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OF THE I NVENTI ON The invention relates to hal ogenated benzam de

deri vat i wee,20@n3d156r e specifically, benzam de derivati vesT/usb@sasises i zed by
greater specificity for viral pathogens and |ess disruptive to beneficial
gut mcroflora. BACKGROUND TO THE | NVENTI ON-

(2- (acet ol yl oxy) - N- BALOGENATER| BENZAMIN 7 DEREVATAYES onpound of
formula (1), also referred to as nitrothiazole, nitazoxanide, or NTZ, is
known for use in the treatnment and prevention of parasitic infections,
bact eri E:{L f gt L.ops IIW‘ ngg.LI i nfections, diarrhea and ot her intestinal
troubl es - SN WALV , 950, 351, 4,315,018 and 5,578,621) including
treatnment ofr Théenatlemtﬁ@ns Red eteNo. 50856, 138)genaih®s Pr epah a3k @AeOf.
NTZ is disclosed in U S. Patent No. 3,950, 351. Irrproved phar maceut i cal
conposi €¢Bh¥aFbVedel | fBLy “@P—”el\rrﬁ%felfdll%lﬂd&ed henzamideat éariKesives

Soi%ﬂl S?éﬁggﬁteéllg%gangér % %%ng?igé%én pro%iozgg@%&ﬁfare%ﬁ gge%ts <—élmrin)de

of actibasbadidrupbnveedacbenafiofait gubi miergfavpaby nitroreductases, and
particularly pyruvate ferredoxin oxidoreductase (PFOR) dependent el ectron
transfer reactions that are essential for anaerobic energy

BACKGROUND TO THE INVENTION -

(2~ (acetolyloxy) -N- (5-nitro-2-thiazolyl) benzamide, the

compound of formula (I), also referred to as nitrothiazole,
nitazoxanide, or NTZ, is known for use in the treatment and
prevention of parasitic infections, bacterial infections,

fungal infections, diarrhea and other intestinal troubles
(U.s. Patent Nos. 3,950,351, 4,315,018 and 5,578,621)
including treatment of trematodes (U.S. Patent No. 5,856,348).
The preparation of NTZ is disclosed in U.S. Patent No.
3,950,351, Improved pharmaceutical compositions for delivery

of NTZ are disclosed in U.S. Patent Nos. 6,117,894 and

5,968,961.
O
Jf\ o) N
CH Q /o \
3
: N (1)
S NO,
It has been postulated that, in anaerobic bacteria and

protozoa, NTZ exhibits a mode of action based upon reduction
of its nitro group by nitroreductases, and particularly
pyruvate ferredoxin oxidoreductase (PFOR) dependent electron

transfer reactions that are essential for anaerobic energy



WO 2006/ 031566 PCT/ US2005/ 031868 netabolism Nothing is currently known
regarding the possible npde of action of NTZ for hel m nthes, however, the
enzymes oWO 2e05aB1bi C el ectron transport are consi der edpas/ysedosnsisas
targets, with the 5-nitro group inplicated in this mechanism Conpounds
according to f.orrrula (I1), in which one of RL_5 is -OH and the remai nder
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parasi tes, bagteriaand fungus, 48 peaghige.(11hhi Sd snassectasedtwrh a
problem Namely, in humans and nmany aninels, the gut contains beneficial
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there is a need for therapeuti¢ conpounds that are nor 5 E{e iv%f ro
viral paricogdds Awstepr eFRPRBIY, BaFHeé’ér&ﬁmoJﬁ%\é"%hﬁﬂsd % s"ggss a‘rﬁo'i vi ral

acti Vit DU \R% . 5,886,013 and 6,020,353) .

(II)

While potent, these compounds are not selective for only
viral pathogens. They are described as having excellent
efficacy against parasites, bacteria and fungus. 1In practice,
this is associated with a problem. Namely, in humans and many
animals, the gut contains beneficial populations of
microflora, principally comprised of anaerobic bacteria. Oral
administration of broad spectrum compounds such as those of
Formula (II) kills the bacterial gut flora, which may lead to
secondary complications including diarrhea requiring further
treatment.

Accordingly, there is a need for therapeutic compounds
that are more selective for viral pathogens. Most preferably,
these compounds should possess antiviral activity, but be
substantially devoid of antibacterialt and antiparasite

activity, at least to the extent of avoiding deleterious



substantially devoid of antibacterial and antiparasite activity, at |east
to the extent of avoiding deleterious 2 WO 2006/ 031566 PCT/ US2005/ 031868
ef fect s uworoadmsisenefi ci al gut m crofl ora when adm ni strera$2006n0ai8ky. Thi s
need, and nore, is achieved by the present invention, as will becone clear
to one of ordinary skill upon reading the follow ng disclqsure gnd

exanpl es £eSUNMMAROIOFEEE HeWENTIGN Thet présart lPkeettigh relifL§tened
antivirallgenzanide derivatives that are nore selective for vira

pat hog&nh§; and accordingly cause reduced del eterious effects upon
beneficial Tguk mrggai) or andhemoadni nisd er edhoesktly. O ather sprgspeét, the

invention is surprisingly made by _replacing the nitro subsgituen i ch
has untPVeaswObeers Hé%%ﬁy%ﬂc?ﬁebﬁlFﬁg k&y _fﬁ%.%ﬁ%%%?%% %kﬁkﬁzppﬁﬁ?h a
hal ogen.. aiom TR %ﬁﬁ%ﬂ@ﬁi@&l@hr@ea@ﬁi%}da&}ﬁ@épf the known

t herapéutically effective Z-benzam do-5nitro-thizaoles (wherein the

benzene ring may be variously substituted). Surprisingly, the novel

hal oge GO i eir antiviral properties, but they |ack
activi ' gut mcroflora when adm nistered-orally.
Exanpl es of trheserdaamt 2-ihsrzanicdo- Sriltitest hiczaoles,iviwalc h bengagigicogues
of the conpounds of the present invention differingonly in that in

accor daleed VRtV Sshet Bres@XE TRt FbRCEhES nitPro Gictip PEEFeRbved SR

repIaC%%%¥4§¥§§%ym%£@§Q LAl AL RNSINR YeS8icE O ipohn Wene faldvd
ref erence . S.” Patents, and U S. Patent Nos. 5,886,013 in particular,
t hei r djuc Inosircet ledan grhiert crdpoyat side et e oy -

In a first aspect, the invention is surprisingly made by
replacing the nitro substituent, which has wuntil now been
believed to be the key to the activity of NTZ, with a halogen
atom. This substitution may be made in any of the known
therapeutically effective " 2-benzamido-5nitro-thizaoles
(wherein the benzene ring may Dbe varioﬁsly substituted) .
Surprisingly, the novel halogenated compounds retain their
antiviral properties, but they Ilack activity against the
bacterial gut microflora when administered orally.

Examples of these known 2-benzamido-5nitro-thizaoles,
which are analogues of the compounds of the present invention
differing only in that in accordance with the present
invention the nitro group is removed and replaced with a
halogen atom, are extensively set forth 1in the above
referenced U.S. Patents, and U.S. Patent Nos. 5,886,013 in
particular, their disclosure being incorporated herein by
reference.

The  present invention further provides (5-halo-2-

thiazolyl) benzamide compounds according to formula (III):



reference. The present invention further provides (5-halo-2- thiazolyl)
benzam de conpounds according to formula (111): 3 WO 2006/ 031566

PCT/ US200800Q88886%2 O N 'I-- (,: ~ RB HS R R6 R4 RBCIUSR)05/0B1868vhi ch R1
is a halogen atom preferably F, C, Br, or I, nore preferably Br or d,
nost preferably Br, and R2 -R6 are independently hydrogen, hydroxyl, Cl-C4
al kyl, - Cl1-C4 al koxy, acyloxy (p-fferably a@gt oxy or propiohoxy), nitro,
hal ogen, -C(O R7 where -Cl-& al kyl, tic (preferably

unsubstituted or substlt phen \ benz

cluding salts and

hydrates of these conpounds. = , i s hydroxyl.
Preferably at IeaiQ 26 are @h and nore
preferably at |ea v 6 are ¢tlher than hydroggh Two adj acent R2
-R6 may together forma benzyl ing. Preferably, R2 -R6 include no nore

t han one acyl oxy and no
further provides antivj
RO HS R

Q e hal ogen. The present invention
cnpounggeaccording to formula (IV): OGRS ON

(III) ‘

in which

R, is a halogen atom, preferably F, ¢l, Br, or I, more
preferably Br or Cl, most preferably Br, and

R, -R¢ are independently hydrogen, hydroxyl, Ci-C, alkyl, -
C,-Cs alkoxy, acyloxy (preferably acetoxy or propionoxy) ,
nitro, halogen, -C(O)R; where R7 ig -Cl-C4 alkyl, or aromatic
(preferably unsubstituted or substituted phenyl or benzyl),
including salts and hydrates of these compounds .

Preferably, one of R, -Re¢ is hydroxyl.

Preferably at least one of R, -Re¢ are other than hydrogen,
and more preferably at least two of R, -Re¢ are other than
hydrogen.

Two adjacent R, -R¢ may together form a benzyl ring.

Preferably, R; -Rg include no more than one acyloxy and no
more than one halogen.

The present invention further provides antiviral

compounds according to formula (IV):

N

O-Rs Q //
A

R N oS R



(N 4 WO 2006/ 031566 PCT/ US2005/031868 in which RlL is a hal ogen atom RS8
is -CCOR2.0, where Rois -C- &4 alkyl, and RO is -C1-C4 alkyl or -C1-C4
al koxy, iwolaimsgsessal ts and hydrates of these conpound®CT/ise0050886% | on
further provides antiviral pharmaceutical conpositions conprising a
compound of Formula (I1l1) or (1V) and a pharmaceutically acceptable
carrier. Finally, the invention provides a nethod of treating or

preventing a viral infection in_an_animal _or n syhi R, LE hod
conpr i 3*nyRadhi Rt s%%r?néa%gggi 8%§%j l'gét !Lgt Fgggtﬁ“’o#@%e&& B?hg.@tl

phar magguLi gh , CUMPSRYL 1 @8 compid,Sidignan oef fegticye sdimmt,” dhcihéing
antiviral cofrpound according to Forrmula (II1l1) or (1V) and a

phar maseltEcahflyhsdsapeabPEé CBEPE EPTPPERAPLED DESCRI PTI ON Conpounds of the
present invenption i ; i t @rfrarHa (bhbymaB2uOidaR3 H
(1:3~11~ R %ﬂ% ﬂ.ﬁ}zlé}gsl%l F?L%?lr?lahcjig%\@h@é]?s a hal ogen gtong pr ef %ag)l y F,
d, Brcofpokitibhe quedersbly Br cym@undmef gramerkdl yIBL) £1d RBVIR6 are
i ndependent |y _hydrogen, hydroxyl, Cl- al kyl....- Cl-C4 al koxy, acyl oxy

(pr ef ePBBI ¢ Q@é%/f@fi‘? Bglﬁ%g?’oﬁéfﬁp%abgét rc(‘)"l,r)éﬁglrdgen, -C(OR7 where R7 is
-Cl-C4 al kylps 1@A 197 OMBid Cinvention provides a method of treating or

preventing a viral infection in an animal or human subject,

the method comprising administering to said subject at least
one dose of the pharmaceutical composition comprising an
effective amount' of the antiviral compound according to
Formula (III) or (IV) and a pharmaceutically acceptable

carrier.

DETAILED DESCRIPTION

Compounds of the present invention include those

according to formula (III):

(III)

in which

R, is a halogen atom, preferably F, Cl, Br, or I, more
preferably Br or Cl, most preferably Br, and

R, -R¢ are independently hydrogen, hydroxyl, Ci1-Cs alkyl, -
Cc,-C, alkoxy, acyloxy (preferably acetoxy oOr propionoxy) ,

nitro, halogen, -C(O)R; where R7 is -C1-C4 alkyl, or aromatic



5 WD 2006/ 031566 PCT/ US2005/ 031868 (preferably phenyl or benzyl, which may
be further substitued), including salts and hydrates of these conpounds.
Pr ef er ablwo 20000030866 R2 - R6 i s hydroxyl. Preferably at | east/use@s5081882 - R6
are other than hydrogen, and nore preferably at least two of R2 -R6 are

ot her than hydrogen. Two adjacent R2 -R6 may together fo%ma ?enz | ring.
Pref er dbkgfeR2bI1R6 | nbEnHe noo¥Dr @M one BEYItbxy ™#Yd n&C no Br{:ﬁﬁﬁ one

hal ogen. ounds accar di e_pre invent i & dldHsidat ed by
t he foFPB\%nggguﬁgﬂ-’l i iu%éplgi %tg:ﬂ:gogglg g?]ra%gttt?%e%h&/bltglc%ﬁr | 'ecul ar
Nunber Wi ghpt-eFeframilsy, BiMe48@3R355R2 1 CISHIMBN2O3S CH3 H3C H S Br RM 4804

/101 1 PReSeTRRaD B ARARLOTSI S A Rocr 1B RooDSe: G HEET F 8 B
RV 4820, 3 343,48 HAXOBINBS: Qrdadd BwSBroRVIRi821R355r21 (231 1BhNROBS
hydrogen.
Two adjacent R, -Re¢ may together form a benzyl ring.
Preferably, R, -R¢ include no more than one acyloxy and no
more than one halogen. Compounds according to the present

invention are illustrated by the following non-limiting list:

Code Structure Molecular Molecular
Number Weight Formula
RM-4803 355.21 C13H11BTrNo03S5
s /23\
HaC ﬁ S Br
RM-4804 310.75 C13H,1C1N,03S
CH, /z \
HaC N s o
RM-4806 371.21 C13H1:BrN;045

o Nj

HaCO H S Br
RM-4819 313.17 C11HoBrN2038
WWEN
HiC N “s” >er
RM-4820 341.18 C+1,HoBXrN;035
s /23\
H S Br
RM-4821 355.21 C,13H11BrN2035
s /23\
N S Br

CH3




CH3 // HSBr CH3 6 WD 2006/ 031566 PCT/ US2005/031868 RM 4822 //355.21
C13H11BrN2@B8S CH3 / HS Br H3C RW4826 OH --~ 313.17 Cl11H9BrN2O2S H s Br
CH Code Wonoetasnsasenol ecul ar nol ecul ar  Nunber Wi ght Fecmuisaoosmsis4827
333.59 C10H6BrCIN2ZA2S OH CIl HS Br RM 4 8 31 317.13 ClOH6Br FN2AO2S OH N
-~/ HS s Br F Rw 4832 299.14 CIOH/BrN2A2S COHN ~/ H S_BL_RNL48338CH
329. 1[7re1d&9Br 23S ~/ Hs Br H3CO 3RFt2834 OH 32Cu:H7nBciePioBr N2dBS Nz/ H
S Br OCH3 RM 4885 OH- .2 C ﬁlNZOSS HS d H3CO

N S Br

H3C
RM-4826 OH .\ /23\ 313.17 ClngBerozs
Q N "s” Ser
CHsa
Code Structure Molecular Molecular
Number Weight Formula
RM-4827 333.59 C1oHsBrC1N,0,5
DN
cl N 8" er
- 317.13 C1oHcBrFN20,S8
RM-4831 OH /23\ \
ﬁ S Br
F
RM-4832 299.14 C10H7BxrN20,S
T /ES\
ﬁ S Br
RM-4833 OH /23\ 329.17 C11HoBrN,03S
H S Br
HsCO
RM-4834 OH /23\ 329.17 C11HoBrN;05;S
ﬁ S Br
OCH3
284.72 C11HC1N,035
RM-4835 OH j@\ 1189 2
N s “cl
H;CO




7 WD 2006/ 031566 PCT/ US2005/ 031868 RM 4836 OH 284. 72 C11H9CIN203S H S C
OCH3 RM 4838 OH N\~ 333.59 ClOH6Br CIN2A2S NS Br H Cl Code Structure
Mol ecul arwbbheosizms Nunmber Wei ght Forrmula RM 4839 OH B83/159005/031868
ClOH6Br CIN2AO2S H S Br ClI RM 4840 OH 378.04 ClOH6Br 2N2O2S H S Br Br
Preferred exanpl es of conpounds wthin Fornmula (111) include:

2- (acetrol-yleaxy) -3 | -t hI - N-éE br omp-284t.1i2azol y| ) bénHafi ¥«:5( RMA8D3) ;
t

2- (hydr oxy) - 3- netjhyl - -2<t hi @azol yl ) benzam de (RwW819);
2- (acet ol yl oxy) - N+ (5- M az& yl|)) benzami de ( RVA820) ;

2- (acet ol yl oxy) - §- net kQxy- N- (5- brono- 2-t hi azol yl ) bepzam de (RW821) ; and
2- (acet ol yl oxy) - §- net hoé‘%- N- (5- brono- 2-t hi azol yl ) bepnzam de (RwM822). It
has further beenl|discov .Hﬁ that—¢ rrds—wi-th—a

AR el N | 1 = . .
the onR¥o4¥ed tign of tope enmi nd 33359 Ao YEIRApE tutent in
N S Br

Cl
Code Structure Molecular Molecular
Number Weight Formula
RM-4839 OH /2?}\\ 333.59 C10HsBrCLN,0,S
N S Br
cl
RM-4840 OH /Z}\ 378.04 C1oHeBLN,0258
N S Br

Br

Preferred examples of compounds within Formula (ITII)
include: |
2—(acetolyloxy)—3fmethyl-N—(5—bromo-2—thiazolyl)benzamide
(RM4803) ;
2—(hydroxy)—3—methyl—N—(5—bromo—2—thiazoly1)benzamide
(RM4819) ;
2—(acetolyloxy)—N—(5—bromo—2—thiazolyl)benzamide (RM4820) ;
2—(acetolyloxy)—S—methoxy—N—(S-bromo—z—thiazolyl)benzamide
(RM4821) ; and
2—(acetolyloxy)—5—methoxy—N—(5-bromo—2—thiazolyl)benzamide
(RM4822) .

Tt has further been discovered that compounds with a
hydroxyl subsitutent in the ortho position of the benzene ring

have good efficacy. Thus, from among the above illustrative

compounds, the following compounds are preferred: RM-4819, RM-



have good efficacy. Thus, from anong the above illustrative conpounds, the
foll ow ng conpounds are preferred: RW 4819, RM 8 WD 2006/ 031566

PCT/ US20080Q8d8885664826, RM 4827, RM 4831, RM 4832, RM 2833iS205/0413881,

RM 4835, RM 4836, RM 4838, RM 4839, RM 4840. Corrpounds accordi ng to the
invention preferably include those of fornula & REF ON"--- (,: ~
RO H SiRes, (N)VI asteeT,ei RM-R831i s BG4, BHefdtabl yRE: 4&?4 BRM 41835/ nore

pr ef er abl or no, I R8 is -C(OR10, in which R1O is

- Cl1- 043%‘{% Iﬁ%’?‘%%?ud%é_%‘rg% ?ﬁ_¥§%§/[ propyl and butyl, including

i sonmers theggahoundbt Bcdralipicef €61 ete Whe\rabtylcbrh]eplrerfzaambde' substudeent is
acetolyloxy, and RO is -Cl-C4 al kyl or -Cl-C4 al koxy. Methyl and net hoxy
are prelfleﬁﬁe@lf fernylai §IWbst preferred. Exanpl es of conpounds within
Forrmula (I1V) include:

2- (acet ol yl oxy) - 3- net hyl - N- (5- br onp- 2-t hi azol yl ) benzam de (RW4803) ;

2- (acet ol yl oxy) - 3-nmet hyl - N- (5-chl oro- 2-t hi azol yl ) benzam de (RW804); and
2- (acet ol yl oxy) - 3- net hoxy N-(5 brono- 2-t hi azol yl ) benzam de (RW806). The

conpositions of thep entlonrra forrrulated as solid or liquid
dosage forns, or as p or

av)

wherein:
R; is halogen, preferably F, C¢l, Br, or I, more preferably

Br or Cl, most preferably Br,

‘ Rg is -C(O)Rio, in which Rio is -C;-C, alkyl. Ry includes
methyl, ethyl, propyl and butyl, including isomers thereof.
Methyl is preferred, whereby the benzamide substituent is
acetolyloxy, and

Ry is -C1-C4 alkyl or -Ci-C4 alkoxy. Methyl and methoxy
are preferred. Methyl is most preferred.

Examples of compounds within Formula (IV) include:
2—(acetolyloxy)—3—methyl—N—(5—bromo—2—thiazoly1)benzamide
(RM4803) ;
2—(acetolyloxy)—3—methyl—N—(5—chloro—2—thiazolyl)benzamide
(RM4804) ; and
2—(acetolyloxy)—3—methoxy—N—(5—bromo—2—thiazolyl)benzamide
(RM4806) .

The compositions of the present invention may be
formulated as solid or liquid dosage forms, or as pastes or

oilntments, and may optionally contain further active

ingredients.



ointnments, and may optionally contain further active ingredien
ts. 9 WO
2006/ 031566 PCT/ US2005/ 031868 The pharmnmaceuti cal corrposigti ons of the

present iwoemdonmeconpri se a pharnmaceutical 'y acceptabl ectarseéosn3isehi ch i
not particularly linmted, and includes a wide range of carri ers:) known Itg
those of ordinary skill in the art, and including wetting or dispersing
ggg % 86(2 LlJ) SrhPapentnacsns i621) copasitians | oht i?glés RUgS§ a%%ﬁ?nglon

, s , . €Xcipients, an th i_ke. egg)_gglj nt - i [
conpr i SEMRTEBEL iPhP IS %?aeli %ﬁgte-ﬁ;g%%g{ei tutes éf}ﬁ' eﬁ?g??icqg%)a??ﬁg, y

: anc
i.e. apgeatb0¥artbatssubsignt habil yirdiselasdl e iwidgastahgesedt eerBA1HUE

substantially soluble in intestinal fluids, P ti b ]
]E:orrprl khayncdipobhase zﬂfco?ﬁ‘flhﬁafﬁ Fsé?lﬁllﬂ at{l | remg%g rl\/;:a%ladr ggﬁgﬁgéggri
or mul %teggrinf orororaisﬁg% §t L3RR ang. @r epapehenal |y7d redle, fetexroh a

l'i quid, xanpl e an enulsion or a solution or a sus [ [
_ _ _ ension i
oi | sugbrasaataehki JU0igl., Farteotthdr, 3TauUAL) » F@ﬁm%@m%g %@dn%@aﬂa Sf:gr o

m cel l ar _sol utions _ray be prepared . accardi : t } i
U S. Paebdets, ¢ ?@ﬁ‘jﬁgntﬂl t%@ﬁatolp eﬁoﬁaqt(i bl gtg ?bgéﬁggegena{lﬁka%%%rcgs efg olr "
exanpl g, RY arRer gl nebhdei f ot doWang esttepdc wetatgnanul at¢ ona Gpﬁtﬁglg and

conpression. Filmcoating is general] erforned with i.C.
The tetimatsel eebevenbhei Yrall'n%%l%]%]e% EéPei nIRRRhsCt hgs{e,%apéatflodgggéggt >

effective faor t. i Of : : oo

. QN8 RF evankhen 1¢f itfealeph ¢ dviral disease, the act

is nor gugpr‘?t V) rl% _%an_ ant | BLactleri al, antifungal, or antiparasite Cn:ngfj%/
flora of tiEhesubjeeatticalnot dicrResklons | eveFSMBXpEEREd Wi Fﬁ’“@P&Ma&‘

according to Formula (III) or (IV) are preferably formulated
for oral administration and are optionally in the form of a
liquid, for example an emulsion or a solution or a suspension
in water or oil such as arachis oil, or other 1liquid.
Formulations of non-agueous micellar solutions may be prepared
according to the method disclosed in U.S. Patent 5,169,846.
Alternatively, tablets can be manufactured, for example, by
performing the following steps: wet granulation; drying; and
compression. Film coating is generally performed with organic
solvents.

The term “selective antiviral” as used herein means that,
at dosages effective for the prevention or treatment of a
viral disease, the activity is  more antiviral than
antibacterial, antifungal, or antiparasite, and gut flora of
the subject is not disrupted to levels expected with broad
spectrum antibiotics.

The preferred antiviral treatment or prophylactic dosages
of the compounds of the present invention may depend upon the
weight of the subject, and may be inferred by one of ordinary
skill without undue experimentation Dby reference to the
following examples, which are set forth for purposes of

illustration and are not intended to be limiting.

10



spectrum anti biotics. The preferred antiviral treatnment or pr i
dosages of the conpounds of the present invention may depegdogggLaSL;C

wei ght ofwoheossbjeect, and may be inferred by one of orecmasgoosskisks

wi t hout undue experimentation by reference to the follow ng exanples
which-are set” forth for purposes of illustration and are not intendea to
be limting. 10 WD 2006/ 031566 PCT/ US2005/ 031868 EXAMPLE 1: TESTI NG

AGAI NST VI RUSES METHODS Non-hepatic viruses Cell cultures and Treatnents
HEp-2 | aryngeal carcinoma cells, nonkey kidney 37RC, MA104 and VERO cell's
canlneEXkﬁng-E@rbegwgngyA@NEﬁgr gndugegmary adenocarci noma (A72) cells ’
were growr at 37C T a 5% COZ at nosphere 1n RPM  nedium (G bco-lnvitrogeh
Carlsbad, CA), supplenmented with 10%fetal calf serum (FCS), 2 nM ’
glutanhag ng antibiotics. Conpounds dissolved in DVBO stock sol ution (50
mg/ n ) FeP%di luted in cul ture nmedium and added to infected cells

i medi gbal hepbitee WHeukelour adsorption period. Conpounds were naintained

in the mediumfor the duration of the e rigent., S '
gnnupt§edﬂ Dﬂ§§§HHQEﬂn@nqEEE%F?EWﬁQﬁﬁraﬁﬁgﬁ_g? %%Eﬁﬁg%é%ouﬁé§%3§E?%SSgga!n
upl i C%%%lsa”dmgﬁﬁgyem%hg?nt3%@@, r epest £d 4w CezERG 1 e lilnf, ec o nand

titration. The followi ng viruses were utilized: |nfluenza A str@ig

Eﬁeg é owjadcin(—ﬂ\?&)o_y PllaielnnyViMw) ( PACai AATIRAY 2)2deR0RBHC I ATTR (&P

abdovi rys: Vesicular_Stonmatifis: Virus (MsSVhn, Rat-aw . Qo ' .

SA 11 CoAT B AP VI Fus Ty e 1 Sorans e ) o v s
medium (Gibco-Invitrogen, Carlsbad, cA), supplemented with

10% fetal calf serum (FCS), 2 mM glutamine and antibiotics.
Compounds dissolved in DMSO stock solution (50 mg/ml) were
diluted in culture medium and added to infected cells
immediately after the 1 hour adsorption period. Compounds
were maintained in the medium for the duration of the
experiment. Controls received egqual amounts of DMSO diluent.
Each concentration of each compound was tested in duplicate

and each experiment was repeated twice.

Virus infection and titration. The following viruses were
utilized: Influenza A: strain Puertorico (PR8) ; Paramyxovirus
(Parainfluenza) : Sendai virus (8V); Rhabdovirus: Vesicular
Stomatitis Virus (VSV); Rotavirus: Simian Rotavirus SA-11 (SA-
11); Herpes Simplex virus type 1: strain Fl (HSV-1);
Coronavirus: canine coronavirus strain S-378 (CCoV) . Confluent
cell monolayers were infected with Influenza A virus (MDCK
cells) or parainfluenza SV (37RC cells) for 1 h at 37°C at a
multiplicity of infection (m.o.i.) of 5 HAU (Hemagglutinating
Units) /10° cells. Alternatively, confluent cell monolayers
were infected with HSV-1 (HEp-2 cells), VSV (MA104 cells),
cCoV (A72 cells) or Rotavirus SA-11 (MA104 cells) for 1 h at
37°C at a m.o.i. of 5 PFU (Plaque‘Forming Units) /10> cells for
HSV-1, VSV and CCoV and 1 PFU/lO5 cells for SA-11. After the

11



Coronavirus: canine coronavirus strain S-378 (CCoV). Confluent cell

nonol ayers were infected with Influenza A virus (MDCK cells) or

par ai nf | Ww0280681687RC cel | s) for 1 h at 37C at a nul t iPpirius2408/06f868
infection (mo.i.) of 5 HAU (Henmagglutinating Units) /105 cells.

Al ternatively, confluent cell nonolayers were infected with HSV- Ep- 2
cel I s) ad¥S¥pt M 0peaeidd) , thECoXA AV 2 m@lduét)uﬂbrw%t AWML BAATLE (‘R/?ég

cells) for.1 h at 37Cat a,m.o.i. _of 5 REU
cel | s MGROLEIESLS | YEVeand3EEST afd“Fpry ce S f @r“géA 1a1wfb\}%lt§%elr€é%gg 11

WO 200%59§ﬂg66E&gﬂ/US%@Q5@03&§§§ edsepidean perizkCt Ha vaparobnbstium was
renoved and ce monol ayers were washed three tinmes with haE Quffer
sal i necPBSye. megligm vm@téﬁrﬁﬂﬂ%l ABdFEE F7C Fhe appFPEFPrat éﬁhoﬁt?? uF&SFedi um

contalnln 2%FCS|n rege f ot S d ekl I
T rue GPRPATHRS Qe aemtiey SFTREnEL el R “F‘ut’?ﬂfn
titrat hgar(;V@N;st PRSfeSViand (PAill) by BCPESOWlasday Ty \IS\FHPIS\PQ gg

according to standard procedure rd

ﬁgnt IorgR%I\/l S‘g’lAéFfiva%Z?o%l)of Of- %Wﬁs@sﬁﬁymﬁﬁe@ %I mpléx A\?ﬁﬁgcﬁ%e 1. A
vel targel;hgr amtizRghBRBLHC phbeeadyes]. (Aiiadi, Clem B G

(o001, SEEgEtber 88t sbanaeLic phbesapyes) (Ml O m _BESAPeISO02a7 60

Sant or (RpSMlG AThes | BeBtRirmasdliG AREyvahEPRr Ofn 144 d@%?‘?sr‘@ b-Ynﬁeré) nza A

V|rus-|nd cedlnfla du | o I \a iepicired
cel l's. . e 2’%‘8"%4 27- %41 4{[’%?20%k @tOeI'FEI t OXi cult(;ll.et OeIﬂIlai
12)

vi abi | |ttbéz\&@;§; det gr.m nBdloby t heheSa.(4, B76di me?&%?h?&iéﬁ 2-{49 and

5-di phenyltetrazoliumb ’
o s ot s amied (MED, b MELIAGTRZ N CORGLARN asak

Santoro, M.G. The IkB kinase is a key factor in triggering
Tnfluenza A virus -induced inflammatory cytochine production

in airway epithelial cells. J. Biol. Chem. 280, 24127-24134

(2005)) .

Cell toxicity. Cell viability was determined by the 3-(4,5-
dimethylthiazol—z—yl)—2,5—diphenyltetrazolium bromide  (MTT)
to MTT formazan conversion assay (Sigma-Aldrich, St Louis,
MO) . For MTT assay, reduced MTIT (formazan) was extracted from
cells by adding 100 pl of acidic isopropanol containing 10%
Triton X-100, and formazan absorbance was measured in an

ELISA microplate reader at two different wavelengths (540 and

690 nm) .

Hepatitis B virus

Anti-Hepatitis B Virus (HBV) analyses and an assessment of
cytotoxicity were performed in a 9-day assay in the
chronically-producing HBV human hepatoblastoma cell line,
2.2.15, as previously described (Korba, B.E. & Gerin, J.L. Use
of a standardized cell culture assay to assess activities of
nucleosides analogues against hepatitis B virus replication.

Antivir. Res. 19, 55-70 (1992)).
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MO). For MIT assay, reduced MIT (formazan) was extracted from cells b
addi ng 100 Al of acidic isopropanol containing 10% Triton X-100, and Y
f or mazan wbsosdsBrise was measured in an  ELI SA mi cropl at @Crasdens/oatses Wo
di fferent wavel engths (540 and 690 nm. Hepatitis B virus Anti-Hepatitis B
Virus (HBV) _anal yses and an assessment of cytotoxicity were perfornmed in a
I9_—day ag;@g.y_:l.gmst Revielsoni cal | y- produci ng HBV human hepat obl ast oma cel |

i ne, .2.15, _as reviously de i.bed . j of a
Ztn alrlda?’*&t%eﬁeEéFF*thﬁl tGr é’s %ﬁ’sgayiﬁé{]gssaeréa{sﬁ‘%% v?ﬁﬁesé%s%r én%csisénggtdgg%

al ogues ~pgakB3kyhepatkt i eBrwichdd repl icati-alay Amday r.irReshel9HCE5- 70
(1992))7 12 WO 2086/Q31566 PCT/ US2005/ 031868  He atitiﬁ_C i rus ,
ﬁgﬁ ' Hw@ﬂ'lppﬁ‘@mtﬁl%@ql%mhw@mységp%ab ASESUass T of 11et ot OXICi ty

performed Jn &.3- assay i C\ . r { £ON- poNnkaKsi henan

hepat ob(lokéjtsc?ﬁa cél %31 |ane,o’A\7i5 1 ?i%%géﬁc. . 'Rie[ﬁ%hg%f %.' A.tc, Kgg?rgér, nﬁ :
Vel | s, Fnha@déaicha, 0F BEnt FEnherk enentviofy saagainetal hepatbbiy Sgdinye 12

hepatitis Cvirus in vitro by jnterfero inati her Nt ig\i
Res. 691tr3.BY (FHEF)H 4L p_?é%?)ﬂ%’fg‘/o%es@g%%%%y!( Bl ?‘th‘%lf‘ﬁf?Y?eé\ko|s§’¢La| ov,
A A &Rcen ChhoBhficigat ipréirabhenyof dddLRNedrep(Blcighton i K.del/l

culture. Science 290, 1972-1974 (2000))._ ., RESULTS OF TESTI NG N
VI RUSEXKdllatite 1bv Ak i&vi t § BECRM 488 a‘iﬁflﬂ\}@%gl%b%jr%"s%o%i PE?@?“G %LAceII

culture. BGO (AM /iPlceM 45 RMEILARRS Gdd, 1972-1974 (2000)) .

RESULTS OF TESTING AGAINST VIRUSES

Table 1. Activity of RM-4803 and RM-4819 against viruses in

cell culture.

ECso (uM)/SI

Virus ‘ RM4819 RM4803 Cell
Culture

Rotavirus: Simian rotavirus 0.3/>500 0.06/>2500 MA104

SA-11

Influenza A: PR8 strain 9.6/>17 2.8/>50 MDCK

Paramyxovirus: Sendai virus 1.3/>125 1.1/>125 37RC

Coronavirus: canine 4.9/>33 4.2/13 A72

coronavirus strain S-378

Rhabdovirus: Vesicular 1.6/>100 2.8/>50 MAl04

stomatitis virus ,

Herpes Simplex type 1: 0.6/>250 5.6/3 HEp-2

strain F1l

ECs, = drug concentration at which a 2-fold depression of viral
DNA or RNA (relative to the average levels in untreated
cultures) was observed. CCso = drug concentration at which a 2-
fold depression of reduced MIT was observed relative to

average levels in untreated cultures. SI (selectivity index)
= CCs0/ECso-
Table 2. Activity of other compounds against paramyxovirus:

sendai virus in cell culture.
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Culture Rotavirus: Siman rotavirus 0.3/>500 0.06/>2500 MA104 SA-11

I nfl uenza A: PR8 strain 9.6/>17 2.8/ >50 MDCK Paranyxovirus: Sendai virus
1. 3/>125 WODRNos1BE5687RC  Cor onavi rus: canine 4.9/ >33 4. 2PC3/AZ@S/086ONAVI I US
strain S-378 Rhabdovirus: Vesicular 1.6/>100 2.8/ >50 MA104 stomatitis
virus Herpes Sinplex type 1: 0.6/>250 5.6/3 HEp-2 strain Fl EC50 = drug
concentration at which a 2-fold depression of viral DNA or RNA (relative
to the average levels in untreated cubavamegIowasusbsgenadi TEB0s = drug
concenidgbimgat which a 2- fold depressgog diuMeduced MITSdas observed

= CC50

sendai Shable 2. Activity of other conpoygds agai nst pasamyxovirus:

in cell culture. 13 WO 2006/ 03156 P

rel at |7,%5§% average tevels in unireated cygl.sures. SI (selastivity index)
R =
g

CT/ US2005/ ©31868
RVF4820 0.3 RM 4821

0.36 >50 RM 4822 0.36 7. EC50 = | i Lah a2k
depr es&iCon of A5HY aFORRRIETR %l??v@g'[ @g%ﬁgngsgggggafg\?g%\gfig%%%@fé{l@aq
Ahich g f’f—‘?ﬁ'i%i

VAVISENL® _oU V

cul t ur &P wereladhas V. L saver d9tigl 2Rt ent Falithhaca
depr essitmefed-edueed MFT v@%u%bsépgéﬁn%?g%???e &F v‘%lilmg

depression of reduced MIT was observed relativ® to average

levels in untreated cultures. SI (selectivity index) =
CCs0/ECs0-
Table 3. Activity of compounds against HBV replication in

2.2.15 cell culture.

Extracellular Intracellular Selectiv
Virion DNA HBV R.TI. ity
Index
Compoun ECso ECqo ECso ECg0 CCso viri R.
d (uM) (uM) (uM) (uM) (uM) on I.
Lamivud 0.058+0 0.164+0 0.172+0 0.660+0 2229+7 1295 33
ine .006 .015 .020 .068 6 9 77
RM4803 6.3 % 15 12 + 50 % >67 >2
0.7 + 1.1 1.5 5.5 >1000°% 0
RM4819 3.5 & 9.0 7.6 22 % >4
0.5 + 0.8 0.9 2.6 >1000% >111 6
Values presented (+ standard deviations [s.D.1]) were
calculated by linear regression analysis using data combined
from all treated cultures. S.D. were calculated using the
standard error of regression generated from linear regression
analyses (QuattroPro™). ECso, ECeo = drug concentration at

which a 2-fold, or a 10-fold depression of HBV DNA (relative
to the average levels in untreated cultures), respectively,

was observed. CCs, = drug concentration at which a 2-fold
depression of neutral red dye uptake (relative to the average
levels in untreated cultures) was observed. The ECy values

were used for the calculation of the Selectivity Indexes
[S.T.] since at least a 3-fold depression of HBV levels is
typically required to achieve statistical significance in this
assay system. HBV R.I. = intracellular HBV DNA replication
intermediates.

§ No significant cytotoxic effects were observed up to the
highest indicated concentration.
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| evels in untreated cultures. SI (selectivity index) _ CC50/EC50 Table 3.
Activity of conpounds against HBV replication in 2.2.15 cell culture.
Ext racel Iwbanodastseacel | ul ar Sel ectiv Virion DNA HBV R PCTIUS2005/0B186%
Conpoun EC50 EC90 EC50 EC90 CC50 Viri R d (M (OOUM (AM (M (M on I.
Lam vud 0.0580 0.1640 0.1720 0.6600 22297 1295 33 ine .006 .015 .020 .068
6 9 77 RW803 6.3 15 12 50 >67 >2 0.7 1.1 1.55,5>0000 RwW819 3.5
g. 0 7. 6ralgie S4>4 ReEiviks of cougunddredinst VapaestpPeSentEds( standard
evi ation ..D. wer al a by |inear regression analysis usin
data conbf %atlf%%n%%lzﬁv%$e%cjé% %ﬁ?ﬁ%{%é. S. D. wgre cal cul at e)d/ usi ng t%e
standard error of regression generated fromlinear regression analyses

(Quatt , C90 = drug ,
Fereprerdi on et

02Ys on v

of CGBv (BMA (rEFat i(4Y e (4llér age eI &¢
cultures), respectively, was observed. CC50 = drug concenrtygatd on at which
a 2-fold depression of neutral red dye uptake (relative to the average

| evel s &n_untreated culoupesy” was obzezved. Thes EE9 val ues >#ebBéSused for
the calculation of the Selectivity Indexes [S.I.]_since at least a 3-fold
depr _cassllé)ihebfel?m levels is typically Tequired ?'06 achi eve statistical
significance.jn this @fsgyz system, HBV R | . = LRppacel lul ar HBY BNA

replication ~Tnternediates.

10- f ol LY untreat ed

RM4803 282 + 21 37 + 2.7 98 + 9.3 7.6
RM4819 164 + 18 8.9 + 0.7 79 + 8.2 18
Values presented (+ standard deviations [s.D.]) were

calculated by linear regression analysis using data combined
from all treated cultures. S.D. were calculated using the
standard error of regression generated from the linear
regression analyses (QuattroPro™). ECso, ECs = drug
concentration at which a 2-fold, or a 10-fold depression of
HCV RNA (relative to the average levels in untreated
cultures), respectively, was observed. CCso = drug
concentration at which a 2-fold depression of neutral red dye
uptake was observed relative to the average levels in

untreated cultures. Selectivity index = CCsq/ECso.
* Values for interferon are expressed as “IU/ml.”
§ No significant cytotoxic or antiviral effects were observed

up to the highest indicated concentration.

EXAMPLE 2: TESTING AGAINST ANAEROBIC BACTERIA

Methods. Recent clinical anaerobic isolates (2000 to date)
comprised 40 B.fragilis group, 26 Prevotella/Porphyromonas, 28
fusobacteria, 16 anaerobic Gram positivé cocci, 14 anaerobic

Gram-positive non-sporeforming rods and 18 clostridia. CLSI

15



No significant cytotoxic effects were observed up to the highest indicated
concentration. 14 WO 2006/ 031566 PCT/ US2005/031868 Table 4. Activity of
conpoundsweagaiasischepatitis C virus replication in AVABCTAISR00SOB1SES €.
Compound CC50 (AM) EC50 (M EC90 (AM Selectivity Index cc - >10,000*1
2.2 85 >4,545 Interferon 0.2* 0.6* Ribavirin 61 2.9 94 10 >100$ 0.6
RVH8032382 @J’Llﬁﬁloﬁ MBB n@tBOﬁOQOgMBlthewrll@’l%iQBmlC}e Ha Bloodg

Val ues present ndar evi at L ons e | c b near

regresSPgh &Y y§§1 iango’g (tha }%o |n85[1§1S om a t}lggtaed%la%ﬁsr ehs(’ehfb

wer e caheubaied s Re heersidardaidver bk eft rejcessironsgknerated from t he

| inear regression analyses (QuattroProTM . EC50i ECO90 = drug

concentration at which a 2-fold, or a 10-fold depression of HCV RNA

(rel at a%eu@%ggh%u?er ABEC) C¥8h Sebn (HBYRES! @erecagt wbespwshespectively, was
ed.

observ cofcentration at which a 2-fold depressi on of

neutral red dye upt ake was observed rel atl ve to the average IeveI sin
unt r eated cultures Sel-ectivitv—i

e+ 6+E€E5 ad on
are expPE¥Sed ad B18¥a|. Iaé’/ﬁ&yrﬁ gﬁvfsf%’anﬁ ¢y ot ox(F]Ea Ce]tl Vi ra ig:‘gets

wer e opserved L%p_ t r%gw pdicat ed ;concentfat i on.rﬂiQAIVPI_ElZz)
TESTI NG AGAI NST EROCB BACTERI A Met hods. Recent clinijcal anaerobic
i sol at es (2000 t|oigla®)| conprisede#BaB. f [ &GOG1s GFedp, |26
Prevot el | a/ Por phyM)(gr)Dnas, 28

(28) (16) (14) (18)
Nitazox |2/4 4/8 1/4 0.5/2 |16/>3 |0.5/4 |2/4
-anide 2
Tizoxan |2/4 2/16 0.5/2 0.5/1 |8/>32 |0.25/ [2/4
ide 2

RM 4803 |>32/> |>32/>32 332/53 | »32/> |>32/> | >32/> |>32/>

32 2 32 32 32 32
RM 4819 | >32/> |>32/>32 >32/53 | >32/> |>32/> |>32/> |>32/>
32 2 32 32 32 32

Amoxici [1/ 4 |0.06/0.5 |0.5/4 0.125 |[0.25/ {0.125 |0.5/2
11lin- | /0.5 1.0 /1.0 .0
clavula
nic

acid

Clinda- |2/>32 | <0.015/<0 | 0.06/0 [0.125 |0.125 {1/>32 |0.125

mycin 015 .125 /0.5 /4 /8.0
Metroni |1/ 2 |[0.5/2 0.25/0 |0.5/1 |>16/> |0.25/ |[1.0/2
d-azole .25 .0 16 2 .0

Results showed that nitazoxanide, tizoxanide, potent against
all anaerobic Dbacteria groups except ‘for Gram-positive
anaerobic rods including lactobacilli (which are in reality
mostly microaerophils). By contrast, RM 4803 and RM 4819 were

without significant activity.
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fusobacteria, 16 anaerobic G am positive cocci, 14 anaerobic G ampositive
non-sporeformng rods and 18 clostridia. CLSI 15 WO 2006/ 031566

PCT/ US20080Q8d88866agar di |l uti on M C net hodol ogy with emrciratseesBsiseel | a
blood agar and inocula of 1 x 105 cfu/spot was used. Plates 'were

i ncubated in an anaerobic gl ove box at 35C for 48 h. Results. M C50 /M C90
val ues EXAMBIDE \Eere ASTIVIRAMSACTIIE. fra Prev/ Porp Fusoba G am Gram C ost

Al giT- Dy (26) ct- +.+rid-_(14 i i i rods i. .
(16) (14) (REdetds oxibriny Boarss, disTherts s Brapdhe. g de®
Ti zoxans 34 A, 2/ %ﬁo@e&é 200 Dldr 81 32 Ov 25f, 244 shéen 2in RMEBO3S >32/ > >32/ >32
>32/ >3 >32/> >32/> >32/> >32/> 32 2 32 32 32 32 RM 4819 >32/> >32/ >32

>32/ >3 >32/ EG32/ %usdpls >Izlues3) fpr3n 23x(ape el s )oi3 T W 961 B 5
0.5/4 0.125 0, 25/, in- / /1.0 .0 &1 i) - aci d
ai nda%rz‘?’g%gz 3‘%@&?%%@%‘%%?‘61%% 125 83%%0%) 32 o%z%ﬁfré/y%%& s 2125

/ (2355 6 lnd B L - W 5 00th 1 %0 22 0t 51 22601 P5Y Dez s ide 16/ $R104264) 1. 0/20d d- a0l e

25 -0 78 2 oL T8 15 R0ONER, At s L BRSX AL AR, L1 §PYBON TG ROt et Agal nst

(HRV-39), and H3N2

(RM4806), on Human Rhinovirus Type 39
influenza virus, type A, using a multiple cycle CPE inhibition
assay on OH-I Hela and Madin Darby Canine Kidney (MDCK) cell
monolayers, respectively, were measured by microscopic and
spectrophotometric methods. Pirodavir and Oseltamivir were

included as positive controls.

Table 5. Activity of RM-4803, RM-4804 and RM-4806 against

viruses in cell monolayer

Human Rhinovirus Type Influenza A Virus
39 MDCK
Compound OH-Hela 0% EMEM + Hepes +
2% McCoys + Hepes Trypsin
Buffer Microscopic
Microscopic Spectrophotometer
Spectrophotometer
R, = Br
Ry = methyl 0.06 0.03 0.45 0.18
R; = methyl
(RM 4803)
R; = C1
Ry = methyl 0.57 0.32 0.83 0.57
Ri = methyl
(RM 4804)
R, = Br
Ry = methyl 5.0 4.0 0.46 0.57
Ry =

17




al | anaerobic bacteria groups except
I ncl udi ng | actobaci ||
cont r ast ,wBlbhesdaB8s6and RM 4819 were

“for

G am positive

anaer obi ¢ rods

(which are in reality nostly mcroaerophils).

By

wi t hout significant pagtiseeosp31sed WO

2006/ 031566 PCT/ US2005/ 031868 EXAMPLE 3 - ANTI VI RAL ACTI VI TY Conpounds

within Formula (1V) of the present inventign exhibit potent antiwviyal
act|V|h¢th@&ysho in Table 5. | EC50 (g/nlL) |val ues for

2-(acet§miloxy§ -jmet hyl - N- (5- | brono- 2-t hi azol yl ) benzam de ( RM4803)

2- (acet' &Y rEYYY - 3-| met hyl - N- (54 chl or o- 2- t hilazoi yl ) benzani de ( RM4804)}, and
2- (a¢EQlEXY - 3 methioxy7 N (- bronooz- t hijlazol yliabenzam de (RMAB06), on
Human |Rhi novi rus Type 39 (HRV-39) and H3NZ influenza wiyus—type—A using
a mul { iosled teydivé TGPE | nB#bi tion  asSHy on OHI- 1Hel% ‘ahd Madl? - %a?%y Cani ne
Ki dney—{-MBaKky—eetH—onotayers;—t+espectivety, were measured by ni Croscopic
and spectrophotonetric nethods. Pirodavir and Gseltamvir were included

as posi
agai nst

39 NMDCEXAMARE fn

tive controls.

viruses in cel
¢ SELEAT

nDnoIa er
A 'v‘ »

Buf f er
Br R4

Coys + Hepes Trypsin

Mcr
6 0.03 0.45

were tested by conventlonal means against Trichomis vaginalis,

Giardia Intestinalis, and Trypanosoma brucei. 2-

(aéetolyloxy)—3—methyl—Nf(S—bromo-z—thiazolyl)benzamide
(RM4803) , 2- (acetolyloxy) -3-methyl-N- (5-chloro-2-

thiazolyl)benzamide (RM4804), and 2- (acetolyloxy) -3-methoxy-N-

(5-bromo-2-thiazolyl)benzamide (RM4806) each failed to exhibit

antiparasite activitity against Trichomonas vaginalis, Giardia

intestinalis, or Trypanosoma brucel at concentrations of at

least 50 pg/mL.
Accordingly, it has been demonstrated that in accordance
with the present invention, novel compounds can be provided

which are generally characterized by selective antiviral

activity.

As an additional benefit, it has been discovered that the
above halogen-substituted benzamide compounds are effective
against intracellular protozoa including Cryptosporidium spp.,
Neospora spp. and Sarcocystis neurona (RM-4820, RM-4821 and
RM-4822) .
to be

of the

With respect to the above description, it is

realized that the optimum formulations and methods

invention are deemed readily apparent and obvious to one

skilled in the art,
described in the specification are intended to be encompassed
by the present invention.

illustrative

Therefore, the foregoing is considered as

only of the principles of the invention. Further, since
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Table 5. Activity of RM 4803, RM 4804 and RW 4806
rus Type Influenza A Virus



R3 = nethyl (RM4803) Rl = d R4 = nmethyl 0.57 0.32 0.93 0.57 R3 = nethyl
(RM4804) Rl = Br RA = methyl 5.0 4.0 0.46 0.57 R3 = 17 WD 2006/ 031566
PCT/ US2008008dsa88566 net hoxy (RM 4806) Pirodavir 0.007 0. ®04/UN200531868
Gseltam vir NA NA 0.13-0.17 0.08-0.36 EXAMPLE 4 - SELECTI VE ANTI - VI RAL
ACTIVITY The above identified conpounds according to Fornmula (1V) were

t est ed rhymeemiee niddinGl cateamrss agrad nshafyesheil s vagindli eccug aeditdose
Intestinaljs,.and Trypangso brucei - . : :

(acet olSHoxy5d %%F%l A45¢5-bt ohb- §9Fh%§§&|rﬁ°3 behzanrde FRRmgdsyenELon

2- (acetyq) ypXY kxdcetdin st & Tk 0rad 2 opidhiaazalry | 9iremz arhde JeRMIBEHEG, and
2- (acet ol yl oxy) - 3- met hoxy-N- (5-brono-2-thi azol ?Y1I_) benzan%de RwA4 Oq_h: each
fail ed and erRCOFEingRY parhdi tBIHARAR t PPG1EGERRLOFr | 2R mﬁgg’s“’fggﬁ is,
Gardia_l i i T, i ceptfpdi oRSeiiah. | east
50 g/ anayA(r:}%:egffl ng 1J'yé,diét)é'hailssé{ een&%ﬂ#%ee??ﬁ% in accordance wth the
present i nverdiiomin novekefeaepowsds capabenpsovi dedl whPEhedre g&ﬂé%téqy ‘

char aCt];%}lalziecgaiP' on?sel ﬁg%lev%eaér:]r} ! }“e%eanlrregctclov'k} ‘ein: the teachings and
scope of each of said publications are hereby incorporated in

their respect entireties by reference.

Now that the invention has been described:
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As an additional benefit, it has been discovered that the above

hal ogen-substituted benzam de conpounds are effective against

i ntracel Iwbanogusedeezoa i ncl udi ng Crypt osporidium spp., PReEasp@sas3spp. and
Sarcocysti s neurona (RW 4820, RM 4821 and RM 4822). Wth respect to the
above description, it is to be realized that the optimum fornmul ati ons and
met hodsytodft tile clienvesd iioin: are deened readily apparent and obvi ous to one

skilled in the art, and all equival ent relafi hj o0 those described in
the specificatiof* HFIBUR aae‘gc?%%brég o %@g‘% tﬁéﬂi he present invention.
Therefore, the foregoing is considered as illustrative only of the
principles of the invention. Further, since 18 WO 2006/ 031566

PCT/ US2005/ 031868 numer ous nodj4i cati ons d changes will readily occur to
those skilled in the app, it istnot desir to\Nimt the invention to the
exact construction and operati on\\shown ang/descr\\bed, and accordingly, al
sui tabl e nodifications and equi vakent.s be rted to, falling within
t he scope of thep nvent pLgm~Certain rhﬁerencés, pat € and other printed
publ i cations have'deegAeferr@d to hdrein: the teachi hdd and scope of each
of said publications 38 incorporated in their respect entireties
by reference. Now that i Qn has been described: 19 WO 2006/ 031566
PCT/ US2005/ 031868 6s: 1. A conpound according to fornula
(111): RR ON R4

F25 (III)

in which

R, is a halogen atom, and

R, -Rg¢ are independently hydrogen, hydroxyl, Ci-C4
alkyl, -C;-Cq alkoxy, acyloxy, nitro, halogen, -C(O)Ry
where R7 is -Cl1-C4 alkyl, or aromatic including salts

and hydrates of these compounds.

2. A compound as in claim 1, wherein at least one of Rj

-R¢ 1s other than hydrogen.

3. A compound as in claim 1, wherein at least one of R;

-R¢ is hydroxyl.

4. A compound as in claim 3, wherein said at least one

hydroxyl is in the ortho position.

5. A compound as in claim 3, wherein the remainder of R,

-Rg¢ are hydrogen.

6. A compound as in claim 1, wherein at least two of R

-R¢ are other than hydrogen.
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RBRHSR R6 R4 RS (III) inwhich RLis a halogen atom and R2 -R6 are

i ndependent |y hydrogen, hydroxyl, Cl-C4 alkyl, -Cl-C4 al koxy, acyl oxy,
nitro, havogees/031660) R7 where R7 is -Cl-C4 al kyl, or arowatSe@siossbaidi ng
salts and hydrates of these conpounds. 2. A conpound as in claim1l,
wherein at |least one of R2 -R6 is other than hydrogen. 3. A corrpound as in

claim1l1, wher.ei npatcdarelasmn@nesoflnRZblaR@ iLs I’W@‘@@W ode Afc&apolad 1&s in
claim 3, wherein_sajd at, | east one_, hydr Sltl 5. A

conpound as in clHHEY wher &4 thtéh?emﬁ%‘ﬁ%% o?erZ RGRIére hy8r oé%r% 6. A

compound as in clgiqadendier B Nhatirbeast tep-@f &KRky:R6 -aneCet kdkdan
hydr ogen. 20 WO 2006/ 031566 ]%}CTI USZO%S/ 031868 7. A congo&nd as i,n cI al m 1,
wherein one of RACHEXW KpEesK¥RDLENEIHOFE NG N JRFOBTORIXY kg &Y O

i ndependent |y hydy a - |, | koxy, _cacylox ef ersabl
acet oxy or propi g}’lagl')%) "?n' c‘él(élh%\%/u Wheq]e Cé’?ﬁ Rgév\,hercg El% |§11?ng M%szl

or aromatic, mcd:tminaitglcs,al tm@]ndi:h}gjraateélstsﬁ amilasé'lyctﬂtﬁmncﬁf ghege

conmpound as in claim1l, g\/nereln one of R2 -R6 is
compounds .

8. A compound as in claim 1, wherein one of R, -R¢ is
hydroxyl, and at least one of Ra -Re is C;-Cp alkyl, -
Cc,-C, alkoxy, acyloxy, nitro, halogen, -C(O)R; where
R, 1s -C.-C, alkyl, or aromatic, including salts and

hydrates of these compounds.

9. A compound as in claim 1, wherein said acyloxy 1is
acetoxy or propionoxy, and wherein said aromatic is

phenyl or benzyl, which may be further substituted.
10. A compound as in claim 1, wherein R; is Br or Cl.

11. A compound as in claim 1, wherein R, -R¢ include no

more than one acyloxy and no more than one halogen.

12. A compound as in claim 1, wherein two adjacent R; -

Rs together form a benzyl ring.

13. A compound as in claim 1, wherein one of R, -Rg is
hydroxyl, and the remainder of Rs -Rs are
independently hydrogen, Ci-Cy alkyl, -C;-C4 alkoxy,
acyloxy, or -C(O)R; where Ry is -C;-C, alkyl,

including salts and hydrates of these compounds .

14. A compound as in claim 1, selected from the group

congisting of
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hydroxyl, and at |east one of R2 -R6 is C1-C4 al kyl, - Cl1-C4 al koxy,

acyl oxy, nitro, halogen, -C(OR7 where R7 is -Cl-C4 alkyl, or aromatic,

i ncl udi ngveabts3adsd hydrates of these conpounds. 9. A eomupsawd/ases n cl ai m
1, wherein said acyloxy is acetoxy or propionoxy, and wherein said
aromatic is phenyl or benzyl, which may be further substituted. 10. A
conpound as in clai mdetahgrety) Rl-nmesciBFl-ar- @ -bddmoA €onpound as in claim
1, wherein R2 -R6 include no _nore than one acyloxy and no nore than one

hal ogen. 1XhimzohpolbrPZRMNiF C{Pé‘ﬁﬁq?j) itherein two adjacent R2 R6

together form a bengyl 15400 - 13ne tArFONpPoLtnd, Asmb M cl @i m 1, wherei n one of
R2 -R6 is hydro%?l ,@[%nd the ren%i n%lér o%gRZ -R6 are independently

hydr ogen, -Cleliezabkyl ) berCiatidal R¥4819hcyl oxy, or -C (O R7 where R7 is

-C1-C4 alkyl, includin ts a rates of igd4d. A
conpound as in clai E?‘i‘?g%@aie%}%)dq?? Q%/ﬁdkf %m%r%u%ﬁb%%ﬁlsfgw(ﬁgggﬁl%% WO
2006/ 031566 RGI44452005/ 031868 2-(acetol yl oxy)-3-net hyl - N-(5- brono- 2

t hi azol yl ) benzam de ( RVA803); 2-5(> hydr oxy) - 3- net h¥ - N-£5- br ono- 2-
thiazolyl)benzani@e(ﬁﬁmeig OxXY) - -methoxy-N- (5-bromo-2-

2- (acet ol yl oxy) - - =t hi yipheszam deng( RWM820) ;
2- (acet ol yl oxy) - ?l%?%%%?@?%@%@%% Qﬂqt hi ayzn:)l yl[l) benzam de (RwW821); and
2- (acet ol yl oxy) - 52 Aphbexyl X 6By br Hrmehoxy-N- (5-bromo-2-

thiazolyl)benzamide (RM4822).

15. A compound according to formula (IV):

N
SN
R H S R1
(Iv)

wherein:
R; is halogen,
Rg is -C(O)Rio, in which Ry is -Ci-Cq4 alkyl, and
Ro is -C;-Cs alkyl or -Ci-C4 alkoxy.

16. A compound as in claim 14, wherein R; is Cl or Br.
17. A compound as in claim 14, wherein Rg is -C(O)Ri, in
which Ry, is methyl, ethyl, propyl or butyl,

including isomers thereof.

18. A compound as in claim 14, wherein Ry, is methyl or

methoxy.
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t hi azol yl ) benzam de (RWM822). 15. A conpound according to formula (1V):
ORSF ON,--- (,;: ~ RRHSR (IV) wherein: RL is halogen, R8 is

-C(O R10, WORoNhi3e$s6R10 i s - Cl- C4 al kyl, and RO is -Cl-@dTaiskgos/osrses Cl- C4
al koxy. 16. A conpound as in claim114, wherein RLis d or Br. 17. A
compound as in claim14, wherein R8 is -C(OR10, in which R10 is nethyl,
ethyl, propyls.or Rbuiopipounidhelsudinng: lissiomeirds  teedresdgfed 180 tdsmena as i n
claim14, wherein RO is neth or rmethoxy. 22 WD 2006/ 031566
PCT/ US2005/ 031868°7F8-StAN Midund as in claim 14, selected fromthe group
consi sting of: 2 |d!L'yQ>é:‘zS<)y)3‘3f’CﬁHé% NN Serarama-2 4 hi azol yl ) benzam de
(Rw4803); 2-(acetolyl oxy) 3- et hyl - 5-chl oro-2- thiazolyl)benzam de
(RVA804); and 2-@@@@@ é)qﬂ)z@lﬂﬁg@c h@%&ﬂa‘@% 5- br onpb- 2- thi azol yl ) benzani de

(RW806) . 20. A £ active agent a
conpound accor di %g %]1 (| W %ﬁﬂl%ﬂg—@s

thlazolyl)benzamlde (RM4804) ; and
2- (acetolyloxy) -3-methoxy-N- (5-bromo-2-
thiazolyl)benzamide (RM4806) .

20. A pharmaceutical composition comprising as active

agent a compound according to formula (ITI):

(I11)

in which

R; 1s a halogen atom, and

R, -R¢ are independently hydrogen, hydroxyl, Ci-C,
alkyl, -C;-C, alkoxy, acyloxy, nitro, halogen, -C(O)Ry
where R7 1is -Cl1-C4 alkyl, or aromatic including salts

and hydrates of these compounds.

21. A method for treating viral infections, comprising

administering to a subject in need of treatment an
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R6 R4 RS (I1l) inwhich "™ RLis a halogen atom and Rz -R6 are

i ndependent |y hydrogen, hydroxyl, Cl1-C4 alkyl, -Cl-C4 al koxy, acyl oxy,
nitro, havogens/ 031660 R7 where R7 is -Cl-C4 al kyl, or arowaS2@siosskgidi ng
salts and hydrates of these compounds. 21. A nethod for treating viral
infections, conprising admnistering to a subject in need of treatnent an
23 WD 2006/ 031566 fREHLUS200MA3 86T a¢fdrentiavevanmadt asinppssitdraraceut i cal
conposition conprising . as active agent a _conmpound acgcardi t 0 ormul a
(111) : R2 O N REIPHISIRT aRe 2GR4VR5 3390 2 97N ¢ ézﬁfcié?qgiléﬂ%a\{oogen
atom and R2 -R6 @& jindegandent |y hydrogen, hydroxyl, Cl-C4 alkyl, -Cl-C4
al koxy, acyloxy, nitro, halogen, -C(OR7 where R7 is -O-C4 al kyl, or.
aromatic including salts and hydrates of these conpounds. 24

(I1IT)

in'which

R, is a halogen atom, and

R, -R¢ are independently hydrogen, hydroxyl, Ci-C4
alkyl, -Ci-C; alkoxy, acyloxy, mnitro, halogen, -C(O)Ry
where R7 is -C1-C4 alkyl, or aromatic including salts

and hydrates of these compounds.
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