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WO 2008/057209PCT/Il S2007/022460 TITLE OF THE APPLICATION

HCV NS3 PROTEASE INHIBITORS FIELD OF THE INVENTION

The present invention relates to macrocyclic compounds that arc useful as

ViEHiEdE d%he hepatitis C virus (HCV) NS3 protease, the syathesisafi 22460

such compounds, and the use of such compounds for treating HCV
TITLRfestionmrdPr redycing the likelihood or severity of symptoms of HCV
Hcvﬂggt%%n 10 BACKGROUND OF THE INVENTION Hepatitis C

[ 8\1} W&W%Q%or health problem that leads to chronic liver

disease, such as cirrhosis and hepatocellular carcinoma, in a substantial
number of infected individuals, estimated to be 2-15% of the world's
SoptiationHhere aran estimated 3.9 million infected people in the

United StatesraloneindesoseingdedhehhSo &nterdon Risaese:ContQ as
nhibi grréo(ljj hgl flvettlm the number ofépeople infected with the human

O O S EERE S )Y NEES rRnigaRs e Wakhgifeaiigyich compounds, and the

use organizaiionn ihdve eeeimoredtanfdbmibion nectahinAiVidUalS od or severity of

s %NE%I’S!% ﬁ&wit?eaitéeast 3 to 4 million people being infected each year.
PG ec e&, AboUt 20% of people clear the virus, but about 80% of

ncein
those infected harbor HCV the rest of their lives. Ten to 20% of chronically

@%evelop liver- 20destroying cirrhosis or
smitted parenterally by contaminated

blood andeptsod pretuc @l Coniaminated neediehRIEOLEYARG leads to chronic
Liver dettically fro fected mothers or.carrier mothers to their off-spring. _
‘“ e_r ‘Current tggaﬁégﬁgsg %%)Sr @bf?r?%gﬁlgﬁarw aircc};]ngrgarégﬁi&\%at%t;apnumber of infected
indivifpu aetheiap yosbie L regYnobihart snké s epniatiaon S e eomin AHSRAEI million

: ' ribavirin, are 250f limited clinical bengfit,_Moreover
ot g RS R I et e
roughlyelar fémpn Srovath eerdpeatits anfentsithaheffe biively tomiaddeifraaieHEMs (HIV).
A n i rti e treatment CV..infection has
R e TR R

iﬂdiﬁ@f?&?é’é&%@fmw@hr@aﬂmrﬁ@f%ﬁéﬁ@ﬂ@@plminﬁmﬁm&ﬂaﬁwﬁmm
infectddN¥Bu SNPOIREIAPKAL 326 £2000); H.Ragen ﬁlﬁ t%'@gé'}';ﬁ%&%ﬁ%%gor HCV the

30virus: current understanding and_prospects for future therapies,
rest of\fhisie bivighe T erda 0 %ot Suo gty infrciab ndiviinabt alent@ulyerwelog liver-
destro 9l ¥iBgdbRIGISAQ" heRatiHS Gis i eRal;
b] i rO1‘{%%-1202(1999); R. Bantenschlag)geé% %{é%d#gg%a%%&gé%g& é&pgﬁ%?éng ated
00d A SRR AR RAPAI TS ocdin® B) smtatliY Slsby BT S R0 & 6108 R ted

motheks & chaiee irfotRdds Wg{ggr@f}tgg%gtis C Virus Infection,” 345 N. Engl. J.
Med. 41-52 (2001); B.W. Dymock, "Emerging therapies for hepatitis C

A s ! . :
virus infeBHiSA T EAERREIGiIT0Y Brogirestien »dod) 2smtestrictea sp immunotherapy
with rétdarsiibtarintdsacsesanrrkEXciamRaL s QUtHEPAILR & dSHEN  bavirin, are

of limi %65 07 (12é)01 5Several vir{%liy-encoded enzymes are putative targets for
therapetc Rt erisH? YRt e Sometahishstb e mador 3JCY sérmmsequently,

there iproteset (S paiplicase (VB30 RARNA-SFRRNABNL WA chronic HCV
infecti (polyfﬂgrcase x(llt\lﬁﬁggfghe ll)ltSB rotease is located in the N-terminal )
main Of the NB3 protsint B e e edgoh Brfadioahathssiofisused in the

omalin o
followiglpasfagmatsttiz N5&ik sitel afdoedpprstRantinierealeeHIast hepatitis C virus

: : [ t NS4€; NS4B/5A A15B junctions, 10the N53
mfectuﬂé,?fflj%%ﬁ% 111, é%mo%h ra J?gg?’@%\%o&g uncéqr%ntﬁahdg{e%atitisc

virus: queptifieetietacodinphpdpridescsulth AstheXapepitisss asonell B ipepiidess-399

0y.Ch i P lication Publications.US$200510020503,

00 1L s LB oS 2 BHEMIRG EBPBE o ML
Gastrogpiemsitidépnatoh SHBPro6a<e 9PAY RinBafitheblaseritdaveition Targprovidepatitis C

further compounds which exhibit activity against the HCV N53 protease.

15 SUM:MARY The present disclosure relates to novel

macrocyclic compounds of formula (Ii and/or pharmaceutically acceptable

salts or hydrates thereof These compounds are useful in the inhibition of

HCV (hepatitis C virus) NS3 (non-structural 3) protease, the prevention or

20 treatment of one or more of the symptoms of HCV infection, either as

compounds or their pharmaceutically acceptable salts or hydrates (when
annronriate)l nr ac nharmaceritical compnocitinn inAreadieante Ac
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pharmaceutically acceptable salt or hydrate thereof: WO
2008/057209PCT/US2007/022460 (1) wherein: is one or more rings
selected from the group consisting of: 51)aryl rings, 2) C3-C8
cycloalkyl rings, and 3) heterocyclic rings in which the heterocyclic ring
system attaches to Z and X at points that are two independently selected
ring atoms that are either two carbon ring atoms or one carbon ring atom
Vimsu@g&ﬂi&%%@%&%ﬁ%o@l@ﬁwﬂmrra@g systemdsigetastads B.D.
10from the group consisting of: =~ a) 5- or 6-membered saturated or
WalkeyiEtepattisd momsdpdhetiongs Wi Engbd sedetdatd i Fig: diofhd ymock,
“Emer%i&?%% pily:selected fronyhs areuBconsisingef Bnlon $42 (2001);hd C.
-, 9- or 10-membered saturated or unsaturated bicyclic rings with 1, 2, or
Crabb, s Hesdr¥am dagcatorasinBEperiaeriRPeBidLtad o 1N5RSE06mGLHAROD:
of N, 0 L5 ANG APkl d SRR Gre dhaativeiag ﬁﬁ%ﬁé&gﬁé@% intervention,
e

tricyclic rings with 1, 2, 3, or 4 heteroatom ring atoms independently

mcluding e e s gRIos-cors Ny BINEsdNS3), 2 biliassiRplsand an RNA-
dependshPetifutedivath Ot A drgspendanyy srirated SUBSRRIBNS W. (B RLP¥8main of

wherein for 'stable héterocyclic rings containing S or N, the heterocyclic
P/4A site and

the NS}inpieinnSiessusaidddemensibieNvamhrgrie SEBYaT Heer 2t B
for dowRIQIERYiRQMNLIRIR SAId-WiAnd: 20RESUDEIEULNAE AL Jasaled B 9Rehciions,

or more ring atoms selected from C and N; and provided that WO

the NS Dpiogras7Eoomeises 200 e SBe0 AR Y O st s Atardret findyiarses of
peptidefAdR MB&HP%H&S% hAzOlNgipEiseayinstinesyith the. fellewing mesles:

- of attachment 5121 is selected from the group consisting_of -002121,
Publicatiorse2807RE.050% IRRIBHEERIRAL 281 2D DB et eremses of
acﬁvity%ﬁ'%hﬁﬁ@ng Proteafd? e GLiEO Rt GO 6ARSISNE e further

C1-C6 alkyl, C2-C6 alkenyl, and C3-C8 cycloalkyl, wherein said R2 are
compouggdp ARifR EXIN RS 9 ABHBIIEA N USSR T en atoms; 10 R3 is
selected from the group consisting of H, Ci-C8 alkyl, C3-C8 cycloalkyl,

C3-C8 cycloalkyl(CI-C8)alkyl, phenyl(CI-C8)alkyl, naphthyl(CI-C8)alkyl,
SUMMARY Het groups, wherein when R3 is not H, said R3 is substituted with O to

3 S“bS“f'ﬁ%”E%&Q%%@E&%@Hﬁéyré%etﬁﬂnmgo R @Rl CeBSISHREI 0! formula ()
halogen a_tol?ns, -0OR1,-N(R1)2, -N(CJ-C6 alky1)Q(CI-C6 alkyl), C&-OS ,
eg,g S Y s are useful in the

and/or pharmaceEiEaHy PEABRIRRIE FRllS @I aRORYY SN O SERPYERY!
inhibitioroO2HCIVCA @it S A1) 1983 (non-structural 3) protease, the prevention or

treatment of one or more of the symptoms of HCV infection, either as compounds or their

pharmaceutically acceptable salts or hydrates (when appropriate), or as pharmaceutical

. composition ingredients. As pharmaceutical composition ingredients, these compounds, salts

and hydrates méy be the primary active therapeutic agent, and, when appropriate, may be
combined with other therapeutic agents including but not limited to other HCV antivirals, anti-

infectives, immunomodulators, antibiotics or vaccines. More particularly, the present
disclosure, in a first aspect, relates to a compound of formula (1) and/or a

pharmaceutically acceptable salt or hydrate thereof:
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alkyl), -NRI6S02R6, SO2N(R6)2, -NHCOORG6, -NHCORG6, -NHCONHRSG6,

-0021{16, -C(0)1e, and -CON(R1)2; Het is selected from the group

consisting of substituted and unsubstituted 5- and 206-membered
W?a’(?ﬂ%{?éﬁﬁ‘)eterocyclic rings having 1 or 2 heteroatoms indep&na&a(e7/022466

selected from N, 0 and S, wherein said substituted rings are substituted

with 1. to 3 substituents indepengerithyxselected from halogen atoms,

from the group consisting of H,
alkyl, -CN, -CF3, -0CF3, 4@Q)0H#-C(0)CH3, SR1, -S02(Ci-C6 alkyl),
C3-C8 cycloalkyl, C3-C8 cycloalkoxy! 6 haloalkyl, -N(R2)2, phenyl,
naphthyl, -0-phenyl, -0-naphthgd, heteroaryl andQéOheterocycIyI groups;
wherein: WO 2008/057209PCUUS20 said R5
heteroaryl is selected from the group%onsi in 5- and 6-membered
aromatic rings having 1, 2 or 3 heteroatoms indgpendently selected from
N, 0 and S, and said R5 heteroaryl is attached tRfough a ring atom
selected from C or N, said R,5 heterocyclyl is selected from the
group consisting of 5- to 7-membered 5saturated or unsaturated
wherefion_aromatic rings having 1, 2, 3 or 4 heteroatoms independently selected

frgar™N; 0 and S, and said RS heterocyclyl is attached through a ring atom
selegted from C or N, and said R5 heteroaryl, heterocyclyl,
cyeloa s are substituted with O to 4

\ l, cycloalkoxy, alkyl and alkoxy grou
St < B T 8 S o
1Dhalogewlatogss, -0R1,-N(RI)2, -N(CI-C6 alky1)0(CI-05 alkyl), CI-Cc,
yl, Cl-Cs-haloalkyl, halo(C1-C6 alkoxy), -NO2, -CN, -CF3, -S02(CI-C6
Z%Eyl), -g’(c"t)?(%%-%@(sa%ﬁ%?- RI6S02R6, SO2N(R6)2, -NHCOORS,
-ISJ]_ -1CORBroNBONEIRS “DORIR TictO@)RIi aing sGOM(RHZhen Z and X at
points AUAGR! w&%&ﬁ%ﬁ%@%ﬁ SRR e %E%ﬁ{é’lhgﬁéfé 8{%}(8%34'\?;83’%';% WY king atoms or
cycloalkoxy, alkyl and dlkoxy groups may be taken together to form a“3-
one caghphaiiBdieth epdliensngiibBco ntagigr0 W chetoatynis indg pesidentsclected
from (REEEIRAIRAMMQAND S;  R6 is selected from the group consisting of
C1-C6 alkyl, C3-Cécycloalkyl, C3-05 cycloalkyl(CI-05)alkyl, phenyl,
naphthy}} pheri/l @ SeamiRgiich Rt OT-TBpiikgichBterpeyglic rings with 1, 2, or
3 heteR8I6RORNY GdnshRlpdhaBRIS AgYEVh ABR B%%&%ﬁgw&&ﬁkﬁ%ﬁfbylb or §,

groups, wherein 20said R6 are substituted wit 0 2 independently
selectedW suBstiughtd-membered sahinishetensaniasdrieyditdengswith 1, 2, or

3 heters@iBgioth i empribearauneansisting of ﬁbﬁﬂﬁﬁEW%?ﬂi@W@?@r&%ﬁdwd

having 1,2 or 3 heteroatoms independently selected from N, 0 and S, an

said R6cljletero]a?r“yfcis1 ABERBE AR e A ateT et Rornes 8ty 1. 2, 3, or
4 heteran@atipRORCRIGS YIS iNGdeRenriebHyse Beigr-fiemdhe Sreum or S,

consisting of 5- to 257-membered saturated or unsaturated non-aromatic

rings havihg 1,2, 3 or 4 heteroatoms independently selected from N, O

and S, and &g R6 heterocyclyl is attached through a ring atom selected

fioaraior N is substtutidotitl fromt thd qpandpreonsiktiteg] ofbG{@ents W, R or

. 2= = o1 = -1 . - - ere D

o ey he oL Sopeiins BB CL LRl any e oy
unsubsg’;g@é@ the S or N atom or is substituted at the S or N atom by oxo; wherein said W and

R® substitutions are located on one or more ring atoms selected from C and N; and provided that
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WO 2008/057209PCT/1JS2007/022460 L is selected from the
group consisting of a direct bond, -G-(C1-C6 alkylene)-, -(C1-C6
alkylene)-G-, -G-(C1-C6 alkenylene)-, and -(C1-C6 alkenylene)-G-,

WHrBIpESwhere said G is selected from the group consisting dH& dif@es7/022460
bond, -0-, -N- and -S-, said alkylene and alkenylene groups are

the 10subsiiftietunvithPatedbstRsittents Fotndepence ailmaetteied Tuisline with the
5group consisting of CI-C6 alkyl and C1-C6 alkenyl groups, and
fonowég%néj%eﬁé’%ﬁ?ﬁ%%%qaken together to form a 3- to 6-membered ring

containing Q.te eroatoms s cted from N+.0 and S; Z is selected from
the group ¢ of-C()- and aldirect bapd; 10 M is selected from

the o- of £1-€7 € ﬁalkenylenes,
wherein said M is gubstituted witk 0 tg. 2 substituengs F.independently
selected from the group consisting of C1-C8 alkyl, =CH2, C3-C8
cycloalkyl(C1-C8 alkyl), and aryl(CI-C8 alkyl), and 2 adjacent substituents
Fanay bedaken,ingethen g fam&3; 1o S-mgmbe Gepgaining 0 10 3

1§J1eteroagtogns selected from the group consisting o“N!zO ard S, and one
-CONBy fridrdRdjackinesabystittCAtER( My Be takentégdinet and/or with an

adjacent D or E to form a 3- to 6-membered ring containing 0 to 3

heteroatoms independently selected from the group consisting of N, 0 and

SRoureledstbben fenrme @f&fﬁjﬁf!@&%‘i&ir@s@?k@h, Cefzalkenberd)osCs
cycloaifefl 2NtEe(R)01d & & B2 mnt0Wm ﬁ@'@%}gé@&@ﬁ#ﬁf@ﬁted halogen atoms;

-(CH2)2C(0)NH-, -C(0)14H- and a direct bond; each R7 is

independently selected from the group consisting of H, C1-C6 alkyl,

QB Gaayelaakyh @7-&6.GychoalkiHE10%)al kyl, 4mbany,- naphtdicyt, C5-Cy
heteroaryl, heteroaryl(C1-C4.

henyl(C1-C4)alkyl, 25naphthyl(CI-C4)alkyl,
evelo R B TR e oo Rn ST wherein
when Ms?amhrta&amﬁ E%fsﬁﬁﬁé&!pt@&ﬂé&ﬂ@? wiﬁlhs@o@iafléﬁi@lir?@@@ﬂeiﬁly selected frfc.m the
each R7 heterparyl is independently,selectegl fro €.group.consisting o
sroup B e AR TN gy G 2 e s S5, Cr-C
alkyl, Md€paaideiiyy, seletadrancly) aroh 3@y, anl safbRT helermaty] iS(0)(C,-Cs

attach 0 ng legt G ar. 6 h "
o R RSl Qe TR R 6T s AR and
-CON(RHjembered saturated or unsaturated non-aromatic rings having 1, 2, 3 or

4 heteroatoms WO 2008/057209PCT/US2007/022460 independently

selected from N, 0 and S, and said R7 heterocyclyl is attached through a

ringt atoncstiké Etenh flongrGuprehgsisiohg of subssaidRiBbdnmslistdaket 5- and
6-merr¥6’c9r§m§ﬁ%mcflﬁ%t§lg%t@cﬁ 'Csrhlgéxsn)gt{a&rfge?qga ST a%yggdgr'ijt?? ggijcec?éd from

to form a 4- to /-membered Heterocyclic ring; S eac IS

N, O ajepeheieinisest mbmsiduirsnizge yeoubtitwisidiinithof ealcgbstittortsinddently

- - -CE3piNQZ, 1S 2121 - R
sl T SR o el OB Aisn) € A by Cr-C
alkyl, ©3(e§ayeiadidniy{ ©1CE slraBhIRY N ERI0) EFNE2AES- a0 CRER(C1-Cs
alkyl), NGRS RAPWHNBERIZRIG BRENFRIZHHPRECORY, _c(oR'®, and

-I\{HCONHFQI, phenyl, naphthyl, heteroaryl and heterocyclyl grotips;
-CONRhérein said W heteroaryl is selected from the group consisting of

5- and 6-membered aromatic rings having 1, 2 or 3 heteroatoms

independently selected from N, 0 and S, and said W heteroarél is attached

tRrd8 SRS AGTAIB RS BTRLREPHIUFHTS BF I, halogen atomse i@y Refesddyemt C1-Co
alkyl, igselesteddion, e groun soesisting 'S oo membarss IosalW e Ry, C,-C;

Tﬂnsaturated non-aromatic.rings having 1, 2, 3 or 4 heteroatoms
cyeloaliepéricently Sl ok R UnB8IGNY LAihAPHerbtarpes heteroaryl and
heterogitaghechibyouéreding atom selected from

-4.
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C or N; R8 is selected from the group consisting of C1-C8 alkyl, C3-C8
cycloalkyl, C3-C8 20cycloalkyl(CI-C8 alkyl), phenyl, naphthyl,
phenyl(C1-C4)alkyl, naphthyl(C1-C4)alkyl, heteroaryl, heterocyclic,
WREIBPEHATYHEI-C4 alkyl), and heterocyclyl(CI-C8 alkyl) groups pwhareim /022460
said R8 are substituted with 0 to 4 substituents selected from the group
consisting;afpheny. (o} eteroeyclyl
C1-C6 alkyl, halo éﬁ%%’@g Eﬁ?@aﬁ%ﬁa o(?né(é &gg'%g%%#?gN%?‘fg%@%bered
aromaRg #3g8 BAXIRG1H0f CF- BT iRy Blorr gl R i 0y REPS Thaws MdlbatkyF, and said R®
heterodQ2s 26N he@ R on202(Gds &3 AlkyRe rea (BUG:1c93alkyl), -NeS02126,
-SO2N(R6)2, :NHCOORS6, -NHCOR6, -NHCONHRS, -CO2R10, and
_C(O)N(RTSF heterocychrlisssipried Bary s insepanaaitiyaseldcted fropmbered
saturdiag @rouHeoRSisHng-aidnaRGSsevheredarnm %ti%fé?&aﬁd?ﬁééi%ggﬂm?d%?y

sel th(%eroag)rgsﬂ:igrl}éj‘a&pendentl selected from N, 0 and S, and sai
““TRetttBaryl i Atattied ﬁ%}%ﬁhﬁl%ﬂ@v%ﬁ% sérshelithioneilcaoing aspeaetected from
C or R&:hkterocyclyl is independently selected from the group consisting of 5-

to 7-mer§13lg§ saturat}g or unsaturated non-aromatic rings having 1, 2, 3

or 4 het&PSatonis W8 R 2508P0TRISL6C D22l Y iAtkbardiatieyy groups
are subelientelhfiong I, OsanstibicandsaigtREheiemsyely isANached hNaR & or

ing atom setected fro r d 2 adjacent substituents of
el e ke st Tof W6 shbehoc g Eobleiing
haloalBy Ig:heéarbatdinsindependenty SEieaen o far grour oxusisingig o]

aplo a o RO ed e isting of G1-C8 alkyl,
R SRS 0 S oI B BN Bl by -E4opg . and
-CONé%cﬂbaﬂndT%/a@aenw suapittyts pﬁeiiﬁllégﬁ%ﬂﬁgyl,mﬁ@&bwﬁ;:c%@gh
eteroar 1-C4 alkyl), or_heterocyc |- o

Cyc}o%%g&a%%%}?o%%g%%%f N B sea%kﬁbt%g%%@ti%%& Ttﬁ"@/?%“hered cyclic ring
contaigipgdlitaSristenieiomnd idepahdetivupl cdnsifting 19f Phedyd; naphthyl,

C3-C8 cycloallcyl, heteroaryl, heterocyclyl, C1-C6 alkyl, halo(Ci-C6

alkoxy), halogen atoms, -OR19, -SRI, -N(RI9)2, -N(CI-C6 alky1)0(Ci-C6

alkyly, seresl divyt e @RS oai OB haldalgt, aD X sChleya&aky], Cy-Cq

cycloa 3 ! 3
R -
heterogry U RGdtb AsEreshekepevid ety eidaléd Homling) groupsconsisting of
5- and @a’iﬂ@{n@%%Qt@ff?{ﬁ@?i@ﬁﬁ'@%{J"?Yﬁ'agp]ena&ﬁ%%%%@{é)aaw Tul%%tituents,

independen%selected from N, 0 and S, and said eteroary
attache PR SuditarPhiy dtdnf sradeathrrsinaté fnmehelrRepemiotyelyf 5- and

6-mcﬂ6&@d%ﬁ&ﬂd@@ﬂ%§§ﬁ%ﬂg from e, eURGANHRINGRERT{Retected fr(im ?,30 and

S dZOi-ﬁg%?bered saturated or unsaturated non-aromatic rings having
» and 5319 Ko REfEMdIRtiapas by eia sog apmrmelc bhfams CaadsaidiR9
heterooyalyIRS RéterisdiiioueHtseHih A0 SARCHRATALG Y NndBthe of 5- 10
et e@gi&asc?unrt %Lébstltuents ogﬁald R9 may be taken together to form a 3- t0
e b e g RS HERR g B G S R %S P iRddpéndienty gereatams

indepefidmt theeroep onSIGDYRbDEN Liar’ BetnstyclyRS AR Ry, ring atom
select gagen %eEQ_er, with the N to which they are attached, to form a 4- to
€ FTOn T L . "
-memberéd monocyclic ring containing 0 to 2 additional heteroatoms

independently selected from N, 0 and S; 30 each RI is independently
rqQm. the group consisting of C1-05 alkyl; WO
O O S S Bt B Rt < Sty SERRIGIL- and
-LN(D }edi thend rddp(BonéRting e €1-Co alkyl, Cl-Ca alkenyl, -OR13, .
-N(R21)+Y: -0-V/- R16, -S-V-CO2R1, -N(RI)(R13), -R14, and
NG D8 B b R 3 o R o T oA gl

greups,consisting of -OR13,
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-N(1216)-V-CO2R16, -0-V-002e, -S-V-00210, and -N(RINR13); R"
and RI2 may be taken together, with the phosphorus atom to which they
are attached, to form a 5- to 7-membered monocyclic ring; 10 each V
WE idgpEiatiently selected from the group consisting of -CH(REB)/antho /022466
-(C,-C4 alkylene)-CH(RI5)-; each RI3 is independently selected
from the DroupIGRASIBIRIY Hold QR aliHs SP2GELPAMRNYE (3,C8 alkylene)-
cloalkyl, aryl, heteroaryl, and heterocyclyl groups, wherein when ™’
“(Cl“géi%‘r%ﬂ“ﬁéaﬁﬁg% alisignsdrinf do-EatlissarlrsisGndepensnetiye said G
is selsqtRcieehitRetbertiompaapsisting Qf BReMYlonaphthyl; @»?QM'&%!R?@H@ and
" a,4k % naphté%l(CI-Ca alkyl), C3-C8 cycloalkyl, C3-05cycloalkyl(C,-C4
etk B S NGB (€4 AN CHrete sy ieratb ey e e e the
sroupalkisthsGh @l helousn el sikOGIRRG: R(ORG, 20-0R1, -SRI,
-N(RI6)2, -.%g)RéﬁE -NO2, -CN, -CF3, -S02(CI-05 aIkygé;S(O)(Ci-CG -
alkyl), -N@E02 758 = 8B R 853, 9RO ORETINACORGISNHEONPRBN aining 0
to 3 he@R2R6G, vhd:«3 @M R1DI S each R13 heteroaryl is
independently selected from the group consisting of 5- and 6-membered
aromatic rings having 1,2 or 3 heteroatoms independently selected from
NZOsanitGcatdeait Bl heteroaryt isfaitachedinrauah @ HRg atom
selected from C or N, 25each RI3 heterocyclyl is independently selected
from the group consisting of 5- to 7-membered saturated or unsaturated

ndhiaselnatic fingsthayingplodsBidoheteatamsdndepancently selepias,
herel ik : ~and s heterocyclyl is attached thrqugh a ring
e L Y G SR e P e wov
consishagaién-togelihdr 16Tt aG-dpe ROBpE R ralthyin gedBtaiing O 403), and 2
adiacdlELSIRAIOME Rde ly selected from the group consisting of N, 0.and
S "Rl seIecteﬁ%ﬁ%ﬁ%ﬁé&%&#ﬁs@ﬁﬁgﬁgf%lkeﬁ% ,%1 R EiREne 0 to 3
heteropiestyacleaishtfipha i evepoanydisivherdin cac R sheteroaryhise adjacent
subst‘ﬂé@ﬁ??'?ﬁﬁ_%ﬂé’éﬁé% roup.consisting.of 5- an? 6-membered
_ 1aromatic rings having tfﬂ28 g%ﬁ??%égt\ﬁ%g%r% &E%{aje%ﬁe)%gﬁﬂ %%Ifeacégéoféémembemd
ring coytayraMiles Sdideseatb R Andenendanylisettach dihtbeiglvapringadong of N, O and
s;  selected from C or N, and said R14 phenyl, naphthyl or heteroaryl may be '
substituted with O to 2 substituents independently selected from the group
consisting of CI-C8 alkyl, halogen atoms, -0C(0)OR6, -0C(0)R6, -0R10,

-XRdse uNOislilh o203, -SRHL! S
a?ﬁl) -ﬁ&géﬁfﬂ%@%g%%ég%gg%&%%@% Hé@&‘ﬁﬁ%&) O
-C £c%é2ﬁ’ E@P@'id@‘é@)@@%ﬁ( pidact BB MdeherfdéhiNFseladedirect bond;

from the group consisting of C1-C6 alkyl, C2-C6 alkenyl, C3-C8 cycloalkyl,

phenyl; naphthyl, heteroaryl, and heterocyclyl groups, wherein said R15
aer%cgﬁ%ﬁ W Yo Simkimmeibs #aupennepiyeseisbibd GomkineCs-Co

cycloa&@grﬁb}lﬁﬁﬁfﬁiﬁmgl@;@3%%(§lkﬁhé?@@§§ﬁhﬁ{9ﬂ?xéﬁ§((é@)@ﬁdk C(O)RE,
na hth_ﬁw-g' (235 -C(O)R]E -NO2, -CN, -CF3, -S02(CI-C8 alkyl), -S(0)(Ci-Co
Py, AR KEC IS IRIErE NFe elors haerrersts, M s aRmRE!(C1-Cy
alkyl) se@2Rdhanrtheach R15 heteroaryl is independently selected from the
isfj f 5-
group Cv%ﬂgrllsﬂmgs %ot H?Qac.jld R’ are substituted with 0 to 2 W substituents,
each R” heteroaryl is independently selected from the group consisting of 5- and
§-membered aromatic rings having 1, 2 or 3 heteroatoms independently selected from N, O and
S, and said R’ heteroaryl is attached through a ring atom selected from C or N, and
each R’ heterocyclyl is independently selected from the group consisting of 5- to

7-metmbered saturated or unsaturated non-aromatic rings having 1, 2, 3 or 4 heteroatoms

-6 -
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6-membered aromatic rings having 1, 2 or 3 heteroatoms independently
selected from N, 0 and 20S, and said R15 heteroaryl is attached through a
ring atom selected from C or N, each R15 heterocyclyl is independently

W RIEEEE 128N the group consisting of 5- to 7-membered satunatat®oe7/022466
unsaturated non-aromatic rings having 1, 2,3 or 4 heteroatoms _

indegi réjselested 2 R Al R DSIBIARYNIR o1 2 ri
- epﬁ%@q?hr ﬁgﬁgﬁrﬁng Mé%ggﬁl from C or I\}I&ﬁé 252%%\?;ce%tg & il alom
selecGgERR oty

f¥4id R15 are optionally taken tog_ether to form a 3- to
6-membesetiRINgAHH 2RO NOIr0RIMS IASRENTERIYSSIEFIE 4 second

R s e e o el
pharmaceutically acceptable salts thereof In a third aspect, there is
pré’a‘éig %9 a ﬁm?@ﬂ%%ﬁ@:%}?fsfe%@géaﬁ%%ﬁ the group consisting of halogen atoms, -OR'°,
Ci-Cs alkyl, -CN, -CFy, -NO, -SR'°, -CO.R'?, -CON(R ), -C(O)R™, -N(R")C(O)R,
-50(C1-Cg alkyl), -S(ONC-Cy alkyl), C3-Cg cycloalkyl, C5-Cy cycloalkoxy, C)-Cs haloalkyl,
-NR ), -N(Cy-Cs alkyl)O(C,-Cs alkyl), halo(C)-Cs alkoxy), -NR'9SO,RY, -SO,NER'",,
-NHCOORY, NHCONHR'®, phenyl, naphthyl, hetercary! and heterocyclyl groups; wherein
said W heteroaryl is selected from the group consisting of 5- and 6-membered
aromatic rings having 1, 2 or 3 heteroatoms independently selected from N, O and S, and said W
heteroaryl is attached through a ring atom selected from C or N,
said W heterocyclyl is selected from the group consisting of 5- to 7-membered
saturated or unsaturated non-aromatic rings having 1, 2, 3 or 4 heteroatoms independently

selected from N, O and S, and said W heterocyelyl is attached through a ring atom selected from
CorN;

R is selected from the group consisting of C;-Cy alkyl, C3-Cq cycloalkyl, C3-Cy
cycloalkyl(C-Cg alkyl), phenyl, naphthyi, phenyl(C-Cq)alkyl, naphthyl(C,-Cy)alkyl, heteroaryl,
heterocyclic, heteroaryl(C;-Cy alkyl), and hetcrocyclyl(C;-Cg alkyl) groups, wherein

said R® are substituted with 0 to 4 substituents selected from the group consisting
of phenyl, naphthyl, Cs-Cs cycloalkyl, heteroaryl, heterocyclyl, C;-Cs alkyl, halo(C,-Cg alkoxy),
halogen atoms, -OR'’, -SR'°, -N(R'%),, -N(C,-Cs alkyl)O(C,-Cs alkyl), Ci-Ce alkyl, -C(O)R'?,
C1-Ce haloalkyl, -NO3, -CN, -CF;, -S0,(C;-Cs alkyl), -S(OXC-Cs alkyl), -NR'°SO,R®,
-80;N(R®),, -NHCOORS, -NHCOR®, -NHCONHR®, -CO,R ™. and -C(OYN(R®),,

each R® heteroaryl is independently selected from the group consisting of 5- and
6-membered aromatic rings having 1, 2 or 3 heteroatoms independently selected from N, O and
S, and said R® heteroaryl is attached through a ring atom selected from C or N,

each R® heterocyclyl is independently selected from the group consisting of 5- to

7-membered saturated or unsaturated non-aromatic rings having 1, 2, 3 or 4 heteroatoms
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or a pharmaceutically acceptable salt thereof, wherein is unsubstituted or
mono-substituted with a moiety selected from the group consisting of-Br,
-Cl, -CN, phenyl, -0-phenyl, -0CF3, -OCH," -C(0)0H, -CH3 and -C(0)CH3;
WRHOERIEA2d from the group consisting of-C(0)OH and PCT/US2007/022460
-C(0)NHSO2cyclopropyl; R2 is selected from the group consisting of
indepefidmGlskcteHR6R, anchdGH26H=Q N2 hR3ris salacied: Homithe@@UPring atom

consisting of H, -C(043)3, -(CH,)3CH3, cyclohexyl, and -CH(CH,)2; M is
Selec{%e%%%g%am%ggroup consisting of Zrny Zy Z zY ZY -10k- ZQZY

and Y ; 2 adjacenXsibsglested fromnd thengroup nossistipgef0 foraH 2010
e 050 200 008 SR OO o
of N, thergrBup consisting of -C(0)-, -SO2-, -0C(0)-, -C(0)N(D)L- and

-LN(D)C(0)-, wherein D is selected from the group consisting of H, C1-C6

alkyl and C1-C6 alkenyl, L is selected from the group consisting of a direct

b&nds sSe(GACH @ ybemedsn (B pikylene) oBeyl; G;(CsChealkinyy|€he)s,
d AC1-C -G- [ id,Gi | df
oo BAEL NI, Mol 08,5 SSC LIRS R, i

directbon ; a cen
naphtigréGubstititddhwithoario, fgabstitiehtsErndeliendartlyyielectet:frop HeC, -Cg

ey Y2UR.CoRsisting of C1-C6 alkyl and C1-05 alkenyl, and said
iy )%E‘an%sE may 'ge taken together to form a 3- to 6-membered ring

containifgORo BhutercatomyitelbtnedsHomMnG srldeBrdne7 e getepteehsisting
of pheﬁ%9ﬂhﬁi;%ﬁ59;1@3§@£‘§§éﬁmﬁj%@fﬂm,%&&%%&PB&T‘,"Q-cﬁ aikP/IT R RES M ioxy),

disclosure afo |nclllddes pharmaceutical compositions containing a

nalogoHFBun@BY trs Presbitk discibye GriliretHSu<ombrebafing s, -C(OR',
C1-Cs RaREMAsEieg! @@?D@?&i‘?@éz@“ﬁéﬁfﬁﬁgﬁ} Arolpeie, TLhRT INYudes re,

methods of treating or redl%u% ikelinood or severity of one Qr more

-SONWptW%VMQ&z -NHCONHE fotfbFaspsst ; e Rprovided a
pharmaggitiedlcampesitiomearepising aneffactive %@%%ﬁﬁ%&ﬂﬁsting of 5- and
compound as defined above or a pharmaceutically acceptable salt

-memperbiromats prarivtBatledIR addplaredndspendently sglegtedyfrom N, O and

S, andR8RERY KBRESAS PIOYidRR:a UsephtheicompRURbas Astined abrye or a
pharmaceuticglly acceptable salt thereof in the pregaration of a

medicarfétt forSHEREX R B HSRERLFRS EalSAIES) frEAhe group consisting of 5- to

7-membered saturated or unsaturated non-aromatic rings having 1, 2, 3 or 4 heteroatoms
independently selected from N, O and S, and said R® heterocyclyl is attached through a ring atom
selected from C or N, and

2 adjacent substituents of said R® may be taken together to form a 3- to
6-membered ring containing 0 to 3 heteroatoms independently selected from the group consisting

of N, O and S, and
R® and R’ may be taken together, with the N to which they are attached, to form a 4- to
8-membered monocyclic ring containing 0 to 2 additional heteroatoms independently selected

from N, O and S;

each R'® is independently selected from the group consisting of H and C;-C; alkyl;
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WO 2008/057209PCT/US2007/022460 Other embodiments,
aspects and features of the present invention are either further described

in or will be apparent from the ensuing description, examples and
WaibpWR@EP¥aims. 5 DETAILED DESCRIPTION OF THE INVENTI®ON67/622460
The present invention includes compounds of formula (I) above, and

phasmacewicalyaecanialie salts-aRdier g?»}sﬂ{)aé&?smﬂﬁg%%?- Salkyl, C1-Co
comﬁz@gnds and their phﬁ}rmaceutlcally acceptable }soalt arn /'or1 fqy l}é‘tes

alkengh QIR Fiokeasy ThRidiorsQeYg G PrBV NS frotehSe- INEROIORSY), 1R Srend

-N(R €émbgriment of the invention,is selected from the group consisting of 1)
aryl rings, 2) cyclohexyl rings, and 3) heterocyclic rings in which the
heterocyclic ring system attaches to Z and X at 15points that are two
incepentienthuspiasted yingeaiamsdhahaie RINSSWG Acaroe ring atoms

Qr hon ring atomand one nitrpgen ring gtom, and the heferocyclic
“NER %ﬁgngé ’ié%é%%%fro‘rﬁ“t%’é:@r&% épths ﬁ?é)@:”a)& or 6-membered

saturated or unsaturated monocyclic rings containing 1, 2, or 3 nitrogen
atoms, a d220b)%-é 9- or 10-membered saturated or unsaturated bicyclic
0

ri??gs Contaifify 2P RitPEGRITattishe PhosRnein ¥arm Widisisaiaepttached,

to formyishb OttoAnirdepentiaoty.selectad: substituents W, R5 or oxo; wherein for
stable heterocyclic rings containing S or N, the heterocyclic ring is
unsubstituted at the S or N atom or is substituted at the S or N atom by

oxashwherein gainivitane RoRS Substiiiians amdpeaiesronene 9t Marec,-c,
aIkyleH%g(%g@‘S)S-eleCted from C and N; and provided that the 10-membered
urisatu

ated’bicyclic ring is not quinoline, quinazoline or isoquinoline. -
WO 2008/057209PCT/US2007/022460 In a preferred group of this
ono;: substituted with a ty selected

ST M T e PR St
alkenylOOHMZ;, cr{0j0Ey .-G M 3hatmloy0)Bid Beterocyelyl grdmpanetiesiembodiment
of the InygeHe0? RINASCARYRIO% Wil RGSIRH B BB AR S ndependnety

selected from the group consisting of phenyl, naphthyl, phenyl(C,-C; alkyl), naphthyl(C;-Cq
alkyl), C3-Cg cycloalkyl, C3-Cy cycloalkyl(Cy-Cy alkyl), heteroaryl, heteroaryl{C,-C4 alkyl),
heterocyclyl, heterocyclyl(C,-Cy alkyl), C)-Cs alkyl, halogen atoms, -OC(OYORS, -OC(O)RS,
-OR", -8R, NR'"),, -C(O)R'", -NO,, -CN, -CF3, -805(C;-Cy alkyl), -S(0)(Cy-Cs alkyl),
"NR'*SO,R’, -SO,N(R*), -NHCOOR’, -NHCOR®, NHCONHR?, -CO,R"?, and -C(O)N(R '),

each R" heteroaryl is independently selected from the group consisting of 5- and
6-membered aromatic rings having 1, 2 or 3 heteroatoms independently selected from N, O and
S, and said R" heteroaryl is attached through a ring atom selected from C or N,

each R" heterocyclyl is independently selected from the group consisting of 5- to
7-membered saturated or unsaturated non-aromatic rings having 1, 2, 3 or 4 heteroatoms
independently selected from N, O and S, and said R"? heterocyclyl is attached through a ring
atom selected from C or N, and

2 adjacent substituents of said R'* may be taken together to form a 3- to

6-membered ring containing 0 to 3 hetercatoms independently selected from the group consisting
of N, Oand S;
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WO 20081057209PCDUS2007/022460 HN-NHHN-NH X- X ZX and Z

X', which may be substituted as indicated above. In a preferred group of

this embodiment of the invention, R5 is independently selected from the

group consisting of H, -Br, -CN, phenyl, -0-phenyl, -0CF3, -OCH3, -OH,

CI-05 5alkoxy, CI-CB alkyl, -CF3, -C(0)OH, and -C(0)CHS3. In

another embodiment of the invention, R' is -002.1e or -CONRISO2R6. In a

prefersesl gned frofithis gmbpdimeinting G8CC (©)oiayhiC2-Cs alkenyl, phenyl, naphthyl

-C(O)N %%20 clopropyl. In another embodiment of the invention,
and hgtgqargy ¥ I'SYRW or C2-C6 alkenyl. In a preferred group of this
embodinent R hiseGhty O 2id@REEHY, sietHionHzowp reasidiRg et 5- and
embodiment.of the gventlop,zR% §hlélte§%‘f&ﬁsq%y4€%&§f@§éy&lg§%;ﬂ i, O and

6-merg SR SRR O URES RIS 5'is H, -C(CH3)3, -(CH2)3CH3,

S'émbodiment,
S, andoyeiDhE 6B HGHB)Red throughin dnpiierasipierTent bfahl and
invention, Mis,CL-C12 alkylen -S4 alkenvlansawbereintsaid Mdsbstituents
substituté \%th%%é?snua&}ﬁgeﬁ%gl %I;tgsrgéﬁéted ?rom the]l roup 15consistin%4Sl 6
indep@fdGitHCE Rikyl] AochtBHgolp aqesineaidrodp akkiiddrmsadivst MGEOIOR

lected from the consishp® ohysH& (CH2): [aikyl, -S(OXCi-Cs

-OC@?%zﬁg:cﬁﬁcwz%{ﬁ?%%@@cﬁ?ﬁ(ﬁ@% @O@t@ﬁ y?n Ox

alkyl) - GHASIHRH 25TGITR R OMCOORSOMICAE)3-NEEIPHER, -COR ™, and

CLOV 5(}% H2)3-, -(CH2)4-, -(CH2)3-, -CH=CH(CH2)2C(CH3)2CH2-,

- )“%14%’ H3)2CH2-, -C(=CH2)(CH2)5-, -C(=CH2)(CH2)3-,
-CH2CH=CH(CH2)3-. In some embodiments, M is selected from the group

200eneistng, 8f2 8 7ok A AVOH QRIAPRRCRIEAO RGP OnCs

aRother embodiment ofthe Invention, Y is selected from -C(0O)N(D)L- gnd_

alkenyb-ON(R)S 0alkyl, phenyl suphttth&eEmpodirrshelsRe ¥ raups, wherein

substitugnisg ﬁél% taken fagsthar and/orwith QBR:OMERQER EHBSIKURDIE] from the
chosen %rlom substituents D and E to form a 3- to.6-membered ring %{w N(Rw)
f , 0 e 25

group comtatiipg Do Co ke hriptsaelened REININR o &g ddisistiitg o 6
fd S~ That,s, ady t i eINRUShs 10 R,
-C(O)I§ 3-'%06’-6?%%5%6%%% g?fn%%nin gﬁng%gﬁ g%%%tﬁ?boms i%eféﬁdm e
NHCOEBL THCHRA HGPEEMIstirG I+ N, B4t @ Fone substituent F may
be takep tagetherwith, an AdiAGeN-B-AflFSadaem fodr fe: Grorgnabasiaciing 5- and
containing O to 3 heteroatoms independently selgcted rom th? U N G and
6-mendwrrslsingainriteskaang 1, 2 or 3Rl aaHerSHSSAmISRES Fihe tRvaton
s, and BRIGOMROERAR theityertanrisugealacing fom shecexeimpicByospécies

of the pregk R L EATRITAE NG GE o0 TOp ik G008 COHEng o -10

7-memBPAINAGRHILALFOMRASIHRA Ao prtsIng erimfidatwegdyhintiof beteroatoms

d of f la (1) and a ph icall tabl jef. .
indepeggggg)? gg}ac?edoig-rgrlxja ?\}'(, aanndaS!o anac{ g?z?g %ﬁl %%%éé'gc%/%?ﬁ 3 a&agﬁéﬁ%rough aring

atom selected from C or N, and .
2 adjacent substituents of said R'> are optionally taken together to form a 3- to

6-membered ring containing 0 to 3 heteroatoms independently selected from the group consisting

of N, O and S.

In a second aspect, there is provided a compound selected from the group

consisting of:




(b) The pharmaceutical composition of (a), further comprising a second
therapeutic agent selected from the group consisting of HCV antiviral
agents, 20immunomodulators, and anti-infective agents. (c) The
pharmaceutical composition of (b), wherein the HCV antiviral agent is an
antiviral selected from the group consisting of HCV protease inhibitors and
HCV NS5B polymerase inhibitors. (d) A pharmaceutical
combination which is (i) a compound of formula (I) and 25(ii) a second
therapeutic agent selected fr e group consisting CV antiviral
a e?\ s, immunomodulatgrs;-and anti-infective ag Awherein the
0 Dpound of formula (Iyand the. corg{d tgerape tic agent are each
emp, eda_gn an agountthat ren ination effective; <]
inhibit A ée@rote e Mr tirealfag HCV i feq@lgﬁ 7<Lr}eelucmg
\éh |Hoo' or §ever|ty of symj toms of fiCV mfecﬁn ;
008/057209PCT/US2007/022460 (e)The combination (}\(d) wherein the
antiviral agent is an antiviral selected from the group conS|st|ng of »
HC @tease inhibitors and

d of |nh|b|t|ng HCV
com iof { th@d@f eating il ign.
fire uc?%uwthe likeli omor %Q Symptoms of %ﬂﬁmn in
ES et in nded thereofw ich: co‘i‘nprls sadmlnlster\g/g to the subject an

effe/c,[\ve amount of a;:ompoun fndof formula M. , (h/)’\rhe method of ,
(g), wherein the compound of formula (I) is administered 1Qin combination
@. effective amount of at least one second therapeutic dgent selected
the group consisting CV antiviral agents, i nomodulators,
anti-infective agents. (i) The method of (hY, wherein the HCV
yiral agent is an antiviral sélected from the gretp co tlng fHCV
protéase trmltu;ors nd HCV yﬁworase i hiblto thod

ofq\/ﬂg& !

pr es dmlnlstermg thé t'the pharmaceutl Icom smon of
) or £c) or the combination of (dy or (e). gk)A method.of treating HCV

mfectlon ancUor reducmg the likelihood or severity of symptoms of HCV

=

) g b), or (c) or the
combination of (d) ari(e). In the embo nts of the compound

idedaboye, it is ' stood that eathembogiment may be
ied-witirshe or mord otfy ﬁm iments, t exjent that such a

Hon provides le compoand isveats x}g the

° de cription of the 25 eml@odlmenu It is furth&rso/Be understood that the
embodiments of E¢ompositions and methdds provided as (a) thrdugh (k)
above are understood tgclude all embodiments of the compounds,
pihations of embodiments.
"(’) includes a compouna Jof the present invention
e prep aration of a

b rotea:é—‘t‘ggrﬂ%q /@tlng HCV

°rﬁé;;+qam@ ntfer: (&) inhikjphgHEV,30NS3
re@H@MtheN
o-\( | tlo < 1R these u Re c ﬁounds

°2084057209PCT/US2607/0224 ,,

everity of s s of HCV
r@ntl ention can WO

-10a -



optionally be employed in combination with one or more second
therapeutic agents selected from HCV antiviral agents, anti-infective
agents, and immunomodulators. Additional embodiments of the
invention include the pharmaceutical compositions, combinations and
methods set forth in (a)-(k) above and the uses set forth in the 5preceding
paragraph, wherein the compound of the present invention employed
therein is a compound of ong.-of the @mbodiments, aspects, classes,
classes, or features of co nds descriB bove. In all of
sed in the form of

Ilnacegtlcgllya eptabmr appr% |ate As ysed
he@wa Qasére' clusive, -ranges ar withih 10
al?hough rﬂ;ﬁ/ne.eé@s rily] epr|C|tIy SWMH*@I?I adglition, the
a used herein Odekp@tes alternatives thaf may, where

approprlate be contbined; that is, the term "of" mcludes each listed
altemative separately ell as their combi : As used

' ched chain alkyl group
specified range. Thus, for

H ple, "C1.6.al “YoF25"C1-C6 a yI¥) reférsito all of the hexyl alkyl
oYNg%%nt alkylﬁlgﬁé\%gwe as n-, E)?/e:e@nd ISy n- and
yl and met I s anether exarppfe, R 1 ¥ alkyl" refers to n-,
iso-, secxand t-butyl, N~ and isgpropyl, ethyl and methyl. Alkyl groups may
be substltJ ted as indicated. The term "halogenated" refers to'a group or
cule in which a hydrogen atom 20has been regplaced by a halogen.
term "RRalogen™ (or "h

\?E* ,ag@:e (alternatiyely ref@@}t})‘ as fluo omo and i0do).
g'tgrm "alkp rs to, anw* £=ongr o groups may be
e@j;‘i%%icat \%5%«:{%[’ 1"a|ky|ene/‘ef tg:ynlmear or

branched hAirY alkylene grgup (or alternatively "alkanedi{l") having a
number of €arbon atoms it the specified yange. Thus, for example, "-C1-6
alkylene-" refers to any of the C1 to C6 linear or branched alkylenes. A
lass of alkylenes o ticular interest with r em the invention is

H2)1_6-, and sub-clasges of particular i ude - (g )I-4-,

2)1-8-¢ {CHZ)1-2-, -GHZ¢. AfSo of interetis the ylene

‘ SAl{ryyle e g{;&% o suBstit ed aSy |c ted’ The
5" °'cy Ioalkyl" retars any cydlic ring of ar? or alkene havmg a
© “Aumber of carbgn atomsin the specified range’ Fhus, for example, "C3.8
cycloalkyl" (or “C3-C8 WO 2008/057209PCT/U82007/022460 cycloalkyl)
refers to cyéclopropyl cyclobutyl cyclopentyl, ¢ ehexyl cycloheptyl, and
eyglooctyl.The term * alkoxy" refers to a gtycloalky1-0-" group.
Cyeloalky groups m bstituted as indj . The term "carbocycle"

(ard varlatl%ngther of suc s "carbocycl bogycd;@)ﬁas used
h Pufjles¥ other |sg doreg)f rs t cyclic,

\EFNW 0 \%turéibﬁd to Cf&rhrc&}idfc saturated or
y{lsatura d ring systeé. Fﬂ” |n (u) is either |hg5pendent of, or fused
to, the other ring, and eachiving is'saturated or unsaturated. Carbocycle
groups may be substituted as indicated, for example with C.6 alkyl, C1.6
alketlyl, C1.6 alkynyl, aryl, halogen, -NH2 or -OH. The carbocycle may be
attached to the 10rest of the molecule at any carbon atom which results in
a stable compound. The fused bicyclic carbocycles are a subset of the
carbocycles; i.e., the term "fused bicyclic carbocycle" generally refers to a
C7 to C10 bicyclic ring system in which each ring is saturated or
unsaturated and two adjacent carbon atoms are shared by each of the
rings in the ring system. A fused bicyclic carbocycle in which both rings
are saturated is a saturated bicyclic ring system. Saturated 15carbocyclic
rings are also referred to as cycloalk gs, e.g., cyclopropyl, cyclobutyl,
etc. A fused bicyclic carbocycle in which one or both rings are unsaturated
is an unsaturated bicyclic ring system. A subset of the fused bicyclic

unsaturated carbocycles are those bicyclic carbocycles in which one ring
ic 2 hen7ene rinAa and the nther rinAa ie eatiirated or 1ineatiirated with

Q

0r5




, and Depicted ring systems include, where appropriate, an indication of
the variable to (R5), which a particular ring atom is attached. For
example, the indole structure ZX shows ring atom 2 is directly attached
to variable X and ring atom 4 is directly attached to variable Z. 25Variable
R5 is shown as a floating variable which can be attached to any ring atom,
provided that such attachment results in formation of a stable ring. WO
2008/057209PCT/USZDO7/022460 The term "aryl" refers to
Baromatlc: mono- and @gly-carbocyclic ring systems also referred to as
arenes,” wherein t ividual carbocyclig+ings in the polyring systems
fused or attacHed to ach other via Jfsg)nd Swtable aryl groups

include phenyl, naphthyl,;a blphe le Aryl gr% E@?
teda indicateg. %J s indlic e@vllb \;tgﬁt term

and vdri |orPs th such as " ocycllc tor
"t@eroc Iy1") broadlyr fers to{(i) a stable 4- tg.8-membered, saturated
or unsaturated fmonocyclic rlng (ii) a sthble 7- to 12-membered bicyclic
\ _dng system, or (iii) a sta d5-membered tric r| stystem

e each gm (||) (|||) mdepenqjent of, or the
ychit
o? mor

ring or{i ii’:‘a is satur furat an

MCW“CI ing syst (Btrlﬁ:y/cltc in sys contaln
het@prga\toms (e.g., from 1 to 6\§e /e\oatomsi orfrom1lto 4 he roatoms)
independently selected from N, 0 and S and a balahce of carbon atoms

(the monocyclic ring typically cgntains at least one carbon atom and the
bicyclic and tricyclic ri ystgms typically contain two carbon

aﬁoms) and vghereln any one ore oPthe.mnro e a@
ﬁteter@%ﬁ &p%n y oxigiz Neyany one onmore - 1
itrbgeq, hete d‘ato S| cxi?uat ized. Unlé& s%ﬁM@e

specified, the heterocycllc rfn may be attached at any h;tleroatom
carbon atom, provided that attachment results i) the creation of a stable ,
structure. Heterocycle groups may be substltuted as m%mated and unless
L thegwise specified, the g uents may be attached ny atom in the
)whether 3 west%roato bon atgrms rovided theat a stable
chehicastriicitmé r8Bults, 20Saltura ettc cIic m bﬁet ofith
h%tem% Jnless expressly statelf t th 4 contrafry,

thestefml's tunfhte
het\gro ydlic" génerally refer

¥

ooa’hete?ocy le as de neﬁ \9e in Which
the eftite ring system (whether morlo- or poly-cyglic) is Laturated. The s
term "saturated hetero cI|c Jing" refers to a 4- to embered saturated

Q.
a;ds)on atoms and one’or mormleéroatoms inde endent %cted from

tive ex a2| Ig 0

P diS.jRefresents s ifickude pi
ageﬁa %ﬁ‘roﬁ@my v a;@hdﬁsaﬁf‘l Fqlidin i oy
C)\[gc;(\atzc’olldlrt [, morpholinyl? thiomorp I|nyI, iazolidifyl, |soth|a I|d| }?

and tetrahydrofuryt (or tetrahydrofuranyl). Unsaturated heterocyclics form

bove ir.which the entire ring systétn (whether

mor@)qzéolx-cycllc) is{hot satu(atjaq,vq.e such rings are ei h
o un&sa%;ra d rga:rtial : ngat%rat dH ieb(pr 3 fh/K ;*10
oos] 7ZE§F§CWS 007/022%6 fdfto e contraK/ e fern < H \7
"heteroaromniatic ring" refers a/t\ble 5 6r 6-membered nmioht ocycl

aromatic ring, a stable 7- to 12-membered bicyclic ring system, or a stable
11- to 15-membered tricyclic ring system, which consists of carbon atoms
and one or more heteroatoms selected from N, 0 and S. In the case of
substituted heteraromatic rings containing at least one 5nitrogen atom
(e.g., pyridine), such substitutions can be those resulting in N-oxide
formation. Representative examples dftheteroaromatic rings include
pyridyl, pyn-olyl, pyrazinyl, pyrimidinyl, pyridazinyl, thienyl (or thiophenyl),
thiazolyl, furanyl, imidazolyl, pyrazolyl, triazolyl, tetrazolyl, oxazolyl,

isooxazolyl, oxadiazolyl, thiazolyl, isothiazolyl, and thiadiazolyl.
Ranracantativve avamnlec nf hicvvelic hetaroecvelee inchiide benzotriaznlvl

hetgrocycle as defined



0., 2,3-dihydrobenzofuranyl, 2,3-dihydrobenzo-1,4-d oxinyl (i.e.,
S7Ni-=-N midazo(2,1-b)(1,3)thiazole, (i.e., certain contexts herein,0 is
alternatively referred to as phenyl having as a substituent
15methylenedioxy attached to two adjacent carbon atoms. Unless
otherwise specifically noted as only "unsubstituted" or only "substituted",
alkyl, cycloalkyl, aryl and heterocycle groups are unsubstituted or
substituted. Preferably, the substituents are selected from the group which

ludes, but is not limitdd tesshalo, CI-Cm alkyl, -CE3,%NI-12, -N(C1-C6
%‘? -NO2, oxo, -CN -W\@ﬂ -0(C1-C6 aIkyI) cycloalkyl,
20C2-C6 alkenyl, C2- C6\alkan Co-C6 alkyl) S(0)D-2-, afyl-S(0)0-2-,
(CO 6 )S&O)o 2(CO 6 alkyl)- C@alkyI)C )NH- @M;%‘;(Ngl)-,

@1 61 atkyiC(@)- LCOie6 Lo

caaﬂ h;z(s alkyDZ, (Co-€6 alkyBcroyL 2(C(1fc aRyl) $ab- C:g}

alky/l[)\OC(O H aryl, aralkyl, kﬁ\eroary heterocyclylalkyﬁﬁaloa
alo-aralkyl, halo heterogycle, halo-heterocyclylalkyl=cyano-aryl,

ey

nqsaralkyl, cyano-he clg,and cyano- 25he clyg)alkyl
Unléss expressly stated({to the ¢ontrary, all ranges §ited h reln are
inclugive. For example heteroaryl rlng descrlbed As cont |ng from "1
5m .Kis

!fO

‘%

to 3 at s Jnean the r|n co n 1 2 or 3 he
a,,@e«#@é” rStood
200810572 T/YS2007/ W|th| t pe all of the sub-ra ges\\7

within that range. The oxidized forms of the heteroatoms and S are also*
of the present inventio When any
urs more than one tip ¥ constituent or
In fgrmula (I) or in any‘pther fggmula depicting and descriping compounds
of t eflnltlorgcrg\fagh occurrenge is md&gbggnt of its

r occgr RCETAlS cmrg1b| etlon%o titu nts

i vegtlon 5its
deflrﬁt—.llgn(a %egy oth
O

wﬁ:ﬂﬁlekgé"f sare perrfl

fi t R
@oxﬁpounds/ Unle$s e)f(pressly tated 0 the congmry, sub |tu6?(§)\ﬁ7
by a named substituent is permitted on any atom in aring (e.g., aryl,a -
heteroaromatlc ring, or a satu heterocyclic ring) 10p ({ded such ring
bstitution is chemlcall y@ind resultsinas pound. A
fe" compound is a d isolated
andowhose structure g egties remain or ¢ e caused to remain

of ime sufficient to aIIoWT;@%@f tohe
' greinde.g.ithgra iIC.Rr ‘R,,o
' ‘]?fBi%\\eya r suﬁ\oﬁ e'geleltioh of
rtain of, the compﬁtmds ofthe |
can occur as mixtures
of eoisomers, or as indivi antiomers. All
'@ﬂric forms of these ted gr in mixtures, are
ithi javention. As would bg recognized by one
of erdinary skill in the n of the 20compouinds W presenta
mv%’?ﬁgnﬁsaréemsta tautomerg."Kor ¢he purposes of thé pﬁé -L\
inverition, a refeétence agom\fﬁ—iﬁ rﬁu«:la (I)°r§' ererie to the
?)Eo d-‘ﬂjncgeeﬁ Sep0r tb anyJonE oFits Ufbrh@rs pePfj)r to mixtures of

tv\ﬂbr mor€ tautomers. ,
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The compounds of the present inventions are useful in the inhibition of
HCV protease (e.g., HCV NS3 protease) and the treatment of HCV
infection and/or reduction of the 25likelihood or severity of symptoms of
HCV infection. For example, the compounds of this invention are useful in
treating infection by HCV after suspected past exposure to HCV by such
means as blood transfusion, exchange of body fluids, bites, accidental
needle stick, or exposure to patient blood during surgery. The
dbmpounds of this invention are useful in the preparation and execution of
screening assays for ant|V|raI compounds For example, the

which are excellen
0%399 qus. Furthegmore, compotinds of thi
¢ establighing or W, 2008/0 Z TIES200 i
inding 9 th protease-e, petith
thItIO/ TRus, the co ds of this invention mai be\commer |al
products to be sold for these purposes. The compounds of the present
¥vention may be administered in the form of S5pharmaceutically
cceptable salts. The "pharmaceutically acceptakle salt" refers to a
sal which possessef tfie effectiveness of the pare mpound and which
is ot b|olog|cally gf otherwisg undeswalale (e.g., is neither tpxic nor
ot e delmno s to the regipie gdh<Suitable saltsincluge dcid
b’”ad{hu tskwhich may, foge Ie Beférmed by mixi E{%ﬁjﬁjtl il ob
“Ihe comﬂ?m@ of the pres?{nt mvé?ntlon lith a solution 3ﬁé
pharmace tlcally,loacceptab/Faud such as hygrochlorlc ﬁ“d sulfurlc
acid, acetic acid, trlfluoroacetlc acid, or benzoic acid. Many of the

g;,ompounds of the tiin_¢arry an acidic moiety, in which.gase suitable
maceutlcally ceptable’salfs thereof can include al

etal saﬂ;?/"kov

sodlum or potassium salts);-akaline earth metal salts *Ceog calGiam
neS|um saltsf&ﬁ%ﬁlts f&?ﬁi&fltmswtable ordanic ligands su@ho
m? ary ammonism s _<ga aoud\;ga\ép QO*V
/Qcohol grofap Being preseﬁf\ph&rmaceu leaIPy acc pta@l’e éstefs cafibe
employed tojmodify the solubility or hydrolysis characteristi€s of the f
compound. The term "administration" and variants thereof (e.g.,
ministering” a compound) in_reference to a compound of the invention
] idi tind orja prodrug of the compound to the
individual in need of treatment. YVhen a compoun ﬁ‘th,he 20mvention or a
prodryg heggof agcprovided in ¢ Y ination with-ene or’@ej(oth a gMe
gge,nts e 1 agents ysetll, r eatln HCV infeCtioty
atl rMand its vana]ﬁt;@kr% hin st includes
cgnﬁﬁrent and sequential provision gf the compo ngker salt (or hydrate)
and other agents. As Used herein, the term *prodrug"” Is intended to :

tabollc processes i

admlnlstered Asgused hergjn, the ten "comp¥sition”,js ntended
e cqm uct colnplisin f’;p@ifi mgasedlzgks,‘(é“
o UCttwhlch uIt@\/g y @k indirectly, o HN

i Vs
/A\

3
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30from combining the specified ingredients. WO
2008/057209PCT/US2007/022460 By "pharmaceutically
acceptable" is meant that the ingredients of the pharmaceutical
composition must be compatible with each other and not deleterious to the
recipient thereof. The term "subject" (alternatively referred to
herein as "patient") as used herein refers to an animal, preferably a
mammal, most preferably.a human, who has been the object of treatment,
bservatron or experim The term "effec{ive amount" as used

means that amount ve compound or pharmagéutical agent
that.elicits, ologrc | or me’éjrcrnaL nse in/a tissu&: syste n}.él
’o‘é]n souﬁt y, 6t v terrnarra@nﬁe e alkc
dQth 1ther clinici drment the’ L\;&@ﬁt unt is a

"ther peutrcally effective amou for the alleviation of o r more
symptoms of the disease or condition being treated. In another
embodrment the effectj apount is a "prophylagtically effective amount”

/mptoms of the
disease or cgndition.
o
p,oh§g b?gng ’sough
tige

ih the amountibf y
vtedse an Zlﬁ’%%élim
Eanﬂrgh’rbr jon effective a WHen the
compound (i.e., actrv irfgredient) is administered a&the salt,
references to the amount of active ingredient are to the free acid or free

base form.of the compound. r the purpose of inhibityag HCV
se and treating HCV i ijon and/or reducing the.
symptom HEV-nfectfon, the comp

NS3 py lihood or
mventron optronally e [prre of & salt or a hydtafe, canbe ddministered
ini

present

?J ean)s that pro t of thg astive é@,;ﬁwm% agents
e of can e at con\?e nal Jreay H:Sf\v
arlablef conjunc n with pht aceutrcals e er as indjvidual

therapeutrc gents er in a combination of therapeutic agents. They can be
admrniste ed alone, but typically are idmrnrstered with a pharmacedoiical

carrierg glected on the 25basis of th osen route of adminis
andartl pharmaceutical practice. {h# compounds of the jrydntion can,
. exam_le be admini re@\ormarenterally @ drngosubmutaneous
ofﬁe t| intravenous, i rannu cu?{; |ntrastemal na;.efc&/rw Infusion
echnrq q\grhalatron such as form), or rectall m
unrt oggye of'& pharm@utrc C mposr on containing an Stfgg?dtrve
amount of the compound and conventioral 30nQn-toxic ,
pharmaceutrcally acceptable carriers, adAuvants and vehicles. Liquid,
preparat < Slitable for oral adminigtragtion (e.g., suspensions,[syfups,

eIrxrr\s\ gnar he like) can be prepare iccording to techniques n nin the
and an employ a &Gsta medra such ater,

2008 209PCT/U82 7/622460-glycols, oils, alc hol§ a Irke
|ens surtabqu"o gdrmr |strat|on (e d, pow pi s:\,
suI “retvs) can b@rep ({ord@ng to tec que

art and éan employ such solid excipignts as starches, sugars k oIrn
Iubrrcants binders, disintegrating agents and thé like. Parenteral
compositiepsean be prepared accerdingto 5 techniques kno
and typisally employ sterile water carrier and optronaIIy

S, such as selubitity-ai s. hjectable so

/ accprdifig to methods-#hown na the’art wherein the/ carries cofiprises a

@Y lutign, aogluco§ btion cor‘i”tat’nlntj’*al ixturecok
g?hne %s& Furth’e@escrr ’bvgﬁmhods sulef Usein~o

eparrng fharmaceutical composition$of the presentrivention a d of

ingredients suitable:*for 10use in said compositions is provided in
Remington's Pharmaceutical Sciences, le edition (ed. A. R. Gennaro,
Mack Publishing Co., 1990). - 1THe compounds of this invention can
be administered orally in a dosage range of 0.001 to 1000 mg/kg of
mammal (e.g., human) body weight per day in a single dose or in divided
doses. One dosage range is 0.01 to 500 mg/kg body weight per day orally

N 2 cinndle doce ar in 15divvided docee Annther dncecane rancaeaic N 1 t0 100




25As noted above, the present invention also relates to a method of
inhibiting HCV NS3 protease, inhibiting HCV replication, treating HCV
infection and/or reducing the likelihood or severity of symptoms of HCV
infection with a compound of the present invention in combination with
one or more therapeutic agents and a pharmaceutical composition
comprising a compound of the present invention and one or more
therapeutic agents selected from the group 30consisting of a HCV antiviral
agent, a munomodulat:r\:r:ja?ﬁ i-infective agent. Suc erapeutlc
agentsNa“c ive against HCV includ&, iyut are not limited to, ri v in,
EVOVi ing Fviramidine nesir’ a -1, R7025 ( anced glterferon

, interferon-0, ter;f 3?:0 2008/057299RC 07/022460

dated gniegeron-a pe noa), A comb@’at rQ-a
\gf) e[qugoma and nb‘ﬁ%nn c%ﬂln‘c‘mon

@j AT, E‘G@blnatlo

nterferoni and Ievovmn and a compination of peginterferon-g and
levovirin. Interferon-a includes, but is not limited to, recombinant
interfero aésuch as Roferon interferon available from O

Hoffm aRoche, 5Nutley, NJ) pegylated interferon- -cag gasysTm)

Walb (such as Intro A,\ nterferon available ring Corp.,
Kenllwoﬂh NJ), pegylated int feron 02b (Pegl ronTnp ﬁ\gﬂ combinant
f

o G SUS mg)erferon( h as in ?on alphac ron

T% 10 ser |ﬁ;&r|uma ),
and a pianfniO n?eronm% “d/gl gﬁ(ﬂ smacomblnant cBns m%;
ne

interferon has the brand narﬁglnfer Levavirin is the 10L- enl ntiomer
of ribavirin v@nch has shown immunomodulatory activity similar to

ribavirin{ \firamidine represents a tog of ribavirin disclo
Intern t|o al Patent Appllcatlon Rdsfication WO 01/60379.
el ‘method of the pr tion, the indiyi

.....

: Hcomb on can be a‘&ﬁmmsteg gparately at e
TMth@r@p)bor c dl\ﬂd@door sM’gi,e“
fFor t %‘;ﬂ fect teppoult

invention also be administered |n omblnatlon wi
an inhibitor of HCV NS3 serine protease. HCV NS3 serine protease is an
ial viral enzyme and ha A described to be an flent target

|b|t|on of HCV rephcatl@ ~Both substrate and non strate based
Inhibitors are disclose nternational

pllcatlon 20 Publicatibns, WO 98/22496, 98?‘ 3 Wo{,\p

/07 4WO 9 8 99/60230,,W
Q/OQ%HW 0 9929\/\?0@ 02/%&'16 ahd OUM?Z \7
stent No. @B 2 337 262, U.S. Patént No. 6,323,

avirin, levovirin, and viramidine may exert their anti- HCV effects by ’
modulating intracellular pools of guafime nucleotides via inhibjition of the
intracel Bnzyme osine rﬁm osphate dehydro se (LMPDH).
IMPDkl—Ime rate-limijng the biosynthetic ré in de novo

d horylated

Q_/guanh%ﬁucleotlde bi nqthes;;s Rfbavirin is readil 3}
¢ intracefularly and the e derivative fs an inhbfior of | P@
)“Nw@&m 'orﬁost_dMPDH resent ‘%@thew usef@:ﬁarg{e orihex 0\7

. 99/0

Aiscov nhi itors of HCV repllca?’l ﬁ'ﬁ‘epefore thé gonfpoun
the pré€sent iivefition may also be admfwistered 30in cgn@natlon Wlth an
inhibitor of IM\DH such as VX-497, which is disclosed in International
Patent Application Publications WO 97/41211 and WO 01/00622; another
TIVIPDH inhibitor, WO 2008/057209PCT/US2007/022460 such as that
disclosed in WO 00/25780; or mycophenolate mofetil. See A.C. Allison
and E.M. Eugui, 44 (Suppl.) Agents Action 165 (1993). For the treatment
of HCV infection, the compounds of the present invention may also be
administered in combination with the antiviral agent arnantadine
(1-aminoadarna_ntane). 5For a compfghensive description of this agent,
see J. Kirschbaum, 12 Anal. Profiles Drug Subs. 1-36 (1983).

¥



For the treatment of HCV infection, the compounds of the present
invention may also be administered in combination with the antiviral agent
polyrnerase inhibitor R7128 (Roche). 10The compounds of the present
invention may also be combined for the treatment of HCV infection with
antiviral 2'-C-branched ribonucleosides disclosed in R. E. Harry-O'Kuru et
al., 62 J. Org. Chem. 1754-59 (1997); M. S. Wolfe et al., 36 let. Lett.

7611-14 (1995); U.S. Patent Na, 3,480,613; and Internatl ab. Patent

[ 0121, WO 01/92282 02/32920 WO
- ts 150f each of
ly. Sugh 2'-C-branched

ribom clegsi es"lnclu ,e but ar |,l,ml ed o, ZDQ: methy tldtne &
C\ 2'-Cimethy -urldwn\‘é? 2-@Betmyl dénoiné 52C efpyl Eju%ﬁqe mé}gn"vdw
e (ZJ@meth |I-O-D-ribofuranogyl)?2,6- d amlnopurlne &n
cqrrgsponding amino acid es@ of the ribose C-2', C-3',@nd C-5'
hydroxyls and the corresponding optionally substituted cycllc
1,3-propanediol esters of the 5'-
co tnds of the present |nve
ty ent of HCV infectio |h
ﬁertles such as thpse discl¢
P& atlonscW(a 02/5(1425, as ed to is |Pharn[§%dr
h@ 01/ y 2§ ahdovvoztpps/oo Tin tudm@
N O25( R) 2" deoxy~ >ﬂﬂ 5"-C- ethylcytldln wh as
T ounds 3-6 on page 777; W® 01/68663; WO 99/4 g e 02/18404
W02006/021341, and U. atent Application Publication :
U82005/0038240 including 4'- azido nucleosides such as R1626

ther nucleoside i-HCV
sed in Internatlo al PatentOAppllcatlon /B

SOg@nd WO 04

%

C\ F«Q}I&%tre tmen f the.compdun S -
vention nqy also be ad ed in‘sombination with-aq agent that is
@hlbltor f HCV NS5B po erase. Such HCV NS5 lymerase

|nh|b|tors that may be used as comblnatlon therapy mclude but are not

138 and WO 2004/0 l ; U.S. .S.

Patent Application Pujfi $S2004/0067901; thé c@ntent of each is
gr&g{%eg hegein byyeferefce in its enfiraty. Other guch FICV

pol

q b?rs@nclude W ot kfnitedrto, valoici abm
O N 83" tenix) dn @72 beta-ri ,ﬁcy in \(§§eg g
T2005/6031 ), 10[none ernfbo |ment ucleoside HC\WN polymerase

@)ltors that are used in ¢bribination With the present V NS3
protease inhibitors are selected from the following compotnds: »
4-amino-7-(2-C-methyl-O-D-arabinofuranosyl)-7H-pyrrolo[2,3-4pyrimidine;
4- amino-7-(2-C-methyl-O-D-ribofuranosy1)-7H-pyrrolo[2,3-d]pyrimidine;
4-methylamino-7-(2-Cmethyl-#-D-ribofuranosyl)-7H-pyrrolof2,3-djpyrimidin
e; 4-dimethylamino-7-(2-C-methyl-O-D-
15ribofuranosyl)-7H-pyrrolo[2,3-4pyrimidine;
4-cyclopropylamino-7-(2-C-methyl-f3-D-
ribofuranosyl)-7H-pyrrolo[2,3-alpyrimidine;
4-amino-7-(2-C-vinyl-O-D-ribofuranosy1)-7Hpyrrolo[2,3-a]pyrimidine;
4-amino-7-(2-C-hydroxyrnethyl-fl-D-ribofuranosyl)-7Hpyrrolo[2,3-4pyrimidi
ne;

4-amino-7-(2-C-fluoromethyl-O-D- rlbotluranosyl) -7Hpyrrolo[2,3-4pyrimidine

; 4-amino-5-methyl-7-(2-C-methyl-f3-D-ribofurano5yl)-7H-
20pyrro|o[2,3-d]pyrimidine;
4-amino-7-(2-C-methyl-O-D-ribofuranosyl)-711-

nvrrolol?2 2oalnvrimidine-G.carbhovvlie acid:




methyl-(3-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine;
4-amino-7-(3-C-methyl-O-Dxylofuranosyl)-7H-pyn-olo[2,3-cr.pyrimidine;
4-amino-7-(2,4-di-C-methyl-O-D-ribofuranosyl)-
57H-pyrrolo[2,3-d]pyrimidine;
4-amino-7-(3-deoxy-3-fluoro-2-C-methyl-fi-D-ribofurano5yl)-7H-
pyrrolp[2,3-a]pyrimidine; and the corresponding 5'-triphosphates; or a
phafmajceutically acceptable salt tHereof The compougds of the

t invention may also bg cdmbined for the treatmenff of[HCV

fon with non-nucl infitbitors of HCV pol srduch as those

disclosed in 10International Pafent Application Pubtication$4 01/77091;
WO Q1/47883; WO 02/§4425; Wéb;/fﬁm%gq/vo 120497 Po QP

Q o = e TN
7~ 2005/016927 in particular, JTKO0J); t ’té%‘:of‘ h is ingorp d %y
Gjﬁ:‘&w&y refe enc\ggfn @w{x‘é«yja@d H@&V-79 (Vf:gﬁp y ). iKone

diment, pon-nucleoside 'VNSSBI olymerase irthibitors that are
used /n combination with the ent HCV NS3 protease bitors are
selected from the 15following compounds:
65 hexy1-6-[2-(dimethylaming)ethy11-7-ox0-5,6,7,8-
: @. ié‘zocine-ll-carboxyl{b
ylethy0-5,6,7,8-tetrahydrgingdolo[2,1-a][2,5

i

; iazocirg)e(—)ll-car 'O/acid; 14- 1 -g] hy
g [25 S8iazgtine-1] carbo!%;_a(g:i{gl;DMO Z—/L*TN ) WG]
Ofl

& 'C
C\ 14-cy¢lo N3 Rethoxy:6-me YIS B8 N
senzodipzocie-11 b“ox%g)ﬁeid; ethyl
y -

" 70tatranydraindolof2, 1-aj3,51
f{[@-cycloh Xy1-3- methoﬁy@neth 5,6,7,8-tetrahyd)rq@dolo[2,l -a]
[2,5Thenzodiazocin:=11- yl)carbonyl] ami no) safdn yl)acetate;

and philfdhdceysiahexytpi-brethioxyHérenethy1-5,6,7,8-
tetrahydroindolo[2,1-a][2,5]benzodiazocin-11-yBcarbonyliaminolsulfonyBa
cetic acid; 14- 1-a] 25[2,5]benzodiazocine-11-carboxarnide;
3-chloro-14-cyclohexyl1-642-(dimethylamino)ethyl]-7-
0X0-5,6,7,8-tetrahydroindolo[2,1-aj[2,5Thenzodiazocine 11-carboxylic
acid; /sr-(11-carboxy-14-
cyclohexy1-7,8-dihydro-6H-indolo[1,2-e][1,5]benzoxazocin-7-y1)-N,N-dim
ethylethane-1,2- diaminium bis(trifluoroacetate);
14-cyclohexyl-7,8-dihydro-6H4ndolo[1,2-e]D,5]
benzoxazocine-11-carboxylic acid;
14-cyclohexyl-6-methyl-7-0x0-5,6,7,8-tetrahydroindolo 30
[2,1-a][2,5]benzodiazocine-I 1-carboxylic acid;
14-cyclohexyl-3-methoxy-6-methy1-7-0x05,6,7,8-tetrahydroindolo[2,1-a][
2,5]benzodiazocine-11-carboxylic acid; 14-cyclohexyl1-642-
(dimethylamino)ethy1]-3-methoxy-7-o0x0-5,6,7,8-tetrahydroindolo[2,1 -a]
[2,5]benzodiazocine- WO 2008/057209PCT/US2007/022460
11-carboxylic acid;
14-cyclohexyl1-613-(dimethylamino)propyl]-7-oxo-5,6,7,8-tetrahydroindolo
[2,1-a][2,5Thenzodiazocine-11-carboxylic acid;
14-cyclohexy1-7-oxo-6-(2-piperidin-I-ylethyl)-
5,6,7,8-tetrahydroindolo[2,1-a][2,5]benzodiazocine-11-carboxylic acid,;
14-cyclohexyl-6-(2-
morpholin-4-ylethyl)-7-oxo0-5,6,7,8-tetrahydroindolo[2,1-a][2,5]benzodiazoc
ine-11-carboxylic 5acid;
14-cyclohexyl1-642-(diethylamino)ethy1]-7-oxo-5,6,7,8-tetrahydroindolo[2,
1-a] [2,51benzodiazocine-11-carboxylic acid;
14-cyclohexyl1-6-(1-methylpiperidin-4-y1)-7-0x05,6,7,8-tetrahydroindolo[2,
1-a][2,5]benzodiazocine-11-carboxylic acid;
14-cyclohexyl-NRdimethylarnino)sulfony1]-7-oxo-6-(2-piperidin-I-ylethyl)-5
,6,7,8-tetrahydroindolo[2,1 -a] [2,5Thenzodiazocine-11-carboxamide;
14-cyclohexy1-642-(dimethylamino)ethyll-N-
10[(dimethylarnino)suIfonyl]-7-oxo-5,6,’7];§1-t“etrahydroindolo[2, I
-a][2,5Thenzodiazocine-11- carboxamide;
14-cyclopenty1-612-(dimethylamino)ethy1]-7-o0x0-5,6,7,8-tetrahydroindolo[

27 1.a112 Rlhanzndiazocine-11-carbhovviiec acid:-




tetrah ydro-5H-indo lo [2,1 -a] [2,6]benzodiazonine-12-carboxylic acid;
15-cyc lohex y1-8-oxo-
206,7,8,9-tetrahydro-5H-indolo[2,1-a][2,5Thenzodiazonine-12-carboxylic
acid; 13-cyclohexyl1-6-
0X0-6,7-dihydro-511-indolo[1,2-d][1,4]benzodiazepine-10-carboxylic acid;
and pharmaceutically acceptable salts thereof. The HCV NS3 protease

inhibitory actmﬁé thﬁﬁ% Qgﬁé&nt}ggmqundﬁimcbmm@@i Qfsfﬁ"@“é%‘%éps

Icnown in_the One such assay is HCV NS3 protease time- resolved

ifassays areqlescribed in e.g., International Patent Application Publication
MN02005/046 2 HCV NS3 protease inhibitors, such as those described
Yherelrbhave a Ki less than 50 4M, such as less than 10 AM, and less than
{100 n etermined by an NS3 protease assay. The assay is
H“bﬁjﬂMre in a final volume of 100 pl in 30assay buffer containing 50 mM
HEPES, pFhy'5, 15Q;:miM NaCl, 15 % glycerol, 0.15 % Triton X- 100, 10
mﬁFDTT ang 0.1 % PEG 8000. NS3 protease is pre-incubated with
various copte of inhibitors in DMSO for 30 minutes. The reaction
is initiated by addin
peptide substrate (fi

e WO 2008/057209PCTIUS2007/022460 TRF
al concentration 100 TIM). NS3 mediated hydrolysis

of the substrate is quenched after 1 hour at room temperature with 100 pl
of 500 mM MES, pH 5.5. Product fluorescence is detected using either a
or a}h%%&hé%ﬁty 2HsiONdluarephotomstgs(Perkin Elmer Life and
nalytical S s) with excitation at 340 rim and emission at 615 nrn
with a 400 is dglay. Testing concentratlons of different enzyme forms are

selected to ¥esul{dn a signal t %kground ratio .. (}S/ ) of 10-30. IC50
values are derlved lﬁ%ﬁ‘f %egt 831

t
rd %rﬁt’pp%%mrﬁeit r fit to the data. K

usin ollowing formula, IC50 -=+
ncenjirati n of ﬁi‘te pepti the
coista rietdl., §,

20-32(19R9); P. Gatlinari eta}( 723 VIROL. 675 8"

(1998); M. Taliani et al., 240 ANAL. BIOCHEM. 60-67 (1996) The _ _
present invention also mclud procesg ing compounds of OO
ma (1). TEeENmpou me prasent'i gan be @ . :

ed ac to the , wples, or %

mOdIfIC§tiO%S thereotx u%ng read|I & ailables1 startlng materials, g ’
d | se reacti itis N
riants are th msdlves kn |
: TS, 2 A ] gref ail. NTX
rme hod for preparing comp ur;d of the Jpvetion wi |
s persoriof ordinary kil iif the art4n light of thé
folowing reacti®n schem#s and examples. Unlesstherwise indicated, all X .
variables are as %\Pdeflned above. The following reaction schemes and
to illustfate the inverttionjand its p re.
WA based O
oc. 9606 (1996); G il
29 (1999] 1y chouge‘?’ar’i 7N~
Patent App}{catlon Publigation 25  x X

ts in ring closmg metathe5|s IS W wn in the
. . RZ 2001).



Zannan Pharma Ltd.) Zhan ruthenium metathesis catalyst RC-303
(Zhan catalyst 1B, RC-303, Zannan Pharma Ltd.) 10The following
examples serve only to illustrate the invention and its practice. The
examples are not to be construed as limitations on the scope or spirit of
the invention. List of Abbreviations  BOC (also Boc) t-Butyloxycarbonyl
1SB(OMe)3Tr|methyI borate BOPBenzotriazole-1-yl-ox y- -tri s-(dimethyl

@ is unsubstituted or mone-substituted with a motety selected from the group
consisting of -Br, -Cl, -CN, phenyl, -O-phenyl, -OCF,, -OCH,, -C(O)CH, -CH, and -C(C)CH,;

R' is selected from the group consisting of -C(O)OH and -C{O)NHSO,cyclopropyl;

R is selected from the group consisting of -CH=CH,, -CH,CH,, and -CH,CH=CH,;

R’ is selected from the group consisting of H, -C(CH,),, (CH,},CH,, cyclohexyl, and
-CH(CH,),;

] . . Z oY Lo~ ~o-Y '
M is selected from the group consisting of , = ,

Z
> 7 Tr\/\/\y Z\/\/X\Y
TN TNy WY, ’

-

Z\/\/\/\/Y Z\//\MY’ Z\/\\\/\/\/Y:

- 10k -



m-Chloroperbenzoic acid Cesium carbonate Copper iodide Copper (1)
bromide dimethyl sulfide complex 1,4-diazabicyclo[2.2.2]octane
Dibenzylidene acetone 1,8-Diazabicyclo[5.4.01undec-7-ene
Dicyclohexylcarbodiimide Dichloroethane Dichloromethane Diethyl
azodlcarboxylte Diisopropyl azodica

\ inopropy1)-N'-ethylcarbodiimide Electrospray ionization
Z . DiethyletherEtlyl Acetate Ethanol

X is selected fyom the group consisting of -O-, -CH,O-, -NHC(O)YO-, -CH,NHC(0)O-
-C=CCHL0-, -C(0)O-, «(CH,);0-, -OC(O)NH-,
~(CHy L C(OMNH-, -C(O)NH- and a direct bond;

Y is seiected from the group consisting of -C(O)-, -SO;-, -OC(0)-,
~C{OIN{D)L- and -LN(D)YC(Q}-, wherein

»

D is selected from the group consisting of H, C;-C, alkyt and C,-C, alkenyl,

L is selected from the group consisting of a direct bond,
-G~(C-Cq alkylene)-, (C;-Cg alkylene)-G-, -G-(C,-Cy alkenylene)-, and ~{C1-C;, alkenylene)-G-,
wherein said G is selected from the group consisting of a direct bond, -O-, -N- and —5-, said alkylene and
alkenylene are substituted with 0 to 4 substituents E independently sefected from the group consisting of
Ci-Cs alkyl and C,-Cs alkenyl, and

said D and E may be taken together to form a 3- to 6-membered ring containing
0 to 3 heteroatoms selected from N, O and S; and

Z 1s selected from the group consisting of —-C(O)- and a direct bond.

The present disclosure also includes pharmaceutical compositions
containing a compound of the present disclosure and methods of preparing such
pharmaceutical compositions. The present disclosure further includes methods of
treating or reducing the likelihood or severity of one or more symptoms of HCV

infection.

In a fourth aspect, there is provided a pharmaceutical composition
comprising an effective amount of the compound as defined above or a pharmaceutically

acceptable salt thereof, and a pharmaceutically acceptable carrier.

In a fifth aspect, there is provided a use of the compound as defined above
or a pharmaceutically acceptable salt thereof in the preparation of a medicament for

preventing or treating infection by HCV.
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Hydrogen or hydrogen atomosphere 0-(7-Azabenzotriazol_—1-y1_)-N, N,N"
,N ctetramethyluroni um hexafluorophosphate Hydrobromic acid

Hydrochloric acid Hexamethylphosphoramide Acetic acid
Wi PRAENYLT -azabenzotriazole WO 2008/057209PCT/US200%/02 24601022466

HOBT1-Hydroxy benzotriazole 1-120Water H202Hydrogen peroxide

HPLCHIW@%@H&&]{QHQ% QRARARRYI2INRS ivention are either
Potassium bisulfate K2SO4Potassium sulfate K2 CO3Potassium

furtheg ‘%%?8?1%?3 ROHBBREHRTEY bHS U@L ere R BE ARG Btawinamm e anidieppended

claimk CMSHigh performance liquid chromatography - mass spectrometry
LiOHLithium hydroxide LiOH-1-120Lithium hydroxide monohydrate
LRMSLow resolutlon mass spectrometry 15Me3A1Trimethylaluminium
MOVieOH ViethanobMga@4Magnesium Sulfate MsCliMesyl

chloride N2N|to nor nitrogen atomosphere NH4C1Ammonium
chlorideﬁﬁﬁ’gﬁﬁﬁ Vgﬁ i RyGRiGe R eNsl & dpraula () above, and

pharmaceutically acceptable salts and/or hydrates thereof, These compounds and their

pharmaceutically acceptable salts and/or hydrates are HCV protease mhibitors (e.g., HCV NS3

protease inhibitors).

A
In one embodiment of the invention, O is selected from the group
consisting of
i) aryl rings,
2) cyclohexyl rings, and
3 heterocyclic rings in which the heterocyclic ring system attaches to Z and X at
points that are two independently selected ring atoms that are either two acarbon ring atoms or
one carbon ring atom and one nitrogen ring atom, and the heterocyclic ring system is selected
from the group consisting of:
a)  5-or 6-membered saturated or unsaturated monocyclic rings containing 1,
2, or 3 nitrogen atoms, and
b) 8-, 9- or 10-membered saturated or unsaturated bicyclic rings containing 1

or 2 nitrogen atoms,

wherein said . is substituted with 0 to 4 independently selected substituents W, R’

or oxo; wherein for stable heterocyclic rings containing S or N, the heterocyclic ring 1s
unsubstituted at the S or N atom or is substituted at the § or N atom by oxo; wherein said W and
R substitutions are located on one or more ring atoms selected from C and Nj and provided that

the 10-membered unsaturated bicyclic ring is not quinoline, quinazoline or isoquinoline.

11 -



NMPN-Methyl pyrrolidinone 25 NaHSodium hydride NaHCO3Sodium

hydrogen carbonate (sodium bicarbonate) NaHS03Sodium bisulfite

NaOHSodium hydroxide NaOMeSodium methoxide 30Na2S03Sodium

Wl IR8/RFa229203S odium thiosulfate Na2S 04Sodium sulfate (ardrydsous)oz2466

WO 2008/057209PCT/US2007/022460 PCy3Tricyclohexyl phosphine

POBrPhosphoryl bromide POBr3Phosphoryl tribromide P205phosphorus

pentoxide (P4010) 5Pd/CPalladium on carborf PhMeToluene

PPh3Tri hine RTRoom temperatuke, approximately 25 C

_Ru/CRut@i{]egn%érﬁgogr%gg?%%pno-lfé Ft)%%[i’g}aggr}%ilica gel *® ansibstitited or mono-
substimpaPTidirabutiiareioid frdtuchic er T R¢OsBangz eifiano ARyl NidnyN -O-phenyl
"C}CF%}%@@et@(ﬁ;%‘f%f%t%&%%@%ﬁte TEATriethylamine

FATriffuoroaceti¢ aci etréhydofuran TLPSOTfTriisopropylsilyl
triflate TMSC1Chlorotrimethyl slime TsC1p-Toettengsulfonyl chloride
Zn(CN)2Zinc cyanide 20 A

In another embodiment of the invention, is selected from the group of

H

rings consisting of:

-12.
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Synthesis of Intermediates Intermediates A Intermediate # Structure

Name Literature Reference A 1 Fi2N 0 0 0 %* ,s, HCI (1

R,2S)-1-Amino-N- (cyclopropylsulfonyl)-2- vinylcyclopropanecarboxamide
Wiy aretnidHde US 6,995,174 A2 H20 ----- : _

-amino-2- vinyIcyclopropanecarboxylate hydrochlorlde US 6,323,180 WO
4 termedla -

0.

2008/057309RCT/US2007

HMN-NH HN—NH

X, Z“E\;\//’L‘X and z”’&\/i*"‘x

above. In a preferred group of this embodiment of the invention, R° is independently selected
from the group consisting of H, -Br, -CI, -CN, phenyl, -O-phenyl, -OCF,, -OCH,, -OH, C,-Cy

alkoxy, C-Cs alkyl, -CF3, -C{OYOH, and -C{O)CH;.

In another embodiment of the mvention, R' is -CO,R'® or -CONR'’SO,RC. In 2
preferred group of this embodiment, R is -C(O)OH or -C(O)NHSO,cyclopropyl.

In another embodiment of the invention, R? is C1-Cs alkyl or C,-C; alkenyl. Ina
preferred group of this embodiment, R? is -CH=CH,, -CH,CH;, or -CHCH=CHS,.

" HCI Ethyl (1 R,2®)et/us2007/022460

, which may be substituted as indicated

In another embodiment of the invention, R’ is H, Cy-Cq alkyl or C3-Cy cycloalkyl,

In a preferred group of this embodiment, R is H, -C(CHs}, -(CH3)3CHs, cyclohexyl, or

-CH(CH,),.

In another embodiment of the invention, M is C,-C; alkylene or C;-Cy»
alkenylene, wherein said M is substituted with 0 to 2 substituents F selected from the group
consisting of C,-Cy alkyl, and =CH,. In a preferred group of this embodiment, M is selected
- from the group consisting of -CH=CH(CHy)s, -(CHz)s~, -CH,CH=CH(CH,),-, -(CH3)¢~,
-CH=CH(CH,)s-, -CH=CH(CH,);C(CH;),CH,-, ~CH=CH(CH,)s-, -(CHy)s-, -CH=CH(CHj,)3-,
~(CHz)e-, -(CHa)s-, -CH=CH(CH2)2C(CH3):CHo-, -(CH2)4C(CH3),CHo-, -CE=CHR)(CHy)s-,
-C(=CH2)(CHy)s-, -CH,CH=CH(CH,);-. In some embodiments, M is selected from the group

consisting of &~~~ , s Y, T~ Y
Z z
Y Y
\W/\»/ﬂ\/f\ | \«/\\/A><T\ ’Z\J/\v/ﬂ\/,\vjy,Z\%fx\/ﬂ\¢/\VfY9
Z\ﬁﬁ\«’\w/“><x

Z Y
Z\/ﬂﬁf/\V/x\/Ys \fM\V/\V/T7< ’

- 13-
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HN 00V/HCI  Step 1: t-Butyl ((1R,2R)-1-{f
(cyclopropylsulfonyl)aminolcarbonyl)-2- 5ethylcyclopropyl)carbamate 0 0 0
>ro N O A hydrogenation vessel was charged with a MeOH (1000
W EYS1GFAFBS t-butyl PCT/US2007/022460
((1R,2S)-1-{KcyclopropylsulfonyDamino]carbony11-2-vinylcyclopropyl)car
bamate (164 g, 0.50 mol) (US 6,995,174) and 5% Ru/Ctdry, 7.5 wt%,
2.4 g) angd stirred. The vessel 10p£ace under N psi) and

£ verte atmospheric préessure (3x Lio remfoverfesidlial oxygen. The
vessel was then’placed under H2 (50 psi). After 20 hours, thie vessel was
vented t¢/atmospheric pressure. The feaction slurry was then transferred
7 action vess)ndfllte through SOL1CA FLOK (34 g,

stfed With 180 mé_ SOH)t6 yietd a clear, light brown solution. The
SOL1CA FLOK was rinsed with MeOH (200 mL x 2). The combined MeOH
15solutions were concentrated under reduced pressure to yield crude

product as hite %g (?Q The cr duc wa urrlelg &Aﬁ
(800 mL \?a\;%a\pr%e AR n%?rfllmeés eeCtseo Od’ﬁ a@ ﬁ and
-LN(Ihédtad, aged 30 mlnutes and heptane (500 mL) was added via addition

funnel 01’1?5%?1931% e fter&?ﬁl %ﬁ '?%/ t%ryﬁ% ZSL%QS??'” W%s'ai_c Ogalke %e%er and/or

~and aged overnlg itiona eptane 0'mL§ was a
with ongrer %W@@ﬁﬂiﬂ@ﬁéﬁhmﬁf@mmﬁ) Wasdald tie tbvia aﬁldm@qmembcmd ring

commﬂmg@h@mé%a?ox\m@ sl gged far-Lhour. Jhe sﬁgg&% dinafu fﬁ-f 1

the solid was rinsed with heptane/EtOAc (500 mL

adjacepd qubeiysres SumayP gk angagaAtier R Ry 2- 3fléy6wmb§'fsd Ifoveydyantainole O to 3
heteroS@ROMddpEn RIS RO B AP M %?c&gét% ghe N, SR GRne substltuent

2R)-1-Amino-N-(cyclopro ylsulfony thyIcyclopropanecarboxam de

F mayi’?ﬁ?ﬁ?ﬁéﬂ&?ﬁi&é Yitibet ﬁ&f‘éﬂﬁo@pr to formaasieiSrretavsTpfoiEedrdRming 0 to
3 heteral@Prs (AdedeRidS o)A ddGNMHLROQ Bk RS GRRIBH D @(Emé'gd HC1

was bubbled through the solution for 10 minutes. The cooling bath was

WO 2008/88e1beaises AU OF i Jnerinen hesrivasuathafihe ieermiion is
selectamixBiraistissaehing BRuiss Mbwas bukbiadbrqughthe 1eaciplmikiye

for 5 mi utes and the volatlles evaporated The residue was azeotroped
with DC RhRESHVasERs gl elrlayingalcd. =
233; fOL(Iasd 233& 5113&@{&1@@@1@5@ &iposition comprising an effective amount of a

Compog}[%] %ﬁ}nﬂiﬁ%‘ﬁﬁ‘l yItetrahy%%%@%% %%glié)}?} %ﬁoﬁ% g}lflxture of Cul (1.66 g,

bromo(igent-4-heblylymagneisilnothdssnén bi81)Minekwompdsad a kbesnd
therapesxﬁggté%gnt selected from the group consisting of HCV antiviral agents,
immunomodulators, and anti-infective agents.

(c) The pharmaceutical composition of (), wherein the HCV antiviral agent
is an antiviral selected from the group consisting of HCV protease inhibitors and HCV NS5B
polymerase inhibitors.

{d) A pharmaceutical combination which is (i} a compound of formula (I} and
(i1) a second therapeutic agent selected from the group consisting of HCV antiviral agents,
immunomodulaiors, and anti-infective agents; wherein the compound of formula (I) and the
second therapeutic agent are cach employed in an amount that renders the combination effective
for inhibiting HCV NS3 protease, or for treating HCV infection and/or reducing the likelihood or
severity of symptoms of HCV infection.

-14 -



10

15

20

25

30

was stirred for 1 hour and cooled to -20C. 3,6-Dioxabicyclo[3.1.0]hexane

(5.0 g, 58.1 mmol) 10was added dropwise, and the reaction mixture was

slowly warmed to RT and stirred for 15 hours. The reaction mixture was

WELENBMELWIth NHACI(34 ) and extracted with Et20 (3x). The momixnertc22460

organics were washed with H20 and brine, dried over Na2S04, filtered

and congentratede ThesHadePseductMas pUtified RN RQRALGAdIent . s osiviral

e{% ion, 10-100% EtOAc/hexanes). 1H NMR (500 MHz, CDC13) 8 5.%%
select S a0 e TN PSS o oL LB BICY BES R, b bperse
mhibikl8.70 (in, 1 H); 3.44 (m, 1 H); 2.07 (m, 3 H); 1.45 (m, 3 H) ppm.

Intermediate A5: Trans-2-pent-4-en-1 ylcyclopentanol HO A solution of

5-brom£&int-1féﬁle@%0ﬁ§ HiEbiise %ﬁi‘éﬁ? EEOFAIDE MYbivas iRosed dipreo!

whichtoomageesidmif?s s gy L00MmeboMee 2 AVPYIES AN Ee3iAnd of formula (1),
suspensjon was he teg lg]der reflux for 40 minutes, then cooled to 20C,
taken upegP? as iWﬁ%fO It gﬁﬁ@lﬁéﬁ%ﬁf&%%@%@@@é@ﬂﬁ%ﬁ%%ﬂ%@@ or
severif @uly(Bpidhy, dEEMmad}iod Ik (L6RdM:) ebe iRselinensAllwas

stirred for go inutes at -5C, then cooled to -20C. Cyclopentene oxide
PV, 55 Rh hadt

adminz SR 185 S St BTt e SoTBrmRn A AaFgidire was

warmed(t) 200 byercziho urs gihermaestited a8 sorki8 88CHOR ministered
yers were separated,

: ed by.addition of NH4C1(aq.); then the |a
o S A R 00T oM asyare ed om
the groyesusiwere o XBEdmithrk 2gand biinepthenldied:puet NaRS@4tive agents.

Filtration:and r f.th latjles e idue that was.purified by
column %ﬁromgt%ég%m%%%/doofgﬁ%f hge Fgﬁiﬁ gléﬁianr,#i‘pf Cit it an anivira
selectedtfingy Hetroletmeationn pod HUEY the tite: colnitpoun o 1929 N2 )pasymerase
inhibidigwid.NMR (400 WO 2008/057209PCT/US2007/022460 MHz, CDCI3) 5
5.88-5.76 (m, 1H), 5.01 (d: J=17.2 Hz, 1H), 4.95 (d, J = 10.6 Hz, 1H),
3.83 (br{H, 1H)AZrEshodotf (nhiltk)g HOD/ INSS (moi@id) id 76:8;30 {meetihereof
hich doasfistd dMniatidnieEmediaie AP  AMANQ LIPASE PS (7.0
e 6ﬁpmmg3 Wlas addégtaj{ toa ggﬁjﬁfﬁgo t}r%rr%%\?%qeiﬁ% compoghon © Ea}’ G%’ or (¢} or
the conbinpgopieyébaieanol (10.0 g, 64.7 minol) and vinyl acetate (19.5 g,
129.4 myol) i ExMod 275k T bR WA wids, ST {or A6 hops the
,filterednsgzough CELI%E. The fjlt%%waé&é?ﬁﬁ%gggg%{)g% ré{I%Hr%eslf ae’
severity of SYRw iRy ciieoarironatt erbineeh B0 (grhitie nomPekssion,
adminiBrRP R Ungiteleumnathendaafiardindhe firsi-frack | inati
e ( ompound (%% 0. 43%%). 11-1 NMR (308 MHz, g%@i%?g%5‘.1@-%?%6(%??“"“&“"“
ot (d) ofi{§)5 00 (d, J = 18.1 Hz, 1H), 4.95 (d, J =- 11.0 Hz, 1H), 4.82-4.73 (m,

1H), 2.34 thA8radahbhie O3S calholRBoioBRMEIIY, & AleltGQ M 3504 that
1.50-1.35 (m, 3H), 1.29-1.14 (m, 2H); [a]Jo= -36.1 C=Q.73 in CHCI3). The
each er%fl:{% rlflrlaéztr:ltti é}@'iﬁﬁfﬁmﬁﬁ%ﬁ%} iBhE R dRag other embodiments, to the extent that such

a comb@ilgiﬁﬁéprg*ﬁém%rswb{igdlﬁmﬂlﬁﬁ@ﬁf@i@“@iﬁik_ﬂéﬁf?&ﬁ%iﬁrI_@ &Z]c;cription of the
-2- -4-en-1-ylcyclopentano] A stirred solution of

embod%f&f}%R§‘52§§§ﬁh%.feoﬁtzf.§ve%5?a%éﬁ 'HEEEREISTSYS 2 9 mRATHIRsMbRethods
providq@29 (a}l)hnagl atetbwithrenathannlicl N edaVentha drhedR 4rMHPOH3Rdunds,
includi glu Hréednf r 15 hours atl d%(’: DOV¥EX 50WX8-100 jon-exchange resin

%as%ﬁedm wi?ﬁlmee Fiwas ddti FORMOMIRY gherhedseiiss neutral, then

the mixtimepreasnfiltereatithratigh € EUEF B dhepbilirate Ivas menae ARt Nfor use
Sin (0 idue was partitioned between EtQAc and H20. The . .
O i iR A s T o Do HCV

organic layer was separ a
NS3 prefiasnion Gnd eaing RCH iheariatiiey affeddeih ghieifiectiboaposng @idlag,

symptoRR 62 88 ¢ I Nty these uses, the compounds of the present invention can

-15.
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25was used directly in the subsequent reactions. [a]D -37.3 (c = 0.65,
CHC13). WO 2008/057209PCT/US2007/022460 Intermediates B
Intermediate 31: N-[(Pent-4-en- | -yloxy)carbonyl]-L-norleucine OH 0 To a
WELIBHH 611 -penten-4-ol (0.95 g, 11.0 mmol) in DMF (15 mLP&T082007/02246¢
5carbonyldiimidazole (1.79 g, 11.0 mmol) was added. The reaction
optiomaiktineewasowal ined ik RItiandvitiroed fon3Ganinutesihernanedcipenmetivdied

hydrochloride (2.0.9,.11.0 mmal) was.then added, and the reaction
from %%(%@Wgasﬁ Rested %3%@63%?1@ e %ﬁ@%ﬁﬁ%‘%. lﬁﬁf}ﬁtooling, the
reaction flsiticaalasidhitiechwitl &0 emd ovaishdd 2 with-r20uidae
nic layer.was dried, ov a2SQ4, filtere concentrated. The )
o S s R e Ao Gy i tre
precedi0 0% EOACThexants)domgitord 211ty (4% metyidd-cRpénted-trrdin is 2
- r 1R-norleucinate as a clear oil. To a stirred solytion
com R TRl e e St D e
compenniis| RascTibiF (@ val Ywvelb efdbiest NENAGIEN(R MLy Thisindactipoptionally be used
- i [ ; T t cidified to pH.3 with IN HO
e B B B e R A layer was
washed 4xithssd inte 20l BOgvl aorimes]uivied ovkerNaRSOdefikerectarldd within
h (SRACERITRGEHQ M i i itlg, p clear oil LRM
suc (E%‘SI? A %‘kj%cg ¥ L0 C%%}Z@@%Q%?%% ﬁg%ﬁgﬁﬁ}%, 162l 4R % used

_ m/z 244 [(M+H)+; ca 2H221\104: 244]. Intermediate 32:
hereingslgyotes pipraiyas sopd pentvhens-approrypsarboayitimiet Butdaciedeith "or"
included¢£8Qisted aiter%egéf(%ﬁglzg aZ&@lermBQi%%QﬁﬁgndmpWise toa0C

solution of 4-penten-1- o .9 mmol) and triphosgene (11.3 g,

22,
38.1 mmiol)ed Bersit: tieieint. g reianing whitineuspdnanshedabatiradien! group
havindQr RIS ALAE o 1a0 Allawesk oru@rm 48 2p6n OVSF & hRble F0€ ( alicyl” (or

... ..suspension was cooled to OC with an ice bath, and IN NaOH (76 é’mIT)
Cr-CopixL- 2 55880 gH b berolgling soghassly kel deriaers pha ellestiom iso-, sec- and
t-butylTHXIAITe MG MR 1arRBieanA. SHE@Q&HE@&Q@ET&-‘@Q SIOKBDENER, - iso-,

a]ﬁmove in vacyo, and the reaction mixture was basified to pH 12 with IN
sec- angd A5y F s AR AseBOR e IvAenkirstisl ditybeRIRs YRS Fubstitvs as
indicasdidified to pH-1 with 6N HO. The aqueous layer was extracted again with

DCM (3.x 150 Wﬁ?j008lo3220 PCT/L S2007/022460 mL). The
combiné@%?ﬁ%ﬂi Qeriaidrd HREI DO STME SORO AU BhtbHihady depgen atom

has begiveiive @bbypohsidgen adimiilai ¥ 1§ @i Si%6aed)rdRMS {BAD Rz dilcy1
sroupyy E?Eéé‘ﬁ%%g(%ﬁé%%ﬁg%ﬁ? %‘i‘fé?%é%‘é’ﬁvﬁg itk i deoniag g iodine
(alternthierg) pepdratid noods flermedikte BRoiip Utilizindothe appropriate amino acid

and alc%%l tér% 'eé'ﬁ}icpx%/’p‘%%rs to an “alkyl-O-" group. Alkoxy groups may be
substituted as indicated.

The term "alkylene" refers to any linear or branched chain alkylene group {(or
alternatively "alkanediyl") having a number of carbon atoms in the specified range. Thus, for
example, "-C, ¢ alkylene-" refers to any of the C, to Cg linear or branched alkylenes. A class of
alkylenes of particular interest with respect to the invention is -(CHa), -, and sub-classes of
particular interest include -(CHa)i4~, «(CH2);.3-, (CHz)12-, and -CHo-. Also of interest is the
alkylene -CH(CH,)-. Alkylene groups may be substituted as indicated.

The term “"cycloalkyl" refers to any cyclic ring of an alkane or alkene having a

number of carbon atoms in the specified range. Thus, for example, “Cs ¢ cycloalkyl” (or “Cs-Cy
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Alcohol Structure Name LRMS 04 +Fir B1 L-Norleucine 4-Penten-1-ol It0
L--yH o-....L., N-[(Pent-4-en-1- yloxy)carbonyl]-t- norleucine 244.3 B2
L-t-Butyl- glycine 4-Penten-1-ol itH co o, 'is'iNjl OH + (2S)-3,3-Dimethy1-2-
WU @98#0428h- 1 - yloxy)carbony]Jamino) butanoic acid 244.2 B8T/US2007/622460
L-Norleucine
cycloalkyl”) refers to cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, and

cyclooctyl. The term “cycloalkoxy” refers to a “cycloalkyl-O-" group. Cycloalky! groups may
be substituted as indicated.

The term “carbocycle” (and variations thereof such as “carbocyclic” or
“carbocyclyl”) as used herein, unless otherwise indicated, refers to (i) a C; to Cg monocyclic,
saturated or unsaturated ring or (i} a C; to C); bicyclic saturated or unsaturated ring system.
Each ring in (1) is either independent of, or fused to, the other ring, and each ring is saturated or
unsaturated. Carbocycle groups may be substituted as indicated, for example with Cy alkyl,
Ci¢ alkenyl, C\. alkynyl, aryl, halogen, -NH, or -OH. The carbocycle may be attached to the
rest of the molecule at any carbon atom which results in a stable compound. The fused bicyclic
carbocycles are a subset of the carbocycles; i.e., the term "fused bicyclic carbocycle” generally
refers to a C; 1o Cyo bicyclic ring system in which each ring is saturated or unsaturated and two
adjacent carbon atoms are shared by each of the rings in the ring system. A. fused bicyclic
carbocycle in which both rings are saturated is a saturated bicyclic ring system. Saturated
carbocyclic rings are also referred to as cycloalkyl rings, e.g., cyclopropyl, cyclobutyl, etc, A
fused bicyclic carbocycle in which one or both rings are unsaturated is an unsaturated bicyelic
ring system. A subset of the fused bicyclic unsaturated carbocycles are those bicyclic
carbocycles in which one ring is a benzene ring and the other ring is saturated or unsaturated,

with attachment via any carbon atom that results in a stable compound. Representative examples

of this subset include

oD, Ol‘

Depicted ring systems include, where appropriate, an indication of the variable to

(R%),

\. /
v - - - * J/
which a particular ring atom is attached. For example, the indole structure Z X shows
ring atom 2 is directly attached to variable X and ring atom 4 is directly attached to variable Z.
Variabie R’ is shown as a floating variable which can be attached to any ring atom, provided that

such attachment results in formation of a stable ring,
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3-Buten-l-ol '1....,HO oN,A. y:OH 0 \ N-[(but-3-en-1- yloxy)carbony1]-L-
norleucine 230.3 B4 L-Norleucine 5-Hexen-1-ol o ,0 N-[(hex-5-en-1-
yloxy)carbonyli-L- norleucine 258.3 B5 L-Norleucine 6-Hepten-I-ol [------- ,
VPROGI2W, ri.o 0i-...,1 L., N-[(hept-6-en-1- yloxy)carbonyl]-bor/us2007/022460
norleucine 272.3 B6
The term "aryl" refers to aromatic mono- and poly-carbocyclic ring systems, also

referred to as “arenes,” wherein the individual carbocyclic rings in the polyring systems are
fused or attached to each other via a single bond. Suitable aryl groups include phenyl, naphthyl,
and biphenylenyl. Aryl groups may be substituted as indicated.

Unless indicated otherwise, the term “heterocycle” (and variations thereof such as
“heterocyclic” or “heterocyclyl™) broadly refers to (1) a stable 4- to 8-membered, saturated or
unsaturated monocyclic ring, (ii) a stable 7- to 12-membered bicyclic ring system, or (iii) a stable
11-to 15-membered tricyclic ring stystem, wherein each ring in (ii} and (iii} is independent of, or
fused to, the other ring or rings and each ring is saturated or unsaturated, and the monocyclic
ring, bicyclic ring system or tricyclic ring sysiem contains one or more heteroatoms (e.g., from 1
to 6 heteroatoms, or from 1 to 4 heteroatoms) independently selected from N, O and S and a
balance of carbon atoms (the monocyclic ring typically contains at least one carbon atom and the
bicyclic and tricyclic ring systems typically contain at least two carbon atoms); and wherein any
one or more of the nitrogen and sulfur heteroatoms is optionally oxidized, and any one or more
of the nitrogen heteroatoms is optionally quaternized. Unless otherwise specified, the
heterocyclic ring may be attached at any heteroatom or carbon atom, provided that attachment
resuits in the creation of a stable structure. Heterocycle groups may be substituted as indicated,

and unless otherwise specified, the substituents may be attached to any atom in the ring, whether

* a heteroatom or a carbon atom, provided that a stable chemical structure results.

Saturated heterocyclics form a subset of the heterocycles. Unless expressly stated
to the contrary, the term "saturated heterocyclic” generally refers to a heterocycle as defined
above in which the entire ring system (whether mono- or poly-cyclic) is saturated. The term
"saturated heterocyclic ring" refers to a 4- to 8-membered saturated monocyclic ring, a stable 7-
to 12-membered bicyclic ring system, or a stable 11- to 15-membered tricyclic ring system,
which consists of carbon atoms and one or more heteroatoms independently selected from N, O
and S. Representative examples include piperidinyl, piperazinyl, azepanyl, pyrrolidinyl,
pyrazolidinyl, imidazolidinyl, oxazolidinyl, isoxazolidinyl, morpholinyl, thiomorpholinyl,
thiazolidinyl, isothiazolidinyl, and tetrahydrofuryl (or tetrahydrofuranyt).

Unsaturated heterocyclics form another subset of the heterocycles, Unless
expressly stated to the contrary, the term “unsaturated heterocyclic” generally refers to a
heterocycle as defined above in which the entire rnng system {whether mono- or poly-cyclic) is

not saturated, i.e., such rings are either unsaturated or partially unsaturated. Unless expressly

-18 -



16

15

20

25

L-Norleucine 7-Octen-1-ol N, LOH o."..,, C 1.Oy)H N-[(oct-7-en-1-
yloxy)carbonyli-L- norleucine 286.4 B7 L-Valine 4-Penten-l-ol 1 1" Oray
:OH 0,...c, N-[(Pent-41 en 230.3 yloxy)carbonyl]-L-yaline WO
WOGESY 5 7#09PCT/US2007/022460 Int. Amino Acid Alcohol PCT/US2007/022460
stated to the contrary, the ferm "heteroaromatic ring" refers a stable 5- or 6-membered
monocyclic arornatic ring, a stable 7- to 12-membered bicyclic ring system, or a stable 11- to
15-membered tricyclic ring system, which consists of carbon atoms and one or more heteroatoms
selected from N, O and 8. In the case of substituted heteraromatic rings containing at least one
nitrogen atom (e.g., pyridine), such substitutions can be those resulting in N-oxide formation.
Representative examples of heteroaromatic rings include pyridyl, pyrrolyl, pyrazinyl,
pyrimidinyl, pyridazinyl, thienyl {or thiophenyl), thiazolyl, furanyl, imidazolyl, pyrazolyl,
triazolyl, tetrazolyl, oxazolyl, isooxazolyl, oxadiazolyl, thiazolyl, isothiazolyl, and thiadiazolyl.
Representative examples of bicyclic heterocycles mcelude benzotriazolyl, indolyi,
isoindolyl, indazolyl, indolinyi, isoindolinyl, guinoxalinyl, quinazolinyl, cinnclinyl, chromanyl,
isochromanyl, tetrahydroquinolinyi, quinolinyl, tetrahydroisoquinolinyl, isoquinolinyl,
X
]
2,3-dihydrobenzofuranyl, 2,3-dihydrobenzo-1,4-dioxinyl (ie., ~ O ),
S\C;?::N

CL.
mmidazo(2,1-6)(1,3)thiazole, (i.e., \/) ), and benzo-1,3-dioxolyl (i.e., O Y n

o
certain contexts herein, O is alternatively referred to as pheny! having as a substituent
methylenedioxy attached to two adjacent carbon atoms.

Unless otherwise specifically noted as only “unsubstituted™ or only “substituted”,
alkyl, cycloalkyl, aryl and heterocycle groups are unsubstituted or substituted. Preferably, the
substituents are selected from the group which includes, but is not limited to, hale, C,-Cy alkyl,
-CF3, -NHy, -N(C,-Cs alkyl)s, -NO3, oxo, -CN, -Nj, -OH, -O(C;-Cg alkyl), C3-Cyo cycloalkyl,
C2-Cs alkenyl, Cr-Cs alkynyl, (Co-Cg alkyl)} S(O)o-2-, aryl-5(Olo.2-, (Co-Cs alkyDS(0).2(Co-Cs
alkyh)-, (Co-Cq alkyl)C(OYNH-, HoN-C(NH)-, -O(C;-Cs alkyD)CFs, (Co-Cs alkyDC(O)-, (Co-Cs
alky)OC(Q)-, (Co-Coalkyl)O(C)-Cs alkyl)-, (Co-Ce alky)C(ON-2(Co-Cs alkyl)-, (Co-Cs
alkyYOC(O)NH-, aryl, aralkyl, heteroaryl, heterocyclylalkyl, halo-aryl, halo-aralkyl, halo-
heterocycle, halo-heterocyclylalkyl, cyano-aryl, cyano-aralkyl, cyano-heterocycle and cyano-
heterocyclylalkyl.

Unless expressly stated to the contrary, all ranges cited herein are inclusive. For
example, a heteroaryl ring described as containing from "1 to 3 heteroatoms” means the ring can

contain 1, 2, or 3 heteroatoms. It is also to be understood that any range cited herein includes
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Structure Name LRMS OVI}0+ 88 B9 L-V aline 4-Propen- | -0 = lootz(
ma o 1 to o ---) /-) N-Rally oxylcarbony -L- valine 202.2 L-Valine
4-Buten-1-ol N-[(but-3-en-1-y | oxy)carbonyli-L-valine 216.3 BIO B1 1

WOLEER Y cine PCT/US2007/022460

within its scope all of the sub-ranges within that range. The oxidized forms of the heteroatoms N
and S are also included within the scope of the present invention.

When any variable (e.g., R' and R'%) oceurs more than one time in any constituent
or in formula {I) or in any other formula depicting and describing compounds of the invention,
its definition on each occurrence is independent of its definition at every other occurrence. Also,
combinations of substituents and/or variables are permissible only if such combinations result in
stable compounds.

Unless expressly stated to the contrary, substitution by a named substituent is
permitied on any atom in a ring (e.g., aryl, a heteroaromatic ning, or a saturated heterocyclic ring)
provided such ring substitution is chemically allowed and results in a stable compound. A
"stable” compound is a compound which can be prepared and isolated and whose structure and
properties remain or can be caused to remain essentially unchanged for a period of time
sufficient to allow use of the compound for the purposes described herein (e.g., therapeutic or
prophylactic administration to a subject).

As aresult of the selection of substituents and substituent patterns, certain of the
compounds of the present invention can have asymmetric centers and can occur as mixtures of
stereoisomers, or as individual diastereomers, or enantiomers. All isomeric forms of these
compounds, whether isolated or in mixtures, are within the scope of the present invention.

As would be recognized by one of ordinary skill in the art, certain of the
compounds of the present invention can exist as tautomers. For the purposes of the present
mvention a reference to a compound of formula (I) 1s a reference to the compound per se, or to
any one of its tautomers per se, or to mixtures of two or more tautomers.

The compounds of the present inventions are useful in the inhibition of HCV
protease (e.g., HCV NS3 protease) and the treatment of HCV infection and/or reduction of the
likelihood or severity of symptoms of HCV infection. For example, the compounds of this
invention are useful in treating infection by HCV after suspected past exposure to HCV by such
means as blood transfusion, exchange of body fluids, bites, accidental needle stick, or exposure
to patient blood during surgery.

The compounds of this invention are useful in the preparation and execution of
screening assays for antiviral compounds. For example, the compounds of this invention are
useful for isolating enzyme mutants, which arelexcelient screening tools for more powerful

antiviral compounds. Furthermore, the compounds of this invention are useful in establishing or
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5-Hex en--oll,00ci,pi_on\=z*000'__ /) N-[(Hex-5-_en-1-

yloxy)carbonyll-3-methyl- L-va line 258.3 L-t-ButyI- glycine 6-Hepten-1-ol

N-[(Hept-6-en-1- yloxy)carbony1]-3-methyl- L-valine 272.3 B12 -t-Butyl-
VghAreosIBgten- 1 -ol -..0 H.0 : N-[(But-3-en-1- yloxy)carbonyHe3=meifihy 2460

determining the binding site of other antivirals to HCV protease, ¢.g., by competitive inhibition.
Thus, the compounds of this invention may be commercial products to be sold for these
purposes.

The compounds of the present invention may be administered in the form of
pharmaceutically acceptable salts. The term "pharmaceutically accepiable salt” refers to a salt
which possesses the effectiveness of the parent compound and which is not biologically or
otherwise undesirable '(e. 2., is neither toxic nor otherwise deleterious to the recipient thereof),
Suitable salts include acid addition salts which may, for example, be formed by mixing a
solution of the compound of the present invention with 2 solution of 2 pharmaceutically
acceptable acid such as hydrochloric acid, sulfiric atid, acetic acid, trifluoroacetic acid, or
benzoic acid. Many of the compounds of the invention carry an acidic moiety, in which case
suitable pharmaceutically acceptable salts thereof can include alkaii metal salts (e.g., sodium or
potassium salts), alkaline earth metal salts (¢.g., calcium or magnesium salts}, and salts formed
with suitable organic ligands such as quaternary ammonium salts. Also, in the case of an acid
{(-COOCH) or alcohol group being present, pharmaceutically acceptable esters can be employed to
modify the solubility or hydrolysis characteristics of the compound.

The term "administration” and variants thereof (e.g., "administering" a
compound) in reference to a compound of the invention mean providing the compound or a
prodrug of the compound to the individual in need of treatment. When a compound of the
invention or a prodrug thereof is provided in combination with one or more other active agents
(e.g., antiviral agents useful for treating HCV infection), "administration” and its variants are
each understood to include concurrent and sequential provision of the compound or salt (or
hydrate) and other agents.

As used herein, the term "prodrug” is intended to encompass an inactive drug
form or compound that is converted into an active drug form or compound by the action of
enzymes, chemicals or metabolic processes in the bedy of an individual to whom it is
administered.

As used herein, the term "composition™ is intended to encompass a product
comprising the specified ingredients, as well as any product which results, directly or indirectly,

from combining the specified ingredients.
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L-valine 230.3 813 L-t-Butyl- glycine 2,2-Dimethylhex-5- en- | -ol Ref: 56 J.

Org. ;OH Ic ti., -"I"- N- {[(2,2-Dimethylhex-5- en-I-yl)oxy]carbonyl } -3-.
methyl-L-valine 286.3 Chem. 1623 (1991). B14 L-t-Butyl- glycine
WA EISHSP 1)to PCT/US2007/622460

By "pharmaceutically acceptable” is meant that the ingredients of the
pharmaceutical composition must be compatible with each other and not deleterious to the
recipient thereof.

The term "subject” (alternatively referred to herein as "patient") as used herein
refers to an animal, preferably a mammal, most preferably a human, who has been the object of
treatment, observation or experiment.

The term "effective amount” as used herein means that amount of active
compound or pharmaceutical agent that elicits the biological or medicinal response in a tissue,
system, anmimal or human that is being sought by a researcher, veterinarian, medical doctor or
other clinician. In one embodiment, the effective amount is a “therapeutically effective amount®
for the alleviation of one or more symptoms of the disease or condition being treated. In another
embodiment, the effective amount is a "prophylactically effective amount" for reduction of the
severity or likelihood of one or more symptoms of the disease or condition. The term also
includes herein the amount of active compound sufficient to inhibit HCV NS3 protease and
thereby elicit the response being sought (i.e., an "inhibition effective amount™). When the active
compound (i.e., active ingredient) is administered as the salt, references to the amount of active
ingredient are to the free acid or free base form of the compound.

For the purpose of inhibiting HCV NS3 protease and treating HCV infection
and/or reducing the likelihood or severity of symptoms of HCV infection, the compounds of the
present invention, optionally in the form of a salt or a hydrate, can be administered by any means
that produces contact of the active agent with the agent's site of action. They can be
administered by any conventional means available for use in conjunction with pharmaceuticals,
either as individual therapeutic agents or in a2 combination of therapeutic agents. They can be
administered alone, but typically arc administered with a pharmaceutical carrier selected on the
basis of the chosen route of administration and standard pharmaceutical practice. The
compounds of the invention can, for example, be administered orally, parenterally (including
subcutaneous injections, intravenous, intramuscular, intrasternal injection or infusion
techniques), by inhalation (such as in a spray form), or rectally, in the form of a unit dosage of a .
pharmaceutical composition containing an effective amount of the compound and conventional
non-toxic pharmaceutically-acceptable carriers, adjuvants and vehicles. Liquid preparations
suitable for oral administration (e.g., suspensions, syrups, elixirs and the like) can be prepared

according to techniques known in the art and can employ any of the usual media such as water,
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0 -Rallyloxy)carbony11-3- methyl-L-valine 215.2 B15 L-t-Butyl- glycine
7-Octen- 1 -0 ..---.- '1o0 I), 1 3-Methyl-N-Roct-7-en-1-
yloxy)carbonyll-L-valine 286.3 816 L-Cyclohexyl- gI_ycinle 6-Hept'en-1‘-ol 0
i) ¢85 CYelohexyl {[(hept-6- en-1- yloxy)carbonyliamino} ageticesioh /022460
. 298.3 817 -Cyclohexyl- glycine 5-Hexen- -0 0
glycols, oils, alcohols and the like. Solid preparations suitable for oral administration (e.g.,

powders, pills, capsules and tablets) can be prepared according to techniques known in the art
and can employ such solid excipients as starches, sugars, kaolin, lubricants, binders,
disintegrating agents and the like, Parenteral compositions can be prepared according to
techniques known in the art and typically employ sterile water as a carrier and optionally other
ingredients, such as solubility aids. Injectable solutions can be prepared according to methods
known in the art wherein the carrier comprises a saline solution, a glucose solution or a solution
containing a mixture of saline and glucose. Further description of methods suitable for use in
preparing pharmaceutical compositions of the present invention and of ingredients suitable for
use in said compositions is provided in Remington's Pharmaceutical Sciences, 18" edition {ed.
A. R. Gennaro, Mack Publishing Co., 1990).

The compounds of this invention can be administered orally in a dosage range of

0.001 to 1000 mg/kg of mammal (e.g., human) body weight per day in a single dose or in divided
doses. One dosage range is 0.01 to 500 mg/kg body weight per day orally in a single dose or in
divided doses. Another dosage range is 0.1 to 100 mg/kg body weight per day orally in single or
divided doses. For oral administration, the compositions can be provided in the form of tablets
or capsules containing 1.0 to 500 mg of the active ingredient, particularly 1, 5, 10, 185, 20, 25, 50,
75, 100, 150, 200, 250, 300, 400, and 500 mg of the active ingredient for the symptomatic
adjustment of the dosage to the patient to be ireated, The specific dose level and frequency of
dosage for any particular patient may be varied and will depend upon a variety of factors
including the activity of the specific compound employed, the metabolic stability and length of
action of that compound, the age, body weight, general health, sex, diet, mode and time of
administration, rate of excretion, drug combination, the severity of the particular condition, and
the host undergoing therapy.

As noted above, the present invention also relates to a method of inhibiting HCV
NS3 protease, inhibiting HCV replication, treating HCV infection and/or reducing the likelihood
or severity of symptoms of HCV infection with a compound of the present invention in
combination with one or more therapentic agents and a pharmaceutical composition comprising a
compound of the present invention and one or more therapeutic agents selected from the group
consisting of a HCV antiviral agent, an immunomodulator, and an anti-infective agent. Such
therapeutic agents active against HCV include, but are not limited to, nbavirin, levovirin,

viramidine, thymosin alpha-1, R7025 (an enhanced interferon (Roche)), interferon-8, interferon-
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,0 . 23)-Cyclohexyl ( [(hex-5- en-1- yloxy)carbonyl]amind) acetic acid
284.4 WO 2008/057209PCTIUS2007/022460 Intermedla.te 820:
3-Methyl-N- Imethyl(pent-4-en-1 -yflaminoicarbonyl -L-valine 0 H ,OH 0

varapsofethy| - PCTAUS2007/022460
3-methyl-N-ffinethy1(pent-4-en-1-yl)aminolcarbonyll-L-valinate H 0 OMe

. . t f: 2(2 ¢
NP g

Combﬁﬁé‘ﬁ?ﬁl RRERC P R ARSRYAE . 14 camihiaaien @mﬁ%m&mm@&ﬁm and 2

comb@hafidr2oiyaghhiedsasldetd ARl 20U heSolVeRt was Bﬁmg}éﬁ] 1m1ted
uo,.and the c@gge material was purified on SO2 (40% EtOA exanes

recorx%\%mag d%eéfi’&f?ﬂ éﬁﬁlﬁhdﬁg ﬁﬂﬁgﬂéﬂ%pﬂ@@b@t&gm Hgdfmann-LaRoche,

Nuzleylm;lﬂagmtegyli@mfsﬁogruta]f@%ﬂgugg&y@?rh@iiét)fHeiox\{%me(&%%mﬂ@eﬁ%@rfemn
me

el AR e NE R A RAEH oA et @iy, o

recontnal) anriknbuidienlsrod MuldOH {562k o hMa2elionBRH 4] rﬂﬁ&z‘%@gn-a bound

added Th reactl was stirred at 50C under N2 for 1 houir,

to hurgn %’8 PRI &%’ Ixué\?agff'érﬁs\%'aeﬁi)véeé& ResHisbsHywas pieduct.

Amgeatidedombihthe cmixtere LR ties %ﬁkl&@%ﬁ&%@ﬁz@?&gt@eﬁwgﬁﬁﬁ is the

edrled V ran drous Na2S04, and the solvent was
Lo P (AR08 EOMBOTR ALAPBRNELE Bingbeos gpavirin.

Viramigin S=(ibséd)s an 26713 MUDREOB KIS0 T S200H402R4R0A pplication
Pubhcm;gigrg@%lgé)ené;? iR SRy pén b tﬁﬁ“ﬁ&%‘?&féh%ﬁ%@é?@dﬂ% the
mdmcgﬁiﬁ iserapeenscid thel Gombination can be administered separately at different times
during the course of therapy or concurrently in divided or single combination forms.

For the treatment of HCV infection, the compounds of the present invention may
also be administered in combination with an agent that is an inhibitor of HCV NS3 serine
protease. HCV NS3 serine protease is an essential viral enzyme and has been described to be an
excellent target for inhibition of HCV replication. Both substrate and non-substrate based
inhibitors of HCV NS3 protease inhibitors are disclosed in International Patent Application
Publications WO 98/22496, WO 98/46630, WO 99/07733, WO 99/07734, WO 99/38888,

WO 99/50230, WO 99/64442, WO 00/09543, WO 00759929, WO 02/48116 and WO 02/48172,
British Patent No. GB 2 337 262, and U.S. Patent No. 6,323,180.

Ribavirin, levovirin, and viramidine may exert their anti-HCV effects by
modulating intracellular pools of guanine nucleotides via inhibition of the intracellular enzyme
inosine monophosphate dehydrogenase (IMPDH). IMPDH is the rate-limiting enzyme on the
biosynthetic route in de novo guanine nucleotide biosynthesis. Ribavirin is readily
phosphorylated intracellularly and the monophosphate derivative is an inhibitor of IMPDH.
Thus, mhibition of IMPDH represents another useful target for the discovery of 1nh1bitors of
HCV replication. Therefore, the compounds of the present invention may also be admmxstered
in combination with an inhibitor of IMPDH, such as VX-497, which is disclosed in International
Patent Application Publications WO 97/41211 and WO 01/00622; another IMPDH inhibitor,
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OyN*. 0 A Step 1: Methyl (25)-cyclopentyl(isocyanato)acetate 0 arC,Ni."0
aA suspension of methyl (2S)-amino(cyclopentypacetate hydrochloride
E??: 16.57 mmol) in DCM (69 mL) and saturated NaHCO3(34.) (132
w ')"ﬁ/ tBoled to OC and treated with triphosgene (2.21 g, F4BYrapf22460
The mixture was stirred at OC for 3 hours, then 10 warmed to 20C and
such aditbsedivelbsQCAWThelayesdwena geparatadicanditne agyends phase and E.M.
\WAS, ext cted wijth DC mbined organic phases were washed
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mL) was treated 20 portionwise with D
(Rochegsulting mixture was stirred for 5 hours at 85C, then cooled to 20C, and

diluted Vﬁil@ &QQ&%{ QSQN}lV-EH‘ﬁG?{M%Mg %ﬁ’lee%qr?‘tﬁ%ireatment

washed Wlth brine, and dried over Na2S04. Filtration a remova

of HCYomfeiogaviherasiarieinatonashsdriean byl eotdrsriisiordisdraphiiamy-0'Kuru
et al., §3radipnt elation, #4054 1969, 2008/05 720U GTALSZ0 7022460, 4 (1995,
e

Et20/petroleum ether) to afford the title compound (I.97 g, 76%) as an o
§

U.S. Ppiey (EE%Q%/pgg@d(mtpﬂt)a,moggég@em Application Publications WO 01/90121,

WO 0(A22243yolepeniyitiid 1% 313)/86009¢:438004/003000 and WO 04/002422; the contents
-y clopentylonylcarbonynammolacetlc acid_ 5A mixture of methyl

of eackp vﬁég)e BERARTROIACS RY-B2I5EFRes b SAt GRIBREhtyHERkyA -C-branched
ribonuCRIRONY Jashide] acetatenct Bibith e D Mmeld@pdbARMEH2 0 Ondh g1 dfade, 2°-C-
inal, ixture of THF:H20 f(-160 mé%was heated to 40C. The

methy LAt SE e T P ABRTEe 0| SO S BRSPS 2.6-

dlam;rr@raﬁneohnmaw@&mcnmf@@ apd theresigkialnguenys ﬁowtigmwa?
hvdro tracgi gwnh EtOA The arga IC phase was washed with H20 10an ,
o AP0 AP SO E AL R GG PRSI of e S

phosplaffoddeddtiestitle compound (1.85g, 98 %) as an oil that was used directly

in subsequent ste s, 11-114MR (400 Wiz, DMSO:d6) 8 12.25 (

726 (0. B TR EERrESe (R8s LR PLFRATAR by gptment
of HCYdinfect@ with Qﬁ’lw MBledsE2y hnvitg) a3 /B QY pro@:Aitiz sﬂifﬂ)aQtﬂx&e?cﬁ)éiﬂosed in

Intemﬁ%h%Iw%%élge%pé%ia(t%tﬁ?_{?)hca%]énls %5(5*6‘2/? 'l_g 20 ?ﬁ%}%ﬂ%gh%tsub shi %ha;rma

nterme Intermedla
Corp.; pYépaLEP IS, AN ARBERANAME HRAE Bz edd O\SPENAFEII et neutiatéiiBR 1656,

(2 ’R)‘i‘lhe%@f’z? »ﬁﬁ@ﬁfggg}leﬂay}cyﬁdine, shown as compounds 3-6 on page 77), WO
01/68663; WO 99/43691; WO 02/18404 and W02006/021341, and U.S. Patent Application
Publication US2005/0038240, including 4’-azido nucleosides such as R1626, 4’-azidocytidine;
U.5. Patent Application Publications US2002/0019363, US2003/0236216, US2004/0006007 and
UUS2004/0063658; and International Patent Application Publications WO 02/100415,

WO 03/026589, WO 03/026675, WO 03/093290, WO 04/011478, WO 04/013300 and

WO 04/028481; the content of each is incorporated herein by reference in its entirety.
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Structure Name LR1VIS (M+11). 1321a L-cyclopentyl- glycine
trans-4-pent-4-en- 1- yltetrahydrofuran- 3-0l 0 O (25)-0yp|opentyl( ([Qrans.-
4-pent-4-en-1- yltetrahydrofuran-3- yBoxy]carbonyl}amino) d 3-methyl-Ntic
WQIEHaRe22- B22 L-tBu-glycine trans-2-pent-4-en- 1-ylcyclopantanal 422460
), ¥,OH pent-4-en-1- ylcyclopentypoxy] carbonyl} -L-valine 312.4
For the treatment of HCV infection, the compounds of the present invention may

also be administered in combination with an agent that is an inhibitor of HCV NSS5B polymerase.
Such HCV NS3B polymerase inhibitors that may be used as combination therapy include, but
are not limited to, those disclosed in International Patent Apphcation Publications

WO 02/057287, WO 02/057425, WO 03/068244, WO 2004/000858, WO 04/003138 and

WO 2004/007512; U.S. Patent No. 6,777,392 and U.S. Patent Apphication Publication
US2004/0067901; the content of each is incorporated herein by reference in its entirety. Other
such HCV polymerase inhibitors include, but are not limited to, valopicitabine (NM-283; Idenix)
and 2’-F-2’-beta-methylcytidine (see also WO 2005/0031 47).

In one embodiment, nucleoside HCV NS5B polymerase inhibitors that are used in
combination with the present HCV NS3 protease inhibitors are selected from the following
compounds: 4-amino-7—(Z-C-methyl-B-Dwarabinofuranosyl)-’7H~pyrrolo[2,3~d}pyrimidine; 4-
amino-’/‘_(?.-C—methyi—ﬁ—D—rﬁbofuranosyE)~7H~pyrrolo{2,3—d]pyrimidinc; 4-methylamino-7-(2-C-
methyl-8-D-ribofuranosyl)-7H-pyrrolo[2,3-djpyrimidine: 4-dimethylamino-7-(2-C-methyl-G-D-
ribofuranosyl)-7H-pyrrolo[2,3-dlpyrimidine; 4-cyclopropylamino-7-(2-C-methyl-8-D-
ribofuranosyl)-7H-pyrrolo]2,3-d]pyrimidine; 4-amino-7-(2-C-vinyl-B-D-ribofuranosyl)-7H-
pyrrolo{2,3-d]pyrimidine; 4-amino—7-(2—C—hydroxymethyl—ﬁwD—ribofuranosyl)—?H—
pyrrolo[2,3-dipyrimidine; 4-amino-7~(2-C-fluoromethyl-3-D-ribofuranosyl)-7 /-
pyrrolo[2,3-d|pyrimidine; 4-amino-5-methyl-7-(2-C-methyl-S-D-ribofuranosyl)-7H-
pyrrolo[2,3-d]pyrimidine; 4-amino-7-(2-C-methyl-8-D-ribofuranosyl)- 7H-
pyrrolo{2,3-dlpyrimidine-5-carboxylic acid; 4-amino-5-bromo-7-(2-C-methyl-8-D-
ribofuranosyl)-7H-pyrrolo[2,3-dlpyrimidine; 4-amino-5-chloro-7-(2-C-methyl-8-D-
ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine; 4-amino-S-fluore-7-(2-C-methyl-3-D-
ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine; 2,4-dianiino-7-(2-C-methyl-B-D-ribofuranosyl)-
7H-pyrrolo[2,3-d]pyrimidine; 2-amino-7-(2-C-methyl-B-D-ribofuranosyl)-7H-
pyrrolo[2,3-dlpyrimidine; 2-amino—4«cyclopropylamino~7-(2—C-methyl~ﬁ~D-z‘iboﬁ1ranosyI)-7H—
pyrrolo{2,3-d]pyrimidine; 2-amino-7-(2-C-methyl-B-D-ribofuranosyl})-7H-
pyrrolo]2,3-d]pyrimidin-4(3/)-one; 4-amino-7-(2-C-ethyl-B-D-ribofuranosyl)-7H-
pyrrolo{2,3-d}pyrimidine; 4-amino-7-(2-C,2-O-dimethyl-8-D-ribofuranosyl)-7H-
pyrrolof2,3-d]pyrimidine; 7-(2»C~mcthylwa-D»n'bofuranosyl)-7H—pyxrolo{Z,B—d}pyrimidinA(SH)-
one; 2-amino-5-methyl-7-(2-C, 2—O~dimethyl-B—D-—ribofwanosyi)»'?H—pyrro!o{lB-d]pyﬁmidin-
4(3H)-one; 4-amino-7—(3-deoxy-z-C—methylmB—D-riboﬁ;ranasyl)—?H»pyimlo[2,3»d]pyrirnidine;
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1322a L-tBu-glycine (1R,2R)-2-pent-4- en-1- ylcyclopentanol \ HO

3-methyl-N-({[(1R,2R)-2- pent-4-en-I- ylcyclopentyl]oxy)

carbonyl)-L-valine 312.4 WO 20081057209PCT/US2007/022460 Int.

WAMINE Keérd°Alcohol Structure Name LAMS OVI-41)+ 1323 L-eya/fogmntylz2460

glycine trans-2-pent-4-en- 1-ylcyclopentanol | ,0 "IRici :OH a
4-amiZb)-CgadepentyI({Hensi-g-D-arabinofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine; 4-amino-
2-ﬂuoro—7-(2-C—methyi-ﬁ-l}rﬁboﬁiranosyl)-7Hmpyrrolo[2,3-d]pyn’midine; 4-amino-7-(3-C-
methyl-f3-D-ribofuranosyl}-7H-pyrrolo[2,3-dpyrimidine; 4-amino-7-(3-C-methyl-g-D-
xylofurancsyl)-7H-pyrrolo[2,3-d]pyrimidine; 4-amno-7-(2,4-di-C-methyl-B-D-ribofuranosyl)-
TH-pyrrolo{2,3-dlpyrimidine; é%~amino—7'-=(3wdeoxy&-«ﬂuoro»ﬁ—{l«methyi~6—D~ribofuranosyﬂ}-7ﬁ»
pyrrolo{2,3-dJpyrimidine; and the corresponding 5'-triphosphates; or a pharmaceutically
acceptable salt thereof.

The compounds of the present invention may also be combined for the treatment

of HCV infection with non-nucleoside inhibitors of HCV polymerase such as these disclosed in

International Patent Application Publications WO 01/77091; WO 01/47883;, WO 02/04425;

- WO 02/06246;, WO 02/20497;, WO 2005/016927 (m particular JTK003); the content of each is

incorporated herein by reference in its entirety; and HCV-796 (Viropharma Inc.).

In one embodiment, non-nucleoside HCV NS5B polymerase inhibitors that are
used in combination with the present HCV NS3 protease inhibitors are selected from the
following compounds: 14-cyclohexyl-6-[2-(dimethylamino)ethyl}-7-0x0-5,6,7,8-
tetrahydroindolo[2,1-a]{2,5]benzodiazocine-11-carbox ylic acid; 14-cyclohexyl-6-(2-morpholin-
4-ylethyl)-5,6,7,8-tetrahydroindolo{2,1-a]{2,5]benzodiazocine-1 I-carboxylic acid; 14-
cyclohexyl-(S-[2—(dimcthylamino)ethyi}-f%-methoxy-S,é,?,Swtetrahydroindolo[z,I-cz}
[2,5Tbenzodiazocine-1 1-carboxylic acid; 14-cyclohexyl-3-methoxy-6-methyl-5,6,7 8-
tetrahydroindolo[2,1-](2,5benzodiazocine-11-carboxylic acid; methyl ({[(14-cyclohexyl-3-
methoxy-6-methyl-5,6,7,8-tetrahydroindolo[2, 1-a] [2,5]benzodiazocin-11-
ybhearbonyl]Jamino}sulfonyl)acetate; ({{(14-cyclohexyl-3 -methoxy-6-methyl-5,6,7 8-
tetrahydroindolo{2,1-2](2,5]benzodiazocin-11 -yl)carbonyljamino} sulfonyl)acetic acid; 14-
cyclohexyl«N-[(dimeﬁlylamino)sulfonyl]—3-meth0xy—6-methyl—5,6,7,8-tetrahydroindolo[2,l-a]
[2,5]benzodiazocine-11-carboxamide; 3-chloro-14-cyclohexyl-6-[2-(dimethylamino)ethyl]-7-
0X0-5,6,7,8-tetrahydroindolof2,1-a][2,5]benzodiazocine 1 I-carboxylic acid; N'-(11-carboxy-14-
cyclohexyl-7,8-dihydro-6H-indolo[1,2-¢][ 1 ,5]benzoxazocin-7-y1)-N,N-dimethylethane-1,2-
diaminium bis(trifluoroacetate); 1 4-cyclohexyl-7,8-dihydro-6H-indolo[1,2-e][1,5]
benzoxazocine-11-carboxylic acid; 1 4-cyclohexyl-6-methyl-7-0x0-5,6,7,8-tetrahydroindolo
[2,1-a}[2,5]benzodiazocine-11-carboxylic acid; 14-cyclohexyl-3-methoxy-6-methyl-7-0x0-
5,6,7,8-tetrahydroindolo[2,1-a][2,5]benzodiazocine- 1 I-carboxylic acid; 14-cyclohexyl-6-[2-
(dimethylamino)ethyl]-3-methox y-7-0%0-5,6,7,8-teirahydroindolo[2,1-a)[ 2,5 Ibenzodiazocine-
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(2-pent-4-en-I- ylcyclopentypoxy) carbonyl}amino)acetic acid 324.2 B23a

L-cyclopentyl- glycine (1R,2R)-2-pent-4- en-I- ylcyclopentanol 00 01

>."'00tC 0 0"b (2S)- cyclopentylK{RIR,2R)-2- pent-4-en-I-

WiARERNloxy) carbonypamino]acetic acid 324.2 B23b L-cyciopsntytoz2460

glycine (1S,25)-2-pent-4- en-1- ylcyclopentanol (2S)-
11-cagyclope WH({[@552:@113513!3%{%(@%t@%ﬁ%%}ﬂ%ﬂoxoé,6,7,8—tetrahydroindolo
[2,1-a}f2,5]benzodiazocine-11-carboxylic acid; 1 4-cyclohexyl-7-0x0-6-(2-piperidin: 1-ylethyl)-
5,6,7,8-tetrahydroindolo]2,1-a][2,5 benzodiazocine-1 I-carboxylic acid; 14-cyclohexyl-6-(2-
morpholin-4-ylethyl)-7-0x0-5,6,7,8-tetrahydroindolo[ 2,1 -a]{2,5|benzodiazocine-1 1-carboxylic
acid; 1 ‘fiw-cyciohe}:yl»6—{2»(ci;%eth3/1aamino)eﬂ’xyi}»'?’—0}{()«»5,6,7,8~i:e‘h‘a,hydroim:ioio{2s I-a]
[2,5]benzodiazocine-11-carboxylic acid; 1 4-cyclohexyl-6-(1-methylpiperidin-4-yl)-7-oxo-
5,6,7,8-tetrahydroindolo{2,1-a][2,5]benzodiazocine-1 1-carboxylic acid; 14-cyclohexyl-N-
[(dimethyIarﬁino)sulfonyl}—7~ox0«»6—{2-piperidin—1 -ylethyl)-5,6,7,8-tetrahydroindolo[ 2,1 -a]
[2,5]benzodiazocine-11-carboxamide; 14-cyclohexyl-6-{2-(dimethylamino)ethyl}-V-
[ (dimethyiamino)sulfonyl}~’7—0x0—5,6,7,8—tetrahydmind0]0[2, I-alf2 S)benzodiazocine-11-
carboxamide; 14—cyciopentyi—6~[2—(dimethylamino}ethyl}»7—0xo—5,6,7,8—tetrahydroindolo[2,lwa]
(2,5]benzodiazocine-11-carboxylic acid; 1 4-cyciohcxyi~5,6,7,8-€etrahydroindolo[2, 1-a]
[2,5]benzodiazocine-11-carboxylic acid; 6-allyl-14-cyclohexyl-3-methoxy-5,6,7,8-
tetrahydroindolo[2,1-a]{2,5]benzodiazocine- 1 1-carbox ylic acid; 1 4-cyclopentyl-6-[2-
(dimethylamino)ethyl]-5,6,7,8-tetrahydroindolo[2, 1 -a][2,5]benzodiazocine-11-carboxylic acid;
14-cyclohex yI~6-[2—(dimethylamino)ethyl]-S,6,7,8~tetrahydroindolo[2, 1-a}{2,5benzodiazocine-
[1-carboxylic acid; 13—cyciohexyl-S-methyl—4,5,6,7-tetrahydroﬁxro[3‘,2':6,7]{ 1,4]diazocinol1,8-
ajindole-10-carboxylic acid; 15-cyclohex yl-6-[2-(dimethylamino)ethyl}-7-0x0-6,7,8,9-
tetrahydro-5H-indolo[2,1-a][2,6]benzodiazonine-1 2-carboxylic acid; 15-cyclohexyl-8-oxo-
6,7,8,9-tetrahydro-5H-indolof2, 1-a][2,5]benzodiazonine- 1 2-carboxylic acid; 13-cyclohexyl-6-
0X0-6,7-dihydro-5H-indolo[1,2-d][ 1,4]benzodiazepine-1 0-carboxylic acid; and pharmaceutically
acceptable salts thereof.

The HCV NS3 protease inhibitory activity of the present compounds may be
tested using assays known in the art. One such assay is HCV NS3 protease time-resolved
fluorescence (TRF) assay as described below and in International Patent Application Publication
WG2006/102087. Other examples of such assays are described in e.g., International Patent
Application Publication WO2005/046712. HCV NS3 protease inhibitors, such as those
described herein have a Ki less than 50 uM, such as less than 10 uM, and less than 100 nM, Ki
1s determined by an NS3 protease assay. The assay is performed in a final volume of 100 pl in
assay buffer containing 50 mM HEPES, pH 7.5, 150 mM NaCl, 15 % glycerol, 0.15 % Triton X-
100, 10 mM DTT, and 0.1 % PEG 8000. NS3 protease 1s pre-incubated with various
concentrations of inhibitors in DMSQ for 30 minutes. The reaction is initiated by adding the
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carbonyl)amino]acetic acid 324.2 B24 L-cyclohexyl- glycine

Trans-2-pent-4-en- | -ylcyclopentanol | (2S)-cyclohexyl( {[(2-pent-

4-en-l-ylcyclopentypoxyl carbonyl)amino)acetic acid 338.3  Oyrj );cEi

WO B8 -cyclohexyl- (1R,2R)-2-pent-4- | (25)- 360.3  PCT/US2007/022460

TRF peptide substrate (final concentration 100 nM). NS3 mediated hydrolysis of the substrate is
quenched afier 1 hour at room temperature with 100 pl of 500 mM MES, pH 5.5. Product
fluorescence is detected using either a VICTOR V2 or FusioN fluorophotometer (Perkin Elmer
Life and Analytical Sciences) with excitation at 340 nm and emission at 615 nm with 2 400 us
delay. Testing concentrations of different enzyme forms are selected to result in a signal to
background ratio (S/B} of 10-30. ICs values are derived using a standard four-parameter fit to
the data. K values are derived from ICsq values using the following formula,

ICso =K (1 +[S5]/Kwuy), Eqn (1},
where [5] 1s the concentration of substrate peptide in the reaction and Ky is the Michaelis
constant. See P, Gallinari et al., 38 BIOCHEM. 5620-32(1999); P. Gallinari et al., 72 J. VIROL.
6758-69 (1998); M. Taliani et al., 240 ANAL. BiOCHEM. 60-87 (1996). "

The present invention also includes processes for making compounds of
formula (I). The compounds of the present invention can be readily prepared according to the
following reaction schemes and examples, or modifications thereof, using readily available
starting materials, reagents and conventional synthesis procedures. In these reactions, it is also
possible to make use of variants which are themselves known to those of ordinary skill in this art,
but are not mentioned in greater detail. Furthermore, other methods for preparing compounds of
the invention will be readily apparent to the person of ordinary skill in the art in light of the
following reaction schemes and examples. Unless otherwise indicated, all variables are as
defined above. The following reaction schemes and examples serve only to illustrate the
invention and its practice.

Olefin metathesis catalysts include the following Ruthenium based species: F.
Miller et al,, 118 J. Am. CHEM. SOC. 9606 (1996); G. Kingsbury et al., 121 J. Am. Chem. Soc.
791 (1999); H. Scholl et al., 1 ORG. LETT. 953 {1999); U.S. Patent Application Publication
US2002/0107138; K. Furstner et al., 64 J. ORG. CHEM. 8275 (1999). The utility of these catalysts
in ring closing metathesis is well known in the literature (e.g. Trnka and Grubbs, 34 ACC. CHEM.
RES. 18 (2001).
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glycine en-1- ylcyclopentanol o o cyclohexyl[({[(1R,2R)-2- pent-4-en-1-
ylcyclopentylJoxy) carbonyl)amino]acetic acid (M+Na) Intermediates B25a
and B25b:

VINIERATRG{1 (1R, 2R)-2-pent-4-en-lylcyclopropylloxylcarbonybrsyadingin z46o

Ci

PﬁYmol) and TMS€¥{18.25 mL, 143 mmol) [

and 3-methyl-N-(11(1S,28)-2-pent-4-en-1-
ylcyclopropvl|oxy}carbony1) L- vaI| e kNHo -CO2H 7\ .Y-CO2Fi, 7\ Step

al) and HMPA (29.8 ml, 1%,
n-qf acrolein (4.00g, 71019

er 30 minutes. After 2 hours, TEA 5(20 mL) as added and the mture
was diluted with anhydrous hexane. H28 (5 mL) was added, and the J

mixture was filtered through CELITE. The filtrate was washed (%&Mt&ga@yst 1A,
mL portions of H20, and then extracted with hexane. The organic layer
was washed with brlne and dried over Na2504, then concentrat@@nes givama Lid.}

subsequent %

-vicycloprep ox A solution of diethyl zinc in teluene

(15%, 3 & - was added to a solution of th& graduct of Step

1 (303 mg, X’ sexane (3.62 mL), and the resﬁf;tant £550l¢tion

was cooled h before careful addition of dticefon ' N(fCQ;g)z
372

Zhan ruthenium metathesis catalyst RC-303
(Zhan catalyst 1B, RC-303,
Zannan Pharma Ltd.)

The following examples serve only to illustrate the invention and its practice. The

examples are not to be construed as limitations on the scope or spirit of the invention.

List of Abbreviations

BOC (also Boc)  t-Butyloxycarbonyl
B(OMe), Trimethyl borate

BOP

Benzotriazole-1-yl-cxy-tri s-(dimethylamino}-phosphonium

hexafluorophosphate

Brosyl chloride  4-Bromopheny! sulfonylchioride

tBuOH t-Butanol

BuLi Butyl lithium

CAN Ceric ammonium nitrate
CDh(Cly Deuterio-trichloromethane
Chi N,N'-Carbonyl diimidazole

CHCN Acetoniinle
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3.62 mmol). The reaction was stirred at OC for | hour, and then warmed to
20C. The reaction was then quenched with pyridine (0.80 mL) and stirred
for 15 minutes before pouring onto petrol. The reaction mixture was
Wik {if8tigh CELITE and concentrated to afford the title composne Hs22460
an oil that was used directly in the subsequent step. 20Step 3:
mCPRAPent-4-ensl-Gltycippismpanial adidsolution of
imethylf[(13,2S)-2-pent-4-en-I-ylcyclopropyl]oxy}silane (5.81 g, 29.3
Cszcﬁ%mol) in Tl-ﬁ—éfﬂ%‘rﬁ%% &€ o00led to 0 C and treated with a solution of
Cul TBAF in THE@Er 3&d&enl, 35.2 mmol). The mixture was stirred at OC for
~d0dpinutes, and then warmed to 2515C r 1 hoyr. The mixture was
CU{D%&% into ﬁ%)%%g }fﬁ?_r}uét%c? %?(?}%‘gté )R E¥0AC. The combined
BABGtyanic extraétsiwmitaoyalsiied. Withibrine, dried over Na2S04 and

DBA BMaPgated o, afford a residue, which was purified by column
g?]ror%%%tg)grg%?&m gga?gﬁ,ag?g%eg with Et20 in petroleum ether (0-66%) to

DBU give the titld doipoandy(20634,01183@%-ateoil that was used directly in the
pee subsequen 1qn.. WO, 2008/057209PCT/US2007/022460 Step 4:
S

Methyl 3-met i-][E?p(’aent-4-en-1
DCE _ylcyclopropyitdgicetizony1)-L-valinate and methyl 3-methyl-N-(
pemf(1S,25)-2-peptrd-an-lylcyclopropylloxylcarbonyl)-L-valinate 0>--NH
CO2Me0-\---002Me . The alcohol of Step 3 was treated, according to the
DEALyrocedure abiste resditssbioror Bmtermediate B21 Step 2, with methyl

Disp3-methyl-Nyoxomethylona)-Lyalinate (1.221 g, 7.13 mmol) and DMAP
(0.871 g, 7.13 mmol) to afford a résidue that was purified by flash

DIEAchromatogr}aEﬂ‘i@Yéﬁ@Fez (gradient elution, 0-30% Et20/petroleum ether) to
DIPA afford two fmgﬁg;}ﬁr M@ compound (815 mg and 598 mg, 38.4% and
28.2%) as oils. LCMS (ES+) fez 320.1 (M+Na)*. 10Step 5:
brr B4 Methyl-NDieere ) shplertineen-l-ylcyclopropylloxy}carbonyl)-L-valine
DMARr 3-methyuNsirh b piarhd peiiidsen-1 -ylcyclopro_pyllox y}
DM carbonyl)-L-valine The esters of Step 4 were treated, according to
F the proced e S BER ¥ thtermediate B21 Step 3, with LIOHH20

DMSGafforded thefilerearepauRids as oils (95%). LCMS (ES+) m/z 282.2 (M-H).

Intermediate B26: )
DPPF %%?—%Pﬁo?péF?f%’(ﬁtﬁf?ﬂ%bfgm’é’ﬂﬁﬁ@?%@ﬁﬁ4-en-1v|cyclopenty]joxylcarb
EDC onyl)aminoléggtiviaeittyl &hddroPiBL ethylcarbodiimide
(2R)-2-Perﬁ4-en-1}%l§:¥clo§entanone 20

ESI lecfrospray tonization

Et,C Diethyi ether

EtCAc Ethyl Acetate

EtOH Ethanol

H; Hydrogen or hydrogen atomosphere

HATU O-(7-Azabenzotriazol-1-yl}-N,N,N’ N -tetramethyluronium
hexafluorophosphate

HBr Hydrobromic acid

HCl Hydrochioric acid

HMPA Hexamethylphosphoramide

HOAc Acetic acid

HOAt 1-Hydroxy-7-azabenzotriazole
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Dess-Martin periodinane (6.27 g, 14 78 mmol) was added to a stirred
solution of Intermediate A7 (2.00 g, 12.97 mmol) in DCM (120 m1). The
mixture was stirred RT for 1 hour, and then diluted with DCM and washed
VIS with a 1:1 mixture of saturated NaHCO3(aq.) amd-r/us2007/022460
Na2S203(aqg.) (1 M). The mixture was then with H20 and brine. The
HOBgrganics 25were daed QyshNgZpO4 and concentrated to give a residue
that was dissolved in pentane, filtered, and concentrated. The resulting oil
120 was used dir‘@éffifin the subsequent reaction. 0 45- WO
H,(,2008/057208R & 452084322460 Step 2:
P IR,2R)-1-methyl-2-pent-4-en-l-ylcyclopentanol A solution (2M) of
e3A1 in toltEhRe FF T ARceLoTaid sliranaipasaatied dropwise to a stirred
I,  solution of 2Z&idiet-butyl-4-methylphenol (8.68 g, 39.4 mmol) in PhMe (66
KHS&L). 5After the evolution of gas had finished, the mixture was stirred at RT
6r | hour ancPiAsHEBigd e 78C. (2R)-2-pent-4-en-1-ylcyclopentanone
K,5801.0 g, 6.57 pamed)was:geided followed by a solution of MeLi (1.6 M) in
e COEt20 (12.32 ml, 19.71 mmol). The resulting mixture was stirred at -78C for
245 hours and tHE8FWELFEPARAFa further portion of MeLi solution (12.32 mL,

KOH19.71 mmolyoihemixtuseowas stirred for | hour and then poured into
HClog.) (IN). . The organic layer 10was washed with brine dried over

LAH Na2504 ant CAWE HRIBER 110848 residue that was purified by column
LCMEhromatograipiy ranfSif-d(gr adiaatcalutione S-20% GINAC/EURIRMM ether)
Lion© give the tf}!%lc‘fﬁn}%(i)#nd. 0.779g, 70%) as a clear oil. Step 3:

(25")-cyclopén 31/ o3 21-methy1-2-pent-4-en-1 -

LiOHyHe¢rlopentylithiyicanaboyljaminojageticeacid 15The alcohol of Step 2

LrMdS0-779, 4.58mmol s treated accordi%%to the procedure described for

Intermediat%éolg‘{zi \?:aﬁatﬁcﬁ“ With ﬁ‘?@?ﬂ'ﬁ“ﬁ -cyclopentyl(isocyanato)acetate

Me;Al3 eq) and DNvm@hilldegimatiorded a residue that was purified by flash

Meli chromatog.rlgﬂ%gyygﬂ{ 1gllient elution, 5-4_10% Et20/petro|egm ether). The
resulting oil was’hy roﬁllsed as described for Intermediate B2l, Step 3 to

MeOHyrnish the Migheonipound (0.53g, 34%) as an oil. LCMS (ES+) rez

Mg5070338.8 (ngﬁeéﬁ%rﬁj’ﬂ@e B27: N-( fOR,251-2-all ylcyclopentylioxyl
carbonyl)-3-methyl-L-valine Intermediate B27 was prepared in a mariner

MsCl gimilar to tHdesilliderideprepare 25(2S)-cyclopentyl[(

N AR 2R meli o BB GYigpenvlox )
carbonyflaminolacetic acid%._eLCMS +)epm/z 283.1. WO

NHClho0g/057 289reomysabdmide 2460 Intermediate B28:

NHd(}I(QS)-HIPR,%Mpyﬂg@g@&ylonylcarbonylIaminol(cyclopenyl)acetic
acid Intermediate 328 was prepared in a manner similar to that utilized

Nie to prepare g@@%opentle {[(AR,2R)-1-methy1-2-pent-4-en- 1
NMP -ylcyclopenylgel carbenmyiiaspinolacetic

NaH Sodinm hydride
NaHCO4 Sodium hydrogen carbonate (sodium bicarbonate)
NaHSO; Sodium bisulfite
NaQOH Sedium hydroxide
‘ NaOMe Sodium methoxide
Na 80, Sodium sulfite
Nay5,04 Sodium thiosulfate
NayS04 Sodium sulfate (anhydrous)
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acid. LCMS (ES+) m/z 2831. Intermediate 329: (2S)-(
ff(3R)(3S)-34Allyloxy)piperidin-l-vlicarbonyll amino) (cyclohexyl)acetic acid
Step 1: (-Butyl (3R)(3S)-3-(allyloxv)pmeridine-l-carboxylate An
VavepidpEars-neck, 1-L round-bottom flask under N2 was chasgegiwsish/s22460
NBoc-(3R)(3S)-3-hydroxypiperidine (10.0 g, 49.7 mmol) and DMSO (100
PCy;mL) KOtBu @5%;{1@%9& gll was added in a single portion. The
POB reaction mixture was stlrred at RT for 30 minutes, after which ally' bromide
4.30 mL, 45317"% iHBMEO (50 mL) was added dropwise via an
POB@addition funpgb Qﬁ}ggﬁ%d@e contents of the reaction flask were
P,0s poured into 5% | SO4 and extracted (3x) with Et20. The combined
205 organic porfioRSAVERS Ra¥AEH il Brihe, dried with anhydrous MgSO4,
Pd/Cfiltered and eyaputated, Jdneserude product was subjected to 20flash
column Chmf]g{? graphy (90/10 hexanes/EtOAc). Evaporation of fractions
contalnlng p 8 tfgave the title compound as a colorless oil. LRNIS
PPhy (M+H) = 2423pisieppRiot3RH8S)-3-(Allyloxy)piperidine WO
2008/057209PCT/US2007/022460 A 500-mL round-bottom flask
was charged With TREPHTIHIR 2BPStE1199.66 §, 39.8 mmol) and EtOAC
Ru/C (150 mL), aRdttheiieootediiboan ice bath under N2. The reaction solution
Sip, Was saturat; Wlth leggg ?nd stirred for 1 hour with cooling then for 2
hours at R vapora iortnder reduced pressure gave a white solid,

TBAFRyhich was ffmummagim&nﬁmmd}tsﬁﬂated The 5solid was poured into
DCM, d |ed with anh§drous

TRTLOM NaCOH ((jsextr ted 5?
MgS04, flltgggdﬁ %agn a?;l é'vaporz{lvvtve téeg?\}}‘é SHERP BRI BateeEbgrate
TEA colorless oill r8tdp!3miinethyl (2S)-cyclohexyhisocyanato)acetate OMe A
TFA S0-OmL roundsha ﬂg%lél&/as charged with saturated NaHCO3 (80 mL)
and 10DCM (80 mL and cooled in an ice bath with vigorous stirring.
F Methyl (25)T§Ffﬁhb<€éﬁ@ﬂ@hexyl) acetate hydrochloride (4.0 g, 19.26 mmol)

TIPSONEs added o)) g péﬁ [:H?%gne (1.886 g, 6.36 mmol). The contents of
the reaction fI were s or 1 hour with cooling, and then the
MSContents w@r@%@ﬁk@@ﬁmb‘ia@@paratory fininel. The layers were separated,
TsCl and the anepéigiggysq{ﬁo\ﬂﬁrgh%g{@ged with DCM (20 mL). The combined
I\{3rgan|c portions were dried with 15anhydrous MgSO4, filtered and
Zn(C vaporated48GHaHE title compound as a colorless oil. 111 NMR
(CDCl3) 8 3.90 (d J 4, 1H) 3.81 (s 3H) 1.88-1.83 (m 1H) 1.79-1.76

§ntemﬁ@iﬁl@h(@yclohexyl) acetate H 20A 500-mL round-bottom flask was

eharged-with-the product of Step 3. (3.80. g, 19.27 mrnol) and THF (50

\Vipjes) Hb

Intermdiia)e BNE product@grmg (3.80 g, 19 27 mmolngas added, andithe Literaiure
resulting solution stirred for 24 hours at RT. The smﬁ/ent was removetbi once

flach nnll umn

evaporcmon and Llll:‘ uuuc product-was Y-Hast o
chroma ogram\y (6 /4&\ exaneS|Et0Ac) r{to ylgid1 t mﬁﬁe compound as a
393 {cyclopropylsulfonyl)-2-

agolortess oil. L
_ ) US 6,995,174
. vinyleyclopropanecarboxamide
hydrochloride
Ethyl (1R,25)-1-amino-2-
A0 o T .
vinylcyclopropanecarboxylate US 6,323,180
HCt hydrochloride
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WO 2008/057209PCT/US2007/022460 Step 5:
(2S)-((f(3R)(3S)-3-(Allyloxy)piperidin-1-41carbonyllamino)(cyclohexypaceti
c acid (Intermediate B29) A 500-mL round-bottom flask was
WENRAFEG " fth the product of Step 4(7.00 g, 20.68 rinnol), Me M TAG AR H22460
and THF (20 mL). LiOH (IM, 62.0 mL, 62.0 mmol) was added, 5 and the
Interpiegiaténgasalutior waa stiedvat loiRbd8snaers, The @R SRINEMS rhoxamide
h dmggre_ removed under reduced pressure, and the remaining aqueous was

into 5% K2S04. The mixture was extracted (3x) with EtOAc, the

combined organic portions dried wit ammcdrous Mg504, filtered and
rotary-evaporated to give the titie.c o#eind as a white foam/oil. LAMS
(M+H) = 325.3. 10Step 6: (25)4{1(E8) or %7
(3R)-3-fAllyloxy)piperidin-1-41carbonyl | atnino)(cyclohexyl) acetic acid
(Intermediate B29a) (2S)-({1(3R) and (35)-3-(allyloxy)piperidin-I

Step Lylidaubongikamino)! [(cyelopep)sametio peishiniewpgdinte B29b) 0 IR;

eth 1Cr3't YOH 0 . The mixture of diastereomers,

%@Pﬁ%{%ﬁ@é@gﬁ- =5=(Allyloxy)piperidin-1- 15ylicarbonyn

amino)(cyclohexyl)acetic acid (4.00g, 1 33)\\n}mol), was resolved by

preparative chiral SFC usi OQﬂL:,Iu KJ‘%% x 25 cm, 10g) with a
mobile phase of 80/20 co;%/‘\aeoo , h :\'ZMQﬁa flowfate of 70 mL/minute,
and a detector of X= 214 nm. Evaporatipn of like fractions gave the title
componds as colorless oils. The first eluting diasteriomer was (25)-

({[(3S) ox (BRicFthdpRnerdiankylc ok lamine) (RGN AEeHG uty1
cid MS 20(M+@2 = 325.3), and the second eluting diastereomer was
((m@?}s‘)—-&@ﬁ‘%méa- omiyisRsErIML-y R oY RRRRHbS e eTRiE XY &
0.50 neapic $6]d93, RM (M $9) Rud2I &), ntermediatas; B B3ed. The vessel was

Intermediates 330-B34 were prepared jn a manner similar to that utilized
placed ‘E‘rgb GRS e 28 APPSO BIEB OGS (750 FHOIPBAGTVeen.

The vdsielAvainheA Qi At ohad SN agTet RNISu R4 tEdiVessel was vented to
atmospheric pressure. The reaction slurry was then transferred out of the reaction vessel and
filtered through SOLKA FLOK (34 g, wetted with 100 mL MeOH) to yield a clear, light brown
solution. The SOLKA FLOK. was rinsed with MeOH (200 mL x 2). The combined MeQH

solutions were concentrated under reduced pressure to yield crude product as a white solid

(153 g). The crude product was slurried in EtOAc (800 mL), warmed to 40°C and aged

30 minutes. The solution was then seeded, aged 30 minutes, and heptane (500 mL) was added
via addition funnel over 30 minutes. The partially crystallized solid was cocled to RT and aged
overnight, after which additional heptane (500 mL) was added. After 1 hour, additional heptane
(250 mL) was added via addition funnel, and the white slurry aged for 1 hour. The solution was
filtered, and the solid was rinsed with heptane/EtOAc (500 mL, 4:1) and dried under reduced
pressure to give £-butyl ((1R,2R)-1-{[(cyclopropylsulfonyl)amino] carbonyl}-2-
ethyleyclopropyl)carbamate (125.9 g).

Step 2: (1R.2R)-1-Amino-N-(cyclopropylsulfonyh-2-ethylcvclopropanecarboxamide

hydrochloride (Intermediate A3)
A solution of the product from Step 1 (92 g, 0.28 mol) in DCM (1200 mL) was
cooled to 0°C, and HCI was bubbled through the solution for 10 minutes, The cooling bath was
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B 3 0 L-cyclopentyl- glycine N-Boc-(35)" pyrrolidin-3-ol X 001 _oiI OMZ:: 11
1 (25)-cyclopentyl({ [(3S)-3- (pent-4-en-l-yloxy)pyrrolid in- 1-ylicarbonyl}
arnino)acetic acid 325A B31 L-cyclopentyl- glycine N-Boc-(3R)-
VY ASRAIRLBE0] 0 01 .111C rz0 (2S)-cyclopentyl( ([(3R_)-3- PCT/US2007/622460
(pent-4-en-l-yloxy)pyrrolidin- 1-yljcarbonyBamino)acetic
then removed, and the reaction mixture stirred for 2 hours. N, was bubbled through the reaction

mixture for 5 minutes, and the volatiles evaporated. The residue was azeotroped with DCM (3x)

to give an off-white powder (75 g). LRMS (M+H)" Caled. = 233; found 233,

Intermediate A4 T rans-4-pent-4-en-1-vitetrahvdrofuran-3-o!
MO

/\/\@O
To a mixture of Cul (1.66 g, 8.71 mmol) in THF (100 mL} at -5°C, 2 0.5M

solution of bromo(pent-4-en-1-ylymagnesium (116 mL, 5.81 mmol) was added. The solution

was stirred for 1 hour and cooled to -20°C. 3,6-Dioxabicyclo[3.1.0Thexane (5.0 g, 58.1 mmol)
was added dropwise, and the reaction mixture was slowly warmed to RT and stirred for 15 hours,
The reaction mixture was quenched with NHCleq) and extracted with Etz0 (3x). The combined
organics were washed with H,Q and brine, dried over Na,SOy, filtered and concentrated. The
crude product was purified on SO, (gradient elution, 10-100% EtOAc/hexanes). 'H NMR (500
MHz, CDCl) 8 5.83 —5.75 (m, 1 H); 5.04 — 4.95 (m, 2 H}), 4.14 - 4.67 (m, 3 H); 3.85 (m, 1 H);
3.76 (m, 1 H); 3.44 (m, 1 H); 2.07 (m, 3 H); 1.45 (m, 3 H) opm.

Intermediate A5: Trans-2-pent-4-en-1vicvelopentanol
HO

0

A solution of 5-bromopent-1-ene (11.81 mL, 100 mmol} in Et;O (100 mL) was

added to magnesium (2.43 g, 100 mmol) over 20 minutes. The resulting suspension was heated
under reflux for 40 minutes, then cooled to 20°C, taken up in a syringe, and added dropwise at
-5°C to a stirred suspension of Cul (3.17 g, 16.6 mmol) in THF (160 mL). The resulting solution
was stirred for 30 minutes at -5°C, then cooled to -20°C. Cyclopentene oxide (7.21 mL,

83 mmol) was added dropwise, and the resulting mixture was warmed to 20°C over 2 hours, then
stirred for 48 hours. The reaction was quenched by addition of NHsClqq); then the layers were
separated, and the aqueous layer was extracted with Et;O. The combined organic phases were
washed with H,O and brine, then dried over Na,SO,. Filtration and removal of the volatiles gave
a residue that was purified by column chromatography on SiO, {gradient ehution, 1-100%
EtOAc/petroleum ether) to afford the title compound (7.92 g, 62%) as a liquid. 'H NMR (400
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acid 325.4 B32 L-cyclohexyl- glycine N-Boc-piperidin-4-ol 0 ?110MZ r
(25)-cyclohexyl( { [4-(pent-4- en-l-yloxy)piperidin-1- .
ylicarbonyliamino)acetic acid 353.3 533 L-cyclohexyl- glycine
WQ-BBB7e4iin-3-0l 01 1,410 0 (25)-cyclohexyl( ([3-(pent-4- PCT/US2007/022460
en-l-yloxy)azeticlirt-1- yl]jcarbonyl} amino)acetic acid 325.3 534

MHz LD ey b Ol siGN i B9S GPlaPY Y1398 495 (d, 1 = 10.6 Hz, 11), 3.83 (br
s, 1H), 2.12-2.00 (m, 2H), 1.99-1.84 (m, 2H), 1.76-1.30 (m, 7H), 1.24-1.11 (m, 2H),

Intermediate AG: (1R 2R)-2-pent-4-en-1-vicyclopenty! acetate

Vo

Q

'+ AMANO LIPASE PS (7.0 g, 64.7 mmol) was added to a solution of trans-2-pent-
4-en-1-ylcyclopentanol (10.0 g, 64.7 mmol) and vinyl acetate (19.5 g, 129.4 mmol) in E,O

(275 mL}. The mixture was stirred for 16 hours, then filtered through CELITE. The filtrate was
concentrated to afford a residue that was purified by column chromatography on Si0O; (gradient
elution, 0-100% Et;O/petroleum ether) to afford in the first fractions the title compound (5.43 g,
43%). 'H NMR (300 MHz, CDCl3) 8 5.89-5.72 (m, 1H), 5.00 (d, /= 18.1 Hz, 1H),495(d,J=
11.0 Hz, 1H}, 4.82-4.73 (m, 1H), 2.11-1.98 (m, 2H), 2.03 (s, 3H), 1.98-1.85 (m, 3H), 1.71-1.60
(m, 3H), 1.50-1.35 (m, 3H), 1.29-1.14 (m, 2H); [a]p=-36.1 (¢c=0.73 in CHCl3). The later

fractions contained enantio-enriched (15,25)-2-pent-4-en-1-ylcyclopentanol.

Intermediate A7: (1R.2R)-2-pent-4-en-1-vicvclopentanol

H

A stirred solution of ( 1R,2R)-2-pent-4-en-1-ylcyclopentyl acetate (3.79 g,
19.3 mmol) in MeOH (320 ml) was treated with methanolic NaOMe (25%, 8.1 ml, 35.4 mmol)
and stirred for 15 hours at 20°C. DOWEX 50WX8-100 ion-exchange resin (washed with

MeQOH) was added portionwise until the pH was neutral, then the mixture was filtered through

\\‘\\O

CELITE. The filtrate was concentrated in vacuo, and the residue was partitioned between
EtOAc and HyO. The organic layer was separated, washed with brine, and dried over Na,SO,.
Filtration and removal of the volatiles afforded the title compound (2.61 g, 88%) as a liquid that

was used directly in the subsequent reactions. [a]D -37.3 (¢ = 0.65, CHCI3).

236 -



10

I5

20

25

(25)-cyclohexyl( {[(3S)-3- (pent-4-en-1-yloxy)pyrrolidin-
I-ylicarbonyl}amino)acetic acid 339.4 WO
2008/057209PCT/US2007/022460 Intermediates C Intermediate CI:
WEBPOPG7204methyl-1H-indole-2-carboxyl ¢ acid CO2H Br To acsotutiga @braco
4-bromo-1H-indole-2-carboxylic acid (514 mg, 2.14 mmol) in 5DMF (16
Interidediigimathyl carbonate (4.5 mL, 53.4 mmol) and DABCO (25 mg, 0.214
Inte mmol) was added, and tr{e solution was heated to 120C for 7 hours. The
NeGIaie B o Nt eRidr et Ievinx y) canbpma] decamien cves
(2x), IN HCI (1x), and brine (1x). The org%niC(s were dried over Na2S04,
filtered, concentrated, and th ' i was purified on Si02

(gradient elution, 15-40% EtOAc/hexanes) m?ild the intermediate ester

3 3 X
e o am O (

as a white solid. 10 MeOH (3 mL), H20 (1.5 mL) and LiOH monohydrate

(3 eq.) were added to a solution of the ester in" THF (3 mL), and left to stir

for 16 holfst SPheirsnefibmenisacteoW@L6andernated|)andMe (eSiglg wasc,
carboRafditinnes histwean, Et9AG.and [, and-extracted with EtOAc (2x).

T%re organics_qu:arer%’ombineq, v%/%% %%thdg%%ée?é%ﬁncmlexéu{)%grﬁﬁl(‘g%&to RT
and sigfrefal@r AR anéerEenlratedets e ld atheltititec binivothidrale 2White Boliskmol) was then

added. BMShEMesh#:Galedrz 2addaund,2hAc1a Intermediate %%éutes. Upon cooling,

4-Bromo-1H-indole-2-carboxylic acid The title compoun

the méﬁr‘%@f&?&ﬁi’/ Yiniysiad »oik edrhteeeBadg Biombim0. The organic layer was

dried d@@M@L@W@H&@'@T&@&QM&t@&idI%lelﬂ(ﬁrproduct wapr flzﬁt{)%/;%i)g)
hr 2-am|%3-bromo yridine (7.4 g, 0.0428 mol) in dimethoxyethane n?L)
Chroni RS EPIBTORIBEREED 1o B doaeBshispiior ddds ] @ ity] V-

[(pentrixtuteystizindaabdRy1ar-h8-hawns:d he Jepultipg, solids were filtered and
washed,}évith Et20, 25then re-suspended in absolute EtOH (40 mL) and

refluxed 182 HEEH SCNoT A Gt A Gt ehratia i éminyi-Etoprleucinate
(8.50 gliliteld witho2C DBF2Q) Ay exiasted WINBEEQ PO FRER EWhition was
stirre d%%?ﬂs Véel[le drie overé}l§a2804 filtered and concentrated to give a foam

(B 54 STROWD D608i8PS8SPR A NeEiAg extracied with (3 x 250 mL)
EtOAc. The combined EtQAc tayer was washed with 50 mL H,O, 50 mL brine, dried over
N2,S0;, filtered and concentrated to give 7.09 g (88%) of the title product as clear oil. LRMS
(ESD m/z 244 [(M+H)"; caled for Cj3HaNOg: 244],

Intermediate B2: (25)-3.3-Dimethyl-2-{[ {pent-4-en-1-viox vicarbonvi]amino Ybutanoic acid

0
H
,/\/\\/OYN\_/U\QH
& i
0
DIPEA (9.85 g, 76.2 mmol)} was added dropwise to a 0°C solution of 4-penten-1-

ol (7.22 g, 83.9 mmol) and triphosgene (11.3 g, 38.1 mmol) in 160 mL dioxane. The resulting
white suspension was stirred for 5 minutes at 0°C, then allowed to warm to 25°C over | hour.
The suspension was cooled to 0°C with an ice bath, and 1N NaOH (76.2 mL) and L-z-
butylglycine (10.0 g, 76.2 mmol) were added. The reaction mixture was warmed to 25°C and
stirred for 18 hours. The dioxane was removed in vacuo, and the reaction mixture was basified
to pH 12 with IN NaOH. The aqueous layer was extracted with DCM (3 x 150 mL), then
acidified to pH~1 with 6N HCL. The aqueous layer was extracted again with DCM (3 x 150
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foam was dissolved in THF (230 mL) and treated with IN NaOH (170 mL,
0 170 mol) at 40C for 2 hours. The reaction was cooled to RI, diluted with
1IN HC1 (170 mL, 0.170 mol) and concentrated to remove the THF (pH of
WHhBHHESZY.0). The mixture was cooled to 0C, aged for 30 miHUEEE 2i9d/622460
filtered. The cake was washed with H20 (40 mL) and dried under vacuum
mL). tBhbgive bt @dgrbiRigSa(ets Mere2dtied nt\mtnmgm et concentrated to pive the
compé%r? %QL? m'dalzﬁlef?

was prep%?e%gé'ﬁlgf? m% it smﬁﬁgﬁo”fﬁz kit %dligp?gﬁgr%)

Clzﬂzﬂl@&bﬁ?@éﬁwlmldazo[l 2-a]pyridine-2-carboxylic acid from ethyl
5- brom o 1.2 ridine-2- carbpxyla O 91/0821 LRM
e e P B GE R e

(M+H)+ Interme Y"%?fr 0>P i amsdng i
Chemﬂ@i)ﬁ@ﬂwih@dlﬁnat@ (B@m’ﬂnoﬁ&ﬁimah)mﬂm&?wwmg tlowpypagdad: tonino
acid afld gf&ﬁl&n of NaH (60% in mineral oil, 2.1 g, 87 mmol) in TI-IF (20 mL) at

0C while under N2. The solution was stirred for 30 minutes at 0C and then

for 30 minutes at 25C. The solution was cooled to 0C and slowly added to

Int.

ArioNe Of

THF (25 mL),
ture was quenched

reaction mix

T=broTIREgt TSt
and then warmed

on IUSIM&H}IK},QEI 1Z¢

and stirred at 25€ for 2 hours. The 20
by pouring into 300 mL of IN Fig and 200

I \OJU JIIIIIIUI) III

LRMS
(MHE)”

Bl

LANoOFUEHAG

Et2Qmhilg-stiring

mixture was

extrapiegmin &OAC

2443

(2x), and thj* organics were cornb%\( as ed w
Na2S04, filfered, and concentrated. T f’d‘ue

(gradient eILtion 0-25% EtOAclhexanes) tolyield
h-of the di-ester (3.4-g,-9.97Z.mmol) |

th br| e dried oge
{:ar

was’) pu 2

the di- estekafera clear oil.

MeQH (25 . mL) 3N

B2

Dot

KBER( 6.6
taghotefor 4
yield a whitg
reaction mixture was heated to
was extracted with EtOAc (2x), combined organids, washedn@itidtine,

2442

the mﬁﬁegﬁﬁléhﬁa?med
to ZSQ[amltthemad to
L 6 HC1 nd the

mL4f§1§eﬁ1}n@I) was 25 added, and
hours. The mixture w. hem@dgled
solid (1.54 g). This SO|Id whasjdissolye arbon

reflux for 12 hourg. actlo |xtu3

a3

Lavieteaes MgSQ4pierediand|coqcentrated. The Tifle gopepebld-was as
a tan solid dfter crystallizing frojm hexad’ee, (548 m , 9080 %‘I’%g@(g' NM
. " 1H

WO 2008/057209PCT/US2007/022460° (580 Mhz) (C
J=7.8 Hz), 7.14(d, 1H, J=7.6 Hp), 7.04(t, 1H;J=7/6 Hz), 3arBuBi3(m, 4H).

230.3

AJ

B4

LIRETEdEtE Cos 7 Bmmuspheny =1+ llduie-Z “CarboxyE aCiE OB
To a solution of 4-bromo-1H-indol lic pcid (500 mgq, 2. 08 mmol
in DCM (75|mL), phenylboronig aci A7 mAfay) Bn
acetate (757 mg, 4.17 mmol), gyridine (9.3 mL 4.17 miniedichA
molecular sieves (3 g), and TEA (O 581 mL, mmol) Were added After

258.3

BS

2723

L Illg(t%lé \ﬁlo}b IIUL AL LJ\.,IVI Illl.c cu u| \.n_ | ||_,
and the flltr te was \?\}ashe with &:d,CI (2x) andbrine (I'X % pfhe organic
The crude material was purified on SO ( /O /0.2 of norleucine

B6

layers were|dried over Na2S04, ntjwasYemresageriyacuo.
DCM/MeOH HOAc/H20) to yield the title co ou;d LRMS ESI+ (M+H)+
i +hnvu\han7\l|
# “N-I(oct=7-en-1-

W
T

286.4

anesulgonate
yloxy)carbonyl]-L-

norleucine

B7

1.-Valine 4-Penten-1-ol N-{(Pent-4-en~1~ 2363

yioxy)carbonyl]-L-valine
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orvis Step 1: 13-Bromo-5-(trifluoromethon)phenylimethartol

kFFO Toa

solution of LAN (100 mL, 1M in Et20, 100 mmol) that had been cooled to
20 -70C, a solution of 3-bromo-5-(trifluoromethoxy)benzoic acid (12.0 g,

and stirred overnight. After recooling to -70C, the reaction was quenched

WARZQHINEPPwas added slowly. The mixture was then slowly RaFEdoey RIE460

Imt.

Xt ERE{4
RT. The mix

and the WQ

ture was then filtere
2008/057209PCT

ML), ZNiNa6H (4 ML), THeikdH<D (8

rd through CELIT
US2007/022460

ML), and e Warmed 1o
E, MgSO4 was added,
mixture was filtered

LRMS
(W+H)"

B8

abaintifkhe g
colorless oll
3-Bromo-5-(

olvehtwasiréwiove
LRMS EST' (M-h1}
trifLuoromethoxy)bs

dl vacuo yielc

=nzy| methanesul

twe[(téﬂ@lmmuﬁmas a

valine .
onate To a solution of

202.2

By

theypaduct |
(16.0 mL, 92.

romé&sefeh(iLdi4 g,
6 mmol) and MsC1

at OC. After

4 mmol)dn D

M (TOR ka3 SrOIEA

3:6-mpaba m

re ad
1 hour, the reaction Was poured into Cﬂé%% u 31&?9 e

2163

B10

gxIT
with brine, d
crifddhater

LW T AN /f‘r\f"

ried over MgSO4, an

22 6.7 Bl L. 1D

al was purified on %i02
EtOAc/hexanes) to yield the tltle compadunphas a ¢olorless pilaiANMR (500

d WTH DEM(3%)7 The compmed-organic

he solvgnt w4

42 (s 1ﬂ1|—|\ L.z

gdiefitelut

ayCID]\YV[?f_F €2 ua LCU
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D
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2583

Bl

Lok
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Interm

the following refer
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CEEEO -4- phenvl oyrldlﬁ/’b(%
ﬂ\/tomptmrmm&png@apedthyl
terocycles 153-69(1993). To &

TPEﬁ-FIS{ep 1:
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272.3

B12

ied-BaiH; n-BuLi ftBuwemnl-0b6.4

ing@Riiee baf
a solution of
keeping the

h for 20 minutes, th
203-chloropyriding

temperature less than -70C. The lith

mrﬁgl/) was

en tréajpd:drepw
(2.51 mL126.4

dded. The/frtbdutrd-ewak stirred

SPIENSEAIADINIBSHYAN
mol) in 5 mL THF,

opyrldlnevaéi'ﬁ‘ﬁlly

2303

BI3
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stifpegidor 3
15 mL THF w
solution was

) minutgs;ina dry ic
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s th

asaleoteriebesbtid
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effat

inFa light orange
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y the eﬁ(ﬁp rattirel less the
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286.3

Bié6
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s
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CI N- 5To a solution of the product from Step 1(1.3 g, 5.43 mmol),

phenylboron c acid (827 mg, 6.79 mmol), PCy3 (228 mg, 0.814 mmol),

and Cs2CO03 (4.25 g, 13.03 mmol) in dioxane (10 mL), Pd2(dba)3 (497
Wigtms8424¢mhmol) was added under N2. The mixture was therpheateshi®oz2460

95C for 18 hours, filtered and extracted with H20 and EtOAc. The organic

Int.

residue was purified on Si02 (gradient 10elution, 5-30% Et Aglﬁexanes)

l@m@;{gvmddrlrd OVEMESIO4, and thg SpivENt was removed 'laj vacto—TFhe TRMS
to give the tifle compound as a ¢olorless oil (1.03|g). LAMS ES14 (M+H)+| (M+H)"

Big

1902utBtep B: 34htpterd-phenylpyrdin-2-ol TovaaeluBeh.of the 3705
prgggl%fro Step 2 (348 mg, 1}83 mmol) in DCM &o mL), m A (950

mg, 5.51 mmol) was added. Aft ﬁgHmix ]lf)é Ce%éb 3“%@ Tlélﬁ(t%%’ilth
10% 15NaHS503(3,4.) and then ind brine. The ofgasivelayer was
dried over MgSO4, and the solvent was removed in vacuo to give crude

BiS

L ghidrocd-phériytiyridiviberoxide) as a white solid (236)g)ohERig §0Rd- 1965

wag,dhen dissolved.in agetic anhydride (1.05 mL,11.18 ) and heatec
to§1§/50C for 18 hours. The resid S L&f\iﬂ&d on Si(%gn %}gﬁf’)@gtg ézlrbt?on,
5-30% EtOAE/hexan8S§to give 150 g %‘ -cRiorp-AJptatiprbyrdineping
acetate, which¥asdissslved 20 in MeOH mL;), combiged.with K2CO3
(419-mg-3-03-mmol)-and-heated to 65C for 10 miinutes, The mixture was

then filtered, and the solvent was removed in vacuo to yield the title

Interntedfaporrel (125.Mmg)- A-RerERE=tMa1dhiH 206, 1 intermediater Ciine

5-Bromo-2-chlorobenzyl methanesulfonate 25 Br 9 01- To a Solution of
(5-bromo-2-chlorophenyl)methanol (1.0 g, 4.52 mmol) in DCM (23 mL),
TEA (0.88 mL, 6.32 minol) and Ms€1 (©.4%'mL, 6.32 mmol) in DCM (10
mL) were added at OC. After 4 -mixdure was then extracted with
H20, the organic layer was WO 2008/057209PCT/US2007/022460 dried
over MgSO4, and the solvent was removed in vacuo. The crude material

Step 1 wiethistifiod omEi02 (aicasiantalution. O30% EIRAThS aNes)ig Hield the

titte compound as a white solid (1.03 g). 'H NMR (500 MHz) {CDC13) a
7.62 (m, 1H), 7.43 (m, 1H), 7.28 (s, IH),i5.2% (s, 2H), 3.08 (s, 31-1) ppm. 5
Intermediate CIO: 3-Broma@Z5 rMisthoxybenzyT anethanesulfonate

The title compound was prepared accérdifig to the procedure given for
Intermediate C9 using (3-bromo-5-methoxyphenyl)methanol (ref: 43 J.

Med. CRera s896¢2000))mtiHNMR-ER00 Mite) (EDRIR) e 1Bitsndd)chem.

30061798064} t10% 8718 bt A% A6ty B BT 25 R P B M ene) L
vahnate (ref: EP 0 486 948 A2) (3.5 g, 20.2 mmol) was added. After? hours, the solvent was

removed in vacuo, and the crude material was purified on SO, (40% EtOAc/hexanes) to vield the
title compound. LRMS (M+H)" 271.3.

Step 2. N-{i( 1.1-Dimethylpent-4-en-1-yDaminolearbonyi}-L-valine (Intermediate B20)

To a solution of the product from step 1, methyl 3-methyl-N- {[{methyl(pent-4-en-

1-yl)amino]carbonyl}-L-valinate, (3.0 g, 11.2 mmol) in THF (40 mL), 1M LiOH (56.0 mL, IM

solution 56.0 mmol) was added. The reaction mixture was stirred at 50°C under N, for 1 hour,

cooled to RT, and THF was removed in vacuo. KHS804aq) was then added, and the mixture

extracted with DCM (3x). The combined organic extracts were dried over anhydrous N2a;S0,,

and the solvent was removed in vacuo to give the title compound as a colorless oil (2.95 g).
LRMS (M+H)" = 257.3.

- 40 -




10

15

20

Intermediate CII: Methyl
(4R)-4-[(7-methoxy-3-vinylquinolin-2-yl)oxyj-L-prOJinate hydrochloride
HCI 15CO2Me Step 1: 3-Bromo-7-methoxyquinoline 1-oxide Br To a

VeI OT8-bromo-7-methoxyquinoline (2.0 g, 8.40 mmol) irPDTNS1aZ/022460
mL) at RT, mCPBA (2.9 g, 16.8 mmol) was added, and the reaction
mixture was stirred at 20RT for 1 hour. A second portion of mCPBA (2.9 g,

ammcDﬁM;,caaadjthe Iayers were separated The organic Iayer was Washed Wlth

NaHCO3, dried over MgSO4, filtered and concentrated. The resulting
product was used with no furthW. LRMS (M+H)+ = 254.2. WO
2008/057209PCT/US2007/022460 Step 2
3-Bromo-7-methoxyquinolin-2(1 To a solution of
3-bromo-7-methoxyquinoline 1-oxide (204 g "8.03 mmol) in Et0OAc (50
mL) and 15% K2CO3(aq ) (15 mL) at RT, TsCi (1.68 g, 8.83 mmol) was
added. The 5react|on mlxture was stlrred vigorously at RT for 18 hours, at
nRTEH bl il Yol g e sHlditedBitSiltration and washed with EtOAC.
The SO|Id was drled in vacua and used with no further purification. LRMS
(M+H)t = 254.1. Ste 3: 1-t-But | ?me&hy}%4R -4- 3-bromo-7-methox

uinolin-2- 1 oxolidine-1 2- di carboxyl aB

Step ]

N CO2Me 10Boc To a solutioR

3-bromo-7-methoxyquinolin- ZEIH) one (1 31 g, 5.17 rnmol) and 1-t-butyl
2. methyIA‘ suspension of methyl (25)-amino(cyclopentyljacetate hydrochloride (3.21 g,

16.57 @ nfrtémemophandisulionxiaodpyelsingd & AR and
treate(g 09, 431 mm éln NMP}ZZl 5mL), Cszé@) g, 6.46 mmol) was

B’d@df‘ﬁhﬂsﬁ?éer éticn Tt t%%s@?rf@d%ﬁmmﬁﬁfﬁhﬁw@ fap3 hours, then

wm@ﬂ@@%@' RREmES WitHowh2-methyléaSv4R) Wparated, and the aqueous phase was
5{[(4-brom he psulfonylloxy}pyrrolldlne -1,2- dlcarboxylate 1q0 :

re- e"% 6‘|)\w5§3 AR ER RS FPRRSRE WS é‘fﬂ?@dﬂa’(%‘@%a}@ Gricd over

Nazsmomﬂtrlmrﬁatfﬁﬁbwmfi@élﬁﬁaw&i%ﬂf@ﬂ@dlﬂh‘ @%%@;ﬁm%tg@sog 97%) as an
Ac and H20 gy%igi/‘ers were separated. The or

t la
oily S"Fr PR RAERS bR EBLF PR b VEREH) BdFid &da) 84.36(d,
J= 4.mm,ema,rmmpeﬁmted,jm EROUHG! mugwﬁwlﬁmo further

r'fi atj LRMS t=381.2. ZOSte 1-t-Butyl 2-methyl
sten 20 e T e n o citbon)

MMxylate WO 2008/057209PCT/USZOO7/02246O
Q““’/\A\
o, K3
7Of \:/lko/

O
A solution of methyl (25)-cyclopentyl(isocyanato)acetate (1.57 g, 8.56 mmol) and
(1R,2R)-2-pent-4-en-1-yleyclopentanol (1.20 g, 7.78 mmol) in PhMe (56 mL) was treated
portionwise with DMAP (0.95 g, 7.78 mmol). The resulting mixture was stirred for 5 hours at
85°C, then cooled to 20°C, and diluted with EtOAc and HClg,q ) (IN). The organic layer was
separated, washed with brine, and dried over Na;804. Filtration and removal of the volatiles

gave a residue that was purified by column chromatography (gradient elution, 4-40%
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To a solution of 1-t-butyl 2-methyl (2S,4R) 4 [(3
bromo-7-methoxyquinolin-2- yl)oxy]pyrrolidine-1,2-dicarboxylate (2.0 g,
4.2 mmol) in EtOH (30 mL), TEA (0.87 mL, 6.23 mmol) was added.
VShaEEIMWinyltrifluoroborate (0.84 g, 6.23 mmol) and dichloreft;ti&zo07/022466
bis(diphenylphosphino)ferrocene]palladium(ll) dichloromethane adduct
E 0480316 SheymolBnare hena 14he reachon mixtur
333 (%%ﬁd, at 1006? for 2 hours. The rggg%nr? ﬁ)ﬁ%%e gv@ij%%%eééﬂug”mt (ES+) m/z
}:‘ nd 1120, and the layers were separated. The organic layer was
‘ Cwitbderingr(dried, oxen ) 8RNSO
acid crude material was purified on Si02 (gradient elution, 0-4
—= Et0Ac/hexanes) to yield the title compound as an oil. LRMS (M+H-tHu)+ =
373.3. 105keinthrdethythyl (25)—63/010pemy1{({L(lR,ZR)»«Z«pent-Anen«1_

4R)-4-[(7-methoxy-3-vinvlquinolin-2-ylloxyl-L-prolinate hydrochloride
ey R et S5 G i Bt 1 AP AAGOH F1 (0.74 5,
17.5l(ﬁsqdm)rm[(ln-mett;l@wﬁmm?j:(@bg%g wai hgeSated to 80_004 I\"/il"lll;leéﬁlution was

: oxylpyrrolidine-1,2-dicgrboxylate (0.85 g, 1.98 mmol) in in

S“m%?é’i’(grlng iso{r%‘fﬂ‘)“ %ﬁ“ﬁh‘%@ﬁ RYFD ROHrEmanedemenorrevsedmwase, and the
residued agenimatedy dndtihae snestied waadaaaﬁwitrhé%?%fﬁ%t@%e%gmgﬁﬁd with H,0

- +H-tBu) =.329.3. Intermediate C12: Met .
and b@ﬁ%@%ﬁ&% e ST Fre e Ryt st efforded th tte
compritehiietiaté bR sam bél prapesedsadabreling 10 fhearesaduesdesarhad

J rmediat sing, 3-bromoguinoline jpstead of
O B oA AU AT} LoD 8. ot b € S8y 110, .98 (0,
= 174 kR 41),(2-hiGrdouifidlinB- Yl pxybL-pialimpe iy droshiorides Wi, 11), 2.18-2.05

57 710224 . 2-chlorogujnolin-3-ol OR

(m, 1}%}?%@5.9’{98&%{)‘;’%@”9 lﬁh% ,tﬁ%ll..%gga, (ﬁ%

A suspension of 2-chloroquin -32boronic , 72.3 mmol) and

NH4C1 (7.16 g, 134 mmol) in Et20:H20 (600 mL) was treated dropwise
Interm®iR EL202(aA(80%, 62 mL, 5 709 mmol). The mixture was stirred for 16

hours, thenthe precipitate was filtered, washed with H20 and Et20, then

dried at SRR EIdB! o B fory thepitipacahip eunah(it Sng)898Ghat GMSed to
prepartHREHRREASR{M+H)+. Stet 2: 1-t-But | 2-meth 1 254R 4 2-chlo o uo

dine-1 2-dicarbox.lat _ 0" >|. .0 0 CO2Me 10A solution of the

Int. 2%ﬂi8?o%ﬁ§ﬂq(jin-3-oﬁéa?®efg, 22.p7 niwotrutet-bufyl 2-methName LRMS
(2S,4S)-4-hydroxypyrrolidine-1,2-dicarboxylate (5.74 g, 23.38 mmol) and (I+EY
P‘ 40 17 Gd 6 -
B2la %-cﬁ’{}:’igg‘)\sntyif ¥’ trans-4-pent-4-en- ! (25)-cyclopentyl({[(trans-
glycine i- 4-pent-4-en-1-
yltetrehydrefuran- bW 0 yltetrahydrofuran-3-
3-0l OYN\E)LOH yhoxy]carbonyl }amino)
o o O acetic acid
B22 L-tBu-glycine | trans-2-pent-4-en- ! 3-methyl-N-{[(¢trans-2- 3124
I-yleyclopentanol pent-4-en-1-
w0 yicyclopentyDoxy]
OYNE)LOH carbonyl}-L-valine
. o /v
B22a | L-tBu-glycine (1R,2R)-2-pent-4- } 3-methyl-N-({[(1R,2R)-2- 3iz4
en-1- pent-4-en--
yleyclopentanol b9 vicyclopentyl]oxy}
»\OYN\:,/{LOH carbonyl)-L-valine
o /Y\

wd?




26.7 mmol) in anhydrous THF (250 mL) was cooled to OC and treated
dropwise with DEAD (4.65 g, 26.7 mmol). The mixture was stirred for 3
hours at 20C, then treated at OC with further PP113 (1.75 g, 6.67 mmol)

WARHOHSAT%(1.16 g, 6.67 rrunol). After stirring for 3 hours at 158DES /622460
mixture was concentrated, and the residue was purified on Si02 (15%

Int.

(4R)-4-[(2-chl

roquinolin-3-vhoxy

E0AB/pairaleum ethardisfurnish the sitece@rapou
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25

OH H202(ao (30%, 32.8 mL, 321 mmol) was added dropwise to a
stirred solution of (2-bromo-6-methoxyquinolin-3-yl)boronic acid (4.64 g,
16.45 mmol) and NH4C1 (3.29 g, 561.5 mmol) in Et20 (82 mL) and H20
WB294i957&¢#er 13 hours, NH4CI (3.29 g, 61.5 mmol) and H202(aqu)s630% 22460
32.8 mL, 321 mmol) were added, and the mixture was stirred for 48 hours.

The precp@aﬁgm@o@%@%@éﬂ@%%%%g&%%%@ﬁ’%ﬁﬁﬁ%@ﬁ?ﬂq i mmot)

go d the title com oundjé4.18 g, 100%) as a solid that was used directly

was ?@1 ﬁ%geagu%}s q@e(ﬁ\‘@%@ﬁ% AR Mi#2 o5 So5Ermme Dynd B &R 429.8 mi,

1 rﬂﬂeﬂutﬁl%@ﬁmyg(&fp‘,Méég,-QMQ&'HI%&}%MH%Mg'%B%P@HAﬁ afd TMSCI
, 32.9 mrno

lidine-1,2- dicarboxylate CO2M Cs2CO3 (10.
082 LT Gl Wadord AP i omelAgirotes. Afer 2 hours, Tea
(20 m(Z5wAS b Ahnamonheny)suifemvilaxyinysiplidingste:dicarboiate ) yas
2-bromo-6-methoxyquinolin-3-ol (4.18 g, 16:45

8.7 18.9 15
e TR T LoD BB b Ehp A SR By STEHER with 16 mL

portionewiSijie arcbmlateanddtititethuiRBt0ATc e Ao BIESWIS S NSNS brine and
H20 and brine, then dried over Na2S04.

- ith saturated NaHCO3(ag.), od
e B G TSVAP oY i Vo GRS PO ABor A 30 mbar) o
furnisboherritichromatod@pte 58 S0 radient alutiansidR%iy in the subsequent
reactigiOAC/petroleum ether) to give the title compound (5.56 g, 70.2 %). 20

LCMS (ES+) m/z 481, 483 (M+H)+. Step 5:

p 22 Srivmalas {2 - Hshndfamdthoxyelindbnr3oy
yrrolidinium chloride soluti\ n of.l-
(28,4R)-4{(2-bromo-6-methmri§:’3‘?
yooxy]pwrrolidine-1.2:dicarboxylate (5.01 0.40 mmol) in FICUdioxane
@N, 31%11%‘!%%@2%5%%? 1K “é’st/lBé";ﬁé%“ ﬁ?é‘%ﬁ&tg?ﬁai 68T Yeeeted to a
solutiopookipsed tRte f/blenile 63 reseV dgarated) arttthrerésituaMyasHithieataditant

rutioiPE L2018 3ff imately 1.1 mixture of W
0081057209 Pg{%@g%ag(#‘%%f%%%ﬁ%‘]&?%%%%‘poolﬁiﬁﬁ%ﬁ’aﬂhm (292 pL,

3.62 mugly REbe [epction ot stirett ox PaGifulih iRy axyd2sfmethoxyeareny T he reaction

e o il thatw drectlyin
D B A O o oL bt Bapge
petrol. J&ame3caon mEHIsFotaidicirA 2ron sk CER I{FRathd xyncebomydpy rtbeinie title

compdin@HORISi] thatemd uddr Butyl2-maibyl, t
(2S 4R2-4-1(3-ch1or0quinoxali%-z-ylloxﬁf)egﬁglllngtﬁp,'z- dicarboxylate
Step 3: 2-Pent-4-en-1-vicvelopropanol

,/\/‘\ '\\\D‘&OH

A-gifmethox_yearbonyflp
yl 2-methyl

A solution of trimethyl { [(15,25)-2-pent-4-en-1-yicyclopropyljoxy} silane (5.81 g,
29.3 mmol) in THF (42 mL) was cooled to 0 °C and treated with a solution of TBAF in THF
(1M, 35.2mL, 35.2 mmol). The mixture was stirred at 0°C for 10 minutes, and then warmed to
15°C over 1 hour. The mixture was poured intc H,O (900 mL} and extracted (2x) with EtQAc.
The combined organic extracts were washed with brine, dried over Na;SO, and evaporated to
afford a residue, which was purified by column chromatography on $i0;, eluting with Et,0 in
petroleum ether (0-66%) to give the title compound (2.63 g 71%) as an oil that was used directly

in the subsequent reaction.
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10 C3c,s CO2Me Bac A solution of 3-chloroquinoxalin-2-ol (1.44

g, 7.97 mmol) and 1-t-butyl 2-methyl

(2S,4S)-4-hydroxypyrrolidine-1,2-dicarboxylate (2.05 g, 8.37 mmol) in
WEHI0B{G021) was cooled to OC, then treated with PPh3 (2.51pgr%87007/622460

mmol) D1AD (1 86 ml, 9.57 mmol) was added dropW|se and the mixture

(e} Ea%o -L-valinate
DAC/petroleum -

(M+H)t Step 2: A , g

(28,4R)-4-1(3- chloroqtgnoxalln -2- yI)oxy] -2- ethoxycarbonyt)pyrrolidinium
chloride A solut f 1-t-butyl 2-me
(2S,4R)-4-[(3-chloroquinoxatinesyDoxy]pyfrolitines Jug-dicarboxylate
(2.05 g, 2.57 mmol) in H"C}Rdioxane (4N,5 m’?iwas 20 prepared at 0C,
then stirred for 2 hours at 20C. The reaction mixture was concentrated to

afford a feSiAFOIRASIHEnAttin g Ee0ds aftokt trecidereatmpoulucribed for

Intern{8dBBe 98K} RS, anrhike: t
:;; reacé Lgllgls ES+) m%i;hs@oﬂsﬂ%ﬁﬁiﬁ{[%éﬁgn%tﬁﬁgﬁéﬁ‘ E%ﬁg{ée(n P22l

U007 692869 ﬁf&tﬁ@ﬁﬁt@@l@at\n@mwm Wy fiash

chron(ﬁdgt@m@ 6n0$l|95ngﬁﬂ@¥hﬂ &MIQW@W@ZUV}QI%%O&HQ 'Qeafﬁ)tt%&t) fractions

Ofﬂ‘le%? gl%%gumol 3-yl)boron ¢ acid )

uﬁS‘%’%?‘%’, B B gAML Bisetihe (882 )5 ﬁﬂﬁol)@ﬁffﬁl—éiﬁs(ﬁbﬂ/z 320.1
(M+Najl) was cooled to -78C and treated with BuLi (6.21 mL, 1.6N in hexanes,

Step 59 g e@ﬁ?&??ﬁ'{ﬁ zﬁgr Wast vv_grrr’tled1 to ?C or 3 |ues then co ;_
3-methGIoK, S el nenis i B

SUITUTIUITOT Z B\IUI
M THE (6 L) waS atd '

hour. A %bmmmbaseme)aefeteaa@d;?asaomragl)dmhzlptﬁd&ta%)dyﬁaé’&?&
d I ixtu intained at -78C for 2 hours.
e S e Ll L 5 AN Ot HASHRRGHR BTy §.CMS
(ES+) miz)28eh@ieiixture was warmed to -10C and diluted with H20 and Et20.

NaOH(aq ) (IN, 75 mL) was added, and then the aqueous layer was

separated and aC|d|f|ed to pH 4 by addltlon of HCl(aq ) (3N). The mixture
i) 1 o] ' B thphaseentas smashed with brine

oval " fvolatlls afforded the title compound
laceric. acid

rectly e subsequent step (2.04 g, 86%).
LCMS (ES+) m/z 258.1, 260.1 (M#H)+. Step 2:
2-Bromo-6-chloroquinolin-3-ol

H

L0
\OYN\;)LOH
° A

Step 1: (2R)-2-Pent-4-en-1-vlcvelopentanone

0

D

Dess-Martin periodinane (6.27 g, 14.78 mmol) was added to a stirred solution of
Intermediate A7 (2.00 g, 12.97 mmol) in DCM (120 ml). The mixture was stirred RT for 1 hour,
and then diluted with DCM and washed several times with a 1:1 mixture of saturated
NaHCO34q,) and Na;$2033q,) (1 M). The mixture was then with HyO and brine. The Organics
were dried over NapSO, and concentrated to give a residue that was dissolved in pentane,

filtered, and concentrated. The resulting oil was used directly in the subsequent reaction.

- 45 -



10

15

20

25

Cl OH 20A mixture of 2-bromo-6-chloroquinolin-3-yl)boronic acid (2.04 g,
7.11 mmol) and NH4C1 (0.71 g, 13.30 nunol) in a 1:1 mixture of H20:Et20
(55 mL) was treated dropwise with H202(aq) (30%, 7.10 mL). The mixture
Wiaigtippéedat 20C, and further portions of H202(aco (30%, 7 A0k} Wet8z460
added after 3 hours and after 24 hours. The reaction was judged complete

Step &fter MBMourse@Rd he Mg Was axpagieswith EtOAC. The organic
layer was washed with WO 2008/05720¢ /US2007/022460 brine and
dried over Na2S04. Filtration and remgy#l-ef the volatiles afforded the title
compound (1.52g, 83%) as a solid. 'BHNMR £300 MHz, DMSO-d6) 5 11.41

(s, IH), 8.04 (s, 1H) 7.88 (d, J = 8.9 Hz, 1H), 7.62 (s, | H), 7.56 (d, J=8.9
Hz, 1H). & |of ;AL in toluene (9.85ml, 19.71 mmoi) was added dropwise

foa smmmamm@ grshigracuinelinBndipxyklep '3@%{ %fc@%’z\&% &%),

6 mmol) was added to a stirred solution of 1-tbu

After &% %}uﬁlf{ﬁﬁfbﬁﬁ%ﬁﬁ@rﬁﬂ%uimwwmﬁcﬂtm 1 ETikarbbsylate! then cooled
to 78LERE) S4mmel). A g BRIy AASH A OH00 Aitlied by o

| ? n NMP (46 mL). The resulti g mixture was stirred at 50
solutigy g g%#c@d’@d“a%@%ﬁ&é@ th! Btoemag s dhr ated NaHOOBEagas stirred at

-78°CTheiganianhase wasgeparatedwashatbwithi120 and:hing,then,dried ;|

vtla 10Na2S04. Filtration and removal of the volatiles gave a residue that
mmel 51[

GCIRITTS TEDERISR R L) et Sae 8 qher Tra fcuisamﬂ Nyh&he organic fayer

was W@éﬂ&lﬂ@ﬂsbhﬁmw@&&tﬂ%g@& bh@UsntRaR AU WED SAMRARG: was purified by

olum Cr%)a Q Oaé@ layer was separated, washed with brine and
R bSO kR o 1 G o R il theo e the

ove

title C@mmpmdr{d (G@’J@%Bﬂs%kmsf@ﬂohd that was used directly in subsequent
S+) .0, 387.0 M+H)+ 15 Intermediate C17:

. it A metReRygaRsxalin-2-ynoxyl-L-prolinate
ﬂQ)@mmiHﬂmmrbonwmmmeuwﬂz methyl

(2S,4R) et UI oxalin-2- .

20yfloxy T;})]yrro%(? 35%16 i% il ‘qgé( ol) Was efsd, 26FRILIBEdA dag@rocedure
descrifedifzo lyteraddinimB) }aﬁ@mmmﬁ@mZéﬁﬁcytﬂo;ﬁﬁﬂﬂlﬂii@@@@a%%etate 3 eq)

t 41 a resulting mixture was
and D](%Qalﬁag\%g Oacfgfgt?%eﬁourgf lIle_}|1 éngl?(’talfr uwgg&::g %ﬁ%&%ﬁ%ﬂéﬁ%&%ﬁf&%@t
elutioneip e EiredprireleymybePD0B1067200R G AS20ATIOR24 60 daivetr salid
interm (0139 2520 SRJDMMR AR HYS 80256 SRR ST S AR R ) e
338.8 %@S) 4-{[(4-bromophenyl)sulfonyl]oxylpyrrolidine-1,2-dicarboxylate
(3.23 g, 6.95 mmol) and Cs2CO3 (3.40 g, 10.42 mmol). The resulting

In mlxture was stlrred at 60Cfor 12 hours and then cooled and dlluted with
termediaicBiada RSN J ped erlsong e ahl-Guiiashed

ipetroleum ether) to give the

isomers that was purified on
d .:E.C (ES+) m/z 458.3 (M+H)+.

title compound (0.57g, 17%)a
Step 2: Methyl
(4R)-44(3 L0 3R0EY g 1[&%&9%%’%‘5 SRS B QURBES o prengre

10hydrochloride he product o was

(25)- CYF&PEE%YM&W@B @Q&p’lzztbeafféf@htﬂleymh@b@ﬂmﬁwwﬁmﬁ)amno}acenc

acid. L0l (HESMSAE S M/z 358.3 (M+H)4. Intermediate C18: Methyl
(4R)-4-112-bromo-6-methoxy-1,5-naphthyridin-3-4)oxyl-L-prolinate

g
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2-Bromo-6-methoxy-1,5-naphthyridine was treated according to the
procedures described for Intermediate C15, Steps 1-3, to afford the title
compound (11 %) as a solid. LCMS (ES+) m/z 480.2 (M+H)..
WiDIHiEATatfate C19: PCT/US2007/022460
(2S,4R)-44(3-Bromo-2-na_phthyl)oxy1-2-(methoxycarbonyl)pyrrolidinium
Intermbiivrie @2 8V Q2 20084 0AI2AIPAITILLRBCHNZZABR arbon v IMRENEH B Fen vacetic
d C19 can be prepared according to the procedure described for
28 Intermediate CM, Steps 4-5, using 3-bromo-2-naphthol instead of
2-bromo-6-methoxyquinolin3-ol{ LCMS (ES) m/z 350.4 (M+H)+.
Sintermediate C20: (2S,4R)-4-¢ 3-Bron§10-198-naphthyridin-2-y|)oxy7-2-
(methoxycarbonyl pyrrolidiniurchlog eé@é% : Methyl
2-hydroxy-1,8-naphthyridine-3 rb?f@laﬁe 10A solution of 30 wt%
NaOMe in MeOH (27.9 g, 155 mmoI) Waded to a solution of
2-aminonicotinaldehyde (5 g, 40.9 mmol) and dimethyl malonate (8.11 g,
61.4 mmislyimasoHERDY 8 byeMhedyislbwesuspemsion wis:stitiéckdan Jrepare
(25)- éif%?ﬁe%ﬂﬁ[ﬁ{‘ ebay solids wersditered. g%%%a%g?ﬁ&ox Ci éa%%zn gr%gno acetic

washed with MeOH. The crude product (5.30

acid. REMGERS W14 28049, 15Step 2:
2-Hydroxy-1,8-naphthyridine-3-carboxylic acid 01-1 OH A mixture of the
product of Step 1(5. 30 g, 26. O mmol) and LiOH (3.11 g, 130 mmol) were

ntermedis IR Ay {25 dob H (SHiv i 3 A Emaippeidindctdabont biasiThe

(cycldieaCliRBetic Wab cooled and the white precipitate filtered and washed with
H20 and THF. The solids were 20dried in vacua, giving the desired
product (4.94 g). M+H = 190.9. 08/057209PCT/US2007/022460
Step 3: 3-Bromo-1,8-naphthyridisr-2-of'~"'~"~usolution of bromine (3.78
g, 23.7 nunol) in pyridine (4 mL) and DMF (8.mL) was added to the
product of Step 2 (450 mg, 2.37 mmol) a ated at 105C for 1 hour.
The 5react|on was cooled H20 was added and the mixture filtered. The

rae pactdalivigx Bmpeiding- iIFhatrgdale layers washed with

brlne and saturated NH4C1(aq )a ed over Na2S0O4. The solvent was
concentrated in vacuo, and Ms@ as triturated with DCM,
and filtered to give a brown solid (156 m as sired product. M+H =

224.9. Step 4:
(2S,4R) SR [P3eR1HIEE- Brsplaghthsaiticrzgtyondihsk (méthbiyear boaghpyrith N-

Boc-(JRirgms. ﬁ%%wdﬁeesncﬁgg éIUIU g‘%eﬂtﬂ}ﬁ %91&9@{%‘3%0( %Laﬁ@t@ur@ 58 g,

to the procedure for fhtel liediate’C14
49.7 mangl b Wigs. idéeﬁatﬁtﬁﬁ%&éﬁrﬂ%tng?é&d%ﬂ%mmmwmmmuRal|ﬁ>43 ol.

30 mith&M A&7 2380 ¥kdMitEl}£:30 mL, 49.7 mmol) in DMSO (50 mL) was added

dropwise via an addition funnel. After 20 hours, the contents of the reaction flask were poured

into 5% KHSO, and extracted (3x) with Et;0. The combined organic portions were washed with
brine, dried with anhydrons MgSQq, filtered and evaporated. The crude product was subjected to
flash column chromatography (90/10 hexanes/EtOAc). Evaporation of fractions containing
product gave the title compound as a colorless oil. LRMS (M+H) = 242.3.

Step 2: (3RY3S)-3-(Allvlexvipiperidine

\/\OQH
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15Intermediate C21:
(2S,4R)-4-1(3-Bromo-1,6-naphthyridin-2-vfloxyl-2-(methoxycarbonvl)
pyrrolidinium chloride HOO Intermediate C21 can be prepared

Ve 201G the procedure described for Intermediate C20, Usingus2607/622460
4-arninonicotinaldehyde instead of 2-aminonicotinaldehyde. LCMS 20(ES)

M/z 353.5 (Me L. MR 2R0BITHIRIRC TSRO THPARAR0dNeLPedirt®o 60 o,

C22. .
39.8 %?Mﬁlﬁ@é%ﬁ?&P%)n%@ﬁ)?iB‘Pﬁiﬁdym)@ki@-@%‘é‘!ﬁ@x%amwmiOﬂ solution

was spytrabdiniieeDIgride stiieli for 1 hod PIERMECRIE: G242 sambe piepared Evaporation
ac%ordggﬁ to the grocedur,e described for Intermediate C20, using

Undets O RO RICOHHTS R i TS sali o P Bisrifi e i iz @ emids sy, The

solid s pADSBAM HHi)E IMOHNSHAte-GdRied (3x) with DCM, dried with aphvdrous
M SéZSﬁRg-ﬁ-]ﬁ-bromo-l,7-r1aphthyr_idin-Z-Efloxyl-2-(methoxycarbonyll_
> BT oIRaTHiGHY ERTSN R FOERE to give thyliin eorareuns 2carbelsiepired
S .

rr
Step Icboedivig 20 thedisbeedUsedes ddge Intermediate C20, using
3-aminonicotinaldehyde instead_ of 2-arrgnonicotinaldehyde. LCMS (ES)
m/z 353.5 (M-E1-1)+. 15 Exampcféciu(z 4S,7S 16E)-7-t-Butyl-N4(1R
25)-1-(1(cyclopropylsulfonyflamin6lcaboriyd -2-
vinylcyclopropyl)-6,9-dioxo-3
4,6,7,8,9,12,13,14,15-decahydro-2H, -2,5-methano_pyrido123-

adecine-4-carboxamide 20 WO

k111,10 lioxadi I )
2008/05%%%%0??6@%%‘}@8%2%%%‘ SR Charesdpit) pimaipd NaHCO; (80 mL) and
DCM(@3M)Maebimﬂmﬂiﬁe%ﬁﬁ)@xﬂmﬁmmhﬁggdiﬁ@éﬁﬁ%X@?ﬁﬁm(cyﬂohexw)
acetat soh go oé4 -t-b&lﬁ/ﬁg-metlﬁyl i
‘ %fg%ﬂfgﬁj ?f— rontophEny R BRI BIA BTG BYIBRRRSEASE YIRS &
6.36 {718 Bhe3cp0tentmol) tandeBehitontiapy Nicin-21aleDid 8 - AANBAh and then the
under N2, Cs2CQ3 (1.808 g, 5.55 mmol) was added.
;’““*e*{%%%l O R S mek. ThP s RTr A i o
3YETs SeriptatencastiveiR00d EX0Ad veTaddsisindhergiganiedayey was thea with
anhydﬁ?ﬁé%ﬁg%‘b""iﬁh%g é%g)evl:\ilaHrCEé%St 0(2).(2, a{ﬂd tbtrll'ine 2X). The organic Iaye_rWIl
was dried ever MgSO4- and the selvent was reioved T vaars srsscilaet
NMR fﬁ&ﬁﬂ_ eii\/\fa&?ﬁlf;iiﬁmoﬁlfsi(ﬁfﬂ(g(ﬁ,(ﬂﬁhl Ea??résqxﬂp&ﬁgmm;/'he%%ﬁfgﬁg 1.69-
- - +H)+ 2.
a2 QR TS EB oA e (ool
Step 44iMegpatiNA BRI S)rolrllnk:iy B iiaadbo xyake:dotyD2MaBRYclohexyl) acetate
To a solution of a portion of the product from Step 1(1.0 g, 2.49 mmol) in
EtOH (25 mL), TEA (0.52,mL, 3'1@‘°'H82%55ium vinyltrifluoroborate

T

O
A 500-mL round-bottom flask was charged with the product of Step 3 (3.80 g,

19.27 mmol) and THF (50 mL). The product of Step 2 (3.80 g, 19.27 mmol) was added, and the

O

(0.50 g, 3.74 mmol) and > o OMe

resulting solution stirred for 24 hours at RT. The solvent was removed by evaporation, and the
crude product was purified by flash column chromatography (60/40 hexanes/EtOAc), to yield the
title compound as a colorless oil. LRMS (M+H) = 339.3.
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15PdC12(dppf)-DCM complex (0.102 g, 0.125 mmol) were added. The
mixture was then heated to reflux for 17 hours. The EtOH was removed in
vacua, taken up in EtOAc, and washed with H20. The organic layer was

Wihenogilet®ver MgS0O4, and the solvent was removed in vaceazilgos /022466
crude product was purified on Si02 (gradient elution, 0-40%

Step EtOADhexanrskicvigld RO Mefihe t ¥4
= KM-Boc)+H)+ 2)54'1;9@%{I Z%Ste%)%]gMetr?;I (%%%%ym;ﬂb%lgbexmacem acid
@lte—r@ﬁmz -yl)oxyl-L-prolinate hydrochloride HCICO21vle A
portion of theoReadke- AN SR M AL MGy 0 mm%@%ﬂ&%@%&% 00 g,
4M 1-|C] |n d oxane (12.9 mL, 51.6 mmol). Mier 1 hour, the solvent

2068 36l H A LA E 6P W Eéé@i@é?zé%@Ms@@M@ébm%mS added,
and tlfwaﬁsalﬂﬁl@d,oﬁﬁd)ﬂ’kﬁaﬁ%{ﬁéﬂ WaSITEHRQYar iV agUO,AAIR E%M&'l% e Mhnoved
nde (ihe titte compound, LRMS ESC (M-i-HY 249.3. Step 4: Methyl
Uneer R R hPT SSHCT: ﬁ%@ﬁeamwﬂ%ﬂmm ‘K%&P&I&@ézzm)léf((é‘lvﬁ@ipﬁm mixture
was exty&@@ltﬂxpﬁﬁtmﬁt@ﬁﬁ(lﬁm%@med orgark® SoRRIHEAR L e RERANELIT:S o,
3 294 m (ﬁgng%%n DMF (10 mL) was added Thterniediate B7

Ftere S ST SWTAE) DI (945 £ HPE ity s MAPRO oSk 041 -
325.31.48 mmol) After 1 hour, the mixture was extracted with H20 and EtOAc.

Step 6T .. 1 '- |a¥ § ' : S ._- Ih a - : ?n antn dlr cetic acid
Ws.m«wmnmumm%@%@@wﬁmamﬁk&%m éz%%mg

25 %(M+H)+ 502.4. Step 5: Methyl
- 9-dioxo-3,4 6 7,8,9

12, 13114 15 de ro- 2H 11(512 5- methanopyrl Vl 10 P ldioxadi
azacvclgnonadegine - c ate ccliZm. O tlon of a
m oI

portion of the Praultict fifm ep @*@450 mg; 0. (129 mL),

the Zhan Ib catalyst (7%mg;8.11 mmol) Was added. Aftem 1 AQurs, the
reaction was concentrate hcuo, and the crude product @o urified
on Si02 (gradient elution, 0-45% EtOAc/hexanes) to yield 398-a1g of the

title coneuntkiBMSESGMEH) 1247433 -3-(Aliyl idin-1-
2008/05 1200P e S0 Sa2ma0 Step 6 %@% A RE Y ppendin

lcartg R A0 oy i3 PRCLR Al o D T 978 4so1ved by prparative
chiral §R€thaiapy (iR S-AAKL .8, 61 dioxadiaresy ananadseing-dcarhendic

COZ/NP %?—I having a flow rate of 70 mL/minute, and a detector of A= 214 nm. Evaporation of
like fractions gave the title componds as colorless oils. The first eluting diasteriomer was (25)-
({l(35) or (3R)-3-(Allyloxy)piperidin-1 -ylJcarbonyi}amino)(cyclohexyl) acetic acid (LRMS
(M+H) = 325.3), and the second eluting diastereomer was (28)-({{(3R) or (385)-3-
(allyloxy)piperidin-1-yljcarbonyl} amino)(cyclohexyl) acetic acid (LRMS (M+1) = 325.3).

Intermediates R30-B34

Intermediates B30-B34 were prepared in a manner similar to that utilized to

prepare Intermediate B29.
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To a solution of a portion of the product from Step 5 (200 mg, 0.42 mmol)
in THF 5(1.5 mL), MeOH (1.5 mL) and H20 (0.75 mL), LiOH.1420 (177 mg,
4.22 mmol) was added. After 1 hour, IN HC1 and Et20 were added. The
WErgiBEYér was separated, and the aqueous Layer was WasHBESRitby/022460
EtOAc. The combined organic layers were then dried over MgSO4, and

Int.

themsklyanidval
LRMS Esr (M+
(2R.4S.7S.16E

H)+ 460.3. 10Ste
)-7-t-Butyl-N-((IR

5 remaeueshin vacup to yiekdadd mg of the titlgygpinpound:

;f?:
,28)-1- (f

LRMS
(M-H)

B30

(eyclaprapyisu

Ifon_ypmaepwpicarbo
9-diginens,4,6,7,8, k213, 34415-decahydro-2H,11
3- ki[1,10,3,61dioxadiazacyclonopagecine-4-carboxamide, .,
solution of a portion of the produgtdrom Step 6 (1()0 mg, O.
DMF (2.2 mL); Intermediate Al (70
minol), and HATU 15(108 mg, 0.28
the mixture was partitioned betwgen EtO
was separated. dried over MgSQ4, and t

, 0,26
Hnt_ e
>and IN

olver

Il'-2- vinylcyclopspR¥iddatei ([(35).-3-

W&n@ﬂ%ﬁhﬁ&&w&i—gf?&%
s:é ]?'8} armno)gcgm

mol), D1EA (0. 114 mL 0.65
added. After 15 minutes,
HC1. The organic layer
nt was remaoved in

3254

B3l

672.4. 20 Exa

ethylcyclopro
methanopyrid
k111,10,3,6]

vacuderkitglcrude pyaaadiRyas puriffed on S102 (d
EtOAdihexanes) teppieldn12@ mg| of the title comp
mple 2 (2R,4S,7S,16kE1-7 -t-Butyl-N

{f(cyclopropylsulfonyflaminojcarbofv11-2-
byl)-6,9-dioxo-3,47, ,9, 2, m3

D[2,3-

E!oxadiazacyclonon
2008/057209RCTHUS 20071022460

15
m,

decirte- @rbo camide WO

radignyatution Q=£0%
Dpask ARV oS iMdd)H
'aﬂ-B]c%Rgﬁjll'} AN jacetic

acid

decahydro-2H,11H-2,5-

3254

B32

mL)gl¥siErmed
and HATU (97
partitioned be
dried over Mg

tﬁecwam&frci

mg, 0.255 mmol)
ween EtOAc and |
S04, 5and the sol

product was purified on Si02 (gradlent eIu

- Brapisiislis-4Ste
ate A3 (63 mg, 0.4

235 mmol), DIEA
dded. @fter

q
ent Wag -*i OVG

p 6 (90 mg, .0 196 fadmoly iR 4 Dat-4-

j in vacuo. The crude

olution.of a pnrfinn of

(0. %872-pivdxy)p{perBimimol)
Yhotepthenoyithie was
|c layer was separated,

3533

B33

102RAS7 -7
vinylcyclopro
H,11H-2 5- m

0."1:"

yield.:10.mg of fhgtitle.campgqund.

1-R2-1-cclorol
py1)-6,9-dioxo-3,4{6
bthanopyridol2

3-k11-1,10,3,41dioxadiazacyclof
Step 1: Methyl
(2R, A4S, 7S)-7-t-buty1-6.9-diox0-3

MS Esr(
nlaminoc
8,9,12, 13 14

>U|

4678@13

ﬁO% EtOAcihexanes) to

1onad"e‘g:’né)2i\imarboxamlde oo..(HyNO

14.15.16.17-dodecahydr

h(l_!.‘?)t Q(Zﬁhexﬁ( ﬁ% mp[e)n? 43
39o(§y}azend

‘?]car enyl}armno ace

l}/dro 2

acid

325.3

B34

O162HhEgIH-2
3,6tddcadiaz

acyglanotiadecine

5-mettiangifiridol

2,3-111-1 10
-4-garboxylate

(28)-cyclohexyl{ {{{38)-3-
{pent-4-en-1-yloxy)pyrrolidin-
1-yljcarbonyl}aminojacetic
acid

3394
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To a solution of a portion of the product from Example 1, Step 5 (200 mg,
0.422 mmol) in EtOAc (4 5 mL), 10% Pd/C (22.5 mg, 0.021 mmo)) was
added. The mixture was then place under H2, stirred for 17 hours, and
Vifréperioizdtigh a pad of glass wool. The 20solvent was then remexaghito 22460
vacuo to yield 195 mg of the title compound. LRMS ESC (M+H)+ 476.4.

InteMEAROQS057209PCT/US2007/022460 Step 2: (2R

4S,7S1-/-t-Buty1-6,9-dioxo-3,4,6,7,8,9,12,13,14,15,16,17-dodecahydro-2
mtemixediate.ﬁ)k gd-Biomo-1-methyl-1H-indole-2-carboxylic acid

R B i iy e

methanopyrido12,3-k111,10.3,61dioxadiazacyclononadecine-4-carboxylic

acid To a solution of a portion eproduct from Step 1 (190 mg, 0.40

mmol) in THE 5(1.5 mL), MeOH (t5-wL) @AeliH20 (035 mL) LiOH.1-120

(168 mg, 4.0 mmol) was addedBAfter 1 hour, 1N HCI and Et20 were

added. The.o ic_layer,was separated, .and the agueous_layer was ,

washed mﬁ %%%ﬂ?l?ﬁg“‘c’%"m Oi“rtll:}eﬁ'ﬁ((ji]i 8(rit§al%ﬁ|2§ e 3&%?@%@1 %ﬁ’@d oyémmol) in
DMF (1§90, dinerthel setbemtnésreroddd mmatumidAsdGqaImeob e tillgior) was
ddedCoRY | . 10Step 3. : : :
S e A B s iear A bR E O,
and th@@r%ﬁwgwﬁmyg-m@&i@%@m INHCI (1x)}, and brine (1x). The organics were
dried BvErSN3,59 13k d D, Hodgcanyglrorabl di11-2.5- : :

e _methanzopf/%id!oré’,Siﬂg%%%??i&gg’d%@%%%l;é%ﬁ%ﬁu e%ﬁ&ﬂ%é%%?%%
(gradigntelug o i bt BB SriberantRe proeldchfrorteBted 2« 88ame; 02l solid.
MeOHTMAILINERMFI(2-AMLhdnigsmeg 43 Mg, 9.242,mmol), DIEA

’ %241 Hf% 0.%1 mrf?()jl), and 153%%63 %rége r%ég;g%%z”g%r%‘%% gﬁearéoaﬁuai%%“d?“he
ester 1A d&1F (F 5l 1Ak st AR pérkivienied b tarstinTEI0 AluranidaiN d4GintFited, and
the resdiganiad puarwasSeRARieE Gied RV ek MeS Qdq %&a@?dﬁ%%eﬁdfd" S(2%). The

radi

removed in vacuo. The crude product was purified on Si02 (gradien

OTEAMER HEHT GBS AAE X4HE RS (hskidrer miFoNmQdikorehonddoncentrated
to yielll RM Stf Sy £ ZAwhit VR 200K 0T BA9RGT ISP A0H922460 554
Example 4 2R 4S 7amino carbon | -2- ethylcyclopropyl)-6 9-dioxo-34,6,7
8,9,12,13 14,15,160 7-dodecahydro-2H,1111-2,5-
Intermmithafd pyriBesha4 Hini3, b ldiexadiazagyclononadecine-4-carboxamid
e To a solution of a portion of the product from Example 3, Step 2 (95
mg, 0.206 mmol) in DMF (2.2 termediate A3 (66 mg, 0.247 mmol),
DIEA (0.144 mL, 0.82 nunol), arke-H&TUCEB2 mg, 0.268 mmol) were
added. After 1 hour, the mixturerwas partitioned between EtOAc and IN
HCI. Thﬁhgrgﬁgigolaexe{m as sggaratechydried over MgSO4, 10and the

solvent was removed In VAcis FRE! d%vﬁ%m?ct was purified on Si02

(gradient elution, 0-70% EtOAc/hexanes) to yield 106 mg of the title
Interm&@9IP NG BRVIS o M)+ nzgtﬂhei-carboxvlic acid

Y
\
X \;}\COZH

Br

To a solution of 2-amino-3-bromopyridine (7.4 g, 0.0428 mol) in
dimethoxyethane (70 mL) under N, ethylbromopyruvate (9.28 g, 0.0428 mol) was added, and
the mixture stirred at RT for 18 hours. The resulting solids were filtered and washed with Et;O,
then re-suspended in absolute EtOH (40 mL) and refluxed for 2 hours. The reaction was
concentrated to remove EtOH, diluted with K2CO0504, and extracted with DCM (2 x 100 mL).
The DCM extracts were dried over N2;SO,, filtered and concentrated to give a foam (9.2 g). The
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Example 5
15(1R,28)-1-({1(2R,4S,78)-7-Butyl-6,9-dioxo-3,4,6,7,8,9,12,13,14 15,16
17-dodecahvdro-2H,1111- 2,5-methano-1,10,5
WE KIS dd%adiazacyclononadecin-4-vl]carbonyl}amino)-2-  PCT/US2007/022466
vinylcyclopropanecarboxylic acid  Ste 1: 14-But 1 2-metlenox2-dicarbox
foam hate 350 Z0DBIORTR0APCaHUSRANAB2 AN 0H (170 it %Pi%%d?f at 40°C

-e-b 2-methyl (2S, S4hd lidine-1,2- d boxyIateO
for 2 R G2 AT HOPIOCLET PN B iGN Ak e Bbmg and

conceitfimmets READTIOFZEL:882 smmpl) wasrded atOCoolfio 0°C, aged for

mixture was then warmed to RT. After 23 hours, the reaction was
30 m‘EBF%Sp?@?e’%&?f& hé LB WSSASHROVERN AR QL0 mHhiase Sred srstas cgiasn to
give Tafified RIS X02-{gradient elution, 0-30% EtOAc/hexanes) to yield 0.21 g
of the title compound. LRMS ESC ((M-Boc)+H)+ 262.3. Step 2: Methyl
(4R)-4-(2-allylphenoxy)-L-prolinate hydrochloride To a portion of

Internthéi geoOuct fEbmmbiep dh 2 g Hbhaimebhrrs AddedHC1 in 10dioxane
(4M, 9.6 mL, 38.7 mmol). After 1 hour, the solvent was removed in vacuo

to yield the title product. LRMS/ES +H)+ 262.3. Step 3: Methyl .
N-r(hex-5-en-1-yloxy)carbonyll- R)-442-allylphenoxy)4.,-proli
nate CO2Me y 0 0 To a solutign of the product from Step 2 (165 mg,
0.55m in. DMF (10 mL), 15Intermediate B4 (214 mg, 0.83 mmaol),

DLEA (O éW}E %Wé“ﬁﬁﬂd’rfsﬁﬁp?ﬁd‘ W?ﬁ@“@*%&‘ﬁw%www to prepare
8-broradedaAfter lahouidifeInixbsewasexhactedhyith b iGhans OAG pyridine-2-
0 nd brine, and then dried over

Carbwf\)i}? éeé%?nﬁé&ls%ﬁ\[/e\é\@ %ﬁ%m ﬁia’% 0, and the crude product was

purlfled on Si02 (gradient elution, 5-40% EtOActhexanes) to yield 270 mg

[T EC 11e N -~ .. 14118 - v § Ay ACT0
7S,15E/7)-7-butyl- 6 9-dioxo-3 4
8,9,12,13,14,17-decahydro-2H @@ oM
Diethylmalonate (3.8 mL, 25 mmol) in THF (25 mL) was slowly added to a
solution of NaH (60% in mineral oil, 2.1 g, 87 mmol) in THF (20 mL) at 0°C while under Nj.

The solution was stirred for 30 minutes at 0°C and then for 30 minutes at 25°C. The solution
was cooled to 0°C and slowly added to a solution of 1-bromo-2,3-bis(bromomethyl)benzene
(8.5 g, 25 mmol) in THF (25 mL), and then warmed and stirred at 25°C for 2 hours. The
reaction mixture was quenched by pouring into 300 mL of IN HC\I and 200 mL of EtQAc/ELLO
while stirring. The mixture was extracted with EtOAc (2x), and the organics were combined
washed with brine, dried over Na;SQq, filtered, and concentrated. The residue was purified on
5810, (gradient elution, 0-25% EtOAc/hexanes) to vield the di-ester as a clear oil. To a solution
of the di-ester (3.4 g, 9.97 mmol) in MeOH (25 mL), 3N NaOH (16.6 mL, 49.8 mmol) was
added, and the mixture was warmed to 50°C for 4 hours. The mixture was then cooled to 25°C
and filtered to yield a white solid (1.54 g). This solid was dissolved in 6M HC, and the reaction
mixture was heated to reflux for 12 hours. The reaction mixture was extracted with EtQAc (2x),
combined organics, washed with brine, dried over MgSOQy, filtered and concentrated. The title

compound was as a tan solid after crystallizing from hot hexanes (548 mg, 9% vield). 'H NMR
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To a solution of a portion of the product from Step 3 (196 mg, 0.39 mmol)
in 5DCE (80 mL), the Zhan la catalyst (26 mg, 0.039 mmol) was added,
and the mixture was heated to reflux under N2. After 2 hours, the reaction
WHaslghac@htrated in vacuo, and the crude product was purifi@dGHB02022460
(gradient elution, 10-60% EtOAcThexanes) to yield 185 mg of the title
(500 Mag)poDT assay I renfetesimigomers, LRMS ESkz (Middit #3137 6 Hz), 3.43-
3.3(m %eg 5: Methyl (2R,4S,78)-7-buty1-6,9-dioxo-34,6,7,8,9,12 13,14 15,16
17-dodecahydro-
10211,11H-2,5-methano-1, 10 5,8-benzodioxadiazacyclononadecine-4-car
| o‘ 2} ortlnof Ihe roduct from Step 4
L1ty 3 SNl S8 Wy R Y L8 i 'ﬁ- : mg, 0014mm0|)
was added The mixture was then pla under H2, stirred for 5 hours,
and filtered through a pad of glass Woﬂhe solvent was then removed
ercompound. LRMS ESC (M+H)t

At d D Chg B

6,7,8,9,12,13,14,15,16,17- dode@hdro 2H,11H-2,5- methano-1,10,5
8-benzodijo I b C
2008105 e G dotes EPREE A me .08 gmol) in
DCM {Hé prod abefrdhvSwp 54 688y 2ok mimel).inopetE (DavitytaMebH1(S,
4.17 nml-c)l)a%%-lﬁ%% (. @“3'7)ﬁ%ﬁ%&f?a@%ﬁ‘%o%&ﬁ%@?&&%% gﬂ%ﬁ& I/Efke{ﬂ lsg1 mL,

hour HO and Et20 were added. The organic layer was Separated, an
4.17 f%ﬁé’ﬁdﬁ'é@&é%&eﬁﬁ&% Wwashed Wﬁwmﬁcwélwm@myérﬂﬁﬂmﬁgough
CELIMES @R gries-Qer W%@ﬁp@ﬂ@éiské%%%é quqxérb}’éaa%plgglers were
yleld 150 mg of the title compound. LRMS ES14 )+ 461.4. Step 7
dried ¢jigr 3 epaCe pRbes st Wiy g ae, 6l recodo materiph wapgyrfied on
S0, (sogecabydsone /A dddd/Brmetnaer o 18kid the title compound. LRMS ESI'
5.8-benzodioxadiazacyclononadecin-4-yl1carbonyl}amino)-2-
(M+HQ/ r?] %ﬁclopropanecarboxvllc acid 10To a solution of a portion of the
product from Step 6 (150 mg, 0.218 mmol) in DMF (15 mL), Intermediate
A2 (128 mg, 0.66 mmol) DIEA (0.595 mL, 3.3 nunol) and TBTU (214 mg,
Intermedzate 7 PLoma: 'gr W EAOX Y Ben -_-______ thane w: g artItIOHEd
between EtOAc and IN MCI The o anlc Iayer was separated, dried over
MgS0O4, and the solvent was re in vacuo. The crude ester was

taken up in THF (10 mL), MeOH (5 ii and H20 (2 mL) and 15

LiOH-F120 (80 mg, 3.3 mmol) was gdded. After 1 hour, IN HO and Et20
were added. The organic layer vi#gs séparated, and the aqueous layer was
washed with EtOAc. The combined orgafféslayers were then dried over
Step 1MopBioaidhe;solvent was (grmeNethiRivaco. The crude product was
purified by reverse-phase chromotography (95/5 H20/ACN with 0.15%
TFA to 5/95) to yield 100 mg of theﬁde compound. LRMS ESI+ (M+H)+
570.3. 20 Example 6 F? 0o
(2R,4S,78)-7-Butyl-N4(1R,28)-1-11 (eyslopropylsulfonynaminolcarbOny1)-2
-vinylcyclopropyl)- 6,9-dioxo-3,4 6 912,13
14,15,16,17-dodecahydro-2H,11 1-2 5- mgthano-1,10 5 8-
benzodioxadiazacyclononadecine-4-carboxamide 25 To a solution of the
acid frofPRsiprn®  S1aH 11&0mig, 15106 E iita dNGnrDidly ¢euGeddieen cooled to

-70°CUNdRE A ST RAnMdIdRRRIR A3Bey) BRZ8 gl was2dded, ang 1%s added

mlxture
slowly. The mixture was then slowly warmed to RT and stirred overnight. Afier recooling to

-70°C, the reaction was quenched with H,O (4 mL), 2N NaOH (4 mL), more HyO (8 mL), and
then warmed to RT. The mixture was then filtered through CELITE, MgSQO,4 was added, and the
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WO 2008/057209PCT/US2007/022460 stirred at 40C for 1 hour.

Cyclopropylsulfonamide (10 mg, 0.079 mmol) and DBU (8 mg, 0.053

mmol) were added, and the reaction stirred overnight (15 hours) at 40C.
WHheEE8h was directly purified by reverse-phase chromatafragisypemic 2460

the resulting product was concentrated in vacuo to give the title compound

mixtuaSaahiters@ligA24 ma)sdRMSaSledddd ) 58433:05X8IMBI8 file compound as a
} 1%ZR,452I_Z§g%/?sl.zﬁ)ﬁ:ﬁ0-Bromp-?-t-butyl-N-((lR,ZS)-l-

cotor fé)?&fo n@ﬁgﬁ)naf]&?bonvll -2- yin Ic do ro6 9-dioxo-346789
Step 2 33adhib-detah:drordkhbiiite S-inetbansednlfonate

10benz ioxa%?za%?l}gnor}a ec ne-4-carboxamide Prepared accordin%

to Examples SHEEE X W AIPEUF A ESble Bstafting Tratal) in DCM (100 ml),
DIEAZ 319108 pmephenehinplane 06 Z.allyphensbin FxampledsiSiepht 0°C. Afer
1 houl‘%\és E§g-{&M+H€ 751.3. le 8 (2R,48,73)-20-Bromo-7-t-butyl-N-((

7 RE SRy SB§I&u

SR T T oo i
organigll 6 dlieven: 8 icd, Bi% 12113, A0 6; MegodesahydreoRldl Hhs2dnbiel in

hanol,10,5,8-benzodioxadiazac onadecine-4-carhoxamide _To a
vt e H O L A el A0 g 197 G b e o
yield il jinvas agdeddRd/Co(36 img oiThEnixiR ¢30astHen(placed wirler K2 and7.47 (s,
1H), St 3 g§5 45%u S§.Z%{§e§ Eg%no 4 rough glass wool, the solvent was

rem Ih vacuo fo yield 2 j of the title compound. LR_MS Esr
(M+H)+ 755.3. WO 20081057209PCT/US2007/022460 Example 9 2R 4S
Intermbahi ot 290 MG, 00RO 9ydiox0-3 467 89121314 15
,L7-dodecah dro- - no51,10,5,8-benzod oxadi
azacyclononadecine-4-carbox arpi To a solution of the product
from Example 8 (25 mg, 0.033 m MF (3 mL) and H20 (0.5 mL),
Zn(CN)2 (3.9 mg, 0.033 mmol), szﬁ a)3 (3 mg, 3.3 /Ima!), and DPPF
(1.8 mg, 3.3 mop were added undefN2. Ihe mixture was then heated to
120C for 1020 hours. The mixture was tﬁen filtered and then purified by
Step 1 teddrblorshhdedobmmitiatography to yield the titte compound. LAMS Esr
(M+H)+ 700.3. Example 10 (2R 4S,75)-7-t-Butyl-N-41R 2R)-1-t
1(cyclopropylsulfonyl)aminolcarbo -2-
15ethy1cyc|opropy1)-6,9-dioxo-202§§n9ﬂ-3,4 6,7,8,9,12,13 14,15
16,17-dodecahydro-211,11H-2,5- :
methandit 1058 ' igzacy clanohadesine-bitawtinxastitece:

[ oduct from.Examy , 7 mmgol) i
s sl AL A TR R 01T A0 o
under NoginG: g6 insrhefyPeiBelbia) @) 202, £ 6oty rind irwiad jadited. PTySnfix e gya8 Qirred in
e i then heated to 95C for. 9
e AR AR W B T SRR
3-chlogiyiens §faphiiko hetdrimeliite SompBRdkicRMSIES Gripdatire k51 than -70°C.

The lithiopyridine partially precipitated as a colorless solid in a light orange solution. The

mixture was stirred for 30 minutes in a dry ice bath, and then I; (6.71 g, 26.4 mmol) in 15 mL
THEF was added, keeping the temperature less then -65°C. The solution was then allowed to
warm to 0°C and was placed in an ice bath for 2 hours, and then poured into 10% NaHSO; and
extracted with ether (150 mL; 3x). The organics were washed with 50 mL each of NaHSOs,
NaHCO4, H;O, and brine. The residue was purified on Si0; (gradient elution, 2-20%
EtOAc/hexanes) to give the title compound (3.35 g, 85% pure). This was then recrystallized

-54 -



10

15

20

25

WO 2008/057209PCT/US2007/022460 Example 11 2R 4S 7 -74-BL]fifon
amino carbonabk eth kro-6 9djox034678912131 4,15,16,1
7-dodecahydj-0-2H, 1 1H-2,5-methano- | Jo _
Wgiwefizdibx. adiazacyclononadecine-4-carboxamide 5 To apsoititinne@bz2460
the product from Example 8 (21 mg, 0.028 mmol) in'TFLF (5 mL) and 2N
from hQA&xEhd0blusPdiunmacstaie 340G QA2 mm&&%%@%&%ﬁ%& &P as a

were added. The mixture was then hydrogenated on a PARR apparatus
f

WRItEBOAh LS, Shd-FidtLFS A HEh Afteied, basified with NaHCO3, and

Step ExpaciednthEOAGAfter drying over MgSO4, the 10solvent was
removed in vacuo. The residue was purified by reverse-phase
chromatography to yield the title compouiRd. LAMS Esr- _(M+H)+ 575.3_.
By using the appropriate procedures, the‘appropriate B m_termedlates in
place of Intermediate B4 or Interm |te(§5, a}nd appropriate phenol or
hydroxyl-heterocycle in place of 3-te opyrigm-lZS-ol or 2-_a|tlylphenol, the
following.compounds were prepared, using the 15appropriate o
Intermegﬁgt%g%%&%?&ﬁlbg?@%)ﬂguﬁ?m§F€% Indicated AR srmabn mbraythstegnic acid
(827 rGte Wafithe pRicadans m@@t%%@%@@ﬂ@%@?@?rﬂ%ﬁ'&ﬁ%}? in dioxane
i d'hg JEx, Struct g\lame LRMS +11a+ Procedure Step 1 Int. 130 |
00 R o M4 75, 758 e Sk L Spahyae wes hen heted 0
95°C B118, 88, ThidiRdldhaA4xitcted with H,0 and EtOAc. The organic layer was dried over

MgS50s, and the solvent was removed in vacro. The residue was purified on Si0; (gradient

elution, 5-30% EtOAc/hexanes) to give the title compound as a colorless oil (1.03 g). LRMS
EST" (M+H)" 190.2. ,
Step 3: 3-Chloro-4-phenvipyridin-2-ol

To a solution of the product from Step 2 (348 mg, 1.83 mmol) in DCM (10 mL),
mCPBA (950 mg, 5.51 mmol) was added. Afier 2 hours, the mixture was extracted with 10%
NaHSO3,) and then NaHCOQ; and brine. The organic layer was dried over MgSOs, and the
solvent was removed iz vacue to give crude 3-chloro-4-phenylpyridine 1-oxide as a white solid

(230 mg). This solid was then dissolved in acetic anhydride (1.05 mL, 11.18 mmol) and heated

to 150°C for 18 hours. The residue was purified on Si0, {gradient elution, 5-30%
EtOAc/hexanes) to give 150 mg of 3-chloro-4-phenylpyridin-2-yl acetate, which was dissolved
in MeOH (20 mL), combined with K,CO5 (419 mg, 3.03 mmol) and heated to 65°C for

10 minutes. The mixture was then filtered, and the solvent was removed in vacuo {6 yield the

title compound (125 mg). LRMS EST" (M+H)" 206.1.

Intermediate C9; 5-Bromo-2-chlorobenzyl methanesulfonate

To a solution of (5-bromo-2-chlorophenylimethanol (1.0 g, 4.52 mmol) in DCM
(23 mL), TEA (0.88 mL, 6.32 mmol) and MsClI (0.49 mL, 6.32 mmol) in DCM (10 mL) were

added at 0°C. After 4 hours, the mixture was then extracted with H>0, the organic layer was

-55.



10

I5

20

16-dodecahydro-2H-2,5- methano-1,10,5,8- benzodioxadiaza _ _
cyclooctadecin-4- ylicarbonyl}amino)-2- vinylcyclopropane carboxylic acid
632.4 See Example 5 2-allyl-5- phenyl-phenol. Ref: US 2,548,704 B1

W@ HEE0%7209PCDUS2007/022460 Ex. Structure Name IpRMSs2007/022460
(M+11)+ Procedure Step 1 Int. 14 a (2R,45,75)-7-butyl-N- ((1 R,2S)-1- {

dried[(oyelopsDy/suifony oaminalearaanytd 2+ CYSIORIRY 8 eral was purified on

8i0; (gradient elution, 0-30% EtOAc/hexanes) to vield the title compound as a white solid
(1.03 g). "H NMR (500 MHz} (CDCl;) 6 7.62 (m, 1H), 7.43 (m, 1H), 7.28 (s, 1H), 5.27 (s, 2H),
3.08 (s, 3H) ppm.

Intermediate C10; 3-Bromo-5-methoxvbenzyl methanesulfonate

The title compound was prepared according to the procedure given for
Intermediate C9 using (3-bromo-5-methoxyphenylymethanol (ref: 43 . Med. Chem. 599 {(2000)).
'H NMR (500 MHz) (CDCl3) 6 7.13 (s, 1H), 7.05 (s, 1H), 6.87 (s, 1H}, 5.14 (s, 2H), 3.80 (s,
3H), 2.98 (s, 3H) ppm.

Intermediate C11: Methyl (4R)-4-[( T-methoxy-3-vinvlguinolin-2-yloxv}-L-prolinate
hydrochloride

Step 1: 3-Bromo-7-methoxyquinoline 1-oxide

g L3
g N

To a solution of 3-bromo-7-methoxyquinoline (2.0 g, 8.40 mmol) in DCM
(42 mL) at RT, mCPBA (2.9 g, 16.8 mmol) was added, and the reaction mixture was stirred at
RT for 1 hour. A second portion of mCPBA. (2.9 g, 16.8 mmol) was then added, and the reaction
mixture was stirred at RT for 18 hours. The reaction mixture was poured onto 10% N2;S03¢5q)
and DCM, and the layers were separated. The organic layer was washed with NaHCQ,, dried
over MgSQq, filtered and concentrated. The resulting product was used with no further
purification. LRMS (M+H)" =254.2.
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dioxo-19-phenyl- 3,4,6,7,8,9,11,12,13,14,15, 16-dodecahydro-2H-2,_5-

methano-1,10,5,8- benzodi oxad iaza cyclooctadecine-4- carboxamide

735.5 See Example 6 2-allyl-5- phenylphenol. Ref: US 2,548,704 B1 00
VEN2@08/05 706 (8RJOS,13S,22E)-13-t- butyITN-(lR,ZS)-l- PCT/US2067/022460

{[(cyclopropylsulfonyl) aminolcarbony1}-2- vinylcyclopropy1)-12,15-

Step JioxBAD- 1 2xbthddBind 89 202z decahydro-

S
L
o

Br

To a solution of 3-bromo-7-methoxyquinoline 1-oxide (2.04 g, 8.03 mmol} in
EtOAc (50 mL) and 15% K5C0s0q (15 mL) at RT, TsCl (1.68 g 8.83 mmol) was added. The
reaction mixture was stirred vigorously at RT for 18 hours, at which time the product was
collected by filtration and washed with EtOAc. The solid was dried in vacuo and used with no
further purification. LRMS (M+H)" = 254.1.
Step 3: 1-r-Butyl Z-methyl (28 4R)-4-]( 3-bromeo-7-methoxyguinolin-2-yDoxvlpvrrolidine-1.2-

dicarboxviate

ar =N

O

Q“'COQM&-

Boc
To a solution of 3-bromo-7-methoxyquinolin-2(1H)-one (1.31 g, 5.17 mumol) and
1--butyl 2-methyl (25,45)-4- {{(4-bromophenyl)sulfonyl]oxy} pyrrolidine-1,2-dicarboxylate
(2.6 g, 4.31 mmol) in NMP (21.5 mL), Cs;CO3 (2.11 g, 6.46 mmol) was added, and the reaction
mixture was stirred for 40 hours at 40°C. An additional portion of 1-t-butyl 2-methyl (25,45)-4-
{{(4-bromophenyl)sulfonyi)oxy) pyrrolidine-1,2-dicarboxylate (1.0 g, 2.16 mrnol} was added,
and the reaction mixture was stirred at 40°C for 16 hours. The reaction mixture was cooled and
poured onto a mixture of EtOAc and H,0, and the layers were separated. The organic layer was
washed with H,O (2x), NaHCO; (2x) and brine, dried over Mg;80Oy;, filtered and concentrated.
The product was used with no further purification. LRMS (M+H-Boc)™ = 381.2.
Step 4: 1-r-Butyl 2-methyl (25.4R)-4-[( 7-methoxy-3-vinylquinolin-2-vhoxylpyrrolidine-1.2-

dicarboxvylate

O\
l =
Y =N
o,
N COQME



8H,17H-8,11- methanonaphtho[2,1 -kJ [1,10,3,6] dioxadiaza
cyclononadecine-10- carboxamide 721.4 See Example 1 1-bromo-2-
naphthol B11 NOOHO 171S o No ciA (2R,45,7S,16E)-7-t-butyl-
WRIA¥BIE)1- { Reyclopropylsul fonyl) amino]carbonyl } -2-  ECT/US2667/622466
vinylcyclopropy1)-6,9- dioxo-3,4,6,7,8,9,12, 13,14,15-decahydro-
To a solution of 1-~butyl 2-methyl (25,4 R}-4-[(3-bromo-7-methoxyquinolin-2-

yhoxy]pyrrolidine-1,2-dicarboxylate (2.0 g, 4.2 mmol) in EtOH (30 mL), TEA (0.87 mL,
6.23 mmol) was added. Potassium vinyltriftuoroborate (0.84 g, 6.23 mmol) and dichloro[1,1’

1

bis(diphenylphosphino)ferrocene]paliadium(Il) dichloromethane adduct (0.17 g, 0.21 mmol)

5 were then added, and the reaction mixture was stirred af 100°C for 2 hours. The reaction mixture
was worked up with EtOAc and H,0, and the layers were separated. The organic layer was
washed with brine, dried over MgSQ,, filtered and concentrated. The crude material was
purified on Si0; (gradient elution, 0-40% EtOAc/hexanes) to yield the title compound as an oil.
LRMS (M+H-tBu)" = 373.3. '

10 Step 5. Methyl (4R)-4-[{7-methoxy-3-vinylquinolin-2-yDoxv]-L-prolinate hvdrochloride

{Intermediate C11)

A solution of 1--butyl 2-methyi (25,4R)}-4-[(7-methoxy-3-vinylquinolin-2-
yDoxylpyrrolidine-1,2-dicarboxylate (0.85 g, 1.98 mmol) in 4M HCI in dioxane (10 mL) was
stirred at RT for 2 hours. The reaction mixture was concentrated, and the product was used with

15 no further purification. LRMS (M-+H-tBu)" =329.3.

Intermediate C12: Methyl (4R)-4-[(3-vinylauinelin-2-yDox v]-L-prolinate hydrochlonide

E -
T =N
O".
HCt
{P~come
H

Intermediate C12 can be prepared according to the procedure described for

20  Intermediate C11 using 3-bromoquinoline instead of 3-bromo-7-methoxyguinoline in Step 1.

Intermediate C13: Methvl {(4R}-4-[(2-chloroquinolin-3-yhoxyl-L-vrolinate hvdrochloride

N
f

Cl

HCI

H

s
£
o,
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211,11H-2,5- methano[1,10,3,6] dioxadiazacyclo nonadecino[11,12-b]
guinoline-4-carboxamide 722.5 See Example 1 3-bromo quinol in-2- 01.

Ref: 70 J. Org. Bl Chem. 175 )71 (2005). 18 1S -
WO 2608/057209 PCT/US2007/622460

Sten 1 Z2-chloroguinoiin-3-ol

E\;\

o
OH
A suspension of 2-chloroguinoline-3-boronic acid (15 g, 72.3 mmol) and NH4Cl

(7.16 g, 134 mmol} in E6O:H,0 (600 mL) was treated dropwise with HyO9¢aq (30%, 62 mL,
709 mmol). The mixture was stirred for 16 hours, then the precipitate was filtered, washed with
H20O and Et;O, then dried at 60°C over P,Os to afford the title compound (11.5 g, 89%). LCMS
(ES+) m/z 180 (M+H)".
Step 2: 1-1-Butyl Z-methyl (28.4R)-4-[(2-chloroguinolin-3-vhoxylpyvrrolidine- 1.2-dicarboxvlate

N
!

2y
I
O’-

N7 COMe
oo
A solution of the 2-chloroquinolin-3-ol (4.00 g, 22.27 mmol), 1-t-butyl 2-methyl
(28,45)-4-hydroxypyrrolidine-1,2-dicarboxylate (5.74 g, 23.38 mmol) and PPh; (7.01 g,
26.7 mmol) in anhydrous THF (250 mL) was cooled to 0°C and treated dropwise with DEAD
(4.65 g, 26.7 mmol}. The mixture was stirred for 3 hours at 20°C, then treated at 0°C with
further PPh; (1.75 g, 6.67 mmol) and DEAD (1.16 g, 6.67 mmol). Afier stirring for 3 hours at
20°C, the mixture was concentrated, and the residue was purified on 5i0;
(15% EtOAc/petroleum ether) to furnish the title compound (5.08 g, 56 %) as a white solid.
LCMS (ES+) m/z 307 (M+H-Boc)™.
Step 3: Methyl (4R)-4-[(2-chloroguinolin-3-yloxy]-L-prolinate hydrochloride
A solution of 1-t-butyl 2-methyt (25,4R)-4-[(2-chloroguinolin-3-

yhexylpyrrolidine-1,2-dicarboxylate (8.9 g, 21.9 mmol) in HCVdioxane (4 N, 80 mL) was
prepared at 0°C. The mixture was stirred for 1 hour at 0°C, then at 20°C for 2 hours. Further
HClVdioxane (4N, 10 mL) was added, and the mixture was stirred for 1 hour. Removal of the
volatiles and trituration of the residue with Et,O afforded the title compound (7.15 g, 96%) as a
solid that was used directly in subsequent steps. LCMS (ES+) nmv/z 307 (M+H)".
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0 09H NH I (2R,4S,7S,16E)-7- cyclohexyl-N-((1R,2S)-1 -
{[(cyclopropylsulfonyl) amino]carbonyll -2- vinylcyclopropy1)-6,9-
dioxo-3,4,6,7,8,9, 12,13, 14,15-decahydro-2H, 11 H-
W9 SUAFEAND[1,10,3,6] dioxadiazacyclonona decino[ 1 1,12-bR{tiifisiter 022460
4-carboxamide 748.7 See Example | 3 -bromo quinolin-2- a Ref: 70 .1.
Intern€edyatBL6 4: (ASHEN4I7Hbromo-6-methoxyquinolin-3-yloxy]-2-(methoxvearbonvl)

pyirolidinium chloride

Step 1: 2-Bromo-6-methoxvauinoline

L~

Br
6-Methoxyquinolin-2(1 H)-one (6.81 g, 38.9 mmol) was carefully added to POBr;
(18.9 g, 66.1 mmol) at 60°C and the resulting solution was stirred at 140°C for 2.5 hours. The
reaction mixture was cooled and poured onto crushed ice, and the solid was collected by
filtration. Purification of this material on SiQ; (gradient elution, 5-12% EtOAc/petroleum ether}
afforded the title compound (4.57 g, 49.3 %) as a solid. LCMS (ES+) m/z 238, 240 (M+H)".
Step 2: (2-Bromo-6-methoxyquinolin-3-vi)boronic acid

O
N7
Br ' &
Ho" P oM
n-BuLi (1.6 N in hexanes, 14.4 mL, 23.0 mmol) was added at -78°C to a solution
0f2,2,6,6-tetramethylpiperidine (3.11 g, 22.05 mmol) in anhydrous THF (59 mL), and the
mixture was then warmed to 0°C for 30 minutes. The mixture was cooled back to -78°C and
treated with a solution of 2-bromo-6-methoxyquinotine (4.57 g, 19.17 mmel) in THF (14 mL).
After stirring for 1 hour, a solution of B(OMe); (2.46 mL, 22.05 mmeol) in THF (14 mL) was
added, and the mixture was maintained at -78°C for a further 2 hours. A mixture of THE
(14 mL) and H,O (3.5 mL) was added, then the solution was warmed to -10°C and treated with
H,0 (70 mL) and Et,O (70 mL). NaOHaqy (1IN, 75 mL) was added, and the aqueous layer was
separated and acidified to pH 4 with HCl(,q (3N). The aqueous phase was extracted with Et,O,
and the combined extracts were washed with brine and dried over Na,SCy. Filtration and

removal of the volatiles afforded the title compound (4.64 g, 86 % yield) as an oily solid that was
used directly in the subsequent step. LCMS (BS+) m/z 282, 284 (M+H)".
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(2005). WO 2008/057209PCT/U52007/022460 Ex. Structure Name
MINIS (M+11)t Procedure Step1Int. 190 NOooNHO
(2R,4S,78,15E)-7- cyclohexyl-N-WR,2S)-1- {[(c yclopropylsulfonyl)
WA 1EE8d Ny 11-2- vinylcyclopropyl)-6,9- dioxo-3,4,6,7,8,9, LRCT/US2007/022460

Step 3: 2-Bromo-6-methoxvaguinolin-3-ol
I

NS

|~

Br
OH

H2Or0q) (30%, 32.8 mL, 321 mmol) was added dropwise to a stirred solution of
(2-bromo-G-methoxyquinolin-3-yl}boronic acid (4.64 g, 16.45 mmol) and NH,C1(3.29 g,
61.5 mmol) in Et;O (82 mL) and H,0 (82 mL). After 13 hours, NH,Cl {3.29 g, 61.5 mmol) and
H3030q.) (30%, 32.8 mL, 321 mmol) were added, and the mixture was stirred for 48 hours. The
precipitate was collected and washed with H,0, then dried at 50°C to afford the title corppound
{4.18 g, 100 %) as a solid that was used directly in the subsequent step. LCMS (ES+) m/z 254,
256 (M+H)".
Step 4: 1-r-Butyl 2-methvi (25 4R)-4-[( 2-bromo-6-methoxyquinolin-3-yDoxylpyrrolidine-1,2-

dicarboxvlate

O\
N7 =
}
Br #Z
o
e §
O,LQ
COZMe

CsCO5 (10.7g, 32.9 mmol) was added to a stirred mixture of 1-t-butyl 2-methyl
(25,45)-4-{[(4-bromophenyl)sulfonyljoxy} pyrrolidine-1,2-dicarboxylate (8.78 g, 18.9 mumol}
and Z-bromo-6-methoxyquinolin-3-c1 (4.18 g, 16.45 mmol) in NMP (46 mL). The resulting
mixture was stirred at 50°C for 3 hours, then cooled and diluted with EtOAc. The organics were
washed with saturated NaHCOsq., H20 and brine, then dried over Na;SQ4. Filtration and
removal of the volatiles gave a residue that was purified by column chromatography on Si0,
(gradient elution, 1-100% EtOAc/petroleum ether) to give the title cornpound (5.56 g, 70.2 %).
LCMS (ES+) m/z 481, 483 (M+H)".

Step 5: (25,4R)-4-[(2-bromo-6-methoxyquinolin-3-yloxy]-2-( methoxyearbonyDpyrrolidinium

chloride

A solution of 1-+-butyl 2-methyl (25,4R)-4-[(2-bromo-6-methoxyquinolin-3-
yhoxylpyrrolidine-1,2-dicarboxylate (5.01 g, 10.40 mmol) in HCl/dioxane (4 N, 31 ml) was
prepared at 0°C, and the mixture was stirred at 20°C for 40 minutes. The volatiles were

evaporated, and the residue was triturated with Et;O to afford an approximately 1.1 mixture of
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12,13,14-decahydro-2H- 2,5-methano[1,10,3,6] _

dioxadiazacyclooctadecino [11,12-b]quinoline-4- carboxamide 734.6 See

Example 1 3-bromo quinolin-2- ol.Ref: 70 J. Org. Chem. 175 B17
WRGOBYIsZBIN N0 0 1 9 (2R,4S,7S,16E)-7- PCT/US2007/022460

the title compound and (2.5',4}?)—4«[(Z—Chl0ro—6~meth0xyquinolin—3-yi)oxy]~2—(methoxycarbonyl)
pyrrolidinium chloride (4.34 g) as a solid that was used directly in subsequent steps. LCMS
(ES+) m/z 381, 383 (M+H)".

Intermediate C15: (25 4R8)-4-[( 3-chloroguinoxalin-2-vDoxy]-2-{methoxycarbonvipvrrolidinium

chloride

Step 1: 1--Butyl Z-methyl (25.4R)-4-( 3-chioroquinoxalin-2-vhoxv]pyrrolidine-1,2-
dicarboxylate
N \;

C,Ji\fm

Q. (R

§-
N COzME

Boc

A solution of 3-chloroquinoxalin-2-ol (1.44 g, 7.97 mmol) and 1-z-butyl 2-methyl
(25,45)-4-hydroxypyrrolidine-1,2-dicarboxylate (2.05 g, 8.37 mmol) in THF (190 ml) was
cooled to 0°C, then treated with PPh; (2.51 g, 9.57 mmol). DIAD (1.86 ml, 9.57 mmol) was
added dropwise, and the mixture was stirred at 20°C for 1 hour. After evaporation of the
volatiles, the residue was purified on Si0, (gradient elution, 0-70% EtOAc/petroleum cther) to
afford the title compound (2.5 g, 77%). LCMS (ES+) m/z 408 (M+H)".

Step 2: (28.4R)-4-[(3-chloroguinoxalin-2-vlyoxy]-2-(methoxvyearbonyDpvrrolidinium chloride

A solution of 1--butyl 2-methyl (25,4R)-4-[(3-chloroquinoxalin-2-
yhoxylpyrrolidine-1,2-dicarboxylate (1.05 g, 2.57 mmol} in HCl/dioxane (4 N, 5 mL) was
prepared at 0°C, then stirred for 2 hours at 20°C. The reaction mixture was concentrated to
afford a residue that was triturated with Et,O to afford the title compound (0.88 g, 98%) as a
white solid that was used directly in subsequent reactions. LCMS (ES+) m/z 308 (M+H)",
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cyclohexyl-N-((IR,2S)-1- {[(cycl opropyl sulfonyl) aminojcarbonyl } -2-
vinylcyclopropy1)-12,12- dimethy1-6,9-dioxo- 3,4,6,7,8,9,12,13,14,15-
decahydro-2H,11.11-2,5- methano[1,10,3,6] dioxadiazacyclo nonadecinop
W 19881%5513Hol ine-4-carboxamide 776.8 See Example 1 3-br@d/ Geameso22460
in-2- ol. Ref: 70 J. Org. 819 Chem. 175
Intermediate C16; Methvl (4R}-4-[(2-bromo-6-chloroquinolin-3-yloxy]-L-prolinate

hydrochloride
ot

I\
!

2
He 7
Q,

Wl g COaM&
Step 1: Z2-Bromo-6-chloroguinolin-3-vi}boronic acid

N

L~

Br

HO’B“‘OH

A solution of 2,2,6,6-tetramethylpipenidine (1.34 g, 9.52 mmol)} in THF (25 mL)
was cooled to -78°C and treated with BuLi (6.21 mL, 1.6N in hexanes, 9.93 mmol). The mixture
was warmed to 0°C for 30 minutes, then cooled back to -78°C. A solution of 2-bromo-6-
chloroquinoline (2.01 g, 8.28 mmol) in THF (6 mL) was added dropwise, and the mixture was
stirred for 1 hour. A solution of B{OMe); (0.59 g, 9.52 mmol) in THF (6 ml) was added
dropwise, and the resulting mixture was maintained at -78°C for 2 hours. The reaction was
quenched by addition of a 4:1 mixture of THF:H,O (7.5 mL), then the mixture was warmed to
-10°C and diluted with HyO and Et,0. NaOHgq) (1N, 75 mL) was added, and then the aqueous
layer was separated and acidified to pH 4 by addition of HClgqy (3N). The mixture was
extracted with Et;0, and the organic phase was washed with brine and dried over Na,SO,.
Removal of volatiles afforded the title compound as an oil that was used-directly in the
subsequent step (2.04 g, 86 %). LCMS (ES+) m/z 258.1, 260.1 (M+H)".

Step 2: 2-Bromo-6-chloroquinolin-3-ol

Cl

Ny

L~

OH

Br

A mixture of 2-bromo-6-chloroquinolin-3-yl)boronic acid (2.04 g, 7.11 mmol)
and NHC1 (0.71 g, 13.30 mmol) in a 1:1 mixture of HyO:Et;O (55 mL) was treated dropwise
with HyOzaq) (30%, 7.10 mL). The mixture was stirred at 20°C, and further portions of H2044,
(30%, 7.10 mL) werc added afier 3 hours and after 24 hours. The reactioﬁ was judged complete

afier 48 hours, and the mixture was extracted with EtOAe. The organic layer was washed with
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(2005). 21N ..... Q 00 (2R,48,75,16E)-7-r-butyl- N-(OR,2S)-1- {
[(cyclopropylsul fonyl) aminolcarbony1}-2- vinylcyclopropyl)-6,9-
dioxo-3,4,6,7,8,9,12, 13,14,15-decahydro- 211,111-1-2,5-
WihedtepiopYfido[3,2-K] [1,10,3,6)dioxadiaza cyclononadecine-fCFApBonErmt2460
de 672.4 See Example 1 2-bromo pyridin-3- ol Bl 1
brine and dried over Na,50;. Filtration and removal of the volatiles afforded the title compound

(1.52g, 83%) as a solid. 'H NMR (300 MHz, DMSO-dg) § 11.41 (s, 1H}, 8.04 (s, 1H), 7.88¢(d, ./
= 8.9 Hz, 1H), 7.62 (s, 1H), 7.56 (d, /= 8.9 Hz, 1H).
Step 3: Methyl (4R)-4-[(Z-bromo-6-chloroguinolin-3-yloxy]-L-prolinate

Cs,C0; (2,27 g, 6.96 mmol) was added to a stirred solution of 1-z-butyl 2-methyl

{25,45)-4- {[(4-bromophenyl)sulfonyl]oxy} pyrrolidine-1,2-dicarboxyiate (1.62 g, 3.48 mmol)
and 2-bromo-6-methoxyquinolin-3-of (0.90 g, 3.48 mmol) in NMP (46 mL}. The resulting
mixture was stirred at 50°C for 3 hours, then cooled and diluted with EtOAc and saturated
NaHCOs3¢,). The organic phase was separated, washed with H,O and brine, then dried over
Nap504. Filtration and removal of the volatiles gave a residue that was taken up in DCM (22
mLj) then treated with TFA (4.5 mL). The resulting solution was stirred for 1 hour, then diluted
with saturated NaHCOs(,4). The organic layer was separated, washed with brine and dried over
Na;S0,. Filtration and removal of the volatiles afforded the title compound (0.67 g, 81 %) as a
solid that was used directly in subsequent reactions. LCMS (ES+) m/z 385.0, 387.0 (M+H)".

Intermediate C17: Methyl (4R)-4-[(3-but-3-en-1-yl-7-methoxvquinoxalin-2-vhoxvl-L-prolinate

hydrochloride
o

N e
\/\/ﬂ\f“
0
HCH .
H’a
o]
Step 1: 1-r-Butyl 2-methyl (2.5.48)-4-[{3-but-3-en-1-vl-7-methox vauinoxalin-2-

o'\
S
‘\\/\)’\f”
O
0

o]

vhoxvlpyrroiidine-1.2-dicarboxvlate

—

Ethyl 2-oxohex-5-enoate (1.130 g, 7.24 mmol) and 4-methoxybenzene-1,2-
diamine (1 g, 7.24 mmol) were dissolved in EtOH (24.1 mL), and the resulting mixture was

heated to 50°C for 1 hour. The mixture was cooled and concentrated under reduced pressure to
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I 22 -..-~-0a00HI (2R,4S,7S, | 6E)-7-t-butyl- 4-{[((1R,2-_1-
{[(cyclopropylsulfonyl) amino)carbonyl) -2- vinylcyclopropyl)amino)
carbonyl } -6,9-dioxo- 3,4,6,7,8,9,12,13,14,15- decahydro'-ZH, I‘lH-2,5-
WHetAM6P¥Ado[4,3-K] [1,10,3,61dioxadiaza cyclononadecin-18eumsz007/022460
Mfluoroacetate 672.4 See
give a solid that was taken up in NMP (18 ml). This solution was treated with I-z-butyl 2-methyl

(25,45’)~4-{[(4-bromopheny])su}fonyl]oxy}pyrroiidine~1,2—dicarboxylate (3.23 g, 6.95 mmol)
and Cs;CO; (3.40 g, 10.42 mmol). The resulting mixture was stirred at 60°C for 12 hours and
then cooled and diluted with FtOAc and HClgq) (1 N). The organic phase was separated and
washed with HClq ) (1N), saturated NaHCO3(,,) and brine. The dried organics {Na,504) were
concentrated to give a residue containing a mixture of isomers that was purified on 50, (15%
EtOAc/petroleum ether) to give the title compound (0.5 7g, 17%}) as asolid. LCMS (ES+) m/z
458.3 (M+H)",
step 2. Methyl (4R)-4-[(3-but-3-en-1-yl-7-methox vaquinoxalin-2-vl}oxyl-L-prolinate
hydrochloride

The product of Step 1 was treated as described for Intermediate C15, Step 2, 1o
afford the title compound (98%) as a solid. LCMS (ES+) m/z 358.3 (M+H)".

Intermediate C18: Methvl {4R)-4-( 2-bromo-6-methoxy-1 S-naphthyridin-3-vhoxv]-L-prolinate

2-Bromo-6-methoxy-1,5-naphthyridine was treated according to the procedures
described for Intermediate C135, Steps 1-3, to afford the title compound (11 %) as a solid. LCMS
(ES+) m/z 480.2 (M+H)",

Intermediate C19; (2.5 4R)-4-[( 3-Bromo-2-naphthyhoxv]-2-(methoxycarbonylpyrrolidinium

chloride

N
HCl N
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Example 1 3-bromo pyri din- 4(1H)-one B]1 PCT/US2007/022460 Name
LRMS Procedure Step 1 Int. (1V1+11)* (2R,4S,7S,16E)-7-t-butyl- See
3-chl oro-4- B11 N4(1R,2S)-1- {Rcyclopropylsulfonyl) aminolearbonyl } -2-
WA 8%opy1)-6,9- dioxo-I 8-phenyl- Example | phenyl pyfidiifis2e67/022466
Intermediate C19 can be prepared according to the procedure described for

Intermediate C14, Steps 4-5, using 3-bromo-2-naphthol instead of 2-bromo-6-methoxyquinolin-
3-ol. LCMS (ES) m/z 350.4 (M-+H)".

Intermediate C20: (28.4R)-4-[(3-Bromo-1 8-naphthvridin-2-yDoxyl-2-

(methoxvearbonyDpvrrolidinium chlorids

HC Hoo

Step 1: Methyl 2-hvdroxy-1,8-naphthyridine-3-carboxviate

/i
Y
O, =N
O OH

A solution of 30 wt% NaOMe in MeOH (27.9 g, 155 mmol) was added to a
solution of 2-aminonicotinaldehyde (5 g, 40.9 mmol) and dimethyl malonate (8.11 g, 61.4 mmol)
in MeOH (200 mL). The yellow suspension was stirred for 3 days, and the yellow solids were
filtered, suspended in HyO, filtered and washed with MeOH. The crude product (5.30 g) was
taken crude onto the next step. M+H = 204.9.

Step 2: 2-Hydroxy-1,8-naphthyridine-3-carbox viic acid

_ A~
NN
N

OH OH
A mixture of the product of Step 1 (5.30 g, 26.0 mmol) and LiOH (3.11 g,
130 mmol) were heated at 65°C and stirred in THF/HzO (20 mL each) for 2 hours. The reaction

Q

was cooled, and the white precipitate filtered and washed with H,O and THF. The solids were

dried in vacuo, giving the desired product (4.94 g). M-+H = 190.9.
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ol 3,4,6,7,8,9,12,13,14,15- decahydro-211, | | H-2,5 - methanopyrido [2,3-
k][1,10,3,61clioxadiaza cyclononadecine-4- carboxamide = Example 24
(1R,2,5)-11 [(4R,68,95,16E)-9-Butyl-8,11-dioxo-3,12-dioxa-7,10-
Vitiapa8eye19116.3.1.14a]tricosa-1(22),16,18,20-tetraen-6-ylicerkomato7/02 2460
amino)-2- 5vinylcyclopropanecarboxylic acid  Step 1: 1-t-Butyl 2-methyl
Step 628 4R Ad(Biodehenad)exyinyrrolidine-1,2-dicarboxylate To a solution
of 1-t-butyl 2-methyl (2S,4R) 4-hydroxypyrrolidine-1,2- 10dicarboxylate (1.5
g, 6.12 mmol) and 1-(bromomethyl)-3-ifdaobenzene (2.18 g, 7.34 mmol) in
DMF (20 mL), Cs2CO3 (5.98 g, 18. 4 M was added at RT. After 3
days, EtOAc was added, and the as extracted with IN HO and
then H20. The organic layer was rled er Na2S04, and the solvent was
removed in vacuo. The crudegroduct was purified on Si02 (gradient

elution, BAORUBIONIFIRERCS) 18 $idit mnp b tHeytidinedfpdlnad LRSS mL)

was a%ﬁ(@/théﬁﬁﬂﬁ)ﬂfﬂﬂﬁté}@% ?45%2@95% I’iggg G ddS290784000 . The
I2 meth I(ZS4R 44(3 vinylbenzynoxy

5 et g e e o efiveorhexacied with
EtOAp r(dd@lCﬂ"Eﬁ@ﬁt@iﬁ@ Ikgibré @aéﬂm@@%@@i‘@ﬁﬂ@ &HM&L&%@@M@”X'V&Q@MW@B over
Na S(él L § .64 mmolé and Pd(PPh2)4 (70 mg, 0.06 mmol) were added
2SR TIRINFE WS fOBRCHB At RSHOX RS D PESSF e csEh At iiarated with

DCMramﬁhekm wagite, aalmdm@nucteﬂﬁa&gylad weasRUifier @Mmpig2-(gradient

Id 7 f the titl
|§ mvl?cng%o the title compound.

(mcthoxycarbonvl)pyrre idinium

10 chloride
Intermediate C20 can be prepared according to the procedure described for
Intermediate C14, Steps 4-5, using 3-bromo-1,8-naphthyridin-2-ol instead of 2-bromo-6-
methoxyquinolin-3-0l. LCMS (ES) m/z 350.4 (M+H)".

15  Intermediate C21: (2S,4R)«4-{(3~Bromo—l,6~naphthvridin~2-vi)oxv]~2-(methoxvcarbonv])

pyrrolidinium chloride

HC
Intermediate C21 can be prepared according to the procedure described for
Intermediate C20, using 4-aminonicotinaldehyde instead of Z-aminonicotinaldehyde. LCMS
20 (ES)m/z 353.5 (M+H)".
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Step 3: Methyl (4R)-4-1(3-vinylbenzyBoxyl-L-prolinate hydrochloride 10To
the product from Step 2 (700 mg, 1.94 mmol) was added HCl/dioxane (20
mL, 4M, 60 mmol). After 1 hour, the solvent was removed in vacuo to yield
WEZHGHEE&1%he title compound. LAMS Esr- (M+H)4 262.3 SteFdiiethyro22460
N-[(pent-4-en-1-yloxy)carbonyll-L-norleucyl-(4R)-4-1('3-vinylbenzyBoxyl-L
InternfrolinaE 2. 125, 0¥NAELS Bendy- 1. 5-naphfieadntion of thepraduet dEabnyh
) p (300 mg, 1.0 mmol) in DMF (5 mL), Intermediate B1 (368 mg, 1.51
At STEA.702 mL, 4.03 mmol), EDC (386 mg, 2.01 mmol), and
HOAt (274 mg, 2.01 mmol) were a at RT. After 2 hours, the reaction
diluted with NaHCO3(aq ) and ext with EtOAc (3x). The combined
organic layers were 20extracted with{H20 and then brine, dried over
Na2S04, and the solvent wasfemadved in vacuo. The residue was purified

on Si02 (gradient elution, 5-75% Ef@ﬁdig;nes) to yield the title

compound. LRMS ESC (M+H)+ 487 “
20081057209PCT1US20071022460 Stepls: Methyl

(4R,6S,9S,16E)-9- buzyl -8,11-dioxo-3,12-dioxa-7,10- dinHc163A.147
rrm-6_cRigiEtediate C22 canprptapared ssalaiadisnsreurs desraeg for

Internfexamted, @i@@ DG theipnedyet frem.stem4nkRMRESktadMydd)tcms

0..310-diazatric163.1.14,7 nicosa_
(ES) f&’?@%gf’i% QE ~tetraene-6-carboxylic acid To a solution of the product
from Step 5 (160 mg, 0.35 mmol) in THF (3 mL) and 10 MeOH (0 5 mL),

iOH olution, 3.49 mmol) was added. After 1 hour, the
Intemle ae( 2 m‘b f 3-BIOmo- | -zm's.'.;,;ts e devhinx vl 2 -fmethay veashany

= bt

mol'ﬂmmmﬂﬂmﬁhorganlc layers were washed with H20 and then brine, dried
over Na2504, and the solvent was removed in vacuo to yield the title
compound. LRMS Esr (M+H) 445.4 Siép 7: (1R128)-14
fl(4R,65,9S,16E)-9-Butyl-8,11-di ,12-dioxa-7,10- 15diazatricyclo[l
6.3.1.1431tricosa-1(22),16,182 en-6-ylJcarbonyll amino)-2-
vinylcyclopro_panecarboxylic acid o, Using the product from Step 6,
the title compound was prepared ac or in Oto Example 5, Step 7. LR_MS
ESC (M+H)+ 554.4.

HC t o

Intermediate C22 can be prepared according to the procedure described for
Intermediate C20, using 3-aminonicotinaldehyde instead of 2-aminomnicotinaldehyde. LCMS
(ES) m/z 353.5 (M+H)".

Example 1
(ZR.A48.75.16E)-7-t-Butvi-N-((1 R, 25)-1- {[{cyclopropylsulfonyDaminolcarbonyil-2-
vinvlcyclopropyl}-6.9-dioxe-3.4,6,7.8.9.12.13.14.15-decahvdro-2 M. 1 L H-2. 5-methanopvride[ 2.3~

k1[1.,10.3.6]dioxadiazacvclononadecine-4-carboxamide
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Example 25 (IR,2S)-1-(1114R,6S,9S51-9-Buty1-8,1 |
-dioxo-3,12-dioxa-7,10-diazatricyclorl6.3.1.14'71tricosal(22),18,20-trien-6
-yUcarbonyll amino)-2-vinvicyclopropanecarboxylic acid 5Step 1:

WO et Isilynethyl (4R)-4-1-(3-vinvibenzyl)oxyl-L-prolinat&CT/US2007/022460
hydrochlorlde TMS Usmg 1-t- butyl 2{2 (trlmethylsnypethyl]

] Tolith ihereomipeuntl duasbox ylate

prepared accordlng to Example 24 §tepsl -3. LRMS ESC (M+H) 348.3.
10Step 2: 2-(Trimethylsilypethyl /@\J

N-1(pent-4-en-I-yloxy)carbonyllf-norleucyl-(4/0-4-1(3-
vinylbenzyfloxyl-L-prolinate oy 1%.0 00 Using the product from
Step 1, the title compound was prep aggording to Example 24, step 4.
LAMS ESC (M+H)+ 573.4. WO 2008/857209PCT/US2007/022460 Step

3: 2-(Trimegudpityfletm (AR 65 9R 400123 ytﬂ- &%@%@é&@)@%ﬁﬂ Joxy}

10- diazatricyclorl6.3.1.14altricosa-1 2) 16, tetraene 6-carboxylate
pyrroligig; hWidigarboxylatg)Ghnd 8 Wéb@é%‘ﬁb%ﬁ@éﬁ%ﬂﬁ%@l@ BoPhfbUnd Swas

4.44 rikRNpHENRGEOring &mﬁmm 2645,50P(2.9R IS ERlib NI 4D 4he

Step 4:; 2- (TrlmethyIS| Bethyl (4R,65, 98% 9-butyl-8,11-dioxo-3
mmw&wﬁw £ a%%ﬁ—?c Té77hﬂH%3 GO sFpRORIKAsTIgrgPlete, and H20 and
Et0AMsHg iha-arodretiamdSigs: vibetile.compaunt,was prepawdCo, (2}(} and
brine @ﬁ;ordlng to 10 Example 3, Step 1. LAMS ESC (M+H)+ 547.4. Step

6B BRI HCR "R HitRaseL Mgiha a0 haiselxnt s E‘f@’%"fdlﬁ?aﬂﬁ‘fuo
The crodsait(ad}ih8:2Q1iri68e dir A Quydisi @gidhuldd romeyistyNetifanes) to vield 1.04 g

of the g@lggﬁ%?cy%gﬁ%%?mg 31?%%@?; %0 triene-6-carboxylate (60

Step 2mBiifyhiraetitinl T2SE £3-403 - HBAR A3 Z-mloxIN seblitdarein, Idicarbox vlate
0.137 mmol) were added to a solut'\n of the product from Step 4. After 2
hours, the solvent was removed ifi vacuo to yield the title compound as an

oil. LAMS ESC (M+H)+ 447.3. - 0/

Q"C%MB

Boc

To a solution of a portion of the product from Step 1 (1.0 g, 2.49 mmol) in EtOH
(25 mL}), TEA (0.52 mL, 3.74 mmol), potassium vinyltrifluoroborate (0.50 g, 3.74 mmol) and
PACL{dppf)-DCM complex (0.102 g, 0.125 mmol) were added. The mixture was then heated to
reflux for 17 hours. The EtOH was removed in vacuo, taken up in EtOAc, and washed with
H>O. The organic layer was then dried over MgSQ,, and the solvent was removed in.vacuo.
The crude product was purified on Si0; (gradient elution, 0-40% EtOAc/hexaneS) to yield
565 mg of the title compound. LRMS ESI" ((M-Boc)+H)" 249.2.
Step 3. Methyl (4R)-4-[(3-vinylpyridin-2-yDoxvi-L-prolinate hvdrochloride

=

E

T =N

o]

H

A portion of the product from Step 2 (360 mg, 1.0 mmol) was dissolved in 4M

HCl m dioxane (12.9 mL, 51.6 mmol). Afier 1 hour, the solvent was removed in vacuo, Et,O
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87- 0 7- WO 2008/057209PCT/US2007/022460 Step 6: (1R.2S)-14
{1(4R,6S,9S)-9-Buty1-8,11-dioxo-3,12-dioxa-7,10-diazatticyclo116.3.1.14"
71, tricosa-1(22)
WIB2RMERS-ylIcarbonyllamino)-2-vinylcyclopropanecarboxylianig 2007/022466
Using the product from Step 5, the title compound was prepared
(50 mAgoesdngIta, ExaTHRIC D O rdRIVIS: BT MR8 AP BY IS BE icte
%4R 6S,9S,16E)-9-Butyl-N-((1R,2S)-1-
comp ?&%IM fcfﬁ%%%i% carbony11-2- vinylcyclopropvl)-8
Step 4t 1ndigha-B.18reh0xaed. LO18iagatrienalolh 6 A i (0821 (22)516,18,2 954500
. fetraene-6-carboxamide 10 To a solution of the product from
' xampte24: Step 6 (150 mg, 0.337 mmol) in DMF (5 mL), Intermediate Al
(108 mg, 0.41 mmol), DIEA (0.147 mL, 0844 mmol), and TBTU (163 mg,
0.51 mmol) were added. After 2 hou smixture was diluted with
NaHCO300 and extracted with EtOAc. The organic layer was washed with
brine, dried over Na2S04, and the 1550Ivefr@¥v%§1gemoved in vacuo. The
crude material was purified by reverse-ghase cchfomatography (gradient
elution, 5-95% acetonitrile’H20 (with 0J15% TFA)) to yield the title
compound. LRMS ESC (M+H)+ 657.5. EXample 27
2;&5}/&%5%%%&@5 53&%9;%6@%?@8&?@%’43%@%@%@'E‘B‘%%%?é’i‘}‘}’r'i DMF (10 mL)
was addgg J@ﬁvme@i%%%% 12dlh IO iR e onls. 3. 13Intrichsand (@ATU
(550 8, 204HieRe1H- AahoxamIde, WQi2RABI027299PCT/H$RR07 /022460
Step 1. Methyl (4R,68,95,16I§)-9_—isopropyl-8,1'1-dchV;{(tllé-%2?%225'3|gl())%§?‘ﬁ‘0The
organigilaystikgrspebed. Vit Boashbrims pud themtyiestraenbigSe b hylatbvenPwas
removE@HRWHBEANE @ BNEFAl R PRRAIS %JQQBH%H%@S@@H&%B&??!HHSH 0-40%
EtOAc%}?mpound was 5Sprepared using Intermediate 87 in'place of Intermediate

E RIS 'R K190 24818 et mpRtadh4 RRAGS ESE (P 1HY " digkd-3
Step 51 24diva(7 AQSHiazaEE clovile ildibieosa-d 1320, 18 201 egs 86 atn0X 17 11 1.

he title comp

Step 3: (4R,6,S-N-(( R
25)-1-{[(Cyclopropylsulfonyparpi
9-isopropyl-8,11-dioxo-3,12-di
10-diazatricyclo[16.3.1.14J-It osa-Hl(@;Z))*%ggh%O-triene-G- carboxamide
OYN\(&O
° A
To a solution of a portion of the product from Step 4 {450 mg, 0.90 mmol) in

DCM (179 mL), the Zhan 1b catalyst (79 mg, 0.11 mmol) was added. After 16 hours, the
reaction was concentrated in vacuo, and the crude product was purified on $i0, (gradient elution,.

0-45% EtOAc/hexanes) to yield 396 mg of the title compound. LRMS ESI* (M+H)" 474.3,
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Using the product from Step 2, the title compound was prepared _
according to 15Example 26. LRMS ESC (M+FI)+ 645.4: _ By using
the appropriate procedures, the appropriate B intermediates in place of
WVitheienediageé 81 or Intermediate 87, and appropriate benzylatptgyrggg@%n%g
in Step 1 in place of 1-bromo-3-(bromomethyl)benzene, the following
Step COMRAYTIISIWETS RBRAMEE 920 WA 2008405 12G9RE TAUR2007/022 5.
Structure Name LRMS (M+11)+ Procedu (IR;25)-1-
’-5-"!!-“:4 Ojarad-KH ...a -'=?‘ - -“'. ig%d ..".3'.5»91' 22 SN i
[17.3.1.14ltetracosa- 1(23),19,21-trie
vinylcyclopropane carboxylic aci
methyl) benzene B4

%

To a solution of a portion of the product from Step 5 (200 mg, 0.42 mmol) in THF
5 {L.5mL}), MeOH (1.5 mL} and H,0 (0.75 mL}, LIOH-H;O (177 mg, 4.22 mmol) was added.
After 1 hour, IN HCI and Et;O were added. The organic layer was separated, and the aqueous
layer was washed with EtQAc. The combined organic layers were then dried over MgSO,, and
the solvent was removed in vacuo to yield 194 mg of the title compound. LRMS ESI" (M+H)"
460.3.
10 Step 7: QR A8.7S,16E)-7-1-Butvl-N-((1R.28)-1-{[( cyclopropylsulfonyl)aminoe Jcarbonyl}-2-

vinylcyclopropyl)-6.9-dioxo-3.4,6,7,8.9.12.13.14.1 5-decahydro-2H.11H-2.5-methanonvrido[2.3-

£1[1,10,3 6]dioxadiazacvclononadecine-4-carboxamide

To a solution of a portion of the product from Step 6 (100 mg, 0.218 mmol) in
DMF (2.2 mL), Intermediate A1 (70 mg, 0.26 mmol), DIEA (0.114 mi, 0.65 mmol), and HATU
15 (108 mg, 0.283 mmol) were added. Afier 15 minutes, the mixture was partitioned between
EtOAc and IN HCL. The organic layer was separated, dried over MgSQy, and the solvent was
removed in vacuo. The crude product was purified on SiO, {gradient elution, 0-70%
EtOAc/hexanes) to yield 129 mg of the title compound. LRMS EST* (M+H)" 672.4.

20 Example 2
(2R.48.78,16E)-7-1+-Butyl-N-({1R.2R)-1-{ [{cyclopropylsulfonyDaminocarbonyi}-2-
ethvleyclopropyl)-6,9-dioxo-3,4,6.7.8.9.1 2.13.14.15-decahvdro-2H.1 1H-2.5-methanopyrido[2.3-

k1.1 0.3.6]dioxadiazacyclononadecine-4-carboxamide

271
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0 OH (1R,25)-1-( { [(4R,65,95)- 9-isopropyl-8,11-dioxo- 3,12-dioxa-7,10-
diazatricyclo [16.3.1.14"]tricosa- 1(22),18,20-trien-6- yl)carbonyl)
amino)-2- vinylcyclopropane carboxylic acid 542.4 See Example 25
W8 87 Iomo methyl) benzene 87 Ott;," 0- O itirr_rz O Z IROT/US2007/022460
(4R,6S,9S,16E)-9-t- butyl-N-(( 1 R,2S)-1- {kcyclopr(_)pyl sulfonyl_3am|r}o]
carbonylire? YinriycloRrpRbli 3 a0 F i HioNRs T 1 0sfigzatipyclo
16.3.1.141tricosa- )
0.196 mmofi) in DMF (2.2 mL), Intermediate A3 (63 mg, 0.235 mmol), DIEA (0.137 mL,
0.78 mmol), and HATU (97 mg, 0.255 minolj was added. After 1 hour, the mixture was
partitioned between FtOAc and IN HCL The organic layer was separated, dried over MgS0Q0,,
and the solvent was removed in vacuo. The crude product was purified on 8i0; (gradient
clution, 0-70% EtOAc/hexanes) to yield 110 mg of the title compound. LRMS EST" (M+H)"

674.4.

Example 3
(2R A8.78)-7-1-Butvl-N-((1R,28)-1-{[{ cyclopropvisulfonvlamino]carbonyi}-2-
vinvicyclopropyh-6.9-dioxo-3.4.6.7.8.9. 12,13,14.15,16.17-dodecahydro-2H, 1 1 H-2.5-

methanopyrido[2.3-£1[1.10.3 .b6ldioxadiazacvclononadecine-4-carboxamide

Step 1: Methvl ( 2R,48.78)-7-1-butyl-6 9-dioxo-3.4.6.7.8.9.12.1 3.14.15.16,17-dodecahvdro-
2H.11H-2.5-methanopyrido[2.3-4][1.10.3 Sldioxadiazacyclononadecine-4-carboxvlate

To a solution of a portion of the product from Example 1, Step 5 (200 mg,
0.422 mmol) in EtOAc (4.5 mL), 10% Pd/C (22.5 mg, 0.021 mmol) was added. The mixture
was then place under Hy, stirred for 17 hours, and filtered through a pad of glass wool. The
solvent was then removed in vacuo to yield 195 mg of the title compound. LRMS ESI" (M+H)"
476.4.
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1(22),16,18,20-tetraene- 6-carboxamide 657.3 See Example 26 1-iodo-3-
(bromo methyl) benzene B2 o (4R,6S,95,16E)-9-t- butyl-/V-(( 1R,2S)-1-
{[(cyclopropyl sulfonyl)amino] carbonyl } -2- vinylcyclopropy1)-12-
WnethR/458:4% -dioxo-3- oxa-7,10,12- triazatri cycle [16.3.1.141FicHEE2007/022460
1(22),16,18,20-tetraene- 6-carboxamide 670.4 See Example 26 1-iodo-3-

Step Abromesmsiiyh) Bentee d33x0-THh%.7.8.9.12.13.14,15,16.1 7-dodecahvdro-2 H.1 1 H-2.5-

methanopyndo[2.3-%1{1,10.3.6]dioxadiazacyclononadecine-4-carboxvlic acid

To a solution of a portion of the product from Step 1 (190 mg, 0.40 mmol) in THF
(1.5 mL}, MeOH (1.5 mL} and H,O (0.75 mL) LiOH H,O (168 mg, 4.0 mmol) was added. After
I hour, IN HCl and Et;O were added. The organic layer was separated, and the aqueous layer
was washed with EtOAc. The combined organic layers were then dried over MgSO,, and the
solvent was removed in vacuo 10 yield 184 mg of the title compound. LRMS EST" (M+H)"
462.3.
Step 3: (2R 48.78)-7-t-Butyl-N-((1R.25)-1-{[{cyclopropylsulfonyl)amino]carbonyl}-2-
viylcvelopropyl)-6,9-dioxo-3.4,6.7.8.9,12,13,14,15.16.1 7-dodecahvdro-2 H 1 1 H-2.5-

methanopyrido[2.3-£101.10.3 61dioxadiazacvelononadecine-4-carboxamide

To a solution of a portion of the product from Step 2 (93 mg, 0.291 mmol) in
DMF (2.0 mL), Intermediate Al (64.5 mg, 0.242 mmol), DIEA (0.141 mL, 0.81 mmol), and
HATU (100 mg, 0.262 mmol) were added. After 1 hour, the mixture was partitioned between
EtOAc and IN HCL The organic layer was separated, dried over MgSQOq, and the solvent was
removed in vacuo. The crude product was purified on SiO; (gradient elution, 0-70%

EtOAc/hexanes) to yield 107 mg of the title compound. LRMS ESI" (M+H)" 674.4.

-73.
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"N T >k WO 20081057209PCDUS2007/022460 Ex. Structure

Name LRNIS (NI-4W Procedure Step 1 Int. 330 *,02,....a1._,s, N,41-1

(H- H1 0."-;-.. (4R,65,95)-N-((1R,2S)-1- {K sulfonypamino)
WéhtbtiAT222yinylcyclo propyl)-9-i sopropyl- PCT/US2007/022460

Example 4
(ZR.A45.75)-7-t-Butyl-N-{{1R 2R)-1-{[( cyclopropylsulfonvaminolcarbonyl}-2-
ethylcyclopropyl)-6,9-dioxo-3.4.6.7.8.9,12.13.14.15.1 6,17-dodecahvdro-2H. 11 H-2.5-

methanopyrido{2.3-4111,10.3 6]dioxadiazacyclononadecine-4-carboxamide

To a solution of a pertion of the product from Example 3, Step 2 (95 mg,
0.206 mmol) in DMF (2.2 ij, Intermediate A3 (66 mg, 0.247 mmol), DIEA (0.144 mL,
0.82 mmol}, and HATU (102 mg, 0.268 mmol) were added. After 1 hour, the mixture was
partitioned between EtOAc and IN HCL The organic layer was separated, dried over MgSQy,
and the solvent was removed in vacuo. The crude product was purified on S10; (gradient
elution, 0-70% EtOAc/hexanes) to yield 106 mg of the title compound. LRMS ESI* (M-+H)"
676.4.

Example 5
(AR.Z5)-1-({[(2R.48.785)-7-Butyl-6.9-diox0-3.4.6,7.8.9,12,13.14,15.16.1 7-dodecahvdro-2 H.1 1 H-

2.5-methano-1,1 0.5.8-benzodioxadiazacvclononadecin-4-vl]carbonyl} amino)-2-

vinylevclopropanecarboxvlic acid

Step 1; 1-r-Butyl 2-methyl (25,4R)-4-(2-allylphenoxvipyrrolidine-1.2-dicarbox viate

~7

Q‘coznﬂe

Boc
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8,11-dioxo-21-phenoxy- 3,12-dioxa-7,10- diazawicyclo

[16.3.1.14'7]tricosa- 1(22),18,20-triene-6- carboxamide See ample

Example 26 B7 34 0 9 oo:,g, 00 HN (4R,6S,9S)-9-t-butyl-6- {R(1R,2S)-1-
Wi egieprayl sulfonyflamino] carbonyl} -2-vin ylcyclo propyparingd2007/622460

carbonyl} -8,11-dioxo- 3,12-dioxa-7,10-diaza- 22-azoniatricyclo

[16.3.1. 15 7teinesan $622)-3:&3%tHens tiflviereacelale «FRreekiRe-1 2-
dicarboxylate (0.2 g, 0.815 mmol), 2-allylphenol (0.117 mL, 0.897 mmol), and PPh; (0.233 g,
0.889 mmol), DEAD (0.139 mL, 0.881 mmol) was added at 0°C. The mixture was then warmed
to RT. After 23 hours, the reaction was compiete, and the solvent was removed in vacue. The
crude product was purified on 8i0; (gradient elution, 0-30% EtOAc/hexanes) to yield 0.21 g of
the title compound. LRMS ESI" (M-Boc)+H)" 262.3.

Step 2: Methyl (4R)-4-(2-allylphenoxy)-L-prolinate hydrochloride
s
o,

QCOQMQ
H

To a portion of the product from Step 1 (0.2 g, 0.553 mmol) was added HCl in

HCH

dioxane (4M, 9.6 mL, 38.7 mmol). After 1 hour, the solvent was removed in vacuo to vield the
title product. LRMS EST" (M+H)" 262.3.
Step 3: Methyl N-[(hex-5-en-1-yloxv)carbonyl]-L-norleucyl-(4R)-4-( 2-allviphenoxv)-L-prolinate

To a solution of the product from Step 2 (165 mg, 0.55 mmol) in DMF (10 mL),
Intermediate B4 (214 mg, 0.83 mmol), DIEA (0.49 mL, 2.76 mmol), and TBTU {0.267 mg,
0.83 mmol) were added. After 1 hour, the mixture was extracted with 1N HCI and EtOAc. The
organic layer was washed with H,O and brine, and then dried over MgSO,4. The solvent was
removed in vacuo, and the crude product was purified on Si0, (gradient elution, 5-40%
EtCAc/hexanes) to yield 270 mg of the title compound. LRMS EST' (M+H)" 501 4.

=75 -



See Example 26 (6-bromo pyridin-2- yl)methyl methane sulfonate. Ref: 61
Tetrahedron 12100 (2005). 82 35 0 Cl oyJNO HNOQ9 :.1
(4R,6S,95,16E)-9-butyl- 21-chloro-N-((R,25)-1- {Reyclqpropyl
VY ReyfdRtino] carbonyl) -2-yinyl cyc lo propyl)-8,11-dioxo-3pk2ris2007/022460
dioxa-7,10-diazatricyclo [16.3.1.14ltricosa- 1(22),16,18,20-tetraene-
Step £ CRGRYAMILESORL} 3SR AN 26.350M07% §hiprg benzylmethane, . ..

sulfonate (C9 i )
2.5-methano-1, 1?)..5,g%—benzodi{)xadzazacvciononadecme»é%-carboxvlate

To a solution of a portion of the product from Step 3 (196 mg, .39 mmol) in
5 DCE (80 mL), the Zhan 1a catalyst (26 mg, 0.039 mmol) was added, and the mixture was heated
to reflux under N». After 2 hours, the reaction was concentrated in vacuo, and the crude product
was purified on Si0; (gradient elution, 10-60% EtOAc/hexanes) to yield 185 mg of the title
compound as a mixture of olefin isomers. LRMS EST* (M+H)" 473.3.
Step 5: Methvl (2R.45.75)-7-butyl-6.9-diox0-3,4.6.7,8.9.12.13.14,15.16.1 7-dodecahydro-

10 2H11H-2.5-methano-1,1 0.5 8-benzodioxadiazacyclononadecine-4-carbox viate

To a solution of a portion of the product from Step 4 {185 mg, 0.39 mmol) in
EtOAc (10 mL), 10% Pd/C (15 mg, 0.014 mmol) was added. The mixture was then placed under
Hj, stirred for 5 hours, and filtered through a pad of glass wool. The solvent was then removed
15 invacuo to yield 158 mg of the title compound. LRMS ESI' (M+H)" 475.4.
Step 6: ( 2R.48.75)-7-Butyl-6.9-diox0-3.4.6,7,8.9,12,13,14,15.16.,1 7-dodecahvdro-2 5.1 1H-2,5-

methano-1,1 0.5.8-benzodioxadiazacyclononadecine-4-carboxvlic acid
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B136 ilt. "0 00 0' (4R,6S,95,16E)-9-butyl- NA1R,2S)-1- {[(cyclopropyl
sulfonyl)aminoi carbonyl}-2-vinylcyclo propyl)-8,ll-dioxo-20.- .
(trifluoromethoxy)-3,12- dioxa-7,10-diazatricyclo [16.3.1.14'7jtricosa-

W 209816 128920-tetraene- 6-carboxamide 741.3 See Example 261/1s2007/6822460
3-bromo-5- Orifluoro methoxy) benzyl methane sulfonate (C7) 131 WO

2008/05 720RBEIHMSAWYARZAAOHrRMEEHEER Step 5 (158 mg, 0.33 mmol) in THF
{10 mL), MeOH (5 mL) and H,O (2 mL), LiOH-H,0 {80 mg, 3.3 mmol) was added. After
1 hour, IN HCI and Et;O were added. The organic layer was separated, and the aqueous layer
was washed with EtOAc. The combined organic layers were then dried over MgSQOy, and the
solvent was removed in vacuo to yield 150 mg of the title compound. TRMS ESI® (M+HY
461.4.
Step 7: (1R.28)-1-({[(2R 48.78)-7-Butyl-6,9-diox0-3.4.6.7.8.9.12.1 3,14,15,16,17-dodecahydro-

2H11H-2 5-methano-1,1 O,S.,8-benzodioxadiaza,cyc}ononadecﬁn-l?--vl]carbonvi} amino)-2-

vinylevelopropanecarboxviic acid

To a solution of a portion of the product from Step 6 (150 mg, 0.218 mmol) in
DMEF (15 mL), Intermediate A2 (128 mg, 0.66 mmol), DIEA (0.595 mL, 3.3 mmol), and TBTU
(214 mg, 0.66 mmol) were added. After 30 minutes, the mixture was partitioned between EtOAc
and IN HCI. The organic layer was separated, dried over MgS0,, and the solvent was removed
in vacuo. The crude ester was taken up in THF (10 ml}, MeOH (5 mL) and H,0 (2 mL) and
LiOH-H,0 (80 mg, 3.3 mmol) was added. After | hour, 1N HCl and Et,O were added. The
organic layer was separated, and the aqueous layer was washed with EtOAc. The combined
organic layers were then dried over MgSO, and the solvent was removed in vacuo, The crude
product was purified by reverse-phase chromotography (95/5 H,O/ACN with 0.15% TFA to
5/95) to yield 100 mg of the title compound. LRMS ESI” (M+H)" 570.3.

Example 6
(2R.45,75)-7-Butvl-N-({1R.28)-1-{I( cyclopropylsulfonyDamino]carbonyl} -2-vinylcyclopropvi)-
6.9-diox0-3,4.6,7.8.9.12.13.14,15.16,1 7-dodecahydro-24,114-2.5-methano-1,10.5.8-

benzodioxadiazacyclononadecine-4-carboxamide

To a solution of the acid from Example 5, Step 7 (30 mg, 0.053 mmol) in DMF
(0.34 mL)}, under N3, carbonyldiimidazole (13 mg, 0.079 mmol) was added, and the mixture

-T77 -
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Name LRMS (M+14)+ Procedure Step 1 Int. 37 40,4",0 cc_eoo00- ea
a (4R,6S,9S,16E)-20- bromo-9-butyl-N- ((IR,25)-1- { [(eye lopropy!
sulfonyl)aminol carbonyl11-2-vinylcyclo propyl)-8,11-dioxo-3,12-
WHidRE 7318 Hiazamicyclo [16.3.1.14ltricosa- 1(22),16,18,20-tetfaeHeR007/022460
6-carboxami de 736.3 See
stirred at 40°C for 1 hour. Cycloprepylsulfonamide (10 mg, 0.079 mmol) and DBU (8 mg,

0.053 mmol} were added, and the reaction stirred overnight (15 hours) at 40°C. The reaction
was directly purified by reverse-phase chromatography, and the resulting product was
concentrated in vacuo to give the title compound as a white solid (24 mg). LRMS EST" (M+H)"
673.3.

Example 7
(2R.45.78.15E)-20-Bromo-7-t-butyl-N-({1R,25)-1- {[{cvclopropvlsulfonyDamino Jearbony] 1 -2-
vinvleyelopropyl}-6.9-dioxo-3,4,6,7.8.9.12.13.14.17-decahvdro-2 H. 1 1 H-2.5-methano-1.10.5 8-

benzodioxadiazacvelonenadecine-4-carboxamide

o § @
o W N N u ms;—ﬂ
i S
N
Prepared according to Example 5, Steps 1-4 and 6-7 and Example 6 starting from
2-allyl-5-bromophenol in place of 2-allylphenol in Example 5, Stepl. LRMS ESI" (M-+H)"

751.3.

Example 8
(2R.48.78)-20-Bromo-7-t-butyl-N-({1R.2R)- 1 - {{{cvclopropyisulfonyDaminojcarbonyl} -2-
ethyleyclopropy}-6.9-dioxo-3.4,6,7.8.9.12.13,14.15,16.17-dodecahvdro-2H,1 1 H-2.5-methano-

il 0.,5,8—benzodioxadiazacyciononadecine-d-carboxamide

To a solution of the product from Example 7 (280 mg, 0.373 mmol) in EtOAc
(15 mL) was added Pd/C (30 mg). The mixture was then placed under H, and stirred for 4 hours.
After filtering through glass wool, the solvent was removed in vacuo to yield 280 mg of the title
compound. LRMS ESI" (M+H)" 755.3.

-78 -



Example 26 1,3-d ibromo- 5-(bromo methyl) benzene BI 38 V * NOO RN
XH (4R,6S,9S,16E)-9-butyl- N-((1R,2S)-1- { [(cyclopropy! sulfqnyl)amlno]
carbonyl }-2-vinylcyclo propy0-20-methoxy- 8,11-dioxo-3,12-dioxa-

WP 2OMHEZ#ificyclo [16.31 Intricosa- | (22),16,18,20-tetraene- PCT/AIS2067/022460
6-carboxamide 687.6 See Example 26 3-bromo-5- methoxy benzyl

Exampie 9
{2R.45.78)-7-t-Butyl-20-cyvano-N-{(1R 2 R)-1-{[( cyclopropvisulfonyvhaminelcarbonvii-2-
ethylcyclopropv)-6.9-dioxo-3.4.6.7.8.9.12.13.14 15,16.17-dodecshvdro-2H.1 1 H-2 5.methano-

5 1.10.5.8-benzodioxadiazacyclononadecine-4-carboxamide

CN

* H o 9
(j\n,w A5
H\/l L
OYN - a
7
To a solution of the product from Example 8 (25 mg, 0.033 mmol) in DMF
(3 mL) and H,0 (0.5 mL), Zn{CN), (3.9 mg, 0.033 mmol), Pdy(dba); (3 mg, 3.3 umol), and
DPPF (1.8 mg, 3.3 umol) were added under N,. The mixture was then heated to 120°C for
10 20 hours. The mixture was then filtered and then purified by reverse-phase chromatography to
yield the title compound. LRMS ESI" (M+H)" 700.3.

Example 10
(2R, A48.78)-7-t-Butvl-N-((1R 2R)-1-{[( cyclopropylsulfonyl}amino Jearbonyi}-2-
15 ethyleyclonropyl}-6,9-dioxo-20-phenvl-3 4.6,7.89.12,13,14.15,16,17-dodecahvdro-2H.1 1H-2 5-

methano-1,10.5.8-benzodioxadiazacvclononadecine-4-carboxamide

AR P

OYﬁY&O N ) (3‘;’ W

° A
To a solution of the product from Example 8 (20 mg, 0.027 mmol} in dioxane

(1.75 mL), phenylboronic acid (9.7 mg, 0.08 mmol), Cs;CO;3 (21 mg, 0.064 mmol) Pd(dba)

20 (2.4 mg, 2.6 ymol), and PCy; (1.1 mg, 3.9 pmol) were added under N;. The mixture was then
heated to $5°C for 9 hours. The mixture was then filtered and then purified by reverse-phase
chromatography to yield the title compound. LRMS EST" (M+H)" 751 4.

-79 .
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methane sulfonate (C10) 131 Example 40
(512,7S,108)-10-Butyl-N-(OR,28)-1- flicyclopropylsulfonynaminolcarbonyl
) -2- vinylcyclopropyl)-3
VgPPORigKe4, 13-dioxa-2,8.11-triazatricyclo[17.3.1.15'8 1tetracpsan A8} /022460
19,21-triene-7-earboxamide Step 1: 1-t-Butyl 2-methyl
Exantdf4R)-4-({r(3-bromophenyl)aminolcarbonylloxy)pyrrolidine-1,2-
dlcarbox / Iate WO 2008/057209PCT/USZOO7/022460 Toa

2R 45185 0 ; Nickime
- Q(JeH%;Q) é-@%mw%w&'\{'ﬁqé mLe} calivdro ,

10 romo-3- |socyanaoenzee 30 m, Ao;' ”*" t Z5ggethano-

L1C.2bhanzodionsdiseecyrigmonad ecmestperetyseide added. After 15 hours the

nd extracted with EtOAc. The organic
layer 5was washed with H20 any.thien brine, dried over Na2S04, and the
solvent was removed in vacup—The®rude material was purified on Si02
(gradient elution, 5-75% OAc/hexaﬂe})z%oo |é1d3the titte compound.

LRMS Esr- ((M-Boc)1-1)* p Y
(5R,78,1OS)-10-ButyI-N-((1R,2§§ 1(eyclgpropylsulfonyflaminolcarbonyll
-2- vinylcyclopropyl)-3,9 12- trioxo/ll\13 dioxa-2,8 11-triazatricyclof
17.3.1.15'81tetracosa- 101(23) 19,21-triene-7-carboxamide Using

the prodﬁﬁﬁ?BW@féBﬁ%H%"tﬁi@%‘?ﬁb%ﬁ@%% e peandti@8oorainpitcl HF (5 mL)

and EEmmqﬁmmw@lﬁﬁld%&Meﬁba 0842 BXABIPIEA10% PA/C (2 mg) were added.
The 15 55 7S, ) &}? -Butyl-N-((1R
TRENIE h’(a 5}3 é’ §ﬁﬁ6ﬁ9§3ﬁ%§&?ﬁ?ﬂ{9}}@fwﬂﬁ hours. The mixture was then

filtercdybiopfiapwiH2 RaHE0QXN3 & b3ctionard 1S AIOXAR.8 ddihiazalr
1.15'81he 1 23 triene-7-carboxamide qu %gl?ﬁée

cosal(2
S?l"@“?a"’r%%éﬁ?%%"sy@g SHEfr el B AR o plissepmsomaphy o
yield thetepiacingBaito R B S IREIVH-31hremsos4-methoxyaniline. WO

2008/0 % 9PC U829c97r/1%t22460 Iﬁ’f{ le 42 (6R,8S,115,1
8E)-N-({1: 3’%“)8_ %ﬂ’ ODV%BWgU )E) ﬁﬁlﬁgigg%ﬁﬁ zlntermedlates in place of

tenmmﬂéy@dpmpﬁﬂ)ate BS, and appropnate phenol or hydroxyl-heterocycle in place of
3-bro RLoPYIr4 ;iroxo pxa-3,9,12-triazatricycloil8.3.1.16'91pe
n:rll(gggsal(M) W atJ{algrI éﬁ%ogfc%ar SORAIEEORPURGS TeTemEw A SLHeng the
approm&tmmtm@@mmutmthammeﬁuh—mﬁ)@ymtedj dioecdcB-Example, Step 1 of

the prodiCRIRAKAE her phenol or hydroxyl heterocycle as indicated.

mlxture was dlluted with NaHC

q.—‘

Structure Name LRMS Procedure Step 1 Int.
(M+H)*

(1R, 25)-1-({{(2R 45,75)-7- 632.4 See 2-altyl-5- B1
butyl-6,9-dioxo-19-phenyl- Example 5 phenyl-
3,4,6,7,8,9,11,12,13,14,15, phenol.
16-dodecahydro-2H-2,5- Ref: US
methano-1,10,5,8- 2,548,704
benzodioxadiaza
cyclooctadecin-4-
yllcarbonyl}amino)-2-
vinylcyclopropane
carboxylic acid

- 80 -



To a solution of 1-t-butyl 2-methyl (25,4R)-4-hydroxypyrrolidine-I,2-
10dicarboxylate (4.41 g, 17.97 mmol) in DMF (70 mL) cooled to OC, CDT
(2.91 g, 17.97 mmol) was added. After stirring at RT for 30 minutes,
WO @B WPhenyl) methanamine hydrochloride (4.0 g, 17.97 i@y a@s22460
added, and the mixture was heated to 50C for 15 hours. The reaction was

Ex. | thengifutadevith ETORC, washagygin H20 anyt thepizener gried overr—c
NaZSO4 and the sojvent was removed in va CUQpiLipg-cryde material|was * ’
14 purifie Si02 (grafient Rhsms), 1By 3% Ef0AGHEKaNES) T yjetd 1S.allyi-5- | BI
titteg ound LRMS Esr- (VRBSE)+H)+ 359.2. Step 2:| Example 6 phenyl-
¥,85,1151,18E)-N((IR{gBiedropylsuifonyl) phenol.
{1(8: rogylsglfonyl)aw};ﬁafb@w}@ vinytcyclo Ref: US
FoRY(L- 4"1@@807[‘???5526@ 44-dioxa-3.9,12-trjazatricyclor18,348,704
' ‘én c é’al( ?@ ne 8 ¢arboxamide
LPsm the product fr( e:f ro’@ 1te B7, the title compoulnd
was 20 prepared ac Lor ing, § RMS ESt (Mi+H)+ 686.4.
By using the appropriate g@gg&ggggﬁai e ap|c ropriate B intermediates in
place of Intermediate Bl gekiarmegiate B7 or
N-[(Hept-6-en-1- on>'y)carb©ﬂ'jtl113nmethyl-L-\;aline, and appropriate amino
16 @ pound in Step 1, th@Adkowisg zonipounds weregprepare@edd WQltromo-z- | B11
1057209PCT/L S20070XF4B02E)] Strugture Name| LIRM&IM+H)#zphihol
[Prbcedure Step 1 |qt 4% aglprpThiulfaR2S)-1-( {[(4R,6S,9S)-
9-butyl-2,8, 11 trloxo- 1 2“,’?‘}6"@@‘%}1&213 14,1 5,16,17,18-
vinylcyclopropyl)-12,15-
\/L diox0-9,10,12,13,14,15,
L o 18,19,20,21mdecahydro~
] 8H,17H-8,11-
methanonaphtho(2,1-£]
{1,10,3,6] dioxadiaza
cyclononadecine-10-
carboxamide
17 (2R,45,75,16E)-7-1-butyl- 7225 See 3-bromo | BI1
NA{(1R,28)-1- Example | | guinolin-2-
. {[(cycloifnro%ylsu{’go;yl) ol. Ref: 70
aminojcarbonyl}-2- 1. Orp.
N QA vinyleyclopropyl)-6,9- Chen?.r 175
=0 i Y dioxo-3,4,6,7,8,9,12, (2005).
AY <I 13,14,15-decahydro-
ZH1H-2 5-
methano[1,10,3,6]
dioxadiazacyclo
nonadecino{11,12-5]
quinoline-4-carboxamide
ig (2R,48,75,16E)-7- 748.7 See 3-bromo B1é
cyclohexyl-N-((1R,25)-1- Example 1 | gquinolin-2-
{[(cyclo;aro%yisulfonyl) ol. Ref: 70
amino]carbonyl}-2- g
Q—‘(\ ) Vinylcycloprop;’lié,f}- Cifc;g 1'75
- W dioxe-3,4,6,7.8,9,12,13,
o-—-ﬁo O q t4,15-decahydro-24, 11H- (2005
2,5-methano[1,10,3,6]
dioxadiazacyclonona
decino[11,12-5]quinoline-
4-carboxamide
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tetradecahydro-41-1-4,7- methano-3,12,1,7,10- benzodioxatriaza

cycloicosin-6- ylicarbonyllamino)-2- vinylcyclopropane carboxylic aC|d
599.3 See Example 39 2- bromophenyl isocyanate 94

WRRWBE9BYD-butyl-N- (OR,25)-1- {[(cyclopropylsulfonyl) amina}-cabemil4co
-2- vinylcyclopropy1)- 2,8,11-trioxo- 1,2,5,6,8,9,10,11,_13,14,15 16,17,18-
Ex. | tetraceqedaydro-AM-4) 7- MethaRgs, 12, 1,7, 107 bergppiioxatpazagyclor——g o
icosine-6-carboxamige (M+H)"
(2RAS,7S,15E)-7- 734.6 See 3-bromo B17
cyciohexyl-N-((1R,25}-1- Example 1 | quinolin-2-
{l{cyciopropyisulfonyl) ol. Ref: 70
amino Jcarbonyl}-2- _ J. Org,
vinyleyclopropyl}-6,9- Chem. 175
dioxo-3,4,6,7,8,9,11, (2005).
12,13,14-decahydro-2-
2,5-methano(1,10,3,6]
dioxadiazacyclooctadecino
[11,12-b)quincline-4-
carboxamide
(2R.45,75,16E)-7- 776.8 See 3-bromo B1g
cyclohexyl-N-((18,25)-1- Example 1 | quinolin-2-
{[{cyclopropylsulfonyl} ol. Ref: 70
o amino Jcarbonyl}-2- . Org,
A vinyleyclopropyl)-12,12- Chem. 175
¢ dimethyl-6,9-dioxo- {(2005).
! 3,4,6,7,8,9,12,13,14,15-
decahydro-2H,11H-2 5-
methanof1,10,3,6]
dioxadiazacycio
nonadecinof11,12-
blguinoline-4-carboxamide
21 (2R,48,78,16E)-7-1-butyl- 672.4 See 2.bromo Bll
N-({1R,25)-1~ Example I | pyridin-3-
{{{cyclopropylsulfonyi) ol
aminojcarbonyl}-2-
vinyleyclopropyl)-6,9-
dioxo-3,4,6,7,8,9,12,
13,14,15-decahydro-
2H11H-2,5-
methanopyrido{3,2-k]
{1,10.3,6]dioxadiaza
cyclononadecine-4-
carboxamide
22 (2R48,78,16E)-7-1-butyl- 672.4 See 3-bromo B11
P ';;F o 4-{[((1R,25)-1- Example 1 | pyndin-
5 oA {[(cyplopropylsulfonyl) 4(1H-one
(}\«N P Iamino}carbonyl}~%~
woL H O vinyleyclopropyl)amino]
OY“; ] ' carbonyl }~6,9-dioxo-
° 3,4,6,7,8,9,12,13,14,15-
decahydro-2H,11H-2,5-
methanopyridof4,3-&)
[1,10,3,6]dioxadiaza
cyclononadecin-19-ium
trifluoroacetate

i9

20
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702.4 See Example 40

2- bromophenyl isocyanate B4 4 Ltrz \

(5R,7S,10S)-10-butyl-N- ((IR,25)-1- a(cyclopropyl sulfonyl)amino]

carbonyl} -2- vinylcyclopropy1)- 3,9,12-trioxo-4,13-dioxa-

WO Yol atricyclo [16.3.1.15'8]tricosa- 1(22),18,20-triene-RCT/US2007/622460

carboxamide 674.4 See Example 40

3- bromophenyl isocyanate 93 47

Ex.

jr, OBtructure

Name

LRMS
(MAH)"

Procedure

Step 1

int.

23

Ph

T =i

(2R,45,75,16E}-7-t-butyl-
N-A{1R 25)-1-
{[{cyelopropylsulfonyl)
amino]carbonyl}-2-
vinylcyelopropyl)-6,9-
dioxo-18-phenyi-
3,4,6,7,89,12,13,14,15-
decahydro-2H,11H-2.5-
methanopyrido[2,3-
k}(1,10,3,61dioxadiaza
cyciononadecine-d-
carboxarnide

See
Example 1

3-chloro-4-
phenyl
pyridin-2-
ol

Bl

10

15

Example 24

(1R.28-1-({[{4R.65.98 16 E)-9-Butyl-8.11-dioxo-3.12-dioxa-7.10-

diazatricvelo[16.3.1.1% tricosa-1(22).16.1 8.20-tetraen-6-vlicarbonvl}amino)-2-

vinvlcvclopropanecarboxvlic acid

o

o H\)\O\

R

Q“OH
{

Step 1: 1-t-Butyl 2-methyl (25 4R)-4-[(3-1odobenzvhoxv]pvrrolidine-1.2-dicarboxylate

=

0,

N
Boc o

To a solution of 1-~butyl 2-methyl (2S,4R)-4—hydroxypyrrol§dine~1,2~

dicarboxylate (1.5 g, 6.12 mmol) and 1-(bromomethyl)-3-iodobenzene (2.18 g, 7.34 mmol) in

DMEF (20 mL}), Cs;CO3 (5.98 g, 18.4 mmol) was added at RT. Afler 3 days, EtOAc was added,

and the mixture was extracted with 1N HCI and then H,O. The organic layer was dried over

Nap 504, and the solvent was removed in vacuo. The crude product was purified on SiO;

(gradient elution, 5-70% EtOAc/hexanes) to yield 1.5 g of the title compound. LRMS EST™ ((M-

Boc)+H)" 362.2.
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, . 11 V ofsulfonyl)amino] (5R,7S,10S)-10-butyl-N- ((IR,25)-1-
{[(cyclopropyl carbonyl } -2- vinylcyclopropyl)- 3,9,12-trioxo-4,13-dioxa-
2,8,11-triazatricyclo [18.3.1.151pentacosa- 1(24),20,22-triene-7-
WELHGPAMe 702.4 See Example 40 3- bromophenyl isocyar4t& O oyyir2460
2008/057209PCT/US2007/022460 Ex. Structure Name LR S Procedure
Step 2Step-Bwtl 2-methvi (25.4R)-4-[(3-vinvlbenzvloxv]pyviTolidine-1.2-dicarboxylate

SO

0,

O
S |

To a degassed solution of the product from Step 1 (1.4 g, 3.03 mmol) in PhMe
(20 mL}, vinyltributyliin (1.06 mL, 3.64 mmol) and PA(PPha)4 (70 mg, 0.06 mmol) were added.
The mixture was then heated to reflux for 1 hour. The solvent was removed in vacuo, and the
crude material was purified on 810, (gradient elution, 5-50% EtOAc/hexanes) to yield 700 mg of
the title compound. LRMS EST" ((M-Boc)+H)" 262.3.
Step 3: Methvl (4R)-4-[{3-vinvibenzyDoxv]-L-prolinate hydrochloride

o
Hot N

H o
To the product from Step 2 (700 mg, 1.94 mmol) was added HCl/dioxane (20 mL,
4M, 60 mmol). After 1 hour, the solvent was removed in vacuo to yield 575 mg of the title
compound. LRMS ESI" (M+H)" 262.3
step 4: Methyl N-[(pent-4-en-1-vloxy)carbonyl}-L-norlencyl-(4R)-4-[(3-vinylbenzyDox yl-L-

el

Q

prolinate

U‘T/O\
N

H
N\/O\H/N\_/&O 0
O

L

To a solution of the product from Step 3 (300 mg, 1.0 mmol) in DMF (5 mL),
Intermediate B1 (368 mg, 1.51 mmol), DIEA (0.702 mL, 4.03 mmol), EDC (386 mg,
2.01 mmol}, and HOAt (274 mg, 2.01 mmol) were added at RT. After 2 hours, the reaction
diluted with NaHCO3,q) and extracted with EtOAc (3x). The combined organic layers were
extracted with H;O and then brine, dried over Na,SQO;, and the solvent was removed in vacuo.
The residue was purified on SiO, (gradient elution, 5-75% EtOAc/hexanes) to yield the title
compound. LRMS EST" (M+H)" 487.4.
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04141)* 480 ,P>cffzzz, 0000 0'0.>....0. 0 0 (5R,75,1051,19E)-10-e-
butyl-N-(( 1R,2S)-1- {{(cyclopropyl! sulfonypamino] carbonyl} -2-
vinylcyclopropyl)-22- methoxy-3,9,12-trioxo- 4,13-dioxa-2,8,11-

WHa2aticy21e [19.3.1.15'8]hexacosa- | (25),18,21,23-tetraene pPCT/us2607/622460
7-carboxamide See Example

Step 5: Methvyl (4R.65.95,16F)-9-butyl-8.1 1-dioxo-3,12-dioxa-7.10-
diazatricyelo[16.3.1.1%tricosa- 1(22),16.18,20-tetraene-6-carboxvlate

o) *’*\/\50\ N
1o

The title compound was prepared according to Example 1, Step 5 using the
5  product from Step 4. LRMS EST" (M+H)" 455.4.
Step 6; (4R.65.95.16£)-9-Butyl-8,11-dioxo-3.12-dioxa-7,10-diazatricvelol 16.3. 1.1*"tricosa-
1{22}.16,18.20-tetraene-6-carboxvlic acid

0
o =
OH\-/LQ

To a solution of the product from Step 5 (160 mg, (.35 mmol} in THF (3 ml.) and
10 MeOH (0.5 mL), LiOH (3.49 mL, 1M solution, 3.49 mmol) was added. After 1 hour, the
solution was acidified to pH 6 with 1N HCl and extracted with EtOAc {3x). The combined
organic layers were washed with H,O and then brine, dried over Na,SO,, and the solvent was
removed in vacuo to yield the title compound. LRMS EST* (M+H)" 445 4.
Step 7: (1R.28)-1-({[(4R,68,95.16E)-9-Butyl-8.11-dioxo-3.12-dioxa-7.10-
15 diazatricyclo[16.3.1.1 ltricosa-1(22),16.18,20-tetraen-6-vilcarbonyl} amino)-2-

vinvlcyclopropanecarboxvlic acid

Using the product from Step 6, the title compound was prepared according to
Example 5, Step 7. LRMS ESI” (M+H)" 554.4.
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40 2-bromo- socyanato-1- methoxybenz ene. Ref: 16 Biorg. Med. Chem.
Lett. 404 (2006) B 49 (5R,78,105)-10-r-butyl- 7- {[(( IR,25)-1-
{[(cyclopropyl sulfonyl)amino] carbony11-2- vinylcyclopropyl)
WERNBEEAdNyYI } -3,9,12- trioxo-4,13-dioxa-2,8, | 1- triazatricyf§ BUS2007/022466
[19.3.1.15'81hexacosa- 1(25),21,23-triene-22- carboxylic acid
Exan{ple .85, 115) NAIR,28)- 1- { Rcyclopropyl sulfonyl)amino] carbonyl} -2-
mzl‘%ﬁ' o_u 1 1 | prp I 4 | 0,13-trioxo- 5,14-dioxa-3,9,12- ,

7 .

. * o

...... AL B Y Lk I A TLOVE O .‘.'..-_n'
U - y ’ O ¥ Ci VAW AW a4

I 22)$&é(Ebrmme/146m}30nvﬂarnmo)—2—vmvlcvclomonanecarboxyhc acid

/Tiq
TN
e g“
5 Step 1: 2-(Trimethylsilvethvl (4R)-4-[(3-vinvlbenzyvloxy]-L-prolinate hvdrochloride
SO
9
o
HCI (}Y

H o
Lo
Using 1-z-butyl 2-[2-(tnimethylsilyl)ethyl] (25,4R)-4-hydroxypyrrolidine-1,2-

dicarboxylate, the title compound was prepared according to Example 24, Steps 1-3. LRMS
EST" (M+H)" 348.3.
10 Step 2: 2-(TrimethylsilyDethyl N-[(pent-4-en-1-vloxy)carbonyll-L-norleucyl-(4R)-4-[(3-

\Q

Q’.

(—Lnfo\/\ ™S
H N
N

o}

vinvlbenzvloxvl-L-prolinate

s

Using the product from Step 1, the title compound was prepared according o
Example 24, step 4. LRMS EST" (M+H)" 573 .4.
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See Example 41 4-amino-2- bromo benzoic acid | -(3 -bromo phenyl)
methanam ne 131188 o,H90,,pH, 50 5150, ,zr0

WO 2008/057209 PCT/US2007/622460

Step 3: 2-(TrimethvisilyDethyvl (4R.65.95.16£)-9-buty]-8.11 -dioxo-3,12-dioxa-7,10-
diazatricvelof16.3.1.1" 1tricosa-1 (22),16.18.20-tetraene-6-carbox viate

o
OYG\E/%\ g
\L ’ OHTMS

Using the product from Step 2, the title compound was prepared according to
5 Example 24, Step 5. LRMS ESI™ (M+H)" 545 4.
step 4: 2-(Tomethylsitylethyl (4R.65.98)-3-butyl-8,11-dioxo-3,12-dioxa-7.10-
diazatricyelo[16.3,1.1% Jtricosa-1(22),18,20-triene-6-carbox vlate

KK\JQE

o 8

YN\)LN

o \k e
Using the product from Step 3, the title compound was prepared according to

10 Example 3, Step 1. LRMS ESI" (M+H)" 547 4.
Step 5. (4R.65.95)-9-Butyl-8,1 1-dioxo-3.12-dioxa-7,10-diazatricyelo[16.3.1.1% Yricosa-

1(223.18.20-triene-6-carboxvlic acid

o 1 § s
N
© \k o oH

2-(Trimethylsilyl)ethyl (4R,65,95)-9-butyl-8,11-dioxo-3,12-dioxa-7,10-
15 diazatricyclo[16.3.1 .14’?]tﬁcosa-1(22),18,20—triene~6—carboxyiate (60 mg, 0.11 mmol) in THF (3
mL), TBAF (0.137 mL, 1M solution in THF, 0.137 mmol} were added to a solution of the

™S

product from Step 4. After 2 hours, the solvent was removed in vacuo to yield the title
compound as an oil. LRMS ESI" (M+H)" 447.3.
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za Zr\ (5R,7S,10S,17E)-N- (( 1 R,2S)-1- { [(cyc lopropyl sulfonyl)amino] -
carbonyl } -2- vinylcyclopropy1)-10- isopropy1-3,9,12-trioxo 1,2,3,6,7,9,10,
11,12,14,15,16- dodecahydro-5H-5,8- methano-4,13,2,8,11- benzodi

WEhEa2at8%clo icosine-7-carboxamide 686.4 See Example 420 T(85Bp0THG2460
phenyl) methanamine 87 WO 2008/057209PCT/US2007/022460

Step 6Exammt$ 52 (FRREN M URL9)-4.1 {tGyedopronylsuliomd)anyaeleasRenyls 1.1
in Ic clorop 1)- 15 15, 24 trlmeth 1-3,9 12-trioxo-6 7 9,10 11

'_ gV i a 0 :l A GTR A0 1 MRV 0 g‘,\g,; anecarbox IC acid

methan @ﬁr@t& &ﬁam@ﬂmm@am@m@mﬁm@%@qf&@m KR ding to
Example 5, Step 7. LRMS ESI™ (M+H)™ 556.4.

Example 26
{4R.68.95.16E)-9-Butyl-N-({1R,25)-1- {[{cvclopropylsulionvyl)aminolcarbonyi}-2-
vinvicyclopropvl 18,1 1-dioxo-3,12-dioxa-7.10-diazatricyelo[16.3.1.1* ltricosa-1 (22).16.18,20-

tetracne-6-carboxamde

To a solution of the product from Example 24, Step 6 (150 mg, 0.337 mmol) in
DMEF (5 mL), Intermediate Al (108 mg, 0.41 mmol}, DIEA (0.147 mL, 0.844 mmol), and TBTU
(163 mg, 0.51 mmol) were added. After 2 hours, the mixture was diluted with NaHCOj3(q and
extracted with EtOAc. The organic layer was washed with brine, dried over Na,SOy, and the
solvent was removed in vacuo. The crude material was purified by reverse-phase
chromatography (gradient elution, 5-95% acetonitrile/H>O (with 0.15% TFA)) to vield the title
compound. LRMS EST" (M+H)" 657.5.

Example 27
4R 65,981 -N-{(1.R.28)-1-{[(CvyclopropylsulfonvDaminolcarbonv!}-2-vinvlicvelopropyl)-9-
isopropvi-8.11-dioxo-3,12-dioxa-7,10-diazatricyelo[ 16.3.1. 14'7}tricosa—1 (22).18.20-triene-6-

carboxamide

-88 -
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Step 1: I-t-Butyl 2-12-(trimethyls yl)ethyll (2S,4R)-4-hydroxvpe-I
2-dicarboxylate HR. j 0-1 0-<OL-TMS To a solution of
N-Boc-L-4-hydroxyproline (14.5 g, 0.0591 mol) in toluene (175 mL),
WL 2061 Isilyl-N,N)-diisopropylisourea (29.0 g, 0.118 mol) ¥TrEicher 022460
SYNTHESIS 10755-762 (1996)) was added, and the mixture heated to
Step Tefhxiter Bihass sTagyeactonmixgure.Was£e9'ed: sanegptirated to an oil

. and redissolveg.in DCM (150 mL) and H The miXture was
diazatpevelgld 6 3.1 1 " Mtensa 112 h 16 4 Sl bake \eSrgribaxata

was dissolved in 20% EtOActhexanes (2Q0 mL) and stirred, the solids
were filtered, and the filtrate was ted to an oil and purified on

Si02 (20-60% EtOActhexanes) tq-yield 9.4.¢ (48% 15yield) of the title
compound. LRMS (M+H)t Calcd®= %&Jo nd 332. Step 2: 1-t-Butyl
2-12-(trimethylsilyBethy11(25,4R)p4-41('43bgomo-1-methy1-1H-indo1-2-
4)earbonylloxy} vyrrolidine-1,2-dicarboxy?até >L00 13-1_ TMS

T0 & SOl orpediale G a6A0 Al Rk PR R L mpound was

carbonyl 20diimidizole (230mg, 1.4 mmol) was added, and heated to 40C
e %Wé@sﬁe\fv’ﬁ | élﬁtﬁd%r% f(.iaf;g ﬂ%@%ﬁﬁﬁ%‘ﬁt&%tim Kk Edtidoutith-3.
Step ArdvieBie H4R (5BAINGi doFropwicd) ldnetdIBY (@318 k. 1 0MQzatricveio] 16.3.1.147]
tricos29P _ q Sr§07(322460 2.12 mmol) were added. The

72(19PCT/U
éie“c SAHMS 40 C for an additional 2 hours. The

reaction mixture was diluted with EtO nd the organics were washed

with IN HCI (2x), brine, saturated (2x), and brine. The organics

were then dried over Na2S04, fittered, ang® concentrated. The resulting

residue was purified on Si02 (gfadi utbon, 10-40% EtOAc/hexanes) to

yield the product as a white foamb (556 mg,.§9% yield). LRMS (M+H)+

Calcd. = 567, 569; found 567, 569. Step B: 2-12-(Trimethylsilyflethyll

(28,4R) Usihb{drbproaads methg ded i-REQLtay HGARO WAL prepared accaofdin to

xy)pyrrolidine-2-carboxylate . TMS 10To a solution of the compound fro
Examé?:% %‘?%%W%@%ﬁﬁ%é@n HE/ (4 mL), TFA (1 mL) was added, and
Step 3t RGSIO-WasiKipmd: (o€ Hoskrd e FERENPR MR IEHYAT LONGROILRIS b opyi)-

i
_The resuylting residue. \ titi,onetd_ between EtOAC and safurated
Pt P ¥, ; s b (] F & ALYTS K -‘lﬁ' VMAYTEY It @AY ‘: A

carboxwaghed V\,Iith brine, dried over Na2S04, filtered, and conenrte to yield
the title,compound as a pale yelloy 0il (340 mg). LAMS 15(M+H)+ Calcd.
= 467, ‘?%u%&ﬁ%?%@?‘é%% :%?( RO Yt pregaped according to
Examp(R. 26dibiRbh§ | BEX-SrenHIyBex 4i carbonyl 1 -3-m ethyl-Lval yl-(4R)-4-
ff(4-bromo-1-methyl- 1 H-indo1-2-yl)carbonylloxyl -L-prolinate  To a
solution of the compound from Step 3 (340 mg, 0.727 mmol) and 20
Intermeidjatei B 1¢249 i de§rScaime) i Hirdfrimk B ieFeB3RMYplace of
Tnt ngdzgéqrgp}f)n%% E (2.36 mL, 2.2.mmol) were added, and. the mixture
n ermwas > B 1 oL ke 156%&%23 hat(ll:}dr gggf%ﬁzé?er%e ylatmg reagent in Step 1 in place of
1-bromo-3-(bromomethyl)benzene, the following compounds were prepared.

- 89 -



mixture is diluted with EtOAc; the organics were washed with IN HCI (2x),
brine, saturated NaHCO3 (2x), brine. The organics were then dried over
Na2S04, filtered, and concentrated. The WO
VADOBRET209PCT/US2007/022460 resulting residue was purifieg98:88:02460
(gradient elution, 1.5% acetone/DCM) to yield the title compound as a

Lo W, i Lo Y Al

Ex. whitg{eamt402 Mg). LAMS (MFHH)+ Catcd = TL%&QSG, fgyu@d‘/ 4136,
Step 5: 2-(Trimethylsilyl)ethyl N- (M) Scedure Step 1 Int.

29 { -dimethylhex-3-enzlapaxyicarbnmd) -3-mefo-LValy I44R)-2 {1 S odos T B4
= 1—4-vin 1-1H{ivdatyRs 1icaihomcinate 5 TMS | ExampleN2 WaSromo

ubbl@ a soldtm -0fl thizeamipoling from Step (A (405 mg, D.54nethyl)
mal) <8 rap fOF730Imintnesscand then tributyl(yinyl)tin (0.9 nkenzene
0 %‘5%@5 artg tetrakistripheryiptidgpfine balladium (63 mg, 0.05|mmol)

vv.ergﬁdded The reactitlf B ﬁ“Wé@ fieated to reflux|for 2 hours
con€entrated, and p rlfled @’?g@ﬂ?ﬁ residue on SiOE 10(gradient

tHa-caran hd-as-a-velow-oil
A L& 4

3 afution=0-1-5%acetpr te R yelow-oll
’ 0 fug). LRMS (MbH): Gcf)fey ’g%%,fgw 687 St tep %xfgfple el R
-(Trimethylsilyl)ethyl 3 ;2. dmxa 7,10- 25 methyl)
{ (BR, 7B)-15, 15, 24-trinethy 13:9:1210x0-6,7,9,10,11,12,14, 16,16 | ...~ -
e %dro&HS -2, 23&pimiriprb@methano-4 13,8
ilfb“én Az cyc@ﬁéﬁléwm-ﬁﬂ—cal box ylate ;N2 was bupbled
through a solition of thélkaspapitirifed Step 5 (320 ;Tg, 0.47 mmol) in
I

DCM (80 mL) for 30 mintiteeysiaremepeNeglyst M catajyst (75 mg, 23
ed—FHe Aqﬁﬁ;bfqmqudne stitred-for 6-hgurs,and N2 was

£0/ Naarac. acd
gy vwwasragucoaTrt

3 v >
led through the sollition q nutes, af?ém/him addffonal| 1-iodo-3- | B2

| NE YST M catalyst( 5 MYcRpr )wcs added, and §o|utloﬂ’1“§lmlo

rr d 5 hqurs. POLS and purified the resulting resi génzii

Wgﬁ (g d*le elution, k0% EtOAc/hexanes) to yjeld the title

ound as a yellpwiaill{2&8pragy HILIRMS |(M+H)+ Calcd. = 654; found
654. WO 200810572@8RET1U&20071022460 Step 7 (5R,7 5)-
N-41R,25-1)-1- (I (Q ycIopr@WB’tﬂYoWylIamlnolcarbonyl}
-2-vinylcyclopropy1}- [16.3.1.1" }tricosa-

15,15.24-trimethy1- Y32:1fd k3% e, 11,12,14,15,16,17-decahydro-3
[Nl o Wi e Yo TP NA G Omré-l- rgxmée

ko) lolan Lo C}JIIIIIIIU\. T 1)
3 enzodloxadlazctcy g‘?&% i %l-cark)oxfﬁﬁ(fe TO a%sgﬁ'i jon o g}do 3. B2
(99 mL

 com ound from Step 6( s mmol in THE (3

0
; AR (
THE P66{mm iﬁﬁﬁ)@m and the mixture was stirred forrgl(g;’;g
) mini T

e NeaSHipn solutieswygsconcentrated to dryness, and the
\gesultl?\g regidue was disgledehiopIME (4 mL). To thig solution,
Intermediate Al (84 mgn@igR&Amd ATY (120 mg, .32 mmol), and
DIEA (0.22 mL, 0.6p mmo‘l’)“%v'érl@ adtded, and the mixtyre was stirred for
18 hours. The crud<= re ?F?ﬁ'ifd’ﬁ was purified by reverse-phase HPLC
to yield the title 10 ¢o } B <fite splid (40 mg)| LRMS (M4H)t

Calcd. = 766; found %ﬁg m?a@
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(5R 7 S)-N-((IR,25)-1 - (Cyclopropylsulfonyl)am inol carbonyl)
-2-vinylcyclopropy0-15,15,24- trimethy1-3,9,12-trioxo-6,7
9,10,11,12,14,15,16,17118,19-dodecahydro-3H15H-2,23-epimino-5,8-

WEH1894,13,8,11-benzodioxadiazacyclohenicosine-7-camorantees 022460
Step 1: 2-(TrimethylsilyBethyl (5R,7S)-15,15,24-trimethy1-3,9

Ex.

12-trianecteré,9,10,11.
nydro-311,5H-2,23-epimi

16,17,18,19-dodecal

12,14, 1Name

LRMS

methano-4,13

Procedure Step 1

Ing.

33

zodloxadlaz
utloq) o; th

mpg %&ced [
reacti

to yl'éld the title com
656; found 656. Stey
1R228)-1-(1(Cyclop
15,15 24-trimethy1-3
10, 11 12,14,15,16,1

aAeyobo, ASp M) -4-C
¢ompoiiifasicirpmpiExamp
L), 16%PaiEnuRimg)

h {‘ﬁlﬁegviﬁggrﬂﬂlé’red
)(IJ%UII]?IB§ m I
) 2 ( 2t

Py wtfqnly Ugglcar
9 il(%zt)r OO B R-6-
7,18 19aﬂﬁﬁﬁﬁaﬂaydro—

IneREPIY ko NG 2B08/057200PC

gﬁm?o mg). LRM

el Step 6
vas added, a

and the filtra:

ponvil -2-viny

BH,5H-2,231

arboxylate 1f-N T&e= TM$ 20
173:m@i0.27

nd the reaction

/US2007/022460

te is concentrated

S (M+H)+ Calcd. =

Icyclopropyl)-

B7

34

ino-5, 8 etha
enz dias
of theatrlmetﬁysnylet

Cal’l’le"dl%ét as descr

l
I
|_\

11,12,14,15,16,17,18,
methano-4,13,8,11-
15Hydrolysis of the

nigEsh
¢|+°ﬁf)b$rt¥ I d‘”ﬁfe%lﬂfo

trimethylgifylothdrester,

coupling 1o Intermediate A8lagcleseribed i

NOMR 53,95)-9-1-butyl-6-
racyclaiémcssine-7-ca
hyl esfé(ﬁmmblmg
bed e

21T}

{9% Isulfo
s 4 '6‘9

- Cﬁéé{ alydigs 3H §

oengmhqx&dyaz@gyclor

6613
rboxamide
with Intermed
tep 7 to afforg
und 768. 10
nyl)aminol ca
3,9,12-trioxo

(Example 52
n Example 52

the title
Example 54 suifonate,

6,7 9,10
1-1-2 23-epimino-528-
enicosine-7-carboxamifde

See (6-bromo

Exampldydrolysigin.2 -
iatezAl was ylymethyl
methane

Ref 61
Tetrahedron
12100
(2005).

rbonyl }

Step 1) and
Step 7 afforded

B2

35

ey le compound.
the appropnal?

| RMSIR&AER-Calod: +

13, and CI respecégg
?057@ 9PCT/ Ony

eZA: CBioé‘hﬁ'“@ lifi&Nimed
KFIeA@Rdllowin

Z@rlnylcyclo

propy) 8,11-dioxo-3,12-
dioxa-7,10-diazatricyclo
[16.3.1.1% }tricosa-
1(22),16,18,20-tetraene-
6-carboxamide

778 féund

Structure

770See
lates in plage Brdmggemediddesbenzyl
g compounds wele preparadthane
Name LRMS sulfonate

S5-bréayo-2-

(C9)

Bl

36

(4R,65,95,16£)-9-butyl-
NA{(1R25)-1-
{[(cyclopropyl

sulfonyl)amino]
carbonyl}-2-vinyleyclo
propyl}-8,11-dioxo-20-

(rifluoromethoxy)-3,12-

dioxa-7,10-diazatricyclo

[16.3.1.1%"}tricosa-
1(22),16,18,20-tetraene-

741.3

6-carboxamide

3-bromo-5-
(trifluoro
methoxy)
benzyl
methane
sulfonate

(€7

See
Example
26

Bl

- 91 -




INt. 55se NHOORN-HNOO, it

ey 0 WS, -HNL7

(5R,7S,10S)-10-i-butyl-N- ((IR,2R)-1- {[(cycloprppylsulfonyl) _
amino]carbonyl) -2- ethylcyclopropy1)-15,15- dimethy1-3,9,12-trioxo-

VE29807120%2,14,15,16,17,1 8,19-dodecahydro-3H,5H-

POT/US2007/822460

2,23-epimino-5,8-methano- 4,13,8,11- benzodioxadiazacyc lo heni co

Ex. sinesherrpaxamide 156 See RXpple 5S4 AB, BERis | Procedure Step 1 Int.
(M+H)"
37 iy (4R,65,95,16E)-20- 736.3 See 1,3-dibromo- | Bl
bromo-9-butyl-N- Example 5-(bromo
! ) ((1R,25)-1- 26 methyl)
wao {{(cyclopropyl benzene
L f ‘QA sulfonylamino}
b % Tewe carbonyl}-2-vinyleyelo
L l propyh)-8,11-dioxo-3,12-
dioxa-7,10-diazatricyclo
[16.3.1.1*"}tricosa-
1(22),16,18,20-tetraene-
6-carboxamide
38 o (4R,65,95,16F)-9-butyl- 687.6 See 3-bromo-5- | Bl
N-({1R25)-1- Example methoxy
i {[(cyclopro_pyl 26 berzyl
? sulfonyl)amino] methane
. o carbonyl}-2-vinyleyelo suifonate
Sou 1 Ak ,gA propyl)-20-methoxy- (C10)
Zf' e ¢ H O 8,11-dioxo-3,12-dioxa-
7\ | 7,10-diazatricyclo
[16.3.1.1*|tricosa-
1(22),16,18,20-tetracne-
6-carboxamide
Example 40

(5R,75.108)-10-Butyl-N-{(1R.25)-1-{[( cyclopropylsulfonylaminolcarbonyl}-2-

vinvicyclopropyl)-3.9.12-trioxo-4.13-dioxa-2.8.11 -triazatricvelo[17.3.1.1° ’B]tetracosa—

1(23).19.2 1-triene-7-carboxamide

Step 1: 1-r-Butyl 2-methyl (28.4R)-4-( { {(3-bromophenylaminolcarbonyl} oxyipvirelidine-1.2-

dicarboxvlate

-92.




0256 aNH o NN N-lthlc._ "\,7 (5R,78,10S)-10-4-butyl-N- WR,25)-1-
{[(cyclopropylsulfonyl) amino]carbonyl} -2- vinylcyc lopropy1)-15,15-
dimethy1-3,9,12-trioxo- 6 7 9,10,11,12,14,15,16,17-

W aHEdr823H,5H-2,23- epimino-5,8-methano- 4,13,8,11-beRe3diSxe 77022460
diazacyclohenicosine-7- carboxamide 752 See Example 52 Al, B13, C2
570  To asolution of 1-#-butyl 2-methy! (25,4 R)-4-hydroxypyrrolidine-1,2-

dicarboxylate (1.0 g, 4.08 mmol) in DCM (15 mL}, I-bromo-3-isocyanatobenzene (807 mg,
4.08 mmot), TEA (0.97 mL, 6.93 mmol), and DMAP (100 mg, 0.815 mmol) were added. After
15 hours, the mixture was diluted with NaHCO; and extracted with EtOAc. The organic layer

5 was washed with H,O and then brine, dried over Nay5(,, and the solvent was removed in vacuo.
The crude material was purified on 510, (gradient etution, 5-75% EtOAc/hexanes) to vield the
title compound. LRMS EST" ((M-Boc)}+H)" 343.1.
Step 2: {SR.78,108)-10-Butyl-N-((1R.28)-1 - {[{cvclopropylsulfonyDaminolcarbonyl} -2-

vinylevelopropyl)-3.9.12-trioxo-4.13-dioxa-2,8.1 1 -triazatricvelol 17.3.1.1 % ltetracosa-
10 12331921 -triene-7-carboxamide

Using the product from Step 1, the title compound was prepared according to
Example 3. LRMS ESI" (M+H)" 688.4.

Example 41
15 (5R.75,108)-10--Butvl-N-({1R_28)-1-{[(cvclopropvlsulfonyDaminolcarbonvi} -2 -vinyl

cyclopropyv)-22-methoxy-3.9.12-trioxo-4,13-dioxa-2.8.11-trazatricyelo[ 19.3.1.17 Thexacosa-

1(25),21.23-triene-7-carboxamide

The title compound was prepared using the procedures of Example 40, and

20 replacing 3-bromoaniline with 3-bromo-4-methoxyaniline.
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25

0CI1-0-S" (5R,78,105)-10-f-butyl-N- ((IR,2R)-1- {[(cyclopropylsulfonyl)
amino]carbonyl} -2- ethylcyc lopropyl1)-15,15- dimethy1-3,9,12-trioxo-
6,7,9,10,11,12,14,15,16,17- decahydro-5H-5,8-methano-
WoLBENatR®hopyrido [2,3- n][1,10,3,6,13]dioxatri azacycl oheRicB&ifu7022460
carboxami de 755 See Example 52 A3, B13, 03 WO
Examp@O8I057209PCT/US2007/022460 Ex. Structure Name

{6R. 85118 18FE-N-{(1R.25)-1-{[{Cyclopropvlsulfonylaminolearbonyit -2-vinvievelopropyl)-

11-isopropyl-4.10.13-trioxo-5,14-dioxa~3.9,12-triazatricyelof 18.3.1.1% ipentacosa-
1(24).18.20 22-tetraene-8-carboxamide

Step 1 1--Butyl 2-methvl (25.4R)-4-( {[{(3-bromecbenzyDaminc]carbonviloxvipvrrolidine-1.2-

dicarboxylate

Boc O

To a solation of 1--butyl 2-methyl (28,4R)-4-hydroxypyrrolidine-1,2-
dicarboxylate (4.41 g, 17.97 mmol) in DMF (70 mL) cooled to 0°C, CDI (2.91 g, 17.97 mmol)
was added. After stirring at RT for 30 minutes, 1-(3-bromophenyl) methanamine hydrochloride
(4.0 g, 17.97 mmol) was added, and the mixture was heated to 50°C for 15 hours. The reaction
was then diluted with EtOAc, washed with H,O and then brine, dried over Na;SO., and the
solvent was removed in vacuo. The crude material was purified on S10, (gradient elution,
5-75% EtOAc/hexanes) to yield the title compound. LRMS ESI" (M-Boc)+H)" 359.2.
Step 2: (6R.85.11S,18E)-N-((1R,28)-1-{[(Cyclopropyisulfonyllamino]carbonyl} -2-vinvlcyclo
propyl)-11-isopropyl-4,10.13-trioxo-5,14-dioxa-3.9.1 2-triazatricvelo[ 18.3.1.1%°|pentacosa-
1(243,18.20,22-tetraene-8-carboxamide

Using the product from Step 1 and Intermediate B7, the title compound was
prepared according to Example 1. LRMS EST" (M+H)" 686.4.

By using the appropriate procedures, the appropriate B intermediates in place of
Intermediate B1 or Intermediate B7 or N-[{Hept-6-en-1-yloxy)carbonyl]-3-methyl-L-valine, and

appropriate amino compound in Step 1, the following compounds were prepared.
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LAMS (") Procedure Int. 58

P 0.0? zzo0ictsO0 0.

(5R,7S,10S)-10-t-butyl-N- (( 1 R,2R)-1- (Rcyclopropylsulfonyl) .
aminolcarbonyl | -2- ethylcyclopropy1)-15,15- dimethy1-3,9,12-trioxo-
WO 2GS 149912, 14,15,16,17- decahydro-3H,5H-2,23- epiazen8<S%8:52007/022460

methanopyrido[1,2- n][1,10,3,6,14]clioxatri azacyclohenicosin e-7-

carbexxapnigte /55 Sge Exampighd A3, B13

Ganis
(M+H)

Procedure

Step 1

Int.

43

(IR.285)-1-({[(4R,65,95)-
S-butyl-2,8,11-trioxo-
1,2,5,6,8,9,10,11,13,14,1
5,16,1718-
tetradecalydro-4H-4,7-
methano-3,12,1,7,10-
benzodioxatriaza
cycloicosin-6-
ylicarbonyi}amino)-2-
vinylcyclopropane
carboxylic acid

5993

See Example
39

2.
bromophenyl
18GCyanate

B4

44

(4R,65,951-9-butyl-N-
((1R,25)-1-
{[{cyclopropyisulfonyl)
amino] carbonyl}-2-
vinylcycioprepyl)-
2,8, 11-troxo-
1,2,5,6,8,9,10,11,
13,14,15,16,17,18-
tetradecahydro-4H-4,7-
methane-3,12,1,7,10-
benzodioxatriazacyclo
icosine-6-carboxamide

702.4 -

See Example
40

2.
bromopheny!
isocyanate

B4

46

(5R,78,105)-10-butyl-N-
{(1R.25)-1-
{l{cyclopropyl
sulfonyl)amino]
carbonyi}-2-
vinyleyclopropyl)-
3,9,12-trioxo-4,1 3-dioxa-
2,8,11-triazatricyclo
[16.3.1.1°*]tricosa-
1(22},18,20-triene-7-
carboxamide

674.4

See Example
40

3-
bromophenyl
isocyanate

B3

47

{5R,75,108)-10-butyl-N-
{(1R,25)-1-
{{{cyclopropy!
sulfonyl}amino]
carbonyl}-2-
vinylcyclopropyl)-
3,5,12-trioxo-4,13-dioxa-
2,8,11-triazatricyclo
[18.3.1.1%*Ipentacosa-
1(243,20,22-triene-7-
carboxamide

702.4

See Example
40

3.
bromophenyl
isocyanate

B4

.95 .



50-NONN"H/1,s\\7, (5R,7S, | OS)-10-i-butyl-N- ((IR,2S)-1-
{[(cyclopropylsulfonyl) aminoicarbonyl) -2- vinyl cycl opropy1)-3,9,12-
trioxo-6,7,9,10,11,12,14, 15,16,17-decahydro-5H-5,8- methano-23,2-

Ex. Structure

Name

LRMS

Whethentpytido[2,3- n][1,10,3,6,13]dioxa triazacyclohenicosinBeTAIS2067/422466
carboxamide 725 See Example 52 Al, BIO, C3 60 111 0

48

(5R,78,105,19E)-10-1-

(M)

Procedure

Step 1 Int.

o]

'Tn\/k”o
o

49

]
0
o
: o 0.
Z [ -
H K v
(;lﬁ/ L%
)

{I{cyclopropyl
sulfonylamine]
carbornyl}-2-

4,13-dioxa-2,8,11-
triazatricyclo

T-carboxamide

butyl-N-((1R,28)-1-

vinyleyclopropyl}y-22-
methoxy-3,9,§2-trioxo-

[19.3.1.1>*Ihexacosa-
1(25),18,21,23tetraene-

(5R,73,105)-10--butyl-

See Example
40

Z-bromo-4-
isocyanato-1-
methoxybenz
ene. Ref: 16
Biorg. Med.
Chem. Leil.
404 (20606)

B1l1

50

7-{[((1R28)-1-
{[{cyclopropyt
sulfonyl)amino]
carbonyl}-2-
vinyleyclopropyl)
amino Joarbonyl}-3,9,12-
trioxo-4,13-dioxa-2,8,11-
triazatricyclo
[19.3.1.1**]hexacosa-
1(25},21,23-r1ene-22-
carboxylic acid
(6R,8S,118)-N((1R,2S5)-

40

See Example

4.aming-Z- Bl11

bromo
benzoic acid

51

1-{[{cyclopropyl
sulfonylamino]
carbony]}-2-
vinylcyclopropyl)-11-
1sopropyl-4,10,1 3-trioxo-
5,14-dioxa-3,9,12-
triazatricyclo
[16.3.1.1%Jtricosa-
1(22),18,20-triene-8-
carboxarmde
(5R,78,108,17E)-N-

6606.4

686.4

See Example
41

1-(3-bromo
phenyl)
methanammne

B8

benzodioxatriazacycio

({(1R,25)-1-
{{{cyclopropyl
sulfonyl)aminoc]
carbonyl}-2-
vinyleyclopropyi)-10-
isopropyl-3,9,12-trioxo-
1,2,3,6,7,9,10,
11,12,14,15 16-
dodecahydro-5H-5,8-
methano-4,13.2 8,11-

icosine-7-carboxamide

See Example
42

methanamine

1-{3-bromo

B7
phenyi)

-96 -



N 4.2RHNo ., or S,5R,7S,10S)-10-1- butyl-N-((1R,2R)-1-
([(cyclopropylsulfonyl) amino]carbonyl ) -2- ethylcyclopropy1)-15,15-
dimethy1-3,9,12-trioxo- 2,3,6,7,9,10,11,12,14,15,16, '
W24 A8etradecahydro-1H,5H-2,23:5,8-dimethano-4,13,8, 1 PdEnzodioxa 60
diaza cyclohenicosine-7- carboxamide Earlier eluting diastereomer by
Exanipiesge phase chromatography 757 See Example 54 A3, B13, C5 WO

09PCT/US2007/022460 EXx. Structure
{ 5R,7§'§)—§'§ 9‘&535) 1-1 &Cvciopmpylsulfony})amine]carbonvE t-2-vinvicyelopropyl)-15,15.24-

tromethvi-3.9,12-tr110%0-6,7.9.10,11.12 14.15.16.1 7-decabydro-3/H,5H-2,23-epimino-5.8-

methano-4.13.8.11-benzodioxadiazacvelohenicosine-7-carboxamide

TMS
To a solution of N-Boc-L-4-hydroxyproline (14.5 g, 0.0591 mol) in toluene
(175 mL), O-2-trimethylsilyl-N, N -diisopropylisourea (29.0 g, 0.118 mol) (T. Eicher, SYNTHESIS
10 755-762 (1996)) was added, and the mixture heated to reflux for 3 hours. The reaction mixture
was cooled, concentrated to an oil and redissolved in DCM (150 mL} and H,O (1 mL). The
mixture was stirred for 1 hour, filtered and the filtrate concentrated to an oil. The oil was
dissolved in 20% EtOAc/hexanes (200 mL) and stirred, the solids were filtered, and the filtrate
was concentrated to an oil and purified on Si0; (20-60% EtOAc/hexanes) to yield 9.4 g (48%
15 yield) of the title compound. LRMS (M+H)" Caled. = 332; found 332.
Step 2: 1-z-Butyl 2-[2-(trimethylsitvl)ethvl] (25.4R)-4- {[(4-bromo-1 -methyl- 1 H-indo}-2-

vhcarbonylloxy}pyrrolidine-1.2-dicarboxvlate

TMS
To a solution of Intermediate C1 (360mg, 1.4 mmol) in DMF (16 mL}, carbonyl
20 dumidizole (230mg, 1.4 mmol) was added, and heated to 40°C for 2 hours while under N;. To
the reaction solution, the title compound from Step 1 (564 mg, 1.7 mmol) and DBU (0.318 mL,
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16

15

20

Name LAMS (VI+H)t Procedure Int. 61 P 0 O Ct-S 22 se.c10 (2S or
R,5R,7S,10S)-10-t- butyl-N-((IR,2R)-1- {[(cyclopropylsulfonyl)
amino]carbony1}-2- ethylcyclopropyl)45,15- dimethy1-3,9,12-trioxo-
W9 3088708/209,11,12,14,15,16, 17,18,19-tetradecahydro- PCT/US2007/022460
1H,5H-2,23:5,8-dimethano- 4,13,8,11-benzodioxadiaza cyc lohenicosine-
2.12 mimedy hexandigel L atey @uding ﬁi@&tﬁ%ﬁ%&fwg@y?ﬁ@«mm Zs)dfitionai 2 hours. The
.chromatogra 2R or S, 5R,75,10S5)-10-1- butyl-N- ,2S)-1-
rem%ﬁ%%?%ﬁ%% 1y SO G BB YIE BEVRRAY IR Bty E)viB 151 HCI (2),

brine, saturated NaHCO; (2x), and brine. The organics were then dried over NaySQu, filtered,
and concentrated. The resulting residue was purified on $10, (gradient elution, 10-40%
EtOAc/hexanes) (o yield the product as a white foam (556 mg, 65% vield). LRMS (M+H)"
Caled. = 567, 569; found 567, 569.

Step 3: 2-[2-(Trimethylsiiylethyl] (25.4R)-4-{[(4-bromo-1-methyl-1 H-indol-2-vl}carbonvl]

oxvipvrrolidine-2-carboxylate

/
=N
N } P ©
Br Q

O
ITMS

To a solution of the compound from Step 2 (554 mg, 0.98 mmol) in DCM (4 mL),
TFA (1 mL) was added, and the mixture was stirred for 1 hour. The reaction mixture was
concentrated. The resulting residue was partitioned between EtOAc and saturated NaHCOs, and
extracted with EtOAc (2x}; the organics were combined, washed with brine, dried over Na, SO,
filtered, and concentrated to yield the title compound as a pale yellow oil {340 mg). LRMS
(M+H)" Calcd. = 467, 469; found 467, 469.
Step 4: 2-(Trimethylsilylethyl A-{[(2.2-dimethylhex-5-en-1-vl)oxylcarbonvl}-3-methyl-L-
valyl-(4R)-4-{[{4-bromo-1-methy!-1 H-indol-2-yl)carbonvljoxy} -L-prolinate

N
Oy ﬁ\-a/go OITMS
S
To a solution of the compound from Step 3 {340 mg, 0.727 mmol) and
Intermediate B13 (249 mg, 0.873 mmol) in DMF (5 mL), HATU (332 mg, 0.873 mmol) and
DIEA (0.36 mL, 2.2 mmol) were added, and the mixture was stirred for 15 hours. The reaction
mixture is diluted with EtQAc; the organics were washed with 1IN HCI (2x), brine, saturated

NaHCO; (2x), brine. The organics were then dried over Na,SOu, filtered, and concentrated. The
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15

20

dimethy1-3,9,12-trioxo- 2,3,6,7,9,10,11,12,14,15,16,

17-dodecahydro-1H,5H- 2,23:5,8-dimethano- 4,13,8,11-benzodioxadiaza

cycloheni cosine-7- carboxamide Earlier eluting diastereomer by reverse
WshH88/¢hrgfatography - 757 753 ( See Example 54 See Exarfifl&BR0AB2460

B13, C5Al, 813,C.562 41NOON

resulting residue was purified on Si0; (gradient elution, 1.5% acetone/IXCM) to vield the title
compound as a white foam (402 mg). LRMS (M+H)" Calcd. = 734, 736; found 734, 736.
Step 5: 2-(Trimethylsilyhethyl N-{[(2 2-dimethylhex-5-en-1-yDoxylcarbonvi}-3-methyl-L-

valvi-(4R}-4- {[{1-methyl-4-vinyl-1 H-indol-2-vDcarbonvlloxyi-L-prolinate

z (;L.(O
- O‘{(ﬁ\-i/go O\L-TMS
S A~
Ny was bubbled through a solution of the compound from Step 4 (400 mg,

0.54 mmol) in PhMe (8 mL)} for 30 minutes, and then tributyl{vinyDtin (0.19 mL, 0.65 mmol)
and tetrakistriphenylphosphine pailadium (63 mg, 0.05 mmol) were added. The reaction
solution was heated to reflux for 2 hours, concentrated, and purified the resulting residue on SiO,
(gradient elution, 0-1.5% acetone/DCM) to yield the title compound as a vellow oil (320 mg).
LRMS (M+H)" Caled. = 682; found 682.
Step 6: 2-(Trimethylsilvlethyl (58,75)-15,15.24-trimethvl-3.9.12-triox0-6,7.9.10.11.12.14.

15,16,17-decahydro-3H,5H-2,23-epimino-5.8-methano-4,13.8.1 1 -benzodioxadiazacyclo

hemcosine-7-carboxvlate

Nz was bubbled through a solution of the compound from Step 5 (320 mg,
6.47 mmol) in BCM (80 mL) for 30 minutes, and then Neolyst M1 catalyst (75 mg, 23 wit%) was
added. The dark solution was stirred for 6 hours, and N, was bubbled through the solution for
30 minutes, afier which additional NEOLYST M1 catalyst (75 mg, 23 wt %) was added, and the
solution was stirred for 15 hours. Concentrated and purified the resulting residue on SiQ;
{gradient elution, 10-40% EtOAc/hexanes) to yield the title compound as a yellow oil {259 mg).
LRMS (M+H)" Calcd. = 654; found 654.
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0,9 6341,41/HNN oNOONA" " (2SorR, 5R,7S,10S)-10-t-
butyl-N4(1R,2S)-1- {[(cyclopropylsulfonyl) amincticarbonyl } -2-
vinylcyclopropyl1)-15,15- dimethy1-3,9,12-trioxo-
WOe#0871911,12,14,15,16, 17-dodeca’hydro-1H,SH- POT/TS2607/022460
2,23:5,8-dimethano- 4,13,8,11-benzodioxadiaza cycl ohenicosine-7-

Step TarB@xpnie Latern gluti Miﬁ%@%@éﬁ)ﬁﬁﬁ%ﬁ&%&%ﬁ} -2-vinylevelopropyll-
15,15.24-trimethvi-3.9,12-triox0-6,7.9.10,1 1,12.14,15,16.17-decahydro-3H.5H-2 23-epimino-

5.8-methano-4,13.8.1 I-benzodioxadiazacyclohenicosine-7-carboxamide

To a solution of the compound from Step 6 (86 mg, 0.13 mmol} in THF (3 mL),

3 TBAF (1M in THF, 0.66 mL, 0.66 mmol) was added, and the mixture was stirred for 30 minutes.
The reaction solution was concentrated to dryness, and the resulting residue was dissolved in
DMF (4 mL). To this solution, Intermediate A1 (84 mg, 0.32 mmol), HATU (120 mg,

0.32 mmol), and DIEA (0.22 mL, 0.66 minol) were added, and the mixture was stirred for
18 hours. The crude reaction mixture was purified by reverse-phase HPLC to vield the title
10 compound as a white solid (40 mg). LRMS (M+H)" Caled. = 766; found 766.

Example 53
(SRIS¥-N-({1R25)-1-{[( Cyclopropylsulfonylamine]carbonyl} -2-vinylcyelopropyl}-15.15,24.
trimethyl-3.9,12-tri0x0-6,7.9,10,11,12,14.15.1 6,17.18, 19-dodecahydro-3H.5H-2.23-epimino-5,8-

15 methanp-4.13.8.11 -henzodi oxadiazacyclohenicosine-7-carboxamide

Step 1: 2-(Trimethylsilyllethyl (5R.75)-15.1 3.24-trimethyl-3,9,12-tri0x0-6.7.9.10.11.12,14.1 5,
16.17,18.19-dodecahvdro-34. 5H-2.23-epimino-5.8-methano-4,13.8.11 -benzodioxadiazacvelo

henicosine-7-carboxvlate

N
H
Oer\JJ§O O#\_JMS
20 ¢
To a solution of the compound from Example 1 Step 6 (173 mg, 0.27 mmol) in

EtOAc (6 mL), 10% Pd/C (42 mg) was added, and the reaction mixture was placed under H; for
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chromatography 753 See Example 52 Al, B13, C5 WO
2008/057209PCT/US2007/022460 Ex. Structure Name LRMS OWEHY

Procedure mt. 64
WO 2008/057209 PCT/US2007/022460

15 hours. The reaction mixture was filtered, and the filtrate is concentrated to yield the title
compound as a clear oil (170 mg). LRMS (M+H)" Calcd. = 656 found 656.

Step 2: (SR IS-N-({{1R 2)-1-{[( Cyelopropylsulfonylyaminolcarbonyi}-2-vinvicyclooropyl)-
15,15 24-trimethyl-3,9.12-tri0%0-6,7.9.10.11.1 2,14,15,16,17,18,19-dodecahvydre-34.5H-2,23-

5 epimino-5.8-methano-4,13,8.1 I-benzodioxadiazacyclohenicosine-7-carboxamide

Hydrolysis of the trimethysilylethyl ester and coupling with Intermediate A] was
carried out as described in Example 52 Step 7 to afford the title compound. LRMS (M+H)"
Calcd. = 768; found 768.

10 Example 54
(SR.IS-N-((AR.ZRY-1-£[( CyclopropylsulfonyDamino]lcarbonyl} -2-ethylcyelopropy}-15.15.24-
trimethy}-3.9.12-tri0%0-6,7.9.10,11,12.14.15.16.17.18.1 9-dodecahydro-3H,5H-2.23-epimino-5,8-

methano-4.13.8.11-benzodioxadiazacvelohenicosine-7-carboxamide

15 Hydrolysis of the trimethylsilylethyl ester (Example 52 Step 1) and coupling to
Intermediate A3 as described in Example 52 Step 7 afforded the title compound. LRMS (M+H)"
Caled. = 770; found 770.

By using the appropriate A, B, and C intermediates in place of Intermediates Al,

20 B13, and C1 respectively, the following compounds were prepared,
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.0..-NHHN--. H,,.,00 +Di 05R,7S,10S)-10-t-butyl-N- (( 1R,25)-1-
{[(cyclopropylsulfonyl) aminojcarbonyl } -2- vinylcyclopropy1)-3,9,12-
trioxo-6,7,9,10,11.12,14, 15,16,17,18,19- dodecahydro-3H,5H-2,23 -

VIS B8 methano- 4,13,8,11-benzodioxadiaza cyclohenicesingsgen /022460

carboxamide 726 See Example 53 Al, 810, C2

Ex.

Structure

Name

LRMS
(MHH)”

Procedure

Int.

55

(5R,75,108)-10-s-butyl-N-
((1R2R)-1-
{{{cyclopropyisulfonyl)
armino]carbonyl}-2-
ethylcyclopropyh)-15,15-
dimethyl-3,9,12-trioxo-
6,7,9,10,11,12,14,15,16,17,1
8,19-dodecahydro-3F,5H-
2,23-epimino-5, 8-methano-
4,13,8,11-
benzodioxadiazacyclohenico
sine-7-carboxamide

756

See Example
54

A3,
Bi3,
C2

56

(5R,75,108)-10-r-butyl-N-
((1R,25)-1-
{[(cyclopropylsulfonyl)
amino]carbonyl}-2-
vinyleyclopropyl)-15,15-
dimethy}-3,9,12-trioxo-
6,7,9,10,11,12,14,15,16,17-
decahydro-3H,5H-2,23-
epimino-5,8-methano-
4,13.8,11-benzodioxa
diazacyclohenicosine-7-
carboxamide

752

See Example
52

Al
B13,
C2

57

(5R,78,105)-10-1-butyl-N-
((1RZR)-1-
{[{cyclopropylsulfony?)
aminolcarbonyl}-2-
ethyleyelopropyl)-135,15-
dimethyl-3,9,12-trioxo-
6,7,9,10,11,12,14,15,16,17-
decahydro-5H-5,8-methano-
23,2-methenopyrido[2,3-
ni{1,10,3,6,13)dioxatr
azacyclohenicosine-7-
carboxamide

755

See Example
52

AJ,
B13,
C3
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65 itt NH o HNm (5R,75,10S)-10-t-butyl-N- ((IR,2R)-1-

{[(cyclopropylsulfonyl) amino]carbonyll -2- ethyl cyclopropyl)-3,9,12-

hioxo-6,7,9,10,11,12,14, 15,16,17,18,19- dodecahydro-3H,5H-2,23-
WERMH#EB8-methano- 4,13,8,11-benzodioxadiaza cycloheni®SSIAE07/622466

Structure

carboxamide 728 See Example 54 A3, BIO,C266 Pz.00

MName

LRMS
(MHH)"

Procedure Int.

39

(5R,75,105)-10-z-butyl-N-
{(1R,2R)-1-
{[{cyclopropylsulfonyl)
aminojcarbonyl}-2-
ethylcyelopropyl}-15,15-
dimethyl-3,9,12-trioxo-
6,7,9,10,11,12,14,15,16,17-
decahydro-3H,5H-2,23-
epiazeno-53,8-
methanopyridof1,2-
n}[1,10,3,6,14]dioxatr
azacyciohenicosine-7-
carboxamide

755

See Example
52

A3,
B13,
C4

60

(5R,75,105)-10-t-butyl-N-
((1R.25)-1-
{{{cyclopropylsulfonyl)
amino]carbonyl}-2-
vinyleyclopropyl-3,9,12-
trioxo-6,7,9,10,11,12,14,
15,16,17-decahydro-5H-5,8-
methano-23,2-
methenopyrido[2,3-
nji1,10,3,6,13]dioxa
triazacyciohenicosing-7-
carboxamide

725

See Example
52

Al,
B10,
C3

(2R o1 5,5R,15,105)-10-1-
butyl-N-((1R,2R)-1-
{{{cyclopropylsulfonyl)
aminojcarbonyl}-2-
ethyicyclopropyl}-15,15-
dimethyl-3,9,12-rioxo-
2,3,6,7,9,10,11,12,14,15,16,
17,18,19-tetradecahydro-
1H,5H-2,23:5 8-dimethano-
4,13,8,11-benzodioxadiaza
cyclohenicosine-7-
carboxamide
Earher eluting diastereomer
by reverse phase

chromatography

757

See Example
34

A3,
B13,
C5
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64) (5R,7S, | 05)-10-t-butyl-N- ((1 R,2R)-1- {[(cyclopropylsulfonyl)
amino]carbonyl } -2- ethyl cyc lopropy1)-15,15- dimethy1-3,9,12-trioxo-
6,7,9,10,11,12,14,15,16,17,1 8,19-dodecahydro-5H-5,8- methano-23,2-
Wrets@adyrido [2,3-n1 [1,10,3,6,13]dioxatriaza cyclohenicoBiTRUE2007/622466
carboxamide 757.5 See Example 54 A3, B13,C3674.N ,--410;N,N

Bx, Stracture Name LEMS Procedure Tms.
(M+E)”
61 (28 or R,5R,75,165)-10-1- 757 See Example | A3,
butyl-N-{(1R,2R)~1- 54 B13,
{{(cyclopropylsuifonyl) C5

anmune]carbonyl}-2-
ethyleyclopropyl)-15,15-
dimethvi-3,9,12-trioxo-
2,3,6,7,9,10,11,12,14,15,16,
17,18,19-tetradecahydro-
LH 5H-2,23:5 8-dimethano-
4.13,8,11-benzodioxadiaza
cyclohenicosine-7-
carboxamuide
Later ejuting diastercomer
by reverse phase

chromatography
%4 {(ZR or §, SR, 75,105)10-1- 753 See Example | Al
butyl-N~-((1R,28)-1- 52 B13,
{{{cyclopropylsuifonyl) C5
aminojcarbonyl}-2- {

vinyleyclopropyl)-15,15-
dimethyl-3,9,12-trioxo-
2,3.6,7,9,10,11,12,14,15,18,
17-dodecahydro-1H,5H-
2,23:5,8-dimethano-

4,13 8,11-benzodioxadiaza
cyclohenicosine-7-
carboxamide
Earlier eluting diastereomer
by reverse phase

chromatography
63 (2Sor R, 5R,75,108)-10-1- 753 See Example | Al,
butyl-N-((1R,25)-1- 52 B13,
{[{cyclopropyisulfony]} C5

amino]carbonyl}-2-
vinyleyelopropyl)-15,15-
dimethyl-3,9,12-trioxo-
2,3,6,7,9,10,11,12,14,15,18,
17-dodecahydro-1H,5H5-
2,23:5,8~dimethano-
4,13,8,11-benzodioxadiaza
cyclohenicosine-7-
carboxamide
Later eluting diastereomer
by reverse phase
chromatography

- 104 -



Chiral (5R,7S,10S,18E)-10-t-butyl- N-R1R,2S)-1- {[(cyclopropyls_ulfonyo
amino]carbonyl } -2- vinylcyclopropy1)-15,15- dimethy1-3,9,12-trioxo-24-
phenyl1-6,7,9,10,11,12,14, 15,16,17-decahydro-3H,5H- 2,23_ .
W EiPRie7308-methano- 4,13,8,11-benzodioxa diazacyclohenig@singsa7/022460

carboxamide 828.6 See Example 52 Al, 813, C6 WO

L DALLC

Ex.

2008/05¢2008R%e T/TUS20077022460 ExpgiipctureNa
04+M+ Procedure See Example

Y limgl
MH)"

8306
Procedure

Imt,

o4

(5R,78,108)-10-¢-butyl-N-
({1R285)-1-
{{(cyclopropylsulfonyl)
aminocarbonyl}-2-
vinyleyclopropyl)-3,9,12-
irioxo-6,7,9,10,11,12,14,
15,16,17,18,19-
dodecahydro-3H,5H-2,23-
epimine-5,8-methano-
4,13,8,11-benzodioxadiaza
cyclohenicosine-7-
carboxamide

726

See Example
53

Al,
B10,
c2

&5

(5R,75,108)-10-t-buryl-N-
((IR,2R)-1-
{[{cyclopropylsulfonyl)
aminojcarbonyl}-2-
ethylcyclopropyl)-3,9,12-
triox0-6,7,9,10,11,12.14,
15,16,17,18,19-
dodecahydro-3H,5H-2,23-
epimino-5,8-methano-
4,13,8,11-benzodioxadiaza
cyclohenicosine-7-
carboxamide

728

See Example
54

Al,
B1G,
Cz

66

(5R,75,108)-10-t-butyl-N-
((IR,2R)-1-
{[{cyciopropylsulfonyl)
aminojcarbonyi}-2-
ethyleyciopropyl)-15,15-
dimethyl-3,9,12-trioxo-
6,7,9,10,11,12,14,15,16,17,1
8,19-dodecahydro-5H-5,8-
methano-23,2-
(metheno)pyrido[2,3-n]
[1,10,3,6,13}dioxatriaza
cycichenicosine-7-
carboxamide

7575

See Example
54

A3,
BI13,
C3

&7

Chiral | (5R,75,108,18£)-10-¢-butyl-

N-((1R,25)-1-
{[{cyclopropylsulfonyl)
aminojcarbonyl}-2-
vinyleyclopropyl)-15,15-
dimethyl-3,9,12-trioxo-24-
phenyl-6,7,9,10,11,12,14,
15,16,17-decahydro-3H,5H-
2,23-epimino-5,8-methano-
4,13,8,11-benzodioxa
diazacyclohenicosine-7-
carboxamide

§28.6

See Example
52

Al
B13,
Cé
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52 Int. A3, B13,C6 68411 N4.0" N N 0 Chiral Ot 0 (5R,7S,10S,18E)- |
O-t-butyl- N-((IR,2R)-1- {Kcyclopropylsulfonyl) amino]carbonyl) -2-

ethylcyclopropy1)-15,15- dimethy1-3,9,12-triox 0-24-
ViSheN$5i87709 10,11,12,14, 15,16,17-decahydro-3H,5H- 2

PCTIUS20607/022460

23-epimino-5,8-methano’ 4,13,8,11-benzodioxa diazacyclohenicosine-7-

carboxagmdeure

Name

LRMS
(MAH)

Procedure

Kt

Chiral

(5R,75,108,18E)-10-t-butyl-
N-((AR,ZR)-1-
{[(cyclopropylsulfonyl)
aminojcarbornyl}-2-
ethyleyclopropyl)-15,15-
dimethyi-3,9,12-trioxo-24-
phenyl-6,7,9,10,11,12,14,
15,16,17-decahydro-3H,5H-
2,23-epimino-5,8-methane-
4,13,8,11-benzodioxa
diazacyclohenicosine-7-
carboxamide

830.6

See Example
52

A3,
Bi3,
C6

6%

Chiral

{(5R,75,108)-10--butyl-N-
((1R,25)-1-
{I{cyclopropylsulfonyl)
amino]jcarbonyl}-2-
vinylcyclopropyl)-15,15-
dimethyl-3,9,12-trioxo-24-
pheny!-6,7,9,10,11,12,14,
15,16,17,18,19-
dodecahydro-3H,5H-2,23-
epimino-5,8-methano-
4,13,8,11-benzodioxa
diazacyclohenicosine-7-
carboxamide

830.6

See Example
53

Al
BI13,
C6

76

Chiral

(5R,78,105)-10-z-butyl-M-
((1R,2R)-1-
{[(cyclopropylsulfonyl)
amino]carbonyl}-2-
ethylcyclopropyl)-15,15-
dimethyl-3,9,12-trioxo-24-
phenyl-6,7,9,10,11,12,14,
15,16,17,18,19-
dodecahydro-3H,55-2,23-
epimino-5,8-methano-
4,13,8,11-benzodioxa
diazacyclohenicosine-7-
carboxamide

832.7

See Example
54

A3
B13,
Cé
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69 #te N ..-O.. NN ON O Chiral 9, 'SP (5R,7S, | OS)-10-t-butyl-N-
((IR,2.5)-1- 11(cyclopropylsulfonyl) aminoicarbonyl} -2-
vinylcyclopropy1)-15,15- dimethyl-3,9,12-trioxo-24-
Vihetp87209,10,11,12,14, 15,16,17,18,19- dod_ecahydro-3/1_,5id£_12[&3@07/022469
epimino-5,8-methano- 4,13,8,11-benzodioxa diazacyclohenicosine-7-
Examggippxami de 830.6 See Example 53 Al, B13,

(105,138, 15R)-10-Cvclohexyl-N-((1R.28)-1-{ [{eyclopropylsulfonylamino]earbonivl-2-
vinvicyclopropyh-1-methvlene-8.11-dioxo-1 .2.3.4.5.6.8,9.10.11,14.15-dodecahvdro-135-12.15-

methanonaphthol2.1-£1[1.1 0.3.6)dioxadiazacyclooctadecine-13-carboxamide

step 1: 1-1-Butyl 2-methyi ( 28.4R-4-1(1 -bromo—z-namhtiwl)oxvivmolidine—1,.?.«dicarboxvlate

Br
0

O\cozm

N
Boc

To a solution of 1-r-butyl 2-methyl (25,45)-4- {[(4-bromophenyl)sulfonyljoxy}
pyrrohidine-1,2-dicarboxylate (0.5 g, 1.08 mmol) and 1-bromo-2-naphthol (0.29 g, 1.29 mmol} in
10 NMP (5.5 ml) under N, Cs,CO- (1.808 g, 5.55 mmol) was added. The mixture was then heated
to 40°C. After 17 hours, the reaction was complete, and H,O and EtOAc were added. The
organic layer was then extracted with H,O (3x), NaHCO; (2x) and brine (2x). The organic layer
was dried over MgSOy, and the solvent was removed in vacuo. The crude product was purified
on Si0; {gradient elution, 10-60% EtOAc/hexanes) to yield 320 mg of the title compound.
15 LRMS ESI" ((M-Boc)+H)" 350.1.
Step 2; Methyl (4R)-4-[(1-bromo-2-naphthvlloxv]-L-prolinate hydrochloride

X

Q

HCt che
H
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13

20

C670#4.N0OO; N,, NO Chiral - Isl0 (5R,7S,105)-10-r-butyl-N-
(OR,2R)-1- {Rcyclopropylsulfonyl) aminojcarbonyl } -2- ethyl
cyclopropy1)-15,15- dimethy1-3,9,12-tri 0x0-24- pheny!-6.,7,9,10,1

WO PI0$457128916,17,18,19- dodecahydro-3H,5H-2,23- epimino-b@emeihennz1co
4,13,8,11-benzodioxa d iazacyclohenicosine-7 - carboxami de 832.7 See

ExamplebgotiBurBd8iteGroduct from Step 1 (320 mg, 0.77 mmol) was dissolved in 4M
HClin dioxane (12.4 mL, 49.7 mmol). After | hour, the solvent was removed in vacuo, B0
(50 mL) was added, and the solvent was removed in vacuo again to yield the title compound.
LRMS ESI" (M+H)" 350.1.

Step 3: Methyl (4R)-4-[(1-bromo-2-naphthvloxy]-1-(( 28%-2-cyciohexvl-2- {{(hept-6-en-1-

vloxylearbonvilamino }acetvh-L-nrolinate

To a solution of the product from Step 2 (297 mg, 0.77 mmol) in DMF (7 mL),
Intermediate B16 (254 mg, 0.85 mmol), DIEA (0.62 mL, 3.55 mmol), HOBT (131 mg,
(.85 mmol), and EDC (163 mg, 0.85 mmol) were added. After stirring overnight, the mixture
was extracted with 1N HC] and EtOAc. The organic layer was washed with H,O and brine, and
then dried over MgS0,. The solvent was removed i vacuo, and the crude product was purified
on S10; {gradient elution, 0-40% EtOAc/hexanes) to yield 111 mg of the title compound. LRMS
EST' (M+H)" 631.3.
Step 4: Methyl (108.,135,15R)-10-cvclohexyl-1-methvlene-8.1 1-diox0-1.2.3.4,5.6.8.9.10.11.14,
15-dodecahydro-13H-12,15-methanonaphthof2.1-k1[1.1 0.3.6]dioxadiazacyclooctadecine-13-

carboxylate

To a solution of a portion of the product from Step 3 (111 mg, 0.176 mmol) in
EtOH (3.5 mL) was added TEA (0.037 mL, 0.26 mmotl), and PAdCly(dppf)-DCM complex
(7.2 mg, 0.008 mmol). The mixture was then heated to reflux for 48 hours, The EtOH was
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WO 2008/057209PCT/US2007/022460 Example 71
(10S,135,15R)-10-Cyclohexyl-N4( 1 R,2S)-1- {kcyclopropylsul
fonyflamino]carbony11-2- vinylcyclopropyl)-1-methylene-8,11-dioxo-1,2 3

VWA BH971® 11,14 15-dodecahydro-13H-12 15- methanona htla /2 $skoto22460
101 6 d oxadiazac clooctadecine-13-carboxamide Step 1: I-t-Butyl

removeR 23 AB) Gl OMOZNRRMBY NI ID E?”Qlll%' %?g%nic layer was then dried

2-dicarboxvlate To a solution of 1-t-bUt2y 2-me
over Mg a2t s BRBiER DGR %y pyheIrditie-prodeit ar bomytified 0:5S5i0;
(grad@nilc08iBHTRNEAGEHRAOM2RRNNG ‘
. ]}énund@r N2, CS2C0O3 (1.808 g 5.55%11%%%%@?&@3&% eafah%ytll:ﬂr%j&vv&éiﬁsr
((M”}%% 1 Heatédto 40C. After 17 hours, the reaction was complete, and H20
Step Bnd E30A¢, were @ddedoThe PIgARIGJRYRIAVAS Ahen xragted with K20 1 4 1 5.

3%), NaHCO3 (2x) i brine (2x). The organic layer was dried over

nl et TR e

carbopulitfigddon Si02 (gradient elution, 10-60% EtOAc/hexanes) to yield 320 mg
of the title compound. 15LRMS ESC ((M-Boc)+H)+ 350.1. Step 2: Methyl
(4R)-4-1(1-bromo-2-naphthvfloxyl rolinate hydrochloride WO
2008/057209PCT/1J82007/02246 A portion of the product from
Step 1 (320 mg, 0.77 mmol) was |solved in 4M HCI in dioxane (12.4
mL, 49.7 mmol). After 1 hour, the solvent was removed in vacuo, Et20 (50
mL) was added, and the solve as rg%mﬂed in vacuo again to yield the
titte compound. LRMS Esr (M+1ﬂlﬁ»¢$§@@1. 5p 3: Methyl 4R -4_|_bromoi
-14 2 -2-c eloh(1-2- vloxy)carbonyflamino}acetyl)-L-prolinate o, CO2Me o
To a solution of the product from St (297 mg, 0.77 mmol) in DMF (7
mL), Int medif;\te B16 (254 . mg, 0.85 mmol), DIEA (0.62 mL, 3.55 mmol),
HOBT (131 55 1Yb8E RSN UHCCPRE 65 lePgh(Artsl) Wekd mmol) in THE
(1.0 médmli\rt]tbﬂ mﬁr}@@fﬁﬂ@@w@mmhﬁhm;?ﬁa%%% @zﬂ%@gp@d fMHaé} l?]bdé %&d@g‘.dAﬁer
e ic layer.w ashed wit and brine, and then drie
o L e D R B 150 AR Ak s Taer
was weghedpurihied@hcSi0R(gradientlelrioi; DyRdwEtDArinexaneskiayistl Ihnd the
itle.c oynd.. LRMS ESC (M+H)+ 631.3. 15Step 4: Methyl
solver e R et P e s, DR G 535
11194, 138. iRl toHYioERM-12((IR MEkH affocabhessiifonvaminolcarbonyl}-2-

vinvic?&@&m ’-%Itiei-%%J) 8%? @6539_ l?ﬁﬂ%tgodecahvdrowl 3H-12.15-

methanonaphtho{2.1-£171.10.3.61dioxadiazacyclooctadecine-13-carboxamide

Step 6

To a solution of a portion of the product from Step 5 (34 mg, 0.064 mmol) in
DCM (6.'4 mL), Intermediate A1 (19 mg, 0.070 mmol), DIEA (0.028 mL, 0.16 mmol), HATU
(27 mg, 0.070 mmol), and DMAP (2.3 mg, 0.019 mmol) were added. After overnight stirrring,
the mixture was partitioned between EtOAc and 1N HCL The organic layer was separated, dried
over MgS8Q,, and the solvent was removed in vacuo. The crude product was purified by reverse-
phase chromatography to yield the title compound as a white powder. LRMS EST" (M+H)*
747.3.
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CO2Me Y 0 00 To a solution of a portion of the product from
Step 3 (111 mg, 0.176 mrnol) in 20 EtOH (3.5 mL) was added TEA (0.037
mL, 0.26 mmol), and PdC12(dPPO-DCM complex (7.2 mg, 0.008 mmol).
WEh&PRISGIAE was then heated to reflux for 48 hours. The EtOHwas YW /022460
2008/057209PCT/U52007/022460 removed in vacuo, taken up in EtOAc,
Exangiid v\mshed with H20. The organic layer was then dried over MgSO4 and

VEBVIWW L&M&fﬁﬁﬁﬁ(—(%a@@f&lg 5&%%'}(%&@@ éi&Z&tI’iCVC}OHS 3.1. 14 73(}0{;053_
( : 138 15-1 Ccohexyl 1

~F ¢ 3
H20 (1.0 mL), LIOHH20 (16.1ng, 0.6 mmol) was added. After | hour, IN
HC1 and Et20 were added, The organic layer was separated, and the

agueous layer was washed with Et The combined organic layers were
then dried over MgSO4, an i’h‘@ as removed in vacuo to yield 34
mg of the title compound. LR )6%35 .3. Step 6:
(10S,135,15R)-10- Cvclohexyl GIR 2SL-14"

5 Wecyclopropylsulfonvflaminoicarbonyl | ?

. 115vmv|cyc|oropy1) 1-methylene-8,11-dioxo-1,2,3,4,5,6,8,9,10,11,14,15-d

gl (44 RO-4-[(3,5-dibromobenzyloxyl-

L—groﬁ:’n@ﬁbd|0xad|azacyclooctade0|ne 13-carboxamide To a solution of
a portion of the product from Step 5 (34 mg, 0.064 mmol) in DCM (6:4

mL), Intermediate Al (19 mg, 0.070 méfol), DIEA (0.028 mL, 0.16 mrnol),
R

E».u-d A% .a'l'l-!‘l.l_l...l 1\ plg

HATU (27 mg, 0.070 mmol), and DMARP, (2.3 mg, 0.019 mmol) were
added. After overnight stirrring, 28the~mixture was partitioned between
EtOAc and IN HC1. The organic layer was?separated, dried over Mg504,
and the solvent was removed-iq vacuo. The crude product was purified by
reverse- phase chromatographyt t)gz)\[itle compound as a white
powder. LRMS ESI+ (M+H)* 747.8. W  “O0Me
20081057209PCT/US2007/022460 Exafiple 72
(4R,65,9S)-19-Bromo-9-butyl-N-(( 15?28) | -
flicyclopropylsulfonynammolcarbonyl 1 -2-

vinylcyclbfrdis poreenathyksre®artddioxodnbAedie practOueiad agrigyclof

10 Exarnpll\:ﬂée%{;?%g 1@&8§Q%@@1%&8—5@)@8ﬂ%&a{€y mide O.H Néc%Aofs 1 brgmo 3-
(bromqmﬁ@é(ﬁéﬂﬂé‘?ﬂ?-yloxy)carbonylkL-norIeucyI-(4R)-4-1(3,5-d|bromobenzyl)ox
Step 2.y WeRHNINERES S, 95)-19-bromo-9-butyl-16-methylene-8,1 1 -dioxo-3.12-dioxa-7.10-
diazatricyclo{15.3.1.1*"]docosa-1(21),17,19-triene-6-carbox viate.
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The title compound was prepared according to the procedure given in
10Example 24, Steps 1-3 using 1,3-dibromo-5-(bromomethyDbenzene in
place of 1-bromo-3- (bromomethyObenzene. Step 2: Methyl

WERIEEIIFN 9-bro4no-9-buty1-16-methylene-8,11-dioxo-3,1 2rdinxaatit@22460
diazatricyclo[15.3,1.14'7]docosa-1(21),17,19-triene-6-carboxylate, Br WO

2008/05%9?@111&%@@%&?{%@&%?@%&%%%‘; §L9)6 ;Iﬁég;@% 4gumol) in

t from Step | (250 mg, 0.404 mmol) in EtOH
B B P BN Ko RO Sigrolon s

0.02 mm)adﬁeddaf&e mhdeenasihenbeateddas %ﬁﬁ%@éﬁ%&%ﬁ% e FiOH was
remoNas. re}moved 2“%%vacua taken up in EtOAc, and washed with H20. The
organié i4get ‘E%&W&FS%WR/?EW%%%&@@IV@WW&@’@@M@&/&@H dried

over Mgm;/,nanam @mﬂmpﬁ@ﬁeﬁl@wwe@b?@%@ cignt el n‘%é%? 5i0;
(gradg: %Ag %?tngad‘?&%t%%ic/ﬁegag}gg) (t:g @Q%uzﬂe mlt_g Mo?ngeuz‘xgwl BOC

(M- Edﬂﬂ%}bSQQE Bromo-9-butyl-N4(1R,25)-1- {I|cyclopropylsuIfonyflamlnolcar

: Jene-8 11 dIOXO 3 12- dloxa 7 10 dlazatrlc

e b X NG i LG arks

"o 119E)-10-t-Butyl-N- ((IR 25)-1-

fr(cycIod@p@ébﬁ@mmﬁfmhyﬁéﬁtle compound was prepared according to

E I dio hydrQ-3,6,7. 9 1,12
e A oy BRI B2 P40
5,8-methano-4,13,8,11- benzodloxad|azacyclodocosine-7-carboxamide

Exampighsl: | -t- Butyl 2-methyl
25,4/21-4- (prop -2-yn-l- yloxy)pyrrolldlne 1,2- dlcarboxylate 0;

3 days the reaction was complete and was
=t8Ac, and then brine. The organic layer was
pt was removed e

dried over MgS04, and thg solve

2008/057209PCT/U5200{7/0224607imvac e 1.33 g of crude

material. This was purified on SIQ ie 'r,(e[]h Ony 0-40%

EtOAc/hexanes) to yield™73 e fitle ¢ mpound. LRMS ESI+

((M-Boc)+H)+ 184.2. Step 2: ICt- | 2-methyl

(2S,4R)-4-([3-(2- bromophenyl)prop -2-vn-l-ylloxylpyrrolidine-1,2-
Sjts_p;_d_llgéﬁbg@&fmethv} (25.4R)-4-(prop-2-yn-1-vioxy)pyrrolidine-1 2-dicarboxylate

N
°, .
QCOQM&
Boc
To a solution of 1-z-butyl 2-methyl (25,4R)-4-hydroxypyrrolidine-1,2-
dicarboxylate (1.0 g, 4.08 mmol) and propargyl bromide (2.262 ml, 20.39 mmol) in PhCH,
(40.8 mL} cooled to 0°C, NaH (0.815 g, 20.39 mmol) was added. Afier 3.5 hours, the reaction

was warmed to RT. After 3 days, the reaction was complete and was worked up with H,O and

EtOAc, and then brine. The organic layer was dried over MgS0O;, and the solvent was removed
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To a degassed solution of the product from Step 1 (735 mg, 2.59 mmol)

and 1-bromo-2-jodobenzene (0.366 mL, 2.85 mma!) in TEA (8.647 mL),

PdC12(PPh3)2 (18.21 mg, 0.026 mmol) and Cu! (4.94 mg, 0.026 mmol)
WiHPEBTa The reaction was then heated to 50C. After 2.5 lwoursster/o22460

reaction was worked up with H20 and EtOAc. The organic layer was

in vaddweghedvuith:H2randderingadriggdsavey #ﬂﬁﬁ%@@ﬁ}% QNEPLNES, 0-40%
EtOAg;%oved in vacuo to yield 1.35 g of the title compound which was useof1
|

YT HORRER reHoRE Y RIS eostRoymil BERMEIESBAGM: Bter B 184.2.
Step Meithys (4R P-Anflfir(Peirompnahe nybnsenndnrl RN LAPrOURRIE | b rrolidine-1 2-

dicar hydrochloride To the product from Step 2(1.14 g, 2.60 mmolI),
‘%@%?oxane (32.5 mL, 130 mmol) was added at RT. After | hour and 45

minutes, the dioxane was remg¥ed in vacuo to yield 1.0 g of the title

compound as a dark oil. LRM C (M+H)+ 340.2. Step 4: Methyl

N-1(hept-6-en- | -yloxy)carbory11-8:methyl-L-valyl-(4R)-4-

(13-(2-bromophenyl) prop-2-yn-l-ylloxy}-L-prolinate CO2Me WO

2008/057209PCT/US2007/022460 < Using the procedure from

Example 1 Step 4, the title compoun({v—v)@ repared starting with the

product from Step 3 and Intermediate B. T_%ﬁs ES1+ (M+H)t 593.2. Step

5:Methy{L 2 deaassed soluti

N-fthept-6.an-EaTow JeAtBheh BeRefy o gy s RY A3 1 (B-Shimenand
I-broe220dbhebazxa €.366550L, 2.85 miolpegpsaed salution), dfdbe@dyig 21 me,

1 mmol).in PhMe (12,100 mL), vinyttributyltin
002 A T T BBy 1594 Ty GO it Brieaied to S0°C.
After 2 detrsT He reactionwaswirsacheateithtl 10 flud Bxiderc24rhe vigathe 18phvants
ude material was purified on Si02

ved in vacuo cr _ _
Was“?é?ﬁﬁ?ﬁrg e e R R oy of e to vied
1.35 g edihsdiilecranmne ESS v us 68813 Sgep Arathydetions. LRMS EST'
((M-BDELEPIAren-1-yloxy)carbonyll-3-methyl-L-valy1-(4R)-4-([342-vinylphen

ylg prop-2-yn-1-y1 lox yl-L-orol inate-di cobalt hexacarbonyl complex oc,?
Step 3-vissbab (8ot H3-( 2-bromophenyl)prop-2-yn-1-vlloxy}-L-prolinate hydrochloride

Br \\\\

o)

Q‘COzMe

H wel
To the product from Step 2 (1.14 g, 2.60 mmol), HCl/dioxane (32.5 mL,
130 mmol) was added at RT. Afier 1 hour and 45 minutes, the dioxane was removed in vacuo to
yield 1.0 g of the title compound as a dark oil. LRMS ESI* (M+H)* 340 2.
Step 4: Methyl N-[(hept-6-en-1-vloxy)carbonyll-3 -methyl-1.-valyl-(4R)-4- {{3-(2-bromophenyl)

prop-2-vin-1-viloxvy!-L-nrolinate

Q=

Br Q
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CO2Me 0 fo To a solution of the product from Step 5 (95 mg,

0.176 mmol) in DCM (8 mL), 15dicobaltoctacarbonyl (121 mg, 0.353

mmol) was added under N2. This produces a dark red solution. After 30
WG 898 solvent was concentrated in vacuo to approxim&EK/Usnt7/022466

and the crude material was purified on Si02 (gradient elution, 0-35%

EtOAc/hexanesictoryiighvbrom ohilingitle cespROunRdias eoeshald Wiprepared
art 2008 §5720 PCElU%{QO%lOé%%GO Step 7; Met%%R .
St G T FEUTOBh /B 1 3G UG S e B B R (M 25 s,
Step 516viatik8ddecals droi5Hos Bembtagdiazas elBAOCosiRe- AR [ate,inyipheny])
_ flic n w__oplomplex 5To a degassed solution of the product
from~Step8-{75-fig; 0:090 mmol) in DCE (18.100 mL), the Zhan Ib catalyst
(6.63 mg, 9.03 umol) was addegi," fhe mixture was then stirred at RT
under N2. After 19 hours, the midureSwas then concentrated to
approximately 1 mL and purified gh Si02 ¢gradient elution, 0-30%
EtOAc/hexanes) to yield 25 mg of the title gorppound as a red oil along
with 43 mg of recovered methyl N-[(hept:6-&n-13A8ky)carbony1]-3-
10methyl-L-valyl-(4R)-4-7>">" N
f[3-(2-vinylphenyl)prop-2-yn-1-yljoxy}-‘L-pfelinate-dicobalt hexacarbonyl
complex. Step 8: Methyl
(5R, 7S, B5desEsrarbie/Blinn-of i gty poamdery dri 57 mg1 6,249 1pmal )5, PhMe

(12.1006:7, 18ngnelecalne @:%@%@;mﬁmﬂ%@%@,ﬁaakaemp&{@mg}mmﬁmn
ocosine-7-carboxylate  CO2Me 111Ay 0 0+ 15To a solution of the

were adshuct i JRRSIp YRS e B Be kot iebhenrs. thesebisrides then
removelOR yEAd| (AAZMenRd SRR VASAIHRE OIS AR ion, 0-40%

completion, th tion was quenched with DEEA (0.098 mL,,0.561

B0 R E TR S PR 51 B ERRERET ORISR IAGHD b then
Step 6filteireisvihvedadpnewiial -glanvinawiiyaceias Asitheeiuart 9. vielth 35 g henyi)

_oCrude g;[{eri?ll;_hi ‘was purified on Si02 (gradient elution, 0-35%

e, QA 18 1L OAEXACALNONYE COMp oK nd. LRMS ESC
(M+H)+ 511.5. WO 2008/037209B6X/$82007/022460 Step 9:
((5R,75,10S,19E)-10-t-Butyl-N-(NE 2%5)85 1 1 (cvclopropylsulfonypaminolca
rbonyl1-2- vinylcyclopropyl)-9,|oxo 1
2-didehydro-3,6,7,9,10,11,1114,1 ) 6,17-18-dodecahydro-5H5.8-methano
-4 13,8,11-benzodioxadiazacyc|odcosini—?)ea.gggxamide

Using the product from %mﬁle bg;agound was prepared
according to the 5procedure in Examﬁeﬂlis?eps 6 and 7. LRN1S ESI+

(M+H)4 709.3 Example 74
To a solution of the product from Step 5 (95 mg, 0.176 mmol) in DCM (8 mL),

dicobaltoctacarbonyl (121 mg, 0.353 mmol) was added under N,. This produces a dark red
solution. After 30 minutes, the solvent was concentrated in vacuo to approximately 1 mL and
the crude material was purified on SiO, (gradient elution, 0-35% EtOAc/hexanes) to vield 75 mg

of the title compound as a red oil.
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(5R7 S, OS)- 10-t-Butyl-N-(( 1R 2S)-1-

flicyclopropylsulfonyllaminolcarbonyll -2- vim ¢ clo oh9,12-dioxo-1

2,3,6,7,9,10,11,12,14,15,16,17 18,19,20-hexadecahydro-511-5,8-
WDHEHIARE% 13 8 1 1-benzodioxadiazac clodocosine-7-carbegaroici®o /022460

Step 1: Methyl

Step T5RIZBAASR V8- 181D 12-6i0x%0112.3i6:69, %Odiéaﬂ«,%}lo“sléﬂ@ 1107 111%%4 15,
, -hxae ah dro 5H 5 8 methano 413,8

16,17.f8-dodecahvdro-3 I3 B methane -nzodioxadiararaciodan

dmobmdduetémm\&)@amﬁi@xn Step 8 (24 mg, 0. 047 mmol) in EtOAc (2 mL)
10% Pd/C (2.501 mg, 2.350 umol was added under H2. After 90 minutes,
the mixture was then filtered thf ﬁiacglass wool pad with EtOAc as the
eluent. The solvent was re I £
compound. LRMS ES14 (M+Hj
(5R,7S,10S)-10-t-Butyl-N-((1 ZS) 1- ?f
(cyclopropylsulfonyl)aminolcarbonyl | Q“cozm
20vinylcyclopropy1)-9,12-dioxQ- 1@2,ﬂ%g,10,11,12,14,15,16,17
18,19,20-hexadecahydro-5H-5.8- Fg,ethané) 4,13,8
11-benzodioxadiazacyclodocosine- 7/§\rboxam|de The title

compou to th roc 1 Steps 6
7. S e, ST SRS Ao rama n D
(18. IOW@LQO@S/ZRSV ZDQMWSﬁewmmmam@aﬁigm% mixture was then

SHITe I %] l@ I | b
e e T

1 mL gnpl puriGacan iRy deneentSHO AR ntitaRpMidoraiRaitd I8 E25 mg of the title
compdahd I RXRURZACYRIARSRIROEING: Lk, %Q@iﬁd@n pw [?ge t- eé en; Tg‘s,ﬁozg}ﬁcarbonyi 3-

compound was prepared accordlng tot
mefhy’zlcrﬁ?&ér@ﬂéﬁ@o&% riénrpheederapshomd —xliodmbén;zmmam Siephalt
hexacd:FRiMy SoaifiéM-(H)+ 702.6. 10 Example 76 6R.8S 11S 20 -11-t-Bilion
Ster 8alno carbon I 2-

16,17 Eﬁﬁi&@ﬁﬂ- 3@-@@’ g@%t@@%@?ﬁ”@'@eﬁ%ﬁ%@&@c ?Jcﬂ)%g gﬁe’] carbox late

compound was prepared according to the xamp € eps
1-bromo-3-iodobenzene in glate of i
LRMS ESr (M+H)+ 709.5. R
Example 77 (6R 8S,11S)-11-#Butyl- I\??aﬁ ,25)-1- {i(cyclopropylsul
fonyl)amino]carbonyl }-2- CO,Me

nnnnn

O

Y;
O/I\

To a solution of the product from Step 7 (25 mg, 0.031 mumol} in acetone (2 mL)
cooled to -10°C, CAN (102 mg, 0.187 minol) was added in portions. After completion, the
reaction was quenched with DIEA (0.093 mL, 0.561 mmol), which caused a brown precipitate to
form. The mixture was then filtered through neutral alumina with acetone as the eluent to yield
35 mg crude material. This was purified on §i0, (gradient elution, 0-35% EtOAc/hexanes) to
yield 12 mg of the title compound. LRMS EST" (M+H)" 511.5.
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yin Ic do ro | -10-dioxo-5.14-dioxa-9 12-diazatric clo 20.3.1 169 h acosa-

26 22 24- triene-8-carboxamide The title compound was

prepared according to the procedures in Examples 73 Steps 1-8 and
WEHEMIE 7Y Steps, 1-2 using 1-bromo-3-iodobenzene in placerafys2007/622466

1-bromo-2- |odobenzene in Example 73 Step 2. LRMS EST* (M+H) 715.5.

(2S,4R)-4-(11-15-(acetyloxy)pentyl11-1H-1,2,3-triazol-4-

15ylimetht )B&‘fr?éﬁéﬂ‘fé 5599 lerrb oyt %@ﬁ@@uﬁd was P REEElaaeEng o the
procedies prdthagt from Expewled 7 Siems B98mo.12- 83k ramol) and

5-azidopentyl acetate (509 mg, 2.97 mmol) in t-BuOH (6 67 mL) and H20

(6.67 mL), ascorbic acid (112 mg, 0.567 mmol) and copper (ll) sulfate (23
Exammg 78.142 rnmol) were added. After 2024 hours, the mixture was

vinyldiyelogoun;| FAd i emrcmmms(purm d@mSS @21 mcﬂ M-%M@Bszﬂr@&%SH 5.8-
oftpentle con,)po gxa%rﬁMS ESr (M+H)* 455.5.

yl I -1H-1,2,3-triazol-4-yl) pyrrolidine-1,2- dicarboxylate To a
solution of the product fropd Step 4, (120 mg (p 294 mmol) in MeOH (5 mL),
K2CO3 (365 mg, 2.64 mpol) was adge minutes, the solids
were filtered, and the 1 mlxtgre;yva e%cra édﬂvm EtOAc and 0.5N HC1.
The organic layer was drie oVér 3, and the solvent was removed in
vacuo to yield 1-t-butyl 2- methyl(?S 4R) -4-([1-(5-hydroxypenty1)-

s S e o

'l‘ ‘i'

5 )t 612.5. Step 3: Methyl
(1R,16S,195)-16- |sopropyl 14/17-diox¢=2,13-dioxa-5,6,7
15,18-pentaazatricyclo f16.271.14'71doedsS&°4(22),5-diene-19-carboxylate
20To the product from Step Z (60’ m1t);x0°898 mmol), 4N HCl/dioxane (1 7
nth, 6.8 rnmol) was added. After 12 hfurs, the solvent was removed in
vacua, and the residye was up in DCM (25 mL and DIEA (0.088
L 0 AP G PY B 6 A7k D, EATAIRGH ere datisne ARSH omob in

EtOAch@uns,) thernbarCe e exiyas s mﬁaiwm&é@m&@mc loygronasine, the

2008/05 /US 007/022460 dried over MgSO4, and the solvent
mixturg W&Sre%mo%ﬁ(; g{ PHEF R bPad e gtﬁﬁﬁe@%i}‘f%%r&eﬁé‘é“é‘t was

removwhmmawgmphgdt@wmhdmﬁmn@em ]LM§E§QI(/MHWS#3§ 4.

m.vl_cxnjeamﬁ}dmtandm;@ni 2.3, 6 7 9 10, 11 12 14,15,16.17.18, 19 20~ hexadecahvdro 5H-5.8-

methano-4.13.8.11-benzodioxadiazacvclodocosine-7-carboxamide

The title compound was prepared according to the procedure in Example 1
Steps 6 and 7, starting from the product from Step 1. LRMS ESI' (M+H)* 715.4.
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5vinylcyclopropanecarboxylic acid Starting from the product of
Step 3, the title compound was prepared according to the procedures in
Example 5 Step 7. LRMS ESC (M+H)- 533.3. Example 79 10IR 168 19R
WAK2408(5d@0P0 Isulfon laminocarboni-7-vin Icclosroi. | -16- isopsompysbéer/e22466
17-dioxo-2 13-dioxa-5 6
Exampld748-pentaazatricyclo116.2.1.14'71docosa-4(22),5-dienel
-cagoxamlde ‘ . The t|tIe compound Was prepared startlng

vmvkﬁmwﬁﬂﬁvﬂw LﬁMShEﬁQﬁ(MT@")T 53'3@44} ﬁ?@'ﬁ@i@ §@ 21,22 23-tetradecahydro-5H.9H-

4R,6S, 95 -9t But l 6- _ )
EAVE opyiadald.2-nilLil0.3 Sldioxadiazac potkpitogine-1 1 -carboxamide

V|nylcyclopropyﬂamlnolcarbo -8 11 dIOXO 3,12- dloxa 7,10-diaza-22-az
oniatricyclo 20116.3.1.14' 71tfigesane trifluoroacetate WO
2008/057209PCT/US2007/
9S,16E)-9-t-buty1-8 11-dioxo-3,124ioxa-7,10 22-triazatricyclo
j16.3.1.14altricosa-1(22), | 6)18,20Aetragne-6-carboxylate The

title compound was prepared’ to thegofocedure in Example 26,
5using (6-bromopyridin-2- yl)m tﬁmet‘ﬁ ﬁg?gnate in place of

1-bromo-3- (bromomethyl)benz ne in Stey 1 and Intermediate B2 in place

of Bl. LRMS ESC (M+1-1)' 460.4. Step 2: ethyl

(4R,6S g@?—gtkmﬂuﬂpéﬁvﬂ.\wm@pﬁ&@ﬂi@(ﬁiﬁgb@ 2-Biazaplicyelofeps 1-9, using

e L s EI APHES SOoA AT 120 e (B

702.6.3dded. The mixture was then placed under H2. After 18 hours, the startlng
material was consumed, and methyl
(4R,6S,9S)-9-t-butyl-8,11-dioxo-3,12-dioxa-7,10,22-

Emmmﬁfétncyclo[m 3.1.14 7]tr|cosa 1(22),18,20- trlene 6- carboxylate was

1{26), 2} 22 24 tetragn-2-yne-8-carboxamide

vinylcyclopropyl)aminoicarbonyI1-8,11-dioxo-3,12-dioxa-7,10-diaza-22-az
iatri osane trifluoroacetate Using the
apound was prepared using the 20
procedures outlined inExample 1)Steps 6 and 7. LRMS ESC (M+H)

666.4. WO 2008/037 PCT/USZM@Z 0 Ef’k‘@ple 82
Sk

(4R,6S,9S,19aS,23a5)-9*t=RButyl;N
H(cyclopropylsulfonyl)amino Ayh-2- vin Icyclopropyl)-2 8

11-trioxoicosahydro-211,13H-2 7-faethano-1,12,3 7,10-
benzodioxatriazacyclohenicosine-6-carboxamide
The title compound was prepared according to the Example 73 Steps 1-9, using

I-bromo-3-iodobenzene in place of 1-bromo-2-iodobenzene in Step 2. LRMS ESI" (M+H)*
709.5.
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Step 1: Methyl
(4R)-4-lif12-allylcyclohexyl7oxylcarbonyllaminol-L-prolinate hydrochloride
Ho To a solution of racemic trans-2-allylcyclohexanol (200 mg,
ORI DMF (2 mL), CDI (0.23 g, 1.42 mmol) was addegpAftesl/ea2460
hour, I--butyl 2-methyl (2S,4R)-4- 10aminopyrrolidine-1,2-dicarboxylate
Em,@,@yg 1.42 mmol) was added, and the mixture was heated to 60C. After
colete conver5|on the mlxture was extracted Wlth EtOAc and

VIWRSFRTIYEDIN NacHa, Th %{Wg’ﬂ%tﬁ%h&t@ 4
eIutlon 5-459% EtOAcihexanes) to yield yor 1
riene secan %E@Z-alIyIcycIohexyl)oxy]carbonyl}
ylate. 15This material was dissolved in
DCMJTHF (5 mL), and H as bubbled through the mixture until
complete removal of thejBoc grou h The solvent was then removed in
vacuo to yield the title ¢ompound é’s a mlxture of tgans dlastereomers
LRMS ESr (M+H)+ 3114, Step 2 Iﬁ.i?;egg
-yloxy)carbony11-3-methyl-L vm ‘12’LazllylcycloheV|II
oxylcarbonyllarnino)-L- prollna? 081057209PCT/US2007/022460
To a solution of the product of Stept (170 mg, 0.49 mmol) in DCM (10

mL), Integt%edlate BIO (132 mg, 0.515 mmol), Et3N (0.27 mL, 1.96 mmol),
EDC (113 0588 W3§H§W?%% 19 SR PRI wendagptts 73

Steps Afﬁeammemmm reavsmenraeiad withibiz0.28d thenlCHSQ4tag,) k-

iodobale,Qr aﬁ#%la%/ a@/%é (;[rover M8904, and the 5 solvent was remove
In‘vacua ratvas flgﬁﬂﬁ)sib%‘%O% EtOAc/hexanes)
to yield 222 mg of the title compound as a mixture of trans-diastereomers.

Exam}}ﬁ'\q ES( (M+HC 550.5. Step 3: Methyl (4R,6S,9S,17E/Z
utyl-2,8,11-trioxo- 345689101114 151619 19a 20 21 22

amino)pyrrolidine-1,2-dica

LWW dfeldirbb-I-4rictaner-103. 42275 6.7.15.18-pentaazatricvelo
16.2. 194bg 9,3[0 vclohe |cs|ne--carboxylate To asolutlon

mL), the Zhan la catalyst (30 9,04 mmol) and the mlxture was heated

to reflux under N2. After 90 min the mixture was concentrated in

vacuo, and the crude produ twa§ 15purified on Si02 (gradient elution,
o

of the title compound as a
amegrs. LRMS ESC (M+H)

10-50% EtOAc/hexanes) toYyield

mixture of olefin isomers and)'fr

522.5. Step 4: Methyl

(4R,6S,98)-9-t-buty1-2,8,11- tr|0x0|cosahydro 2H,13H-4,7-methano-1,12,3,
Step 17 maueﬁzzamakamaxammmqaw@mwwﬁm 1 30TRigsplution of

L Step 3 (105 mg, 0.20 mmol) in EtOAc (15

X0 5% g). The mixture was then place under H2,
stirred for 3 days and filtered thrqush a pad of glass wool. The solvent
was then removed in vacuo to yielt=105 mg of the title compound as a
mixture of trans-diastereomers. LRMS ESC (M+H) 524.3.

Ohe Buck

COMe
To a solution of the product from Example 77 Step 1 (803 mg, 2.834 mmol) and
5-azidopentyl acetate (509 mg, 2.97 mmol) in 1-BuOH (6.67 mL} and H0 (6.67 mL), ascorbic
acid (112 mg, 0.567 mmol) and copper (II) sulfate (23 mg, 0.142 mmol) were added. After

24 hours, the mixture was extracted with H;O0 and DCM. The organic layer was dried over
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WO 2008/057209PCT/US2007/022460 Step 5:
(4R,68,9S,19aS,23ag)-9-t-Butyl-N-((1R,25)-1-(1(cyclopropylsulfonynamin
o] carbonyl}-
WoLEM§eERSoro_py1)-2,8,11-trioxoicosahydro-211,13H-4,7-meEFanm102;460
3,7,10- benzodioxatriazacycloheni cos ine-6-carboxam i de
MgSQJsiing thesptoehict fosndien 4 thebtlereempayneonas MRpREeRtas HBO,

roc dure le 1, ps 6 nd 7, LRMS ESC (M-41)+
ol IE &nwmﬁzmz SR Uit
(M*MB%&)XO 3,4,6,7,89 12,13, 14 15- decahydro-

i1 il ~-butoxycarbonyi)-2-

.................

methvl@wm&mﬂwl&mm»ﬂewwmﬁ@Brﬂpﬂﬁﬁeaﬁhﬁ)ﬁyﬁwaﬁldth@iﬁﬁﬁmhdme 1.2-
dlcarb8 1$T§||sopropylsnypoxy1 -1,2,3,4-tetrahydroisoquinoline OTIPS
oxy-1,2,3,4-tetrahydroisoquinoline (3.5 g, 17.5 mmol) was
dissolved in 1548% HBr(aq.) (50 m|)% and the mixture was stirred for 18
hours. The solids were then filteréd,\and the filtrate was concentrated to
yield 3.43 g of 1,2,3,4-tetrahydrpisoquinolth-8-ol hydrobromide. To a
solution of 1,2,3,4-tetrahydroisoquinolin- hydrobromlde (2.859, 12.4

mmol) in THF (75 mL), DIEA (.57 mL,s4 mmol) and TIPSOTf (8.3 g,

27.2 mmol) were added. Th&Ftjxtu as theW'heated to reflux for 8

hours. The solvent was then reme in vacuo, and the residue

partltloned between EtOAc and ,HQQ “The organic layer was washed with

brine, dr d the s as remoyed in vacuo. The crude product

was purifi %8 % u§f6§° gt}ﬁ Ugﬁﬁ%ﬁ %@%8%@?"1@%}%@0}1 (5 mlL),

K;_COE(L@@&M&@HWHW yigledd. Age@fammﬁee@,qmm AIRMHESI tand the
mixtu 8x0- T 3?6 L:”SO]E)E é)%%%}%@%}‘\? :EIE-{/HJ‘ESZ 81%721/1101%%;'}%9 v%g dr%ed over K;CQOs, and
the soW@fwdsosoqwdoﬁmﬁ@d—tb:—yﬁlﬂéﬂtamh{gl Lmbth@ I8 OH- {[1-(5-hyERypentyl)-

1 S S o R A R G Bt
PhMe 55@690@;:@%0&@@@@@%%@% 8D E1¢6210mgn I Péanadaby,and the

solution mogée% 2x4f<r)@ % e 50 ggn&fftesrtgehours 0 ml)c(ztéj rg \évn%sme crude
extracte t c an e organic layer was Was ed Wi

produdy Ao 8 (aay. )aarﬁd(hr(gmmmctiwenmmmm&h@d@m@nemaéo mg of the title

mmporﬁ{goygg\)i@ Wﬁvlﬂﬂﬁ*%ﬁ% product was purified on Si02 (gradient
elutlon 40 100% EtOAc/hexanes) to yleld the tltle compound LRMS EST+

To the product from Step 2 (60 mg, 0.098 mmol), 4N HCl/dioxane (1.7 mL,

6.8 mmol} was added. After 12 hours, the sclvent was removed in vacuo, and the residue was
taken up in DCM (25 mL}, and DIEA (0.088 mL, 0.49 mmol) and TBTU (47 mg, 0.147 mmol)

were added. After 19 hours, the mixture was extracted with 1N HCL. The organic layer was
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To solution of a portion of the product from Step 2 (285 mg, 0.7 mmol) in
toluene (1 mL), t-butyl N-(oxomethylene)-L-valinate (0.28 g, 1.4 mmol)
was added. The mixture was 15then heated to reflux for 18 hours. The
WELHEHIIAS then removed in vacuo, and the crude product WaSTEREH tp22460
in THF (5 mL), and TBAF (1.05 mL, 1M solution in THF, 1.05 mmol) was
dried 80¢ladoABRr-AUaHRIGNLNESRIMERL AT STOVET R ¥ARHT, BRH NG LERIARE by
was taken up in EtOAc, extracted with NaHCO3(aq ), and dried over
reversmaé%&bfpﬁ@mhym?@%@Hqﬁ%@wdrh@é%ﬁsﬁﬂwﬂmgm

Step uriierlopn B0 Agreslient akitien,&p.89%0 FIACMexangs) 1osyield ;20

oxylpent%nOéllél,Z, ,4-tetr?§k8/droisocminoli_n-8-ynoxy|-L-prolinate .
hydrochfofides Fom thepgoguetiptisielnf e fokilF omrmiini Strscb e Gespording fo
the pré&€u2dgin0Es3rpealsend-thRVILHERE IV H)™ 533.3.
(2S,45)-4-{[(4-bromophenyOsulfonyl]oxy}pyrrolidine-1,2-dicarboxylate
(0.25 g, 0.53 mmol) in NMP (5 ml) under N2, Cs2C0O3 (0.259 g, 0.796
Exampin@®#) was added. The mixture was then heated to 40C. After 24 hours,
eaction was complete, and H20 and EtQAc were added, The organic

SIHAOR VA OG- A-ain WIS TEDE 31 D~
WALLOR YA pocaronnyit - d-pinvicuslspropsd)-16-

isopropyiddi¢ Tadierwad thied oval, MOSB4;andtheisaludnt wasi fémeved iy 22 5-diene-

19~car§§g¥§’ T; he crude product 10was purified on Si02 (gradient elution,
' - o EtOAc/hexanes) to yield 1-t-butyl 2-methyl (2S,4R)-4-[(2- {5-[(

{[(1S)-1-(t-butoxycarbonyl)-g-ethylpropyllamino) carbonyl)
oxy]pentanoyl}-1,2,3,4-tetralfrdroisoquinolin-8-yBoxylpyrrolidine-1,2-dicar
boxylate. This materiél was then dfssolved in 4N HC1/dioxane (5 mL) and

stirred at RT for 3 hours..The solvent was ithen removed in vacuo to yield
the title compound as aﬁ@v‘vm“_ il. L St S( 5(I\|dIH)+ 520.4. Step 5:
(2R,4S,75)-7-Isopropy|-6,9,15/-EQO -3,4,6,7%.8, —1#,—16].14,15-decaltydro-2

1411H,171-1- 16,18-ethano-2,5-methano-1, °
5,8,16-benzodioxatriazacyclononadecine-4-carboxylic acid To a
solutionoithigensadpotifomaSheey4réd30mes Gdd MENRBIRPG AR Step 4
usi U%O TE%%lZS {.nL, 1. mmop’ﬁEDI;:%&%?’é:n@*OAg m+m32, and HOBT (66
g e AP R hedd PR fter 8 Mioiral (i HhiktGievas extacted with

NaHCO3(aq.), dried over MgSO4, and concentrated in vacuo. The crude

nhAidriabeens tfnodissolve H (0.5 mL), THF (5 mL) a
(5 mL, 5 mmol), and solid LiOH (100 mg, 2.3 mmol) was added. After 1

|10 adjust.t pH to -3. EtOAc  was then

¥ orgahit layer was dried over Na2SO4,
and the solvent was remoyed in vaguq tq yigld 100 mg of the title
compound. LRMS Esr (M+H)4 54%. Shp®e:3467891213 14
15-clecah dro.. 2H,11H,17HF16:1 g@ﬂ%‘a 1g-2,5-fethano-1,10.5
8,16-benzodioxatriazacycloﬂonéiieoin-4-/ _
yllcarbonyllamino)-2-vinylcyclopropanecarboxylic acid
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The title compound was prepared according to the procedure outlined in
10Example 5, Step 7 using the product from Step 5. LRMS ES( (M+H)+
597.3. Example 84 (2R 4S,7 S)-7 -t-Butyl-N-((IR,2R)-1-
WReyetoprepyIsulfonynaminoicarbony11-2- PCT/US2007/622460
ethylcyclopropy1)-6,9-dioxo-10-oxa-1 5 8,17
Step zt:8memtaaa{sfetg_sm%ﬁ#b%%ﬁ.@ﬁ@5@&9@%&&&9!SB%&%%EQ&%%C ge

A 1683 SLitoxVeatREREDE giarbonyl)pyrrolidin-3-y11-1H
1,2,3-tri azol-4-yllpentypoxylcarbo ethyl-L-valine 20To a solution
of 1-r-butyl 2-methyl (2S,4R)-4-az realidine-1,2-dicarboxylate (400
mg, 1.48 mmol) and Intermediate B18 643 mg, 1.63 mrnol) in r-BuOH (6

mL) and H20 (6 mL), ascorbic cid&% y, 0.296 mmol) and copper(11)
sulfate (16.5 mg, 0.074 rnmol) wWire; @ Mier overnight stirring, the

o
AL Lz'u. aiard BMIVR(0E LY LS.

mixture was extracted with H20 SndEtOAEC# e organic WO

2008/05%%9%@%:{%U8200 /022460 layer was dried over MgSO4, and the -
solvent was rermoveR AVaRERRSEAET ¥687Higeoies freredimburpmple 26,

using K@M@ﬁﬁﬁ]ﬁﬁiﬁgﬁyﬁrﬁé&ﬂ.rﬁd&éﬁd&]ﬁm&téﬁ?ﬁp‘i@ce of 1-bromo-3-
io)rhaplnli.din,.3 1. -1H-1 2 3-triazQ1-4- | X .
ifgj%%ﬁ%%%e%s& ST A e e g aen eh b NENSETEORE)
45

To the product from Step 1 (799 mg, 1.48 mmol), 4N

22 YOk TG v
PIRISAEUSEYIAE-Boc)+H)+ 440.4.  Step 3: Methyl
(2R,45,7S)-7-t-buty1-6,9-dioxo-10-0xa-1,5,8,17,18-pentaazatricyclo
1014.2.1.125co0sa-16 19 17-dienez4-carhox late To a solution of
the product from Step 2 (705 md, 1.604 minol) in DCM (200 mL), DIEA
(0.84 mL, 4.8 mmol), and HATU (§4®mes. 1.68 mmol) were added. After
overnight stirring, the solvent was'te d in vacuo, and the crude
mixture was dissolved in 15Et0Ac apd 1.0844Cl. The EtOAC layer was

washed with NaHCO3, dried over MgSO4, and the solvent was removed

in vacud.OrhP BHiRR vhie AErdnatiumifiser dn(Bio g ddRdhnstation E1OH (5 mL),
10% PAALQOemEDRGIhesameshionielshEhealtleAYmRas DEd RIISARSE IMEEIE. e

tarti 422.4..?7{@ 4: )
starting g ial as oncied ANk R ESASHRopoulEriyndinincloadbm7,10,22-

triazangegelceglﬁyﬁcyﬂI‘bhfﬁméh}ﬁ&-};ii@@étlﬂc%%ﬁbg%b%});ylate was formed along with the title
7. 18-pentaazatri .1.12licosa-16(19) 17-
oo LA =1 R A0k product from Step 3, the e

Step 3;

O

RS Esr (M+H)+

vinvlevelSniop vl Jam -Giaza-22-azoniafricyelo

0 <Y
[16.3.1.1*"Mtricosane trifluoroacetate

Using the product from Step 2, the title compound was prepared using the
procedures outhined in Example 1 Steps 6 and 7. LRMS ESI (M+H)" 666 4.
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Example 85 (3R,5S,8S)-N-((IR,2S)-1-
(1(Otclopropylsulfonyl)aminolcarbony11-2-vinylc_yclopropyl )43-
isopropyl-1 7 10-trioxo-4 5 7 8,9,10,12 13,14 17-decahydro-1H,3H-3 6-
Vifraig46[2020,3,6,131dioxatriazacyclononadecinofindole-5-carbpxanisen 2450
ON - 50 Step 1: Ethyl 1-allyl-1H-indole-2-carboxylate CO2E To
Exasﬁg}wsmension of NaH (254 mg 60 wt%, 10.57 mmol) in THE (5mL), a

£ - v -. ‘ : “\. :' *l - Y - el .:‘ .
i OO0 34, mme@mgegqﬁ@ ﬁﬁ@gﬁtlﬂmé%a%ewfﬁ%% the
thurewas sIowa warmed to RT and stirred a further 15 hours: The
SEASHITECERE R s 1 amiiextracted with EtOAC. The organic

-8 d the solvent was removed in vacuo. The
2%gradient elution, 15-40%
@%@Qund as a clear oil. LRMS 15ESC

benmd

crude product was purified _
EtOAc/hexanes) to yield the

rs and stirred at RT
and the residue was

from Step 2 (250 mg, 1.24 mmo (QTME (5 mL), 5CDI (201 mg, 1.24
mmol) was added, and the resutting mixture was heated to 40C for 1 hour.

At this time, 1-t-butyl 2{2-(trimethylsilyl)&#

(28,4R)-4- hydroxypyrrolidine 1,2- dicarb@xyle?te (494 mg, 1.49 mmol) and

DBU (0 Were BFI stlrrln was continued for 2
hours. %gegrr%lg%]r]% was® n21 fzefj %ﬁ&}r‘% hé4 "BRAk i DMF
(2 mLE4ilraied NaH @@&nm!me:ad raédedvekﬂtd:aZS‘v@ék ancbtfﬂg SOWVERYWBS 4R)-4-

ammoﬁ?fﬂﬂ}’(ﬁﬂe' N YagH %gﬁlgeuﬁ)ejg yle% 10wa§tig Ilao%%gt gg:!g e(g{&?gen ‘Favas heated

elution, 0-40% Et exa
to 60°C. Afier complete conversion, the mixture was extracted with EtOAc and NHsClg,). The

organic layer was dried over NaySOy, and the solvent was removed in vacuo. The crude material
was purified on 810, (gradient elution, 5-45% EtOAc/hexanes) to yield 170 mg of 1-t-butyl 2-
methyl (25,4R)-4-({ [(Z-allylcyclohexyloxy]carbonyl} amino)pyrrolidine-1 ,2-dicarboxylate.

This material was dissolved in DCM/THF (5 mL), and HC| gas was bubbled through the mixture
until complete removal of the Boc group. The solvent was then removed in vacuo to yield the
title compound as a mixture of trans-diastereomers. LRMS EST* (M+H)" 311.4.

Step 2: Methyl N-[(hex-5-en-1-yloxy)carbonyl]-3-methyl-L-valyi-( 4R)-4-( {[(2-allvicyclohexyl)

oxyjcarbonvl} amino)-L-prolinate
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clear oil. LRMS ESC (WH)' 515.4. Ste 4: 2- Trimeth 1 etl_St_eriiyccarbon
1-L-val 1- 4R -4- 1-all indo1-2-yl)carbonylloxyl-L-prolinate HO -0 0 15To a
solution of the product from Step 3 (550 mg, 1.07 mmol) in DCM (3 mL),

WORANE 3 ) was added. After 30 minutes, the mixture was E6ACEFRIBTAA2460
in vacuo, taken up in PhMe (2x) and concentrated, and finally taken up in

Et20 (2xraadsionesni aied:dheresiite wasdhen pa@iﬂﬁﬁﬁiawm mL),
m

EtQAC CO3 and extracted with EtOAc (2x). The combined organic
iner Qi FL e A AR e e B Na7B) e <o
O.S88\gﬁﬁ&9!@&!@®§@ﬁ”ﬂﬂ%ﬁl§?l®@ 8E’ﬁiﬂmol) ugars alclided. lz-'xdﬁcr324 lhouzﬁ, the mixture was

R,59)-5-([2-(trimethylsilypethoxy]carbonyllpyrrolidin-3-yl1-ally1-
exm"%‘fﬁ‘-f’ﬁ%@&% %8%:@?5%%%& %8@%&%/&%‘@%%5‘? é%mi)aﬁ# the
solveDMEs (@matukd piemaeeialb B U0 mgia0 870 mamel ohBTY), (279 W& AcBéxanes)
és?/ere added. After 4 hqurs

) ) | 0.262 . 1.58r )) -
to yielf FR g é%%'%e‘/ﬁ,é SRR AR B B e s et BRArTRORE A LGN ESR (M+H)

550.5and brine. The organic layer was then dried over Na2504, and the solvent

W griavg ﬁ #@géz 7/Q as removed in vacua The crude
Step 3t 9[&9 41%567‘529 ?’%’P U ~gu{c~ é qw oxo,— 10-50% EtOAc/hexanes) to
3.4.5.9id 14 tiflé. chifpbhnba IZRMSEEQBa\'ﬂaml?k)tammdﬁi%t?ﬁﬁ-zij-metham-

l%%@%%@ﬁ& n .85 15F 2-@{)5% I-1 7,10-trioxo-4 5,7,8,9

To a degassed solution of the p
in DCE (160 mL), the Zhan 18
and the mixture was heate

talyst 81 mg, 0.077 mmol) was added,
reflux for2hours. The solvent was then
removed in vacua and the re was pufifiedven 10Si02 (gradient
elution, 10-50% EtOAc/hexanes) reldlﬂa,e titte compound as a tan foam.
LRMS ESC' (M-FH)t 598.4. Step 60(3R5S,88)-N-((1 R
2S)-1-{r(Cycloprapylsulfonyl)aminolcarbonyl }-2-vinylcyclopropy1)-
8-isopro ?/lf-lf, %@_rt\rﬂ{)gogg{g?fi’ gfg}“ﬂproduct om Step 3 (222 mg, 0.40 mmol) in
DCE (82.43.)146¢ zaecadydiant, 8Hmh Sometang) bdddBs8nb3dire was heated to reflux

d gizoi(%t iaég%izlononadecino[la12-a|indole-5-carboxamide 15To a solution
HICT bRt éb?’” TR SRE BB MBS BPBRURITINEI A rMe podithg cnga product was

purifie@oA25ml,, (EMdselutinmon, TIHBR0AR 0B wasaddadiAftes 30 BEmHEeRIC
com Jhedsolgent asr moied in vacuo, and the residue was disso veigj in DMF
PO 2 (AREFHRE Qistds AR (07, 69 B WisHeAerpRve s (S6 Mg b A g 1) 522.5.
Step 4miviethybfiR DEYS Y 0-08611112.032-mmaehcvets dhen addeds Aftaehbbours,3.7.10-
' purified by reverse-phase
0 7 3CN/H20 (with 0.15% TFA) to yield the
.title compound as a white pow LRMS Esr- (M+H) 710.4. WO
2008/057209PCT/US2007/022 ggg@g{&ple 86

<f3\”c:02|\ﬂ6
H N

C

To a solution of a portion of the product from Step 3 (105 mg, 0.20 mmol) in
EtOAc (15 mL) was added 10% Pd/C (10 mg). The mixture was then place under Hy, stirred for
3 days, and filtered through a pad of glass wool. The solvent was then removed in vacuo to vield

105 mg of the title compound as a mixture of trans-diastereomers. LRMS EST™ (M+H)" 524.3.
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(3R,5S,8S)-N-alR 2S)-1- { i(Cyclopropylsulfonyflamino]carbonyli
-2-vinylcyclopropyl)-8- isopropyl-1,7 10-trioxo-4.5,7 8,9,10
12,13,14,15,16,17-dodecahydro-1H,317-3,6- methano[1,10 3,6
WERHIBRETEzacyclononadecino(13,12-alindole-5-carboxamid @G Sigser 022460
2-(Trimethylsilyl)ethyl (3R,5S SS)-8-isopropyl-1 7,10-trioxo-4,5 7,8,9,10

Step St24B365485.39025093a8)-9-1-Butyl- N-((1R.25)-1- {[(cyclopropvisutfonyllamino] carbonyl}-
7 dodecarg dro 1H 3H 3,6- methano 1,10 3 0, 131d|oxatr|azacyclononade

benzoﬂf@@ﬁhﬁ@%lﬁ%&ﬂ@ﬁ&%&%%aﬂﬂﬁ mg, 0. 236 mmol) in EtOAc (3 mL),

10% Pd[ﬁ: %‘ﬁéﬂgﬁ) was dded. The mixture was then placed under H2 for

1 hour ahd tRerrttared %’iﬁéﬁ%éﬁf’*ﬁ@“ﬁﬁé‘%ﬂ)@?ﬂ VA ramibREihe procedure
outlinvAGuB tanyiddi {I9eclitle @@mpqmdzm@mmm TRRMS ES1+ (M+H)+

600.4. Step 2:

(3R,55,85)-N-((1R,2S)-1-{1(Cyclopropylsulfonyl)aminolcarbonyll-2-viny1
Examgye$6propyl)- 158-isopropyl-1 7 10-trioxo-4 57 8,9,10 12 13,14 15,16

I(cyclopropylsulfonyl)amln WZ-
vinylcyclopropy1)-3,9,12-trioxo-1.2,8,4 5,6,7 9,10,11,12,14,15,16
17,18-hexadecahydro-5,8- ethanod;é.é

8,11-benzoxatriazacyclodocosi -ﬁ,,—
2-methyl - dicarboxylate Toas n'of #-butyl 2- methyl

w mmol), and DIEA

(2 177 mL 12 47 rnmol) were add d the mixture was left to stir for 2
days. The reaction was then dilutgd EtOAc, washed with IN HCI (2x)
and brine (1x), and the organic layer wgs.dried over Na2SO4, and the
solvent was removed in vacuo. The resulting oil was purified by column

150hrorﬁmaﬁw S gitr st snaiuedine 209025 0T moud) rescadies)lved in

48% HYe, ‘%_:hﬁ) GHe)conmnerdasa wieatieilavpichsiowly selidiieg %&%M%gﬁiﬁmmd,
(NI+H)4 455.2, 457.2. Step 2: (5R, 75,105, 19E)-10-t-Butyl-N-((

and th‘iF@?@ef"ﬂ%@%WB@I@M&W@&%&%fda?b%ﬁxﬁﬂﬁzhydmlsoqmmlm 8-ol
hydmbttﬁyiayclmp@wmr&%ﬁiﬁ[meﬂréﬁaéoﬁ&ﬁlﬁolﬁ»%loi@yé?oﬂéﬂq% (285g,

12 4 é decahydro-5.8- methano-13

St R S ete b iR 2O DS dudded omoD
were alidef IibenitlereamapeischvasinseRaindiracsosling tthi @ REESd @ IRemoved

Exan&pk& 1, S&egs 2-7, LRA\/I BS|+]£I\6+H)+ 726.5

in vacuo e résidue partitioned between Ac’and HyO. The organic layer was washed
with brine, dried, and the solvent was removed in vacuo. The crude product was purified on
S10; (gradient elution, 50/50 EtOAc/hexanes - 90/10/1 BtOAc/MeOH/NH,OH) to vield 4.2 g of
the title compound. LRMS EST" (M+H)" 306.4.
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WO 2008/057209PCT/US2007/022460 Example 88
(5R,7S,105,19E)-10-t-Butyl-N4(1R,2R)-1-
(1(cyclopropylsulfonynaminolcarbony11-2-

VEBeiopopy1)-3,9,12-trioxo-1,2,3,4,5,6,7,9,10,11,12,14, 1546 kB4 2460
exadecahydro-5,8- rnethano-13 4 8 11-benzoxatriazac-

Step eloglabasines GARMGHNERY ] oxy]3 Mﬁm}%&ﬁrﬁ%ﬁh%@%gxﬁﬁgmeﬂh Pl

the title compound was prepared according to the proce
1 Steps 2-7, using Intermediate A3 inplacemof Intermediate Al in Step 7.
LRMS ESI4 (M+H). 728.5. 10 Exdl
(5R,7S,10S)-10-1-Butyl-N-(OR,251-1-{[(cy¢IToropylsulfonyflaminolcarbony
[}-2- vinylcycloorooy1)-3,9,12-triexo-1,2,3,4.5,6,7 9,10,11,12,14 15
16,17,18,19 20-octadecahydro5:8-methano-13 48
11- benz%agrégﬁﬁc qdoco ine-7- t%arbo%amlge 15Using the product from

-:G

R BB R TG 294 mmoD o

Example 87, the title coni ound Was

DMF §Pgséd MM&M@@T@AW@ 5] 5. i), €886 W droxypentanoate (1.24 g,
8.8 mgﬁoﬁﬁé%@% (%Tj :511%%98% 2%%81&!}( ?&BQ Img,03 24 mmol) were added. After

5R,7S,108)-10-1-Butyl-N

2 01,1{@&%[@@%}5@/[@@#9&@%9& motbdrioAyIkng- H@@]Yiﬁ)«:lﬁ@ﬁﬁ%};& was washed with
NaH 121004052, 2eder Gy £y Fh QoL 12 L A 2, 16,1 7, 18 t}e?ré % fé?\%ea%gh e crude

,8- méthano- 13,4,8,11- benzoxatrlazacyclo 0CosIné-

produgididg ?H@%%G’Gé’tiﬁ?@ﬁ%‘@i@mm@im,t#@l[i[é%@tﬁpmmam)preﬁar@d:e title

comp@eROrdiREto the pracaguigs in Example 4. LRMS ES1+ (M+H) 730.6.
Example 91 106R. 75,105, 1BEL-10-t Butyl-N-a1R 2R) -1-

Step

oxoDeamém@w&&%nmggg% 5, 6 7 9 10 11 12 14
15,16,17-dodecahydro3H-2,23- eplmlno -5,8-methano-13,4,8,11-benzoxatri
azacyclohenicosine-7- carboxamlde D 1: 1: 1-t-Butyl 2-methyl
(2S,4R)-4-{f(4-bromo-1H-indo1- :?fca DO HyIIamlno}pyrroI

dine-15I,2-dicarboxylate HN, To a solution of 1-t-butyl 2-methyl
(2S,4R)-4-aminopyrrolidine-1,2-dicgrbexylate hydrochloride (350 mg,
1.247 mmol), Intermediate C2 (2’9;9 19;d.247 mmol), and HATU (569 mg,
1.496 mmol) in DMF (8 mL), D1EA ¢0:871 mL, 4.99 mrnol) was added,

and left'1o s, 2908/05 CThe
a mL)s qgtlogylxtlj}rte was then dﬁl%)?e%% v%%égégg%%vasﬁggﬁf% 7M!Smg>1)hm toluene

(PEeresyiang brivdintie i Gdes. N dsoa awesfitsietl, Brentheure was
then hanbdentra@avapRIed. Te teridueaspyrfieg oy 8%{1!2; e crude

hrom raphy xartes) to

roducthre gzoﬁ; % 2 (gradient elution, 20-60% EtOAc/
Produch S BB, gﬁ: d@a%?@f%%ﬁ; Premks IdEsdupnHl-THE 105 mmol) was
added. 5§fep@émﬁ@qtm&mﬁhgfh@gr@véd{z%&w&n9&‘&*1}%'1@@@9@1\»?%'%%&

mino 0 2-dicarboxylate
EtOAc; e}?tractcdpvyltrh Niaﬂ%é 3(aq.), and meyd over NaaSOy4. The solvent was removed in vacuo.
The crude material was purified on SiC, {gradient elution, 25-80% EtOAc/hexanes) to yield the
title compound. LRMS ESI" (M+H)" 449.5,
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To a mixture of the product from Step 1 (471 mg, 1.010 mmol) and
K2CO3 (154 mg, 1.111 mmol) in DMF (8 ml), iodomethane (0.069 mL,
1.111 mmol) was added, and the 10mixture was left to stir overnight. The
Wi ¥ i#Hikture was then diluted with Et20 and H20 and the Fayevsanere22460
separated the Iayers The organlcs were then washed W|th saturated

15trifluoroacetate HN, Q olution of the product from Step 2

(440 mg, 0.916 mmol) in DCM.4£4 ml), FA (1 mL) was added, and left to

stir for 1 hour. The reaction mixtur gAncentrated,

reconcentrated from PhMe @Lx)kan DCI\ﬁI‘J (2 g to yield the title compound

as a yellow oil. 20 LRMS Est +.H)tcf380 0/382.0. WO
2008/057209PCT/U82007/0224/\ 0 Step 4: Methyl

N-11(2, 2 dintelbyirests- emhgai)of(t;w@aoﬂmt YidmFBmeth(§124-valyd3(dRof-and 1-1-

H-indol Il I-L-prol
o Y R A2
0.53 z@pﬂi}:edméltr@mm)@amm Ste@%t&il‘ﬁj? ipterfRédiate 3 Waiimplade Bhie mixture
L +H)+ 6473 (649 3. Step 5: Met
v I SE LY ESUAL 0SS L5 S SIS s v
added{[(lherﬁ&wt @-Xﬁﬁwslfhﬁm%&aqﬂﬂ)&zii’bﬁr@lléﬁ)tﬁ‘@}[qﬁomaleﬂdm €x). The
organigqgge?iggs W@grl}@g@@ 30,/ intes), salurian, %ét)gd 095}‘ ! froft% 5%"@6 product

mg, 0.821 nunol) in Phivie (20 mL), trlbuty V|nyIt|n 0. 2
was pwafﬁ%ﬂ)eyn%mwta)wgs%g&% 1982 PSl el de o ek d -tHentybumethyl

s, 4%(@@56&@9 ‘?)ﬂ%t%%gt BSHNEE %EHE% nas,hen

concentrated, and the resu ng residue was puri |e by column

oxy}p?{ﬁ?ﬁPri’a}ob?a?)ﬁsi%}’?@fé@@%ﬂ%ﬂ%ﬁ@%ﬁ@%ﬂ@@@mm&woﬂls

matenﬂ%éﬂ%ﬁ@sﬂ@@@ﬁﬁ%@l@ﬁcﬁ&@ﬁé mli-ﬁ%g BfedMri 0 95n3un ®Phe
6: (.5R 75 10S,18E)-10-t-Butyl-N4( 1R,2R)-1-

soivenf(&?él mm%ﬁ(}fygﬁﬁﬂ&ﬂ%f&ﬂw@ compound as a brown oil. LRMS BST

(M+H}§‘IByt}:yclopropyl) 15,15,24-trimethy1-3,9,12-trioxo-4 5 6,7 9,10 1112,14

-dodecahydro- 3H-2,23- ep|m|no -5 8-methano-13,4,8
e JSODIORYLE O 1 5o trion0,3,4 8.7 8.9 12,13, 14.15-decahydro-2H.1 1K1 7H-

v )y

(4R1 -4- ([(4 bromo I- methyl 1H- md;@ﬂcarbonyll amlno} -L- prollnate
it

'16,18-ethano-2,5-methano-1.10.5.8.1 6-benzodioxatniazacvelononadecine-4-carboxviic acid

O

G,

(P ~cos
o e

To a solution of the product from Step 4 (230 mg, 0.44 mmol) in DCM (40 mL),
TEA (0.128 mL, 1.3 mmol), EDC (93 mg, 0.49 mmol), and HOBT (66 mg, 487 mmol) were
added. After 18 hours, the mixture was extacted with NaHCOxq), dried over MgSQ0y, and
concentrated in vacuo. The crude product was purified on Si0, (gradient elution, 50%
EtOAc/hexanes - 90/10/1 EtOAc/MeOH/NH,CH) to yield methyl (2R,45,75)-7-isopropyl-
6,9,15-trioxo-3,4,6,7,8,9,12,13,14,15-decahydro-2H,11H,1 TH-16,1 8-ethano-2,5-methano-

: 1,10,5.8,1 6~benzod1?oxatriaiacyciononadecine~4—carboxylate. This material was then dissolved
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Using the product from Step 5, the title compound was prepared using the
20procedures in Example 1, Steps 5-7 with Intermediate A3 used in place
of Intermediate Al in Step 7. LRMS Esr (M+H) 767.6. WO

WEDBBRIB7 269PCT/US2007/022460 Example 92 (5R,7S,113S481AGtabutz2460
1-ASI___.ysk)21/:,p_yj2.y_h_nlifonturiino carbon 1 -2- vi nylc yc loprop

oS ARSI ORS00 o co0m,

2.3 mehmdamcmmammmnefyzmﬁb@xmma@a@ded to adjust B @@?to ~3. EtOAc
was 159 % (? pre aredtaccordlrhg? to the procedures in Example 91
Using IRtemm af)e RIS AR08 [RHreRtat & Vs ShemierbPrem b he
solvefyxam pwlggsﬂia(ﬁlﬁdéﬁ 0BHEQABuYbNL dtR @bbolmd. LRMS EST" (M+H)"
5 4gg an(cyclopropylsulfonyl)aminolcarbony11-2-
vinylcyclopropy1)-15,15-dimethyl-9
Step G2 HLE)6,T {H1D.49.719:14sbbrdHyL- 6,98 5-trioxo-3,4.6,7.8.9.12.12.14.1 5-decahydro-

than? Ap(maenompyidol o

i by |d|ne hydrochlorlde N\CI

MCI Br mo: -2- a ridine
mmol) mTEte(;ﬁic (20 ﬁ%ﬂ%ﬂ%&(’){? O‘iﬁeofafgg]r or}cﬁ)qa & onéu(g %ﬁ“@‘“ﬁ%‘%
10 hxmﬁ%%lﬁﬁpﬁt@mé%hﬁmﬂmﬁad@dwobmé BS‘fé fnixtiyesRas stirred at
RT for 5 days. The solids were then filtered; the mother liquors
20separated; and the solids washed with Et20, dried in vacua to give a
Exampig@dsolid. The SO|IdS were then slurried in 15 mL HOAc and heated to

15 dlene_st&am@[magto glve the tltle compound asa Whlte SO|Id (3 O g) LRMS
Esr- (M+H)+ 245.0/247.0. Step 2:
(4R)-4-1(8-Bromoimidazol[1. %]pyrldln g-yl)methoxyl-1-(z-butoxycarbonyl
)-L-proline

Step 1: N-{[(5-{1-[(3R.55)-1-(+-Butoxycarbonyl)-5-( methoxyearbonvlpyrrolidin-3-vi]-14-

1,2, 3-tnazol-4-vl} pentyl)oxvicarbonvi}-3-methyl-L-valine

20 To a solution of 1--butyl 2-methyl (25,4R)-4-azidopyrrolidine-1,2-dicarbox ylate
(400 mg, 1.48 mmol) and Intermediate B18 (438 mg, 1.63 mmol)} in --BuOH (6 mL) and H,O
(6 mL), ascorbic acid (59 mg, 0.296 mmol} and copper(Il) sulfate (16.5 mg, 0.074 mmol) were
added. After overnight stirring, the mixture was extracted with H,O and EtOAc. The organic
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5To a solution of (4R)-1-(t-butoxycarbony1)-4-hydroxy-L-proline (1.0 g,
4.32 mmol) in DMF (20 mL), NaH (692 mg, 60%, 17.3 mmol) was added
at RT. After 20 minutes, the product from the step 1(1.22 g, 4.32 rnmol)
WHAEHAaEE? and the mixture was stirred for 30 minutes at RT RGTIGH248® 22460
for 1 hour. The reaction was then diluted with ICHSO4 and EtOAc. The pH
0 ith aOH The o ganic layer w arated, .
e s SR S i RN R e e
Gompégﬁdblb%@rw dM\j/Ef)s #4éré.dried over Na2SO4, and the solvent was

| (4R) 4 1(8 brom0|m|dazo[1 ” alpyﬁl -2-yllmethoxyl-L-prolinate

hydrochloride 15 Toa tlon fthg product from Step 2 (1.7 g,
3.86 mmol) in EtOH (200 mL) was bub (g) for 30 minutes. The
mixture was then stirred an itional 2 ﬁour§“‘l’ he solvent was then
removed in vacuo and the following trlgatldﬁplthe titte compound was
isolated as a solid (1.5 g). LRl\%g/%g& ﬂvl+H) 340.0/342.0. 20Step 4:
Ethyl N-{1(2,2-dimethylhex-5-erRl-yl)exylcarbonyl | -3-m

ethyl-L- valyl (4R)-4- 1%8 bromoimidazof _
1,2-cdpyrfuihezinstird ey Riepidiidiae\id8 mmol), 4N HCVdioxane (11.1 mL,

44.4 %QQ/%ZBMCHH&%QWQ%@%@&P Aselwian ehthepodygt U&%%%He}d
3 (900 2.22 mmol) in DME n%thermredlate B13 (698 mg, 2
705 mg {dhe Bgﬁﬁf’(f%“?m 68k I@ﬁ HATY (£94-g, 3.34 mmol) were

Step Jaddedh AR, 45T 7 thBumikbIaINRS- exibRste s Wilh K41SQ4d 30diEIOAC.
Thgsranl I was washed W|th H20 and brine, and then dried over
SO4-THE S RESEARRSVEIn vacuo, and the crude product was

purlfled on Si02 (20% EtOAc/hexamas) to yield 1.4 g of the title compound.
: lyl N- (2 ,2-dimethylhex -5
z;&-m R)- 4 -1 (8 - v inylimidazoi
1 ,2-alpyridin-2-yl)methoxy]- -prol';pate 0UsHg the product from Step 4,
the title compound was preparé ing to the procedure in Example 1
Step 2. LRMS ESP- (Mi-H)r 583 p 6: 5R,7 S ,10S)-10-t-Butyl-N-((1
R,2)-1 - { ((cy clopropylsulf onyl)am nolcarbonyl} -2-

vinyleyciepsayikid R Jadimetivd S §1!£?<me 65910 %0]421111:14{0}]5#%)&%418

,19-dodecahydro- 5H-5,8- methano 23,2 heno)pvrido12,3-n
(200 meL 33 el AdBrebsie-FA TS HbREmIdes mmol) wagshsgere After

overniBFOGHETIE0 eOR Rt g BR G BOVNT Was PIEPRGH ARSRIINGIA 8 1ved in
procedures in Example 2 Steps 1-3. LRMS ESCéﬁC H)t 741.6. Example

BIOAGISR Tort 20r¢ B3/ solayepaveserapsdnif- 2RSS dried over MgSO, and the
solven(Gyedaprapdg Ui Qﬂzyﬂ@émlga@]@x@%éggygmgk was purified on SiO; (gradient elution,

i ro 4,2(-dloxo- loxa- |
o-1000 B o 0e cprano o, RS BSY QUL AA3(12) 4
Step 4528, wmﬁﬂﬁtﬁﬁm bexamidel(cvclopropyisulfonyl)aminocarbonyl}-2-
ethvleyelopropyl)-6.9-dioxo-10-0xa-1,5.8,17,18-pentaazatricyclo[14.2.1.1*  licosa-16(19).17-

diene-4-carboxamide

Using the product from Step 3, the title compound was prepared according to the
procedure described in Example 1 Steps 6 and 7, using Intermediate Al. LRMS EST" (M~+H)"
622.4.
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Ste : meth 4R A- 2-chiorot pent-4-enThylcyclopentylloxyl carbonyllaminol

acetyl -L-prolinate A solution of Intermediate C13 (0.50 g, 1.46 mmol) and

Intermediate B23 in 5DMF (10 mL) was treated with DIPEA (1.53 mL, 8.74
WRAAMEHSAYHATU (0.83 g, 2.19 mmol). The mixture was stirrdCTgp$206Up22460
then partitioned between HCI(aqg.) (IN) and EtOAc. The organic layer was

Q%gated, washed with saturated NaHCO3(aq ) and brine, and then dried

ver Na2S0O4. Filtration and removal of the volatiles gave a residue that

2 $H.cletopnetoba oy mGiddcaosadie Hzelitinoy oK )- 8-

i e g 19, 59mpyo (GFL ma, 75 %) as

KExa

methaurR). 10428 Adegrtpesusicia@itadmg)opl pddliedsls-5-carboxamide
vicyclopentylloxylcarbonyBayxg

mg, 0.22 mmol) was adde ’and mixtuge was heated under reflux for
15 minutes. The mixture was coo _iILi‘@'?j‘ﬁith H20 and EtOAc. The
organic layer was separated?\}fwfésh%g@vi A brine and dried over Na2S04.
The filtered solution was concentrated to afford a residue that was purified
by column chromatography on 20Si02 (gradient elution, 1-100%
L EtoAL petidle it BIRen 8RB tle compound (485 mg, 74 %) as a
solid. LCMS (ES+) rn/z 604 (M+ WO
2008/057209PCT/US2007/0224 P %¥Methyl (3aR,75 105,12R 20E
24aR)-7-cyclopentyl-5,8-dioxo-1 2,3,3a,5,6,7,8,11,12,
22,23,24,24a-tetradecahydro-10H-9,12-methanocyclopentaf18,19111,10,
3,61dioxgdi ' inqlj - n
ety o o eiaban s o PR TEHE o
solutiqgaf ofhy} prhingaloL-sarhextiatredatytiis-monel) mDMBHHNGL) was added. After

I hourb@ycioRentahld. d8hd S & 0AdiaNadirzagye! .9@%%.@%‘cmmoi) was added. After
12,11-blquinoline-10-carboxylate A solution of the product of Step 2 (483

stmingar & BYBSAROl-IMDERIEE is)sioadtrearesdiriIiwd earsgstiwhengs hours.
The reficli2f) wm@ikrifiea heaiet @8 eiesa0 MRV ISS AR E WS ePAIe e d
%lﬂﬁhen c%ncentrated in vacuo. The residue was purified by flash’ .
over MR t0G IR b A8 TeBYra diericamitibhe sB1bsnrrEomkAs etrsfehen SiO;
(gradietheu}itogivedorierGrst fiaatinRp 0@ lthe title compound as a clear oil. LRMS
EQr {ﬁg%%& 5,12R,20E,24aR)-7-cyclopenty1-5,8-dioxo- 1,2,3,3
a,9,6,7,8, 171,12,22,23,24,24a-tetradecahydro-10H-9,12-methanocyclopent
Step 2a 1-Allyl-1H-indole-2-carboxylic acid
[18,19][1,10,3,6]dioxadiazacyclonponadecino[12,11-b]quinoline-10-carboxyl
ate (194 mg, 42%). LCMS (ES+) ml/z}5%6.M+H)+. The later fractions
contained methyl (3a5,7S,105,12R,20E,
1524aS)-7-cyclopentyl-5,8-dioxo-1,%,3,3a,5,6,7,8,11,12,22,23,24,24a-tetr
adecahydro4QH-9,12-
methan%@?&%ﬁérﬁét&%?fgﬁaﬁ@'%?e%ﬁwﬂ@%m&mw&mdnzz 2MAPH,

dioxanti MOHOEE 105 eArP@AY IBUIAG R 13320 i GMR 4B ST W&ﬁiéﬁt(%ﬁgglvent was

Ste‘ge 4: Methyl (3aR,7S 105 12R 24aR)-7-c_ycIopené){1-5 8-dioxo-1 2,

then rego %L?, é‘lﬂ?ﬁ‘%‘}ﬁ Ic;ag'ﬁue was acidified with TN HCl. The resulting solid was

filtered23, P4 j24behizkadesphusdras10d 4R, ddimetireneaystopentalt 202 2.
8,19111,10,3,61dioxadiazac_yclo
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20nonadecinofl2,11-blquinoline-10-carboxylate Pd/C (10%, 29

mg) was added to a solution of (3aR,7S,10S,12R,20E,24aR)-7-

cyclopentyl-5,8-dioxo-1,2,3,3a,5,6,7,8,11,12,22,23,24,24a-tetradecahydro
WA OME137269W0 2008/057209PCT/US2007/022460 PCT/US2007/022466

methanocyclopenta[18 19][1,10,3 6]d|oxad|azacyclononadecmo

OH (20 mL),

‘ St-—1o te frorewas filtered

Beadfiltrdtecwas concentrated to afford the title

compound (95 fig, 83%) as a-solid that was used directly in the next step.
LCMS (ES+) 5ink 578 (M+K)#/Ste 5: 3aR 7S RS 12R233a56 7811 12
2021 22 23 N

24,24a-hexadecahydro- 1011f12-?~nethanocyclopentaf18,19111,10,3,6]di
oxadiazacyclo nonadecino[12,11-bl fhe<tOwearboxylic acid
10LiOH-1-120 (34.6 mg, 0.825 mmol?cw added to a stirred solution of

the prody tof 3.m 1 1 mixture of H2Q: THF
(5.4 mL) Ae so ugtll‘}o%%gaeéj neate a&%&p for Qshou %\%OP#%ME (> mL),

CDI (0hpgatett immatuoaantiddearehiadming! aqgmmmmamimwai; tacidiiefbta hour.

At thiPHde by 99&?@ (i_!'%é&%l%bmétgyfﬁ? drl %q]d%d and th %]r%a{]féﬁér{)oxyiam

was separatéed, Wasn € Mix

(494 imd fifersno bhsad BB (ﬁb?é’tﬂ@sﬁmé@ nomoiledet@ acﬂﬂmii Elmé sifheing was continued
for 2 IEamponRd (614-m9. 6674) E&t%@vég a%(%eéds ‘%%9 '{ﬁ%{& trtlnee ns%)t%ratco

step. LCMS (ES+) rn/z 564 (M+H)+
NaHCihRboigs @@)%t&%@@w@i%(@wq@m -fexeycidpropyisu Tomydtadeipmduct

hsaeaenydac?-wndrrs onEaRy bl
was p23 Jiova: jf%? S trlgzapentac ig%:%z(%gﬁ%)?mes) to yield the title product as a

clear qi g HIMVERESI 08V Bl Db fentriaconta-3(12),4,5,7 9 10-hexaene-29-carb
Step @@Wﬂﬁleagdsﬁvl)edtfhw Relt 24 L1084 QD N%

I 64 mg, 0.109 mmol) and Intermediate Al (43.6
mg, O. 163 mrnol) in DCM (5.7-mL) After 15 hours, the WO

4 2008/057209PCT/USZOO?/O@U&%@UI% were evaporated, and the
residue was purified by automa}gﬂ miass-triggered HPLC (FractionLynx) to

afford after lyophilisation the titfe co nd (51.9 mg, 61%) as a white
powder. LCMS (ES+) m/z 776.3 (M+H) S-£Rampleos (1R,13E,18R,22R

265,295)-26-cyclopentyl W)gs Hl \){ﬂt@yclopropylsulfonyllam noj
carbmil-2-vfr,-o | -24 27- “dim23-didxad1 25 28-triaza emac’

126.2.1.0312.0510.018' 221hentnacoﬁt%1 -3(12),4,5,7
9,10, 133fte§)m&>zzgfd&mamtdhmi9tﬁpemﬁﬁmlgt mhyh(&a&mw (3 mL),

T entyl-5,8-dioxo- 1.2,3,3a,5

S et S R Rt wn o
PhMe @@o@mmm@yd@m@im@mmm Et-04guinokned@saarodxylateresidue

héﬁ te fforded
s e (12 g a0 S ey R, 796 o
combipgiliqugamplayers wegyhgsimg el aptropriataieByandi @S@temmatssyem was
tae-foliouing 859"

removExam Ay Eﬁ@[ggg’fgﬁ . NEFe. RERH&FS%%S@%Q?}E%%%&}%@?%T &R-9y1 1-allyl-

1 H-indole-2- carboxyiate To this crude material (328 mg, 0.791 mmol) in DMF (5 mL),

Intermediate B7 (200 mg, 0.870 mmol), TBTU (279 mg, 0.87 mmol), and DIEA {0.262 mL,

1.58 mmol) were added. After 4 hours, EtOAc was added, and the mixtare was extracted with

IN HCl, NaHCOs, and brine. The organic layer was then dried over Na;80,, and the solvent
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Name LRIVIS (M+H)+ Intermediates according to Procedure Int. 96 -... HO
-(Ny_U N) p OR,13E,18R,22R,26S,29S)- 26-cyclopentyl-N-((1R,2S)- 1-
{[(cyclopropylsulfonyl) aminc]carbonyl } -2- vinylcyclopropyl1)-24,27- .
VdioResP P 3tioxa-1 1,25,28- triazapentacyclo [26.2.1.03'12.05pk:Q%8031h 22460
hentriaconta- 3(12),4,5,7,9,10,13- heptaene-29-carboxamide 774.3 See

was rgﬁ(]%(fneglzen %m‘i’éﬁ irl‘%et:ec}gu%’e material was purified on SiQ; (gradient elution, 10-50%
EtOAc/hexanes) to yield the title compound. LRMS ESI" (M+H)" 626.3.

Step 5: 2-(TrimethvlsilvDethvi (3R.55.85,15E)-8-isopropyl-1,7.10-triox0-4.5.7,8.9.10.12.13.14.
1 7-decahydro-1H.3H-3.6-methano[1,10.3.6.13 Jdioxatriazacyclononadecino[13,12-alindole-5-

carboxvlate

\

N G

Q
Z o
o \E;:;( ~TME
rX

To a degassed solution of the product from Step 4 (480 mg, 0.767 mmol) in DCE
(160 mL), the Zhan 1B catalyst (51 mg, 0.077 mmol) was added, and the mixture was heated to
reflux for 2 hours. The solvent was then removed in vacuo, and the mixture was purified on
5i0; (gradient elution, 10-50% EtOAc/hexanes) to yield the title compound as a tan foam.
LRMS ESI" (M+H)" 598.4.
Step 6: (3R.58.85)-N-((1R.28)-1-{[(Cvclopropylsulfonylaminolcarbonylt -Z-vinyleyclopropyl)-
8-1sopropyl-1.7,10-trioxo-4,5,7.8.9.10.12.13.14.1 I-decahydro-1H.3H-3.6-methanof1,10.3.6.13)

dioxatriazacyclononadecino[13.12-alindole-3-carboxamide

To a solution of the product from Step 5 (50 mg, 0.084 mmol) in THF (2 mL),
TBAF (0.42 mL, 1M solution in THF, 0.42 mmol) was added. Afier 30 minutes, the solvent was
removed in vacuo, and the residue was dissolved in DMF (2 mL). Imtermediate A1 (50 meg,
0.187 mmol), TBTU (60 mg, 0.187 mmol), and DIEA (0.086 mi, 0.52 mmol) were then added.
After 15 hours, the reaction mixture was directly purified by reverse-phase chromatography
(0-100% CH;CN/H,O (with 0.15% TFA) to yield the title compound as 2 white powder. LRMS
EST" (M+H)" 710.4.
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separate isomers Al, B23, C13 WO 2008/057209PCT/US2007/022460

Ex. Structure Name LRMS (MH)t Intermediates according to Procedure

Int. 97 N IN Ho y “c,---t-N 0 AN....",S1, UO,.< PV)
WIRPSIRSPPR,265,29S)-26- PCT/US2007/022460

Example 86
(3R.55.85)-NV-({(1 R.28)-1- {[{Cyclopropylsulfonvllamino]carbonyl} -2-vinvleyelopropyl)-8-
isopropyl-1.7,10-triox0-4.5,7,8.9.10.12.13.14.15.16.1 7-dodecahvdro- 1H3H-3.6-

methanof1.10,3.6,13 dioxatriazacvelononadecing| 13,1 2-alindole-5-carboxamide

16.17-dodecahvdro-1H,3H-3.6-methanc[1.10.3.6.1 3]dnoxatrlazacvclononadecmo[ 1312

alindole-5-carboxylate

0\/\ TMS

“\/‘eo

To a solution of the product from Example 85, Step 5 (141 mg, 0.236 mmol) in
EtOAc (3 mL), 10% Pd/C (14 mg) was added. The mixture was then placed under H, for 1 hour
and then filtered through CELITE. The solvent was removed in vacuo to yield the title
compound as a tan foam. LRMS ESI™ (M+H)* 600.4.
Step 2: (3R.58.88)-N-((1.R.25)-1-{[(Cvclopropylsulfonyllaminolearbonyl} -2-vinvleyelopropyl}-
8-1sopropyl-1,7.10-triox0-4,5,7,8,9,10,12.13,14,15,16.17-dodecahydro- L H 3 H-3.6-

methanof1,10,3.6.13]dioxatriazacyciononadecino{ 13,12 -¢lindole-5-carboxamide

Using the product from Step 1, the title compound was prepared according to
Example 85 Step 6. LRMS ESI" (M+H)" 712.4.
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cyclopenty1-N-((1R,2S)-I- {[(cyclopropylsulfonyl) amino]carbonyl) -2-
yinylcyclopropyl)-24,27- dioxo-2,23-dioxa- 4,11,25,28- tenazapentacyclo
[26.2.1.0"2.05,10.018.22j hentriaconta- 3(12),4,5,7,9,10-hexaene-
WAD2883196%¥ide 777.2 See Example 94, separate isomers Alp828s&dm2450

98 WO N p HO' o....,,r, N_,IL N-5' ?--i.::(H (IR,188,228,26.9,298)-26_- cyc

K lo eQ;yI-N-((lR,ZS)- 1- {[(cyclopropylsulfonyl) aminolcarbonyl) -2- vinyl cyc

XA p?opyl)-24,27-
(SR.75,108,19F)-10-t-Butvl-N-((1R 28}-1-1{[( cyclopropylsulfonvllaminoJcarbonyl} -2-

vinyleyclopropvl)-3,9,12-triox0-1.2.3.4.5.6.7.9.10.1 1,12,14,15.16,17.18-hexadecahvdro-5,8-

methano-13.4.8.11-benzoxatriazacyelodocosine-7-carboxamide

0
HN, o
AV
e N e N
O'JlHN . o © A

Step 1: 1--Butyl 2-methy] (28.4R8)-4-{ [3-{2-bromophenyl}propancvllamine Ypvrrolidine-1.2-

dicarboxylate

—
A
Br

o
HN,

58y
oo

To a solution of 1-r-butyl 2-methyt (25,4R)-4-aminopyrrolidine-1,2-dicarboxylate
hydrochloride (I g, 3.56 mmol), 3~(2-bromophenyl)propanoic acid (0.898 ¢, 3.92 mmol) DMF
(10 mL), EDC (0.751 g, 3.92 mmol), HORT (0.600 g, 3.92 mmol), and DIEA (2.177 mL, 12.47
mnol) were added, and the mixture was lefi to stir for 2 days. The reaction was then diluted
with EtOAc, washed with 1N HC} (2x) and brine (1x), and the organic layer was dried over
Na;S0,, and the solvent was removed in vacuo. The resulting oil was purified by column
chromatography on SiO, (gradient elution, 20%-60% EtOAc/hexanes) to yield the title
compound as a clear oil which slowly solidified. LRMS ESI* (M+H)" 455.2, 457.2.
Step 2: (5R,78,108.19E)-10-+-Butyl-N-((1.R,285)-1-4I{ cyclopropylsulfonyllamino]carbonyl}-2-
vinyleyclopropyl)-3.9.12-triox6-1.2.3.4.5.6,7.9.10.11,12.14.15.16.1 7.18-hexadecahydro-5.3-

methano-13.4.8.11-benzoxatriazacyclodocosine-7-carboxamide

Using the product from Step 1, the title compound was prepared according to the
procedures in Example 1, Steps 2-7. LRMS EST" (M+H)" 726.5,
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dioxo-2,23-dioxa- 4,11,25,28- tetraazapentacyclo
[26.2.1.0312.05,10.018,221 hentriaconta- 3(12),4,5,7,9,10-hexaene-
29-carboxamide 777.2 See Example 94, separate isomers Al, B23, CI5 99
WEGHMERIHO IN,,...)L. 0, ,,0 ,N' L7 (1R,13E,18R,22R,26S, 2gI)U52007/022466
26-cyclopentyl-/V((1R,25)- 1- {[(cyclopropylsulfonyl) aminolcarbonyl) -2- vi
lopropy 0-7- methoxy-24,27-dioxo-2,23- dioxa-4,25,28-
Emm%?é%emacyclo [26.2.1.0312.05,10.018,221
(5R.,75,105,19F)-10-¢-Butvl-N-((1 R 2R)-1-{[{cvclopropylsulfonyDamino]carbonyi}-2-

ethvlcyclopropyl}-3.9,12-triox0-1,2,3.4,5,6.7.9,10,11,12.14.15.16,17.18-hexadecahydro-5, 8-

methano-13.4.8.11 -benzoxatriazacyclodocosine-7-carboxamide

Using the product from Example 87, the title compound was prepared according
to the procedures in Example 1 Steps 2-7, using Intermediate A3 in place of Intermediate Al in
Step 7. LRMS EST™ (M-+H)" 728.5.

10 Example 89
(SR.78,108)-10---Butvl-N-{{1R.25)-1-{{{cyclopropvlsulfonyllamino]carbonyil-2-
vinvicyclopropyi)-3.9.12-triox0-1,2.3.4.5.6,7.9.10,11.12.14.15.16,17.18.19 20-octadecahvdro-

5.8-methano-13,4.8.1 1 -benzoxatriazacvclodocosing-7-carboxamide

HN o

,

¥ H
N
PN
15 Using the product from Example 87, the title compound was prepared according
to the procedures in Example 3. LRMS EST (M+H)" 728.6.
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hentriaconta- 3(12),4,5,7,9,10,13- heptaene-29-carboxamide 804.5 See
Example 1, Steps 4-7, separate isomers Al, B23, C 1 1 100 40 OMe HO
0-"ir-N_ILN 00"o ot AN:S Li (IR, 13E,18S,22S,26S,295)- 26-cycl
WEHERBATRH R,2S)- 1- { keyclopropylsulfonyl) aminolcarbony PLRUS2607/622460
vinylcyclopropyl)-7- methoxy-24,27-dioxo-2,23- dioxa-4,25,28-
Exa rigez%pentacyclo [26.2.1.03'1205,10.018,22] hentriaconta- 30
“%3,4, ,7,9,10,13- heptaene-29-carboxami de 804.5 See Example 1,
(5R.78,108)-10--Butyl-N-((1R,2R)-1- {[(cvelopropylsulfonvDaminolcarbonyit-2-

ethvicvciopropyl)-3.9,12-trox0-1,2.3 4,5.6.7.9.10.11,12.14.15.16.17.1 8.19.20-ociadecahvdro-

5.8-methano-13.4.8.11-benzoxatriazacvelodocosine-7-carbox amide

Using the product from Example 87, the title compound was prepared according

to the procedures in Example 4. LRMS ESI™ (M+H)" 730.6.

Example 91
(5R.,75.108,18F)-10-t-Butyl-N-((1R.2R)-1-{[( cyclopropylsulfonylaminoicarbonyi}-2-
ethyicyclopropyi}-15,15.24-trimethyl-3.9,12-triox0-4,5.6.7.9.10,11.12.14.15.16.17-dodecahvdro-

3H-2,23-epimino-5,8-methano-13.4.8.1 1-benzoxatriazacyclohenicosine-7-carboxamide

Step 1: 1--Butyl 2-methyl (25.4R)-4- {[(4-bromo-1H-indol-2-vDicarbonyl lJamino } pyrrolidine-

ae

Br
HN,

Oﬁ(o“
MA, 0
0o
To a solution of 1--butyl 2-methyl (25,4R)-4-aminopyrrolidine-1,2-dicarboxylate
hydrochloride (350 mg, 1.247 mmol), Intermediate C2 (299 mg, 1.247 mmol), and HATU
(569 mg, 1.496 mmol) in DMF (8 mL}), DIEA (0.871 mL, 4.99 mmol) was added, and lefi to stir

1.2-dicarboxvlate
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Steps 4-7, separate isomers Al, 1323, C11 WO
2008/057209PCT/US2007/022460 Ex. Structure Name _ LRNIS (M+H)+
Intermediates according to Procedure Int. OMe o +s" o ( IR, 13E, |
WERYPETES 29S)- 26-cyclopentyl-N-((IR,25)- 1- ( [(cyclopropyieulfsnagy/e22460
aminolcarbonyl} -2- yinylcyclopropyl)-7- methoxy-24,27-dioxo-

ovemlggp etrrlgaz(c 1§ﬁ2rr51i>%t%ret r\'w%aZsat ent do w[ ggté g J\'vzas Sedlgn%}}ls-ﬁ%zhi\d), brine,
saturaied NaHCO; and brine, dried over Na; SOy and filtered, and the solvent was evaporated.
The residue was purified by column chromatography on 5i0; (gradient elution, 20-60%
EtQAc/hexanes) to give the title compound as a white foam. LRMS ESI™ (M+H)" 468.1.

5 Step2: 1-1-Butyl 2-methyi (25,4R)-4- {[(4-bromo-1-methyl-1H-indol-2-yDearbonylJamino}

pyrrolidine-1.2-dicarboxvlate

Ve
N

A0

Br
BN

W
N
)AO/&O ©
To a mixture of the product from Step 1 (471 mg, 1.010 mmol) and K,CO;
(154 mg, 1.111 mmol) in DMF (8 m), iodomethane (0.069 mL, 1.111 mmol) was added, and the
10 mixture was lefi to stir overnight. The reaction mixture was then diluted with E6O and H,O and
the layers were separated the layers. The organics were then washed with saturated NaHCO; and
brine. The organic layer was then dried over Na;SO,, filtered, concentrated, and re-concentrated
from Et,0 to yield the title compound as a white foam. LRMS ESI" (M+H)" 480.1/482.1.
Step 3: Methyl (4R)-4-{[(4-bromo-1-methvi-1H-indo}-2-vl)carbonvilamino}-L-prolinate

15 trifluoroacetate

e
N

= Q

Br
HN,

: o
£ OH (_)\av(
FH N
¢ O
To a solution of the product from Step 2 (440 mg, 0.916 mmol) in DCM (4 ml),
TFA (1 mL) was added, and left to stir for 1 hour. The reaction mixture was then concentrated,

reconcentrated from PhMe (1x) and DCM (2x) to yield the title compound as a yeilow oil.
20 LRMS ESI" (M+H)" 380.0/382.0.
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hentriaconta- 3(12),4,5,7,9,10,13- heptaene-29-carboxamide
(IR,13E,18S,22R,26S,295)- 26-cyclopentyI-N-(O R,25)- 1-
Wcyclopropylsulfonyl) aminolcarbonyl } -2- V|nyllcyclopropy1)-7-
VrRehas 24927 -dioxo- 2,20,23-trioxa-4,25,28- triazapentacyclpcrgsaonrozzaso
[26.2.1. 03 12.05'10.022] hentriaconta- 3(12),4,5,7,9,10,13-
arboxamide 806 5 806.4 See Examle 1 steps4 -7,

» "‘!."_' '.; L) | “7 TN u! _'

brom@: | h}éﬂhﬁm,}ﬁdl @Mea'ﬂ:hiﬁyi}mmno} -1 -prolinate

x
.‘z
? )
o]
/

o
%\/%o)&m o ©
A
Using the product from Step 3, the title compound was prepared using the
procedure from Example 1 Step 4,using Intermediate B13 in place of Intermediate B7. LRMS
EST" (M+H)" 647.3/649.3.
Step 5: Methyl N-{[(2.2-dimethylhex-5-en-1 -vhoxylcarbonyl}-3-methvi-L-valyl-(4R)-4- {[(]-

methvl-4-vinyl-1 -indol-2-vhcarbonyl]amino} -L-prolinate

Va

/N O
HN,
o Q\"WO\
WX\O/[LHN o ©
i
To a degassed (bubbled N> for 30 minutes) solution of the product from Step 4
(532 mg, 0.821 mmol) in PhiMe (10 mL), tibutylvinyltin (0.288 ml, 0.986 mmol) and Pd(PPhs),
(95 mg, 0.082 mmol) were added, and the mixture was heated to reflux for 90 minutes. The
reaction mixture was then concentrated, and the resulting residue was purified by column
chromatography on $i0; (gradient elution, 20%-45% EtOAc/hexanes) to vield the title
compound as a clear oil. LRMS EST" (M+H)" 595.5.
Step 6: (5R.75,108,18F)-10-1-Butyl-N-((LR.2R)-1-{[( cyclopropylsulfonyl)aminojcarbonyli-2-
ethyleyclopropyl}-15,15.24-trimethyi-3.9.1 2-triox0-4,5,6,7.9,10,11.,12.14.15,16.1 7-dodecahvdro-

3H-2.23-epimino-5.8-methano-13.4.8.11 -benzoxatriazacyclohenicosine-7-carboxamide

Using the product from Step 5, the title compound was prepared using the
procedures in Example 1, Steps 5-7 with Intermediate A3 used in place of Intermediate Al in
Step 7. LRMS EST" (M+H)" 767.6.
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Yy.N1\_j 0000",,,0:(P:sV NOMeHOOAO\-lo(IR,I
8R,22R,26S,29S)-26- cyclopentyl-N-(R,25)-1- ([(cyclopropylsulfonyl)
amino]carbonyl} -2- vinylcyclopropyl)-7- methoxy-24,27-dioxo-2,23-

W GREEATT2% 28- triazapentacyclo [26.2.1.0312.05,10.018,22j Penwiktoonaz4s0
3(12),4,5,7,9,10-hexaene- 29-carboxamide 806.3 See Example 94 Al,

Exame%g 92
(58,785,108, 18 E)-10-1-ButvI-N-({ 1R 28)-1-£[( cyclopropylsulfonylaminecjcarbonvii-2-

vinvicyclopropyl}-15,15.24-trimethyl-3.9.12-triox0-4.5.6.7.9.10.11 A2.14.15.16.17-dodecahvdro-

3H-2.23-epiming-5 8-methano-13.4.8.1 1-benzoxatriazacvclehenicosine-7-carboxamide

The title compound was prepared according to the procedures in Example 91,
using Intermediate Al in place of Intermediate A3. LRMS EST' (M+H)" 765.6.

Exampile 93
(5R.75,105)-10--Butyl-N-{(1R.28)-1-{[{ cyclopropvisulfonyl}aminolcarbonyl}-2-
vinvlcyclowmpyk)-l&l5~dimethvi—9,12~«di0x0~6,7,9,10,1],12,14,15,16,1 7.18.19-dodecahvdro-

SH-5.8-methano-23 2-(methenopvridof2.3-11[1,10,3.6. 13 1dioxatriazacvclohenicosine-7-

carboxamide

)

Q

Step 1. 8-Bromo-2-(chloromethyDimidazol1,2-aloyridine hvdrochloride

=N ’\>_\
R VI
HCE

Br
To a solution of 3-bromo-2-aminopyridine (10 g, 57.8 mmol) in EtOAc (200 mkL},
a solution of 1,3-diichloroacetone (7.34 g, 57.8 mmol) in EtOAc (50 mL}) was added dropwise.
The mixture was stirred at RT for 5 days. The solids were then filtered; the mother liquors
separated; and the solids washed with Et,O, dried in vacuo to give a white solid. The solids were
then slurried in 15 mL HOAc and heated to 90°C for 15 minutes to give a clear solution. The

mixture was then cooled to RT and concentrated to remove most of the HGCAc. The residue was
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C1l4 04 NIFaOMe Il 110 NO O 0"0 0 AN1'S "N"r-7\--1 (1R, |
8R,22R,26S,29S)-26- cyclopentyl-N-((1R,2R)-1- ([(cyc lopropylsu | fonyl)
amino]carbonyl1-2- ethylcyclopropyl)-7- methoxy-24,27-dioxo-2,23-
WHia%/4%/38,28- triazapentacyclo [26.2.1 .03'12.05,10.0 | 8, ZXJT/US2667/022460
hentriaconta- 3(12),4,5,7,9,10-hexaene- 29- carboxamide 808.3 See

treategm%a rgﬂ é\g’@sa%ﬁe}et § f‘% ()V\.\f/e?nig%g%%?\zez gé%?n%%ggcp a232a4 \% ite Solid (3.0 g).
LRMS EST" (M+H)" 245.0/247.0.
Step 2: (4R)-4-[(8-Bromotmidazo[1.2-alpyridin-2-vDmethoxv!-1-(+-butoxycarbonyl)-L-proline

P
GRS

N 03

Br /
OH
N
Bac

(o]

To a solution of (4R)-1-(¢-butoxycarbonyl)-4-hydroxy-L-proline (1.0 g,
4.32 mmeol) in DMF (20 mL), NaH (692 mg, 60%, 17.3 mmo]} was added at RT. Afier
20 minutes, the product from the step 1 (1.22 g, 4.32 mmol) was added, and the mixture was
stirred for 30 minutes at RT and at 45°C for 1 hour. The reaction was then diluted with KHSO,
and EtOAc. The pH was then adjusted to 5.5 with 2N NaOH. The organic layer was separated,
and the aqueous layer was washed with additional EtOAc. The combined organic layers were
dried over Na;S0y, and the solvent was removed in vacuo. The crude material was purified on
510, (90/10/1 DCM/MeOH/HOAC) to give the title compound as a foam (1.7 g}. LRMS EST
(M+H)" 440.0/442.0.
Step 3: Fthyl (4R)-4-[(8-bromoimidazo[1,2-alpyridin-2-ylymethoxy]-L-prolinate hvdrochloride

=
GHaN

N Q,

Br /
N O\/
MOl H

!
To a solution of the product from Step 2 (1.7 g, 3.86 mmol) in EtOH (200 mL)
was bubbled HCI (g) for 30 minutes. The mixture was then stirred an additional 2 hours, The

solvent was then removed in vacuo and the following tritration, the title compound was isolated
as a solid (1.5 g). LRMS EST" (M+H)" 340.0/342.0.
Step 4: Ethvi N-{[(2.2-dimethylhex-5-en-1-vlloxylcarbonyl}-3-methyl-L-valyl-(4R)-4-[(8-

bromoimidazo[1,2-alpyridin-2-yDmethox vi-L-prolinate

N Q
Br 7
N O~
\/\></0 ﬂ\/& o
- Q
T
A
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Structure Name LRMS (MAC Intermediates according to Procedure Int.
105 _0.PO.P;u)g0'zr0" 'zirztz \/0,, z-z-\ .C1C)
0=S0tz 0 ...,0*...0 (IR,I8R,22R,265,295)-26- cyclohexyl-N-(( 1 R,2S)-1-

WY LeGRIGEr8DYIsulfonyl) amino]carbonyl} -2- vinylcyclopropy1)PE-E/US2007/622460
methoxy-24,27-dioxo-2,23- dioxa-11,25,28- triazapentacyclo

[26'2'1'01361:; égﬁiégﬁ%]&h%zplroduct from Step 3 (900 mg, 2.22 mmol) in DMF (12 mL),
Intermediate B13 (698 mg, 2.45 mmol), DIEA (1.16 mL, 6.67 mmol), and HATU (1.26 g,
3.34 mmol) were added. After 1 hour, the mixture was extracted with KHSC, and EtOAc. The
organic layer was washed with H,O and brine, and then dried over Na,80,. The solvent was
removed in vacuo, and the crude product was purified on Si0, (20% EtOAc/hexanes) to yield
1.4 g of the title compound. LRMS EST” (M+H)" 635.3/637.3.
Step 5: Ethyl N-{[(2.2-dimethvihex-5-en-1-vloxylearbonyl}-3-methvl-L-valyl-(4R)-4-[(8-

vinylimidazo[1,2-a]pyridin-2-vDimethoxy]-L-prolinate

Y
%;%
P .

Using the product from Step 4, the title compound was prepared according to the
procedure in Example 1 Step 2. LRMS ESI" (M+H)" 583.5.
Step 6: SR.78.108)-10-t-Butyl-N-((1R,28)-1-{[(cyclopropylsulfonvDaminoicarbonyl}-2-
vinylcyclopropyh)-15.15-dimethyl-9.12-diox0-6,7.9.10.11.12.14.15.16,17.18.,19-dodecahvdro-
SH-5.8-methano-23.2-(metheno)pyrido[2.3-71[1,10,3.6,131dioxatriazacyclohenicosine-7-

carboxamide
Using the product from Step 5, the title compound was prepared according to the
procedures in Example 2 Steps 1-3. LRMS ESI™ (M+H)" 741.6.

Example 94
(1R, 18R,22R.268,295)-26-cyclopentyl-N-{(1R.28)-1-{[( cvclopropvisulfonvllaminolearbonyil-2-
vinvlcyelopropy-24.27-dioxo-2.23-dioxa-1 1.25.28-triazapentacyelo[26.2.1.05% ¢° 10 1822

hentriaconta-3(12).4.5.7.9.10-hexaene-29-carboxamide
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hentriaconta- 3(12),4,5,7,9,10-hexaene- 29-carboxami de 820.3 810.6

See Example 94 Al, B24a, C14 106 (IR, I 8R,22R,26S,29S)-7-

chloro-26-cyclopentyl-N- (( 1 R,2S)-1- {[(cyclopropylsulfonyl)
Wahiinglexaiasdnyl } -2- vinyl cyclopropyl)-24,27- dioxo-2,23-diokatkis2m 2822460

triazapentacyclo [26.2.1.03'12.05'10.0'22] hentriaconta-

Step I?'(]l\%zath%/? (4% hze o?gqu%r?oﬁgr?? ?,r)f%TxI/'Ede 1-{(285)-2-cvclopentyl-2-[( {{(JR 2 R)-2-

pent-4-en-1-vicyclopentviloxy} carbonyl}amino)acetyl}-L-prolinate

o
N\/LLQ

A solution of Intermediate C13 (0.50 g, 1.46 mmol) and Intermediate B23 in
5  DMF (10 mL) was treated with DIPEA (1.53 mL, 8.74 mrnol) and HATU (0.83 g, 2.19 mmol).
The mixture was stirred for 1 hour, then partitioned between HClgy (IN) and EtOAc. The

organic layer was separated, washed with saturated NaHCOsq) and brine, and then dried over

NaySO,. Filtration and removal of the volatiles gave a residue that was purified by flash

chromatography on Si0; (gradient elution, 1-100% EtOAc/petroleum ether) to afford the title
16 compound (671 mg, 75 %) as a solid. LCMS (ES+) m/z 612 (M+H)".

Step 2: Methyl (4R)-1-{(28)-2-cyclopentyl-2-[({[(trans)-2-pent-4-en-1-

vleyclopentylloxy}carbonvhaminoJacetylt -4-{( 2-vinylguinolin-3-yDoxv]-L-prolinate

N\/U\%

A solution of the product of Step 1 (669 mg, 1.09 mmol} in absolute EtOH
15 (10.9 mL) was treated with potassium vinyltriffuoroborate (234 mg, 1.75 mmol) and TEA
(244 pL, 1.75 mmol). Pd(dppf)DCM (178 mg, 0.22 mmol} was added, and the mixture was
heated under reflux for 15 minutes. The mixture was cooled and diluted with H,0 and EtOAc.
The organic layer was separated, washed with brine and dried over NaySQ,. The filtered
solution was concentrated to afford a residue that was purified by column chromatography on
20 Si0; (gradient elution, 1-100% EtQAc/petroleum cther) to give the title compound (485 mg, 74
%) as a solid. LCMS (ES+) m/z 604 (M+H)".
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See Example 94, separate isomers Al, 823, C16 107 CIN ....,, Y rfr1.0 0, 0

0 C>..;e ..<[I"77 (1R,18S,22S,26S,29S)-7- chloro-26-cyclopentyl-N- ((1

R,2S)-1- { [(cyc lopropylsulfonyl) amino]carbonyl} -2- .

wiangftey/eiopropyl)-24,27 - dioxo-2,23-dioxa-11,25,28 triazapentaqyetQen 7022460
[26.2.1.03'12.05.10.018.22] hentriaconta- 3(12),4,5,7,9,10-hexaene-
- Ide 810.6 See Example 94, separate isomers Al, B23,

step 3 R A R b DR S SRS e ecloniatod S & it 2300 267,811 12
22.23.24.24a-tetradecahvdro-10H-9. 12-methanocyclopental18.1931.10.3.6]dioxadiazacvclo
nonadecino[12,11-blquincline-10-carboxvylate and methyl ( 3a85,75108,12R,20F,24a8)-7-

cyclopentyl-3 8-dioxo-1.2.3.32.5.6,7.8.1 1,12,22.23,24 24a-tetradecahvdro-10H-9.12-methano

cyclopenta[18,1911.1 0.3.6]dioxadiazacyclonenadecine[12.11-blquinoline-1 O-carboxviate

N
E/

o
: HoQ N
g
O H O\
O 4

A solution of the product of Step 2 (483 mg, 0.800 mmol) in DCE (80 mL) was
treated with Zhan catalyst (79 mg, 0.120 mmol), then heated at 90°C for 90 minutes. The
mixture was cooled and then concentrated in vacuo. The residue was purified by flash
chromatography on SiO; (gradient elution, 15-65% EtOAc/petroleum ether) to give in the first
fractions methyl (3aR,75,108,1 2R,20E,24aR)-7-cyclopentyl-5,8-dioxo-
1,2,3,3a,5,6,7,8,11,1 2,22,23,24,24a»tetradecahydr0-1OH—9, 12-methanocyclopenta
[18,19][1,1 0,3,6]dioxadiazacyclononadecinol12,1 I-b}quincline-10-carboxylate (194 mg, 42%).
LCMS (ES+) m/z 576 (M+H)". The later fractions contained methyl (3a8,75,108,128,20F,
24&5‘)—7~cyclopentyl-5,S-dioxew1,2,3,3a,5,6,7,8,1 1, i2,22,23,24,24aftetradecahydm~10H»9,12~
methanocyclopenta[18,19][1,1 0,3.6]dioxadiazacyclononadecino{12,11 -blguinoline-10-
carboxylate (148 mg, 32%). LCMS (ES+) m/z 576 (M+H)".

Step 4: Methyl (BaR,’/'S,IOS,I2R,24&R)—7—cvclonemtyl—S,&dioxo-1.2.,3,3&1,5,6,7,8,1 1,12.20,21,22,

23.24 24a-hexadecahvdro-10H-9. 12-methanocyclopentaf18.19][1.1 0.3.6]dioxadiazacyclo

nonadecino{12.11-bguinoline-10-carboxylate

N
i/

Js)
IS @
o

Pd/C (10%, 29 mg) was added to a solution of (3aR,75,108,12R,20E,24aR)-7-
cyclopentyl-3,8-dioxo-1 ,2,3,3a,5,6,7.8,11,1 2,22,23,24 24a-tetradecahydro-1 0/H-9,12-
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(1R,18R,22R,26S,295)-26-t- butyl-N-((1 R,2S)-1- [Rcycl op.ropylsu | fonyl)
amino)carbonyl ) -2- vinylcyclopropyl)-24,27- dioxo-2,23-d|o>§a-

VP88 8%etraazapentacyclo [26.2.1.03' 2.05'10.022] hentriacoatans /022460
3(12),4,5, 7 ,9,10-hexaene- 29-carboxamide 765.2 See Example 94 Al,

meth%%?bl penta 1% @?fg %53 %?(? oxag{aggcz},fg oé@n?a%igg%o [12,11-b]quinoline-16-
carboxylate (115 mg, 0.20 mmol) in MeOH (20 mL), and the mixture was stirred under H; for

! hour. The solution was filtered through CELITE, and the filtrate was concentrated to afford
the title compound (95 mg, 83%) as a solid that was used directly in the next step. LCMS (ES+)
m/z 578 (M-+H)".

Step 5: (3aR.75.108,12R.24aR)-7-cyclopentyl-5.8-dioxo-1.2.3 3a,5.6,7.8.11,12.20,21.22 23
24.24a-hexadecahvdro-10£/-9,12-methanocyclopental 18,191[1.1 0,3.6]dioxadiazacyclo

nonadecinol 12.11-b]guinoline-10-carboxvlic acid

N
|

o—/\\)&%

LiOH-H,0 (34.6 mg, 0.825 mmol) was added to a stirred solution of the product
of Step 4 (95.3 mg, 0.165 mmol) in a 1:1 mixture of H,O:THF (5.4 mL). The solution was
heated at 40°C for 1 hour, then the THF was evaporated in vacuo, and the remaining aqueous
solution was acidified to pH 4 by addition of HClaq) (IN). EtOAc was added, and the organic
layer was separated, washed with brine, then dried over Na;50;. The mixture was filtered, and
the volatiles were removed to afford the titie compound (61.4 mg, 66%) as a solid that was used
directly in the next step. LCMS (ES+) m/z 564 (M+H)".

Step 6: (1R,18R.22R.268.298)-26-cyclopentyl-N-((1R 28)-1- {{( cyclopropyisulfonyliamino]
carbonyl}-2-vinylevclopropyl)-24.27-dioxo-2.23-dioxa-11 .25.28-triazapentacyclo
(26.2.1.0>2 0° ’]O.O]B’ZZThentriaconta—B( 12}.4.5.7.9.10-hexacne-29-carboxamide

N7

L~

0
N
?)r \E/l’Lh%(“ 00\\5/,0
O § T bW
|

DIPEA (124 pl, 0.708 mmol), DMAP (6.65 mg, 0.054 mumol} and TRTU
{(45.5 mg, 0.142 mmol) were added to a stirred solution of the product of Step 5 (61.4 mg,
0.109 mmol) and Intermediate A1 (43.6 mg, 0.163 mmol} in DCM (5.7 mL). After 15 hours, the
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Example 109 (1R,18R,22R,26S,29S)-26-t-butyl-N-UIR.2S)-1- 1
(cyclopropylsulfonyl) aminolcarbonyl } -2- vinylcyclopropyl)-7-methox
y-24,27-dioxo-2,23-dioxa-11,25,28-

Wi aoeEitaeyclo126.2.1.0312.05'1.018'221 hentriaconta-3(1 28 A3BUS2007/022466
7,9, 10 hexaene 29-carboxamide 5 Step 1: Methyl 3-methyl-N4 (IR

cIo entyliox :
o N s P Ra S DRI AR e RgsRgarse HPLC
(Fracthntdrmeéi i‘atef@ndia(@es(}fg?ml%tmma @itdcintermedidte B23,\WWa%) as a white
powdéotwgg%gfngn%g go —Xxam ple 94 Step 1, to produce a residue that

was up in in‘absolute EtOH. The resulting solution (0.2 M) was

treated with potassium vinyltrifluoroborate (1.6 eq) and TEA (1.6 eq).
Exa g%(ggpf) .CH2C12(0.2 eq) was added, and the mixture was heated under
|P xfor 1 hour The mlxture was cooled and dlluted Wlth H20 and EtOAc

ffrda reS| ue that
et etutio G £.100%

(ES+) raiz 622 (M+H)+ Step 2: Methyl
(3aR,75',10S,12R,20E,24aR)-7-t- butyl
6,7 8,11,12,22,23,24 24a-tetradecah rp 10H-9 12-

20methanocyclopental1%9* [1

10,3,6]clioxadiazacyclonoiadecingl “‘11 biouinoline- 10 carboxylate
WO 2008/057209PCT/U8 3
of Step 1 (300 mg, 0.48 mmol)if \
catalyst (48 mg, 0.07 mmol), t heatéd at90C fdr 2 hours. The mixture
was cooled and concentrated in vacua to futhish a residue that was

purified Dy Sashh B wamaiqoraphy 108, Sl 20@radient QL Lon. g/t%%mo-

123, EtOAc/petroIeum ether) to glve the title compound (228'mg, 84%). LCMS
3@%@5 iy /%15@4@424,61, &tdptrpdecahydro-104-9 12~methanocyclopenta[18 19]

[1,10 2{;@@&3&1&%&9@&gﬂﬁﬁotﬁoﬁatﬂﬂb}}q@t%ﬁml%»éaﬁﬂk@mé (8% 3,835 8amol) as
12,20,2 23 24,24a-hexadecahydro-10H-9,12-

desom?ﬁgﬂq ég Eﬂ%‘ll@iqﬂriﬁiéhe title compound (72.8 mg, 62%) as a white
powd%l@@W(ESaQyﬁmﬁOﬂactMmﬁZ 11-blquinoline-10- 10carboxylic acid

The product of Step 2 (125 mg, 0.21 mmol) was dissolved in a 1:2 mixture

of H20:MeOH (30 mL) and treated with LiOH-1-120 (35 mg, 0.84 mmol).

The soli#tiomsingsteeaiedmiHOE, B b diseiheiMeoHhyas RvapRRiaddtnds
were placuo, agd@ aqu usosol 1‘ttr(()?n Was diluted 15with EtOAc and acidified to

p ﬁéf it ﬂ% %‘frﬁi (ﬁ'ne o?’goanlé%mﬁ? vas separated, then washed

with brine and dried over Na2S04. Mier fiItration and removal of the

nnrl 'hfnﬁ'l-r\nl wath Pd /

treated with Zhan

ad nal z
VUIdUIUSgﬁx& Il:'bluuc wWaS dlaauwcu m vu:un T \uu L AL 7

C (10%, 10 mg). The solutipn was stifréd under H2 fpr hﬁvﬂ s tﬁ“@;f?}ﬁmizs Int.
filtered through CELITE. The filtrate was concentrated to afford thefifl dn%,e

compound (128, mg, 98%) a%laz,semm.m@@wdﬁéﬁmn“ega%&amp Al,

R,24aR)-7-1-Butj{ehbi@RR3d i fonyl) separate Ci3
¢ amino)carbonyl}-2- isomers
D vinylcyclopropyl}-24,27-
TN\:.-)LQH 99 0 dioxo-2,23-dioxa-11,25,28-
O ) N % g,s triazapentacyclo
. [26.2.1.03,12‘05.:0_(};8.22}
hentriaconta-

3(12),4,5,7,9,10,13-

heptaene-29-carboxamide
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ES+) in/z §82(Mchiidnt Stepi 4;25)- 94, omit Step 4, | B23,




f f (cyclopropylsulfonyl)aminoicarbonyl)
-2-vinylcyclopropy1)-16-methoxy-5,8-dioxo1,2,3,3a,5 6,7,8,11,12,20,21,22

23,24 24a-hexadecahydro-10H-9,12- WO

WEDBGAOB72HOPCT/US2007/022460 methanocyclopentaf

PCT/US2007/622460

18,19111,10,3,61dioxadiazacyclononadecinol 1 2,11 -blquinoline-10-

P carboxamide—The-product-gf-Step-3-was-treated-as-described.in-Example
* | 94 Step 610 afford a Sresidye that was pitfified by aufoy sk Intermediates | Int.
mass-triggered FIPLC (FradtionLynx) to furnish, after|fre zryinﬁcﬁﬁéé;’:ﬁzo
67 | Uitle COMpoUngAL 12 My, B8y} e A AR M S (BS T ™2 822 cormnie [ A1
(M+H)t. N@ By using thg-rppiepriaie Az.and Cintermedigles, . ... | 23
_the following cogmpounds 1Qwergqieprigdageatging to the procedysss Lf Cis
@x%n\pl)‘(égﬁx. Structure NamentilRidtSe4+14.)* Int, 110 o 401 0, 0 NNH
\ 1@ _ laR;8S,85,10R,22aR)-EnglhutytNpi0}R423)-11 i
?@81 : Baminolcarbohgry-223-dioxa-
vinytcs H?ﬁ%hoxy-&6-d1b$<b25_b?§a,3,4,5,6,9,10,18,19,20,21,
22,2 ydro- H-7,1?§W}52%_ Ok‘,%@l. ()E;‘@;?pa -
hentriaconta-
3(12},4,5,7,9,10-hexaene-
2%-carboxamide
98 (1R,185,225,265,295)-26- 777.2 See Example Al,
N/Q cyclopentyl-N-((1R,25)-1- 84, separate B23,
/\/\/IKfN {{(cyclopropylsulfonyl) 1somers Cis
Q »»»»» o aminojcarbonyl!}-2-
H O : vinylcyclopropyl)-24,27-
Oy N A L 96 o dioxo-2,23-dioxa-
o Q ¥ 4,11,25,28-
o NV tetraazapentacyclo
] [26.2.1.0M12.0%1¢ g8
hentriaconta-
3(12),4,5,7.9,10-hexaene-
29-carboxamide
99 OiMe (1R, 13E,18R,22R 265,295)- 804.5 See Example I, | Al,
N 26-cyclopentyl-N-{(1R,25)- Steps 4-7, B23,
“ | n 1-{[(cyclopropylsulfonyl) separate Cl1
amino]jcarboryl}-2- isomers
O .
- s vinylcyclopropyl)-7-
OYN\./U\N o methoxy-24,27-dioxo-2,23-
a : H 0:\ A dioxa-4,25,28-
Q d Tl Xy triazapentacycelo
] [26.2.1.0™"72 0510 01822
hentriaconta-
3(12),4,5,7,9,10,13-
heptacne-29-carboxamide
160 OMe (1R,13E,185,225,265,295)- 804.5 See Example 1, | Al,
\ 26-cyclopentyl-N-((1R,25)- Steps 4-7, B23,
“ | o 1~{[(cyciapropylsulfonyi) separate Cil
aminolcarbonyl}-2- 1S0THETS

vinyleyclopropyl)-7-
methoxy-24,27-diox0-2,23-
doxa-4,25,28-
triazapentacyclo
[262 1 _03,1 2.05. EO.OEE.ZZ]
hentriaconta-
3(12),4,5,7,9,10,13-

heptaene-29-carboxamide
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[18,19][1,10,3,6]dioxadiaza cyclononadecino[12,11-b]quinoline-8-
carboxamide 766.6 Al, B25a, C14 111 0NoOHoH

(1a5,5S,85,10R,22aS)-5-1-butyl-N-((1R,25)-1- { Rcyclopropylsul

WMo ESdTRBkarbonyl} -2- vinylcyclopropyl)-14-methoxy-3,6-8OR@S2007/022460
1,14,3,4,5,6,9,10,18,19,20,21 ,22,22a-

ha
™o

nnC\lr‘lnhl’f\na [18 1Q"1 10.3 ﬁ](‘llﬂxadlaza

Ex.

Lcuaucu éu u unu +10-me
cyclonona

112 a (laR,55,85,10R,22aR

C|no[12 11-b]gy

inoline-8- gﬁ%%xamlde 76
)-54-buty-N4(1R,2R)-1- (™

)6%

%t@wdmtes

according to
FProcedure

Eat.

10t

[(CycClopropyisulfongiamino]

C%{H‘i'ﬂ* 11‘81»‘5225 268,295)-
XY SeT0R RN (1 R.25)-
- {[(cyclopropylsulfonyi)
amincjcarbonyl}-2-
vinyleyclopropyl)-7-
methoxy-24,27-dioxo-
2,20,23-trioxa-4,25,28-
triazapentacyclo
[26.2.1 '03,12.05.i0_0i8,22}
hentriaconta-
3(12),4,5,7,9,10,13-
heptaene-29-carboxamide

8G6.5

See Example 1,
steps 4-7,
separate
18OMETS

Al
B2la,
Cl

102

Ohde

(IR,13E,185,22R,265,295)-
26-cyclopentyl-N-{(1R,25)-
1-{{(cyclopropylsulfonyl)
aminolcarbonyl}-2-
vinylcyclopropyl)-7-
methoxy-24,27-dioxo-
2,20,23-trioxa-4,25 28~
triazapentacyclo
[26.2.1.0"72.0% 018
hentriaconta-
3(12),4,5,7,9,10,13-
heptaene-29-carboxaride

806.4

See Example 1,
Steps 4-7,
separate
1somers

Al,
Blla,

Cit

103

OMe

(IR,18R,22R.265,295)-26-
cyclopentyl-N-((1R,28)-1-
{[{cyclopropylsulfonyl)
amino]carbonyl}-2-
vinylcyclopropyl)-7-
methoxy-24,27-diox0-2,23-
dioxa-11,25,28-
tnazapentacyclo
[26.2.1.0° 52'05,19_013,22}
hentriaconta-
3(123,4.5,7.9. 1¢-hexaene-
29-carboxarmnide

806.3

See Example
94

Al
B23a,
Cl4

104

Ohvie

(1R,18R,22R 265,295)-26-
cyclopentyl-N-((1R,2R)-1-
{[{cyclopropylsulfonyl}
amino]carbonyl}-2-
ethylcyclopropyi)-7-
methoxy-24,27-dioxo-2,23-
dioxa-11,25,28-
trinzapentacyelo
[26.2.1.0772 0%1¢ it
hentriaconta-
3(123,4,5,7,9,10-hexasne-

29-carboxamide

808.3

See Example
94

A3,
B23a,
Cl4
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1,1a,3,4,5,6,9,10,18,19,20,21, 22,22a- _ _
tetradecahydro-8H-7,10-methanocyc lopropa (18,19][1,10,3,6]dioxadiaza
cyc lononadecino[12,11-bJquino Eine-8- carboxamide 768.5 A3, B25a,

VWO1W08/05AO 20081057209PCT/US2007/022460 EX. Structute-tNasme;n224s0

LAMS (1410+ Int. 11340Y o

Ex.

Structure

Mame

LRMS
(M+H)”

Intermediates
according to
Procedure

Imt.

105

GMa
N
E =
o

Tf N HO
G A Y
§

(1R,18R,22R,265,295)-26-
cyclobexyl-N-({1R,25)-1-
{[{cyclopropylsulfonyl)
amincjearbonyl}-2-
vinyleyclopropyi)-7-

. methoxy-24,27-dioxo-2,23-
dioxa-11,25 28
triazapentacyclo
[26.2.1.0%7.0%1 0'%
hentriaconta-
3(12),4,5,7,9,10-hexaene-
29-carboxamide

820.3

See Example
94

Ald,
B24a,
Cl14

106

(1R,18R,22R,265,295)-7-
chlero-26-cyclopentyl-N-
((1R,28)-1-
{[(cyclopropylsulfony])
amino]carboriyl}-2-
vinyleyclopropyl)-24,27-
dioxo-2,23-dioxa-11,25,28-
triazapentacyclo
{262 1 _03‘ 12 .05,10'0 1 8.22]
hentriaconta-
3(12),4,5,1,9,10-hexaene-
29-carboxamide

See Example
94, separate
1SOmers

Al,
B23,
Cl6

107

(1R,185,225,268,298)-7-
chloro-26-cyclopentyl-N-
((1R,25)-1-
{{{cyclopropylsulfonyl)
amino]carbonyl}-2-
vinyleyclopropyl)-24,27-
dioxo-2,23-dioxa-11,25,28-
triazapentacyclo
[26.2.1.0%12,0%19 '82%)
hentriaconta-
3(12),4,5,7,%,10-hexaene-
28-carboxamide

810.6

See Example
94, separate
1Somers

Al,
B23,
Ci6

108

(1R,18R,22R,265,2985)-26-1-
butyl-N-((1R,25)-1-
{[{cyclopropylsulfonyl)
amino]jcarbonyl}-2-
vinyleyclopropyl)-24,27-
dioxo-2,23-dioxa-
4,11,25,28-
tetragzapentacyclo
[26.2.1 '03,12_05.]0‘018,22}
hentriaconta-
3(12),4,5,7,9,10-hexaene-
29-carboxarmide

765.2

See Example
94

Al,
B22a,
€13
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(1 aS,55,8S,10R,22aS)-5-t-butyl-N-(GR,2R)-1-

JRcyclopropylsulfonyDaminoicarbonyl} -2-

ethylcyclopropyl)-14-methoxy-3,6-dioxo- 1,1a,3,4,5,6,9,10,18,19,20,21,
Wap2opisfeftadecahydro-8H-7,10-methanocyclopropa PCT/US2007/622460

[18,191[1,10,3,61dioxadiaza cyclononadecino[12,11-b]quinoline-8-

mide 768.5 A3, 825a, C14 114 ,00H a, N
5,105,12R,24aR)-7-cyclopentyl- N alR

Exanz??lr b
Q&W&&%mmmsmmwr mmlcﬁmoﬁwﬁronylsulfonvi) aminolcarbonyl}-2-

mazagagmwﬁﬁez(&d}éeﬁvﬁﬁ iOhb@ﬂaZemﬂIaBQ@)&fDQQmﬁexaene 29-carboxamide
[18,19][1,10,3,6]dioxadiaza cyclononadecmogﬁ/g 11-h]-1,5-naphthyridine-

10-carboxamide 807.9 a Al, 823a,

Step 1: Methvl 3-methyl-N-({[( 1R.2R)-2-pent-4-en-1-vicvelopentylloxvicarbonyl)-L-valyl-

{4R)}-4-[(6-methoxv-2-vinylquinolin-3-voxvl-L-prolinate

oy
e

A solution of Intermediate C14 (0.50 g, 1.46 mmol) and Intermediate B23 was

treated as described for Example 94 Step 1, to produce a residue that was then taken up in in
absolute EtOH. The resulting solution (0.2 M) was treated with potassium vinyltrifluoroborate
(1.6 eq) and TEA (1.6 eq). Pd(dppf) CH,C1,(0.2 eq) was added, and the mixture was heated
under reflux for 1 hour. The mixture was cooled and diluted with H,O and EtOAc. The organic
layer was separated, washed with brine and dried over MNayS0O4. The filtered solution was
concentrated to afford a residue that was purified by column chromatography on Si0, (gradient
elution, 1-100% EtOAc/petroleum ether) to give the title compound (30 %) as a solid. LCMS
(ES+) m/z 622 (M+H)".

Step 2: Methyl (3a8.75,105,12R.20F,24aR)-7-r-butyl-16-methoxy-5.8-dioxo-
1.2,3.32,5.6.7.8,11,12.22 23 24 24a-tetradecahydro-104-9.12-

methanocvelopental 18,.191[1.1 0.3.6]dioxadiazacyclononadecino]12.11-blguinoline-10-

carboxvlate
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20

C18115 * N'.-.o0, (3aS,75,105,12R,24aS)-7-cyclopentyl-N- (( 1

R,2R)-1- { [(cyclopropylsulfonypamino] carbonyl} -2-ethylcycl

opropy1)-16-methoxy-5,8- dioxo-1,2,3,3a,5,6,7,8,11,12,20,21,22,
WOROR/OHaRexadecahydro-1011-9,12- methanocyclopenta PCT/US2607/622460

[18,19][1,10,3,6]dioxadiaza cyclononadecino[12,11-blquinoline-10-

carboxamide 19-oxide 824.6 A3, 823a, C14 11§100Q ),---o0V/

{[(cyclopropylsuIfonyl)amlno) carbonyl} e
-2- ethylcyclopropyl) 16- * d
23, 24 24a hexadecahydro 1614779?@12)\

TN

A solution of the product of Step 1 (300 mg, 0.48 mmol) in DCE (30 mL) was
treated with Zhan catalyst (48 mg, 0.07 mmol), then heated at 90°C for 2 hours. The mixture
was cooled and concentrated in vacuo to furnish a residue that was purified by flash
chromatography on Si0O; (gradient elution, 10-80% EtOAc/petroleum ether) to give the title
compound (228 mg, 84%). LCMS (ES+) m/z 594 (M+5)".

Step 3. (3aR.75.105,12R 24aR)-7-1-Buivl-16-methoxy-35,8-dioxo-
1,2,3.32,5.6,7.8.11,12.20.21.22 2324, 24a-hexadecahydro-10H-9,12-

methanocyclopental 18,191(1,10.3.61dioxadiazacyclononadecino/ 12.11-blquinoline-10-

carboxvlic acid

0\
N s
I P
o
[u! N g \
\rr“‘\..)lxr\?r
o X OH
TN J

The product of Step 2 (125 mg, 0.21 mmel) was dissolved in a 1:2 mixture of

Hy0:MeOH (30 mL}) and treated with LiOH-H,0 (35 mg, 0.84 mmol). The solution was heated

at 50°C for 3 hours. The MeOH was evaporated in vacuo, and the aqueous solution was diluted
with EtOAc and acidified to pH 4 with HClag) (IN). The organic layer was separated, then
washed with brine and dried over Na,SO,. After filtration and removal of the volatiles, the

residue was dissolved in MeOH (55 mL) and treated with Pd / C (10%, 10 mg). The solution

was stirred under H; for 2 hours, then filtered through CELITE. The filtrate was concentrated to

afford the title compound (120 mg, 98%) as a solid that was used directly in the next step.
LCMS (ES+) m/z 582 (M+H)",
Step 4: (3aR.75,108,12R.24aR)-7---Butyl-N-{(1R.285)-1-

{{(cyclopropylsulfonylaminejcarbonyl} -2-vinvicyelopropyl}-16-methoxv-5.8-dioxo-

1.2,3.32,5,6,7.8,11,12.20.21.22 23 24 24a-hexadecahydro-10H-9.12-
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methanocyclopenta [18,19][1,10,3,6]dioxadiaza
cyclononadecino[12,11-b]quinoline-10- carboxarnide 19-oxide 820.6 Al,
B26, C14 117 4111 NQ,NN 000,y)y (3aR,7S

W4 e9a/oR22aR)-7-cyclopentyl-N- ((IR,2S)-1- {Rcyclopropyis ORI asnivian 60
carbonyll -2- vmyIcycIopropyl) 16-methoxy-3a-

wm@][ I, 10 3 6]CI|oxad|azacycIo nonadecmo[lZ 11-
1MumoI|ne 10-carboxatnide 822.7 A3, 826, &I 4 118 N'Y

The product of Step 3 was treated as described in Example 94 Step 6 to afford a
residue that was purified by automated mass-triggered HPLC (FractionLynx) to furnish, after
freeze drying, the title compound (112 mg, 68%) as a white solid. LCMS (ES+) m/z 794
(M+H)".

By using the appropriate A, B, and C intermediates, the following compounds

were prepared according to the procedures of Example 94.

Ex. Structure Name LRMS int,
(M+H)"

110 {1aR 55,85,10R,22aR)-5-+-butyl-N-({ 1 R,25}-1- 766.6 Al
{{{cyclopropylsulfonyljamino)carbonyl} -2- B25a,
vinylcyclopropyl}- 14-methoxy-3,6-dioxo- Ci4
1,1a,3,4,5,6,9,10,18,19,20,21, 22,225~
tetradecahydro-8H-7,10-methanocyclopropa
[18,19111,10,3,6]dioxadiaza
cyclononadecino[12,11-b)quinoline-8-
carboxamide

111 {1a3,58,85,10R,22a5)-5--butyl-N-((1R,25)-1- 766.5 Al,
{{{cyclopropylsulfonylaminolcarbonyl} -2- B25a,
vinylcyclopropyl)-14-methoxy-3,6-dioxo- Cl4
1,1a,3,4,5,6,9,10,18,19,20,21 ,22 22a-
tetradecahydro-84-7,10-methanocyclopropa
[18,193[1,10,3,6)dioxadiaza
cyclononadecino[12,11-b]quinoline-8-
carboxamide

112 O~ (1aR,55,85,10R, 22aR)-5-1-butyl-N-{(1 R, 2R)-1- 768.5 A3,
N 1[(cyclopropylsulfonyl)amino]carbonyl }-2- B23a,
- ethylcyclopropyl)- 14-methoxy-3,6-dioxo- Ci4
L o o 1,1a,3,4,5,6,9,10,18,19,20,21, 22 22a-
DTifLN 5o o tetradecahydro-84-7,10-methanocyclopropa
o H ﬂgLN:‘s’;v {18,19](1,10,3.6]dioxadiaza
" cyclononadecino[12,11-b]quinoline-§-
carboxamide
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11%)..../.,..."...N _P -- H (3aR,7S,105,12R,24aR)-7-cyclopentyl-N- ((
1R,2R)-1- {Rcyclopropylsulfonyl)amino3 carbonyl }
-2-ethylcyclopropyl)-16-methoxy-3a-

Whathp1o®dioxo-1,2,3,3a,5,6,7,8,11,

12,20,21, 22 ,23,24,24a-hexadecahydro-10H- 9,12-methanocyclopenta] |

POTIUS2607/022460

= 8 4_9][1 1 n 6 wu,\udlul_ac\ clo nnnnd@mnnr’l 2.11-
* b]qumollne f‘(ﬂj carboxamlde 795.8 Al, 827, Cﬁ“‘?“eExample 119 (SaR&%i Int.
113 7S,105,12R (1aS,55,85,50R,22a5)-5- E~butyl N-((1IR2R)- 1 768.5 A3,
24aR)-7-t-b -N U1R,28)-1-(k(cyelopsppyisuiionytiaminedeasbony0-2- B25a,
vi leycIoprapyl)-16- methoxy-@fﬁhdmmouﬂ B13mBo6B8 b2 20 21,22 Ci4
O 2008/057209PC)t52007/9984860.21. 22,220
&gﬁ&%@ 6k8-9,12-net anoq(g%[q ﬁ% %’;@i?ﬂﬁ”gp&dloxad
aza cyclonofia n?ll 12ib1 q@@%@@@c% 9P %glggg Step 1:
Methyl (3aS,7S 10S 12R 247-cyclopen 1- 5&6&@9{:@5 51.2,3,3a
14 5.6,7,8,11,122¢:21,22 23,24 24%@3«%@@&&9@?}331@%@# 8079 | AL
methanocy gntaf 18,191] : éémnyf@; yelénoiratedino[12 Bczgg
bt 6- 10 carboxylate ™ yor 53 B 'ﬁﬁ ?ﬁf@?ea@re
des xample 94 Steps :bﬁ424@m@@iiﬁ9ﬁ}@ nietmediates
BZSb d the titlecormpaund [as, Bisnlits §tep-idddthy!
(3aS, s°12 ?4aS) 7- cyéb@b@mm@lmthﬁxy%@@@me 3,3a,5,6,
0-44..4.9.90.-7A4 Lo W. lls) dAoon
115 78,1112;2Q.2%; 2272324248 " (328575108, 12 R, iﬁafsj T-cydlopentyl-A- 824.6 A3,
methak |0pentaf 18 ((1R.2R)-1-{[(cyclopropylsulfonylaming] B23a,
19111:4¢,3,61dioxadiazacyclemenadesi gebplioielneling; K0 Ci4
dioxo-1,2,3,32,5,6,7,8,11,12,20,21,22,
4 Oxyl%tmf ng Igﬁg 23,24 24a-hexadecahydro-104-9,12-
"'ngrtk/éo \V methanocyclopenta [18,19][1,10,3,6]dioxadiaza
{ cyclononadecino[12,11-blguinoline-10-
carboxamide 19-oxide
116 (3a8,75,108,12R,24a5)-7-cyclopenty)-N- 820.6 Al,
((1R,2R)~1-{[(cyclopropylsulfonyl)amina] B2s,
carbonyl}-2-ethylcyclopropyl)-16-methoxy-5, 8- Cl4
dioxo-1,2,3,33,5,6,7,8,11,12,20,21,22,
23,24,24a-hexadecahydro-10H-9,12-
methanocyclopenta [18,19][1,10,3,6]dioxadiaza
cyclononadecino[12,11-b]quinoline-10-
carboxamde 19-oxide ,
H7 (3aR,75,105,12R,24aR)-7-cyclopentyl-N- 822.7 A3,
{((1R,28)-1-{[{cyclopropylsulfonyl)amino} B26,
carbonyl}-2-vinyleyclopropyl)-16-methoxy-3a- Ci4
methyl-5,8-dioxo-1,2,3,32,5,6,7,8,11,12
,20,21,22,23 24 24a-hexadecahydro-104-9,12-
methanocyclopentaf18,19][1,
16,3,6]dioxadiazacyclo nonadecinof12,11-
blquinoline-1 0-carboxamide
118 0. (3aR,75,108,12R,24aR)-7-cyclopentyl-N- 795.8 Al,
Q ({(1R,2R)-1-{[(cyclopropylsulfonyl)amino] B27,
carbonyl}-2-ethylcyclopropyl)-16-methoxy-3a- C17

methyl-5,8-dioxo-1,2,3,35,5,6,7,8,11,
12,20,21,22,23,24,24a-hexadecahydro-10//-
9,12-methanocyclopenta{18,19][1,
10,3,6}dioxadiazacyclo nonadecino{12,11-
blguinoline-10-carboxamide

Example 119

(3aR,75,108,12R.24aR)-7-t-butyl-N-{(1R.25)-1-{[( cyclopropylsulfonyDaminolearbonyl}-2-

vinvicvciopmpvl}-Iéomethoxv»S,S—dioxo-l,23,3&,596,.7,‘8,.1 1,12.2021.22 2324 245
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m-CPBA (46.6 mg, 0.27 mmol) was added to a stirred solution of the

product of Step | (130 mg, 0.225 mmol) in DCM (1.13 ml) at OC. Additional

mMCPBA was added after 1 hour (66.0 mg, 0.383 mmol) and after 4 hours
W88@#1§70225 mrnol). The mixture was diluted with DCM (@l @065 /072460

stirred for 1 hour. The reaction was diluted with DCM, and the WO

cyclobmnmiand@nedgmgml}@&@@é m&g@%‘,ﬁgﬁ;@ted to glve the tltle compound
as a solid that was used directly in the subsequent step. LCMS (ES+) m/z
363.8 (M+H)t. Step 3: (3aS 75,10S, JozR
24a5)-7-Cyclopentyl-N-( R)-1- Sﬁ“Kc? lopropylsulfonyl)aminolcarbonvl
-2-ethylcyclopropy1)-16-meti6xy-5,8-dipx o- 1 2 3,3a,5,6 7,8
11,12,20,21,22,23,24, 24a—)§1e>gade%ahvgro -10H-9,12- methanocyclopentaf
18,191[1,10,3,61dioxadiazacyclkon cinof 12,11-big uinoline-10-
carboxarnide 19-oxide Treatm fthe product of Step 2, by
the procedures described in Example 94*”1 -6, furnished the title
compound (12% over 3 steps) as a solid. L M% S+) m/z 824.6 (M+Fir .

By usmg the appropriate A, B, and C inter edlates the following
0 kompinyhtieiiétd PfdparedaAtCordingptatiiesprasegires of Example 94. 15

5 123 EXs %t’ﬁ%ﬁlir?z NS L R e Nt vdro-105.9.12-

methanocyclopental18.191[1,10.3.6] dioxadiazacyclononadecinef12.11 -blavinoline-10-
carboxviate

N7 S

< ., P
o}

8

6 Yy

@ COhe
Following the procedure described for example 94 Steps 1-4, a combination of
16 Intermediates B23b and C14 furnished the title compound as a solid.
Step 2: Methvl ( 3a5.75,108.12R,24a8)~7-cyclopentyl-16-methoxy-5.8-dioxo-
1.2.3.32.5.6,7.8.1 1,12.20,21.22.23 24 24a-hexadecahydro-10H-9.12-

methanocyclopental18.191(1.10.3.61diox adiazacyclononadecinof12.11-blgquinoline-10-

carboxvlate 19-oxide

1 5 O Ezl‘v&e

m-CPBA (46.6 mg, 0.27 mmol) was added to a stirred solution of the product of
Step 1 (130 mg, 0.225 mmol) in DCM (1.13 ml) at 0°C. Additional mCPBA was added afier
1 hour (66.0 mg, 0.383 mmol) and after 4 hours {38.8 mg, 0.225 fmnoi). The mixture was
diluted with DCM (1 mL) and stirred for 1 hour. The reaction was diluted with DCM, and the
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(M+H)4 1204kN.,/,NNOA9 (O R,13E,195,255,2_8S)-25-
cyclopentyl-N-((IR,2S)-1- 1 f (cyclopropylsuIfonyDz_imlno) .
earbonyll-2-vinyleyclopropy1)-7- methoxy-23,26-d|oxo-2,18-d|oxa}-

2R @AY Esetraazapentacyclo [25.2.1.1 19'2_2.03'12.05] 01 hq;&tfl/%%%}%m%o
3(12),4,5,7,9,10,13-heptaene-28- carboxamide 805.5 See Example 1,

-7 Al, , )
organsféelg)%g' vZas washed with 10% Na38,03¢q) and 10% NaHCQj(,q). The organics were

washed with brine and dried over Na,SO, and concentrated to give the title compound as a solid

that was used directly in the subsequent step. LCMS (ES+) m/z 363.8 (M+H)".
Step 3: (3a85.75,1058,12R,24a8)-7-Cyclopentyl-N-( (IR.2R)-1-

5 {l{eyclopropylsulfonyilaminelcarbonyly-2 -ethvicyelopropyl)- 16-methoxy-5.8-dioxo-
1233356781112 20.21,22.23,24a24auhexadecahydm~1OH—9,12~
methanocyclopental18,.1931.10.3 .b]dioxadiazacyclononadecino[12.11-blguinoline-10-
carboxamide 19-oxide

Treatment of the product of Step 2, by the procedures described in Example 94
10 Steps 5-6, furnished the title compound (12% over 3 steps) as a solid. LCMS (ES+Yym/z 824.6
{(M+H)".
By using the appropriate A, B, and C intermediates, the following compounds
were prepared according to the procedures of Example 94.
15
Ex. Structure Name LRMS Example Ime,
(MHH)”
120 ((lR,lBE,lQS,ZSSQSS)—ZS- 805.5 See Al
cyclopentyl-N-((1R,25)-1- Example 1, | B30,
{[{cyclopropylsulfonyl)amino] Steps 1-7 Cii
carbonyl}-2-vinyleyclopropyl)-7-
methoxy-23,26-dioxo-2,18-dioxa-
4,22,24,27~tetraazapemacyclo
[25.2.1.1°* 02 0% hengriaconta-
3(12),4,5,7,9,10,13—heptaene—28-
carboxamide
121 (1R,1 98,ZSS,ZSS)n.’ZS—cyclopentyin 807.4 See Al,
((1R,28)-1- Example 3, | B30,
{[(cchopropylsulfonyi)aminoj Steps 1 & Cii
carbonyl}-2-vinylcyclopropyl)-7- 3, using
methoxy-23,26-dioxo-2,18-dioxa- r(; duct of
4,22,24 27-tetraazapentacyclo pE I
[252.1.1%#6™2 051 henpriaconta- Aampie
3(12),4,5,7,9,10-hexaene-28- 120, Step 6
carboxamide
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830,CIt1214,N4040ONJOyi0OsiNO0.880
(1R,19S,255,285)-25-cyclopentyl-N- (( 1 R,2S)-1... { Rcyclopropylsul
fonyl)amino] carbonyl} -2-vinylcyclopropyl)-7-

WhEtiid/298 26-dioxo-2,18-dioxa- 4.22,24,27-tetraazapentacyElUs2007/622460
[25,2.1.119'22.0312.05'M] hentriaconta- 3044,5,7,9,10-hexaene-28-

B carboxagyge. 8074 See-Exampte-3;-Stepg 18 3 using proqugef Example Int.
Example 120, Step 6 (M+H)"
122 O {(1R,13E,185,255,285}-25- 807.5 See A3,
o cyclopentyl-N-({1R,2R)-1- Examplg i B3g,
¥ {{{cyclopropylsulfonyamineg) CHl
S N carbonyl}-2-ethyleyclopropyl)-7-
l) o methoxy-23,26-dioxe-2,18-dioxa-
y 4,22,24 27 -tetraazapentacyclo
Or, QWN . [25.2.1.1%2.0%% 0> hentriaconta-
0 N 3(12},4,5,7,9,10,13-heptaene-28-
NENE/&O carboxamide
123 O {1R,195,255,2858)-25-cyclopentyl-NV- 809.4 See A3,
] {(IR,2R)-1- Example 3, | B30,
E {[{cyclopropylzuifonyl)amino) Steps 1 & Cli
N carbonyl}-2-ethyicyclopropyl)-7- 3 and
(J/‘ ), methoxy-23,26-dioxe-2,18-dioxa- Exa;’n e 2
{ J o 4,22,24, 27 -wetraszapentacyclo 'p ?
o, Q‘ﬁ/” N'?f\v [25.2.1.1%2.0*2 0 *Thentriaconta- usIng
&0 3(12),4,5,7,9,10-hexaene-28- product of
carboxamide Example
120, Step 6
124 {IR,13E,19R,255,285)-25- 805.4 See Al
cyclopentyl-M-((1R,28)-1- Example 1, | B3,
{[{cyclopropylsulfonyl)amino] Steps 1-7 C1
carbonyl}-2-vinyleyclopropyl)-7-
methoxy-23,26-dioxo-2,18-dioxa-
4,22,24,27tetraazapentacyclo
125.2.1.1 ;9'22.03"2‘05'w]heniriacoma-
3(12),4,5,7,9,10,13-heptaene-28-
carboxamide
125 (45,75.9R,21 E)-4-cyclohexyl-N- 8341 See Al,
((1R,25)-1- Example 1, | B32,
{{{cyclopropylsulfonylamino] Steps 1-7 Cil
carbonyl}-2-vinylcyclopropyl)-15-
Q methoxy-2,5-dioxo-10,26-dioxa-
~ 1,3,6,12-tetraazapentacyclo
o Qﬁ,w NS [25.2.2.1%%.0"%° 0" ¥} dotriaconta-
\CL N\/g o & }1(20),12,13,55,17,18{21~h€ptaene~7~
YO o | carboxamide
O
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Al, 830, C11 WO 2008/057209PCT/U 52007/022460 Ex. Structure
Name LRIVIS (M+1-1)+ Example Int. 122 1 0=0=00=0=0,.,..2zz,0,0000
itdsCti
WO 2008/057209 PCT/US2007/022460
Ex. Structure Name LRMS Example Int.
(MAH)'
126 {1R,13E,248,275)-24-cyclohexyt-N- 805.2 See Al
{({LR,25)-1- Example 1, | B33,
{[{cyclopropylsulfonyljamino] Steps 1-7 Cl11
carbonyl}-2-vinyloyclopropyl)-7-
methoxy-22,25-dioxo-2,1 8-dioxa-
4,21,23,26-tetraazapentacycio
[24.2.1.1%2 .02 0" Yriaconta-
3(12),4,5,7,9,10,13-heptzene-27-
carhoxamide
127 (1R, 13E,198,258,288})-25- 774.0 See Al,
cyclopentyl-N-{(1R,25)-1- Example 1, | B30,
{[(cyclopropylsulfonyl)amino} Steps 4, 2 19
carbonyl}-2-vinyleyclopropyl)-23,26- & 5.7
dioxo-2,18-dioxa-22,24,27-
trinzapentacyclo
[25.2.1.1"%2.0%2 0° Jhentriaconta-
3(12),4,5,7,9,10,13-heptacne-28-
carboxamide
128 (1R,195,2585,285)-25-cyclopentyi-N- 776.0 See Al,
((1R,25)-1- Example 3, | B30,
{{(cyclopropylsulfonylarmino) Steps 1 & (953°]
carbonyl}-2-vinylcyclopropyl)-23,26- 3, using
dioxo-2,18-dioxa-22,24 27 ,d tof
triazapentacyclo proguct o
[25.2.1.1"% 0> 0*'"Yhentriaconta- Example
3(12),4,5,7,9,10-hexaene-28- 127, Step 6
carboxamide
129 (1R,13E,195,258,285)-25-cyclohexyl- | 819.0 See Al,
N((1R,28)-1- Example 1, | B34,
{[{cyclopropylsulfonylamino] Steps 1-7 Cil
carbonyl}-2-vinylcyclopropyl}-7-
methoxy-23,26-dioxo-2,18-dioxa-
4,22,24, 21 tetraazapentacyclo
[25.2.1.1%%.6*2 0" “hentriaconta-
3(12),4,5,7.9,10,13-heptaene-2 8-
carboxarnide
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ile zz )- 0)- 0 /rz\ -(5 ( IR,13E,195,255,285)-25- cyclopentyl-N-(( | R,2R)-1-
{[(cyclopropylsulfonyl)amino] carbony1}-2-ethylcyclopropyl)-7-
methoxy-23,26-dioxo-2,18-dioxa- 4,22,24,27-tetraazapentacyclo

W2Rwa(51892.0312.05'11 hentriaconta- 3(12),4,5,7,9,10,13-heptagner 282460
carboxamide 807.5 See Example 2 A3, 1330, Cl 1123 (1

n.10S ")l:C ')QC o] n\lhlnnnnf\ll N- /( 1R 7|Q\ .=

N, 1LJ09, L =—J Ty
£ {[(cyclopropy S0 fonyl)arnlno] carbonyl) f@?ﬁﬁ/lcyclopropyl)ﬁ) Example | Int.
130 methoxy-Z3,26¢]I0X0-2,18~ |Oﬁ@-1@5z255¢2<g5§ R T S A DA Al
p.03'12.05.1)hentriaconta(@61R).4.5,7,9,10-h¢xaene-2 %xample 3, | B34,
{[{cyclopropylsulfonyl)amine) Steps 1 & Cl1
carbonyl}-2-vinyicyclopropyi)-7- 3, using
mathoxy-23,26-dicno-2, 1 8-dioxa- ’
product of
4,22,24 )7-tetraazapentacyclo
(25.2.1.1%2.0%12 05 henrinconta- Example
3(12),4,5,7,9,10-hexaenc-28- 129, Step 6
carboxamide
131 (IR, 13£,195 255 2R5)-25~ 1752 See Al
cyclopentyl-N-((1R,25)-1- Example 1, | B30,
oS {[{cyclopropylsulfonyl)amino] Steps 1.7 Ciz
carbonyl}-2-vinylcyclopropyl)-23,26-
dioxo-2,18-dioxa-4,22,24,27-
tetraazapentacyclo
[25.2.1.1%2 g2 o* "Thentriaconta-
3(12),4,5,7,9,10,13-heptaene- 28-
carboxamide
132 (1R,13£,228,255)-22-cyclohexyl-N- See Al
((1R,25)-1- Example 1, | B33,
{{(cyclopropylsulfonyl)amino) Steps 1-7 Cii
carbonyl}-2-vinyleyclopropyl)-7-
methoxy-20,23-dioxo-2,16-dioxa-
4,19,21,24-tefraazapentacyclo
[22.2.1. 171 312 )5, ®octacosa-
3(12),4,5,7,9,10,1 3-heptaene-25-
carboxamide
133 (IR, 13E,195,255,285)-25- 776.1 See Al,
cyclopentyl-NV-{(1R,25)-1- Example 1, | B30,
{{{cyclopropylsulfonyl)amino] Steps 4, 2 C21
carbonyl}-2-vinyicyelopropyl)-23,26- & 5.7

dioxo-2,18-dioxa-4,8,22,24 27~
pentaazapentacyclo
[25.2.1.1%%2 62 0°*lhentriaconta-
3(12),4,5,7,9,10,13-heptaene-28-
carboxarmide
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809.4 See Example 3, Steps | & 3, and Example 2, using product of
Example 120, Step 6 A3, 1330, CI 1124 oNO1111NO4. NzaNO:(<9

S (IR,13E,19R,255,28S)-25- cyclopentyl-N41R,25"- |-

WcyerdprapyIsulfonyl)amino] PCT/US2007/622460
Ex. Structure Name LRMS Example Int.
(MAH)"
134 (IR,13E,198,255,285)-25- 776.1 See Al,
cyclopentyl-N-((1R,28)-1- Example 1, | B30,
{[(cyciopropylsulfonyl)amino] Steps 4, 2 C22
carbonyl}-Z-vinyleyclopropyl)-23,26- & 5.7
dioxo-2,18-dioxa-4,9,22,24 27~
pentaazapentacyclo
[25.2.1.1"°2 0* 0% Thentriaconta-
3(123,4,5,7,9,10,13-heptaene-2 8-
carboxamide
135 (1R, 13E,198,258,288)-25- 776.1 See Al
cyclopentyl-M-({1R,28)-1- Example 1, | B30,
{[{eyciopropylsulfonyl)amino) Steps 4, 2 Cz9
carbonyt}-2-vinyleyclopropyl)-23,26- & 5.7
dioxo-2,18-dioxa-4,6,22.24,27-
pentaazapentacycio
[25.2.1.1°% 02 0> M hentriaconta-
3(12),4,5,7,9,10,13-heptaene-28-
carboxamide
136 (1R,13£,195,255,285)-25- 776.2 See Al,
cyclopentyl-M-{(1R,25)-1- Example 1, | B30,
{[{cyciopropylsuifonylaming] Steps 4, 2 C23
carbonyl}-2-vinyleyclopropyl}-23,26- & 5.7
dioxo-2,18-dioxa-4,7,22,24,27-
peniaazapentacyclo
[25.2.1.1%# %2 0> ¥Thentriaconta-
3(12},4.5,7,9,10,13-heptaene-28-
carboxamide
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carbonyl }-2-v inylcyc lopropy1)-7- methoxy-23,26-dioxo-2,18-dioxa-
4,22,24,27-tetraazapentacyclo [25.2.1.1 19.22.03.12.05.nhenniaconta-
3(12),4,5,7,9,10,13-heptaene-28- carboxamide 805.4 See Example 1,
Woteds/e57244, 831, C11 125 N 409, N N :IN< | PCT/US2007/022460
(4S,7S,9R,21E)-4-cyclohexyl-N- (0] R"Z-?)-l-l 115
ropylsulfonypamino] carbonyl}-2-vinylcyclopropy1)-15-
Emnir%%%ﬁ:é%-zgdioxo-¥p0,26-di]oxa- 1,3),/6},12-tet¥agzapentacyclo
(LR, 2[508 220612 (20/01060At3 18- (R DiscoNtac c1430p I RulBdyhaminolcarbonyl}-2-

viny A RN 0 29 Giox0-2.19-dioxa-4.23.25. 28
tetraazahexacyelof26.2.1.1%%% 0312 6°1° 0> S{dotriaconta-3(12).4.5.7.9. 10-hex acne-29-

5  carboxamide

Step 1 Methvl (1R,13£.195.25582 85)-25-cyclopentyl-7-methoxy-23.26-dioxo-2.18-dioxa-
4,22.24.27-tetraazapentacycloi25 2 11192 o312 ¢ ’méhentriaconta—i%{ 12).4.5,7.9.10.13-hentaene-

28-carboxylate

IS4
10 O
Methyl (1R,13£,195,255,288)-25-cyclopentyl-7-methoxy-23 ,26-diox0-2,18-
dioxa-4,22,24,27-tetraazapentacyclo[25.2.1.1"%.0*'2. 0> " hentriaconta-3(12),4,5,7,9,10,13-

heptaene-28-carboxylate was prepared using the procedures of Example 1 Steps 1-5, employing
Intermediates B30 and C11. LCMS (BS) m/z 607.1 (M+H)".
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10

15

carboxamide 834.1 See Example 1, Steps 1-7 Al, 832, C11 WO

2008/057209PCT/US2007/022460 Int. 126 NO (1
R,13E,24S,27S)-24-cyclohexyl-N- ((IR,25)-1.-
WO 2008057209 POCT/US2007/022460

Step 2: Methvl (1R.208.265.295)-26-cyclopentyl-7-methoxv-24.27-dioxo-2, 1 9-dioxa-
4,23.25.28-tetraazahexacyelo[26.2.1.1°%% 0>'2 >0 13 5140 triaconta-3(12).4.5.7.9. 1 0-hexaene-

29-carboxvlate

PA(OAc),; (6.7 mg, 0.03 mmol) was added fo a solution of the product of Step |
(90 mg, 0.15 mmol) in ELO (6 ml.). A freshly prepared solution of diazomethane in Et;O was
then added dropwise to this solution. Repeated additions of diazomethane solution gave ~60%
conversion 1o product. N> was bubbled through the reaction mixture. The reaction mixture was
concentrated and purified by reverse-phase HPLC to give the title product. LCMS (ES) m/z
621.1 (M+H)".
Step 3: (1R.205,265,298)-26-cyclopentvl-N-((1R.28)-1-
{[{cyclopropylsulfonyllaminojcarbonyl}-2-vinvicyclopropyl)-7-methoxy-24.2 7-dioxo-2,19-
dioxa-4,23.25 .28 -tetraazahexacyelo[26.2.1.1°%%.0%'2,0%1°.0"* *1dotriaconta-3(12).4.5,7,9.10-

hexaene-28-carboxamide

The title compound was prepared from the product of Step 2, using the procedures
of Example 1 Steps 6 and 7. LCMS (ES) m/z 819.9 (M+H)".
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I[( cyclopropylsul fonyl)amino] carbonyl } -2-vinylcyclopropy1)-7-
methoxy-22,25-d ioxo-2,18-dioxa- 4,21,23,26-tetraazapentacyclo
[24.2.1.1921.03'12.05' Ariaconta- 3(12),4,5,7,9,10, | 3-heptaene-27-

WEnkbIPtle 805.2 See Example 1, Steps 1-7  0Q 12X AoV 22460
OO N,S...y

Exampie 138
(1R.18R.Z2R.765.298)-26-Cvyclopentyl-N-{(1R,28)-1- {[(eyclopropylsulfonyDamine lcarbonyvi -2 -
vinylcyclopropyl)-11,24,27-trioxo-2,23-dioxa-12.25.28-

triazapentacyclo[26.2.1.0°1% 0710 1822 Thentriaconta-3.5,7 . 9-tetraene-29-carboxamide

A solution of homophthalic anhydride (250 mg, 1.54 mmol) and 3-buten-1-amine
(132 mg, 1.85 mmol) in PhMe (5 mL) was heated to reflux and stirred for 18 hours. The reaction
mixture was concentrated and purified by SO, chromatography (gradient elution, 10-40%
EtOAc/hexanes) to give the title compound. LCMS (ES) m/z 353.5 (M+H)" 216.0.
Step 2: (1RI8R.22R.268,298)-26-Cyclopentyl-N-((1R.2.5)-1-

{[{cyclopropylsulfonylaminc]carbonyl}-2-vinylevelopropyi)-11 24.27-tmoxe-2.23-dioxa-
12,25 28-triazapentacyclo[26.2.1.0° ’12.05’10.018’22]hentﬁaconta-3 5. 7.9tetracne-29-carboxamide

The title compound was prepared from the product of Step 1, using the following
sequence of procedures: Example 1 Steps 1, 3, 4 (using Intermediate B24) and 5; and Example 3
Steps 1-3. LCMS (ES) m/z 792.2 (M+H)".

It will be appreciated that various of the above-discussed and other features and
functions, or alternatives thereof, may be desirably combined into many other different systems
or appiications. Also that various presently unforeseen or unanticipated alternatives,
modifications, variations or improvements therein may be subsequently made by those skilled in

the art which are also intended to be encompassed by the following claims.
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(1R,13E,195,255,285)-25- cyclopentyl-N4( 1 R,25)-1-
ificyclopropylsulfonypamino] carbonyl } -2-vinylcyclopropy1)-23,26-
dioxo-2,18-dioxa-22,24,27- triazapentacyclo [25.2,1.11922.03'
2.05"Thentriaconta- 3(12)4,5,7,9,10,13-hcptaene-28- carboxamide 774.0
See Example 1, Steps 4, 2 & 5-7 Al , 830, 019 128 -;.- allUrzN.N N y7
WIAP[55:2AINID 303 (1R,19S,25S,28S)-25-cyclopentyl-N- ((IR,2S)-1-

1, A compound of formula (E):

(B)

or & pharmaceutically acceptable salt thereof, wherein:

: is one or more rings sefected from the group consisting of:

D aryl rings,

2) C3-Cq cycloalkyl rings, and
3) heterocyclic rings in which the heterocyclic ring system attaches to Z and X at points
that are two independently selected ring atoms that are either two carbon ring atoms or one carbon ring
atom and one nitrogen ring atom, and the heterocyclic ring system is selected from the group consisting
oft
a) 5- or 6-membered saturated or unsaturated monocyclic rings with 1, 2, or 3
heteroatom ring atoms independently selected from the group consisting of N, O or S,
b) 8-, 9- or 10-membered saturated or unsaturated bicyclic rings with 1, 2, or 3
heteroatom ring atoms independently selected from the group consisting of N, O or S, and
¢) 11-to 15-membered saturated or unsaturated tricyclic rings with 1, 2, 3, or 4

heteroatom ring atoms independently selected from the group consisting of N, O or 5,

wherein : is substituted with 0 to 4 independently selected substituents W, R” or oxo;

wherein for stable heterocyclic rings containing S or N, the heterocyclic ring is
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{[(cyclopropylsulfonyl)amino] carbonyl} -2-vinylcyclopropy1)-23,26-
dioxo-2,18-dioxa-22,24,27- Mazapentacyclo 2.05.11hentriaconta-
3(12),4,5,7,9,10-hexaene-28- carboxamide 776.0 See Example 3, Steps 1

W& 39484iAG Product of Example 127, Step 6 Al, 830, 019 129 RCAGINEAIM2L460
00,S NNV (1R,13E,195,255,285)-25-cyclohexyl- N-((IR,28)-1-

unsutﬂ{%%g RIQRY l§u”ﬁn§@%rrc‘)lp 15'substituted at the S or N atom by oxo; wherein said W and
R substitutions are located on one or more ring atoms selected from C and N; and provided that
the 10-membered unsaturated bicyclic ring is not quinoline, quinazoline or 1soguinoline with the

following modes of attachment

R' is selected from the group consisting of -CO,R'?, -CONR'SO,RS,
-CONR""SO,NR*R’, tetrazolyl, -CONHP(O)R''R'?, and -P(O)R''R'%

R? is selected from the group consisting of C,-Cs alkyl, C;-Cs alkenyl, and C3-Cy

cycloalkyl, wherein said R? are substituted with 0 to 3 independently selected halogen atoms;

R’ is selected from the group consisting of H, C;-Cy alkyl, C3-Cy cycloalkyl, C5-Cy
cycloalkyl(Ci-Cylalkyl, phenyl(C,-Cg)alkyl, naphthyl(C,-Cg)alkyl, and Het groups, wherein
when R’ is not H, said R’ is substituted with 0 to 3 substituents independently selected from the
group consisting of halogen atoms, -OR'%, -SR', -N(R'®),, -N(C,-Cs alkyhO(C;-Cs alkyl), C,-Cs
alkyl, Ci-Cs haloalkyl, halo(C)-Cs alkoxy), -NO,, -CN, -CF3, -SO(C)-Cs alkyl), ~S{ONC-C
alkyl), -NR'’SO;R®, SO,N(R®),, -NHCOOR?, -NHCOR®, -NHCONHR?, -COR™®, -C(O)R'®, and
-CON(R');

Het is selected from the group consisting of substituted and unsubstituted 5- and
6-membered saturated heterocyclic rings having 1 or 2 heteroatoms independently selected from
N, O and S, wherein said substituted rings are substituted with 1 to 3 substituents independently
selected from halogen atoms, -OR'®, -SR'%, -N(R'®);, -N(C,-C; alkyD)O(C,-C; alkyl), C,-Cs
alkyl, C)-Cs haloalkyl, halo(C,-Cs alkoxy), -NO,, -CN, -CF;, -SO,(Cy-Cs alkyl), -S(OXC,-Cs
alkyl), NR'*SO;R®, SO;N(R®),, -NHCOOR®, -NHCORY, -NHCONHR®, -CO,R", -C(O)R"®, and
-CONR);

R’ is selected from the group consisting of H, halogen atoms, -OH, C,-Cg alkoxy, C;-Cs
alkyl, -CN, -CF3, -OCF3, -C(O)OH, -C(O)CHs, SR'°, -S0,(C)-Cs alkyl), Cs-Cg cycloalkyl, C3-Cg
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carbonyl } -2-vinylcyclopropy1)-7- methoxy-23,26-dioxo-2,18-dioxa-
4,22,24,27-tetraazapentacyclo [25.2.1.1 19A.)HO1Thentriaconta-
3(12),4,5,7,9,10,13-heptaene-28- carboxamide 819.0 See Example 1,

WO HEEH72%) B34, Ci 1 WO 2008/057209PCT/1J 52007/022460/EX2007/622466
Structure Name LRMS (M+11)+ Example Int. 130 NN DCN o0,,, N ?(

cycioiﬁt;x%f?‘@]%g%@.&@IFm@hﬁﬁék%}(Q&aﬁév)&gll;'u()—phenyI, -G-naphthyl, hetercaryl and
heterocyclyl groups; wherein:

said R’ heteroaryl is selected from the group consisting of 5- and 6-membered
aromatic rings having 1, 2 or 3 heteroatoms independently selected from N, O and 8, and said R’
heteroaryl is attached through a ring atom selected from C or N,

said R’ heterocyclyl is selected from the group consisting of 5- to 7-membered
saturated or unsaturated non-aromatic rings having 1, 2, 3 or 4 heteroatoms independently
selected from N, O and S, and said R heterocyclyl is attached through a ring atom selected from
CorN, and

said R heteroaryl, heterocyclyl, cycloalkyl, cycloalkoxy, allyl and alkoxy groups
are substituted with 0 to 4 substituents independently selected from the group consisting of
halogen atoms, -OR'%, -SR'%, -N(R'®),, -N(C,-C; alkyl)O(C,-Cs alkyl), C;-Cs afkyl, C1-Cs
haloalkyl, halo(C,-Cs alkoxy), -NOs, -CN, -CF3, -S0(C,-Cs alkyl), -S{O)}C,-Cs aikyl),
-NR''SO,R®, SO;N(R®),, -NHCOOR®, -NHCOR®, -NHCONHR®, -CO;R ™, -C(O)R, and
-CON(R'%),, and 2 adjacent substituents of said R’ heteroaryl, heterocyclyl, cycloalkyl,
cycloalkoxy, alkyl and alkoxy groups may be taken together to form a 3- 6-membered cyclic ring

containing O io 3 heteroatoms independently selected from N, O and S;

R® is selected from the group consisting of C,-Cy alkyl, C5-C cycloalkyl, C3-Cg
cycloalkyl{(C,-Cs)alkyl, phenyl, naphthyl, phenyl(C;-Cy)alkyl, naphthyl(C,-Ca)alkyl, hetercaryl,
heteroaryl(C,-C, alkyl}, heterocycelyl, and heterocyclyl(C,-Cg alkyl) groups, wherein

said R® are substituted with 0 to 2 independently selected W substituents,

each R® heteroaryl is independently selected from the group consisting of 5- and
6-membered aromatic rings having 1, 2 or 3 heteroatoms independently selected from N, O and
S, and said R® heteroaryl is attached through a ring atom selected from C or N, and

gach R® heterocyclyl is independenily selected from the group consisting of 5- to
7-membered saturated or unsaturated non-aromatic rings having 1, 2, 3 or 4 heteroatoms
independently selected from N, O and S, and said R® heterocyclyl is attached through a ring atom

selected from C or N;

Y is selected from the group consisting of -C(O)-, -80;-, -OC(0)-, ~C(OIN(D)L- and
-LN(D)C(O)-. and -LN{D)}C(O)-, where
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{[(cyclopropylsulfonyBamino] carbonyl}-2-vinylcyclopropy1)-7-
methoxy-23,26-dioxo-2,18-dioxa- 4,22,24,27-tennazapentacyclo
[25.2.1.119'22.03'12.05'1G]hentriaconta- 3(12),4,5,7,9,10-hexaene-28-
WeageaTide 821.0 775.2 See Example 3, Steps 1 & 3, uslng;@@@g%@f{m%@
Example 129, Step 6 Al, 834,CII13)NO,,.0-N.,,,N11i0a 000 OlI's*

11 Ny D is selected from the group consisting of H, C,-Cg alkyl and C,-C alkenyl

groups,

L 15 selected from the group consisting of a direct bond, -G~(C;-Cg alkylene)-,
«(C1-Ce alkylene)-G-, -G-(C,-Cs alkenylene)-, and -(C;-Cs alkenylene)-G-, groups, where said (G
is seiected from the group consisting of a direct bond, -O-, -N- and ~S-, said alkylene and
alkenylene groups are substituted with 0 to 4 substituents B independently selected from the
group consisting of C-Cs alkyl and C;-Cy atkenyl groups, and

satd I and E may be taken together to form a 3- to 6-membered ring containing 0

to 3 heteroatoms selected from N, O and §;
Z 1s selected from the group consisting of ~C(O)- and a direct bond;

M 1s selected from the group consisting of C;-Cy; alkylenes and Cy-Cy2 alkenylenes,
wherein said M is substituted with 0 to 2 substituents F independently selected from the group
consisting of C,-Cs alkyl, =CH,, C1-Cy cycloalkyl(C;-Cg alkyl), and ary}(C,-Cy alkyl), and 2
adjacent substituents F may be taken together to form a 3- to 6-membered ring containing 0 to 3
heteroatoms selected from the group consisting of N, O and S, and one or more adjacent
substituents F may be taken together and/or with an adjacent D or E to form a 3- to 6-membered
ring containing 0 to 3 hetercatoms independently selected from the group consisting of N, O and
§;

X 1s selected from the group consisting of -O-, -CH,0-, -NHC(O)O-, -CH;NHC(0)O-,
-C=CCH,0-, -C(0)O-, -(CH2):0-, -OC(O)NH-, ~(CH,),C(O)NH-, -C(O)NH- and 2 direct bond;

each R/ is independently selected from the group consisting of H, C,-Cg alkyl, C3-Cg
cyeloalkyl, C;-Cs cycloalkyl(C-Cs)alkyl, phenyl, naphthyl, phenyl(C,-C)alkyl,
naphthyl(C,-Cg)alkyl, heteroaryl, heteroaryl{C;-C; alkyl), heterocyclyl, and heterocyelyl{(C,-Cq
alkyl) groups, wherein
when R is not H, said R’ are substituted with 010 2 W substituents,
each R’ heteroaryl is independently selected from the group consisting of 5- and
6-membered aromatic rings having 1, 2 or 3 heteroatoms independently selected from N, O and

S, and said R’ heteroaryl is attached through a ring atom selected from C or N, and
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(i (1R,ISE, 1 95,255,285)-25- cyclopentyl-N-((1R,25)-1-
{[(cyclopropylsulfonyl)amino] carbonyl} -2-yinylcyclopropy1)-23,26-
dioxo-2,18-dioxa-4,22,24,27- tetraazapentacyclo [25.2.1.119'22.03'12.05'

WihEiRikcéMa- 3(12),4,5,7,9,10,13-heptaene-28- carboxamidkC T/US28#822460
Example 1, Steps 1-7 Al, BA C12 132 O.. ".... N oho.

each R’ heterocycelyl is independently selected from the group consisting of 5- to
7-membered saturated or unsaturated nen-aromatic rings having 1, 2, 3 or 4 heteroatoms
independently selected from N, O and 8, and said R’ heterocyclyl is attached through a ring atom
selected from C or N, and

said R may be taken together with the atom to which it is attached and a second

R’ substituent to form a 4- to 7-membered heterocyclic ring;

each W is independently selected from the group consisting of halogen atoms, -OR'?,

Cy-Cs alkyl, -CN, -CFs, -NO, -SR'®, -COR ', -CON(R'®),, -C(OIR™, -NR')COIR",
-502(C1-Cs alkyl), -S(O)Ci-Cg alkyl), C3-Cy cycloalkyl, Ca-Cy cycloalkoxy, C-Cs haloalkyl,
-NR )z, -N(C1-Cs alkylYO(C-Cy alkyl), halo(C)-Cs alkoxy), -NR'SG,R 'Y, -S0,NR ).,
-NHCOOR'®, -NHCONHR !, phenyl, naphthyl, heteroaryl and heterocyclyl groups; wherein

said W heteroaryl is selected from the group consisting of 5- and 6-membered
aromatic rings having 1, 2 or 3 heteroatoms independently selected from N, O and S, and said W
heteroaryl is attached through a ring atom selected from C or N,

said W heterocyclyl is selected from the group consisting of 5- to 7-membered
saturated or unsaturated non-aromatic rings having 1, 2, 3 or 4 heteroatoms independently
selected from N, O and §, and said W heterocyclyl is attached through a ring atom selected from
CorN;

R® is selected from the group consisting of C-Cy alkyl, C5-Cy cycloalkyl, C3-Cg
cycloalkyl(C;-Cg alkyl), phenyl, naphthyl, pheny}(C,-Cy)alkyl, naphthyl(C,-Cyalkyl, heteroaryl,
heterocyclic, heteroaryl(C,-Cy alkyl), and heterocyclyl(C-Cy alkyl) groups, wherein

said R® are substituted with 0 to 4 substituents selected from the group consisting
of phenyl, naphthyl, C;-Cs cycloalkyl, heteroaryl, heterocyclyl, C,-Cg alkyl, halo(C;-Cg alkoxy),
halogen atoms, -OR'?, -SR'?, -N(R'%),, -N(C-Cs alkyl)O(C,-Cs alkyl), Ci-Cs alkyl, -C(O)R,
C\-Cs haloalkyl, -NO;, -CN, -CF3, -S0,(C,-Cs alkyl), -S(O)}C,-Cs alkyl), -NR'°SO,R®,
-SO;N(R),, -NHCOOR®, -NHCOR?, -NHCONHR?, -CO,R ", and -C(O)N(R '),

each R® heteroaryl is independently selected from the group consisting of 5- and
6-membered aromatic rings having 1, 2 or 3 heteroatoms independently selected from N, O and

S, and said R® heteroaryl is attached through a ring atom selected from C or N,
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00R01((IR,13E,22-5,255)-22-cyclohexyl-N- ((IR,25)-1-
(Rcyclopropylsulionyl)arnino] carbonyl} -2-vinylcyclopropyl)-7-
methoxy-20,23-dioxo-2,16-dioxa- 4,19,21,24-tetraazarntacyclo

W0 29981097£9919.03.12.05' loctacosa- 3(12),4,5,7,9,10,13-heptRenes®B607/022460
carboxamide See Example 1, Steps 1-7 Al, 833, C11 NN 133 ONN

1---) each R® heterocyclyl is independently selected from the group consisting of 5- to
7-membered saturated or unsaturated non-aromatic rings having 1, 2, 3 or 4 heteroatoms
independently seiected from N, O and S, and said R® heterocyclyl is attached through a ring atom
selected from C or N, and

2 adjacent substituents of said R® may be taken together to form a 3- to
&-membered ring containing 0 to 3 heteroatoms independently selected from the group consisting

of N, G and §;

R’ is selected from the group consisting of C,-Cjq alkyl, C3-Cy cycloalkyl, C3-Cy
cycloalkyl(C;-Cy alkyl), C;-Cg alkoxy, C3-Cy cycloalkoxy, phenyl, naphthyl, phenyl(C,-Cy)alkyt,
naphthyl(C,-Cy)alkyl, heteroaryl, heterocyclyl, heteroaryl(C,-Cy alkyl), or heterocyclyl(C,-Cs
alkyl) groups, wherein

said R are substituted with 0 to 4 substituents selected from the group consisting
of phenyl, naphthyl, C1-Cy cycloalkyl, heteroaryl, heterocyclyl, C,-Cg alkyl, halo(C-C; alkoxy),
halogen atoms, -OR'®, -SR'®, -N(R'%),, -N(C;-C; alky)O(C,-Cs alkyl), C;-Cs alkyl, -C(O)R®,
C1-Ce haloalkyl, -NOy, -CN, -CF3, -802(C;-C; alkyl), -S(O)C)-Cs alkyl), -NR''SO,R®,
-SO2N(R"),, -NHCOOR®, -NHCOR®, -NHCONHR®, -CO;R", and -C(O)N(R'®),,

each R’ heteroaryl is independently selected from the group consisting of 5- and
6-membered aromatic rings having 1, 2 or 3 heteroatoms independently selected from N, O and
S, and said R’ heteroaryl is attached through a ring atom selected from C or N,

each R’ heterocyclyl is independently selected from the group consisting of 5- to
7-membered saturated or unsaturated non-aromatic rings having 1, 2, 3 or 4 heteroatoms
independently selected from N, O and 8, and said R’ heterocyclyl is attached through a ring atom
selected from C or N, and

2 adjacent substituents of said R may be taken together to form a 3- to
6-membered ring containing 0 to 3 heteroatoms independently selected from the group consisting

of N,Cand S, and
R® and R’ may be taken together, with the N to which they are attached, to form a 4- to

8-membered monocyclic ring containing 0 to 2 additional heteroatoms independently selected

from N, Oand §;
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0 0 Sil Nv, Il (1R,13E,195,25S,285)-25- cyclopentyl-N-((IR,25)-1-
[Reyclopropylsulfonyl)aminol carbonyl) -2-vinylcyclopropy1)-23,26-
dioxo-2,18-dioxa-4,8,22,24,27- pentaazapentacyclo [25.2.1.1 | 9s22. '

V31998 RMentriaconta- 3(12),4,5,7,9,10,13-heptaene-28- carb@Xamigto:2460
776.1 See Example 1, Steps 4,2 & 5-7 Al, 830, C21 WO

Ex. Structure Name LItMS (M+H).
ZOECA%OQ%ZIQ ?n%%}gyd%%%? zf/:fr)a%tze%!esfgom the group consisting of H and Cl—(g6 alkyl,
Example Int.
each R'' is independently selected from the group consisting of C,-Cg alkyl, Cy-Cy
alkenyl, -OR ", -N(R'%)-V-CO;R", -0-V-COR"Y, -§-V-CO,R", NER'DYRS), -R™, and
NER'HSO,RS;

each R' s independently selected from the group consisting of -OR"?,
-NR'®)-V-COR™, -0-V-CO,R®, .8-V-CO,R'®, and SNR'YR:;

R" and R'? may be taken together, with the phosphorus atom to which they are attached,

to form a 5- to 7-membered monocyclic 1ng;

each V 1s independently selected from the group consisting of -CH(R')- and -(C-Cy
alkylene)-CH(R'%)-;

each R is independently selected from the group consisting 6f H, C-Cs alkyl, Cs-C;

alkenyl, C3-Cg cycloalkyl, aryl, heteroaryl, and heterocyclyl groups, wherein

when R"? is not H, said R is substituted with 0 to 2 substituents independnetly
selected from the group consisting of phenyl, naphthyl, phenyl(C;-Cy alkyl), naphthyl(C;-C,
alkyl), C3-Cy cycloalkyl, C3-Cy cycloalkyl(C,-Cy alkyl), heteroaryl, heteroaryl(C,-C, alkyl),
heterocyclyl, heterocyclyl(C;-Cy alkyl), Cy-Cy alkyl, halogen atoms, -OC(O)OR®, -OC(O)R®,
-OR", -SR™, -N(R'%),, -C(O)R'®, -NO,, -CN, -CF, -803(C-Cs atkyl), -S(O)(C,-C alkyl),
-NR'’SO,R®, -SO,N(R®),, -NHCOOR®, -NHCOR?, -NHCONHR®, -CO;R', and -C(O)N(R'®),,

each R"? heteroaryl is independently selected from the group consisting of 5- and
6-membered aromatic rings having 1, 2 or 3 heteroatoms independently selected from N, O and
S, and said R heteroaryl is attached through a ring atom selected from C or N,

each R heterocyclyl is independently selected from the group consisting of 5- to
7-membered saturated or unsaturated non-aromatic nngs having 1, 2, 3 or 4 heteroatoms
independently selected from N, O and S, and said R" heterocyclyl is attached through a ring

atom selected from C or N, and

- 166 -



10

15

20

25

30

134 N0O4.N, ,,.N11lio0 Do"N'(IR,13E,195,25S,285)-25-
cyclopenty1-N-((IR,25)-1- ificyclopropylsulfonyl)amino] carbonyl)
-2-vinylcycropropyl)-23,26- dioxo-2,18-dioxa-4,9,22,24,27-

WEeHtEd af¥ntacyclo [25.2,1.1 19.22.0112.05' | IhentriacontaPCT/US2007/622468
3(12),4,5,7,9,10,13-heptaene-28- carboxamide 776.1 See Example I,

Steps 4’@3‘%&';166&'&1385%9&6%%20%?&51&\%{M Cr)rila,)(z) 196 taken fogether to form a 3- to
6-membered ring containing 0 to 3 heteroatoms independently selected from the group consisting

of N, D and &;

R is selected from the group consisting of C;-Cy alkyl, C,-Cs alkenyl, phenyl, naphthyl

and heteroaryl, wherein

each R'* heteroaryl is independently selected from the group consisting of 5- and
6-membered aromatic rings having 1, 2 or 3 heteroatoms independently selected from N, O and
S, and said R'* heteroary! is attached through a ring atom selected from C or N, and

said R phenyl, naphthyl or heteroaryl may be substituted with 0 to 2 substituents
independently selected from the group consisting of Cy-Cs alkyl, halogen atoms, -OC(O)YOR®,
-OC(O)R’, -OR', -SR™, -N(R'")2, -C(O)R"®, -NOy, -CN, -CF3, -80(C-Cs alkyl), -S(O)(C-C
alkyl), -NR'*SO;R®, -SO;N(R®),, -NHCOOR®, -NHCOR®, -NHCONHR®, -CO,R', and
-COONR); and

each R" is independently selected from the group consisting of C,-Cg alkyl, Cp-Cs

alkenyl, C3-Cyq cycloalkyl, phenyl, naphthyl, heteroaryl, and heterocyclyl groups, wherein

said R" are substituted with 0 to 2 substituents independently selected from the
group consisting of C;-Cg alkyl, halogen atoms, -OC(O)OR®, -OC(O)R®, -OR", -SR' N(R'Y,,
-C(O)R'®, -NOy, -CN, -CF3, -805(C)-Cs alkyl), -S(0)(C1-C alkyl), -NR'’SO,RS, -SO,N(R%,,
-NHCOORS, -NHCOR®, -NHCONHR®, -CO,R", and -C{O)N(R'%),,

each R'” hetercaryl is independently selected from the group consisting of 5- and
6-membered aromatic rings having 1, 2 or 3 heteroatoms independently selected from N, O and
S, and said R"® heteroaryl is attached through a ring atom selected from C or N,

each R" heterocyclyl is independently selected from the group consisting of 5- to
7-membered saturated or unsaturated non-aromatic rings having 1, 2, 3 or 4 heteroatoms
independently selected from N, O and S, and said R'® heterocyclyl is attached through a ring
atorn selected from C or N, and

2 adjacent substituents of said R'” are optionally taken together to form a 3- to
6-membered ring containing 0 to 3 hetercatoms independently selected from the group consisting

of N, O and S,
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0"S,, NNr9, (IR,13E,195,255,285)-25- cyclopentyl-N-(OR,25)-1- {
kcyclopropylsulfonyBarnino] carbonyl }-2-vinylcyclopropy1)-23,26-
dioxo-2,18-dioxa-4,6,22,24,27- pentaazarentacyclo [25.2.1.119'22.03'.05'
ilhentriaconta- 3(12),4,5,7,9,10, | 3-heptaene-28- carboxamide 776.1 See
Example 1, Steps 4, 2 & 5-7 Al, B30, C20 136 ---NINNiONOoN

2. The compound according to claim 1, wherein is selected from the
group consisiing of:
1) aryl rings,
2) cyclohexyl rings, and
3 heterocyclic rings in which the heterocyclic ring system attaches to Z and X at points
that are two independently selected ring atoms that are either two carbon ring atoms or one carbon ring
atom and one nitrogen ring atom, and the heterocyclic ring system is selected from the group consisting
of:
a} 5- or 6-membered saturated or unsaturated monocyclic rings containing 1, 2, or

3 nitrogen atoms, and

b) 8-, 9- or 10-membered saturated or unsaturated bicyclic rings containing 1 or 2
nifrogen atoms,
wherein said is substituted with 0 to 4 independently selected substituents W, R or

oxo; wherein for stable heterocyclic rings containing S or N, the heterocyclic ring is unsubstituted at the
S or N atom or is substituted at the S or N atom by oxo; wherein said W and R’ substitutions are located
on one or more ring atoms selected from C and N; and provided that the 10-membered unsaturated

bicyclic ring is not quinoline, quinazoiine or isoquinoline.

3. The compound according to ¢laim 2, wherein is unsubstituted or

mono-substituted with a moiety selected from the group consisting of -Br, -Cl, -CN, phenyl, -O-phenyl,
-OCF;, -OCH;, -C{OYOH, -CH; and -C(O)CH;.
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,(< (1R,I3E,195,255,285)-25- cyclopentyl-N-y1R,28)-1-. {
kcyclopropylsulfonyBamino] carbonyl } -2-vinylcyclopropyl1)-23,26-
dioxo-2,18-dioxa-4,7,22,24,27- pentaazapentacyclo [25.2.1.1 '9'22.03
WeRHSRS i iaconta- 302),4,5,7,9,10,13-heptaene-28- carboXdile2pyg022460
See Example 1, Steps 4, 2 & 5-7 Al, 830, C23 WO
2008/057209PCT/US2007/022460 Example 137
(1R,20S,26S,298)-26-cyclopentyl-N-(GR,28)-1-

. A
f1(cyclopropylsulfonyflaminolcarbony11-2- .
yinyleyclbpropy A EHE 2020041 6% 18 md dideasip 23,25 28 s selected from

the iR R3AAREARGYTHI26:% LAANR3ORLA05:10.013'15 1 dotriaconta-3(12)
4,5,7 9 10-hexaene-29- 5Scarboxamide 00 3s2 CNYNO Ca ) Step 1

) thy@m , 281it'jcyclj©y1-7- oxy-23
i 264 dioxe:2 13-digXa- 4122 o L R
4,2?—tetr aza[?énta ycIﬁZS. 1.1¥9'22[03".05N t'a@on@4
X 27 N X

¥ 7.9,10,18-heptaen&28-carbdx yl ate ,

Nm
|

= P P



Methyl

(1R,13E,19S,25S,285)-25-cyclopenty1l-7-methoxy-23,26-dioxo-2,18-

dioxa-4,22,24,27-tetraazapentacyclo[25.2.1.119'22.03'12.05'10]hentriacon

ta-3(12),4,5,7,9,10,13- heptaene-28-carboxylate was prepared using the

D eme o) BB foTIERR 55 ERRIRNNE INSIMSENR RISy seested
from 508 OpPSP2EIPE T SBRE71 605488 Ste g PoiMesthyDCFs, -OCH;, -OH, C;-C; alkoxy,
C,-C{ 20205208012 6ncy atopgnty,1-7-methoxy-24,27-dioxo-2,19-dioxa-4,23,

25,28-tetraazahexacyclo[26.2.1.120'23.03'12.05'1.013'151dotriaconta-3(1

2),4,5,7,9,10-hexaene-29-carboxylate 5Pd(OAc)2 (6.7 mg, 0.03 mmol)

was added to a SokutionpofitieqprodiugtofStep . 1@0=m@, & 1&ammiabpin the group
consiGIRRB.A R A freshiynprepared solution of diazomethane in Et20 was

then added dropwise to this solution. Repeated additions of diazomethane

solution gave -60% conversion to product. N2 was bubbled through the

reaction rixture Ikheoreaciidndanixine wasiconcaniatad andipuefiedByne oroup

consitBNerSer HPL veihe ié[}ley rvduct. LCMS (ES) ink 10621.1
° S[%ﬁ/l}{ﬂfﬁﬁcg?)eg}?%f: (%R%Ck)%ﬂzi\é%dg%%% PC(;T/‘(:IopentyI-N-((lR,28)-1-

ificyclopropylsulfonynaminolcarbonyll-2-vinylcvelopropyl)-7-methoxy-24

27-dioxo-2,19- djﬁli(@cyﬁ@)’ﬁ@@ccording 1o claim 1, wherein R” is selected from the group

.28-tetraazahexacyclo[26.2,1.120'23.03'12.05'10.013151dotriaconta-30
OB, %?ﬁ&%ﬁé“)ﬁ%agﬁ"eé@ﬁ%%}’ joxamide 15The title compound was

prepared from the product of Step 2, using the procedures of Example 1

Steps 6 and 7. LﬁMéx(m%&)n@Hc@&%%Méﬁ% W Qerein R? is selected from the group
.2008/057209PCT/1182007/022460 I;—_zxample 138

consiFifpe PRI HoR! beB.HeS) 28 EyeibhERtyIN-((IR ,2S)-1 - (cyclopropylsulfony!
)amino Icarbonvl | -2-

vinylcyclopropyLjsl 1 24,6/:r0x0-2,63:dIoXa-12,82.38% is sejecte 0
_trjazggentac@olbaz 0312.051.0 8('}221heﬁtriaéoﬁta—é?g,ef?@E%gt%)g]nteh?fmup

consiging &é}ﬁ Bvi@@dsgéﬂﬂgycloalkyi.
2-But-3-en-1-ylisoquinoline-1,3(2H,4H)-dione 0 A solution of
homophthalic anhydride (250 mg, 1 54 mmol) and 3-buten-1-amine (132,
2 o) B A e S i R e e
consifiggral T tebletion T bmbiture wakespneehtfdieédrand purified by SO2
chromatography (gradient elution, 10-40% EtOAc/hexanes) to give the title
compounpj LCMS (ES mizd353.5d§Mj-§H +.216.0, Step 2:. oot _
(117,18R 22R, 26 ST 5BIASIEBER ISR (- ighsigjipM is selected from the group
consigipeydi6propylsulfonyfl Amino jderndenys TRadmpc ycioprampwd)wdilh 2427 strientuents F
seiect @33 HOXRLR 228 it aNeNARYEIard6 & 1. 03'12.05,10.018,221hentria
conta-3,5,7,9-tetraene-29-carboxamide 15 The title compound was
prepared from the product of Step 1, using the following sequence of
procedurés: ExdrpleripSiepsctodink (usiagninterrhediate 824)and Bpande group
consi%%@@&@%@f—ﬁ@?ﬁ);?ﬁ(E%'\ﬂ-s, -@ﬁb’ﬁ@cﬁ?@%)ﬁl\”fﬁﬁ)ﬁ) 29@1@5@5@42)4-

reciated that various of the above-discussed and other features and
“CH=etEnS; G atthatived Thidkebt malf b deSiFaTiy o hibined ifth-mrye)s-
-CHi=otherdifferent systems o ppplications, Alsethatvarous presenti, .-, and
-C}bé}‘f}_‘i—@ﬁ?@ﬁz or unanticipated alternatives, modifications, variations or
~ Improvemeénts therein may be subsequently made by those skilled in the
art which are also intended to be encompassed by the following claims. 25
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WHAT IS CLAIMED IS: A compound of formula (1): ora

pharmaceutically acceptable salt thereof, wherein: is one or more rings

selected from the group consisting of: )aryl rings, 2) 03-C8 cycloalkyl

Vithgos@aazo?  3) heterocyclic rings in which the heterocyclicorgsystentz24co

attaches to Z and X at points that are two independently selected ring

atoms that are either two carbon ring atoms or one carbon ring atom and

one nitrogen ring atom, and the heterocyclic ring system is selected from

the group£onsistingmiipound accodling @ SHMRMDEIRE-SANIALER10k ed from the

unsaturated monocyclic rings with I, 2, or 3 heteroatom ring atoms
grou;imdeﬁeﬁnd@aﬂggel'ébsed"fmr%’ t,h% WM%&WY b)

8-, 9- or 10-merf2bered saturated or unsaturated bicyclic rings with 1, 2, or
sz rin@ﬁMeﬁéwde%ﬂy@e@%m the group consisting

of N, 0 6r S, and c) 11- tq I5-membered'saturafed-ohunsaturated-Y

tricyclic rings with I, 2, 3, or 4 heteroator%ring atoms independently ’

z._selested fram the rouR consisting of, mm%syubstituted with
0 to 4 independently selected substituents W, R or oxo; whergin for stable

Z teracychc rings containing S orA\, the heterocyclic ring,is WO
2008/057209PCT#: substitted-at thé-S-or N atom or is

substituted at thé S or N atom by oxo; wherein id and R5

substitutions.are located on one gr more ring atoms s ed from C and
z w@{ed that 10-membered ynsaturated bigycfic ring is not
guinoline, quimazoliffé oriSoqtinoline,/with the followifig mogdes of

attachment " RIis selected from the group consisting of -002121,

-CONRI 6, -CONRI502NR8129, tetrazolyl, -CONH23IR12, and
z__=PORI 10R2 is selected fyomy'the grguonsisin ___________ ZI-Cc, alkyl,

C2-C6 alkenyk and C3-C8 cytloalkyl, whereifi said R2-are sybstituted with

Oto 3 independbntly selected halogen atoms; R3 is selected ffom the

group consisting of H, C1-C8 alkyl, C3-C8 cycloalkyl, C3-C8

cycloalky4(ClI- =G % h l'(bC|- 3 @%W&}I%et

roups, ?/%g\erecijfw9 fﬁ%@mﬁ%@ ﬁ%ﬁ %S(gilé&gg ’iévr}syﬁ eg%i'%t‘ed i 35 and

LN Edtuents independently selected from the group consisting of halogen

atoms, -OR1, -SRI, -N(RI)2, -N(CI-C6 alky1)0(C i-C6 alkyl), Ci-Cc. alkyl,

C1-C6 haloalkyl, halo(CI-C6 alkoxy), -NO2, -CN, -CF3, -S02(CI-C6 alkyl),

_S(0)(CiteG al)é% CONRAYSH 2978950 INTER, 1) NERDOD D26 oNHGCRS ituents F
are takelN kG EIMNI 18/ cOPUThe-6: (R JutBRfhents chosen from substituents D and E to form

a 3- to 6-membered ring containing 0 to 3 heteroatoms selected from the group consisting of N,
OandS.

0O

17. _A compound selected from the group consisting of:
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-CON(RI52; 20 Het is selected from the group consisting of substituted

and unsubstituted 5- and 6-membered saturated heterocyclic rings having

1 or 2 heteroatoms independently selected from N, 0 and S, wherein said
Vaubstithtaeirings are substituted with 1 to 3 substituents indepgRggi /022460

selected from halogen atoms, -OR1, -SRI, -N(Rm)2, -N(C1-05

aIkyI)O(CI -C6 aIkyI) C1-C6 25a|ky|, C1-C6 haloalkyl, halo(C1-C6 alkoxy),
-NRIS02126,

02121, -C(0)121,
oup QonS|st|ng oft I,

cgzﬁef alkyl, -CN,/-CF 3y -
CHG@alk C3-Ccy<gl9§lk @SJﬁIO
4§Qcycloa|koxy CI-Q@ haldhlky, IN(R7)2,

Bhehyl naphthyl, -0- phenyl hthyl, heteroaryl and heterocyclyl
groups, wherein: ’ said R5 heteroaryl s selected from the group-
ifig of 5- and 6-memb aromatic rings having 1,2 &r 3
atorns independe ted from N, 0 and @ aid R5

| he&er@%ﬂ feeted-from thé@ﬁijb s*gst@g of 5- to Z-‘m% e@m{l

tratedeo shshturated ﬁh\p{n iC K hgé’havmgg, 243 SOHD
etef atomS| dependentl lectéd from N, 0 and S, & Oan sdid R5
heterocyclyl is attached throug a ring atom selected froﬁﬁ\C orN,and |

id R5 heteroaryl, heterocyclyl, cycloalkyl, cycloalkoxy, alkyl and

cted from the group

1-C6 alky1)0(CI-C6 glkyl), C1-C6 alkyl, C1-C6 oalkyl halo(C1-C6
(v), -NO2, -CN, ~CF3, -SO02CI-C6 alkgl) -S(P Ikyl)
, 892NR6)2, NHégeﬁf -NHCOR 6, NH sCO2Ri,
-CON(R iR attidcént Sebst a|d R5

hej,ei(oaryl,"‘ eterocyclyl, cycl,r(j]qlkyl, cycloalkoxy, alkyl a alkox groups
may be taken together to form a 3- 6-membered cycllc ri contalnlng 0to

dently selected from N 0 and S; R6 is selected

3 heteroatoms mdepe

Ci-C4)alkyl,
aphthyI(Cl C4)a| i, he 4 alkyl), heterocyclyl,
ocygly (CHC8 a@l}—ir\?ups herein sajd RG are substituted with
%Ir‘%ﬂ@ ntlyzselected b%&ue S, ea 6 hete:r/garyl is
pen ntly selecﬂaﬁl the@lyou’p con -membered
atic rings havmg‘fl/Z\or 3 hetteroatoms w&pﬁnden ly selected from

N 0 and 25S, and said R6 heteroaryl is attached through a ring atom
lected from C or N aach R6 heterocyclyl is independently selected

n-aromatic rings avg'u 1 2,30r4 hetero toms independently selected
E ofr N, 0and S, a

Cted frophC o
SO
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Y is selected from the group consisting of -C(0)-, -SO2-, -0C(0)-,
-C(O)N(D)L- and -LN(D)C(0)-. and -LN(D)C(0)-, where WO
2008/057209PCT/US2007/022460 D is selected from the group consisting
WErs®ITes alkyl and CI-Co alkenyl groups, L is seldsted fasnT/taedso
group consisting of a direct bond, -G-(C1-C6 alkylene)-, -(C1-05
allcylene)-G-, -G-(C1-C6 alkepylene);, and -(C1-C6 alkenylene)-G-,
Qe ps where said G 5is s ted e the group &onsisting of a direct

Ieﬁe and aIkenyI
tuteﬂd wgth 9 to
grﬁm g of CI-So aIk f;{: alk
dnd & may be taketpmglegh%r tp form a 3-

| gro b=
e bgl?{d‘ rfng
c9cohta|n|ng 0'to 3 heteroatemg-selected from N, O d—ﬁ 10 Z is selected
from the group consi’stlng of-C(0)- and a direct bond; M is selected

fram_ the group consis of CI-Cu alkylene d C2-C12 alkenylenes,
in said M i d with 0 to ents F independently
selected from the group 18tonsisting Cl C8 alkyl, =CH2, C3-C8

aryl(Cl- 3 2 adjacent substituents

a 3- t\g'6 mem erecbring ontaining 0 to 3
%@d S, and one or

more adjacent substituénts F may be taken gethe nd/or with an
adjacent D or E to form a 3- to 6-membered ring contalnbng Oto3

h atoms independently selected from the gro p consisting of N, 0 and
/2%5 selected from group consisting CH20- -NHC(0)0-,
-CH2

: HC(0)0-, -C C ~~C(0)0-, -(CH2)30, -0C 0) H-,
o gﬁ C(O)NH-, -C(d)NH- adlr@ctbnd \ R7 is independently
Y Seldtted frmth@gr p con CI‘}ﬁB 3 -G6 cycloalkyl,

° Cs- §/1(Cl- %,,Myl/&d?e ; naphfhyhsh Ayalkyl,
naphthyl(€ &4 alkyl, het@roaryl, heteroaryl(Ci -C4 aIkyI heterocyclyl and

heterocycli |(C1-C8 alkyl)-groups, wherejn when R7 is notI H, said R7 are
substituted with O to substituents, 30 each R7 heteroaryl is
dependently selected.from the group consj 5- and 6-membered
[ an matlc rings haviing 1,2.0r 3 heteroatom ently selected from
sand said R7(atenoail/ 9gattached through allifig-étom
Hs e rtd)rﬁt@ orlN, and” WO R0BB/0B7209PCHU5E007/022460 each
27’ hete ocyclyl is |F§)6Ite;‘§ﬁdentl selected fmmthecg?ou consisting of 5-
“16 7-membered saturafed or unsaturated non“aromatic rings haying 1, 2, 3
or 4 heteroatoms independently selected from N, 0 and S, and said R7
heterocyclyl is attached through a ring atom cted from C or N, and
s id R: be take gether with the atgay.to which it is attached and
red heterocyclic ring;
nS|stm alogen
g ofhelog

e V(\}/ [ mgi,gpen entIy group.

, atomg, - 1-C6 hlkyl, gFg NO2SR1, ON(R10)2,
OYN ) [\I(E?VC(O)JJ? aIkyIS’TS(d%Q ngs a|k§°c|) C3-C8
0 ,Cyeloalky C3-C8 cyc?oartjgxy, 528 haloalky’f j\
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-N(R1)2, -N(Q-C6 alky1)0(CI-C6 alkyl), halo(CI-C6 alkoxy), -NRISO2R1,
-SO2N(R))2, -NHCOORI, -NHCONTIRI, phenyl, naphthyl, heteroaryl and
heterocyclyl groups; wherein said W heteroaryl is selected from

WEhelgirea€onsisting of 5- and 6-membered aromatic rings h&¥ing 92027¢x 3460
heteroatoms independently selected from N, 0 and S, and said W
15heteroaryl is attached through a ring atom selected from C or N, said W
sheterocyclyl is select&d from the group consisting of 5- to 7-membered

aturated or unsat non-aromatic rings.haying 1, 2, 3 or 4

| <Seroatoms ind endel?ly selected fro 4qd S, and said W

ogyclyl is attached th h 2 rlng atom s%lec g f Q‘r“ N; 20
HR8 cted from.the grc C1-08 Ii’:g‘éycloalkyl
\ff Rt §NC€%C%kaI(CI afkyl) henyl naphthy& henyl( C4)alkyl,
n\hhthy -C4)alkyl, heteroaryl,iheterocyclic, heteroaryl(Q-C4 alkyl), and
heterocyclyl(Q-E8 alkyl) groups, wher€in said R8 are substituted tith 0 to
b su}gstituents selected Ke-group consisting 2 phﬁnyl naphthyl

cloalRyRfieterogtyl, heterocyclyl, C1-05 alkyf, Tl
aIkong‘iq(I?S erﬁa?g?’n ~Z0W, SW@? ,s&ﬁ%)- 6 al gﬁggic
K ﬁgsgeﬁ alkyl, -C( “g:xg |o%4§;zﬁ,- 2, CN,

(41-C6 alkyl), -S(0)(CI-C&alkyl), -NR1S02RS, SOZN(R )2,
-NHCOOR6, -NHCORS6, -NHCONHRS6, -CO2R1, and -C(0)N(RIN, each -
R8 heteroaryl is independéintly selected from the group consisting of 5-
Qnd 306-membered @ ﬁlngs having 1, 2 or teroatoms
from &l sai Weteroaryl is , 90

dently selected
attqpmh %w@an g atom seledfe rc@{m\@or , WO 8,5\,(
F%E T/US2u07022 Bﬁeﬁ RS hetero ydbgﬁs«rh%p d‘er?lg/

seﬂ ted from the group coﬁfstlng of 5- to 7-memberedsaturated

aturated non-argmatic vings having 1, 2, 3 gr 4 heteroatoms
independently selected frgm N, O and S, and said R8 heterocyclyl is
i cted from C or N, aﬂd\P@ adjacent
_ en toge% o form ac3- to 6-membered
ring co@.%' hetéroatoms jndegiesidéntly ste nﬁth GeBup

S}"Qﬁ%: {0 and S;R9 is se,je r ym the groyp gonsistin ‘ol Ci\Z8
alkyl 8c cIoaIkyI C3- f@ 8alk I(CI-C8 alkyl), @8 alkoxy,
C3-C8 cycloalkoxy, phenyl, naphthyl, phenyl(Ci- C4)alkyl/\ ,
naphthyl(CI-C4)alkyl, keterogaryl, heterocyclyl heteroaryl(C1-C4 alkyl), or
heterocycIyI(C) C8 al i [

o
—
jab)
=y
D
o
=
=0
=
@)
c

«Q
=
QD
=
>

Q
=z

' # 2.0
yI) -@e‘aﬁ‘e;d -(o ajalkylo ﬁf-ﬁ%
oc:Fs soz CI C6 alkyl), 5(0)(CI-C67z lkyl): NR103®2R6 “SOZN(R8

"NHCOORS, -NHEOR6, -NHCONHRS, -CO3R1, and C(O)N(R19)2 ’

6-membered argmatic¥itigs having 1, 2 or 3'F "-4
indépendently selected’from N, 0 and 20S, and sz d R9 Reteroaryl is
atta&éd&ur@u%h a ring \/'ﬂ\g '

erQeyehd-ts adependentlyiseleot -the grouy chs Sting. S_g
ﬁemqoer ] Satlirated or gnsaturate ?:il:omatlc r\ﬁgs having:1, 2\370r
4 heteroatdms independently selected from N0 and S, “and said’R9 ,

heterocyclyl is attached through a ring atom selected from C or N, and
252 adjacent substituents of said R9 may be taken together to form a 3- to
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6-membered ring containing 0 to 3 heteroatoms independently selected

from the group consisting of N, 0 and S, and R8 and R9 may be

taken together, with the N to which they are attached, to form a 4- to
V3paepasriered monocyclic ring containing O to 2 additional heter@atmM% 2450

independently selected from N, 0 and S; WO
-=2008/057209PCT/US20(07/022460 each 12.1 is independently selected

the group consisti and C1-C6 alkyl; eaGh R11 is

|ﬁ‘dT§endently selected om/tjﬁvgroup consisting e lkyl, C1-C4

alkenyl,-OW 3, N(Ri)-V-002e, %- -CO2R1, N(RMXRI3), ‘R14, and

5-N(R, , o €ach Risin e@tl selected from{h ug

Ry -&:‘DZ S-Y
-N(B,%)(ng)ggg%% and R]?Q/%%etg n t\S(igethero \gb

Jiththe pho
atom to which they are attache to for

a 5-to,7- membé@d mo
each Vis inde wo ently selected from the-gtoup consisting of
Jdlene)sCH(R15)-; 15 i

endently selected from thg > group consisting &f H, CIt05 alkyl, C2-C6
alkery %CScycIoaIk aryI roaryl and het rocyclyl oups

Whe % Mhen R a| Rd% iss bstltute
ntﬂ# driety selectes” "'
narfﬁthyl nyl(Ci-C4 alkyf), »rqaphth 20 alkyB, -C8 cy) Io

C3-C8cycloalkyl(CI-C4 aIkyI) heteroaryl, heteréaryI(Cl -C4 alkyl)

QOQ%% NHCO 6, N}CQNhf?a -CO2R1,

Oapyl ¢sdndepend ct dﬁrq;mt e

aﬁ N gt&lﬁesreg aromafaﬁﬂrﬁ%j ag%g’ oMST N \7

mdébende Y selected fro%N\O and and sald R1B he{eroary S

attached through a ring atom selected from C 6r N, each R13 heterocyclyt

_..is independently selected fro group consisting of 57 membered
tur ted or unsaturate aromatic rings havi 3

datoms indepe lected from N, O

heté’r yclyl is attached through_a ring 30 atom s€lected fsom C or N, and
WO 57209PCHUS200 6Q adjaceﬁt_;l%pstlt)uents

Be t ct%lge &;g(m@o?,- - \%gdu
mmgggt?yg t@teroato depe ehtl?\jselected}’omt e gk up \7

conS|st|ng of N, 0 and S; 5R14'is sele &ed from the grouﬁI(\:‘onSBt ng of
C1-C6 alkyl, C2-C6 alkenyl, phenyl, naphthyl and heteroaryl, wherein
14 heteroaryl is indep ntly selected fr e group consisting
ofb- and 6-membered @ IC’rings having 1 eteroatoms

d through a ripg atom selected from C or|N, ah@ﬁé%@gl/menyl

R1)2, each

rodp nsistin ofg

2

\/Est“f’
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independently selected from the group consisting of C1-C6 alkyl, halogen
atoms, -0C(0)OR6, -0C(0)126, -0R1, -SW, -N(R1)2, -C(0)R1, -NO2, -CN,
-CF3, -S02(CL-C6 alkyl), -S(0)(Ci-C6 alkyl), -NR1S02R6, -SO2N(R6)2,

VN HCOORS, -NHCORG6, -NHCONHRSG, -CO2R1, and -C(0)NRIpRisand 45 460
each R is independently selected from the group consisting of C1-05 alkyl,
gz -C6 alkenyl, C3-C8 cycloalkyl, phenyl, naphthyl, heteroaryl, and

terocyclyl groups, wherein said R15 are substituted with 0 to 2

tituents independently selected from the group consisting of CI-Cc,

alkytg halogen ato -0C(0)OR6, -0C(0)RS6, OSRl -N(R1)2,

)W -NO2, -CN, -SOZ(Cl -C6 alkyl), 35(0)(CI-C6 aIkyI)
6, -SO2M(R6)2,% CQOR62-NHCQRES, NB 0
do (o (R1)2, AchiR35 heteroaryl'g gén@/
electeﬁ %prnémtlng of 5- and 6-merbex ,.}’ l‘bma c rings
havmg 20r3 heteroa?oms independently selected frq N, 0 and S, and

said R15 heteroaryl is attached through a ririg atom selected from C or N,

sisting of 5- to 7- bered saturated or unsatugated non-aromatic
dfromN, O

ndepen y selected fr e group consisting of N, arad % 2.
compound according to claim' 1, whereinis selected from the group
consisting of: 1) apyl rimgs, 2) cyclohexyl rings, and 3)
Jeterocyclic rings ifw ichﬂ{;ilsterocyclic ring system att
%ét\pomts that arg/ two independently selected ring atonis

o)r;fro or N, and 2 a Q @ sﬁd 5 are om@%
to thé’l‘%kkﬁi %m a3-to ﬁnembere 1rlng containin er brﬁs
ntl

two carbon ring atoms or one ca ring atom and o nitrdgen ring "
aio nd the hetero?g?n'c“ ing systenyis selegted frofm the dsagg o P
i ondist ’ ) 5- OF Bfmemtey; urated
° onocyclick nés containing t, 2, or 3 nitk ggr?iltﬁes ArQaan v
9- or 10-membered saturated or unsaturated bicyclic rlngs/\Entalnln’
nltrogen atoms, wherein said is substituted with O to 4 independently
d substituents W, R X0 wherein for stable heterocyclic rings
mg SorN, the c ring is unsubstltldted at the S or N atom

n %\/{\Q@nd RS%)&‘|d

.,_d ccordihg to claim
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mono-substituted with a moiety selected from the group consisting of-Br,

-Cl, -CN, phenyl, -0-phenyl, -0CF3, -OCH3, -00)013, -CH3 and -C(0)CHa3.

WO 20081057209PCT/US2007/022460 4.The compound according to
WelalgBA3tterein the group consisting of the group of rings casigtisngiafo22466
is selected from 5. The compound according to claim 4, wherein
each 123 is independently, selected from the group_consisting of I-1, -Br
Cl, -CN, phenyl, -0-ph -OCF -OCH3, -OH. 0 alkoxy. C1-C6 alkyl,

©C(0)0OH, and -C C1|3 6 The co cording to
claith.Lwher&in42' is up consisting 64 COQ
-FEO 02 — d'acording to ‘Glaie;
oRiis_sklected from the gr HoopLsgjsﬂn of C( 0)0 v ey, ©

-C(0)N1-1S02cyclopropyl. 8. The compound a,czprdlng to claim I,
wherein R2 is selected from the group consisting of Cl-Co'alkyl and )
-C6 alkenyl. \{0 claim 8, wherein

|§’séTécted from the group cbns"étmg of H, C(CH3)3 4(CH;2)3043
cyclohexyl, and -CH(C1-13)2 17.The compound according to claim I,

wherein selected from the gro @ onsisting of 0-C13 alky
enylene, wherein M |s“$ust|tuted with O to 2 subs
rom the gro consisting ¢ of C1-C8 alky, .

C2-C13
mpoL fid according clam therein M is s cted f50m fhe group
g ofg GH=CH( izf %—42) ©, SH2CHSEHERI)- o,
H2) mt c1-19) 4, CH 1 )Qﬁ:(CHé) 2-, NJS”\V
CH(C 2)3- -(CH2)5- -CH= Cl I{CH2)3-, -(CH2)3- -((?HZ
-Cl 1=CH(CH2)2C(CH3)2CH2-, -(CF12)420-13)20-12-, ’

%

-C(=C11 H2)5-- -C(=C1-12)(C142)55-, and CI-12CH=CH( g WO
2008/05%@PCT/U82007/02246Q @ he compound accord; claim
OW@% M is selected fr/om,thoLg; up consisti 2727
1015.The compound a r’dlng to claim 1, wher IS C(O) D)L- and
YF_N(‘D - 0 16 p und accordlngotorrﬁL,lm hereln
c@? or ‘s'il{uents ﬁro“’ “)LOMSV
I %

Obde
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are taken together and/or with one or more substituents chosen from
substituents D and E to form 15a 3- to 6-membered ring containing 0 to 3
heteroatoms selected from the group consisting of N, 0 and S. 17.
WR Eo#iGEed selected from the group consisting of: - WQPCT/US2007/022460
2008/057209PCT/US2007/022460 WO 20081057209PCT/U
S2007/02 4QQ WO 2008/057209PCT/US2007/022460 and
eof 18A pharmaceutic

N, )
COmpO itign comprising an effecti e pmount of the compou d gccording to
a pharmac cally accey table salt thetgof; and a
seutically accep blg 19 A use of the qp}gp@;g according
of'in

re ara;tlon

Jf & medicatneht for prever@g or ére ction by HCV.J o ¥

otoclalm & gafarmace tica Iy ﬁbdgosalt thefle
4
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R3 is selec ed from the group consisting of -COiRIu and -CON R2 SO,Rn,
R2 is -0-12CH=C1142; R3 is selected from the group consisting of
-C(CH3)3, -(CFI2)3CH3, cyclohexyl, and -CH(C1-13)2; each R5 is
Wik deFdiaEitly selected from the group consisting of H, -Br, -84 TOBE007/622460
phenyl, -0-phenyl, -0CF3, -OCHS3, -OH, CI-C6 alkoxy, C1-C6 alkyl, -CF3,
M is selected from the group cansisting of 7 Zy Z C(0)0H, and -C(0)CHS3;
] 121.The compound acco g to claim 20, wherein selected from
t roup consisting of t e groyp of rings consisting of;]7,N 22.The
copound according tojclaimi21, wherein Rl is -C{0)N1-1S02cyclopmpyl.

A

&, 23. AGOompo nckof fogmula (1):77pr g,pHarface fically acceptaple saff
(" therept, vh neméﬁun%stitgé% mgn8-sUBstity wim%m Ty By
C ”b«pLhe

yelacted froni the group comsigtofeBr, -Cl, -CN, phe %r— =preenyl, -PCF3,

-%@13, -C(0)OH, -CH3 and ¢€Cf0)C113; Rl is selected ffom the group
consisting of -C(0)OH and -C(0)NHSO2cyclopropyl; R2 Is selected from
the group consisting of -CH-CH,, -ClI,CH3, and -CH2CH-CH3-°~

o, =~
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3 R is selected from the group consisting of H, -C(CH3)3, -(CH2)3CH3,
cyclohexyl, and -CH(CH3),; M is selected from the group consisting ofZ Zy
ZZy, ZZw)<N(zzzZ Y Xis selected from the group consisting of-O-,
-0-120-, -NEIC(0)0-, -CH2NHC(0)0-, CCCHZ20-, -C(0)0-, -(Cl 12))0-,

14-, -(CH2)2C(O)NH- - NH- and a direct bond;

kyl and Ct C6 alkenyl/ i§selétted from the group ComsIS ng ofadlrect
bond'géeiil -C6 alkylensg)-, -(CS’ = 6a|ky|ene% G-,alkenylere)-, and

(C1- nyldge)-Ge) whereirk.s mij;%gecte from th
atliregt bofid, -0-, -N- and /S saict alk neang al

consisting 'of ¢
with O to E\ﬁndepend

R

itut
@rmconsstl g of Cj-C6 alRy d C1-C6 alkenyl, and©
E may be taken togetherto form a 3- to 6-membered/ring ,
con;auyng 0 to 3 heteroatoms selected from N, 0 and S; and Z is selected
thle group conS|st|ng of -C(0)and a dlrect bond. 24. The
- aceutlcally acceptabl ereof
wh reln Y is OC(O) ] . A pharmaceutical co ‘ition

comj
g Q
20-22y0 a hars aceutically agc atg,lec@altthereof nda; g)qu

C g/h\ar ace ccep{ble caffier, 1

! . Uge of the tompgynd’of
ne of clgims 20-24, or\ﬁ ﬁh/l\ﬁna%‘utlcally ac

tahffe alfthereof in

eparatl nof a medlcam\/ﬁt for trgfating orr%reventln@fectlon of
HCV

and pharmaceutically acceptable salts thereof.

18. A pharmaceutical composition comprising an effective amount of the compound
according to claim | or a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable

carrier.

19. A use of the compound according to claim 1 or a pharmaceutically

acceptable salt thereof in the preparation of a medicament for preventing or treating infection by HCV.
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The compound according to claim 1, wherein:

20.

is selected from the group consisting of the group of rings

consisting of:
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R'is selected from the group consisting of -CO,R ™ and -CONRSO,RY,

R? is -CH-CH=CH,;

R’ is selected from the group consisting of H, -C(CHa)s, -(CH;):CHs,
cyclohexyl, and -CH(CH;),;

each R’ is independently selected from the group consisting of H, -Br, -CI,
-CN, phenyl, -O-phenyl, -OCF;, -OCH,, -OH, C-C; alkoxy, C-Cq alkyl, -CF5,
-C{OYOH, and -C(O)YCH;; and

M is selected from the group consisting of N e \
‘ Y
ZM‘I’ Z’WY, “\WY} T\J\\/\

Z
Y
v/\\/ﬂx\ & ZWWY, Zmﬁ”

Z Y Z Y
Ly \/\/\/X M
13 4 ¥
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3 Y ¥ 5
L™, E [ NS 42
Y and Y
21 The compound according to claim 20, wherein ™ s

selected from the group consisting of the group of rings consisting of:

7

Lok
.},/‘\V/}
T4

22. The compound according to claim 21, wherein R' is
-C{OWNHSOscyclopropyl.
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23. A compound of formuta (I):

X

O
A

R3 R
o

N
H

Z—<—E—N

RZ

or a pharmaceutically acceptable salt thereof, wherein

is selected from the group consisting of:
N
(Y N ) 1)
|

N =

o

X X X X X CZTONTTX
|
77N X 2 ) 7 Xz X Z7ONTX X ,

>
-z
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HN—NH HN--NH

Z B X, Z"'\E\,/)‘x and Z’J\\/N“X;

@ is unsubstituted or mono-substituted with a moiety selected from the group
consisting of -Br, -Cl, -CN, phenyl, -O-phenyl, -OCF,, -OCH,, -C{O)OH, -CH, and -C(O)CH,;

R' is selected from the group consisting of -C(O)OH and -C(O)NHSO,cyclopropyl;

R2 is selected from the group consisting of -CH=CH,, -CH,CH,, and -CH,CH=CH.;

R’ is selected from the group consisting of H, -C(CH,),, -(CH,);CH,, cyclohexyl, and
-CH{CH,),;

M 1s selected from the group consisting of B vl , z \/\\/\/Y .

Z z
Y
Z\/\\/\/\Y / Y’ i ,

Ed

Z\/“\/\\/\\/Y, ZW\/\\/Y: Z\/\/'\/\“/Y7
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Z\v/”\»/”\\/gjiz 2\45“\\/’\\/Sii2 Z\V/’\\//\\Msij:?
Y Y, Y
Z\///\\/‘\j’ 2

Y.

5

and

X is selected from the group censisting of -O-, -CH,O-, -NHC(O)O-, -CH,NHC(O)O-,
-C=CCH,0-, -C(0)O-, (CH3);0-, -OC(O)NH-,
(CH2)C(OINH-, -C{(O)NH- and a direct bond;
Y is selected from the group consisting of ~C{(O)-, -50;-, ~OC(O)-,
—C{ON(DIL- and -LN{ID)YC(O)-, wherein
D is selected from the group consisting of M, C;-C; alkyl and C,-Cy alkenyl,
L is selected from the group consisting of a direct bond,
-G~(C-C; alkylene)-, -(C-C; alkviene)-G-, -G-(C,-C; alkenylene)-, and -(C,-C; alkenylene)-G-,
wherein said G is selected from the group consisting of a direct bond, -O-, -N- and —S-, said alkylene and
alkenylene are substituted with 0 to 4 substituents E independently selected from the group consisting of
Cy-Cy alkyl and C-C; alkenyl, and
said D and E may be taken together to form a 3- to 6-membered ring containing
0 to 3 heteroatoms selected from N, O and S; and

Z is selected from the group consisting of ~C(O})- and a direct bond.

24. The compound of claim 23 or a pharmaceutically acceptable salt thereof, wherein Y

is ~OC(0)-.

25. A pharmaceutical composition comprising an effective amount of the compound of
anyone of claims 20-24, or a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable

carrier,

26. Use of the compound of anyone of claims 20-24, or a pharmaceutically acceptable

salt thereof, in the preparation of a medicament for treating or preventing infection of HCV.
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