WO 2009/ 111653PCT/ US2009/ 036213 ANTI VI RAL THERAPEUTI C AGENTS Backgr ound of
the Invention Viral diseases are a nmjor cause of death and econom c | o0ss
in the woWVPRIOIHESSF| avi viridae fami |y of viruses consi $CI/USRVPMIRE gener a:
the flaviviruses (including dengue, West Nile, and yellow fever viruses),
hepatitis virus (HCV), and the pestiviruses (including bovine viral

of ‘thi's fam Iy i nol ude yurTONIRAVGr AR BEED BipaGEN S cephal i 110, &t
Louis encephalitis, Hepatitis lﬁacﬁ@ijou(&d o\f?lﬁ_ﬁ Wehqﬁgi sease, and Al DS.

Currently, human i nmunodefi ci ency®virus hepatitis B virus (HBVY)
and hepatiti ¥if3l diseasss {iei@\Mhajonéamst oDdeattoarel acong@aitdbdsl ie thoowotlhe Thar gest

number vi.ral rel.ated,deaths worl dw de. Although .t her re sone drugs
useful hiridag faﬁa%ef\‘/}mﬁ%ecpe%tﬁ ef gﬁﬁ%@@%@b@ﬁ%@ﬂﬁ%@ﬂ%ﬁ% 3?4%@31‘?5’28
HBV, ang;jRo,{i Hr 3 f Ofndt I3 el Lo
P bR A B N D e R g S i
15i nt er Vealgharrhedosiuagl VEVya Ths discsseistatesenid\conditionuciusabhymemBetsafithis n i s

structurally. sjmlar t uanosi ne, and has  ip.vitro activity..agai nsf.
sever al TR ahirraplion o denas Sanengresnaoe s ahd pireeriAiudHesBhtisPol ogy
118: S104nd¢1Wes2Q00 HisedBe b AIDE. I CHHGRS, RERMMARLARICHERASS GRasEIvevel s to
normal in 40% of patients, but it does not |ower seruml|evels of HCV- RNA

(Dall s. hepagitie Bevirusi(bIBOGyand hepaitis4- Srui(HOOpDfectiThuare respbasibleifer the tamgest s not
ff i | .reduci i ral I | s.. Additi | | i irin.h
i on 11 BEmpSEREPHAT Beat it o Aol Bl 158 anles biclbf bfbe®

(1 FNs) &, gerqes baly avdivcdiudanel) eanr&anpeBy %hymanglta&tla@e bradlyhgeful for

treatnent of chronic hepatitis for nearly a decade. |FNs are gl ycoproteins
pr oducete#ing iaMne cells in response to viral infection. IFNs inhibit viral

replication gf Vh K incl.udigg 25 BOM. U . sol e
{reat ment f of MR (1 D ETPLBR T 2 e B s PRl R
undés ecimérf@oh-entichg, Bddd spaenatl antivirkNuetiosik | Riavisiar s sanatiraldy Sifdlaster ase

| evel s. Unfortunately, the effects of IFN are tenporary and_a_sustai ned
r espons 8YB0eWE sandrhag i yitngoacuvinnagainst peteral D aad BAIA yirpses dealedingy t h Hov

(Davi s. c I : 4 ) .Sq Jok | anded
o RNA § 1 DA GRERLR: Spfrobbr el 1 IR bR 0l vish BR) S mEiridld
(RdRp) &nankferayelelels hamaatabin 4084 oflp&asebmriodoss vt iwer svimNasels of HCVeRNAN
esti mat 170, mllion people worldw de, |eading to maj or health. crisis as
a resul f&b 1s. (strasierglagy 1R 04-S146r2009)-(THws, ITeRiPRcls et ‘Ffﬁ%’tlﬁﬁfﬁ)er of
dea@dps kf : _ ﬁ:l @t i .. di : yat: . r: i Telpact y
overt ake d??gg?é ggusedﬁgg}g'ﬁ&l( %‘{s‘“&ég%?g?‘gﬂfh%e‘%‘?@g% ltc#llf}fyc%%r%tgry i ntotrrﬁe

wor | d, widube @8%iaf the popul ation estinmated to be carrying the virus;
whereas, in

Interferons (IFNs) are compounds which have been commercially available for the
treatment of éhronic hepatitis for nearly a decade. IFNs are glycoproteins produced by immune
cells in résponse to viral infection. IFNs inhibit viral replication of many viruses, including

25 HCV. When used as the sole treatment for hepatitis C infection, IFN suppresses serum HCV-
RNA to undetectable levels. Additionally, IFN normalizes serum amino transferase levels.
Unfortunately, the effects of IFN are temporary and a sustained response occurs in only 8%-9%
of patients chronically infected with HCV (Davis. Gastroenterology 118:5S104-S114, 2000).

HCV is a positive stranded ss RNA virus with a well characterized RNA-dependent

30  RNA polymerase (RdRp) and a well characterized disease progression. HCV has infected an
estimated 170 million people worldwide, leading to a major health crisis as a result of the
disease. Indeed, during the next few years the number of deaths from HCV-related liver disease
and hepatocellular carcinoma may overtake those caused by AIDS. Egypt is the hardest hit
country in the world, with 23% of the population estimated to be carrying the virus; whereas, in

35  the USA the prevalence of chronic infections has recently been determined to be around 1.87%
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5  are useful for treating cancer. Even though significant advances have occurred in the treatment of

cancer, it still remains a major health concern. It has been reported that cancer is the cause of death
of up to one of every four Americans. Notwithstanding the advances in treatments for cancer and
other diseases there is still a need for novel drugs that are effective to treat cancer.
Summary of the Invention

30 The present invention provides compounds that are inhibitors of viral RNA and DNA
polymerases (e.g. polymerases from hepatitis B, hepatitis C, human immunodeficiency virus,
Polio, Coxsackie A and B, Rhino, Echo, small pox, Ebola, and West Nile virus) and that are
useful for treating HCV, as well as other viral infections (e.g. flaviviral infections), and cancer.

Accordingly, the invention provides a novel compound of Formula I as described

35  herebelow, or a pharmaceutically acceptable salt or prodrug thereof.
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For nul aude,in @eatingdantdrceut i cal |y acceptabl e salt or prodrug thereof, for
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The invention also provides the use of a compound of Formula I, or a pharmaceutically

acceptable salt or prodrug thereof, to prepare a medicament useful for treating a viral infection in
an animal (e.g. a human).

20 The invention also provides the use of a compound of Formula I, or a pharmaceutically
acceptable salt or prodrug thereof, to prepare a medicament useful for treating cancer in an
animal (e.g. a human).

The invention also provides a compound of Formula I, or a pharmaceutically acceptable
salt or prodrug thereof, for the prophylactic or therapeutic treatment of a viral infection.

25 The invention also provides a compouhd of Formula I, or a pharmaceutically acceptable
salt or prodrug thereof, for the prophylactic or therapeutic treatment of cancer.

The invention also provides novel synthetic intermediates and synthetic methods that are
disclosed herein as being useful for preparing compounds of Formula I, or a salt or prodrug
threof. Some compounds of Formula I may be useful as synthetic intermediates for preparing

30  other compounds of Formula I.

Detailed Description of the Invention
Definitions

The term “pharmaceutically acceptable salt” as used herein refers to a compound of the

present disclosure derived from pharmaceutically acceptable bases, inorganic or organic acids.

35  Examples of suitable acids include, but are not limited to, hydrochloric, hydrobromic, sulfuric,
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acyl, acyl anTheatermcyibetitntedatisdt ¥ used herein refers to an alkyl group having from 1 to 3

substituents, said substituents being selected from the group consisting of alkoxy, alkoxyalkyl,
tri(C;-Calkyl)silyl, substituted alkoxy, acyl, substituted acyl, acylamino, acyloxy, oxyacyl,

25  amino, substituted amino, aminoacyl, aryl, substituted aryl, aryloxy, substituted aryloxy, cyano,
halogen, hydroxyl, nitro, N3, carboxyl, calrboxyl esters, thiol, thioalkyl, substituted thioalkyl,
thioaryl, substituted thioaryl, thioheteroaryl, substituted thioheteroaryl, thiocycloalkyl,
substituted thiocycloalleyl, thioheterocyclic, substituted thioheterocyclic, cycloalkyl, substituted
cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclic, and substituted heterocyclic. In one

30  specific embodiment of the invention, the term “substituted alkyl” refers to an alkyl group
substituted with 1 to 3 substituents, said substituents being selected from the group consisting of
alkoxy, alkoxyalkyl, tri(C;-Csalkyl)silyl, acyl, acylamino, acyloxy, oxyacyl, amino, aminoacyl,
aryl, aryloxy, cyano, halogen, hydroxyl, nitro, N3, carboxyl, carboxyl esters, thiol, thioalkyl,
thioaryl, thioheteroaryl, thiocycloalkyl, thioheterocyclic, cycloalkyl, heteroaryl, and

35  heterocyclic.



25am no, substituted am no, am noacyl, aryl, substituted aryl, aryloxy,
substituted aryl oxy, cyano, hal ogen, hydroxyl, nitro, N3, carboxyl,
car boxyl weteri114shi ol , thi oal kyl, substituted thioal kylPCTiusc@arnyd213

substi tuted 1 QaRYyalkdditro ia chef é@l use? Flgt%fﬂ fefdr&th éﬂlfé‘é@/ %{oﬁi@r&ﬂ/m% from 2

t hi ocycl oal kyl, substituate I ocycl oa t hi ohet er , substituted

t hi ohet terldmptianatomy aidizving 3t leasbb sitd of akknyy shaairkton, Shelt groops ark
subst it ut ed .heteroar hetero lic, and substituted heterocyclic. In one
30 spec‘?xlefnc?hgﬁég?ﬂiv%’#fthﬁ? fﬁg a’_ﬁ:lgfté’ﬁf'?"c?ﬁjl'y én‘fé‘teﬁdjll‘esubfsti tuted al kyl"
refers to antid & “M&Hﬁt%&dﬁ’“&sﬁ%e%éﬂ%irﬁref&s % st g#oﬂgf‘&éﬁinggﬁbﬂ 1to3

substituents being selected fromthe group consisting o oxXY,
al kdxy adubyftituents,isa@i substathénts baing ydlectad frbm thosel deniribe, abave/fonxysubsivytad glkyl.

am no, am noacyl, aryl, .aryl ~cyano, hal ogen, hydroxyl, nitro

car boxyl , cgflﬁ%g?w_ @%Y@Fls ,"Ytaﬁf%‘*e, ageriflalfq{?}f‘,rgtgﬁit8§¥§[1fyn¥]rﬁr8%@aevﬂ%gag§llh,2”

t hi ocyc]®edrbotl atombaRd ﬁﬁﬁﬁ% &VIEAst G sit6 BE blﬁg%ﬁﬂnsatﬁﬁﬁgﬁ.%fcﬁ loroipR@re exemplified
35het erocyclic. WD 2009/111653PCT/ US2009/ 036213 he terns "al kenyl "

or "al keshéut ro linsited thegthym 1 1ybipeopyne byhmprepykehyl, 1gneshplprepv?-g-1Fylobutentlaylio
carbon ato d_hayi t, lgast 1 site of al kenyl unsaturation. Such
groups %‘F%“qgséfzﬂiﬂtﬁ(‘}'?'é(@%ﬁ? ﬂi’ﬁ @Vnet hen-1-y1), allyl, but-3-en-1-yl, and the
li ki The t eTH8 fefll bSibstititRChIRITKENN Used BersLR S IRAIRyHYE ERIUps hoviag kenyl to 3
groups having from1 to 3 5substituents, said substituents being selected

f r om t habetityenfs.rspidesubgiuents being seledied thosa dascrabaahove for a substifatedafiil” al kyny!
or "al kyne" d inc.refe to _am alkynyl group having from2- 10

car bon atonsﬁzentg a%llﬁlﬁéfa@fﬁrgg)stpg%rosupta@(ygfcl)(al kynyl unsaturation. Such
groups are €eKtehh fhetdtitiyed dikbxyrak ubddidréid réfors tetitieygrolip yhbstiputaalkylOy |,
propyn-2-yl, 1-nmethyl prop-2-yn-1-yl, butyn-I-vyl butén- 2-yl, but n-i— yl,
and the |i kelheiGTR&agydr a5 usedibstein Tefers tathiRyrgups aliey-G4Qy - 1alkeay hCQF » alkypy-

al kyanyl ou i r om i 3 it ts i t4yents being

sel 1>esgt e(c:i&?)hbgfed%@égm ’a%gl\%(e:[((?)or’ hgtlé;s)oaa#sltl té@%ﬁk@?&?ﬁ?@r m " al koxy"
refers to thEhgteond sabdtipliteacylTheuded hereis tdbat itd thie @gowgds kabstitutad alikgeG(Mey ei n
refers to the group stituted alkyl-O . The term"acyl" as used herei
refers § Sfetﬁaedgaﬁlﬁaﬁ%ag(?ky Fulétlmtef %lkzamé‘r{w-dllbyﬂta?ewmalkx%@(&-a substituted
cycl oal vl.c@0) sibsti . t g = P 0 terocyclic-C(0).
The ter n‘y sﬁt’ |S1t1 tf%lggyda%%@@é Cégg’tfﬁﬁgg‘ré%ﬁlﬁut%@é?g c¥%ﬁ?‘%@gr oups substituted
al kyl - C( 0) -, Tisutest i“aeytl@vinal’ kenged-hefd refers soiietdroug-€00 BN Ay p whete(€@yh Z; and

SR IR VREC G RN T R
as usedalRafyel ObdtRARA AlKkeAyIl MRy S AHE RN ARy N84 1BaGhbséfieARWescribed ,
above in the definition of substituted alkyl.
The term “acyloxy” as used herein refers to the groups alkyl-C(O)O-, substituted alkyl-
C(0)0-, alkenyl-C(O)O-, substituted alkenyl-C(0)O-, alkynyl-C(O)O-, substituted alkynyl-

25 C(0)O-, aryl-C(O)O-, substituted aryl-C(0O)O-, cycloalkyl-C(O)O-, substituted cycloalkyl-
C(O)O-, heteroaryl-C(O)O-, substituted heteroaryl-C(O)O-, heterocyclic-C(O)O-, and
substituted heterocyclic-C(O)O-.

The term “oxyacyl” as used herein refers to the groups alkyl-OC(O) -, substituted alkyl-
OC(0)-, alkenyl-OC(O)-, substituted alkenyl-OC(O) -, alkynyl-OC(O) -, substituted alkynyl-

30  OC(O)-, aryl-OC(O)-, substituted aryl-OC(O)-, cycloalkyl-OC(O)-, substituted cycloalkyl-
OC(0O)-, heteroaryl-OC(O) -, substituted heteroaryl-OC(O) -, heterocyclic- OC(O)-, and
substituted heterocyclic-OC(O)-.

The term “amino” as used herein refers to the group -NH.
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het er oa]PXﬂrO&?(nO) 0-, substituted heteroaryl-C(0) 0-, het erocyclic-C(0)0-, and

substituted hgt f%ﬁﬁc‘%hﬁo(ﬁgﬁ %dh_erei%r f(II}QFt‘ {h% N?Ce%{%aﬂ&l used herein

refers to the groups DSt T
al keny INBEL@)sybsttutest alkyit N7 41(Q@ayy Ioalk(, ONZaC(Q)sstﬂﬁﬁécDchlqallsmbst ituted

| k I : | - -, stitut -0 - | kyl - 0) -
Subit”.ytuzé&%é@ il sc<%%a8%mute§éB@piﬂaﬁwﬁac&%@%#myﬂ&zbg{éfsﬁé%ﬁuteg kST,
het - i
hgtggcycl i C@&%l NZK@? gﬁ?{ﬁédg ’no' 3?5(01{5%2% %BEZ?\{? 3rg§fe§}125t;[t%teg[1 gteré)ragydp
- NH2. W32EO%6MQ@&H@@&HUSZ@0@)@%ﬁmﬁeMemeymc whirs t7i; isbwbtogemi aralkyhs used

her ei n refer 0 the group-N,Z172 ere 71 an Z2 are. as describ above in
the definitib fa‘fmaev}? 6 higeisiie Sl Epn G et aropis Cao OB R oL gﬂ%‘}o@gen
Thejd erm ca %0 ;-
D3 0) buiapT 0 hayile o RRIC AR 610, ARADD B I SRR b s

cycl oal ¢ayanthryl) NAGCH @)rdbmdyings mzmymbm aroutagid. &anmigdy arleZ@lI(d@) butlayny| |,

- Nz3¢C( ituted alk NZ3C(0)aryl, -NZ3C(0)substituted aryl,
-NZSC(O%'%@’IHE 8&? % ?l/‘}{}éﬁ%‘[j"g bstltut ed heteroaryl -Nz3C(0) heterocycl ic,
and - NZ3¢(0) uéaehht‘ siRd et sﬁ'SIPCaXQl'sé&heréYﬁ%ﬁrszfé abyd M%Q\gﬁéh &t sbdited The
term"aryl" as used herein refers to a nonoval ent aromatlc cyclic HWICJ)IE

Yt iple

from 6 vehfom! txa} pdmstinenisscleeted ﬁ@naalkﬁlngnetlmt«tplbé @lgenmﬁelhwytedla
t
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phenyl sirbdtlﬂu&ﬁmntwl The term "substituted aryl" as used herein
refers to ar roups Wmch are substituted with from1l to 3 substituents
sel ect ed frorhhafigen arxéle 't astused Herginiagfers @l the mypup asiiatthetuneydest Rempy of

example but not limitation, phenoxy, naphthoxy, and the like.
The term “substituted aryloxy” as used herein refers to substituted aryl-O-groups.
20 The term “carboxyl” as used herein refers to -COOH or salts thereof.

The term “carboxyl esters™ as used herein refers to- the groups-C(0)0O-alkyl, -C (0)O-
substituted alkyl, -C(O)O-aryl, and-C(O)O-substituted aryl.

The term “cycloalkyl” as used herein refers to a saturated or unsaturated cyclic
hydrocarbon ring systems, such as those containing 1 to 3 rings and 3 to 7 carbons per ring.

25 Exemplary groups include but are not limited to cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl, and adamantyl.

The term “substituted cycloalkyl” as used herein refers to a cycloalkyl having from 1 to 5
substituents selected from the group consisting of oxo (=0), thioxo (=S), alkyl, substituted alkyl,
and those substituents described in the definition of substituted alkyl.

30 The term “cycloalkoxy” as used herein refers to -O-cycloalkyl groups.

The term “substituted cycloalkoxy” as used herein refers to-O-substituted cycloalkyl
groups.

The term “formyl” as used herein refers to HC(O)-.

The term “halogen” as used herein refers to fluoro, chloro, bromo and iodo.

35 The term “heteroaryl” as used herein refers to an aromatic group of from 1 to 10 carbon
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15al kynyl and substituted al kynyl, and those sub stituents described above
in the definition of substituted aI kyl . The term "aryl oxy" as used
her ei n r everso%aidsie group aryl-0- that includes, by waycwofuseosanpd2es but not
l'imtat

subst i FaPRgRT T SRR caeéf%orﬁtﬂaee%rg}lg Eonsigigof pripeBugp BT St dn e

20The t e Min; C"Ellidmﬂﬁlk andfitregedhdieiogioms8des May @lso GXprtseit if adisoxidigedvims.

The term "carboxy|l esters"” as used herein refers to the groups 0)0 al kyl ,
- C (0) oSuchyhistqrparyit grgups ‘F@;‘?I have eeipply-ring e, gamnéxla)r(fu@@tfgtmq plegondsgpsed The
term"c I y ed
cyclic %@%ﬂg % %dr?ﬁ% g sye%?étﬁt{eﬂylg %&Iﬁl}én h%%h%gg&%g#]ﬁhg filt}ltﬁ ghg{t?eit ngs and
3t 7 araniaﬁmandielr canitdig) a haﬁrcﬁnﬁmﬂmr)plwwtesoalrﬁcgrum 1b¢lt1deafoat aretnot fimitedd t o

cycl oprop cycl obutyl, cycl opent cycl ghexyl, cycl oheptyl, and
adamant § Keteroary s pRldE pyTidylsRIBELYL é&“‘éﬁ’ladwll’)‘a h&%henﬂsa%@@’lher einrefers to

a cycl oaI Kyl @ £t
consi sting o ﬂ%@égﬂ S%kgsamt%i %@@@g@%s (E%}E %st | thggéé%{rﬁlrgﬁ)ﬁ% 4 ‘?hose
S ubst i tsmasmsltade&dr frbmdl tior dubstitderits pelédtahfromh thcukrsﬂa grotipdf saiusmuent?,(d&'ﬁm:dtmr m

"cycl oaI as used herein refers to -0-cycloal kyl groups. The term
"subst it} e@f(’fﬁ’loal koxy" as used herein refers to-0-substituted cycl oal kyl
groyps. The R fGm*REEIarylGS US Wed tr&h fefsftsrt&e Bup e Yoteroatipe term

"hal ogen" as used herei ﬁrr%?},ers to Iuor% or% Ilgr ono ea%dﬂl odo. 35The

term "heter oﬁhqdei‘masuhssenbdimteoarykm&éasuwd larelmrafﬂam thegroupp-(efulfstibied. to
10 car b}%g WO 2009/ 111653PCT/ US2009/ 036213 atons and 1 to 4 heteroatons
sel ecte ?P?)rr;ﬁlt he group consisting of oxygen, nitrogen, sulfur in the ring.

The sul fur amgk ik RaeRCHALEsOHNGyREONS ‘%@%r@yél@aﬁ@l”&@%’?ﬂ@ta gaﬂuate@bf
oxi di zed forms. Such heteroaryl groups can have'a single ring

pyr i dyI ugsaturated gioup (butuot hqttl@aryd))rMnmlnglﬁ geg cemudfiple c¢nd¢o$qdzrmgy; g@m 1

b d/
contai neattsattel o A fEr GRORRED alistr 1B s TR e G SifpE A bl
|i m t edoty@enheiflf, Qﬂfh‘iﬁ ﬁlelrﬁfg' WiteiRYih! flded rin)syktem¥! oneldtingdiy the rinld@a be

t hi ophenyl’, and fur The term "substituted heteroaryl" as used

herein %@ﬁ@ﬂlsvlmylml@ww proyidepthat thatoint of sttasbmentis diyongh thehesrrcyclie 3
subst i tHft?%f}%gfsgf&%n%%&&é’e@he&?oe&&n”? a0 R Plis S BOS b T ¥ngir A& iR Gofn?d.

substitu
The term “substituted heterocycle” or “substituted heterocyclic” or “substituted

20 heterocycloalkyl” refers to heterocycle groups that are substituted with from 1 to 3 of the same
substituents as defined for substituted aryl.

Examples of heterocycles and heteroaryls include, but are not limited to, azetidine,
pyrrole, imidazole, pyrazole, pyridine, pyrazine, pyrimidine, pyridazine, indolizine, isoindole,
indole, dihydroindole, indazole, purine, quinolizine, isoquinoline, quinoline, phthalazine,

25  naphthylpyridine, quinoxaline, quinazoline, cinnoline, pteridine, carbazole, carboline,
phenanthridine, acridine, phenanthroline, isothiazole, phenazine, isoxazole, phenoxazine,
phenothiazine, imidazolidine, imidazoline, piperidine, piperazine, indoline, phthalimide, 1,2,
3,4-tetrahydroisoquinoline, 4,5, 6,7-tetrahydrobenzo [b] thiophene, thiazole, thiazolidine,
thiophene, benzo [b] thiophene, morpholinyl, thiomorpholinyl (also referred to as

30  thiamorpholinyl), piperidinyl, pyrrolidine, tetrahydrofuranyl, and the like.

The term “heterocyclyloxy” as used herein refers to the group -O-heterocyclic.

The term “substituted heterocyclyloxy™ as used herein refers to the group-O-substituted
heterocyclic.

The term “phosphate™ as used herein refers to the groups- OP(O)(OH), (monophosphate

35 or phospho), -OP(O)(OH)OP(O)(OH), (diphosphate or diphospho) and -
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10The term "heteroaryl oxy" as used herein refers to the group

-0- heteroaryl. The term "substituted heteroaryl oxy" as used herein
refers towoheosgroasp - 0- substituted heteroaryl. The pCerusetbes@idcycl e”
or "het hOT T I N . .

ansat ar o SO OISR QUOHIBERRONT; Abbhad § ehfoloforaiu iRt atitingine |
condenspatialisalisthefeofirit ik uhBerstood fhat didiaiiahdorgen afi thefmom- 1dit,and tiygiosplatat ons
sel ected froll”n({ he group consjsting of nitrogen, oxygen, sulfur, within the
ri ng whBpeisludedbs oroean afomyoky 84e8hs, one or nore the rings can be

cycl oal kyl, ?ﬁé’ierrﬁr“sj)gk%#)ﬁﬁtgégﬂgs”%]Qé’eidqﬁfeiﬁ F@Er&ttg'ﬁlegﬁé)ﬂg-, ﬁfanattlti'g%g%ﬁk s

t hrough the heteroc c ring. e sultur and nitrogen hetero at ons
may Jal sgrobps qesesiemitabome tvhetein anei atinzad of drerty/droklye gtompsris replbetdi iyustneadkoxy
het er ocycl e" or "substituted heterocyclic" or "substituted 20

het er océ‘é’}lﬁral kyl" refers to heterocycle groups that are substituted with

from1 to 3 pfe fhe “PROBhSMRSTLINER  Re g,]%ugﬁcbqf@g&t?m%&ﬁ@t(zﬁ(%wor

Exanpl es of heterocycles and heteroaryls inc ut” are hot ed to,
azet i di sudts theyeafshadydingpartiabdalts theyecdzehacinmach di isandgpendentlyselepipd iftvimdi ne,

ridazjn i ndol j zi,n i sqi ndol e, iindole, dihydroindole, indazole, B purine,
o o bdraeey S8l S Skt P ernu Sk had ST <B8mahedaged fhene
QUi TTOX nith ox Fén A 2R démph&i'afmw ReludP Ry d:dBeof £aidaazol e, carbol i ne,
phenant hri di ne, acridine, phenanthroline, isothiazole, phenazine,

i soxazol e, phenisxnzihel]” aphsaddiehdin réfers to theigtawmiSHi ne, i ni dazol i ne,

pi peridi ne, piperazi,ne,. i.ndol.i .phthal imde,, 1.2

3,4-tet rahydf%ﬁotgga ut‘hﬁ%equﬂe or flg’ﬁﬂ’é‘?@?}-‘?ef’? g‘hg?&lké%%n éerf Eﬂ thtef%r%]’f?ﬁg ﬁaél,(yl.
thiazol e, thTezehhdbititidd ORRARYE; oPeEBRItIE allkhitkiBB@Be, or FRHRERKINY |
t hi onorpholinyl (also referred to as 30t hi anor pholinyl), piperidinyl,

pyr r ol i qsekoxlytefens el thsrarpummB-subsiiigtedrdkili ke. The term "heterocycl yl oxy" as
used herein « up -0sheterogycel i T "substi t ut ed
horhy ocyel y1 560 il et Gl BB st GRREIBRYCL e groun s SEIFIBRIT (5

het er ocycl i cThe term “substituldiethic@¢ToalRPIoSP addeheréis refesdo lilgy @bip rShbstitutal t he
groups- OP(0Q)(OH) 2 (nonophosphate 35 or phospho), -0P(0)(OH) OP(0)(CH) 2
(di phos%&iaéky r di phospho) and - WO 2009/ 111653PCT/ US2009/ 036213

OP(0) (OH) @(@ﬂé%}%?&§%%§o ﬁ&@?g@g&ﬁ%gg?%?%?mpho) or salts thereof

i ncluding parti S"there t the initial oxygen
of the nono- Thatierm “auigtitutedpthaaphiabeused heteicteficte td the gpoupgSBubstiontediryd sugar .

{11 2Xbhosphat Ch6tegh ety He S EbBTEnTFErdhOREB S BEEBBN. { he hydr oxy
o oups 0P 0) () (o) e D e A e R B e P P P
sal ts thateroafy]. wherein each Z4 is independently selected from
The term “thioheterocyclic" as used herein refers to the group -S-heterocyclic.
The term “substituted thioheterocyclic as used herein refers to the group -S-substituted
25  heterocyclic.
The term "amino acid sidechain" refers to the Z; substituent of a-amino acids of the
formula ZeNHCH(Z7)COOH where Z7 is selected from the group consisting of hydrogen, alkyl,
substituted alkyl and aryl and Zg is hydrogen or together with Z; and the nitrogen and carbon
atoms bound thereto respectively form a heterocyclic ring. In one embodiment, the a-amino acid

30  sidechain is the sidechain of one of the twenty naturally occurring L amino acids.

Sugars described herein may either be in D or L configuration.



hydr ogen, al kyl, substituted al kyl, carboxylic acid, and carboxyl ester. It
is understood that the 10 initial oxygen of the phosphonate may i nclude the
oxygen ofwe 2amgianes3The term "thiol"™ as used herein refePsTiUs2e00@3cMdUP - SH.

The ter m hi %glo | " 9% "al kyl t hi oether” or "thioal koxy" refers to the

gr oup- @a&%—ﬁ%@—g‘?—% ; "substituted thioal kyl"™ or "substituted

al kyl t hi oet hesmp®inds o8 Betihtdhtief indMdadokpoyndy @&ffefsulh @: t he group
-S-substituted al kyl. 15The term "thi ocycl oal kyl" as used herein refers to
t he group -S-cycl oal kyl . The tef m™substituted thiocycloal kyl" as used
herein refers to the group -S-subst|{tBted cycloal kyl. The term "thioaryl"
as used herein refers to the group - YA - The term "substituted
thioaryl" as used herein refers to \hg, group-S-substituted aryl. 20The term
"thioheteroaryl"” as used herein refgrs NO tRle group -S-heteroaryl. The term
"substituted thioheteroaryl"™ as usgd herein refers to the group
-S-substituted heteroaryl. The term "t hiloheterocyclic" as used herein
refers §pekipe group -S-heterocyclic. The term "substituted

t hi ohet erocyclic as used herein refers to the group -S-substituted

25hét er ocycl B cepresents aThé, 7 er finteamhenal carbatysiicecheadrntydiefrimgsomprising oAiF or
substituent. o -am nq acids of .the fornul a Z6NHCH( Z7) COOH wher e j S

o ect dlISRdsplerhendh g b A oo Ch i GY SR R More s o APty
and aryfr gpd é@zis;thxﬂigpg;e____lN ‘UEG-R?R]EB?SO%W“ Z7 and the nitrogen and carbon
atons bound fhereto respecti’vely torma heterocyclic ring. In one

enbodi neldreint he a-ami no acid 30 sidechain is the sidechain of one of the
twenty natu;ﬁll.l olgcurri r]g L am no acids. Sugars described herein may

ei ther be i n*i5 Gralkylsty guration. WO 2009/ 111653PCT/ US2009/ 036213

Congounds  of g FRII ) or fRYPOUNds of the invention include conpounds of
formula |: ’

R'is H, NR.Ry, Cl, F, OR,, SR,, NHCOR,, NHSO,R,, NHCONHR,, CN, alkyl, aryl,
ONR Ry, or NR,C(O)ORy; .

R? is a nucleoside sugar group;

W3 is absent, alkyl, or H;

15 R, and R, are independently selected from the group consisting of H, alkyl, substituted
alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, heterocyclic, aryl,
substituted aryl, acyl, substituted acyl, SO;-alkyl, amino, substituted amino, and NO; or R, and
Ry, together with the nitrogen to which they are attached form a pyrrolidino, piperidino,
piperazino, azetidino, morpholino, or thiomorpholino ring;

20 R; and Ry are independently selected from the group consisting of H, alkyl, substituted
alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, acyl, substituted acyl
and SO,-alkyl; or R; and Ry together with the nitrogen to which they are attached form a
pyrrolidino, piperidino, piperazino, azetidino, morpholino, or thiomorpholino ring; and

~ each R, is independently selected from the group consisting of H, alkyl, substituted alkyl,
25  alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, acyl and substituted acyl;
or a pharmaceutically acceptable salt or prodrug thereof.
In one embodiment of the invention the compound of formula I is a compound of

formula II;



wherein; 5B represents a 5, 6, 7 or 8 nenbered carbocyclic or heterocyclic
ring conprising one or nore double bonds, wherein B is optionally
substi t utwo 2m%th1e8e or nore oxo, thioxo, NR Rd, F, O, PBT/USRQ09@RE]I3 SRl ,
al kyl, CEEN, CC-R, N3 or SQ2R ; wherein: Rls H, alkyl or aryl; 10R is OH,
NH2 or al kyl ; Rl is H NRaRb, C]3 NV CRa SRa, NHCORa, NHSOZRa
NHCONHRa, CN, al kyl, aryl, ONRaRb, NRaC(0) ORb; R2 is a nucl eosi de sugar
group; WB is absent, alkyl, or H amd Rb are independently sel ected
fromthe group consisting of H al kRLN.s tituted al kyl, alkenyl,
substituted al kenyl, alkynyl, substi/tut&d d'kynyl, cycl oal kyl ,

het erocyclic, aryl, substituted aryﬂ agyl, substl tuted acyl, S02-al kyl,
am no, substituted am no, and NO or Ra and Rb together with the nitrogen
t o whi cwherbiey are attached forma pyrrolidino, piperidino, piperazino,
azetidi no, phol i no, _or _t hi onorpholino ring; 20Rc and Rd are

i ndependent Fg TERIPSERISAL- 05 619K lsrli’éﬂ’@beé‘éijpn%?@'{lgfﬁl%oﬁﬁ Orl-‘POTSIhEVFa"O@EIB%‘{ P‘%ethed
al kyl , t |

cycl oal %b&a%g/el b%ﬁgﬁa&s%ﬁyélg%lg gﬁ&?augngté%{j%gl’“ﬁ %@gﬁgt }é%‘t er’

Wi t 15 t h@l, Birf I; OReNSR.Q alidyl, =N, @C-Rr B(; at SasRed for m a pyrrolidino,

pi peri di no, . pi perazi no, azetidino, norpholino, or thionorpholino ring; and
each szh%reinhdependently sel ected fromthe group consisting of H alkyl,
substituted ?(I %5 ﬁlnyl , Substituted al kenyl, al kynyl, substituted

al kynyl, cyc 0a Ky F “and substituted acyl; or a pharmaceutically
accept abl e sRiisG&ﬂ NH@dfalgylg her eof I n one enbodi nent of the invention

t he conpoun | a is a co und of formula I1: WO
e R s kb aah 5y O SO REHTSR O NSS! RHCONHEE N, alky, aryl,
10 ONR Ry, or NR,C(O)ORy;

R? is a nucleoside sugar group;

W? is absent, alkyl, or H;

R, and R are independently selected from the group consisting of H, alkyl, substituted
alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, heterocyclic, aryl,

15  substituted aryl, acyl, substituted acyl, SO,-alkyl, amino, substituted amino, and NO; or R, and
Ry, together with the nitrogen to which they are attached form a pyrrolidino, piperidino,
piperazino, azetidino, morpholino, or thiomorpholino ring;

R, and Ry are independently selected from the group consisting of H, alkyl, substituted
alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, acyl, substituted acyl

20 and SO;-alkyl; or Rc and Ry together with the nitrogen to which they are attached form a
pyrrolidino, piperidino, piperazino, azetidino, morpholino, or thiomorpholino ring; and

each R, is independently selected from the group consisting of H, alkyl, substituted alkyl?
alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, acyl and substituted acyl;
or a pharmaceutically acceptable salt or prodrug thereof.

25 In one embodiment of the invention the compound of formula I is a compound of
formula IT wherein W* is absent or H.

In one embodiment of the invention the compound of formula I is a compound of formula
Hr:
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wher ei n; B represents a 5, 6, 7 or 8 nenbered ring conprising one
or nore heteratons and one or nore double bonds, wherein Bis optionally
substi t utwo 2e%th1@8e or nore oxo, thioxo, NR Rd, F, 5C pCBrus2009/08RE SR,
alkyl, C\T, C=---CGR N3 or S2R% wherein: Ris H alkyl or aryl; R is

OH, NH2 or al kyl ; RL i ZcNT WO, F, ORa, Slta, NHCORa,
NHSO2Ra, NHCONHRa, CN, al kyl, aryl, ¢ aRb, or NRaC(0)ORb; R2 is a
nucl eosi de sugar group; WB is abseqnt, yl, or H Ra and Rb are

i ndependently sel ected fromthe gr
al kyl, al kenyl, substituted al ke
cycl oal kyl, heterocyclic, aryl, 1 tit d aryl, acyl, substituted acyl,
S02- al kyl , am no, substituted am np, andNNO, Rr Ra and Rb together with the
nitrogen to which they are attachgal forma pyrrolidino, piperidino,

pi perazi no, azetidino, norpholino, or thionorpholino ring; Re and Rd are

i ndependently sel ected fromthe group(Ipnsi sting of H, alkyl, substituted
al kyl ken substituted al kenyl, al kynyl, substituted al kynyl,
cycloalﬁb IPa/lcyl substituted acyl 20 and S02-al kyl; or Re and Rd together

wWith the nitgRABNC hind WY ﬁheﬁeaaa/m@rs@e%{ea@f‘dﬁeﬂ sfngrénna dOVbleVohd pRRrided that
plperldlno plpera2|no azetidi nd, norpholino, or thionorpholino ring; and

each R when mc%@mbtbebmdyc fseslingle bond, mdwn chea gomillpbm\;h biasd idrage sihgle baniiki}l'ld
st A hor A R T RS s M S B RSV B £
accept aﬂiklt%b%'t twitth ENWE isugbsédier eof .
W is C=R., CH,, CR; or O, provided that when W is C=R., CH; or O, b and c are single
bonds, or ¢ is a single bond and bNW? is absent; and provided when W is CRg, one of borcisa
10  double bond, or BNW? is absent and c is a double bond;
ReisOorS;
R; is H, NR¢Ry, OR; or SR;;
wlis C=Rp, CRiRy, N, NR,, CR; or O provided that when w!is C=R;, CRiR;, NR,, or
O, c and d are single bonds or ¢ is a single bond and W?2d is absent; and provided when \AST
15 CRjor N one ofc or d is a double bond or W2d is absent and ¢ is a double bond;
RyisOorS;
Rjand Ry are H, CH3, NH, or Br;
R;is CH3, NH,, or H;
W2 is C=Rx, (CRRp)p, CRm, O, NRg, absent or N provided that when W2 is C=Ry,
20 CRjRp, O, or NR;d is a single bond; when W2 is N or CRy, d is a double bond; and provided

ting of H alkyl, substituted
| kynyl, substituted al kynyl,

when W? is absent, d is absent;

RyisOorS;
Ryjand Ry are H, CH3, OCHj;, NH, or SCHj;
p’islor2;

25 R is H, NRRy, F, Cl, Br, I, OR,, SR, alkyl, C=N, C=C-R, N; or SO,R";
R, is H, alkyl, or NRgR, wherein each Rqand R, is H or alkyl;
R is H, CH3, or NH,; and
w3 is absent, H or alkyl; provided that when W3 is absent b is a double bond;
or a pharmaceutically acceptable salt or prodrug thereof.

30 In one embodiment of the invention the compound of formula I is a compound of

11



251 n one enbodi nent of the invention the conpound of fornula | is a

conpound of fornmula Il wherein WB is absent or H |[In one enbodi nent of the
i nvent i orwoheoscamggeund of fornula | is a conpound of foPCWE2000086213
2009/ 114833R@/ US2009/ 036213 WB W2dW cVBN  (I11) wherein: each b, c

and d is |n3ependently selected froma single and doubl e bond provided that
when b is a double bond, c is single bond, yfen c is a double bond, b and d
are single bonds and when d is awygwl@aviend ¢ is a single bond; or dis
absent when W2 is absent; and W2 And d are not -absent, when bNWB is absent;
Wis C=Re, CH2, CRg or 0, provided\that en Wis C=R,, CH2 or 0, b and c
are single bonds, or c is a singl bNWB i s absent; and provided
when Wis CRg, one of b or c is bond, or bNWB is absent and c
is a double bond; Re is 0 or S; Rg\VishNH litd, ORor SR, W is C=Rn,
CRRR', N, NRA, CR or O provided that aﬁen is CRh, CRRRI, NRh or O, c
and d are single bonds or c is a'&%ngle bond and W2d i s absent; and

provi ded when WL is 15 CRi or N one of c or d is a double bond or Wd is
absent and c is a double bond; Rhis @Vor S; R and RL are H, CH3, NH2 or

Br; R {fe@f3, NH2, or H

5 each b, ¢ and d is independently selected from a single or double bond provided that

oubl

when b is a double bond, c is single bond, when c is a double bond, b and d are single bonds and
when d is a double bond c is a single bond; or d is absent when W2 is absent;
W is C=R, CRRy, CR; or O, provided that when W is C=R., CRRsor O, b and ¢ are
single bonds and when W is CRg, one of b or ¢ is a double bond;
10 RcisOorS;
Re is H;
Rg is H, NRcRy, OR, or SR;;
W' is C=Ry,, CRiRp, NH, CR; or O provided that when W' is C=Ry, CRiR;, or O, ¢ and d
are single bonds; when W!is CRj, one of ¢ or d is a double bond; and when w!is NH, W is not
15 O and W? is not O,NH, or N;
RupisOorS;
R;iand R are H, CHj; or Br;
R;is CH; or H;
W2 is C=Ry, (CRRy)y, CRp, O, NH, absent, or N provided that when W2 is C=Ry,
20 CRRp, CRp, O, or NHd is a single bond; when W2 is N or CR,, d is a double bond; or when
W2 is absent, d 1s absent;
RyisOorS;
R;and Ry are H, CH;, OCH; or SCH3;
p’islor2;
25 R is H, NR(Ry, F, Cl, Br, I, OR,, SR,, alkyl, C=N, C=C-R, N; or SO,R"; and
W? is absent, H or alkyl; provided that when W* is absent b is a double bond;
or a pharmaceutically acceptable salt or prodrug thereof.
In one embodiment of the invention the compound of formula I is a compound of

formula IV wherein:

12



W is CeRk, (CRIROp,, CRm 0O, NR, absent or N provided that when W2 is
C=Rk, 20 CRIRr, 0, or NR, dis a single bond; when W2 is Nor CRmd is a
doubl e bowmg20@mdi1gs8ovi ded when W2 is absent, d is absentCTRIS2009/086203 S; RI1

and R, are s 1l.or. 2 j . d, F,
a. B e bR nalsdragiuy Selffieation Lo orkdou e By rotiacit
wher ei nwkachisRodaubit Bdndi SisHile Borkly Whers i$ $ dbibl€bhd, branliidZire single\BBndsand

absent g( or . al kyl: provided that when WB is absent b is a double bond; or
a phar mibeA isedqupleoandsiapisivelediandar prodrug thereof. 30In one embodi ment

of the invenyiQrithe n f ' . 0 0

2009/ 111653%?38%08?%%&@?%&?@%%t WMW%“?W %\%néiicna:‘r%each
b, ¢ amsingle bendsruaidparedelitis RS aineeif @dricrioadautsde bghdz or doubl e bond provi ded
that when b ]%s, Z)do bl e bond, c is single bond, when c is a double bond, b
and d are sihgf s and when d is a double bond c is a single bond; or d
i.s absent \M‘Iﬁpis\gﬁ, i s absent; Wis C=Re, CRfFRf, CRg or 0O, provided
that when Wis C5Re, CRfRf or 0, b and c are single bonds and when Wis
CRg, one of By sH,NRRa0Hpob$R,; bond;

W' is C=Ry, CRRy, CR; or O provided that when W' is C=Ry, CR{R;, or O, c and d are
10  single bonds and when W' is CR;, one of ¢ or d is a double bond;

RpisOorS;

Rjand Ry are H, CHj; or Br;

R;is CH; or H;

W? is C=Ry, (CRRp)p, CR, O, NH or N provided that when W is C=Ry, CRRy, CRy,
15 O, or NHd is a single bond and when W2 is N or CR,, d is a double bond;

RyisOorS;

Rjand Ry are H, CH;, OCHj; or SCH;;

p is1or2;

Rp is H, NR(Ry, F, Cl, Br, I, OR,, SR,, alkyl, C=N, C=C-R, N3 or SO,R"; and
20 W? is absent or H, provided that when W? is absent b is a double bond;

or a pharmaceutically acceptable salt or prodrug thereof.

In one embodiment of the invention the compound of formula I is a compound of

formula V:
W3
WIcWbN
<~ N
\ N\ /)\
N R!
RZ
25 ' V)
wherein:

each of b and c is independently selected from a single or double bond provided that

when b is a double bond, ¢ is single bond and when c is a double bond b is a single bond;

13



10Re is Oor S; R is H Rgis H NRRIJ, OR or SR ; W is C=Rh,
CRR,, NH CRJ or O provided that when WL is CGRh, CR R, or 0, ¢ and d
are si nglwohoodgi6sahen WL is CRJ, one of ¢ or d is a doerbrasshand3éand when

W is NH Wy @IRﬁ,léRQ{f?%_%WO ﬁo@%d Chat g}ﬁﬁﬁw = %9@%0&&? bSand% arand R,

are H, CH3 or

absent , single Nopdsanidddant Was CWgame\Mblcﬁch:EQldoulﬂebﬁﬂLRl CRm O, or NH dis a
si ngl e bond; Wh%? V% is Nor CRnd is a double bond; or when W2 is absent,
dis absent:R¥Q¥B or S; R and R, are H, CH3, OCH3 or SCH3: p' is 1 or
2; 25Rmis FRNR@Rd F, d, Br, I, ORE, SR, alkyl, Ca,N CCR N3 or
SOZRl and V&' i's absent H or aI kyl; provided that when WB is absent b is a
douldl e bond; RQIS&M[}@R@UISR@I I y accept able salt or prodrug thereof. In

]9 gremejrgoldivne rlo{l {{h, Cli ﬂy,eﬁhl 8ﬂ prov ed t?lat Whenf\%rl &gRl, dlflRS or 8?? %uand of
single bond; when wlis CR;, ¢ is a double bond; and when w!is NH, W is not O;
RyisOorS; ‘
R;and R;- are each independently H, CH; or Br;
10 R;is CH3 or H; and
W? is absent, H, or alkyl, provided that when W* is absent b is a double bond;
or a pharmaceutically acceptable salt or prodrug thereof.
In one embodiment of the invention the compound of formula I is a compound of
formula V wherein W? is absent, H, or methyl.
15 In one embodiment of the invention the compound of formula I is a compound of
formula V wherein W* is methyl.

In another embodiment of the invention provides compounds of formula I that are

compounds of formula 1-9:

20



WO 2009/ 111653PCT/ US2009/ 036213 each b, c and d is independently

sel ected froma single or double bond provided that when b is a double
bond, c iwobmgliessbond, when ¢ is a double bond, b and @carus2@vgd2e3 bonds
and mhagmgihs a double bond c is a single bond; Wis C=Re, CRfRf, CRg or O,
provi de that when Wis C-R,, CRIRf or O, b and c¢c are 5 single bonds and
when Wis CRY is@heS, of tvo bydrogéms; a double bond; Re is O or S; Rf is H Rgis
H, NRcltd, or %BI; W is CCRh, CR R ,, CR or 0 provided that when W is
C=Rh, CR R, ,%ol8 @5 er fihylrageds10 singl e bonds and when W is CRi, one of ¢
or dis adoxbis%pg.d; Rhis Oor S R and Rl are H CH3 or Br; R is CH3
or H is CcRk, (CRIROp', CRm 0, NH or N provided that when W2
is G=Rk, CRHQHSQ}&mwﬂWbEW¢ngﬁ&id is a single bond and when W2 is N or CRm
d is a doubl 5bg§3? RK iﬁﬂ? or S5 RlL and RI, are H CH3, OCH3 or SCH3; p

is 1 or 2 15513, ONRYY pyflrogensy  Br |, OR, SR, alkyl, CI\T,

G1l--CGR N§8@@ﬂ§$¥ﬁ§£(§@QH%QVB is absent or H, provided that when WB is
absent b is a double bond; or’a pharnmaceutically acceptable salt or prodrug

thereof . | n Bhis EISANHENHOH; NeCH )N FnCL @, L IGCHD Gatiyhliofl SGHnGHa, ¢=Ns a
compot nC(?jE(CZ)-fR, N; or SO,R;
10 Y? is H, CHs, OCH; or SCH3;

Y?is O or S;

Y*is 0, S, or two hydrogens;

Z'isHor CH;;

VAT H, CH; or Br; and

15 tis 1 or2;

or a pharmaceutically acceptable salt or prodrug thereof.

In another embodiment the invention provides a compound of Formula I as described
above, wherein R' is H or NR Ry; or a pharmaceutically acceptable salt or prodrug thereof.

In another embodiment the invention provides a compound of Formula I as described

20  above, wherein R? is a nucleoside sugar group of Group A, B, C, D, E, or F described
hereinbelow; or a pharmaceutically acceptable salt or prodrug thereof.

In another embodiment the invention provides a compound of Formula I as described
above, wherein R” is ribose, 2-methylribose, 2-deoxyribose; 2-deoxy-2-fluororibose; arabinose;
2-deoxy-2-fluoroarabinose; 2,3-dideoxyribose; 2,3-dideoxy-2-fluoroarabinose; 2,3-dideoxy-3-

25  fluororibose; 2,3-dideoxy-2,3-didehydroribose; 2,3-dideoxy-3-azidoribose; 2,3-dideoxy-3-
thiaribose; or 2,3-dideoxy-3-oxaribose; or a pharmaceutically acceptable salt or prodrug thereof.
. In another embodiment the invention provides a compound of Formula I as described
above, wherein R?is thioribose, 2-deoxythioribose; 2-deoxy-2-fluorothioribose; thioarabinose;
2-deoxy-2-fluorothioarabinose; 2,3-dideoxythioribose; 2,3-dideoxy-2-fluorothioarabinose; 2,3-
30  dideoxy-3-fluorothioribose; 2,3-dideoxy-2,3-didehydrothioribose; or 2,3-dideoxy-3-
azidothioribose; or a pharmaceutically acceptable salt or prodrug thereof.

In another embodiment the invention provides a compound of Formula I as described
above, wherein R is 4-hydroxymethylcyclopent-2-ene; 2,3-dihydroxy-4-
hydroxymethylcyclopent-4-ene; 3-hydroxy-4-hydroxymethylcyclopentane; 2-hydroxy-4-

35  hydroxymethylcyclopentene; 2-fluoro-3-hydroxy-4-hydroxymethylcyclopentane; 2,3-dihydroxy-

15



formula V: 25(V) wherein: each of b and c is independently selected froma
single or double bond provided that when b is a double bond, c is single
bond and wbenosxilies3a doubl e bond b is a single bond; WACT/US2009/036213

2009/ 11 | = r igded
Chat Wbt e CorG T R oy gpengensy R ARy Hopeldle 2 Ao
CRg, onh!ydnéxmnﬂhylcyalspmtaﬁem X3-diydroxiRmettyldyclmbutne;Rir m}ﬁlahhadamycal]s H,

NReltd, OR 0@%85 is CcRh, CRiRi,, NH, CRJ or O provided that when
WL is CERRPtabley tobW”é“@Gh?go% single bond; when WL is CRJ, ¢ is a double

bond; and whgn, Whel %mmlm\éﬁ{ ﬁle ri'l’i’ktengon %g)é/i(ﬁs cgfngguncﬁaf ﬁﬂﬁiluf‘arleas%%bed
i ndependent ly H CH3 Br; 10R is absent, H, or

al kyd , ghwovej wheteintRitis %ﬂrydrdﬁ&meﬂiyabmmmde 2 8-dihytivorky- é—hlydrwynmthyk)yrrohdlne
phar maceuyt.i cal | ept abl e salt .or odni ere |.n. one..enbodi ment
o R R R sty L A Ay
wher ei n3 mofoszx?@al%&w lﬂadr&syn@ﬁﬁsﬂymillé e, &nﬁp}ﬁm@@uﬁ@ﬂty REefthfe kavent i on
t he conpound of a ‘corrpound
prodrug thereof
In another embodiment the invention provides a compound of Formula I as described
10 above, wherein R,, Ry, R, and Ry are independently selected from the group consisting of H,
alkyl, and substituted alkyl; or R, and R, together with the nitrogen to which they are attached
form a pyrrolidino, piperidino, piperazino, azetidino, morpholino, or thiomorpholino ring; or Ry,
and R, together with the nitrogen to which they are attached form a pyrrolidino, piperidino,
piperazino, azetidino, morpholino, or thiomorpholino ring.

15 In another embodiment the invention provides a compound selected from,

16



formula V wherein WB is nethyl. I n anot her enbodi nent of the invention
provi des conpounds of fornula |I that are conpounds of formula 1-09: 123
456 206200163609/ 111653PCT/ US2009/ 036213 vvherei n: l(d:Tmsz@s/OSﬁzmr t wo
hydr ogens; X2 |s 0, S, or t wo h\ydrogen%

HoN
\\ SNy ="y \\
\N \N/ \N/ \N/ \N\/ \N

17



X3isO0Oor S, 5¥X4is 0, S, or tw hydrogens; X5 is 0, S, or two hydrogens;
X8 is NH2, OCH3 or SCH3; Y1 is H OH NH2, NHCH3, N(CH3)2, F, d, Br,
|, OCH3, walzkgdi1i@Bkyl SCH3, CH3, C. 1\1, C=C-R N3 or SeerRus2&0M262is H,

CH3, OCH3 or SCH3; Y3 is 0 or S Y4 igNO, S of two hydrogens; Z1 is H or

CH3;, Z2 is H, # or \N2; orQa phar

acceptable s I\ or pradr ng anot od| \ntl on
provides a c ouNd Thed NH or
NRaRb; or a Hr,\n‘éceu |%a NSz pyodr ¥n anot her
enbodi nent tdde i nventF<12 on pr ov de n[])ound f Kor rrul I Nas Fdescrl bed 20
above, wher ei rN | Hog FN§Q| eDsi de sug@d rou5 NlL Grou h, B Hh D E or F

descri bed hemei nbel ow; o\r a phar naceut |y Nac ept am,\p'\'mal t QN W odr ug
t her eof pot heq énblddi ment the [nveny gn provi a conp yund. of
Formul a | sset i bed Jalloie, wherein Ns bq@é, 2 thj‘lr\b sé‘l

2- deoxyri bos@ - deoxyR? 2 fI uoror| bose¥ ar ablppose R2
2-deoxy-2-f| uo oar abi noe; 2, 3-dide ,yrnhg,g

2, 3- di deoxy- T or o8rbiYose; N2y3- d oxy- BN~ uor“é |boseé:éW

2, 3- di deoxy- 2 hyehy, iN0oSg, 2 3-dj
th| ari bose; , 3~ di '¥)3 x r| ose;
salt or prodr Nher e

ndeoxy- 3-

,gépt abl e

HoN
N\NH o) \N “NH NH H,N ? N
SN RS =N = ~N
N N N ==
\ \ %\l)\ NN / N
é\l)\/) N\N//' /’ 4 N.
R2 R? 5
y y ' Y
anNH YV NH N-NH SNy
T~
Sy =
‘N\N//' N e o
2
R? R2 R? R
o) o~
o H2N HN NN
HN/\NH HN.  NH HN)§N SNy
= N
S \N \ \N ~ \N /, \ N‘N//,
N N-? \
N N N. < R R?
2 R2 N
R RZ H
O-ny OO NH Q oSN
S
SN N N
N N\ N
\ \ N, A \
é@ . ) 17
R2 R? Y
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I n anot her enbodi nent the invention provides a conpound of Formula | as
descri bed above, wherein R2 is thioribose, 2-deoxythioribose;
2- deoxy- 2wWOlo@vwaidsdor i bose; thi oarabi nose; 2-deoxy-2-f| roratskéioomsa@bs nose;
2, 3- di deoxyt hi ori bose; 2, 3- dldeox - 2~ fluor@thloarablpose 2, 3-
30d|deoxy 3- f uqr di . i bogl: = digleoxy Qdi deh h|or|bu.r
2, 3-di deoxy azi\dot h| ose; pharyaceuti cal accept asal t or
prodrug thereo Spnot et vanti o f Omi des @ gonpound of
Iopentrﬁ ene;

Formula | as d urkbed .-6wﬁj hydr\ W hylcys ngﬁt 2- ene;
yIC
3- hydr oxy- 4- hydr ox nethymcyclop taqg 2- hydrgpxy- 4 35 ,
hy

2, 3-di hydr oxy-4- N dr oxynet
hydr oxynet hy® % -flu X -4 hy thyI opent ane;
9 11 653P 009/e 5
thy yfetyc nt gne; \4Nh¥§roxy t ylﬁycl nt

2, 3-di hydr oxy-
4- hydr oxymet hg1- 5

2, 3-di hydr oxy-/4- ydrox Icycl enta e, Nor

2, 3- di hydr oxyafet hyl cye®obut ane;Ror a phd?naceutlcaﬁly acceptable salt or
prodrug t her eof . I n anot hey, \ebodi npR¢ the inveation prommdes a
conpound of gh@r | y.RS_Hes r|b/, ab goei n R2 o}

4- hydroxynetﬁyl oliﬁi

C ; >N
2-1 uor o- 3- hyd N Z P okyfret hy ' $ne% or NN,
3- f | uor o- 2- hyRdr oxy- 4 hydroxynetg, e; orR pHarnac-.tléﬁlly

accept abl e sal t§ or prodh g Lhereof. bn anotheb enbod t he |nvegt|on
provides a ¢ | a | N&S descmN ed 10 Hﬂb mhereﬂn Rb, Re,
and Rd are ind dentl ~sel ecte Kp con 0g of kyl,

b

and substituted lal Kyl ; <or Rd“an \ gbget e @Mth th |;koge .
they are attac Sant orn1 ) roIi |n@ p|p ri & no, er 8zi no, ‘azeXi di no,

nor phol i no, othhlonDrﬁhollno rlqg and R, toé%ther wi t® the ni t rogen
to which they & i Mo, piperazino,
azetidi no, nomphad|ino, H r i i i ng. 151 n{anpt her enbodi nent the
i nvention pro =
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or a pharmaceutically acceptable salt or prodrug thereof In one enbodi nent

the invention provides a conmpound of fornmula | selected from 50r a
phar macewocaddmi@scept abl e salt or prodrug thereof. PCTIUS2@00842¢3

enbodi ment the d nventiongthe conpgund of fogmula (1) is not a conpound of
the following flarnula (X)_ or a pharnmaceut ifcal | yo tabl e t or

prodrug thereo§; erei
i nvention the
f or mul a:

anot enbodilne t he
ound})f e foj"l ow ng
N\N/ 5 N\N/

or a pharmaceutically acceptable salt or prodrug thereof.

In one embodiment the invention provides a compound of formula I selected from:

H,N

20



WO 2009/ 111653PCT/ US2009/ 036213 H2N )NI, N or a pharmaceutically acceptabl e
salt or prodrug thereof; wherein Xis Hor nmethyl ; and Rl is H or nethyl.

I n anot hewoentyodiémnt the invention B is not a 6 nmenber edTnispgoossps i Si ng
two nitrogens and e doubl e_bond, mhereln B |s substituted wi th NReRd.

I n anot her enbodi L 8 menbered ring
conpri sing one or wherein B
is optionally su a, Br, I,
ORE, SR, alkyl,
|nvent|on t he cogpound ofRiornuIa R20r a phampaceutlcally
acceptabl e salt or prodrug thereof In another enbodi nent the invention the
conmpound of forrmula (I) is: HO HO OH 87] 15 or a pharmaceutically

acceptable salt or prodrugfb r eof
\\
N
\_N.
R2

21



I n anot her enbodi nent the invention the conpound of formula (I) is: or a

one or nore

phar maceutically acceptable salt or prodrug thereof. In another enbodi nent
t he i nverwoanoswhesssonpound of forrmula (1) is: 0 0 0 O I PCIrAK208@085203 P- O- P- 0
OHOHOH HO OH or a ph ceutically acceptable salt or prodrug

t hereof . 5l n anot lfér [ |

ring conprising o g.

doubl e bonds (e. gy ) x\é/@ i i 1y Stpstituted with
one or nore (e.g. JIN-@7 or 3) 00, thi . B ANB, J, ORE, SRI,
alkyl, G _-1\1, R&-R N3 orRS®R . |n/another /enbrdi ment’ the'i nvention B
represents a 6 nenbered ring conprisRhg one @ 10 nor ®&heteratons (e.g. 1,
2, or 3) and one WM nore double bonds (e, gl 1, 2, or 3), wherein Bis
optional Iy substituteg wit®pneNdr mowe (¥ g. t hi oxo,

NRAd, F, O, Br, | , SRl |, N - In
anot her enbodi nen exnvet i r sent s conpri si ng
one or nore heter Ae.g. )1 or “§nd ubl/e bonds (e.g
1, 2, or 3), wherein B'is R2 R2
2
R 2
N HaN =N I
“NH HNXNH ’ HN HN-\" N
N
\ N. //, N\N/ \ N /J / N
R2 R2 \N R R2
RZ
H2N 0
< I
O~NH 0= NH SN - o NH
S Q Q =X
TSN O Ean S )
N. =
\ N. = N‘N/ \ N. //, \ N. //'
A R2 5 N 5 N R2
R R R




WO 2009/ 111653PCT/ US2009/ 036213 optional ly substituted with one or nore
(e.g. 1, 2, or 3) oxo, thioxo, NRAd, F, d, Br, I, OR SR alkyl, CN, CCGR
N3 or SOARD.2009/11165Bn anot her enbodi nent the inventi on BrPCeSe®@enst&@ian 8
nmenbered ring ceymprising 9 or nore heteratons (e. g 1, 2, or 3) and one
or nore double D nd%(e g. rein i opé?'\pn Gubstituted

with one or r 3) oo, hloonNNRc d , |, ORE
SR, alkyl, C, 3 or S R, Prodr as used
herein refers npougd hat\ can\be' nme abol dﬂ]wv BﬂOVIde a
conpound of For rugs ﬁ&m de co Shn t hat be prepared

by 10 nodi fyi
provi de a corr
a conpound of Fg a | . af t .
exanpl e, one ®N nofe hydrmmy roups @f afm ne gr@ups in a ound of
Formula | can | kyl -)&(=0).- grou i S
ami no acids t Algerinatfvel \
hydr oxyl group N?Jl-ph S ha e fu hality in a
conpound of qunula | cangde convertgd to an akkoxy, subgtituted al koxy,
aryl oxy, or substituted aryloxy group In one qupdlnent 4 he term prodrug
i ncl udes a conpo QherelnNo or hy@r oxy “gy oyps on, Qcl eosi de
sugar group ( . a\2', 3¢ or{ 5 hydnox groupp haye bekn cbonverted to a
group that can ﬁﬁboll Vi Vo rovi de.a npo Ny Formul a |
i

ctiongl groups iRa a conpourrd of Formula Ito
ound that ycan be netabol ized in VIVO to provide

oH@ or ;gge

spondi ng ¢

For 20 exanpl e,\t e venty o pPBV|d S C o] whebei r nore
hydr oxy groups gn aN ucl eo 'qu ugar L (e.qg. N /J 37, oW~ 5" hydroxy
group) have bgen convertegeto an acyhoxy, acyl agi no or Rzo group, wherein R

is a carboxy- I|nIed am no aci d. I n one enbodi nent, the term prodrug

i ncl udes a conpound mhereln(gne or nore, pendent hydroxyl groups from a
nmono-, di-, or thN phsphate fur@:tl onalm dnHaN nd of ff'—dstJI al is 25
converted to adi -0-; AMErein ch is’in epe dentl .2 1-20 carbon
branched or unbra sat | \d or at ed T MN Wh TeYn ehe or nore
(e.g. 1, 2, 3, o Ofy t he rbon at isjoptio NL Yy epl ed #ith -0- or

-S- and wherein 6 oK. tHe c INAL ONB i y Slbstituted
with oxo (=0) or /thiaxo (=S (ébe L&ebvre et alr?, J. Med.RChem 1995, 38,
3941-50). 30l n &iot her entddi ment, the term prodrug includes a conpound
wherei n one or nore pendent hydroxyk)groups frgma nono-o di-, or
trl-phosphateH;waf\NHal| n a coqbg '§L%9nverted to a
group Rz-N-; wherginleach Y i\s aHNesi i A Thus, in the

met hods of treat ON t f1e réuent i [ & 'ﬂlsterlng"
i ncl udes admi ni sty-ati @A ol ﬁL 6;
adm ni stration of; a 6+odr g mﬁich f Formula | or

a salt thereof |% Vi vo. d%nventloﬁﬁl procedurés for tiRé WO

2009/ 111653PCT/ US2009/ 036213 sel ection and pr$@@rat|on of prodrug
derivatives are dé&scrib exanplg-oi n "Desijgn of, ", ed. H
Bundgaard, El s@w
Publ i cati on
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Nunber WO 2005/ 084192. A variety of prodrugs are al so described in

I nternational Patent Application Nunber PCT US2004/ 013063, which was

publ i shedwvaolmtiessaat i onal Publicati on 5 Nunmber WO 2004pP034R3@9/0B621:N0t her
enbodi ment the prodrug conprises one of nore grl_ngs of formula: 0 ORL6 10-p
| RL5 OorORi 7 R18 i titutegn

substituted aryl C cl oal kyl ,\ su stltuted ycIo K

substituted het 4
RI6 is K (pptgbnal NSubSt i uted?j‘ronoc

am no aci d;
optional ly subst/ tuthed nonocycli ¥ hete oarWl; a is H/ haNogen, CN,
20 ORKE, -SsRe1, -Rel,

-00- R20, -CON(R21)2, - O0O2RX®, -SOZRZOR -SOZNRZ-\Q

het erjgar

-NR202, -0-COR20, -0-0O2R20, -SCCRN 002R20 NHCI)R21 - NHCO2R21,
(CF12)p OR22, H,RC /(\@HZ)p SR22; or nd R17 "E'P'e connec@eabw a an
addi tional 3- 5 at gns f d\n a cycl |§N gr 0up, mal ly &b i ning one

het eroatom that /33 position

e b ta a

to the 0 attacheN\tg_the pRgs ho;)us wecj fled as
descri bed bel ow_25Ri8 and Rl9Mre e Jndepen Ntl H al aryl,
het er ocycl oal kyF aral kyl g2 opti onal suB‘étl t yed n’dnoc%/cl ic aryl or

optional Iy substituted m)nocycl iC h eroaryl or R18 and R19 are connected
via an additional 2-5 atonms to forma cyclic grou Opt'?—{]ﬁ”y cont ai ni ng
i ¥honal 3-5 a_toms

0-2 heter oatoms";'ZNor R17 and/R:BS are cothect ed vi a an add
to forma cycli oup, opRionally ©
al kyl, aryl, hetierogycl oal

aryl or optiona)Tyysulsti tqyt
aryl, heterocyc K

5  or a pharmaceutically acceptable salt or prodrug thereof.
In another embodiment the invention the compound of formula (I) is not a compound of

the following formula (X):

HN .. X
2 /N N
e \N
P
NN R!
R2
X)

or a pharmaceutically acceptable salt or prodrug thereof; wherein X is H or alkyl.
10 In another embodiment the invention the compound of formula (I) is not a compound of

the following formula:
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R21 is H, alkyl, aryl, heterocycloal kyl, or arylalkyl; R 22 is H or |ower
acyl; nis an integer from2-5; 35mis an integer from 10-20; and p is an
i nt eger fworm®/131653 Prodrug forns of a conpound beaPCmgseemwioss3
nitrogen functions (am no, hydroxyammgpQ, apidg, etc.) may include the
foll ow ng types of derivatives where dacf Rp group individually WO

2009/ 111653PCT/ US2009/ 036213 may be hydragen, substituted or unsubstituted
al kyl, aryl, al kenyl, alkynyl, heterocy at kylaryl, aral kyl, aral kenyl,
aral kynyl, cycl oal kyl or cycl oal kenyl oupg”as defined earlier. (a)

Car boxam des, represented as -NHC(0)Rp Car bamat es, represented as
-NHC(0) ORp 5(c) (Acyl oxy) al kyl Car bar %
(d) Enam nes, represented as - NHCR
Schi ff Bases, represented as -N:.E
conpounds), represented as RCONHC
derivatives are discussed in various literature sources (exanples are:

Al ex and laﬁ%arrg%ﬁemlc]allyl\{i%g@ta g%%t %9§§dmg%her§ojt8 \’NhéI gﬁ?s %&He&l LA R ﬁlTu de

. or - NHCR( =CHCONRpRp) (e)
DRp (E) nich Bases (from carboxinde

W00415 boXxy earrn éunds inc
esters ¢rri$RR.) where the R group corresponds to any alcohol whose rel ease
in the body through enzymati c or hydrolytic 15@grocesses woul d be  at

phar maceut i cglang ae%lrﬁdaarré thedpygngion Rrrépwear6 HEBAFIGE NS FOMRIESIRG Byp njtrogens
car koxy, e a quaternary salt type of
a1 cot L aopBbtily BT, Ahallith & REURAME GilRRE £ 1N 580 Sa: a0,
In another embodlment the invention B represents a 5, 7, or 8 membered ring comprising
one or more heteratoms and one or more double bonds, wherein B is optionally substituted with one
or more 0xo, thioxo, NR.Ry, F, Cl, Br, I, OR,, SR,, alkyl, C=N, C=C-R, N3 or SO,R".

In another embodiment the invention the compound of formula (I) is:

10
or a pharmaceutically acceptable salt or prodrug thereof.

In another embodiment the invention the compound of formula (I) is:

HzN N\N/

HO N, ¢j

15 or a pharmaceutically acceptable salt or prodrug thereof.

In another embodiment the invention the compound of formula (I) 1s:
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RC(=0)0Cl-c \ xe 25 Nucl eosi de Sugar G oups The term "nucl eosi de
sugar group" as used herein includes cyclic and acyclic groups that can be
i ncl uded e 2dvet1sasgar porti on of a nucl eosi de anal og of PE@rusadea/0B6213vEAny
exanpl es of such groups are known in the field of nuclgoside chemstry (See
for exanple Antiviral Drugs 30 by Jghn S. Driscoll 02) published by
Ashgat e Publishing Ltd.). t erm nucl eost sug@ group includes
di_hydr of ur anyl
w, Nsubstituted and
n conpounds
p (B) bel ow, titdted and unsubstituted
al kyl conpounds i ncl udi ng 35\t e set forth i oup (O bel ow,
substituted and unsubstituted cycl oal kyl and gyclgal kenyl conpounds
i ncluding those set forth i gr®dp (D) bel ow, substituted and unsubstituted
di hydropyrrolidinyl and tetrahysopyrrolidinyl comunds including those
set forth in group (E) below, and substituted and unsubstituted di oxol ane,
substituted and unsubstituted thioxe)ane, WO 2009/ 11%6853PCT/ US2009/ 036213
and substituted and unsubstitute t hi ol ane conpo i ncl udi ng those set
forth in group (F) below. G oup(A S5gxanpl es of sulistiNuted tetrahydro and
di hydr of uranyl conpounds i ncl udg_t hpbse conpounds sented by the general
structures: R sR 7

HO

conpounds including those set f
unsubstituted tetrahydroghi ophe
i ncl udi ng those set forthn-i

or a pharmaceutically acceptable salt or prodrug thereof.

In another embodiment the invention the compound of formula (1) is:

94
95
or a pharmaceutically acceptable salt or prodrug thereof.
5 In another embodiment the invention B represents a 5 membered ring comprising one or

more heteratoms (e.g. 1, 2, or 3) and one or more double bonds (e.g. 1, 2, or 3), wherein B is
optionally substituted with one or more (e.g. 1, 2, or 3) oxo, thioxo, NRcRy, F, Cl, Br, I, OR,,
SR, alkyl, C=N, C=C-R, N3 or SO,R’.
In another embodiment the invention B represents a 6 membered ring comprising one or
10 more heteratoms (e.g. 1, 2, or 3) and one or more double bonds (e.g. 1, 2, or 3), wherein B is
optionally substituted with one or more (e.g. 1, 2, or 3) oxo, thioxo, NR.Ry, F, Cl, Br, I, OR,,
SR, alkyl, C=N, C=C-R, N3 or SO,R’.
In another embodiment the invention B represents a 7 membered ring comprising one or

more heteratoms (e.g. 1, 2, or 3) and one or more double bonds (e.g. 1, 2, or 3), wherein B is
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R8 R7 Specific exanples include, but are not limted to, the follow ng
conpounds: HOvi HObH HO--y)/ HOv HO HOyi HO HOyi HO-NO HO HO HO
HOHO 7 arstoHOM21C145BIHO PCT/US2009/036213

10

15

20

25

30

35

optionally substituted with one or more (e.g. 1, 2, or 3) oxo, thioxo, NRcRy, F, Cl, Br, I, OR,,
SR, alkyl, C=N, C=C-R, N3 or SO,R".

In another embodiment the invention B represents an 8 membered ring comprising one
or more heteratoms (e.g. 1, 2, or 3) and one or more double bonds (e.g. 1, 2, or 3), wherein B is
optionally substituted with one or more (e.g. 1, 2, or 3) oxo, thioxo, NR¢Ry, F, Cl, Br, I, OR,,
SR, alkyl, C=N, C=C-R, N; or SO;R".

Prodrugs

The term “prodrug” as used herein refers to a compound that can be metabolized in vivo
to provide a compound of Formula I. Thus prbdrugs include compounds that can be prepared by
modifying one or more functional groups in a compound of Formula I to provide a
corresponding compound that can be metabolized in vivo to provide a compound of Formula I.
Such modifications are known in the art. For example, one or more hydroxy groups or amine
groups in a compound of Formula I can be acylated with alkyl-C(=0)-groups or with residues
from amino acids to provide a prodrug. Alternatively, one or more pendent hydroxyl groups
from a mono-, di-, or tri-phosphate functionality in a compound of Formula I can be converted
to an alkoxy, substituted alkoxy, aryloxy, or substituted aryloxy group.

In one embodiment, the term prodrug includes a compound wherein one or more
hydroxy groups on a nucleoside sugar group (e.g. a 2°, 3°, or 5° hydroxy group) have been
converted to a group that can be metabolized in vivo to provide a compound of Formula I. For
example, the invention provides a compound wherein one or more hydroxy groups on a
nucleoside sugar group (e.g. a 2’,(3’, or 5” hydroxy group) have been converted to an acyloxy,
acylamino or R-O group, wherein R is a carboxy-linled amino acid.

In one embodiment, the term prodrug includes a compound wherein one or more pendent
hydroxyl groups from a mono-, di-, or tri-phosphate functionality in a compound of Formula I is
converted to a group R,-O-; wherein each Ry is independently a 1-20 carbon branched or
unbranched, saturated or unsaturated chain, wherein one or more (e.g. 1, 2, 3, or 4) of the carbon
atoms is optionally replaced with —O- or —S- and wherein one or more of the carbon atoms is
optionally substituted with oxo (=0) or thioxo (=S) (See Lefebvre et al., J. Med. Chem. 1995,
38, 3941-50).

In another embodiment, the term prodrug includes a compound wherein one or more
pendent hydroxyl groups from a mono-, di-, or tri-phosphate functionality in a compound of
Formula I is converted to a group R,-N-; wherein each R, is a residue of an amino acid. Thus, in
the methods of treatment of the present invention, the term "administering" includes
administration of a compound of Formula I, as well as administration of a prodrug which

converts to a compound of Formula I or a salt thereof in vivo. Conventional procedures for the
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G oup B Exanpl es of substituted tetrahydrothi ophenyl and
di hydr ot hi ophenyl conpounds i ncl ude those conpounds represented by the
gener al swoOQotIr &3 25Speci fi c exanpl es incl ude, but PaTAISa@/0Bé2m3 t ed t o,

20ecanpi AP SRR or (DR s s NeRRTR Y B R DR B
repr esembethghy ed. H.Burldgaard, Elsé%ﬂ‘@ﬁ%ﬁ'aﬁl?hplntematlonal Patent Application Publication
Number WO 2005/084192. A variety of prodrugs are also described in International Patent
Application Number PCT US2004/013063, which was published as International Publication
5  Number WO 2004/096286.

In another embodiment the prodrug comprises one of more groups of formula:

0]
0] [\ /O Ris
10 \\ 0O }I) H
Q_RIS o0 Ry
Ryg R18H

15  wherein:

Ris is H, alkyl, substituted alkyl, aryl, substituted aryl, cycloalkyl, substituted cycloalkyl,
heteroaryl, substituted heteroaryl, heterocyclic, substituted heterocyclic, and an amino acid;

Ry is H, optionally substituted monocyclic aryl, or optionally substituted monocyclic
heteroaryl; and R;7 is H, halogen, CN, -CO-Ryg, -CON(R21)2, “CO;2R 2, -SO2R 29, -SO:N(R2:1)2, -

20 ORyi, -SRai, -Roi, -N(R21)2, -O-CORyg, -O-CO,R 50, -SCOR 2, -S-CO2Ryg, -NHCOR 3y, -

‘ NHCO;R31, -(CHz)p-ORyy, or -(CHy),-SRas; or Ry and Ry7 are connected via an additional 3-5
atoms to form a cyclic group, optionally containing one heteroatom, that is fused to an aryl
group at the beta and gamma position to the O attached to the phosphorus; or R;7 and R;g are
connected as described below;

25 Rjg and Ry are each independently H, alkyl, aryl, heterocycloalkyl, aralkyl, optionally
substituted monocyclic aryl or optionally substituted monocyclic heteroaryl; or R;g and Ry are
connected via an additional 2-5 atoms to form a cyclic group, optionally containing 0-2
heteroatoms; or R;7 and R;g are connected via an additional 3-5 atoms to form a cyclic group,
optionally containing one heteroatom and R is H, alkyl, aryl, heterocycloalkyl, aralkyl,

30  optionally substituted monocyclic aryl or optionally substituted monocyclic heteroaryl; and

Ry is alkyl, aryl, heterocycloalkyl, or arylalkyl;
Ry is H, alkyl, aryl, heterocycloalkyl, or arylalkyl;
R, is H or lower acyl;
n is an integer from 2-5;
35 m is an integer from 10-20; and
p is an integer from 2-3.
Prodrug forms of a compound bearing various nitrogen functions (amino, hydroxyamino,

amide, etc.) may include the following types of derivatives where each R, group individually
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ORI

ITOIlI OC-P-ORI O Speci fic exanpl es include, but are not

limted to, the foll ow ng conpounds: 00 11 H2GP-OHOH 0 O IH

10

15

25

30

35

WO 2009/111653 PCT/US2009/036213
may be hydrogen, substituted or unsubstituted alkyl, aryl, alkenyl, alkynyl, heterocycle,

alkylaryl, aralkyl, aralkenyl, aralkynyl, cycloalkyl or cycloalkenyl groups as defined earlier.

(a) Carboxamides, represented as -NHC(O)R,,

(b) Carbamates, represented as -NHC(O)OR,,

(© (Acyloxy)alkyl Carbamates, represented as NHC(O)OROC(O)R,

() Enamines, represented as -NHCR(=CHCO;R;) or -NHCR(=CHCONRR;)

(¢)  Schiff Bases, represented as -N=CR,R;

H Mannich Bases (from  carboximide compounds), represented  as

RCONHCH;NRR,,
Preparations of such prodrug derivatives are discussed in various literature sources (examples
are: Alexander et al., J. Med. Chem. 1988, 31, 318; Aligas-Martin et al., PCT WO0041531,
p-30).

Prodrug forms of carboxyl-bearing compounds include esters (-CO2Rp) where the Ry,
group corresponds to any alcohol whose release in the body through enzymatic or hydrolytic
processes would be at pharmaceuﬁcally acceptable levels. Another prodrug derived from a
carboxylic acid form of the disclosure may be a quaternary salt type of structure described by

Bodor et al., J. Med. Chem. 1980, 23, 469.
RC(=O)OCI—%+3 = x°

R

Nucleoside Sugar Groups

The term “nucleoside sugar group™ as used herein includes cyclic and acyclic groups
that can be included as the sugar portion of a nucleoside analog of Formula I. Many examples
of such groups are known in the field of nucleoside chemistry (See for example Antiviral Drugs
by John S. Driscoll (2002) published by Ashgate Publishing Ltd.).

The term nucleoside sugar group includes substituted and unsubstituted
tetrahydrofuranyl and dihydrofuranyl compounds including those set forth in group (A) below,
substituted and unsubstituted tetrahydrothiophenyl and dihydrothiophenyl compounds including
those set forth in group (B) below, substituted and unsubstituted alkyl compounds including
those set forth in group (C) below, substituted and unsubstituted cycloZlkyl and cycloalkenyl
compounds including those set forth in group (D) below, substituted and unsubstituted
dihydropyrrolidinyl and tetrahydropyrrolidinyl compounds including those set forth in group (E)

below, and substituted and unsubstituted dioxolane, substituted and unsubstituted thioxolane,
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H2ZGP -OHOHd and 0 0 H2GP-OH OH OHOO Il H2CG-P -OH OH Goup D
Exanpl es of substituted cycl oal kyl and cycl oal kenyl conpounds i ncl ude those
conpoundswoeprenesssed by t he general structures: WD  PCT/US2009/036213

2009/ 111Q53h&HhttP20P % £B&Z1Rd dithiolane compounds including those set forth in group (F)

below.

Group A
5 Examples of substituted tetrahydro and dihydrofuranyl compounds include those

compounds represented by the general structures:

Ry o Ry o
Rg R

Rg R;

Speciﬁc examples include, but are not limited to, the following compounds:

HO 0 HO 0 HO 0 HO 0
XY XA XY Y
HO OH HO HO F HO

HO_\C)/ HO_/,’ o. £ HO_W HO—/,‘ o g
(d)
H

‘Lz/ ‘Q/ O‘Cl’
—=CH,0H
HO OH

HOH,C
15
Group B
Examples of substituted tetrahydrothiophenyl and dihydrothiophenyl compounds include
those compounds represented by the general structures:
20

R'g S R'9 S
and
Rg ' Ry \—
R'g Ry

Rg R,

25  Specific examples include, but are not limited to, the following compounds:
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Speci fic exanples include, but are not limted to, the foll ow ng conpounds:

CH2 G oup E Exanpl es of substituted di hydropyrrolidinyl and
tetrahydrwp;zmrmllimﬁsnyl conmpounds i nclude those conpoundecrascesmsdes by the
general structures: Spe}fd fic exanpbes i ncl u%% but are not limted to,
the follow ng conp T /
HO OH  HO HO  F
HO S HO S HO S HO S
o XY, A, A,
——5=CF; —L=CH; —4=CH,F .,
HO  ©OH HO  ©OH HO  ©OH ©OH
N, X WYY
—\gcm N CHon
HO F HOH,C  OH
Group C
20 Examples of substituted alkyl compounds include those compounds represented by:
? Ris H, Q
00 O—-C -P—ORy,
H,C—P—OR H, OR
2 or 10 O=C -P—ORy H
\\R " L
R13)\ H, i 7 and (@
0—-C _ll)—ORIO 9 (l? H
Ry, Hzc_E_ORlo 00
12 H,C~P—ORyg
Rpp ’

Specific examples include, but are not limited to, the following compounds:

25
L ~CH.
29 09 " oom 99
H,C~P—OH 0 H,C—P—OH H,C~P—OH
1]
OH H,C—B—OH OH OH
. OH
35

Group D
Examples of substituted cycloalkyl and cycloalkenyl compounds include those

compounds represented by the general structures:
R R R
Rg ﬁ f - Rg \i/ H f -
R’ 7 R' 7 R
® Rg R, ® Rg R, ® Rg R7
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HO 450HHOH2C OHHO - OHHO Group F Exanpl es of substituted di oxol ane,
substituted thioxolane and substituted dithiol ane conpounds i ncl ude those

conpoundswoepsenessted by the general structures: PCT/US2009/036213
2009/1 036 ific ut are not limted
Cor t heTRETe RN it alcere RS g & @F"?%@Wltl%ém‘ﬁﬁ&t& s AcFt he

foll owing definitions apply: R?lsH 0144, N3 NH2, (ItHzF' and R7 is H F,

OH, 0-al kyl, al kHO—~suhsts td@ey I HO aI | HOswbgti yut ed al kenyl ,
al kynyl, or substi tut Al kynyl ﬁr an toget may be =CH2, =CHF;
wherein both R7 and ' are not ©H and whem-one of and R 7 is NE12, the

other is not OH and@Owhe®Hone of R7 and RO7 i GHN3, HPe oPMer is not O—| RS
is H OR14, N3, NH2, or F; and R8 is H, F, OH, Oalkyl al kyl , substituted

al kyl , al kenyl stituted kenyl , aI or s st| tut ed aI kynyl; or R8
and R18 t oget her%bb %&1{ }\%w R 8 are not OH
and when one of R8 an % IS NH he not O—| d when one of R8

and R 8 is N3, the @fdherst notH@-i (915 7 and I@thggﬁher ean formll

15
HO
—=CF; S 3 N
HO OH HO F HO F

Group E
Examples of substituted dihydropyrrolidinyl and tetrahydropyrrolidinyl compounds

include those compounds represented by the general structures:

v R v R
an
3 R | R¢\_
R'g Ry )

Rg Ry

Specific examples include, but are not limited to, the following compounds:

35 H H H
HO— § , HO— q , HO—\ X ,
RS E o o CH; s~ CHoF
HO  ©OH HO  ©OH HO  ©H
45 HOH,C O
Group F

Examples of substituted dioxolane, substituted thioxolane and substituted dithiolane

compounds include those compounds represented by the general structures:

R'9 O R'9 9) R'9 S
- AT wAY Y
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ow Rwo 25wherein: R100 is Cl1-12 al kyl C3_8 cycloal kyl, aryl or heteroaryl;
wherein any Cl-12 al kyl and C3-8 cycl oal kyl of R100 is unsubstituted or is
substi t utwo 20116533 substituents sel ected from hal ogenpCyseayp3c2aanr boxy,

o L e o RSB, B PP DMBLARE K BlRAE0,

Ol’pl S Su

unsubsti W 57sSu I ndependent | y

sel ected from R1OHO acho 14s png deptly halo, Cl-4 alkyl,
Cl-4 al koxy, C1 4 alk ?Efi Cl"zagfk@ ul fodyl , g ano, nitro, am no,
phedyl , carboxy, trifldpronethyl, t ifI)uor 8et haxy,/ G _4 al kyl anmi no, di (Cl4

al kyl) am no, Cl-4 al kahoyl, Cl1_4 alﬁ<anoyl oxy, G _4 al kyl oxycarbonyl; R9
is H CH3, C2H5, or N3; R9 is CH20R14, CH2F, CH2SH, CHFOH, CF2CH,
CH2- di phospliadrehe sthiktiréd infGdppoA e, thd2fdilowingldefitidns @l | 00 H2 H -C
"0-P-ORN , -0-C -P-OR10 -C-0-P-ORi 0 or -O-C-P-i)l 10 ;_111}1 PEI
| PRI ] RL2R12 Rsgis H, ORipas, Mil. paili; andR wigdh Fi 8 S2atkah afkyLisubstitwigd alkyhy | |
subgtit ; r i R'- tooether IRA¢ beS an
N 1Pk St EF ALy, Bty ot BT K toscther A¢
- NHCH( i =<Cihy, s0HID); viegzih byth)R; adR 'AfRhét OF; klhd when one of R;7 and R'7 is NH,, the other

is not OH; and when one of R; and R'; is N3, the other is not OH;

Rg is H, ORy4, N3, NH, or F; and R'g is H, F, OH, O alkyl, alkyl, substituted alkyl,

alkenyl, substituted alkenyl, alkynyl, or substituted alkynyl; or Rg and R's together may be
15 =CH,, =CHF; wherein both Rg and R's are not OH; and when one of Rg and R's is NHj, the other
is not OH; and when one of Rg and R's is N3, the other is not OH;

or R7 and Ry together can form

R100
25 wherein: Ryqp is Cy.1» alkyl C;_g cycloalkyl, aryl or heteroaryl; wherein any Cj.; alkyl and Cs.g

cycloalkyl of Rjgp is unsubstituted or is substituted with 1-3 substituents selected from halogen,
hydroxy, carboxy, and C;.4 alkoxy; and wherein any aryl or heteroaryl of Rjgp is unsubstituted
or is substituted with 1-5 substituents independently selected from Rjos;

each Ry is independently halo, Cy_4 alkyl, Ci.4 alkoxy, C;.4 alkylthio, C;.4 alkylsulfoyl,

30  cyano, nitro, amino, phenyl, carboxy, trifluoromethyl, trifluoromethoxy, C;.4 alkylamino, di(C;4

alkyl) amino, C;.4 alkanoyl, C;.4 alkanoyloxy, or Cy.4 alkyloxycarbonyl;

Ry is H, CHj3, C,Hs, or Nj;

R'g is CH,OR 4, CH,F, CH,SH, CHFOH, CF,OH, CH,-diphosphate, CH,-triphosphate,

H, i H H § H, § )
—C"0~P~ORy : —0=C -P=ORyq - —C -O—P=ORyo, O —0-C "P=ORq ;
OR]] OR]] R12 R]2

35
R0 and Ry, are each independently H, alkyl, aryl, substituted aryl,
acyloxyalkyl, or (CH3),-O-(CH;)CH3;
Rj; is an N-linked amino acid residue (e.g. -NH-CH(CH3)CO,alkyl or -NH-
CH(isopropyl)-COsalkyl); and
40 R4 1s H;
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WO 2009/ 111653PCT/ US2009/ 036213 n is 2-5; and mis 10-20. In one specific
enbodi nent of the invention for the structures in Goups A-F. R7 is H,
OR14, N3,wbHB9/anesk; and R17 is H F, OH O0-al kyl, al kylcTaisb@viosazied

al kyl , 5al k %I sLl;llastltut ed al kenyl, al kynyl, or substituted al kynyl; or
R7 and R17 tog% er may be =CH2, CHF wherein both R7 and R17 are not OH,
and when onenm@é 1R20and R17 .is NH2, the other is not OH and when one of RY
and R17 is N3, the other_ is not OH  R7" is_alkyl or substituted al kyl. R8
is H ORL4, I@nerpecifiembodiment githe inyentionfor the strgctyrgeyn CraunsA-F: subst i tuted

sl 108 eryy IS R AL Yo ST Y o
and 5wheslkenyé sobstmed!.atlteﬁiﬁ alRyiyHZor subitaed elkynyﬂ O0R 7 £otd; R'amgethbemap be of R8
?Jr-llgagi?ré%’lzﬁ hphRein SR Q@h&g}e obOBR Ol BhEDPRCO! IR Do N & deother
- 13- ORLQ nog()H? aljrdgwﬂgg'gne of R, an(a’[@ 1s %3, f_'htejo%er 13%1 @i%l:ﬂ-? is alkyl or substituted
alkyl.
Rg is H, OR14, N3, NH,, or F; and R'g is H, F, OH, O alkyl, alkyl, substituted alkyl,
10  alkenyl, substituted alkenyl, alkynyl, or substituted alkynyl; or Ry and R's together may be
=CH,, =CHF; wherein both Rg and R's are not OH; and when one of Rg and R's is NH,, the other
is not OH; and when one of Rg and R'g is N, the other is not OH;
Ry is H, CHj;, CoHs, or N3;
R'g is CH,ORy4, CH,F, CH,SH, CHFOH, CF,0H,

H, § H, (u) H, T Hy i .
—C-0=P=ORyp > —0~C -P~ORyo » —C ‘O=P=ORyq, O —0-C -P=ORyo '
20 ORy; ORu Ry, Rpp

Ry and Ry; are each independently H, alkyl, aryl, substituted aryl, acyloxyalkyl, or
(CH2)y-0-(CH)mCHs;

Ri2 is an N-linked amino acid residue (e.g. -NH-CH(CH3)CO»alkyl or -NH-
CH(isopropyl)-CO»alkyl);

25 Ry; is H, CH3, C,Hs, CHyF, CH,OH, CH,CH,F, CH,CH,OH, CH,N;, CH,CH,NG3,

CH;NH,, or CH,CH,NH;;
Ris1s H;
nis 2-5; and
m is 10-20.

30 In one embodiment, for a compound of Formula I, Ry4 is replaced to form a
pharmaceutically acceptable prodrug, for example, a prodrug selected from the group consisting
of: acyl, oxyacyl, phosphonate, phosphate, phosphate esters, phosphonamidate,
phosphorodiamidate, phosphoramidate mono ester, cyclic phosphoramidate, cyclic

phosphorodiamidate, phosphoramidate diester, C(O) CHR;sNH,
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R10 and Rl are each independently H alkyl, aryl, substituted aryl,

acyl oxyal kyl, or (CH2)n-0-(CH2)i nCHS; R12 is an N-linked am no acid
resi due (Wo@ooy/Mss€H( CH3) CQ2al kyl or - NHCH(i sopropyl) - O@2alusgdop/03@25R13 i s
H CH3, C2H5, CH2F, CH2OH, CH2CH2F, CH2CH2OH,o CH2N3, CH2CH2N3, CH2NH2, O

CH2CH2NH2; R14 is H n is Q- g and mis 10- 20\\ Rane embodi ment, for a
conpound of Formula |, RE4pi’sS ced to forma grmaceutically
accept abl e prodrug, for ex%r‘rpl ) pRnsdrEf@' Ry om the group

consisting of: acyl, oxyacyl>p phonat e, plﬁo aie, phosphate esters,
phosphonani dat e, phosphor odi ani dat e, phosphoré?n]%llat e nono ester, cyclic
phosphoram date, cyclic phosphorodi am date, phosphoram date di est er, C(0)
CI—IR15NH2lzl VO 2009/ 111653PCT/ US2009/ 036213 0So R16 and0 RL7 R A 1Y RL8
wher ei "VP9%4'8- 18 H, al kyl, substituted al kyl, aryl, substituted aryl,

I
ﬁ/eteroaryl substituted heteroaryl, heterg/cychc substituted heterocyclic, or an amino acid;

5 R¢ is H, optionally substituted monocyclic aryl, or optionally substituted monocyclic
heteroaryl; and Ry7 is H, halogen, CN, -CO-R3, -CON(R31)2, -CO2R20, -SO2R20, -SO2N(R21)2, -
ORy}, -SRy1, -Ra1, -N(R21)2, -O-COR 39, -O-CO,R 29, ~SCORyg, -S-CO2R39, -NHCORy, -
NHCO3R31, -(CH2),-ORy,, or -(CHa),-SRag; or Ry and Ry are connected via an additional 3-5
atoms to form a cyclic group, optionally containing one heteroatom, that is fused to an aryl

10 group at the beta and gamma position to the O attached to the phosphorus; or Rj7 and Rys are
connected as described below;

Rig and Ry are each independently H, alkyl, aryl, heterocycloalkyl, aralkyl, optionally
substituted monocyclic aryl or optionally substituted monocyclic heteroaryl; or Rig and Ry are
connected via an additional 2-5 atoms to form a cyclic group, optionally containing 0-2

15  heteroatoms; or Ry7 and Rz are connected via an additional 3-5 atoms to form a cyclic group,
optionally containing one heteroatom and R is H, alkyl, aryl, heterocycloalkyl, aralkyl,
optionally substituted monocyclic aryl or optionally substituted monocyclic heteroaryl; and

Ry 1s alkyl, aryl, heterocycloalkyl, or arylalkyl;

R»; is H, alkyl, aryl, heterocycloalkyl, or arylalkyl;

20 Ry, is H or lower acyl; and

p is an integer from 2-3.

Synthetic Processes

Processes for preparing compounds of Formula I, or a pharmaceutically acceptable salts
or prodrugs thereof, as well as processes for preparing intermediate compounds that can be used
25  to prepare compounds of Formula I or pharmaceutically acceptable salts or prodrugs thereof are
provided as further embodiments of the invention. For example in one embodiment the
invention provides a method for preparing a pharmaceutically acceptable salt of compound of
Formula I comprising converting a corresponding compound of Formula I to the salt.
In another embodiment the invention provides a method for preparing a prodrug of a
30  compound of Formula I comprising converting a corresponding compound of Formula I to the

prodrug.
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5R16 is H, optionally substituted nonocyclic aryl, or optionally
substituted nonocyclic heteroaryl; and RL7 is H, hal ogen, CN, -CO R20,

- CON( R21)Wwo 20 RA8, - SO2R20, - S2N(R202, - OR21, - SR21PCTRZ2009/4%2Z3

-0 00R20, -Q O02R20, S 0, -S-02R20, .- NH 1, .- NHCO2R21

- (CHR2) p- cRo " TGPUEY prbY e e inyenpaPIg e mﬁ@ fop RireRTE? G9aPand of

addi t i oPernubs BecthsiSing @epk@RECIR aC6elebSor@iRUdmpdRthd 8fPbinil £ PiHaBédthfieked Bfe
heteroatom that is fuséd to an aryl 10 group at the beta and ganma

posi t i ofr meretpeteciingt graepscd praviderbe phmppimst efdormulaR17 and R18 are connect ed

as desc§ingﬁegi 3eieowi ! R18 and R19 are each independently H, alkyl,

aryl, :  aral kyl, optionally substituted nmonocyclic aryl or

optisonal | y suRsinkéntioRchloecned éiy%tH%ﬁE atoRiiatesOthatRkSuhgl fBHrepirtgConnect ed
o]

via an additional 2-5 atons to rma cyclic group, optionally containing
0-2 15 frannrauads ofnfiormuta IRora sali@r Riglireg therpofinBer exdmpiea therinseidionipseddesnosel

. L ' | . i ni h d
PN e R e R S e

nonocy clsbmerayll Phksiefitiognal | y substituted nonocyclic heteroaryl; and R20 is
al kyl, aryl, heterocycloal kyl, or arylalkyl; R21 18 H alkyl, aryl, |

het er ocycl oalt kgl be gppragigied biyyhose skiled in thejartghat|compoundsyaf themyenfidndhaying a

I ntgger .f : T 2r O f | ng
coroaniuta R ey U B L PRI R Sprcat bV RERRTF el B "D o0 g
t her eof congouned mapsxlfibio peBarspHiah. i€ pEbd MgcrsidwY thedhapesenipaentids t hat can
be used 25 to prepare conpounds of Formula | or pharnaceutically acceptable
salts ofCRMBATSEE TReFRIST ORficallyraciives el yEorRhie. tiHEpmenis: 08 SiFEsotsomsTic den, or

i nventi el ' t | ' | . d
For - pr cagunee e T e ohiboifo P ACHER (4% coPifolid Se RNl F Shidh ARpe
conpr i sthagsafolnwepdriiegdaciiled lesqinidbeiges oehtavwd iothefaprirow @ prepare bpticdilyt . | n
anot her enbadi ment the jnvention provides a nethod for preparing.a prodrug
of 3oa088ﬁ§9mﬁd9%fexwlﬁu‘?>éwﬁol%%9ﬁo e ﬁfgce%ﬁffmqw@masfe@}zﬁ %@ﬁﬂfpﬂg& by
conpoungnfesik o bicallP-abfiee RAAHE Hidterials, by chiral synthesis, or by chromatographic

separation using a chiral stationary phase) and how to determine anti-viral or anti-cancer activity

using the standard tests described herein, or using other similar tests which are well known in
the art. Although the invention includes all isomeric forms of the compounds described herein,

20 one embodiment of the invention provides compounds having the absolute stereochemistry
depicted in the Examples hereinbelow.

Pharmaceutical Compositions, Modes of Administration and Methods of Treatment

The present disclosure provides compounds of the general Formula I as detailed above
which are inhibitors of DNA and/or RNA viral polymerases and anticancer agents. Various
25  forms of DNA and RNA viral polymerases are inhibited by the compounds disclosed, such as
but not limited to viral RdRps. The compounds of the present disclosure therefore have utility in
treating and/or preventing viral infections in a host and in treatment and/or preventing a variety
of disease states and/or conditions caused by or related to such viral infections. In one
embodiment, the compounds are useful in the above mentioned treating and/or preventing by
30  inhibiting a viral RNA and DNA polymerases. Such viral agents include, but are not limited to,
hepatitis B, hepatitis C, human immunodeficiency virus, Polio, Coxsackie A and B, Rhino,
Echo, small pox, Ebola, and West Nile virus. In a particular embodiment, the causative agent of
the viral infection is a flavivirus.
The present disclosure provides for a compound of the general Formula I and a

35  pharmaceutical composition comprising a pharmaceutically effective amount of at least one
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Phar maceut1 cal nposi ti ons, Mddes of Adm nistration and Methods of
Tr eat rrent The cPmepopndsdastriblidsart admimistgredid @Ip,haru@ﬁgﬁmldﬁs eig¢ctivhemgante T he

pol Yner egB et divaffatteral of e Yofmolnt w e Sofieest el £ 2
pol yer @&sgfosiiof auﬂlmlaefeﬁ%nyoﬁ dHRIre0vaP dBskhddigS§loa k@B wn Fakbrs asuch s theot

limted to viral ;B The conpounds of the present disclosure therefore
have utPharmgeqdsnamie arragteaﬁwsmf ﬂmmwlarwgewfndutsmﬁ@cﬁnﬁéﬁ@e A a host and

condi ¢+ SRR, s AT aPEuieiR ol B Yebsht: BRRTRL AR SpRPHLE discase

enbodi nastt or bdsmlne@fmwmﬂ@ oﬁé@cuﬁaitufeatrmbn&,hﬁe fbqueacyefireaimest; anéticieffgcand/ or
preventing by 30 inhibiting a viral RNA and DNA pol ynerases. Such viral
ageltt s §ss8¢dide, but are not linited to, hepatitis B, hepatitis G, human

| munodef i Ci\/é K"H%)sraﬁé of 54 \)eq?‘grg&)éﬁtac%'bg eg?&gﬁ)lgg)ie%h{ft% O(EI%Q’OO@ %

Ebol a, and e-virus articul , e causati e agen
of the (\nig)epler kMgazhl(bgl) dfsbodyweaghtpexrdmy InTdre qmmslanentdihsct(btalsamcamprsmmt\dw for
ar mace tical

o B RSl GP S P ofBTRGR
2009/ 1 1jnady %09512@ Qt?é/fgé%éaoout 50 mg/kg of body weight per day; in yet another alternate
25  embodiment between 0.1 mg/kg and about 30 mg/kg of body weight per day. The above
described amounts may be administered as a series of smaller doses over a period of time if
desired. The pharmaceutically effective amount can be calculated based on the weight of the
parent compound to be delivered. If the salt or prodrug exhibits activity in itself, the
pharmaceutically effective amount can be estimated as above using the weight of the salt or
30  prodrug, or by other means known to those skilled in the art. The dosage of active ingredient
may be given other than daily if desired.
The total amount of the compound administered will also be determined by the route,
timing and frequency of administration as well as the existence, nature, and extent of any
adverse side effects that might accompany the administration of the compound and the desired

35 physiological effect. It will be appreciated by one skilled in the art that various conditions or
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surfactants, lubricants, and inert fillers, such as lactose, sucrose, calcium phosphate, and corn
starch. Tablet forms can include one or more of the following: lactose, sucrose, mannitol, corn
starch, potato starch, alginic acid, microcrystalline cellulose, acacia, gelatin, guar gum, colloidal
silicon dioxide, croscarmellose sodium, talc, magnesium stearate, calcium stearate, zinc stearate,
30  stearic acid, and other excipients, colorants, diluents, buffering agents, disintegrating agents,
moistening agents, preservatives, flavoring agents, and pharmacologically compatible carriers.
Lozenge forms can comprise the active ingredient in a flavor, usually sucrose and acacia or
tragacanth, as well as pastilles comprising the active ingredient in an inert base, such as gelatin

and glycerin, or sucrose and acadia, emulsions, and gels containing, in addition to the active

35  ingredient, such carriers as are known in the art.
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balance (HLB) of from about 12 to about 17. The quantity of surfactant in such formulations

ranges from about 5% to about 15% by weight. Suitable surfactants include polyethylene

sorbitan fatty acid esters, such as sorbitan monooleate and the high molecular weight adducts of
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Er1 ot hanap it e xR RNC e BRI oty B8 i a0l

det er geplasmsasaticAly, acf:@ta‘tﬁe( ami);blents grefertbly|ddi ek hyd:mjﬂhum hmidndﬁsshe aniste

al kyl pyri di ni um hal i des, ani oni c_detergents such for e
al kyl , Bgtpd len%maggp@m ﬁwéw Ssstsade-effgefsy Pul %hl%?a}rﬁersgfl @?Clplgwa ﬂ@\%m yceri de

SU|lf0at es%wem%uéybi REMES %leﬁ?d gx%}y;ylgggg@e{nk qt &?Qﬁﬁ ard 8fhuds, s@PackOr

exanple, fatty am ne OXI and pol yoxyet hyl ene
pol ypr cgesilve agent SuEpyndEngs age(rﬂ)talziaqntg)ltmders, ldImhcmngeﬂa\s)r$ EToli ] cab;rmg egergxanpl e,

al kyl . beta..-am nopropi onates, and al kyl i m dazol j.ne uater ni um
Sal Vs, and (B SAOHRURGS L RE PEST Al AL OF 31 CHBPAGH W SUEy SR y
cont ai rb&ﬁ;%bﬁ@% be nRide R0 ABRWI fgﬁx(ﬁlgeroﬂy% ghtainidtied @fai muﬁaﬂlcng rm@lgee nt in

sol ution. Suitable preservatives and fers can be used in such
30f or mdeagsobfosmulationy @arbetp}aqmmtmmasmzeélapmpMmep¢lim puph ast the site of

t t t
g SCHoRG e SRR RRIs, bRt B SRtk Niveh Sep oot M oAt °
The quai}k nbtéredl dosé! idhakta ”Fhe?r RIDURLY boforMlRtddU PhimitResidalsatt ARRPfesfited O
about 15% by wei ght. Suitable surfactants include pol yethyl ene sorbitan

fatty a@?ﬁﬂr@tsqrér%wh%m aebubisertsir paptominerol eat e and the h| gh mol ecul ar

ht add 2009/ 111653PCT/ US2009/ 036
\h\aj?o;hgbig ase I\APO SacaBbetpheese %&W&‘ﬁaﬁ’%ﬁfé‘%ﬁ}%@ ene §§t%31€gse lwr%lta}g :

propyl GbﬂﬂpLgésy&ﬂMals and caﬂ@étﬁ&@ﬁﬂhlffé@ké &n&?@ﬁﬂ}ﬂﬂﬁle&) @dﬁdittﬁn&ﬂﬁ@nﬁg enlgltbe
wel | -known to those who are skilled in the art. The choice of excipient

wi 130 beaddiioarafithrodienils ligaid exsipiamcoparample vertere B pagstipns dgnmgdigtely prior to

use. Extemporaneous injection solutions and suspensions can be prepared from sterile powders,
granules, and tablets. The requirements for effective pharmaceutically acceptable carriers for
injectable compositions are well known to those of ordinary skill in the art. See Pharmaceutics
and Pharmacy Practice, J.B. Lippincott Co., Philadelphia, Pa., Banker and Chalmers, Eds., 238-
25 250 (1982) and ASHP Handbook on Injectable Drugs, Toissel, 4th ed., 622-630 (1986).

Formulations suitable for topical administration include pastilles comprising the active
ingredient in an inert base, such as gelatin and glycerin, or sucrose and acacia, as well as creams,
emulsions, and gels containing, in addition to the active ingredient, such carriers as are known in
the art. Furthermore, transdermal patches can be prepared using methods known in the art.

30 Additionally, formulations suitable for rectal administration may be presented as
suppositories by mixing with a variety of bases such as emulsifying bases or water-soluble
bases. Formulations suitable for vaginal administration may be presented as pessaries, tampons,
creams, gels, pastes, foams, or spray formulas containing, in addition to the active ingredient,

such carriers as are known in the art to be appropriate.
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5 by the particular nmethod used to adm nister the conposition. Accordingly,
there is a wwde variety of suitable formulations of the pharmaceuti cal
conposi t iwo 2009/ties3pr esent i nventi on. The foll ow ng net ircatarsasnd/oaseas pi ent s

are nerely : : | J, 08 L Wﬁ{g?&ﬁ t
accept abl e géﬁ?%ﬁ@é\%g a[gér’j%l?g&l é%@@ﬁgﬁéﬁ%%t spﬁ%btéér Q%thg\?\ng{ the acgiao%ﬁg{‘oy‘?%e
act i ve ofithe patsaniseatich daneiticatais evaklve! sel, althlarchfdiae titan digirbablcen barri ers
and exci pients include 10sol vents such as water, alcohol, and prapyl ene

gl ycol , Used g simmistsr 3aniticuls gomppysh e particylar zoue 63t Prowids ganers masd s #dng
agent, | 8F. [ r LR d s, flavors, and coloring agents.

The con%g%negfsekg?e{%hgﬂ%rtg%%nt |érr1\%§1ﬁ%'i on, alone or in conbination with other
sui tsabl e conpsafelrnshodaentbef pratieaddutical alesapedbrioforadminisarasionh of e

adm ni st er ed gi a i npal at Lon. These aerosol for rrulcﬁtifgﬂs can be placed into
pr essur{RRPUBETRAG OGO he Brsses Arventian ean besillparaiedan ISHOWS | uor onet hane,

propane, anda Bt A8SBer cﬁ%%?ﬂ-ﬁﬁ'll%ﬁ%ﬂés%@?%e?%ﬁ%? fiiL ap BHIA-Ble8é REEdDY

net ered dose inhalers. They al so y be armaceuticals for
non- pr egdatinectapsudgsaactt vithd 00 sncdf msvderedaactied ingratkent.or50ang af bwiozerS0 mg of
The formldlg tion can%g)e%ﬂpr esented in unit-dose or nulti-dose seal ed

cont ai n&TL0Sg A0 e f IAHNEYUMNFAAS| s and can be stored in a freeze-dried

(1'yiphi |1 zed) ntiQRsl bf RAivE BPédidi9n 2 QigéshiblE o AadHAst do9Beanloill B&tcHs&dd difod 1 qui d
excipient, for exanple, water, for injections, immediately prior to use.
Ext enpoelamseslis prappeedtand injsatdiby oxesnsofch musgjpenkiplassmentpupe mtematten gélatm

teril wd g I d tahlets. i f fecti
ohar macdeear s B SR ERh otpitd ol ! P S OIS OIS A ¢ vel |
known t®adhb@aRd Bfied Mhe Aativ idkictient CantBeeigblved €8 nitk@k BRI dIREer dydNar macy
Practice, J.B. Lippincott Co., Philadel phia, Pa., Banker and Chal nmers,

Eds., 2ggcermsmgorbioBp)preprde ASHEr Hapeibleakedi¢ing miect abl e Drugs, Toi ssel, 4th

ed.,. 622-630 86) . Formul ati o sui tabl e . for topi . SLration
Tncude: past MRS Mpher of bR AP B RORy Py BB pRloed BB e PR L1
as gel atiinisdnd nf yeR VO inglIdi . Da cedllsidaldiRconatioNe,|5 1B of aghdsium

enul sions, and gels containing, in addition to the active ingredient, such
carri erscaatead’s meahmisracrysfalliae cellpose; hememistareh. and 88 8mag oblaetopes can be

Gl bl Py PP AR B Al W BE: a? BOUBMICARR ek done BRRBNI %5

m Xi ng elegadncaandgtatitity @fdegsadsorptieh as enul si fyi ng bases or water-sol uble
bases. For atigns suitahle for vagi nal, adm nistration be presented as
pes¥ari es, %@fﬁ%&e refassARdletyernsules 35 s0did org) gvgagedpriyipa sb?cmyﬁla%onapandd

cont ai nj i 3N : Cti i | : J AR =1 are
oo 1A% BB LA AR S A 1
One ski ddligeryi of thhmedication. The agtprecingratient ik atixediint zaliiqued pexthiothg ingredient such

ava | abfecuedin g FROULH e e e Tabioe arcsadoised j88aB TS Ll & Gples
parti Cub@freGRUPAHREnd SoliiAdt: ExthRtioh RldhRiqEA TRE AMledRnfoliRdLmb{THE BbrdbRsRAd
nore effective Teaction than another route. 5Useful enbodi nents of
phadSmaceiih visadelaitis age tHeomnelastisrsugahwiand polysuersoor efferteseent oompponedts taeresiude ng
to the Iporrggserﬂgtriicgsy i%petnidgg' fo??rrr]lm% iaiteI rle e%ger, %vtiﬁl%u? t?le fngelci c?f,\\,z%rater.

Moreover, the compounds of the present invention can be administered in the form of
nose drops, or metered dose and a nasal or buccal inhaler. The drug is delivered from a nasal
solution as a fine mist or from a powder as an aerosol.

30 In one embodiment, the teachings of the present disclosure provide for the use of such
pharmaceutical compositions and medicaments in a method of treating a viral infection or
treating a disease state and/or condition caused by or related to such viral infection. In one
embodiment, the treatment is the result of the inhibition of a viral RNA or DNA polymerase,
such as but not limited to a RdRp. Such treatment or inhibition need not be complete to be

35 useful. The method of treatment comprises the steps of: (i) identifying a patient in need of such
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A | arge nunber of hard-shell capsules are prepared by filling standard
t wo- pi ece hard gel ati ne capsul es each with 100 ng of powdered active
i ngredi erwo 208011nag30f | actose, 50 ng of cellul ose and GPR'U/IISfZO(]Smgﬂlesi um

stear att?eatrfx%c t) H’Vuﬁngg ﬁ%ﬂaﬁﬁa&}eﬂﬂ&ﬁ@bﬁ@&si{i& @or%igglﬁtét a6t fielcom!

6
soybean ol onsee or olive ol "I's prepare I nj ect eg by means
of a pabe irivertiali; apd Gdpadminigpering sunh phalateanicgbdapasition ifi aitimrgmmiaticajyl at i n

capsul e Cont ai ning 100 of .the active ingredi The ca sul es a
e hed SR R o Vel G uah B pAsH BESeH Qe SRR OTXRIPE
pol yet heﬁé'u@ﬂ?oga Vﬁ’&llRNﬂlo\f?ﬁ‘ﬁA oﬁ%té&r{?'afpsﬁeﬁt?n RERIRATSBelRr¥k@At. M Sci bl e

medi ci ne mX. | ar ge nunb are prepared by conventi onal
prodedur es sl mhambbdmamnsthacmngs ofsthelﬁﬁserg d[sbloamtclpr@vidm@xrelmﬁ watof sach2 g

m o1 ocr TR CamPOTOR S ks ensy BAGRE aNA B0 1 o5 PTPATT B vl

Appr oprihfcBoR B ReHitRAR & BRSbr&IHR AR s th R AR FRYoRRt (PRIt &Lby! 6 feRddasse
pal atability, inprove elegance and stability or delay absorption.

201 mmediugh elralen@afsen tlabheembedipent, g preeensioh jod srmpaftssmse@le ré¢sottred theade by

convent.i e These ynit.s ar |l yo Wit hout

wat er fBﬁ%at?ﬂ?e(’g% ) Mgﬁmﬁﬁﬁr%ﬁéls}l ?%P%f‘oﬁﬂf@%ﬁ‘gg) a(?%@%nsuclhhe active
i ngedi @BVenkiSn,Huppésdich 8r inhibitich £ hdt l% Qnplag k& BE QsefulS e nddhsligrRr |
gelatin, pectin and sweeteners. These liquids are solidified into solid

t abl et sProvensiag pestsopbgssmg ean eptimally gommrisesahe steps oft 6) identifying apaticatiricades.
The dr U gaifgﬁ%%%?on”g% ?\fl&i%rn%{lc Sﬁ?a%ngﬁpgﬁglreoﬂp?g?gr O%ﬁtﬁ%lf%rhq letalglecgr{go el astic

sugars an yhers esc ents uce porous natrices

i nt ende@bnipaiund oTreeiggh&ral Bdr@asel; andl (i) Himinieriipashic phaveiaeutical compobhioadrer ,
t he conpounds of the present invention can be admi nistered in the form of
nose drihsrapgiticatly effediivessouahie raevpa& ar squsﬁ&wnai Fveqtiep in FRatient ipynged

del
aer'3s01 i BERSRRARAL ifbitlHeIB oy Bl |08 K An@ PNA BElARCPRRIES piferkh
pr ovi dendedof kv tteaemedt. such phar maceuti cal conposi t| ons and rredl canments in

a nethod of treatin a viral  infection or treating a di ease st at e and/ or
condi tion cabRéBetyodue! thefragting and ragienting a yiral 1erég?1i‘ 8h2 IIS??‘SB ﬁté‘teear?géfﬁ i ment,

the treahaRidh ciaﬁseh fﬂ,? orr?élb'ﬂea t(?) §aid bﬁ iRk Rb b l&l R?) ﬁﬂ‘%he"i1 céﬁ'n Abe ZMinRlerinbA

pol ymer ase, suc but not |mte to a uch t eat ment or |nhi bition
need nohetapewmaiby effective ahmuﬁﬁoﬁw&fmpouna loé thegtrévont mf/erttroea'n wembingopwitbes t he

s of: (i).identifyin | n. nee d of such
B 1 Toissbebser{iESlissive s8sa Changihes Aet-v g e U s Skl MAY B Sie ca
cormOSI ddafi3t GOt @lg@h@ Achbe RRRE HONCInE RIAR WA dretot 1iRBteld MY Gak R, 169B0irinl 1 1)
adm ni stering such pharmaceutical conposition in a therapeutlcal

ef f ect i vimmidmanthymosinratpdie- I, e inkiibigdr of FF@E NSGrsefine propeasé.@ntinhibitereddnesinesuch
kDb, S, St BT 221 B
pr esent coMbiRAtRAWT entBifE h dearldGibal Hh, H $6mBinatibf Bf peginterferon-a and ribavirin, a
25  combination of interferon-a and levovirin, and a combination of peginterferon-o and levovirin.
Interferon-o, includes, but is not limited to, recombinant interferon-o2a, interferon-a2b, a
consensus interferon, and a purified interferon-o product.
The compounds and pharmaceutical compositions of the present disclosure can be
administered to patients to prevent and/or treat a number of cancers. Cancers include, but are
30  not limited to, leukemias and lymphomas such as acute lymphocytic leukemia, acute
nonlymphocytic leukemias, chronic lymphocytic leukemia, chronic myelogenous leukemia,
Hodgkin's Disease, non-Hodgkin's lymphomas, and multiple myeloma, childhood solid tumors
such as brain tumors, neuroblastoma, retinoblastoma, Wilms Tumor, bone tumors, and soft-
tissue sarcomas, common solid tumors of adults such as lung cancer, colon and rectum cancer,

35  breast cancer, prostate cancer, urinary cancers, uterine cancers, oral cancers, pancreatic cancer,
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pharmaceutical conpositions and nedi canents in a nethod of preventing or
suppressing a viral infection or preventing or suppressing a disease state
and/ or comgi2névniesaused by or related to such viral infecriuseo09ioss2ane
enbodi : ] essl.on i s. : he,d.nhi bition
of a vi P oRE O EY R Phels, SHRRGEIRES olhiah dpdef hip ihols M licR o O
10 pr evianyped caisdepphpeil ncet edophidenl ¢apbern atitestituld e anenltetoanded nby besef ul .
The net hod of preventing or suppressing can optionally conprises the steps
of 1 (i )relatrdroiarwiahtectionr apectiityfayigh Dk ar RNEVRHYMeRse-(i i) provi di ng
such pharrra(‘;ﬁjlrg' o Wl :Qapaingd of the
general Fornu aﬂl%?b(}frﬁ ??&F%ﬁr%?%ﬁ g’?%\t%gﬁ%%‘ng%rcﬁg%ﬁlg? g’g&ggﬁtl cal conposition
in & thelndpstering af b yhahdthetapyeicagentih combjadue mwithany i fieroesmpotunds ori r al
infectiqn in a patient in need 15 of such treatnent or to_inhibit the

act i vi tRhagpaceulieal spmpREtaRRPIRAPISEANY fHsFloswre %H&S%?ﬁﬂleew@mrher@saﬂfo?ge%m

treat mept 4t fipd : ERY AR BERYERDIARY SlhiEdlohhEgihBN OF
a di seaseenégigfee angﬁoéugé%%???% callljé;re gagé ripgtce yto sal éovi ragltotll

i nf ect i comsiveyg Halkyletincageptsi ssinadabotitest satimayp@dtdterimpmoni @génty, apfif ect i ve
anount of @ conpound of the present invention in conbination with a 20

t her apettsf QPF‘%}E@@F@EH ve anount of another anti-viral agent which, in
parfig cul ar, EBYnA& Sk &iRIHARth i PRRES Apld VRuRSRI shioH@bucNC! ude,
but are not i m'I?e.d to,}){rilbavieri n,el:%@é{{l/évi i nS Wi ram di ne, th)c;.m)siu.n al pha- 1,
an i nhidspglam, &I’imlhﬂ@ﬂeNSBl(mhnmhemﬁdeotneh;éleLanameﬂﬂMeﬁime, pfocarbazinpehiotepa,
T b Sy R E AR b o ST Bk BE S S SRR,

conbi naddcibagihe RPN, SiPRxBmBIrhdIRAMe! | N, @ 25conbi nation of
interferon-a and |levovirin, and a conbination of peginterferon-a and

| evovirin. |Frasmiles efithamothsrapgutic agsots thas anvantimeiphadicestineludeesettant

o1 arabinOside orquracil, gerﬁm S a, mercapio met 1 aserine.,

oy rannaid. AR BnBeRinCnrBRTAREY B Alf e Al Al o
of the thiogagithe, dloxatiaime! Budiadbiie cRAAbRE Sh& L adpiragipade ents to prevent and/ or
treat a nunber of cancers. Cancers include, but are 30 not |limted.to,

| eukeni as anéxampiphefrhsmethernpgytiaegents thatmshertyiel produgtk Eelude agipqnaycin D,
nonly I: ] e | ti ' ol gJ el ogenous
ok e B s B, b B R e el o,
chi | dho@dclitmtdl Y tdxotepe, Serfi pedided vinkrisine, {imoBllsine, igitirallaial idampbidiet i nobl ast oma,
W I ns Tupor. bone,tunors, and soft-tissue sarcomas, conmmon solid tunors of

addh s M&EHRéé?%ng(_p@smmh}%am Q?Pxé{?ﬁOF’éﬁ‘tl%rm cancer, 35breast cancer, _
e < vo Sl AR s b 0BT i dihahh e G0N Shnd R AhoRAC L AmpIBEOFHE St | ©

st onmac hafomsaid misapilandoms chanctherapbutiziagents inwihgle rhitotene, oatoxantroreavinblgstie,
cancer, t groi.d cancer, esophageal cancer, and testicular cancer. The
cancer YiSUfated to a viral infection or an activity of a viral DNA or

RNA pol ymer apig: ablikg JFalddeeud ol iiRibltVvaal hEIgmaRdedUal bR RVAINSE RS kndRY al SO
conpri ses further adm nistering of a chehotherapeutic agent in

cord$i natssays. Wiht bty oD carhpoundrip ikl HEYV NEAB palymsraseain borpasited vhing the t he
pr esent ﬂi scl osure. Any suitabl e chenotherapeutic agent can be enpl oyed for
this puUPHBYRE %KY chenot her apeutic agent is typically sel ected from the

group CHOYIN$sMPoRmabdkYARLY N0 agents, antinetabolites, natural products,
hor nronal agents, and m scellaneous agents.

Antiviral activity of the test compounds was assessed (Okuse et al., Antiviral Res. 2003,
65, 23-34) in the stably HCV RNA-replicating cell line, AVAS5, derived by transfection of the
30  human hepatoblastoma cell line, Huh7 (Blight et al., Sci. 2000, 290, 1972). Compounds were

added to dividing cultures once daily for three days. Media was changed with each addition of
compound. Cultures generally started the assay at 30-50% confluence and reached confluence
during the last day of treatment. Intracellular HCV RNA levels and cytotoxicity were assessed

24 hours after the last dose of compound.
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10Exanpl es of al kyl ati ng chenot her apeuti c agents include carnusti ne,

chl oranbucil, cisplatin, |onustine, cyclophospham de, nel phal an,

mechl or etWwarmeveLiigssocar bazi ne, thi ot epa, uraci | nust ar d PCT/US2009/036213
triethylene S ' ' ' ..
dacar bazi nemﬁlc@[%o hjf%%% Vh@gﬁg‘f% 8 ‘Rr#lgg&&)%gg}rergipgstésgg @E@rtgf?mcny
chenot heh®pewdli plaﬁg)e\ﬂél‘é utsétatA i ofl @ﬁxhﬂi&’éﬁb@ todtes cilbabs)dad ayplatenaltures
15ar abi nosi de, fluorouracil, gentitabine, hydroxyurea nercaptopurlne
met hot rigsaiadewith o-inigrfpion and mbé@nlarfimrv@d a$ pesitivq antiviral andesieEpEFETolE | adr i bi ne
and L-aspar t ral
products in??l'trge act wgl le% lswe?%egﬁ{ﬁggSH%go@ﬁ}%gﬁ%%aﬁ Bg) 2%1%1%%[%‘1{
doxadr ubinethod ireivhiea ¢ RNA leglkairdinéimalifedClo thildypoff B-auiel RNAtlﬁmiher e,
teni poside, . vincristine, vinorelbine, mthranmycin, idarubicin

M THRAGPFIdual elfuee (leyse p! ala dntiyio Ree G083, rﬁ5€? 34). Cytomméwhaél%eaéweé

hor non f
A or es o B R K e R R P F S A TN
i t oxantevesn e the irebted stltures ara Replessediat 8 perentdfeofzahe hichy lavklsaf Kb detected o

i nhibit. viral gol gﬁ rases can be eval uated using known 25 assays. The
abi | i t yndintrsatedABESY to i nhibit HCV NS5B pol ynerase can be eval uat ed u5| ng

t heof ol | owi ng T tatlbWOI{}lg(iﬁﬁdgdfl uﬁl%q%eﬁ%f@ti/ate':&lnm%mﬁ@éﬂt\ébﬁ\ﬁjry iR Ghik \ébsta

t he test corrpo was assesse se et a viral Res.” 2005, ,
23-34) in the stabl y HCV RNA-replicating cell line, AVA5, derived by
t r ansf eCompoundfSymesiB0 human hepat obl astoma cel |l line, Huh7 (Blight et al.

S 2000, 2 1972 ded to di | t dai |
B, R b AR R S S B e ARGl B SmBR, CoLL
gener al prpcsduddstBA abdIen s BY tRY caPbe Piépeauki ?'@lﬁ‘eesyﬁﬂféué @ﬁ@ﬂaﬁ@l&@rﬁnhuence

during the | ast day of treatnent. Intracellu | evel s and

cyt ot oxivethetic meacedures deseubedhereiny fios cxdmple, asidesdribed injibs doldwins Sehemes. WO

2009/ 111653PET/ MS2009/ 036213 li cat | t for HCV RNA | evel
(ogl%gs vel | Hﬁﬁ%“méa{%% ﬁvé%‘é’gﬁarﬁﬁlée‘ib{)S‘ngiu gu f; (3;1636 \%ll pl at es)eXZrZ

used. A total of Bix untreagigd control cultures, and triplicate cultures
treated with a-inggrferon 1| bavirin served as positive antiviral and

toxicity control s;ghpkr acel,leHI }J evel s were neasured using a
conventional bl ot f‘@ﬂ;ﬁAdl za§ }{3 phi ch HCV RNA | evel s are

norypal i zed to th gvel S of O I n each i ndi vidual culture (Okuse
et 4., Antivir. : %ﬁt‘? |C|ty was neasured using a
neutral red dye u ssa i Eneé Asied cploTidant i vir . Res. 1992, 19, 55).
HCV RNA | evel s i e treat @HCHYiopP@EIds e expressed as a percentage of the

nmean | evel s of RNPHHet ect edtefrahydrefueast ed cul tures.
LDA: lithium diisopropylamine
25 TEAB: triethylammonium bicarbonate

MmTrCl: monomethoxytrityl chloride
MMTClL: monomethoxytrityl chloride

DMAP: dimethylaminopyridine
DEAE : diethylaminoethyl-sepharose

30 CMA-80 : Chloroform 80:MeOH 18: NH4OH :2
CMA-50: Chloroform 50:MeOH 40: NH4OH :10
Bz: benzoyl
BnBr: benzyl bromide
LiHMDS :  lithium hexamethyldisalazane

35 TBDPSCI:  tert-butyldiphenylsilyl chloride
DMSO: dimethylsulfoxide
RMgBr: alkyl magnesium bromide
DIBAL: diisobutylaluminum hydride
DBN: 1,5-diazabicyclo[4.3.0]non-5-ene

40 DBU: 1,8-diazabicyclo[5.4.0Jundec-7-ene
MeMgBr:  methylmagnesium bromide
P: Represents a suitable protecting group
R: In Schemes 41-86 R can have any of the values defined for R’

herein
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10A representative conmpound of Formula | denonstrated significant activity
in this assay. Conpound Synthesis Conpounds of Formula | can be prepared
usi ng symnwbebesxitiesBer medi at es and synthetic procedures tPrhatusasg/okszaswn, or
they can be prepared using the synthetic ¢qlgl"gdi ates and synthetic
procedures described herein, for exanple, as Jescribed in the fol | ow ng

Schenmes. 15Jhe foll.ow ng abbrevi atjqns. are, used herein. 1Trotgit - benzyl
TBDPS: tert - S’(fi(’;gﬁé‘fﬂ S ?feﬁé{r@ﬂg ; WheTe o?(g)pé}r1 oxyberfzoi & gci_ﬁJI QESI]'FA
ctrifluoroacetic acid TBDMSCL : tert-butyldinmethylsilyl chloride

DVF: di met hyl f or mam de THF: t et rahydrof uran LDA: | it hium MeQ opr opyl am ne
25TEAB: tri et hyl anmoni um bi car bonat e Mrilr Cl . nona@ogtiboxytri t chl oride

MMTr Cl m)nomet%xyt rityl chlorid - di met hylm';\m' nopyr i di
- di et hyl am Ryl - sepirsar ose >~ XN
N~ Y. A Pd(PPhy),
Cul, TEA, DMF 5
R%(P) R¥(P) R¥(P)
1a 1b 1c
NaOMe

Scheme 2

Synthesis of a compound of formula 1; where X! = 0, Y! = NHCH3, Z' = H, R' = H (2¢)

/
NaOMe = XN
————— i
Vo

R*(P)
2b

Deprotection

10
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30CMVA- 80 : Chl orof orm 80: MeOH 18: NH40H : 2 CVA-50 : Chl or of or m 50: MeOH 40:
NH4OH : 10 Bz: benzoyl BnBr:benzyl brom de LiHVDS :lithium

hexanet hywaoi2s@lara@sae 35TBDPSCI :tert-butyl di phenyl silyl ebiraseae/036213

DVSQO di net hyl sul f oxi de RMyBr: al kyl &g nesi#m brom de

DI BAL: di i sobut yl al uni num hydri de” DBN>T®*5*%7 azabi cycl o[ 4. 3. 0] non- 5- ene
40DBU: 1, 8- dé,azabi cycl o[ 5.4.0] undec-7-ene NeMyBr _;, net hyllnn%ne§i_um brom de

P: Repr esent ¥Yuhesisiaf aisompernd eliormylads sdsrerX| 1 Oschénels#4 -86: R cdh(Gfave any
of the values defined for R2 herein WD 2009/111653PCT/ US2009/ 036213 Schene
1 Synthesis of a conmpound of @& ca; 1, where XI =Q Yl = NH2, Z1 = H =H

(1f)
NH
: 2 PdPPhy)y b &
\\ ~ /II\] Cul, TEA, DMF NN NaOMe DN
N.. = \
N o OCH, ‘N//, N‘N//I
R*(P) == R%(P) R*(P)
1b 3a 3b
Deprotection
5
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Me02C NH2jNH2 NIS R2(P) Ib i fle Schenme 2 Synthesis of a conpound of
formula 1; where XI =0, = NHCH3, Z1 = H = H (2c) 0.-0OCH3 NH2 NN R2(P) 2a
WO 2009/111653 PCT/US2009/036213
Scheme 4
Synthesis of a compound of formula 1; where X! =0, Y!=Z'=H,R'=F (4
S . © Oxidation (O - COE
NH,CI N, EtOH N, NCO,CH; \
) BuCH NH, NH, chs4NHC; E3 gN _(NCOzCHs
K Aliquat3z6 K R?P) 2t pupy H NHCOLCH;
4b 4c 4d
JBase
I O 0}
POCly \\ NH NIS \\ NH
Ny NHCO,CH; N\N//kNHCOZCH3 N‘N//kNHC02CH3
R2(P) R%(P) R*(P)
4f 4e
NH;
CO,CH;
PA(PPh,), % NH,
SN Cul, TEA, DMF <Ny NaOCH,
- N-N" >NHCO,CH OCH; ) N‘N//k
2 3 Oi NHC02CH3
RZ(P) = R?(P)
4i
0 0
/ HE/Py /  "NH _ /  “NH
t-BuNO, Deprotection
\\ \\ SN \\ SN
N.. = P =
> N\N*F N‘NJ\F
XP) R2(P) 2
4 4k 4
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Scheme 3 Synthesis of a conpound of fornula 1; where X1 = 0, Y1 = CH3, Z1
= H RL =H(3c) Pd(PPh3)4 Cul, TEA, DMF OCH3 R2(P)R2(P) 3a3b
| Deppot ecwD@n09/11¥6332009/ 111653PCT/ US2009/ 036213 Schene 2CHustéwssidf a

compound of fornmula 1; where X1 = 0,S 1 =21 =H RL=F (41
cneme

Synthesis of a compound of formula 1; where X'=0,Y'=z'=H,R'=Cl (5a)

O 0
7 NH /  NH
1. NaNO,, H'/CuCl
\\ \i 2. Deprotection SN
N. = — \
N NH, N\N/J\CI
R2(P) R?
4 Sa
5
Scheme 6
Synthesis of a compound of formula 1; where X'=Sor0,Y!=7Z'=H, R'=H (6¢ and 6d)
O
7/  NH
L N paephy), —
PN Cul, TEA, DMF | NaOEt 4 SN
\ N\N //’ OCH, N\N//I
O 2
R*(P) — RA(P)
1b 6b
Deprotection
1.P,Ss
2. Deprotection
S
/  NH
= DN N
\_N
o
R2
6¢c
10

48



WO 2009/ 111653PCT/ US2009/ 036213 Schene 5 Synthesis of a conpound of
formula 1; where X1 =0, Y1 =721 = H RL =04 (5a) 5a Schene 6
Synt hesi swof2o0@/raosspound of forrmula 1; where X1 = S or 0pPCYWS200803621H,
(6c and 6d) NH N, R2(P) 6b Scheme 7

Synthesis of a compound of formula 1; where X'=0,Y'=7'=H, R!'=NHMe (7b)

O 0 O
/  NH /  "NH /  NH
1. MeNH,
Ny Protection Xy 2. Deprotection 7" N
N‘N//'\c1 N‘N/l\c1 ‘N*NHMe
R? R*(P) R?
Sa 7a 7b
5
Scheme 8
Synthesis of a compound of formula 1; where X'=0,Y'=2'=H, R!=OCH; (8a)
10
0o o
/  "NH
1. NaOMe, MeOH 7 NH
\\ NN 2. Deprotection S
NP NN
R2(P) X l
7a 8a
Scheme 9
Synthesis of a compound of formula 1; where X' = two hydrogens, Y'=27'=H,
15 R'=H (9¢)
EtO
I NH,
Pd(PPhs), Lindlar's
Y Cul, TEA, DMF Hy, atm
N\~ A o

OFEt
EtO
R2(P) ‘<=

1b

1. AcOH
2.NaCNBH3;
3.Deprotection

/  NH
" N
N1 .
.
R2
9¢
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Deprotection P2S 5 2. Deprotection WD 2009/111653PCT/ US2009/ 036213 Schene
7 Synthesis of a conpound of fornmula 1; where X1 =0, Y1 =271 = H Rl =
NHMVe ( 7b)wo 200H1N33N CI R2(P) 7a 7b PCT/US2009/036213

Scheme 10

Synthesis of a compound of formula 1; where X' = O, Z' =H, Y' = hal = halogen, R'=H (10b)

M602C O
\ N, 1. NaOEt hal—( NH
< Xy _ Li-halide 2. Deprotection SN N
\ _ g \ P
N N A
R2(P) R2
ic 10b
5
Scheme 11
Synthesis of a compound of formula 1; where X! = 0, Y= N, 7' = H, R'=H (11b)
1. NaOEt
2. Deprotection
10
Scheme 12
Synthesis of a compound of formula 1; where X' = O, Y* = O-alkyl, Z'=H,R'=H (12b)
MeO,C o
Alkyl
\ NH, ol
<N Na-alkoxide NN Deprotection
\ _ N\
N‘NJ N\N//l
RYP) R*(P)
lc 12a
15
Scheme 13
Synthesis of a compound of formula 1; where X' = 0, Y' = alkyl, 7Z'=H,R'=H (13b)
0]
Alkyl—7  NH
1. NaOEt ky ~
Li-alkyi 2. Deprotection SN
\ P
N »
RZ
13b
20
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Scheme 8 Synthesis of a conmpound of fornmula 1; where X1 = 0, Y1l = Z1 = H,
Rl = OCH3 (8a) R2(P) 7a Schene 9 Synt hesis of a conpound of
formul a Iwowhereai1682 = two hydrogens, yi _ zi _ H 15H( 9erT1/US2009/0820H

2. NaCNBH3 3. Deprotection 9c WO 20%9&%&1%%3PCT/ US2009/ 036213

Synthesis of a compound of formula 1; where X’ = O, Y'=S0;H,Z'=H,R'=H (14b)

1. NaOEt
2. Deprotection

NaHSO3, MeOH
water, heat

Scheme 15

Synthesis of a compound of formula 1; where X! =0, Y' =CN, Z' =H, R'=H (15a)

X—/ NH

10 X =hal
Scheme 16

Synthesis of a compound of formula 1; where X' =0, Y' = C = CR, Z' =H, R = alkyl or aryl, R
15 =H (16a)

1. Alkyl or aryl acetylene
Pd(0), TEA
2. Deprotection

Scheme 17

20 Synthesis of a compound of formula 1; where X' =0, Y'=C=CH, Z' =H,R' =H (17a)
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Schenme 10 Synthesis of a conpound of fornula

hal = hal ogen, RI = H (10b) Schene 11 Synthesis of a conmpound of fornula
1; where W 26090111668 = N3, Z1 H, 1Z1 = H (11b) Schemne PL2/USgowhaRils of a
conpound of formula 1; re Xl =0, Yl =0-alkyl, Zp =H =H(12b) MO C
Al kyl \Al'lcyl, ONHo-// Deprotection 12b Schene Synt hesis of a
conpound of fornmul .21/ e X =0, YI = al 1 jxH, = H (13b)
1. TMS acetylide
NN 2. HCI Y - \\ SN
\N//’ N\N//’
R2 R?
10b 17a
X =hal
Scheme 18
Synthesis of a compound of formula 1; where X' =0, Y' =H, Z' = CH;, R' =H (18¢)
5 .
Oxy—OCH;, 0
NH /  °NH
I ) Pd(PPhy)s 7/ NH,
XN Cul, TEA, DMF XN NaOMe NS N
\ N\N//' . OCHj3 \ N\N//’ \ N\N//'
R¥(P) RA(P) R*(P)
1b 18a 18b
Deprotection
Scheme 19
Synthesis of a compound of formula 1; where X!'=0,Y'=0H,Z'=H, R'=H (19b)
10

1; where XI =0, 71

52

o)
1. HATU or other HO~/ NH
05M N%OH, coupling reagent
H,0, 85°C 2. Deprotection =N
N\_N. —
P
RZ

H Yl



R2(P) R2 13a13b WD 2009/ 111653PCT/ US2009/ 036213 Schenme 14 Synthesis of a
conpound of fornula 1; where X1 =0, Y1 = 503H, Z1 = H Rl = H (14b)

Schenme 15vByntdmasiss of a conpound of fornula 1; where XPCEUB2009D3621CN, Z1 =
H RlL = H (15a) Pd(0) Zn(Cl\)2 N, R?gg%el}]g%Sa X = hal

Synthesis of a compound of formula 2; where X> = two hydrogens, Y* = Z’=H,t=2,R'=H

(20h)
5
I Cl
NIS POCI; 7" SN
N\~ J
N
R%(P)
20c¢
HTBDMS BuLi
Br
NHPhth
Cl TBDMSO cl
"y DEAD/TPP HCl =77 N
N\ _N = 0 \
A N
RAP) NH R*(P)
20f 0 20e 20d
NH,CH,CH,NH,
EtOH
NH
Deprotection =" SN
\ N‘N/)
RZ
20h
Scheme 21
Synthesis of a compound of formula 2; where X? = two hydrogens, Y2=72= Ht=1, R!'=H
10 (21e)
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Schene 16 Synthesis of a conpound of fornmula 1; where X1 =0, Y1 = C
CR Z1 = H R=alkyl or aryl, R1L 15=H (16a) Schene 17 20Synthesis of a
conpound WD 2b@vimdsa 1; where X1 = 0, Y1 = C -= CH, Z1 =PHI/UR2009/0862(17a)
Schenme 18 Synthesis of a conpound OTOTfsﬁM@“' a-1l; where XI5 0, Y1 =H Z1 =
CH3, = H (18c) 18c Schene 19 ynthesis of a comnpou 8 of formula 1;
where XI = 0, gll = OH, Z1 = H, = H}(19b)
Cl

I Cl
\\ \/I’\I Br OTBDMS N HCl 7" YN
N.. = : \ N. = \ N. =
N Bul.i \N/, \N/’
2
R*(P) R2(P) R*(P)
20c 21a 21b
0
(j:im{ DEAD/TPP
0
NHPhth
NH cl
N 1. NH,NH,
\\ N Deprotection 2. BtOH =N
N\N/) ‘ \ N‘N//,
R2 RZ(P)
21e 21c

Scheme 22

5 Synthesis of a compound of formula 2; where X* =0, Y? =CH;, Z*=H,t=1, R'=H (22b)
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CO2H / HONI -121. HATU or ot her HONH coupling reagent N2. Deprotection .N N, N
R2(P) R2 19al19b WD 2009/ 111653PCT/ US2009/ 036213 Schene 20 Synthesis of a
conpound Wb 2b@vimidsa 2; where X2 = two hydrogens, Y2 = ZPCEUd2000/036223 Rl = H
(20h) NHMBNHPCC13  R2(P) R2(P) R2( Pk .g8ag9%20c BuLi

Synthesis of a compound of formula 2; where X? =0, Y2 =H, Z*=CHs,t=1,R' =H (23b)

0

NH
H, Xy  Deprotection
\ N —
Y N )
R*(P)
23a

Scheme 24

Synthesis of a compound of formula 2; where X?=0,Y’=7=H,t=1, R'=H (24a)

10 Scheme 25

Synthesis of a compound of formula 2; where X?=8,Y’=72=H,t=1, R'=H (25a)

15 Scheme 26

Synthesis of a compound of formula 2; where X? =0, Y*> = OCHj, Z* = Br,t =1, R' = H (26a)
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Br/ OTBDMVS Scherre 21 Synthesis of a conpound of formula 2; where X2 =
two hydrogens, Y2== L H t= 1, Rl=H 10(21e) R2(P) R2(P) 21e21d21c Schene 22

5Synt hesmoafm%nc«mpound of formula 2; where X2 = 0, Y2P€®H&200§/Z3621H t =

1, = H (22b) NHNH N Depy, ot ectionN 1 1\1, 1\1B
’r

7/ "NH o NH
“ 1. NBS/DMF
SN 2. MeOH RN
NN A
N N
R2 R2
6d 26a

Scheme 27
Synthesis of a compound of formula 2; where X*=0, Y?=Z>=H,t=1,R!=F (27¢)

O
/ NH
Protectlon =7 NN
\ -N. / \ N. / \ N. //l\
N NH,
R%(P)
27b

1. HF/Py
t-BuNO,
2. Deprotection

o

NH
<" SN

N\
N\NAF

R2
27¢

Scheme 28
Synthesis of a compound of formula 2; where X> =0, Y>=2Z>=H, t=1, R = Cl (28a)
10
O
INH 1. NaNO,, H/CuCl
>N 2. Deprotection
N\_N. -
-
R¥(P)
27b
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"Isfj RZ(P)R 22a22b WO 2009/ 111653PCT/ US2009/ 036213 Schenme 23 Synt hesi s of
a conpound of fornula 2; where X2 =0, Y2 =H Z2 =CH3, t =1, RL =H
(23b) NHvoONbP/MEBI H2N Deprotecti onN NN) NN ' R2(P) R2(P8Tm2(lﬂ@h)2@a23b 5

Schenme 24 Synthesis of a conpound of a 2; where X2 0, y2 -2 H t =
1, Rl = H (24a) seh8hl'sh

Synthesis of a compound of formula 2; where X* = two hydrogens, Y?=0CH;, Z*=H,t=1,R!

=H (29¢)
5
I Cl 1 SnBu3 4
=N Pd(PPhs)4 \N Deprotectlon
\N\N//’ 2. NaOMe \N / \N / \N /’
R*(P) R*(P) R%(P)
20¢ 292 29b
Scheme 30
Synthesis of a compound of formula 2; where X* = two hydrogens, Y> = Z*=H,t=1,R'=H
10 (30a)
/  "NH NH
1.H,
NN 2. Deprotection =N
\ _ \ _
L kA
R*(P) R?
29a 30a
Scheme 31
15 Synthesis of a compound of formula 4; where X* = O, Y* = two hydrogens, R' =H (31d)
NH
H2 SO4 02N 2
O3 =7 SN
\ P
Ne P
R*(P)
31b
O
C])J\/a DMAP
O O
)J\/Cl
O,N HN
1. H,, Pd/C
2. Deprotection =" N
\N__
N
R*(P)
31c
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6d 10Schene 25 Synthesis of a conpound of fornmula 2; where X2 = S, Y2
=H t =1, R = H (25a) 6d25a 15Schene 26 Synthesis of a conpound of
formul a 2vowheyw16§2 = 0, Y2 = OCH3, Z2 = Br, t = 1, R 2CHUS280)0362¥1D
2009/ 111653PCT/ US2009/ 036213 Scharzg l%zg,?ynt hesis of a conpound of

formula 2; where X2 =0, Y2 = 22 = BOE0221, R = F (27c) 1. HF/ Py

t- BuNo2 Synthesis of a compound of formula 4; where X* =Y* =0, R'=H (32¢)
ON  NH;
"N H, Pd/C

\ _

N /’
R*(P)

31ib

Deprotection
5

Scheme 33

Synthesis of a compound of formula 4; where X* = two hydrogens, Y*=0,R'=H (33d)

58

Z2



2. Deprotection 27c Schene 28 Synthesis of a conmpound of fornmula 2; where

X2 =0, Y2=2Z22=H t =1, R =d (28a) W 2009/111653PCT/ US2009/ 036213
Schenme 29w6yntdmasiss of a conpound of fornula 2; where XPCEUuSamohyatndgens,
= O0CH3, Z2 =H t =1, R =H(29%) N4 _  Schene 30 Synt hesi s of
a conmpound of formula 2; ere X2 = two h;ﬁ*{rogens Y2 = 72 = H =1, = H
10( 30a) ON NH, j\/l ON N
TN -0 N \N H2Pd/C \N
\N__ | 9 N / s N. /
N
R%(P) R2(P) R%P)
33a 33b
31b

1. NaOEt, EtOH
2. Deprotection

Scheme 34
5 Synthesis of a compound of formula 5; where X°=0,R'=H (34b)
N 0_P° ~_
N N
X os 0 ()
HN N H)H(O N N
- 1. NaOEt, EtOH
\\ SN O 4 SN 2. Deprotection
N7 NP
R(P) R*P)
33b 34a
Scheme 35
10 Synthesis of a compound of formula 6; where R!'=H (35a)
EtO
1. Pt,0, H,

2. 70% aqueous TFA
3. Heat CH;CN
4. Deprotection
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Schenme 31 15Synthesis of a conpound of fornula 4; where X4 = 0, Y4 = two

hydrogens, RI = H (31d) Schene 32 Synthesis of a conmpound of fornula 4;
where X4 wOYdosa10653R1L = H (32c) NH 2H2NNH2 NH2 Pd/ C N) PRZ(URp#M2(0B)2181b32a
32c Schene 33 Synthesis of a compou f rmul a 4; where X4 = two '

hydr ogens, Y4 = 0, = H (33d) rg%hgmegg

Synthesis of a compound of formula 7; where R' =H (36e)

[ .
Br OTBDMS | BuLi

TBDMSO HO PhthNO
Cl Cl
HCI Xy
\
X
R*(P)
36¢
1. NH,NH.
2. EtOH Deprotection
5
Scheme 37
Synthesis of a compound of formula 8; where X% =NH,, R' =H (37b)

10

NH,

1. NaOMe / N
R CN MeOH
SN =14 - 2. Deprotection SN
NN Pd(PPh,), \_N. J
N Cul, TEA, DMF N
1b 37b

15

60



WO 2009/ 111653 PCT/ US2009/ 036213 Cl)-Lci DVAP Schene 34
5Synt hesis of a conpound of fornula 5; where X5 =0, = H (34b)
WO 2009/111653 PCT/US2009/036213

Scheme 38

Synthesis of a compound of formula 8; where X® = OCH;, R! =H (38a)

O
2. K,CO3/MeOH
RSP N 3. Deprotection
N\_N.
.
R*(P)
6b
5
Scheme 39
Synthesis of a compound of formula 9; where R'=H (39d)
p
OTBDMS OH
| NH, NH, NH,
S Br OTBDMS Xy TBAF =" SN
\ N‘N//, BuLi \ N\N//' \ N\N//’
R*(P) R*(P) R*(P)
1b 39a 39
Tempo
Aliquat
NaOCl
N\ Ny
=N Deprotection ™
\ N \N//' \ N\N//’
R? R*(P)
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Schenme 35 10Synthesis of a conpound of fornula 6; where Rl = H (35a)
Schene 36 Synthesis of a conpound of fornula 7; where RL = H (36e) C
1\LN R ( Rv020@/11B#530OTBDMS BulLi Schenme 37 Synt hesi s ofPCa/useonposara3 of

formula 8 where X8 = NHGeh&he 30 Ifhl(tfflz@ynwl%sis of Example 1

dichoromethane N
i MgBr 4o, 72 hrs HN
E) EtMgBr N BnO—y o /=
Y Eter/THE |/ Bno o, OH OH
40a 40b _U S
- Bn0  OBn
BnO OBn 40d
40c¢
OHC
. HN AN
TFAHCI + B0y o &
————————————————— .
Dichloromethane \_
BnO an Bnd: %)Bn
40e a-isomer of 40f
NaH, THF,
0,
CHO
HN.o-8 N i) H,N-0-S0,H,
1g BnO R dioxane, water BnO
NH ]
or 2 ii)KOH, dioxane,
NH,OH, NH,Cl, — water
aliquat 336, bleach, B
MTBE, H,0 B0 o
NH,

N N HO
_J BCl,, CH,Cl,
or

Formamidine acetate B1O

N,
, . N
Dimethyl acetamide/AcOH

H,/Pd-C -

— HCIL,MeOH HO OH

BnO OBn 40k
40j
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NH2ZNH2 CN = -./ NN N., N--)Pd(PPh3)4N, Cul, TEA, DVFN R2(P) R2(13)
Schene 38 Synthesis of a conmpound of fornula 8; where X8 = 0C113,

| b37a

H (38a)

0- 1. Me39BRd4ey/1A16582CO3/ MeOH 3. Deprotecti on 38a ScheneP8d/USgowhaeis of a
NH,

conpound of fornula 9; wwhere R =

H (39d)

DMP NIS
40m
Pd(PPh,), OCH,
Cul, TEA, DMF | O
HCI
Scheme 41.

OH
= NH POCL, =" N NIS = N _MeOH, CO =y N LAH XN
\ N, I Y A R NG I 2 TOY SN N \ 1

N “N” dppf N N
PR 414 (PR 412 (PR 413 (PR 414 ®R 415
0
/J\ /\
N ) (1) HCI
(1) ZnCl,, HCI OH (2) Deprotection
0 (2) Deprotection
HOOC COOH 0
Dehydration SN SN
N\ N. /) N\_N /)
N N
R 19 , (PR 418 PR R 416
Deprotection, (1) RNH,
(2) Deprotection R'
0N~ ©

R 41-10

\)N R'=H,CH,,NH,
N\_N. ~
N
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-- OTBDMSOH NH, r MNH, NH2 NBr OTBDVBNTBAFN N)N, -.)N, NNN R2(P)R2(P)R (P)
| b39a39b Tenpo Ali quat NaOCl1 WO 2009/ 111653PCT/ US2009/ 036213 Schene 40 for
t he Synt hweizgosfiiddsanple 1 Schene 41. N. /J N\ N R 2CHUSGHMI/03dH R

41-10R 41-1: Scheme 42.
S
(1) BuLi <: >
S
M
cl

COOMe CHO
<\:HBN MeOH, CO_ /Y >N pipal /Y SN Acid
N. ) Pd(OAc P
N d(f ) \ N\N/) N\ N\N/) [OH

P)R PP
® 422 PR g3

412 (PR
OH

0 (6] NHR' 0 0 Cl

\N Q)] R’NH2 N \N SOC12
N. /J (2) Deprotection \ N
N
R 49 (PR
R'=H, CH;, NH,

. =

42-8
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WD 2009/ 111653PCT/ US2009/ 036213 Schene 42. WO 2009/ 111653PCT/ US2009/ 036213
Schene 43. DMF/ POC13 R HN N, 43-10 R =H, CH3, NH2 Schene 44. NH202N

NH2H N NHRONoNDBINB Reducti onN NN N. 1\ 1) PCT/US2009/036213
Scheme 43.
DMF/POCl,
MeOOC OHC Q
NH NI NH NH =~
MeQH.CO_ DiBAL
<\;N(“\ / Pd(OAc)2 ﬁ\jN(”\ - g\ENHL)
(PR OR o,  doPf PR 33 @R 434
1 POCl,
(1)RNH2
N (2)Deprotect10n AN NN MeOH, CO " N
. ) “Pd(OAc), \ N, A
N dppf . N
R 4. 10 43-7 PR 435
= H, CH,, NH, DMFT
POC13 al
<" N
\ N s
P)R \N)
PR 412

Scheme 44.

(PR 44-4

(1) Reduction
(2) Deprotection
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H2SO4 (p)R 44-144-2(P)R 44-3 (1) 00 o) (2) DeprotectionNH N 44-5 WD
2009/ 111653PCT/ US2009/ 036213 Schene 45. (2) Deprotection?-? HN WO
2009/ 111658POW1WEA609/ 036213 PCT/US2009/036213

Scheme 45.

M 0 o o
k ) \ /(1)Reduct10q
0 (2) Deprotection
on P

(2) Deprotecti HN 0

Scheme 46.

~ (1) Hydrogenation
N (2) Deprotection

N\ N
N
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Scheme 47. OHC R - H d-13 N--12 W 2009/111653PCT/ US2009/ 036213
Schene 48. WO 2009/ 111653PCT/ US2009/ 036213 Schene 50. Schene 51.
WO 2009/111653 PCT/US2009/036213

Scheme 47.

¢ (Ph),POCH,OCH;
NaH

SnBu,
PdCl,(PPh;),

N N
PR 473 (PR 474 R 475

1) RNH (1) MsCl, NEt,
1, K,CO;, Ac,O M NaCI\%BH3 (2) Deprotection
2, Acetone, BrCH,NO, (2) Deprotection

NO, NHR'
(l)Reducﬁoq =0 0
(2) Deprotection
Ny AN, XXy
S NI
N N
(PR 47-8 R 477

R'=H, CH,, NH,
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WO 2009/ 111653PCT/ US2009/ 036213 Schene 52. Okt Bu3SnH2NH2N( 1) Heat or HN
OxidationCyclizatim NN, ,) (2) Deprotection .N 52-4 Schene 53. CN\ N
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(2) DVF/POCI, N (3) Oxidation 42-2 N(P)R (4) MeOH HC 53-7 \N (1) NaOH (1)

NH2NH2 (2) Deprotection NH2 (2) Cl 3C6H2COCL TEA (3) DWVAP (4)
Depr ot ectworzM®/Q1633 \ M N N \N NJ- N 53-11 53-10 PCT/US2009/036213
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WD 2009/ 111653PCT/ US2009/ 036213 Schene 54. Scheme 55. WO

2009/ 111653PCT/ US2009/ 036213 Schene 56. Schene 57. ---CO2H 0O NH
DAM n.t. worpewi111653J/ 1 tivt ..r 11.312% , 12NH (P) R 43- 2 PRIAS28885620p) R
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NL 57-4 WO 2009/ 111653PCT/ US2009/ 036213 Scheme 58. Scheme 60. WO
2009/ 111653PCT/ US2009/ 036213 Schene 61. (1) H+ (2) COyclization "N(3)
Depr ot ectworzoosbii®s=H, Me, NH2 DI BAL RL

PCT/US2009/036213
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O ?1-131 (1) H 4- Deprotection\ NN (2) Deprotection NIN\ N (P)RNj 61-8(P)R

61-6 61-9 1' \ 61-7 = H M WO 2009/ 111653PCT/ US2009/ 036213 Schene 62.

WO 2009/ MOEBBATTISBS2009/ 036213 Schene 64. HO- N \\ PCT/US2009/036213
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N N(4) Deprotection \R'"" \N:::----/ 64-264-3 NR = H, M, NH2 Schene 65.
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(1) M(OAc).3' N N (2)NaOH P-R 65-4 65-6 Schene 66. H O (1)
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WO 2009/111653 PCT/US2009/036213
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NH WO 2009/ 111653PCT/ US2009/ 036213 Schene 67. Schene 68.
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(2) Deprotection WO 2009/ 111653PCT/ US2009/ 036213 Schenme 69. (1)
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\N_--/ P-RIN---/ 82-386-6 The invention will now be illustrated by the
follow ng non-limting Exanples. WO 2009/ 111653PCT/ US2009/ 036213 Schene 40
for the Syothesiisesef Exanple 1 Synthesis of 40p PoTAISS@OOBG205 Of
tricyclic product (400, 0.1 g, 0.27 g@pl).d,n nethanol (2 nL) was added
agueous 1 N HCL (2 nL) and stirred at roomtenperature overnight. The
reaction mxture was 10 concentrated in vacuo t Oﬁ‘gxness. The residue
obtained was triturated with nethanol/ether and the)8olid obtained was
collected by filtration washed with ether and in vacuo at acetone
reflux tenperature to furnish 40p (0.08 g, 90 as'm yellow solid; M
240-242 C. 1H NWR (3QQuMHz, DVSO-d6) 11. 3 1 \IggJ(m 1H), 8.04 (s 1H),
7.12 (d, J= 11.9, 1Hp)MeOHOGD (s, 1Hy 6.09 (s, 5.76 (d, J=11.9, 1H),
5.31 (s, 1H), 3.76 (dPdPaoider H, 3.68 (s, 2 (” Ik 15(s, 3H); M (ES)
330.9. The internedi ate 400was prepared as foll \(@Na(&ITO a stirred o

sol ution of freskiy di |IIe@ApyrroIe (6.79 0,0n00,89 mmol) in dietbyl

et her 20 ( was added yI gneS| um brjom d Zedes, ML 100989 |,
3M sol utiofy i I@aq,)(o@) owl C. NI re M o8f BeprGRechi@s | e
stirred a flor T h and e safvent wWas vedNunder vacuu gin
40b. ToPBl0b44nN chl or ongg ane\}(—'jdo n) ap.y vbgs:/added a sol H of /40c

(WO 2006/ 050161, 10.96 g, 25%22 mmmol) in dich oronet hane (100 fm_)zzsa
further stirred at 4 C for 72 h. The reaction m(l B‘F was quenched by
addi ng saturated solution 25 of ammoni um chl ori FOE*H) and organic
| ayer was separated. The aqueous | ayer was

\
\ N )N
AN
R g6 N
Scheme 83
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WO 2009/ 111653PCT/ US2009/ 036213 further extracted wi th di chl oronethane (2 x
200 nL). The conbi ned organic extracts were washed wwth water (2 x 50 nliL)
and brinewQ2ooo/Bd6saL) and dried. After filtration, the PCirtusate/oscms ai ni ng
40d was treated with trifluoroacetic acid g4.14 g, 36.34 mmol) at 20 C and
stirred for 14 h. The reaction m xt uSEh¢l&3dmshed with water (2 x 100 ni)
and brine (1 x 50 nL) and dried. After filtration, the filtrate was
concentrated to give 12.5g of crude 40e. NOTE: Tl-1F was al so used to make
Gignard reagent instead of diethyl ether.?®THF was renoved by distillation
and the traces by azeqQtroping with tolu 10 b. Phosphorusoxy chl ori de

(19.33 g, 126.1 1)
} }ng Bﬁ is soluti
over

and stirred for
i n di chl oromet han (?//

stirring wa nt iRued/ f @) pidy,pPEe re on Lhefd by Mddi ng
saturat ed s%ﬂhtiemle sodk éce?gﬂbR(%QQ mtT/and stirred gor 30 an{ The
reaction mxture vwag)ggncentrat&du o renove dichl oromet hane #d 15 the
residue was dilutgd_ith ethyl acetate (200 nL). The organic %ayer was

separ ated and washed bnppater (2 x 100 mb) and brine (1 x 5 Iﬁ@%$and

dried. After fiItrat&ﬂﬁwb&@%)filtrate was concentrated and the ¢6StVdue was
purified by flash chromatogr’dphy using ethyl acetate in hexanes (0 to 12%
to give 2.92g (22[6@6fron140c) of 40f as dark brown syrup. M5 (ES): 510. 2.
20 NOTE: Only wasg@l so used as sol vent; there was no need
di chl or onet hane \Eor WOT k(UpOs MbeSNaOH wgS usegh i n pl ace of sodium Hélet at e.
c.To a stirre

t et rahydrof ura OaE?JnL ed mYhydride—90. 39 [ |, 60%
di spersi onpigy m ne oil§)§%ﬁ3%éT Af m>s%Lf¥ing for 3 N eggnn

0- (mesi tyl sul f oyl )'hydr oxyl anmi ne (499, %F& g, 5.37 mol R pregpaxved by the
nmet hod of Krause, J.G Synthesis, 1975?'%40) was added at O and further
stirred for 2h. The reaction m xture was |qlfereréigh by addi ng wat er (20n)
and extracted W%}Qbethyl acetate (2 x 50 The conbi ned organi c extracts
were washed wt zmat%ﬁzqzﬂxAﬁﬁ nmL.) 30and/ bri (1 x 25 nL) and dried. After
filtration, t i Li(r at e2)Wiisueneanty at to/give 2.75 g of I h as dark
syrup. MS (ES)\: 3. " The conpound 4Qh ¢gan\al so be prepared as foll ows.
35d. Al dehyde N5.2/Kg, 10.16 nol es) v di ssolved in nethyl tert-butyl
ether (72MRL)gandTharged into a olgan SSyFeactor (600 L). Aliquot 336
(0.25 Kg, 0.61 nole) and anmoni um 90 88
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WO 2009/ 111653PCT/ US2009/ 036213 chl oride (6.53 Kg, 122.07 nol es) were added
to the reactor and reaction m xture was cooled to 0-5 C. Amoni um hydr oxi de
(19.08 L,wodoamhess, 28% solution in water) was added atrCOAB2@908d421oWed by
addition of a cold (0-5 C) sodi um hydroxide solution (16.59 Kg in 66 L
water, 414.75 noles) at the sane tenqg&;tur over a period of 3 h. Sodium
hypochlorite (251 L, 222.58 5 nol es, B51%t i on) addition was started at O
C and during the addition the tenperature was allowed to rise to 15 C. The
reaction mxture was further stirred at roomtenperature for 2 h. TLC
showed conpl etion of the reaction. Ethyl acetate (104 L) was added to the
reaction mxture and | ayers were separ atddOCThe _aqueous | ayer was
re-extracted with ethyl acetate (2 X 10@.L).\ T éxg%nbined organi c | ayers
were washed with water (52 L), sodiumthio ate (2 X 156pL, 10 10%

sol ution), water (%29 @and brine (70 L) dried over sodi | fate

(10.4 Kg).“ﬁpp rofi tréihgg, the filtrg conden4Qtat ed acuum
below 40 Cto rancrude cqnpound 40 -4 Kg) Ts_dark symy . To a
stirred sol uti f _AOh ¢R2(&So), 4. 884D N;g’dié%%ne (50| m) wag added
wat er (15 15 aml cool€d to 0 C.PRo thi Ncool ed sol utiofmat 0 C was

added hydroxﬁ?ﬁniﬁelo-sulfonic acid (1.93®5217.10 nmmol P-R'AfterNStirring for
| h, a cold solution of potassium hydroxide (2.19 g, 39.0 mglk),in water and
di oxane (20 nL + 20 nL) was added and further stirred at 0 C fEhzlh. The
reaction mxture was diluted with ethyl acetate (100 nL), the prganic |ayer
was separated and washed with water (2 x 50 nL) and brine (1 ¥ 50 nL) and
dried. After filtration, the filtr@e 20 was concentrated go af\foBd 2.6 ¢

of 40i, which was used as su'=\ =/ the next step. f. To a % ed sol ution
. N-

of 40i (2.55 g, 4.88 mmol) in 'thylﬁggﬁeqa}'lgeeog70 ) fded
8 nmo ‘eactio re was

formam di ne acetate ( 5.08 g,

stirred at 140 C for 3h. Mt oy tThe N, Ndinethyl acetam dg S regoved
under vacuum and the residue 25Nsuspended in water ( NL), /which was
extracted with ethyl acepgte (2 N:@éo m.). The conbi nedRor ganine=extracts
were washed with water (50 ni) ﬁnd rine (50 nL) and dried. After
filtration, thepifikhtibate wa &8Rcent naPeptain t he resi due was8sgluri fi ed by
fl ash chr omat ogy-aphymusimigg /a m xture ok et hyl acetate and nethanol (9:1) in
hexanes (0 to3@38otettpnpr oyi de i npure conpound (1.25 g). Further
purification by chromatography on silica e
of 40j as a light brown solid. 1HNVR (CDC1l3j—6\7.87 (s, 1H), 7.43-7.21 (m
15H), 6.88 (d, J= 4.5NHz, 1H), 6.50 (d, J= =0114), 5.87 (s, 1H), 5.36
(b, 2H, D20 exc=§pgeuble), 4.83 (dd, J= 318 .2 Hz, 2H), 4.68-4.52 (m
4H), 4.40-4.35 ( x ‘\§.88 (dd, J= 10.9, 2.3 Hz,
1H), 3.69 (dd, J N 3H). M5 (ES): 551.40. 35
NOTE: Acetic a\' 3 n- BUuCH can al so be? use solvent in place of

di met hyl aceta O 0 2009/ 111653PCT/ US2009/ 036213 g. To a stirred

sol ution of 40f (0\2Z./g, 0.484 mmwl) in dichP¥omethane (25 nL) was added
boron trichl 5ride (4.84 nL, 4.84 mmol, 1M solution in dichloronethane) at
-40 C and the mx®¥re was further stirred at -40 C for 30 min and slowy
brought to O Cin about 30 mn and 5 stirred at 0 C for 20 mn. The
reacti on was quenched by addi ng ethyl al cohol (50 nlL) and concentrated
under reduced pressure. Again, ethyl alcohol (50 nL) was added and
concentrated. This operation was repeated 4 tines. After concentration, the
resi due was dissolved in mxture of isopropyl alcohol and nethanol (20 and
2 nmL) and net hanol was renoved by concentration under vacuum Solid
separated out, which was collected by filtration and dried at 60 C under 10
vacuumto provide 39ng (25% of 40k as a colorless solid. 1HNWVR (300 MHz,
DMSO-d6): 8 9.71 (bs, 1H, D20 exchangeable), 8.99 (bs, 1H D20
exchangeable), 8.16 (s, 1H), 7.41 (d, J = 4.5Hz, 1H), 6.97 (d, J= 4.7 Hz,
1H), 5.34 (s, 111), 4.8-4.0 (m 3H, D20 exchangeable), 3.81- 3.56 (m 4H),
0.79 (s, 3H. M5 (ES): 281.6. 15Conpound 40k can al so be prepared as
follows. h. To a solution of compound 40j (128 g) in nethanol (1.4 L),
conc. HC1 (130 nL) was added followed by 10% Pd/C (12 g) and the m xture
was hydrogenated at 70 psi for 10 h. Since the conmpound precipitated out of
the solution, water (500 nL) was added to the m xture and
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20 heated at 60 C for about 1 h and filtered through a Celite pad. The
Celite pad with pall adiumwas re-suspended in a mxture of water (400 ni)
and net hawol20@p#ddsal) and heated at 60 C for about 1 h aou/tsgavn3diltered
through Celite. This operation was repeated until there was no conpound

| eft un-di ssolved. The conbined filtrates were concentrated under vacuum
and recrystal lized from water aSchenid8tnol (1:20) to afford 32.5 g of the
desired product 40k as pale 25 yellow crystal §. The nother |iquor was
concentrated and refiystal,| i zed again to &N ordngnother crop of 5.6 g. i.
To a suspensi on of 40k 0.96%0%03.4 mol ) A
m.) was added 2, 2{\di IyEt Rexy .2 34 mol) and p-TsOH (650
ng, 98.5% 3.4 N\30 d (stdeprbtedorat te{g@rature for 3 days. The
reacti on m xt upe w$§_3 ralized with \OF g.) and concentrated in
vacuo to dryness. The residue was taken in ter (@0 nL) and extracted with
ethyl acetate (3/X13&n¥-). The organic |laye slwere_ngonbi ned dried, filtered
and concentrat ed i® Meaoudiot 0 dryness. The r Pt 8ol ai e was purified by
f1ash col upgp—chr.Qmat ogr aphy (silica gel, 40/g, el uffthg with 0-100% CVA 80
in chlor ofo\n) give 401 (360 35 ng, 33% |49 Depytedtbow sol i d. 1FI NVR (300
MHz, DMVBd 7.83 (s, 1H, 7.67 (s, 2H), 6.87 WO

2009/ 1116%3P /EJSQOOQ/ 036ddvd gy J= 4.5, 1Hhou6.63 (d, .1=4.4, 1H), 5.54
(s, 1H) 4. 9~ (t/ J= 5.7, aH),) £ 37 (d, J=]2.4, IH), 4.03 - 3.95 (m 1H),
3.57 (dd, 84 5.4, 9.7, gHOT; . s, 3H), 1.15 (s, 3H. j. To
a solution of 401 (375 . 0 \nN) was added

i odosucci nimde 5 (2pR7ny, =3/ nmol) ar stikred at room tenperature

overni ght. The reaction M%ture was dilut ge6wWi t h wat er (30 nm.) and
extracted with ethyl acetate (3 x 25 nL) The organic | ayers were conbi ned
washed with water (25 nmL), brine (25 nmL), dried, filtered, and concentrated
in vacuo. T XSy i i & A R G mat ogr aphy
(5111 ca gel P IverisR sl mBnE BAR B b Tl ink AP BB FReeiRE S0 o
(0.44 g, 83%as an off white solid; MP 88-91 C. 10 1H NWMR (300 MHz,
DMSO-d6) 8 7.88 (s, 1H), 6.91 (s, 1H), 5.50 (s, 1H), 4.98 (t, J= 5.9, 1H),
4.38 (d, .1=2.5, 1H), 4.02 (ddd, .1=2.3, 4.7, 7.2, 1H), 3.63 -3.52 (m 2H),
1.54 (s, 3H), 1.33 (s, 3H), 1.10 (s, 3H); M5 (ES) 444.83. k. To a solution
of 40m (2.6 g, 5.8 mmol) in DM (70 nL) was added copper iodide (440 15 ny,
2.3 mol), nethyl acrylate (22.7 m, 252 mmol), triethylamne (3.5 nL, 25.2
nmol ) and tetrakis(triphenyl phosphi ne)Pal |l adium (1.85 g, 1.16 nmol) and
heated with stirring at 70C for 3 days. The reaction was diluted with water
(90 nmL) and extracted with ethyl acetate (3 x 70 nL). The organic |ayers
wer e conbi ned washed with water (70 nL); brine (70 nL) dried, filtered, and
concentrated in vacuo to dryness. The residue obtained was purified by
flash col um 20 chromatography (silica gel 110 g, eluting with 0-100% 9:1
Et OAc: MeOH in hexane) to give 40n (0.43 g, 18 % as a yellow solid. 1H NWR
(300 MHz, DMSO-d6) 6 8.05 (d, J= 15.4, 1H), 7.94 (s, 1H, 7.61 (s, 2H),
7.27 (s, 1H, 6.45 (d, J= 15.3, 1H), 5.52 (s, 1H), 4.96 (t, J= 6.0, 1H),
4.40 (d, J= 2.4, 1H, 4.07 -4.00 (m 1H), 3.71 (s, 3H), 3.65 -3.57 (m 2H),
1.55 (s, 3H), 1.34 (s, 3H), 1.13 (s, 3H); M5 (ES) 402.8. 25 1.To a freshly
prepared sol ution of sodi um nethoxide (69 ng sodiumin 30 nl nethanol,

Pt
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0.1 M in nethanol was added 40n (0.29 g, 0.72 nmmol) and heated with
stirring at reflux for 4 h and then at roomtenperature overnight. The
reaction woxpareieseutralized with glacial acetic acid (@CT8/Sadop/oardst he
solid obtained was col | e A met hanol and 30
dried in vacuo to furnis nglg%{flijc{hpr uct}gqﬁgﬁ‘gh%j 26 g, 47% as a yellow
solid: 1H NWR (300 Miz, DMSO-d6) 6 11.1 8.04 (s, 1H), 7.14 (d, J=
11.9, 1H), 691(3151 1H) 577((1,1gB,J ﬂ,@ﬁ 5.44;1(\;\1H), 5.01 (t, J=
5.5, 1H), 4.41 (w_ _2E@®igBrlH) ) , 3.58 (dt, J=
5.6, 11.5, 2H), 5 (S-Etherﬁ'ﬂ-l} 4E(n6 QHl 12 ( .
(100% ML) . Exarrpqae 5Synt hesug, of g@ A so 1on of 87i (90 ngy,

0.2 mmol) in nmethanol (1 nL) was added a sol utB®n ©%n freshly prepared
NaOMe sol ution in methanol (0.17 M 5B®L, OB 84 nmol )®4nd stirred at room
tenperature overnight. The reaction m xt'ire was neutralized by acetic acid
(0.5 nm) and concentrated in vacuo. The residuyg;obtai ned Wa?}hcpuri fied by
flash col um chronmat ography 10.(silica gel, 5 g,l eluting 0 to 100%
CVA80 in chloroform tooyl el®& 87j (27 ny, 48%HNas a bright m@ow solid; np
212 C. 1H NMVR (36Qz® Fb.ct;py@anO “53+(B0—_H), 6. 37 (s, 2H),
5.12 (s, 1H), Dickkorkne J= 1H), 4.79 (s 1H), 4.73{%J 5.4 Hz,
1H), 3.84-3.67 (m 2H), %o?oﬁdd J=4.7, 10:4-Hz, 2H) (s, 3H), 0.86
(s, 3H. M5 (ES) 335.1. Tnt er medi at eP®7j,%%ks pr epﬁ?%dO%.“s follows: WO
2009/ 111653PCT/ US2009/ 036213 a. To a solution of 40i (IF™¥°HY 21.3 nmmol)
in EtOH (500 nL) was added conc. NHAOH (28-30% 200 nlL) followed by

dropwi se addition of HZWT(I@E%ln H20, 7.2 nL). After the addition, the

reaction mixture vas SLilSs room t HOUr e%agver ni ght an Nent r at ed

The, r ebi due, was "gpsSB 3 e dino
S idugy

| | ben e (e i | KTale WAS

in vacuo to drynes
m.) washed g{i}d{h
concentrated 1 uo tm%ﬂuym@

flash col um chhogat ogridifiy’® j caogeEanBOO g, eluting Wi OOBtOO% et hyl
acetate in hexghekgl o furnls2 87a (3.4 g, 30% as a brown o . 1H NWR (300
MHz, DMBO d6/ D20yf8 7.45-7.26 (m 15H), 6.67 (d, J= 4.3, 1H), 6.02 (d,
J=4.3, 1H), 5.29 (s, 1H), 4.66-4.55 (m, 6H), 4.15 (s, 1H), N§29‘2C1(d J=
6.6, 1H), 3.73 (m 2H), 1.10 (s, 314); WMB (ES): 10542.2¢~bX _To a solution
of 87a (3g, 5.5 mmwl) in triethyl aﬁded TFA (0. 43
mL, 5.5 nmmol) ang. heated.at 8 M5_jmi PCl» Theb r ed(t Ni xture was
concentrat ed | Bin¥V@RE HQakdd Ay NES d the rel§h>§lge obt airfied was purified by
flash col um chromat ography (sil¥ca 15gel, whuwibmg WNé t RHhexanes/ Et 0Ac, 1:0
to 1:1) to furnish 87b (1.783 RyO 5@n4% as a light brdin
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syrup. 1H NMR (300 MHz, DVMBO-d6): 8 11.70 (bs, 1H), 7.90 (d, J= 3.1 Hz,
1H), 7.43-7.24 (m 15H), 6.85 (d, J= 4.4 Hz, 111), 6.67 (d, J= 4.4 Hz,
111), 5.570(so/idsy, 4.80-4.56 (m 611), 4.27- 4.13 (m PCHE)US2009036233 96 (m
111), 3.82 (dd, J_2@H110Hz 1H, 3.70 (dd, J=4.3, 11.0 Hz, , 1.07
(s, 311); M5 (ES-); 0. 0. 2@ c. To a solutjlon of 87b (3.8 g,; 6.9’mmol) in
met hanol (100 ni) n carbon DA 580_##) .and c 1 (3

m.). The reag Nt @re was hydrag et 50 psi fogp-4 h. eaction
m xture was fil ed through a pad of ite and the filtr was
concentrated in uo to dryness to fusmsh 87c (2.18 g, 10 as brown
syrup whi ch wa® pume enough to be 25usedtas such for next §tep. MS (ESH):
282.1; (ES-): 28@wk4. d. To a solutio 87c (2.18 g, 7.7 1) in

pyridine (30 nmL) was added acetic anhyd®!de (6 5 niL, 69 nmmol%™ DVAP (10 ny)
and stirred at 70 C overnight. The reaction m xture pgag, ool ed tgrufoom
tenperature, diluted with water (50 nL) and ethyl acetat®puspos). The
aqueous 30 | ayer was separated and extracted with ethyl acetate 0 nm).
The organic | ayers were conbi ned, washed with water (50 nL),"brine (50 nL),
dried and concentrated in vacuo to dryness. The residue obst Lo was
purified by flash ilica gel 80g, el
met hanol in chlordf or 0-20% to afford 8 ! (1.88g, 70% a

solid, MP 147-154 )& NVR 300 MHz ): NagM 1.78 (s, S 8. 32 (s,
1H), 7.93 (s, (—353= L) (d, J= Hr, 114),
5.60 (s, 114197 (8 J= 4.1 12\ 121 47-4.32 (49 N

2009/ 111653PCT US2009/ 036213 1H), (dd, J= 7.8, 19. , 1H), 2.70 (s,

6H), 2.01 (s, 0 1.87 (s, 3H); Mg (BES): 430.0 (M+Na). ~ To a solution
of 87d (1.08 5‘0 2986 mol) in di chl pfonet hane (75 ni) AP C was added

N-i odosuccinim 8® (719.2 ng, 3.2 mo),) . The reaction was” allowed to warmto
room tenperature overni ght and concentrated in vacuo. Thé”“r esi due obt ai ned
was purified by flash col umm chromatography (silica gel 40 g, eluting with
O to 100% et hyl acetate in hexane) to afford 87e (1.09 g, 77% as an orange
solid; nmp 212 C. 1H NMR (300 M+z, DiB@mde18 11.83 (s, 1H), 7.94 (s, 1H),
6.8% (s, 1H), 5.56 (s, 1H), 5.17 (d, J = 4.2 Hz, 1H), 4.35 (s, 1H, 4.20
(d, J 10= 11.7 Hz, 2H), 2.07 (d, Synthesisiir4opH), 2.00 (s, 3H), 1.39 (s,

3H). f. To hot ref | uxi ng pyridine (14 nL) was added a solution of 87e

(1.09 g, 2.0 MR htod 6F tAYYdIRIpREdUcE(406) 0.3 OQ@%%BI)%Y%MO](@ Iﬂ-@) Was atflled

nmol ). The reaction m xture was heated at” reflux overnight, cooled to room
t errper agueasd iy Hrl(2indd) andistirred aleoom3empiatuae dvetigit. anaemem@n]:&n@cﬂ@e ma; The

in u anic i r|t|e db f||tr

| oy B BRIeH R el TR Wi e e i oA ik i e it B G

or gani ghd ﬁﬂﬂr®M&WMIeB@d byaRAbnWVASRe P ithQtHet @84 Hhéd indfac@dlat debloher ed,
and concentrated in vacuo. The residue obtained was purified by flash

col umn refliwotemperaterp by fursish #0p (408 g, YD%) 2s elyatiadwgolid; MIP 240-242 B0%HINMR of

R R i

5@ .89 (sllsing 5576%1 (ss 11194)1,H/£45 3% (¢, 3H)1te é&l JE 1@6 2}2)',4)3,68?(s fﬂ{)§§84 6H) ,
1 99 (s 3H), H) sol uti on of in
phd&phds.Gib; M@/@ﬂ)o?rﬁoeﬂe (10 rrL) was heated at refl ux terrperature for 2 h.

The reaction was cooled with ice water, quenched with ice water

The intermediate 400 was prepared as follows.

a. To a stirred solution of freshly distilled pyrrole (6.79 g, 100.89 mmol) in diethyl ether
20 (100 mL) was added ethyl magnesium bromide (33.6 mL, 100.89 mmol, 3M solution in ether)
slowly at 20 °C. The reaction mixture was further stirred at 20 °C for 1 h and the solvent was
removed under vacuum to give 40b. To 40b in dichloromethane (500 mL) at 0 °C was added a
solution of 40¢ (WO 2006/050161, 10.96 g, 25.22 mmol) in dichloromethane (100 mL) and
further stirred at 4 °C for 72 h. The reaction mixture was quenched by adding saturated solution

25  of ammonium chloride (200 mL) and organic layer was separated. The aqueous layer was
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25 and stirred vigorously until all phosphorous oxychloride was destroyed.
Thi s aqueous | ayer was extracted with ethyl acetate (3 x 100 nL). The

or gani ¢ haper®/messe conmbi ned washed with brine (100 ml) pcuniseah9/oBéziis er ed,
and congRRdeatfed Withddforbeitait B 8760 i3 3TRombitked (-)E'galﬁc SRrabled Wereof crude
879 in chloroform (15 nL) and ethanol (30°nL) was add 30 nethyl hydrazine
(0.1 mbyashedwithveitgr (alxcﬁostnL) ami:brate (ﬂ(xdﬁmébrmdr driagl éft@vﬁhmtlgn,tthe ﬁ&teatfr eaction
m xture was .co

hr oo RIiNG ey Bt hhfBiSomede pig (it 36 20 mrpbet 31 G af ey U™
ac e}\l ﬁ/tR &; gg% HaMﬂERJ re%éﬁg%%ﬂﬁ%v%@g%&lﬁd%1%a&%@§m?ﬁ m%§ l%.d ﬁgné;g ¥5b hﬁWaﬁ&"S' 28

(s, 52H)d,r1eE Rftter( fillfration,4h@filttate Wi conderBratddsto givd) 12.3g @Xcridk 4Qk. = 11 6 Hz 2H) ,
3.36 35(d, J = 11.0 Hz, 3H), 2.08 (s, 6H), 1.99 (s, 3H), 1.40 (s, 3H). WO
2009/ 111653PCT/ US2009/ 036213 1. To a sol ution of 87h (140 ng, 0.29 mmol) in
et hanolNG2R: ThF wRsiedded t&lﬂﬁl&eﬂﬁgﬁ U %4}%&%’ RGBAOSA dietRfl dthdr 2THF QRS kerdbbd
heated at reflux tenperature for e reaction mXture was concentrated
in vacdrydisiilgilioaaﬂ&the(tﬁﬁemaz@étreﬁé)lg“fiﬁctbblme 88 for the Synthesis of

Exanpl e 3 Et 3N, Pd(OAc)2 , MeOH 1, 1-bi s(di phosphi no)-ferrocene z BnO
UBnBnO OBn 88c88b

10 b Phosphorusoxy chloride (19.33 g, 126.1 mmol) was added to N,N-dimethylformamide
(100 mL) at 0 °C and stirred for 30 min. To this solution was added 40e (12.1 g, 25.22 mmol) in

dichloromethane (50 mL) slowly over a period of 15 min. at 0 °C and stirring was continued for
1h. The reaction mixture was quenched by adding saturated solution of sodium acetate (100 mL)
and stirred for 30 min. The reaction mixture was concentrated to remove dichloromethane and
15  the residue was diluted with ethyl acetate (200 mL). The organic layer was separated and
washed with water (2 x 100 mL) and brine (1 x 50 mL) and dried. After filtration, the filtrate
was concentrated and the residue was purified by flash chromatography using ethyl acetate in
hexanes (0 to 12%) to give 2.92g (22.6% from 40c¢) of 40f as dark brown syrup. MS (ES):
510.2.
20
NOTE: Only DMF was also used as solvent; there was no need of dichloromethane. For workup,

2N NaOH was used in place of sodium acetate.

c. To a stirred solution of above obtained 40f (2.5 g, 4.88 mmol) in tetrahydrofuran (50

25  mL) was added sodium hydride (0.39 g, 9.77 mmol, 60% dispersion in mineral oil) at 0 °C.
After stirring for 30 min at 0 °C, O-(mesitylsulfonyl)hydroxylamine (40g, 1.15 g, 5.37 mmol,
prepared by the method of Krause, J.G. Synthesis, 1972, 140) was added at 0 °C and further
stirred for 2h. The reaction mixture was quenched by adding water (20mL) and extracted with
ethyl acetate (2 x 50 mL). The combined organic extracts were washed with water (2 x 25 mL)

30  and brine (1 x 25 mL) and dried. After filtration, the filtrate was concentrated to give 2.75 g of
1h as dark syrup. MS (ES™): 527.43.

The compound 40h can also be prepared as follows.

35 d. Aldehyde 40f (5.2 Kg, 10.16 moles) was dissolved in methyl tert-butyl ether (72.8 L)
and charged into a clean SS reactor (600 L). Aliquot 336 (0.25 Kg, 0.61 mole) and ammonium
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Example 3 Synthesis of 88e To a solution of 88d (1.31 g, 2.21 mmol)
in MeOH (110 nL) and Et OAc (60 nL) was added 1N HCl (9.5 nlL), Pd/C (10%
200 ng) awo 2ngdinoggenat ed at 60 psi for 24 h. The reacti ®OTMSZA0GNB620RS
filtere h [, d.the fi]ltrate was co cen rated in vacu

st quchieea KE 128 9naRlE e dsetin R bR iRl SERLOR R e e il

col um EBroMLegsHRhy(fxideq@9 9811, 187 Hidldig28%sBluERGD! sladded &t (L5 2 to
gl ve 88e (489 ny yel | ow solid. The product obtained was triturated

wi th welodpwed by pédstl@aoga/cqld (-5 SED sedimmchydraxade sohntiead o 59 Kefinbilswagse ( 251

(b,s ?3—@1])46% raglgg)f%t tl)fgga&ﬁtglgberg@r? Ve%]fol_pberclogépiyv?%cﬁ Wq@% 1d]%%2215§
(d, 5J= holks,H2s sdlhblon)fhdSﬁloﬁtwas%Fart%d at tizC aﬁd")iunﬁlg B afigition khe tempSRturd wad (M
3H) 3. 1350( 1H), 0.84 (s, 3H); M5 (ES): 322.1. The internediate 88d
was prebiomed 0554 11 13076s : Theoreactis mixeise tha stipgd 4t TOEM fgnpeatue feRdh) | n
CH2C12 {9~ gfrawé%ﬂlo(?n léti: yahe eap[ h?tﬁﬁ%ce%ﬂggﬂ)ﬁwgﬁ%wgs?’ di¥0 t%e }gacﬁgﬁ) ln)i¥
stirred at roomte aure ere ur e was concentrated

i N vac umddaygkrd Werersepardﬂﬂé ﬂmzalms@d 153 wald ré-Exegttddywith ahil setawt® X 104 L).
chr omat.Qgr aphy (5|I|Qa gel, eluting wth chl orof ornf met hanol, 1: 0 to 20: 1)
to furn 1 gatig laygrsoyera washedarithywaten (324 1edimihiosdtiafdX 1680 d6)

6 74089 7 ( 74 (s
2H)110 ° lédéA) 2(91153%0 wﬁt%f_gﬁrzzl% ag.g‘biﬂxgg% gﬁ%ﬁed ﬁgégd(dgfam guﬁag ﬁ)4 k'g%%ﬁer

3. 90- 3.fdi&ation, tlib:lﬂl)r,atelwz&&o@santﬁtd)i unHErv(eE&)lm HeRiw &0 °C I affordakrudei compoim®8a ( 35
g, 55.605%2I4) ge hanol (350 nmL) in a 2-L stainless steel bonb was added
triet hyl% ekg@v"‘s SY'Ws 6 rmol ), Pd(OAc)2 (3.5 g) and

1, 1- bi s(di phosphi no)- 20 ferrocene (3.5 g). The bonmb was vacuum fl ushed and
charged with COto 150 psi. The reactor was heated with stirring at 150C
over ni gt ankp @si@t@iﬁdmimarf#ﬂhézrﬁég% 88 enmdlh én diakaley(§0 migsvdsiadtet watet fiSough

d of . Cel d d b d d Th
o 180 VL Bt P10 65 TEDNS Comtah holeN oo o rap M 4y s legune-piliogie
| ut t 5 f
58b. a0 o (o 2’4?%%“%&? A RIS i 3Ptk idkGaddon .0
exc hang?@e(birm)ql) 1& vda’kel(amd didxhne e:mnamgmamm)was 8d&1=:ﬁ a(nﬂ fuithdr,stivred 9t 7 °Q Gor(1h,

16H), 66 476]&'"1 211), 4.72-4.45 m) 4.19 (s, 1H),
4.09-3. rﬁlﬁtlomq}lxh@e ¥es dijuted gmhgtlgll aq_e_gq}y (109 mE (t]ge ox:gp,;}lc layel;yagseg)gra(tqﬁ

;LTT:%I)) ﬂarlllg%veat@ ed@@n fﬁ% (%E Was a ﬁ)rg)e%hég?fﬁbf%ﬁ"&l (anA@tfer ﬁﬁ\k&tlgﬁ tﬁe ﬁltrajce4

20 was concentrated to afford 2 6 g of 40i, which was used as such for the next step.

f. To a stirred solution of 40i (2.55 g, 4.88 mmol) in N,N-dimethylacetamide (70 mL) was
added formamidine acetate ( 5.08 g, 48.88 mmol) and the reaction mixture was stirred at 140 °C
for 3h. Most of the N,N-dimethylacetamide was removed under vacuum and the residue was

25  suspended in water (100 mL), which was extracted with ethyl acetate (2 x 250 mL). The
combined organic extracts were washed with water (50 mL) and brine (50 mL) and dried. After
filtration, the filtrate was concentrated and the residue was purified by flash chromatography
using a mixture of ethyl acetate and methanol (9:1) in hexanes (0 to 30%) to provide impure
compound (1.25 g). Further purification by chromatography on silica gel gave 0.48g (17.8%

30  from 40f) of 40j as a light brown solid. "H NMR (CDCls): & 7.87 (s, 1H), 7.43-7.21 (m, 15H),
6.88 (d, J=4.5 Hz, 1H), 6.50 (d, /= 4.5 Hz, 1H), 5.87 (s, 1H), 5.36 (b, 2H, D,0 exchangeable),
4.83 (dd, J=31.8, 12.2 Hz, 2H), 4.68-4.52 (m, 4H), 4.40-4.35 (m, 1H), 4.04 (d, J = 8.8 Hz, 1H),
3.88 (dd, J=10.9, 2.3 Hz, 1H), 3.69 (dd, J= 11.1, 3.6 Hz, 1H), 1.00 (s, 3H). MS (ES"): 551.40.

35  NOTE: Acetic acid and n-BuOH can also be used as solvent in place of dimethyl acetamide.
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30 and 1 N NaCH (140 nlL). The reaction was heated with stirring at 40 C for
1.5 h. The reaction m xture was concentrated in vacuo to renove nethanol
and THF. wbeopHin#s adj usted to 6 using 2.5N HClL and t hecagqiseaus®3d2ayer was
extracted twce with ethyl acetate (500m. and 200 m.). The organic | ayers
wer e conbi ned, dried and concentrated in vacuo to furnish crude product.

The cr ugle WelFo Ptirrdd sduttyn dfl48§ (0.2 L LA AR M @hdgBihethahé (X5amDpvaddied,
eluting with 35 0-50 CVA 80 in chloroform to furnish 88c (9.5 g, 100% as
a | i ghtbayen frishosisie (484 nr., M@nolwmzawmm@smmmmw/ﬂ%@@@d rtlrea NVR

(o, 1hymisp 3 fitnes stiged 4550 Joy i sigrpant ) " B 30 myag 5
1y It aPoSefor Thm LN «tiod W%%ﬂ.”hfﬁ%b%%’i‘d&??%ﬁ% gt Qo 341 53

mol ) i @nbmwmdanﬁaﬂredtéed\m&smédﬁgalhr ¢tRyidchol (50 i) Wds added And Comoeniratednd

di phenyl, .phosphoryl azide, (0Q.82 , 97% 3.68 mmol ) and heated at refl ux
for 14 TS eREGILYES SRR tipes v@@ﬂ@@@ﬁw@&aﬂ@naﬁ%ﬁﬁlﬂéﬁﬁ@ﬁ disgelgehindnytiERched

with 1W}J§dr? 1 (2 x
200 ) %@ %%?ﬁ%lgﬁn oFr(f:]e-aﬁlrI\%?lg I xt ract S éédél%\%a ﬁ%éﬁ%@?ﬁ?"é oﬁgg&ag@?
dried, drdet edcadmaBolidseparidd @it achith waacollecteltsy ﬁlaan@lualcﬂxﬁmltﬁt aonedinders

pur| fied by flash col um chronatography (silica, chl or of or m et hanol ,

Ot o v2guam t proyidec39gEn(26%) oF 48k aga elodessgolid.oy P&\dR.(aOO MEANV$Q0b): Mz,

o D71k B P hand 83T peL i GRplieell s 04D S,

J= 7.7 4BHz,UH), 687 (d-5= 89 HimHskﬂ 34 @s 1121) (458-4 3, M5 T, Bichirpdable), 339chene
89 for the Synthesis of Exa WO 2009/ 111653PCT/ U82009/ 036213

Exanpl 6320 (ByHDa 8P ds. ey )a285kﬁ ut ion of tricyclic product 89b (0.165
g, 0.43 mmol) in nethanol (5 nL) was added aqueous 1 N HCl1 (5 nlL) and
stirred at roomtenperature overnight. The reaction m xture

15 Compound 40k can also be prepared as follows.

h. To a solution of compound 40j (128 g) in methanol (1.4 L), conc. HCI] (130 mL) was
added followed by 10% Pd/C (12 g) and the mixture was hydrogenated at 70 psi for 10 h. Since
the compound precipitated out of the solution, water (500 mL) was added to the mixture and
20 heated at 60 °C for about 1 h and filtered through a Celite pad. The Celite pad with palladium
was re-suspended in a mixture of water (400 mL) and methanol (400 mL) and heated at 60 °C
for about 1 h and again filtered through Celite. This operation was repeated until there was no
compound left un-dissolved. The combined filtrates were concentrated under vacuum and
recrystallized from water and ethanol (1:20) to afford 32.5 g of the desired product 40k as pale
25 yellow crystals. The mother liquor was concentrated and recrystallized again to afford another

crop of 5.6 g.

i To a suspension of 40k (0.962 g, 3.4 mmol) in DMF (30 mL) and acetone (30 mL) was
added 2,2-dimethoxypropane (4.2 mL, 98%, 34 mmol) and p-TsOH (650 mg, 98.5%, 3.4 mmol)
30  and stirred at room temperature for 3 days. The reaction mixture was neutralized with 2N NaOH
(aq.) and concentrated in vacuo to dryness. The residue was taken in water (90 mL) and
extracted with ethyl acetate (3 x 30 mL). The organic layers were combined dried, filtered and
concentrated in vacuo to dryness. The residue obtained was purified by flash column
chromatography (silica gel, 40 g, eluting with 0-100% CMA 80 in chloroform) to give 401 (360
35  mg, 33%) as a yellow solid. "HNMR (300 MHz, DMSO-d¢) & 7.83 (s, 1H), 7.67 (s, 2H), 6.87
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was concentrated in vacuo to dryness. The residue obtained was purified by
flash col um chronat ography (silica gel 12 g, eluting with 0-100% CVA 80 in
chl or of orwp 20@/giese 89c (0.014 g, 9 %9 as a yell ow sol i #CTMS208036213 1H NVR

Uy 5 oy 855 150 6 8. O £a b S5 iy 4 9789 S0 Ttk Sy 7 2353 "5, ™
(m 3|‘|)4.O§+@5)53(n5,5}{),n3.5’2g&d,J&§?@,'917,%{)§ mss%t%l-ll)o%gg:(é,)%g@,l(m(s?’kﬁ). M (ES)

344.8. The intermediate 89b was prepared as foll a. To a solution of
40m (2 g, 4.5 mol) in DV (20 nL).- was added copper iodide (17 ng, 0.9

ol ) ha ¢ o1 ARNAEET P G Lok P A e v g it
heatsed (@00 fhg5li3rhindD adll siRedatl BbmGBmPeratth®ovEai 1511 qm1f_ie Yerptigh hisktaek wad dilueat er

(60 m.) and extracted with ethyl acetate (3 X . 20 The organic |ayers
ver e cofish wewr (ismby and exiragtedeyith ethylracptatenBixneS mb5 The)organi¢ lagerstware er ed,

and co . af i cuo to-dryness. ~Lhe [ esi obt ai ned S rified by
lash. CORTBARABLE MBS en 2 BT R 2 ! Gt Mg Fonct b bl o
Et 0Ac: THeQkbidie btgxiasevas puidfistEbyBAah(@IBddclgomad hg%siﬁcebgé)\m S Blutiflg with NVR
(300 MHz EgIVBOd68) 8 7.93 (s, 1H), 7.84 és, 1Hg, .35 (s, 2H), 6.86 (s,
1H), 5.5600% CMA)80 ig chlprqformjte giveadam (044 2) 83% )3 gn Off whits solig; MP. 88:8) C.
254 .410-1 3 IR { e : :
2.af (aft S Tod s NS0 Fasts oot ik Shofd il 4SS AM B
12 rlzs RBAM e;pdr:gzig,sgg)l,lnjog m%«g:f? Js-ozlii,uggﬂm,hllc[?)i, Qﬁg (_E'W(I?ZHP%:MI\@’ 3H), 88 [ignol
e a (0, , 1. mmol ) and heated with stirring at
refl ux %Pﬁfr;ésgf’é@;% @ér“ﬁl“é t. The reaction m xture was neutralized with
gl acial acetic acid (0.3 nL) and concentrated in vacuo to dryness. The

resi due obtained was purified by flash colum chromat ography (silica gel 12
g, el utk.ng vld hs@utd@0865408n IP.60f, SB RA®]) iVEIME (0 hdyans)adtial gipper iB8ide (4065

9 157 e Bl S5 Pacrtate 132,70, 290 mmol)- Sty Tamine. (33 b~ 342 smol) and

tetrakis(triphenylphosphine)Palladium (1.85 g, 1.16 mmol) and heated with stirring at 70°C for 3
days. The reaction was diluted with water (90 mL) and extracted with ethyl acetate (3 x 70 mL).
The organic layers were combined washed with water (70 mL); brine (70 mL) dried, filtered,
and concentrated in vacuo to dryness. The residue obtained was purified by flash column

20  chromatography (silica gel 110 g, eluting with 0-100% 9:1 EtOAc: MeOH in hexane) to give
40n (0.43 g, 18 %) as a yellow solid. "H NMR (300 MHz, DMSO-de) & 8.05 (d, J=15.4, 1H),
7.94 (s, 1H), 7.61 (s, 2H), 7.27 (s, 1H), 6.45 (d, J = 15.3, 1H), 5.52 (s, 1H), 4.96 (t, J= 6.0, 1H),
4.40 (d, J=2.4, 1H), 4.07 — 4.00 (m, 1H), 3.71 (s, 3H), 3.65 — 3.57 (m, 2H), 1.55 (s, 3H), 1.34
(s, 3H), 1.13 (s, 3H); MS (ES") 402.8.

25
L To a freshly prepared solution of sodium methoxide (69 mg sodium in 30 ml methanol,
0.1 M) in methanol was added 40n (0.29 g, 0.72 mmol) and heated with stirring at reflux for 4 h
and then at room temperature overnight. The reaction mixture neutralized with glacial acetic
acid (0.18 mL) and the solid obtained was collected by filtration washed with methanol and

30  dried in vacuo to furnish tricyclic product (400, 0.126 g, 47%) as a yellow solid: 'H NMR (300
MHz, DMSO-dg) 6 11.15 (s, 1H), 8.04 (s, 1H), 7.14 (d, J=11.9, 1H), 6.91 (s, 1H), 5.77 (d, J=
11.9, 1H), 5.44 (s, 1H), 5.01 (t, J= 5.5, 1H), 4.41 (d, J= 2.3, 1H), 4.05 (td, /= 2.3, 4.9, 1H),
3.58 (dt, J=5.6, 11.5, 2H), 1.55 (s, 3H), 1.34 (s, 3H), 1.12 (s, 3H); MS (ES") 370.9 (100%, M-
1).
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Schenme 90 for the Synthesis of Exanple 5 \o o 40m0a Exanpl e 5
5Synt hesi s of 90c To a solution of 90b (0.050 g, 0.13 mml) in
met hanol WO0.26oomi1)638as added aqueous 1 N HC1L (0.5 nl) ane@cCsitseeem3@li3 r oom

tenperature for 48 h. Thcg 5%853'7? {Hu;%&laeswao[% ﬂcpqg&r ated in vacuo to

dryness. The solid obtaine col l ected by

filtration, washed 10 with ether and dr| ed 4 n vacuo at aceton | ux
tenmperature to furnigstr90c (0.008 g, 1S anN@fAtOHV\hlte sdlid; Mp 234 C
1F1 NMR (300 3,06) wbod 1, 38 &\jr’n 8. 05°1%\ 24 . AT (s,
1H), 5.80 (d, J— Hz, 1‘.1:;17),—'5 34 3H), \3483-3.70 (m

3H), 3.61 (dd, g ébBQ 12.5 ﬁz 1H)Bn6 2620 (d, J’FFAl £ Hz, @d) pe0. 84 (s, 3H);
M5 (ES) 344.09. 15knt er medi at e 90b was ph.epared as follows: @, To a solution
of 40m (1.3 g, 3 mmol) in DV (25 nlL) was added copper iodide (110 ng, 0.6
mol ), nethyl crotonate (6.36 m, 60 mmol), trfethylamne (0.84 nL, 6 mmol)
and tetrakls(trlphenylp N{ae) pal I adi um (9" g, 0.3 mmol )| apd heat ed
at 70 C for 48 h. & i on wasot o eﬁqthzaIer (75

extracted WI_'[JJ_E.Lhy| c tat“é (2 x 25 L)\ The organic Iaf?e Fe=Conbi ned
washed with %%H% 25 L) (eBPIE (@5 md, dried, filteres; WO
2009/ 111653PCT. uszoo’é‘? 036213 e AQ DA

87c 87e

CuCN
—_—
pyridine

HCI

Acd  DAc Ho oH

Example 2

5 Synthesis of 87j

A solution of 87i (90 mg, 0.2 mmol) in methanol (1 mL) was added to a solution of
freshly prepared NaOMe solution in methanol (0.17 M, 5 mL, 0.84 mmol) and stirred at room
temperature overnight. The reaction mixture was neutralized by acetic acid (0.5 mL) and
concentrated in vacuo. The residue obtained was purified by flash column chromatography

10 (silica gel, 5 g, eluting with 0 to 100% CMASO in chloroform) to yield 87j (27 mg, 48%) as a

bright yellow solid; mp 212 °C. 'H NMR (300 MHz, DMSO-de) 7.51 (s, 1H), 6.53 (s, 1H), 6.37
(s, 2H), 5.12 (s, 1H), 5.01 (d, J= 6.9 Hz, 1H), 4.79 (s, 1H), 4.74 (t, J= 5.4 Hz, 1H), 3.84-3.67
(m, 2H), 3.60 (dd, J= 4.7, 10.4 Hz, 2H), 3.36 (s, 3H), 0.86 (s, 3H). MS (ES™) 335.1.

15 The intermediate 87i was prepared as follows:
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and concentrated in vacuo to dryness. The residue obtained was purified by
flash col um chronmat ography (silica gel 40 g eluting with 0-100%[9:1] of
Et OAc: MW 2009/hessane) to give 90a (0.565 g, 46 %9 . 1H RERUS3®@O/084423

556 (o~ 11yt 3sffioror il L, A3 el S (b mOLIE dfeaype NUERL o

(m 1H)(28-306& 206 mLSI-ﬂ))Ho\SeéBy dtopwike aadﬂlol'ﬂb;f 126l (3086 3BHEG, 7.2 H)L,). AftbSthéd, J=
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was addeg, QR 0288 DhesifuSZoiHBh b BEs 68! SLRIbRRIE60 1Y Al Mﬂ’r’x

over ni ght . reaction m xture was concen in vac 0 an
r esiSduewaitat, hnnedirmﬂ,sﬁlmed fncettie iytrdte aakb c@tdeﬂﬂﬁ?ﬁed: hr vaead trgal@pbs)s Tls debidae gel 4
g, elutin 1Jf_OO(V 80 in chloroform to gi ;/ 90b_ (0. 100 9% as

a yel | & t%ﬁ?& yas prifiegpydlash colymr chaomatuetrphyiisadgs) 3@ a»fhitmg(\glth %1198%

?H;J 6( Z 1eﬁ cetgtj:gg gé%eﬁd)$n§ﬂ%f((§z4gﬁ0%§ ilf_g bf(ﬁwn i':ui-l Nl\?fg{:?ogMHgg EI) 9 Hz,

2. 22 (dDOMBO-d,/M,GRd 73597 26L(115,615(H$,68’F-I1d J%E413 34&)(6026&1)] 413 1H) (5529 (SH)H) VB
(ES) 384.,9. Schene 91 for

Synt hodh 64634 01D, & 161U ohOHA. U e D51 GBS 418 (B0 S8 mrol
inqgethgmpel (0.5 nmb) was added aqueous 1 N HC1 (0.5 nl) and stirred at room
tenperature overnight. The reaction 25 nixture was concentrated in vacuo to
dryness to furnlsh 91b (19 ng, 100% as a white solid; np 59-64 C. 1H NMR

(o C1hbe - ok asallrionot ay By ampel] sty gribglorasig {603nbymeaaddb TEA 1y
2H), 3. @d%43GHh, SJS‘mZnori lzﬂﬂ heakdd at 80 8¢ £6545 R THVYRedcF) mistredwas3VnBe RfafRdhat e

91a was prepar ed
vacuo to dryness and the re51due obtained was purified by flash column chromatography (silica

15 gel, eluting with hexanes/EtOAc, 1:0 to 1:1) to furnish 87b (1.783 g, 58.4%) as a light brown
syrup. '"H NMR (300 MHz, DMSO'dﬁ): 8 11.70 (bs, 1H), 7.90 (d, J = 3.1 Hz, 1H), 7.43-7.24 (m,
15H), 6.85 (d, J = 4.4 Hz, 1H), 6.67 (d, J = 4.4 Hz, 1H), 5.57 (s, 1H), 4.80-4.56 (m, 6H), 4.27-
4.13 (m, 1H), 4.01-3.96 (m, 1H), 3.82 (dd, J= 2.6, 11.0 Hz, 1H), 3.70 (dd, J=4.3, 11.0 Hz, 1H),
1.07 (s, 3H); MS (ES"): 550.0.

20
c. To a solution of 87b (3.8 g, 6.9 mmol) in methanol (100 mL) was added Pd on carbon
(10%, 580 mg) and conc. HCI (3 mL). The reaction mixture was hydrogenated at 50 psi for 4 h.
The reaction mixture was filtered through a pad of Celite and the filtrate was concentrated in
vacuo to dryness to furnish 87¢ (2.18 g, 100%) as brown syrup which was pure enough to be

25 used as such for next step. MS (ES+): 282.1; (ES-): 280.4.

d. To a solution of 87¢ (2.18 g, 7.75 mmol) in pyridine (30 mL) was added acetic anhydride
(6.5 mL, 69 mmol), DMAP (10 mg) and stirred at 70 °C overnight. The reaction mixture was
cooled to room temperature, diluted with water (50 mL) and ethyl acetate (50 mL). The aqueous
30 layer was separated and extracted with ethyl acetate (50 mL). The organic layers were
combined, washed with water (50 mL), brine (50 mL), dried and concentrated in vacuo to
dryness. The residue obtained was purified by flash column chromatography (silica gel 80g,
eluting with methanol in chloroform 0-20%) to afford 87d (1.88g, 70%) as off white solid, MP
147-154 °C. "H NMR (300MHz, DMSO-de): § 11.78 (s, 1H), 8.32 (s, 1H), 7.93 (s, 1H), 6.93 (d,
35 J=4.4Hz, 1H), 6.62 (d, J=4.4 Hz, 1H), 5.60 (s, 1H), 5.20 (d, J = 4.1 Hz, 1H), 4.47-4.32 (m,

95



WO 2009/ 111653PCT/ US2009/ 036213 To a solution of tricyclic product 400
(100 ng, 0.27 mmol) in nmethanol (100 nL) was added pl ati num oxi de (50 ny)
and hydr oyenratsedi@B 50 psi for 3 days. The catal yst wasPremseed/ obs213

to gi velar dan QB2 Mot TEOAD Relih s R G MT LS, Bolfn
chromat@grEphy (silica gel 4 g, eluting with CHC13/ CVA-80, 0-100% to

furnish crude 91a (64 ngs). The crude material was recrystallized from
met hanol (2 nL) to furnish pure 91a (25 ng, 25% as a white solid. 1H NWR

111y, oo (202 1Sy SRR g B mpish ig Rpiops e (s it i o Ras el
2H) ;5 2-]910dc%uc<21|ﬂ}nidé]-(75§.2(rﬁ%, 34 dhmol ] T34 Sactidd Was allovkdd loSwardt o rode 10( ES)
375.0, (ES) 373.3. Schene 92 for the synthesis of Exanple 7 NC 92a HCl

MeOH  dPBpemture aperaight arglepmhenstatedon vaoup. The sesiblewbtadmedowas: purified by flagk oduct

92b (2 L.n _met.hanol . (4 ni. ed uequs 1. N HC1L (4
1) and Lt shhomy Y, (CTELABTC snlife it AP R AR AR B s
concentdfggre87¢é (1.09EUT% asAnoRans sollilengp 85 St € ORIV (500 MBS, DMdoLaated 44 th
ether and the solid obtained was coll ected by filtration, washed with ether
and dri@dlliDa 7\94de0 Hat 6.8¢ és.dRB, 7.66 (sutH), 5.17 (d, J = 4.2 Hz, 1H), 4.35 (s, 1H), 4.20 (d, J

10 =11.7 Hz, 2H), 2.07 (d, J = 2.2 Hz, 6H), 2.00 (s, 3H), 1.39 (s, 3H).

f. To hot refluxing pyridine (14 mL) was added a solution of 87e (1.09 g, 2.04 mmol) in
pyridine (2 mL) and copper cyanide (2.15 g, 24 mmol). The reaction mixture was heated at
reflux overnight, cooled to room temperature and diluted with water (50 mL) and ethyl acetate

15 (50 mL). The insoluble inorganic impurities were removed by filtration; the aqueous layer was
separated and extracted with ethyl acetate (2 x 100 mL). The organic layers were combined
washed with brine (100 mL), dried, filtered, and concentrated in vacuo. The residue obtained
was purified by flash column chromatography (silica gel, 20 g, eluting with 10 to 90% [9:1] of
ethyl acetate:methanol in hexane) to yield 87f (270 mg, 31%) as a colorless oil. "H NMR (300

20 MHz, DMSO-dg) 5 12.48 (s, 1H), 8.16 (s, 1H), 7.21 (s, 1H), 5.56 (s, 1H), 5.17 (s, 1H), 4.35 (s,
1H), 4.17 (s, 2H), 2.07 (s, 6H), 1.99 (s, 3H), 1.38 (s, 3H).

g. A solution of 87f (460 mg, 1.06 mmol) in phosphorous oxychloride (10 mL) was heated

at reflux temperature for 2 h. The reaction was cooled with ice water, quenched with ice water
25  and stirred vigorously until all phosphorous oxychloride was destroyed. This aqueous layer was

extracted with ethyl acetate (3 x 100 mL). The organic layers were combined washed with brine

(100 mL), dried, filtered, and concentrated in vacuo to yield 87g (653 mg).

h. To a solution of crude 87g in chloroform (15 mL) and ethanol (30 mL) was added
30  methyl hydrazine (0.1 mL, 1.74 mmol) and stirred at room temperature overnight. The reaction
mixture was concentrated in vacuo and the residue purified by flash column chromatography
(silica gel, 12 g, elufing with 0 to 100% [9:1] of ethyl acetate:methanol in hexane) to yield 87h
(140 mg, 28%) as an yellow solid. "H NMR (300 MHz, DMSO-dg) 6 8.07 (s, 1H), 7.27 (s, 1H),
5.75 (s, 1H), 5.48 (s, 2H), 5.21 (d, /= 4.2 Hz, 1H), 4.37 (s, 1H), 4.22 (d, J = 11.6 Hz, 2H), 3.36
35  (d,J=11.0 Hz, 3H), 2.08 (s, 6H), 1.99 (s, 3H), 1.40 (s, 3H).
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WO 2009/ 111653PCT/ US2009/ 036213 tenperature to furnish 92c (145 ng, 74 %
as a nustard solid; np 152-159 C. 1H NWR (300 MHz, DMSO-d6) 8 12.60 (s,
1H), 9. 76Ww0=0091H)¢539. 27 (s, 111), 8.02 (s, 1H), 7.55 (dpcTausSidoo®3dizs 1H),
7.13 (s, 111), 6.39 (d, J= 11.6 Hz, 111), 5.23 (s, 111), 4.99-4.20 (m 3H),
3.77 (d, J= 10.1 Hz, 211), 3.70-3.57 (m 211), 0.87 (s, 3H); M5 (ES) 332.0,
(ES) 329.9. ”50hBélﬁﬁ&?ﬂfﬂlﬁ(l%lﬁlgﬂlﬂsmﬁﬁﬁ@ﬁfiﬁ@t}ﬁﬁol dggd) hVYSwasadd&d eoneehtiHiédn Of
40m (2.23 g, 4.99 mol) DIVF ( was adde 1?per i odi de (380 nmy,
1.99 mﬂﬁ{dyocm(}riceqcnwmpﬁa a(l@ hegted Qt]_reﬂuxﬁempprmg for 2 h. The reaction mixture was
t et r aki 0s h|n al jgum (1.15 g, 1 nmol). To the
&%Eéﬂt&?e%Q§ dg{b}l rnge 71%9(? 1%@ % g/og , . .

suspensi on was a 217 mol ) in 4 portions over a
perisod of 3 h and heated s\ahélhesslfd;mmgsymhegg dEExample days. The reaction was
diluted with water (210 nL) and extracted with ethyl acetate (3 x 70niL).

The organic | ayers were conbi ned, hed with water (70BniL),Niyine (70 ni)
dried, filtered, and concentr vacuo to dryness. The resi due obtai ned
was purified by flash col um graphy (silica gel \ 11 g, eluting
with 0-100%[9:1] of E‘?’(‘)"c |N1Jhexang akgy to @in0e\92 /zg 33% as a
must ar d- col ored solid; 3 . 1H NVR €840, MHz, .15 (d, 3J=
15.9 Hz, 1H), 7.74 (s, 211)6) 7. 42 (s, 1H), 7.20 (s 5 6.19 (d J=15.7
Hz, 1H), 5.51 (s, 1H), PBrny="58 Hz, 1H), §90(CPBHJ- 2.4 Hz, 1H),
4.03 (d, J= 2.4 Hz, 1H), 3. 64913 55 (m 2H) 1.55 (s 389a, 1.33 (s, 3H),
1.12 (s, 3H.; IR (M) 2209 cm1; Ms (ES) 370.1.8. 20 To a freshly

pr epared sol ut| on of sodi um et hoxi de ﬁt3&6p A S)Ch/jéﬁﬁl n i 6 mM nethanol, 0.1

M was added 92a (0.58 g, 1.56 nmol) aidbisidiptogHingi-fletiocseiirring at reflux for
4 h and then at roomtenperature overnight. The reaction mxture was
neutralized with glacial ygegtic acid (0.094 nL) and concentrated in vacuo
to dryness. The residue obtadi nedas purified by fl 025 cofiym

chromat ography (silica gel I t| ng with CHC13/ CVA- 10099 to

furnish 92b (265 rrgﬁ 44(V% r I|d np 112 114 H (300 MHz,

DVSO- d6) 8 8 05 971 ones, 1112 68 PO 5. 9( d, J= 11.4 H,

111), 6.60 (s, 1H) 5.7 « J= 11. , 1H), 534 H, 4.98 (t, J=5.7

Hz, 111), 4.37 (d, J= %4@# 111), 403398(m 64348(m 2H) ,
1.12 (s,

1.52 (s, 311), 1.33 311): M5 (EB 5‘&37‘%‘3“1 (ES) 369.9. 30
WO 2009/ 111653PCT/ u52009/86‘36213 Schene 93 for the SynB¥esis of Exanple 8

O
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Pd/C, H,

Example 3

Synthesis of 88e
10

To a solution of 88d (1.31 g, 2.21 mmol) in MeOH (110 mL) and EtOAc (60 mL) was
added 1IN HCI (9.5 mL), Pd/C (10%, 200 mg) and hydrogenated at 60 psi for 24 h. The reaction

mixture was filtered through Celite, and the filtrate was concentrated in vacuo. The residue
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To a suspension of 93e (310 ng, 0.54 mol) in MeOH was added 1N aqueous HCl
(1.8 m.) Pd/C (10% 100 ng) and hydrogenated at 60 psi for 25 h. The
reacti on woxvewaiasas filtered and the filtrate was concentrnast@d/oBéziyacuo.

gor oo ipined BhehBR AN b ARE o BnS itk kel LG PP BRI Bl 41, 72

ﬁlﬁ 81730/);(33 asla) whglileS&OMISQ ,rngjﬂals_l) azfél%\% s61(1d N¥g ;(r@dlﬁt %ﬁmeﬂ]\!@@tﬁiﬁiatéﬂ %tEG (s,
(s, S
4 76 (tWatgE: cglle&tqdzby filﬂﬁtlomamdldr(esl mm;uo 9. fgnush Q&r (@fﬂ n@H}S %Z;a%«'gt @ffwﬂlﬂem

vvas pre%a?é’ﬁgésléfg wgﬁﬁo Zsﬁ’ﬁ%ﬁ?‘? éfés&ﬁ%?égs ?1% ggﬁlﬁ)' iﬁ&g% ])q{)93e

pyrisdi ne1g€ $0®Hm15)16/@51ﬁ}1d€9@ @; J =&t NExYLH), msarc(vllrms byiz ¢ brarsm@ (5R37%b-0,
178.24 mml) and heated with stirring at 70.C for 16 h. The reaction

i Xt ur 6 nn B &d- Wi em.EDAB 8 15, 51) MSESREA2lt h vater (2 x 700 i) and
20 brine (500 nm.), dried, filtered, and concentrated. The residue was
purified by flash col um chrorratography (silica gel eluting with

hexanes/ Et 0Athe ihtedmédiatd 88} v p@épé@ecﬂa%@oﬂ&@s:% g, 71%) WO
2009/ 111653PCT/ U52009/ 036213 as | i ght yeI | OW solid; nmp 78.6 C. 1H NMR
(300 MHz, DVsO-d6): 6 7.91 (s, , 71.63 (s, , 1.45-7.12 (m 27H),6.96

£1 5.1 1(H)nzll ?H)SFO ég%}gt}(zn @f@)l'(*goog%ggo 1%&?@0]&%9]11%&1% ﬁéj'{n 3¢ %@ce(\mﬁr h)‘%_‘jzo-

1. 05 ( sadd8HNBS5(3D nig Oal 8sninol)iand sﬁfre&@t&poﬁ&@m@er@tur@ﬁarg% rihe Irgaction RVATuf500
m.) was added pot %SSI umviny|trifluoroborate g 53. 75 mmol ), NaHCO3
(7.2 g, WVaLOReENiRRC) I VagHompY3hotesistug pbigingd V%%unile@ y fhaeh solumBo (65 i) and

refl uxeghrdhk Nfea dRRChl ATmetnlICe0 50 1Y% finibiP8%h (Tep and
extracted w ?% @% i& ff% L a%ﬁg&gﬁﬁgf Igg{o%]ﬂ‘gén?c% aye?\% werle congbned
and washg®0db)tas abyrelloe sbﬁﬂ)O‘HﬂNMR CBOOGMHzI DMSﬂ-dgb a9 (sorife A0 7 25 (m, rﬂS\Hapuo
The res%éawas 10 purified by f colum ¢ ronat&grap%%swlca
o1 061 b B 54 B AT 2251 §56-457 (o, H10n A3 Gt 1D, 30 (A7ffoflTas
light yelly i 7 0 , DIVBOdG) 8756(5 1H),
7.44-7.17 m%g b @P&%ﬂ(l 05 %‘ﬁﬁ“? (E%' : H) 6 93 (s, 1H), 6.84 (d,
J—88Hz 557(s 1H) 531(d J= 17.2 Hz, 516(d J=11.0
Hz, .4 6

3. 88- 3 bro ( rﬁE éﬂjlon 45 @é g mfﬁo %395305%3@3é Eé)’9 S@WSB Steel ‘%Q?‘%
col d (& JabEetricARidhing @Y .90 5 %@1 AR (3.5%) drmd THHid(dl (90 )
was added dr opvfllwlggSI bolr a(re;e di meth ?1 su g) g% gol(ut ?’y())n (2M |1n( HF 9. m_) and
st i20r edemocane ¢3rd tegriter tmly was mudmﬁlusﬁérbanchdratgednmﬂl &Oupd S0psi. fﬂhemah@d Wit h
et hano'wzgs]hgea% with S(%llil‘gl’?éj gt 135'3°c overnight and cooled to room temperature. The catalyst was

filtered through a pad of Celite and concentrated in vacuo to obtain crude product. The crude

was purified by flash column chromatography (silica gel 1.2 kg, eluting with ethyl acetate in

Hexane (0-50%, 2 L each) to give 10.7 g of 88b as yellow semisolid. 'H NMR (300 MHz,

25  DMSO-de): 6 9.05 (s, 1H, exchangeable), 8.41 (s, 1H, exchangeable), 8.07 (s, 1H), 7.49-7.20 (m,
16H), 5.66 (s, 1H), 4.76 (s, 2H), 4.72-4.45 (m, 4H), 4.19 (s, 1H), 4.09-3.98 (m, 1H), 3.86 (d, J=
8.9, 1H), 3.76 (s, 3H), 3.75-3.68 (m, 1H), 1.09 (s, 3H); MS (ES™): 609.1.

c. To a solution of 88b (8.5 g, 14 mmol) in methanol (140 mL) was added THF (140 mL)
30  and 1 N NaOH (140 mL). The reaction was heated with stirring at 40 °C for 1.5 h. The reaction
mixture was concentrated in vacuo to remove methanol and THF. The pH was adjusted to 6
using 2.5N HCI and the aqueous layer was extracted twice with ethyl acetate (500mL and 200
mL). The organic layers were combined, dried and concentrated in vacuo to furnish crude
product. The crude was purified by flash column chromatography (silica gel 200 g, eluting with
35 0-50 % CMA 80 in chloroform) to furnish 88c (9.5 g, 100%) as a light yellow solid; MP 164 °C.
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20 NaOH (6.0 nL), and cooled with ice/water. To the cold reaction m xture
was added hydrogen peroxide (30%in water, 6 nL) and heated at reflux for 1
h. The r esotzp@mimngsst ure was cooled to roomtenperature PdiTiust@d/opé2th et hyl

tatda t 9 j d
ggﬁcgnt rH(ﬂﬂk/g{l n vacuoﬁMﬁ? egsspd%?gl%g?g@shg@ i)EI’ﬁI_Ig %0% (g%/])}fl ardﬁgol?ﬁhn
(2:hr1;)r’rtat'bfg.‘f aldhy =(1s5.4, 128 & Ig&l1,5H8) 3166 (9 IIfIi) t4h6&¢d:,’|yl= 4@.C2|9Hg,t @?Hnl\lllsgx,?g{goili\)/;%d Ke'

0 el | ow sal i
DI\/BOdG‘)gé\igz égﬁég@l ﬁwH?ﬁ 3:1?5(S(EH? ]1I-(I)7(5= M?SQ%SQQ mPP7H), 6.81 (d, J= 9.0
Hz, 2H), 6.62 (s, 1H), 5.57 (s, 1H), 5.51 (t, J= 3.7 Hz, 1H), 4.76-4.48 (m
6H), 4.20-4.10 1H), 4.04 (d, J= 8.4 Hz, 1H), 3.91-3.66 2H), 3.71
(ED 53H)d. 3. 5&8%&1@%%@ g2§96-nﬂn816 irf Benz2id) Q?OlnDBwéssaddB&lﬁrgeTmOa;?n'EQOé4

ol ) 1AL 47 etk il oot (i bELs W S8R o oo bosis et

95% 2. falllmrome feBctibntnix@irO%@8 €od1€d B fBbin @R £ bdg@inchQOMth ENPRABLY; ©

for 16 h. The reaction m Xture was concentrg |n vacuo and the residue
obt ai nddOM)pﬁha Ifea@d)nbylmﬂra:ms eptranted whh Em@Aog’l aﬁﬂQ n(l9i Theeonglmhedorggnic

| uti th et t 1 9 7 .. 759
So h Sl wR iR St e a0 Mpodricey il id edrpefigsied i \hepd. The FRkig; ¢
E M102 Za) @btalﬁecﬁxﬁe(ts(ﬂmﬁ&bﬂ - f@ash%‘Qu%%&ﬁ&{g%x%ﬁggsﬂﬁ%%wcﬁ%@@f%ﬁbn)ﬂ%tha%ﬂ (1 (ﬁto59
7.9 Hz,201hyto eB/ei8dd1 62 & f1%2kY o bepsolid, BNMR (006REE, BMrdsz 173, ’18 2.92

(518 mio 103 KEART 7R Geabor 17 A8 tess il b 0 g4 BedeBie i 575

) anob}s L need Btm,"1eDB DETREray g, fiern). 1778.60(kE 2H8aC12 @03 w'rgs
neutrali z)}ad V\nthoaglé]uggus Orwé N NaOH, 3?1 ut ed V\n-lzth V\Egt er EHS] ; ( tga
concent¥dtled in vacuo to renove acetonitrile. The aqueous Iayer vvas
ext,racted with CHCL13/ MeO d 50 he conbined organic
extPacts were dried, fil E@é%ﬂeg% r%‘ﬁn?élﬁ QB 511%?":’“}?!%2 The residue
obtained 10 was purified by flash colum chrematoegraphy (silica gel 30 g,
el uting wth hexane/ethyl etate/ nethanol, %0 to 1:1:0.1) to give 93e
(362 ny, 86% as a vvh|te ol4d. 1H NWR (300 DMSO-d6) 8 8.01 (s, 1H),
7.81 (s, 1H), 7.41-7. NN 15H)Q 33 (s, , 5i55 N&l, 1H), 4.77-4.49 (m
6H), 4.26-4.13{ 4. OA , 4= 8.1 Hz, 1H), /& \3 65 (m 2H),

M5 (ES): 577.1.

POCL3GUD 1111 HONs

HCI1
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_ HO OHHO OH 40p94 Exanple 9 20Synthesis of 94 To a suspension of 40p (33
nmg, 0.1 mmol) in trinmethyl phosphate (1 nL) at 0 C was added phosphorus
oxychl or iwe 20d11}d58, 0.21 mmol) and stirred at 0 C for PCh/USTdG/0B@aAELI ON
m xture was treated with n-tributyl nelézo 4, 0.29 mmol ), acetonitrile
(100 pit), 25 tributylamoni um pyro%-rat (H4P207 1.6 n-Bu3N, 190 ny,
0.40 mmol ) and stirred at roomtenperature for 0.5 h. The reaction m xture
was quenched with 1M TEAB buffer (Sa m., pre-cooled with ice/water, pH =
8.0), diluted with water (20 ri), Synthesis®688cwith di chl or onet hane (2 x 15
mL). The aqueous sol ution was concentrated in vacuo to renove traces of
CH2C12 and purified by DEAE ion exchange colum chronmat ography with a

I i néar gr adi Boni s@0tiaf ofliﬁéxﬁ:lhlﬁrécﬁrct I OT BB, U4 ¥ ol yah nretiBandl (420) was 1 t o
totdzr vol ume; .50 The., WO 2009/ 111653PCT/ US2009/ 036213. fracti ons
cont ai raddgd apeops b N%@l £5r mbh aadh¥iaTed ahEon EFRSTHIE RIS YN F‘%Pcoé‘dmx*i"H%

resi du of TEAB
buf f er %%%&EE&%E%%H%&% %%ﬁ%&gg}%ﬁg@\] db%%%’\g%:%f{ae? 13%38 n 41{1%{' give 94
(tR = Idrdmabgiaphy-(siitaigehs2 g,oaiﬁmgwmlgOQ@O%e@M&&@medﬂmmfmﬂl)amghva 89di ssol ved

in 2 nL of H20 and the concentration was neasured tao be 0,34 mM
(y| eld(Oé)l#%%fg/)wxeﬂawanhfl I§p46%§CoébNMRé$ﬂ0) MHgz, DNG®-d8)0D Qﬁiz 79T08) 6

EIEHIAN YR i o L e
( 121 VHm, 2ED0).89-8. 768(n& JH)P3.65-3145 Gn(2HP) 2. 002293 (1 F), ONEI—()HS)(m BHAQ;,. MS((ESH 1) .

Scheme )9354f80r the Synthesis of Exanple 10 )D FINNHAHN NH O O O I1110

The intermediate 89b was prepared as follows:
15
a. To a solution of 40m, (2 g, 4.5 mmol) in DMF (20 mL) was added copper iodide (17 mg,
0.9 mmol), methyl methacrylate (9.5 ml, 90 mmol), triethylamine (1.25 mL, 9 mmol) and
tetrakis(triphenylphosphine)Palladium (0.5 g, 0.45 mmol) and heated with stirring at 70 °C for
68 h. The reaction was diluted with water (60 mL) and extracted with ethyl acetate (3 x 25 mL).
20  The organic layers were combined washed with water (25 mL), brine (25 mL), dried, filtered,
and concentrated in vacuo to dryness. The residue obtained was purified by flash column
chromatography (silica gel 40 g, eluting with 0-100% [9:1] of EtOAc: MeOH in hexane) to give
89a (0.615 g, 33 %) as a brown solid. 'H NMR (300 MHz, DMSO-dq) 5 7.93 (s, 1H), 7.84 (s,
1H), 7.35 (s, 2H), 6.86 (s, 1H), 5.56 (s, 1H), 5.00 (t, /= 5.8 Hz, 1H), 4.39 (d, /= 2.4 Hz, 1H),
25  4.10-4.00 (m, 1H), 3.73 (d, J = 4.6 Hz, 3H), 3.59 (t, J= 5.4 Hz, 2H), 2.07 (d, J= 1.2 Hz, 3H),
1.56 (s, 3H), 1.34 (s, 3H), 1.14 (s, 3H).

b. To a freshly prepared solution of sodium methoxide (1.57 mL, 0.1 M) in methanol (14
mL) was added 89a (0.657 g, 1.57 mmol) and heated with stirring at reflux temperature

30  overnight. The reaction mixture was neutralized with glacial acetic acid (0.3 mL) and
concentrated in vacuo to dryness. The residue obtained was purified by flash column
chromatography (silica gel 12 g, eluting with 0-100% [9:1] of EtOAc: MeOH in hexane) to give
89b (0.165 g, 27 %) as a yellow solid.

35
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HO-P-O-P-OP-0 111 OH OH OH Exanple 10 Synthesis of 95 15To a suspension
of 95e (64 ng, 0.2 mmol) in trimethyl phosphate (2 nL) at 0 C was added
phosphor wsoarysctliessi de (37 pL, 0.4 mmol) and stirred at POT@Sk@w/036s2h3 The
reaction mxture was tre A trd i 'L, 0.62 mmol),
acetonitrile (200 !'IL), ?&?ﬁﬁ??ﬁgﬁﬂ%ﬁﬁﬁﬁﬁ%ékggﬁ§§6ﬁ§?g (HAP207-1. 6 n-Bu3N,
380 ng, 0.8 nmol) and stirred at roomtenperatiureofor 0.5 h. The reaction
m xture was quenched with 1M TEAB buffer (10 nP~pre- 20 cooled with ice
water, pH = 8.0), diluted with water (20 nL), an hed with
di chl oronet hane (2 x 15 nL]NH:The cag 0uUs phase was |[concgptrated in vacuo to
renove the trace of xand purllfi ed by DEAE i e ha2r19e col um
chr omat ographﬁvvith a\l ieay gradi of B buf ey (IM TEAB buffer, pH =
; totwl: 500_nl). Jhe a

8.0/1120, 0:1 to geat ai ning the desired
i ned and ceqem)j,rat ed. si due wag,#fzdi ssol ved

tri phosphate were \co
in 1120 and 25 purd fied by HPLC C@HBEN 0.1 M TEAB buffer;, pH = 8.0, 0-40
mn, O0-35% CH3CN;© Itoring at 244 nm to gi ® (tR=17.2 mn).
Fractions containifigh95 were concentrated and redissolved in 2 nL of 1120
and the concentration4® 95 was neasured to be 9. 80mM (yield: 10% by W
(280 nm s = 6,400 M1 cm1). 1H NMR (300 MHz, D20) 6 7.53 (s, 1H), 6.40
(s, 1H), WD 2009/111653RCT/ US2009/ 036213 5. 31 (s, O 4.32-4.00 (m 4H),
0.93 (s, 3H); 31P NWR 0) 6-10.69 (d, J= 19.4 Hz, - 11.26 (d, J=
20.6 Hz, 1P), -23.2 H 19.4 Hz, 1P). MS (ES") ( M1). Exanple
11 5The follow ng il ate representative phar cal dosage forns,
cont ai ni ng a conpoun i.cal accept abl e salt
or prodrug thEP OFNﬁ#OphylaCtiC use in
humans. (i) Tabl

6.0
X 90c
90b
Example S
5 Synthesis of 90c

To a solution of 90b (0.050 g, 0.13 mmol) in methanol (0.5 mL) was added aqueous 1 N
HCI (0.5 mL) and stirred at room temperature for 48 h. The reaction mixture was concentrated in
vacuo to dryness. The solid obtained was triturated with ether, collected by filtration, washed
10 With ether and dried in vacuo at acetone reflux temperature to furnish 90¢ (0.008 g, 18 %) as an
off white solid; mp 234 °C. "H NMR (300 MHz, DMSO-de) & 11.33-10.90 (m, 1H), 8.05 (s,
1H), 7.13 (s, 1H), 5.80 (d, J= 1.2 Hz, 1H), 5.34 (s, 1H), 4.99 (s, 3H), 3.83-3.70 (m, 3H), 3.61
(dd, J=4.2,12.5 Hz, 1H), 2.20 (d, J= 1.1 Hz, 3H), 0.84 (s, 3H); MS (ES") 344.9.

15 Intermediate 90b was prepared as follows:

a. To a solution of 40m (1.3 g, 3 mmol) in DMF (25 mL) was added copper iodide (110

mg, 0.6 mmol), methyl crotonate (6.36 ml, 60 mmol), triethylamine (0.84 mL, 6 mmol) and

tetrakis(triphenylphosphine) palladium (0.350 g, 0.3 mmol) and heated at 70 °C for 48 h. The
20  reaction was diluted with water (75 mL) and extracted with ethyl acetate (2 x 25 mL). The

organic layers were combined, washed with water (2 x 25 mL), brine (25 mL), dried, filtered,
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10 Conpound X= Lactose Povi done Croscarnel | ose sodi um M crocrystalline
cel lul ose 15 Magnesium stearate (ii) Tablet 2 Conpound X=
20M cr ocrwetaddiimes3cel | ul ose Starch Sodi um st arch gl ycolparaSkMaugnsaeizim

B R e B
chromatography (silica gel 40 g, eluting with 0-100% [9:1] of EtOAc: MeOH in hexane) to give
90a (0.565 g, 46 %). "H NMR (300 MHz, DMSO-dg) & 7.95 (d, J = 2.8 Hz, 2H), 6.87 (s, 1H),
5.78 (d,J= 1.3 Hz, 1H), 5.56 (s, 1H), 4.98 (t,J = 5.8 Hz, 1H), 4.39 (d, /= 2.5 Hz, 1H), 4.07—

5 3.98 (m, 1H), 3.65 (s, 3H), 3.59 (t, J= 5.4 Hz, 2H), 3.33 (s, 1H), 2.55 (d, J= 1.1 Hz, 3H), 1.56

(s, 3H), 1.34 (s, 3H), 1.15 (s, 3H).

b. To a freshly prepared solution of sodium methoxide (0.67 mL, 0.1 M) in methanol (6
mL) was added 90a (0.280 g, 0.67 mmol) and heated with stirring at reflux overnight. The

10 reaction mixture was concentrated in vacuo and the residue obtained was purified by flash
column chromatography (silica gel 4 g, eluting with 0-100% CMA 80 in chloroform) to give
90b (0.100 g, 39 %) as a yellow solid; mp 152 °C. 'H NMR (300 MHz, DMSO-dg) & 11.14 (s,
1H), 8.06 (s, 1H), 6.97 (s, 1H), 5.82 (s, 1H), 5.47 (s, 1H), 5.01 (t, /=59 Hz, 1H), 441 (d,J=
2.5 Hz, 1H), 4.11-4.01 (m, 1H), 3.62 (t, J = 5.3 Hz, 2H), 2.22 (d, /= 1.1 Hz, 3H), 1.56 (s, 3H),

15 1.34 (s, 3H), 1.12 (s, 3H); MS (ES") 384.9.

Scheme 91 for the Synthesis of Example 6

H,, Pt,0
MeOH
91ia 91b
Example 6
20
Synthesis of 91b

To a solution of tricyclic product 91a (20 mg, 0.05 mmol) in methanol (0.5 mL) was
added aqueous 1 N HCI (0.5 mL) and stirred at room temperature overnight. The reaction
25  mixture was concentrated in vacuo to dryness to furnish 91b (19 mg, 100%) as a white solid; mp
59-64 °C. '"H NMR (300 MHz, DMSO-dg) & 8.73-8.30 (m, 2H), 8.02 (s, 1H), 6.79 (s, 1H), 5.32
(s, 1H), 4.06-3.84 (m, 3H), 3.75 (d, J=11.7 Hz, 3H), 3.63 (d, /= 8.8 Hz, 2H), 3.14 (d, /= 7.3
Hz, 2H), 0.77 (s, 3H); MS (ES") 332.9.

30 Intermediate 91a was prepared as follows.
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77.5 15.0 12.0 92.5 3.0 300.0 ng/tablet 20.0 410.0 50.0 15.0 5.0 500.0

ng/ capsule 10.0 1.5 465.5 120.0 3.0 600.0 (iv) Injection 1 (1 ng/mM)
Conmpound We 20dvmaessaci d form Di basi c sodi um phosphat e Mpaoohmsseoo/03cds um
phosphat e0. 7 Sodi um chl ori de 1.0 N Sodi um hydroxi de sol ution 40(pH
adjustnent to 7.0-7.5)

10

15

20

To a solution of tricyclic product 400 (100 mg, 0.27 mmol) in methanol (100 mL) was

added platinum oxide (50 mg) and hydrogenated at 50 psi for 3 days. The catalyst was removed
by filtration through a pad of Celite and the filtrate concentrated in vacuo to give crude product.

The crude residue was purified by flash column chromatography (silica gel 4 g, eluting with

CHCI3/CMA-80, 0-100%) to furnish crude 91a (64 mgs). The crude material was recrystallized
from methanol (2 mL) to furnish pure 91a (25 mg, 25%) as a white solid. 'H NMR (300 MHz,

DMSO-dg) § 11.02 (s, 1H), 8.17 (s, 1H), 6.78 (s, 1H), 5.58 (s, 1H), 5.00 (s, 1H), 4.40 (s, 1H),
4.05 (s, 1H), 3.58 (s, 2H), 3.02 (s, 2H), 2.91 (s, 2H), 1.56 (s, 3H), 1.34 (s, 3H), 1.14 (s, 3H); MS

(ES™) 375.0, (ES) 373.3.

Scheme 92 for the synthesis of Example 7

Pd(PPh
Ny

TEA, DMF, Cul NaOMe
MeOH
e ——-
CN

1

H
MeOH

92c

Example 7

Synthesis of 92¢

To a solution of tricyclic product 92b (220 mg, 0.59 mmol) in methanol (4 mL) was
added aqueous 1 N HCI (4 mL) and stirred at room temperature overnight. The reaction mixture
was concentrated in vacuo to dryness. The residue obtained was triturated with ether and the

solid obtained was collected by filtration, washed with ether and dried in vacuo at acetone reflux
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Water for injection mg/mM 1.0 12.0 4.5 g.s. g.s. ad 1 nL WD 2009/111653
(v) Injection 2 (10 ng/mM ) Conpound X= (free acid form Monobasic sodi um
phosphat e®020®tiaesBc sodi um phosphat e Pol yet hyl ene gl ycelcTAB2000M30d150di um

hydr oxi | on (. j\yst men} o£\0 7. 0-7.9) ter h B eei m

190" 1. SpBREt BRI HED s sthiip S P 152159 ¢ SH KRR o
MHz, DMSO-dg) 8 12.60 (s, 1H), 9.76 (s, 1H), 9.27 (s, 1H), 8.02 (s, 1H), 7.55 (d, /= 11.6 Hz,
1H), 7.13 (s, 1H), 6.39 (d, J=11.6 Hz, 1H), 5.23 (s, 1H), 4.99-4.20 (m, 3H), 3.77 (d, /= 10.1
Hz, 2H), 3.70-3.57 (m, 2H), 0.87 (s, 3H); MS (ES™) 332.0, (ES") 329.9.

Intermediate 92b was prepared as follows.

a. To a solution of 40m (2.23 g, 4.99 mmol) in DMF (70 mL) was added copper iodide
(380 mg, 1.99 mmol), triethylamine (3 mL, 21.8 mmol) and tetrakis(triphenylphosphine)

10  palladium (1.15 g, 1 mmol). To the suspension was added acrylonitrile (14.3 ml, 217 mmol) in 4
portions over a period of 3 h and heated with stirring at 70 °C for 3 days. The reaction was
diluted with water (210 mL) and extracted with ethyl acetate (3 x 70mL). The organic layers
were combined, washed with water (70 mL), brine (70 mL) dried, filtered, and concentrated in
vacuo to dryness. The residue obtained was purified by flash column chromatography (silica gel,

15 110 g, eluting with 0-100% [9:1] of EtOAc: MeOH in hexane) to give 92a (619 mg, 33%) as a
mustard-colored solid; mp 238 °C. 'H NMR (300 MHz, DMSO-dq) 6 8.15 (d, J=15.9 Hz, 1H),
7.74 (s, 2H), 7.42 (s, 1H), 7.20 (s, 1H), 6.19 (d, J=15.7 Hz, 1H), 5.51 (s, 1H), 4.96 (t, J= 5.8
Hz, 1H), 4.39 (d, J=2.4 Hz, 1H), 4.03 (d, /= 2.4 Hz, 1H), 3.66-3.55 (m, 2H), 1.55 (s, 3H), 1.33
(s, 3H), 1.12 (s, 3H).; IR (KBr) 2209 cm™; MS (ES") 370.1.8.

20

To a freshly prepared solution of sodium methoxide (36 mg sodium in 1.6 ml methanol,
0.1 M) was added 92a (0.58 g, 1.56 mmol) and heated with stirring at reflux for 4 h and then at
room temperature overnight. The reaction mixture was neutralized with glacial acetic acid
(0.094 mL) and concentrated in vacuo to dryness. The residue obtained was purified by flash

25  column chromatography (silica gel 12g, eluting with CHCl;/CMA-80, 0-100%) to furnish 92b
(265 mg, 44%) as a rust solid; mp 112-114 °C. 'H NMR (300 MHz, DMSO-dg) & 8.05 (s, 1H),
7.96 (s, 1H), 7.68 (s, 1H), 6.99 (d, J=11.4 Hz, 1H), 6.60 (s, 1H), 5.73 (d, J=11.5 Hz, 1H), 5.34
(s, 1H), 4.98 (t, /= 5.7 Hz, 1H), 4.37 (d, J= 2.4 Hz, 1H), 4.03-3.98 (m, 1H), 3.64-3.48 (m, 2H),
1.52 (s, 3H), 1.33 (s, 3H), 1.12 (s, 3H); MS (ES™) 372.1, (ES") 369.9.

30
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10(vi)

Aerosol Compound X= deic acid Trichl orononofl| uoronet hane

Di chl or odi fl uoronet hane 15 Dichl orotetrafl uoroethane ng/can 20.0 10.0
5, 000. 0 MOQ0®/MA163000. 0 The above fornul ati ons may be Poivtiszovemd3dry3

ti I d ' ) gal t. Al
conventional proce uresaﬁ@h&ngggwnihggﬁgﬁygﬂqﬁgg&ﬁﬂg%ga ar

publ i cations, patents,

pat ent doc s are1n porated by reference

herein, as 20 though individually Bpcomporated by referense. Theammvention
has been described with reference toxvdrious specific and erred
enbodi ments and techni ques. .} vi t ’shoul d be understod that many
vari ations and nodifications nhd% whiMMarct englM i 1 Thi*n the spirit
and scope of the invention. \2069/ 111653PCT/ US2009/ 036243 CLAI M5
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88a 93a
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(1) BH; Me,S
—_—

Pd(PPhy);Cly BnG  OBn (2 H,0,

93b

.
né OH
9e 93f
Example 8
Synthesis of 93f

To a suspension of 93e (310 mg, 0.54 fnmol) in MeOH was added IN aqueous HC1 (1.8
mL) Pd/C (10%, 100 mg) and hydrogenated at 60 psi for 25 h. The reaction mixture was filtered
and the filtrate was concentrated in vacuo. The residue obtained was purified by flash column
chromatography (silica gel, 30 g, eluting with chloroform/CMAS80, 1:0 to 1:1) to furnish 93f
(137 mg, 83%) as a white solid; mp: 254.2 °C. '"H NMR (300 MHz, DMSO-dg) & 7.96 (s, 1H),
7.78 (s, 1H), 6.50 (s, 1H), 5.28 (s, 1H), 4.92 (d, J= 6.7 Hz, 1H), 4.76 (t, J= 5.4 Hz, 1H), 4.71 (s,
1H), 3.80-3.67 (m, 3H), 3.65-3.50 (m, 3H), 2.95-2.85 (m, 2H), 0.83 (s, 3H).; MS (ESY): 307.1.

Intermediate 93e was prepared as follows.

a. To a solution of 42a (27.85 g, 44.23 mmol) in pyridine (400 mL) was added 4-
methoxytriphenylmethyl chloride (56.74 g, 178.24 mmol) and heated with stirring at 70 °C for
16 h. The reaction mixture was diluted with EtOAc (1.5 L), washed with water (2 x 700 mL) and
brine (500 mL), dried, filtered, and concentrated. The residue was purified by flash column

chromatography (silica gel eluting with hexanes/EtOAc, 1:0 to 4:1) to give 93a (28.38 g, 71%,)
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What is clainmed: 1.A conmpound of fornmula I: wherein; B represents a
5 6, 7 or 8 nenbered carbocyclic or heterocyclic ring conprising one or
nor e doubWezm@mdﬂﬁsmherein B is optionally substituted WCThiSeeve/08621310r €

oxo, thioxo F, 10 B I

SCPR ity § F%hqllmpaY% h%{Mﬁ %Mﬁ? @ﬁ%ﬁ@ é%&ﬁ@}ﬁ 8@, o
i's H NR41$ rho (ﬁ; ,2715% 6@6% 6 PiEra g NG Ras. S%IFCQ%HR@MWO @, lGH); 480y,

15 or i s a nucl eosi de 'Sugar group; W8 is absent,
aIkyI %i29m 1H)4 daﬁﬁSFbHaﬂéDLh@éﬁ%ﬁh@mﬂﬁﬁ 381 ¢ 88, £.0b(m BHR group
consistlng of H alkyl, substituted al kyl, al kenyl, substituted al kenyl,

al kynyl , substituted alkynyl cycl oal kyl heterocyclic aryl, 20substituted

aryls, agyl, w@géluﬁ@ﬁ 6@@0@61 S0 Ilﬁirﬂol) 1ﬁ'DME (5@@19ﬁl)lv&dstaaaiedai5mmlu1@nd NO,
or Ra and Rb together with the nitro they are attached forma

v T of ARy rHaihd . b Pomamolnosalices (i g,'css Hompivl, PAGPhbCh (1.4 .
th I | RO; I d f t h
consi st b modtP oS itode ul IR BtsiiRE b8 ret AR )"

al kynyl watst(390 mm»ta@ld eatrkoted vith EYoheal Byl ande®y m) mgaﬂly la@érsawetb c&ﬁbﬁh@&l
S02- aIkyI or Re_and Rd together with the nitrogen to which they are

at t achetdpashedwish brige (iﬂOrmL) prisdrfilereds ang ronecazatedin eaeue i Hhedesidwowphol i no,
or o SRR, e ARSI o 3P SPIR A b GRLESRE 001
furmsh 93b (18.3 g, 74%) as a light yellow solid; mp 79.7 °C. 'H NMR (300 MHz, DMSO-de) &
7.56 (s, 1H), 7.44-7.12 (m, 28H), 7.01 (dd, J=17.2, 11.0 Hz, 1H), 6.93 (s, 1H), 6.84 (d, /= 8.8
Hz, 2H), 5.57 (s, 1H), 5.31 (d, J = 17.2 Hz, 1H), 5.16 (d, J= 11.0 Hz, 1H), 4.76-4.52 (m, 6H),
4.22-4.13 (m, 1H), 4.04 (d, J= 8.4 Hz, 1H), 3.88-3.70 (m, 2H), 3.71 (s, 3H), 1.05 (s, 3H); MS

15 (ES’): 847.6.

c. To a cold (ice water bath) solution of 93b (20.5 g, 24.15 mmol) in THF (90 mL) was
added dropwise borane dimethyl sulfide solution (2M in THF, 9.5 mL) and stirred at room
temperature for 4 h. The reaction mixture was quenched with ethanol (19 mL), aqueous 3N

20 NaOH (6.0 mL), and cooled with ice/water. To the cold reaction mixture was added hydrogen
peroxide (30% in water, 6 mL) and heated at reflux for 1 h. The reaction mixture was cooled to
room temperature, diluted with ethyl acetate (1L), washed with water (2 x 500 mL), brine (300
ml), dried and concentrated in vacuo. The residue obtained was purified by flash column
chromatography (silica gel, eluting with ethyl acetate in hexane 1:0 to 2:1) to give 93¢ (11.17 g,

25 53%) as a yellow solid. "H NMR (300 MHz, DMSO-de) 6 8.95 (s, 1H), 7.45 (s, 1H), 7.42-7.22
(m, 27H), 6.81 (d, J = 9.0 Hz, 2H), 6.62 (s, 1H), 5.57 (s, 1H), 5.51 (t,J= 3.7 Hz, 1H), 4.764.48
(m, 6H), 4.20-4.10 (m, 1H), 4.04 (d, J= 8.4 Hz, 1H), 3.91-3.66 (m, 2H), 3.71 (s, 3H), 3.58-3.46
(m, 2H), 2.97-2.86 (s, 2H), 1.03 (s, 3H).

30 d. To a solution of 93¢ (1.0 g, 1.15 mmol) and triphenylphosphine (610 mg, 2.30 mmol) in
1,4-dioxane (15 mL) was added dropwise a solution of DIAD (0.5 mL, 95%, 2.41 mmol) in 1,4~
dioxane (2.5 mL) and stirred at room temperature for 16 h. The reaction mixture was
concentrated in vacuo and the residue obtained was purified by flash column chromatography
(silica gel 50 g, eluting with ethyl acetate in hexane 1:0 to 4:1) to give 93d (730 mg, 75%) as a

35  white solid. 'H NMR (300 MHz, DMSO-de): & 7.68 (s, 1H), 7.49-7.15 (m, 27H), 6.86 (d, J= 9.0
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al kenyl, substituted al kenyl, al kynyl, substituted al kynyl, cycl oal kyl,
acyl and substituted acyl; or a pharmaceutically acceptable salt or prodrug
t her eof . 8O0 200/AD39/ 111653PCT/ US2009/ 036213 2. The cormcmrmizmb/oadzas' m 1

wher ei c S o fo dzor rein;
B T epr odbmiD- 8RR 50 B T At R BB ZE 0 BT B0 14 hoME o
and onel iy, 3186+8.64 orblId), BoTdS, 3MY) 816815 3$(1In§2H}i)t3l malgm(nﬁ 12518 08J(seBIHWL M$ one

nore 0xo, thioxo, NR Rd, F, d, Br, I, OR, SR, alkyl, CI\1l, CCR N3
or SOPRES ibdl M+ is H, alkyl or aryl: R is OH NH or alkyl:
R is H NRaRb, d, F, ORa, SRa, NHCORa, NHSOZRa, NHCONHRa, CN, al kyl,
aryl, ONRaltb, or NRaC(O)ORb; R2 is a nucl eosi de sugar group; 15WB is
absént , e.al kyTo a eslutibn of 93d (6R8 n&i) 0. 7BmAOE ih ﬁﬁk&@ﬁﬁﬂe B3 ML$ elasadded afluﬂmsthe

[ of H alkyl, substituted alk al kenyl , substit

gur Egﬁw ﬁ8§ -%%1}3 and 5534 3taPe tempeyaire fog yéhok ﬁwpcthwpgst@ems .neutr eg,
bstit d

oo, MBS ol 0.5AEXOLE AR il PaRC0 mb an b fionn A8 BPvacB Pkl °F

at t acheatefonitriiea Thy aquabidlayer, wi gxeratdd math CHCRINMeOBz(Sro 1 0@ rdt ardi 50anL). The

el ot eEPHia rHRNIG PO OB e fg ot pad %qnﬁgna%rna? dg??tfeqj {138 TN o0y |
subygt i twﬁseﬂlrﬁ'leh%ﬂa’sh %llﬁﬁﬁydm?rﬁﬁeéﬁgﬁygﬁgz %gi( gc\l/vﬁﬁhgﬂne/e yl,

substituted acyl "and S02-al ky er vvlththe nltrogento
whi ch ta‘w:e’yitfaimethamlabhéhtoflo} fnlatqgive 88¢ (B6Rong, (86 [%e)rasdlwh]te sphqie&b]zﬂ\/ﬂb(%o

" ncpertitin PYIReL B 15 b0y FRP (88 150 2t d S0 657 kb > St ihut e

al kyl , @bkﬂrwj (m wibss bsut exl (Al K?M'M @l Ky eyl iz SebsS s igh 4. @sﬂ(naliﬁ/)ny 60-3.48
cycloalkyl % and substitute
(m, 2H), 2.83 (t, J = 6.5 Hz, 2H), 1.10 (s, 3H) MS (ES™): 577.1.

15 Scheme 94 for the Synthesis of Example 9

(1) POCI, O 0o O

(2) H,P,0,

Example 9

20 Synthesis of 94

To a suspension of 40p (33 mg, 0.1 mmol) in trimethylphosphate (1 mL) at 0 °C was
added phosphorus oxychloride (19 pL, 0.21 mmol) and stirred at 0 °C for 1 h. The reaction
mixture was treated with n-tributylamine (70 pL, 0.29 mmol), acetonitrile (100 pL),

25  tributylammonium pyrophosphate (HsP,07* 1.6 n-BusN, 190 mg, 0.40 mmol) and stirred at
room temperature for 0.5 h. The reaction mixture was quenched with 1M TEAB buffer (5 mL,
pre-cooled with ice/water, pH = 8.0), diluted with water (20 mL), and washed with
dichloromethane (2 x 15 mL). The aqueous solution was concentrated in vacuo to remove traces
of CH,Cl, and purified by DEAE ion exchange column chromatography with a linear gradient

30  of TEAB buffer (1M TEAB buffer, pH = 8.0/H,0, 0:1 to 1:0, total volume: 500 mL). The

107



or a pharmaceutically acceptable salt or prodrug thereof. 3. The conpound
of claim2 wherein WB is absent or H 30 WD 2009/111653PCT/ US2009/ 036213
4. The cowpauevdiiods3any one of clains 1-3 wherein the corpoarsdoiws3ces a

f the following.formyla (X): (X h tically.
cccbpt ategouk ot kied oot reresombina o Gh g T ebiduapas
conpound-diésoRY i® BEOGhd pLAfiEd by HPL\WETEION/b HaV G RIS Yitfer! EH@S.OaO-QQEﬁHH,Lmd of

fi
the follow ng formula: 10 1or a pharimaceutical |y acceptable salt or prodrug
t her eof35% 36N Monitoripg ot 23 My to givadl ((R7 187 iingr Fraetionsl con@inifign®4 serpound
of any 0 f.clains 1-3 wherein t 0 und i s, not 6, menbered ri
corpr SREe R PETE B AT Shl it BREBRGerseminan o wamgierecye B i
Ni t GRi .0.34 mM peicROUNOH 10 (@It)’m99§=%fs,dbb%ﬂ€m11).3ﬁ‘é)@9ﬂ€(3@0 Ri1s, I@zégh?)b”(.? or 8

menbered ring conprisi'ng one or nore heteratons and one or nore
bonds, @hBlei7r98di.&=ap10i dndH)y7.62 ks tliH) 3. 881 (du/t=h] DO EIZpTH) 1646 (exIH), #0d@x0,

Nl ZeRd, ..E, Q. | . SR alkyl. CE---N, CC-R. N3 S2R.. . WO
2000/ 1455 456A B o86) 15 WD ROWBR] MLeiaON & -G ( 1. 114 041 B mbodnd. of
formul g1by. Vs (ES): 570.9 (M-1).

Scheme 95 for the Synthesis of Example 10

X X
HN" 'NH
N . (0]
N I I
HO ) N _ (h POc; Ho—1|3—o—1|°—o—il>'—o
N (2) H,P,0, OH OH OH
HO: OH
10 88 95
Example 10
Synthesis of 95
15 To a suspension of 95e (64 mg, 0.2 mmol) in trimethylphosphate (2 mL) at 0 °C was

added phosphorus oxychloride (37 uL, 0.4 mmol) and stirred at 0 °C for 1 h. The reaction
mixture was treated with n-tributylamine (150 pL, 0.62 mmol), acetonitrile (200 uL),
tributylammonium pyrophosphate (HsP,07+1.6 n-BuwsN, 380 mg, 0.8 mmol) and stirred at room
temperature for 0.5 h. The reaction mixture was quenched with 1M TEAB buffer (10 mL, pre-

20 cooled with ice water, pH = 8.0), diluted with water (20 mL), and washed with dichloromethane
(2 x 15 mL). The aqueous phase was concentrated in vacuo to remove the trace of CH,Cl, and
purified by DEAE ion exchange column chromatography with a linear gradient of TEAB buffer
(IM TEAB buffer, pH = 8.0/H,0, 0:1 to 1:0, total: 500 mL). The fractions containing the
desired triphosphate were combined and concentrated. The residue was re-dissolved in H,O and

25  purified by HPLC (CH3;CN/0.1 M TEAB buffer, pH = 8.0, 0-40 min, 0-35% CH3CN; monitoring
at 244 nm) to give 95 (tz = 17.2 min). Fractions containing 95 were concentrated and re-
dissolved in 2 mL of H,O and the concentration of 95 was measured to be 9.8 mM (yield: 10%)
by UV (280 nm, & = 6,400 M™' cm™). 'H NMR (300 MHz, D,0) 8 7.53 (s, 1H), 6.40 (s, 1H),
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W 3 W2dW cWN wherein: 5each b, ¢ and d is independently selected froma
singl e and doubl e bond provided that when b is a double bond, c is single
bond, whewmocoe%giiassdoubl e bond, b and d are singl e bondspramaSevenseis s a

and o ateh ot M Bt o0RReARE ke Roaids o ROREh SR O gy 288 Ty 180°
provi ded tdaL Jaaye My %Q-QB,.M (2= 96 4917, PPANES @@5:%6@!1%%)10 bonds, or c

is a single bond and b i s absent; and provi ded when is CRg, one of b
or ¢ is a double bond, or bNWB is absent and c is a double bond; Re is 0 or

S; Rgis H NReRd, ORz or SRR W is_C=Rh iR', N NR CR or O provided
that when WL is C=Rh, CR R, NR' orﬂﬁﬂ'l@;%—]iaand d are single bonds or c is
a sisngl e bontheftoWaid illfstARs Rptese Mty dPHaMh AR ¥ @858k fhensChbnt@ihind 20ne of ¢

or d is a double bond or Wod is absent and ¢ is a double bond; is O or
S, R aemund af Eormulchar aiharncewical|Raciptabi-i2]t cpipradrug thegeof ' (smiouaRr n,

0, Nitsg or..N provided that when W is C=Rk, CRiltr, NRs dis
a si ngf}é)’ﬁtgﬁgj?%a\kﬁ%thc rf)%hyﬂ?cgllp u&ﬁn,hunﬁaniss a doubl e bond; and provided
(1) Tablet 1 mg/tablet
10 Compound X= 100.0
Lactose 77.5
Povidone 15.0
Croscarmellose sodium 12.0
Microcrystalline cellulose ~ 92.5
15  Magnesium stearate 3.0
300.0
(i) Tablet?2 mg/tablet
Compound X= 20.0
20 Microcrystalline cellulose  410.0
Starch 50.0
Sodium starch glycolate 15.0
Magnesium stearate 5.0
500.0
25
(iii) Capsule mg/capsule
Compound X= 10.0
Colloidal silicon dioxide 1.5
Lactose 465.5
30  Pregelatinized starch 120.0
Magnesium stearate 3.0
600.0
(iv) Injection 1 (1 mg/ml) mg/ml
35  Compound X= (free acid form) 1.0
Dibasic sodium phosphate 12.0
Monobasic sodium phosphate0.7
Sodium chloride 4.5
1.0 N Sodium hydroxide solution
40  (pH adjustment to 7.0-7.5) g.s.
Water for injection g.s.ad 1 mL
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when W2 is absent, d is absent; RKk iSO or S Rl and R, are H CH3, OCHS,
NH2 or SCH3; 25p' is 1 or 2; R', is H Nteltd, F, d, Br, I, ORE, SR,
al kyl, CNvOCGWYR11683 or SO2R1; is H, alkyl, or N Z A wheceius2@aobs2Rs and R,

is H orqlkkiio? (1@mbmiFHS. or Nbigy and WB is absent, H or alkyl; provided
t hat L8 1Sk apgent . iS.a do%EB'(I)‘E bond; 30or a pharmaceutically
accept a}feps‘%ﬂt %“T%%SEE% erebf’ WD 2009/ 111653PCT/ US2009/ 036213 9. A

conpoundoBedasicsP a conpound of formula I'V: w3 W2dWcVWbN (IV)
wher ei nPibggig pdipm phogplatey j s i ndkpendent |y sel ected from a single or double
bond prinlydbylerngyceld®d b is a d¥@ e bond, c is single bond, when c is a
doubl e ®oN&odhmahyidrdxide solstiogl e bonds and when d is a double bond c is a

si ngl e (pbinadijustment to §.0asent whemg 2 i s absent; Wis C=RC, CRfRf, CRg
or 0, pWater@@dnjebiadn when Wis CsRe,adGREBf or 0, b and c are single bonds
and when Wis CRg, one of b or ¢ is a double bond,

10 (vi) Aerosol mg/can
Compound X= 20.0
Oleic acid 10.0
Trichloromonofluoromethane 5,000.0
Dichlorodifluoromethane 10,000.0

15  Dichlorotetrafluoroethane 5,000.0

The above formulations may be obtained by conventional procedures well known in the
pharmaceutical art.
All publications, patents, and patent documents are incorporated by reference herein, as
20  though individually incorporated by reference. The invention has been described with reference
to various specific and preferred embodiments and techniques. However, it should be
understood that many variations and modifications may be made while remaining within the

spirit and scope of the invention.
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10Re is Oor S; R is H Rgis H NRcitd, OR or SRI; W is C=Rh, CR
Ri,, NH CRJ or O provided that when W is C=Rh, CR R, or O, ¢c and d are
si ngl e bomdgpovhess3WL i s CRJ, one of ¢ or d is a doubl erPooni$2o00anss2ahen W
is NH Wis not 150andV\2|snot0 w NN Rnis Oor S R and R,
are H CH3 or Br; R, is CH3 or V\El‘i Rk, CRm 0O, NH, absent, or N
provi deWHahatclaMﬂe@; W is C=Rk, 20 CRR,, CRm 0, or NHd is a single bond;
when W2 is Nor CRif, dis a double bond; or when W2 is absent, d is
absent; Rk iSO or S; R and RI, are H CH3, OCH3 or SCH3; p' is 1 or 2
25Rff, s H, r, I, ORE, SRI, alkyl, CI\1l, CCR N3 or SO2R
and V\B |s abée'\éR@B I’lf‘dgffo ua!?f provi ded t hat V\henyV\B Is absent b is a double
bondi or a pharmaceutically acceptable salt or prodrug thereof. 30 WO
2009/ 111653PCT/ US2009/ 036213

wherein;
B represents a 5, 6, 7 or 8 membered carbocyclic or heterocyclic ring comprising one or
more double bonds, wherein B is optionally substituted with one or more oxo, thioxo, NR.Ry, F,
10 Cl, Br, I, OR,, SR, alkyl, C=N, C=C-R, N3 or SO,R’;
wherein:
R is H, alkyl or aryl;
R’ is OH, NH; or alkyl;
R' is H, NR,Rp, CL, F, OR,, SR,, NHCOR,, NHSO:R,, NHCONHR,, CN, alkyl, aryl,
15 ONRaRy, or NR,C(O)ORy;
R? is a nucleoside sugar group;
W? is absent, alkyl, or H;
Ra and Ry are independently selected from the group consisting of H, alkyl, substituted
alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, heterocyclic, aryl,
20  substituted aryl, acyl, substituted acyl, SO,-alkyl, amino, substituted amino, and NO; or R, and
Ry, together with the nitrogen to which they are attached form a pyrrolidino, piperidino,
piperazino, azetidino, morpholino, or thiomorpholino ring;
R and Ry are independently selected from the group consisting of H, alkyl, substituted
alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, acyl, substituted acyl
25  and SOs-alkyl; or Rc and Ry together with the nitrogen to which they are attached form a
pyrrolidino, piperidino, piperazino, azetidino, morpholino, or thiomorpholino ring; and
each R, is independently selected from the group consisting of H, alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, acyl and substituted acyl;
or a pharmaceutically acceptable salt or prodrug thereof.
30

111



10. The compound of fornula IV as described in claim9 wherein: each b, c
and d is independently selected froma single or double bond provided that
when b i swe 2deubi&3bond, ¢ is single bond when c is a ddmhiseoobmmi,lsb and d
are single b sand ebondC|s Iebon Wis

o e 51 e DA% AR RO bl Ll 0B S
are si ngingutaqmds and when Wis CRg, one of b or ¢ is a double bond, Re is O
or S; Rf is H Rgis H NReRd, OR or SR 10W is C=Rh, CR1IR1, CRJ or O
provided that when WL is C=Rh, CRIRi, or O, c and d are single bonds and
when W is CRJ, oneofcordisadoble ond; Rnis Oor S R and R,
are H CH3 or Br; R isCH3 or H 1 i WC=Rk, (CRIRQp,, CRm 0, NH or N
provi ded that when W2 is C=Rk, CRAr, or NHd is a si ngl e bond and when
W is Nor CRnd is a double bond; SS8 or S; RL and RI, are H, CH3,
OCH3 or SCH3; p' is 1 or 2; 20Rmis dFCI Br, I, ORE, SR,

al kyl , N3 or SO2R ; and WB i s absent /or p‘T‘ow ded that when W8 is absent b
is a doubl e bond; R?

5  wherein;

B represents a 5, 6, 7 or 8§ membered ring comprising one or more heteratoms and one or
more double bonds, wherein B is optionally substituted with one or more oxo, thioxo, NR.Ry, F,
Cl, Br, I, OR,, SR, alkyl, C=N, C=C-R, N3 or SO,R’;
wherein:

10 R is H, alkyl or aryl;

R’ is OH, NH; or alkyl;

R'is H, NR,Ry, Cl, F, OR,, SR,, NHCOR,, NHSO,R,, NHCONHR,, CN, alkyl, aryl,
ONRgRy, or NR,C(O)ORy;

R? is a nucleoside sugar group;

15 W3 is absent, alkyl, or H;

R, and Ry are independently selected from the group consisting of H, alkyl, substituted
alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, heterocyclic, aryl,
substituted aryl, acyl, substituted acyl, SO,-alkyl, amino, substituted amino, and NO; or R, and
Ry, together with the nitrogen to which they are attached form a pyrrolidino, piperidino,

20  piperazino, azetidino, morpholino, or thiomorpholino ring;

R and Ry are independently selected from the group consisting of H, alkyl, substituted
alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, acyl, substituted acyl
and SO,-alkyl; or R; and R4 together with the nitrogen to which they are attached form a
pyrrolidino, piperidino, piperazino, azetidino, morpholino, or thiomorpholino ring; and

25 each R, is independently selected from the group consisting of H, alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, acyl and substituted acyl;

or a pharmaceutically acceptable salt or prodrug thereof.

3. The compound of claim 2 wherein W* is absent or H.

30
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or a pharmaceutically acceptable salt or prodrug thereof. 11. The
conpound of any one of clainms 1-4 wherein the conpound of formula | is a
conpound &6 2069/floesaul a Vi w3 WcVWN (V) wherein: WO PCT/US2009/036213

2009/ 11}1653PCT/ US2009/.036213 each .of and c i.s independently sel ec from
S oingi & or BLENBPUBHP SREoREar e AR R HE camRGhEt B HoplomEORY Gy o
bond angt,u@h@ﬂgfoml ijubl e bond b is a single bond, Wis C=Re, CRfRf,
CRg or 0, provided that when Wis C=R,, CRFRf or 0, b and c are single
bonds and when Wis CRg, one of bHN ~g~8 doubl e bond; 5Re is 0 or S; Rf
is H Rgis H NRAd, OR or SRI; s CRh, CRR,, NH CR or O

provi ded that when W is C=Rh, CR R c is a single bond; when W is

CRi, c is a double bond; and when W NJ Wis not O; 10Rh iS 0 or S, R,
and R1L are each independently H, CH3/or Br; R is CH3 or H and

R2

X)

or a pharmaceutically acceptable salt or prodrug thereof; wherein X is H or alkyl.

3. The compound of any one of claims 1-3 wherein the compound is not a compound of the

following formula:

10 or a pharmaceutically acceptable salt or prodrug thereof; wherein X is H or methyl ; and R’ is H

or methyl.

6.  The compound of any one of claims 1-3 wherein the compound is not a 6 membered ring

comprising two nitrogens and one double bond, wherein B is substituted with NR.Rg.

15
7. The compound of any one of claims 1-3 wherein B is a 5, 7, or 8 membered ring
comprising one or more heteratoms and one or more double bonds, wherein B is optionally
substituted with one or more oxo, thioxo, NR.Ry, F, Cl, Br, I, OR,, SR,, alkyl, C=N, C=C-R, N; or
SO,R’.

20
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WB is absent, H, or alkyl, provided that when WB is absent b is a double
bond; or a pharmaceutically acceptable salt or prodrug thereof 15 12. A
conpound WO 200%i1m6s3 which is a corrpound of formula 1-9: PCWDS2009/036213

2009/ 114653P 1 £ or two hydrogens;
X2 is Oé S, géoyﬁﬁgﬁgépogéngw}ng%wg éfﬂ)?&f&an% S, or two hydrogens;

X5is 0, S or two hydrogens; X8 is H, NEI2 OCH3 or SCH3; Y1l is
H, OH, NH2, NHCH3, N(CH3)2, F, Clwzgwx NeﬂvKoxy, al kyl SCH3, CN, CC-R, N3
10or S2R ; Y2 is H, CH3, OCH3 or Y3isOor S, Y4is 0, S, or tw
hydrogens; Z1 is Hor CH3; 1572 is H or Br; and

SN
~ /)\
N~ R
R2
11m)
wherein:
5 each b, ¢ and d is independently selected from a single and double bond provided that

when b is a double bond, c is single bond, when c¢ is a double bond, b and d are single bonds and
when d is a double bond c is a single bond; or d is absent when W? is absent; and W” and d are
not absent, when bBNW? is absent; ’

W is C=R., CH,, CR; or O, provided that when W is C=R., CH; or O, b and c are single

10  bonds, or c is a single bond and bBNW? is absent; and provided when W is CRg, one of borcis a
double bond, or bNW? is absent and ¢ is a double bond;

RcisOorS;
R; is H, NRcRg4, OR; or SR;
w!is C=Ry, CRiR;, N, NR,, CR; or O provided that when w'is C=Ry, CR;R;, NR,, or

15 O, cand d are single bonds or ¢ is a single bond and Wd is absent; and provided when W' is

CRjor N one of ¢ or d is a double bond or W2d is absent and ¢ is a double bond;
RpisOorS;
Rjand R;> are H, CH3, NH, or Br;
R;1s CH3, NH,, or H;

20 W? is C=Ry, (CRiRp),, CRp, O, NR, absent or N provided that when W? is C=R,
CRRy, O, or NRd is a single bond; when W? is N or CR,,d is a double bond; and provided
when W? is absent, d is absent;

RyisOorS;

Rjand Ry are H, CH3, OCH3, NH; or SCHj;
25 p is1or2;

Rmis H, NRcRy, F, Cl, Br, I, OR,, SR,, alkyl, C=N, C=C-R, N3 or SO,R’;

Ry is H, alkyl, or NR(R; wherein each Rqand R; is H or alkyl;

R; is H, CHj3, or NH;; and

W? is absent, H or alkyl; provided that when W? is absent b is a double bond;
30 or a pharmaceutically acceptable salt or prodrug thereof.
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t is 1 or 2; or a pharmaceutically acceptable salt or prodrug thereof. 13.
The conpound of claim 12 which is a conpound of forrmula 1 or a

phar macewocaddmiéddaccept abl e salt or prodrug thereof. pta/USTdL/08@MPOUNd Of
claim13 whi i n to | a2 maceuti cal |y acceptabl e
salt orgbrodgﬁéhﬁﬁ@?iggaﬁﬁlﬁ%ﬁ#ﬁgs%%%%%Hﬁ%gé?g%ﬁgﬁyi12 whi ch is a conpound
of formula 3 or a pharmaceutically acceptabwgssalt or prodrug thereof

16. The conpound of claim 12 whi chyRgwacwerpound of formula 4 or a
pharmaceutically acceptable salt or prodrug thereof 30 WO

2009/ 111653PCT/ US2009/ 036213 17. ound of claim 12 which is a
conmpound of forrmula 5 or a pharnmac aNry; acceptabl e salt or prodrug
thereof. 18. The conpound of cla whi ¢gh is a conpound of fornula 6 or
a pharmaceutical ly 5acceptabl e sal N.Qpr ug thereof 19. The conpound of
claim 12 which is a conpound of fo nulaly or pharmaceutically acceptabl e
salt or prodrug thereof 10 20. TheR¢onpound of claim 12 which is a conpound
of formula 8 or a pharmaceutically acceptable salt or prodrug thereof 21.
The conpound of claim 12 which is a cﬂﬁgound of formula 9 or a

phar macggtigal |y acceptable salt or prodrug thereof

5 each b, ¢ and d is independently selected from a single or double bond provided that
when b is a double bond, c is single bond, when ¢ is a double bond, b and d are single bonds and
when d is a double bond c is a single bond; or d is absent when W? is absent;

W is C=R., CRR¢, CR; or O, provided that when W is C=R,, CRR¢or O, b and c are
single bonds and when W is CRg, one of b or ¢ is a double bond;
10 ReisOorS;
Ry is H;
R, is H, NR.Ry, OR; or SR;
w!is C=Ry, CRiRy, NH, CR; or O provided that when wW!is C=R;, CR;R;, or O, cand d
are single bonds; when W' is CR;, one of ¢ or d is a double bond; and when W!is NH, W is not
15 O and W?is not O,NH, or N;
RpisOorS;
RjandR; are H, CHj; or Br;
R;is CH; or H;
W2is C=R,, (CRRy)y, CRyy, O, NH, absent, or N provided that when W? is C=R,
20 CRRy, CRy, O, or NHd is a single bond; when W? is N or CR,nd is a double bond; or when
W2 is absent, d is absent;
RyisOorS;
Rjand Ry are H, CH;, OCHj; or SCH;;
p’is1or2;
25 Rmis H, NR(Ry, F, Cl, Br, I, OR,, SR,, alkyl, C=N, C=C-R, N3 or SO,R"; and
W’ is absent, H or alkyl; provided that when W? is absent b is a double bond;

or a pharmaceutically acceptable salt or prodrug thereof.

30
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15 22. The conpound of any one of clains 1-21 wherein RL is H or NRaRb.
23. The conpound of claim1 which is selected from or a
phar macewocaddmi@scept abl e salt or prodrug thereof WOPCT/US2009/036213

2009/ 113653REThhS8AR0403ER%T 19 TG BLTRPUESh Olwtihahm 23 which i's sel ected

from ,
- each b, c and d is independently selected from a single or double bond provided that

when b is a double bond, ¢ is single bond, when ¢ is a double bond, b and d are single bonds and

when d is a double bond c is a single bond;

5 W is C=R., CRRy, CR, or O, provided that when W is C=R., CR{R¢or O, b and ¢ are
single bonds and when W is CRg, one of b or ¢ is a double bond;
RcisOorS;
Rf is H;
R is H, NRcRy, OR; or SR;;
10 wlis C=Ry, CRiR;, CR; or O provided that when Ww!is C=R;, CRR;, or O, c and d are
single bonds and when w!is CR;, one of ¢ or d is a double bond;
RyisOorS§;
Rjand R; are H, CH; or Br;
R;is CH; or H;
15 W? is C=Ry, (CRRp)y, CRy, O, NH or N provided that when W? is C=Ry, CRiRp, CRp,
O, or NHd is a single bond and when W? is N or CR,,d is a double bond;
RyisOorS;
Ryand Ry are H, CH3, OCHj; or SCHj;
p islor2;
20 Rmis H, NRcR, F, CL, Br, I, OR,, SR, alkyl, C=N, C=C-R, N; or SO,R’; and

W? is absent or H, provided that when W? is absent b is a double bond;

or a pharmaceutically acceptable salt or prodrug thereof.

11. The compound of any one of claims 1-4 wherein the compound of formula I is a compound

25  offormula V:

wherein;
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50r a pharnmaceutically acceptable salt or prodrug thereof. 25.The conpound
of any one of clains 1-24 wherein R2 is wherein: 10R7 is H OR14, N3,
NH2, or Ryoan@/RYT6es3s H, F, OH, 0-al kyl, al kyl, substitutea/uskéogloze2as kenyl ,

subst i t ut ed @Ach%’i‘l’)land%hl‘ﬁﬂx% nd@ﬁt%fé@?&:ttécf #6589 s?ﬁréfé/ Qxycho_ub dd% dé%l7thﬁpgeRt7her

may be =CH2, =CHF;, wherein and R/ are en one of
and R 7when Mg dedde bartdec is sngloboﬁ-bnchwﬂenmesm dnmbled:fon&'b isadinglke bcmdNS the

gf Efur ! al EST “WL%E’% Fﬁf@dcgs ne Il’\lf%%d\l Qimw%egﬁiéé? 5?&%3‘%?5% andaq @eﬁnw

or _ Subsiihil bAoA WAk R, &{&dof%& di09hbligk BBy, be =CH2, =CHF; wher ein
both R8 and R8 are not and when one of R8 and R 8 is NH2, the other is

not OH and RO on8; of R8 and R8 is N3, the other is not OH or R7 and R8
t oget her canR1; org WO 2009/ 111653PCT/ US2009/ 036213 I |

R; is H, NRcRy, OR; or SR;;
w!is C=Ryp, CRR;;, NH, CR; or O provided that when w!is C=Ry, CR;R;, or O, cisa
single bond; when W! is CR;, c is a double bond; and when W!is NH, W is not O;
10 RpisOor§S;
Rijand R are each independently H, CHj; or Br;
R; is CH; or H; and
W is absent, H, or alkyl, provided that when W? is absent b is a double bond;

or a pharmaceutically acceptable salt or prodrug thereof.
15

12.© A compound of claim 1 which is a compound of formula 1-9:

72 X2
Y2 . NH
m—— \N
N\_N. ~
g
R2
1 2
Y4 X4 XS
HNH
HN NH N
! N
N\ \_N. 2
N\N/)\Rl N R!
R2 RZ2
4 5 6
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zo R100 wherein: R100 is Cl1-12 al kyl C3_8 cycloal kyl, aryl or heteroaryl;
wherein any Cl-12 al kyl and C3-8 cycl oal kyl of R100 is unsubstituted or is
substi t utwo 208116533 substituents sel ected from hal ogenpCTshgodacey3
carboxy, and Cl-4 al koxy; and wherein any aryl or heteroaryl of R100 is
unsubstituted or ig—6ubstituted with 1-% substituents independently
selected fromR ok; NH each R101 i/s ®ydependently h | oYNC1-4 al kyl, Cl-4
al koxy, Cl-4 al kyh&hi Cl-4 al kyl sul foyl, cyano, nitr i no, phenyl,

car boxy, triquorQ thyl, trifluoro X YNOoN di (C1l-4 al kyl)
am no, Cl 4 al kan N,~N al kanoyl N o;)\C -4 al kyl ardﬂonyl RO is H,
CH3, C2H5, or 15N3; R 9 is CH20R14, CH2RY CH2SH, CHF CR20oHR

CH2- di phosphat e, 2-7tri phosphat e, RPI1 0-14 OH2 0 1 OR11 -C

"0--ORI -P-ORI0 -C -0/P-ORD2 or -0-c -P-ORio ORi 1H ; R12R12 R10
and Rll“@lgll%-rpach i ndependently H, alkyl, aryl, substituted aryl,

20acyl oxya ky| , or (CH2)n-0-(C112)nC113; R12 is an N-|inked am no

aci d resi dueX( és Q, S-dNtwEHy@IgHE2al kyl or - NF-1 CH(i sopropyl)-0Cral kyl ); and
R4 is H n|s.2-5, and 25mis 10-20. 26. The conpound of any one of clains
1- 24 wher ei n*XRH PsS.«4|twe hydrogensm

5 X% is O or S;
X*is O, S, or two hydrogens;
X3 is O, S, or two hydrogens;
X* is H, NH,, OCHj; or SCH;
Y'is H, OH, NH,, NHCH;, N(CHj3),, F, Cl, Br, 1, alkoxy, alkyl SCH3, C=N, C=C-R, N3
10 or SOR'; '
Y? is H, CH;, OCH; or SCH3;
Y}isOor S;
Y*is O, S, or two hydrogens;
Z'is H or CHs;
15 VAST H, CH; or Br; and
tis 1 or2;

or a pharmaceutically acceptable salt or prodrug thereof.

13. The compound of claim 12 which is a compound of formula 1 or a pharmaceutically

20  acceptable salt or prodrug thereof.

14.  The compound of claim 12 which is a compound of formula 2 or a pharmaceutically

acceptable salt or prodrug thereof.

25 15.  The compound of claim 12 which is a compound of formula 3 or a pharmaceutically

acceptable salt or prodrug thereof.

16.  The compound of claim 12 which is a compound of formula 4 or a pharmaceutically
acceptable salt or prodrug thereof.
30
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HO- yy HO 0 HO HO bHHOHO FHO HO -\, 0! HOoO (d)(1)(d)(1) WO
2009/ 111653PCT/ US2009/ 036213 HO-vi HO- - oy HOHON) N3I HO FHO CHF HOHOHOHO-yy
CF3 CH3wBIR0090iHi d5d OH 27. The conpound of any one of elCaiusgoodo2ekisvher ein

R2 is: 17. W¢h&bdpound of claim 12 which is a compound of formula 5 or a pharmaceutically

acceptable salt or prodrug thereof.

18.  The compound of claim 12 which is a compound of formula 6 or a pharmaceutically

5 acceptable salt or prodrug thereof.

19.  The compound of claim 12 which is a compound of formula 7 or a pharmaceutically

acceptable salt or prodrug thereof.

10 20.  The compound of claim 12 which is a compound of formula 8 or a pharmaceutically

acceptable salt or prodrug thereof.

21.  The compound of claim 12 which is a compound of formula 9 or a pharmaceutically
acceptable salt or prodrug thereof.

15
22.  The compound of any one of claims 1-21 wherein R" is H or NRgRs.

23. The compound of claim 1 which is selected from,

HsN
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R7 is H OR14, N3, NH2, or F; and R7 is H, F, OH, O0-al kyl, alkyl,
substituted al kyl, al kenyl, substituted al kenyl, al kynyl, or substituted

al kynyl ; wo 2R0/an$3R7 t oget her may be =CH2, =CHF; wher eipoThistévIm3I62and R7
are not OH and when one of |7 and R, 7 1S NH2, the other 15 is not OH and
when one of 1t7 and R7 is the ot heP\is not OH; is H 0144, N3, NH2,

or F; and R 8 i sNfA OHO kyl, alkyTs subbeNryit e aIkNT | kenyl ,
substituted al ke al kynyl substiLyt d al ky ; \a R8 together
may be =CH2, =CHE; [whéY ei n Yot notq eofFB
and R 8 is NH2, E\@f%er i n one o“ an e, s t he

other is not OHz2200r R7 ang R8Ntoget gr can forg RI100 W@ereln RlOO i's
Cl-12 al kyl C3_8 cycloal kyl, aryl or heteroaryl; wherein any Cl-12 alkyl
and C3-8 cyclog_I of Rwo\is unsud®N tuted ¥ d with 1-3
substituents s and Cl_4 al koxy;
and wherein any iy sthtlt ey ON is
substituted witMN\1y5_dubgtifuents i engent ectedfromRi oi ; each
R101 is independent N halp jﬁ?ﬂ al N\gi 4 alkéky, G4 alWlithio CL 4
al kyl sul foyl, c¥ano, niteD, '

dﬁrboxy, tri% uor omet hyl ,
trifluoronethoxy Cl-4 al kyl am no, IkyI) am no, Cl-4 al kanoyl, Cl1 4
al kanoyl oxy, or Cl 4 aIkonKycarboné1 WO 2009/ 111653PCT/ US2009/ 036213 R9
is H CH3, C2H5, i s CH20RaM, CH2F,
CH2- di phosphat e4N”
-0-P-CRio, -0-C«<P

120



1111 oRioRi | RI12R12 R10 and R11 are each independently H, alkyl, aryl,

substituted aryl, 10acyl oxyal kyl, or (CH2),-0-(CF12) I nCHS; R12 is
an N-Iinkeda0nossaci d resi due (e.g. -NH CH( CH3) CQRal kylPCons2009/036213
- NHCH(i sopropy1l) -0CQ2al kyl ); and R14 is H Il is 2-5; apd 15mis 10-20.

28. The conpound Ny one nel ai s 1-24 where{in R2 is?*sel ected from
sHOsy HOsHOs H6 \bH NH f , MH CF3/4'NHCH3 ., CH2F HO
bHHO bH116 bHbx
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WO 2009/ 111653PCT/ US2009/ 036213 29. The conpound of any one of clains 1-24
wherein R is: 0 0 IHH2GCp- ORIO R RI3 OQu O Il HuO-C-P-ORio 0 O0-C
-P-ORi 0 GRD12009/1114332 PCT/US2009/036213
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wherein R7" is alkyl or substituted alkyl; 5R o and R11 are each

| ndependently H, al kyl, aryl, substituted aryl, acyl oxyal kyl, or

( CH2) n- 0-wGHR)MT16k3; R12 is an N-linked am no aeca/useawaseife. g.

- NH- CH( CH3) CQ2al kyl or -NHCH(i sopropyl)-0Qal kyl); R13 is H,
CH3, C2H5, CH2F, CH20H, CHZCHZF CH2CH20H, CH2N3, CH2CH2N3; 10 CH2NH2, or
CH2CH2NH2; R14 i B,M; §
of claims 1-24 '
o CONNNNNNIAN

or a pharmaceutically acceptable salt or prodrug thereof.
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25 WD 2009/ 111653PCT/ US2009/ 036213 31. The conmpound of any one of clains
1-24 wherein R2 is: wherein: R7 is H ORM N3, NH2, or F;, and R7 is H,
F, OH, O-wblkydy/1iadskyl , substituted al kyl, al kenyl, substcrutseaabdeeny!

al kynyl ,, or bstiftuted.a]k | :..qr. R, and R 7 together may be =CH, =CHF;
wher ei n”Bot h§%7§%mn%oq@?f§¥érxggtwﬁlsﬁﬁlﬁg\ﬁﬁgr?nbne of R7 and R7 is NI12, the
other is not OH, and when one of R7 and R7 is N3, the other is not OH
R8 is H ORl4, N3, NH2, or F; and R8 is H F, OH O al kyl, alkyl,
substituted al kyl, al kenyl 4 substitutedfal kenyl, &eNynyl, or substituted
al kynyl; or R8 gnd R8 t@ C ; in both R8 and R8
are not OH. 2 when one 10 is not OH and
when one of R8 8 i ; XNhe ot he St OH /0o Riyand R8 toget her
can form 150, &\ ereiNuNRLI0 is CN1R. abkyl CN\8ncyg oal kyl, aryl or
heteroaryl; wher&igZany Cl-1Nalkyl anfl CN8 20 cyél odikyl of RLOO is
unsubstitutedgrer is subsRi tuted with R 3 substitu hits selected from

Xxyncarboxy, and ChH:M al koxy; Hand wher eiln any aryl or

i NAit h” 1-5 substi t uents

hal ogen, hygr'\?

het eroaryl of 00\i s supstituted-or is

i ndependently s ed Rum R101 i 2. ndependently hal o,
Cl-4 al kyl, Clg4 falk , Cl%jil al Q, alfkyl ToyIN cyano, nitro,
ani no, phenyl, :ﬂ‘ﬁégy Nri#1 uor hyll, t¥ [ ONE Mmf? Cl-4 al kyl ami no,

di (C _4 25al kyg2) am ngz Cl-4 al kahoyIlN™ C1_#4 al anoy&pxy, or Cl-4
al kyl oxycarbonyl ; RO is H, CH3, rR2H5, or ;

0 0
=N >N >N >N >N
\ J N\ _ \ — \ =
gN\N/I gN\NJ S\ N; \N¢l EN\NJ EN\N/'
R2 R2 R2 R? R?
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R 9 is CH20R14, CH2F, CH2SH, CHFOH, CF20H, CH2-di phosphat e,

CH2-tri phosphate, 0000 112IILi- IIH2IILT -C0-C -P-OR13 -C, or -0-C
OR11OR11RYDRM®/111653 R10 and R11 are each i ndependentius2649/03d2ky|
aryl, substituted aryl, 30 a yI oxyal 'ﬁ%h or (CHZ)n-0(CH2) rral 3; R12
is an N-linked am aci reﬁ due (e
- NHCH( i sopr opy1)H 2a ky B WO
2009/ 111653PCT/ US \'r[l'he c 1-24

of clains
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wherein: R7 is H OR14, N3, NH2, or F;, and R7 is H F, OH O0-alkyl, alkyl,
substituted al kyl, al kenyl, substituted al kenyl, al kynyl, or substituted

al kynyl ; wo 220/an$3R 7 toget her may be 35 =CH2, =CHF; wreraiseooosd21R7 and

R 7 are not OH, and when one, of R7 and R7 is NH2, the other is not OH and
when one of R7 and R7 is Ng\nt‘he othgr is not, N HoN= AREis H 0144,

N3, NH2, or F. and~RH8 is i R al SRDSN

al kenyl , substi
R 8 together nm
when one of RS

HCOH, 0,54 yl, stiituted al kyl,
SNOr R8 and

; re.ngt O+ and
N. the of\hel 40 is/notNOH and Wkén one of R8
and R 8 is N3, the ot her not” OH, of RNK and Rk t oget h&® can form45 R100
wherein: R100 iR Cl 12 alkyl C3_8 cywel oal kyl, aryl or heteroaryl; wherein
any Cl1-12 al kyl and C3-8 50cycl oal kyl , of R100 is ynsubstituted or is
substituted with 4:3 subst it ygnt sel'®8t ed fromh | ogen, hydrQxy, carboxy,

a

S
and Cl1-4 al koxy; b aryl qor-Net er oapyI"Nef R1 i

unsubstituted orid sisubstit th 1.5 substitienty inde |y
sel ected from R{oiT, 20 3P 09/ 13N acyl R101 is
i ndependently hayd. €l-4 al 1-4 ¥lKoxy, G | t hi b, 4

al kyl sul f oyl , anbN nitrog2 am no, ph nyIN car boxy, Nriflm%ronethyl,
trifluoronmethoxy, Cl-4 alkylanino, df{Cl-4 al kyR) anino, Ci-4 al kanoyl,

Cl_4 al kanoyl oxy, or Cl-4 al kyl oxycarbonyl; RO is H, CH3, C2H5, or N3;

H o H,N H |
N 24 N~0 o)
o) NP N
N N
N \N
g \ N\N/J \_n.
' N
N 2
R R2
0 0
o]
NS NN, A
N N
R2 R2
0 o HN H,N 0
H,N H,N O O o o
N ~
N N X X N
\ \ N : N N
NP N S d o S d o Sl
R2 R N N N
RZ R2 R2
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5R 9 is CH20R14, CH2F, CH2SH, CHFOH, CF20H, CH2-di phosphat e,

CH2-tri phosphate, 0 H2H2 I H2II1IT O Il -CG0-C -0F1.-OGRio -C, or -0-C

-P-AtioW0209R124322 R10 and R11 are each i ndependent |y Pdr/tsbéoglozeas yl

substituted aryl, acyl oxy yl, or (CH2)n-0-(CH2) nCH3; 15R12 is an N-Iinked

amno acid residie (g.9. - CH3) I or - 0 o]

CH(i sopropyl) - arkyl); ag

conmpound of anylqn \of cl aijgs
N

20 34.The
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35. The compound of any one of clains 1-24 wherein R2 is: 45 wherein R9

is H CH3, CH5, or N3; R9 is CH20R14, CH2F, CH2SH, CHFOH, CF20H,

CH2- di phosphratoe11638122- t r i phosphate, WO 2009/ 111653PCT/ US20032@362:233

H21?0-14 H2l 1"20 H,-P-ORio, or -o0-c; ORI O?nlﬁ_llgﬁlZ R10 and R11 are

each i ndependent]| '

(CH2) 0-0- (CH2)

- NH- CH( CH3) Cral

C2H5, CH2F, CH2

CH2CH2N} 12; R142'
R

5  or a pharmaceutically acceptable salt or prodrug thereof.

25.  The compound of any one of claims 1-24 wherein R? is
Ry g R o
U
R'g R
wherein:
10 R71s H, ORy4; N3, NH,, or F; and R'; is H, F, OH, O-alkyl, alkyl, substituted alkyl,

alkenyl, substituted alkenyl, alkynyl, or substituted alkynyl; or R; and R'; together may be
=CH,, =CHF; wherein both Ry and R'; are not OH; and when one of R7 and R'7 is NH,, the other
is not OH; and when one of R7 and R'; is N3, the other is not OH;
Rgis H, ORy4, N3, NH,, or F; and R'g is H, F, OH, O alkyl, alkyl, substituted alkyl,
15 alkenyl, substituted alkenyl, alkynyl, or substituted alkynyl; or Rg and R's together may be
=CH,, =CHF; wherein both Rg and R'g are not OH; and when one of Rg and R's is NH,, the other
is not OH; and when one of Rg and R'g is N3, the other is not OH;

or R; and Ry together can form
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nis 2-5; and 10mis 10-20. 36. The conpound of any one of clains 1-24
wherein R2 is: HO\(O/HO or ---N(S)/ 0 20 37. The conpound of any one of
clainms 1-W02wéveneisa R2 i s ribose, 2-nethylribose, 2- de®exynisbawm3e213

2- deoxy-2-fluorori bose; arabinose; 2-deoxy-2-fl uoroarabinose;

2, 3-di deoxyri bose; 2, 3-di deoxy- 2-f | yor oar abi nose;

2, 3-di deoxy-3-fl uorori bose; 2, 3-@|deoxy-2, 3-di dehydrori bose;

2, 3-di deoxy- 3-azi dori bose; 2, 3-di dgoxy-3-thiaribose; or ‘

2, 3-di deoxy- 3- oxari bose; or a phargjgceutically acceptable salt or prodrug

t her eof .. 38. :The n y i. = er ej '
thioribggéénbﬁﬁ’g&?fﬁ?@ﬁ?%ﬁégyaégﬁgégﬁgsag%?ﬁ%?%t f%?ﬁéggg?{ﬁﬂgggggggﬁose;
2- deoxyeyzldallkyd o6 Ry, dscuirshbstinstied oRis3ublitdeed withi 163 sltstrients selected from halogen,

2, 3- di deoxy- 2-f| uor ot hi par gbi nose; 2, 3-di deoxy-3 -fluorqfhioribo se ;

2, 3 d%%m carboyy. g (- Gy andgelsreip any aryl gy heesegigobBract HROSEYLEd: or

h | ; - ’ f 39. Th d
a phar n&C‘g%BSﬁﬁ*té&/Wﬁﬁqg;%%@?@?#dﬁg&}dggﬁfE?%{t%ﬁéﬁlglﬁ e conpoun

of any one of clalns 1- -cycl opent - 2- ene;
2, 3- di hydr oxsachRyds odgpatdentlicadd.opertlk v Enealk@ah¢dy alkylthio, Ci.4 alkylsulfoyl,
hydr oxynet hyl.cycl opent.ane; 2-hydr oxy-4- hydr oxynet hyl cycl opent ene; .

221 ot 180 R P AEyIDG- PhSBYIn ATbeRs, HRR My PRGN b JNtorpmEioRy, Ci alkylamino, diC .y
2, 3- di hydvi9Xidh; oY dafanssRt O LaiRadBidiy! &NECYak ASRLaARSyLR; is Y@H;, CoHs,

2 oo 11 her b, (Y Se Ogg?lé}%yzdu{r%xy)r’(,rét A B e
2, 3Ldi higr oxy- 4- hydr oxynet hyl cycl opent ane; or 2, 3-

di hydr oxynet hyl. cugl Qhut . capt i y ,accept ab alt o
prodrug t hergéfs éﬁ@&mE@m%ﬁﬁ@@ §ﬁbélg?&fép-§m%€s@1_a%4b&-ﬁ:{lgﬁl%p{a@e,i s
4- hydr oxymet hyl -pyrrolidine; 5 2,3-di hydroxy-4-hydroxynet hyl pyrrolidi ne;
2/ 3- hydr oxy- 4- hydr oxynet hyl pyrrol i di ne;
2-f1 uor 03- hydrupxy? 4- hydr oxsrfet hyl pysas ol di ne; or u,9 _
3-f|uoro-2-HVHf%?%f%mhy69699h§¥hyrfﬁy?ﬂﬁpﬁdiHé?oﬁ??ﬁobharnaceuticaIIy
accept abl e salt nprodrug ter eof 41. ®he conpoun&of claim 1 which is:

R0 and Ry; are each independently H, alkyl, aryl, substituted aryl,

20 acyloxyalkyl, or (CH;);-O-(CH3)mCHs;
R2 is an N-linked amino acid residue (e.g. -NH-CH(CH3)COsalkyl or -NH-
CH(isopropyl)-COsalkyl); and
R14 1s H;
nis 2-5; and

25 m 1s 10-20.

26. The compound of any one of claims 1-24 wherein R? is selected from:

HO—\ o HO—\ o HO—\ o HO—\ o
HO
HO OH HO V HO F HO
YOG TN T
(d) @ (d )
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Ho OH 40p or a pharmaceutically acceptable salt or prodrug thereof 42.The

conpound of claim1 which is: 0O FIN NH WD 2009/ 111653PCT/ US2009/ 036213

43. The cowpaoevdiiodsacl aim 1 which is: Ho: --OH 87j or paTpisasorms@us i cal |y

acceptabl e salt orggrodrug thﬁéeof 44, Tﬂg congoundH f cl a| m 1 which is:
r

a pharnaceutlcally ac l e Sa pr o

10

15

20

30

reo

< \ \
~

CHF
;—Z CF; LZ CH; ;z CH,F
HO OH HO OH HO oH OH
oY L o lhe:
5 —%=CH,0H
O HO OH

HOH,C

27.  The compound of any one of claims 1-24 wherein R is:

R'9 S R'9 S
Ry or Rg _
R R

Rg R,
wherein:

R7is H, ORy4, N3, NH,, or F; and R'; is H, F, OH, O-alkyl, alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, or substituted alkynyl; or R; and R'; together may be
=CH,, =CHF; wherein both R; and R'; are not OH; and when one of Ry and R'; is NH,, the other
1s not OH; and when one of R; and R'7 is N3, the other is not OH;

Rg is H, ORy4, N3, NH;, or F; and R'g is H, F, OH, O alkyl, alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, or substituted alkynyl; or Rg and R's together may be
=CH,, =CHF; wherein both Rg and R's are not OH; and when one of Rg and R's is NH;, the other
is not OH; and when one of Rg and R's is N3, the other is not OH;

or Ry and Rg together can form

R100
wherein: Rygg is Ci.12 alkyl Cs.g cycloalkyl, aryl or heteroaryl; wherein any C;.j» alkyl and Cs.g

cycloalkyl of Rj¢ is unsubstituted or is substituted with 1-3 substituents selected from halogen,
hydroxy, carboxy, and C;.4 alkoxy; and wherein any aryl or heteroaryl of Rjq is unsubstituted
or is substituted with 1-5 substituents independently selected from Ryo;;

each Ryg; is independently halo, Cy4 alkyl, C;4 alkoxy, C;.4 alkylthio, C;_4 alkylsulfoyl,
cyano, nitro, amino, phenyl, carboxy, trifluoromethyl, trifluoromethoxy, C;.4 alkylamino, di(C;-4

alkyl) amino, C4 alkanoyl, C;4 alkanoyloxy, or C;.4 alkyloxycarbonyl;
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WD 2009/ 111653PCT/ US2009/ 036213 45. The conpound of claim1 which is: 00 HN
NHNH O O O\ N OO0l 111l 1111 TINor HOP-OP-O-P-ON. 1....j
HO P- O P-VOoRo@IN11653. , . . . . . .. [ TTINTTINOH OH OH OH OH OPFCHDSOM9/03¢303 OH 94

95 or a phar tdqgal ptable salt or prodrug thereof. 46. The
conmpound of gﬁ%ﬁ’n%ﬁ%fdzgs’gﬁg\%’ 1-45 which is a prodrug.

R'9 is CH,0R 14, CHyF, CH,SH, CHFOH, CF,OH, CH,-diphosphate, CH,-triphosphate,

H, 9 H, 9 H, It H, i
—C"0=P=OR;; » —0=C -P~ORy - ~—C “0~P=ORyq, 0" —O—C -P—ORy, '
ORy; ORy, Rz Riz

Rio and Ry, are each independently H, alkyl, aryl, substituted aryl,
10 acyloxyalkyl, or (CHy),-O-(CH;)CHs;
Ry is an N-linked amino acid residue (e.g. -NH-CH(CH3)CO,alkyl or -NH-
CH(isopropyl)-CO,alkyl); and
Riysis H;
nis2-5; and

15 m is 10-20.

28.  The compound of any one of claims 1-24 wherein R? is selected from:

; HO HO F

S
HO OH

R == CF; R ~=(CH; R == CH,F 5
HO  ©OH HO  ©OH OH 0

HO OH

HO g HO S HO \ :S: -/
; 2 CH d R == CH,OH
$ % 3 1
HO T HO OH

an
HOH,C OH
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47. The conpound of any one of clainms 1-45 which conprises one or nore
nono-, di-, or tri-phosphate groups. 10 48. The conpound of any one of

cl ai mrs 1-wWb 2év/1al6seonpri ses one or nore nono- phosphat e @CoM$2009/036249. The
conpoungy of - ¢halhdunt il BnOBEcIRms I LuRERAPRL ishydr oxyI groups from the
nono-, di-, or tri -p'ﬂlospha e group has been converted to an al koxy,
substituted al koxy, aryloxy, 15or substituted aryl oxy group. 50. The
conmpound of claim47 wherein ope or nore pendent hydroxyl groups fromthe
nmono-, di-, or tri-pHosphate gfoup has been cpnverted to a group R O-;
wherein each Ry is indepehdentyoa 1-20 cagbonybramched or unbranched,

saturated or unsaturatgdpchain, erein 20 oned;rcziibmmof the carbon atons
is optionally replacgd wWhtRg-0- or +59 and wher ei n&rllle or nore of the
carbon atons is optiodal Iéhs'ﬂbsti Oateed®-WRkh oxo (=0) or thioxo (=S). 51.
The conpound of cl aim 47 erei n one @r,ore pendent hydroxyl groups from
the nono-, di-, or tri-phosphate goup has been converted to a group Rz-N-;
wherein each R, is a 25 residue of an am no acid. 52. The conpound of
claim51 wherein the amino acid is a natural am po acid. WO
2009/ 111653PCT/ USZOO%{ 13 R3. The cownpdyhd,of one of clainms 1-45
which is a prodrug that c n?fnses one or pore groups of fornmula: 10 O -P
,,i)>D R15 0 P,O R16 - | HO~C P-ORy Q¢ Q q\
R]2 Hzc_}‘)—ORIO
RIZ Hz(lj—i%_ORlo
Rz
wherein
R" is alkyl or substituted alkyl;
5 Rip and Ry, are each independently H, alkyl, aryl, substituted aryl, acyloxyalkyl, or

(CH)n-O-(CH2)mCHs;
R, is an N-linked amino acid residue (e.g. -NH-CH(CH3)CO,alkyl or -NH-
CH(isopropyl)-CO,alkyl);
Ry; is H, CHs, CoHs, CH,F, CH,OH, CH,CH,F, CH,CH,OH, CH,Ns, CH,CH,Ns,
10 CH,NH,, or CH,CH,;NHj;

R14 is H;
nis 2-5; and
m is 10-20.
30.  The compound of any one of claims 1-24 wherein R? is:
20 00 oo ° OH 0O
Il oo
[

OH
25
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or RI9 Rip wherein: R15 is H, alkyl, substituted al kyl, aryl, substituted
aryl, cycloal kyl, substituted cycloal kyl, heteroaryl, substituted
heteroar WO zhwtllanmycl ic, substituted heterocycl i C, Or @®OTAIS2MWO/032i1%; R16

is H optionghd ¥orﬁﬂc§1§ﬁi'otf%lhﬁgla Rl?ﬁmlll 84 ﬁrﬁ%‘x‘eml@ﬂsom' onally substituted

nmonocyclic 15 heteroaryl I's H, ogen CN, -CO R20, -CON(R21)2,
-02R20, -S02R20, RSOZN( R202, Re OR21, -8521 - ]g,\ flR21) 2, -0- 00R20,

-0- 02R20, - SCOR20, Q2R20, {XE‘?ZCRZ COZR21 2) p- OR22, or

- (CH2) p- SR22; or R¥6 R17 & onnect e dh akid al 3-5 atoms to
forma cyclic grouP¥ rp 7t| ‘onal | y cont ai nifigg, ne het eRoat@m’ that is fused to
an aryl wgeQypP at the beta and gamma position to the 0 attached to the
phosphorus; or R17 and R18 are 20 connected as descri bed bel ow, R18

and R19 are RaiskHj OR epbndeii, loy FiHandaR K id H, Ié,r@IH Ohﬁtyé,rablcglpdmmﬂith;eki allgdal kyl ,
opt i onal ub tltute nmonocycl.ic yl or | ona stituted nocycl iC
ot er oaPiitvT oDt afkeRtb SV e et aird A O Band B deecsies oy die « o

forma QEHIZ'QHFW&relﬂmoklpﬁ?ﬁﬁ&’Rggﬁtrﬁh O %nd v@leﬁ%h@ BPﬁl} QﬂiﬁsR' %Nﬁ}zth@%eBlS

are connecfed via an additi onal atomg to forma cyclic group
250pt|01$a10It(j)H:@ndawhnnnge oﬁ&atetlé'v(sdﬂgmmherRQﬁou@HH al kyl , aryl

e oo G e B B SRS Yo b ot
het er OCM‘RE@}@' siﬁﬁ.l;tltuféﬂ aﬁ(re}i&lahllkwlyl stldbktﬁu!éd afllyfyl; or RE ¥hd RQ ‘%6;,%’[1%3 Wl kyl, or

aryl al kyl : is Hor |ower acyl; 30p i's"an integer from 54. A
phar naceGHm,cz@HEo\Nb@SmthOthcmrbRs srerr@t OH;enp odned one Oﬂﬁs and Rieds NHo.dhgotbae of

el aj e {28 Gnd WRLFOBSRR] LAk, ¥ RCGERIAR RGB! ©-

or R7 and Ry together can form

15 o _ 0
R100
wherein: Ry is Ci.12 alkyl Cs_g cycloalkyl, aryl or heteroaryl; wherein any C.; alkyl and Cs.g
20 cycloalkyl of Ry is unsubstituted or is substituted with 1-3 substituents selected from halogen,
hydroxy, carboxy, and C;.4 alkoxy; and wherein any aryl or heteroaryl of Rygo is unsubstituted
or is substituted with 1-5 substituents independently selected from R;;
each Ry is independently halo, C;.4 alkyl, Cy.4 alkoxy, Ci.4 alkylthio, C;4 alkylsulfoyl,
cyano, nitro, amino, phenyl, carboxy, trifluoromethyl, trifluoromethoxy, C;.4 alkylamino, di(C;4
25  alkyl) amino, C;.4 alkanoyl, C;_4 alkanoyloxy, or C;.4 alkyloxycarbonyl;
Ry is H, CH3, C,Hs, or Nj;
R’y is CH,0OR 14, CHyF, CH,SH, CHFOH, CF,OH, CH,-diphosphate, CH,-triphosphate,

H, H, H, 7§ H, §
—C“0—P-OR;g : —0-=C -P=OR,o : —C -O=P—OR,;,0r —O-C -P~ORy, :
0R11 " ORy; Rz Ry2

Rio and Ry; are each independently H, alkyl, aryl, substituted aryl,
30  acyloxyalkyl, or (CHy),-O-(CH;),CHs;
Ry is an N-linked amino acid residue (e.g. -NH-CH(CH3)CO»alkyl or -NH-
CH(isopropyl)-COsalkyl);
Rysis H;
nis 2-5; and
35 m is 10-20.
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3555. The conposition of claim54 which further conprises one or nore
additional anti-viral agents. 56. The conposition of claim55 wherein the
one or nowe owili6sBral agents are sel ected from ri bavir iPoT/USeaOwB62i 3,

vi ram dipe, S| I - i-nhi,bi SeLq eases, an
b cor WS SES o AR B Paerdln F S 501e6a BB

nonophosphat eﬁghydrogneg;g, interferon-a, and pegyl &bed interferon-a
(pegi nt er f er oHOAN, )Xhe.cpnptsix i on pf Héhy ople pf cl ai ns 54-56 which
further conpri sor dei ti 0‘@ HCVse inhibitors. 58.
The conposition ofs—any one of ai ms 54:57- whi ch farther conprises one or
nmore protease i nHPbi t ®Fs. 10 59. The caiposiGH on &1° anyWne of cl ai ms 54- 58

whi ch further conprises ribavirin. 60. The conposition of any one of clains
54-59 which fH(t)t her corrprTgﬂ(zes interferon-a or pﬁllgél ated interferon-a

(pegi nterferon-a)\ 15d1. i t FOn of~clAi 4 T further conprises
one or nore anti-oanger_agent 2. The cition 0 aim 61 wherein the
one or nore antiﬁg‘anc’ rEIHiage ] ar~801§2gl ected % %lﬁk(? at’éﬁg agents,

I agent s.

;
antlnet abol ites, hnatu pro ucts,Hand hor m)r%‘o 63. A net hod for
treating a virgl_JnfectionH®map. anpnal g adm nistering to the

ani mal an effecti x‘m punt of npouand as cribed in any one of clains
1-53, or a conpositk &S describetCiin any ofte9f .cl ai n8 54-62. 64. The
met hod of cl ai m g wh Pn thOvirhBl infecti®%n i selected fromthe group

consisting 25 of: hepatitis B, hepatitis C, human i nmunodeficiency virus,
Pol i o, Coxsackie A and B, Rhino, Echo, small pox, Ebola, and West Nile

Vi rus. 65. The nethod of claim63 wherein the viral infection is HCV.
33. The compound of any one of claims 1-24 wherein R? is:
25
R §3 R §3
Rg o RN\
R's R
Rg Ry

wherein;

R7is H, ORy4, N3, NH,, or F; and R'; is H, F, OH, O-alkyl, alkyl, substituted alkyl,

alkenyl, substituted alkenyl, alkynyl, or substituted alkynyl; or R7 and R'; together may be
35 =CH,, =CHF; wherein both R; and R'; are not OH; and when one of Ry and R'; is NH,, the other
is not OH; and when one of Ry and R is N, the other is not OH;

Rs is H, ORy4, N3, NH,, or F; and R's is H, F, OH, O alkyl, alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, or substituted alkynyl; or Rg and R's together may be
=CH,, =CHF; wherein both Rg and R's are not OH; and when one of Rg and R's is NHj, the other

40  is not OH; and when one of Rgand R's is N3, the other is not OH;

or Ry and Ry together can form

45 o 0
RIOO
wherein: Rgg is Ci.12 alkyl Cs.g cycloalkyl, aryl or heteroaryl; wherein any C;.;, alkyl and Cj5
50  cycloalkyl of Ry is unsubstituted or is substituted with 1-3 substituents selected from halogen,
“hydroxy, carboxy, and C;.4 alkoxy; and wherein any aryl or heteroaryl of Rygp is unsubstituted
or is substituted with 1-5 substituents independently selected from Rjoi;
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30 66. The nethod of any one of clains 63-65 which further conprises
adm nistering to the aninmal one or nore additional HCV pol ynerase
i nhi bi t orwo 2600/1iis3 et hod of any one of clains 63-66 whipch/USarmiosd213

conpri ses adm.pinst er | il o) el Nl bi . 35
WO 2009/ 1116%%@@9%%5@8%#@%%%&&6@ apﬁg!‘énﬁ %ﬂéﬁ%? lgﬁg&gﬁg’ 5 ?Fg%szr‘r@%’s- 67
whi ch feyahbaritre.cnfino geendearbosst, edfluwgomethgl itrifluoromethory,aiisrakylamfi9, difGe
met hod q{s},ﬁny,on of claing 63-68 which further co%i Ees admi ni stering

i nt er f 3 BY) aMY10; fegplkaneyd: ¢m Akanoylony a0 eplhtlexycariomya) to the ani mal .

70. A net hodpf Qi tFigald,AY gafcer in an animal conprising admnistering to
the ani mal an efq’ect 'vé anmount of a conpound as described in any one of

cl aisms 1- 53, R'oiis @GHgORpoSHF,aCH A3, (i EROHPER, O, @Hy-diphesmifate; Cl rtephesphatel,
61-62. 71. The nmethod of claim 70 wherein one or nore additional
anti-cancer conpounds are adm nistered. 72. The nmethod of any one of
claims 63-7] wherein the;animal ig acuman. 73, oA nethod for inhibiting a
viral RNA-oc >®PﬂAop{aI= YRRT@SE ORQAPT € SOy OBENeractimg-0oke :pol ynmerase in vitro
or in vivo wtRran effectioke inhibitdsy anount oRea conpound as descri bed
in any one of clainms 1-53. 20 74. The nmethod of claim 73 wherein the viral
pol ynerase is an RdRp. 75. A conpound as described in any one of clains
1- 53 foRr, 498 R NardRAEIC R MAERRYH, ARyl, ARE sUBRit@Ed arygonpound as described in
any one of clainms 1-53 to prepare a nedi cament 25useful for treating a
viral i#ybaayrleil, ion (GH2)af)-(dil)nCH7,. The use of a conpound as described in
any, one of Cﬂ(%‘igs Bn K- Rriked AnPASREH FesBiud glgc -?\ﬁrf—raH(l&Ef)él(l)zafH?ﬁ ot N§AL!I ng cancer

in an ani mal.
CH(sopropyl)-CO,alkyl); and

R14 1s H;
nis 2-5; and
m is 10-20.
20
34.  The compound of any one of claims 1-24 wherein R? is:
25 HO—, 1 HO—, U , Ho—, U ,
—L4=CF, —4=CH, \—L=CH,F
HO  ©OH HO ©OH HO  ©OH
HO N N N N
Y XY Y
35 5 < " N P N “
OH HOH,C  ©OH HO  OH HO F
35.  The compound of any one of claims 1-24 wherein R” is:
40
R'g R R’
’ Y oY
or
R9)gj/ R9)g R9)g
45
wherein

Rg is H, CH3, C2H5, or N3;
R'y is CH,0Ry4, CH,F, CH,SH, CHFOH, CF,OH, CH,-diphosphate, CH,-triphosphate,
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30 78. A conpound as described in any one of clains 1-53 for the

prophyl actic or therapeutic treatnment of a viral infection. 79. A conpound
as descriweaoiwmiiassy one of clainms 1-53 for the prophyl aecrasesosvbe@iapeutic
treatment of cancer.

H, o H, i H 9 H, § )
—C0=P=ORyy » —0~=C -P=OR;, » —C "O~P=ORyy , Of —O~C "P—ORyo :
ORy ORy; Rz Riz

Ryo and Ry; are each independently H, alkyl, aryl, substituted aryl, acyloxyalkyl, or
(CHz)n-O-(CH2)mCHs;
Ry is an N-linked amino acid residue (e.g. -NH-CH(CH;)COsalkyl or -NH-
5 CH(isopropyl)-COsalkyl);
Riz is H, CHs, C;Hs, CH,F, CH,OH, CH,CH,F, CH,CH,OH, CH;N;, CH,CH,N;3,
CH,NH,, or CH,CH,;NH,;
Risis H;
nis 2-5; and
10 m is 10-20.

36.  The compound of any one of claims 1-24 wherein R is:
HO—\(O /) HO—\(O / HO—\(S /
or
O S S

20 37. The compound of any one of claims 1-24 wherein R? is ribose, 2-methylribose, 2-
deoxyribose; 2-deoxy-2-fluororibose; arabinose; 2-deoxy-2-fluoroarabinose; 2,3-dideoxyribose;
2,3-dideoxy-2-fluoroarabinose; 2,3-dideoxy-3-fluororibose; 2,3-dideoxy-2,3-didehydroribose;
2,3-dideoxy-3-azidoribose; 2,3-dideoxy-3-thiaribose; or 2,3-dideoxy-3-oxaribose; or a
pharmaceutically acceptable salt or prodrug thereof.

25
38. The compound of any one of claims 1-24 wherein R? is thioribose, 2-deoxythioribose; 2-
deoxy-2-fluorothioribose; thioarabinose; 2-deoxy-2-fluorothioarabinose; 2,3-dideoxythioribose;
2,3-dideoxy-2-fluorothioarabinose; 2,3-dideoxy-3-fluorothioribose; 2,3-dideoxy-2,3-
didehydrothioribose; or 2,3-dideoxy-3-azidothioribose; or a pharmaceutically acceptable salt or

30  prodrug thereof.

39.  The compound of any one of claims 1-24 wherein R? is 4-hydroxymethyl-cyclopent-2-

ene; 2,3-dihydroxy-4-hydroxymethylcyclopent-4-ene; 3-hydroxy-4-

hydroxymethylcyclopentane; 2-hydroxy-4-hydroxymethylcyclopentene; 2-fluoro-3-hydroxy-4-
35 hydroxymethylcyclopentane; 2,3-dihydroxy-4-hydroxymethyl-5-methylenecyclopentane; 4-
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hydroxymethylcyclopentane, 2,3-dihydroxy-4-hydroxymethylcyclopentane; or 2,3-
dihydroxymethylcyclobutane; or a pharmaceutically acceptable salt or prodrug thereof.

40.  The compound of any one of claims 1-24 wherein R” is 4-hydroxymethyl-pyrrolidine;
5  2,3-dihydroxy-4-hydroxymethylpyrrolidine; 2/3-hydroxy-4-hydroxymethylpyrrolidine; 2-fluoro-
3-hydroxy-4-hydroxymethylpyrrolidine; or 3-fluoro-2-hydroxy-4-hydroxymethyl-pyrrolidine; or

a pharmaceutically acceptable salt or prodrug thereof.

41.  The compound of claim 1 which is:

10

or a pharmaceutically acceptable salt or prodrug thereof.

42.  The compound of claim 1 which is:

15 or a pharmaceutically acceptable salt or prodrug thereof.
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43.  The compound of claim 1 which is:
HN N~
Ty
HO 0 N, /J
N
HO OH
87j

or a pharmaceutically acceptable salt or prodrug thereof.

44,  The compound of claim 1 which is:

or a pharmaceutically acceptable salt or prodrug thereof.
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45.  The compound of claim 1 which is:

or a pharmaceutically acceptable salt or prodrug thereof.

46.  The compound of any one of claims 1-45 which is a prodrug.

47. The compound of any one of claims 1-45 which comprises one or more mono-, di-, or

tri-phosphate groups.

48.  The compound of any one of claims 1-45 which comprises one or more mono-phosphate
groups.
49. The compound of claim 47 wherein one or more pendent hydroxyl groups from the

mono-, di-, or tri-phosphate group has been converted to an alkoxy, substituted alkoxy, aryloxy,

or substituted aryloxy group.

50.  The compound of claim 47 wherein one or more pendent hydroxyl groups from the
mono-, di-, or tri-phosphate group has been converted to a group R,-O-; wherein each Ry is
independently a 1-20 carbon branched or unbranched, saturated or unsaturated chain, wherein
one or more of the carbon atoms is optionally replaced with —O- or —S- and wherein one or more

of the carbon atoms is optionally substituted with oxo (=O) or thioxo (=S).
51.  The compound of claim 47 wherein one or more pendent hydroxyl groups from the
mono-, di-, or tri-phosphate goup has been converted to a group R,-N-; wherein each R; is a

residue of an amino acid.

52.  The compound of claim 51 wherein the amino acid is a natural amino acid.
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53.  The compound of any one of claims 1-45 which is a prodrug that comprises one or more

groups of formula:

Q Qo Ry
e —
—P Lre o O H
e} 15 4 Ry7
RiS Ryg

wherein: 7

Rys is H, alkyl, substituted alkyl, aryl, substituted aryl, cycloalkyl, substituted cycloalkyl,
heteroaryl, substituted heteroaryl, heterocyclic, substituted heterocyclic, or an amino acid;

R is H, optionally substituted monocyclic aryl, or optionally substituted monocyclic
heteroaryl; and R,7 is H, halogen, CN, -CO-Ry9, -CON(R3 )2, -CO2R 29, -SO2R 29, ~-SO2N(R21)2, -
ORy1, -SRy1, -Ra1, -N(R21)2, -O-CORyg, -O-CO2R 0, -SCOR3g, -S-CO,R 9, -NHCORy;, -
NHCOzR31, -(CH2),-ORy2, or -(CHy)p-SRy; or Rj6 and R7 are connected via an additional 3-5

atoms to form a cyclic group, optionally containing one heteroatom, that is fused to an aryl

- group at the beta and gamma position to the O attached to the phosphorus; or Rj7 and R;g are

connected as described below;

Rig and Ry are each independently H, alkyl, aryl, heterocycloalkyl, aralkyl, optionally
substituted monocyclic aryl or optionally substituted monocyclic heteroaryl; or Rjs and Ry9 are
connected via an additional 2-5 atoms to form a cyclic group, optionally containing 0-2
heteroatoms; or R;7 and R are connected via an additional 3-5 atoms to form a cyclic group,
optionally containing one heteroatom and Ry9 is H, alkyl, aryl, heterocycloalkyl, aralkyl,
optionally substituted monocyclic aryl or optionally substituted monocyclic heteroaryl;

Ry 1s alkyl, aryl, heterocycloalkyl, or arylalkyl;

R»1 is H, alkyl, aryl, heterocycloalkyl, or arylalkyl;

Ry, is H or lower acyl; and

p is an integer from 2-3.

54. A pharmaceutical composition comprising a compound as described in any one of claims

1-53 and a pharmaceutically acceptable carrier.

55.  The composition of claim 54 which further comprises one or more additional anti-viral
agents.
56.  The composition of claim 55 wherein the one or more anti-viral agents are selected from

ribavirin, levovirin, viramidine, thymosin alpha-1, an inhibitor of a serine proteases, an inhibitor
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of inosine monophosphatedehydrognease, interferon-a, and pegylated interferon-o

(peginterferon-a).

57.  The composition of any one of claims 54-56 which further comprises one or more

additional HCV polymerase inhibitors.

58.  The composition of any one of claims 54-57 which further comprises one or more

protease inhibitors.
59.  The composition of any one of claims 54-58 which further comprises ribavirin.

60.  The composition of any one of claims 54-59 which further comprises interferon-a or

pegylated interferon-a (peginterferon-a,).
61. The composition of claim 54 which further comprises one or more anti-cancer agents.

62.  The composition of claim 61 wherein the one or more anti-cancer agents are selected

from alkylating agents, antimetabolites, natural products, and hormonal agents.

63. A method for treating a viral infection in an animal comprising administering to the
animal an effective amount of a compound as described in any one of claims 1-53, or a
composition as described in any one of claims 54-62.

64.  The method of claim 63 wherein the viral infection is selected from the group consisting
of: hepatitis B, hepatitis C, human immunodeficiency virus, Polio, Coxsackie A and B, Rhino,
Echo, small pox, Ebola, and West Nile virus.

65. The method of claim 63 wherein the viral infection is HCV.

66.  The method of any one of claims 63-65 which further comprises administering to the

animal one or more additional HCV polymerase inhibitors.

67.  The method of any one of claims 63-66 which further comprises administering to the

animal, one or more protease inhibitors.
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68.  The method of any one of claims 63-67 which further comprises administering ribavirin

to the animal.

69.  The method of any one of claims 63-68 which further comprises administering

interferon-a or pegylated interferon-a (peginterferon-a) to the animal.

70. A method for treating cancer in an animal comprising administering to the animal an
effective amount of a compound as described in any one of claims 1-53, or a composition as

described in any one of claims 54 and 61-62.

71. The method of claim 70 wherein one or more additional anti-cancer compounds are
administered.
72.  The method of any one of claims 63-71 wherein the animal is a human.

73. A method for inhibiting a viral RNA or DNA polymerase comprising contacting the
polymerase in vitro or in vivo with an effective inhibitory amount of a compound as described in
any one of claims 1-53.

74.  The method of claim 73 wherein the viral polymerase is an RdRp.

75. A compound as described in any one of claims 1-53 for use in medical therapy.

76. The use of a compound as described in any one of claims 1-53 to prepare a medicament

useful for treating a viral infection in an animal.

77.  The use of a compound as described in any one of claims 1-53 to prepare a medicament

useful for treating cancer in an animal.

78. A compound as described in any one of claims 1-53 for the prophylactic or therapeutic

treatment of a viral infection.

79. A compound as described in any one of claims 1-53 for the prophylactic or therapeutic

treatment of cancer.
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