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provides compositions and methods for preventing and treating viral infections The 5present invention
thus has applications in the areas of medic%’é‘?%%?rﬁ%gw, virology, and medicinal chemistry. 1.2
The Relatéd AROBOZERN G634 BpHERY HitNavailable forpreventing-ortreating-viral-infections..The
vast majority, of %ﬁ!ﬂ@'«;@ﬁﬁ@%ﬁere with viral replication through the inhibition of transcriptionqof the
viral genome. Commonly T Ot "

ese ditigs THIbit 3 Spaciic protain invelved i viral genomic
transcription;.suctralraspolymerase.or. transcriptase;. which. often produces unwanted toxicity, since
viruses dependiaigaly-enhegkiasiarsienyviral genomic replication. Moreover, given the highly specific
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nature of tpe tagr 1] 'R%%%quoﬁﬁ ]ﬂ_ﬁh ' viral ]genome are often sufficient to create viral strains that
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15thus, patients are forced to take antivirals-and endure their toxic effects-for long periods if not
indefinitely. Not surprisingly, patients on such regimens cannot continue treatment, and remain
infected as well as providing a potentially continuing source of additional infections. [0003] Thus there
is a need for Reftepamivigl chemotherapeutics and more effective strategigs;fokidanidfying such
chemotherapeutics. The need is especially urgent for those suffering from chronic and debilitating viral
20infections, such as human immunodeficiency virus (HIV) and hepatitis C (HCV), for which no good
treatment exists for the reasons noted abbVé&Y[BO041 Bk ReWMNAal threats are also on the horizon. The
steady encroachment of civilization into the most remote regions of the globe has introduced the risk of
exotic virag infg@@g%@gﬁ@mﬁ@n@é@fg@gﬁach passing year brings an increasing number of
reports of infections by hemorragic fevers, such as Ebola virus 25 (EBOV), Marbtug virus (Marburg),
and Rift Valley ryirus,(RVEV). Still other viral infections can cause potentially debilitating effects,
such as re??c'tlfrregn% %e\gjgr%éjoi&rﬁg;@ﬁ and fatigue; these include: Punta Toro Virus (PTV), West Nile virus
(WNV), chibungunyasirusc(Ga khiasiandsauine Encepbatiii ks eRV) M es ek auing.
Encephalitis viys QMEEVD, khiasa 3{4{59&&@1%\@@ fand Qﬁ%&&%ﬁ%&ﬁ&%&?%1&%&%@519f example,

one of the additjonal "new" viruses (that. is, new with respect to the industrialized 30world) is
Venezuelan Equifie Encephalitis virus (also called Venezuelan equine encephalomyelitis, "VEEV").
VEEV is a mosquito-borne viral disease of all equine species, including horses, asses (wild and
domestic)j @énd Zebrasidgumes infected with VEEV may show one or more of the following signs:
fever, depression, loss of appetite weakness, and central nervous system disorders (lack of
coordinati8i2cRenirRy PRIERE ATerd 2He R pTessiigT isaihurddrisiared Peifeling o paddimyifotion of the
limbs, and convulsionsk¢nwiiM@:200B/1245650R0TF BS2008/058326 g0 Te: cagesphersesunfected with
VEEW may shawse-clinicalisignsiheferendying.dineclinicalsighs ofdvERM canbesonfused with those
of other diseasgs, thay afferl e CoRIALDBIVONS SIRMsLheaRNede Sasiem.eauing encephalitis,

western equine encephalitis, Al\]jfl(;an horse sickness, rabies, tetanus, and bacterial meningitis. VEE
might also be MISAKeR Tor toxic poisoning. Detmitve disgAbSie 5 Be mate By BEdtathG the virus in
a laboratory or B{Ptestin e BISHHIeH therpieseh e st AftBaeie e tHE V& fooo6 ~idfangiso can
contract this didedses Healthyaduliswhaiye demennfedted:by thetlviry Snaay expererddetitudike
sympsoms, such.asdigh feversandiachesi.anddhesehaving:weakenas: impyenaisystems, as well as

the young and glderly,can bacame more SeYaIal i oreyen dig JO00LL TheMius. hatsayses VEEV
is transmitted primarily b lngnos(}ctkuggle% that bite an infected animal and then 10bite and feed on another
animal or human. THe Speed with which thé disease Spreadsdépends on the subtype of the VEEV
Cortain arbAl! ConGHTy TS SraR Poe b K SEraat o DU osies LAsbAE CUBRES ore
associated witi e FERMITH O SHTftd TrerRiHiE SIS CYE IR ST HSE fIf s BP B VT8 st & atise human
illnes8 but generatlipdonbtafifech egmneltiezith EpiZbbticsubtypes; GiCtheatherthanrd)dcan spread
rapidly through-1blatgexpepuiatians«diegedenns of the virus are highly pathogenic to equines and can
also affect human health. Equines, rather than rodents, are the primary animal species that carry and
spread theodis@ase:w nfecied egings:CeyrRIoRAMRRRIRHS ARV of Vitusdmihair citculatery
system. When 2,bl0odH{eeding.inseeh [eeds AR SUehanimals. L RIcks. B, s YIS AnE. Fansmits it to

other animals or hiunans. Although ather animals, §K{Ch, s cattle, swine, ang[d%gsy can become
infected, they géneraily do nof show S|gons %ﬂﬁé 2 |1§%ba§(e ‘or contribute 101 %Ssp(Fég .15[00081
Naturally occutAng Outbregke ot Ryt &id Villrdse: VEEW Wi fifstrecsoHizéd s stisease of
concern in Verrezgeleefoliowimngiainaajbroutbreak of ey ives emcaphatotiyetitishiéromuio 36to 1968,
equines in sevesal GadihTAMeHeancounties/suffeieddevastatimg) cuthreals. indfaitha.disease

moved north thpughout,Gential Amerisa. finall reaching.Mexiso and.Texasin 197b:The highly

pathogenic form of 95VEEV has not occurred in the United States since 1971. However, in 1993 an
outbreak @&Mﬁgf\é}m Mamplc, one of the additional “new” viruses (that is, new with respect to the indusirialized
30 world) is Venezuelan Equine Encephalitis virus {also called Venezuelan equine encephalomyelitis,
*VEEV”). VEEV is a mosquito-borne viral disease of all equine species, mclading horses, asses (wild and
domestic}, and zebras. Equines infected with VEEV may show one or more of the following signs: fever,
depression, loss of appetite weakness, and central nervous system disorders (lack of coordination, chewing

movements, head pressing, "sawhorse" stance, circling, paddling motion of the limbs, and convulsions). In



State of Cbhiapas, Mexico, prompted the U.S. Department of Agriculture to temporarily increase its
surveillance activities and tighten its quarantine requirements for equine species entering the United
States from Mexico. During outbreaks, the most effective way to prevent further spread of disease is to
quarantine infggtageauiags. Controlling mosquito populations through pesgicidebgaiments and
eliminating insect- 30breeding sites will also enhance disease control. These measures should be
accompanied byt kirgiebosel engefedratirPfinization protranhsi e bifvesdifnthhtiited State§ should be
vaccinated for VEE oalypavhendhere isa serpusthieatdthatthe: disease-cowdsepraaddadhis country.

[00091 Similar t&%tMEéﬂﬁé&%éﬁi}iﬂﬁ wéﬂé&sw%\é;;)wmmgb )ﬁﬁ&mﬂmi%ﬁ@@%\é&é&%t%ﬁ'e virus is
named for a dl%tnct | anda‘yﬁgere Virus was prst |dent| ied ”fx, ]#?V f\?ll% n 1937 Outt?rgaks of the
et

acterla me nﬂlli 11112 d. SO be mista OF 10RIC Il‘mﬂ' can bC
virus have 35 occurred in a number of countries throu ﬁ ast, ﬂrlca Central

Asia, and AustPIIE EREE AR Hiftar RN WSS ire ge E‘%@d’fﬁefﬁéofl\?%gf‘é?ﬁsl—‘félfﬁ‘gﬁﬁere in 1999, and

since then the disease has spread across North America, Mexico, Puerto Rico, the Dominican

Republic, S8 alta=GUsdasapec iy ersanzysy: @Hﬁfb‘fﬁé“?&ﬁ&’é“fp&@hﬂ& Ht R e & (fever,
headache, mustesantjoirtpein)igdnieyased sdbisnipy heshatoareringltisnimrarectage sthesécinfected
will develop engephalitisjavhich saminckide-high fevercadstiff neck. disorientation, paralysis,
convulsions, coma, and death in about 10 percent of cases. polo) No cure or treatment is available for
either VEEMW0rMW MY enthasetver Wirdset abonaso publicuhealih expertsiemphasizepigyention by
avoiding areasyyhgierthe disgasehas @%@@agqtﬁeq@%%w@ﬁ{@ @9&@%@ %@&9@ §§~@J|u){¢f£1ﬁ3§f9&"t05)

have been idengigeq,ﬁl\gwever that a beco orld populatlon
tsd ST 1]}08{,]1111%}’)0 T 0 n/(} 3 1{, §L1 6% () d.TS iseas
grows. Moreover, some officials fear t at one or bo 1ese diseases or o er similar viruses in the

toga- and flaviviFiRs, SETRPEESWaaM e %V‘él’ﬁ‘o‘g’tﬂ%‘ ORI ATShCGT P r GO §RRIREGEN to
immobilize militaisipetSohtslefeiportintgegmemsot thepopuation manatackro014sT0 make
matters still mare gemjllicated:the abeve-«e ntionad virgidh reatsspanalmoshatldoiths reeagnized

viral families, i%Qé@lﬂﬂléh%@@ﬁl%@ﬂzﬁ@%ﬁhﬁ@%ﬁ%@ﬁ%yﬁ!x%(iékh?@t%m@fﬁ&%\ék%o@@%@%@a\ﬁiruses Since
viral families arg Cd%fg]ed in s&n{gcan cCi;gfasrt bﬁ their dlfferegces in, echan nomic replication,

qUines, & an 1o 41¢ primary aninl eCIC [ Carry.an 31(:&(5 the dise
therapeutic strategies that are focused oh In |t|n%2e11 o1 i Cre Ilcatl n will he madequate for

large outbreak& 6F KT ARG S LR BN BERTSE "i}ﬁsljg3%“[(36112‘]"}F‘ﬁﬁ‘§"?h‘grké“ﬁ§ BepGfstdheed to
provide mediciffgitréstme i formtheseraridiotheriat diseasess Thebresentimvertion frigetsithese and
other needs. 2 Bummaay, [001:3 L-Thevpiesentdisclo surenpigvidestapyekantidviral comperndssand
methads for preventingangieating.s.yiral infections, Surprisingly, the compounds and methods
provided by the disclosure are active against a broad range of virus families, and the compounds and

methods gbifediselgsure-RavaReiyv as/breag-spectriim, argwm m@%@m[mlﬁ%m}a first aspect,

there is prOVId%gné% ‘ﬁ‘?mp QN al}q}{)m ﬂtg%gt{%%l q“('; hL%lr‘:tgl(p ccp m omyaht’ls om L? tle qd endently
from the group consisting of: hydrogen halg, cyan, car &\%lona stitute Io jer aIkyI
S
f

optionally substlit&d' 3 RO it SBS%?&%%%Y@S%%%?&@{&@& PARGILEIORGI I 2:3-R, are
selected indep@HHEHN/ o ﬂ‘i@%HE?%F@%W&{iﬂ?fﬂﬁ%ﬁﬂgﬁaﬁw@%éﬁ]@ﬂé’d%vﬂfémmylfafﬁcpfower
hydrékyallcyl, aikd ¥urther &oandiR4s GrnddRbent:K 65 1o gethes:withpthernitrogens Yarvhichsthey are
attached respegtively;nmay, farmdndependantly an aplianally substitued,saturatac-or unsaturated
five-or Six_mer@%&ﬁ%&%@éiviﬁca and tighten its quarantine requirements for equine species entering the United States

from Mexico. During outbreaks, the most effective way to prevent further spread of disease is to guaranting

infecied equines. Controiling mosquite populations through pesticide freatments and eliminaling insect-

30 breeding sites will also enbance discase control. These measures should be accompanied by & large-scale
equine immunization program. Equines in the United States should be vaccinated for VEE only when there

is a serious threat that the disease could spread o this country.

[000¢! Similar to VEE is West Nile virus (“WNV™), whichk was mentioned above, West Nile virus is named for a
district in Uganda where the virus was first identified in humans in 1937, Qutbreaks of the virus have
a5 occurred in a number of countries throughout Europe, the Middle East, Africa, Central Asia, and Australia,
since that ime. WNV was first detected in the Western Hemisphere in 1999, and since then the disease has
spread across Morth America, Mexico, Puerto Rico, the Dominican Republic, Jamaica, Guadeloupe, and El

Salvador. Symptoms range from a mild, flulike illness (fever, headache, muscle and joint pain) and a red,



wherein at least one of R3-R.6. together with the nirrogens to which they are attached, respectively, is
an optionally substituted five-or six-membered ring provided that none of 123-R.6 is substituted or
unsubstituted C" alkyl, substituted or unsubstituted C-64 alkenyl when both Rl and R, are selected
from the group consisting of hydrogen, C14 alkyl, C14 alkenyl, or halogenated CIA alkyl; and none of

123-R6, together with, the nitrogens. io. Which [08yr218.3HRabRe FeSRASHNE Y {Or TS RIRGEAZIA-1-Y) when
both R, and R2 aré hydrogen. [00131)1In a second a%gpect, there is_provided the use of a

therapeutically &t e S BRTST S o BT P St R ARG (118 %‘t?ﬁ%fiﬁ?‘ﬁ“\ﬁ?f’él}éP@eﬁf%ﬁa"ﬁfs&re selected
independently from the uoup consisting of: hydrogen, halogen. cyano. carbonyl. carboxyl. and
optionallPEBLEHIE & IFARF Ak BRI AG S Lt SWRE IR XFHRESE iSRSt tuted lower
alkylcarbony!:hasid swhreraimr sk astvonerofyR SR ~torgethrer Irtfistaes ptogaivstedwhidhmeiaseare
attached, respegtivelyi-is abapionaiysstbstituted five-oesiemembereduingaresselestetle as the’
independently,fro QEQUR CoNsLaNg, - CRtionalls: substitueddowand lawerhydraxyalkyl, and
further and RA{}. and.R. anaq ajﬁ% y &19;%%%@6%\1%@ ﬂneepitglggzgnz}g ,tgh\égt&ilggﬁghe afeig,t@gg}?g respectively,
may form indepmésﬁsdgrﬁfﬁn_gn opt?ona_ ly substi ufegl;sg?urate or unsatura?gﬁ?ve_-or six-membered ring
in the manufaEaFFSPE SRR SHETSY BRESRTR) QAT RRTTAFRSECRY WitRCEXAYOR ™44 %8811 3c] In a third
aspect, there is provided a compound having the structure:  wherein: R, and R2 are selected
independ8Hi) ot HegrS i EsnIawHE 6T IRt emFHaRsg SRl Eraitberea Asery Pl CAtboksreard
optionally substituteditawdndiiyhe bptionallysslibstituted loweralkydox)nandopienalyes iystituted lower
alkylcarbonylyand.whereinakleastoneof Re-d26:togethetwithniienitrogensdavhichihey are
attached, respectively. 15 an.Qptionally, sHBS UG IVE: QLS X NeMREradd 108 A8 SelRcted

independently from the group consisting of optjonally substituted lower alkyl and lower hydroxyalky!.
and further gé’%‘ﬁ%ﬁ“ﬁﬁ&gﬁu‘“ﬁ ahd” .“fo?%?ﬁ%%%lﬁﬁ he 11 itmEens to which the \ are attached
respectiveéb?. Inay form independently an optié),n_ally substitu eqh satu%atgjgﬁqr Lfg,satura;%d five-Pr
six-menBEred Hh ST LB e R g R S AR e RS Wit SV aE PH51 4T (R8st &mbodiment, the
present disclesisreprowEessaedmpssardshaving the structure: including the pharmaceutically
acceptable salts. solvates, and hydrates thereof. R., and R, are selected independently from the group
consistir? n- N, halo, cyano, carbonyl, carboxyl, and optionally substituted lower alkyl,
optionally substituted Idwer alkyloxy, and optionally substituted lower alkylcarbonyl. R3-R. are selected
indde?enrf]d@ﬁgxéﬁ{é){;geégﬁ agggéeg@%giﬁ%moo& Qﬁﬂ@&@%ﬁ@@ﬁh LhstitutecHaras weﬁaﬁﬂgwm;;%xyam
and further R3 and R., an an together with the njtrogens t ic c
respectively, MKy fBﬁﬁl?ﬁ&e%“é%‘Eé“ﬁ&; & goﬁgﬁigi% Sﬁ%s‘ﬁ%ﬂﬁ% Eg%}%%{; o%%rﬁ%%%%%%ive-.gr
six-membereds#rgt Hoee vegers s fRiigs:iand (hr TRV HHsBORH et 1 SIRI S IBSHTES or
unsubstituted & ralkenytiyhenhothRiangiR, are selected from the group consisting of hydrogen, C:_




WO 2008/124550PCT/US2008/059326 4 alkyl, C2-; alkenyl, or halogenated CI-4 alkyl; and none of
R3-R6, together with the nitrogens to which they are attached respectively, forms piperazim 1 -yl when
both R, and R, are hydrogen. [0015J In some embodiments of at least one of Rl and 122 is hydrogen,
and , in more specific embodiments of the foregoing, both R, and R, are hydrogen. In other
embodiments, at least one of 123-& together with the 5nitrogens to which they are attached
respectively, is an optionally substituted saturated or unsaturated five- or six-membered ring; in mom
specifieléshbodimentscofiibe fopegoiay, thepatatementionadifive: or six-membered ring is saturated.
Still more specific embodiments are those in which the aforementioned saturated five- or
six-membered ring is a five-membered ring. In ) yet more speC|f|c empodiments, the aforementioned
saturated five-membered ring is pyyrolyl. 10116] In anther embo ﬁent the disclosure provides the
novel compounds shown below angd their pharmacéuticalty. acceptable salts hydrates, and complexes
WO 2008/124550PCTIUS20081059326 ’
provides a method for treating an gnindapjritfeeted with a-w rising admlnlsterlng to such animal
a therapeutically effective amount ¢f a cgmpound havmg the ﬁruct re: WO
20081124550PCT/US2008/05932 including the pharmaceu‘?lc acceptable salts, solvates, and
hydrates thereof R, and R., are selected independently from the group consisting of: hydrogen,
halogen, cyaﬁremCarbonyl carboxyl and optionally substituted lower alkyl, optionally substituted lower
alkyloxy, and optionally substituted lower alkylcarbonyl. R3 -R are selected independently from the
group conststiit foroitisiTd ifPermetttidt ToRfer dRyPE IS We 1 eRax Yl cyienenerfertier 12.; and R4,
and R3 andmibréendiyetheivrthone fitrbgrinsaly wihichtity srebitfachett rasipedtivelyinmay form
independently-asikppitonatlysibstituted saturated or unsaturated :

R;-R, are selected independently from the group consisting of: optionally substituted lower alky] and
lower hydroxyalcyl, and further R; and Ry, and R; and R, together with the nitrogens to which they are
attached respectively, may form independently an optionally substituted saturated or unsaturated five-

or six-membered ring;

wherein at least one of R;-Rg, together with the nitrogens to which they are artached, respectively, is an

optionally substituted five-or six-membered ring

provided that none of Rs-R, is substituted or unsubstituted C,_; alkyl, substituted or unsubstituted C,4
alkeny] when both R, and R, are selected from the group consisting of hydrogen, C alkyl, Coy
alkenyl, or halogenated C;_, alkyl; and none of R;-Rs, together with the nitrogens to which they are
attached respectively, forms piperazin-1-y! when both R; and R, are hydrogen.

{0013b] In a second aspect, there is provided the use of a therapeutically effective amount of a compound having

oo
o0
RS\I}J S = '1“. R5
Rq Rs

the structure:

wiherein:

R;and R; are selected independenthy from the group consisting oft hvdrogen. hatogen. cvano. carbanyi,
carboxyl. and optionally substituted lower aikyl optionally subsrituted lower allkivioxy. and optionally
substituted lower alkvlcarbonyl: and

wherein at least one of R5-R,, together with the nitrogens to which they are attached, respectively, is an
optionally substituted five-or six-membered ring

R:R,, are selected independently from the group consisting oft optionally substituted iower alky! and
tower hydroxvalkyl. and further Rs and Ru. and R; and R.. together with the nirogens o which they are
attached respectively, may form independently an optionally substituted saturated or unsaturated fve-
or six-membered ring in the manufacture of a medicament for treating an animal infected with a virus.

4a



five- or six-membered ring. [00181 In some embodiments, the virus is selected from the group
consisting of: HCV, VEEV, RVFV, LASV, and 10E130V. 100191 These elements and other
embodiments and advantages of the disclosure will be apparent when the following Description is read
in conjanetian Mihihe AceRmPaRYIngPI awipdsy 3 Brigfiiescrption of the Drawing [00201 Figures IA
and IB illustrate a study in which a compound of the invention was tested for its ability to 15protect
mice from Ebola (EBOV) infection. Figure 1A shows the results for the control group. Figure 1B shows
the results for the study group. [0021) Figuresf2A andR28 illusir&e a study in which a compound of the
invention was tested for its ability to pr m : arburg virus infection. Figure 2A shows the
results for the control moan. Figure 2B o fersthe study group. 20 4 Description of Some
Embodiments of the Invention 4.1 Definitiogs 4.1.10ptionally Substituted [0022) "Optionally
substituted" refers to the replacement 6f hydrogen with a monovalent or divalent radical. Suitable
substitution.gkaups include, for example, hydroxyl, nitro, amino, imino, cyano, halo, thio, 25 thioamido,
amidino, oxo, oxamidino, methoxamidino, imidino, guanidino. sulfonamido, carboxyl, formyl,
loweralkyl, haloloweralkylclowaralkexy halploweralkoxys doweratkoxyallcyl allevicarbonyl.
arylcarbonytzaralcylcashonyl, heterearyisarhony! opetereatalkylcashony!  allicylthioy amingancyl,
cyanoallcyl sendrike liker fhacstibstitution group can itself be substituted. The group substituted onto
the substitution group can be, for example, carboxyl, halo, nitro, amino, cyano, hydroxyl, lowerallcyl,
loweralkoxyylaminecasbonyhi ISR, WEH2008! 1R455ORGE T/UHR200B(0RIA261Ricapid0.;S03H, -SO2R
or cycloalkylpuehehe sBbigttyagiGathprwypdrogemeiydroxyl or loweralkyl. When the substituted substituent
includes a straight chain group, the substitution can occur either within the chain (e.g.,
2-hydroxypfropid 22-siriie ingypkrdmditHerlike) ovatdheighaintepminuis (egi2<nyerexamethl
3-cyanopropyeand thelike priipdtititet SBbstitemts Rarr bebstraightohaiasbrancheder ayclic
Sarrangemarits &t CeRAIEAy HorerEd edrseis bk Retardains b4t oweratkyl anduRelated Terms
[0023] "LoWErAIRYF ae S8y fersi Tararass srantHalisidstigightrehain alkyl groups comprising one to
ten carbon atoms that independently are unsubstituted or substituted, e.g., with one or more halogen,
hydrioxyl ohather gibupsedsxamplesofiiovwarafiligrosrsdpsinde gt enatlimited to, methyl, ethyl,
propyl, isopropyl, n- 10butyl, flinty', n-hexyl, neopentyl, trifluoromethyl, pentafluomethyl, and the like.
[0024] "Alky]" refers to a divalent $traight C|’,1élin or branched chaig,saturated aliphatic radical having
from 1 - to 20 carbon atoms. Typi¢al alkyl gtoupg employed in ¢ompounds of the present invention are
loweralkylenyl groups that have frpom 1 to {it 6 garbyn atoms in their backbone. "Alkenyl" refers

- herein to straight chain, branched| &:syefierédigats-hafring-8ae or more double bonds and from 2- to
20 carbon atoms. "Alkynyl" 15refdrs hqnein to straight chadn, branched, or cyclic radicals having one or
more triple bonds and from 2- to 20 carbon atoms. [0025] The-term "haloloweralkyl" refers to a

loweralkyl radical substituted with one or more halogen atoms.
including the pharmaceutically acceptable salis. solvaies, and hydrates thereof. R, and R. are seleciad

mdependently from the group consisting of: hydrogen, balo, cyano, carbonyl, carboxyl, and optionally
substituted lower alkyl, optionally substituted lower alkyloxy, and optionally substitited lower
alkcylcarbonyl. R;-Re are selected independently from the group consisting of: optionally substituied lower
alkyl and lower hydroxyalkyl, and further R; and Rs, and R;s and Rg, together with the nitrogens 1o which
they are attached respectively, may form independently an optionally substitnied saturated or unsaturated
five- or six-membered ring, However, none of Ra-R¢ is substimited or unsubstituted C, alkyl, substituied

or unsubstinited C,., alkenyl when both R, and R are selected from the group consisting of hydrogen, C..



[0026] "Loweralkoxy" as used herein refers to RO- wherein R is loweralkyl. Representative examples
of lowerallcoxy groups include methoxy, ethoxy, t-butoxy, trifluoromethoxy and the like. 20[0027]
"Loweralkythio" as used herein refers to RS therein R is lowera]kyl. [0028] The tenn "alkoxyalkyl"
refers to the group -alki-O-alk, where alkiis alkylenyl or alkenyl, and alk2 is alkyl or alkenyl. The term
"loweralkoxyalkyl THLEE an alkoxyalkyl where alklis loweralkylenyl or lowB{atkEnydpanekalk2is
towel-alkyl or loygralke Nyt A& Ber yalkyl" refers to the group -alkylenyl- O-aryl. The term
"aralkoxyalkyl" qgg)g}?%%Q&&gdg?o%ﬁg%i?fgﬁ%g@é?%a%ﬁ gﬁgs}él{?g %ﬁa‘%%v&%r)é%ol@f 11@§[133E5’29]
"Cycloalkyl" refers {0 a mono- or porycycher IBwaratkyl QB SahEnt Y&R&alkyl substituents have
from 3- to &Qx’f‘%@&nﬁ‘& rgbe , ring) fatﬂms in which each backbone atom is optionally substituted carbon.
When used in confext with By omliy P BERIEARS Rl Reieen aRjcy om Tt ereifmentusictt,
non-fused cycliPEa B8 Lbictit8sEadpiradyclbs. Exatimies ofoyoloality:goupstincludebut are not
limited to, cyclopropyt eybioblity breyclape niyleayelohexylyadam antyh. ke myl. Ao orayl,.and.the like.
30[0030] The t?rmiﬁyﬁkmzﬁem% ielais. essino excloaku subsiluenis hptiave from 1 to S af)‘d
more typically from.L 1s (i.e., nan-carban atoms such as njtrogen, sulfur, and oxygen

in the ring structure fcg\;i%lr%he%%%%i%& gipg gfgﬁ%cfﬁct%né%?ﬁgs_ giﬁ@%“ﬁﬁ%n“éﬁfﬁ%ﬁ%@?ﬁﬁﬂ%’%%on.
Representative Neterocycloalkyl Moletieaild GYE o EXaRTSIdE FHoPAI GNP iqspRrézirgs, iperidinyl,
pyrrolidinyl, metiyTprotTi s idisenesd rand reolike. WO 2008/124550PCT/US2008/059326
[00311 The terms "(eyeloalkynalkyl" and "(cyclohcteroalkyl)alkyl" refer to alkyl eh s substituted with
cycldBiky Gl by cetiete roaiidiharoups réspectively @830t Theltenmphaidalioxy! tefers toiamadkoxy
radical substituirehwith:ae, acmpeig-RAlegsRaiaMsd IJheiery "haloloweralkoxy" refers to a
loweralkoxy radical substituted with one or more halogen atoms. 4.1.3Halo [00331 "Halo" refers herein
to a halogen radical, such as fluorine, chlorine, brontine, or odine. 4.1.4Aryl and Related Terms [00341
"Aryl" refers to monocyclic and polycyclic aromatic groups, or fused ring systems having at least one
aromatic ring, having from 3- to 14 backbone carbon atoms. Examples of aryl groups include without
10limitation phenyl, naphlityl, dihycironaphtyl, tetrahydronaphthyl, and the like. [00351 "Aralkyl" refers
to an alkyl group substituted with an aryl group. Typically, aralkyl groups employed in compounds of
the present invention have from 1- to 6 carbon atoms incorporated within the alkyl portion of the aralkyl
group. Suitable aralkyl groups employed in compounds of the present invention include, for example,
benzyl, picolyl, and the like. 154.1.5Heteroaryl and Related Terms [0036] The term "heteroaryl" refers
herein to aryl groups having from one to four heTeroatoms as ring atoms in an aromatic ring with the
remainder of the ring atoms being aromatic or non-aromatic carbon atoms. When used in connection
with aryl substituents, the term "polycyclic” refers herein to fused and non-fused cyclic structures in
which at least one cyclic structure is aromatic, such as, for example, benzodioxozolo, naphthyl, 20and
the like. Exemplary hetemaryl moieties employed as su.bstituents in compounds of the present
invention include pyridyl, pyrimidinyl, thiazolyl, indolyl, imidazolyl, oxadiazolyl, tetrazolyl, pyrazinyl,
triazolyl, thiophenyl, furanyl, quinolinyl, purinyl, benzothiazolyl, benzopyridyl, and benzimidazolyl, and
the like. 4.1.6Amino and Related Terms

7]



[0037] "Amino" refers herein to the group -NH,. The term "loweralkylamino” refers herein to the group
--NRR' 5where R and R' are each independently selected from hydrogen or loweralkyl. The term
"arylamino" refers herein to the group --NRIC where R is aryl and R' is hydrogen, loweralkyl, aryl, or
aralkyl. The term "aralkylamino” refers herein to the group -NRR' where R is aralkyl and R' is
hydrogen, loWertEH 22437 or aralkyl. The terms "heteroarylamino” and het@GEESrpRaAALS are
defined by analogy to arylamino and aralkylamipo. F30[00 %FThe term "aininocarbonyl" refers herein to
the group -C(0)-NI-12. The terms "loweralkylan ho bon ", arylaminocarbonyl”,
"aralkylaminocarbonyl”, "heteroarylaminocarb ]n T, arn eroaralkylanainocarbonyl” refer to
-C(O)NRR" where R and R’ independerittf gre jeraneYWOH3008/124550PCT/US2008/059326
optionally substituted loweralkyl, aryl, aralkyl, heteroaryl, and gﬁteroaralkyl respectively by analogy to
the corresponding terms above. 4.1.7Thio, Sulfonyl, Sulfinyl and Related Terms [0039] The term "thio"
refers to -SH. The terms "loweralkylthio", "alylthio", "heteroarylthio”, "cycloalkylthio”,
5"cycloheteroalkylthio", "aralkylthio", "heteroaralkylthio", 'F(cyc\loalIcy)alkylthio", and
"(cycloheteroalkyDalkylthio" refer to -SR, Whe' lly substituted loweralkyl, aryl, heteroaryl,
cycloalkyl, cycloheteroalkyl, aralkyl, heteroataikyA layl, and (cycloheteroalkyl)alkyl
respectively. [00401 The term "sulfonyl" refers herei%/to the group -SO,-. The tern-is
"loweralkylsullony]", "arylsulfonyl", | O"hetero}}{i’cylsulfonyl", "cy%ﬂ?alkylsu Lour, "cycloheteroalkylsul

fonyl", "aralkylsullonyl”, "heteroarallcylsullonyl”, “(cycloalkyl)alkylsullonyl”, and

"(cycloheteroallcybalkylsulfonyl” refer to -SO,R Ehee 8 optionally substituted loweralkyl, aryl,
heteroaryl, cycloalkyl, cycloheteroalkyl, aralk Peayvatikyl, (cycloalkyl)alkyl, and
(cycloheteroalkyl)alkyl respectively. [004d] T yfiny '@,Qjﬁgs herein to the _group -SO-. The
teilllS "loweralkylsulfinyl", "arylsulfinyl", 15'%eteroarﬁsuIfinyI"f?i"cycloalkyIsu.IfinyI",
"cycloheteroalkylsullinyl", "aralkylsulfinyl", '%eroaralkylsulfin% "(cycloalkyl)alkylsullinyl, and
"(cycloheteroalkyl)alkylsulfinyl" refer to -SOR where R is optionally substituted loweralkyl, aryl,
heteroaryl, cycloalkyl, cycloheteroalkyl. aralkyl, % 8teroar&#yd, (cycloalkyl)alkyl, and
(cycloheteroalkyl)alkyl respectively. 4.1.8FormyisEdrhexy, Carbonyl, Thiocarbonyl, and Related
Terms 20[00421 "Formyl" refers to -C{QH=-1.1 3] "CRb L@;‘Sers to -C(0)01-1. [0044] "Carbonyl"
refers to the divalent group -C(0)-. The terfhs "lowerglkylCarbljnyl", "arylcarbonyl”,
"heteroarylearbonyl", "cycloalkylcarbonyl",®Bycloheteroalkylcafbonyl”, "aralkycarbonyl”,
"heteroaralkylcarbonyl”, "(cycloalkyl)alkylcarbonyl”, and "(cycloheteroalkypallcylcarbonyl" refer to
25-C(0)R, where R is optionally substitiited loweralkyiNaryk-heteroaf§fl, cycloalkyl, cycloheteroallcy),
aralkyl, heteroaralkyl, (cycloalkyl)alkyl, and (cy( erIkyI respectively.
O

greqe

|
CHy CHs

{00171 In yet another embodiment, the present disclosure provides a method for treating an animal infected with
a virus, comprising administering to such animal a therapeutically effective amount of a compound

having the structure:



[0045] "Thiocarbonyl" refers to the group -C(S)-. The terms "loweralkylthiocarbonyl", "arylthiocarbonyl",
"heteroarylthiocarbonyl", "cycloalkylthiocarbonyl", "cycloheteroalkylthiocubonyl",
"aralkythiocarbonyloxIthiocarbonyr, "heteroaralkylthiocarbonyl", "(cycloalkyl)alkylthiocarbonyl", and
30" (cycloheteroa % alkylthiocarbonyl" refer to -C(S)R, where R is optionally substituted loweralkyl,
aryl, heteroar c%% , cycloheteroalkyl, aralkyl, heteroaralkyl, (cycloalk¥aIRgroasies9326
(cycloheteroalkyl)alkyl respectlvely [0046] ' Carb}gnyloxy refers gengerally to the group -C(0)-0-. The

terms "loweralkylcarbonyloxy", "arylcarbonyloxy";"heterodfylcarbonyloxy", "cycloalkylcarbonyloxy",
cycloheteroalkylcarbonyloxy WO 2008/124 +4S2008/059326 "aralkycarbonyloxy",
"heteroaralkylcarbonyloxy"”, "(cycloalkyf)atky! " _eyclgheteroalkyllalkylearbonyloxy" refer to
-C(0)02, where R is optionally substituted Io%erallcyl %ryl heté‘?‘oar t, cycloallcyl, cycloheteroalkyl,
arallcyl, hcteroaralkyl, (cycloalkyl)alkyl,iand FZzé‘y cloheteroa | kyfz)salk | respectively. 5[0047]

"Oxycarbonyl" refers to the group -0-C(0)-. The terms "loweralkyloxycarbonyl", "aryloxycarbonyl",
"heteroaryloxyecautemyiis p%k&&lkbd@%&%ﬁ@l@)ékm ‘cyiclebeter %‘S@%M@Qﬂf QPQ%{(E Rﬁ are selected

aralkyoxycarbg oxlx ap r carbonyl”, gycl xycarbon
"(cycloheteroalkyl YEBEDRE towy LA g{lcy C!rggénakhk(i;r“eXR iiysgo tlona s’(?tu?gﬂ% alk ,

ke\éli )éﬁigo ) rifer 0

aryl, heteroaryl Gy cloalyl, CyoRetBrOAMRy T E %‘ik@/ﬁ”%%@?@%ﬁ?ﬁ)ﬂﬂ@?@ﬁﬁ%ﬁ%ﬁﬂﬂwﬁndl
0(cyc?oheteroa”ri%‘}¥%§h??¥ éfﬁfﬁ?’“[@)@d?&]@%%m&*ﬁ igerrefersite thergroy shbi@¢d)ewdhe terms
"loweralkylcarbéidahhire iy aryleBsbony larming: i ate rearylearRomganainet, me nirogens 1o which
"cycloalkylcarbamylamined ieycehataroaticathRRMARINe» ABKYICAIONVIAMING, wnsanraes
"heteroaralkylcarbonylaming . &gycloalkyl)alkylcarbonylamlno and
"(cycloheteroalkyllalkylcarbonylamino" refer to -N11-C(0)R, where 15R is optionally substituted
loweralkyhoahyt, I ohcteroalk aralk L, het I cloalkyl aIkyI or
(cyc ghetéroal Q%%%%Xs%%g\)%%w ﬁ %)é%lﬁ%%gt 2[ lki)e\r/és i frk]{;\l/ké}ﬁflgfé%?(’: U%cﬁ\‘éég&l\#ésﬁbsﬁ
earbonylamlno% R'C(0)R), where R is optionally substituted lowerallcyl, aryl, heteroaryl, aralkyl or
heteroaralk%/l and R retains the previous defintion. 10049] "Carbonylthio" refers to the grou}E) -C(0)-S-.
The termS TowdFaRiIRETBLAYAB aindurethyithi %si*f%gﬁét%@a%ﬂ@a%ﬁwma apparént when the
"cycloalkylcarﬁewﬂnwemimheteadahlcﬁmanmwmhp aralkyopiipoDpghting,

heteroaralkyICarbonyIthio'f, "(cycloalkyl)allcylcarbonylthio®, "(cycloheteroalkyl)alkylcarbcmylthio™ refer
to C(O)S§ véﬁ i i itut Ikyl, aryl, heteroaryl, cycloalkyl, cycloheteroalkyl,
aralkyl, heteroargﬁ{@@(cyciﬁf{gﬁ %Iﬁﬁgﬁoﬂd %/%:ge# eroalkyl)alkyl respectively. 4.1.9Methylene and
Methine 2a9051Thetams dmityiensy asused deseindciars i anHnavasULted. mangsubstitted,

or disubstituteg carbon @JB%Q@ a,formal sp,sup bridizat -, where'R and R’ are
hydrogen or %%p msult u}ﬁ‘% fgog%lgllpT ej"r%e% qut fﬁieg%rs%csceamﬁe%’% TORSTS S an

unsubstituted or carbon ato avﬁg a tormal sp2-hybridization (i.e., -CR= or =CR-, where R is

hydrogeré02 ¥bstltu§n 3;8 % 2 Novel (Cj:ompounds Useful for Treating Diseases 4. 2 1Definition of
Novel COmpounds 2 Tirst aSPect, e prSSBRTTRR el SrEvRdES wetd dplsmiithaving the

structure: protect rmce from Marburg virus infection. Figure 2A shows the resulis for the control group. Figure 2B

shows the results for the study group.

20 4 Description of Some Embodiments of the Invention
4.1  Definitions

411 Optionally Substituted

[oo22] “Optionally substitnied” refers to the replacement of hydrogen with a monovalent or divalent radical.

Suitable substitition groups include, for example, hydroxy!, nitro, amino, imino, cyano, haie, thio,

k2
W

thioamido, amidino. oxo, oxamidino, methoxamidino, imidine, guanidino. sulfonamido, carboxyl, formyl,
ioweralkyl, haloloweralkyl, loweralkoxy, haloloweralkoxy. loweralkoxyalkyl, alikvlcarbonyl. arylcarbonyl,
aralkylcarbonyl, heteroaryicarbonyl, heteroaralkylearboryl, alkylthio, amincaliyl, cyanoalkyl, and the like,
The substitution group can itself be substitvied. The group substituted onto the substitution group cax be, for

example, carboxyl, halo; nitro, amino, cyano, hydroxyl, loweralkyl, loweralkoxy, aminocarbonyl, -SR,



WO 2008/124550PCPUS2008/059326 Compound 1 including the pharmaceutically acceptable salts,
solvates, and hydrates thereof. R [ and R2 are selected independently from the group consisting of:
hydrogen, halo, cyano, carbonyl, carboxyl, and optionally substituted lower alkyl, optionally substituted
lower alkyloxy:ndpptienally substituted lower alkylcarbonyl. R2-R6 are sgjectadjndependently from
the group consisting of: optionally substituted lower alkyl and lower hydroxyalkyl, and further IT, and
R4, and R5 and'R@:fegethBrwith thervimrsgcritetoRitiichethely dracattadied rdspeetivehméay form
independently ansoptianetiyiisuibstituted satgnated eoisaturateddive. aesiximenmbered ring. However,
none of R2-R6 is.substifstgshey unsulstititech G.dxd alkvhsubstituied; 100s insybstiyted C244 alkenyl

when both 121.and 13.2 are selects céf}gqm th group con isting of F}ldro en, Cl 4 alkyl, C2.4 alkenyl,
or halpgenated %} gbgﬁzylf}’nanacﬁoﬁe of illﬁt%-ili.h],utongtse% n:'?e\f\}]lt °l(t%1‘£ ﬁ?t}jor%é%g ?éc\yvﬁfch they are

attached respeaclfﬁléfyfe?gr?ﬁg%?ﬁ@?’é\??ﬁ‘}fqWW@W’B‘BW‘?%T'and R., are hydrogen. [0053) The structural
formula for Compound 1 shown above implicitly includes all equivalent resonance structures. Similarly,
the illustration of.amypesifiedesonance structure herein is defined to include all equivalent
15resonance structures implicitly unless specifically noted otherwise. The identification of such
resonancé&tiuditiresai et Beiivalensbianihed Kabuai drersvrs iavintpararasyeskilkirrdhe art.
Furthermore, aittrough thierfhdstriatedustrbcitureshebgintee notevtatienicrcarmpandsdibwi bbeer
understood thatrihe campayndswetdla ientianbusthet includedhedlustrated cationaaired.with any
suitapje complementary anionks)..Lhe resaanition. of sHgh syitable camplementary anion(s) will be

apparent to those persons having 20ordinary skill'in the art. [0054] In some embodiments of

Compoungsbatlgast . of R a00.R.q 15 hydrogen.and.. inmere spegific smhodiments, of the

foregoing, both 1@1 atnthT are hﬁ(dlro_gen. 0055] In other embodiments of Compound |, at least one of
R2-R6' togethef With the nitfogens 15 whichrihey Ars HARHEH PResERvET Ia Uh' BistihATY substituted
saturated or urfSARIrAIER/E b SR FRIEH0M & s DBHTbIE SPEEE ersiddiritentydtseeforegoing,
the aforementibreddive-cprisixdm@rbeérechsingnisesituiaieds Stillmorespecificrembodiments of

Compound 1 justdeseribedrage: thase-nandich the.aferementionrd.satwratadyfive-.Qf shixrmembered
ring is a five-mgbgred ring. In yet more specific embodiments, the aforementioned saturated
five-membered ring is pyrrolyl. [0056] In still other embodiments of Compound 1, 12.1 and R., are

selected ipglgpendently framdhe,oreup. coNnsiRing, Sak. Nalgaen, carkoxyl,carbenyl, %%%.eyam- n

more specific embodiments of Compound I, wherein Rl and R2 are selected independently from the

group consistingQ-nalooen. cathal GaIbRAYL NG evana. gk eRsl ng. ol L and B2 is halo: and in

still more specific embodiments, at least one of R1 and R2 is chlorine or fluorine. In yet more specific
embodiments, at TeASt oAS 8F BRI 'ShE- TS €S rnE S A IEALPERE PR 4ka R., WO
2008/124550PCMS2008/059326 is chlorine. In still other embodiments of Compound 1, wherein R1
and R, ar8 é8lect8q hde e AtERIY SR the Jra Ul CoRSISNg B Halogen, carboxyl, carbonyl, and
cyano, at least one of R1 and R2 is halo, both R;; and R2 is halo; and of the latter, more specific
embodim&Ate AF8 TRBsENEY WRIcH 558 BZsiy o Sreelisiid sriitsmiar Yiserhar dpéce
embodiments &f tiegnthttés wre thisselnuwlich Bsthiwratior R dre flagkirdo Bbgenin which both RI and
R2 are chloringyvantkthdseduherdinotioiof RicandR. Tis chiorineanththe:-etherneffRipand Rywvis fluorine.

O-aryl. The term “aralkoxyalkyl” refers to the group -alkylenyl-O-aralkyl, where aralkyl is a loweraralkyl.

25 00287 “Cycloalkyl” refers to a mono- or polycyclic, loweralkyl substituent. Typical cycloalkyl substituents have
from 3- 1o 8 backbone (i.e., ring) atoms in which each backbone atom is optionally substituted carbon.
When used in context with cycloalkyl substituents, the term “polyeyeiic” refers herein to fused, non-fused
cyclic carbon structures and spirocycles. Examples of eyeloalkyl groups include, but are not limited to,

cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, adamantyl, bomyl, norbornyl, and the like.

30 [0030] The term “cycloheteroaliy!l” refers herein to cycloalky? substituents that have from 1 to 5, and more
typically {from 1 10 4 heleroatoms (i.¢., non-carbon asoms such as nitrogen, sulfur, and oxygen) in the ring
structure, with. the balance of aioms in the ring being optionally substituted carbon. Representative
heterocycloalkyl moieties incinde, for example, morpholine, piperazinyl, piperidinyl, pyrrolidinyl,

methylpryolidinyl, pyrrolidinone-yl, and the like.



[0051 Among those embodiments of Compound 1, wherein Rl and R2 arc selected independently from
the group consisting of; halogen, carboxyl, carbonyl, and cyano and both Rl and R., is halo, are those
fluter where each of 123--R.6 is optionally substituted lower a]kyl; and, more specifically, where each

of R3-R6 is lepiienahssbstituted methyl or optionally substituted ethyl; g, still s specifically,
where each of .113-- R6 is methyl or ethyl; and, yet more specifically, where each of 113-12,3 is

methyl. [0058] Tk dmother dfestihesdivéntiorr prodided theufovedled nipountsshiowmibeloinigICH3
CH3093 Compeuirg-Ritbangvits:-pharspacettically acceptable salts, hydrates, and complexes. 10059]
In another aspect, the invention provides the novel compound shown below: 0-CH3 H3C.N CH3CH3

Compoundd3zantt ephammdceyticatly:aeceptableisalisshydates pand eomplaxesio20[00604 In another

aspect, the ventigniRravides the-navebcompoung shawim.helow: (R #GHS HREN:GH3CH3 Compound
4 and its pharmaceutically acceptable salts, hydrates, and complexes. [00611 In another aspect, the

invention Qrggndeﬁs lthe novel compound shown below: C 2HC2H3
5 . aig

[0033] “Halo” refers herein to a halogen radical, such as fluorine, chiorine, bromine, or iodine.

414  Awland Related Terms

0034] “Aryi” refers 1o monocyclic and polycyclic aromatic groups, or fused ring systems having at leagt one
aromatic ring, having from 3- to 14 backbone carbon atoms, Examples of ary! groups include without

10 Himitation phenyl, naphthyl, dihydronaphtyl, tetrahvdronaphthyl, and the ke,

[0035] “Aralkyl” refers to an alkyt group substituted with an aryl group. Typically, aratkyl groups emploved in
compounds of the present invention have from 1- to 6 carbon atoms incorporated within the aikyl portion of
the aralkyl group. Suitable aralkyl groups employed In compounds of the present invention include, for

example, benzyl, picolyl, and the like.

15 415  Heteroaryl and Related Terms

[0036] The term “heteroaryl” refers herein to ary! groups having from one to four heteroatoms as ring atoms in an
aromatic ring with the remainder of the ring atoms being aromatic or non-aromatic carhon atoms, When
used in connection with aryl substituents, the term “polycyelic” refers herein 1o fused and non-fused cyclic
structures in which at least ong cyclic structuze is aromatic, such as, for example, benzodioxozolo, naphthyl,

20 and the like. Exemplary heteroary] moieties employed as substituents in compounds of the present invention
include pyridyl, pyrimidinyl, thiazolyl, indolyl, imidazolyl, oxadiazolyl, tetrazolyl, pyrazinyl, triazolyl,

thiophenyl, furanyl, quinalinyl, purinyl, benzothiazolyl, benzopyridyl, and benzimidazolyl, and the like.

446  Amino and Related Terms

[0037] “Amino” refers herein to the group -NH,. The term “loweralkylamino” refers herein w the group ~NRR'

25 where R and R' are each independently sclected from bydrogen or loweralkyl. The ferm “arylamino™ refers
herein to the group ~NRR' where R is arvl and R’ is hvdrogen, loweralkyl, arvl, or aralkyl. The term
“araikylamino” refers herein to the group “NRR' where R is aralkyl and R’ is hydrogen, loweralkyl, aryl, or
aralkyl. The terms “heteroarylamino” and heteroaralkylamino™ are defined by analogy to arylamino and

aralkylamino,

30 [0038) The ferm “aminocarbonyl” refers hereir to the group -C(O}-INH,. The terms “loweralkylaminocarbonyl”,
arylaminocarbony!”, “aralkylaminccarbonyl”, “hetercarylaminocarbonyl”, and

“heteroaralkylaminocarbony]” refer to -C(OYNRR' where R and R’ independently are hydrogen and



H3C.Pi-CH 3 '11 CH3CH3 Compound 5 and its pharmaceutically acceptable salts, hydrates, and
complexes. 5[0062] In another aspect, the invention provides the novel compound shown below: -e
Compound 6 and its phannaceuncally acceptable salts, hydrates, and complexes. [0063] In another

aspect, the iRygiigg)piggdes the novel compound shown below: CH3 e, H3¢NGH3&HICH3
Compound 7  and its pharmaceutically acceptable salts, hydrates, and complexes. 42.2Syntheses

of Compounds @fiehaly rietitisn [O0BLY THeE compourissh theliventibyl tamdiemadeadssing tvethods
and materials welkdpava terpersens having 15ordinary skill in the art in combination with the present
disclosure. For example, embodiments of those compounds described by Compound 1 above for

which R1 an 141%"n%@%ﬁ%ﬁﬂg)(a%%g\%%&%en’ alkyl, or halo, especially fluoro and chloro, and 123-R6

independer{]fly are Tower specially mefﬁ;s/l or ethyl, or form a pyrrolidyl ring with the respective
nitrogen tessdich-they-are atached can be.rde-ty Rersensihaving.erdinany skillin.the:ast using the

procegures dea%&?ﬁ&%ﬂ;’y’ﬁl@hegaﬂyﬁig?xﬁé?grépa@%ﬁﬁo,nx%%ﬂ'%ﬁw Ja 9}-{}}-1%8 2%906/0287523 Al, which is

incorporated herein by reférence in its entirety and for all pufposes.” Examples are provided in Section
2.3 below. WO SB08T EIASEIBEEID 000 0B 45 fobEBPEbHipBtiE Gesehibetiby EBiiound 1
above for which'RyHib 129 aredstheritdgsmans R:Renbidaingdie fekpeetivdfittogens to which
they are attacheedefihe substituted pyrrolidyl rings can be made by persons having ordinary skill in
the art using the procedures provided, e.g., in Tetrahedron 1997, 53(29), 10083-10092;J Heterocyclic,
Chem. 1988030h<1:683vdioMed:Bhemin2007 50 19);- 228 1:2R B8k wamily sulfony!”, “arylsuifonyl”,
10 “heteroarylsulfonyl”, “cycloalkylsulfonyl”, “cycloheteroalivisulfonyl”, “aralkylsulfonyl”,
“heteroaraliylsulfony?”, “(cycloalkyhalkylsulfonyl”, and “(cyeloheieroallylallylsullomyl™ refer to -8C,R
where R is optionally substituted loweralkyl, aryl, heteroaryl, cycloalkyl, cycloheteroalkyl, aralkyl,

beteroaralkyl, (cycloalkylalkyl, and {cycloheteroalkyialicyl respectively.

[0041} The term “sulfmy?” refers herein to the grovp -SO-. The terms “loweralkylsulfinyl”, “arvisulfiny?”,
15 “heteroaryisullinyl”, “cycloalkylsulfiny!”, “cyclobeteroalkylsulfiny?”, “aralkylsulfinyl”,
“heteroaralkylsulfinyl”, “(cycloalkylalkylsulfinyl, and “(cyclohetercalkyl)alkylsulfinyl” refer to -SOR
where R is optionally substitrtied loweralkyl, aryl, heteroaryl, cycloalkyl, cycloheteroalkyl, aralkyl,

hetercaralkyl, {cyciealkyl)alkyl, and (cycloheteroalkyl)alky! respectively,

4.1.8  Formyl, Carboxyl, Carbonyl, Thiocarbonyl, and Related Terms

20 104z

“Formyl” refers to -C(O)H.

[6043} “Carboxy]” refers 1o -C{ONOH,

[0044] “Carbomyl” refers 1o the divalent group -C{0O)-. The terms “loweralkyvicarbonyl”, “aryicarbony!”,
“heteroarylearbonyl!”, “cycloalkylcarbonyl”, “cycloheteroalicylearbony?”, “araliycarbonyl”,
“heteroaralkylcarbomyl”, “(cycloalkyDalkylearbonyl”, and “{cyclohetercalkyDalkylcarbonyi™ refer to

25 -C(OIR, where R is optionally substituted loweralleyl, aryl, heteroaryl, cycloalkyi, cycloheteroalkyl, aralkyl,

beteroaralkyl, {cycloalkyDalkyl, and {cycloheteroalkyl)allyl respectively,

[oG45] *“Thiocarbonyl” refers to the group -C(S)-. The terms “loweralkylthiocarbonyl”, “aryithiocarbonyl”,

“heteroarylthiocarbonyl”, “cycloalkylthiocarbonyl”, “cyeloheteroalkyithiocarbonyl”,
“aralkythiocarbonyloxlthiocarbonyl”, “hetercaralkyithiocarbonyl”, “(cycloalkylalkylthiocarbonyl”, and

30 *(cyclobeteroalkylalkylthiocarbomyl” refer to -C(S)R, where R is optionally substituted loweralkyl, aryl,
heteroaryl, cycloalkyl, cycloheteroalkyl, aralkyl, heteroaralkyl, {cycloalkylalkyl, and
{cycloheteroalkyDalkyl respectively,

[0048] “Carbonyloxy” refers generally 1o the group -C{O)}-O-. The terms “loweralkylearbonyioxy™,

RIS

“arylcarbonyloxy”, “heteroarylcarbonyloxy”, “cycloalkylearbonyloxy™, “cycloheteroaliylcarbonyloxy”,

16



5Hist ochem ical Journal, 1(1969), 199-20 4. Each of these references is incorporated herein by
reference in its entirety and for all purposes. [0066] Still other compounds described herein can be
made by persons having ordinary skill in the art using known methods and materials. 4.3 Methods for

Treating Viral;disgasesk9[0067] In yet another aspect, the present inventip&paﬁ?i/dg&g{%%%ethod for
treating an animal infected with a virus, comprising administering to such animal a therapeutically

effective amoufitgkaxompoundthawimgitha:strotiecydak Telipotng8x¥5including the
pharmaceutically.accepiabia)sajisssolatescand hyoratesitherertRbapdRe e salratathy,
independently framdhe &EQ&%‘EQQ&!EE@Q&&MQ@Q§&r&%‘&9§&?8¥ﬁﬂ%ﬁ:§m§@yl’ carboxyl, and

optionally substituted lower alkyl. optionally substituted lower alkyloxy, and optionally substituted lower
aIFi(yIcarb%nyl. I!E%EF(SI mglroealz%%{é (19f ; ﬁﬁgﬁghﬁently from the group consisting of: optionally substituted
lower alky| and.lower hydroxyalkylL and further R3 and R4, and R5 and R6, together with the nitrogens
to wh f?h g&%{éy(%;lyewébt%g{\ré: 'rrselgsééjégﬁi\’}j&&% Qg)))/ 'ng%cWaéﬁgﬁ£éﬁwy %ﬁb%ﬂﬁfignaéng§%t§ﬁ¥ﬂted saturated
or unsaturated fVEFBP SIRAHDer&d iy To0sBTIH soHiesHbdtitTemE e virus is selected from the
group consistingakyp@uHVBEEN x RYFWY ILASW cantlyEBOYolnl's pegifielembiodirsentsythe virus is HCV
or VEEV; in moteyspecificiemigdimeiisntheniiusos iRy wanddn: obaskmeiesspesificempodiments,
the virus is VERN{i-otherembedimientsihe.ius is 22LASV RV ARGBOV; in more specific
embogliments, Fhe i§ RVEV qtrggre(gg%g specific embodiments, the virus is EBOV, and in still other

i
more specific e%ﬁSI ffﬁ(’eﬁ}%‘sﬂagh% VIfUS 1S LASV. [0069] Compounds of the invention have demonstrated

activity, as, neasyl %qyl?“ lEOC;IS_Jé) ﬁﬁoM%acrqs-Eréj“@)eu.sht qiv§[‘§()ewg?g@ilf%ﬁé}inczlluldig]g. HCV, VEEV, RVFV,
EBOV, W {'/1; DEQREV, ﬁ§v > WEEY EEEV, and BTV, S5 CHeWH iH°r4Bi¥' 1. Table | Compound
HCV farylcarbonylamino”, “heteroarylcarbonylaming”, “cycloalkylcarbonylamino”,
“cyclohetercalkylearbonylamino”, “aralkylearbonylaming”, “heteroaralkylcarbonylaminog”,
“(cycloalkylalkylcarbonylamino”, and “(cyclolcteroalkyl)alkylcarbonylamino™ refer 1o -NH-C(O)R, where
15 R is optionally substimted loweralkyl, aryl, heteroaryl, cycloalkyl, cycloheteroalkyl, aralkyl, heteroaralky?,
{eycloalkyhalicyl, or (cycloheteroalkylalkyl respectively. In addition, the present invention includes N-
substituted carbonylamino (-NR'C(O)R), where R’ is optionally substituted loweralkyl, aryl, heteroaryl,

araikyl, or heteroaralikyl and R retains the previous defintion.

10049

“Carbonyithio” rcfers to the group -C{(}-8-. The terms “loweralleylcarbonyithio”, “arvicarbonyithio™,

LI

20 “heteroarylcarbonylthio™, “cycloalkylcarbonylihio”, “cycloheteroalkylcarbonyithio”, “aralkycarbonyithio™,
“heteroaralikylcarbonylthio”, “(cycloatkylyalkylcarbonylthio”, “(cycloheteroallylalkylearbonylthio” refer 1o
-C{O)SR, where R is optionaily substituted loweralkyl, aryl, heteroaryl, cycloalkyl, cycioheteroalkyl,

aralkyl, heteroaralkyl, {cycloalkyllalkyl, and (cycloheieroalkylalkyl respectively.

419  Methylene and Mathine

25 [es0

The term “methylence” as used herein refers to an unsubstituied, monosubstituted, or disubstituted carbon
atom having a lornal sp.sup.3 hybridization (i.e., -CRR'-, where R and R’ are hydrogen or independent

substituenis),

[0051] The term “methine” as used herein refers 10 an unsubstituted or carbon atom having a formal

sp’-hybridization (i.c., -CR=or =CR-, where R is bydrogen a substituent).

30 4.2 Novel Compounds Useful for Treating Diseases

421 Definition of Novet Compounds

0052] In a first aspect, the present invention provides a compound having the structure:

i1



VEEV MTV EBOV WNV DENV LASV CHK WEEV EEEV PTV Methylene 0,02-0,08 <1>5>3,2<110
1 Blue (MB)

WO 2008/124556 PCT/US2008/059326

Compound §

including the pharmaceutically acceptable salis, solvates, and hydrates thereol, R, and R; are selected
independently from the group consisting oft hydrogen, halo, cyane, carbonyl, carboxyl, and optionally

5 substituied lower alkyl, optionally substituted lower alkyloxy, and opticnally substituied lower
alkylcarbonyl. Ry-R; are selected independently from the group consisting of: optionally substituted Jower
alkyl and lower hydroxyalkyl, and further R; and Ry, and R and Ry, together with the nitrogens to which
they are attached respectively, may form independently an optionally substituted saturated or unsaturated
five- or siv-membered ring, However, none of R;—R, is substituted or unsubstituted C,_, alkyl, substituied

10 or unsubstituted C, 4 alkenyl when both R, and R, are selected from the group consisting of hydrogen, €

4 alkyl, Cy 4 alkenyl, or halogenated ;. alkyl, and none of Ry-Rg, together with the nitrogens to which

they are attached respectively, forms piperazin-1-yl when both R, and R, are hyvdrogen.

{0053} The structural formula for Compound I shown above implicitly inclodes all equivalent resonance structires.
Similarly, the illustration of any specific resonance structure hercin is defined to include all equivalent
15 resonance structures implicitly unless specifically noted otherwise, The identification of such resonance
striuctures and their equivalents is well known to persons having ordinary skill in the art. Furthermore,
although the illustrated structures herein denote cationic compounds, it will be undersiood that the
compounds of the invention further include the illustrated cation paired with any suitable complementary
anion(s). The recognition of such suitable complementary anion(s) will be apparent 10 those persons having

20 ordinary skill in the art.

[0054] In some embodiments of Compound 1 at least one of R, and R, is hydrogen, and , in more specific

embodiments of the [oregoing, both R; and R, are hydrogen.

10055} In other embodiments of Compound 1, atl least one of Ri—Re together with the nitrogens to which they are
attached respectively, is an optionally substituted saturated or unsaturated five- or six-membered ring; in

more specific embodiments of the foregoing, the aforementioned five- or six-membered ring is saturated.

(o]
Lh

Still more specific embodiments of Compound | just described are those in which the aforementioned
saturated five- or six-membered ring is a five-membered ring. In yet more specific embodiments, the

aforementioned saturated five~membered ring is pyrrolyl.

[0056] In still other embodiments of Compound 1, R, and R, are selected independently from the group consisting
36 of: halogen, carboxyl, carbonyl, and ¢yaro. In more specific embodiments of Compound 1, wherein R, and
R; are selected independently from the group consisting oft halogen, carboxyl, carbonyl, and cyano, at least

one of R, and R; is halo; and in still more specific embodiments, at lcast one of R; and R, is chlorine or

fluorine, In yet more specific embodiments, at least one of R, and R, is fluorine, or at least one of R, and Ry

iz



Dimethyl MB 0.145 0,02-0,1 <10 0.025-0,1 0.025-0.1 <I 0,1-1 0,1 <0.!) Diethyl MB

WO 2008/124550 PCT/US2008/059326

is chlorine. In still other embodiments of Compound 1, wherein R and R, are selected mdependently from
the group consisting oft halogen, carboxyl, carbonyl, and ¢yano, at least one of Ry and R, is halo, both R;
and R; is halo; and of the latter, more specific embodiments are those for which both R, and R, are chlorine

or fluorine. Yet more specific embodiments of the latter are those in which both R; and R, are fluorine,

Ly

those in which both R and R, arg chlorine, and those whersin one of R, and R is chlorine and the other of

Ry and R; 1s flucrine.

{0057] Among those embodiments of Compound 1, wherein R, and R, are selected independently from the group
consisting oft halogen, carboxyl, carbonyl, and cyano and both R, and R; is halo, are those further where
each of Ry—Re is optionally substituted lower alkyl; and, more specifically, where each of R3-Ry is

10 optionally substituted methyl or optionally substituted ethyl; and, still more specifically, where each of R~

R¢ is methyl or ethyl; and, yet more specifically, where each of B;—Ry is methyl.
[0058] In another aspect, the invention provides the novel compound shown below:

HzF HaF

O N\
/&
HBC\N - N,CHB

E 5 |
CHs CHy

Compound 2

15 and its pharmaceutically acceptable salts, liydrates, and complexes,

{0059 In another aspect, the invention provides the novel compound shown below:

F F
N\
@
~ —’C
HsC il\l s E}i Ha
CHj CHs4
Compound 3

and its pharmaceutically acceptable salts, hydrates, and complexes,

20 [0080] In another aspect, the invention provides the novel compound shown below:

N\
@
HaC- ~CH
aC N 3 N 3
CHg CH,
Compound 4

and its pharmaceutically acceptable salts, hvdrates, and complexes.

13



0.1-10,1 <0,050.05-1 0.05 Compound4 <10,05 <1 <S Compound 3

WO 2008/124550 PCT/US2008/059326

[oo81} In another aspect, the Invention provides the novel compound shown below:

CoHs CoHg

H3C-~

Compound §

and its pharmaceutically acceptable salts, hydrates, and complexes.

5 [0082} In another aspect, the invention provides the novel compound shown below:
N D
SRS

Compound 6

and its pharmaceutically acceptable saits, hydrates, and compleses.

[0063] In another aspect, the invention provides the nove! compound shown below:

CHa
N

-~

®
HaCo _CH
e S N

i !
10 CHs CHa

Compound 7

and its pharmaceutically acceptable salts, hydrates, and complexes.

4.22  Syntheses of Compounds of the Invention

{0084] The compounds of the invention can be made using methods and materials well known fo persons having
13 ordinary skill in the art in combination with the present disclosure. For example, embodiments of those
compounds deseribed by Compound 1 above for which R, and R, independently are hydrogen, alkyl, or
halo, especially fluoro and chioro, and Ry-Rs independently are lower alkyl, especially methy! or ethyl, or
form a pyrrolidyl ring with the respective nitrogen 10 which they are atiached, can be made by persons
having ordinary skill in the art using the procedures described in published U.S. Patent Application Serial
20 No. US 2006/0287523 A1, which is incorporated herein by reference in its entirety and for all purposes.

Examples are provided in Section 4.3 below,

14
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(0085] Compounds described by Compound 1 above for which R and R; are both hydrogen and Rs—R including

(0066

4.3

0087

[coBs

{0088

]

]

the respective nitragens 1o which they are attached define substituted pyrealidyl rings can be made by
persons having ordinary skill in the art using the procedures provided, e.g., in Tefrahedron 1997, 53(29),
10083.-10092; J. Heterocyciic. Chem. 1993, 30, 1693;./. Med. Chem. 2007, 50{10), 2281-2284; and
Histochemical Journal, F {1969}, 199-2G 4, Each of these refersnces is incorporated herein by reference in

its entirety and for all purposes.

51il} other compounds described herein can be made by persons having ordinary skill in the ait using known

methods and materials,

Methods for Treating Viral Diseases

In yet ancther aspect, the present inveniion provides a method for treating an animal infected with a virus,
comprising administering to such animzal a therapeutically effective amount of a compound having the

structure:

Compound 8

including the pharmaceutically acceptable salts, solvaies, and hydrates thereof. R; and R, are selected
independently from the group consisiing oft hydrogen, halogen, cyano, carbonyl, carboxyl, and optienally
substituted lower alkyl, optionally subsiituted lower alkyloxy, and optionally substituied lower
alkylcarbonyl. Ry—R; are selected independently from the group consisting of’ optionaily substituted lower
alkyl and lower hydroxyaikyl, and further R; and Ry, and R, and R, together with the nitrogens to which
they are attached respectively, may form independently an optionally substituted saturated or unsaturated

five- or six-membered ring.

in some embodiments, the virus is sclected from: the group comnsisting oft HCV, VEEV, RVFV, LASV, and
EBOV. In specific embodiments, the virus is HCV or VEEV; in more specific embodiments, the virus is
HCV, and in other more specific embodiments, the virus is VEEV. In other embodiments, the virus is
LASY, RVFV or EBOV! in more specific embodiments, the is RVFV, in other more specific embodiments,

the virus is EBOV, and 1o still other more specific embodiments, the virus is LASY,

Compounds of the invention have demonstrated activity, as measured by ECss (uM), across viruses of’
diverse families, ncluding HCV, VEEV, RVFV, EBOV, WNV, DENV, LASV, CHK, WEEV, EEEV, and
PTV, as shown in Table 1;
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Compoud ~ HCY  VEEV  RVFV  EBOY  WNV  DENV
Methylere 00208 <1 >5 0 >3l <l 10
Blue (MB)
Dimetiyl MB  02-035 00201 <10 008501 00250
Diethyl MB bl-1 01 »i < 00
Componnd 4 <] 003 <
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Toluidime Bl <l !
Aurs A 011 !
AmreB 6.1
Amre ( (8 <
{ompound 6 < 13 <l
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[0070]

10071}

0072

[0073}

10074}

4.4

[0075]

In additton, dimethylmethylene blue (dumethy] MB) was tested in an animal models of Ebola (EBOV) and
Marburg infection as described in Section 4.4.2.1, following published methods (Bray, M., K., Davis, T,
Geisbert, C. Schmaljohn, and J, Hugging. 1998, “A mouse model for evaluation of prophylaxis and therapy
of Ebola hemorrhagic fever.” J Infect Dis. 178:651-661, which is incorporated herein by reference in s
entirety and for all purposes). The tesults are shown in Figures 1A and 1B, and Figures 2A and 28

respectively,

Figure A shows the control group, which did not receive any compound. The control mice appear o be
healthy throngh Day 3, but all show symptoms of stress (“ruffling”) by Day 5. On Tiay 6 over half of the
mice had died; and the other hall were clearly sick with the virus. By Day 10 all mice in the control group
were dead. In contrast (Figure 1B), mice treated with the compound of the nvention showed no sympioms
thorough Day 5, some signs of stress between Day 6 and Day 9, and then fully recovered by Day 10, Thus,

the compound of the invention provided complete prophylaxis to the study group.

Figure 2A shows the control group, which did not receive any compound. The control mice appear 1o be
healthy throngh Day 4, but all show symptoms of siress (“ruffling”) by Day 5 and two mice had died. On
Day 6 over all of the mice had died or were sick. By Day 7 all mice in the control group were dead. In
contrast, as sown in Figure 21, all mice treated with the compound of the invention showed no symptoms
thorough Day 3. Fwo mice died, and the surviving mice showed siress on Day 4. By Day 6, four mice had
died and the remaining six showed stress. But by Day 9, the swrviving mice had recovered. Thus, the

compound of the invention provided prophylaxis 1o 60% of the study group.

The data shown in the Table above and the accompanying Figures demonstrate thai the present invention
provides compounds and methods for treating vizal infections across a surprisingly broad spectrum of viral
families, in sharp contrast to current chemotherapeutic methods that are usually very narrowly directed to
specific viral species. Since different viral families have markedly different mechanisms for replication, the
novel compounds and methods provided by the invention can be considered truly broad-spectrum anti-viral

compoeunds and anti-viral treatments.

The novel compounds of the invention can be formulated and administered 10 patients using methods and
materials known io persons having ordinary skill in the art, Similarly, the methods of the invention can be

practiced using methods and materials known to persons having ordinary skill in the art.

Examples

The following Exarnples are provided to illustrate certain aspects of the present invention and to aid those of
gkill in the art in the art in practicing the invention. These Hxamples are in no way 10 be considered to limit

the scope of the invention in any manner.
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16 WO 20081124550PCT/US2008/059326 [0070] In addition, dimethylmethylene blue (dimethyl MB)
was tested in an animal models of Ebola (EBOV) and Marburg infection as described in Section
44.2.1, following published methods (Bray, M., K. Davis, T. Geisbert, C. Sehmaljohn, and J. Huggins.
1998. "A moysg magslfeg evaluation of prophylaxis and therapy of Ebola hemethagicdeyer.” J. Infect
Dir. 178:651-661, which is incorporated herein by reference in its entirety and for all purposes). The
results aré-$howhyitheigguefésmpeantd | B, and Figures 2A and 2B respectively. [0071] Figure IA shows
the control group, which did not receive any compound. The control mice appear to be healthy through
Day 3, bu'fl ‘gli'isho&)msgyfa ef)?fo?%%p%‘i;'gﬁr%@scfn]p Fﬂﬁf’g") by Day 5. On Day 6 over half of the mice had died;
and the ofeshalf were.clearlysickawithithe-yinua 4By Rav-1Q alkmise in the control group 10 were
dead. in contrast (Figure 1B), mice treated with the compound of the invention showed no symptoms
thorough Day 5, some signs of stress between Day 6 and Day 9, and then fully gecovered by Day 10.
Thus, the compound ofjthe invention provided cofnplete prophylaxis to the,gtudy. group. [0072] Figure
2A shows the control p, Wtﬁ‘@ﬁ@ﬁgzr%t recey compdﬂté’a'{a?’ﬁé &ontre appear to be
healthy through Day a!_l{ show symptoms '&f st ﬁ? grgffling") by Day 5 anhe-tivgyrpigg,had died.
On 15Day 6 over all1of thF%iée had died or were si_c[g. %y3 ay 7 all mice in the control group were
dead. In contrast, as;g@wriin Figure 2B, all micﬁéé;aé@d with the compound oi@l%;iﬁyention showed
no symptoms thorough Day 3. Two mice died, and the surviving mice showed stress on Day 4. By Day
6, four mice had died and the remaining six showed stress. But by Day 9, the survif\r{mgémice had
recovered. Thus, the compound of the invention provided prophylaxis to 60% of jthe study group.
20[0073] The data shown in the Table above and the accompanying Figures defhonstrate that the
present invention provides compounds and methods for treating viral infections across a surprisingly
broad spectrum of viral families, in sharp contrast_to current chemotherapeutic fiethods that are
usually very narrowly directed to specific viral spe ies. Since diff@gg@t virdfupitles have markedly
different mechanisms for repligation;4fiespovel compayhds aad-methods prov by the invention can
be considered truly broad-shegt anti\iral 25campounds andraati-viral treatnfentsi(fdQr4] The novel
compounds of the iifition can be fornmidt€d 'dad administered to patients u? hethods and
materials known to person%ggxgagaogggr;agy skill in the art. Similarly, the metho: sbﬂhe invention can
be practiced using methodgs anghtaateralsknown to persons having ordinary skill in the art. 4.4
Examples 30[0075] The following Examples are provided to illustrate certain aspects of the present
invengon and to aid those of skill in the art in thegggt in practicing the invention. These Examples are in
no way to be considered to limit the scope of the invention in any manner. WO

2008/124850PC TS 200 8/05018 26 44 MBynthese idf Comipounts44did Synthregessit€enpound 3
and Compoundvh{ee76]iTiha«wsynihesesqfGompound3andreompeuns: doane ithstrateein Scheme 1.

Compound 3 R 5 l';C %QQPBHQQ:A)&EKQLQ%%Q Q&@ﬁn&t@s), and the mixtuze was refluxed for two hours at a final

temperature of about 200 °C. The reaction mixture was then cooled to room temperaiure and slowly added

10 o about 100 millifiters {ml) of NaOH (15 g) aq. solution. The resulting aqueous mixture was (hen extracted

with methylene chioride {CH,CL) and dried over Na,SQu/NaOH. Yield 2a: 10.8 g; 2b: 12.0 g

[0078]1 Next, mtermediate 2a or 2b (77.7 mmol) was dissolved in about 60 ml of 6N hydrochloric acid, and the
solution was slowly added to about 20 ml NaNO, aqueous solution under ice bath, The resulting mixture
was stirred af room temperatare for about one hour. A yellow precipitate formed, which was collected and

15 washed with cold 2N HC1 and diethy! ether to give a substantially pure desived product 32 or 3b

respectively. Yield: 3a: 8.2 g; 3b; 10,0 g,

[0079] The product 3a (or 3b) (5.0 g) was then suspended in about 80 ml of 4N HCL; and enough zinc (Zn) was
added 1o the suspension until the reaction mixture became colorless. The colorless mixture was filtered, and
the filtrate was neutraiized with agueous NaQOH. The agueous solution was extracted with CH,Cly; and the

20 organig layer was dried with Na, S0, and purified chromatographically with a sifica gel column, by eluting
with a CH.ClL/CH,0H {100:3) solvent mixiure. Yield 4a: 3.0 ¢; 4b 2.8 ¢.

44111 Synihesis of Compound 3

i3



[00771 Commercially available starting materials la or Ib (0.1 mol) were placed under nitrogen
atmosphere and combined with trimethyl phosphate ((CH3),P=0, 0.102 mol). The mixture was slowly
heated to about 150 C (over a time period of no less than 40 minutes), and the mixture was refluxed
for two hours,gh 3 figabiegperature of about 200 C. The reaction mixture wasihef&arlgYto room
temperature and slowly added 10to about 100 milliliters (m1) of NaOH (15 g) ag. solution. The
resulting deéfé@othswinbite ré sprbisetidniéxtractéd Rithnndeshiyhd rreephictide { 2@ 2Pben 8. drieldegiver
Na2S04/NaOHch¥iglev2aiidd@gin 2D ml 2r Onthy2HOVEL: Nexttnesmediate 2p.0f R (Vb 4 fBsaol) was
dissolved in abaiit,68:md:-0f AN hydrachlaficacid b he: SoIigawas sl added ie.ahatt 20 m

NaNO2 aqueouys solution under ice bath. The resulting mixture stirred at room temperature for
ot one hout & ylon b SR S v et i A R BEO LR T
diethyl ether to give A EUBSARAY B HEEIE D BAUEId BF SU'fespktive/ et 342 g; 3h:
10.0g. [0079] Theripiteid trengh (o8l (8107g) Wasthieribuspendediiwiabout80anel ofidii: i and
enough zinc (Zmswasedded (ol suspensiomsntitthe seacton wadduwe hesamadcolariessviihhe
co:or_less mixtugg M@%ﬁﬂi_@{]ﬁ%ﬁggﬁ%ﬁL‘%[%tﬁ;}%@%ﬂ%@'&%l%n%%%fﬁﬁUég@ﬁz@h&n(ﬁﬂ@ﬁﬂﬁé@ousf .
solution was extracted with €1-12C11; and the 20organic layer was th N 4 and purifie
chromatographti%gﬁl;%vgltdﬁl]}é%|ﬁ3§bﬂésllﬂéhglﬁgr!n{ﬁq,u ]31/} e J%%%Qr\?\ﬁ?ﬁ% 8%?&7%%%%%%§%m mixture.
Yield %a: 3.0 g/ 41y 8/ A A FsVithéis ™8 Compound 3 WO 2008/124550PCT/US2008/059326
[0080] About 2.0 g of sodium sulphide (Na2S.91120) was dissolved in about 8 ml of water; and about
8.1 g of fetfic thloridE RS HEEEIIEE in 50 ml of 2N hydrochloric acid. Intermediate 4a (2.0 g) was
dissolved 3:abenf.20L,3MNBG Liand while stiring, Aliguots, of apout.0.A.ml.of thesediym: sulphide
solution and then,haul,2 ml oftheferrc,chinride sqlutien were added altermafely, untl each of the two
solutions had been aocl)ded. The Stirfing was continue yvor about two hours after 'he’?ac?a_ition of the final
aliquot, during WHCHEHE Y Sretipiate fmads FHEhrogipitate REs fetet tHechier bake was
dissdlved in méthénoinditer thevfiftrdte s oxtkéictédwitr GH2GI2 (100, thileectiniés)ywFhe organic
layer was driedi¢haiS @4 panddaambingdvithtbermethanobsolution efidthe-filerneake.. Fag solution was
(o). by clting il G O e 44T L
imes), by eluting.wi 1iCli/e N ollowed by.vacyun ing. : mg. 4.4.
2Symhes of Ca e B T B s R i about
25 'ml of water, 4RI ABEE T §orFeriitchidtde was dissolved in about 160 ml of 2N hydrochloric
acid. Intermediate 4b (5.0 g) was dissolved in about 65 ml 3N RC, and while stirring, aliquots of about
1.257il oﬁtﬁégsod?megﬁ?ﬁﬁ‘?@%mf%golution and then about 8 ml of the ferric chloride solution were
added alteypateiy Until.cach-of thedwe selutions had.heen added. The stirring was continued for about
12 hours after the addition of the final aliquot, during which time a precipitate formed. The precipitate
(the crude product) was filtergd, and purified chromatographically with silica gelcolumn (several
times), by eluting with CEISHCTROH (1812)Cftildwed by vacurm dNdogaYield] 9.1 mg.
204.4.1.2Synthesis of [Wmi of Iu trate(in Stheme 2.

s - 2 Br 5

Br

Scheme 2
44121 Synthasis of 3, 7-dibromophenothiazin-S-um bromide:

25 fo083] Commercially available phenothiazine (2.0 g, 10.0 mmol) was dissoived in about 120 ml of substantially
oxygen-free glacial acetic acid, and a solution of bromine (Bry) in acetic acid (100 ml, 10%, v/v, 195 mmol)
was added 1o the phenothiazine solution m a single aliquot with vigorous stirring, The stirring was

continued for about one minute, and then about 400 m! of water was added to the mixture whereupon a red

1%



Scheme 2 4.4.1.2.1Synthesis of 3, 7-dibromophenothiazin-5-ium bromide: 25[0083] Commercially
available phenothiazine (2.0 2, 10.0 mmol) was dissolved in about 120 ml of substantially oxygen-free
glacial acetic acid, and a solution of bromine (Br2) in acetic acid (100 ml, 10%, v/v, 195 mmol) was
added to the ghenathiazine solution in a single aliquot with vigorous stlrrlnq,c'l{%as%géfggjﬂgs continued
for about one minute, and then about 400 nil of water was added to the mixture whereupon a red WO
2008/124550P @F/82008/050826 previpitatesiotmedyiFing vatl precipitéitewasfiliefed fivastied with
water and diethylegthes: (Gd-:200:3:3)s ane.ehiedwnaer,vacuum. Yield: 4.4 g (crude, about 100%).
4.4.1,2.2Synthesis of Compound 6: [00841 To a solution of pyrrolidine (1.5 ml, 18 mmol) in about 250
ml CHC13, kent undpenbii pateeptiA: € g (2.3 5mmol) of 3, 7-dibromophenothiazin-5-ium bromide,
prepared as just described, was added in a single aliquot with vigorous stilling. Three hours later the
CHCI3 wa¥tEmevéeiirridirvadiding drmt theraiditie Prothicrwwas dissovedeinapout 159 CH2C12
and extracted omed)with abbuth&famitkBr-(104; whnidndonce aijth aboltbemidater: de: organic layer
was dried over NaRSQ4 gencentratediandiRe.crude product waspurified chromategraphically over

silica gel colu O(M!%}’éﬂx}%d%%{ﬁﬁ%ﬁvﬁhc@é@%@&/ erd_l%q:!if]ra(%?thlz)tmqu(} ngtﬂﬁr (Wltv/v and once

CH2C12/CH3 H O 1 The resulrltln cru e product was purified by re- c%stal zation CH2 12/PE,

twice) and vacuum FE G (18] 4 G 9% di‘fi%”é%?%"ﬁ‘f“@ T?Sdﬁ&*‘ﬁf@ﬁ@%ﬁ”@%mpound
7 was made asPthf@?réﬁt’é’ﬁ’iW@@Héﬂ%" 3 W@%@Wﬂﬂ%@rﬂw}u@mgﬁ@m@eﬁmmm@m
Studids 4.4.2. 16bok{EBOVYHAAE Marbiihg LiveYinus: Animakassayis0086]Fhitest campgrmd
(methylene blueviRimathylMB)ywas dissalved ingaline at 800 pa/m1 and 100 pl administered twice
daily by intraperitoneal injection (IP), beginning on Day 2. 5[0087] The test compound (Dimethyl MB)
was dissolvechin sadingeat d6op@hut and 100 jig/m1 administered twice

{0085} Compound 7 was made as illusireted in Scheme 3,

NO
b NaNOGs /‘ 2 e HCl NH,
SN HCI ~N O N
| 1

NazS:03 | NayCry0y

y @L
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\©\ | e
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} i I NEIQC?’QO;r
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15 Seheme 3

20



daily by IP, beginning at Day 2. [0088] Compound but no virus and Saline controls (groups 3 and 4)
were administered on Day 2. All virus inoculations (Groups I, 2 and 4) began on Day 0. Note saline
control animals (Group 4) received two days of saline before virus inoculations. 10[DOW 1,000 pfu

EBOV or Maghyrgoyirsisayas given o Groups 1, 2, GroupDescription 4, 5, apd &y ianfay 0. Timing
of Sacrifice (3 mice per sacrifice) 1 (High Dose) 1,000 pin EBOV. 5 ig/kg/day 16 Day +4, Day +7, End

Dimethyl M2 2 BiotsukcgdSiéipsl, 000 put EBOV: 1.0nag/kg/day 16 Day +4, Day +7, End Dimethyl MB
44.2.1 Ebola {EBOV) and Marburg Live Virus Animal Assays
[0086] The test compound (methylene blue, Dimethy]l MB) was dissolved in saline at 80¢ pg/mi and 100 i

administered twice daily by intraperitoneal injection {IP), beginning on Day 2.

3 [0087] The test compound (Dimethy]l MB) was dissolved in saline at 160 pg/ml and 100 pg/ml administered twice

daily by IP, beginning at Day 2.

[co8s} Compound but no virus and Satine controls (groups 3 and 4) were administered on Day 2. All virus
moculations (Groups I, 2 and 4} began on Day 0. Note saline control animals (Group 4) received two days

of saline before virus inoculations.

16 [0o88; 1,000 pfu EBOV or Marburg virus was given to Groups 1, 2, 4, 5, and 6 by IP on Day 0,

Group Description #Miice Timing of Sacrifice (3 mice per
sacrifice)
1 (High Dose) 1,000 pfu EBOV: Sme/ke/day 16 Day +4, Day -+7, End

Dimethy] MB

2 (Low Dose) 1,000 pfu EBOV: 1.0mg/ke/day 16 Day +4, Day +7, Tind
Dimethyl MB

Smg/kg/day of Dimethyl MB 16 Day +4, Day +7, End

Wl

4 Saline + 1000 pfi EBOV 16 Day +4, Day +7, End

[0080] Mice were monitored daily for clinical signs, including ruffling, immobility. Mice were weighed cach day

and their weights recorded.

[0091F The resulfs are shown for EBOV in Figures 1A and 1B. Mice in the control group (i.e., unireated mice} had

15 noticeable morbidity by Day 3 and 100% mortality by Day 6. Mice treated with the compound showed

.

morbidity starting on Day 3, but bad recovered by Day 6, with a 100% survival.

[0092] The results for Marburg are shown in Figures 2A and 2B. Mice in the control group showed siress at Day 4,

and deaths

4.4.3  Virus Yield Reduction and Standard Plague Assays
20 4431 Plague Reduction Assay
[0093] The tests described were done in triplicate for each compound shown above, at concentrations of 2.5 UM,

10 uM, and 20 uM.
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Sing/kg/day of Dimethyl MB 1.6 Day +4, Day 7, End 4 Saline + 1000 pfu EBOV 16 Day +4, Day +7,
End [0000) Mice were monitored daily for clinical signs, including ruffling, immobility. Mice were
weighed each day and their weights recorded. [0091] The results are shown for EBOV in Figures 1A

and 1B. Miceyi, Hagseaptegl group (i.e., untreated mice) had 15noticeable ngerbidityy,ddgy 3 and 100%
mortality by Day 6. Mice treated with the compound showed morbidity starting on Day 3, but had

recoveredB§HDEyGWitkirario0% servivalv{H092] THesrdxuitss fordMaioiy ardlshioweayincRigures 2A and
2B. Mice in thexgamidehgronpishowed: sisessval bray:dy andideaths «434:8\ir us Yield-Reetciion and
Standard Plaque-Assays.#04.4.3.1Plague Reduction Assay [0093] The tests described were done in
triplicate for each compound shown above, at concentrations of 2.5 pM, 10 pM, and 20 4M. WO
20|<|38/ 124%2%5@% E}%@%ﬁé@%%%ﬁ@d@@%%o\@%&@Hﬁtc\%ﬁ%ﬁlﬂ@&@gd%qlag aﬁgy%ée%?%%%tig% Vé/\f}en the
cells were 0- con | respectively o

Trlnld\%l.d virus at 37%r S)rné?lgy %urr?\/n}[% r:']r(? th?\?&ég i) i mG%LS& 5%1? ,&?tepdﬁﬁ"?é’g%m%e "inoculum
was removed and T&FIaREE R et and 8‘?@ fﬂ‘élﬂﬂ’.}é ggﬁﬁﬁ%%ﬂﬁv%fh Wi s eONER At SHIGHTS 1%
agar, 1 x EMEM=18%IFES cPan/Syepuarigtesresmpound as various concentrations. These were
predetermined or "serial dilutions" from high concentration. VEEV Trinidad with no test agent was
included fp%britrol ariel ebrparison purpodes {0096 1R -12hweltplatbs susededanicowetayiifor each
well, The 24-well plates need 0.5 ml overlay for each well. [0097] The plates were incubated at 37C
and 5% C@Z ovésmight 1000981t Aipraoximatély 24mhgpi; a secondary overlay containing final
concentrations of 1% agar, 1 EMEM, 10% FBS, Pen/Strep, and 5% neutral red was included; and the
plate¥ wef@df ctibated oviebnig htiat 87 Ej«5% C@ 2100001 iThecplaguesavéies epurited)MdiM the data
recorded and analyeeten/Strep, and 5% neutral red was included; and the plates were incubated overnight at 37°C,

5% COa.
{00291 The plagues were counted, and the data recorded and analyzed.

[00100] The same assay was performed for EEEV, WNV, CHK, and WEEV; the respective ECgg values for each of
15 these viruses arc shown above. Activity of DENV was determined using this protocol, wherein cells were
mfected with DENV at a multiplicity of infection of one (1). The cells were collected over six (6) days post-

infection and analyzed as described above.

444  HCV Activity Assay
44411 Replicon potency and cytotoxicity:

20 [001¢1 Huh-luc cells (stably replicating the Bartenschiager [389luc-ubi-neo/N53-3YET genotype 1b replicon) were
treated with serial dilutions of compound (DMSO was used as solvent) for 72 hours. Replicon copy number
was measured by biokiminescence and non-linear regression was performed to caleulate EC30s. Parallel
plates treated with the same drug dilutions were assayed for cytotoxicity using the Promega CeliTiter-Glo

cell viabihity assay.

25 4442  Potency and cyltotoxicity against infectious HCV:

[001021Hub-7 cells overexpressing CD81 (calied Lun-CD81) were infected for ~ 8 days at which point most of the
cells were infected (i.e. positive for HCV core protein) and are producing virus at ~ 103 focus forming units
(ffuy/ml.

[20103] The infected cells were seeded in 96 well and 24 well plates at a density of 3x103/well and 2.5x104/well,
30 respectively. The next day, cells were washed 3x with PBS and compound dilutions (in compiete DMEM)

were added to each well. Cells were ther incubated for 3 days at 370C.

[001041At the end of three days, infection and virus production were analyzed the following ways:
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1001001The same assay was performed for EEEV, WNV, CHK, and WEEV; the respective EC99
values for each of 15these viruses arc shown above. Activity of DENV was determined using this
protocol, wherein cells were infected with DENY at a multiplicity of infection of one (1). The cells were
collected ovejsixifa):daxs post-infection and analyzed as described above.4:#:¢is¥sHGtvity Assay
44.4.1.1Replicon potency and cytotoxicity: 201001011Huh-luc cells (stably replicating the
Bartenschlager 13891 uéNibicpgsa/NSBC37 ET gehonypeibyseidichn) wdresreatedwitiiSeriakdilutions of
compound (HMSO wasused:assolvent.) for 72 hours. Replicon copy number was measured by
bioluminescence and non-linear regression was performed to calculate EC50s. Parallel plates treated
with the same drug slilutinnsmwrecassayedsipeeytotoxiei tyusing:thet ramagas ellliterxGlancell viability

assay. 254.4.4,2Poteny, angl.cHQIOXICEY, aganStiNeEioNs. HGEM: LOQRAZIHNNL. £alls AYRISXRIESSINg
CD81,(called Lun- CDB})Lleﬂ(z?&ln%ected for.8 days at which point most fthe cells w :{Te{e 1pf@cted (i.e.

1 the amount of InfEcifots Virus in t ¢S] atant f«, WETe
posmve for HCV core proieln and are prod ucing virus at - ﬁg%cus orming UnItS

[001031The infected cEE WEPS YaE W%‘Wﬁ?ﬁﬁﬂ%&%ﬂﬁ%@ﬁ?eﬁ ﬁ@ﬁéﬂ?’]ﬁ e3well and
2.5x104/well, 30respectivedydy The nexitidaipccedts swatel washedr@runthi PBS antuborts @it dilutions
(in complete DMEM) werie=added to each well. Cells were then incubated for 3 days at 370C.
(001041A1 the end of three days, infection and virus production were analyzed the following ways:
WO 2008/124550PCT/62008/0593260a wRNAseplication (EC sa)ys:9&well.phatewasiusedsier ECso
analysgis using a novel N3 protease substrate assay. b. Virus production (ECso) -- Supernatants were
removed from the 24 well plate and an end point limit dilution assay was performed in which nave cells
were infected for an additional three days 10 quantitate the amount of infectious virus in the
supernatahtSCeffeiiard R &ﬁéﬁ%ﬁﬁ’}g%%\formaldehyde and indirect immunotluoreseence was

perfitmedsing an aHCNL cote anbagi HEY:Besiive loelwere, countedat sach compound

I
dilution to calculate the EC o oxt so - e Wiausn%nsseéri‘or C50

analysis using tH&°PrfBgabeefititeii et Wé’é“s‘é‘}f dﬂéﬂdggiéﬁﬁﬁmlbwﬂ@%ssﬁﬁ%%’w and LASV
[00105IAbout 54@dlief media {dom pleter EMEM)wias ahiquoted-imte: 6T OWSs of 4, titer bexudbample
dilutions were magde RprddiING.AROW HRUhelcarhisaraRlewas\added to.the fitstuwelin each row. Al
samples were added first, and then diluted to 1:10 for six dilutions total down the plate (60 IA into 540

ul, with Ith(fjan%w?’hcl@mmﬂg b@tg@f@qgnig/r@as%%Q&&m&&%%;ppémlﬁqméﬁépgﬁawﬁwgpsﬂwehControl
was include media from Vero 6-well. plates was emptied into a dispa/kill pan wit
microchem. Thﬁ(}%%e&%%zu%gﬁi ”ﬁbmt up %é%(éi%gp 6:m botton 6% B FEEE With s di P fiitih and used

the same tip uﬁfﬂ“rﬁﬁﬂﬁﬁéﬂlﬁ‘@éékﬁiﬁﬁ‘the foIIowmg pattern:

-1 -2 -3 -4 5 -6

-1 -2 -3 -4 -5 -6

[0101] The plates were rocked well after putting on the samples to disperse virus throughout the wells.

20 {0102] Samples were incubated for about ene (1) hour at 37 °C, making sure to rock plates every 15 minutes, so the

middle plate di not dry out.

[0103] The plates were warmed 2 x EBME + 10%FBS + 1%gent io 37 °C in 4 waler bath.

[0104] A 1% agarose (1g agarose in 100 ml diH,0) was prepared and heated by microwave until agar was

dissolved. The remaining sofution was cooled to 45 °C in the water bath during the incubation.

25 [0105] The plates were removed from incubator and equal parts of 2 x EBME and 1% agarose were mixed
mmediately before overlaying (to avoid clumping and solidifying. About 2 mi of overlay media

(2 x EBME + suppl/1% agarose) per well was added, about 12 mi overlay/plate.

[0168] On day three, another overlay was done with 2 ml of overlay media + 4% neutral red solution (4 ml/100 ml

of overlay).
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-4 -6 -4 -6 [0101] The plates were rocked well after putting on the samples t) disperse vims
throughout the wells. 20[0102] Samples were incubated for about one (1) how- at 37 C, making sure to
rock plates every 15 minutes, a the middle plate di not dry out. [0103] The plates were warmed 2 x
EBME + 10,4FB SudsA%esgnt to 37 C in a water bath. [0104] A 1% agarose {|s;ag3k9s8-43 400 ml
dil-1,0) was prepared and heated by microwave until agar was dissolved. The remaining solution was
cooled to 25T Ththenipatérivath dearihgithiermeuationoR5[0465] The plates were removed from
incubator and equal parts of 2 x UWE and 1% agarose were mixed immediately before overlaying (to
avoid cIu?in%%?@&%q%ng. About 2 ml of overlay media (2 x EBME + suppEIYO0 agarose) per well
was added, abou ml overlay/plate. [0106] On day three, another overlay was done with 2 ml of

overlay m%d:!@ ’Thﬂi%(@ﬁ%@&! 86 ;§91|55HQ‘9 s{éllrilﬂ %{;ME&EQ&{QE'Q}{% thWQegoing that the present

2008/124550P%\]’JIHSZOOSC{OSQ 26 [010 lThenéémEgr of pla ues at each dilution was read on

X 00 pravice nove] compdnnags and me TE ug poriant addiiions o pxisting anti-viral theranies .
following day. 5 Conclusion 101081 Fhose ofnpersons aving ordinary SKill'in the art will appreciate

from the foregdiPIRATHE PraEkHETHYBATGH Breviae: AbVRICSHpSIMAS YR TEHES that are
important additfepisctereristingamiiofrakitrerapie s Sandiprovidetriitsrond:s pediremeanmtivuirad activity.
The latter propetties:argzvitakieprovidisig themotharapeutics.capable-pladdiessingihe giawing
threats from exisling.vitisRs.AeWIY SMErgeNt¥itisss cand WeRRONIZEdiMIUSES Ao Il yarious

specific embodiments, and, examAles have peen.desctibed herein, ose having ordinary skill in the art
will understand that many different implementations o the invention can be achieved without departing

from the spirit or scope of this disclosure.
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WHAT IS CLAIMED: 1. A compound having the structure: wherein: Rl and Itz are selected
independently from the group consisting of: hydrogen, halo, cyano. carboxyl, and optionally substituted
lower alkyl. optionally substituted lower alkyloxy, and optionally substituted lower alkylcarbonyl; and
R.-i-R" are selected independently from the group consisting of: optionally substituted lower alkyl and
lower hydrexyatkyd canghvivrther Rs and R4, and Rs and RO, together with the nitrogens to which they
are attached respectively, may form independently an optionally substituted saturated or unsaturated
five-or six-memberedd ingnwheseutatleast one of R3-R6, together with the nitrogens to which they are
attached, respectively, is an optionally substituted five-or six-membered ring provided that none of
R1-R6 is substituted or unsubstituted C 1_4 aIkyI substituted or unsubstituted C2.4 alkenyl when both
R, and R., are selected from the gioup COﬂSI ing of hydfagen, CI a@yl C2A alkenyl, or halogenated
C4.4 aIkyI, and none of R3-R6, together with-the nitrogenls to which they are attached respectively,
forms piperazin-I-yl when both RI and R2 a he comipound of claim 1, wherein said
five- or six-membered ring is a five-rempere : : Rpﬁﬁd of claim 2, wherein said
five-membered ring is pyrrolidinyl. 4. Thy ompound of clalm having the structure: 5. The compound
of claim 7. wherein Rl and 111 are{ selected independently frof th group consi carboxyl, and crane.
6. The compound of claim 5, wherein at least one of ft1 and R2 is halo, and
Ic is ¢ h.lorfE™®Pfluorine pound of claim 7, wherein said least one ofl..(1 and R 9. The compound of
claim 7, wherein saidtsand ft.2 is chlorine. 1 (1. The compowd of elai.tn 6,'in both Rl and ft1 is halo, 11.
The compduriaddt: etairctohidereife bt e, PR CAFE BRI MO BN &Y FHEOmpound
ofwherein bothfRérandskisdareflvoringkbotiiftalhonbeiiudd loFheabolmpoundpioeiéinustituigdand K, is ch
fluorine. 1%wEhaxeempeung of elasubstr uln

Rs-R, are selected independently from the group consisting of: optionally substituted lower alkyl and
lower hydroxyalkyl, and further R; and Ry, and R; and R, together with the nitrogens to which they are
attached respectively, may form independently an optionally substituted saturated or unsaturated five-

or six-membered ring;

wherein at least one of Rs-R,, together with the nitrogens to which they are attached, respectively, is an

optionally substituted five-or six-membered ring

provided that none of R3-R, is substituted or unsubstituted C,4 alkyl, substituted or unsubstituged Cs.y
alkenyl when both R; and R, are selected from the group consisting of hydrogen, C,.4 alkyl, Cos
alkenyl, or halogenated C,., alkyl; and none of R;-Re, together with the nitrogens to which they are

attached respectively, forms piperazin-1-yi when both R; and R, are hydrogen.
2. The compound of claim 1, wherein said five- or six-membered ring is a five-membered ring.
3. The compound of claim 2, wherein said five-membered ring is pyrrolidinyl.

4, The compound of claim 3 having the structure:
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16. The compound of claim 15, wherein each of 1-Z..;-R6d .m.et.hyl or option substituted ethyl. 17.
The compot 18. The compound of claim 17 whe 19. Use of a therapeutic n eachR3-R6 is methyl.
mpow R2 carboxyl, and optionally substituted lowe substituted lower a;arband wherein at least one of
Ai-Ito, together with the nitrogens to which they are attached, respectively, is an optionally substituted
five-or six-membered ring R3-R6 are selected independently Porn, the group consisting of optionally
substituted. lo.,e.-,, lower hydroxyalkyl, and furihe .1, a.nd®R and R5. together withto which
the attached respectively, may form independe »mbered ring in the manufacture of a
medicament for treating an animal in.fegte - 7 19,/ whet lected from the group cons
21. The use of claimrein said virus is | r VEEN/. 22. The u f|23. The use of clan

5. The compound of claim 7, whereln R, and R; are selected independently from the group consisting

of: halogen, carboxyl. and cyano.
&, The compound of clabm &, wherein at least one of R, and R- is halo,

7. The compound of clatm 6, wherein said a1 least one of R, and R- is chiorine or fluorine.

jviad

. The compound of claim 7, wherein sald at least one of %, and K, is fluorine.
9. The compound of claim 7, wherein said at least one of B and B, is chlorine,
10, The compound of claim 6, whorein both R, and &, is halo.,

11, The compound of claim 10, wherein both R, and &, are chiorine or fluorine.
12, The compound of claim 11, wherein both B, and E. ars fluonine,

whervein both R, and B, are chloring,

£3. The compound of claim 11

14. The compound of claim {1, wherein one of R, and R, is chiorine and the other of R, and B, is

fluorine.
15. The compound of claim 1, wherein each of Rs-R, is optionally substituted lower alkyl

t6. The compound of claim 15, wherein each of Rs-Re is optionally substtuted methy! or optionally

substituted ethyl,
17, The compound of claim 16, wherein cach of Re-Ry is methyl or ethyl.
18, The compound of claim 17 wherein cach of Ry-Rg is methvl,

19, Use of a therapeutically effective amount of a compound having the structare:

R Rz ®
JCINJ@
Raw {?‘ S N,Rﬁ
Ry Rg

wherein:
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24. The use of claim 20, whereins is LASV. RVEN of 25. The use of claim 24, where 26. The use of
claim 24, wherein said virus is EBOV, 77. Theof claim 24 28. A compound havh. Rl andselected
independel carbcl, and optionally substituted lower alkyL, optionallyhsri ;u.bstituted onverrbonyl; and
.enitonyl, and opt wherein at least one of 123-R6, together with the nitrogens to which they are
attached, regpec vga 1y, 35” tlon I substnl'uted five-or six-membered ring a.re selected

N TH AENSnGe {‘J TOUTL THE GE{ g} (AR 3‘%? T “” B it
independ.ent, ggggma% S4B lmgh}a g mpm sistingof fo%éf AVdreX ?ﬁlkﬁil "gndifiiftHer R3 anu

R.I, and R5 and,R6, tc.getherwith the nitreQe attac Pem Tespactively iay foim iHdepEtenty an

optionallysaturated or unsaturated five- or six-membered ring. ior use treating an animal infected

wherein at least one of Ry-R, together with the nitrogens to which they are attached, respectively, is an
optionally substituted five-or six-membered ring

Ra-Ry are selected independently from the group consisting of: optionally substituted lower allky! and
tower hydroxyalkyl, and further Ry and R, and B and R, together with the nitrogens fo which they are
attached respectively, may form independently an optionally substituted saturated or unsaturated five-

or six-membered ring Ia the manufacture of & medicament for treating an animal infected with 2 virus,

20, The use of claim 19, wherein said virus is selected from the group consisting of HCV, VEEV,
RVEY, LASV and EBOV.

21 The use of clabm 20, wherein said virus s HOV or VEEV.

27, The use of clham 21, wherein said virgs iz BOY

23, The use of claim 21, wherein said virus is VEEV.

24, The use of claim 20, wherein said virns is LASY, RVTY or EROY.
25, The vse of claim 24, wherein said virus is RYTY,

26, The use of claim 24, wherein said vitus is EROV,

27, The vse of claim 24, wherein said virus is LASY,

28. A compound having the structure:

R4 Ry
ﬁNﬁ
Ry R

whereiy:

Ry and Ry are selected independently from the group consisting of! hydrogen, halogen, cyano, carbonyl,
carboxyl, and optionally substituted fower alkyl, optionall v sybstituted Tower alkyloxy, and optionally
substituted lower allovicarbonyl; and

wherein at feast one of R;-R, together with the nitrogens to which they are attached, respectively, is an
optionally substituted five-or six-membered ring

Rs-Rg are selected independently from the group consisting of: optionally substituted lower alky} and
lower hydroxyalkvl, and further By and Ry, and Ry end R, together with the nitrogens to which they are
attached respectively, may form independentfy an optionally substituted saturated or unsaturated five-
or six-membered ring for use in treating an animal infected with a virus,
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