WO 2011/ 091417PCT/ US2011/ 022401 HEPATI TI'S C VI RUS | NHI Bl TORS RELATED
APPLI CATION This application is related to U. S. Provisional Application
Seri al Nowo@dl12®741918 5fil ed January 25, 2010 and U. S. Pcoxisseéionad4o1
Application Serial No. 61/314,304 filed March 16, 2010. The entire
teachi ngs of the above applications are incorporated herein by reference.
TECHNI CAL FI ELD The present invention relates to novel antiviral agents.
More specifically, the 10 present invention relates to conpounds which can
inhibit the function of the NS5A protein encoded by Hepatitis C virus
(HCV), conpositions conpriBEPATIVENCONRUUS INHIBIMPORSAs for inhibiting HCV
viral replication, nmethods for treating or preventing HCV infection, and
processes for maki ng the conpounds. BACKGROUND OF THE | NVENTI ON 151 nfection
with Hcvlﬂ%béfﬁafﬁ’%éQéEBJHf hunan |iver disease throughout the world. In
the U S, an Y, d wth
HOY. AL hough il PTG Rk R rhel D ST ERRT Ao A BPRb Yo R o
85% ob i rfile¢ Tadatyrth, QOtthatdsUd;ePﬁjvmonamquphmtlope}eaalsmerﬁ1/3 1af 30dtfiled.
Treat ment, costs for H |nfect|on h een estimated at $5.46 billion for
the US | M85, 30 chliesatesieschss o 4bghe b@ﬁlﬁﬁ%maraée PSRPOTAtRe Rgein dpe
infected ghrgopically. HCV infection is responsible for 40-60% of al
chronic liver disease and 30% of all liver transplants. Chronic HCV
i nfection accounts for 30% of all cirrhosis, end-stage |iver disease, and
liver cande¢HNHCAR&TELB. The CDC estinmates that the nunber of deaths due to

HCV w || m ni rea 8,000/ ye e to the
i gh tegr ee. of TIFAVPER F g omiclirs o Nyue SRyl et Tk ARl B e of

nul t pl e prédeat mgaﬂttw@laﬁes ta b pRHaR Shicht @ i9IBIE tHel fahdtionQf thermgﬂAtpyOteﬁlhe
devel opment of a successful vaccine in the near future is unlike

Al pha- i ntcaeedaddyy Hepagtie Corirus rﬁHEB’r}mqmmqsawns\mrnprrmmwchcmnpﬁa@dsm@thom del y
used sin t wever,
naver se aonuh By PRDHENSYid Rpiichity MBlodR o AARL B Mo e Aot LS 5,

li ke synpmdqﬁmmh&ﬂﬁﬁﬁﬁﬂnﬁgﬂkhbﬁmbmmytopen|a depr essi on frontlnterferon, as
wel | as anem a induced by ribavirin (Lindsay, K L. (1997) Hepatol ogy 26

(suppl 1) 417PCT/ US2011/ 022401 Thi s therapy renains
| ess ef f ded %@@Ps@mﬁﬁgﬁﬁgwi égused by HCV genotype 1 (which
consyit utes - 4afapbn Rlith HIY id @Bﬁfo&'o% offufnif 1i9EVEIAREE SR R wepgPar ed

to infections caused by the other 5 maj or HCV genotypes. % nfortunately,
only -50-1808¢ UfS tdnecspaeicd it smilbep dmacricang 41 shtonwatlysrect¢dwab iied. by a

reduction,in s el.s and 5 nor i zatio Jiver.enzymes)
ind. ot _ralbuRBerl 3o bt BB srRRE s ra o ReL et TR Ef
treatmen tmdﬁﬁﬁt@lﬁtd'eyeloﬁ\fcﬁtbnfchﬁerh@ﬂéﬁﬂﬂfb‘éhh@ M reftmR RO BUBAHCW @FdcBbR Rave
(Peg-1FN), both initial and sustai ned resgonse rates have i nproved

subst ant i been gstiraater et tnkitlionrfor the ASviank99 fWPélQWIWW 200 miilbaw peeme are

conshzt ut r e i 96 cts
assogpategﬁm&@ﬁt@B%ﬁ#%%%P%ﬁB@ﬁ%B%}ﬁﬁ? 38¥ﬁmk?&§§f%é ?ﬁé%éﬂségfﬁfpatlents
10 with gxhﬁﬁtwpeerjdlseamﬂtwo@@bﬂt hl‘t?‘dr'ftﬂaﬁsplzirﬁﬁ Ghmnemmntfedtimntabeoquenent
of this dlsea irst identified by nolecular clonlng in 1989 (Choo,
QL et al 06/19%@3 CIséP@h@@dzsmeéls'gt%@fe veiscapgRy inthedy - ABEEPed as t he
nost co s
(Naner) | CRURETEN W PAEERS RuRant 16 LA S haaRY iftre 0T FLOGRAGELY
struct ur ehapchr20tience honol ogy, this virus was assigned as a new 15 genus

int Fl avi viri dae, f ot her ers of .the Flaviviridae,
such5§s f1 avi Jf’%@é@e@l &egrf/‘%PF Jﬂlﬁw Ve@r'b fuﬁ%@%&?@s VEHERDCE 9ées 1- 4)
and pest i kigR&Sral Serft ﬂaQVdna%eMtoﬁatatéh sgeal@i%ﬁy tSHrh&%um itedevElopRRAEN I US,

and classic swine Tever virus) L et” al Sci ence 244: 359- 362
M || er, RuktessinbvaReide iPtheaeht fu@mem))nlﬂlﬁkycAlptatlhtermmdaIOSc |0r inySAbination

87: 2057 2061 s.an enyel oped. vi rus cont.ai ni ng a .si.n nd RNA 20
i coul o i e A BT SR Sinde i BB o Sl B 6 T
ki | obasesnfkiidn. WMidwever, h@igse i QEct£absemmudly 30aeapPaethhis Remhicanghat ed

regi on (NIR) of apprOX|nater 340 bases mhlch functions as an internal
ri bos8e lwtsympinese lqukmpsya, thsarmgocitoraniadeprassicniopdeigtfotonots well an

essenti al I t M cat ed
within tﬁ%éﬁéh%?#%gg)gﬁ%&?%glg&mggncodkﬁ%ﬂﬁ % R%&&E(g%%éx%ﬁpézyﬁ n of the
RNA Soci ety. 251(5): 526-537, 1995 Jul.). Th|s element is followed by a
regi on which encodes a single |ong open reading frane (ORF) encoding a

pol ypepti de of -3000 ami no acids conprising both the structural and
nonstructural viral proteins. Upon entry into the cytoplasm of the
cell, th|s RNA |s dlrectly translated |nto a polypeptlde of -3000 antno
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conserved 98 base elenent also called the "3 X-tail" (Kolykhalov, A et at
(1996) J. Virology 70:3363-3371; Tanaka, T. et at (1995) Bi ochem Bi ophys.
Res. Conmwi0.2021B744- 749; Tanaka, T. et at (1996) J. Vir@Cogp200/03307-3312;
Yamada, N. et at (1996) Virol ogy 223: 255 261). The 3' NTR is predicted to

forma stabl secondar structure 25 wh ch is es for owth in
chi nps anaf GE?QP’F@%IH less ?flﬁ‘?%ltVF SBRNS; 1 %thnﬁ|cf‘ﬁlséa%8%(3§@e?%éj?ﬂ laﬁ‘iv ifh of

viral RNAGh&RIHERYSQNF all HCV iffelRAY n&'ﬁlel&%l%e& rﬁﬁrk%fs?é‘éﬂlﬁﬁed"@{nféaﬁ%t ed
patients are desired which selectively inhiblt HCV viral replication. In

parti cul aepseddiypbenthsr fuviagy B gefidtepesi Vefarpinatehi, bty +0eS0bintthepatiafts t he

NS5A protein gre desired. NS5 rotein is b 30exanpl e,
e ran o8 S oA oG b e r BT Bigrond R RN R a8 )

Nat ur 6 2Q{pmalaPion 37 fiver enzymedPas@bretkpbhder§, FOEWYH Rlapst ReTheh 6&10?’111@ oA
significant need to identify conmpounds with the abili ty to inhibit HCV. WO

2011/ 0914£7rEM 0BzEtTFY2 RecrntisUvNARRe igroduqtion RURERlate interferomiPsg dF¥3.ent
| | el
i nvent i O[h Y gﬁt‘ia?%n& Qus'fhﬁé{e% re?ﬂ%ﬁlké’%a‘te% ha%Q{H?ulgﬁOQ&Jb‘i @aﬁ@“‘é&?c&ﬁtg ﬁbt?s el ow,

phar mace and ne for the

t r eat nenttra@atmit @ﬁhyg«ﬂm SV1thfr1balV[rﬁi cc(nptaﬂutds chd @uld ytairl{a{al forrth@apy.dowdve subj ect
in need of such 5 therapy wi.th said conpounds. Conpounds of the present
i nvent i orih¢ pde Pff%‘%t%aW?lhtefi Fathy qonévlw(@péheéapst He the FaRACAgCCODIT NP2 ar e

al so qgsef r

ven?: on i EhoRk! Irt Sh SRR ich Tor Irpre il Fthe RAPAEGp] SR GRAN

phar maceut i calHiyt alcogfitdly mokaltar tlhemgof | 9%th@heonQ-I1 6tk AKIBSarceceeach

i ndependent | . a non clic ol clic rou i ndependent |y

ol oot od PHOROTRE o Bonsnddy ftrBedas S Mateariuhmi Rt S PE R * - ca
cycl oal kylandidiof3of %ﬁlﬂ’ﬁéﬁﬁﬁ'ﬂy kNAWﬁ) (‘RI%' G%@hl‘ M9§%}%ém&b’9@ﬁ36ﬁ@@i)€r ably,
A and B are each independently optionally substitut aryl or optionally

subst i t utldet teatsecoemy Istruq_unegnéb@cmnca)hormdogbh itk airicwes ansjgnepred veably, L is

SLesL L R A R Sl S LM <

al kyl') -, andiniekey @Y gblidy f@@@%nﬁh@lﬂd@@ﬂghva@bbé Uupend MREVRIRS B, g| east one
of ABand L is Present Wis selected fromthe group consistin , and

20 (R12) rb0|V§1§ﬂlfa Jigrrhgpvire, byrgdendismisRBirys, and glassyaswipe fgvgr virus) (C*€1J00 @Ls

absent, 04,00 bbb SR 838 Y. RSUR HHLASRT TRIBA A8BAHELARMY cas

cont al ni n or an optionally“su

5 marrber ai:l hes £802057- 2f)6IB)eH[(I\Olsainrmﬂﬁop@i’Vlblsc‘cySﬁialrﬁng & mgglevsheﬁceRNA: he nono-
yclic ri ng is.aro ic or non aromatic, wherein the nono- icyclic
r| ng 255 dnelsee af peitsis rI)Ec“ffltzgr C¥rgepome lmr%llalﬁwlwé#ép?@%@b%w foer ed

cubst |t Q4 TN L Sop O Nen TR P MR R P B O RGeS 201§ onal 1y
subst i t utbasesi mhid]aﬁumyomsd;sl an 1nt\£ﬁa2ﬁbddoﬁ&]edﬂr¥18ﬁ’3' (IBEX) THa02 @40&1 al IARRNQ s
Qg?;g? :3 HCS)I‘ ngtrlg %Itl eé’s%'n}fal structural qeﬁl%rrllt obf%‘.hé gl‘%eerrr{altr%%%rplee renttr3951tef lgéarpe group
within the hepatitis C virus 5' noncoding region RNA — A Publication of the RNA Society.
25  1(5): 526-537, 1995 Jul.). This element is followed by a region which encodes a single
long open reading frame (ORF) encoding a polypeptide of ~3000 amino acids comprising
both the structural and nonstructural viral proteins.
Upon entry into the cytoplasm of the cell, this RNA is directly translated into a
polypeptide of ~3000 amino acids comprising both the structural and nonstructural viral
30  proteins. This large polypeptide is subsequently processed into the individual structural
and nonstructural proteins by a combination of host and virally-encoded proteinases (Rice,
C.M. (1996) in B.N. Fields, D.M.Knipe and P.M. Howley (eds) Virology 2™ Edition,
p931-960; Raven Press, N.Y.). There are three structural proteins, C, E1 and E2. The P7

protein is of unknown function and is comprised of a highly variable sequence. There are
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(Ru), ss1/4-71- \ i-k X1 RB3 R4 \) x5-x2N- R5 | X LLL2-L3"Y 5X1 at each
occurence is independently N or C(R11); preferably, X1 is N, X2 at each
occurencewpoivependently N(R1), O or S; preferably, XPCrasshiH/022401 X3 and
X4 are each independently N or C(R12); preferably, X3 and X4 are each

i ndependent|y CH X5 at each rrence i s independentl|y i near
al i phat i c@ezﬁ%wnc%wairﬂ.m@%ﬁés 30 %o e gt ﬂgw ma%?&ﬁ%eﬁ%cttoast wo

het er oat Qg ohjRAGRANGENE be riioflofafcadss pomif NS ﬁa@&'rp&até’ﬁ%%ﬁl}tﬁ%ﬁ&io@s' i near
al i phatic gr oup optionally contains one or two doub bonds;” i n anot her

enbodi rrer(se;parese fromggscdysaeationvetic SR s alsmdmanw@matyhd\l\l tgmicad caldkyhighe, C2-C3
al kenyl ene et another. enbo nt, X5 at. each
ocour endEais B T S b AT PEG aRR S ne T o R st g5 B

al kyngl engimiARINSHA @aq{ghg? GLHOBTAER Yus nbrﬂd@@ﬂéﬁﬂ ebttabtor B Hhe QEreRb Fgrbtédﬁeoxy,
0(Cl-4 al k%A) or tionally substituted Cl1-C4 al ky at each

|
occur enceV$ wagtenghdigdiplngehoprpiginggeins @bseéﬁm iB F@a$a|11y phosidorsleeed

-4 al C ey ogen,
nal ogen, Ry Paksnd tperss SRt EELiPp e A R ORRCRRSH} LB PRCT
nis 1, 2Zluddat@, NS5A is believaddo b81rﬁp01ﬁa&h€h1 @Mm@m@m‘ﬁorﬁﬂ“ﬁe MB progap@adent |y
an ali phatl c group, or one of L1 and L3 is absent and the other of L1 and

L3 is an &MY REifl$ éSM ﬁf Hﬁ,‘r\éfféqhaqﬂsys Ey ¢r d {P963 EMAES J. 151 2-22) encodes an
20114 891W§%H§%94§N%2§0‘1%m%&e Qﬁﬁb)an BRI o a%ls%ﬁgmba{lﬁiﬁcﬁ ?ﬁg%}lty a

i near ali C group, or-one o I'S a sent and of LI
and L3 |smather R&&X vadli ppiatdrasegr BhepNSSB protem 19 ikt we]dacdmsemedrbetimatra-s

i ndependently a or.sel e fromthe grou sjstin ryl,

et ef oar yYPICHb PSR Rairo sk gt Ghriprs Fhnaloess e Bircrairlbivts ieach
opt i onal |y ig&iH %Bét{)v'é&?genotyd)eYa ahd ?@f‘sﬁla%? qrh%régﬁnhﬁltkl %@%WV'NE&SB RUR
S(0)2; preferab wherein -L -L3- together forma lin er

pr ef er abl aptlvuy_for Iﬂze— g@fzramog @f fdectioos piogeiy wklens bas lfeen forrally pr@vehomd | engt hs:

nyclr dgen HEBGHERSNAY 1y rerBua v ¢h e uriT e Rah a0 ot e
C2-C8 al kﬁﬁw inhidbnQFFNSTBIR HR p attisityl (inHikidof-df RRACKpliQalokyls:pradieb @ty y
hydr ogen or optl onal I\}/ substituted C1-C4 alkyl; alternatively, R3 and R4

can be t akefyl foigeat BErV Wifediionhe car bon atomto whi ch they are attached to

form optional | ut ed

het erocycl i c; %%épl?%{h%géc]%peﬁe%fi&yﬁgg?%%g#tﬁébt ﬁiy}éréu%y?ﬁ\ﬁj ed Cl-C8
al kyl, orwigiph taughalyl gonsislSif thired egions: 68-40yinls© adgkan whlphqﬁ‘lﬁfoallylcysnmwd)gen or
opti E?ally substituted C1-C4 al kyl; Alternatively and gglretaken

t ogetHer 3R %aﬁeu&:%ﬁnsswe%uaowa% l?ﬂgtﬂ% B@@(Umyn:ﬁr@%\nem)amnqa t25h t o whi ch

they ar esd%hée?G Eé%e%%%{&g also galled the l)?'?ﬁlegkcg@hlﬁqe&eé}%glg% ) pel ected

fromO, SQ2, N Cl- pr ot ect car bonyl ,
OCH2, O(]%Zl@%lagy M@ mnmaﬁakaq@m(lmm)mﬁalaph;anﬂem@m)

Pref or bl Do L O ¢ of ST om0 O PSS NS &

opti onal lyir§lgPp 2308 2ds B Yhe 3Q¢ITI@E%%I@&E@%H3{0 soHasd {thslt @&oﬁ@é&@ﬁﬁéﬁﬂe R7 at
each occurrence i s independentl K sel ected fromthe group consisting of

25hy @bogewhicihi esgpaial foy 80/ steydh oxshimpe @1d Bhekibvedtp furg(ion iGheanikiglion  ani no
optional l%d regulation of viral RNA replication.

Compounds useful for treating HCV-infected patients are desired which selectively
inhibit HCV viral replication. In particular, compounds which are effective to inhibit the
function of the NS5A protein are desired. The HCV NS5A protein is described, for

30 example, in Tan, S.-L., Katzel, M.G. Virology 2001, 284, 1; and in Rice, C. M. Nature
2005, 435, 374.
Based on the foregoing, there exists a significant need to identify compounds with

the ability to inhibit HCV.



substituted wwth one or two C1-C4 al kyl, optionally substituted aryl,
optionally substituted heteroaryl, optionally substituted C1-C4 al kyl, and
opt i onal Iwo=ohgwi41at ed C3- C8 cycl oal kyl; preferably, R7PC3/Usg@inogmn]

hal ogen, nethyl, or cyclopropyl; Al ternatively tw gem nal R7

groups are t t i the carbon atomto 30 which they are
attached @Wﬁ@%ﬁh&ﬁ&\%%ﬁl |y substituted 3- to 7-nenbered cyclic
group sel ect edrifgd éﬂ@@ehhﬁvg{t%%ﬁ%% Rév It firaBoriois lré;fi‘ésiéﬂﬂed hERiC7

cycl oal kenyl or to WO 2011/091417PCT/ US2011/ 022401 nber ed
het er ocy dielav.mhagnacpniedaé cabpysiticRp compsiping sucnednyprindn ahd yeshods firtthe ed

I | : R h d d t
ST eor e Heebmi REPPATE R Shal 8t P BB o LERRaEn o Snif L BSeRT rtitea
aryl, 50pth&agy) Wyth Shasbhipdhes. Cdmpbuisherkhe FocnbRREARIMhIYRURER tHeUHf@d C3-C8
cycl oaI kyl ; preferably, R7a and R7b at each occurrence are each

i ndependeneleylilediapgeins Coyish apt gpyiso usefubes aniviral agents. Al t er nat i vel v,
CHR7a- U CH
Fued and opt 1 baamr e BatSPRRbEARI o' RybP bEMR P ReBBh ST SR T ™

substituted aryl, or fused ang- GpIA-ena-IB-ywsubstl(u)ut ed heterocyclic;
preferably, CHR?a U or 10 CHR7b-U are taken together to forma fused and
opti onal |9 asqhggnaqeu&l@ély@y@qp@&l%wqthereof whergat: al ternatively, U, R7a, and
R7b e taken h 0 ttached to
for ma[g bri dged£ ngﬁalq ggna %B&%e%ﬁﬁ n%ra;% é&r}l\l’a\ﬁ% %cgy c?iggougr oup

sel ect ed 1ﬁdmddmlygekeuqad@mﬂhstgrm@ c@hsﬁiﬂng@f@ylchaaﬂohw he@%o@zhcﬂg oal kenyl
and 4- to 7- nenbered heterocyclic; preferably R7a, and R7b_are taken

{ oget hgr %ltoﬁlkﬁ’h%ndc‘érgaﬁyci@lléftnd}n?a%omﬂne%y §1ﬁ§§}tuéqde Pipfarablbyey 2nd, B fafﬁ - ad
9% SICA RS Ny B T, LGSR e o

al kenyl , C2- C4 alakyay by arCaipB8tic grlupaprefarabl 3 i€8cleyted fahktnglquphet er ocycl ic,

aryl and hetero I ac pt j y substituted; .preferahl each
occur ncepofl%ls‘[ﬂ‘}ﬁ)‘gfrpfi %ﬁ @(03 {:@Z\M nggg”iliy:l Lfffzeg @E (Laq ‘y%‘/lkygg Z 1-

pr ef er ably, 41R8)- &Qﬁ} (@ﬁ@balﬁ(}l‘}%ﬁﬁﬂfe@erbé}zcll@d&@@Bﬁt%htally sﬁ;lsnﬁﬁedil kyl optionally
substituted wth a hydr oxy, prot'ected am no of O(Cl-C4 al kyl).

Each pref errelegar@u@tbaﬁtoeadOQAdi&en@énsp@Sm&ken in conbination with one, any
or all other pwef enre g u[g y) anotther aspect, the present invention
provi des a phar r%ﬁ(si ?(1: ?r%ré)gptci)%s% (’,forrprl sing a therapeutically

ef fective ar‘rg(untRsof agcoRppoyad @r , conbi rxatl)gn pf corrpounds of the present

i nvention, Jpr §.a_Laﬁar éut |C Raccept“ab e\ *thereof, in conbination
with a pha, ceuty-gal | Y& t alN-&sC xar spi ent . In yet

anot her a'B\pect 'fhe pr eseant |nw§nt| on pI’QVI desya nmet hod of inhibiting the
replicatioh T a RNA- cont aititig vi r us conﬁ-fr%l ng cowdacting said virus with
a 30 therapgusically effective anobunt of a conpound or a conbination of

conpoundsg ’ t'he pr esent i nvention, or a pharnmaceutically acceptable salt
t her eof . Wﬂrl Adhis invention is directed to nethods of inhibiting

the replic on [lof In still another aspect, the present

i nvention prowde¥ a NEIR‘hod of treating or preventing infection caused by
an -contain 1% ,lrus conprising adm nistering to a WO

2011A891417PCT/ Us2b11/ 022401 patient in need of such treatnent a

t herapeuti cal |y ;&fifs&ft ic(®)RIRURALpEbnA1CATRAURE Soﬁleﬁ%@h'ﬂé‘tfefd&%flo“ conpounds
of the present invention, or a pt%)ar maceuti cal ly acceptable salt thereof
Par ti cul aohtajningipse omwtm@mgematajns, ec e dptianahe shiptisuted S-traagdicredy or

ti f db SYet f th t
nvent | orfeivay s ISR oF By Rt <O UBviBP RBET BiFGHe iBbbounds. of t he

present iRyaatd &honOiroRalid) VIRREN tHcGRAY 0R 6L PliERAEisSRhELHNE bROGS r@§p§j9f| ned
herei nafter, in the reparatlon of a nmedi canent for the treatrre%

prev@dt i oh lofnd ]ﬁfaééwh@fﬁllt@ﬂ@ssemem emet@m@mlcnnﬁqgls\sbm ngosq:)@tfpg@b%tpmy HCV.
DETAI LED \P H t
CErA LD SRR 0 S AT

accept ablgtisadity dubsitall imidazopyHgl;conpounds of the invention have utility
ininhibiting the replication of RNA-containing virus, including, for

exanpl e, HCV. O her compounds useful for inhibiting the replication of

RNA- cont ai ni ng viruses and/or for the treatment or prophylaxis of HCV

15i nfecti on have been described in copending U. S. Application Serial No.

12/ 702,673 filed February 9, 2010 ent#tled "Linked D benzimdiazol e
Derivatives"; U'S. Application Serial No. 12/ 702, 692 filed February 9, 2010
entitled "Li nked Di benzi m di azol e Derivatives"; U'S. Application Serial No.
12/ 702,802 filed February 9, 2010 entitled "Li nked Di ben2| m d| azol e
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inactivate virally encoded proteins, including NS5A that are essential for
the replication of the virus. The rel evant patent disclosures describing

t he synt hwei28110014CV NS5A i nhi bitors are: US 2009/ 02024P8T/USN1200200202483;
US 2010/ 0233120; US 2010/0260708; WD 2004/014852; WD 2006/ 079833; WO

2006/ 133326; WD 15 2007/031791 WO 2007/ 070556; WD 2007/ 070600; WO

2007/ 082554; WO 2008/02192R R&)2008/021928 WO 2008/ 021936; WO

2008/ 048589; WD 2008/ 064218 VE)2008/070447 WO 2008/ 144380; WO

2008/ 154601; WO 2009/ 0208 720R8/ 020828: WD 2009/ 034390: WO
2009/ 102318: s%@,09/ 102325 2009/ 102694; WO 2010/ 017401; WO
2010/ 039793; {5 %589663: 2010/ 065674; WD 2010/ 065681; 20 WD

2010/ 091413; m&@@t%%s@una Y BOARLORAAAR: 1 VGHRALAARGRORY HRR010/ 000527,
VO 2010/111483 VWO 20 é/lll 4: WD 2010/117635; MD 2010/ 111673; WO

2010/ 1177 WD 2R10/ 132538, VO 20;9/132601X3m0 2010/ 138488; WO

2010/ 138368 713 20 q@138791 RO10/ 148006, the
contents of @h 0 |c x&! re ssl¥ Qor Ror# by reference herein.
251 n one rrbo i me he pr serﬁ i n¥2RY i %N Y&l aXes NoRZonpounds represent ed
by For mul a¥eLg)s—Y | b) or (I ¢, andY phar rraceu_tu.lf:zaLW acce%tdabl e salts

t her eof : wherein A é‘a](i L, @ Y, LI 2, L3 X2, X3, X4, R3,
R4, and R5 gre?)as previously 30defined. I'n an additi onal

enbodi nenp’,-;tl e present invention relates to conpounds represented by
Forrmul a (|1 oN_ (1 g()1, th ,pharnaceutical |y acceptable salts thereof:
wherein A, Ll L25 L35 )(15 )(25 )(55 R35 R45 and R5 are as
previously deflys 25I n errbodl ment, the present invention relates to
conmpounds of Foy rruI as "f and (la - Ie) and pharmaceutically acceptable

salts thereof, h\hqe_lz_e :n' L is.absent or selected fromthe group consisting of
optionally substi t ut ed Cl-C4 al kyl, optionally substituted C2-C4 al kenyl,
and opti onal | yx'satlesst @@h&dcé:&-lﬁaepehdlenﬂym ot @(ryé)t, pwﬁ@alblgrxémm ment, the

present inventjpn relates to. conpounds of 10Formulae (la - 3& and

phar maceut i calXytgaelepreyrsnee gsan@l@emlr‘élr%\r(R We?ré rP“)fPraP]sY Nz i58H; s NH, and
X3 and X4 are hg3p ention
relates to cor%g)zeéndgé ?e%l:a]rl}{8 peﬂ?‘ﬁt}@% OP %mb ,5{ ]Ei(?%ﬁglrerréa?:%utl cally

accept ablmdthrﬂemtltyrtﬁﬂeof wherein X is N, X2 |s 0 or S, X3 and X4 are CH.
151 n yet anotl‘sgg od| ment, .the lgi)reseﬁ Xentl n rel ates to .conpounds of
Formula (la) éH)ea OqepEynCedH Hidshendsy %thr enpAlpRAIGITQR EONYAINE Aifier eof ;
wher apn Xbﬂh%eB&ﬁ&gm§§m%ﬁd9m@ﬁo§wohdm@abnmhﬁd%%hd&ﬂ?%@%%&@@p@gO”NQEd the
present invention relates to conpounds of Forrmula (I'b ,

phar maceu; Wdalrdny thecseshlinebt diphatic sronih@peomallymetamsmnmor two nlpubXQbmgiSNﬂ X3 20
is N and et anot her ,enbqdi t he ent

| vent Lo FaBed ettt shssk osrmgER i BOgRag TR ST dye. RO

phar maceuflik@@lony, RECAPL AR/ 16R! inSyck hestR@fembyaah@it) rD(Xit chsh dbcundeSisNH, X3 i's
CH, and X4 is N In yet another enbodi nent, the present invention rel ates

to corrpodﬁ@l@ewenlﬂ(ﬁrqrrtﬁaﬂl?ﬂeﬂleac-z Gejkenglege, p’rlié}zr@zc%kﬁﬂymel y acceptabl e salts
t her gaf ; wher gj1 ¢ ly a

i negre) al i hateI%‘ (r:Ll t%lrlcohﬁ&qmloeﬁc%fs 11?(?6& Q]ﬁ(}%ﬁﬁﬁ&?%@ T?hgg]%ﬁg ulr' I‘%ﬁgﬂ?l&ts a |linear
al i phati mpgb@u@@mdlthﬁe@thm LI and L3 is absent. In yet anot her

enbodi ment, the,p resent invention relates to conmpounds of, Fornula I e)
and phar maceutR car ¢ach gequapicsdt mdspgndentynlydspgen, Hilesc ¢ apHendly aybstgwadLs is
a 30l negr @ I lg}r,latl c group, and the other of LI and L3 is an aliphatic
group cont a| ni I%\ﬂan optionally substituted cycl oal kyl, heterocyclic or

cycl oal kenyl . Q04 b O8fiehty RGAddgSAdhily MY 2rb@En, halogenlhydy@cty artainaly
enbodi.nent, the ent .inv ion.r I‘ates to compounds of Fornulae (la le),
and %har r?&égm"ieﬂgﬂ@‘ ailﬁy&e?{t(z@'ég‘ t hereof; wherein the linker -L'L2-L3-
is a linear aljRhabidg group and V\,herel nsaid linker is from8 to 14 bond

| engths. In yet anot, her enbodi nent, the present invention relates to
conpounds of ~ FFameb’ aeea(Chapcmer)inceaam@lemhanmedﬁnrﬂwnlayphﬁwolabloeomﬁ s

t her eof ; Wher izn_ the Ii 5.10 IS a co natnon £ a

| i near aI i paﬁlg és ag]?’sgnt gl%ﬁe Ber OfcLycalnl i“ ésr%gglph {ﬁ%gwg’r%ﬁ r?rab‘g&‘ 1" % er is
from8 to 16 bond Iengt hs I n anot her aspect of the invention, -1:- L2-L3-
together forma linker of from8 to 12 bond lengths. In still another
enbodi ment, the present invention relates to conpounds of 10Formulae (la

| e), and pharnmaceutically acceptable salts thereof; wherein the |inker -L'-
L2-L3- is selected fromthe foll ow ngsgroups: wherein Rx is hydrogen,

am no, hydroxy, protected amno or O(CL-C4 alkyl); RY is 15hydrogen, Cl1-C8
al kyl , C2-C8al kenyl, C2-C8al kynyl, C3-C8cycl oal kyl, C3-C8cycl oal kenyl ,

het erocyclic, ar yI or het eroaryl, each optionally substituted; preferably



R3 R4* QGAL-BWA-L-B-WQA-L-B-WR6-1sk (If)y(1lg)(1h) R6 wherein A, B,

L, W Y, R3 R4, R5, and R6 are as previously defined; Gin Fornmula (If) is
5 presentwandiiawiqrevi ously defined; in Forrmula (1f) aneCiiuspo11@ei4el

hydr ogen. In yet anot her enbodi ment, the present invention relates to

conpounds of Fornul a ceut| cally acceptable salts_thereof;
wher ei n cﬁﬁsa%wﬁ\ureeceaﬂa e&Ch eg%eg Vs leat pEphatingroupues O AL BYdhA™ are

present apd.Ran®IR\YIOYIFY.' d8d LR hﬂeQr Mﬁ}haﬁé‘gl%‘lﬁl tional enbodinment, the
present invention relates to conpounds of 10 Formula (1f) and (lg), and
phar maceut i calll’yat a@xdemsalt@hee lsaﬂldesemdwtle@bseanes@eqﬁecbfremcthe grouB camstingi s
absent, a nd. L ar r usl

et ned. St Rbde] R Gt ot nl GRedes B fe b2 BB kPP es <o
conpogndsyBititimed:mul a (1 h), and pharnmaceutically acceptable salts thereof;
wherein two of A B and L are absent, and the other one of A, Band L is
present and asYB'?WhQQ@Jrf?nCdéi‘r mdém?ndi@bhcg@tora%@ﬁmé?ef@ﬁlﬂddYnfeﬁ(O)the present
i nvention rel C 0 r harimceuyt

accept abl e saﬁ%@é eIrJej(;i‘zrB ;’ﬁg@g?ﬂfo@ghﬂﬁ%& g\%&%ablgd%&afﬂe% %%shee%lf and as
previ ousllinkdedf fi@d .6 tbr6dohd lengthef her enbodi ment, the pr esent invention
relates to cor&ounds of Formul a For nul ae r&l a - and

)y
phar maceut i callf y2ndde epe a%ﬂhén%%mienﬂﬁéeledﬁd fripAethe gFPue C?B“ﬁténg(ﬁﬁhyéﬂ%ﬂe%y
substipt ut o) en at oms,
and 110" acHfiodEIRADRG . QUG bbb RS MY 005 Rlny FI0G oBLSAAGED, 8 DT,
anot her enbadiuted it Cgtcyelopilkys ertferably diytltogan pebpticmslly sutsampalGd€ s akyEor mul a

| F | =3 1 f) 4 t | t abl lts th f;
e ef ' GEGRGHE oR IR SO aRe e i b FORoR Fiogh Bl Hev afoar I
wher ei N tAgcRdTE THE! §flicArlly siBtiRked@l-8; &/t MBTBELAhHa mi@l%slﬁﬁft@d oaryl is a

het eroaryl containing one or nore nitrogen at'oms and erein the 5-nenbered
ring i s Getroaeched, and wherein the 6 menbered ring of said 5/6-nenbered

f h q d
wetdghet B oA s iePiep® pGhETH B el hdinee 28 BRgL bReR el T P

rel ates tQvaRiReads; cotlodREDHRaftAbIYIydrdgba or optionallpBebsatined@ceyiikgrl 1y
acceptabl e salts thereof; whereiin Gis illustrated by the follow ng

heteroaryl gr cMinativeheR oifn aad &R aest takenetoaesbarevishtharsarhon aiea eyl nifiogeips i s
optionally substituted. In still another enbodi nent, the present invention
relates to conpounds of Fornula (I),R rmulae (la - I1f), and

phar maceutical |y acceptable salts thgtepfsUwherein G 5is optionally
substituted i m dazolyl, benzim dazol ylMor ).m dazopyridyl . In still
anot her enbodi nent, the present inveri ON relfites to conpounds of Fornul a
(1), Formuag (Vlh?chth%}fz)re ag}g@le@t&@fdmceut el |y acceptabl e salts thereof

wherein Gis select fromthe followi ng heteroaryl groups: ,or
wher ei n each df itdbscrdlvovelcptrolentl etlertabirgin QrH$He), |S@onCi(©)1éﬂ31I €4 alkyl)

"ol ars G Dot P DT O T RS S e Hore i o Bt cal 1 y

accept abl@_@@{z;z, pich@sgeicHWoenedMelod 6=@HL;i near al i phatic group, A and B
are each independently optlonally substituted phenyl, monocyclic

heteroaryl, ndptatlgeh oceurebi:wendecpemdv badspen, tBlogestaptipnalhowhbetituted
enbodi e L p;&sen Vv rel at.es ormula (I),
For nul ae (T alq%flj Y i 5%%@%% argléﬂ ?lptéoélgfel%P&DFIe%l?e et%ero%rﬁgr eof ; wherein L

is a linear a|R7FIﬂ@§¢hCocgﬁﬁb!tme iAindl nBeﬁ[}ese@e’t‘tdﬁi ﬁdtdd&egide@bmsls@agbﬂnal ly
substituted phenyl. In still another enb ment, the present invention

rel ads thydeagspdimeasnogyarertvdraxy( P(C- ﬁoiﬂhﬁ )a%(C(HCa allgyl), amie gRnalceut i cal |y
accept abl I n

opt 1 onal 1450 ST ARLESE R oo R B PRSI, LRARRAPARRIS 11y
subst i t uthecerearyl, optiortadly enlﬁmtqtbd CpCahltyBhhy pptigtallg RabdtiyutedACand clealleyleach
optionally éagftl t-ut ed phenK In still anot her enbodi nment, the present

i nvent i oPFETARPeR DN YRS AtISZ S MednAr &YEIPRTOPKGr mul ae (1a - I h), and

phar maceut i cal A y.-aGRRRL AR %nﬁﬁz!tltfg Jrb&5s80E iak W RILINRr Lrith %h@&l‘wdt&ﬂ%l y
substituted heterocy cI iC, B are each i nd§ endently optionally

subs80t utveldciptiemyrg attmh@ttpdbmahpnr@mamyally subﬁttttnhsi 3; tao?- rrb;mtyodd crychc

het |. 5ln t her enbodi mept - th t ates t
Compound e it o P el peFan e PLC s riey Solkil Byt BREred iy © o

acceptabl e salts thereof; wherein A and B are each i ndependent |y optionally
substituted phenyl; L is a pyrrolidinygl group substituted with a phenyl or
het eroaryl, wherein said phenyl or heteroaryl nmay be optionally further
substituted. 10In still another enbodi ment, the present invention relates
to corrpounds of For rrul a (I) For rrul ae (I a - Ih) and pharmaceutically

o v o I " I




is absent, one of A and Bis a C3-C8 cycloal kyl, and the other of A and B

is an optionally substituted aryl or heteroaryl. In still another
enbodi nerw9 20hi9Ipriesent i nvention rel ates to conpounds eCTRseomIo22401 ),
Forrmulae (la - 1h), and pharnaceuti cal I y accept abl e salts thereof; wherein

L 20 is sen ne of and B i t.erocycli.c, the ot her of A and B
is an opti Fvaéaﬁgqqyg\a% gae: aw? a@ EeWHRAH Optiona YSPPF“é‘EtF anot her
enbodi e clo hﬁo present invention relates to conpounds of Forrml a (1),
Formul ae (la - PI aBnd pharmaceutically acceptable salts thereof; wherein
L is absent, ARaamdB aiteaqhaicemttmg@teh@phmdep@rdméy Bqlcﬂt@tfrsmltb@g@dpf romthe

opt 1 onal TSGR SEEE ey “eage B e AL L EHEC B et i on
rel at gs t@tl@ﬁﬂ%ﬁ@@’t&u&ﬁ Gardsyemalidy); pr&@ﬂaﬁlyl RE AR ™ atldAdh o@kence are each

pharmaceutically acceptable salts t hereof ; wherein L WD
2011/ 0914n¢qp@rr¢qngz@y91¥qg2w@0p@pybtoir@ﬁ:&ml,y substituted C2-C4 al kenyl or

optionally su to; e absent
and the ot her %‘%é‘ié{ g'g?ﬂl 5 ind g%%de%%%&a%%%gétﬁ?ﬂg%%sAmt%@ 1gm!ﬁ%enyl ,
nonocycl ifeorh €A fithed ahdpiptibydlly sabsthiney <1 dyeloatkgarifided ahd optidrallyanot her
enbodi ment, the present invention relates to conpounds of SFornmula (1),

For mul ae Supsfituted H§yl Arfuscdrrad ppdenndly sabytijutge B%tﬁlfoﬁmlé% wrf%réblf/h‘éHBOrU Afher ei n
A Lqgnd Iﬁd\ﬂ%"’%ta?é&%ﬁe Bg@h&% fb Q?Js %nél blgt‘ﬁcﬁ{all %‘t%ﬁhﬁgd%f Q{B[ré fol l'ow ng
na

gr oups: erein eac t he above roups 1s opti substltuted.
In still anot héet ahaﬂmativehariﬂ Rf‘had[Rrﬂéa;rernakennu@nlnarmthrthé airben honsaopdichds of

10Formul a , For rnac acc ble salts
Chercof + HerrReo i fari bridssdhoraR ey SR B Pep e aryi
or heter Qaf¥led fidh ﬁie'%r&u;ﬂé&%@ﬁﬁg sroRe) Bﬁ%alk}lh&-@@ @?&&lkéﬂ}l’% pog7el ates
to conpounds of Formu , For nmul ae and pharmaceutically

accept ablrecrsbdred htth@rzﬁ@fc pwf@aldynUﬁRan’dldLR ala@ teleanrtogﬁb@mflth tedalons a fused

et abn et Y ke U GUE ke B Ror G T e Bheitnal 'y Substituted. 1n

one aspect, théaﬂre@c%ﬁﬁﬁcuteﬁ&’@i@hh@@eﬁ@]nﬁ%@&e&t@d SOMPAL R EQBnﬁg[ﬂgldf&)(U) and
20 pharnaceutically acceptable salts thereof, wherein is absent or

sel ect ed Grab . wanigg SurCcdndi Gr Crgkety LG € alkyowl 4 #Gi cycloplkeh Grkenyl , C2- C4

al kynyl . L PSCE
Formi & (oA aRPREL ol Al e BB STat R TRRRER R, |
absent orat s@dhecﬁ*cenénéd@nmd dpendeny ppiaiasly stibdtiguted CGI}g@kyBJnkab pre&k&aﬁl@ Rt kenyl ,
al kynyl . WO 2011/.091417PCT/ US2011/ 022401 In not her aspect, the
pr egégt i34 Gah qosrepeq iarrdepersicalnbotnalkybeptisaly ﬁbabS{lmteda WiE P HEei cal | y
accept abl g 8akl SmiNesadfc,-cWhgrgin Wis selected fromthe group Li X2 /N -R5
5In an aéﬁ?tle%na?l en% {ﬁent ﬁ%e present invention relates to conpounds of
Formula (1), dfwthphdematgotp stateldylbavmmmt&bhl@nsiachmbhiaéomewﬁth onbeangion alb i s
absent or_an O%[I 0 aII substi tuted 5-nenbered heteroaryl containing one or
nor e nitroc'j@%rﬁ’ ) an optionally substituted 5/6-nmenbered fused
het eroaryl, erﬁraﬁbﬂﬁelt ebsﬁeé 1B FR]E[AnVdnfien Bfovidis@d pi/aﬁna%ﬁ%n 86mposesh
heteroaryl contains one or nmore nitrogen atons and is attached 10 to group
Q arf mnmrlmlntghiefh@rap@ﬁmlﬂsedfﬁrqtlﬁg agbustzifd Shponedbesmbifaadthet eroaryl is
attached gne of ol B and.is ar In yet

o et SRR b Brctent iy BRGor 0B R Phinushdicaly rERhERENEE tssafoitnas of

For mul a (dobimfidn e SRGemhiaatdlly aceamlabheicsal &eigiher eof, wherein G and Q
can be taken together to forma group selected from 1 \) 4F1 \R4 LI X2

/ N-R5X4X2, N - A8 Xt gngfther pspect, the PTPthmeemtOrli’d?m‘é@ﬁ?e%methPH@f m@@ém thenvent i on
relates tg l) eptable salts
t her eof lgc%gpﬁtig?ﬁl\{ﬂ 85@%1%1 gﬁlfuer?grélﬁjﬁgng ragll;epen (f\ﬂthXx&r o%en or

opt i @0al |therapdasicallyut fettiCd atduatl dE\l corﬂpﬂuﬂhoﬂdcbrhblﬁﬁtain cEerﬁqbmed”stqf thidre

present inventjon relates to conp tmds of 20 Fﬁlém“ a (1) g{%

phar maceUt'F€a wm&@@e%aamaémé%%a eRjrble gibihsraef Rartigulasle thispygptiotnee i s
| ndependanbi&PloaabRo oMb it POUPICARRIFHW _of hydrogen, halogen,
cyano, hydroxy, O(Cl-C4 al kyl), "S(CL-C4 al kyl), am no optionally

substitut ed wlnistibmaeotber asywy:t,ohe msaitkwemlo@protmbsls Iaynahmtd)ﬁ ttemtlegioaryl and
optionally suhsti tfut ed het roarﬁieN cp onal | subst ituted .G C4 al k 251 n
yet an addfYTOR&IMTEHIBEAIRE PrOUEHING ¥ ‘NHHFPSF&% Els{e{)m%&%ounds of
Formula (1), and pharmaceutically acceptable salts thereof, wherein R7a and
R7b at each occurrence are each i ndependently selected fromthe group

consi sting of hydrogen, optionally substituted aryl, and optionally
substituted Cl1-C4 al kyl .



WO 2011/ 091417PCT/ US2011/ 022401 In an additional enbodinent, the
present invention relates to conpounds of Formula (1), and pharmaceutically
accept ablwoalwwi4iher eof , wher ei n: A and B are eatluscoidepmntent |y
absent or a nonocyclic or polycyclic group independently selected fromthe

group consi.sti.ng o ryl, heteroaryl, heter clic, al kyl, and
C3-C8 cydiagsitia %‘9?‘I fgs&&]iﬁ frsi}meah%ﬁﬁ%ps%}&élv F?f?é&’e anfount ?fCS‘éO’%@/Pé‘QaPr or
sel ect ed cfoﬁﬂﬁﬂattlgﬁ 08 E&H?mﬁﬁg SF e Céﬁé’seﬁﬂc 1nQentf6Flt 610«{'ﬁ§ﬂaln¥1ae°éﬁg§éll31 A&l 46

al kyl, optionally substituted C4 al kenyl, and optional I'y substituted
C2- CA al khergdf. Pamicyletly athotimemtionirodiraveadito nictiigls @i sreatingoor meleatmgd fromthe

group cons%s | n%&‘of ](%)}p iQnal ly substituted C1-C4 al kyl, optionally

subst i t ut'8d§® s W and optionally substituted 10C2-C4 al kynyl ;
wheregn at | eagdt aapfcOdsplet oBtidfficdent ﬁv&{t%ﬁgﬂbwdé@'ﬂhé usebacishdun@r t he group
consisting of: X1 R3 5 R4 si X L 1X2R5X4% -L3 X 73 R Wé V x2N-R5

and G i soathirationof cempemds @ﬁmelpye@mb@wrtt@ne@ sthpgappidicady heacetapkersplt

51 6- menbar T acdeRe Pl Pt i BBl A e e AR oM SR

5/ 6- mrenbgsrednfios eﬂllnlf@tleﬁ@aasyh bSI(RfoaJCGﬁtaﬂlﬁl% Wrusieyceifithlly Bigan atons and is
attached to group Q and wherein the 6-nenbered ring of said 5/6-nmenbered

fused heterq ttached to one of groups A, L and B and is aryl or
het er oar WET&@%P%@IBBQ%% T?Eﬂﬁfsﬁﬁlﬁl\gd i mdazolyl, optionally
subsypt ut ed befjz ﬁks@ﬁ?ﬁ{kf&{tloﬂrrel%%@% EQRRFUnYs %P‘P&ﬁﬂlﬂyg 159s il%@@cé@%&dedé(ﬂ R3

R4 X NR6 Qis hydrogen orR5 Alternatively, etakentogether to
forma grmmrmmeaucéky decgrable salt thereof. X1 at each occurence is

d dent | R1 ch d d N(R1), O
or S0 201 T1SS AT UBD TP s DL X3 GHA L PE TSR TSRt 1y
sel ect ed bhRmiN; Qi’rusc‘iﬂ%%n fRbr e%'fam?PeC IBI(OL COhPESpcnti S HQPETIEMhIBitidpyglE 0gen
or optionally substituted Cl 4 Ri| at each occurence is

i ndependéﬂ]@lllcyltlhlydf Biéncomizinpgeruses a@étqrcﬁwdhqz ;re@nn@@,t ortpueRhy &G ofdACH| kyl ;

R12 ea rren p

opt i afal 19 S TREEREeERe il ERENFdl; OSreBRmigRIFRe. YRR flga 5
each occurebneey &rﬂ)le&ﬁhtltdl'dﬁﬂbdddﬂibbhﬂnﬁﬁaﬁﬂé pbatitsegt QUP,; Applicatied S&ial
enbodi ment, L1 an occurence are each independently a |inear

al i phat i NQrig(92: 61?@ fLQd E@br@%ﬁ A ansifled "t wkedh Bisariaunierglc MesiEnivesor
ce oo ISCMG SRR TSl A DL S bRELOYC
occur encel)ubsnmml:bmﬂnjbamdzeywa( oU. &rA@(lﬁ)ni’on Sel‘lal No. IMQT e@mﬁLeHFebﬁrabBH
' OgetZBer 2fO?O rgntalltlel({ kered%m%{d%];oelg 1ralso%g Appl}gtlgg erlal og tlB% 07,200
filed February 17, 2010 entitled “Linked Diimidazole Derivatives”; U.S. Application
Serial No. 12/707,210 filed February 17, 2010 entitled “Hepatitis C Virus Inhibitors”; U.S.
Application Serial No. 12/714,583 filed March 1, 2010 entitled “Novel Benzimidazole
Derivatives”; and U.S. Application Serial No. 12/714,576 filed March 1, 2010 entitled
25  “Hepeatitis C Virus Inhibitors”; U.S. Application Serial No. 12/816,148 filed June 15, 2010
entitled “Hepatitis C Virus Inhibitors”; U.S. Application Serial No. 12/816,171 filed June
15, 2010 entitled “Hepatitis C Virus Inhibitors”; U.S. Application Serial No. 12/879, 025
filed September 10, 2010 entitled “Hepatitis C Virus Inhibitors”; U.S. Application Serial
No. 12/879,026 filed September 10, 2010entitled “Hepatitis C Virus Inhibitors™; U.S.
30  Application Serial No. 12/879,027 filed September 10, 2010 entitled “Hepatitis C Virus
Inhibitors”; U.S. Application Serial No. 12/879,028 filed September 10, 2010 entitled
“Hepatitis C Virus Inhibitors”; U.S. Application Serial No. 12/879,029 filed September
10, 2010 entitled “Hepatitis C Virus Inhibitors”; U.S. Application Serial No. 12/879,031



15i n anot her aspect, -L1-L2-L3- together forma linker of preferably from®6
to 12 bond | engths R3 and R4 are each independently selected fromthe
group comsp2iwv14af? hydrogen, optionally substituted C PC3/uskéyloz2401

opti onal Iy substituted C2-C8al kenyl, and optionally substituted

G e o) KB oA B BBl OPba TR TP A S o

whi ch they,, qrz@@%g@(fh&ﬂn&&ﬁ&;mhomlbtaﬁahéd/“ﬁéﬂaﬁm turiesh 1EBiLfBRycUal kyl or
optional ly substituted heterocyclic; i's i ndependent [y hydrogen,

opti onal Il’)roglallosah Apptligdtiah Ser@I\bl ki/B22,488 ﬁmdquellﬂ Y0 Hudreitlied (iHephtitis C

251 o oo el SRl AR B Ot D TR A ant

ni trogen @hﬂéﬂ tRepiitis @ Vﬁ*@Mnﬁﬂﬁto?é’ ! @@@%\hﬁoﬁaﬁr hcatlon Serfell N§. absent or
i ndepende 1@5?2 selected from O, S(0) G- alk C(0),

pr ot ect ed 1&HREONled dappst ot ’epagmgraqzus i’ ER cm{lqml or
C=C(R2) 2 2 a is
ndependdiili g RyERshL N LTy RisaNoy b1 STF D T R ERIGR

opt i onal Ilyhiditbst] dndttRelcantatits oftfachpf whithlary exgubstyl ihcdrporateatberofigncs R7
at each occurrence i's independently selected fromthe group consisting of
hydr ogen, eFF‘eHlogen cyano, hydroxy, 0(Cl-C4 al kyl), S(Cl-C4 al kyl), am no
optiqgpal l'y su QF stha tri. 0G| Yo SHOR L t Ut ed
aryl, 6optlonal %/&IEH%E%%MS%Q eteer%a\e% %r%dglp])%i?‘ na Q) {s?pﬁstl ut eﬁ a%:1 4
al kyI 5Ahiativa@tvinaly gntodod genteing lindR7digg OISO A, draeaﬂewkmntlaldyetﬂeeeplmaubmt he

carbon at mto which they are a ched ofor

absttt a1 retgty BSeshi dane S PO bE el e MEV RS i ¢ i no:
R7a and Rﬁl’i{bﬁérs%?&"ﬂjmm@@@% @@2@@%@0&@9‘?9@@'@1@6%3?% qeged fromthe
group consi sting of hydrogen, optionally substituted aryl’, and optionally

subst i t ut29d 0OL6EHNSaMKY 2004/ D4SARE BIMZ00G/BTISI3CAII2006/ BI33LHRYE: U ar e t aken

substPr it 87 SRR GRS BEaO8Eh SR, Wt PT uEBee R SR oo
fused andwoptiosrelbys;swosIok WL e d1avenooyolss89; WO 2008/0d411 salm@r nat i vel y,
U R7a , and R7b are taken tioﬁ%ﬁether with the carbon atoms to which they are

at t ached 2098103P47a VHPi2008d 44 5% ManaPy/ 1 st69dt MQi2eRp/020828; WORNHIAH8281 ng
cocur enaav® SURIRALIY worMROARI KRN0 A TR OO L6 1 B SR

occurence I's1n penden 'y "Sel'ec rom-t f oup “consi of O(Cl- C8
al kyl'), 0100, 741 @30 20k§039703- Gﬁ)abk@f)w%SCW(EBOH]/MVM W@E@&/@&@BDaI kyl,

C3- C% cycl oal ken het er oc }:I ic. aryl, and heter oar¥l each optionally
subs 2Pt utw2%@@%’9éﬂab|\<yoo?&li§@ﬁam%é@@ﬂp/pa%@ HOBIUPRIE: ror e pref ef abl y
Cl-C8 al kwbz@Eé/Pg@w, W S Fukedw 4107011390100 JoME/Yas; Gt ect ed ami no

or 0(C1-C4 al ky I'n stll anot er enbddi nent, the present invention
rel at es t20100kp@idndeO @01FHOE HAMKa® (§ PO 132588 sz(bll()/h?zpﬁb;r\fvfé)czmmlda%&

e P R ot Moy ST o 20101138 0 35 19 RRed Wb iH a8 e vy -

Y(I1-Db) R8ntenReirebéh Wwhish hﬁ%&gﬁe@ﬂg MdoYpcrib @6 edelch@mdrig. group consi sting
of : WD 2011/091417PCT/ US2011/ 0224
25 In one embodiment, the present invention relates to compounds represented by

Formula (Ia), (Ib) or (I¢), and pharrnaceutically acceptable salts thereof:

Q-G-A-L-B, _x1 R? Q-G-A-L-B X2 _x1 R
R4 \r 4 x4‘ R4
| >—& >—k >
L1 X2 /N—Rs x2 N-R®  Q-G-A-L-B NS N-R®
la Ib A
(la) \LZ—L""Y (Ib) L'< 213" (Ic) L'< 23"

2

wherein A, B, G, L, Q,Y, LY, 1%L, X, X2 X2, X R, RY, and R are as previously
30  defined.



R7aR7a i X31 R x4**x3 x1 RL r \\ X4?X2x2 tR7bl R71) ?Yl 2Y -L35 andL "I _
-L3' B, G L, U WY X, X2, X3, X4, Rl, R3, R4, R5, R6, R7a, and | e’
are as prwoiousidysidefined. In still another enbodi ment, PCIaAISprieseId1
invention relates to conpounds of 5 Fornmnul ae (II-a - 11-d), or a

pharmaceutically a .e.pt bl alt thereof; wherein i S 0); is Cl-C8

al kyl optional P)?ng"a@%lf) Lﬂ@&ﬁm%t ﬁPWéentﬁ%VcTPBQ%relaﬁ?st)TPé:B Bu‘é(g?no or
0(C1-C4 %ﬂiﬁéke)nted by Forrﬂu'[h GIH) ln' (Ié‘)n%chﬁ{arﬁm%moceﬂtﬁ'ﬁe REIBRSBSof: nvent| on
rel ates to conpounds of Forrru ae , Or a phar rraceutl cally

accept abl e sal 4-d-heie aR? R7Ra Rll A—L B—\M.RI W 121 13

1 (Il1-g) AL-B-W 10 wh >_E{gu U W wl5 y5 5x15 x25 x35
x45 R15 R7a5 and R7b are asx5 xvi gurt y def iQreda-L—B x2 -atill another

enbodi ment, the pres Ent i nv I’ltzl Q' relates to corrp unds,_1of Jzﬂfzor mulae (Illa
I11d), or a pharmaceltical |y acceptable salt ther. of wherein U, X2, X3,

X4, R7a, andciR70 BRIE 129), i §Vi oush yx dePived: 6 .id R%re% g%&adsly@éﬂ&aal Iy

substituted wth am’nd,  hydroxy, protecteéd amno, al kyl); in
For nuba (I\/a) IAozaamdjoanme tlecaoriasdnh depenaterstates tphempbund:mﬁﬁommlas:(l)

Cobet 1 ¢ utau (B £XE i MebmaeRfisally EEon SR IRRE whE B, RO B

2011/ 091%%@@/%52%%&%2&%15'@%& éﬁtkbh@lqjy %ﬁﬁm@l |keoyhlkylobptaiaiipnal |y
substituted C2-C4 al k ; ormul a @3 Bis phenyl, nmonocyclic
het er oar ;Blllbstﬁiﬂ@Qé]ﬂC@ aélfﬁ}?lb’l apg Omwﬂyls@bsﬁ&t Gaﬁylalkyeﬁlch optional ly
EUbSt | tuted; 51{5%6? ‘(nlB"o pCI!hé ]#)Ijegeq%] ent!lon 1%['«1?&%0 c 801§d¥C|f Ic
eteroaryl, bIC |c aryl, |c C teroar ! each p |onaIIy

subst0t utRgmulan (EDL )l @({M}mac(ehhd:ab])y acCdptdtsty saﬁfsdhé&édﬂ; Wtireid KeisIN ke
-L'"-L2-L3-_is frpm 6 }o 16, preferably, 6 tol4 bond lengths. In yet another

aspect, INH sanglpX @laX | gre stituted C2-C4 al kenyl, or optionally
substituted
preferably, C%ngg @Oﬁeﬁélﬁbgﬁlﬂgﬁt e 1511@5%‘? nrY e@ﬁ%%%&?ﬁén%%% ftgrgren;[%%t

i nventi odlbﬂrd%o@mﬁac(l@oamhﬂmd&a@htﬁaﬂymbmat(ld: sala)therarfdwihb@mmbsdﬂ iX%ak| y
accept abl gbg ({]}%1 eof , wherein A and B are each 10i ndependently

opt i onal I'y °5abst ¥ %Ferg‘hpényl I n an additional aspect, the present
i nventi on rel ah§%t 4P CROBIGTNL fth&Hcbask ﬁﬁzeﬁﬂldﬂ Rlatesa doRPSETRGE UbHf@h | Y
acceptabl e salts thereof wherein L is optionally substitut ed c2-c4 aI kenyl ,
B is opti@alldyos(byend phathaphiioglly agedptabliesalabiberstf, wherein X' i N apdtX’dn

addi ti ona(é1 agpect the present invention relates to conmpounds of Fornula
15(Hie) a6 phar maceutical ly acceptable salts thereof wherein L is

optional ly subistyet sofithr CAb6dindnk @Ry presdt irfveRiidn RNl ty comPSilids W edrmpiieny!

and B is absent. In yet an additional aspect, the present invention
rel ates t(éb)cﬂfr{b&u%mlsph@ffnqﬂ@ﬂﬁﬁﬂﬂé( acpaptabls saisdhqserfs ¥rerslt XN X de 8ptabl e
sal t the d%% is bicyclic aryl or bicyclic heteroaryl. 20In
stil ano ef e ment, the present invention relates to conpounds of

For mul ae (| Va)ln yel Morhedembb¥eent,alic prepdhd@invantioi tctiadslty campepidalf Eogallh
thereof; (R7)a0|:1§7(?c|:){7aaildl\ll)(ha1"“}rla-10%1|}ltlgall§7at3:cel?)Zaa‘bFl{e? salts thereof; wherein X' is N, X* is NH, X°
is CH, and X" is N.
In yet another embodiment, the present invention relates to compounds of Formula
25  (Ia ~Ie), and pharmaceutically acceptable salts thercof; wherein L' and L? at each
occurence are each independently a linear aliphatic group, or one of L' and L* at each
occurrence is a linear aliphatic group and the other of L' and L? is absent.
In yet another embodiment, the present invention relates to compounds of Formula
(Ia ~ Ie) and pharmaceutically acceptable salts thereof; wherein one of L' and L’ is a

30 linear aliphatic group, and the other of L' and L” is an aliphatic group containing an

optionally substituted cycloalkyl, heterocyclic or cycloalkenyl.

10



(Ivo wherein U, X2, X3, X4, R7/a, and R7b are as previously defined; in
Formula (IvVa), A and B are each i ndependently phenyl, nonocyclic
het er oar yWQ 2bi1wgediirc aryl, or bicyclic 25heteroaryl, eaehTastéonaddhy
substituted; in Formula (IVb), L is O, optionally substituted C2-C4

alkenyl,or otlonall ltuted C2-C4 . al in Formula (I.Vb), Bis
phenyi , Mﬁb@f ee% &%@fﬁ%ﬁeﬁ%ﬁ%@f@h@ REPBPIEIS L bi cyclic

aryl, or #yrﬁmpalel fa h?é)%xﬂ?ﬁlﬁéhna&%ﬁ@hl@%b%@dlé ¥al§>l{ﬁ’e°r56ft Whedin B 1iHRG ! 2

(1 ye) Ais enyI rmonocycl i ¢ heteroaryl, bicyclic aryl, or bicyclic
het er oar>lL Leaﬂcmhmem abpiaﬂtlbygrcsmbmﬂlwmwsaldrhlnkanﬂﬁiom%td\/hﬁybor(dllwgthsand (lye),
the Iinker re erabl 6 to 14 bo d Iengths I n

Lot anotner adpagt o gmbates o PR RERT RS bioki

opti ogal IBbrﬁluﬁet(Id U ®darfdpHaimad sy Eaily; acB&iAabld Sallsithds €6, wlherethe makeﬂ $'from38
to 12 bond |engths. I n yet another enbodinment, the present invention

rel ates tlo-leotaustheais agonEnations alingan aliphphgrogp(sy iy cyckiagroup, and
phar chtij%eggh' g{&%%gﬂtsgp})'n?g & dé Mﬂ%ﬁ%ﬁi In a ZEhRF S‘S Zt%étlgﬁ?l@%% (' vo 10

wher ei n reV| ornula

(1Va), INCL B Bageﬂmﬁﬁﬁhallmctepemﬁmtoylmmwbngwmnocycl ic heter oaryl
bicyclic aryl, or_ bic C|IC het eroaryl, each optlonally substltuted in
Formul a (I Vb) Inptill gnefhergmbagipaenty thwbeeiltﬂm@awezc atgs 19 qeemPUNdLet opt i onal Iy

subspt Utlf‘diim{;?ae a![éﬁyﬁﬁ’d P‘gaéu’a alg%e%éﬁlwgg%&%fc wit ﬁ{fﬁ@rhylker E“ cyclic

aryl, bi ngC|IC hetero eac stituted;, in Formul a

15(1 Vc) IA-LS ipdebroydd, framﬂmcfplibwmg@olmsoaryl bi cyclic aryl or bicyclic
heteroaryl, each optjonally substituted; in Formul a (1Vva), (IVb) and (IVc),
the linker -L'-L2-Lg- is from6 to 1p bond Iengths In ye otger pspect,
L is opti%h SYsS¥i t ut € . Enyl% BTG |y substitu C2- C4
al kynyl; and the IR'nker -L'-L2-L3-Rfs from6 to 1&"bond |lengths. R0In still
anot her enbodi nent, the present i nve|pt| on rel ates tg conpounds of rFor nul ae

(va - Vf) eutlw ablﬁﬁa,ktso eof.,g\ erel IS
Cl1-C8 al kyl optio q?;subtltutedwl h a hydy oXy, r 8t ect ed 1 no, or

0(Cl-C4 alkyl); Uat egch occur rence I s mdependentla/ CH2, CHF, CHMWg, CF2,
C=CH2, 5C=CF2, or R7) 2, R7 [ gro e haI o en or [ [

optionally su tituted
C3- C8cycl| Warky " Tar it i wet O¥ps et Nget her
wi th the carbon atomrtfo V\/mch they ar vattachedWORforma spir BY to

7-menbered, optional ]y substituted C&, Cr_cycloglkyl or optional I yRY
substituted 3-7 menPered hete i/ ; Rra |sroen and R7b

hydr ogen, %fed r¥opt i onal | yosfibsyig utede3xeSsy foal kylL: or LS
alternatively, R/a&'and U 10 or U anek R7/b are takemvtoget hér Qi t he carbon

to which tloey are agtached to form a*fused, optionally substit
cycl opropg Jot hery 7a is hydr @ ;or e rnatively
U R7a and R¥b ard,tAken togdther Jith t me~carhe whi ch the '&W

attached to forma bridged, opt| onal,ixy substl tuted C4-C7 cycl oal kyl ;, and

the linker -L'-L - ,*xs faQr bond | engt hs.®R1n yet anether spect,
L is optignal "d @2 ényl‘ﬁ,‘/\]éoro &g.t/l\gnal 1 bt TNyaEd
C2-C4 al kyn\'; t |nker -INA2-L3- i's from8d to 12 boh@ | engt hs.

In still anot her enbodl rren“:r)efent i nvention relkﬁt es to ﬁorrpounds of
Formula (Via), and phar Iy accept all g & Ine )-R7b NN
A-L-BNHL3 V (K prIM2 AU T r

wherein R* is hydrogen, amino, hydroxy, protected amino or O(C-Cy alkyl); R is

15  hydrogen, C,-Cgalkyl, C,-Cg alkenyl, C,-Cg alkynyl, C3-Cg cycloalkyl, Cs-Cg cycloalkenyl,
heterocyclic, aryl, or heteroaryl, each optionally substituted; preferably optionally
substituted C;-Cs alkyl; and wherein each of the above shown groups is further optionally
substituted.

11



WO 2011/ 091417PCT/ US2011/ 022401 wherein U, R7a, and R7b are as previously
defined; A and B are each independently an optionally substituted aryl or
opti onal Iwo=ohgwi4iat ed heteroaryl, L is absent or a |inear/tsképlhat4dt group.
In still another enbodi ment, the present invention relates to conpounds of

5Formul a (Via), and pharmaceutical ly acceptable salts thereof; erein:
Ais a monocydPiE! %5}0%?&%9@1@@@3%%&8%8@&%%%@ teép@et)WSPfﬁhﬂ{rWé group
consi st i r(gf)o(flg%rﬂh)oQﬁ&ﬁa@ﬁﬁé’éutic&lﬁffc‘é@ﬁmle'sﬂtstﬁ@fe@ cycl oal kyl and C3-C8
cycl oal kenyl, “wherern the nmonocyclic or polycyclic group is further
substituted by -NHC(0)-Ra; Ra is ar]E tionally substituted phenyl; 10U at
each occurrence Q=sG+Aaeepardant |y CH2] L=y CRO-AIGR—-W=CF2, O
C(R7)2; R7 is hydrogen, hal ogen orR®emtionally substituted C3-C8cycl oal kyl ;
alternatively, the twdlifgem nal R7 groyps (g)e taken togetkiey with the carbon
to which they are attached to form ®®piro, 3- to 7-nenbered, optionally

substituted C3-C8 15cycl oa}l kxl or optionally substituted 3- to’8-nenbered
het er ocycvliarsin B3, ils WiydrRg&n,; Rand R7 brcias phyvirstyedefinggt Gy Formrulodifi isnal | y

subst it ut ed C3- C8cycl oal kyl : . r.alternatively, R7a and U or U and
Kb aPe. (SRS TSgePrErowy e i FopmnB At HGR Shedha, & 5t cached +o
forma fused, 1aRki ad@ld ¥mbU@istdnt, UhEprcEE IrRRAGY elat@NE chMBoiRF Ffm@h R7b
or R7a is hydrogen; or yet alternatively U R7a and R7b are taken

t oget her (K}t And plermaedvdinaltyoaagpitabic stlesythereef, athcrsmenr efoAfBend & iHeabhsdated,
optionall bst.itute ; C7 | oal kyl ;. the l.inker «L'-L2-L3- is from6 to
T bond 1943HFEhte e Al e X SRV i SUSryb BEF IR 551 nyet “another

aspect, the priasenin adiwesial @Absdmaiie thetPeROMmpoeida rothtckes cathpouns 8) , and
phar maceut i caiﬁls(h)acce table salts thereof, wherein L is absent or

opt i dRal IpralssiDrnd eke).crd ohammaceniaally geccpfdicords ereipybereiniasg ofA 84
al kynyl: .anq. %Qﬁseln't %ﬁg the dtheltebdt A B IR \}Jérgseilnzatﬁ% rc%sg&%‘i}h&eﬁned.

In still another erbodi ment, the present I nvention relates t’o conpounds of
30 Formul a (WHhycanhthzhambadiendnt,clad prgsant oephtadl elasal td sompeuraizfof FoiMula

2011/ 091417PCT/ US2011/ 022401 R7aR7a an i onal | bsti ted aryl or
opti onal I¢ &@bi? arppectindbetcsentyhle Silt%tgeraﬁgg\%ﬁr%mwv Pf /ge@@nﬁiﬁsﬁa‘f%@%@group.

SIn stillnanet figer GRRAN, B4 L i RhESRMs JroMeIM Y 8tidg! ates to conpounds of
Forrmul a (VI b), and pharmaceutically acceptable salts thereof; wherein: A

and BSar e eacHniyatiepdrdembbginzmt,dint prescalt inyestidystel atestte dompyiinds of Formig i s

Cl-C8 al . optional ly substituted with anmng, hydroxy, otected am no, or
Glor o A, A5 begdcdgt iR icsithme st Pe S0k Apd Sl MR e,
CF2, C=Cljitesclisddas paévibdsR7dedine®R7 i s hydrogen, hal ogen or optionally
substituted C3-C3cycl oal kyl ; alternatively the two gem nal R7 groups

) yls .
are taken togdnhkeH appthpr erakodémesothe aresanttiavention kelatelp eyepoandsethed to form

a spiro, 3- t - r opti I G | or .
oot onai 1577 SR FRTRGS faaP il yBR Phiad it SR bRV Bt B Bhain i,
met hpD, ds optidratnahbsyitgebAyd-tidhddredIretBear ol @atdinthg one or more ni®gen atoms,

alternatively, Rr/a and U or U and R7b are taken together with the carbon
at om t o viddheach&yatigchedta Qapd ovs afaronns A-dsel Bopt i onal Iy substit ut ed

cycl opropyl, apdf Qﬁotﬂy"&ﬁ%ﬂﬂ%t, {Ré Er&ént%%niﬁi%n I?é/lgtreﬁ ﬂ)te%gpoun s ofof Yel

alternatively U Rra and R/b are taken together wt carbon to which
t hey ar e Rtrtnakh@y Foontdle¢ (haa- HY,iadd ebarnaptutealy hgceptabketsaltsthectoCAviErein G

cycloal kyl; the linker -|1:.-L2-L3- is from6 to 14 bond. | engths; and L, LI,
L2, L3 ar@CBLmRHEst tg‘ﬂL SernEbEed ik figpegt eindr™ gpadie 91%111& ent

i nvepki ol el fahRISs/6- S HHRAUL] RierbAy Ml athelYb) | criniRRBLEBLRBE cal |y
acceptabl e salts thereof, wherein L is absent or optionally substituted

C2- C4 al keimggen abomppid wherkinythe fivsani hent dedn O3-(CAttadhkg,raptd ;whengdn theed-1 i nker
-L'-L2L3-_is I n sti.

from8 to. bond, | engt h | | anot her epbodi nent, the
oresent IMVRReFoHTY of S8 TBCRBHER BT ne el s nPONISbuSTRAA 22
attached to one of groups A, L and B.
In still another embodiment, the present invention relates to compounds of

30  Formula (I), (Ia ~ If), and pharmaceutically acceptable salts thereof;, wherein G is
illustrated by the following heteroaryl groups:

12



30 Formula (1), Fornmulae (la - 1Ih), Formulae (Ha - hg), Formulae (M -
I11d), Fornul ae b5Representative conpounds of the present invention are

t hose selwotzed/®iam conpounds 1-376 conpil ed in Tabl es PcIAIS201TARI401 1:
Conpounds 1-219. (s) N NHcozl\/E WO 2011/ 091417PCT/ US2011/ 022401 Entry
Entry Entry R 1 2Ph Ph41)ok1611 k146116 70 ,0,A1 8 9

10 o 11 o )yki ?—%j@’ E—(’ ‘a E_(,\IN( E—(\Y §_<\N])x
N Na PN o H ‘
HIDT W O KO
PTG AT G alle » Ya

N
wherein each of the above shown heteroaryl groups is optionally substituted.
In still another embodiment, the present invention relates to compounds of
Formula (I), Formulae (Ia ~ If), and pharmaceutically acceptable salts thereof; wherein G
5  is optionally substituted imidazolyl, benzimidazolyl or imidazopyridyl.
In still another embodiment, the present invention relates to compounds of

Formula (I), Formulae (Ia ~ If), and pharmaceutically acceptable salts thereof; wherein G

is selected from the following heteroaryl groups:

SR K W Ky
SV / ;o

N N N N/ N
F(’J% = o = é §‘<’N18
& h h ~

10  wherein each of the above shown heteroaryl groups is optionally substituted.

In still another embodiment, the present invention relates to compounds of
Formula (I), Formulae (Ia ~ Th), and pharmaceutically acceptable salts thereof; wherein L
is a linear aliphatic group, A and B are each independently optionally substituted phenyl,
monocyclic heteroaryl, naphthyl, or bicyclic heteroaryl.

15 In still another embodiment, the present invention relates to compounds of
Formula (I), Formulae (Ia ~ Th), and pharmaceutically acceptable salts thereof; wherein L
is a linear aliphatic group, A and B are each independently optionally substituted phenyl.

In still another embodiment, the present invention relates to compounds of
Formula (I), Formulae (Ia ~ Th), and pharmaceutically acceptable salts thereof; wherein A

20 and B are each independently optionally substituted phenyl; L is -CH,N(R)CH,-, wherein
R is optionally substituted aryl or heteroaryl; preferably, optionally, A and B are each
optionally substituted phenyl.

13



13 0 VAL 14 0 'c7'.1 cF3 15 0 Ickl OH 16 0 RAI 17 0 Ph.ki 18 19 h OH 20
phJJ1 _ oMe 21 PhJL 6H 22 .0....")tlc..0 23 Na . )Oki 24 0 pr,i)ki 611 25
26 27 0 vO0/2011091417 PCT/US2011/022401

In still another embodiment, the present invention relates to compounds of
Formula (I), Formulae (Ia ~ Th), and pharmaceutically acceptable salts thereof; wherein L
is an optionally substituted heterocyclic, A and B are each independently optionally
substituted phenyl, monocyclic heteroaryl, naphthyl, or bicyclic heteroaryl.

5 In still another embodiment, the present invention relates to compounds of
Formula (I), Formulae (Ia ~ Th), and pharmaceutically acceptable salts thereof; wherein A
and B are each independently optionally substituted phenyl; L is a pyrrolidinyl group
substituted with a phenyl or heteroaryl, wherein said phenyl or heteroaryl may be
optionally further substituted.

10 In still another embodiment, the present invention relates to compounds of
Formula (I), Formulae (Ia ~ Th), and pharmaceutically acceptable salts thereof; wherein L
is absent, A and B are each independently optionally substituted phenyl, monocyclic
heteroaryl, naphthyl, or bicyclic heteroaryl.

In still another embodiment, the present invention relates to compounds of

15  Formula (I), Formulae (Ia ~ Ih), and pharmaceutically acceptable salts thereof; wherein L
is absent, one of A and B is a C;-Cg cycloalkyl, and the other of A and B is an optionally
substituted aryl or heteroaryl.

In still another embodiment, the present invention relates to compounds of
Formula (I), Formulae (Ia ~ Th), and pharmaceutically acceptable salts thereof; wherein L

20  is absent, one of A and B is a heterocyclic, and the other of A and B is an optionally
substituted aryl or heteroaryl.

In still another embodiment, the present invention relates to compounds of
Formula (I), Formulae (Ia ~ Th), and pharmaceutically acceptable salts thereof; wherein L

is absent, A and B are taken together to form a linker selected from the following groups:

OO KOO KO
KO~ KOOt KOO
3 % ;% s

wherein each of the above shown cyclic groups is optionally substituted.
In still another embodiment, the present invention relates to compounds of

Formula (I), Formulae (Ia ~ Th), and pharmaceutically acceptable salts thereof; wherein L

14



CAI 28 29 o 30 31 Boc,0 N* H 32 Boc, NH 33 Boc 34 0 .1 A 35 36 37
1:101 39 10 40 1101 41 42 , 43 1 44 Yl 45 \| 46 4-- NHO NvkAi 47 H\I
WO 2011/091417 PCT/US2011/022401

is optionally substituted C,-C4 alkenyl or optionally substituted C,-C4 alkynyl; and
wherein one of A and B is absent, and the other of A and B is independently optionally
substituted phenyl, monocyclic heteroaryl, naphthyl, or bicyclic heteroaryl.
In still another embodiment, the present invention relates to compounds of
5  Formula (I), Formulae (Ia ~ Th), and pharmaceutically acceptable salts thereof; wherein A,

L and B are taken together to form a linker selected from the following groups:
— N
o=t oy r OO
=4 N
e e A

wherein each of the above shown groups is optionally substituted.
In still another embodiment, the present invention relates to compounds of
10  Formula (I), Formulae (Ia ~ Ih), and pharmaceutically acceptable salts thereof; wherein A
and L are each absent, and B is a fused polycyclic aryl or heteroaryl.
In still another embodiment, the present invention relates to compounds of
Formula (I), Formulae (Ia ~ Th), and pharmaceutically acceptable salts thereof; wherein A
and L are each absent, and B is a fused polycyclic aryl or heteroaryl selected from the

15  following groups:

CCO, TR, T,

$O,Ph

(" ome 0
TG, TG, TG, .
¥ ¥ NN 0
wherein each of the above shown cyclic groups is optionally substituted.
In one aspect, the present invention relates to compounds of Formula (I), and

20 pharmaceutically acceptable salts thereof, wherein L is absent or selected from the group

consisting of O, C;-C4 alkyl, C,-C4 alkenyl, C,-C4 alkynyl. In yet another aspect, the

invention relates to compounds of Formula (I), and pharmaceutically acceptable salts

thereof, wherein L is absent or selected from the group consisting of C,-C,4 alkyl, C,-C,4

alkenyl, C,-C4 alkynyl.

15
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In yet another aspect, the present invention relates to compounds of Formula (1),
and pharmaceutically acceptable salts thereof, wherein W is selected from the group

consisting of:

55 2T i
g X2 /N—R xz ,N—R5 ui)\g:
2—3-Y L1~|_2_|_3’Y L'< 2= L3

In an additional embodiment, the present invention relates to compounds of
Formula (I), and pharmaceutically acceptable salts thereof, wherein G is absent or an
optionally substituted 5-membered heteroaryl containing one or more nitrogen atoms or an
optionally substituted 5/6-membered fused heteroaryl, wherein the 5-membered ring of
said 5/6-membered fused heteroaryl contains one or more nitrogen atoms and is attached
to group Q, and wherein the 6-membered ring of said 5/6-membered fused heteroaryl is
attached one of groups A, L and B and is aryl or heteroaryl.

In yet an additional embodiment, the present invention relates to compounds of

Formula (I), and pharmaceutically acceptable salts thereof, wherein G and Q can be taken

together to form a group selected from:

3
1“‘ X1 R 4 X1 R?
T ‘>—kR
L XZ 5 R5 'l.'~
\L L3/Y L sLZ_L3 L ~L2_L3

In a further aspect, the present invention relates to compounds of Formula (I), and
pharmaceutically acceptable salts thereof, wherein R' at each occurence is independently
hydrogen, or optionally substituted C;-C4 alkyl.

In an additional embodiment, the present invention relates to compounds of
Formula (I), and pharmaceutically acceptable salts thereof, wherein R at each occurrence
is independently selected from the group consisting of hydrogen, halogen, cyano, hydroxy,
O(C;-C4 alkyl), S(C;-C4 alkyl), amino optionally substituted with one or two C,-C4 alkyl,
optionally substituted aryl, and optionally substituted heteroaryl, optionally substituted C;-
Cjalkyl.

In yet an additional embodiment, the present invention relates to compounds of
Formula (T), and pharmaceutically acceptable salts thereof, wherein R™ and R™ at each
occurrence are each independently selected from the group consisting of hydrogen,

optionally substituted aryl, and optionally substituted C,-C, alkyl.

16
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In an additional embodiment, the present invention relates to compounds of
Formula (I), and pharmaceutically acceptable salts thereof, wherein:

A and B are each independently absent or a monocyclic or polycyclic group
independently selected from the group consisting of aryl, heteroaryl, heterocyclic, C3-Cg

5  cycloalkyl, and C;-Cs cycloalkenyl, each optionally substituted;

L is absent or selected from the group consisting of O, optionally substituted C;-Cy4
alkyl, optionally substituted C,-C4 alkenyl, and optionally substituted C,-C4 alkynyl; in yet
another embodiment, L is absent or selected from the group consisting of optionally
substituted C;-C,4 alkyl, optionally substituted C,-C4 alkenyl, and optionally substituted

10  C,-C4 alkynyl;
wherein at least one of A, B and L is present;

W is selected from the group consisting of:

I < ‘>—k ) O Sk
2 RS
L1 X WX X2 N-R®

L L3 ’Y L NLZ_L3 L1~L2_L3’

, and ;
G is absent or an optlonally substituted 5-membered heteroaryl containing one or
15  more nitrogen atoms or optionally substituted 5/6-membered fused heteroaryl, wherein the
5-membered ring of said 5/6-membered fused heteroaryl contains one or more nitrogen
atoms and is attached to group Q, and wherein the 6-membered ring of said 5/6-membered
fused heteroaryl is attached to one of groups A, L and B and is aryl or heteroaryl;
preferably optionally substituted imidazolyl, optionally substituted benzimidazolyl or

20  optionally substituted imidazopyridyl,;
R3 R4
oy e
Q is hydrogen or R® ,

Alternatively, G and Q can be taken together to form a group selected from:

3
é“I X\;—kR R? \)_k R 4"

L7 X2 /N—R5 ,N —R® ‘5,‘

LZ_L3’Y L ~L2_L3 L ~L2_L3

2

X! at each occurence is independently N or C(R”);

25 X? at each occurence is independently N(R"), O or S;

17



H79 HN " Il OH480 Hi N CO2Bn 81 Hi CONH2 82 83 Co HN'. 84 : ....A
85 (I Alo Oy NHa 0 86 AN 87 NH88 HN.,,..."... N 89 HN' .... OIBS 90 H
N' OTBS 90.2011/091447% , 0" " 92 PCT/US2011/022401

X and X* are each independently selected from N or C(R'%);

R' at each occurence is independently hydrogen or optionally substituted C;-Cy4
alkyl;

R'! at each occurence is independently hydrogen, halogen or optionally substituted

5 (C;-Cjalkyl;

R'? at each occurrence is indepenetly hydrogen, halogen, hydroxy, optionally
substituted C;-C4 alkyl, or O(C,-C4 alkyl).

L' and L” at cach occurence are each independently an aliphatic group; in another
embodiment, L' and L* at each occurence are each independently a linear aliphatic group

10 L? at each occurence is independently absent, or selected from the group consisting
of aryl, heteroaryl, heterocyclic, C3-Cs cycloalkyl, and Cs-Cs cycloalkenyl, each optionally
substituted;

Y at each occurence is independently C(O) or S(O),;
wherein -L'-L*-L*- together form a linker of preferably from 6 to 16 bond lengths;

15 in another aspect, -L'-L*-L’- together form a linker of preferably from 6 to 12 bond

lengths

R* and R” are each independently selected from the group consisting of hydrogen,
optionally substituted C;-Cg alkyl, optionally substituted C,-Cs alkenyl, and optionally
substituted Cs-Cg cycloalkyl; preferably hydrogen or optionally substituted C;-C, alkyl;

20  alternatively, R® and R” can be taken together with the carbon atom to which they are
attached to form optionally substituted C;-Cs cycloalkyl or optionally substituted
heterocyclic;

R’ is independently hydrogen, optionally substituted C;-Cs alkyl, or optionally
substituted Cs-Cg cycloalkyl; preferably hydrogen or optionally substituted C;-C, alkyl;

25 Alternatively R*, R* and R’ are taken together with the carbon atom and nitrogen

R7a

L

. 1
atom to which they are attached to form e ;

U is absent or independently selected from O, S, S(O), SO,, NC(0)-(C;-C4 alkyl),
C(0), protected carbonyl, OCH,, OCH,CH,, SCH,, SCH,CH,, C(R"),, C(R"),C(R"),, or
C=C(R?),; preferably CH,, C=N-OMe, or C=CH,;
30 R’ at cach occurence is independently hydrogen, halogen, optionally substituted

Ci-C, alkyl, optionally substituted aryl, or optionally substituted heteroaryl;

18
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R’ at each occurrence is independently selected from the group consisting of
hydrogen, halogen, cyano, hydroxy, O(C;-Cs alkyl), S(C;-C4 alkyl), amino optionally
substituted with one or two C;-C4 alkyl, optionally substituted aryl, optionally substituted
heteroaryl, and optionally substituted C,-C, alkyl;

5 Alternatively two geminal R” groups are taken together with the carbon atom to
which they are attached to form a spiro, optionally substituted 3- to 7-membered
cycloalkyl, cycloalkenyl or heterocyclic ring;

R™ and R” at each occurrence are each independently selected from the group
consisting of hydrogen, optionally substituted aryl, and optionally substituted C;-C, alkyl;

10 Alternatively, CHR”*-U or CHR"-U are taken together to form a group selected
from CH=CH, fused and optionally substituted C;-Cs cycloalkyl, fused and optionally
substituted aryl, or fused and optionally substituted heterocyclic;

Yet alternatively, U, R™, and R are taken together with the carbon atoms to
which they are attached to form a bridged, optionally substituted 4- to 7-membered ring

15  including cycloalkyl, cycloalkenyl and heterocyclic; and

R® at each occurence is independently selected from the group consisting of O(C;-
Cs alkyl), amino, C;-Cg alkyl, C,-Cs alkenyl, C,-Cs alkynyl, Cs-Cs cycloalkyl, Cs-Cs
cycloalkenyl, heterocyclic, aryl, and heteroaryl, each optionally substituted; preferably
optionally substituted C;-Cg alkyl; more preferably C;-Cs alkyl optionally substituted with

20  amino, hydroxy, protected amino or O(C;-Cy alkyl).
In still another embodiment, the present invention relates to compounds of

Formulae (II-a ~ II-d), or a pharmaceutically acceptable salt thereof;

3 3
R4 R R4 R
R°=N, R5-N,
éY (II-a) Y (l1-b)
R R6
R7a R7a
N ;
o G-A—-L—-B—-W i G-A—L—B—W!"
R7P N, R7b N
6,Y (I-c) Y (1-d)
R R6

wherein W' is independently selected from the group consisting of:
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R7a R7a
1 1 R1 ,X3 1 R1
X1>—R\8\ LS, S
X2 N’LRm VX ,N’kRm
Y Y
L L3’Y , L'sp2-p” , and L'sp2-ps cand A,

B,G, L, U WY, X, X% X, X" R, R, RY, R®, RS, R™, and R are as previously
defined.
In still another embodiment, the present invention relates to compounds of
5  Formulae (II-a ~ II-d), or a pharmaceutically acceptable salt thereof; wherein Y is C(O);
R’ is C;-Cg alkyl optionally substituted with amino, hydroxy, protected amino or O(C,-C4
alkyl).
In still another embodiment, the present invention relates to compounds of

Formulae (II-e ~ II-g), or a pharrnaceutically acceptable salt thereof;

R7a
R' x1_ A-L-B-W' A—L—B -w! R' X3
e e
/X4 2 y
N X —1 —R—w1
/L1 (ll¢) R (11 R7b \ 'A—L—B—W
\ 3,2 3, 2-L" Y, sy 2-L!
L°=—L L =L L°=L

10

wherein A, B, L, U, W, W', v, L', L% L?, X!, X2, X3, X*, R', R7*, and R™ are as
previously defined.
In still another embodiment, the present invention relates to compounds of

15  Formulae (I1la ~ IIId), or a pharrnaceutically acceptable salt thereof;

’HT Iw\ R7b’3—<L Iwk

6 213 2_3
R '- L N L L

(Ina) (1b) ©
R7a
z u
Tw he >—3\ ’3—< 1Q YYI <y
R7b
|_3 p2-L! L' 23 o
(lllc) (d)

wherein U, X%, X°, X*, R™, and R™ are as previously defined; R® is C;-Cg alkyl optionally

substituted with amino, hydroxy, protected amino, or O(C,-C, alkyl); in Formula (I1la), A
20 and B are each independently phenyl, monocyclic heteroaryl, bicyclic aryl, or bicyclic

heteroaryl, each optionally substituted; in Formula (I1Ib) and (IIl¢), L is O, optionally
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substituted C,-C,4 alkenyl, or optionally substituted C,-C4 alkynyl; in Formula (I1Ib), B is
phenyl, monocyclic heteroaryl, bicyclic aryl, or bicyclic heteroaryl, each optionally
substituted; in Formula (Ill¢) and (IT1d), A is phenyl, monocyclic heteroaryl, bicyclic aryl,
or bicyclic heteroaryl, each optionally substituted; in Formula (I11a), (I1Ib), (IIlc) and
5  (IIId), the linker -L'-L*L*- is from 6 to 16, preferably, 6 to14 bond lengths. In yet another
aspect, L is optionally substituted C,-C4 alkenyl, or optionally substituted C,-C4 alkynyl;
and the linker -L'-L*L’- is from 6 to 12, preferably, 8 to 12 bond lengths.
In one embodiment, the present invention relates to compounds of Formulae
(IIIa), and pharmaceutically acceptable salts thercof, wherein A and B are each
10  independently optionally substituted phenyl.
In an additional aspect, the present invention relates to compounds of Formulae
(I1Ib), and pharmaceutically acceptable salts thereof wherein L is optionally substituted
C,-C,4 alkenyl, B is optionally substituted phenyl and A is absent.
In yet an additional aspect, the present invention relates to compounds of Formula
15  (IIlc), and pharmaceutically acceptable salts thereof wherein L is optionally substituted
C,-C,4 alkenyl, A is optionally substituted phenyl and B is absent.
In yet an additional aspect, the present invention relates to compounds of Formula
(II1d), and pharmaceutically acceptable salts thereof, wherein A is bicyclic aryl or bicyclic
heteroaryl.
20 In still another embodiment, the present invention relates to compounds of

Formulae (IVa), (IVb) or (IVe), or a pharmaceutically acceptable salt thereof;

%«1 I@ §—<T\/x4 I%«k

o>\L3—L2 L2—L3 5 G L3_L2-L L2—L3
(Iva) (IVb)
L3_L2—L L ~L2_L3

(IVc)

2

wherein U, X2, X3, X*, R™ and R are as previously defined; in Formula (IVa), A and B
are cach independently phenyl, monocyclic heteroaryl, bicyclic aryl, or bicyclic

25  heteroaryl, each optionally substituted; in Formula (IVb), L is O, optionally substituted
C,-C,4 alkenyl, or optionally substituted C,-Cy4 alkynyl; in Formula (IVb), B is phenyl,
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monocyclic heteroaryl, bicyclic aryl, or bicyclic heteroaryl, each optionally substituted; in
Formula (IVe), A is phenyl, monocyclic heteroaryl, bicyclic aryl, or bicyclic heteroaryl,
cach optionally substituted; in Formula (IVa), (IVb) and (IVe), the linker -L'-L*-L’- is
from 6 to 16, preferably 6 to 14 bond lengths. In yet another aspect, L is optionally
5  substituted C,-C4 alkenyl, or optionally substituted C,-C, alkynyl; and the linker -L'-L*-
L’- is from 8 to 12 bond lengths.
In yet another embodiment, the present invention relates to compounds of

Formulae (IVa), (IVb) or (IVe), and pharmaceutically acceptable salts thereof;

A, &«ryﬂ -,

o>\L3_L2 LZ_L3 Y o L3 LZ-L L2_L3
(IVa) (IVb)
L3 LZ —L L -~ LZ_L3
(IVc)

10  wherein U, X%, X2, X*, R™, and R are as previously defined; in Formula (IVa), A and B
are cach independently phenyl, monocyclic heteroaryl, bicyclic aryl, or bicyclic
heteroaryl, each optionally substituted; in Formula (IVb), L is O, optionally substituted
C,-C4 alkenyl, or optionally substituted C,-C4 alkynyl and B is phenyl, monocyclic
heteroaryl, bicyclic aryl, or bicyclic heteroaryl, each optionally substituted; in Formula

15  (IVe), A is phenyl, monocyclic heteroaryl, bicyclic aryl or bicyclic heteroaryl, each
optionally substituted; in Formula (IVa), (IVb) and (IVe), the linker -L'-L*-L’- is from 6
to 16 bond lengths. In yet another aspect, L is optionally substituted C,-C4 alkenyl, or
optionally substituted C,-C4 alkynyl; and the linker -L'-L*-L*- is from 6 to 12 bond
lengths.

20 In still another embodiment, the present invention relates to compounds of

Formulae (Va ~ Vf), and pharmaceutically acceptable salts thereof;
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Lo~ 1 (Vo) Lo~~~ vd)
7a
R7a R7a
7b'<U ) R7® R7b’< R7b
" N 2N NS s HN O NH )" R®
by WA e -
L1
(Ve) \LZ \L1 (V)

wherein R is C;-Cs alkyl optionally substituted with amino, hydroxy, protected amino, or
O(C,;-C4 alkyl); U at each occurrence is independently CH,, CHF, CHMe, CF,, C=CH,,

5  C=CF,, or C(R); R’ is hydrogen, halogen or optionally substituted Cs-Cs cycloalkyl;
alternatively the two geminal R’ groups are taken together with the carbon atom to which
they are attached to form a spiro, 3- to 7-membered, optionally substituted Cs-C
cycloalkyl or optionally substituted 3-7 membered heterocyclic; R™ is hydrogen; and R”
is hydrogen, methyl, or optionally substituted Ca-Cs cycloalkyl; or alternatively, R’ and U

10  or U and R™ are taken together with the carbon to which they are attached to form a fused,
optionally substituted cyclopropyl, and the other of R™orR™ is hydrogen; or yet
alternatively U, R” and R™ are taken together with the carbon to which they are attached
to form a bridged, optionally substituted C4-C- cycloalkyl; and the linker -L'-L*-L*- is
from 6 to 14 bond lengths. In yet another aspect, L is optionally substituted C,-C4 alkenyl,

15 or optionally substituted C,-Cy4 alkynyl; and the linker -L'-L*-L’- is from 8 to 12 bond
lengths.

In still another embodiment, the present invention relates to compounds of

Formula (VIa), and pharmaceutically acceptable salts thercof;

I
A—L—B

(Via) '- \Lz
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wherein U, R7, and R are as previously defined; A and B are each independently an
optionally substituted aryl or optionally substituted heteroaryl, L is absent or a linear
aliphatic group.

In still another embodiment, the present invention relates to compounds of

5 Formula (VIa), and pharmaceutically acceptable salts thereof; wherein:

A is a monocyclic or polycyclic group independently selected from the group
consisting of aryl, heteroaryl, heterocyclic, C3-Cs cycloalkyl and Cs-Cg cycloalkenyl,
wherein the monocyclic or polycyclic group is further substituted by -NHC(O)-R?;

R® is an optionally substituted phenyl,

10 U at each occurrence is independently CH,, CHF, CHMe, CF,, C=CH,, C=CF,, or
CR);

R’ is hydrogen, halogen or optionally substituted Cs-Cs cycloalkyl;

alternatively, the two geminal R” groups are taken together with the carbon to
which they are attached to form a spiro, 3- to 7-membered, optionally substituted Cz-Cs

15  cycloalkyl or optionally substituted 3- to 8-membered heterocyclic;

R™ is hydrogen; and

R is hydrogen, methyl, or optionally substituted C3-Cs cycloalkyl;

or alternatively, R™ and U or U and R are taken together with the carbon atom to
which they are attached to form a fused, optionally substituted cyclopropyl, and the other

20  of R” or R™is hydrogen;

or yet alternatively U, R™ and R"" are taken together with the carbon to which they
are attached to form a bridged, optionally substituted C,s-C- cycloalkyl;

the linker -L'-L*-L’- is from 6 to 14 bond lengths; and

B and L are as previously defined.

25 In yet another aspect, the present invention relates to compounds of Formula
(VIa), and pharmaceutically acceptable salts thereof, wherein L is absent or optionally
substituted C,-C4 alkenyl, or optionally substituted C,-C, alkynyl; and the linker -L'-L*-
L’- is from 8 to 12 bond lengths.

In still another embodiment, the present invention relates to compounds of

30  Formula (VIb), and pharmacecutically acceptable salts thereof;
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wherein U, R®, R”*, R’and R are as previously defined; A and B are each independently
an optionally substituted aryl or optionally substituted heteroaryl, L is absent or a linear
aliphatic group.
5 In still another embodiment, the present invention relates to compounds of

Formula (VIb), and pharmaceutically acceptable salts thercof; wherein:

A and B are each independently an optionally substituted aryl;

R® is C,-Cs alkyl optionally substituted with amino, hydroxy, protected amino, or
O(C,-C4 alkyl);

10 U at each occurrence is independently CH,, CHF, CHMe, CF,, C=CH,, C=CF,, or

CR);

R’ is hydrogen, halogen or optionally substituted Cs-Cs cycloalkyl;

alternatively the two geminal R” groups are taken together with the carbon atom to
which they are attached to form a spiro, 3- to 7-membered, optionally substituted

15  cycloalkyl or optionally substituted heterocyclic;

R™ is hydrogen;

R is hydrogen, methyl, or optionally substituted C3-Cs cycloalkyl;

or alternatively, R™ and U or U and R are taken together with the carbon atom to
which they are attached to form a fused, optionally substituted cyclopropyl, and the other

20  of R” or R™is hydrogen;

or yet alternatively U, R™ and R"" are taken together with the carbon to which they
are attached to form a bridged, optionally substituted C4-C; cycloalkyl;

the linker -L'-L*-L’- is from 6 to 14 bond lengths;

and L, L', L?, Ls are as previously defined.

25 In yet another aspect, the present invention relates to compounds of Formula
(VIb), and pharmaceutically acceptable salts thereof, wherein L is absent or optionally
substituted C,-C4 alkenyl, or optionally substituted C,-C, alkynyl; and the linker -L'-L*-
L’- is from 8 to 12 bond lengths.

In still another embodiment, the present invention relates to compounds of

30  Formula (I), Formulae (Ia ~ Ih), Formulae (Ila ~ 1Ig), Formulae (I1la ~ I11d), Formulae
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(IVa ~1IVe), Formulae (Va ~ Vf) or Formulae (VIa ~ VIb), or a pharmaceutically

L

. | ..
acceptable salt thereof; wherein ~ne at each occurence is independently

illustrated by the following groups:

L R ﬁ &Y

fh@f@w s ,,‘[9[9
Uatis o s B¥e 0¥y V1

YorVadit °‘M}vn Yol
f)fS NCHZOMZUEU Iﬂx fS

A

5 Representative compounds of the present invention are those selected from

compounds 1-376 compiled in Tables 1-12:

Table 1: Compounds 1-219.

HN \ O O Ny (S)N NHCO,Me

0
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5 It will be appreciated that the description of the present invention herein should be

construed in congruity with the laws and principals of chemical bonding. In some
instances it may be necessary to remove a hydrogen atom in order to accommodate a

substitutent at any given location.



N.Z"-N* Ar) ":--14;3--NNHCC2Me \ NH (,v O--v. .)Me 348 0... .
0-..f117 \ XN1.1.-NC..) * A1l... (s) N -. N HCO2Me 0(s) N. NHVe (R)
0 .---U\80201181417 Me02CHN T C..N-Z/LN ) PETAIS2)11/022401 . T €N
NHCO2Me \ NH 074...pdie 0 0---\ j 350 0 0..1Hy \ XN.Z. NL 41 # 1..)

() NHCOR2ME ItN 1|_s| 1§t561]1'ded tﬁ t the glefl nition o%\!a- (gl/s%:t')stltuec‘r?t or Varla%}e & g, R, R% X, u, m,
etc.) at a particular location in a molecule be independent of its definitions elsewhere in
that molecule. For example, when u is 2, each of the two R' groups may be the same or
different.

5 It will be yet appreciated that the compounds of the present invention may contain
one or more asymmetric carbon atoms and may exist in racemic, diastereoisomeric, and
optically active forms. It will still be appreciated that certain compounds of the present
invention may exist in different tautomeric forms. All tautomers are contemplated to be
within the scope of the present invention.

10 It should be understood that the compounds encompassed by the present invention
are those that are suitably stable for use as pharmaceutical agent.

It will be further appreciated that reference herein to therapy and/or treatment
includes, but is not limited to, prevention, retardation, prophylaxis, therapy and/or cure of
the disease. It will further be appreciated that references herein to treatment or prophylaxis

15  of HCV infection includes treatment or prophylaxis of HCV-associated disease such as
liver fibrosis, cirrhosis and hepatocellular carcinoma.

A further embodiment of the present invention includes pharmaceutical
compositions comprising any single compound or a combination of two or more
compounds delineated herein, or a pharmaceutically acceptable salt thereof, with a

20 pharmaceutically acceptable carrier or excipient.

Yet a further embodiment of the present invention is a pharmaceutical composition
comprising any single compound or a combination of two or more compounds delineated
herein, or a pharmaceutically acceptable salt thereof, in combination with one or more
agents known in the art, with a pharmaceutically acceptable carrier or excipient.

25 It will be further appreciated that compounds of the present invention can be
administered as the sole active pharmaceutical agent, or used in combination with one or
more agents to treat or prevent hepatitis C infections or the symptoms associated with
HCYV infection. Other agents to be administered in combination with a compound or
combination of compounds of the present invention include therapies for disease caused

30 by HCV infection that suppresses HCV viral replication by direct or indirect mechanisms.
These agents include, but are not limited to, host immune modulators (for example,
interferon-alpha, pegylated interferon-alpha, consensus interferon, interferon-beta,
interferon-gamma, CpG oligonucleo-tides and the like); antiviral compounds that inhibit

host cellular functions such as inosine monophosphate dehydrogenase (for example,
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ribavl}lﬁil and the like); cytokines that modulate immune function (for example, interleukin
2, interleukin 6, and interleukin 12); a compound that enhances the development of type 1
helper T cell response; interfering RNA; anti-sense RNA; vaccines comprising HCV
antigens or antigen adjuvant combinations directed against HCV; agents that interact with
host cellular components to block viral protein synthesis by inhibiting the internal
ribosome entry site (IRES) initiated translation step of HCV viral replication or to block
viral particle maturation and release with agents targeted toward the viroporin family of
membrane proteins such as, for example, HCV P7 and the like; and any agent or
combination of agents that inhibit the replication of HCV by targeting other proteins of the
viral genome involved in the viral replication and/or interfere with the function of other
viral targets, such as inhibitors of NS3/NS4A protease, NS3 helicase, NS5B polymerase,
NS4A protein and NS5A protein.

According to yet another embodiment, the pharmaceutical compositions of the
present invention may further comprise other inhibitor(s) of targets in the HCV life cycle,
including, but not limited to, helicase, polymerase, metalloprotease, NS4A protein, NS5A
protein, and internal ribosome entry site (IRES).

Accordingly, one embodiment of the present invention is directed to a method for
treating or preventing an infection caused by an RNA-containing virus comprising co-
administering to a patient in need of such treatment one or more agents selected from the
group consisting of a host immune modulator and a second or more antiviral agents, or a
combination thereof, with a therapeutically effective amount of a compound or
combination of compounds of the present invention, or a pharmaceutically acceptable salt
thereof. Examples of the host immune modulator are, but not limited to, interferon-alpha,
pegylated-interferon-alpha, interferon-beta, interferon-gamrna, a cytokine, a vaccine, and a
vaccine comprising an antigen and an adjuvant, and said second antiviral agent inhibits
replication of HCV either by inhibiting host cellular functions associated with viral
replication or by targeting proteins of the viral genome. A non-limiting example of the
RNA-containing virus is hepatitis C virus (HCV).

A further embodiment of the present invention is directed to a method of treating
or preventing infection caused by an RNA-containing virus comprising co-administering
to a patient in need of such treatment an agent or combination of agents that treat or
alleviate symptoms of HCV infection including cirrhosis and inflammation of the liver,

with a therapeutically effective amount of a compound or combination of compounds of
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the present invention, or a pharmaceutically acceptable salt thereof. A non-limiting
example of the RNA-containing virus is hepatitis C virus (HCV).
Yet another embodiment of the present invention provides a method of treating or
preventing infection caused by an RNA-containing virus comprising co-administering to a
5  patient in need of such treatment one or more agents that treat patients for disease caused
by hepatitis B (HBV) infection, with a therapeutically effective amount of a compound or
a combination of compounds of the present invention, or a pharmaceutically acceptable
salt thereof. An agent that treats patients for disease caused by hepatitis B (HBV) infection
may be for example, but not limited thereto, L-deoxythymidine, adefovir, lamivudine or

10  tenfovir, or any combination thereof. A non-limiting example of the RN A-containing virus
is hepatitis C virus (HCV).

A further embodiment of the present invention provides a method of treating or
preventing infection caused by an RNA-containing virus comprising co-administering to a
patient in need of such treatment one or more agents that treat patients for disease caused

15 by human immunodeficiency virus (HIV) infection, with a therapeutically effective
amount of a compound or a combination of compounds of the present invention, or a
pharmaceutically acceptable salt thereof. The agent that treats patients for disease caused
by human immuno-deficiency virus (HIV) infection may include, but is not limited
thereto, ritonavir, lopinavir, indinavir, nelfmavir, saquinavir, amprenavir, atazanavir,

20 tipranavir, TMC-114, fosamprenavir, zidovudine, lamivudine, didanosine, stavudine,
tenofovir, zalcitabine, abacavir, efavirenz, nevirapine, delavirdine, TMC-125, L-870812,
S-1360, enfuvirtide (T-20) or T-1249, or any combination thereof. A non-limiting example
of the RNA-containing virus is hepatitis C virus (HCV).

It can occur that a patient may be co-infected with hepatitis C virus and one or

25  more other viruses, including but not limited to human immunodeficiency virus (HIV),
hepatitis A virus (HAV) and hepatitis B virus (HBV). Thus also contemplated herein is
combination therapy to treat such co-infections by co-administering a compound
according to the present invention with at least one of an HIV inhibitor, an HAV inhibitor
and an HBV inhibitor.

30 In addition, the present invention provides the use of a compound or a combination
of compounds of the invention, or a therapeutically acceptable salt thereof, and one or
more agents selected from the group consisting of a host immune modulator and one or
more additional antiviral agents, or a combination thereof, to prepare a medicament for the

treatment of an infection caused by an RNA-containing virus in a patient, particularly
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epatitis V?rué). Examples of the host immune modulator are, but not limited to,
interferon-alpha, pegylated-interferon-alpha, interferon-beta, interferon-gamma, a
cytokine, a vaccine, and a vaccine comprising an antigen and an adjuvant. Preferably said
additional antiviral agent inhibits replication of HCV either by inhibiting host cellular
functions associated with viral replication or by targeting proteins of the viral genome.

When used in the above or other treatments, combination of compound or
compounds of the present invention, together with one or more agents as defined herein
above, can be employed in pure form or, where such forms exist, or as a pharmaceutically
acceptable salt thereof. Alternatively, such combination of therapeutic agents can be
administered as a pharmaceutical composition containing a therapeutically effective
amount of the compound or combination of compounds of interest, or their
pharmaceutically acceptable salt thereof, in combination with one or more agents as
defined hereinabove, and a pharmaceutically acceptable carrier. Such pharmaceutical
compositions can be used for inhibiting the replication of an RNA-containing virus,
particularly Hepatitis C virus (HCV), by contacting said virus with said pharmaceutical
composition. In addition, such compositions are useful for the treatment or prevention of
an infection caused by an RNA-containing virus, particularly Hepatitis C virus (HCV).

Hence, a still further embodiment of the invention is directed to a method of
treating or preventing infection caused by an RNA-containing virus, particularly a
hepatitis C virus (HCV), comprising administering to a patient in need of such treatment a
pharmaceutical composition comprising a compound or combination of compounds of the
invention or a pharmaceutically acceptable salt thereof, and one or more agents as defined
herein above, with a pharmaceutically acceptable carrier.

When administered as a combination, the therapeutic agents can be formulated as
separate compositions which are given at the same time or within a predetermined period
of time, or the therapeutic agents can be given as a single unit dosage form.

Antiviral agents contemplated for use in such combination therapy include agents
(compounds or biologicals) that are effective to inhibit the formation and/or replication of
a virus in a mammal, including, but not limited to, agents that interfere with either host or
viral mechanisms necessary for the formation and/or replication of a virus in a mammal.
Such agents can be selected from another anti-HCV agent; an HIV inhibitor; an HAV
inhibitor; and an HBV inhibitor.

Other agents that can be administered in combination with a compound of the

present invention include a cytochrome P450 monooxygenase inhibitor (also referred to
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appr ggi at ed tgﬁtoné ehBbERES:, MR &l Sl d}r&%@soﬁietﬁ@ fafi %51%%1%%% %ﬁd?ﬁlhwies’ but
ed to, s, ther

is not limt prevention, retardation, prophylax py and/ or
cure of tlkiectats s€amspountls of thk idwentibie FTheedappages iodiireprovingtthe ef er ences herein

to treatnent or. praph xis 15 of HCV. infection.include e nt . or
br ophy ! axegtcolBpt iRt rpuuaghinglic T bs®t oy Bt oot PE RIS 5 and
hepat ocelN4ik @S BREI0005B; US 2004/01 5085 4; Red uamuediomns2 9f AbleediRE S Sent

invention includes pharmaceutical conpositions conprising any Single
conpound esrbodireentiof thas inventafn nrawidoy 2 methed composing edaelistemeg edinhdnter of or a

phar qaceytd cceptable salt thereqf, with a.20pharnmaceutj.cally
PecenPabliey o4 Hnfe EFREGRAR IR b Ryatt ety R ReR TR GBI ot e
present ighyeiatd Omcihdd oRPALIAR i fedinCHOBRAS U OF tHORPEtDh RG] af ntabitg! e
conpound or a conbi nation of two o ngre coﬁryounds delineated herein, or a

phat mcel vy SABGY RBAE s HPTYTNRE B Y (GabwamorDA([h 53R0r more
astci pi ent SEe AT VO Ch pidafnl DO TR A By ot RS EE R 1 PR 0T £ ey

i nvent i orprefarred emaodiniehns tiey €dPashibing Eefe@bacinhibits OIa3reic eAity CEP ialgibinér, or

used _in combination with one or. nore agents to treat or. prevent hepatitis C
i nf e@Pi orfBatdmPEYEs SpRbRBRICOkESHES ot herolieni unﬁg eﬁfhedwen@% gRydents to

o S5 ST LSBTy s TR BRLGEINIAe i asamouncs
ritonavir (see, for example, WO 94/14436), ketoconazole, troleandomycin, 4-methyl
pyrazole, cyclosporin, clomethiazole, cimetidine, itraconazole, fluconazole, miconazole,
fluvoxamine, fluoxetine, nefazodone, sertraline, indinavir, nelfinavir, amprenavir,

25  fosamprenavir, saquinavir, lopinavir, delavirdine, ditiazem, erythromycin, VX-944, and
VX-497. Preferred CYP inhibitors include ritonavir, ketoconazole, troleandomycin, 4-
methyl pyrazole, cyclosporin, and clomethiazole.

It will be understood that the administration of the combination of the invention by
means of a single patient pack, or patient packs of each formulation, containing within a

30  package insert instructing the patient to the correct use of the invention is a desirable
additional feature of this invention.

According to a further aspect of the invention is a pack comprising at least a

compound of the invention and a CYP inhibitor and an information insert containing

directions on the use of the combination of the invention. In an alternative embodiment of
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30 by HCV infection that suppresses HCV viral replication by direct or

i ndi rect mechani snms. These agents include, but are not limted to, host

i Mmmune nowlol2atio9s41(f or exanpl e, interferon-al pha, pegyl @C&aS2011/022401

i nterferon-al pha, consensus interferon, interferon-beta, interferon-gamm,

G ol | eo-tid ik I d h hibit h
ool ul ar R erentns 165 pikaut b sorEb i h nat S RaA Bgb et
exanmpl e, p MG Zﬂﬂele/da%ﬂ&t?fg%/ &%%%%%%%%Jlaaﬁwtﬁé thn@etstck ke éeé@t)ate

cyt oki nes that nodul ate i'nmune function (for exanple, interleu
i nterl eukiapkss, and |nterleuk|n 12) a conpound t hat enhances the
sense

devel opnent of,type 1 h onse; |nterf r|n ant i
R vacer nes AT eSpatEofB MvdF punb SRR wEA vl IR R Rlerine
di r ecbed FGRI VS febilon; oraf et fetdhdibn bhHENAGFedtoh tboatwﬁtngcekin? c&dr aGMRARENt S
to block viral protein synthesis by inhibiting the internal ribosone entry
site (I R@phﬁmmﬁm@hfqrmah@papf ervhgthepmaskutiqay compenent apgontater bpusre the bl ock
vi ral par e t

vi v opor  rhtpane S P e b AR AR B AL RKRE I CUTRERE | 1
li ke; andbaayqagemntmmgs@ﬂmhmanbmﬂunﬁwageeﬁsahhabnkmhﬁ@t&mhhﬂcnepl|cat|on
of HCV by targeting other proteins of the 10 viral genone involved in the
viral rephfe€d®-on and/or interfere with the function of other viral

targgps, such Asoldhiibl hRlify i Nﬁ?&d\%%@f&ttﬁ@&'ﬁmlﬂ\% 36} L &REfial NSOB

pol ymer ase, A protein and rotein ing to yet another
enbodlnenﬂnnnMEMphaﬁnHmeqmumabfmwmpmthmmmtaGNPUhmbnoe@edbpMMVMQQnon may

further conprise other |nh|b|t é of targets in the HCV Ilfg,c%%he,
15i ncl udidd HP 1ol agapy of fi"i’ﬁ“taéléiest er Reftc PaPare %dBWHBY%’él@na Tt EFT- op Pt edse,
NS4A protgtina kKNSaA cBﬁt@h@é 2, g%nﬁﬂ&ﬁfoﬁ%ka%b&%ﬁﬁ@oﬁﬁé ﬁﬁ(zei%ﬂtdrﬁarfd' RES) .

Accordi ngly, one enbodi ment of the present invention is directed to a
met hod f aptiongbt thagddtiopl egerit($)ny aghainmcedtidaln acaptél: ctayrlfar(alRl\tA @e et ai ni ng

Vi rus.co dm nisterin a.patie i.n_ need u eat nent
one 95" mone ARy e e B PRRI AT e liBoBy gk siflen e don e S L e
nndulatonnaagwan@eggﬁﬁs@auﬁpre antiviral agents, or a conbination thereof,
with a therapeutically effective anmount of a conpound or conbi nation of
compounds of tlhénpthesankbodimering petkagest kisisghiayideddat qansinsongcueprabl e sal t
t her eof I e r

it er fer SRORn®for P 1 RS MERCC IR B B el st ol Tod L b

i nt erf er atosganoBns during mknag@ancbpn/cam usne ancaﬁdtractﬂfms Y@accpanenCopriry ®ung an
antigen and an adjuvan and said s cond ntiviral ent inhibits

repl %@at i BHe admiEslragipy. H?ételquCHﬂtSo‘ivt trgicpibs pe tvélttrﬂmra? tttﬂtétopap@daegoc. at ed

Wi th Vi 1 ahodeRiRALLORY 6F ol LARERhASIRIALELRS 1RIoR th B FHRAGRPas A

non-linmting exanple o NA-‘containing virus is hepatitis Cvirus
(HCV). A deammememmbcﬂ}inhrd(mgefommmbemelnmdma’nhydwtm@h a$ B asheetodfednttel a

met hod of at 30, or ting.infect by an co ta|n|ng
Uit us. corfpiht B Bt SbrdotE B A FERPT e RUER BATGUE L vent Jan
agent or ®Repks r@tth@absate ﬁﬁﬁ@hﬁytﬁé%uﬁédeﬁta sﬁ{gtatd@atthat £ @armts@moafe HCV

i nfection |nclud|ng cirrhosis and inflammation of the liver, with a

t her @peutTheatreseneffifsorill also timoalhy ingfudg nevenp sy rpdcltﬁlglltgdht) indaithenh kit co nmpounds
of WD 2011/091 17PC@%¥ 2011 022 1 the resent dﬁﬁent on

phar macedtf eaf t° TR %‘é?“é%%’fl AMROR- T e 186%%%?@“8?03 he

RNA- cont ajsgi Sl@h\phélth%mg&n&ﬂl@@ﬁdytthl& e YoriSf { Eedfoard or paperigdx, apdishiebr foil
enbodi ment of the present invention provides a method of treating or

preventld@uﬂhﬁebtlon caused by an RNA-containing virus conprising
co-admnistering to a 5 patient in need of such treatnment one or nore
agents thﬁﬁ?ﬁﬁﬁﬁﬁ NBatients for disease caused by hepatitis B (HBV)

i nfection a therapeutically effective anount of a conpound or a
conbidfat i on ofListodpelondse défitiienspfeadots termremed om desaribathiharomoauThesal | y
accept abl salt thereof An age t that trEats atients. for. disease caused by
hepat i ti SBR{IABYIPTIK FR e GoTa et BIcddRRHEhat Ui P Sicalip el e et o,

L- deoxyt iynidsd bk rwidd Bl fin sﬂe@@c%ﬁ@hﬂ&@s %‘ithéiQnHi%m(uQHy br a0farBPh 16QRP1 Nation
thereof. A non-limting exanple of e RNA-containinhg virus is hepatitis C
virus ( H@®up. A further enbodlnent of the present invention provides a
met hod of treating or preventing infection caused by an RNA-contai ni ng
virus conprising co-admnistering to a patient in need of such treatnent
one or nore agents that treat patient# for di sease caused 15 by human

i mrunodeficiency virus (HV) infection, with a therapeutically effective
anount of a conpound or a conbinati on of conpounds of the present

|nvent|on or a pharnaceutlcally acceptable saIt thereof The agent that

o o, T T T R o S r



20 hepatitis C virus (HCV), conprising admnistering to a patient in need
of such treatnent a pharnmaceutical conposition conprising a conpound or
conbi nat iwo 20f/worpounds of the invention or a phar nacekCiraskog/o2oept abl e
salt thereof, and one or nore agents as defined herein above, with a

phar maceut i cal accg%@bl e c(ﬂri er. Wien adm ni stered as conbi nati on,
the ther apeut i ddf@ht €Yk ats 1ed o ldeade 481098 CelpAYGEEC EYRPOSIEFiBRs whi ch
are gi venyatm deRRIR dt 1448 Bie abrhitidYids, EEHBLE bt ARdinkedd 8 bRhyt | me, or the
t herapeutic agents can be given as a single unit dosage form

Ant i vi r alnaplyidpt, sctabpdronghalyd dinfloryl.udenyil.n Aspedyeycheriyhista rodydyabe gipy i ncl ude

agents (conpo s _or _biologicals) that .ar ffective to inhi.bit the

Format i o ARG BT cPaprreai T G opriL s Tl i o ehBR it no
limted tringsa@Ralkestly Bddchbdtiggd & LcombifatRintth@eofhost or 30 viral nechani sns
necessary for the formation and/or replication of a virus in a mamml. Such

agents can be Buitegn dipterpainl aporssd hergt, irefpisyo ageano: oapolpryelic arangiticor ;  an
HAV i nhi Qi %.Qr:; n inhibito er t hat . .

i i ot RGP P oLt I B etssisd rom PP A® I I A GO ARE

i ncl ude aiteit aehkador, WHEOInMDNOSYY endsi@cd nithii thefing alaSberoptionalsd t o WO
2011/ 091417PCT/ US2011/ 022401 herein as. a CYP inhibitor), which is expected
to i nhi bi¥i¢ieidabistarearyloncluges. beinpsaniénaitest toy neidinylepyrahyl tHENKiBle, t he
cytogfro X LR t u i . ive to
i B0 TS IR HIBRANA, HBLR, Rertt i dobB ol AT S BN he v
i nhi bi t orthiophagi fofasyk qedolinylaso@melntyl,sehfingdentyl tlenzeyxaesgl, one or nore 5

phar macoki net i PK) features including, but. not.limted to, p ma

P oncent r STl oARAICS S T ons) B RiRe fyed pings e SgmbehePAR s 1 e
curve (AUeh coplvidttipathgspshal f-1ife, and systemc clearance, of a conpound
of the invention when one or nore of its PK feautures of said conpound is
i mproved i n cdnpeaedrdanee watht thatnvientierh ercaiisrgreusfcan be s@sptuterhéotbi t or . 101 n
one odi nent., .the invention provides nethods for inproving the pharnaco-
ki netqlgtés Wﬁl?bc,s&)lﬂﬁ%(gnds of the invention. The advantages of inproving the
phar nacoki net i tefm dsibgdicaid” beCogltedtdrduryiNeeffstto asRR, sybem @uasge, US
Pat . Publ i cation No's. ugg%ooz}?oogw%u; us 206%/ 01526‘25?@%@] us &
2004/ 0091527y ringg wdeigimif|lgast envaringds gemeties ast thefiive ringy et beofsgsk @vi des a
met hod ca .S/ ] nistering an inhibitor of 15 CYP3A4 and a conpound of
t he inven@%lﬁﬁﬂﬁﬁgat%ﬁéq}' enbodi nent of this invention provides a nethod
conpri si ng adriheitsingy 'I(eC galk@Paync abitylf’nE, iGyadint )’ da,-@ndliam” onhCHRCE or  of

i soz 3A4 ("CYP3A4"), isozyne 2Cl19 ("CYP2C19"), isoz 2D6 (" CYP2D6"),
| Sosfhe A 'AEypRCAEorin, qeg%zwéur@@éf Yt I}C%%Cﬁ%l&i@”_&@cgr%_@n (AdSAPDEL" ) |
N 3 P ef@hfn eBRAMLIBAL and B8, GYEad 0k RirkOhd RIS EABOH YiohMhBhE i CYPSAL.
Any CYP inhibitor 20 that 1 nproves the pharnacokinetics of the relevant
conpound redpettiesly.Bxantplaof KhyCsk i saticdlninaludet tho dreafot findisd itmnestbylon. These
CYP i nhibitqgrs include, bu re nqt limted to, ritonavir (see, f.or

exarpl 6, WS oAPEAaSBTOP et JuBidsBru o Srrey h RO I Sy .
cyclosporin, cfieihy azotealk&lyletedicikehiiraaao@zaksyl,Pbyeonaz aikgnyl,”

m conazol e, fluvoxam ne, fluoxetine, nefazodone, sertraline, indinavir,

nel f 2Zhavias usethimreinasefer to 9%4ighia apbrenehedrchaiwdydravathon radiegs penfiining from

del avirdine, ditiaz erythr cin, =9 and -497. Preferred CYP

o bi o o1RE1ebl R VT rerOREEoB by B pRge ANRaer re bt <oy
pyrazol e,doup! a0k iths regidsfalcd faridé H}Zd)b%en atom. Alkényyvgfdugbﬁlcum@,eusl&ta@@d t hat
the admi nistration of the conbination of the invention by means of a single

pati ent pwtkmisd tder eamplrastbsnyf Porenyls Birteanl.armetyl-edwidr hivhdeniceHi n a
30packageo&éﬁ§,§ra diRsiducting the patient to the correct use of the
invention 1s’a desirable additional feature of this invention.

AccoB30i ng to arteueineCaSparinydf “Che,iatwanl T 0fs-Cs aldypa ¢ lor COmlsiatiiyngl, at

| east a conpound of the invention and a CYP inhihitor and an .information

i nsert coMUAThRHgNgicFELe PEHEoAT Ilarécql?gé?hélﬁl hydeoca irﬁa@fﬁwrgmnﬁeﬁom

| nventi 0yolf ofdhy, B 16 RAfoh EurBEPASITES Ol Rl b R24he BEBLISRRA/ 022401
this invention, the pack further conprises one or nore of additional agent
as descr itbhpld toed biythe Ehevalddfiat singlahydigeet atom. Rgeressntatine dbleynyt grougded i n t he
same pack or in separate packs. Another aspect of this involves a packaged
kit for a patient to use in the treatnent 5 of HCV infection or in the
prevention of HCV infection, conprising: a single or a plurality of

phar maceuti cal formulation of each ph#&rmaceutical conponent; a container
housi ng the pharmaceutical formulation(s) during storage and prior to

adm nistration; and instructions for carrying out drug admnistration in a
manner effective to treat or prevent HCV infection. 10Accordingly, this

M M



20al kyl ," as used herein, refer to saturated, straight- or branched-chain
hydr ocar bon radi cal s contai ning between one and four, one and six, one and
ei ght carwonoatoma;y or the |ike, respectively. Exanpl esPoffi/uS101@828bhKYy|

radi cal s include, but are not limted to, nethyl et hyl, propyl, isopropyl,

n- butyI utyl, neo n- hexyl pty drcals The
terms czn@srti%r %’rr not fimfie foorr%rrpfe ethy f:aroapr/@nir XY“@I epnys

aIkenyI,(m%gyg%nggeqﬂgereln refer to straight- or br anched- chai n

hydr ocar bori radicals containing fromtwo to eight, or two to four carbon
atons, or the Thekcerrn h@yCmgymaHhééﬂr "6m€7®a¢lb@ihylc” asooed Herglnl, ecférotela by t he
reanaI of a sin but are not

cl.ude

it od dooRgHRs R E R TP e S fiPBRo 25y Hitierp R uhSelS. 1 g1
hept eyl ,blegrgeﬂarly, o@ﬂﬁlbktﬁlﬁtehl ERamBRI B CL-€T, 0%clodRyIGRc 1Bl BbaYhot limifed t64

al kynyl', " " 4 "al ky " "C3-C6 al kynyl ," as used herein, refer to

st r ai ght -cysloppah @ﬁd@bwhpwlﬁg@mcwbﬁlﬁxmm%@e@tyé and eyoiasdyls #nem t wo t o

ht t

e bon- o biieh Br 74 s RRPRM FEREE bubholiffdd e AIRERS (Shoh TN
RepresenanLM&m@®kwn&MKQMQups V[)2011/091417PCT/U82011/022401 i ncl ude, but

are not limted to, for exanple, ny pr opynyl butynyl , heptynyl,
octynyl, and tHe tpinkeCs-Cs CYCIO&H??@YI é)rr # 7@’39@0%@3’65%9@‘1 heggin,refersdo

cycl gqal k I I aturated
oYeL 98! KthorocT I HBRISLR! AL And S pTINIEIFIE 8K FELUENELAfcH

0X0- substdoubitedabnd Emhttml oeéaomfatcﬁ?ﬁs ﬁap ioe bpadrdaylly oxochbstieyted uExampleé. oﬁﬁigt €d to,

cycl opropyl, cl.abyt clo t cl oh ex

cvel oner yveroafiiuBiide oAt iR e BRI R B R T ¢ et o,

Cgl gentc&kloh@%&lklpQ?é‘l%ﬂl@pt&iy?%%l%o&tgnﬂ Ad tﬁ@ﬁké’ |and%§§nﬁl@§of cke, The term
cycl oal kenyl 7¢ycl oal’kenyl ," as used herein, refers to 10

monocycl |CcrcI@alkpwlym;Iudia butit Biowsed|to.ccye lopgntenrtpashteenyl.mycleheptend andne

carbqg C%P BE doubl e bond and the carbon atons may be optionally

oxo- stbst ¥ Ut%d. Exanpl es of C3-C8 cycl oal kenyl include, but not linited

t o, cycl opr operyternt Y&y REBYYERY LiscdduediRpeRiEL0h ar@ysabahexe ﬁMngSgroup.

cycl ohept enyl, cycl ooctenyl, and the I'i ke; and exanpl es of -C7

cycl oal kevigie nrpleiradiarylatkyl gionpsiareiry k61 Co; all@glempent enyI cycl ohexenyl ,

cycl ohept enyl T e r A erein,
Tl%qgm}gtée{%&{) rjtyh%{ L I?S Iused ﬁ%?elh e IS, % ay 111 (ljs%b%’?i ulﬂfoﬁéjkﬁ

refers to an aryl-su err gr oups

are aryl -dgoufbi@k byéfe@émhﬁm&oarylalkyl g'll'dﬁ@sfaw ImterbﬁngC(pa]@aﬂlﬁIl Igydu,ps as used

her ei refers t heteroaryl itute aIkyI group. More preferred

het e.2§ar yl al kylf lsgrgarﬁeogrléat ﬁ%¥ [Ire >alr WIM&? idﬁgeroczf@ fig ang

understo BRn A | ean®l | g c and
cycl oal kehﬁyfo qur{%?et yOld ?cééelrb%gmﬁ{e%e?ar? cﬁw%%na %’IOKIX atl 8 ﬁ)lrl)lbor an
alicyclic groum “aﬁhphﬁact’igrbw isa" nogrammaiusmalemy)cerapmmdtorf anmmblyaMrr sed of

any conbi nati on of rbon ato drogen atons, 0 atons, Qxygen
SO O A S AT B AR S T R L
unsat ur atdpiBnalf Gntaiskod! @ nasrelliRfs 6ﬂ'd1ﬁ11tﬁral%ﬁc§%l blfamxecﬁpefboahr phati c

groups aré functional groups, such as , 2&0)2 C(0)o0,
C(0) RA, dao)nds adefiphate, gr«mr(s@yw&mctlcg(a@gmpﬁ, sgqlogsz Q—I@H NH(I:(NMN

o1 6) N of i PO B g0 B g ST s B RV BN e ona

groups, nNOHEAD NI, NHEOWHCeo NIONES(ORNHD RS (D) NS O(OWES)0), and gr oups 30
wherein one or nore carbons of a non-aronmatic hydrocarbon (optionally

subst i t utE@@NFS(PepITherct @GNS U sndthedisugroumasasanisateotns asmain

| i phat | b
St r ot gt TEfRHR S8 Bo Bl ARR 1y roRAABHO RO R b Bt Bi) RATLIR! DB TR D
cont 80ns wiedryve @nc aboic darbord ol @oh-aZdmatir Ibmll’bcaﬂmiﬂiﬁ(opﬂimtaﬁytsylﬁlﬂnﬁaéd)ys bet ween

about 1 and abagut carbon atgns. In addjitigon to aliphatjc

2011/ oglzrirrle@ﬁ/hmélmrw amph%r%ﬁmowwéma%mug &40 lPF‘e‘?IeI%a”&PI‘that ic

groups e i NPHP I al,koxyal kyl s, such
as polyaﬁﬁg gﬁ%M‘A€§Q?gﬁ°§RR@5ﬁInesﬁﬁﬂ%ﬁcgﬁﬁ%?%?%égaiPgéxééﬁﬁpre Ali phatic
groups mepnibenaipt ittomedflapd pudfsiblyicoetinsAckweveaboet I phistboot 24 culbon goms,

non-cyclic ali h rou to upder st o t en .an 5al i phatic
oo ous” or BomhBah et Routt atbatod RS pPeEhS S top i Shadieaa ' by

"conprise" one or nore specified functional groups, the linear aliphatic
group can be selected fromone or nore of the specified functional groups
or a conbination thereof, or a group wherein one or nore carbons of a
non-aromati ¢ hydrocarbon (optionally substituted) is replaced by a
specrfred functronal group. In sonme exanpl es, the Irnear alrphatrc group

o M. T o o s o o



5 divalent or nultival ent group when used as a |inkage to connect two or

nore groups or substituents, which can be at the sane or different aton(s).

The termWQubBWu91l41t7ed refers to substitution by indepemdeniS2eiepbmoenent of

one, or three or nore of the hydrogen atons with substituents

i ncI ud| n but not limted rot ect ed hydroxy,
N%ydr%ﬂr Onwpsparscﬁssiﬁ%famaﬁ%lwc gy fmrﬁ%sgkwclu%m OFFXaENIC-al kyl |

- NH‘ C2- czd‘ll@dx@@l@ﬁ smlgm%a%hals&fﬂiélpo yalGnd-dislcdits, f)b)'ﬁlhf?lﬁ{egy&n’d NH-aryl,

- NH het eroaryl, t erocycl oal kyl', ~-di’al kyl am no, “-di aryl ani no,

di het er oazoyylamasofor cgangple CMphflttkygrpupm@Qb@&atmnhﬁy\ ytlbstmmedczA @8eal kynyl ,

G5 B o e A ol ISR L
- C(0) 5C3- a@%ﬁatfd@rbﬁlﬁbﬂ‘é/ inear @ﬁl_g)ah@r up is Sdifdo PIn@iPedY include:r “comprise”

C(0) - het erocycl oa H Cl- C12- al kyl CONH- C2- C8- al kenyl ,
-CONH- CRnegr mqw Wlﬁmmmgﬁse%nganhauW a#nybe sclected from

- CONH- het 0

oay. o B B of %Q\E%%{C@ﬁ%@naﬁé&x{ﬁ Ora&%d@t@jtﬁi%%& T 8RRy |
-0C2- ar ydlherelﬁﬁﬁﬁohﬁfoﬁd’ mb()ﬁs of aQiCRArdrRAtRY lg@y&daMnKybUOnaQ@ubsﬁtut@) ial kyl,
-0M2-C2-C8 al kenyl, -02-C2-C8 al kynyl, CO2-C3-Cl2-cycl oal kyl, -002- 20

aryl, cozclhlé@f‘éirhya?r w601f@é>§urrf@%%1&%podpp§9me cxgopiRpshe m@&hlpf@rtw CIRDHRY | |

- q;gsﬂ C2- N I

- OCO\IH— arb%gf ?ﬁ{e% g? er oa ﬁé{ %Wy%g@?%% o- ﬁ‘%&}%ﬁtﬁ@%‘”ﬁr

- mg(( 8§ %31 aﬂéffg aiké:tmll or alkwbl(n(@)sh Gﬁtﬂm}l&ls}{mmydtzd ,-aNBHO] 8 )o-f@R6ti0Balagrkymyln,

- C , - - ar , T ,

NGO)- wefl@reaayéf%o\z Ectedmggd%m&? &széé%)%- al kenyl |
- 1 _ 1 d}N@ﬁ 12 ar -

NHCQO2- het e}ﬁgﬁl j(ﬂ%lk—?():%él ? e@c)yc o)gl?ﬁgi Ebat\]l(NI—I)Cgo) NH2, »ory
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herein, refers tq a atoms | ected fr uorine, chlorine, m ne and

i odi ne. THPTESSREIVHIHFOgEIoalky @reppsdn mggf@ﬁe aﬂtdlfa’é?ﬂ@riérﬁlo’i agedi t i on,
the reci tati aRingf pFFaAli SINAES1 Aol ARES0Rfink NPipeAligi SO | ong as
t he resuﬁ?ﬁﬁg ?@ g Zd @g]%ﬁarnagéﬁticaZPy%QJCeptgb g& %&%s 9gascribed
above, - lpipdr2zihgd; oxaakzbahnylogﬁemcmhdmsrl andrpmieryl,ghiezgdidofyl psetheralidigylf rom 6 to
16, 8 to 12, 8.t r 6 to 14 t The ferred 6 to 16, 8 to
TS § 1o TEIBRIET B RN FEHR R e i Vo T HON IS HEBST  he
linker and Y and between the |inker and the carbon of the 6-nenbered or
5-nmenbered ring of W(to which carbo7 the linker is attached). It is to be
understood that when the |inker includes a cyclic group, the 25preferred 6
to 16, 8 to 12, 8 to 16 or 6 to 14 bond length is the shortest possible

di stance, as measured in bond I engths, between Y and the carbon of the



30during synthetic procedures. After said synthetic procedure(s) the am no
protecting group as described herein nay be selectively renpoved. Am no
prot ecti mMyogooupPssias known in the art are descri bed genecalusgoti2iioH.

G eene and P.G M Wits, Protective Goups in Oganic Synthesis, 3rd
edition, hn W I & Sons New York (1999). anpl es

5011/ 001 AtPPEIF S ET) I HARLS BogpeeAT %ﬁé}tgﬁ'ﬁg of ﬁ]{ﬂt@d cd Gterar e not
limted tRgsipRyhoxycarbonyl, tbutoxycarbonyl, 9-fluorenyl-methoxycarbonyl,
benzyl oxycar bonyl, and the | | ke. The term "protected am no," as used

herei n, ref erdttsanderstodtimtgnpalkybrikceylt elifymilt dicynliareieloalpylotedodlkenylyr oup

as defl ned apave. h ter "I.e vin oup, ans a.functional roup or

2t om whi c e neRang Ehrad it ey S HeRbr e e MR ARGt sk aRa

subst Bt utdiedledt @@ &tul@hlen$ ¥ Ipaﬁ’he@ REEALOPRtEgE o SISt tivdtdr Ribré gaﬁlbs en By way
of exanple, representative [eaving groups include chloro, brono and iodo
groups: substawenes, edrey cagrhsup ghe sqmeter diffarendyfame(@). t osyl ate, brosyl at e,

nosyl ate and t G
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chloroform and the erocyclic conpoun suc “for exanpl e,
t et r ahydraytlonkyl, aNHI -yb t N¥-teroadyl, thbhmeroaytdoaékﬁe{dmlkyleﬂmms -dargtamyho.et her ,

Phe art AR eO do oy o hove Uenr e GCT 55%&-@%2@5%8! o
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chomn Bt (IR ROST LG PR ReoyERICONPE Eialines “CoBERT . ©

Sol vent s CPh@gShl@:?ﬁylemHt@ﬁ@uad}@ldyﬂitymOGG)NI@-farﬁLUG(fNH&Iet@ 8;14'&@031@1 edited

by John A Riddick et al. in the Techni ques of em stry Series,
John W/ éVt%PCS’Gh)dlkYNYOC%L-Cm 1@ Gh- Cm%ﬁﬂ@%bl—@@ﬁb -Co-Gsalkwad. her ei n,
refers tq, t o |, for
exanpl e, rg? \q? E%{I ?ﬁf( ] @éé i glgept)ér}oprg ?,C(%ﬂ}%an CPOQU%:IJ g%l and

the |ike.CSUghlis) @e)at(sz ag akngll dO)cﬁM:lcg dkynds€0sKi10,edydloalkyle-GD1-, and it
will lgBe obvi ous to those skilled in the art that individual soI vents or
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suf fi ci enNH@OBNIH®,- UEJMHeay’It UNECAOINMAT .o - %IWIBJNHSC aH-ot€gs-ity of the
compound for a sufficient period of tine to be useful for the 5purposes
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bj ect h t ti
it o e A CI NN R P e SRR AN A O SARAE SRRt o

hi gh 3pr esslumel, I-Nmﬂ(S)le@letzwgblanlﬂtyl -NHO(8NY-aty] INR@S)SH-hadsosgh -be
appreci at ed rtisan, further nmethods of synthesizing the

C(lzn})?)undsNIdF??tI) Isalfl;:ﬁll”%lgﬂe}’l rmHWNH)%%Z’eNW)N@ Erbesaibyl 100r d| nary
ol e Nﬁ@a@ﬁsNH'A@d@ h].‘R&%ll JNHé er to dh Ff%(NFg esl re§ corrpounds
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Synt het i mychelhyhtNﬁG(NaﬁNfbamht Nbﬁ@{NéﬁNPbln@treartyil ngIPE,}(NL{ONﬁt hodol ogi es

(protection and d o] ion) . usefuyl i esizing th

descr  bedeerariobt REEMIMe che-dhe. SR TFEeL sy SRR e sucn
as described in R Larock, Conprehensive Organic Transformations, 15 2nd
Ed. Wley-VCH (1999); T.W Geene andsSP. GM Wits, Protective Goups in
Organic Synthesis, 3rd Ed., John Wley and Sons (1999); L. Fieser and M
Fi eser, Fieser and Fieser's Reagents for Organic Synthesis, John Wl ey and
Sons (1994) and L Paquette ed Encycl oped| a of Reagents for Organl C
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15 conformational fornms which may be separable. Torsional asymetry due to
restricted rotation about an asymmetric single bond, for exanple because of
steric hiworanewigr ring strain, may pernmt separation @®CTdiStdienezsni
conformers. The present invention includes each conformational isomer of

h f d i
* phar mmcdTE b N AL b e ari . MR e noaE i Bt 6 ch ar e
wi thin t h@H@@@H?h%ro%%lHQk?FdCWH)NHC@ﬂ@Qtalkﬁuld(ﬁl?i)ﬁ}f O7-CYSfkcnl, cONt act

with the tissues of humans and | ower animals W thout undue toxicity,

irritati SANFINRLGi(G- dbswbn@QVHDNHt(FBeclzrdyeloa&mU -a et Poitraeyls tF@QEBNM-t h a
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by reacti 91 e~fu t r Exanpl es
of phar rraéc]e%H;hS'a’l ???e QE@@@F &b e sa t\é\glbglclﬁu%gl %éiﬁg?lee%n&t&ll’ 44 to,

nont oxi ¢ lﬁwrdcy&ﬂﬁiktyll ONHSI,LG,-arcallyl I}H{S@z-@a(amlmygr m@p@y@@amyhpl

i norgani c_acids such as hydrochl oric acid, hydrobronic_acid, phos hori c

aci d, sul™NHSQ-Grfe- Ca/ﬁh)aﬁcﬂ)e&myrwl aNHéOQﬁlequaﬁylorl‘&aﬁ%hafémgc g%ﬂlshl as
acet g acbi’i NIB! ®16,sect Eﬂf %#Eﬁ]ﬁﬁc'hgter 15'Iféteﬁgérgkal@‘llcﬁ%{c@l‘o%ya&lgylor

mal onic acid or by ‘usi'ng ods used’ in t such as’ion
exchange.-Cax(th ecyqﬂbvdkytapcdmlkm@mllgyl goteptexlyl enabdtysndthnedyu dncthdir(ycetlm)my, -n ot

limted t pte I t t benzenesul
benzoat e, S(H"ﬂ Sd‘lflf ré kﬂo Te S'ﬂl.lﬁew ati8 %ér‘?’ﬁﬁ%‘?’gt 3c(%1 ‘EZ)lPQEYIF' 'ﬁlfy
citrate, S:H&E&Q@Tt-@%’té?&%m& Sor rbitBY GRS ﬂ@s understood that the aryls,
2011/ 091417PCT/ US2011/ 02 odecyl sul f at e, “et hanesul fonate, fornmate,

fumar at e hegﬁrmlseqikyimtné th@llkﬁ:@ﬂdpffoﬁbﬁhaﬁﬂbﬂl@b@conat e, hemisul fate,
h h " d h I, f
ot OB onat o, 1acrat a1kt g S s Lt RAFOHIPERE AL et onat e

et hanesuﬂhi(qﬁl@t@mngndﬁ@mhbal@benesul fonate, nicotinate, n| trate, ol eate,

oxal ate, palmtate, panpate, pectinate, Spersulfate, 3-phenylpropionate,

phosphat e, pi ckhstterm phxﬂamm inghydsp hpragen anst dafcatug. lopdditiont die redifation e,

tartrate, Jhi salts, and

the like.° ﬂeﬁ?og%g{r@f at%f’ \O/{e?le%a%{z%ﬁgsegﬂhé Odk(%?cr)ulaoql ar ':E ﬁ&%aﬁlﬁflg Xaijf&ﬁlltdﬁ%l ude

sodi um  Iphafhaceutigdlyassiptable.cal ci um magnesi um and the like. Further

phar ceutically accept abl e sgl ts,i ncl ude, when appropri nQont Qxi ¢
gﬁum quat’et aFifbsAbSNE.uh -Lahd %h%f@g%eraatslaéwgewp%a} RS feRtPlX BORY er i ons

such as i rOXi I S ﬁlp{ga i t al kyl

havi ng f:@% l%egtyygc%é%?gﬁgg%xaﬁgahgt gﬁlg%eg%rgmsu gﬁ%tlg 8 ot eor As

used her i to, l4thoadtl@mghs'iphetusacadthclandy baivceptialinkeestdY and bewvesn tie est er s

whi ch h Y nd i ncl yde . those that, brea wn. readily in the
hunan bﬁﬂwﬁ%ﬁ b s bR o S RB RS Bh o T e hS Srt G P hicpteh Bees ! or
groups i NEkEAR atth@ed EXRIPLDe UhBOSR0d AR WhKE thef 1Tk} ﬁ@ﬁfd@?@ @wuccg%dpv the
accept abl e aliphatic carboxylic acids, particularly alkanoic, -al kKenoic,

cycl @8l kanofeedhdo 46.Kanddi &lucl@er e 14 bpmdﬂpmg*th ésaibh shotiept passibly dietagde, noi et y

d | f |
oo ot 20 b2y O TR PR %fs*btﬁ?éi%ﬁ%g?g@h%a%?fgfgsg B st os.

but yr at e&nerﬁﬁé’ryd[ﬂthfQ@dehyl succi nates. 20The term "phar maceuti cally
acceptabl e prodrugs,” as used herein, refers to those prodrugs of the
conpounds of tHe tms@wﬁoxwﬁ@m@gr@m ¢ s ayed heygin.ppisrs tha lakiprdicarcas ound

di cal
e T R L e

t he BOke,syatgtiepodedires such s &n & ﬁﬁS‘@tﬁlﬁbﬂl er i&eﬁ&ﬁmﬁt’wn &hct[dilt Emmplml offfective
for their intended use, 4 S th 25 zmﬁtte{lonlc fornms, where

possi bl e, Yéfowh%ctwa%%a%g nﬁ chButgiof amed AR fatsn tosy st if{Rje - as  used

her ei n, i onvertible in vivo by netabollc means
(e.0. by hydroly5|gmgﬂgggmggﬁggﬁﬁg&of t he invention. Various forns of
prodrugs are known in the art, for exanple, as discussed in Bundgaard,
(ed.), Design of Prodrugs, El sevi er (1985); Wdder, et al. (ed.), Methods
in Enzynol ogy, vol. 4, Academ c Press (1985); 30 Krogsgaard-Larsen, et al.,
(ed). "Design and Application of Prodrugs,"” Textbook of Drug Design and
Devel opnent, Chapter 5, 113-191 (199149; Bundgaard, et al., Journal of Drug
Del i ver Reviews, 8:1-38(1992); Bundgaard, J. of Pharmaceutical Sciences,
77:285 et seq. (1988); Higuchi and Stella (eds.) Prodrugs as Novel Drug
Del i very Systens, American Chenical SOC|ety (1975); and Bernard Testa &
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10 agents such as magnesi um hydroxi de and al um nun hydroxi de; al gi nic acid,;
pyrogen-free water; isotonic saline; Ringer's solution; ethyl alcohol, and
phosphat ewvbubfiei1#0l uti ons, as well as ot her non-toxic eowaskebloe2401

| ubricants such as sodium |l auryl sulfate and magnesi um stearate, as well as

col oring agent rel easin coat i agent s tenin fl.avoring
and per fumi ng 1315 Ciy awétgémrpwlesasaﬁad hife oS eran & Nadn<ne p@éﬂ&%@({)resem
in the caoppps h&d@k‘-yl a%ﬁ%%{n%' gi'Quﬁ gs H@!ﬁldd%gﬂ@%clﬁmé Hﬁsﬁl%%k;ﬁ&t@rmﬂaw The
phar maceut i cal “ conposi tions of this Invention may be adm nistered orally,
par ent er gi- hlyrobwoamhmqaphamtesgmags, fargpimplel y, rectally, nasally, buccally,
vaginally or an 1 | ant ed, reservoit,, pref.e ora nistration
o Cadmi nt st r at TRy TR PRI TR R e B a8 e s b SHEg 7

i nvenbi oMmély Wik & hoRMYin CRIMERL freRa] a BRRoyXt&up against undesired reactions
20pharmaceutical | y-acceptabl e carriers, adjuvants or vehicles. In sone

cases, t Heripesprthetieppesdvidsat/i it spigpymietigiprasedue (vl the hydraxyamdestingal | y
b d f
P o0 ok IR P RS R PIRRRE AR BAATS,

herein i rlmlou@laﬁ tisliCatt Aoeoibsd gemtrdlBciut AHeGutene bid P A &OWats, Pritécgineiscul ar ,
intraarticular, intraarteri al i ntra novi al i ntrasternal i ntrathecal,

i nt ral esi@ioups i{reanic Synthesis oird sditigp namﬂfm iSonaNoh YoseHPles

Li qui | Ly aj maceut i cal I
acgegt@abl e gﬁlﬁsg{fo dlfog% @%%Cﬁgﬂo%éﬁw ut |23'%}Msus enﬁm ons, syr up)s/ and
elixirs. rhetha;@dhenzmﬁcarbbhyel m&-butmmoarbm;ﬂdsoprbﬂm(ybmhumﬂ dosage fornms may
contain i ents.co n the ar h as r ex | e, water
o ot hor BEtpHRt SR HERTY 2R b b e et e e ot hy!

al cohol, fbﬁﬁﬁr Elﬂb!ﬂoaé’étﬁ Hﬁiuor&fc@t)ﬂ n’?@&l’i&@r‘a@étﬁ pﬁ‘én'&)( ac%ﬁz?tb%hﬁoyl %&%ﬂ t-al cohol ,

0
benzyl benzoaf propyl ene glycol’, 1,3 butylene glycol’, direthylformnide,

oils (in blgm@rlti @ﬁk@phlofnﬂh}@,n%mthﬂfm;@ﬁw&tallyt(bﬁmylgepmn}’d)meﬁlwl (teagh.or , I and
and 1%t - et fl Segpl BB Ena A fr S b B3 BB RERS ALY T ©

di | uent s, méthancgilBnyt, RIS 9N SriBéstopy ISty 1| 41l tHél@k@d] uvants such as wetting
agents, emulsifying and suspending agents, sweetening, flavoring, and

per fum ng agenkhs.term "protepisfl dy iy e agwéqsiahea@mdﬁ&rs mhﬁixmr@up Brodgciqde

i nj ect abl u n ted accordi ng
to the ki SFEUT Plo U RRALARL R RUBBFIGA Bot e R0 TULE 7o

suspendi ngmegsiily1, tf[éthylslﬂya[mle&lokmleﬁhplagrbepspf(&rmampleon may al so be a sterile

i nj e% abl e sol uti on, suspenS| gn or emnul si on in.a nontoxic parenterally

accepPabl e di I'Therermdyhisopeprodruggrow apstsed hersing refeys e g HrPme{ety group

1, 3-buta AR may be

enpl oyedqgl‘ragﬁ\i/ve%{t er, e t%leg‘gtrl%g&lgo%%t?% gh%’s@%c%r%&a ]gdlﬁés%{g;é%@ogogﬁ%m chl ori de
sol uti on. pl‘d)pBl’adSCbﬂal pengnt gtugrinlagranbicxtedamick by ao‘&rmgwamskmgalhd lyydiéxyenpl oyed

as a sol vent or.suspendi,ng nedi h ose a fixed oil can
be o oV PSRNy Btk s b e bl ol esait sy SR [t o

aci ds suchu@se ehive &}f‘rb@erﬁﬁfbé&%g hi ok %rd?lﬁ)eiﬁ’ %@t iRty IIBrGHﬁ%tg'i‘&hﬁsas
The injectable formulations can be sterilized, for ‘exanple filtration

t hr od§h &noawtin thert atretdawmbn@ géndralbyrin konnpip B. rﬁdmmgig_gmeﬂlﬂndzu ng

agents |8 QLRS! Aihbeu S bRt RmRRR) | SRR e P SR hr or o

use. Deklklr, OhicleNew ook plo9ny the effect of a drug, it is often desirable
to slow the absor ption of the drug from subcutaneous or intranuscul ar
i nj ecti on. Thﬂéherfﬁlvn b@n@e@mmtmrﬁé@umya& wed hewinpfrefars|tp g latileshepiki on of

crystalli p t rate of
abaor pt i GrosE wRERIRMA I G B prllebboRiithe WP aetiS Rt odbactbhg, 1212 P
t ur n 30maydutieg e meth eyoprocedysdsalA fear mdamthemcy@baédure(e) the aminoArbectigd groap y,

del ayed absorptl nof ap tera ni stered drug formis acconplished
by di ssol a&.dﬁgcr@r% berspemay ﬁ@sq wélvatyasmpﬁ rHanA’@P}O RIBSFENESIopp] BN depot
forms arey etl?és&ﬁye'ﬁpgaﬁermlf f@?@?@ﬂééﬂe%n@@'ﬁe’@vlﬁi Ptr&@%tﬁf?{grohg in

bi odegr adabl e pol yners such as pol yl acti de- pendi ng
upon t he Om=pnio Syhthdsingdrd edipiohylwbn Veihey &Kﬂenﬂd\iaw éfod{ (1988). pavampdesicdr  pol ymer
enpl oyed, the rate of drug rel ease can be controlled. Exanples of other

bi odegr adabl e pol yners include poly(orthoesters) and pol y(anhydri des).
Depot injectable fornulations are also prepared by entrapping the drug in
| i posones or m croenul sions that are swonpatible with body tissues.
30Conpositions for rectal or vaginal adm nistration are preferably

supposi tories which can be prepared by m Xing the conpounds of this
|nvent|on mnth SU|tabIe nonlrrltatlng ex0|p|ents or carrlers such as cocoa

. . o, e o o o o, I I g,




15upon inhalation and into the bronchi and alveoli of the lungs. Delivery
of aerosolized therapeutics, particularly aerosolized antibiotics, is known
in the arwo(sséwifior exanple U. S. Pat. No. 5,767,068 toPUanSemaneanl et al .
U S Pat. No. 5,508,269 to Smith et al., and WO 98/43650 by Montgonery, all
of which are incorporat ed.hcir(gg by reference). A discussjon of pul nonary
del i ver y 1NQRIERIGEIZEQIPS dnchidso Dtgiin ot [Hnifpddo’ peinoxyggrbagyb t4, 969,

20i ncor pas@d§ealbehdl 91ﬂfaxre&lgf.%ﬁmﬁcar&!}@l,%k%hoﬁ@?ﬂbxh@/amhb Mgk bi tory anount
or dose of the conpounds of the present inventi'on may range from about 0.01
nmg/ Kg t o aboutTisgormmiprktyctedlamanmans vesdyhefaimmeifatsdatan g gloopprdaetedy/ Kg
InhibitoRg anpunts or qpses mﬁlld%f sg vary dependi ng on route of

adni ni st AT Yhamue proteeme greup g dAmed aBS ty of co-usage with ot her agents.
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acting interferon InterMne ERON natural interferon Long acting
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| DN\- 956 d?‘@ﬁiﬁﬂ/ssjkﬁl eEuhAt IAngtloqyl‘l‘Sl, RRAT s synthetic steps may be performed in an

alternate sequence or order to give the desired compounds. Synthetic chemistry
transformations and protecting group methodologies (protection and deprotection) useful
in synthesizing the compounds described herein are known in the art and include, for
example, those such as described in R. Larock, Comprehensive Organic Transformations,

15 2™ Ed. Wiley-VCH (1999); T.W. Greene and P.G.M. Wuts, Protective Groups in Organic

Synthesis, 3rd Ed., John Wiley and Sons (1999); L. Fieser and M. Fieser, Fieser and
Fieser's Reagents for Organic Synthesis, John Wiley and Sons (1994); and L. Paquette,

ed., Encyclopedia of Reagents for Organic Synthesis, John Wiley and Sons (1995), and

subsequent editions thereof.

20 The term “subject,” as used herein, refers to an animal. Preferably, the animal is a
mammal. More preferably, the mammal is a human. A subject also refers to, for example,
dogs, cats, horses, cows, pigs, guinea pigs, fish, birds and the like.

The compounds of this invention may be modified by appending appropriate
functionalities to enhance selective biological properties. Such modifications are known in

25  the art and may include those which increase biological penetration into a given biological
system (e.g., blood, lymphatic system, central nervous system), increase oral availability,
increase solubility to allow administration by injection, alter metabolism and alter rate of
excretion.

The compounds described herein contain one or more asymmetric centers and thus

30 give rise to enantiomers, diastereomers, and other stereoisomeric forms that may be
defined, in terms of absolute stereochemistry, as (R)- or (S)-, or as (D)- or (L)- for amino
acids. The present invention is meant to include all such possible isomers, as well as their
racemic and optically pure forms. Optical isomers may be prepared from their respective

optically active precursors by the procedures described above, or by resolving the racemic
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| sat or i biwclapsbyswaNASwse blgHedmi the ag. Further details regarding resolutions can be

found in Jacques, et al., Enantiomers, Racemates, and Resolutions (John Wiley & Sons,

5 1981). When the compounds described herein contain olefinic double bonds, other
unsaturation, or other centers of geometric asymmetry, and unless specified otherwise, it is
intended that the compounds include both E and Z geometric isomers or cis- and trans-
isomers. Likewise, all tautomeric forms are also intended to be included. Tautomers may
be in cyclic or acyclic. The configuration of any carbon-carbon double bond appearing

10  herein is selected for convenience only and is not intended to designate a particular
configuration unless the text so states; thus a carbon-carbon double bond or carbon-
heteroatom double bond depicted arbitrarily herein as trans may be cis, trans, or a mixture
of the two in any proportion.

Certain compounds of the present invention may also exist in different stable

15  conformational forms which may be separable. Torsional asymmetry due to restricted
rotation about an asymmetric single bond, for example because of steric hindrance or ring
strain, may permit separation of different conformers. The present invention includes each
conformational isomer of these compounds and mixtures thereof.

As used herein, the term "pharmaceutically acceptable salt," refers to those salts

20  which are, within the scope of sound medical judgment, suitable for use in contact with
the tissues of humans and lower animals without undue toxicity, irritation, allergic
response and the like, and are commensurate with a reasonable benefit/risk ratio.
Pharmaceutically acceptable salts are well known in the art. For example, S. M. Berge, et
al. describes pharmaceutically acceptable salts in detail in J. Pharmaceutical Sciences, 66:

25 1-19(1977). The salts can be prepared in situ during the final isolation and purification of
the compounds of the invention, or separately by reacting the free base function with a
suitable organic acid. Examples of pharmaceutically acceptable salts include, but are not
limited to, nontoxic acid addition salts are salts of an amino group formed with inorganic
acids such as hydrochloric acid, hydrobromic acid, phosphoric acid, sulfuric acid and

30  perchloric acid or with organic acids such as acetic acid, maleic acid, tartaric acid, citric
acid, succinic acid or malonic acid or by using other methods used in the art such as ion
exchange. Other pharmaceutically acceptable salts include, but are not limited to, adipate,
alginate, ascorbate, aspartate, benzenesulfonate, benzoate, bisulfate, borate, butyrate,

camphorate, camphorsulfonate, citrate, cyclopentane-propionate, digluconate,
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5  persulfate, 3-phenylpropionate, phosphate, picrate, pivalate, propionate, stearate,
succinate, sulfate, tartrate, thiocyanate, p-toluenesulfonate, undecanoate, valerate salts,
and the like. Representative alkali or alkaline earth metal salts include sodium, lithium,
potassium, calcium, magnesium, and the like. Further pharmaceutically acceptable salts
include, when appropriate, nontoxic ammonium, quaternary ammonium, and amine

10  cations formed using counterions such as halide, hydroxide, carboxylate, sulfate,
phosphate, nitrate, alkyl having from 1 to 6 carbon atoms, sulfonate and aryl sulfonate.

As used herein, the term "pharmaceutically acceptable ester” refers to esters which
hydrolyze in vivo and include those that break down readily in the human body to leave
the parent compound or a salt thereof. Suitable ester groups include, for example, those

15  derived from pharmaceutically acceptable aliphatic carboxylic acids, particularly alkanoic,
alkenoic, cycloalkanoic and alkanedioic acids, in which each alkyl or alkenyl moiety
advantageously has not more than 6 carbon atoms. Examples of particular esters include,
but are not limited to, formates, acetates, propionates, butyrates, acrylates and
ethylsuccinates.

20 The term “pharmaceutically acceptable prodrugs,” as used herein, refers to those
prodrugs of the compounds of the present invention which are, within the scope of sound
medical judgment, suitable for use in contact with the tissues of humans and lower animals
with undue toxicity, irritation, allergic response, and the like, commensurate with a
reasonable benefit/risk ratio, and effective for their intended use, as well as the

25  zwitterionic forms, where possible, of the compounds of the present invention. "Prodrug,”
as used herein, means a compound which is convertible in vivo by metabolic means (e.g.
by hydrolysis) to a compound of the invention. Various forms of prodrugs are known in
the art, for example, as discussed in Bundgaard, (ed.), Design of Prodrugs, Elsevier
(1985); Widder, et al. (ed.), Methods in Enzymology, vol. 4, Academic Press (1985);

30 Krogsgaard-Larsen, ef al., (ed). "Design and Application of Prodrugs,” Textbook of Drug
Design and Development, Chapter 5, 113-191 (1991); Bundgaard, et al., Journal of Drug
Deliver Reviews, 8:1-38(1992); Bundgaard, J. of Pharmaceutical Sciences, 77:285 et seq.
(1988); Higuchi and Stella (eds.) Prodrugs as Novel Drug Delivery Systems, American
Chemical Society (1975); and Bernard Testa & Joachim Mayer, “Hydrolysis In Drug And
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example hydrates.

5 This invention also encompasses pharmaceutical compositions containing, and
methods of treating viral infections through administering, pharmaceutically acceptable
prodrugs of compounds of the invention. For example, compounds of the invention
having free amino, amido, hydroxy or carboxylic groups can be converted into prodrugs.
Prodrugs include compounds wherein an amino acid residue, or a polypeptide chain of two

10  or more (e.g., two, three or four) amino acid residues is covalently joined through an
amide or ester bond to a free amino, hydroxy or carboxylic acid group of compounds of
the invention. The amino acid residues include but are not limited to the 20 naturally
occurring amino acids commonly designated by three letter symbols and also includes 4-
hydroxyproline, hydroxylysine, demosine, isodemosine, 3-methylhistidine, norvalin, beta-

15  alanine, gamma-aminobutyric acid, citrulline, homocysteine, homoserine, ornithine and
methionine sulfone. Additional types of prodrugs are also encompassed. For instance,
free carboxyl groups can be derivatized as amides or alkyl esters. Free hydroxy groups
may be derivatized using groups including but not limited to hemisuccinates, phosphate
esters, dimethylaminoacetates, and phosphoryloxymethyloxycarbonyls, as outlined in

20  Advanced Drug Delivery Reviews, 1996, 19, 115. Carbamate prodrugs of hydroxy and
amino groups are also included, as are carbonate prodrugs, sulfonate esters and sulfate
esters of hydroxy groups. Derivatization of hydroxy groups as (acyloxy)methyl and
(acyloxy)ethyl ethers wherein the acyl group may be an alkyl ester, optionally substituted
with groups including but not limited to ether, amine and carboxylic acid functionalities,

25  or where the acyl group is an amino acid ester as described above, are also encompassed.
Prodrugs of this type are described in J. Med. Chem. 1996, 39, 10. Free amines can also be
derivatized as amides, sulfonamides or phosphonamides. All of these prodrug moicties
may incorporate groups including but not limited to ether, amine and carboxylic acid

functionalities.

30 PHARMACEUTICAL COMPOSITIONS
The pharmaceutical compositions of the present invention comprise a
therapeutically effective amount of a compound of the present invention formulated

together with one or more pharmaceutically acceptable carriers or excipients.
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pharmaceutically acceptable carriers are sugars such as lactose, glucose and sucrose;

5  starches such as corn starch and potato starch; cellulose and its derivatives such as sodium
carboxymethyl cellulose, ethyl cellulose and cellulose acetate; powdered tragacanth; malt;
gelatin; talc; excipients such as cocoa butter and suppository waxes; oils such as peanut
oil, cottonseed oil, safflower oil, sesame oil, olive oil, corn oil and soybean oil; glycols
such as propylene glycol; esters such as ethyl oleate and ethyl laurate; agar; buffering

10  agents such as magnesium hydroxide and aluminun hydroxide; alginic acid; pyrogen-free
water; isotonic saline; Ringer's solution; ethyl alcohol, and phosphate buffer solutions, as
well as other non-toxic compatible lubricants such as sodium lauryl sulfate and
magnesium stearate, as well as coloring agents, releasing agents, coating agents,
sweetening, flavoring and perfuming agents, preservatives and antioxidants can also be

15  present in the composition, according to the judgment of the formulator.

The pharmaceutical compositions of this invention may be administered orally,
parenterally, by inhalation spray, topically, rectally, nasally, buccally, vaginally or via an
implanted reservoir, preferably by oral administration or administration by injection. The
pharmaceutical compositions of this invention may contain any conventional non-toxic

20 pharmaceutically-acceptable carriers, adjuvants or vehicles. In some cases, the pH of the
formulation may be adjusted with pharmaceutically acceptable acids, bases or buffers to
enhance the stability of the formulated compound or its delivery form. The term parenteral
as used herein includes subcutancous, intracutancous, intravenous, intramuscular, intra-
articular, intraarterial, intrasynovial, intrasternal, intrathecal, intralesional and intracranial

25  injection or infusion techniques.

Liquid dosage forms for oral administration include pharmaceutically acceptable
emulsions, microemulsions, solutions, suspensions, syrups and elixirs. In addition to the
active compounds, the liquid dosage forms may contain inert diluents commonly used in
the art such as, for example, water or other solvents, solubilizing agents and emulsifiers

30  such as ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol,
benzyl benzoate, propylene glycol, 1,3-butylene glycol, dimethylformamide, oils (in
particular, cottonseed, groundnut, corn, germ, olive, castor, and sesame oils), glycerol,
tetrahydrofurfuryl alcohol, polyethylene glycols and fatty acid esters of sorbitan, and

mixtures thereof. Besides inert diluents, the oral compositions can also include adjuvants
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1,3-bis(2,4,6-trinmethyl phenyl)-4,5-di hydroi m dazol - 2-yl i dene[ 2- (i so- pr opoxy



and/or after. Various 5/6-nmenbered ring fused heteroaryl or 5-nenbered ring
heteroaryl internediates are known to those skilled in the art, for exanple
see the ewmoyoligpedirc vol unms edited by A R Katrizky, @CTAIS2011/022401

" Conpr ehensi ve Heterocyclic Chem stry" 1984; 15 "Conprehensive Heterocyclic

Chem stry 1" 96, "Conprehensive Heterocyclic Cheni st 11" 2008. A
general synt neSTE oy A ner OF4l aﬁr&r%%tra&ﬁneﬁclgﬁf?_r@p%ﬁ]%%ﬁ%al% %V_Vﬁ?%eq
with im %a%l%;ﬁm'le%l a4 ek B8 HOBGE R8RS, MR BB pARE id RixeaREMBat deast Shathi ch Z
is Nor CH "The synthesis starts fromthe construction of an optionally
subst i t utieett, 2haimdcdatzaply ricdiptel oexcipaent iontcataizosush ks 3odiwhicethateraydibdciobt ai ned
by condensati.on of. an 1no acid or its derivatjves 1-1.1 or 1-1.2 with

2, 3- i ami OB PR op TS ofsisndissurt anderie [ahBas SpHese 8iots ons 1o

t hosesskKihffkol, And BigicRIid, Eirsin'u&is @@@lpis,efdrieﬂﬂnﬁl'e?@d%&cyﬁ&ﬂg@@llﬁlﬁﬁb,i zed either
in one pot by heat, optionally in the presence of an acid and/or with a
dehydr at iagingtesgelatinspedyving Ppao NBrewphistose, ansl agacipre)ihnmegignissegisas 1) ami de

2o O L TP S B Bl
t hrough nsaceld adiritiy deiddecrappsitieads, byd seaeh cagomat,d) Solitidn etarding.ademist h a

chl orof ormate such as net h%(I chl orof ormate, isobutyl chloroformate, or the
li ke, in SUAappaEeidned abporplipmacselorpiors suchmsquatspsaampgrpm compounds, g)

N ety RGBSR o, 3105 bl 0| AV B LEERH] AlndfErTLAd S0anhydr] de

wi th di am ne ; én térotyclic rin sure 1 n e ‘presence of
an aci d sibsérberss aucdtasdaalin ahd lsanltdniteictayaendii) dubrichets lsidbeasaalcacati@tupdr at i on

reagent such as HATU or the |ike, optiopnal with heat. O her

| daz opy T QU Bt g b e s o B At TR g 1 pr epar e

si milarl ynHair-BghERET. PHAREEAE ®F cAIRARS. REIgsRRA BIIRME RosddP form may also

2011/ 091417PCT/ US2011/ 022401 The i m dazopyridi ne or”benzi m dazol e
1-2 may keompuis¢ befferthgage®szuki, Stille or related coupling conditions known
to these skilled. in the .art (see.reviews: A .Suzuki, Pure Appligd em,
19011863, *410; e Sblfiths o ERBRR RS Wiy afiopR Fillonsn s SR M T s
Organi ¢ Jupd-hesd %?}atzlweq)sulés uSA40 such- cxOpasitsasi |l actoRtor ahilk ﬁ%@ﬂm&l & high
Organopal | adi um Chem stry for Organic Synthesis, 2002, I, 311; F. %el i na,
et al, Synelkedpsweigimelycpylone glycods ardrthabike.et al, Synthesis 2008, 2776; A

T. Lindhardt, . - e , 14, . 8756 (E. _A; B.

Kant chev, et a’ﬁfes Ll(giéi\%]a % %Hﬁsﬁfwl&%ﬁ jygeéﬁﬁ;gsqg%ip ’6aé1% g??n“ﬁ%rcla@g,e et al,
Advances prepavit alth Coggs andChteits such@B8@ntebic khatmdshandiofice cedtinge o lknogn
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So no§§s hiP &M RGN osY e f REBHA BRI dENCY ey praionglnerniain epagjiyargetdrrierid can
generat e al,kya®ebr3 c%%ﬁﬁt&?{ﬂﬁﬁﬁ'ﬂe 9{)16%%1%ﬁ5@ cdicht{EOhly, &l ternatively,
brom de 1-2 may be cou ed W t t?ll utylvinylstanne through Stille reaction
condi t i onsefkromtially,on & kasan phit bf thd intestiraétragtt ofitonpllyyvi ddelalddementdor 4.

Feact s on HBIR et o TR 0y Pe g e lganc Sbstinces did
al lyltri kst anne. Alternatively, bromde 1-2 may be converted to

key intermediate 1-7 by selectively reacting with netallic reagent 1-2.2
undeR5t he SuzuURsage fosms foretopigridirtiiapsiermil asimiaiseatianovis copmobnd el tii | 1 ed in

the art. .Yet alternati.vel internedi ate.1-7 b repared by treating
brom de’ 1PFIOP MHIRAIFIR B RS 100G gV ST W1 6,
fol I owed ihyal2Qs 6OpHAEHRI THE hdtivRIOIDLAER A MmikedRelendteditboohditat witimy be

under the previously decribed Suzuki or Stille reaction conditions. The
broni de hrrmggputically geedpsable eivierand gy gecdad preyenvatgasor ppEfersiys2my1t 22401

or ganormet y i i i t. 1-: i it
deaor i bodCitisd Qi LA ok AFR ey puhoHE UG RIMERCRE )|
t he RO graepcodtengdlated hebding dahpiie sebpeef diis eviation. dazol e rel at ed
internedi ates |isted above may be protected with an am no 5protecting
group, such aslDSENAMENEs, pastay erpamagig f,%g%@@}’ cemfan, ‘Peatﬁ}tloﬁrtﬁél,l Ve he 1 ke.
A typi cal F$ 17 e ' e us to
ha o L e L Lo RS 1 1
Schene 2,pafonnistirda pegaatth2camipsbdesyativhe pobyethybyne ehyrdén sifitoros, of ani no

acid derived al dehyde 2-1.1 or .10 2-1.2 an | yoxal in the presence of

ot hano! (0TGN ALK S8 G D P SHESAET ST Qr ORG-S i dazol & 11 ng under ¢ he
conditions which are known to those skilled in the art. The brom nation of
the imdazole ring may be realized eis8her in one pot by NBS, brom ne,
2,4,4,6-tetrabrono-2, 5-cycl ohexadi enone, or the like; or in two steps: 1)

di brom de formation in the presence of excess brom nation reagent such as
NBS, brom ne, 2,4,4,6- 15tetrabrono-2, 5-cycl ohexadi enone, or the like,
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0 Br -Ab 2-8a ,Boc RS-N R R 2-1.1 127;% _ Boc
N RS R,4. 1-3 RBN R7 b Rdor6 bz R N Br-Ab 2-4b The synt hesi s of
4, 5- di subsoi20uret+17m dazol e rel ated i nternedi ates are amaragous/ oot hat
described in Schenme 2. Alternatively, these im dazole internediates can be
synt hesi zed from({;eto e 2-8a (Schene Zaé thr Olf%h nitrosation.(sodi um
nitrite, HCL) HOOVICEYBGPHYS SaHEONR; 1BRILIEAN ko theyrompoRRAS QTS VRt e 2-1.1
or 2-1. 2 &@ipdentZRich ¥ g 0%t Mhid 308 add AduithubhhBy RS SEENGR \Rh sAITROAR OF _
amoni um hydr oxi de. Reduction’ WD 2011/ 091417PCT/ US2011/ 022401 of 2-4a with
a sui t ablmelyasdde pengdereargeixtursucithes substendey.| Splapsei additoaally eedaino t he
requsite i nj[I dazol e 21&%;3 K:CR?IQOR}]% RilR& S%lg)erre 3R2bAzR2bAz N PGPG 3-13-2
PG = Boc BB PPPERIYNNAR SRYT 'NREY A% hown in Scheme 3, a conpound
3-1 cent ai ni ngrandi¢EhaPYtcBEPIY e ShiDSIdel diRhtal o'sg)mi&ﬂgl@&&fdlle@@em@& be
pyrrolidine ring may be illustrated by internediates 1-2, 1-3, 1-4, 1- 5,
1-7, 2-2,a@mpougg#p fehodnehudy dosagoHoory casbahadmby dswdtagesdispasingthdiat i on

f 3-1b ' i ) S
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canphor sulifxasfitbe eghgbutiEe ic@bks hedkinhehsahteren Be 2onthdlice bl @@ irsviding a rate
conditions for the oxidation of an alcohol to a ketone can be found in 10
Conpr eherfontyalliog gaambrang o hyrdisneatinsihs compoend ingy REdxmergmatrivyor gol. RCH, 1999,
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of 3-2 mepdhdmimstcicded theypatiamtiiouslid yplepidparittlbicdofRe by tlirost admilsttaionon
Reaction, a npre.detail ed reagents an% .8ndi1.ti. ns ca bF fou chin.

Conpr eherfséviBNERGRIIND (hE FrEHaICRaTYRS SoRd oeliapdmaeeutite Torms ohheastivey
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t hrough the wel | - known Simmons-Sm Ph cycl opropanati on, a nore detailed

r eagent s saedthebndpariionsocasizbsufiognidy smalNemssRbsetghdhe manth Rddganks in

O i thesis. B. P. t al, Ed. j 005 600 dJ. C
Dodanb® Sipoh tiopand iy Syt and e Sl o nis o PP B BE G ot edhor o
Sui t abl y thetapduticsitpadtcanalyQ@fosefizddHnebiveds, & Bfowhr id, th@ard (sed; P cim1H€.S.

conmpounds in Schene 3 ma\y be used asdgrecursors to make a macrocyclic
deri vat i Rat-3¥Q. S 76510840 VanRgyanser cat- oRS . BtdNor £A8%.8¢riet $roiils eiot!.. padh P onall

groups or i S LU i > i t\h
phenyl -i n%gg%jz%tgﬁgglan%ftg%@%B%l(l)ﬁlﬁr‘{g]tcbS#U%%&ﬁéﬁgeﬁie&g&ﬁ gﬁ%ﬁ%ﬁ%%% ARa is an
opt i onal |discassist of piil@dnady kigliverp pf httitddticg isalbs foundtie W S1Aee™Nd. 6,00@1960nal | 'y
substituted al kynyl, or al koxycarbonyl), may |ead to brom de 3-2a. The
latt &P i §n?9¥%?faé§¥‘§¥qllf PwErfoicRes Boc- protected proline to afford ket oester
3-3a, which can be converted to imdazole 3-4a (wherein PGis an am no

protecti NgNEIOIRN, UgiM9TiPe chem stry descri bed

An inhibitory amount or dose of the compounds of the present invention may range
from about 0.01 mg/Kg to about 500 mg/Kg, alternatively from about 1 to about 50
mg/Kg. Inhibitory amounts or doses will also vary depending on route of administration,

25  as well as the possibility of co-usage with other agents.

According to the methods of treatment of the present invention, viral infections,
conditions are treated or prevented in a patient such as a human or another animal by
administering to the patient a therapeutically effective amount of a compound of the
invention, in such amounts and for such time as is necessary to achieve the desired result.

30 By a "therapeutically effective amount” of a compound of the invention is meant
an amount of the compound which confers a therapeutic effect on the treated subject, at a
reasonable benefit/risk ratio applicable to any medical treatment. The therapeutic effect

may be objective (i.e., measurable by some test or marker) or subjective (i.c., subject gives
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10 in Schene 2. The im dazole noiety in 3-4a may be optionally protected to
3-5a, which can be converted to 3-6a in tw steps: 1) deprotection of the
Boc groupwvendii2pidine rel eased ami ne functionality nay becadaskatnseith a
carboxylic acid (RTOOH, wherein Rc is R6 as previously defined) under
standard acyl.ation conditio for e le a lin rea as HATU
in conbi FRMGRNATH CAACLT P O AR HE0 PERCAOB g Geripe i%vg 15
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|IIustrated In Schenme 3b, wherein bronophen I m dazol e 3-2b can be
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may be protected as acetal); and c) WO 2011/ 091 / S2011/ 022401

depr @bectabont W0 mizkg af body weight; elt@a@tevedxhéosag@sé:rw\d@ennbmetayd 1990 miefdosel 3- 6Db.

The al deh cenv ed to oxine am e, h can
o converted 4 BOTGIDYr PEoRRRY Bbe e Rty  ReB i PENHRT TRmilibdic

| atter neprdigasitemplate dddeinistritdreofR@ndfct@vd athdint of Bempdunid &’ coﬂh a@id on to
afford the macrocyclic isoxazole derivative 3-7b after renoval of SEM 5

pr ot ect i GI¥MPABitien fxeghieyeyhadaied anstped sErde thyprlly depplaregs@dicand capped
with a pr r Frroc
e e e S e
into38 carrlaaafﬁmmegy Qi doyitidudue agasion. sﬂmh aaﬁurﬁmanop hmgen&dcars atclhﬁ)nhd ke to
the macrocycljc carbamate 3-9b. W.th % ety of n@ﬂ €H1b|y substituted

i mi dazopyACHEitREany- bERARe WA 2breiye dpge 1ent1t taaPoeonaingd with t hose Iisted in
Schenes tion
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st r at egi epotthcloshtredted aval the parentas modpdf adminisyrataon. A typsaal pebireticywill ¢ or
acyclic linker or formation of a cyclic or acyclic linker. The said
strategy may include, but not limted to, Stille coupling, Suzuki coupling,
Sonogashira coupling, Heck coupling, Buchwald 15 am dation, Buchwal d

am nation, am de coupling, ester bondof ormation, WIIliametherification,
Buchwal d etherification, alkylation, pericyclic reaction with different
variations, or the like. An exanple of the strategies that may be used to
prepare. the corrpounds of the 20 pr esent |nvent| on |s shown in Scherre 4
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WO 2011/091417 PCT/US2011/022401

contain from about 5% to about 95% active compound (w/w). Alternatively, such
preparations may contain from about 20% to about 80% active compound.

Lower or higher doses than those recited above may be required. Specific dosage
and treatment regimens for any particular patient will depend upon a variety of factors,

5 including the activity of the specific compound employed, the age, body weight, general
health status, sex, diet, time of administration, rate of excretion, drug combination, the
severity and course of the disease, condition or symptoms, the patient’s disposition to the
disease, condition or symptoms, and the judgment of the treating physician.

Upon improvement of a patient’s condition, a maintenance dose of a compound,

10  composition or combination of this invention may be administered, if necessary.
Subsequently, the dosage or frequency of administration, or both, may be reduced, as a
function of the symptoms, to a level at which the improved condition is retained when the
symptoms have been alleviated to the desired level. Patients may, however, require
intermittent treatment on a long-term basis upon any recurrence of disease symptoms.

15 When the compositions of this invention comprise a combination of a compound
of the Formula described herein and one or more additional therapeutic or prophylactic
agents, both the compound and the additional agent should be present at dosage levels of
between about 1 to 100%, and more preferably between about 5 to 95% of the dosage
normally administered in a monotherapy regimen. The additional agents may be

20  administered separately, as part of a multiple dose regimen, from the compounds of this
invention. Alternatively, those agents may be part of a single dosage form, mixed together
with the compounds of this invention in a single composition.

The said “additional therapeutic or prophylactic agents” includes but not limited to,
immune therapies (eg. interferon), therapeutic vaccines, antifibrotic agents, anti-

25 inflammatory agents such as corticosteroids or NSAIDs, bronchodilators such as beta-2
adrenergic agonists and xanthines (e.g. theophylline), mucolytic agents, anti-muscarinics,
anti-leukotrienes, inhibitors of cell adhesion (e.g. ICAM antagonists), anti-oxidants (eg N-
acetylcysteine), cytokine agonists, cytokine antagonists, lung surfactants and/or
antimicrobial and anti-viral agents (eg ribavirin and amantidine). The compositions

30  according to the invention may also be used in combination with gene replacement

therapy.
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Some i nternedi ates and/or precursors that may be used for the synthesis of
t he conpounds of the present invention have al so been disclosed in the

fol | ow ngwpavemi87publ i cati ons: WO 2009/ 102568A1; WO 2009/Us0@683%01 WO
2010/ 065668A1; WD 2010/ 065674A1; WD 2010/ 065681A1; WD 2010/ 09677A1; WO
2010/ 111483A1; WD 2010/ 111534A1; WD 2010/111673A1; WD 2010/ 120935A1; WO

2010/ 1325 WO 2010/ 138488A1; WO
2010/ 136 F90RE NS D010 Lo P EANA UB S8 Kb IR BRG s 2010/ 0215618A1; and
WO 102011/ 00427 fAbeckid o PnidéLthaNERERi #hRd aR¥nts 6F BUSNES: emerge aftcbhe
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gggglﬁgégﬂﬁ%@oyﬁ%%s%%%ﬁ%tﬁﬁt SOHRr FARIRIQUT tﬁ@d&?%ﬁ?b@g‘%f@d P cicdh0 those

n the Expérinental section. Suitable profecting groups can be
found, bubomdimtiootor ab@naucmttédfapy) Intghm@’el taubidation theMp@issigpealinpreRrredM Wit s

"Protective nt.hesi s" 199 W ey and Sons.
5In sone gﬁbg&%‘ﬂfﬁ’r‘?flstﬂ“?ﬁl?g ?Cﬁk}see it IPgHCSsanyf lpéc‘{%‘ﬁgaflg 52‘1)"%38%% ﬂbﬁ‘f 'HBking a
conmpound of thecbi @.ﬁkﬂ&ﬁh& n't ﬁlv@ﬁtlon can dldo Y RIPARisRedin oM of
Formula (1-1-a): -G A L- 1I- . via atransition-netal catalyzed

cr 0ss- couermgon @fa@taunbﬁlralragn@ xmpla@ angivaelpesnts inpludeodiaenin,interferopl ecul ar
ring-gl osur var e gaction m de
(1 ety HERRURREH: SAuBHETp SRR REIeRE MR BT CfEhedt BR kbR

(l act oni zahibe Ia)imlrﬁﬁéﬂ@dniﬁb@n‘@hawrﬂ& dlefnaEibn Gfith ankh @ aieruntl\MCVSdrugsiea@@nde ntly
selected fromthe group consisting of: R7faR7aR7a R1 4.2(3 X Rl X2R7bR7bR7b
Xax2x2 150aplq By below. v andL2-L3'Y R7a 7b 1 QisZa or hydrogen; or QL and

G are takemt oget her to form W X3 and X4 at_eaciT OCCUTr eNce are eac
i ndependerft |y N JrPI3RED)eof aicepaiisis G Compaupfs rciiied fkigeal Bevelprasendent | ¥
hydr ogen, hmdgcngleen hydr oxy, opt| Danpahtgonsubst i t ut ed Gimfaduadakydmpaty O( C1- C4
al ky| ) N PEGA S ||ucpcuucut | Y&t amno Pt }Jt ectt ﬁg ot uup Oof— Q’G) —R6:
wherein R LS, m{e‘ﬁgr[) yl opti Or'%|o§gyac§[}é§§érfe¥o¥{t ed Wtk am no, hydroxy,
pr ot ect ed | gjf. 50, oOr Cl-C4 al k B, G L, U X1, X2, L1, LR, L3,
R1, R7a anGnMIRGERT € as derlned In Fornmula (T); R/a RI)TU i) when QL
i sza, when ehdifebaalizBoran am no pn CPECETHE'GEBEp, sel eIETF]iWé? y deprotect|ng a
conmpound ofoMrarmROoN (1-1-a) to %I ve the C%T_/OI’ espondl\plgﬂ1 am ne of 25Forpul a
(1-1-b): \\Ex@ekike8bd17PCT/ US20 11705 T40H" gen
ALBUFERON Long acting interferon Human Genome Sciences
gqltae]?%;on beta-la Interferon Ares-Serono
Omega Interferon Interferon BioMedicine
Oral Interferon alpha Oral Interferon Amarillo Biosciences
Interferon gamma-1b Anti-fibrotic InterMune
IP-501 Anti-fibrotic InterMune
IMPDH inhibitor
Merimebodib VX-497 (inosine monophosphate Vertex
dehydrogenase)
AMANTADINE Broad Antiviral Agent Endo Labs
(Symmetrel) Solvay
IDN-6556 Apotosis regulation Idun Pharma.
XTL-002 Monclonal Antibody XTL
HCV/MF59 Vaccine Chiron
CIVACIR Polyclonal. Antibgdy NABI .
Therapeutic vaccine Innogenetics
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R7b . 1,,

NG A-L-B-W i
of a conpound of Fornula (1-1-b) with LGC(O0)-

H( 1- 1- b)

and iii) Capping the rel eased am no group
wherein LG is a |eaving

group; towgizoe/®ha7conpound of Fornula (1-1-c): R7a U ( PCBRB2011/022401
R74% b0G A-L-B-W (1-1-c) R6"LO 5AIl references cited herein, whether in
print, el eetron iIS corput-ef re;mul' °d°Anai°ﬁ, redia—or—other—form—are
expr essl y ZAD ﬂ%t %sqng%_ls efef mgﬁ’iﬁﬂ% ¥ °§ ¥—entife e hugi-rg—bt] not
limted tos ShSine )article:,l }nur'{)mouadr i : i ses,
i ntern& IQ,XQJ ShES 570375 APases;, ;%@%@mgd patent Wéﬁei/m?tl'l}ync EXAMPLES
10The COnp%Sulliagofmu PTOCESSES Ul LITE PT esent 1 ”Ve”'tl'sé’ﬁhat%ac un&PEHEL te
under st ood hieERMMECtT oM W T Ulag, f oL@, Tg exXanpl |65, piihGlu@he | ntended as
an illustraften only and not T 8%: Fhickf® SCOPE DR hainAVENTT ON.
Various chapggs and nodi 71 cati 0ngiPRspHaeydTREHPS €0 RRed Nents Wil be
apparent tecvboese skilled 1 n 1 heomérasdaNiibgeCh Changesraidd.a/ WoehT1 catl pns
i ncluding,|cmd hout Timtation, |[Phase it@itat | Nng to tjhehahgm cal structpres,
15 substi fuewg, derivatives, foawrtbiati ons and/ or jnEtkiods of the invention
may be nadeéNaR#¢hout departing flAewribive spirit of tlheNADYEnti on and t he
scope of tlkeGappendednc| ai ns. | Immunofbdutreugh t he ijnxddayti on has been
descri bed to vari gueti Perred enbodi is not intended
to be Iim ;ﬂg%n?%ggﬂﬁ%k but rat P\MOH%QM\H&WYI ed i nr@éﬁé\écg/rl?ﬁg\n Ll recagnize
t hat vari ;NMQ&%(Vﬁlﬁ)alcmme)f. cati r\ﬂi’Ql}’W@ﬁe BbibHeide t her Jdenixlrrarcenticals wi t hin t he
20spirit ¢f®Phe§ nvention and fl njifpod i bl e 1.
Step la. 444 a solutionof et h\r'hem*"e"“ﬁV’%Cim henyl 25 g,
02. 2 ol Yehusq Ierigron, o ne (00 pdbonsgradting eHer), o ot : . mol ) at
0 C Th LBl o oo ot }-vnr] Tiler%peuﬂcmccm 5 hoeut 0%4_\*&'_&%
) e r”Mu:ltife' on oY o 2RV Qong Acting Iuterferon notH °V1ra en | es
,5 £ £ + + 1o ,-g & | + g [ 2D
VWere evapOipghethprt o theCr ulg fe ikl OC0UCt a°Boehr¥n‘§er Iﬁ’ge"lhé’lm (32 89,
quanti t at 'fgje,s eg CIT Was—uSed 97, LGRS STEP YW TipocoMediviy |
2011/ 0914;- i ¢ 53¢) 022401 W HIIL  ffELTeT purT figagf o 1 NWR(CPCL3)
7.88 (d, 2 'Ebceprév@@;cﬂgmom)’ 5. 59 didse itkiltor 3- 31 (T, %E&mg-é}oég‘h (T, 3H] Step
| b. Into @ 393 ON Oof The CONPOHIdsAryhSt EP | a ([3xohdihn 92. 2 Mol ) | n
acet oni t ri[la@T4800 L) Was added proteasc inhibitor Abbott/Enanta
(S)-1-(tenBibussxycar bonyl) pyr ff @kdidichdibdocar boxyT T [CBaBindertih@mg, 5 6. 8
nmmol ) andPBKPREs (17.7 nl, 101.3rcmamlighibitdhe m Xt urlePhemsmistirred at r{ for
14 hours hefetve all vol atil e wePretevapditat ed. The |réskdue was partitjoned
bet ween wat$-7q0200 nl) and Et OAprofe3®@mhiviigr and t he |ovlgekni ¢ phase was
separ at ed,| Rt A7edMNNE2504) and ¢ontewstnhdited t o af f orldtedune own sl urry, | whi ch
was filtenédrlapterin(bgh 9%4058) i ca plPrtpage2tjtorand el ut ejdSopiringMecRAc, The |
fractions [\ilipia (erekanide) canmpoung Tahedetennihesict ed and |cRawesnt rated 10 tol af f ord
a light yeldBdl)’si| (429 AO/r\ \Rﬁlymﬁaﬁﬁmlbﬁ‘ﬁcncnpndxﬁ%m%_(_m m.)
fol | oned BBiddltion of anmonigipearalbibiazy  g7q MPEIY  The mixture was
stirred af 1o #’Qlé’laerﬁsslnhﬂ?}twar“ t 1 ) Herhnf ween aqbecus
NaHCO3 and g ,.‘Pglé(@er%%nh%%&ar ated S ( Na2SO4)—anfl
concentr at = o t G?Tgl ehr-efratpgr aphy
(silica, & Pulymerase ﬂlh'blté’rc! How J""[n bifex Tt ™S
recrystali é,§1u79\7\7 th—EtOAc—and e P ask BTV ! de LI‘ITePh ﬁiﬁésétbu Lunpuunu as
| i ght yel Irge: gggwuel (169, —39% BB, mémst Bltor ESHVE ”Ph{mnass"to‘* 30,466 B0
[MH ' . $REReI C. TNTO a SOl Ut 9F, QL& HRinkQmpound [RR@ Step b (69, 2.9
mol ) in DNMgERY ML) Was added [$egn ik ahdde (55% iiftadm neral oi I, 620 ny,
13. 2 ol ) psiIzér m xture was St i|ppedleat idhbid:0r 1T hoUph.RRier € addi t1on| of
2- (trinmet hyheishyT) et hoxynmet hyl [obleéhdenbdord N, 204248 Phamictuticdld  Wab
stirred at Bi-ko7ior anot her 3 holmrsiyheloi@ibhel ng partBdehaedndoméiveen afueous
NaHCO3 and GBt0%c. The or gani ¢ plralseerwasmhive@ar at ed, | Gitehed ( Na2SO4) and
concentrat8dHB9af ford a brown | Pblymeryse Invbitgh was puydrex ed by chr omat pgr aphy
(silica, ECBAcokexanes) to aff o348 meibdesi r ed conpotiged Baghagmdcgugirls yel | ow
oil (6.5 gA-82% . ESIMS nlz = 508548hibk@6. 43 [ MrH]| ArowIberesjos [d. [ nfo a
sol ution @BMHEAnpound from INSHAinbibg 5g 11 mgmmmm_@n) was
added DI BABMS-%641%it i on (1|\/| in hM%mhlbW m 22 NstogMyerg8quebdb The
resul ting HaSeB8Y afNS2 it | Gilopdyr o additionall
DI BAL- H so'égfgg n (1M in hexane, gmylmlbm’“ ol ) w g her 1
i i 79 C  acnanna CASPasembioar, o oo oo s lGjeady L o0 0 o0
Nt er) b NI dr opise et ol AT RED mi Xt oo wls BER £+ oncd betabon
wat er and Et OAc. The organi ¢ phase was separated, dried (Na2SO4) and

concentrated to afford a brown slurry3 which was purified by chromat ography
(silica, EtOAc-hexanes) to afford the desired conmpound as a |ight yellow
84% with recovery of 1.5 g of the conmpound fromstep Ic.
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Into a sol ution of the corrpound from

[r—

~ 7



20Step I h. Into a solution of the conmpound fromstep |l g (51.2 ny,
99.O0iunol) in toluene (22 nm.) was added Zhan-1B catal yst (14.5 ng,

19. 8i unolwo 20hi9m1gt ure were degassed and heated at 50 ECuruserti24bor 16
hours before the addi tion of another portion of Zhan- 1B cat al yst (14 5 ng,

19 8| urml L+ was uu auu\,d :anrl heoaat ad ot EN C ||nrlar I\I’) 'F oF anot hour S
before al FyiUites—wererevap P BEUEOdltior ¢ o "o LIy e s o by o
SPC3649 (LNAantimiR - 122) mlcro[tN gﬁnt is Pha 7
chr omat ogr {Stitca, EtoAc—Hexan it et—conpountl as a
b¥0 5 [ D[ %’}\/C (e _]_Tl ]Jtor V. Na¥al eblop a'];m (a¥al raaLn 4
y6| | ow br J%Y 9 \4:) 2 ||g, 52 gC‘ycl ﬁh'ﬁ(%lhh%tét = 409, J_. ZZ |_IVI1'I_IJ T Step
li. To a mxture of 274 -UI bromoacetophenone (5. 00 T; J.c O—mot)—and

(540 . 37 Himoryndindstndhal s et o Bre e NiReld The

dis appeara@e&ae@fhetdi@nﬁigadomrmllﬁﬁnm & bt of ofiiBaryQkal inltBSaMEAE evapor at ed
and the residue was partitioned (EtOAc - water). The organics were washed

with bri rmabligations neseapspalished patentegphentiony ape ptheettferrhess mestigue hesein
puri f ized et hyl acetate) to give the
desi rgd cagghg BrF%I 1%%%&{]%{‘(6%?‘#“%“ ﬁge?r(ﬁ gg‘}f g, 91%. 1H NMR (CDCL3) 7.76
(t, J=8.0 Hz 2H) 7.63 (dd, J= 5.0, 85 Hz, 2H), 5.51, 5.16 (2d, J= 16.0
Hz, 1H) ﬁBBRE\BAT&)](\ISd J= V\02011/091417PCT/ U82011/022401 16.5 Hz, 1H),
4.48, 4.40 (dd, J= 5.0, 8.5 Hz, 3.56 (m 3.43 (m 1 230(m
2H), 2.06 (m Abrevigtig vzlmhmybe 256416“1 the d@cwgons 9ffhe seheipe ?e}m*fro

sol ution gfy Bi&@t&@%%&’re%@%ﬁ&@@l 'Acd}@fc?x%cgmc é&sl A\ THIPEY: 1 n toluene (100
m.) was added anmoni um acetate and the m xture was
heat ed ataszl@sSbt(tyrbonnthﬂéAPsfor Th ebm(ﬂllatmykphomn@)dv]dfimmmwl Bak,Ohe

tit d hed with
br 1 nd0C o PR B T e Far b amah B oi BrdaBr b VS porified by
chr omat O%ﬁ&lﬂylyﬁ)%mgl @aﬁbomxmm f@UN) dre6eb@i-Biriaz8lc IBY CorlRB-A@SBA £ conmpound

as a yellow foam ( 959 . ESINS m'z = 392.24, 394.24 [M+H '. 1H NMR
(CDClB) ep7yl( BegNHOH fov t%&bmﬁ Ngridroxycadaipste; &Bwowogpot@mummrt- 3.42 10(m

i xi ure. or Pt bk R Rgh? ROl Glustigilsy ) 0 - Sep e To @

bi s( pi na%ﬂb)@@@ﬂsmlﬁl@ﬂ@mrﬁlﬁo)%ﬁosgph&mﬁﬁ Hexefllorapithspeit@ Iriinefoa sefiah €hlobid640 g,
6.53 nmml) in 1, 4-dioxane (20 nL) was added Pd(PPh3)4 (0.147 &2 0.128
mol 1D Trﬁelwﬁosaﬂlwete\m@b@féga%rb@@naﬁlexnéé%@ra@rbeayld:llmmféﬁaleJ\@Hfz fars hours.

Th | at OAc -
ery . T o e R B bR Ry "o
ev apor at @hCl‘lfbewp@St (d)wlﬂwad;e [ ifdri oeﬂpé))(l)ahahde‘aibagfmacﬂibmz@ﬁﬂe_kﬂem¢tone, _
O IR L e A IR AL
1H), 7. 796 NHic ﬂolﬁyfcg}boawmdg D%@Iﬁ Rar d}éﬁlrgllafocﬁgarlgdgllajcwDIA:b folf (m 2H),

3.06, 2.91 (2m 1t). o) | ,135(s
12H) ZOSt aisdiropA amchmnbexyi&tet BEBAbd’b ﬁur«hilsolfutjdaiusnmpni thdmlﬁ DRIRHA ob(- 5

| ATOVE ( N ER o o ek R BB e s T DA | anei s The.
m xture we@cdeeapsed- cﬂlﬁsdir&qazts&ztdao% LOundste; NMAprfor&t hour s. The

vol atil es were evaporated and the residue was partitioned 25 (EtOAc - H20).

The or garfli@sthykanunepysidas; WM foyr |, hélm@h%ﬁetbmmm forfN.N-er ed and

evapor at resi hy (silica,

hexanes- ecflﬁly-[l H?%I?@?q?o (o] ved%rﬁetﬁ¥ ?S’rrpoun ggﬂa light yellow solid
(19. 25ny, mé&ASRyphESH)heiyImcthyl d2dibdtid\ytityl; DPExafsp dh8@ylpRiiphozide;

2011/ 091417PCT/ US2011/ 022401 Into a solution_ of the Cﬁﬁound from Exanpl e
344 (60. GElxg forA¥-(3idimethylapinopseny - N6 cHhyicarhosiigidre £ a B &Ry dr oxi de (20

wt % on c Nh @;ﬁ ﬁ
bal | oon Z{B?{l&y aﬁgm%%t}r gth?'oéltggg f?rlnt rgl )cl)dr%ht%ﬁl?gﬁ% of ch?l 5{%@&?' ltrate
was concditOtafoedthanad; B3O for datHyy cibbr; Gimatcdgr Mhyre@y]rﬁethmgycﬁrbﬁ]rﬂmmwbal—b t o]

b bl 5 R St e B b o e o T e e ™

fromgphe a%%HﬁQHt?ﬁzélrlQ?‘) '%Z(W* K’ ?e%nfeﬂlyll&%ﬂﬁl H&aﬂﬂ@r I\ﬁlﬁc%ﬁéib”ﬁ@l $orm | ar to
t hat described in Exa mz = Exanpl e 317

A mi xtur dlydfogehehbadpdd(aBTdbr Bhadqugab@lzetr(al@eﬂ(r@)a ESpmamh)caldmdatpa’t -l adi um
hydr oxi de (20 wt % on carbon, 13.0 ng) in MeOH (4 nlL) was hydrogenated under
60 psi 15H2 at rt for 3 days before being filtered through a plug of

Celite. The filtrate was concentrateddand purified by chromatography
(silica, CH2Cl12-MeOH) to give the title conpound as a white solid (11.5 ng,
77% . ESIMS mz = 795.72 [ MtH '. Exanpl e 318. 20The title conpound was
pr epar ed fromthe corrpound of Exarrpl e 350 usi ng pr ocedur es 5| mlar to that

e~ — e pw — a p— o PN PN



The title conmpound was prepared fromthe conpound of Exanple 346 using
procedures simlar to that described in Exanple 344. ESIMS mz = 795.70

[ MHH] ' . ERanl®1833. 5The title conpound was prepared Pcomseéwg/oemnpound of
Exanpl e 357 usi ng procedures simlar to that described in exanple 344.

vas pr apatad 1o h T ToA TP PRt g1k /O1uLd i G EPhG o

procedur %eﬁﬂllmthlﬁﬁl tL@A hﬁfthtﬂﬁﬁ(‘dﬂsgﬁgpyl@mﬂee QlTMP%r EXampbe ¢e- ESIMS nmfz =
537. 26 [ MtH| desired conpound was prepared fromthe

conpounds:etiramﬂl}slpwpsdinhteawmﬂﬁn nidExanop| Mg 3aenagrssing; pfOMefdur es similar to
that d d i t 1 of 15 St
3300, A risemar e BB RomB Rl et E O e AN Bt um (10

W % 08 Cah&Qnanthydimy; N4} R2R6diuhdboidhydyas, MBH;@dfm@l@lmnhydr ogen (60 psi)
at rt for 4 hours before bei ng filtered through Celite. The filtrate was

concent r avaepbgrehydue: NS THYS REp G qdamm le(tﬁmeﬁa/ﬂmlyl)m@ NaCh qu rSleﬂlﬁe t he

20Ecarmp! Spate: Ra Tor St Fiferidin \GrfRy g64 pehire Reaffoniie o sod 1§ ¥hana
sol ution @fpdhbR; N@Jm%%quﬁﬁ Qﬂbma@ﬁ@&%oaluﬁghycgoﬁa@ N’ﬁ%’gb} fdro§idRC12 (3

m.) was treated with HCL in 1,4-di oxane (4 m nutes. The
vol ati | e§ubf@ﬁ6eN@H§@@f<atsedlum lﬁlsmlﬁtegmﬁedmhehﬁcir@gm sa;l g¢; rl‘éédSz,(bz@ommulas a

yel | s, direct n .the next .ste =

850 2 ¢ Nt S e 6Tl S8 W h Bl i B TR B & o

t he CrUd%nﬁﬁ@i’ﬁerUﬁld‘rfdéﬁNMM@ A %ameth E»f@pﬂélalea%x(& L2/ podatm nost ) and
(S) - (et hoxycar bon I)am no- 3- met hyl - r| c acid (prepared according to WO
2008/ 021ggriodgtg, i nleell@él fmbwrom 4 fa axmyupgeiraxidea Pé doripal lndivaTU (46. 9

g, O. 12?Pm*3ﬂ?ﬂypeé\bf§ef$1§ Aok a%nzgl Rlﬁ%”d(fgr dih HEO elgdl%glo%{%(zh fr 2 5 hours

at rt. The vo evapo to pr rown 'sirup, which

was puri fULl@}dplﬂ)SpBlﬂ[t@ﬂ?ﬁ@QIadﬁb&l)( Bdizl(dl&% foﬂﬂ&@;&dypﬁ&@neta@etgh@o&ilpdlﬁdturﬁ | e
conmpound as a |1 ght ow solid . steg)s 84% . ESIMS nlz = 779.58

[ MHTS AR RSB or (g g Tan s atosnbina TR GimGR I (PP for trans-

0. 6. 547 SeBbSeh PabosRRAGRERAIN 27 P bt B ERRLERRLG, ATHE 00"
added i sabuinytenielzouref Ri fidtratheRium/ SEM fokJtrfidethyisilyl)etidxgnicesilt TBAB for
suspensi on was warnmed up to 0 C and stirrd at O C for 20 m nutes before

bei ng codf&Pubdnmegiuny u@dmgﬁﬁzﬁ)( grighuatyldimgthylsly bddiA oplsNdaed at -78 C
fol I oved Qyy %ﬁﬁn%&s 1%99&& lﬁgiﬁeﬁﬁogggcgr Johyl; The QPW%&&&"% dal | oned

to warmto r stlrre elng cool e to 0 C and
quen@led THIE For3ethahsidblumnj TM@H)A for N NN Yy IS[ - aettnaheﬁlyhﬁhﬁemdwpmna,tﬁﬂ’ of f The

et ed (PRl tipheSEPBorvliing’ Dk i aeddrcrnB PRl Gletiuds BRArS T et dg '

chr omat ogr bH {Bd b'fBIat 116 FIRES 8469 ot BsyianB d'ﬂf‘e @@@Hrfﬁ CAUREMEc as a
col orl ess 6%% oi | 0}? 2%at ESI I\/Bonisi}g—a 290. 23 ldp gﬁep 345b. To
S

a sol uti owidfT MfNB(Dt me@ls ﬂiﬁl TMS@IZfOn‘trUthh}’lﬁﬂﬂH@@I@e(QIZZhﬂt_l)lbaIata—lW ff@ was

added oxa| ri de e. After tes at
Rt kR el DT LR e R e e R R S i
CH2CD3B (7d1ﬂibﬂ1ym'ﬁn@ﬁﬁedylzﬁhenmnahy1%h& aith&QumiIinuiefoade.- 78 C, Et3N (3.85 niL,
27.65 mol ) was added. The 25 m xture was stirred at -78 C for 20 m nutes

and warnmed up to rt. After 20 mnutes at rt, it was quenched with saturated
NHACL. T@Iﬂiﬁﬁﬁi‘él\@\%@HQQStl tioned (EtOAc - H20). The organics were washed

with brine, dryg dried
in vacuo to gi ve t%ﬁem reﬁ%‘%tﬁ%gﬁgﬁgge%}{@@%@ o@?xgﬂlﬂ%%e?%%%&t%’&siml ch
was used adhnativhwifhahe fdih)vxneg('symh@m sclﬁﬂn@tthep iBdbiate the netisuds pg maiidnthof

hyl : I
WS 11 catSETRRHIdY Al Bh BRI T THPer 9 SHTHL rh58 (Higrobiiinagron .
2011509141 AfGektibat s%?ﬁ&@%ea%yfwl éstmgﬁedhﬁéﬁf&e tah%tﬂa)as RR&JV@% #gwniio 0 C

A solution of the conmpound fronistep 345b (1.013 g, 3. mol at nost) in
THF (12 rﬂxgilnwa@kdtimethe att. 10 wdll by headry ﬂpmﬂr@tmgnmﬁ Qrdmdryaﬁtkllitnth@rartllﬁathour S
before b u sat ur.at ed NH4 artitioned
(et onc - hoEy Ry e ar S S S uRVATo AR P ot b PEaBRRk son

Sti | t er edeaishteMaPYeAls el the HBtheeSisHOEn BASWP LW il 8% BresyIPRLRET RRINK

(silica, hexanes-

65



ethyl acetate) to give the desired conpound as a colorless oil (0.456 g,
46% over 2 steps) as a racem c mxture. ESIMS mz = 286.25 [MH] 1. Step
345d. To wo=0lwmigan of the conpound from step 345c (0. 4%6TgIS2018280mm0l ) in
CH2C12 (1 mL) was added trifluoroacetic acid (5 nL) at rt. It was stirred
at rt for ours 10 before the volatiles were renoved to afford the crude
desi red pﬁkglfgdle theaarkthp %ﬁ€§%1VFWt§ﬁ}qn&n ARPIOH i8R SiRe @S defdst Prfgioft he
next st eRhMtEMEmEél(zésb@a[n Mahfiéc?&ft'i&Oary@g%?dé%ﬁé@pen&i%%ﬁttwﬁat% offag crude
conmpound from step 345d (1.598 mmol at fost) and Na2 (0.186 g, 1.758
mol ) i n verikblNaOHusatssfivilp woihBlekOthaisynthesss belewat Ehe wiridblavardad detinkdrlofver mat e
(0.13 n, .73ﬁ]§n’m)léta1t1 0l C for 10 mnutes. It was then stirred at rt for
153. 5 hodf’s%®s PHEWBF ae'F Bgo%re evaporated off. The residue was partitioned
(Et205- H20). ﬁ{&%oﬁﬂié@@&bsoﬂtﬂé/ﬁfesé’iﬁﬁw%ﬁﬁ&iﬁﬂa de Phphred vih $dGdraf Qiffetdn@n to pH-2
at 0 C and then extracted wth CH2Cl12 and Et 0Ac. The conbi ned organic

| ayer s wesyathghe rradesiiar ayarief of §(G-membpigd Sog fuscrlihictesasyl, anmeerekeagbrieg ed. The

d . . : Liaht |
vel | ow oifCrrpirsbind RAGE MAGHUILS, S Kb fRhoERBRTREN §on5sd. Sob 0
0 5 1o T 3 o0 (e o s T e T 061 85 (L 79-1 71
(m 1H) . @%%Y@Kdﬁ%j?‘lﬁ@bﬁ@é?@@%@ﬁﬁ%@%ﬂ%é'@?@ﬁ%éélnﬁ]ﬁ%?%g% cr gde

co n : : - [ ; ures
compaun GBIARH S b i hiBoCATRIILEAD ISR AdSEyRRg Riggedur e
St ep 345gapfing gdesi (swd ad@EORDdplussoan fumctfnah giapmeariipulations i betwasn pr epar ed

fromthe c ound_fr.om step 345f  usi ocedures _sim/Jar,to fhat described
st ep. I OGRS VHgU Sgheraiercd st Ref hRFpRY of Stagnisthing haSionbi o
conmpoundsyRemaates Skikioa W BIokE slHll%& Hthc WE!Br BXARAE e thé &E@y%i%?)e&i@ npounds

fromsteps 3459 and |k using procedures simlar to that described in step
11. 30 ESiokBm &lited P36y K7 Kaktiahlyler dbx'drppireciBasive Heterocychc fihrmisty” dP84;he

conpqunds, of ampl e 345 (13. 17..6iamol) and palladium (10 wt % on
corba S s RS BB i Ep Ry IS arPRen Ry s R con at -
Sfor 14 honsmsistbeflormogei ng filtered through Celite. The filtrate was
concentrated to give the crude title conmpound as a Ii@ght yel | ow solid which

was directly useendrl syndesiesnd Sithpr clggrymngisometz@embeeirmp fuscewditpl e 347.
10 St . i : f : d
rom ot e Tiguzglkd 8GR Ikl EREPRUNGHARRY BRFREAS 1 AR 2 Mot ¢ aci d

(prepared frormi-sInthpsioprts froyl the cbivtr@otio el anusitiogal pr ubstituteds simlar to
t hat _described in step 345e) using procedures sim|ar to that described in
st ep20g. lﬁgfa@spmdzn@m@@sia@i%l 9WP1vlcﬂmaYé%ee®tasa%by qHEeREPR 8HE onpounds

as_an ol efiif, haa%hisaemaeﬁ%ggﬁ.lwa& ﬁ[.@@?ﬁ?ﬂﬂ(ﬁﬁgﬁ?ﬁﬁﬁd}& Wﬂ@pund from step

347a using procedures simlar to that descri step | ESIMS Mz =
533. 22, 5B&mizabédviehd 1-1 WBidepth84Fuditidisgo thdsk ekilodrpothnds. e @mmdadodd timg | soneri ¢

m Xture re prepared,.fromthe co nds from steps,347b and.l k usin
e aunr do G AR B ik gL 6 TRE bY oty drprondly Bapy Ao ot b attas "y
20Exanpl endAB with a ddh§dfatibh ?ea%@t_méﬁlémgs ly@,?»p}ﬂggmfcea@iof; gpm daRestGRMPoIds of

Exanpl e 347 using procedures simlar to that described in exanple 83. ESI M

m z 2576doBnatjopidfween diyning 11} aglaminperiduso pr/AeR2a0the Bresepleedf349. NH 0 (s)

MM o The, title co un fromthe co und of anpl e 348
st ng © copgaishuh SERRT P A I HREDEE s IR Fr SRR S B 8 o -
825. 91 [ Mphtoach b Eeanimd &cid®0..1 oSi-2R Whka chibisfofteat bt LaR@RKNd was prepar ed
fromthe crude conpound fromstep if an

d
t r ans- 2- (Yrarpoxpatar bebriylahoreiormateeeiie hhatin theanpicacael abysp sedarsedEAr om

trans- 2- O3 et [y - 4= i.C ' n 05. 83, 937-942),
usi ng proce w,?évﬂ%&ﬂ# thi?'p?dg{)?ﬂg{te’ %@gégkéﬁll?%gds?&%gg% %%Xleﬁg procedur es
si m [39r tadhydvéde whels diaitdedl -1 parst Bphd heteloS) dUs riigzclasudSih. tBY preS3ide 37 afh Mt ' .
Step 350b. The desired conpound s.prepared fromthe conpound from step
350a usi MYChrorEHnAEE: %’Eﬁ‘ﬁlP&?l’atOét e qxésﬂ[?s?/%aora Wagﬁ%ﬁuﬁ)ﬁs ST irs =
503. 34, 3fR. %i&l%ﬁifh-heg:é (}Qﬁl&pinﬁéa&%p dGed drtdeRzifRARB RIS iMBR R epar ed from
t he conpounds from steps 350b and [k using procedures simlar to that

descr i bedubstitsti@pmayl be ESpMBd sinzilarlyABéignbe pidebfures @esamfpddeheBSdwith.
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Step 35l1la. The desired conpound was prepared fromthe crude conpound from
step if 20 and (S)-3-(allyloxy)-2-(nmethoxycarbonyl am no) propanoi ¢ aci d

(pr epar edwbnrom®147 propen-|-yl-L-serine (O g. & Bi onol ecuitseoiCoeasnt 2005,
3(10), 2016-2025), using procedures sinilar to that described in step 345e)
usi ng procedures simlar to that described ;n step Ig. ESIMS m z 547. 41,
549. 41 [ MtHF™™!' Step 351b. ThamdeS|red cd nds as an ol efin i someric

m xture were prepared from tHé™N 34 ngpupgc thgaep 351a using procedures
simlar to that described in FW\ Z = 519.24, 521.24 [MH'

WO 2011/ 091417PCT/ US2011/ 022403115t ep 351c 1Ihe t|tIe conpounds as an ol efin
i soneric mxfure mere p epared fromthe conpounds froff

usi ng proced &e@‘ to that descrﬂﬁﬁﬂ;tﬂ;step 11
{gsé::tle co S prepated

[ MiH ' . Exa e

r ‘@8 siml %o Lthat des i :
ESIMS mz = . 44 nple 3 3 ] 121heftfﬁle conpound was
prepared fromthe compounds of st™hg procedures S|nllar to that

QJ

of exanple 381

descri bed |n 44, VESHIE [ MH (2)
Step 354a. ”6§uﬂﬁ' nd from
step if 15 ﬁ&<ﬁ xycar non- 8- enoi|lc p preuared from
(S)-2-am no-|8 onénowc Aci d usi ng proceduressgsimlar ¢ deséribed in
step 345e) usTT egur es simlar=to that dEbehEsd in step |l g. ESIMS niz
573. 37, 575.37 tﬁ@ﬂﬂ Step &54b“’ be desire onpound was prepared
frontthe conpound frontstep 354a yﬂ Pocedures similar to that described
in step |h. za=w$45. 18, 54%° 18 26 [MtH '. Stfep eltitle
conpound was |pr€&p re pm t he compounes from steps k us|i ng
procedures si[m Igr 70 tshat descripedcin step 11. ESI 78. 45 [ MtH] '
Exanpl e 355. itle codbdﬁﬂﬂ“ﬁﬁ? prepared f und of

Exanpl e 354 usj.n rocedur.es SI | e 344.
ESING s = gadmigaeBi AR MR By ARl SR BRRRL RSl G

prepar ed tram dobelncgném@umts Qhovex &be: &a&duﬁnﬁtgarp(s@@ﬁéﬂzwv@s AsBukdkarpiie that
described in exanple 83. ESIMS nfz = 837.51 ' nmpl e 357. 10 Step

357a. A stwled &/temf 199k @oﬁb%tﬁq@uﬁw@nﬁwébpomf @zg@pbaléadlpn SAZMHHDLYT i N DVF
(10 5  Organic Synthesis, 2002, 1, 249; A. Anastasia, et al, Handbook of Organopalladium
Chemistry for Organic Synthesis, 2002, 1, 311; F. Bellina, et al, Synthesis, 2004, 2419; M
G. Organ, et al, Synthesis 2008, 2776; A. T. Lindhardt, et al, Chem. - A European J., 2008,
14, 8756; E. A. B. Kantchev, et al, Angew. Chem. Int. Ed., 2007, 46, 2768; V. Farina, et
al, Advances in Metal-Organic Chem., 1996, 5:1) with different coupling partners to
10  provide a variety of key imtermediates. For example, Sonogashira coupling between
bromide 1-2 and trimethylsilylacetylene can generate alkyne 1-3 after removal of TMS by
K,COs in MeOH. Alternatively, bromide 1-2 may be coupled with tributylvinylstanne
through Stille reaction conditions known to those skilled in the art to provide alkene 1-4.
Analogously, a key allyl intermediate 1-5 may be prepared by Stille reaction from bromide
15 1-2 with an allylstanne such as allyltributylstanne.

Alternatively, bromide 1-2 may be converted to key intermediate 1-7 by selectively
reacting with metallic reagent 1-2.2 under the Suzuki or Stille conditions which are known
to those skilled in the art. Yet alternatively, intermediate 1-7 may be prepared by treating
bromide 1-2 with dimetallic agent 1-2.1 to afford organometallic 1-6, followed by

20  coupling with bromoiodoaryl compound 1-6.1, both may be under the previously decribed

Suzuki or Stille reaction conditions. The bromide 1-7 may be further converted to
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m.) was treated with sodi um hydride (60%in mneral oil, 43.5 ng, 1.09
nmol ) and propargyl bromde (0.12 nm., 1.09 mmol) at rt for 16 hours before
bei ng parwotoomediibet ween wat er and Et OAc. The organi ¢ phadas2ea®2zsepar at ed,
dried (Na2SO4) and 15 concentrated to afford a brown slurry, which was
purified by chro rap |ca Eto c-.hexanes ffor he desired
conmpound %EaNN}Y ‘t %e‘f”lt n&ﬁttl i ey -7 ugngghc cp WB“ erbafghoygio 592 43
[ MEH] " . ﬁg&pe %/b. The crude desired conpound was prepared fromthe
conpound from step 357a using procedures simlar to that described in
step if. ESI M3t shonld-b3B@cPthat @rﬁﬁ)nzﬂyml‘ﬂﬂ/lgrqup of afittbpindi8Zeopyfilecdesi r ed
conpound was. red fr.o e . conpound fro tep.357b and

(ST a: (ot ERR! S RBrROTaS HSe FRaRRRhep BBk hdy Beino ¢ aci d
(prepar edrbtcetmg 2hupsabh MHM((E ersENaL@ryNdedtybsk I Db XD O W @OlilE, aci d,
using procedures simlar to that descri bed in step 345e, WD 2007/ 129036 and
WO 2008/ 02192#9melrsi Ng ZSEgQE@dures simRl*r_to that described in step |g.
ESIMS mz = 633.63, 635 ' \/\EQ_ijL [ 091417PCT/ US2011/ 022401 Step
357d. A solution of the c& und frorﬂ“gtem' 387¢c (0.100 g, 0.158 mmol) in

THF (5 nmL) was treated withAcOH (27.0 jufP*0.474 mol ) and TBAF (1Min
THF, 0.47 ni, 0.474 mmol) at rt f 2 hours. The volatiles wer e evapor at ed

of f and the residue was parti H20) . Qr gan wer e washed
with brine, dried (Na2504), f ed—-b' 4nd eupper-at ed \5_e§i Hue was
purified by chrorrat ograg sl g, Re depired
conpound as—a—colc (X - ESIMS ni z 51 .48,) 521. 48

[ MEH] s |A sol uti on of or'r,pound from step 357d (73.5 ng,
0.142 mol | | Cl2 (4 m) was tléa wi th canphorsul fonic acid (32.9
ny,

ss\a/uartrn 10 perrodr nane (0.180 g, 0.425 rrrml) at rt

for 3. hours before being gueous Na2S203. The %a es were
evaporated and the reshtoe on d _(Feomt - HR0) . Ela 8r fani cs were
washed with brine, dri’éd (Na3St4f f*rlte ed and1evapr'%1t'éd HThe fesidue was

purified by chromatography (si c- hexanes) t o-giv e—eesi red
conpound as a colorless oil (54.6 frg 75% . ESIMS miz = 517.30, 519. 30
[MH . 15 Step 357f. A sglution of gfhe _gonmpound from,sstep 357e (54.6 ny,
0.106 mmol) in EtOH (§’rﬁ_ Was tregted w Noypyri di ne [75. ut, 0.317 nmol)
and hydroxyl am ne hydrochl orijeq(22. 0 ng,, O. A1@ mol ), pt=e g_fﬁkmlc” hour s
bef ore bei ng evapor at ed to doyness. The resr°due was R fol dCbby

chromat ography (silica, CH2C12- l\/egt-l)150 ve the desired corrpound as a
white solid (54 9 ny, 98%.. ESINS M Z = 32. 28, 534. 28 TWFH™ . 20 Step
357g9. A sqlui 7 _of _of__theg_ oun_d_Lthmsut p 357f (54.97iYy;""0**¥03 mmol ) in

Et OAc (10 nt_ d F2o (3Q itHer was treqte Neizt h - NaHC®E3"" (4®' = 3r arggron G651 6
nol ) and Nc if or osucci ni M de (45.3 ng, 0.310 nmol) at rt for 2 days before
bei ng partiti o0ag;daFidfifesis d'fl%gndazd_l'e?elgtreg%ﬂbﬁﬁed‘{‘ﬁésear@’ﬁﬁﬁgébu‘é‘td fhabof g, dried
(Na2SO4), filtered and evaporated. The residue was purif by

chr omat ogmagstrgpyrsdiné eahendHp G2l Mebincdistegi e shdven teSiherd 225mrrpound as a

Sern ! Shanfaqzpl a falB ey ihibicg TR Moudhfarigned Attt deriedriil s 29 887

and 1 usi-ng anagxg%durlﬁshes%mén@é of MethBAdlidasmbhiReR loWed b9 Broktinatied MEheT z =
763.76 [ MrH' l e 35 30Step 358a. A sol ution of the conpound from

step la (lmlcwglegmgei@vllthmm}ltlpms wilich vl knowingto timse gkijledwesthe peallead wit h

N- Boc- sar 1 ) at rt
For 2 hod anisaroh & il Bsrdp i ENLr BORASh iy o B HonpSin ot

2011/ 09142147E’G%&Bﬂr@&lbmizﬂ&dhd&adten@neoaede(htdaoomn EvOAe)s: 1Tabrempieni ¢ phase
was washed with brine, dried (Na2SO4), filtered and concentrated to afford
the desi rEEN¥ I HsPIaSSE AbgieespdIrPBinagpn reegesenchyys NiRRi Rmiges 2dsber wi t hout

further t

m Xt ﬂf’e f))[?& é'{ﬁléﬁggﬁ%o C@%x r&/@%ﬁgsl{ee%r tﬁgglaé%ft@@%ly%ﬂ@%#u aﬁr(rirgtrgcgtcgirérlggg and 5
anmoni umchbzehadleeto(rﬁorﬁ)biorgl,deYﬁtlﬁ&)remMe)oﬂalTedtmdlm@rwgeﬁn'i@umas Nt $S@4, i rred at
100 C for our s bef ore bei a to c do and part.itioned
between AP0 Hma e TR O e ey %%ﬁrl %ﬁﬁﬁmg a5t fem aﬁléatreﬂr@rteoe and
brine, dri,afe{NaRRBH 1o hiryt aﬁaqna@aofe%a%ﬁ\re@haqg AN @ chftghAME e ipur i fi ed
by chromat ography (silica,” EtO0Ac-hexanes) to afford the desired conpound as
an orange foam (0.874 g, 29% over 2 steps). ESIMS mz = 10438. 06, 440.06

[ MtH]' . Step 358c. To a solution of the conpound fromstep 358b (0.810 g,
1.848 mml) in DVF (12 nL) was added @odi um hydride (60%in mneral oil,
77.6 ng, 1.940 mmol) at rt. The m xture was stirred at roomtenperature for
1 hour before 2-(trinethylsilyl)-ethoxymethyl chloride (0.33 nL, 1.848
rrrml) was added dr opw se. It was strrred at rt for 2 hours before 15 be| ng

T Y 1 I 1 N AN




20 heated at 97 C under N2 for 3 hours. The volatiles were evaporated off.
The residue was purified by chronmatography (silica, hexanes-Et0Ac-MOH) to
gi ve t he wotba/mwonipound as a yellow solid (23.3 ng, 59%PCTHESkNMBORI4R1 =
696.34 [ MtH]' . Exanple 359. 25The title conpound was prepared fromthe

conpound Ex | e 358 usin rocedures simlar to.that descrj in
exanpl e SHTES] W GrAZDLS Bepands 2wy 5@9 Loy h alygin of it o TR

2011/ 09141 ZRCHE SRR QAR AN ate 2-6, ATREoMTilE2 LAHRONG BRPaRe ed from the
compound fromstep I h and (S)-tertbutyl

6- (4- (4- (ntern&]igte2et bupdtdiytly re@ting dvithxablel olraggeat 32)Ipknstay the -Shikkimirdaz ol - 2-
yl)-5- a i rof.2. 4] hept ane; 5- car boxyl at g ( red. usin rQc res
simlar f&gﬁ@ﬁg{l&ﬁgg;&ﬂ pggﬁg? He%{ng%mﬁ%ifﬁ?e ??40 et ﬁ%rna%vels ) 1nger81681a?ed£—4 may
(S)-55(t e;fetzpr@a&ww@émwam@e@;@mhrd@h@taﬂﬂcfagmt@nm_60 a6 RO YAdotctdlid, WO
52009/ 102325) usi ng procedure simlar to that described in step 11. ESI M5
m z = 748-37oflameq by copliagpiith lggmoiodoaryl compopgdR-5 ) bath sy dk unAer thenpound

from Exa 9. . i i 1 . e | adi um
hydr oxi d %‘58%%? %%%eggr (%(rll,%§§éfrlr§§£%%ne&rlﬁyﬁ{%§?'eﬁ)aéa§ms ‘l}ier ?%ﬁ“%ﬁ%ﬁ“ﬁ%r ogen
(60 psi) mbvértedftobrdenometall befwathedibetanige alicht2-ad wiridthd cellivsmraetdiibeeg and
filtered through Celite. The filtrate was concentrated to give the title
conpound #R8Va i dharrgearping fgnicemedistes-4y, quant.). ESIMS mlz = 750. 33

[ MtHy . Exanpl - 1561 At ~serine (2.500
g, T]Q.Ols ol )Xee.t%ﬁ%i\"/%&‘%%yo aﬁﬁ%pgg’t@@%%@tﬁmﬁ?m aglsBhe %@ﬁ{/@dﬁﬁe (60% i n

m ner al dirbmoletdix12-§, wRish @2n herptcpared Hiwns ths pensspondinvg kewink @vied the gr adual |y

warmup to rt and stirred for 20 nu}al t rt. A salution oh .
22 (al 1yl GRGFRERGH 2 DORMAONseAwsErushit DR Brophs SarEd e RN i e, or g.
20 Chem ,18Qf¢e &hn £1Phd/ct it hélttin%.‘ht@?noﬁ%hé ZWa%‘géé@i@her TO8 ey toihe was

stirred at rt for 17 hours before being cooled to and quenched with H20

(100 ) .corespeadinganrine 2-dd thiouph azideisubistimsiph yolloatdddry, re@adian. ortespladueous

et oad> ThETEbMTIEG by And-[ Eely st fieBiiea SR B RS PANYP PRaSS0n) .
filtered taadofDingeoited-ed. Sithigarlyesinthee-Wamal; beeen@irteDM-thR)oRasonBisig25 N2

through for 3 h and then dried under vacuumto afford the desired conpound
as a yel |ksip-amnide2t1Byie cgndamsagon \EE) MprapryateamgQ agal ynderjtandagl apidee2h. A

| xt . 4 m i 12 (15
) v AP tOIBRURL Bod P G Z8Sha be i imel iR Mnbalal 2l 2 |
bef or e alHcat¥y ®QA NH@IWLARCT fhdGRa bl hi24@le velditiodses wer e evaporated of f to

afford the crude desired product as a yellow solid (1.428 g), which was

used directly for E;rhgbng_t step Wgtbg A urt her pwchéheakion. ESIMS nfz =
190.11 [MtH '. Step 23% -RThe desi reguécuﬁ:ound as a yellow oil (1.192 g,

75% over 2 steps) was 5 prepared 39t ™NJe cr{de conpound Ry QR st ep 26b
(1.428 g, 6.463 mmol_at nost) using the Ptocddurag similar Jt oprilt
described in stegs345€ ESIMS mf 28N270.53 [N#H ' Step 8628 To a

sol ution of the con er)rlntheR1 mpaund, f Pom step id (02-2:58 g, 0.452
mmol ) in CH2C12 (%) was added'NaH (0. 500 g, 5.952 mm|) and
DessMartin periodi nane (0.230 g, Q, g?zm‘ml). The m xture s stirred at rt
for 2 hours. 10 Another portion of Ss-Martin peri oghrane —0—y, 0.108
ol ) was added. After 3Q, mnutes atet, it was quen hed® .I Qepus
Na2S203 sol ution at 0 €—After Menradl8s at rt, thel gixtuten

partitioned (EtOAc - H20). Thé‘;{mggp’i cg were washed {h%r i He, ,dr] ed

(Nazgeﬂ), filtered and evaporated. The resi due was puriedty .

chr omat ogr aph i | é - ) i i: s a
Wi te sen -sol 1 859000 S FN FBAR dRo R YR RS ARRGHTS 680
To a suspbatsicsaribefl imBthepie 2.r Aldreayebh depd onidarnld rmoerinddia¢d.cahBe g, 0. 999
mmol) in THE (11 was e - Bu IMin THE, 1.00 nL, O. mmol ) at
T e v ngyiecd B R 3 chary & tﬁmﬁ%wt@é%tmni(%ﬁv%lﬁeg%?ﬁ) fown to O
C. A sol yttdRiné 2108ewRRARAYBE 1198 fABRIRESE: 1.9.1240-02 t§1400 mmol ) in THE
(2 nL) was added at 0 C. The 20 resultant m xture was stirred at rt for 20
hour £9befhydeoxyenidgzaje driehe thamresensaeilamamenia NHAGMonoiny hy doxidTh&eductionr e was
partitioned (Et0OAc - H20) and the organics were washed with brine, dried
(Na2SsO™4), filtered and evaporated. The residue was purified by

t chromat ography (silica, hexanes-ethyl acetate) to give the desired
conpound as a colorless oil (0.209 g, 959 . ESIMS mlz = 548. 14, 550.14
[MHH] '. 25Step 362f. To a solution of the conpound from step 362e (0.209
g, 0.381 mmol) in 1,4- dioxane (3 nL) was added HC1 (4Min 1, 4-di oxane, 18
m.). The m xture was stirred at 50 C for 5 hours before all volatiles were
renoved to afford the crude desired product as a yellow solid (0.227 g),

T 1 B o o .




[ MrH] Exanpl e 363. The title conpound was prepared fromthe
conpound from Exanple 362 following 15 the procedures simlar to that
descri bedwOrroBxamalre 361. ESIMS nlz = 754.39 [ MtH] ' . Exaoplus2@64224biN
MeO2CHN N. Qy -NO (s) 0G The title conpound was prepared fromthe

corrpoundfr 63 fallow n res simlar to that .

descri bedfi p@xﬁﬁﬁw $redpapyesars wlpafg YF hite oyeeuhioI e FEHSIC st ep
365a. A splielbrm-gf 5-brono-1-pentene (1.00 g, 6.70 mmmol) in acetone (70
m.) was treated with sodiumiodide (11.0 g, 73.7 mol) at rt for 36 hours
before filtration through Celite. The filtrate was concentratedo a yellow
solid. It was dissolved in di .ether (50 2 3 and washe® wat er
and brine. The Qrgani c phase, ged—eNaZS%Q pLter-e{al-»V\D

2011/ 091417PCT/ US2011/ 022401 and' Levaporated to gl“ve a light yeI 1 Qv O | (680
ng, 50%, which was used directl’y in the next st&p. Step 365b. Irffo a
solution of lithiumchloride %agnhrycdrous ny, 2 mml ) in THF 612 m)
was charged 2-am no-N ( (1R, 2R)-1-hydroxy- # phenyl gropan-2-y1l)- N *6

met hyl aceténi de hydrate (721 gQnwa. O g0ol), felhowgd. by LHVDSY( J, Mgtn THF,
9.6 nL, 9.6, mEli while~keeping te rature bel oy &' C. It wag StHrged for
15 ni nut eés<h f re 1§-h@ ompound f & 365a K . 3.24 maoty A= THF (5
m.) was added” THe mi"xture was sti rped at -5 C fogg4 hours then ri

over ni ght . Ffades Hilignshed and acidsfied by HCL (&4 N) to pH 2 befsere
partition (Et0Ac - H20). The acidic aqueous phase was basified 10 to pH 14
by addi ng NaOH\{ 80%n iavdheras 3 extangmiued 3wl cdntGriaChhydiixy grogasnibststutedrag
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2011/ 091417PCT/ US2011/ 022401 Step 365g. A mixture of the conpound from
step 365f (28 ng, 0.037 mmol ) and Pd(OH) 2 (20 % on carbon, 4 ng) in MeOH (2
m.) was stirred at rt under H2 (60 psi) overnight. It was filtered and
concnetrated to give the title conmpound as a yellow solid (27 ng, 96%.
ESIMS mz = 752.50 [ MtH'. 5Exanpl e 366. The title conmpound was
prepared fromthe conpound from Exanpl e 365 follow ng the procedures
simlar to that described in Exanple 344. ESIMS mz = 809.61 [M+H .
Exanpl e 367. The title conpound was prepared fromthe conpound
from 6- bronohex-1-ene follow ng the procedures simlar to that described in
Exanple 365. ESIMS mz = 766.59 [M+H '. Exanple 368. 15 The title conpound
was prepared fromthe conpound from exanple 367 followi ng the procedures
simlar to that described in Exanple 344. ESIMS mlz = 823.27 [MtH '. The
title conpounds of exanples 2-82, 84-257, 259-316, 319-321, 323-332, 334-
335, 337-343 and 369-376 nmay be prepaned using the chem stry descri bed
above.
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Suitably substituted analogs of intermediates 1-2, 2-4, 2-4b or the compounds in
Scheme 3 may be used as precursors to make a macrocyclic derivative after suitable
manipulations and transformations of functional groups or protection groups. As
5  illustrated in Scheme 3a with phenyl-imidazole analogs. Bromination of ketone 3-1a
(wherein R is an optionally substituted alkyl, optionally substituted alkenyl, optionally
substituted alkynyl, or alkoxycarbonyl), may lead to bromide 3-2a. The latter is then
esterified with Boc-protected proline to afford ketoester 3-3a, which can be converted to
imidazole 3-4a (wherein PG is an amino protecting group) using the chemistry described
10  in Scheme 2. The imidazole moiety in 3-4a may be optionally protected to 3-5a, which
can be converted to 3-6a in two steps: 1) deprotection of the Boc group and 2) the released
amine functionality may be acylated with a carboxylic acid (R°COOH, wherein R® is R® as
previously defined) under standard acylation conditions, for example a coupling reagent
such as HATU in combination with an organic base such as DIPEA can be used in this
15  regard. Various carboxylic acids including amino acids in racemic or optical form are
commercially available, and/or can be synthesized in racemic or optical form, see
references cited in reviews by D. Seebach, et al, Synthesis, 2009, 1; C. Cativiela and M. D.
Diaz-de-Villegas, Tetrahedron: Asymmetry, 2007, 18, 569; 2000, 11, 645; and 1998, 9,
3517; and experimental examples compiled in patent application
20 WO 08/021927 A2 by C. Bachand, et a/, from BMS, which is incorporated herein by
reference. The conversion from 3-5a to 3-6a may optionally involve one or more steps of
functional group manipulation, thus R” in 3-6a may be the same as or different from R* as
in 3-5a depending on the interchange of functional groups. These transformation step(s)

may include, but not limited to alkylation, etherification, esterification, amidation,
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reduction, oxidation, olefination, halogenation, oximation, and/or hydroxylation. Two
reactive groups in R” and R® in 3-6a may undergo an intramolecular reaction to form a
macrocyclic structure as seen in 3-7a under appropriate reaction conditions, optionally in
the presence of catalyst(s) and/or promoter(s). The reaction that can be used to succeed
5 this intramolecular cyclization may include, but not limited to etherification, ester

formation, reductive amination, amide formation, carbamate formation, urca formation,
ring-closure-metathesis, Pd-catalyzed selective cross-couplings, oximation, various types
of Diels-Alder reaction, and/or radical cyclization. Then the imidazole protection group

may be optionally removed to 3-8a.

(o]
N N N N
Br » \\p \\p
C ; — Br Boc Br—@—%N Boc

EtO,C Scheme 3b

EtOZC

y OH \
N N
Br = NHCO,Me \ NHCO,Me NHCO,Me
N-NH
SEM

0

3-4b Fmoc

4@_@ wcome \p - 4@_% NHCO,Me

10 3-7b )‘N

An example of strategies that may be used to form the macrocyclic structures are
illustrated in Scheme 3b, wherein bromophenyl imidazole 3-2b can be obtained from
ketone 3-1b using the procedures described above. 3-2b can be reduced by DIBAL-H to
alcohol 3-3b, which is then served as a universal intermediate for further transformations.

15  Thus, 3-4b may be obtained from 3-3b in three steps: 1) allylation with allyl bromide and
sodium hydride in DMF; 2) simultaneously deprotection of boc and SEM with HCI under
heat; and 3) capping the released pyrrolidine with methoxycarbonyl-protected allylglycine.
The di-olefin 3-4b can be converted to macrocyclic olefin 3-5b (wherein the dotted bond
may be nil or a single bond) through metal-catalyzed ring-closure-metathesis (RCM),

20  which is well-known to those-in-the-art. Similarly 3-3b can be alkylated with propargyl
bromide, followed by a) selective deprotection of Boc; b) capping with an appropriately

substituted amino acid (wherein the aldehyde group may be protected as acetal); and ¢)
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deprotection of the acetal to release the aldehyde moiety, to afford 3-6b. The aldehyde in
3-6b may be converted to oxime by hydroxylamine, which can be converted in situ to its
nitrile oxide by NCS type reagent, and the latter may react with the triple bond to fulfil the
"click" reaction to afford the macrocyclic isoxazole derivative 3-7b after removal of SEM-
5 protection. Alternatively 3-3b can be selectively deprotected and capped with a protected
lysine derivative to compound 3-8b. After removal of Fmoc protection by piperidine, the
free hydroxy and amino group may be united into a carbamate group by a reagent such as
CDI, phosgene or the like to the macrocyclic carbamate 3-9b.
With a variety of suitably substituted imidazopyridines, benzimidazoles and
10  imidazoles such as those listed in Schemes 1-3, 2a, 3a and 3b in hand, the compounds of
the present invention may be prepared through various coupling strategy or a combination
of strategies to connect two fragments, optionally with a suitable cyclic or acyclic linker or
formation of a cyclic or acyclic linker. The said strategy may include, but not limited to,
Stille coupling, Suzuki coupling, Sonogashira coupling, Heck coupling, Buchwald
15  amidation, Buchwald amination, amide coupling, ester bond formation, William
ctherification, Buchwald etherification, alkylation, pericyclic reaction with different

variations, or the like.
) -~
N N

* -1 =
3—@— '
\
NHCO,Me
NH

Br‘@_% NHCO,Me
3-5b-1 Scheme 4
An example of the strategies that may be used to prepare the compounds of the

O

20  present invention is shown in Scheme 4. Both iodide 4-1.1 and its corresponding boronate
derivative 4-1.2 can be prepared using similar procedures described previously. The
bromide 3-5b-1 can be coupled with boronate 4-1.2 under Suzuki condition in the
presence of a Pd-catalyst to generate a core structure 4-2. Compound 4-2 then may be
served as a common intermediate for further derivatizations to the title compounds I-1

25  using the procedures described in Schemes 3a and 3b.
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Alternatively, as shown in Scheme 4a, the compounds of the present invention (for
example I-1) may also be derived from key intermediates 4-1.2a and 3-5b-1 using the
Suzuki coupling procedures described previously. The intermediate 4-1.2a has the desired

5  acyl group already installed from 4-1.1 using similar sequences shown in Scheme 3b.

Q/ 4126 }_> N\)\ B°°
Scheme 4b p 4 3 B0
Br_O_S\/N

Boc
“SEM
EtO,C bz, HN Q O NHCO,Me
3-5b-2 N )?
o IO~ S
NH
Q/ I-1a _b

(o]

Yet alternatively, as shown in Scheme 4b, the compounds of the present invention
(for example I-1a) may also be derived from key intermediate 4-3 after Suzuki coupling of
4-1.2b and 3-5b-2 using the procedures described previously. Compound 4-3 can be

10  converted to di-olefin 4-4 in a few steps: a) selectively reduced to alcohol; b) allylated to
allylic ether; c) deprotected Boc and SEM; and d) capped with a carbamate-protected
allylglycine, using the procedures described previously. As discussed earlier, the di-olefin
4-4 can be converted to the title compound I-1a through RCM to macrocyclic intermediate
4-5 followed by de-Cbz under hydrogenation condition and capping with an acyl

15 derivative (such as R°COOH), all using the procedures described earlier.

The compounds of the present invention containing five-membered heteroaryl
other than imidazole may be prepared using similar procedures described above in
Schemes 1-4 and 4a. For example, some intermediates containing a desired, suitably
substituted five-membered heteroaryl have been published in US 2008/0311075A1 by C.

20 Bachand, et al from BMS, which is incorporated by reference. These intermediates are

compiled in the following Table 14.
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Some intermediates and/or precursors that may be used for the synthesis of the

compounds of the present invention have also been disclosed in the following patent
publications: WO 2009/102568A1; WO 2009/102633A1; WO 2010/065668A1; WO
2010/065674A1; WO 2010/065681A1; WO 2010/09677A1; WO 2010/111483A1; WO
2010/111534A1; WO 2010/111673A1; WO 2010/120935A1; WO 2010/132538A1A1;
WO 2010/132601A1; WO 2010/138368A1; WO 2010/138488A1; WO 2010/138790A1;
WO 2010/138791A1; WO 2010/144646A2; US 2010/0215618A1; and WO
2011/004276A1, which are incorporated by reference.

The synthesis of the compounds of the present invention involves 5/6-membered
fused heteroaryl intermediates other than benzimidazoles, various 5/6-membered fused
heteroaryl are known in the literature. The synthesis of other 5/6-membered fused
heteroaryl intermediates depends on the chemical features of each structure. For example,
a typical synthesis of indole intermediate is illustrated in Scheme 5. The commercially
available bromoiodoaniline 5-1 may be coupled to the commercially available acetylene 5-
1.1 under the Sonogashira conditions to give phenylacetylene 5-2. The latter may be
cyclized to indole 5-3 under heat or microwave condition in the presence of a copper

catalyst.

Br,

Br |
\©: + H%(j —_— = 52
NH, N N

I/ )
NH

5-1 Boc 2 Boc

5-1.1 +
Br.
Scheme 5 \©:\>_(j 5-3
N N

H

Boc’
It will be appreciated that, with appropriate manipulation and protection of any

chemical functionality, synthesis of compounds of Formula (I) is accomplished by
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methods analogous to those above and to those described in the Experimental section.
Suitable protecting groups can be found, but are not restricted to, those found in T W
Greene and P G M Wuts “Protective Groups in Organic Synthesis”, 3rd Ed (1999), J
Wiley and Sons.

In some embodiments, the invention is directed to a process of making a compound of
the invention comprising:

1) preparing a compound of Formula (1-I-a):

Q'-G-A-L-B-W!' (14-a)

2

via a transition-metal catalyzed cross-coupling reaction, ring-closure metathesis or
other intramolecular ring-closure reaction such as various type of Diels-Alder reaction,
amide (lactam) formation, reductive amination, oximation, ester formation
(lactonization), carbamate or urea formation;

wherein:

W' is independently selected from the group consisting of:

R7a R7a R7a

;IX‘;—R‘?\“ AOEES Sy

L7 XE /N’kRn, X“Qg:xz ,N’kRm VX IN’kRm
2 3-Y L1~L2_L3’Y , and LLLz_Ls’Y :

2

R7a
L
Q'is 22 or hydrogen;
or Q' and G are taken together to form W'; X* and X" at each occurence are cach
independently N or C(R'?); and R'? at each occurence is independently hydrogen,
halogen, hydroxy, optionally substituted C,-C4 alkyl or O(C,-C4 alkyl); Z* is
independently an amino protecting group or —C(0)-R’; wherein R® is C;-Cg alkyl
optionally substituted with amino, hydroxy, protected amino, or O(C;-C4 alkyl); and
A, B, G, L, U, Xl, Xz, Ll, Lz, LS, Rl, R’ and R™ are as defined in Formula (I);
R7a
L
ii) when Q'is z: , wherein Z* is an amino protecting group, selectively
deprotecting a compound of Formula (1-I-a) to give the corresponding amine of

Formula (1-1-b):
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R7a
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(1-1-b) ; and

ii1) Capping the released amino group of a compound of Formula (1-I-b) with LG-
C(0)-R®, wherein LG is a leaving group; to give the compound of Formula (1-I-c):

R7a

U R1
Rn,—(N G=-A-L-B-W'

Re'go (1-1-c)

5 All references cited herein, whether in print, electronic, computer readable storage
media or other form, are expressly incorporated by reference in their entirety, including
but not limited to, abstracts, articles, journals, publications, texts, treatises, internet web

sites, databases, patents, and patent publications.

EXAMPLES

10 The compounds and processes of the present invention will be better understood in
connection with the following examples, which are intended as an illustration only and not
limiting of the scope of the invention. Various changes and modifications to the disclosed
embodiments will be apparent to those skilled in the art and such changes and
modifications including, without limitation, those relating to the chemical structures,

15  substituents, derivatives, formulations and/or methods of the invention may be made
without departing from the spirit of the invention and the scope of the appended claims.

Although the invention has been described with respect to various preferred

embodiments, it is not intended to be limited thereto, but rather those skilled in the art will
recognize that variations and modifications may be made therein which are within the

20  spirit of the invention and the scope of the appended claims.

Example 1.

OO e
N NH 7 (s

Step 1a. Into a solution of ethyl 3-(4-br0rn0phenyl)-3-oxopropanoate (25 g, 92.2 mmol)
in 1,4-dioxane (20 mL) was added bromine (4.73 mL, 92.2 mmol) at 0 °C. The mixture
25  was stirred at 0 °C for 1.5 hours before all volatiles were evaporated off to the crude

desired product as a yellow oil (32.8g, quantitative), which was used for the next step
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without further purification. 'H NMR (CDCl3) 7.88 (d, 2H), 7.66 (d, 2H), 5.59 (s, 1H),
3.31 (q, 2H), 2.27 (t, 3H).
Step 1b. Into a solution of the compound from step 1a (32.8g, 92.2 mmol) in acetonitrile
(200 mL) was added (S)-1-(tert-butoxycarbonyl)pyrrolidine-2-carboxylic acid (21.0 g,

5  96.8 mmmol) and DIPEA (17.7 mL, 101.3 mmol). The mixture was stirred at rt for 14
hours before all volatile were evaporated. The residue was partitioned between water (100
mL) and EtOAc (300 mL) and the organic phase was separated, dried (Na,SO4) and
concentrated to afford a brown slurry, which was filtered through a silica plug (20g) and
cluted with EtOAc. The fractions with desired compound was collected and concentrated

10  to afford a light yellow oil (42g, 94%), which was resuspended in toluene (200 mL)
followed by addition of ammonium acetate (67g, 870 mmol). The mixture was stirred at
95 °C for 16 hours before being partitioned between aqueous NaHCO; and EtOAc. The
organic phase was separated, dried (Na,SO4) and concentrated to afford a brown slurry,
which was purified by chromatography (silica, EtOAc-hexanes) to afford a light yellow

15  oil. It was recrystalized with EtOAc and hexanes to provide the desired compound as light
yellow powder (16g, 39% over 2steps). ESIMS m/z = 464.30, 466.30 [M+H] .

Step 1c. Into a solution of the compound from step 1b (6g, 12.9 mmol) in DMF (50 mL)
was added sodium hydride (55% in mineral oil, 620 mg, 13.2 mmol). The mixture was
stirred at rt for 1 hour before addition of 2-(trimethylsilyl)ethoxymethyl chloride (2.3 mL,

20  12.9 mmol). It was stirred at rt for another 3 hours before being partitioned between
aqueous NaHCO; and EtOAc. The organic phase was separated, dried (Na,SO,) and
concentrated to afford a brown slurry, which was purified by chromatography (silica,
EtOAc-hexanes) to afford the desired compound as a light yellow oil (6.5 g, 84%).
ESIMS m/z = 594.43, 596.43 [M+H] .

25  Step 1d. Into a solution of the compound from step 1¢ (6.5g, 11 mmol) in CH,Cl, (60
mL) was added DIBAL-H solution (1M in hexane, 22 mL, 22 mmol) at -78 °C. The
resulting mixture was stirred at -78 °C for 3 hours before additional DIBAL-H solution
(1M in hexane, 11 mL, 11 mmol) was added. After another 1 hour stirring at -78 °C,
aqueous sodium/potassium tartrate (22g in 20 mL of water) was added dropwise before the

30  mixture was partitioned between water and EtOAc. The organic phase was separated,
dried (Na,SO4) and concentrated to afford a brown slurry, which was purified by
chromatography (silica, EtOAc-hexanes) to afford the desired compound as a light yellow
oil (4.0 g, 84%) with recovery of 1.5 g of the compound from step 1c. ESIMS m/z =
552.41, 554.41 [M+H]".
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Step le. Into a solution of the compound from step 1d (1.5g, 2.71 mmol) in DMF (50
mL) was added sodium hydride (55% in mineral oil, 130 mg, 2.98 mmol) and
allylbromide (0.24 mL, 2.84 mmol). The mixture was stirred at rt for 16 hours before
being partitioned between water and EtOAc. The organic phase was separated, dried

5  (NaySO4) and concentrated to afford a brown slurry, which was purified by
chromatography (silica, EtOAc-hexanes) to afford the desired compound as a light yellow
oil (1.62 g, quantitative). ESIMS m/z = 592.42, 594.42 [M+H] .
Step 1f. Into a mixture of the compound from step 1e (98.6 mg, 0.167 mmol) in 1,4-
dioxane (6 mL) was added hydrochloric acid (4M in 1,4-dioxane, 12 mL). The mixture

10  was stirred at 50 °C for 5 hours before all volatiles were removed to afford the crude
desired product as yellow powder, which was used directly used for the next step without
further purification. ESIMS m/z = 362.24, 364.24 [M+H] .

Step 1g. A mixture of the crude compound from step 1f(0.167 mmol at most) and (S)-2-
(methoxycarbonylamino)pent-4-enoic acid (using procedures similar to that described in

15 step 345¢, 31.7 mg, 0.183 mmol) in CH,Cl, (6 mL) was treated with HATU (63.3 mg,
0.167 mmol) in the presence of DIPEA (0.21 mL, 1.67 mmol) for 1 hour at rt. The
volatiles were evaporated off to provide a brown sirup, which was purified by
chromatography (silica, EtOAc-hexanes) to give the desired compound as a colorless oil
(51.2 mg, 2 steps 59%). ESIMS m/z =517.31,519.31 [M+H]".

20  Step 1h. Into a solution of the compound from step 1g (51.2 mg, 99.0 umol) in toluene
(22 mL) was added Zhan-1B catalyst (14.5 mg, 19.8 umol). The mixture were degassed
and heated at 50 °C under N, for 16 hours before the addition of another portion of Zhan-
1B catalyst (14.5 mg, 19.8 umol). It was degassed and heated at 50 °C under N, for
another 4 hours before all volatiles were evaporated. The residue was purified by

25  chromatography (silica, EtOAc-hexanes) to afford the desired compound as a yellow
brown foam (25.2 mg, 52%). ESIMS m/z = 489.22, 491.22 [M+H]".

Step 1i. To a mixture of 2,4'-dibromoacetophenone (5.00 g, 18.0 mmol) and N-Boc-L-
proline (3.87 g, 18.0 mmol) in CH3CN (60 mL) was added tricthylamine (5.40 mL, 37.8
mmol) slowly. The mixture was stirred at rt until the disappearence of the starting

30  material. The volatiles were evaporated and the residue was partitioned (EtOAc - water).
The organics were washed with brine, dried (Na,SOy), filtered and evaporated. The
residue was purified by chromatography (silica, hexanes-cthyl acetate) to give the desired
compound as a light yellow foam (6.73 g, 91%). 'H NMR (CDCls) 7.76 (t, J = 8.0 Hz,
2H), 7.63 (dd, /= 5.0, 8.5 Hz, 2H), 5.51, 5.16 (2d, /= 16.0 Hz, 1H), 5.32, 5.28 (2d, J =
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16.5 Hz, 1H), 4.48, 4.40 (dd, /= 5.0, 8.5 Hz, 1H), 3.56 (m, 1H), 3.43 (m, 1H), 2.30 (m,
2H), 2.06 (m, 1H), 1.92 (m, 1H), 1.46, 1.43 (2s, 9H).
Step 1j. To a solution of the compound from step 1i (6.73 g, 16.3 mmol) in toluene (100
mL) was added ammonium acetate (25.1 g, 0.327 mol) and the mixture was heated at 100
°C for 14 hours. The volatiles were evaporated and the residue was partitioned (EtOAc -
aq. NaHCO3). The organics were washed with brine, dried (Na,;SO,), filtered and
evaporated. The residue was purified by chromatography (silica, hexanes-ethyl acetate) to
give the desired compound as a yellow foam (6.10 g, 95%). ESIMS m/z = 392.24, 394.24
[M+H]". 'H NMR (CDCl3) 7.57 (bs, 1H), 7.48 (m, 3H), 7.23 (s, 1H), 4.97 (m, 1H), 3.42
(m, 2H), 2.99 (m, 1H), 2.16 (m, 2H), 1.97 (m, 1H), 1.46 (s, 9H).
Step 1k. To a mixture of the compound from step 1j (1.00 g, 2.55 mmol),
bis(pinacolato)diboron (1.35 g, 5.33 mmol) and potassium acetate (0.640 g, 6.53 mmol) in
1,4-dioxane (20 mL) was added Pd(PPhs)4 (0.147 g, 0.128 mmol). The mixture was
degassed and heated at 80 °C under N; for 14 hours. The volatiles were evaporated and
the residue was partitioned (EtOAc - water). The organics were washed with brine, dried
(Na,S0,), filtered and evaporated. The residue was purified by chromatography (silica,
hexanes-cthyl acetate) to give the desired compound as a light yellow solid (0.978 g, 87%).
ESIMS m/z = 440.39 [M+H]". 'H NMR (CDCls) 11.03, 10.55 (2s, 1H), 7.79 (m, 3H),
7.45 (m, 1H), 7.26 (m, 1H), 4.97 (m, 1H), 3.41 (m, 2H), 3.06, 2.91 (2m, 1H), 2.17 (m, 2H),
1.97 (m, 1H), 1.49 (s, 9H), 1.35 (s, 12H).
Step 1. A mixture of the compounds from step 1h (25.2 mg, 51.5 umol), and step 1k
(49.6 mg, 0.113 mmol) and NaHCOs (34.6 mg, 0.412 mmol) in DME (6 mL) and H,O (2
mL) was added Pd(PPhs)4 (2.9 mg, 2.5 umol). The mixture were degassed and heated to
95 °C under N; for 3 hours. The volatiles were evaporated and the residue was partitioned
(EtOAc - H,0). The organics were washed with brine, dried (Na,SOy), filtered and
evaporated. The residue was purified by chromatography (silica, hexanes-ethyl acetate) to
give the title compound as a light yellow solid (19.1 mg, 51%). ESIMS m/z = 722.60
[M+H]".

Example 83.

:/>

s 0 ;
58 - OO e
(o]
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Into a solution of the compound from Example 344 (60.0 mg, 77.1 umol) in
MeOH (16 mL) was added palladium hydroxide (20 wt% on carbon, 30.0 mg). The
mixture was hydrogenated with a hydrogen balloon at rt for 20 hours before filtration
through Celite. The filtrate was concentrated and purified by chromatography (silica,
CH;Cl,-MeOH) to give the title compound as a light yellow solid (52.9 mg, 88%). ESIMS
m/z="781.58 [M+H]".

Example 258.

/>

s ,0

3 - OO e

MeO,CHN NH 7S
X o

The title compound was prepared from the compound from Example 361 following
the procedures similar to that described in Example 344. ESIMS m/z = 807.46 [M+H]".
Example 317.

\ﬁ(o \ N NHCO Me
MeO,CHN \5‘
</ o

A mixture of the compound of Example 318 (15.0 mg, 18.9 umol) and palladium
hydroxide (20 wt% on carbon, 13.0 mg) in MeOH (4 mL) was hydrogenated under 60 psi
H, at rt for 3 days before being filtered through a plug of Celite. The filtrate was
concentrated and purified by chromatography (silica, CH,Cl,-MeOH) to give the title
compound as a white solid (11.5 mg, 77%). ESIMS m/z = 795.72 [M+H]".

Example 318.

) O
) HN ‘s’ N NHCO,Me
MeO,CHN \ T/@‘

The title compound was prepared from the compound of Example 350 using
procedures similar to that described in Example 344. ESIMS m/z = 793.71 [M+H]'".
Example 322.

\éeo N TN NHCOZMe
MeO,CHN
Q/ g
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The title compound was prepared from the compound of Example 346 using
procedures similar to that described in Example 344. ESIMS m/z = 795.70 [M+H]'".
Example 333.

-~

s 0O
5 OO e
MeO,CHN N \ﬁ
C ‘
! N\

ol
5 The title compound was prepared from the compound of Example 357 using
procedures similar to that described in example 344. ESIMS m/z = 820.75 [M+H]".
Example 336.

O,

m \ \ (3) NHCO,Me
MeO,CHN _5

o
Step 336a. The desired compound was prepared from the compound from step 1h of

10  Example 1 using procedures similar to that described in step 1k of Example 1. ESIMS m/z
=537.26 [M+H]".

Step 336b. The desired compound was prepared from the compounds from steps 1h and
336a (Example 336) using procedures similar to that described in step 11 of Example 1.
ESIMS m/z = 819.35 [M+H] .

15  Step 336¢. A mixture of the compound from step 336b (22 mg) and palladium (10 wt%
on carbon, 5 mg) in ethanol (3 mL) was stirred under hydrogen (60 psi) at rt for 4 hours
before being filtered through Celite. The filtrate was concentrated and purified by HPLC
(C-18, methanol-water) to provide the title compound as a white solid (2 mg, 9.1%).
ESIMS m/z = 823.41 [M+H]".

20 Example 344.

S) O
) HN \ 5 N NHCO,Me
MeO,CHN \/)gj

Step 344a. A solution of the compound from example 1 (89.1 mg, 0.123 mmol) in
CH,Cl; (3 mL) was treated with HCl in 1,4-dioxane (4 M, 3 mL) for 30 minutes. The
volatiles were evaporated off to give the crude desired compound as a yellow solid which

25  was directly used in the next step. ESIMS m/z = 622.41 [M+H]".
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Step 344b. A mixture of the crude compound from step 344a of Example 344 (0.123
mmol at most) and (S)-(methoxycarbonyl)amino-3-methyl-butyric acid (prepared
according to WO 2008/021927, 23.7 mg, 0.136 mmol) in DMF (3 mL) was treated with
HATU (46.9 mg, 0.123 mmol) in the presence of DIPEA (0.31 mL, 2.47 mmol) for 2

5  hours at rt. The volatiles were evaporated off to provide a brown sirup, which was purified
by chromatography (silica, CH,Cl,-MeOH) to give the title compound as a light yellow
solid (80.6 mg, 2 steps 84%). ESIMS m/z = 779.58 [M+H]".

Example 345.

(S)

OO T
NH o7 &

10  Step 345a. To a solution of (S)-5-tert-butoxy-4-(tert-butoxycarbonylamino)-5-
oxopentanoic acid (1.986 g, 6.547 mmol) in THF (45 mL) and EtsN (5.47 mL, 39.28
mmol) at -20 °C was added isobutyl chloroformate (2.57 mL, 19.64 mmol). The resulting
suspension was warmed up to 0 °C and stirrd at 0 °C for 20 minutes before being cooled
down to -78 °C. NaBH, (2.477 g, 65.47 mmol) was added at -78 °C, followed by the

15  addition of EtOH (19.1 mL). The suspension was allowed to warm to rt and stirred for 2
hours before being cooled down to 0 °C and quenched with 3 N HCI until pH ~2. The
volatiles were evaporated off. The residue was partitioned (EtOAc - H,0). The organics
were washed with brine, dried (Na,S0O,), filtered and evaporated. The residue was purified
by chromatography (silica, hexanes-EtOAc) to give the desired compound as a colorless

20  oil (1.740 g, 92%). ESIMS m/z = 290.23 [M+H]".

Step 345b. To a solution of DMSO (0.98 mL, 13.82 mmol) in CH,Cl, (12 mL) at -78 °C
was added oxalyl chloride (0.60 mL, 6.911 mmol) dropwise. After 20 minutes at -78 °C, a
solution of the compound from step 345a (1.000 g, 3.456 mmol) in CH,Cl, (7 mL) was
added at -78 °C. After 30 minutes at -78 °C, Et;N (3.85 mL, 27.65 mmol) was added. The

25  mixture was stirred at -78 °C for 20 minutes and warmed up to rt. After 20 minutes at rt, it
was quenched with saturated NH4Cl. The mixture was partitioned (EtOAc - H,0). The
organics were washed with brine, dried (Na;SQOy), filtered and evaporated. The residue
was dried in vacuo to give the desired compound as a colorless oil (1.013 g), which was
used directly for the next step.

30  Step 345¢. To a suspension of methyl triphenylphosphonium bromide (6.173 g, 17.28
mmol) in THF (60 mL) was treated with ~BuOK (1M in THF, 17.28 mL, 17.28 mmol) at
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rt for 1 hour before being cooled down to 0 °C. A solution of the compound from step
345b (1.013 g, 3.456 mmol at most) in THF (12 mL) was added at 0 °C. The mixture was
stirred at rt for 15 hours before being quenched with saturated NH4Cl solution. It was
partitioned (EtOAc - H,0) and the organics were washed with brine, dried (Na,SO,),
filtered and evaporated. The residue was purified by chromatography (silica, hexanes-
ethyl acetate) to give the desired compound as a colorless oil (0.456 g, 46% over 2 steps)
as a racemic mixture. ESIMS m/z = 286.25 [M+H]".

Step 345d. To a solution of the compound from step 345¢ (0.456 g, 1.598 mmol) in
CH,Cl; (1 mL) was added trifluoroacetic acid (5 mL) at rt. It was stirred at rt for 5 hours
before the volatiles were removed to afford the crude desired product as a light yellow
solid, which was used directly for the next step without further purification.

Step 345e. A mixture of the crude compound from step 345d (1.598 mmol at most) and
Na,CO; (0.186 g, 1.758 mmol) in 1 M NaOH solution (3.20 mL) was treated with methyl
chloroformate (0.13 mL, 1.734 mmol) at 0 °C for 10 minutes. It was then stirred at rt for
3.5 hours. The volatiles were evaporated off. The residue was partitioned (Et,O - H,0).
The aqueous layer was acidified with 3 N HCI solution to pH~2 at 0 °C and then extracted
with CH,Cl; and EtOAc. The combined organic layers were washed with brine, dried
(Na;S0y), filtered and evaporated. The residue was dried under vacuum to give the desired
compound as a slightly yellow oil (0.285 g, 95% over 2 steps). 'H NMR (CD:0D) 5.87-
5.79 (m, 1H), 5.07 (d, /= 15.8 Hz, 1H), 5.01 (d, /= 10.2 Hz, 1H), 4.14 (dd, /=4.6,9.3
Hz, 1H), 3.66 (s, 3H), 2.19-2.11 (m, 1H), 1.96-1.89 (m, 1H), 1.79-1.71 (m, 1H),

Step 345f. The desired compound was prepared from the crude compound from step 1f
and the compound from step 345¢ using procedures similar to that described in step 1g.
ESIMS m/z = 531.28, 533.28 [M+H] .

Step 345g. The desired compounds as an olefin isomeric mixture was prepared from the
compound from step 345f using procedures similar to that described in step 1h. ESIMS
m/z =503.17, 505.17 [M+H]".

Step 345h. The title compounds as an olefin isomeric mixture were prepared from the
compounds from steps 345g and 1k using procedures similar to that described in step 11.

ESIMS m/z = 736.57 [M+H]".
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Example 346.

- OO T
N NH 7 (s

A mixture of the compounds of Example 345 (13.0 mg, 17.6 umol) and palladium
(10 wt% on carbon, 5.8 mg) in MeOH (10 mL) was stirred with a hydrogen balloon at rt
5  for 14 hours before being filtered through Celite. The filtrate was concentrated to give the
crude title compound as a light yellow solid which was directly used in the next step.
ESIMS m/z = 738.60 [M+H] .
Example 347.

[o] (’{)
)

10  Step 347a. The desired compound was prepared from the crude compound from step 1f

~
\‘(37 NHCO,Me
<X Q/ ‘avadawl e

and (2S,3R)-3-(allyloxy)-2-(methoxycarbonylamino)butanoic acid (prepared from O-2-
propen-1-yl-L-threonine, using procedures similar to that described in step 345¢) using
procedures similar to that described in step 1g. ESIMS m/z = 561.29, 563.29 [M+H]'".
Step 347b. The desired compounds as an olefin isomeric mixture was prepared from the
15  compound from step 347a using procedures similar to that described in step 1h. ESIMS
m/z = 533.22, 535.22 [M+H]".
Step 347c¢. The title compounds as an olefin isomeric mixture were prepared from the
compounds from steps 347b and 1k using procedures similar to that described in step 11.
ESIMS m/z = 766.74 [M+H] .
20 Example 348.

N HN’\/ . . i\‘(‘*’\ % NHCO,Me

The title compound was prepared from the cornpounds of Example 347 using

procedures similar to that described in example 83. ESIMS m/z = 768.52 [M+H]".
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Example 349.

HN " NHCO,M
W OO

NH g , "
v
The title compound was prepared from the compound of Example 348 using

procedures similar to that described in Example 344. ESIMS m/z = 825.91 [M+H]".
5 Example 350.

HN ‘s‘) N NHCO,Me
N T/@‘

Step 350a. The desired compound was prepared from the crude compound from step 1f
and trans-2-(methoxycarbonylamino)-3-methylpent-4-enoic acid (prepared from trans-2-
amino-3-methyl-4-pentenoic acid (Can. J. Chem. 2005, 83, 937-942), using procedures

10  similar to that described in step 345¢) using procedures similar to that described in step 1g.
ESIMS m/z = 531.37,533.37 [M+H] .
Step 350b. The desired compound was prepared from the compound from step 350a
using procedures similar to that described in step 1h. ESIMS m/z = 503.34, 505.34
[M+H]".

15  Step 350c. The title compound was prepared from the compounds from steps 350b and 1k
using procedures similar to that described in step 11. ESIMS m/z = 736.70 [M+H]".

Example 351.

OO0 »j"
N NH (s

Step 351a. The desired compound was prepared from the crude compound from step 1f
20  and (S)-3-(allyloxy)-2-(methoxycarbonylamino)propanoic acid (prepared from O-2-

propen-1-yl-L-serine (Org. & Biomolecular Chem. 2005, 3(10), 2016-2025), using

procedures similar to that described in step 345¢) using procedures similar to that

described in step 1g. ESIMS m/z = 547.41, 549.41 [M+H] .

Step 351b. The desired compounds as an olefin isomeric mixture were prepared from the
25  compound from step 351a using procedures similar to that described in step 1h. ESIMS

m/z=519.24, 521.24 [M+H]".
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Step 351c. The title compounds as an olefin isomeric mixture were prepared from the
compounds from steps 351b and 1k using procedures similar to that described in step 11.
ESIMS m/z = 752.36 [M+H] .

Example 352.

OO~ »3
N NH (s

5
The title compound was prepared from the cornpounds of example 351 using
procedures similar to that described in Example 83. ESIMS m/z = 754.44 [M+H]".
Example 353.
)] e
e {20-0-C ] e

10 The title compound was prepared from the cornpounds of Example 352 using

procedures similar to that described in Example 344. ESIMS m/z = 811.55 [M+H]'.
Example 354.

OO "
N NH 7 (9
(Z)

Step 354a. The desired compound was prepared from the crude compound from step 1f
15 and (S)-2-(methoxycarbonylamino)-non-8-enoic acid (prepared from (S)-2-amino-8-
nonenoic acid using procedures similar to that described in step 345¢) using procedures
similar to that described in step 1g. ESIMS m/z = 573.37, 575.37 [M+H]".
Step 354b. The desired compound was prepared from the compound from step 354a
using procedures similar to that described in step 1h. ESIMS m/z = 545.18, 547.18
20 [M+H]".
Step 354¢. The title compound was prepared from the compounds from steps 354b and 1k
using procedures similar to that described in step 11. ESIMS m/z = 778.45 [M+H]".

87



FHHH241 FFHH242 Me HH H 243 Me Me HH 244 HH M Me 245 H H Et
246 CF3 HH H 247 CF3 H CF3 H 248 O H HH 249 O

10

15

20

25

WO 2011/091417 PCT/US2011/022401

Example 355.

ﬁ OO o
MeO,CHN
2 NH 7 s

(Z)

The title compound was prepared from the compound of Example 354 using
procedures similar to that described in Example 344. ESIMS m/z = 835.55 [M+H]'".
Example 356.

)
) HN \ @ N NHCO,Me
MeO,CHN NH o

The title compound was prepared from the compound of Example 355 using procedures

similar to that described in example 83. ESIMS m/z = 837.51 [M+H]".

Example 357.
N ‘s"/"> NHCO,Me
S SOOI e
& e

O

Step 357a. A solution of the compound from step 1d (0.300 g, 0.543 mmol) in DMF (10
mL) was treated with sodium hydride (60% in mineral oil, 43.5 mg, 1.09 mmol) and
propargyl bromide (0.12 mL, 1.09 mmol) at rt for 16 hours before being partitioned
between water and EtOAc. The organic phase was separated, dried (Na,SO,) and
concentrated to afford a brown slurry, which was purified by chromatography (silica,
EtOAc-hexanes) to afford the desired compound as a light yellow oil (0.277 g, 87%).
ESIMS m/z = 590.43, 592.43 [M+H] .

Step 357b. The crude desired compound was prepared from the compound from step
357a using procedures similar to that described in step 1f. ESIMS m/z = 360.22, 362.22
[M+H]".

Step 357¢. The desired compound was prepared from the crude compound from step
357b and (S)-4-(tert-butyldimethylsilyloxy)-2-(methoxycarbonylamino)butanoic acid
(prepared from (S)-2-amino-4-(tert-butyldimethylsilyloxy)butanoic acid, using procedures
similar to that described in step 345¢, WO 2007/129036 and WO 2008/021927) using
procedures similar to that described in step 1g. ESIMS m/z = 633.63, 635.63 [M+H]'".
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Step 357d. A solution of the compound from step 357¢ (0.100 g, 0.158 mmol) in THF (5
mL) was treated with AcOH (27.0 uL, 0.474 mmol) and TBAF (1M in THF, 0.47 mL,
0.474 mmol) at rt for 2 hours. The volatiles were evaporated off and the residue was
partitioned (EtOAc - H,0). The organics were washed with brine, dried (Na,SO,), filtered
5  and evaporated. The residue was purified by chromatography (silica, CH,Cl,-MeOH) to
give the desired compound as a colorless oil (73.5 mg, 90%). ESIMS m/z = 519.48, 521.48
[M+H]".
Step 357e. A solution of the compound from step 357d (73.5 mg, 0.142 mmol) in CH,Cl,
(4 mL) was treated with camphorsulfonic acid (32.9 mg, 0.142 mmol) and Dess-Martin

10  periodinane (0.180 g, 0.425 mmol) at rt for 3 hours before being quenched by aqueous
Na,S,0s. The volatiles were evaporated and the residue was partitioned (EtOAc - H,0).
The organics were washed with brine, dried (Na,SO,), filtered and evaporated. The
residue was purified by chromatography (silica, EtOAc-hexanes) to give the desired
compound as a colorless oil (54.6 mg, 75%). ESIMS m/z = 517.30, 519.30 [M+H]".

15  Step 357f. A solution of the compound from step 357¢ (54.6 mg, 0.106 mmol) in EtOH (3
mL) was treated with pyridine (25.6 uL, 0.317 mmol) and hydroxylamine hydrochloride
(22.0 mg, 0.317 mmol) at rt for 13 hours before being evaporated to dryness. The residue
was purified by chromatography (silica, CH,Cl,-MeOH) to give the desired compound as
a white solid (54.9 mg, 98%). ESIMS m/z = 532.28, 534.28 [M+H] .

20  Step 357g. A solution of the compound from step 357f (54.9 mg, 0.103 mmol) in EtOAc
(10 mL) and H,O (30 uL) was treated with NaHCO; (43.3 mg, 0.516 mmol) and N-
chlorosuccinimide (45.3 mg, 0.310 mmol) at rt for 2 days before being partitioned (EtOAc
- H,0). The organics were washed with brine, dried (Na,SO,), filtered and evaporated.
The residue was purified by chromatography (silica, CH,Cl,-MeOH) to give the desired

25  compound as a colorless oil (38.2 mg, 70%). ESIMS m/z = 530.31, 532.31 [M+H]".

Step 357h. The title compound was prepared from the compounds from steps 357g and
1k using procedures similar to that described in step 11. ESIMS m/z = 763.76 [M+H] .

Example 358.
/
(o]
AL IO~ g
& -

30  Step 358a. A solution of the compound from step 1a (2.480 g, 6.971 mmol) in acetonitrile
(24 mL) was treated with N-Boc-sarcosine (1.715 g, 9.063 mmol) and DIPEA (3.64 mL,

20.91 mmol) at rt for 2 hours before the volatiles were evaporated. The residue was
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partitioned (H,O - EtOAc). The organic phase was washed with brine, dried (Na,SO.),
filtered and concentrated to afford the desired compound as a dark yellow oil (3.360 g),
which was used without further purification. ESIMS m/z = 458.14, 460.14 [M+H]".
Step 358b. A mixture of the compound from step 358a (3.360 g, 6.971 mmol at most) and
5  ammonium acetate (5.911 g, 76.68 mmol) in toluene (70 mL) was stirred at 100 °C for 19
hours before being allowed to cool down and partitioned between H,O and EtOAc. The
organic phase was washed with aqueous NaHCOs and brine, dried (Na,SOy), filtered and
concentrated. The residue was purified by chromatography (silica, EtOAc-hexanes) to
afford the desired compound as an orange foam (0.874 g, 29% over 2 steps). ESIMS m/z =
10 438.06, 440.06 [M+H]'".
Step 358¢. To a solution of the compound from step 358b (0.810 g, 1.848 mmol) in DMF
(12 mL) was added sodium hydride (60% in mineral oil, 77.6 mg, 1.940 mmol) at rt. The
mixture was stirred at room temperature for 1 hour before 2-(trimethylsilyl)-ethoxymethyl
chloride (0.33 mL, 1.848 mmol) was added dropwise. It was stirred at rt for 2 hours before
15  being quenched with saturated NH4Cl solution and diluted with EtOAc. The organic phase
was washed with brine, dried (Na,SQO,), filtered and concentrated. The residue was
purified by chromatography (silica, EtOAc-hexanes) to afford the desired compound as a
light yellow oil (0.700 g, 67%). ESIMS m/z = 568.14, 570.14 [M+H]".
Step 358d. To a solution of the compound from step 358¢ (0.700 g, 1.231 mmol) in
20  dichloromethane (12 mL) at -78 °C was added DIBAL-H solution (1M in hexane, 3.69
mL, 3.69 mmol). The mixture was stirred at -78 °C for 1 hour before additional DIBAL-H
solution (1M in hexane, 1.23 mL, 1.23 mmol) was added. After another 4 hour at -78 °C,
the mixture was poured into saturated aqueous potassium sodium tartrate solution (~40
mL). After 15 minutes at rt, the mixture was partitioned between water and EtOAc. The
25  organic phase was washed with brine, dried (Na,SQO4) and concentrated. The residue was
purified by chromatography (silica, EtOAc-hexanes) to afford the desired compound as a
light yellow foam (0.120 g, 19%). ESIMS m/z = 526.08, 528.08 [M+H]".
Step 358e. To a solution of the compound from step 358d (0.120 g, 0.228 mmol) in DMF
(4 mL) was added sodium hydride (60% in mineral oil, 13.7 mg, 0.342 mmol) at rt. After
30 30 minutes at rt, allylbromide (30 pL, 0.342 mmol) was added. The mixture was stirred at
rt for 15 hours before being quenched with saturated NH4Cl solution and diluted with
EtOAc. The organic phase was washed with brine, dried (Na;SO4) and concentrated. The
residue was chromatographed (silica, EtOAc-hexanes) to afford the desired compound as a

colorless oil (90.0 mg, 78%). ESIMS m/z = 566.13, 568.13 [M+H] .
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Step 358f. To a mixture of the compound from step 358¢ (90.0 mg, 0.159 mmol) in 1,4-
dioxane (1 mL) was added hydrochloric acid (4M in 1,4-dioxane, 6 mL). The mixture was
stirred at 50 °C for 5 hours before all volatiles were removed to afford the crude desired
product as a yellow solid, which was used directly for the next step without further
purification. ESIMS m/z = 336.09, 338.09 [M+H]".
Step 358g. A mixture of the crude compound from step 3581 (0.159 mmol at most) and
(8)-2-(methoxycarbonylamino)pent-4-enoic acid (prepared using procedures similar to that
described in step 345¢ and WO 2008/021927, 30.3 mg, 0.175 mmol) in CH,Cl, (4 mL)
was treated with HATU (60.4 mg, 0.159 mmol) in the presence of DIPEA (0.28 mL, 1.588
mmol) for 1 hour at rt before more HATU (3.0 mg) was added. After another 20 minutes,
the volatiles were evaporated off. The residue was purified by chromatography (silica,
EtOAc-hexanes-MeOH) to give the desired compound as a white foam (70.3 mg, 90%
over 2 steps). ESIMS m/z = 491.15, 493.15 [M+H]".
Step 358h. The desired compound as a brown solid (26.3 mg, 40%) was obtained from
the compound from step 358g (70.3 mg, 0.143 mmol) using the procedures similar to that
described in step 1h. ESIMS m/z = 463.10, 465.10 [M+H]".
Step 358i. To a mixture of the compounds from step 358h (26.3 mg, 56.8 umol), step 1k
(37.4 mg, 85.1 umol) and NaHCOs3 (19.1 mg, 0.227 mmol) in DME (3 mL) and H,O (1
mL) was added Pd(PPhs)4 (6.6 mg, 5.7 umol). The resultant mixture was degassed and
heated at 97 °C under N; for 3 hours. The volatiles were evaporated off. The residue was
purified by chromatography (silica, hexanes-EtOAc-MeOH) to give the title compound as
a yellow solid (23.3 mg, 59%). ESIMS m/z = 696.34 [M+H] .
Example 359.
\Q(o HN O Q N\*(\N/ NHCO,Me
- o

The title compound was prepared from the compound of Example 358 using

procedures similar to that described in example 344. ESIMS m/z = 753.38 [M+H] .
Example 360.

O N s) N
ON( HN"Q) O O =77 NHCO,Me
iR ainial &
H i)
o
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The title compound was prepared from the compound from step 1h and (S)-tert-
butyl 6-(4-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-1H-imidazol-2-yl)-5-
azaspiro[2.4]heptane-5-carboxylate (prepared using procedures similar to that described in
step 1i-1k from (S)-5-(tert-butoxycarbonyl)-5-azaspiro[2.4]heptane-6-carboxylic acid, WO
2009/102325) using procedure similar to that described in step 11. ESIMS m/z = 748.37
[M+H]".

Example 361.

- OO T
N NH 7 (s

To a solution of the cornpound from Example 360 (19.0 mg, 25.4 umol) in MeOH
(3 mL) was added palladium hydroxide (20 wt% on carbon, 7 mg). The mixture was
stirred under hydrogen (60 psi) at rt for 15 hours before being diluted with

dichloromethane and filtered through Celite. The filtrate was concentrated to give the title
compound as a dark yellow solid (22.5 mg, quant.). ESIMS m/z = 750.33 [M+H]".
Example 362.

(o}

Step 362a. To a solution of N-Boc-L-serine (2.500 g, 12.18 mmol) in DMF (50 mL) at -
20 °C was added sodium hydride (60% in mineral oil, 1.121 g, 28.02 mmol). The
suspension was allowed to gradually warm up to rt and stirred for 20 minutes at rt. A
solution of 2-(allyloxy)ethyl 4-methylbenzenesulfonate (prepared according to J. Org.
Chem. 1999, 64, 4798, 3.747 g, 14.62 mmol) was added. The mixture was stirred at rt for
17 hours before being cooled to 0 °C and quenched with H,O (100 mL). It was extracted
with #-butyl methyl ether, EtOAc. The aqueous layer was acidified with 3N HCI at 0 °C to
pH ~2 before being extracted with EtOAc. The combined organic layers were washed with
brine, dried (Na;SOy), filtered and concentrated. The residue was freed of DMF by passing
N, through for 3 h and then dried under vacuum to afford the desired compound as a
yellow oil (1.870 g, 53%). ESIMS m/z =290.09 [M+H] .

Step 362b. A mixture of the compound from step 362a (1.870 g, 6.463 mmol) in CH,Cl,
(15 mL) was treated with HCI (4M in 1,4-dioxane, 20 mL) at rt for 2 hours before all

92

287



294 N ? * 295 N . 296 40 ' 297 |. ' 298 A 299 A 300 =t 301 41
302 I / 303 5Tabl e 8: Exanpl es 304- 315. Entry Gy Entry Gg Entry Gg 304
1.7n"; 1IWB2BI1/091417 PCT/US2011/022401

volatiles were evaporated off to afford the crude desired product as a yellow solid (1.428
g), which was used directly for the next step without further purification. ESIMS m/z =
190.11 [M+H]".
Step 362¢. The desired compound as a yellow oil (1.192 g, 75% over 2 steps) was

5  prepared from the crude compound from step 26b (1.428 g, 6.463 mmol at most) using the
procedures similar to that described in step 345¢. ESIMS m/z =270.53 [M+H]".
Step 362d. To a solution of the compound from the compound from step 1d (0.250 g,
0.452 mmol) in CH,Cl, (5§ mL) was added NaHCO; (0.500 g, 5.952 mmol) and Dess-
Martin periodinane (0.230 g, 0.543 mmol). The mixture was stirred at rt for 2 hours.

10  Another portion of Dess-Martin periodinane (46.0 mg, 0.108 mmol) was added. After 30
minutes at rt, it was quenched with aqueous Na,S,0; solution at 0 °C. After 10 minutes at
rt, the mixture was partitioned (EtOAc - H,0). The organics were washed with brine, dried
(Na;S0y), filtered and evaporated. The residue was purified by chromatography (silica,
hexanes-EtOAc) to give the desired compound as a white semi-solid (0.220 g, 88%).

15 ESIMS m/z=552.11 [M+H]".

Step 362e. To a suspension of methyl triphenylphosphonium bromide (0.357 g, 0.999
mmol) in THF (11 mL) was added ~-BuOK (1M in THF, 1.00 mL, 0.999 mmol) at rt. The
mixture was stirred at rt for 1 hour before being cooled down to 0 °C. A solution of the
compound from step 362d (0.220 g, 0.400 mmol) in THF (2 mL) was added at 0 °C. The

20  resultant mixture was stirred at rt for 20 hours before being quenched with saturated
NH4Cl solution. The mixture was partitioned (EtOAc - H,0) and the organics were
washed with brine, dried (Na,SOs), filtered and evaporated. The residue was purified by
tchromatography (silica, hexanes-cthyl acetate) to give the desired compound as a
colorless oil (0.209 g, 95%). ESIMS m/z = 548.14, 550.14 [M+H] .

25  Step 362f. To a solution of the compound from step 362¢ (0.209 g, 0.381 mmol) in 1,4-
dioxane (3 mL) was added HCI (4M in 1,4-dioxane, 18 mL). The mixture was stirred at
50 °C for 5 hours before all volatiles were removed to afford the crude desired product as a
yellow solid (0.227 g), which was used directly for the next step without further
purification. ESIMS m/z =318.19, 320.18 [M+H]".

30  Step 362g. A mixture of the crude compound from step 362f (0.227 g, 0.381 mmol at
most) and the compound from step 362¢ (0.113 g, 0.457 mmol) in CH,Cl, (7 mL) was
treated with HATU (0.145 g, 0.381 mmol) in the presence of DIPEA (0.66 mL, 3.810

mmol) for 1.5 hours at rt. The volatiles were evaporated off. The residue was purified by
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chromatography (silica, EtOAc-hexanes) to give the desired compound as a white solid
(0.165 g, 79% over 2 steps). ESIMS m/z = 547.09, 549.09 [M+H]".
Step 362h. To a solution of the compound from step 362g (0.165 g, 0.301 mmol) in
toluene (150 mL) was added Zhan-1B catalyst (44.2 mg, 60.3 umol). The mixture was

5  degassed and heated at 50 °C under N, for 15 hours. The volatiles were evaporated off.
The residue was purified by chromatography (silica, EtOAc-hexanes-MeOH) to afford the
desired compound as a dark brown oil (0.118 g, 75%). ESIMS m/z = 519.04, 521.04
[M+H]".
Step 362i. The title compound was prepared from the compounds from step 362h and

10  step 1k following the procedure similar to that described in step 11. ESIMS m/z = 752.39

[M+H]".

Example 363.

The title compound was prepared from the compound from Example 362 following
15 the procedures similar to that described in Example 361. ESIMS m/z = 754.39 [M+H]".
Example 364.

O

4
MeO,CHN {l:sDL: O O

The title compound was prepared from the compound from Example 363 following

the procedures similar to that described in Example 344. ESIMS m/z = 811.44 [M+H]".

20 Example 365.
0’ HN A N ‘s’/"> NHCO,M
< = O @ N\ NH =
7( N4y~ SN o7 s
= o

Step 365a. A solution of 5-bromo-1-pentene (1.00 g, 6.70 mmol) in acetone (70 mL) was
treated with sodium iodide (11.0 g, 73.7 mmol) at rt for 36 hours before filtration through
Celite. The filtrate was concentrated to a yellow solid. It was dissolved in diethyl ether (50

25 mL) and washed with water and brine. The organic phase was dried (Na,SQy,), filtered
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and evaporated to give a light yellow oil (680 mg, 50%), which was used directly in the
next step.

Step 365b. Into a solution of lithium chloride (anhydrous, 509 mg, 12 mmol) in THF (12
mL) was charged 2-amino-N-((1R,2R)-1-hydroxy-1-phenylpropan-2-yl)-N-

5  methylacetamide hydrate (721 mg, 3.0 mmol), followed by LHMDS (1 M in THF, 9.6
mL, 9.6 mmol) while keeping temperature below -5 °C. It was stirred for 15 minutes
before the compound from Step 365a (660 mg, 3.24 mmol) in THF (5 mL) was added. The
mixture was stirred at -5 °C for 4 hours then rt overnight. It was quenched and acidified by
HCI (4 N) to pH 2 before partition (EtOAc - H,O). The acidic aqueous phase was basified

10  to pH 14 by adding NaOH (50%) and was extracted with CH,Cl, The organics were
washed with brine, dried (Na,SOs), filtered and evaporated. The residue was
chromatographed (silica, CH,Cl,-MeOH-TEA) to give the desired compound as a light
yellow oil (441 mg, 50%). ESIMS m/z = 290.21 [M+H]".

Step 365¢. A solution of the compound from step 365b (284 mg, 0.98 mmol) in H,O (2

15 mL) and MeOH (3 mL) was treated with NaOH (1M, 2 mL) at 80 °C for 8 hours, then rt
overnight. The crude product was partitoned (CH,Cl,-H,0). The basic aqueous solution
was treated with methyl chloroformate (0.1 mL, 1.2 mmol) at rt for 6 hours before
partition (EtOAc - H,0). The aqueous phase was acidified to pH 3 by HCIl (4 N) and then
extracted with EtOAc. The organics were washed with brine, dried (Na;SOs), filtered and

20  evaporated to give the desired compound as a light yellow oil (42 mg, two steps 22%).
Step 365d. The desired compound as a yellow oil was prepared from the compounds
from steps 1f and 365¢ using the procedures similar to that described in step 344b. ESIMS
m/z = 545.30, 547.31 [M+H] .

Step 365e. The desired compounds as a yellow oil in olefin isomeric mixture (32 mg,

25  62%) was prepared from the compound from step 365d (55 mg, 0.1 mmol) and Zhan-1B
catalyst (14.6 mg, 0.02 mmol) in toluene (80 mL) at 50 °C for 15 hours using procedures
similar to that described in step 26h . ESIMS m/z = 517.21, 519.20 [M+H]".

Step 365f. A mixture of the compounds from step 1k (54 mg, 0.123 mmol), step 365¢ (32
mg, 0.062 mmol), Pd(PPh;), (7 mg, 0.006 mmol) and NaHCOj; (79 mg, 0.94 mmol) in

30 DME (5.2 mL) and H,O (1.7 mL) was degassed and heated at 95 °C under N, for 1 hour.
The volatiles were evaporated and the residue was partitioned (EtOAc - H,O). The
organics were washed with brine, dried (Na;SOy), filtered and evaporated. The residue
was chromatographed (silica, MeOH-DCM) to give the desired compound as a yellow
solid (28.3 mg, 61%). ESIMS m/z = 750.57 [M+H]".
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R2 at each occurrence is independently hydrogen,

substituted C1-C4 al kyl,
substi t utwo 2oaf@eaar yl ;

hal ogen,
optionally substituted aryl,
10R7 at each occurrence is indepemdsatiip2ziel ect ed

optionally

or optionally

fromthe group consisting of hydrogen, hal ogen, cyano, hydroxy, O0(Cl-C4
al kyl), s&t—Aatkyl)—amnooptionallysubstitytedwth one o tweCl1-C4
al kyl, optionall d aryl, [op nal I'y substi t ut ed roaryl
optional |y bst|i k1>§4’ and TPty onal |y tit
C3- C8cyc| oal Kyl ; ly tTwo gemi nal gr cups are takqm/t\e&et her
with the|carbon |atqpo 15 which they arehattached to forma spiro,
optional [y substfitut@d 3- to 7-nmenbered Clic grjoup sefect ed forom T he
group copsi sting 0o Cé cylcl oal kyll, g3-S4cwc! odl kenyl pr S\OtusNﬂbmarrbered
het er ocygl i B30 78sand R3B af e Qg rrencé3ére e eflgandent | y
sel ected|{fromthe up consji sti ng Df roge gpt i onal bstituted
aryl , optionmatty—substitguted—Ci=—C4—alkyi I AULpLi onaty-sukstTuted
C3- C8cyc| oal ky! ; ~ N t ernatjizgel \X%/u#d CHR{p-U are }:}1 t oget her
to forma group |sel ect from CH] fused optional | y suys ed|C3-C8
cycl oal kyt—,fTused ORtional Ty substi eq, aryl], or t1used ana Op[l onal |y
substituted heterom Yet alternati U, R7a , and RFb™greot akgn
toget her | wi 142 the carbgn *at ons 148 2% whi ch it hey drelatt ached Lo m &
bridged, [optional ly sz_%itut ed 4- fo 7-ne red |cyclic group sedected from
the group—considting ~ A- A7 _cycloal kyl | C7Z_gycl nal kenyl and 4- tg¢
7- menber ed het erlocy€ly ¢ .and =ach—§k\lﬁi\r§ence i dep,ar(d’éﬁ(ﬁ%m
selectedfr%tre ggu onS|st|4% pf O( Cl- 7 al kyl), "anine,
Ci - CBal ky——€2-¢84a{ Ir(cnyl —C2—C8al Ir('y'ﬁ'y'l oS3 &CyCI oat Ir('y'l ; \Aﬁom Ph
30cycl oa het 8r o l'i c|, , |an eroar yl ch| opt ijonal |
subgti tu edl‘& WD 20 5 17PC'I1/4éJSZ D11/ 2.y Tﬁégcorrpgu | ailm 1,
wherein | is sellected fPfomthe group congisbing of Q, - H- -C(Oh-
-C(O)NH| G -4 |al kyT) c4 al kenyl, CXR C4 alkyngll c4
al kyl ) - NH (G 4 ad%«r edch 18pti pnal "iﬁjti tjut ed \({i
phar maceutically f r‘nmpmm nf r‘lau_m_l_
represented by Ko gﬁ (Hb) or ( o , @gr a phafmac |y
accept abl e B3l t Bh‘érg\; %g\% . Th&sconpo | aijm 356 wher @je#R gach L
is absent or sellecte he group con&isting af O, -C 0) NH-, ~(Cl-C4
al kyl ) - NHHE&—C4—atjayt) OP“ heteracyc.ic, SRS aIIr\cuyl, 24 —atkynyl
each opt ong]l @(L‘E‘y ; %and B lary ch in ?ggndentl _abggnt ,
optional |y bst|i or §pt| onal™y Ysubst i|t ut het er oar or
al ternat vely A] anet"B arel t aken {oq ~t rma li karom
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groups i s e g bstlied ut ¢ at 1€ch ochar ¢ each
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55. A compound of claiml1,

(111d):

substi t utwo 2ei1rde14m no,

hydr

oxy,

and B are each independently phenyl,

represented by Fornula (M),
R7aR7aR7aR7a wherein:

R6 is Cl1-C8

prot ected am no,
nmonocyclic heteroaryl,

(
al kyl

111b), (I11c)

optionally

or

or O( ecT@s2@llogyi4pr 10A

bicyclic aryl,

or bi cycHe—heteroary—each npt:cr‘u!!y sybstituted:
optional |y subst|itutedq -4 al kenyl |y subs
al kynyl ; 178 PRy L3 dt’%ac rel8@ch| i ndspendy a
| i near aliphatig nrnun or ane 150f s a a linear aliphaticlgroup
and the pther of nd L3 is absent; WO 2011/091417PCT US201L/ @22401 X3
and X4 at eggh cccu'f\t/\r&.i re gash |ndep% tly |N qg3C(R12Y>/%E§%
R12 at epch occdyrren ndependent | y “hy gen,| hal ogen, hydr ,
optional |y substlituted G -CA alkyl or 0(Cl- CA alkyl): orla pharndceutically
accept abl e salt |t hereof 5 6. A conp)und of ai m|l, represented Fonmul a
(Iva), ( bemor (lye): aRﬂ§@2a R2 (I@@? wher ei n:: A and
B are ea"h i nr‘lnrnnrﬁghi"]‘\l nhn v 1nc\'fc\!~f"’:~/ﬁ\bt erloar \II i Pm f~/\ﬁ\l| or
bi cycl i c| hef odryl, leat oﬁr subgti fut ed;| 1 % is fnal |3
substitute %é T4 ark Ayt , ﬁ% i onal |y S1ib tituteg %2 C4 éﬁR 1% L1 and
L3 at eagh—occutence—are each— ||ucpt*||dcut I -yoa Hrrear—atphats L. glouup, or
one of LIl a L3 a liw al | phatic|grou the other pne NLlgand |[L3 is
absent; K3 and X4 at_&ach occurence|is e\/~v;ndepen ently fﬁ 12); and
15R12 at |eaciht OQCUTENCE 5 1 ndependgntiy nydrogery, haiog I, nyaroxy,
optional |y subst|it -4 al kyl or Oﬁgaiﬁ? al kyl ) ; a pharnmceutijcal ly
acceptable Bt |[thereof. *7. A cdffound of” ¢fatm 1, réB esente ormil a
(va), (Vb), (Ye)|, (Yd), (Ye), or (M): Wei~2011/ 091417PCT/ US2048022401
wher ei n: [Li—and Ld at eacn occurence are eachn 1 ngependentiy airtpéar—‘
al i phati ¢ group, g LI and LB is g |§near |aliphat]c g& u nd the
ot her ong of94.| an d~3ys optldﬁaII‘ abs€ng 3 5R6 |i s 1€4- C8 al kyl[ optional ly
substituted with amn ydroxy, pr)tected'anino or 0(CL-C4 al Y
U at each—occurfence+Sotndependentiy—€H2; EHNE, € —C=CHZ, o C=CHh2,
and C(R7) 2,437 ils h n, halggen|or 5QD;E#%| y supstifut .
cycl oal kyl ; alterna |wﬁl 10 the twp 7 groups are enl_t oget her
W th theftarbom(to mnlcn they are a [acneu oot rn1a Spr1o, 3- (O,
7- menber ed, _ gptijon it C3- CMNy Ky pti opalfl vy
substitu edZ(gz- a,j,\'):(@E &Qger()cycb;?/é%g ﬁ%rogené\ﬁ;gdi
hydr ogen nethvl naIIv substi twted C3-C8 cvcloalkvl
alternat|vely Rfa and m U and R7b are taken taqgether mnth thﬁ arbon
atoms tol 205 HN, ‘N 206 /3\1 207
208 o ‘Yﬁ 209 \/" 210 ©/\)\t
/N\
H\)L% Hoofl N i
211 NS 212 N 213 NTSY
& o~ S5
[¢] [¢]
H H H [o]
214 S/\)L‘i 215 s":)Li 216 <N:)L§
FE F N
vof k\ji H\jk
217 QNJ)Li 218 3 { 219 3
F F
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whi ch they are attached to forma fused,
of R7b or

cycl opropyl,

and t he

ot her

optionally substituted

R7a is hydrogen; or yet alternatively

U R7a armORFt/@mia7t aken together with the carbon to whipCh/ushey/oaz4e1

attached to forma bridged,
pharmaceutically acceptable s

represented by Fornula (VlIa)

optionally substituted C4-C7 cycl oal kyl ;

3!% thg;eof 20 g.é (o
Xam

or a

onpound of claim1,
91417PCT/ US2011/ 022401

tionally substituted aryl
%Eptlonally
C4 al kynyl ;
| i near allphatlc
group and t he ot her one of

wherein A and B are_each independently an ;
or optionally substltuted\sg%erg- yI 5L

substituted C2-C4 alkamyknu%).éyu
LI and L3 at each occurenc%;@ each |ndepenvent?
i ¥7a |inear allphaf

group, or one of LI and L3
LI and L3 [rs_optigmatty apsent R6 Ts Ci7C8 atikyt, optiomal |y
substit ut ed anitho,| n¥dr oxf}, )réfecte%lﬂﬂé’m o R o Bo(cR'c4| altkyl ) :
each occur I S ngepeHdentH/ ChP, CHF22 CHME, 1EF2, 1 $=CH2y C—CEEZ, or
C(R7) 2, irs—hydrogen, hatpgen or—optionatty substjirtuted
cycl oal kyl|; aMovel yHt he Hawo| géii nal 2B¥ gr odps |arld tlakEn
t he carbor h—they arerattached o I5formma spiro, (3= tOo
optional |y utldd |CMc7 cybl)éﬂﬂyl 22@ptioﬁélly HubstHt u
7- menber e yCciiTC; R7a 15 _hydrogen;, and R7b T3 hydrogemn,
optional |y utldd [CRhcs| el pdflity||; 827alieﬁﬁatid%ly Ria
Th The cafbon _atoms to |20 Wiich T ¢
attached tjo f38m a fldsed, Hopt i Bihal IGHsubs2?? ut ed Ryal dpr dpyH, addCthe ot her
of R7b or R7a is hydrogen, or yet alternatively, U, R7/a and R/b are taken
together with the carbon atons to which they are attached to forma

U at

,—

téggf h
TET
térd‘t%
n&[nyl

Y for

a -1
gyorarie

er with
ber ed,
to
or

U

to Wi
suBst it
et ero
sWB6t it

and R7b arje taken [together W

bri dged, optionally substitut ddblcA: GkaoptdsGIAA; or a pharmaceutically
acceptable salt thereof 25 9.The conpound of cI (m1l, wherein R7a U
R7b114A-).... R7b N Ofgeoduy - 1S sel %ted from, L'-L2-L3 is a |inker of
from8 to 16 bond | engt hs Ri gd NHCO,Me
2011/ 091417PCT/ US2011/ 022401 yie Rx hydroge®) ami no, hydroxy,
protegted amno or O(Cl-C4 Q,kyl ﬁN i's hydrg r optionally substituted
C -C8al kyl; each of the ahove r:hnwn groups is further optionally
SUbStItUted oEnaypharRaceuuerlny' ccgpﬁ@ble gal t| t hareof| 5R0. The
fﬁrerp]?g:’ltjo\?\: nbl m—t bti{/lg,t € '::IrUI IL h | ﬁ:ﬁuip r‘,ﬁﬂ:g .:ngtﬁ§;1glhbtﬂ iled in
232 H F H 233 H CO,Me
234 H H F 235 H OMe H
236 H Cl H 237 H H OMe
238 H H Cl 239 H CF; H
Table 4: Examples 240-249.
\g(o HN7T\
MeO,CHN {/@))\\N
Entry R R' | R" | R" | Entry R R' | R" | R
240 F H H H 241 F F H H
242 Me H H H 243 Me Me | H H
244 H H | Me | Me 245 H H Et Et
246 CF; H H H 247 CF; H|CF | H
248 Cl H H H 249 Cl H Cl H
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8 9

Entry Entry Entry 1 2 Ph 3 Ph 4 ykto OH5 eyklo OH6 7 0 ,0j ki
10 11 )yLio 6H 12 ukt 13 0 V)kl 14 0 'c7'.1 cF3 15 o 1lc7kl
WO 2011/091417 PCT/US2011/022401
Table 5: Examples 250-264.
O Q \ ‘s’ NHCO,Me
(6]
Entry Entry R Entry
NHCO;Me NHCO;Me NHCO,Me
250 O 251 @W 252 C\YH
MeOaN
NHCO,Me COMe NHCO,Me
253 % 254 LM ass C
e e o
éMe
NHCO;Me \ NHCO;Me NHCO,Me
256 é 257 C‘NW 258 %\
e | R
“ oMe NHCO;Me
259 C‘N\nj‘:ﬁ” 260 | ) 261 % NHCOMe
L0 A
ﬁ NHCO,Me | NHCOMe (/H NHCO;Me
262 | ~ 263 A’N\ﬂ)ﬁ/ 264 N
L ~n (o] anne
Table 6: Examples 265-282.
e0,CHNTY ad S 5 N NHCO,Me
w *(ﬂ
5
Entry A* Entry Entry A*
# ;" X 4
265 266 267
N/ OOO
268 |1 C@ | 20 | 4 Fad s ET =)
N AN N
| HOOA | 22 [ (OO | B | O
/ \ l’l‘ S,
4 | OO | 25 | O | 276 ;
R N
S 7\ 7\
277 §_©+<\N])‘ 278 | I~ SN | 2 % _//—Q—E
§ ] _
280 281 a2 | = OQ
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OH 16 0 RAI 17 o ph,A1 18 19 h H 20 Ph..J1j : Ov 21 Ph : OH 22 10 N/ 23
NO' ? 24 0 priki OH25 26 27 0 o0OA1 O CAI28 29 o 30 31 Boc,N,.
WO 2011/091417 PCT/US2011/022401

Table 7: Examples 283-303.

= (S)N

NHCO,Me
MeOZCHN 9 .U/L _%NH o7 (9

Entry A* Entry A* Entry A*

7\ _ [~
283 E_Q_\\—E 284 |y _//—<;)—§ 285 =
=N
s — } =N
286 ,‘(@\@,\ 287 | = \ | 288 JH
B ~S
289 | % Ay | 290 S 291 § §
e ~ o
292 I 294 my
NN ,!" N “'f N
295 K@f\ 296 \©:\ 297 \@\
SH HH
298 299 | A a0 | =
~ s — l,l'
301 3‘@‘;}‘! 302 \[/)—N;,?—i 303 m
(o) O
(o)

5 Table 8: Examples 304-315.
MeOZCHN NHCO:Me
& ﬁ
Entry G* Entry G* Entry
H o
N
s | By | sos | AR | 30 | O

Hox A Ho A LN
307 (Y| 308 || 309 o1
310 §—<I:Nr’i 311 §_<\:I>)"~ 312 E‘(\N I:N"i.
i Y &
313K a1 g_<\:f;f" 315 | O
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H 32 Boc.,

37 38 (101 39 * 40 0 41 O 42 43 1 44 YI 45 \| 46 /7-NHO NAI 47 H\I
\'l 49 NHOWN:2011/d914150 PCT/US2011/022401

Table 9: Examples 316-333.

s 0
i{ HN ﬁ/‘s‘)\ NHCO,Me
MeO,CHN }\(

L2 \Lb
Entry L*-LP-L° Entry L*-LP-L° Entry L*-LP-L°
316 ~'n,{\/\/ﬁ/."v. 317 "l,_/\o/\/Y\ 318 “/\o/\fﬁ/‘l
(o] (o]
319 L 320 s~ 321 | A o
\Ao u/\/\ H o/l \b ,'l. u/\/ \r\

322 | N0 NNY | 323 \Ao/\/\/\o’i\g‘ 324 \/\/\O'N\j’\‘
s | ¢ 0/\(\ 326 “A/Q\f\ 327 | s~ A A
328 | W | 320 | Yo NP | 330 | oA

b & AV
331 Y\oJLD 332 | Yo | YO,

O~N

Table 10: Examples 334-343.

s’ o ‘> . . i NHCO,Me N AN
2 NHCO;Me
MeO,CHN @ O NH A z
o o NH 77
Example 334 Example 335

(o}

\.)

(¢
NH

NHCO,Me NHCO,Me

(S

° Z\)

MeO,CHN

®
J

Example 336 0 Example 337 0

N -
N N
HN \ NHCO,Me Q A NHCO,Me
MeO,CHN Q @ 07 (8 NH o7 S

Example 339
Example 338
O Q Q NHCO;Me
N7
MeO,CHN 7 o H)\N~\ Q \\ oo
" me” N e
Example 340 Example 341
o]

i« -0 0
MeO,CHN @))QN \ﬁf N (s) N
&3 woson® $ SOOI

J

O

JJ

NHCO,Me

N
(s
Example 342 O

Example 343 o

105

N H33 Boc 34 0 /100A1 35 36 WO 2011/091417PCT/ US2011/ 022401

48

%



51 0 52 N. 53 Nd" 54 55 Ph.JJ1 6Me 56 40, : MeO CF3 57 O Phylii Ph 58 59
., HO60 0 Ph,..11.1 61 OH1i 62 H .",..0y N'.riti o063 64 oY.1 CAINH
65 r?JH GW6@0H/091417 PCT/US2011/022401

Table 12: Examples 369-376.

S)° \(S)N />
SN

NHCO,Me Meozcn—m*\E0 y
(
MeO,CHN NH 775 N HN O O \\NH NHCO,Me
Compound 369 Es‘ « 0" ¥
0 Compound 370
(o]
\fif HN Yy
MeO,CHN = =TSN

s 0
NS MeO,CHN HN N
: ! <Nj/L*N O \NH

NHCO,Me

<

ol (9

Compound 372

[e)

2 Y

g N NHCOzMe />
s 0
MeO,CHN .A))\\
Compound 373 2 NS N NH 775

Q/: Compound 374

/> q .

)L HN \ N\ 75N \«o \ﬁ( HN= SN

.@/L\ ~ MeO,CHN'  } .@)#N NH NHCO,Me
Compound 375 o - Compound 376

BIOLOGICAL ACTIVITY
5 1. HCV Replicon Cell Lines

HCV replicon cell lines (kindly provided by R. Bartenschlager) isolated from
colonies as described by Lohman et al. (Lohman et al. (1999) Science 285: 110-113,
expressly incorporated by reference in its entirety) and used for all experiments. The
HCYV replicon has the nucleic acid sequence set forth in EMBL Accession No.: AJ242651,

10  the coding sequence of which is from nucleotides 1801 to 8406.

The coding sequence of the published HCV replicon was synthesized and
subsequently assembled in a modified plasmid pPBR322 (Promega, Madison, WI) using
standard molecular biology techniques. One replicon cell line (“SGR 11-77) stably
expresses HCV replicon RNA which consists of (i) the HCV 5'UTR fused to the first 12

15  amino acids of the capsid protein, (ii) the neomycin phosphotransferase gene (neo), (iii)
the IRES from encephalomyocarditis virus (EMCV) and (iv) HCV NS2 to NS5B genes
and the HCV 3'UTR. Another replicon cell line (“Huh-luc/neo-ET”) described by Vrolijk
et. al. (Vrolijk et. al. (2003) Journal of Virological Methods 110:201-209, expressly
incorporated by reference in its entirety) stably expresses HCV replicon RNA which

20  consists of (i) the HCV 5'UTR fused to the first 12 amino acids of the capsid protein, (ii)
the firefly luciferase reporter gene, (iii) the ubiquitin gene, (iv) the neomycin

phosphotransferase gene (neo), (v) the IRES from encephalomyocarditis virus (EMCV)
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68 Hi OMd.1 69 O 70 H. O."OH 71 HoA OH 72 Ow 73 HO01 74 H oL
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30

81IWHIi201100NH2 PCT/US2011/022401

and (vi) HCV NS3 to NS5B genes that harbor cell culture adaptive mutations (E1202G,
T1280I, K1846T) and the HCV 3'UTR.

These cell lines are maintained at 37°C, 5% CO,, 100% relative humidity in
DMEM (Cat# 11965-084, Invitrogen), with 10% fetal calf serum (“FCS”, Invitrogen), 1%
non-essential amino acids (Invitrogen), 1% of Glutamax (Invitrogen), 1% of 100X
penicillin/streptomycin (Cat# 15140-122, Invitrogen) and Geneticin (Cat# 10131-027,
Invitrogen) at 0.75 mg/ml or 0.5 mg/ml for 11-7 and Huh-luc/neo-ET cells, respectively.
2. HCV Replicon Assay - qRT-PCR

ECs( values of single agent compounds were determined by HCV RNA detection
using quantitative RT-PCR, according to the manufacturer's instructions, with a
TAQMAN® One-Step RT-PCR Master Mix Reagents Kit (Cat# AB 4309169, Applied
Biosystems) on an ABI Model 7500 thermocycler. ECsy values of combinations are
similarly determined by HCV RNA detection using quantitative RT-PCR. The TAQMAN
primers to use for detecting and quantifying HCV RNA obtained from Integrated DNA
Technologies. HCV RNA is normalized to GAPDH RNA levels in drug-treated cells,
which is detected and quantified using the Human GAPDH Endogenous Control Mix
(Applied Biosystems, AB 4310884E). Total cellular RNA is purified from 96-well plates
using the RNAqueous 96 kit (Ambion, Cat# AM1812). Chemical agent cytotoxicity is
evaluated using an MTS assay according to the manufacturer’s directions (Promega).

3. HCV Replicon Assay - Luciferase

Since clinical drug resistance often develops in viral infections following single
agent therapies, there is a need to assess the additive, antagonistic, or synergistic
properties of combination therapies. We use the HCV replicon system to assess the
potential use of the compound of the present invention or in combination therapies with
Interferon alpha, cyclosporine analogs and inhibitors targeting other HCV proteins. The
acute effects of a single or combinations of drugs are studied in the “Huh-luc/neo-ET”
replicon with each chemical agent titrated in an X or Y direction in a 6 point two-fold
dilution curve centered around the EC50 of each drug. Briefly, replicon cells are seeded at
7,000 cells per well in 90 ul DMEM (without phenol red, Invitrogen Cat.# 31053-036) per
well with 10% FCS, 1% non-essential amino acids, 1% of Glutamax and 1% of 100X
penicillin/streptomycin and incubated overnight at 37°C, 5% CO,, 100% relative
humidity. 16-20h after seeding cells, test compounds previously solubilized and titrated in
dimethyl sulfoxide (“DMSO”) from each X plate and Y plate are diluted 1:100 in DMEM
(without phenol red, Invitrogen Cat.# 31053-036) with 10% FCS, 1% non-essential amino
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acids, 1% of Glutamax and 1% of 100X penicillin/streptomycin and added directly to the
96-well plate containing cells and growth medium at a 1:10 dilution for a final dilution of
compound and DMSO of 1:1000 (0.2% DMSO final concentration). Drug treated cells
are incubated at 37°C, 5% CO,, 100% relative humidity for 72 hours before performing a

5 luciferase assay using 100 ul per well BriteLite Plus (Perkin Elmer) according to the
manufacturer’s instructions. Data analysis utilizes the method published by Prichard and
Shipman (Antiviral Research, 1990. 14:181-205). Using this method, the combination
data are analyzed for antagonistic, additive, or synergistic combination effects across the
entire combination surface created by the diluted compounds in combination.

10 The compounds of the present invention may inhibit HCV by mechanisms in
addition to or other than NS5A inhibition. In one embodiment the compounds of the
present invention inhibit HCV replicon and in another embodiment the compounds of the
present invention inhibit NS5A.

The compounds of the present invention can be effective against the HCV 1b

15  genotype. It should also be understood that the compounds of the present invention can
inhibit multiple genotypes of HCV. In one embodiment compound of the present invention
are active against the la, 1b, 2a, 2b, 3a, 4a, and 5a genotypes. Table 15 shows the ECsg
values of representative compounds of the present invention against the HCV 1b genotype
from the above described qRT-PCR or luciferase assay. ECso ranges against HCV 1b are

20  as follows: A>1 nM; B 100-1000 nM; C < 100 pM.

Table 15: Genotype-1b replicon ECs

Example | Range | ECsy | Example | Range | ECso | Example | Range | ECsg
83 C 258 C 14 pM 317 C
318 B 322 C 333 C 83 pM
336 B 175 pM 344 C [4pM 349 C
353 C 23 pM 355 C 356 C 27 pM
359 A 366 C 368 C

While this invention has been particularly shown and described with references to
preferred embodiments thereof, it will be understood by those skilled in the art that various
25  changes in form and details may be made therein without departing from the scope of the

invention encompassed by the appended claims.
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CLAIMS

What is claimed:

5 1 A compound represented by Formula (I):
Q-G-A-L-B—W (1

or a pharmaceutically acceptable salt thereof, wherein:

A and B are each independently absent or a monocyclic or polycyclic group
independently selected from the group consisting of aryl, heteroaryl, heterocyclic, C3-Cs

10  cycloalkyl, and Cs-Cs cycloalkenyl, each optionally substituted;
L is absent or an aliphatic group;
wherein at least one of A, B and L is present;

W is selected from the group consisting of:

R3 x3 1 R®
I\> kR4 | ‘>—k R X" IX\ Re
5 5 —-R5
-R -R ’x,~ N-R

A ¢
| 2— |_3/Y L ‘LZ—L3 L ~ 2= 3" . and
.", (R,
/==
\I x1 R3 4
\ / YR
X\5 X2 ,N_R5
1 Y
15 L sLZ_L3’ ;

G is absent, -C(O)NH-, an optionally substituted 5-membered heteroaryl
containing one or more nitrogen atoms, or an optionally substituted S-membered
heteroaryl fused to a mono- or bicyclic ring, wherein the mono- or bicyclic ring is
aromatic or non-aromatic, wherein the mono- or bicyclic ring is attached to one of groups

20 A, L and B and wherein the 5-membered heteroaryl contains one or more nitrogen atoms;
R® R*
Yoyt
Q is hydrogen or R® ;

Alternatively, G and Q can be taken together to form a group selected from:
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N, 2. V.--NHNHCO2Me 111 | NHCO2Me 112 MeO2CHN 113 0 C1)....".11,1 MeO2CHN
114 NI, \ NHCO2Me 115 N=N H NI .? NHCO2Me 116 r' ..... N... N NHCO2Me 117
\' N N O wbicea14118 o= ..z * oc) \ 119 SO .. Oy NH O PRO/USRdO2RIMEV.
...0 I'S NHCO2Me WO 2011/ 091417PCT/ US2011/ 022401 121 O't NH ,

3 3 3 3 3
Soxt R, X _xt R, X xt R,
T " ORI O & 2%
X\ X

S /N—R5 2 N-R® % X7 X2 N-R®
1 Y 1 Y
LZ_L3’Y , L ~L2_L3’ , L ~L2_L3’ , and
(R?),
7=]=
’ x1 R3

\ 7 | \)_kR“
x\5 X2 N-R®
Lz oY :
X! at each occurence is independently N or C(R'");
X? at each occurence is independently N(R"), O or S;
5 X and X* are each independently selected from N or C(R'%);
X at each occurrence is independently N or a linear alipahtic group containing one
to three carbon atoms and zero to two heteroatoms independently selected from O, N or S;
wherein the said linear aliphatic group optionally contains one or two double bonds;
R' at each occurence is independently hydrogen, hydroxy, O(C,-C4 alkyl) or
10  optionally substituted C;-C4 alkyl;
R at each occurence is independently hydrogen, halogen or optionally substituted
C;-Cyalkyl;
R'? at each occurrence is indepenetly hydrogen, halogen, hydroxy, optionally
substituted C;-C,4 alkyl, or O(C;-C4 alkyl);
15 nis 1,2, or 3;
L' and L’ at each occurence are each independently an aliphatic group, or one of
L' and L’ is absent and the other of L' and L* is an aliphatic group:;
L? at each occurence is independently absent, or selected from the group consisting
of aryl, heteroaryl, heterocyclic, C3-Cs cycloalkyl, and C;-Cs cycloalkenyl, each optionally
20  substituted;
Y at each occurence is independently C(O) or S(O),;
wherein -L'-L%-L*- together form a linker of from 6 to 16 bond lengths;
R* and R” are each independently selected from the group consisting of hydrogen,
optionally substituted C;-Cg alkyl, optionally substituted C,-Cs alkenyl, and optionally
25  substituted Ci-Cscycloalkyl; alternatively, R® and R” can be taken together with the
carbon atom to which they are attached to form optionally substituted Cs-Cs cycloalkyl or

optionally substituted heterocyclic;
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R’ at each occurrence is independently hydrogen, optionally substituted C,-Cs
alkyl, or optionally substituted Cz-Cg cycloalkyl;

Alternatively R*, R* and R’ are taken together with the carbon atom and nitrogen

R7a
R V]

R7b
1

atom to which they are attached to form ;

5 U is absent or independently selected from O, S, S(O), SO,, NC(0)-(C,-C4 alkyl),
C(0), protected carbonyl, OCH,, OCH,CH, SCH,, SCH,CH,, C(R"),, C(R"),C(R"),, and
C=C(R?),;

R” at cach occurrence is independently hydrogen, halogen, optionally substituted
Ci-C, alkyl, optionally substituted aryl, or optionally substituted heteroaryl;

10 R’ at each occurrence is independently selected from the group consisting of
hydrogen, halogen, cyano, hydroxy, O(C;-C,4 alkyl), S(C;-C4 alkyl), amino optionally
substituted with one or two C;-C4 alkyl, optionally substituted aryl, optionally substituted
heteroaryl, optionally substituted C;-C,4 alkyl, and optionally substituted Cs-Cs cycloalkyl;

Alternatively two geminal R” groups are taken together with the carbon atom to

15  which they are attached to form a spiro, optionally substituted 3- to 7-membered cyclic
group selected from the group consisting of C3-C- cycloalkyl, C;-C; cycloalkenyl or 3- to
7-membered heterocyclic;

R™ and R” at each occurrence are each independently selected from the group
consisting of hydrogen, optionally substituted aryl, optionally substituted C;-C,4 alkyl, and

20  optionally substituted Cs-Cs cycloalkyl;

Alternatively, CHR”*-U or CHR*-U are taken together to form a group selected
from CH=CH, fused and optionally substituted C;-Cs cycloalkyl, fused and optionally
substituted aryl, or fused and optionally substituted heterocyclic;

Yet alternatively, U, R™, and R are taken together with the carbon atoms to

25  which they are attached to form a bridged, optionally substituted 4- to 7-membered cyclic
group selected from the group consisting of C4-C7 cycloalkyl, C4-C5 cycloalkenyl and 4-
to 7-membered heterocyclic; and

R® at each occurrence is independently selected from the group consisting of O(C-
Cs alkyl), amino, C;-Cg alkyl, C,-Cs alkenyl, C,-Cs alkynyl, Cs-Cs cycloalkyl, Cs-Cs

30 cycloalkenyl, heterocyclic, aryl, and heteroaryl, each optionally substituted.
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2. The compound of claim 1, wherein L is selected from the group consisting of O, -
NH-, -C(O)-, -C(O)NH-, C;-C, alkyl, C,-C4 alkenyl, and C,-C4 alkynyl, and -(C;-Cy4
alkyl)-NH-(C;-C; alkyl)-, each optionally substituted; or a pharmaceutically acceptable

salt thereof.
5
3. The compound of claim 1, represented by Formula (I1a), (IIb) or (Ilc):
R7a R7a R7a
Q-G-A-L-B x;_R’)?\ Q-G-A-L—B\rx3 x! R Q-G-A-L-B R
Rl Y %—38\ ! | \)—32\ !
L1j:x2 N’L ) ngixz N’k ) XSTx2 N’L 7b
(la) y/ R (b} L1 X R (llc) L1 X R
LZ_L3’ ~L2_L3 ~L2_L3
or a pharmaceutically acceptable salt thereof.
10
4. The compound of claim 3, wherein:
cach L is absent or selected from the group consisting of O, -C(O)NH-, -(C,-C4
alkyl)-NH-(C,-C, alkyl)-, heterocyclic, C,-Cy4 alkenyl, or C,-C4 alkynyl, each optionally
substituted;
15 A and B are each independently absent, optionally substituted aryl, or optionally

substituted heteroaryl; or alternatively A, L and B are taken together to form a linker

selected from one of the groups illustrated below:
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wherein each of the above shown groups is each optionally substituted;
L' and L’ at each occurence are each independently a linear aliphatic group, or one
of L' and L’ is a linear aliphatic group and the other one of L' and L* is absent;
5 wherein -L'-L*-L*- together form a linker of from 6 to 14 bond lengths;
X! is N;
X% is NH, O, S or NMeg;
X' is CH;
X*is CH; Y is C(O);

L

Q is hydrogen or OJ\R‘s ; and

10 R' is hydrogen;

G is absent, or selected from one of the groups illustrated below:
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wherein each of the above shown heteroaryl groups is each optionally substituted; or a

pharmaceutically acceptable salt thereof.

5 5. A compound of claim 1, represented by Formula (IIla), (I11b), (IIlc) or (I11d):

RW’S—G’ I»& Rﬁ*L »«k

RG L2—L3 Y L2—L3 Y
(na) (Illb)

R7a R7a
N e >—8‘ ’S—< O
R7bLN 7 N’kRn:
0>\|_3_L2-L L ~L2_L3’€0

(liic) )
wherein:
R’ is C,-Cg alkyl optionally substituted with amino, hydroxy, protected amino, or
O(C,-C4 alkyl);
10 A and B are each independently phenyl, monocyclic heteroaryl, bicyclic aryl, or
bicyclic heteroaryl, each optionally substituted;
L is O, optionally substituted C,-C4 alkenyl, or optionally substituted C,-C,4
alkynyl;
L' and L’ at each occurence are each independently a linear aliphatic group, or one

15  of L'and L’ is a a linear aliphatic group and the other of L' and L? is absent;
p group
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X’ and X” at each occurrence are each independently N or C(R'?); and
R'? at each occurrence is independently hydrogen, halogen, hydroxy, optionally

substituted C;-C,4 alkyl or O(C;-C4 alkyl); or a pharmaceutically acceptable salt thereof.

5 6. A compound of claim 1, represented by Formula (IVa), (IVb) or (IVc):

SHCTE TS

R7a
4 ¢
L1 L1 R7P N’LR7b
3 { 2 3/< )\ 3_y2-L" \ 2 3/<
L L AT 5 o7 >3- L2—13

(o)
(Iva) (IVb)
R7a R7a
N X ALK N
U 74 N - N U
zl X0 XN I 2 ,L
R N X X N"Ng7b
>\ 3y 2-L" L' 2 3'4
o7 TL-L L2-L3" N
(IVc)

wherein:
A and B are each independently phenyl, monocyclic heteroaryl, bicyclic aryl, or
bicyclic heteroaryl, each optionally substituted;

10 L is O, optionally substituted C,-C4 alkenyl, or optionally substituted C,-Cy4
alkynyl; L' and L? at each occurence are each independently a linear aliphatic
group, or one of L' and L’ a lincar aliphatic group and the other one of L' and L? is
absent;

X’ and X" at each occurence is each independently N or C(R'?); and

15 R'? at each occurence is independently hydrogen, halogen, hydroxy, optionally

substituted C;-C,4 alkyl or O(C;-C4 alkyl); or a pharmaceutically acceptable salt thereof.

7. A compound of claim 1, represented by Formula (Va), (Vb), (Ve), (Vd), (Ve), or
(V)

115



o /171?./ 200 HH M |
Fle.Y. 4 y....

201 H N |
N H2N 206 HN ? N4 |

R7a R7a
R7b _<U U)_ R7b

L' 2
(va)
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202 IN, 203 H-N"""""".
207 HNN, r -
- WOveQa/Oew417PCT/ US2011/ 022401 211 212 0 oyki

H2N 204 4 205
208 CCl'14 H2N 209
PL3/US2011/022401

2 NH e

(vd)
7a 7a

L

R7b¢<

(vf)

L' and L’ at each occurence are each independently a linear aliphatic group, or one

of L' and L’ is a linear aliphatic group and the other one of L' and L* is optionally absent;

5 R’ is C,-Cs alkyl optionally substituted with amino, hydroxy, protected amino, or

O(C,-C4 alkyl);

U at each occurrence is independently CH,, CHF, CHMe, CF,, C=CH,, C=CF,,

and C(R"),,

R’ is hydrogen, halogen or optionally substituted Cs-Cs cycloalkyl; alternatively

10  the two geminal R’ groups are taken together with the carbon to which they are attached to

form a spiro, 3- to 7-membered, optionally substituted Cs;-C- cycloalkyl or optionally

substituted 3- to 7- membered heterocyclic;

R™ is hydrogen;

" is hydrogen, methyl or optionally substituted Cs-Cs cycloalkyl;

15 or alternatively R’ and U or U and R” are taken together with the carbon atoms to

which they are attached to form a fused, optionally substituted cyclopropyl, and the other

of R”® or R™ is hydrogen; or yet alternatively U, R™ and R™ are taken together with the

carbon to which they are attached to form a bridged, optionally substituted C4-C-

cycloalkyl; or a pharmaceutically acceptable salt thereof.

20

8. A compound of claim 1, represented by Formula (VIa) or (VIb):
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wherein
A and B are each independently an optionally substituted aryl or optionally
substituted heteroaryl;
5 L is absent or optionally substituted C,-C4 alkenyl, or optionally substituted C,-Cy4
alkynyl;
L' and L’ at each occurence are each independently a linear aliphatic group, or one
of L' and L’ is a linear aliphatic group and the other one of L' and L is optionally absent;
R’ is C,-Cs alkyl optionally substituted with amino, hydroxy, protected amino, or
10  O(C,-Cy4 alkyl);
U at each occurrence is independently CH,, CHF, CHMe, CF,, C=CH,, C=CF,, or
C(R'),,
R’ is hydrogen, halogen or optionally substituted Cs-Cs cycloalkyl; alternatively
the two geminal R” groups are taken together with the carbon to which they are attached to
15  form a spiro, 3- to 7-membered, optionally substituted C3-C7 cycloalkyl or optionally
substituted 3- to 7-membered heterocyclic;
R™ is hydrogen; and
R is hydrogen, methyl or optionally substituted C3-Cyg cycloalkyl;
or alternatively R’ and U or U and R are taken together with the carbon atoms to
20  which they are attached to form a fused, optionally substituted cyclopropyl, and the other
of R”® or R™ is hydrogen; or yet alternatively, U, R’ and R are taken together with the
carbon atoms to which they are attached to form a bridged, optionally substituted C4-C

cycloalkyl; or a pharmaceutically acceptable salt thereof.

R7a R’

R! V] IU

HI[;])\ R7b 's.‘ [;])\ R7b
or nans

25 9. The compound of claim 1, wherein =~ is selected from:
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and L'-L%L° is a linker of from 8 to 16 bond lengths and is selected from:

RX RX RX RX
H/\N\H\'f "&AO/\/\H\?’ EAO”‘M Y\O/\(Hf

RY RY RY RY

RX RY
‘HL/\/WO}’" x‘/\/\/\/n}; ’E/\/\/Oﬁ)\; Y\O/\/\)\)‘
RY RX

RX RX

L X

A Le‘i o /\H\f oYY

RY

RX .,l'. /\ RY m

RAO’\Q\K\#‘ 0~N § o g ™o RX

)OLN ¥ 0 N %o
oy wrﬁ%f' Ly O

RX X
X RX H R’
AL T ey Y
0 RX R
"'.,AO/\/\OJLN,!" 1."/\0/\/0\[]/“@/\2\/
H RY RY
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wherein R* is hydrogen, amino, hydroxy, protected amino or O(C-Cy alkyl); R is
hydrogen or optionally substituted C;-Cs alkyl; each of the above shown groups is further

optionally substituted; or a pharmaceutically acceptable salt thereof.

5 10.  The compound of claim 1 selected from the group of compounds 1-376 compiled
in the following tables:

Compounds 1-219.
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R 7
MeO,CHN N 7sN
(] R, — ~ ,Me
\(rs)\(" =4 \\»'fo e
H (6]
Entry R R’ R" Entry R R’ R"
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11. A pharmaceutical composition comprising a compound or a combination of

\)
[ A
\)

compounds according to claim 1 or a pharmaceutically acceptable salt thereof, in
combination with a pharmaceutically acceptable carrier or excipient.
10
12. A method of inhibiting the replication of an RNA-containing virus comprising
contacting said virus with a therapeutically effective amount of a compound or

combination of compounds of claim 1, or a pharmaceutically acceptable salt thereof.

15 13. A method of treating or preventing infection caused by an RNA-containing virus

comprising administering to a patient in need of such treatment a therapeutically effective
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N.,("SNO(q i 0 362 n H xyNHCC2Me N.Q .--N(s) N, * ii 0(s) 0 (4 oJ 363 n

0(s) N 02..fHNNHCO2Me XN.Q ANl* AL NHO (s) WO O0-...) 364 n'...... y... f
HNNHCO2Z Ve O2p11/090$417Me02CHN NH . j), \ * A N sN U0 O-.. PCY/UBB&E 1/02HD( S)
0(s) NHCO2Me x1...ilk 41 NCVNN\H U WD 2011/091417PCT/ US2011/ 022401 367 HN

2 N. --"N
MB0ZCHN arno%n?%f a compound or combination of compounds of claim 1, or a pharmaceutically

acceptable salt thereof.

14.  The method of claim 12, wherein the RNA-containing virus is hepatitis C virus.
5
15.  The method of claim 12, further comprising the step of co-administering one or
more agents selected from the group consisting of a host immune modulator and an
antiviral agent, or a combination thereof.
10 16. The method of claim 14, wherein the host immune modulator is selected from the

group consisting of interferon-alpha, pegylated-interferon-alpha, interferon-beta,

interferon-gamma, consensus interferon, a cytokine, and a vaccine.

17.  The method of claim 14, wherein the antiviral agents inhibit replication of HCV by

15  inhibiting host cellular functions associated with viral replication.

18.  The method of claim 14, wherein the antiviral agents inhibit the replication of

HCYV by targeting proteins of the viral genome.

20 19.  The method of claim 14, wherein said antiviral agent is an inhibitor of a HCV viral
protein, a replication process or a combination thereof, wherein said targeting protein or
replication process is selected from the group consisting of helicase, protease, polymerase,

metalloprotease, NS4A, NS4B, NS5A, assembly, entry, and IRES.

25 20. The method of claim 12, further comprising the step of co-administering an agent or
combination of agents that treat or alleviate symptoms of HCV infection selected from

cirrhosis and inflammation of the liver.

21.  The method of claim 12, further comprising the step of co-administering one or

30  more agents that treat patients for disease caused by hepatitis B (HBV) infection.

22.  The method of claim 12, further comprising the step of co-administering one or
more agents that treat patients for disease caused by human immunodeficiency virus

(HIV) infection.
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conpound WO 2a110@MI7nat i on of compounds accordi ng to cl aPETAISRE11422401
pharmaceutically acceptable salt thereof, in conbination with a
pharmaceutically acceptable carrier or excipient. 12. A nethod of
inhibiting the replication of an RNA-containing virus conprising contacting
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pharmaceutically acceptable salt thereof. 14. The nethod of claim12,
wherein the RNA-containing virus is hepatitis Cvirus. 5 15. The method of
claim12 furt r S e or nore
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anti vi r almégertgenase mhﬁﬁmbomphm@émeﬁgf accddble Thietherdoiod of cl ai m 14,
wherein the host inmune nodul ator is selected fromthe group consisting of

i nterferon-al pha, pegyl ated-interferon-al pha, interferon-beta,

i nt eyper ga Iy f i Qne. 17. The
ot ol of sl ai Mot RSPt p AR TSR ol ft QUELAE RITIBYRRETS oot oV
by 15i nhiibhibitoigis mostavael | ul ar functions associated with viral replication.
18. The method of claim 14, wherein the antiviral agents inhibit the
replication of HCV by targeting proteins of the viral genone. 2019. The

met hod ofzecl ai MipkdhodreFciiny B&Hafti@0thRLAGH ind0&Blect & REd A ITcbRAPprifhga HCV
viral protein, a replication process or a combination thereof, wherein said
targeti ng:orﬁd@nmswrmg tg egpdl s@a@qtemymb@m@sl’%@ m@l@@ymam mhlbuthleorgar oup

onsi,gti ng of heI i e I rase, net rot ease, NS4A, NS4B,
NS5 A Ba BBl ec i Eeorhli] B ersB T RS s m 2, " Fur t her
conpri si qglahﬁ@eﬁﬁ@m théi)@atﬂ@mlﬂ}h&%gfl ng an agent or conbl nati on of agents
that treat or allevi ate synptonms of HCV infection selected fromcirrhosis
and inflamuation of the liver. 21. The nethod of claim 12, further
comp 1511, 1en 3R SR [L NS PROE Bl R T0 et et
of clai mcb&pn%mrgt her conpri sing the step of co-adm ni steri ng one or nore
Vi'r UZD(H V) 1 nf ect TR FOTDOBBS ARPEHUdobYE | 022401 23, The
vViru i nfecti e

phar maceutical conposition of chalgmlOefwrthgii.gonprising an agent
selected frominterferon, pegylated interferon, ribavirin, anmantadi ne, an
Bt AR s R M R o
conposi t i ono@kr Mtr@mdlctQlar fiHg R ireGeamioh Shéltasa 2t O HE DI AlaPaRaNy,genase
i nhi bitor or a pharmaceutically acceptable salt thereof. 10 25.The

conposi t i onawidedjagtam)Agrmagioay @IdHCttW@ﬂ@Wtbmh@@ﬁ@U%%tW%@ﬁase i nhi bitor
IS rlztsonaw Elact r%gatlcﬁp n&;&%teo&& Eg%%&ggmpepatl tis Cinfection in a subject
in né&d thereor conmprising co- adni Nl Ster ng to said subject a cytochrone
P450 nonooxygereagse i nhibitor or a 15 phar maceutical ly acceptabl e salt
t hereof, and a c;orrpound of claim 1 pharmaceutically acceptabl e salt
thereof 27. A p%sdl‘}@@@n@ﬁnﬂb(ﬁﬁieﬁ@dimélb%&%ﬂ’ WELSHRE /g to any one of clains
1 to 9 conprising: R720| ) prepari ng g conpound of Forgala (1-1-a):

Ql- G A-L-B- 1 IR . /,-"Y\(\[x;je\ )\Q:X;—R‘e\ fza—u

R7b
A

L2—L3’Y L's 2oy s L'sp23” :Qlis 2 or
hydrogen; or Q' and G are taken together to form W'; X* and X" at each occurence are
30 cach independently N or C(R'%); and R'? at each occurence is independently hydrogen,
halogen, hydroxy, optionally substituted C,-C4 alkyl or O(C;-C,4alkyl); Z° is
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via a transition-netal catalyzed cross-coupling reaction, ring-closure

net at hesi s or other intranolecular ring-closure reaction such as various
type of Dwel2stiAldtar reaction, am de (lactam fornmation, PCedisealiigwe2401

am nation, oximation, ester formation 25(I actoni zation), carbamate or urea

for mat i on; erei i S. i ndependent | from consi sting
%H?n&ﬁ’éﬁlb’ PP PANGCHECHTRUR ik 4%@%%2%1?6@ Rr e VIkYIXS and x4

at “each OCCHptdHafly @ﬁl%tlﬁ@&ﬁ%ﬁh 'aﬁﬁ%%?&’r%&%r'ﬁfot‘é‘ct@& Rl 8} O @1’1@4 E‘ﬁ(?l)aéndeaCh

occur ence |s |ndepen ently h %ZR ogen, hydroxy, opt| ona

subst i t ut edACB, G4LalUki!', %%, Ib,(Ié;LL aRkwhyiR'Zafemsdeﬁmﬂlep@hdaritl y an ani no

protecting group or -C{Q)-R6; wherein R6 is Cl-C8 al kyl optionally

substituted with am ng droxy, protected am no, or O(Cl-C4 al kyl); and A,

B, G L, U X, X2, LI r*L3, R, R7a and R7b are as defined in claim1;

Rm\ N R7b hg)wm ay i ise, Mﬁéx@in@ﬁ@aﬁ am@d ﬁ&e@@n%)gr%ﬁ%le@ﬁvegfr oup,

sel ectively 5Sdeprotecting a corrpound of Formula (1- to give the

corr eSpondi Aepraierig deormenurd|o Fommyla g} -1- aizwglvmi@lcox@wﬁmanOB W 1

H(1- 1-b); aFd |||z E%Epl ng the rel eased am no group of a conpound of

Formul a (1- % ‘C(0)-R6, wherein LGis a |eaving group; to give the

conpound of For mula (1-1-¢): R7. R R7b- 1u-Szi \ N

G A L-B-W R6-.'0(1-1-c) Rm_[SL

'!' (1-1-b) ;and

G=A=-L—B-W'

ii1) Capping the released amino group of a compound of Formula (1-I-b) with LG-
C(0)-R®, wherein LG is a leaving group; to give the compound of Formula (1-I-c):

R7a

*U&R’I
7b G=A=-L=-B=W'
R™" N

10 RG&O (1-l-c)
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