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

derivative re specifically, benzam de derivatj cterized by
«greater spé@??@%?ﬁ%for viral pathogens and |ess di le uﬁ?ﬁzgoé}agé(’%benefi ci al
gut mcroflora. BACKGROUND TO THE | NVENTI ON

(2- (acet ol yl oxy) - N- ( BANCGENZFEIN BEREXMIDIE 0T egTT7RE Cconpound of
formula (1) , also referred to as nitrothiazole, nitazoxanide, or NTZ, is
~known for use in the treatnment and prevention of parasitic infections,

bacteri al i e 8 oo i nfections, diarrhea and other intestinal
Lroubl es EREELOr MR oveiiRy D0 351, 4. 315,018 and 5, 578, 621) i ncl uding

treat nent of tThemat ddesntiprS. RatlestsNo. t6, 8583 BARnatedhe beepawiatsi on. of
‘NTZ is di .o U P t . 3 351 r.oved ceutical
Conposi ti%%ﬂ%?ringgfi v%r“%/ EHC()) NTZ" ar e |a§gyéseaellllzrr?%ﬁ%§. S%tg%?\%@li%s% :

6,117, 894CkiHtRc®rdg8d 9By . JrE 9 G3=cifip)ty HEND2 viirahasatearensosindl at ed
that, in pAReTNRIGLDAGE &d BeADR: U020/ NIA LXNI bits a mode of action
based upon reduction of its nitro group by nitroreductases, and
particularly pyruvate ferredoxin oxidoreductase (PFOR) dependent el ectron
transfer soacdiicons rOatpmrgvessesyi al for anaerobi c energy

(2- (acetolyloxny) -N- (5-nitro-2-thiazolyl) benzamide, the

compounid of formula (I), alsc referred to as nitrothiazole,
nitazoxanide, or NTZ, ig 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 trematodez (U.5. Patent No. 5,856,348).
The preparation of NTZ is disclosed in U.S. Patent No.
3,950,351. Improved pharmaceutical compogitions for delivery
of NTZ are disclosed in U.S. Patent Nos. 6,117,894 and
5,968,961.
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It has been postulated that, in anaercbic bacteria and
protozoa, WNTZ exhibites a mode of action based upon reduction
of its nitro group by nitroreductases, and particularly
pyruvate ferredoxin oxidoreductase (PFOR) dependent electron

trangfer reactions that are egsentlal for anaercbhic energy



.a, WO 2006/ 031566 PCTI US2005/ 031868 mnetabolism Nothing is currently
Enown regardi ng the possible node of action of NTZ for hel m nthes,

owever, t of anaerobic electron transport i.dered as
pot enti al %83@@5%{?"%\,“ th the 5-nitro group inplicat ed" n’%zﬁ(l%/s%ﬂr?%chani sm
Compounds according to formula (I1), in which one of R3. .5 is -OH and the
remai nder,@bpRilidn beimgiingai € dnawnrte exdibirtegaadtinyirted reesibley, and

are known for treatpent of human viral _.di seases suc cadsed b
R A T A
Ijnsfv_Rl?, | Rgl unlafroﬁava endldNason5, 88&5PbItandré, 025388 edR a® POLRNERRLH S NO2
. i tept . .the 0 ey iS€ | or onl
viral patt1(’?5 hg: %%’y%glre eE elsgcrrol %gaﬁggﬂ%;i\r#%ggx%ﬂlel 1qel%t lng(Cé%tiE%‘lri\/igser{rf(fy agai %st
parasites, bactepimdanddoongisy it fumacilacéll) t hin WA $5Ei afefwith a

pr obl em MABLY kN AUTBOS, AR, MBEYR, BNLIELS 5, { BeeOkhoRONAISbenef i ol al
popul ations o m croflora, principa fy conprised of anaerobic bacteria.

O al admntlisﬁralimtﬂgifitmoaﬁdsé}i’e%t]ﬁfl@m‘lcé%oiﬁﬁfé?@ﬂ‘éhoﬁsh‘fr‘l‘?é’séf%ﬁl Formul a
(11) kil s JgeBack el alaUtnbbor dravtliaChupRynlad (grosegansanys,

conplications Including diarrhea requiring further treatnent.
varicella zoster, Epstein Barr virus, HSV-I and HSV-II (U.S8.

Patent Nog. 5,886,013 and 6,020,353).

(I1I)

While potent, these compounds are not selective for only
viral pathogens, " They are described as having excellent
efficacy against parasites, bacteria and fungus. In practice,
this is associated with a problem. Namely, in humans and many
animals, the gut contalns beneficial populations of
microflora, principally comprised of anaercbic bacteria. Oral
administration of broad spectrum compounds such as those of
Formula (II)} kills the bacterial gut flora, which may lead to
secondary complicationg 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 antibacterial' and antiparasite

activity, at 1least to the extent of avoiding deleterious



Accordingly, there is a need for therapeutic conpounds that are nore
sel ective for viral pathogens. Most preferably, these conpounds should

‘possess an%g'&({oghﬁ%gti vity, but be substantially devloélqus% sfaﬂtsé bacteri al
& drng d

»and anti parasi activity, at least to the extent of avol el eteri

':_2__ WD 2006/ 031566 PCT/ US2005/ 031868 effects upon the beneficial gutte o
m crof | oparubesn asbi niisé evetefioial | yut Thisrofeda afprmmdeinisterdt eved by

t he _presentl i nvention, as will beconme clear to one of ordinary skill upon
readi ng hé %561_ | owi ng di scl osure and exanpl es. SUMMARY OF THE | NVENTI ON The
present inventhin redeat,es and ambiwi r als bencluieved @i AL vEECPHHt are nore

sel ectl ve for, ¥l 8l PALH0RRS AN B0 ER! haoby SAuS@:educed debeteri ous
P il Tl

effects o 3%1.1%ennéfi cial”"gut mc ora when adm nistered orally. In a
first aspeetling Hehd Medheivtre idsstpprrsiangl §*HERIiSDy replacing the nitro
substituent, which has until now been believed to be the key to the

activity of NTZ, with a halogen atom This substitution may be nmade in any
of the kmwmfi ffective 2-benzam do-5nitro-thjzaol es

(wherein the bgozenesthig MeRecHariousky stbstdtuvedyl Hsmzpmidengly, the
novel hal ogenated conpounds retain their aptiviral Praper igs, byt they
renoggHe b 2
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oral ly. Exapphesqnf dhene Jamwed2abesuaiiiods- eiifecos tiwaadiesiichal ch are
anal ogues of the conpounds of t hetgr egeont 1i nvention

gut microflora when administere rally.

In a first aspect, the invention is surprisingly made by
replacing the nitro substituent, which has umntll 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—Snitro—thizaoles
(wherein the benzene ring may be vario?sly subgtituted) .
Surprisingly, the novel halogenated compounds retain their
antiviral properties, but they lack 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 in the above
referenced U.8. 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):



differing only in that in accordance with the present invention the nitro
group is renoved and replaced with a halogen atom are extensively set
forth int referenced U. S. Patents, and U.S. . 5,886,013
in parti ct}?%?@gﬁseﬁfr di scl osure bei ng incorporated h%$®s§%§) 6r$8ef erence.
The present invention further provides (5-halo-2- thiazolyl) benzam de
conpounds according to fornmula (ILlI): 3 WO 2006/ 031566 PCT/ US2005/ 031868 R2
Ofl N-] RBRHSRL R6 Fz%,4R (rrry h RL is a hal ogen atom
preferably F, d, Br, or nore \preferab Br \pr C, nost preferably Br,
and R2 -R6 are independent \y hydr gt Xyl -C4 alkyl, - C1-C4

al koxy, acyl oxy (erfgerab OXy oerropi céoxy), Ri.tro, hal ogen,
-C(OR7 where R7 i s ~C~e , or drlomatic (preferébly unsubstituted or
substituted phenyl or be i ncluding salts and hydrates of these
conpounds. Preferably, gke B9 is hydroxyl. Preferably at |east one
of R2 -R6 are other: 3 nd nmore preferably at |least two of R2
-R6 are other than @drogen. Two adj acent R2 -R6 may together forma
benzyl ring. Preferably, RZRRG i nclude no nore thamrrgne acyl oxy and no

in which

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

Ry -Rs are independently hydrogen, hydroxyl, Ci;-C, alkyl, -
¢,-C, alkoxy, acyloxy (preferably acetoxy or propionoxy) ,
nitro, halogen, -C(0O)R; where R7 is -Cl-C4 alkyl, or aromatic
{preferably unsubstituted or gubstituted phenyl or benzyl),
including salts and hydrates of these compounds .

Preferably, one of R, -Rg is hydroxyl.

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

Two adjacent R; -Rg may together form a benzyl ring.

Preferably, Rz -Rs include no more than one acyloxy and no
more than one halogen.

The present invention further provides antiviral

compounds according to formula (IV):

O
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nmore than one hal ogen. The present invention further provides antiviral
conmpounds according to formula (1V): ORR ORR NHSR (I1V) 4 W

2006/ 03156 005/031868 in which RLis a haI Bis
-~ (O R10, &% rc‘%é’?ji’af“%gl s -Ci- C4alkyl, and RO is - %S’g‘}"?’ 18‘5 Cl- C4
al koxy, including salts and hydrates of these corrpounds The |nvent| on
further provides antiviral 'phar rraceuti cal conposi tions conprising a

conmpound of Formula (111) or \% p ceut |y, .aggeptabl e
carri er. iFi ey R te 3 ﬁ’\?éﬂ??% Fvi 6e%s Qﬁe &d o ?%e% ing or
preventing @mglr alaﬂdnffgctﬂsonclncanaH{yMr OFCJh@ﬁranlsmaYec%nChﬂ%@grret hod

conpri si n adm nlﬁ%’) ri n LI) éﬁl d sup%ecﬁdgt | east one dose of the

phar mac ettt 1't:‘aal"’“'l(:}o corr%sr@T sih effective anount' of the

antiviral COI"anUI’hdwmtd)bﬂl ffigrtieer Forawides |anhivgrat| Wamac%utlcal
br esent FHRRARATSRCF P IE (st Sam g T o Form a (111 R2 0 1o R H S
R, Rs R4d a pharmaceutically acceptable carrier.
Finally, the invention 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 incilude those

according to formula (III):

(IIT)

in which

R, is a halcgen atom, preferably ¥, Cl, Br, or I, more
preferably Br or Cl, most preferably Br, and

R, -R¢ are independently hydrogen, hydroxyl, Ci1-C. alkyl, -
C,-Cs alkoxy, acyloxy (preferably acetoxy oO¥ propionoxy),

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



R5 (Il'l) in which R1 is a hal ogen atom
preferably Br or O, nost preferably Br,

hydr ogen, Cl-4 al kyl, - Cl-C4 al koxy, acyl ably

acet oxy or %?%%’%lns 6xy) , hitro, halogen, -C(OR, V\herPg%é“;ﬁ&Pgs’&E%i- 4 al kyl
or aromatic 5 WD 2006/ 031566 PCT/ US2005/031868 (preferably phenyl or
benzyl, whRaBYybe ghentber orsubisénayied) , whing! udinayg s&kt s hgydr at es of

t hese conpounds. .. Preferably, e Q Y IS RYOf Oxy | Leh&s abl y at
| east or@RFLIRYedRE H} u%ﬂﬁérS? r)Easn‘-’l Jdr %%ﬁc,es gﬁdgﬁmrecgplgf erably at | east

two of R2 - Réraferabher cnkant Rhydﬁegi@nhﬁﬁwﬂdi acent R2 -R6may toget her
forma benzyl, g, , Pr.ef QLabl yopdor B0 LACLUIENRTRHE! ki shee, acy| Oxy
and no nore than one ha ogen. npounds according to the present

i nvent i omdir eoré | psefatadybyatt hbeddl | bY ngEndh- IR BFRg 58T © e

Structurg %A@%qﬂaar Mol ecul ar  Nunmber Weight Formula Rl -4803 355. 21
C13HL1Br kP B3C H S Br RV 4804 310.75 C13H11C1N2CBlS H3C / S CI RwW 4606
J~NJ 371.21 GrBHEBeRPTMS: HRCPY toggiber form a benzyl ring.

Preferably, R; -Rs include no more than one acyloxy and no

preferably F, d, Br, or I,
and R2 -R6 are independently

nor e

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 Clgﬂlg_Berogs
CHS ﬂ
H3C H S Br
RM-4804 ’ 310.75 C13H11C1N303S
H3C: S Cl
RM-4806 371.21 Cy3H31BrN2045
BTN
H3CO § Br
RM-4819 313.17 C11HoBrN.028
H I\
ch L] Br
RM-4820 341.18 CyHgBTrN,048
3B\
] Br
RM-4821 355.21 C13H11Brl\'f2038
e N/EW\
H 5 Br
CHz




RM 4819 313.17 Cl1HOBrN2@2S H/ H3C/ S Br RV 4820 N 341.18 C12H9Br N233S

/ S Br RM4821 / 355.21 C13H11BrN2@3S CHy f/ / 1 HS Sr CH3 6 WO
2006/ 031566 / 05/ 031868 RM 4822 355.21 C13Hi Br N'X s Br
H3C RM4826’”‘£&I?’&5{%§€3. 17 CLIFOB RS | 1 6 Br Of SR st
Mol ecul ar Mol ecul ar  Nunber Wi ght Formula RM 4827 333.59 C1lOH6Br CIN2O2S
H Ol /| e B RV 83T 317, 13 CoHGB FIEEE21 H ¥ H[S:BruRwas82 2po. 14
CloH1Br S H o N/E_}\
H ] Br
HaC
RM-4826 OH .\ /3\ 313.17 C11H9BrN2028
Q S Br
CHa
Code Structure Molecular Molecular
Number Weight Formula
RM-4827 333.59 C1oHeBTrC1N20,8
H I\
cl S Br
RM-4831 H m 317.13 C10H¢BTFN2028
n’ A
RM-4832 ‘ 299.14 C10H7BI'N202S
3L AN
H 5 Br
RM-4833 H /@—&\ 329.17 C11HoBrN,038
Hﬂ 5 Br
HsCO'
RM-4834 OH 123\ 329.17 C1:HsBrN;035
&p} s “Br
QOCH;
RM-4835 OH /_}\ 284.72 C11HoC1N,038
[}]/Es cl

HaGO




/1 H Br

HaCO 7

GritoG Nocd I

Structure Mol ecul ar

Mbl ecul ar

RM 4833 H 329.17 C11HOBrN203S / 1 p s Br
329.17 C11HO9BrN2G3S H s Br

H3CO RM 4834 pH)) ~

OCHa OH 284.72 C11HOC1IN203S RM 4835 ~ / 1 scl
6 PCT/ US2005/ 031868 RM 4836 p//
9-4838 of f 333.59 ClOH6Brcl N202S

P

Nunmber Weight Formula RM 4839 H N 333.59

ClOH6Br CENZEESE D 3 284042 CLOH6Br@N2/C28-0:8 Br Br Preferred
exanpl eg of conpol (rrr) include:
RM-4838 333.59 CloHsBrc:l.NzOzS
Gl
Code Structure Molecular Molecular
Number Weight Formula
RM-4832 H /i}\\ 333.59 Ci1oHgBrClNL025
S Br
_ &l :
RM-4840 H /‘B\ 1378.04 Cj_QHsBI'gNgOzS
S Br
Br
Preferred examples of compounds within Formula (ITI)
include:

2~(acetolyloxy)—3rmethy1—N—(5—bromo~2-thiazolyl)benzamide
(RM4803) ;
2—(hydroxy)~3-methyl—N-(5—bromo—2—thiazoly1)benzamide
{RM4819) ;
2—(acetolyloxy)-N~(S—bromo—z—thiazolyl)benzamide (RM4820) ;
2—(acetolyloxy)—5—methoxy—N—(5—bromo—2~thiazolyl)benzamide
{(RM4821); and
2-(acatolyloxy)-5—methoxy—N~(S—bromo-z—thiazolyl)benzamide
(rRM4822) .

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

have good efficacy. from among the above illustrative

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



2- (
2-(
2- (

2- (acetol yl

acetol yl oxy) -3 inethyl -N-(5-brono-2-thiazolyl)benzam de

hydr oxy) - 3- met hyl - N- (5- br ono- 2-t hi azol yl ) benzam de (RwW819);

acetolylo - N- ;
. W&Qﬂ'ﬁ-’q\gls t hoxy- N- ( 5- br ono- 2-t hi azol yl ) benzam 2e(}[)SKFI!?’T\%BZl) ; and
2- (acet ol yl oxy) - 5- net hoxy- N- (5- br onp- 2- t hi azol yl ) benzam de

- brono- 2-t hi azol yl ) benzam de (R

(RVA803) ;

(RVA822) . It

has furthels bagn.dbscoveredsi hakucospourkis-a83h RM-pdtoxRM-48BS8i tutent in
the ortho position of the benzene r%%g) have good efficacy. Thus,
S,

anong t F-4886e BH14838r alivE®> Lofllo

preferred. Rib@sdsh
RM 4831,

RM 4840. thS5th S nERE ™3¢0

from

the foll ow ng conpounds are
ARM B riDng0@6/ @3E566vRPETI WS2005703 388 1redvee RMW 4827,

‘RM 4832, RM: 48?(3 RM 4834, RM 4835, RMWM 4836, RW 4838, RM 4839,

r

formula (I1V): ORS ORO HRL wherein: Rl is halogen, preferably F, d,

or

nore preferably Br or C, nost preferably Br,

R8 is -C(ORlo, in

6?%@ to the invention preferably include those of

Br,

which RROis -Cl-C4 al kyl. R10 includes nethyl, ethyl, propyl and butyl,

including isonmers thereof. MNghyl is p red, whereby the benzam de
substituent is acetol@-BRgy. apd /( \
NS R .

Ro

1\))

wherein:

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

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

Ry is -Cy-Cy alkyl oxr -Ci-Cp 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
(RM4B03) ;
2—(acetolyloxy)—Bﬂmethyl-N—(5-chloro—2—thiazolyl)benzamide
{(RM4804); and
2—(acetolyloxy)—3—methoxy~N—(5—bromo—2~thiazolyl)benzamide
(RM48086) .

The compositions of the present invention wmay be
Formulated as solid or liguid dosage forms, or as pastes or

olntments, and wmway optionally contain further active

ingredients.



RO is -Cl-C4 al kyl or -Cl-C4 al koxy. Meth
( : yl and met hox are prefer )
Met hyl i1s nost preferred. Exanples of conpounds wthi nyFor nmul g (v red

i nclude: 2-(acetolyloxy)-3-nmethyl-N(5-b -2-thi '
( RV1603) ; Qwé é"c?@?%’f%l oxy) - 3- met hgl -\ E 5- CLFI)Hr)o-ZZ'E nglsz)éﬁéﬁ)z@g@ﬁgégmdge

(RWM804); and 2-(acetol yl oxy) - 3-nmet hoxy- N (5-brono-2-thiazol yl)benzam de

(RV4806). Th it i Dns: - ! : .
solid bl qﬁril%oggghab%&fl tdaepps esitts idtventel premayt benvemrienm at ed as

_ | e forns, or as pa '
opt 1 onal Fymeciieai h POPPHEPIBLEI U RGPEaT Rt S5 0 2008 03 T500"

E(C)JT/ US20Q5/0348681yThe rpbad Mesedit iaaludrenpositdonsarde toe FRESEHS i nvention
c npr i sekg phar maceutécg%v: % ggrgaelp_)t asllelca:{ﬁ | Bl Lchahé RAtiud@idicularly
imted, A i hel G88ec a ) rangYe of carriers E%oi/vn to those of ordinar
skill inykbeisstor antspeaclingi agennet (Ung. oPatdintper Si7AgEablnt §°3455S. Pat en%/

5,578_,62%),,starch erivatjves ( . te 2 | plien.
the 1ike! e“r‘é%"r”e‘{eserfg’oér rrgan e\él%néyyggt?i;%& %&c%%%rﬁsge%dcggﬂ ﬁi]&g; S;i and
subst anceabhat eobstiterttes may eppbipraldyat FHPTLSee. @ 3 CEBEI Tyt Ifat

substantial Ly insolubl e | ' Eati gn : - ; :
intesti ngph?gﬁ?%gﬁa%ﬁ%%g%ﬁ%iﬁ Ca(%%qp%g%%?o?\?%on%lrjEiteﬁnhl:glrargmmr@lsUbl °
‘accor di nghiao Fompskantially orinsoypbate plef @iaﬁfil'f}cfo?ﬁﬁf‘g?éodl 19%\% or al

adm ni stration, and ar g.epbional hntbseiha roupief a

Pharmaceutical compositions comprising compounds

according to Formula (III) or (IV) are preferably Formulated

) for oral administration and are optionally in the form of a

| liguid, for example an emulsion or a solution or a suspension
in water or oil such as arachis oil, or other liguid.
Formulatione of non-agueous micellar solutions may be prepared
according to the method discloged in U.S. Patent 5,169,846.
Alternatively, tablets can be manufactured, for example, Dby
performing the following steps: wet granulation; drying; and
compression. Film coating is generally performed with organic
golvents.

The term “selective antiviral” as used herein means that,
at dosages effective for the prevention or treatment of a
viral disease, the activity 18 more antiviral than
antibacterial, antifungal, or antiparasite, and gut flora of
the subject is not disrupted to levels expected with broad
gpectrum antibiotics.

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

illustration and are not intended to be limiting.

10



liquid, for exanple an enulsion or a solution or a suspensi i
(r)n! lcelsijgr aavagfachi s oil b or other liquid. Fornulati ong ofSI ggn-ggu\gghgr o
S y be prepared according to the i i
U S. Patent @dfg@%ﬁg Al ternatively, tabl e?s can be@ﬁ%&g@%%(%legse?olrn
exanpl e, by performng the follow ng steps: wet granulation; dryi Hg' and
conpr essi on. Filmcoating is generally performed with organi c sol ve1nts
The term "selective antiviral" as used herein neans that, at dosages '
effective for the prevention or treatment of a viral disease, the activity
is nore aRhindie al: t haprrmntachasserveduseanti fungal , or antiparasite, and gut
flora of —The subject I's not disrupted to |evels expected with bro;ad
spectrum anti biotics. The preferred antiviral treatnent or prophylactic
dosages mefmtdh® conpounds of tHe present invention nay depend upon the
wei ght of tt\eesub. ect, 11an may be inferred by one of ordinary skill
. W thout SRBuReRXYS "Nt ati on by reference to the follow ng, exanples
g/hl I(:h ar geget ol tdrdsor apdr pBsestusintsi | | ERTat 16KYRARF-ar €3N {DPHR ended t o
AGAI NST VFRESES EFRGDS RO HERst | ¢ et T hsee Col T cul Lur 65 and. Tt eat
: S [ -hepatic viruses Cell cultures aggeatmnts
HEp- 2 | ampdgeabacar ckhdmey GWPIR  #efhk BRI ITVRE VATHZ gngl ERO cel | s

cani ne  Madihn- Darhy Kigdngy (MOG9ecand nangmrgoadanoegheraoin RAND)

medium (Gibeco-Invitrogen, Caxrlsbad, Ca), supplemented with

10% fetal calf serum (FC8), 2 mM glutamine and antibiotics.
'} Compounds dissolved in DMSO atock 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 eqgual 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 Puertoriceo (PR8); Paramyxovirus
(Parainfluenza): Sendai virus (8V); Rhabdovirus: Vesicular
gtomatitis Virus (VSV); Rotavirus: -Simian Rotavirus SA-1l (8A-
11); Herpes Simplex virus type 1: strain F1  (HSV-1);
Coronavirus: canine coronavirus strain g-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.1.) of 5 HARU (Hemagglutinating
Unitsg)/10° cells. Alternatively, confluent cell monolayers
were infected with HSV-1 (HEp-2 cells), VSV (MA104 cells),
cCoV (A72 cells) or Rotavirus SA-11 (MAlO4 cellg) 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/10° cells for SA-11. After the

11



cells, were grown at 37C in a 5% Coe at nos i i
_ , _ phere in RPM nedi um
(G bco-Invitrogen, Carlsbad, CA), supplenented with 0% fetal calf serum

(FCS), 2 ?W%%@%GQe and anti biotics. Conmpounds di Iﬂ}égﬂgjgfq%ﬁpl\/so st ock

sol uti on were diluted in culture nedi i

_ _ um and a 0 f

ce! IS i rmepll ately af_ter the 1 hour adsorption period. Conpounds |\r,1\eregt °d
mai nt ai n gsdxgtggg AL UR) f @het Rexdur ahbenleh whe rexpeed meRg. C€dhtrol s

recei ved equal anounts of DVSOQ djl uent. , Each _canc raf,l
conpoundnaresl EEE e dVEFE dd’ﬁsih@gt "R AT Sex%%ﬁpn?rﬁgs%%%ekgjggﬁgghtw ce.

Virus-i nfection (s tidsatd owerel hea froddiowiingtvi 31Pse sime ABPTRRG Y Red:

I nfluenza A: strain Puertorjco (PR8)...P i i .
Sendai vFRHSTESRAIERL 6BV HUEE \?efsi)Fg&I g%a%tégﬁgté???%é \P}?ﬂ; ?SH@E I\%@a;za) '

Rot avi r UgomhiidanoiRotant rals Skueht( SAHrLE) ;vidde ' ' 4
\ _ : yikdedpewssi SRR ud ype 1:
of laa e : / . . ype L.
Stranh F%o& POVEA): L CDLONAYT TS5 £aB) NERAUONAYEHS LeLEA Tord- &8, ( CCoV) .
en 36%. n ers were infetted with Influenza A vi ( MOCK
cel |'s) oprpararnbhdemaalsy E37REEERE| epssnr (ISYy aHS¥7C A% éﬁ{)t'i plicity

of infection (mo.lL,) U ti i 4 -
Al t er nat F‘&%‘F'@émgon%?ue%an?g?ﬁ rr%fr_lo%:gggg%ij I(ﬂv\ﬁ%%ﬂ?nfuglt é?la'k?? m\a/l;lls( HEp- 2
celI's) , RUSWA (MALOA Bmhitano, MoBoVACAYZRE@N SF diFR 59??\3%}’ sf&“{";%e(mloz

I1sY for _ . s o
ggl | 2) f 1; %Ilméé%f (iltv LC alp,8 MO. ia abva1 PRAAR-agier Formiingetpets) /| 05

VO 2006/ wgﬁmphﬁusz&ggﬂg%&gmaééggg{ } %%752%%7 o hi’f‘”'v‘%llﬁ’a A%I%Cg::uf i vas
removed and cell,; noRol ayghsiver e. washedrihzie, t iSma,s yanarqphodphdt e- bﬂ]tnf \é\?s
-y dantoro, 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—2—yl)—2,5-diphenyltetrazolium bromide  (MTIT)
to MTT formazan conversion assay (Sigma-Aldrich, St Louis,
MO) . For MTT assay, reduced MIT (formazan) was extracted from
cells by adding 100 pl of acidic isopropanol containing 10%
Triton X-100, and formazan absorbance was wmeasured 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 hepatitig B virus replication.

Antivir. Res. 19, 55-70 (1292)).
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saline (PBS) . Cells were maintained at 37C in appropriate culture nmedium

containing 2% FCS in the presence of the test conpound or control diluent.
Virus yiel

d was determ ned 24 hours post infection (p..i maggl utinin
titration ("V)Q;NP6/03|515§ SV and SA-11) or CPE50% assay (%&}IS&%@({F , and CCoV),
according to standard procedures (Amci, C, Belardo, G, Rossi, A &
Santoro,H%gi_i‘A%t cvati@n of |1 KB kinase by Herpes Sinplex virus type 1. A
novel target for anti-herpetic therapy. J. Biol. e 28739- 28766
(2001) ahdtiBEnigdEoni © OFiT%m ﬁ‘?’?c.a?‘}/a&é”sﬁ%z""?l& %q,g%%%%s%? A&

Sant or o, cyl;&ox'l'i&th(KBﬂéﬁﬁmagerchrrﬁed(e;‘(nfaact ardan tasieggerithgthbentfQYenza A
virus -induced inflammtory cytochine QN ~kRial [YRy, epiddel i al

cel I's. JreRibFon-CRErP1D8H -22“?%95?%5%?)“39. &Il toxicity. Cell

vi abi | i t yopase det.er minadaby & he ,3Fedrse, &-neihylehiBzd Xorpp) B E-

5-di phenyl tetrazol i um brom de - ; Enbor HBZAN faeN ek si-an assay

( Si gma- AEFPRFERETEE £ uf—’"sj’?lwl\%l. IXII%%VMEI# a;gsgsgy, reduced, MIT_(forpazan) was
ext r act edriftronbycehtsrbyraddeonPiraoist sheERW ¢ PESPFOPan®t® comit‘ai ni ng 10%
Triton X-10 and .f z ab&ggﬁqﬂg@ wagicgeasysed i(plaght ELI BATm cropl ate
r eader atzj"'tg/% di(cf‘1 ggégﬁ \?\a/;ével engt hs (%40, and 690 nm.. Heeah'b{fiﬁmg Vi rus
Ant i - HepatdlykBaBwi rfud.( MBRicanaf yée FHAF ISRt atsE ff 6f “cytotoxicity
wer € perfr% ﬁgatl.ﬂrrﬁ 19 day: asg@rien bheendhr apo caldap—peodutiaig HBY human
hepat obl ast’ona ce J1|ne, 2.2.15, as previously described (Korba, B.E &

Gerin, J.L. Use of a standardized cell culture assay to assess activities
of :

+

Ty RESULTS OF TESTING AGAINST VIRUSES

Table 1. Activity of RM-4803 and RM-4812 against viruses in

cell culture.

ECso (pM)/SI

Virus ‘ RM4819 RM4803 Cell
Culture

Rotavirus: Simian rotavirus 0.3/>500 0.06/>2500 MAl04

SA-11

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

Paramyxovirus: Sendai virus 1.3/>125 i.1/>125 37RC

Coronavirus: canine 4.9/>33 4.2/13 A72

coronavirus strain S-378

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

stomatitis virus \

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

strain F1L

FCs, = drug concentration at which a 2-fold depresgion of viral
DNA or RNA (relative to the average levels in u?treated
cultures) was observed. CCs = drug concentration at Whl?h a 2-
fold depression of reduced MIT was observed relative to

average levels in untreated cultures. 81 (selectivity index)
= CCSQ/EC50 -
Table 2. Activity of other compounds againsgt paramyxovirus:

sendal virus in cell culture.
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nucl eosi'des anal ogues agai nst hepatitis B virus replication Anti vi

19, 55-70 (1992)). 12 WO 2006/ 031566 PCT/ US2005/ 03F1)868 Hepati ti tsI \CIJI \r/l I’l?gs.
Ant | -Hepatitjs OC} \lﬁ rus (HCV) anal yses and an assessnept SYEQL oxicity
Vere perfor‘?@%@fJ P 3-day assay in the HCV repli con-coTril'?Sfé?Oﬁi nlg human
.hepat obl astoma cell line, AVA5 (Okuse, C., R naudo, J. A, Farrar, K

Wlls, F. & Korba, B.E. Enhancenment of antiviral activity agai nsi -

hepatitis—CviTus—Tm VITro Dy | nterf gapdneevirnat | Semddievapys Antivir

Res. 65, _Coglgagﬁfq_( 2905) ) as previously desgrigjned (Blight,skK. ?y Kol ykhal ov
A A & RggghpM Efficient Thitiation ofoHd RNA repliz@ation in cell 1
cul ture. ppcihygpce 290, 1972-1974 (2000)). oRESULTS OF TESFPNG AGAI NST
VIRUSES Taplg-4. Activity of RM 4803 and RM@819 against 7viruses in cell
cul ture.~ECS0 (M 7SI Vitus RWABIYO RWA803 Cell Culture Rotavirus: Siman
rotavi rugpd, 3/ 3509 SoRfhr2800ohPdi04nish- 412 {idlldudrpacdeiPRRISVEERD 9. 6/ >17
2. 8/>50 (rBRS B @Y LUS: adenitai 1eivels i 3/mEYRBted I¢uliB gy REAS

Cor onavi rdfier6a8| Necd, 9/ =33ddu@/ 13orkEAtrevionaal usisichai m 523¥g1d

‘Rhabdovi rgigsredesosubar rkdbted0BT2. Slas50bdaroad gedmnivei sovigvasage

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

2.2.15 cell culture.

Extracellular Intracellular Selectiv
Virion DNA HEBV R.I. ity
Index
Compoun ECs¢ ECop ECsp ECso CCgq viri R.
d (pM) (pM) (uM) { 1) (uM) on I.
Lamivud 0.058+0 0.164%0 0.1724+0 0.660x0 222947 1285 a3
ine .0086 .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 analyels using data combined
from all treated cultures. 8.D. were calculated using the
standard error of regression generated from linear regression
analyses (QuattroProTM) . ECs,, ECy = drug concentration at

which a 2-fold, or a l0-fold depression of HBV DNA (relative
to the average levels in untreated cultures), respectively,

was obgerved. 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 ECq values

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

§ No significant cytotoxic effects were obgerved up to the
highest indicated concentration.
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Her pes Sinplex type 1: 0.6/>250 5.6/3 HEp-2 strain FI EC50 = drug

fonfﬁntratlon af which a 2-fold depression of viral DNA or RNA (relative
o] e average levels in untreated cultures) was obs %ﬁg = dru

conceptratf%ﬁz%?mﬂﬁ#ch a 2- fold depression of reduceg(Is D%ﬁgﬁo serveg

relative to average levels in untreated cultures. Sl (selectivity index)

= CC50/ EC50 Table 2. Activity of other conpounds against paranyxovirus:

;endal Vi Tarsld i .cehbttuilttyupé. cdipd®d200664 D3R5 6erRCTE LISZTDFE3L081868

‘Par amyxovi rus: _Sendal  vifus Copm EC50 (M SI RWM 4820 0.34 35 RM 4821

A . ,

0.36 >50 r@ﬁ@‘ _ioﬁ.ﬁ%zgf E&gg égggﬁﬁeconcentration at which a 2-fold

deP[eSS|?n of VILa| RNA (relative to the average levels in untreated

cul t ur es)yowas—observet—CCo—ruy NCEER T af [y B YWekCitiav2- 1 ol d

depr essi 0 STROURL ced MFT Y obsé?v%ﬁ”reﬁg%fvgh?o avg¥§%e ]1g$els in

untreated cultures. Sl (selectivity index) _ CCs0/ EC50T 45t e 3.. Activity

of conpoUﬁds—agarnst—#$$FﬁﬁﬂpsLdtiUQ B, 272  EOsCel T CUl TWE
S ] o1 | - 2. BA5CE 548
Extracel | Ul ar Intracel Jfar Sel ectiv vTrion DNA HBV R 1. ity
2% *

Intexrferon 0. 0.6
Ribavirin 61 + 2.9 94 x 10 >100° 0.6
RM4803 282 + 21 37 + 2.7 98 + 9.3 7.6
RM481% 164 + 18 8.9 + 0.7 79 & 8.2 18
e Values presented {+ standard deviations [8.D.1) were
- calculated by linear regression analysis using data combined

from all treated cultures. §.D. were calculated using the
atandard error of regression generated from the Ilinear
regression analyses (QuattroPro™). BCsy, [ECs = drug
concentration at which a 2-fold, or a 10-fold depression of
HCV RNA (relative to the average levels 1in untreated
cultures), respectively, wag obgerved. CCxo = 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 = CCso/ECso-
* Values for interferon are expressed as “IU/ml.”
§ No significant cytotoxic or antiviral effects were cbserved

up to the highest indicated concentration.

EXAMPLE 2: TESTING AGAINST ANAEROBIC BACTERIA

Methods. Recent clinical amaercbic isolates (2000 to date)
compriged 40 B.fragilis group, 26 Prevotella/Porphyromonas, 28
fuscobacteria, 16 anaerobic Gram positivé gocci, 14 anaercbic

Gram-positive non-sporeforming rods and 18 clostridia. CLSI
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| ndex Conpoun EC50 EC90 EC50 EC90 CC50 Viri R d (M (M (M (M (M onI.
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 > Rw819 3.5
9.0 7.6 22" %0380365.“% 0.8 0.9 2.6 >10005 >111 6 Val ue‘g:T{)‘gsg@g’ﬁilgﬁé ( standard
deviations [S.D.]) were calculated by linear regression analysis using

dat adcog‘gbgﬁd diﬁ?@ﬂ@n@-' MIthcﬂaﬁ:ﬂdd@l&cjwl’ﬁ?th Se’lﬁ);icvm& Bahorlat collassi Ing the
standard éerror of regressign_genergte rom | i near ar : yses
(Quat t r oPERTMPRY EESBEH%C@g 1 & v CS%Béﬁ??%tV%sr'l %?é‘?mﬁ%#e?z‘f old, or a
10-fol d dephessdédnnobnHEVAINAIEr glatd vex bbb 14fe &veréfgdr.l evel s in untreated
cultures) , respectively, was observed. CC50 = drug concentration at which
a 2-fold depression of neutral red dye uptake (relative to the average

| evel s i Retiteatvdc MIGseshlwes QlgdalvedreTlve ECDEPWH ues were used for
the calculation of the Selectivity Indexes [S.1.] since at least a 3-fold
depression of HBV levels is typically required to achieve statistica

si gni fi choeegin t|B SraabBegv/SApsodmuseBy Retam = | Gamcefleftar | MBY
replication interned a : sijgiificapt cytofoxic etfgcts|\wess opserved
up to the highestgﬁhdi:gfeﬁh%oncgﬂ{ratiaﬁ. 14 W% 2006&231563

PCTTUS2005/ 031868 is gp eria coccl |rods
(40) {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/>32 232/53 | »32/> |=32/> |»32/> |>32/>
32 2 32 32 32 32

RM 481% [ >32/> |»32/>32 232/53 | »32/> |=»32/> |»32/> |>32/>
32 12 32 32 32 32

Amoxici |1/ 4 |0.06/0.5 |0.5/4 [0.i25 }0.25/ }0.125 }0.5/2

1lin- /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 |>le/>|0.25/ [1.0/2
d-azole | .25 .0 i6 2 .0

L

Results showed that nitazoxanide, tizoxanide, potent against
all anaerobic bacteria groups except ‘for Gram-positive
anaerobic rods including lactobacilli (which are in reality
mostly microaerophils). By contrast, RM 4803 and RM 48192 were

without significant activity.
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Table 4. Activity of conpounds against hepatitis Cvirus replication in
AVAS cell culture. Conpound CC50 (M EC50 (AM ECO0 (M Selectivity [|ndex

Oc - >10,000*5 2.2 8.5 >4.545 Interferon 0.2* 0.6* Ribavirin 61 2.9 94
10 >1000 OVEO 20PXWEES 282 21 37 2.7 98 9.3 7.6 Rl\/kf’é:f@s?@ﬁ;lﬁég 8.9 0.7

79 8.2 18 Values presented ( standard deviations [S.D.]) were calcul ated

by |i nearg:@eteS$i On@Rer sl actsivigy data conbined fromall treated
cul tures=—SD—were catrcul ated usi ng

urared using the standard error of regression
gener at ed f r ofiPEpRIUden egkthipe Jiog8¥ian (ANAI e %’(eQ.%’fetsregﬁr o™V . "EC50, EC90 =
drug . congeniathiertt WRieiral 2ctobthy OmsashOwh alrd Tdepeessi on of  HCV RNA
(relative to the average |levels in untreated .cultures) pectively, was
observed. CC58Css dr(ﬁﬁ?‘%&onéfé‘ﬁi‘?ﬁtiﬁﬁ? att” F%’f‘lojé}ﬂfxﬁz I% %eet{)h&gsgi t(()%1 of

neutral nadwye-cupiakgivesnohaeeved Meheatdde to thdaaverlagexievets in
untreated cul tures. lectivity index = CCHQ/ECSQ,. * | ues, . for snterferon
are expré@g‘ﬁaé]g‘ av °.r'°'5T\E)h%%zéjg?’ﬁ%%%ﬁamégteot o%h%%g?@ént_i viral effects
wer e obsefatedol oty theebhghest- (BRdroet €0 tboaseht ¥dteneanigsX AVPLE 2:

TESTI NG A ANAE | C. BA h ce 14l calpanagfkebi C
@%ﬁzﬁo §h e %E%(giﬁ%t B???e RacCepfrwldd)l, alnpnag I

i sol ates conprise agilis group, 26 PrevoCella/
Por phyr oniorfasen28 viusobdoper ha, udigidamasidbirl aawalgoSPEi W iddEern 14

anaer obi ¢_ X Ay pQSJ bi V8100058 PRLESOMHEAG Rdsnand: dfer! aatok) dicai1 CLSI
monolayers, respectively, were measured by microscopic and
spectrophotometric methods. Pirodavir and Oseltamivir were

Ty 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 CH-Hela 0% EMEM + Hepes +
2% MoCoys + Hepes Trypsin
Buffer Microscopic
Microscopic Spectrophotometer
Spectrophotometer
R1 = Br
R, = methyl 0.06 0.03 0.45 0.18
R; = methyl
{RM 4803)
Ry = Cl
Rs = methyl 0.57 0.32 0.93 0.57
R; = methyl
(RM 4804)
R, = Br
R, = methyl 5.0 4.0 0.46 0.57
R; =

17



L

15 WO 2006/ 031566 PCT/ U52005/031868 agar dilution M C net hodol ogy with
agar and inocula of 1 x 105 cfu/spot was used.

. Resul ts.
_ 2 'é%lrs% Fusoba
IS gp eria cocci

enri ched Brucella bl ood

Pl ates were__incubated in an anaerobic gl ove box at 3
M 50 / M CObCdUPRYe g/ M) were as fol l ows: Drug B.frg&ﬂf]
GamGamdCost All gil- by (26) ct- + + rid- (142)

rev

s (40) r28) T4 (18) N tazox 274 4/8 1/4 0.5/

( 8holk0) (
Lani de. 4TCHSS an 24’ 2/ 16 0. 5] 2

0.5/1 8/ %32 0.25/ 2/|4
>32/ > >320R¥M3288@b/ 58 >32/> >32

>32/> >32/> 32 2 32

2 16/>3 0.5/4 2/4
i de 2 M 4803
32 32 32

M 4819

>32/ > >33 33davol/ >B >32lop7>32 >80z >32/> B2 2 32

32 3 32

NoXi Ci

>
>

25
0.

006/0‘:0“—)/40'17"_\02‘-_\/@1 95/2 !Iin IGI"I'G 140 .—\A{
acid dfiarearaniei] <0. 6%/ < 0]0. 06D o. 125904125 7 I35 88135 5mci n
.125 /0.5 74780 troni 17 0.5/2 0.25/0 0.5/1 >16/> 0.25/ 1.0/2

d-azol e .25 .0 16 2 .0 Results showed that nitazoxani de,
pot ent agai nst

EXAMPLE 4 - SELECTIVE ANTI-VIRAL ACTIVITY

ti zoxani de,

The above identified compounds according to Formula (IV)

were tested by conventional means against Trichomis vaginalis,

Giardia Intestinalis, and Trypanosoma brucei.

2=

(aéetolyloxy)—3—methyl—Nf(5—bromo-2—thiazolyl)benzamide

(RM4803) ,

2- (acetolyloxy) -3-methyl-N- (5-chioro-2-
thiazolyl)benzamide (RM4804}, and 2- (acetolyloxy) -3 -methoxy-N-

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

antiparasite activitity against Trichomonas vaginalisg, Giardia

intestinalis,
least 50 pg/uwl.

Accordingly,
with the present invention,
which are generally characterized by gelective
activity.

As an additional benefit,

or Trypanosoma brucei at concentrations of at
it has been demonstrated that in accordance
novel compounds can be provided

antiviral

it has been discovered that the

above halogenmsubstifuted. benzamide compounds are effective

against intracellular protozoa including Cryptosporidiuum spp.,

Necspora spp. and Sarcocystis neurona (RM-4820,

RM~-4822}) .
it

With respect to the above description,

ig

RM-4821 and

to be

realized that the optimum formulations and methods of the

invention are

deemed readily apparent and obvious to omne

ckilled in the art, and all equivalent relationships to those'

described in the specification are intended to be encompassed

by the present invention.
Therefore, the foregoing i1s considered as

only of the principles of the invention.

18
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‘al |l anaerobic bacteria groups except for Grampositive anaerobic rods
including |actobacilli (which are in reality nostly mcroaerophils). By
contrast, g;\q %W d RM 4819 were w thout signifi ca&é,ﬂg Lvity. 16 WO
2006/ 03156 %5%05/ 031868 EXAWMPLE 3 - ANTI VI RAL %ﬁl@l%grrpounds
within Formula (1V) of the present invention exhibit potent antiviral
acti Vi ty nuasrShoWodifii Fabl ehsS.ariColahgedriwilvalkeediforoccur to those
2- (acet ol yl. oxy) - 3-net hyl - N- (,5- .bromp-2-thjazol vl zami de (RMABO3) ,
2- (acet OI%PEJ}( -5 R hﬁt-’l\lﬂ(sr‘s-lcshln(? o-%f-sf'ﬁ%z%%/y? gn?ar?i glel RWVA804), and
2- (acet aloylumey ex3e e thoxyrietiSnb oo opet it ol SHouse Frgnidge cERMEB06) , on
Human Rhi nqvi r us 39 -39 nd  cakBELNenza AdiMse1tyRe A using
a nul ti.pl®& cfcqcéjrgé’ﬁg}%‘hi %Wgﬁl):%%%aymon 1 "Fel a and Vadi ﬁ ‘Dar by Cani ne
Ki dney ( MagKpe ceddortrdnob aykald ingespacin hkyscors @ fmEBSuFY- R cr oscopi ¢
and spectrophot.onefri Pi rodaviyy anggsel tameyi 1 welgted Ncl uded
as positive cgﬁ%t%[o&s. 'Clra%ggggéibti ty ofs RM'élll803, Rwv 4804 and 4806
agai nst prblusesions deive rhnedl apderredmir RASTRIVE T (LeTFEPARITeR2 A Virus
39 mMs%%gOBEQe% Het a5 0% EMEV: datRES ate2 UeMEEPY Sncoddepesedr psi n

Cros

Buf f er copic M croscopic Spectrophotoneter Spectrophotoneter
their respect entireties by reference.

Now that the invention has been described:
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R =Br R4 = nethyl 0.06 0.03 0.45 0.18 R3 = nethyl (RM4803) R =d R4

met hyl 0.57 0.32 0.93 0.57 R3 = nethyl (RM4804) Rl = Br R4 = net hyl
5.0 4.0 0.46 0.57 R3 = 17 WD 2006/ 031566 PCT/ US2005/ 031868 net hoxy (RM
4806) Pirodavir 0.007 0.004 NA NA Gseltamvir NA NA 0.13-0.17 0.08-0. 36
EXAMPLE 4 - SELECTI VE ANTI - VI RAL Y The above identified conpounds
according to Formula (I1V) were t% conventional neans agai nst
Trichom s vaginalis, Gardia Intestinalis, and Trypanosoma brucei. 2-
(abet ol yl oxy) - 3-net hyl - N, (5-brono-2-thiazolyl)benzam de (RW803),

2- (acet ol yl oxy) -3-net hyl - N-(5-chl oro-2- thiazolyl)benzam de (RW804), and
2- (ackb¥ligtlagodis- net hoxy- N (5- br onp- 2-t hi azol yl ) benzani de (RV4806) each
failed to exhibit antiparasite activitity against Trichononas vaginalis,
Gardia intestinalis, or Trypanosoma brucei at concentrations of at |east
50 g/ImA. compound according to formula (I1I):

(11
in which
R, is a halogen atom, and
R;-Rg are independently hydrogen, hydroxyl,
-C-C4 alkoxy, acyloxy, -C(O)R7 where Ry is -C,-Cy alkyl, or, aromatic including salts and
hydrates of these compounds, wherein at least one of R;-Rg is other than hydrogen.
2. A compound as in claim I, wherein at least one of Ry-Rg is hydroxyl.
3. A compound as in claim 2, wherein said at least one hydroxyl is in the ortho position.

4. A compound as in claim 2, wherein the remainder of R,-Rg are hydrogen.

5. A compound as in claim 1, wherein at least two of Ry;-Rg are other than hydrogen.
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Accordingly, it has been denonstrated that in accordance wth the present
i nvention, novel conpounds can be provided which are generally
characterized by selective antiviral activity. As an additional benefit,
it has been discovered that the above hal ogen-substituted benzanide

conmpounds _are effective ai.nst racell ul ar .pr zoa |n n

& yp e Srtahes et Lo fRiREhe phR A5G Al S ol ¥ SRtk S iR

RM 4821 and RM 4822). Wth respect to the ve descrlptlon is.to be
r eal iggpendaag! Ythﬁém(gﬁ’i‘l it Ik, 2y! ewpa#arag& HEWEY G PIOREPNOKRY ewq(%%v are
deened readily apparent and obvious to one skilled in the art, and al
equi vathesnRy selCatGaoliohi psaromatibdadudide salts and dyilratasted thase eomperdson ar e

i ntended to be enconpassed by the 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

del f1. @add arasiilpa@ﬁgﬁsWHurélh oh€8FRDIR QS Bdrokfl, A0S Seasbticl drad-Ryistbp art,

i s not eSI red to |mt the invention to the exact construction and

Oper | i, @@RC WHER®R, 153?%??1&?{ di Qr%lm)étl 3ht Mg%é@ ﬁd&l@ﬂ}ahé scations

and eqU|va e eresorte I'ng W LRI A t e~scope

i nventd .on Certaln references patents and ot her printed publications have
been HESF FRBPYGYer i n: the teachings and scope of each of said
publ i cations are hereby incorporated in their respect entireties by

ref erence.

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

aromatic is phenyl or benzyl, which may be further substituted.

9. A compound as in claim 1, wherein R; is Br or Cl.

10. A compound as in claim 1, wherein Ry-Rg include no more than one acyloxy.

11. A compound as in claim 1, wherein two adjacent Ro-Rg together form a benzyl ring.

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

including salts and hydrates of these compounds.

13. A compound as in claim 1, selected from the group consisting of

2-(acetolyloxy)-N-(5-bromo-2-thiazolyl)benzamide (RM4820);

21



Now t hat the invention has been described: 19 CLAIMS Wat is clained is:
1. A conpound according to fornula (I11): RZONR3ISNASRfT HRA RS R5
(rrr)y in which R is a halogen atom and R2-R6 are independently hydrogen,
hydroxyl, -Cl-C4 al koxy, acyloxy, -C(OR7 where R7 is -Cl-C4 al kyl, or,
aromatic iqf [ al NS es. gjgpg wherein at | east
one of RZ-ZI%%L:?%N(I;%R,Z;% %ﬁ%ﬁ%%%@gﬁ&e@}ﬁ%ow)ﬁn%gﬁﬁgg i n§%1)é| m 1, wherein
at | east f - i s.hyd | . 3., A.CO und _as i i\m 2, wherein
ahid et | et Sh Bl S ol 2 T B R OERET T ol as i
claim2, wherein the remainder of R2-R6 are hydrogen. 5. A conpound as in
claiml1, wherein at |least two of R2-R6 are other than hydrogen. 20 6. A
conpound as in claim1, wherein one of R2-R6 is hydroxyl, and the remai nder
of RAIRG wrmpounddegsedinet foymubadHbgen, --Cl - C4 al koxy, acyl oxy (preferably
acet oxy or propionoxy), --C(OR7 where R7 is -Cl-C4 alkyl, or, aromati c,

i ncluding salts and hydrates of these conpounds. 7. A conpound as in claim

1, wherein one of R2-R6 is hydroxyl, and at |east one of R2-R6 is -Cl- C4
al koxy, acyl oxy, -C(OR7 where R7 is -Cl1-C4 al kyl, or aromatic, including

salts and hydrates2 offthes§N ounds.
- Rs N/& ﬁiR
1
| H S

(m

wherein:

R, is halogen,

R; is ORg in which Ry is --C(O)R g, in which Ry is -C;-Cy4 alkyl,

Rj is -Cy-C4 alkyl or -C;-C;4 alkoxy, and

R4-Rg are independently hydrogen, hydroxyl, C;-C,4 alkyl,-C,-C4 alkoxy, acyloxy,
halogen, -C(O)R7 where Ry is -C;-Cy alkyl, or, aromatic including salts and hydrates of these

compounds.
15. A compound as in claim 14, wherein R, is Cl or Br.

16. A compound as in claim 14, wherein Ry is -C(O)R g, in which Ryg is methyl, ethyl, propyl or

butyl, including isomers thereof.
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8. A compound as in claim1, wherein said acyloxy is acetoxy or propi onoxy,
and wherein said aromatic is phenyl or benzyl, which may be further
substituted. 9. A compound as in claiml1l, wherein R is Br or . 10. A
compound as in claim1, wherein R2-R6 include no nore than one acyl oxy. 11.

A COITPP

.ring. '12:

nd as in claim1l ereig two adj ace R2-R6 together form a benzyl
i R R BT

COR)%%‘H%SEH]UCI%@ TG R2-R6 i s hydr oxyl , and

.the remai nder of R2-R6 are independently hydrogen, -Cl-C4 al koxy, acyl oxy,
or -C(OR7 where R7 is --Cl1-C4 alkyl, including salts and hydrates of

t hese conpounds. 13. A conmpound as in claiml1, selected fromthe group
consi Bt dngpnefoung ag incadeiot 14, sxlpgtediirps the grevp 2onfistangalfy| ) benzani de ( RVA820) ;
21 2-(acetol yl oxy) - 5-nmet hoxy- N- (5- br ono- 2-t hi azol yl ) benzam de (RW821); and
2- (acet ol yi-gcyiphexpidhaxthy NNCG-omot-tddzol ydibehaan)ibe (RAddB @By, (RMA822) . 14. A
conpound according to fornmula (111): RZON R3/ HHSR7 R4\ RSB R5 (IlI)

wher ei n:

-Cl-4 al kyl,

R-(dcsto SmeiR1-NS(SCERPorb 2- k611 B8ndathide @NAEYA); arigh Which RIO s
f )ﬁg -Cl%NZﬁ kyl or -c1-1243 al koxy, and FﬁiRG are

nal ogen. /oy B e e R el i P St ORI LG S s and

hydrates of these conpounds.

19. A pharmaceutical composition comprising as active agent a compound according to formula

(I1):

(1I1)
in which
R is a halogen atom, and

R2-Rg are independently hydrogen, hydroxyl, -C;-C4 alkoxy, acyloxy, -C{O)Ry where R

is -C1-C4 alkyl, or, aromatic including salts and hydrates of these compounds, wherein at least

one of Ry-Rg is other than hydrogen.

20. A method for treating viral infections, comprising administering to a subject in need of

" treatment an effective amount of a pharmaceutical composition comprising as active agent a

compound according to formula (III):
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15. A compound as in claim14, wherein R, is O or Br. 16. A conpound as in
claim14, wherein RBis -C(OR o, in which RIOis nethyl, ethyl, propyl or
butyl, including isoners thereof. 22 17. A conpound as in claim 14, wherein
RO is nmethyl or nethoxy. 18. A conpound as in claim 14, selected fromthe
group consisting of:

2- (acet ol yl d%y) - & (5-brono-2-thiazol yl ) benzam de (RM4803);
2-(ac -Ny (5-chl oro-2-thiazol yl ) benzam de (Rv4804); and
2- (acet For br ono- 2-t hi azol yl ) benzani de (RW806). 19. A

phar.maceut iti'dn conprising as active agent a conpound accordi ng
)R' RRON RB/ N3 R HRAN RE R5 (IlIl) inwhich R is
a hal oggén atpm aifd R2-R6 are independently hydrogen, hydroxyl, -Cl-C4
al koxy, acylRxy, -C(OR7 where R7 is -O-C4 alkyl, or, aromatic including
salts and hydrates of these comiBlnds, wherein at |least one of R2-R6 is
ot her than hydrogen. 20. A nethod for treating viral infections, conprising
adm ninstléeh Nng to a subject in need of treatnent an effective amount of a
pharmaceutical conposition conprising as active agent a conpound accordi ng
to fogdladhaldgbh héond And

R;-Rs are independently hydrogen, hydroxyl, C;-C4 alkyl, -C;-C4 alkoxy, acyloxy, nitro,

halogen, -C(O)R; where Ry is -C;-C, alkyl, or, aromatic including salts and hydrates of these

compounds.

21. The method of claim 20, wherein R, is a halogen atom, and R»-Rg are independently
hydrogen, hydroxyl, Cy-C4 alkyl, -C;-C, alkoxy, acyloxy, -C(O)Ry where R; is --C-Cy alkyl, or,
aromatic including salts and hydrates of these compounds, wherein at least one of R5-Ry is other

than hydrogen.

22. The method of claim 20, wherein R, is a halogen atom, R,-R; are independently hydrogen,
halogen, nitro, hydroxyl, C;-Cy alkyl, --C;-C4 alkoxy, acyloxy, -C(O)R; where R; is --C;-C,
alkyl, or, aromatic including salts and hydrates of these compounds, wherein at least two of R;-

Rg is other than hydrogen and at least one of Ry-Rg is hydroxyl or acyloxy.

23. The method of claim 20, wherein R is a halogen atom, and R,-Rg are independently
hydrogen, hydroxyl, -C;-C, alkoxy, acyloxy, -C(O)R7 where R; is -C;-C, alkyl, or, aromatic

inéluding salts and hydrates of these compounds, and wherein at least one of R-Rg is other than
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RZONAR R3$1 RaRSEHRS (IlIl) inwhich R is a halogen atom and
R2- R6 are independently hydrogen, hydroxyl, Cl-C4 al kyl, -Cl-C4 al koxy,
acyloxy, nitro, halogen, -C(OR7 where R7 is -C-C4 al kyl, or, aronmatic
including salts and hydrates of these conpounds. 21. The nethod of claim
20, erein R is a halogen atom and R2-R6 are independently hydrogen,
hydr\(l)\gﬁ?ge&-m al kyl, -Cl1-C4 al koxy, acyloxy, -C(OR7 where R7 is --Cl-C4
al kyl, or, aromatic including salts and hydrates of these conpounds,
wherein at | east one of R2-R6 is other than hydrogen. 22. The method of
claim?20, wherein R is a halogen atom R2-R6 are independently hydrogen,
hal ogéf, Anompoundrrquondmgto femuba (18)kyl , --Cl-C4 al koxy, acyloxy, -C(OR7
where R7 is --Cl-C4 alkyl, or, aromatic including salts and hydrates of

t hese conpounds, wherein at least two of R2- R6 is other than hydr ogen and
at | east,one ofREZ R6.1s hydroxyl or acyloxy. 23. The nethod of claim 20,

wher ei n %3 is g hal o§én atom and R2-R6 are i ndependent|y hydrogen,
hydr oxyl , SFC xy,rf Xy, -C(OR7 where R7 is -Cl1-C4 al kyl, or,
he

aromatic al t s /And dr ates of these conpounds, and wher ein at

| east Ry

3 an R4 hydr ogen. 24. A conpound according to
formula (111}~ R2 R4H

(11D
in which R is a halogen atom, R»-R are independently hydrogen, halogen, nitro, hydroxyl, C;-
C4 alkyl, --C-C;4 alkoxy, acyloxy, -C(O)R7 where Ry is --C;-C, alkyl, or, aromatic including
salts and hydrates of these compounds, wherein at least two of R2-Rg is other than hydrogen and

at least one of R;-Rg is hydroxyl or acyloxy.

25. A compound as in claim 24, wherein at least one of Ry-Rg is hydroxyl, and at least one of Ry~
R is halogen, nitro, C;-Cy4 alkyl, -C;-C, alkoxy, acyloxy, -C(O)R; where R is --C;-C, alkyl, or

aromatic, including salts and hydrates of these compounds.

26. A compound as in claim 24, wherein at least one of Ry-Rg is acyloxy, and at least one of R;-
R is halogen, nitro, C;-C4 alkyl, -C;-Cy4 alkoxy, hydroxy, -C(O)Ry where R; is --C-C;4 alkyl, or

aromatic, including salts and hydrates of these compounds.

27. A compound as in claim 24, wherein said acyloxy is acetoxy or propionoxy, and wherein

said aromatic is phenyl or benzyl, which may be further substituted.
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(rrr)y in which R is a halogen atom R2-R6 are independently hydrogen,

hal ogen, nitro, hydroxyl, Cl- C4 alkyl, --Cl-C4 al koxy, acyloxy, -C(OR7
where R7 is --Cl-C4 alkyl, or, aromatic including salts and hydrates of

t hese conpounds, wherein at |east two of R2-R6 is other than hydrogen and
at least one of R2-R6 is hydroxyl or acyloxy. 25. A conpound as in claim
24, wherein at | east one of R2-R6 is hydroxyl, and at | east one of R2- R6

i s hal,ogen, nitro.. Cl-.C4 al kyl . -Cl- koxy, acyloxy, -C(OR7 where R7 is
--Cl- éioﬁ‘%ﬂo,lméﬁs lné’tl%ﬂja%fév?%fdﬁﬁﬁbtﬁ %Ors Its and hydrates of these
conpounds. 26. A conpound as in claim?24, wherein at |east one of R2-R6 is
acyl oxy, and at | east one of R2- R6 is halogen, nitro, CI-C4 alkyl, -C-C4
al koxy, hydroxy, -C(OR7 where R7 is --Cl-C4 alkyl, or aromatic, including
sal t £%dAcomponad asingflaimhs svhermpvmariacer7Ro-Re tageiheufmmasbengyloing. m 24,
‘'wherein said acyloxy is acetoxy or propionoxy, and wherein said aromatic

i s phenyl or benzyl, which may be further substituted. 25 28. A conpound as
inclaim24, wherein R, is Br or . 29. A conpound as in claim24, wherein

two ad A%ﬂgnoﬁﬁd BSint PRl 11E keltQEDTramiBE E36lup lcbistind &f 24a6A8RRILGFL3 a8ethf- Cl ai m
24, selected fromthe group consisting of 2-(acetolyloxy)-3-nethyl-

N (5 T e hi .
2- E h?g?%g%n%ééﬁglt% I%@#'Mk%‘?%ﬂﬁ%;no 28?J $ﬂ| aiglij: gB%r%zné%h eN((EQI\%%Tg) © 31, A
co nd in clai el ected fromthe gro consi sting of

> (ad 1?‘6?@'%%?&5”9%@:¥Mfﬁlﬁw(5-chl oro- 2-t hi azol yl ) benzani de and

2- (hydroxy) -5-nmet hyl -N- (5-chl oro-2- thiazolyl)benzam de. 26

LAY

31. A compound as in claim 24, selected from the group consisting of 2-(acetolyloxy)-5-methyl-
N-(5-chloro-2-thiazolyl)benzamide and 2-(hydroxy)-5-methyl-N-(5-chloro-2-

thiazolyl)benzamide.
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