-2-[(2,6-difluorophenyl)sulfonyl]
hydrazine-1-carboxamide;

N-2-(1,1,1,3,3,3-Hexafluoro-2-methylpropyl)-2-[ (2-
fluorophenyl)sulfonyl]hydrazine-1-carboxamide;
N-2-(1,1,1,3,3,3-Hexafluoro-2-methylpropyl)-2-[(2,5-difluorophenyl)sulfonyl]
hydrazine-1-carboxamide;

N-2-(1,1,1,3,3,3 -Hekaﬂuoro-?.-methylpropyl)-z- [(4-methylphenyl)sulfony!|-2-
methylhydrazine-1-carboxamide;
N-2-(1,1,1,3,3,3-Hexafluoro-2-methylpropyl)-2-{(2,6-dichlorophenyl)sulfonyl]
hydrazine-1-carboxamide;

N-2- 1,1,1,3,3,3 -Hexafluoro-2-methylpropyl)-2- [(2,6-ditrifluoromethylphenyl)
sulfonyl]hydrazine-1-carboxamide;

N-2-(1,1,1,3,3,3 -Hexafluoro-2-methylpropyl)-2-[(4-methylphenyl)sulfonyl]
hydrazine-1-methylcarboxamide;
N-2-(1,1,1,3,3,3-Hexafluoro-2-memylpropyl)-2-[(3,5-dimethylisoxazol-5-
yl)sulfonyl]hydrazine-1-carboxamide;

N-2-(1,1,1,3,3,3 -Hexafluoro-2-methylpropyl)-2-[ (4-nitrophenyl)sulfonyl jhydrazine-
1-carboxamide;

N-2-(1,1,1,3,3,3 -Hexafluoro-2-methylpropyl)-2-{(1-methylimidazol-4-
yl)sulfonyl}hydrazine-1-carboxamide;

N-2-(1,1,1,3,3,3 -Hexafluoro-2-methylpropyl)-2-[methylsulfonyl |hydrazine-1-
carboxamide; |
4-Phenylpiperazine-1-(2,2,2-trifluoro-1 -methyl-1 -trifluoromethylethyl)-
carboxamide;

4-Morpholino-1-(2,2,2- trifluoro-1-methyl-1-trifluoromethylethyl)-carboxamide;
1-(2-Acetylphenyl)-3-(2,2,2-trifluoro-1-methyl-1-trifluoromethylethyl)-urea;

' 1-Piperidino-1-(2,2,2-trifluoro-1-methyl-1-trifluoromethylethyl)-carboxamide;
1-(2,2,2-trifluoro-1-methyl-1-trifluoromethylethyl)-3-(3.,4,5 -trimethoxyphenyl)-
urea;
1-(4-Trifluoromethylphenyl)-3-(2,2,2-trifluoro-1-methyl-1 -trifluoromethylethyl)-

urea;

15



10

15

20

25

30

CA 02590962 2007-06-05

WO 2006/062898 PCT/US2005/043931

4-Methylpiperazine-1-(2,2,2-tritluoro-1-methyl-1-triftuoromethylethyl)-
carboxamide;

1-Naphthalen-1-yi-3 -'-(2,2,2~triﬂuoro- [-methyl-1-trifluoromethylethyl)-urea;
1-(4-Chlorophenyl)-3-(2,2,2-trifluoro-1-methyl-1-trifluoromethylethyl)-urea;
4-Phenylpiperidin-1-yl-1-(2,2,2-trifluoro-~1-methyl-1-trifluoromethylethyl)-
carboxamide; ¥
1-(2-Phenyl(phenyl))-3-(2,2,2-tr1fluoro-1-methyl-1-trifluoromethylethyl)-urea;
1-(2,6-Difluorophenyl)-3-(2,2,2-trifluoro~1-methyl- 1 -trifluoromethylethyl)-urea;
2-13~(1,1-Bis-trifluoromethylethyl)-ureidojbenzamide;
1-(2-Chloro-6-fluorophenyl)-3-(2,2,2-tritfluoro-1-methyl- 1 -trifluoromethylethyl)-
urea;
1-(3-Trifluoromethylphenyl)-3-(2,2,2-trifluoro-1-methyl-1-trifluoromethylethyl)-
urea;

2-[3-(1,1-Bis-trifluoromethylethyl)-ureidoJbenzenesulfonamide;
1-(2,2,3,3-Tetratluoro-2,3-dithydrobenzofl,4}dioxin-5-y1)-3-(2,2,2-trifluoro-1 -
methyl-1-trifluoromethylethyl)-urea;
1-(3-Trifluvoromethoxyphenyl)-3-(2,2,2-trifluoro-1-methyl-1-trifluoromethylethyl)-
urea;

1-(4-Trifluoromethoxyphenyl)-3-(2,2,2-trifluoro- 1 -methyl-1 -trifluoromethylethyl)-
urea; |
4-Methyl-1-piperidine-1-(2,2, 2-trifluoro- 1 -methyl-1 -trifluoromethylethyl)-
carboxamide;;
1-Naphthalen-2-y1-3-(2,2,2-trifluoro-1-methyl-1-trifluoromethylethyl)-urea;
1-(2-fluorophenyl)-3~(2,2,2-trifluoro-1-methyl-1-trifluoromethylethyl)-urea;
1-(2,6-Dimethoxyphenyl)-3-(2,2,2-trifluoro- 1-methyl- 1 -trifluoromethylethyl)-urea;
3-Trifluormethoxy-4-[3-(1,1-bis-trifluoromethylethyl)-ureido]benzoicacid;
1-Phenyl-3-(2,2,2-trifluoro-1-methyl-1-trifluoromethylethyl)-urea;
1-(3-Cyanophenyl)-3-(2,2,2-trifluoro-1-methyl-1-trifluoromethylethyl)-urea;
1-(3-Methoxyphenyl)-3-(2,2,2-trifluoro-1-methyl-1-trifluoromethylethyl)-urea;
1-(2-(1,1,2,2-Tetrafluoroethoxy)phenyl)-3-(2,2,2-trifluoro-1-methyl-1-
trifluoromethylethyl)-urea;

. 3-[3-(1,1-Bis-trifluoromethylethyl)-ureidobenzenesulfonamide;

1-(3-fluorophenyl)-3-(2,2,2-trifluoro-1-methyl-1-trifluoromethylethyl)-urea;
1-(4-Bromophenyl)-3-(2,2,2-trifluoro-1-methyl-1-trifluoromethylethyl)-urea;
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1-(2-Cyanophenyl)-3-(2,2,2-trifluoro-1-methyl-1-trifluoromethylethyl)-urea;
1-(4-Cyanophenyl)-3-(2,2,2-trifluoro-1-methyl-1-trifluoromethylethyl)-urea;
1-(2,2-Difluorobenzo [1,3]d1iox0l-4-y1)-3-(2,2,2-trifluoro-I-methyl-I-
trifluoromethylethyl)-urea;

5 1-(4-Chlorophenyl)-3-(2,2,2-tritluoro-1-methyl-1-trifluoromethylethyl)-urea;
1-(3-Methylphenyl)-3-(2,2,2-trifluoro-1-methyl-1-trifluoromethylethyl)-urea;
4-[3-(1,1-Bis-trifluoromethylethyl)-ureido]benzenesulfonamide:
1-(2,6-Dibromophenyl)-3-(2,2,2-trifluoro-1-methyl-1-trifluoromethylethyl)-urea;
1-(2-Methylphenyl)-3-(2,2,2~ trifluoro-1-methyl-1-trifluoromethylethyl)-urea;

10 1-(4-Methylphenyl)-3-(2,2,2-trifluoro-1-methyl-1-trifluoromethylethyl)-urea;
1-Pyrrolidinyl-1-(2,2,2-trifluoro-1-methyl- 1 -trifluoromethylethyl)-carboxamide;
1-(4-Fluorophenyl)-3-(2,2,2-trifluoro- 1 -methyl- 1 -trifluoromethylethyl)-urea;
1-(2,4-Dibromophenyl)-3-(2,2,2-trifluoro-1-methyl- 1 -trifluoromethylethyl)-urea;
Azepane-]1-carboxylic acid (2,2,2-trifluoro-1-methyl-l-trifluoromethylethyl)-

15 amide;
1-(4-Bromo-2-trifluoromethoxyphenyl)-3-(2,2,2-trifluoro-1-methyl-1 -
trifluoromethylethyl)-urea;
I-(2-Trifluoromethoxyphenyl)-3-(2,2,2-trifluoro-1-methyl-1-triftuoromethylethyl)-
urea;

20 1-(2-Tnfluoromethyiphenyl)-3-(2,2,2-trifluoro-1-methyl-1-triffluoromethylethyi)-
urea;
1-(2-Methoxyphenyl)-3-(2,2,2-trifluoro-l-methyl-1-trifluoromethylethyl)-urea;
and
N—2-(1 ,1,1,3,3,3-hexafluoro-1-methylpropyl)-2-[(4-

25 difluoromethoxyphenyl)sulfonyl]hydrazine-1-carboxamide.

In one embodiment, the mammal being treated is a human. In particular
embodiments, the viral infection being treated is a hemorrhagic fever virus, such as an
Areanvirus. The Arenavirus may be selected from the group consisting of Junin, Machupo,

30  Guanavito, Sabia, and Lassa.
These and other objects, advantages, and features of the invention will become

apparent to those persons skilled in the art upon reading the details of the methods and

formulations as more fully described below.
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

FIG. 1 provides the chemical structure, formula, and molecular weight of ST-336.

FIG. 2 shows the effect of the time of addition of ST-336 on Tacaribe virus yield
and plaque formation. In FIG. 2A, Vero cells were infected with Tacaribe virus at a MOI
=0.01. ST-336 was added prior to or during Tacaribe infection (-1, 3, 6,9, 12, 15, 18 or
21 hrs p.i.). At 24 hrs p.i., virus yields were determined by plaque assay. In F1G. 2B,
Vero cells were infected with 400 pfu Tacaribe virus. ST-336 was added for 1 hour
before the infection (-1), for 1 hour during adsorption (0), and for 1 hour after the
infection (+1). Infected monolayers were washed with PBS and overlé,yed with medium
containing agarose. Five days post-infection, cells were glutaraldehyde fixed and crystal
violet stained prior to plaque counting,

FIG. 3 shows that ST-336 binds with slow Koff o intact Tacaribe virion in the
absence of cells. In FIG. 3A, a diagram of the virus dilution scheme prior to plating is
provided. The virus mixed with ST-336 and diluted (left side) or virus diluted and ST-
336 added after dilution (right side). In FIG. 3B, pictures of the plaques that resulted
after plating each dilution shown in FIG. 3A on Vero cells 1s provided.

FIG. 4 shows the mapping of ST-336 drug resistant variants (“DRVs”). In FIG.
4A, a linear map of the glycoprotein precursor (“GPC”) showing the location of the
signal peptide (“SP”), transmembrane domain (““TM”), the cleavage site between GP1
and GP2 (K261-A262), the location of the four ST-336 res:istant mutants (“DR #1-4""),

and the amino acid change for each is provided. In FIG. 4B, the amino acid sequence
alignment of GP2 from wild type NWA and ST 336 DRVs is shown. Shown is the amino
acid sequence of the C-terminal portion of GP2 (amino acids 397 to 457) containing the
transmembrane domain (marked by vertical lines), the location of the mutations for

DR#1-4 (underlined), and the amino acid difference in Amapari (in bold).

FIG. 5 provides the chemical structure, formula, and molecular weight for ST-
294,

FIG. 6 shows the effect of ST-294 in newborn mice challenged with Tacaribe
virus. Four day old BALB/c mice were infected IP with 30xLD50 Tacarbide virus and
treated daily for 10 days with vehicle (control), ribavarin at 25 mg/kg, ST-294 twice a
day (BID) at 50 mg/kg or once a day (SID) at 100 mg/kg. Shown in FIG. 6 are the

percent survivors in each treatment group on day 9 and day 10 after infection.
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DETAILILED DESCRIPTION OF THE INVENTION
As above, this invention relates to compounds which are useful for the treatment
and prophylaxis of viral infections, as well as diseases associated with viral infections in
living hosts. In particular, the present invention provides compounds and compositions
and/or methods for the treatment and prophylaxis of hemorrhagic fever viruses, such as

Arenaviruses. However, prior to describing this invention in further detail, the following

terms will first be defined.

Definitions

In accordance with this detailed descripfion, the following abbreviations and
definitions apply. It must be noted that as used herein, the singular forms "a", "an", and
"the" include plural referents unless the context clearly dictates otherwise.

The publications discussed herein are provided solely for their disclosure.
Nothing herein is to be construed as an admission that the present invention is not entitled
to antedate such publication by virtue of prior invention. Further, the dates of publication
brovided may be different from the actual publication dates, which may need to be
independently confirmed.

Where a range of values is provided, it is understood that each intervening value is
encompassed within the invention. The upper and lower limits of these smaller ranges
may independently be included in the smaller, subject to any specifically excluded limit in
the stated range. Where the stated range includes one or both of the limits, ranges
excluding either both of those included limits are also included in the invention. Also
contemplated are any values that fall within the cited ranges.

Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. Although any methods and materials similar or equivalent to those
described herein can also be used in the practice or testing of the present invention, the
preferred meth(;ds and materials are now described. All publications mentioned herein are
incorporated herein by reference to disclose and describe the methods and/or materials in
connection with which the publications are cited.

By "patient” or "subject" is meant to include any mammal. A "mammal", for
purposes of treatment, refers to any animal classified as a mammal, including but not
limited to humans, domestic and farm animals, and zoo, sports, or pet animals, such as

dogs, horses, cats, cows, and the like. Preferably, the mammal 1s human.
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The term "efficacy” as used herein in the context of a chronic dosage regime
refers to the effectiveness of a particular treatment regime. Efficacy can be measured
based on change the course of the disease in response to an agent of the present
invention.

The term "success” as used herein in the context of a chronic treatment regime
refers to the effectiveness of a particular treatment regime. This includes a balance of
etficacy, toxicity (e.g., side effects and patient tolerance of a formulation or dosage unit),
patient compliance, and the like. For a chronic administration regime to be considered

"successtul" it must balance different aspects of patient care and efficacy to produce the

most favorable patient outcome.

The terms "treating", "treatment", and the like are used herein to refer to obtaining

a desired pharmacological and physiological effect. The effect may be prophylactic in
terms of preventing or partially preventing a disease, symptom or condition thereof
and/or may be therapeutic in terms of a partial or complete cure of a disease, condition,
symptom or adverse effect attributed to the disease. The term "treatment", as used herein,
covers any treatment of a disease in a mammal, particularly a human, and includes: (a)
preventing the disease from occurring in a subject which may be predisposed to the
disease but has not yet been diagnosed as having it, i.e., causing the clinical symptoms of
the disease not to develop in a subject that may be predisposed to the disease but does not
yet experience or display symptoms of the disease; (b) inhibiting the disease, i.e.,
arresting or reducing the development of the disease or its clinical symptoms; or (c)
relieving the disease, i.e., causing regression of the disease and/or its symptoms or
conditions. The invention is directed towards treating a patient's suffering from disease
related to pathological inflammation. The present invention is involved in preventing,
inhibiting, or relieving adverse effects attributed to pathological inflammation over long
periods of time and/or are such caused by the physiological responses to inappropriate
inflammation present in a biological system over long periods of time.

As used herein, "acyl" refers to the groups H-C(O)-, alkyl-C(O)-, substituted
alkyl-C(O)-, alkenyl-C(O)-, substituted alkenyl-C(O)-, alkynyl-C(O)-, substituted
alkynyl-C(0)- cycloalkyl-C(O)-, substituted cycloalkyl-C(O)-, aryl-C(O)-, substituted
aryl-C(O)-, heteroaryl-C(O)-, substituted heteroaryl-C(O), heterocyclic-C(O)-, and
substituted heterocyclic-C(O)- wherein alkyl, substituted alkyl, alkenyl, substituted
alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted cycloalkyl, aryl, substituted

aryl, heteroaryl, substituted heteroaryl, heterocyclic and substituted heterocyclic are as
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defined herein.

"Acylamino” refers to the group -C(O)NRR where each R is independently
selected from the group consisting of hydrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, aryl, substituted aryl, cycloalkyl,
substituted cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclic, substituted
heterocyclic and where each R is joined to form together with the nitrogen atom a
heterocyclic or substituted heterocyclic ring wherein alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted cycloalkyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic and substituted
heterocyclic are as defined herein.

"Alkenyl" refers to alkenyl group preferably having from 2 to 10 carbon atoms
and more preferably 2 to 6 carbon atoms and having at least 1 and preferably from 1-2
sites of alkenyl unsaturation.

"Lower alkenyl" refers to an alkenyl group preferably having from 2 to 6 carbon
atoms and having at least 1 site and preferably only 1 site of alkenyl unsaturation (i.e.,
>(C=C<). This term is exemplified by groups such as allyl, ethenyl, propenyl, butenyl,
and the like.

"Substituted alkenyl" refers to alkenyl groups having from 1 to 5 substituents
independently selected from the group consisting of alkoxy, substituted alkoxy, acyl,
acylamino, thiocarbonylamino, acyloxy, amino, amidino, alkylamidino, thioamidino,
aminoacyl, aminocarbonylamino, aminothiocarbonylamino, aminocarbonyloxy, aryl,
substituted aryl, aryloxy, substituted aryloxy, aryloxyaryl, substituted aryloxyaryl,
halogen, hydroxyl, cyano, nitro, carboxyl, carboxylalkyl, carboxyl-substituted alky],
carboxyl-cycloalkyl, carboxyl-substituted cycloalkyl, carboxylaryl, carboxyl-substituted
aryl, carboxylheteroaryl, carboxyl-substituted heteroaryl, carboxylheterocyclic, carboxyl-
substituted heterocyclic, cycloalkyl, substituted cycloalkyl, guanidino, guanidinosulfone,
thiol, thioalkyl, substituted thioalkyl, thioaryl, substituted thioaryl, thiocycloalkyl,
substituted thiocycloalkyl, thioheteroa:ryl, substituted thioheteroaryl, thioheterocyclic,
substituted thioheterocyclic, heteroaryl, substituted heteroaryl, heterocyclic, substituted
heterocyclic, cycloalkoxy, substituted cycloalkoxy, heteroaryloxy, substituted
heteroaryloxy, heterocyclyloxy, substituted heterocyclyloxy, oxycarbonylamino,
oxythiocarbonylamino, cycloalkyloxy, substituted cycloalkyloxy, heteroaryloxy,
substituted heteroaryloxy, -OS(O),-alkyl, -OS(O),-substituted alkyl, -OS(O),-aryl, -OS(O),-
substituted aryl, -OS(0O),-heteroaryl, -OS(O),-substituted heteroaryl, ~OS(O)2-heterocyclic,
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-OS(0O),-substituted heterocyclic, -OSO,-NRR where R is hydrogen or alkyl, -NRS(O),-
alkyl, -NRS(O),-substituted alkyl, -NRS(O),-aryl, -NRS(O),-substituted aryl, -NRS(0),-
heteroaryl, -NRS(O),-substituted heteroaryl, -NRS(O),-heterocyclic, -NRS(O),-substituted
heterocyclic, -NRS(O),-NR-alkyl, -NRS(O),-NR-substituted alkyl, -NRS(O),-NR-aryl, -
NRS(O),-NR-substituted aryl, -NRS(O),-NR-heteroaryl, -NRS(O),-NR-substituted
heteroaryl, -NRS(O),-NR-heterocyclic, -NRS(O),-NR-substituted heterocyclic where R is
hydrogen or alkyl, mono- and di-alkylamino, mono- and di-(substituted alkyl)amino,
mono- and di-arylamino, mono- and di-substituted arylamino, mono- and di-
heteroarylamino, mono- and di-substituted heteroarylamino, mono- and di-heterocyclic
amino, mono- and di-substituted heterocyclic amino, unsymmetric di-substituted amines
having different substituents independently selected from the group consisting of alkyl,
substituted alkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic,
substituted heterocyclic and substituted alkenyl groups having amino groups blocked by
conventional blocking groups such as Boc, Cbz, formyl, and the like or
alkenyl/substituted alkenyl groups substituted with -SO,-alkyl, -SO,-substituted alkyl, -
SO,-alkenyl, -SO»-s<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>