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WD 2008/ 057209 PCT/ US2007/ 022460 TITLE OF THE
APPLI CATI ON HCV NS3 PROTEASE | NHI BI TORS FIELD OF THE
wo DMBRBET2GN 5 The present invention relates to PCT/US2007/022460
nacrocycllc conmpounds that are useful as inhibitors
TITL t é virus (HCV) NS3 protease, the
i conpounds, and the use of such
HCV NSWPR’@YI@A@P[NFIH%@UKSJ HCV i nfection and/or reducing
the |ikelihood or severity of synptons of HCV
i nfection. 10 BACKGROUND OF THE | NVENTI ON Hepatitis C

m@g@ﬁﬁ@b&tl on is a major health problemthat
liver disease, such as cirrhosis and
hepat oggd bkt iffRRAGdRRes th harotyoRd @i?ﬁﬁcﬁlhdé"ﬂ'ﬁpﬁ% u@éful as

- infected individuals, estimted’to be 2-15% of
inhibitacrdfdhehgpaptis Etviims (HETV NS 3apretease, BstsyntatssioBsugh mmpoumis and the

use of AL RE Rl el HEVEP L G ehea iR BEGRNS Meveriy o
syrnpt$lhyngoVE§,fgCﬁgnnunber of people infected with the

human i mmunodeficiency virus (HV). According to the
Wrld Health Organization, there are nore than 170

BAC f ﬁ@gggﬁib&dua' s worl dwi de, with at | east
ing infected each year. Once
i nf-ect gepatitil @NindQHCY) iRRLAbILIsH MFbr hdd®th\préBlém thatlleads to chronic
about 80% of those inf ect ed harbor HCV the rest of

liver disgader such\as sirrhpsis ang hgm@@llubh eapinomia) i 4 substenteal number of infected

indiviciqg?i, %sigduag l %}oeb\/%ié{% of dev?ch’g%ogﬁlg éogg egee %’r}e gﬁy Fﬁuﬁfltg% 3.9 million
infectdddfeBpleeh dd Unibdd Sxaes aldhéakestding!te @ 1.8dCBhtePfbr Disease Control,

products, contamni nated needl es, or sexually and
roughlydiveitisagsithe nuroberiof peeple infeatert with shedruneaarinireynodefieiency virus (HIV).

| Iy, 0f f treat nents
Accorfifg A e Bl 1R Pt bbF hork R ThOR M bty infisd
individuRGEONEH dvaide, With 81 TEat 9o 3 nail G eBpleibBingaffetRatehsHysat.t Once
t he nucl eosi de analog ribavirin, are 25 of limted

infectegl, pbaiug 30%dmepple clawphecims, but Reaus 80% ofdhesstinfsried hagpor HCV the
rest of\{ﬁlgnc 1%% (;I\%;é é%érog% %ﬂﬁgt Jé%?te& [}ﬁlr\ﬁdﬁee% %%P{{{aﬂﬁ rdgvgfgpeﬁlver-

Irve

destroymg‘@ﬁiho@hro@ ldhlﬁ:eHCPhe vlﬁﬁl @Aidehs¥ s trahenicted pﬁeﬁte&u@tb@ dohtaminated
he art in the treatment of HCV i nfecti on has been

blood alilds'eleg% EEPdP?FSt eatantippted npasdess ef sxud beand wertigallyndior fected
mothe@ ar’ cm{&) Pf%rt?’n?ﬁ:?ﬁtss/gh@gt he treatnment of hepatitis C
VI T us

I N |on viral Chem & Chenot her apy

79- 96 Cﬁﬂ&ﬁ)tneaﬂrhenfbﬁ)eﬂ(}\t irdction, WhigRid restricted@o himufotherapy
current understandlng and prospects for future
with reqegibasnk interfagonygadone opiriconryigaiomyish ﬁ@gmcwgégynal% ribavirin, are

of llmﬁ/&f Hl‘i’({%‘ [)ex%tﬁ,t iidlor?vg" rtﬁ%@ §s @&ta%‘ﬁgllle\ﬁ' \’?191:159 ﬁ;e ggd{gf .C‘o%equently,

stroentero

there 115.189rg]3201i’ee(1 Sitjproved therapenis aperitg that efféﬁaxnd]iydﬂhﬁ)at chronic HCV
ets for Hepatitis . C -1 WD 2008/ 05720
mfectlrm sowrent giateag dhe 3t inthe Gaigmant of BV qucgpn h&ﬁel?eswlscussed in the

T o
infectibnll1 AntividatiChelf- & THe{d(HerapyBI9496 00X K. Rosémetrayi, Hidepatitis C
virus: tg:?r%)g ngrtfgr? 12@@%3 ;)rlotééﬁsgtsccfo}/ Ifl{tllilrsé tflqupﬁgst . ? ?\’Ic:leg l\%gg? '&%'d:?\? 393-399
(1999); D. Moradpour et al., “Current and evolving therapies for hepatitis C,” 11 Euro. J.
Gastroenterol. Hepatol. 1189-1202 (1999); R. Bartenschlager, “Candidate Targets for Hepatitis C
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Crabb, "Hard-Won Advances Spark Excitenent about
Hepatitis C " Science: 506-507 (2001). 5 Several

wa Rooalobzeencoded enzymes are putative targets POF/US2007/022460
therapeutic intervention, including a netalloprotease

vines SR e R SRR R SRR S e & 50

Walkd@r‘(He%ﬁﬁﬁis Cvih@dategdon, N34, Bniey.Wedl410na00m)0B. Wt D¥mock,

rotein. Because it is respon5|ble for an

“Emeligmgrtgﬂ'eples: fnrénep@lté@ages iafectipa” M gingi Prags hdr42 (24301); and C.

Cravon TSR R RSBk BB aBo TG Pl s Sides iy coon

consi dsméala/nﬁny@ﬁcdaewenms@%&e Whte t@tg%tsrfsﬁﬁafag&ni&ﬁtewemlon
identified classes of peptldes such as hexape

including amsetalleprotease@YsiZ-3es sefinsquetsass (N3, ashehpmeéfisg) and an RNA-

cependREBOGH b33 Bii? (NP LCBONPDORYS oekaip s Negrige domain of

the NS¥ profi. | BédaMsd iPis! rB¢poRsibieTor AMRude31R1RE Clese: ﬁe IPe NIB/4A site and
of the present invention is to [{}Vow de furt

for downstprammiaterinhleshlapriocessmgat tHedls é&aNﬁéB/ S$Ahend RS ASB junctions,
the NSB RI ét%asseel c?réﬁl(getr %(mggl lq %nrﬁéaglv orc?ylc s Eesgzg%lggas 1§%ntg}ed classes of
pepndé@ kaH & Hekapep aﬂ@H B wANRItAPGRIde} Gi@bﬁs}éecﬁﬁ@ St Pdib@ Alicstion

or hydrates thereof. These conpounds are useful in the

Pubhciatmnsﬂ.ﬂ 320(95/(@205@[@2@%92251@ 8.cang YR004{Q§229776, showing degrees of
ot-eas s
act1v1t$'nl?[}1p 1trn!tl‘g°\£hk4 eg'r})teggr% rlzl%o mtoltg zﬁe yﬁ%}ﬁﬁ%ﬂ%&n’w&owde further
compdulﬁﬂeﬁlhicﬂrd:xh@hthhﬁfntﬁ@gmmlﬂfdv NB3 priotdase.
pharmaceutically acceptable salts or hydrates (when
appropriate), or as pharmaceutical conposition
ceutical conposition
SUMM??&%@F?%% m?ﬁﬁgawﬁpounds salts and hydrates may

be theTlpy¢ prreadny 1mhmo¢ereldmrtameuéllrﬁaow@ahc c@ngbundk 6nNformula (I)
approprlate conmbi ned with other therapeutic
and/orpharpacentigal ludiicss@tqhﬁ safl]tépr hydrrtes éher@foff Rese gampounds are useful in the

mhlblﬁtﬂut 6%—!1@9' a‘ﬁﬂg IC \%ﬁxs %&%V&?‘uctﬁr ?sLél @k %E‘eswentlon or

bi oti or vaccl

treatmamteffené ot moeenéﬁ the sympﬂoﬁiseb:f HGQWV mfeampemﬂzr @:f ccfrﬁlpdmhﬁor their
and/ or a pharnaceutically acceptable salt or

pharrnhwrlaalb/ aceepiplelg salts.or hygyates e apryopmata) orssauprmacenenl
compo%ﬂi%n%éreeﬁent{ Qs]pha}ﬂ%ceﬁllcaﬁgo&é\gltldﬁ 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 invention
relates to a compound of formula (I) and/or a pharmaceutically acceptable salt or hydrate

thereof:
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RZ (1) wherein: O is one or nore rings selected from
the group consisting of 5 1) aryl rings, 2) C3-C8
wey@Bosi2ky| rings, and 3) heterocyclic rings i PCIIB207/022460
the heterocyclic ring systemattaches to Z and X at
points that are two i ndependently selected ring atons
that are either two acarf {Ng atons or one carbon
ring atom and one niirog g atom and the
het erocyclic ring sy%te elected 10 fromthe
group consisting of @) 5- oxenbered saturated or
unsat urat ed nonocyclic rings with 1, 2, or 3
heteroatomring ato i ndependently sel ected fromthe
group consisting of ) OJor /S, ) 8-, 9- or
10- menber ed saturated uhgat ypated bicyclic rings
with 1, 2, or 3 heteroatomrifng atrfs independentl|y
sel ected fromthe group consisfting ¢f N, 0 or S, and
15 ¢) 11- to 15-nenbered sa arR unsat ur at ed
tricyclic rings with 1, 2, 3, orH 4itfeteroatomring
atons i ndependently selected fromtNe group consisting
of Nh, 0or S, A wherein is substitiéfed with 0 to 4
i ndependent |y sel ected subs(tg)t uents W R5 or oxo;
wherein for stable heterocyclic rings containing S or
wherei; the heterocyclic ring is unsubstituted at the S or
N atomor is substituted at the S or N atom by oxo;
fflereNn said Wand 20 R5 substitutions are | ocated on
opeAor) nore ring atons selected fromC and N, and
pravide =3 2460 the
D0 o r o R L ST e T kA OF
gli noldrpleringgui nazol i ne or isoquinoline with the
fql l ow,ng nodes qf . attaghment \ \ N\ Z Ja;! Z/ iN Z
323) XV%,T&SS)‘@O&(grﬁgS’i@%sel ected fromthe group
C§e)ns' S8R 1 QMhichWW%dn&'s HaPeNRBRAnd X at
tétrazolyl,” -CONFP(OR'R 2, and -P(OR'R 2; R2 is
points gheit erctted ifdapenddndy gelectpd ciop stomis thet avé eiier G8o addcldn ring atoms or
-C6 al kenyl , and C3-C8 cycl oal kyl, wherei.n said R2
one cafop TG Al BB TIPS 250, AGG I iSAR D5 IS HN Syaue i selected
from tRAEBES Bori®iMBor: 10 R3 is selected fromthe group
consisting of H Cl-C8 al kyl, C3-C8 cycloal kyl, C3-C8
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

c) 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 S,

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
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
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cycl oal kyl (C1-C8) al kyl , phenyl (C1-C8)al kyl

napht hyl (Cl1- C8) al kyl , and Het groups, wherein when R3
WO 200805720 said R3 is substituted with 0 to 3 PCT/US2007/022460

substituents independently selected fromthe group

the IOC}%?SIeSr Qr%p%tﬁ@é&%e%tgol@ps qum]hnésqLilgazgl’hQ?y 151 Ji&ine with the
follow rﬁ S atth@hROLC1- C6 al koxy), -N®, -CN, -CF3,

Cl-Co al kyI) -S(O)(Cl c6 al kyI) - NR10S02R6,

! XANHRE,, - CO2R10,

d fromthe
iAQ 9 i ahgZlinslbst i t ut ed 5-
and 20 6- nenbered satura edewgterocycl c rings having
1 or 2 heteroatons i ndepéend ly selected>from N, 0
and S, wherein said substituted rings are substituted
vvlth 1 to 3 substituents |ndependently sel ect ed from

hR isgelactad 6rom the GRAD, conSRI of-NORY) AT

o B AR ML R o8

alkyl), -S(O(Cl-Cs alkyl), -NRLOSO2RS, SOZN( R6) 2,
- NHOOOR6, - NHCOR6, - NHOONHR6, - 2R 0, -CG(OQR 0, and
R’ m@éhlétﬁdﬁ))m thﬁz@roup c@akletmw (fw@mlkﬂng-C@ @fkenyl, and C3-Cs

cycloa@y??&hfetréﬂg 8fR2H h%l %%ggi a.t ? 3 1@@@t@§@@%logen atoms;
SR10, -soz(c1 C6 alkyl). C3-C8 cycloal kyl, C3-
cycl oal koxy, Cl1-C6 hal oal kyl, -N(R7)?2, phen I

nRpistselgéted fromphe grdup comlsiam‘nﬂﬁlcl Gealbyloé?wﬂs caieidalk g0 Cs-Cy

eycloafiAF ST e Ca kS Rl ES RIRE 28 HR Brmor rein

when RN8 n8f AUSIE RS stibititate@hwiflr 0 8N substilERS 'irﬁﬁpéﬁdéﬂﬁ‘i Sélected from the
rings having 1, 2 or 3 het ef,0at oms i ndependent |

group easisesting df haloganntords,afR'S -SRI NR! z,RBT(Cnh&s elkmlei@gﬂln -Csalkyl), Ci-Cs

alkyl, &1 P b g‘?]&%?ﬁ‘f’%ﬁéﬁ% e ?‘ﬁ%rﬁ%@?@%ﬁb%yf\l ); -S(ONCi-Ce

alkyl), CRRSISO,RABOIN(RS), | WHCOBROENGHCOR®, SHHC QAR ® aco R‘° -C(O)R'’, and
at urat’ed non- arorratlc rings having 1, 2,
-CON(H?e%m oat ons i ndependently selected fromN, O and S,
and said R5 heterocyclyl is attached through a ring
atom selected from C or N, and said R5 heteroaryl,

higétas asloctdd/fromGNE kidap khsisting Of easkatyd ardd lméhbﬂim&ied 5- and

al koxy groups are substituted with O to
6-membgredisptugased keteregegiemings haying d|oz 2thstproatems md@pgwd@u%y selected from

N, O aﬁ{i@%ﬁ%ﬂfﬂ%aﬁc& %}Qttﬂ?eldﬁ%%?)a%t %@ﬁ&te%% fos_gu%’égtue]iltﬁ ir}dependently
selectedXrdab halbgdroabiay,) -OR18|-SREL-1GR 'Y}, kwea) c6 alH%O(CF& chSH§3C1 Cs

- S02 aIkI) -S(O)(C1C6al
alkyl, @o@mﬁuﬂeylzyl h ROy RIS COBaREgD. -S(0)(Ci-Cs

alkyD), ﬁi{ &Q‘R it{ CaONJ_FéSPiﬁer ocycﬁyli\ﬁ(.:ﬂ(f;(?:]llg16I 1 %Itdklmerkt"&))Rlo and

-CON((W?,)LoaI koxy, al kyl and al koxy groups may be taken
together to forma 3- 6-nenbered cyclic ring 15
containing O to 3 heteroatons independently sel ected

0 1 B B By L SE S WU T OHEG, o 1

alkyl, G- IO D) @HIC(0) ks Y . STATHGY alky), Cs-Cs cycloalkyl, Cs-Cs
henyl (Cl1- C4) al kyl ., -napht h}/l -C4) ){

cycloaﬁg@g(é,r(alagg, aloalkyl :N(R’),, phenyl, naphthyl O-pheny -O-naphthyl, heteroaryl and

heterocyclyl groups; wherein:
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het eroaryl (C1-C4 al kyl), heterocyclyl, and

het erocycl yl (C1-C8 al kyl) groups, wherein 20 said R6
wae@spsizee i tuted with 0 to 2 independently selBCT/E82007/022460

substituents each R6 heteroaryl is |ndependently

| ect ed t h i st f 5:
o roatBr R Bioaod £ el o T gtaur somdistigE AET-ang Srppbered
aromahaﬁﬁm 1,% 8 1R4dr6&toms meblen&nap elected ROH 192D anRﬁ and said R’

eteroaryl i's attached through a ring atom sel’ected
heteroarwbma@a@rednhroagma@aghtdnﬁsdimt@fﬁmylcﬂ 9t Nj s i ndependent |y

| ect ed th t
7 ety Cabopde S sfedlEedi b Bt shosit Besl 3o q T-mpmbered
saturat@é%f fisaturatéd nén- Qfon{’atli&‘%fn‘gﬁ ﬁ@\tlﬁﬁ‘@ 2 maﬁ?é't‘éf@ﬂbﬁﬁ mdeFendently

selected fromN and sai’'d R6 heterocycl
selectegtfron e @ ar‘rdrf‘wgﬂ saidR’ mgtemco'mw Mt@eln@dhfqughatnngratdm sefected from
C NI %‘asgel ected fromthe group consisting of -C(O) -
or o(O-, -C(ONDL- and 30 -LN(D)C(O-. and
- LN( D) &t dR? het%ﬁfﬁ }Qtér(?)cy%le Q@E%ﬁlkf [,Q&lbﬁ‘l‘ﬁoﬂ)f, QHY1 and alkoxy groups
consi sti ng Cl- C6 al Ky CY,1- al kenyl
are sul@tlwghwnh 9 twb samsu@@md@endﬁfﬁblsmwﬁdmﬁe group eonsisting of

haloge%%ltctex%tle %‘b hﬁ\ggio%, F}f@i rki%;ﬁ%}rl&g 1%1 e(ﬁ aggﬁcgl Cs

haloalla}lklﬁﬂk\/(@f%)a'lkox@Ndezcbl‘@GCF L ks 11@[@6)31@1) -PUPSCs alkyl),

wher e sai s sel ected r%ﬁ]t O%D conqbstln%lg

-NR"'SOR’s s@zN(afohd -NHEOOR '\-NHEOR SNH@@ Ril #5025 e -6

Con@ a2 At BRI SR R B o helrtede i cxelgpliyl
cycloalk@R§) zﬂky'lrbﬂd afkoe %’g@lp@'ﬂh‘jf'be%@n@& gdétierad k&iyd 3-06-BiéRtbered cyclic ring
and said D and may be taken together to forma 3- to

contaignggip  hetereatorys H@ﬂpfaidﬂmbgsedﬁct an AbtQamske:;ons
selected fromN, 0 and S; Zis selected fromthe group
consisting of -C(O- and a direct bond; 10 Mis

skt ﬁ@él@deﬁ o the %r@fp%d)ﬂs@t@ﬁgscbﬁ@]l-ﬁgalﬁill C;.cq;kgclahlkyll
and -C12 al ken%/I enes, wherein said Mis substituted

cycloawyc.l(ﬁxfslsbaikﬂ ehepy m@miéhylsplmnw}{@e&}%l@fhnaph@eﬂ(@c@)aﬂkyddmeroaryl

e BRI EBRD AL Gl o B
adj ac amd RUistsubstientts withroey 2iadéprkesntlyagRtiee W kabstiarefits,

a 3- to 6-penbered ring containing O to 3 15
het er cﬁé@b&; heteraagylds indepsndentdy splestgsl Eorm dhesgrppp) cmsisting of 5- and

6-me Ee ?xﬂmjc ﬁxﬁ v 9 02? h%&?ggto §%%Pér{slé§tw %l{ orgq\l O and

oget an a acen

S, and 3aid Rﬁtheteﬁoatf;almb artaﬂhed lthrl@glﬁ@ﬁh@hﬂ@hﬂ@l&tdddrc&n ICedraN, Qfmtiorrs
i ndependentl|y selected fromthe g]ﬁoup consi sting of
0 and ¢agh Ry dieterqeyclybisdpdepgndengyse @teafr@apthewwnﬂamg of 5-to

7- menﬁ)f&egg(%turat%risglg% w)aom%ﬁgglé; g%zd, & ﬁ%gatoms

indepen@ElyNetected drom N, Oeaid $andisaid RS thteReytiy] istiagteddimouply a ring atom
sel ected from the group consisting of H Cl1-C6 al kyl,
selectedqramy Cfd¥soal kyl, C3- C6 cycl oal kyl ( C1- C5) al kyl ,
phenyl , napht hyl, phenyl (Cl-C4)al kyl,

Y is selected from the group consisting of -C(O)-, -SO,-, -OC(O)-, -C(O)N(D)L- and
-LN(D)C(O)-. and -LN(D)C(O)-, where
D is selected from the group consisting of H, C;-C¢ alkyl and C;-Cg alkenyl
groups,
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25 napht hyl (Cl1-4) al kyl, heteroaryl, heteroaryl (Cl-C4

al kyl), heterocyclyl, and heterocyclyl (CL-C8 alkyl)
wW@e@aps20mherein when R7 is not H, said R7 ar ePCT/US2007/022460

substituted with O to 2 Wsubstituents, each R7

Conet SE TP R R ELS G B Rener-
(Cy- c%,an&lé%) @ h@wl@ga Rﬂ&@ﬁpﬁﬁﬂ@@f akehRets G| ’W}Qre said G

S, and said heteroaryl is attached hr ough
1s seleg{ed |ﬁng1 the groupaloastag dfraghiret bend\-Oq - gab—ks R%ld alkylene and
alkeny@%{?gré{f ¢ ¢ %ﬁblstgtu epdeﬁg{)] Efg%%{%ggl tgﬁiblng? y seleg{eg lfﬁ)m the
oup BEHERtHE BF Q alke a1, 2 3 or 4
STonp eterogt anrELG-g 200%%572 gs%%%j‘*Uszoow 022460
i ndepemmdnyi &reazebc taten fagathier todforma 3Sto Gimeenstzgrefl 1RYg containing 0
et erocycl through a ring atom sel ected
t°3heﬁ?r8?ﬁ°’@s(§?cl %ed Hjaga@ g& ‘may be taken together with
the atomto which it is attached and a second R7
substituent to forma 4- to 7-nmenbered heterocyclic
r £ ingselBtedefedm the groumetmsistidg of +G(Qebed 8 duedtbondit he
group consisting of haI ogen atons, -OR10, C1-C6
al kyl, -CN, -CF3, -NO2, -SR10, -C02R 0, -CON(R 0)2,
- KOk bted ﬁ%%@?%@)c&ﬁstlng@@ (€1 aﬁi@’le@b&iﬂ@ C,-C; alkenylenes,
-S(O (C1- al k cl oal kyl ,
wherem;ﬁg] |1$( bt \mh A40 agulks)muents.]f\(nnm@ngently\g(e@le@drom the group

consisfi é%% %6%1}%5 ]TS/J}*( Mﬁ%lgﬁwgﬁ ygnﬁieargfé Q&? z%%ylg 'and 2

adjacefiequbktituénts Fetseatldn t3pethérab €@y 8! (vl 6- ﬁfeﬁib@ﬁ:d ridpdoRiathing 0 to 3
said Wheteroaryl is selected from t he

heterogtgpsiselestad from the geavp consietingeafady O anddean nﬁi%ﬁ Foreadipergt
substltaerggg%eg'%cf:r}gﬁe% q:8§ét8%5atn|g{bg gﬁ%”a%eﬁ elc tsﬁl g gttf gr 0y EJ tN’6-r(r)16mbered

| SVET ac
ring cdntdiging0a633Rt R4t Gels fﬂd@ﬁérﬁeﬁ’ﬂly délect@ FlonMieionp @M@‘sh%'ng 0N, O and
selected fromthe group consisting of 5- to 7-nenbered
S; 15 saturated or unsaturated non-aromatic rings having
1, 2, 3 or 4 heteroatons independently selected from
N, 0 and S, and said Wheterocyclyl is attached
t Xrioseldrte from gheagreﬁp s&isixting @ f fOQRTCHDQENNC(6$04, SCH,NHC(0)O-,
sel ected fromthe group consisting of Cl1-C8 alkyl,
-C (@ Qeg-(d{bPoal ki) OO0 Py U (IR H .- @@Myiﬂ)d a direct bond;
phenyl, naphthyl, phenyl (Cl-C4)al kyl,
napht hyI (C1-4) aI kyl, heteroaryl, heterocyclic,
rmmzéaumue@ﬁd&m)meleyten fraam thehgrbwy eomgisting 6£H; CBCalakiyl,)C3-Cs

excloaffyb o RS OISR SHkY By hBah btlpP e e G ot

naphthﬁr(t@?rdé%a)l/ {/]F&Q@Iry&géfe fl{@lh@alllpé rgg@?&ﬁ{( gﬁy%ﬂd’ heterocyclyl(C;-Cg

alkyl) p@upg evheadions, - - SR‘ 0, -N(RO0)2, -N(C1-C6
| kyl Cl- | k O R10, 25 Cl1-C6
e R, 7 ubstgaém&m;aWsauems
-S(O) (é&lhﬁah@ﬂ A1 Nﬁggﬁﬁg
- NHOORB, | - NHGO E%s s ldég%&a%ﬁg%%edq O N PP CRISHp gt 5- and
6-mentbetedrapamytic 1'ri1$gS| masdmgdn denBlhetesedterns anlepemient] hseleptaifpom N, O and
S, and saxgﬂ”shetergaryl is attaczille(('ij through a ring atom selected from C or N, and

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

-6-
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6- menbered aromatic rings having 1, 2 or 3 heteroatons

i ndependently selected fromN, 0 and S, and said R8
whedsnsroyl is attached through a ring atom sePErUSIN07/022460

fromC or N, 30 each R8 heter ocycl yl is independently

indepepdeel el SERrh N LA NSt oy AP EEoeeRl i Snsheddnppglya ring atom

selectddYoR T éer2and3 or 4 heteroatons 7 WO 2008/ 057209
PCT/ US200 4022460 i ndependent|y selected from N,
and S, saxhB my@emcehéco@thmwth;ﬁhe atomatotvalpled is &tta@hqhaxdasecond

sel ect ed fro and 2 adj acent
R subfihith §im £ % P LEemor o i RER ¢ oget nor to form
a 3- to 6-nmenbered ring contai ning O to 3 heteroatons

i ndependent|y selected fromthe group consisting 5 of
Neactd Ve nelingepeRderitly sstsictedtfeain theqgroupheongisting othlegentatengs, -OR ™,

o frabeb ey Vs SRicy RS EON R R e R ) OR™

-SOZ(GNG%]QIQ&I? asYO)(gh@axalkyl)n @91@18 f&yéloample @J(Ig@lycl@émakyﬂ,& haloalkyl,

het er oar

NR ‘Bat@f@ﬁeéalmoocﬂa w kliiw»,, haga g alkosy b RIS, CESQ;@N(R]O)
-NHCBGR NRICHR v RGT DBt FeefeRa ST Btistoth T Epbty Snerei

of phegyd w Hé’l&l@hﬁ&’is’ sefedtedray ﬁieﬂg’#blhiyéonsi%ﬁhg bOSI ald,6-membered
het erocyclyl, C - al kyl, halo - al koxy),
aromaﬁgpgg@lﬁavmg)hél or_&jr@[goatogszmﬂepe eRmy)fgectecNfrgn.}@g) and S, and saild W

S R T e N

-S(O (ﬁlld Wshéléﬂ@)ﬂ'dlyl 1s DRSS B 56, thd BroupCBMI M2 f 5- to 7-membered

- NHCOOR6, - NHCORG, HCONHR6, - CO2R10, and
saturateODyNgRRIEFY | noreatqmm THES éavag;ll 2,i 3014 rserentgerstindependently

r

selecte?eilrc?rﬁ rrbtl\gtrbe d;g]oa?rlgt%alg \@‘i%tgegé’ﬁé{yﬂé zﬂ%cl‘ﬁ%l tﬁrougﬂa ntng ator? selected from
CorN;ndependently selected fromN, 0 and S, and said RO

heteroaryl is attached through a ring atom sel ected

fromC or N, each RO heterocyclyl is independently

R SRl B Bl U SRR e LR, S0y G

ere or un on- aro

cycloaieN(C1<Cslalk ), pBemyl, rﬂaph&iyﬁrphamyﬂ@ CA)mld9pﬁﬁ;ﬂﬁml(G’1 C4)alkyl heteroaryl,

selected from N RO het erocycl

heteroathaclpf‘éﬁow}(&&q afon ﬁ@d h@tewy%h@c?e alkf/})c&mpscwxwem
and 2 adj e tsuﬁéfgé%ﬂ Wﬁ’m% Apgug_gtﬂ §9188% ﬁ‘&nttﬁggr%up 6on515t1ng

together to form ring contain
of phehyl, Baphetiydy (O;an)ayBclmaMdﬁplesndemtyl yletbecbo@'clyd:d.?]f-@pﬂkylhhalg@m alkoxy),

halogapakam Bl HER > WKL R e e rﬁ@gﬂkﬁg Lt bR
CrCo B Ry O ?@Q%&m‘ﬁp% IR ooy,
-SO;N(RYm-NHOOGRY -SHGOR  alNHCRINHRS, -COdR emtbm:([))Néé P)@,ct ed
from tgaechg{r Rar n1 1!s ?&deggndently se:ilectedcérorgathéjl lgro}flp consm%ng 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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WD 2008/ 057209 PCT/ US2007/ 022460 each R' is

i ndependently selected fromthe group consisting of
w@2008052bkyl , C -C4 al kenyl, -OR13, -N(R10)-V-EBO2BSDN7/022460

-OV-C02R 0, -S-V-C2R 0, -N(RO)(R 3), -R 4, and

X - N(R10) SO2R6; 5 ch 2 i s .independent |y sel eqgted .
indepep e Rz G Do AATdrs- A 110 RoRESTocyEh heBferpdchippelpe ring atom
selectedq}f(}{l.l@)gr&qm -SSV-CO2R 0, and -N(R 0)(R 3); R' and R12
be taken together, with_the phosphorus atomto
vvh| ch 2 hdygceat sltmtltuambeﬁsaldﬂ?é niayrbe takem-togashét torforiyea 2cto
nocyclic ri.n each V is .ind ent | el ect ed

6- men}rqzzm rl,geco&%lalﬁg 96?18 hgterq?éorasr 1nd@_f(n§§@§]y selge d (‘? oup consisting
of N, @hkykene) -CH(R 5)-; each R13 is independently

selected fromthe group consisting of H C -C6 al kyl,

C2-C6 15 al kenyl C3-C8 cycl oal kyl, aryl, heteroaryl

R TR PRt Rt Sl A

cycloa'l mddiﬁ);l}’])c] @geilré&tyeéi, tfé %ﬁamgow AHEn A q{hﬁhﬁlyll, ?%@rgfcl;(fl-c4)alkyl,

Renyl t hyl hén
naphtl‘alll(k?y{()‘;)alk}ﬂ h}86ro§atyl (blatekqdyplym}ewa:ryléCQQk kikly ) Gir-teterocyclyl(Cy-Cg
lklaI \é eteroaryl heteroaryl (C, -C4 al kyl),
alkyl) grauRs. SREEFDI | het er ocycl yl (C, -C4 al kyl), C, -06 al kyl,
hﬂ( %9 %ﬁlcﬁRe’E‘é syb%t@ W0 to%@%tﬁﬁent@%é%%ﬁl@@mﬂ%%@up consisting
of pheaylkmp)hth)dSE ¢ Cxclekd heyarparyl, hRRl@Sb@R@n-éﬁdm Rdy(£:1-Cs alkoxy),

halogen iy BRY} K o(R" b T o kT GioCs SR Grefenkys -COR',

Ci-Ce ﬁﬂbﬁﬁ% ONDE QON, beF 9 LSORCRRISA), IBIONC,5Cs aAK), -NR'°SO,RS,
Jre ered agomatl C JdN]g{S hawgl or 3 hetergatoms
-SO:N(Rdn pHEEOORY; -NEIGRR e dNHCERHR ,oC@aB , @d &6@)@@1 d)z,R13

het er oar s, attache

T om csh B RSN FRe B s oo B B ipe of 5- and
6-menfRtRAGr&@latid AAZS Qg 10 2br GHErs4tbME intfepédeh@y selected from N, O and

7-menpered saturated or unsaturated non-ar omat [ c rings

S, andtsalduéggﬂeleroazyl 18 aached Hapegloaripgston]

2t cngn g o T g RosPi 3 eR ol e bars.

7-mentRetdatfthted 6Ntinsatib@td hoteRlomatit rings Havfdd 188 dret Hetdf€dtoms
together to forma 3- to 30 6-nenbered ring containing

indepepdenslyselested fenm i mwd%p\eﬁ Q@ﬁtR yetesgcyelybis aftaehipdithwugh a ring atom
@;EE ing of NN 0 and S; -9 WD 2008/ 057209

Selec“% gcgrg% 2460 Rl14 is selected fromthe group

consi s2 adygcent subktientalok ydid REn 43t eathlkedity pethéahie fiytin a 3- to

napht hyl and heteroaryl, wherein each R14 heteroar I
6-membgredrFingROMAHNE § te dihstereaioms Bidependerthiglectsrizemn th engow consisting
of N, (gané\gd QH-nmenbered aromatic rings having 1, 2 or 3

et er bat ons |ndependently selected fromN, 0 and 5 S,

and said R14 heteroaryl |s attached through a ring

atpm egectedfromCor and

R®and R” may be taken together, with theNto 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;-Cg alkyl;
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said R14 phenyl, naphthyl or heteroaryl may be
substituted with 0 to 2 substituents independently
w@edsos2a from t he gr oup consi sting of Cl-C6 aP&yUS2007/022460

haI ogen atons, - -0C(O R6, -OR10, -SR10,
Q) 2, - CF3, -.S02(
gd 1S 1@%?@Rﬁ§?ele§%§py‘rc§le mg@gﬁgmg I:QZ%;T\%I)(% Ci-Cq4
- HOHREY. _sGRRRy.R!0 a
a“‘e“y]g O; N(Rgl gach Rlsﬁr@s ?ndependenﬂF% ggl gzctRed

NR'H8oRY he group consr sting of Cl-C6 al kyl, C2-C6
al kenyl, C3-C8 cycl oal kyl, phenyl, napht hyI,
heteroaryl and heterocyclyl groups, wherein said R15
‘Ehwbgt ?&ég&ﬁ&nmtsaeae& from tﬁb’%fc;u URdkth d}d@@@hdent Iy
sel ecte he® 15 group consi tlngo C1-C6 ’al kyl,
NR 'V -G§BR a0k COR, -UR60RUCH0-RER )@Y, - SR 0,
-N(R 0)2, -C(OR10, -N2, -CN, -CF3, -S02(C1l-Co6
aI kyI) -S(O)(Cl C6 aI kyl), -NRLOSO2R6, - SO02N(R6) 2i
g‘ FBthe 1 Ip f58RAss a8l to which they are attached,
C(O) N(R’ 0) each 5 heteroaryl '1s I ndependently
to forng elSe ot ‘Btheimbenadtithenagyolipprieginsi sti ng of 5- and
6- menbered aromatic rings having 1, 2 or 3 heteroatons
i ndependently selected fromN, 0 and 20 S, and said
Rebeh hefs%&%faﬂdenﬂ? s@kitad ek ﬂl@%ﬂiﬁﬁr&oﬁsﬁti faCPm{‘S) and -(C;-Cq4
sel ecte fromC or N, each R15 heterocyclyl is
alkylenq)deFbdident | y sel ected from the group consisting of 5-
to 7-menbered saturated or unsaturated non-aromatic
rings having 1, 2, 3 or 4 heteroatons independently

S@CRRI e 1ﬁdé§»€1‘1d‘ént19 sélBétePiroa e %ﬁiug coRsisthRt Sy ct %ilkylscz -Cs

attached through a ring atom Selected from C or
alkenyhr{ch-Obcyzlaatkyh eyt hetetoatyiliand eterasfyclyh grpups, Svlserein

optiona tzake ar. t ma. . 3~ t 6-. er ed

g cohertR ARG AR ds aBslBlTRintid 2 i RyR HkPenanery
selectedréif HRGrbhPeorsEng bpprren@p @ﬁpl&hym engt(cll\l,c%n@% ndpthyl(C,-Cq

present 1nvention also includ esﬂg ar maceut i cal

alkyl), &anﬁé@@quadiryé, ot evickiatky1€C130: dloylp dgtedoanyl, heterogrddar(ts alkyl),

heterogybt et BeAEN AR e EF T hiPedh Fir SICRABH, DR OR”
OR'* BRI dg(F0P), 1 CROIR NG ND,, r@du@mgsdaﬁzltcrﬁkm Oseb)rcl Cs alkyl),

O R LR IR T L ON: = A D
enbodi IrrgﬂtRS3 hé& rggrwefc’s 1?8(%%&&1& g%ct%% ﬁlgrr]neth@ g?ou%n olns%tmg of 5- and

I nvent n are el ESCFI

6-menfbRRA £dhatid ﬂﬁlgstlﬁ@n%nl QiorQ HEesEAtoms irde erﬁmazmsaba@ctamlom N, O and
cl ai ms DETAI LED. DESCRI PTI ON OF THE

S, and}rf%d&ﬂl?h@ﬁromé ipattashesd thronghringratem seleeted fioshb®iMis of
sglrtmsJ %ﬁé/lR ﬁ‘%@rég%c@qg nrﬁj@F d?&?ﬁ%e%cgﬁc%%%lgﬁengﬁhg(b.l()fslstmg of 5- to

7-menibesddrsatupitad aﬁmumrrawd honh-aRaept ahgehs\ahg $, B13dralheteroatoms

hydrates are HCV protease inhihitors (e.g., HCV NS3
mdepeﬁrdmtblasgl@ctemﬁqgm NoPsand § and said R heterocyclyl 1s 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;
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10 I'n one enbodi nent of the invention, is selected
fromthe group consisting of 1) aryl rings, 2)

waey@Bok2ayl rings, and 3) heterocyclic rings iPCIMIBN7/022460
the heterocyclic ring systemattaches to Z and X at

poi nt at .are two i ndependent | el egt rin
Roscticled B & Finuy SonsF BB SF b ] GGl Hisa, naphy
and hefe6 491 whehgh at om and one nitrogen ring atom and the
heterocyclic ring systemis selected fromthe group

consi seach® ' Oheteraprybis indepsndrmtiyselected diour the grbupreonsisting of 5- and

6-me %fq%?.aéérﬁgtgc? %]i]ngs %gﬁ)(%l 1'23 orﬁi?ri%_?erg c?rglg in%lfge% q‘glﬂ’ A %egqf(t)erd f?om N, O and
S, and SAAR'ah&eroary] Wiatlhé PR ghRiaGHE dtdm skIeaed GRRE @loP NN and.

or 2 nitrogen atons, A Wherein said is substituted _

wi t h OsaidR4 phendpeaphithl byheteroaryl ady delssbstituted with\l/to RSubstituents

indepe QiR e o AR BUPEREE L S B atoms, -0 0)0R
-OC(q;ﬁgut»Rt“?,tm@@m‘% eCOR, Map, e r—cFév-sgg%id6g}31@%, a(0)(C:i-Cs

.or [N atom JJy 0XO; V\,hGerel n sai d an 65 0
alkyl),s DB S QB¢ i -SRaNER 82, - NHAIQOQR 6 iNDEORys -NHCONHR g -G0S, and

iected fromC and N, and provided that the
'C(O)I?@{ ?Pé’r%' red unsaturated bicyclic ring is not

gui nol i ne, qui nazoline or isoquinoline. -11 WD
2008/ 057209 PCI/ US2007/ 022460 A In a preferred qroug
ofach Ry sis épdspandeatly seleeed frombe graypeansistingofd-Ce alkyl, C2-Ce
Shi it h noi, ety ,sel ect ed mth r ou :
alkenyz,g%él %%X%Loglﬂ(al}{\f p_hgrrly’%, g@hﬁlﬂ,&ﬁfer%%ﬁﬁé 585205}362}4 ?u S, wherein
- OCF3, said®@H3ure subs@ufdd, withhito 266bstifietdsGrifepeidently selected from the

anot her enbodi nent of the invention, is sel gcb%gofrom 10
group eosisging @pCofCs abkylihalpger aiomsstQGEIGR" \OCIO)RY, -ORS’, FARI Z-N(R 7).,

RS &% G X oo S, Nk S0l ey,
-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"® are optionally taken together to form a 3- to
6-membered ring containing O to 3 heteroatoms independently selected from the group consisting
of N, O and S.

The present invention also includes pharmaceutical compositions containing a
compound of the present invention and methods of preparing such pharmaceutical compositions.
The present invention further includes methods of treating or reducing the likelihood or severity

of one or more symptoms of HCV infection.

-10 -
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WO 2008/0%7289 X X X X 01:~~Q -01 Ni N NN N I/ ZPCU/ES2087/022460
Z'NlOXZ/XXXZX'P\NN4'/N/Q\IZX$I\I*X

Z N X X -12 \\O 8/ 057

PCT/ Uséﬁlﬁ?%g%lzté’ﬁn‘i asé?("t@i“}dogi “5@52’%%‘%5’(532‘ Ngvgntjon\gre either
ﬁlrtheISiéSCIllbf!d 1§ OHN‘HNSE Eppabliilt froth thé erfsuirg d%cﬁﬂ%r@ei’aﬂ}f)lé and appended

whi ch be substituted as indicated above. In

claimspr ef erred group of this enbodi nent of the inventi on

R5 is independently selected fromthe group

consisting of H -Br, -d, -CN, phenyl, -0-phenyl,
DETAiLEES)ES@@ﬁIOMT%ﬁ@VEﬁT%KOXy, Cl-C6 al kyl, -CF3,

CCOH and -CTOCH3. T'n another enbodi nent of the
i nvent Tlenpresnt inyent@piRdlodes congOMRIDEIRRGu1a (1) ahove, and

pham BEEHCHNERs SRR sillsabiblo? p RS HHFERo . et e bt g gheir

pharmhdBuge41iyodtceptabit Salfskm@Rr i ddtes afe l@v%o@héeqmbnwe.g, HCV NS3

preferred group of this enbodi nent
proteaseQpiBHErS).or - CHRCH=CH2. 10 I n anot her enbodi ment of
the invention, R3 is H Cl1-C8 alk or C3-C8
cycloalkyl. In a preferred gro N\ this enbodi nent,
R3is H -C(CH3)3, -(CH2)3CH3, hexyl , or
- CH( CHa)ohe ehtbodingdnin of the ipaatiornt ot t Racletred fionOthe ghbup
IS Cl Cl2 al kyl ene or C2-C12 al kenyl ene, wherein said
consisting @f substituted with 0 to 2 substituents F sel ected
fromt up 15 consisting of C1-C8 al kyl, and
:QHZ. 2{}2 I%%feferred group of this enbodinent, Mis
sl ect@dldheryhrirgs, apdoup consi sti ng of CH:CH( CH2) 5
éH: ). 7-, -CH2CH=CH(CH2) 4-, - )@?L\g
53@@6@%5 g@@c thed]qg@)[( )nglg syst@@}qg?@es to Zanant

points T@E%%%a%§%t@d n_n% é%%?ta{%?%%vy(’) acarbon ring atoms or

one cartOhFtigA¢rotda dne nitilGgerChizg 610hi add the-Hetd2édyelitiiaEiZYstem id selected

sone enbodi hents, Mis selected fromthe group
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 0xo0; 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, quinazoline or isoquinoline.

-11-
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20 consistingof ZY, Z2Y, ZY| Y ZYZI| Y ZYZY
., ZYzzY ZYZYZY -13 W 2008/ 057209
WEAIBS2007/ 022460 Z /| Z Z/ Y Y Y Z z Yand RCT/NS2007/022460
anot her enbodi rent of the invention, Y is selected
from-C(ONDL- and 5 -LN(D) C(O - n still another
enbodi nent, one or nore substitue are taken
toget her and/or wth one or nore i tuents chosen
from smbsprefer@d igfoup oFtkls Embedih@hin 2 iPuriubRirixed 88mono-
ring containing O to 3 het er oat oms sel ected from t he

substltgteélmﬂmm;eéx mIgct@r froqn tie gredp sonsttiag of sBr, t (e -Chdpheash t O-phenyl,
_OCF:S\ | t g ? {1 together to forma 3- to
B-nentered T i ng 80n arhing>o0 to 3 10 het er oat ons
i ndependent|ly selected fromthe gretup~consisting of N,
0O and S, or one substituent F rmaken t oget her
with an adjacent D or E to forma 0 .6- nenber e
ring cler?pahqr pryberdimsnt of th%t“é?’éf&t“@ms Iddbesierdst fr9m the group of
.fromthe group consisting of N, O and S. In
rmgsc%ﬁlu& 'errbodi ment of the invention, the conpound of

t|on sel N ed frew the exenplary species
p| c led Ies rou 09 ghowp bel owo 15
PF €3¢ i_nenthon in e the
oI I oW §g: (a) phar ceutical cdnpositi®n §| ng
an>effective am)umt of "a corrpound of for rruIZa (1) and
a pharmaceutically acceptaple carrier. (b) The
har maceytycal co @ urther ¢ r|3|n
a seconﬂ N!erape ti¢ age V‘I‘romt e gJroup
lmTunom)duI ator , and t5-infeétive agen S. (c) XThe
utical copposition of (b), erein th

nar nac

Vi ed fr
QL odp tors
5B p phar mac utl

7 nbi patNeft W 2 f for (I)
25 (i) a second ther apeutl c agent )sel ect ed rom t
>§r oup corSi st i ng Xof HCV affti vi.ral 86gent s, X ) X )
[ nonodulators, and anti-infective aent s; wherein
Nfey conpo of foyfu
hel apeu gent ab
nder s |t h corrbilnz;t“ S nhi bi [ i n N
p I ' j 211 0 ,ahid},lﬁr N A
z reduc?ng he i 2 z
X , ) X X
I

&Ql LQ&N NOC@

-12 -



severity of synptons of HCV infection. -14 WO
2008/ 057209 PCT/ US2007/ 022460 (e) The conbi nation of

W@ adjog/opizey ei n the HCV antiviral agent is an anPCWUSZN7/022460
sel ected fromthe group consisting of HCV protease

i nhibitg and HCV_h RQ| yner ase nhi bltors (f) A
net hod nhi bi ti $3 prot |n 5 bj ect
th 0 1S S agm\nicst er to th
ﬁ Act ah @ fec i v _5 mpound Y& f or mul
l

a\
2 (g% HEV Ninf e
redu&,ng t he od V%rlty of
i pfection in a subject in need thereof whi ch
adm nistering to the subject an effective
compound of formula (lI). (h) The method of
QL I n thm—mbnpound BR-Nermula (1) is

z ;2‘ B 2R S a2 b b g b gebitinied as indicated
abovesﬁ{ :??;e‘?gré‘ mé%op &t}ﬁfs nﬁé’rﬂglfﬁ}e 1H€3en‘{”c n 'ﬂsm Bgﬁc{eﬁ ly selected

aors antl-ln ective a

from t()d: grotip eonsisétingb of, Bh)C1 WaBI phehyl,he- mravylarmcm,rab}agﬂm C1-Cs
s.an antiviral selected fromthe group consisting of

S alkox)%’i@v(braélfﬂaﬁh FOWPHornd LA Hy NSSB pol yner ase
| nhi bi f{ %the?@m&%&ménf‘@f‘tﬁ@ﬂwgﬁu% y eo td(?‘l\%{ "'ETVC'&@R'OS §R6 Ina

protease In a s ect I n nee conpri se
preferzd grovipsdfethis ra:gqbbdnmdme, Rib}@@)OHher IHOYNHS Outyictupropyl.
conp03|t|o t he copbi nat i

f
(d) orlnamp e( R‘)“gﬁglﬁ"@?h‘é}@h%m@?é‘a} |Rn§,S GieGs alkyben Cufe al?<eny1 Ina

l42kel Ao e
prefen%ﬁ%&fg H‘%%b@d%&% !ﬁgndlqnegI su Hzgﬁé’ (lgljn né (ij’l tcner eof
10 whi ch boamptties embadimedtofiths irventian, tRa it HeCs b Jakkg't ot @C; cycloalkyl.

In 8RR Gt iR L Ay Th e e oSt ©hetoor

-CH(C@E'}%OUM provi ded above, it is to be understood that
each enbodi rent nay be conbined with one or nore other
e rrbodl Ieambgher tmbodimentafihe intvieations M s CaCealibileretar@)-Ci»

es.a s e .canpound and i s, consi s t wth the
alkenyfgne ﬁrﬂnow%ﬁb 6 RubsoBteh R ih Ote ArsubshiyentsF pelpqtefbio E%group
15 const Sf @ -ediky %d Log, e Tﬁpﬁ’gfe@@ﬁi g%eﬁ&Gpm%?ﬁﬂdd%&taﬁﬁs selected

hods provi ded as t hrou above are
from thm@@up touxisting off H@HH@H(@H]z)sB-I(rﬁHd)mE@HsCHf—CHI(\@Hz)r -(CHy)e-,

=Tl TR B EREr G PR COTCEEH: i IGH-CRCHa)r

(CHz)’leJ smwg @%CH(WM@PH)z@szI,hR?ﬂJ)Ws)M%E ntgél‘:HI)?{]Hz)s-,
(11) as a nedi canent I n e

-C(= Cﬁnﬁﬁﬁnht,l -GH,GH= @H@charﬁammfe@mbo@m)entsqm 5 seleatedHi@vh the group

30 NS3 protease, treat \(n% HCV i nf ecti on zand/ or
20 con515ﬁ yeERg The NLKE | | h@é)ﬁ\@f “sever ity of Syt ems e Mev "y

ection. In these uses, the conpounds of the pr esent

\"/T\mr@w/oW cavwm 057209 PCT/ USZOO?/ 022460 Y
Y \/\/\/\/
Z\/\/\/\/ \/\/\/>< \/\/\/x
Z\/\/\):L
Z\/\/\/AY, ZMY, Y,

sl R

b
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optionally be enployed in conbination with one or nore
second therapeutic agents selected from HCV antiviral
wag@ans2oant i -i nfective agents, and i nmmunonoduPEr/O8R07/022460

Addi ti onal enbodi nents of the invention include the

phar maceuti cal conpositiQns, conbinatio and net hods
set forttmin (a)-(k) abandthe uses forth in

2. Ahe~ 5 _precedt aQrapt wlerei e ound of
the presenty i nvent i on enpl oyed therein is aYgonpound
of one of the enbodlnents aspects, classes,

sub-cl gsses, or features he conpounds described
7 above. aII Sé t hese e ments, the conpound nay
opt1 owal | e fgymof a pharmaceutically

accept abl eYsaélFit or hydrate as -appropriate. As used

herein, all ranges are inclusive, and all sub-ranges

are included within 10 such ranges, although not

neces smrdnbmeempbécﬁinehwofsbé infveritidn, Y1ig selected from,—G(MON(D)L- and

term"or," as used herein, denotes alternatives that
'LN(D%ESQ) where appropriate, be conbined; that is, the term

‘or' j t

wel | A G A En o B S R RPP LRk, Bcthcr andor

with ofl@bikiyibte subftauents choaery fromrsabstitoenthPDand Fatd foiman 3- & éeydembered ring

s 51 e AR LB SLOTED T . T v
adj aceIthEhub ?ru&ﬁf(ﬁlnlfa)ﬂll be)talfé:r‘lftsge:thérq? Fbiin £8- ttolﬁm@ﬁ%ﬂed"ﬂng%néﬁgng 0to3

I"'soners a as n-, iso-, sec
heteroatoimsur}deperrdentin delec:texbfromyth¢ gmup}cbnsastdlguﬁﬁ\hyﬂ andAS, or one substituent

F may R QR oo Witk adiateads BpEito FutTg 3 S mbmbiigh ring cppieining 0 o
3 heteﬂ%ﬁt‘BHﬁSﬁn n&@ﬁ@%@ﬁ&t’e& %ﬁ{jth@%rodp%hg"@ﬁr?gjof ﬁ'f@ ah&8Mm

hal ogen fefers to a group or nolecule in which a
hydr o gleranat}mrremﬁcﬁmtmst dfdbainventicag du dompaumhbb@e mvention is

selecteﬁiafm(gxlé1 g}regeg(g)altpgf}g %;?erclr% pggaﬂlﬁt%gm xiug{)ﬁ.g ﬁééﬂw %h(gyvn below.
"hal 0" )tHeERbSdien R o? MR REsehl ilﬁ%ﬁtﬂﬁ 1nélmié)!hb @@llo»ﬁhgm ne

and iodine (alternatively referred to as fluoro,
chl or oa) br oAu»haxamcstemtmabQQmﬁdselmmomprmiﬂgom;ﬂffece‘fmomb ofa

ol oA SRt L

l'i near( RHhadachacd calnhs}sélﬁ&eoﬂ(raytfﬁnﬁ&rco Tpnsmg a second
alterna |veI alkanedlyl ') having a nmber of carbon

therapmtwmemtrseteh@dimmeu golpy mmgletmghﬁHCmetlwreb@m%e
refers to any of the C1L to C6 |inear

lmmm%??nogqiugaﬁ%rﬁ’e%ld E)}Pfgﬁté‘ée 48K"¥ ass of al kyl enes of

parti C(%B ar THY gHaBhhcettitdl coRpBSIGbn bO(LY,Aehdr&iMehd HOV ardiviral agent
CH2)1_6-, and sub-cl asses of artl cul ar interest

is an antm‘drah g@lectgmgynﬂha group (copijtingf HCY @rptyase nhibigerg anCHEV, NS5B
ol ]Ing |nterest is the 30 al kyl ene - CH( CH3) -
p ym%af(eg/ r’oups may be substituted as indicat ed The

term (@ycl oA Ipkitmace@il SorhBinativh Which is(iy d e@ngdunddf formula (I) and
al kane or al kene havin nunber of carbon atons in

(i1) a seqead shaseneutie SO ﬁd@ctedr?rggl thﬁ groupyeanpsting of GC'Y antiviral agents,

USRI s e R ABPLIRARR o g g

secondcmeﬂapautcydgenwe bﬂmﬁéﬂﬁplbyedcl)d@h@hﬁ&ﬁﬂ thata¢adepdiehig tcynbirdifien effective
cycl ooct The term"c oal koxy" refers to a
for 1nh-11§9%g 85:]\%29153 oroteaserfor é%qn@aﬁ &yjmn gtgmbagld(ﬂ;yeducmg the likelihood or

severity of symptoms of HCV infection.
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be substituted as indicated. The term "carbocycle"
(and variations thereof such as "carbocyclic" or 5

woO caslosye!| yl ") as used herein, unless otherw BEI/US2007/022460
indicated, refers to (i) a C3 to C8 nonocyclic,

t d L t i / .to Cl2. ..
oo et GG bl Feingb Moy vl Erisan amiviva
selecteﬁlmﬂn 'tHé drbip cdn‘é,lsﬁhé Bﬁchi@&ﬁmgHﬂm@fs,ana rH(tv S5 H olymerase

the other ring, and each ring is saturated or
mhwﬂgwsaturated Carbocycle groups may be substltuted as

IngIGC a 3/%‘ é}?%aqp nglgﬁ{&]’m@a@%a@n ect n negci thereof

which @&hﬁﬁé‘e‘é %Hﬁnﬂ'fﬁ}ém@g‘«‘toahé 3678 ah eftbhiR e hbhoufbsf zpéorﬁﬂ‘tﬁ‘lnd of formula (I).
nol ecul e at any carbon atom which results in a stable

corrpou(ﬁ?d Thenethasleaf tisiatiye HGY infentibn eyd/prersduciog ghesld@bbood or
ecarb lLes; .i.e., the term:fuse icyclic
severity of BUBRERISS! G Py Th aebiEeyiE nERdhERg s T PipBes:
admmi%teﬁﬁg Y HeQbjedt anhffebtiRas ot B9a cdmpaind HBEnAA (I).
unsaturated and two adjacent carbon atons are shared

by eao(lh) of Theemethodsf (2), wh@emuthfgccmymuednofﬁom@@(i) is administered
i conBy 5 i ERRRENE Yo of A 60 B B LB PE RSN 216t rom
the grdaprcbﬂﬁytﬁigl T HCVIasti Ak A agélﬁs) imgfu@bmetuladra ané wet-fetdtive agents.

rings, cycl og ag cycl obu@x} etc. A fused
bi cycl(ﬂ)c caTh?dB?tbP wherpingheH WHaHg«;gslsan@ntmral
n t bi I 1.C_ i
setecre T4 3t oo RnOE AT E% e fptsrind HGP DT Rl hase
inhibita#se t hose bi cycl | c car bocycl es in which one ring is a
benzene rigg and t he ot her ringils saturated or

unsat udat e mqmq%ofainlaihifmé%@\’ B riatpascanBebeOmnepdthereof

which E(Srﬁg#lge ﬁlh@uﬁgﬂtgﬁlg) o:?tﬁg I ph%ﬁ'ﬁgc%ﬁﬁggl %éfn}ﬂ%ﬁ%ﬂw $?b) or (c) or
the cordbinatienef (d) be@).ct ed ring syst ens include, where
approprlat an indication of the variable to

17 , NK) whid meghqsefitreating HGY wéeoapamlqlfgr eadtlaeaéfg;ﬁhl%ebhood or
sovert 5 2o 18 HY B EC RRHGLE oo eSO LG BRBIA

admingieriag td meanbjaahﬁdplﬁmn\aeéunabll c@m@osﬁSn Vﬁ(a)ﬁ(fbb eoriRS) drshe combination
shown as a floating vari able which can be attached to
of (d) %‘r(? ‘ring atom provided that such attachnment results
in for
PCT/ Uggg%%%g%lggné%zmeﬁgﬁ Bnl'l)?/ld\é@ é?\2e8 tﬁ? gorzlg)egunderstood that
each embudimeamhap be yembmbda oythl dne of nn:ge sthst @nbodimksts, toeheextad that such
nes, mhereln t he .i ndi vi dual. _ carhocycl.ic

a comt}mwyg nrﬂwﬁ??ea ise}? § FPmpowiand i cofjsistent with dhe,desghiptipn i the
embodﬁlﬁexﬁ?cﬂ 1@ E]i % au%ﬁ sfb%’kﬁhé?ﬂgadebl phgh;e/lﬁg of ?Jrﬁﬂ)osg d¥RRd methods

I ncl ude eny
providegd tw(@th]mg,ghk(k) 8bd3@t&rd: uridedstas] to nnkiladet @bembodiiments 9f the compounds,

indicated otherw se, the term "heterocycle" (and
mcludwgrsv ¢rabRdimeRts ag resul; domycombipations 889@?4?@68}8

het er'ﬂ@éﬂé’a%ht B R 1% inlu8EsSa ddtngdduhd 3f HedRb&nfinvifion for use
nmber saturate

(i) in, (11) as a medicament for, or (iii) in the preparation of a medicament for: (a) inhibiting HCV

NS3 protease, or (b) treating HCV infection and/or reducing the likelihood or severity of

symptoms of HCV infection. In these uses, the compounds of the present invention can
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unsat urated nonocyclic ring, (ii) a stable 7- to
12- menbered bicyclic ring system or (iii) a stable
wQ@ 2608087205- menbered tricyclic ring stystem whEPCEUS2007/022460
each ring in (ii) and (iii) is independent of, or
. fused to e ot ring,or rin s an
optionglty G nBlovef F feitiianar o Snvcer P Ao Jice g agdhpstected
from HCV\aativigal aigBits, nsitigfec@ve at(geheyﬁ{d lﬁarﬁmﬂ&qoﬁm&&m cont ai ns
one or noré heteroatons froml to

het er oAdditignal gmbodispents Qfdheumentecrruatclad% )hemhdemmdtmﬂ ly

compfHoRE. BB av RO 368 Rityin GG MG 18 RV st fagh in the

precedMEpFadrhsH) vwiHedih BRRELohipBundbEME pidsefventibs ¥bloyed tHegein is a
syst ens t%glcally contain at | east two carbon atons);

compfalnd ofibes ef the ampodigreatsonspress.eclasses; heb-elassen ge featines of the

compeif HseRie 0% o TPy i BB MBI il i sl Ff@prighety be used
in the fbl*ﬁ‘ltﬁa%héﬁﬂacehhéaﬂ@%c@éﬂ%d\sﬁﬁ)rﬂﬂﬂﬁdté asehprdpiate.

heterocyclic ring may be attached at any heteroatom or
car bonAatsagh heprinAlldengesiasg inglusiveandrdl subganges gre inclpged within
such ré{gg a%tg&l@lf r%oq al%ée%?arﬁ‘% g%paié(ft c?/u et foxﬁe tlgra881¥18n ethg {e%!ﬁp'%r WBY used

as 1n unl"ess "otherw's
hereinS@6ick iaRetnativid thathsdy] Whel@ta‘ppf?ﬁaﬁeb@édrﬂ&h@cﬁ thed @lthe term "or"
atomin the ring, whether eteroatom or a carbon
includeg eagh liphed plteraativehseparatedy amvell anibgir cambyiehemt ur e
result r h >0 c f,Qr
t he helfisé P%e%yh??élhl tﬁ%?e?m ‘gf !( prr%gegés gtha P d& b?éﬁ%fnﬁ& cl'?am alkyl group

havin gCaZ)mIrﬁWr)O,f chifben s in $ied gpeeitied rii@% eragy, € eXampeNeCad dlkyl” (or
ers to a heterocycle as defined_ above in which the

“Ci- Ct’e‘ﬂ{‘}’lr Lrefarnip afat Behpxi etiveandipanty] eyl ompredpoy¢lkgs p-siso-, sec- and

t e t Uy, ¥y .

t- butyl? gf éei{rdigﬁ)q %)71 &hill ;Ingmeﬂ?]ﬂe :Aezaﬁmgg}egg)g epgg ‘@r% } ;}gfers to n-, 1so-,
sec- artd titgitylan sariib@prépyl} @hyllZzntemeveyle dhkyl@yelps endyi musst&hemas

or a stable 11- to 15-nenbered tricyclic ring system
indicatgd. whi ch consists of carbon atons and one or nore

g::) f;g@%{fg@ﬁgﬂgg@%ﬁggf&s %&{?L g?&ugdorfrﬁoq%[!u'l\é inQwhiBi'd hdrogen atom
has begn eplaged by b halvgepaliyiilarlyythe adriniftajdalkyl’prefes cd a Halogdnated alkyl

dazolhdlnyl oxazqlidinyl, isoxazolidin

[
group. WB%?)WHPI ypgeq"r{pb‘ﬂ@ll%p@qffzrﬁw atomtsm é’lg@ppglch&nnc bromine and iodine
[ (or
(altemhtz&grlgh&ér%df%r%#y X C?Q%lr?{e(g%(?g%(e 8het rocyclics form
anot hefhestighn e‘hlkoky tdeferhiot aar atiyydti0eE grdupl edkoxy3gtoups may be

. res ated to the contrary, t he
S“b““P@ ’Hhé%ﬂirated heterocyclic" generally refers to a
het er Oplyé:tlelem agikJfehd' ‘nl%ﬁeré" A Hn@e}x{f’%‘%} Hr cﬁlg(?c}ﬁlnﬁ hfk§leht BEbup (or

syst em (whet her " nono- or 'S no
alternagiatlyralkengdiyl ehavirghumbergs carben eichnisan thﬂmtuﬁedtmgeo Thus, for

exampl ) e AP T TR A 70010 o ion yaSdhe fiiangs.yA class of

alkyleﬁé&%f bﬁl‘tﬂhlap alt&eqarit Rt fo thY InveRfi6 & - éCﬁ{) P,gl ﬁld@ub@iasses of
nbered nonocyclic aromatic ring, a

pamClli@-lmerﬂselnGMdb )€, (CHy) sy AGHN), ze,rand -€Habh! Alsd dzf mltfurest is the

15- ed r'c clicrin h cqnsists of
alkyleqe g b o ARG Einubsinange SURLETRL 8 BEST0) ect od

from Nrh&kean dcy%lodl]ﬂyl‘ Rers 8 gnyodychd pi%g lof bk 8tane or alkene having a

het eraromatic Tings containing at |east one 5 nitrogen
numbegpbearben glomspy thecipreficd sangh. This fortaxainptes “Cancystoalkybser “Cs-Cs

resulting in Noxide formation. Representative

exanpl es of heteroaromatic rings include pyridyl,

pyrrolyl, pyrazinyl, pyrimléi-nyl, pyridazinyl,

thienyl (or thiophenyl), thiazolyl, furanyl,

i m dazolyl, pyrazolyl, thazolyl, tetrazolyl,

oxazol yl, isooxazolyl, oxadiazolyl, thiazolyl,

i sot hi azolyl, and thi adi azol yl .
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Representati ve exanpl es of bicyclic heterocycles

i ncl ude benzotriazolyl, indolyl, 10 isoindolyl,
w0 p@aasi2gd , i ndolinyl, isoindolinyl, quinoxaliPgl/UsS2007/022460
qui nazolinyl, cinnolinyl, chromanyl, isochromanyl,

cyclo e IR “@38%01921" kg PouPE bl eyl elohexylyapgloheptyl, and
cycloo%tﬁ‘ Q‘h@%o*%?aéﬁfc&iﬁa’%fers 623 c%lhmipp@engreu& éy@ibmsylr@fbups may
(i i mdazo(2,1-b) (1, 3)thiazol e

besub@mu@dasnuhwﬂahnd benzo- 1, 3- dloxolyl (|. x ). In 00>
certaip cont e‘xt he ern e Ly
Co Lo T “Harbe el g GariaBof (el Piel a8 Hed BTl or

carboS?élW’ ﬁﬁﬁﬁﬁ%b&l@ﬁlﬁl%?&ﬂeﬁv@sé Maicagh at‘é&% to“(i")r DONtAt PRBrocyclic,

l'ess otherw se specifically noted as onl
saturated pgs ubsaturatgd g oo (u)mﬂ}yto ‘G bsyrlausaturated oauks;iturated ring system.

TN IR Y S CERIEEN S —

unsatuPH&E t Cird6&cke @Bﬁpsstﬁh}egé ﬁﬂ)sflfu@m dshediedien) ﬂoﬁ@daﬁﬁle w1th Ci.6 alkyl,
i ncludes, but”is not"[imted to, halo, Cl- kyl ,

Ci.¢ alkayd, Ci- GMHanyl N(xl;Lhzd}@geal, KRyH) or, - O}N@he @mchyck@hmay 1N3attached to the

rest ofgﬁ%jlgxﬂ{ﬁ%lgéﬁ %Ca‘; #}WC%% éﬁe@%%%{n%ﬁs{t%ﬁ%%égoé% Bee fused bicyclic

carbocE b are(LduBset of tHel@feRydbdkYle) Mt Pucdd cli%'dﬁbﬂol:ycle" generally
Co-C6 al kyl ) (O NH,  H2N-C(NH) -, - O(Cl1-Cb al kyl ) CF

refers {oGCO® Giolbydyrlix ng sys@qm)nmhlcmengh nEgOsEpturated or unsaturated and two

adjaceg C?%rﬁ%en?iltgli)a% % @ygelra%{)g the ﬁ%lga?n%e ngg &ﬁtﬁwm bicyclic

carbocgt¢lin whicH Woth rinfiedre kgraraydd is B%ﬁﬁf@éd/&hydh@rlﬂé system. Saturated
hal o-aryl, hal o-aral kyl, hal o- heterocycle,

carbocyglierings ase alsg eeforred toyas cyelpalkal angs ¢.2¢ yraloprapyl kydlobutyl, etc. A

fused %X?égf% claﬁ)to%&ag ¥rf l’Vﬁl ?%ﬂ g){? trhnég q.{nggtg&l{e%l ragluhyaturated bicyclic

Ssexpr ess rary,

ring syteh€ dAR@bset bf the €used Bidysliy BnsabiRiited ExBIPIckes ade tmaﬁeetslewlw
ring. described as containing from"1l to 3 heteroatons”

carbocwelﬁﬁgﬂ whish opg ging i benzeresing and the ofjer Bng it satusaied ap unsaturated,

i ol 0 SRR %&%a@ww%%aﬁ%e%ﬁ%e carpl

its scope ,. ng T
oxi di zed f c@@ :
of this sﬁﬁéeygﬁﬂl HE ™ ’

When any vari abl e (e g., R7 and R10) occurs nDre than

any tuent or in formula (I) or in
rnul ctlng and descri bi ng conpounds

the I nventandn, its definition on each occurrence

|s in e nI of its. def Qn_a :
occur r OHERS ﬁangaystefemﬁﬁfgt WhiE Spfronfie: iR longipe pariable o
variabl es are perm ssible only if such combi nati gag

result in stable conpounds. Unl ess expressly stgted

to the contrary, substitution by a naned substi
Is permtted on any atomin aring (e.g., aryl

het eroaromatic rin of sat urated. heteroc cI|
which 3 paficyiAr o AR i artﬁ%ﬁlgeds Ts et pofic indolarneiiar Ay
ring atéfn! ?Me@t‘?}daﬁé%ﬁéﬂ foSvariabR 38 badlifg SOAPPKMrectly attached to variable Z.

Variable R’ is shown as a floating variable which can be attached to any ring atom, provided that

X shows

such attachment results in formation of a stable ring.
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"stabl e" conpound is a conpound which can be prepared
and i sol ated and whose structure and properties

WO 2008/05720¢ can be caused to remain essenti al | yPCT/US2007/022460
unchanged for a period of time sufficient to allow

(o o TRt T FRless B b i PR 2l i e S5 BRE pems, aiso
referred t§ HPJR6ies,” Wikerdh tite in@Fidal 84rbddiR1is BheEni tROpSyring systems are

substituents and substituent patterns, certain of the
fused grattgehedds eath ather iz a simgle honde Suitarle amvh groape ingidepberylonaphthyl,

.centers d,can_occur a 1 xt ures ,of, ,stereoi soners,

and bighieayfehyt, 11y} G R be SPostivdisd e B9 aiedont {omors. Al
| somerUflebOindRatell otttpsRe, thOTRAURERrocYIet (M viafificHs@Kkreof such as
or in mxtures, are wwthin the scope of the present

“heterpgyghet oroheterasyolylil) drasdly weéesg v @eaistile 4nto Hmeptbgredasajurated or

skill in the .art,.certain of,the 20 co unds of the ..
unsa Bt bR D TE D E OB 0 1 2 PuiTeohET R ARR Dhgh S i a sable
11- to RSHNRDSRFedDirich IR MHLAEm, WhMteintdabiriAg IrE(ii§ aRM GA) fsGndependent of, or

conmpound of forrmula (1) Is a reference to the conpound
fused tgetheogher ging b ringsmgndorach singis saturated onunsetusaied.gad thg mpaocyclic
i, g 88 et NPROO e MR S SRR G e, o

to 6 hetéedatomk Bresie 1 (6 4gleterdd€aﬁlé\)$ﬁd?e@d@ﬂ§@éleaeai floREN, O and S and a
treatnent of HCV infection and/or reduction of the 25

balancg jok e3rbem af@ms (ths ananocyslicingsiypisalvigonsaingghieash pre ¢arbsn atom and the
. E . this i f ) X
iy TR g APTRRANY B e CABES g i sy
one or @t ofteastusgentadd si¥urtheteoitbms isidnaldy dtidized, and any one or more
transfusi on, exchange of body fluids, hites,

of the agroper-heteroatomsds eptiqnally quaiermasedo dinless othsrysiae prasifiad) tsd
nterof B0 SR o 00 SRTRRUIKIG L BT, R4 B tchmens

resultsin tieastenipnad aawdld sorucamé.i Hetesdcycle groups eitay Heaubstitate heindicated,
he conpounds. of this invention are _useful for

and unﬁ@g pglppwée ehesified, thgsubstidueniimanbeattached o) any pfom in the ring, whether

T a heter%gtro?ne&j J‘&rﬁ(ﬁ)ﬁ%t?rﬁgé){%{rgéa ?lﬁg Q\Qﬁﬁ)fe%hemggﬁ %t}‘ﬁc{tﬂ’!e Sresults.

compounds. e compoun
I nvent Sanrateddetes@fydlics fiorra atsabdet shihe hieerocy2l@s.\WOnless expressly stated
2008/ 057209 PCT/ U%é 07/ 022460 detern ning the binding
to the eqnirary, thejfera r saipreiedineleracyelic 1 geperghy fedsis do adeigrocyplg as defined
i . | ; i
sbove e R e SRt P ctar Gy et R O PO IS sl The tom
"saturatérelsaerogyalip omgs reféiseo e drpodmumbefedt satirged s@nbcyclic ring, a stable 7-

ST NI T
which cORMIBEEH InCAdhY aRES5PEARbR h%ékééiorﬁ?fn@&ﬁenﬁ@ntﬁ; stfdcted from N, O

\?\:hl ch possesses the effectiveness of the pare
and S. cRepesentitian éxantpleshincde pipetiliolyh gipeedzinyl cazepantyh gymoEeinyl,

desi.rapl e.(.e.g., is,nejther taqxi t h .
pyrazodL BRI IEy pep B} SRl O S Bloaseliaigy
thiazolifidlﬁyly%&h@&bgdiﬁ?g hd &&alﬁ?drbﬁlryhb%trmmfu% xanpl e, be

ormed by m xing a solution of the conmpound of the
pr esenynsaturatad hotarogly¢licsfomw Anatharsubdet af the heterocycles. Unless

ha eyticall 0 accept abl e id sucgh,as
expresfiy HaRA P b €ty I GF CPhgRiip e BBV g Benaraly rfers to
heterodycld dsURFASE S8dve iR ®hibh tAE enth8 M&RIsGstahi (WhetMB MoRs- drip8ly-cyclic) is
conmpounds of the invention carry an acidic noiety, in
not satiifiitesh1.e asueh rings erepdithepersatvaaiediof paatially enselapated| Enlesy axpressly
thereof can include alkali netal salts (e.g., sodium

or
-18-
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potassium salts), alkaline earth netal salts (e.g.

cal ciumor magnesiumsalts), and salts fornmed wth
waosali2eo or gani ¢ |igands such as quaternary aP@DIBLNT/022460

salts. Also, in the case of an acrd 15 (- CO0H) or

stated R BR e BE 1S DAe Gy o 19 & gmbered

monocySlidRomlatiyy nag J‘éf&b’l@ hy& B-mBRAbael 8idyekid ﬁﬁg Q)fstén'i‘ Qr a stable 11- to
conpound. term"adm nistration” and variants

15-memhercd @fw}(cbc gmg systelni which SONNGYS oﬁcarlaqmqj@ms] djd pne or more heteroatoms

r.ef er e t C oun f he i nvention nean . .
selcted s & Dy TRpoaRa: orbei ol bR aR s riTes Cappinet oot one
nitrogdnCatéi €e. gngw&lﬂWEudh%uﬁﬁﬁﬁlﬁs chh ﬁé‘t}[@élresum rln N-oxide formation.

conpoun 20 invention or a prodrug thereof is

Repreggniativelexinimesafiftstatearpwatiouings iopladepymdy cpyorohds piaezinyle

V|raI S u for treatin
pyrivn S0 oSt i ot i BneP B e SR E ten L bR P,
triazol fia feirab 81 bRARNH, Fs@oﬂaﬁ&]'yll@ﬁa(ﬁ@ﬂﬁ%dr fh@cﬁbly?ﬁﬁ’otﬁﬁ@dl?ﬂbﬂcﬁ{hladlazolyl
provi si on of t'he corrpound or salt (or ~ hydrate

ot her Repeesestating exprplesefrba¢yelic hptgracyelns nqgludd bgngzotma@olyl indolyl,

isoinddy§t ERAEAIVE R REl RERDoRR M ARRARTE hlifee ol SiFpBhv, pomany
isochr6AEA30U BEaIMrdquehotiayl, Qllin6linyl Ste& XikRFois6{1@iB1@§, $soqtiinolinyl,

nmet abol i ¢ processes in the body of an |nd|V|duaI to

mhonflt is adm ni stered. As used herer erm
"conposition” is intended to enconpass rtélct

2,3- dﬁ%fﬂ%hfdfﬂﬁn&ﬁ? 33&ﬁ$drt)b8{%ollngﬁﬁﬁhﬁﬂ‘hse a )’:13 any

product whith resu diréctly or indirectly,
fromconbining the g p’e*%L.fNedlngredlents -21

2008/ 057209 PCT/USZODJ 29460 By "pharnaceuti c >
imidaza(2; Bpy@p)taiazok, (rteant th },had beproe B alidx®yif(i.¢.he O ) In

phar maceut i cal osition nust be conpatible with

each ot her >de|eter|ous to the recipient

t hereof . Th

) subgect alternatlvely referred to
certainfopiexts hegeing ot ent™ )is alerpativghysieared tg ap phésythavanggs 2 substituent

methyl\%ﬁ%d]ﬁ{aysatggﬁéﬂoqw& raect 'E%yon gl preferably a human,

en the o treat nent, observation or
exper i Umeless. otHdrevidesspesifiedlfyantted/as camoumshbmteks’emi dnéy ubstituted”,

hat ampunt of active ound
alkyl, @ﬁgfaﬁa/ etr@%% St ERAUYPSATS er@gstrtht@d OF sihstfuted Fgpferably, the
substltﬁagréa %ﬂe?ﬁllect%?% e| e gr(fhgu lﬁwlbﬁgrféﬁldes %tsex{gt liftHHed®d, hlo, C,-Cyo alkyl,

a researcher,
-CF3, \M{zerN(lﬁhr(EsaHlkyl)'ﬁedﬂ@ﬁondoé]N;rNgr—OID 6((h1e€6 ﬂ:lkyIDI,I C3-@n.cytloalkyl,

Ca-Ce S et PEam Y G petif Sl aaA Sl e Co alkyDSOloa(CorCe

alkyl)- atéoeag ﬁkylsrﬁmf\&? BRICARS W@tgmyﬁtnjohéo- 6%9@%(95 (Co-Cs

n
dition” bei'ng tfréated. 'I'n anot

alkyl)@(ﬁtf@et(Cv@@lﬂml)@(Ci €6 alkyhr, IPHR Tk aﬂctyl)eﬁ@)l}é(%f-(ﬂeaikylye (Co-C6

oy RN o7l PR el Sl ot il 2R, -

heterodyRf, hﬁﬁme?éréé&cl)}lﬂﬁ%rlugfﬁloth?fjlei:}tvhnht@alﬁgo%oQﬁt@% yekeSand 5cyano-

conpound sufficient’to inhibi protease "and 1
hamﬂ%héﬂdbw elicit the response belng sought (i.e., an
"i nhi t|on eff

t"
compohitleg expressiy staleS T i il FgeS e e 8 siinglusive. For
exampld) & h§t%l'darylrrﬂngfe§él%ﬁ ak QoA RAY 1 8 3 Aefeloafoms" 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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ingredient are to the free acid or free base form of

t he conpound. For the purpose of inhibiting HCV NS3
w@r@BesRe and treating HCV i nfection and/or redios1Ng7/022460

the |ikelihood or severity of synptons of HCV

.. .nfecti he .conpoun f the I nv
within 3 EReATToF (heh uorBRBG LI Tt e She BIAAR St e Rderostoms N
and S ﬁemsellﬁéledeedvmn AWYscBF@HSthe bf@&mﬁﬁ\e@ms@s contact of
he active agent with t he agent's site of action. They
c an beWhdnmany varebled ety Harapddb nvasautis acae thapams time in any constituent
| gbl e. f t th h t
o in AR RE B AR5 o SR IEA 0 AR B RGA bAFvemion
its defRTBN dipdacR Bc&ﬁ*reh&'@fs@ﬂﬁ?%h@en@gﬁﬁg Sefinftitiyat €2y Reher occurrence. Also,
adm ni stered al one typically are adm nistered
combipdtions af pibahveante and/cnyarishiesiaey pesmiissileenly if suble combinations result in
StablebaS|s f the chosen route of adm nistration and
YR phar maceutical practice. The conpounds of the
I nventARsCekprest1 stabdrbRhEcond@r 2 dibsiihiiof gt ahdldl sWbstituent is
parenteral Iy (including subcutaneous injections,
perrmttthqnaanefmm In 3 Aing fmisanyl, arhetqrmrmgmemelor |ar$jatemt¢d)h¢t@rpcychc ring)
Alion

prov1dg(§1 Fuc% r%n&s#;)s%ctgt#on ﬁ%‘rp}caﬁy iafx anfdorﬁﬁ(lt% g s ﬁﬁle cogg)gg%de A

"stableOfcoﬂapoun(ﬂl@ argeBpouhd ¢alchcanpe §fdplafw 6@ iHoRdtél 41l WRose structure and
ef fective anpunt of the compound and conventional 30

propertigremail @ qah e wawsed o teamany essentegdlyamichanggd forgrperiod of time
suffici qjtg Xﬁlg\fl Tsél Qtdthg g&mgéunsd foE {h% ugpo%setpeasl(r:&te'd%eisem gu%t én%ra%eutlc or

admi nr's suspensi ons,
prophﬁﬁdti)élaﬁﬁn@ﬁlﬁjatidﬂ&o hiskgjecty.an be pr epared according t 0
techni ques known in the art and can enpl oy any of the
usual MNedresuli o€thessleghereef substﬁzer\rmzbggﬁmsmm@ﬂems certain of the
I 0
compollaggs/ é’ﬁég 8176/88% r%né&%gtrlg IL%lﬁlgavé &s%ﬁmc{%gﬁt%%rzg@ AR gcéd? %s mixtures of
stereoi86HiemS] dtas aidividudlclightereorpE¥\da lefant{onhdrs , All dpsndrekSomngof these

tabletséﬁcan be prepared accordlng‘to t echni ques known
compoupds, meeget 1solairg Qr am MaKyresyars wa i Bieisgoraafiths pigsent iyention.

i o1 nt SR EeockPRl bont HPLIGRREY St th BEEHE pertain of he
compotndPeitht pesent drdvention paregxdtas tacsnersli Rgr the phrposssiufitigpisrssent

i known_in the art and %yplcall .enploy sterile water as
inventign aeferezice &h%jc‘HBP?‘{?ﬁaﬂ rytla Elp is 3 redfrenfiedmthe comppomng ger se, or to
any onS R HOt ddu't&r%(eré‘bé’lsse x‘(}b%&ﬁ%seo% Ehﬂﬂétaﬁ &g prepared
according to net S nown in e art ere n the
car r i €fhecxpmyrouaésofahs preser im@ntidonscare usefgl mahmmhlbltlon of HCV
sol uti a sol ution  containi m xture l'i ne
protea%-gg#@%f* PIGIRRIRY AN SRR IE 9! BIC VPRS0 a8gior & gtion 0 of the
B . I t |
e o530 of B RSN HORGABS L A SOARORE Lftapl o i
inventib@ areseseful i1$ treainganfeoson by HEV sftqrrsospedied past eRposungtodihiCy by such

ceut cal Scjence i.tion (ed.., A, R.
means g5 RIoGH e RERTSENHER D ?BOébhuldigé@f aca*ﬁsnte'dﬁﬁelsﬁ&gk GF exposure
to patlérnlb%dd%%ﬁg g%epyan be adm nistered orally in a dosage

range of 1°to 1000 ng/ kg of mammal (e.g., hunman)
body ViBiegompwandgefthisnneension gteausefnd en the prapathtion ded execution of
doses. e dosage ran i.s 0.01 to, 500
screen%iaésmys gjranagg;ﬁ%pgppyg(fsn PZ)r §H{’@H’18 tag ggmgan{ag ? 131 invention are
useful @dr\ikdjﬁ%gdé?é?ﬁe fii&td) Qﬁhlé*rpﬁégﬁcélﬁﬂgﬁrée‘ﬁlr% tdolks Forliire powerful
ng/ kg bod y wei ght per day orally in single or divided
antwlr@llcs@e@o - Towrthermaetai the sempoursis of thiginyontpusdre ueatsl ingstablishing or
be prOV|ded in the formof tablets or capsules
containing 1.0 to 500 ng of the active ingredient,
particularly 1, 5, 10, 15, -20,- 25, 50, 75, 100, 150,
200, 250, 300, 400, and 500 ng of the active
ingredient for the synptonmatic
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adj ustnment of the dosage to the patient to be treated.
The specific dose |level and frequency of 20 dosage for

w@ngosfosm209 cul ar patient nmay be varied and wi | | PAEPS29A7/022460
upon a variety of factors including the activity of

ey g o BRGHAY RV PARH BT VoProiiat SgorhyGaRpettfinhibition

Thus, ﬁﬁ%on@@ﬁﬁ(dsmltlﬂmnveﬁﬁ&?ﬁl@ﬂ/ bé Sﬁhﬁfércuﬁ%d&ts% be IBdForhEse
time of admnistration, rate of excretion, drug

purposgdnbi nati on, the severity of the partlcular condi tion,
and the host undeggoi ng thera 25 As .not.ed
the pr LSesitoninet GR phel iab sy S RafdiiNeya g e form of
pharmb&diitiBaltyl 28epthble sdNa3 T&%Q&rﬁﬁ%arﬁa&@h@da‘ll&%@céﬁ@ﬁle salt" refers to a salt
repllcatlon treating HCV infection and/or reducing
Whlchtpha;sessek dieiefisodveness csféhr@parm}t cofnpgynqmmm;hmh iHEV biologically or
ti i nventi on
otnerwi Rk ERIg i AR Bt hotRi B e Eos B R e Siign dhereon.
SuitabR IR Ride ia6idl adaRITAQEIS WHiéh QAP or Sk PR, bERHMREY PP nfking a
the present invention and one or nore therapeutic
solutlcmgtfrﬁh%cos@md ef tlfermmenhmvgrtmpwtlsmsqiomm efta ptgrrroaceaum)v

scoep @t i e Fr R sy Ric b aR T Bhete Rl Rporertic acid, o

benzoi@Gaidn Marﬂ@f the€dripeundD BE thelieven@bn tarky Aestidie mmetK in which case
ribavirin, levovirin, viramdine, thynosin al

sultablﬂmg@q@glﬁl@ﬂﬁ g@&e@tﬁbﬂqfﬁa&;p therepf cmh@p)alkah metal salts (e g sodium or

potass‘ﬁ,%srf 268(7 16&‘2%&? ?tg g?’ g afaégumﬁré}gg%g%ﬁr}lgsgﬁs), and salts formed

with s{ip®i dtpaié Bp@itsajch & @Q[ﬂi’m hir@dbn@lim isfltserA186,0A the cak¥lof an acid
ribavirin, a caonbination pegi nterferon-a and

(- COQH)b)i\?iClohﬁl SrauR being nmsmﬁnplwmacrw@eaﬂbmﬁematgﬁ gsters can be employed to
modify ﬁl\é%}ﬂui)ilﬂy o?ﬁgdrgpsﬁ%ma%ﬁét}cg 8 (%g‘lp%hl% feron-a and
evovil rin. er es

éron-a s not limted

to, rEeoehhNadihinisilagol emdvadamts (}&v@df (@8, Rﬁfnﬂhﬁt’énnF
interferon avail abl e from Hoffi nann- LaRoche, 5 Nut ey
componny) ingel§yange k2 comRaund od thedpyentioa gaeaprayiding the compound ora

prodm]grbtg%{eéz%hg&uﬁh Po(%\% li'r?cnv@ﬁall Fkggf%ﬁre%ﬁgr{tf %V}?ﬁrxllaat c%\ér?ﬂoll.lgg Fthe

inventiontog fpeddrng &iebeo(f%?@‘bﬂidé@ ihTMnblﬁatldnaﬁﬁmbnd’l@fﬁlo&Qiﬂ’ie@ AstiNe agents
interferon (such as interferon al phacon-1), albuferon

(e.g., anipireagenty Hseefulo@u Heatngdi Viratsctien)y fadmimsigtion] pudrijs variants are
cch SE988 BOARE B B oL e popng ot o

hydratthendtleendgerasre | nfergen(r). Levovirin is the 10
L-enantiomer of rjbavirin which has shown
i munofbeRedderys the ter; "predeygrits Hitendgd £ gnepmpass, an inactive drug

orm o R D50 By o Gy o
enzym@4, /cBE8icals or metabodic pasvessewirt the bbdy ofdrhindivedual teewhom stent
jnvention, the individual conponents of the

adminsgred nati on can be adni ni stered separately at
di ffergay HI 9 "
1 R, RO SE BBl rotuc

comprikingRbe spehfﬁetinegbdlems ofwdllAs anyfpeediico whidhhresultspdieetigor indirectly,
£ of .t he esgﬂi nveqtlon may al so be administered in
om cORBRIREIE SACCHiEHIngFPdEint that is an inhibitor of HCV

NS3 serine protease. HCV NS3 serine protease is an
essential viral enzynme and has been described to be an
excel l ent target for inhibition of HCV replication.
Bot h substrate and non-substrate based inhibitors of
HCV NS3 protease inhibitors are disclosed in
I nternational Patent Appliecatli-on 20 Publications WO
98/ 22496, WD 98/ 46630, WO 99/07733, WD 99/07734, WO
99/ 38888,
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WD 99/ 50230, WO 99/ 64442, WO 00/ 09543, WO 00/59929, WO
02/ 48116 and WD 02/48172, British Patent No. GB 2 337
wQ@emsg/osroe U. S. Patent No. 6, 323,180. Ribaviri nPCT/USZOO7/022460

| evovirin, and viram dine nmay exert their anti-

oo e R e RS R PSR e aﬁ“é‘ﬂ
phmnla’c?utlaa%bg?oaasﬁﬁmmmaQBQMEw&%ﬁ J8Rr %M&'@amé%% the

e-limting enzynme on the biosynthetic route
recipignfithgecofiovo guani ne nucl eot i de bi osynt he3| s. Ribavirin

Imsanggﬁglé Hﬁh %&/é[t?rﬁ;gt%e'g? gfi{eq?#nt,o e{eg? 'ﬁ)gfl WB_?S used herein
refers t0WhSanit BI) pRIErhNY aGharhMRIDRJsEpeRIAIN & hﬁﬁh@ﬁ hﬁﬁo KE&Jebh the object of

target for the discovery of inhibitors of
treatmﬁl@tpbbsca/lahgmorﬂmrlefeote t he corrpounds of the present

i nvent rray, be adm ni stered 30 in,conbin on.
it o e TS AP b Mo S AR R five
compdihg e Qﬁzﬂﬂlabéhtﬂcﬂlt ag(;ﬂt&hhtcélh@lts thRdi S8 5icARR Inh<dddinA Response in a tissue,

Publications WD 97/41211 and WD 01/ 00622; anot her
system, RRiDKI ophithin that is being sourzh Gy gy reSARber, PEFH USRI RIed kS or OF

other cwgcg%ﬁ Zlﬁgjlng tegl%ﬂém o?’ %ﬁie egg cliye %91/0%51 71§8 ggtﬁlelgﬁautgaw effective amount"
for thefligViiatiodtf &ridddthork sfxﬂ@fdﬁnﬁs oichéd @Beat®or (ckARiDh: beh trdafRl. In another

treatment of HCV infection, the conpounds of the

embodynentethe effiectéve wnﬁ&ya "psondeylastcaliraffrcayeammennth for reduction of the
sevent%%ﬁkgl%o r1>f Wn r Fe pﬁ&’&é 8‘}' th%%?s@gﬁg%q%gﬁcﬁg&p ©The term also
am noa anran aney. Of  a conprehensive
includéletse@éin ftlid AMoait of hdtBeag@ipbundafidienttb hiibib AW N3 pAstadse and
Profiles Drug Subs. 1-36 (1983). For the treatment of )
therebyselicit Wﬁé@ﬂpp@w beingesopghibenan "iphibith gffcst shamoynion W the active

I i nati i )
compell 7, &S RaAURLD S L8550 40 ot B rcive
ingredﬂeat dileeo Clm’fﬁ&l.u’ctdﬁordfeetﬂﬁee foreisemhe toiysoundon may al so be

conbined for the treatnent  of HCV infection with

ant i vi ¥efIthepurpossrefiatibiging iHfo¥ dbY 3 etearsanditeating BE'V infection

oo BN sl oo iy AT s Rhanso

presen( ih@@ﬁt)on bptionaBgtiethe fdim oBa 48i0ortdlBydratacbah b @admatisteredlby any means
Applicatigon Publications WO 01/90121, WO

that pre@vogi Q@Eactwﬁtwsz@ agent wrthdhe agentogte qﬁecmn oo BAd
admml\é@r ;?pgé,4 v ﬁtﬂ)‘?xa %Q%%lab%éﬁ?ﬁxs@ﬁ%n % ?Bﬁmaceuticals,

I ncor y re erence in their entl
either & mﬁ}vhmmhﬂiempeutucbageutsloema dmbimnbmdﬂheﬂapéutﬁr&emst They can be
admm@terfé St By tya@(é:%"%tegélﬂlégtte'@%bgfmg ﬁéﬁ"@éﬂﬂgﬁ%&egmd on the
s PRSP of sS4k RGNt o) BRENEL v
compo@n&S of te Blventordca®; for exm;ileob(qichnmmbrtd]eraﬂp,rpawmmﬂy @igcluding

tionally substituted c , 3- propanedi ol ester.s
subut eoelh@J%Gt%nw%vggamr@%as?@s% infraStertiah MiccsAR SR AEUSiN
techm«%th:@) B&%ﬁa‘i‘étlohr(ylﬁzﬂtab y%rﬁﬁ ﬁﬁe&gﬂ?'lﬂ% fofth o'fQ%mt dosage of a.

reat nrent of | on w't t her’ nucl eosi d
pharméxutical camposmbh/ccpntmpmlgtan@ffectsvﬁcdm(amt bﬁmseompscﬂxd)ambbqnnennonal
rnati onal .k Patent i catj.on Publ,c
non-tofy RbRH S ARl RSP ERIE RFTIESord Y s A eicles.

suitable for oral administration (e.g., suspensions, syrups, elixirs and the like) can be prepared

ilquld preparations

according to techniques known in the art and can employ any of the usual media such as water,
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Corp.; WO 01/79246, WO 02/ 32920, WD 02/ 48165 and
W2005/ 003147 (i ncludi ng R1656, 25

W@ 200Bp52209 deoxy- 2' - fl uoro-2' - C-net hyl cyti di ne, PEITOBRVOZB22460
compounds 3-6 on page 77); WO 01/68663; WD 99/43691;

WD.02/.184 n 006/,021341, and S. Patent. . )
Elyeolsy i RSO R P 1 P ERESDI585 OUSBIART ore) R sggtion (e
powdef‘s gﬂl?s Q@sﬁ‘l@§hﬁp§bféﬁ? cﬁUE@Pp@Pargé-Q&Qrdlﬂ%t@t%b}ﬂﬁﬁﬂ’e@kﬂbﬂﬁ in the art
Pat ent Application Publications US2002/ 0019363
and camsm VB 6didexcuysan9 a3 SAOBEGOFugarsd kadlise Wwaﬂam;s

s G B 3R bR Bt
techm%ﬁ/s RASWRGh th%%ﬂ@%ﬁéa-’iﬁh empﬂﬂeﬁm& ANbarr{¥P and optionally other

/028481; the content "of each is incorporated herein
mgred@;ats; gifchras ﬁ@]gbnlutw aids byedtabde §olut10n3 sai\pe pep8red 37aading to methods

7/ 022460 . For the
knowy 1 HBERLT FTISE PR P SHIRGRIISR, feaieag igeh oF  soluion
contalﬁﬂ%’h%&flﬁé §fkalifle uBGHel ‘P’ﬂnﬂéﬁd@:s&fbtﬁﬁ%ﬁhe&}hﬂ% sh1$ab§’€‘for use in
bitor of HCV B pol ynerase. Such HCV NS
preparmgl wxm@semah hmbp@smm@stdf ghe prasenb@vente ad of Mechents itable for

use in S EEBRERRTH S Froaiiftin ReSimia biregtout Ba) SR, 18 edition (ed
A. R. Getilals; MARFubEsHEE 03/, 45FRB7, W) 02/ 057425 W)

03/ 068244, WO 200%/ 000858, WO 04/ 003138 and WO

2004/ oﬂmznpoun@; ofthisdnyention can beygdmipistesediongllgin pdesage range of

blicat] o 4/ 00 t.n t
0.001 GPRIODGEAET st b oBhrmaP R RPL By sl BB or i diviced

doses. EDhé d@hye radgORr0.0 516C300HEY KB BbYyRERBEpdrtfal BrdIBIis a smgle dose or in
i nclude, but are not |limted to, val opicltabine

divided fpsepg Anothgeosage range 101 fo YO0 mefkg hedy h\ﬂ@l}pp@fﬂay@rqlb@@ single or
d1v1de€ﬂ§l%ﬁl\é\g%\2&)r915§(%g rﬁgsg%t)lcl)% %I ebéc{Qnopoogﬁ%o E‘?&dﬁ%& oYic 8&] %: hE ?gljrrggf tablets

or capﬁﬂlé‘ﬁbioﬂ&ﬁmﬂgll\lwb 500 by gt adtiveliidlediS, partitelade 1, 5, 10, 15, 20, 25, 50,
i bitors are selected fromthe follow ng conpounds

75, 10& la‘?ﬁ} Y, 250,208, 404 ayd SPBmp of thnchive ingaetient|for theisyspptomatic
ad_]UStIBLI?[ of t@.{)‘% %Toqft)%%tlefigto&e trea o UI‘T{:}llﬁ S t§/ 151(3 (}?_?_e&g/\;erl a frcz‘qlﬁncy of

dosage ﬁﬂr alyy partichlacpatidntayy¢ adfiedand-wWil-depend upon a varlety of factors
yl -/ 3-D-ri bof uranosyl ) - 7H-pyrro|o[2 ¥ di ne
mcludmg4hq]|qiqtpéqtma|f theispecific compoyd eployed, [l)epg,etabohc s ab111ty and length of

action EIY {gl%: 0t g{ %1% ZE% ﬁ% g) g}gﬂéﬁ%w{gﬁtg s%'xp&xlet, mode and time of

administriddn e 08§ cyetidh; dygrcombiratidn,hpyevieritydofitRe particular condition, and
no- 7- (2 Cvinyl - (3-Dribofuranosyl)-7H

the hogyl.nﬂq HBeing ey r i ni di ne;
4- am nRs Zot%@ lﬁ)\léyﬁ%%é’s@ﬁtlhwntﬂoﬁ alo"rbiRRE W Q%ﬂwd)onxliIlilbltlng HCV

pyrrolo pyrim dine;
NS3 prbtease,inhiBiing HEV repdicatiat, tnehting3HOVr infeofion amdisytdejlucihg the likelihood

yrrol o[ 2, 3- [.i m_di ne;
or Sev&?r}/t&ﬁ? %961[1@0%9}% er{f%t@nn*éfma/fom@uedﬂf HisrnressRby pytionyin
combll?ﬁgpn&]lg?&g&_ﬁqrgl&)ﬁéﬁeﬁ%g? s %glfa uphélﬁ%lgcilelugl?%l I£:|_omposmon comprising a
compopnd pHthe[p2es8atdhpsntioniadd nee br mardihmypemlcaxgems selected from the group
consiséq%@qr}ﬁgg{oagb{;nggbqgeéé Fqg: btprrg{ug élflﬁtg{:,laﬂflapﬁgﬁ infective agent. Such
therapé]u”tfé Bﬁs actil a%ﬁﬁ’ingC?/“chlﬁﬁé it arelndt fnited to, ribavirin, levovirin,
uranos rrol 0[23d]pyr|md|ne
v1ram1dmanlﬂmmo§nfalpluaflo R702 2 (4B embrimeld 1t8f€on (Roche)), interferon-B, interferon-
ri bof uranosyl)-7H pyrrol o[ 2, 3-d] pyri m di ne;
2,4-diam no-7-(2-C nethyl -/ 3-D-ri bofuranosyl) 25
7H pyrrol o[ 2, 3-d] pyri m di ne23 -
2-am no-7-(2-C nethyl -i 3-D-ri bofuranosyl)-7H
pyrrol o[ 2, 3-d] pyri m di ne;
2- am no- 4-cycl opropyl am no-7-(2-C nethyl -j 3-D-ri bofura
nosyl ) -7H
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pyrrol o[ 2, 3-d] pyri m di ne;
2-am no-7-(2-C nethyl-/3-Dribofuranosyl)-7H

wegesosp®, 3- d] pyri m di n-4(3H) - one; PCT/US2007/022460
4-ami no- 7- (2- G et hyl -/ 3-D-ri bof uranosyl ) - 7H

I
o peaffefinigior ¢ @BYh t%r“%f%% compigation pfigierergnse ang tibayiig a
comblﬁ’éﬁ'oh(Uf BEZnir@ldye i Hb4\8rin, & dodindiRh Y intérferon- 211 aéld levovirin, and a

i bof ur anosyl ) - 7H pyrrol o[ 2, 3-d] pyri mdi
comblmt@n oipggmmﬁeamn@amq/]equl - @terferon o includes, but 1s not limited to,

recomﬁpmtdntni%rgﬁoodggé [c):-hralls offel%r? {]n er¥er2)n avalf%iéferto c|>rr? &-l%fénanllrﬂ/aﬂoche

Nutley4N§)np Zt'eﬂ %t&@’é}ﬁﬂ o2a (P §ﬁ3”¢‘6)' intereron b gs'u@ﬁ‘ a$ WtdonZAtiRerferon
yrrolo yrim di ne; WD 2008/ 057209
availatpefio mng@%qsd(emlworth NIJ), pegylated interferon-o2b (Pegintron™), a

recomép@g'fppﬁﬁngészm rt%ﬁ%’&ﬂ?‘lmﬁ a&llp]tgytjelz)h gﬁilﬁggnr ?P Iaft‘m?e%r? Hrcl)tsé}/flel)on-a bound
to humén st Abdm{r2Hemiet d;«eyﬂorde%oﬁéﬂcbgpfaua apusified infétfayh-oPréduct.

2, 3-d] pyrimdine; 4-amno-7-
Amgenrg réppmbirginpeorispasus inderéergn ha b;qndman{ezinfyrgﬁ]n@/ rliayouirmgs the

L-enari;zi)??i%?n}" gﬁ%vgg‘ﬂ(‘ ;v)’v_h%lﬂﬁ/ PK | xfni) ?@r%gn%ﬂ‘lﬁg}lll?tﬂ{ya;}cggity similar to ribavirin.
Viram#id Yep@sefrt{ #n énaqjd &Frimb i difododed fih RRémaRIHABFAtEntApplication

rrol o[ 2, 3-d] pyri m di ne;
Publlcan@r%’r%ovﬁ{@wd doseondance pib.the merhediey thy mesnt inyatinnalhs
1nd1v1d§x¥l gongﬂ_oL g%r rfﬁ{oe,oclofnb%%l]omé erﬁﬁusté}nﬁj ﬁé{)'A?atelg u% dlffemnt times

corre osp

dunngal@es:amr@tﬂf&héra;b)t ot dvRE@Béntly ih ema&mmmgse wmﬁlhﬁld@rfeﬁﬁmt
i nvention may al so be conbined for the treatnment of
HOV i rifesdhe GeatmertrfdHRAY anfestians thecompenngs ofitke presqtipvention may

o RSB A Bl R P g s

proteadt] /HTONS3 866 ptoAda38 & anioséiiaDvidad =z e &f 1%2)4&1 dés€ribed to be an
02/ 20497;. WD 2005/ 016927 (i.n particul ar JTKQ03): the

excelleng kargsi forgnhiviian ofHCY endicatiomt Bethisubstiate g méf%b@f?é%based

i T NS A OB TR e Ry

Publicatidnis kWO(Q8$22t4196,t W& 98/46de® 99,@ﬂ'@33]6\7£7 OCQ@/(W?BHI Wh)399/38888
pr.aot ease i bit el ected fr

WO 95?/@,@231)5“1!(3 pp/(wz,tpg \x@rg%qyéég "W 00/955202Wo 85148 T1 € nd WO b2ras172,
Brltlsh_llﬂa'téﬂf‘fsjo 2/53#“’2 ?é&*}ﬁ%}ﬂ%&gﬂ)neb%hgb] 7-0x0-5, 6,7, 8

etrahy r'oi ndol'd enzodi azoci ne- 1
- car tRnbyhno heo‘dnn,lﬂxdoamhﬂdhexmay&xéﬁ 1 hoadr gmineH CN-effects by
modulgg{&gpﬁgellflaé BP% 95 gﬁ%&r&%{% r g_)ll Qsdxgla ?rghzbmon ol’ t%e ?nt?a%g 1?1ng enzyme

mosm?%?)h%ﬁ%a}%‘i%}%gf%t st rm'i }]]g_gp? %s él’lelr_ag]-hmltmg enzyme on the

biosynfheti fduee podk maoguamng hudesthiexbidsyathesis.d Rlbavmn is readily
14- cycl.ohexyl - 3- met hoxy- 6- et 5,6,7,
phosplcy R etgr Hulaii i e HgnopBos s (2t e A iahibitpr of IMPDH.
Thus, mﬁﬁﬁt‘?&?‘d&' M@H'rébre%ﬁfsmﬁbth@{ hdehfi14rp6d P ﬁf@dlscgvery of inhibitors of
hoxy- 6- net hyl 8-tetrahydroi ndol of 2, 1- 3]
HCV rpﬂ;cﬁ}lbmnfbd'cﬁ)z@ctheneompollndglbﬁtha phasentl ihemitino jnay also be administered

in co Elgﬁ&/&%\ac &t izvi)r %f INQ’%,)&:C]@ a%ﬁﬁ?? gvl‘gchfs glsclosed in International

Patent E«\%hé&ﬁb@l"ﬁib‘ﬁ@&iidﬁ[s 9314121 Phie WO @u/@aem r&héther IMPDH inhibitor,
) car bonyl ] am no) sul fonyl)acetic aci'd; 14-

cyclohexyl N-[ (di met hyl am no) sul fonyl ] - 3- nethoxy 6- met
hyl -5, 6, 7, 8-t etrahydroi ndol o[ 2, 1-a] 25

[ 2, 5] benzodi azoci ne- 11- car boxam de;

3-chl or 0- 14- cycl ohexyl - 6- [ 22@di net hyl ami no) et hyl ] - 7-
0xo0-5, 6, 7, 8-t et rahydr oi ndol of 2, 1- a]

[ 2, 5] benzodi azoci ne 11-carboxylic acid,

N- (11- car boxy-14- cycl ohexyl -7, 8-di hydro- 6H i ndol of
1,2-¢e] [

1 5]benzoxa200|n 7 yl)-N, N—dlnethylethane 1, 2-

T T
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benzoxazoci ne- 11 -carboxylic acid;

14- cycl ohexyl - 6- net hyl - 7- oxo- 5, 6, 7, 8-t et r ahydr oi ndol o
W@oRAsReA] [ 2, 5] benzodi azoci ne-1 | -car boxyl i ¢ BCT/US2007/022460

14-cyc|ohexy| 3- net hoxy- 6- et hyl - 7- oxo-

such aggx!gb&éﬁe g?é%%%jgggcqr%wyﬁér%%ﬁ an ?etﬁ og % AqF 1s0n and E.M.
Eugui,ggg: (Eg%ﬁmgl %?gq&&{ohwds@gmt hoxy- 7- oxo-5, 6, 7, 8-t et r ahyd

5] benzodi azoci ne- -27 WO
2008/ OFpr 20potreaomensod (H!W a8, theconwobudsydfite presant invention may

14- h [ ]5.7- 56
also be RIS RpYTgon palhihe niatag o4 BE ABkauhdife O RaMiagagihantanc).
For a coﬁ@ﬁémssslve BesRfipon éﬂhf‘s&é‘gkﬂhﬁ‘ééw Kirséhban®; (ﬁAahppfdfﬂemrug Subs.
ethyl)- 5,6, 7, 8-tefrahydroi ndol of 2; 1- 3]
1 36({933%] benzodi azoci ne-1 | -carboxylic acid;
14- h | -6-(.2- . . . .
ror ph i A YABERALHGY dnfactions he compainds Rf hpigEFaf ipvention may
also bd @indinRleréRinhRBNZEASH FEACGhE Bntivish] agRt P& }@Hehfée ﬁllﬁ'&t(ﬁ‘ R7 128
14- cycl ohexyl - 6- [ 2- (di et hyl ami no) et hyl [ - 7- oxo-
(ROChQ)et r ahydr oi ndol o[ 2,1-a] [2,5]benzodiazoci ne- 1

-car lic ac )
1 4- Cygﬂ]o om)ﬂou%és((if tpr%{nﬁ.y?rﬁ 1rbvgp (&r? EN aVP ex,‘o:&l?gled for the treatment
of HC‘5 nﬁfeaucﬁr WRh byl 01-odehidhéd hbaihuc{lébsﬁﬂeb 813¢10sddRiadT IR @farry-O’Kuru
-carboxylic acid; 14-cycl ohexyl -

et al., @ Lira: Goarr A6 PO S5y M B Terbiest el (@1@.&@& A6kL-14 (1995);
US. Pftgﬁtgf(gyi 450913, Zm%‘i&}é}i’"o%%ﬁ%ﬁérﬁq@p&?[c%i L Bblications WO 01/90121,

hzo aZoc I ne-
WO owazmg:mmwlwﬁ} [v(zo(ozlvmpbsylwm 0u0 300y bihd WA.04/002422; the contents
[ (di et hyl am no) sul f on . .
of each gf whigh gregnqorgom@@,bgﬁyér@cg gbth@{rzngreiya] Such 2’-C-branched

nbonu&lﬁosgé%ﬁg%lg% %ﬁngk Pgt i ngte& @hyl Lo tﬂ? d]il]e_, ’_-(C)')—(rggtg,ylél,u:if?ine, 2’-C-
methylSadeﬁbsnﬂé})Zd-r(Dm@dQl gﬁz&}olma and 9-(2- C-methyl B-D-ribofuranosy!)-2,6-

[ 2, 5] benzodi azoci ne- 11- car boxylic acid , ,
diaminppumije; Rath BYR\POITSSIONGING ATERQ AHY G5ter ofdbe abgselc 4], C-3’, and C-5

hydro%aﬁﬂhgﬁg (}(ﬁ'géc ééfcg%gptﬂongﬂi@{itﬁg%éds&gﬂg g&_-propanedlol esters of the 5°-

phospHaéd dedividvesl ndol o[ 2, 1-a] [ 2, 5]benzod|a200|ne 1
| -carboxylic acid;_ 14-cycl opentyl -
(di netThﬂ C&mme}y@t ¢Hfyfhg prssent mvgntien mah 959 @r— saEbyred far the freatment

of HCY jmke A Cyc exgﬁmglch\fb; o%gfeg ﬂ{lﬁﬂggllrlrtlﬁ %Io(;’\¢ Pﬁ?ﬁneg, sgch] as those disclosed in

Interna%mha?ltl?aad'ny mpplxmﬂmhd‘[uﬁhdatﬁ)hs W\ZO P N2 %) dissigiedli to @itsubishi Pharma
Com.; JOT ALY . & iiony 110 02/48165 anck WiRpas 9P3HAT GrcltingsR 1656,
(2’R)- 2?1&%§glzg EIGBI%C? ’ 6@I[nle l?)gcﬂedlﬁg ggﬁ]w%g WM%B S &Fﬁa%? 730

01/686634 WﬁymaséﬁHwa @an@pm amawazu]smmzou iand GhS.Rateh? Apalitation

. oxyli i d; 5-cy Qhexyl
Publicgion %@%@Péﬁ% uiipg f‘%?ﬂ‘g‘[ DU eOé]d[e% suphis RGP b cAzidoeytidine;
USs. P%t)l(%t Aé@;rm 1§/ Pl?()éfégﬂl&hs r}tﬁd@?ﬁdo@bgﬁ 'gs%)g 3/023621 gzgglz%og/oloomm and
US20044668658; Ian«h IrdernatiormhBatphtaA picetion Bablicatiorsc\WEpd2Ab0(4 15,

wo oot RS b Al NSt S ) L b Moo o

WO 04055183, #h8 QMehtrbfteQ& @ﬁﬁcm&f@tea %eﬁuﬁwﬂxerb&ews NtGrety.
protease time-resol ved 25 fl uorescernce ( TRF) assay as

descri bed bel ow and in International Patent
Application Publication W?2006/102087. O her exanpl es
of such assays are described in e.g., Internationa
Patent Application Publicat2ben WR2005/046712. HCV NS3
protease inhibitors, such as those described herein
have a Ki |less than 50 M such as less than 10 AM and
| ess than 100 nM Ki is determ ned by an NS3 protease
assay. The assay is performed in a final volume of 100
[ in 30 _assay buffer contalnlng 50 wM HEPES pH 7.5,

A=~ A N7 ~N A= N7 -
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100, 10 mM DTT, and 0.1 % PEG 8000. NS3 protease is
pre-incubated with various concentrations of

w0 pdoslos1209 s in DVSO for 30 minutes. The react i PCI/US2007/022460
initiated by addi ng the -28 WD 2008/ 057209

PCT/ US2007/ 022460 tid bst r at | nal . .
concent bt BRATEE: SHUIC Y RS 1R Qa ARy B yLf Eresipt gntion may

also b& sfinisedred insconﬂﬁ&fﬂﬁ)h%t}ﬁiﬂ @éent]{hﬁ‘tqg fn ﬂihllﬁl&f?'@fHCV NS5B polymerase.
tenperature with 100 gl of 500 mM MES, pH 5.5. Product

Such HCMa¥ %.%B:ewiwerase thhitstoretaumianye asedre combifa@mORRexspyanclude, but

are o4t SRR TG Priani ShPlselion Bufliedner

WO ommwwmz/@mmb@/o@séﬂ@ W 2908800858, W@foumalz.s and
concentrations of fferent enzyrre forms are sel ected

WO 20@4/0@/SuR 1 UiSn Patenti I‘@@eﬂ 7170392de{@SoEmmtrAamhoat(®/ IB)bhoaitlon

= 0 | d
us20ig a0} Fesend BT s iniptmiied et BlsBRG W sncpay. Otter
such HOCW ?’biy%@as& ahHIBiSory ficNdle! Bi& atOhdt iR tb Oxfa'lﬁﬂl@tablml\/f 283; Idenix)
1 Eqn (1), where [S] is the

and 2’ clﬁﬂcbﬁ@ﬁmtﬂ\)dﬁytbhné@bfsalﬁ(aﬁéo BepYPeH4/h t he reaction and

KM i s é%xhe M hﬁAel g%g%ggﬂ}) N’§§E ?W?I?x?e m@u%s%at are used in

comblﬂéhoih witl ﬁ@preseﬁtﬁ@VQ@SX 2336 inMbitbed dra8éle@td frbm, theffllowing
ANAL. BI OCHEM 60-67 . The present invention

compoynds; ‘II ﬁ@mw%@ﬂm@@yké@arﬁblmawybommqb [%3-dlpyrimidine; 4-
i PR 3 S R R S AT o0

methyr s@hb@mrmbﬁqrey BELISR p?ﬁmldiﬁe ;dinteltdrhidB S7-(2-C-methyl-B-D-
her eof ggéreadll aval [able 15 start]i ng

rlbofuwaﬁ%xl) ‘éHsv,yrrp SrdlByranifling ﬁxﬁernlopmalarmwﬂr@s(;@lethyl -3-D-

19
ribofufh SN R ol dte SRR ERE b o7 i G BLT BRBRRRa -7
pyrrolé[2Bs&lpofimedife; maammsm (3-Citydtdxymettyll-5-DaibofirafosyDt 7 H-
mentioned in greater_ detail. Furthernore, other

PYHOI?Bt%@@WWIU?)r%mmPﬂg(QCGrﬂﬂ?&%ﬂ%thwlfﬁ D-pibofuranenyl)-3H- wi | |

8 B REREL - OB RSB S AR

pyrrol 623 @lpetimiding; elsﬁmﬁhbhﬁ(M&ﬁethﬁldm-mhbﬁfur@bhylyam abl es
are as 20 defined above. The foll ow ng reaction

pmolg[émgn inegrproaylic agidiet-aming- brqrmq 35(21Cap@tlty|1ré-D-
: e
nbomlt:ag? I1373 | ng(I 3 d]?#?rﬁ#dll% 3%53 Rutheni u{%?%e{geetgyl'ﬁ -D-
ribofurmpexyil e BH- pI§rrrold[/B,Bt;zﬂjisyr&tuda?ﬁei A-atdiBo-5 - fludivd- 7C(?EISAme$QCI -3-D606
(199 21 A
nbofurpggsy?;lw@ynoiqrﬂg dﬁg%l/rprﬁltélp?eap 4- c:lliimmd (zr_n ngpt%%gg) ribofuranosyl)-
t I I

7oy RV g APPSR BBl
pyrrolé{ZYa‘Ed]@jzﬂ&@c)me Thaminbt4-tycjoprdp livase- T 62-GHyisthgl-GDaribofatanosyl)-7H-

Qsin esi s i I no he I|t rature
PY”OI?HQ %PW%LI :}d b%@%ﬂetw %PE‘MI“ Hg (2001).

[

pyrrolcélé?s @%@&%ﬁ% Qg@g&gﬁgg{bﬁﬁ 995 B24#B-D '}IbI}IﬁIraﬁEIs%)O/H
pyrrolo[2,3-d]pyrimidine; 4-amino-7-(2-C,2-O-dimethyl-3-D-ribofuranosyl)-7H-
pyrrolo{2,3-d]pyrimidine; 7-(2-C-methyl-B-D-ribofuranosyl)-7 H-pyrrolo[2,3-d]pyrimidin-4(3 H)-
one; 2-amino-5-methyl-7-(2-C, 2-O-dimethyl-B-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidin-
4(3H)-one; 4-amino-7-(3-deoxy-2-C-methyl-B-D-ribofuranosyl)-7 H-pyrrolo[2,3-d]pyrimidine;

-26 -
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ClRu- CSiu PCy3 PCy3 PCy3 - - F GH (Zhan catalyst 1

A, Zannan Pharma Ltd.) @QRu.p. Od,,Ru s=05 U6
WORM@BIBF 20K Zhan rut heni um net at hesi s cat al yst RO/B8R07/022460

(Zhan catal yst 1B, RC-303, Zannan Pharma Ltd.) 10 The

a-aminp (AR ARBY- EX TR g TR bPir Rt as DBt 3 eliimigiges 4-amino-
2-fluofRe7- @G&hét‘ﬂ?ﬁﬁ@nbbﬁkéx@&%ﬂ?] -Pprdibe, ﬁg@@m%ms m-irhﬁloof (3-C-

the i nvention. List br evi ati ons al so

methy}- B@myo@x@x@aﬂb&ﬂy@yﬂd@[mﬁﬂwmmldﬂm riearhiyio- %&@tmetBﬂ:ﬁ

oSl ISt R i dcginte OV4-RECaS %P‘Zlf@-@ﬁaﬁ%ramsw)

7H-py§ldiof[pmd]%ihﬂfdi&e4Ia§HIQH7I(3%%@Fl@lﬂuomzf@thieﬂﬁwmb-nbofuranosyl) “TH-

Ri um Ceric ammpniumnitrate
pyrrol@@dt—(é]pmnmdm@ land thermoriesprondingDi - tniphdspli@iesh ony pharmaceutically

¢ %@% CH3CN Acetonitrile -30 WD 2008/ 057209
accep%ﬁ’ﬁ $PF022460 nCPBA m Chl or oper benzoi ¢ acid

Cs 2 COBrKeegontyfBunidd mﬁé‘fn%serftj%ve@ﬁ@@ ﬁfay lang 'b@%ofﬁ%(de)i @613?@ &eatment

Copper (1) brom de dinethyl sulfide conple
of HCY ategfiemraih oyn-lng{:lgoszdeznpbxbgtgrseof BEAV (palymﬁr@ﬂgaylch as those dlsclosed n

Intern logglgli%%né%pg Gt Cegpﬁ‘ﬁﬁﬁ[t’ﬁﬁa WOH1/77091;, 40 01/47883; WO 02/04425,
WO 02206245, WO X2/2039D0K 0 20084161 siic @laPELKGU3S; 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-carboxylic acid; 14-cyclohexyl-6-(2-morpholin-
4-ylethyl)-5,6,7,8-tetrahydroindolo[2,1-a][2,5]benzodiazocine-11-carboxylic acid; 14-
cyclohexyl-6-[2-(dimethylamino)ethyl]-3-methoxy-5,6,7,8-tetrahydroindolo[ 2,1-a]
[2,5]benzodiazocine-11-carboxylic acid; 14-cyclohexyl-3-methoxy-6-methyl-5,6,7,8-
tetrahydroindolo[2,1-a][2,5]benzodiazocine-11-carboxylic acid; methyl ({[(14-cyclohexyl-3-
methoxy-6-methyl-5,6,7,8-tetrahydroindolo[2,1-a][2,5]benzodiazocin-11-
yl)carbonyl]amino}sulfonyl)acetate; ({[(14-cyclohexyl-3-methoxy-6-methyl-5,6,7,8-
tetrahydroindolo[2,1-a][2,5]benzodiazocin-11-yl)carbonyl]amino} sulfonyl)acetic acid; 14-
cyclohexyl-N-[(dimethylamino)sulfonyl]-3-methoxy-6-methyl-5,6,7,8-tetrahydroindolo[2,1-a]
[2,5]benzodiazocine-11-carboxamide; 3-chloro-14-cyclohexyl-6-[2-(dimethylamino)ethyl]-7-
0x0-5,6,7,8-tetrahydroindolo[2,1-a][2,5]benzodiazocine 11-carboxylic acid; N'-(11-carboxy-14-
cyclohexyl-7,8-dithydro-6H-indolo[ 1,2-¢][ 1,5]benzoxazocin-7-yl)-N,N-dimethylethane-1,2-
diaminium bis(trifluoroacetate); 14-cyclohexyl-7,8-dihydro-6H-indolo[1,2-¢][1,5]
benzoxazocine-11-carboxylic acid; 14-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-oxo-
5,6,7,8-tetrahydroindolo[2,1-a][2,5]benzodiazocine-11-carboxylic acid; 14-cyclohexyl-6-[2-
(dimethylamino)ethyl]-3-methoxy-7-0x0-5,6,7,8-tetrahydroindolo[2,1-a][2,5]benzodiazocine-

-27-
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10 DCM Di chl or omet hane DEAD Di et hyl azodi car boxyl ate

DI AD Dii sopropyl azodi carboxylate DI EA Diethylam ne
wW®RMs0RI2ed hyl propyl am ne 15 DI PEA Di i sopropyl eptiyuszo0Tia22460

DVAP 4-Di net hyl am no pyridine DM D nethyl formam de

1 l-car%(a_caégi(,e Bg%lp{%lﬁtﬁ:x%ﬁ%ggﬁpﬁ‘%eggé%h%gq{gg)gﬁﬁéﬁeé,6,7,8-tetrahydroindolo
2 - S B SSORAI b AR oyt
5,6,7,%tetrphydscimtlaloR2, 1 &) (@1 | Fmaadieroci- H2catelrydiganido 1 4eyd ploxerh 6-(2-

. HAT . . . )
morphBfiE TABABRT e 7. -etrahydroidRloR |2 Sdosraniergping ispagbonyiic
B s Ty p e hnlb[2.1-a]
[2,5]b¢n@ediazenand-t1-aerbox yioacid: 1 tyeoelokgxyr-6e abethylpiperidmod-w1)-7-oxo-

- 20 2 PCT/ US2007/ 02246 HOBT. ,1- Hyd
56,7 S Rga L (S B Al ot ags e b g gy -
[(dime'diﬂiinﬁ%sﬁlﬁbﬁ'ﬂW%xbiﬁlfﬁ-ﬁi efdiane 1@9}129@]&7,85&&@1%%&&@0[2,1-a]
KHS04 Pot assi um bi sul fate K2SO4 Pot assi um sul fate

[2,5]bazodezeine t bcarhoxamid enlh-eyclabexy o { 2 &lingthy laprine)thyd -0
[(d‘mﬁ%hﬁg'ﬂ{%%‘%gﬁwgﬂ@h'z?ﬁgﬁ@ gyt%é}g'%g?l;g%éﬁp [?i,rlg?]f[g,%ﬁge%o {arocine-11-
carboxamide; 14-cyclopentyl-6-[2-(dimethylamino)ethyl]-7-0x0-5,6,7,8-tetrahydroindolo[2,1-a]
[2,5]benzodiazocine-11-carboxylic acid; 14-cyclohexyl-5,6,7,8-tetrahydroindolo[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-11-carboxylic acid; 14-cyclopentyl-6-[2-
(dimethylamino)ethyl]-5,6,7,8-tetrahydroindolo[2,1-a][2,5]benzodiazocine-11-carboxylic acid;
14-cyclohexyl-6-[2-(dimethylamino)ethyl]-5,6,7,8-tetrahydroindolo[2,1-a]{2,5]benzodiazocine-
11-carboxylic acid; 13-cyclohexyl-5-methyl-4,5,6,7-tetrahydrofuro[3',2":6,7][1,4]diazocino[1,8-
alindole-10-carboxylic acid; 15-cyclohexyl-6-[2-(dimethylamino)ethyl}-7-0x0-6,7,8,9-
tetrahydro-5H-indolo[2,1-a][2,6]benzodiazonine-12-carboxylic acid; 15-cyclohexyl-8-oxo-
6,7,8,9-tetrahydro-5H-indolo[2,1-a][2,5]benzodiazonine-12-carboxylic acid; 13-cyclohexyl-6-
0x0-6,7-dihydro-5H-indolo[1,2-d][1,4]benzodiazepine-10-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
WO02006/102087. Other examples of such assays are described in e.g., International Patent
Application Publication W02005/046712. 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
is 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 is pre-incubated with various

concentrations of inhibitors in DMSO for 30 minutes. The reaction is initiated by adding the
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Li OH Li t hi um hydr oxi de Li OHH2O Li t hi um hydr oxi de

nmonohydrate LRMS Low resol uti on nass spectronetry 15
wOR®B8057209 net hyl al um ni um MeLi Met hyl it hi um REDHES2007/022460

Met hanol MgSO4 Magnesi um Sul fate MsCl Mesyl chloride

e oA IR SR D0 RO R S AT Y st i
quencl¥dMBENY howydt rédrh &nisenaurSyiti HRI SO YN VES, MaIG8Product

Sodi um hydrogen carbonate (sodi um bi carbonate) NaHSO3
fluoresgertieusrdgieeied fsing eikeor \I6dIORYV R wa Fogioveluoxpidoronsgen (Barkin Elmer

) hoxi d 30 2 Sodi fi Na2S203 [ )
Life af A AL Scieaeb B s it 21 Attt R Siomae P hif i 400 s
delay. 2RQ8hOEMEORrdtlohs UESPRrNO AR folthY dre bEle6téd kPREXYn a signal to
phosphi ne POBr Phosphoryl brom de POBr3 Phosphoryl

backgropndrapiai(38)rE (0 8-39n dSphiatuges apsederivrd deing p4Rndard fourmprameter fit to
P ' PhMe Tol PPh3 .

the dart? K R R BeaRle R et s LR i T ing ol o y
25 C

Ru/ C Rut hewi;4 =Kol €381y, )L0 Si 02 Silica or  Eqn(l),
silica gel TBAF Tetrabutyl anmoni um fluoride TBTU )
where 5 ]R8 Hheconpentigtion of subsiraie Reptide-in gher rgagitomand Konisdlhg Michaelis

constah€ e8! URNAR]RLE 38 Brbcrin ¥62¥! 31 d88). P. Gallinari et al., 72 J. VIRoL.
6758-69 (1998); M. Taliani et al., 240 ANAL. BIOCHEM. 60-67 (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. Trka and Grubbs, 34 Acc. CHEM.
REs. 18 (2001).
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TFA Trifluoroacetic acid 15 THE Tetrahydof uran
TI PSOTf Triisopropylsilyl triflate TMSCI

w@hdoss2nd net hyl silane TsCl p- Tol uenesul f onyPCT/US2007/022460

chloride Zn(CN)2 Zinc cyanide 20 Synthesis of
I ntermedi ates | nternedi aj es A Literature
Internedi ate # Structure Ref grence

(1R 2S) - 1- Afri no- N H2N f py| sul fony

vV /OS\6, 995\174/ R vin pr@p&hetar boxa :

h gchl ori g 2N Et hyl , 2S) - 1-am no- 2 A2 X ’CI‘
cl, P hy| C\s} ppr opanecar boxylg 6,323,180 HC . \Ru=
Cl‘R’,U drochl quifthe- 33 WO 2008/ / US2007/ 022460 4,

Poypt er medi At Bop3: (1

R, 2R) - 1- Ami no- N- (cycl opropyl sul fonyl) - 2- et hyI cycl opr ]p
Hnecar boxani d& hydrochlorideHO O H N & St ep
1:
t-Butte(1lR 2R)-1-{1(cycl opropyl sul fonyl ) amnm no] c%ﬁ? alys
}-2 5 ethylcyclopropyl)carbamate 0 H O OSO >' yZzanran Pharma Ltd.)
hydr ogenati on vessel was charged with a MeOH (1000 nlL)
slurry of t-bu
((1R, 29)

t1A,

K 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-oxy-tris-(dimethylamino)-phosphonium

hexafluorophosphate

Brosyl chloride  4-Bromophenyl sulfonylchloride

tBuOH t-Butanol

BuLi Butyl lithium

CAN Ceric ammonium nitrate
CDCl Deuterio-trichloromethane
CDI N,N'-Carbonyl diimidazole

CH1CN Acetonitrile
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10 placed under N2 (20 psi) and vented to atnospheric
pressure (3x) to renove residual oxygen. The vessel

wormsisem pl aced under H2 (50 psi). After 20 hpUTF/ES20011622460
vessel was vented to atnospheric pressure. The

reacti on_s r s then.transferred out of the
mCPB|Aeacti onwgégoé%{pe\gﬁ%lzo?cialc{dter ed through SOLKA FLOK (34
Cs;CQy, Wett ededtubicalbthatd MeOH) to yield a clear, |ight

brown solution. The SOLKA FLOK was rinsed with MeCOH
Cul (200 ni fopper iggideconbi ned MeOH 15 sol utions were

Qgent r at ed er reduce [ ure to yield crude
Cu(l)]%gc}g?fct as()pgerm%r 4 #@eﬂkyiggﬁés 90%19” ude product
DABO@s s ur nisediakabidsic(te.2(36arel ), warmed to 40C and aged

30 minutes. The solution was then seeded, aged 30
DBA (gisp@baks, DibenzifbdangmectoBo0 nml) was added via addition
funnel ovey 30 i nutes, ~The partially crystallized

DBU solid vva\é%:gbq%%’c{[c °[§T“-‘§H8&é’828“e overni ght, after
DCC whi ch addiéycdsirkykepbamaide500 ml) was added. After 1
hour, additional heptane 20 (250 nL) was added via
DCE addi t i on Di¢ieeethapgeid t he white slurry aged for 1 hour.
The sol utd: fi.l tered, and the solid was rinsed
DCMWith hep?je{%g?%an&oo m., 4:1) and dried under
DEAD educed Diétagisdrbdichtbogiluee t - but yl
((1R 2R)-1-{[ (cycl opropyl sul fonyl )am no] carbonyl }-2-
DIADgt hy| cycDuiseRrspy) azadisatbardate125. 9 g) . Step 2: (1
R 2R) - 1- A ycl opropyl sul fonyl ) - 2- et hyl cycl oprop
DIEAanecar bo@gkrrtlﬂgrea%é hydrochl oride (Internediate A3) A
DIPA sol ut i on Daéthylpeopytamsinet from Step 1 (92 g, 0.28 nol)
in DCM (1200 nL) was cooled to OC, and HO was
DIPEAyppl ed LHIseRIGRYIEHWIaNGt i on for 10 minutes. The

ool i ng ks %@ﬁ = 008/ 057209 PCT/ US2007/ 022460
DMA}fhen rerrg\?gg? n%]m%r%:b)i(@g%ti on mxture stirred for 2
DMF hours. NbDimgthytfohhiredet hr ough the reaction mxture

for 5 mnputes, and the volatiles evaporated. The
DMSQ esi due \Rigleg‘é’égt‘]?@ﬁ@‘?j with DCM (3x) to give an

= whi o] + Cal cd. = 233;
DPPF %%Jon(\gmggfl gmﬁtipél%ﬁgg% gh@l@r&r&r\%ﬂ%- pent - 4-en- 1-,
EDC | t ~ydr of W-@aPinethylahiihop@pht)- A -athylcarbedofideul (1. 66 g,
8.71 mm:ﬁl in THE (100 nL) at -5C, a 0.5M solution of
EST pr ono( pehteckosniay ipiaatighnesi um (116 nL, 5.81 rmol) was
Et,0 added. Thgefol dfhdon was stirred for 1 hour and cool ed
to -20C. 3, 6D oxabicycl o[ 3.1.0] hexane (5.0 g, 58.1
EtOAampl ) 10 Eiad Axdthésd dr opwi se, and the reaction mxture
was sl o warnmed to RT and stirred for 15 hours. The
EtOH | oacti on Ei%Plre was gquenched with NH4C (aq.) and
H, extract egliyﬁ}g}_%n%}ggd&ggﬁam;ﬁ@gp&@bl ned organics were
washed w t'h O and brine, dried over Na2SO4, filtered
HATUand concéhft-Arzarnzdtnezol ey, NG etetravasthpluraniured on

S2 (gradie el utiqn, 10-100% Et OAc/ hexanes). 'H NWR
(500 M@Fx*’gﬂ@i%)%‘@&@?ess . 5.75 (m 1 H: 5.04 - 4.95

HBr (M 2 H Hyirdftomidedy (M 3 H; 3.85 (m 1 H); 15 3.70
(m 1 H; "3.44

(m 1H,; 2.07 (m 3 H,; 1.45 (m 3 H
HCl ppm | ntydnstiicaicerchb:

HMPAT 275" 2 RERL S by el gpent ano
HOAc Acetic acid
HOAt 1-Hydroxy-7-azabenzotriazole
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HO A solution of 5-bronopent-|-ene (11.81 nL, 100
mol) in Et20 (100 nL) was 20 added to nagnesi um

W@ 2008857299 100 mol ) over 20 minutes. The resul PCTYS2007/022460

suspensi on was heated under reflux for 40 m nutes,
hen cool 0 20C up in a syringe, and added
HOBTEJIr opwi selgﬁyér%hg?'goi{‘ ®red suspension of Cul (3.17
H,0 0. 16.6 rumky) in THE (160 mL). The resulting solution
was stirred for 30 mnutes at -5C, then cooled to
H;0; - 20C. CydHydpegengemxade de (7.21 nL, 83 mmol) was added
dr opwi se, he res It|n mxtur was warmnmed to 20C
HPLC,yer 2 h&ﬂggpe'{f?f'é‘}?m? qg 81?“?%?13%1118 hours. The
I, reacti on ¥@ge quenched by add|t| on of NH4Cl(ag.); then
the layers were separated, and the aqueous |ayer was
KHSQaxt r act e®otassinmirigdfateThe conbi ned or gani ¢ phases were
KSOWashed gtP H20 aﬂg brine, then dried over Na2SO4.

2065 | trati 6T ENBPal of the volatiles gave a

cho; esi due tpRgdssingScabnafel €d by col umm chr omat ogr aphy on
Si2 (gradient elution, 1-100% Et OQAc/ petrol eum et her)

KOHto afford’Otdss;umlltyldeomdﬂrpound (7.92 g, 62% as a

liquid. ' . NVR {400. - 35 2008/ 057209

LAH per/us2od é:‘ﬂ‘ 3h 13) S 5.88-5.76 (m 1H),

LCMS>- 01 (d, Highpdrforaiiée liduitl chibnfieo %h mas;lsQ Ectfdfmet

~.3.83 (br él?lH), 212moo mér v 84(m1%’H)

LIOHZH), 1. 7&.ithingohyeroxidey) |, 1. 24 1.11 (m 2H)

. ~pr bnker medi ent - 4-en- 1-yl cycl opent yl
LIOHa tate La%l g)&%&fﬁgb %"Rﬁgﬁé (7.0 g, 64.7 mmol ) was
LRMSadded t o [awsebsluiiéiimaés spe@fsinetrypent -

4-en-| -yl cycl opentanol (10.0 g, 64.7 mmol) and vinyl
MesAlpcet at e Trmahyjalumgum nmpl ) in Et20 (275 nL). The
m xture d for 16 hours, then filtered
MeLlthrough ﬁ%@kh{ﬁ‘ﬁe filtrate was concentrated to
MeOHaf f ord aM@gabie that was purified by col um
chr omat omphy on Si02 (gradient 10 elution, 0-100%
MgSOgt 20/ pet MargaghivaSdfae t o af f or d inthe first fractions
the titl (5.43 g, 43%. 'H NMR (300 MHz,
MsCl peag) S%gecggag&gge(m 1H). 500 (d, J= 18 1 Hz, 1H),
N, 4.95 (d, NifogehlorQitr&genhtdmosphéé- 4. 73 (m 1H),
2.11-1.98 (m 2H), 203(s 3H), 1.98-1.85 (m 3H),
NH4Ch 71- 1. e mmgpiugighlondesg- 135 (m 3H), 1.29-1.14 (m
NH4O$1 [ a] Q\mmofi@lml}é)gﬁoﬂdgs in CHC13). The later
ractiond contann enanti o- enri ched
Nle (1S, 2S)- Ngplentind- en- 1-yl cycl opentanol. 15 Internedi ate
A7: (IR 2 %42 pent - 4 en-1-ylcycl opentanol HO A stirred
NMP 5o ut i on NoMeifkpyRoLdingRat - 4- en- 1- yI cycl opent !
NaH acetate 9 3 mol) in MeOH (320 m ) was
treated v(?/l%{iﬁl g‘{qﬁn;d%ollc NaOwe (25% 8.1 m, 35.4 mol)
NaHCO9 and stSodiuathydvogehcatbomate (sddlﬂﬁ(BlcaElsaAEbé)SOV\XS- 100
on-exch ge reS| (washed with MOH) was added
NaHSQbrtl onw8 ‘“ETh'P‘iSF ¥he pH was neutral, then the nixture
Naopgwas fi l t%%ﬁgnﬁ tydgghe CELI TE. The fi Itrate was
concentrated 1 n vacuo, and the residue was partitioned
NaOMeget ween Sodium methoxide

Na,S03 Sodium sulfite
Na,S,03 Sodium thiosulfate
Na;S04 Sodium sulfate (anhydrous)
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Et OAc and H2O. The organi c | ayer was separated, washed
wWith brine, and dried over Na2SO4. Filtration and

wo e0wsi200f the volatiles afforded the title cPOPUSINA7/022460
(2.61 g, 88% as aliquid that 25 was used directly in

t he subs | [a]D -37.3 (¢ = 0.65,
PCYs Hc13) . eﬁ‘%a 86%9 E"Pﬁog PCT/ US2007/ 022460
POBr | nter rredlp@bqﬁ,ogd brdideedi at e Bl:

N-[ (Pent - 4- 1-yl oxy) car bony] -L-norl eucine HO SCU
POBrsN ~CH IOPhIF@hQI'}é@NUDHW of 1- penten 4-ol (0.95 g, 11.0

mol ) in car bonyl di i m dazol e
P20s (1.79 g, p%&)‘g?ﬂ%f}? °W§d§ (g&d‘ &%d. The reaction nixture

Pd/C was war npdliiduiibn Afgdnstirred for 30 m nutes.
L- norl euci ne nethyl ester hydrochloride (2.0 g, 11.0

PhMe ol ) wadolusge added, and the reaction mxture was

heat ed t tirred for 15 mnutes. Upon
PPhs ool ng, %ripﬁ%nyﬁl}gﬁf’g 18?1 m xture was diluted with Et20

RT and wash@dofrltémpétatilte HpGroxTgeBrBani ¢ | ayer was dried
over Na2Ss™4, fi tered and concéntrated. The crude

RWC product Waihenim pnearbpy Si a2 10 chr onat ogr aphy
Si0, (gr adi en'Sllf+Li1'i' l'\i&agglo 90% Et OAc/ hexanes) to afford 2.1

g (749
TBAF[(pent 4 Tefrabutylatxoniuah faositd - L- nor | euci nate as a
clear oil. To a stirred solution of neth

TBTUN- [ ( pent -QtBéﬁ%ﬂt%%?_\?) e BDONYY PV Lteﬁwfwtbml@mamé tetgafiggraporate
TEA 33.03 tn) H’ﬂ’ (20 nL) was added IN NaOH (20 ni).
This reaction solution was stirred at RT for 3 hours,
TFA then aci dirffluetbateicddid with IN HO and extracted with
(3 x 250 _nl) 15 Et OAc. The conbi ned Et OAc | ayer was
THF washed wileHalyglofqranpo 50 ni brine, dried over

2S i entrated to give 7.09 g (88%
TIPSC”? t he t%ﬁ‘%’%"ﬁ’%&?@?@%l ear oil. LRVS (ESI) o 2 244
TMSAl ( MtH) +; Chidrotlinichyl Gll24d22NO4: 244] . I nternedi ate B2:

(2S) -3, 3- D net hyl - 2- pent 4- en-1-yl oxy) car bonyl ] am no}
TsCl pyt ano cpa“éqlﬂeneﬁvlfpns IgrideH 20 1101 DIPEA (9.85 g,

6.2 mol ded dropwi se to a OC sol ution of

Zn(C NZ? pentenza ii {@gzz g, 83.9 mml) and triphosgene
(11.3 g, 38.1 nmol) in 160 nL di oxane. The resulting
V\,hlte suspensi on was stirred for 5 mnutes at 0C, then

Synth Lt to 25C over 1 hour. The suspensi on

Inter afe@l €d to OC with an ice bath, and I'N NaOH (76.2

L-t 25 butylglycine (10.0 g, 76.2 mol) were

added. | The reaction m xturp was warned to 25C ang Literature
Intermedigte #ef for 18tHEUFS. The i oxane wd¥®Meenopved in ference
vacuo, |and the reaction nm kture was basified tol|pH Pﬁ

with N NaCH. waeosgueous ayer(lwm)-emnnaﬁ\fed wi t{th DCM
(3 x 1p0 ni,), theny acidif 6N HQI .
alhe agueous Tiyei V\Evextract eGY%g%?Pa&%@QA?WBSCM (3 Xus 6,995,174

150 | el vinylcyclopropanecarboxamide

hydrochloride

Ethyl (1R,2S)-1-amino-2-
vinylcyclopropanecarboxylate US 6,323,180
HCI hydrochloride
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-37 WO 2008/ 057209 PCT/ US2007/ 022460 nlL). The
conbi ned organic |ayers were dried over \gS™4, and
w@omnsesi2pat ed to give the conmpound as a tan oPCT/U$B07/022460
g, 73. 9%y| eld). LRVM5S (ESI) mz 244 [(M:H) +; calcd for
2H2 4/ e int eI medi at

ecia : (1K, 0\ ) 1 quv.p opropanecarboxamlde
hvdrodiisisdel bed for the prepar atl on of I nternedi at e B2, by
ut1Trzing the appropriate amno acid and al cohol .

Int. Amino Acid Al cohol StricRyPe Nanme LRM5S ( +H) +
-0l AFN-[ (Pent-4-en-1- 244.3
0 OyN of f yl oxy)carbonyl]4{¥ rmorl cine B2 L-t-Butyl -
4-Penten-1-ol (2S)-3,3-D hyhe2- 244.2 H O gl yci ne
YNoH {[(pent 4-en-1- vyl oxy) ar bonyl ]am no) butanoic

u -3 en-| -
aNB cine B4

ethy]c%lmbbﬁuﬁﬂﬁlﬂqage Hexen I-oI I\I-[(hex 5-en-1- 258.3 N o
:yloxy)carbonyl]-L Y OH norl eu0| ne B5 L-Norleucine
6- Hept en-1-ol N-[ (hept - 6- ep- 17 2%29°3 ~'0O
yl oxy) carbonyl ]-L NN AP &%um ne B6
L- Nor | euci ne 7- Qct erf<{1- ol ("« o8t n-1- 286.4 1lou
NO yl oxy)carbonyl]-L 11 8H o>Rorl eucine B7 L-Valine
4-Penten-1-ol | N[(Pent-4-en-|1- 230.3

A hydrogenation vessel was charged with a MeOH (1000 mL) slurry of z-butyl

((1R,25)-1-{[(cyclopropylsulfonyl)amino]carbonyl}-2-vinylcyclopropyl)carbamate (164 g,
0.50 mol) (US 6,995,174) and 5% Ruw/C (dry, 7.5 wt%, 12.4 g) and stirred. The vessel was
placed under N, (20 psi) and vented to atmospheric pressure (3x) to remove residual oxygen.
The vessel was then placed under H, (50 psi). After 20 hours, the vessel 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 MeOH
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 cooled 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 t-butyl ((1R,2R)-1-{[(cyclopropylsulfonyl)amino] carbonyl}-2-
ethylcyclopropyl)carbamate (125.9 g).
Step 2: (1R.2R)-1-Amino-N-(cyclopropylsulfonyl)-2-ethylcyclopropanecarboxamide
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 HC] was bubbled through the solution for 10 minutes. The cooling bath was
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H O OyN OH yl oxy) carbonyl]-L-valine 0 -38 WO

2008/ 057209 PCT/ US2007/ 022460 Int. Am no Acid Al cohol
w@reogoszoe Name LRMS (MrH)+ B8 L-Val i ne 4- Prp@EnsS1000022460

HO I\I-[(allyloxy)carbonyl] L- 202.2 yO o valine B9

then reljfr_a\glll%%l,a%%?ﬁ%%%té% IBB(EVF ftlfe%(% &ﬁ@urs%@n\_ﬁélsg buéﬁ? ! hroug}g hlle reaction
mixture fé‘l'€9<§1'ihdtes0 bnd\HE VolRteR eeab&ate@ SBhSresiuy Giab ﬁze@&ohled with DCM (3x)

yl oxy) car bonyl | - 3- et hyl| L-valine 131
to givelantofButhyte pod/dpie(Tt @) LRMSo(MﬂxH[}(@Ie\pd =623§nqumd22$2 3
gl yci ne LOyN OH yl oxy) carbonyl]-3-nethyl 0O T L-valine
Bl12 L-t-Butyl- 3-Buten-l1-ol Ho N[(But-3-en-1- 230.3
IntermEUiREEI A4 YEInR@-Senfltfenyl-Ontiaal@iyhB-01- met hyl - L-valine
Bls L-t-Butyl- 2, 2-D nethyl hex- 5-
{[(2, 2- Di net hyl hex 5 - 286.3 HOcure en-1-0l o gy
0~NOH en- | -yl )oxy]carb < 3- : 56 J. Og.
met hyl -L-valine Chem 1623 0. Bl4 L-t-Butyl -
Al'lyl alcohol NO N-[(allyloxy)carbonyl]-3- 215.2 COH
gl yci riko @ mieture/df£Cul(HI66 geS8. 7BllﬁnQ1-)tin BHF>(IIOO mLpat SAC) 2 6.5M

solutio?ﬁoﬁ%‘%é@slg 4§-F1]1 Ly%%q@ﬁ%u@%?kip 'misiol) Wis added. The solution

was stirred for 1 hour and cooled to -20°C. 3,6-Dioxabicyclo[3.1.0]hexane (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 NH4Cl(,q) and extracted with Et,O (3x). The combined
organics were washed with H,O and brine, dried over Na,SQOy, filtered and concentrated. The
crude product was purified on SO, (gradient elution, 10-100% EtOAc/hexanes). 'H NMR (500
MHz, CDCl3) 6 5.83 —5.75 (m, 1 H); 5.04 — 4.95 (m, 2 H); 4.14 — 4.07 (m, 3 H); 3.85 (m, 1 H);
3.70 (m, 1 H); 3.44 (m, 1 H); 2.07 (m, 3 H); 1.45 (m, 3 H) ppm.

Intermediate AS5: Trans-2-pent-4-en-1vlcyclopentanol
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 NH4Cl,q; 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,SQO,. Filtration and removal of the volatiles gave
a residue that was purified by column chromatography on SiO; (gradient elution, 1-100%
EtOAc/petroleum ether) to afford the title compound (7.92 g, 62%) as a liquid. 'H NMR (400
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B16 L-Cycl ohexyl - 6-Hepten- | -ol (2S)-Cyclohexyl {
[(hept-6- 298.3 glycine o Hen-1 OHo O
wQb@gpjer bonyl ] am no} acetic acid Bl17 L-CyclptiEKg1007/022460
5-Hexen-1-ol (2S)-Cyclohexyl {[(hex-5 - 284.4 glycine
o N. en no} _acetic acijd

MHz, P60 3585 H0mgiDmsbl (oot & 5 b0 1485 ek 08 lr D, 3.83 (or

o L8 ot TR, S0 0 A1, 1983 s 1Bt

yl oxy)car bonyl ] - 3-met hyl QuUN~CH 1| L-vaI ine Ol B19
L- h

s, ; 4-pg 3G WGl e en-1 -0l 0
di mat hyI hept 6-en-1 Ref: o o - OH yl ) oxy] car bonyl

}amno) Y WO 2005/ 030796 O ace acid Internedi ate
B20: 3- Met hyl -

{[ met hyl (pent - 4 en-1-yl bonyl} L-valine O
NyNLOH Ot Step 1: Methy
3- met: hmﬁvd)[mkéﬁl P‘S’g\‘%g A6'4e7"m;n(§ﬁﬁa\1' | daed &4 g’cﬁﬁ‘t%r} ofltrdhs-2-pent-

alinate sol ut1 on
4-en- lpquy;ﬂdgph}:aanl(l@()@; 64-7amnné ahd einyl 2¢e20% (.G g, H9o4nmlmol) in Et,0

(275 n‘&f} ri]hﬁé]%%O% %yZﬁé‘{ 00490&1% Eglg‘ﬁgpﬂ;fl g%gw&g;gﬁpﬂﬂ&e(ﬁ% filtrate was
concer{tfa?éd to Ex?fogi 48Rid0é %Mas pariRed@by é8uin THRInat¥&8p MP@O(% (gradient

After 2 hours, the solvent was renopved I n vacuo
elutior, Rel O@I’VUEEOflEIYQI'ﬂuHi ethers topafifarfliime thedirstIeaR tipdOAe title compound (5.43 g,

43%). FHRML 00N, EBY) §' 8832 (m, 11), 5.00 (d, /= 18.1 Hz, 1H), 4.95 (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); [o]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-vlcyclopentanol

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
MeOH) was added portionwise until the pH was neutral, then the mixture was filtered through
CELITE. The filtrate was concentrated in vacuo, and the residue was partitioned between
EtOAc and H;0O. The organic layer was separated, washed with brine, and dried over Na,SOj.
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, CHCl,).
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10 title conpound. LRVS (MtH)+ 271.3. Step 2:
N-{[ (1, 1- D nmet hyl pent - 4-en-1-yl)am nol carbonyl }-L-val i
waeooglsizer nedi at e B20) To a sol ution of the prpdius2007/022460
fromstep 1, nethyl 3-nethyl-N{[nethyl(pent-4-en-
I 1-yl)ami no] carbonyl }-L-valinate, (3.0 g, 11.2 mol) in
nter m), 1IMLiOH (56.0 m_., 1M solution 56.0 nmol)
Interm\é@fat@@'ﬂeﬁ [(Pdhe 4Lty ioRD)cHiboh i 3 -M@feusink r ed at 50C
under N2 Tor I hour, 15 cooled to RI, and THE was
renoved i n vacuo. KHSO4(aq ). was hen added, and the
m xture extracted w (\@9{ 77 “dhe conbi ned organic
extracts were dried over anhyQJIroiNazsm, and t he

sol vent was renpoved in vacuo to give the title
conpound as a colorless oil (2.95 ¢g). LRV (MtH)+ =

257. 3.Toe 4@0M&126ﬂ84)91&812—@9b1 P95 YSPNO0 AL AOOMEF (15 mL) at 0°C,
| nt.ernedi ate B21

carbonyyidiymidgzaiefer gl [1(q mmok, wryaddedeFhe ragtipnmintyrg ayas pamegd to RT
and Stlgll g:féé%ﬁ%ﬂ&%%éh ;LI- (?E@g??l%% ?lyl %F]ttggl Iré%hc@?/%%a/@% %C 1 tO r?m%l) was then

added (ind @iz feadtidmmQtdre wAs &Hﬂﬁ@ﬂﬁiﬁ?@ antl snﬁ’edhﬁdr 15 minutes. Upon cooling,

the reafgg%m?%o( Cycﬁllgg%?hot %g etdg%% g?{ﬁg{:l 9, dle_"égg?;zrganm/‘ layer was
dried dviPR zrgé‘;éﬁgtér(eg ng ggnc%gtr%gl aﬁ?ﬁ Sﬁlﬁﬁ_ﬁfoﬁgct\%z{s:})unﬁed by SiO,

tr Ip m xtu
chromslbgraphyi (shdiog eﬂmlorB 1MOV<5Et(lﬁhﬂéhexhﬁes)m affatd2d 2 m@%ndethyl N-

ilu | ayers re separated and the
[(pent; q‘iﬁ‘éfidg’x\éﬁﬁg@w& -npeveiiatedsiadedioth pDcM  The conbi ned
or gani ) ¢
gani g, ph &Psd’l@t‘icﬁx r em%@@gt?l-taﬂ)g %F‘gﬁﬁ;ﬁ}}%ﬂéucmate

Na2SO4. Filtration
(8.50 gaBB@BdmdoI)lmTHE e ndo)mmswddec( PN QF (BOrfAL). a@hiameactibh yolution was

stirred ,Qﬁ/kll"(fgbg% ﬁg@ﬁgﬂ@r%gﬁ %\Bljtg &I?I%ém_em ?vlth)@ X 250 mL)

EtOAc% sf}%tégglbéﬁed%ttoﬁ% BYerdvAvdsitd With 50nl’ fr,d; ?(f'mﬁfﬁrm%wlned over
Na, SO 28lfered andbpmcentrdtéd fo(glv 269 gZ8R6NoE the éifle productyasi chgae otly LRMS

| 1 }ear yl am, ngl acet HO O.NJI OO0 A
(ESD @6%@@%@&ﬁ%%ﬂﬁrr%‘;'%)zm'c?%@ent yl (i socyanat o) acet at e
(1.57 g, 8.56 mml) and
(1R, 2R) - 2- pent - 4-en- 1-yl cycl opent anol (1.20 g, 7.78
Intermpghate) B2 : n( 2803 -Disethyl) 2 i pertt1deert- /1Y )qa aminee butandic acid
DVAP (0.95 g, 7.78 mml) The rescyltlng M xture was

stirred for 5 hours at/\'%ggo thegj\cool ed to 20C, and
diluted with Et OAc and HCI a%/) (I'RY. The organic

| ayer was
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 1 hour.
The suspension was cooled to 0°C with an ice bath, and 1N NaOH (76.2 mL) and L-¢-
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 1IN NaOH. The aqueous layer was extracted with DCM (3 x 150 mL), then
acidified to pH~1 with 6N HCI1. The aqueous layer was extracted again with DCM (3 x 150
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in hexane (3.62 nL) nd the resultant 15 solution
was cooled with an ic batp befage careful addition of
di i odonet hane (292 AL, 3.2 ﬁthL. The reaction was
stirred at 0OC for 1 hour, éﬁa theRMwar ned to 20C. The
reaction was then quenched mth pyridine (0.80 nlL)
and stirred for 15 m nutes before pouring onto

Step 1P 8AdtIDY]-3-rhBfhyl-RaJietiyl (bt 4162 1 WARndihd [E8besl1 | - edligbte
CELI TE and concentrated to afford the title conpound
as an oil that was used directdy 9n the subsequent

step. 20 Step 3: 2- Pm/&,éw‘}jrl"l ¥l opr opanol

~~,ayVOH A sol ution of

trinmet hyl {[(1S 28) 2- pent 4- en/i\/l cycl opr opyl ] oxy}si l

ane (5,81 in THE g was coaled to
2

0 C ankP#f aiti@uOthFﬂaylgmtﬁr?rbh amm {29) Qrg: Bipmgl. Chem.
3006-?5(2%0??7(2 8%, 21 ?Etﬂlﬁlélgl W PREY éf Bk 1§trﬁert1§ﬁ-?\l-ﬁ<§xo%tﬁl)ﬂéene) L-

e
ut'es, war ne 2%1 1 C over our
valinatei(vef UER0 Was 998) AQQ&(B 5 g1 20. I-Iﬁ(ﬁlc(m@'@s addedardtee 2 thoarst the solvent was

remOVésé@wgeuwapﬁ ﬂrﬁ%%e Jlgﬁipéﬁwnb' i Nﬁ?%%zamg@} A “Eéeesa tp yield the

tltleco?t&; oahdl ERWLI\Q#‘FI m'ﬁh was purified by colum
romat ogr ap on Si02, eluting with Et20 in

Step 2p k{61, e«nm'etﬂvhrent- -eﬁﬁl%zl)ammo]oadamlvlé Lwalnee ﬁmnnmdiate B20)

S oo oot olplortor B podygt foth 16, 1 FmERHA- (rmltnflFent-4-en-

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

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. KHSOu(q) was then added, and the mixture
extracted with DCM (3x). The combined organic extracts were dried over anhydrous Na,SOq,
and the solvent was removed in vacuo to give the title compound as a colorless oil (2.95 g).

LRMS (M+H)" =257.3.
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nmo was added dropw se

A solution of methyl (25)-cyclopentyl(isocyanato)acetate (1.57 g, 8.56 mmol) and
(1R,2R)-2-pent-4-en-1-ylcyclopentanol (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 HCl,q) (1N). The organic layer was
separated, washed with brine, and dried over Na,SO,. 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 stirred solution of 2,6-di-t-butyl-4-nethyl phenol
(8.68 g, 39.4 mmol) in Phive (66 nL). 5 After the

weeBsizon of gas had finished, the m xture WaBCHUBI00®022460
at RT for 1 hour and then cooled to -78C

AR e T
338 (

stirred at

(12.32 m, 19.71 mmol ). The resulting m xture was
-78Cfor 2 hours and then treated with a

( yentyil b0 i g B hehonyl)aminoJacetic
mol ). The m xture was stlrred for 1 hour and then

poured into HO (ag.) (1N). The organic |ayer 10 was

acid

5 washedp Wik fir®bf ﬁh%th?ff (B?—c?é’l@ﬁen't\ﬁa QM-ZC&BEZQJ'&M Rt ed
to give a resid ur col umm
ylcyclemn@ﬂhw@aalmwl)emn& mm(tegﬂaaﬁ gr5t84eﬂnmql)(ﬁmd IGOBIHLO0 (0.74 g,
17.51 002/ peég%l%g@ %1[ 512 é-lr bo(|69 m\igt ! hel%gatteldttcl) 0 oMb b VX so?utlon was
stmed(f&sa hews| tRaeedordd t(){ZOf’C( IRe %@F&aﬁ%ﬁwéd énRRe 'Péduéed?q_l'eésure, and the
yl cycl opentyl ] oxy} carbonyl)am no]acetic acid 15 The
residual| ago¢mis sofutisn &as gxt(r:ﬂ:tezﬂ\g;th Et@8embhg ongasictphesetwap, washed with H,O
10 and br%%g&gg I ng;%t % %Sﬁﬁ?ﬁ@ré{lonaﬂ Femova P thfe%rolatl Tes AHOR (ijeda{}tle title
compc(u?l@Xt 8Y¢E I%p/@msydn(dlmamms@a afredtBlia s(iBsegMont sﬁgﬁ PMIRR
]\& gz af forded a residue that was purified flash
(400 MHe, Syda gHy- 2(59(ba@|.| 1&ht 7. 2&|(<Wi o8 1 151,461%5 84- 5 1 (m, 1H), 4.98 (d, J
2 e T
= 1748 AR S B T D PO Rk BT 23 6 B 6.0 ey 218209
(m, 1H)02.Dau1ro4sim, BB, 19lile74qmmnﬂ7®@06?(ﬁ1 18 as an oil.
LCVMS (ES+) mz 20 338.8 (M+H) +. I nternedi ate B27:
15 N-({[ (1R 2
Intermedc (YA pentyl ] oxy} carbonyl)-3-nethyl-L-valine O
ermedi ate B27 was prepared in a nmanner
si m | amtdr@eliatts B2 hIB248 dvekOpiep&p@irta ﬁﬁnner similar to that utilized to
(25)-cyclopentyl [({[ (1R 2R)-1-nethyl -2-pent-4-en-1-ylc
Prepaf%mélb@ﬁiﬂ ¢§ 8ky} carbonyl )am no]acetic acid. LCMB (ES+)
n 8 =46 YO 26 08057269 F CT-US20071022460
Int. }xfnel?o n%c i | BZéH ws) Ll ‘(sml' Enle ame LRMS
-2-allyl cycl opentyl ] oxy}car bonyl )am noI (cycl openyl ) ace M+H)"
B2la LL "ggy:l;e“aﬁ tra"ﬁan%enﬂgnml Yt o that ug‘ﬁ) %égﬁfﬂ%ﬁ?mn.&
pr
(2S)-cycl opeﬁliew}['y(ig[f\"fﬁ 2R) - 15 net Ryl - 2 ettrahydé?{‘f E%#
ycl opent yl Joxy} carBony! ) nd o] Jac et Od‘y]cﬁréﬂ/‘é’ °§
mz 283.1. |Inter rredl ate E329 (%@(f acetic act
el 2N\ [ 2C\ 4 II\II\ h Adin 1 vl llbar hAnyyg nn'nn\
B22 | L:Buglyci : - en AT AR e 5’rr‘1’ét'ﬁ’y1-N-{"[tira 152- 3124
(Lc%‘f%%é’f?w % yc]opentan pent-4-en-1-
e ylcyclopentyl)oxy]
O\H/N\:)LOH carbonyl}-L-valine
° A
B22a | L-tBu-glycine (1R,2R)-2-pent-4- | 3-methyl-N-({[(1R,2R)-2- 3124
en-1- pent-4-en-1-
ylcyclopentanol ho9 ylcyclopentyl]oxy}
~"°\[rN\.)L0H carbonyl)-L-valine
EA
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HO NY--)

-OH O 10 O Step 1:
(3R)(3S)-3-(allyloxy)piperidine- |

t - But yl
- car boxyl at e

~ON o

w@2o00sf0s20en-dri ed, 3-neck, 1-L round-bottom fl|BERUNZVE022460

N2 was charged with N
Boe—{3RA35—3hydtaxyptpertgdin 10 49—t

Int. | ARIRGAGH 100 nfjcohel By (5. $§ 3“’\“' ho. 7 Svas LRMS
added in ajsingle portion. The reactipn m xture was M+H)*
stirred at IRT for 30 mnnfes af-t-er—whi-ch a!!\l!

B23 | frypionetyla |30amr2-PAG4 il ) i n DVBO [ 385 mYSloneay Gliehasr | 3242

dr Ve vila lAYeREErdn [f unel . Aftel 20 BdgRted-erie

contents off the reaction|fKask werle pouré’é"y"]ioﬁﬁt"@’nf?%] ,
KHSO4 and éxtracted (3x) |w HhEL 20 onTherrRagibpr@gpacetic acid
organi c portions were washed w brjne, dried wth
anh\/drmlc /hQ(M filtered t ed. The crude

B23a | hreyalgeentyland  SWRRZREE4-0 |20 ¥ | ash col hm (29)- 3242
chra¥fifitogr aphy (981-10 hexangs/ Et OAc) . | EvdprspRil{{HHRGR)-2-
fractions gqonfl@icloperinopr ¢d ct ga i the titIrentepbund
as a colorlless oil. LRVS|( 3. Sieyplopentyljoxy}
(3R) (39)-3-(Al |yl oxy) pi per i n%ﬁ ~ONcgshanghanpgp]acetic acid
2008/ 057209 PCT/1US2007/ 022460 Q0 rnund bhottom

B23b | freyslereiid- ¢ h&hge2wientt-t he pProduct of St ep 8)-60 324.2
39.8y%#fol ) |and B¢k (150 ni), and therPY@leléﬂné’ ({[HSég) 2-
i ce bat h undexleyppentivel r ¢agti on,sal utj on \egat-4-en-1-
saturated With HCl (g) and sttty 1 hybayelopgngyhjoxy}
cooling then for 2 hours|a o Eyapoy earbamil)amynefleetic acid
reduced pressure gave a Wwhite s d. which was

B24 | tlr-¢yclphetydd [Wirahs-Ep@B4and |i sdl at ed. Thie (B)-sylleohdxyld§(2-pent- 338.3
powlwthei nt ¢ 1-@ydNaionifaag)) [and ext r act efd 4(e8x)yleyctdperid@hdxy)
dried with|anhydrous M$O# filtered| ensbnyljsrainy)acetic acid
evaporated|to give the tit Sy dl as a colorless
oil. Step 3. Methyl (2S)4c exy| (i pocyanat 0) acet at e
OC o N ;Love 0 A 50 O roubottomflask was
) t T

B2a | @c)g:% })g:mocl é@ﬁﬂzéﬁz I ce|ba [ gq{xglgﬁex A R gg) . (I\?Ii(l)\ii)*
|\/Et%’] (29)- émr#r%? Z &{
(4. 0 g, 19. g by, 510] RFRENE
(1.886 g, §.36 mmol). k¢ FJ} et gb][g fic acid
flask were|stirred for 1|hour w coomg an
the contents were poutred into ratory funnel .
The | ayers were separated, and the aqueous

Intermediates B25a and B25b: 3-Methyl-N-({[(1R.2R)-2-pent-4-en-1-

ylcyclopropyl]oxy}carbonyl)-L-valine and 3-methyl-N-({[(1S5,25)-2-pent-4-en-1-

ylcyclopropylloxvy}carbonyl)-L-valine

<]\/\/\

}—NH

\—COZH

-

}—NH

g"///\/\

\—cozH

-

Step 1: [(1E)-Hepta-1.6-dien-1-yloxy](trimethyl)silane

/\/\/\/OSiMe;,
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| ayers were extracted with DCM (20 nL). The conbi ned
organic portions were dried with 15 anhydrous MySO4i

wo piosesRM and evaporated to give the titl e conpolms208%022460
a colorless oil. 1H NWR (CDC13): S 3.90 (d, J4, 1H),

! 6s- ‘%sgéﬁz»m&a%%o%g aﬁ“@%@% mnlbf i3 S5li0g R 190 mmol

was adelell aPIOPC & ER(IFBI- Sm&{udn{ Pk (734 me 3 57 ‘mmol) and HMPA (29.8 ml,
-({1(3R)(3S)-3-(ally xy)plperl yl | carbonyl } am no

171 minobly RS AnEfoet Bramtes, GonlyNDENBICTIIE © OOgow 500elrend TMSCI

(18.25" Og,gldgbmt@dngiﬂs(%g‘%aﬁLm ?cﬁgﬂ&vq; FUR ?\%efﬁglours TEA

(20 m]Df@ﬁ’é’éHde@fanatth&tﬁl% w33 dluteldSWidy aﬂH@’B}&Js WeanddUED, (5 é_l_fi‘ﬂ‘}) was

resulting solution stirred for 24 hours at
added Tamé thomixsnte wisdilieeadtheongh CHEJEBo Tt ifidinate avad wableed (Fx)Leigh 16 mL

flash.col um. hr omat o
portiof 6, ot TieB eilepail M i 8 R Y R s P Bt rine and
dried Ve a8 £ &fen@bhcentr VB td %ﬂﬂ?')a residzdhat- was4§stﬂ@d (bp c. 80°C, 20 mbar) to
2008/ 057209 PCT/ US2007/ 022460 Step 5:
furnisk thetitle cpBrRIEBE) 688, §3%0) 94 vhigyidithne wagl uspdldlyjc]ly &y thosybsequent
t m no) (cycl ohexyl )acetic acid (Internediate B29) A
leacugbo nmL round-bottom fl ask was charged with the product

Step 20 Trivhetipy14[({F2902-Bent-426h-68 16 WIptop ML stldfe NL) , and THE
(20 mL). LiOH (1M 62.0 nL, 62.0 mmol) was added, 5

and the resulting sol#themwi>43M%ed at RT for 18
hours. The organic solvents were renoved under reduced
pr essuAa&plusion of Giethyepime m tdueng (E96,S3. 2mIp O162anmbl)twas altded to a

ool S S e o o

e S0 SELS IO BRIELRAA 0 o g .

3.62 rrﬁincﬂ)) 'Bhe l(eR&)on(\{/ais(sﬁﬁ)ed at (();C foi 1 hlo]ur ang then}warmed to 20°CI ’{]he reaction
3R) - 3- [yl in C ony}am po) (cycl ohe

was th%ﬂ%@ﬂ&ééﬁ i 3% ne '@? &Y '@M@&fl sty ay n{lz@)es f)fzegﬁaunaa gnto

e 5 000y IR o

compoNnNaﬁ &) oﬂ}hap w(aRuN‘dl\du(eSt)ly {tHhe @ﬂﬁse(ﬁle&t gthp m xture of

Ste 3d| tereo

]| yl oxy) pi peridin-1 15
yl ] carbonyl} amnino) (cycLahexydigeetic acid (4.00g,
12.33 mmol ), was resol ved by eparative chiral SFC

using & sGHlliFALP 1 -4-8- 1k il 1

phase of 9985?8 é@&%@’ %t aQI% yvvE }tréadtapee;@mogg} silane (381 g,
293 nmhdl)mﬁHtIE (42umdl) svasledeled or0 EIE aﬁﬁ tred2ddiwitina sElxmpn tofiTBAF in THF

frac gave the title ¢

(M, Bty 52 mgneh. Hhemiiestdiotizes A0S BB o, apdghen warmed to
15°C dv8P] hour. The mixture was poured into H,0 (900 mL) and extracted (2x) with EtOAc.
The combined organic extracts were washed with brine, dried over Na;SO,4 and evaporated to
afford a residue, which was purified by column chromatography on SiO,, eluting with Et,0 in
petroleum ether (0-66%) to give the title compound (2.63g, 71%) as an oil that was used directly

in the subsequent reaction.
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({[(3S) or o .

(3R)-3- (Al yl oxy) pi peridin-1-yl]carbonyl }am no) (cycl oh
wezyBpsaeeti c acid (LRVS 20 (M+H) = 325. 3), anpCT/082007/022460

second el uting diastereoner was (2S)-({[(3R) or

carbonyl)-L.- valinate

and m@tﬁﬂU &eﬁﬁ"l-w ({IF(RN@Sﬁ Mb'la)]t E—eﬁﬂ%l@%lomﬁﬁﬂ%m%g&ﬁﬁ) L-valinate
B30- B34 I'nternedi ates B30-B34 were prepared in

manner simlar t QWANIN | i zed<{J¢~ 25 Pr epar e
I ntermedi ate B29gY-49 WO 2008/ 07209 PCT/ US2007/ 022460

Int. Amno Acid ol Structury-mlarre LRVS ( M+H) +
B30 L-cycl opentyb- N-Bogud 3S) - —CO,Me

(2S)-cycl opentyl( 3S)-3- 325. 4 3l yci ne
pyrrolidin-3-ol -4-en-1 -yl oxy)pyrrolidin

1 y| ] C’Blli@él&)ﬂo] oﬂmeﬁ O)vadsatdated, Qc@ﬁin@% toGh&pRScédire ﬁbcﬁ%]descnbed for
cIo ent N- Boc- (3R) - (28)-cyc opentyl ({[ (3R) - 3-

Intermgglg zBZlg‘Etypén\gltbwqtl@{l ﬁth]&f(oxomethylene) -valinate (1.221 g,

7.13 n&ﬁﬁﬂ% ok ((%éﬂ Xy Q%d{a h‘_{?ﬁffog 38%5 @g/agl“bé' gémiied by flash

chromNo @Qphja b Siﬂ)ﬁﬂgf’adﬂel@ |elu)10(1 A5} e%mwpewbﬁxh [eﬂref)pt@ ratfoﬂt two fractions
3 glycine en- pi per I di n-

of the W? WWI ($ bﬁm&wéé&ls intg, agﬁ m@v%&{?(%bulamta EEQVIS (ES+) m/z 320.1
(M+N +cycl ohexyl - N-Boc-azeti di n-3-ol

2S) - cycl ohexyl ({[3-(pent-4- 325.3 glycine en- |
Step 5= BHsthy BAet{[ (dRP-RI-20hdt-Ylehcr ROy blopRil ooy as®dbiyl)-Acvaline or
3-methyYINNA@S. 239-2-pent-4-en-1-ylcyclopropylloxy} carbonyl)-L-valine

The esters of Step 4 were treated, according to the procedure described for
Intermediate B21 Step 3, with LiOH-H,O afforded the title compounds as oils (95%). LCMS
(ES+) m/z 282.2 (M-H)".

Intermediate B26: (25)-Cyclopentvl[({[(1R.2R)-1-methy]l-2-pent-4-en-1-

ylcyclopentyl]oxy}carbonyl)amino]acetic acid

o}

\\O\Ir \/u\
(0]

.>...

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

(o)

AL

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
NaHCO3(,q) and Na;S;03(,q) (1 M). The mixture was then with H,O and brine. The organics
were dried over Na,SO,4 and concentrated to give a residue that was dissolved in pentane,

filtered, and concentrated. The resulting oil was used directly in the subsequent reaction.
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B34 L-cycl ohexyl - N Boc-(3S)-
(2S) -cycl ohexyl ({[(3S)-3- 339.4 glycine
WQRe0B05i209 n- 3- ol (pent-4-en-1-yl oxy) pyrrolidi NnPCT/US2007/022460

1-y|]carbony|} am no)acetic acid "" o Ny ON O O
Step 2 qEZt)en 4Pg U§é2y9 17){38%%4}60 Internmedi ates C

4Brorm|-rrethy| 1H i ndol e- 2- cgr boxylic acid SII/CO2H
Br To a solution of 4- bmm e- 2-carboxylic
acid (514 ng, 2.14 mol (16 nL), dinethyl
car bonat . D
mol ) Ragiu 18’62@\?}0%1}4834%8 t‘é‘BF‘%ﬁ@%ﬁ @555) ﬁi el i3S 16 dropwise
t A3
to astﬁ’r@ﬂ sSlufBbE2,6 18- b'h%‘& m%%ntflﬂﬁncgék H%g ’ W e f6¥mL).

he organi cs were washed
After thm dvdintioreof gk had Tihshet, gleenmoguresvas stm‘ed aatdl”b‘fcﬁrl a2 S then cooled

to 78‘{5%' éZ%- gieghggggggl%g&g}gqn&%g% 126 goﬁgl/” L bygag g&({jeﬁefol\{vawed by a
solutloﬁto@ﬁ@ém?i( FFin Et%&f)k?nﬂ he, 71”&9{0‘?73 dl*lﬁt u@cﬂ#erﬁu@&e Qvas stirred at

sol i d.
-78°C fmri’qupds atdeth@ﬁ%treaqec) wvtbraefulahhiqadrti(m czaf Meﬂ,lwbltmanfZ 8hmL, 19.71

mmol T3S riBe? s pireeaot | Jadr wibenbeebine By (HD- The organic ayer
was whshed A4 biRR dPidl bivéd I@J}S@h bed E@ﬁ:@ntﬁh% A0da tdNiddethat A€ purified by

extracted with Et QAc (2x). organi cs were
columiy olroimatagraphysinetl Ond gradibmti edmlo(nl, 220%EiCxAK/pstrieuxia 2869 to give the
. filter and, concentrated to yield the title
title coppaiB 728 TR S EEb . LRVS (M) Cal ool = 254;

Step 3f @mﬁtvgféﬁent%'ﬁ’( {If(rl'ReZRTeldfn"éHﬁll §4ent-4-en-1-
Brono- IH i ndole-2-carboxylrc actd ~ 1 NH\ / CO2H

VlCVlemeanxv}Qar@rmepmMMmrer cially available. 20

TR eLoes Ea kT SERRED s trsaiseh agpording to the procedure

described for Intermediate B21 Step 2, with methyl (2S)-cyclopentyl(isocyanato)acetate (3 eq)

and DMAP (1.3eq) afforded a residue that was purified by flash chromatography (gradient
elution, 5-40% Et,O/petroleum ether). The resulting oil was hydrolysed as described for
Intermediate B21, Step 3 to furnish the title compound (0.53g, 34%) as an oil. LCMS (ES+) m/z
338.8 (M+H)".

Intermediate B27: N-({[(1R.25)-2-allylcyclopentyl]loxy}carbonyl)-3-methyl-L-valine

' ° T
Intermediate B27 was prepared in a manner similar to that utilized to prepare
(25)-cyclopentyl[({[(1R,2R)-1-methyl-2-pent-4-en-1-ylcyclopentylJoxy} carbonyl)amino]acetic
acid. LCMS (ES+) m/z 283.1.
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To a solution of 2-am no-3-bronopyridine (7.4 g,

0.0428 nol) in dinmethoxyethane (70 nL) under N2,
weeduglobrzonopyruvate (9.28 g, 0.0428 nol) was apdpUS20a71022460

t he m'xture stirred at RT for 18 hours. The resulting

sqlid tlr anld ashe ith Et 20 25ten
‘1,‘_ Xt SPE

Inte yldoxytcarhon, y)ami ol(C u nyl)acetic

acid 2 hours. The reactl on was concentrat ed to renove
EtOH, diluted with K2C(13(aq ) and extracted with DCM

(2 x 100 nL). The xtracts were dried over
Na2SO4, filtered andc terto give a foam (9.2
g). The -51 WD 2008/ 05 % 07/ 022460 foam was
di ssolved in THE (230 Erea ed with I N NaCH

(170 m., 0.170 nol) at 40C f 2 hours. The reaction

was cooledto RT, diluted wt N HO (170 nL, 0.170

nol) a 1

it ur e AABE hebiched P ndRinkik: (b Bt Bllncg tp propare
(25)-cglopenmyl [(¢K 1 R,AR) Lméthybﬂpeﬁmemammemt Joryl carbiohylitfino]acetic

]E‘ n&‘) nd drl ed under vacuumto 5 give 7.94 g. LRMS
acid. @ﬁ SFAT br medi ate C4:

5- Br onoi m dazo[ 1, 2-a] pyridine-2-carboxylic acid 1.N

N~CO2H Br The titI e conmpound was prepared in a manner
Intermediaid B29:t @S)-HH 3 R)IN)3z@dl viex vipipgradie- 1 -yiltarbonyl }amino)

- bromoj m dazo[ 1, 2- a] pyri di ne- 2- carboxylic acid from

cyclo ACHIC i mi dazo[ 1, 2-a] pyri di ne-2 carboxyl ate

(ref: WD 91/08211). LRI\/S)@\—«N 243. Internediate C5:

4- Br onoi ndane- 2( R, S) rboxyficacid lilllCO2H Br 15

Di et hyl mal onate (3.8 nﬁbl i HTHE (25 nl) was

slowy added to a solution of° (60% in mneral

oil, 2.1 g, 87 muol) in THE (20 at 0C whil e under

N2. The solution was stirred for 30 m nutes at 0C and
Step 1t hButfl¢BRR YA -(altvdex vapiperidine-Tiearbwellates on  was cool ed

to OC and slowy added to a solution of 1

- br ono- 2, 3- bi s(brononet hyl )(benzene (8.5 g, 25 nmol)

in THE (25 nL), and tRem> dg\lzgstirred at 25C for

2 hours. The 20 reaction m xtur S quenched by

pour i 30 f LN HJ . and 200 nlL of EtQAc/Et20
whi | e gw?rr ﬁ@ec? %nrem% L{gpendrheitany flagkcyndgr B tzs ehanagd with N-

Boc (Y A R R AR 77 ) RO DM TR L KO 558

49.7 m'Hmﬁ) was; adtled 1m1a$1qglerpdmmd "Dire re&itldn r(l_gnad men stireédidti Roh for
i BB 4 s e TN TS o B
dropwis@ v%dd?tﬁ)ﬂ?ﬁhnels M AR SHh6dR; e %nteﬁ‘tg o?t}f@?@i&lomslg@ere poured

and the m xture was war ned for 4 hours.
into S%H@{ﬁﬁ)xandr extmaated ( lrdrwitloBt,©d The cﬁslﬁmedrmdgdmd partlenis WQI‘C washed with

orine, €4, By WSO SN RRrEied VI oHBB pERAIE v ubjected to

flash coRfnhiehrb@htoba ﬁ)hg@@ 10 H%nés?@@Ach EVhpSriHiéh $@Factions containing
extracted wt 2X)

product gave the title compound as a colorless oil. LRMS (M+H) =242.3.

Step 2: (BR)(3S)-3-(Allyloxy)piperidine

\/\O/O‘IH
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conbi ned organi cs, washed with brine, dried over

MpSH4, filtered and concentrated. The title conpound
woa@sas2eo t an solid after crystallizing from hp€T/US2007/022460

hexanes (548 ng, 9%yield). 1H NVR -52 WO 2008/ 057209

T USRS e RNl e Pl g 1 00

39.8 mirol) andd Et@)Aé%( 13() %Lﬂkﬁd theMt&s16@ i & iee b8th under N,. The reaction solution
4Brom)I-8 yl - 1H i ndol e- 2-carboxylic acid | N/
was satyrpted withgd Clg agl storagifop h her with cooling then for 2 hours at RT. Evaporation

o AN, S A BB PRl

solid vas pbufedthtb, 1080 PROH ) dnh e@ﬁ@&@d Bx{ 4ath m@M Aridd withRhhydrous
pyridine (0.337 ni, 4 nol ), 4A nol ecul ar S|eves (3

MgSOg)ﬁlteaqrdjarmEAta@ cEPOIaied to gtvelrhe it lcpmpevnsl ascickodreas oidr
r m xt.ure s, diluted with DCM filtered
step 37 MARYIIs), MMItrate was washed with

IN HO (2x) and brine (one Tlkke organic |ayers were
dri ed over Na2SO4, and théN nt was removed in
vacuo. The crude nateri al purlfl ed on SO2
(98/2/0.2/0.2 of DCM MeOH/ /H20) to yield the title
conmpound. LRMS ESI+ ( M+H) 2.2. 15 Internedi ate C7

3-Br orm 5-(trifluoronethoxy)benzyl nethanesul fonate
F, F O ApP-(mioreundostgm flask was charged with saturated NaHCO;3 (80 mL) and

oo (5L P G5 s L BEFSRPRNA AP (RS o5 oo

acetatd‘r}lﬂyﬂrdchlldi'ﬁie (aadg, o6 mmol) s tadde@IloweLby mlﬁ@hgﬁnleﬂm 8&6 g,
trifl uoronmethoxy)benzoic acid (12, 1
6.36 mmi) )T%@ﬂg@%@ the grarFton ﬂ?% whrg stifred fpad hPH%WItB |ceﬁmrgg and then the

conten_ %@%o&x%dfqetg%trkggﬁyv\g% ﬁgnl}gl\rg il;]}féd%trﬁ W’Agg‘f%{)a(ratgg oa;i’ld tgﬁra&u%ous
layers N@Eé-éx(tlécwﬂ)wnHIDCM {ﬂ)@nLB THe) congbifed drigaic potishsiwete diled with

The_m xture was then filtered through CELI TE, S04 .
anhydsgys Mgh§de filterisd anthevapgmtedcio 200pthe titlo ggmpound as a colorless oil. 'H

NMR Féﬁéf{)”?@?%%ﬁf‘ﬁom), 3.81 (s, 3H), 1.88-1.83 (m, 1H), 1.79-1.76 (m, 2H), 1.69-
1.62 (m, 2H), 1.54-1.48 (m, 1H), 1.29- 1.11 (m, 5H) ppm.
Step 4: Methyl(25)-({[(BR)(3S)-3-(allyloxy)piperidin-1-yl]carbonyl} amino)(cyclohexyl) acetate

A 500-mL réund-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
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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m xture was filtered again. The solvent was renoved in
vacuo to yield the title conpound as a colorless oil.

WO RN 0ESIH (MHH) + 272. 2. Step 2: PCT/US2007/022460
3-Brono- 5- (trifluoronethoxy)benzyl nethanesul fonate To

‘ lﬁangln%)(cwgdhexbzllbacetlc acid

O U 11, O— o)

(Inten@é&i’até@@b (3 6 nL, 46. 3 mml) wer e added sI OV\Ay at 0C.
After T hour, the reaction was poured i nto KHSO4(ag.)
and exAr581meld ravndiboDem fl@k was Therged withrkeiprodugiad Step 4 (7.00 g,

2065 YL oGS50 nbl s A L 3R s s

and th&BdsEliingsoB6n RS b dr@Pat RT r 48 hGGfsaChh@ BF%a%idHo'l\Féﬁits were removed
0- 100% Et OAc/ hexanes) to yield the titlTe conpound as

under redueddmpressure, oid the réindnR g (agoepuyMAs poBREIEY 566 K2504. (Bhe mixture

was ex%r’_%t’&d Z%XASZ &)th é}illencg%l?bé{l%iz (gggmb pOI‘tlH}lé dnec? w1t£ ahhy(m)ds MgSOs,,

ﬁlterecﬁam&a[r -'e4aﬂ2)|i‘ﬁ9d’ toyike Ehenite- c@lng@hnd\hs rhitStRRYil. LRMS (M+H) =
| oro-4-1iodopyridine Cl N The title conpound

3253\/\/as prepared accordl ng to the following reference: 35

(Intenil&ﬁ?at@ BQDa) (QSB(J{lmR() 3d @Smr(aﬂﬂoﬂvﬁmmﬂlﬁﬁdla&@@ﬁivl}aTxHﬁo)

mxture was stirred In an 1 ce h for 20 m nut es,
(cyclohexyh aceticyacidi(Intenpediate BAOS) 10 m nut es with a sol ution

of 20 3-chlor ridine (2.51 ni, 26.4@” in 5 mL

THF, keeping{th tep{ps ture less tha 0C.

It hi dgyrk eci pitat N(
solid in a8I($)ght range gg—[utl on. Tﬁgﬁ’) m xflur e was

stirred for 30 m Ru n adry ice bath, &dg-then 12
(6.71 g, 26.4 mmol) 5 nm. THE was added i ng
the tenperature | ess en -65C. The solution Wwa$ then
allo t ' L Ge:

For 2 PustfixeeRulafeleou Bt G RARIE0 L aRskERipeBhiA-1-

yl]cartﬁmyr}aﬁﬁlﬁd)(&ycﬂdheﬁylbbﬁktlé 1(56 (400g,32)33 rﬂ]ﬁ@l)owgﬁfbb@l&e&\lsy Preparative
washed with 50 nl each of NaHSO3i . NaHCCB3i H2O, and

chiral BF¢ ysing pHIRALRAE AR £2 p5i25iom, é&u})wltga@ol{l@ﬂg@@ﬁ%/ 20
COzﬂ@%ohﬁgglg%sﬁogvg}aégbgé%ngﬁ%é&%fe, %Jl"l](ll g d\é/%v'gc\é/tg{ {;]}e‘ﬁ—tzhh o, Evaporation of

like frztcﬁ@ﬁg/gdv@lthé ﬁ@dcmﬁﬂon‘d@ai&%ﬂ% BRI TRETLsUSREAZ ﬂQ@t%AGﬁher was (25)-
ot hexanes plus _ a few nL _of EtOAc to disso

([ (35) o @R&ﬁr(ﬁlwxg?m@rt%ltxlkwoeﬂﬁﬁaméﬁcaeobexymcw acid (LRMS

R L e

(allylopy)pthecidirt- t gifcabenmyl lanjiho BcysloHex 4} acetiel acid (LRMSI(MB11PRI3RS.3).
acid (827 nmg, 6.79 mmol ), PCy3 (228 ng, 0.814 nmol),
and Cs2C33 (4.25 g, 13.03 mmol ) in di oxane

Intermediates B30-B34

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

prepare Intermediate B29.
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(10 ni),
under

Pd2(dba) 3 (497 ny,
N2. The m xture was then heated to

0.543 mo

) was added

95C for 18

whouws®s7209 | t ered and extracted with H20 and Et PRyUSI0a® 022460

organi c |ayer was drled over

MySO,

rac

and t he solvent

Int.

G asd

title conp

EC1 / I\ll.l.l_l\ +

ad
I IlI

10 el

St s

pund as a colo

e —was
OW3§ fhex
l ess oil (1.
33— Chloro-—4

PUI;I; UTl1 \Jl\.}L
gﬁﬁpve t he

anes) t
03 g). LRMS

han\ll n\lr| r~|| A2 nl

LRMS
(M+H)"

B30

tlocyalomtybt [
mMdiyeint N D
added. Aft¢

10% 15 Na
organi c | a
Was I enovel
3-chl or o- 4;

(230 ng) .

1902 Step—3-
on HBo¢-3)-pr o
CM - (3lbliih B0l
br 2 hours, th
HSG3(aqg.) and |
er was dried

d in vacuo to

phenyl pyri din

Thi s solid mas

1

nCP

juc¢t from St ¢
A (950 ng,

b fi Xt ure was
klen NaHCCB 3a
DV NgSC& a
y

B de gg

then oIv

D 2)¢cgdmenty({(19)83

(Penbd-embyy)pa&lidin-
Q%]E%Bﬁﬁan}i\‘lo%@enc

nd ‘bri ne. d

nd the séTvent
a white solid
ed in acetic

3254

B31

aIIIIYUI | UC
flopyclemnibuf s
(grehdinent
ng of 3-chl
di ssol ved
ng, 3.03 m
m Xt ure waj
in vacuo t
ES| + ( M+H)

+ 206. 1.

L. UJ III_

Nﬁ%cggkldu
aluwwum¢m5030%
or o- 4- phenyl py
PO in MeOH (20
ol ) and heate
5 then filtere
p yield the t
Inter

ot
p s purifi

1%

rydin-2-yl
), conbin
) 62C
| N
tle
redi at

ofi

of%oun

allu T al CU

J.

d @.ﬂ-cs}l(@ntyl({[GR) -3-

t OAc/ hexanesgnt-#-en- yley)pkBolidin-

C atyfltfbonyWHnfild)2d&is

d with K2€O8 (419
10 m nutes. The

| vent was renopved
(125 ng). LRMS

3254

B32

L BEBERof
( 5-8%°Bfo- 24
DCM (23 ni
m., 6.32 m
4 hours, t

organi c | ay
DCT/ | YaYalwi

JEA Ay
chlorophenyl)

ol ) in DCM (10
e m xture was
er wvas -55 W

NO22460 rlri aod
Ve TUU

then XE ract
D 2008/ 209

T hgnesul T onat
hanol (1.

, TEA (0.88 nlp 32 nnpl) ﬂhdb¢&&wm@mmﬂ@amd

28)-<yclofiexyl({[4-tpent-4-
g, n2d-vieRy)RREIdin-

dded at 0OC. After
ed with H20O, the

and + hn Snl vant

3533

B33

T oT7 JUT

waeyclobsyly e
on gyBin®2 (
yield the {
NVR (500 M
7.28 (s, 1
| nt er nedi af
nmet hanesul |

) N—ﬁoqmetuim3 dhe
gradi ent el uti
itle conpound
Hz) (CDC13) 6
), 5.27 (s, 2
e C1QO 3-Brom
onate o' O

\1 AN

Vl1 IVHUV‘T,

crude nat erji
0-30% Et d

s awlite s

7' ( I_l) 1
) ,6@“3%53@9,
h- 5- m& ybe
11 Br S-

DN

(Z LAY LII\, Vv CoTrIC

845)-velehepy ([ 3 (peatt4-
AC/ treixasigRgetitlio-1-

W%]c%%&%{?n%(%;:e’nc adill

3H ppm 5
nzyl

3253

B34

L-cyclohexyl-
glycine

N-Boc-(35)-
pyrrolidin-3-ol

/

(25)-cyclohexyl({[(35)-3-
(pent-4-en-1-yloxy)pyrrolidin-
1-ylJcarbonyl}amino)acetic
acid

3394
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o The title conmpound was prepared according to the
procedure given for Internediate C9 using
W@ 3e0b1087209 5- net hoxyphenyl ) net hanol (ref: 43 J.P&EUS2007/022460
Chem 599 (2000)). 10 "H NWR (500 MHz) (CDC13) 6 7.13
t1 705 (s, 11-1), 6.87 (s, 1H), 5.14 (s, 2H),

Inter e & , 2.98 (s, 3H ppm Internediate Cl1:
Interm%f‘aféy(tl .( 4—@roﬁloll(-1¥1eﬂ'i§f— thindole-Z-carboxylic acid _

-3-vinylquinolin-2-yT')oxy[-L-prol'ithatée hydrochl ori de

o0l V1 iNO Hd 4 ,\:IZSHStepl

3- Br ono- 7- net hoxygui nol 1-\oxide oN, P Br To a

sol uti on of 3-brono-7-ne) GPebl i ne (2.0 g, 8.40

mol) in DCM (42 L) atBRT, nCPBA (2.9 g, 16.8 nmol)

??Sf or 15 8 gfiion o ELEGRY L HORLfsn SYOREBBATEA U 8. 444 Fimo) in

r
pM st [ r%)egﬁg?th%%%?%gél ﬁgﬁgsﬁrﬁhe r e%dg?? %%%? ﬁgé\@png4 mimol) was

added,pod tglscdutian wab%emﬁmz@f’@ for 7dnodrsDdMe reavtion has ddyted svith EtOAc,

and EAERRS VAT Wit b HAgRcoh» 1) P Sl Delt i oggpnics were

dried oVRENGSSY, tiltB@d &ﬁﬁaéﬁa&ldiﬁeq Wi rBQdde Vi Brified
med o ?sg‘t’ulotn ’pdogg N (MH) & = 354 i i8N ARl on 8102

(gradlmhlUSQ,OWAMﬂ@acﬂmwsm }@elért}mmteﬁnndaaﬂthygaﬁ avhitesdlid.

MeOHAR BT 01 MR kT Pipav 3 43 %2 ¥ e rpaspion of the
ester i 1IfHFRB Qﬂ‘é)é ﬁﬁple@-tb sﬁlnﬁ')r 15 Hotird CTRE dhcion ﬁ}'i_’xtﬁie)w&tcoﬁa_entrated and

mol ) was added. The 5 reaction
the resrduﬁtvmseaawamnsd bﬁtrw@dn FiQbe and 1y HEL | ¢xdracted widuEtOAGRx). The

organi N TP T e R 6 HES B RS On AT AR entrated
to yield 8RitW ddhpdnd bois Whae sed. | TR0 (II\MH)+L@I§1 (Vi) found 254.
254.1. Step 3: 1-t-Butyl 2-nethyl

(2S,4R) - 4-[(3-brono- 7- met hoxygui nolin-2- ly
Interm)eg a%g(@/ rﬂ ﬂromo rﬁj’-mdole 2-carboxylic acid

NH
/—~CO,H

Br

The title compound is commercially available.

Intermediate C3: 8-Bromoimidazo[1.2-alpyridine-2-carboxylic acid

N
Q}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,0,
then re-suspended in absolute EtOH (40 mL) and refluxed for 2 hours. The reaction was
concentrated to remove EtOH, diluted with K;COs,q,) and extracted with DCM (2 x 100 mL).
The DCM extracts were dried over Na;SOy, filtered and concentrated to give a foam (9.2 g). The
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di carboxylate 0111 FINBr O, \N- _COZMe 10 Boc To
a solution of 3-bronp-7-nmethoxyquinolin-2(1H)-one

W@ 200805199 5. 17 mmol ) and 1-t-butyl 2-nethyl PCT/US2007/022460
(28 4S) - 4- {[ (4- br onophenyl ) sul f onyl ] oxy} pyrroli di ne-1,

roum GaThEBNRT Y 1R oad 7S e o T Bl b Bt

for 2 Ut Uhe r¥REos Wak E66led wRﬁOdln@émltmNm (1#@ nfd @ 1703RA) and
portion of 1-t-butyl 2-nethyl (2S,4S)-4

concer{tta(tetl torremroyhidin IHES (it ofmixihak 7 9 ﬂaﬁlelmiw(me wag cmlcchtodb’ﬁ aged for
30 mintéh e s e e whened i D K AES o Bt Bfourm o

ive 700¢t UIrev9an+apeiq. and poured onto a mxture of Et OAc
s an?t H2Q, and-'q?he | ayers were separated. The organic

| ayer was washed with H20 (2x), NaHCO3 (2x) and

Inte brji' [ée;!_dé_begl o.\/elr1 Ng?ancg)ji fj.llltré_re% aqd copcentrat ed.

I catlon.

LRVS (M+H Boc) + = 381. 2,0 I§tep 4: 1-t-Butyl 2-nethyl
(2S,4R) - 4-[ (7- met hoxy -

3-vi nyl gui nol i n-2-yl ) ox 4 ol ne- 1, 2-
di carboxylate \ 1 iN cBr-.CO2Me Boc -57 WD

2008/ 057209 PCT/ US2007/ 022460 To a sol ution of
1-t - butha titye gean ¢ampepnd was prepared in a manner similar to that utilized to prepare

8- bron((ﬁsﬁ’ld]ég})lbyr rfﬂ%ﬂ {n%?_ziazgggg{h?%? {hé/[]? %rtanmmlﬂazQ -aﬂsyrldme -2-

carboﬂylatﬂréﬁwe@lmm1)THARMQ.(8/F+m)i,246 23 mol ) was added.
Pot assi um vinyltrifluoroborate (0.84 g, 6.23 nmol) and

dichloro[1,1'-

IntermBligteth £ B RYL REATRIN AR ﬂgL 8' l adi uln(l 1)
) 5 were then

added, and the reaction ture vvas stl rred at 100C
for 2 hours. The reacti \%r@q'{e was worked up with
Et OAc and H2O, and the | gyers separated. The
organic layer was washBd vvith brine, dried over

\Awggoal pla}eh*ythgal%g%tgg? 8 énol? ?m A a gﬁ@g Iy)d e%gﬁ/évglry a%ded to a

lutioat P @0 RShinkfal Bileh.d tmenimdl ﬁlmﬂﬂ, a80°@wRild under N
soulLRl\/S(l\/ﬁ;IE)I-tBu)1+=373 3510 Stej ) aneer e

The SOMR)L\MaS[s@vreﬁ&rrﬁ%@ymymahQ@mmm fcz3>0| rmsesz]s 2t 25| Theepolution
was co, 1{&%§u " @:%g 5 m%/?)(,'ycl(cierclttg qgﬁllhgn 6t F—%rol 0-6‘,35-'915('6 J)nqgmg&yl)benzene

(8.5 g,%&ﬁ&)qﬁﬁmzmmw el wayth e hrntiodtirred 2t 25°c for 2 hours The
yl ) oxy] pyrrolidine-1, 2-di car boxyl at e g&) 85
reactioprpi{ure waa gueached by pewsingniato 309 ml pf W Clsfmdﬂ(OanIapf ROAC/ELO

while %ﬁ'{] %.hjgﬁéjlﬁ’x&ux-gh’?as e“?(ﬁf‘ééteg Q/l@%bwc%)\&in& %@%?g%ﬁ&t&ée combined

washed with brine, dried over Na,SQOy, filtered, and concentrated. The residue was purified on
S10; (gradient elution, 0-25% EtOAc/hexanes) to yield 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 HClI, and the reaction
mixture was heated to reflux for 12 hours. The reaction mixture was extracted with EtOAc (2x),
combined organics, washed with brine, dried over MgSOy, filtered and concentrated. The title

compound was as a tan solid after crystallizing from hot hexanes (548 mg, 9% yield). 'H NMR

-52-



10

15

20

15 no further purification. LRVS (MtH-tBu)+ = 329. 3.
I nternmedi ate Cl2: Met hyl

W@ 2RBAOF2PY 3- Vi nyI qui nol i n- 2-yl ) oxyl - L- pr ol i nat BCT/US2007/022460
hydr ochl ori de I iINO HA \N~_CO2Me H

(500 MIEATEE S Zé%&f&%?ﬁ*fﬂ%?ﬁ?ﬁf I ISR 44y 08 g7 6 1o, 3.5

3.3(m,3HDr onoqui nol i ne instead of 3-brono-7-met hoxyqui noline
in Step 1. Internediate Cl3: Met hyl
(4R) 4- [(2 chloroqumolln 3-vyl oxy] L-prolinate
1| pri d 1131 . - -

2- chI or oqui noI in-3-ol ~I N I CI oH A suspensi on of
2- chl oroqui nol i ne- 3-boronic (15 g, 72.3 mmol) and
NHAC  (7.16 g, 134 mol N Et 20: H20 (600 L) was
treated dropwi se with ((30% 62 nL, 5 709

mol ). The m xture was §|rred ?or 16 hours, then the
precipitate was filtered, washed wwth H2O and Et 20,

t hen drd gdolatio8fs-Bisiio- Emﬁd&@-zaéaiwx@h& h&di(560 & 2 08 mmol) in
compound (11.5 g, (ES+) mz 180 (M+

DCM Gi5apLp phqnyﬂbcggmmac@.(%&' mgl 4.12 ;1med), copper (I1) acetate ( 57 mg,

417 gl Bfiif O3 Bl od SRR G G G ER T st L,

4.17 rrancqmvelrecaquem oA Fr B5 Kduré, 4hDRixGure Aas ATufeasdith DEM, -fiteted through
CELIT(Ea 3nd1396 fiitratgavaswyashed with ANFECHL(2x) andbiinsoly). aFle greanig layers were

6
aried e St B RG sfnea3 e venihagtey T Cradg mpPria g purified on
SO, (QSYZD@WOSBONDCM/SE@H/H@A@E@) todfeld thﬁmle) comio@ndi KRMSEST
was stirred for 3 hours at 20C, then treated at 0C
(M+H)M2t7ﬁ2 further PPh3 (1.75 g, 6.67 nmol) and DEAD (1.16
g, 6.67 mml). After stirring for 3 hours at

Intermediate C7: 3-Bromo-5-(trifluoromethoxvy)benzyl methanesulfonate

- F
F
F)<0

Br
OMs

Step 1: [3-Bromo-5-(trifluoromethoxy)phenyllmethanol

F

F
F)<O

Br
OH

To a solution of LAH (100 mL, 1M in Et,0, 100 mmol) that had been cooled to
-70°C, a solution of 3-bromo-5-(trifluoromethoxy)benzoic acid (12.0 g, 42.1 mmol) was added
slowly. The mixture was then slowly warmed to RT and stirred overnight. After recooling to
-70°C, the reaction was quenched with H,O (4 mL), 2N NaOH (4 mL), more H,O (8 mL), and
then warmed to RT. The mixture was then filtered through CELITE, MgSQO, was added, and the
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15 20C, the m xture was concentrated, and the residue
was purified on Si2 (15% Et QAc/ petroleum ether) to
wo owoniosi20e he title conpound (5.08 g, 56 % as BCTIB1087/022460
solid. LCMB (ES+) mz 307 (MrH Boc)+. Step 3: Met hyl
. 4R) - 4- [ (,2-chl qr. 0 nol i | ) pxy] - roI|n
mixturt b St e TRRISMER b 3mord iy BaRp IR fite compound as
colorle(s2§;]4BR1\/ﬂS ESZ-(shiey Qqpinol i n-3 20
)oxy]pyrrolldlne 1, 2- dlcarboxylate (8.9 g, 21.9
Step2nﬁfBrpm0ﬁS- aifludiomethox yjbenkyl methanepulignate pr epared at OC.

for 5 TonbeutEEofthe prodt ff?%m#s& PbliAe 42 il @M Tio0 mo),

DIEA @M&L 80 ¢ rhiBl) Fha MECE (38 IS 60T ﬁﬂqoflmeré ah&’édf SIOM‘O% After

volatiles and trituration of the residue with
1 hourahg meaaflfm) wde gourké into KIHS Qoppandreatragted oith D@H%@X)asle combined

organitS Elglgs vt}gﬁqg te t\é\a’aﬁm,‘iﬁ Qgrllefz Gt !%é %A;%@ 8@ %?venp was removed in
vacuo.PEHl¢ 940 thatdpRP 4@9purt iddesSid), 2@ dieddslution, 0- 100% EtOAc/hexanes) to

(2S,4R) -4-[ (2- brorm6metho ui nol i n- 3&D& é
yield thm&%@nmylﬂ)as agglorless al. nitl (B0iMBzp(CDCh) @rﬂb s, 1H), 7.42 (s,

2- Br onp- 6- net hoxygui nol i ne
1H), 7??? lgj %R/Ezywi{’fgw% nolin-2(11f)-one (6.81 g,
38 9 mol ) was carefully added to POBr3 (18.9 g, 66.1
) at 60C and the resulting solution was stirred at
Interm¢dugte G&3-ghipradrphenylpedingZ=gkt i on ni xture was cool ed
and poured onto crushed i and the solid was
collected by filtration, rification of this
mat erial on Si02 (gradien
Et QAc/ petrol eum et her) 10
(4.57 g, 49.3 %9 as a soli
(MtH) +. Step 2:
Step 1{ 3-EK16104-SodeBiA@Ky qui nol i n-3-yl )boronic acid O\l N Br
HO B, OH

3\‘ qrded the title compound

i
a

The title compound was prepared according to the following reference:
35 Heterocycles 151-69 (1993). To a solution of DIPA (3.77 mL, 26.4 mmol) in THF (20 mL)
under N; in a dry ice bath, n-BuLi (10.6 mL, 26.4 mmol) was added. The mixture was stirred in
an ice bath for 20 minutes, then treated dropwise over 10 minutes with a solution of
3-chloropyridine (2.51 mL, 26.4 mmol) in 5 mL THF, keeping the temperature less than -70°C.
The lithiopyndine 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
THF 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% NaHSOj3 and
extracted with ether (150 mL; 3x). The organics were washed with 50 mL each of NaHSOs,
NaHCO3, H;O, and brine. The residue was purified on SiO; (gradient elution, 2-20%
EtOAc/hexanes) to give the title compound (3.35 g, 85% pure). This was then recrystallized
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n-BuLi (1.6 N in hexanes, 14.4 nL, 23.0 mmol) was
added at -78C to a solution of

wWQ2@8051304 et r anet hyl pi peridine (3.11 g, 22.05 P@DUF20071022460
anhydrous THE (59 nl), and the 15 m xture was then

from h\é‘@éﬁf{ g%%fe&ﬁ%ﬁq%ﬁ@b{lé&g @*ﬁl\)glrgtbﬁtft ‘y\g?‘ 886 compound asa
whuel?mm@(rp Spyret RopsyEst” pol+iH)ye 24057 9, 19.17 mmol) in THE

4 m). “After stirring for 1 hour, a solution of

Ste2 -4-phet@lpyridi®?. 05 nmol ) in THE (14 nl) was
added, and the m'xture was iptained at -78C for a
further 2 hours. A mxture HE (14 nml) and H20 (3.5

nm.) was added, then the solu n was warned to -10C,

and treated with 20 H20 (/7 nl) and Et20 (70 niL).

NaOH(aqg.) (1N, 75 nlL) was ed, and the aqueous | ayer

was separated and acidified to pH 4 with HCl(ag.)

( 3N) T sélqieDoisthp bﬁﬁﬁcl\/@@n @der la(lt33§ 3M3 mnkdl R @henydbssitonic acid
onbi ned extracts wer with brine and dried

(827 n@yéﬂ%@f}}%@cﬁu@% e Bﬁléﬁanqlbrﬁa@ QSZ%@a e 8 dP&Bim@el) in dioxane
(10 mljgr F&)zr(%gd? @B? ﬁrﬁaé’ b's%%% g aﬁéled(ifhdgr N2 ?’ﬁ};{@ Psﬁilj)ghx‘é)wa%%tlé?{heated to

|rec sequen

95°C fst Eﬁ)hodr@l\fﬁte(ﬁ&tm eﬁdract&ﬁ ﬁf,lchﬁ(D z(rMHEﬂDAc -T2 JfgAnic layer was dried over

2008/ 057209 PCT/ US20Q7/ 02246Q_ St e(%e
MgSOp. as%hﬁfoé wa%mﬂneﬂm vaeug. dhe gesiqye Was pupified pn §i9: (gradient
elutloné ?fé:d:’/(é g )R/ on%%? BRI e ¥RS AR L QRYoPEs 1 @ .03 g). LRMS
ESI" (W2t 9M2.6- met hoxyqui nol i n-3-yl Yboronic acid (4.64 g,

1@. m’EI and NFMC (3.29 g, 5 61.5 mmol) in Et20 (82
S—t%%cgqéam; 2-0kfter 13 hours, NH4d (3.29 g,

61.5 Ml bo1afich %n)gis%b 1

wer e gjagée%jo andoﬁ%%ﬁgg%frréeé\%a?ﬁéﬁrgrﬂ% for 4 hourCsM( 0mL),
mCPBARNE@50 prge6iSpinmbh waaaddal. | Aft¢redhang theamhdarew ds lextrﬁ’cm;d w1th 10%

s g5 S SRS kb v

solven?%?ssl%ﬂi:b%gﬁ {n_s\;a%go té—%’\/ﬁe ﬂﬁ@'@-ch‘férﬁ -2ptenylpdrfinet5Ride asl@white solid

(230 m SThR)soUd W@Qtltcn(dmseﬁ'edrm ey guhydolde (F.G5 wiL, 11.18 mmol) and heated

o 50 A SRS bl 2 ©
EtOAPexaA&§tdgi¥e P5@m@lof B-dhidrLaphedy FBHHAM-2-y1 acetate, which was dissolved
in MeOH (20 mL), combined with K,COs (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 to yield the

title compound (125 mg). LRMS ESI" (M+H)" 206.1.

Intermediate C9: 5-Bromo-2-chlorobenzyl methanesulfonate

Ci
/CL/ 9
Br 0—§——

(o)

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 mmol) and MsCl (0.49 mL, 6.32 mmol) in DCM (10 mL) were
added at 0°C. Afier 4 hours, the mixture was then extracted with H,O, the organic layer was
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(2S, 4S)-4-{[ (4-Dbronophenyl ) sul fonyl ] oxy}pyrrolidine-1,
2-di carboxylate (8.78 g, 18.9 mmol) 15 and
wWQ2080sM20%6- met hoxyqui nol i n-3-o0l (4.18 g, 16. 45r@mDB3007/622460
NVP (46 rrL) The resulting mxture was stirred at 50C
cool ed and dilute th Et
aried Q2 MEeRE Rt 0t SRe P TR 4t up e 64! Weiuyified on
Si0, (@rﬁdlem dl,-lﬁﬁ‘on , oy, @E@Ae/h@mes)wamtheﬁidetcbaipb@m Afwhite solid

erova of the volatiles gave a residue that was
(1.03 g)uerNM& (590 dH e s He)o B t63dma pHy, B3 G O), 738 48li1Eht 5.27 (s, 2H),
308(el Flbl on, 1-100% Et OAc/ petrol eumether) to give the
%Pt 8Ponpound (5.56 g, 70.2 %. 20 LCMS (ES+) m z
481, 483 (MrH)+. Step 5:
(2- bronD 6- nethoxqu|noI|n 3-y1l) oxy] - 2- (et
' : fonatesol ut i on of

1 t butyl 2 net hyl
(2S,4R)-4-[(2- brono-6-neth xqu nol i n- 3-
yl)oxy] pyrrolidine-1,2-di boxypate (5.01 g, 10.40

mmol ) in HA /di oxane (4 #—vvas 25 prepared at
0C, and the m xture was stirred @t 20C for 40 minutes.
The v ng?tl | es were evapor at

d the res
tritur W%’FP“EPQOW’?(W%E@@&C%{ F‘?Mfﬁ%ﬁ%ér giyen for
Intemﬁh&etwuéaﬁ ;ﬁ%ﬂ&%%%%@éﬂ&%&ﬁ%b’%@@lé @%@{é@%ﬁe'ﬁ? 599 (2000)).

e COITpOUﬂ

' NMR GSOURYIFa} (CRC 1783 6 b, oGy (LIl R I6187-(8- D) 6:49(s, 2H)nd:80 (s,
thoxygar bonyl) pyrrolidiniumchloride (4.34 g) as a
3H)’25(J§I(F’dﬁ%fpﬂnwas used directly in subsequent steps. LCMS
(ES+) m'z 381, 383 (MrH)+. 5 Internediate Cl5:
(28 4R) - 4- [(3 chI oroqw noxal in-2-yl )?xy] 2- (et hoxycar
achiate ’ d i 1qD

L Step 1: 1- t-ButyI 2- methyl .
M@ﬁgp{) 4-[ (3- chl or oqui noxal i n- 2

yl)oxy] pyYrolidine-1,2- dicgthexylate P 1IN CI/ Y- N

O R(S1 N CO2Me 10 Boc [ ution of

3-chl or oqui noxal i n-2-ol (. g, 7.97 mol) and
1-t-butyl 2-nethyl XN

(2S, 4S) - 4- hydr oxypyrrol i di ne-1, 2-di carboxyl ate (2.05
g, 8.37 mol) in THE (180 \was cooled to 0C, then

treated with PPh3 (2.51 g, N %ol ). DIAD (1.86 mi,
9.57 nmol ) was

Step 1: 3-Bromo-7-methoxvyquinoline 1-oxide

O
Br o
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% NaySOj3aq)
and DCM, and the layers were separated. The organic layer was washed with NaHCOs, dried
over MgSO,, filtered and concentrated. The resulting product was used with no further

purification. LRMS (M+H)" =254.2.
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added dropwi se, and the m xture was stirred at 20C for
1 hour. After evaporation of the 15 volatiles, the
wo eaB@seomas purified on Si02 (gradient el uti oPCT/0S200%022460
Et OAc/ petrol eumether) to afford the title conpound
Ste 2( . o LCNS (ES+) 1z 408 (MrH) +. Step 2:

—4~ n- 2-yl)oxy] - 2- (nmet hoxycar
bonyl )pyrrolidiniumchloride_ Aosolution of 1-t-butyl
2-methyl (2S, 4R) - 4-[ (3- ch|og:; i noxal i n- 2-
yl')oxy] pyrrolidine-1,2-di cgroxyl ate (1.05 g, 2.57
mol ) in HA /di oxane (4 § NHL) was 20 prepared at
OC, then stirred for 2 hourg at 20C. The reaction
m xture was concentrated to afford a residue that was
t rit ur’be edolufiomof3-bome 7ahétboxyquineling 1 foxided@Pé1878.03 mmol) in

8 985 \ \ b .
BOA (o3t Langt 66 ko008 Sty BRI TR ¥ 8 3 ShigilhaS aaded. The
reactlogeiﬂlx\/@e 20 81619&? Ai88rosH/abRE0BY 1 § RSt at whihariH® Eﬂeeﬂré‘duct was

collected h)'-ﬁdtrm(ozx apdorash@l with &itQ4ai Mbe selid3wsd Jriedyih vieyor apidiused with no

furthe Sy EROE LRMS G0 aT 2365 ) Yboroni ¢ acid ol N Br S

Step 3HP-s-ButyHndtiA (S, 4 R)24-9(3- @031067 ﬁret%&?@tﬂﬁ&lﬁt@“)@ﬁﬁb%ﬂﬁdme 1.2-
34 g, 9.52 mmol) 1n THE ( n.) ~was cooled to -78C

(1

dicarbexiater eat ed with BuLi (6. 21 rrL 1.6N i n hexanes, 9.93
nmmol ). The m xture was warned.to OC for 30 m nutes,
t hen cool ed back to -78C. 6ution of 2-bromo- 6-
chl oroqui noline (2.01 g, & mol) in THE (6 nL) was
added dropwi se, and the i xfure was 10 stirred for 1
hour. A solution of B(éNb) (0.99 g, 9.52 mmol) in THE
(6 M) was added dropw s> _and the resulting mxture
was mai ntai ned at -78C for s, The reaction was
quenched by addition of a 4:§.m Xture of THF:H20 (7.5
m.), then the m xture was warned to -10C and dil uted
wi t h HP@n seldtieh Qm-bkm-IGaqet)lomeino?ﬁﬁ-Zm}Y) -ovaes(1aiddgs ¢, 17 mmol) and

RS T R T O

(2.0 g3t Mfrﬁ)l)%mﬁ (EKB ‘hﬁ%t eq,on (Q ﬁtgz 8.463R80f) %s‘%ﬁgéf‘ lafid the reaction
phase was wash brine and dried oveéer 2SOA.

mlxwrﬁmvarred)for\ﬂell@urﬂ aééo‘é(f f Andtédhtnohd nort!dneofdeh’pmuhbnaﬁl)& (25,4S)-4-
{[(4- bxg(z)lfllq?hexbyl)sg %Lif ()e(&la%gr(gégl% 1, taggg(yialflebé6@u tqﬁnh? was added,

and thSteaptioh matie WH sBrred hOFPAUWoN 06 hbur- Phe Feabtion mixture was cooled and

poured onto a mixture of EtOAc and H,O, and the layers were separated. The organic layer was

washed with H>O (2x), NaHCOs (2x) and brine, dried over Mg,SQ,, filtered and concentrated.

The product was used with no further purification. LRMS (M+H-Boc)" = 381.2.

Step 4: 1-t-Butyl 2-methyl (25.4R)-4-[(7-methoxy-3-vinylquinolin-2-yloxy]pyrrolidine-1,2-

dicarboxylate



N Br OH 20 A mi xture of

2- br ono- 6- chl oroqui nol i n-3-yl)boronic acid (2.04 g,
wQ@2@%/0s1209 ) and NH4AC (0.71 g, 13.30 mmol) i n BCWUS$2007/022460

m xture of H20: Et20 (55 nL) was treated dropwise wth

%?(Zﬂ%g F‘ﬁ %%?F nggpan%gneltpﬁp%%ﬁé‘f r?’g%ﬁ} ﬁlp@;wa_lyohn -2-

yDoxyYi@liaeac- chhﬁi’ox?laqug ,admafdleih FROHGUNSL), TE&\ (O 87 mL,
oy 5 e

reaction was jud conplete after 48 hours,
6.23 mmol} wasaddsed. Bmasamnefmmntfm@bome (Or8eg, éx 27am mpl)l aenyleiurlchloro [1,1°-

/ 209 PCT/ U
BC i e A e R i%%% hoeal 2 oo
5 were tl‘iéﬁeadﬁ@d ahd k}%sreﬁétfoﬂrrﬂﬁﬂlré %s Et'lﬁédaatqgm 8?9 holuds. 5139: reactlon mixture
3% as a solid VR (300 MHz, DMSO-d6) S 11.41 (s,

was qulq;:d ug wWith Et@Acmﬂﬁ Hz?) 8ad the, lay]ars welg sepadated.1 Hhe ofgagiz l@@r was

washed i bfing (51 oy My hsst R ol bR

purifie@ on S(;@;%léla efufiol, O-ﬁOQﬁEt@KH/ﬂex\éﬂ&) asigierd thetifle §<§ﬁ1ﬁ6\ﬁ‘ﬂ as an oil.

solution of 1-t-butyl 2-nethyl
LRMS(OMS*H@“)& ={-’[7(343L br om)phenyl )suI fonyl ] oxy} pyr rol i dine-1,
2 %) (1.6 0] _

10

(IntemNMPaté (13(131)TL) The resulting m xt ure vvas stl rred at 50C
for 3 hours, then cooled and diluted with Et OAc and
sat ur ah selutioppCtsbaty] - mqth)él (35, gsmdopmg@xmsvmquumohn 2-

yl)oxyip%@r%ﬁalalggﬂ ﬁa?{f)%g 1}"%:]('6 n]? 4{\/{?1%? 1r1dcial{>§2}nggY@ mL) was

stirred QAR E for 7 ROurdl UEhé fb’at:tldiﬁﬁuitﬂlé%slébmtdﬁtl%w 4nd2he Ploduétheds used with
treated with TFA (4.5 nl). The resulting solution was

15 no further puridigatiqyr Ll +H#BW ¢ 32%%d  with saturated
NaHCO3(aqg.). The organic | ayer was separated, washed
with brine and dried over Na2SO4. Filtration and

Interme&iaR\GII2: MV ethRiE(4RY4(3 vas/1@fiiaindBel)bhg-IL-bidlRaktyai¢Albride
(0.67 g, 81 % as a solid that was used directly in
subsequent reactions. LCMSA(RS+) mz 385.0, 387.0
(MtH) +. 15 Internedi ate 2 Met hyl
(4R)-4-[ (3-but-3-en-1- - et hoxyqui noxal i n- 2-yl ) oxyl
-L-prolinate hydrochloride NI \ ~- N 10 HCO HN OO
Step 1. 1-t-Butyl 2-nethyl™
(25 4R) - 4- [ ( 3- but - 3- ent4- yI@r@otz,\hgoxygui noxal i n-2- 20

, 2-di carboxyl ate N N

Intermediate C12 can be prepared according to the procedure described for

20  Intermediate C11 using 3-bromoquinoline instead of 3-bromo-7-methoxyquinoline in Step 1.

Intermediate C13: Methyl (4R)-4-[(2-chloroquinolin-3-yl)oxy]-L-prolinate hydrochloride

N
!

Cl

HCI
Q‘COZMe

H

A
=
0,
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iIN O BcN O O Ethyl 2-oxohex-5-enoate (1.130 g, 7.24
mmol ) and 4- net hoxybenzene-1,2- diamne (1 g, 7.24
woraBps2er e di ssolved in EtOH (24.1 nL), and tPET/US2007/022460
resulting mxture was heated to 50C for 1 hour. The
Step 1 [e was. ¢ _olled and concentrated under reduced
—P—g?eihg%il%—ll@—%&- WO 2008/ 057209 PCT/ US2007/ 022460 give
a solid that was taken up in (18 mM). This
solution was treated with 1- utyl 2-nethyl
(2S, 4S) -4-{[ (4-bronophenyl ) suljf onyl ] oxy} pyrrolidi ne-1,
2-di carboxylate (3.23 g, 679% mmol) and Cs2CO3 (3. 40
g, 10.42 mol ). The resultlnﬁ m xture was stirred at
60C fof s&s%eﬂé?b‘ﬁ of ?—@Hlor& ?rfbhﬁ@@l sdtorB QCH'(HJge)dZ Pininkbl) and NH,CI
Et OAc and HCI1(aq.) . The organic
(7.16 géﬁﬁmdhjlmﬁt@ﬁzﬁb@ﬁ@mw Wérs tfd@ﬂe(dah;opm@dw)th @) 43094, 62 mL,

709 miaPc Thg gl W SR 1§ BoUS B8 (e brEUA i Wiy i, washed with
H,0 aﬁﬁ BELor ﬁleﬁfdnbégmf & &v'a@P,tdg% aPefd fh &fle %Gmﬁ%d(dﬁ}% Pe, 89%). LCMS

c/petroleumether) to give the titl
(ES+)(rmz587@(M1H97¢ as a solid. LCMS (ES+) m{z 458 3 (I\/H—|) +.

pyrrolidine-1,2- d,lcarboxylate

I)oxy] L prol i nat e 10 hyd hl ori de The product of
Step 1 was treated as des ed for Internediate C 15,
Step 2, to afford the ti"il/ compound (98% as a
solid. LCM5S (ES+) mz 388.8 (MtH) +. Internedi ate C18:
Met hy( 4R) - 4- [ ( 2- br onp- 6- methgxy- 1, 5- npht hyri di n-3-yl)o
xy]-L-prolinate ~P O\ N cdfiéf BocN 15 0

2- Br ono- 6- et hoxy- 1, 5- na thyridi ne was treated
according to the procedufe® ®escribed for

I Lat: -2, ,
compoundo i gt 2B b D2 2Pl T bty 2-methy
(25,45%-1214ﬂy|)11bxyﬁﬁ'r¢1m1ﬁ33’-méﬁlédrbm@laﬁe (5.74 g, 23.38 mmol) and PPh; (7.01 g,
26.7 mipg)) MWPH&IWA?%W)W%W & %G nd teaptedydrapwise With@EAD

(4.65 £§6.7 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). After stirring for 3 hours at

20°C, the mixture was concentrated, and the residue was purified on SiO;
(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-chloroquinolin-3-yl)oxy]-L-prolinate hydrochloride
A solution of 1-z-butyl 2-methyl (25,4R)-4-[(2-chloroquinolin-3-

yl)oxy]pyrrolidine-1,2-dicarboxylate (8.9 g, 21.9 mmol) in HCl/dioxane (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
HCl/dioxane (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 (7.19 g, 96%) as a
solid that was used directly in subsequent steps. LCMS (ES+) m/z 307 (M+H)".
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0&, O-1 HC H -65 W 2008/ 057209 PCT/ US2007/ 022460

I ntermedi ate Cl19 can be prepared according to the
wee@sesizoe described for Internmediate Cl4, St epST/USH07/022460

usi ng 3- brono- 2- napht hol instead of

th?'oxyqumol(:'\@-\gl%?()y] -Q’!( meﬁloxycarbonyl)

pyrroh(ig,fﬁmﬂla)ﬁ&l—dg(s Brono- 1, 8- naioht hyri di n-2-yl ) oxyl -
(et hoxycar bonyl )pyrrolidiniumchloride ~ 1 N Br I N

G,, NO- HCO HOStep 1: byl
2- hydroxy- 1, 8- napht hyri di -carboxylate ON ~10 OH
10 A solution of 30 wt% in MOH (27.9 g, 155
mml ) was added to a s8ufion of
2- ami noni coti nal dehyde (5 g;—@#0.9 mol) and di net hyl
mal onate (8.11 g, 61.4 ifmol ico,MbeOH (200 nlL). The
yel | ow suspensi on was sti rre'd for 3 days, and the
ysl S | tered, suspended in H20,
Step 1/ 2B@fio? @He lﬁo”ielth MeOH. The crude product (5.30
g) was taken crude onto the x{ step. MtH = 204.09.
15 Step 2: 2-Hydroxy-1, 8- nahyri di ne- 3- car boxylic
acid N O, NOHOHA mxtmr of the product of Step 1
(5.30 g, 26.0 mmol ) and dr™™@ (3.11 g, 130 nmol) vvere
heated at 65C and stirred in THF/ H20 (20 nL each? or
2 hour&Methpxypwaekn-dhl Fens (€ Sd12 8- 9awaolr) Feas watefully added to POBr3
t
(18.9 %gﬁﬁ dﬁfn% ragéé éio&gi: t?lg a&pﬁmg%gi&ggana‘s Etu‘f@%taiqg ¢ ‘flﬁ«z I RSurs. The

reactiopmostticé wad c@dedand IMtllrbd:orikS On8hed 166, aﬁﬂ)tli’&@ﬁ#d@ﬁe%%ﬁected by
PCT/ US20Q7/ 022460 Step 3
filtratian. B?lgf-ﬁp_aggorsof]tgbq{pﬁypalcgqﬁ@g ggragijent 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-yl)boronic acid

ol

N
|

X
Br Z
Ho™ B oH

n-BuLi (1.6 N in hexanes, 14.4 mL, 23.0 mmol) was added at -78°C to a solution

of 2,2,6,6-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-methoxyquinoline (4.57 g, 19.17 mmol) in THF (14 mL).
After stirmng for 1 hour, a solution of B(OMe); (2.46 mL, 22.05 mmol) in THF (14 mL) was
added, and the mixture was maintained at -78°C for a further 2 hours. A mixture of THF
(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;0 (70 mL). NaOH,q,) (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;0,
and the combined extracts were washed with brine and dried over Na,SQ,. 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 (ES+) m/z 282, 284 (M+H)".
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Br I "INOH A solution of bromne (3.78 g, 23.7 muol)
in pyridine (4 nmL) and DMF (8 nL) was added to the
w@e@dos2oof Step 2 (450 ng, 2.37 nmol) and heaP@mU§1007/022460
105C for 1 hour. The 5 reaction was cool ed; H20 was
Step 329C d & d tthe m xt rg filtered. The filtrate was
x). The organic | ayers washed
with brine and saturated NH4gl(ag.) and dried over
Na2SO4. The sol vent was con rated in vacuo, and the
resulting gumwas triturathedywith DCM and filtered
to give a brown solid (1586 m as desired product. MH
= 224.9. Step 4:
(2S,4R) - 4-[(3-Brono-1, 8- napht hyr|d| n-2-yl) oxy] - 2-(
oxycar d?izyah ) 39V 8@ i8anki 37hmmgl )ms@defbdmawespﬁ%aﬁ@&r@i Solution of
@-oroff ¥R S Bh RS S AAR RIS 6. BB i Sc1 .20,
61.5 nﬁndl) e, 0 (82 ﬁ@%@ﬁ&@dﬁﬁﬂ)ohﬂeﬂ% haﬁfrsONHZCHBng 61.5 mmol) and

uinolin-3-ol. LCM5 (ES) mz 350.4 (M+H)+. 15
H20a. n@Ql/q,%& 84nk, 321ymmol) were added, and the mixture was stirred for 48 hours. The

prec1p1(tgt§w%&oﬂ'ec ﬁrv%{m?dl\gﬁh @P@h Cl-{%?{ rdhgg O ﬁ Yﬂél) %ﬁg{%@le (e klgmpound

ar bonyl pyrrolidinid b

(4.18 gmoei%) asl a@olid tieat maslusddalifegtly aathe bebsegepastep. BCMS HI¥Y m/z 254,
to the procedure described for |Internediate C20,

256 (M%H)ng 4-am noni cotl naI dehyde i nst ead of
) 70 P 4 \

-%o?v]nvrrolidine-l 2-

1carbd)ma medl ate 022
(2S,4R) - 4-[ (3-Brono- 1, 5- napht hyri di n-2-yl ) oxy] - 2- (net h
N

oxycar bonyl) pyrrolidiniumc ide NN Br .4 0,,,
ON HC HO Internedi ate C2~% be prepared
according to the procedure_désgribed for 5

I nt ermedi ate C20, using 5- am soni cot i nal dehyde i nst ead
of 2-am noni coti nal dehydej\ (ES) mz 353.5

( MtH) +. 0~ ~N
COzMe

Cs,CO; (10.7g, 32.9 mmol) was added to a stirred mixture of 1-t-butyl 2-methyl
(28,45)-4- {[(4-bromophenyl)sulfonyl]oxy}pyrrolidine-1,2-dicarboxylate (8.78 g, 18.9 mmol)
and 2-bromo-6-methoxyquinolin-3-ol (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 NaHCOs(,q,), H2O 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 elution, 1-100% EtOAc/petroleum ether) to give the title compound (5.56 g, 70.2 %).
LCMS (ES+) m/z 481, 483 (M+H)".
Step 5: (25.4R)-4-[(2-bromo-6-methoxyquinolin-3-yl)oxy]-2-(methoxycarbonyl)pyrrolidinium

chloride

A solution of 1-z-butyl 2-methyl (2§,4R)-4-[(2-bromo-6-methoxyquinolin-3-
yl)oxy]pyrrolidine-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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I nternedi ate C23:
(2S,4R) - 4-[ (3-brono-1, 7- napht hyri di n- 2- yl
w@z200BAOZR209ret hoxycar bonyl )  pyrrolidi ni um chl or PAEUN00B022460
,,, ~01~ N 10 HCI HO Internedi ate C22 can be

N O
the B GO RPREY SR2SI8 L Ao B e BoP i aky 42 rethaxyparbony)
pyrrolf@ﬁm@m?ﬁldiﬂfé'éx [ofe)] |g?‘§§ slednadgat w4NRBed GFSHyTh Sutkeduént steps. LCMS

(ES+)WR3&B 388 (M:“SEI)- 7-t-Butyl -N-((1R, 2S)-1-{[ (cycl opropyl su

| fonyl am no] carbonyl}- 2-

vi nyl cycl opropyl1Z6, 9-di oxo-3,4,6,7,8,9, 12,13, 14, 15-dec
Interm@aMEY @r52 Hod 4 rhta2 (o RBERANRRYLA-GON Bx $1-2 Kdnkthox ycarbonyl)pyrrolidinium

1,10, 3, 6] di oxadi azacycl ononadeci ne-4-carboxanide iN O
chlorid¢ 0O H- H1 OO0 O 20 0 -68 WO 2008/ 057209

PCT/ US2007/ 022460 Step 1: 1-t-Butyl 2-nethyl
(2S,4R)-4-[(3-bromopyridin yl ) oxyl pyrrolidine-1,2-d
carboxylate 1~ Br N f)'NC®We Boc To a sol ution of
1-t-butyl 2-nethyl oA N

(2S, 4S) - 4-{[ (4- bronophenyl g sul f onyl ] oxy}
pyrrolidine-1,2-dicarboxylafe, (1.718 g, 3.70 mmol) and

3brormpyr|d|n20l (0.773 odvedd mol ) in NVP
(18.50 rrL) uneler N2, Cs2t3 H1.808 g 5 55 mmol ) was
Step 1209 dtl A 8.4 icugpgggrurffo%(ta ok Tiyriolid e -

dicarb lﬁeadded The organic Iayer was then extracted w th
‘—%\5{0—( 3x), NaHCO3 (2x) and brine (2x). The organic

| ayer was dried over MgSO4 nd the sol vent was

renoved i n vacuo.
CIJ\r

O, r

(S)
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 SiO; (gradient elution, 0-70% EtOAc/petroleum ether) to
afford the title compound (2.5 g, 77%). LCMS (ES+) m/z 408 (M+H)".

Step 2: (2S5,4R)-4-[(3-chloroquinoxalin-2-yl)oxy]-2-(methoxycarbonyl)pyrrolidinium chloride

A solution of 1-#-butyl 2-methyl (25,4R)-4-[(3-chloroquinoxalin-2-

yloxy]pyrrolidine-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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The crude product was purified on Si02 (gradient
el ution, 0-40% Et OAc/ hexanes) to yield 1.04 g 10 of
w0 b@stos2be conpound. LRMS ES1+ ( (M Boc) +H) + 30RCRUSHDBM2460
2: 1t Butyl 2-nmet hyl
3 vi

i di 2- di
:‘ : - CIN 0 VA > §5 F—0O --
hvydrodhds: eon of t he product fromStep 1 (1.0 g, 2.49 nmol )
in EEOH (25 nlL), TEA (0.52 niL, 3.74 mmol ), potassium
vinyltrifluoroborate (0.50 @B, 74 mol ) and 15

PdC12( dppf) - DCM conpl ex (N 192 g, 0.125 mmol) were

added. The m xture was thenjheated to reflux for 17

hours. The EtOH was rerfsved in vacuo, taken up in

Et OAc, and washed with HX)__The organic |ayer was

t hen drl ed over MgSH4, and Lﬁ)\a a%l vent was renoved in

vacuo. The crude productawds putified on Si 02

(gradi ent elution, 0-40% Et OAc/ hexanes) to yield 565
Step 1; Bsemﬂmm@nonwnahﬁramnbﬂromcm@ ESI + ( (M Boc) +H) +

249.2. 20 Step 3: Vet hyl

(4R) - 4-[ (3-vinyl pyri di n- 2- yI ] L-prolinate

hydrochloride | N HC \N H A portion of the

product from Step 2 (360gg371. 0 nmol ) was di ssol ved

in 4M HO in dloxane(12g 51.6 mol ). After 1

hour, the solvent was renove in vacuo, Et20 -69 WO

2008/ 0432t ofP 6T 2, DB etrathie i fliper{dift (1134 yy@sS2aaet) in MF (25 mL)
he solyent was renpved in vacuo g%aln to yleld 294

was cagied a4 1 ang treatsdpptinBuLi (R ek LLON - hxane$ .93 mugobp The mixture

Y ° - -6-
was w%rr[e?f%ﬁ ¢ gor 30 rfmu es t eré cool %c}] l;/zchk t% -78°C hy'Ar _scr_lpt\}%rr % 2 E’rﬂso_ 6
chloroe]ulbéliﬁaev(mqu g)$r2|8dnﬁ’u02-m STHFO(6YhE ) -w i a:ddledl dtepwisd, bhd fBe.mixture was
To . a solution_ of the pr oduct from

i 6074
stirrd T napr, Fosplyipn of BIOMDH §0-PhE N o o) T As mikheipdded
t .
o ST SR B AT L b T o
quenc}hadlhy adtiftenmifetdul mivies cfXHREF@(7 8intih), HizO thewhiXth@Acas warmed to
10°C gl d Sith HeF s NFOB oo MbiTo TSR Apd b ihe aqueous
layer wA3GEShrated Qn DEqigel @@plﬁ 4%’&&11&&%%&{@1'@2.; @& Othehfitture was

(gradi ent ution,
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)".

Cl
N
|
Br 7

OH

Step 2: 2-Bromo-6-chloroquinolin-3-ol

A mixture of 2-bromo-6-chloroquinolin-3-yl)boronic acid (2.04 g, 7.11 mmol)
and NH4Cl (0.71 g, 13.30 mmol) in a 1:1 mixture of H,O:Et,O (55 mL) was treated dropwise
with HyO2(aq) (30%, 7.10 mL). The mixture was stirred at 20°C, and further portions of H10204,
(30%, 7.10 mL) were added after 3 hours and after 24 hours. The reactioﬁ was judged complete

after 48 hours, and the mixture was extracted with EtOAc. The organic layer was washed with
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Et OAc/ hexanes) to yield 453 ng of the title conpound.
LRVS ESI + (M+H) + 502. 4. Step 5: Methyl

WO 2345205, 16E) - 7-t - but yl - 6, 9- di oxo- 3, 4, 6, 7, 8, BC/RSH87/122460
4, 15- decahydro- 2H, 11H 2, 5- met hanopy6dol2, 3 - k] |[

brine aillfl]doéﬁ%%%éﬁdl fﬁac g2 ogr%gga} L?{t] 4vo ar bo én?qdothe Yjtle compound
(1. 52g$ @%P&soﬁéb% f‘H‘N‘Mﬁt (I@Bo Mﬁé‘iﬁw%%a% .m‘ iH?nm%[{@'ViH) 7.88 (d, J

the Zhan b catal yst
—89Hazjdélj 76&(£r1HJ,67 So(d; 9= 8.9 élz, tId)actl on vvas concentr at ed
a o the crude prod ct as purified on Si Q2
pxvidepolingleyi o d 396

Vn\?) gg 0%@ ggﬁ 5%8? g?%%?%&@&&g%%zgggﬁ sgé%ﬂo utfchfo -t—517t91 2-methyl

QS, 4S][ zr{ &r@&oﬂ:ﬁﬁ)ﬂ)iuItferBﬂJ]oyy}Iﬁrr@hdlrmdoz chArb(f»xYLa& @, 62% 331,81nmol)

and 2- bri’él B R ang lai‘w!mﬁ%aaibé iaol) hf@@odé@m?'l&- hegesplting
mlxturle w‘a@l stn%d a (I}'O q@Z Ss %eﬁo@@e@a@%i%&%dj}%ﬁ%@?@%& élaﬁ[éated

rom Ste
NaHC63((q3, $hcmbg,anivaﬂa’se(\&a£sepﬁr)1tedmladhzd)\x(1m HA and) brirle Behidbied over
(177 ny, 4.22 ). was added. After hour,. | N HC
NaxSOyp, ﬁﬂﬁ% %vé’rrsmam%éﬁ thervﬁ%atﬂ?sgwe@ rﬁ%@&‘r t%wa‘gasstél&a*ﬂa} B PCM (22
mL) th%ﬂ &chiB® wAGUEOAI$4. 5 Y\ THARSsu Y@%ﬁ%%t%tﬁs Blifos for-ﬁr}ﬁ)ur then diluted
onbi ned organic | ayers were then dried over MgSO4
with saimldtedthé{@Gi(aqenThmamle ayeewas sepacatady wiashedi Wﬂltldbm%amlgined over

NaZSO%]; ghggnotnl z{nlderel%%v lfntgé volfm a":f%rzl-ecg t[}{l; It_l)tfe- corél‘rqggﬁn% (0]69 g,81 %)asa
solid ﬂ(a% R:aéﬁsgd%ﬁe@ﬁ} il sths&?{k}ﬂ reRbtfond RLERS dEdH) e 3ROP! 99N BM+H)*.
fonyl ) am no] car bonyl }
V|ny}clopropyl) 6, 9 di oxo-3,4,6,7,8,9,12, 13, 14, 15- deca

Intenneé{la{e(hﬁ_lﬁl\;ll vyl (4R) u(-1ien _ _____ ethoxyquinoxali : L -prolinate

h dmcﬁl(ﬁﬂeutl on of a port| on of the product from Step 6
ng, 0.218 mml) in DWF (2.2 nL), Internediate Al
(70 ny, 0.26 mmol ), DI EA (O. , 0.65 mmol), and
HATU 15 (108 ng, O0.283 nmolyswere added. After 15
m nutes, the m xture W i oned between Et OAc and

IN HClI . The organic layer wag, separated, dried over
MySO4, and the sol vent #aas \%ermved i n vacuo. The

crude product was purified Si 02 (gradient elution,

- 700
0- 70% e

Step 1: 1-t-Butyl 2-methyl (2S.4R)-4-[(3-but-3-en-1-yl-7-methoxyquinoxalin-2-

yDoxylpyrrolidine-1.2-dicarboxylate

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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Et OAc/ hexanes) to yield 129 ng of the title conmpound.
LRVS ESI+ (MtH) + 672.4. 20 Exanple 2 (2R 4S, 7S, 16

wo ZeosoBuoyl - N- ( (1R 2R)-1-{I (cycl opr op. PCT/US2007/022460
| s~yl ) am nol car bonyl } - 2-

give a g@{‘@%ﬁ%@%ﬂ%ﬁe‘f&é&g\%@gﬂgﬁﬁg_'ﬁ;igscﬁg%@g\:vgs_ &?(ajtelc?w?th 15508 2-methyl
(2S,4S%-1q {E&%o%ﬂoﬁlhééﬁﬁ)l_@dill : ﬁg}ﬂ%ﬁdgﬁﬂﬁ%&%@%ﬁ%qmz@%, b.95! mmol)
and Cs2008 (D 4F 20d).420mmod2 00/ reitrgOomixtere avas stimed atrb03€ far 12 hours and

e Tl 9 BB T o S 8 o
washe@w?tﬁEH@ng] IN) Qaﬁt‘r\até@NliﬁtOﬂ—%z and-bfide m]‘ﬁé )inedi&%aiﬂeér G\k{zg@)‘;) were

was added fter 1 hour, the mxture
concenmsﬁd tp givei & nesde@cmmlmem e ofisdmen thitiwas Pueified gaiSiCa (15%

Eon Gl RB T R o S o AP T35 s (e e

458.3 %NHjﬂ ed on Sl 02 (gr adient elution, 0-70%
QAc/ hexanes) to yield 110 ng of the title conpound.
Step 21 M@thyi#R)- {f-MBH,)ut -3-@yizh-yh 7-mstheopianir®xalin-2 MR oa &l - -prolinate
h droc_! ﬁ_tf Butyl -N-((1R, 2S)-1-{[ (cycl opropyl sul fonyl)am no] c
yl}-2-
vi nLl cmcdﬁsalmwfste lgwailtwﬁ&d%sﬁe&n&@f& Iﬂt%m’lxédlaté C115 8€p2,to
17- dodecahydr o- 2H, 11H- 2, 5- net hanopyri do[ 2 (
afford thegitls, C@}“R@P@d(é‘iﬁ%)ﬁé@ﬁ@héﬂdﬁ%@d@ﬁﬁbm&%%b aHD de | ~ N
ON HNOO NHO OHOO YOOStep 1. Methyl
(2R, 4S,7S)-7-t-butyl -6, 9-di oxo-3,4,6,7,8,9,12, 13, 14, 15
Intermedifite 10180 ad e @ RY-4-[1D brdirhdl & itheth&AH] 3 HapRthbridiat NaNey]-L-prolinate
[ 2, 3-Kk] 11, 10, 3, 6] di oxadi azacycl gnonadeci ne- 4- car box2, 3
-k][1, 10, 3, 6] di oxadi azacycl@fgdeci ne- 4- car box
N

N

)I\(N

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)".

Intermediate C19: (2S,4R)-4-[(3-Bromo-2-naphthyl)oxy]-2-(methoxycarbonyl)pyrrolidinium

chlornide

HCI N
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I~~N O N.CZMe N ON To a solution of a portion of
the product from Exanple 1, Step 5 (200 ng, 0.422

woneB)psi2m0 Et OAc (4.5 L), 10% Pd/ C (22.5 ng, OPOR1S2007/022460
mol ) was added. The mixture was then place under H2,
stirr

ol ass somecitirC B e Ttarobas o g Pofib Foe% e fesblibed for

Interme@iadel €14 STeps 405 u§1fngt3hlﬁ'oh‘1|oti fa Mhd of RMrofaSl6tmethoxyquinolin-
(MrH) + 476.4. -72 WO 2008/ 057209 PCT/ US2007/ 022460

3-0l. EMS (BS) m/z 350.4 (M+H)".
(2R, 4S,7S)-7-t-Butyl -6, 9-di oxo-3,4,6,7,8,9, 12,13, 14, 15
, 16, 17- dodecahydr o- 2H, 11H 2, 5-

Interm@BiaftATAR YRS AR) -4 (33 8 brho 1 B-Ra di\eag)el ononadeci n
e-4-carboxyl1 c aci To a

(methasaycarbpmyl pytrolidimtim ichleridé t he product from Step 1 (190
rrg,040mml)|nTHE 5 ( m), MeOH (1.5 nL) and

H2O (0.75 nmL) Li OHH20 (168 4.0 mol ) was added.
After 1 hour, IN HCl1 and wer e added. The organic
| ayer was separated, ang aqueous | ayer was washed

with Et OAc. The conbi ned ogganic | ayers were then

dri ed over MgSM, and the 0 vePt was renoved in
vacuo to yield 184 ng of thé_h}hr ® conmpound. LRMS ESI +
(M:tH) + 462.3. 10 Step 3¢

Step 1( Tf\@tﬁﬁ 27I§)drng ] %Ur{a%ht'h%ﬁl(n%@ gaﬁ?)o&/la{t@ (cycl opropyl sul f on

yanrno|ycar o
VI nyI cycl opropyl) 6, 9- di oxo- 77436, 7,8,9,12,13, 14, 15, 16
, 17- dodecahydr o- 2H, 11H 2, 5- tlmanopyrl do[2 3-k] [

I 10, 3, 6] di oxadi azacycl onon deci ne- 4- car boxanmi de To a

soI ution of a portion of eYproduct from Step 2 (93
ng, 0.201 mmol) in DV (2Q0M), Internmedi ate Al

(64'5 ?11‘68‘%;1%3&”0 %&@%m%@%gﬂpﬁgl ”BD“FSHS&ddwa

solunc;nrbef 2%1&1%1%09[@%&?@55 ? %Q@%%g)%g'ﬁllﬁgﬂgfmﬁﬁqatkgwg 61.4 mmol)

he organic | ayer "wa eparate ried over
in Me@He(Z&Q)m\[e nfl hwasllow suspomsiori was/siored. forfhdays; anmtbthp ryellioye sohds were

fileredipsepag) Ttk anf e igh SHetime The PRde etadbentido o was
taken drifdorkeSkht A5k, M1 £204.93

Step 2: 2-Hydroxy-1,8-naphthyridine-3-carboxvlic acid

~ N

/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/H,O (20 mL each) for 2 hours. The reaction

o)

was cooled, and the white precipitate filtered and washed with HO and THF. The solids were
dried in vacuo, giving the desired product (4.94 g). M+H = 190.9.
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WD 2008/ 057209 PCT/ US2007/ 022460 Exanple 4

(2R, 4S,7S)-7-t-Butyl -N- ((1R 2R)-1-{1(cycl oprop | sy
wa@bkdosyi2yan nol car bonyl }-2- PCT/US2007/022460

ethylcyclopropyl) 6, 9-di oxo-3,4,6,7,8,9,12, 13, 14, 15, 16

d dr 9o- 2H 2, 5- net hanopyri dol 2, 3-K] j

ononadeC| ne- 4-carboxamde N O
HOO HNHS QUN-O OO Il To a solution of a
portion of the product from fxangple 3, Step 2 (95 nmy,
0.206 mml) in DVF (2.2 nmL)[ Mhtermediate A3 (66 ny,
0.247 mml ), DI EA (0.144 ~#%).82 nmmol), and HATU
(102 ny, 0.268 mol) were ad gd. After 1 hour, the
m xture was partitioned between Et OAc and 1N

or gani A sphyien 0ﬁ/h§m§epé3r W ad3. tmmed) m\pe/rldmmmL)mszMF (8 mL)
was a({dlgg tQ ﬁllre:f)]?cr)]&u&\[\ats St gngdj 532 gﬂfn%)ol mqelbeﬁ{e% ?.}@é‘%dfl of 1 hour. The

reactloﬁt»%fﬂob%‘daﬁ@@)wdsad&écﬁhﬂd Heninarofiltélee. Thé ffratOWROMIfhcted with

LRVS ESI+ (MtH) + 676.4. Exanple 5 15
EtOAq (2r).28he arganic (pRruwashs) wrthmnwan@ sguigteshdHA 14 50 dgied over

2 . 6 cahydro
NaxSQ5” The sdtterk v op B TR IOt Ing Mhusine v s it i
DCM, |a|nd @ lefsAMb jgivrd B10Wn 2olid { IPYIme)Cds Alpsiedgsredit. VX Jl =+ 22400 d
o ONOH ON-~O OStep 1 1t-ButyI 2- methyl

StCD4('§2Sﬂ_4 ) 8 ABAY 4 X \H 1 £ h gl ANXK b}
chlori c)COZI\/e 20 Boc -74 V\D 2008/ 057209
;%CI/USZOOW 022460 To a solution of 1-t-butyl 2-nethyl

(2S, 49ntednisyidteoRYPyunrte! prebanet dccdrding 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-ol. LCMS (ES) m/z 350.4 (M+H)".

Intermediate C21: (25.4R)-4-[(3-Bromo-1,6-naphthyridin-2-yoxy]-2-(methoxycarbonyl)

pyrrolidinium chloride

HCl H 0
Intermediate C21 can be prepared according to the procedure described for
Intermediate C20, using 4-aminonicotinaldehyde instead of 2-aminonicotinaldehyde. LCMS
(ES) m/z 353.5 (M+H)".
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di car boxylate (0.2 g, 0.815 mmol), 2-allyl phenol

(0.117 m., 0.897 mmol), and PPh3 (0.233 g, 0.889
wOor@B572DEAD (0.139 L, 0.881 mml) was added BECT/082007/022460

The m xture was then warnmed to RT. After 23 hours,

mtemfp&}%gezlb%thgl- n .n iy 1e -0|1 s 2 % ,;_ a}/b%crjl 1

pyrrolidigdicBMrige! ution, 0-30% Et OAc/ hexanes) to yield 0.21
g of the title conpound. LRVS ESI+ ((M Boc) +H) +
262.3. Step 2: Methyl NZ I
4R) - 4- (2-al | yl phenoxy) - L- nate hydrochloride HCl N
C2Me H To a portion of [the product fromStep 1 (0.2
g, 0.553 mmol) was adde in 10 dioxane (4M 9.6
m., 38.7 mmol ). After 1 how, the solvent was renoved
in vacuo to yield the titl roguct. LRMS ESI+ (MH) +
262.3. Step 3: Methyl N A
N-[ (hex-5-en-1-yl oxy) cai"‘BonyPI -®-norl eucyl - (4R

_4~y| ) - i . .

ol ut | DA bie 2 Gl fharch achbiging B profeclfe decribed for
Interm@tiate) C20) ubivg S(ahiinohipotinaldehldd @terdlof£2-emBfbn{cdlifaldehyde. LCMS

0.83 mmol ). .DIEA (0.49 nL, 2.76 mol ), and TBTU (0. 267
(ES) g 353.6 W8 Hinol ) were added. After 1 hour, the nixture

was extracted with IN HCL and Et QAc. The organic

| ayer was washed with H20 and brine, and then dried
Intermediate G23S@2.S5.4Rhd-[$Dbromind- 1 Wasaphthgridinel yl)ox Wl (inethand atbogyl)

crude gro,duct was purified on Si02 (gradient elution,

olig) C c/ hexanes) to yield 270 ng of the title

conmpound. LRMS ESI + (MH) + .4. -75 WD 2008/ 057209

PCT/ US2007/ 022460 Step 4:

Met hyl (2R 4S, 7S, 15E/ Z) - 7+

2,13, 14, 17-decahydr o- 2 N

2, 5-met hano- 1, 10, 5, 8- benzogli oxadi azacycl ononadeci ne- 4-

carboxylate O H \N~_COZMe 7 To a solution of a

portion of the product fro 93 (196 ngy, 0.39 mol)

in5 DCE (80 nL), the Zhan 1Ha g¢atal yst (26 ng, 0.039

nmol ) was adde and the m xture was heated to ref]| ux

d

under mtermaginte;C22 oap hegrenarrd acserdingdn thirrosesise deserbafor

. . _ - Th 0o
Intermp gl AR iR e o AR SR et B B AR Cmis
(ES) miy363.5(MeH){.t e conpound as a mixture of olefin

i somers. LRVS ESI+ (M+H)+ 473.3. Step 5: Met hyl

(2R 4S,7S)-7-butyl -6, 9-di oxo-3,4,6,7,8,9,12, 13,14, 15,1

6, 17- dodecahydro- 10

2H, 11H 2, 5- met hano- 1, 10, 5, 8- benzodi oxadi azacycl ononade
Examplerle- 4- car boxyl ate | ~

2R.485.7S.16E)-7-t-Butyl-N-((1R,25)-1- {[(cyclopropylsulfonyl)amino]carbonyl}-2-
vinylcyclopropyl)-6,9-dioxo-3.4,6,7.8.9.12.13.14.15-decahydro-2H,11 H-2.5-methanopyrido[2.3-

+ =

gl -6,9-dioxo-3,4,6,7,8,9,1

k][1,10,3.6]dioxadiazacyclononadecine-4-carboxamide
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0 c?"C2Me ONO O L. To a solution of a portion of
the product fromStep 4 (185 ng, 0.39 mmol) in EtOAc

WO 2@81057209 10% Pd/ C (15 ng, 0.014 nmol ) was addedr/uIive7/022460
m xture was then placed under H2, stirred for 5

Uyl £ gL 4R HopY] o@l E%E:Qte)garboxylate
of the title corrpound Lﬁi}:?ESH (I\/H—|)+ 475 4. Step 6:

(2R, 4S, 7S) - 7-But yl - 6, 9-di 3,4,6,7,8,9,12,13, 14, 15,1
6, 17- dodecahydr o- 2H, 11H?

net hano- 1, 10, 5, 8- benzodi ox& azacycl ononadeci ne-4-carb
oxylic acid I~ \N- _COZH %@Me\(o 76 O

2008/ 057209 PCT/ US2007/ 0224 To a solution of a

Por L o Shefufey BE Py Srama8eRub G- bggr,mg@%@ggg, ijowy)

pyrroliQiﬁ% B.dicirbox ILYRSy, @%‘%ﬁm p‘ahg RB. Hl'oxlﬁg dlﬁ . 7

Et 20 'were added. The ®Brganic ["ayer was arat ,
4.44 rrtnlmﬂ) BcNRUd 8158yek) UI’IMBN\A@Q@@3 . 808 gtmmmﬁh)svmdﬂedleﬁhe

T L A T N TR

+
EtOAct( w&ﬂe%dgwﬁahggﬁggﬁhs thg%m#éedg@%? gi)z((g%%@gNéHcog (2x) and

brine (22). 1Tthelotgdrc Mpﬂ_\«?asjdm@cca/hyMgSOde]lhe solvent was removed in vacuo.

thano 1,10.5.8- benzodj xa ' |.ononadecj
The erfdS Fiogit St A PR SOy FLYE R G CATTEORYES fo Vield 1.04 &
of the 8@¢ é’onl&ou'ﬁﬁ imSlEsrb(ngBo@ngBom of the product from
St ep 0, in DM (15 m),
Step 21 dft@Buﬁ;im- cthyA$28,ARRA-f3-vinylagridind-yl sardlidirmeR2
3.3 mol ), and TBTU (%;:[23, 0. 66 nmol ) wer e added.

After 30 m nutes, the xjue was partitioned between

EtOAc and IN HCl1. The gani c layer was separated,

dried over MgS™, and the %qlvent was renoved in

vacuo. The crude ester was Radp in THE (10 nm),

MeOH (5 nL) and H20 (2 ml) alfed 15 Li OHH20 (80 rTg, 3 3

mol ) was added. After 1 hour, IN HC and

added. Toragolubemafs poiay ef thepsodyspipmt Step | éha 8t 2}&9 mmol) in EtOH

a4 r h
25 mEFHEAD e MBI NS o fr FRBA SR Bofrs mmon an
PdClz(apmevmmw@m\am d, 0.128 eitfol) Wee: sided. eTh@ﬁ@ﬁUfétwmﬁen heated to

reflux \fﬁrt 1ﬂ l'{g)uglss (jﬁ/hpﬂﬁi\él%{r;vgs rperr]n%%gd ?nhga%ggttglgernau%hlsrll E(t(%zsf\/csanlalzv%sﬁ(e:cll\lwuh
H,0. 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-yl)oxy]-L-prolinate hydrochloride

X

x =N

O,

v (P come

H
A portion of the product from Step 2 (360 mg, 1.0 mmol) was dissolved in 4M

HCl in dioxane (12.9 mL, 51.6 mmol). After 1 hour, the solvent was removed in vacuo, Et,0
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5/95) to yield 100 ng of the title conmpound. LRVS ESI +
(MtH) + 570.3. 20 Exanple 6

WO 2R84205) - 7- But yl - N- ( (1R, 2S) - 1- {[ (cycl opr opyPCT/US 0 YD22460
am no] car bonyl } - 2- vi nyl cycl opropyl ) -

(50 mlgﬂﬁadgx(g aﬁgg%sr?g\}e%t ‘%’6 1%%?%&% St Qpaih S ORREAIWIL O i titte

comp@g@zgﬂwggrqg@q_gcIzaqgnadem ne-4-carboxamde I~ O . H
Hs YN Ill 25 T? a solutlon é)f the o

l . 341. , nder N2, car bonyl dii dazol e (13 , 0. 079
OX Y prreRIOU added, and the mixture -77 WD 2008/ 057209
PCT/ US2007/ 022460 stirred %@C for 1 hour.

Cycl opropyl sul fonam de (10 .079 mmol ) and DBU (8
nmg, 0.053 mmvl) were added d the reaction stirred
overni ght (15 hours) at 40C. Thgyeaction was
directly purified by reverse-phage€ceMs omat ography, and
the resulting produgt was~c en%g)at ed in vacuo to
give the title conpound as aov\p?\te solid (24 ng). LRVB
ESI+ (MtH+ 5 673.3. Exanple 7
(2R 4Spq §séi§§% 81%5 R 7ﬁ$m*§t‘$ﬁy§r M3 (ehel . Prdhioly in{DMF (10 mL)
j (cycl oprop m no car bo 2-

was added Yriteyddogbe BWMG xﬁgQL 24 ool 3 DlIE@s ®,72, rﬁL,lQllﬁ;rﬂdl) bid HATU

ydr o- 2 t hano-1, 10, 5, 8-
(550 g AR s AEEL o o ATNLG TS 5 BeSt s A0 ol EX@AC. The
organgayEl‘ FaQvalld Migrao anﬂ)t@le, and then dried over MgSO,. The solvent was
removed in vacuo, and the crude product was purified on SiO; (gradient elution, 0-40%

EtOAc/hexanes) to yield 453 mg of the title compound. LRMS EST" (M+H)" 502 4.
Step 5: Methyl (2R.4S5.7S.16E)-7-t-butyl-6,9-diox0-3.4,6.7.8,9,12,13.14,15-decahydro-2H,11 H-

2.5-methanopyrido[2,3-k][1,10.3,6]dioxadiazacyclononadecine-4-carboxylate

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 SiO; (gradient elution,.

0-45% EtOAc/hexanes) to yield 396 mg of the title compound. LRMS EST" (M+H)" 474.3.
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0 O Prepared according to Exanple 5, Steps 1-4 and 6-7
and Exanple 6 starting from 2-allyl-5-bronophenol in

w@bk@sm®s2h9 2- al | yl phenel in Exanple 5, Stepl. LRVBUESD#022460
(MrH) + 751.3. 15 Exanple 8

151818 4dcahydro-2/,11H-2.5-

methaﬁéﬂWiHSMQ’.’o-@m,;)D)BLG]di@x&i%a@%&or&;rﬂd&iﬂa—ﬁc&b&ﬁ\/lﬂ@acw, 15,16
, 17- dodecahydr o- 2H, 11H 2, 5- net hano-

1, 10, 5, 8- benzodi oxadi azacyc onadeci ne- 4- car boxam de
Br oo OO H11 OO NH~ OO 20 To a

sol ution of the product’ fromExanple 7 (280 ng, 0.373
mmol ) in EtOAc (15 ni){_was ac[d’gg Pd/C (30 ng). The

m xture was then placed\undgr nA2¢&nd stirred for 4
hours. After filtering @ mud*bgl ass wool, the

sol vent was renoved in vaguoito yield 280 'ng of the
title conpound. LRV ESl+ (MiH)+ 755.3. -78 WO

2008/ 2 9pd E?&f&? ¢ ﬁ?&&%ﬁ Q65 %auct BOR! Siep's (208 M2 42 mmol) in THF
(1.5 mL;,FM&BzH (1Js{r[1L)::mzl 50 (Y3 &) DIOH- H@tm(mvz Bal HoPynolPwas added.

et hyl cycl opr op -6, 9-di oxo-3,4,6,7,8,9,12, 13, 14, 15, 16
After 1 Iio;urdgﬁ grl%; Hegpladﬂe(é The,pi2ARA é,ayegwas separated, and the aqueous

layer véﬁw%?e%wgﬁ ﬁﬁ%‘ ogﬁgl ﬁ%ﬁlﬁ‘n\é&l g&ﬂﬁqgﬁ% Q/%reélthgr?agé)cf(m ﬂfgSO‘;, and

the solvent was removed in vacuo to yield 194 mg of the title compound. LRMS ESI" (M+H)"
460.3.

Step 7: (2R.48,7S,16E)-7-t-Butyl-N-((1R,25)-1-{[(cyclopropylsulfonyl)amino]carbonyl}-2-
vinylcyclopropyl)-6.9-dioxo-3.4,6,7.8.9,12,13,14,15-decahydro-2H,11H-2,5-methanopyrido[2,3-

k][1,10.3,6]dioxadiazacyclononadecine-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 mL, 0.65 mmol), and HATU
(108 mg, 0.283 mmol) were added. After 15 minutes, the mixture was partitioned between
EtOAc and IN HCI. The organic layer was separated, dried over MgSQys, 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 ESI" (M+H)" 672.4.

Example 2
(2R.4S5,7S.16E)-7-t-Butyl-N-((1R 2R)-1-{[(cyclopropylsulfonyl)amino]carbonyl}-2-
ethylcyclopropyh-6.9-dioxo-3.4.6.7,8.9.12.13.14,15-decahydro-2H,11H-2.5-methanopyrido[2,3-

k][1,10.3.6]dioxadiazacyclononadecine-4-carboxamide
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O N To a solution of the product from Exanple 8 (25

nmg, 0.033 mmol) in DMV (3 nL) and H20 (0.5 nlL),
w8209 3. 9 ng, 0.033 mmol ), Pd2(dba)3 (3 rrgPCB(U82007/022460

nol ), and DPPF (1 8 nmg, 3.3 nol) mere added under

h h '
The mi k¢ BsGubiBZof aafrieh o B etb it omIRanins F: 28 §§9°’0 me,
0.196 IRYdt) rnqamma@ Iﬁt%mﬁ@amg t«;o(g@ mg/ 'O%ﬁp nhhsqtmlme(o 137 mL,

ound. LRMS
0.78 n(rngf 284 FAYTU (97 Bt . BSNr(rmoiRvasR)ddtd{ Afey & hopr, Sysyhistire wvas

|
partiti el BERYER SADRR A N BCH: Thecoranip faay pessseparstes, drieg qusr MeSOs,
and thésdident 5va$ Gerhdvedar SaalY dnR-cAlidelpkbivkt Yas purlﬁed on SlOi (gradlent

met hano-1, 10, 5, 8- benzodi oxadi azacvcl ononadeci ne-4-carb

elutiory Rzt %el EtOec/hexatnesmg vie®E 0 ingyof theditlaampoundy BRMSESD (M+H)"
solution of the product from Exanple 8 (20 ng, 0.027
mrol ) in dioxane (1.75 nmL), phenyl boronic acid (9.7

ng, 0.08 mmol), Cs2CAB (21 ngy, 0.064 mmol ) Pd2(dba)3

20 (2.4 ng, 2.6 nol), and PCy3 (1.1 ng, 3.9 nol) were
Exmnﬂﬂd%d under N2. The m xture was then heated to 95C for

674.4.

vmylcwnnbrepﬂwmoamo 3L4RB/$ 8@81 2+13( Mrw T6 IS:kioéecahV&oml 11H-2,5-
2008/057209 PCT/USZOO7/022460 Exanple 11

methanopyrige{2 7103l dipxadipzac ygtorpmade gibPXARIERY | sul f on
yl)an1no]carbon [1}-2-
et hyl cycl oprop_yl ) -6, 9-
6, 17- dodecahydr o- 2H,[1T
1, 10, 5, 8- benzodi ox dlaza8z§%§$9ngﬂeglne 4- car boxam de

N 00 00 N /g O-H ion of the
product from Exanpl e mol) in THE (5
m.) and 2N HOAc (5 , so%ll um dcetate (34 ng, 0.42
mmol ) and 10% Pd/ C (2 ngﬂ\mere added.

Step 1: Methyl (2R,48,75)-7-t-butyl-6.9-diox0-3.4.6.7.8.9.12.13.14.15.16.17-dodecahydro-
2H.11H-2 5-methanopyridof2.3-k][1,10.3.6]dioxadiazacyclononadecine-4-carboxylate

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 H,, 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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The m xture was then hydrogenated on a PARR appar at us

for 18 hours. The m xture was then filtered, basified
WowRaR/05aebCO3, and extracted with Et OAc. After PCHUSZYP07/022460

over NgSO4 the 10 sol vent was renoved in vacuo. The

%H 11H-2,5-

: ' o ‘0 %Y
metha&bvﬁabms kﬂ‘? 1@Bmmucﬁmcmmd&€c@fm Em%oﬂmraem iate B
INnternmedl ates I n p ace of I nternedli ate B4 or

I nternedi ate B5, and appropfi

hydr oxyl - heterocycle in

or 2-allyl phenol, the foll owng corrpounds wer e

prepared, using the 1 approqrggte I nt er nedi at es

according to the procedyres, et ed. For each

Exanple, Step 1 of the @Zq;e uses either phenol

or hydroxyl heterocycle a di cated. Ex. Structure

Name LRMS Procedure Step 1 I t. 13

(1R 2 5 -0 :

ity S% oF scéll{lgé%?f é‘&;rﬁ N oi_'( the%icgd#g} g’@xgl %?%LQQOI mg, (%0 mmol) in THF

(1.5 mB) 4\/1&)1?1 (8 SQnE)l@ImZHiQ(mﬂﬁ ﬂﬂQ Lp@HAHIQ (168 mg, 4.0 mmol) was added. After

lhour IH Wt e oants réEt h? § oalte]d ’ar? t%e queous layer
ol o bl BRSPS ayer ¥as sqpagated, andthe a

was w§s‘l‘1€é1 Q‘i’tﬁtEﬁ‘t%‘E' %co&blne&l'o}gﬁﬁmpé’ﬂs}x@% fRe) dged overM SOy, and the
vi nyl cycl opropane carboxylic acid -80 WO 2008/ 0%7209

solvenP@a$ t¢8RO6F [0aR46 0o Fixld Bdrmgofithe titkerrompRvE]. FLRMEESE (M+H)"
4623Step 1iInt. 14 (2R 4S,7S)-7-butyl-N- 735.5 See
2-allyl-5- Bl ((IR 2S)-1- Exanple 6 phenyl
Step 3{ m:ys bspmm;awmmdsb lpthoproﬂM@ﬁbﬂﬁlaﬁﬁhb}%ﬁbﬂohvﬂ 22-
0 s--Q vinylcyclopropyl)-6,9- 2,548, 704 N
vmylcwlwromylm& dimgﬁél@_,ﬁtﬁmw 14,15,16.17-dodecahydro-2H.11H-2.5-
16 dode&:ah dro- H 2, 5-

Toa solutlon of a portion of the product from Step 2 (93 mg, 0.201 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 HCI. The organic layer was separated, dried over MgSQOy, 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.
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carboxam de 16 (8R I CS, 13S, 22E)-13-t- 721.4 See
1-brono-2- Bll butyl-N((1R 2S)-1- Exanple 1 naphthol
wd@ pqospsizopr opyl sul fonyl) 0 o am no] car bonyl } - PET/US2007/022460
vi nyl cycl opropyl )-12,15 HHN o ~
dllgoxo 9,10, 12, 13, 14, 15 y "~0o H~
Example 419 50 21-decahydro- 0 i~ 8H, 17H 8, 11 net hanonapht ho
2R 48 2 Y- kButyl-A-A0R 3RE] - {Wcoeqaﬁdoa;laulf&dmaﬁﬁme&s&ﬂmzl0
car boxam de_ 17 (2R 45 7S, 16E) - 7/-t-butyl- 722.5 See
propyl)-819 -3 4143 2113, B Eif 7-odpspah1‘¢§ir0-t2HQllH-2,5-

0o .
1 -4 carboxamlde

Vi nyI cycl opropyl )-6, 9- em 175 Q—H\I— "tH"
di oxo-3,4,6,7,8,9,12, (12085). 0 0 /

13, 14, 15- decahydro 2H 1 2,5- nethano[ 1, 10, 3, 6]
di oxadi azacycl o n adec:lcho 11, 12-Db]

ui nol i ne- 4- car boxaqgi 8 \(2R! 4 7§ )-7- 748.7 See
3-bromo B 16 cycl oh xyhrNN(( R OF anple 1

qui nolin-2- "" {[(cff’ suI ony?) ol. Ref: 70
0,. o am no] car bonyl }02
vi nyl cycl opr opyl ) - 6, 6I\em 175 HI\IO HN H o

9010 o oo chE e e s
0.206 ﬂnmr)adlmwac(y ClrabR Miterngk@igdt® AB (84 mk2 0 RUAwM6t), DIEA (0.144 mL,
0.82 mér‘rno%)arar?c(ij ﬁin]lU (102 mg, 0.268 mmol) were added. After 1 hour, the mixture was
partitioned between EtOAc and 1IN HCI. The organic layer was separated, dried over MgSQOs,
and the solvent was removed in vacuo. The crude product was purified on SiO, (gradient
elution, 0-70% EtOAc/hexanes) to yield 106 mg of the title compound. LRMS ESI" (M+H)"

676.4.

Example 5

(1R.25)-1-({[(2R.45,75)-7-Butyl-6,9-diox0-3.,4,6,7.8,9,12,13,14.15,16,17-dodecahydro-2H,11H-

2.5-methano-1,10,5,8-benzodioxadiazacyclononadecin-4-yl]carbonyl} amino)-2-

vinylcyclopropanecarboxylic acid
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-81 WO 2008/ 057209 PCT/ US2007/ 022460 Ex. Structure
Name LRVMS Procedure Step 1 Int. 19 (2R 4S,7S, 15E)-7-

wQ 2008653ee 3-bronmp Bl7 cycl ohexyl - N ((1R, 2S) - BET/US2007/022460
Exarrpl el qui nolin-2 1" {[(cyclopropylsulfonyl) ol.

vi nyt chet SRR CEbUST ol (25457 Rhyaronypyrolidine-1.2-

d Y 1 R my, oD, 44dPHh; (0.233
om0, 05T B 21, 1 i, B, 0255

0.889 mnwk)a@il?a’&é@x t3 ad8t mmolp MS aticnsdbt} aiﬁ nBhe mixture was then warmed

to RT. %%éer%a]?ogﬁsem ref{étl(%?lxégssféjsﬂp ete élggl%ei Sé) %&ﬁflﬁ%ﬁ%}%eg in'vacuo. The

crude ;{rbﬁlmt a8 ?hﬁﬁ&’d & chmzwa)dléak eluFfSIfl 0- ?@% EtOAcihexa@fEsy¥lyield 0.21 g of
carb

the tltlvpmp@y@ d;RMsﬁST* ((h/IzBle+H)}1a6a3175 "
step 25 MER1¥h 204 03 3] : i

al1y1g -_La ale ; 14€
!‘-PU!'! C <

met hano[ 1, 10 3 6] di oxadi acycl o nonadeC|no[ 11,12

b] U|noI|ne 4- carboxan1 e N

(2R 4S, 7S, 16E) - 7-1t - butyl 72.4 See 2-bronp Bll

N-((1R 2S)-1- Exanple | per-B{
[(cycl opropyl sul fonyl) of,, N~ ~c€me ~ am no] car bonyl}-2
O, 0 vinylcyclopropyl 6, 9-

To a portion of the product from Step 1 (0.2 g, 0.553 mmol) was added HCl in

dioxane (4M, 9.6 mL, 38.7 mmol). After 1 hour, the solvent was removed in vacuo to yield the
title product. LRMS ESI" (M+H)" 262.3.
Step 3: Methyl N-[(hex-5-en-1-yloxy)carbonyl]-L-norleucyl-(4R)-4-(2-allylphenoxy)-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 MgSQO4. The solvent was
removed in vacuo, and the crude product was purified on SiO, (gradient elution, 5-40%

EtOAc/hexanes) to yield 270 mg of the title compound. LRMS ESI" (M+H)" 501.4.
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0 dioxo-3,4,6,7,8,9,12, 13, 14, 15-decahydro
2H, 11 H -2, 5- net hanopyri do[ 3, 2- K]

W 20080529%] di oxadi aza cycl ononadeci ne-4 car boREIUS07/022460
22 H 0 (2R 4S 7S, 16E) 7-t-butyl- 672.4 See 3-brono

Step 4B tol El 1 .?A b S}- "|6e7§93§.d4p 'Pdecah dro-2H.11H-

2.5- mamd@onyd) 58- be%zdhbkd}ilazﬁbmdr@ﬁﬁdiéaﬁfewyérb@mm@] ~ H
carbonylP 6,9-dioxo- 0 3,4,6,7,8,9,12,13, 14, 15-

decahydro-ZH, 11H 2, 5- neth pyrido[4,3-k]

[1, 10, 3, 6] di oxadi aza deci n-19-i um
trifluoroacetate -82\WD 2008/057209 PCT/ US2007/ 022460

Ex. Structure Nanme LR Proce e Step 1Int. 23 Ph

(2R, 4S, 7S, 16E) - 7-t - but yl &KY%r 0- 4- B11

N-( (1R, 25)-1- Exanple 1 atrem*e {

[ (cycl opropyl sul fonyl) py?i d| -2- H1-N;x H

am no] car bonyl }-2- of y" | cycl opropyl)-6,9

di oxo-1 8-phenyl - 3,4,6,7, 8, 9 12 13, 14, 15-

decahyBe asolution pf azp@ﬂmepﬁmoqwiuwﬁpm Sep kY196 mg, 0 39 mmol) in

DCE (%0 qu)?fhg]ﬁllar? 18 gelltalzygt (28){1? l, %%B%Ir%gf) "Was %d(?ead; gr(l)ci( ﬁlle mixture was heated

to reflux under N,. After 2 hours, the reaction was concentrated in vacuo, and the crude product

was purified on SiO; (gradient elution, 10-60% EtOAc/hexanes) to yield 185 mg of the title
compound as a mixture of olefin isomers. LRMS ESI" (M+H)" 473.3.
Step 5: Methyl (2R.4S.75)-7-butyl-6,9-diox0-3.4,6.7,8.9,12,13,14,15,16,17-dodecahydro-

2H.11H-2.5-methano-1,10.5,8-benzodioxadiazacyclononadecine-4-carboxylate

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
H,, stirred for 5 hours, and filtered through a pad of glass wool. The solvent was then removed
in vacuo to yield 158 mg of the title compound. LRMS ESI' (M+H)" 475.4.
Step 6: (2R.4S.7S)-7-Butyl-6,9-dioxo-3.4,6,7,8,9,12,13,14,15.16,17-dodecahydro-2H,11H-2,5-

methano-1,10,5.8-benzodioxadiazacyclononadecine-4-carboxvlic acid
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25

Exanple 24 (1 R 2S)-1-(

{[ (4R, 6S, 9S, 16E) - 9- Butyl - 8, 11- di oxo- 3, 12- di oxa-7, 10-
waoelc@sasnicycl of PCT/US2007/022460

16. 3. 1. 14 7]tricosa 1(22) 16, 18, 20-tetraen-6-yl | car bon

%l)l Q} N~a'?] %l_ ﬁ@S 13{1 E %rrg 1{% Car te@gﬁg%ﬂ?)c'(%gmmol) in THF
(10mL)2§46tm (ému)%na @get(gmy)l LN IR0 9|n'1€'3r39milno¥)‘\déscﬁ'a@d)xAﬁer

To a solution o butyl "2-nmet hyl

1 hour ETS,HKFi)and Ht;QJ mr@mdpd olhelprgenic 1ay2r $0s dépaeatéhryd thequeous layer

s il 7, TR AL OBTEIL i 32l OG0BSR5,
solvent &g&rdﬂi&leﬁ zﬂ\’aécu@d@ oft1@t 50¥he oﬁﬂe&[tle?co%ﬁ%%nd Ef RS BRE (M+H)"

, and the m xture was extracted with IN HCl and
461.4.t hen H20, The organic |ayer was dried over Na2SO4,

vmylcmmxgpmm 02AnGEid Step 2: 1-t- - But yI
2S, :
benzy1 ] 04 T3P BF# B¥in of tuegrodyeh fom Sigp & (50 mey G218 mmol) in
DMF (ﬁg naLpI B IFRtS AZL(II?_S)ﬂlgO() 66 Iﬂﬁn&b QDEA (0.595MEL BB ndmél,-#hd TBTU
03 mmol ) in PhMe é V|nyltr|butit|n 1.06
(214 n*,xgz 0. 6§ lgmoﬁmﬁry a@\dﬁg Peftep ﬂgl)mut@sz,ohﬁgnxtgreoﬁasm@ﬂpt)o petween EtOAc
and “ﬁour Tlﬂ% or%'lac wa% s%%at%c? ed?leg %%reﬁﬁg&’r af Itliljehsoflvent was, removed

was rerm\ied I'n vac

in vach®! Bliid @ldeesterpudsitiketthpdn THIOA 0(rgL R MM (8 il iafd H,86-(2@%) and
Et OAc/ hexanes) to yield 700 ng of the title conmpound.
LiOH Hafge8@me:- 3 3(tvmpbyasidfded eftgr. Tlmuspl g HCl and Et,O were added. The

I
s SBLAALASALE A BB M B Ry g o
organiSlBRrsdvéré Yenndied bvBMEBOI, indvie seldadwiiedvek anRick@O0The crude
m,
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.

2- et hyl

Example 6
(2R .485.75)-7-Butyl-N-((1R.25)-1-{[(cyclopropylsulfonyl)amino]carbonyl}-2-vinylcyclopropyl)-
6,9-d10x0-3.4,6,7.8.9,12.13.14,15.16,17-dodecahydro-2H.11H-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 N, carbonyldiimidazole (13 mg, 0.079 mmol) was added, and the mixture

-77 -



10

15

20

AM 60 mmol ). After 1 hour, the solvent was renoved in
vacuo to yield 575 ng of the title conpound. LRVS

WE3Ds/0§7pH) + 262.3 Step 4: Methyl N PCT/US2007/022460
[ (pent-4-en-1-yl oxy)carbonyl|-L-norleucyl-(4R)-4-[(3-v

i ' I - |- li.pnate. O N ONONNN!
sirred g 4R B o CrcTomBp ooy ieida g S99 o s Dt s me
0.053 RFRI) wér 184, GRd fﬂe)reactibﬂ%@ﬁé@%e@ﬁi%h%%%@%@x%) B30°¢&. The reaction
mmol), D EA (0.702 ni, 4.03 mmol), (386 ngy, 2.01
was diraetly purifieriby-@Aers¢-phdscrohromatograpims lahd thsrresudidiproduct WRs
concei i 3Bt O 35l S o el AT Rt ey

673.3.1 ayers were 20 extracted with H20 and then brine,
dried over Na2SO4, and the solvent was renoved in
vacuo. The residue was purified on Si 02 (gradient
Examella%i on, 5-75% Et OAc/ hexanes) to yield the title
REfpound. LRVS ESI+ (M+H) + 487.4. -84 WD 2008/ 057209
(2R 4SPSTY 3852008/ oR7R 28 But yRINER 1 R 2.8)-1- {[ (cyclopropylsulfonyl)amino]carbonyl}-2-
Met hy( 4R, 65, 95, 16E) - 9-but yI -8, 11-di oxo- 3, 12-di oxa- 7, 10
vinylcyiileprapyl)-6yPedioko-3at.R7.8.9112,13114.17-decahydro-2H,11 H-2.5-methano-1,10,5.8-
.ricosa-1(22 6, 18, 20; t et r.aene- 6-carboxylate 0 HO
benzo@’fé&@%ve&%}%&emﬁ:%%‘%%ﬁ%ound was prepar ed
according to Exanple 1, r 5 using the 5 product
fromStep 4. LRVS ESI + + 459.4. Step 6:
(4R, 6S, 9S, 16E) - 9- But'yl - 8,1 1-di oxo- 3, 12- di oxa- 7, 10- di az
atricyclo [ 16.3. 114" 7l tri 0o o
1(22), 16, 18, 20-tetragne-6 Ve
N,,~N O~ O OH To a%sokut ijonoof L
5 (160 my, 0.35 mmol) mjﬁ@(s and 10 MeCOH (0.5
n), LiOH (3.49 ni, 1f1 sefution, 3.49 mml) was added.
After 1 hour, the solution was acidified to pH 6 with
| N HC Prgpate@aeaosdingtd BxanplE&d (Pepy BA)and $hkansiofasimpdel 6 starting from

2l PRhegpe R Ra Bt A PRroLln Brae o tep LMY B vave

751.3.vacuo to yield the title conmpound. LRVS ESI + (M+-H) +
445. 4.

Example 8
(2R.4S5,75)-20-Bromo-7-t-butyl-N-((1R.2R)-1-{[(cyclopropylsulfonyl)amino]carbonyl}-2-
ethylcyclopropyl)-6,9-dioxo-3,4,6,7.8.9.12.13.14.15,16.17-dodecahydro-2H,1 1 H-2.5-methano-

1.1 O,5,8-benzodioxadiazacyclononadecine-4-carboxamide

Br

0,
(I P
anYg o © \QLH °
° A
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 -



5

10

15

20

Step7: (1R 2S)-1-({[(4R 6S, 9S, 16
-9-Butyl -8, 11-di oxo- 3, 12-di oxa-7, 10 15
walr@sasnicycl o[ 16. 3. 1. 14" 7l tri cosa- 1(22), 16, 18PCDUSHNT/22460

en-6-yl | carbonyl } am no) - 2- vi nyl cycl opr opanecar boxylic
acid Using the product from Step 6, the title conpound
was prepared according to Exanple 5, Step 7. LRVMB

Exampielot (MrH) + 554.4. -85 WO 2008/ 057209

CT/ U82007/822460 Exanpl e 25 SlR 28) 11 (1;

b ol f D ._ nyL)a f

1,10 5@Lﬁe@\ems@dmamwhh@ecaﬁmc&boﬁnqdé}N N 0 o A, o
NH OH'5 Step I 2-(TrimethylsiTyl) et hyl

(4R) - 4-[(3-vinyl benzyl) @NL-prolinate hydrochloride
O i0HAd HO-TM 1-t-butyl
2-[2-(trimethylsilyl)ethyl]

(2S, 4R) - 4- hydr oxyp rroI i d’ 1, 29 d?_ar boxyl ate, the
title conpound was pre to Exarrpl e 24,
Steps 1-3. LRWB ESIG 10 Step 2

f

2-(Trinethy|si|y|)eth
(pent - 4-en-1-yl oxy, ) carbonyl | - L- nor | eucyl - (4R) - 4-

f
( 3- i %}saﬁ{*&%&@tﬂéél&dluc &h'E}%%gleos (2@{:1%% Nﬁl)3t3|'\igﬂlol)%w

r om )
A3 mLﬁmﬂﬁwwEﬂ\S?i)PZﬂﬁN)ﬁcﬂ %lmgoﬁ @Bmmm Prdx(@bm); €3 B, 3 Styayol), and
DPPF (1.8 mg, 3.3 pmol) werei_gddeg under N;. The mixture was then heated to 120°C for
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.48.75)-7-t-Butyl-N-((1R 2R)-1-{[(cyclopropylsulfonyl)amino]carbonyl }-2-
ethylcyclopropyl)-6,9-dioxo-20-phenyl-3.4,6.7.8,9.12,13.14,15,16.17-dodecahydro-2H,1 1 H-2,5-

methano-1,10,5,8-benzodioxadiazacyclononadecine-4-carboxamide

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; (21 mg, 0.064 mmol) Pd,(dba);
(2.4 mg, 2.6 pmol), and PCy; (1.1 mg, 3.9 pmol) were added under N,. The mixture was then
heated to 95°C for 9 hours. The mixture was then filtered and then purified by reverse-phase

chromatography to yield the title compound. LRMS ESI" (M+H)" 751 .4.

-79 -



10

15

-86 WD 2008/ 057209 PCT/ US2007/ 022460 Step 3:
2-(Trimethylsilyl)ethyl
W@ 2@8/03R994.8, 20-t et raene- 6- carboxylate 0 Otr PCINUS200M022460
0 ~O TM5 Using the product fromStep 2, the title
ound was prepared according to 5 Exanple 24, Step
Examgle oy £g) + (MrH) + 545. 4. Step 4:

(2R, 4.5'2756 it/ i@k 2R)-8t fidéhclopropylsulfonyl)aminolcarbonyl}-2-
R, 65, 95) - 9-but yl - 38, 11-di oxo- 5, 1Z2-di oxa- 7, 10-

MLLQMM&QM 1A 173114 15.16.17-dodecahydro-2H.11H-2.5-methano-
I carhgxylate 0 0 Ofr HO
PRAS154¢ YO ONORANELING PEIH St ep 3, the title
conpound was prepared a rdlng to 10 Exanple 3, Step

1. LRVS ESI + (MHH) + 5473 Step 5:

(4R, 6S, 9S) - 9- But yl - 8, di @xo- 3, 12-di oxa-7, 10-di azatri
cyclo[16.3.1.14" 71t ri
1(22), 18, 20-tri ene-
OCH 2-(Trimethylsilyl) g% e
(4R, 6S,9S)-9-butyl -8, 110 xo 3, 2- di oxa- 7,10 15
diazatricyclo[16 3.1. 14 7 ricosd-1(22), 18,20-triene-6

- b 0.11
( gar13$ lﬁmg of t?}? Pmﬁiuphﬁ%mﬁgQa@pTes%aiég)o @wﬁdga HF (5 mL)
and 2N mcsesl rHL) eadlefn dcbGite (@m@@mzfmm)%hano% PoHELE "rng? were added.

hours, the solvent was renbved in vacuo to yield
The mbitereavas ¢hﬁnﬂmdmgeaatedi on @iPARR mpmaraEas jor (1 R'Ihlel)nﬂs AXe ngxturgWas then

ﬁltere&l,\fgaiz ?%% { O CT/ &J g)%t(r)a% e/dO\%%ﬁ‘r EPOAE:S t X%er drying ove1$MgSO4, the
solvent %@#&ﬁﬁve@ nihlac%ome %sﬂ&e%z@éﬁhﬁe& By gé@?s‘étﬁ"h'a@&ir&hﬁt@gﬁphy to

tricosa-1( trien-6-yll carbonyl}
wcmthmﬁﬂ@?@ﬁpmnﬂyﬂé@dﬁ&ﬁfdﬂ&ﬂﬁbéﬁﬁdxyl|c acid Using the

22 22?31%%858% hSeta%Brop’na ehperocedures n&?rlc’l){)]nat\/\%sm{%rrng(%ates in place of

Intermediate B4 or Intermediate B5, and appropriate phenol or hydroxyl-heterocycle in place of

3-bromopyridin-2-ol or 2-allylphenol, the following compounds were prepared, using the
appropriate Intermediates according to the procedures indicated. For each Example, Step 1 of

the procedure uses either phenol or hydroxyl heterocycle as indicated.

Ex.

Structure Name LRMS Procedure Step 1 Int.
(M+H)"

13

(1R,25)-1-({[(2R,4S,75)-7- 632.4 See 2-allyl-5- Bl
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-
yl]carbonyl}amino)-2-
vinylcyclopropane
carboxylic acid
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Exanple 5, Step 7. LRMB ESI+ (MtH)+ 556.4. 5 Exanple
26 (4R, 6S,9S,16E)-9-Butyl -N-((1 R 2S)-1- {

wda ¢@pobpy opyl sul f onyl ) am nol car bonyl } -2- PCT/US2007/022460

V|nylcyclopropyl) 8, 11-di oxo- 3, 12- di oxa- 7, 10-di azatric

Cl U.O.J. IILIIL; aJ.LL,J.,
Ex. {etglfg'éﬁu ®6. car Hoxani der(",m H O p O  cf Pgeedpge 1 Stepl | Int.
selutieon—efthapreduct—trom-bxanpl Step—6—(1536
14 0. 337 mol)| i PRV B |nte?3§§d|atg )&Fe((}rcsza”y”‘ Bl
0-41 mol ), D{ 24t i, 0| 844 nmol |) EXample T phenyl-
163 my, 0.51 nno [§cy %pyésé‘ %‘E}YD After 2 hdurs, the| Phenol.
s di ljute P leaTbony (af.) and [extracted Ref:US
Wi t goat oV@é‘ﬁY@WO&Q/B& Sbvas, washed with bring, 2548704
qumi‘ OVigr mI<J<512<>O4 | vent was [renoved i|n
vacdo. The cr uce3"i‘rﬁ>t7§r% Hblzv%ésl“fd@’r fied by
reverse- phase HP@H@*@@’F‘ (59r adi ent eljution, 5-95%
acetonitrile/HJO (WG LIBISTFA)) to yielld the title
conpound. LRVS |ESI +bepradigxadis7 5. | Exanpl e [27 20
(4R, 6S, 9S) - N- ( (|1R, 2%)aogtadecine-4-
1(Cycl aopropyl sill f onyfarbgemidEcar hohyl } - 2- vilnyl cycl ogrop
16 I1)-9- (8R;108,138,22E)-13-1- 721.4 1-bromo-2- | Bl1
opr opyl - 8, 11-|di okusyl3V-t(2R.aPolka- 7| 10- di azat Exampdd bl| 1&aphthol
1. 14" 7] t ri coda- {i(czdyprayisplfonyl) epe- 6- car|boxami de |0
N- N Y @ Grandlearbprpfl}-2-88 WO 2008/ (457209
004/ igél 6@inySydeprdpy DMy | | (4R, 6S, 9S, 16
gg ,|1 [diekoek 8, 13,1824db0oxp- 7, 10 dijazatricydl of
NP A, 7 Bt 1 i|colSal 92022 ecbydr8, 2p- t et r aenle- 6- car baxyl
até~ P H O 8H,17H-8,11-
methanonaphtho(2,1-£]
[1,10,3,6] dioxadiaza
cyclononadecine-10-
carboxamide
17 (2R,4S,7S,16E)-7-t-butyl- 722.5 See 3-bromo | BI1
N-((1R,25)-1- Example 1 { quinolin-2-
{[(cyclopropylsulfonyl) ol. Ref: 70
amino]carbonyl}-2- J. Org.
vinylcyclopropyl)-6,9- Chem. 175
dioxo-3,4,6,7,8,9,12, (2005).
13,14,15-decahydro-
2H,11H-2,5-
methano[1,10,3,6]
dioxadiazacyclo
nonadecino{11,12-b]
quinoline-4-carboxamide
18 (2R ,4S8,7S,16E)-7- 748.7 See 3-bromo B16
cyclohexyl-N-((1R,25)-1- Example 1 | quinolin-2-
{[(cyclopropylsulfonyl) ol. Ref: 70
amino]carbonyl}-2- J. Org.
vinylcyclopropyl)-6,9- Chem. 175
dioxo-3,4,6,7,8,9,12,13, (2005).
14,15-decahydro-2H, 11H-
2,5-methano[1,10,3,6]
dioxadiazacyclonona
decino[11,12-b]quinoline-
4-carboxamide
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OYNN OO 01 Follow ng the general
outlined in Exanple 24,

pr

w@e@pased usi ng I ntermediate B7 in place of

I ntermsdi ate B1.

ocedure

the title conpound was 5

PCT/US2007/022460

LRI\/B ESI + (MH—|)+ 445 3. Step 2:

Ex. ”“&#éyg??;;;blc[lé é°iN’T§ &1 IE&HS”’*ﬁnmelne "’ Step 1 Int.
tricesa1{22) 18 29 7 ea bMQY]IUA YN
19 Usi ng t he pr é‘% 7 t p 3th6e tf éee 3-bromo | BI7
ound was prle 't b 10 Exa| f‘aé“péelc ‘l?’ jolin-2-
RVB ESI + (N (P QPIOEP/S“ P Ref: 70
(4F?68 9S) - N- ( (|1R, ¥iolearpp "Ioprop | sy L. Org.
ul féﬂ&lg ami no] dar B‘B}ﬁ y IOPZORYF)I’@? cygl opropyl)) - Chem. 175
9| sb 5@ 11- -’436 18diloxal 7, 10- di dzat ri cycl{o[ (2005
IG 301. inMt ri cd§d3iﬁ‘§2‘)ah31‘§°‘§{f tfriene-6- |carboxamjde
U@g thg proddct 26rpshageldp 03,61t he title conpound Was
pr &par ed accorclqﬂ\%‘a@’(ﬁzacl‘ﬁo%@é%froe 26. LRVH ESI + ( M{H) +
645. 4. By using ﬂﬂb‘ﬂ?‘lnﬁt“e pf ocedur es|, the
appropriate B ilnt er neab@emidei n pl hce of Internedidte
20 I nt er medifat e (B%4S.ahtPEdpr opfi al®-Senzyl &¢ ng | 3-bromo | BI19
ag ent in Step tydahepiladedlpRs)-1- Example 1 | quinolin-2-
“Wt ono- 3- ( br orfonifchisiphrbeisutipey]) t he f ol | owi ng ol. Ref: 70
? ?Jlsovvg pr epaineldarboy]}-89 WO 2008/ 057209 1. Org.
PCT/1§S2 246®inEky01@trpmdl-L251él- Name LRMS |Procedur ¢ Chem. 175
t e ° ° 29 1 {imRhIg),9-dioké{ (4R, 6S, 9S)-| 570. 4 Sde (2005).
3-1B4 g- b9 7 889, 12113dkd%o- B, 12- Exanpl e (brgno
o di oxa- 7, 10- di|azstatydpedibl 12626t Nyl ) [17. 3.1
tetracosa- benzene methahb(d,1P35( 23) | 19, 21-trfi en- 6
Oyl ] car bonyl } arfi no) digxadiazagytloycl opr opane [car boxyl i|c
acid 30 (1R, 29)- 1- hppadddchB,2S) - p42. 4 Seel 1-i odo- 3-
b]quinoline-4-carboxamide
21 (2R,4S,78,16E)-7-t-butyl- 672.4 See 2-bromo Bl11
N-((1R,25)-1- Example 1 | pyridin-3-
{[(cyclopropylsulfonyl) ol
amino]carbonyl}-2-
vinylcyclopropyl)-6,9-
dioxo-3,4,6,7,8,9,12,
13,14,15-decahydro-
2H,11H-2,5-
methanopyrido[3,2-4]
(1,10,3,6]dioxadiaza
cyclononadecine-4-
carboxamide
22 H Q (2R .4S,7S,16E)-7-t-butyl- 672.4 See 3-bromo B11
P ';>|/IL0' 4-{[((1R,29)-1- Example 1 | pyridin-
1S F ° o {[(cyclopropylsulfonyl) 4(1H)-one
Z_)\(“ Py amino]carbonyl}-2-
oYY \qk“ ° vinylcyclopropyl)amino]
O\rNé 0 | carbonyl}-6,9-dioxo-
° A 3,4,6,7,8,9,12,13,14,15-

decahydro-2H,11H-2,5-
methanopyrido[4,3-k]
[1,10,3,6]dioxadiaza

cyclononadecin-19-ium

trifluoroacetate
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9-i sopropyl -8, 11-di oxo- Exanple (brono o

3,12-dioxa-7,10- 25 nethyl) o N diazatricyclo
whewses09 N o [16.3.1.14""'Jtricosa o N' 0" PCT/US2007/022460

1(22),18,20-trien-6- ° yI]car bonyl }am no) - 2-

Ex.

I Cl UIJI UIJ I Cdl U | e AaCt U
4F§\h§¥l5§ 16E) -[9- - W‘ “See 1- |adé$§;-‘1r82 Procedure | Step 1

Int.

23

bt 2CI | 26
lﬁlhul.yl I\r\\J.l\, L\ AN AL R Y yl \-J _
yl) 0 00 I\ 3’5‘%} np] benzenle AN , ,L3o loro-4
g 28, 11- Examplé t phenyl
9al x (CY
vEa _<]O

di 03 %‘/ 2% o [16.3 1 pyridin-2-
. 14, r\g% ar el raene 6-|car boxari|de ©°!
m%%s 03, 168) - o o d%? PAO%Q - bdo- 3. B2

butyl - N- (( 1R, 29) - hronp 0 32 Ao
{[ (cycl opropyl 263 Wﬁ)ﬂ )1 NI 0o | sul fonyl]) am no]
benzene "IN Ny odeFFhé’g‘io -2,5- y
vi nyl cycl opr opy|l ) - Mothanopyideld.3-g 111 - di oxo- 3
oxa- 7, 10, 12- tr|i afht %915‘!063113126 3 1. 14,7)tricosa-
1(22), 16, 18, 20-|t et F¥staRatadeciRet-hoxani de - 90 WO
2008/.057209 PCT/ US2062rPexenidso

B11

10

15

Example 24
(1R.285)-1-({[(4R.65.9S.16E)-9-Butyl-8.11-dioxo-3,12-dioxa-7.10-

diazatricyclo[16.3.1.1*"tricosa-1(22).16.1 8,20-tetraen-6-yl]carbonyl}amino)-2-

Y
0
0

(o)

A

H
N
o 2
Io NH’-f"LOH
|

Step 1: 1-t-Butyl 2-methyl (25,4R)-4-[(3-1odobenzyl)oxy]pyrrolidine-1,2-dicarboxylate

=

Q

vinylcyclopropanecarboxylic acid

o<
N
Boc O
To a solution of 1-t-butyl 2-methyl (25,4R)-4-hydroxypyrrolidine-1,2-
dicarboxylate (1.5 g, 6.12 mmol) and 1-(bromomethyl)-3-iodobenzene (2.18 g, 7.34 mmol) in
DMF (20 mL), Cs2CO; (5.98 g, 18.4 mmol) was added at RT. After 3 days, EtOAc was added,
and the mixture was extracted with 1N HCl and then H,O. The organic layer was dried over

Na;S0s, 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 ESI" (M-

Boc)+H)" 362.2.
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Ex. Structure Nanme LRMS Procedure Step 1 Int. (M H+
33 (4R 6S,99-N((IR 2S)-1- See B7 {[(cycl opropyl
wez@spb209 0s'~ N H "' sulfonyl)am no]l] 26 HNPCFHUS2007/022460
car bonyl} 2-vi nyI cycl o N Oyl\l' 0 propyl) 9-isopropyl- o
1 1

1. 1S i Ille% "‘}t élcargoxy?ate

car boxam de’ 34 0 (4R 6S ) 9-t- butyl 6- 661.3 See
(6-bromo B2 r0 F 0- { 2S)-1- Exanple pyridin-2 F
{[(cycl opropyl 26 yl)nethyl JF sul fonyl)am no] nethane
o0 0 0 o os~ carbonyl}-2-vinyleyclo sul fonate. ~NHN H
propyl)amno] ] Ref: 61 0 ca ?‘}-8, 11- di oxo-
Tetrahedron 3, 12 di oxa- 7, 10- &fcaza- 12100

22 R LY R e b o 2] . S95mon in e

(20 mI¥4Rn ﬁﬁn&ﬁyllﬁ@ 09181364 matbl) ahdFerPRh.hy (OU%Q() (8lmmol) were added.
21-chloro-N- ((1R 29)-1- Exanpl e chl oro benzyl

The mpqtyrg yeas élmndpytedz‘er Hank howy | Thesglvpativ asgpmevied drvgceo, and the
crude l’?latN~ la\il \? sgg\l!\_{@i g%%%%g éfﬁcﬁeﬁ/t eﬂ}ﬂo%yg I580/ %Ac/}g)exal{%s) ?o yield 700 mg of

the t1t1e compound LRMS ESI" (M-Boc)+H)" 262.3.
Step 3: Methyl (4R)-4-[(3-vinylbenzyl)oxy]-L-prolinate hydrochloride

Yol

o]

(Ho\
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-yloxy)carbonyl]-L-norleucyl-(4R)-4-[(3-vinylbenzyl)oxy]-L-

\/@
C)r,_
(H : ~
N

H
(o]
ON:O

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 NaHCOs(,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 ESI" (M+H)" 487 4.
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di oxa-7,10-di azatricyclo [16.3.1 .14,7]tricosa-
1(22), 16, 18, 20-tetraene 6-carboxam de 36 F F
WO 2305205, 16E) - 9- butyl - 741.3 See 3-bronp-5- BIT/UFR2007/022460
N—((lR 2S) - 1- Exanple (trlfluoro {[(cyclopropyl 26
, )

R A 1Y AT

l
dlazatlﬁ)cN@R)Yié 3 8 1* 111&10%@ (22.»@ 16aglzfoqe@5e%e 6Ocarboxylate
(tritlTuoronethoxy)-3, 12-

di oxa-7, 10-di azatricyclo [16 .14, 7]tricosa-
1(22), 16 18, 20-t etr aene- anide -91 WO
2008/ 057209 PCT/ US2007/ 0R2460 Exg Structure Name LRMVS

Procedure Step 1 Int. (37 B o( 6S 9S, 16E) - 20- 736.3
See 1, 3-di brono- BI Io%/m tyI N- Exanpl e
1-4 26: net

5-(bromo | 4 ((1R 295) { [(cycl opropyl
benzene i & HHN, LN sulfony ) o] OH

carbonyl }-2-vinylcyclo 11 p pyl) 8, 11 dIOXO 3,12-

di oxa- £, 10-di azatricycl o 6.3.1..14,7

1(22), ”Elee Ytlecompougd &éﬁ@ﬁg@d@a?%ewgﬁ? argpleg), Biep 5 using the

produd ﬁ%nﬁ§te§§ l@@)ls %S‘i’ufl\x#ﬁ% *680.6 See 3-Dbr 0”0 5- B
thoxy {[(cycl opropyl 26
Step 6bé4&.6$ 9&165] 9<BWV1}831111 -dokoBet hdiowa-7, 10 dlazatncvclo[lé 3.1.1*"|tricosa-

122 |1} 2 i nyl c cIo ul fonate ,r" ,J HN
—(——l‘-@ I ) OHo811 d|0x0312-dioxa
0
o H L
O -
IO OH

To a solution of the product from Step 5 (160 mg, 0.35 mmol) in THF (3 mL) and
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,SOs, and the solvent was
removed in vacuo to yield the title compound. LRMS ESI" (M+H)" 445 4.

Step 7: (1R.25)-1-({[(4R.,6S,9S5.16F)-9-Butyl-8.11-dioxo-3,12-dioxa-7,10-
diazatricyclo[16.3.1.1* ]tricosa-1(22).16.18.20-tetraen-6-yl]carbonyl } amino)-2-

vinylcyclopropanecarboxylic 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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10

0 7,10-diazatricyclo [16.3. 1.14,I1]tricosa-
1(22), 16, 18, 20-tetraene 6-car boxam de Exanple 40
W@ 2R8/P200S) - 10- But yl - N- (( 1R, 2S) - 1-{[ (cycl opr opCT/US2691/022460
am no] car bonyl } - 2-
vi nyl cycl opropyl )-3,9,12-tri oxo-4, 13-di oxa-2,8,11-tri a
Examg‘g%i cyclo[ 17.3.1.15 8ltetracosa- 5
(1R 2S1(12(~ﬂ(41295S2ﬂSLI9tB@WE8 Zi%ﬁ% Mnd';ts(a@ 10- dmcychtrlr's @ 104 tricosa-
IT NNS"V Qu NI 00 OTl = ox Step I
1(22), h& 20 Bignyf- v]jlcafbgrm}}ammo) 2- v1ny1cyclopropanecarboxvhc acid
(2S,4R) -4- ({[ (3- br onophenyl Jam no] car bonyl }
oxy)pyrrolidine-1,2 dicarb ,
clo Boc 0- -92 WO 2008/057209 PCT/ US2007/ 022460 To a
solution of 1-t-butyl
(2S, 4R) - 4- hydr oxypyrr 1,2 dicarboxylate (1.0
g, 4.08 mmol) in DCM (A5 i), 0
1- brono- 3-i socyanatobenzeng ¢8O H 4.08 mmol ), TEA
(0.97 nm., 6.93 mmol ), and P (400 ng, 0.815 mmmol)
wer e added. After 15 hours, the bi xture was di | ut ed

Na2SX4, and the sol vent S rermved in vacuo. The
crude material was pu&/@% on Si 02 (gradient elution,
5- 75% Et OAc/ hexanes) to yig d the title conpound.
LRVS ESI + ((M Boc)+H) + 343. ga%oep 2: (5R 7S, 10

-10-Butyl - N- ( (1R, 2S) - 1- {[HcE
rbonyl - 2-

ropyl sul fonyl ) am no] ca

T™S

Using 1-z-butyl 2-[2-(trimethylsilyl)ethyl] (25,4R)-4-hydroxypyrrolidine-1,2-
dicarboxylate, the title compound was prepared according to Example 24, Steps 1-3. LRMS
ESI" (M+H)" 348.3.
Step 2: 2-(Trimethylsilyl)ethyl N-[(pent-4-en-1-yloxy)carbonyl}-L-norleucyl-(4R)-4-[(3-

vinylbenzyl)oxy]-L-prolinate

Using the product from Step 1, the title compound was prepared according to
Example 24, step 4. LRMS ESI' (M+H)" 573.4.
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vi nyl cycl opropyl )-3,9,12-tri oxo-4, 13-di oxa-2,8,11-tri a
zatricyclo[ 17.3.1.15'81 tetracosa- 10
wQae@8p572B9 21-tri ene- 7- car boxam de Using the prpdios2007/022460
fromStep 1, the title conpound was prepared according
: 4. | g

dlazan%%l&[ %TB rlQ]%ﬁx'i&ﬁﬁ‘-M k22)) -18: 1‘8'2r(Dyt'etraene 6- carboxvlate

cyclopropyl)-22-nethoxy-3,9, IZ2-tri oxo-4,13-di oxa-2, 8, 1

1-triazatricyclo[ 19.3.1. 1 hexacosa-

1(25), 21, 23-triene-7-c e 0 oHQHOO SO N

NNH O/N "OOO T title gonpound was prepared

usi ng the procedures h§\ 40, and 20 replacing

3-bromaniline with 3-br met hoxyani line. -93 WO

2008/ 057209 PCT/ US2007/°02 &xanpl e 42 (6R 8S, 11 S.

18E)-N-((1R 2S)-1-

{[ (Cycl opropyl sul fonyl ) am no] car b8yl }

- 2- Vi | opr L) - . .

L1 s o BEIeMOABY him Step 2 he il mpeundyves rseyrsd acsaging o
5  Example24)Sitp $8LRMS ESI'qApe) saoga-

1(24), 18, 20, 22-t et r aene- 8-carboxam de NHHOH O OO H
Step 4 2-({jrigpethylsilvhethyl (4R.65.25)c9-putyk8di ghioxo-3.121digat 7, 0-

diazatr?c s 1(2 14@5 4 2{ [18308}08RB% | noj car bonyl }

N CNd ~O Boc

O To a solution of 1-t- but

(2S, 4R) - 4- hydr oxypyrrol j

T™S
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-8.11-dioxo-3,12-dioxa-7,10-diazatricyclo[16.3.1.1*" |tricosa-

1(22),18.20-triene-6-carboxvlic acid
(,/\/Ejz
o0 =

o\n/tt,'\:)\\N
3o

2-(Trimethylsilyl)ethyl (4R,6S,95)-9-butyl-8,11-dioxo-3,12-dioxa-7,10-
15 diazatricyclo[16.3.1.14’?]tﬁcosa-1(22),18,20-triene-6-carboxy1ate (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
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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10

15

20

10 di carboxylate (4.41 g, 17.97 mol) in DVF (70 nl)
cooled to 0C, CDI (2.91 g, 17.97 mmol) was added.

W@RasH05R rring at RT for 30 m nutes, 1-(3-broP@pos2vgtH22460
met hanani ne hydrochloride (4.0 g, 17.97 mmvl) was

mcosam@)afngG—ﬁfeﬂ @9]]6@borﬂﬂ¥a%9n&vﬁblnl§|§%§l@ rop%ﬁ‘éi:a?ﬂ&ﬁvhc ac1d

solvent was renbved 1n vacuo. The crude materiral was
puri f iléﬁng)ﬁleﬁr@dllq froadbtemd, the title compawdsw gepared according to

Exam%% 7 W%§S9éﬁ*%§dé§g% t(IGtRI gsf:clagpound. LRVE ESI +

S, 18E)- N- (( 1R 29)-1- {
(Q/CI opropyl sul f onyl )arri nol car bonyl } -2-vinylcyclo
Exampledpel) 11- |sopr opyl 10 13-trioxo-5, 14-di oxa- 3, 9, 12-

vmylc@dl@&usﬂ) %rlqralétcﬁp 12- @@s& 7 n@ ﬁ[a&ﬁﬁbﬁil@[l@@ 1. lﬁ%fbbstaLIQZZ 16,18,20-

onpound was prepared according to Exanple
tetraeng_g -earbonaphide 686 4. By using the appropriate

procedures, the appropriatg B internedi ates in place
of Intermediate Bl or medi ate B7 or
N-[ (Hept - 6-en- 1-yl oxyJc rbon []-3-nmethyl-L-valine, and
appropriate anmino coffpound il Step 1, the followi ng
conpounds were prepdadked. 25 »94 WO 2008/ 057209
PCT/ US2007/ 022460 Ex.{ Stﬂ\:tureol\ﬁmsﬁ LRVS Procedur e

Step 1 Int. 43 o (IR 28)-10(T L ARE6S, 9S5) - 599. 3 See
Exanple 2- B4 ?IN xo H 09-butyl-2,8,11-tri oxo- 39
bronophenyl H" off 1,2 5,6,8,9,'10,11,13,14,1

| socyafpg §oluQmPof fie pﬁy_d%év f}% :E§a191ple 24, Step,6,(150 mg, 0.337 mmol) in

t etradecahydro-4 net hano-
DMF (5enk) diteonaddidtaAd (¢98:hrgg 0d$ lnnnﬁ) D]E]Acé)r bnyL, 0.844 mmol), and TBTU

(163 %932@@ \%rr]%g]cfc%}ﬁl ?Q_q{eyg ogrs ?1%% w@s g lutgilwnllu 13211@03(“,) and
extract@& mhzfﬁb'Ajc T‘i}Q LANOR ?rr\%s WaNe®Qith brine, dned]over Na,S0y4, and the

(cycl opropy Fony I socyanate o amn
solvent:wabwmdv]ad 0 wacuy] dhe bode apydrial was Burdfied by exerse-phase
chroma:l't’ogr’als)lﬁ}(/5 (gsré(ﬁ’erili%lu]hlo’n, 5-95% acetonitrile/H,O (with 0.15% TFA)) to yield the title

compound. LRMS ESI" (M+H)" 657.5.

Example 27
(4R.,65.98)-N-((1R,25)-1-{[(Cyclopropylsulfonyl)amino]carbonyl}-2-vinylcyclopropyl)-9-
isopropyl-8,11-dioxo-3,12-dioxa-7,10-diazatricyclo[16.3.1.1*"tricosa-1(22),18,20-triene-6-

QM
° N\.)LN
6 i OO\\A
AN NHﬁL,S
o AN
X H O
|
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15

20

13, 14, 15, 16, 17, 18 tetradecahydro-4H-4, 7-
nmet hano- 3,12, 1, 7, 10- benzodi oxatri azacycl o
WO c@siose6- car boxam de 46 N o (5R 7S, 10S) - 10- bUit/yE2087/022460
674.4 See Exanple 3- BBoHoqoO ((1R 28) 1- 40
A I

oy,

dlazatm@}dfwg Imﬁﬁ@@ddsh 1 (2'32;)96]1%'20%@5&13”6 éa?b&dy%é

2,8, 11-trrazatricyclo [16.3.1 .1 1,8]tricosa-

1(22) 18, 20-tri ene-7 carboxaffide 47 i |
(5R, 7S, 10S) - 10- butyl - N- 702 e Exanple 3- B4 q 'p
" ((1R 2S)-1- 40 bronophenyl , ~R{[ (cycl opr opyl

i socyanate f sulfonyl )aﬂ%%\o/}L ar bonyl } - 2-

vi nyl cycl opropyl) 3,9, 12-g r foxox4, 13- di oxa-

2,8,11- triazatricyclo [ 18.3.%. 15" 8] pentacosa-

1(24), 22-triene-7. car 209

per Ul st SRR B B B S mpound was

prepar&l &din IﬂtéﬁnedlaﬂegBQ 1n% AcdoSRterbdise Bl. GRMEHIF LO-)" See3.
rrB - br ono- 4 N" ' butyl-N-((IR 2S)-1- 40 47

Step 2! Mgt ‘dr(éRﬁSl9S039M§ODr¢wY118VHI digkordyi2-diexd Aot Qfeeagatricyelo[16.3.1.1™']

tﬂCOSa-HEE)Ofbyéa ?rlene carl[;oxylatheef 16 N "I y o

((\/@j\o
e
\

Using the product from Step 1, the title compound was prepared according to
Example 3, Step 1. LRMS ESI" (M+H)" 447 4.
Step 3: (4R.65.95)-N-((1R,25)-1-{[(Cyclopropylsulfonyl)amino]carbonyl}-2-vinylcyclopropyl)-
9-isopropyl-8.11-dioxo-3,12-dioxa-7,10-diazatricyclo[16.3.1.1* Jtricosa-1(22).18,20-triene-6-

carboxamide
Using the product from Step 2, the title compound was prepared according to
Example 26. LRMS ESI" (M+H)" 645.4.

By using the appropriate procedures, the appropriate B intermediates in place of
Intermediate B1 or Intermediate B7, and appropriate benzylating reagent in Step 1 in place of

1-bromo-3-(bromomethyl)benzene, the following compounds were prepared.
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Step 1
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ilene382dxpdNAn de

13R28)- bLbARSSPA)- d ox5é23 9,
$-isppropyl s, HedigRet rfi cosa-
51 1 H
- N-  @8eatncySioe Exarrpl e 1- (9]
) - 116,32 1%lenpe) H "X q sd
metl @3h bz (yien- 6-
yl]carbonyl } amino)-2-
vinylcyclopropane
carboxylic acid

12 See

Example
25

-bronp B

1-10do-3-
(bromo
methyl)

7 bgnzene

B7

31

(4R,6S5,95,16E)-9-t-
butyl-N-((1R,25)-1-
{[(cyclopropyl
sulfonyl)amino]
carbonyl}-2-
vinylcyclopropyl)-8,11-
dioxo-3,12-dioxa-7,10-
diazatricyclo
[16.3.1.1*"]tricosa-
1(22),16,18,20-tetraene-
6-carboxamide

657.3

See

Example
26

1-iodo-3-
(bromo
methyl)
benzene

B2

32

(4R,6S5,98,16F)-9-t-
butyl-N-((1R,25)-1-
{[(cyclopropyl
sulfonyl)amino]
carbonyl}-2-
vinylcyclopropyl)-12-
methyl-8,11-dioxo-3-
oxa-7,10,12-
tnazatricyclo
[16.3.1.1*"]tricosa-
1(22),16,18,20-tetraene-

670.4

See
Example
26

6-carboxamide

1-iodo-3-
(bromo
methyl)
benzene
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- 2-|lyl ) @ér bor

was h@carbaxatmider i ne

. dried d

See
Example

CON H¢
from St ef
1 m) wag
hour .
esul ting
sat ur at ¢
he organi

The

3-bromo-5-
methoxy
y| Ibenzyl
D methane
p Zulfonate
5 (C10)

1)

b d
csS

ver Na2S(

A,

Bl

filtered,

as a pale yel | ow oi |
Examplg A0 469;

found

(340 ng).

467, 469. Step 4:

vmylc{zclomabvlb 3(941:9 tribxo{4 [3( érohﬁatﬁ;)}l {nazﬁlﬁb%L[lI 3.L. 15 8tetracosa-

and concentrated to yield the title conpound
LRVS 15 (MrH) + Cal cd. =

h} I -

1(23), L9L2\1 trlene 7- carl))

| -2-yl

0o
N JI\OI,
H

¥

O

00

N //

<H\§7
|

carbonylloxy} -L-prolinate PN O Br Q
oxamide

Step 1: 1-t-Butyl 2-methvl (25.4R)-4-({[(3-bromophenyl)amino]carbonyl} oxy)pyrrolidine-1,2-

dicarboxylate

N_o
Q Y
Br 0,

N
Boc
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15

20

HO4-- ONOTMS O To a solution of the conmpound from
Step 3 (340 ng, 0.727 mmol) and 20 Internedi ate B13

W@ 2008/0p1299 0. 873 mmol ) in DMF (5 L), HATU ( 332P@myUsS2007/022460
0.873 mml) and DIEA (0.36 nL, 2.2 mmol) were added

dt t t Th
o Bo FRooToth PR, et g AR SRS aiox i ReE 20"
t
j‘;;fb*‘%g?@@ | Ole: 008 Mrhbh) il BEM (1511 B RIsBEyanbBbEiRne (807 me,
mg

dited (0.2 Lc 648 exmelytaad DMAE (108 mar) 306 8106iy 260 added. After

USZ 07/ 02 d
15 houkg; N sk er i ajeg of By N CES b Bt it Sy BIIAS BieSdanic taver
was whdhkd Wlth(}@z@Mﬂelﬁﬁnﬁe whid Bvdr O Qi?xd @IEQ sol\FeR{V@a& Mitdvéd in vacuo.

Cal cd. = 734, 736; found 734, . :
The crpdq meferiek Wi mirifiet pathior (gredient edntmt WIS%eEtCEA@hﬂmgsl) Jyooyield the

title cof Car ﬂws E%ﬁwyé‘?“bﬁﬁ‘ﬁ%l 2(3|R§ cgr bgnyl ] oxy}

Step 2: déRpTSoiomt)meAQﬂmR\QﬂlL{l@vcl@téb»@uwﬁynsﬁnﬁn@lca%nmsz-

‘bubbl ed through a solution of the conpound fr%m Step 4
vinylcydiegropy])-3 %%@Wﬂ&_ﬁﬁ_@ﬁlﬁl l-@iapatyicyale[133. I ﬂtﬁtas&cosa-
g0 A Libut vinyl)tin (0.19 n_, 0.65 rmol) and
123 {450 é osphi ne pal | adi um (63 ng, 0.05
nol ) vehgttrgEedhct fbm $tege] thefitle SOMPdiwiHSepeed &ofdng to
reflux for ésihour concentrated, and purified the

Exampledy LRMESESMIFD 6884i 02 10 (gradient el ution, 0-1.5%

acetone/DCM to yield the title conpound as a yeIIow
oil (320 ng). LRMS (M+H)+ Calcd. = 682; found 682.
Examﬁeem 6 2-(Trinmethylsilyl)ethyl
-15,15,24-trimethyl -3,9,12-tri oxo-6,7,9,10,11,1
(3R, 7S:>10§)1-10 t-Butyl-N-((1R 28)-1- {[(cyclopropylsulfonyl)ammo]carbonyl} -3-vinyl

dirithloX d 0 _%pg -H’??'_% d6 1 .ﬁﬂeiacosa-

1(25), 21(723 ﬁ:he@e 7QarlN>x€m1ddO "TNO ~ TM5 15 0 N2 was
bubbl ed through a solution of the conpound from Step 5
(320 ny,

The title compound was prepared using the procedures of Example 40, and

replacing 3-bromoaniline with 3-bromo-4-methoxyaniline.
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25

0.47 mol) in DCM (80 nL) for 30 mnutes, and then
Neol yst M catalyst (75 ng, 23 wt% was added. The
wa@a008/0S2but i on was stirred for 6 hours, and N2P@EES2007/022460
bubbl ed through the solution for 30 mnutes, after
E &EMQh addi ti onal NECLYST ML catalyst (75 ng, 23 w %
Xampfs'“added, and the 20 solution was stirred for 15
(6R.8STOWTIB£) ARG RDISK-AL A RIBrepiNdul foR ) o [cBfeh ) I ving RlyEldBropyl)-
ST0Z (gradient elution, I0-40% Et QAc/h ) fo
i oyl 1 Bd3 tioxaas .4 didinxantd.h2-trnazatridyolef kH.3.1. pe
. 654; found 654. -99 WO
F/ 022460 Step 7:
cl opropyl sul fonyl ) am no] carb
-rJ%%%?- 15, 15
, 24-trinmethyl-3,9, 2-trp@xo-6,7,9C;Q,61,12,14,15,16,17
- decahydr o- 3H, 5H-.2, 23- epi i no- H W
5, 8- met hano- 4, 138, 1-benz§di xatfi afacygl oheni cosi ne- 7
- carboxam de To a quﬂ? f Ot hésconpound from Step 6
(86 ny, 0.13 nmol) in JHE(3 nL),|5 TBAF (I Min THF,
0.66 nL, 0.66 nmol) was ‘added, and the m xture was
Step 1stinBadl 3-afett30 (29, AR £6{[(3-Bioendbeasljadiins]eArbbnyoxWasyrrolidine-1,2-
) concentrated to dryness, and the resulting residue was
dicarbeiydae| ved in DMF (4 nL). To this sol ution,
Intermediate Al (84 ngy, Q.32 mmol ), HATU (120 ng, 0.32
mmol ), and DI EA (O. 22@6 |) were added, and
the m xture was stirmped ol hours. The crude
reaction m xture was purified@py reverse-phase HPLC to
yield the title 10 conpound a ite solid (40 np).
LRVS (M+tH) + Cal cd. = 766; foundy . Exanpl e 53
(5R 7S)-N-((1 R 2S)-1-{[(Cycl opt6p9Tsul f onyl ) ami no]

b VAV [ 124- .
i mot byt S04 YL EXEL PRI G nt Siormumaiding, 1.3,
dicarbd:8Aate (4 by Dr.97 BichdHnDMB-(@Pnli)oeled o 043 CDI (2.91 g, 17.97 mmol)
nmet hano- 4, 13, 8, 11- benzodi oxadi azacycl oheni cqsi ne-7-car i
was addgdafMgestirias a R Hion hninntes, 1-6G-bromhephgnyd) methanargngihygdrochloride

7 o2 ' i | t ° :
(40 8 17, yh gyl s Bt ors s sted 030 Coy e e esction
was thén ddytdédwith EtOAc, washed with H,O and then brine, dried over Na;SO,, and the
16, 17, 18, 19- dod hydr o- 3H, 5H- 2, 23- epi m nQ-5, 8-net h
solvent w?si@:np,v’fé _irbg?ﬁtgg ﬁ“g% grali%g irgaé?{ql-l yas pur?gtle({nonn giOz’(gragFent gﬂt?on,

5-75%NG0AC ARk AfesY tCHERANY A Eorhbound. LRMS EST* (M-Boc)+H)* 359.2.
Step 2: (6R,8S5,115.18EF)-N-((1R,25)-1-{[(Cyclopropylsulfonyl)amino]carbonyl}-2-vinylcyclo

propyl)-11-isopropyl-4,10.13-trioxo-5,14-dioxa-3.9,12-triazatricyclo[18.3.1.1%°]pentacosa-
1(24),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 ESI" (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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i 0 O OrN " "OO\-TM5 20 0 To a solution of the
conpound from Exanple 1 Step 6 (173 ng, 0.27 mmol) in
WER@O57269 L), 10% Pd/ C (42 ng) was added, andP€T&S2007/022460
reaction m xture was placed under H2 for - 100 WD
Zof\oll OE‘I’)AO PCTI | IC")f\f\‘II N2246N0 1 L'. l-\ 1y S 'I'h
Ex. i PR s flltered CNATE the £l +W%i 85W@gﬁt at§&p1 Int.
a-\i-ald t + 1 oanmpornd—ac ol (170
e—y+etd—the—+i at B
3 O ( i ¢ |c@R 29-EERARRSANY [o580°-5 & pegErample 2- B4
( 5R,°7 1R 1-2,8,11-trioxo- br.omophenyl
UK u : %ﬁ? ?@n‘llr}éiléér bonyl } isocyanate
-Z\E yfc dl opr
15, 1 ,24-tri net h?ﬂ"@@@?ﬁﬁ fdxa- 6, 7,9, 10, 11, 12, 14, 15,
16, 17, 18, 19- dodecBsiames. 31, 519-2 13- 5
epi m no- 5, 8- net hanben&(’@%xag“aﬂ belnzodi oxadi azacycl pheni
cosi ne- 7- car boxam de/° F%ﬁ&5|s of the
trinmet hysi |yl et|hyllcastenyt ampg)-2oupl i ng with
I ntermedi ate Al| wadnyleyglopioggneout| as des¢ribed in
annnl@ 52 Steq 7 tqarbakylisiagidt he title conpound. | RVE
44 H) + Calcd = (F3B85.98)bidyl768. | 10022 amSee Egample 2- B4
tgr% '['S)Y.n R|2R) - 1«1R,2S)—1- 40 bromophenyl
ﬁt qufeyalpproavisuitonelar bonyl } isocyanate
-29 hyIc clopropthdmﬁﬂm@ﬂ24=
tri-ret hyl - 3, 9, 12- tvinydoyolopropyl®, 10, 11, 12, 14, 15, 16, 17, 18,
19-dodecahydro-3H,SEQZJﬂmmxypiwino-5,8-
met hano- 4, 13, 8,|11- b3asdEN, UxHdi azlacycl oh¢ni cosi ne- 7-car
boxanmide N O |O 1B1®I5HHNISt 0 O ~NHS O 15
Hydrol ysi s of tlhetadecatetiods#l7yllet hyl ester (Exampl e
52 Step 1) and |coughineg,t201,7,103t e medi at ¢ A3 as
descri bed i n EXarvphzdibRatSizagyclo af f orded|{the title
conmpound. LRMNS |( Mekihe-6-c@hbxathide= {770;: fodnd 770. B
46 1;519 t he appr QpBRASA0N - 10Butydd [C 6Tat4er NSdé Bkargplé N 3- B3
ce of Int er medi at @sR,2$);1- 20 B13, and|{C 40 bromophenyl
res@ﬁ) t|lhe fgldyelspropylconplounds were prepar ¢disocyanate
kffo / 087 20SulRGYHASAG0 7/ 022460
/( carbonyl}-2-
vinylcyclopropyl)-
3,9,12-trioxo-4,13-dioxa-
2.8,11-trazatricyclo
[16.3.1.1>%]tricosa-
1(22),18,20-triene-7-
carboxamide
47 e (5R,7S,105)-10-butyl-N- 702.4 See Example 3- B4
(E}“ °‘~an . & ((1R,25)-1- 40 bromophenyl
oM hoo ; H {[(cyclopropyl isocyanate
")/' sulfonyl)amino]
carbonyl}-2-
vinylcyclopropyl)-
3,9,12-triox0-4,13-dioxa-
2,8,11-triazatricyclo
[18.3.1.1>*]pentacosa-
1(24),20,22-triene-7-
carboxamide
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Ex. Structure Name LRMS Procedure Int.

(5R, 7S, | OS) - 10- t - but yI

am no] car bonyl )

-N- 756 See Exanpl e A3,
W@ ¢R0ZRYS 1- 54 B13, {[(cyclopropylsul fonyl) QCT/UVS2007/022460
-2 0o et hyl cycl opropyl)-15,15- HN o

55 NH
10

0

a—o nat ') Q + v
Ex. E U7S o “lg}e'ii' 12, 14*15L ':ﬂ\éa\i'la\_e\; 1 :H\Hgg?lﬁ Procedure Step 1 Int.
: 8, 19 dudecah\lrlrn 3H 5H_ 2 23 epi ”VI'%’, . et hahno
48 ) 13,8 11 b,eﬂZOdl(gQgélgl%]aq%épé ehi co See Example | 2-bromo-4- | Bll
S cafpadxani dUYSE-NEISk 79 10S) - 10- t - by - (isocyanato-1-
752 ampl d A, ({peeeepyl- 1- 52 B13, | { methoxybenz
Cry‘cl*(opr pyl sUl forﬂ}l 9“3’&2’“‘“8}11 no|| car bonyl } -2 ene. Ref: 16
vi nytTeycl opr opyll ) - 15280124 net hyl - 3, 9 12-t ri oxoq Bipng Med.
HS6,0 , 67,9, [10vmicysioproay}-82-16 17- r; ¢ 0 Chem. Lett.
decahydr o- 3H, 5H- Metxy-39i1Rithexos | 8- met hqno- 404 (20006)
4,13, 8, 11- benzqddi ckE-diPEzA8YH oheni cosi ne- 7-
carboxami de 57 - NEWBRNPGIA0S)-10-t-buyl -N- 755|See
Exanpl e A3, 0 ((1[F’€92FQ)1- Thexaos®13] N
{[ (cycl opropyl qul®&ki8.A1,233etragneanj no] carnbonyl) -2{0 o
et hyl cycl opropyl ) - 15cabexapidg 0, O
49 °d met hyl 3, 9, 13- (¥R, 6%X®S)-00-Hdurtyl- See Example | 4-amino-2- Bl11
E 10, 11%012 14, 16{[{@R2%)-0 decjahydr o- $H 5,4 et handromo
\CNH {[(cyclopropyl benzoic acid
sulfonyl)amino]
° n‘* carbonyl}-2-
vinylcyclopropyl)
amino]carbonyl}-3,9,12-
trioxo-4,13-dioxa-2,8,11-
triazatricyclo
[19.3.1.1%%]hexacosa-
1(25),21,23-triene-22-
carboxylic acid
50 Hoo (6R,85,115)-N-((1R,25)- 660.4 See Example | 1-(3-bromo B8
\g 1-{[(cyclopropyl 41 phenyl)
f oMo sulfonyl)amino] methanamine
N ( :jr V carbonyl}-2-
O\er: 00 vinylcyclopropyl)-11-
0 AL isopropyl-4,10,13-trioxo-
5,14-dioxa-3,9,12-
triazatricyclo
[16.3.1.1%]tricosa-
1(22),18,20-triene-8-
carboxamide
51 o (5R,78,105,17E)-N- 686.4 See Example 1-(3-bromo B7
J T. B ((1R,29)-1- 42 phenyl)
w N %HSV {[(cyclopropyl methanamine
ON/\ 0® ) sulfonyl)amino]

carbonyl}-2-
vinylcyclopropyl)-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-
benzodioxatriazacyclo
icosine-7-carboxamide
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23, 2-net henopyrido[2,3- n] [ 1,10, 3,6, 13]dioxatri
azacycl oheni cosi ne-7 carboxamde - 102 WO
wWQO@8NIRFL09 PCT/ US2007/ 022460 Ex. Structure Ne@EURRNB022460
Procedure Int. 58 _N (5R 7S,10S)-10-t-butyl-N 755
E Exanple A3, Nl 0 ((1R 2R)-1- 52 B13,
xam{’ ?ycl opropyl sul fonyl) C4 0. anino] carbonyl) -2 o

(5R, 7S$IN!1Y(|1 qpn @wdlapr&&nélﬁfonbh&lnﬁlo%amnw 2%9«1&&61)%@&015 15,24-

, - ~0 , 10, ll 12 14, 15
3 ' 7 ',J 2.k nhErdecad d

28) 1- 52 BIO N |

NC3 amino]carbonyl } -2 o

vi nyl cycl opropyl ) - 3/9,¥2= ®ri oxo-6, 7,9, 10, 11, 12,14, o
01%0 OO NH -S 15 \16 17¢decahydr o- 5H 5, 8-

met hano- 23, 2- net heopyri dof@, 35 n] [ 1,10, 3,6,13 ]
di oxa triazacycl oheni cosjn capbexam de 60 - (2R
or S, 5R 7S, | OS)- 1070 ﬁ\,sgg L“ A3, o

butyl -N-((IR 2R)-1- 54 B13,

I

Step 1: 1-t-Butyl 2-[2-(trimethylsilyl)ethyl] (25,4R)-4-hvdroxypyrrolidine-1.2-dicarboxylate

>L°/&° O\\-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 SiO; (20-60% EtOAc/hexanes) to yield 9.4 g (48%
15  yield) of the title compound. LRMS (M+H)" Calcd. = 332; found 332.
Step 2: 1-t-Butyl 2-[2-(trimethylsilyl)ethyl] (25.4R)-4-{[(4-bromo-1-methyl-1H-indol-2-

yl)carbonyl]oxy}pyrrolidine-1,2-dicarboxylate

y\o/&o O\LTMS

To a solution of Intermediate C1 (360mg, 1.4 mmol) in DMF (10 mL), carbonyl
20  diimidizole (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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20

{[(cycl opropyl sul fonyl) C5 o am no]carbonyl } -2 o
et hyl cycl opropyl )-15,15- HN o 0,0

walemsobiebe 3, 9, 12-tri oxo- O o N~OHN ( PCT/US2007/022460
H S22, 3,6, 7,9, 10, 11, 12, 14, 15, 16,

2.12 mpdﬂ%x%gr%%fﬁ%gn degli%g gllrlgxz(éuer)k/ng Bﬁdéﬁcf' @0%9 qgorf.n atgialqlonal 2 hours. The

reactiofdhiR08 Wad 8ilutE@ Withert Ol aﬂme @k%hﬁic@ RRPERASHRY WiVET SK1 (2x),
phase chronmat ography - 008/.057209

brine, $01ate8 2007C Q2245 G bringt Th@ongamcwm thenbrider e MarSOs, filtered,
and coB\%entraE?%b uT (r%ﬁglﬁ?%ﬁsgl% Q%g Ilnggsf 1%0 §1{027 gr7ad18en? elEéorrmO 40%

EtOAcf/l(éi&iﬁés?Rf @pMl tﬁé‘Ff o as a%neafehﬂg]ss@ﬁlr begwglyleld? LRMS (M+H)*
t hyl cycl opro -15,15- HO O |rrety -3,9, 12-tri oxo-

CalCd(T 70569 I-ﬁNlI(d 7S5Q93 6,7,9, 10, 11, 12 14,15,16, o D

tep 3 1&3!% ?glgin;fttqeg!:' G (254 e 1-1nggll1? 1)carbonyl

oxy}p%]mﬁ@ﬂlc%oxﬂgfeer eI ut i ng d| astereorrer by reverse
phase chromatography 62 - (2R or S, 5R 7S, 10S)-10-t-

753 See Exanple Al, byyyl -N-( (1R 2S)-1- 52 B13,
%"
o

H

o)
\\—TMS

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,SQ,,
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-(Trimethylsilyl)ethyl N-{[(2,2-dimethylhex-5-en-1-yl)oxy]carbonyl}-3-methyl-L-
valyl-(4R)-4-{[(4-bromo-1-methyl-1H-indol-2-yl)carbonyl]oxy}-L-prolinate

TMS
PN
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 EtOAc; the organics were washed with 1N HCI (2x), brine, saturated
NaHCOs (2x), brine. The organics were then dried over Na,SOy, filtered, and concentrated. The
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15

20

{[(cycl opropyl sul fonyl) C5 am no] carbonyl) -2 o
vi nyl cycl opropyl )-15,15- Ho o o

W(al'rzmmimm 3,9,12-tri oxo- 0-N-oHN ;' - PCT/US2007/022460
2,3,6,7,9,10,11, 12,14,15,16, 0 17- dodecahydro-lH,SH—

resultl%g/msgﬂgwagbgﬁﬁ by s@r(é%g%#égp R AR gq'lez@ﬁh@ to yield the title

compo@h@ﬁg smaa%arbgdz%g smmbqsﬁ G)tt @rawaakqgn amyfouﬁa 734, 736.
(2S or R 5R 7 ) 10-t- See Exanpl e ,

Step Sth(ﬁhmeih\(l ilyl)e 2 -gigeth 1 phoXltas

2, 3 6 7 9 10, 11 12 14 5, k6 o = 17-dodecahydro- 1H, 5H
2,23:5, 8 dlnethano- , 1b- benzodi oxadi aza

cycl oheni cosi ne-7- ca m de Later eluting

di ast ereoner by revefse pha%e_ chromatography -104 WO

2008/ 057209 PCT/ US2 7/ 0224 OStructure Name LRVS

Procedure Int. 64 ;N \;E ) - 10-t-butyl -N- 726
05 B o]

See Exanple A, H( 02?
[ (cycl opropyl sul fon C25
vi nyl cycl opropyl )-3,9, 12

N, 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(vinyl)tin (0.19 mL, 0.65 mmol)

gfqlno]car onyl}-2- O

and tetrakistriphenylphosphine palladium (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 yellow oil (320 mg).
LRMS (M+H)" Calcd. = 682; found 682.

Step 6: 2-(Trimethylsilyl)ethyl (5R,75)-15,15,24-trimethyl-3,9,12-triox0-6,7,9,10,11,12,14,
15.16,17-decahydro-3H,5H-2.23-epimino-5,8-methano-4,13,8.11-benzodioxadiazacyclo

henicosine-7-carboxylate

N3 was bubbled through a solution of the compound from Step 5 (320 mg,
0.47 mmol) in DCM (80 mL) for 30 minutes, and then Neolyst M1 catalyst (75 mg, 23 wt%) was
added. The dark solution was stirred for 6 hours, and N, was bubbled through the solution for
30 minutes, after 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 SiO,
(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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15

20

NOOtrioxo-6,7,9,10,11,12,14, N~ HN soo
15,16,17,18,19- 0 _ O dodecahydro-3H, 5H 2,23 /~

W@ piogiop2e%, 8- net hano- 4, 13, 8, 11- benzodi oxadi azBCT/US2007/022460
cycl oheni cosi ne-7 carboxanmde 65 r; N (5R

L 3 ‘ 0 ._ 1
15,15 mmétﬁaltmrmhho)?o 5 7@ m hyh@w I1 9]@69 mdek%@da) 31%,51)@,@3%immo-
tri oxo- o, 7 9, 10, ll 12
clianoch hisS A4S 3L @d@gacy@lo@pmlmsmﬁ E—cmm@go-
4,13, zod xad| aza he osi
415,844 a@u{’ A F ERinBah IS S st I menp DginHF 3 mL)
TBAFEXRMRITHAD.66 BL( §.6608m1) das BddeBlahd the mixture was stirred for 30 minutes.

{[(cycl opropyl sulfonyl) C3 o, am no] carbonyl) -2
The reaqtiop| selution pras songentrated ko deypessi anskthg resgltimg 1osidue wasalisspived in

omr @0 Mbuwis Gyl bierdieditOat tadBeadsd hiteh Haly Sro me

0.32 n{rﬁ’olg'aﬁiﬂ DIEA, (82236, 0164 RhintbiplElcddded, G & tHRIBRWEO $ab Stirfed for
car boxami de = 67 Chiral (5R 7S, | CS, iSE 10-t - butyl -

18 houge 8Tlg: @ude @g@tmﬂ raixpure WaN-p(l(lf_]iRi nge.vgrse-@ha@ﬁPLC to yield the title
compound as a white solid (40 mg). LRMS (M+H)" Calcd. = 766; found 766.

Example 53
(5R.75)-N-((1R.285)-1-{[(Cyclopropylsulfonyamino]carbonyl}-2-vinylcyclopropvl)-15,15.24-
trimethyl-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-benzodioxadiazacyclohenicosine-7-carboxamide

Step 1: 2-(Trimethylsilyl)ethyl (5R.,75)-15.15,24-trimethy!-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-benzodioxadiazacyclo

henicosine-7-carboxylate

Z—_)\(o

N

OWH\AO o—'\——TMS
o)

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

- 100 -



{[(cycl opropyl sulfonyl) CG6 0\ / O am no]
carbonyl} - vinylcycl opropyl )-15,15- o
W(alrz(rmmimms 9,12-trioxo-24 o phenyl-6,7,9, 10, 1]1C"I]JHSZD47/022460
Ho o,,0 15, 16, 17-decahydro-3H, 5H 0 ~rN~oHN ;; (
15 oo 225 BhrToh e Mo M0, Julhud iR SRRt it e e
compo%%%é B el H@B’&%&QM@% * BialcdSE 6561 80 65T LRVE

Procedure I nt Chi r al 7S,108s, 18E) - 10-t - but yI -
MMMMMSCIODEODNsmtfqzﬂmmglga_rﬁm}l.%ﬂvlcvclonron\LL
Nyl sul fo Q
15,15.2 -u -.! 0 1 2:4710X0-6

0 - (l ._ 3
5 eplmn{bhﬁ BéﬂletﬁanB 91?@ 13dbe Zodwxadlalzlaév\fioheﬁc@me 7 carboxamide
15, 10, 1/- decahydr o-3H,5H 0 HN

2, 23- eﬁyq%mbms@f@qmtmmmhwilybthql 4Rergind tobplmzoditlokdermediate A1 was
i WL ERREST 56 LTS B Lovs oy

Calcd. (£ 148; 2§andl76853 B13, {[ (cycl opropyl sul fonyl) C6
am no] carbonyl }-2 vinylcyclopropyl)-15,15- 0,

di met hyl - 3,9, 12-tri oxo-24- ~i
10 Examgpeesqyl -6,7,9,10, 11, 12, 14,
(5R,78)-N-((1R.2R)-1-{[(Cyclopropylsulfonyl)amino]carbonyl}-2-ethylcyclopropyl)-15,15,24-
trimethyl-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-benzodioxadiazacyclohenicosine-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)"
Calcd. = 770; found 770.

By using the appropriate A, B, and C intermediates in place of Intermediates Al,

20 B13, and Cl1 respectively, the following compounds were prepared.
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Hrv" o 15,16,17,18,19- NFiN NS
dodecahydr o- 3H, 5H 2, 23- 0 epi m no-5, 8- net hano
Wd 2@08/087209. - benzodi oxa di azacycl oheni cosi ne- 7- PCT/US2007/022460

carboxam de 70 Chiral (5R 7S,10S)-10-t-butyl-N 832.7
See Example A3, ((1R 2R)-1- 54 B13, -
{[ (cycl opropyl sul fonyl) C6 am no] carbonyl) -2
Ex. et hyl gpalepé 0Pyl ) - 15[ 15- 0, Namethyl -3, 9, LRMS | [0O¥Gveetture | Int.
~ phenyl -6,7,9,10,11{12,14, Hr o 15,1 18, 19-
55 Fl N 5, dodecahydr o 5@RW16$)4}irtBﬁtﬁm M N075% S-NMEdT8AMple | A3,
H8,1labenzod| oxa| di azgg 5‘ﬁ;qem CO/SI ne- 7-/ 54 B13,
ide - 106 US2007/ 022460
Exanpbe 71 (108, 13S, R@,i i2 ﬁofyg 2
C\;L((EIJR 2S)-1- &WCE @Jr&R/Y) l%ullsf omyl ) am njol car bo
o
Yl on ,inaol- ”’“f’t 9584 14380 px0- 1, 2, 3,4, 5,6, 8
, 10 11 §-Hdo ‘C@c g%jé met hanonalpht ho
2 1
[1 10@\6][ di oxadi azacyc 23 oCt Adg, 5 8 meﬂiaéloccir boxam|de o, 0
O OA NHNHO No 0 5 Butyl 2-|ret hyl
(2S, 4R)- 4- [ (1-bromo- } be“ZQ %2‘)’(% he“1°° ol'i di ne-1, 2-di c
ar h~ Dy
56 ”‘;’;’ rate—rn—b (5R,7S,10S) 10- t-butyl-N- 752 | See Example | Al,
o ((1R,25)-1- 52 B13,
{[(cyclopropylsulfonyl) C2
. amino]carbonyl}-2-
O\(o o vinylcyclopropyl)-15,15-
N Q dimethyl-3,9,12-trioxo-
OYH\/&OHN o N«S’O 6,7,9,10,11,12,14,15,16,17-
o = N b decahydro-3H,5H-2,23-
dh 4 epimino-5,8-methano-
4,13,8,11-benzodioxa
diazacyclohenicosine-7-
carboxamide
57 Y (5R,78,105)-10-¢-butyl-N- 755 See Example | A3,
\ \}Yo ((1R2R)-1- 52 B13,
\ N {[(cyclopropylsulfonyl) C3
0, amino]carbonyl}-2-
O\(o o ethylcyclopropyl)-15,15-
N Q. dimethyl-3,9,12-trioxo-
O AT u—‘so 6,7,9,10,11,12,14,15,16,17-
o : \ decahydro-5H-5,8-methano-
dh 23,2-methenopyrido[2,3-
n][1,10,3,6,13]dioxatri
azacyclohenicosine-7-
carboxamide
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g O CO2Me Boc To a solution of 1-t-butyl
(2S,4S)-4-{[ (4-bronophenyl ) sul f onyl ] oxy}
w@osobi2ae ne- 1, 2- di car boxyl ate (0.5 g,
(0.29 g,

1-bronD 2- naphthm

Co qnm

1. 29 nnDI) [

(A

2-me

t hyl

1. 08 mmpty/Us20d7/022460

n 10 NWP (5.5

ddad

Ex.

oV I
LERI | th

Th %%?ﬁ?%emas t hen

rwml
INE T AA I IO O

heat ed N?'8e4oc AT

\ A -l
) \Y
B

o ﬁééedure

Int.
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The organic |
HCO3 (2x) an
\was d ied over MpSH

o+

(4@) (1- br no- 2¥n
hydrochl ori d Br |
2008/ 057209 PCT/ US20
fromStep 1 (320 ny,
HC in dioxane (12.4
solvent was renoved

vacuo.”-The crude pro
(grad| Putyd on 1
oﬁ\/ng L e & onmppurfd

ay@?*ﬁdggsif%ﬂw&m a
0 brin I The o
a{rﬂQﬂy‘il?Ré%}’ v@w
Huct 2iHaleasbeny

D- GQ#WE%l‘ml\WHelﬁdﬁes

methy-3 4

ISFTIEROr -+
6,7,9,10,11,12,14,15,16,17-
hp rﬁeﬁabvﬁre%ﬁ 3H-2,8%-ol i
b, HOP1azao=6p Ve
D7/ opgthaErysidetsd-i on
0. 771 Hixb$.j 41diaxatid s
L azaglohenipasing-7- Af {
n_vacepboxgmiple (50

U

bt edP Wi t
gani c |
WAS T enpyV
bn Si 02

to yie
(M Boc)

nat e

H - 107
of the
5ol ved i
er 1 ho
n) was

hgqqf?ample

ayer
ed in

ld 320
+H) +

WO

pr oduct
n 4M
ur, the
added

A3,
B13,
C4

59

the sol vent was
e conpound.

(1- brono-2-n
2- {L(h pi.- ee -1- vyl
carbgny aEty
St@p

(zgﬁﬁ*a i
I nt er medi at e”B16 (25

3.55 mol ), HOBT (13
ng, 0.85 nmol) were
the m xture was ext

 e(@BVSd 05)nl Otshwtyd-Na g
LRVS ESR.20MHH) + 35
{[(cyclopropylsulfonyl)
hpht angihgloacydnyli-2-( 2S

bx vinylcyclopropyl)-3,9,12-
) tioxp1691,9, Hatlel 2| 14; "
b 1316 bl-detcalydrosfH-b 8e

I ngmetBer®pyrivef?,3-, D
1 non][110,30, Bdiown| )
h d dieckacySohenicosihe-74 1 |
Fact edcatbdxlmidd HCl

mrol methan®RE2( 7 nl},

i N73%
D.1. 5 §

-2-cvcl

Brl O
pr oduct

EA (0. §

i BdedExample
tep 82

ohexyl -

from

2 .,

and EO
Ng overn
hnd Et OA

IC (163
i ght,
c. The

Al,
BlO
C3

60

gani ¢ | ayer was wa
ver MgSO4. Th
and” tife crude produc
el uti @n, 0- 40% Et OAc
title gnd LRVS

N\/& \gH\N’\é/o

5 ek omStSIR, A8 0X)arocy- b
P S uvBMN-((WSRY-ENMDV ¢
@&y Qeprbiyisationydn
hexamastarbényhiz! d
ethylcyclopropyl)-15,15-
dimethyl-3,9,12-trioxo-
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
Earlier eluting diastereomer
by reverse phase

bd in v

Bi 02 (gr
111 ng o

chromatography

I Ngs7 agIdSeetH'x&llﬁple

Cuo, 54
adi ent
f the

A3,
B13,
Cs
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ESI + (MrH) + 631.3. 15 Step 4: Methyl
(1G5, 13S, 15R) - 10- cvcl ohexyl -1 - et hyl ene- 8, 11-di oxo-1, 2
w0 3004/057269 8, 9, 10, 11, 14,
15 dodecahydro 13H 12, 15- et hanonapht ho[ 2, 1- k]

1092

el anect ad

PCT/US2007/022460

Ex.

| , T EI | un U/\uun a7 et
E 71

k)
r\‘F fha n f\f‘lll[\f ‘Fr
L\"3 P LI}

CD"

m
L)

12
L;I \YAVAwEY U-NCL;I IIC LJ

Y 00 To ﬁmgol ut| on

X"t‘ar\ 3 /111

oarihn
[, QAL

Int.
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OH (3.5 nmL) was ad
pACI2 (4tppf ) - DOM conp| e

Et OH 108 WD 2
renove &?at.‘dJo(j ta

Héo HTh g a ic\?Joay
vva9 pyorr\ f| ed ? Si@%tz)
Et QAc/'hexane$) to vyi
LRVMS ESI+ ((M Boc) +

-10Ccly
ohexyl - 1- net hyl ene- 8

, 15- dodecahydr o- 13H 1123@51%*93&1%@%}3?“ ho[ 2, 1- K

[1 10, 3, 6] di oxadi aza
acid o, 0\ N~ COZH

t-
m xt upe was then heaf ed{[ﬁ%d?ﬁg?ﬁy lf?’a’)

D08/ N ersd f 33520
<eﬁthM1;SY‘il?Pr‘EtYMé 15an(
or duasthylRehl diroser
) @d G h9Vh 14736l 6¢ |
& - iehredegahydiopn,
o (16,842,743 5.8 fdimetlanpi {
H) 41384 bl -enzagligpdipzas ;
cyclohenicosine-7-

11- di esxtepxam@e3 4 5,

cycl dooeesehers- 13-
| chrgmayograghy To a

) 26 mo

nmmol ) .

48 hours.
D7/ 02246
1 washed
bver MY
ude pro
0-40%
l e conp
(165, 1

6,8,9,1

car boxyj
solutio

0,11, 14
]

lic
n of a

A3,
B13,
Cs

62

tion of the produ
{ THE, 10 (1.0 ni),
70 (16 nmg, 0.67
HO afRd Et20 were ad
separat e and the a

L0 Lot e

y| d-34rrg'\ h&

535. Step”6: (10S
C}Cyclohexyl N-((1R
] carbonyl }-2 15
vi nyl cycl opr opyl
9, 10, 11, 14, 15- dodeca
met hanonapht ho[ 2, 1- k
, 10, 3, 6] di oxadi azacy

-t R0 B 851 04)-[B7
Et GHt(-N-G1RLY)-land

U enyisydiepreryl)- Mals-

D1 ghmetbylk3e%) E-sioner e

20L6/EN10,Wa B2, rMeifphbe (
t 11@-dodeeptydrod] H,BRVE
132,355y -dilnethano-

P 3), 1318, { |-femyatiopdiogay |

cyclohenicosine-7-

- 1- met hyl egeboRarhiledi 0X 0+

NRdflier didtigld?astFeomer
[ |by reverse phase

Ll oocihastetogdigphd 3- cal

mmiflcycleyaepyésdtiendl) After 1 h
Hed. anfihelcabgali® | ayer

, 788, 06
0 (1.4

was
shed w
then dr
1 in vac
ESI + (N

sul f onyj

boxam d

1,2,3,4,

7Seerfixhinple
) 52
our, IN

t h
i ed
uo to
h-H) +

| ) am no

5,6,8,

e To a

Al,
B13,
G5

63

ution of a portio
O.%64 nol ) in

N @5 of RSRATVIDYEL0-1-T ¢
butyl-N-((1R,25)-1-
{[(cyclopropylsulfonyl)
amino]carbonyl}-2-
vinylcyclopropyl)-15,15-
dimethyl-3,9,12-trioxo-
2,3,6,7,9,10,11,12,14,15,16,
17-dodecahydro-1 H,5H-
2,23:5,8-dimethano-
4,13,8,11-benzodioxadiaza
cyclohenicosine-7-
carboxamide
Later eluting diastereomer
by reverse phase

M HBEP

OSdeFkample
52

chromatography

Al,
Bl3
Cs
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DCM (6.4 nL), Internmediate Al (19 ng, 0.070 nmol),
DI EA (0.028 nL, 0.16 nmol), HATU (27 ng, 0.070 mmol),
wWar@sDVRP (2.3 ng, 0.019 mml) were added. AftRCT/US2007/022460

overnight stirrring,

woon

ad LN
C—a G\

20 the m xture was partitioned

I_If"l Than ]
T Of Uulll €

AN/ N

Ex.

separ iré'ﬁt“r%lrl ed

rormuor*l I n \lﬂf‘llf\

ov
Th

D

er MySO4T 2 BRd the s

ctrude—product—was

P!

'L @;]a Procedure

d hv

Int.
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(4R, BsS, 95) 19- Br ono-
Is~y| car bonyl
V|n Ic cl ylo) ¢ 16

o e

1 21), ?’19“ en

NTON 4,'7 0! A
N@th[(pent 4-en-1- yI
(3, 5-di bronobenzyl)o
N"COVe Z OO The

TS —oororot

¥ar se- phase chrorrat(éﬁﬂéﬁ kodbg‘:‘FYéNd 1

oovvder (IRRNBI ES) + (
(Gegdepomyiss Borad)
9 buainelfarbqy -2 S) -
- gnylcyclopropyl) -3,9,12-
¥16e7r9e1081 112.14i o
15,16, 7118i8c 0s a-
> dodsoRisie BB OB 2D
H gnmmoéﬁe@et}gano-
h &/ )l Ieengadicxgdipger
Kyl - cyclobemedsmat’e Br
tit] ecarkorpioiddd was

Vi-H) + 7
Exanpl e
L-{[(cyg

KO- 3, 12-
D ~-NH N
eucyl - (

I~ Br
prepar

hé”cGitI e

~See Example

47. 333
72
| oprop

di oxa-7
l O OO
4R) - 4- |

O
d

Al,
B10
C2

65

ﬁgl‘dl ng to the prog
S ol-3 using 1, 3-
of 1-brono- 3-

(4R, 685, S) -oL9- br ono-
12-di 100 @ azat

<3 14N ay9-1
dT\/J% “@“ﬁﬁ o

C @878, 185)vidr-butyl-No
di br oméc B2Rpt-ononet
br{ifepsienrépylspieryhen

amino]carbonyl}-2-

r ireoxe697,9,10,11,12,14,
21), 1¥]61B5 &% ne- 6
dodecahydro-3H,5H-2,23-
epimino-5,8-methano-
4,13,8,11-benzodioxadiaza
cyclohenicosine-7-
carboxamide

D- hiylyyclabbopyBi9yllZene-

Exaras e
nyl ) benz
b, Step
8, 11-d

car boxy

2%ce Example
ene bh

2:
i 0X0- 3,

| at e.

A3,
B10,
C2

66

(5R,7S,108)-10-t-butyl-N-
((1R,2R)-1-
{[(cyclopropylsulfonyl)
amino]carbonyl}-2-
ethylcyclopropyl)-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
cyclohenicosine-7-
carboxamide

757.5

See Example
54

A3,
B13,

67

Chiral

(5R,75,10S,18E)-10-¢-butyl-
N-((1R,25)-1-
{[(cyclopropylsulfonyl)
amino]carbonyl}-2-
vinylcyclopropyl)-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

828.6

See Example
52

Al,
B13,

- 105 -




Br 0O ~~-NHNCOZMe o0 O- 110 WO 2008/057209
PCT/ US2007/ 022460 To a solution of a portion of the

w@e@dost20d rom Step 1 (250 ng, 0.404 mol) in BPCHUSBRR7/022460
m), TEA (O 085 m., 0.61 mml) and PdClZ(dppf) DCM
ocom O 02 woro addaod vt ir a
uunpl TOTO ng, OOz o cT—auT o LI LA WU i g o
Ex. was tﬁérﬂt?\’é‘ét ed to reflux on?Wtht The @mla rocedur Int.
rerpv-ed—i-n \'acruo—t—er\-\-en@g—m—a—@%—a-nﬂ Dﬂ wi-th
68 H20. The organi ¢ T eCRAESIOSHER-H--Btls | 0\fap-6 \ysess Example | A3,
sol vent was fenmoved(@R2fhtuo. The crudg 52 B13,
was purified|ontly@erropyisuienydnt | el uti on, 0-50% Cé
&/ hexanes) to vyiel d amBolabewlichnpolind. LRVS ESI +
(( Bc)+H)+ 549. 3. §Ht &fykgyclopropyl)- 1515-
(4R 6S. 19 Br ono- §-Hueth ylmg -triopp- 243) 1-
{[(cyc 0 | sul fonyl Pheayirol.8 H} - 2-
ylcy &l | ?@16‘ hed 6T é@?eh%lr%a 0- 3, 12-|di oxa- 7
‘gﬂi 5 223 Ianp §oewseamo- 10
1(ZQ) 7, 19 |ene 6 caﬂﬂé%dmbﬁfézod@mg {he product
fromStep 2, ‘the tit]| e drsaqyolehahiopsise-pr epar ed acicor di ng
to Exanple 1 using |nternedboxpmidal . | RVS ESI +
69 (( M Bag) +H) + 737.Chiral Ex@RpISd 09)3101butyl-N- 830.6 | See Example | Al,
((5R,@I 0S, 19E) - 10- { - But yI(€IR:2SF-1R, 2S) - 1- {[ (cyc|] opr 6py B13
| f | ) am nol car bpnyf[(cy@epropylsulfonyl) Cé6
yl cygl opropyl) -9, 12- dinirejedtbéwli-Hehydro- 3, 6,(7, 9, 10,
11,2714, 15, 16, 17, 18} detglcadigmlomy!)5ts;15-
5, 8- mé%, hano- 4, 13, 8, 11-dimetbyled,Hiatlioaea4y ¢l odocosfi ne- 7- ¢
ar boxa e © 11/1 H fhedyl-6,7,9,46;1NI2, ¥, H OV H O| Qu N-O
D- et h§;16,17,18,19-
ldodbakydrep9 Hi5éd-2,28-n¢- 1, 2- di|car boxy
BOC epithinodd, Sokthanoon ¢f 1-t- butyl
2- net (2S74R) - 4- hydr @xg sy toehdodiore- 1, 2-
di carboxylate (1.0 g| Alid2&yowhdnicosinel7pr gpar gyl [brom de
(2.262 m, 20.39 mmol) in &kddamide40.8 L) coolled to
70 0C, NaH (0. 815 g,.ch2)] 3gRMINLS)- Mashuedded| ABber [3s& Example | A3,
((1R,2R)-1- 54 B13,
{[(cyclopropylsulfonyl) C6
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,5H-2,23-
epimino-5,8-methano-
4,13,8,11-benzodioxa
diazacyclohenicosine-7-
carboxamide
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10

15

was warnmed to RT. After 3 days, the reaction was
conpl ete and was worked up with H20 and 25 Et GAc, and
w0 b@s/obnime. The organic |ayer was dried over RgB0E2007/022460
and the solvent was renoved - 111 WD 2008/057209
CQ’U82007/022460 in vacuo to give 1.33 g of crude
Pllﬁtéri al. This was purified on Si02 (gradient elution,
(105,185 49R%- 1 FFCORhBRINATR, 2‘;5911y4rﬁivélozﬁo%vr!&mf@:ﬁvl‘tahﬁnékwbsnyn -2-
conpound. [RWVS EST+ ((MBoc) +H) + 184. 2. 2:
vmylcyclgp;gg}ggﬁl-memﬂeh&B 11-dioxo-1,2,3.4,5.6.8, 9 10 11 14 15 dodecahydro-13H-12,15-

D- Zég 1- l}/l I oxgl pyrr ol
\ To a

product fromStep 1 (735 ny,
-i odobenzene (0.366 nL, 2.85
PdC12(PPh3)2 (18.21 ny,

94 ng, 0.026 nmol) were added.

degassed sol ution of
2.59 mol) and 1-br
mol ) in TEA (8. 647
0.026 mmol ) and Cul .
The reaction was theh heated §o 50C. After 2.5 hours,

d Et OAc. The
organi c | ayer was 10 O and brine, dried
over MgSO4, and the ol Ne wasdrerfoved in vacuo to
yield 1.35 g of the ﬂftle 2onpdund whi ch was used
directly in further reaff:Pns LRVS ESI+ ((M Boc) +H) +
340.2. Step 3:

Met hyl (4R) -4-{[ 3-(2- bromophenyl rop- 2- | | oxyl - L-
Step 1; ey 4d-b rgmo n%n%t»h 0 ﬁ/gzgghg -digarboxylate

To the product from Step (1.14 g, 2.60 mmol),

HC / di oxane (32.5 ni, 1 pl ) was added at RT. After
1 hour and 45 mnutes, th i oxane was renoved in
vacuo to vyield 1.0 g o¢f~te title conpound as a dark
oil. LRVMS ESI+ (MrH) + 340.2. Step 4: Methyl

N- 1( hept - 6-en- 1-yl oxy)carbo ['l1-3-nmeth

lyL-val yl - (4R)-4-{13-(2-br el )
prop-2-yn-1-yl]oxy} -L-proliseate Br O NCOzZMe Yv\O 20

- / /
or ocedlR 8 SPRER ok kirpie) Z-eg(BY (ASADRE [ emeRms g tonyllosy)
pyrrolitfiR.- £2-QRANEA 1M @4 b NGodhaabbf %ﬁ(lﬁﬁx&bﬂ%@%g%ﬁrgﬂal%% £31.29 mmol) in

and Internedlate B7-
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 MgSQys, and the solvent was removed in vacuo. The crude product was purified
on Si10; (gradient elution, 10-60% EtOAc/hexanes) to yield 320 mg of the title compound.
LRMS ESI" ((M-Boc)+H)* 350.1.

Step 2: Methyl (4R)-4-[(1-bromo-2-naphthyl)oxy]-L-prolinate hydrochloride

be

0,

s L come

H
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Step 5: Methyl N [(hept-6-en-1-yloxy)carbonyl]-3-neth
'Y Lvalyl -(4R)-4-{[ 3- (2-vinyl phenyl) prop-2-yn- |

WO 20080%32p9 - L-prolinate 0 \N~_COZMe YN~-O 5 O HOI/US2007/022460
degassed sol ution of the product from Step 4 (715 ny,

1. 209 Ph\Ve 1 but I t
(0 500" Brlon oF st Piaed: Ko Sen  FeRene. ¥ 77 ey ap dsofved in 4M
HCI mnaTQ*a?ne (Y4 enIadgetmmbie Ai?e?qtﬂoﬁfl tM\éiéi)l'l}éh@WaE‘ eR&d iR vacuo, ELO

| ux. After 24 hours, the sol ‘'vent was then renoved
(50 mL)rW&Saaﬁded, and the dodvent waeremaved imbacwasganite iektthe fitlsicampound.

' + i on, 0-40% 10 Et CAc/ hexanes) to yield
Lms%laﬂgﬁﬁ) ?%dé title compound. LRVS ESI+ (MtH)+ 539. 3.
5  Step 3[81(1\@@11@ (4MEHJ11M| b¥mo-2-naphthyl)oxy]- 1 ((2S) 2- cyclohexyl 2- {[(hep)t 64en-1-

nept 1-yloxy)carbonyl [-3-nmethyl-L-valyl-(4
Mﬂﬁlﬁﬂ]ﬂ%ﬁpﬁﬁk};&mmp 2-yi
-1-yll oxy}-L-prolinate-di cobalt hexacarbon |y conpl ex
cO Co OCC co co-co 'co o, T 1COv N2 11 NO
IO To a solution of the pro fromStep 5 (95 nm,
0.176 mmol) in DCM (8 nl), i cobal t oct acar bonyl

(121 ngy, 0.353 mmol) was addedounder N2. This produces
a dark red solution. After utes, the sol vent
was concentrated in vacuo to a ?—wam& ely 1 nL and
the crude materi al prlélé‘ﬁ Si 02 (gradient

el ution, 0-35% Et CAc/ hexanes )ﬂel d 75 ng of the
title conpound as a red oil. 3 WD 2008/ 057209
PCT/ US2007/ 022460 Step 7: I\/Et (5R, 7S, |

CS, 19E) - 10-t - butXI-Q 12-di oxo- 1, 2-di dehydro-3,6,7,9, 10
11,121 qqsqlgtlono he product from Step2(297 mg, 0.77 mmol) 'in DMF (7 mL),

e SRR SRRt DB TS S e o 131 e

10 0.85 mneoipand BOTY{166 angI0e8s Mo addedc A\ e sti@ing dverni SEOANE mixture
was ex%zjictlgld B\Cv?(holN HCI and EtOAc. The organic layer was washed with H,O and brine, and
then dried over MgSQO4. The solvent was removed in vacuo, and the crude product was purified
on SiO; (gradient elution, 0-40% EtOAc/hexanes) to yield 111 mg of the title compound. LRMS
ESI" (M+H)" 631.3.

15  Step 4: Methyl (10S,13S,15R)-10-cyclohexyl-1-methylene-8.11-dioxo-1,2.3.4,5.6.8.9.10.11.14,
15-dodecahydro-13H-12,15-methanonaphtho[2,1-£][1.10,3.6]dioxadiazacyclooctadecine-13-

carboxylate

To a solution of a portion of the product from Step 3 (111 mg, 0.176 mmol) in
20  EtOH (3.5 mL) was added TEA (0.037 mL, 0.26 mmol), and PdCl,(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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5 To a degassed solution of the product from Step 6
(75 nmy, 0.090 mmol) in DCE (18.100 nL), the Zhan Ib

W@ a108l0y209 (6. 63 ng, 9.03 gnol) was added. The PECRUS2087/022460
was then stirred at RT under N2. After 19 hours the

removga]az %rﬁﬁ?’%t%%g g‘: ég%(e ;S{dra\gzg ggd %votlhjﬁﬁ; %eg)e}t%%{% layer was then dried

over S@%Cérﬁ?%@@@l%}nttv@as%ﬁb%d%ﬁ vggu@fTﬁeh&udé ;Srlo@uct %%%H% on Si0O;
as ared oll along wth 43 nmy of recovered met

(gradidit thep’to'eo%rﬁt%mxwﬂshmmdﬂ|ﬂ1-rﬁg ofifhe title compound LRMS ESI"
(M'Bg‘%é%%‘b%al yl - (4R) - 4-{[ 3- (2- vi nyl phenyl ) prop- 2-yn- 1-y

rol i nat e-di cobal t hexacar bonyl conpl ex.

( 7b 10b 19E) 10-1- butyl -9, 1Z di OXO 1 Z-di dehydro 5
odec@ﬂ;gg]}@ 2;]! IRethanohgphtho([2,1 k][l 10,3 6]dloxadlazacyclooctadecme-13-

16,17, 18- dodecahydr o- 5H 5, 8- net hano-4, 13, 8, 11- benzodi o
4@9—&3—9"”"0 acycl odocosi ne- 7-carboxyl ate 7 \N~_COZMe OYNyo

O 15 To a solution of theoduct fromStep 7 (25 ny,

0.031 mmol ) in acetone (2 ‘ cooled to -10C, CAN

(102 ng, 0.187 mmol) wasaf d in portions. After

conpletion, the reactio s quenched with DI EA

(0.098 niL, 0.561 mol ), jwhi ch—caused a brown

precipitate to form ThRe m xftcenwas then filtered

t hrough neutral al um na wj 'Kh/a etone as the eluent to

yield 35 ng crude nater;nd%{.iT is was purified on Si02

(gradient elution, 0-35% Et / hexanes) to 20 yield 12

nmg of the title conpound. LRVE ESI+ (M+H) + 5115 -

114 VR g9&%&&5@@@@0&%%9,934&2%@05&@& £ 8, 0,067 mmol) in THF

((5R 75,105, 19E) - 1 o oro
(1.0 mLi;)EtO[-If(er/ﬂnlamlle]z@sﬂ Bamnly) JQH- HZO (16 mg, O 67 mmol) was added After

1 hourﬂ_{ll{f@ ld%gz(ggy ﬁ%ad%g(} g’gg%gr)éﬁvé Ilazyeglwgse ?éf)gga(t)eds agd tzle aqugous layer
was wash8d WRhIFROXA T c%m%i‘ne@%? U pYadhRFARNR hﬂ&?&&é?'l\@%e 4, and the

ar boxam de Using the uct fromStep 8, the tit
solventwapmmwedqunuep@yew %fbmgrod ithregfitleocompound  bRYESSBSF ¢M-+H)" 535.3.

Step 6'E}fl°N 3% 1!5,R) %tOe(E)vcl&exvij-( { 11%' 5%-5 1 -Il__'[?cycl(gprox')_\glsul%nyl)ammo]carbonvl}-2-
wnylc&c'i&iarz&lm&etmrehe @qtl ydm&l; (,9,13843,@89116 L{.5¥ 55 ALaQRKEBLIBAH-12,15-
, % ' : arbb@arhide1 2, 14, 1
5 16 1 20 h d d 5
met hant? 307054 ﬁgﬁsﬁﬁf @%gﬁ%g%%g%%é 634 me. & 064D in
DCM Z Thtetmedafe A1 NN (370 mBAoHPDIES(0 SQS?EhLlO M%Hﬂél HATU
5R, 7 10S) - 10-t- butyl -9, 12-di oxo-1, 2, 3,6, 7,9, 1

(27 mg, 94)7ng1),1de39§> @23 mg, 0.019 mmol) were added Aﬁer overmght stirtring,
the mixture was partitioned between EtOAc and 1N HCI. The organic layer was separated, dried

)

ony ) am nol car bon

over MgSO,, 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 ESI" (M+H)"
747.3.
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10

hexadecahydr o- 5H 5, 8- net hano- 4, 13, 8, 11- benzodi oxadi aza
cycl odocosi ne-7-carboxylate rHO0l1 ¢ OC Zwe -~O 10
WO 2008557209 a sol uti on of the product from ExanpP&I/¥S2007/022460

Step 8 (24 ng, 0.047 mmol) in EtOAc (2 nL), 10% Pd/C

Examéfﬂgm ng, 2.350 nol) was added under H2. After 90
tes, the mxture was then filtered through a

(4R.65D NI9-Breglo-PadtyMM-{T1 RROAS- (@ yé1BSropllefdny ) ARn I @Ar &} -2-

was renoved In vacuo to yield 22 ng of the title
vinylcycieprapyia 16 nmethyles-8., 11 4diaxnos3 53-dioxa- It Qaiazatri¢ywin ¥53.1.1* "1 docosa-
101 9. Oe-t__utr I-N—1 1R, 28) 1- {

yl ) am nol carbonyl } -2 20

vi nyl cycl opropyl )-9, 12- &4soxo0-1, 2, 3,6, 7,9, 10,11, 12, 14,1

5,16, 17, 18, 19, 20- hexadecghydr o- 5H 5, 8-

nmet hano- 4, 13, 8, 11- be pxadi azacycl odocosi ne-7-car bo

xam de The title compound was prepared according to

the procedure in Exarple 1%teps 6 and 7, starting

fromthe product from Step LRVS ESI + (MH—I)+ 715. 4.

-115 WD 2008/ 057209 K“QS@%@E;MGO Exanpl e 75

(98,11 S, 14S)-14-t- B

[ (cycl opropyl sul f onyl )a n@] d

vi nyl cycl opropyl ) -13, 16-8i oxo- & 11 13 14, 15, 16, 18

, 19, 20, 21, 22, 23- tetrade hydro75

9 12- et hanopyri do[ 3, 2-n]
Step 11 M&h PﬁT(dmeAHdm-&Zs&@X/sﬁ)ba@b@WlFD%ﬂeudyl (4R D PR BB MbbeRzyl)oxy]-

O N1" 0O O OFINA HO 5 The title conpound was
L-prolmanar ed according to the Exanple 73 Steps 1-9, using

2-chl oro- 3-i odopyridine in pgace of

1- br onp- 2-i odobenzene in Ste? 2. LRVS ESI + (M+H) +

702.6. 10 Exanple 76
(6R, 8S, 11S, 20E) - 11-t - But y#< R, 2S)-1-{[ (cycl oprop

| sy ul fonyl)am no] carbonyl } - 2- 0
vi nyl cycl opropyl )-1 - di oxo- 5,.14-di oxa-9, 12-di azatri
cyclo 120.3.1.16'9]h ept osa- (i

1(26), 20, 22, 24-t et r aen- 2- %)Té"-\j{

L

The title compound was prepared according to the procedure given in

dogweami de OO0 H

Example 24, Steps 1-3 using 1,3-dibromo-5-(bromomethyl)benzene in place of 1-bromo-3-

(bromomethyl)benzene.

Step 2: Methyl (4R.6S,95)-19-bromo-9-butyl-16-methylene-8,11-dioxo-3,12-dioxa-7,10-
147

diazatricyclo[15.3.1.1™'1docosa-1(21),17.19-triene-6-carboxylate.
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25

NHSO Oy NO O15 The title conmpound was prepared
according to the Exanple 73 Steps 1-9, using

wQ20805M08- i odobenzene in pl ace of PCT/US2007/022460
1- br ono- 2-i odobenzene in Step 2. LRV ESI + (MH—I)+
E)c()gﬁgl "Jéo g§c]>'lut101\1/%)f a2 891%@91 %Zﬁ\%gprgﬂl( gg%o te 9%%5 mg, 0.404 mmol) in

EtOH (@Rnﬁﬁ TEAS0.845 t1BokY |niir%1§ (ahR PO dp - Oe e LORPRR (16.5 mg,

I's~onyl ) am no] car bon
0.02 mmcvi)'Wegecaddpd ophé ymmt)rel\@asdh@xlmsaﬁe,dﬁd reflwoxevetnight- diha E4OHiwas
removF¥ s YJ@“@ t e}lﬁ%ﬁlg?ﬁt@ Rt acdgv%%_h%g %ﬁt)n}i%) Zfl}kfg)rgﬂie 'ayF\r Wsdhen dried
over MgSo), bhd-fRe @)llveﬁt wa renb0&1 fiviakfo. C’Pl'f@é}li&’éjpl‘ﬁ/@t?ct Rl fﬁﬁﬁﬁé’d on SiO;

according to the procedures in Exanples 73 Steps 1-
(gradient ¢lubiensfhbe% ROt cdppx anek) B yisldribe nﬂ@comwtmda Mﬂsgne

f 1-brono-2- iodobenzene in Exanple 73 Step
((M'Bﬁ‘r’l)%%wé‘?% |+ (MFH) + 715.5. 10 Exanple 78

Step 3 (1R.88D5)- 1§JHr6ﬂn8~91ﬁ§yllﬁ$)1R1ﬁ9)lﬁ@ﬁé@%roﬂﬁsxﬂﬁnql)ﬁﬁﬁo%ﬁbonvl} -2-
3-di oxa-5, 6, 7, 15, 18-pentaazatricyclo 16. a7
vmylcVelqmggqu)—A6 methylene 8.11-dioxo-3,12-dioxa-7,10- dlazatrlcyclo[lS 3 1.1™"]docosa-
101 ? Len- 19- gar bonyl } am no) - 2- vi nyl cycl opr opaneca
ONry HOH Y O Step 1: 1-t-Butyl
2- met Wblﬁgﬁle“ﬁbdlﬁ:’t ot $tep Cagetiivle@¥inppent Whd prépirdd decdrding to

riazol -
Example 1 using Intermedlate Al. LRMS ESI" (M-Boc)+H)" 737.4.

Example 73
((5R,75.10S5,19F)-10-t-Butyl-N-((1R.,25)-1- {[(cyclopropylsulfonyl)amino]carbonyl}-2-
vinylcyclopropyl)-9.12-dioxo-1 ,2-didehvdre-3,6,7,9, 10,11,12.14.15.16,17,18-dodecahydro-5H-

5,8-methano-4,1 3,8.11-benzodioxadiazacyclodocosine-7-carboxamide

Step 1: 1-t-Butyl 2-methyl (25.4R)-4-(prop-2-yn-1-yloxy)pyrrolidine-1.2-dicarboxylate
N
(o]

QCOZMe

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 PhCHj3
(40.8 mL) cooled to 0°C, NaH (0.815 g, 20.39 mmol) was added. After 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 MgSQO,, and the solvent was removed
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15 vl } nmethoxy)pyrrolidine-1,2-dicarboxylate N NN

QAc Bo' ~O2Me To a solution of the product from
wWE@sPFR0¥7 Step 1 (803 ng, 2.834 mmol) and  PCT/US2007/022460

5-azi dopentyl acetate (509 ny, 2. 97 nmmol) in t-BuOH

in vacy Gagveil4p 8 S s gkl T vl prafied b st rdienf oftMon, 0-40%

EtOAJMRhnes)BS feRIAEGn @ft‘h@'htlggox% merSRMszsrrr((M BoE)+ MBS 184.2.
extrac d Wit h Hz%) e organi ¢ | ayer was
Step 2 y 1 Bipph exyapnrolidine-1,2-

dicarb , and t he soI vent was rermved i n vacuo. The crude
—%&?—gct was purified on Si02 (gradient elution, 0-10%
MeOH/ DCM to yield 1.2-g0f the title conpound. LRVS
ESI + (M+H)+ 455.5. St2 1-t-Butyl 2-nethyl
(2S,4R)-4-1(1-{5- 1({1( 3) \k (t-butoxycarbonyl)-2 5

nmet hyl propyl | am no }car bon
oxyl pentyl}-1H1,2,3-triazgf -4-yl

met hoxyl pyrroli di ne-l, 2- di ¢Gafboxylate ' N* NN O
BocN ONOCOZMe H O To a to,ee of the product
fromStep 1 (120 ng, 0.264 meed ) in MeCH (5 nl),

he sofd tdedmies SpRilioBPLie mighel AEmSond {71y Do Aed Hridh and

1-bronfx b idfobeskzent (1368 C2 38 deo? M €A (8 6a¢ n&)gms(limcjﬁ(ls.zl mg,

was dried over KZCOé and he sol vent was renov

0.026 mawloandCuli(é |9d n]g,10 @thonwm added( I8¢ mytmm was then heated to 50°C.

After 213 hifir3HBE PERTTVES Vorkedup a0 PR FIQR e The retivie lavgnyes

washed/ bvith 1,0l ghdeoriife] @liddosveM4J0 5 antbihe kbldbntiwhs rEibed(R viikio to yield
- but y| N—(oxomsth | ene) - L- val i nat e (46 ng, 230 mol

1.35 gwﬁﬁleéul@@@mpan@ﬂ whish veas|uged dincoplysn Rusther tpacteonse fURMS

(M-B )ggzs %e sol vent was then renoved in vacuo, and the
& roduct was purified on Si02 (gradient

Step 3€MEth14 R4 K046 JpER Y fpPop D Sincll - $38k yIUL Dlolinae Hydkdchloride
conpound. LRMS ESI+ (MtH) + 612.5. Step 3: Met hyl
(1R 16S, 19
-16-i sopropyl - 14, 17-di <2, 13-di oxa-5, 6, 7, 15, 18- pent a
azatricyclo [ 16.2.1.4&4] ccosa-4(22), 5-di ene-
9-carboxylate NNN N OO @)N

Q‘cozm

H Hcl

To the product from Step 2 (1.14 g, 2.60 mmol), HCl/dioxane (32.5 mL,
130 mmol) was added at RT. After 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-yloxy)carbonyl]-3-methyl-L-valyl-(4R)-4-{[3-(2-bromophenyl)

prop-2-yn-1-ylloxvy}-L-prolinate
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O CO2Me 20 To the product fromStep 2 (60 ng, 0.098
mol ), 4N HCO /dioxane (1.7 nL, 6.8 nmmol) was added.

W@\Ra08/057229 hours, the solvent was renoved i n vaeCDUSZNT022460
the residue was taken up in DCM (25 nL), and DI EA

e gsiﬂﬂg%theégeﬂﬁnm BB aemb i S{ep 4 e s epRu Tk psyepared

startm%‘wﬁ &?gﬁiﬁd%{e%ﬁgdlat‘é@ L RMS ESYQM-+H)* 593.2.
008/ 05 209 PCT/ 52007/ 022460 dri ed over MjSO, and
i , . <

was, p r|f| d b reverse phasechrormt ography to y| el d
M%M@%%%ﬁ%%. LRVE ESI+ (MrH)+ 438, 4 Step 4

(1R 2

-1- ({1(1R 16S, 19S) - 16- | | -14, 17-di oxo- 2, 13- di oxa

-5,6,7,15, 18-

pent aazatricycl ol 16. 2. 1. Y 7] do a-4(22),5-dien-1

9-yl I carbonyl} am no)-2 5 vinyl @meopanecar boxylic

acid Starting fromjhe prodgctd of Step 3, the title

conmpound was prepamﬁ\n/ng t® the procedures in

Exanple 5 Step 7. LRVS ESI + PMfM) + 533.3. Exanple 79
1-

10 (1R, 16S,193)-N-((1R, 2S)- {I[I Cycl oprop | sy
ul f onyl9 dﬁgamﬂ@alrubonyf the-pyodict trgml Bep 66715 mg,) 1. 2@ mmol) in PhMe

(12.10p i PRVt itytid 508 Bar2 1 Sy F55p0 ang B(epbay, 157 9 5iE: 8988 tnmol)
were ad@edC aArHeG¥atiot Svdy tl%rfhe@ed 1&rddtdx. /A¥er Q4 h@uHNhQ s&llrentQ'éEhEen

title conpound was prepared startin from the product

removed intgnp|aad #g: Guégpmateriabwagspuitfiedion PPOo (eradiert ebiiion; Hrd@%
EtOAé(nﬂeﬁ%e%S’gJ Qe 202RVBo Rk et Mt Sufe S rns BSF PG 30.3.

Step 6: MdthyBN-Hhersi-6-Ed-( 3o, RarBorly] K 3yehIBRIOpAY SUIR) 0§ B @ FirR@phenyl)
| carbonyl }-2- vinyl cycl opropyl ) am nol car bonyl }
prop-2-wn- i-yllax v b=prolimateidigobaltzhexacatbenyd complexoni at ri cycl o
20 [ 16.3.1.14' 7Lri cosane tr;:bfdouoroacet ate 0 rOH FO
F ~CN _e OWN [OHN H O oc(;oCOCOCO

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 yield 75 mg

of the title compound as a red oil.
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- 119 WO 2008/ 057209 PCT/ US2007/ 022460 Step 1:
Met hyl

W@ 2R805205, 16E) - 9-t - but yl - 8, 11- di oxo- 3, 12- di oxBeTUIDO2@22460
-triazatricyclo [16 3.1 .14,11 trlcosa I

16,17, Iﬁ@od&:&%@é’-ﬁ?[ X3 nEéfl@E[thﬂ?@ 11 b'énieb?il@gidlazacyclodocosme 7-carboxylate-
6-bronopyridi n-2-yl')met hyl nethanesul fonate I n place

dicobalfthedadarbomyl ®mylex ononet hyl ) benzene in Step 1 and
Internmediate B2 in pl ace c% gl LRVS ESI + (MHH) +
460. 4. Step 2: \"o .C
Met hy( 4R, 6S, 9S) - 9-t - °139 di oxo- 3, 12-di oxa-7, 10, 2
2-triazatricyclo[ 16.3%X1.14™ 1 tricosane-6- carboxyl
ate N HO O-N, HO 0 C&Me To a solution of the
product from Step 1 (210 ny, @57 mol) in EtOH (5
n), 10% Pd/C (20 nf) was gdded.c°Mie nmi xture was then
pl aced under H2. Aft uPJsO the starting
mat eri al was consuned, an hyl
(4R, 6S, 9S) - 9-t - but yl - 8, 11- di dxo- 3, 12- di oxa- 7, 10, 22-
triazagr cl 18 2 ' <
6- car glf)x!)i/ aéé)e\%\iésgl 181r1 rc%@ jr&&uc?ﬁ‘%&hétgxﬁgkp&rg 89%(5 hl%'{]oq) in DCE
(18.100 &iTPOthe Thiaf 1b Latalyst G6€63l g, Q,Mnsﬁhﬁas(a%é@ +THEGBixfure SEag hen
3: (4R 6S, 9S)-9-t-Butyl -6-{F((1R 2S
stlrred{a W@Fl@fpmb ﬁgru]|9f}ggwq }l‘mﬁiﬁ(élpré d\fﬂééﬁ}m cpngentrated to approximately
[ I o
1 mL a\ﬁrc#%lla g(g ¢ @5(9 %élraéh eléltlggl(o() 0% 2Et8 é:)/(haex%r’xeibt_o Cplnealg é’Z_Sﬂg gt% the title
compoQnd ad & redwil zﬂong with 43 g dﬁkedc}%f&d&ﬁSthpENI[(Hef)ﬂ-&eﬁdaﬂei@tﬂbonyl]-3-
[ t he product, from Step 2, the_title conpound was

Usin
methylpwggfrl {Eﬁg(%weylpbw%}pwéawpelsyl&w}rlweephnﬁteeéea?hﬂte
nd 7. LRMS ES|+ (MtH) + 666.4. - 120
hexac%‘b@é’f 8@9@88 PCT/ US2007/ 022460 Exanpl e 82
Step 8{ MBhy5( SRS/ S| DSl IK3- H09r-but A9, ¥ 2 -dixiot L RdABhydro{3,6,7,9.10,11,12,14,15,

cl oprop. | s~yl amnolcarbonl 2-
1617{8 ‘:”n a--:"'. y) :

et hano- 1,12, 3,7, 10-
benzodi oxat ri azacycl o +&Qsi ne- 6- car boxam de

To a solution of the product from Step 7 (25 mg, 0.031 mmol) in acetone (2 mL)
cooled to -10°C, CAN (102 mg, 0.187 mmol) was added in portions. After completion, the
reaction was quenched with DIEA (0.098 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 SiO; (gradient elution, 0-35% EtOAc/hexanes) to
yield 12 mg of the title compound. LRMS ESI" (M+H)" 511.5.
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O 20HNOO ~O S "IV Or NHNHO OS5 Step 1:
Methyl (4R)-4-[({[2-ally

wa@ koeeglob2sy } car bonyl ) am no] - L- prol i nat e hydr ochPGF/U8807/022460
3LOSINH O HN O HCO O- To a solution of racemc

Step 9% &8&3@10@59%&)@5%@33@'} R 3800 10162 %”ﬂ%g\gnt)%?in%bonyn-z-

vinylc &Brop vi3-0:10 Widhto- ?zt@&émhmc?@ 74R00.41.18.14,15.16,17.18-dodecahydro-5 H-
am nopyrrol | dl ne- I, 2- dl car boxyl ate (U 35 g, I1.42 mmol)
3L1 dings ‘ o B ]

5.8-m 0 1d60C. After

conpl nver - t e vva ‘extract ed
COmD! s ﬁnw‘fugﬁﬁym §ﬁ%§1 5 S‘hﬁ PR v R bigsording to the
procedgi/eelh Bampieh, A d 4R B AR ESTEMFRJTONed | n vacuo. The
crude material was purified on Si02 (gradient
el ution, 5-45% Et OAc/ hexanes) to yield 170 ng of

butyl 2- net hyl
Exam%‘fé“m) 4- ({[ (2-al l yl cycl ohexyl ) oxy] car bonyl}am no) pyr

(5R.7519/8)-0 2B uly1 v maquW(@k%prép@lsEMﬁymﬁﬁmca}boﬁ@ﬁ 2-
di ssolved 1Tn DCM THF nL), and %as was bubbl ed
vmvlcvqitamgpﬂ-l)-f)ﬂa divxa-1263.6, l,ﬁtluOLllrlr’AM h& BO.H B8 8 2 0hexadeeatydro-SH-5,8-

xl n. gLacuo to yield

trans- di ast ereoners
Met hyl N-[ (hex-5-en
car bonyl | - 3- net hyl -
') oxy]carbonyl }

20 -121 WD 2008/ 057209 P

y .
-(4R) -4-({j (2-al l yl cycl ohexy
Ky iflatk ONH 0 H/NO
0O To a

solution of the p H)\f/lSt@p - (170" mg, 0.49 mmol)
in DCM (10 nL), Inter dl-ate B1ol (132 ny, 0.515

mmol ), Et3N (0.27 ni, 1. rmol) EDC (113 ny, 0588

&%@m&pgu&?&ﬁ Boro- 1936 7850525 15 £8 1 £15.10.20-

hexadecahydro-5H-5.8-methano-4.13.8.11-benzodioxadiazacyclodocosine-7-carboxylate

QO

O‘COZMe

To a solution of the product from Example 73 Step 8 (24 mg, 0.047 mmol) in
EtOAc (2 mL), 10% Pd/C (2.501 mg, 2.350 pmol) was added under H,. After 90 minutes, the
mixture was then filtered through a glass wool pad with EtOAc as the eluent. The solvent was
removed in vacuo to yield 22 mg of the title compound. LRMS ESI" (M+H)" 517.5.
Step 2: (5R,75,10S5)-10-t-Butyl-N-((1R.25)-1-{[(cyclopropylsulfonyl)amino]carbonyl}-2-
vinylcyclopropy!)-9,12-dioxo-1,2.3.6,7.9,10,11,12,14,15,16,17,18,19,20-hexadecahydro-SH-5,8-

methano-4,13.8.11-benzodioxadiazacyclodocosine-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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extracted wth H20 and then KHSO4(aq.). The organic
| ayer was dried over MgSO4, and the 5 sol vent was
WO e0sweT209 N vacuo. The crude material was puriPCBUSINT/022460
Si 02 (50% Et OAc/ hexanes) to yield 222 ng of the title
E é%qgound as a mxture of trans-diastereoners. LRVS
Xam (MrH) + 550.5. Step 3: Methyl

the product frontStep 3 (222
ng, 0.40 nmol) in (80 mL), the Zhan 1 a catal yst
(30 ng, 0.04 mmol) m xture was heated to
reflux under N2. AfYer 9@ m nutes, the m xture was

concentrated in vacu andit he crude product was 15
purified on Si02 (gr ignﬁﬁﬁﬁgtlon 10- 50%
Et OAc/ hexanes) to yiel)aN g title conpound
asanndweofdeﬂﬁ?gmmsam{
trans-di ast er eoners. ESI H) + 522.5. Step 4:
Met hyl (4R, 6S,9
Z%I?I- t4 gﬂieyﬂlt:]eiczoﬁ%ﬂohnﬂ fa® peeparedabystdmgdbithe3xathple 73 Steps 1-9, using
met
2- chlorﬂehwpwém .Hazlae@/eﬂ bhoma:ddedabenzeag imdien RaLRMS ERF) (M-+H)'
700.6. - 1CZM O H- ~ NO O X 20 To a solution of a
portion of the product from Step 3 (105 ngy, 0.20 mmol)
in EtOAc (15 nlL) was added 10% Pd/C (10 ng). The

m xture was then place under H2, stirred for 3 days,
Exampl¢d6f i | tered through a pad of glass wool. The sol vent

(613,85"‘1"91E %@E@ﬁ 1It%m¥€ﬁ-§t1%,¥fg-#-gggéﬁ #d gégsulfog? 1;59 in‘agca}%%gll}-z-

vinylc . dR@BofER)-1 01 Bhdidxo-5.24-dBoxa-9, 12 Riaz WO 2680 357 PG theptacosa-
PCT, U82007/022460 Step 5:
404 Qe R idgt yl - N- (( 1R, 2S) - 1-f

am nol carbonyl }-

8, 11-trioxoi cosahydro-2H, 13H 4, 7

sol ution of a portion

[(cyclopropylsulfon
2-vi nyl cycl opropyl)

benzodi oxat ri azacycl oheni §osi ne- 6- car boxam de Usi ng
the product from tigl Q@hgfund was
prepared by the pr NG

The title compound was prepared according to the Example 73 Steps 1-9, using
1-bromo-3-iodobenzene in place of 1-bromo-2-iodobenzene in Step 2. LRMS ESI" (M+H)"
709.5.
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5 outlined in Exanple 1, Steps 6 and 7. LRMS ESI +
(MtH) + 722. 4. Exanpl e 83 (1R 2S)-1- ({f
WO 2R84205) - 7- | sopr opyl - , 15-tri oxo-3, 4, 6, 7, BCRUIDN1E2460
, 14, 15- decahydr o-
E Zg&é;H,17H—16,18-ethano-2,5-nethano-1,10,5,8,16-benzod
xam ri azacycl ononadeci n-4- 10 yl]carbonyl }ani no

(6R 8S. 121sviJ1mytlmwl-nm1%5‘)61&@r(@&wrb&ylﬁﬁfoﬂv%n%arbo%ﬁm N H
N H (@) I\IO OCHY oT 1 St ep 1:
A ] cptagoganl (26),22.24-

uﬁnegﬂmﬂm OTKES 8 thhoxy 1,2, 3 4 tetrahydr0|squ|noI|ne
5 7. 5 mol ) was dissolved in 15 48% HBr(ag.)

(50 nL) and the m re was stirred for 18 hours. The

solids were then fi , and the filtrate was

concentrated to yileld 3.48 g of

1, 2, 3, 4-tetrahydr®i soqui ngl i n- 8- ol drobronide. To a

solution of 1,2, 3.4- tetrah oi 0g | n- 8- o

hydr obr oni de (2.85 <|ﬂ" (75 nL), D EA

(7.57 L, 43.3 mmol) dNI/ESGWf 3. 3 g, 27.2 mol)

were added. The m xturejwas Phen Heated to reflux for

8 hours. The sol vent mas’ﬂ\en removed 20 in vacuo, and

the re |d partitioned between Et OAc and H2O. The
or gani mpound yeas peepargdiageqdingdo thenraepduresan Examples 73
I T
Steps g(gralﬁg gwg% 74e§f8;YSe?gr 1 dﬁ’ggﬁtﬂfberﬁl% ??gﬁb@fg%e}lg E)@HM% of"2Bromo-2-

iodobehzEch Maamptes?3-StoP 21 DRMEESEoMADY NIOH) to yiel d 4.2
g of the title conmpound. LRVMS ESI + (I\/H-|—|)+ 306.4. -123
WD 2008/ 057209 PCT/ US2007/ 022460 Step 2
Exmnﬁkq%o 5-[8-[(triisopropylsilyl)oxyl-3,4- dlhydr0|squ|n
olin-2 1H -yl lpentan-I-ol NI O/ OIIPS OH To a
(1R.283-dH{{ (1180 661198)- pisoprpybil 411 Aeligroailid-Hidxadné. 316 4 8 Ipen@@matricyclo
[ TEA

..... OpAI: capbowhc acid

g,' 5 8. 8 ol ) | EDC(621~n;g 3. 24 mml) " and HOBT (495
nmyg, 3.24 mmol) were adge After 2 hours, the m xture

was extracted with Et oH20O. The organi c |layer
was washed wth %
o ﬂ\)\\N H i
) My Non
° AL i R
l

Step 1: 1-z-Butyl 2-methyl (2S5.4R)-4-({1-[5-(acetyloxy)pentyl]-1H-1.2_ 3-triazol-4-

yl}methoxvy)pyrrolidine-1.2-dicarboxylate

{CL

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 +-BuOH (6.67 mL) and H,0O (6.67 mL), ascorbic
acid (112 mg, 0.567 mmol) and copper (II) sulfate (23 mg, 0.142 mmol) were added. After

CO;Me

24 hours, the mixture was extracted with H,O and DCM. The organic layer was dried over
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NaHCO3(aqg.) and brine, dried over Na2SO4, and the

sol vent was renoved in vacuo. The crude product was
w@oooss2a on Si 02 (gradient elution, 40-100% PCT/US2007/022460

Et OAc/ hexanes) to yield the title conpound. LRMS ESI+

Mk+46..108te.3: ) )
MesOf, Sl SNen? e iRl i iagug; Mhaeme SIsLY PR S Edon §i0:
(gradien® eluﬁ&@ﬂﬁ[‘@%'Mé@M}D@MP Rovikld 1.2 p\eTkho@ieecopdubd] LRIMI EST

YNO O To solution of a portlon of the product from
(M+H)5148p.52 (285 g, 0.7 mol) in toI uene (1 m.), t-butyl
N-( h 8 “rm)I1 was

for 18

. L1] L L
methyli»@wyﬂmnﬂzﬂc&@bﬂﬂmxvmﬁtwhm—r Qmﬁ%lim\dﬁﬂ@tﬁ@xy pteblidnee-1.2-
crude product was taken up in THE (5 nL), and TBAF

dicarbgxyla#ié m, 1M solution in THF, 1.05 nmol) was added.
After overnight, the solvent was rennved i n vacuo, and
t he residue was taken up N’&EE extracted wth
NaHCO3(aqg.), and dried er §cn The sol vent was
renoved in vacuo. The grude material was purified on
Si 02 (gradient elution( 25-80% EyOAc/ hexanes) to yield
the 20 title conpound.? LRVS (MrH) + 449.5. - 124
WD 2008/ 057209 PCT/ UsZBQ7/ 822460 <°8tep 4: Met hyl
(4R) - 4- [(2 15 - [ ({[(1S)-$A¢ but ox cay
rbonyl ) -2-net hyl propyl | agi n® carbonyl) oxyl pent anoyl)
-1,2,3,4- tetrahydr0|sogﬁrﬁolln 8-yl )oxyl-Lprolinate
hydr och;l 9531880 dMNhEprodubl frorh BEEP2IME 20 Ak, 1d.262 rinolyin MEOH (5 mL),

|1 To a solution of a portion of the product

chof @ém 81@43mpgl)2zas gddal. S¥fterfl minyteg, the solids e filtered, and the

mlxtur% ﬁv%‘g ﬁgacﬁed{ 1&/1(111 EBQA%B?@ gl\ﬁ Islg | }"lzje (g/rlgjug a}yﬁ Vas, ?meai NEr Il(2C03, and

the sol¥erfliva8 r&A¥Vdah ®abikd 13 egdl-fb 20ieihy1 (28, 48YR- ([3-(5hyd tyl
°%0 u%der N2, CSZCG% (0. 259 ,t u%f;l% mlr%,lg was ag[de(dh)yroxypeny)

1H-1,23-tazpkd- y&h@th%hpmm }.3-diachoxatate r Tea solutiensof thisenaterial in

PhMe q_fr%i&j t% oxy%t}%eﬂe - D\Qahlé_l%g (gég {dnédE 5% {rﬁnmq%\esas( g&@%g and the

solutlomatéa’l@ refiddl f6r 3 88ys( Tk solVBR waRItBEH Yefholved 81 vabRs, and the crude
dri ed over N?SCM and the sol vent was renoved in

producy 3 gurifreteor P radisatielutian OnHYo MeGHREMY ko ®elgA 30 mg of the title

compo&_ﬂ@.iﬂgi&ﬁﬁ Egi*m E@I 6393100% Et OAc/ hexanes) to yield

Step 3: Methyl (1R,165.,195)-16-1sopropyl-14.17-dioxo-2,13-dioxa-5.6,7.15.18-pentaazatricyclo
[16.2.1. 14’7]docosa-4( 22).5-diene-19-carboxylate

/\N

\i

NR

COMe

To the product from Step 2 (60 mg, 0.098 mmol), 4N HCV/dioxane (1.7 mL,
6.8 mmol) was added. After 12 hours, the solvent 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 1IN HCl. The organic layer was
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(2S5, 4R)-4-[(2- { 5-[({ [(1 _
S)-1-(t-butoxycarbonyl)-2-nethyl propyl ] am no}

W@ 2008055209 PCT/US2007/022460
oxy] pent anoyl }-1, 2, 3, 4-t et rahydr oi soqui nol i n- 8- yI )oxy]

i di ne- 1, 2-di car boxyl ate. This. mateyi al
aried QL Pl at e RV Waﬁ 59%%@(1(15 vegup- dha cgt CiRepehpafticd by
t r t
rovers s BRAT oS 0 A BRASRpEH ERPSSET UG48

Step 4{ MS-) BR{I(KR.168 E}S) 56 Isopropyl-14,17-dioxo-2,13-dioxa-5,6,7,15, 18-
entaaé i3, o Bo op4v{&2) 5r8mlji519t-351 ca;i)ongf}gm?noz 8.9, 12,13
vmylc,;lcqop}gpﬁlte@ﬁg@x@m@cmet hano- 1, 10, 5, 8, 16- benzodi oxatri azac

yclononadeci ne-4-carboxylic acid ONOL,n \N~COZ OH
N u IStaxq}ngtfro% the Pooducs of Step dnthetitle hempomnllwas pregared according to

the profipsingFpcamples Sieg1 'y LILESS RYSOGTD 05 o ol - ana. HOBT
(66 ng, 487 mmol) were added. After 18 hours, the

m xture was extacted with NaHCO3(aq.), dried over
Examwgs&m and concentrated in vacuo. The crude product

1soprom11|3fy1|7 ((13% é$37c§3xa75 BW @Mén‘taazatncyclo[lG 2.1. 147]docosa-4(22) 5-diene-
9, 15- trIOXO 3,4,06,7,8,9,12, 13, 14, 15-decahydr o- ZH, 11IH

Lc;a_rbp_v@m_d@ 18- et hano-2, 5-nethano 25 1, 1
0, 5, 8, 16- benzod|oxatrlazacyclononade0|ne 4- car boxyl ate
. This materi al 1‘1er’i‘ di ssolved -125 WO
2008/ 057209 PCT/ WUS200 2460 in MeOH (0.5 nmL), THE
(5 m.) and 1IN LiKOH (5 ni, °6mm|), and solid Li OH (100
ng, 2.3 mol) waso dded Afltey_ lohour, 10%citric acid
was added to adj ust pH 1N - t GAc  was then
added, and foll ow n@ extragti off| nic | ayer was
dried over Na2SO4, and the” solv s renoved in
vacuo to yield 100 ng of the titld conpound. LRI\/S ESI
(MtH)+ 5 488.3. Step 6: (1R .2S)-1- {[(2R 4S
~ 7- | soRiedileicompound was prspered stgrtgArgn q}zrowtpﬂEwnHI@GS Step 4

using ¥ Qoo pfied in Fyample 6, LRMSESL (M4 6364 16 benzod

i oxatri azacycl ononadeci n- 4-
yl | car bonyl } am no) - 2- vi nyl cycl opr opanecar boxylic acid
Exampig80t i t | " conpound was prepared according to the

(4R,6S1@rr.§%§et%t§l @#f(gilf;?ﬁ i- !Qgggﬁoﬂimg@@%@g%he

t

vinylclopr@iR1 YamiddrarBetyl BBt Mi-dibiko-3,12-dioxa-7,10-diaza-22-azoniatricyclo

[1631(1(4’1}‘,?1'1005)&116 tn{duggo%gelztg er Opyl sul fonyl ) am nO] car bonyl } 2-
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et hyl cycl opropyl ) - 6, 9-di oxo- 10-oxa- 1, 5, 8, 17, 18- pent aaz
atricyclo[14.2.1.12' 51icosa-16(19 ,17- 15

walc@sesocar boxam de NON, O N..,C tl N HN O QAPCT/UBE007/022460
OHO OStep 1. NA[(5-{1-[(3R 58)-1-(t-Butoxycarbon

Step lﬂI &9_ gjl&gg,gggﬁ, é%@ﬁ%tq)o%ln&/llg P?/{hrog)(lo%d A c_llo;(X l7 lbjzlj:triazatricvclo

[16.3.1. OXyieadabigpy), ﬁﬂ%mtem&nd-s Xabbpga=N N,, O *BCC O
ONI-TTCO2H Y OL 20 To a solution of 1-t-butyl

2-met hyl (2S, 4R) - 4-azi dopyr rohj di ne- 1, 2- di car boxyl at e
(400 ng, 1.48 mmol) and iate B18 (438 ng, 1.63
nmmol) in t-BuOH (6 L) nd H20 o(6 nL), ascorbic acid
(59 nmg, 0.296 mmol) an ) sulfate (16.5 ny,
0.074 mol) were added\n/%\ e‘?‘ overnight stirring, the

m xture was extracted wi% hrfH20®@M Et OAc. The organic
-126 WD 2008/ 057209 PCT/ US2007/ 022460 | ayer was dried
over Ni8Qitle cmtponhé “&slprwatedwaeord'mgmuﬁw procedaccuo Bxample 26,

using fGoon SR o9 ey ethaie SRRy Ml ggmo -

(brom&néfth}méfn&é}{é lgl%p?’l' ¥ihd rnlé#nédl%te?si g @5&4 6fB1. LRMS EST' (M+H)"

yl } pentyl ) oxy] car bonyl } - 3- net hyl - L-val | ne
4604hydroch|or|de N:NNO H HCl OyNI--ICOZH - h 5 0To

tncosag@%rdamﬁygy@r ni ght the soI vent was rem)ved i n vacuo
to yireld 705 ng of the title conmpound. LRVS ESI +

((M Boc) +H) + 440. 4. Step 3: hyl
(2R 4S,7S)-7-t-butyl - ~0-oxa-1, 5, 8, 17, 18- pent
aazatricyclo 0” e

WD

0 /l\ CO,Me

To a solution of the product from Step 1 (210 mg, 0.457 mmol) in EtOH (5 mL),
10% Pd/C (20 mg) was added. The mixture was then placed under H,. After 18 hours, the
starting material was consumed, and methyl (4R,65,95)-9-¢-butyl-8,11-dioxo-3,12-dioxa-7,10,22-

triazatricyclo[16.3.1.1*"]tricosa-1(22),18,20-triene-6-carboxylate was formed along with the title
compound in ~1.5:1 ratio. LRMS EST" (M+H)" 468.4.
Step 3: (4R.6S5,95)-9-t-Butyl-6-{[((1R.25)-1-{[(cyclopropylsulfonyl)amino]carbonyl}-2-

vinylcyclopropyl)amino]carbonyl}-8.11-dioxo-3,12-dioxa-7,10-diaza-22-azoniatricyclo

[16.3.1. 14’7]tricosane trifluoroacetate

Using the product from Step 2, the title compound was prepared using the
procedures outlined in Example 1 Steps 6 and 7. LRMS ESI' (M+H)" 666.4.

-120 -



10

15

20

10 114.2.1.12' S]icosa-16(19), 17-di ene-4-car boxyl ate
NN ~. N, NO, NNO I I O To a solution of the
w@e@dost209 rom Step 2 (705 ng, 1.604 mmol) in DEM/USD00022460
m.), D EA (0.84 nL, 4.8 mmol ), and HATU (640 ng, 1.68
Exam ) were added. After overnight stirring, the
BS1%ent was renoved in vacuo, and the crude m xture

(4R, 6&@&1%18’&3@5’)\19’-@1-}3qu1\5((512@5‘¥~1 afftydlophdpieli forlyIRinfTh¥¥rbonyl} -2-
| ayer was washed with NaHCCG3, dried over MySO4, and

VIHLCVQ'IQDI'OB%ID-\ZQ&:H -tripxoicosahyd9-24.13 Hed grmethanocl, | 243 7 40t eri al

gﬁg g;d{ ; ? i Q2 ?@radl nt elution, 0-100%
benzo ac élglge l%C-%—C (? itle Corrpound LRV ESI}
(MrH) + 422. 4. Step 4:

(2R, 4S,7S)-7-t-Butyl (1
[ (cycl opropyl sul fonyl ( garbonyl } - 2-
et hyl cycl opr opyl ) - 6/9- di oxoz 10- oxa- 1, 5, 8, 17, 18- pent aaz
atricyclo [ 14.2. 312" 5]i cog 16&19}, d7- 20
di ene- 4- car boxam Qe Usi ng t uc¥ fromStep 3, the
title conpound was pr arte d_laca |’1hg\tz) t he
procedure described in TB( I‘é 1 Steps 6 and 7, using
Intermedi ate Al. LRVB E@IA‘2M+H)+ 622.4. - 127 WO
2008/ 057209 PCT/ US2007/ 022460 Ex npl e 85
Step 1{ MMefiyt (&@Z a4 }@%@%}gegghsﬁ%%ﬁﬂ%ﬁm { IRYlidATh b Shloride
|sopropyl 1,7,10-triox 5,7,8,9,10, 12, 13, 14, 17- decah
ydrolH3H-36rrethan ]QWT 3,6, 131
di oxatri azacycl ononadeci 12-a]
i ndol e- 5- car boxam de ~N/ Op NNO -< N Tf
ON,~00 5 O Step 1: Ethyl
I -al |yl -1 Hindol e- 2- car boxyl dt% 2X~cEt To a
?gsgﬁgﬁ% g Qolgfloll\lgﬂaég % 15522 egly\l\'tyc oh%gan%Y(ﬂ%D mg Ié& %r'ﬁ%l) in DMF
(2 mL), CDI (0.23 g, 1.42 mmol) was added. After 1 hour, 1-z-butyl 2-methyl (25,4R)-4-

,2R)-1- {

aminopyrrolidine-1,2-dicarboxylate (0.35 g, 1.42 mmol) was added, and the mixture was heated
to 60°C. After complete conversion, the mixture was extracted with EtOAc and NH4Clq). The
organic layer was dried over Na;SQg, and the solvent was removed in vacuo. The crude material
was purified on SiO; (gradient elution, 5-45% EtOAc/hexanes) to yield 170 mg of 1-z-butyl 2-
methyl (25,4R)-4-({[(2-allylcyclohexyl)oxy]carbonyl} amino)pyrrolidine-1,2-dicarboxylate.

This material was dissolved in DCM/THF (5 mL), and HCI 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 ESI" (M+H)" 311.4.

Step 2: Methyl N-[(hex-5-en-1-yloxy)carbonyl]-3-methyl-L-valyl-(4R)-4-({[(2-allylcyclohexyl)

oxv]carbonyl}amino)-L-prolinate
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solution of ethyl 1H-indole-2-carboxylate (1 g, 5.29
mol) in DMVF (10 nL) was added. After 10 1 hour, the

worooss2omnas cool ed to OC and allyl brom de (OPGBHURL007/022460
6. 34 mmol ) mas added After stirring for 2 hours at

P or ¢ hofo TaShlibT o R ofedilQrtRE N fustRentled e imCHd0 mu),

Interm@didtee¥ {0 g!z%k wstlls nﬁhmcmsﬂm@ 295AaNig% Auﬁﬁéﬁf EPes(1498 hfgd

over MyS04, and the solvent was renoved in vacuo.

0.588 gyl apd HORE (e, @58&‘ mml)dnersladdzed (zégﬁe;t%dlwrseth@trnldme was

sl LEMREINNS) ol B L SRS e

solveni wAk teovblitin stabe The %ﬁfd@ térid} was b%ﬁé@ﬁl Si@)ﬁS@%l BtDARMexanes)
of the product fromStep 1 (560 ng, 2.44

to yield 222 mgiitheiitle catipiadas aNEHr¢ errm_s)dlmgeomeﬂsu i&M$ 881" (M+H)"
55052 hours and stirred at RT overnight. The sol vent was
20 then renoved in vacuo and the residue was acidified
Step 3WMIthyIN4RIEIS.0STINE/Z ROUlHut NP $ 01 tibxeas filtered to yield
the title conpound as a white SOIId LRMS EST+ (I\/H-|—|)+
3.4.5.60$9.10,11,14715g MAﬂ@bﬁhZWa hyAr @ 20460 -4 Stmg
. L et hyl |
? car bonyl | oxy}
0 O-,/TM5 CN Boc O
FromStep 2 (250 ng, 1.24
MO 201 ng, 1.24 mol) was
g nmixtdre was heated to 40C for
1-t- bu@

pyrrolldlne-l,z-dicarbo
To a solution of the pr
mmol) in DM (5 nL), 5
added, and the resulti
1 hour. At this ting
2-[2-(trimethylsilyl) | ] COMe

(2S, 4R) - 4- hydroxypyrrolld%géazkz di carboxyl ate (494

ng, 1.49 mmol) and DBU (0 1.86 nmol ) were

added, and stirring was contlnued for 2 hours. The

m xt ur'Eo avedlutioreoits partienl ofihe pradurOfromeieredl (242t the,| NHGIMol) in

DCE (8 L3158 2B el ol 004 o1 s R irege heted to eftu

under N5 .OA &6t O0LRiMASs, thémhikhee wap c§lc@3tre{t9d B:d\lra%% a%hlﬂltxé &ide product was
0- 40% EtOAc/hexanes) toyield the title product as a

punﬁed|og§pom(gradlgﬂ|vgxt@3| 10- éMt@A&ﬂg:xanes)stcepew 103-mg of the title

compopl 858 s hte oA Moy ape ap fapieamyrs. (ARISEST Py’ 5225,

Step 41 Mathyi 4R 6s©m 93- b)lxh)lqag PREYdHo6¥dhydto-RPHARHNAY Smdthardd-1,12,3,7.10-
O-TM5 N QUN. 00
benzodloxatnazacvclohemcosme 6-carboxylate

A,
H\ilcozm
O N
e

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 H,, stirred for

3 days, and filtered through a pad of glass wool. The solvent was then removed in vacuo to yield

105 mg of the title compound as a mixture of trans-diastereomers. LRMS ESI" (M+H)" 524.3.
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15 To a solution of the product from Step 3 (550 ny,

1.07 mol) in DCM (3 nL), TFA (1.5 nL) was added.
WQ@RM08/0520 ni nut es, the m xture was concentrat ePiCT/IS2007/022460

vacuo, taken up in Phie (2x) and concentrated, and

Step Sf 4 .'.'7: : -)- A := . i ' ] -., :!. ..°A a}f ”"A.( bOI’l 1}-

-vmyﬁ&élosﬁpryﬁcz @ql%&ﬁ@sm@r& %H)mﬂw m&RER-ngol 30;r gRni c

[ayers vvere then vvashed w Th brine, dried over Na2SO4,
benzogwdatn saddha IS deed in vacuo to yield

3R 5 | si,l yl).ethox rbon

o sing eug;éé ﬁrﬁ% 4. the B APV Rhe 5t Brocedure
outlinddliH BRafBleet, 'S@élgs 6348 7WER1\@S ESEt (M) 7o 4DVE (5 i),

I ntermediate B7 (200 ny, 0.870 mmol ), TBTU (279 ny,

0.87 mmol ), and DIEA(O 262 nL, 1.58 mmol) were
E ﬁ!gggd After 4 hours, EtOAc was added, and the m xture
xam extracted with |IN HC, NaHCO8, and brine. The

1R2 'Q{a 4G a0 15 jugsk 0y 816 NRBIRA 3 1and. &é&@h dro-
sol véen
2H. 11HdﬂHvb6118-ﬁt ber ﬂlaxalzlamwclbn@thdemn 4-
1carb%lno QAc/ hexanes) to
+ (MrH) + 626. 3. Step

(3R 58 8S, 15E) - 8- i sopL o , 7,10-tri oxo-4,5,7,8,9, 10,
12,13, 14, 17-decahydrjo- 1H.3H 3, 6- met hano[ 1, 10, 3, 6,13
] di oxatri azacycl onon [
carboxylate NI O O Z H
degassed sol ution of th&ypdresitt,
0.767 mml) in DCE (1600 t & Zhan | B catal yst (51
ng, 0.077 mmol) was added, and he m xture was heated
to reflux for 2 hours. The solvent was then renoved
Step 1i f-[(Eréisepropylsilyl Yosyj 2134-eetralgdrpisogdineltheon 10 Si 02
(gradient elution, 10-50% Et QAc/ hexanes) to yield the
title conpound as a tan f6a LRVS ESI+ (MH) + 598. 4.
Step 6: (3R 5S,89)- N-((lF@“ -{[ (Cycl oprop
| s~yl)am no] car bony) - 2- vi nyl cgr#sopr opyl ) -
4,17-

ghﬁ?? ﬁ’%)( 31 %%%étﬁrﬁ%]?yﬁfoﬁoquwgng??i%g, %’?5 mmol) was dlssoclved in

48% H‘Er{”SSS@ A a&ﬁd“ih@ﬂ%ﬁﬁeﬁés%ﬂred for 18 hours. The solids were then filtered,
Yy a] i ndol e- 5- car boxam de 15 To a sol ution of the

and thqaﬁkﬁ@tﬁcwaa‘ qooaerttatqul 16 y{d 34 g df. 1083, 4rteiwéhydraisofuipolif-&b))

TBAF, THF, 2 |
hydrobleifids’ T sofiug ot dhehwiabishbionhin i T Pishegiige (285 &
12.4 myt)ia, THIN 7 st AE A? rmmd(usmg 45 3%%9{164?3% mp@@ﬁr%@ 3@7 2 mmol)
| nt ernedi ate 0. ), TBT

were adee_t.is A hmw}ure a/nalt Eﬁat(s‘d)tmﬂumfor Shaes. Fis solvest was then removed
N N Gy LT A——

with brine, dried, and the solvent was removed in vacuo. The crude product was purified on
Si0; (gradient elution, 50/50 EtOAc/hexanes - 90/10/1 EtOAc/MeOH/NH4OH) to yield 4.2 g of
the title compound. LRMS ESI' (M+H)" 306.4.
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20 (0-100% CH3CN H20 (with 0.15% TFA) to yield the
title conpound as a white powder. LRVS ESI} (MH)+

WO 2@345720430 WO 2008/ 057209 PCT/ US2007/ 022460 PEREANT022460
86 (3R 5S,895)-N((1R 2S)-1-{[(Cycloprop | sy

Step 2U|§f P%é%; ?—[ﬂfﬁ? Sr%g)y sﬁyll)g){v%?\,/éi-Hi)ﬁlv&x%?slogt%lgl?ﬁ-ﬂ lms;l?ﬁentan-l-ol
7, 10 trioxo-4,5,7,8,9, 10, 12(1:3(;4 15, 16, 17- dodecahydr o

- I H, 3H 3, 6- et hano| o)

1,10, 3, 6, 13] di oxat ri azacygl onongdeci no[
1312a]|ndole50arboxa de |~ / O OO0 % NNO O
N~Oy O50/,\ Step 17 2- Trinethylsilyl)ethy

(3R 5S, 8S)-8-isopropyl -a44 7, 10-tri oxo-4,5,7,8,9,10,12,1

3, 14, , ) ) : )

16, 171'3%6&1&?%%?%3 Reftieno§ths predugh ismStam1 €09 mey 449 4wmatol) in
T R S T e
8.8 mdfl), @ﬂaCE((B’ld'phg 385, mBodparkd KIOBT (#§) nﬁg, 238 mmol))were added OAdter

3, nmL 10% Pd/ C 4 S The m.xfure wa
2 hourp, af bt tutEches st i O R O Ehe g [ap i ashed with
NaHCt)t}(aq[S’ WHE bR dﬁ%d oveIaNS 90y et tﬂ@s?owe%m\é?%nhd%eawu&ubo The crude
d the title conmpound as a tan foam LRVS E

produc(t vtas{perifedon SiGht (gradient elution, 40-100% EtOAc/hexanes) to y1e1d the title

3R c " 51-{j (Cycl opropyl sul fonyl ) am no] c
compai FEMSBSL D, P83t opyl ) 15
Step 387BuRMNRPY b (S-h{drbRy134-8kQdrbiseqdin@lif-2A01)-33, 14, 15, 16,
17-dodecahydro IH 3H-3,6 nethano] 1,10.3,6,1
X avlirdyydlinaignadeci no[
13,12- a]lndol e- 5- car boxam de ng the product from
Step 1, the title conpoung vas epared according to
Exarrple 85 Step 6. LRVS ESIf+ |—|)+ 712. 4. -131 WO
2008/ 057209 PCT/ US2007/ 02 460)<

o\n,N\i/&o

0

Tp 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
then heated to reflux for 18 hours. The solvent was then removed in vacuo, and the crude
product was taken up in THF (5 mL), and TBAF (1.05 mL, 1M solution in THF, 1.05 mmol) was
added. After overnight, the solvent was removed in vacuo, and the residue was taken up in
EtOAc, extracted with NaHCOj3(,q), and dried over Na;SO;. The solvent was removed in vacuo.
The crude material was purified on SiO, (gradient elution, 25-80% EtOAc/hexanes) to yield the
title compound. LRMS EST" (M+H)" 449.5.
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Exanpl e 87
(5R, 7S, 10S, 19E) - 10-t-Butyl - N- (( 1R, 2S) -1 -{1(cycl opr op,

wo goegl057209 nol car bonyl } 2- PCT/US2007/022460
V|nylcyclopropyl) 3, 12 trioxo-1, 2 3,4,5,6,7,9, 10, 11,

1-t- Butyl 2mathy| (2S, 4R) 4-{j 3
- (2- br omophenyl ) propanoylf anmo } pyrrolidine- 1,2-
di car boxyl ate O 913, N O-O To a solution of

1-t-butyl 2-nethyl
| ne/b< é—}xl;(goq\;eboxyl ate 10

(2S, 4R) - 4- am nopyrrol i

hydrochl oride (1 g, \/&

3-(2- brormphenyl)propaﬁm C <aC| d (9. 898 g, 3.92 mml)
DME (10 nl), EDC (0.7%%t"y, 3.92 mmol), HOBT (0.600 g,

gdgédmfm SotuRRR o3 b RbGé miuct BoleP P &%\éeddols% mmol) and 1-t-
butyl 2Thegl{é¢ezzt4s;m (@@gwﬁdebhehh?menylwy@pﬁmne yashesbodyldle (0.25 g,

2 and the organi c | ayer was
0.53 manolpth M 5 mb 28, Naa figh GO 09260 g2 0.7 90mamo wiay eddedn The mixture
urified

was g e 3o ek S8R P Reneli wat Grmeie” SR g B0 were

added. Eﬂ”@@n’gﬁﬂ?&dﬁb‘éﬁ)}vaﬁ ﬂle)ﬁleﬁlrﬂcté@ﬁllthlﬂ 3x %2& axi%l BiRA0x). The
oi I which S|OW|X/ISO|IdIerd LI%I\%(E% 4 &q )
organiq Qazyegwagﬂ 1aqsl @ver MgSOy, and the solvent was removed in vacuo. The crude product

was er%Ffjo nyﬁl 88 Fé’gg %nt]EQI%;ﬂOﬁly ?é XQO‘» L(tb}\%'hze%nes) io[ §1€'1¥1°1' tol?ut)glp)/methyl

car

25,4Ryi40]Y2 @xealBorfyl - DXttty 1 bonyl
B ool o &

Oxy]pemrﬁafr}ol 1.3, 4telrahydroisomncitnr§-ahexxipymelitiosi Aedicarben g aThis
materlgiI \gfs tﬁ&l &{géon\gedt 1H%I\PH§?/§C ():(%r%e(r]@ r{nﬁ{ m%[sll'lged 6? g efI it ggurls n The

npound” was prepare

solvenEwaﬂmeﬁ rémov&iden Sadofto yb%@e&ﬂeboﬁ%h&d‘ag @Bro%m oil. HJIRMS EST*
WD 2008/ 057209 PCT/ US2007/ 022460 Exanple 88 (5R 7S, |

(M+Hbé 9dE) - 10-t-Butyl - N- ((1 R 2R)-1- {
Step 5L (SN G5 9RY-PBYpv o819 AExBS 4.6 3' L9 MY 1 3,123 5-decahydro-2H,1 1H,17H-

16,18-ethano-2,5-methano-1,10,5,8.16-benzodioxatriazacyclononadecine-4-carboxylic acid

Ve
0/,,
{P~con
oo
0 A

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 NaHCO3q ), dried over MgSQ4, and

concentrated in vacuo. The crude product was purified on SiO; (gradient elution, 50%
EtOAc/hexanes - 90/10/1 EtOAc/MeOH/NH4OH) to yield methyl (2R,4S,75)-7-isopropyl-
6,9,15-triox0-3,4,6,7,8,9,12,13,14,15-decahydro-2H,11H,17H-16,18-ethano-2,5-methano-

. 1,10,5,8,I6-benzodioxatriaiacyclononadecine-4-carboxylate. This material was then dissolved
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et hyl cycl opropyl )-3,9,12-trioxo-1, 2,3,4,5,6,7,9, 10, 11,
12, 14, 15, 16, 17, 18- hexadecahydr o- 5, 8-
woreakasmed 3, 4, 8, 11- benzoxat ri azacycl odocosi ne- FET/HR 1O B22460
mde OHN, O H ONO..iYO NH OKH\~ 5 Using the
product from Exanple 87, the title conmpound was
in Me@He(QérreH) ddtoanbyand bNﬂJr@Hriﬁ atlgdunewl), and=sediddli©HI(100 mg,

25 s i it S L ST et AT S48 s om0
was th{gff 2aRldCarRProl18Ring xtﬂacm tlf‘a%r%axﬁ':‘fa%r \bhs(((ri'ed%vgﬁﬁ!azb‘m, and the

cycl opropyl sul fonyl ) am nof car bonyl -
solveny way Fenyaied pr eqpopdo)to 3iedd 100 g iob sthe- tfll,ez:omptb}md LRMS ESI" (M+H)"
48835 6,7,9,10, 11,12, 14, 15, 16, 17, 18, 19, 20- oct adecahydr o-
"5,8-nethano-13,4,8,11-benzoxatriazacyclodocosine-7-car

Step 6PXRIKAE. (P24 RS 7M-7 M obtogVi-b.9, B-trfex bl 4.5 45 i NY3 1 85-decahydro-

pr OdUCt Trom Exal’rpl e o/, the title Corrpound was
. &,4O-H a0l c 1 & ' O CILY q "

b H 2% O o Aneca
OS) 101’]56 tEt‘l’é Ndmﬂ%‘uﬁﬁ 'vxlFﬁs %F@p’aﬂeﬁ a{:cordmglto the procedure outlined in

1(cycl opropyl sul f g%amno car bony
Examrdﬁlﬁyfﬁf@yalusmgdb@/pr)odsct o2 StepisokBMS ESE, M5 5979, 10, 11,

12, 14, 15, 16, 17, 18, 19, 20- oct adecahydr o-

5, 8- met hano- 13, 4, 8, 11- benzoxat ri azacycl odocosi ne- 7- car
ExampR@g@@ide 0 HN, HRL o H A0 .n(f O

(2R.48.,75)-7-t-Butyl-N-((1R 2R)-1-{[(cyclopropylsulfonyl)amino]carbonyl}-2-
ethylcyclopropyl)-6.9-dioxo-10-oxa-1.5,8,17.18-pentaazatricyclo[14.2.1.1*°licosa-16(19),17-

diene-4-carboxamide

Step 1: N-{[(5-{1-[(3R,55)-1-(¢-Butoxycarbonyl)-5-(methoxycarbonyl)pvrrolidin-3-yl]-1 H-

1,2,3-triazol-4-yl}pentyl)oxy]carbonyl}-3-methyl-L-valine

N=N
MO
ré‘oc 0—
H
O N._COzH
£
To a solution of 1-z-butyl 2-methyl (25,4R)-4-azidopyrrolidine-1,2-dicarboxylate
(400 mg, 1.48 mmol) and Intermediate B18 (438 mg, 1.63 mmol) in +-BuOH (6 mL) and H,0O

(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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O HN,, ~O5 Using the product from Exanple 87, the
title conpound was prepared according to the
w@e@seszres in Exanple 4. LRVMS ES1° ( M+H) + 730P@I/US2007/022460
Exanpl e 91 10 (5R 7S, 10S, 18E)-10-t-Butyl -N-((1R 2R) -1 -
f [(cycl opropyl sul fonyl )am nol car bonyl } - 2-
layer vedstiyied prboMigS Py dnd 1Be sy wias rameavegd lin 8360 10 yield ‘Yiomg obthe title

4, 16, 17- dodecahydr o-
CompWQLME%ﬁ;(%%) égl t hano- 13, 4, 8, )1/1 benzoxat ri azacyc

Step 2l Wl?l'@f» Q P5(IXe59)- ﬁﬁﬂ%&%@aﬁ%nmn chd“lN@ N-11-1 I8 #idzoRY-
ITIT O Step L. 1-T-Butyl 2-netnyl

car bonyl l am no} pyrrol [ d| ne-\ 15 1 2-di carboxyl ate NH

Br HN CCNOQ O OJ"O To §O| utlon of 1-t-butyl

2-nmet hyl (2S, 4R) - 4- am nopyrral i e-1, 2-di carboxyl ate
hydrochl ori de (350 ng, J1.247 I ~ I nternediate C2

(299 ng, 1.247 mol ), fand HATU (&@9 ng, 1.496 mmol) in
DVF (8 nL), DIEA (0.87b i, c4,/99 mml) was added, and
left to stir - 134 WOJ2008/ 057209 PCT/ US2007/ 022460
overni ght. The reaction%ikture was then diluted with

Et OAc, washed with HCIN; ’gglm brine, saturated NaHCC3
and bthmtah,e rapdust fromeytepia 2 anld4$ mmad}, 4 HgHdioxsne (11.1 mL,

s IS AARD. URDSHRKEDvernTE 1hESUOME R PRUh S8k yiel

705 mgafﬁﬁ%tﬁtc@ﬁ@bhﬂamMs E@fg(M&BdchEHI iaube. conpound as a
white foam LRVS ESI+ (MrH)+ 468.1. 5 Step 2: 1
Step 3: fMethvl\ﬂ’ZR;ﬂSﬂ&)-ﬂvtrbutyl 6,9-dioxo-10- oxa-l 5.8.17.18-pentaazatricyclo

[14.2. K?Bh‘c‘@a-fs(isﬁ)(l“r&&?é@ cLﬂaBE{nQéé' -1 Hi ndol - 2-yl') car bonyl

Tt 1o rofrarmne- | di car boxyl at e
NN

MESY
N

© A~

To a solution of the product from Step 2 (705 mg, 1.604 mmol) in DCM
(200 mL), DIEA (0.84 mL, 4.8 mmol), and HATU (640 mg, 1.68 mmol) were added. After
overnight stirring, the solvent was removed in vacuo, and the crude mixture was dissolved in
EtOAc and 1.0N HCI. The EtOAc layer was washed with NaHCO;, dried over MgSOs, and the
solvent was removed in vacuo. The crude material was purified on SiO, (gradient elution,
0-100% EtOAc/hexanes) to yield the title compound. LRMS ESI" (M+H)" 422.4.
Step 4: (2R.4S.75)-7-t-Butyl-N-((1R.2R)-1-{[(cyclopropylsulfonyl)amino]carbonyl}-2-
ethylcyclopropyl)-6,9-dioxo-10-oxa-1,5.8.17,18-pentaazatricyclo[14.2.1.1*Jicosa-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 A1. LRMS ESI" (M+H)"
622.4.
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NO Pr, BHNO- OJ--OO To a mxture of the product
fromStep 1 (471 ng, 1.010 mmol ) and K2CO3 (154 ny,
wa 2051001 ) in DM (8 m), iodomethane (0. 069P@I/US2007/022460
1.111 mvol) was added, and the 10 m xture was left to
stir overnight. The reaction m xture was then dil uted
ExamNet&S Et 20 and H2O and the Iayers vvere separated the

OPFOD.

1sopr09Melr 7. 25, 4,617',s.§,ﬁ6dz 1@%%%&@%&% B

methan i
Met hyI

(4R)-4-{[ (4-Dbrono-1| - hyl -1 Hi ndol - 2-yl ) car bonyl [ am n
0 }-L-prolinate 15 txifl yoroacetate N Br HN O- F OH

~L1I~FAM HO FOT ution of the product from
Step 2 (440 ng, 0.918 m®l) in DCM (4 m), TFA (1 ni)

was added, and | eft ost[ r] f Qr g_% The reaction
T entrated from

m xture was then co centgé% %
Phive (I x) and DCM (2>8T a)%l the title conpound as
+ 380.0/382.0. - 135

a yellow oil. 20 LRVB &St (
WO 2008/ 057209 PCT/ US2007/ 022460 Step 4: Methyl
Step 1NEthiyl P-altylell Asndold-Rerebbxelatel - yI ) oxy] car bonyl } - 3- net hyl -

L-valyl - (4R)-4-{[(4- brong- | -nethyl-
1H i ndol - 2-yl ) car bonyl | c}yzer L-prolinate N O Br
HN OO0 O OHN11 N

\

To a suspension of NaH (254 mg, 60 wt%, 10.57 mmol) in THF (5 mL), a
solution of ethyl 1H-indole-2-carboxylate (1 g, 5.29 mmol) in DMF (10 mL) was added. After
1 hour, the mixture was cooled to 0°C and allyl bromide (0.55 mL, 6.34 mmol) was added. After
stirring for 2 hours at 0°C, the mixture was slowly warmed to RT and stirred a further 15 hours.
The reaction was quenched with H,O and extracted with EtOAc. The organic layer was dried
over MgSQq, and the solvent was removed in vacuo. The crude product was purified on SiO,
(gradient elution, 15-40% EtOAc/hexanes) to yield the title compound as a clear oil. LRMS
ESI" (M+H)" 230.2.
Step 2: 1-Allyl-1H-indole-2-carboxylic acid

m—cozﬁ
(

A solution of the product from Step 1 (560 mg, 2.44 mmol) in 1:1:1 2M KOH,

dioxane, MeOH (10 mL) was refluxed for 2 hours and stirred at RT overnight. The solvent was
then removed in vacuo and the residue was acidified with IN HCI. The resulting solid was

filtered to yield the title compound as a white solid. LRMS ESI" (M+H)" 202.2.
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Using the product from Step 3, the title conpound was
prepared using the 5 procedure from Exanple | Step
wd 2u8i061209 nt er medi ate B 13 in place of | nternePCHUS20B7022460
LRMS ESI+ (MrH)+ 647.3 / 649.3. Step 5: Methyl
N-{[ (2, 2-di met hyl hex-5-en-1| -yl )oxyl carbonyl } - 3- net hyl -
Step 31 -lwiaBuytlyl 2-42Y trignetliyl$ilyl yethtyh] (RS. 4RVi4ﬂNN 1-dllyl-1H-indol-2-
| Hi doI-2-1 car onI arpn -L-prolinate NHN O- O
car gassed (bubbl ed N2 for 30
m nut es) sol ution of

e product from Step 4 (532 ny,
0.821 mmol) in PhMe ), tributylvinyltin (0.288
m, 0.986 mmol) and Pd

4 (95 ng, 0.082 mmol)
wer e added, and the n” turPe was heated to reflux for
90 m nutes. The react'ion ( Xtuwe~was then
concentrated, and the resul }§j resi due was purified
by col um chromat ography on Si 02 (gradient elution,

20% 4596 EsCtohekthnesydutofrgidtep 2 [ES0tmg, | l€241Gmodip@ME (5 mL),

a cI r oil. ESI. + 595.5. Step 6.
CDI (ﬁé asleglxgd B\Qfl);qle rﬁgltH%u]_g Ql)ggije was l{@ﬁ@ﬁ%ﬂ%& 8’15 1 hour.
I -
At thid t%?(; LlC{/ g&t,yéipzr ?&tﬁﬁleﬂ%ﬂs@%ﬂzg})’% r(éZS 4R%4 hydroxy?l)érr(%hrdll%exg?. dlcarboxylate
(494 mg 1 A99nm0]) kid DB 40.28) 16, 1.36 dudel) amyedadnled and stirring was contmued

for 2 e e SURHER 2% e GREF AR ER0rHessd Aot S L, Spted

NaHCD:,, Brﬁl% dridd Svef WEPS@'{ andBe sBIveRAk &dedlaPinty38u?O0The crude product
proced ures in Exanple 1, Steps 5-7 with Internedi ate

was pusiedoadiOn (phdicat abmtldnnﬁelﬂﬁ(reﬁn%@hwanes) to Biekith title Rivuct as a

oo SRl 2010 000 05720

Step 4( @RTﬁﬁleh%lm%ihvmf l(pdRayen: i\'vfo&%féa%%}wﬂ {416 QIRSRAL QP -allyl-1H-

I'sy ul fonyl)am noJ carbonyl }-
indol-Zriyhgarbemyl fopy bibwprplinge 15, 24- tr| met hyl - 3,9, 12-tri oxo-4,5
,6,7,9,10, 11, 12, 14, 15, 1§, 17- dodecah.
3H 2, 23- epi m no- 5, 8- 0- 13, 4, 8, 11- benzoxatri azacyc
| oheni cosi ne- 7- car boxam oHN. OIl NHod ON-O
it Ob5 The title conpo s prepared according to

the procedures in Exanple 91@\(0\/\11\43
/\/\/O\n/“\:/goo

0~

To a solution of the product from Step 3 (550 mg, 1.07 mmol) in DCM (3 mL),
TFA (1.5 mL) was added. After 30 minutes, the mixture was concentrated in vacuo, taken up in
PhMe (2x) and concentrated, and finally taken up in Et,0 (2x) and concentrated. The residue
was then partitioned between EtOAc and NaHCOs and extracted with EtOAc (2x). The
combined organic layers were then washed with brine, dried over Na,SO4, and the solvent was
removed in vacuo to yield (3R,55)-5- {[2-(trimethylsilyl)ethoxy]carbonyl} pyrrolidin-3-yl 1-allyl-
1H-indole-2-carboxylate. 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 mixture was extracted with

IN HC1, NaHCOs3, and brine. The organic layer was then dried over Na;SOy4, and the solvent
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using Internediate Al in place of Internediate A3.
LRVS ESI + (M+H) + 765.6. Exanple 93 10
WO 2R3/D200S) - 10-t-Butyl - N- ( (1R, 2S) - 1- 1[ ( cycl opr@OPUS2007/022460
| s~yl am no] car bonyl }- 2-
vi nyl cycl opr opyl ) - 15, 15- di net hyl - 9, 12- di oxo0-6, 7, 9, 10, 1
was remoyed imvarge.1 Thd grude meserdbwes pirified on SiO; (gradient elution, 10-50%

eOA RS A TR Bl o e

Step SN2NT@infeth ki ethyl (IR B kK. 15208 NoProp9l-17, 19L #iBxd-4.5,7.8.9.10,12.13,14,

8-Brono- Z- (chl oronet hyl 1 m dazo[ I, Z-aJ pyri di ne
17-dedabyiiro ], 3} Hé-nigthano B, 1 086,13 idiex atmd za¢ yedomonédecino[ 13,12-alindole-5-
3- brono- 2-am nopyridine (10 g, 57.8 mol) in Et OAc

carbo m.), a solution of 1,3-diichloroacetone (7.34 g,
57.8 mol) in EtOAc n.) was added dropw se. The
m xture was stirred for 5 days. The solids were

then filtered; the notbher Qquors 20 separated; and
the solids washed withl Et20, dried in vacuo to give a
white solid. The soliffs wefel ghenwsurried in 15
HOAc and heated to 90C fgr 15grinutes to give a clear
sol ution. The mixture®wds tRen cooled to RT and
concentrated to renove ®ost. of the HOAc. The residue

b S O A BT Tt oL
(160 IIELII\)E%% ﬁ%ﬁg B(L)E/aga}g& 85-?1 %@’gdp@éfﬁkﬂf% \(/a} @dga,-and LRMRixfok tvas heated to
reflux (@-2Brcomni Thedshaind was tiep yernakied-i2 vyduopradihe wix thre wadputrified on
Si10, (ér%ﬁ‘fegtoe%'igﬂ, llb%% ER'?AC/L\IeXEng) toB gliemhe Ntle compound as a tan foam.
LRMS ESI" (M+H)" 598 4.
Step 6: (3R.55,89)-N-((1R.2S5)-1-{[(Cyclopropylsulfonyl)amino]carbonyl}-2-vinylcyclopropyl)-

8-isopropyl-1,7,10-trioxo-4,5,7.8,9.10.12.13.14.17-decahydro-1H,3 H-3 ,6-methano{1,10,3.6.13}

dioxatriazacyclononadecino[13,12-a]indole-5-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. After 30 minutes, the solvent was

removed in vacuo, and the residue was dissolved in DMF (2 mL). Intermediate Al (50 mg,
0.187 mmol), TBTU (60 mg, 0.187 mmol), and DIEA (0.086 mL, 0.52 mmol) were then added.
After 15 hours, the reaction mixture was directly purified by reverse-phase chromatography
(0-100% CH3CN/H,0 (with 0.15% TFA) to yield the title compound as a white powder. LRMS
ESI" (M+H)" 710.4.
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Bc O5 To a sol ution of
(4R) - 1- (t - but oxycar bonyl ) - 4- hydroxy-L-proline (1.0 g,
wd2@3/0sm209) in DMF (20 L), NaH (692 ng, 60% RGT/BS2007/022460
mol ) was added at RT. After 20 minutes, the product
fromthe step 1 (1.22 g, 4.32 mmol) was added, and the
Examplex@ure was stirred for 30 m nut es at RT and at 45C

1sopr051ﬂqz|7,lfmﬁoﬁ @@m £9) '1 @M§f13\'1@51 ssl%Plaif %&%hy&% PH@H @%

aqueous layer was washed wih additional Et OAC. The
methaga] i) Di3ehi1 Hdiganiriazacyglonenadecino| 18(12ed indoker S-hab&nidand

t he solvent was renoyed in vacuo. The crude materi al

was purified on Si 90/10/1 DCM MeOHJHOAC) to give

the title conmpound a foam(l?g) LRVS ESI +

(MtH) + 440. 0/ 442. 0. =pA: Ethyl (4R

4-[(8-Bronoi mi dazo[ 1)2- a pyri di n- 2- yl)mst hoxyl - L- prol i

nat e hydrochl ori de O o/ H 15 To a solution
of the product fro Step% / e mmol) in EtOH
(200 nL) was bubbl W‘g ‘ %0 minutes. The

m xture was then stirrnled:an a

sol vent was then removed }n vacuo and the fol I owi ng

|t| onal 2 hours. The
Step MFtﬁc@%ﬂh%né%)aﬁ%ltg%k!g%glﬁ_si *_E}Qgﬂgsﬁh%gﬁ%eﬂsna&%: : ,?%9,12',13,14,15,

16,17-dodeeatimdro-1H.3H-3.,6-methano[1,10,3.6,13]dioxatriazacyclononadecino[13,12-

alindole.5 , 2~ ld| ;retArh%/I(gex 5-en- 1-yl ) oxy] car bonyl } - 3- net hyl -

br onoi m dazo[ 1, 2br i m dazo[ 1, 2-a] p din-2-

| ) met hox- L- prol i nat Q hox-L-prolinate NO Br Of/
NNOII O O- 138 W2088/ 057209 PCT/ US2007/ 022460
To a solution of the prodgct from Step 3 (900 ng, 2.22
mmol) in DMF (12 L)~ I nteynedi ate _B13 (698 ng, 2.45
mol ), DIEA (1.16 ni), 66 ? af® HATU (1.26 g,
3.34 mmol) were addgd., 10 hour, the m xture was
extracted with KHSO4 aﬁd O&c The organic |ayer was
washed with H20O and brl‘?le/\and then dried over Na2SO4.

T R e I R I T L
EtOAd(38hH), 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 EST" (M+H)" 600.4.

Step 2: (3R.5S.85)-N-((1R.25)-1-{[(Cyclopropylsulfonyl)amino]Jcarbonyl}-2-vinylcyclopropyl)-
8-isopropyl-1,7,10-triox0-4,5,7.8,9,10,12.13,14,15,16,17-dodecahydro-1H,3H-3 ,6-

methano[1,10,3,6.13]dioxatriazacyclononadecino[13,12-alindole-5-carboxamide

Zz

g,

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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1.4 g of the title conmpound. LRVS ESI+ (MH) +
635.3/637.3. Step 5: Ethyl
wOoRqoB027229 di met hyl hex- 5- en- 1-yl ) oxy] car bonyl 1- BETrE81091/622460
L-valyl - (4R)-4-[ (8- vinylimdazo]
1, 2-a] pyridin-2-yl)nmethoxy]-L-prolinate 55 N~\ NO
ExampleS(D\/ O O 10 Using the product from Step 4, the
' D d

mechél&ﬂoévl) 3.9,12-triox0-1,2,3,4.5.6,7.9. 10 11,12.14,15,16,17,18- hexadecahvdro 5.8-
7S, TOS)-10-1-Butyl - N ((IR 2S)-1-{[(cycloprop sy
MW@Wd)docosme -7-carboxamide
vi nyl cycl opr opyl ) - 15,15-di net hyl - 9, 12- di oxo-6, 7, 9, 10, 1
1,12, 14, 15, 16, 17, 18 - dodecahydr o-
5H 5, 8- net hano- 23, 2- 0) pyrido[ 2, 3-n] |
1, 10, 3, 6, 13] di oxat#i azacycl oheni cosi ne-7 15
car boxani de Using fhe prf uct fr xtep 5 the title
conmpound was prepaxed accar nt procedures in
Exanpl e 2 Steps 1-3— LRVS SI fH + 741.6. Exanpl e
94 20 o AN
(1R 18R, 22R, 26S, 295) - 26- cgeiopentyl N-((1R 25)-1-{j (cy
clopropylsulfonyl)an1no] bonyl} 2-

1Y i1 YR GY LI AR ﬁ i : o1 iﬁ%%#ﬂgﬁﬁ gfmﬁ[lhﬁle 1,2-

dicarbbreyiste |aconta 3(12) 4 5,7,9, 10- hexaene- 29- car boxani de O
ObyN,_ ,L O= NNOOSOO o H - 139 WD 2008/ 057209
PCT/ US2007/ 022460 Ste Met hyl
(4R) - 4-[ (2-chl or oqui nol L) oxyl - 1-{(2S) - 2-cycl open
tyl-2-[({[(IR 2R)-2- pént-4.len-1-yl cycl opentyl]oxy}
car bonyl ) am no] acetyl} -L- prg#ij?te N C O OO-N-U

N

N O0O
><o/j*o ©
To a solution of 1-z-butyl 2-methyl (2S5,4R)-4-aminopyrrolidine-1,2-dicarboxylate

hydrochloride (1 g, 3.56 mmol), 3-(2-bromophenyl)propanoic acid (0.898 g, 3.92 mmol) DMF
(10 mL), EDC (0.751 g, 3.92 mmol), HOBT (0.600 g, 3.92 mmol), and DIEA (2.177 mL, 12.47

mmol) were added, and the mixture was left to stir for 2 days. The reaction was then diluted
with EtOAc, washed with 1N HCI (2x) and brine (1x), and the organic layer was dried over
Na,;S0q4, 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,75,108.19F)-10-t-Butyl-N-((1R,25)-1-{[(cyclopropylsulfonyl)amino]carbonyl}-2-
vinylcyclopropyl)-3.9,12-trioxo-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 Step 1, the title compound was prepared according to the
procedures in Example 1, Steps 2-7. LRMS ESI" (M+H)" 726.5.
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A solution of Internediate C13 (0.50 g, 1.46 nmol) and
Internmediate B23 in 5 DM (10 nL) was treated with
WORMPBA57202 53 L, 8.74 mmol) and HATU (0. 83 g, PCWBS2007/022460
mmol ). The mi xture was stirred for 1 hour, then
partitioned between HCl (aq.) (1N) and Et OAc. The
Example®8ni ¢ | ayer was separat ed, washed with saturated

ethylcwléﬁroﬁ\@%wz tfrioﬁd 1bz/3 ﬁ's@ﬁm 10hr1qrza1t40w ﬂpmsnﬁeﬁu@eahydro 5.8-
gradi ent elution, 1-100% EtOAc/ petroleumether) to

methapd-1 A8, ltlhberxzoxamazmvc&@dmmmemoaﬂbpxmmde75 % as a
solid. LCMS (ES+) m 612(MH—|)+ Step2
Met hyl (4R)-1-{(2S)- cl opentyl -2-[ ({
[(trans)-2-pent-4-en o
yl cycl opentyl ] oxy} ga bonM )am nol.acetyl }-4-[(2-vinyl qu
i nolin-3-yl)oxy]-L/proliné Ny , >N OO 00A
solution of the pryduct o P> %&T@m\:} 1.09 mmol)
in absolute EtCOH J.lO rrL)a Was treated with
pot assium vinyltrifl udr obuf & e 1 234 ng, 1.75 nmol) and
TEA (244 L, 1.75 mol). /I?d(dppf)DCM(l?S ng, 0.22
mol ) was added and the m xture was heated under
r ef | uxUsiog thb@rndm;dfrem ExaineplerB % tthe stlevasmpoodechs pngpared according

QAc. he qrganic Ia er ST :
o the gpethEesol EXRmDIro S TPt f P P AR AT Rl gmediate Al in
Step 7.TNRMS ESeT @g+HpohkElsi on was concentrated to afford a
residue that was purified by columm chromat ography on

20 Si 02 (gradient elution, 1-100% Et OAc/ petrol eum

E %I}ﬁ%r) to give the title conpound (485 ng, 74 9% as a
Xamp LCVMS (ES+) miz 604 (MrH)+. - 140 WO
(5R 7S2ﬁg§fl 058091 R /RQ%QO?[/(&%W&vls%ﬂi%ﬁvl%mﬁ@kﬁﬁbnvl} 2-
(3aR, 7S, 105, 12R, 20E, 24aR) - /- cycl opent yI - - di oxo-1, 2,
vmvlcv;clmogvla‘r3:9 B-tribko4122,3.4526.2.9,1941 IQWaA,_hiJ_fal:{bt&hQ 20-wcthdecahydro-

5.8- me%_l_ano- &24.@35 %%Hgo%&}agg o%[momﬂe!'?-l:ar%%)karl%de

nonadeC|no[12 11 b]

(3aSs, 7S, 108, 12R, 20

cycl opentyl -5, 8-di oxo- ,3a,5,6,7,8,11, 12, 22, 23, 24,

24a-tetradecahydr OH,9, 12- et hano 5

cyclopenta[18 19141, 10, 3, aigcy | ononadeci noll
N OO O

{ nol i ne-10-carboxyl ate and net hyl

Using the product from Example 87, the title compound was prepared according
to the procedures in Example 3. LRMS ESI" (M+H)" 728.6.
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A solution of the product of Step 2 (483 ny, 0.800
mol) in DCE (80 nL) was treated wth Zhan catal yst
W@ 708087209. 120 nmol ), then heated at 90C for 9BCT/US2007/022460
m nutes. The mxture was cool ed and then concentrated
in vacuo. The residue was purified by flash 10
Example99mat ogr aphy on Si 02 (gradi ent elution, 15-65%

(5R, 755.099%) .%m%l ﬁmlﬂeiés.:{ ){ [(cvcl(gpirgpylsuqfony arL{nE)?carbonyﬁci ' ons
ethvlc%rg&ﬁ) g%@mhsm 99%@ ¥.b:-19,18-191 10X, i, 2. 58, ?9 20-octadecahydro-

11, 12, 22 Zd 24,7 4a- tetradecahydro-

7,
4.8

Clno[lz 11 b]qU|noI|ne | O- car boxy
CMS (ESt+) mlz 576 (MH) +. The
net hyl (3aS, 7S,105, 12R, 20E

dloxadlazacyclonona
late (194 ng, 42%.
| ater fractions con
15
24aS) - 7-cycl opent yl - 5, 8- W&oxo 1,
2,23, 24, 24a-t et r &decahydr

nmet hanocycl opent a[|_18, {9] bt ©

[1, 10, 3, 6] di oxadi aza i no[

12, 11- b] qui nol i ne-10- carboxylate (148 ng, 32% . LCMS

(ES+) mlz 576 (MrH) +. StEp 4 Methyl

(3aR 7S 105, 12R, 24aR) - 7- cycl opent yl - 5, 8- di oxo-1, 2, 3, 3a

.5, 6, 7Using thepprodust fromy xampéefiiz! Qﬁae PRIV ¥R @ epargd according

3q3a,5,6,7,8,11,12,2

27 TH A

Z
D

o e Gl MELAABRENCLRORQE )06

nonadeci no[ 12, 11- b]qU|noI|ne | 0O- carboxylate N O O
OYN~ N OO 00 Pd/C (10% 29 ng) was added to a
Exame’ﬁlﬁ‘l}tu on of (3aR 7S,10CS, 12R, 20E, 24aR) 7-

: O Oy - a 2t AY [ A 4 9 ‘-‘..5
(20 nm.), and the ] tuns was stlrred under H2 for 1
hour. The solutio Nfigtered through CELITE, and
the filtrate was cpn ated to afford the title

conmpound (95 ng, olid hgg was used
directly in the T?Eh%@n mz 578
(MeH) +. Step 5: ¢ aRJSHIN : [ >~Q

CS, 12R, 24aR) - 7- cyclop |
11, 12, 20, 21, 22,23, 240 hexa ecahydro 1
OH 9, 12- net hanocycl opent a['18, 19] |
Step 111303yl q{e@}m@iﬁl@)cy ?i(@ brOREALEGIBLRD- yl)carbonyjammo}pvrrohdme-
TZ, I1- b] guil nol i ne- U-carboxylic acld N
1,2- dlcarboxylate

Br

To a solution of 1-z-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 left to stir
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OON~N OOH 0 O 10 LiOHH20 (34.6 ng, 0.825 mmol)
was added to a stirred solution of the product of
wWEL@p/0872095. 3 ng, 0.165 nmol) in a 1:1 m xtur ePOrf/US2007/022460
H20: THF (5.4 nlL). The solution was heated at 40C for
1 hour, then the THE was evaporated in vacuo, and the
overniglgtmdiheiresgtian nestus: wanthen didwtedvmsthdizOdicf weashed ovithHHG1 (3M), brine,

satura Qs e bR AGURED, SR BT AL wabupporated.
The reE’iHh@Q/aQ Y& iR Bhamd Bﬁrofﬂaﬁ%‘i}ﬁy‘%ssl@ Qg%l@&{’ehﬁﬂﬂ 3260%

evolatlles were renoved ford e tit
EtOAathnX}amﬂ)ctb i8¢ the titty, coBupndiss awhoe fant. ARMSEST UGEHH)" 468.1.

Step 22:1 [tfgmyh-metﬁyq ?23;1 EIN 4 ﬂ(ﬁ %romg:-l\{-smgtﬁsﬂH—1ncfol-52—\jll)c(arl\gl-o'g)y1]ammo}
pyrroh(iilﬂg L8Ri2dRxebR 29S) - 26- cycl opentyl - N- (( 1R, 28)-1-{[(cy

clroprop, Is~yl')am no] carbonyl |

- 2-vinyl cycl opropyl ) - 7-Adi oxo- 2, 23-di oxa- 11, 25, 28-t
ri azapentacycl o [26 O 1% 05, 10. 018, 22
| hentriaconta-3(12), hexaene- 29- car boxam de

N I O NOo OHOOSO NGNOH 201 DI PEA (124 1,

0.708 mmol ), DVAP (6.65 ng, ggggjfﬂnol) and TBTU
(45.5 ng, 0.142 mmol) were 0 a stirred solution

of the product of Step 5 ( rrgo 0.109 mmol ) and
Intermediate Al (43.6 ny, 0. P63° nmmol) in DCM (5.7 nl).

After 5, Ratis oftihe dé'tAf?o VR,20084 4572990 mmol) and K.CO
pCT/ UshD TSl He protuct from vvgrg(qevg%orateénmo)an 105

(154 mgdildlienmaly ipDMHE (8sd1)byodamtednam (ébDG?aBIs L tllgglmoé)dwarﬂdﬁed and the

ot S AT Y0 A S o
the lay@ﬁ%@re@é AéOth 14D The o'§ @& t1RR washed with saturated NaHCO; and
R, 13E, 18R 22R, Z6S, 295) 6 cyclopentyl -N-((1 R 2S)-1-

brine. |Th|e of ganed laperopasl then tﬂnm})p\)er ap () filtered, concentrated, and re-concentrated
28-t gpent ac o .. +

fiom g tnsiohé AMESTAGIRY 26 3 vy s LEMR BSE gt 450414621

Step 3 .1@4&371fwmaﬁma b 8meA-ReMAAL Beindol-2-yl)carbonyl]amino} -L-prolinate

trifluoroacetate

/
N

P> o}

Br
HN,

/ o
R OH
58
F 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 yellow oil.
LRMS ESI" (M+H)" 380.0/382.0.
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NQI ~ O OON~NN OOHONOHI10 Treatnent of
nmet hyl
W@ 3807309 CS, 12R, 20E, 24aS) - 7- cycl opent yl - 5, 8- dPORUS2007/022460
1,2,3,3a,5,6,7,8,11, 12,
22,23, 24, 24a-t etradecahydro- 104 9, 12- met hanocycl opent a
Step 4] I\&thﬂ]N-{ [(2, 2 dlmethvlhex 5-en-1 yl)oxy]carbonyl} 3-methyl-L-valyl-(4R)-4-{[(4-

eci nof 12, 11- b] qui nol i ne-
-M@L& described in
ed the title conpound (72.8
ng, 62% as a white po [ Cl\éIS(ES+) mz 776.3
(MrH) +. 15 By using the gpprgprfate A B, and C
i nt er medi ates, the fol | ow ng coyrpounds  were prepared
according to the procedures of npbe 1. EX.

Structure Nane LRMS I nterned ates ot (MtH) +
according to Proc E 18R, 22R, 26S, 29S) -
774.3 See Exanple Al, §§6 cycl o e%ty| N ( (1R 2S)- 94,
omt Step 4, B23, 1- {[(cycl opﬂgyl sul fonyl) separate

Cl3 p am no] carbonyl }-2- isoners o H
vi nyl clysjng Fhequgqlgct ﬁqsz?tep 9, thi|tie c@npound was prepared using the

proced?l f\%%m%bﬁglp Ps%p %]%%e? ﬁt%rﬁ\lr} ig&)iaiﬁ:az Qrtn%% afe 87 LRMS

EST" (M43); 449.37,63980, 13 he taene-29-carboxam de - 143 WO
2008/ 057209 PCT/ US2007/ 022460 Ex. Structure Nane LRMS
Step 51 Methylg¥ti{ H?.B:dlmthvlhexmﬁ;lr -vhloxmicaibanylt ¢ -methyk-beiadd-(48)74-{[(1-
9 7

R ee Exan'pl e Al, NI
methy“& vlnﬁ’ Hz -1 te B23, N

Exanple 94 Steps 4-6 aff

To a degassed (bubbled N, for 30 minutes) solution of the product from Step 4
(532 mg, 0.821 mmol) in PhMe (10 mL), tributylvinyltin (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 SiO, (gradient elution, 20%-45% EtOAc/hexanes) to yield the title
compound as a clear oil. LRMS ESI" (M+H)" 595.5.
Step 6: (5R.75,10S8,18E)-10-t-Butyl-N-((1R.2R)-1-{[(cyclopropylsulfonyl)amino]carbonyl }-2-
ethylcyclopropyl)-15.15,24-trimethyl-3.9,12-triox0-4,5,6,7,9.10,11,12.14,15,16,17-dodecahydro-

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 ESI' (M+H)" 767.6.
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am no] carbonyl } -2 H o vinylcyclopropyl)-24,27- 0 o
N N o o dioxo-2,23-dioxa NN s' 4,11,25,28 OH
w0 edosaszepent acyclo [26.2.1 .03, 1205, 10 018, zr¢T/US2007/022460
hentriaconta 3(12), 4,5, 7,9, 10- hexaene- 29-carboxam de
98 (IR, 18S, 22S, 26S, 29S5)-26- 777.2 See Exanple A, N
Exampled2opent yl - N- (( 1R, 2S)-1- 94, separate B23, N

(5R, 75{ [. *ﬂﬁ&% %rtoﬁn}/txf&l(h%}%)\) ] Aﬁcxﬁé&q&]lsulfonyﬁ&nﬁ&%]lparb%xg;

vmylc‘;’él%%@l)ﬁ@ 1@'2Qz<tﬁn{éthylﬂ ﬁﬁﬁqo‘koltls 857 2 P1,12.14.15.16,17-dodecahydro-
t et raazapentacyclo [26.2 Ud lZ Ub lU 018, ZZJ
neth 15-beng €ing

3H-2 oYe
99 Owe (I R 13E 18
Al , 26-cycl opentyl

°R ;68295) "804. 5 See Exanple 1,
(1R;2S)- Steps 4-7, B23, 1-
geparate Cl1 am no]carbonyl }

-2- isoners 0 vinAcycl opro )-70 H O oyN ~
mathoxy2427d|0223| ﬁ &}%4252800
;; Htriazapenta O . 1270510 018, 22]
E?N\Q/L&Q 13V he
1

hentriaconta 3(12
t aene- 29- car boxam de , | 3E, | 8S, 2285, 268, 29S) -

804.5 See Exanmple 1, Al, cycl opentyl - N ( (1R, 2S) -
St epS Preltitldompound was prepared according to the procedures in Example 91,

using Intermediate A1 in place of Intermediate A3. LRMS ESI"' (M+H)" 765.6.

Example 93

(5R.75.108)-10-t-Butyl-N-((1R.25)-1-{[(cyclopropylsulfonyl)amino]carbonyl }-2-
vinylcyclopropyl)-15,15-dimethyl-9,12-diox0-6,7.9,10,11,12,14,15,16,17,18,19-dodecahydro-
5H-5,8-methano-23,2-(metheno)pyrido[2.3-n][1,10,3,6.13]dioxatriazacyclohenicosine-7-

carboxamide
~ N \
_ %

\\//
N~
( H

“or o
Step 1: 8-Bromo-2-(chloromethyl)imidazo[1,2-alpyridine hydrochloride
- N \
DA

N cl
HCI

Br
To a solution of 3-bromo-2-aminopyridine (10 g, 57.8 mmol) in EtOAc (200 mL),
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,0, 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 HOAc. The residue was
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1- { [(cyclopropylsul fonyl) separate Cl1 ami no]
carbonyl }-2- isoners vinylcyclopropyl)-7- OyN N O
wOoreiokoxReP4, 27- di oxo-2,23- 0 N O O di oxa-4, 25, PEI/0Sm0H022460
triazapentacyclo [26.2.1.03 12 05,10 018, 22]
hentri aconta 3(12),4,5,7,9, 10, 13- he
treated witin 80 9. EaOroddetistieovernightito gi® the 08¢ 06MPOEd as a white solid (3.0 g).

7/ . St t Na LRMS
LRMSEP%@%‘ 2%3%?%& ( Ml 'rhjrcagtr:grdi gg to Procedure
Step 21 QARQ@(S(QMM]&%&}) 122 3p28din2R A)meBBLyP1 mt&%ﬁﬂ%ﬁyli& proline

. 26-cyclopentyl - N ( (IR, 2S)- steps 4-7,
1 {[(cyclopropylsulfogzhz§éggarate Cl1 o an1no]
carbonyl } -2- isoner =\y'Viyl cycl opropyl )-7- H
o(nethoxy 24, 27- di oxo- 20, 23-tri oxa- 4, 25, 28-
OHs "V trlazapentacyclo OH 01, 1201, 10 018, zz]
hentriaconta 3(12),4,5,7,9, 10 fog o he

t aene- 29- car boxam de 102 Owve (1R, 13E, 18S, 22R, 26S, 299) -
806. 4 Boa SENHAPPEK)- 1Y, butoxgeashenybpEhygrox kleprelne ) g,

4.32 m?xtlecg raﬁlg&dzﬁ%@m afl caré%hg?f?” pPs MQUJ% Qat RT. After

20 minutesy theypeddiet opiyl the step @ (1L.BR ‘g, 4.88 linxly waé addeddarixie 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;SOy4, and the solvent was removed in vacuo. The crude material was purified on
Si0; (90/10/1 DCM/MeOH/HOAC) to give the title compound as a foam (1.7 g). LRMS ESI"
(M+H)" 440.0/442.0.

Step 3: Ethyl (4R)-4-[(8-bromoimidazo[1,2-a]pyridin-2-yl)methoxy]-L-prolinate hydrochloride

Z
GOSN

N o

o
N ~
HCI H
o)

To a solution of the product from Step 2 (1.7 g, 3.86 mmol) in EtOH (200 mL)
was bubbled HCl (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 ESI" (M+H)" 340.0/342.0.
Step 4: Ethyl N-{[(2,2-dimethylhex-5-en-1-yl)oxy]carbonyl}-3-methyl-L-valyl-(4R)-4-[(8-

bromoimidazo[1.2-a]pyridin-2-yl)methoxy}-L-prolinate
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O0=N 2,20,23-trioxa-4,25,28 0 0 Htriazapentacyclo
[26.2.1.0312. 05b0. 01822] hentriaconta

WQLMRN5729%, 7, 9, 10, 13- he taene-29-car boxam de ROBUSNB7/022460
(1R, 18R, 22R, 26S, 29S) - 26- 806. 3 See Exanple Al,
cyclopentyl -N-((1R 2S)-1- 94 B23a, "
{[ (cycTopsolptids of the pydductCirdm Step h(J00aag, kio?ily:ln)nol)ﬁn DMF (12 mL),

e I N L S L T

3.34 n‘[n%ﬁ% Hefe aQi%e& éA@c@v LRo 8 e 2fikurd 698 E)&t@&%ﬁéﬁtvﬁtthHSO4 and EtOAc. The

hexaene- 29-car boxam de
organi¢ 1&?611.8/@5 QIZR;GEG\SIHZHS) agdbrise) 8nBthSe dribd avgyI N2, 80,. The solvent was

removes (e % %en%- 94 é{l%‘?ﬂ’%’a’?t V@f@ungﬁg HB]Sl@;a@Béh@t]Of}C/lzexanes) to yield
1.4 g ST SRR LkMs S ESLNvABf g wedd 27 di oxo- 2, 23-

di oxa-1 o " Htriazapentacyclo
Ste 5 M 24@m x{5181 E@l)ohe]n&rbomdbﬁtmethgl L-valyl-(4R)-4-[(8-
0 9 ar boxam de -145 WO

256 Sulslia Al i 4 . Structure Name LRVS
Intermedi ates Int. (I\/Hr tgg:ordl ng to Procedure

H
o
N—"¢

A~
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: 5R,7S,108)-10-#-Butyl-N-((1R.25)-1-{[(cyclopropylsulfonyl)amino]carbonyl}-2-
vinylcyclopropyl)-15.15-dimethyl-9,12-diox0-6,7.9,10,11,12.,14,15.,16,17,18,19-dodecahydro-
SH-5.8-methano-23,2-(metheno)pyrido[2,3-r]{1.10,3,6,13]dioxatriazacyclohenicosine-7-

MOY %O\/

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.265,295)-26-cyclopentyl-N-((1R.25)-1- {[(cyclopropylsulfonyl)amino]carbonyl}-2-

vinylcyclopropyl)-24.27-dioxo-2.23-dioxa-11.25.28-triazapentacyclo[26.2.1.0>'%.0° "0.018’221

hentriaconta-3(12).4,5,7.9.10-hexaene-29-carboxamide

N™
I/

0
2 H O \
OTN\:/U\%H 00 o
0 A N b=
Q § N Vv

s
K
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105 O (1R, 18R 22R, 26S, 29S) - 26- 820. 3 See Exanple A,
cycl ohexyl -N-((1R 2S)-1- 94 B24a, "

wd@ pqospsizopr opyl sul fonyl) Cl4 ami no] carbonyl PERUS208I7/G22460
vi nyl cycl opropyl )-7- 1--LN o net hoxy- 24, 27-di oxo- 2, 23-
O =H s dioxa-lI 1,25,28 OO H triazapentacyclo

Step 11 MetmlﬂRQ&l @clﬂmgumﬁhm-ﬂm%l {(HBx-cychpentyd2-[({[(/R,2R)-2-
rbox m de 106 cl

chl oro 26 cycl opentyl N- 94, separate B23, N 11 i
((1R 2S)-1- isonmers C16 { [(cycl
am no] carbonyl } -2- H OO Ny"LN
vi nyl cycl opropyl ) - 24 -0
di oxo- 2, 23-di oxa- 11, - 00 '";®@ Htriazapentacyclo

[ 26. 2. 1, 03,12 01,10 Cc§, 2 \/% \ acont a-

3(12),4,5,7,9, 1 0-hexagre~ r boxam de 107 ci

(1R, 18S, 22§, 26S, 29S) - 7- BLA 6 See-Bxanpl e Al,

chl oro- 26-cycl opentyl -N- 9 separate B23, N

((1R 2S)-1- isonmers Cl6 X -P { [(cycl opropyl sul fonyl)

am no] Aesalubomyf Intermed @ 3-(Q, 50 g, 1.46 mmol) and Intermediate B23 in

DMF ({b 5.;Y<1‘a° SRR 5_)%9415% {hg8mL, ¥ A hinol) and HATU (0.83 g, 2.19 mmol).
The mixture was stlrred for 1 hour, then partitioned between HCl,q) (1N) and EtOAc. The
organic layer was separated, washed with saturated NaHCO3(,q) and brine, and then dried over
Na,SO4. Filtration and removal of the volatiles gave a residue that was purified by flash
chromatography on Si0O; (gradient elution, 1-100% EtOAc/petroleum ether) to afford the title
compound (671 mg, 75 %) as a solid. LCMS (ES+) m/z 612 (M+H)".

Step 2: Methyl (4R)-1-{(2S5)-2-cyclopentyl-2-[({[(trans)-2-pent-4-en-1-

ylcyclopentyl]oxy}carbonyl)amino]acetyl}-4-[(2-vinylgquinolin-3-yl)oxy]-L-prolinate

N
Vo

o
o N 1
YN
o on”
(¢]

A solution of the product of Step 1 (669 mg, 1.09 mmol) in absolute EtOH
(10.9 mL) was treated with potassium vinyltrifluoroborate (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,O and EtOAc.
The organic layer was separated, washed with brine and dried over Na,SO,. 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 (485 mg, 74
%) as a solid. LCMS (ES+) m/z 604 (M+H)".
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O o Htriazapentacyclo [26.2.1.0"".0"'0.0 18, 22]

hentr

iaconta- 3 (12),4,5,7,9, 1 0-hexaene-

wQ@sasioxam de 108 i (1R, 18R, 22R, 26S, 29S) - 26-PET/USH02022460
See Example A, N butyl-N((1R 2S)-1- 94 B22a, N
{[(cycl opropyl sul fonyl) C15 am no]carbonyl } -2 HO
Step 3y iMigthW(BaR\BH, éﬁ& 1 XR,ZQE ZﬁaRbl-Nyewbemt\dﬁo&dwz.Q&ﬂJm_,&L&

nonad@é?nc%ﬁ b@%%ﬁll@cﬂlne-1oléa§boMQt8%%§?@%S 7S 1OS 12R 20E 24a8)-7-

cyclo

PCI/ USZOOW 022460 I:xarrpl e 109
2

t8. by

0 oIc rbony| } .' ‘ ) .\ o
cvclonenta} ,1.8 Irb}illl) ufﬁ]ﬁ qxa 1aZacvelo ?naéigmggf lgilé)-@qgmgléncdll%ﬁ%rbg_)&\date

L;T UMNT U T nmeoTiITu

25, 28 tr| azapent acyclo (26.2.1.03

12. 05, 10. 018, 22] hentri acont a- 3 4,5 |

7,9, 10- hexaene- 29- carboxanlde JNO O N ~Ov 'NH
OQSO OH 51 St 3-met hyl - N

y
0

({((1R 2R) - 2-pent-4-e ,_1 yI CYE ntyl | oxy}carbonyl)-L
-val 11- 4R

-4-[ (6- met hoxy- 2-vi nyl quzrno in> ycl))oxyI-L-proIinate
011 N \

(0]

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,75,10S,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-methanocyclopenta

[18,19][1,10,3,6]dioxadiazacyclononadecinof12,11-b]quinoline-10-carboxylate (194 mg, 42%).

LCMS (ES+)

m/z 576 (M+H)+. The later fractions contained methyl (3a8§,75,10S,12R,20F,

24a5)-7-cyclopentyl-5,8-dioxo-1,2,3,3a,5,6,7,8,11,1 2,22,23,24,24a-tetradecahydro-10H-9,12-
methanocyclopenta[18,19][1,10,3,6]dioxadiazacyclononadecinof[12,11-b]quinoline-10-
carboxylate (148 mg, 32%). LCMS (ES+) m/z 576 (M+H)". -

Step 4: Methyl (3aR.7S,10S,12R,24aR)-7-cyclopentyl-5,.8-dioxo-1,2,3,32,5,6,7,8,11,12,20,21,22,

23,24 24a-hexadecahydro-104-9,12-methanocyclopenta[18.19][1,10.3.61dioxadiazacyclo

nonadecino[12.11-b]quinoline-10-carboxylate

cyclopentyl-5

N7 X
|

P
0
o N ¢
77’”..V“\N(>>r
o =
O >
(o]

Pd/C (10%, 29 mg) was added to a solution of (3aR,75,10S,12R,20F,24aR)-7-

,8-dioxo-1,2,3,3a,5,6,7,8,11,12,22,23,24 24a-tetradecahydro-10H-9,12-
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O YONNO O-T OA solution of Internediate Cl4
(0.50 g, 1.46 mmol) and Internedi ate B23 was 10
w0 c@anstoas descri bed for Exanple 94 Step 1, tRCPUSINOTE22460
a residue that was then taken up in in absolute EtOH
The resulting solution (0.2 M was treated with
methapaxtyakpentai 18i 1W{]11 10,3, 6 Jdoxetierarye ongriadécing J 1 2ahldb JiEio{ite-60-

carvorfit (110 B AEhial me T S B vaspfgred under iy for

1 hourM PHe Wb RitiWA vas FideRM (RiddgH CERTEE AMatihe Hili@eaRsk c%tn%ﬁrate-ﬁrl@ afford

organic |ayer was separated, washed with brine and
the titigicorgownd(95 g 83%) a¥hsolid thabwesiugsd|diretthnimthe ndd step. LCMS (ES+)
+rated to afford a residue that was purified by
> m/zsf:go@%ﬁﬁ chr omat ography on Si 02 (gradient elution,
Step 5130095 RO SAER PEIRO)- @M@&hﬂ%)s digx 811123 808 6118 A £12, 20.21.22.23,
conpound (30 % as a solid. (ESF) Mz 622 (MFA) F
24.24chexadecah kdronyW-9,12- methanocyclopenta[l8 19][1.10,3.6]dioxadiazacyclo

nonadt(,cmol?’IZ'?l b(l)slhnozl dezl%Eéarb alalc a01d but yl - 16- et hoxy- 5, 8-di o

1, 2,3,3a,5,6,7,8,11, 12, 22, 23, 24,
OoH9,12 20

4a- t et radecahydro- |

2008/ 057209 PCT/ U820002246Q, 01 NO ONOO OA
solution of the product® (300 ng, 0.48 mmuol)
in DCE (30 nL) was treabediwith n catal yst (48 ny,
0.07 mmol ), then heated at Cf 2 hours. The
m xture was cool ed and concentrated in vacuo to
10 f ur ni sSkhiQGH-He©i(d46 mg @t82&a3mpl) wasiaddedaty af stimet sslution of the product

o st PGSRBS o0 P07 5L Pl A 0 - % ion v

heatedgag 38°(‘,‘rﬂ)r l%& thédMe T(I-ﬁ&ﬁ)is NaporaB ik Wikor andeRerdaining aqueous
solutlamvm@ﬁaﬂp pH # bpatigition 6f Héll(h]oxyN)S BONowas adled, aﬁd Bhe organic

layer w%ffepmqeﬁ,a&%s@%% M‘gé’ﬁ’t“ﬁf t%i%gri@% ?ver %Ia?gé adﬁg ah};(gure was |f_"-ltered and
15 the volhtiled whrSlchead AFANEE QNORunAPE1.4 mg, 66%) as a solid that was used
12, 11- b] gui nol i ne-10- 10 carboxylic acid
directly i in the next step. LCMS (ES+) m/z 564 (M+H)".
Step 6: (1R,18R.22R.265,295)-26-cyclopentyl-N-((1R,25)-1-{[(cyclopropylsulfonyl)amino]
carbonyl}-2-vinylcyclopropyl)-24,27-dioxo-2,23-dioxa-11,25.28-triazapentacyclo

[26.2.1.0*'2.0°1°.0'***1hentriaconta-3(12).4.5.7.9.10-hexaene-29-carboxamide

N
|

P4
ke
N\./lL
% o o\\,,o

DIPEA (124 pl, 0.708 mmol), DMAP (6.65 mg, 0.054 mmol) and TBTU
(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

20
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O NO ODbYNOOH O The product of Step 2 (125 ny,
0.21 mmol) was dissolved in a 1:2 mxture of H20: MeCH
w@ 3@sisR0and treated with Li OHH20 (35 ng, 0. 84Pamb007/022460
The sol ution was heated at 50C for 3 hours. The MeCH
was evaporated in vacuo, and the aqueous sol ution was
volatilel§ WenteesotapiGatad t and EheOksidae ovaspumifiidd Eydautomated sass- triggered HPLC

(Fractige‘lgé}(ﬁrga 't%&%ru)megg%gﬁ@ig%}qnethe 6&%?0%%%‘29 Ta at e%’l"/t) as a white

powderi LOMY (E9v)aRd 776mqualgef the vol atil es, the resi due
was di ssolved in MeCH (55 nL) and treated wth Pd / C

(10% 10 ngy). The solution was stirred under H2 for 2
E h@;{)r , then filtered through CELITE. The filtrate was
xampleJSentrated to afford the title conpound (120 ng,

(1R,133808R 2R P62 9D 6L Rtophasi Ns(ﬁ:k @'S)[ P—‘?F( I:Vcléﬂ?oﬁ\hﬁllfb@ﬂ)ammo]
step. 20 LOMS (ES?) Mz 58

@Magmm@ﬂlmm-dMD ZERBt @leEN-U QiRBzﬁhZabeﬂtacvclo

5 6 7, 8 11 12, 20, 21 22,23, 24, - hexadecahydro- |

OH 9,12 -148 WO 2008/ 057209 P

0, 3, 6] di oxadi azacy ' /o[ 12, 11- b] gui nol i ne- 10-
carboxam de , N H Q NN & 0S50 0 OH The product

of Step 3 was treat@dga#s, descyibed in Exanple 94 Step
6 to afford a 5 resi that sgﬁgﬂfled by

aut omat ed mass-trigger §d)HPLQ ( Aralit r'gnLynx) to
furnish, after freeze drying, t title conpound (112
ng, 68% as a white solid. LCMS (ES+) mz 794 (MH)+.

By usiTygathitft SPREMPT ms est«os B2R 208, 2Ga.5)0-8Y1EsEnRN S8 dloxo-
the follow n npounds were prepared accordihg to

1,2,3,3alpeb, Z),deel@uzggii,aﬂ Zgamnecaggtdro 10H-9,12-methanocyclopenta[18;19]
[1,10,3,6]dioxadiazacyclononadecino[12,11-b]quinoline-10-carboxylate (87 mg, 0.151 mmol) as

described in Example 94 Steps 4-6 afforded the title compound (72.8 mg, 62%) as a white
powder. LCMS (ES+) m/z 776.3 (M+H)".

By using the appropriate A, B, and C intermediates, the following compounds

were prepared according to the procedures of Example 1.

Structure Name LRMS | Intermediates | Int.
M+H)" | according to
Procedure
(1R,13E,18R,22R,26S5,29S5)- 774.3 See Example Al,
NG 26-cyclopentyl-N-((1R,2S5)- 94, omit Step 4, B23
A 1-{[(cyclopropylsulfonyl) separate Cl13
0 amino]carbonyl}-2- isomers
oo H 0~ vinylcyclopropyl)-24,27-
osz\__:/L%H 9 o0 dioxo-2,23-dioxa-11,25,28-
O N < ”’SV triazapentacyclo
[26.2.1.0>'2.0°'°.0'%3)
! hentriaconta-
3(12),4,5,7,9,10,13-
heptaene-29-carboxamide
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Ex. Structure Name LRMS Int. (M H+ 110 "

(1laR, 5S, 8S, 10R, 22aR)-5-t-butyl -N- ((I R 2S)-1- 766.6 Al,
wa@bbogfog2yx| opr opyl sul f onyl ) am no] car bonyl } - 2- B2B#ES2007/022460

vi nyl cycl opr opyl ) - 14- et hoxy- 3, 6-di oxo- Cl4 1,

la,3,4,5,6.9,10,18, 19, 20,21, 22, 22a

Ex. t et r aGomatuyelr o- 8H- 7, 10- met haNemycl| opr opa LRMS |olmdermediates | Int.
[18,19][1, 10, 3, 6] di oxadi aza o of f cycl ohaMadBEi|nakcording to
12,11 -blqui noline8 |carboxamde 111 " Procedure
97 (1las, 5S, 8 , 22a5' ) -@RJ18RALRDEINRICY-AR, 2S)7712 76BebExample | Al,
N {[ opr opyl $udycpstylavi(tRloar-bonyl } - 2-| BRHeeparate | B23,

vi nyl cycliopy opyl ) - 14} nef{teedsprepybulfog®o- | CLl4 o |1, isomers C15
/3, 4, . 9, 10, 18, 19, 203nddo]catBongBe2-0Y"
tetq ad)ec ydr o- 8H 7, 10vilchaseeydla@ropa o ~~H N H O
CQ,(“[\J«Q\ 9 [1 10, 3, 6] ¢li oxadixa2@3idda-
nona CE Cﬁ 11- b] quignalaisne- 8- ~ ¢ar boxani de 112
" @R 55088 i@?\XZa?) 5 dirafidbatacPéid ( 1R] 2R) - 1- [768. 5
A3, N {[(cychopropy su[qunwgzafdorocﬂz?qar bonyl } - 2- B25a,
et hyl cycl opropyl ) - 14- net hggiaders-di oxo4 Cl4 ( 1,
la, 3, 4, 5>6, 9101819>20>202245 2820 Rdee->|> _ff NN O
t et radecahydr o- 8H 7, 10- neﬁdamy,g{d@prop( N H |~

Loed

98 l18 19]11, 3, bf di 0<a€1'1zﬂ%§22’sf6{502'99ﬁ%1&1907*77‘9l See Example | Al,
, 11- b] i ne-8-| carRgxammgir 2349 YO 2008/|050209arte | B23,
PCT / US20 77@22460 Ex (Cyggﬁgﬁlshﬁg@l)LR\/B Int. | +Hdmers C15
~ 0- amino]carbonyl}-2-
af 5S, 88 10R, 22a8) 1 SyhyRitidred) (bR 2R - 1- 768.5 A3,
CNZ,{ pr ogyl sul f pnyl )Zlgﬁba%qﬂyxgonyl }-2- B23a,
cyc hg* 141 met hoxyiy 3563 di oxo- |Cl4 y |H o -H
1, U 3,495, F % T 18, 19,20, 21 ma%%lgza ~"/ \ [N ~o
tetradecahydr -8H 7, 10- &g P0Gy 0lgops Op:
hentriaconta-
3(12),4,5,7,9,10-hexaene-
29-carboxamide

O

99 OMe (1R,13E,18R,22R,265,29S5)- 804.5 See Example 1, | Al,
26-cyclopentyl-N-((1R,2S5)- Steps 4-7, B23
1-{[(cyclopropylsulfonyl) separate Cl1
amino]carbonyl}-2- isomers
vinylcyclopropyl)-7-
o methoxy-24,27-dioxo-2,23-
QP dioxa-4,25,28-
o N W triazapentacyclo
) [26.2.1.0*'2.0%1°,0'5%)
| hentriaconta-
3(12),4,5,7,9,10,13-
heptaene-29-carboxamide
100 OMe (1R,13E,188,228,265,295)- 804.5 See Example 1, | Al,
\ 26-cyclopentyl-N-((1R,25)- Steps 4-7, B23,
] 1-{[(cyclopropylsulfonyl) separate Cl1
X ~N . i
amino]carbonyl}-2- 1Somers

o vinylcyclopropyl)-7-
NI methoxy-24,27-dioxo-2,23-
D NK%FH o0 dioxa-4,25,28-
o

(o)
N X« ﬁ’s triazapentacyclo
“ | [26.2.1.0>'2.0>1°.0'%7)

hentriaconta-
3(12),4,5,7,9,10,13-
heptaene-29-carboxamide
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OHNTf ~°

car boxam de

N [18, 19][1, 10, 3, 6] di oxadiaza o 1 H
cycl ononadeci no[ 12, 11- b] qui nol i ne- 8-

114

WO 2008032 7S, | OS, 12R, 24aR) - 7- cycl opent yl - N 80FCERUS007/022460
N ((1R 2S)-1-{[ (cycl opropyl sul fonyl )am no] B23a,

carbonyl) -2-vinylcyclopropyl)-16-nethoxy-5,8- Cl8 0

Ex. di oxo-Strugtu®e 3a, 5, 6, 7/ 8, 11, 12Nae21, 22, - NRVEN | Intermediates | Int.
23, 24, 24a- hexadecahy@iro- 1049, 12- o H N| (M+H)" | according to
net hanocycl openta [18,19][ 1, 10, 3, 6] di oxadi aza |O Rretedire

101 cycl ononadgsiwat 12, 1X1R0IE,18R,BS128pRDY 1 KO6S- |l See Example 1, | Al,
10- car box e 115 | [\26(c3edpeatyl-M-((1R,2S)- steps 4-7, B21a,
0S, 12R, 24aS) - 7- cycl opent{jtycNprap2hulbord, | N separate Cl1

0 , - If [ (cycl opf opyisidbleabydy)jam no] B23a, isomers
car Qon(yl ) = 2-et hyl cy¢l oprgmytlbprbpylyret hog y-5, 8- [C14

Q-2 33, 34, 5, 6, 7 8, hbthdd-24n2diod2, |+ HHoO |s

23, 24, 24a\hexddeglhydr 02 363+ Biok24,25,280 I\~ H 17
met ocydl operf ay18, 19] fikzabntdybldi oxadi aza
cycl ononadecimo[ 12, 11- bjgyl n@li@&-le C) car boxjam de
19- oxi de 116 dSaS, 7S] 10S, 1RRx2derm-- 7- cyc¢l opent yll - N-
820.6 A, N ((1R 2R)-1-{@tyyst.opoonyl sul fonyl)jam no]j
B26, carbonyl) -2- el hydsind oRERBKhhidh61 Met hoxy}- 5, 8-

102 Cla Ul7. dhOXfe 1, 2, $.(PR135, PBS20%R:268299. 1U.806.424 $de:Example 1, | Al,
~( s 23,2 4a- hexaglege yldfiéﬁaj)]- ks |-N° H - 1Steps 4-7, B2la,
et hanocychppent a [ 18, 19fEdkichfhpdis (gillygxadl aza |0  separate Cl1

oLy Ghe ino[ 12, 11- b] giheRlbag1yL Canboxani de  jsomers
9- oxi de a7 ! N, vinylcyclopropyl)-7-
3aR, 75, A%E, 12R, 24aR| - 75 e0clope %LJ\L 822.7 A3,
([LR2SyL- [ (xuchopi opybesl oyl hamy no] B26,
car yl} F% mﬁ*@ycl opr gayl L. le-pet hoxy-3 a- [C 14
met byl - 5, 8- dilQxd- 1Y2) 3, 34, ,(ip,lz 58,0k 12 |0
, 20, 21, 22, 23, 24, 24a- hexadefahydsQ; 10+ 9, 12-
3(12),4,5,7,9,10,13-
heptaene-29-carboxamide
103 OMe (1R,18R,22R,265,29S5)-26- 806.3 See Example Al,
N cyclopentyl-N-((1R,25)-1- 94 B23a,
P {[(cyclopropylsulfonyl) Cl4
amino]carbonyl}-2-
4o kY vinylcyclopropyl)-7-
OTN\/U\N o methoxy-24,27-dioxo-2,23-
o i H O:\S/,O dioxa-11,25,28-
7N :
O ¢ ﬁ V| e,
| hentriaconta-
3(12),4,5,7,9,10-hexaene-
29-carboxamide
104 OMe (1R,18R,22R,265,295)-26- 808.3 See Example A3,
A\ cyclopentyl-N-((1R,2R)-1- 94 B23a,
N P {[(cyclopropylsulfonyl) Cl4
amino]carbonyl}-2-
Lo 0 ethylcyclopropyl)-7-
O\”,N\/LN o methoxy-24,27-dioxo-2,23-
o : n O:\soo dioxa-11,25,28-
O d T« N triazapentacyclo
ﬁ [26.2.1.0%12.0%1°.0'%2)
hentriaconta-
3(12),4,5,7,9,10-hexaene-
29-carboxamide

- 145 -




HN H S~ nmet hanocycl opental 18,19][1, o =
10, 3, 6] di oxadi azacycl o nonadeci no[ 12,11- O

whk@aios2b® ne- 10- car boxam de 118 o" PCT/US2007/022460
(3aR, 7S, 105, 12R, 24aR) - 7-cycl opentyl -N- 795.8 A, N
((IR 2R)-1-{[(cycl opropylsulfonyl)am no] B27, N
Ex. car boSyurtur@- et hyl cy¢l opr opyName6- met hoxyLBMS (f1¥ntermediates | Int.
met hyl -5, 8-di oxo- 1,2,3,3a,5,6,7,8,1 1, |-(N0+H)H | according to
12,20,21,22,23, 24, 24a- hexadecahydro-10+#H 0O N N [N Procedure
105 9,12-meth 9ied opent al R18R,228,2¢S,205)-2b- 820.3 See Example | Al,
10, 3, 6] d| i azacycl ocyviohadd-M-@(0f, 195111 | b] 94 B24a,
U|noI|ne|19 car boxam de{[(ckteprppydsulfdityl) Cl4
L1305, 12R, 24aR) - 7- dmibeitatborW}(Z-1R, 2S) - 1- {j|(cycl op
1 op, | sy ulfonyl)am no] castyesyyloprogyl)-7-
anyLdy_ progyl) 161 medthoey24,37-8rodbQR0- 1, 2, 3, 34, 5, 6, 7,
R1LIZRLP 23] 24, 24iaxa-1 10562800 2008/ 0572009
PC@DSZO / 0p2460V hexadegamyehiteyclo
OH- 97 12- et hapocycl openps 2[1.688,0¢3p¥2) 10 3, 6] di oxadi aza
cycl ononadeci no 111, 12-b] wkpatrexad-i ne- || O- car boxam de
'O, N NON 11 O [Ohbu $7,9iblhexeR0 |[H Step 1:
Met hyl (3aS, 7S, | CS, 12R, 24@§Qmawﬁmﬁkopentyl 5, 8-[di oxo 5
106 1 cl 18R 22R 26S 29S) 7- 810.6 See Example Al,
, ﬁ] 8,11, 12 1 é.l_aﬂa hexadecahyﬁg&arate B23,
3 \f-thanocy“lopent zyﬁml 1 [ 1,10,3,81  isomers Cl16
5 yclononadPC| I&HS% uh%gﬂynoline-lo-
arbox IaKE N OO - ZhordPNVE FOl | owi ng t he
mégte urré\descri bed 10Qm§%gqah&, 4t7eps 1-4, 4
cgmbi nat't~ony of} o, ,,o dioxo0-2,23-dioxa-11,25,28-
j::L triazapentacyclo
[26.2.1.0%'2.0%"°.0'*%)
hentriaconta-
3(12),4,5,7,9,10-hexaene-
29-carboxamide
107 Cl (1R,185,228,265,295)-7- 810.6 See Example Al,
A\ chloro-26-cyclopentyl-N- 94, separate B23,
N P ((1R,25)-1- 1somers C16
o {[(cyclopropylsulfonyl)
Q oo 9 amino]carbonyl}-2-
OTN\)LN o vinylcyclopropyl)-24,27-
o i H QP dioxo-2,23-dioxa-11,25,28-
O K ﬁﬂ 7 triazapentacyclo
[26.2.1.0>'2.0%1°.0'5%]
| hentriaconta-
3(12),4,5,7,9,10-hexaene-
29-carboxamide
108 (1R,18R,22R,26S5,295)-26-t- 765.2 See Example Al,
N/Q butyl-N-((1R,25)-1- 94 B22a,
L _N {[(cyclopropylsulfonyl) C15
m amino]carbonyl}-2-
T PN vinylcyclopropyl)-24,27-
O Ny %0 o dioxo-2,23-dioxa-
N P 4,11,25,28-
o [(“H \7 tetraazapentacyclo
] [26.2.1.0*2.0%'°.0"%%]
hentriaconta-
3(12),4,5,7,9,10-hexaene-
29-carboxamide
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10

15

20

10 Internmedi ates B23b and Cl14 furnished the title
conpound as a solid. Step 2: Methyl 3aS, 7S, 1
wW@3)08AR289aS) - 7- cycl opent yl - 16- net hoxy- 5, 8- di ORCGF/US$2087/022460
3,3 a,
5,6,7,8,11, 12, 20, 21, 22, 23, 24, 24a- hexadecahydr o- 10H- 9, 1
ExamEle 1198t hanocycl opent a[ 18 19111 10, 3

(R8I FLA SHBNEL ANORARER) 10k B1cbForRd bR, b Giotdebonyly 2-

vinylc BB p 1 @Prﬁéth()ﬂwﬁzﬁ 217331,10)& 2?3 k)1 1 gadded to a
~ stirred sol ut] on of 8tye product of Step 1 (130 ny,
triazapgnapvcle . 0 entrirdonss 4 Add.1 0-beraenerZPBAboxamide
was added after 1 hour (66.0 Qw383 nnDI) and after
4 hours (38.8 ng, 0.225 mol) .~ The M xture was
diluted with DCM (1 nl) and red for 1 hour. The
reaction was diluted w DCM ~Aand the - 151 WO

2008/ 057209 PCT/LPEC> /0224600 organi c | ayer was

washed with 10% Na232C3( a nd 10% NaHCO3(aqg.). The
organi cs were vvashedw/vm ne and gried over Na2SO4
and concentrated to of vethe N ound as a solid

that was used directly in thé>su yséquent step. LCVS
(ES+) mz 363.8 (MrH)+. Step 3: |

1(3aS 7S, IOS 12R 24{aS' -7- C,ycl opentyl N-((lR 2R)

-15

, 2, 9, od, 9,0, 1,0, L1, 12, 20, 2T, 24, 24a- hexadecahydr
0-1 OH 9, 12- net hanocycl opent af 8111, 10. 3
, 6] di oxadi azacycl ononadeci no[ 1 - b] gui nol i ne- 10-

car boxam de 19-oxi de Treat ntﬂdf the product of Step
2, by the proceduresrteser
5-6, furnished the tile cogp

G Exanple 94 10 Steps
oufd (12% over 3 steps)

as a solid. LCMB (ES+)o Uz (MtH) +. By using the

appropriate A, B, and i nter iates, the follow ng

conmpounds were prepared cordfng to the procedures

of Exanple 94. 15 Ex. Structure Nane LRMS Exanple Int.

+H + 1AGoltien Of hﬁ@megiakg@mw(zgs) 4@mmad s ddntSenedate B23 was

treated({: ;{ Aff/%l%gb¥gp]$3§éﬂ%? 8% S e»,p(,]}nf H&eeap@s@ue/g-@&&las f{jen taken up in in
absolufAEIOHY The rsiltiny sEMGbPE PR Was freated with potassium vinyltrifluoroborate
(1.6 eq) and TEA (1.6 eq). Pd(dppf)-CH,Cl; (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 Na;SO,. The filtered solution was
concentrated to afford a residue that was purified by column chromatography on SiO, (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 (3aR.7S,105,12R 20F,24aR)-7-t-butyl-16-methoxy-5.8-dioxo-
1,2,3.32,5,6,7,8,11,12,22.23 24 24a-tetradecahydro-10H-9,12-

methanocyclopenta[18,19][1,10.3,6]dioxadiazacyclononadecino12.11-b]quinoline-10-

carboxylate
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10

15

20

01 O o net hoxy-23, 26 di oxo-2, 18-di oxa- 4,
22,24,27-tetraazapentacyc to O, N S

W@ 28385720919, 2203. 1205. 10] hentriaconta- u N PQI/NS2007/Q2460
3(12),4,5,7,9, 10, 13- hept aene-28- Y 0 carboxam de o
121 0111 (1R 19S, 258, 28S) - 25- cyclopentyl N- 807.4 See
A, ((1R 2S)-1- Example 3, B30,

{[ (cycl opropyl sul fonyl ) anm no] | & Cl1

car bonyl } - 2- V|nylcyclopropyl) usi ng O~

met hoxy- 23, 26- di oxo- 00

4,22, 24, 27- tetraazap-;taqycbo Poduct of o,,N S

[25.2.1.119.22 03.12. 05, I‘Q])Lhnrlaconta- Exanmple N n
NNo O3(12),4,5,7,9, fexaeng-28- 120, Step 6 Y O
carboxanmi de O - 152 WO 2008/ 057209 PCT/ US2007/ 022460

Ex. Structure Nanme LRVMS Exanple Int. MH 122 0~

(1R, 134 solgor Bgtk@@g)d@sof ey 1 §3®emg AB48 mmol) in DCE (30 mL) was

reated L QRO AU At Ay o Tl o ous. The minre

was coofed®indoRY&aR R ¥houo fo Bimish a residue that was purified by flash
nmet hoxy- 23, 26- di oxo- 2, 18- di oxa- 0

chromatographyl op $;&)E&gra;hqﬁ1pbmpa,dyb$(l% EtPAcfgegoleum ether) to give the title

e O I

Step 3C WBAOXRAN S 224283 -FBMNYD1 6-methoxy-5.,8-dioxo-
(1R, 19S, 255, 28S) - 26-cycl opentyl -N- 809. 4 See A3,
1,2,3. 35167 BH)L. 12.20:3 00 22,2 b 24 24 mhexadecahydro-10H-9,12-

methanocyclopenta[18.191[1.10,3.6]dioxadiazacyclononadecino[12.11-b]quinoline-10-

carboxvlic acid

o\
N™ X
l/
0o
b _N 1 \
A
0 4\ ). OH

The product of Step 2 (125 mg, 0.21 mmol) was dissolved in a 1:2 mixture of
H,0:MeOH (30 mL) and treated with LiOH-H,O (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 HCl,q) (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.7S.108.12R,24aR)-7-t-Butyl-N-((1R.25)-1-

{[{cyclopropylsulfonyl)amino]carbonyl}-2-vinylcyclopropyl)-16-methoxy-5.8-dioxo-

1,.2,3,3a,5,6,7.8.11,12.20,21,22.23 24 24a-hexadecahydro-10H-9.12-
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{[(cycl opropyl sul fonyl )am no] Steps 1 & Cl1
car bonyl } - 2- et hyl cycl opropyl )-7 O~
wWoreaRoxRe®3, 26- di oxo- 2, 18-di oxa- 3, and 0 0 ExBopUs2087/022460
4,22,24,27-tetraazapentacyclo Ns [25.2.1.119,zz Gs,iz
05"] hentriaconta- using N ONNO O
aicy@lopdntal 18,19][10-0e&ldmradiZ gouchadecing][ 124 1 d]quinoline-10-

b car. oxam de arrpl e 0 120, Step 6 124 O1l~
carboxamdie) 3g 19R, 25S, 28S) - 25- 805.4 See Al

cyclopentyl -N-((I R 2S)-1- Exa .1, B31,

{[ (cycl opropyl sul fonyl )am no eps 1-7 C11 N
carbonyl) -2-vinylcyclopraopyl)j7 0,

nmet hoxy- 23, 26- di oxo -dioxag- 0 O

4,22,24,27-tetraazapéent gcyxled ON S [25.2.1.119' zz
03' 1205" , ]hentri ac%,rﬂ;vlﬁw 9 NN~ 0 0
3(12),4,5,7,9, 10, 13- heptaene- “ “car boxami de o 125
/ 01*1 (4S, 7S, 9R 21E)-4-cycl ohexyl-N 834.1 See Al, \
((1R 2S)-1- Exanple 1, B32,
{[ (cyctrppronyd: 8 5icpmy a0 asdeSifed i Eddple M4 Step 6 to afford a
__carbonyl)-2-vinyl cycl opropyl)-15 0 net hoxy-2, .
5  residugthgt waspurtiiidyubsmatedomass-triggered HPL.G diractmndpentta dymish, after

N | 1,.], 25. 2. 2. ! (O 013'. dot,ri = N,
frecze Qryihg M yti€ ol {11 B oW e S, 1R8BS - Nnip 19
(M+H}+, car boxam de 00 -153 WD 2008/ 057209 PCT/ US2007/ 022460
Ex. Structure Nanme LRMS Exanple Int. (MtH +

By using the appropriate A, B, and C intermediates, the following compounds

10 were prepared according to the procedures of Example 94.

Ex. Structure Name LRMS Int.
(M+H)"

110 (1aR,58,85,10R,22aR)-5-t-butyl-N-((1R,25)-1- 766.6 Al,
{[(cyclopropylsulfonyl)amino]carbonyl}-2- B23a,
vinylcyclopropyl)-14-methoxy-3,6-dioxo- Cl14
1,1a,3,4,5,6,9,10,18,19,20,21, 22,22a-
tetradecahydro-8 H-7,10-methanocyclopropa
[18,19][1,10,3,6]dioxadiaza
cyclononadecino{12,11-b]quinoline-8-
carboxamide

111 (1a$,55,8S,10R,22aS)-5-t-butyl-N-((1R,25)-1- 766.5 Al,
{{(cyclopropylsulfonyl)amino]carbonyl}-2- B25a,
vinylcyclopropyl)-14-methoxy-3,6-dioxo- C14
1,1a,3,4,5,6,9,10,18,19,20,21 ,22 22a-
tetradecahydro-8 H-7,10-methanocyclopropa
[18,19][1,10,3,6]dioxadiaza
cyclononadecino[12,11-b]quinoline-8-
carboxamide

112 RN (1aR,5S,8S,10R,22aR)-5-t-butyl-N-((1R,2R)-1- 768.5 A3,
NS {[(cyclopropylsulfonyl)amino]carbonyl}-2- B25a,
7 ethylcyclopropyl)-14-methoxy-3,6-dioxo- Cl4
° 1,1a,3,4,5,6,9,10,18,19,20,21, 22,22a-
M tetradecahydro-8 H-7,10-methanocyclopropa
N 2 [18,19][1,10,3,6]dioxadiaza
NV cyclononadecino[12,11-b]quinoline-8-
carboxamide
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126 0,, (1R, 13E, 24S, 27S)-24-cycl ohexyl -N- 805.2 See
A, ((IR2S)-1- Exanple 1, B33,

wd@ pqospsizopr opyl sul fonyl )am no] Steps 1-7 Cl1 PCT/US2007/022460
car bonyl }-2-vinyl cycl opropyl )-7 0

net hoxy- 22, 25- di oxo-2, 18- di oxa-
Ex. 4,21, Mrwe@re et r aazapent acycl o 19¥ame3' 12 5 10 LRMS | Int.
[24.2.1.1 0 ﬂ]frl:r‘nnfn ol N L NSO (M+H)

1 3(12), 4,59, 10, 13- h gl%ZZaS)UmbNilLib((Ue 2R)-1- 768.5 A3,
ar%@\rj\’? 0= O Lzﬁfasé s/ ‘i?‘ QU5 1774.0 | B2
cycl opentyl - N (T f} 2 °x%30

{[ p | sul fonyl

.yl cyc R ,é o :‘°3°Pa
d' OXO -&i'oxe- 4, 2<,7yclo ade&ﬁd’mzza@@ BQSMG%O g Q
19, 223 12 510 O COO ~S [2 . LeatboxdhiddD ] hentri agont a-

114 N 3(12), 4, - h@ﬁk,&ﬁﬂ)@;li)ﬁ%a%l%eﬁlyl N- 807.9 Al,
L 28((1R,25)-1-{[(cyclopropylsulfonyl)amino] B23a,
C yahoogg2vinyleydiopidpl)- 6-nBSeexy S, 8- C18
B, B®6xo-1,2,3,3a,5,6,7,8,11,12,20,21,22,

) arzis,aéjgagexe ahydrg 1@1Q12-/

[ 11510,3,&d¢iexadi
ygc}:syggr}g)%}{c 9@3@11 1< (9} 185 lﬁgggmga

Q292 2

O
P
L

O~
115 0 f;? 'yaopeﬁiyl‘w ~ 4.6 A3,
- — clo lfonyl)amino] B23a,
3@ 1 -methoxy-5,8- Cl4
leXO 1 233a5678 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-
carboxamide 19-oxide

116 (3a8,75,108,12R,24aS)-7-cyclopentyl-N- 820.6 Al,
((1R,2R)-1-{{(cyclopropylsulfonyl)amino] B26,
carbonyl}-2-ethylcyclopropyl)-16-methoxy-5,8- Cl4
dioxo-1,2,3,3a,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-
carboxamide 19-oxide

117 (3aR,78,108,12R,24aR)-7-cyclopentyl-N- 822.7 A3,
((1R,28)-1-{[(cyclopropylsulfonyl)amino] B26,
carbonyl}-2-vinylcyclopropyl)-16-methoxy-3a- Cl4
methyl-5,8-dioxo-1,2,3,3a,5,6,7,8,11,12
,20,21,22,23 24 24a-hexadecahydro-10H-9,12-
methanocyclopenta[18,19][1,
10,3,6]dioxadiazacyclo nonadecino[12,11-
blquinoline-10-carboxamide

118 (3aR,78,108,12R,24aR)-7-cyclopentyl-N- 795.8 Al,
((1R,2R)-1-{[(cyclopropylsulfonyl)amino] B27,
carbonyl}-2-ethylcyclopropyl)-16-methoxy-3a- C17

methyl-5,8-dioxo-1,2,3,3a,5,6,7,8,11,
12,20,21,22,23,24,24a-hexadecahydro-10H-
9,12-methanocyclopenta[18,19][1,
10,3,6]dioxadiazacyclo nonadecino[12,11-
b]quinoline-10-carboxamide

Example 119
(3aR,7S5,10S5.12R 24aR)-7-t-butyl-N-((1R 2.5)-1- {[(cyclopropylsulfonyl)amino]carbonyl}-2-
vinylcyclopropyl)-16-methoxy-5,8-dioxo-1,2,3.3a.5.6,7.8.11.12.20.21.22. 23.24 24a-
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10

15

N carboxamde ON N ~O .({ 0O 129 0", (IR 13E,
19S, 25S, 28S) - 25-cycl ohexyl - 819.0 See Al,
WOR(GAR285) - | - Exanpl e 1, B34, PCT/US2007/022460
{[ (cycl opropyl sul fonyl )am no] Steps 1-7 Cl1 carbonyl}
- 2-vinyl cycl opropyl ) -7 net hoxy- 23, 26- di oxo- 2, 18- di oxa-

exad@:ahydm,IEQ-ZTQﬁmthmzmmmﬁ&JlB I l;ﬂgléléioxﬁlazalo OO0

ide'\ "N car boxani de ONUNO
PCT/ US2007/ 022460 Ex.
+H + 130 O1-~1
N- 821.0 See Al,

'O O - 154 WD 2008/ 057
Structure Name LRMS_Exanpl e. |
(IR 19S, 25S, 28S) - 2 yclohe

((1R 2S)-1- Exanpl
{[ (cycl opropyl sul forﬁ.;d B ang in Steps 1 & Cl11
car bonyl } - 2-vi nyl cyal opr N/7- 3, using O
nmet hoxy- 23, 26- di oxo- 2,A8- di ox pd’Q)déJCt of

4,22,24,27-tetraazape cycl o N
[25. 2.1.119' 22. 03' 12. 05' 1] hentri cbny Exanple C N
'S 3(12),4,5,7,9, 10- hexaene-28- Y29, Step 6 N N Nv

car boxan de No_o O 131 flR 13E, 19S, 25S, 28S) - 25-
Step 17 Metbyl€daS, AP, 105,122 24asd Rentylf8adipxor - Exanpl e 1,

12358305 7 6L (CYELPPY PP sibfonul Al 08k, PBg,1-7 Cl2 N

methanocyclopenta[18.,19][1,1 0,3,6]dloxadlazacvclononadecmo[ 12.11-b]quinoline-10-

carboxylate

O COMe

Following the procedure described for example 94 Steps 1-4, a combination of
Intermediates B23b and C14 furnished the title compound as a solid.
Step 2: Methyl (3aS.7S.10S5.12R.24a8)-7-cyclopentyl-16-methoxy-5.8-dioxo-
1,2,3,3a,5.6,7,8,11,12.20,21,22.23.24 24a-hexadecahydro-10H-9,12-

methanocyclopenta[18,19][1,10,3.6]dioxadiazacyclononadecino[12,11-b]quinoline-10-

carboxylate 19-oxide

3

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 after
1 hour (66.0 mg, 0.383 mmol) and after 4 hours (38.8 mg, 0.225 rhmol). 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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00 di oxo-2, 18-di oxa-4, 22, 24,27- % tetraazapentacyclo
O 00 Os~ [25.2.1.119,2203,1205"] hentriaconta N N N
W5 R9D, 7, 9, 10, 13- hept aene- 28- car boxam de P&MNS1007/022460
132 01*11 (1R 13E, 22S, 25S) - 22-cycl ohexyl -N- See Al,
((1R 2S)-1- Exanple 1, B33,
organi¢ ﬁa(y@ywla@p/psi'milvgim F@aNay:p0]andtl 6psNdHC O3, The organics were

washeﬁ&{jﬁm%e}fbg_ V'ie”X' %Azg§gglg¢/%@zm8t%to give the title compound as a solid

M 7
that wés ds%dailreé’c 7&61%& %%%1 ﬂttsaﬁygicgggggg ?\I /M3 8(M+H)

[2
Step 3’%(35&7&110?3 1721132@3_1%5%&@5&&*_ O car boxam de O
tﬁ(l)x -5,8-dioxo-

5
ARy 890 Rd Aqiy
b ng '12 5 10 [25.2.1.1 O .0 ]hentrlaconta 0 N 00
Carbox '5,7,9, 10, 13- hept aene-28- N N NV
car box’ﬂféhﬂﬁent dPthe cﬁ@p& Q%}? 208, ﬁ%f&&%ﬂ%ﬂ&@ﬁﬂ@ﬂn@&mnp]e 94
Structure Nanme LR ng e Int. +H + 134 N-
10 Steps §-oRfurmsherighe gggc%g)unggl %reen3 Sieps) Ak a solid. LCMS (ES+) m/z 824.6
(M+H ycl opentyl -N- ((1R, 2S)-1- Exanple 1, B30, {
(cycl opropyl sul fonyl )am no] C22 Steps 4, 2 N
carbonyl} -vinyl cycl opropyl )-23,26- & 5-7 O
di oxo- 2, 18- di oxa-4,9, 22, 24, 27-
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 Int.
(M+H)"
120 ((1R,13E,198,255,28S)-25- 805.5 See Al,
cyclopentyl-N-((1R,25)-1- Example 1, | B30,
{[(cyclopropylsulfonyl)amino} Steps 1-7 C11

carbonyl}-2-vinylcyclopropyl)-7-
methoxy-23,26-dioxo-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-

carboxamide
121 (1R,198,255,28S)-25-cyclopentyl-N- 807.4 See Al,
((1R,28)-1- Example 3, | B30,
{[(cycloprop_ylsulfonyl)amino] Steps 1 & C11
carbonyl}-2-vinylcyclopropyl)-7- 3, using
methoxy-23,26-dioxo-2,18-dioxa- . (’) duct of
4,22,24 27-tetraazapentacyclo P
[25.2.1.1"**2.0*"2 0°'°] hentriaconta- Example
3(12),4,5,7,9,10-hexaene-28- 120, Step 6

carboxamide
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pent aazapent acycl o

22.03' 12. 05, 10] hentri acont a-

00 O- ~0[25.2.1.1 19
NS

wW@eMmBN5RID, 7, 9, 10, 13- hept aene-28- N N car boxanPdBEUBR0N/022460

C 135 / I (1R 13E, 19S, 255, 28S)-25- 776.1 See Al , N
cyclopentyl -N ((1R, 25)-1- Exanple 1, B30
Ex. {[ (cydtgruepyl sul fonyl ) ami no] Semps 4, 2 C2DLRMS | Example | Int.
carbonyl }-2-vinyl cyclopr nn\/l )-23 26- & 5-7 | (MtH)
122 di ox 8- di oxa- 4, 6 22 2 @ﬁ19@5§ﬁ%$r?%tazaperﬁoééy 5l o See A3,
[25.2.1.1 19 1q§1R3[26 he trj acont f Hyemple 2 %31‘1
L. 5,7,9, 10, 13- 1ep g S“yc “rar poxani ¢le
136 / N (1 zf,% % 26 %’ - [176.2 $ee
B30,
3311] ﬂ@ 033‘20@ eﬁ]uuacgntac23 N
“| @I@fz?PYb)H@@r}%ﬁaen&Z@ 7
22, 24, 2tarB6xpand aazapent acycl ¢ o]
[25 2. 1. 1 9 2r 03,1 05, 1o] hentriaconta- ,S
3(12 .5.7.9.10. 13- heptaene-28- N N carboxhni de N N O
123 y - 2008/ 0572091 RPEF 2530025 Q28 -V- EX a89pH e | 13 7See A3,
(1R } 26S, 29S) - 26- ~yc| opent(leJRH(lR 2S)-[1-f Example 3, | B30,
propyl sul f ony|) B‘PRS%PWBUF?“YQ ping] Steps 1 & | Cl1
IMAyTYcycl opropyl ) - 7- fre 13" thg (glﬂé 1P- di oxf- 43,2nd
3,25928- tetraazahexac V(ﬁﬁ ‘f’“’l 203} 12 05 Eample 2,
] niatyc .
o, 013, 18] hpf.;%s ]ngz 162 s b e aenel 29 using
CL N\/L o o 3(12),4,5,7,9, 10 hexaene-28- product of
Y Y o carboxamide Example
~ 120, Step 6
124 (1R,13E,19R,255,285)-25- 805.4 See Al,
cyclopentyl-N~((1R,25)-1- Example 1, | B31,
{[(cyclopropylsulfonyl)amino] Steps 1-7 1
carbonyl}-2-vinylcyclopropyl)-7-
methoxy-23,26-dioxo-2,18-dioxa-
4,22,24,277-tetraazapentacyclo
[25.2.1.1"%,0>'2 0> "“Jhentriaconta-
3(12),4,5,7,9,10,13-heptaene-28-
carboxamide
125 (45,75,9R 21 E)-4-cyclohexyl-N- 834.1 See Al,
((1R,25)-1- Example 1, | B32,
{[(cyclopropylsulfonyl)amino] Steps 1-7 Cl1
carbonyl}-2-vinylcyclopropyl)-15-
methoxy-2,5-dioxo-10,26-dioxa-
; 1,3,6,12-tetraazapentacyclo
o\G %, N %% [25.2.2.1%°.0""%°.0"*"®]dotriaconta-
G 11(20),12,13,15,17,18,21-heptaene-7-
NTN\{J\O ° | carboxamide
O
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5 carboxan de 01, |
Step | Met hyl

W@ 2R8ASBRIN9S, 25S, 28S) -

oxo- 2, 18- di oxa-
4,22,24,27-tetraazap

~"IN OOnOO lle

25-cycl opent yl

N OyNONSN o
- 7- met hoxyP@BUSB0UD22460

entacyclo[25.2.1.119,22 03,12 05,1

Ex. A hentStivgwemt a- 3(12) | 4, 5, 7, 9, 182m8- hept aenef LRMS | Example | Int.
28- carboxl ate N O _CONO-_ NYNO H)10
126 Met hyl O - (1R,13E,248,275)-24-cyclohexyl-N- 805.2 See Al,
R, 13E 199 255, 28S) - 25- ¥ﬁ|§ éHlR P’)b rret hoxy 23, 26 dxowple 1, 1(3:3131
i oxa-4 22 2 2T PERE vmy §>ﬂ 5‘81‘)3 Steps 1-7
. Jsm?eénﬁ EVSERIRYS 12 4 5 7|9 10
ny% -naaéﬁé usj ng the
g p 1521 3-| 510 ] $I&y|ng
812%45#,, enflbZ 6D7. 1
v 38/ 209arth£5I;{n 2007/ 02p460 Step
(1R 20§, 268, 2&8) 26- cvcl opent yl - 7- met hoxv- 244, 27- d{ oxo-
2,1 oxa 4,23, 25, 78-tetraazahexacyc|o[26 2.1.120, 23
127 (lR 13E,198,255,28 774.0 See Al,
12) cdolbentyl S (001 xaene- Example 1, | B30,
01{[(d§k1q;r@1§hlfn@1)am@o]6 Steps 4,2 | C19
carbonyl}-2-vinylcyclopropyl)-23,26- & 5-7
dioxo-2,18-dioxa-22,24,27-
triazapentacyclo
[25.2.1.1"% 0**2 0*"“Ihentriaconta-
3(12),4,5,7,9,10,13-heptaene-28-
carboxamide
128 (1R,195,255,285)-25-cyclopentyl-N- 776.0 See Al,
((1R,28)-1- . Example 3, B30
{[(cycloprgpylsulfonyl)annno] Steps 1 & C19
carbonyl}-2-vinylcyclopropyl)-23,26- 3, using
dioxo-2,18-dioxa-22,24,27- ’ duct of
triazapentacyclo procuc
[25.2.1.1°%.0*12 0> hentriaconta- Example
3(12),4,5,7,9,10-hexaene-28- 127, Step 6
carboxamide
129 (1R,13E,198,2585,285)-25-cyclohexyl- | 819.0 See Al,
N-((1R,25)-1- Example 1, | B34,
{[(cyclopropylsulfonyl)amino] Steps 1-7 Cl11
carbonyl}-2-vinylcyclopropyl)-7-
methoxy-23,26-dioxo-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-
carboxamide
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5 Pd(OAc)2 (6.7 ng,

of the product of Step 1

in Et

0.03 nmol ) was added to a sol ution
(90 ny, 0.15 mmol)

20

W@ 80081037200 freshly prepared sol ution of di azonmeCTTERE0OT/022460

Et 20 was then added dropwi se to this solution.
Repeated additions of diazonethane solution_gave -'60%
Ex. converSfugtar¢ 0 product. N2 was Dembl ed t hr ouphRMEe| Example Int.
reaction mixture The reaction mixture was | (M+H)"
130 and pur ﬁ%él”aﬁs ?@%éﬁ'@é‘otﬁhﬁ% HP2E0t ¢ See Al,
Ji'tle produgt. - z 10 621.1 ( My HEyxample 3, | B34,
(1R 20S, 26S, z U%“’ ; 1R, 2S) -Seps 1 & | C11
3br opy! sul f on ﬁ?“ﬁ g"édlox dylobxa_ i neprop| 3,using
- Bt hoxv- 24, 27- di tetr aza oy product of
di oxa- ~23, 25, 28- { et ;g @lxagy h’g’ﬁné 1p0, 23 (3Esample
g 05,10 SPdoRed ach ajé 94@ ﬁexZenéizslo- 129, Step 6
Caexa:iwhp x\sgzl 1 Thearsdxidn@e conpounf was
repar gd froint he pduct of Step 2, using [he
pr\lﬁce ur@es of Exanple 1 Steps 6 and 7. LCIVS (ES) |mz
819. MtH) +. ||- 158 WD 2008/ 057209 PCT/ US200[/ 022460
Exa 138
HHR-IBR22R26S5295)126 R‘ N g( R 8;7 3 {
B3 opy! sul fonyl) ani D¢ %ﬁﬁpﬁ '2-2 > See Al,
RAK . le1, | B30,
el opropyl ) -11 24 Cl erp ,9f )éﬁmg oxp- 12, 25, t%m:m’ c12
ient aCyC| o[ 26. -cz;l'b § ci]o ropy -23,26- ] P
P] hentri acont a- B, ,d70x§2tlga bR char pboxam (le o
O &. N NOS N?'o\ N O | ltetfadapeaddciSt ep 1:
o 2- But - . Ty iS)q[IZS.El(D.ll'P’ﬁ.&’-"z.l.os‘g’lhﬂrl‘t},iaédyﬂad one 0
_ f nordoiehe, fab.il ¢ 1 3drpryede-RfHe [ 250 n,
IN54 bn- | - ami pebox{mid? ng, 1.B5 mmoll) in
Phive bd to reflux and stirref for 18
ho@r The regction {10 m xture was concent|ated and
pur i d by SO2 chropat ography (gradient el lution, ‘
132 %Et OAc/ hexanes) (R13H,22825Me2-tycbhegyldonpound. | LC\ze Al,
z 353.5 (M+H) + 216. 0. ((1Bt28)p!1-2: Example 1, | B33,
(JRI8R, 22R, 26S, 299) 1 26GrelPprylyelfphyMmnoll R, PS) -1 | Steps1-7 | Cll
carbonyl}-2-vinylcyclopropyl)-7-
methoxy-20,23-dioxo-2,16-dioxa-
4,19,21,24-tetraazapentacyclo
[22.2.1.1'7".0*"2.0>")octacosa-
3(12),4,5,7,9,10,13-heptaene-25-
carboxamide
133 (1R,13E,195,258,28S)-25- 776.1 See Al,
cyclopentyl-N-((1R,25)-1- Example 1, | B30,
{[(cyclopropylsulfonyl)amino] Steps 4, 2 C21
carbonyl}-2-vinylcyclopropyl)-23,26- & 5-7

dioxo-2,18-dioxa-4,8,22,24,27-
pentaazapentacyclo
[25.2.1.1"%,0*" 0°'% hentriaconta-
3(12),4,5,7,9,10,13-heptaene-28-
carboxamide
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{[(cycl oprop

| s~yl )am no] car bonyl } - 2- vi nyl cycl opropyl ) - 11, 24, 27-tri

wWO2@sA5289 di oxa-
05, 10

12, 25, 28-tri azapent acycl of 26. PCI/USBN1E22460

018' 22] hentriaconta-3,5,7,9-tetraene-29-car boxan de
Ex. 15 TheStructwre conpound was prepdred from t he| ROt Exdmple | Int.
Step 1_using the fnllnmnnn sequence of nrn“ﬂWTHkur
134 Exanpi’eyl Steps 1, 3 18134 95%@?%& at e| BPA) and See Al,
5; anpl e 3 St ¢ps fyeopeqt 792. 2 | Example 1, | B30,
20 It will be édg]?g ik 1 rITgrl bus of |tBteps4,2 | €22
di scussed and pfher” Oiyfomo 271_‘un,ti ons,| o&S5-7
al teati ves thereof A8 ARty comb| ned into
nmany offer glff smge 22030 0 AfRidikadd-ops. Al $o
S that s} réésent |y 341%,05 85 2@ Rpraddbiaft | £i pat ed
Clal tern i VAS, cat i ons, cafeyxhmlid ONS or
nts|kherel n|may be subsequently nmage by those
sk Iled rn the art wiich are also intended{to be
enc ssed by the followng clains. 25 - 19 WO
200 7209 PCT/ US2007/ 022460 WHAT 1S CLAIMED IS 1.
135 A co nd of formula (I)IRIZEIAS2SHRES)RS- ¥ O 1776HN| N See Al,
N R2 5 (1) |wherlgpentyld-(IR25hE or pore ri digsmple 1, | B30,
d fromthe gr )u% {Kﬁﬁlgﬂr%‘iylsﬁg’nﬂ}a"“m]l bryl rilngeps4,2 | €20
28 cycl oal kyl 1] d "g ‘g{/e% opyclic| &5-7
rings,in which the hete it em;ag’xznltac fenf attaches
to Z X gt ([5) [tzygtilarz 3,1 hx'?ﬁ'a pepdent |y
sel ect yng a ‘sOrrB a§(1ﬁ5§7gll(§ lepthai@o@cal bon ring
t ons ar ring atgm,oameone nitrpgen ring
vaL thgghetefogyclic ring systemis selected
fr mghe grotp consi $ting of: a) 5- or 6-nefbered
sa ed or Ynsaturated nonocyclic rings wth 1, |2,
136 (1R,13E,198,255,28S)-25- 776.2 See Al,
cyclopentyl-N-((1R,25)-1- Example 1, | B30,
{[(cyclopropylsulfonyl)amino] Steps 4, 2 C23
carbonyl}-2-vinylcyclopropyl)-23,26- & 5-7
dioxo-2,18-dioxa-4,7,22,24,27-
pentaaz zpentacyclo
[25.2.1.1'%%.0*'2.0>'*Jhentriaconta-
3(12),4,5,7,9,10,13-heptaene-28-
carboxamide

- 156 -




15 3 heteroatomring atons i ndependently selected from
the group consisting of N, O or S, b) 8-, 9- or
waeosesizer ed saturated or unsaturated bicycli cPCT/OgN07/022460
with 1, 2, or 3 heteroatomring atons independently
selected fromthe group consisting of N, 0 or S, and
Exampbe 1BT- to 15-menbered saturated or unsaturated

glR,ZO

v1nylc?éloﬂ>\‘0091) qtm§ho>@y 22@73@&%{092 m9Jd§)x§14b,§3t2§2g ed w t h 0 to 4
| nd'ependent | Yy %e| ec UbSt Ituents W R5 or 0XO,

tetraazahexnaeydlo[262. k1 ABLGS ] @5 ‘°0 S dotriacantasd(d 246170, H-hexagn@R9-

b N, .t he heterocyclic ring is - 160 WO 2008/ 057209
‘——Eﬁ@ffﬁfucar 0 S2007/ 022460 unsubstituted at the S or N atom or

IS substituted at the S or atom by oxo; wherein said

Wand R5 substitutions a ocated on one or nore
ring atons selected fro Oand N, and provided that
the 10-nenbered unsajurated bicyclic ring is not

gui nol i ne, qui nazgQ g orgj soquinoline with the
foll owi ng nodes o gttach \ Z)G)OZZSX X and
Xx R is selected frg the%c nsdsting of -CO2R10,
- CONR OSCZR6, - CON %N RO, N4/etY aXpl yI,

- CONHP(O) R11R12, and FX 'R 12;1%10 R2 is selected

fromthe group consisti ggi Cl- al kyl, C2-C6
al kenyl, and C3-C8 cycl 0 erein said R2 are

al OG5, =0 OT OUp O O ,

4,22, 2m7mrmmelmacﬁaom .94 ¢196?ab3t%§405;‘°1®8nt68conta-3(12),4,5,7,9,10,13-heptaene- '
cycl oal kyl (C1-C8) al kyl, phenyl (C1-C8)al kyl

28-carhoxylatey | ( C1- C8) al kyl, and Het groups, wherein 15 when
R3 is not H, saldR3|ssubsti utcedethOtOS
substituents independently sted fromthe group
consi sting of hal ogen atonsy ™R10, -SR10, -N(R10)2,
-N(C1l- C6 al kyl ) (Cl1l-C6 a NCl-C6 alkyl, C -C6
hal oal kyl , hal o( Cl1- C6 -N®2, -CN, -CF3,
-S02(C1-C6 al kyl), -§ al kyl), -NRLOSO2RS6,
S2N( R6) 2i - NHCOOR6, - HR6, - CO2R10,
-C(OR 0, and C(]\I(Rl@s?\ 20 is selected fromthe
group consisting of sub '* @nd unsubstituted 5-
and 6-nenbered sat urat ed Brocyclic rings having 1
or 2 heteroatons mdependent selected from N, 0 and
S, wherein said substituted rings are substituted wth

1 to 3Msthys(lR 1Ant 252 hadherderyeiopentyleT-aathaxyr3320-dioxo-2,18-

dioxa- Q%E%Q)@)&tg{{é’@p nf%%@[%&? 0.2 g""@ Ek‘jﬁ%ntaf%}ﬁg% 79.10.13-

heptaehé\JZQ(c%o@lafd wapptparedNiding thelyroce@inds of BkAH$1¢ I(Sieps 1 5 employing
al k G s‘(jo Cl-C6 al kyl), -NRLOSQ2R6, SO2N(R6) 2

Interme an MS (B L &R0, - (O R 0, and

-CON(R10)2i R5 is selected fromthe group consisting

of H, hal ogen atons, -OH Cl-C6 al koxy, Cl-C6
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10

15

30 al kyl, -CN, -CF3, -OCF3, -C(OOH, -C(OCH3, SR10,
-S2(C1-C6 al kyl), C3-C8 cycloal kyl, C3-C8 -161 WO
wQo@8NIRFL09 PCT/ US2007/ 022460 cycl oal koxy, QR€T126S2007/022460
hal oal kyl, -N(R7)2, phenyl, naphthyl, -0-phenyl,
-Onaphtlhyl heter oaryI and heter ocycl yl gr oups

29. cargn,@l,,léﬁe and said RS 5 heteroaryl IS attached through a

ring atomsel ected fromC or N said RS heterocyclyl
is selected fromthe group c ng of 5- to
7-menbered saturated or uns ated non-aromatic
rings having 1, 2, 3 or 4 hpteroatons i ndependently
sel ect ed frontN O and Naid R5 heterocyclyl is
attached through a ri tomogel ected from C or N
and 10 said R5 heteroapyl, hetenocyclyl, cycl oal kyl,
cycl oal koxy, al kyl and jakkoxy s are substituted
with O to 4 substituen Nnd@JﬂgdeﬂLly sel ected from
the group consisting of hﬁtogen atons, -OR10, -SR10,
-N(R10) 2, -N(C1-C6 aIkyI)Cf aIkyI) Cl- C6 al kyl,
Cl-C6 hal oal kyl, hal o(C1-C6 koxy), -NO2, -CN, -CF3,

502 G e 0 8 ERATL Fae s DI bt or S 1
(90 mg,(D(lG)rR&ﬁ)l) iadith QL& mOPNQ RiSh 3, prepacedsohdjoncd idiazomethane in Et,O was
stituents of said RS heteroaryl, heterocy o
then aiiijﬁédé%\’klﬁ to thbsyser ubiony g)@peat%q afgl)dplogﬁ @f gqa&gngﬁwbgloﬁ&@ve ~60%
t t
comy e R 3 R Pl e Lo R ATL B, P eft o fbcure was
concerftrateth add pﬁlnﬁndi bﬁxevlaﬁsel-lﬂtaseHEhCed giveahe titiepgdoetp LCMS (ES) m/z
ﬁb;stl ng of Cl1-C6 al kyl, C3-C6 cycloal kyl, C3-C6 20
621.1 @‘3& al kyl (C1- C5) al kyl , phenyl, naphthyl ,
step 3PYERSE S5 AOINc1 BARNNI|£G3: C4) al Ky . et er oary
eteroary - ycl yl, and
{ f(cvctwtmv@uj@omdba(nﬁ_’[éarbahkl\}t%vmy_ydsmom@l&ﬁemathsm_m RB-daorxe-2,19-
I LUt ed ‘a’jf!lt h ' @F‘de%nJ 61)!15

hexaergeejgaggrg@lxaf,ﬁlggnthe group conS| sting of 5- and
6-nmenbered aromatic rings having 1, 2 or 3 heteroatons

i ndepehakettid gongwiuad wad pfaparndl‘ikonmtlmrmtod@SOStepﬁdum thhe procedures

R6 . h r e JIing atom sel ected
OfExaFtpd?rféteB %dgni@gézﬁ&s &@Eﬂq i s i ndependent|y
sel ected fromthe group consisting of 5- to
7-menbered saturated or unsaturated non-aromatic rings
having 1, 2, 3 or 4 heteroatons independently
selected fromN, 0 and S, and said R6 heterocyclyl is
attached through a ring atom selected fromC or N, 30
Y is selected fromthe group consisting of -C(O) -,
-S2-, -0C(O-, -C(ONDVL- and -LN(DC(O-. and
-LN(D)C(O) -, where - 162 WD 2008/057209
PCT/ US2007/ 022460
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Dis selected fromthe group consisting of H Cl1-C6
al kyl and Cl1-C6 al kenyl groups, L is selected from
w0 b@sgs2ap consi sting of a direct bond, -G (ClLPCBUS2007/022460
al kylene)-, -(Cl-C6 alkylene)-G, -G (C-C6
al kenyl ene)-, and -(Cl-C6 al kenyl ene)-G, groups,
Exampheng said G 5is selected fromthe group consisting
of a di rect bond, -0-, -N- and -S-, said al kyI ene and
18R. 2320 5208) 26cCiysiopsntyl< 2 glpprogylswl fanyl)amino]carbonyl} -2-
S gcted fromthe group
i = al kenyl groups,
tnaza@ﬂﬁﬁc%lbl‘%@ Py By zb]ﬂeﬁtﬁk&ﬁhtd—g’geﬂélﬁ&raé& I PEAFbSxamidé O
6- menbered ring containin to 3 heteroatons
selected fromN, 0 and S; Zis selected fromthe
i Sti nd a direct bond; Mis

and C2-Cl 2 al kenyl ene wherein said Mis substituted
with O to 2 substitu ntsOF mdepemd%ntly sel ected from
the group 15 consisti 1-C8 =CH2, C3-C8
cycl oal kyl (C1-C8 r(CIo’-C8 al kyl), and 2
adj acent substitu en together to forma
3- to 6-nenbered r|ng 0O to 3 heteroatons
sel ected fromthe group @nsisti ng of NN 0 and S, and

one or nore adjacent substituents F may be taken
Step 1t dguthien-Aridisequinglire- hB(Z.ﬁﬁléhéml_ Dor Eto forma 3-

to 6-nmenbered ring cont O to 3 heteroatons

i ndependently sel ected m he group consisting of N,
0 and 20 S; X is selec Yorfintfie group consi sting
of -0-, -CH2O, -NHC(0)0-, o CH2NHC( - C ECCH20-,

) g(( 8 O SO]él&fan g}g(?rpg@}t}%&%&lyd% (ég@ﬁ?gRgSQ) A0 ol) and 3-buten-1-amine

(132 nﬁgi‘ depeRgelih PhER (% %I_%dwésr Meﬁ he reQTquéBd SRRed fri18%oRfs. Hhe reaction
255 al Ryl 3

cycl oal kyl,
mixture s eahdentrated -a@5))mhﬁ§d by S@enlybmammpﬂmygr,adlent elution, 10-40%

EOAQREHE 13 pived e oponnan L MSERIRE S 2rEhY

Step 2@1)@'&9]?29)2}2%@@@5)@6 c%ﬂsxéamgmw)@mma ein when R7 is
H Said R/ are substituted wth U0 to 2 W

ot
{[( cvcmbgsxvilstuifenvléamlﬁel certohyIR72- mwbwdanmbvl)d 1i24cRIptrodei2tA3ydioxa-

12,25 §-| ected 1rom ene-29:c xamide

i ndepenglenid %nﬁ%uﬁ& t\xeag pheparBaitron? ﬂé’]ﬂod&t oﬁgfép S| ahsﬁ'nﬂxe following

heteroaryl is attached through a ring atom sel ect ed
sequerfce 9fipOcedurps: Bxranpld & $tane 128,08(weBzlogrpaliste§20) 7d ;248 EExample 3

c er I | §.# ndependent|y selected from
Steps fﬁeiﬁﬁzﬁi)oﬂé%?r%@’%ﬁ) 5- to 7-nmenbered saturated or
unsaturated non-aromatic rings having 1, 2, 3 or 4

het eroat ons i ndependently selected fromN, 0 and S,
and said R7 heterocyclyl is attached t hrough a ring

Foget nbPifiEb RPRRUSE Bttty e 137 Aislsed o Gipt s ama

functiGiB & ternatives thereof, may be desirably combined into many other different systems

or applications. 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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R7 substituent to forma 4- to 7-nenbered heterocyclic

ring;

each Wis independently selected fromthe group

waeomsiost2ong of hal ogen atons, -OR10, Cl-C6 al RgT/US20CM)22460

- CF3,

-NC2, -SR', -OCRR 0, -CON(R 0)2, -(OR,

“N(R0)C(OR , 10 -S02(Cl-C6 alkyl), -S(O(C -Cs
WHARI&QDAIMED €8 cycl oal kyl, C3-C8 cycl oal koxy, Cl-C6

hal oal

kyl, -N(RL0)2, -N(Cl-C6 al kyl)Q(Cl-C5 al kyl),

hal o(Cl - C6 al koxy), -NRLOSO2R 0, -SO02N(R 0) 2,

- NHCOOR10, ANGEER! 85 folfigyt: napht hyl , heteroaryl
and heterocyclyl groups; wherein said Wheteroaryl is

sel ect

6-nmenbered aromatic ri

740 i
v Sb| ¢
and said W 15 hetergaryl™~-s"sttached through a ring

het er oat ons i ndepend

atom sel ected from Cjor N, said

sel ect

ed fromthe group ting of 5- and

ing 1, 2 or 3

cted fromN, 0 and S,
Wheterocyclyl is
ed fromthe gréeup donsistyng of 5- to 7-nmenbered

saturated or unsaturated [hon~arpmatic rings having 1,
2, 3 or 4 heteroato i ndeptly selected fromN,

0 and

ring atomselected froR® C or

fromt

S, and said W hetlerocy i spattached through a
N, 20/R8 is sel ected

he group consisting of kyl, C3-C8

cycl oal kyl, C3-C8 cycl oal k)ﬂ (C1HC8 kyl), phenyl,
napht hyl , phenyl (Cl- C4) al kyl, napht yyl (Cl- C4) al kyl
heteroaryl, heterocyclic, heteroary?(Cl -C4 al kyl),

and heterocyclyl (Cl-C8 al kyl) groups, wherein said R8
are substituted with O to 4\Substituents selected from

wherefnh e gr

oup consisting 25 of phenyl, naphthyl, C3-C8

cycl oal kyl, heteroaryl, heterocyclyl, Cl-C6 al kyl,
had ol - C6 al koxy), hal ogen atons, -OR10, - SR10,
-N(R0)2, -N(CI-C6 alkyl)Q(Cl-C6 al kyl), C-C6 al kyl,

- O K10 @

SO0 0 Iepedyr TS Mgt
- 2N
i 0)§\| 0)

s¥) ect

- 6 hal oal kyl, . - , -CN, -CE3,
cted o U g conslnb afiors,
) Bngs; NHCOOR6, - NHCOR6, - NHCONHRG, - CO2R10, and
gz, each R8 heteroaryl is independently
dCt eynloalkd ripgsamdconsi sting of 5- and 30

65 d . ti ' [ . 2 3 het t
Hoperrne ey Fies it b P e 6y o e ystingachies B iha X at
points gt @FeQ¥oMhddpenddntl§GBREt e th;dﬂiﬂqsathﬁﬂ A6 i P TS BERBSLHNg atoms or

fromCor N - 164 WO 200

057209 PCT/ US2007/ 02246

one caghpniyinEatore aad 0ny vitipigen 5ng pigap endithetheicreryichie ring systamnis selected
from tfl@gro%&gr?sis onsi.sting of 5- to 7-nenbered saturated or
unsaturate

het er

"BOA- aromat i ¢ rings having 1, 2, 3 or 4

0t Omss. Jrisckap@peted satirakll & GinSdurfate@dhocPcl@ WhgS with 1, 2, or

and said R8 heterocyclyl is attached through a ring
3 hetergatom ringptemsdadependanty selepted fam the graagjcapsisiing of N, Oor S,

substi
a 3-t

@uent g 9—f orsl%)'élgeﬁgemxatbreatetdaokreurﬁ gt?%?etgrlﬁé{c i? Sifgg%vgvith 1,2, or

6-menbered ring contalning

3 heteloab@peigl e is indepkrdendd séleqsd frbm tBE roup&onsibtiig JTIN, ®br S, and
N, Oand S; RO is selected fromthe grougtgonsi sting

of C1-

Q@8 al Kylto 1&menghessdcsapuatrg pr umssiucge

ricyclic rings with 1, 2, 3, or

4 heteroatom ring atoms independently selected from the group consisting of N, O or S,

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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10 cycloalkyl(C I -C8 alkyl), Cl-C8 al koxy, C3-C8
cycl oal koxy, phenyl, naphthyl, phenyl (C I -C4)alkyl,
woaphosieb{ C 1 - C4) al kyl, heteroaryl, heterocycPgi/ps2007/022460
heteroaryl (C1 -C4 alkyl), or heterocyclyl(C1 -C8
al kyl') groups, wherein said RO are substituted with O
unsubstiut¢d siths i ar e atos @reils ewhisetiitddrab thet $rer Yravarp by one; \sheircig said W and

R’ subﬁétpgh o 8|’1(3F|a?e%?9tfh oa%%ngé%gwg%gfég%d gxirc])%)é gl E\y ilgd provided that
the 101A¢ABEE] BbaiRated %%Qic ring 15 Qot quvhbIHR) %l(nnai}%lgé bp@o%énohne with the
al kyl )O(G -C6 al kyl'), C-C6 alkyl, -C(OR10, Cil-

followmgmgqietswfattaqmnt CN, -CF3, -S02(Ci1-C6 al kyl),

- SO2N R6)2 - NHCOORG,
, each R9
t he group

1, 2 or 3 heteroatoms inaep ently sekected fromN, O
and 20 S, and said R9 heteroaryl is attached through
a ring atomselected fromC or N, each RO heterocyclyl

R (GBS ARRL I £ St grune O CoREat i dRBE SR 19 ©f
-com@eoqm?m% k&trazbRYSCONHMO)R ! 'RZ, al O é HRrt%r oat ons

|ndependently selected fromN, 0 an and said R9
heterocyclyl is attached through a ri ng atom sel ected

25 2 d of '
iy Bsgien Banf B efureoPib B o 6o Ak Lt e orge
cycloaﬂ@mt\ﬁhd'ﬂélﬁ@m@ R’Qrd sttt @k NS té DARRBAMRALY yel&%cﬁl‘fdl@gén atoms;

fromthe group consisting of N, O and S,” and R38 and
R9 may be taken together, with the Nto which they are

o5 e P Bt Cont i e RV S rpesonlks, €y
cycloaliyU@Ran Rl %ﬂ?ﬁg%&%;@?ﬂyl@p@ﬁl@] and @8t YWups, wherein

08/ 057209 each
when RQ waweHaend Ry iswibsiituied Withodria heubghiwenss ¢m¢1§tenﬂg sqi¢ct¢4 from the
soum P P Bl P st SMHERICEE! by BBl o

alkyl, ¢Qcma1balk§zn hllb(@{lcablkemw TNOQ:CN @ltsR)Soé(C{J@Bau(yl) -S(O)(C;-Cs
alkyl), - N@Rﬁ@@&@@zw trNiiQOOR i &i@@fzdem@mcc@m dAO)R'®, and

) group consisting of -OR 13, -N(R10)-V-CQ>2R10,

CONEER I 20R SOV BB2X 0. “and 'N(R 0)(R 3); 10 R' and
R12 may be taken together, with the phosphorus atomto
whi ch they are attached, A to forma 5- to 7-nenbered

no#ide %F‘it%d fromghe group consistinged éb‘éﬁﬁ'&é?ﬁ and unsplegiiteted pr @9

6- menh{%Eed]gs%ﬁlg? %ﬁé&%‘fggélfbﬁ@s haﬁﬁ'& Eiog)zl hs??f%?% gﬂmgn éigﬁ?r}dently selected from

N, O aaéSewhedirf saidhsublsgtugrdaings asssibstituted with Hto X?sub@ﬁtuahtkyﬂdependently
selectegzﬁo?nG halogen atoms, -OR'?, -SR'?, -N(R'?),, -N(C,-Cs alkyl)O(C,-Cs alkyl), C;-Cs
alkyl, C,-Cs haloalkyl, halo(C,-Cg alkoxy), -NO,, -CN, -CFs, -SO5(C;-Cs alkyl), -S(O)(C;-Cs
alkyl), -NR'’SO,R®, SO,N(R®),, -NHCOOR®, -NHCOR®, -NHCONHR®, -CO;R ", -C(O)R'?, and
-CONR");

R’ is selected from the group consisting of H, halogen atoms, -OH, C,-Cs alkoxy, C-Cg
alkyl, -CN, -CF3, -OCF3, -C(O)OH, -C(0)CHs, SR'?, -S0,(C,-Cs alkyl), C3-Cg cycloalkyl, C3-Cg
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al kenyl, C3-C8 cycl oal kyl, aryl, heteroaryl, and
het erocycl yl groups, wherein when R13 is not H said
WRIB8I0S728ubst i tuted with O to 2 substituents PCT/US2007/022460
i ndependnetly selected fromthe group consisting of
phenyl, naphthyl, phenyl (C 1-C4 al kyl), naphthyl (C,
cycloalkoxy, QGCahkly;alj(yl SR, phyariybaialythyl, €3-pB8nyl, -O-naphthyl, heteroaryl and

| (C1-C4 al kyl), heteroaryl, heteroaryl (C I
hetemcﬁylaﬁr?ﬂ &,E W&fr ocycl yl, heterocyclyl (C 1 -C4 al kyl),

C, -6 @hikif hete@agg metécwasfrom (@%nsrs@g\lg BGand 6-membered
-OR10, -SR 0, -N(R10)2, -C(OR1
aromatlgoggscha,v@g h|2<qx1 3 hetersgt@n(s mde@@nch:ht«iy glected fnm@@cﬂmd S, and said R’

- CC2R10, d
heteroaré? @ah%)tgrougg & Wnﬁf:tﬁonp] 5% cé(it%%ﬁw éf‘ ar Fn dependent | y an

sel ect gl RP ﬁéﬂaxto@?clgflg 'dﬁe&@d]frbﬁltthé] gro‘ﬁg c@nmﬁfh% of39to 7-membered
6- menber ed aronatic rings having or 3 Heteroatons

saturafed @e p@qattwﬂed yor-@lasaatisdings baving 102,8mt 4 ISterastdms m@pmnﬂy

s Q8T nd SIS Py GBI st o

CorNsgh@cted fromthe group consisting of 5- to
7-member ed_saturated or unsaturated non-aromatic ri ng
havi ngsaid Rihetsrogrylmetm@fcbé,tqyﬁballthd;efgienldiem,|a$kyl and alkoxy groups

e S5 D e O e L B e o
haloge&l’h@omélﬁﬁRm 9}0‘08Mﬁ7°399NR§T¢MﬁW{<CQ2@4ﬁﬁyD <, agy a’iE)ﬂn(Cl Cs

ubstituents of said en together to form

haloa"aylshalt’(@ ol e i KgN.c ,aSQizGCg (Els atll@'l); -HEDEF o divED,

R R R RN AP R ORI SR PR O, and

-CON(RjPl)il@HIMJ@%nﬁllbﬁﬁuéﬁté(M saidR? @ex@hﬁ%ﬂ%te{o@h@mwycloalk 1,
napht héﬂ and heteroaryl, wherein each R14 heteroary
&

Cycloalﬂ@xmi d athoxy gs@tpéénaérd)eftalmt@gﬁéhqgﬁ@ frmetrsb-membgredicyclic ring
contalﬁgggqg3 h@teﬁ]@;ﬂg gﬁ%e %?Ft ysL & cgéglgfg ﬁ@r{om 2 or 3

tonms |n >0 and S,
and said R14 heteroaryl IS attached through a ri ng

atomselected fromC or N, and 10 said Rl4 é
nR pistseipFted fropethe gerHpyIonpigtng el %lu@stlkyluﬁer&mlnal vk 63€s

cycloafhT Qo phen GRARA P TRLEaI AL B B BB, hereroaryl
heteroax%ggmgék;)gfé@mcglsiﬂ @nd héﬂésﬁg&)lﬂéicré(a;& Q;(Iﬂl? %lroupblCﬁherelﬁN

- NRLOSBHRS, arese'mmsg H%@E}g@ ndeqtierls Y cted N seeirusnts,

- CO2R10, -, @9Gheterd é%\lér@ga?&%en &lé'c{’edei?&ﬂ t ? %15‘ consw{mg of 5- and

[ ndepengent 'y se rom e group cons
6-men{bErédGarahkiyd ringsshaChng 13 2loe B\Heteréilora8 nxmypérﬂahﬂkwée.lecpdmh N, O and

naphtshy het er oaryl , and heterocyclyl roups vvher ein
S, and §a53163%f§r%1 is glaghed traveh BiRe afopbseleckadsam C rdYssand

'ngge%lgﬁ ﬁﬁt‘s |h¥ﬁ§c$;g ngg{% ﬁgﬁﬂetn%(s%)g%%% Pro %@Q@nﬁgtmg of 5- to

7- memb@RﬂQ;aturﬁEd 6r unsh(uﬂt@d flon-ardfhati CLiop AL ing NQZ 3 or @Mieter&dms

1ndepen&§&g%%d%q%%@§(§m6 il ekt 1s att%%:%ougha ring atom

selected $tdd) R I‘@,) 2,

Y is selected from the group consisting of -C(O)-, -SO,-, -OC(O)-, ~C(O)N(D)L- and
-LN(D)C(O)-. and -LN(D)C(O)-, where
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each R15 heteroaryl is independently selected fromthe
group consisting of 5- and 6-nenbered aromatic rings
whaoosg7209 2 or 3 heteroatons i ndependently sePEDUSIN0T7/022460

fromN, O and S, and said R15 heteroaryl is attached

through a ring atom selected fromC or N, 25 each R15

het er oByg belectedsirpmdepgiodp nonsystingloé &, £a-Gsrabiyl ehd Coilo afkenyl

consisting of 5- to 7-nenbered saturated or
EUPHnsat urat ed non-aromatic rings having 1, 2, 3 or 4

het er opidectdd iR mdgeaﬁb yoxﬁﬁskiﬁgbﬁgl dire@Mohl, -6-@ L lkylene)-,

and said R15 heterocyclyl is atfached through a ring

-(Cr-Catablivleng)-6et -60( G 1 Gnalkeryteni)-, andd-(Q1-8d pkeryleng)tbs gioups ttere said G

. of ;said R15 are optionall. ke oget he o for 3-

s seleflgd BRsrramul G PinegPauites iRy 0° 28 S et et BiEnc and

alkenylé}@??&ﬂﬁ%'ﬁé subse@teAGHAT0 td PBushReAts BRdERRAERTY REbcte@ffrom the
N, and S. - 167 WD 2008/ 057209 PCT/ US2007/022460 O

group 2onsTitieg of fpdisradkyd end CaiCis @lkeoylodraups, and wherein is

35 Sy LIS FRG L0 SR GOk RoB 5o Pl b inining o
to 3 hettostonisRelebeld GoREMCOIaRd IS Ng system attaches to Z and X

at points that are two independently selected ring
atons that are either two acarbon ring atons or one

ey PR bR BB R S PRD: b2 it Pond g1 oup

consisting of: a) 5- or 6-nenbered saturated or
unsat urated nonocyclic rings containing 1, 10 2, or

3
nM is sejested fromsthe gryptepngstingeef (orCiz @lkyianee artiCs &1 aallgangtenes,
' . % . .
whereﬁllrstawg Hl'it?s Olﬁngecp\kﬁﬂ \%ﬁb 5 s[lﬁsrfﬁlf‘engs% }n%%ﬂég@?xi’ltgyu%egé&te% f{cﬁn qu group

rogen a erelrn sal 1SS

consistifg 6f CAg ARG eUH,y Cs-€); e9é168lk flDS Ch bSO snd\WryIRS,-CPAlkyl), and 2
. oxo; wherein for stable heterocyclic rings containing.
adjacent gibstajuentp B mast ke takgnctogether ta oy a 35ta mmembered yingtontaining 0 to 3
0 | S i the S or N m
heteropfisSeftich AP Biou ST A 0B} 51 4R e R fRen:

substifueta Feaayost takéh Ecther d/or Mgt cesl Bot Bdo fféraMm & @Mdmembered
. N; .and provided that the 10-nmenbered unsaturated
ring cositaipipgiOcto Bi hetproajomp indgpendsntly,eelecigd femdhg greup eonsisting of N, O and
g. isoquinoline. A 3. The conpound according to claim 2,
> wherein is unsubstituted or 20 nono-substituted with
a noiety selected fromthe group consisting of -Br,
-Cl., -CN, phenyl, -0-phenyl, -OCF3, -OCH3, -C(O OH
- Eigselerted r@)té_g_oup Q(E)I]_Séﬁlbrllg of -O-, -CH,0-, -NHC(O)C(S-,)—CHZNHC(O)O-,

-C=£CH;,0-, -C(0)0-, -(CH,)30-, -OC(O)NH-, -(CH,);C(O)NH-, -C(O)NH- and a direct bond;

each R’ is independently selected from the group consisting of H, C,-Cg alkyl, C3-Cs
cycloalkyl, C;-C¢ cycloalkyl(C,-Cs)alkyl, phenyl, naphthyl, phenyl(C;-C,)alkyl,
naphthyl(C,-Cg)alkyl, heteroaryl, heteroaryl(C;-C; alkyl), heterocyclyl, and heterocyclyl(C;-Cg
alkyl) groups, wherein
when R’ is not H, said R’ are substituted with 0 to 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

- 163 -



10

15

20

25

30

WO 2008/ 057209 PCT/ US2007/ 022460 0 4. The conpound
according to claiml1l, wherein is selected from the
w@e@apsronsi sting of the group of rings consi sPCTYSDNT/022460
ZzN \ ZP-2ZNz/ JazZXIl i xXXXXZNX N
" %l ZZXZXZXZXZXZNXXN \' IV IV NN
N N N eagh R heterddyelyk isandependentlysebectd frop tKe 'groip)coMsistig of 5- to
NN/L o Z  f ZNZ=NZ-~NZN/ ZN~NZN
7‘me“3l\g’%15€d/>§a%r%eé<°5<“n%“iratRii\lm‘érﬂfnaﬁc INRNAVIRE {4 22§2’r lactergatgms
indepe}ﬂdéﬂ% selected/from N d\ﬁrﬂs,%nﬁdséid R’ %e?érdﬂ%&zizisutt&}?édzh%uém ?ﬁring atom
-\ INPPNNA RN N ZXXZXZ X Z- XZ N
selected fromh CorNEad HN-NH 10 Z X, Z X, Z' Nle~--XandZ -169
WO 2008/ 057209 . PCT/ US20Q7/ 022460 = 5. The .conpoun
accor d?affgﬁt g& |b5ff%ea ,to&/%ﬁ'lﬁ &“u‘% BGARMHS VYWEC}? Hgﬁ@ﬁg“@rﬂ'ﬂdﬁ 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'?,

C,-Cs alkyl, -CN, -CFs, -NO,, -SR'®, -CO,R'°, -CON(R'?),, -C(O)R'?, -N(R')C(O)R"?,
-S0,(C,-Cs alkyl), -S(0)(C;-Cs alkyl), C3-Cg cycloalkyl, C3-Cg cycloalkoxy, Ci-Cg haloalkyl,
-N(R'%),, -N(C;-Cs alkyl)O(C;-Cg alkyl), halo(C,-Cg alkoxy), -NR'’SO,R'?, -SO,N(R'%),,
-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 S, and said W heterocyclyl is attached through a ring atom selected from
CorN;

R? is selected from the group consisting of C;-Cg alkyl, C3-Cg cycloalkyl, C3-Cg
cycloalkyl(C,-Cs alkyl), phenyl, naphthyl, phenyl(C;-Cs)alkyl, naphthyl(C;-C,)alkyl, heteroaryl,
heterocyclic, heteroaryl(C;-Cy alkyl), and heterocyclyl(C;-Cs 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;-C¢ alkyl, halo(C;-Cg alkoxy),
halogen atoms, -OR'?, -SR'?, -N(R'®),, -N(C;-Cs alkyl)O(C;-Cs alkyl), C;-Cs alkyl, -C(O)R'?,
C;-Cs haloalkyl, -NO,, -CN, -CF3, -SO4(C,-Cs alkyl), -S(0)(C,-Cs alkyl), -NR'°SO,R®,
-SO,N(R®),, -NHCOOR®, -NHCOR®, -NHCONHRS, -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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selected fromthe group consisting of H -Br, -d,
-CN, phenyl, -0-phenyl, -OCF3, -0OCH3, -OH, Cl CG
W@Rkweny720C1- C6 al kyl, -CF3, -C(O OH, and - C(O BHBUSH06022460
The conpound according to claim1l, wherein R is
selected fromthe group consisting of -CO2R10 and
- CONRLEShRRtetefocyThyd 1saodqpendaitiycelectdd fignt the graipmoBsisting of 5- to

7-men%%red&a?5)rg§pl 7 S%'&%%tf(i lpdmf Lo ttlgg%f)g?\g &Jszﬁg)r}S‘%}SFtb%n gms
indepeA@&RIyH e tddFrérh A, '@3 and S"Qﬁfi ‘§é13 Rt&%ete?o%giy? f‘sta?tgcl{eﬁqmohgﬁ a ring atom

group consisting of CL-C6 al kyl and eny
selectedl froth€ erdNpadnd according to claim8, wherein is

G e B adia T Sep el B §8<@?ﬁ%teﬂegglfﬁa&a&§§§%9rm 3 ©o

6- menme%drﬁﬂg cdm&ﬁfuﬁg@ 53 He?er@a%rﬁﬂrﬁ@pérfd@ﬁﬂég&?ect&lr@diﬁ the  grgup consisting
consi st1ng of - al kyl and cycl oal kyl .7 2

of N, @and $he conpound accord| ng to claim 10, wherein R3 is
selected fromthe group consisting of H -C(CH3)S3,
-(CH2) 3CH3, cycl ohexyl, and -CH(CH3)2. 12. The

cnm%ureeltea%% dﬂe%godppco%k@hﬂg df C,‘l\bgﬁlﬁg CMOg%y§l@lllﬁ9lt e9-Cq

fromthe gr oup consi st i ng of | ene” or
Cycloa@ad(@’zcmlkxdhﬂle@nealkmﬂﬁ% cmlpslkeuwhenyh,t@ahﬂwt Iph@mtl(&n Cs)alkyl,

T S R A A TS TN

alkyl) bRouphk, aVBrdid, wherein Mis sel ected fromthe group
conS| sting ,of -CH-CH(CH2)5, -(CH2)7-,
)snbstxtut@ 6).to 4.@1951@]&[@@-&@121:1& fr@o the group consisting

of phenﬁi@% CHZ(}‘%E& C%?%—E‘S e‘terg%&i%“e%):l%l Cl-é Ca'TE}lShdlo(C 1-C¢ alkoxy),

h 1 = lk 10
a ogen%'l(ﬁ@"()@ﬂ%?_lz Z?E@lﬁ)(%(@y? Ngﬁ‘%gﬁ%wm&c‘ Qfo yl, C6(O)R
C1-Cs halgalkyip-190p.8CdD6 7088 - $@Tﬁu§zeﬂcyl)0281@6@1 @malkyrhe SO.R®,

SONRIAREOGRS HROEC SRR, LBERS RIS ¢
ZY Z Yeach RZ/het\ér(S’arM @maeﬁenﬂelYtly Zlécted from YheYgroup cons1st1ng 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,

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 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;
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ZZZ Y Yand Y. 10 15. The compound according to
claiml1l, wherein Yis -CCONDVL- and -LN(D) C(O) -

wa gosieozonpound according to claim1l, wherei PCDOS2007/022460
nore substituents F are taken together and/or with
one or_nore substituents chosen from substituents D
aeadh R'Y is indapenden8ly aclgeted Grof: thre glvepednsisting of dhamd Gj-Ag alkyl;
to 3 heteroatons selected fromthe group consisting of
N, 0 and S. 17. A conmpound selected fromthe group

CORRAR RSt isﬁﬂdéﬁéhﬁlﬁ%ﬁéleéted Hofr thﬁ'rgﬁbuQ c%é?stﬁﬁﬁ"éf@ 9% alTk}_?Ni U] -Cy

alkeny®) -OR b N(R'®)-5-COR ' -O- V1O©2RA€) -Se‘ﬁsl@ﬁd%es(R“’)(R”) -R", an
NR]%&2007/022460 N1/ 1V O NOOHOOO CHOO
N( ONHO 0O00OBr BrCN O QO OOOO~~H
~NOO NNS~-ryll NN~N~ ONOO .;i HOOO NO
O HOQN-OO .;c HOIO \' / 0 00 ONNO
each R'? is independently selected from the group consisting of -OR"?,

-N(R'%)-V-CO,R', -0-V-CO,R", -S-V-CO,R"®, and -N(R')(R");

R'' and R' may be taken together, with the phosphorus atom to which they are attached,

to form a 5- to 7-membered monocyclic ring;

each V is independently selected from the group consisting of -CH(R"®)- and -(C,-Cj4
alkylene)-CH(R"?)-;

each R" is independently selected from the group consisting of H, C;-Cg¢ alkyl, C;-C¢

alkenyl, C3-Cs 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;-C, alkyl), naphthyl(C;-C,4
alkyl), C;-Cs cycloalkyl, C3-Cs cycloalkyl(C,-C4 alkyl), heteroaryl, heteroaryl(C,-C, alkyl),
heterocyclyl, heterocyclyl(C;-C, alkyl), C1-Cs alkyl, halogen atoms, -OC(O)OR®, -OC(O)R®,
-OR'", -SR™, -N(R'%),, -C(O)R'?, -NO,, -CN, -CF3, -SO4(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,

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
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R" is selected from the group consisting of C;-C¢ 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'* heteroaryl is attached through a ring atom selected from C or N, and

said R"* phenyl, naphthyl or heteroaryl may be substituted with O to 2 substituents
independently selected from the group consisting of C,-Cs alkyl, halogen atoms, -OC(O)OR®,
-OC(O)R%, -OR'"?, -SR'®, -N(R'%),, -C(O)R'°, -NO,, -CN, -CF3, -SO,(C;-Cs alkyl), -S(O)(C;-Cs
alkyl), -NR'’SO,R®, -SO,N(R®),, -NHCOOR®, -NHCOR®, -NHCONHRS®, -CO,R'?, and
-C(O)N(R")z; and

eachR" is independently selected from the group consisting of C,-Cs alkyl, C,-Cs

alkenyl, C3-Cs cycloalkyl, phenyl, naphthyl, heteroaryl, and heterocyclyl groups, wherein

said R" are substituted with O to 2 substituents independently selected from the
group consisting of C,-Cs alkyl, halogen atoms, -OC(O)OR®, -OC(O)R®, -OR'?, -SR'°, -N(R'%),,
-C(O)R'?, -NO,, -CN, -CF3, -SO,(C;-Cs alkyl), -S(O)(C;-Cs alkyl), -NR'*SO,R®, -SO,N(R®),,
-NHCOORS, -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'® 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.
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&Hﬁr ~?. OON ”Blelcfogn;%alﬁ'gl %n? ngtcﬁslgngl\! %sgl'ecr;ted 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
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 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, quinazoline or isoquinoline.

3. The compound according to claim 2, wherein @ is unsubstituted or

mono-substituted with a moiety selected from the group consisting of -Br, -Cl, -CN, phenyl,
-O-phenyl, -OCF3;, -OCHj3, -C(O)OH, -CHj and -C(O)CHj;.
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0 - 174 WD 2008/ 057209 PCT/ US2007/ 022460 IN ~ _N NN
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OHNOHNHNOO Oo0oN- SOOOHN NHN-S- 0N
ON<HS-1i "\ NHNH 000 00O OHNHNSOO
HN~Op H HNO®O pjt N ONOSOONOS, ON H

- N/ 5 - Nri¥ éndhdind Nc&)rdiﬁll%@o Qaith 4 wher8in, AcHRNisHhdependently
0.,0H NHNO.,0 OO O HS ON'" NOH-S~ N/
selectad fromythie group corgisgngotH, -Ban-Cl, -CN, phenyl, -O-phenyl, -OCF;, -OCHj;, -OH,

C1-Cs alkoxy, C,-Cs alkyl, -CFs, -C(O)OH, and -C(O)CH.

6. The compound according to claim 1, wherein R' is selected from the

group consisting of -CO,R'® and -CONR'’SO,R®.

7. The compound according to claim 6, wherein R' is selected from the

group consisting of -C(O)OH and -C(O)NHSO,cyclopropyl.

8. The compound according to claim 1, wherein R is selected from the

group consisting of C,-C¢ alkyl and C,-C¢ alkenyl.

9. The compound according to claim 8, wherein R? is selected from the

group consisting of -CH=CH,, -CH,CHj3, and -CH,CH=CHj,.

10.  The compound according to claim 1, wherein R® is selected from the

group consisting of H, C,-Cg alkyl and C;-Cs cycloalkyl.

11. The compound according to claim 10, wherein R? is selected from the

group consisting of H, -C(CHs)s3, -(CH;);CH3, cyclohexyl, and -CH(CHj3),.

12.  The compound according to claim 1, wherein M is selected from the group
consisting of C,-C,;, alkylene or C,-C,, alkenylene, wherein M is substituted with 0 to 2
substituents F selected from the group consisting of C;-Cs alkyl, and =CHj,.

13.  The compound according to claim 12, wherein M is selected from the
group consisting of -CH=CH(CH,)s, -(CH;)7-, -CH,CH=CH(CH3)4-, -(CH,)¢-, -CH=CH(CH,)s-,
-CH=CH(CH,);C(CH3),CH,-, -CH=CH(CH,)3-, -(CH3)s-, -CH=CH(CH3);-, -(CH,)4-, -(CH>)3-,
-CH=CH(CH,),C(CH3),CH;-, -(CH;)4C(CH3),CH,-, -C(=CH,)(CH>)s-, -C(=CH_)(CH,);-,
-CH,CH=CH(CHa)3-.
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15.  The compound according to claim 1, wherein Y is -C(O)N(D)L- and
-LN(D)C(O)-.

2

16. The compound according to claim 1, wherein one or more substituents F
are taken together and/or with one or more substituents 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.

17. A compound selected from the group consisting of:
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5 conmpound according to claim1, and a
phar maceutically acceptable carrier. 19. The
w@b@ssreut i cal conposition accordi ng to cl ai mPABUS2007/022460
further conprising a second therapeutic agent
selected fromthe group consisting of HCV antiviral
agent s, 1 munonod tors, and anti-i nft i ve agents.
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and

18. A pharmaceutical composition comprising an effective amount of the

5 compound according to claim 1, and a pharmaceutically acceptable carrier.

19. The pharmaceutical composition according to claim 16, further
- comprising a second therapeutic agent selected from the group consisting of HCV antiviral
agents, immunomodulators, and anti-infective agents.
10
20.  The pharmaceutical composition according to claim 16, further
comprising a second therapeutic agent selected from the group consisting of HCV protease

inhibitors and HCV NS5B polymerase inhibitors.

15 21. A use of the compound according to claim 1 in the preparation of a

medicament for inhibiting HCV NS3 protease activity in a subject in need thereof.

22. A use of the compound according to claim 1 in the preparation of a
medicament for preventing or treating infection by HCV in a subject in need thereof.
20
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