WO 2009/018609PCT/AU2008/001130 1 HEPATITIS C ANTIVIRAL COMPOSITIONS
AND METHODS FIELD OF INVENTION The present invention relates to novel
compositions hsioipgraetssity against Hepatitis C virus (HCV). The invention EiSoueatesiios
methods for retarding, reducing or 5 otherwise inhibiting HCV growth and/or functional activity.
BACKGROUND OF THE INVENTION  Any discussion of the prior art throughout the
specification should in no way be considered as an admisdion that such prior art is widely -

known or forms part of commag.g LSI?TJ %eﬁ%%él‘ the field. 10Currently, there is a great

need for the development of new t?%eiaii{ir_nile t% r@ﬂ%@%ﬁ%@‘&ﬂ%‘ﬁéi MEFEHADS

particularly against virAFFHBEBANENRAPE associated with high morbidity and mortality, and

which impact on sizable poprhatipasafonexampiRHeratiis &ﬂﬂdﬁi@d&%)inﬂ%%ﬁ%#&g%ﬁﬁgat are
[ infected with

currently available areyn gxtaq te orip&ffective in large proportions of patients i 1
HCV. 15Hepatitis C is ae%'éésdgg‘f)%sgﬁn@egéﬂc{t)hﬁs?wpé iasé%llggegf Sé‘toitsn%%%%e%rﬁf/wé%ée@l?ﬁﬁier
virus called HCV. $hetibravisinbibiteg fieVimenihmadion StisHoarhastivlren asymptomatic, but

ensuing chronic hepa@%@ﬁ%ﬂ%ﬂﬂmﬁﬁﬁg’ﬁgﬂc scarring of the liver) and liver

cancer. HCV is one of six known hepatitis viruses 0, B, G and is spread by
blood-to-blood contact with AfiHewtestep et s reiasandrarehon by mpttieasiomshdradrinenti oedyybe
managed, and a propostisiteaiipatie atsnisibaleatadia 4h6s WidsP¥nawa 86 §&Qff common

anti-viral medicines. Althouoh.eailMnedicatdptervention is helpful, people with HCV infection
often experience %ng]cor_\sequently do not seek treatment. An estimated
i

ild symptoms,
150-200 million dtrea:)ple Worlg%ﬂ?&g AFE R Tl 0 T Aedopmerhl naw eameminthehes
drug use, inhaled drugfrstigreageing oiabinfettivRS iactiveliberesnstosed itt:tliondwli! me aftosared |
are at increased risk GfitONigREKAGHENS A SRR BRAVERIG IHIBSIRAING SFAURRRE M bxample

transplant.in the Unitgg, States. . . tis.C presents as two distinct clinical stages. Firstly,
Hepatitis C presents aselgacutgeEH%ngltls : irv %Pﬁ]?%tfé%tt%r?ﬁﬁ%@@‘r’ﬁ%&%ﬁrﬁf’f&g?ﬁf’éﬁ% with

HCV. Between 60% S84t Beugrrinnerions abmtionsinfed ME@ring the acute phase.

30 In the minorityof patientHephitiexhierdhod-botite ipfasaisyrtoRrasd oy acsuesngrally mild

and nonspecifc, and fageliacifg SBEs e 1 aSDRNS RLEPAIS foeSHIRIAS, 8/ ASHIS
] IC

Hepatitis C infection iQSCL%de etcre‘\:a§ed a getlte,,fatlgu_e,, abdominal pain, jaundice, |t(_:ll15|ng,_
and flu-like symptomg=>™™P tﬁfﬂa\} s ﬁ.sﬁngﬂtﬁ SRS BEPAH R e ST oresith SRRt dflueti emreine
after infection, and arffSerfizer)anh bver cancare HeiYokaihy dbstctabie hithiiigvioudsa: WeBKS, D, E,
Approximately 5 20-3G¥moisepreans tatedumil dadécRarthasiive fiaehthadogies during
the acute phasesgs sh By Rormalizatign in liver function tests (LETs) such gs alanine
transaminase (ALT) an%gpartate transam)irr]aseg( ,&Sﬁ ﬁgfﬂ?gﬁé%r(ﬁ%frﬁaagn\tlsvéﬁn % %%é?ﬁg Ethe
HCV-RNA clearance (IS5 k8% rPuspiontired isdinars ddhavsh pattn medipabirtameendrn 50%
of patients infected wWitipFiE yedploetish Wiko ik dtlepafitisekpetivf mbiicsyiapaiitiusd wshefnadas
infection with HCV pQIé?lﬁﬁ@&Me%ﬁ_&%t?hﬁﬂe%ﬁ&ﬁf@é&gd'mﬁ%lﬂp&ﬁ%ﬁ@ﬁi‘é@'@t@@ﬁgg with
(without jaundice) angiggs ;lrié)gélxﬂglllsacl%\s/t%red fanflztmdentall 3 The natural course of chronic -
Hepatitis C varies considérably from person 10 person. A BIPHED pTasi HTERaR A ke
have evidence dBinfl&AYA1EABAOPSAYER blood via unsafe sex are at increased risk of contracting this
disease. Hepatitis C is the leading cause of liver transplant in the United States.

Hepatitis C presents as two distinct clinical stages. Firstly, Hepatitis C presents
as acute Hepatitis C, which refers to the first 6 months after infection with HCV.
Between 60% to 70% of people infected develop no symptoms during the acute phase.

30 Inthe minority of patients who experience acute phase symptorus, they are generally

mild and nonspecific, and rarely lqad to a specific diagnosis of Hepatitis C, Symptoms



15 biopsy. However, the rate of progression of liver scarring (fibrosis) shows significant
variability among individuals, Recent data suggests that among untreated patients, roughly
one-third progr&¥8 10feascdirhosis in less than 20 years. Another third prog RESEAD 201131005130
within 30 years. The remainder of patients appear to progress so slowly that they are unlikely
to develop cirrhosis within their lifetimes. Factors that have been-20 reported to influence the
rate of HCV disease progression include age, gender, alcdhol consumption, llly coinfection
and a fatty liver. Symptoms specifically suggestive of liver disease are typically absent

until substantial scarri‘i’fg’%ﬁﬁ?ﬂ’ﬂ%ﬁs ﬁaf%‘if&?r%’&fdﬁgwgﬁé?‘???éjﬁgﬁté@% %’%ﬁ’@f’éy?ill%alﬂisease :
and patients may expé@riedice #chgeaspdotitkesphpidmeal manifestations ranging from an 25
absence of symptoms to a rae#e SYSRI9WIsblp ssmbios b dayelaneraniRl atbraneetbn,

liver disease. Generalized sjgns and symptoms assqciated with chronic atjtis C includ
fatigue, marked Weigkﬁ”ﬂ)@g,‘%ﬂﬁ’ﬁ(t@ gﬁ?rﬁﬁ%ﬁﬁ%??ﬁ%%&e%ﬁ?ﬁ%%ﬂt‘%%,[?gggrﬁ? se'rﬂsfﬁ%m}-ugljlr]ggg
fevers, itching, sldep aRsadhadpesormtiobetia aitdic:Vapprstihe ehuniges teibodiss diainadee acute
dyspepsia, cognitive GiiaoRshs\eRI9siRmIRARIARNeS Andied 18s8 QUFIWIRGS as alafdifce
chronic Hepatitis C has progress cirrhosis, signs_and hal 358
RO 10 GIgRRSINRARt g@@m&m&m}ﬁ%m Pifima

generally caused by er decreas d liver function or increa oressure 3 In the liver,
circulation, a conditiorHYoRAadqgender (b s tonem s IHUANSRYS TS T pHS AR f O
cirrhosis include ascitesvapaiangiftotbi wik HOU diedeh HoneipHupatidyiCes, fatty stools

(steatorrhea), jaygdice, and §,3yAdMA R CRIBHAE INRRAKMARKHNGMP RABRRARE more than six
encephalopathy. e dlagnhosis o epatitis IS rarely_ ma uring acute phase of the
hal hy. 5The di Is of H itisC i I df%d %?h hs1 fth

disease because the MXHHn-BRFEEpIES AR AT BRISIHER ! LyMpismat QBRI phase.
Those who do experistwevandtecgitiersalyymptoms are rarely ill enough to seek medical

attention. The diagnosis of chRiGHRRBISCHHASASHSNGIRESURIRCIEPRCRNBEGT ik
of specific.symptoms until aquanced liver disease de ich. d iy '
decades into the diseggres?n' Q}%ﬁ‘?f ?# Fé’g{ﬁ{g%f‘%@%%?ﬁg?ﬁx gé%%ﬁégggc?é}%%ﬁi#ﬁ%# g%‘{ fiver
pegylated interfet8n aRPaYaktP IRk fio w4t of oSN FBr s ot Brosshinys figpiicant
depending on the virugagjshility paohg icitieihiile Eéeacyacf shigestriibinaton tnemed/paticts, :
various forms, also degends 4 it Yifks SERIVRSRRGLEANIES Hamd 49%st0aeHer Yikiprogross

improve the prospect of treating and lgyreventin viral infectipns, and to deal vc\)/itré gng)%{glv&%t{
evolution, there is an GG REGH 5 XF8Htir hGTEAIEE RS LRTE R ERhi B A VaHoUS ashects
of the viral life cycle. Asodingirelihioréeis apridepsisradintbeinlifdimascBripudhbyrahefagents
with antiviral activily. reportel1iSiihaRIEGE it ArOseREIRV/ofifsionaNEito 5ae, gerdsnplioshie

at least one of 20 the.disadvanta ofﬁ{}e prior grt,ﬁﬁg t v@;ovide a useful alternative.
SUMMARY OF THE IRR/E &\?ﬁ%é:opréegel%rtl ?ﬁvgntlonﬁls concerned with_certain

compositions, preferably sySFRETES sBTRBG SHazeetrn ofi Livry Hsrres andrisalbaRsBUmGL
useful in the treatmensubkiatEiv sedetifoef thediviabasndamttte Haweifecdiepatisis Stisstiystenhic disease
acylguanidines. More 25 particulasiyelherRess iR niionisreRnrar aadiitkisyargisliGom an

compositions comprising one or-more substituted acylguanjdines and ope or more k n
antiv?ral comp ouﬁ S abgenceo sympioms to a more symp%t%atﬁ: ljﬁiness prior to the c%ve (}1:)men{1 &W

advanced liver disease. Genetalized signs and symptoms assgciated with chromic
Hepatitis C include fatigue, marked weight loss, flu-like symptoms, muscle pain, joint
pain, intermittent low-grade fevers, iiching, sleep disturbancies, abdominal pain, appetite
changes, nausea, diarrhea, dyspepsia, cognitive changes, depression, headaches, and
30 mood swings. ,
Once chronic Hepatitis C has progressed to cirrhosis, signs and symptoms may

appear that are generally caused by either decreased liver function or increased pressure



According to a first aspect, the present invention provides a composition for the treatment of
HCV, comprising a compound of Formula I: WO 2009/018609PCT/A112008/001130 .4
wherein Rl isXtheigio @apstituted phenyl, naphthyl, substituted naphthyl oP&i/isUgeleotadso
from andnis 1, 2,3 or 4; CH20 ; / R2C 'H2C \ 10iscH2 , or0; R2 wherein R2 is straight or

branched chain alkyl,

Xis hydrogen or alkoxy, and pharmaceutically acceptable salts

thereof, in combination with at least one additional agenthaving antiviral activity.

10

15

20

25

in the liver circulation, a condition known as portal hypertension.. Possible signs and
symptoms of liver cirrhosis include ascites, a tendency to bruise and bleed, bone pain,
varices, fatty stools (steatorrhea), jaundice, and a syndrome of cognitive impairment
known as hepatic encephalopathy.

The diagnosis of Hepatitis C is rarely made during the acute phase of the disease
because the majority of people infected experience no symptoms during this phase.
Those who do experience acute phase symptoms are rarely ill eﬁougﬁ to seek medical
attention. The diagnosis of chronic Hepatitis C is also challenging due to the absence or
léck of specific symptoms until advanced liver disease develops, which may not ocour
unti] decades into the disease. . '

Current tfea’ancnt (“standard of care™} is a combination of pegylated interferon
alpha and the antiviral drug Ribavirin for a period of 24 or 48 wéeks, depending on the
virus genotype. Further, the efficacy of this combination therapy, in its various forms,
also depends on the virus genotype and ranges from-14% to 82%.

To improve the prospect of treating and preventing viral infections, and to deal
with ongoing viral evolution, there is an on-going need to identify molecules capable of
inhibiting various aspects of the viral life cycle. Accordingly, there is a need for
additional novel compositions and agents with antiviral activity.

It is an object of the present invention to overcome or ameliorate at lcast one of

the disadvantages of the prior art, or to provide a useful alternative.

SUMMARY OF THE INVENTION
The present invention is concerned with certain compositions, prefefably
synergistic compositions, comprising novel anﬁvi_ral compounds, useful in the treatment
of HCV infection, that fall under the classification of substituted acylguanidines. More
particularly the present invention is concerned with synergistic compositions comprising
oné or more substituted acylgunanidines and one or more known antiviral cg.;mpounds. .
According to a first aspect, the present invention provides a composition for the

treatment of HCV, comprising a compound of

Formula I:



5Advantageously, the compositions in accordance with the present invention are synergistic
compositions wherein the effect of the compound and the at least one additional antiviral
agent is greatewibasiassum of the effects of the compound and at least orrCaAdizEaA01130
antiviral agent alone. According to a-second aspect, the present invention provides a
pharmaceutical 10 composition for the treatment of HCV, comprising a composition according
to the first aspect and one or more pharmaceutical acceptable carriers. According to a
third aspect, there is provided a mﬁg?od for reducing, retarding or-otherwise inhibiting growth
and/or replication of HCV co prisi contacting a cell infected with said HCV or exposed to
HCV with a composition first 15aspect.  According to a fourth aspect, there
is provided a method for prevemlng the Trfection of a cell exposed to HCV comprising
contacting said cell with a composition according to the first aspect The cell may be contacted
with a complete combinatBi@mposition (ie. 20 simultaneously with all components of the
composition) or it can beRdonizered sitimidilieatcorpigbyleswlsidbterbnaphiybwitRdrisisekected
sequential manner. Aggarding to a fifth aspect of the invention, there is provided a method for
the therapeutic or prophylactic treatment of a subject exposed to.or infected.with HCV

comprising the administration 1q said sub ect-ofa.cofmpoifionfaccordingto the first 25 aspect.
6 The individual comporjg Bt the~éomf] on may be atimipistered separately in a
[ 3 s and formglations of the present

> DO 9
invention may begdmlnlétbred in any manner, ﬂ E ding but Imited to, intravenously (iv),
intraperitoneally, S5subcutaneous/. intra ran'lly mtradermally mtramuscularly mtraocularly

drip, patch or implant. The comigasitibasyray be in the form of powder, tablet, capsule, liquid,
suspension or other similar §&age form. On; According to a sixth aspect of the invention -
there is provided a method of treating 10 Hepatitis C.comprising administering an effective
amount of a composition in accordance with the invention to a subject in need thereof
According to a seventh a”§‘8ect of the invention there is provided a method of treating Hepatitis
C comprising administering hr?effercdive amount of a composition in accordance with the
invention to.a subject in need thereoffiyyherein ;a.LQ'cowposmon 15 inhibits HEY p7 protein.
According to an eighth amof th@rrVenthhﬂe is provided use of a composition in
accordance withqhé inve i thechre pq;atlomﬁ" manufacture of a medicament for the
treatment of Hepatitis C.

F is independently ™~ , halogen, alkyl, halo or polyhalo alkyl; _
Q is independently hydrogen, alkoxy especially methoxy, alkyl especially methyi, ’
cycloalkyl, thienyl, furyl, pyrazolyl, substituted pyrazolyl, pyridy), substituted pyridyl, phenyl,

substituted phenyl, halo especially chloro or bromo, heterocycle (“het”), or Q is independently

/ CH;
R
Y/ _ HsC ]F/N
16 selected fiom S . , CH; or



According to a ninth aspect of the invention there is provided use of a 20 composition in
accordance with the invention in the preparation or manufacture of a medicament for the
treatment of HéjeE2XS/@3aherein said composition inhibits HCV p7 protein PCT/AlIgs8¢ieso
context clearly requires otherwise, throughout the description and the claims, the words
‘comprise’, 'comprising’, and the like are to be construed in an 25 inclusive sense as opposed
to an exclusive or exhaustive sense; that is to say, in the $ense of "including, but not limited
to". BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 graphically shows inhibition of
GBV-B replication by BT 225 and BITI 00; Figure 2 graphically shows a dose rt |oon§§\C rve
of various concentrati%BlT 225 30 against BVDV; Figure 3 graphi¢ally sfows 0%e’
response curve of varioys goncentrations of IFN against BVDV; WO S
2009/018609PCT/A1J20%/001130 7 Figure 4 graphically shows a ¢ bsponge curve of
various concentrations ofR2ibayirig.aeainsk BY.DY nRIME R:grapkisatixshows thsdayels of
virus inhibition seen with 31nM BIT225 and/or 1.25 jig Ribavirin il the presence of absencé of
ange dose respons;‘;([:grves fon-BIT225 in the presence

of 5 and 10 [Wm IFNa gad shaWs enhanced antiviral ct kyy addition of 1.25 pg/ml. The

inset shows the full ra DSe @ curves fopﬁl")évwm in tﬁ}fg?sence of 5and 10

IlU/m IFNa.  Figure 7sshows indR40 al‘q&%gc‘@gonse@m{velségg 2 mg’thyladenosine and
2'-C10 methykytidine against BVDV. Figures 8 and 9 show the changes-a?o dose response

curves for BIT225 in the preSSOSIErAMAIers fed Rhamssedrabossratrirsabndsmeldn
2'-C-methytcytidine, respectivebn®igureti & Fagwscfaliidnge deschaesp andaral sabatior 31T3

14 in the presence of and varoAi-EeRGE) HRUORSREHENL LAk dAE phien blustales he e
enhanced antiviral effect by addition of 5 I%m [FNct + 1'.:'%%&%/ml_ribavirin and 5 1U/in IFNa

2.5 fig/nil ribavirin. DETAILED DESc ST IERFBATHhEs AEREnd g5 atdesst fention
concerns compositiorfddtiPmEaniidnh asmob e preatecathisrme Coamibcts dfohrompglad:a0ddH N
NH2-20 (1) wherein le&flois: pidiriyhabadRiiitgdnplieny/|, naphthyl, substituted naphthyl or R1
is selected from According to a second aspect, the present invention provi-des a pharmﬁceutical
10  composition for the treatment of HCV, comprising a composition according to.thc first
aspect and one or more pharmaceutical acceptable carriers. .

According to a third aspect, there is provided a method for reducing, ;retarding or
otherwise inhibiting growth and/or replication of HCV comprising contacting a cell
infected with said HCV or exposed to HCV with a composition according to the first

15 - aspect.

According to a fourth aspect, there is provided a method for preventing the
infection of a cell exposed to HCV comprising contacting said cell with a composition
according to the first aspect,

. Thz? cell may be contacted with a complete combiration cofnposition (ie.
20 simultaneously with all components of the composition) or it can be contacted with
individual components of the composition in a sequential manner.

According to a fifth aspect of the invention, there is provided a method for the
therapeutic or prophylactic treatment of a subject exposed 1o or infected with HCV
comprising the administration to said subject of a composition according to the first

25  aspect.



8andnisl, 2,3 or4;0-120/fi2c/ii2C 03 is cfICC. or\\ 5F is independently, halogen, alkyl,

halo or polyhalo alkyl;

Q is independently hydrogen, allcoxy especially methoxy, alkyl

especially metioyth msloaboyl, thicnyl, furyl, pyrazolyl, substituted pyrazolyl, pyridyt;zeodetitised
pyridyl, phenyl, substituted phenyl, halo especially chloro or bromo, heterocycle ("het"), or Q is

independently CH3

chain alkyl,

10

15

20

25

30

selected from OCH3 \\N N'10R2 wherein R2 is straight or branched
6

The individual components of the composition may be administered separately in A
a sequential manner and in any order. .

Compositions and formulations of the present invention may be adrmmstered in
any manner, including but not limited to, intravenously (iv), mtrapentoncally,
subcutaneously, intracranially, intradermally, intramuscularly, intraocularly,
intrathecally, intracerebrally, intranasally, transmucosally, or by infusion oralfy, rectally,

via iv drip, patch or implant. The compositions may be in the form of powder, tablet,

" capsule, liquid, suspension or other similar dosage form.

According to a sixth aspect of the invention there is provided a method of treating
Hepatiﬁs C comprising administering an effective amount of a composition in
accordance with the invention to a subject in need thereof.

According ta a seventh aspect of the invention there is provided a method of treating

Hepatitis C comprising administering an effective amount of a composition in

" accordance with the invention to a subject in need thereof, wherein said composition

inhibits HCV p7 protein. .

According to an eighth aspect of the invention there is provided use of 2
composition in accordance with the invention in the preparation or manufacture of a
medicament for the treatment of Hepatitis C.

According to a ninth aspect of the invention there is provided use of a
composition in accordance with the invention in the preparanon or manufacture ofa
medicament for the treatment of Hepatitis C, wherem said composition inhibits HCV p7
protein.

‘Unless the context clearly requires otherwise, throughout the description and thc
claims, the words ‘comprise’, ‘comprising’, and the like are to be construed in an
inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in the sense
of “including, but not litnited to”.

BRIE¥ DESCRIPTION OF THE DRAWINGS
Figure 1 graphically shows inhibition of GBV-B replication by BIT 225 and BIT100;'

Figure 2 graphically shows a dose response curve of various concentrations of BIT 225

" against BVDV;

Figure 3 graphically shows a dose response curve of various concentrations of IFN
against BVDV;



X is hydrogen or allcoxy, and pharmaceutically acceptable salts thereof; in combination with at
least one additional agent having anti-viral activity. Particularly useful compounds for
use in composwionsiehiRepresent invention 15 may be selected from the fellawangnos/oaiiso
(3-benzoyl)cinnamoylguanidine comprising the structure BIT-216
2,3-methylenedioxycinnamoyl guanidine comprising the structure 0 NH A.NH2 BIT-217
5-methyl-2-napthoylguanidine comprising the structure 0™NH )1%-.N112 5CH3 BIT-213

5-brome-6-methoxy- -,naﬁ%q%!rgﬁarudine co rising) the structure BIT-223
h u

. ti f Ribaviri
105-thiophen-3-y1-2-H48 RS TSR TR SHUC e e eosations of Ribavisn

2009/018609PCT/AUz80s/80PM30 10 '
Figure 5 graphically shows the levels of virus inhibition seen with 31nM BIT225 and/or

1.251g Ribavirin in the presence of absence of IFNa, and
5 F‘igufe 6 shows the full-range dose response curves for BIT2235 in the presence of 5 and

10 JU/m IFNa and shows the enhanced antiviral eff_ecf by addition of 1.25 pg/ml. The
inset shows ‘the full range dose response curves for Ribavirin in the presence of 5 and 10
IU/m IFNo. )
Figure 7 shows individual dose résponse curves for 2°-C-methyladenosine and 2’—_Cn

10 methyleytidine against BVDV.
Figures 8 and 9 show the changes to dose response curves for BIT225 in the presence of
various concentrations of 2'-C-methyladenosine or 2'-C-methyleytidine, respectively.
Figure 10 shows full-tange dose response curves for BIT314 in the presence of and
various concentrations of rIFNo-2b.

15  Figure 11 illustrates the enhanced antiviral effect by addition of 5 IUIm IFNo + 1.25
pg/ml ribavirin and 5 1U/m IFNa + 2.5 pg/ml ribavirin,

DETAILED DESCRIPTION OF THE INVENTION

The present invention concérns compositions for the treatment of HCV comprising a
compound of Formula I
0 NH

Y
R] A8 NHz

N
20 - H ®
wherein
R1 is phenyl, substituted phenyl; paphthy], substituted naphthyl or R1 is selected

from

(F)n

25 or (Q)D (X)n ;



NH N NH2 BIT-224 5-(1-methylpyrazol-4-y1)2-naphthoylguanidine comprising the structure 0
NH -1.NH2 BIT-225 (1-methoxy-2-napthoyDguanidine comprising the structure 5 NH2
BIT-301 (3-rnashmopmrsapthoyl)guanidine comprising the structure NH2 BFCBAR2008/001130
(5-bromo-2-napthoyOguanidine comprising the structure 11 NH2

8

and
nist, 2, 3or4;
' CH, o

-

O H:C\/ o
S BT
B i CHI or 0, .

5 I is independently - , halogen, alkyl, halo or polyhalo alkyl;
Q is independently hydrogen, alkoxy especially methoxy, alkyl especially methyl,
cycloalkyl, thienyl, furyl, pyrazolyl, substituted pyrazolyl, pyridyl, substituted pyridyl, phenyl,

substituted phenyl, halo especially chlore or bromo, heterocycle (“het™), or Q is independently

. ¢ CH;
: S\, s\, ,<sj\’ ,A’ (|:H

selected from

3
T\ ¢f
ol

10 Ra wherem R2 is straight ot branched cham alkyl, OCH;

o Oy }\m
=0
R3 where R3 is CHs or CH; and

or
3

X is'hydrogen or alkoxy, and pharmaceutically acceptable salts thereof, in
combination with at least one additional agent having anti-viral activity.
Particularly useful compounds for use in compoasitions of the present invention
15  may be selected from the following: l

(3-benzoyl)cinnamoylguanidine comprising the structure



BIT-303 (1,4-dimethoxy-I-napthoyDguanidine comprising the struture BIT-304
(6-(3-thieny1)-2-napthoyl)guanidine comprising the structure BIT-305
(6-methyl-2-n¥@re9d¥ga@nidine comprising the structure  (5-phenyl-2-napthiaxDiposinidine
comprising the structure 12 BIT-307 (5-(thien-2-y1)-2-napthoyl)guanidine comprising the
structure  (5-(1-isobutyl-1H-pyrazol-4-y1)-2-napthoyl)guanidine comprising the structure

9

. 0 O NH
SACREA
N H )
| BIT-216

2,3-mel_hylenedi0xycinnamoyl guanidine comprising the structure

/0 Q NH ) . -
0. X ' JL
) N NH,
H
: BIT-217

5-methyl-2-napthoylguanidine comprising the structure

' N
H NH;
CH; :

3(indan-4-yl)-propenoylguanidine comprising the structure
O NH

-BIT-218

NH;

BIT-222

5-bromo-6-methoxy-2-napthoylguanidine comprising the structure

SO
H
MeO -
) Br )

10+ 5-thiophen-3-yl-2-naphthoylguanidine compfising the structure

BIT-223



13 NH NH2 H BIT-311 (5-cyclopropyl-2-napthoy)guanidine NH2 BIT-312
(5-chlaro-2-napthoyOguanidine  (6-(1-methylpryazol-4-y1)-2-napthoyOguanidinium acetate
WO 2009/018609 PCT/AU2008/001130

10

BIT-224

5-(1-methylpyrazol-4-yl)2-naphthoylguanidine comprising the structure

L
H .
&
/
N—N
HyC '
3 BIT-225
(1-methoxy-2-napthoy)guanidine comprising the structure
r | /THL
5 - BIT-301
- (3-methoxy-2-napthoyl)guanidine comprising the structure
o] NH .
NH;
BIT-302

(5-bromo-2-napthoyl)guanidine comprising the structure



H3CoBIT-314 (5-(2,6-dimethoxypryridin-3-y1)-2-napthoyl)guanidine NH2 BIT-315
(5-(2-chloropheny1)-2-napthoyl)guanidine NH NH2 BIT-316
(5-(4-(acetylarWRdpneigLy-2-napthoyOguanidine BIT-317 _ PCT/AU2008/001130
(5-(3-(acetylarnino)pheny1)-2-napthoyl)guarndine  NeiNH 5BIT-319 WO
2009/018609PCT/AU2008/001130

O /]'N'l
Br

(1,4-dimethoxy—2-napthoyl)guanidine comprising the structure

. O/ O NH
: D |

{6-(3-thienyl)-2-napthoyl)guanidine comprising the structure

11

BIT-303

BIT-304

Q NH

.NHz

BIT-305

(6-methyl-2-napthoyl)guanidine comprising the structure

[s] NH
H Ha
HaC

(5-pheny1~2-napthoyl)guanidine comprising the structure

BIT-306



16  and pharmaceutically acceptable salts thereof The amine or imine groups of the
guanidyl portion of the compounds of Formula | can be present in any conventional form used
for the provisiowofsehgsmpounds. For example, they maybe present as theTfrdedisasela
hydrate, an organic or inorganic salt or combinations thereof: The methods developed for
screening the compounds of the present invention for antiviral activity are described in detalil
in PCT/AU2004/000866, incorporated in its entirety hereiniRy reference. Reference to
"HCV" should be understood as a refgrencg,to any hepatitis C virus 10 strain, including
homologues and mutants. ~ Refererjce tolthe "functional activity" of HCV should be
understood as a referepee te-efypnt o AToreQf the fiuktions that HEW performs or is
involved in.  Refere iral réplication” should be understood to include any one or
life cycle, such as inhibiting the assembly or release 15. of

replication via the indugi nf a cascade of steps which lead to the mediation of any one or
more aspects or stages e HCV life cycle. Reference to a "cell" infected with HCV should
be understood as a referéhce to any cell, prokaryotic or eukaryotR|Twith has-been infected
with HCV. This includes, 2D for example, immortal or primary cell lines, bacterial cultures and
cellsin s_itu. It will be U{%g@gstqg_dl% those skilled.in the art that the compounds of the
invention may be admiRisterad i iha 1o oF 5 UBRTSSRERS: s RUFRE®N comprising
pharmaceutically acceptable carriers and/qy, excipients. The compositions described herein
that comprise the compounds of the preseft 25 invention, may include in combination one or
more additional antivirgFage any~type QL example, a non-nucleoside HCV
RNA-dependent RNA @ (RARP) inhibitor, a nucleoside HCV RNA-dependent RNA
polymerase (RdRP) inhiBjtor, afion-nucleoside HCV RNA protease inhibitor, a nucleoside
HCV RNA protease inhibjtor, non-nucleoside reverse transcriptase inhibitors (NNRTIS), a
nucleoside reverse 30ansgriptase inhibitor, a viral entry inhibitor, interferon, PEG-interferon,
ribavirin and combinatidas-thereof. It will be understood that the guclggside and _
non-nucleoside inhibitors include analogs of nucleoside and non- nucleoside molecules. The
polymerase 17 inhibitGsg Cantiaygetia:N358-2adnttSminhntisase i iRiiarscan target
HCV NS3 andNS4. 'Nonlimiting examples of nucleoside analogue inhibitors of NS5B that
may be used in combination therapies andin thjtompositions of the present invention
include :

NH>

pa N
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5 valopicitabine, a prodrug of nucleoside analog ?-C-methylcytosine; JTK103; R04048;
R-14791R-1626, nucleoside analog.of 41- azidocytosine and prodrug thereof; and R-7128.
Nonihniting exsrfisiens/of8aen-nucleoside analog inhibitors (NNRTI) that maysusedosiotheso
compositions of the present invention include HCV-796, abenzofuran HCV polymerase
inhibitor; GL60667 or "667"; and XTL-2125. Nonlimiting examples of 10 serine protease
inhibitors of N83/4A of HaV that may be used in the comp®sitions of the present invention
includeVX-950; SCH-503034; ACH406/GS 9132; and BILN-2061 and ITIAN-191.
Preferably, the at lea.st one addltlonal agent avmg anti-viral activity is an Interferon (TEN).

Still more preferably, theAqterf selected.from the group 15 consisting of type | and type
Il 'Ws. Still more prefé ) is selfcted fim the group consisting of IFNa, IF1413
andsStill more prefera

cc-2b,IFNa con-1, IFNB, |

selected from the group consisting IFN a-2a, IFN

0'RyQavirin; IFNa-2a and Ribavirin; pegylated IFNa-2a and Ribavirin or
pegylated IFNa2a an\{:elb irin.  The at least one additional agent having anti-viral activity
may comprise one or more’compounds selected from a HCV prBt&&dé inhibitor, a HCV
polymerase inhibitor or a HCV serine protease inhibitor. Alternatively, the at least one
additional agent havifg2slemervirarapfio)esi®smprise one or more compounds selected
from a monoclonal antibody, a botanical extract a NS5A inhibitor, an inununomodulator, a
thiazolide, an anti-phospholipid thera , an §itisense compound, an isatoribine, a broad
spectrum immune stimyls 'S )ja@bross inhibitor, a replicase inhibitor, a
cyclophilin inhibitor, ./ § 2 mhlbh‘or a ﬁé‘ncaspase |nh|b|tor ora polyclonal antibody.
30Further, the at leas
more anti-viral nucleosidg gues such as for example T-C-methyl nucleoside analogs.
These may be selected ffom for example 2'-C-methyladenosine ormethylcytidine. The at
least one additional ag aving anti-viral activity may also congpfige,a vaccine selected from
a therapeutic vaccine or a DNA based vaccine. 5For a combination therapy in which the
compounds of the present invention is used in conjunction with one or more conventional
antiviral compounds or HCV antagonist agents, the compounds maybe provided to the subject
prior to, subsequent to, or concurrently with the one or more conventional antiviral compounds
or agents. Preferably, the compaosition of the present invention is a synergistic composition, 10
wherein the effect of the compound and the at least one additional agent having anti-viral
activity is greater than the sum of the effects of the compound and at least one additional
agent having anti-viral activity alone. Of course it will be understood that simple, additive,
combinations of novel compounds and existing antiviral agents are also contemplated. 15The
subject of the viral inlfitiroig-aapiRsphaaknRiieh as, but not limited to, a

0 /TL
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human, a primate, a livestock animal, for example, a sheep, a cow, a horse, a donkey or a
pig; a companion animal for example a dog or a cat; a laboratory test animal, for example, a
mouse, a rabbiy@ 2e09/818filihea pig or a hamster; or a captive wild animal, fGCEKEFRAPIY I F3IK
or a deer. Preferably, the subject is a primate. Most preferably, the 20 subject is a human.
The method of the present invention is particularly useful in the treatment and prophylaxis of a
1-1CV infection. For example, in subjects infected with HGOY, the antiviral activity may be ’
affected in order to prevent replication of HCV thereby Q)reventlmg the onset of acute or

chronic Hepatitis C. Alternatively, the method of the pregent inyention 25 may be used to
reduce serum HCV load or to alleviate H& stion sytqpto The method of the

to be applied |mmed|ately >
30Reference herein to "the peu ic" and "prophylactrc" |s$}£§\consrdered in their broadest
contexts. The term "therape does not necessarily impl t a mammal is treated until total
recovery. Similarly, "prophylactic” does not necessarrl)ﬁi’ﬁean th3t the BY-3dbject will'not
eventually contract a disease condition. Accordingly, therapy and prophylaxis include
amelioration of the syﬁp%ﬁw%?‘g%&%@ﬁ@cﬂhawl'@ﬁ%%ﬁﬂﬁg or otherwise reducing the
risk of developing a particular condrtron The term "prophylaxis” may be considered as

NH
reducing the severity of onset of a partif gular 5{condition. Therapy may also reduce the
severity of an existing coae il
methods of the prese ore thgh one ®&mposition may be co-administered with
one or more other thetg s. By "co-administered” is meant simultaneous

difference of from seconds, minutes, hours or days between
pound and the next. The composition and the additional .
, e-ddministered in any order. 15Routes of administration include, but
are not limited to, intravemous (iv), intraperitoneal, subcutaneous, intracranial, intradermal,
intramuscular, intraocula®@ftrathecal, intracerebral, intranasal, tEeRgnsucosal, or by infusion
orally, rectally, via iv drip, patch and implant. Intravenous routes are particularly preferred. The
present invention alsde$dshleorsumnsapitaylefenidpical application such 20as creams,
lotions and gels.  In a further embodiment, present invention provides a formulation for
pulmonary or nasal administration for thg mient of [ICV comprising a composition in
accordance with the first a . It is especially advantageous to formulate
parenteral compositio "fofm fo pase of administration and unrformrty of
dosage. Dosage unit S used erein refers to physrcally drscrete units suited as unrtary

BIT-316
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calculated to produce the desired therapeutic effect in association with the required
pharmaceutical carrier. The specification for the novel dosage unit forms of the invention 30
are dictated bysanzb@iia8sp dependent on (a) the unique characteristics of tPeTactiv@s0atexial
and the particular therapeutic effect to be achieved and (b) the limitations inherent in the art of
compounding. 20 Procedures for the preparation of dosage unit forms and topical
preparations are readily available to those skilled in the &#t from texts such as Pharmaceutical
Handbook A Martindale Companion Volygme Eg Ainley Wade Nineteenth Edition The
Pharmaceutical Press London, CRC H

Weast Ph D. CRC Press Jge~x.Geo0d

describing synthetic protocdls, viral inhibition and 15 other anti-viral properties of the
compounds of the pr@sgntifvention. Synthesis and screening for compounds that have
antiviral activity can be %Fhieved by the range of methodologies described herein or described
in more detail in PCT/AU2004/000866, incorporated in its entireﬁ}Th%%in by reference. It is to
be understood, however, that the detailed description of specific 20 procedures, compounds
and methods is includegsatetyldeiridphenypaseaptheppnepidinng the present invention. It should
not be understood in any way as a restriction on the broad description of the invention as set
out above. EXAMPLES Anti-viral ac ity offall the compounds of the present invention can be,
and has 25 been, ascertained ysing the mgthods described herein or described in detail in
PCT/AU2004/000866 ' &d in. 1§ entiréty herein by reference. Further, methods for
synthesis of the comp g ¢ invention, both generic and specific, described herein,
described in referenced publications or otherwise known to those skilled in the art, can be
used to prepare all the  CR mpounds of the present invention. Useful synthetic 30 protocols are
also provided in PCT/ Op61000880, incorporated herein by reference in its entirety. WO
2009/018609PCT/AURQO8/8Q1130 21  More specifically, acylguanidines can be
synthesised by a variety of meffiods including reacting guanidine (generally generated in situ
from its hydrochloride salt) wj suitably activated derivative ofB aTcairé)oxyIic acid. Examples
include: i) synthesis from®acid chlorides, exemplified by Yamar'nc')?o et aL, Chem. Pharm.
51997, 45, 1282 synthesis from simple esters, exemplified S patent 2,734,904.
iii)synthesis from cartsSs§iEradpisy ﬂﬁ'l}ﬂfﬂlﬁ’éi’lﬁf&%niﬁ?pé%% ‘i/%ﬁ'%r%?dazole, exemplified by
US patent 5,883,133 The carboxylic aqd'prec&Hrsors required for the preparation of the

acylguanidines
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10 described herein were obtained by a variety of diverse methods. A large number of the
substituted cinnamic acids are commercially available. In addition, numerous procedures for
the synthesis oeulssitiacbcinnamic acids and their simple esters are well Bescrilzedioeiin
art, including: i) The reaction of malonic acid with an aromatic aldehyde and base (the
Doebner 15Condensation), described in Chemical Reviews, 1944, 35, 156, and references
contained therein. ii) The reaction of acetic anhydride witfg an aromatic aldehyde and base
(the Perkin Reaction), described in Organic Reactions, 1942, 1, 210, and references
contained therein. 20 iii)The reaction of acrylic acid and simple ésters thereof with an aromatic
halide or aromatic Inflate usﬁag;mkhaﬂﬁ:matataiyqitﬁﬂimmakcﬁefaﬁﬁgmm@mhﬁe@gmm?game
Reactions, 1982, 28, 3 {&I%%%ﬁﬂ&ﬁﬂa@,%@'ﬁ&%ﬁm} M@@:@@ﬁmaﬂgfcanmmal form

phosphonoacetate w a omatic aldehyde and ba he Horner- Emmo[is React

described in Organlc‘R"é’afefgﬁspri@?‘?n gﬁsufgcgfﬂEP %f PEREESC ren. A aSt ¢ free
number of simple hamsawngmw@m@ﬂwsmbammmmmwm@mefe|ther
commercially available or k@%momqagl BieReainyitiedJnsoatasiurane rteciaibfastidtefor
susbstituted naphthoylguanidines. Na C 4acl with alk alkyl,
aryl, and heterocycli ’é%ﬁﬁgl&?{e & pré%faa\r/té %E?r[‘%%dng zﬁ%n‘gp%{)ﬁoxfgdg% QWIth
a suitable organometamcﬁmhgemhﬂrrfgfﬁmansmon metal catalyst. One such variant of this
methodology which was usedepieRalecynsinhe be hilderauhsildiettraphihoig aprsivCedud 2

as precursors to, the naphthoylguanidines ibed.berein, was the palladium-catalyzed
carbon-carbon b§:1d fo;r'ﬁﬁn'ﬁ%%gac%%%n}?z eeﬂromonaphthmc acids agd a suita lé
uzuki

substituted boronic acid (orikrEsHEgacdatefITHRNAL REHTHL P IAGY AR Be AR ol
coupling (described ireEltacaizaiii ovicwstOSFhO8i1nRUGE tintkicYeperioars thdydimylwdriRne -
reaction has wide applicabifyeand £anke {,ﬁgqegﬁc&ﬁ\ngﬁ,gﬁ%lﬂﬁ&&bﬁﬁd&}alﬁeﬁﬂhﬁhﬂkﬁﬁeﬁ

which can then be further elaborated t0| ask the r red bg& acisl
group. 1.General SyrfRE RIS NHBISEY d’lﬁ%ene a rocﬁe uur%uqﬁ ALY i

reparationn Of A
Triflates  To al §o|uqbweﬁrm@@hm[(‘1%m?§hedl afe ierpient myfige 8@%’3%%?6\596/’%‘*&5%’8
trifluoromethanesulphgpic e (d ngiuckides)a teate sidking whiduhediaststnedh@rog

for a further 5 minutes before be|peqﬂ%ggﬁgps{gﬁgg%%,gq{[wmetgwgerature and stirred until
rtin

TLC analysis showed that the st enol been_cons ch |xturetyvas then

poured into water and extra%%ﬁ‘%ﬂﬁﬂf‘b‘fhﬁ%c‘@f&‘f@‘&’ﬁ?‘ i 5 SRR

s Were washed
sequentially with watany bMlagokopsihydeokiviotic, mhMbWamfebﬁﬁeﬁth&?Hnéﬂ@fM@S@ﬂ)

and concentrateshin @epo, i, gl\{g]mrw,p@pgm 11R8, G5EBaPEGRMEESMIRERS in sitn.
chromatographed over silic Elut n with,a mixtu ethyl he
jﬁy iz inilnel2 RIS 08 Sl arslRiRlickanaROaved

desired aryl triflates, gener OIGGHESS ofls. eneral Procedure Clnnamate
Esters Via Heck Readtsmtion mesideasminisierthin e Srmefprenppiiieaer St t‘?ﬁéﬂ‘i’%‘mmg

acrylate (14mmol, 1. @gamﬁwﬁlﬁyﬁawa&;(ﬁﬁnammibrmqbamlpwms
dichlorobis(ripheny|phosphiQ)palasah0.Be A el ReaiAGAS @R de k3

was heated at 90C. The reaction was manitored ¢
25  invention, may include in combination one or more additional antiviral agents of any

. type, for example, a non-nucleoside HCV RNA-dependent RNA polymerase (RARP)
inhibitor, a nucleoside HCV RNA-dependent RNA polymerase (RARP) inhibitor, a non-
nucleoside HCV RNA protease inhibitor, a nucleoside HCV RNA protease inhibitor,
non-nucleoside reverse transcriptase inhibitors (NNRTIg), a nucleoside reverse

- 30 transcriptase inhibitor, a viral entry inhibitor, interferon, PEG-interferon, ribavirin and
combinations thereof. It will be understood that the nucleoside and non-nucleoside

inhibitors include analogs of nucleoside and non- nucleoside molecules. The polymerase



25 by GC/MS and fresh batches of methyl acrylate (leq), triethylamine (2eq) and the palladium
catalyst (0.03eq) were added as required, in an effort to force the reaction to completion. The
mixture was th&o pagregdaito water and extracted with a 1:1 mixture of diethgiretivestasranes
(x3). The combined extracts were washed with water, then brine, dried (MgSO4), filtered
through a pad of silica gel and the filtrate was concentrated in 30 vacuo to give the crude
product as an oil. The crude products were chromatogragfied over silica gel. Elution with a
mixture of ethyl acetate/hexanes gave the desired methyl cinnamates, generally as ?}\3%8%}”%5
oils. 1.3General Procddtiposs s38 Arshie E§?§§'\§i§%é&l§hﬁ%@&%‘?ﬁ%&'§?§rﬁ g8 HS3
2009/018609PCT/AU2GDNEH001130 23  The aryl bromide (10mmol), palladium acetate
(0.1mrmol, 0.01eq) and tri-otelypkespRRsFRATHOkRiR4amlvasIateek o s reastian fask
and purged with nitrogen, To this,metf%l acrglat%%ﬁ.Smmol,.l.ZSefql)‘, trieth{xlami € inchud
(12.5mmol, 1.25eq) aleHifeRORaYARHTTAR BHR SRR LETY AT e MRS Was o
heated at 100C. 55ThealepicliainuasrodmitofetclrpBemb ard Grashearssins; ITBANXIRANI4S;

acetate (0.01eq), tri-OfQlyORQSIING R haisieoiyL asialRlhBRG RNk WiSthylABI RE7125.

(1.25eq) were added gs reqguired, in gn effort to farce the reaction to c§@fﬂ 'qg b@%gdrﬁx
was poured into Wate;ﬁgﬂg‘gélg)%a?ﬁ%r&ﬁvﬁtﬁffanﬁln?ﬁ|§:<?lsj_lr§?J ag?gtﬁg/%llr%t 8 hexz esazx4 . The
combined extracts wet® spajiesitiopnpl g eeseRER SRS BrsdeRig'ST) ammerddraniuyh a 10
pad of silica gel and thsiyikisade: waibieaNGRALESE 6 o 6/ICana T TivE] 2 eNorilitietipgnekaotpldd vef

crude products were clramaloaraRiad Quek Rsa Ak oD With @ R SOL&Hitions of the
acetate/hexanes gave the desired methyl cinnamates, generally as co}é%ré%?zs 0|I§ ﬁﬁ_zo :
General Procedure D 2eSfhEnratoeeite VA S RER 4n§‘¥i%‘§8ﬁ RSB RI RIS yl
phosphonoacetate (13ndrHid¥¥-38Y) in anhydrous 15 tetrahydrofitran (LOmE) was added, over
5 minutes, o a suspension ef.sagiTuRETIAR b4 AEIRL dpAR0baaRdArAUSLivity is an
tetrahydrofuran (1013 0C er_nitrogen. The, mixture was t irr for 20
minutes. A solution of%%eéa_g%ré’ﬁ al h?/?cl}l(iar@ rr%fg'i blﬁi%eht?ale tfﬁ%?ﬁ%%ﬁl%ﬁ%?%%%éé"r%added
over 10 minutes 4 ocrorsigipginfives and smedbiEs StHbmete Prrably thadbhis sdrsied Semde
allowed to stir at roonieup peisiiting AARNG) B WG IRNT L Stitinadys igrafirable dhthdiN ieselected
benzaldehyde starting, malerial 13 365 8P THTIE S HRIGALY, HAEHBNNE S AL PYBd JAU!
p ] H - el h

at mom temperature overnlﬁtﬁr?o ensure complete consumption of the starting aldehyde. The
mixture was poured irtd Hatatbireeirigereni sy anbecsbirirarenicatnl tHematedtdrsidraase
extracted with ethyl agasatentX3jehhava ainRICkERRICIRNIRGIS IRt haRoad BNV land
water, then brine, 25 dried (Mgg0Q4) and concentrated in yacua to giyve the.crude product -The
crude products widre (%%J}?g‘r' a g‘gﬁ‘ﬁ%&é %\%‘eol?aglﬁ%lap@ %‘?éﬁ%?(‘)q#%vl%ﬁ%er%fé?aﬁmo?r&%}’?gefﬁm
acetate/hexanes gaveaadRibreriethyl cinnamates, generally as colourless oils. 1.5General
Procedure E - Preparation QhbdPlkenyipeiatntidndt koo mgtars-Araaltticy ahirteimbiise onc or
4-phosphonocrotonate, (ROmmal i efll 0 ARYEERUS 0 delaRyHIRk KR A tas AtliEthor
r e n

over 5 minutes, to a suspension of sodium hydride (28nunol, 1.4 eq. 60% suspension in ojl) i
anhydrous tetrahydroft G (esharaetse Thiarn Agrativei e i iAst Rreaddiioal assg deoee
for 20 minutes. A2Solutivivirbthei?y ipeyzaigelsy des (20mra obmpaatiakpjeitedfom d1Grmigiagels

then added over 10 mipiie$,8f DftantifeRL ENYSR SHIERE AP iR SdSHIRE3D R IES And
then it was allowed to stir at room t erature until GC/MS analysis shé)wed thatdthe %tarting
i o ity = e 5%

aldehyde had been cSRETRRE? BB AHANR TS T3Py ive owglf‘gff t?lré) .ordjaﬁlc%y_e(
was 5 separated and tererpuioudatoyen indsmasariaatEbrasisintdbiiph esentisaszayhipiier coertinpalin
organic extracts were jH@kswvashetnyikpwalebithen dannepad athiMeSOd b sanaanimied in
vacua to give the,crude ethyl ester as an oil The crude produycts were chromat @BU%% yer
silica gel. Elutior(133 \§vith a mix d'lrré% o e%fj%%agt?g?e%é&%nﬁ%ggﬁg\%a%neg erelsﬁléﬁ)g%‘;?%sters a§g _s
colourless oils. one or more anti-viral nucleoside analogues such as for example 2'-C-methy! nucleoside




10 1.6General Procedure F - Hydrolysis Of Esters A solution of the ester (10mmol) in
methanol (50mL) and water (5mL) was treated with an aqueous solution of 6M potassium
hydroxide (20rwociy@eaqg3eand the mixture was heated under reflux until TLCPamalyigiwséoned
that no more starting material was present (usually 2-3 hours). The mixture was then poured
into water (50- 15 200mL) and acidified with concentrated hydrochloric acid to approximately
pH 2. The resulting carboxylic acid was collected by filtratfbn, washed with water and dried
overnight under high vacuum, 1.7 General Procedure G - Syzyki Reactions Of )
Bromonaphthoic Acid&4f# 'ﬁg?ﬁeog?yr%fpﬂ%‘?g fg%?af{?é%moﬁ?g{edz"ﬁegﬁé%‘ﬁ% oS ic Gcid (or
boronate 20 ester) (2@ yiaffidietrakis(triphenylphosphine)palladium(0) (0.1mmol), and solid
sodium carbonate (6.8mmophwarRAdsleddgitbeT east aavilgsdaivbianabe fhisdy plisgeehpvith a

nitrogen. Acetonitrile $6mj_ ar][d W(?Her 2'%@" L yere added a%ﬁngﬁ%&x‘% re was heated under
Id ha

: . accine sele ont a.t cCine or
reflux with vigorous stiffing dn i e star?lng romo- -napﬂtﬁom ac een consumed. The

reaction mixture Was then pJenxitieprabitsaian drpylitaricstis tompeandsotfispastt i HiRRide

solution (100mL). TheRgueafulayBh Wik siashecrviintealtionts {itweihangamnds or HCV

triphenylphosphine, 3 x 20ml,).the s,?ﬁé‘%ﬁieﬁ?ﬁﬁd?h B’Xiﬁ?&%ﬁ?ﬂﬁé‘%ﬁi—g)jm%%%%lﬁé idntBe
o ethy

naphthoic acid deriva Vs Were extracted | acetate (4 x 20mL). The combined ethyl

acetate extracts werePhRSREEFEN IR PIcoDBRE FoNerHrA A THRHEIY RTES04),
filtered, and concentrated. Phefarebigluewaspasitdyaedhs Grosedt-Hnkehtian Bnd piereivtisoyraphieah.

over silica gel (ifygequitedl;| BGeREMSHRI AERNMIR Fha RIERMUANN Qa0 4RIt a0Se W viral
2009/018609PCT/AU2008/Q01130 2 Toa sHﬁEeRg,g%n/P%Iution Oﬁﬁrb '&(tyl!:ig, S,;t{(}:iglal dditional
i :

(10mmol, 1.0eq) in didfEYSMERERE f#ﬁ_s)“'glo(htalnﬁfng_a tOp Of inethyiformamide was
added oxaly! chlorideageRphavisie aiegiahAstivit:alose dAheouesrtiorlk Bearderrrqdbthattinilerring
for 2 h, the resulting sahias) vsasbaxaREERSEDORIRASs wadexisdtl nettiplegsateard lsoresidue
was dissolved in 5 dry t&ér%&%%rcpfuran (30mL) and added to a solution of guanidine :
hydrochloride (50mmo?, .0eq) in 21v1 aqueous sodium hydroxide (30mL2§.-gThe reaction was
stirred at room tdfhperature s TRbIETHOHER iRl RIS Sronamral Sich At i pat A e
aqueous layer was extmeated prithathoivfenck (00 Rrfotkpdsl Hihesth plcave eherte.GolPRkEA AR
the combined organiG,layers fyARM aigfLREstAelb G PEPs shie IR iR WinGEngidue was
10 partitioned between chl%ro orm (200 L)r and 2M a uepus s gl&lus cr_rgédrgg(igge @ﬁ)&){gﬁa?qgr
the organic layer Was‘%%‘ﬂ% afed%Ra e rﬁé‘ﬂs"‘éﬂ&‘? Regsoﬂjtloq was filtered and ’
evaporated under recirenalpre s adaic Piefeiindie sshistidsiainit pletipifeb ths
point hexanes ware ag¥pdieaakingaprecipitation of the product which was collected by

filtration and dried under hi%g&gﬁ@aﬂe%&gpm&ﬁ&%w%t@fégpﬁ@ﬁg%
uti

Example 1: 4-Hydroxyindan _ 4-Aminoindan (3.0g) was added to a s no eptrated
sulphuric acid (2.4mLyPR¥keEs pEaHLY fHSPERaler SRR D80t °rt1‘§ Méﬁ%}geca&éﬁvé‘ﬁl

to 5C. A solution of ‘sedivity mitrtec(dffepted)iroidertor i S kplicasiatefdtCNOhser iRre RntiRg the
mixture while maintaigag HiadarReRie RIS TC Alahackljjar watauTplopeiae mhiton
was allowed to warm to room temperature an 2 as, a oL QG IS Was:
stirred for a furtheér 5 fﬁ?ﬁg)f:e%s%se o]r"eeJB(éelﬁ%“h“éa %@?@ggggyg atrenlr_lu?g]gg 1%1% ixture was -
then cooled to room temperBtraesind ekibe sretnl iayeation Beebseriealy psibdtiga te carly -
extracts were washedygith eV ueftth s ariprveyteaxiasi{Ent QM OB msdtbie eaffenteberdls

extracts were then aCJEg fiedyath veaehigricasid as}ﬂi@%ﬂﬁ&aﬁtwg%mlﬁ@sat&ﬁba after

(3x100rnL). The combined organic extracts were then washed with brine and dried (Na2S0O4)
before being concentf#8" e pessibin EPHER A HG ¥rude product was chromatographed over
silica gel. Elutiorsovith ethy| Reftated terdn as" Herapapivtatd Nyahpiydacttid is scheansidegs diltheir
(1.09). broadest contexts. The term "therapeutic" does not necessarily imply that a mammal is

treated until total recovery. Similarly, "prophylactic” does not necessarily mean that the



30 Example 2: 4-Indanyl triflate  To a solution of 4-hydroxyindan (I.2g, 8.9romol) in pyridine
(5mL) at 0OC was slowly added trifluoromethanesulphonic anhydride (1.6mL, 9.8mmol). The
resulting 26 ni@ReAME68%rred at OC for 5 minutes before being allowed t@URAEROGSOIIBI0
temperature and then stirred for 45 minutes. The mixture was then poured into water and
extracted with ethyl acetate (3 x 25mL). The combined extracts were washed sequentially with
water, 1M aqueous hydrochloric acid, water and brine, thé® dried (Na2SO4) and 5

concentrated in vacuosg%. é}/gﬂpl% rggl \éfniate as an ranfge o] .§2.13% 890/60)% Example 3:
Methy! 3-(indan-4-yl)aery\%te MIKEre of Crode AL dSFRT PSRk A%gTdnahn theisprasthy|
acrylate (1.01mL, 11.PfeeRdmcisriathdrammielowtianef (R 2mmntsima ofy pandtular condition or preventing
dichlorobis(triphenylphoesginespriadigmélERamiSddrnine haudimetminmapids 10 (15mL)
was heated at 85C for..zl;lo OHIS A.small ali ecg{g&/\égser emoved and worked up, for GC/MS
analysis which revealed a.svlgnlﬁcanf, amount-of starting m%%e?isav\%é ostﬂflsﬁrt'eg&?ﬂrtﬁ\cd‘ ional
methyl acrylate (0%7mEyPeitiomh FEermerenlsp apten Epeareeitiof eacuisting aonditien ovdhe feleney
and the mixture was hefatextt foraekfurther 24 hours. The mixture was, then poured into water,
extracted with ofhy| acetale ,Aad ihG, QLGRS YRS 2 WesRNASIAS N Waler en brine,

dried (Na2504), and concentrated in vacua to give the crude product as an ol (2 g%.?‘l'he
crude product was chfSHRISHA SR drerdminiees wirlnos st errabepnancamss Brigy
gave the starting triflatdgéistengy” 3886 sindsioumie sdndijstollawadiipsihe tlasitadomethykwo
3-(indan-4-yl)acrylrttedageriomnRida80iMe 200 dREXATRIesS: M&I&Ml&@éﬁnﬁnisﬁaﬁon by the
enzoylcinnamate T%n"%‘e%"é{%}’e? ofnf;}l-1 goao,bgnzopqgn ne,&S.(%%, 19rnmol), palladium .
acetate (215mg, 0.958mmol), ananf_rl-o-?dly hHSSRHIRE (265G ™" %ﬁﬁﬁ?&bﬂbﬁ‘& difesgee of
triethylamine (3.3mL, ASFhieRIndtoRivtes(aprs oxdrashetvantbeyidministeatng o Pihe aooipoTivand
mixture was heated athtGoQ. fitie t8npsitva ki tich atittendilteapalisis g diha Raieastian
was still incomplete. Agditignal portions of palladium acetate (215mg, 0.958mmol),
tri-o-tonIphosphng(ZQOmg, 0.953mmol), triethylamine. (3.3mL, 45mmol) and methyl aerylate
(2.2mL, 27mmol) were add&d i G FHPHIHANR et met Bt to, foravercns H¥rs.
After cooling to room teiFapreitangab siksuianeons nuscoialicttindermeltdramdsetia dtedowitir.ethy |
acetate (3 x 100mL). ThakeahinacREANIAMEICIE NS BN esharARR Wil water
and brine, and then ddgéi FM&Sa?r@raggthgcqrntroatgr%ltl%saarbroz\,/rvtri] olil 5.39). The oil was
chromatographed over Silica gel. e?tl_on' W_lttﬁa eetﬁy RS ES 1‘?.55’ &?S‘rded methyl
3-benzoyleinnamate (4.6g, SHOBJESNLRHERAR alrFxtendEte fpamrsuitablefontopipdippriicitoacierh
Agueous 5M potassivancreatho letenddnde)S0Nunol) was added to a solution of methyl

3-benzoylcirmamate (2.59, R 45armaeleibaisthan g . ae]  Stipred at room
temperature for 18 hours. Thﬁ mixture Vé‘as_ tglonc%f%g@?%ﬂr%a%%ﬁéé%@%ﬁﬁﬁugﬁ u%ﬂnaly
r

aqueous hydrochloric A8 THE PR Bragil et as o maspanranmrsiiod Hied under
vacuum to give 3-berss6dsneraiie the il Taspest 9BYS) imeatipellow solid. :

It is especially advantageous to formulate parenteral compositions in dosage unit

25  form for ease of administration and uniformity of dosage. Dosage unit form as used
herein refers to physically discrete units sujted as unitary dosages for the mammalian
subjects to be treated; each unit containing a predetermined quantity of active maten;al
calculated to produce the desired therapeutic effect in association with the required
pharmaceutical carrier. The specification for the novel dosage unit forms of the invention

30  are dictated by and directly dependenf on (2) the unique characteristics of the active
material and the particular therapeutic effect to be achieved and (b) the limitations
inherent in the art of compounding. -



Example 6: 5-(1-Methy1-1H-pyrazol-4-y1)-2-naphthoic acid A mixture of 5-bromo-2-naphthoic
acid (2.12g, 8.44mmol), 1-methy1-4-(4,4,5,5- 10
tetramethyl-1,3v®-ceoxaisonelan-2-y1)-/IT-pyrazole (1.84g, 8.86mmol), and PCT/AU2008/001130
tetralcis(triphenylphosphine)palladium(0) (502mg, 0.435mmo1l) in a 250mL round bottomed
flask was evacuated and purged with nitrogen (in three cycles). Acetonitrile (40mL) and 2M
agueous sodium carbonate (10mL) were added to the mi&ure via syringe, and the mixture
was heated under reflux under nitrogen for 22 hoursba;fge 15 re{':l tion mc;xcture i/vas alltowed to
cool before the addition of TRPSFYHEDIS WS AFRATERR HABTSOME ARA PR AR EXh Aty ®
with ethyl acetate’ (3 x<5@iinlayailde cothismedleddatic deyerm wdrsushesl ihysoayidhtradbentd
concentrated in vacug {Q Riovide @ mpdraeveshetf2. A88aeuaNining) EBs ke material

was dissolved in hot ethanol (150 and filter ile hot to_remove a vellpw impuirj
(120mg). The filtrate &&’Q‘i’%ﬁé@%ﬁ%ﬁ%ﬂﬁ# R’?a(e?';%%v%%’g;% %kraé-s(’legetfiemg g%%}c;r%ﬁltcaslf?ge‘ggﬁgfnc
dichlorometbane §30rHey o iR AERC SrebsrinsthGradmeyrad Siilmsyny: Thehamsicoksiorhbadiuite
solid (724mg, 34%). A7epesvassr ol Bt (MbRtiAIH Rey Az dayd Fie Salphdb akel Baitrite 3710y,
25%) was obtained frgm the concentrat ther liquors b lisation. f
dichloromethane (20%@?%%?(%%‘5 59‘/?'%-%]19-K?@ﬁﬁ%l%ﬁi%ag%%%%%@%gﬁ{%gfﬁaﬁar]idine
Oxalyl chloride (1.1mfersyren was added to a solution of

5-(1-methy1-1Hpyrazol-4-y Bfeetiephibaic anictfipld2d bé (it presot) invembydriduesry depending on
dichloromethane {20QrnL. (which a3 AMAGH IRRRLIRRARIUERE: NISHS AR RANEGE tems,
dissolution)) containing dimethylformamide (§ %ps) %Jgg%jeﬁ Hi:[mg nan thtel Eﬂlé{#&e Was
stirred at 30 room terfBETAYAAERIE B8 B SO R OfRlse Rof TRV RRE N R S sE TP
hour at 40C, before be#ightoncentrated under reduced pressure. The resulting crude acid
chloride was suspended in Mygmmﬂﬁ(amwam{a%kaMdﬂMmmem
2009/018609PCT/AU2008/001130.added dropyvise 10 .a. ' idi '
(2.09g, 21.9mmol) in W@&%&)ﬂ%g}gg?ﬂj eﬁmg%g)?i ees?ri%l?ﬁg_%%Qrﬁ%w%)%’;@a%gft%%%g%?%ﬁpﬁﬁure
was then stirred #r 30thaf0tsera RERTEETAE thn semnpds efhir Arseh Myciien QrRbeds sidse
was extracted with chiaseftwpfBcerBinnidy fhidaechinvethybiadetede (Saxidow by Hecawanbined

5 organic extracts weig.aeligrsamueRalloth AN AGURRYS SR 6OME QNG

water (40mL), then dr_iedé&NaZ 04) and co ceglté)a%tgee in vacua to give a glassy. solid (1.45g

after drying under higHSPBRYFATH) 2riH SPREHY R &t

&fSh dichloromethane which was then

allowed to evaporate slowlyltés &ivks Bfarstaedniaverscpthas st detgided desesiptitnofpseififdine as a
yellow solid (1.1%@, 83%bkcdikdsxampiands Eihplethadmethyliate sity Gintepaimse ofaediplifying
prosphonoscetate (4520 CTDR) A8 APHRLSIGRUISE 0 FVGFASUSOERSAN o

r

sodium hydride (0.80 ,eféﬁmo_ v_ﬁ?g)ﬁhyqsrous__tetrahy ofiran (20 mL) at OC under nitrogen.
The mixture was stirrBE¥t SRecTRtionof iz et YS: methylenedioxybenzaldehyde
(2.50g, 16.7mmol) in tetrahydrofaran (10mL) Was added 15 dropwise at OC. The mixture was
stirred for 2 hours du LE¥me it was allowed to warm to mom temperature. The mixture
was poured into water (250#¢utkt);vimbheititnodl thitlcetpyhadetie (Bse@50vabtiol tan bo ks hegl

organic extractsyera,lagn.washsd wih, Mg AlisdMMeRA /B Faacapimietit@cua. The
crude product was cbromato‘f%r over silicag(‘;gej_ Elution with
e

h h
(1'10) gave ety 20 2 AURTBEANGoy BTSRRI D AR iy G e ods

.

Example 9: 2,3-Metbftempulssizaifithanvoratids of hebivantianpbetrganeric and specifi, described
2,3-methylenedioxycCiniam AR 4PR)r iR g0l 2ERE s wakex (Simle) ias: Manie thish a
solution of potassium hydroxide (4.3q) in w 25mL). The.mixture was stirred, guernight at
room temperature be?é?’/é: aﬁ‘e)ﬁ’ﬁ& %@‘83%"'&’8‘&?&% [k cu-és’tgfrrt;ﬂéfh'7 f?geg\?%‘ﬁeglﬁ Volume. Trk%

concentrate wasitherpedisivie araalbe caniddsdtin RETAG3006{000889. inrommpratsd dRssdm rifrieca iy

as a colourless solid (.&#kge95%) which was collected by filtration and dried overnight under
a vacuum.




Example 10: 2,3-Methylenedioxycinnamoylguanidine Oxalyl chloride (0.68mL, 7.8mtnol) was
added to a suspension of 2,3- 30 methylenedioxycinnamic acid (500mg, 2.6mmol) in
dichlorometham&@(@ask0i18enataining a drop of dimethylformamide. The mixturRCWas 20 sye 1&r
2.5 hours and the resulting solution was evaporated to dryness under reduced pressure. The
residue was dissolved in 29 dry tetrahydrofuran (5mL) and added to a solution of guanidine
hydrochloride (1.24g, 13mmol) in 2M aqueous sodium hydroxide (8mL). The reaction was
stirred at room temperature for Ihour and chloroform was then added. The resulting precipitate
of crude product (1Offing) waLEOLIRSEIELH AtratEtidnsembaryissisd Pramivnricmsiiorm
5 (3 x 30tnL) and ethyliedetaer¢20ing juaidnedpebendly groauial exitacksmwis Gydashpeidyithi? Mith

aqueous sodium hydroxigia6R0tildhel WARHS2OR Bl ;§ﬁc@e2§8@pﬁ@%%gemrated under
reduced pressure to gl(\fe af rth?@ﬂ‘uaml% crude pro uct (400rng). The two crops of crude

product were combineH, STEER FO FF EHiaR ISP L BRlfS %Hﬂ‘g‘l‘fﬁ%ﬂ"ﬂ@b%tgﬁ%lp Beym. Bull.,
minutes. The resuRing 2 lﬁ?ﬁe‘tﬁyléﬁed|oxycmnamoy|guan|d|ne 10 (420ing) was collected by

filtration and dried undg#aggmﬁxgm@eé&s&;}gﬁ\ﬁ[@e%g@y SueRmpoLBgls using the
bacterial bioassay met f&? hg bact ]goaﬁsa method used in the present example to
t

test the anti-viral activit e compoun S AGaSt A AT G Ry LR P in

detail in PCT/2004/00086¥MatiBep brdscPateits Sk ¥irety herein by reference. This assay is used

in 15 conjunction with the OBkt BubagyBAHUIN mw&%m@eﬁﬁ%&%&&&%&@uaﬂﬁiﬂé

compounds are '%““fa%&wﬁgmﬁr@iw}a}g&%ﬁz&%w VLS P 15@%&&% ! ?sbﬂ 2{58' Bber QP the
i0-assa

some compounds may be active in both assays. ™ Briefly, the bacteri

screening potential anti* ﬁ’é\f%&‘ﬁ?ﬁ‘ﬁ’fﬁﬁ‘éﬂ%&ﬁa‘?&a’“ﬁﬁ% ﬁ@’\?b&? %@éﬁaﬁmﬁrwwas
small membrane protefi dremibesihyf2bstDNEdwicnitasidsfamnttien aingdt vityrs uppeeti dessiltdd
growth and/or replicatigfke mTMhencoding synthetic cDNA. fragment cDp7.coli, in which

codons were optlmlse&fé exgresnsgn qf the ?or p,gleln |n B co a;eclo ed into the

expression plasmid 1 Creating e vee Tk Poasr R RS rature

inducible, as des&ﬁbed |H@QWFW@@W2@M/W%MW@ﬂﬂh@gié@vmfbf@wne% cells
expressing p7 at 37C wasmdiseriet:as an indicator of p7 ion channel function dissipating the

normal Na gradient mpiigiagdRFae-Resiniaeslin RlRSRfoIRDR 4.2 paricliar
ep

compound application s |nd|cate that the compound has inhibited e pressmn 0 ion
channel activity that preveATE RotitRrIPetHR QreasitRearitndoHnMAY: B R enmr tamtpmed

results of the bacterial bibeisBay tests obtained over a period of time and averaged, are
summarised in Takle fijTelomwactibid LLOA0 I8 AP Q20O ARMh an aromatic halide or
. aromatic triflate using palladium catalyst (the Heck Reacﬁen), described in Organic
Reactions, 1982, 28, 345, and references contained therein.
iv) The reaction of a trialky-] phosphonoacetate with an arématic aldeﬁyde and base (the
Horner-Emmons Reaction), described in Organic Reactions, 1977, 25, 73, and
25 references contained therein. :

A number of simple halo, hydroxy, and alkoxy substituted naphthoic acids are either
commercially available or known in the art and these provided the starting toaterials for
the susbstituted naphthoylgnanidines.

Naphthoic acids which are substituted with alkyl, eycloalkyl, aryl, and heterocyclic

30  groups can often be prepared by reacting a halonaphthoic acid with a suitable
organometallic reagent using a transition metal catalyst. One such variant of this

methodology which was used to prepare a number of the substituted naphthoic acids used



30 Table 1: Mean Bacterial Bioassay Assay Scores For Compounds Of The Invention
Average Bacterial Assay Score Compound Name BIT# HCV p7
(3-benzoyl)cinrsimaydgyarisitine 216 1.3 2;3-methylenedioxycinnamoyl guaniiimeaP 2608001130
5-methyl-2-napthoylguanidine 218 1.7 3(indan-411)-propenoylguanidine 222 2.0
5-bromo-6-melhoxy-2-napthoylguanidine 223 0.5 5-thiophen-3-y1-2-naphthoylguanidine 224
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as precursors to the naphtho ylguanidines described herein, was the palladium—catalyzeci
carbon-carbon bond forming reaction between bromonaphthoic acids and a suitably
substituted boronic acid (or boronate estef) which is widely known in the art as the
Suzuki coupling (described in Chemical Réw’ews, 1995, 95, 2457 and references therein).
The reaction has wide applicability and can be used on a range of substituted
halonaphthalenes which can then be further efaborated to introduce or unmask the

required carboxylic acid group.

1. ° General Synthetic Methodology

1.1 General Procedure A — Preparation Of Aryl Triflates

To a solution of the phenol (10mmol) in pyridise (7mL) at 0°C was slowly added
trifluoromethanesulphonic anhydride (11mmol, 1.1eq). The resulting mixture was stirred
at 0°C for a further 5 minutes before being allowed to warm to room temperature and
stirred until TLC analysis showed that the starting phenol had been consumed. The
mixture was then poured into water and extracted with ethyl acetaté (x3). The combined
extracts were washed sequentially with water, 1M aqueous hydrochloric acid, water and
brine, then dried (MgSO4) and concentrated in vacuo to give the crude product. The
crude products were chromatographed over silica gel. Elution with a mixture of ethyl

acetate/hexanes. gave the desired aryl trifiates, general]y as colourless oils.

12 General Procedure B — Cinnamate Esters Via Heck Reaction Of Triflates

A mixture of the pheny! triflate {10mmol), methyl acrylate (14mmo), 1.4eq),
triethylarnine (40i‘nm0 1, 4eq) and dichlorobis(triphenylphosphine)paliadium (0.3mmool,
0.03eq) in dimethylformamide (30mL) was heated at 90°C. The reaction was monitored
bf,l GC/MS and fresh batches of methyl acrylate (leq), tristhylamine (2eq) and the
palladium catalyst (0.03eq) were added as required, in an effort tb force the reaction to
completion. The fnixtu:e was then poured into water and extracted with a 1:1 mixture of
diethyl ether/hexanes (3). The combined extracts were washed with water, then brine,
dried (MgSO4), ﬁl;‘.ered through a pad of silica gel and the filtrate was concentrated in
vacuo to give the crude product as an oil. The crude products were chromatographed over
silica gel. Elution with a mixture of ethyl acetate/hexanes gave the desired methyl
cinnamates, generally as colourless oils.

1.3 General Procedure C — Cinnamate Esters Via Heck Reaction Of Bromides



5-(1-methylpyrazoi-4-y1)2- 225 1.20 naphthoylguanidine 3,4-dichlorocinnamoyl guanidine
300 1.12 (1-methoxy-2-napthoyl)guanidine 301 0.25 (3-methoxy-2-napthoyOguanicilne 302
0.76 (5-bromoszenzeegagbyuanidine 303 0.62 (1,4- dlmethoxy 2-napthoyl)gramicins @i 0360
(6-(3-thienyl)-2-napthoyl)guanidine 305 0.08 -
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The aryl bromide (10mmol), palladium acetate (0.1mmol, 0.01eq) and tri-o-
tolylphosphine (0.4mmol, 0.04eq) was added to the reaction flask and purged with
nitrogen. To this, methyl acrylate (12.5rhmo], 1.25eq), triethylamine (12.5mmol, 1.25eq)
and dimethylformamide (1mL) were then added and the mixture was heated at 100°C.
The reaction was monitored by GC/MS and fresh batches of palladium acetate (0.01eq),
tri-o-tolylphosphine (0.04eq), methy] acrylate (1.25eq) and tricthylamine (1.25eq) were
added as required, in an effort to force the reaction to completion. The mixture was
ponred into water and extracted with a 1:1 mixture of diethyl ether/hexanes (x4). The
combined extracts were washed ‘with water, then brine, dried (MgSO4), filtered through a
pad of silica gel and the filtrate was concentrated in vacuo to give the crude product. The ’
crude products were chromatographed over silica gel. Elution with a mixture of ethyl
acetate/hexanes gave the desired methyl cinnamates, generally as colourless oils.

1.4  General Procedure D — Cinnamate Esters Via Horner-Emmons Reaction

A solution of triethyl phosphonoacetate (13mmo), 1.3eq) in anhydrous.
tetrahydrofuran (10mL) was added, over 5 minutes, to a suspension of sodium hyd:ide
(14.3mmol, 1.4eq) in anhydrous tetrahydrofuran (10mL) at 0°C under ﬁi{r;: gen. The
mixture was then stirred at 0°C for 20 minutes. A solution of the benzaldehyde (10mmol)
in tetrahydrofuran (15mL.) was then added over 10 minutes at 0°C. The mixture was
stirred at 0°C for a further 30 minutes before being allowed to stir at room temperature
until GC/MS or TLC analysis showed that the benzaldehyde starting material had teen
consumed. Typically, reactions were allowed to stir at room temperature overnight to
ensure complete COHSUII'lpthIl of the starting aldehyde. The mixture was poured into
water, the orgamc layer was separated and the agqueous layer was extracted with ethyl
acetate (x3). The combined organic extracts were then washed with water, then brine,
dried (MgS04) and concentrated in vacuo to give the crude product. The crude products
were chromatographed over silica gel. Elution with a mixture of ethyl acetate/fhexanes
gave the desired ethyl cinnamates, geperally as colourless oils.

1.5  General Procedure E — Preparation Of 5-Phenylpenta-2,4-Dienoic Esters

A solution of triethyl 4—phosphon60rotonate (26mmol, 1.3eq) in anhydrous

tetrahydrofuran (10mL) was added, over 5 minutes, to a suspension of sodium hydride

| (28mmol, 1.4 eq, 60% suspension in oil) in anhydrous tetrahydrofuran (15mL) at 0°C

" under nitrogen. The mixfure was then stirred at 0°C for 20 minutes. A solution of the



(6-methyl-2-napthoyl)guanidine 306 0.07 (5-phenyl-2-napthoyl)guanidine 307 0.46
(5-(thien-2-y1)-2-napthoyl)guanidine 308 0.55 (5-(1-isobutyl-1H-pyrazol-4-y1)-2-
napthoyl)guaninedd018:86 (5-(3-furyl)-2-napthoyl)guanidine 311 0.81  PCT/AU2008/001130
(5-cyclopropy1-2-napthoyl)guanidine 312 1.00 (5-chloro-2-napthoyOguanidine 313 1.30
(6-(1-methylpryazol-4-y1)-2- napthoyOguanidinium acetate 314 4.03 '
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benzaldehyde (20mmo)) in tetrahydrofuran (10mL) was then added over 10 minutes at
d°C_. The mixture was stirred at 0°C for a further 30 minutes and then it was a]iowed to
stir at room temperature until GC/MS analysis showed that the starting aldehyde had
been consumed. The reaction mixture was pdu.red into water, the organic layer was |
separated and the aqueous layer was extracted with ethyl acetate (x3). The combined
organic extracts were then washed with water, then brine, dried (MgS04) and
concentrated in vacuo to give the crude ethyl estex as an oil The crude products were
chromatographed over silica gel. Elution with a mixture of ethyl acetate/hexanes gave the
desired ethyl esters as colourless oils. ' '
1.6  General Procedure F — Hydrolysis Of Esfers

A solution of the ester (10mmol) in methanol (50mL) and water (SmL) was
treated with an aqueous solution of 6M potassium hydroxide (20mmol, 2Zeq) and the
mixture was heated under reflux until TLC analysié showed that no more starting
material was present (usually 2-3 hours). The mixture was then poured into water (50-
200mL) and acidified with concentrated hydrochloric acid to approximately pH 2. The
resulting carboxylic acid was collected by filtration, washed with water and dried
overnight under high vacuum. _ '
1.7  General Procedure G - Suzuki Reactions Of Bromonaphthoic Acids

The bromo-2-naphthoic acid (2mmo}), the appropriate boronic acid (or boronate
ester) (2.2mmol), tetrakis(triphenylphosphine)palladium(0) (0.1mmol), and solid sodium
carbonate (6.8mmol) were added to the reaction {lask which was then purged with
nitrogen. Acetonitrile (6mL) and water (2.5mL) were added and the mixture was heated
under reflux with vigorous stirring until the starting bromo-2-naphthoic acid had been
consumed. The reaction mixture was then partitioned between toluene (50mL) and 0.5M
sodium hydroxide solution (100mL). The aqueous layer was washed with toluene (to
remove any triphenylphosphine, 3 x 20mL) then acidified to pH 1 with concentrated
hydrochloric acid. The naphthoic acid derivatives were extracted into ethyl acetate (4 x
20mL). The combined ethy] acetate exiracts were washed with water (3 x 20mL) and
brine (10mL), then dried (MgSQy), filtered, and concentrated, The residue was analyzed
by 'H NMR, and chromatographed over silica gel (if required).
1.8  General Procedure H — Preparation Of Acylguanidines



(5-(2,6-dimethoxypryridin-3-y1)-2- napthoyl)guanidine 315 0.20
(5-(2-chlorophenyl)-2-napthoyl)guanidine 316 0.37 (5-(4-(acetylamino)pheny1)-2-
napthoyDguarekh®@10288096 (5-(3-(acetylarnino)phenyl)-2- napthoyl)guanRiiTeAB2@ 807 B30
(5-(4-((methylsulphonyl)amino)pherwl)-2- napthoyOguanidine 319 0.10 ASSAY POSITIVE
CONTROL BITO6 (3-Bromocinnamoyl)guanidine 7 2.00 '
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To a suspension/solution of carboxylic acid (10mmol, 1.0eq) in di_tchlommethane
(30mL) containing a drop of dimethylformamide was added oxalyl chloride (12mmol,
1.2eq) which caused the solution to effervesce. After stitring for 2 b, the resulting
solution was evaporated to dryness under reduced pressure. The residue was dissolved in
dry tetrahydrofuran (30mL) and added to a solution of guanidine hydrochloride
(50mmol, 5.0eq) in 2M aqueous sodium hydroxide (QOmL). The reaction was stirred at
roum temperature for 1h and then the tetrahydrofuran layer was separated. The aqueous |
layer was extracted with chloroform (100mL) followed by ethyl acetate (100mL) and the
combined organic layers evaporated under reduced pressure. The resulting residue was
partitioned between chloroform (ZOOmL) and 2M aqueous sodinm hydroxide (1 00mL)
and the organic layer was separated and dried (Na;SOj). The solution was filtered and
evaporated under reduced pressure to the point where a solid began to precipitate. At this
point hexanes were added causing precipitation of the product which was collected by
filtration and dried under high vacuum. . '

2. Specific Experimental Examples Of Syntheses
Example 1: 4-Hydfoxyindan

4-Aminoindan (3.0g) was added to a solution of concentrated sulphuric acid
(2.4mL}) in water (15mL). More water (15mL) was added and the mixture cooled to 5°C.
A solution of sodium nitrite (1.71g) in water (4.5mL) was added portionwise to the
mixture while maintaining the temperature below 5°C. After addition was complete the
mixture was allowed fo warm to Toom temperature and urea (0.29g) was added. The
mixture was stirred for a farther 5 minutes before being heated at 45°C for 30 minutes.
The mixture was then cooled to room temperatute and extracted with ethyl acetate. The
combined organic exiracts were washed with 2M aqueous sodium hydroxide (2x100mL)

and these agqueous extracts were then acidified with hydrochloric acid and extracted with

_ethyl acetate (3x100mL). The combined organic extracts were then washed with brine

and dried (Na;S0;) before being concentrated in vacuo. The resulting crude product was
chromatographed over silica gel. Elution with ethyl acetate/hexanes (1:7) ga;.re 4.
hydroxyindan as an orange oil (1.0g).
Example 2: 4-Indanyl trifiate _

To a solution of 4-hydroxyindan (1.2g, 8.9mmol) in pyridine (5mL) at 0°C was
slowly added trifluoromethanesulphonic anhydride (1,6mL, 9.8mmol). The resulting



BIT12 5-bromo-2-fluorocinnamoylguanidine 4 2.70 The positive controls were used in
this assay to ensure that the assay was working rather than for comparison of relative
activities of theveonnepartds? A result above zero 5indicates that the compour@irdapsten iz
anti-viral activity. Example 12 - Testing p7 inhibitors against Hepatitis C Virus. WO
2009/018609PCT/AU2008/001130 31  Testing of the antiviral efficacy of new potential HCV
drugs is made difficult by the lack of a generally accessil#€ cell culture model system for HCV.
Proposed p7 inhibitors were tested using, surrogate flavivirus systems, jn particular GBV-B
and BVDV (Bovine VIPIFBRANFORESiFAL) G i e P P R Iaed Bousr (oisedy
flavivirus to HCV, shasmgeRFuB394i theolsdietefcetiranttesdiistininel 28 by pouts G i Siattrane)/

over the complete polyRaptge SeaH eSS VAT SEPES SOt KX eOH SHHIBGRLEYSIRNY

for HCV because it infects sma|l New World. primates and replicates efficiently in.viiro in
primary marmoset he%%‘o%?ffé’ _ ‘é‘iﬂ?ﬁ!}g’&&ﬁ%r@@ﬁ%‘” tgfnag o%ﬁg’o‘ﬁ&%&% C(gl #é’gdpls.
It is 10 shown hefein thrreatmaFretis yeiptidve Sy parisoritiampieniosnd et Feldgirtdie)
transmembrane helicgs Qifd 3: (Whighisharadha-grastaatdomology to p7) forms a cation
selective ion channel that, like the. p7.channgl. is b Y lne
mg’oﬁmmma%nglﬁf 4 BASROIRANCHRISTISRAY @'oh,

2006). On the other hand, unfike p /A does not Inhibit the p13 heSe
observations confirm th2re e kgiieyGritdh drmerl-dedtéimilar, but not identical,
15structural features.dichlbelbsieghed Fitoapbin)pdtediae 1Tk 9y 2bactelial dissdyBenaemidg for
inhibitors of HC\{(p7 <yx6re) (GRIRLhior AR4HY 5 TYHBlCR VsB BRYGANAS i en ahy SAaHaIngt
hepatocytes (see Figure 1). The hepatocytes wefe mogl%;jl%[ed 3- gf}{s Eaf;[eriﬁ)latlr} _v\{|th 102131
TCID50 of GBV-B po&fi?&ﬁigr?ﬂﬁlgé’fg’é?ﬁ}ﬁ{?ﬁ S A AUELIRR! BRAUS PERET R T ERG B then
the cells were washegrtserie Aitditiorahmieshylaceridis (@ Tolda fricthyieadre Sanimandbearailidivm
(SFM) supplementedautilyerorpsaandiaeawib dfaciimdvshiatansed farifee DLbBHC. The.
supernatant was measured as viral RNA.copy num I real- -P
Compounds - dissolvgﬁ([f'rﬁ)m e:n nggda’ﬂ%%’t%ge&r%%?fﬁ ge%%%%%rh%%pﬁgﬁ%g\%gs_
inoculation (“prelfreatiientasist prheatcndiymbrite ddsh mRlorraherasiatrify Gupl eive
("post-treatment”). Nahiesitneriduegativeil(RMS Tlertdirie popositisechromatographed over silica

gel. Elution with ethy) acetate/hexanes (1:19) gave the starting triffate (812mg, 38%) as a

colourless oil, followed by the desired methyl 3-(indan-4-yl)acrylate as a brown oil
(880mg, 54%). _ '
20  Example 4: Methyl 3-benzoylcinnamate
“To a mixture of 3-bromobenzophenone (5.0g, 19mmeol), palladium acetate
(215mg, 0.958mmol), and tri-o-tolylphosphine (290mg, 0.953mmol) was added
triethylamine (3.3ml., 45mmol), toluene (4mL), and methyl acrylate (2.2mL, 27mmol).
The mixture was heated at 100°C for 18 hours at which time -TLC analysis showed the
25  reaction was still incomplete. Additional portions of palladium acetate (215mg,

. 0.958mrmol), tri-o-tolylphosphine (290mg, 0.953mmol), tricthylamine (3.3mL, 45mmol)
and methyl acrylate (2.2ml., 27mmol) were added, and the mixture was heated at 110°.
for a further 18 howss, After cooling to room temperature the ‘mixture was poured into
water and extracted with ethyl acetate (3 x 100mL). The combined organic extracts were

30 washed sequentially with water and brine, and then dried (MgS0Os) and concentrated to a
brown oil (5.3g). The oil was chromatographed over silica gel; Elution with ethyl
acetate/hexanes (1 :9) afforded methyl 3-henzoylcinnamate (4.6g, 91%) as a yellov\_f solid.



(10pg/m1 Poly LC) controls were included in the experiments. Cytotoxicity of the compounds
toward the hepatocytes was tested via a standard MTT assay. The most striking result was in
the cells pre-tréeaedase@dp.M BIT225, in which  no virus was detected e TieleMlsnE 130
supernatant. 20p.M BIT100 reduced virus replication 30by more than 1.0 log and inhibited
virus more strongly than the poly I:C positive control. The efficacy of both BIT225 and BIT 100
were reduced somewhat when the compounds were add@d post-inoculation, suggesting that
the compounds may algt' atPa} V. JX,‘B%“)’ ﬁﬁl&e WC;(%(309/018609PCT/AU2008/001130 32 of

the virus life-cycle. Noré oPtha comﬁo‘ﬁ?ﬁc S |?1nl‘l'|°gur’e 1 showed cytotoxicity to the hepatocytes

at20gM  BVDV belongs tauwreveMinressieeiudrerimrd el abmmad ivanridnf inwep bisien of
surrogate model systaseifgr identifigaiinmmaicPeR) baidnisy antidialod (POAE)de te thiknbewany
similarities of their gename structure, gene proqgucts an? relm;&g[tion Cé/%? ! addifion,:Hojike
GBV-B, which can onFyFl Se (%fﬂ?r%cr I|lj prrm{g%rr?egg‘é’t"é%yté‘g, I3VDV |s rea |§/g?own inltilssue

culture and commniypHdewsiag A swrsweysathieinssidniisorling metiptpisramronsatet 8ys.
The ITCV p7 homolodileanbBaidyribhsniaenacaioin givd Grrmnyioheianasd §hel go9B% pssential
for generation of infecjt,'hqﬂ@\égﬁ@ particles 10(Harada et al., 2000 and Griffin et al., 2005).

The antiviral evaluation of selected BIT compounds a%ainst BVDYV was outsourced to

Southern Research MR R UMSRe a4y itprrkteis asilction format is used
in which the antiviral efficacy efisheecdinpourd-isrhdsdsseid 3yl Bgef-Hbithglkd radbabtib4.5.5-
cit;%%tg)ic ef;ect_m B\%&yniai@@ligplaimh&@@ﬁrmgﬁmﬁ_kioh@ymmanwoId a

aL, virus-induced, cytopathogenic effects sinhihition as edure was
employed to evaluater}?:%%lﬁ%ﬁﬁ%gy?g?%%%\%ﬁﬂa%lﬁ\‘ﬂé%ég%ﬁs _b%\%lh%ﬁ‘?%%%ﬁg%\wﬁﬁ N
(BVDV) strain NADL, hetiomed ks srsonaedkand eypavDuhnimeende Sageayae - Pctppitde
2). Antiviral assays wedeniiosighed iiest stdibaltdageaaonta tensaadeizeithe Gdduypdand in
triplicate against the cRaleNge MGGl GAOHAISS (aladrGRRIAINAL: PRESHLIRORIS Fours. The
virus-infected cell controls (C) containing medium and vir Séﬂ%ﬁusg C)ﬁg?xmlt C?&érolil )
containing. mediuth arfGRESRHRFREE R RANE S ToPA BEart %‘18 R BhtEIRG TS Thedium
only (no cells), and dragdddfmishais wentrenstorstadhinth aiud aspdteddditfmidolbe rephinedun
simultaneously with thaJast heERPIRS: &ML SUE)aleRE 2l dnRa1t896 2512 RAGENEE a crude
control compound. On th eceding.the , th ecel were 4dr in;}z1 leted,
counted and resuspeﬁé%%%ﬁ%%% iﬁrﬁlgg ?ﬁ%l%mg n%%%fuar{rel %%%%v?ﬁrfla%%to%%%ﬁssue '

culture plates in a vol §HEEH 2odHispa-whin bes R raEgon g By S 1ime): s flsnte Frte
washed and the poedivmcergmtedplacech withticorsdetovaseciovtal Bl Seradiy idommaathags (FHhds

concentrations of test,Gmparad 134 MEAD. 5 A halblos#e aSvvdisnlgradgliquot
Gitod o tisane ooy {ecomg &5 &5?9.53' A RSP USRS Bt By
' was obtained from the concentrated mother liquors by recrystallisation from
dichloromethane (20md.).
25 Example T: 5-(1-Methyl—1H—pyrazoi~4-jfl)-2—naphfhoyiguanidine
Oxalyl chioride (1.1mL, 13romol) was added to a solution of 5-(1-methyi-1H-
pyrazol-4-yl)-2-naphthoic acid (1.19g, 4.71mmol) in anhydrous dichloromethane
(200mL (which was added in portions during the reaction to effect dissolution))
containing dimethylformamide (2 drops) under nitrogen and the mixture was stirred at
30 rooﬁ: temperature for 4.25 hours. The reaction mixture was then ht;.ated for 1 hour at
40°C, before being concentrated under reduced pressure. The resulting crude acid

chloride was suspended in anhydrous tetrahydrofitran (50mL) and this mixture was



medium such that the amount of virus added to each well would give complete cell WO
2009/018609PCT/AU2008/001130 33 killing at 6-7 days post-infection. The plates were
incubated at 3mDizeshusmndified atmosphere containing 5% CO2until ma>dmiuva QRE/81130
observed in the untreated virus control cultures (--day 7). Inhibition of (WE by the compound
was determined using Cell Titer.96 (Promega). A calorimetric method for determining the
number of viable cells 5 was used. A computer program #fas utilized to calculate the percent

of CPE reduction of thﬁgi&gﬁlnfected wells an tuql% perGe 09(3 | %1 1%&5}1{)“9@2@9 drug

control wells. The min Hvbsfoo X rug con cBntration uces e CPE béﬂSO% 0CSO

and the minimum tox|@%9§@9ﬁ9@dﬁé@éﬂ%%é@§5@%@4§ﬁd&%ﬁ‘bﬂﬁ%%@é BHEED,
(TC50) were calcuIatqgrtmag,ﬁtgggnm@mlapmy@mpgegmﬁﬂ withtlgenpdogs pbiavevfatrragtedo

therapeutic (selectlwt d I50 VR ' bynahiviging. the
TC50by the IC50. r{l?g %f;/ glty was ljn%glzéured se%%}r%tgetéllﬁ? ‘f}nlnf nﬁgceal(rsgyz @%ﬁ

BIT compounds Were Q&g “rﬁ“ﬁ‘f@ Fiese aeshsrl sraRERHRbRIR 418 ?ﬂiﬁ?ﬁﬁﬁ?\ PRy
the cells just prior to |@fﬁpﬂ@ﬂ@rawt&ﬂﬁimamdahrm@omﬁmémm&p@@ﬂmiaﬁswép%

of them, BIT225 and BT334 eyt 39{%} Gromala) BR0RlueS drsenkaliriRiikhane

Compound IC54 TCss A 311-225 11.6 21.7 BIT-30Q W Iq% p.M N{% Eﬂ'li 124
N/A 5.21 gM which was then allowed to evaporafe slowly to give 5- -met “pyrazol-4-y

paphthoylguanidine as a yellow solid (1.15g, 3%)
10 - Example 8: Ethyl 2,3-methylenedioxycinnamate
Triethyl phosphonoacetate (4.05mL, 20.2mmol) was added dropw1se 1o a stirred
suspension of sodium hydride (0.80g, 20mmol} in anhydrous tetrahydrofuran (20 mL) at
0°C under nitrogeri. The mixture was stirred at 0°C for 20 minutes. A solution of 2,3-
methylenedioxybenzaldehyde (2.50g, 16.7mmol) in tetrahydro furan (10ml.) was added
15  dropwisc at 0°C. The mixture was stirred for 2 hours during which time it was allowed to -
warm to room temperature. The mixture was poured- into water (250mL), and extracted
with ethyl acetate (3 x 250mL}). The combined organic extracts were then washed with
brine, dried (MgSO4) and concentrated i vacuo. The crude product was
chromatographed over silica gel. Elution with ethyl acetate/hexanes (1:10) gave ethyl
20 2 3-meﬂ1ylenedioxycinnamate as a colourless solid (3.50g, 92%).
Example 9: 2,3-Mcthylenedioxycinnamic acid
A solution of ethyl 2,3-methylencdioxycinnamate (3.40g) in memanol (25mL)
4nd water (5mL) was treated with a solution of potassium hydroxide {4.3g) in water
(25mL). The mixtare was stirred overnight at room temperature before being
25  concentxated in vacuo to half its original volume. The concentrate was then acidified wiﬂl
| concentrated HCl to give 2,3-methylenedioxycinnamic acid as a colourless solid (2.81g,
95%) which was collected by filtration and dried overnight under a vacuum.
Example 10: 2,3-Methylenedioxycinnamoylguanidine
Oxalyl chioride (0.68ml, 7.8mmol) was added to a suspension of 2,3-
30 methylenedioxycinnamic acid (500mg, 2.6mmol) in dichloromethane (5mL) containing a
drop of dimethylformamide. The mixture was stirred for 2.5 hours and the resulting

solution was evaporated to dryness under reduced pressure. The residue was dissolved in



N/A BIT-33 3.64 gM 25.2 p.M 6.91 811-143 4.66 AM 17.0 p.M 3.65 BIT-93 16.7 gM >30.0 gIVI
>1.80 811-123 N/A 9.92 gM N/A BIT-137 N/A 16.5 AM N/A 811-110 N/A 16.8 p.NI
WO 2009/018609 ) PCT/AU2008/001130
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dry tetrahydrofuran (5ml) and added to a solution of guanidine hydrochloride (1.24g,
13mmol) in 2M aqueous sodium hydroxide (8mL). The reaction was stirred at room
temperature for 1hour and chloroform was then added. The resulting precipitate of crude
produet (100mg) was collected by filiration, The filtrate was extracted with chloroform
5 (x 30&11,) and ethyl acetate (20mL). The combined organic extracts were washed with
M aqueous sodium hydroxide (20mL}), water (20mL), dried (Na,S04) and concentrated
under reduced pressure to give a further quantity of crude product (400mg). The two
crops of crude product were combined, suspended in chloroform (lOmI;) and stirred
vigorously for 20 minutes. The resulting 2,3-methylenedioxycinnamoylguanidine

10  (420mg) was collected by filtration and dried under vacuurn.

Example 11: Anti-viral activity of compounds using the bacterial bioassay methed -
The bacterial bioassay method used in the pres;ent example to test the anti-viral

activity of the compounds against different viral targets was described in detail in

PCT/2004/000866, incorporated in its entiretg( herein by reference. This assay is used in

15  conjunction with the GBV-B and BVDV assays described below, to ensure that all active
compounds are identified, some of which are active in one or the other of the assays,
while some compounds may be active m both assays. '

Briefly, the bacterial bio-assay for screening potential anti- HCV compounds is
based on the HCV p7 ion channe! protein. p7.is a small membrane protein encoded by
20 HCV, which has a functional activity supporting viral growth and/or replication.

‘ The p?—encoding synthetic ¢cDNA fragment cDp7.coli, in which (isodons were
aptimised fof expression of the p7 protein in E.coli, was cloned into the expression
plasmid pPL451, creating the vector pPLp7, in which p7 expression is temperature
inducible, as described in detail in PCT/2004/000866. Inhibition of the growth of E.coli

25 celis exﬁressing p"7 at 37°C was observed as an indicator of p7 ion channel funcﬁon
dissipating the normal Na+ gradient maintained by the bacterial cells. Halos of growth
around a particular compound application site indicate that the compound has inhibited
expression of the p7 jon channel activity that prevents growth in the absence of the

compourd,

30 The cumulative results of the bacterial bioassay tests obtained aver a period of

time and averaged, are summarised in Table 1 below.



N/A BIT-314 0.21 gM 11.6 gM 54.2 8I1-223 4.38 ItM >30.0 itM >6.85 IFN-a 20.6 1U/mL >500
IU/mL >24.3 N/A = not achieved Table 2- Antiviral Efficacy vs. BVD.V. in MDBK Cells

A subsequent wpeatwEsaywwith BIT225 returned a similar Igo value of 0.33pawAZRopsiiticmal
compounds of the invention were also tested, as shown in Table 2a below. BIT# BVDV IC50
uM 1311314 0.39 1311313 9.64 811225 '

30 _
Table 1: Mean Bacterial Bioassay Assay Scores For Compounds Of The Invention

' . : Average Bacterial Assay Score
GCompound Name BIT# HCV p7

(3-benzoylcinnamoylguanidine 216 : 1.3
2:3-methylenedioxycinnamoyl guanidine 217 1.0
5-methyl-2-napthoylguanidine 218 . 1.7
3(indan-4~y)-propénoylguanidine 222 2.0
5-brome-6-methoxy-2-napthoylguanidine 223 0.5
5-thiophen-3-yl-2-naphthoylguanidine 224 1.10
5-(1-methylipyrazol-4-yl)2-
naphthoylguanidine 225 1.20
3,4-dichlarocinnamoyl guanidine ‘ 300 112
(1-methoxy-2-napthoyl)guanidine 301 0.25
{3-methoxy-2-napthoyl)guanidine 302 0.76
{5-broma-2-napthoyljguanidine 303 0.62
{1,4-dimethoxy—2-napthoyl)guanidine 304 0.60
(6-(3-thienyl}-2-napthoyliguanidine 305 0.08
(6-methyl-2-napthoyl)guanidine 3068 . 0.07
(5-phenyl-2-napthoyl)guanidine 307 0.48
(5-(thien-2-yi)-2-napthoyl)guanidine o8 0.55
(5-{1-isobutyl-1H-pyrazol-4-yl}-2-
napthoylguanidine 310 0.36
(5-(3-furyl)-2-napthoyl)guanidine 311 0.81
{5-cyclopropyl-2-napthoyl)guanidine 312 1.00
(5-chioro-2-napthoyl)guanidine 313 ' 1.30 -
{8-(1-methyipryazol-4-yl)-2-
napthoyllguanidinium acetate 314 4.03
{5-(2,8-dlimethoxypryridin-3-yl)-2- .
napthoyl)guanidine - 315 0.20
(5-(2-chiorophenyl)-2-napthoyl)guanidine 316 0.37
{5-{4-{acetylamino)phenyl)-2- :
napthoylguanidine : 317 0.06
(5-(3-(acetylamino)phenyh)-2-
napthoylguanidine 318 0.73
{5-(4-({methylsulphonyl)amino)phenyl)-2- '
napthoyljguanidine : 319 010
ASSAY POSITIVE CONTROL

. BIT06
{3-Bromocinnamoyfiguanidine 7 ) 2.00

BIT12

5-bromo-2-fluorecinnameylguanidine 4 , 2.70

- The positive controls were used in this assay to ensure that the assay was working
rather than for comparison of relative activities of the compounds. A result above zero
5  indicates that the compound has potential anti-viral activity. ‘

Example 12 - Testing p7 inhibitors against Hepatitis C Virus.
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Testing of the antiviral efficacy of new potential HCV drugs is made difficult by
the lack of a generally accessible cell culture model system for HCV. Proposed p7
inhibitors were tested using surrogate flavivirus systems, in particular GBV-B and
BVDYV (Bovine Viral Diarrhaea Virus) systems.

GBV-B is the most 6]osc1y related flavivirus to HCV, sharing 27-33% nucleotide
sequence identity and 28% amino acid similarity over the complete polj'peptide
sequence. This virus represents an excellent surrogate system for HCV because it infects
small New World primates and replicates efficiently ir vitro in primary marmoset
hepatocyte (PMH) cultures. The GBV-B homologue of HCV p7 is called p13. Ttis
shown herein that a synthetic peptide correspording to the two C-terminal
transmembrane helices of pl3 (which share the greatést homology to p7) forms a cation -
selective ion channel that, like the p7 channel, is blocked by amantadine (Fremkumar ef
al., 2006). On the other hand, unlike p7, HMA. does not inhibit the pl3 channels. These
observations confirm that the two homo logous channels share similar, but not identical,
structural features,

Selected BIT compounds - identified by bacterial assay screening for inhibitors of
HCV p7 -‘were tested for ability to inhibit GBV-B replication in primary marmoset
hepatocytes (see Figure 1). The hepatocytes wefe inoculated 3-days after plating with
10x TCIDy, of GBV-B positive marmoset serum. HCV was adsorbed for two hours, and
then the cells were washed three tﬁnes and cultured for two days in fresh serum-free
medium (SFM) supplemented with hormones and growth factors. Virus released to the
culture supermatant was measured as viral RNA copy rumber, as determined by real-time
RT-PCR. Compounds — dissolved in DMSO - were added to the medium either 30 mix
prior to virus inoculation (“pre-treatment™), or immediately after the inoculation and
washing steps (“post-treatment™). No treatment, negative (DMSO onl)}) and positive
(10pg/ml Poly I:C) controls were inciuded in the experiments. Cytotoxicity of the
compounds toward the hepatocytes was tested viz a standard MTT assay.

The most striking result was in the cells pre-treated with 20pM BI’I‘225 in which
no virus was detected in the culture supemnatant. 20uM BIT100 reduced virus replication

by more than 1.0 log and inhibited virus more strongly than the poly I:C positive control.

" The efficacy of both BIT225 and BIT100 were reduced somewhat when the compounds

were added post-inoculation, suggesting that the compounds may act at a very early stage
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of the virus 1ife~cyc_l'e. None of the compounds in F igure 1 showed cytotoxicity to the
hepatocytes at 20uM

BVDYV belongs to the Pestivirus genus of Flaviviridae and is widely used as a
surrogate model system for identification of potential HCV antiviral agents due to the
many similasities of their gendme structure, gene products and replication cycles. In
addition, unlike GBV-B, which can only be cultured in primary hepatocytes, BVDYV is
readily grown in tissue culture and commonly used strains are cytopathic, making for
easy testing of antiviral drugs. The HCV p7 homologue of BYDV has been shown to
form an ion channel and to be essential for generation of infectious virus parﬁcles
(Harada ef al., 2000 and Griffin et al., 2005). '

" The antiviral evaluation of selected BIT compounds against BVDV was
outsourced to Southem Research Institute (SRI) Fredrick MD USA. A simple -
cytoprotection format is used in which the antiviral efficacy of the compounds’is
assessed by their ability to reduce the cytopathic effect of BVDV infection in Madin-_
Darby bovine kidney cells (Buckwold ef af., 2003)

A virus-induced cytopathogenic effects (CPE)~inhibit§on assay procedure was
employed to evaluate compounds for antiviral activity against bovine viral diarrhea virus
(BVDV) strain NADL, in Madin-Darby bovine kidney (MDBK) cells passaged in T-75
flasks (1, 2). Antiviral assays were designed to test six half-log concentrations 6f each
compound in triplicate against the challenge virus. Cell cotitrols (CC) containing medium
alone, virus-infected cell controls (VC) containing medium and virus, drug cytotoxicity
controls containing medium and each drug concentration, reagent controls contaiﬂing

" culture medium only (no cells), and drug colorimetric controls containing drug and

medium (no cells) are run simultaneously with the test samples. Human interferon-g, 2b

was used as a positive control compound. On the day preceding the assay, the cells were

trypsinized, pelleted, counted and resuspended at le[;l /well in tissue culture medium in
96-well flat bottom tissue culture plates in a volume of 100 pi pér well. One day
following platingof cells_; the wells were washed and the medium was replaced with
complete medium (2% serum) containing various cdncentrations' of test compound
diluted in medium in a half-log series. A pre-titered aliquot of virus was removed from
the freezer (-80°C) ust before each experiment. The virus was diluted into tissue culture

medium such that the amount of virus added to each well would give complete cell



Table 2a Example 13 - Inhibition of ;ICY using a combination of DIT225 with 1FN or Ribavirin.
Combinations of BIT225/IFN and BIT225/Ribavirin were tested against the virus. 5 Figures 2,
3 and 4 show WWax288¥hishisy individually yielded the following EC BIT225, ZXAmMMIzeasi@ 120,
21.7 IU/m1; but for Ribavirin on its own, only very little antiviral activity was detected in the
range up to 20ug/m1l. The effects of drug combhmtions were calculated on the activity of
each compound when tested alone. The expected additi@é antiviral protection was subtracted

e o S &7 S P Hdl saeh e RIoR Rt
an aadit

resulting in a positive Value (synergyy, a negative valu agonism), or zero Ivity). The

synergy volume (in uifsosphsaheiieing A% Ges esheamaivhiinedbprered it e Peseaipphra s
pIV12%, nM2%; nMulMa.gaming (gll%ﬁ}wmlﬁwﬁiﬁdﬁ then9e8msninlidaR ey @LsieCell

these studies, synerg f|ne s, dryg combinatio ieldin e volumes greater
than 50. Slightly syne %&lga%(;cf’ V|f‘§a %"ﬁ) Hfﬂf-‘g%‘éﬂFg,S IC agt%/l y have een%égg ém%l?
defined as yielding symesrasedchnerepitst SOSHOUaRHtSizaDiorealeiiea s percerie P@rtﬂgmtmﬂ of

interactions have syn&regmglmre@&iwh@ammaw@g@&@ mﬁimaymﬁgyc\wﬂm@&b@&m

-50 and -100 are con ered S nistic an hos 100 ar
Table 3 summarizes 311% resu mq'}n?& g%o Ration < stuE mPI’ 1 gtgélFN d an a\?gcage
synergy volume of 8mwmmﬁdmanm@@@ﬂ%yﬁ@bymﬁﬂﬁ@egww&f&ﬁﬂe GpdlfLky (0%

close to the "highly symrefgysiice &Hﬂﬁfs@ﬂﬁd@ﬂ@@r&&ﬂﬁﬂﬁf%@@ﬂﬁl&m&h@wgtaia:@tf&mgla's
found to be highl synerglstlc Int estln |T225, Rlbawnn combination was slightly
antagonistic. In these SEE)%EHH?J %CWM E{f %rneﬁls AN E R IR a%‘f’vw‘z% AC IVI? lb% ,
result indicates that Ribaimgthua“ggrb;ag@m;dng the strong antiviral activity of BIT225.

Although there was an attefﬂmgm SRRy Wadge G deges ﬁymt@@ameﬁ@%%t
combinations of antiviral com ounds it will be understood that the term 10 "sy ner%g/ tﬁ{he
Félli va

commionly used in its SBBOHRS SErsiEsinddn b it ERORET P MR 5y FOWBRUTAL RS,
and significant with respegistpibeteoftbiioation ot theintrmsd thrimghoniche ¢SiEgsherBnem\IDY

Combination Assgy \W@h<RGH B3GR BEEIA 1kaRABAN ARG E A RIBER fee BB D Be ).
'ICY using a combination of BIT225, EFN and Ribavirin ~ The results of the above

combination studies reveategSynsigis™ cwche—fhe-anﬁvfral—aq@;i;ﬁe?of—B-H%zsﬁwd-rﬁqu. It
is also well known from mF‘nrgrp?@@‘mHt'ammﬁavmn MaFEMITLE gctvity against
BVDV on its own (see F{gure Bi}-808 S5compoundidnhancgs theaem‘mMal ac Livity ofiNfMice,
Interestingly, -although ajslighBHniZfionisin was MAorted Hetweddd 25 (seq
Table 3); this was predo "argg‘g%eﬂn at theh s 6&”?6{10’ “*'”*%gg both drug%g_gdied. -
BIT-93 16 7 M >30.0 pM >1.80
BIT-123 NiA 9.92 pM N/A
BIT-137 NiA 16.6 uM N/A
BIT-110 N/A 16.8 uM N/A
‘BIT-314 0.21 pM 116 pM 54.2
BIT-223 4.38 plvl >30.0 uM >6.85
IFN-a 20.6 IW/mL >500 IU/mL >24.3

- NJ/A =not achieved
Table 2 - Antiviral Efficacy vs. BVDV in MDBK. Celis

A subsequent repeat assay with BIT225 returned a similar IC,yvalue of 0.33pM.

20  Additional compounds of the invention were also tested, as shown in Table 2a below.

BIT# - BVDVIC50 uM
BIT314 0.39
BIT313 9.64

BIT225 1.27



The effect of a combi

nation of 31T225, 1FNa and Ribavirin was tested. Two fixed, sub ECso

concentrations of IFNa (5 and 10 IU/nal) were chosen and tested against 10 varying
concentrationswHBé@Beand Ribavirin: 8 two-fold dilutions of BIT225 from adwgtiztest/ 001130
concentration of 4p.M and 5 two-fold dilutions of Ribavirin from a high-test concentration of

20110W were tested.

The results, presented in Table 4, show highly synergistic antiviral

activities between BIT225 and Ribavirin at both fixed corgentrations of IFNa tested. 15
CompoundsCombination Scheme Fixed concentration of rIFNa-2b (5 111/mt.) combining

with varying amounts

RITHIia-225 & Riba¥fith Fixed con Fixed concentration of rIFNa-2b (5

lll/mt.);-5 2-fold dllutloﬁ'ér%VRlbawnn h@w Eest concentration at 20pglrra.; 8 2401d dilutions of

81T225; high-test con
with varying amounts

:V___ntratlon of riIFNa-2b (10 IU/mL) comblnlng

ll/ml.); 5 2-fold dilutioggrgg{Ribavirin; hlgﬁ@st concentratlon at 20pg/mL; 8 2-fold dllutlons of

61T225; hlgh -test con

' BIT315

10 .

15

eerdpatior-af 4pMiggg: =
BIT317 6.02

BIT308 B.73

BIT307 o
BiT316
BIT310
BIT301

BIT319
BIT305
BIT3C9

Table 2a - )

Example 13 — Inhibitilon of HCV using a.combination of BIT225 with IFN or
Ribavirin. |

Combinations of BIT225/IFN and BIT225/Ribavirin were tested against the virus.
Figures 2, 3 and 4 show that each drug individually yielded the fo llowing EC,, vr_ﬂues:
BIT225, 314nM; tiFNe-2b, 21.7 IU/mi; but for Ribavirin on its own, only very little
antiviral activity was detected in the range up to 20pg/ml.

The effects of drug combinati;ms wefe calculated on the acti_vity ofeach
compound when tested alone. The expected additive antiviral protection was subtracted
from the experimentally determinied antiviral activity at each combination.concentration
resulting in a positive value (synergy), a negative value (antagonism), or zero
(addifivity). The synergy volume (in units of concentration times concertration times
percent, for example, tM2%, nM2%, nMuM%, and the like) was calculated at the 95%
confidence interval For these studies, synergy was defined as drug combinations
yielding synergy volumes greater than 50. Slightly synergistic activity and highly
synergistic activity have been operationally defined as yielding synergy volumes of 50-
100 and >100, respectively. Additive drug interactions have synergy volumes in the _
range of -50 to 50, while synergy volumes between -50 and -100 are considered slightly

antagonistic and those < -100 are highly antagonistic.



Antiviral EfficacyCvtotoxicitv Assay.Synergy/Antagonism Interpretation SynergylAntagonism
Interpretati VolumeVolumeon WO 2009/018609PCT/AU2008/001130 37 Fixed 138 /0
pg/mLuM% HigFM2en8/0385959/mI4M% Slightly concentration of rIFNa-2b sy R€yistizn08/001130
antagonistic (5 ILIImL) combining with varying amounts of

35
Table 3 surmarizes the results of the combination studies: BIT225 and IFN had

an average synergy volume of 87 IU/mipM% indicating slight synergy, although note
that the value is close to the “highly synergistic” cut-off and in one of the three
experiments the interaction was found to be highly synergistic. Interestingly, the

5  BIT225/Ribavirin combination was slightly antagonistic. In these experiments, where
Ribavirin on its own had no antiviral activity, the result indicates that Ribavirin was
antagonizing the strong antiviral activity of BIT225.
‘ Although there was an atterapt herein to “grade” the degree of synergy between
different combinations of anti\jiraj compounds, it v§ﬂ1 be understood that the term

10  “synergy” is also commonly used in its absolute sense and hence any level of synergy is

considered relevant and significant with respect to the combinations of the present

invention,
Compounds ) Combination Schene
BIT225 & rIFNa-2b 8 2-fold dilutions of BIT225; high-test concentration at 4uM
BiT225 & Ribavirin 8 2-fold dilutions of BIT225; high-test concentration at 4uM
5 2-fold dilutions of Ribavirin; high-test concentration at
20ug/mb
Antiviral Efficacy Cytotoxicity
Assay Synergy/Antagoe  Interpretation  Synergy/Antagonism Interpretati
nism Volume on
. {1U/mLnM\%)
BIT225 & 72/ -2 WU/mluM% Slightly 37-2 WWmlLpM% Additive
riFNa-2b; 1st . synergistic
BIT225 & 106 /0 Highly synrerglstic 0/ -10 IW/mlLpuM% Additive .
riFNa-2b; 2nd IW/mLuti% : ‘ :
. BIT225 & 84 / 0 {UMmLpuh% Slightly 0 /-8 1W/mlpi% Additive
rIFNa-2b; 3rd asynergistic '
BIT225 & 87/-1 ~ Slightly 177 WimLpi% Additive .
rFNa-2b; avg IU/mLpi% synergistic
BIT225 & 4162 Slightly 4 /-7 pg/mLpM% Additive
Ribavirin; 1st ug/mLpii% antagonistic N
BIT225 & 0789 Slightly 0 /-6 pg/mbpM% Additive
Ribavirin; 2nd antagonistic
BITZ225 & 0/-65 Slightly 3 /0 ugimLpM% Additive
Ribavirin; 3rd : antagonistic , .
BIT225 & 17-72 Slightly 21 -4 pg/mLpM% Additive
Hg/mLpM% antagonistie _ )

Ribavirin; avg

15
Table 3 - BYDV Combination Assay



B1T-225 &. Ribavirin . Fixed 127 / 0 pg/mLpM% Highly 01-57 pg/mLpM% Slightly
concentration of rIFNa-2b synergistic antagonistic (10 IU/mL) combining with varying
amounts of WO 2009/018609 PCT/AT2008/001130

36

Example 14 - Inkibition of HCYV using a combination of BIT225, IFN and Ribavirin
The results of the above combination studies revealed synergism between the
antiviral activities of BIT225 and IFNo. I‘;lis also well known from the fiterature that "
although Ribavirin has very little activity against BVDV on its c;wn (see Figure 4), the
§  compound enhances the antiviral activity of IFNa.. Interesﬁngly,' although a slight
antagonism was repoﬁed between ribavirin and BIT225 (see Table 3), this was
predominantly seen at the highér concentrations of both drugs tested.
The effect of a combination of BIT225, IFNa and Ribavirin was tested. Two
fixed, sub ECse concentrations of IFNa (5 and 10 [U/ml) were chosen and tested against
10  varying concentrations of BIT225 and Ribavirin: 8 two-fold dilutions of BIT225 from a
high-test concentration of 4p.M and 5 twa-fold dilutions of Ribavirin from a high-test
concentration of 20ug/ml were tested. The results, presented in Table 4, show highly
sﬁergistic antiviral activities between BIT225 and Ribavirin at both fixed concentrations

of IFNw tested.
16
Compounds Combination Scheme
Fixed conceniration of Fixed con Fixed concentration of riFNa-2b (5 1U/mL);
AFNa-2b 5 2-fold dilutions of Ribavirin; high test concentration at 20pg/mL;
(5 IU/mL) combining with 8 2-fold dilutions of BIT225; high-test concentration at 4pM -
varying .
amounts of BiT-225 &
Ribavirin
Fixed concentration of Fixed con Fixed concentration of riFNa-2b (10 IU/mL});
rIFNa-2b 5 2-fold dilutions of Ribavirin; high test concentration at 20ug/mL;
{10 1U/mL) combining with 8 2-fold dilutions of BIT225; high-test concentration at 4yM
varying
amounts of BIT-225 &
Ribavirin
Antiviral Efficacy Cytotoxicity
Assay. 'SynergylAntagonism Interpretation  Synergy/Antagonism Interpretati

Volume Volume on




BIT-225 & Ribavirin  Table 4 Further analysis of the data reveal 70% inhibition of viral
CPE for the combination of 5 IUfinl IFNcc plus the lowest concentration of 811225 tested
(31nM), 6 pluswerzig/esedncentration of Ribavirin tested (1.25 pg/ml). Th@GEAIE108H01130
concentrations of BIT225 and Ribavirin, in the presence of 10 IU IFNa yielded 90% virus
inhibition. For comparison, from the earlier studies 5 IU/m1 IFNct alone gives -8% inhibition;
31 nM BIT225 alone grves -5% |nh|b|t|on and 1. 25perrr|3?rbavrr|n alone shows ho antiviral
activity. Clearly the-triPle combina HFR

shows the levels n\étfh{?aﬂ%ﬂ'b“o” see'ﬂ/wr ﬁnM ﬁ:,pd/or 1 p %r%gvrrrn in h@:gggmst,c
presence of absegsieed-tnk. Figure 6 shows the full- range dose r@sponse curves for BIT225 in
the presence of | 3&akdil0d IU/m LFNa and shows the enhanced antiviral effect by addition of
1.25 pg/ml. 15 THEMREEREREWE. the full range dose| response cunves for Ribavirin in the
presence of 5 awémﬁglgp IFNa.  The EC50 valpes for BIT225|in the presence of § or 10
IUMIl IFNa werq getepiged as 92 (95% CI: 22- 3615) nM and 71(95% CI: 41 - 1240) r{M,
respectively, by s‘mbamrd srgmordal curve fitting performed with P'ism software with Hjll slope

aanryale

i 3 o fittinga allowing a vari il clana

20 constrained. Simigr-cunve-Hitting  glainarg vannplodi-slope 7‘i€7“p'§17'm‘1.‘ﬂﬁ%‘ ECr8igy
concentration synerglstlc antagonistic
of rIFNa-2b
(10 IU/mL)
combining with
varying
amounts of
BIT-225 & :
Ribavirin

Table 4
Further analysis of the data reveat 70% inhibition of viral CPE for the

combination of 5 IU/ml [FNe plus the lowest concentration of BIT225 tested (310M),
5  plus the lowest concentration of Ribavirin tested (1.25 ug/ml). The same low
concentrations of BIT 22‘5 and Ribavirin, in the presence of 10 IU IFNw yielded 90%
virus inhibition. Forcomparison, from the earlier studies 5 [U/ml IFN« alone gives
~8% inhibition; 31 nM BIT225 alone gives ~5% inhibition; and 1.25pg/ml Ribavirin
alone shows no antiviral activity. Clearly the triple combination is highly efficacious

10  against BVDV.
Figure 5 shows the levels of virus inhibition seen with 31aM BIT225 and/or

1 25pg Ribavirin in the presence of absence of IFNa.

Figure 6 shows the full-range dose response curves for BIT225 in the presence of
5 and 10 IU/m IFNe and shows the enhanced antiviral effect by addition of 1.25 pg/ml.

15  The inset shows the full range dose responee curves for Ribavirin in'the presence of 5

and 10 TU/m IFNc. ‘

The ECsg values for BIT225 in the presence of S or 10 IU/mi IFNc. were
determined as 92 (95% CI: 22 —385) oM and 71 (95% CI: 41 — 1240) nM, respectively, '
by standard sigmoidal curve fitting performed with Prism software with Hill slope

20  constrained. Similar curve fitting allowing a variable Hill slope yields equivalent ECsp



WO 2009/018609PCT/AU20081001130 38 values or 149 and 125 nM, in good agreement
with the values determined in the previous experiment. It was not possible to determine
EC50 values fovdhmmatsdoom experiments in which Ribavirin was added bersaaisg2aB@nagso
combinations tested yielded >70% inhibition 5 of viral CPE. Summary The Combination
studies with compound BI1T225 show that: BIT225 alone has good antiviral activity with an
EC50 value of 314nM (95% CI: 295- 333) 10 BIT225 show8 synergism in combination with

IFNa; the EC50 value of BIT22154%n tg? ence of 5 1U/m1lIENa is lowered to -92nM (95%
Cl: 22- 385). The triplé comBination of %gcr 5ﬁﬂ°ﬁ.8’§bﬁﬁ¥?§?ﬁ&?&w¢é@a@mus
yielding 70% inhibitions8P¥#OLEPE with as low as 31n1vl BIT225, 5 IU/m IFNa and

1.25ug/m1Ribavirin. 15 ComnIﬁi@ﬂ&fp&éiﬂlﬁb&l@i&%@ﬁc@&bﬂﬁ\é@ﬁ:%dﬂ'ﬁ’&ﬁ eARANGNS
of the three compoundg St gﬁ‘e% lrple 5& | IENcc. + 500n BIT225 + 2. 5p.g/m1 Ribavirin,
Wwhic

or; 101U/m1IFNa + 31AM %evﬁ‘Hr‘?’ EUPES TRRERIE e TIE% Bgon
a combination of ET1' QQSIWtﬁPﬁucleosme Analogs 2'-C- methyladenosme or o
2'-C-methylcytidine. 2@L:kavavgleoside analogues of the present invention may be synthesised

using protocols descriggd ig Hecker skl 9@'1 00%%@%@@ (t16) 3891-6 (for

2'-Cmethyladenosine) and Antiviral Research (20 or 2'-C-methyleytidine).

Nucleoside analogues cah aRid e %%méaowémwm}ﬁ@maw&mggm@mgmmw CL
BAIFULI TECHNOLOGY CO95|:3|3&(NAN TING BAI FU LI KB JI YOU XIAN ZE 25 REN

GONG SI), R 71 BLDS HystialiTech2one, Naning, 210091 RR.CH
2009/018609PCT/AU20081001130 0T ADIas TBVDV Cambimaian s%‘a s W% of BrT225 in

CompoundsCombination schieRiesertq 955 TR/l EhigeinprapiehiosifienM (95% CIL: 22 - 385).
» The triple combination of BIT225, IFNo and Ribavirin is strongly synergistic,

yielding 70% inhibition of virus CPE with as low as 31nM BIT225, 5 IU/m IFNa
and 1.25ug/m! Ribavirin.

15 * Complete virus inhibition can be achieved with various combinations of the three
compounds: For example; 5 [U/ml IFNc. + 5005M BIT225 + 2.5pg/ml Ribavirin,
or; L0 IU/ml TFNex + 31nM BIT225 + 2.5pg/ml Ribavirin.

Example 15 - Inhibition of HCV using a combination of BIT225 with Nucleoside
Analogs 2’-C-methyladenosine or 2’-C-methylcytidine.

20 - The mucleoside analogues of the present invention may be synthesised using
protocols described in Hecker SJ et al (2007) J. Med Chem. 50(16), 3891-6 (for 2°-C-
methyladenosine} and Antiviral Research (2007) 73(3), 161-8 (for 2’-C-methylcytidine).
Nucleoside analogues can also be obtained from commercial sources such as NANJING

_ BAIFULI TECHNOLOGY CO., LTD.(NAN JING BAI FU LI KE JI YOU XIAN ZE

25 REN GONG 8I), RM 701 , BLDG 15, High-Tech Zone, Nanjing, 210061, P.R.CHINA



8 2-fold dilutions of BIT225; high-test concentration at 4pM 5 2-fold dilutions of
2'-C-methyladenosine; high-test concentration at 10 pM BI1225 & 2'-C-methylcytidine 8 2-fold
dilutions of 81YPQ30igIBaesst concentration at 4pM 5 2-fold dilutions of 2-Cimethykoptidineso
high-test concentration at 10 pM 1311314 & riFNa-2b 8 2-fold dilutions of 8IT314; high-test
concentration at 4pM 5 2-fold dilutions of rIFNa-2b; high-test concentration at 80 IU/mL Fixed
concentration of rIFNa-2b (5 IU/mL) combining with varyinggamounts of BIT-314 & Ribavirin
Fixed con Fixed concentration of rIFNa-2b (5 1U/mL); 8 2-fold dilutions of 311-314; high test
concentration at 4pM; 5 2-fold dilutions of Ribavirin; high-test concentration at 20pg/mL

Antiviral EfficacyCytotdagbles ABYBY Sanehrimationtagomism Interpretation Synergy/Antagonism

BIT225 & 2'-C-methyladenosine

8 2-fold dilutions of BIT225; high-test conceniration at 4p
5 2-foid dilutions of 2'-C-methyladenosine; high-test
concentration at 10 pM :

8 2-fold dilutions of BIT225; high-test concentration at 4uM
5t%I-BoIdeilutions of 2°-C-methylcytidine; high-test concentration
at1ou

BIT225 & 2’-C-methyleytidine

8 2-fald dilutions of BIT314; high-test concentration at 411
fﬁ}?-fo,d dilutions of rlFNa-2b; high-test concentration at 80
mL

BIT314 & rIFNa-2b

Fixed con Fixed concentration of rIFNa-2b (5 IU/mL);
8 2-fold dilutions of BIT-314; high test concentration at 4uM;
5 2-fold dilutions of Ribavirin; high-test concentrationat

Fixed concentration of riIFNa-2h
(5 IU/mL) combining with varying
amounts of BiT-314 & Ribavirin

20pg/ml

' Antiviral Efficacy Cytotoxicity

Assay Synergy/Antagonism Interpretation SynergylAntagonism Interpretation
: Volums Volume

BIT225 & 2'-C- 106.62/-3.41 pM*% Highly 1.91/-53.29 yM%% Slightly

methyladenosine synergistic antagonistic

BIT225 & 2'-C- 71.23/0 pM%% Slightly 0/-18.31uM% additive

methylcytidine : synergistic

BIT314 & 1IFNg- | 311.42 1-2.11 Highly 0/-1.84puMIU/mLY% Additive

2b gMIL/mL% synerqgistic

Fixed 361.68/~12.19 Highly 22.65/-0.34 Additive

concentration of | uMug/mL% synergistic HMug/mL%

rIFNa-2b

(5 IL/mL)

combining with

varying

amounts of BIT-

314 & Ribavirin

Table 5 above summarises the results of combination studies with compound

BIT225 and nucleoside analogs, and compound BIT314 combinations with IFN and/or

5. ribavirin.



811225 & 21-C- methylcytidine 71.23/0 pM20/0 Slightly synergistic 01-18.31pn additive_6IT314
& rIFNa- 311.421-2.11 Highly 0/-1.84pMIU/mL% Additive 2b pMIU/mL% synergistic Fixed
361.68/-12.19 Wighiy2£59-0.34 Additive concentration of riIFNa-2b pMpg/rrﬂ:?{mﬁymrglsm

pMug/mL%
10

As shown herein, combinations of BIT22512’-C-methyladenosine and BIT225/2°-
C-methylcytidine were tested against the virus. Figure 7 shows that each nucleoside
analog was active individually with the following EC,, values: 2'-C-methyladenosine

" ECsp=2.16 uM (95% Cl: 1.54 t0 3.03 pM), 2’-C-methylcytiding ECso = 2.75 uM (95%
5 CI:0.86to 8.7 uM).

As before, the effects of drug combinations were calculated on the activity of
each compound when tested alone. The expected additive antiviral protection was
subtracted from the experimentally determined antiviral activity at each combination

. congentration resulting in a positive value (synergy), a negative value (antagonismy), or

10 zero (additivity). The synergy volume {in units of concentration times conceatration
times percent, for example, pM2%, nM2%, nMuM%, and the like) was calculated at the
95% confidence interval. For these studies, synergy was defined as drug combinations
yielding synergy volumes greater than 50. Slightly synergistic activity and highly
synergistic activity have been 0peré.tionally defined as yielding synergy volumes of 50-

15 100 and 5‘100, respectively. Additive drug interactions have synergy volumes in the
raﬁge of -50 to 5 0, while synergf/ volumes between -50 and -100 are considered slightly
antagonistic and those < -100 are highly antagonistic. '

Table 5 summanzes the results of the combination studies: BIT225 and 2°-C-
methyladenosine had an average synergy volume of 106 puM?% indicating “high”

20 synergy. BIT225 and 2’-C—meihylcyt1dme had an average synergy volume of 71 pM2%
indicating “slight” synergy.

Figures 8 and 9 show the changes to dose response curves for BIT225 in the
presence of various concentrations of 2’-C-methyladenosine or 2’-C-1ﬁethylcytid ine,

. respectively.
25 Example 16 - Inhibition of HCV using a combination of BIT314 with IFN.

Combinations of BIT314/IFN were tested against the virus, Two previous
experiments with BIT314 tested individually against BVDV yielded EC,, values of,
210nM and 390nM (average = 300nM). Similarly, we have previously determined an

ECsp value 0£21.7 TU/ml fc;r rIFNa-2b. Figurc 10 includes the dose response curve for
30  BIT314, as determined in a third experiment, which was part of these combination
studies. In that experiment the ECsp for BIT314 was 540 nM.



(5 IU/mL) combining with varying amounts of BIT- 314 & Ribavirin  Table 5 above
summarises the results of combination studies with compound  BIT225 and nucleoside
analogs, and co@pegasB®13 14 combinations with IFN and/or Sribavirin. WI/AU2008/001130
2009/018609PCT/AU2008/001130 40 As shown herein, combinations of
BIT225/2'-C-methyladenosine and BIT225/2'- C-methylcytidine were tested against the virus.
Figure 7 shows that each nucleoside analog was active individually with the following EC50
values:. 2'-C-methyladenosine 'ECso = 2.16 pM (95% CI: 1.54 to 3.03 0/1);
2'-C-methyleytidine EC50= 27Bsyiauehs shesEpets galteegombivations werralcwrted fethe stivitugf
combinations were catethatespomdheractesipd abaahiconrainekuhsn 18SRUIDARmIRes the
expected additive antidealyRIRCHARWAR SHOKRC A OMINES RS gxrlna%@}g l%’sdegermti)rl]ede of
antiviral activity at each combination concentration resulting in a positive v G& fs%ergy , a
negative value (antag%HWMD%Fﬁt%‘M’fﬁﬁm synergy volume (in units of
concentration timés cE&neepleckfonltihisisipest IV osiex afpl e opabindtioti Mo BIT3 D 1M anand
the like) was calculatggiipltiyg 95% confidence interval For these studies, synergy Was

defined as drug combinatio ieldin nergy volymes greater than 50. Slightly synergistic
activity and Highly synergistﬁi(?'gf: ?\9|f?/gr@\;feag%éﬁ%%Pﬁﬂ%ﬁﬂ??féﬁﬁ?&eﬁﬂﬂ%ﬁﬁﬁ‘wwem

volumes of SO- the antiviral activities of BIT314 and IFNa. It is also well known from the Lterature that
although Ribavirin has very little activity against BVDV on its own (see Figure 4), the
10  compound enbances the antiviral activity of IFNa,

The effect of a combination of BIT314, IFNo. and ﬁibavirin was tested. A single
fixed - sub ECsq - concentration of IFNo. (5 IUfml) was chosen and tested against varying
concentrations of BIT314 and Ribavirin: 8 two-fold dilutions of BIT314 from a high-test
concentration of 4pM and 5 two-fold dilutions of Ribavirin from a high-test

15 concentration of 20pg/ml were tested. The results, summarised in Table X, show highly
synergistic antiviral activities between BIT314 and Ribavirin in the presence of IFNa.:
synery/antagonism volume of 361 pMpg/mi%. 4 -

Figure 10 shows full-range dose response curves for BIT314 in the presence of
and various concentrations of rIFNe-2b and Figure 11 illustrates the enhanced antiviral

20 effect by addition of 5 IU/m IFNo + 1.25 pg/ml ribavirin and 5 IU/m IFNe + 2.5 pg/ml
ribavirin. The ECsq value for BIT314 alone, in this experiment, was 540 nM (95% Cl:
389 to 739 nM) and, in the presence of 5 IU/ml IFNa plus 1.25 pg/ml ribavirin was 183
nM (95% CI: 148 to 226 nM), as determined by standard sigmoidal curve fitting
performed with Prism softwarze.

256  Summary
The combination studies with compound BIT314show that: .

* BIT314 alone has good antiviral activity with an average ECsp value of 380nM

(SEM 95.4, n=3)). | |

» BIT314 shows synergism in combination with IFN«; the ECsp value of BIT314 in
30 the presence of 40 IU/mi [FNe is lowered to appfoximately 60oM.,



15 100 and >100, respectively. Additive drug interactions have synergy volumes in the range
of-SO to 50, while synergy volumes between -50 and -100 are considered slightly antagonistic
and those < -1G@amedngisly antagonistic. Tables summarizes the results of Huxearos@ioee
studies: BIT225 and 2'-C- methyladenosine had an average synergy volume 01 106 pM2%
indicating "high" 20 synergy. BIT225 and 2'-C-methylcytidine had an average synergy volume
of 71 pM2% indicating "slight" synergy. Figures 8 andk9 show the changes to dose
response curves for BIT225 in the presence of various concentrations of
2'-C-methyladenosine or 2'-Ebfriepisseriiaiéon eSBEEH AFN2oamkBibpiisin & stinhghitipregisHeV
using a combination of BIT3jdaME8NaGaRRIBAHARSCERBTBLANG N wane 195tad a0RiRS TR,
virus. Two previous experiments with BIT314 tested individually against BVDV vyielded
EC50values of, 210nM and %@&ﬁ%g(ﬁkl/‘é?%@’é‘m 300nM). Similarly, we have previously-
determined an EC50 value ﬁbﬁﬂ:l&td ubtns! ifhibitfoN vaR be Ritigredl Wil olitid es dhebilagenkegR Geee
curve for 30 B1T 334, as Aeteiminamhity B Ex0S e pN D E9 BEFLOL 1025 im Ribavirin,

combination studies. In that e erlment the EC50 for BIT314 was

previously, the effects of drd gémwgﬁﬁr%ﬁﬁ%@d%ﬂlétbb%%@ Biwyininof each compound
when tested alone as described in example 15. Table 5 summarizes the results of the
combination studies: BIT314 khvyairietians niiombas bepn dysaaibgy withumferant @ folspgeific/ml%

indicating "high” synesgiboBimssamplal lé-uktisiisiannd EMisE Rgi thplareaRo RiNA GG fwith the

BIT314, IFN and Rib uIt the abayv atlo studles reve led strong
synergism between - \%5 gl E%%gf tlvﬂ?e{g 0 ‘éefgfll%nlf an % it FERISBAWET known from the
literature that although Ribavirin has very little activity against BVDV on its own (see Figure 4),
the 10 compound enhances the antiviral activity of IFNcc. The effect of a combination of
BIT314, IFNa and Ribavirin was tested. A single fixed - sub ECso - concentration of IFNa (5
lll/m1) was chosen and tested against varying concentrations of BIT314 and Ribavirin: 8
two-fold dilutions of BIT314 from a high-test concentration of 411M and 5 two-fold dilutions of
Ribavirin from a high-test 15 concentration of 20g.g/m1 were tested. The results, summarised
in Table X, show highly synergistic antiviral activities between BIT314 and Ribavirin in the
presence of IFNa: synery/antagonism volume of 361 itMgend%. 4  Figure 10 shows
fill-range dose response curves for BIT314 in the presence of and various concentrations of
riIFNa-2b and Figure 11 illustrates the enhanced antiviral 20 effect by addition of 5 I[U/m IFNa
+ 1.25 pig/nil ribavirin and 5 RlIm IFNa + 2.5 pig/ml ribavirin. The ECso value for 81T3 14
alone, in this experiment, was 540 nM (95% CI: 389 to 739 nM) and; in the presence of 5
IU/ml IFNa plus 1.25 gg/ral ribavirin was 183 nM (95% CI: 148 to 226 nM), as determined by
standard sigmoidal curve fitting performed with Prism software. 25 Summary The combination
studies with compound BIT314show that: 81T3 14 alone has good antiviral activity with an
average ECso value of 380nM (SEM 95.4, n=3)). BIT314 shows synergism in
combination with IFNa; the EC50 value of BIT314 in 30the presence of 40 1U/inl IFNa is
lowered to approximately 60nM.
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OCH3 - C1 a Woltamvaisdwhere 1{3 isCl-13 or CH3and X is hydrogen or allraayAsreds/001130

pharmaceutically acceptable salts thereof, - in combination with at least one-additional
agent having anti-viral activity, wherein 15the at least one additional agent having anti-viral
activity is an Interferon (IFN) or a ' _ -45 -
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nucleoside analogue inhibitor. 2. The composition according to claim 1, wherein the compound of

formula | is selected from the following: 205-0-methylpyrazol-4-y02-naphthoylguanidine comprising the
structure -47 - 0 NH BIT-225 (6-(1-methylpryazol-4-y1)-2-napthoyeguanidinitun acetate comprising

the structure NH BIT-314 5 and pharmaceutically acceptable salts thereof 3.Thicomposition
according to claim 1 or claim 2, wherein the amine¥t imine group of the guanidyl portion of the
compound of Formula | is present as the free base, a hydrate, an organic or inorganic salt or a

combinatidAlth&vEDf. 104.The composition according to any one of claims 1 to 3, wherein the IFN is

selected from the group consisting of a type | and a type Il TEN. 5. The composition according to any

one of claims Ito 4, wherein the IFN is selected from the group consisting of IFNa, IFNI3 and Thy.

10
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20

1. A composition for the treatment of HCV comprising a compound of Formula I
O NH

R\’fU\N/U\NHZ

H )

N
~
7N
\

Ri, (Qn (X)I’l;

wherein

and
nis1,2,3or4;

where Rj is CH3 o CH3 and

X is hydrogen or alkoxy,

and pharmaceutically acceptable salts thereof,

in combination with at least one additional agent having anti-viral activity, wherein
the at least one additional agent having anti-viral activity is an Interferon (IFN) or a

nucleoside analogue inhibitor.

2. The composition according to claim 1, wherein the compound of formula I is

selected from the following:

5-(1-methylpyrazol-4-yl)2-naphthoylguanidine comprising the structure



15 6. The composition according to any one of claims 1 to 5, wherein the IFN is selected from the
group consisting of, IFN a-2a, IFN a-2b, IFNa-n3, IFNa con-1, IEN[3-1a, IFN111,peginterferon a-2b
and peginterferon cc-2a. -48- 7. The composition according to any one of claims 1 to 6, wherein when
the at least one additional agent having anti-viral activity is IFN, the compositior‘i‘“fﬂﬁh“ei"r} comprises
Ribavirin. 58.The composition according to any on&’of claims 1 to?, wherein the composition
comprises: 5-(1-methylpyrazol-4-y1)2-naphthoylguanidine and 1FN a-2h,
5-(1-methylpyrazol-4-y1)2-naphthoy Hanidine and 1FN a-2b and Ribavirin,
(6-(1-methylpryazol-4-y1)-2-ngpthoy@guanidinium acetate and IFN ct-2b, or
iJ-2-ndnthoyddtzanidinium acetate and IFN a-2b and Ribavirin. 9. The
erein the nucleoside analogue is selected from T-Cmethyladenosine
gZidocytosine, 2'-deoxy-2'-fluorocytidine, and 2'-0-methylcytidine. 15 10. The
composition of claim 1 or claim 9, wherein the composition comprises: 5-0
-rriethylpyrazol-4¥)2-naphthoylguanidine and 2'-C-methyladenosine; or
5-(1-methylpyrazol#4-y02-naphthoylguanidine and 2' -C-methylcytidine. 2011.The composition
according to a}ﬂ/‘dﬂe of claims 1 to 10, wherein the individual components of the composition may be
administergg(simultaneously.  12. The composition according tggpy ene of claims 1 to 10, wherein
the individual components of the composition may be administered in a sequential manner and in any
250rder. 18-(A-predimeryeadtat dodpesthion fevahilimaamaesiaist ION LB TPE ST BISomposition
according to any one of claims | to 12 together with onengr more pharmaceutical acceptable carriers or
derivatives. 30 14. An in vitro method for reducing, retajiding or otherwise inhibiting growth and/or
replication of HCV comprising gantacting. a cellinfected’with said HCV or exposed to HCV with a
composition according to & ' "Jf 1(.11,%¥%2- 49 - 15. An in vitro method for
preventing the infection of & osed to]HCV comprising contacting said cell with a composition

H3C o BIT-314

and pharmaceutically acceptable salts thereof.

3. The composition according to claim 1 or claim 2, wherein the amine or imine group
of the guanidyl portion of the compound of Formula I is present as the free base, a hydrate,

an organic or inorganic salt or a combination thereof.

10 4. The composition according to any one of claims 1 to 3, wherein the IFN is selected

from the group consisting of a type I and a type II IFN.

5. The composition according to any one of claims 1 to 4, wherein the IFN is selected
from the group consisting of IFNa, [FNB and IFNy.

15
6. The composition according to any one of claims 1 to 5, wherein the IFN is selected
from the group consisting of, IFN a-2a, IFN a-2b, IFNa-n3, IFNo con-1, IFNB-1a, IFN-
B1, IFN-y1b, peginterferon a-2b and peginterferon o-2a.



Sprophylactic treatment of a subject exposed or infected with HCV. 17. The composition according to
claim 16, wherein said composition inhibits HCV p7 protein. 1018.The composition according to any
one of claims 14 to 17 wherein said composition is for administration intravenous|y.(i), »
intraperitoneally, subcutaneously, intracranially, intradermally, intramuscularly, intraocularly,
intrathecally, intracerebrally, intranasally, transmue#é8ally, or by infusion orally, rectally, via iv drip,
patch or implant. 1519.The composition according to any one of claims 14 to 18, wherein the subject in
need theredf is a ift@nammapoaitivestockdngtabey mm@%\dkimalhim@ avhaborardgntést anieast! or a

captive wild anlgﬂlong The %om]gosn on. aqcepcrtl g éL%bWthr1 {Qnt? z arrr&r)nal is a primate. 21.

The composfon according to c?lV o %1 wheréin 1 prlmate 1S @ himan se of & ¢ composmon
according ®ibawirome of claims Ito 12 in the preparation or manufacture of a medicament for the
treatment of Hepatitis C. 23. Use of a composition according to any one of claims Ito 12 in the
preparation or manufacture of a medicament for the treatment of Hepatitis C. wherein said composition
inhibit$ HC¥ p7 pildteirnmposition according to any one of claims 1 to 7, wherein the composition

comprises:
5-(1-methylpyrazol-4-yl)2-naphthoylguanidine and IFN a-2b,
5-(1-methylpyrazol-4-yl)2-naphthoylguanidine and IFN a-2b and Ribavirin,
(6-(1-methylpryazol-4-yl)-2-napthoyl)guanidinium acetate and IFN @¢-2b, or

10 (6-(1-methylpryazol-4-yl)-2-napthoyl)guanidinium acetate and IFN o-2b and Ribavirin.

9. The composition of claim 1, wherein the nucleoside analogue is selected from 2°-C-
methyladenosine 2’-C-methylcytidine, 4’-azidocytosine, 2’-deoxy-2’-fluorocytidine, and
2’-O-methylcytidine.

15
10.  The composition of claim 1 or claim 9, wherein the composition comprises:
5-(1-methylpyrazol-4-yl)2-naphthoylguanidine and 2’-C-methyladenosine; or
5-(1-methylpyrazol-4-yl)2-naphthoylguanidine and 2’-C-methylcytidine.

20 11.  The composition according to any one of claims 1 to 10, wherein the individual

components of the composition may be administered simultaneously.

12. The composition according to any one of claims 1 to 10, wherein the individual
components of the composition may be administered in a sequential manner and in any

25  order.

13. A pharmaceutical composition for the treatment of HCV, comprising a composition
according to any one of claims 1 to 12 together with one or more pharmaceutical
acceptable carriers or derivatives.

30
14, Anin vitro method for reducing, retarding or otherwise inhibiting growth and/or
replication of HCV comprising contacting a cell infected with said HCV or exposed to

HCV with a composition according to any one of claims 1 to 12.
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15.  Anin vitro method for preventing the infection of a cell exposed to HCV

comprising contacting said cell with a composition according to any one of claims 1 to 12.

16. The composition according to any one of claims 1 to 12 for use in the therapeutic or

prophylactic treatment of a subject exposed or infected with HCV.

17. The composition according to claim 16, wherein said composition inhibits HCV p7
protein.
18.  The composition according to any one of claims 14 to 17 wherein said composition

is for administration intravenously (iv), intraperitoneally, subcutaneously, intracranially,
intradermally, intramuscularly, intraocularly, intrathecally, intracerebrally, intranasally,

transmucosally, or by infusion orally, rectally, via iv drip, patch or implant.

19.  The composition according to any one of claims 14 to 18, wherein the subject in
need thereof is a mammal, a livestock animal, a companion animal a laboratory test animal

or a captive wild animal.

20.  The composition according to claim 19, wherein the mammal is a primate.
21.  The composition according to claim 20, wherein the primate is a human.
22.  Use of a composition according to any one of claims 1 to 12 in the preparation or

manufacture of a medicament for the treatment of Hepatitis C.

23.  Use of a composition according to any one of claims 1 to 12 in the preparation or
manufacture of a medicament for the treatment of Hepatitis C, wherein said composition

inhibits HCV p7 protein.





