WD 2010/ 068761PCT/ US2009/ 067507 4- AM NO- 4- OXOBUTANOYL PEPTI DE CYCLI C
ANALOGUES, | NH Bl TORS OF VI RAL REPLI CATI ON CROSS REFERENCE TO RELATED
APPLI| CATI ON®) 2010/0687€1001] Thi s application claims priori PETHLSUSEEYYi si onal
Application Nos. 61/121,378 filed Decenber 10, 2008 and 61/226, 323 filed
July 17, 2009, both of which are hereby incorporated by reference in their
entirety. FIELD OF THE | NVENTI ON [ 0002] The present invention

provi des, 4:amno-4- Y, i | IRAL

Bt vi o A I B K B O seies

di scl osed herein are potent and' BEPSEI&E¥INe inhibitors of viral
replication, particularly Hepatitis C viral replication. The invention al so
provi des pharmaceutical compositions containing one or nore 4-

ani no- 4c@oESUt KENOE IO RIEL SYEDIAPPANGAGHOES and one or nore

pharmaceutical ly acceptable carriers. S har maceut.i cal ,co I.t.Lons may
contain a 4- Wﬁomls BRbIs TR TIPS B’é‘ﬁiﬁ’&%{}gg}é%’ﬁmgﬁf}pcg ff’gmgy%tg'@%?ﬂlg’;gacti ve
agent OF; M8 LARL-ALMBGATBI N8E b oyvied nay47 3ri090bdth oO¥ RGN lndmeyeby pept i de -
cyclic anal ogue and one or nore other pﬁar maceutically active agents. The

i nvent i owogbseeddryovietiase MaiHoMItHr treating viral infections, including
Hepatitis C infections. BACKGROUND [ 0002] An estimated 3% of the
world's population is infected with the hepatitis C virus. O those exposed
t o HCV, FBOY OF 18BUNVEENTHON hr oni cal |y i nfected, at |east 30 % devel op
cirrhosis of iver and 149% devel op _hepa l,.ul i titis
C Virus (HC\[)Obgg Fhﬁé’f%f‘fimtlﬂ‘éenﬂ%%?mﬁlﬁg‘%% gﬁ 9%%%@%3%%8? lr%eﬁr%ercfwgﬁ%aé%%g?s ease
in the LhhladashatBientepoiiisdlaniactouotitagyt peptiaboydic thalpgors distlosd acut e

viral hepatitis, 60 to 70 percent of chroni¢c hepatitis, d 0. 50
per cent h‘?g'?in @re Rt pad/ op ?F‘élc-cglf’ QB PA VHF’:‘@BJ%C@PO r?&n}c?“lf?g?' ?'%B?f#gré V’fﬂir oni ¢
UC\S/ i anx%g%iéa%]Bn.i §nd ﬁ@eﬂ&ﬁ%ls@??@%&s ShaaRcaltichi defpobitiamnsph@tia drer nfdrd he

ustr a

.S, I'a, and nost of Europe. Hepatitis C causes an estimated 10, 000
to 12. 0ffinddativbutaneyl akptifeicrchcriaalopyes éad Spapwaor\MmRce SR eEP Miase of

HCV i nfectiongi | Ly i.at: ' Iih 9 4SWHTRE- QIR o RAUFE1 Sptidence
suggest%m’f‘(?{%(t S%“n|Pg¥/’§f§%§8‘%/““%§€% ] ggrgj/soag%}tébr??aeulétggd pe%%lr%o?/\,i Il ggégﬁt aneously
cl ear HEV¥iic aM¥dg20 1OMHRGRRGLRET4IE208GERBOYa combinatin@f@3tanHiBY4i s an

envel oped, single-stranded RNA vi,rus that nt ai i five- d
genone SFOPRBBLH PeptisieicaciiogayopLe 1 008 0f igh gatger %ﬁrea&gn%:gﬁti%gﬁ %Ljﬁl\ggﬁéet‘plgsgwllgr us
genus of,vidienhagintovides Mekheds fod @@atindtvitabhéctibns tichidiey BépaHIBA iGFetibns. GT- 4,
“have been characterized. [ 0004] The HCV lifecycle includes entry
into host cells; translation of the HCV genonme, polyprotein processing, and

replic f(@'ﬁl?l?ﬁ? assenbly; RNA replication, and virion assenbly and
rel easgsg rans at?on of the HCV RNA genone yields a npore than 3000 am no

aci d | ong pdD9EH ctresstimeted 8% of the wedd's papHgticn is idered Vilbthe Seraitial AW t wo

viral p eases. The I L S fected. at least 30 % develop
No-c R SRS Bl RGN AR Y BB Rk Qraanieals pfected 08068 e cel uia
si gnal qeRdsistasie lardasd BAgH depelpp heimtqelitlntasandan ctpatits € Spos8EVY & be

responsi bl e for cleavage of t N-t erm.nal _thi o ein

(CEl - Eﬁlﬁﬁ??’%@?ﬁﬁ??ﬁ@“ﬁ&ﬁ%ﬁ 8@‘?’6‘?"‘&? ‘Gf\‘fﬁ"é1 Séf’%'sr‘?é“ %%9%5%%@@ NS5A- NS5B) .
The NSZ;NR3(iR§ Air@8se 1Reicaites aduté VirdbegdiischlemViagercatt of krohiS2eNEBis sintle.  The
NS3- NS4A protease then nedi ates g second %'gds“ cl eavagqut t%&g\lﬁ?{}&lﬁ\

j unct i ot TRecKEY-RsHRosisFHfEket HEr dieasey : Iyer eaicgle (dERRSHEE 16PeS to
separ at,&, 1 he LEMINHRG A0St lonRh sl BS ARSI, BdemPit0cBaSHAY of the
polyprotein is asserted to be essential for formng an active HCV rg&l i case

conpl exHepatitis C case0063stimatd 101980 ol 3i0xteaths apppslly dbthe tintad eigtes: Rile 8l i case
conpl ex conpr.i si t -NSB r I ' bl es.
e R L L L U R Vi
enzymatth& o8Btabwint 1565 toi 20% bieinfeetpt pegdewdbspohareduly dete HERL i ne prot ease
activity and NTPase helicase activity in NS3, and RNA-dependent RNA

pol ynmerase activity of NS5B. In the RNA replication process, a

conpl enmentary negative strand copy of the genomic RNA is produced. The
negative strand copy is used as a tenplate to synthesize additional
positive strand genom ¢ RNAs that nmay participate in translation,
replication, packagi ng, or any conbination thereof to produce progeny
virus. Assenbly of a functional repli&ase conpl ex has been described as a
conmponent of the HCV replication nmechanism Provisional application

60/ 669, 872 "Pharmaceuti cal Conpositions and Methods of |nhibiting HCV
Replication"” filed April 11, 2005, is hereby incorporated by reference in
its entirety for its disclosure related to assenbly of the replicase

conpl ex. [ 0007] Current treatnent of hepatitis Cinfection typically



met hods of treating other animals, including Iivestock and donesti cated
conpani on ani mals, suffering from an infectious disease. c£1‘0010(% I\/bt hods of
treat nent iWRPUHBSSHTIovi di ng a conpound of Formula | as & 061507 ve
agent or providing a conpound of Formula | in conbination vvlth one or nore
ot her therapeutic agents. [0011] Thus in a first aspect the invention

i ncl udes conpounds of Fornula | pharmaceutically acceptable salts thereof:

- WD 201010687 @bﬁgﬂ@ﬁ%@ 9:%1@@1%%@3 ngIehs!tl@nE&f }ﬂNlA\an}us thalt Bt ASENbSitevedabileg OF

si ngl e coval bond, and group r dY''contains O _or 1 double bonds R
is - Ccrgbrmne@ifa@@aﬂéﬁbeﬁ@y is @assnﬁeﬁgs ampmdgpoiohe Hepadiarungeaps- offlie (iland R1

and R2 FFa;\af%f OcDae thieﬁsr{% s@r% 8%{ ?%Efj' @'Pﬂsh ebeenchglla):teﬁgedand R2 are taken

t oget he i Srnia eterocy IcC ring containing O to 2
addi ti onal hg0e4]0BIdIGV difieyeln ifduies Nms,ntcalmtt o:llsmmhtmm plthe EICOpednomal | y

fused to a 5 to 6- nenbered heterocyclic r i ng oat ons
i ndepe nﬁ%lﬁi?qoffﬂbﬂ’ﬂigeéﬁn& angreplicasg CSWP%% a%lse’glbll% gu%? ) &8 J?’rb%%%/sé %?b?&r ing
to for My Rieac Mirfslatibg oSHs HETW RNACFenbm cqfldionmbieyth a1 3I00iabiiceatid Tong (ii)

R1 and R2 are taker together to forman o onal,l y substitut - to
O rertbep S BIETIGEGS PECSRBLRLA st g <BORt BIRg T0! PRieae. SPGB T onal N, S,

or O atfmgp[ Rin gm optionally substltuted 5- to 7-nmenbered heterocyclic ring
contain 8 additional N, S, or O atons fused to an optionally

substit ut ed BHZ@E?wm%ﬁﬁwS@ﬁWFBCN%?AM5@r6@9@ icori ng, to forma

bicyclic rin em 1 daken
together to @8@3\ ceﬂwlar Sn% i}%dgﬁt‘%’?% gpfp&&éoﬂ%mﬁgsngered he g?ocycl iC
ring comd @kﬂﬁnﬁ@lc&oﬂlca&a@hﬁ thé Nretmihgl thiyd of the palypreteif ((S€d-H2ep7ahroopthe onal |y

R T

bi cycl i ££8YSit 6RhWgE bk thd: NGS-NSB S@i Mhe BISBaNg e pmtbaEEaMbrmglea:ate@had:coﬁtﬁ ci§-to 12
ring atons with O, 2 additignal heteroatons jind endela1 eydchosen from

N0, P anasenhe NEhNH AT T OV DEF AGORRIBAHD & Gwhstream

2010/ 06 nstructu c tiaad Kyl ,
i Nmomsﬁéggg%%{’? ORﬁigf(?%-%%%Nleo:lglﬁi(ﬁf atf’;j_%(%) 1Sgte PRALSHL Of%o& Z@L& oo

- 0( C=- O)sRER4 to Bmsz¢nt1@]rf0r N(r@ﬂm)am@weﬁ woligase pyrellogen, Cl- Caal kyl |

C3- C7cycl oal 6r.0¢ | il U IS
Cl- C6 a?/kyl @;@ CI D M&%ﬂ%L 886%5169@&?{' Iﬂ"}é:r O%lgakeaéc{ﬁ%&{ cogllpﬁl,smg\éhﬁeangsar o

i ndepengle NSBNS5B nonstﬁ*m&)urhlypl‘btegs nssetnhlesg@he rogphczacmomplem is cytoplasmidpnd .

Cl- Coal kyl , C2- C6al , (C3-Crcycl oal k Co-.CAal k - CAal kyl ,
(heter o‘&?‘ﬂ”)a% 35@‘?1‘&‘9‘1? %{% g@%’gﬁl‘ﬁ ég{mﬁéﬁyf{ )Gé{ @f&f’ek%ﬁ(nplex (BI4d SR y

(het er ogyehQakkily) &0 NGatdkyhelickle dcalikaiN0yS3, avd Rmn&peﬁﬂendRNA@bh@G@hdeyl ani no,

each of which is optionally substituted. oi ned

d b
to for mchritoptiorhl Ipyhes RN ©plifEgn Brocess, 37‘:0“?%%‘3?@3 nﬁ%ﬁ@pﬁéﬁrwp’g Y‘ﬁfgd“ ran
opt i on "Xm&%%hé#&&eé —'Lé)n A0BTREHE dofiek B5RCK Gl oA Ilft%lt Rgﬂﬁ&sﬁ@nt ai ning 1

or 2 heteroatons dependent | chosen fromN, S an i s hydrogen,
Cl - Coal dayitiong@rpogi€8e mygbmml\)mm;kmmmpm in U@Slﬁgo%f@?‘ﬁ@@ﬂ sat urat ed

or unsaturated hydroc n i d to R7,
Shero: Rrch @ piRPEREEh AURRN rodiie bRny finks! Ja GO, SP4 bikcBOI 1<
unsat ur iﬁﬁsdbo(ﬁfgm&fab E&ncd&adrfbeatas Rbortfratent of thd HI Voopladagot tngchsoamd t o an

optionally substituted c r|n 0 gined to
¥ om a Piovieign ppharbset S Gpt o g armipeadiselt earstiees rilror: Fhitide] oo
group QicPRehRbaBUh afilel M@k ¥8,.2005, is hereby incorporated by reference in its entirety for its

disclosure related to assembly of the replicase complex.

[0007] Current treatment of hepatitis C infection typically includes administration of an
interferon, such as pegylated interferon (IFN), in combination with ribavirin. The success of

current therapies as measured by sustained virologic response (SVR) depends on the strain of

2




"9 where RO is one of the following: RO is hydroxyl, am no, -COCH, -01Z12,
-SR12, -NR10(S=0)R11, -NRIOSO2R11. -NR, 0S ONR; 3R12, -NRLOSO2NRIIR12,
-(C=0)01240, -NR so(C=0)ORi 1, or -CONRlORii; RO is Cl-C6al k¥l ,

C2- Col kenyivp 2@ro@esiskanoyl , ( C3- C7cycl oal kyl ) Co- C4al kyl| , PEEES2009/06750

Crcycl oal kenyl ) Co- Cal kyl , (C3-C7cycl oal kyl ) CH2S02-,

(C3-C7cycl oal kyl ) CH2SO2NRt 0-, (heterocycl oal kyl ) Co- C4al kyl ,

(aryl) Co- C2al kyl, or (5- to 10-nenbered heteroaryl) Co-C2al kyl, each of

whi ch i @epbga]péi@{&a&@mft bienf @EIMEIA WO
2010/ 06@9 %&%%ﬁ@%?&? %}g%alg&h@a K where p |st ,rc , grl %I RO is
- Co- CAabi |sm>@f p’aﬂmﬂnﬁéctesl w1(hcmy INERin GiNHe@abata baﬁ@nwﬂr%ogé?a}/ fesgpnse-

" 25333?%{6 ety A o B LR TSP MY M hprodmag of M IO e

i s hal ogennies ®yelb &ilfcﬁiﬁz&btlﬁ)elnt omfc%aﬂieé{n@de to(li@B-OC Wllvéﬁlekﬁwe)i@f C4al kyl ,

(C4- Crcycl oal kenyl ) Co- Cal ky Co- C4al k y

( het er dcﬂ;t@n%fw?ff%ﬂé}%ﬂms aﬂéa}’f’y *B*gh PN Fal fe‘%@&’ ‘&% } eg%%’éﬂféil kyl ,
each Of {?S@nﬂ iBveaRbd aighd tﬁ1s§1‘é&§iﬂdtpiéﬁ&bs additional adRifhgeRMhicteard dRtdbalr e
indepe y at each occurrence hydrogen or trifluoronethyl, or

Cl1- CGaIIk:ydm C2- Coal kenyl , C2- C6al kynyl, (aryl) Co-C2al kyl

(C3- Crcycl oal kyl ) Co- CZalkyI , (C3- C7cyc| oal kenyl ) Co- C2al kyI ,

(het erocycl oal kyl ) Co- C2al kyl, or (5- to 10-nenbered heteroaryl) CoC2al kyl
each ofstMY@ij{EmNHIEWI@Nbsti tuted. R13 is hydrogen or Cl-C2al kyl R14

and R15 are ndent dro en gor2. M .
i s hydrogen,t b@ﬁ%%ﬁ“’% P5 1Fc59:&m T’@E’y dlglg??g&lr%urlmc Sﬁgwg&%&zhd\{ﬁﬁ@%ﬁent

Cg(l ?CA—?(% )9am1NBer3$o§itaI?}y}< péf)(tifl‘eﬁﬂi)nﬁl\dm) fﬁlﬁlowsmwﬂ\lm Y-aminyH(SaBYLENRR0) - or
- or Yis taken to r in
J is CHeptges3gng gy%ﬁéﬂf’%@gte ? &%W“@O‘?‘g”ﬁ)"&#&‘“@ P"FSCM#?%%@?I@JI J

car bl lfioR BiofIRCHShbdindd Eforit hal hiepolent sulb ot idastiedini 0l 1 or
more substituents independently chosen from hal ogen, dr ox am no,

cyano, Mepa@2ed ki regHicagon) IEbsipventipn @Ba PRISES PRAFFEHSicd “’
trifluoromethox poebhelaltMdibary ok QcfiaE Iﬁdlﬁllg@@su?chn’&y be
absent ;%" ammgcf_eer%m]mé&n?gktﬁgrk&eun togetaher with Y}Ilo dfT}())rm a 3- to 7-
menber egngatinesl dne oomofmegtarseyetidally peasgablRifRER ™S i ng is substituted with 0

or 1 or i tuent s d.ngde I oxyl
am no, cyanimﬁéﬁ)ﬁ%& Hﬁ%ﬁ\}tf a%j pgﬁgg% n%ég%r& @PP%%%{% f%ﬁ%?%%%ﬁyry and
trifl UQfeﬁﬁ‘Iﬁﬁﬁ‘f@éﬁbﬂS wheRed by psromaiﬁgno tum@@tmmts ani arhowvit pba ¢orpavad pf Hyrzladay be

absent. i s (nono-, cl i C Kk (nono-,
bi -, oreffegtive t@y%dl“%m&@t%rséﬁ@?’?f’)s@g@é{lﬁe@ d@ﬁ%‘}?f ﬁ‘f‘) Cﬁ)ﬂf%'%{’lasﬁgegg stituted
with O Lhephev ﬂﬁt@ﬁ@ﬁde{mbl Meﬁﬁmwtﬁlﬂﬂm 1hah@gen
hyolroxyﬁ&‘l‘ilerr‘]Ql%‘(l){HP‘réC?ﬁ%i1?145wﬁ:1 D oo 02ng2! 1 R12. -(C=0) NRIIR12

2010/ 06BEARET HEIBPE0Y/HE PEOTLS RETIRREQ) £2 19cticp] SRRy O SRERTRARGY |

G - Cal ko Y £l de Ve atbana co ﬁaimﬂneis,ter

Gl Condrabidy %t‘%n o E‘g‘ﬁ‘aﬁg{ﬁgﬁ%%qwg%%@o or 1 (Ca b

Crcycl @afszyﬂg)ﬂiﬁﬁ:ﬁﬁhﬂfydtmuQ @ila@ngll ) Co- C2al kyl , (phenyl) Co- C2al koxy, (5- or

6- menmber ed LYy} Jikas C2alkoxy,
napht hyl . m@%ﬂ{@%cgfm Wﬂ %éo‘ﬁamgragggrg orglfiolfgjl%%lﬁc@g%al ky%3 or 9- or
10- mn%(z%é@h&%@)kdx@mﬁghe@mp{ﬁmh ofEamlmIaDI invdoimbinaition stutbone pumert aflkerh 0, 1, or

2 substituents independently chosen from (c) hal ogen, hydroxyl,

ani no, thsrepvatic pgeESo, - COOH, - CONTI", Cl-13(C=0)NH-, =NOH, Ci-Cal kyl,

CL- Cal koxy, 4 Rgﬂfnx%qwds det th%ﬂ@ntlﬁﬂﬂcﬂdcmhk@skﬁ%ﬂmialNR850212 11,
-C(0)01211, NR8C(0) OR11, trifluoronethyl, and trifl uoronet hoxy,

and pham(ad}utwh]émgqceﬁﬁ'deSaltsd}ﬁef@fnenbered het eroaryl, each of which is

substituted with O or 1 or nore of hal ogen, hydroxyl, Cl-Calkyl, and

Cl- C2al koxy. R16 represents O to 4 substituents is independently chosen

-from hal ogen, Cl-C2al kyl, and Ci1-C2al koxy. 1218 and R 9 are

i ndependent|y hydrogen, hydroxyl, hal ogen, Cl-_Cal kyl, Cl-C2al koxy,

Cl- C2hal oal kyl , or Cil1-C2hal oal koxy, R20 is hydrogen, Cl-C2alkyl,

Cl- C2hal oal kyl , or Ci1-C2hal oal koxy. [0012] The invention particularly

i ncl udes conpounds of Formula | in whikh one of the followng conditions is
et .



[0013] (1) R1 and R2 are joined to foul' a substituted 4-nenbered
heterocyclic ring containing O or 1 additional N, S, or O atons, or an
optionally substituted 4-nenbered heterocyclic ring containing O or 1
addi ti onal W 260/068760 atons fused to an optional |y substREUEREBETHG
7-menbered carbocyclic or heterocyclic ring. [0014] (2) Zis a (tricyclic
aryl ) Co- C2allkyl or (tri cyclic heteroaryl)Co-C al kyl . [0015] (3) RL
and R2 are taken together to forman optionally substituted 5- to 9-
menbered bridged heterocyclic ri@g containing O, 1, or 2 additional N, S,
or 0 atons, or an optionally substituted 5- to 7-nenbered heterocyclic ring
containing 0 or 1 additional N, S¥ or O atons fused to an optionally
substituted 5- to 7-nmenbergd dasRocyclic -or heterocyclic ring to forma
bi cyclic ring system which \iRss ed; or Rl and R2 are taken together to

L

forman optionally substitut b=, to 7Hnenbered het erocyclic ring

containing O or 1 additional Nu;Sr4ﬁﬁ Nat o fused to an optionally
substituted 5- to 9-nmenber rfdégagggrggﬁiilic or heterocyclic ring; or
[0016] (4) -(NR23)(C=0)-. 2010/ 06876 1RCT US2009/ 067507 [0017]
Certain conpounds of Fo di Sol oset herein exhibit good activity in an
HCV replication assay, sucdh SRLh€“HéW repliconggssaé set forth in Exanple
6, which follows. Preferr&d conpounds of Fornmul F¥mERHI bit an EC50 of about
40 ‘mi cronol ag.0k, k&SSia 07 nore preferably an EC50 of about 10 micronol ar or
| ess; or still nore preferably an EC50o0f about 5 nanonolar or less in an
HCV r epkFcon rapepkite atipuie erssegle GOSN FEDADEGCRE VDN OF THE | NVENTI ON

CHEM CAL, DESCRI PTI ON AND TERM NOLOGY [0018] Prior to setting forth
the inv ion in detail, it nmay be hel pful to provide definitions of
certain tier to be used herein. Conpounds of the present invention are
descri beds yst standard nonencl ature. Unl ess defined otherw se, al

techni cal gnd scientific terns used herein have the same neaning as is
commonl y Under sewaias Byr ddaulle badsi | in the art to which this invention

bel ongs. UnI§§§49599&kxhqggkwggagbgated by the context each conpound nane
includes the free acid or free base formof the conmpound as well hydrates

of the conpoRriga awdp af the firantraddut: ¢ad Ry ant Repeetione ok fellagfing sadiifiound.

[ 0019] The t "4-am nor 4- e | oG i
*encompassest bl “RIGIEUAND CRAPLLE R D p e e aEptaining
enant i ofEr siditicheEmtresomnchoetrefrenils Grerd ), wbicheinp iseptighdllyghsedimedue bcal | y

acceptabl e _salts of such conpounds. Th rase .'a 0 f ‘pula I
el Ldegebr et HRgRRe g OO it Iiraap o e Ber R R R B

For mul a; kJ totgomMhbera® cabddyciasriad do fhaf Bicotlictigdsycenpaicds optiocillvdi ng sal t's
and hydrates, unless clearly contraindicated by the context in which this
phrase jubstifyisd: [ 0020] The ternms "a" and "an" do not denote a
limitation of, quani &l ¥e (RS iJ:RhBEG 198N EpddienpiRs@aea solo Aneh@ast one of

t he referenéed itens. The terns "conprising”, "having", "including", and

" cont ai midegt! hetewcydicmgconsinings 1a§rn£¥$@mﬂ@ﬁb]§d5 198 oy 08 an opicaailng
"including, limt ) i i e nmerely
 nt endetoryeld B hueBikd ek el itk it O L ADARRAON YT RO C Cach
separ at @saedoua opaddalln gubstitudds -t @-meanigesd earfcegdicat heewicydicirngi wdbmriaher ei n,
and each separate val ue i.s incqorporated into the specification as if it

wer e iHﬂFV¢66QﬁFVWF%@%F@dSW@%ﬁan. The endpoints of all ranges are included
wi thin the range 8¢, krRAgRANGRMI: Yo faihinahbeilly Aibstmeidbds 7deseidded her ei n

can be perfornmed in a suitable order unIesa ot herw se indicated herein or
ot her wi lsteredyelie Fipe eutipiag Dor d apviopd A ex Pr Oprans fuerdde 2 pRHAAYY S8 np) es,

or exenpl.apy, @Q%yﬂgﬁ BUGMeRASodvclit Sng:Nt ended nerely to better
iIIust?gﬁgg : 2 10/0§%§%§%%??%82009/% §§07n%he i nvention and does not pose
a |imtati onMiomtahéRsawpakeofogetis: ofpanen optiendlls sebsertrghigyshc ersgrhadh No

| anguage in the speci.ficatio . LpdEeati.ng any

non- cl as ess actice of the invention as used
her ei n.hetdpbosms tatpenachilgtchesenifsen Nt Oc hmi ¢ afithaemaisiog éng kfons beimgrsrbased
herein have the sane neaning as is commonly understood by one of skill in
the art to which this invention bel ongs. [ 0021] An "active agent”
means a compound (including a compound of the invention), elenent, or

m xture that when adm nistered to a patient, alone or in conbination with
anot her conpound, elenent, or m xture, confers, directly or indirectly, a
physi ol ogi cal effect on the patient. The indirect physiological effect may
occur via a netabolite or other indirect nechanism Wen the active agent
is a conpound, then salts, solvates (including hydrates) of the free
compound, crystalline forns, non-crystalline forns, and any pol ynorphs of



1100331 In the term"(aryl)alkyl," aryl and alkyl are as defined above, and
the point of attachnment is on the al kyl group. "(Aryl) Co-C4al kyl" indicates
an aryl group that is directly attached via a single co

(aryl ) Coal K¥ft 208¢/058t ached t hrough an al kyl group havi ng\égjrrgjgéﬂfp/?gggﬂgbout 4
carbon atons. Exanples of (aryl)al kyl groups include piperonyl and

(phenyl ) al kyl groups such as benzyl and phenylethyl. Simlarly, the term
"(aryl)Co-Cal |l coxy" indicates an aryl group that is directly attached to

t he Irml tef:ul g(v'g Rclj gtms@fjandyf, EE-G&&@I@&M@R@P(GQ@)N&QQZ, ((@v%ﬂlﬁd?h,koxy, or
F0034] 4CLOIR dgsaRor epi ek HIoeSu oas e e roReaeif ot ed. i n i ch tvo
non- adj ACeRL4fbRY CRIQIR YIRS CSEOVRREN, hitchRyaidalk @, bivery®@yeC;kikpki ng group. The

i nking group 's a nethyl ene, "ethylene, or oxygg)r% atom Exanpl es of bridged
groups i ncl uad:R; iver-Seilol 06676 1PcPrIKYS 206 81 ety EeD: of

bi cycl o] 2. 2. ept ane’- i [ 2. 2. 1] hept anebi cycl o[ 2. 2. 2] oct ane

[ 0035] A "caIr% 0 a@?{&éz{aﬁﬁgﬁkﬁ%ﬁggsaturat ed, unsaturated, or aromatic ring
group havi ngaj heiroged] laddged, aranivey, oof carbon ring atons and having only

carbon ring at . 036] ,~ | Q& L al dr ocar bon
ring group, @é&in”ﬁ@a}]fﬂ’ecé'%%%ef] ?lég¥%ﬁ%§$%ﬁ%°a¢%§ﬁd’Ztglgﬁg? teﬁ/%%@:/ycl ic

cycl oal f¥ler BHOMRC AP, 0&)-CyyblastkedyInC3alkyl, dvcumocy8loebybOnCedlind, Gt oms or
from3 to 7 (3, 4, 5 6, or %Jgéarbon rj nﬂ gtgms. @A L‘{oai%skt}/tlteaubstituents
may be GeHeastl #1105 HnSt e 'ﬁnﬁot%bg WHFLASPRISAY R BB a substi t ut ed
carbon at Omé)]f)g{g éﬂEPm REY Be JoRd $éRenl nWwplbsal Ivaybdtiamed & o ycheaibliell group,
which is attached as a spiro group. Exanples of_ cycloal kyl ri%rouggts. inél ude
cycl opropidalkytyind etutoptionaly shoysaned - tOerEV@Ff%@%?‘locggoﬂ%ﬂl 8SOHH§ed or
caged saturated ring E]géﬂa cgb's%ﬂfﬁ':%lﬁoﬁ bpgene or adamantane. Likew se

"cycl oal'Ke y YA g rocarbon ring group having the indicated number of
carbon at onsRAndydbgdne@sCsatiayl bo{Ce&rtyoloatislibh-€8kYlween ring carbon at ons.
[0037] The terms. "(cycl oal kyl - | " i ndi ' i n which
the cycl oal K &t HIS@Ta?eéir% ué%?ﬁé%#léh %X%aé?éenrﬁ{,a&g}ﬁaﬁ%tﬂﬁé&ggﬁzﬁt]&%ﬁmat t achment
of the {gmetor), kner Hyib a efe@iyfent or bthimatrequbeD ista GuBs Sitiutdrugsapirtthér a
singl e coval ent bond, (Coall cyl) ,or, qn the al kyl oup... cl oal.kyl.) al kyl
enconpavgesarbgpehgin ARt thatipg ’3 éﬂaatl%],ﬁygﬁ%? &%W%‘ﬂ’é%ﬂ%“é‘%}%‘&ﬁg@% y 3¥rreh%§y | .

and Cnylof}Hﬁfﬁy)J B, being joined @381 2 3HalTO aldgyberedi opdigallyeabdiait bcaatkiyed and
strai ght-chai'n al kyl groups havi ng the specified nunber of carbon atons,
substitritged with 1 or nore hal ogen atons, up to the maxi num al | owabl e
nunber of hal ggen_ at . pl es of hal oal kyl include, but are not limted
to, trifl uoraILolﬁe %/ﬂ%,oqfﬁefflogfé)@gpnet hyl , 2-fluoroethyl, and penta-fl uoroethyl.

[ 0039] "Hal oalckoxy™ i ndicates a hal oal kyl group as defined herein attached
t hrough an o en bridge (oxygen of an al cohol radical). [0040] "Hal 0" or

"hal ogen” i nti Cat,e5,R0%, Afort ik GonGithgr 0, bromo, and iodo. [0041]
"Heteroaryl" indicates a stable nonocyclic aromatic {i n ghaVi ng_t he
mnHﬁ“ 5

i ndi cat ed nRytenydodxyl.iangnat GAOHMANRReo PRiznSRir O 10, rNRﬁO%E)é%rre

enbodi ts | t , roat QrE seRpf ren  orOBNR, Mt h remai ni ng
g ar S SSLRgR e Bor R g Ao BB PR T a8l o6 7507
bi cyclic or Ryhi CyCldlleyl SysCatkeaginCaCailkapost (Ce@syclorbyH-o-Callplnenber ed

aromatic ring which contai fr 1 or. p SO e i s fromlto
2, het &76%[%1‘2?2]@5“599@"@@]#5&ogﬁQTifm@?o%@%zg%‘f ACF_QH%E%?%éﬂ?gg% za{ oS bei ng

car bon. ,YBResy Sl yB et Sk ga ) )QF OLps/L oy pF-aall Dynduebeedfemmdyh@-Caflivhg at ons.
hi sone enbodi ments bicyclic heteroaryl groups are 9- to 10-nenbered

het er oaagh ofgriichis optienallyisebstigielips containing 9 or 10 ring atons in which
one 5- to 74 t e Gl Al s fused to a second aromatic or
non-aronati££?$¥§£m@ﬁggﬁt gmggﬁgﬁénunber of S and 0 atons in the heteroaryl
group exceeds 1, these heteroatons are not adjacent to one another. It is
preferred that the total nunber of S and O atons in the heteroaryl group is
not nmore than 2. It is particularly preferred that the total nunber of S
and O atons in the aromatic heterocycle is not nore than 1. Exanpl es of

het eroaryl groups include, but are not limted to, oxazolyl, pyranyl,
pyrazinyl, pyrazolopyrimdinyl, pyrazalyl, pyridizinyl, pyridyl,
pyrimdinyl, pyrrolyl, quinolinyl, tetrazolyl, thiazolyl, thienylpyrazolyl,
t hi ophenyl, triazolyl, benzo[d]oxazolyl, benzofuranyl, benzothiazolyl,
benzot hi ophenyl, benzoxadi azol yl, di hydrobenzodi oxynyl, furanyl,

i m dazol yl, indolyl, and isoxazolyl. [0042] A "heterocyclic ring" is a
saturated, unsaturated, or aromatic ring group having at |east one ring
containing a heteroatomchosen fromN, 0, and S, with remaining ring atons
bei ng carbon. [0043] Exanpl es of heterocyclic rings include pyridyl,



WO 2010/ 068761PCT/ US2009/ 067507 [0048] The term "nono- and/ or

di - al kyl am no" indicates secondary or tertiary alkyl am no groups, wherein
the al kyl groups are independently chosen al kyl groups, as defi ngr,% {1erei n,
havi ng t he WR@1846%868 nunber of carbon atons. The point JiCTACTHCHRERt of the
allcylam no group is on the nitrogen. Exanples of nono- and di-al kyl am no
gr oups i ncl ude et hyl am no, di nethyl am no, and net hyl - propyl - am no.

[ 0049] "Mono- and/ or di-al kyl carboxam de" indicates a

nono- al | cyl car hoxam de group of forrmula (alkyli)-NH(C=0)- or a

di al kyl car box %ﬁ]oup of the forrmula (al kyl 1) (al ky12)-N(C=0)- in which
the point of 2 t of the nono- or dial kyl carboxam de substituent to
the nolecule it SLﬂ)s%‘i“t utes is on the carbon of the carbonyl group. The
term "nono and/ oro di al kyl car boxani devheat o G.icbiles groups of the fornul a

st achment 1 B brrsokehRahe s AntCofBEL NGTOT SRy B g

i ndepengdgntly chosen al kyl groups haV|ng t he indicated nunber of carbon
atons. Likew se, the term "npng sul f onar ni de" i ndi cates
rmno al kyl gR@@p§fHRYi(§§Cﬁ%}?ﬂ1kﬁi)( g&@ﬁﬂ}‘g él%’ @ﬁ%yﬁaﬂrkyl i ) NHS02- and

-al kyl (vﬁﬂekeyft (hd(oBbk ¥R (Cgalkyl, C-Cgalkanoyl,
(aI kyl 1) N?é ?9?%85@3%%9&%% g{‘ﬁ * %n%N:Ilkth o(yqr (gup6 951—03) An
0X0 gr olfy- Chatloalkyfac(sﬁlmék}ﬁ H(Ger CYG]rOH 3%6%%%‘ daghf-pbrlatio ul'ts in a
conver si 0 QR Hehat f an
aromat i go aghé foc%aﬁéggl()?%&?a%k@%é n\?%rgg on %P@d héte}mﬁyﬁ@(p@%!ﬂ%yygﬁ%h g | oss
of ar onmgthicgii cyptlonal}y subst[xtﬁ@ﬁl] The term "substituted”, as used herei n, neans

e Y P ReR ORI Y A R G AR aéﬁg%lhgr iRl Ll aced

with a sel ecRioohuf? provi esrgnat ed
atom s poiRkyvel-endgenys aamtsam@eﬁ{d@dco Waﬂlaylt ®- Gubﬁbalksdmcziaﬁcybx& (i.

=0) then 2 hydrogens on the atom are regj@ n(é\hen an og fglh B

subst i t@v%’gio IqocCﬂBﬁth@f'é%mC%H’élké@p? %Bﬂd?r OO PPt i‘f?’]é‘l:%d ring
repl ace Ch Ed ggg@mgje a pyridyl group substituted by oxo
is a pr? :}ff &@gwﬁat?o S of ssabstltuents and/ or variables are perm ssible
only if suchRgasntydieganon€’iiealiyt in stabl e conpounds or useful synthetic

i nt er medi at { abl e & st 3RLEXSE LHEL i 81is nmeant to inply a
conpound thg]?“agd aF Tl ﬁ%},ﬁ@ﬁ{% t(iz?;lgrsurX 1|tve ilso?g{l on froma reaction
m xture, ands BuUpsesent forrrul atl on |nto an effective therapeutic agent.

Unl ess otherw s pecifi.ed s into the core structure.
For exanpl e, NV¥gY OgH @Oﬁﬁﬁ ggﬁgégpqﬂﬁ%g?ngﬁoéfkyI)aIkyI is listed as
a possi bl e subsiistienr smemga stoab(akoa(mz@ntNI@(szKh(zﬁstybw(Su@MNth@ the
core structure is in the al kyl portion. 2010/86g %ECT U82009/067507

[ 0052] SlﬁNRa)b(ICern @nﬁ%@ﬂ@ata Oﬁﬁyls ke iogetli Widhong *fdybsti 338t t i on

i ncl ude, buty g 14 1 Bk wi: Bio foliRlGI T - xﬁ%ﬁiﬁk@aumv%}dar nitro;

azi do; alkanoyl suc as a C2-Co al |l canoyl group such as acyl or the |ike);
car boxa]iﬂtdoc;ycal: Imylg gricdupisg {sisplstigd¢dite O of éar 1opre yPolipys 1ﬁéﬁﬂeﬁ‘b“:nﬁy f%osalbout 8
carbon [ bout 6.

includl 3@5@ hﬁébx wgﬁg 5Q?gk%% atura Lﬁggyk%sggg%hgﬁg¥%¥%%1 to
about 8andq;hﬂaozbmemla®3¢tw1&ndaf tahasn t@pahe;witl Ymm;orgraammsz hay ba gbsem or nore
oxygen |inkages and from1l to , Or from t at ons;
aryl oxy sucHJ§§36H§H0§§£&8W%§ﬁFﬁW8£&%8ﬁ8§n?Rb?dgpﬁﬁl gé%r E%gpone or

mor et hipebhielic ihakagesriand qﬁmmteh ieh abpubr &ofeambﬂﬂueﬁhtsamiapenﬁenﬂy olmsdn t o
about 6 carbon atons; al kylsulfin groups in Iudhpg% Qﬁ% qe or
more sufrdiniigloger, hkdgsy.: @m@w SIS |C¥ (SIS Y’ g uerasstyLy

about 6 FOMPY b Aetglingz thi93e Bavit.ng one or

nor e su?ﬁ%ﬁ@ﬁﬁP @gg%gﬂgﬁg‘?%%%??ﬁ%%ggﬁout carboﬂga%%ﬁs or froml to
about 6 carbbn(amnﬂsb%&mﬁno@kkg%ﬁ@ﬁ@ﬁb@kﬂﬁ%K@d@hdmgﬁbHb§yﬁ§vﬁﬁ§m%ﬁ@C%r nor e
N at ons d fr bou rQ ryl

navi ng BB sETe bRy ae el O o pReE A B C R B TRoech Y|
napht hYﬁom%ﬁIogdﬂﬁ hiiliseyl, gamb, dyang -EONtr -GBS -SOuNBd Ror ~((FSUBB1:1RIut ed
aromatic); arylalkyl having | to 3 separate or fused rings and from®6 to
about 18 ring carbon atons, with benzyé being an exenplary arylal kyl group;
aryl al koxy having 1 to 3 separate or fused rings and from6 to about 18
ring carbon atons, wth benzyl oxy being an exenpl ary aryl al koxy group; or a
saturated, unsaturated, or aromatic heterocyclic group having | to 3
separate or fused rings with 3 to about 8 nenbers per ring and one or nore
N, O or S atons, e.g. coumarinyl, quinolinyl, isoquinolinyl, quinazolinyl,
pyridyl, pyrazinyl, pyrimdinyl, furanyl, pyrrolyl, thienyl, thiazolyl,
triazinyl, oxazolyl, isoxazolyl, imdazolyl, indolyl, benzofuranyl,



[ 0065] Where a conpound exists in various tautoneric forns, the invention
is not limted to any one of the specific tautoners, but rather includes
all tautoneric forms. WO 2010/0687611?CT/ US2009/ 067507 p 1 s2000h@89P6]1 The
present i nYEhSIHPH37 | ntended to include all isotopes of atoms occurring in
the present conpounds. |sotopes include those atons having the sanme atomc
nunber but different nass nunbers. By way of general exanple, and w t hout
limtation, isotopes of hydrogen include tritiumand deuterium and isotopes

of car bm%@@ﬂg, CCC,ARE, Candikand@, C1-Caalkoxy] 006 7lkyBaict aionocodplodnds are

descri bed herein using a gener f I hat i ncl udes ,uari,abl es, e.g. R

R1-R8, Euabkylamigo, Rrig:a 6519%€= Cr&h“;io%ﬂy%%ad %ﬁéé’é‘L"a oG I8 4 551 11 ed, each

vari abl ?»,cgiﬂ%@&gl)éé@@lkﬁ, g;g%i@;j(g}_@zﬁlkglpjtﬂhﬁﬁﬁ)(ijd"—ld%m&ﬁ@,_e(ﬁt by6-ofembtiedr vari abl es.
gr o)

Thus, i oup 1S sai be substituted, e.g. with 0-2 R*, then the
group megerberydGbEtilkut Gdovk-pempred BGWWO&%&‘%Y’%@‘WL lﬁflar’é’&éﬂ Ycturrence
is selected | ndependent QMM S1&% 1 Blchd BB bilclic Ab®Rary@ Qb BEkhions Of
subst it 0& ge%ﬁ%?zgﬁ%@%ﬂ%%}b e’s‘mélc 1é rp§elr i ssi bl eronllgg;ciif such }gonbi nati ons
resul t isRuistiahtewtiofpoend substituents indproee)t ¢hoseddiaion to conpounds of
Formula | as described above. the |nventi-ohgl $oyNmc s SRIROUgAg of
Formila Il t§ %Oﬁeﬁa?ydé%yg)?mé’hoyc aélﬁb?lﬁ‘g’ti on %’f t %@“\’/g}?gg%l(g definitions set
forth belewithat, camdxky, ¢nCaysoapileiooopsand di-CROMAIkYaRBPOoNRS:F 1. [ 0069]
In Fornula Il Dis an al ké'(ﬁ%ﬁ&)@' ke Ig)gprfg}tég h vi.l[:; l_g LQ 10a$rbon atons. O
For nul aG(PIORMONIBESR 6 s BILHETY s2BBYP - ’a"?l(% %1 THBorfifa IV, Dis an
al | cyl or al@? Ao SRR oh @ icRbe R dhetedrgadRB e ahifBs subMatet kath\d or 1 or

[0071] For e aﬁ%l g the invention includes enbodi nents in which any one or

mor e of mblethelopowhmdrordrdi-€iadis 2af £11fetlk0%b | ong as a stabl e conpound
resul ts. TheR Rl ae@grﬁ%osﬁl gg)ts@é’:ﬁmssindegendenﬂ{/ ORF2) rrdAGalR¥e Tt Loalkynehades
i°c an

embodi ment s TH'S carry any of "the follow ng definitions.
[0073] ¢ar.dRloxand R2 form an optionally substituted azetidine ring.

[0074] (b)RLl_and form an,optional | i zpt jndi ne whi ch
azeti di ne rig ai‘%&lz?ﬁé‘ifﬂg%ﬂewﬁngﬁ,ﬁ]y(?)rr%gcslyﬂgg%?gﬁf fézgl,%ﬂt ﬁl %dggi,gﬁ h(g%ag%é(}r? at ons
or phen@l_cﬁﬁﬁ}ﬂy{’lé}gﬁ.%%&ﬂﬂ)x@p 3 substi ;gen'é s)i ngepegdgtly chosendfrom
hal ogen, net hyl, and net hoxy. an are joined to
forma 4- tdRFis hﬁl%@%&i‘%i{‘é}’&ﬁb%%%’f@y?‘lﬁ‘ﬁ@ag%ﬁf)y’ni ng 0 to 2

addi ti onal V[%ﬁia%%% EOPSREAESHhMuERBeROfIBH Formthla BindviSchirieatt e ng i s

optionally fused to a g- or 6- nenbered heterocyclic ring, containing 1 or

2 het erfoliteimg condl8prsntienat.| y chosen fromN, 0, and S, or fused to a 5- or

6- menber ed | 6T bRl & A aRLE¥ RS 4 TnhdhtbeRNHeRMBCyBRCHOf  Whi ch
R R T S rem|

5- to 7- ne etero ring or bicyclic ring systemis
subst i t atheshing 0 br DadditiGhabNbS.tarQuaoms, or ad epéerddhitiistierasemePgad A- and AB-,

WO 2010/ 068761PCT/ US2009/ 067507 .. . .S | : m no,
cyano, SKEOCYSHORDCON IR Oﬁi?@fﬂ@aﬂ N, g&r%&%‘%gﬁ \ad@gggbueg?n o%’,ﬁmteg

C1- Cal kyleh hjzﬁbmﬁéﬁcrél%m‘t%bgrdic-oeﬂlct%bwﬂcahigno, Creal kyl ester, G Cal kyl oxi ne,
C3- C2cycl oal kyl -NH (C=0) -, heterqcycl oal kyl.- (C=Q) - - ~0Q

di - G Cal ky| daPH0Xa% He, ﬁf@f@@aﬁf@@@é#aﬁ%ﬁw ?"“6&%@%%?%@5‘?%%@1‘%&

Cl1- C2hal oal 51 G G2haki gl kOXen t9YEtha@Yd forPydni dptichalylsubgpyitars-ne 9- phenyl ,
whi ch pyri dw{ns}lﬁﬁzﬁi n?}{lza,and eighg%_y[ ar eO sugftﬁi,t_ut ed with 0 to 2

subst i trenbesed pritiepd heterseygficeing sertaiingdly énor etdAnaEN S RTINS O5AY B i s
CL- Cal kyl . [0976], B Ghopabltihirsiong 1feemeguby, SRbrend R2
may be @ﬁBgﬁl}YtsﬂP%ﬁ&t\g\ﬁ?gh&g r?%mlgé@%’du s%riS{}%gnt sgi ndelplenr%dent Iy cho?se_n from

chi or 0, atdrhuitised foyad fopiyrtally GOGHutedCONH?- MmN rdicadmickdicpr hpgipsycligring to

di -G -Cal kyl am no,. trifluar.onethyl., ( tionall

R
di - C1- CGabdavhie@nbpxantdserphraybeychie nay kontpipingdydr, 1 additional N, S, or O atoms

> 1l uorfg?e%rg 21[1 g;]Jtliorgag)? gucl)alst-it%lge%/ilﬁ toa&(rjne?nbglrea%%dgéd éaﬁ%c{ng{c%lfl lhgterocyclic ring; of

[0016] (4) <(NRy)(C=0)-.



FF 79 LajNO - [0077] (e) Rl and R are joined to forma
py[rollﬁine, gnrphollne, pi peridi ne, or piperazine ring, each of which is
optionally substituted with O to 2 substituents indepen from
fluoro, am¥W®201R0eftxyl, methyl, and trifluoronethyl. [ Jfééf(%%&%ﬁgnd R2
are Itgken together to forma group of the formula \-/ F-F-VMz; ()J
FF->'",-,"". )c??- O \ 7r\,,v. F [/ 0 F3C
[0017] Certain compounds of Formula I disclosed herein exhibit good activity in an HCV
replication assay, such as the HCV replicon assay set forth in Example 6, which follows.
Preferred compounds of Formula I exhibit an ECse of about 40 micromolar or less, or more

preferably an ECs of about 10 micromolar or less; or still more preferably an ECsq of about 5

nanomolar or less in an HCV replicon replication assay

DETAILED DESCRIPTION .OF THE INVENTION

CHEMICAL DESCRIPTION AND TERMINOLOGY
[0018] Prior to setting forth the invention in detail, it may be helpful to provide

definitions of certain terms to be used herein. Compounds of the present invention are described
using standard nomenclature. Unless defined otherwise, all technical and scientific terms used
herein have the same meaning as is commonly understood by one of skill in the art to which this -
invention belongs. Unless clearly contraindicated by the context each compound name includes
the free acid or free base form of the compound as well hydrates of the compound and all
pharmaceutically acceptable salts of the compound.
" [0019] The term "4-amino-4-oxobutanoyl peptide cyclic analogues encompasseé all

' compounds that satisfy Formula I, including any enantiomers, racemates and stereoisdmers, as
well as all pharmaceutically acceptable salts of such compounds. The phrase “a compound of
Formula I includes all subgeneric groups of Formula 1 including Formula JA, and Formuta H to
VI as well as all forms of such compounds, including salts and hydrates, unless clearly

contraindicated by the context in which this phrase is used.

[0020] The terms “a” and *“‘an” do not denote a limitation of quantity, but rather denote
the presence of at least one of the referenced items. The terms “comprising”, “having”,
“including”, and “containing” are to be construed as open-ended terms (i.e., meaning “including,
but not Hﬁitéd to”). Recitation of ranges of values are merely intended to serve as a shorthand
method of referring individually to each separate value falling within the range, unless otherwise
indicated herein, and each separate value is incorporated into the specification as if it were
individually recited herein. The endpoints of all ranges are included within the range and
independently combinable. All methods described herein can be performed in a suitable order

unless otherwise indicated herein or otherwise clearly contradicted by context. The use of any

and all examples, or exemplary language (e.g., “such as”}, is intended merely to better llustrate
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the invention and does not pose a limitation on the scope of the invention unless otherwise
claimed, No language in the specification should be construed as indicating any non-claimed
element as essential to the practice of the invention as used herein. Unless defined otherwise,
technical and scientific terms used herein have the same meaning as is commonly understood by
one of skill in the art to which this invention belongs.

[0021] An “active agent” means a compound (including a compound of the invention),
element, or mixture that when administered to a patient, alone or in combination with another
compound, element, or mixtore, confers, directly or indirectly, a physiological effect on the
patient. The indirect physiological effect may occur via a metabolite or other indirect
mechanism. When the active agent is a compound, then salts, solvates (including hydrates) of
the free compound, crystalline forms, non-crystalline forms, and any polymorphs of the
compound are included. Compounds may contain one or more asymmetric elements such as
stereogenic centers, stereogenic axes and the like, e.g., asymmetric carbon atoms, so that the
compounds can exist in different stereoisomeric forms. These compounds can be, for example,
racemates or optically active forms. For compounds with two or more asymmetric elements,
these compounds can additionally be mixtures of diastereomers. For compounds having
asymmetric centers, all optical isomers in pure form and mixtures thereof are encompassed. In
addition, compounds with carbon-carbon double bonds may occur in Z- and E-forms, with all
isomeric forms of the compounds, In these situations, the single enantiomers, i.., optically
active forms can be obtained by asymmetric synthesis, synthesis from optically pure precursors,
or by resolution of the racemates. Resolution of the racemates can also be accomplished, for
example, by conventional methods such as crystallization in the presence of a resolving agent, or
chromatography, using, for example a chiral HPLC column. All forms are contemplated herein
regardless of the methods used to obtain them.

[0022] A dash ("-") that is not between two letters or symbols is used to indicate a point
of attachment for a substituent. For example, -(CH2)Cs-Cgeycloatkyl is attached through carbon
of the methylene (CH;) group.

[0023] “Alkanoyl” indicates an alkyl group as defined herein, attached through a keto
(-(C=0)-) bridge. Alkanoyl groups have the indicated number of carbon atoms, with the carbon
of the keto group being included in the numbered carbon atoms. For example a Coalkanoyl

group is an acety] group having the formula CH;(C=0)-.

9
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[0024] A bond represented by a combination of a solid and dashed line, ie. === , may
be either a single or double bond.

[0025] “Alkyl” s a branched or straight chain saturated aliphatic hydrocarbon group,
having the specified number of carbon atoms, generally from 1 to about 12 carbon atoms. The
term C1-Cgalkyl as used herein indicates an alkyl group having from 1, 2, 3, 4, 5, or 6 carbon
atoms. Other embodiments include alkyl groups having from 1 to § carbon atoms, 1 to 4 carbon
atoms or 1 or 2 carbon atoms, e.g. C;-Csalkyl, C;-Cialkyl, and C;-Caalkyl. When Co-C, alkyl is
used herein in conjunction with another group, for example, (aryl)Co-C. alkyl, the indicated
group, in this case aryl, is either directly bound by a single covalent bond (Cy), or attached by an
alkyl chain having the specified number of carbon atoms, in this case 1, 2, 3, or 4 carbon atoms.
Co-Caalkyl is used in conjunction with heteroaryl, aryl, phenyl, cycloalkyl, anid heterocycloalkyl,
e.g., (5- to 10-membered heteroaryl)Co-Caalkyl, (aryD)Co-Cralkyl, (phenyl)Co-Caalkyl, (Cs-
CreycloalkyDCo-Caalkyl, and (heterocycloalkyl)Co-Cialkyl. Examples of alkyl include, but are
not limited to, methyl, ethyl, n-propyl, isopropyl, n-butyl, 3-methylbutyl, t-butyl, n-pentyl, and
sec-pentyl. |

[0026] “Alkenyl” indicates a straight or branched hydrocarbon chain comprising one or
more unsaturated carbon- carbon double bonds, which may occur in any stable point along the

chain, Alkenyl groups described herein have the indicated number of carbon atoms. E.g., Co-

" Cgalkenyl indicates an alkenyl group of from 2, 3, 4, 5, or 6 carbon atoms. When no number of

carbon atoms is indicated, alkenyl groups described herein typically have from 2 to about 12
carbon atomns; in certain embodiments lower alkenyl groups, having § or fewer carbon atoms, are
preferred. Examples of alkenyl groups include ethenyl, propenyl, and butenyl groups.

{00271 “Alkoxy” indicates an alkyl group as defined above with the indicated number of
carbon atoms attached through an oxygen bridge (~O-). Examples of alkoxy include, but are not
limited to, methoxy, ethoxy, n-propoxy, i-propoxy, n-butoxy, 2-butoxy, t-butoxy, n-pentoxy, 2-
pentoxy, 3- pentoxy, isopentoxy, Deopentoxy, n-hexoxy, 2-hexoxy, 3-hexoxy, and 3-
methylpentoxy. When “CO-CBaIkoxy”‘is used in with another group, for example,
(heteroaryl)Co-Caalkoxy, the indicated group, in this case heteroary}, is either attached via a
covalently bound oxygen bridge (Coalkoxy), or attached by an alkoxy group having the specified

number of carbon atoms, in this case from 1 to about 4 carbon atoms, that is covalently bound to

the group it substitutes via the alkoxy oxygen atom.
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? or . [0079] (g) Rl and R2 are taken together to forman aze | ny ,
pyrro I ny " imdazolidinyl, oxazolidinyl, piperidinyl, piperazinyl,

nor phol i nyl, azepanyl, octohydroquinolinyl, octohydrois i pol i

di hydr oqui Wl 108687681 hydr oi soqui nol i nyl ,  oct ohydr oi ndol 8{3?’1”%0&5%‘”

1, 4- di oxa- 8-azaspiro[ 4. 51decan-8-yl, or octohydroisoindolyl, each of which
is substituted with 0, 1, or 2 substituents independently chosen from
chloro fluoro, hydroxyl, COCH, -CONF12, oxo, Cl -G al koxy, nobno- or

- C1- CAal kyhyaPegonb! !u{dVdf@'i Icﬁlﬁbbmat(eﬂ‘ﬁmmcatasrgroups of the formula (alkyh) -0
- Cl - C4al k car bamat e) C2a1 Cl-CA -~ ﬁm .
d| Cl O(ﬂ#@N&hﬁb@ﬁ@é}fﬁld@ qﬂa&iwaﬁ ﬂéngwhwﬁ@\ﬁ%ﬁm y1a grups 2

5-f1 uorobenz , QA BHOUPavRE ﬂhbﬁzdib feambaoaf80| (h) R1
and R2 B3P 8%&# g%g@%ﬁtgé?%kf%?%?%n optlonaﬁﬁy subgflﬁUted 5- to 9-

menber edotik.i dged heterocyclic ring wherein the bridged ring is a
pyrrolidinyl I iny gbngdelugh, or
Jb ﬂ@g ']316 alkylep ephﬁgl%hj\%%é ﬁ?%’l%?%dﬁdg%ﬁne@%&ﬂﬂ@i g

oct ohydroi s up, edc ged with one of nethyl ene,
et hyl eng, es@x agkdvy! 'Iheae@tér Bdage aag lhe of cithler otierBationoe. 9-raspieeitle Brmylied

heterocyclic ring is sub t|t or 2 substituents independently
chosen fREwOMKEIS 2 &R ?)Wkﬁ rb)%d#f}w CONH2, oxo, Cl1-C4al kyl,

Cl- C4al koxy momﬂgno,gﬁle Crs Rgr@iﬁgfltmﬂomuiat—ﬂﬂﬂ Omﬂqﬂmﬂhmt theabkg! group is
Cl- C4al kyl ester The Substi tuen%{f%b_q?%l a&g} R3 and R4 are
|ndeperndmﬂtsl'l)grt(up)asld§/ﬁn€é@éwm ivippihedies) beg Pt B Y ¢l oal kyl )
CO- C4al kyl . @3@{1 Q. ﬁx\@ﬁg 1h & RSO, M{de‘daueg(ltmo Ois tamyBS S whisiel th&lallyISgroup

i ndependent | ose hal ogen, hydr ox

am no, cyano, ,&O\l fCOC]—I
01 C4al ik yth alk@g@aiaammw hcr@nfha@;svaw@»z@ca@in@&m |Celﬁp% ato§ bac B ©

- Cl - 4al WO
2010 106%%811 nb%f@%%ﬁggf@'g'?r %@ég S“?‘gg“%l&m ygj?%ggg%&or methyl and R4 is
hydr ogen, Clogal)kwnlyr” aididats aﬁ?ﬂmykmho aldop| pri@dinailksdrbor] i Qigagropac g ¢is

hyd t hyl d 124 1- d R4
O o g oA RS R A by LA o 2 20

C1- Cal l%lm 3011« 3 ag@g%gbp@nﬁﬁl@zgaﬂkdwlfuqeam paaﬂdans;qirgsohnd@@mﬁm about [ 0086]
(f) In enbodinents R3, R4, R6, and {?rlﬁ &ﬁ@rﬁfndentlgyh%drogen or

met hyl ;123 &’@’HS,SV@D@@@I(P*@&% B IR EReBPern STok Udiote) ai n that
i's coval grhtx.}tﬁd bgﬁjc@ldSu%SQItlﬁ%n ﬂ%‘%&u@ fukidn o ABIOY RADRY sAREIMA S clE gopp

[ 0087] SC‘ € Tnvention al I ncl udes conpounds and salts in |ch R3 R4,

ag? E.;itgg; c%nenanygttemmelémweﬂamrc@@emd@enwﬂwh@se&ﬁamﬁ% i’sanglsdﬁ o
S u S u u

opt i onaHXIaV‘PLeui’)gt ﬂ’ffg‘@ g"%%@&?@l Oﬁ{%n%}? Qﬁ%}%qhi}h&‘i%g\r% b%lleﬁg joined to
Subs! | e g B et Lo, st cycloal o 11 (LFormila
upsi |

T whi oh T [0853 Tes e @ Dotk v R it R TR B0 aRflik Pl o

dﬁlf? II 8%%8%5 Wi ch é,gmkﬂvgmulgl “(Ar)[lm&%]aﬂc@a)m&atb&nmyﬁrw thatasilimgtly - COOH

0(S=0 - NRl 0‘§8’6 3] %%ﬁlOS ‘I%I 1

- NRI oscazwmmaa smglce@v)a@llz&@d (angd pé{(&*@fﬁﬁhre puel BIRHP REVIPR M
?Klglr gé&fﬁf{o&]ﬁ?&rbou%oqgo%ﬁahﬁe@ of 1N 250 233 dpRink Ride ng{eﬁﬁ@ﬂﬂnd((bher@ﬂalkﬂ

groups such as benzyl and phenylethyl. Similarly, the term “(aryl)Co-Csalkoxy” indicates an aryl

group that is directly attached to the molecule it substitutes via an oxygen bridge, €.g.

(aryD)Coalkoxy, or covalently bound to an alkoxy group having from 1 to 4 carbon atoms.

[0034] A “bridged” group is a ring group, typically saturated, in which two non-adjacent
ring atoms are covalently bound to the same linking group. The linking group is 2 methylene,

ethylene, or oxygen atom. Examples of bridged groups include:
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[0091] (c) The invention includes conmpounds of Formula I including
conpounds in which RO carries the definitions (a) and (b) set forth

i mredi ately above in which R10 and R12 are |ndependently drogen_or nethyl
and R11 is WPeeQetMet hyl or G -Calkyl or Rii is C3- ‘gﬂﬂsw phenyl ,
or benzyl, each of which is substituted with 0 to 2 substltuents

i ndependent | y chosen from hal ogen, Ci-Cal kyl, Cil-C4al koxy, C2-C4al kenyl,
and (phenyl)Co- Cal kyl. [0092] (d) In certain enbodi ments R10 is hydrogen
or nethyl and R11 is cyclopropyl. WO 2010/068761PCT/11S2008/067507 The |,
n, J, and L Variables and M Substltuen [ 0093] The invent i i ncl udes

conpounds and salts of Fornula Tin whi ¢ i-4g condi tions

are met for Y, n, G lLA [ ] s nisO

and Y is absent, ' . ( [ A bodi nents n
)096 - ncl udes enbodlnen in which n

is 0 and Y is ¥

is 0; and Y i,s ﬁg@i glqeogen 097] (d) M
i s hydrogen. 'T@’@g)g?%qi]‘&e%gand 7‘[&§P§y h %H%y[ The Z gﬁﬁ?&i‘ r'?0099] The
Z Substi tuen[GOHﬂyAhaMBo@ﬁyc ﬂiﬁg”txhe séﬁt@datedy\mrmgmdaéd oF anomasc nﬁ@@l@ﬁ]}a hid)g Beis a
group of the fornul a; ich is substituted by 0, 1, 2, or 3

subst i tUéiFﬂaée ﬁ‘f&“@ﬁ’é?fd@’fhopfnéﬁt?é’& W?PBYH‘%SP Onérng@?éﬂskyl Cl- C4al koxy,

and _nono- gJ &Qﬁc (halvkeyik ﬁ@!{tﬂﬁtedhﬁa@aﬂb(@hnégf{ﬁl hGHrRURe GeciFBe nfabarul a
WO 2010/ 068761P SZOOg/ 067507 R21 X X2 Xi 0 X5 NR22 y ayte R23 1-1-02
G of carbon atoms. Monocyclic cycloalkyl groups typically have from 3 to abott & Carbon ring

atoms or from 3to 7 (3, 4, 5, 6, or 7) carbon ring atoms. Cycloalkyl substituents may be
pendant from a substituted nitrogen or carbon atom, or a substituted carbon atom that may have
two substituents may have a cycloalkyl group, which is attached as a spiro group. Examples of
cycloalkyl groups include cyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyl as well as bridged
or caged saturated ring groups such as norbornane or adamantane. Likewise “cycloalkenyl” is a
hydrocarbon ring group having the indicated number of carbon atoms and at léast carbon-carbon
double between ring carbon atoms.

[0037] The terms “(cycloalkyl)Co-Cralkyl” indicates a substituent in which the
cycloalkyl and alkyl are as defined herein, and the point of attachment of the {cycloalkylyalkyl
group fo the molecule it substitutes is either a single covalent bond, (Coalkyl) ér on the alkyl
group, (CycloalkyDalkyl encompasses, but is not limited to, cyclopropylmethyl,
cyclohexylmethyl. and cyclohexylmethyl.

[0038] “Haloalkyl” indicates both branched and straight-chain alkyl groups having the
specified number of carbon atoms, substituted with 1 or more halogen atoms, up to the maximum
allowable number of halogen atomns. Examples of haloalkyl include, but are not limited té,
trifluoromethyl, difluoromethyl, 2-fluoroethyl, and penta-fluoroethyl.

[0039] “Haloalkoxy” indicates a haloalkyl group as defined herein attached through an
oxygen bridge {oxygen of an alcohol radical). '

[0040] “Halo” or “halogen’ indicates any of fluoro, chloro, bromo, and iodo.

[0041] “Heteroaryl” indicates a stable monbcyciic aromatic ring having the indicated
number of ring atoms which contains from 1 to 3, or in some embodiments from 1 to 2,

heteroatoms chosen from N, O, and S, with remaining ring atoms being carbon, or a stable
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R2 )(15 y RR2 XI '"W" X2, 7 NR21";Z \ G".-- ara R23 .., o
R21 \ ) X2 R21 X3\ 0 X4, 7 X5 Xiz. NI , ---1-1 23 ,47 11Y1l-' R21 ?.."

\ XXXIN
WO 2010/068761 PCT/US2009/067507

bicyclic or tricyclic system containing ét least one 5- to 7-membered aromatic ring which
contains from 1 to 3, or in some embodiments from 1 to 2, heteroatoms chosen from N, O, and S,
with remaining ring atoms being carbon. Monocyclic heteroaryl groups typically have from 5 to
7 ring atoms. In some embodiments bicyclic heteroaryl groups are 9- to 10-membered heteroaryl
groups, that is, groups containing 9 or 10 ring atoms in which one 5- to 7-member aromatic ring
is fused to a second aromatic or non-aromatic ring. When the total number of S and O atoms in
the heteroaryl group exceeds 1, these heteroatoms are not adjacent to one another. It is preferred
that the total number of S and O atoms in the heteroaryl group is not more than 2. Itis
particularly preferred that the total number of S and O atoms in the aromatic heterocycle is not
more than 1. Examples of heteroaryl groups include, but are not }.im;ited to, oxazolyl, pyranyl,
pyrazinyl, pyrazolopyrimidinyl, pyrazolyl, pyridizinyl, pyridyl, pyrimidinyl, pyrrolyl, quinolinyl,
tetrazolyl, thiazolyl, thienylpyrazolyl, thiophenyl, triazolyl, benzoldjoxazolyl, benzofuranyl,
benzothiazolyl, benzothiophenyl, benzoxadiazolyl, dihydrobenzodioxynyl, furanyl, imidazolyl,
indolyl, and isoxazolyl. |

[0042] A “heterocyclic ring” is a saturated, unsaturated, or aromatic ring group having at
least one ring containing a heteroatom chosen from N, O, and S, with remaining ring atoms
being carbon.

[0043] Eﬁamples of heterocyclic rings include pyridyl, dihydroypyridyl,
tetrahydropyridyl (piperidyl), thiazolyl, tetrahydrothiophenyl, sulfur oxidized
tetrahydrothiophenyl, pyrimidinyl, furanyl, thienyl, pyrrolyl, pyrazolyl, imidazolyl, tetrazolyl,
benzofuranyl, thianaphthalenyl, indolyl, indolenyl, quinolinyl, isoquinolinyl, benzimidazolyl,
piperidinyl, 4-piperidonyl, pyrrolidinyl, 2-pyrrolidonyl, pyrrolinyl, tetrahydrofuranyl,
tetrahydroquinolinyl, tetrahydroisoquinolinyl, decahydroquinolinyl, octahydroisoguinolinyl,
azocinyl, triazinyl, 6H-1,2,5-thiadiazinyl, 2H,6H-1,5,2-dithiazinyl, thienyl, thianthrenyl, pyranyl,
isobenzofuranyl, chromenyl, xanthenyl, phenoxathinyl, 2H-pyrrolyl, isothiazolyl, isoxazolyl,
pyrazinyl, pyridazinyl, indolizinyl, isoindolyl, 3H-indolyl, 1H-indazolyl, purinyl, 4H-
quinolizinyl, phthalazinyl, naphthyridinyl, quinoxalinyl, quinazolinyl, cinnolinyl, pteridinyl,
4&H—carbazoly1; carbazolyl, B-carbolinyl, phenanthridinyl, acridinyl, pyrimidinyl,
phenanthrolinyl, phenazinyl, phenothiazinyl, furazanyl, phenoxazinyl, isochromanyl, chromanyl,

imidazolidinyl, imidazolinyl, pyrazolidinyl, pyrazolinyl, piperazinyl, indolinyl, isoindolinyl,
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11 X3, 7 X4 G 9t 2, 4--R23 G3 Nayk, . .G R21/ or O1 R21 ' .
a",y-..... N. . -2 ., 1" R23 wherein X1, X2, X3, X4, and X5

are independentl or CH and no nore than two of Xi-X5 d,
02, 03, andv@a014 é87131ndependent|y CH2, 0, S, or NIR 16, m‘%reﬁ%y‘r}n‘}gf?g’:’% re than
two of G bp 4 are other than hychtgen; G5 is N or CH R21 represents from
0 to 3 groups independently chosen from hal ogen, hydroxyl, am no, cyano,

- CONH2, -COOH, Cl1-C4al kyl, C2-C4al kanoyl, Cl-C4al koxy, Cl-C4al kylthio,

mono- a'&gmgéhc@%h%@f@h&lﬂyi o&ﬁ@lz@l&y@h&i{)ﬁﬂdmby&bﬁnmSoxazolyi &agddlg, hydr ogen,

hal ogen,” hydroxyl, am no, ano, é?%ﬁ " -COH, G -C4al kyl, &" Cal kanoyl ,
Cl- c4a|b@%@xa%ﬂuwkﬂﬂ%mowhﬁ%ﬁ issHGhYERElc1- caal kyl ani no, ~ Cl- Cal kyl est er

Cl- Czhal oal | BOGalbr gx?a lé)ﬁidWMrthﬁon carbon bo&& hbt&ro(cpchﬁr}yig} ae- C2al kyl ,
(phenyl ) Co- 1kox8 Prid - C2al ky (5- or 6-nembere
het er oabyhgeGat @aiticacky, 4 rsamﬁ *hA pmdﬁ@amﬁmon(% H éz%ﬁy?i)a @@H‘é%}ekmsmf’é‘a?c h of
whi ch i 3, §,uob%to|f%lf3%r§rguﬂe, BothaonJ'Z, 305 2 e RSk MR SidAdeRendenbl ¥ aghpsen from
tetrahydrofuran, thiofuran, thiophene, pyrroie or tetrahydropyrrole, position 2, 4, or 5 of an
oxazole, imidazole or thiazole, position 3, 4, or 5 of an isoxazole, pyrazole, or isothiazole,
position 2 or 3 of an aziridine, position 2, 3, or 4 of an azetidine, position 2, 3, 4,5,6,7,0or8o0fa
quinoliné or position 1,3, 4, 5, 6, 7, or 8 of an isoquinoline. Carbon bonded heterocyclic rings
include 2~pyri'dy1', 3-pyridyl, 4-pyridyl, 5-pyridyl, 6-pyridyl, 3-pyridazinyl, 4-pyridazinyl, 3-
pyridazinyl, 6-pyridazinyl, 2-pyrimidinyl, 4-pyrimidinyl, 5-pyrimidinyl, 6-pyrimidinyl, 2-
pyrazinyl, 3-pyrazinyl, 5-pyrazinyl, 6-pyrazinyl, 2-thiazolyl, 4-thiazolyl, or 5-thiazolyl.

[0045] By way of example and not limitation, nitrogen bonded h¢terocyclic rings are
bonded at position 1 of an aziridine, azetidine, pyrrole, pyrrolidine, 2-pyrroline, 3-pyrroline,
imidazole, imidazolidine, 2-imidazoline, 3-imidazoline, pyrazole, pyrazoline, 2-pyrazoline, 3-
pyrazoline, piperidine, piperazine, indole, indoline, 1H-indazole, position 2 of a isoindole, or
isoindoline, position 4 of a morpholine, and position 9 of a carbazole, or B-carboline. Nitrogen
bonded heterocycles include 1-aziridyl, 1-azetedyl, 1-pyrrolyl, 1-imidazolyl, 1-pyrazolyl, and 1-
piperidinyl. '

[0046] The term “heterocycloalkyl” indicates a saturated monocyclic group having the
indicated number of ring atoms and containing from 1 to about 3 heteroatoms chosen from N, O,
and S, with remaining ring atoms being carbon, or a saturated bicyclic ring system having at least
one N, O, or 5 ring atom with the remaining atoms being carbon. Monocyclic heterocycloalkyl
groups usually have from 4'to about 8 ring atoms. In some embodiments monocyclic
heterocycloalky! groups have from'S to 7 ring atoms. Bicyclic heterocycloalkyl groups typically
have from about five to about 12 ring atoms. Examples of heterocycloaikyl gfoups include
morpholinyl, piperazinyl, piperidinyl, and pyrrolidinyl groups.

[0047] The term “(heterocycloalkyl)alkyl” indicates a saturated substituent in which the
heterocycloatkyl and alkyl are as defined herein, and the point of attachment of the
(heterocycloalkylyalkyl group to the molecule it substitutes Is on the aikyl group. This term
encompasses, but is not limited to, piperidylmethyl, piperazinylmethyl, and pyrrolidinylmethyl.
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WD 2010/ 068761PCT/ US2009/ 067507 hal ogen, hydroxyl, am no, cyano, - COCH,
- CONH2, C1- C4al koxy, nono- and di-Cl- C4al kyl am no, trifluoronethyl, and

trifl uoro c#gﬁé{, o d 1223 is 0 to 2 substituents |ndep@@ql,%@§dgm@gmsen from
hal ogen, X ? 1- C2al I cyl, and Cl-Cal koxy. [0102] (c) Z is a group of

the for rruI a 1321R21R21 \3y\ Xi Ft22 NN(2 N\ X2\ %" X4,,X3.. X5X4 wherein
X1, X2, X3, and X4, are independently N or CH and no nore than two of X1-X4
are N, R21 represents fromO to 3 groups |ndependentl¥ chosen from

hal ogen, hydﬂOﬁ&&&lTheamm‘bnorwyam or digippninoCodigatas Sy yr ler@y 85k anoy| |

Cl- G al k l t h| o mno-. fllgyll g,gj%aso‘&@ A&%ﬁ%ﬂ}a& chGlen%Pﬁ )g?@upkyals defBid

Cl- C2ha rogen am no, cyano,
- CONH2, her Qﬁﬁiﬂmn@lhﬁﬁ&lcktyﬁ nuifBer o@a&rhanﬁyﬂnﬁ CIhQ:p@hkgﬂ attthcphynenngﬁbe aljplgmino

di ClC4aIkIa al kyl est e alo | k ,
or - eRep IS e resity CrOEPE GLBO LAY T B s DS b 2l KO
(phenyl algﬁmlg@wm{eam gfzop }arﬁgabered heteroaryl ) Co- C2al kyI (5 or

6- menber ed heteroaryl)

koxy, napinhyl .inda [ 6 or ed
het er ocycl oall0R4A] )“Myﬂezwqéy% di-gyleprboyam % @d}iﬁ?"cé}g}’lﬁ{ o eo%f?‘g‘ﬂ .
of whi c&fﬁ%ﬁy@yzﬂgﬁﬁ?cmo hbrQdmlky!&?bo%a&mé%%ﬁpkﬁﬂﬁ@fdnﬂdl@ﬂﬂ@ﬁ@}(&]}k)yz)mosen |

from (1 , am no,” cyano, nitro, -COCH,
CHS( C=0)NHD); 1@&1@1-&@4}3;11%@’(" yttac@mmgmfmmgg@pa|ok9qalkyﬁﬁ§mg)xaxg}f@ subqtituent to the

t r | fC %u%gi%%/lﬁalsubs 1tuées 130 1? B!%%Zujobn 0 %Q%@Bﬂ% ’grodﬂ% “md}l'%%%% QRii,

or orret phenyl and 5- or
6- menbesiedchibsaroRs” m[sp isAndes (gfoupmﬁhe fosmslakislkiyt MCeE)WHt mdXabw!i XCeP) nor e of

hal ogen dr oxyl. , C4a| Cl- Cal ko t he
f or rrul L2l oR0y %R‘iﬁﬁ‘ﬁ? Wf’bg%d’l‘ég%e&fg%?%&)g%%& aﬁk3'1qw no jiorzl%f of
the forgulandent chos[e@al@?}] arb8)s Haﬂmg@{ehﬁdhﬁataﬂiimdbmﬁtﬁbblhaom&r Libiwes, tR21 and
R22|anarry%[ | om ng definitions: presents a

subst i t gan{mapo- tahfé’ Wdipég(iﬁf]tsp aé?defyh%hﬁlfﬁsr%‘?riorfﬁkyléﬁ‘alpﬁ of ﬁ“ eSOt ti onal
substi t%ﬁ(r}éisq, 2@@*3 Qﬁ%%%%&gbﬁfﬁ@%% KAL) C%abmhe Ry ky], B, AkyL,E¥-ano,

al kano | Koxy, rnono- and di-Cl- Cal kyl am no,
Cr Qhadmahikyﬂl)N(dhﬂz)SDaCZhal oaI koxy; and ' R22 is phenyl, pyridyl,

or thiazol y|[90§ﬁc‘§e r‘r’l@gn%@ }( egrl;]lgﬁ,t O))E:Srt\w %'ouﬂv 'th@lis % %&ﬁt%rﬁ 52

i ndependent | B fTom ha cyano, -
CF- CAr aldadtomaGd c£bbik ausys, repminda aa:nnivemmermf @Hﬂeyﬂoaiﬁ(n@)—— t A bmazro@mahwa and

trifluoronethox
substituent 0%/ an aromatic carbon atom results in a conversion of -CH- to ~C{=0)~ and a loss of

aromaticity.

[0051] The term “substituted”, as used herein, means that any one or more hydrogens on
the designated atom or group is replaced with a selection from the indicated group, provided that
the designated atom's normal valence is not exceeded. When the substituent is oxo (i.e., =0)
then 2 hydrogens on the atom are replaced. When an oxo group substitutes aromatic moieties,
the corresponding partially unsaturated ring replaces the aromatic ring. For example a pyridyl
group substituted by oxo is a pyridone. Combinations of substituents and/or variables are
permissible only if such combinations result in stable compounds or useful synthetic
intermediates. A stable compound or stable structure is. meant to imply a compound that is

-sufficiently robust to survive isolation from a reaction mixture, and subsequent formulation into
an effective therapeutic agent. Unless otherwise specified substituents are named into the core
structure. For example, it is to be understood that when‘-(cycloa]kyi)alkﬁ is listed as a possible

substituent the point of attachment of this substituent to the core structure is in the alkyl portion.
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[0106] (f) In other enbodinents 1221 is a nethoxy or ethoxy substituent at
the 7-position of the quinoline and 12.22 is phenyl pyridyl, or thiazolyl,

each of MhbﬁﬁébﬁgﬁgpﬁtitUted with 0, 1, or 2 substituen3§ﬂ¢@9§@@@9ﬁptly

chosen fro met hoxy, chloro, Cil-Calkyl, nono an G Cal kyl am no.
[0107] The invention includes conmpounds of Fornula VI, VII, and VIII (which
are subgeneric groups of Formula I) WD 2010/ 068761PCT/ US2009/ 067507

Formul a VI Formul a VI | Formula VIIl [0108] Wthin Fornula VI, V11, and
VI the fol [@2hBuicblediroipsiat arag bmgtesent on a “subite]” mRsitighicigiedibaieoi ned

to forman.azeti di ne rrolidin olLi-pe., .yhi.peri.di I~ i Zi ne
ring, eé‘8{11h‘8’ftec{£/\ﬂ‘?i %%"]i‘a%g%ﬂb@‘ta??’uhtygr X\%) {] %QOE%IQS?HEA&%&(F%%? SC9 % epg‘?]}gent ly
chosen forgupshii@racylaitediketyditoxsrhidoCllkI2adupy (incladthg wyeIbdlkgrapemps hiydvingand
each of which is substituted Wi:\th60 %r 1 subs irlien% ghosen from .

met boxyilraEbt 8 earbey APy Al P SRJHE & ARG BirL: Ay AP0 10 SRYPF EhVdBogen
and R4 i.5,BY 1,09886he Fhidk@bidurat@l lidkages@AAYRIO R kK WokEB-dc2ab Kydus 6 cArbdd] R6
and Re §re I ndependent |y hydrogen or nmethyl; 0 [0112] T.is a %ou of the
f or mul aR@Msaslo0r@]s HROINE §n¢ PRAPTORFY SN TeyRAcesaInd JiQRy bisPRiS: ofHePe Rio i s
hydr ogen, or LfordR drvioSy § 165406 Ratkb thA BavihZéne or

Cl- 4al I%?/Cﬁl;t6Fg‘%?%fm@é@g%%{nggggﬁ%itgﬁ%}gﬁtgi n%ependerk]t |y chosgtza?] from
hal ogen moEd thisReiek fihkagemnahd@iom | e1aB)t $4drbohstamegariraat 1 teahiept ¢ cabem#emsy | s 0,

-0(C=0)-, or -(NH (C0)-.. 117 [ ol e, £0L .2, ¢

2010/ 068%1%’3;&?&@5% é‘/‘%%%%gme ﬁaé’ﬁ‘@r?%?)?l g\}??ééﬁ‘”?‘{syl?g%%gte?t Ut e %;‘y\%ml,g 2, or
3 subst i4penksme e epanteniboyt Cholsami@is; Gialdotieyy] sanps invhotingthose having

L ot o st gt fromt €18 420 § AEbEF SRS RN TS, AUtk Saldeh of

atoms; aminoalkyl groups including groups having one or more N atoms and from 1 to about 8,
or from 1 to about 6 carbon atoms; aryl having 6 or more carboﬁs and one or more rings, (e.g.,
| phenyl, biphenyl, naphthyl, or the like, each ring either substituted or unsubstituted aromatic);
arylalkyl having 1 to 3 separate or .fused rings and from 6 to about 18 ring carbon atoms, with
benzyl being an exemplary arylalkyl group; arylalkoxy having 1 to 3 separate or fused rings and
from 6 to about 18 ring carbon atoms, with benzyloxy being an exemplary arylalkoxy group; or a
saturated, unsaturated, or aromatic heterocyclic group having 1 to 3 separate or fused rings with
3 to about 8 members per ring and one or more N, O or S atoms, e.g. coumarinyl, quinolinyl,
isoquinolinyl, quinaiolinyl, pyridyl, pyrazinyl, pyrimidinyl, furanyl, pyrrolyl, thienyl, thiazolyl,
friazinyl, oxazolyl, isoxazolyl, imidazolyl, indolyl, benzofuranyl, benzothiazolyl,
tetrahydrofuranyl, tetrahydropyraﬁyl, piperidinyl, morpholinyl, piperazinyl, and pyrrolidinyl.
Such heterocyclic groups may be further substituted, e.g. with hydroxyl, aIkyI,' alkoxy, halogen
and amino, *

[0053] A “dosage form” means a unit of administration of an active agent. Examples of
dosage forms include tablets, capsules, injections, suspensions, liquids, emulsions, creams,
ointments, suppositories, inhalable forms, transdermal forms, and the like.

[0054] “Pharmaceutical compositions” are compositions comprising at least one active
agent, such as a compound or salt of Formula I, and at least one other substance, such as a

carrier. Pharmacentical compositions meet the U.S. FDA’s GMP (good manufacturing practice)

standards for human or non-human drugs.
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[0119] Wthin Formula IA 121 and R2 are taken together to form an
azeti di nyl, pyrrolldlnyl pyrazolidinyl, imdazolidinyl, oxazolidinyl,
piperidiny $era2|nyl nor phol i nyl , azepanyl, OCtOhy@EQﬂgmeb@@MI
octohyC|r0| 6/%%F?nyl di hydr oqui nol i nyl, dlhydr0|squ|noI|nyI,
oct ohydr oi ndol yl, 1, 4-di oxa-8-azaspiro[4.5]clecan-8-yl, or
octohydroisoindolyl each of which is substituted with 0, 1, or 2
substituents |ndependently chosen from chloro, fluoro, hydroxyl COOH,

- CONH2, oxo, {M}%Mbqutlaally@@am@l«y salty Heludgt defivayes of léi}%ﬁ??% :

i aenmet B RSl Sep S S BESTRIBAE O e o
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het er OC%&J}]F&S r(gg}lgrawg)esﬁ@; &tk By B pregeel by Rgeting faeemyfdrfehmdmfnyés,e ctmpqnmd$ i nyl,
pi per azi ny pi peri di nyl, octohydroindolyl, or ?(&1 L3 dol group,
each of withi steidhipnitiichyeaimivhh e AFREORTALHRAH(Jush 85 éﬁt‘ﬁ"&z 33%’3% ‘%}I’ and
0Xo0, eac Odza%""{}ﬁ&go&ie Enothg ﬁ?)nplecgﬁ@a&fn' %@a&eﬂ)ﬁﬁ@&}’tﬁéd@%oﬁlpﬂﬂldﬁnma

subst i t Ut substl tuent s i ndependent Iﬂéychosen from chl oro,
f I uor o, sebiysibexytic,anGABHHE the@@pjrq@rxat@md &clquoawetmc SRRIGS Ut BOYRE Obr
di - C1-Cal kyl am no, trifluor.o r ({Qﬂ,gelghgseh
hydr oge 38rOTRIIER gD} OF 154 KR! cyc oa?ﬁ%%’a@y ﬁme ' 11257 % is a
C7. - Cll, satdb@bed, @jpnbpaaait btrz&te@dnﬂn}y:dwmafebaﬁ, elvad praemcabé@ Shlt Oﬁ the p@eﬂt

coval ently bound to R?, t.h n rou |s a C7-C11

sat ur at eenropndiahaiaalul SHVG"I@BBRéq‘BB?\InB%%dﬁX%‘f %g a‘?ougﬁ ) covalently
bound to a Peh QARG ANy (Beptidit 285 heludg, Huohreewt Emittdom a 3- to
6- nenberedc[?géqa?glﬁ%%ﬂh% [01 232]@)912'1 |espwn’ grofjp of. tr?e

Wher e, RBeiad chyrgaox gdid saiio basml@@éws eRlpas aﬁ\}ﬁiﬁ@é@éﬁﬂ“@“ S"f@f’% 0%6%8‘£NR1| R 2,
where Ria, Rili 0 Gibep@PIR8aliyidEIogeN,
trifl udFIHEeHYh A dl s %%%%%%fgfnw h@%%%g%bla) getEp@DI SalkytIoes
(C3- C7cye b@aaekw@ammmlclsws and the qUaGTAY ARIBNEDTAES ehths Perepgcozn@ﬂb%t ituents

depend n f hal Ll 425
R0 |'s RyARb eI ERE D RYT-OG e B P ias, POyrbpls BrkEntonal AT,

is a grt‘akhra 3P1d shi€int] @amb@ dBZded frcXﬂ 11516‘rgéﬂ1c hdid9etich as hydsraqploxs, KydrobroRiz3 r 2 G

X R sulfumc .G;dl'fé.rill'cf phosphoni:-mt)z(lzc amd the 15(281 hand the salts prepared from organic acids such

as acetic, propionic, succinic, glycolic, stearic, lactic, malic, tartaric, citric, ascorbic, pamoic,
maleic, hydroxymaleic, phenylacetic, glutamic, benzoic, salicylic, mesylic, esylic, besylic,
sulfanilic, 2-acetoxybenzoic, fumaric, toluenesulfonic, methanesulfonic, ethane disulfonic,
oxalic, isethionic, HOOC~{CHy),-COOH where n is 0-4, and the like.. Lists of additional suitable
salts rﬂay be found, e.g., in Remington's Pharmaceutical Sciences, 17th ed., Mack Publishing
Company, Easton, Pa., p. 1418 (1985). '

[0057] The term “carrier” applied to pharmaceutical compositions of the invention refers
to a diluent, excipient, or vehicle with which an active compound is provided, An excipient 18
any inert substance added to a drug to prepare a pharmaceutical composition that is generally
safe, non-toxic and neither biologically or otherwise undesirable. Excipients that are acceptable
for veterinary use as well as human pharmaceutical use are preferred.

[0058] A “patient” is a human or non-human animal in need of medical treatment.

Medical treatment can include treatment of an existing condition, such as a disease or disorder,
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prophylactic or preventative treatment, or diagnostic treatment. In some embodiments the
patient is a human patient.

[0059] .“Providing” means giving, administering, selling, distributing, transferring (for
profit or not), manufacturing, compounding, or dispensing.

[0060] “Providing a compound of Formula I with at least one additional active agent”
means the compound of Formula I and the additional active agent(s) are provided simultaneously
in a single dosage form, provided concomitantly in separate dosage forms, or provided in
separate dosage forms for administration separated by some amount of time that i within the
time in which both the compound of Formula I and the at least one additional active agent are
within the blood stream of a patient. The compound of Formula I and the additional active agent
need not be prescribed for a patient by the same medical care worker. The additional active
agent or agents need not reqﬁlire a prescription. Administration of the compound of Formula I or
the at least one additional active agent can occur via any appropriate route, for example, oral
tablets, oral capsules, oral liquids, inhalation, injéction, suppositories or topical contact,

[0061] “Treatment,” as used herein includes providing a compound of Formula L, either
as the only active agent or together with at least one additional active agent sufficient to: (2)
prevent or prophylacticly treat a disease or a symptom of a disease from occurring in a patient
who may be predisposed to the disease but has not yet been diagnosed as having it (e.g.
including diseases that may be associated with or caused by a primary disease (as in liver fibrosis
that can result in the context of chronic HCV infection, prophylaxis of HCV-related conditions
including liver fibrosis and hepatocellular carcinoma is included in the invention); (b) inhibiting
the disease, i.e. arresting its development; and (c) relieving the disease, i.e., causing regression of
the disease. “Treating” and “treatment” also means providing a therapeutically effective amount
of a compound of Formula [, as the only active agent or together with at least one additional
active agent to a patient infected with HCV.

[0062] A “therapeutically effective amount” of a pharmaceutical combination of this
invention means an amount effective, when administered to a patient, to provide a therapeutic
benefit such as an amelioration of symptorh-s, e.g., an amount effective to decrease the symptoms
of a hepatitis C infection. For example a patient infected with a hepatitis C virns may present
elevated levels of certain liver enzymes, including AST and ALT. Normal levels of AST are

from 3 to 40 units per liter of serum (the liquid part of the blood) and normal levels of ALT are

18
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from 7 to 56 units per liter of serum. A therapeutically effect amount is thus an amount
sufficient to provide a significant reduction in elevated AST and ALT levels or an amount
sufficient to provide a return of AST and ALT levels to the normal range. A therapeutically
effective amount is also an amount sufficient to prevent a significant increase or significantly
reduce the detectable level of virus or viral antibodies in the patient’s blood, serum, or tissues.
One method of determining treatment efficacy includes measuring HCV RNA levels by a
convention method for determining viral RNA levels such as the Roch TagMan assay. In certain
preferred embodiments treatment reduces HCV RNA levels below the Hmit of quantitation (30

IU/mL, as measured by the Roche TagMan(R) assay) or more preferably below the limit of

detection (10 IU/mL, Roche TagMan).
[0063] A significant increase or reduction in the detectable level of virus or viral

antibodies is any detectable change that is statistically significantin a standard parametric test of

 statistical significance such as Student’s T-test, where p < 0.05.

‘CHEMICAL DESCRIPTION
[0064] Formula I includes all subformulae thereof. In certain sitnations, the compounds

of Formula I may contain one or more asymmetric elements such as stereogenic centers,
stereogenic axes and the like, e.g. asymmetric carbon atoms, so that the compounds can exist in
different stereoisomeric forms. These compounds can be, for example, racemates or optically
active forms. For compounds with two or more asymmetric elements, these compounds can
additionally be mixtures of diastereomers. For compounds having asymmetric centers, it should
be understood that all of the optical isomers and mixtures thereof are encompassed. In addition,
compounds with carbon-carbon double bonds may occur in Z- and E-forms, with all isomeric
forms of the compounds being included in the present invention. In these situations, singlte
enantiomers, i.e., optically active forms, can be obtained by asymmetric synthesis, synthesis
from optically pure precursors, or by resolution of the racemates. Resolution of the racemates
can also be accomplished, for example, by conventional methods such as crystallization in the

presence of a resolving agent, or chromatography, using, for example using a chiral HPLC

columi.
[0065] Where a compound exists in various tautomeric forms, the invention is not limited

to any one of the specific tautomers, but rather includes all tautemeric forms.
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\ "2, R2 R or R \--- \ / [0127] In this definition of Z e variables X1
to X5, G to 04, and R21 to R23 carry the following definitions. [0128] X1,
X2/ X3/ X4ky@nfodr;@r € i ndependently N or CH and no nor ectthanowmersef X1 -
X5 are N. [0129] 01, 02, 03, and 04 are independently CH2, 0, S, or NR26,
wherein no nore than two of 01 to 04 are other than hydrogen [0130] R21
represents fromO to 2 groups independently chosen from haI ogen hydroxyl
Cl- C4alkyl, Ci-Cal koxy, Cl-C4al kylth é% C?t ¥ ino, .
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R22 is niammﬁersorﬁ)(\%t S reyehicanrmyle) @ ket imitaion éRiAPp ol o s gy fnclude
(pyridyl C2al k 1cal hi@zol y1) Co- C2al kyl , each
of whi ciie& %ﬂﬁ%ie?ééflﬁ eﬁgﬂa}gﬁz%ﬁf}) o?ﬁcgﬂagbgt:q?u%%t S@I ndependent |y chosen
f r om hal ogenjoobyjdt @y congriunds, arc§easnobedierein psing@@pheral Goppa thayigsludes
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mono- akdidd es@lg gg‘lﬁ{f Ig‘ﬁ’\sg i f?&éygﬁ%ﬁ %1%5% “%ﬁe%g%ég%r(g ‘g{xy [0132]
R23 is Q1401 eleﬁubsﬁdhtaLmﬂﬁLSaEsﬁféﬁp@h@lmhglemﬂyaﬁemef* mmabhal Olgenif algyetroxy |, G -
C2al kyl, and Ci1- C2al koxy. 313% y of the defi nétj otnqs) ftgr &ﬁ‘lhe V, _iabl es,

e.g. 12%id Robe spbstitytad. epgo wi mthe groug maype sybsiute LR I8 VO T A may be
used fo 8 ;stgg@a@a e @i ﬁ‘oﬂfthd:@lfiﬂmioa ofR30 Aleng as a

stabl e roﬁ%oiﬂgﬁdégg{ht%&?%}lm The fol FOWI n 3a npounds are renoved b

pr ovi socombinations of substituents and/or vanable‘s are pcﬂmsq le only if such combmatlons result 1

stable compounds.

[0068] In addition to compounds of Formula I as described abowve, the invention also
includes compounds of Formula II to IV that carry any combination of the variable definitions

set forth below that result in a stable compound.

Formula {1



70000O0C, 0A 0 (2R 65,16aS, 2)-ethyl 2-(7-nmethoxy-2-
phenquU|noI|n 4-yl oxy) -5, 16- di oxo-6-(2- o0xo0-2-(piperidin-I-ypethyl)-
1,2,3,5, 6, %ﬂ%%% 1, 13a, 14, 14a, 15, 16, 16ahexadecahydrogyﬁh@ﬁﬁggﬁﬁﬁ]pyrrolo
[1,2- a] [1, % 4 cl opent adeci ne- 14acarboxy|ate O FINO in,
-------- y 040 4 11, -0 o OH (2R 6S, 16aS, Z) - 2- ( 7- net hoxy- 2-
phenquU|noIin-4-y|oxy)-5,16-dioxo-6-(2- 0X0- 2- (pi peri di n-1-ypet hyl) -
1, 2, 3,5,6,7,8,9,10,11,13a,14,14a,15,16,16ahexadecahydrocyc|opropa[e]pyrrolo
[1,2- a][1,41di azacycl opent adecine- 14acarboxylic acid

' ( R ¥

Rig n

Formula V
[0071] For example, the invention includes embodiments in which any one or more of
the following conditions are met, so long as a stable compound resuits.

The R; and R» Substituents
[0072] The invention includes embodiments in which Ry and R; carry any of the
Tt

owing definitions.

[0073] (a) R; and R, form an optionally substituted azetidine ring.

-~
e v

[0074} (b) R; and R; form an optionally substituted azetidine ring, which azetidine ring is
unsubstituted, or substituted with 1 or 2 halogen atoms or phenyl substituted with 0 to 3
substituents independently chosen from halogen, methyl, and methoxy.

[0075] (c) Ry and R are joined to form a 4- to 7- membered heterocycloalkyl ring
containirg O to 2 additional heteroatoms indep.endcn'tly chosen from N, O, and S which ring is
‘optionally fused to a 5- or 6- membered heterocyclic ring, containing 1 or 2 heteroatoms
independently chosen from N, O, and S, or fused to a 5- or 6-membered carbocyclic ring to form
a bicyclic ring system, each of which 5- to 7- membered heterocycloalkyl ring or bicyclic ring

system is substituted with 0 to 3 substituents independently chosen from A- and AB-,
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0 00 --7 06, 0O HNV 0 OH
(2R, 6R, 13aS, 14aR, 16aS, Z) - 2- ( 7- met hoxy2- phenyl qui nol'i n- 4-yl oxy) - 5, 16- di oxo0- 6

(2- oxo-2-(piperidin-1-ypethyl)- < \
1,2,3,5,6, 7","5?@9@@%&, 13a, 14, 14a, 15, 16, 16ahexadecahydr ocI;/Cc ’%88?936’3?35 pynt | o[
1,2- a][1,4]diazacycl opent adeci ne- 14acar boxylic acid WO
2010/ 068761PCT/ US2009/ 067507 110 0 0 0/4 /7-- O
(2R, 6R, 13aS. 14aR, 16aS, Z) -ethyl 2-(7-
met hoxy- 2- pbeaykquishaibiges, dysrbexlyjmBo.leano, oxo, -CONH,, -COOH, C;-Caalkyl, Co-

c1il gxg g 5¥g’§gba@%§g’%§1injﬁgl%@%[%yc;fé (i%%he&gﬁg(g%n%?’o%&%‘]ag{g%eg%%[Cé] pyrrol o
[1,2- ald dipbshrzecysdyoReny ANECICRO)] daearhdrylkelt €=CHNGnono- or di-Cy-
Calkylcarboxamide, C;-Caalkylsulfonyl, C;-Cialkylsulfonamide, C;-C;haloalkyl, C;-
(Cohaloalkoxy, pyridyi, pyrimidinyl, pyrazine, phenyl, which pyridyl, pyrimidinyl and pheny! are
substituted with 0 to 2 substituents independently chosen halogen, methyl and methoxy; and B is
C,-Caalkyl.
[0076] (d) Any heterocycloalkyl ring formed by R; and R, may be substituted with 0 to
2 substituents independently chosen from chloro, fluoro, hydroxyl, COOH,
-CONH,, oxo, C;-Csalkyl, C;-Csalkoxy, mono- or di-C-Cyalkylamino, trifluoromethyl, (mono-
or-di-C;-Cyalkylearbamate)Co-Coalkyl-, C1-Cialkylester, mono- or di-C;-Caalkylcarboxamide
phenyl, benzyl, pyridyl, 5-fluorobenzo[d]imidazol-2-yl, and a group of the formula
R F
' F
)
- |
[0077] (¢) Ry and R, are joined to form a pyrrolidine, morpholine, piperidine, or
piperazine ring, each of which is optionally substituted with 0 to 2 substituents independently

chosen from fluorc, amino, hydroxyl, methyl, and triffuoromethyl.

[0078] (f) Ry and R; are taken together to form a group of the formula

| /\N‘?? Ff\/\:???{ Cr;r‘le' O‘Zg
% % .
s = O
FSC/O F = %——
Nfz?» 1 FsC . >——\
s O[O0
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'>ro, OHN/, /7- -- . (2R 6R 13aS, 14aR 16aS, 2) - et hy!
642-tertbut oxy-2-oxoet hyl)-247- net hoxy- 2-

phenyl qui ngld D=4 Xy) -5, 16- di oxo- PCT/US2009/067507
1,2,3,5,6,%%&25%%%%%1,13a,14,14a,15,16,16a-hexadecahydrocyc|opropa[e]pyrrol
o[1,2- a][1,41cliazacycl opent adeci ne-14acar boxyl ate * 101 0 0 HNV 1. 6>
--;" 1 0 (2R 6R, 13aR 14aS, 16as, 2) - et hyl

642-tettbut oxy-2- oxoet hyl)-2-(7- nmet hgxy-2

pheny! fui/ne™ n 4-y|o§¥)-5,16-jioxo- P Q4

1,2,3,5£§{z;ﬁf ,10,11%, , 44, 14a,05;46, 16a- hexadecahydPocycl opropal e] pyirrol
o[ 1, 2-|a]¥t 41lcliazagycl éﬁtade i neHN r boxyl at e _
2010/058761PCT/USZ(ggﬁeeggo7 N [ :N’§

Tl HaN“\CN_%_ {:)“ NCJ\N"g'_

CFa

[0079] (g) R; and R; are taken together to form an azetidinyl, pyrrolidinyl, pyrazolidinyl,
imidazolidinyl, oxazolidinyl, piperidinyl, piperazinyl, morpholinyl, azepanyl,
octohydroquinolinyl, octohydroisoquinolinyl, dihydroquinolinyl, dihydroisoquinolinyl,
octohydroindolyl, 1,4-dioxa-8-azaspiro[4.5]decan-8-yl, or octohydroisoindolyl, each of which is
.substituted with 0, 1, or 2 s_ubstitu.ents independently chosen from chloro, fluoro, hydroxyl,
COOH, -CONH,, oxo, C;-Cqalkyl, C;-Cialkoxy, mono- or di-C,-Csalkylamino, trifluoromethyl,
{mono- or di—C1~C4a1kylcarbamate)C()»Czalkyi-, C;-Caalkylester, mono- or di-C;-
C.alkylcarboxamide phenyl, benzyl, pyridyl, 5-fluorobenzo[d]imidazol-2-yl, and a group of the

R F

I

N—8
formula’ o . |

[0080] (h) R, and R; are taken together to form an optionally substituted 5- to 9-
membered bridged heterocyclic ring wherein the bridged ring is a pyrrolidinyl, morpholinyl,
piperazinyl, piperidinyl, octohydroindoiyl, or octohydroisoindolyl group, each of which is
bridged with one of methylene, ethylene, oxoethyl, and oxo, each of which 5- to 9-membered
bridged heterocyclic ring is substituted with 0, 1, or 2 substituents independently chosen from
chloro, fluoro, hydroxyl, COOH, -CONH,, oxo, C;-Cyalkyl, C;-Caalkoxy, mono- or di-C;-
Caalkylamino, trifluoromethyl, and C;-Caalkylester.
The R; to Rg Substituents

[0081] (a)Rs and R, are independently (1) hydrogen, or (2) C;-Caalkyl or (Cs-
Ceycloalkyl) CO-Caalkyl, each of which is substituted with 0 to 3 substituents independently
chosen from halogen, hydroxyl, amino, cyano, -CONHz, -COOH, C;-Caalkyl, C5-Caalkanoyl, C;-
Caalkoxy, Cy-Cyalkylthio, mono- and di-C;-Cialkylamino, C;-Cshaloalkyl, and (;-Cyhaloalkoxy.
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0 (2R 6R, 13aS, 14aR, 16aS, Z) - N(cycl opr opyl sul f ony1) - 2- ( 7- net hoxy- 2-
phenquuinolin 4-yl oxy) -5, 16- di oxo-6-(2- oxo-2-(piperidin-1-yflethyl)-
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(2R, 6R, 13aR, 14aS, 16aS, Z) - N(cycl opr opyl sul fonyl) - 2- ( 7- net hoxy- 2-

oS, o6, 7, 08710 B eradosen oA Bsl 18 Ko NURAHTE Sy PPy oo DLy By o
o[ 1, 2- ¢hc§?§§(]ypl azacycl opent adeci ne- 14acar boxam de PHARMACEUTI CAL

PREPARA [ 0135] Conpounds of the invention can be adm nistered as
the neat chef083) (c) Ruts wydeogsnef erealtyl gnb@nisdivdrgrrer @sCalighar maceuti cal

conposi tion. [{@%%:B d? gncym JIQ%dex[ﬂéﬁ? %ar |Oq%ﬁg,tpar maceuti cal

conposi tions a co ceutically acceptable salt of
the Fornmul a [QosspggeRpemydmgdm at Cj- @ﬁtyl,mécwﬁamémmcéﬁbﬂﬂyy}a@@ébﬂabI e

carrier, The pharmaceutical conposition may contain a conpound or salt of
For-mul ahydrggen: he only active agent, or may contain one or nore additional

act: ?/e agent ﬁ)()lg? 1 () In ckﬁg;ﬁ@]m%}amem;rml,mﬁfplxﬁtmmmemﬁemdmw Hyéro@dmrln: stered
orally, topically, parentera , by in ation,or s a

L1 ansdemehi: wnd\ﬂsa‘s e I BT ARG AT SOt SR R
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an aerosgl . erBgil iR el y §8hem . Bhd Ry is3 €25 Uh6irad drafliBlratcd pSafbURborR

transde an o me solution. Sonme dosage forms, such as
t abl et scmdma;psudrae@ﬂyabmcsmtadmpuckwyusnbmtrsgd tablalkysiirgtbraad by BoasRs

cont ai ni ng appropriate quantities.of .th ti e e. an
ef f ecti l;;eég l?g‘i‘%ﬁttg erme?C?P'lq%v oIeR, erag gPtﬂo ﬁﬁal(rfbps(t)lélgedc cy%g@( ﬂrn?g' g.

2010/ 068 7HARCT/ALH2RAQ/ 067507 [0137] Car ri ers include exci pi ents and
di l uents and nust be of suffijci entnaﬁ‘/O hi gh puri and uff g? | ow
toxicity to 8R%leFhetipennfieninchigPecagovadnem] ettt F"G}i’?u 1§ ! b m‘ﬂ?ei ng

treated. The carrigf can be inert or it can possess pharmaceutical benefits
of its own. The a nt of carrier enployed in conj unction with the conpound
is sufficient to

de a practical ial for
adni ni sefrthe faRFer un%{ a‘lﬂl&%%cagfestaﬁéoﬁg‘ﬁ%ﬁ{l 2k Iﬁ’f’ﬁ’l%] Cl asses of

carriers inclodas, aPrfis ?&oﬁﬁt athin®] (&SOHO- Ixmleldﬁ‘,r S)Rlpu;fgfkg,rwmg(SgelfRz%,
col ori ng agents, d| | uen di sintegrants, enulsifiers, (g ngﬁﬁr ants,
f\ac

gli dentB?R]dS@oRncé\fﬁlsSOIﬁReBw PR Y@ R gRahi( PP R0 N §; % abl et i ng
agents, § %ttlng agents. Sone carrlers may be listed in nore than one

cl ass, 8Xdhpl e vegetabl e oil may be used as a lubricant in some

f or mul aRi pgdand, 0Rli:] - DEESAR1 0the¥RuSENbpRary pharnaceutical ly acceptable
carriers inc ugar s t he cel l ul oses, powdered tragacanth, malt,
gelatin, tal !J@Hg@r{g f\lgg‘fﬁg“l s. Optional active agents may be included
in a phar mac@pdilcal Tlfaqrmﬁlslbﬁ irefudewbdrapouids abforswhdtieaitdied tompounéyifiere with

th t t f th t
s mocebih ko P po o o BT Rr t un E b on
pref er rad. . Jaa &%@%&Emaﬂﬁ aaemlaismnﬂ@ir%:zﬁd&@ @dadcyQ&"Mﬁs @-conpound of

the i nventl on aﬁggusua | east about 5% %9 of a conpound of the

i nvent i GsyclSoke, Blnmmbph’eqwsl BashOA LGy ip AYbB SBHEED% or from 5%
to 75 % AN IRy, kREA Eh@}ﬁ and (pheny[)@440] The
i nventi B%:Heﬁ% n%ngg&%g dﬁa%logﬂpr e{\}éntl ng a%d treatl ng hepat i F y

i nf ecti©pgyl.by providing an effectl ve amount of a corrpound of the i nvention

to patient ep i hapatitis C
virus. A coﬁ%@%ﬁdﬁb%‘?ﬁ@neﬁ®8 |on mﬁ%wmn éﬁgﬁeﬁgﬁpyﬁgggive agent
or may be provided together with one or nor e addltlonal active agents.
[0141] The pharnaceuti cal conbi nations di scl osed herein are useful for
preventing and treating hepatitis Cinfections in patients. [0142]
An effective anmount of a pharnmaceutical, conbi nati on of the invention may be
an anount sufficient to (a) prevent hepatitis C or a synptomof a hepatitis
C fromoccurring in a patient who may be predi sposed to hepatitis C but has
not yet been diagnosed as having it or prevent diseases that may be
associated wth or caused by a primary hepatitis Cinfection (such as liver
fibrosis that can result in the context of chronic HCV infection); (b)
inhibit the progression of hepatitis C, and (c) cause a regression of the
hepatitis C infection. An amount of WD 2010/ 068761PCT/ US2009/ 067507 a

phar maceuti cal conposition effect to inhibit the progress or cause a



[0144] "Liver function" refers to a normal function of the liver,
including, but not limted to, a synthetic function including synthesis of
pr ot ei ns swgﬁeﬁﬁm§ggun1proteins-(e.g., al bum n, cl otti npcfrashorsyseal kal i ne
phosphat ase, 'am notransferases (e.g., alanine transarninase, aspanate
transam nase), 5'-nucl eosidase, y glutam nyltranspeptidase, etc.),
synthesis of bilirubin, synthesis of cholesterol, and synthesis of bile

acids; a liver netabolic function, including carbohydrate netabolism am no
aci d anthedfrrohicad Fetaaiobles §1d MhoPHEWE! et abol i sm and | i pi d net abol i sm

det oxificati ; BQHS c1dEUISmpaiRtes And ARAY FafRil€ T gt a1y, ofitme| udi ng
spl anchni c Jﬁgxﬁnggﬁ%ﬁénndinanich [0145] An effective anobunt of a
conbi nabiloningd eswtiiidredrhmecionYw.I| Landdlpr ovi de a sufficient concentration
of the activy ts in.th Ead. 1,00 WheR.adm &i-siered to a patient. A
sufficient é@%%@ﬁ??ﬁf?%%ﬁg b%ﬁggggpée’agent issa’concgﬁtra?ion of the agent
in the patiqn@xq(@Qﬂ¢¢ﬁﬁ@e&mamﬁxﬁbn@newéﬁlm@YYcﬂabat the infection. Such an

anount may be ascert ai.ned experi nentall f.ar_.examl SRYI Il ood
concent r at i dHOBH @ridedyenton %fiugﬁee&bgﬂ%%ﬁtﬁ v 1%3?1 %'}aglogﬁﬁﬁ}ﬁgﬂkmﬁ&—@) ’
bioavaj&ﬁgghaﬁyh(ﬂ%gn@yggﬂ{Lof an active agent sufficient to inhibit vira
infection in VK§2 1010687g1PCT/U82009/067507 vitro may be determned with
a convent i ol@®97a$d if &¥dregePal infectivity such as a replicon based assay,
whi ch has bg@&mg%%q%hﬁggnégmkhgh!iteratyre._ [0146] The invention

al so includes ‘using pharnaceutical conbinations conprising a conpound of

t he i nvBnRtsd Dibsimergr ophyl actic therapies. In the context of prophylactic or
preventativ s LVEe : d of the invention
is an anDunﬁoéﬁgﬁ%g?g%Pagggg%%&%?%ggﬁggyﬂggg§gg%gggﬁggggtient's ri sk of
contracti ng [a100¢ A fsiagrénp afftiechvrmouia: [0147] The invention includes a
met hod of inhibiting HCV replication in vivo conprising providing a
conpound or salt of the invention to a patient infected with HCV a
concentration of the.conpound or salt suffFf¢ient to inhibit HCV#Ep i con
replication in vif In this instance oncentration_ing| udg [
Vi vo coneent ria i on ch as a bl ood on plasta concentr gt i oy 3
concent conpound sufficien HNovinhibit HCV reflig
vitro i y be determ ned frorm an assay of replicon rleplication such
as the as%ay provided in Exanple 6, herein. [0148] MEtthods of

treat ment intY¥wde providing certain dosage anpunts of a conpound of the
invention to a papkeqt. Dosage |evels of eachkactive agent of frofiapout
0.1 ngto abgyt 140 g per kil ogr an®t ~pody y®Rght per day ane u P i

@ j materials to produce a single dosage f o
dependi ng upgp, the patient treated and the particul ar node ofywv
adni ni strati on. Dosage unit a conpound of _the invention. In certain
enbodi nen ]

However, ‘
ti mes dai 6ss is preferred and a dosage regi nen of
is particularly,.preferred. [0149] It wi Il be understoodMhowever,
that the specific dose level for any particular patient will depend upon a
variety of factors including the activity of the specific, conpound

enpl oyedch afhehicyis sulsetiyedie GHt 2. qySriapiudasdpdapendsally chpse fropiigiegt Cr-

adninii@%@ﬁiggﬁhéﬁyteaﬁIm y?g%ﬁ%ggbhgﬂﬂmﬁﬁg'rate of excretion, drug

conbi n & Ys8ver particul ar disease in the patient
under goi ng {d@naEy) Z id30d 6f B68781RCT/ US2009 / 067507 PACKAGED FORMULATI ONS
[ 0150] The invention conprises providing a conpound or salt of Fornmula I in
a container together with instructions for using the conposition to treat a
patient suffering fromHepatitis C infection. [ 0151] The invention

i ncl.udes packaged pharnmaceutical conbipations. Such packaged conbinations

i nclude a conmpound of Fornmula | in a container. The contai ner may

additionally include instructions for using the conbination to treat or
prevent a viral infection, such as a hepatitis Cinfection, in a patient.
[ 0152] The packaged pharmaceutical conbinati on may include one or nore
addi tional active agents. COMBI NATI ON METHODS [ 0153] The invention
i ncl udes pharmaceutical conpositions and nmethods of treatnment in which a
conmpound or salt of the invention is provided together with one or nore
addi tional active agents. In certain enbodi nents the active agent (or




WO 2010/ 068761PCPUS2009/ 067507 un-pegyl ated interferon al pha, al pha
interferon, and its anal ogues, and synthetic thynosin al pha 1 (ZADAXI N,

Sci C one P%?ﬁ%‘%&lcal s Inc.) Irnmunosupressants: sSirolpdusseiRAMINE,
Wet h) nterleukins: (IL-1, IL-3, IL-4, IL-5, IL-6, IL-10, IL-11,

I L-12), LW TGF-beta, TNFal pha) and ot her |ow nol ecul ar wei ght factors
(e.g. AcSDICP, pEEDCK, thym c hornones, and m ni cytokines) Interferon
Enhancers: EMZ702 (Transition. Therapeutics)+RESi-nhi-bitors: - VeX—4106-{VGX

\
Phar ma) PRe; Monocl onal and Pofycl onal anti bodi e$:, XTks b5 (REL) |
HuMax - RzHepati tji s/ €%mune @ obin (h{ifg < ( IVi\EQR, Nabi
0 S

. i’ ", . | |
Bi ophat nGgot ijcal s Nucl @qs Ral s Lamivu PhVIR 3TC,
G axoSm ¥ f . XiMK- 0608 (Nerck), ral cift abi ne (Hj VFD, U
Phar maceut i"€al ribavirin|(ingl EGQUS (Rpche), REBETOL (Scheriing),
VI LONA| (I CN Phar maceutical s,i an RAYOLE (I CN Pharmaceutical s), and
viram di ne (Val eant Phar macqut ggal s) “¥¥n ami di ne prodrug of ribavirin.

Conbi nati ons of nucl eoside dnal ogues ey also be enployed

Non- nuclmgpside iahi b /d’rgs: RSR216130 (Roche/ Phar nashe del avi ri di ne

( RESCR PTqé,‘ I zetl, “dad HC\/-X%Q‘@\ wQpharm) P7 proty i nhibitor:

amant adi ng;_ (S L, JEndo |Phérnmeceutieal s, Inc. Fol'ynmer ase i nhi bi tors:
NVe83 (val oprci tdbi n&) (1deni X¥p- 167 (ldeni k). Z Pr ot ease

i nhi bitors: BILK{ 2061 (Boehrii nger® | ngel heirn), GW 433908 (prodrug of
Amprenavir, G axo/ Vertex), lindinavit (CRI XIVAN, Merck), |TWM\ 191
(I'nterpupg/ Array Biopharma), VX950 GVefiex) and conbi nati®nas conprising
one or of = fE egoi ng F?f Qf eas iTdy) bitors RNA i tefs er ence:
SI RNA- 034 R Si pha Ther apewt\c rapeutic Vaccn Ao (Intercell),
| M\ 0101 o] ics), 0150(%5 (Gl obel, nrune) , Chroz’r,tysa ~C (Tripep/ Inovio),
ED- 002! (| mogénetics), Hepavyaxx ex Medi cal) TNF agoni st s:
adal i numab (HUMLRA, Abbott), entanereept (ENBREL, | Angen and Weth),

i nflix|mab (REM CADE, Centodor . lnc.) Tubuli-n—inhibitors: Col-chi-ctre—S
hin_a_phost; hate rggeptor nodul ators: Fl Y720 (Novaytis) WO

2010/ 0p876XPST+ 02009/ 067507 TLR agoni sts: ANA-975 (Anadys

Pharmaceutli cal R7 agoni|st (Anadys Pharnmaceut] cal s), CPGL0101( Col ey),
and TLR9.-4t | udi ng {CPU 7909 (Col ey) Cvclpphilin Inhibitors: NiM11
(Novarf P) and DEBIO0- 025 (Debi ophann) [0157] Patiknts receiving hepatitis C
nedi cat i 68C@are typically gilven interferon together with another activ
agent . “Thus Rt iRde 1 LT RALAPAL o TRUPBAIAAC KBl CRTRLARLQNS dF KNl ch a
conpound of the I AVERTi on I's provi ded together with an interferon, such as
pegyl atBdared;erferon alfa 2a, as the additional active agents are included
as enbodi nment, s Lmlarly metho IR ti Qi i [ ich
ribavirin i gé‘aﬁz’a Frf‘?@’h%r ug'%? ?n\%gntg{}gﬁﬁ Q%rsggpbﬁgeﬁ ﬁg{:{eﬁer e|é%?E}E§X‘§/%EE(§M
[0158] Fhi, Srd SenthirORydrseehy s e of CHustrated by the fol | owi ng exanpl es t hat
should not bR('aﬂ ?e%?gsgxgtg?rgma{)s tol?al grpow.ttplsquependently chosen from halogen, hydroxyl, amino,

cyano, -CONH;, _—COOH, C,-Cualkyl, Co-Cialkanoyl, C;-Cialkoxy, C;-Cialkylthio, mono- and

di-C,;-Caalkylamino, C,-C;haloalkyl, and C;-Cohaloalkoxy,

Ry is hydrogen, halogen, hydroxyl, amino, cyano, -CONH,, -COOH, C;-Caalkyl, Cz-
Caalkanoyl, C;-Cialkoxy, C;-Cyalkylthio, mono- and di-C;-Caalkylamino, C;-Calkylester, Ci-
C,haloalkyl, and C;-Cshaloalkoxy, or

Ra is (phenyDCo-Caalkyl, (phenyl)Co-Caalkoxy, (pyridyl)Co-Cralkyl, (5- or 6-membered
heteroaryl)Co-Cralkoxy, naphthyl, indanyl, (thiazolyl)Co-Coalkyl, each of which is substituted

“with 0, 1, or 2 substituents independently chosen from
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[ 0159] Conpounds provi ded herein may generally be prepared using standard
synthetic nethods. Starting nmaterials are generally readily available from
comer ci al weouigRrss1such as Signma- Al drich Corp. (St. LoBCEUSNE)/ 0678y
exanple, a synthetic route simlar to that shown in Exanple 1 or 2 nay be
used. It will be apparent that the final product and any internedi ate(s)
shown in the foll ow ng schenes nmay be extracted, dried, filtered and/or
concentrated, _and further p e I . . Each
vari able (e. BaOga“V\gB‘ﬁ?W 1P 5V?n8wﬁld6 t%edrrlgrgg Cl(? %@hcgfagﬁg f %tt}é))

consi st gtqi Idgam(mmﬂﬁﬁﬁ{mmdmhpfantﬂmeﬂmnmeﬂmds apdovi ded her ei n An

i ndi vi dual skllled in the art $/ fin nodlflrrgtiw\t;lonsw o ?ﬁdal of
the synt het iRs &0 WBEERSHIAHEREHY GROHD oML ér Xygnl it y from
the overakl.;sy AISHYT heti c scheme. Further experinental details for synt hesi s of
repr esent ative conpounds via these schenes are provided in Exanples 1-5,
herei n. ABBREMI2ATE)ENS a group of thfPeDTaThe fol | owi ng chemi cal abbrevi ati ons
are used i n Exanpl e 1. Additi ona abbreV| ati onﬁ used in these exanples wll
be familiar to thése of §(kl|| kL m.eal synthesis.

CDI 1, 11- Car bonyl le Dl)@ a& decy7-ene

DCI\/D| chl or onet hane'DI N Dii s%brop I et yl an;tsne/ WO, x,

201010687611t T/ USZ00LL 0 hyt f or mam o

HATUWO- ( 7- azabenot ri azol JJ,Ayl) 1, 1, 3, 3- t&tr anet hyl ur on¥dm

HBTUWO- ( 1H- Benzot r| azol - ) N, N N N -te et hyI ron|

hexaf | uor ophmsfditate thyI ng- c §Mg tat hesi s
TEATr i et hyl acet TEA fyuoroac aC| d MPLE 1. ESI S OF
(25, 4R) - N- (1- PRon ONYL

VI NYL CYCLOPROSY ) - Bax( 7 HEOxY- 2- | KoL ﬁ-%-"?LO)&) PYRROLI DI NE- 2-

CARBOXAM DE ( Conpound 4) St ep |. Prepar ation of
N(cycl‘ﬁ]belr?iﬁyl sul fonyl) - 1- (BOC-am no) - 2- vinyl cycl opr opanecar boxam de COH
2 [ 0164 XCBX;, frd 28 ag, md@ﬁzﬂdenﬁy qur]CHaqx)d msmdl esthol acbfidh -8t igpiN;acet at e.

pr ocedur e givermeB g o g R sy S Rb SV AR B0l 50
s addedyho tbRrCDosklvlCasst @Qajgﬁlkxﬁdyﬂ eC Ak € £0:aBty1tRE, mntd-land he
starting naterial is consuned gropyl sul fonamne (2.2 g, 18.4 Mm 1 1

eq) is @dﬂé&kaﬂiﬁlamf’scm%bﬂ%kﬂo%ﬁd aBty:(2.1 m, 205 M 1.23 eq) and
the mxture SIS%& Iggﬁei hﬁfo 5I %Xﬁ é}mn}m)}aﬂ@ @Uﬂhmur@@@ﬂac; onuby, Gl ica gel

chr omat ogr aphy npound 2.° Step 2. Preparation_of
(25, 4R)Catamaﬁeym€f1y¢4a2w€<5t Qlc@@ilﬁbh@wpwlaﬂéﬁyccgp%ﬂw&%§L~C4alkylester G-

vinyl cycl opronyl carb met hoxy- 2- Phenyl qui nol i n- 4-yl oxy) pyrrolidin
e-|-car iﬂg?l lgira](é;-éqgl}/c:a}koxy,(o?

(2S, 4R) - N ( R BYC)-ORsyoRulks -Gk daipbarmfhyC:2kyl, taienyilofprbioyt)(5 406 - net hox
)2/6]2_0 / 8gg%k|1qw ne&%;@kj?@é%%% P%r b Im%%n ereg hetego%wéjﬁlkow naphthyl, indanyl,
(5- or 6-membered hcterocycloa}kyl)CO—Cgalkyl, or 9- or 10 membered bicyclic heteroaryl, each
of which is substituted with 0, 1, or 2 substituents independently chosen from
(1) halogen, hydroxyi, amino, cyano, nitro, ~COOH, -CONH3, CH3(C=0)NH-, C-
Cjalkyl, Cy-Caalkoxy, C,-Cshydroxyalkyl, mono- and di-C;-C.alkylamino, -NRgSO;R 1y, -
C(O)ORyy,
-NRgCOR;1, -NRgC(O)ORy1, trifluoromethyl, and trifluoromethoxy, and
(2) phenyl and 5- or 6-membered heteroaryl, each of which is substituted with O or 1 or
more of halogen, hydroxyl, C;-Caalkyl, _Cl—Ca_aIkoxy.
B [0103] (c) Z is a group of the formula
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0, TFRA4 "ON [0162] Conpound 1 (4.3g, 9.3mmvol, 1.1 eq), prepared
according to the nethod given in WO 02/ 060926, in which DVMF is stirred with
0- (Benzot rivegabrohosstsr N, N, N , N - Tet ranet hyl ur oni um hexaf#tUsrsplvdsplat e
(4.1g, 10.5mml, 1.3eq) for 30 mnutes, followed by addition of

cycl opropylamne 2 (1.92g, 8.3mmol, 1.0eq) and N-nethyl norpholine (2.52g,
25.0mmol, 3. 0eq). The m xture is stirred over night and the sol vent renoved
under reduced pressure. The resulting residue is diluted with ethyl acetate
and was g\)emtmsatéjr at ed aqueous NaFl CO3. The organic solvent is dried

over MjcR téhtrated under reduced pressure to afford crude 3, which
is used fior next tep without further purification. [0163] Conpound 3
in 10 n|P<d<r5/ 12 is treated with 5 inL TEA and stirred over night. The
solvent is e d and the residue recrystallized fromethyl acetate to

afford 4.12 g Conpound 4(61%vyield two steps). EXAMPLE 2. SYNTHESI S OF
MACROCYCLI C [ORFIOUNDSs Praiceldheras the. fDamiat ect i on Reacti on (Conversion of
N-Boc to N-amine or t-butyl ester to carboxylic acid) [0164] TFA
(3-4nt) He t ®.a solution of Boc protected starting material (I|nmol)
or t-but I n anhydrous DCM (7 nml) at roomtenperature. The reaction
is nonit LG MS and TLC. After 1-3 hrs, the reaction mxture is
evapor at e ced pressure to dryness. WO 2010/068761PCT/ US20091067507
The crude prodir@®t is .used for next step reaction w thout further

rification (o) re .2. Amde 0 hol i ne
Fgml"m: ) alnd 5%5@ ((%ﬁgf emzlﬂ}%lma Mag%gm oy %ﬁ%g?]:%% Eféel}r?pvg? ltour eI to

a sol ut jgmi@dnsaci d (1 nmo’ ) |n anhydrous DVF (10ml) After stirring at room

t enperature overni ght, am.n one t hen
stirred overRRughreser§a Si“lé%l&‘{eflbﬁ tmi’%ﬁﬂé‘)ﬁ %d‘g%ﬂ:‘?la?:hﬁen%llﬁj g 2?X;Q{Ué\)rugland
extractgﬂ,swug&s Eiyelndﬁﬁﬁtcﬁgﬁn(fr L0 daen T r@;{}ga@mﬁo @Mﬁf, is washed with H20,
brine, and dried over anhydrous C§4 he residue iIs filtered and

evapor at@aNHn c@@;@ﬁ]@a@yyﬁe&a}kw@ Envalkprnaee- 1d Piir i rbylapyng Cash
chromat i (hexane-ethyl acetate 100:0 to 50:50) to give
t he des gpﬂér('d%ﬁd% %%a%? P/ei}lg RCM cat al yzed by G ubbs 2nd (CAS Reg. No.
246047- 72 3)Rgns ﬂﬁkmﬁyplya}c@t W Bgaz21iydl e@dtaﬂyhmhém@twefgdwwbﬁ B801224- 40- 8)

[0166] A m xture of ( f| | ) tal yst

( 5- 30rro?‘%*“‘i"l?‘f“imécpeaﬁ%‘?ﬁllyﬁ%%{‘El%ﬁ’ghal‘% 18 deflno. I JooBR) S VRL |

12- 24hr s omdgIC, at ARspUeCealkdxyamgas:. andie (h daelkiyaming trifboidrosted, o0 LC/ MS and
TLC. The reaction mxture is evaporated to dryness under reduced pressure.
The cr udeluprO¥dxYi s purified by flash chromatography on silica gel
(hexane- et hY[b]@éng% %th%pgnﬁbcﬁ@erﬁQRﬁqaahﬁt}@xy% kihex Bkt[t@ﬁtﬁtrt@éiﬂ%smon

Procedure 4 rolysis of esters g Li hy drateé UIV
added |¢ftbmu1p@lrrle|a0daRaatls pheay! PEiAYE A thitz® xloeaf: af which{y yhstispte §fﬂt8 ; =|%m|)

i n THEé rg% erﬁ? }ng Lier{d%f ﬁggle}l oﬁpgleﬁyﬁf ?ﬂetr(ogc StHldre, @n@aﬁ_ll}@'?ndﬂ&eanﬁﬁﬁﬁll on
mxture 1€ stirre vernrght ter t he reac ion i's conpl'ete (by LCIMS), it
i's cool @diytanfifb.and acidified to pH—2 and extracted with DCM (20nl x 2).
The reactio i ed over. A t Vi@ROoJ at ryness under
reduced pr eQQL&é%}?N@’eB??}’d@ B O'il%fs ogl%lb %Vﬁy@}?’l %gtﬁgﬁ&%ﬁgt%gr aphy on
silica ge en@heg ?g@ft}lbyﬂnuﬁqet ate 100:0 to 20:80) to give the desi red

pr oduct . 068761 PCT/ US2009/ 067507 23 Corrpound 21 is prepared by
procedures 1 and 2 fromstarting naterial 14 an am no acid 20. M5 (M++1)

754. Conpound 22 |§’ prepared by procedure step 3’1,%;(3)(\! Bl) 786. Conpound

23 is prepared by procedures Ioand 2. M5 (M+1) 7 ound 4 IS
pr epar ed ba/ procequre Rde NB (
1

28




WO 2010/ 068761PCT/ US2009/ 067507 Conpound 29 is prepared by procedure 4 from
starting material 28. Conpound 30 is prepared by procedure set forth in
step 2 W t{oShdldkig material 29. Conpound 31 is prepar edThgpopy/acsdure set
forth in steps 1 and 2 with starting material 30. Conpound 33 is prepared
by procedure set forth in step 4 with starting material 28 and 32.

Conmpounds 34 and 35 are prepared by the procedure set forth in step 3.

After RCM the reaction_mxture is separated by prep-TLC.(hexane -ethyl
acetate 1:1) to aPi®#HdVdonpounds 34 and 35. MS (1 ,%%Efﬂll-ﬂi)\'(lgmz VO

2010/ 068761PCTI JS2009/ 067507 EXAMPLE 4. PREPARATI ON OF I N | ERMEDI ATES
Preparati on of | nter medi ates 20 and 32 2720 Step 4 [0168] Step 1.
8- nonenoi ¢ aci dy(1r56g, |Omol) is placed in a 100nl flask, anhydrous ether
(35nl) is added r N, cooled to 0C, TEA (1.6g, 16mol) is added,

foll owed by piva OMOH de (1.26g, 10.5mmol) ciropw se. The ice-bath is
renmoved amgl the_regcti m xpiyre is stirred at roomtenperature for |hr.
The resultlndlﬂ ﬁ‘sp nsi on g, codbed to OC and filtered into a 250 m flask
under N2 ( et WEge Wt &nhydrous etherlOM x 2). The filtrate is
cooled Po - §¥8Cand diluted with anhydrous THF (25nml). 48 WO

2010/ 068761PCT/ 0 0645 [0169] A few crystals of

1, 10- phenat hrol i ne”are~¥added o a solution of (S)(+4-benzyl-2- oxazolidi none
in THF (25ml). The solution is cooled to -78C and a sol ution of n-BuLi
(1.6Min hexane, 6.5nl, 10.4muvol) is added dropwi se until the red col or
persists for 10 rﬁoﬁm’#ﬁi‘fs{ﬂsol ution is added to the above cool ed m xed

anhydri de S‘{%tig' Wil Fort@Ga QY. SVIL2d Wk fotidhiig aadifibgs gresiskt i ng mi xture is
stirred at - for additional 30mn, then poured into %EU 'NH40% t he
or gani ¢ | aydP13% RsepdRatredoingchie fa‘&%%&@“ﬁ@?@?ﬁﬁoéld@ftmﬁ@g WPPREEHEE (50
m, 3X).. The conbin : I : VS I it habsdnp&tRndogdhineeh over
MySO4, HPFPRPEd S E%Cﬁgéﬁ{h%glp %glbgsﬁ%%igﬁgg%topresgﬁﬁ?t%%g% nes?. "The crude
pr oductflicso, puiind, hettoby, €i-Esifkytnd taflegemphy!, (ivbsesh ef @h’ﬁg lis gbgitaied with 0

100: 0- 100: 20) . to give 3.01g ,of 26 (959 , ~ [O1F Qi R8P @ ap® SOl ution of
26 (3. G&'d,sugg.tﬁ?ﬁ% os?ﬁg‘gﬁﬁ%&l?ogﬁgm‘?ﬁﬁ%?{%o%o%?aékg ltcglg’%g(é t heygf - 0om sol ution
of NaN(p r?y;j n hexane (5.76ml) was added dropw se over 10m n. After 30m n,
t - But yl” "br oribacet at e was added dropw se at.-78C. react.d p e was
S irrid o OB 6 i dsen 50 Ko hetkeg Fo Ak po e RIS R R AL >
reaction wa REE R WMk B dLBER I HPHy drOoddidr dnehyl:ext ract ed with et hyl

acet at e, orggﬁigﬁﬁ%ayer%; vvgshed wi th H20, brine, dried over MgSH4,
filtered, evaporated in reduced presgure to dryness. The crude product was
purified by chromat ography on sili el (hexane -ethyl acetate

100: 0- 100: qu@?mgy%&gr@p%@nﬁﬂa’ Re: fr@171] Step 3. R202 (50% 0.9 ml)
i s added dropw Se over mmat 0 C_f Iovve“g)sby a.%](;)},l ution of H%—( 0.2g in
oml of H20) .{OTﬂﬁéRﬁéa‘é’Fir%Ln@ﬁﬁ%?’é‘l‘{%ﬂ%&ﬂ reRig Y TYETSRT 8F M5V Rridsg. 244

mol ) i H (& ni Maxtmre is stirred at 0C for Ih and
o) B Pk nyign, e

W se” addi tion of an aqueous sol ution %ali()di u
t hi osul phat ({OImG)Rmdi};OMBISebSﬁé@piSnlgiePﬁ@e?@h%W%’c@?‘@hB}é’Ig%‘WCZ allph @9zt ur e
is extr cltkepd with ethyl acetate (discarded) and the aqueous phase was
aci di fi'ed*P® pH2 with solid citric acid and extracted with ethyl acetate.
The conbi negoprsganistypfogseod methglshed with brine, dried over anhydrous

sodi um sul phate_and th vent .r ved under reduced pressure. The residue
is purified i%%ﬂﬁwlaﬂrfs‘#f; -toagé%%ﬁ?—g’ﬁ--si lica gel, eluting with a gradient
system of hexanezat Bg}oug%e&;%tfenﬁ@QO: 0) to 50:50 to afford the desired
conpound 20 (503 ng). [0172] Step 4. Conpound 36 is prepared by procedure

1. [0173] Step 5. Conpound 37 is prepared by procedure 2. [0174] Step
6. Conpound 32 is prepared from 37 by the procedure given in step 3 for the
preparation of conmpound 20. | 1+STAl
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11 [ Ogba (2R, 6S, 16aS, Z) -et hyl 2-(7-met hoxy- 2-

phenyl qui nol i n-4-yl.oxy) -5, 16-di 0x0- 6- (2-0x0-2- (piperidin-l-yl)ethyl)-

1,2, 3,5, 6WD,2810016471 11, 13a, 14, 14a, 15, 16, 16ahexadecahydr BEVEFY) ?’%}‘5%{‘[%] pyrrol o
[1,2- a][1,4]diazacycl opent adeci ne- 14a- car boxyl at e

(2R, 6S, 16aS, Z) - 2- ( 7- met hoxy- 2- phenyl qui nol i n4-yl oxy) - 5, 16- di oxo- 6- ( 2- ox0- 2-
(pi peridin-1- ybethyl)-

1,2,3,5,6,7,8,9, 1011, 13a, 14, 14a, 15, 16, Fahexadecahydr ocycl opr ] pyrrol o
[1, 2- I ap é | opent adeci ne- 143 oxyI ic acid 1lal 115 11 11S ™4
HO 19 ' \ X

each of which is substituted By 0, 1, 2, or 3 substituents independently chosen from halogen, C;-
Caalkyl, C-Csalkoxy, and mono- and di-C;-Csalkylamino. h
[0118] The invention includes compounds and salts of Formula IA

z

s

_ 2%\»‘?1’15 E T

Ro s N/\“/ Y

&\M °
Ri” ! o .7

it i
0 Rs

e ———

. Formula [A

'[0119] Within Formula IA, R; and R; are taken together to form an azetidinyl,
pyrrolidinyl, pyrazolidinyl, imidazolidinyl, oxazolidinyl., piperidinyl, piperazinyl, morpholinyl,
azepanyl, octohydroquinolinyl, octohydroisoquinolinyl, dihydroguinolinyl, dihydroisoquinolinyl,
octohydrdindolyl, 1,4-dioxa-8-azaspiro[4.5]decan-8-yl, or octohydroisoindolyl, each of which is
substituted with 0, 1, or 2 substituents independently chosen from chloro, fluoro, hydroxyl,
COOH, -CONHa, oxo, C;-Caalkyl, C;-Cjalkoxy, mono- or di-C;-Caalkylamino, trifluoromethyl,
(monoi or di-C-Calkylcarbamate)Co-Coalkyl-, C;-Caalkylester, mono- or di-Ci-
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Calkylcarboxamide phenyl, benzyl, pyridyl, 5-fluorobenzo[d]imidazol-2-yl, and a group of the
R F |

F
iO
il

-N—8
il

formula o]
[0120] R; and R, are taken together to form an optionally substitated 5- to 9-membered

bridged heterocyclic ring wherein the bridged ring is a pyrrolidinyl, morpholinyl, piperazinyl,
piperidinyl, octohydroindolyl, or octohydroisoindolyl group, each of which is bridged with one
of methylene, ethylene, oxoethyl, and oxo, each of which 5- to 9-membered bridged heterocyclic
ring is substituted with 0, 1, or 2 substituents independently chosen from chloro, fluoro,
hydroxyl, COOH, -CONHz, oxo, C-Caalkyl, Cy-Cyalkoxy, mono- or di-C;-Csalkylamino,
trifiuoromethyl, and C;-Csalkylester.

[0121] Ra is hydrogen or. C;-Caalkyl, or (Cs-Ceeycloalkyl¥Co-Caalkyl. |

[0122] D is a C,-Cy; saturated or unsaturated hydrocarbon chain at Rs that is (i)
covalently bound to Ry, where R is a methylene group or Dis a C;-Cy; saturated or unsaturated
hydrocarbon chain at Rs that is (ii) covalently bound to a cycloalkyl ring formed by R;and Rs
being joined to from a 3- to 6- membered cycloalkyl ring.

[0123] T is a group of the formula:

0

"?7 Rg Where, Ry is hydroxyl, amino, -COOH, -NRioR11, -OR12, -NR16SO2R 3, or
-NR;(SO;NR ;R 2, where Ryg, Ri1, and Ry are independently at each occurrence hydrogen,
trifluoromethyl, C;-Csalkyl, C,-Cealkenyl, (phenyI)Cg—Cgalkyl; or (Cs-Creycloalky)Co-Coalkyl.

[0124] R;6 represents O to 2 substituents is independently chosen from halogen, C)-
Cyalkyl, and C;-Cralkoxy.

[0125] Ry is hydrogen, C-Caalkyl, C,-Cshaloalkyl, or C;-Cshaloalkoxy.

[0126] Z is a group of the formula

Rz1 N Rao
X, _No _Ra Rornd 2 | “ﬁ/ '
X3 ~ \Y : \
I G =z X1
X4 Az X 1
WV




10OVEN (
642-ter

2R, 6R, 13aS, 14aR, 16aS, Z) - et hyl
t but oxy- 2- oxoet hyl ) - 2- (7- et hoxy- 2-

phenyl qui nq]l,%%]ﬂmyg@(y) 5, 16- di oxo- PCT/US2009/067507
1,2,3,5,6,7 9, 10, 11, 134, 14, 14a, 15, 16, 16a- hexadecahydr ocycl opropal e
]pyrrolo[1,2- a][l1, 4]d|azacyclopentade0|ne l4a- car boxyl at e
(2R, 6R, 13aR, 14a8, 16aS, Z) - et hyl 6-(2-tertbut oxy-2-oxoethyl)-2-(7-methoxy- 2-
phenyl qui_nol in-4- vlnyv\--R 16- di-oxo-
1,2,3,ofﬁaz 8,9 '?m 14, 42, g82hexaded ocy. Iop%gpa[e]pyrrol
o[1,2-a][ 4] | az cy %pent %Qne car boxyl at i *
1\ XS\ Xq _
S
R G1 %/R — F{_Z‘%
=\~ T2 Ros RE?\ “ ;
X; x@ N 2N 2%
VG X4
1 S
R R
Rz 22 ==y 21 821\/<
N)/ \<N Rl N\ _/
\N/ «N
l | oL, |
Roz Roi L Roisll
21
\ / “U or -t Ry,
“ o

[0127] In this definition of Z the variables X to X, G; to Gs, and Ra) to Res carry the

- following definitions.

[0128] X,, X,, X3, X4, and X5 are independently N or CH and no more than two of X; -
X35 are N.

[0129] G, Gs, Gs, and G; are independently CHz, O, S, or NRog, wherein no more than
two of G, to G, are other than hydrogen.

[0130] Ry, represents from O to 2 groups independently chosen from halogen, hydroxyl,
C,-Caalkyl, C-Caalkoxy, Ci-Cyalkylthio, mono- and di-C,-Cqalkylamino, C;-Cohaloalkyl, and
C;-Cshaloalkoxy.

[0131] Ry is hydrogen, halogen, hydroxyl, C;-Caalkyl, C;-Cualkoxy, C;-Cialkylthio,
mono- or di-C;-Cealkylamino, C;-Caalkylester, C,-Cshaloalkyl, or C;-Cyhaloalkoxy, or Rap is
chosen from (Cs-Creycloalkyl)Co-Coalkyl, (phenyl)Co-Caalkyl, (pyridyl)Co-Coalkyl, (phenyD)Cog--
Coalkoxy, and (thiazolyl)Co-Caalkyl, each of which is substituted with &, 1, or 2 substituents
independently chosen from halogen, hydroxyl, amino, c¢yano, nitro, -COOH, -CONHy,
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. pd3 WD 2010/ 068761PCT/ US2009/ 067507 , + V) C?l ct r? 11 Lo co
spa OLI TUNI (2R, 6R, 13aS, 14aR, 16aS, Z) - N-

(cycl opr opylosiiddRi¥d) - 2- (7- met hoxy- 2- PCT/US2009/067507
phenyl qui nol'i n- 4-yl oxy) -5, 16- di 0xo0- 6- ( 2- 0x0-2- (pi peridin-1-yDethyl)-

CH3(C=0)NH-, C,-Caalkyl, C;-Csalkoxy, C;-C;hydroxyalkyl, mono- and di-C;-Cjaltkylamino,

trifluoromethyl, and trifluoromethoxy.

[0132] Ry is O to 2 substituents independently chosen from halogen, hydroxyl, Ci-

Chralkyl, and C,-Cyalkoxy.
[0133] Any of the definitions for the variables, e.g. Ry, Ry, Ra, R4, Re, Rs, Ris. Y, Z, and

T, used for Formula IA may be used for Formula I or other subgeneric formulae of Formula I so

long as a stable compound results.
[0134] The following compounds are removed by proviso:

(2R.685,16a8S,7)-ethyl 2-(7-methoxy-2-
phenylguinolin-4-yloxy)-5,16-dioxo-6-(2-
oxo-2-(piperidin-1-ylethyl)-
1.2,3,5,6,7,8,9,10,11,132,14,144,15,16,16a-
hexadecahydrocyclopropale]pyrrolof1,2-
al[1,4]diazacyclopentadecine-14a-
carboxylate

(2R,6S5,16aS,Z}-2-(7-methoxy-2-
phenylquinolin-4-yloxy)-3,16-dioxo-6-(2-
oxo-2-(piperidin-1-yl)ethyl)-
1,2,3,5,6,7,8,9,10,11,134,14,14a,15,16,16a-
hexadecahydrocyclopropafe]pyrrolo[1,2-
a][1,4]diazacyclopentadecine-14a-
carboxylic acid

(2R,6R,13aS,14aR,16a8,Z)-2-(7-methoxy-
2-phenylguinolin-4-yloxy)-5,16-dioxo-6-
(2-0x0-2-(piperidin-1-ylethyl)-
1,2.3,5,6,7.8.9,10,11,13a,14,144,15,16,16a-
Ou, hexadecahydrocyclopropale]pyrrolo[1,2-
a][1,4]diazacyclopentadecine-14a-
carboxylic acid
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1,2,3,5,6,7,8,9,10, 11, 13a, 14, 14a, 15, 16, 16ahexadecahydr ocycl opr opal e] pyrrol o
[1,2- a] [1, 4] diazacycl opent adeci ne- 14a-car boxam de

(2R, 6R, 13akyd 4a&nékéas, Z) - N- (cycl opropyl su | fonyl) - 2- ( 7-peaYUsesopogrsoT

phenyl qui nol i n-4-yl oxy) -5, 16- di 0x0- 6- ( 2- ox0-2- (piperidin-1-yeeth yl)-
1,2,3,5,6,7,8,9,10, 11, 13a, 14, 14a, 15, 16, 16ahexadecahydr oc

ycl opropa[e] pyrrolo[ 1,2- a] [1, 4] di azacycl opent adeci ne- 14a- car boxam de

(2R 6R16aS-2)-24a—Leyclop uw'w‘fU&ié‘éﬁi?a@a%ﬁ‘l%aé%‘ééhwzﬁ-

(2- oxo;

1,2, 3, : | af% %ﬁ&ﬁéﬂ FB%?%E: 6%a[e]pyrrolo

[1, 2- dra'acyclopentadecin-z 4xor6- TC ﬂg garboxylate

STRUCT 17 WE O i L N3G L8P0 1 Ipad bita. 134 z ,C71= 00
hexadecahydrocyclopropale]pyrrolof

a][1,4}diazacyclopentadecine-14a-
carboxylate

(2R,6R,13a5,14aR,16aS,Z)-ethyl 6-(2-tert-
butoxy-2-oxoethyl)-2-(7-methoxy-2-
phenylquinolin-4-yloxy)-5,16-dioxo-
1,2,3,5,6,7.8,9,10,11,13a,14,144,15,16,16a-
hexadecahydrocyclopropafe]pyrrolo[1,2-
a][1,4]diazacyclopentadecine-14a-
carboxylate

(2R,6R,13aR,14aS,16a8,Z)-ethyl 6-(2-tert-
butoxy-2-oxoethyl)-2-(7-methoxy-2-
phenylquinolin-4-yloxy)-5,16-dioxo-
1,2,3,5,6,7,8,9,10,11,132,14,14a,15,16,16a-
hexadecahydrocyclopropale]pyrrolo{1,2-
a][1.4]diazacyclopentadecine-14a-
carboxylate
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lanew (2R, 6R, 13aR, 14aR 16aS)-N- (cycl opropyl sul f ony1) - 2- (7- met hoxy- 2-
phenyl qui ngld fndlec¥ts@Xy) - 5, 16- di oxo- 6- (2- 0x0- 2- ( pi per i diPELAIS2009/067507

(ZR,6R,13a8,14aR,16aS,Z)-N-
o N O (cyclopropyisulfonyl)-2-(7-methoxy-2-
- O = phenylquinolin-4-yloxy)-5,16-dioxo-6-(2-
% oxo-2-(piperidin-1-ylethyl)-
oy O 0 1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a-

m hexadecahydrocyclopropale]pyrrolo[1,2-
N RN a][1,4]diazacyclopentadecine-14a-
0

carboxamide
O

O

(2R,6R,13aR,14a8,16aS.Z)-N-
o N {cyclopropylsulfonyl)-2-(7-methoxy-2-
- O \ phenylquinolin-4-yloxy)-5,16-dioxo-6-(2-
% oxo-2-{piperidin-1-yDethyl)-
0 o o 1,2,3,5,6,7,8,9,10,11,13a,14,144,15,16,16a-
/ . hexadecahydrocyclopropale]pyirolo[1,2-

a][ 1,4]diazacyclopentadecine-14a-

o LD’/ é’ \q carboxamide_

PHARMACEUTICAL PREPARATIONS
[0135] Compounds of the invention can be administered as the neat chemical, but are

preferably administered as a pharmaceutical composition. Accordingly, the invention provides
pharmaceutical compositions comprising a compound or pharmaceutically acceptable salt of the

Formula 1, together with at least one pharmaceutically acceptable carrier. The pharmaceutical

- oeii o F
L

composition may contain a compound or sait of I'ormula [ as t

Formula I as the ounly
contain one or more additional active agents.

[0136] Compounds of the invention may be administered orally, topically, parenterally,
by inhalation or spray, sublingually, transdermally, via buccal administration, rectally, as an
ophthalmic solufion, or by other means, in dosage unit formulations containing conventional
pharmaceutically acceptable carriers. The pharmaceutical composition may be formulated as
any pharmaceutically useful form, e.g., as an aerosol, a cream, a gel, a pill, a capsule, a tablet, a
syrup, a transdermal patch, or an ophthalmic solution. Some dosage forms, such as tablets and
capsules, are subdivided into suitably sized unit doses containing appropriate quantities of the

active components, e.g., an effective amount to achieve the desired purpose.
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yeet hyl ) oct adecahydr ocycl opropal e] pyrrolo[ 1, 2-

al[ 1, 4] di azacycl opent adeci ne- 14a- car boxam de

(3S, 13R, 17Ryd 8adeshb( _cycl opr opyl sul fonyl)-17- PCT/US2009/067507

(7- met hoxy- 2- phenyl qui nol i a- 4-yl oxy) -1, 14- di oxo- 13-(2-0x0-2-(piperidin-1-
yf | et hyDoct adecahydropyrrol o[ 1, 2- a]

[ 1, 4] di azacycl ohexadeci ne- 3- car boxam de

3S, 4S, 12R, 16R, 174a9S) - . -
(16- (7- met hoxgp_l%’_i]pq%@%i@rya%ﬁ?%%:cg E:%B% :agéilg}xalé)enyslz?nd must be of sufficiently high purity

net hy1- 1, {36l 0%Q 14w 1dxdci@X0 redmitPhpe kirighibile thr administration to the patient being
yeet hyl ) hexadecahydro- 1H pyrrol of 1, 2- al } .
(1. 41di breseds cThsrarien 6B 01 FAGROSTFST e acSRRERPEREE DO is.omny 1ThE | AN NH O

co1 4aErinoNu1§]t jo}ceﬁlﬁler%pié\yéd b c&xjﬁnle(io%ith\lt& compound is sufficient to provide a practical
quantity of material for administration per unit dose of the compound.

[0138] Classes of carriers include, but are not limited to binders, buffering agents;
coloring agents, diluents, disintegrants, emulsifiers, flavorants, glidents, lubricants, preservatives,
stabilizers, surfactants, tableting agents, and wetting agents. Some carriers may be listed in more
than one class, for example vegetable oil may be used as a lubricant in some formulations and a
diluent in others. Exemplary pharmaceutically acceptable carriers include sugars, starches,
celluloses, powdesed tragacanth, malt, gelatin, talc, and vegetable oils. Optional active agents
may be included in a pharmaceutical composition, which do not substantially interfere with the
activity of the compounci of the present invention.

[0139] Pharmaceutical compositions formulated for oral administration are often
preferred. These compositions contain between 0.1 and 99% of a2 compound of the invention and
usnally at Jeast about 5% (weight %) of a compound of the invention. Some embodiments

contain from about 25% to about 50% or from 5% to 75 % of a compound of inventiop.

METHODS OF TREATMENT _
[0140] The invention includes methods of preventing and treating hepatitis C infections,

by providing an effectivé amount of a compound of the invention to patient at risk for hepatitis C
infection or infected with a hepatitis C virus. A compound of the invention may be provided as
the only active agent or may be provided together with one or more additional active agents.

| [0141] The pharmaceutical combinations disclosed herein are useful for preventing and
treating hepatitis C infections in patients, |

[0142] An effective amount of a pharmaceutical combination of the invention may be an
amount sufficient to (a) prevent hepatitis C or a symptom of a hepatitis C from occurring in a
© patient who may be predisposed to hepatitis C but has not yet been diagnosed as having it or

prevent diseases that may be associated with or caused by. a primary hepatitis C infection (such
as liver fibrosis that can result in the context of chronic HCV infection); (b) inhibit the

progression of hepatitis C; and (c) cause a regression of the hepatitis C infection. An amount of
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a pharmaceutical composition effect to inhibit the progress or cause a regression of hepatitis C
includes an amount effective to stop the worsening of symptoms of hepatitis C or reduce the
symptoms experienced by a patient infected with the hepatitis C virus, Alternatively a halt in
progression or regression of hepatitis C may be indicated by any of several markers for the
disease. For example, a lack of increase or reduction in the hepatitis C viral load or a lack of
increase or reduction in the number of circulating HCV antibodies in a patient’s blood are
markers of a halt in progression or regression of hepatitis C infection. Other hepatitis C disease
markers include aminotransferase levels, particutarly levels of the liver enzymes AST and ALT.
Normal levels of AST are from 5 to 40 units per liter of serum (the liquid part of the blood) and
normal levels of ALT are from 7 to 56 units per liter of serum. These levels will typically be
elevated in a HCV infected patient. Disease regression is usually marked by the retarn of AST
and ALT levels to the normal range. _

[0143] Symptoms of hepatitis C that may be affected by an effective amount of a
pharmaceutical combination of the invention include decreésed liver function, fatigue, flu-like
symptorns: fever, chills, muscle aches, joint pain, and headaches, nausea, aversion to certain
foods, unexplained weight loss, psychological disorders including depression, tenderness in the
abdomen, and jaundice.

[0144] “Liver function” refers to a normal function of the liver, including, but not limited
to, a synthetic function including synthesis of proteins such as serum proteins (e.g., albumin,
clotting factors, alkaline phosphatase, aminotransferases (e.g., alanine transaminase, aspartate
transaminase), 5'-nucleosidase, y glutaminyltranspeptidase, etc.), éynthesis of bilirubin, synthesis
of cholesterol, and synthesis of bile acids; a liver metabolic function, including carbohydrate
metabolism, amino acid and ammonia metabolism, hormone metabolism, and lipid metabolism;
detoxification of exogenous drugs; and a hemodynamic function, including splanchnic and portal
hemodynamics.

[0145] An effective amount of a combination described herein will also provide a
ufficient concentration of the active agents in the concentration when administered to a patient.
A sufficient concentration of an active agent is a concentration of the agent in the patient’s body
necessary to prevent or combat the infection. Such an amount may be ascertained
experimentally, for example by assaying blood concentration of the agent, or theoretically, by

calculating bioavailability, The amount of an active agent sufficient to inhibit viral infection in
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COCD1,-- 0 0co 1-1 LE) o) 0) OCD3 OWN

(3R 12R, 16R, 17aS)- N-(cycl opropyl sul fony1) -

16-(7- met hgg% ~dRB@By! qui nolin-4-ylox y)-3- nme PCT/US2009/067507
t hyl -1, 13- di oxo- 12- ( 2- oxo- 2- (pi peridi n-1- yl)ethyl)hexadecah

ydro- 1Hpyrrol o[ 1, 2- a] [1, 4] di azacycl opent adeci ne- 3- car boxam de
(2R, 6R, 13aS, 14aR, 16aS, Z2)-N- (cycl opropyl sul fonyl)-2- (7 nmet hoxy- 2-

phenquU|noI|n 4-yl oxy)-5 , 16-di oxo- 6-(2-0 i.di n-1-
1, 2, 3, 5.vBromay be determined yythpconyentional fésaiféah%’&aﬁéfgég §f£i gk’ﬁé&% gdﬁﬁ*%ﬁé? éyr rolo
1 2 a]asl%gz @%@%@{f&%&%ﬁ%@%u@ﬁ@ ear boxani de

(3R 12R, (cycl opropyl sul fon
16- ( 7- met hox wmébmlylhfqmon alsp mchzdw [ eVe) pganpgceutzcai combinations comprising a

2, 5., 7o a8 SRl By P CDNRlS, e yartormentyioetion 4 .
[1, 4] di @zeaem@d;@paaatra@em efecBveandox afm ckanﬁiliﬁad@fu]REn@:ncpm N an amount
sufficient to significantly decrease the patient’s risk of contracting a hepatitis C infection,

[0147] The invention includes a method of inhibiting HCV replication in vivo comprising
providing a compound or salt of the invention to a patient infected with HCV a conceniration of
the compound or salt sufficient to inhibit HCV replicon replication in vitro. In this instance the .
concentration includes an in vivo concentration, such as a blood or plasma concentration. The
concentratior of compound sufficient to inhibit HCV replicon replication in vitro includes may
be determined from an assay of replicon replication such as the assay provided in Example 6,
herein.

[0148] Methods of treatment include providing ce.rtvain dosage amounts of a compound of
the invention to a patient. Dosage levels of each active agent of from about 0.1 mg to about 140
mg per kilogram of body weight per day are useful in the treatment of the above-indicated
conditions (about 0.5 mg to about 7 g per patient per day). The amount of active ingredient that
may be combined with the carrier materials to produce a single dosage form will vary depending
upon the patient treated and the particular mode of administration. Dosage unit a compound of
the invention. In certain embodiments 25 mg to 500 mg, or 25 mg to 200 mg of a compound of
the invention are provided daily to a patient. Frequency of dosage may also vary depending on
the compound used and the particular disease treated. However, for treatment of most infectious
disorders, a dosage regimen of 4 times daily or less is preferred and a dosage regimen of 1 or 2
times daily is particularly preferred. _

[0149] It will be understood, however, that the specific dose level for any particular
patient will depend upon a variety of factors including the activity of the specific compound
employed, the age, body weight, general health, sex, diet, time of administration, route of

administration, and rate of excretion, drug combination and the severity of the particular disease

in the patient undergoing therapy.
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PACKAGED FORMULATIONS
[0150] The invention comprises providing a compound or salt of Formula Iin a container

' together with instructions for using the composition to treat a patient suffering from Hepatitis C
infection.

[0151] The invention includes packaged pharmaceutical combinations. Such packaged
combinations include a compound of Formula I in a container. The container may additionally
include instructions for using the combination to treat or prevent a viral infection, such as a
hepatitis C infection, in a patient.

[0152] The packaged pharmaceutical combination may include one or more additional
active agents,

COMBINATION METHODS
[0153] The invention includes pharmaceutical compositions and methods of treatment in

which a compound or salt of the invention is provided together with one or more additional
active agents. In certain embodiments the active agent (or agents) is an HCYV protease inhibitor
or HCV polymerase inhibitor. For example the protease inhibitor may be telaprevir (VX-950)
and the polymerase inhibitor may be valopicitabine, or NM 107, the active agent which
valopicitabine is converted into in vivo. In certain embodiments the second active agent is
ribavirin, interferon, or Peg-interferon alpha conjugate.

[0154] According to the methods of the invention, the compound of the invention and an
additional active agent may be: (1) co-formulated and administered or delivered simultaneously
in a combined formulation; (2) delivered by alternation or in parallel as separate formulations; or
(3) by any other combination therapy regimen known in the art. When delivered in alternation
therapy, the methods of the invention may comprise administering or delivering the compound of
The invention and an additional active agent sequentially, e.g., in separate solution, emulsion,
suspension, tablets, pills or capsules, or by different injections in separate syringes. In general,
during alternation therapy, an effective dosage of each active ingredient is administered
seQuentiaﬂy, i.e., sertally, whereas in simultancous therapy, effective dosages of two or more
active ingredients are administered together. Various sequences of intermittent combination
therapy may also be used. |

[0155] In certain embodiments method of treatment includes providing a patient with a

compound of Formula I and an interferon such as a pegylated interferon or interferon gamma,
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[ The interferon mpay be the only compound prm%cri%éj \%ith the compound of the invention or may

be provided with an additional active agent that is not an interferon.

[0156] The invention methods of treatment and pharmaceutical combinations including
compounds of the invention any one or combination of the following compounds and substances
as an additional active agent:

Caspase inhibitors: IDN 6556 (Idun Pharmaceuticals)

Cyclophilin Inhibitors: NIM811 (Novartis) and DEBIO-025 (Debiopharm}

Cyiochrome P450 monooxygenase inhibitors: ritonavir (WO 94/ 14436), ketoconazole,
troleandomycin, 4-methyl pyrazlole, cyclosporin, clomethiazole, cimetidine, itraconazole,
fluconazole, miconazole, fluvoxamine, fluoxetine, nefazodone, sertraline; indinavir, nelfinavir,
arﬁprenavir, fosamprenavir, saquinavir, lopinavir, delavirdine, erythromycin, VX-944, and VX-
497. Preferred CYP inhibitors include ritonavir, ketoconazole, troleandomycin, 4-methyl

pyrazole, cyclosporin, and clomethiazole

Glucocorticoids: hydrocortisone, cortisone, prednisone, prednisolone,

~ methylprednisolone, triamcinolone, paramethasone, betamethasone, and dexamethasone
Hematopoieting: hematopoietin-1 and hematopoietin-2. Other members of the
hematopoietin superfamily such as the various colony stimulating factors (e.g. {e.g. G-CSF, GM-
CSF, M-CSF), Epo, and SCF (stem cell factor) J
Homeopathic Therapies: Milk Thistle, silymarin, ginseng, glycyrrhizin, licorice root,
schisandra, vitamin C, vitamin E, beta carotene, and selenium :

Immunomodulatory compounds: thalidomice, 1L-2, hematopoietins, IMPDH inhibitors,

for example Merimepodib (Vertex Pharmaceuticals Inc.), interferon, inclnding natural interferon
(such as OMNIFERON, Viragen and SUMIFERON, Sumitomo, a blend of natural interferons},
patural interferon alpha (ALFERON, Hemispherx Biopharma, Inc.), interferon alpha nl from
Jymphblastoid cells (WELLFERON, Glaxo Wellcome), oral alpha interferon, Peg-interferon,
Peg-interferon alfa 2a (PEGASYS, Roche), recombinant interferon alfa 2a (ROFERON, Roche]),
inhaled interferon alpha 2b (AERX, Aradigm), Peg-interferon alpha 2b (ALBUFERON, Human
Genome Sciences/ Novartis, PEGINTRON, Schering), recombinant interferon alfa 2b (INTRON
A, Schering), pegylated interferon alfa 2b (PEG-INTRON, Schering, VIRAFERONPEG,
Schering) ,interferon beta-1a (REBIF, Serono, Inc. and Pfizer), consensus interferon alpha

(INFERGEN, Valeant Pharmaceutical), interferon gamma-1b (ACTIMMUNE, Intermune, Inc.),
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Interleukins: (IL-1, IL-3, IL-4, IL-5, IL-6, IL-10, TL-11, IL-12), LIF, TGF-beta, TNF-
alpha) and other low molecular weight factors (e.g. AcSDKP, pEEDCK, thymic hormones, and
minicytokines)

Interferon Enhancers: EMZ702 (Transition Therapeutics)

IRES inhibitors: VGX-410C (VGX Pharma)

Monoclonal and Polyclonal antibodies: XTL-6865 (XTL), HuMax-HepC (Genmab),

Hepatitis C Immune Globin (human) (CIVACIR, Nabi Biopharmceuticals)

Nucieosi._de analogues: Lamivudine (EPIVIR, 3TC, GlaxoSmithKline), MK-0608
(Merck), zalcitabine (HIVID, Roche US Pharmaceuticals), ribavirin (including COPEGUS
(Roche), REBETOL (Schering), VILONA (ICN Pharmaceuticals, and VIRAZOLE (ICN
Pharmaceuticals), and viramidine (Valeant Pharmaceuticals), an amidine prodrug of ribavirin,

Contbinations of nucleoside analogues may also be employed.
Non-nucleoside inhibitors: PSI-6130 (Roche/ Pharmasset), delaviridine (RESCRIPTOR,

Pfizer), and HCV-796 (Viropharm)
P7 protein inhibitor: amantadine (SYMMETREL, Endo Pharmaceuticals, Inc.)
Polvmerase inhibitors: NM283 (valopicitabine) (Idenix) and NM 107 (Idenix).
Protease inhibitors: BILN-2061 (Boehringer Ingelheim}), GW-433908 (prodmg of
Amprenavir, Glaxo/ Vertex), indinavir (CRIXIVAN_, Merck), ITMN-191 (Intermune/ Array

Biopharma), VX950 (Vertex) and combinations comprising one or more of the foregoing

protease inhibitors
RNA interference: SIRNA-034 RNAi (Sirna Therapeutics)

Therapentic Vaccines: 1C41 {Intercell), IMN-0101 (Imnogenetics), Gl 5005

(Globeimmune), Chronvac-C (Tripep/ Inovio), ED-002 (Imnogenetics), Hepavaxx C (ViRex

Medical)

TNEF agbnists: adalimumab (HUMIRA, Abbott), entanercept (ENBREL, Amgen and
Wyeth), infliximab {REMICADE, Centocor, Inc.)

Tubulin inhibitors: Colchicine

Sphingosine-1-phosphate receptor modulators: FT Y720 (Novartis)
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TLR agonists: ANA-975 (Anadys Pharmaceuticals), TLR7 agonist (Anadys
Pharmaceuticals), CPG10101(Coley), and TLRY agonists including CPG 7909 (Coley)
Cvclophilin Inhibitors: NIM811 (Novartis) and DEBIO-025 (Debiopharm)

[0157] Patients receiving hepatitis C medications are typically given interferon together
with another active agent. Thus methods of treatment and pharmaceutical combinations in which
a compound of the invention is provided together with an interferon, such as pegylated interferon
alfa 2a, as the additional active agents are included as embodiments. Similarly methods and

pharmaceutical combinations in which ribavirin is an additional active agent are provided herein,

EXAMPLES
'~ {0158] This invention is further illustrated by the following examples that should not be

construed as limiting. __
[0159] Compounds provided herein may generally Be prepared using standard synthetic
methods, Starting materials are generally readily available from commercial sources, such as
Sigma-Aldrich Corp. (St. Louis, MO). For example, a synthetic route similar to that shown in.
Example 1 or 2 may be used. It will be apparent that the final product and any intermediate(s)
shown in the following schemes may be extracted, dried, filtered and/or concentrated, and may
be further purified (e.g., by chromatography). Each variable (e.g., "R") in the following
Schemes, refers to any group consistent with the description of the compounds provided herein.
An individual skilled in the art may find modifications of one or several of the synthetic steps
described herein withont diverting significantly from the overall synthetic scheme. Further

experimental details for synthesis of representative compounds via these schemes are provided in

Examples 1-5, herein.

ARBREVIATIONS
[0160] The following chemical abbreviations are used in Example 1. Additional

abbreviations used in these examples will be familiar to those of skill in the art of organic

chemical synthesis.

CDI 1,1'-Carbonyldiimidazole

DBU Diazabicyclo[5.4.0lundec-7-ene
DCM Dichloromethane

DIEA N, N-Diisopropylethyl amine
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(2R 6R 13aS, 14aR 16aS, Z)-N- (cycl opropyl sul fony1) - 2- (7- met hoxy- 2-
phenquU|ngkiﬂ%@m%hgxy)-G-(z-nDrphoIino-2- oxoet hyl) - 5, $1adisoene67507
1,2,3,5,6,7,8,9,10, 11, 13a, 14, 144, 15, 16, 16a- hexadecahydr ocycl opr opal e] pyr r ol
o[ 1, 2- a][1, 4]diazacycl opent adeci ne-14a-car boxam de cl al uor oppendt n-
1-yl)-2-oxoethyl)-2-(7-

DMF Dimethyi formamide

HATU O-(7-azabenotriazol-1-y1)-1,1,3 3-tetramethyluronium

HBTU O-(1H-Benzotriazol-1-y1) N, N,N’, N'-tetramethyluronium hexafluorophosphate
NMM N-methylmorpholine

RCM Ring-closing metathesis

TEA Triethylacetate

TFA Trifluoroacetic acid

EXAMPLE 1. SYNTHESIS OF (ZS,4R)—N—(l—(CYCLOPROPYLSULFONYLCARBAMOYL)-Z—

VINYLCYCLOPROPYL)-4-(7 "METHOXY-2-PHENYLQUINOLIN-4-YLOXY)PYRROLIDINE-2-

CARBOXAMIDE (Compound 4)
Step 1. Preparation of N-{cyclopropylsulfonyl)-1-(BOC-amino)-2-

vinylcyclopropanecarboxamide

o
O .OQ\ =0
col BocHN Pt
BockN OH Py N \v
O= ENRIEIRSSE H
+ /S -
HoN bBU /
/7 ' 2

[0161] CDI (2.98 g, 18.4 mm, 1.1 eq) is dissolved in ethyl acetate. N-Boc-
cyclopropylvinyl acid (3.8 g, 16.7 mm, 1.0 eq), prepared via the procedure given by Beaulieu,
P.L. et al. (J. Org. Chem. 70: 5869-79 (.2005)) is added to the CDI/ ethyl acetate mixture and
stirred at RT until the starting material is consumed. Cyclopropy! sulfonamine (2.2 g, 18.4 mm,
1.1 eq) is added to this mixture followed by DBU (2.1 ml, 20.5 mm, 1.23 eq) and the mixture is
stirred at RT for 2 h. Workup and purification by silica gel chromatography provides 2g of
compound 2.

Step 2. Preparation of (2S,4R)-tert-butyl 2-(1-(cyclopropylsulfonyicarbamoyl)-2-
vinylcyclopropylcarbamoyi)-4—(7—methoxy—2~phenquuinoﬁn-4~yloxy)pyrrolidine-1-carboxylate
and (28,4R )-N-(1-(cyclopropylsulfonylcarbamoyl)-2-vinylc yclopropyl}-4-(7-methoxy-2-

phenquuinolin—4—yloxy)pym‘olidine»Z-carboxamjde
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[0162] Compound 1 {4.3g, 9.3mmol, 1.1 eq), prepared according to the method given in
WO 02/060926, in which DMF is stirred with O-(Benzotriazol-1yl)-N,N,N".N’-
Tetramethyluronium hexafluorophosphate (4.1g, 10.5mmol, 1.3eq) for 30 minutes, followed by
addition of cyclopropylamine 2 {1.92g, 8.3mmol, 1.0eq) and N-methylmorpholine (2.52g,
25.0mmol,3.0eq). The mixture is stirred over night and the solvent removed under reduced
pressure. The resulting residue is diluted with ethyl acetate and washed with saturated aqueous

The organ nie enbvant ie dried nve MgSﬂ4 and concenfrated under reduced pressure fo

NaHCOs,
afford crude 3, which is used for next step without further purification.

[0163] Compound 3 in 10 ml dry CH,Cl; is treated with 5 mL. TFA and stirred over
night. The solvent is removed and the residue recrystallized from ethyl acetate to afford 4.12 g
Compound 4 (61% yield two steps).
EXAMPLE 2. SYNTHESIS OF MACROCYCLIC COMPOUNDS

Procedure 1. DeProtection Reaction (Conversion of N-Boc to N-amine or t-butyl ester
to carboxylic acid)

[0164] TFA (3~4ml) is added to a solution of Boc protected starting material (Immol) or
t-butyl ester in anhydrous DCM (7 ml) at room temperature, The reaction is monitored with

LC/MS and TLC. After 1~3 hrs, the reaction mixture is evaporated reduced pressure to dryness.
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The crude product is used for next step reaction without further purification.

Procedure 2.  Amide formation
[0165] N-methylmorpholine (2mmol) and HBTU (1.2mmo}) are added in one portion at

room temperature to a solution of acid (1mmol) in aphydrous DMF (10ml). After stirring at room
temperature overnight, amino (1 mmol} is added in one portion and then stirred overnight. The
reaction mixture is poured into ice water and extracted with ethyl acetate (100ml). The organic
layer is washed with H;O, brine, and dried over anhydmué MgSO;. The residue is filtered and
evaporated in vacuum to dryness. The crude product is purified by flash chromatography on
sifica gel (hexane-ethyl acetate 100:0 to 50:50) to give the desired product.
Procedure 3. RCM catalyzed by Grubbs 29 (CAS Reg. No. 246047-72-3) or Hoveyda-Grubbs
2" catalyst (CAS Reg. No. 301224-40-8) |
[0166] A mixture of starting material (di-olefin, 1mmol), catalyst (5~30mol%) in 1,2-
dichloroethane is degassed and heated tﬁ 110 °C for 12~24hrs under atmosphere of argon. The
reaction is monitored by LC/MS and TLC. The reaction mixture is evaporated to dryness under
reduced pressure. The crude product is pulified by flash chromatography on silica gel (hexane-
ethyl acetate 100:0 to 50:50) to give the desired product.-

Procedure 4. Hydrolysis of esters
[0167] LiOH hydrate (6 equiv.) is added in one portion at room temperature {0 the

solution of ester (Immol) in THF (3ml), methanol (Z.Sml), and water (2.5ml), and then the
reaction mixture '1.s stirred overnight, After the reaction is complete (by LC/MS), it is cooled to
0°C and acidified to pH~2 and extracted with DCM (20ml x 2). The reaction is dried over
MgSOQq, filtered, and evaporated to dryness under reduced pressure. The crude product is purified

by flash chromatography on silica gel (hexane-ethyl acetate 100:0 to 20:80) to give the desired

product,
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Compound 21 is prepared by procedures 1 and 2 from starting material 14 and amino acid 20.

MS (M*+1) 754.

Compound 22 is prepared by procedure step 3. MS (M*+1) 726.
Compound 23 is prepared by procedures 1 and 2. MS (M*+1) 737.
Compound 24 is prepared by procedure 4. MS (M*+1) 709,
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" EXAMPLE 3. SYNTHESIS OF COMPOUNDS 34 AND 35

Scheme 2. Synthesis of Compounds 34 and 35
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Compound 29 is prepared .by procedure 4 from starting material 28,
Compound 30 is prepared by procedure set forth in step 2 with starting material 29.
Compound 31 is prepared by procedure set forth in steps I and 2 with starting material 30.
Compound 33 is prepared by procedure set forth in step 4 with starting material 28 and 32,
Compounds 34 and 35 are pi'éparéd by the procedure set forth in step 3. After RCM, the reaction
mixture is separated by prep-TLC (hexane —ethyl acetate 1:1) to afford compounds 34 and 35.
MS (M*+1) =812
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[0168] Step 1. 8-nonenoic acid (1.56g, 10mmol} is placed in a 100ml flask, anhydrous
ether (35ml) is added under N3, cooled to 0°C, TEA (1.6g, 16mumot) is added, followed by
pivaloy! chioride (1.26g, 10.5mmol) dropwise. The ice-bath is removed and the reaction mixture
is stirred at room temperature for 1hr. The resulting suspension is cooled to 0°C and filtered into
a 250 mi flask under Nz (washed twice with anhydrous ether10ml x 2). The filtrate is cooled to -
78°C and diluted with anhydrous THF (25ml).
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01697 A few crystals of 1,10-phenathroline are added o a solution of {S)(-)-4-benzyl-2-
oxazolidinone in THF (25mb). The solution is cooled to -78°C and a solution of n-BuLi (1.6M in
hexane, 6.5ml, 10.4mmol) is added dropwise until the red c.olor persists for 10 min. This solution
is added to the above cooled mixed anhydride solution at -78°C over 20 min via cannula. The
resulting mixture is stirred at -78°C for additional 30min, then poured into sat. NH,Cl, the
orgaﬁic layer is separated, the aqueous layer is extracted with ether (50 ml, 3X). The combined
organic layers are washed with brine and dried over MgS Oy, filtered, concentrated in reduced
pressure to dryness. The crude product is purified by flash chromatography (hexane-ethyl acetate
100:0~100:20) to give 3.01g of 26 (95%). '

[0170] Step 2. A solution of 26 (3.01g, 9.6mmol). in anhydrous THEF is cooled to -78°C,
then 2.0m solution of NaN(TMS); in hexane (5.76ml) was added dropwise over 10min. After
30min, t-Butyl bromoacctaté was added dropwise at -78°C. The reaction mixture was stirred at ~
78 °C for 2 hrs. LC/MS and TLC monitored the reaction. The reaction was quenched with 10%
KHSO. to pH~4~6, extracted with ethyl acetate, organic layer wa(s washed with H;O, brine,
dried over MgSOy, filtered, evaporated in reduced pressure to dryness. The crude product was
purified by chromatography on silica gel (hexane —ethyl acetate 100:0~100:20) to give
compound 14.

[01717 Step 3. H20; (50%, 0.9 ml) is added dropwise over 5 min. at 0 °C, followed by a
solution of LiOH (0.2g in 2ml of H;O). The reaction mixture is added to a solution of 27 {1.05g,
2.44 mmol) in THF/H20 (5 :1, 24 ml). The mixture is stirred at 0 °C for 1h and then quenched
by dropwise addition of aﬁ aqueous solution of sodium thiosulphate (10 ml) while keeping the
temperature below 20°C. The mixture is extracted with ethyl acetate (discarded) and the aqueous
phase was acidified to pH~2 with solid citric acid and extracted with ethyl acetate. The combined
organic phase is washed with brine, dried over anhydrous sodium sulphate and the solvent
removed under reduced pressure, The residue is purified by column chromatography on silica
gel, eluting with a gradient system of hexane:ethyl acetate {100:0) to 50:50 to afford the desired
compound 20 (503 mg).

[0172] Step 4. Compound 36 is prepared by procedure 1.

10173] Step 5. Compound 37 is prepared by procedure 2.

[0174] Step 6. Compound 32 is prepared from 37 by the procedure given in step 3 for the

preparation of compound 20.
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incor){)orate%. The HCV replicon system was descri ed gy %artezgglizlager,_et. al (Science, 2_8.5,

pp. 110-113 (1999)). The replicon system is predictive of in vivo anti-HCV activity; compounds
that afe active in humans uniformly evidence activity in the replicon assay.

[0175) In this assay HCV replicon containing cells are treated with different

" concentrations of the test compound to ascertain the ability of the test compound to suppress

replication of the HCV replicon. As a positive control, HCV replicon-containing cells are treated
with different concentrations of interferon alpha, a known inhibitor of HCV replication. The
replicon assay system includes Neomycin Phosphotransferase (NPT) as a component of the
replicon itself in order to detect the franscription of replicon gene products in the host cell. Cells
in which the HCV replicon is actively replicating have high levels of NPT} the level of NPT is
proportidﬁal to HCV replication. Cells in which the HCV replicon is not replicating also have
low levels of NPT and thus do not survive when treated with Neomycin. The NPT level of each
sample is measured using a captured ELISA.

[0176] A protocol for testing compounds for the ability to inhibit viral replication of the

Hepatitis C replicon cultured cells in which the replicon construct has been incorporated,

follows.

6A. HCV Replicon and Replicon Expression
[0177] The HCV genome consists of a single ORF that encodes a 3000 amino acid

polyprotein. The ORF is flanked on the 5'side by an untranslated region that serves as an
internal ribosome entry site (IRES) and at the 3' side Ey a hig_hiy conserved sequence necessary
for viral replication (3'-NTR). The structural proteins, necessary for viral infection, are located
near the 5' end of the ORF. The non-structural proteins, designated NS2 to NSSB comprise the
remainder of the ORF.

[0178} The HCV replicon contains, 5'-3", the HCV-IRES, the neomycin
phosphotransferase (neo) gene, the IRES _c;f encephalomyocarditis virus, which directs
translation of HCV sequences NS3 to NS5B, and the 3'-NTR. The séquence of the HCV
replicon has been deposited in GenBank (Accession no. AJ242652),
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[0179] The replicon is transfected into Huh-7 cells using standard methods such as

electroporation.

6B. Cell Maintenance _ _
[0180] The equipment and materials include, but are not limited to, Huh-7 HCV replicon-

containing cells, maintenance media (DMEM {Dulbecco's modified Eagle media) supplemented
with 10% FBS, L-glutamine, non-essential amino acids, penicillin (100 units/mil), streptomycin
(100 micrograms/mi), and 500 microgramsfml of Geneticin (G418), screening media (DMEM
supplemented with 10% FBS, L-glutamine, non-essential amino acids, peniciilin (100 units/ml)
and streptomycin (100 micrograms/m1)), 96 well tissue culture plates (flat bottom), 96 well
plates (U bottom for drug dilution), Interferon alpha for positive control, fixation reagent (such
as methanol: acetone), primary antibody (rabbit anti-NPTII), secondary antibody: Eu-N11, and
enhancement solution. _

[0181] HCV repliéon—containing cells support high levels of viral RNA replicon
replication when their density is suijtable. Over-confluency causes decreased viral RNA
replication. Therefore, cells must be kept growing in log phase in the presence of 500
micrograms/ml of G418. Generally, cells should be passed twice a week at 1: 4-6 dilution. Cell
maintenance is conducted as follows:

[0182] HCV replicon-containing cells are examined under a microscope to ensure that
cells growing well. Cells are rinsed once with PBS and 2 ml trypsin is added. The cell/ trypsin
mixture is incubated at 37 °C in a CO, incubator for 3-5 minutes. After incubation 10 ml of
complete media is added to stop the trypsinization reaction. Cells are blown gently, put into a 15
ml tube, and spun at 1200 rpm for 4 minutes. The tryp';mj medium solution is removed.
Medjum (5 ml) is added and the cells are mixed carefully, The cells are counted.

[0183] The cells are then seeded onto 96-well plates at a denszty of 6000-7500 cells/100
microliters/ well (6-7.5 x 10° cells/10 ml/plate). The plates are then incubated at 37°Cina 5%
CO, incubator.

[0184] Cells are examined under a microscope approximated 24 hours after seeding and
prior to adding drugs. If counting and dilution were performed correctly, cells are 60-70%
confluent and nearly all cells should attach and spread evenly in the well.

6C. Treatment of HCV-replicon containing cells with Test Compound

.94
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medium (500 ml DMEM (high glucose)) from BRL catalog #12430-054; 50 mls 10% FBS, 5%
Geneticin G418 (50 mg/m], BRL catalog #10131-035), 5 ml MEM non-essential amino acids
(100x BRL #11140-050) and 5 mi pen-strep (BRL #15140-148) is added. The cells and media
are mixed carefully

[0186] Cells are plated with screening medium (500 ml DMEM (BRL #21063 029), 50
ml FBS (BRL #10082-147) and 5 ml MEM non-essential amino acid (BRI #11140-050}) at
6000-7500 feells/100 pl/well of 96 well plate (6-7.5x105 cells/10 ml/plate). Plates are placed

into 37°C 5% CO, incubator overnight. -

6D, Assay
[0187] The following morning, drugs (test compounds or interferon alpha) are dituted in

96 well U bottom plates with media or DMSO/media, depending on the final concentration
chosen for screening. Generally for 6 concentrations of each test compounds ranging from 10
micromolar to 0.03 micromolar are applied. 100 ul of the test compound dilution is placed in
wells of the 96 well plate containing the HCV replicon cells. Media without drug is added to
some wells as a negative confrols, DMSO is known to affect cell growth. Therefore, if drugs
' diluted in DMSO are used, all wells, including negative control (media only) and positive control
(interferon alpha) wells, must contain the same concentration of DMSO for singie dose
screcnmg The plates are incubated at 37°C in a humidified 5% CO; environment for three days.
[0188] On day four, the NTPII assay is quantitated. The medium is poured from the
plates and the plates are washed once in 200 pl of PBS. The PBS is then decanted and the plates
tapped in a paper towel to remove any remaining PBS. Cells are fixed in situ with 100 pl/well of
pre~cooled (-20°C) methanol: acetone {1:1) and the plates are placed at -20°C for 30 minutes.
[0189] The fixing solution is poured from the plates and the plates aliowed to air-dry
completely (approximately one hour). The appearance of the dried cell layer is recorded and the

density of the cells in the toxic wells is scored with the naked eye. Alternatively cell viability

may be assessed using the MTS assay described below.
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incubated 45-60 minutes af room temperature. After incubation, wells are Washed six times with

PBS-0.05% Tween-20 solution. 100 pl of 1:15,000 diluted Europium (EU)-conjugated goat anti-
rabbit in blocking buffer is added to each well and incubated at room temperature for 30-45
minutes. The plates are washed again and 100 pl of enhancement solution (Perkin Elmer #4001~
0010) is added to each well. Each plate is shaken (approx. 30 rpm) in a plate shaker for three
minutes. 95 pl is transferred from each well to a black plate; the EU signal is guantitated in a
Perkin-Elmer VICTOR plate reader (EU-Lance). ' '
[0191] When tested in this assay Compounds 11, 16, 25, 33, 38, 39, and 40 exhibit EC50

values of about 10 micromolar or less.

ExAMPLE 7. CYTOTOXICITY ASSAYS

[0192] To insure that the decrease in replicon replication is due to compound activity
against the HCV replicon rather than nonspecific toxicity assays are used to quantitate compound
cytotoxicity.
7A. Cellular protein albumin assay for cytotoxicity

[0193] Cellular protein albumin measurements provide one marker of cytotoxicity. The
protein levels obtained from cellular albumin assays may also be used to provide a normalization
reference for antiviral activity of compounds. In the protein albumin assay HCV replicon-
containing cells are treated for three days with different concentrations of helioxanthin; a
compound that is known to be cytotoxic at high concentrations. The cells are lysed and the cell
lysate used to bind plate-bound goat anti-albumin antibody at room temperature (25 °C t0 28 °C)
for 3 hours. The plate is then washed 6 times with 1X PBS. After washing away the unbound
proteins, mouse monoclonal anti-human serum albumin is applied to bind the albumin on the
plate. The complex is then detected using phosphatase—lab¢led anti-mouse IgG as a second
antibody. |

7B. MTS Assay for Cytotoxicity
[0194] Cell viability may also be determined by CELLTITER 96 AQUEOUS ONE

Solution Cell Proliferation Assay (Promega, Madison W1), a colorimetric assay for determining
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the number of viable cells. In this method, before fixing the cells, 10-20 ul MTS reagent is
added to each well according to manufacturer’s instructions, plates are incubated at 37°C and
read at OD 490 nm. During the incubation period living cells covert the MTS reagent to a
formazan product which absorbs at 490 nm. Thus the 490 nm absorbance is directly proportional
to the number of living cells in culture.

[0195] A direct comparison of the Cellular Albumin and MTS methods for determining
cytotoxicity may be obtained as follows: Cells are treated with different concentrations of test
compound or Helioxanthin for a three day-period. Prior to lysis for detection albumin as
described above, the MTS reagent is added accor'ding to manufacturer’s instruction to each well

and incubate at 37 °C and read at OD 490 nm. The cellular albumin quantitation is then

performed as described above.
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, 14aR, 16aS, Z) - 2- (5- chl or o- 6- net hoxy-3- (pyridin-2- ypisoquinolin-
1-yloxy)-N (cycl opropyl sul fonyl)-6-(2-(3,3- difluoropiperidin-1

- y1) - 29 oxoetshsimpoand 8f tHeFS@nula:
1,2,3,5,6,7,8,9,10, 11, 13a, 14, 14a, 15, 16, 16a- hexadecah ydrocycl opropa [ e]
pyn-olo[1,2- al []_41d" anic,vcinnef Ind eri ne- | 4n-en rhnt arnirie
STRUCTURE 0, P. ,Cf) % %0 zi | OvylZ\ =0Ji u_c) S."NHOOO

~Rg

H
N
rery N K

T

or a pharmaceutically acceptable salt thereof, where

Ris~NR;jRy and

R, and R; are joined to form a 4- to 7- membered heterocycloalkyl ring containing 0 to 2
additional heteroatoms independently chosen from N, O, and S which ring is
optionally fused to a 5- or 6- membered heterocyclic ring, containing 1 or 2
heteroatoms independently chosen from N, O, and S, or optionally fused to a 5- or
6-membered carbocyclic ring to form a bicyclic ring system, each of which 5- to
7- membered heterocycloalkyl ring or bicyclic ring system is optionally
substituted; or

R; and R; are taken together to form an optionally substituted 5- to 9-membered bridged
heterocyclic ring containing 0, 1, or 2 additional N, S, or O atoms;

Ra, R4, and Ry are independently
(a) hydrogen, halogen, or amino, or
(b) C;-Cgalkyl, Co-Csalkenyl, (C3-Creycloalkyl)Co-Caalkyl, (aryl)Co-Caalkyl,
(heteroaryl)Co-Caalkyl, (C5-Creycloalkenyl)Co-Caalkyl, (heterocycloalkyl)Ce-
Caalkyl, C;-Cealkanoyl, or mono- or di- C;-Cgalkylamino, each of which is
optionally substituted;

R is hydrogen, Ci-Cgalkyl, or {(Cs-Cieycloatkyl)Co-Cralkyl;

D is an alkyl or alkenyl group having 6 to 10 carbon atoms that is (i) covalently bound to
R, where R is a methylene or methine group or (ii) covalently bound to an
optionally substituted cycloalkyl ring formed by R;and Rg being joined to form a
3- to 7- membered optionally substituted cycloalkyl ring;
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T is a group of the formula:

O

N

Ro is -NRygSO-R;4; and

Rg and R;; are independently at each occurrence

hydrogen or trifluoromethyl, or

C1-Cealkyl, Co-Coalkenyl, (aryl)Co-Caalkyl, (Cs-Creycloalkyl)Co-Coalkyl,
(heterocycloalkyl)Co-Caalkyl, or (5- to 10-membered heteroaryl)Co-Coalkyl, each
of which is optionally substituied;

Y is —O-, -O(C=0)- or (NRp)}(C=0)-;

Z is (mono- , bi-, or tri- cychc heteroaryl)Co-Cralkyl,
each of which Z is substituted with
0 or 1 or more substituents independently chosen from halogen, hydroxyl, amino,
cyano, -CONH,, -COOH, C;-Csalkyl, C;-Chalkanoyl, C,-Csalkoxy, mono- and di-
C;-Cyalkylamino, C;-Cphaloalkyl, and C,-Cshaloalkoxy, and
0 or 1 (C3-Creycloalkyl)CoCaalkyl, (phenyl)Co-Coalkyl, or (5- or 6-membered
heteroaryl YCp~Coalkyl, each of which is substituted with 0, 1, or 2 substituents
independently chosen from:
halogen, hydroxyl, amino, cyano, C;-Caalkyl, Ci-Cialkoxy, mono- and di-C;-
Cgalkylamino, trifluoromethyl, and trifluoromethoxy,

Rj¢ represents 0 to 4 substituents is independently chosen from halogen, C;-Cralkyl, and
C;-Coalkoxy; and
Rag is hydrogen, C1-Cralkyl, Ci-Cshaloalkyl, or C;-Cyhaloalkoxy, wherein the
compound 1s not
(2R,6S,16aS,Z)-ethyl 2-(7-methoxy-2-phenylquinolin-4-yloxy)-5,16-dioxo-6-(2-
oxo-2-(piperidin-1-yl)ethyl)-1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a-
hexadecahydrocyclopropaelpyrrolo[1,2-a][ 1.4 ]diazacyclopentadecine- 14a-
carboxylate;
(2R,68,16a8,Z)-2-(7-methoxy-2-phenylquinolin-4-yloxy}-5,16-dioxo-6-(2-0x0-2-
(piperidin-1-yhethyl)-1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,1 6a-
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2R, 6R, 14aR, 16aS, Z) - N- (cycl opr opyl sul fony1l) - MCSLLP
(7- met hoxy- 8- nmet hyl-2- (pyri di n- 3-

f I qui nol i n-4-yl oxy) -5, 16-di oxo- 6- ( 2- oxo- 2- ( 4-

trifluor onhd:ﬁa;&b@ab'thecjzcdld:me;l&[%hy]oﬁ 2-a][1,4]diazacyclopentadecine-14a-

,2,3,5,6,7,8 % 13a, 14, 14a, 15, 16, 16ahexadecahydr ocycl opr opal e] pyrrol o

1,2- aj [1°%Poﬂfﬁfﬁ cl opent adeci ne- 14a- car boxat ni de

FZJR 6R, 14aRkb6aR®,14)s 244101 644 Ef g(ﬁn{éﬂ%x yhéﬁquumohn-él -yloxy)-5,16-dioxo-

i
fony

3,

0

y{ di n- 211y i’soqui nol i n- 1-yl o B-N - cl oprop

ony1) -5, 1@{%oaa6-(@lﬁezdmbyﬁe@4) L3156 SO0t Y3 b B 156l L6 y1 ) et hyp-
2,

r

yrrol of 1, 2o e Ry SR S R AR RO e
carboxylic amd

(2R,6R,13a8,14aR,16aS,Z)-ethyl 2-(7-methoxy-2-phenylquinolin-4-yloxy)-5,16-

(
2
y
(
1
[

(
(
|

1
P

dioxo-6-(2-0x0-2-(piperidin-1-yl)ethyl)-
1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a-
hexadecahydrocyclopropale]pyrrolo[1,2-a][1,4]diazacyclopentadecine-14a-
carboxylate;

(2R,6R,13a8,14aR,16a8,7)-ethyl 6-(2-tert-butoxy-2-oxoethyl)-2-(7-methoxy-2-
phenylquinolin-4-yloxy)-5,16-dioxo-1,2,3,5,6,7,8,9,10,11,13a,14,144,15,16,16a-
hexadecahydrocyclopropale]pyrrolof1,2-aj[ 1,4]diazacyclopentadecine-14a-
carboxylate;

(2R,6R,13aR,14a8S,16a8,Z)-ethyl 6-(2-tert-butoxy-2-oxoethyl)-2-(7-methoxy-2-
phenylquinolin-4-yloxy)-5,16-dioxo-1,2,3,5,6,7,8,9,10,11,13a,14,144,15,16,1 6a-
hexadecahydrocyclopropalelpyrrolo[1,2-a][1,4]diazacyclopentadecine-14a-
carboxylate;
(2R,6R,13aS,14aR,16a8,2)-N-(cyclopropylsulfonyl)-2-(7-methoxy-2-
phenylquinolin-4-yloxy)-5,16-dioxo-6-(2-oxo0-2-(piperidin-1-yl)ethyl)-
1,2,3,5,6,7,8,9,10,11,13a,14,144,15,16,16a-

hexadecahydrocyclopropal elpyrrolo{1,2-al{ 1 4]diazacyclopentadecine-14a-
carboxamide; and
(2R,6R,13aR,14a8,16a8.7)-N-(cyclopropylsulfonyl)-2-(7-methoxy-2-
phenylquinolin-4-yloxy)-5,16-dioxo-0-(2-ox0-2-(piperidin-1-yl)ethyl)-
1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,1 6a-
hexadecahydrocyclopropalelpyrrolo[ 1,2-a][1,4]diazacyclopentadecine-14a-

carboxamide.
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2. The compound or salt of Claim 1, wherein R; and R are joined to form a

pyrrolidine, morpholine, piperidine, or piperazine ring, each of which is substituted with

0 to 2 substituents independently chosen from fluoro, amino, hydroxyl, methyl, and

trifluoromethyl.

3. The compound or salt of Claim 1 in which Ry and R; are taken together to form a

group of the formula

O

X

<

=
S

O

s

NS

F4C

3- N— o\_/N-g-
@é %}3 %{N\CN% \/\\SﬁN/\:\/N_

HoN i _ 7N TN .
- \ . N </ ->_N \ ~§-
5 HQN“\T:\/ . = \_/\j
N .
F
CFs ¢ or
4, A compound or salt of Claim 2, wherein Rj is hydrogen or methyl and Ry is

hydrogen or C;-Csalkyl.

5. A compound or salt of Claim 4, wherein R; and Ry are independently hydrogen or

methyl.
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Nl (2R, 6R, 14aR, 16aS, Z) - N- (cycl opr opyl sul fony1) -

2-(2-(4-isopropyl thiazol-2-y1)-7-methoxy- 8-

met hyl qui nol i n- 4-yl oxy) -5, 16- di oxo- 6- (2- oxo-2- (pi peridin-1-yeethyl)-

1,2,3,5,6,7,8,9, 10, 11, 13a, 14, 14a, 15, 16, 16ahexadecal vdr ocycl opr opal e] pyrrol o

[ E2- al[ 1, 4].di azacycl openta I. ne- 14a- car bgxam de

(2R, 61%; 13a8, ié%@?é)‘fidl\&(s%8fi§&“8§’g7éﬁﬁe%§%§?-

6- (2-(3-fluoropiperidin-1-ye-2-oxoethyl)-2-(2.-

(4-isopropyl thiazol -2-yl)-7-nmethoxy-8- nethyl qui nolin-4-yl oxy)-5, 16-di oxo-

12,3,5,6,7,8,9,10,11,13a,14,14a,%3,16,16a-hexadecahydrocyc|opropa[e]pyrrolo
Y

[ E2-
0
R H
2__‘;\1;/1\!%‘\’?9

N
O .RsRg

-
-
-

where R, R4, R¢, and Ry are independently hydrogen or C-Caalkyl.

7. The compound or salt of Claim 6, of the formula

where D is an alkyl or alkeny! group having 6 to 10 carbon atoms; and

R3, R4, and Rg are independently hydrogen or C;-Cyalkyl.

102



all 1 .41di azaevelonentatierine-1 An -rnrherr STRUCTURE

spdp an en T..4 WD 2010/ 068761PCT/ HS2009/ 067507 EXAMPLE 6. A@@&W%CR

| DENTI FYI NG COVPOUNDS WWHI CH | NHI BI T HCV REPLI CATI ON [0174]
Conpounds cl ainmed herein are tested for the ability to inhibit viral
replication of the Hepatitis C replicon in cultured cells in which the HCV

replicaon construct E@i begn in {Q} Irepllcon syst em was
descri bed by "B&PPEAYEHP AGEACCE mg ‘P ? Y% f 988 4pp. 110-113 (1999)). The
replicon systemis predictive of in vivo anti-HCV activity; conpounds that
are active in humans uniformy evidence activity in the replicon assay.
[0175] In this assay HCV replicon €éontaining cells are treated with
di fferent concentrations of the test conpound to ascertain the ability of
the test conpound to suppress repljication of the HCV replicon. As a
positive control, HCV replicon-co ell'sjare treated with different
e

concentrations of |nterfeﬁpn al ph iRy or of HCV replication
The replicon assay systemi ncl udes o] i osphot ransferase (NPT) as a
conponent of the repllcqu tself rder to detect the transcription of
replicon gene productsRin #ﬂéﬁh5§?4§§?| Cellg in which the HCV replicon is
actively replicating have hpgiRd gyel the level of NPT is
proportional to HCV replication. I's in which the HCV replicon is not
replicating also have |low |l evel s of NPT and thus do not survive when
treated with Neomycin. The NPT | evel of each sanple is nmeasured using a
capt ur ad. ELIT8Acompound o sQit 66 1AW, etheedh for testing conpounds for the
ability to inhibit viral replication of the Hepatitis C replicon cultured
cel I's iRe iwHYRuSPHE@E i con construct has been incorporated, follows. B6A.
HCV Replicon and Replicon Expression

Ry; is C-Caalkyl, C3-Cecycloalkyl, phenyl, or benzyl, each of which is substituted with 0
to 2 substituents independently chosen from halogen, C;-Caalkyl, C;-Caalkoxy,
C,-Cyalkenyl, and (phenyl)Cy-Coalkyl.

11.  The compound or salt of Claim 10 wherein

Ryp is hydrogen or methyl; and Ry is Ci-Caalkyl or cyclopropyl.

12.  The compound or salt of Claim 2 wherein Y is O, -O(C=0}-, or -(NRyo}(C=0)-;

e

a,i ANE

Rap is hydrogen or methyl.

13.  The compound or salt of Claim 2 wherein Z 1s
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[0177] The HCV genone consists of a single ORF that encodes a 3000 am no
acid polyprotein. The ORF is flanked on the 5 side by an untM&ﬁéFated
region that serves as an internal ribosonme entry site (IRES) and at the 3
side by a highly conserved sequence necessary for viral replication

(Y-NTR). The strul al proteins, necessary for viral infection, are S’:>

| ocat ed end of the ORF. The non-structural prote desi gnated
NS2 to cOnpri sé the remai nder of the ORF. [0178 i - N
replicg 3", the HCV-1RES, the neonycin phosph

(neo) g-~‘f e | RES of encephal onyocarditis virus, which di
transl ation HCV sequences NS3 to NS5B, and the 3' NTR. The seguence of
t he HCV repllcon has been deposited in GenBank (Accession no. AJ242652) ’
WO 2010/068761P LUS20091067507 [017§ ,
tandard net hods

(Dul becco' s modi fi ed Eagl e media) supp edd with 10% FBS, L-gl'utam ne,
non-essential amno acids, penicillin (100 units/m ), streptonycin (100
m crograns/ mL), and 500 nlcrogranslnll of Ceheéticin (418), screening nedia

(DVEM suppl enent ed with 10% FBS, L-glutanine, non-esgepntial amno acids,
peni ci | iNS/rpt) and streptonycin (100 m ans/nil)), 96 well
ti ssueogul f Jlat bottom, 86 well plates bottom for drug
dilution ' éron~al pha for posrf|v. 3 fiXation reagent (such as
met hanol : , primary antibody (r4d -NPTI 1), secondary

ant i body: G- N , and enhancenent sol uti Ox [0181] HCV

replicon-contanni ng cell srsupport high |evel sv0t viral RNA replicon
replication when their density is suitable. over - confl uency causes

decreased viral RNA replication. Therefore, cells nmust be kept growing in
| og phesh of whidhgs putesibriekbo®, E@OOmﬁ@ﬁm@ﬁ@ﬁ@ﬂwhm&@kmﬁﬂE@OﬁmﬁﬁéﬁaIIy, cells

shoul d ass ek at 1. 4-6 Cel | mai ntenance is
conduc?ag%e%saf'gﬁ?%%.&" 43&8"5” WOI—W C?"%]tl &0 l%%lir] “aining cells are

exam ned under a m croscope to ensure that cells growing well. Cells are
rinsed once with PBS and 2 psin is added. The ceII) trypsin mxture
i s i nclibat ebhegongpugdion st Qﬁﬁlaifﬁémyh@fém 4 #ra gosp pf hetfednilaf t er i ncubat i on
10 nil of conplete nedia is agded to stop the trypsinization reaction.
Cells g?b blowp gq@tly, put @ a 15 nl tube, and spun at 1200 rpmfor 4
nlnutesg\& A/ nedi solution is renoved. Medium£5 m) is added
and theﬂcells ar nlxed care te
cell's areyf eded onto 96l tes at a de 6000- 7500

cell s/ 100 ﬁlQhﬂjlterS/ wel | 705 ceIIs/;%Gpil ate). The plates are
then incubated at 37 Cin a 5 0 JNRpcubat or 4% 0184] el | s are

exam ned under a m croscope agprOX|nated 24 hours after seeding and prior
to adding drugs If counting and dilution were perforned correctly, cells

s are cou [0183] The

are 60- g{luent and nearly all cells should attach and spread evenly
in the f3 j Treatment of HCV-replicon containing cells with Test
C‘orrpoun)g4 RQ@8761PCT/U82009/067507 [ 0185] HCV

replicorfg nt nlng cells are rinsed with once PBS once; 2 ms of trypsin

are then added~ Cells are incubated at 37C in a 5% CQ2 incubator for 3-5
mnutes. 10 ms of conplete mediumis added to stop the reaction. Cells are
bl omn gently, put into a 15 nil tube, and spun at 1200 rpm for four

m nut es. Thﬁhmtmpsin/nediunlsolution is renoved and 5 ms of nmedium (500 m

DVEM ( hi gh ose) r BRL atalo 4: 50 s .10% RBSx- 5%
Geneticin Cg&gg %@%ﬁg ’Fﬁ?%gﬁfﬂ %’teaﬁi%’glyﬁ é% 3(5%550 m%rerrﬁ1 r@ﬁ “Sssent i al
am no geiNds (100x BRL #11140-050) and 5 ml pen-strep (BRL #15140 148) is
added. Thé cells and nedia are m xed carefully 0186] Cells are

pl at ed wi t HGsanddeninadndrpdndemily S50 mSDwérW(sBﬁmdﬁ_@o@ :029), 50 ml PBS (BRL
#10082-147) and 5 mM MEM non- essent%g am no acid (BRL #11140-050) at
6000- 7500 fcells/ 100 ullwell of 96 Il plate (6-7.5x105 cells/ 10
m/plate). Plates are placed into 37C 5% CQ2 i ncubat or overni ght. 6D. Assay
[0187] The follow ng norning, drugs (test conpounds or interferon al pha)
are diluted in 96 well U bottomplates with nmedia or DMSQ nedi a, dependi ng
on the final concentration chosen for screening. Generally for 6
concentrations of each test conpounds ranging from 10 m cronolar to 0.03
m cronol ar are applied. 100 ul of the test conpound dilution is placed in
wells of the 96 well plate containing the 1-1CV replicon cells. Mdia
mnthout drug |s added to ‘sone mells as a negatlve controls DVSO i s known

o A AN~



[0193] Cellular protein al bum n nmeasurenments provide one marker of
cytotoxicity. The protein |evels obtained fromcellular al bdt§dlldssays may
al so be used to provide a normalization reference for antiviral activity of
conmpounds. in the protein al bum n assay HCV repliconcontaining cells are
treated for Refvepesedygomi G o Jgpies isdepeadentibrahoas o hefogseliydxamlhi n; a

conmpound.that is otoxi e at hi r thkons. The cells
are | y@woaﬁ@l?héé%g@m’ ’F&s(g[tg’eéﬁgé%}? B%ibé‘”ble %ﬁ%ﬁ%g%’?ﬁ%%%g&g’o% anti-al bumin
ant i bodyalR$1tHi€,afddce ARG EACCRalkABmEd, € 28h&balkel, add pulBalodlRexyp! ate is then
washed 6 tines with 1X PBS. After washing away the unbound proteins, nouse

nonocl onal Bertis hpidiigaen delogan.dyeipsvh W%H%%ﬁﬁ%dcpN% fePPRe Cailsaliih on the
| ate. ~T i det 8¢ i = | d ti-

P s CLCGEBTRA L BTG HEL R UE 410000 oP RO bR B € e A oy et
vi abi | Clatkyteyterals0 kedodleleont p€chadbyaliCklyl d TER 96 AQUECUS ONE Sol ution Cel

Proliferatign Assay (Pro , . Madi_son , a colorinmetrjc assay for
det er ni ni ngR22\AE)(I§I§’§@I§_6€§;§g§dﬁh€J§QE%QCI:Z\%%%‘@V(HYHQYM;??%@&&‘ Vi able cells. In
this mehioslhBetongyl tahtd vile: Selbsiond®sRf o 1] oM Sseageat | s added to

each i'ng’to manufacturer's instructions, plates are incubated at
37C anohdepadesty ¢OsdOfomm During the incubation period living cells covert

the MIS re nt t farmazan prod i sSQr ps 9 Thus the 490
nm absor ba?l-g 05 8?’ ‘%85@? PP eP m@ﬂ?b&%ggh@hg@ﬁﬁf é%"&éﬁqg]‘fj‘ycel s in

cul t ur &iono- and di-d, L3Ry nidb fEShoeRRRN] Sanrigholhetieahl sdar A bum n and MIS
met hods for determ ning cytotoxicity may be obtained as follows: Cells are
treated witRxdbPie? enpstidemedndenendonly chpsendeam balogoudddesxykéhi oxant hin for
a thr e aﬁ@fiﬁr(iog'akp&i or to lysis for detection album n as descri bed
above, 't e bérﬂ YI's added accor di ng to manufacturer's instruction to
each well and incubate at 37 C and read at OD 490 nm The cellul ar al bumn
guantitation is then perforned_as described above. MCSILP CLAINS |.A
conpouhd of Thheompsuad joa salRaccpuding © @aingsh. giherein Kdp Agrapmatéhg foymglacept abl e
sal t thereo% where Ris -NRIR2 and Rl and R2 are joined to forma 4- to 7-
menber ed he Qcyclpal kyl ring containing O to 2 additional heteroatons

i ndependent | y; ?::(\ fom N, 0, and S which ring is optionally fused to a

5- or 6- msn)‘gere heterocyclic ring, containing 1 or 2 heteroatons

i ndependent | y*-gH0s romN, 0, and S, or optionally fused to a 5- or

6- menbered carbocyshic ring to forma bicyclic ring system each of which
5- to 7- nenbered heterocycloal kyl ring or bicyclic ring systemis
optionally substituted; or R and R2 are taken together to form an

optionally substituted 5- to O- ered_hri dged,.het erocycli.c ring
cont ai Hi-ng 'Bhe compoung of, sl ?ﬁogﬁﬁ?n?gl?w ,regrlsqu{ng}fg? O%@?%éﬂ’,‘m%nd Rg are

i ndependent IZQ/ (a) hydrogen, hal ogen, or am no, or (b) Cl-C6alkYl,
C2- Caal keny 1\ g pal kyl ) Co- Cal kyl , (ary0C0- Cal kyl ,
(heteroaryl) yl, (C3-Crcycl oal kenyl ) Co- C4al kyl

C - Csal kyl am no,

(het erocycl o C2- Coal kanoyl, or nono- or di-
edch of which is optionally substituted; R6 is hydrogen,

Ci - C6al kyl , or (C3¥E7cycl pahdyin) CO- C2al kyl ; D is an al kyl or al kenyl group

having 6 to,10 carbon atous th [ ) covalently bound. t A ere R7

e " et hy kBBt Grdp ey pdstdort St Efbrin i it S eafitont onal Iy

subst i duYkiadety fldegdn¥hily EMt@ed gomarhidpin Riydesd/1 Rgnibe] dignd, ot o forma 3-

to 7- nmenbered olp |onallﬁ{subst|tuted cycloalkyl ring; T is a group of the

f oi | M GOOH Gi-f@rlkph (Rd 42 aﬂNFk] CoSatkpxyapgno- and di-C;-Cyalkylamino, C;-
Cshaloalkyl, and C;-C;haloalkoxy; and
Ry is phenyl, pyridyl, or thiazolyl, each of which is substituted with 0, 1, or 2

substituents independently chosen from halogen, hydroxyl, amino, cyano, -COOH, -
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Rio and R11 are independently at each occurrence hydrogen or
trifluoromethyl, or G -C6al kyl, C2-C6al kenyl, (aryl)Co-C2al ¥§PELLP

(C3- Crcycl oal kyl ) Co- C2al kyl, (heterocycloalkyl) Co-C2al kyl, or (5- to

10- menber ed het eroaryl) Co- C2al kyl, each of which is thionall¥ substi t ut ed,
Y is - CONHYC=OplkybCiZdalkogponeno- anthdi-Ci-6ralkkylamigggtiflgoromethyl, and
hetero%ﬁé%%Cb- al kyl , each of which Z is substituted with O or | or nore
substi anf 8§%endently chosen from hal ogen, hydroxyl, am no, cyano,

- CONH2, -COOH, C2-C4al kanoyl, C1-Gi al koxy, nono- and di G - Col kyl am no,

Cl- C2hal oal kyl, and G - C2hal oal koxy, arid 0 or 1

( C3- C7&Ycl odPryPNEaAricylt of Chanyl Vesetral kyl , or (5- or 6-menbered
het er ogr y: : : ' 1.8 [ it .

cubst | Rauie etid c hon ARG Ronl M 07 cbs RS M h b hdongibnalf o o,
Cl- Cal kyl , Gildittadd baipgemmbetituamtdht die- Cp&Saadrkyd thaiymaplite;ishiuor omet hyl , and
trifluoromethoxy, RL6 represents O .to. .4 substituents is independently
c_hoseanDr‘é ?@Ld@’é‘ﬁ}’lsefﬁwmyﬁf@hgﬁﬁ’%@-lw K ,Wgﬁ&, R4 s hydr ogen,

?Z-R ng' lixégés%sﬁgt%ﬁ@:l-,o@épwdenﬂ%h&%ﬁ%ﬂaln&%ﬁ%mom%%ra &hegefpepnd is not
2- (7- met hox@xephanydicglicyiahiine.4- yI oxy) - 5, 16- di oxo- 6- ( 2-

0x0-2-(pi peridin-1-yDethyl)-1,2,3,5,6,7,8,9, 10, 11, 134, 14, 14a, 15, 16, 16a-
hexadecahydr ocycl opropa[e] pyrrolo[ 1,2-a] [| ,4] diazacycl opentadeci ne-

14acar boxyl at@mpound or salt of Claim 1 of the formula _

(2R, 6S, 16aS, Z) - 2- ( 7- mret hoxy- 2- phenyl qui nol i n- 4-yl oxy) -5, 16- di oxo- 6- ( 2- 0x0- 2
- (piperidin-1-ypetfy|)-1,2,3,5,6,7,8,9,1@,11,13a,14,14a,15,16,16a- MCSLLP
hexadecahydr ocycl gpropal e] pyrrol o[l,2-a]Y&1,4]RgiQ;acyg%opentad

eci ne- 14acar boxyl i} ¢ aci d, 0 7
(2R,6R,13aS,14aFLéﬁ§SRZ9-§-(7- t hoxy- 2- phenyl l&ﬂ%§&¥%gxy)-5’l6-diOXO6
9

- (2- ox0- 2R pi peridi - A, 2,3,5 6,7, , 10HN+1
a,14,14@,15,36;&£aNhex§deca drocycl qpr 4e] pyrrol o[ 1.22Rg] [ 1, 4] di azacycl op

4aR016aS, Z)< et hyl
z /
1,2,3,5,6,7,8,9,10,11, 13a, 14, 14a, 15, 16, 16a- » OT

hexadecahydrocycl opgopa[ e] pyrrolo [1,2-a] [1, 4] diazacycl opentad

eci ne- 14acarboxyl atg¢; (2R, 6R, 13aS, 14aR, 16aS, Z) - et hyl|

6- (2-tert-butoxy-2-egxoethyl)-2-(7-methoxy- 2-

phenyl qui nol i n-4-yl o ljg,16@dioxo-1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,1
14a

6a- hexadecahydr ocycl gpro pyn-a o[ 1, 2-a] [ 1, 4] di azacycl opent adeci ne-14a-c
arboxyl ate; (2 6R 13 16aS}j|Z) - et hyl

6-(2-tert-butoky-@& oét hyl )= 7 - mad;hoxy - 2-

phenyl qui nol i pN4- ~5, 16-di bXw-1,2,3,5,6,7,8,9,10, 11, 13a, 14, 14a, 15, 16, 1
6a- hexadecaRydr offycl apr opa[ e] pyXrol o 1, 2-a] [ 1, 4] di azacycl opent adeci ne- 14a-c
ar boxyl at e; < '
(2R, 6R, 13aS, 14aR, 16aS, yet opr opyl sul fonyl) - 2- ( 7- met hoxy- 2-
phenngPinolin-4-y|oxy)-5,16-dioxo-6-(2-oxo-2-(piperidin-l-ypethyl)-

1,2, 3,'%"8%% 8,9, 10, 11, 13a, 14, 14a, 15, 16, 16a- hexadecahydr ocyci opr opa[ e] pyr r ol
o[ 1, 2-r] ink B £t pAA&Y ! fORE BA asteRlRe i G, RRPRAIER; pipBedine, or
(2R,6é§£3a&%&4a_,16aS,Z)-N—(cycIop?%ﬁ%lsuIfonyl)-Zi%?-nethoxy-Z-

phenyl qui nalpP¢razang gy ) - 5, 16- di oxo- 6- (2- oxo- 2- (pi peridin-1-yflethyl)-

1,2,3,5 £:,.9, - 4a, . I opa[ e] pyrr ol
o 1. 2: iR s A A R s R A R R R AR RBEL
conpound orargiabthyadfoxelh,alAC:kikyhederi fludbmetdl Radare joined to foill a
pyrrolidine, norphaoline pigeridine, gr pi perazine ring, each of which is
subst iyt w@stitier voth Gopl sihsitueptdivsen fomapehersnmine. emgén-Febad.Guor |

am no, hydr y d0:1 fluoromethyl. 3. The conpound or salt of
Caiml in é@%ﬂ Sugﬁﬁghﬁﬁﬁgﬂg?%ﬁfaken together to forma group of the
folinula 106
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Rjis hydrogen;

R4 is hydrogen, C;-Cyalkyl, or (Cs-Creycloalkyl)Co-Coalkyl;

Rg and Ry are independently hydrogen or methyl;

Rois ~-NR:SO2R1;

Ryg is hydrogen or methyl; and

Ry; is Cy-Caalkyl or C3-Cheycloalkyl; and Rjzis Ci-Caalkyl;

Rig is 0 to 2 substituents independently chosen from halogen, C,;-Coalkyl, and C;-
Coralkoxy;

Y is O, -O(C=0)-, or «(NH)(C=0}-; and

Z 1s a group of the formula:

Nﬁ\ c22/ 8/>
S N’
ooh bl
P ’ =
lf\lf\..r

: NV
N = NF
Neao X N 0 Nao” X
z UMV ooor >
vy e

each of which is substituted by 0, 1, 2, or 3 substituents independently chosen from

halogen, C;-Caalkyl, C,-Csalkoxy, and mono- and di-C,-Cjalkylamino.

19. A pharmaceutical composition comprising a therapeutically effective amount of

one or more compounds or salts of Claim 18 and at least one pharmaceutically acceptable

carrier.

20. A compound or salt of Claim 18 wherein Z is a group of the formula
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i which is substituted by 0, 1, 2, or 3 substituents independently

chosen from halogen, C;-Cialkyl, C;-Cialkoxy, and mono- and di-C;-Cyalkylamino.

21. A compound or salt of Claim 1, wherein the compound is
(2R,6R,16a8S,7)-14a-(cyclopropylsulfonylcarbamoyl)-5,16-dioxo-6-(2-0x0-2-
(piperidin-1-yDethyl)-1,2,3,5,6,7,8,9,10,11,13a,14,142,15,16,16a-
hexadecahydrocyclopropa[e]pyrrolo[1,2-a][ 1,4]diazacyclopentadecin-2-yl 4-
fluoroisoindoline-2-carboxylate;
(2R,6R,13aR,14aR,16aS)-N-(cyclopropylsulfonyl)-2-(7-methoxy-2-
phenylquinolin-4-yloxy)-5,16-dioxo-6-(2-oxo-2-(piperidin-1-
vl)ethyl)octadecahydrocyclopropaje]pyrrolof1,2-a][ 1,4]diazacyclopentadecine-14a-
carboxamide;
(3S.13R,17R,18aS)-N-({cyclopropylsulfonyl)-17-(7-methoxy-2-phenylquinolin-4-
yloxy)-1,14-dioxo-13-(2-oxo0-2-(piperidin-1-yl)ethyloctadecahydropyrrolo[ 1,2-
a][1,4)diazacyclohexadecine-3-carboxamide;
(35,4S8,12R,16R,17a8)-N-{cyclopropylsulfonyl)-16-(7-methoxy-2-
phenylquinolin-4-yloxy)-4-methyl-1,13-dioxo-12-(2-oxo-2-(piperidin-1-
yDethyhhexadecahydro-1H-pyrrolo[1,2-a][1,4]diazacyclopentadecine-3-carboxamide;
(3R,12R,16R,17aS)-N-(cyclopropylsulfonyl)-16-(7-methoxy-2-phenylquinolin-4-
yloxy)-3-methyl-1,13-dioxo-12-(2-0x0-2-(piperidin-1-yDethyl)hexadecahydro-1H-
pyrrolo{1,2-a][ 1,4]diazacyclopentadecine-3-carboxamide;
(2R,6R,13a8,14aR,16aS,Z)-N-(cyclopropylsulfonyl)-2-(7-methoxy-2-
phenylquinolin-4-yloxy)-5,16-dioxo-6-(2-oxo-2-(pyrrolidin-1-yljethyl)-
1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,1 6a-hexadecahydrocyclopropal eJpyrrolo{ 1,2~
a][1,4]diazacyclopentadecine-14a-carboxamide;
(3R,12R,16R,17aS,Z)-N-{cyclopropylsul fonyl)-16-(7-methoxy-2-phenylquinolin-
4-yloxy)-1,13-dioxo-12-(2-0x0-2-(piperidin-1-yDethyl)-
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2.3.4,7.8,9,10,11,12,13,15,16,17,1 7a-tetradecahydro-1 H-pyrrolof1,2-
a)[1,4}diazacyclopentadecine-3-carboxamide;
(3S,12R,16R,17aS,Z)-N-(cyclopropylsulfonyl)-16-(7-methoxy-2-phenylquinolin-
4-yloxy)-1,13-dioxo-12-(2-0x0-2-(piperidin-1-yl)ethyl)-
2,3,4,7.8.9,10,11,12,13,15,16,17,17a-tetradecahydro-1H-pyrrolo[1,2-
a][1,4]diazacyclopentadecine-3-carboxamide;
tert-butyl 2-((2R,6R,13a8,14aR,16aS,7)-14a-(cyclopropylsulfonylcarbamoyl)-2-
(7-methoxy-2-phenylquinolin-4-yloxy)-5,16-dioxo-
1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a-hexadecahydrocyclopropale]pyrrolo[ 1,2-
a][1,4]diazacyclopentadecin-6-yl)acetate;
2-((2R,6R,13a8,14aR,16a8,7)-14a-(cyclopropylsulfonylcarbamoyl)-2-(7-
methoxy-2-phenylquinolin-4-yloxy)-5,16-dioxo-
1,2,3,5,6,7,8,9,10,11,13a,14,144a,15,16,1 6a-hexadecahydrocyclopropafe]pyrrolo] 1,2-
a][1,4]diazacyclopentadecin-6-yl)acetic acid; '
(2R,6R,13a8,14aR,16aS,Z)-N-(cyclopropylsulfonyl)-2-(7-methoxy-2-
phenylquinolin-4-yloxy)-6-(2-morpholino-2-oxoethyl)-5,16-dioxo-
1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,1 6a-hexadecahydrocyclopropafe]pyrrolo[1,2-
aJ[1,4}diazacyclopentadecine-14a-carboxamide;
(2R,6R,13a8,14aR,16aS,Z)-N-(cyclopropylsulfonyl)-6-(2-(4,4-difluoropiperidin-
1-yD)-2-ox0ethyl)-2-(7-methoxy-2-phenylquinolin-4-yloxy)-5,16-dioxo-
1,2,3,5,6,7,8,9,10,11,13a,14,144a,15,16,1 6a-hexadecahydrocyclopropale]pyrrolo[ 1,2-
a][1,41diazacyclopentadecine-14a-carboxamide;
(2R,6R,13a8,14aR,16aS,7)-N-(cyclopropylsulfonyl)-2-(7-methoxy-2-
phenylquinolin-4-yloxy)-5,16-diox0-6-(2-oxo0-2-(4-(triflucromethyl)piperidin-1-yl)ethyl)-
1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a-hexadecahydrocyclopropalelpyrrolof1,2-
a][1,4]diazacyclopentadecine- 1 4a-carboxamide;
(2R,6R,13a8,14aR,16aS,7)-N-{cyclopropylsulfonyl)-6-(2-(3,3-difluoropyrrolidin-
1-yD)-2-oxoethyl)-2-(7-methoxy-2-phenylquinolin-4-yloxy)-5,16-dioxo-
1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,1 6a-hexadecahydrocyclopropa{e]pyrrolo[1,2-

a][1,4}diazacyclopentadecine-14a-carboxamide;
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CF3 2N H"Sc Nc 2 O h--N-Th - QN 71. - N-f. 4. A conpound or
salt of daim2, wherein R3 is hydrogen or nethyl and R4 i §d%dPogen or
Cl-Cal kyl. 5. A conmpound or salt of Claim4, wherein R3 and R4 are

i ndependent | drogen or nmethyl. 6. The conmpound or salt of Cairn 5, of

Lo o e (LT B - e 20ahoay BB HgE eyl ko or
G <o itk g 0 SRR SR 55, G o0 B e o e
al kyl wtra&édéﬁj’f&b- 191 py@oibmgmg 1 @1digrat(clopunbaieciab Qnsirb@ntic R3id; R4, and R6 are
' ndependent 3%{ ? Ig rl g el 7a§) rZ) N- (cyclloi;%/olpyl sulfonyl)-16-(7-methoxy-2-phenylquinolin-
4-yloxy)-3-methyl-1,13-dioxo-12-(2-0x0-2-(piperidin-1-yl)ethyl)-
2,3,4,7.8,9,10,11,12,13,15,16,17,17a-tetradecahydro-1H-pyrrolo[1,2-
alf 1 ,4]jdiazacyclopentadecine-3-carboxamide;
(38,12R,16R,17aS,Z)-N-(cyclopropylsulfonyl)-16-(7-methoxy-2-phenylquinolin-
4-yloxy)-3-methyl-1,13-dioxo-12~(2-0x0-2-(piperidin-1-yl)ethyl)-
2,3,4,7.8,9,10,11,12,13,15,16,17,1 7a-tetradecahydro- 1 H-pyrrolof 1,2-
a]{1,4]diazacyclopentadecine-3-carboxamide;
tert-butyl 4-(2-((2R,6R,13a8S,14aR,16aS,7Z)- 1 4a-(cyclopropylsulfonylcarbamoyl)-
2-(7-methoxy-2-phenylquinolin-4-yloxy)-5,16-dioxo-
1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a-hexadecahydrocyclopropal e]pyrrolo[1,2-
a][1,4]diazacyclopentadecin-6-yl)acetyl)piperazine-1-carboxylate;
(2R,6R,13a8,14aR,16aS,7)-N-(cyclopropylsulfonyl)-6-(2-(3,5-dimethylpiperidin-
1-y1)-2-oxo0ethyl}-2-(7-methoxy-2-phenylquinolin-4-yloxy}-5,16-dioxo-
1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a-hexadecahydrocyclopropalelpyrrolo[ 1,2~
a][1,4]diazacyclopentadecine-14a-carboxamide;
(2R,6R,13a8,14aR,16aS,2)-N-(cyclopropylsulfonyl)-6-(2-(2,6-dimethylpiperidin-
1-vl)-2-oxoethyl)-2-(7-methoxy-2-phenylquinolin-4-yloxy)-5,16-dioxo-
1,2,3,5,6,7,8,9,10,11,134a,14,14a,15,16,16a-hexadecahydrocyclopropalejpyrrolo[ 1,2~
a][1,4]diazacyclopentadecine-14a-carboxamide;
(2R,6R,13a8,14aR,16a8,Z)-N-(cyclopropylsul fonyl}-6-(2-(4-fluoropiperidin-1-
yl)-2-oxoethyl)-2-(7-methoxy-2-phenylquinolin-4-yloxy)-5,16-dioxo-
1,2,3,5,6,7,8,9,10,11,13a,14,144,15,16,16a-hexadecahydrocyclopropale]pyrrolo[1,2-
a][1,4]diazacyclopentadecine-14a-carboxamide;
(2R,6R,13a8,14aR,16aS,2)-N-(cyclopropylsulfonyl)-2-(7-methoxy-2-
phenylquinolin-4-yloxy)-3,16-dioxo-6-(2-0x0-2-(3-(trifluoromethyl)piperidin- 1 -ylethyl)-
1,2,3,5,6,7.8,9,10,11,134a,14,14a,15,16,16a-hexadecahydrocyclopropale]pyrrolo[1,2-

a][1,4]diazacyclopentadecine-14a-carboxamide;
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9. The conmpound or salt according to Claim38, of the formula 10. The
conpound or salt of aim2, wherein RO is -NRI 0S02R11; andC&4Pis

Cl - C4al kyl, C3-Cé6cycl oal kyl, phenyl, or benzyl, each of which is
substituted with O to 2 substituents |ndependent I(%/ chosen from hal ogen,

G - C4al kyl , (ZB6RA4drkeMR. ] 6and)-Npkedgppoplsdienyby-(7-methoxprE(tidgoend or sal t

of daim 10 .wh Q is Cl-Cal kyl or

cycl opyfg] P()lm'%ﬁ%xm?@o&r%%}égﬁgﬁ 0%srba tpé@h@{gl)m%erel nYis 0, -0(C=0)-
- (NR20).£,673.9,10,2nd 3820 1115 1 Hy6ln 6gbexadecalptifvel clopbBalEigretspound or sal t

of Caim2 wherein Z is  MCSLIP each of which is substituted by 0, 1, 2,

or 3 fsﬁbﬁiqli?éﬂféonmﬁéﬁ@ﬁﬁéﬂ% F3be¥BRIER from hal ogen, Cl- C4aljky| o
Cl-Ca

G aim o R RO LA el 2 R AR o LD BB 0T 8. xa, and
)C(Bg ar ephmgg;manﬁgm tzlymm Mzwnmd@/lmorpimhﬁo)bl}anoﬁhpi())?ﬂ6)@193&5 ar(Fa) N G agl
rep?regé:%g? 5’17 %ﬁﬁ bétlﬁ g 54 6%%31558 @gé"pg‘ﬁ@gﬁ?a%d QWOP%‘]'HYI‘?%I\!!@S;FL hydr oxyl ,

am no, Y@ﬂﬁ’az o iR rade G- CAnSARilY,! . C2- CAal kanoyl, Cl1- CAal koxy,
Cal kyl t nmorio- "and di - Cl - C4al kylam no, Cl-C2hal oal kyI and

Cl- C2hal oal RBOR,13a8,14aR, 1RBZ )5 - (hyd@prgpﬁsulﬁHbe)g@ﬁZ (hﬁdroxyl am no, cyano,

- CONH2 t hi -
N s G L Koo G T PRI 2 Rt By b o o
or 1,2.3,5,683 9,50, (ph@eny/i 140t CPal evhex a@aaidlo) (0o krdpiks¥olof 1,2-

(pyri dy] 5(50 al’ Ky (t hi’azol y1l) Co- C2al kyl , each of which is substituted

with oa][hﬁ]dmza@fcéqm’gufiﬁm@mﬂéa -fatbepandent |y chosen from
(2R,6R,13a8,14aR,16a8,7)-6-(2-(2-0xa-5-azabicyclof2.2.1 theptan-5-y1)-2-
oxoethyl)-N-(cyclopropylsulfonyl)-2-(7-methoxy-2-phenylquinolin-4-yloxy)-5,1 6-dioxo-
1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a-hexadecahydrocyclopropale]pyrrolo[1,2-
a][ 1,4]diazacyclopentadecine-14a-carboxamide;
(2R,6R,13a8,14aR,16aS,2)-N-(cyclopropylsulfonyl)-2-(7-methoxy-2-
phenylquinolin-4-yloxy)-6-(2-(3-methylpiperidin-1-yl)-2-oxoethyl)-5,16-dioxo-
1,2,3,5,6,7,8,9,10,11,13a,14,144a,15,16,16a-hexadecahydrocyclopropale}pyrrolof1,2-
a)[1,4]diazacyclopentadecine-14a-carboxamide;
(2R,6R,13a8,14aR,16aS,7Z}-N-(cyclopropylsulfonyl}-6-(2-(4,4-difluoropiperidin-
1-yD)-2-0xoethyl)-5,16-dioxo-2-(2-phenylquinotine-4-carboxamido)-
1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a-hexadecahydrocyclopropalelpyrrolof1,2-
a][1,4]diazacyclopentadecine-14a-carboxamide;
(2R,6R,13aS,14aR,16aS,7)-N-(cyclopropylsulfonyl)-5,1 6-dioxo-6-(2-0x0-2-
(piperidin-1-yl)ethyl)-2-(2-phenylquinoline-4-carboxamido)-
1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,1 6a-hexadecahydrocyclopropale]pyrrolo{1,2-
ali1,4}diazacyclopentadecine-14a-carboxamide;
(2R,6R,14aR,16a8,2)-N-(cyclopropylsulfonyl}-5,16-dioxo-6-(2-0xo-2-(pipertdin-
I-yDethyl}-2-(2-phenylquinoline-4-carboxamido)-
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hal ogen, hydroxyl, am no,
di - C1- Aal kyl am no, trifl

cyano, -COOH, -CONH2, Cl-Cal koxY, -n and
uoronet hyl, and trifluoronethoxy; h’ggédﬂp R23

is 0 to 2 substituents independently chosen from hal ogen, hydroxyl,

Cl C2al kyl , and Cl-C2

| k . 15. Th
vhor i BOB-56 T8 Si0h D ot 4] i o horage

conpound or salt according to Cl aim 14,
Jb agyg@cgqiwpa{iewnﬁ ,[13:-- X5 tn/li

%g Tuﬁéf,gjﬂgﬂégfck%nﬁ%ﬁn@fl490%99@}1%6;"‘“9re Zis a quinoline of the formul a

represents a substituent at the 7-position of the

qui nol i ne, GRI6R,14aR 26zR1A)-N-@yeloppbstiftnénd < 2i(hdehBncteptpeydiohlogleén from

el 00 AU RS 09,

:(%?%ﬁgrﬂ%%h@m%ﬁ@%?%%{ lyl’og%_ C4al kanoyl ,

Cl'CZhi",'ZSB?é,g,@S},’g,i(ﬁ@glfia,l4,143,1{5?@,Iéash%@%yd&)é§&l%pa fpykddicizol yl, each of

whi ch i's substituted wth 0

hal ogeal| 1 Ajdizexydlgpentai ean

, 1, 'or 2 substituents indepéndently chosen from
c-tympmboxa@@d, - MCSLLP CONH2, G - C4al kyl,

Cl- C4al k . L- C1- C4al kyl ami ifJ. hyl,, ,and
7 1 aor oL OB T P S SRS Bl R R OB R o 15 4
net hoxaﬂﬂﬁo@hﬁa@p@éﬂamu- E&hyﬁl}@hﬁyﬁdﬂoﬁmi&%dﬂfydl‘df@rogllﬁﬂgdﬁkiﬂ@lin-and

optionally an additi onal

al ogen substituent at the 8-position of the

qui nol XV d. 328,759 pAdhyBa. I Al Aediil 6,168 t hi azol yl, each of which is

bsti{ ut it h 5 i S t hyl,
et noxb gt Sesontond e PR st Rl DB YL TARER AT, o 0
Caiml of {iresK 0#4RII GaSiENeichclRbropidulRihy@y-£ 1 p-alimeds{Dokelrpaeridet i di ne,

pyrrolidine

, hol i | i i_di ne, i ; ing, C
subst | Labeds -0V s kv veTe hadiabindh y ehbsen 1 Fom Tl uoro,
am 1o, 1 JXH O 1E1 1281 K¥da 1@%’16%&%&9&99&%%!1%@@@@3@@& ituted with

0 or 1 ’suUbstituent ¢

f orh et hoxyi m no,

Cl C2al &y1,8)didzecwelapeatadequye- bdr-carboxanBSLLP R3 is hydrogen; R4 is hydrogen,

Cl - C4al kyl , _or - C/cycl oal kyl.) Co- l.kyl.; and RE are |ndependentl

0 sl ot TR PRI ity 0. 204,55 B, dgpandem T
4-yloxy)-5,16-diox0-6-(2-0x0-2-(4-(pyrrolidine-1-carbonyl)piperazin-1-yl)ethyl)-
1,2,3,5,6,7.8,9,10,11,13a,14,14a,15,16,16a-hexadecahydrocyclopropale]pyrrolo[1,2-

al[1,4]diazacyclopentadecine-14a-carboxamide;

(2R,6R,14aR,16a8,Z)-N-(cyclopropylsulfonyl}-6-(2-(4-(ethylsulfonyl)piperazin-

1-yD)-2-oxoethyl)-2-(7-methoxy-2-phenylquinolin-4-yloxy)-5,16-dioxo-

1,2,3,5,6,7,8,9,10,11,13a,14,

14a,15,16,16a-hexadecahydrocyclopropafe]pyrrolo[1,2-

a][1,4]diazacyclopentadecine-14a-carboxamide;

(2R,6R,14aR,16a8,Z)-N-(cyclopropylsulfonyl)-2-(7-methoxy-2-phenylquinolin-

4-yloxy)-5,16-dioxo-6-(2-0x0-2-(4-(pyrazin-2-yl)piperazin-1-yl)ethyl)-

1,2,3,5,6,7,8,9,10,11,13a,14,

14a,15,16,16a-hexadecahydrocyclopropalejpyrrolo[1,2-

a][1,4]diazacyclopentadecine-14a-carboxamide;

tert-butyl 2-((2R,6R,14aR,16a8,7)-2-(8-chloro-7-methoxy-2-(pyridin-2-

yquinolin-4-yloxy)-14a-(cyclopropylsulfonylcarbamoyl)-5,16-dioxo-

1,2,3,5,6,7,8,9,10,11,13a,14,

14a,15,16,16a-hexadecahydrocyclopropale]pyrrolo[1,2-

alf1,4]diazacyclopentadecin-6-yhacetate;
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R10 is hydrogen or nethyl; and Al is C-C4al kyl or C3-Crcycl oal kyl; and
1212 is CE-C4alkyl; R16 iS O to 2 substituents independenhkynﬂﬁosen from

hal ogen, Cl-C2al kyl, and G C2a|koxy Yis 0, -0(C=0)- -(NH) (C=0)-; and
Zis a groug of the foinula; ach of which is substltuted by 0, 1, 2 or
3 subst it ueAt(ER.fRd fethd 62 Zgr2dﬁxf§8ﬁ0f7ria¢ﬁlw egBwidig2-daguyelin-¢f - G al koxy,

and no maceuti cal conposition
conpri gﬁﬂﬂ}ﬁgdg%nﬁ?lca%ﬁ@léﬁ?m%ﬁ?ééégﬁgﬁﬁt of one or nore conpounds or
salts sz X3,6)7(8,9,80,and3a1 4,1 ¢85, 66a-pbradambeditac cabpriypaefmpioddiil - carri er .

20. A compound or salt of Caim18 wherein Zis a group of the foiliula
NCSLLP?mhﬂkhmﬁéy%ﬁﬁﬁF@?ﬂ?éﬁﬂﬁvmﬁpa%d 2, or 3 substituents |ndependently

Chose“ fro %}@ 981R 1 s S m‘%l hldd-7- I%tﬁbh% 2“? Mrip&f4-
- Cl- Call gt d!rsr?nogké "R co é:unod or salt )(pg?(gﬂm e?{ejl corrpound
| s N- (cyclopropylsulfonyl) 5 16-dioxo-6-(2-0x0-2-(piperidin-1- yl)ethyl)

(pi por eyt Y8  SPAB S e Rethaf b Rt aroh s iperols Eeéﬁ'eiéﬁ'eighyd
rocycl gpr apRLALRYSIcRtabdn212d LAbdighiagacycl opent adeci n-2-y1 4-

f 1 uor oi'soi ndol i ne-2- car boxyl at e;
(2R, 6R, 13aR2M4ER1 488 5paNnL- aﬁwbm@ayn@hmehmn@n@?ylmmw4 -gloxy)-

h I | 6- fleth tad
Pvar ocyarenPoRal R G s o A ) e oRBRhE: Sickin car boxar dor
(3S, 13Rz£?535,1,&§§)6,l\k ( 33 T4, 0, DRYS, $6d- ﬁ@d&ﬁédahﬁm(zyd@@bbq&gybeenyl qui nol i n- 4-
yl oxy) -1, 14-di oxo- 13- ( 2- 0x0- 2- ( |per|d|n 1- ypet hypoct adecahydr opyrrol o[ 1, 2-

al [ 1, 4q][ﬂ Aldireperchmeniadecdihédacy @wé% de;

phony! tui not R SEBRO T A e RO RRL R g R TR oy .

yl ) et hylheuadpgedtongt)es, Mdpxiore(2-efo-2-(4- (tnﬂuoromethyl)mpendm 1-yhethyl)-

1, 2- a]L& g%glazac cl opent adeci ne- 3- carg ﬁq%

(3R 12R2E6R0 13 RBI K € U G bp- - bomgecp basogvel orsesIpveolshbAy! qui nol i n- 4-
y'OXy)Jf%?ﬁﬁ%?@ﬁf%%ﬁ?ﬁ&9%91430£g0ﬂ%ﬁag (pi peridin-Il-yl)ethyl)hexadecahydro-

1Hpyrr di azacycl opent ad€ci ne- 3- car boxani de,

(2R 6R, 13aS(,2M&R1m%@zw((&ﬂhﬂmﬁewhwiwﬂcﬁﬁ 2-yIRpuivetinedeyloRy)-

e e onsDey ooy TG - B o e S 2 PPy B T ol 41 pyn- ol

o[1, 2-
(3R, 12%’%%& I%g%gé?pKﬁ%gggﬁiﬁfﬂggﬁgﬁ%%%%yi?ﬁggﬁm$g§%¥%%§§0§)E%enquU|no

n4- yl oxji)4lazaeydlopratadinesl 4pcenr )(ﬂph@@rl d| n-1 ypet hyI) MCSLLP

D e b bt M R b L R A SRR SRR Rl Bl 2 #)

(38 1&%(&36%3 d@&@ﬂonbh(&w Rpagkaiiotanl)-vi 8- Modmgnjnsw -Roxphenyl qui nol i n4
yl ox I 0X0-12 0X0- 2- (Plperldln 1-yfleth

2 3, 4,172.8,50,18 91@,@2@3”15‘*’&*1@ ko7 @Wﬁ@%‘éﬂ&@@f%ﬁ@aiﬂpwﬂ@& A1, 2-

al[1, i m de; tert-butyl

2-((Zgé@ﬁﬁéggﬁgk%gég%%%gﬁig?£%ﬁ@@%§@§?opropylsquonyIcarbannyl)-Z-

(7- met hoxy- (ZR;ﬂmh%R]LﬂalﬁgﬂZ)l-ll{&chméy)néihﬂb@-li(mxﬂmmlnyﬁq&nﬁhﬁ 4y18x9- 10, 11, 13

a, 14, 143 16, 16a- he adecahydro ycI al.e]pyrrolo [1 a] [1, 4] di

azacydl® a@iq %&émfoay Daklstigke:0- oxo’ E Eﬁm@ﬁl @Dpymhgm

as, 14 ( ar banmoyl) - 2- (7-

s b A o "%Yéa?oxo 1,2,3.5,6.7,8,9,10, 11, 13

a, 14, lﬁamﬁﬁﬂﬁ@ﬂk@akmaxaﬁﬂpahydHdbyﬂﬂébhm@aﬁé¢mwmﬁbmo§ﬂ4@cm@b¥mn4¢ﬁl azacycl

pent ad eci n;6- t] i.d; ‘ .

(5 or, 13092 RAERER s DR eyrlomspr g aa Porymsthony - iy - 2-

pheny s RRline-4-carboxamido)-3,16-dioxo-6- (ﬁ -0X0-2- (p1 eridin-1- yl)ethyl)

i n-4-yloxy)-6-(2- nDrphollno 2- oxoet hyl ) -5, 1 -di oxo01, 2,3,5,6,7,8,9, 10, 11, 13a
, 14, 14a, 15, 16, 16a- hexadecahydr ocycl opropa[e] pyrrolo [1, 2- a]
[1,4]diazacyc|opentadecine-14a-carboxanide;
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(2R, 6R, 13aS , 14aR, 16aS, Z) - N- (cycl opr opyl sul b
fonyl)-6-(2-(4,4-dif|uoropiperidin-l-yl)-2-oxoethy|)-2-(ﬁwﬁ§fhoxy-2-phenylq
ui nol i n-4-yl oxy) -5, 16-di oxo-1, 2, 3,5,6,7,8,9, 10, 11, 13

a,14,14a,15,16,16a-hexadecah¥drocyclopropa[e]pyrrolo[l

a] [ 1, 4l dazackePdpdatidaddilfe Mé,léaﬁﬁé@é&mlwérocyclopmpa[e]pmolo[ 1,2-

(2R, 6R : - | sul fonyl)-2-(7-nmnmet hoxy- 2-

phenquﬁ %ﬁr%%%§ﬁ§%%§§%§§§}%@égﬁgg&ﬁg%Q-oxo-2-(4-(trifIuoronethyEpiperidin-
1- )legt hyl6) (28R SR ISIaR 16a%Z)—N—(cyclopropylsglfo%yi) g (2- (al A- diﬁugroplpenﬁln 1-yD)- le] I
1, 56,7 10, 11, 13a, 14, 144, 15, 16, 16a- hexadecahydr ocycl opr opa[ €] pyrro
o[ 1, 2- 2appsthyDed- &z@égbemse(mﬂa@ac%’ Heduinelinext-akararido)-5,16-dioxpR 6R 13 aS

14aR, |
e, I RIS b R iR ory-. ey

qU|noIanl4kymmxyﬂm&mmﬁedn®xaa&mﬁpsmﬁme 7,8,9,10, 11, 13a, 14, 14a, 15, 16, 16a- hex

decahyd 2- . .
P el aracit %%é%%ﬁa%émW@gs%aw@#m@) 6-(Rri&rtiuoropyrrolidin-1-y1)-
(12R 1@&%2&?&)@9 ée&l&ﬁ@ d(iapefdan& - PRGNS LN B niMb PX Y b-dBotiet hy1- 1, 13-

di oxo-12- ( 2- oxo- peri di n-
- ypet h}'J2)3L 263,%9, 19,8193i®4 14a, 121&363.Be&a@eqahyd_lmv@pp@ae[@mdmﬂ 21- 1-pyrrol of

1oR 1 o LR SRR SRR PRy 1) 167 7 et hoxy- 2- phenyl qui nol

i n4-yl oxy) RHMER%Q@ZNO clbBrdp QNN 2 )-6 AR RER, 682 8- - ypet hyl ) -
2,3,4,7,8, 9@i0 11,12, 13, 1% 1§Qi7gf%§ tetﬁgéegaﬁggﬁo:€%+pyrrolo[1 2-

a] [ 1, Afinethvpiper dipeinyddeciontyB:- 261 methamy dephenylquinolin-4-yloxy)-5

38 12R. 1 r If nyl)-16-(7-nmet ho 2- phenyl nol i n4
o 38T A L35 T8 ool TS aRNARH s legny 1) o (T et oy phenyl qui ol i
2 3, 4, Hey&d@cah?drb&ycl&pr&ﬁa[&@yﬂrﬁiow2 Ja]'[a 4]eiamgremay@mﬂﬂﬁ4my¢amx@m¢e - a]

, 4] di azacycl opent adeci ne- 3- car tert-butyl
2-((2R 6@%@%{1;4@&&6@5 4BAE z;xlqera r(l%fizew %ﬁm@n@m@wiwﬂmm

(
(7-ng Uk P |
di oxol(@gégplépgggﬁé{)@ 4 hj ﬁfgm%s 4&11%4%?@ I 8X etlgri)ng)%g ecahydr ocycl opropal e
pyrr 01 A[315.87, saq 10,11,13a,14, 143 15,16 16a—hexadecahydrocyclopropa[e]pyrroio[1 2-

1, 4 ntad ci.n cet pi perazi ne-1- car boxyl at e;

ok bR AR AR RIS A PSRBT ol f ony -6 (3. (3

, 5- dl et hyl @Rpﬁﬁlldmiéayz 2%8%}2;% MYimdtheg. 7 (ﬁﬁwﬁ)sz)!ylﬁ Myd-gLyxgpli n-4-ylox
y) 5, 16-di oxo- 1, 10, 11, 13a, 14, 14a 6a- hexadecahydrocyclo
pr opa[ﬁ}(pwlombpyiﬁtﬂf@yl)aq [Zk(%ﬂdm@zal@ydinobﬁht?admﬂné) 3AG-déecboxani de:

(2R 6

Sas 1%%156%82% 19 Pl bty | SLOT BpdseshydrmeyclonoptIalRYIbl er i d

in-1- yglr fcofehtadedine- B Ba¥yxagniphieny| qui nol i n- 4-yl oxy) - 5, 16-di oxo- 1, 2,
3,5,6 9,10, 11 13a 14, 14a, 15, 16, 16a- hexadecgﬁydrocyclopropa[e]pyrrolo

[1,2- a] [1@@&&%@8@@%&&@3@@@%@@@ -dexoethyl)N-( 2R 6R 13

S, 14 di n- 1-
31) 2@%@%@?@5%{3‘@%&? oxy lf“%n 1]5‘3‘}?0210(2?{{0%3@ g@; igl di gxol 2,3,5,6,
.9, 1,0,3%516,13a, 1641 1430, IL4§1zﬂaﬁmﬁ@}&eex@démhy@mw@mme]@gﬁelowm olo[1,2- a]

[1 4 dlazacyclopentad ci.ne- l4a- carboxanlde (2R, 6R, 13

as, 14 heldgzayyclepesiadsdns by tabIFEHIS) - 2- ( 7- met hoxy- 2-

Pf‘e%'e?ﬁ' not%ftrbuflyﬁ RO R Q4R; 186 2) 940 &b hibdit9I ALy pi per i din
1, 2, 3, B{Bméix9;2itheh¥lqbBm]ibd-Hbay)tsh | 46id@a- hexadecahydr ocycl opropal e] pyrrol

oLty 2o b o B RSt BB B A RO e SSe WL, o a2

yflqw | 4154 ¥altadeckBodi QG I3 31 (oRdtREEAFhfath: - Y1) et hyl)
EQR K aélﬁg 1% fé aqE% 1ng%§jl6 1éﬂﬁhé§§decah3drocyclopropa[e]

pyrrolo [1 2- al] [1, 4] di azacycl opent adeci ne- 14a- car boxam de;

(2R, 6R, 13aS , 14aR, 16aS, Z) - N- (cycl opr opyl sul fonyl) - 2- ( 7- met hoxy- 2-
phenquU|noI|n 4-yl oxy) - 6- (2- (2- net %Innrphollno) 2- oxoet hyl ) -5, 16-di oxo1l, 2
,3,5,6,7,8,9,10, 11, 13 a, 14, 144,15, 16,’16a- hexad ecahydrocycl opropa [e] pyrrol
o[I 2- a] [1, 4] diazacyclopentadecine 14a- car boxam de;

(2R 6R, 13aS, 14aR, 16aS, Z) - N- (cycl opropyl sul fonyl) -6-(2- (2, 6-

di met hyl nor phol i no) - 2- oxoet hyl ) - 2- ( 7- met hoxy- 2- phenyl qui nol i n- 4-yl oxy) -5, 16
-dioxol, 2,3,5,6,7,8,9, 10, 11, 13

a, 14, 14a, 15, 16, 16a- hexadecahydr ocycl opropal e] pyrrol o[ 1, 2- a]

[ 1, 4] di azacycl opent adeci ne- | 4a-car boxam de;

(2R, 6R, 13aS, 14aR, 16aS, Z) - 6- ( 2- ( 2- oxa- 5- azabi cycl o[ 2. 2. 1] hept an- 5-y1) - 2-
oxoet hyl ) - N- (cycl opr opyl sul f onye- 2- ( 7- met hoxy- 2- phenyl qui nol i n-4-yl oxy)-5, 1

~

[1
4-
2-
6-
]
[
(



MCSLLP 1, 2,3,5,6,7,8,9, 10, 11, 13
a, 14, 14a, 15, 16, 16a- hexadecahydr ocycl opropa[ e] pyrrol o [1, 2- M{SLLF
[ 1, 4] di azacycl opent adeci ne- 14a- car boxam de; _ _ o
(1)2 R BR 48R e ) L RO PR .S Y)Y By in it Ry IS SR T 1 i n-1-y
2- oxoet hyl ) - 65 di = 2= (12- £ PG iR g2 .- 8, 9-di hydr of uro[ 2, 3-h] qui nol i n-4
S oy DR g Rngd g PupAsToan
3314,l&éﬁﬁﬁ@ﬂﬁ%%ﬁ@ﬁh&i?ﬂ@@ahy%f@¢@§E@@ﬁ0ﬁé&é¢pyﬁpw®pﬁpmwﬁmk&]QEl,4]

i azac ent adeci ne-.14a-car boxam de, .. ‘

(2R R bR TS P Rip o Sl PP R 1y B PBERS. ( 2- ox0- 2- (4-
(trifluoro ' hgl Yt nnindméd FbIein- 21 HoxBedyiny dr of ur of 2
,3-h]quinorﬁﬁgﬁghﬁgggggggg? ?ég@fﬁ?@f%hlg;{??%Ba,i4,%ﬁ§,l§,?€? 6a- hexadecah
ydr ocyGlyolopopalselfpyyil-ei(dinsteal}-phaivdivanduytybpentddedivye- 14a- car boxani de,

2R, 6 : |f -5, 16-di 6= (2- -2-(pi i di
1 ypelgr) 2t Ehin el P RS e b s PRI R 0yt by -
1, 2, 3, B[ b41Gidradyclébehthdd@ne-14a-carboxamide;

a, 14, 14a, 15, 16, 16a- hexadecahydr oc clopropa{e]pyrrolo [1, 2- a]
11, 4] i a2 ack® obe MIRAEET AE61 5400 PBRMIYERHn T-y1)2-oxoethy]) N-

(2R, 6 \ op 1)1 Feth - 2- phenyl qui nol i n4-
yIoxy)Fé@%g?ﬁ?%ggﬁgggzg%%%g%g%g?ﬁ%égiﬁﬁgﬁﬁ%%§¥g%%?@%E@ﬁ%ﬁiperazin-l-yeethyl
)- 1, 21,3,3%.678.819Q1 1,034,14,18:,15,16,1 6a-hexadecahydrocyclopropale]pyrrolo[ 1,2-

a, 14, 14a, 15, 16, 16a- hexadecahydr ocycl. gropa[e]pyrrolo[l,z- al [1,4]

di azac’itl-dlseareetrecARdeane- L 675 %183,;

(2R, 6R, 14aR; ; o] elolr _8u = 0- =(1:ethyl fonyl) pi perazi
n-1-yl)-2- 3(2%(2@?&%%1{%%%Zﬁé?%é@ﬁz%ﬁéw%aﬁ%ﬁ%ﬁﬁr ylﬁg%)@?, 16-di oxo-1, 2, 3
, 5, 6, To:RelyDONA tydGappdsddayR-Uemttaxixstaybmlioelelospr bpafdaixoyr r ol of 1, 2

- ' jne- 14a- b i de;

(2R R 14016051 ) ERET O ol B bRy B omep eIy 2192y 1 qui nol i na-
yl OXY)ngla 4@1‘&5@&% nfade@XQ1 £ EAbeR)tiazi n- 2-yl) pi perazi n-1-yDet hyl ) -
1,2,3,5,6,7,8,9,1 ,11,13a,14,14a,15,16,16a-hexadecahydrocyc|Qpropa[e]pyrrol
o[1,2- a] [@RYGR.d#alk2easyEl-Derelaprenyineliand)-¢42Hcmantweoxypyrrolidingrt - but yl

2 (2R, 65, L4aR AR5 Fhacsd Skl oL T TS Po el O -2
sul f onyb gas hamoy ), i 51 %641 sl 21 G Bex@ddeaBy@od il dkofdelpdtolbfn215, 16, 16a- hex

adecahydrocycl opropal e]pyrrolo[1,2- a] [1,4]di
azacy cilbpéidtazaeciapesadesarst 4 earbongnsde:p

(2R o8 3 { 9afni 217 idins 2- i nol i n- 4-

1 oxy) - 1aa OO N P A BTN e Rl 3: Y aut net

1, 2, 3, faet®ylpySoBdih0],- 1,2 & octhyl}-N-(cyclopropylsulfonyl)-2-(7-methoxy-2-

L e LR R P 2121
2R, 6 216D oo A-a¥ LAk Bl den- 4- Y1 oX

R S e e e e T U
1, 2, 3, 5, 6, 728,6R,14R1,164837)-6-(2-({S)-3-(2-aminopropan-2-yl)pyrrolidin-1-yl)-2-

0 az R AN ARy o Aetay bty Aho £ £le-duotd-

(2R, 6R,

33333

N- ( cy dilOptidimpheyglapenipdgcig:- | -¢a@b@agiidie; uor opi peri di n- 1-y1) - 2- oxoet hyl ) - 5, 16-

di oxol, 2, 3, 5,6 A1, 13 .

o T4 1aa HIRERHLGE A sveleorpulsP o bl S oo {30y

di azacyglippriM-adering)- 143, Lar 3oxami tle3a,14,14a,15,16,16a-

(2R 6R, 14aR, 16aS, Z) - 2- (8- chl or o- 7- met hoxy- 2- (pyri di n- 2-yl ) qui nol i n- 4-yl oxy)

N- (cycl opropyl sul fony1) -5, 16-di oxo-6- (2-0xo-2-(4-(trifluoromethyppi peridin-
1-ypet hyl) - i
1,2,3,5,6,7,8,9,10,11,13a,14,14a,1§;56,16a-hexadecahydrocyc|opropa[e]pyrrol
o[1,2- a] [1,4]diazacycl opent adeci ne- 14a- car boxam de;

(2R, 6R, 14aR, 16aS, Z) - 2- (8- chl or o- 7- net hoxy- 2- (pyri di n- 2-yl ) qui nol i n- 4-yl oxy)

N- (cycl opropyl sul fonyl)-6-(2-(4, 4-di fluoropi peridin-1-yl)-2-oxoethyl)-5, 16-
di oxol, 2, 3,5,6,7,8,9, 10, 11, 13a, 14, 144, 15, 16, 16a- hexadecahydr ocycl opropal e] p
yrrolo[1,2- a] [1,4]diazacycl opent adeci ne- 14a- car boxam de;

(2R 6R, 14aR, 16aS, Z) - 2- (8- chl or o- 7- met hoxy- 2- (pyri di n- 2-yl ) qui nol i n- 4-yl oxy)

~ 7 o~ 7 N o~ L. T T R T R - VY o~ T T T — - o~



al [1,4] di azacycl opentadecine- | 4a-carbox am de; § g l4aR,
6as, Z) - N-(cycl opropylsulfonyl)-6 -(2-(3,3 -difl uoropyrr&Y rn-1-yl)-
2- oxoet hyl ) -2-(6- nethoxy 2- (pyrldln 2- yCQU|noI|ne 4- car box

am do) - 5, 16-di oxo1, 2,3,5,6,7,8,9,10, 11

a, 14, 1h@<aﬂscmd@saclﬁbr@ae[§hawén{b@;ﬂc}ilaﬂﬁi@ﬁ@f[yaqwﬁtaé%ﬂ Pvi34-a] [1, 4] di

azacycl n am de;

(2R, )éRd]fS'H’eIQ %%ﬂ%%%{g%&é@y %pyl sul fonyl) - 6- (242R, 6S) - 2, 6-

di met hyl pi p&R, dR[l-%.Rle)lS,Z)—OXﬂ}@)}@dp)e@és(uﬁbn?kbﬂmmﬂ),{m@%ﬁﬁqui nol i n- 4-yl oxy) -
5,16- . e .

di oxo- difhotopipesidin-g-yb)-39xeethilx s, 192119%;, 15, 16, 16ahexadecahydr ocycl opr opa[ e] p

I
LoR oR LR ey T P R SRl 51 1 - 4-y1 oxy)

- a)l1,4]diazacyclopentadecin-2-y1 3,4-dihydroisoquinoline-2(1H)-carboxylate;

N- (cycl opro |.f ony uor erjdin-1- - 2-axoet hyl ) -5, 16- di ox
01,2,3,5,6,€¥%gg}féﬁf%;%g&g%ﬁ”ﬁﬁ pT§)i%ﬁ@%gcﬁ%§gﬁ§%§h?dpg§yclopropa[e]pyrro
| o[ 1, 2gifRdrd hdﬁl-ﬁ BCOYGLRRSML S ecidie- 14a car boxani de,

(2R 6R 14aR, 16aS (8-chl oro-7-met hoxy- 2- (pyr.i di n-2-yDqui nol i n- 4-yl oxy) -
M(cycﬂ@;ﬁrb@ﬂé’s&ﬂ@@h;}B;iﬁlealiAé,ﬂmrbméﬁ@éwra:icmclmpmyBhlyeswéﬁ[ﬂﬁw) 5, 16- di ox

of 1, 2tk A RS bR AR BRI AREGARIAGY ! cpropal el pyrro

(2R 6R 148R%§66§12MR66$2Z¥$%3@3@Hmﬂg9%mﬁbhﬂdmﬂmiowlb]th&mﬁﬁhykng-(cyclopr
opyl sul f ony; nmet hox henyl qui nol 16-di oxo0-1,2,3,5,6,7
b o 16 tbaroracshinS s | R ey oh S L dEHRATR] Dy Bl 1 2. 4

1,4 tyl 3
L1 4 GangenchRmeTtaask st oAl AR puacd 21 LY ( |
2-(7- n&mp@mmwa&mbﬁmykﬂmnnmﬂxuyMMayIoxy) 5,16-dioxo- 1,2,3,5,6,7,8,9,10,11
| 3a, 14, 14a, 15, 16, 16a-h d yd 1,4
i azaoycl opBt Ale kiR 605 ] CCo By ST Sy ANy b At o NCSLLP
tert- b - i
S)-1- %1 el %F%q‘ﬁ}gllinf IOX% > 1164% T ﬁzo%xfoozpﬁlg ﬁm%lg n}y 1():egri%am)yl
i- (2 73”&1220’%9 g;ﬁéﬁim%ml/ll agmi;gﬁ(b‘ﬂa,lﬁ A6 W@kwadsqahgdmcm&opropa[e]pyrrolo{1 2-
a, 14, 1%31=f§il%c3i°%‘§’eﬂé‘>‘éﬁﬁg%éﬁ@ﬁ?%%%ﬁ“gﬁ’r opa[ e] pyrrol of 1, 2-
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(2R,6R,14aR,16aS,Z)-N-(cyclopropylsulfonyl)-6-(2-(3,3-difluoropiperidin-1-y1)-
2-oxoethyl)-2-(7-methoxy-8-methyl-2-(pyridin-3-yl)quinolin-4-yloxy)-5,16-dioxo-
1,2,3,5,6,7,8,9,10,11,13a,14,144a,15,16,1 6a-hexadecahydrocyclopropale|pyrrolo[1,2-
a][1,4]diazacyclopentadecine-14a-carboxamide;
(2R,6R,14aR,16a8,7)-2-(5-chloro-6-methoxy-3-(pyridin-2-ylisoquinolin-1-
yloxy)-N-(cyclopropylsulfonyl)-6-(2-(3,3-difluoropiperidin- I -yl}-2-oxoethyl)-5,16-
dioxo-1,2,3,5,6,7.8.9,10,11,13a,14,14a,15,16,16a-
hexadecahydrocyclopropale]pyrrolo[1,2-a][1,4]diazacyclopentadecine-14a-carboxamide;
(2R,6R,14aR,16aS,Z)-N-(cyclopropylsulfonyl}-2-(7-methoxy-8-methyl-2-
(pyridin-3-yhquinolin-4-yloxy)-5,16-dioxo-6-(2-0x0-2-(4-(trifluoromethylpiperidin-1-
yhethyl)-1,2,3,5,6,7,8.9,10,11,13a,14,142,15,16,16a-
hexadecahydrocyclopropalejpyrrolo[1,2-a][1,4]diazacyclopentadecine-14a-carboxamide;
(2R,6R,14aR,16a8S,2)-2-(5-chloro-6-methoxy-3-(pyridin-2-yl)isoquinolin-1-
yloxy)-N-{cyclopropylsulfonyl)-5,16-dioxo-6-(2-0x0-2-(4-(trifluoromethyl)piperidin-1-
yhethy!)-1,2,3,5,6,7.8,9,10,11,13a,14,144,15,16,16a-
hexadecahydrocyclopropale]pyrrolo[1,2-a][ 1 .4]diazacyclopentadecine-14a-carboxamide;
(2R,6R,14aR,16a8S,7)-N-(cyclopropylsulfonyl)-6-(2-(3,3-difluoropiperidin-1-y1)-2-
oxoethyl}-2-(2-(2-isopropyithiazol-4-y1}-7-methoxy-8-methylquinelin-4-yloxy)-5,16-dioxo-
1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a-hexadecahydrocyclopropalelpyrrolo[ 1,2-
a][1,4]diazacyclopentadecine-14a-carboxamide;
(2R,6R,14aR,16a8,7)-N-{cyclopropylsulfony])-6-(2-(3,3-difluorocyclohexyl)-2-
oxoethy)-2-(2-(2-(isopropylamino)thiazol-4-yl}-7-methoxy-8-methylquinolin-4-yloxy)-5,16-
diox0-1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,1 6a-hexadecahydrocyclopropafe]pyrrolo[1,2-
a][1,4]diazacyclopentadecine-14a-carboxamide;
(2R,6R,14aR,16aS,7)-N-(cyclopropylsultfonyl)-2-(2-(4-isopropylthiazol-2-y1)-7-
methoxy-8-methylquinolin-4-yloxy)-3,16-dioxo-6-(2-ox0-2-(piperidin-1-yhethyl)-
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1,2,3,5,6,7,8.9,10,11,13a,14,14a,15,16,1 6a-hexadecahydrocyclopropafe]pyrrolo[1,2-
all1,4]diazacyclopentadecine-14a-carboxamide; or
(2R,6R,13a8,16a8,Z)-N-(cyclopropylsulfonyl)-6-(2-(3-fluoropiperidin- 1-y1)-2-oxoethyi)-
2-(2-(4-isopropylthiazol-2-y1)-7-methoxy-8-methylquinolin-4-yloxy)-5,16-dioxo-
1,2,3,5,6,7.8,9,10,11,13a,14,144a,15,16,16a-hexadecahydrocyclopropalejpyrrolo[ 1,2-

alj[1,4]diazacyclopentadecine-14a-carboxamide.

22. A compound or salt thereof of Claim 1, wherein the compound is

23.

24. A compound or salt thereof of Claim 1, wherein the compound is
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25. A compound or salt thereof of Claim 1, wherein the compound is
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