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A further well-known family of pathogenic viruses are the Coronaviruses.
Coronaviruses (Order Nidovirales, tarmily Coranavir;z'dae, Genus Coronavirus) are
enveloped positive-stranded RNA virnses that bud from the endoplasmic reticulum-
Golgi intermediate compartment or the cis-Golgi network (Fischer, Stegen et al.
1998; Maeda, Maeda et‘al. 1999; Corse and Machamer 2000; Maeda, Repass et al.

2001; Kuo and Masters 2003) - |
Coronaviruses infect bumans and animals and it is thought that there could be

a c::;ronavirus that infects every antmal. The two human coronavituses, 229E and

OC43, are known to be the major causes of the common cold and can occasionally

cause pnenmonia in older adults, neonates, or immunocompromised patients (Peiris,
Lai et al. 2003). Animal coronavirnses can cause respiratory, gastroiniestinal, |
neurological, oi‘ hepatic diseases in their host (Peitis, Lai et al. 2003). Several animaal

 coronavirus are significant veterinary pathogens (Rota, Obersts ot al. 2003),

Severe acute respiratoty syhdrome (SARS) is caused by a newly identitied
les SARS is arespiratory illness that has recently beon reported in Asia, North
America, and Europe (Peiris, Lai et al. 2003). The causative agent of SARS was
identified as a coronavims. (Drosten, Gunther et al. 2003; Ksiazek, Erdman et al.
2003: Peiris, Lai et al, 2003). The World Health Organization reports that the

cumulative number of reported probable cases of SARS from 1 November 2002 to

the 11® July 2003 is 8,437 with 813 deaths, nearly a 10% death rate. It is believed
that SARS will not be eradicated, but will cause seasonal epidemics hke the cold or -

influenza viruses (Vogel 2003). o
To improve the prospect of treating and preventing viral infections, there is an

- on-going need to identify molecules capable of inhibiﬁng various aspects of the viral

life cycle.
It is an object of the present invention to overcome ot ameliorate at least one of

the disadvantages of the prior ari, or to provide a useful alternative.
Any discussion of the prior art throughout the specification should in no way be
considered as an admission that such prior art is widely known or forms part of

common general knowledge in the field.
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SUMMARY OF THE INVENTION
The lnventors have surprisingly found that certain compounds that fall under

the classification of substituted acylguanidines have antiviral activity against viruses
from a range of different virus families, Without mtending to be bound by any
5 particular ﬂ(leory or mechartisin of action, and de@ite current dogrnm it appears
possible that viral repHeation can be retarded by intibiting or otherwise down-
regulating the activity of ion channels expressed in the host cell. Thus, the negative
' ‘i:rnpact of the compounds of the present invention on viral replication may be
mediated by the inthibition or otherwise down-regulation of a membrane ion channel
10 relied upon by the virus for replication. This membrane ion channel may be a viral
‘membrane ion channel (sxogenous to the host eell) or 2 host cell ion channel induced
as a result of viral infection (endogenous to the host cell). |
As an example, the compounds of the present invention may inhibit Vpu or p7
function and thereby inhibit the continuation of the respective HIV or HCV life éyc]e.
15 The SARS virus encodes an E protein which is shown for the first time, by the
present inventors, to act as an ion chanmel. As simifar E proteins are present in other
coronaviruses, the cpmpounds, compbaiﬁons and methods of the present invention
would have utility in the inhibition and/or ireaiment of infections by other

coronaviruses.

20 The present invention s concemed with novél antiviral cbmp ounds that fall
under the ¢lassification of si:bsl:inﬁed acylguanidines. It does not include in its 500pE |
the use of compounds 5-(N ,N—hexamethylene) atiloride and 5-(IN,N-dimethyl)-

- amiloride for retarding, reducing or otherw:tse mh1b1t1ng viral growth and/ot
functional activity of HIV.

25 Accordingly, a first aspect of the present invention provides an acylgnanidine with
antiviral activity.

According to a second aspect, the present invention provides an antiviral compound
of Formula I | |
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wherein Ry-R; are independently aromatic groups, heteroaromatic groups,
alkylaromatic groups, alkylheteroaromatic groups, alkenylaromatic groups,
alkenylheteroaromatic groups, ¢yeloalkylaromatic groups,
eycloalkylheteroaromatic groups, aryloxyalkyl groups, heteroaryloxyalkyl
5 groups, said groups are mono or polycyclic, and are optionally substituted
with one or more substitutents independently selected from hydrogen, |
hydroxy, nitro, halo, amino, substituted amino, alkyl-substituted amino,
cycloalkyl-substituted amino, aryl-substiteted amino, Cygalkyl, C;.
salkyloxy, Caqcycloalkyl, halo-substituted Cy galkyl, halo-substituted C;-
10 - salkyloxy, phenyl, C;.aalkeneyl, Ci.geycloalkeneyl, Cy.galkeneoxy, benzo,

Q.. ™
0\ ., NHy O
[

According to a thizd aspect, the present invention provides an antiviral

aryl, substituted aryl, PrS,

compound of Formula I

15
0o N7

m)Lrﬁr’”\r;r"Rz
Rq I

or pharmacentically acceptable salts thereof,
wherein,

Ry=
L OO
o | ,
Rc N Rﬂ 3 NM » ’

20
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X = hydrogen, hydtoxy, nitro, halo, Cysalkyl, Ci.salkyloxy,
Csseycloalkyl, halo-substituted Ci.galkyl, halo-substituted C,.
5a]kyléxy, phenyl, Ci.galkenayl, Cg.ﬁcyclbalkmeyl, Ci.galkeneoxy, ot
benzo; o 1 |
5 Re,Ry,Re, Ra.Re, Re, Ryy Ri, Ry, Rip, Ry, Ro , Ry independently =

| hydrogen, amino, halo, Cisalkyl, Cisalkyloxy, hydroxy, aryl,
substituted atyl, substituted amino, mono ot dialkyl-sub sﬁm{ed
amino, cycloalkyl-sub stituted amino , aryl-substituted amino,

H Ol ™
3 N..-e::

N
N O s
10 * Ry, Ryindependently = hydrogen, hydroxy, halo, or C.5 alkyl;
R; = hydrogen, amino, halo, C1 salkyl, Cys alkyloxy, hydroxy, aryl,
substituted aryl, substituted amino, alkyl-substituted amino,

cycloalkyl-substituted amino, aryl-substituted amino, PrS,

Ol ™Y
~o7N NH, O

y OF )
15 I
Preferably, the compounds of the invention include the following:

5-(N,N-hexamethylene)amiloride comprising the structure’

O NH;

Ci. .N
:[*w N7 NH
o
N~ T NH,

20
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© 5-(N,N-Dimethyl)amiloride hydrochlotide comprising the structure

O NH;
CII SNILL N"’J\ NH,
H;C., L
I?T N NHy

' CHg

5-(N-methyl-N-1 sobtityl) an:iilaride comprisi;lg the structure

5-(N-ethyi-N-isopropyl)amiloride (herein referred to as EIPA), comprising the
structure | | |

N |
)\ . -
/I'\I N* “NH,

10
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N-(3,5-Diamino-6-chloro-pyrazine-2-carbonyl)-N’-phenyl-guanidine, comprising the
sttcinre

O NH; /@

Cl N\/”\ ,,,L
= N° N

I | a H |

o

N "N~ “NH;

N-Benzyl -N’-(3,5-diamino-6-chloro-pyrzine-2-carbonyl)-guanidine, comprising the
5 structure |

O -
| H .
h
HoN N N, “
3-methoxy amilotide comprising the structure comptising the structure
Cl N
L
' e
HsN"~ N

OCH,

’

3-methoxy-5-(N,N-Hexamethylene)-amiloride comprising the structure

L
Cl N
o | ,
N N @
CHj

10
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3-hydroxy-5-hexamethyl eneiming-amiloride comprising the strucinre

0 NH
1 N
~ o
N N° "CH |

 Hexamethyleneimino-6-phenyl-2-pyraxinecarboxamide comprising the structure

10
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-~ 5-(NLN hex amethylene)amiloride comprising the structure

O NH>

prod
-
N N »

NH

N-amidino-3-amino-5-phenyl-6-chloro-2-pyrazinecarboxamide comptising the
5  structure ’ |

3'4 DichloroBenzamil comprising the structure

CIIN*ka'?LNH Cl
N A

10
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2'4 DichloroBenzamil HC! comprising the structure

° 0 NH
L
b
NH; N NH,

5-(N-methyl-N-guanidinocarbonyl-methyl)amiloride comprising the structure

Cl

Cl

O NH

HZNYNT)

NHy, O

5  5-(N,N-DiethyDamiloride hydrochloride comprising the structure

O NH

5-(N,N-Dimethyl)amiloride hydrochlotide comprising the structure

1;1 _, N7 ™ NH,
CH; |

A
I .

HsC.,
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5-tert-butylamino-amiloride comprising the structute

6-Iodoamiloride comprising the structure

oy fm

Bodipy-FL Amilotide comptising the structure

O NH»,
N ,)\ BOD L

. N N~
GG
| -

HsN N NH»

10
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1-napthoylguanidine compriging the structure

T

HaN NH,

10
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N,N’-bis(2~napﬂ10y1)-N"-phcnylguanidine comptising the strucj:uré

[

YOR

5 6-methoxy-2-naphthoylguanidine comprising the structure
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J-guinolinoylgranidine comprising the structure

cinnamoylguanidine comprising the structure

QO NH»

; N_’l\ NH,

4-phenylbenzoylguanidine comprising the structure

10
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(3-phenylpropanoyl)guanidine comprising the structure

QO NH

A

. N~ “NH,
' 2]

N, N'-bis-(cinnamoyl)-N"-phenylguanidine comprising the structure

N,N'-bis(3phenylpropanoyl)-N"-phenylguanidine comprising the structure
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trans-3-furanacryoylgnaniding comprising the structure

0 NH
oAk A

| | 0 3 , II:II NHs -

N-(6-Hydroxy-2-napthoy)-N'-phenylguanidine comprising the structure

' O NH
BeeR B
H
HO
5 | o

(4-Phenoxybenzoyl)guanidine comprising the structure
0 NH

LY

10 N,N'-Bis(atnidino)napthalene-2,6-dicarboxamide comprising the structure

13
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: 6ubroma-2~napthoy1guanidjﬁe comprising the structure
: 0 NH

NH;

l-bromo-z-napthoylguaitﬁdine CONLpIising the structure
- Br O  NH

5
2-(2-napthyl)acetoylguanidine comprising the structure
H 'k
.. NYNI—IZ
‘ 0 NH
10

{"-Cinnamoyl-N,N'-diphenylguanidine comprising the shructure

0 HN":

A

NH

(Phenylacetyl)gnanidine comprising the structure

¥
| | NJJ\ NH5
H

15
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N.N'-Bis(3 wphenylprt:’pamyl)guamdme comprising the structure
NI—I O

0/\* 20l

Benzoylguanidine comprising the structure

(4-Chlorophenoxy-acetyl]guanidine comprising the structure

jehas
Cl |

N-B cnzoyl-N ~cinnatmnoyl guamdme compnsmg the structure
O NHy; O

10

[(E)-3-(4-Dimethylaminophenyl)-2-methylactyloyl]guanidine comprising the
15 siructure
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(4—Cblorociunamoyl)gua1ﬁdine comprising the stmere

Q NBH
N NH,
1
(4-Bromocinnamoyl}guanidine comprising the structure
| O NI |

2 ,J\

e N NH,
Br

(4-Methoxyoinnamoyl)guanidine comprising the structure

O NH
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(3-Chlorocinnamoyl)guanidine comprising the structure
NH

(2-Chlorocinnamoyl)guanidine comprising the stricture
0O NH

‘ B N NH,
H
C1 ' |

(2-Bromocinnamoyl)guanidine comprising the structure
O NH

M

N~ “NH,
H

Br
(2-Methoxycinnamoyl)euaniding comprising the structure
O NH

15
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(4-Hydroxycinnamoyl)gnanidine comprising the structure

HO™

| (Quinoline-2-carbonyl)guanidine comprising the structure

O NH;

A

N
"~ N° "NH;
L

(4 -Nin-dcinnamoyl) gnanidine comprising the structure
| O NH

M

NH,

(3-Nitrocinnamoyl) gum_ﬁdine comprising the stmcture

(2-Nitrocinnamoyl)guanidine comprising the structure
0 NH ° :

PCT/AU2004/000866
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29

- {a-Methylcinnamoyl)guanidine comprising the structure
- 0O NH '

A

= N
H

CH;

NH;

trans-3-(1-napthylacryloylgnanidine comprising the stineture
O NH

10
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4-(trifluoromethyl)cinnamoylgnanidine comprising the struciure

F\C
© 2-methylcinnamoylguanidine comprising the structure
r - CHaj 0 NH

4-isopropyleinnamoylguanidine comprising the structure
NH

15
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3-flnorocinamoylguanidine cotnprising the structure

2-flnorocinnamoylguanidine comprising the structure
O NH

A A

N NH,
H
ul

4-fluorocinmamoylgnanidine comprising the structure
O NH

10

NH

NH,

2,4-dichlorocinnamolyguanidine comprising the structure

15

PCT/AU2004/000866




CA 02529949 2005-12-20
WO 2004/112687 PCT/AU2004/000866

D6

2,6-dichlorocirmamoylguanidine comprising the structure
i O NH

NH,

H;CH,CO

3, 4-(methylenedioxy)cinnamoylguaniding comprising the strmeture

Hy(" |
CH,
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7.

3,4,5-tdm¢thoxycinnamoylguanidine comprising the structure
0 NH

NH;

QOCH;
2-(1-napthyDacetoylguanidine comprising the structure

O NH

10
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3~(trans-hepi-1-en-1-yl)cinnamoylguanidine comptising the structure
’ 0 NH |

A

= N7 NH,
H
H

2-ethylcinnamoylguanidine comprising the structure
LI
R N NH;

H

H
5 CH CHy

2-chloro-6-fluorocinnamoylguanidine comprising the structure
F QO NH
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3,4-difluorocinnamoylgnanidine comprising the strueture
O NH

N NH;
H
H
F |

!
3-(triflnoromethoxy)cinnamoylguanidine comprising the structore
I
NH, |
OCF3
2-ethoxycinmamoylguanidine comprising the structute
10

2-t-butylcinnamoylguanidine comprising the structure
CH |
HC. | o

15
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3-(cyclohex- 1-en-1 -yl)ciﬁnamoylguanidine comprising the strncture

2-cyclohexylcinnamoylguanidine comprising the structure

10
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2,3-dimethylcinnamoylguanidine comprising the struciure

3-isopropylcinnamoylguanidine hydro chloride comprising the structure
NH

HCl

NH

10




CA 02529949 2005-12-20
WO 2004/112687 PCT/AU2004/000866

32

2.4,6-ttimethyleinnamoylguanidine comprising the structure
- CHy 0 /I[\]L'H |
| H
H .
HyC CHs
(5-Pheny1-pmta:2,4-dienoyl)guanidine cbmprising the stimcture

' O NH |
ShRa e
H

| ‘ 5-(3 ’-bromophenyl)penta-2,4-dienoylguanidine comprising the structure
" O NH ﬁ

10 5-2-bromophenyl)penta-2,4-disnoylgnanidine comprising the structure

O NH
@AM y
| Br

Furanacryloyl comprising the structure

0O NH
N S .
| N . 'NH,
\ //  H
15 - |
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Preferably, the compounds of the invention are capable of reducing, retarding or
otherwise inhibiting viral growth and/or replication. |

Preferably, the antiviral activity of the compounds of the invention is against
viruses such as those beloﬁging to the Lentivirus family, and the Coronovirms family
family of viruses. For example, the compounds of the invention exhibit antiviral
activity against viruses such as Human Tmmunodeficiency Virus (HIV), Severe Acute
Respiratory Syndrome virus (SARS), Mouse Hepatitis virus (), and Hepatitis C virus
(HCV). |

According to a fourth aspect of the present invention, there is provided a
pharmacsutical composition comprising an antiviral compound according to any one

‘of the first, second or third aspects, and optionally one or more pharmacentical

acceptable carriers or derivatives, wherein said compound is capable of reducing,
retarding or otherwise inhibiting viral growth and/or replication, '

Preferably, the antiviral activity of the compounds of the invention is against
viruses such as those belonging to the Lentivirus family, and the Coronovitrus family
of virnses. For example, the compounds of the invention exhibit antiviral activity
against viruses such as Human Immunodeficiency Virus (HIV), Severe Acute
Respiratory Syndrome viras (SARS), Human Coronavirus 229E, Human Coronavirus
QCA3, Mouse Hepatitis vitus (MHV), Bovine Coronavirus (BCV), Porciﬁé
Respiratory Coronavirus (PRCV), Hepatitis C virus (HCV) and Equine Arteritis

Virus (EAV).

Other Coronaviruses which can be inhibited or their infections freated by the
compounds of the invention are those listed in Table 1.
The cormnpositions of the invention may further comprise one or more known
antiviral compounds or molecules.
According to a fifth aspect, there is provided a method for reducing, retarding or
otherwise inhibiting growth and/or replication of a virus comprising contacting a cell ‘
infected with said virus or exposed to said virus with a compound according to any

one of the first, second or third aspects.
Preferably, the virus is from the Lentivirus family, or the Coronavirus family,

 More preferably, the vitus is Human Immunodeﬁbiency Virus (HIV), Severe

Respiratory Syndrome virus (SARS), Human Coronavirus 229E, Human Coronavirus
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QC43, Mouse i—Iepatitig virus (MHV), Bovine Coronavirus (BCV), Porcine |
Respiratory Coronavirus (PRCV), Mouse Hepatiﬁs virus (MHV), Hepatitis C virus
(HCV), or Equine Arteritis Virus (EAV). Most preferably, the virus is HIV-1, HIV-2,
the SARS virus, Coronaviruse 229E, Corqnavirus QC43, PRCV, BCY, HCV, or

-5 EBAV, |

‘. Other Comnévimses which can be inhibited or their infections treated by the
compounds of the invention are those listed 1n Table 1.

According to a sixth aspect, there is provided a method for preventing the
infection of a cell exposed to a virus comprisﬁlg contacting said cell with a compound
10 according to any one of the first, second or third aspecis.
Preferably, the virus is from the Lentivirus family, or the Corongvims family.
 More preferably, the virus is Human Immumodeficiency Virus (HIV), Severe
Respiratory Syndrome vitus (SARS), Human Coronavitus 229E, Human Coronavirus
OC43, Mouse Hepatitis virns (MHV), Bovine Coronavirus (BCV), Porcine
15 Respiratory Coronavirus (PRCV), Mouse Hepatitis virus (MHV), Hepatitis C virus
(HCV), or Equine Arteritis Virus (EAV). Most preferably, the virus is HIV-1, HIV-2,
the SARS virus, Coronaviruse 229F, Coronavirns OC43, PRCV, BCV, HCV, EAV.
Oth;r Coronaviruses which can be inhibited or their infections treated by the
compounds of the invention are tlibse listed in Table 1.

20 According to a seventh aspect of the invention, there is provided a method for
the therapeutic ot prophylécﬁc treatment of a subject infected with or exposed to a
virns, comprising the administration of a compound according to any one of the first,
second or third aspects, to a subject in need of said treatment.

Preferably, infection with a virus or exposure to a virus occurs with viruses
25 belonging to the Lentivirus family, or the Coronovirus family. More preferably,
infection or exposure occurs with HIV, SARS, Human Coronavirus 2298, Human
Coronavirus QC43, Mouse Hepatitis virus (MHV), Bovine Coronavirus (BCV),
Porcine Respiratory Coronavirus (PRCV), Hepatitis C virus (HCV), or Equine
Arteritis Virus (EAV). Most preferably, infection or exposure occurs with HIV-1,
30 HIV-2, SARS, Hﬁman Coronavirus 2228, Human Coronavirus 0043, Hepatitis C
virns (HCV), or Equine Arteritis Virus (EAV).
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Other Coronaviruses which can be inhibited or their infections treated by the
compounds of the invention are those listed in Table 1. o
’ The subject of the viral inhibition is generally 8 mammal such as but not
limited to human, ptimate, livestock animal (e.g. sheep, cow, horse, donkey, pig),
comparaon animal {e.g. | dog, cat), lahoratory test animal (e.g. mouse, rabbit, rat,
guinea pig, hamster), capti\«?c wild animal (&.g. fox, deer). Preferably, the subjectis a

- primate, or horse. Most preferably, the subject is a human.

According to a eighth aspect, there is provided a method of down regulating a
membrane ion chennel functional activity in a cell infected with a virus, comprising
contacting said cell with a compound according to any one of the first, second or third

aspects,
. The membrane ion channel may be endogenons to the cell or exogenous to the

cell.

" Preferably, the membrane ion channel of which functional activity is down
regulated is that which Lentiviruses, and Coronavituses utilise for mediating viral-
replication and include, for example, the HIV membrane ion channel Vpu , the HCV
membrane ion chamnel P7, the Coronavirus E protein membl;a.ne ion ghannel, and the

SARS E protein membrane ion channel,

Preferably, :infection with a viris or exposure to a virus occurs with vimses
belonging to the Lentivirus family, or the Coronovirus family, More preferably,
infection or exposure occurs with HIV, SARS, Human Coronavirus 229F, Human

~ Coronavirus OC43, Mouse Hepatitis virus (MHV), Bovine Coronavirus (BCV),

23

30

Porcine Respiratory Coronavitus (PRCV), Hepatitis C virus (HCV), or Equine

- Arteritis Virus (EAV). Most preferably, infection or exposure occurs with HIV-1,

HIV-2, SARS, Human Coronavirus 229E, Human Coronavirus OC43, Hepatitis C
virus (HCV), or Equine Arteritis Virus (BAV),

~ According to an ninth aspect of the present invention, there is provided a method
of reducing, retarding or otherwise inhibiting growth and/or replication of a virus that
has infected a cel), said method comprising contacting said infected cell with a
compound according to any one of the first, second or third aspects, wherein said
compound down regulates functional activity of a membrane ion channel derived

from said virus and expressed in said infected cell,
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Preferably, infection otcurs with & virus belonging to the Lentivirns family, or
the Coronovirns family. More preferably, iniection or exposure occurs with FHIV,
SARS, Human Cdronavirus" 229E, Human Coronavirus OC43, Mouse Hepatitis virus
(MHV), Bovine Coronavitns (BCV), Porcine Respiratory Coronavirus (PRCV),

5 Hepatitis C virus (HCV), or Equine Arteritis Virus (EAV). Most preferably, infection
or exposure occurs with HIV-1, HIV-2, SARS, Human Coronavirus 229EF, Human
Cotonavirus OC43, Hepatitis C virus (HCV), or Equine Arteritis Virus (EAV),

Other Cloronaviruses which can be inhibited or their infections treated by the

compourds of the invention are those listed in Table 1.
10 Preferably, the membrane ion channel of which functional activity is down

regulated is that which Lentiviruses, and Coronaviruses utilise for mediating viral

tephication and include, for example, the HIV membrane ion channel Vpu , the HCV

merabrane ion channel P7 , and the Coronavirus E protein membrane ion channel.
According to an tenth aspect, the present invention provides 2 method of

15 reducing, retarding or otherwise inhibiting growth and/or replication of a virus that
has infected a cell in 2 mammal, said method comprising administering to said
mammal a compound according to any one of the first, second or third aspects, or a
pharmaceutical composition according to the fourth aspect, wherein said compound
or said composition down regulates functional activity of a membrane ion channel

20 expressed in said miected cell |

Preferably, infection oceurs with a virus belonging to the Lentivirus family, or
 the Coronovirus family. More preferably, infection or exposurs occurs with HIV,
SARS, Human Coronavirus 229E, Human Coronavirus QC43, Mouse Hepatitis virns
(MHYV), Bovine Coronavirus (BCV), Porcine Respitatory Coronavirus (PRCV),

25 Hepatitis C virus (HCV), or Equine Arteritis Virus (EAV). Most preferably, infection
or exposure occurs with HIV-1, HIV-2, SARS, Human Coronavirus 229E, Human
Coronavitus OC43, Hepatitis C virus (HCV), or Equine Arteritis Virus (EAV).

Other Coronaviruses which can be inhibited or their infections treated by the
compounds of the invention are those listed in Table 1. |

30 Preferably, the membrane ion charnel of which functional activity is down
regulated is that which Lentiviruses, and Coronaviruses utilise for mediating viral
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~ replication and include, for example, the HIV membréne ion channel Vpu , the HCV

membrane ion channel P7, and the Coronavirus E protein membrane ion channel.

The subject of the viral inhibition is generally a mamwmal such as but not limited
to human, p@ate, livestock animal (e.g. sheep, cow, horse, donkey, pig), companion
apimal (e.g. dog, cat), laboratory test animal (e.g. mouse, rabbit, rat, guinea pig,
hamsgter), captive wild animal (e.g. fox, decr). Preferably, the subject is a primate, or
horse. Most preferably, the subject is a human

Accordmg to a eleventh aspect, the present invention prowdes a method for the
therapeutic or prophylactic treatment of a subject infected with or exposed to a vuus

- comprising admimstering to said subject a compound according to any one of the .

first, second or third aspects, or a pharmaceutical composition according to the fourth
aspect, wherein sald compound or sald composition down-regulates functional
activity of a membrane jon channel derived from said virus. |

Preferably, infection oceurs with a virus belonging to the Lentivirus family, or
the Coronovirus family of viruses. More p'refembly,’ infection or exposure occutrs with
HIV, SARS, Human Coronavirus 229E, Human Coronavirns OC43, Mouse Hepatitis
vitus (MHV), Bovine Coronavirus (BCV), Porcine Respiratory Coronavirus (PRCV),
Hepatitis C virus (HCV), or Equine Arteritis Virus (EAV), Most preferably, infection
OT EXPOSUTE OCCULS with HIV -1, HIV-2, SARS, Human Coronavirus 229E, Human
Coronavirus OC43, Hepatitis C virus (HCV), or Equine Arteritis Virus (EAV).

Other Comnavhﬁses which ¢an be inhibited or their infections treated by the

’compounds of the invention are those listed in Table 1.

Preferably, the membrane ion channel of which functional activity is down
regulated 1s that which Lentiviruses, and Coronaviruses utilise for mediating viral
replication and include, for example, the HIV membrane ion channel Vpu , the HCV
membrane ion channgl P7, and the Coronavirus E profein membrane ion channel,.

The subject of the viral inhibiﬁon is generally a mammal such as but not limited

“to human, primate, livestock animal (e.g. sheep, cow, horse, donkey, pig), companion

animal (e.g. dog, cat), laboratory test animal (e.g. mouse, rabbit, rat, guinea pig,
hamster), captive wild animal (e.g. fox, deer). Preferably, the subject is a pritnate, or

horse. Most preferably, the subject 1s a humean.
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According to a twelfth aspect, the invention provides an antiviral compound

selected from the group consisting of’

10

15

20

29

30

N-(3,5-Diamino-6-chloro -pyrazine-2~carbon$rl)-N *«phenyl-guanidine,
N-Benzyl-N’-(3,5-diamino-6-chloro-pyrazine-2-carbonyl)-gnanidine,
3'4 DichlomBenzamil, |
24 DichloroBenzamil,
5-(N-methyl-N-guanidinocarbonyl-methyhamiloride,
5-(N-Methyl-N-isobutyDamilonde,
5-(N-Ethyl-N-isopropyl)amilonde,
5.(N,N-Dimethyl)amiloride hydrochloride,
5-(N.N-hexamethylene)amiloride,
5.(NN-Diethyl)amiloride hydrochloride,
6-Todoamiloride,
Bodipy-FL amiloride,
3-hydroxy-5-hexamethyleneimino-amiloride,
- 5-(4-fluorophenyl)amiloride,
5-tert-butylamino-amiloride,
N-amidino-3-amino-5-phenyl-6-chloro-2-pyrazinecarboxamide,
3-methoxy-5-(N,N-Hexamethylene)-amilotide,
3-methoxy-amiloride, | B
hexamethyleneimino-6-phenyl-2-pyrazinecarboximide,
N-amidino-3,5-diamino-6-phenyl-2-pyrazinecarboxamide,
1-naphthoylgnanidine, :
 2-naphthoylguanidime,
N-(2-naphthoyl)-N'-phenylguanidine,
"N, N'-bis(2 -naﬁhtlmyl) gumﬁdine,
N, N'-bis(1-naphthoyl)guanidine,
N N'-bis(2-naphthoyl)-N"-phenylguanidine,
6-methoxy-2-naphthoylguanidine, |
3-quinolinoylgnanidine,
cinnamoylguanidine,
4-phenylbenzoylguanidine,
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N-(cinnamoyl)-N'phenylguanidine,
(3-phenylpropanoyl)guanidine,

N N-bis-(cinnamoyl)-N"-phenylguanidine,
~ N-(3-phenylpropanoyl)-N'-phenylguanidine,

N,N'-bis(3phenylpropanoy!)-N"-phenylguanidine,
trans-?:éﬁlranacryoylguarﬁdme, |
N-(6-Hydroxy-2-naphthoyl)-N-phenylguanidine,
(4-Phenogybenzoyl)gnanidine, |
N,N'-Bis(amidino)napthalene-2,6-dicarboxamide,

N"-Cinnamoyl-NN"-diphenylguanidine,

(Phenylacetyl)guanidine,
N,N'-Bis(3-phenylpropanoyl)guanidine,
benzoylgnanidine,

(4-Chlorophenoxy-acetyl Jguanidine, |
N-benzoyl-N'-cinnamoylguandine, |
[(E)-3-(4-Dimethylaminophenyl)-2-methylactyloy!]guanidine,
(4-Chlorocinnaroyl)guanidine, |
(4-Bromocinnamoyl)guanidine,
(4-Methoxycinnamoyl)gnuanidine,
(5-Phenyl-penta-2,4-dienoyl)guanidine,
(3-Bromocimmamoyl)guanidine,
(3-Methoxycinnamoyl)guanidine,
(3-Chlorocinnamoyl)guanidine,
(2-Chlorocinnamoyl)guanidine,

(2-Bromo cinnamojfl) guaniding,
(2-Methoxycinnamoyl)guanidine,

~ (trans-2-Phenyleyelopropanecarbonyl)guaniding,

[3-(3-PyridyDacryloyl]guanidine,
(4-Hydroxycinmamoyl)guanidine,
(Quinoling-2-carbonyl)guanidine, .

or pharmaceutically acceptable salts thereof.
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According to a thirteenth aspect, the present invention prowdes a phmmaceuncal
composition compnsing a compound according to the twelfth aspect, and optmnally
one or more pharmacentical acceptable carriers or derivatives. t

Preferably, the pharmaceutical composition may further comprise one of more

known antiviral compounds or molecules.
Unless the context clearly requires otherwise, throughout the descnphon and

the claims, the words ‘cornprise’, ‘comprising’, and the like are o be construed in an

- inclusive sense as opposied to an exclusive or exhaustive sense; that 18 to say, in the

sense of “including, but not limited to”,

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic representation of plasmids used for expression of Vpu in
E. coli. A. The amino acid sequence ( <400 > 1) encoded by the vpu open reading

| ﬁamé (ORF) generated by PCR from an HIV- 1 strain HXB2 ¢DNA clone. The vpu |

ORF was cloned in-frame at the 3' end of the GST gene in p2GEX to generate
p2GEXVpu (B). It was subseguently cloned mto pPIASl to produce the plasnuid pPL

~ +Vpu (C).

| Figure 2 is a photographic representation of the expression and purification of Vpu in

E. coli. A, Western blotting after SDS-PAGE was used to detect expressed Vpu in E,
coli extracts, Lanes 1-4 contain samples, at various stages of purity, of Vpu expresscd
from pZGEXVpu: lane 1, GST-Vpu fusion protein isolated by glutathiona-agarnsc
affinity chromatography; lane 2, Vpu liberated from the fusion protein by treatment
with fhrombin; lane 3, Vpu purified by HPLC anion exchange chromatography; lane

- 4, Vpu after passage throngh the immunoaffinity column. Lanes 5 and 6, membrang

vesicles prepared from 42'C induced cells containing pPLA+-Vpu or pPLA431,
respectively. B. Silver stained SDS-PAGE gel: lane 1, Vpu purified by HPLC anion
exchange chromatography; lane 2, Vpu after passage through the immunoaffinity

column.

Ficure 3 is a graphical representation of ion channel activity observed after exposure

of lipid bilayers to aliquots containmng purified Vpu. In A and B, the CI3 chamber
containgd 500mM NaCl and the TRANS chamber contained 50mM NaCl; both
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‘solutions were buffered at pH 6.0 with 10 mM MES. B shows a current versus

voltage curve generated from data similar to that shown in A.

Figure 4 is a photographic representﬁﬁon of bacterial cross-feeding assays. For all
plates, the Met', Pro” auxotrophic stram was nsed to seed a sofl agar overlay. Plates A

‘and B contain minimal drop-out medivm minus proling; in plate C the medium was
- minus methionine, To control for viability of the cells in the background lawn, the
 disos labelled P and M contained added proline or methionine, respectively. The discs

labelled C and V were inoculated with Met™, Pro” E. coli cells containing the
plasmids pPL45 1 or pPL+Vpu, respectively. Plates were incubated at 37°C (A and €)
or 30°C (B) for two days and photographed above a black background with peripheral

- illumination from a fluorescent light located below the plate. The images were

recorded on a Novalme video gel documentatmn system. Light halos around the discs
labelled P or M on all plates and around the disc labelled V on plate A indicate

growth of the background tawn sirain.

Figure 5 is a graphical representation of the screening of drugs for potential Vpu
channel blockers. The photograph shows a section of a minimal mediumn-lacking
adenine - agarose plate onto which a lawn of XL-I-blue E. coli cells containing the
Vpu expresston plasmid pPL'Vpu has been seeded. Numbers 6-11 are located at the

sites of application of various drugs being tested, which were applied in 3p1 drops and
allowed to soak into the agarose. The plate was then incubated at 37°C for 48hr prior

{o being 'phdtographed. The background grey shade corresponds to areas of no
bacterial growth. The bright circular area around " 10 " represents bacterial cell
growth as a result of application of adenine at that location (positive control). The

smaller halo of bacterial growth around "9" is due to the apphcatlon of 5-(N,N-
hexmneﬂlylene) amiloride at that location.

Fignre 6. SARS E protein ion channel activity observed in NaCl solutions after
exposure of lipid bilayer to 3-10pg of E protein. A, The closed state is shown as solid

line, openings are derivations from the line. Scale bar is 300ms and 5pA. The CIS
chamber contained 50mM NaCl in 5mM HEPES buffer pH 7.2, the TRANS chamber
contained 500mM NaCl in 5SmM HEPES buffer pH 7.2. The CIS chamber was .
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 earthed and the TRANS chamber was held at varions potentials between —100 to

+100mV. B. Largest single opening events of a single channel.

Figure 7. SARS E protein jon charme] activity observed in NaCl solutions after
exposure of lipid bilayer to 3~10ﬁg of E protein. A, The ¢losed state 1s shown as solid
line, openings are derivations from the line, Scale bar is 300ms and 5pA. The CIS
chamber contained S0mM NaClin 5mM HEPES buffer pH 7.2, the TRANS chamber
contained 500mM NaCl in SmM HEPES buffer pH 7.2. The CIS chamber was
earthed and the TRANS chamber was held at various potentials between —100 to
+100mV. B. Largest single opening events of a single channel.

Fignre 8. Cinnamoylguanidine (Bit036) inhibits SARS E protein ion channel activity
in NaCl solution. A. Repréesentative currents at holding potential of <40mV, Scale bar
is 300mS and 5pA. B protein. ion charmel activity and E protein channel activity after
the addition of 100uM Bit036. B. All poinis histogram at holding potential of —
40mV. E protein ion channel activity before and after the addition of 100uM Bit036.
C. Average current (pA), before formation of E prbtei'n ion channel, B protein ion
channel activity and after addition of 100uM Bit036.

Figure 9 229E E protein Ion chatmel activity in lipid bilayers in KC] solutions.

| Fioure 10: Part A shows raw currents generated by the 229E-E protein ion charniel

in a planar lipid bilayer.. The top trace shows current activity prior to drug addition
and the lower trace shows the effect of addition of 100pM cimmarmoylguanidine on
channel activity, Part B is a graphical representation of the average current flowing
across the bilayer (in arbitrary units), before and after addition of
cinnamoylguanidine. |

Figure 11: MHV E protein Ion channel activity in lipid bilayers NaCl SOlljlﬁQIlS.

Figure 12;: Part A shows raw currents generated by the l\ﬂ-iV-E protein ion channel |
in a planar lipid bilayer. The top trace shows current activity prior to dmg addition
and the lower trace shows the effect of addition of 100puM cinnamoylguanidine on

chamnel aoﬁﬁty. Part B is a graphical representation of the average current flowing
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across the hllayer (ln arbm'ary umts) before and after addmon of

| cmnamoylguamdme

DETAILED DESCRIPTION OF THE INVENTION
The present invention is based, in part, on the surprising determination that

certain compounds that fall under the classification of substituted acylguanidines have
antiviral activity agamst viruses from a range of different vitus families. Without
intending to be bound by any particular theory or mechanism of action, the negative
impact of the compounds of the present invention on viral replication may be
mediated by the inhibition or otherwise down-regulation of 2 membrane ion channel
relied upon by the virus for replication. This membrane ion channel may be a viral -
membrane ion channel (exogenous to the host cell) or a host ¢ell 10n channel induced
ag a result of viral infection (endogenous to the host cell). | |

As an example, the compounds of the present invention may inhibit Vpu or p7
function and thereby inhibit the contituation of the respective HIV or HCV life cycle.

The SARS virus encodes an E ﬁrotein which is shown for the first time, by the
present inventors, to act as an ion channel. As similar B proteins are present in other
'coronavmlses, the compounds, compositions and methods of the present invention
would have utility in the inhibition and/or reatment of infections by other

soronaviruses. 4
While the present invention is concerned with novel antiviral compounds

falling under the classification of substituted acylgnanidines, it does not include in its
scope the nse of compounds 5-(N,N-hexamethylene)amiloride and 5-(N, N-dmlethyl)-

amiloride for retarding, Ieducmg or otherwise inhibiting viral growth and/or
func’tmnal activity of HIV, |

It will be understood by those skilled in the art that the compounds of the
invention may be administered in the.form of a composition or formulation
comprising pharmaceutically acceptable cartiers and excipients. |

The phatmaceutical compositions of the invention may forther cdmprise one ot
more kown antiviral compounds or molecules. Preferably, the known antiviral
compounds are selected from the group consisting of Vidarabine, Ac,ycloﬁr,'
Ganciclovir, Valganciclovir, Valacyclovit, Cidofovir, Famciclovir, Ribavirin,
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Amantadine, Rimantadine, Interferon, Qseltamivir, Palivizumab, Rimantadine,
Zanamivir, nucleoside-analog reverse transcriptase inibitors (NRTI) such as
Zidovudine, Didanosine, Zalcitabine, Stavudine, Lamivudine and Abacavir, non-
nucleoside reverse transcriptase inhibitors (NNRTT) such as Nevirapine, Delavirdine
5 and Efavirenz, protease inhibitors such as Saquinavir, Ritonavir, Indinavir,
Nelfinavir, Amprenavir, and other known antiviral compounds and preparations.
Known antiviral compounds or molecules may in some cases aﬁt synergistically with

the antiviral compounds of the invention.

10 Table1 Krown coronavirus isolates

Group 1 species

Canine coronavirus
Canine enteric coronavirus (strain INSAVC-1)

— e et il e R S S ieiecei
» 3 :

' Canine enferic coronavirus {strain K378
Feline enteric coronavirus (strain 79-1683) -~
Feline infectious peritonitis virus (FIPV) ,
~ Porcine epidemic diarrhea virus ..
Porcine epidemic disrrhea virus (strain Bri/87,
Transmissible gastrosnteritis virus
Porcine respiratory coronavirus
Porcine fransmissible gastroenteritis coronavirus (STRAIN FS8772/70)
~ Porcine transmissible gastroenteritis coronavirus (strain Miller
Porcine transmisgible gastroenteritis coronavirus (strain Neb72-RT
Porcine transmissible gastroenteritis coronavims (STRAIN PURDUE)
Group 2 species ’
Bovine coronaviris -
Bovine coronavirus (STRAIN F15)
. Bovine coronavirus (strain G95) |
’ ~__Bovine coronavirus (STRAIN L9)

Bovine coronavirus (strain LSU-24L.88-051) .

Bovine coronavirus (STRAIN LY-138)

Bovine coronavirus (STRAIN MEBUS)
Bovine coronavirus (girain OK-0514-3) ' )

Bovine coronavirus (strain Ontario

Bovine coronavirus (STRAIN QUEBEQC)

Bovine coronavirus (STRAIN VACCINE)

Bovine enteri¢ coronavirus (strain 98TXSF-110-ENT)

Canine respiratory coronavirus -
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Chicken enteric cOronavirus
Human ¢oronavirus OC43
Mutine hepatitis virus
Murine coronavirus (strain DVIM
Murine hepatitis virus (strain A59
- Murine hepatitis virus (strain JHM
Murine hepatitis virus (stran )
~ Mutrine hepatitis virus strain 1 |
Murine hepatitis virns strain 2
Murine hepatitis virus strain 3 L
Murine hep atitis virns sirain 4
Murine hepatitis virus strain ML-11
Porcine hemagglutinating encephalomyelifis virus
Porcine hemagelutinating encephalomyelitis virus (strain §
Porcine hemagglutinating encephalomyelitis virus (strain IAF-404
Puffinosis virus |
Rat coronavirus
Rat coronavirus (sirain 681
Rat coronavirus. (strain NJ)
~ Rat sialodacryoadenitis coronavirs
Group 3 species
Turkey coronavirus
Tutkey coronavirus (strain Indiana)
Turkey coronavitus (strain Minngsota)
Tutkey coronavirus (strain NC95)
Avian infections bronchitis virus
Avian infectious bronchitis virus (STRAIN 6/82)
Avian infections bronchitis virus (strain Arkansas 29)
Avian infections bronchitis virus (strain Beaudette CK.
Avian infectious bronchitis virs (strain Beaudette M42)
Avian infectious bronchitis virus (sirain Beaudette US
Avian infectious bronchitis virus (stramn Beaudette)
Avian infectious bronchitis virus (strain D1466
Avian infectious bronchitis virus (strain D274
Avian infections bronchitis virns (strain D3896)
Avian infectious bronchitis virus (strain D41)
Avian infectious bronchitis virus (strain DE072)
Avian infectious bronchitis virus (sirain GRA
Avian infections bronchitis virus (strain H120
Avian infectious bronchitis virus (strain H52
Avian infectious bronchitis virus (strain KB8323
Avian infectious bronchitis virus (strain M41 |
Avian infectious bronchitis virus (strain PORTUGAL/322/82
. Avian infectious bronchitis virus (strain SAIB20) |

°
*
k]

>

-
v
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Avian infectious bronchitis virus (strain UK/123/62)
Avian infectious bronchitis virus (strain UK/142/86)
Avian iivfectious bronchitis virus (strain UK/167/84
Avian infectious bronchitis virus (strain UK/183/66
Avian infectious bronchitis virus (strain UK/68/84)
Avian infectious bronchitis virus (strain V128/91
Avian infectious bronchitis virus (strain Vic S
Avian infectious laryngotracheitis virus
Preliminary Group 4 species
SARS coronavirus :
SARS coronavirus Beijing ZY-2003 '
SARS coronavirus BJO1 ;
SARS coronavirus BJ02
. SARS coronavirus BJ03
SARS coronavirus BJ04
SARS coronavirus CUHK-Sul0
SARS coronavirus CUHK-W1
SARS coronavirus Frankfurt 1
SARS coronavirns GZ01
SARS coronavirus HKU-39849
SARS coronavirus Hong Kong Z2Y-2003
SARS coronavirus Hong Kong/03/2003
SARS coronavirus HSR 1 -
SARS coronavirns Sin2500
SARS coronaviras Sin2677
SARS coronavirus Sin2679
SARS coronavirus Sin2748
SARS coronavirus 8in2774
SARS coronavirus Taiwan
SARS coronavits Taiwan JC-2003
SARS coronavims Taiwan TC1
SARS coronavirns Taiwan TO2
SARS coronavirus Tor2
SARS coronavitng TW1
SARS coronavirus TWC
SARS coronavirus Urbam
SARS coronavirus Vietnam
SARS coronavirus ZJ-HZ01
SARS coronavirus ZJO1
unclassified coronavirnses | -
Bovine respiratory coronavirus (strain 98TXSF-110-LU
Human enteric coronavirng 4408
Enteric coronavirus
Tuine coronavirus

o
]
-~
-
7
*
o
- o

o
-
v
-
-
[
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Equine coronavitns NC99

The present obs Brvaﬁons and findings now permit the use of agents such as
certain substituted acylguanidines, as anti-viral agents for the therapy and prophylaxis
of viral conditions caused by differt viruses. The methods and compositions of the

- present invention may be particularly effective against viruses which rely on ion

chammel formation for their replication, however it will be understood that this is not
the only mechanism relied on by viruses for replication and that the compounds and
methods of the present invention are not limited to agents which exert their action by

- retarding or inhibiting the function of ion channels.

Reference to "membrane ion channel" should be understood as a reference fo a
structure which transports ions across a merabrane, The present invention extends to
ion channels which may function by means such as passive, osmotic, active or
exchange transport, The ion chammel may be formed by iﬁtracell;ﬂar or extracellnlar
means. For example, the 1on chamnel may be an ion channel which is naturally formed |
by a cell to facilitate its normal functioning, Alternatively, the ion channel may be
formed by extrac e]lulﬁi' means. Extracel lular means would include, for example, the

formation of ion ¢hannels due to introduced chemicals, drugs or other agents such as
ionophotes or due to the functional activity of viral proteins encoded by a virus which

 has entered 2 cell.
20

The ion channels which are the subject of certain embodiments of the present
invention facilitate the transport of ions across membranes. Said membrane ma}; be
any membrane and is niot limited to the outer cell wall plasma membrane.
Accordingly, "membrane” as used herein encompasses the membrane surcounding
any cellular organelle, such as the (rolgi apparatus and endoplasmic reticulum, the
outer cell membrane, the membraué surrounding any forei on antigen which is located
within the cell (for example, a viral envelope) or the membrane of a foreign organism
which is located extracellnlarly, The membrane is typically, but not necessarily,
pomposed of a fimid lipid bilayer. The subject ion ¢hannel ﬁzay be of any struchure.
Por example, the Vpu ion channel is formed by Vpu which 1s an mtegral membrane
protein encoded by HIV-1 which associates with, for example, the Golgi and
endoplasmic reticuhim membranes of infected cells, Reference hereinafier to “Vpu
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ion channels” is a reference to all related ion channels for example P7 HCV and M2
df influenza and the like. | | :
Reference to “HIV”, “SARS”, “Coronavirus” or “‘HCV” should be understood as
:| reférencc to any HIV, SARS, Coronavirus or HCV virus strain and mcluding
5 homologues and mutants, |
Reference to the "functional activity” of an ion channel should be understood as
/ areference to any one or more of the functions which an ion channel performs or 18
involved in, For example, the Vpu protein encoded ion channel, in addition to
facilitating the transportation of Na', K* CI'and P04, also plays arole in the
10 degradaﬁm:;. of the CD4 molecule in the endoplasmic reticulum. Without wishing 1o
be bound by a particular theory, the Vpu protein encoded ion channel is also thought
to play a role in mediating the HIV life cycle. The present invention is not limited to
treating HIV infection via the mechanism of inhibiting the HIV life cycle and, in
‘particular, HIV replication. Rather, the present invention should be understood to
15 encompass any mechanism by which the compounds of the present invention exert
their anti-viral activity and may include inhibition of HIV viability or finctional
acﬁvity. This also applies to HCV, Coronaviruses, and to other viruses.
Reference to the "functional activity” of a virus shouid be understood as a
reference to any one or more of the functions which a virus performs or is involved
20 in | |
| Reference to the " viral replication” should be understood to include any one or
more stages or aspects of the viral life ¢ycle, such as inhibiting the assembly or
release of virions. Ion channel mediation of viral replication may be by direct or
indirect means. Said ion c];annel mediation is by direct means if the ion channel
25  interacts directly with the virion at any one or more of its life cycle stages, Said ion
channel mediation is indirect if it interacts with a molecule other than those of the
virion, which other molecule either directly ot indirectly modulates any one or piore
aspects or stages of the viral life cycle, Agcordingly, the method of the present
invention encompasses the mediation of viral replication via the induction of a
30  cascade of steps which lead to the mediation of any one or more aspects or stages of

the viral life cycle.
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Reference to "down-regulating’ ion channel functional activity, should be
uderstood as a reference to the partial or cdmplate inkibition of any one or mote
aspects of said activity by both direct and indirect mechanisms. For example, a

- suitable agent may interact directly with an ion channel to prevent replication of a

virus or, alternatively, may act indirectly 1o prevent said replication by, for example,
interacting with a molecule other than an ion channel. ‘A further alternative is that
said other molecule interacts with and inhibits the activity of the ion channel.

~ Screening for molecules that have antiviral activity can be aﬂchievead by the range
of methodologies described herein. | |

" Reference to a “cell" infected with a virus should be understood as a reference to

any cell, prokaryotic or eukaryotic, which has been infected with a virus. This
includes, for example, immortal or primary cell lines, bacterial cultures and cells in

‘situ. In a suitable screening system for anfiviral compounds, the preferred mfected

cells would be mac¢rophages/monocytes or hepatocytesfiymphmd cells mfected with
either HIV or HCV respectively.

‘Without limiting the present invention fo any one theory or mode of action,
the compounds of the present invention are thought fo inhibit viral replicationor
virion release from cells by causing ion chamnels, namely VPU of HIV, the E protein
of SARS and other Coronaviruses, or P7 of HCV 10 become blocked. The present

invention encompasses antiviral compounds that are substituted acylgunanidines.

The present 1nvention also includes the use of compounds 5-(N,N-
hexamethylene)amiloride and 5-(N,N-dimethyl)-amiloride in the control of viral
replication and/or growth other than HIV. |

The subject of the viral inhibition is generally a mammal such as but not
lmited to human, primate, livestock animal (e.g. sheep, cow, horse, dgnkey, pig),
companion animal (e.g. dog, cat), laboratory test animal (e.g. mouse, rﬁbbit, rat,
guinea pig, hamster), captive wild animal (e.g. fox, deer). Preferably, the subjectis a
human or primate. Most preferably, the subject is a hnman,

 The method of the present invention is useful in the treatment and prophylams
of viral infection such as, for example, but not limited to HIV infection, HCV
infection and other virel infections, For example, the antiviral activity may be
effected in subjects known to be infected with HIV in order to provent replication of
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HIV thereby preventing the onset of AIDS Alternatively, the method of the present
invention may be used to feduce serum vital ,,léad of o alleviate viral micction |
symptoms. Similarly, antiviral treatment may be offected in subjects known to be

; ﬁlfacted with, for cxample, HCV, in order to prevent réplication of HCV, thereby

5 preventing the further hepatocyte involvement and the ultimate degeneration of liver
tissue, | |
The method of the present invention may be particularly useful either in the

early stages of viral infection to prevent the establishment of a viral reservoir in
affected cells or as a prophylactic treatment to be applied immediately prior to or for

10 aperiod after exposure to 2 possible source of virus,
Reference herein to "therapeutic” and "prophylactic” is 10 be considersd in
their broadest contexts. The term "therapeuﬁc“ does not necessarily imply that a
' mammal is treated until total recovery. Similarly, "prophylactic” does not necessarily
mean that the subject will not eventually contract a disease condition. Accordingly,
15 - therapy and prophylaxis include amelioration of the symptoms of a particular
condition or preyenﬁng or otherwise reducing the risk of developing a particular
condition, The tertn "prophylaxis" may be considered as reducing the severity of
onset of a particular condition. Therapy may also reduce the severity of an existing

condition or the frequency of acute attacks, |
.20 In accordance with the methods of the present invention, more than one

compound or composition may be co-administered with one or more other
compounds, such as known anti-viral compounds or molecules. By "eo-
administered” is meant simultaneous administration in the same formulation or in two
different formulations via the same or different routes or séquanﬁal administration by
25 the same or different routes. By "sequ'eﬁtial" administration 18 meant a time difference
’ of from seconds, minutes, hours or days between the administration of the two or
more separate compounds, The subject antiviral compounds may be administered in
any order. |
~ Routes of administration include but are not limited to intravenou sly,
30 intraperitionealy, subcutaneously, intracranialy, Intradermally, mtramuscularly,
intraocularly, intrathecaly, intracerebrally, mtranasally, transmucosally, by minsion,



CA 02529949 2005-12-20

WO 2004/112687 PCT/AU2004/000866

10

- 15

20

25

30

-

-otally, rectally, via iv drip, patch and implant. Intravenous routes are particulatly '

- preferred.

Compositions suitable for injectable use include sterile aqueous solutions
(where water soluble) and sterile powders for the extemporaneous preparation of

- sterile injectable solutions. The cattier can be a solvent or dispersion medium

containing, for example, water, ethanol, polyol (for example, glycerol, propylene
glycol and liquid polyethylene gljcol, and the like), suitable mixtures thetgof and
vegetable oils. The prevention of the action of microorganisms can be brought about
by various antibacterial and antifungal agents, for example, parabens, chlorobutanol,
phenol, sorbic acid, thirmerosal and the like. In many cases, it will be preferable to
includa isotonic agents, for example, sugars or sodium chloride. Prolonged absorpiion
of the injectable compositions can be broﬁght about by the use in‘the compositions of '
agents delaying absorption, for exmnpie, aluminum monostearate and gelatin,

Sterile injectable solutions are prepared by incorporating the active :
compounds in the required amount in the appropriate solvent with various of the other
ingredients enumerated above, as required, followed by, for example, filter
sterilization or sterilization by other appropriate means. Disperstons are also
contemplated and these may be prepared by incorporating the various sterilized active
ingredients into a sterile vehicle which contains the basic dispersion medium and the
required other ingredients from those enumerated above. In the case of sterile
powders for the preparation of sterile injectable solntions, a preferred method of
preparation includes vacwum drying and the freeze-drying teclmique which vield 2
nowder of the active ingredient plus any additional desired ingredient froma
previously sterile-filtered solution.

When the active ingredients are suitably prdte cted, they may be orally
administered, for example, with an inert diluent or with an assimilable edible carrier,
ot it may be enclosed in hard or soft shell gciatin capsule, or it may be compressed
into tablets. For oral therapeutic administration, the active compound may be
incorporated with excipients and used in the form of ingestible tablets, buccal tablets,

troches, capsules, elixirs, suspensions, syrups, wafers, and the like. Such

compositions and preparations should contain at least 0.01 % by weight, more
preferably 0.1% by weight, even more preferably 1% by weight of active compound.
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The percentage of the coxﬁpositions and preparations may, of course, be varied and
may conveniently be between about 1 to about 99%, more preferably about 2 to about
o0 %, even more preferably about 5 to about 80% of the weight of the unit. The
amount of active compound in such therapeutically useful compositions in such that 2
suitable doéage will be obtained. Preferred compositions ot preparations according fo
the present invention are prepared so that an oral dosage unit form containg between
about 0.1 ng and 2000 mg of active compound.

The tablets, trochés;, pills, capsules and the Iike may also contain the
components as listed hereafler: A binder such as gum, acacia, corn starch or gelatin;
excipients such as dicaleinm phosphate; a disintegrating agent such as corn starch,
potato starch, alginic acid and the like; a lubricant such as magnesiumn stearate; and a
sweetening agent such as suérose, lactose or saccharin may be added or a flavouring
agent such as peppermint, oil of wintergreen, or cherry flavouring. When the dosage
unit form is a capsule, it may contain, in addition to materials of the above type, a
liquid carriet. Various other matsrials may be present as coatings or 10 otherwise
modify the physical form of the dosage unit. For instance, tablets, pills, or capsules
may be coated with shellac, sugar or both, A syrup or elixir may contam the active
componnd, sucrose as a sweetening agent, methyl and pmpylparabens as
preservatives, a clye and flavouring such as cherry or orange flavour. Any material
l,lés.ietzl° in preparing any dosage unit form should be pharmaceutically pure and
substantially non-toxic in the amounis employed. In addition, the active compound(s)
may be incorporated into sustained-release preparations and formulations. =

“The present invention also extends to forms suitable for topicat application
such as creams, lotions and gels. In such forms, the anti-clotting peptides may m—:;ed o
be modified to permit penetration of the surface barrier. Procedures for the
preparation of dosage unit forms and topical preparations are readily available to
those skilled in the art from texts such as Pharmaceutical Handbook. A Martindale
Companion Volume Ed. Ainley Wade Nineteenth Edition The Pharmaceutical Press

London,
CRC Handbook of Chemistry and Physics Ed. Robert C. Weast Ph D, CRC Press

Inc.; Goodman and Gilman’s; The Pharmacological basis af Therapeutics. Ninth Ed.
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MeGraw Hill; Remingion, and The Seience and Practice of Pharmacy. Nineleenth
Ed. Ed. Alfonso R. Gennaro Mack Publishing Co. Easton Pennsylvania. |

Pharmaceuntically acceptable carriets and/or diluents include any and al)
solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and
absorption delaying agents and the like. The use of such media and agents for
pharmaceutically active substances is well vlmawn in the art. Except insofar as any
conventional media, or agent is incompatible with the active ingredient, use thereof in
the therapentic compositions is contemplated. Supplementary active ingredients can
also be incorporated into the compositions,

It 13 especially advantageous to formulate parenteral compositions in dosage
unit form for ease of administration and uniformity of dosage. Dosage unit form as
used herein refers to physically discrete umits suited as unitary dosages for the |
mammalian subjects to be treated; each unit containing a predetermined quantity of
active material calculated to produce the desired therapeutic effect in association with
the required phz{rmaceutical cartier. The specification for the novel dosage unit forms
of the invention are dictated by and directly dependent on (a) the uhique |
characteristics of the active material and the particular therapeutic effectiobe '
achigved and (b) the limitations inherent in the art of compounding.

Effective amounts contemplated by the present l;nventioh will vary depending
on the severity of the pain and the health and age of the recipient. In general terms,
effective amounts may vary from 0.01 ng/kg body weight to about 100 mg/kg body
weight, -
Alternative amounts include for about 0. 1 ng/ks body weight about 100
mg/kg body weight or from 1.0 ng/kg body weight to about 80 mg/kg body weight,

- The subject of the viral inhibition is generally a mammal such as but not
limited to human, primate, livestock animal (¢.g, sheep, cow, horse, donkey, pig),
companion animal (e.g. dog, cat), laboratory test animal (e.g. mouse, rabbit, rat,

- guinea pig, hainstcr), captive wild animal (e.g. fox, deer). Preferably, the subjectisa

hwman or primate. Most preferably, the subject is a human,
The methods of the present invention is useful in the treatment and

prophylaxis of viral infection such as, for example, but not limited to HIV infection,
HCYV infection and other viral infections. For example, the antiviral activity may be.
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effectéd in subjects known to be infected with HIV in order to prevent replication of
HIV thereby preventing the onset of AIDS. Alternatively, the methods of the present
invention may be used o reducé serum viral load or to alleviate viral infection
symptoms. Similarly, antiviral treatment may be effected In subjects known to be
5 infected with, for example, HCV, in order to prevent replication of HCV, thereby
preventing the further hepatocyte involvement and the nltimate degeneration of liver
tissue. - o
| The methods of the present invention may be particularly useful either in the
early stages of viral infection to prévent the establishment of a viral reservoir in |
10 affected cells or as a prophylactic treatment to be applied immediately prior to or for
a period after exposure to a possible source of virus. |
The present invention will now be described in more detail with reference to
specific but non-limiting examples describing stndies of viral membrane ion channels
" and screening for antiviral activity. Some examples involve the use of the SARS
15  virus. It will be clear from the description herein that other lenfivirmses, and |
coronaviruges and other compounds may be used effectively in the context of the
present invention. It is to be ﬁnderstood, however, that the detailed description is
included solely for the putpose of exemplifying the present invention. It should not be
understood in any way as a restriction on the broad description of the ipvention as set .
20 out above,

Example 1. Synthesis of the Com oun.ds of the Invention.

The compounds of the present invention may be made from the conesponding
acid chlorides or methyl esters as shown in Scheme 1. Both of these methods are well

described in the literature.
O )  NH »,
N N — M
R” O RN N, R” “OMe
acid chlotide acylgnanidine

Scheme 1
25
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The following examples show synthetic schemes for some compounds of the

invention.

Example 2, Svathesis of Cinnamoylguanidine from Cinnamic acid Cinnamov]

chloride

O}, (COCH,/ bomene / sat. DMIE NH
N : :
OH 2. (LNHC=NHECI/ N~ Nk,
d, NaQH / B0 THF

To 1 solution of frans-cinnamic acid (1.50 g, 10,12 mmo!) in dry benzens
(3 OmL) containing a drop of N,NV-dimethylformamide was added oxalyl chloride
(5.14 g, 40.5 mmol) causing the solution to effervesce. After refluxing for 2 h, the
solution was evaporated toﬁ dryness under reduced pressure. The resulting solid was
dissolved in dry tetrahydrofuran (20ml.) and added slowly to a solution of guanidiﬁe
hydrochloride in 2M aqusous sodinm hydroxide (25mL). The reaction was stirred at
TOOm temperathre for 1h then extracted with ethyl acetate (3x50mL). The combined

‘extracts were dried over magnesium sulfate and evaporated to give an orange oil. The

crude product was purified by column chromatography. Elution with 10% to 20%
methanol in dichloromethane gave Cinnamoylouanidine as a ¢reatn solid (0.829 g,
43%). , " ]

| Example 3

azinecarboxamide

Svnthesis of N-amidino-3-amino-5-phenyl-6-chlora-2-py
Part 1 |

HO., .OH NaCly ) B(PPh,),
| * i . THR/ H,0/ tiluene
e
or” N, ;

To a solution of methyl 3-amnino-5,6-dichloro-2-pyrazinecarboxylate (0.444 g,
2.0 mmol) in tetrahydrofuran (5 mL) / water (10 L) / toluene (20 mL) was added
nhenyl boronic acid (0.536 g, 4.4 mmol), sodium carbonate (0.699 g, 6.6 mmol) and
tetrakis(niphmylphosphine)-v palladium(0) (0.116 g, 0.10 mmol). The reaction was
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evacuéted and pureed with nitrogen several times before being refluxed for 6 h. The
organic layer was separated and the aqueous layer extracted with toluene (3 x 20 mlL),
The combined organic extracts were dried over magnesivm sulfate, filtered and

evaporated under reduced pressure to give methyl 3-amino-6-chloro-5-

5 phenyl-2-pyrazinecarboxylate as a yellow solid (0.43 g, 82%).

10

15

20

23

Part 2

: :f\ - mlm}m:Naom | : ::gLﬂ

To a solution of sodiwm (0.040 g, 1,74 mmol) dissolved i methanol (5 mL)

was added guaridine hydrochloride (0.258 g, 2.70 mmol) and the mixture refluxed
for 30 min after which it was filtered, To the filtrate was added methyl 3-amino-6-

chioro-5-phenyl-2-pyrazinecarboxylate (0.264 g, 1.0 mmol) in N, N-
dimethylformamide (5 mL) and the solution heated at 75 o0 for 12 h. The sclve:nt was

removed under reduced pressure and the residue chromatographed on silica gel
eluting with 1% triethylamine / 5% methanol / mchloromethane The resulting solid

was suspended in chloroform, filtered and dried under hlgh vacuum to give N-
Amidino-3-amino-5-phenyl-6-chloro-2-pyrazinecarboxamide as a yellow solid (0.04
o, 14%).

Example 4. |
Synthesis of hexamethvleneimino-6-phenyl-2-pyrazinecarboxamide

Paxt 1
Gl N . e~ THE o
B # g |
/' | ' o~
o NN, @ N

To a solution of methyl 3-amino-5,6-dichloro-2-pyrazinecarboxylate (1.11 g,
5.0 mmo]) in tetrahydrofuran (50 mL) was added hexamethyleneimine (1.49 g, 15.0
mmol) and the reaction was refluxed for 1 h. The reaction was allowed to cool and
the solid hexamethyleneimine hydrochloride removed..by filtration. The filtrate wasg

J“i%




CA 02529949 2005-12-20
WO 2004/112687 PCT/AU2004/000866

| 57-

evaporated and the residue chromatographed over silica gel. Elution with
dichloromethane gave methyl! 3-amino-6-chioro-5-hexamethyleneiming-2-

pyrazinecarboxylate ag an off-white solid (1.20 g, 85%).

5 Part2

QI:IL gl

Toa solutmn of methyl 3-amino-6-chloro-5-hexamethylenemmine-2-
pyrazinecarboxylate (0.350g, 1.23 mmol) in dimethylsulioxide (5 mL) was added
phenyl boronic acid (0,166 g, 1.35 nnﬁol), potassimn carbonate (0.511 g, 3.70 mmol)

10 and [1,1%bis (mphenylphosphmo)ferrocene] dicbloropalladium(Il)-dichloromethane
- complex (0.041 g, 0.05 mmol). The reaction was heated at 90.C for 16 h before being
poured into water (50mL) and extracted with ethyl acetate (3 X 50mL), The combined
extracts were dned over magnesium sulfate, ﬁltered and evaporated o give a brown

oil which was purified by chromatography on $111ca gel Elution with
15 dichloromethane followed by 10% ethy! acetate/dichloromethane gave meihyl 3-

amino-.f—kexamerhyleneimina-d—pkmyl&-pymzz’necarboagglaz‘e as a yellow selid

(0.309 g, 77%).
Part 3.
(L,CaNHHO
L A——
NeCMs / MeOR/ THF

To a solution of sodium (0.090 g, 6.17 mmol) dissolved in methanol (8 mL)
was added guanidine hydrochloride (0.598 g, 6.26 mimol) and the mixture was
refluxed for 30 min after which it was filtered. To the filtrate was added methy] 3-
amino-3-hexamethylensimino-6-phenyl-2-pyrazinecarboxylate (0.310 g, 0.95 mmol)

25 111 tetrahydrofuran (10 mL) and the solution refluxed for 72 h, The solvent was
removed under reduced pressure and the residue chromatographed on silica gel.
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Elution with 5% methanol/dichloromethane gave N-amidino-3-amino-5-<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>