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stranded RNA genome encoding all known virus-specific proteins via translation of a
single, uninterrupted, open reading frame.
Considerable heterogeneity is found within the nucleotide and encoded amino
30  acid sequence throughout the HCV genome. Six major genotypes have been
characterized, and more than 50 subtypes have been described. The major genotypes
of HCV differ in their distribution worldwide, and the clinical significance of the

genetic heterogeneity of HCV remains elusive despite numerous studies of the
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additional compounds having anti-HCV activity.

25 In a first aspect the present disclosure provides a compound of formula (I)
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or a pharmaceutically acceptable salt thereof, wherein



NR5 (1), or a pharmaceutically acceptable salt
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RY is selected from alkoxyalkyl, alkyl, alkylcarbonyl, arylalkyl, cycloalkyl,
(cycloalkyl)alkyl, cycloalkylcarbonyl, haloalkoxyalkyl, haloalkyl, (NReRf)carbonyl,
25  and -P(O)(OR’),; wherein R® and R’ are independently selected from hydrogen, alkyl,
and arylalkyl; or R® and R, together with the nitrogen atom to which they are
attached, form a five or six-membered monocyclic heterocyclic ring optionally
containing one additional heteroatom selected from O, NR*, and S; wherein R* is
selected from hydrogen and alkyl; and wherein R’ is selected from hydrogen and
30  alkyl;
R? and R" are independently selected from hydrogen, alkoxy, alkoxyalkyl,
alkyl, aryl, arylalkyl, cycloalkyl, haloalkoxyalkyl, haloalkyl, heterocyclyl, and
heterocyclylalkyl;
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aryl al kyl, cycl oal kyl, hal oal koxyal kyl, hal oal kyl ,
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or a pharmaceutically acceptable salt thereof, wherein

15 nis1,2,or3;

R” is selected from hydrogen, alkenyl, alkyl, cyanoalkyl, cycloalkyl, and
haloalkyl;

R* is selected from alkenyl, alkyl, aryl, arylalkyl, cycloalkyl,
(cycloalkyl)alkyl, heterocyclyl, and heterocyclylalkyl;

20 R’ is selected from alkenyl, alkoxyalkyl, alkoxycarbonylalkyl, alkyl,
arylalkyl, carboxyalkyl, cyanoalkyl, cycloalkyl, (cycloalkyl)alkyl, haloalkoxyalkyl,
haloalkyl, hydroxyalkyl, (NR*R)alkyl, and (NR*R®)carbonylalkyl;

R® is selected from alkoxycarbonyl, alkyl, alkylcarbonyl, alkylsulfonyl,
cycloalkyloxycarbonyl, cycloalkyl, haloalkoxycarbonyl, haloalkyl,

25 haloalkylcarbonyl, (NR'R")carbonyl, and (NR*R”)sulfonyl; or

R® is selected from phenyl and a five- or six-membered partially or fully
unsaturated ring optionally containing one, two, three, or four heteroatoms selected

from nitrogen, oxygen, and sulfur; wherein each of the rings is optionally substituted
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25  and heterocyclyl; wherein the aryl, the aryl part of the arylalkyl, and the heterocyclyl
are optionally substituted with one or two substituents independently selected from
alkoxy, alkyl, and halo.
In a first embodiment of the second aspect the present disclosure provides a
compound of formula (IT), or a pharmaceutically acceptable salt thereof, wherein
30 nis 1;
R? is selected from alkenyl, alkyl, and haloalkyl;
R’ is selected from alkenyl, alkyl, aryl, arylalkyl, cycloalkyl,
(cycloalkyl)alkyl, heterocyclyl, and heterocyclylalkyl;
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20 compound of formula (IT), or a pharmaceutically acceptable salt thereof, wherein
nis 1;
R? is selected from alkenyl, alkyl, and haloalkyl;
R is aryl;
R’ is selected from alkenyl, alkyl, and arylalkyl;
25 R® is selected from alkoxycarbonyl, cycloalkyloxycarbonyl,
haloalkoxycarbonyl, (NRaRb)carbonyl; or
R® is phenyl optionally substituted with one or two substitutents
independently selected from alkoxy and halo; and
R’ is cycloalkyl.
30 In a third aspect the present disclosure provides a composition comprising the
compound of formula (I), or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier. In a first embodiment of the third aspect the

composition further comprises at least one additional compound having anti-HCV
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2oL 583 Rl SRR G2ty ACSRRURDL

1ant accb@bblagdlﬂ th:rE:M, pirensdeatially heaptblo oariof addw least one

addi tj.ona ds IS cted from.interl|l eukin 2, ..
i nt & 41 I a&ﬂgéﬂﬂiﬁ‘g%mﬁyfé’ﬁﬁb"é‘bﬁde% 1‘?5let°ﬁg’le additional

enh adﬁﬁlﬁﬁm&ﬁg eﬂ&:‘ﬁ% Qﬂﬁlﬁﬁ& tRffuitiby Bea tllré@ﬁfle[b@fed Troﬁﬁl{@v
response, | nterferi ng anti - sense

ri bg\?ra%lpmot%ﬁe Hﬁ}{ssr:%@ IEOE??B%%K @gbgteé%%l é?% h@@éWaEI@V NS4B
i nh bmetl@ HCVRBRAL ﬁ@wd%sew H@\W@%}Eﬁdﬂme NYA Frofeinf bl IMPDH

enbodi ment of the third aspect the present disclosure

29r oﬁqrdléestfe&tm%lb%ﬁ@\’ﬁrfe%@ﬁpn sing the compound of
formul a ﬁlla)f I‘EH nged?ﬁérp%%&ﬁldﬁs'cﬁ)ﬁlrl: ?ro%ﬁle@&ﬁh@i%@@f @eaﬁ? In

t her eof ar ceutically acce le carrier
I eag{pVom’@ctlon in a patient, comprising admlnlstermg to the patient a therapeutlcally

effective amount of a compound of formula (I), or a pharmaceutically acceptable salt
thereof. In a first embodiment of the fourth aspect the method further comprises

25  administering at least one additional compound having anti-HCV activity prior to,
after, or simultaneously with the compound of formula (1), or a pharmaceutically
acceptable salt thereof. In a second embodiment of the fourth aspect at least one of
the additional compounds is an interferon or a ribavirin. In a third embodiment of the
fourth aspect the interferon is selected from interferon alpha 2B, pegylated interferon

30 alpha, consensus interferon, interferon alpha 2A, and lymphoblastiod interferon tau.

In a fourth embodiment of the fourth aspect the present disclosure provides a

method of treating an HCV infection in a patient, comprising administering to the

patient a therapeutically effective amount of a compound of formula (I), or a
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addi ti onal conmpound having anti-HCV activity, wherein
at least one of the additional conpounds is effective
W eoosfabdolé t t he function of a target sel ected PCDOSICV084799
net al | opr ot ease, HCV serine protease, HCV pol ynerase,
HCV helicase, HCV NS4B protein, HCV entry, HCV
assenbly, HCV egress, HCV NSHA protein, and | MPDH 20
for the treatment of an HCV infection. In a fourth

Cr SRR PPl SR Pl B Mo iR Py havine

admti-BHU8T dcigityt fridr e ap@t d)r%ﬁlhulﬁméd’i@l’y&ﬂﬂluhd: €ahgoyind of formula (I),
effective am)unb of a com?tetﬂnd of formul a

el ..
phaPraRBipaceiqally acceriphla mlidharsfy wherpg prlgpst g@%oféher addigjonal

enbeghhpornds i9felsdh ! InkdMcalsiR e CltchBEiNBtifetedkil 1€ Eompound
conprises 25 adm nistering at | east one additi onal

e ompBLSTAAIEY thA dourAmepCy adyRg VhAlRer frorlbrespepise, infpiding YA,
Si Myhet- %?@Mﬁh?’ln’ﬁhﬁﬂbdt RS E AR OS - nf RO PRYsFatd éle)hydt%f;erﬁse

phar maceuti ca acceptable salt thereof. In a second
errbé@ih*ﬁéhtﬂmélﬁta@lh@ apduimeadspect at | east one of the

addi tiongl, fg@b%a&fent St B0 fhuRth g%pt:@trtﬁ)erbrggenladlgclld%g%é'p'fd\ndes a

In a third en ment of the urth aspect
i nt exthed ohtr¢ating et HEVadfettianm i meieant, spwprisngpivmigigering to the

oo RO LI S0 rEROSRRYS LARFRIBLE
t au pharmnceatlcfadiu ratdepeblo odi uhenebf apfl at leest boarddhioagpempotndéaving

pr €35 PC ac91V1 Séj{{o(? tdh é/r gjres§mu taneouspQlethqfle ! rnFePaoql{l(E] S ta rmula D),
ection P<ing adm

to bflz&phaﬂﬁide&mdallﬁ adcblaalﬂp m]ntth@rad)ﬂ yzhc&ém aclte&sw enemfnheruddnfonal

AL ATRIUE%y Deut oAb hiedBot by e it ed RaRUg Y

1$ heneoaflogogdat HCwastingietead MV @ﬁgzhle@@ﬂmmm telftasel HGV NS4B

e SRR MR 8 Co - L
pharfgragattingat banatCepifaibs salt thereof, wherein at
| east one of the additional conpounds is selected

from i nt @ fdthaspechthe praseyt ﬂ@&lrewe BroVidp R¢qMGRIfiAN qppriging a
co np&ﬂﬁlﬂn@ of ﬂ%ul@ phane %ﬁarhﬁ@equé{@l BREFRBLe Qi tHRrcbY BRe, two,

hel per response, interfering RNA, anti-sense
2 @QNAthr‘fenfO&Far%ﬂVe #diprlrdompouls hpieg #-BCY wehaphesiat e

deh t
A RSIRA LMD S TSGR0 TR SR

d| s edropsifioa cpmpuied dgecer forteididowd compamilvigvaig apieUCY activity.
f )
' ” ﬁPJ %f%hd' R g} ﬁﬂfle ﬁﬁl?{lﬁfﬂgét 3’? égié@ c%ﬁxﬁ)h's&%n% Or rvo

atient a therapeu I ve "anoun
a C@drpmmljcoofmﬁmsrha‘hag @ﬂt}HCUracaleh armaceutically
2 % gﬁgghﬁginﬁ as\%x?lh gspecralﬁl{el prﬁ&%ncfj scf‘osure?? Vldegn%le?‘l%g IOHK ? t1%g an HCV
Si minfécaine OI,ES[baYIeM/] d¢dmpiriiag @dmm@mmlg md thé pativut :ath(aﬂai)euncﬂry a

Fggég&%ﬁ%g%g&% h (gogr%eﬁ?cg#f rmu:ila {T) top g {)}?a?rfnhceu calily agcepttable salt
thereof and one, two, three, four, or five additional compounds having anti-HCV
activity prior to, after, or simultaneously with the compound of formula (I), or a

30  pharmaceutically acceptable salt thercof. In a first embodiment of the sixth aspect
the method comprises administering three or four additional compounds having anti-
HCYV activity. In a second embodiment of the sixth aspect the method comprises

administering one or two additional compounds having anti-HCV activity.
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conmpounds is effective to inhibit the function of a
target selected from HCV 15 netal |l oprot ease, HCV

WG 2008M0e40p¢ ot ease, HCV pol ynerase, HCV hel i casePCHO82007/084799
NS4B protein, HCV entry, HCV assenbly, HCV egress,
HCV NS5A protein, and | MPDH for the treatnent of an
HCV infection. In a fifth aspect the present
di scl osure provi des a conposition conprising a

compound fornmu har mac

cocbpt anP oo hidshon Gl PRt A5G i qoptpinacgys of
fi vembBsliimtitomadloe@mpemnds havi ng anti - HCV act|V|ty

and a pharmaceuti cal | ceptable carrier. In a first
embodi mentt St pyRects P ombRd Bl Mayde EBKR e dgyetiption provided
CONMpérbipes three or four additional conpounds having
anti-HCV activity. In a second enbodi nent of the

Pifth asBl&ctesctrw@%@ﬁ%b%@ﬁefqanS%Wﬁrh%%sl@H@ bgcopsgigged in
addiddePnR!witoPRAWR AR HaiTAG RBRdmiEXPYoRERd. Vh k¥me ABtahdds &

si xth "aspect the present disclosure provides a nethod

of MEBAE Nergssary tEWmovie ghEdoRAAtem igordertaceammodatsrpubyityent at
adnhﬁ¢§§§ﬂb&goﬁo the patient a therapeutically

ef fectTve anount of a conpound of formula (1), or a

phar mac el shauid boyunderstopd thil the sahioundstrae esoifassed &y direenresent

6 Wodlsﬂlé{\)?@are Eh%tsle! 1ihatqdrre gdlt\r{&?’ @lggl' ;férqgglas ﬁ%ﬂ?a%&lﬂ @1¥t' ng

aneously
wi th theAl patpmju rpdtemtf appbcranmhsaar(dl ltgratore rafeBces cited in the
gng Op%ﬁ%a %onoafre I%%GII? ?n%g pedebg %atjerte{l(%]e \& th%?rfengrep Ein }he Scéasse of

adminobisisencieg tlliemresenmmciceum acdiihg aetalitione,mad lprmlzsﬂ

havi t ti I d
The ooxeh epate Piricntiaigee ursr RGBSR LT BF ripines
1®neimicafe addi ti onal conpounds havi ng anti - HCV

activity 2008/ 064066 PCT/ US2007/ 08479 her
aspect s ?“Sceﬂgoﬁ‘rne &APEYRISTEIs Bre aﬁaﬁ““ﬁ ey dﬂéu%ﬂ ¥13h) e

conbitatde @RRssQhie ccﬁﬁ‘@%@@lbﬁ@%c&a@d S&hér@sed herein. Yet
ot her aspects and enbodi nents may be found in the

descri pt Thsricit ceaeld aspagddicrein, sefing do gaedght pi l?félﬁthéql chafe

PresRmb ofihwah @&léal%oﬂ 8lofk BorthMb 9t P&« S&'l%woﬁfégrbbﬂ double bond.
congruit aws and principals of chem cal

2§ondi ng. ¥hq¢er§br?ékqxvn i Al doetn, repgy torpe aflert grogRptjachel to the
r ey, tan N9 %[étﬁ&l%lgh B 96N aBacommodat e a

substitutent at grven I'6cation. It should be
under st obk t@lhia‘fallt%ealbﬂnw@ u@éle@m: erigratsanchiiyy gronp substituted

St anrRops Pk MELORKET U (Oar agent. AL patents,
pat ent appd tﬁma‘tallmxsqarlamdl I astusedbliaeie, refefsap endkexycdrowdchttached
2% n ¥ohtﬁe parent molecular moiety through a carbonyl group.
The term “alkoxycarbonylalkyl,” as used herein, refers to an alkyl group
substituted with one, two, or three alkoxycarbonyl groups.
The term “alkyl,” as used herein, refers to a group derived from a straight or
branched chain saturated hydrocarbon containing from one to ten carbon atoms.
30 The term “alkylcarbonyl,” as used herein, refers to an alkyl group attached to
the parent molecular moiety through a carbonyl group.

The term “alkylsulfanyl,” as used herein, refers to an alkyl group attached to

the parent molecular moiety through a sulfur atom.
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specification are herein incorporated by reference in
their entirety. In the case of inconsistencies, the
wWEe@seaoedi scl osure, including definitions, wPECT/US2007/084799
prevail. As used in the present specification, the
followi ng ternms have the nmeanings 15 indicated: As
used herein, the singular forns "a", "an", and "t he"
include plural reference unless the context clearly
di ct at es other‘ rm."al kenyl ," as_used
ner ei n. YRS U RGBT G R Set s T Hovy pighed o
of tlwpateﬁt Bblculamadty &Ir@fgﬁ aGQMéai piong at | east one
carbon-Cﬁgbon é?@ble bo 20 The term "al kox

used her SIe gy &S pepddigrels) k5ers it %ﬂﬁnﬁtﬁr%h%rdy WC? 1f fused
par @ng syIRLEEMréh ofDb&Iovh SIHEOMER it pHRIYVGLSupABRClid fied ring

term "al koxyal kyl ;" as used herein, refers to an al kyl
gr obyptessisensiy gf '@ahenw FPuiHEEd to AERUrYP SEHPRIB beggdagggatic or non-

gr OWRSwatid Hﬁb&cglﬁm rirdl KA X@ﬂg@%kydf the ﬁ&eﬂ%ﬁs@lo@% @hile attached

refers to an koxy group attached to the parent
ol &cthe BFrenaadoylas ﬁlp@tygmroagle wwhgntu@ﬂ@%bomﬁ@n freihergroup.

) aI K%X&ﬂ{aQQMaﬁbﬂ bf ary | e?oﬁb% el rlﬁft Bre n"otelfuﬁfteﬁirtB (e)m@arlllyl,

group titu one,

al kmdyméarrbnhtwl mﬂp@d qtredhy drionaphtieyl. k@he atylggoups efcthe present
({);er Gis eséﬁee%ﬁr@ é@%nallyg &g@tﬁgg Rx}lﬂll%q t&lg rﬁn%? Sff)ﬁrad)r%rsglgns]tituents

ranc ura focar Bon contat ni n
one ntdwelnéarntltyaelb@ed fvrorkoxy3 @lkﬁhse:atbenyh dlbylkg/secqmlmyi)grqdp,
?f’] egsaglg ehE r Palk [ ef ﬁaloalk %{%P/éﬁ% erocgp Zi‘allt< (rjox%g.
Thehydroxpalkal, kittos oW R"aﬁ XNR"R%\aikmsre(N Ri‘R?’)a]km (X R‘ﬂ%}csrbbmylaarnd
ttach d fo arent, .npl e

e B SRR HESHE i o’ (BrBRLETOUER bR Pt o e
1 ﬁcrhéﬂ&ZE)}QY}?ﬂBﬂz%be fﬁhﬁertc@t’lﬂﬁa'lla |51|16t)éhﬁlté|dfvﬂfh%/dne,"tw@ﬁthﬂ:&,eldur, or
er refers ro ttac to e
par GXE SRR PR 68?398%{%}63&@9? ARy ?lgﬁy?yaﬁ?’g‘ﬂlﬁz hajgpdkoxy,
terﬁmoﬁpmhndng, M@%ﬂnhEYEIn refers to a phenyl group,
or a bicyclic fused i ng system wherein one or

of the rihfgemt s rﬂalb}ﬁ]e’r?ﬁlus‘élrlt%%“ redprs ot Akl geg SvtvSH@ltedSVlth

SYSH&TBws Pk &tarAfor@pphenyl group fused to a four- to
si x- menber ed aronatlc or non aromatic carbocyclic

29ing. ThEhedeyn “cgronyls’ atsediereyt sferpto i@ osure can be
at t achedyyd gt 46132y e uBRh&EH! Rferd®i elyut hrough any

substitutable carbon atomin the group.
Repr esentixtteye casbanyslied,” of ussd ey wipstoian@lkybtigroupsnbstituted

are i.m t i ndenyl, naphthyl,
pheﬁ&ﬁ%néﬁﬂBfgggé(?rpgggﬂﬁb%yl The aryI groups of the

pr esent The term “cyano,” as used herein, refers to —~CN.
25 The term “cyanoalkyl,” as used herein, refers to an alkyl group substituted
with one, two, or three cyano groups.

The term “cycloalkyl,” as used herein, refers to a saturated monocyclic,
bicyclic, or tricyclic hydrocarbon ring system having three to fourteen carbon atoms
and zero heteroatoms. Representative examples of cycloalkyl groups include, but are

30  not limited to, cyclopropyl, cyclopentyl, bicyclo[3.1.1]heptyl, and adamantyl. The
cycloalkyl groups of the present disclosure can be optionally substituted with one,
two, three, or four substituents independently selected from alkenyl, alkoxy,

alkoxyalkyl, alkyl, arylalkyl, arylcarbonyl, cyano, cycloalkenyl, (cycloalkyl)alkyl,
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10 di sclosure can be optionally substituted with one,
two, three, four, or five substituents independently

W@ 2008064966 f r om al koxy, al koxycarbonyl, al kyl, BCHESWNTU084799
aryl group, cyano, hal o, hal oal koxy, hal oal kyl,
het erocycl yl, heterocyclyl al kyl, hydroxy,
hydr oxyal kyl , nitro, -NR'RR, (NR' R')al koxy, (NR'
RY) al kyl , (NR'RY) carbonyl, and oxo; wherein the

second .a r the h

oot BBl X, 2B Er ) R R ERLL yef IR AP Rt b

; ur tdﬂ@ﬁen@@?l&@ﬂ@été%ﬁ@rﬁ ﬂi§dlrbgdﬂﬂ; ﬁdyly\artyh a@[hﬁTyl tane lhetteﬂat‘:}gzeyl
our, or i ve substitu pendent ecte

f r orheieIgls Ay eyl P atige a@f%ﬂq@/‘f afchf &Fﬁ@é@ﬁyl are optionally

hal e@skiiled Wihdne Bﬁlbwo%ﬂﬂstlﬁlehfs Qﬁdegé]ﬁeﬁt@rs@]ect@ﬂ Wbl oy, alkyl,

as used herein, refers to an al group substituted

Qﬁtﬁn e, two, or three aryl groups. 20 The term
" car bonytye teﬁ?‘“(k‘ﬁ‘?&ﬂ@@ﬁﬂ’%ﬂ asrtﬁéc?ﬁe%lﬁ QefelstOn alkyl-gﬂ&h

term "carbox as used herein, refers to - H.
ter ﬁubs@tateémgaamwwo wor glyeqeystpalkt gpws. r ef er s to an

al kyl gf%e&y%abél 1Btbondf & B QB herkifCrese Aoy totahl&a@alkyl group

carboxx groups. “The term "cdyano," as use
r ef eftagh¢doto ﬂ@l\mare%m?lfhelﬂ@renmfy élyaughad degtionyl @@ums ed

in, ; ) ’ ‘ ; .
e RS Q0P LY, BEHRAERY R
" cyeftashdtylthe'paasit wekdullrena@ity throedhemaxygenateat ur at ed

nonocycl bi. C or . tri drocar bon_ r
e e P Sl Rab YIRS bt ] REAL ROl Bty

het erooptimrbed tRelﬁHIemn tatecvler rexiatyphresghod cachyoal/loabilgy |

oo o el Freroel Hrab Bt 1 Riiges, €1 e -

1adamant ythe t?ﬂﬂe“hamﬁ&bﬂﬁ? kylse@h@tipsrefdts th AdapLIRgIIRbup attached to

dIS osure can _ be optiona substituted with one,
%etpﬁ%%mOlS‘i“l?rcS‘Eﬂ‘g%% Hﬁ%‘t%lhta\ﬂl AR 2k pendent | y

s el ect edridterm ﬂlak:ﬁlk%kyalléyll k@xXi¥sed hatHOnyead &¥h alkgl &¥hp

aryl al kyl, aryl carbonyl, ano, cycloalkenyl

( cy &ybsabied mﬂawpawwwmhrv@ KD GBS
PCT/ US20y7/ t@l%ﬁl%ﬁ)alkhﬁyc@rbo I’ ’Qa@lugéa)ﬁérelﬂ"' %f&@kd‘é’ﬂlaloa@f&y group

NRRRK) car bonyl ; wherein are independently

el aiéachel b thsrRarapEmelgerar raanty |thr0@ahw carbppyl| SEpypy| | and
het er oCY gl dkim “HMb%fkgl AR ﬁ'erraah srefell8o 8% xlky%lfp BbstiI& with

aryl al kyl, and eterocyc yl" are option
subsnd, twa, dliteaaior fpuphedogsn atoms. subst i t uent s |ndependently

eyl oale P sl i icaBoilgs RiBBe bl s ORI sroup
al kyttachedomphe surns moteodlednaevety hthrowgh, a davbmpylgrotphr ee
2§ ycl oal k"}(}lle tgrrrﬁ)%tc'e'rocyclyl,” as used herein, refers to a five-, six-, or seven-
membered ring containing one, two, or three heteroatoms independently selected
from nitrogen, oxygen, and sulfur. The five-membered ring has zero to two double
bonds and the six- and seven-membered rings have zero to three double bonds. The
term “heterocyclyl” also includes bicyclic groups in which the heterocyclyl ring is
30  fused to a four- to six-membered aromatic or non-aromatic carbocyclic ring or
another monocyclic heterocyclyl group. The heterocyclyl groups of the present
disclosure can be attached to the parent molecular moiety through a carbon atom or a

nitrogen atom in the group. Examples of heterocyclyl groups include, but are not
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The term "cycl oal kyl carbonyl ," as used herein, refers
to a cycloal kyl group attached to the parent
wOorei0emoedoes noi ety through a carbonyl group. 10PAHES108T/084799
"cycl oal kyl oxy," as used herein, refers to a
cycl oal kyl group attached to the parent nol ecul ar
nniety t hrough an oxygen atom The term
"cycl oal kyl oxycar bonyl ," as used herein, refers to a

B L T B

hahﬁgﬁaﬂlmyl &S(aztlﬁﬁﬁplfiﬁﬁ;ﬁﬂl}ﬂ pllﬁfﬁfdﬁiyl tp?ranllebyrlcEﬁyl pAdlidinyl,
15 The term "hal o erein ers to a
haI BFé}T“?J&)HY“g]PéJE BY&¢ tfﬁ@ﬁ%&ly} Shiowhe @nﬁ SRR Ing g peterocycly!
Fi Mtﬁ%{ﬁ@seﬁtrﬁlﬁldéﬂ@'&aﬁb@@ﬁtloﬂlgf duBdtiited with one, two, three,
ha oal koxyal kyl ," as used herein, refers to an a“&ifmyl

gr ol % {iKs ft}b@w@as ipdensndsndy selegted feam plkpaiealkanysabR
gr ouR$ c%/émeheﬁ@ rhmoaﬁz@i}oﬁmmksn caasreb&ﬂwetero@aypgr&q) herein,

refers to a hal oal koxy gro attached to the

bar aﬁ@rom%@@rlalrydmaqyequwlgulgwtra, SR BoRyR sy, The
t ermy Lﬁ@h Ika“Ry)c%?ooHﬁegldr&roe\klﬁbrelﬁ ﬁfe%'fy?l ﬁlee%an?ﬂelféQ)cyclyl

group substi'tut ed wo, three, or
hal etpep. at dwéletem@eclylenam df H@Ilm@rdcywlaﬂwmw Ibe furﬁlsr eiedally

1 g Z; glﬁ){gﬁtﬁ%ﬁfgﬁﬁﬁong QWQ tH%L q?"lhlk le ﬁ\%rsﬁ%rt)ltue n@{éﬁ‘%ﬁgﬁ% stefgéed

ough a car
The fromratkokiratlen, @ggml btello, hahvslkuzge dalogkgi ydroxaf ardsnitro a
five-, s ol ered nta n one,
toes or T e e B S R P RS LA R FORLE PR LRE 0 o

ni t pubgtented ophgan, twasd tised lﬁamrrocyﬂyeglfoum nmenbered ring

h to t L, ds. d
aven ol IR R ue DR R e B Hounl'e bonds.

15he termhe'thdt eyaexedivyl)” adlhisd hefet, tdas tduncyisil pfoug Fbdtsited
in which the h tero&gﬁlyl ring is 30 fused to a four-

to SftROeMBeRE ey & WPSnon- ar omati ¢ carbocycl i c

ring or Tlﬂa“t@ﬁlheNRﬂm%Mﬁéd KerdRtreeRGY ﬁi'd’éroﬂfsoﬂpdndwewhlch are
heterocycl yl groups of the present disclosure can,

at t aashed tP@qméenblélp@ﬁ‘ilarr%‘i’l%Lﬁlllrﬁ’t‘ghr?o‘ﬂ@?%entamnbdﬁH‘HQR 2re cach
car Qfa@pe%amy%le@ed fabih li&%gbna&lﬁ&w Ak bRBIKGT, Qmp} a1?l< vgmhﬁﬁ
of heterocycl rougs i n¢cl ude, "but are not -

2@00@/0@}@&%6@@@@@2@ Prlogllsylobeterpeyielvi. egd h@erocyclylalkyl
benzot hi &km i(Wﬁb)alkW”‘EE@d)ﬁIemﬂ RAQL t WA aicyl gfé)ﬁb Ylbstituted

i sot hi azol yl, isoxazolyl, norphol |nyF oxaZo
plp@mhpnmywo(@ﬂp@mﬂﬂiﬁygﬂmnyrazolyl yrldlnyl,
pyrroli forg! ,d r I ' I
thlenyIdTﬂyE (ﬁ%ho E i&i SQ¥%%NE%%52¢§égaéh$ﬁ%§ %& S
of titechgite Marmit moleaslwremcta mhrb@homartrmall grtyup

fiv

8 insti t ubie ) iDSeRrPy el Blane Rl uRia sy iy sow
al kenbgtatel ovithlone, a{Vl&i ydr three (NR R)carbony! groups.
The term “(NR* R® )sulfonyl,” as used herein, refers to an ~NR°R" group
attached to the parent molecular moiety through a sulfonyl group.
The term “-NR°R®,” as used herein, refers to two groups, R® and RY, which are
30  attached to the parent molecular moiety through a nitrogen atom. R°and R9 are
independently selected from alkoxy, alkyl, aryl, arylalkyl, cycloalkyl,
(cycloalkyl)alkyl, heterocyclyl, and heterocyclylalkyl; or R and R¢ together with the

nitrogen atom to which they are attached form a five or six-membered monocyclic
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aryl, cyano, hal o, hal oal koxy, hal oal kyl, a second

het erocyclyl group, heterocyclylalkyl, hydroxy,
wogasoxped Kyl , nitro, -NR'RR, (NR'RR)al koxy, (INR/US2007/084799

RY)al kyl, (NR' R')carbonyl, and oxo; wherein the aryl,

the second heterocyclyl group, and the heterocyclyl

part of the heterocyclylal kyl can be further

optionally 10 substituted with one, two, three, four,

glve S bstltuents i ndependently selected from

alk ?Dq’ cyano, hal o, hal oal koxy, hal oal kyl,

hydl(r]I o>ﬁy Tﬁmelrnm‘ %\IRGR TR %sdd&felmﬁn hete I’[@t@x}bférwk])g@ IKYand 'Rf,aﬁlich are

use rein, refers tqQ an a roy substi tut ed;

Wi t Aashe o lgparagt molgp e fﬂ%‘%ﬁ%@‘sﬁ%ﬂ ay‘PP B S Rrwas fefth

" hy gaepdentig Sclb&edfrbie 'h?dlrﬁgenr gk @r sndtadylalld; oriT 2hBR" t@ether

"hydr oxyal kyl ," as used herein, refers to an al ky

gr otth éft?dgtwaea £lo toyihigh theyeare pigshedgformpayfig of wﬂlmbered

gr o{Rgecyd @b lic N Rional BoHaRFhRE 8l dii nr?ﬁe%§t6rﬁ
t wo r%g S, Ra(wa:Rb, mﬁ?%@vgre gttacheg)fo e

par Qth‘ilUfr%Ql MR gnd 81 whareip Bugrelgctad frp@@aﬁroawmﬂd ai%(l and

and Kb i€agdeditdy Rtidaggl ected from hydrogen,
alkoxy? alkloxyae QQQ% ar@l aryl al kyl, 20

cycl oal k¥ tetal U@lglk gsaiswlherelmabhaltk ¥ ghenseRbaydddywhich
d
1 ﬁg " %J{Q%?tggrh&? yoctiny {)ﬁ'!ﬂh ¥1l01 CE@F mérﬁé{pﬁroégfgg@@%%% %omwﬁf %I{ﬂlsi?'%re

erers O an a
o ne jindtpundently selhﬁabfremlﬁa@bge@[ aj&@s/alk?h elkbercatbonyl, alkyl,

"( Fi%ﬁ)ca??lgdh%am%l S S alkg?r ein, refers to an - NRaRb

group nt nDIecuIar nmoi ety through
a car bonyie tgmotpR'PS aiheedt}eremn re(fNRacR)w@agr@QﬂyRJah&RI‘, which are

as u erein, ref n aIk tituted

o ARl Sttt R R TR el A e pilb R o €
1% a %ﬂggﬁeﬂ@@ﬁ)/sabétwﬂtm gly(&Sgdﬂﬁ ﬁdylhﬁple hﬂ?laﬂfyefaﬁdli Setbiocyiyl;

- rou e rent nol ecu noi et

t hr Wa@fﬁl%éhgﬁw ﬂﬁ Q%a{fge Eﬂliyzram the {eiegpeycl argauignaly

her gibdtitufe@iwgth®nt Or A uBktaIRS indp@iaeht3thelcvil GBmaN@xy 3kyl,

attached to the parent nol ecular noiety through a

nltﬁﬁﬁéﬁ)atonl R and Rd are independently selected

from al kﬂ%%ern@"‘(mR% F86hyl, 98[5)(1%6’@' Hevdin, r&¥S k@M IR group
éc ycl oal kyl ) al k et erocyclyl, and

et éﬁw@h«;ﬂctpyheaqar@yr molsgulsm ragiefy Nﬁovgbgeetaﬁ@rlywrw t he

nitroge e a r ff
LTRSS oK. 358 BRI T ke

PCTﬁW@m/thQmomul@rr@@wItlnr@ughn arglfomHarauer m " - NR
eRf ast 91%1 ‘h ﬁ’? asru%1 e?elﬁ Qe felQo %‘ng Bemﬁﬂ? \Bfuch
whi ch are attac e parent no r
t hr @u@ghaczhed]tctth@gﬂmt atobarulaRmomtydhiRiuglaz eltrogen atom R and R are
25  independently selected from hydrogen and alkyl.
The term “(NR*R”)alkoxy,” as used herein, refers to an (NR*R”)alkyl group
attached to the parent molecular moiety through an oxygen atom.
The term “(NR*R*)alkyl,” as used herein, refers to an alkyl group substituted
with one, two, or three -NR*R” groups.
30 The term (NR*R)carbonyl,” as used herein, refers to an -NR*RY group
attached to the parent molecular moiety through a carbonyl group.

The term “nitro,” as used herein, refers to —NO,.

The term “o0xo0,” as used herein, refers to =0.
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i ndependently sel ected from hydrogen, al kyl, and
arylalkyl; or Re and Rt, together 5 with the nitrogen
W@ e@se4eahi ch they are attached, forma five BECT/US2007/084799

si x-menbered nonocyclic heterocyclic ring optionally
contai ni ng one additional heteroatom selected fromaOo,
NR', and S; wherein R' is selected from hydrogen and

al kyl ; and mherein R is selected fron1hydrogen and

al kyl. T e term! refers to

two grou tmﬁbsgﬁ aSWﬁﬁgﬂemiﬁggﬁ gF?ached to the
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arybgb l‘QVthe ?zﬁfﬁﬂ chRpARMIKYY hydFhI§sid Broldod: NRURkss 'of &8 pkts@f

her ej n, ers to two grou ps, R and Rk, which are
att 3@14@% Belprecsiat Sy diogy sroupsen the paieRf makreylgestess of carboxy

Ni t ERAFNrAhOPAreR i ulKarlghide? off ﬁqﬁl@éa&gﬁgbﬁﬁnﬁﬁdl&ﬁee d

from hydrogen, al kyl, aryl, arylalkyl, and
het er ocyEllqgompoyils &iha prckent disgipsurg ¢ra eaﬂsyas pharaceticele

ary L&%@ﬂhe seﬁtrs]delQ%rIH eﬁlﬁ?lﬁé‘c}éﬁtllcﬁlly Qé'c@ptgﬂ% be@tn (jluxed rein,
| WO n

substituted with one or t substituents independently
sel eprasenty ﬁabwaz:vwm@omcatbm of theageehphaiids of thia @rasent disclosure

lO ) ( %C)l%%r\pa?%} Rﬂ agiﬁbllé%ﬁgls%%ﬂﬁE rlwhlgqea{rg rvi?’lthtlrpth"élgcopglRﬁound

roup rent
thrum@hﬂam@awaWWwb@ﬁ@upenmnambewwmmémﬁmﬁkﬁsuhﬁmmwmhdu

as used ers.to. an attac
to F)hcesswe%oxut‘lpy’mrflg%u glrler%g responstehorr Oobh&ﬁpro%l%nll ¢ comPhcagon

gro U@nmé’ﬂmrateemllﬂ’l 4 rehlidhati®e bcneﬁﬁﬁskust&d alnkare bffectlwefce tig:irtimtended
two gr S and R ttac ed. to
oust TR e Mo o 68 gl 0abh BDRT Bk Sne

1 8ndcdtpouadeor sefardtélgl p eaadﬁigtal witsted E«istcﬁdncftlb@emt)hyldh eggifable
and alk%gﬂ The.term" her ei n,

ot e NerareRie RO ARG O Sl e e o pRee. T

par @sﬂ)ﬁ @'&ﬁé&a@%dﬁ@én@hﬂfoﬁhé Vg Fa@Noudi e Amphaite, The
term"(NR' R ') "“as used herein, refers to an

al kgm &uﬁomaahtce@aé% glygerophosphete. heisulfte, heptanate,

- NRhp & anod¥, %%Hﬁte Rithaldke h R&@Béﬁl&rwg l@ﬁ}&ﬁ&ﬁl‘a@ﬂydrmdﬂ%el@ed
herein, refers to an R' group attached

2B ar Brdronisiheeasilionaieplagiely mplesagpesiylerasHimgic, @etbwsulfpﬁ@te
ter Hﬂtphﬁiyie'h@sulfoﬁfte ﬂg;%ﬁln'ﬂ@ Q%aﬂhthéflﬁfe%l%n&t@ ox% %aIPﬁGQLe

term™ oxo, as used herein, refers t
2008¢06AOFETSPENL.USIBOTIPOBLTO, DT, pevﬁlme" RapiouHs [succinate,

us egalrtlpa%, %jigfl’lorsa%fet%{e,stritﬂﬁorb§%e, phosphate, glutamate, bicarbonate, para-

toluenesulfonate, and undecanoate. Examples of acids which can be employed to

25  form pharmaceutically acceptable addition salts include inorganic acids such as
hydrochloric, hydrobromic, sulfuric, and phosphoric, and organic acids such as
oxalic, maleic, succinic, and citric.

Basic addition salts can be prepared during the final isolation and purification

of the compounds by reacting an acidic group with a suitable base such as the

30  hydroxide, carbonate, or bicarbonate of a metal cation or with ammonia or an organic
primary, secondary, or tertiary amine. The cations of pharmaceutically acceptable
salts include lithium, sodium, potassium, calcium, magnesium, and aluminum, as

well as nontoxic quaternary amine cations such as ammonium,
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conmpounds of the present disclosure can exist as
prodrugs. The term "prodrug," as used herein,

WO 2p@Be6®rd s conpounds which are rapidly transfRCHESR00T084799
vivo to the parent conpounds by hydrolysis in blood.
Prodrugs of the present 5 disclosure include esters of
hydr oxy groups on the parent nol ecule, esters of
carboxy groups on the parent nol ecul e, and am des of
amn { he parent ecule. The c ounds 0
ot e S kB iie RearPuRh b Ty Brus REREL PR phine
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di sper Si bI e, which are, within the scope of sound
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r separ [ b .
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aci cheaddo emlmacescahmsunch of fodeulaciet aalﬂeharaxacq:mataél,y acceptable
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benzenesu ‘ona yra canpho

c anpileaicant th omataee thdir geilts odratths captexcer mphis phat e,

hem sul f ept.anoa hexanoat e or nat e

f o at 6Ty JRHD, Pty a Bera et S JRb s ai de, 2
120 hydr Gﬂ)éﬁbﬂﬂrﬁ%ﬁﬁmhafcaﬁﬁhl&,onipaﬁﬁ(ﬁf @neai®d @mipdsition comprising a

I’nrg; Iﬁ%\%éﬂ & 8@% 'é%euée {rire}ﬁtoh {1‘1%1203{ \gl?hna%tleast one additional
2- nQﬁﬁﬂﬁﬁ@uﬁm§#f1£r0ﬂ@taﬂjuv@ﬁ@8éx@tp@ent PRt ich a@@iﬁieht@ ate,
persul fate, 3-pheny Ifgr oprionate, picrate, pivala

pr opiceEe: ageafie iligradlow regulgting ggents, fiwn&%r%%a%f‘él@afv@mng

tri far QRAEHAM LaccPRASRRATIRe agthid! ANBLRing Q%éil?sr ﬁ&’ﬂ)@ﬁlg agents,
ara: toluenesul fonate, and undecanoate;
ci defwping Pge@tﬁnarw@a%@ml tapat. angfupgaliagents, lubrlcatmg agents and

phaaga&%g beakd Mep@ﬁ(ﬁﬁé’&@ﬁlle gataféq)'fme%cé%k acﬁmhfgﬁbt%ednd dosage

i norgani ¢ aci d$ suc drochloric, hydrob romc,

sul fqy‘ms cIngepdignis hists @ iroR ¢reingtan'd Pbﬁtrgamumdcsp@sces U eds Mack

oxa dition

sal tb{sltﬁlgglﬁg h‘%ﬁ%?%@“&%ﬁ@?&@é&{ I%%il [ so ation and

purific aTheminrasof‘pltaheacemrqakbju amtsptw;le tie amplopgl lmneilatd rdfecto those
2 gra(r)g(%rﬁ%gtué&& %}alsé 1|al(_s: acglgng)om osn% nld?or dg 3 % Po?m? | 0121’{ %rreo\))sl{t?ﬁ ‘the

ammcm)baomoumhmeahgﬂ Midgmei; a;umbly forsle@mn:dﬂnag/t withrth¢ ggstidsaufy

2ol PEPRAT UGS SPem RIS arD RS TuRC B @Rioiem o
Ma.g 6@ Leationeddehn@dn Mrhta tith adasoNiBlel ris@Seidin tadi) C
quat er na{"ﬁ/e téarrrrlll n[ ergpaetu‘lucoal ye fgc(%lr\]/e gglognrp;rr?lgallnlél rtrllle tot]éf‘ramount of each
30 active component that is sufficient to show a meaningful patient benefit, e.g., a
sustained reduction in viral load. When applied to an individual active ingredient,

administered alone, the term refers to that ingredient alone. When applied to a

combination, the term refers to combined amounts of the active ingredients that result
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term"patient” includes both human and ot her mammal s.
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suspendi agent syweet eni.n ent s vQrin
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in R@ﬂi‘tﬁ@lﬁ@fﬁ hﬁldpéﬂ@roﬂﬁl@@fehﬁlﬁhs oﬁﬁh@d’l@a@@%e sk8tite. @\dtermﬁﬁ;ﬁﬁrst

Publ i shi ng Conpany, Easton,

be 0P m@reahl? 5%“8 [\ awﬁ%f‘é@a tﬁiOElatP? EFfté]éEféiiE‘%\gﬁH%@ Cﬂ%rmmus

enpLReyade Qférﬁﬁ Redod h&fiIn ﬁr&n ¥H3Q§{%rm1%§s Qfé'}p@s@@ﬁ&gerA &
mat eri a OS| tions, and/or dosa e OrnB whi ch

2Q@re Sclwclathr In Tﬁ%actlgwéhﬁowbwtyﬁam aperjey dgeh 8257,
sui bapbefor use in contact with the tissues of
patients w thout excessive toxicity, irritation,
al | er gi cThredfobhonisg figwor sstvsghe gastgbiteons &ir thecaompbigiaof e present
conggagﬁﬁ te wth a reasonable risk/benefit ratio. The
er

term ‘apeutically effective anbunt" neans the
total anmount of each actiye conponent that is
sufficient to show a neam@ngﬁ | pati ent benefit, e.g.,
a sustained reductiomr—inprrtt—oad. Wien applied to
an individual active ingredjent admj stered al one,
the termrefers to that ingre ie t, al ghe. When appli ed
to a LN ]
N 2 R
P1'
H | 26 (Az
R6 T N O PIR
P4 RS P3
25 Asymmetric centers exist in the compounds of the present disclosure. For

example, the compounds may include P1 cyclopropyl element of formula
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conbination, the termrefers to conbi ned anounts of
the active ingredients that result -15 WO 2008/ 064066
WSSO 7/ 084799 in the therapeutic effect,PUiTEs196T/084799
adm ni stered in conbination, serially or
simul taneously. The terns "treat" and "treating"
refers to: (i) preventing a disease, disorder or
condition fromoccurring in a patient which nay be
predi sposed to the disease, 5 di,sorder and/or
condi tion but has not yet beenfﬁiagnosed as having it;
(ii) inhibiting the disease, disorder or condition,
i.e., arresting its devel op G2 and/or (iii)
relieving the disease, disor%%reg/fcondition, i.e.,
causi ng regression of thexgrSe 7 di sorder and/or
condi tion. Were used in néning conpounds of the
present disclosure, the designatdons 10 P 1', P 1,
P2, P2*, P3, and P4, as usedpPierein, nmap the relative
positions of the amno acid residues of a protease
i nhvBEEBrCiising 6 AFhreAreentag apanmefeic BIrpell #egm 8f Pasitiens 1 and 2 of
nat Wealclopepiidg cl eavage substrate. C eavage occurs
in the natural Substrate between P1 andddP 1' where
the nonprinme poesitions, designate am no kds &t arsting
fromthe C—tergifb@/’B%d of the peptide QE§QE§%${

-

cl eavage site e §hﬁ$pg towards the N-term Mis;
wher eas, the grine Sitions enanéfs\fnpnCt e
N-term nus ﬁ@ cl eavage site desi dhatg)on

ext end tomarj%t term nus. For exanple, P 1'|[refers

to the first positidn away fromthe ri gl handoend of
the CGtermn of the cleavage site (i.e. N-term nus
first position); whereas P 1 starts the nunbering
fromthe (i&fsshand side of the Ctermi(hugR)cl eavage
site, P2: ,seco sition fromthe C tRYRLFHAS.caBblyl) -
(see Bergechlasﬁg.yHg)(%l 0gglhechter l., Transact?gtns ofﬁ’}; he
Royal Society London series (1970), B257, 249-264].
The followi ng figure shows the designations for the
conmpounds of the present disclosure. 53 P2* R4 O H

NNRL HP2 ®{ n\ g1 2 A
&R & FF "
/C1 \ /C1
N"R) | N“(s) |
O O
(1R, 2R) (1S, 25)
R? is syn to amide R? is syn to amide

5 It should be understood that the disclosure encompasses all stereochemical forms, or
mixtures thereof, which possess the ability to inhibit HCV protease.

Certain compounds of the present disclosure may also exist in different stable
conformational forms which may be separable. Torsional asymmetry due to
restricted rotation about an asymmetric single bond, for example because of steric

10  hindrance or ring strain, may permit separation of different conformers. The present

disclosure includes each conformational isomer of these compounds and mixtures
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R6 NO PIR P4 R5 P3 25 Asymmetric centers exist in the
conpounds of the present disclosure. For exanple, the
we@oanspoeHoss may i ncl ude P1 cycl opropyl el ement BET/US2007/084799

fornmula -16 WD 2008/ 064066 PCT/ US2007/084799 R2 2 2

ClL Il O P1 wherein G and C2 each represent an
asymmetric carbon atomat positions 1 and 2 of the
cyclopropyl ring. H2 2 \CGCR (R) Cr~1S) C, NC

N (E%H\\%F) HO HO(1IR 2S) (1S, 2R) R2 is synto

car "R2 is syn to carbonyl R ~C2 HR2(S CUZ H (R

Cl C1 (Rpertaittopnipoukds of 4R predBt distBsurd Sy Bistiis z&Widribfc form

am de is syn to amde 5 It should be understood
t haﬁn%tﬁép@ﬁ%%@@eﬁu&e laﬂegﬁ%ﬁa@gé@t%orncsf?@} %"g‘gﬁé Gpraggunds and
f or EBxtu@€ thefFoKt Ures thereof, which possess the ability

to inhibit HCV protease. ) ) )
5 When it is possible that, for use in therapy, therapeutically effective amounts

of a compound of formula (I), as well as pharmaceutically acceptable salts thereof,
may be administered as the raw chemical, it is possible to present the active
ingredient as a pharmaceutical composition. Accordingly, the disclosure further
provides pharmaceutical compositions, which include therapeutically effective

10  amounts of compounds of formula (I) or pharmaceutically acceptable salts thereof,
and one or more pharmaceutically acceptable carriers, diluents, or excipients. The
compounds of formula (T) and pharmaceutically acceptable salts thereof, are as
described above. The carrier(s), diluent(s), or excipient(s) must be acceptable in the
sense of being compatible with the other ingredients of the formulation and not

15  deleterious to the recipient thereof. In accordance with another aspect of the
disclosure there is also provided a process for the preparation of a pharmaceutical
formulation including admixing a compound of formula (I), or a pharmaceutically
acceptable salt thereof, with one or more pharmaceutically acceptable carriers,
diluents, or excipients.

20 Pharmaceutical formulations may be presented in unit dose forms containing
a predetermined amount of active ingredient per unit dose. Dosage levels of between
about 0.01 and about 250 milligram per kilogram (“mg/kg”) body weight per day,
preferably between about 0.05 and about 100 mg/kg body weight per day of the
compounds of the disclosure are typical in a monotherapy for the prevention and

25  treatment of HCV mediated disease. Typically, the pharmaceutical compositions of
this disclosure will be administered from about 1 to about 5 times per day or
alternatively, as a continuous infusion. Such administration can be used as a chronic
or acute therapy. The amount of active ingredient that may be combined with the
carrier materials to produce a single dosage form will vary depending on the

30  condition being treated, the severity of the condition, the time of administration, the
route of administration, the rate of excretion of the compound employed, the duration
of treatment, and the age, gender, weight, and condition of the patient. Preferred unit

dosage formulations are those containing a daily dose or sub-dose, as herein above
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Certain conpounds of the present disclosure may al so

exist in different stable conformational forns which
woregpsetosepar abl e. Torsi onal asymetry due to PCT/US2007/084799

restricted rotation about an asymretric single bond,

for exanple because of steric 10 hindrance or ring

strain, may permt separation of different conforners.

The present disclosure includes each conformationa

i soner of these compounds, an i xtures -17
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Capsules are made by preparing a powder mixture, as described above, and

filling formed gelatin sheaths. Glidants and lubricants such as colloidal silica, talc,

magnesium stearate, calcium stearate, or solid polyethylene glycol can be added to
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of wax can be provided. Dyestuffs can be added to these coatings to distinguish
30  different unit dosages.
Oral fluids such as solution, syrups, and elixirs can be prepared in dosage unit
form so that a given quantity contains a predetermined amount of the compound.

Syrups can be prepared by dissolving the compound in a suitably flavored aqueous
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ingredient may be delivered from the patch by iontophoresis as generally described in
30  Pharmaceutical Research, 3(6), 318 (1986).
Pharmaceutical formulations adapted for topical administration may be
formulated as ointments, creams, suspensions, lotions, powders, solutions, pastes,

gels, sprays, acrosols, or oils.
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prior to use. Extemporaneous injection solutions and suspensions may be prepared
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The compounds of the disclosure may also be used as laboratory reagents.
Compounds may be instrumental in providing research tools for designing of viral
replication assays, validation of animal assay systems and structural biology studies

5  to further enhance knowledge of the HCV disease mechanisms. Further, the

compounds of the present disclosure are useful in establishing or determining the
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laboratory or medical personnel or patients who come in contact with such materials,

5 e.g., blood, tissue, surgical instruments and garments, laboratory instruments and
garments, and blood collection or transfusion apparatuses and materials.

This disclosure is intended to encompass compounds having formula (I) when
prepared by synthetic processes or by metabolic processes including those occurring
in the human or animal body (in vivo) or processes occurring iz vitro.

10 The abbreviations used in the present application, including particularly in the
illustrative schemes and examples which follow, are well-known to those skilled in
the art. Some of the abbreviations used are as follows: CDI for 1,1°-
carbonyldiimidazole; THF for tetrahydrofuran; DBU for 1,8-
diazabicyclo[5.4.0Jundec-7-ene; TFA for trifluoroacetic acid; HATU for O-(7-

15  azabenzotriazol-1-yl)-N,N,N’,N -tetramethyluronium phosphate; PyBOP for
benzotriazol-1-yl-oxy-tris-pyrrolidino-phosphoniumhexafluorophosphate; Mel for
methyl iodide; Boc or BOC for tert-butoxycarbonyl; OtBu for tert-butoxy; TBME for
tert-butyl methyl ether; Et:N for triethylamine; DMSO for dimethylsulfoxide; OAc
for acetate; DPPA for diphenylphosphoryl azide; Me for methyl; TBAF for

20  tetrabutylammonium fluoride; DMAP for 4-N,N-dimethylaminopyridine; tBuLi for
tert-butyllithium; LIHMDS for lithium hexamethyldisilazide; Tle for terz-
butylleucine, also referred to as tert-butyl glycine; 4-BiphMgBr for 4-
biphenylmagnesium bromide; DCM for dichloromethane; MeO for methoxy; EDAC
or EDC for 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride; and

25  HOBt for 1-hydroxybenzotriazole.

The starting materials useful to synthesize the compounds of the present
disclosure are known to those skilled in the art and can be readily manufactured or
are commercially available.

The following methods set forth below are provided for illustrative purposes

30  and are not intended to limit the scope of the claimed disclosure. It will be
recognized that it may be necessary to prepare such a compound in which a
functional group is protected using a conventional protecting group then to remove

the protecting group to provide a compound of the present disclosure. The details

-29-



cals Inc., Bethesda, MY Intron A and Zadaxin
Interferon I FN-al b/ al -t hynosi n Sci C one

webaseweati cal s Inc, San Mateo, CA Scher i PGF/US2007/084799
Rebetron Interferon I FN-al b/ribavirin Pl ough
Corporation, Kenilworth, NJ InterMne Inc.,
Actimmune Interferon INF-y Brisbane, CA Interferon-(3
Interferon Interferon-(3-la Serono Miltiferon

Interferon Lon asting | FN Vi ragen/ Va

s EHF G R bh R BTN R PRRS A it Faep ol S ure e
pl ¢ knovantd thdd biillelige theld. Vi ragen Inc., Omiferon

I nterferon natural | FN- a Plantat on, FL F. f mann-

La RocheSqhese $nc 1 sprygs g gener! groces o‘ﬁleﬁm@a@g gl (1) are
Bas ebnstrucavd Byztﬁé tARHng dbxpdptiRECbAY BEadidNitR2 @A sulfonamide.

Pharnaceutlcal Pegasys and Cepl ene |.nterferaon
Said coupling reaction réquires treatment of carboxylic acid (1) with a coupling

reagent such as carbonyl diimidazole in a solvent such as THF, which can be heated
to reflux, followed by the addition of the formed derivative of (1), to the P1°
sulfonamide, in a solvent such as THF or dichloromethane in the presence of a base
such as DBU.

10 Scheme I1

Process P4-P3-P2-P1 — 1 » P4-P3-P2-P1-P1"

R:,5 R4 R3 R4

/ H O

H N 1. CDI, THF H O o0

| N OH —— H N .8

7

N | N NR
RS \_/& (o] R2 2. Base N o H
: RS R?

RS

Re ¥
HN"" R
An alternative process for the construction of compounds of formula (T) is
shown in Scheme III. The P1" sulfonamide element is coupled to the P1 element
using the process employed in Scheme I. The resulting P1-P1" moiety can then be
15  deprotected at its amino terminus. In this general example a Boc protecting group is
employed but one skilled in the art would recognize that a number of suitable amino
protecting groups could be employed in this process. The Boc protecting group can
be removed using acid such as trifluoroacetic acid in a solvent such as dichloroethane
to provide the deprotected amine as the TFA salt. The TFA amine salt can be
20 directly employed in the subsequent coupling reaction or as an alternative the TFA
amine salt can be first converted to the HCI amine salt, and this HC1 amine salt is
used in said coupling reaction as shown in Scheme I1I. The coupling of the HCI
amine salt (3) with the carboxyl terminus a P4-P3-P2 intermediate can be achieved
using coupling reagents, such as HATU, in solvents such as dichloromethane to

25  provide compounds of formula (1) (4).
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Compounds of formula (I)
An alternative process for the construction of compounds of formula (T) is

shown in Scheme IV. Herein the hydrochloride salt of the P1-P1" terminal amine (1)

5 is coupled to the free carboxyl group of the P2 element using coupling agents such as
PyBOP, in the presence of a base such as diisopropyl amine, and in a solvent such as
dichloromethane. The resulting P2-P1-P1" intermediate can be converted to
compounds of formula (T) in a two step process wherein the first step is deprotection
of the P2 amine terminus using an acid such as TFA in a solvent such as

10  dichloromethane. The resulting trifluoroacetic acid salt can be coupled with the

carboxyl terminus of the P4-P3 element using standard coupling agents such as
PyBOP in the presence of base such as diisopropyl amine, and using solvents such as

dichloromethane to provide compounds of formula (1) (4).
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Compounds of formula (T) can also be converted into other compounds of
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Compounds of formula (1)
In the construction of compounds of formula (I), the P1° terminus is
incorporated into the molecules using one of the general processes outlined above
and described in more detail below. In some examples the P1° elements are

20  cycloalkyl- or alkyl- sulfonamides which are commercially available or can be
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Substituted cycloalkylsulfonamides can also be incorporated into compounds
of formula (T) using a modification of the above said procedure. For example,

15  intermediate 2 of Scheme VIII can be treated with two equivalents of base such as
butyllithium and the resulting reaction mixture can be treated with an electrophile
such as methyliodide to provide a substituted cycloalkylsulfonamide (3). This
intermediate (3) can be deprotected at the N-terminus and the resulting compound (4)

utilized as an intermediate in the preparation of compounds of formula (T).

20 Scheme VIII
00
o0 1) Base N4 Me
N’S\/\/CI _— N~ \@
H ) 2) electrophile, eg Mel H 3)
Coupling to P1 acid
Acid QL0 Me i
_— ,\\S// followed by elogation Compounds of formula (1)
HoN
P1 (4)

The P1" intermediates employed in generating compounds of formula (I) are
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17 P4-P3-P2 R NOR2 R R5 O (4) Conpounds of
formula (I) An alternative process for the

W@ 08064066 | on of conpounds of fornmula (I) is BREDUS200TI084799
Schenme 1V. Herein the hydrochloride salt of the Pl-P1
termnal amne (1) 5 is coupled to the free carboxyl
group of the P2 el enent using coupling agents such as
PyBOP, in the presence of a base such as diisopropyl
am ne, hl or onet han The
s D prgeish dpsd b o e dpiia £ ek S5 BF Paiee
CONMpdingsiaef arb @Udildbid by kvetal sytietio r@ut@Rs Pur @LBHsic BNBE Phtiiway
the first step ig deprotection of the P2 amne
terﬁ?th{h‘?lﬁ FigedR- aci d such as TFA in a sol vent such
as 10 di chl oronet hane. The Scp&Hé X ng trifl uoroacetic
acid salt cgn be cougl ed Wlotsh t he c%%boxyl term nus
of the P4- PRl enertOusi ng ndar d® upl igag nts
such as Py,BaEN(tm t he pre&ﬂeﬁ%ﬁpr base sugﬁ ncélg%NH2
di i sopropyl gmne, and usi ngz sol ventls sy ;%
gi chl or onet hane to provide Enmpound® o'? for nﬁl & (1)
4). -3lg /
brosess PABL b B Re g éﬂs@ﬁ%%%ﬁ%@%s@ﬁ%m e 1

H Hequiv, tNCIorobul 0B iBas@12RRHCE. OQqDepinct sebeniuch 3 THY,

. el MEABAE oo tpgnf e %%Ngés%%d e 86 i s poed
H HtoQvatimRo OSGpITonigs sideivn abadd, sOh2s-Bilydops RRthpknB: (Bg.51
1 6) ( g’(iuixg),sgs acllqded followed by an amine (eg., 1 equiv) . The reaction mixture is then
warmed to room temperature, filtered and the filtrate concentrated to afford the
desired sulfamides (3).
The sulfamides can be incorporated into compounds of formula (I) following
the synthetic pathway defined in Scheme X. Therein, a carboxylic acid P1 element
15 (1) is treated with an activating agent such as CDI. In a separate flask, a strong base
is added to a solution of the above described sulfamide and the resulting reaction
mixture is stirred for several hours after which this reaction mixture is added to the
flask containing the activated carboxylic acid, to provide acylsulfamide derivatives
(2). Intermediates like 2 can be converted to compounds of formula (I) as described
20 herein.
Scheme X

H o H

(0]
| | QMP
Boc’Nz iJ\OH 1. CDI, THF Boc/N; /\U\N,S\N/R°:> Compounds of formula (1)
0 0 H \

R 2 Y Re¢ R2 R
(1) Li_N’S\N/ (2)

I
g

It should be noted that acylsulfamide derivatives can also be prepared from
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Compounds of fornmula (1) The P4-P3-P2 internedi ate
utilized in the above schenes can be constructed as
wWpe@siowss y described with a further descri ptiRCI/082007/084799
this process shown in general 5 Schenme V. Therein the
free carboxyl term nus of the P4-P3 internediate (1),
can be coupled to the amno term nus of the P2
el enent to provide the P4-P3-P2 di pepti de (2). The
car t he P4-P3- P2 n be
GopPgrutes By gai 1 Peaiparesr & Al APecd o
provi de P4-P3-P2 as the freagheansKoxylic acid (3).
Internmedi ates |ike f%) can be converted to conpounds
of fRoscass @4({F3)P2Lmi n(g';t—he PuOPayet fropls  descri bed her ei n.

Scheme VP2 Process P4-P3 P4-P3-P2 R3 R4 R4A H N

OH Base Rj saponification H OH R6 upl i ng

agent | N7 Rq_, P2,R6. NO O R6. NOO Ry (&)

(3) unds of formy @D( lkhrcan al onvertgd RC
i nt o of herNcoypopndorof 2008/ 064066 NN
PCT/ 08a7 fornul a éﬁb d GereMrgh An |

exar?pl e zof @uch a procesls—|Ns ‘Snovvn n Sche@re Vi v\,hereR
a conpoﬁ?ld of formula (I) C") wad ch be&s a Boc gr oup
at the P4 position is conveit ed to a congemreungs of formula (1)
formula (1) (3) wherein sai ¢i®8Snpound bears a urea
group at the P4 position. eqconver5| on of (1) to (3)
can be carried out in a tvvos}z epc 5 process the first

of which is the conversi ®aN©O 1) to amne (2) by
treatment of (1) with an acid ®Rich as TFA in a sol vent
such as di chl or onet hane The resulting am ne TFA salt
can be treatoeg Wit h soc anate such as

Pert-but 1}}}9 I %}%ﬁﬁ%@ﬂgl eriﬁj}nggglﬁggmg? offiqemula (I) are in some

equiased @Mm@EialRAsRIk, Bﬁtoa\fé Qtﬁerauéé@smﬁéé%d afind OF Mk ds
(1).(3) wherein the P3 npiety jis. capped with a urea.

As’ bRV t898s skivskin ghegiend ki ¢ paidlimiting pasgdescrfed herpgn and

r eCagRbenthalorh el MR @iRuld)of F3MuREHUSHRE (1RSmethods
starting materials for the preparation of “conpounds

of fleserbaddieran. Tierlstipnteddd qrglogropylpming agidp padbeiy pthesiagd
@m @cﬁlo%ngathe éﬁ%lfapﬂﬁgésgguth&r lntSGhé?ﬁ‘H‘ }?ﬂ or a sul fam de.

he construction of said ounds of
Treatment of commer01ally aval able or easily synthesized imine (1) with 1,4-

dihalobutene (2) in presence of a base produces, provides the resulting imine (3).
Acid hydrolysis of (3) then provides (4), which has an allyl substituent syn to the
carboxyl group as a major product. The amine moiety of (4) can protected using a

15  Boc group to provide the fully protected amino acid (5). This intermediate is a
racemate which can be resolved by an enzymatic process wherein the ester moicty of
(5) is cleaved by a protease to provide the corresponding carboxylic acid. Without
being bound to any particular theory, it is believed that this reaction is selective in
that one of the enantiomers undergoes the reaction at a much greater rate than its

20 mirror image providing for a kinetic resolution of the intermediate racemate. In an
embodiment of the examples cited herein, the stereoisomer for integration into
compounds of formula (1) is (5a) which houses the (1R, 2S) stereochemistry. In the
presence of the enzyme, this enantiomer does not undergo ester cleavage and thereby

this enantiomer (5a) is recovered from the reaction mixture. However, the other
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formula (1) can be achieved using standard conditions
for the formation of said P4 functionalities from
W@Ri0se64066l5 Schene VI Process P4-P3-P2-P1- P1' PCT/US2007/084799

P3- P2- P1-P1l' P4-P3-P2-P1-P1' R3I R4 RB R4 HOOO HO
0~.0 HNS P4 removal NNNR7 N-RHNOHHNOR2
Bocce R 0 (1) RR5 O (2) Conpounds of fornmula (1) R3
R4 Coupling HOOO 4-NCOHi NNNS R7 NNO O 2~R

t I on

o 8%%@%@%5@%@%3%?% PIT8oR iirboch i35 R B

i ncelwtag@ﬁ eghydrbIgsit, h@Fmide ﬂu:lgﬁs atigi(610 ng@e c@ﬁ%ltetgtel of this
gener a roc es out I ne above n e I De I n

or SRRSO B 64 DO Yot fram A @@ﬂ?ﬂl@t 91 by e ods
ar esi2f a6 &amk! aquedus dkdkaetion ﬁl@ihﬁ&%r@%h@ﬁfotdgfdgﬁ | are
connerC|aIIy avai |l able or can be -33 WD 2 / 064066

PCT/ US2007/ 084799  pr epar ed<hemnXthe correspondi ng
al kyl - or gycl oal kyl -sul fonyl chloride by treating

sai d sul fopyl chloride,with agpnn\r/Aﬁnghmatively,
t hese syl n be ha9nAt hesized |ng.the

ca
general” 'process o%ﬂ 'ne in Schene VII. erein
commercial |y (fvail abl e 3-chl oro- gnopyls f dyMOtBu/
chl ori der&d)aityd afPnverted to a suitable pr {elpenrg) 5
sul fonam de as for exanple by treatnent wt
tert-butyl am ne. The sul fonam de obtainedX2) is

t hen converted tg-AtQe correspondi ng
cycl oal kyl sul Nofgam de by 2)T&MEnedractwi t h t
equi val ents ofXa base suchﬁé§U%ﬂF¢KF|thlum

sol vent HElbEN s CORPE The r eSutrtig— Ph COjQ
cycl oal kyl sul f onam de can be deprotected by treat nent
with an acid/®bo provide the desired unprotectetf)

cycl oal kyl sul %@ﬂﬂﬁﬁ-

Base
28) &
N 3 (2R) $ \
Ny co.p N QD%)P \18)
) CO5H
Boc B4 Boc 2 Boc 2
5 (racemate) (5a)  separated (6)

1:1 mixture of (5a) (1R, 2S)
and (5b) (1S, 2R).

Non-limiting procedures for making P2 intermediates and compounds of
formula (I) are shown in the Schemes below. Said intermediates, reaction conditions
and methods given in the specific examples are broadly applicable to compounds

10  with other substitution patterns. For example, the synthesis of P2 elements found in
compounds of formula (I) of Scheme XIII can be prepared following the defined
synthetic path. Therein readily, or commercially available N-Boc-4-oxo-L-proline, or
N-Cbz-4-oxo-L-proline is treated with an organometallic agent such as a Grignard
reagent (or alternatively an alkyl or aryl lithium species, or alternatively an alkyl, or

15 aryl zinc species) to provide intermediate (2) in which the C4 position of the proline

bears an R® substituent and a free tertiary hydroxy group. The alcohol functionality
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10 Schene VII OO OBase Cl__S-,C +NH2 4N (1) H(2) O
O Coupling to P1 acid 4 Acid 0"0 foll owed by

webwgasdoon H Sc H2NI S~ Conpounds of fornul a (1PCT/83007/084799
P1' Substituted cycl oal kyl sul fonam des can al so be
i ncorporated into conpounds of formula (1) using a
nodi fi cati on of the above said procedure. For exanple,
15 intermediate 2 of Schenme VIII can be treated with

two equi val.en of .base such but.yl.lithi nd.th

' ooal AR el oar S fe el SOt it e g T By oSy, o
el g&ﬁg Iﬁ@d‘bisdd e al‘ét)lli‘dll loﬁﬁitdﬂi’ﬁ'é(?a/cb (Z)digﬂl&( %r@ga{é_ﬂl_(ﬂ)/:it gkeic@of well
substituted cycl qal kyl sul fona e ) LS

i nt &t egtr%%{l@)s I8 45 2fe Fa%walpnlﬁétwe%lcgw ?fﬂ%) T be prilgiersto
andptiRic @8] dataBhafe® BP@ated hikylatddltd p@MlideStheR and
internmedi ate in the preparati on of conpounds of

? or RSB Ppipd torosdnRifsP e Festhergagwiopghniggmediaty (2) to
N. Sirit€ehnedibe (?Igl'éf SRlen) X8 iemby BPRCERary Q9 filBhrotdc( B carboxylic
Coupling to P1 acid Acid ,0 Me foll owed by

el o@id BoHp Pf R) Sho@Bnpounds of formula (1) 2 P1, (4)
The Pl it GEARE 8% SRRIAYIEDtd T fORBR5IE T JAGBOMRLRES d
of fornula (I) are -34 WO 2008/ 064066 . .
PCT1eyS20 0K 08K 71I9ch 4sh Cewpishanaiye Orepard Vranbfdrmatons: A Guide to

1§ ul fFf’ill{EitigEal gﬁgdp\'ﬁgelia}la%%nﬁ. L%Fgﬂﬂg&ydcﬁt?o%eﬁyaf{ﬂgayﬁ #!ﬁéo??lcgﬁs text is

~——

I ntermedi ates ar € aval sever
r oupegiskesl HyoWilexandHoes. Bhhetdwesppaifibwagrenaes b d naedws are

Sch Egﬁliéh%%d w%%&e&% SL1>1<169 'inothcle_grp caon’ re%il?%?n%log)r' fgr the conversion of
intermediate (2) of Scheme XIII to intermediate (3). For example conditions and
pertienent references for the formation of ethers from alcohols can be found on pages

15 883 through 929 of Larock’s text. More specifically, the conditions and references
cited on pages 890-894 are most pertinent for the construction to practice of the
current disclosure. Likewise conditions for the conversion of alcohols to the
corresponding ester derivatives can be found on pages 1952 and 1955 of Laroch’s
text. In addition, the chemistry described in Journal of Organic Chemistry 2001,

20 volume 66, page 8926 and pertinent references cited within are useful for the

construction to practice of the current disclosure.

Scheme XIII
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R C'" NCOCI'"'S NH2 Rc NNH2 5 (1) (2) HN-Rd Rd (3)
Sul fanoyl chloride (2) can be prepared in situ by the
wW@adwsoe4re of water (e.g. 1 equiv) to chl or osuP€DOF1007/084799

i socyanate 1 (e.g. 1 equiv) in a solvent such as THF,
mai ntai ned at a | ow tenperature such as -20 C, and the
resulting solutionis allowed to warmto O T. To this
sol ution a base, such as anhydrous triethyl am ne (eg.,
1 10 equiv), is addedfollomed(?i)y an amne (eg. o1
equi v) he°% eadt®Pdn mi xt UF%e t hen Stepdr me»t5 't oom
terrperat me ofiTt rea and th I(t)mate concent dHt o
af ford }\hé=0 desi Pé\/&? Sul fam,d . The sul FBJB eg can
be mEbrﬁoraF'é'aqOﬁtO@edcT@ﬁipoungs Q)f formula (I~ ©

fol I owi ng!"the synthetic pat hi®y def i ned | n ScH@rre X.

Therein, a carboxylic acg % el ement lgsir%

treated with an activati ng a g’g?’g%& o
separate flask, a strong bas& I's a gto as Iut I on

of the above descrl bed sul,g‘{aarmaie and t he resultol

reaction mixture is stirredZhor several hoﬁ'szgR?ter

xylix acid

which this reaction m xture 9|eth Rt he P
contai ning the activatedpgapbexylic aci c acid,

acyl sul fam de derivatives (2j). a|ggp]g|qgmb|£t%§
can be converted to conmpounds of formula (I) a8
described 20 herein. Scheme X H O H O Boc' NC)—| 1.

CDI ,Pr€oedsH: Couplitgac PNP2theNPBIPGNR Conpounds of fornul a
(1) LLLL ~~ 2 c R2. ~S Rc Rd (1) Li N M (2) t
Rd Base O,O0Rs &N S N I't shouwl dolazg not@Io

t hat acyl sul f am delderi vat i ves” cap v§t§ fap al so pre@ar

from -35 WO 2008/Q PCT/ US20Qy/ 0847 Rp thde
carboxylic acigs~d#,® one st eR\\pr\\gce,si@

ke2

Schene Xl .
3)
‘g{z
3 ORg 0
R3 ORs 0 R.. 4 O O\\g_R7
A HQ ¥ Step 8 N SN
Step 7 S Sagr S RGN
H Zg H 6/N§/§OO L
Removal of Cbz group O L H\/?\\H R Z R2
@) R2 R6” Y0 R 8)

Compound of formula (1)
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Schene XI Process P4-P3-P2-P1 P1 - P4-P3-P2-P1-P1l' R3

R4 RBRA HOHOHNI1 CDI, THHHNOOR NOHI N
WORMS/H06Hbl~ O 2 2. DDiORc 6.N O Hd R OR Li -INSI/NS20R7/G84799

2~R R R5 H Rd RS Conmpounds of fornula (1) Base OO

\/ Rc H2ZNNS N d R 5 The P 1 elenents utilized in

generati ng conpounds of formula (1) are in sone cases

commercially avail able, but are otherw se synthesized

using the gqu dso, dgnowg, Lo one skilled in the art and

in a Roh:T n Sense described herein and

subsequently |ncorporated i nto conpounds of fornula

(1) us%pgog he methedse descrilpad her im0 The g ORs

subst i P 1¢9MQLQQ&QQM¢é?;g% aci dsupf@n be 7

synt hesi OF0 f oH-ewkng t he ePat—process F 8P

in Seheges X | . Tygajenspt of cOnferci ak}b& avi ’crf_!ﬁoé)

easily syythesized imne (1) @th 1R%- dﬁhalobaieq R)

(2) in presence of a base produces pr6vi des th

resulting imne (3). Acid hydrolysis of (3) th%p Step 11

provides (4), whichdaas an @ |yl substituent syn peprotection

the carboxyl grou as aoﬁhhor7product The agi fBs

noi ety of (4) can, sg; d’uslng aS19512B0 ¢ grogp, to

provi de the ful,prL ed ami no acé@ing5). TFhi OH

i nt er nedi at e |§ a 5racenaM% whi ch can e rﬁsgbvﬁﬂoby

an enzymatic process WHerein the gs? Iy et y Rof e

Is cl eaved by acph@t@asarhda @r ovi tHe correspondlng

carboxylic acid. Wthout being bound to any

particular theory, it is believed tHdt this reaction

i s sel eChj ¥Rerhdlive bfjRbacBREhO by diRgis SNSHPRARY F UGS @RS
the reaction at a nuch greater rate than its 20 mrror

i magePigebiriSeheiee XBFis ah%f?W@tSCherme%B{ ufunetingfizagige of the C4

i nt 955”@91' AR préin€ %u% ocdlts AR Gr%ﬁi}@ didBstt to%flatE E‘t@ge intermediate
exanpl es cited herein, the stereoi somner
P nt &gitaptovide intgraediate 6 which can then be converted to compounds of formula

(I). Intermediate (5) is available via a 4-step sequence beginning with commercially
available intermediate (1), the first step of which involves coupling of (1) to a P1-
P1'intermediate coupling reagents established in the art. Acid-catalyzed deprotection
of the N-Boc group of intermediate (2) provides free amine intermediate (3) which is
10  subsequently coupled with the P3-P4 fragment to provide intermediate (4). The
selective oxidation of the C4 hydroy group in intermediate (4) to provide
intermediate (5) can be achieved using oxidizing reagents such as the Dess-Martin

reagent.
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conmpounds of fornmula (1) is (5a) which houses the (1R
2S) stereochem stry. In the presence of the enzyne,

W@ biog/oetoent | oner does not undergo ester cl eavaPET/HZH07/084799
thereby this enantioner (5a) is recovered fromthe
reaction m xture. However, the other -36 WO
2008/ 064066 PCT/ US2007/ 084799 enantiomer, (5b) which
houses the (IS, 2R) stereocheni stry undergoes ester
cl eavage, i.e., hydrolysis, .to vide the free acid
(6). Upon conpletion of th$‘§‘“‘fe tion, ester (5a) can
be sepadat ed fromthe actal product 6) gty l|r20u
met hods br exa e,y ag ous R Fac
et hodg iN %Hrom ogr ap % vems N "ZVJ\EQHI/UZ SR
hal o cozR CLl\)g’/ k2) %Eigyaoc

tol uene ¢ Jext ract R 3)(2)Aq’{3eous HCI HCI H2N3(3) R?

CO2P 10 Ph N" CO2R (4) (3) (Boc)20, Base H (2S) H

(2R) 1R) ~S) HNCB2P B4 H N~ CO2P + HNI CORH Boc Boc

Boc 5 (racemate) (5a) 1:1 mxture of (5a) (1R, 295

Separated (g) and (5b) (iS, 2R). Non-limting

proceduigs for makimg P2 |n5 medi aggss and co undﬁ, o\\?

of fm*n‘u%ar’(l) are vih @ e -Seheres—bel o \LN/ ~R’

i nt er nedi akl reagt% hcﬁ t| ons OX4HEN met hodk eh H

in thé?spesc flc é<>6(a Qs a—re br oadl y appl|cszl % R?

corrpounds 10 with ogﬁ su¥stitution patterns. F*féor(s)

exanpl e, the synthesis 8f P2 el enents found in

OH 0 ORs 0
R, H 0Ol R, H 0Ol
Step 5 N NZ\LN,S R’ Step 6 W Nz\LN,S—R
N H @—— . \ H
R S0° A R® NTJ*OO t
R5 R2 R5 R2

©) )

Compound of formula (I)

It should be noted that the addition of organometallic agents to the ketone
5  moiety of proline derivative 1 (Scheme XVI) is well established in the art. For

example, Hruby and co-workers (J. Org. Chem. 2001, 66, 3593) have described the
addition of phenylmagnesium bromide to intermediates of general structure 1
(Scheme XVI). These findings provide evidence that optimal yields of the desired
1,2 addition products (2, of Scheme XVI) are obtained when a tert-butyl ester group

10  is employed as a protecting group of the C2 carboxyl moiety. In addition, this work
provided clear evidence in the form of X-ray crystallography as to the stereochemical
outcome of this addition reaction. Specifically, as a result of the aforementioned
Grignard addition to ketone 1, a single product was obtained wherein the C4
hydroxyl group and the C2 carboxyl group assume a sy relative orientation about the

15  five membered ring. From this structure determination the face selectivity in the
addition of R3M to the ketone of 1 was deduced to be alpha in the context of
structure 1 of Scheme XVI. That is, the organometallic selectively adds to the re-face
(bottom face) of the carbonyl in 1 to provide the corresponding tertiary alcohol (2)

with the stereochemistry shown.
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compounds of fornmula (1) of Schenme XIll can be
prepared follow ng the defined synthetic path.
wWab@seo4066 eadi | y, or commrercially avail able  PCT/US2007/084799
N- Boc- 4- oxo-L-proline, or N Cbz-4-oxo-L-proline is
treated with an organonetal lic agent such as a
Gignard reagent (or alternatively an al kyl or aryl
l'ithium species, or alternatively an al kyl, or 15 aryl
zinc species) to provide internediate (2) in which the
CA position of the proline bears an R3 substituent
and a free tertiary hydroxgchgmeXnI The al cohol
functionality -37 WD 2008/ 064066 PCT/ US2007/084799
of internediate (2) can then functionalized to provide
the desired R8 funcblona Lty. RhieH process the
al cohol of internedi g e e %ﬁd in a series
of well established éhﬁ ions int e“h&; For exanpl e
t he al cohol of (2) é%@ e acyl ate Pbo provi de esters,
carbamat es or carbonat®s; al kyl at ed t@)prOV|de et hers
and 5 phosphonated to provide phosphates. For the
conver s&=9Qn of i nternedi (2) to int diate (3) of
Scheng N it may be sary to fir otect the

car boxy §J d group ofcké)o s shown. e. Henistry
for the fun t oaa I zation of4gggmh §)|s Lorad (4
st andard ;ﬂ l ? e subPégL Guch( C@&ﬁﬁ ensf&g
Organic TransPornatlons A GU|de to 10 Funct 1 onal

Group Preparations. Second Addition, by R%ig;rd

LarOCM?TzBES text is pu ghed by Wley ) Sons.
OH

Therein ¢ referen amdl reviews ar
hlghllghted@*gho skid | 6finthe art can f%%qjay
enpl oy forx{tRedcon g@sron §ﬁ§hﬁ${£rﬁ%ﬁlate @0
Schene Xl 11 t |nterned|ateci . For exanple
conditions and pertienent references for the
formati on of ethers fromual cohols can be M nd on
pages 15§E§3 t hrough 929 NnLar ock' s temé

specific WWNThe condi ti déEg references o Fe
pages 890- pe, t perti obp [ the con Fh0@
to practi O&BOtheW@%urrentig Iosur Li ke

conditions for the conversion of al cohols to the
correspondi ng ester derivatives can be found on pages
1952 and 1955 of Laroch's text. In addition, the
chenrstry descri bed in Journal of Crgadf\ Chenrstry
2001, 20 u 66, page /? apd perti@den ferences
cited mrto r-@are usef ul fom construct H
practice of {E¥WQRH t discl @P ene 38
W0 2008/ 063058 PCT/ L92007/ 0S4GSED D mStep ;fld%bo )
Step 2 R3 OR8

&)
(0] /{\1

N Z:&OF” (2m)

O&OO

5 The aforementioned work of Hruby describes the addition of a specific
Grignard reagent to derivatives of 1 (Scheme XVI). However, the addition of a

variety of Grignard reagents to proline 1 is exemplified in the present disclosure. The
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N OO RBMgBr tN Fi N OH Ph"O THF, Controll ed

TempPh' O -~, 00 PhO -~, 00 (1) (2) (3) Step 3
W@2008054pb6 ¢ Step 5 Carboxylix acid Acid ProteR€T/082007/084799

Deprotection R3 OH R3, OR8 OP Step 4 OP Ph'"O'~, 00

Ph -"O .k, OO (4) alcohol functionalization (5)

Process 1: Coupling to P1-P1' then P3-P4 R3 OR8 Step 6

R3OR8 0O\/O Nif CHONNSR Ph''"O~p0 O\\i/

P R LR AU o Tl
8 HGNgﬁltrd rddbentdReNav@lkes Bicofdtrlcodngd iHunmarizédl il ghtriR@verviews
~0 R5 (8 R5 Corrpudofforrula

( ) L e SNy e e B

Cou N’lolulﬂ& tg 7%84(?&1'@@9 whh oltdhetéb&Pm AuRiRP bLR si3le ORI, Editor

R3 OP Renoval of Cbz Couplin
ob NN AR Ketokas. ol L5~ Gy deBgBIRs s T8 Hogy

R6 reactions is also described in Comprehensive Organic Synthesis. Editor in Chlef
Barry M Trost, Volume 1: Additions to C-X pi-bonds (part 1). 1991.

Recent research in the art provides conditions for further optimization of

Grignard reagents in addition reactions to ketones and these works may be useful in

10  the present disclosure. For example Ishihara and co-workers (Org. Lett. 2005, Vol.
7, No. 4, 573) recently described the formation and utility of magnesium ate
complexes. Magnesium ate comples, RsMgLi, are derived from Grignard reagents
and alkyllithiums. As described by Ishihara these complexes provide excellent yields
of 1,2 addition products in reactions to ketones. In a separate study, Knochel and co-

15  workers (Angew. Chem Int. Ed. 2006, 45, 497) have described the use of soluble
Lanthanide salts such as LnCl; in conjunction with organomagnesium reagents. The
presence of these Lanthanide salts results in an improvement in the efficiency of the
1,2 addition reaction to carbonyl compounds. These works, and references cited
therein, establish the state of the art with respect to the optimization of the Grignard

20  reaction in simple additions to carbonyl compounds and serve as an important source
of information in the present disclosure.

It should also be noted that a range of organometallic reagents participate in
addition reactions to ketones. Included in this body of work are reagents such as
aryllithium, alkyllithium and heteroaryllithium reagents, which are well known to

25 addin a 1,2 fashion to carbonyl moieties. For example, in a recent study by Dondoni
and co-workers (J. Org. Chem. 2005, 70, 9257) benzothioazole is lithiated using
BuLi and the resulting C2-lithium species adds in a 1,2 fashion to a lactone. By way
of analogy lithiated benzothiazole would be expected to add in a 1,2 fashion to
ketone 1 of Scheme XVI to provide an intermediate like 2a.

30 One skilled in the art would recognize that organometallic reagents derived
from heterocycles such as oxazoles and thiazoles and imidazoles can also participate
in 1,2 addition reactions to ketone 1. There is a considerable body of literature that

defines the unique conditions employed for each of these heterocycle systems and
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(5 (9) Re" ROR5 (10) Step 11 Deprotection R, OR$
OO0 1 7R ORB NNSRStep 12 HN NO L H Coupling

WORMNMSDHH066 = 0 R2 O O RGN-0 R 5 (12) O w 5 HXX/US2007/084799

~N~S,R7 R (11) Conpounds of formula (1) HRZ An
alternative approach to the synthesis of conpounds of
formula (1) as depicted in Schene Xl is shown in
Schene XIV Functionalization of the C4 position of

| o AR B iR B i o B R R it Sty Bease of

6 vvﬁtg@ﬁbrﬁewhd feegbnt@eieﬁ%aivfﬁrnﬁ Béhzbxuz610 WP okeAGs, i8additsMdhdions
Internmedi ate ( avai |l abl e v a a

seqﬁ?elf?&%‘e%’@@‘i“i:ﬁ%lﬂﬁ’ S&pf Wﬁ@mm%aé% ¥ e SRpG IF%%ﬁtEIS recent study

i nt e{ e aafd%o(xao)rkerg RQcdctib&t in gt @Rg.0CHMI 205! 1V 91908 The
coup i.ng of to a PL P1 'internediate coupli

i %é’?%l"?@ﬁ’é@l ketang hef Sgheme XVl yopldise oSS to

depﬁgggﬁgm@phhgﬁ,the N- Boc group of internediate (2)
provides free amne internediate (3) which is 10

subsequeRtarg/is signitca lifgratpreprrsedent fox the pddiieinto ketpnes using a
pr OWMféeraﬁ g Bféﬁﬁjdtﬁétaﬁh& r%)igen%hﬁrl%ﬁl 50 héf@ro%!eg anleraﬁf)le the

hydroy 'group 1n internediate (4) to provid
. nt efprme@hesdq B)d avaworisers A bete 0/ 2u200 gb4N d@hcmbqﬁghe formation

e R i U TN e T N
H @Dhisﬂtlépie@bdﬂ@'nﬁdaz@e iDkildDidd rhhcBofk7to tketinXNoSSdRZme X VO
O H ?ﬁll)dd S Ni.a e(sigjo 1% egl a(t)eﬁé'lge 87 1O a9d1?10n a recengs%ucp f,yBoc
Kawasakl and co-workers (Bloorgamc and Medicinal Chem. Lett. 73,2003, 87)
describes the formation of a series of lithiated heteroaromatic compounds and their
15 addition reactions to activated amides. By analogy the use of these lithiated
heteroaromatic intermediates in addition reactions to ketone 1 of Scheme XVI would
provide access to intermediates 2d-2k.
The employment of organometallics derived from biaryl, or heteroaryl-aryl
systems in addition 1,2 reactions to ketone 1 is also pertinent to the present
20  disclosure. The addition of this class of organometallic reagents to ketone 1 would
provide access to intermediates like 21 and 2m. It should be noted that in the
exemplification of the present disclosure, it may be necessary to synthesize biaryl, or
hetero-aryl organometallics for subsequent use in addition reactions to ketone 1 of
Scheme XVI. One skilled in the art would recognize the significant body of literature
25  which describes the preparation of organometallics of this type and precursors
thereof. For example a recent review by Chinchilla and co-workers (Chem. Rev.
2004, 104, 2667) describes the preparation of metalated heterocycles and their utility.
The basic chemistry for the preparation of biaryl or heteroaryl-aryl systems often
employ Suzuki like coupling reactions. A body of literature put forth by Gregory Fu
30  describes the the state of the art in such coupling reactions and a subset of these
references follow: JACS 2004, 126, 1340; JACS, 2002, 124, 13662; Angew. Chem.
Int. Ed. 2002, 41, No.11, 1945; Angew. Chem. Int. Ed. 2002, 41, No.20, 3910;
JACS 2002, 122, 4020; JACS 2001, 123, 10099; Org. Lett. 2001, Vol. 3, No. 26,
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HR2 Step 3 HO oM0O Step 4 0O HOG 1I N ~SR7 HN' 'N
.ON~S~R7 OH N R6,N.O N O H Oxidation R6 N~0O0O H R6' O =
WO 2(R8/064866 R5 R2 R5 (5) (4) OH O OR8 0 Step RBCT/OB1007/084799
R3 " OBl | Ste 5!L1 ~ | S-R7 Step 6 N;S-R7 HNN

HNN R6.N4, Q0 HR6.NOO HR5 R2 RS R2 (6) (7)
Conmpound of formula (1) It should be noted that the
addltl on of organorret allic agents to the ketone

est g%% P g‘{ﬁ”@% Ohk i‘tw”y aléggew ]yé%r}gg?;_ﬁ\éﬂé‘ﬂg%g)vﬁs body of

CO- Workkeitigal (rdvievid ig theG’ﬂ@mre 2201 aveBabl3OB)s ek @si in Synthesis
dengﬁged the addition of phenyl magnesi um bronide to

i nt rdoestds general structure 1 (Scheme XVI).
These findings provide evidence that optiml yields of
the desired 1,2 addition products (2, of Schenme XVl)
are obtai ned when a tert- ¥ r group 10 is

enpl Oy € dl"lﬁgpr@s R RS RGI 960 YR dQLrifda8n EhnE @R WM certain
noi et In addition, this work provided clear

evi @@ piis Whish prsret ibfondedtayimitijpseencl Srthgeppiramy. the present
thedﬁ%l@é’u fd%@ﬂglaﬁ%hemﬁ%f mlfﬁfauén!g' éld% b&lé&g‘asfc%ﬁlsé {n@Rded

SpeC| I Ca r‘esu af orenment | oned
Qi @nhmdh@wdpet ofdhe clomgef hmethm ,folwsmg@cla@pbﬁ odudt inglade specific

bt ai
1 @ atr %gg@&%? Rngl ﬂlutsﬁ]ﬁe %e pr%lgé gﬁg% Pl%ge%lfl Rwags%ret n%el

réup assune a ve orientation dbout
t he uﬂ@rsﬂoodehmbaeareplesr arpdpor tlErmmpdstﬂ o il&tstratomnuof ecrtain
ggt'v%rn oc{I entT( er{doarr]ee pre?en d e%r%glt d\lj b aét s t)eqle}sedeto b %Ir}lols{’) ﬁg?ul and
conteaily widersgbod dedctiptionlofatf piocéuing a)ﬂ/bonca'medl a$pécts.t he
or ganoms#oj lic sel ective

(bt t om Tty PoRSt e X EwAy o PG PP RER g sotuion
150r FRiSPOIpiisn g vblaimb it@volurad Radiohsh(p2 inles sfak‘edtdﬂ&rwme Nuclear
st egn%gr?eﬁg I;rcl,sgrtlarnce W&?spectralwere recorded either on a Bruker 300, 400 or 500
MHz spectrometer; the chemical shifts (8) are reported in parts per million. Flash
chromatography was carried out on silica gel (SiO,) according to Still’s flash
chromatography technique (J. Org. Chem. 1978, 43, 2923).
20
The intermediates described in the Examples found herein can be exmployed to

synthesize compounds of Formula 1.

Example 1. Preparation of P1' Intermediates

25 1. Preparation of cyclopropylsulfonamide

Method 1:

O\\ //O

S
HoN" \v

cyclopropylsulfonamide
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WD 2008/ 064066 PCT/ US2007/ 084799 Scheme XVI O- JOP1 R
BMR3 OP "\ 1 -10>046-00(~) (2) ONONS/ N OH
W@RI08/0Q866 NNOP1 (2a) AP1 (2b) R . pOPl (2c) >4BCT/USDOTIS4T99
pOpNM NN OHpH(d OH OPL (2d) F3C OP1 (2e) >40

N~ OPL (2f) | ~~N O p >p-~00 ~p0 Me Me gd,,, OH -N
OH M "SJ, OH S OP1 (29) OPL (2h) OCPL (21)  >40-400
~p-bp0 Op (N | O OH JOH O OH zzt' OP1 (2J)OP1
(26) >40-200 QB3 20p Op (N1 ON I, CH CPL (2
>40--"' 00 5 TRE"A6r'enent i oned work of Hruby describes

the addition of a specific G&Gignard reagent to

derivatives of 1 (Schenme However o t ge addition
of a variety of G¥gnar et ts to prdl i)%l is
exenplified i nﬁh\e/pcesent di scl osufe. "Thel -4
Cl H,N Cl
Step 2 >L Oy 0 Step 3 Oy 0
—

n-BuLi M/SW TFA HzN/SW

Step 1:
tert-Butylamine (3.0 mol, 315 mL) was dissolved in THF (2.5 L). The

solution was cooled to —20 °C. 3-Chloropropanesulfonyl chloride (1.5 mol, 182 mL)
5  was added slowly. The reaction mixture was allowed to warm to room temperature

and stirred for 24 hours. The mixture was filtered and the filtrate was concentrated in
vacuo. The residue was dissolved in CH,Cl, (2.0 L). The resulting solution was
washed with 1.0M HC1 (1.0 L), water (1.0 L), and brine (1.0 L), dried over Na,SOy,
filtered, and concentrated in vacuo to give a slightly yellow solid, which was

10  crystallized from hexane to provide the product as a white solid (316.0 g, 99%). 'H
NMR (CDCl3) 6 1.38 (s, 9H), 2.30-2.27 (m, 2H), 3.22 (t, J=7.35 Hz, 2H), 3.68 (t, J
=06.2 Hz, 2H), 4.35 (b, 1H).

Step 2:
15 To a solution of the product of Step 1 (2.14 g, 10.0 mmol) in THF (100 mL)

was added n-BuLi (2.5 M in hexane, 8.0 mL, 20.0 mmol) at -78 °C. The reaction
mixture was allowed to warm up to room temperature over period of 1 hour and
concentrated in vacuo. The residue was partitioned between ethyl acetate and water
(200 mL each). The separated organic phase was washed with brine, dried over

20 Na,SOqy, filtered, and concentrated in vacuo. The residue was recrystallized from
hexane to provide the desired product as a white solid (1.0 g, 56%). "H NMR
(CDCl3) 6 0.98-1.00 (m, 2H), 1.18-1.19 (m, 2H), 1.39 (s, 9H), 2.48-2.51 (m, 1H),
4.19 (b, 1H).
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WO 2008/ 064066 PCT/ US2007/ 084799 body of literature
that descri bes the addition of organonetallic agents,

W0 p@BMGiong G ignard reagents, to ketones is PCT/US2007/084799
consi derable and is summarized in general overviews
in the art such as: Conprehensive O ganic Functional
G oup Transformations. Volune 2: Synthesis: Carbon
with one heteroatom attached by a single bond. Editor
5 i ) ief Alan. R Katritzky, et al.1995. Chapter
2. 02 Ppgage 37. This class of reactions is also
des 31 ib feg sblatiSz0smEEBMEt MiESt[EQ’ Zanne, (;Bgﬂ miARS$) is TFEABODML) was
in ie Barry M Trost, Volu 1: Additions tqQq C X
pi - B t@ﬁg}te%mr?tuffgf@ﬁ% et vpleBlsy whreiTFneYed rardeuo. The
Pr ovds[des waORelykth W& & cthyir debefe/heRdnk MEEALI2AM ndf) to provide the
Grignard reagents in addition reagtions to ketones and

? he Seraploduatay 2 ity (8.5 & 9190 tHAMR €3MAP-do) 5 0.84-0.88 (m,
di s € | ihar d -wor kers (Org.
Let ?HS)?%?%\F}S{ 2}36(?”@!\%5é @lp 12@’3(?5@;@&%%& y descri bed
the formation and utility of nagnesium ate conpl exes.
MagResi s ate conples, R3MyLi, are derived from
Gi feagents and al kyllithiuns. As described by
| shi hara t hese c@nplexeshpﬁqy@g¢ngcelIentqyields of
1,2 addition guCt s +h—reactions»to Kk HJn a
separate study, ®nochel affCworl5 workers (#ngew. Chem
Int. Ed. 2006, 45, 497) have described the use of
180l ubl e Teapalvizniodd0&miLiof TEcholad to th€18as hubbleé ingretduen
Wi t B o GARAARARERH Tal RAGRA! Fo IR GRERRRAANGLIGRE s ¢
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ot SOMER TS 2 YRES vy b O FA R eEll by crhigft il Bired
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dditjons to. c onyl d r a n
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organonet al | i.c reagents rticipate jn; additio

" ealTSHBHE o SPSHOHBEM. FHE ieto] f-UEDS GOMR Rtk &

arespeagents such as aryllithium alkyllithium and

heteroaryllithiumreagents, which are well known to 25

add2i Rrepargtion ¢f S drsubsityted eyeraprapylsulieniamidess . For
>gxanple, in a recent study by Dondoni and co-workers
Org. Chem 2005, 70, 9257) b C le is

. alfreppration wfy N-rgibutyE Algmeth

species adds in a 1,2 fashion t9 a |actone. By way of
anal ogy lithiated benzothiai&qu | d be expected to
add in a 1,2 fashion to ne I of Scheme XVI to
provide an internediate |i 2. 30 One skilled in the
art woul d recogni ze that organonetal |l ic reagents
derived from heterocycles such as oxazol es and

thi a0l e9,&00biE0%).8RvIGAR A SR oPALhifhRAEe 1n 1,2
additi

consi der abl e body of Iiteratur@\tn1t
CI\/\/\S\\/
25 O

Prepared as described above.

Step 2: Preparation of N-tert-butyl-(1-methyl)cyclopropyl-sulfonamide
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defines the unique conditions enployed for each of

t hese heterocycle systens and -43 WO 2008/ 064066
WEANBNEROO7/ 084799 this information is readi | PCT/US2007/084799

avai l able to one skilled in the art. For exanple, the

use of organonetallic reagents derived from

benzoxazol e or oxazole, in addition reactions to

ket ones requires the use of lithium magnesates. The

specifics of this recent study by Bayh and co-workers

is described in J. Og. Chem, % 05, 70, 5190. The 5

addi ti on of benzoxazole te k :bﬁq/i of Schenme XV

woul d provide access to ipNerpediates |ike 2b. There

is significant literature precedent for the addition

t o ket on&solusomef the pradudeot Stqge (4of g, @0gandietadibdoted in dry

reagents derived fromhete | es. For e le the.
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o g Y S RGHEONS, A R A udPf ARG MR log A, St
a r éo¥hin hexandywipyaddédh s abdctiandixtwe wes Wemsd (t&icoor tgapérature,
and dj ci nal ~Chem_ Lett., 13, 2003 7 descri bes th
For ARTSLRof "o g el ity SRR i sdFERRbRER of Myl
co ngmwaoj&@ g,d40|t1h1ab1r). %ﬁe @akdioh i;lﬁihﬁfe@aﬁ lMaﬂi;éd tb@g@ﬁteimpataaﬂe
am des.. By anal o t use of t e lithiate

1Pt BYGHEBEET tuoried bR NG O Tor Feost emafatufegnd

ket eftfactkd aﬁth%ﬂigemta%\(homub.ﬁhwrgahh&@a@ﬁ@%sm with brine
i nter medi ates 2d-2k. The quloynent of organonetal lics
B

der (\BAIPy GiRdEMeSOw), filsereds @pdeasaenpiated i pacug {ppravige 3 yellow ol

addighicARval cistRREd frOR fiedafe KOG the USirRH BRIREG RS A Rty
to the present 20 disclosure. The addition of this

cl azdlonfsobid ghhendtal 1H YMREIREHYS @ ¥ (e bind .36 @olid1.52 (m,
r oyj | diates like 21 and 2m It
lghoéhg%ég%%§?§ﬁ£ﬁﬂgF&ﬁ%ﬂfhe exenplification of the
present disclosure, it may be necessary to synthesize

bi agyl ,. ar hetero-aryl. organonetalli.cs for subsequent
use g}éﬁ 3; %rﬁggragon otol —mg%%l%clgg%rog%l%uhaﬂna%lge f  Scheme XVI.

One skilled in the art mouldcregﬁgnize the significant
body of literature 25 whi ibes the preparation

of organonetallics of this pQ)and precursors
t hereof. For exanple a rec review by Chinchilla and

co- vor KR Sof e eYauct 2094 > 0.« 300l ARRGIL BRSA b

preparation of netal ate terocycles an

2Qit i [30tmyl), arfhtbe braetion neikeim sirneq af ropmttdrepegaterp &rdpihonrsoffhe
bi a | - ar ] . | '
D AR LSOy BSR4 ey SR
f or tthyleget@ctgomy (Fé 480nldes praviokeshd desirddreodicatser vaifitetshied

art | 45 SYEH) APURLRNBOEISH AR, AR5 131 54055T 1 9k (L BBS S 65 (br
s, 2H). Anal. Calcd. For C4H9NO,S: C, 35.54; H, 6.71; N, 10.36. Found: C, 35.67,;
25 H, 6.80; N, 10.40.

2b. Preparation of 1-propylcyclopropylsulfonamide
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references follow JACS 2004, 126, 1340; JACS, 2002,

124, 13662; Angew. Chem Int. Ed. 2002, 41, No.11,
wa2emsoedmgew. Chem Int. Ed. 2002, 41, No. 20, BOW0S2007/084799

JACS 2002, 122, 4020; JACS 2001, 123, 10099; Og

Lett. 2001, Vol. 3, No. 26, -44 WO 2008/064066

PCT/ US2007/ 084799 4295; Angew. Chem Int. Ed. 1998,

37, No.24, 3387. In addition to this body of work

critical reviews in the area arg readily avail abl e

such as by Rossi in Synthgsis g@@%& No. 15, 2419. 5

EXAMPLES The present disclosukew || now be descri bed

in connection with certain e di ments which are not

i nt endedThiOcdmpviuhd i)vt1§p1‘51§’cﬁi¢lﬁlsn@‘thd ﬂecddﬁlfétdreﬁﬁfjéed folehe

present .disclos natj ves,

e
o PPt ot aafineni SRR P e for methy

Wi t RidRictif e SE€QRE ste oft thi pedcddsis. Thus, the fol | ow ng
exanpl es, which include specific 10 enbodlnents Wil |

?Ilustrate one practice of the present dlsclosure it
bei g prapaRabs boRaIRoptpeIsexmaRIRs are for the

pur poses of iTTustration of certain enbodi mnents and
are presented to provide what Q el i eved to be the
nost useful and readily engtinod description of its

procedures and conceptual aspeets. Solution
per cent ages express a wei ght to volune rel ationship,
and solutlon 15 ratlos %xpress a volune to volune

magneti c resonance (NNR) spectraHmere recorded ei t her
on a Bruker 300, 400 or 500 Nspectroneter; the

chemical shifts (8) are F%gﬁzgfq)i parts per mllion.
1Fl ash chromat ography was carf+ied out on silica ge

(Si 02) aﬂﬁ?é&ﬁlﬂﬂn& @a&ﬁtilhecﬁnbb%}*’eld QJEBFH@tQQ{e?L)Q&Bédure

t echni

i nt é?sﬁ’éq]éﬁdali ths Sm@g@m A dbertrbupytrél B@ﬁlﬁb%&oprmﬁulf%@memsmg
an 1 Q? n%?ﬁ{‘/g?&ﬁ’sy ﬁqlllglooroﬁﬁﬂ@ L& 'e?e@tr(ﬁﬁﬂp g?l?régcg)l ou m&lﬂs@d in the

aration o
Pr epart atactom xmnfhouyfurtbtpmmpﬁtasluhf HrTéMiRo[@DG\l/ﬁﬁlﬁ)cﬁd (m 2H$ d 34 (s,

1 FNG e CLORr 9RY LS4l 3N B 515\32 55 (br s, 1H), 5.07-5.10 (m, 2H), 6.70-

6.85 (m, 1H).

Step 2: Preparation of 1-allylcyclopropylsulfonamide

Qk/AzgéiﬁHz
20 This compound was obtained in 40% yield from the product of Step 1
according to the procedure described in the synthesis of 1-
methylcyclopropylsulfonamide. The compound was purified by column
chromotography over SiO, using 2% methanol in dichloromethane as the eluent: 'H
NMR (CDCl3) 6 0.88 (m, 2H), 1.37 (m, 2H), 2.66 (d, /=7.0 Hz, 2H), 4.80 (s, 2H),
25  5.16 (m, 2H), 5.82 (m, 1H); *C NMR (CDCl) 8 11.2, 35.6, 40.7, 119.0, 133.6.

2d. Preparation of 1-Benzylcyclopropylsulfonamide
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WD 2008/ 064066 PCT/ US2007/084799 Schene 1 O\ //0
Step 1 OS 0 ~~/S\ A ci NH cl HNcl Step O\ O
WEe@poses ,0 s ,s "IV n-BuLi H 7 TFA H2N St epCT/US2007/084799
tert-Butylamne (3.0 nol, 315 nlL) was dissolved in THE
(2.5 L). The solution was cooled to -20 C.
3- Chl or opr opanesul fonyl chloride (1.5 nol, 182 nL) 5
was added slowly. The reaction m xture was allowed to
warmto roomtenperature and stirred for 24 hours. The
mxture was filtered and the figt'ate was concentrated
in vacuo. The residue wa&hdi Sohved in CH2A 2 (2.0
L). The resulting solution washed with 1. OM HC1
(1.0 L), water (1.0 L), and brine (1.0 L), dried over

g, 99%. 1H NWR (CDC13) 6 2.30-2.27 (m
2H), 3.22 (t, J=7.35 Hzth% (t, J = 6.2 Hz,
2H), 4.35 (b, 1H) Step 2: 15 To a solution of the
product TDhis Simguid ¢2s dAaiggd il 0D yiatdhging the Pideedutddeseribed for
was ,added n- i (2, [ exane, 8.0 nL, 20.0 I

e t3g el e iy DE B R iy e

t 0 EQAVAldNGNGIRE B Ube miarcrP et ol e edbynAtifatidA6ith 10% ethyl
concentrated in vacuo. The residue was partlt one

bet A& BRYANCa BN MR CRGd) R 8. {204 -Hhimeidhy - 43ﬁh8H) 3.25
sepaf afred ¢9f g[asnm) pQgs7e36\/@ls5WShed with brine, dried
over 20 Na2 I'tered, and concentrated in vacuo.

1The resi due vvas recryst al li zed from hexane to provide

t hegfd g * 4d-0 g, 56%. 1H
NVR— (CDC JO(m 2H 3-1.19 (m 2H),
1.39 (s, 9H) 248251(m 1I—R\,N|-619(b 1H. -4 6

WO 2008/ 064066 PCT/ USZOO?/pQSﬂK

hexane to prOV|de the’ product sHa{yhlte SO|Id (316 0

This compound was obtained in 66% yield from N-tert-butyl(1-
benzyl)cyclopropylsulfonamide using the procedure described for the synthesis of 1-
15  methylcyclopropylsulfonamide, followed by recrystallization from the minimum
amount of 10% ethyl acetate in hexane: 'H NMR (CDCl3) & 0.90 (m, 2H), 1.42 (m,
2H), 3.25 (s, 2H), 4.05 (s, 2H), 7.29 (m, 3H), 7.34 (m, 2H); C NMR (CDCLs) &
11.1,36.8,41.9, 127.4, 128.8, 129.9, 136.5.

20 2e. Preparation of 1-(1-cyclohexenyleyclopropyl-sulfonamide

\Y

/\ O

Step 1: Preparation of N-fert-butyl-[1-(1-hydroxy)cyclohexyl]-

cyclopropylsulfonamide

H
O
W N
HO /X S“o \}/
25

-50-




Step 3: A solution of the product of Step 2 (110 g,
0.62 mmol) in TFA (500 nm.) was stirred at room

W@ 20vpes@saur e for 16 hours. The volatil es were PENDYA7/084799
in vacuo. The residue was recrystallized from ethyl
acet at e/ hexane (60 /240 nL) to provide the 5 desired
product as a white solid (68.5 g, 91%. 1H NWMR
(DVMSO-d6) 6 0.84-0.88 (m 2H), 0.95-0.98 (m 2H),

2.41-2.58 . 1 0. .(b,. ..Method 2: 0O NH3 (sat.
THE O f‘é @m@-‘l -mrlfng%ﬁﬂtsicn?%’%tweﬁ%ngﬁa%%e @8?‘*8‘(“16&%508%’60‘
100 fytitheaynthtds €O teecbutya- (@—nﬁth&@)ﬁydb@{ﬁ@yﬁﬁil fdﬂa@ﬁl&%%é@t 1.30
annnnla untll urati on was ng@ gg To tg #utlon
R B BB IS wed (P@was Dfspytagization from the
cy C h@rﬂﬁlﬁmalnﬁiﬂhtf &%% e@ﬁ}ll Qéétéi'@m(lﬁ%n%h@{sﬁgiﬂ (P14 1805 (m 4H)

Bi ophar ma 50 THE The sol uti on was war ned
P ooﬂn26 )ai gy &, Bﬂbr1r§’7g1hi9 (ahHs tLiYr(ed 2Hp B8 7 4 by, ﬂHbﬁaﬁlS (br
day, e m xture was concentrated until 1-2 nL of

solven "remai ned 15 and poured onto a 30 g plug of
Si02 (eluted Mﬁth 30% to 60% et hyl acet at e/ hexanes)
1 [ nam de as a

- 3 nd : - = A . (m
4H), 2. 52 2 60 (n1 1H,; 1 Mg (nethanol d4) 6 5.92,
33.01. 2. Preparation of ubgt Nt ed
20 2

cycl opropyl sul f onan des ‘Br epar ati on of
N-tert-butte 1-nethyl)cyclopropyl-sulfonamide H \\ N
10 Step This Eb‘tﬂpmn@tli-@rcydbhexenyl) -cyclopropylsulfonamide was obtained in

N_ t gﬁ }é B’lel}l&e %0 rthb I‘E gf gpd\f%xgycyétge%x% cy&llpgrb)g}[lglflplonamlcsglf

N- t agihg thbfcﬁecﬂ.rréTwslmﬁe)i wah@@nmpyi efSlunbthnaysleleopydilfénanide,
200?011%9&1%9 gy recrys(ah%a%t?ocr)irom éle minimum amount of ethyl acetate and hexane:
'H NMR (DMSO-de) 8 0.82 (m, 2H), 1.28 (m, 2H), 1.51 (m, 2H), 1.55 (m, 2H), 2.01
15 (s, 2H), 2.16 (s, 2H), 5.89 (s, 1H), 6.46 (s, 2H); *C NMR (DMSO-d¢) 8 11.6, 21.5,
22.3,25.0,27.2,46.9, 131.6, 132.2; LR-MS (ESI): 200 (M"-1).

2f. Preparation of 1-benzovlcyclo-propylsulfonamide

O O\\S,NHz
K%

Step 1: Preparation of N-fert-butyl-(1-benzoylcyclopropyl-sulfonamide

Aoy

This compound was obtained in 66% yield using the procedure described for

20

the synthesis of N-tert-butyl-(1-methyl)cyclopropylsulfonamide except 1.2

25  equivalents of methyl benzoate was used as the electrophile. The compound was
purified by column chromatography over SiO, using 30% to 100% dichloromethane
in hexane: '"H NMR (CDCls) & 1.31 (s, 9H), 1.52 (m, 2H), 1.81 (m, 2H), 4.16 (br s,
1H), 7.46 (m, 2H), 7.57 (m, 1H), 8.05 (d, J = 8.5 Hz, 2H).
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H\\ N 2~ \O A solution of the product of Step 1 (4.3
g, 20 mmol) was dissolved in dry THE (100 nL) and
wW@owBedHs® - 78 C. To this solution was added PCT/US2007/084799
n-butyllithium (17.6 nL, 44 mol, 2.5Min hexane)
slowy. The dry ice bath was renoved and the 5
reaction mxture was warnmed to roomtenperature over a
period of 1.5 hours. This mxture was cooled to - 78
C and a solution of n-butyllithium (20 mmol, 8 ni,
2.5Min hexane) was added. The reaction m xture was
war Bef 2t @rdpeativit eNPEnadEelo-prog@tfdnimide 78 C over a
period of 2 hours, and treat d with a neat solution of

nmet hyl i odide (5.68 g, R NH‘Ehe reaction m xture
was warnmed to roomten‘perah overni ght, then
guenched wth saturated NH4C1 nm.) at room

t enper at fif;ec AHun@Why L 1Y1V'8t7‘% ﬁélclﬂ ¥rbmae %%u@ylgl 08

nm.). The organi c phase was washéd with brine '

L) bengpylisarclomgsdan];forfamideysag, theaprdcasoersened derebie symthesis of 1-
vac I

R e - s

sI i ginbuny of e;thyllaoe/tatsm heatarfe3 H N§JR EIUBO-dkH NMR(10,CIDOLBY1 6,

oy 2 Pag il g S 2 e 2 R b e T S5 R e e

Dr OQMB éidlﬁmaqmd@o dONHR 3, @R A, B33 Iut 3 198,41 198, 3pn @it
of Step 2 (1.91 g, 10 mml) was di ssolved in TFA 20

1930 nL), and the reaction mixture stirred at room

t enper pprRidn O M baHi-Bt-pHdAGIamBRE M BHy ) VoS ofr SN EEnd il de

vacuo to provide a yelTow oIl whi ch was crystallized
from ethyl acetate/hexane (% m.) to provide the
10(

desired product as a vvh 25 g, 96%: 1H

NVR ( CDC13) 6084(m 158(s

3H), 4.65 (br s, Cal cd. For CAHONORS

35. 54: ,_if hlﬁcopipouml wiq)otg'fgnedpg d%‘}{? qul;d usiiee e procggqu_ﬂescrlbed for

6. 8@)68 thés®. FOL reAbuty ERRMS D ERLPpRIpylsulfonamide using 1 equivalent of
1- propwlicycl oprg yus)ﬁ’( ona}:?ﬁ)c?Q P éfy uV\D 2008u/0 40 lév

1 ivdpla@szbwwmf&mgowwbbyo@crbwhwg freBrpomiHdmyggmount of ethyl
Pr e Ak RMinYk N 11‘1'%9\41‘?&@1?@?% ?.3‘3'2 flsqe& f £ ngn{ NN, 430 (brs,

preparation of 1-net cycl opr sul fona
sub$HD,t7L110i(ng=ﬁrfoﬁ:ig/,|1Hj,a’l e Jf-o1.5 hﬁt M), 7.53 (t, T =7.5 Hz, 2H).

3. Preparation of C1-Substituted cyclopropanesulfonamides: The use of an N-Boc

20  protecting group

3a. Preparation of cyclopropylsulfonylamine fert-butyl carbamate, a key intermediate

in the preparation of Cl-substituted cyclopropylsulfonamides
H

0)
\\S,N O\ﬂ
vk

25

Step 1: Preparation of 3-chloropropylsulfonamide
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iodide in the second step of this process. 5 2c.

Preparation of 1-allylc propyl sul fonam de 0S NH2
W@EL@p/04406r epar ati on of N-tert-butte PCT/US2007/084799

1-allyl)cycl opropyl sulfonamde H \\ /N~ O 10 This

conmpound was obtained in 97% yield according to the

procedure described in the synthesis of

N-tert-butyl-(1- nethyl)cyclopropylsulfonanide usi ng

1. 25 equival ent s. of  al ophi | e.

The conpbiniited udomprprufhd EpBRat B8 ol pRBlS

f ur Hi@ﬁvdﬂlilli THF ('(2(1(] IﬁD) anli Her&m&):r 50 RinG&s (3 sohkdon of
T—Ig Hi 2H) , 64 (d, J = 7.3 Hz,

2 H) N OEEQQQJ]InL at 0q° ﬁ) Ths r@ytmgl @y@utrwa§wermeé tq@om@erggerature

(M stk 1 @n@the a&%@g 1§§rérQQtranted]wﬁl]cﬁMh&omethane (4 X 500 mL).

progﬁlsulfonanl e O This conpound wa

obt Ahpeambired£6934) @W@ Wrdﬁlt@dwlheﬂ\b%b@ &9 méﬁ \@tt@pﬁlr?p mL), dried
acc
g{;&i rrel\)?%hy oﬁﬁe@ Ql{cp&)ﬁ 'Er?tfeﬁi 919\97%%&) eﬂle cpucfelgghds%% d}%ﬁzétacﬂlzed

of 1 cycl opropyl sul fonam The conpoun
purﬁﬁmeuamymnmh@mnmnmﬁdmhbumgmaphyﬂnmawsSHGQstﬂmgeﬂmﬂ

th I hl
(cobltat o B R ETF L R08, A BTt i W
Hz, j2H) Hz421803 .66 (1, 240.2 H221D, 4.63 (smeHR2HC NBR&Z2 D(OR) ale)u)
CDC13) 6 11.2, 35.6, 40.7, 119.0, 133.6.

1@reﬂ%?%§&éﬁ of 1-Benzes propyl sul fonanide -4 9 WO
2008/ 064066 PCT/ US2007/084799 O NH2 Ph \O Step 1:

Preparation of N-tert-butte
1- bEﬁz@Lﬁgyémggpgﬁyﬂﬂggmpaﬂawmﬂﬂmnmﬁuwphmvkmbmnuﬂ

H

/\/\Q\/N O
S s

O O

A solution of the product of Step 1 (30.2 g, 191.5 mmol), triethylamine (30.2

15 mL, 217.0 mmol), and 4-DMAP (2.40g, 19.6 mmol) in dichloromethane (350 mL) at
0 °C was treated dropwise with a solution of di-ter¢-butyldicarbonate (47.2¢g, 216.9
mmol) in dichloromethane (250 mL) over 30 minutes. The reaction mixture was
warmed to room temperature, stirred an additional 3 hours, and was washed with 1N
HCI1 (300 mL), water (300 mL), and brine (300 mL), dried over MgSQy,, filtered, and

20  concentrated in vacuo to provide the crude product. This material was triturated with
70 mL of 5% dichloromethane in hexanes to provide the desired product as an off-
white solid (47.2 g, 96%): '"H NMR (CDCl3) & 1.51 (s, 9H), 2.33 (m, 2H), 3.60 (t,
J=7.3 Hz, 2H), 3.68 (t, J=6.21 Hz, 2H); *C NMR (CDCls) & 26.50, 27.95, 42.37,
50.40, 84.76, 149.53.

25

Step 3: Preparation of cyclopropylsulfonylamine fert-butyl carbamate

H
O\\N

a1

A solution of z-butyllithium (74.7 mL, 119.5 mmol, 1.6M in hexane) was

dissolved in dry THF (105 mL) and cooled to —78 °C under an argon atmosphere. To
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5 This conpound was obtained in 60%yield using the
procedure described for the synthesis of

WORM8H0640bat vl - ( 1- met hyl ) cycl opr opyl sul f onam dePEKRUT8D7/084799
1.05 equivalents of benzyl brom de were used,
followed by trituration with 10% ethyl acetate in
hexane: 1H NMR (CDC13) 6 0.92 (m 2H), 1.36 (m 2H),
143(3 9H), 3.25 (s, 2H) 462(brs 1H),

1 alicipPb s iy S0pFoRE Fen SO BT 2 & i o

conpaEnt)INaE) rbpwisd1eer DO-36 ﬁﬁ’nmse ITtle tiFyaiBR bath was removed and the
N-tert-butyl (1- benzyl ?9 ycl ogg{g)ggl sul f onam de usi n

t he "BFHOSRTIE WEAloPEE FHm ¢ APHARTSOVST 336“0115)%2 hours.

met d fey&loapiiome wadlusiad ¢h glfaéllad' R¥RMGRY(3.4 mL), concentrated in
recrystallization fromthe m ni num anount of 10% etrB/l -
2 c

acet@ve nd PrdsiaRfd:bettyqenihiRh loremeitane 6 08 ndg apdrvats)l 00

( m org&lﬂ)c plé'%;e %%sl gv§cshe8 Hh bﬁn@§ 00 $nL); 2dfbed £1\74g§@4)(mere°cﬁhnd

. (m

1270%106@!21&?(18” vacpo tcgprO\ll%thS deszwd Q@du@@éﬂwar Pfﬁwhetﬁ solid (12.08
1- (é @Wé"ﬁeﬁ@ﬁy@gbﬂ Lagﬁroo(w busYlf4QRasife so%L M2 83 (nf
of I\Hﬂgnt4~3mut1gﬂl) mNMngzﬁcawmym&ﬂmxym B4.07, 149.82.
gycl opropyl sulfonamde H \S/N~ 25 HO O - 50 WO

008/ 064066 PCT/ US2007/ 084799 This conpound was
obt gb.NedpdriticB4F0 yhedhdty UsdtitgeyicDptdpe-spfQaesur e descri bed
for the synt hesi s _of

N- t 8fep b ETsprratian el mytheaimathymysioprogyisulfassmintderéx c ept
1. 3QutyrABhvatent s of cycl ohexanone were used, followed
by recryst allization fromthe m ninum anount of 20%
ethyl acetate in hexane: 1H Q| (QPC 3) 6 1.05 (m

4H), 5 1.26 (m 2 7159m6
1.H297 (m 2H),( 2. 8|;)(br sgAﬁ 04055 ( ( i

15 To a solution of cyclopropylsulfonylamine tert-butyl carbamate (1.0 g, 4.5
mmol) dissolved in THF (30 mL) cooled to —78 °C, was added n-butyllithium (6.4

mL, 10.2 mmol, 1.6M in hexane) and the reaction mixture was stirred for 1 hour. To
this solution was added a neat solution of chloromethyl methyl ether (0.40 mL, 5.24
mmol), and the mixture was slowly allowed to warm to room temperature overnight.

20 The solution pH was adjusted to 3 using 1N aqueous HCI and was then extracted
with ethyl acetate (4 x 50 mL portions). The combined extracts were dried (MgSOy),
filtered, and concentrated to afford 1-methoxymethylcyclopropylsulfonylamine terz-
butylcarbamate, as a waxy solid (1.20 g, 100%) which was taken directly into the
next reaction without further purification: 'H NMR (CDClz) & 1.03 (m, 2H), 1.52 (s,

25  9H), 1.66 (m, 2H), 3.38 (s, 3H), 3.68 (s, 2H), 7.54 (s, 1H); *C NMR (CDCls) &
11.37, 28.29, 40.38, 58.94, 73.43, §83.61, 149.57.

Step 2: Preparation of 1-methoxymethylcyclopropysulfonamide

O\\S . N H2
~ O/\Z : Y
30 A solution of 1-methoxymethylcyclopropylsulfonylamine fert-butylcarbamate
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s, 1H). Step 2: Preparation of

1- (1-cycl ohexenyl)cycl opropyl -sul fonam de c13NH2 O A
WA 00¥k64e6€onpound, PCT/US2007/084799

1- (1-cycl ohexenyl ) -cycl opropyl sul f onam de was obt ai ned

in 85%yield from

N-tert-butyl-[1-(1-hydroxy)cycl ohexyl]-eye

| opr opyl sul fonam de using the procedure described for

For (ot ) vt yat rePbadt € B e LR IR Fastan o0

of eilhyhd weatiake stﬁerd ahgxoanemperddareNYR ( RIMBO-THE }016ed 732

gmo _rle%rfge% éﬂ v%%q) and éhel Gsi@é' c%%%art%%angpgd ?‘g'er %gg_étng@zz E%\'ti(lg with
2H) pooks @O%I\ﬂl %@‘/ﬂa@ine@ td—ﬂ—n@tho%lme'-:thqu%?og %5lf&1am1de as a
27.2, 46. 31.6, 132.2; LR- M5 EslgI g\:

Pr epyaﬁ%@qhérﬁo 6% S11THepEe QYTME-sHPdh yi SR drd 1@ 2H)

NH2 I 0 e

T AR A DI oéﬁ%@%%ﬂ L7
N Tho.87,562p0TARD; WRM&erlzallSBleM +MHDL 66% yi el d using the
procedure described for the synthesis of
N-tert-butyl-(1-nmethyl)cycl opropyl sul f onam de except
1.2 25 equivalents of nmethyl benzoate was used as the
el ectrophile. The conpound was purified by colum

chr omat ogr aphy over Si 02 using 30%to 100%

di chl oronet hane in hexane: 1H NWVR (CDC13) 6 1.31 (s,
9H), 1.52 (m 2H), 1.81 (m 2H), 4.16 (br s, 1H),
7.46 (m 2H), 7.57 (m 1H), 8.05 (d, J = 8.5 Hz, 2H).
-51 WD 2008/ 064066 PCT/ US2007/ 084799 Step 2:
Preparation of 1-benzoyl cycl o-propyl sul fonam de O ,
NHZ Ph 10 This conpound was obtained in 87%yield
fromNtert-butyl (1
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5 benzoyl ) cycl opropyl sul -f onam de usi ng the process
descri bed for the synthesis of 1-

woreaoRpb4vy€ | opr opyl sul f onam de, foll owed by PCT/US2007/084799
recrystallization fromthe mni rum anount of ethyl
acetate in hexane: 1H NVR (DMSO-d6) 6 1.39 (m 2H),
1.61 (m 2H), 7.22 (s, 2H), 7.53 (t, J=7.6 Hz, 2H),
7.65 (t, J=7.6 Hz, 1H) 806(d J=8.2 Hz, 2H) 13C

QProp :}su?fonamlgf

of N-tent butyl phenyl am nocar b@g(yr)”;, cycl opropyl sul f onam
ide OOHPhHN 11~ \O Thmﬁpund was obtained in
42% yi el d using the procedure eScribed for the

equ M§1¢@1{B§m@t§ 15 phenyl [ socyanat e, foI I ovved by
recrystallization fromthe m ni manDunt of et hyl
acetate in hexane 1H NWMR (CI:Q;l 8 (s, 9H),

1.67-1.71 (m 4H),
g,H) 7 10(t, J=7. 5Hz 1@%9 =0. 5Hz, 2H), 7. 53(t, J=7. 5

Pr e n . of titute
cycl opr o]pgﬁ‘élglfﬂo tﬁi‘?’ Opf?fhyi “ﬁé@?ﬂamgf?r %P"é%l&arbaéﬁte was
pr obegintdig 9gf’/<0ﬁﬂd 3600rd?ﬁ§1@&]ie’31§rb@’du@fdescrlbed in the synthesis of 1-

cycl opr opyl yI a rt butyl rbarrate a key
i nt 8 abrna?ﬂéyl{cxc pf%{nw?%iqﬂam -9t ebeg e okl
CY CbQUNQN oF lé#f(fl%ﬂ@%ﬂlﬂ@tﬁyl@rhmd\a FleNals¥d as2e'1_>ec§%ﬂﬂlel The |c_|02mp0und

Preparation o or opr opyl sul f onanm de

19 - B2s WomboshoBL0be N PCTRcsPoDhogsTdoation: SHNMR §PEs) 8
3- |
e TP LAPTIOREEERH. SN K7 G 10! 1 (a2 aefl.y BN S TTRY b 21,

30 s, d§7()d{2a2lslbl ution of NH4OH (200 niL) at 0 C
The reaction mxture was warned to room t enperat ure,
stirred 1 hour, and the aqueous |ayer extracted with
di cBicprRoedph@tien ¢4l -oycEPEpinethyd-cldiepromiidul foganidxt r act s
were washed with IN HCL(150 nlL), water (150 ni), dried
over MgSO4, filtered, and co cegtv'i“éﬁ ed in vacuo. The
crude solid was recrystal ‘Hbrom t he m ni mum
Lamount of dichl or onet hane |n xanes to provide the
desi r ed This compound was obtained in 65% yield from 1-

cyclopropylmethylcyclopropylsulfonylamine zerz-butylcarbamate according to the
procedure described for the synthesis of 1-methoxymethylcyclopropylsulfonamide.
The compound was purified by column chromotography over SiO, using 0% to 60%

20  ethyl acetate in hexanes as the eluent: 'H NMR (CDCl3)  0.15 (m, 2H), 0.51 (m,
2H), 1.01 (m, 2H), 1.34 (m, 3H), 1.86 (d, J=7.0 Hz, 2H), 4.83 (s, 2H); *C NMR
(CDCl3) 8 4.65, 7.74, 11.26, 35.62, 41.21; LRMS m/z 193 (M +NHy).

3d. Preparation of 1-propylcarbamoylcyclopropane-sulfonamide
O
Qé/NHz
-~ N z e
25 H

Step 1: Preparation of 1-propylcarbamovlcyclopropanesulfonamide fert-
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product as a white solid (45.3 g, 93%. 1H NMR (CDCl3)
6 2.34 (m 2H), 3.32 (t, J=7.3 Hz, 2H), 3.70 (t,

wQ 208064086 2H), 4.83 (s, 2H); 13C NWVR (CDCl3) PBCRVUSD07/084799
10 42.63, 52.57. Step 2: Preparation of

3-chl oropropyl sul fonyl am ne tert-butyl carbamate o H O
O A solution of the product of Step 1 (30.2 g, 191.5
mml) triethylamne (30.2 15 ni, 217.0 mol), and

lgﬁ 4OE 19.6 mmol ) in dichloronethane (350 ni)
reated dropwi se with a solution of

dl-tert but yl di car bonate (4d. %g H216.9, mmol) in

di chl oronet hane (250 mlL) ovkr ‘8 m/r%z/es The reaction

m xture was warmed te.fodm Penperatufre, stirred an

addi tional 3 hours, and s washed wth IN HC1(300

mL), wat Elis é(ﬁﬂﬁ)uﬁdl_?vas @ndndalrih nerud3 (Dm"my)eld atcordthg v e

g/?ggfé’a ulfe%,' s%rfbﬁg éorgl?eosaﬂ@gs?sn nt r eyg}éﬂg/llc\gr\%égropylsulfonylamme

§ 11 teurRirgctaitatnbte cX&pihatof. 1(58411%1721’1\1!5 or @@&Ipb&l@:yhﬁhte was used as
hexane rov de th esired product as an
whi 8 CEsromT eﬁ PO /&as gl et cﬁei%f) negt rfafélfn(\%thout
9H) u@ﬁcﬁé’ror{ﬁmm cBchfs 0110 (mIFD, 85 0.6 n@&kﬁtl’lo m,

6 2 2H 15¢ %ga Jﬁ%zgé%oﬁﬂ)z?g% 1357
50 4@) 18‘@ ($8H)14e @32H251 @t(ép’@oﬁ’?-‘éﬁﬁér ation of
cycl opropyl sul fonyl am ne tert-butyl carbamate O Hu S/
NI | OAsqutlon of n- butylllthlum(74 7 m., 119.5

. EMppratibiesdal =% 4 0 b f i (105

e. To
-53 WD 2008/ 064066 PCT/ USZOO?/QZ 9@*2 this solution

was added a sol ution of th& RNrogucy of Step 2 (14 g,
54.3 mmol) in dry THE (105 ropwi se over 20-30
m nut es. ThiHeorPoyind &8s &ﬁ&hbd/i/ﬁSO%@Fm&’ﬁGmand the

reaction xture was allowed.to room .
t enpOPEFHPE O] Oarqsél%%‘gonamldf WEWQC”%W‘H@@ Peegedingdq the

m beb@&iu%s@fﬂ)@ﬂ‘%}% sghﬂlgs@&felcﬂn@thoﬁ%@'tﬂy%y@réb@p 1Bulfbnamide,

concentrated in vacuo, and partitioned between

1gli 2: RYCSPIG A R ARemEtDE PR Yasrad wethe mafetiplovasirgerysiilized from the
or gﬁﬁﬁl u Qnt/F 1CW?C§ ghé?feﬁl@xak%é M I\ﬁ\thgCﬁé 3) 3 ng5 %ﬂ 2H),

(MyS04) , tere concentrated 1 n vacuo s
pr 0045¢Iémt thé) dés(msﬂ{)pt e t3Has]. 86 Wauky7. @ Hiz- 24hi 4. §3 sollid C

(m 305 (TS g M gaRer 2 AuS b Tos B ety 21

20 3e. Preparation of 1-(3.5-dimethylisoxazol-4yl)carbamovlcyclopropanesulfonamide

\\ NH2
// N f
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1H), 7.43 (s, 1H). 13C NMR (CDC13) 6 6.21, 28.00,
31.13, 84.07, 149.82. 10 3b. Preparation of

waz006M0%6 met hyl ¢ propy-sul fonam de Step 1: PrREHDS200T084799
of 1-net hoxynet hyl cycl opropyl sul fonyl anmi ne tert-
butyl carbamate O H NO-1( \0O-SO O 15 To a sol ution of
cycl opropyl sul fonylam ne tert-butyl carbamate (1.0 g,
4.5 mol) dissolved in THE (30 nL) cooled to -78 C,

dde [1ithium (6.4 10.2 mmol, 1.6Min
hexéﬁgg—g%@—?d%‘i&e%@tjﬁﬁﬁm%&%s stirred for 1
houg)cafithmoly ltlySloopdikiudidnaaige Rededylcarh@aie Sol ution of
chl oronmet hyl methyl ether (0.40 n., 5.24 mol), and
the mixture was sIowIM_IIoWed)tp to room
tenperature overnighty 20 OIT H was adj usted
to 3 using I N aqueous 1,'}:\ was @ heh extracted with
ethyl acetate (4 x 50 portions). The conbi ned
extract STPA@E&IIIQ)RI{I@QIHA Ma?ﬂ)&l)m a chldb 1 6608 g/lelc?&gordmg to the

concentrated to affo

- netoh@fbummeé Wltwwys@@f | Fopthpamiothy layelopropylsulfonylamine
but yJ ggﬁ; e h

was ta Ir ec? @&eﬁﬁ%’f?ﬂ%&hk@g{n&slorfégsc mgng/\gli\;@xﬁ%% E

fur ISheranm wia$ useém thn cledtophNR TICDOHBYurBl Wasske( direif)into the
1.52 (m 2H), 3.38 (s, 3H), 3.68 (s,
oH) 1 r?&“‘)(nw%ﬁﬁpur%@%m (CDC13) 6 11.37, 28.29,

40. 38, 58.94, 73.43, 83.61, 149 57. Step 2:

l(gr eE%r gt iPonaoE'oléflﬁbgi-ﬁié”ﬁlLE AR Iy opysul fonamde O O

1- matiharyneloydley oaaestpndngdd f onyl am ne

tert-butyl carbamate -54 2008/ 064066

PCT/ US2007/ 084799 (1. 14 g, 4.C300 ) was di ssol ved
in a solution of 50%FA/d hh dgne (30 nl) and
was stirred stirred at ropm rfature for 16 hours.
The solvent was renpved {n vacuo and the residue

chr omat 091{1@9&1%119&’ &hs dRAnQff in 0981181 38b g it N620Q%055 Chmor)
60% et 25)2@ acet at e/ hexanes to

1- met hoXk§rdmetylisgraradprd pptbgubyleyrinpigpangsulipnamigh vare

B A T S

3. 66oncentrafipf) andchggnategraphipfoyerk3HoARI\CDA LA (Gutink, With 0% to
5% methanol/dichloromethane: "H NMR (methanol-dy) & 1.57 (m, 2H), 1.61 (m 2H),
2.15 (s, 3H), 2.30 (s, 3H), 4.84 (s, 3H); *C NMR (methanol-d,) 8 9.65, 10.94, 15.01,
46.11, 114.82, 159.45, 165.55, 168.15; LRMS m/z 260 (M +H).

20
4. Preparation of cycloalkylsulfonamides from cyloalkylbromides
4a. Preparation of cyclobutylsulfonamide from cylobutyl bromide
i) BuLi
i) SO,Cl,
iii) NH5 (sat) THF
O°tort (")
<>—bBr > <—S-NH,
O
25 To a solution of 5.0 g (37.0 mmol) of cyclobutyl bromide in 30 mL of
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40.87, 59.23, 74.80; LRV mz 183 (M++NH4). -55 WO
2008/ 064066 PCT/ US2007/084799 3c. Preparation of 1
WO 2008lets©p |y met hs propyl sul fonam de OS_NH2 PQ/USX08P084799
1. Preparation of 1 -cycloprop |y neths
propyl sul fonyl am ne tert- butylcarbamate O Hu \S/ N |
|l O 5A00
1- Cycl opropyl net hyl cycl opropyl sul f onyl an ne

tert-buytyl carb te was obtai %y d
o ORaG: St Fahs Bk e ool fod LS e g4
of  dmdTRIN oY BRI IGY RinPRRRMAS U IThO SoltRXIwie slowly warmed to
tert-butyl carbamate, except 1.10 ui val ents of

cycHopropr hethRys. bhismieareas éaru@ka&?%ékwéy BEQ 3 wionef 5.0 g

The LA RABN St A&nARstHRY @ﬁlﬁﬁiﬂflrcﬁﬁ)hhé’ in l@anL 5‘1811653@%% cooled to —40
reactlon W't hout “purification: VR ( CDC 10

tm Q,H)armgd B0 Qﬁvelzl_blour @n@cpre{fn}‘ly q_qq);entr}teﬂgl (amlo 2’]?])15 mixture

1. 4%214 r%dm?dﬂ)ed it dﬁ%# éqlerzsthed ﬁ;lncg Z\llt(lq me] ICZ— gldugater,z(h]}ed
Step 2. Preparatio -cycl opr op

pr ofYESO) ffdteadi ael COGEnNHQd carulThi Ehls:mmm M@s wdissolved in 20
obt n%@f}h{’] ac@%ﬁ( dYo % t(g 5%{% urateil NH; i 1n THF, and was allowed to
cyc propyl 8 opr opy u

ter ‘stirbxsrblyllgha rﬁamkmrmwodcangatbdnm\heuo mmamedd yeldow solid and

qersngv%slnr%gd @%V{ th g/ pnFlglf)n m a unt 8%118111@0111?%%%018 ”’8 ﬁs with 1-
was 2 dtupk f)f @ckhimol Gmru‘rme t.bo Qmﬁ%‘)gjf ﬂmh&mfﬂd@mcﬁbﬁﬁ atnghita golid.
0% t0.60% 20 et%}/gs ?cet ate gxanes as_the e

1H NVRMIEEEIs)) 86 (% 21’945* 3085 4m¢ 4. 330D, Jigbli [t 475

2 T L m, cd 101
t')l) (bre: ggﬁNéﬁNw%cDél %1&@6%33 9% 5@ 42b|2 i[i{%g% /z“%@ﬁ%(cal df

41. .@leI\LSQdSlWQﬂ@Q“@uI(dMM&B&% 3d. Preparation of
14-propyl carbamoyl ¢ propane-sul fonamde O 0 ~rS. NH2

~\\ N~O25 H
4b. Preparation of cyclopentyl sulfonamide

Q
S-NH,
o)

A solution of 18.5 mL (37.0 mmol) of 2M cyclopentylmagnesium chloride in

ether was added dropwise to a solution of 3.0 mL (37.0 mmol) freshly distilled

20 sulfuryl chloride (obtained from Aldrich) in 100 mL of hexanes cooled to —78 °C.
The mixture was warmed to 0 °C over 1 hour and was then carefully concentrated in
vacuo. This mixture was redissolved in diethyl ether (200 mL), washed once with
some ice-cold water (200 mL), dried (MgSQ,), filtered, and concentrated carefully.
This mixture was redissolved in 35 mL of THF, added dropwise to 500 mL of

25  saturated NHs in THF and was allowed to stir overnight. The mixture was
concentrated in vacuo to a crude yellow solid, the residue filtered through 50g of
silica gel using 70% cthyl acetate-hexanes as the eluent and the solution was then
concentrated. The residue was recrystallized from the minimum amount of
dichloromethane in hexanes with 1-2 drops of methanol to provide 2.49 g (41%) of

30 the desired product as a white solid. "H NMR (CDCls) & 1.58-1.72 (m, 2H), 1.74-
1.88 (m, 2H), 1.94-2.14 (m, 4H), 3.48-3.59 (m, 1H), 4.80 (br s, 2H); °C NMR
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Step 1. Preparation of 1-propylcarbanoylc
propanesul fonam de tert- -56 WO 2008/ 064066

WSRO 7/ 084799 butyl carbamate O O H \ S/ NPC€T/TU5200H084799
~0 O This conmpound was obtained in a crude 100%yvyield
according to the procedure described for the
synthesi s of 1-nethoxynethyl cycl opropyl sul fonyl am ne
5 tert-butyl-carbanate except that 1.10 equival ents of

Confiaoe vied ZRE e e ol ot react fon
W thout purification: 1H NVR (CDC13) 6 0.10 (m 2H),

0.51 (m 2H), 0.67 ( 1H, 1.10 (m 2H), 1.49 (s,
9@&&@@@&@@&&@5@%7.0 Hz, 2H). 10 Step 2:
Preparation of 1-propylcarbanpy c propane-sul fonam de
O OS~NH2 H This conpoun LRppi ned in 50%yield
from 1- propyl carbanoyl cy r?')oanezsul f onam de
tert-butyl carbamate according t0 the procedure

glescri bed sblatior ¢fa 8SymL (B0 mmof) of 2M cyclohexylmagnesium chloride

1- /1 ¢ycl I f i.de, 1

o B ATt b aE R ey Sl R e Pt o Ml .0
rec Wﬂrésﬁlﬁ%ﬁ%tiﬁé@iﬂlﬁlﬂ@ chiBHdY iHU0D SMMExa@s cooled to —78 °C. The
di chl or onet hane/ hexanes: 1H NVMR (CDC13) 6 0.15 (m

2H) mixtgresvps ggymeHp 0 °¢ aydr | hgur 2nd) wasth@ueagafyllyidpcentratgd in
e
10 Mrsddkdlice-c@0 wader (I epar dridddNg50.), filtered, and concentrated carefully.
L R SRl 4 P AL
PCT 4dt5260 NH) 84 7HP anGivepalbwelPregpiabadrnigit. dhe mixture was
1-( gdnscén }a[['g%tig clzciug & 2 czr?lllé ée_llow solid, the residue filtered through 50g of
silica gel using 70% cthyl acetate-hexanes as the eluent and was concentrated. The
15  concentrate was recrystallized from the minimum amount of dichloromethane in
hexanes with 1-2 drops of methanol to provide 1.66 g (30%) of the desired product as
a white solid: "H NMR (CDClz) & 1.11-1.37 (m, 3H), 1.43-1.56 (m, 2H), 1.67-1.76
(m, 1H), 1.86-1.96 (m, 2H), 2.18-2.28 (m, 2H), 2.91 (tt, /=12, 3.5 Hz, 1H), 4.70 (br
s, 2H); “C NMR (CDCls) & 25.04, 25.04, 26.56, 62.74; MS m/e 162 (M-1)..
20

4d. Preparation of neopentylsulfonamide

> 9
S-NH,
O

Following the procedure for the preparation of cyclohexylsulfonamide, 49 mL

(37 mmol) of 0.75M neopentylmagnesium chloride (Alfa) in diethyl ether was

25  converted to 1.52g (27%) of the desired product as a white solid. "H NMR (CDCls) &
1.17 (s, 9H), 3.12 (s, 2H), 4.74 (brs, 2H); *C NMR (CDCL) & 29.46, 31.51, 67.38;
MS m/e 150 (M-1).

4e. Preparation of cyclobutylcarbinylsulfonamide
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yl ) car banoyl cycl opr opanesul f onam de
tert-butylcarbamate OH NO O / HAOO HThis
W@ 09poeHoce was obtained in a crude 100% vyi el d aRCDUSI0NTY084799
to the 5 procedure described for the synthesis of
1- met hoxynet hyl cycl opr opyl sul f onyl am ne
tert-butyl carbamate except that 1.20 equival ents of
3, 5-di met hyl i soxazol e-4- isocyanate was used as the
el ectrophile. The conpound _was faken directly into the
next reaction without purifPcatfon. 10 Step 2:
Preparati on of 1-(3,5-dinethy|i§6NHZol-

4y1) car banoyl cpropanesul fonanid@ - O~ ~ NINHR O/
NSO H TRi - i ' 00, Wi
Y fr omﬁ ]s:§lgg%%ligi% Cr%?r%lln?&} %f:c c?@lgbdtﬂcéglﬂ%/iyﬁr&lngie Q@ﬁl@wh) and

1- ( 33.3g thlmembly bf darioflidd inyl SPaulr bavetphe yed leaisd tpmfAes ul

f onam t I S| .
R 0 e BB G0 BB = L T
andby iltared agrthpivgtooy erd ycBpopaigabhPModide (Rl g €4%i) werg

wth 0% 5% netE%poI/ i chl or onet hane: HogMQ .
(oAb Lot TS BERSR CCR o PGS0 b Bapepven)
3H), 2. 38 sistion3)4.0 (28D (SmolB b cyclbBty NWbifyTeddi@ie ke dd) of
6 9.65, 10.94, 15.01, 46, 11, 114.82, 159.45, 165. 55,
168ty drouriisthif ghey geoledvp.rZf "C x9S gannplaisg dytae peftiosrof 17 mL
cyctaajskyhsiybf LRATAESy fiifHRdh G )R RhKWh A QTS [utifR was stirred
Preparation of c.. cl~ylsulfonamde fromc.. I~t%;
1Or ofdrdeninitps. { Bythis npikpreSpBCaPulgt¢d)a qigiop 9639 STHEIONMBY) of
00 §e§h(1)y (ﬁigtilieg Qulfu?&l%hmlflde in 110 mL of hexanes cooled to —78 °C, the mixture
warmed to room temperature over 1 hour and was then carefully concentrated in
vacuo. This mixture was redissolved in diethyl ether, washed once with some ice-
cold water, dried (MgSQ,), filtered, and concentrated carefully. This mixture was
15  redissolved in 30 mL of THF, added dropwise to 500 mL of saturated NH3 in THF
and was allowed to stir overnight. The mixture was concentrated in vacuo to a crude
yellow solid and was recrystallized from the minimum amount of dichloromethane in
hexanes with 1-2 drops of methanol to provide 1.39 g (42%) of the desired product as
a white solid. 'H NMR (CDClz) & 1.81-2.03 (m, 4H), 2.14-2.28 (m, 2H), 2.81-2.92
20 (m, 1H), 3.22 (d, J=7 Hz, 2H), 4.74 (brs, 2H); *C NMR (CDCL) & 19.10, 28 .21,

30.64, 60.93. MS m/e 148 (M-H)".

4f. Preparation of cyclopropylcarbinylsulfonamide

>
§—NH 2
O

25 Using the procedure employed for the preparation of

cyclobutylcarbinylsulfonamide, cyclopropylcarbinylsulfonamide was prepared from
cyclopropylcarbinyl bromide (Aldrich) (see also JACS 1981, p.442-445). "H NMR
(CDCl) 8 0.39-0.44 (m, 2H), 0.67-0.76 (m, 2H), 1.13-1.27 (m, 1H), 3.03 (d, /=7.3
Hz, 2H), 4.74 (brs, 2H); *C NMR (CDCls) & 4.33, 5.61, 59.93; MS m/e 134 (M-1).
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0 25 To a solution of 5.0 g (37.0 mml) of cycl obutyl
brom de in 30 nL of -58 WO 2008/ 064066

WEIBNERO 7/ 084799 anhydrous di et hyl ether (dP&r/kigl007/084799
ether) cooled to -78 C was added 44 nL (74.8 nmol) of
1.7Mtert-butyllithiumin pentanes. The sol uti on was
slowmly warnmed to -35 C over 1.5 hours. This m xture
was cannul ated slowy into a solution of 5.0 g (37.0
mmol ) of freshly distilled sulfuryl chloride in 100 nmL
of hexanes cooled to -40 5 C, warned to O C over 1
houng @nehaetive bLd-thvophone@inamidd i n vacuo. This m xture

was redi ssolved in diethyl ether, washed once with
sone ice-cold water, driegS( ), filtered, and
concentrated careful Iy. Thig maxNite was redi ssol ved

in 20 nL of THF, added dropvviQa to 500 nmL of
sat ur at I
over ni ght. '}Eﬁréd:h th ‘Qg%gigo %?ﬁ?phg&lsﬁﬁ%/ ([:?Jhdo
fz r udmrghestekidwrrs@ldrldh)ammgﬂ& m@bodr desaripsd al meedzebzgomm i@em.
di chl oronet hane in hexanes with 1- 2
%@%ﬁpﬁgﬁﬁéd% to provide 1.90 g (3 8% of the
deS| red product as a white solid. 1H NWR (CDCl3) 6

1.9 06. 230-2 m,4H), 3.86 (p, J=8 Hz,
1H)gr i H’ d 13) 6 16.43, 23.93,
56.29. HRVS m z. (I\/H—I) cal cd_for 0 CAHBNSO2: 134. 0276,
found 134.0282. 15 4b. gy=e Lan\d, cycl opentyl
sulfonamde O DS NH2 O ion of 18.5 m. (37.0
mmol ) of 2M cycl opent yl magnesi um chl oride in ether

10vas addettBamophinydsuifonamidoives ireparagfby3reatnrent ¢3pmmeraially)

fr eﬁ&llﬁ?lgh%‘i‘%%ﬁﬁ%l%@ ?}ﬁﬁlje(ie;&%lssag%%?({ Jagttﬁ%l{lg B%ﬁgq.ed from

mxture was warnmed to 0 C over 1 hour and was then

car &f UL ¥, GONSENL FALed L ¥RSH s IR M Xture vas
redrsso%vvd—m—dre%-hyﬁ-&eq—ﬁm—%rrgi washed once
with sone |g\e°col dhyater (QQD ni), baried (MySH),
filtered, age sepcentraredeimaf ul‘ly—Th| §\rmsx~h.14re
was redissolved in 35 ni of THF added dr opwizse to 500
mL. of 25 saturated NH3 in THF and Ww8S™llowed to stir
19ver ni ghthe ifldAmdliad Mﬂi@m\d@l&hloﬁlﬁﬁ(i@ﬂbréﬁdr&ﬂay dUd\ide Wowhier @
crude .yel | ow sol i eS|d11ef|Iteredthrou gh 50g

of @iy gHEdp 2 ﬁ%lgﬁéo Tovtiged yelutiguet a’tﬂ@rq%%lﬁ%%éocagn%@
el ueqifiv)andHFhad §R!rékultPB s¥asod a{l%ﬁred to warm to 0 °C. To this solution

was added anhydrous triethylamine (1 equiv) followed by requisite secondary amine

(1 equiv). The reaction mixture was warmed to room temperature, then filtered and

20  the filtrate was concentrated to afford the desired sulfamides.

Example 2: Preparation of P1 Intermediates

5. 1-tert-Butoxycarbonylaminocyclopropane carboxylic acid is commercially

25 available
H O

>Z\\TO/NKLOH
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concentrated. The residue was recrystallized fromthe
m ni rum anount of dichl oromethane in hexanes with 1-2
W@le@ps64966 met hanol to provide 2.49 g (41% of PGDUSHE7/084799
desired product as a white solid. 1H NVR (CDC13) 6
1.58-1.72 (m 2H), 1.74- 1.88 (m 2H), 1.94-2.14 (m
4H), 3.48-3.59 (m 1H), 4.80 (br s, 2H); 13C NWR -59
WO 2008/ 064066 PCT/ US2007/084799 (CDC13) 6 25.90,
28.33, 63.54; M5 me 148 (MH)-. 4c. Preparation of
cycl ohexyl sulfonamde O QS-NH2 11 OS5 A solution
of  §8P&pirhtidndof.10uniMEdylobiitandbrby:6Alio BEd WetB &8s hiidRochloride
chloride (TC Anericas) in digethyl ether was added
dropwi se to a solution of 3.0 (37.0 nmol) freshly
distilled sul furyl chlorigoi 81 nL. of hexanes
cooled to -78 C. The m xtur fmed to O C over 1
hour and was then carefully Ebncentrated in vacuo.

Thi's m X{_ UG oS obisHceH00xy 8 adild (180 &g, Mlgwhﬁm fc?e%b was

m), washed once with 10 Some ice-co wat er (200

Br i diEsofyagandy mLfafmegieae, %@aa:‘wd@hblﬁ%\tnef@r housy. uTheyfeactlon
Thi ﬁmmn)ét\x;é% gtn’f@lsfof ﬁgﬁo%%o Lﬁ’c@tﬂeﬂ ang’eﬁltmed % va-g?g: t0 g@\%dﬁlq mg of a

dropw se to 5 of  sSaturated In THF and
al | wollsey @ib %‘ttunatl@wrth]i(gm of ?lfmélyhﬁztmrmr@/ldvdd 00 mg of the desired

concentr.at ed I

- oo PN FRuhDp VoS NP BSEREE2 Y0 RS ). B os W06 (g 1)

et hyJ643(}Qt(ﬁJ]; eH})G)SamSSHa,S) Ill‘(er gBHeant and was

§oncentrat ed. The 15 concentrate was recrystallized
romthe m ni rum anount of dichl oromethane in hexanes

Wi t ha. 1Préphitast ofR 2el (808 1-hifingr2oathdey clopffpatechrd0licatid

t he desired oduct as a white solid: 1H NWVR (CDC13)
6 1ﬂ4@1ﬂ?ﬁ‘%ﬂ?¥%ﬁi‘ﬂs 1.56 (m 2H), 1.67-1.76 (m
1H), 1.86-1.96 (m 2H), 2.18-2.28 2H), 2.91 (tt,
J=12, 3.5 Hz, 1H), 4.70 (br s, ; 13C NWR (CDC13) 6
25. 04, 25. 04, 26.56, 62.74; M5 nmpe 162 (M1)-. 20 4d.
Preparati on of neopentyl sul f oHg1 d2O&BuS-NH2 11 O

ethyl syn to carboxy

15  Step 1: Preparation of 2-ethylcyclopropane-1.1-dicarboxylic acid di-fert-butyl ester,

shown below

tBUOzC COztBU

To a suspension of benzyltriethylammonium chloride (21.0 g, 92.2 mmol) in
a 50% aqueous NaOH solution (92.4 g in 185 mL H,O) was added 1,2-

20 dibromobutane (30.0 g, 138.9 mmol) and di-ferz-butylmalonate (20.0 g, 92.5 mmol).
The reaction mixture was vigorously stirred for 18 hours at room temperature and
treated with a mixture of ice and water. The crude product was extracted with
dichloromethane (3x) and sequentially washed with water (3x), and brine. The
organic extracts were combined, dried (MgSO,), filtered, and concentrated in vacuo.

25  The resulting residue was purified by flash column chromatography (100 g SiO,, 3%
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Fol | owi ng the procedure for the preparation of

cycl ohexyl sul fonam de, 49 nL (37 mmol) of 0.75M
wWoewpeMogé magnesi um chl oride (Al fa) in diethylPEI/H82007/084799

was 25 converted to 1.52g (27% of the desired product

as a white solid. 1H NWR (CDC13) 6 1.17 (s, 9H), 3.12

(s, 2H), 4.74 (brs, 2H); 13C NWMR (CDC13) 6 29. 46,

31.51, 67.38; M5 nfe 150 (M1)-. 4e. Preparation of

bR RhR te SRR eyl Pt 2o 9. 3%

( 83y whicafwas yicddakndétiyl i6 aichieRyrkadtioem de (Al dri ch) and
13.79 (91 mmol) of sodiumiodide in 150 nL of acetone
was heated to reflux overnight and then cooled to

I 00Rich @NMPedpatatibiCof rddenid AEFRYCOpSPAricdS] -WREB X8RV GorPbuty]
by filtration and the acetone and cycl opropyl car bi nyl
? odEde. yhewn bglows604 were renoved by distillation
(anmbi ent tenperature and 150 tory~at 80 C,
respectively). A solution g (21.98 nmol ) of
cycl obutyl carbinyl iodide i 30 nL of anhydrous

di et hyl ether cooled to -78 was cannul ated into a
solution of 17 nmL (21. 980nHol ) COLtBL 3M
sec-butyllithiumin cyclohéxanes and the sol ution was
stirred THprbdict & Sﬁmh@l@§ g, T08 him@) wasdddedetowasspension of

G SPRER e eyl Xy Db a0 findEh iy Bl et et ath o

cookefed With HEO G.34 ME, 78.0¢kH08, an\&aﬁm%&&lsl@/@ﬁﬁéd overnight at
tenperature over 1 hour and was then car éf ul

1@ onEQont tempeaturan Thy sragihon mpxfuge waspquFes! A $ixtaeg @ 4512 grater
in diehhnba € @feth&’i@ﬁé? ?ﬁ()omﬁ@ad’ﬁﬂe@)tﬂ I8RPRad £8uste@Q Seidic pH

wat er, dried I'tered, and ‘concentrated
car sfth lal19%o aﬁm:csls mtlxq asranSO\M@n 160 ?Cémds@trhql@cuwnmetbﬁ anttatof3x).
;:'g T&Ieggo%q?e% &P%a‘ﬁll cslgye%sl \?]érgv élgﬂﬁéd waa%.% é?x&ebq '_EgrlemgMEEE@
con ﬁha‘ed aheé concenttagduo vaao @ mowdetheyd&dmedmcslo&tmsi a aald yellsv oil
ecr ghélze &kpn%k@e m ni mum anount of
e i’hY xanes with 1-2 drops of nethano

to prOV|de 1.39 g (42@6 of the deS|red product as a
whi ( 1. .03 (m 4H)),

3 o wi 1FD 3.22 (d, J=7
HZ triﬂf@thv1Alaﬂ'életﬁ&f@arbgﬂ'ﬂamﬂ@)@vdﬂf)\ﬁ%dam%xv@c 3184 10s-butyl ester,
28.21, 30.64, 60.93. Ms nle 148 (MH)-. 4f.
Pre§§¥%¥¥¥%¥of cyclopropylcarbinylsulfonanide O

Q

%NH COztBU
Me;Si
- 5 \/\O

To a suspension of the product of Step 2 (10 g, 46.8 mmol) and 3g of freshly
activated 4A molecular sieves in dry benzene (160 mL) was added triethylamine
(7.50 mL, 53.8 mmol) and DPPA (11 mL, 10.21 mmol). The reaction mixture was
heated to reflux for 3.5 hours, treated with 2-trimethylsilylethanol (13.5 mL, 94.2
25  mmol), and heated to reflux overnight. The reaction mixture was filtered, diluted
with diethyl ether, washed sequentially with 10% aqueous citric acid solution, water,

saturated aqueous NaHCOs, water (2x), and brine (2x), dried (MgSOQ,), filtered, and
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~S-NH2 O 25 Using the procedure enployed for the
preparation of cyclobutyl carbinyl sul fonam de,

W@ yeBoOmoepyl car bi nyl sul f onam de was prepared fPOIUS2007/084799
cycl opropyl carbi nyl brom de (Al drich) (see also JACS
1981, p.442-445). 1H NMR (CDC13) 6 0.39-0.44 (m 2H),
0.67-0.76 (m 2H), 1.13-1.27 (m 1H), 3.03 (d, J=7.3
Hz 2H), 4.74 (brs, 2H); 13C NWR (CDC13) 6 4.33, 5.61,

PCT f%i[gsf?‘f%’éﬁafﬂ@ {f%reglﬁl’?-gérsﬁeﬁ % 1816%% of Aldrich

2-t bbl?ﬁb@ﬁﬁﬁa&%&%@%ﬂ r6€n 1n 1%0 hih‘]Qoﬁ (Ekhlo'lfbﬁetﬁiﬁﬁ gtg&d gf duct
alr e r.om t enes on C ori
( puregrpa Btie pYegHe i %‘5@8 a%Prﬁ&ﬂ feﬁaaodaetég & BeymprL

Juskpsg) 4d a%'lé);%ll@\ﬁ}%ﬂ Chemr (33,5 P6Ls, 9@{)1(7 47 éx§25H)4hzo (br m,
Preparati on of 4-bronobenzenesul f onami d

s NILE) d4519 9@&%%%ﬂ@dt@@a%é -%h@rbrl@@ar ed by
treatment of commercially avail able 4-bronosul fonyl

chl or| de W|th saturat ed anm)nl a in THE 5 General

O base NCO €L S R~2R1NNH2IR2
HN te te ra%eélc 1§1r le Chl oride was

prepared by addition of water (1 \v) in THE to a
cold (-20 © stirred solution o | or osul f onyl
i socyanate (1 equiv) in THE an he resulting

solution allowed to warmto OHIMN TeP1tRHs sol ution was

added anhydrous triethylam ne (1 equiv) followed by
requi site secondary agihyksyn to carboxy

10 To the product of Step 3 (3 g, 9 mmol) was added a 1.0M TBAF solution in
THF (9.3 mL, 9.3 mmol). The mixture was heated to reflux for 1.5 hours, cooled to

room temperature, and diluted with 500 mL of ethyl acetate. The solution was
successively washed with water (2x100 mL) and brine (2x100 mL), dried (MgSQ,),
filtered, and concentrated in vacuo to provide the desired product.

15

7b. A general method for the conversion of Compounds of Formula I bearing a P1

vinyl P1 substituent to the corresponding saturated P1 analogue as shown

R5C RSB

o o RSC RSB
R R
RS RSD RSA
| ) [
RSE = st _N
RO o,
RF O
TR Y K 9 o0
S EtOAc H \\S//
— = .
) N Ny
j/& H 5% Pi(S)/C, H, (30 PSI) A—H\(J% 5 4
R o
30 minutes R3 ‘h)
P1 vinyl substltuent P1 ethyl substituent
Compound A Compound B

A suspension of Compound A (approximately 100mg) and Pt(S)/C (5%, 10 mg) in

20  approximately 15 mL of EtOAc was hydrogenated , H, (30 PSI) for 0.5 h. After
filtration through a Ceilite plug, the filtrate was concentrated and purified to give the
desired product, Compound B.

8. Preparation of racemic (1R.2S)/(15.2R)-1-amino-2-vinylcyclopropane carboxvlic

acid ethyl ester:
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(1 equiv). The reaction mxture was warnmed to room
tenperature, then filtered and 20 the filtrate was
w@omwsesos@t ed to afford the desired sul fam desPCT/US2007/084799
Exanpl e 2: Preparation of Pl Internedi ates 5.
1-tert-Butoxycarbonyl am nocycl opr opane carboxylic acid
is coomercially 25 available OHO ~~-NOH O!Z- W
2008/ 064066 PCT/ US2007/ 084799 6. Preparation of
1- am nocycl obut anecar boxyl i ¢ aci d net hyl
ester--hydrochloride '~~ H3COY NH3CI O
1- Amichayey'cl obut anecar boxylic acid (100 ng, 0.869
nmol ) (Tocris) was 5 dissolved in 10 nL of nethanol.

HC1 gas vas bubbiegd |n for 2 hours. Thesggaction o
m xt L,/VQ hoUr &£t amd—them——  BocHN J
OO |

conce at ed ? S\éagﬁ ive 144 ngeset™SA~yel | ow
Trituration W|t ‘mL of diethyl ethepsproewided 1
ng of the desired product as a whitgwsalid. 1H NMRmate:
(CDC13) 6 2.10-2.25 (m 1H), 2.28-2. ﬁf‘”(’m 1H), 121 mixture
2.64-2.82 (m 4H), 3.87 (s, 3H), 9.21 (br s, 3H. °1@X 29

7a. Preparation of (1R 2R)/(1S,2S) an (15, 2R)

1- am no- 2- et hyl cpropanecarboxylic acid tert-butyl

ester (racemc m xture) H2ZN CO2tBu ethyl syn to

car =15 Step 1. Preparation of

@ et h er pGBABeth}) é!ated hﬁcammfwk (4ach ) d6 ehoiei) at sdpéndkd in rerr-
shown bel ow t BuO2C C0 uspensi on of

benkwmﬂéfﬂ ﬁtwreiﬂrﬁ&m &ﬁﬁv@}ﬂemeé@ 1(@2 lé nabl@de pnhydouy sqdipm
a 591%{? ?_eo(g%)%Sl Meﬁ%rgﬁa&ﬁ ing %e%ﬁtdr@w;@c%o% t(%‘@c@ usYi@San

added di br onobut ane {( 30. .
di - iceratdsiratp] rreikbplamenc((28 Lo} 2(91205) Wﬂﬁﬁd)ded drppigise over 30

;eaﬁlgrgl?n&tagh ﬁle rqlgl?tbl%as S &QQ{ %95{3 ¥o dlsrg ﬁt rﬁ&g tJrrrlﬁ{?{aérﬁ'% h’gl#gl}g%célon

1@dndwaathen que‘ﬁhlmddwudétlm odoectoldwsteeidt ln)aot 8¢ onganke layer was
separated. The aqueous phase was extracted with fert-butylmethyl ether (0.5 L) and
the organic phases were combined and washed with a mixture of saturated aqueous
NaHCOs; (1 L) and brine (1 L). The organic layer was dried over MgSOQ,, filtered,
and concentrated in vacuo to provide 392.4 g of the N-benzyl imine product as a thick

15  yellow oil that was used directly in the next step. "H NMR (CDCls, 300 MHz) & 1.32
(t, J=7.1Hz, 3H), 4.24 (q, J=7.1 Hz, 2H), 4.41 (d, /= 1.1 Hz, 2H), 7.39-7.47 (m,
3H), 7.78-7.81 (m, 2H), 8.31 (s, 1H).

Step 2:
20 To a suspension of lithium zerz-butoxide (84.1 g, 1.05 mol) in dry toluene (1.2

L), was added dropwise a mixture of the N-benzyl imine of glycine ethyl ester (100 g,
0.526 mol) and trans-1,4-dibromo-2-butene (107 g, 0.500 mol) in dry toluene (0.6 L)
over 60 minutes. Upon completion of the addition, the deep red mixture was
quenched by addition of water (1 L) and fert-butylmethyl ether (TBME, 1 L). The
25  aqueous phase was separated and extracted a second time with TBME (1 L). The
organic phases were combined, 1.0M HCI (1 L) was added and the mixture stirred at

room temperature for 2 hours. The organic phase was separated and extracted with
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di chl oronet hane (3x) and sequentially washed with

water (3x), and brine. The organic extracts were
wa@omBloewdee dried (MgS04), filtered, and concenPCHUSH0T/084799

vacuo. 25 The resulting residue was purified by flash

col uim chr omat ogr aphy (100 g Si 02, 3% -63 WO

2008/ 064066 PCT/ US2007/ 084799 diethyl ether in

hexane) to provide the desired product (18.3 g, 67.8

o d directly in.t
oadieb e o el S et HEF o a0 o,
pr oalaJTEBMEJ@ dj) Gas Y bl dCth@fidurt &fak chidrb 0°6, "@I&I Sifred mixture
shown bel ow HO2C C02t Bu The product of Ste 18.3 g,
67. anihet Padiapsigdepd 6 by thelsrariss agditigp of 1\4 the
ter brohMb @agbld\?as(sé%rééd @nd ‘3‘1@ gq&oﬁg@iage \Jva[?s ler%(ctQi \%ﬂ}hT]ISME (2 x

et her (50 treated l)’és
75. 60Gwb). )Thea)ﬁ@nwtrwt@wrsagmpmgd |dr1pda@ive® ﬁhgfﬁterealtanio

r 009&1&81% aab HQSlugly&Fl e %gﬁ@ E‘olﬁ'ﬁ toéi”'f X‘@ﬁlg Pagtk‘ %&ﬁ%d B3 or

m xture of ice and water
et hdrte(3wjyldiFdreonaty{ €dus 01689 arol)waé thedigsiredinted fach ddiyat room

o AP SIAL B L 00 e

or géamnctoonl aay dresniwerewaasiedd fart3rhonataed wa2shpn albrwedepol to room

R G I B S T RS R

( 100@106146113‘3 it t(ﬁlﬁl%ylyle &0 g))f crisfiepatdrial Pﬂ"ﬁlp a¢satuk ©as pirified by
(1R 13 2S " o
T R (ES R DS ATt b 4y 2 S OLHEH b
)86 Izp%wme i5d gt(ss%) (ki}il_ﬁc}éhnceﬁi%h(m g@qm?m)ﬁl @ﬂﬁn@dz-mhuﬂcyclopropane
t Bu oasupenslonote I‘OUCtO
St eﬁa@we agd e ?81 BiCHHHA ¥ law&ﬂs’ghlﬁlrwflﬂlé%wle Hiting e
l?rAu gﬁlﬁ%%ﬁlﬁnraﬁgﬁﬁﬁméDbﬂ %@/Mh%pgw@ )(t( 1609 my) mth Aqdedr),
10. 243 1010m, 1Hhd. 7|6e1a8:2t(bbm, hhlwuftéq vOasS 6 H@altf@ ﬂ%(q, J=172

r ef Lux,f 0

R 2R el hEal PP 1 By ) 520 Wy 17l v
heat Bl 5t7G (ddsk Ved 7@ €0.Bi ghiz, 1The MSeract2bm6 folt)ur e was
filtered, diluted wth diethyl ether, washed
sequentially with 10% aqueous citric acid solution,

20vat erResolstidruofaV-Bde-aluBHAlES, NHCEBIn o\Retigyicyc Rpiapamn@ rboxylic

bri digt%xpéstegri ed (MyS04), filtered, and -64

Scheme 2

(0] (0]
BocHN J BocHN “\ BocHN
W “,

0 Enzyme Z“‘{R o .\
Buffer, DMSO 28

/,///

Racemate:
1:1 mixture
of (1R, 2S)
and (1S, 2R)

Resolution A
To an aqueous solution of sodium phosphate buffer (0.1 M, 4.25 liter (“L”),
25  pH &) housed in a 12 Liter jacked reactor, maintained at 39 °C, and stirred at 300 rpm
was added 511 grams of Alcalase 2.4L (about 425 mL) (Novozymes North America
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WO 2008/ 064066 PCT/ US2007/ 084799 concentrated in

vacuo. The residue was suspended with | Og of Al drich
w@Noglemesy anat e scavenger resin in 120 nL of PCT/US2007/084799

di chl oronet hane, stirred at room tenperature

overnight, and filtered to provide the desired product

(8 g, 24.3 mmol; 52% as a pale yellowoil: |H NW

(CDC13) 6 0.03 (s, 9H), 0.97 (m 5H), 1. 20 (br m 5

él_%@c])b%g%}’ﬁ_t‘?r;?)@?téﬁ Ihlel;r,;gblger rg'[l(.‘ﬁ]g&i%% C, the pH was a '_(?Justed to

(1Rg 3'%}7/t1€e1aﬁd3§)1 olta 80V, NAOZ BLNES. ArORADE 68t AxdihicOv-B6d-d
tert - but ester (racem c mxture), shown bel ow H2N

cogﬁl%%)éi hyR)-Egpinog?- &laylsm@prqmner@arb%hw% gtbyl ester Gpgpin

3 ( §5(9mL%f @Wd w‘éﬁ@t%e@g(ﬁﬁﬁi ofer 2 pEM AT AL rSighed i8R réa@tlonTHE
(9 The m xture was heated to refl ux

§or te].npsraltwmwss th@mmhletiurted at 4bEnfor ehpbews dereng vaneh time the pH of

di | Hlte%xtvl\fr tvrv]as5 tn% toog ? %t tﬂé’ l 5 %&H‘xag% 5T1h1)1r tiSnQe o;yqbntg using

successi ve
(2x ]N@OHrih)wted r Aﬁe& Z4l\5@$ﬁlt-h) the ehdntib-exkeds ofahdescomae dettemtlmdl to

a provide the d S|red r odu
gont 51 Shetdhe Fstop nas o SR Braabinof sflugimed
For mﬂérﬁglllt (b@adsurg)gftar Which tht BYdntiPEx &PSHthd 4@ twa§ @et&rhﬁned to be
corres o saturated P1 anal ogue_ as shown

n 100%. tﬂ% pag)tlonl:@lptug Was thpndjl@sgj nes pzfl@ 5@%\ Ng%{ and

' tHe reslﬁrltmg\én;(gtWeNva@ egrédte%%lﬁzﬁ M@B@@? xé‘zL)( 38 E’oﬂl‘t)méﬂ NPrBiE
R4O R3 30 mnutes R3 Pl vinyl substituent Pl eth

substtractiestthencmrpeslividh 2o Hé x BOAM Ysyrseid P éﬁ%fnL) and
CO T ' 23 N a 118 1mn -
ng;f@&ﬁ&{i AdGADRLOXS SR &b)él%nqg@g%% ﬁgg O@gﬂ%ﬁ GROE 1 3ino-2

approxi mat el y : ' '
hydW@gbV@@I@dpanmarbwllpgrlﬂ cthgkes@r & light péltomrsolid {42t 35 peyfy:

15 hr 9’7@%*@ ?I r téo‘h&nﬂ eg‘&ha&d“ §odok LhdnBbRe MBS EQPGEAL r at ed

and pur
The aqueous layer from the extraction process was then acidified to pH 2 with

50% H»S0O4 and extracted with MTBE (2 x 2 L). The MTBE extract was washed
with water (3 x 100 mL) and concentrated to give the acid as light yellow solid

(42.74 g; purity: 99% @ 210 nm, containing no ester).

o/ ”\ /\11 oJ H,,j i
SRR
32 32 > 6
20 1R, 2S-ester 1S,2R-acid
ester acid
High (+) ESI, C13H»NO,, [M+H]', (-) ESI, C11H1gNO4, [M-HT,
Resolution | caled. 256.1549, found calcd. 226.1079, found
Mass Spec | 256.1542 226.1089
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desi red product, Conpound B. 8. Preparation of racemc
(1R, 2S)/ (1S, 2R) - 1- am no- 2- vi npropane carboulic acid
We@rivglowss er . - 65 WO 2008/ 064066 PCT/ US2007/ O8BTDBS2007/084799

Schene 1 OH Step 1 N COZEt Step 2 BocHN O
ClH NNCOZEt Br O Na2SO4, Et3N Br TBME 1) Li O -Bu,
toluene, rt 2) 1.OMHCI 3) NaOH Racemate: 4) BOC2
ocZ0 1:1 mxture of (1R 2S) and (1 S, 2R) Step 1:

nnl

5 G vvelrna ot hval actar hyuder nchhl v 1 nlr\ {204 2 16 a)
yu' TC Ct ||y| COoOU 1 ||yu| \WAVE N} Ul LEA".A Y2 \u\.l'-r y’ . LU ||U| /

was |suspended in tert- butylnethyl ether (1.6 L).
BenzalMrhydavéLhbmital 4ifl6 nol e) and anhydrous sodi um
sul flate (155 1.09 nole) were added, and the m xture

s |cool edoeHRDLS MR T Hgumar £ Bl pam

Triet hyl ARk bﬂ&%o@b %l%to%@o%kfﬂa%r@&d@@ 746 &ﬁw o
over m nutes and the mixture was stirred for
hours at roomtenperature. The reaction 10 was then
querichred by addittomof Tce-cotdwater (1 t)—=and—the
organic layer was separated. The aqueous phase was

ext rj@otigoh W { Rrdtar dpatout)y | metidy| et helrotph (mttkrn) andC-13he
organi ¢ phases were conbi ned and washed with a m xture
of saturated|88Ueous NaHCEBE™(1 L) [dR8 brine (1 LPP™
The |argani c layer was dri edoover I\/gS(ll filtered,40.and
congentrated|in vacuo to provide 3 g-of the
N- be r?zyl i m né-IBr(ﬁ)d'u:c?-Oas §411h| ck 1% &/76@ 6W9(9 | AP
was |used di reqqtzby in the mext step.| gh NVR (CDCL3, 300
MHz) 6.1.32 (I )= 7.1 Hz, 3H), 4.24°(q, J=7.1|Hz,
OH)|3a.41 (d|1Je(N1 Hz, 2B§2 7.39-[A.WAbpm 3H) |23.4
7.785%. 81 (m| 1%'6')(br)8 31 (s, 1H). St e1p51§(br)
P 0. s g
5 5.74 (ddd, J= 133.7 5.75 (m) 133.4
9.0,10.0,17.0
Hz)
6a  |525(d,J=17.0 |117.6 528(d,J=17.0 |118.1
Hz) Hz)
6b | 5.08(dd,J= 5.12(d, J=10.5
10.0, 1.5 Hz) Hz)
7 |- 155.8 156.2
G <00 C0
9 143 28.3 1.43 (s) 28.3
o Tate i
11 1.23(t,J=17.5 14.2
Hz)

Resolution B
To 0.5 mL 100 mM Heps-Na buffer (pH 8.5) in a well of a 24 well plate
5  (capacity: 10 mL/well), 0.1 mL of Savinase 16.0L (protease from Bacillus clausii)

(Novozymes North America Inc.) and a solution of the racemic N-Boc-
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20 To a suspension of lithiumtert-butoxide (84.1 g,

1.05 nol) in dry toluene (1.2 L), was added dropw se
wa@200806406€ of the N-benzyl imne of glycine etPgl/USNDBO84799

(100 g, 0.526 nol) and trans-1, 4-di brono- 2- but ene

(107 g, 0.500 nol) in dry toluene (0.6 L) over 60

m nutes. Upon conpletion of the addition, the deep red

m xture was quenched by addition of water (1 L) and

ter T L

ohobd R SR LY sy Shad Bt ietatiab SaBopdT e PSR D me) i
TBMB.1(nL bf) DMEDewerob@ral Th@plas s Yarled ag iouhed, at 2503 at 40
HCL( 1 L% was added and the mixture stirred at room

t enpler At & hogrs, gapuprcessph dhespighwpcdefaued (o 44.3% as
SePaIR . AN E%F fh@%a%goﬂ"ﬂnfxlﬂlre @@s MR2Q08{1 AG4QA60e1l with 1 mL
PCT/ US2007/ 084799 water (0.8 L). The aqueous phases

er ethetvdreficorebirdeghtion 40 tmirl@mb,@r (LR o dlictsupTaQang was azphyged
TBME. L nd the m r S

The i iR G B o R R RS0 730 DG o

t he adlico it siee Adlelivhd moubated T6-. LDWAtDRLDB], day e 25(anfpgfaznl4o °C, after

| ayer . was separated, and the aqueous phase

ext PAIhAeHTRIL # i o tded TS YR ATERETGH TR, 10 HL of the

ext (@Rl R LRTRIINGH: thQEHn%TjHPE@ranMQ&@ ckdeld EHRARPHas
concentrated to a vol une of . To this solution of

19 r edetermingd tohe 1@ded BOC20 or

di -tert-butyl di carbonate (131 g, 0.600 nol) and the
m xture stirred for 4 days at room tenperature.
Add&?_sgdmmﬁdl -tert- butyl di carbonate (50 g, 0.23 nol)

was add n@h 0 1{11@[% % bﬂﬁ?rh@ 11¥£W ﬁoy\@% ell late

refl uxed ours a C0O0 oom
10 (ospmyaﬂ(mm/mlbxml gllhmf Efjregase eam (pm‘teasn: f«bmrlbcmas

? ri Egogura Vozy es gAmerica ?nca afi nc thornaotf%lcf racem1c AR e
provi cr I IS resi

pur (IfR E:)/(IISQR)‘ l-a&moej”-lmﬂyﬂayd])@rqphgl cdrﬁox&llk geidéth@i e@@r (10 mg) in
; A .
el u d o élglgé ox%e?e c@eﬁ }%l%ag ggal and erc%gte%eat 9570 1%m at 40

(53

N- Bec- ME% RIohf, buneRex des@di thOester Wialh MétEEHQRG a@&n@% as
car boxyl ic acid et hyl ester as a yellow oil

sol fdiopings Onhinf-ef &wetr%alcﬁ@l mixtyrpway Smoged 3rn§é1iﬂé?do‘f’eﬂ with I mL

Q\Ime&l%g'a%tir %%Hti A5 Iig thé gup_?ﬂlatazt \%as’%?lyg’néd)\ﬁl_lt ,hé Ehiral

2 1HPL6;, T@:theSreﬁlaMm,g rgdd)lpn 1411)(1[8‘6 i(te)! mlof DMSO Ras adglleﬂ and the

( d dplagf wag .}ncg%atid?' ﬂ}pr la_&dltlonﬂ_ﬁ &a@% ’at72$0 (r%I&%’P EQ]‘EC f%f':_%ﬁhl%bg glL of
8. 9cthidnol ®al) addBtdthe wemAA &S deMritvgatial 18 uL Be 8Rlstibcrifant was
of N- Boc- é{lR 2S)/ (1S 2R 1- am no- 2-vi E&r opane carboU ic

aci anadyzs ]w1tb §}te§|h1r§ amgl enpiyoeyxcesy O FMe BrerHes-determined to be

2 BoClihos,
Samples analysis was carried out in the following manner:
1) Sample preparation: About 0.5 mL of the reaction mixture was mixed well with 10
volume of ethanol. After centrifugation, 10 uL of the supernatant was injected onto
HPLC column.

30  2) Conversion determination:
Column: YMC ODS A, 4.6 x 50 mm, S-5 um
Solvent: A, 1 mM HCI in water; B, CH;CN
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O Enzyne O--~ + is OH Buffer, DMSO 2s 2R Racenate:

1:1 mxture of (1R 2S) and (1 S, 2R) Resolution A
waenoasme#gueous sol uti on of sodi um phosphat e buP¢BEDSZ007/084799

M 4.25 liter ("L"), 25 pH 8) housed in a 12 Liter

j acked reactor, maintained at 39 C, and stirred at 300

rpm was added 511 grans of Al cal ase 2.4L (about 425

nm.) (Novozynes North Arreri ca -67 WD 2008/ 064066

PCT/U 07/49 ftho
i xR cQeria gt Sphie 10 aucHd] GO Bernebleg ) § i Boa o
the3@%® &0 5 Ahin@eH0% NaOH in water. A solution of t he
race goc-

(1RF rFKel MSAPIN - ami no- 2- vi nyl cycl opropane car boxyl i ¢
aci @\,elbayénoﬁsm@rnn{ 85g) in 850 nL of DMSO was then

added over_ a period of 40 mnutes. The reaction 5

? enBeleRiQitEnG At ke Mingstek A IS 40 C for 24.5 hours

deBj"Qna\ﬁﬁd) Eheeld dRrh@itoPihe clie M xture was adj ust ed
to 8.0 at the 1.5 hour and 19.5 hour tinme points using

O%CONH@—EHME% OD-RH: &6 x240 thcﬁji gm t he
enagils FEEoH I IRAFRES0. RN gipLi ned to  be

teacti on was' coo e room tenperature
(26FK0‘)V1ameS76|mIr/enh. overni ght (16 hours) after which

he ti ess of the ester was determ ned to be
“io f[%gfqecﬂ‘?e p "8t the reaction mixture was then

adj Bsteettbntttind. 5 wi th 50% NaOH and the resul ti ng

m xt s extyacted with Mr
Cont e TRBE Y EEI SR TGS RAGS AR 506 NaHCcs
(3 Rade@&tht_])R 29y SR\ BasinbOOviAtycl@ichan € euieitic adi@ethylrester
vacug | ve th% enantionerically pure
o2 %§)‘1ﬁ 29098 no- 2- vi nyl cycl opropane car boxyl i ¢

1@ci mmbyl af$ioeT-viadlcydghbpanetdbxysohdid cth(iZs®P 195 minutes.
purity: 15 97% @210 nm contai ning no acid; 100%

enantioneric excess ("ee"). The aqueous Iayer fromthe
ext Ragilten oPr ocess was then acidified to pH 2 with

50% H2ZSO4 and extracted with MIBE (2 x 2 L). The MIBE
extract Whof 0ddMealivmphesphait buffof SH1GG rpaijtaigediat 38 °C in a 20

?Zgig%t 50%%(? gea&t? gtl %%D/HR lg&r%g{ dﬂﬁ? lltgfﬁ?)? tAlXaﬁ!lse QVXLS(Rllovcgzy/mes

26 ONbgh Hn@rlca Inc. ) and 1 liter of DI water were added to the reactor. When
temperature of the mixture closed to 38 °C, pH was adjusted to 7.8 with 10 N NaOH.
A solution of the racemic N-Boc-(1R,2S)/(1S,2R)-1-amino-2-vinylcyclopropane
carboxylic acid ethyl ester (500 grams) in 5 liters DMSO was added to the reactor
over a period of 1 hour via an addition funnel. The reaction temperature was then

25  adjusted to 48 °C. After 21 hours, enantio-excess of the ester reached 99.3%.
Heating was stopped at 24 hours and the reaction was slowly cooled down to room
temperature (about 25 °C) and stirred overnight. The pH of the reaction mixture was
adjusted to 8.5 with 10 N NaOH and the mixture was extracted with MTBE (2 x 4 L).
The combined MTBE extract was washed with 5% NaHCO; (3 x 400 mL) and water

30 (3 x400 mL), and concentrated to give enantiomerically pure N-Boc-(1R,2S)/-1-
amino-2-vinylcyclopropane carboxylic acid ethyl ester as light yellow crystal (259 g;
purity: 96.9% @ 210 nm, containing no acid; 100%ee).
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91 OYN40i 11 $O-NL 4 OH 03 2°% 9 03 26 55 20

1 R 2S-ester 1 S,2R-acid ester acid Hgh (+) ESI,
wW@1®BBeMe, [ MHH +, (-) ESI, G 1HI6NO4, [ M H] -PCT/US2007/084799

Resol ution cal cd. 256.1549, found cal cd. 226.1079,

found WMass Spec 256. 1542 226. 1089 -68 WD 2008/ 064066

PCT/ US2007/ 084799 NMR observed cheni cal shift

Sol vent: CDC13 (proton 6 7.24 ppm C 13 6 77.0 ppm

Bruker DRX-5000: proton 500.032 MHz, carbon 125.746

MHz Position Proton (pattern) C- 13 Proton (pattern)

C 1Resodpign@om ppm ppm1 ---- 40.9 ---- 40.7 2 2.10

(g, J =90 34.12.17 (q, J 3a_, ..
1.76 (br) 012913 %1 MW“’(%P}?OS@%“%W%@E(P? Hevap H}a}nt%n%ﬂlat Wifrjna
4 - 20 Litdr j&bk8d reactor, dfrRodGt 360 rpm. - 1.5 liters of Alealase 2:4L (Novo mes
...................... 5.74 (ddd, J = 133. Z%/

% m Norh Ameriga @c ) S gddei’po e r_qutor eWhen t@s teflw)era:r}lre.otj_t#e pixture
11701@86% t& §8 6@ the]pH' wllz a(gus:{édao % O VH?}D l(ﬁé NaOBy. EA &ﬁut(oqcbf thtl,‘

" ester (200 gr§ms) in2 11§er IQMSO wasSagdgi to the reactor over a perlod of 1 hour
via an addition funnel. The reaction temperature was then adjusted to 40 °C. After 3
10  hours, the pH was adjusted to 8.0 with 10 N NaOH. After 21 hours, the reaction was
cooled down to 25 °C, the pH of the reaction mixture was adjusted to 8.5 with 10 N
NaOH and the mixture was extracted with MTBE (2 x 5 L). The combined MTBE
extract was washed with 5% NaHCOs (3 x 500 mL) and water (3 x 200 mL), and
concentrated to give 110 gram of yellow oil. The oil was set at room temperature
15  under house vacuum and gave enantiomerically pure N-Boc-(1R,2S)/-1-amino-2-
vinylcyclopropane carboxylic acid ethyl ester as colorless long rod crystal (101 g;
purity: 97.9% @ 210 nm, containing no acid; 100%ee).
The crystal structure enantiomerically pure N-Boc-(1R,2S)/-1-amino-2-
vinylcyclopropane carboxylic acid ethyl ester has been characterized by single crystal
20 analysis (X-ray NB#: 52795-093, refcode: 634592N1). The absolute configuration is
not established for lack of a known chiral center or heavier atom(s). A chain
structure along the crystallographic a-axis is formed via intermolecular hydrogen
bonding between the amide group and the carbonyl oxygen atom (N...O 3.159 A).
Structure of N-Boc-(1R,2S)-1-amino-2-vinylcyclopropane carboxylic acid
25  ethyl ester:
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Resolution B To 0.5 nL 100 mM Hepsd\a buffer (pH 8.5)
inawll of a 24 well plate 5 (ca Ly: 10 ni/wel 1),
0.1 nL of Savinase 16. QL (prot ’.-',; lEﬁm Baci | | us
clausii) (Novozynes North AnefCa®
sol ution of the racemc N-Boc -69 W
PCT/ US2007/ 084799 o
(1R 25)/(1S,2R) - 1-anj, - Vi nyI cycl®pr,
acid ethyl est (\(/ﬁg A
added. The pl
at 40 C. After 18%h
was determned to be ¢ 4. 3% as foIIovvl g ) 1 mL of the
Yty with 1 n
5 ethanol ; after centrifugation, ) m crol iter (" pL")
of E: JSuUpernat ant was anal yzedE wi.t h fhe chiral HPLC
RE&" Péirai ni ng reaction mxture 8™ nL of DVBO was
add@%fmlcalﬁ@mtﬂh@lﬁzﬁ”f@“vvas i ncubatCagtaistionaddi ti onal 3
day sryaidl s2B0: orpermaatic40 C, after wkbichrdourBenl of
et hanoleyips,yadded to the wel I AfLLeiu G0N Lfipgaldon

10 L supernatant was anal’yze |ra
HPLET&H&OZQP]‘ﬁntF‘o%exceSS of the &8P@EPizgEE): 049X 026X030
det erm.pea)tho he90200% Resol uti @awuCoikaiod. 5 nL 100 nv

Heps 8.5) in a well; well plate
(cgpglg)ltyg()%o vvellg IO 1 nm o?lgpli_‘rs er%?\)s p

(pr Bfé%éo(f)r&om Baci | | us 15 hal oﬁw(a)n@)z (‘N@\?‘Q)zyrres

1Nor zh4Anerigathsgepn®and a sol ut iNenoradiedibie mbRGEINT 58

N- B . no-

car g XO)E fe?te?!uﬁlg%oélgt&c%ﬁ%@eggs 62?9 %Io olfBXeIp&Xe% gfggtggsa?@()[)('\/s
wer e added. The plate was seal e(9 ﬁbl |ncubat ed at 250
r pntratge BOlatti€€parffieteai(®):28-hdur , endiat sfobsexaedlectioh (/11e: 2284
est Rkso@s cielef mhhed Ao be 39-6%%@3&&&&&9%%ﬂ@yﬂg?bﬁﬁiumo
of the reaction m xture was renoved and m xed wel |
IWith 1 nL 20 ethanol; after cenrifugation, 10 pL of
theRgmfoﬁat ant was anal yzed vvith the chi raI HPLC To
t he remai ni naér eaction mxture

added, anbof Mm%m&%@@ﬁa@%%&%mw%%ﬁ%ﬁ&memmﬂ
day facRdd réReor! BMsBre ™ 466 il t BlredMRECST D Wiker@hd four liters of

Savinase 16L, type EX (Novozymes North America Inc.) were added to the reactor.

20  When temperature of the mixture closed to 45°C, pH was adjusted to 8.5 with 10 N
NaOH. A solution of the racemic N-Boc-(1R,2S)/(1S,2R)-1-amino-2-
vinylcyclopropane carboxylic acid ethyl ester (200 grams) in 2 liters DMSO was
added to the reactor over a period of 40 minutes, via an addition funnel. The reaction
temperature was then adjusted to 48 °C. After 2 hours, pH was adjusted to pH 9.0

25  with 10 N NaOH. At 18 hour, enantio-excess of the ester reached 72%, pH was
adjusted to 9.0 with 10 N NaOH. At 24 hours, temperature was lowered to 35 °C. At

42 hours, the temperature was raised to 48 °C and the pH was adjusted to 9.0 with 10
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et hanol was added to the well. After centrifugation,

10 pL of the supernatant was analyzed with the chiral
WHRWE0eH066 enant | 0- excess of the ester was det eP@i/OBWOT/B4799

be 25 100% Sanples analysis was carried out in the

foll ow ng manner: 1) Sanpl e preparation: About 0.5 nL

of the reaction m xture was m xed well with 10 volune

of ethanol. After centrifugation 10 pL of the

sup nt. was in ect col.um

Con S aP G e et SRS e AT e Sa B egolgg down

mm t03'05m@e£ﬁ117689i11¥ @out 2‘5/ S}é %Igit\)é?t% Lo‘r{%dgrél‘gﬁttcj\r@[t 36 Boulcbﬁ GNhe

-70 WD, 2008/ 064066 P adi e

f or PRCHATIXBERR IS A SHACEISIET Ve Biragted Wi 15%@%@% 4L 5 The

m Neorfifed MTBBRYerRt Q¥EHvadhedwith BU€sHCH] @W JoetnﬁL) aﬁd water (3 x
m/mn UV Detection: 210 nm5 Retention tine:

9. 2304 ML), @aq eancensragpd ip gije gaantiorsgrioatha e §- %9&@3528>/-1 -amino-2-

det fn rOphnk O4r Q ﬂll h rity:

6 mcg&&ﬁ@ﬁh fe b&@ﬁc §H‘é‘ y GS%S%Q&BWW%W@E&%u y

| n %9%r@@é@p@3§0ntm1wq %Ptlfb 98@%5) m./mn. 10 W
Detection: 210 nm Retention tine:

(1S, 2R) - 1- am no- 2- vi nyl cycl opr opane carboxylic acid

5. 2 1@qPreparsion apgheral (1R,2S)-1-amino-2-vinylcyclopropane carboxylic acid ethyl
1R 1-am no- 2-vi nyl cycl opr opane car boxylic

&c FHibaeRle 18.5 mnutes and 20.0 mn; 15

(1R, 2S) - 1-am no- 2;Vvi Ryl cycl opropane car boxyl ic acid

ethyl este gs~_ Resalution D 5 L@OSM

sodi um pho[s}gaﬁﬁ/%fer HMHEHQMFQNZ& gt~38 C
ina 20 Li ackedl|r eact orpioxatd r red at 0 rpm

Four liters of Alcalase 2.4L (Novozynes 20 I\Ioﬂth

Anerica Inc.) and 1 liter of DI water were added to

the reacti@ns) Wes-1-baiberahpirlptopalk@aiboxfli¢ratidetiys efkr (8.5

to 38 C pH was adjusted to 7.8 with 10 N _NaCH.
sol g,ﬁﬁ&m&pl)tv‘@é s réejifléﬁxfi%r a nitrogen atmosphere with 200 mL of 4N

N- Boei/(ibRard IMdrit ) # Rond rediFbQreoY B A¥rE Y EhORMWVIRARE removed
15  under reduced pressure keeping the temperature below 40 °C. This gave 6.57 g

(~100%) of (1R,2S)-1-amino-2-vinylcyclopropanecarboxylic acid ethyl ester

hydrochloride as a light tan solid. "H NMR (300 MHz, CD:0D) & 1.31 (t, J=7.0 Hz,

3H), 1.69-1.82 (m, 2H), 2.38 (q, /=8.8 Hz, 1H), 4.29 (q, /=7.0 Hz, 2H), 5.22 (d,

J=10.3 Hz, 1H), 5.40 (d, J=17.2 Hz, 1H), 5.69-5.81 (m, 1H). MS m/z 156 (M'+1).
20

11. Preparation of N-Boc-(1R,2S)-1-amino-2-cyclopropylcyclopropane carboxylic

acid ethyl ester

H O H Q
O N { O CHoN, O\\]/N \\\{\—O/\
O 1R2 q Pd(OAc), 0 Al}gs
>< e ether, rt >< .
@ V

A solution of N-Boc-(1R,2S)-1-amino-2-vinylcyclopropane carboxylic acid
25 (255 mg, 1.0 mmol) in diethyl ether (10 mL) was treated with palladium acetate (5
mg, 0.022 mmol). The orange/red solution was placed under a nitrogen atmosphere.

An excess of diazomethane in diethyl ether was added dropwise over the course of 1
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carboxylic acid ethyl ester (500 grans) in 5 liters

DVBO was added to the reactor over a period of 1 hour
waor@sastoaddi tion funnel. The reaction tenperatRCEUSRGT/084799

then 25 adjusted to 48 C. After 21 hours,

enanti o-excess of the ester reached 99.3% Heating

was stopped at 24 hours and the reaction was slowy

cool ed down to room tenperature (about 25 C) and

t d Th ) h ti
2 DFeay B Bliek b P N PRSP T oL I 1R
ext eaetsafazombMaddiBls rédoveddising a str&lﬁﬁotﬁ@li’dyeﬂeﬁd IME Bfsulting

extract was washed th 5% NaHCCB 400 n

vt Sty L& Cszn%teattﬁfij TORHCVRB ARG | tveahet%u(g} &%ﬁct Flash
enapirbMEBEiapiRl 11906 ye addtdRORexbddRpRoRided 210 mg (78%) of (1R, 2S)-N-
am no- 2-vi nyl cycl opr opane carboxylic acid ethyl ester

as Preghrenyr-?-evslgryriarlopmeaegarbopyliciacig ethyd exgopags oalgriess
nm o§oRisa, AbAYNIo- g¢i d; 100%e). -71 WO 2008/ 064066
PCT/ US2007/ 084799 esol ution E 10 L of 0.1 M sodi um
phosphate buffer (pH 8 was maintained at 40 Cin a

20 bihehidAGRdp] GAGHRfiaStirred at 360 rpm 1.5
liters of Alcalase Z.4L (Novozynes 5 North Anerica

I nc. ) was added to the reactor. \Wen the tenperature

1§f th e)raﬂ ﬁgﬁggg ﬁsed to 38 C, the pH was adjusted to
A solution of the racemc
N-Boc- (I R 285)/(1S, 2R) - 1-ani no- 2-vi nyl cycl opr opane
carboxylsl:ﬁ;nze jd ethyl ester (200 grams) in 2 liters
DVSO waS added to the reactor over a period of 1 hour
via an addition funnel The reaction tenperature was
t hen adj us t tq 3 10 ou , the qup nas
adj ust ed t%g%zgi%m h a—eﬁg{é@—t% 'Fz;‘:l W
reaction was pl ed \@H'f' 25 G, RY
reaction m xture|was ada usted to 8.5 i th 10 \S’/
and the m xture was extracted with MTBE (2 x| The
conbi ned MIBE, extract was washed with 5% NaHCO3 (3 x
500 ni) Edgynalicelrresoded 200 mi), and concentrated to
gi ve 110" 8 Evdoid yellow oil. The oil was, set at room
tenperature 13 unde dQopuse vacug,{gbgnd gav ° O

enanti oneri caffY" Nﬁ?
vi nyl cycl opr opan ar“b | ;E'b?l %Zf@/ r Has
col orless |ong rod rystal urity: 90/@
210 nm contai ni ng no aci d; 1000/ee) The crys aI
st ructure enantionerically pure

g 1R 2S)/-1-am no-2- vinylcycl opropane carboxylic
aci ester has been characterized by single

18rystal To?ﬂscatﬁtainwfile’t)(téﬁ bﬂny%onﬂﬂﬂﬂB—2@B3finyﬂef code:

cat BETIEHEBP P R Asto] SRSk B Epma g Bpr g7 mL) and

heawegan@t DHLS Jvas Alded akuspsisfonelf LIGH al.oNg 58lvemmol) in water (14

crys II gra hic a-axis is formed via interno Lecular
hyd he"mixture was stirred overnight at room temperature. To the mixture was

added 1 OM NaOH (15 mL), water (20 mL) and ethyl acetate (20 mL). The mixture

20  was shaken, the phases were separated, and the organic phase was again extracted
with 20 mL 0.5M NaOH. The combined aqueous phases were acidified with 1.0M
HCl until pH = 4 and extracted with ethyl acetate (3 x 40mL). The combined organic
extracts were washed with brine, dried (MgSQy), and filtered to provide the desired
product as a white solid (2.62 g, 87%). "HNMR: (DMSO-ds) 81.22-1.26 (m, 1H),
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bondi ng between the am de group and the carbonyl

oxygen atom (N...0 3.159 A). Structure of
WORMBO6408R, 2S) - 1- ani no- 2- vi nyl cycl opr opane carPOKYE1007/084799

acid 25 ethyl ester: -72 WO 2008/ 064066

PCT/ US2007/084799 C7 C6 C6 Cs 01 Gn C4 ? 03 O02

Cl0 HNL ~0y Nd'" ci C 0 oa C C3 Cl2 (13 Crystal

Dat a: Experinental: Chemi cal fornmula: C13H21N104

t.i | '
soutts Rge Bt T g R GRETh 15 W 50R LR > THER). 522
e R i I R W i Rl
si ze ) . ) = 13. r
Dat&cégg%@%W¢é§8@M£+ - 9768(3) A =90 Tenperature (K)
293 V= 1468.40(4) A3 O ,,ax (): 65.2 (Cu Ka,) 10 Z=4

dx = 1.155 g CM -3 No. of reflections neasured: 7518
No. S8R 2¢ ef | ections for lattice paraneters: 6817 No. of

i ndependgRbufi&f dakd ot o@é’tg& (ﬁszﬁ% 1L.5 @Y Z&)CDQQGL@%EM 0

for Iattlceraraneters of " observed

r ef maead) i ASIF((HE mig wap bgued anppdlgr frrise rlimé‘éi@? ey maegep mihe
1) s&ut?&l%ﬂ@&é@{o' r%}n ?é?ﬁﬂe?a%rb QR dahsiéfed b by dannula to a solution of

Resol uti1on
cyclopropylsulfonamlde (1.82 g, 15.0 mmol) in THF (10 mL). To the resulting

10  solution was added DBU (2.40 mL, 16.1 mmol) and stirring was continued for 20
hours. The mixture was quenched with 1.0M HCI to pH = 1, and THF was
evaporated in vacuo. The suspension was extracted with ethyl acetate (2 x 50 mL)
and the organic extracts were combined and dried (Na,SO,). Filtration,
concentration, and purification by recrystallization from hexanes-ethyl acetate (1:1)

15  provideed the desired product (2.4 g) as a white solid. The mother liquor was
purified by a Biotage 40S column (eluted 9% acetone in dichloromethane) to give a
second batch of the desired product (1.1 g). Both batches were combined (total yield
92%). '"H NMR: (DMSO-d¢) 8 0.96-1.10 (m, 4H), 1.22 (dd, J= 5.5, 9.5 Hz, 1H),
1.39 (s, 9H), 1.70 (t, J= 5.5 Hz, 1H), 2.19-2.24 (m, 1H), 2.90 (m, 1H), 5.08 (d, /=10

20 Hz, 1H), 5.23 (d, /=17 Hz, 1H), 5.45 (m, 1H), 6.85, 7.22 (s, NH (rotamers)); LC-
MS, MS m/z 331 (M"+ H).

Step 3:
A solution of the product of Step 2 (3.5 g, 10.6 mmol) in dichloromethane (35

25 mL)and TFA (32 mL) was stirred at room temperature for 1.5 hours. The volatiles
were removed in vacuo and the residue suspended in 1.0M HCl in diethyl ether (20
mL) and concentrated in vacuo. This procedure was repeated once. The resulting
mixture was triturated with pentane and filtered to give the title compound as a
hygroscopic, off-white solid (2.60 g, 92%). "H NMR (DMSO-dg) & 1.01-1.15 (m,

30 4H), 1.69-1.73 (m, 1H), 1.99-2.02 (m, 1H), 2.38 (q, /=9 Hz, 1H), 2.92-2.97 (m, 1H),
5.20 (d,J=11Hz, 1H), 5.33 (d, /=17 Hz, 1H), 5.52-5.59 (m, 1H), 9.17 (br s, 3H);
LC-MS, MS m/z 231 (M' + H).
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5L of 0.2 Msodium borate buffer (pH 9) was

mai ntained at 45Cin a 20 liter |acked reactor, and
waeisemeat 400 rpm Three liter of D water aPc/iig2007/084799

liters of Savinase 16L, type EX (Novozynes North

Arerica Inc.) were added to the reactor. 20 Wen

tenperature of the m xture closed to 45C, pH was

adj usted to 8.5 with 10 N NaOH A solution of the

) ) 2R). 1 am no- 2-

vi nyteyePBHSPahe et b EEENE et hyl ester (200
grans) in 2 I|ters DI\/ISQcm tadded/to t he reactor over
a period of 40 m nutes, um a&d?‘g/on funnel . The
reaction tenperature was en .’.bd]oust ed to 48 T. After
2 hours, pH was adjuste pH 9.0 25 wth 10 N NaCH.
At 18 hour enanti 0- excess of the ester reached 72%

pH was  hoif tRytEy of éng 28) I byt oxyRprReRIAMIng-2 Yo ur s,
t enpﬁdiaiwaﬁec\éﬁ)%xﬁ%%f gﬂwt Rg 301 9E ml’ﬁgle iR %ﬁ) wal€dded CDI

enperature was raise he pH was adj ust ed
% o 90 mg 4 9L moal)zmd i rz%r@sr G’@ﬁ% 6vaplitadse odirx dgatpgginutes.

N NaOHomdeabhd Qot‘{éﬁ%d?ﬂagp Eﬁ@M@s #OMQUSRn ANEEXLRE, 2.4 mL, 2.4

reaction was sl ow Yy cooled down to roomtenperat ure
(‘abownolRBas@ydeiid aselitiereef No¢ylnicgivisulfanide 63Aang; 2.3g#Hmafol) in

thertie i s | r
e S L R T
ext Thetvonastiva strgdreniveie cE8H NaHBU3ti(r8d xt r8Q0 tanhp)eradurd for 2

1 Mvat ﬁ urg 3W)élter é,ﬁ;" Od(aermb) qhe r%%jc&%ﬁ%?&% geaEt?ongSO}ér%on was

enan ronmerically pure
Vi nyttogel epthepeheccar. kiﬁmyorgamcawedwest fepdrated biet drizd obergWgSO..

yel wcr pur.i t 95.9% @21 .
¢ ot A st o g By b B ShaRt Bl G proparive
chi H&LC(td. Rrox ik the- R pikauay- Bozvpﬂtoteereﬂ Qpr&lyEukfz&mb@ XPhe Bocgedtekting
gt 2 LOHB ]\irgf t Sé?e%loggg‘gsqﬁp lco?rrlploglr?d was cﬁ ssolveg) in 4N IA}IQI g_l(ﬁlmon n

i\ B@ﬁx&mqmnpa@-swréwduw&h %ﬂ{p@ﬁ&ﬂ@fo&lﬂm@ﬁ&' Cendgiraliogtphivlided a
ester (8.5 under a mtrog n

at WB@M‘?@PQII\R/F he %@alm(léimgr &3%%11%. HMB (0N [CERPDA

roo 0 0 T I

SO RTPRL Al He AL oBaHID 03 e ﬁ?‘fﬁ”%pﬂ“@“ﬁ%
bel oW),239C. 3Hh,|3s3(b@véH6 531 (¢, /102009 118F, 5.42 (d, J=17.12 Hz, 3H),

1R | - j
g O TRMEOSS AL XL QPEARARBESS RIS 036t )
20K (300 Mz, CD3(I)) 6 1.31 (t, J=7.0 Hz,

Example 3: Preparation of Example 3

O OH

/,

w&s x

A

\\ //

Example 3

-77-



3H), 1.69-1.82 (m 2H), 2.38 (g, J=8.8 Hz, 1H), 4.29

(g, J=7.0 Hz, 2H), 5.22 (d, J=10.3 Hz, 1H), 5.40 (d,
wWQ2003/024067, 1H), 5.69-5.81 (m 1H). M5 m z 156PCTVES2)7/084799

20 11. Preparation of

N- Boc- (1R, 2S) - 1- ami no- 2- cycl opr op~I cycl opr opane

carboulic acid ethyl ester OGH OH O N\, -0 CH2N2

@GN\4-0\ /OiRs Pd(OAc)2 O2S ~( ether, rt \ ~1) (2)

A sol ution of

N- Boc- (1R 25)-1-a -2- VI nyI cyclep r?p@\@ lic
aci 25 p258py, Hin diy e hyl eth (ﬁg\( )QLOS
vvasteaedvvl al |l a ce;Hatec( rrg,% H
moH. MThe 673&1"?5'6 ' ed n was- ol aced

ni t rogen at meisphedce. %x@ess &f “di azamret hane |n ~

di ethyl ether was added dropw se over the course of 1
- 74 WO 2008/ 064066 PCT/ US2007/ 084799 hour. The

resul ting soI ution was stirred at room erature for

18 hours. M excess di azonet hane was , a)su ng aoP
stream of M noaind Lhe ﬁe&ﬂpﬁi ng sol ut

concerf%Pat ed by raqt avaPoration tp give tknavir c!\l%
product=—Fl ash  chfofiYogn aph ¢-300eke thyb(

acet atigflhexane) provi ded 210 (’7'8% of (1R ‘ZS) N 5
Boc- 1- am no- 2- cycl opropyl cycl opnropaae car boxyl ic acid
ethyl ester as a coBorless oil. MS mz 270 (M+ H).
Preparation of P1'-Pl intermediates 10 12. Example3

Preparation of P 1P I': Schene 1 BocHN \~, ~0 J Step 1
Bocg!él \1Lq—| Step 2 LiOH CDI, DBU, THE 'Il MeOH, THF
[ - s'  HZN Enzynati cal I y resolved single

I somer OT&h eputhd@lof (8)-1-(zert-butoxycarbonyl)-4-oxopyrrolidine-2-carboxylic

5 acid (460 mg, 2.0 mmol) in THF (10 mL) was added 4-biphenylmagnesium bromide
(0.5 M THF, 16.0 mL, 8.0 mmol) dropwise at -50 °C. After stirring at this
temperature for 4 hours, the mixture was quenched with 5% citric acid, extracted
with ethyl acetate (50 mL). The organic layer was washed with brine, dried over
MgSO,, filtered, and concentrated. The residual solid was recrystallized from ethyl

10  acetate:hexanes (15 mL:15 mL) to yield intermediate 1 as a white solid (415 mg,

54%). "H NMR (CD;OD) & 1.49, 1.51 (d, 9H), 2.48-2.51 (m, 1H), 2.79-2.82 (m,
1H), 3.75-3.81 (m, 2H), 4.48-4.53 (m, 1H), 7.33-7.36 (m, 1H), 7.43-7.46 (m, 2H),
7.58-7.65 (m, 6H); MS m/z 384 (M'+H).

15 Step 2:

To an iced mixture of intermediate 1 (383 mg, 1.0 mmol),
cyclopropanesulfonic acid (1-(R)-amino-2-(S)-vinylcyclopropanecarbonyl)amide
hydrochloride (293 mg, 1.1 mmol) and HATU (570 mg, 1.5 mmol) in
dichloromethane (10 mL) was added diisopropylethylamine (560 mg, 5.0 mmol).

20  The formed solution was allowed to warm up to the ambient temperature for 4 hours
and the volatiles were removed in vacuo. The residue was triturated with ethyl
acetate (100 mL) and filtered. The filtrate was washed with 5% citric acid (50 mL,

x2) and brine, dried over MgSQy, filtered, and concentrated. The residue was
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BocHN S 3 2N s~ H 1) TFA, DCM A H "Il 11l 2) HC
in Et20 Step 1: 15 To a solution of

W@ LRBAO6456 - but oxycar bonyl am no- 2(S) - vi nyl - PCT/US2007/084799
cycl opropanecar boxylic acid ethyl ester (3.28 g, 13.2
mol) in THE (7 nL) and nethanol (7 nL) was added a
suspension of LiOH (1.27 g, 53.0 mmol) in water (14
m.). The mixture was stirred overnight at room

PO 3 e A B OV ki B o T N S

m XIﬂﬂd’rQeéﬁ@teWﬁM$M&‘6@6(Mﬁh@) phases were separated, and

the organi c phase was again extracted wth 20 nL 0.5M

NaOH. The conbi ned aqueous phases were acidified with

1. OMlephICL until pH = 4 and extracted with ethyl

acet ate {:é X. 40mL) . The conbi ned organi ¢ __extract

Wwer e wasHhe# ifpd wsmnﬁlﬁ%of igternaefipng SAMe, 8 trpely @rle‘adnoéane

pr ow Qﬁh&ﬁheadqé‘@HC?%M PHRHCE m@§ ’ﬁle%f'nlie% @ﬁhbﬁwﬁ%t@%d G the
d6) 61.22-1.26 (m 1H), -75

ZOOSW%EFO%PWP L}sz%@mmml@gvolaples wegastemgigd in ya@ﬂ@ﬁmd gdred

( rl—nl) uﬂdé} hl%g VQ%uKnoover]l 7gh9 ’H?e 1pr31hD:t wg’s &éd &ﬁjectl}J in tiIIQné?g ste]?L MS

7. 581/2(@6(I\<ﬂ-|+1(1}ot amers), 12 4 (br s 1H)) LC—I\/S VS
1z 228 (Mt+ H). 5 Step 2: A sol ution of the product
of Step 1 (2.62 g, 11.5 mvol) and CDI (2.43 g, 15.0
nmoB¥pidn THE (40 nmL) was heated at reflux for 50

m nut es FPOnaq’ler cpsutsre% 8n0f1n medsagey% 3911’1’1 COO| ?d to
room t enpera tir & t Pansterien a%n

sol dichloronafthane g2c3 mpb opyddsled ﬁmnpmspgzlethymm&% (g60 ﬂ@ 5(1) mmol)

ndadirise 13 hoonped sphhn i ed BT e e eg D s -

180 n124(@uediucfx@)éarﬁ&nyl)moyﬂﬁaeth'&nﬁtdﬁbmtabﬁﬂ goaag, (REenmoBd TWE fill
1. OMHC1 to . _evaporated in vacuo.
The "SR5 &YRS Ao F‘@ ‘Wég WéSP[‘ P%F,Ott Grampien eppRATIS OXEateht a(nﬁuliae

50 Wbihtile@REle kdigrvRY gﬂaﬂzlcé?o eNIerr@s@du% Wﬁ@ﬁﬁuﬁ%’%tﬁ&% Bébtate (10
dried (Na2SO4 Filtr concentratian

pur M) engt filsre Th@é‘@f%}%w w%& Vish > YorcHiif ﬁ@st éWergLé@h it brine,
ac ehﬁé@ovellMJg);o} Fm@feevanq e6bchifedesie k&R ad H&ﬁﬁe@%y4 g)

as a white sol he nother |iquor was purified by
2@ op@g@atméiw t@rmelql &f meddonoh the despdbproguct, Example 4 asa white

dic r e d f

oo R CTRIRIED G19) FLIE 133 (REPANT 8R4 0.8 b Pz 1153 .

(t ofl G, ju8@41c93 (m, lH) 2 26 2 32 (m, 2H), 2.68-2.71 (m, 1H), 2.97-2.99 (m, 1H),
4.05-4.12 (m, 1H), 4.34-4.37 (m, 2H), 4.45-4.47 (m, 1H), 5.15 (d, J= 12 Hz, 1H),
5.33 (d, J=18.5 Hz, 1H), 5.77-5.82 (m, 1H), 7.36-7.37 (m, 1H), 7.44-7.47 (m, 2H),

25 7.62-7.67 (m, 6H); MS m/z 709 (M'+H).
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92% . 1H NV\R (DwVsO-d6) 6 0.96-1.10 (m 4H), 1.22 (dd,

J=5.5 9.5 Hz, 1H), 1.39 (s, 9H), 1.70 (t, J=5.5
WOH2008264066 2. 19-2. 24 (m 1H), 2.90 (m 1H), 5. 0BCT/US2007084799

10 20 Hz, 1H), 5.23 (d, J= 17 Hz, 1H), 5.45 (m 1H),

6.85, 7.22 (s, NH (rotaners)); LC M5 M5 nmz 331 (M++

H . Step 3: A solution of the product of Step 2 (3.5

oom tenperature for 1.5 hours.
5 eSS FeHoved i n vacuo and the residue
suspended in 1.OMHCL in thyl ether (20 nL) and
concentrated i n vacuo. procedure was repeated
once. The resulting mixture p8% triturated with

pentane and filtered to giv e Htlee opjpound as a
hygr oscopi ¢, of f - whi £ | | .6Q g |J\92/\6%1H NVR
(DVBO- d6) 6 1. oi%%sﬁ(t’s_sgu A%BONT. 78/ (m 1H),
1.99-2.02 (m 1Hy, Z2.38q\J= JHP, 2.92-2.97

(m 1H), 5.20 (d, J= Hz,® 1H), 5.33 (d, J= 17 Hz,
1H), 5.52-5.59 (m 1H), 9.17 é%rl 2 3H); LC M, M

mz 231 (Me+ H). -76 WD 2008788%686 PCT/ US2007/ 084799
13. sRpeparation of P 1-P 1' sul fam de derivative HC

salt 0 0 11 N HZN~ii N SIL_H O To a solution of (1R

2S) 1l-tert-butoxycarbony j no- 2- vi nyl -

cycl opropanecar boxyl i c asiF{ g ng, 1.194 mol) in

THE (5 nmL), was added CDI 5 0 og, 1.791 mmol) and
the reaction m xture was heat reflux for 45

m nutes. | n another round- t}@me@ flask, LiHMDS (1. QOM
solution in hexanes, 2.4 nL.,©2°@ mmol) was added to a
sol ut i OnTlﬂérﬁﬂéa SWH%_ ?@fyﬂé{d th %?ﬁo&ﬁ%@_a@esegbeﬁgﬁExample 3,

mol ) in and t'he reaction m xture was
st i freed, aceptasing pempbraghesien bromide ihgdead,  HTNMR {MBISO-ds) &

t erpeparin b S35 et 0 e Gt b bl
W Thelhyl acotale. The organic layer wae separated
\émndméﬁ'%togﬁ%%lg} I\/ng4. Fi l ?r ation Zmd concenltor ation

1@gave crude product which was purified by preparative
HPLC tqQ provide the desired N Boc protected

N- a ul fami de. The Boc protecting group was then
renoved as the conpo was di ssolved in 4N HCl
solution in . ,OH
N NA\\\ H, \\O
0’&0 °© =

4\ ~

This product was prepared by the same procedure as described in Example 3,

Step 2, except using the product of Example 4, Step 1 instead. MS m/z 520 (M'+H).

@”', OH O\\}
H
N .\‘LN’S\\O
HCl N A H

0]

15 Step 3:

= QO

e



15 di oxane (2nL) and stirred at roomtenperature for 4
hours. Concentration provided a brownish oil as the
wHabs®edose (112nmg, 33% vyield). 1H NVR (400Mz, EOBUER00B084799

1.16 (t, J=7.21 Hz, 3H), 1.68 (dd, J=10.03, 7.83 Hz,

1H, 2.15 (m 1H, 2.37 (m 1H), 2.89 (s, 3H), 3.30

(m 2H), 5.31 (d, J=10.27 Hz, 1H), 5.42 (d, J=17.12

Hz, 3H), 5.68 (m 1H). LC-MS (retention tine: 0.883

mnutes.),. M6 mz 270 + +). 20 anpl.e 3. ..

Pr epar at )F‘Bﬁp%f‘u%xvgﬁmee% B iy TORSE PR g Exampl 3

\\\ Step S, &éept@ing the\prdduct ok FRafmsla@ps$tep 3 idstead.- MIE MEU20 (M +H).

2008/ 064066 PCT/ US2007/084799 p 2 OH Step Step 1\ /

\ 0HOH\ \ , HOO N11- S NNO NN o 4 BiphmgBr O

~' sgAEU OO H HZN N O THF, -50C OO0" " DCM1 2 COH

OHOJ\, Step 4 NNHO~ Step 3 HOg HN "\-N O NN

A~ ~N O Reagiple Ovanrrerargd By tay fameproqedyre gy dqsgrjbed in Examgple 3,

HATthep lQ,CMC@I% using the product of Example 4, Step 3 instead. 'H NMR (CD;OD) &
1.08-1.12 (m, 11H), 1.27-1.28 (m, 2H), 1.48-1.52 (m, 10H), 1.89-1.90 (m, 1H), 2.26-
2.32 (m, 2H), 2.68-2.71 (m, 1H), 2.97-2.99 (m, 1H), 4.05-4.09 (m, 1H), 4.34-4.35 (m,
2H), 4.45-4.47 (m, 1H), 5.14 (d, J= 12 Hz, 1H), 5.34 (d, J = 18.5 Hz, 1H), 5.77-5.82

10 (m, 1H), 7.31-7.33 (m, 1H), 7.37-7.40 (m, 2H), 7.57-7.59 (m, 2H); MS m/z 633

(M'+H).

Example 5: Preparation of Example 5

ey

<
~Z

(o]
o\\ Y

PR
\\\\ o 0 114 H
A [

Example 5

),
@\(OH
k Lo
O/&o

This product was prepared by the same procedure as described in Example 3,

15 Step 1:

Step 1, except using 2-naphthylmagnesium bromide instead. "H NMR (CD:OD) &
1.50, 1.52 (d, 9H), 2.54-2.56 (m, 1H), 2.89-2.91 (m, 1H), 3.84-3.87 (m, 2H), 4.51-

20 4.53 (m, 1H), 7.45-7.52 (m, 2H), 7.62-7.64 (m, 1H), 7.85-7.94 (m, 3H), 7.99 (s, 1H);
MS m/z 358 (M'+H).

Step 2:
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Exanple 3 Step 1: To a sol ution of
(S)-1-(tert-butoxycarbonyl)-4-oxopyrrolidine-2-carboxy

WO p@sBe#6é d (460 ng, 2.0 mmol) in THF (10 nl) REBUSABOB4799
4- bi phenyl magnesi um bromde (0.5 M THF, 16.0 nL, 8.0
mol ) dropwi se at -50 C. After stirring at this
tenperature for 4 hours, the m xture was quenched with
50ncitric acid, extracted wth ethyl acetate (50 ni).
The organic | ayer ashed with brine, dried over
MyS04, filtered, ant I—?t ed. The residual solid
was recrystallized ot ett 10 aget@t g¢-hexanes (15
m.:15 L) to yield internedi ate H aQaSWmte solid
(415 ng, 54% . 1H NWR ( ) A4 ? 51 (d 9H) ,
2.48-2.51 (m 1H), 279208&(;@4 ,375 .81 (m
2H), 4.48-4.53 (m 1H), édb\ 36 G 7.43-7.46

(m 2H), 7.58-7.65 (m ME m z 84(M++H) 15

Step 2: To an iced mxture of internediate 1 (383 ng,

1.0 mol ’}"hls pr@gléqt oy Brﬁgzﬁ@cglw the ggnee pregedure as described in Example 3,
(1- 6R) Qaé'ﬁ'clé‘@ uglné@e dedﬂW &“Eibﬂ%ﬂ% @P@t@ﬁ‘? %’Eé%‘ VMB% gﬁ) (iv[ +H).
hydroch oride and .5
mml) in di chI oromst hane (10 nL) was added

?I I gRpKropPY! et hyl am ne (560 ng, 5.0 mmol ). 20 The

or med sol uti on was aIIovved to warmup to the anbi ent
tenperature for 4 and the volatiles were

removed in vacuo. g s, dpet was trl(t)ur ed with

ethyl acetate (100 niL) an Il targd. e filtrate was
washed with 5% citric acid )oand bri ne,

dri ed over MgS04, filtered, Han CAM: shtrated. The

resi due was -78 WO 2008/ 064066 PCTE USZOO?/ 084799
triturated with methanol (4 ml) to Yweld 314 ny (53%

of the degi f)l%gud@ %%@bared H)}nﬂh@ EdARGbrBdcQur- as H@cﬁﬁeﬂ iP8Rample 3,

(Mr+H) . Step 3: an i ced suspensi on

i nt S,teﬁéd%@@ ugmg isprefyct of Exsmplgd) Step A lr@tead dMSxapd70 (M +H).
m.) was added HC1l(4M di oxane, 5 nL). The forned
solution was stirred at the anbient tenperature for 2
1houbtepdind the vol atiles were renoved in vacuo and

used di ey A HEFRUR LA hceal S BGRRTn ¥ ol
St efteft 4, except using the product of Example 5, Step 3 instead. 'H NMR (CD;OD) &
1.05-1.12 (m, 11H), 1.28-1.29 (m, 2H), 1.48-1.53 (m, 10H), 1.91-1.92 (m, 1H), 2.25-
2.40 (m, 2H), 2.75-2.79 (m, 1H), 2.97-3.00 (m, 1H), 4.13-4.16 (m, 1H), 4.38-4.47 (m,
15  2H),5.14(d, J=12 Hz, 1H), 5.33 (d, /= 18.5 Hz, 1H), 5.77-5.82 (m, 1H), 7.49-7.51
(m, 2H), 7.70-7.73 (m, 1H), 7.86-7.92 (m, 3H), 8.04 (s, IH); MS m/z 683 (M'+H).
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To an iced suspension of internmediate 3 (134 ng, 0.25

mmol ) in dichloronethane (2.5 nL) was added
walriogoptoepyl et hyl ami ne (560 ng, 5.0 mMmmol)  dr opEU/E8200TeB4799

this fornmed sol uti on was added HATU (144 ny, 0.38

mmol ) and (S) 15

2-(tert-butoxycarbonyl)-3, 3-di net hyl butanoi c acid (64

ng, 0.28 nmol). The final mxture was allowed to warm
re overni ght and the

ET 1t et'e refroved —vacuo. The residue was

triturated with ethyl acetate (10 nlL) and filtered.
The filtrate was washed 5%citric acid (10 mi,
x2) and brine, dried ov SH, filtered, and
concentrated. The residue—waspurified by 20
preparative HPLC to yield 16; (99 of othﬁ desired
product, Exanple 4 aiﬁ i \e soldd”\lH\ MR (CD30D) 6
1.08-1.13 (m 11 N- Nrml 53(m
10H), 1.89-1.93 ¢ °1H),\\ 6- 2032 2H), 2.68-2.
(m 1H), 2.97-2.99 ( H), o 4. 054 |(m 1H)
4.34-4.37 (m 2H), 4.4 %&mi 5. 15 (d )= 12
Hz, 1H), 5.33 (d, J= 185 577582(m 1H),
7.36tp.137 (m 1H), 7.44-7.47 (m 2H) 25 7.62-7.67
(m 6H; M5 mz 709 (MttH). -79 WO 2008/ 064066
PCT/ US2007/ 084799 Exanp Preparation of Exanple 4
QH OHNOS /NNO O,Btanple 4 Step 1: OH
OH NO OKk-O5 This product /was ppgpared by the sane
procedure as described in a , Step 1, except
usi ng phenyl magnesi um br o&/&st ead. 1H NWMR
(DMBO-d6) 6 1.36-1.41 (m~ 9K, @.25-2.28 (m 1H),

. 60-2. 7- 4.
H) 5 5 {é%dli I_Q)v‘as ere%qore(gbytg %a@le %;Egedur.? gesrintﬁeé %nAmple 3,
2H) Step 2, eerftmring 4Hl)uproVEenylmagnes1um bromide instead. 'H NMR (CD;0D)
5 1.48, 1.50 (d, 9H), 2.44-2.47 (m, 1H), 2.74-2.95 (m, 2H), 3.69-3.76 (m, 2H), 4.45-
4.53 (m, 1H), 7.08-7.12 (m, 2H), 7.52-7.54 (m, 2H):MS m/z 326 (M'+H).

10 Step 2:

This product was prepared by the same procedure as described in Example 3,

Step 2, except using the product of Example 6, Step 1 instead. MS m/z 538 (M'+H).

-83-



mz 308 (Mt+H). 10 Step 22 OHHOO0OS NN 'O NH O

O = This product was prepared by the sanme procedure as
wa@le®sodoed i n Exanple 3, Step 2, except usi ngP@TES2007/084799

product of Exanple 4, Step 1 instead. M5 mlz 520

(Mt+H). 15 Step 3: OHH OO N\\ O HJO HXHO -80

WO 2008/ 064066 PCT/ US2007/ 084799 This product was

prepared by the sane procedure as described in Exanpl e

3, Sﬁeg‘ 3, except using the product of Exanple 4, Step

2 i d. Ms mz 420 (Mt+H). Step 4: 5 Exanple 4 was

prepared by the sane C

3, Step 4, except us product of anpl e 4,

Step 3 instead. iH N 29D) 6, d.88/1 12 (m 11H),

1.27-1.28 (m 2H), 1.48-1.(52) (N, 10X L. 89-1.90 (m

1H), 2.26- 2.32 (m 2H) HCR.G8-P. (m 1H), 2.97-2.99

(m 1H), 4.05-4.09 (m 1H), 4.4 4.35 (m 2H),

4.45-4.47 (m 1H), 5.14 (d, J= 12 ¥, 1H), 5.34 (d, J=

18.5 Hz, 1H), 5.77-5.82 10 (m 1H), 7.31-7.33 (m _1H),

7 37-7. 4'5111% pﬁod%q)v’as preparedsbys € pape gpﬁe,dqugs fessrilgegqn Example 3,

(Mrsid) 3, Exattibifg e pRé@BAITaKhAPIe 8f StEx aiRlc8d. SMSGHOES @1'HH).

é\l SNIT OO"H I

Step 4:

Example 6 was prepared by the same procedure as described in Example 3,
Step 4, except using the product of Example 6, Step 3 instead. 'H NMR (CD;OD) &
1.02-1.12 (m, 11H), 1.26-1.28 (m, 2H), 1.47-1.52 (m, 10H), 1.89-1.90 (m, 1H), 2.25-
10  2.28 (m, 2H), 2.55-2.65 (m, 1H), 2.92-2.99 (m, 1H), 4.06-4.08 (m, 1H), 4.25-4.33 (m,
2H), 4.41-4.49 (m, 1H), 5.15 (d, /=12 Hz, 1H), 5.32 (d, /= 18.5 Hz, 1H), 5.77-5.82
(m, 1H), 7.09-7.12 (m, 2H), 7.60-7.63 (m, 2H); MS m/z 651 (M'+H).

Example 7: Preparation of Example 7

MeO

R \\\\©/

H

>3

~
~
~
~

1y
AN I

15 Example 7
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7\ O Example 5 15 Step 1: \ \ I., OHOH NQ-~0OO0
Thi s product was prepared by the sane procedure as
wa@le®snodoed i n Exanple 3, Step 1, except usi ngPCT/US2007/084799
2- napht hyl magnesi um brom de i nstead. 1H NVR (CD30OD) 6
1.50, 1.52 (d, 9H), 2.54-2.56 (m 1H), 2.89-2.91 (m
1H), 3.84-3.87 (m 2H), 4.51 20 4.53 (m 1H),
7.45-7.52 (m 2H), 7.62-7.64 (m 1H), 7.85- 94(m
3H), 7.99 (s, 1H; M mz 358 (Mt+H). Shg -81 WO
2008/ 064866 PCT/ US2007/-084)799 step\1 I S/ 11~ lSteNZ
N 'O N(I—?\?(é ~-+ OEXThiS pmo s pre%&eﬁ/
sanme procedume as described in rrpl e 3 G
except usingothe product'of Exanpl ionstead
I\/Sn12570(I\/H+H) 5 Step 3: I OH N NoO NH
H O HCI Thi s product was prepared by th sane
procedure 48 described in Exanpl e 3,, Step 3, exc pt
usi ng the prod ct of Bwniple 5 Step |nst e@d

470 (MF+H)4 Y'ep 4 Exanple 5 wa \BY, thgtep"’
rn=>‘pog]rr>é‘ a>s desH%rc‘)lLbé}Jl in ExaFrp A Dess Martin
X oY N
EN /l\

H S
4N NA“\LH/ el Step 5
_— Example 7
XOTN\(&O °© = 4-MeO-PhMgBr
0 /T\ ~
Step 1:
HQ,
o
H N >
O— N 0
>r 1o
O /T\
5 To a slurry of (2S,4R)-methyl 4-hydroxypyrrolidine-2-carboxylate HCI salt

(5.45 g, 30.0 mmol), (S)-2-(tert-butoxycarbonyl)-3,3-dimethylbutanoic acid (6.93 g,
30.0 mmol), and HATU (17.1 g, 45.0 mmol) in dichloromethane (100 mL) at 0 °C
was added diisopropylethylamine (16.8 g, 150 mmol) dropwise. The formed solution
was stirred at room temperature overnight, washed with iced 5% citric acid and 1M
10  NaOH (aq) twice, and then with brine, dried over MgSQy,, and filtered. The filtrate
was concentrated in vacuo to provide 10.75 g (100%) as light brownish foam. 'H
NMR (CD;0D) 8 1.04 (s, 9H), 1.46 (s, 9H), 2.01-2.06 (m, 1H), 2.27-2.29 (m, 1H),
3.73 (s, 3H), 3.77-3.87 (m, 2H), 4.31 (s, 1H), 4.49 (br, 1H), 4.56 (t, /= 8.5Hz, 1H).
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Step 4, except using the product of Exanple 5, Step 3

instead. 1H NWR (CD3OD) 6 1.05-1.12 (m 11H),
wa22@8/044080@ (m 2H), 1.48-1.53 (m 10H), 1.91- 1PORUSIHN7/084799

1H), 2.25- 2.40 (m 2H), 2.75-2.79 (m 1H), 2.97-3.00

(m 1H), 4.13-4.16 (m 1H), 4.38-4.47 (m 15 2H), 5.14

(d, J= 12 Hz, 1H), 5.33 (d, J= 18.5 Hz, 1H), 5.77-5.82

(mlH) 749751 (m 2H), 7.70-7.73 (m 1H),

g 92 (m 3H), 8.04 (s, 1H); M5 nlz 683 (M+H).
82—%—2008/ 064066 PCT/ US2007/ 084799 Exanple 6:
Preparation of Exanple 6 F O-HQ0 HN ~ H Exanple 6
Step 1: FOHOH N O O-O5 This—product was prepared

by the sane procedure as descri i OHExanmpl e 3, Step
1, except using 4-fl uorophenk}l nesi um br om de

i nstead. 1H NI\/R(CDB% b 0 (d, 9H)
2.44-2.47 (m 1H) 2. 3.69-3.76 (m

OH), 4.45- 4.53 (m iH) 7. 08- 12 (m oH), 7.52-7.54
(m 2H) Vb@a%l&tio%%@tﬂe[}&"’d&tof@a%@@ gte I faﬂbﬁg @O@‘mmol%n
NS\O NH O-~0

br e ar ed
sangHpr(6¥edl} @daseﬂ@elgh(ﬂ()(b@@) was Ekiadrb @ Blonohydrate (6. 30 g 150

5  mmol) solution in water (100 mL). The final solution was stirred at room
temperature overnight. Removed the volatiles in vacuo. The residue was acidified
with 1M HCI (aq) to pH 2. Extracted with ethyl acetate (100 mL). The organic layer
was washed with 5% citric acid, and brine, dried over MgSQ,, and filtered. The
filtrate was concentrated in vacuo to provide 8.95 g (87%) of the desired product as

10  off-white foam. 'H NMR (CD;0D) & 1.05 (s, 9H), 1.45 (s, 9H), 2.03-2.06 (m, 1H),
2.32-2.36 (m, 1H), 3.79-3.86 (m, 2H), 4.32 (br, 1H), 4.49 (br, 1H), 4.54 (t, J = 8.5Hz,

1H).
Step 3:
HO
1_ O
O
oL X
H N A H ©
O\H/N\;/&OO :
>( 0 4 ~x
15 ™

To a solution of the product from Example 7, Step 2 (1.95 g, 5.68 mmol) in
cthyl acetate (150 mL) at 0 °C was added (1R,2S)-1-amino-N-(cyclopropylsulfonyl)-
2-vinylcyclopropanecarboxamide HCl salt (1.51 g, 5.68 mmol). The mixture was
stirred at this temperature for 5 minutes before addition of diisopropylethylamine

20 (191 g, 17.0 mmol) dropwise. The formed clear solution was stirred at 0 °C for
another 5 minutes before addition of EDC (1.41 g, 7.38 mmol) and HOBt (0.77 g,
5.68 mmol). The final slurry was stirred at room temperature overnight. The formed
clear solution was washed with iced 5% citric acid twice, saturated sodium citrate
(aq) and brine respectively, dried over MgSO., and filtered. The filtrate was

25  concentrated in vacuo, purified by flash column, eluting with 1:1 hexane-acetone to
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Step 2, except using the product of Exanple 6, Step 1

instead. M5 mz 538 (M++H). -83 WD 2008/ 064066
WSRO 7/ 084799 Step 3: F OHH O QO SI N NQ/USKOD7/684799

H O This product was prepared by the sanme procedure

as described in Exanple 3, Step 3, except using the

product of Exanple 6, Step 2 instead. Ms mz 43 8

(Mt+H). 5 Step 4: Exanple 6 was prepared by the sane

ot HGRLD GPiiar s A Smed Rpraca vaepen.  HoPdRCBREPNROO-
gci)%@XmGIIH'I) P24 12@%11(2%) illH)1,467gm2ﬁ)}ﬂ9 ?@6 (1@11 (p’éHl)H) 2 00-2.04

( m 2+, %g%?@ﬁ (lgbsffpn% 9%12999 (QL glj), 3.36G 9(5,ﬁn _RLI,iI) 4 30 4 40 (m,
OQHg 408 (6MH§|-|S|)14£é J25124H§?1ng@ 35 (%1"!); 14, s‘fﬂz ﬂHﬁé 7(7'3 82 (m

% 7?H51\3%m/z(§§17(MmH)7 09- 7 12 (m 2H), 7. 60 7.63 (m
2H); M5 mz 651 (Mt+H). Exanple 7: Preparation of
Exanrple 7 MO OH OHHO% ~-NNONON™ H H 0 15
Exabisbd: 7 -84 WD 2008/ 064066 PCT/ US2007/084799 HO, H
Step 1 HQ Step 2 O111, + Bgc'N OH HATU }

i\

0 0]
: b\(f
XOTNE/&O ° =
o] /T\ x
To a solution of Dess Martin reagent (940 mg, 2.2 mmol) in dichloromethane
10 (20 mL) was added the product of Example 7, Step 3 (556 mg, 1.0 mmol). The
solution was stirred at room temperature for 4 hours and concentrated in vacuo. The
residue was triturated with hot ethyl acetate (10 mL) and filtered through
diatomaeous earth (Celite™). The filtrate was concentrated in vacuo. The residue
was purified by flash column, eluting with 1:1 hexane-acetone to yield 550 mg (99%)
15  ofthe desired product as white foam. 'H NMR (CD;OD) & 1.09-1.14 (m, 11H), 1.25-
1.28 (m, 2H), 1.43-1.46 (m, 10H), 1.88-1.91 (m, 1H), 2.22-2.28 (m, 1H), 2.51-2.60
(m, 1H), 2.92-2.96 (m, 1H), 4.17-4.34 (m, 2H), 4.77-4.80 (m, 1H), 5.16 (d, /=12
Hz, 1H), 5.33 (d, J = 18.5 Hz, 1H), 5.72-5.82 (m, 1H); MS m/z 555 (M'+H).

20 Step S:
To a solution of the product of Example 7, Step 4 (23 mg, 0.05 mmol) in THF

(0.5 mL) at -50 °C was added 4-methoxyphenylmagnesium bromide (0.5 mL, 0.5M
in THF, 0.25 mmol) dropwise. The formed solution was stirred at this temperature
for 2 hours and quenched with ammonium chloride (aq), then extracted with ethyl
25  acetate. The organic layer was washed with brine, dried over MgSQy,, filtered, and
concentrated. The residue was purified by preparative HPLC to yield 4.5 mg (14%)
of Example 7 as a white solid. '"HNMR (CD;0D) 6 1.09-1.12 (m, 11H), 1.26-1.28
(m, 2H), 1.46-1.52 (m, 10H), 1.89-1.91 (m, 1H), 2.25-2.28 (m, 2H), 2.58-2.65 (m,
1H), 2.92-2.99 (m, 1H), 3.81 (s, 3H), 4.04-4.08 (m, 1H), 4.25-4.35 (m, 2H), 4.41-

-87-



Li HOH HOONO O HQOH Step 3 HQ O\ HN
Step 4 NOo. HNHDess Martin O O HZN~ S'o
wW@2@@80b46 O 0 OS HN N N ~O Step 5 ~N O ExanppP@I/US200184799
- O4 MO0 PhwgBr /I O Step 1: HON O-rN, O O_ O
5 To a slurry of (2S, 4R)-net hyl
4 hydroxypyrrol i di ne-2-carboxylate HC1 salt (5.45 g,
0 mmol ),

(S) e ycar.hon -3,,3-d a

o 59 i TS e B b T T g o s T .
d| chlooroaemhang 7(43070501139, 2H1; NIS fqz/z oRsvaddRd
di i sopropyl et hyl ami ne (16.8 g, 150 mmol ) dropwi se. The
formed solution was stirred at roomtenperature
OVeERABNE 8- MBS W Eanht€gl 5% citric acid and 1M 10
NaOH (aq) twce, and then with brine, dried over
MyS04, and filtered. The filtra was concentrated in
vacuo to provide 10.75 g (1909 as l|ight brownish
foam 1H NWR (CD30OD) 6 1.04_(g, 9H), 1.46 (s, 9H),
2.01-2.06 (m 1H), 2.27-2. (m 1H), 3.73 (s, 3H),
3.77-3.87 (m 2H), 4.31 1H), 4.49 (br, 1H), 4.56
(t, J= 8.5Hz, 1H). -85 7 oM

%& x

5 Example 8

\\ //

Example 8 was prepared by the same procedure as described in Example 7,
Step 5, except using 4’-methoxy-3-biphenylmagnesium bromide instead. 'H NMR
(CDsOD) 6 1.02-1.10 (m, 11H), 1.29-1.31 (m, 2H), 1.40-1.50 (m, 10H), 1.90-1.92
(m, 1H), 2.25-2.27 (m, 2H), 2.68-2.69 (m, 1H), 2.92-2.98 (m, 1H), 3.84 (s, 3H), 4.10-
10  4.15 (m, 1H), 4.35-4.52 (m, 2H), 5.15 (d, /=12 Hz, 1H), 5.32 (d, /= 18.5 Hz, 1H),
5.75-5.82 (m, 1H), 7.00-7.03 (m, 3H), 7.40-7.60 (m, SH); MS m/z 739 (M +H).

Example 9: Preparation of Example 9

OH
X7, o)
H 90 QA
No L s
AN

o N_K © O
Y I o Y
o] /v
Example 9
15 To a solution of fert-butyl (S)-1-{(S)-2-{[(1R,2S)-1-

(cyclopropylsulfonylcarbamoyl)-2-vinylcyclopropyl]carbamoyl}-4-oxopyrrolidin-1-
yl}-3,3-dimethyl-1-oxobutan-2-yl-carbamate (77 mg, 0.14 mmol), prepared as
described in Example 7, in THF (5 mL) at -78 °C was added allylmagnesium
bromide (1.0M in diethyl ether, 0.7 mL, 0.7 mmol). The reaction mixture was

20  warmed to room temperature and stirred overnight. The reaction was quenched with
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WD 2008/ 064066 PCT/ US2007/084799 Step 2: HOOH H NN

O O - To a solution of the product of Exanple 7,
W@E2@p/044066L0. 75 g, 30.0 mmol ) in THE (100 nl) BEUS2007/084799

nmet hanol (100 nmL) was added Li OH nonohydrate (6.30 g,

150 5 mol ) solution in water (100 nlL). The final

solution was stirred at room tenperature overnight.

Renmoved the vol atiles in vacuo. The residue was

acidifie W t a to pH. 2. tracted with.

o b e ot g i At Gl e A it B pver
W t M5, cﬂlterddg:aralcdodcenaﬁted bihiapgy,. Theicede proactMaSPdrific@ny flash
flltered The trate was .conce ated in vacuo to

pr oG leran gt r@@a@g@ gn ghcargs elwtgswﬂuf pl BoraRgs/ageonego give the
of f tlﬂ@}_g%@ud‘t gwﬁg, B 'VR{ N@Eﬁ@@b Mi{zl c@@obg 8 0%')0 96knf+2H), 0.93-

(s 1H),
53 76.08 (8610HH 1.D44) 25 322{)( bps- 11‘§le WHyol ibﬂ 9411Pl)2H)42 84231
nl'z §Fﬁz46 ’o%H)fS%'g@'é'r uct%rom ar%gﬁe 7%)%?%) ((g

O a’'solutio )
( : 951Q332 187, 6805 (1, 179 320yl H) A (/00504 7 J12.aH)05.09-5.20

2 a c y )
R B s R e BT RO L Ss T, i o0
mold, J=The Haj bH)uMSm/asSwﬁt/mNa)éd at this tenperature
léor 5 mnutes before addition of diisopropylethylam ne
0 (1.91 g, 17.0 nmol) dropw se. The formed cl ear
sol Gengl prasdst farpegpaadtioDofExiamples agdSher 5 m nut es
before addition of EDC (1.41 g, 7.38 mol) d HOBt
(0.77 g, o 5.68 mmlo). The final slurry wasxgtl,rjed at o
roomtenper tumeu\ov F%lght he forrpgd clear §0 u@oﬁ \\SA
was washed™ thﬁcﬁad\\SO/*m fgeACI Bt \RTCe, salv'La eﬁA N
sodl\yﬁr,p’i‘ 7 \\( 7
A~ O A~

To a solution of fert-butyl (S)-1-{(S)-2-{[(1R,2S)-1-
15  (cyclopropylsulfonylcarbamoyl)-2-vinylcyclopropyl]carbamoyl}-4-oxopyrrolidin-1-
yl}-3,3-dimethyl-1-oxobutan-2-ylcarbamate (83 mg, 0.15 mmol) in THF (1-5 mL) at
-78 °C was added the Grignard reagent (0.75 — 0.90 mmol). The reaction mixture
was warmed to room temperature and stirred for 1-3 hours. The reaction was
quenched with saturated aqueous NH4Cl (1 mL). The mixture was neutralized with
20 1IN HCI, extracted with ethyl acetate (2 x20 mL), dried over MgSO,, filtered, and
concentrated in vacuo. The crude product was purified by preparative HPLC to give

the desired product.
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(aq) and brine respectively, dried over MyS04, and

filtered. The filtrate was 25 concentrated i n vacuo,
W@eose4es by flash columm, eluting with 1:1  PCT/US2007/084799

hexane-acetone to -86 WD 2008/ 064066

PCT/ US2007/ 084799 vyield 2.50 g (79% of the desired

product as white foam 1H NWMR (CD30OD) 6 1.00- 1.10 (m

11H), 1.24-1.28 (m 2H), 1.41-1.46 (m 10H), 1.86-1.91
(m_1 ] 1 2.12-2.28 (m 1H),
2. 9%@%M%@(m 2H), 4.30-4.40 (m
2H), 4.51 (br, 1H), 5.14 (d, J= 12 Hz, 1H), 5.35 (d,
J=18.5 Hz, 1H), 5.77- 2 (m 51H); M5 nlz 557
(Mr+H). Step 4: O O CS PN ~"OHN- H O-NOO
O To a solution of Dess mweé’ge A940 ny, 2.2
mmol ) in di chl or onet hane J)N added t he
product of Exanple oStHQ/Q (556 100 nmol ). The
sol ution was sti rreﬁ/at ro_omtenper/ature for 4 hours
and concentrated in vacuo’VNThe residue was triturated
with hot ethyl acetate (10g {%r)pejarl pgd filtered through
di at onmeous earth (Celite(r he filtrate was
concent retadghld 10 waiearcliie désesbddue thewldserflpidckigd udiyg (3-

f5'53 ﬂﬂ%}%é%ﬁ%'@%%@?@%%&&%l DG AL I b
3 ISR oblf i 001408 80, b 359 0 o 938 (1T, o)

19%1 111m510}@, 6@1 I(Zﬁ](m]}l){) 1379 AIAME0H . 81|g;d 5§ 18 a1
ﬁzlir% P%42(1%“2 %gi% 2, Z§6‘& &Qm(ﬁi é’déxzf%(%x@1f{9’4 0%-(%1}10 83

, J="1
M5 hizzIH5%624 - #+)0.590z, SlHép4 3 (STk‘H)a4 4d[ddt 4”091060?1 08 Ik, lH) 5.12

o Bl R YR o T0R T 72: l B 0, el

1br ofi98€.07AmS 11, 7.30- 75N (mi, AHTES n(z @8 (Mrd1)). dr opwi se.
The formed solution was stirred at this tenperature
for 2 hours and quenched wi th ammoni um chl oride (aq),
t he Bx@xile AT tPechawitibin oLEXawlpl?B acet ate. The organi c

| ayer was washed with er ne, dried over MyS04,

filtered, and
A,
z N
; H
//

N\/KO O
Yoyt

Example 11

Example 11 was prepared as described in the general procedure using (3-

15  methoxyphenyl)magnesium bromide (1.0M in THF, 0.75 mL, 0.75 mmol) and 7 mg
(7%) of product was obtained. "H NMR (400 MHz, CD;0D) & 0.98-1.01 (m, 2H),
1.03-1.12 (m, 10H), 1.20-1.27 (m, 2H), 1.42-1.47 (m, 10H), 1.87 (dd, J=8.18, 5.41
Hz, 1H), 2.17-2.29 (m, 2H), 2.55-2.64 (m, 1H), 2.90-3.00 (m, 1H), 3.79 (s, 3H), 3.98-
4.06 (m, 1H), 4.21-4.33 (m, 2H), 4.43 (dd, J=9.19, 3.90 Hz, 1H), 5.12 (dd, J=10.45,

20  1.64 Hz, 1H), 5.29 (dd, J=17.12, 1.51 Hz, 1H), 5.69-5.82 (m, 1H), 6.85 (dd, J=8.06,
2.01 Hz, 1H), 7.08 (d, /=7.81 Hz, 1H), 7.14 (s, 1H), 7.23-7.30 (m, 1H); MS m/z 663
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concentrated. The residue was purified by preparative
HPLC to yield 4.5 ng (14% of Exanple 7 as a white
W@ 008€6408¢H NVR (CD30CD) 6 1.09-1.12 (m 11H), 1PQBUI2088084799
(m 2H), 1.46-1.52 (m 10H), 1.89-1.91 (m 1H),
2.25-2.28 (m 2H), 2.58-2.65 (m 1H), 2.92-2.99 (m
1H), 3.81 (s, 3H), 4.04-4.08 (m 1H), 4.25-4.35 (m
2H) 4.41 -87 WD 2008/ 064066 PCT/ US2007/084799 4.49
1\31'_?1 5.15 (d, J= 12 Hz, 1H), 5.32 (d, J= 18.5 Hz,
1H) M8ty 75 82 (m 1H). 6 92-6.94 (m 2H), 7.48-7.50
(m 2H; M5 mz 663 (M++H). Exanple 8. Preparation of
\/ OHNOS O H 7\ O5
3 eS8 et eFar ed by the sane procedure
as descrl bed in Exan'pl eci/y, Step 5, except using

4' - met hoxy- 3- bi phenyl esium brom de instead. 1H NMR
(CD30D) 6 1.02-1.10 ( THpOH 1. 29 1.31 (m 2H),
1.40-1.50 (m 10H), 1.9 1 %’N 25-2.27 (m
2H), 2.68-2.69 (m 1H) € , 3.84 (s,
3H, 4.10 10 4.15 (ol - 4/ 2(m02H) 5.15 (d,

J= 12 Hz, 1H), 5.32 d\rrJ-l@st 1H), 5.75-5.82
(m 1H), 7.00-7.03 (m %%740760(m 5H); MS nlz
739 (M++H). Exanple 9: Pr%pg.m“pn of Exanple 9 CH O
ONN.~~-N S~ ONOH\O O 1" ExarrplteSToa
sol ut i onExgimpleel2 w:tsmrgﬁare(dS} ddscfilfe8)in Z}e{gp(lﬂﬂ p2@pdure using (3-

( ycl?lmlgpl?eg_lygr‘?llé%re?l}q b(%%{nﬁ quélM)m %Hiél PX (iy8|98%{ O(Hyan]dcja mg(5%)

yI } oBpr3dutt Wed stydindd: ONODVMR AO0VIVL - CRYUTA . 88- ( W(IﬁmH) 1.03-
prepared as described in Exa

e LR oL B g e R S 1 0r 0 B =13 51 1z,

1H), 2.19-2.28 (m, 2H), 2.56-2.64 (m, 1H), 2.90-2.98 (m, 1H), 4.04 (d, J=10.58 Hz,
10 1H),4.22 (d, J=10.83 Hz, 1H), 4.27 (s, 1H), 4.44 (dd, J=9.19, 3.90 Hz, 1H), 5.12

(dd, J=10.32, 1.51 Hz, 1H), 5.30 (dd, J=17.12, 1.51 Hz, 1H), 5.70-5.81 (m, 1H),

7.28-7.37 (m, 2H), 7.47 (t, J=7.68 Hz, 1H), 7.61 (s, 1H) ); MS m/z 689 (M+Na)".

Example 13: Preparation of Example 13

@”1. o 0 (@)

f)*H g AN

 VTRRN
0 /v

15 Example 13

Example 13 was prepared as described in the general procedure using m-
tolylmagnesium bromide (1.0M in THF, 0.90 mL, 0.90 mmol) and 11 mg (11%) of
product was obtained. "H NMR (400 MHz, CD;OD) & 0.99 (s, 2H), 1.04-1.09 (m,
10H), 1.21-1.27 (m, 2H), 1.42-1.47 (m, 10H), 1.87 (dd, J=8.31, 5.54 Hz, 1H), 2.18-

20 2.29 (m, 2H), 2.35 (s, 3H), 2.56-2.63 (m, 1H), 2.90-2.98 (m, 1H), 4.03 (d, /=11.08
Hz, 1H), 4.24 (d, /=10.83 Hz, 1H), 4.28-4.32 (m, 1H), 4.41 (dd, J=9.06, 4.03 Hz,
1H), 5.12 (dd, /=10.32, 1.51 Hz, 1H), 5.29 (dd, J=17.25, 1.38 Hz, 1H), 5.70-5.81 (m,
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bromde (1.OMin diethyl ether, 0.7 nm., 0.7 mml). The

reaction mxture was 20 warned to roomtenperature and
waisemeo©ver ni ght. The reaction was quenched RET/HS2008@4799

WD 2008/ 064066 PCT/ US2007/ 084799 saturated aqueous

NHACL. The m xture was extracted with ethyl acetate,

dried over MSO, filtered, and concentrated in

vacuo. The crude product mas purified by flash colum

o B S BER S0 it d2RE - Frt He ot il vz 1. 7.37

60%s, 14; MRn(z480 (MHK2)'CD30D) 6 0.92-0.96 (m 2H),

0.93 5 1.09 (m 10H), 1.19-1.25 (m 2H), 1.38-1.48 (m
10H), 1.83-1.94 (m 2H), 2.18-2.31 (m 2H), 2.31-2.46
(M ERddple 24:88cp2ra®bn OMExabddle 143. 70 (d, J=9.82 Hz, 1H),
3.8T (d, J=10.32 Hz, 1H), 4.22 (d, J=9.32 Hz, 1H),
4.32 (dd, J=9.06, 4.78 Wz, 1H), 5.09-5.20 (m 3H),
5.30 (dd, J=17.25, 1.3 . 1H), 5.69-5.80 (m 1H),
5.87-5.99 (m 1H), 6.69% % tigoeHé H; Ms mz
619 (M+Na)+. 10 General prga%d'li f|gr \ aration of
ExarrpleleZSOXllI%-;I/.LL AH\THEN~OS H O

H ~0 + x | MBr - 4, ~0°00~000

D To a sol ution of tlr \ffb%\yl (S) A

(S)-2-{[(1R 2S)-1 15

§cycl opr opyI sul fonyl car barrtﬁ}hmpleim nyl cycl opropyl Jcarb
anoyl } - 4- oxo

T3 3 BT S BB essrbaddn s s ppossdig it G
nmo is)apﬂoﬁylﬂ—llréﬁyf)ﬂaa@leﬂhﬂl badmldc @BSNCiwaEF adsied., 0. I’)IE nﬁdl}}d’mal’ld mg
rea ent (0.75 - The reaction nix

a0)tO P‘ioé%“taéﬁb%‘nnﬁ‘% u \MR{( 409 MHzeEDs @) 610 §8ﬂ<9dr<§l 2H),

The1 240t QN 1 MRS 1,284 SRGRESH M Uh- 1St (H, 1. OHS 18, 5.41
NH40?( () m@)s m x?ﬁge %)g neuféga( |2®]§p @qﬁ@ }LSB 8 >

1 (41 Hzehi ammm We2AS12-Bder Als 2R3-2980 mh). 4d4or4ew (m,
oveﬁHw 3@1 fﬁb%@@ﬁ%ﬁ@% 403@%8%5 at48q4d 0= y@&%’m ﬁmH)

crude uct was purified by pfeparative H
theSdégid édl Qo ddtHz, 1189 5.29 (dd, J=17.12, 1.51 Hz, lH) 570 581 (m 1H),

7.17 (d, J=7.30 Hz, 1H), 7.24-7.36 (m, 2H), 7.4 (s, 1H). MS m/z 675 (M+H)".

15  Example 15: Preparation of Example 15

Example 15
Example 15 was prepared as described in the general procedure using (3-
isopropoxyphenyl)magnesium bromide (0.5M in THF, 1.5 mL, 0.75 mmol) and 12
mg (12%) of product was obtained. 'H NMR (400 MHz, CD;0D) & 0.98-1.01 (m,
20 2H), 1.04-1.11 (m, 10H), 1.21-1.27 (m, 2H), 1.29 (d, J=6.04 Hz, 6H), 1.42-1.47 (m,
10H), 1.87 (dd, J=8.18, 5.41 Hz, 1H), 2.18-2.29 (m, 2H), 2.55-2.63 (m, 1H), 2.90-
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WD 2008/ 064066 PCT/ US2007/ 084799 Exanple 10:

Preparation of Exanple 10 F OHO0 O HN N KILN \S~ O NL
wW@20080b4066 O Exanpl e 10 Exanpl e 10 was prepar eBCEES2007/084799

described in the general procedure using (3-

fl uorophenyl ) magnesi um brom de (1.OMin THF, 0.75 ni,

0.75 mmol) and 5 ng 5 (6% of product was obtained.

1H NWVR (400 MHz, CDSCD) 6 0.98-1.01 (m 2H), 1.03-1.11

(ddzjgg}% ‘f@ gégéi)% [%)1%;% (fkjf 2@315%11#}1"1 %WH) 348lua

2. 56=23854.18Mz, 1H), 4.2.-865 (@, 99),(5m2 U#)J=16.303 . 16Kz, JH;QS ﬁﬁ(dd

(dd‘]‘ﬁ')? gé%df (81@ ﬁlﬂg%i%(m%f‘%%%((%tf gﬂéol %@éﬁb ) drg 05 @

Hz, jA+%1 0B, 3D, 1.0 7202285 1HHALS A 6919MAGHS. 82
mlH) 3299%1]?1(mll—|)1(7j3_’%4741(§13|2|) \Y%S3
z 651 (I\/H—I) +. Exanple 11: Preparation of Exanple 11

0 Ok @ib1d Ao rlaratibNof Sdanp@NO H O 0 0 Exanple 11

Exanpl e 11 was prepared as described in the general

procedur e usi ng (3 15 %hoxyphenyl ) magnesi um br om de

(1.OMin THF, 0.75 mi, 75 nmol) and 7 mg (7% of

product was obt ai ned. 400 NHz, D) 6
0.98-1.01 (m 2H), 1031 > 20-1. 27 (m
2H), 1.42-1.47 (m 1), &8\‘&8 5.41 Hz,
1H), 2.17-2.29 (m 23kb 2064 2.90-3.00
(m 1H), 3.79 (s, 3%6 98 %4. 06 (%n 1H) 4.21-4.33
(m 2H), 4.43 (dd, J=9. .90 Hz, 1H), 5.12 (dd,

J 10 45, 20 1.64 Hz, 1H), Exﬂﬂmédd J=17.12, 1.51 Hz,
> 6]8xamp§e 16(was p]r'éi?ared as esm(lbe% in the ger(l)eﬁral procedure using [3-

(N,N-dimethyl)aniline Jmagnesium bromide (0.5M in THF, 1.5 mL, 0.75 mmol) and 7

10 mg(7%) of product was obtained. "H NMR (400 MHz, CD;OD) & 1.00 (s, 2H),
1.02-1.13 (m, 9H), 1.20-1.27 (m, 2H), 1.40-1.47 (m, 10H), 1.88 (dd, /=8.18, 5.41 Hz,
1H), 2.19-2.29 (m, 2H), 2.59-2.70 (m, 1H), 2.90-3.00 (m, 1H), 3.08-3.19 (m, 6H),
4.01-4.14 (m, 2H), 4.24 (d, /=10.83 Hz, 1H), 4.28 (s, 1H), 4.50 (dd, /=9.44, 3.15 Hz,
1H), 5.13 (dd, J=10.32, 1.76 Hz, 1H), 5.30 (dd, J=17.25, 1.39 Hz, 1H), 5.70-5.82 (m,

15 1H), 7.16-7.23 (m, 1H), 7.28-7.36 (m, 1H), 7.42 (t, /=7.43 Hz, 1H), 7.52 (s, 1H); MS
m/z 676 (M+H)".

Example 17: Preparation of Example 17

Ch

g)//, OH o O
7 H i\ AN
o N_K © 5 °
Yoyt

A

Example 17

=

20
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2.01 Hz, 1H), 7.08 (d, J=7.81 Hz, 1H), 7.14 (s, 1H),

7.23-7.30 (m 1H); MS mz 663 -90 WO 2008/ 064066
wWeEAMBNEReO 7/ 084799 (MHH) +. Exanpl e 12: PreparB€T/082001/084799

Exanple 12 G | OH/~HO~\ A ~-ONpHO 0O

Exanple 12 5 Exanple 12 was prepared as described in

the general procedure using (3- chlorophenyl)nmagnesi um

brorride (0.5Min THF, 1.8 ni, 0.90 mml) and 5rrg (5%

d bt N
O 9 >r<o %iﬁz ﬁﬁ’?s?’ Qrgsarg argdlgscn% }_éllf’Y%,éenir I'OCGfu]félSlilg %8(m
2H) pyr%olffgwhé@lmnylﬂdgnesihggﬂroﬁldﬁ (035%2.id 8 HF53 GlanD 75 mmol)
( 1 ang b me A olpuodusonty b, 10/ MIk§ 40055 GEHOD) S Rgh02
&&@H&d 04J?Y oé%m 9%1) 1. 241(&19 { @P'Hstf% 1199 1%1%9 HZH) ill'd) (dd,
q 51-881, STH)Hz, 5H7@ 15 zgz_p (QTmij_,g) 5, 73@82 gb 1263 (rm 1}2),,9 00-2.98
7. 4K|a(1tH) 257 ga5§ 203 I:HTDIHé?ét ﬁti(t (§:10(18;3|)H2 1}%@ 3@{% 1@94[_?1 (dd,

1 on
0\ AJ=N9 8K 408 4 Y HD 5N|2|cﬁdd-|J610 82,15 | B i), &. 2_1?3d<Exiaﬂri)l2é 1138 Hz,

r r r I e

o A PR e S YR By FRRREOHEG 22
0. 90=TRDHY, ]a{)d7 11(sngH)¢ MSO/z6f16 (dr-Hdluct was obt ai ned.
l%H NVR (400 MHz, CD3COD) 6 0.99 (s, 2H), 1.04-1.09 (m

1.21-1.27 (m 2H), 1.42-1.47 (m 10H), 1.87 (dd,
J= 8Eﬁdmp151&43réﬂfaratiﬂnh-lbe)&nﬂa8eHD 2.29 (m 2H), 2.35 (s,
3H), 2.56-2.63 (m 1H), 2.90-2.98 (m 1H), 4.03 (d,
J=11.08

o.N >
(0] /v
Example 18

Example 18 was prepared as described in the general procedure using [3-(1-
15  piperidinylmethyl)phenyl]magnesium bromide (0.25M in THF, 3.0 mL, 0.75 mmol)
and 15 mg (14%) of product was obtained. "H NMR (400 MHz, CD;0D) & 0.99-
1.04 (m, 5H), 1.07 (s, 9H), 1.15-1.26 (m, 3H), 1.41-1.47 (m, 13H), 1.77-1.92 (m,
SH), 2.11-2.40 (m, 2H), 2.65-2.76 (m, 1H), 2.86-2.97 (m, 1H), 4.08-4.19 (m, 2H),
4.28 (s, 3H), 4.52 (dd, J=9.82, 2.77 Hz, 1H), 5.05-5.15 (m, 1H), 5.22-5.34 (m, 1H),
20 5.72-5.85 (m, 1H), 7.44 (d, J=7.20 Hz, 1H), 7.49 (t, J=7.43 Hz, 1H), 7.66 (d, J=7.55
Hz, 1H), 7.81 (s, 1H); MS m/z 732 (M+H)".
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Hz, 1H), 4.24 (d, J=10.83 Hz, 1H), 4.28-4.32 (m 1H),
4.41 (dd, J=9.06, 4.03 Hz, 1H), 5.12 (dd, J=10. 32,
wa2®@s/ost066 1H), 5.29 (dd, J=17.25, 1.38 Hz, 1H)PCT/US2007/084799
5.70-5.81 (m -91 WD 2008/ 064066 PCT/ US2007/ 084799
1H), 7.11 (d, J=7.55 Hz, 1H), 7.23 (t, J=7.55 Hz, 1H),
7.32 (d, J=7.81 Hz, 1H), 7.37 (s, 1H) ); M5 nfz 669
(I\/H\Ia)+ Exanpl e 14: Preparat|on of Exanple 14 OHHO
Exanpl e 14 Exanple 14 was
pat-ed C Tt e~ general procedure using
(3- isopr opyl phenyl brmg esium brom de (0.5M in THF,
1.5 nL, 0.75 nmmol) aqdnl2 ng (12% of product was
obt ai ned. 1H NWR (400 , CD3OD) 6 0.98-1.01 (m 2H),
1.04-1.11 (m 10H), 1.2231. éH(m 8H), 1.41-1.47 (m
10H),1.87 (dd, J=8.18, 5741 .18-2.34 (m
2H), 2.55-2.63 (m 1H), 2. &7 E‘%\hﬁ , 4.00-4.07
(m 1H), 4.26 (d, J=10.83 s4.33 (m 1H),
4.42 (dd, J=9. 086, SN , /atz (dd, J 10. 45,
1.64 Hz, 1H),529(doJ 7.12, 1. :
5.70-5.81 (m 1H), 7.17 ( J= 730Hz 1H) 7.24-7. 36
(m 2H), 7.44 (s, 1H). N5 TAPHHETMH) +. 15 Exanpl e
15: i Nere pﬁ)[a%{ﬂl@@ \Qats ﬂf‘%ﬁfg&l a€ dés%rltieél i thegéhéﬁl%r&edlhle MNing [3-(4-
pr ep@ﬂé@h@ém@l@slmheméhnagne@h@ b@@n@r@lﬁm ivdethup @ nsiOagp mmol)

3- ¥ n

T O

obt ai0ped, 2F)HI BIVR, 0KD0. INHZ7 (GD3ED)1.49- D5®@, 1081 1(88)(dR0=7.93,

i%js@j P@é 11%6%;[ ’6-(2;5]_8 4%1%)4;.]69%536 T buf D718 s (4B, Afraro
(m, 3H), 4.22 (d, J=10.83 Hz, 1H), 4.26-4.32 (m, 1H), 4.48 (dd, /=9.32, 2.77 Hz,
1H), 5.12 (d, J=10.58 Hz, 1H), 5.30 (d, J=16.87 Hz, 1H), 5.70-5.83 (m, 1H), 6.79 (d,

10 J=8.81 Hz, 1H), 7.33-7.45 (m, 2H), 7.56 (d, J=8.06 Hz, 1H), 7.66 (s, 1H); MS 732

m/z (M+H)",

Example 20: Preparation of Example 20

)

Example 20
15 Example 20 was prepared as described in the general procedure using [2-(4-
morpholinylmethyl)phenylJmagnesium bromide (0.25M in THF, 3.6 mL, 0.90 mmol)
and 4 mg (4%) of product was obtained. 'H NMR (400 MHz, CD30D) & 0.94-0.98
(m, 2H), 1.01-1.11 (m, 10H), 1.16-1.24 (m, 2H), 1.41-1.48 (m, 10H), 1.85 (dd,
J=8.06, 5.29 Hz, 1H), 2.12-2.22 (m, 1H), 2.45 (dd, J=12.59, 7.55 Hz, 1H), 2.55-2.68
20  (m, 4H), 2.72-2.85 (m, 1H), 2.87-2.97 (m, 1H), 3.59-3.84 (m, 6H), 4.00-4.07 (m,

-g5-



10H), 1.87 (dd, J=8.18, 5.41 Hz, 1H), 2.18-2.29 (m

2H), 2.55-2.63 (m 1H), 2.90- -92 WO 2008/ 064066
WEIBNEROO7/ 084799 2.99 (m 1H), 3.98-4.06 (NnPCI/BH2007/084799

4.23 (d, J=10.83 Hz, 1H), 4.29 (s, 1H), 4.45 (dd,

J=9.32, 3.78 Hz, 1H), 4.57-4.66 (m 1H), 5.12 (dd,

J=10.32, 1.76 Hz, 1H), 5.30 (dd, J=17.12, 1.51 Hz,

1H, 5.70-5.81 (m 1H), 6.83 (dd, J=8.06, 1.76 Hz,

O i3 om YR ool of o elarid £ il of

of EaémE]jf(ﬂ @.6461z, N1); 5884, /]ilG’Q'i (.26 HY, H{N55§A-8(§)QHN1H%HJ7 (d,
anp e pre re a escri pe
V0 /Dy XBIELE 19, DIATRI 6,16 a5, reR S 2%, MEIS

(N N- di et hyl ) ani | i ne] magnesi um brom de (0.5Min THF,
1.5 nm, 0 .75 mml) and 7 10 mg (799 of product was
obt &xaaRe 2hBrey HExmple Hn30p) 6 1.00 (s, 2H),
102113(m 9H) 120127(m 2H), 1.40-1.47 (m
10H), 1.88 (dd, J=8.18 .41 Hz, 1H), 2.19-2.29 (m
2H), 2.59-2.70 (m 1H) 98%%. 00 (molH), 3.08-3.19
(m 6H), 4.01-4.14 (m 2%%%;(%4 Qgr’-é\, .83 Hz, 1H),
4.28 (s, 1H), 4.50 (dd, J)=9n% 15N 1H) 5.13
(dd, J=10.32, 1.76 . J®?17.25, 1.39
Hz, 1H), 5.70-5.82 (m\jS ;’LH) 7 167.23 (m 1H),
7.28-7.36 (m 1H), 7.42 (T\NJ=7.43 Hz, 1H), 7.52 (s,
1H); M5 nlz 676 (M+H) +. E>awpble217 Preparation of

Ex le 17 N
EXZ%I : mp%l was prepare’éI as escr1t())ed in 9he geklegal p(r)oceduore using (3,5-

dimethylphenyl)magnesium bromide (0.5M in THF, 1.8 mL, 0.90 mmol) and 7 mg
(7%) of product was obtained. "H NMR (400 MHz, CD;0D) 8 0.97-1.11 (m, 12H),

10  1.19-1.27 (m, 2H), 1.37-1.51 (m, 10H), 1.87 (dd, J=8.18, 5.41 Hz, 1H), 2.15-2.25 (m,
2H), 2.30 (s, 6H), 2.54-2.62 (m, 1H), 2.90-2.98 (m, 1H), 4.02 (d, /=10.58 Hz, 1H),
4.21 (d, J/=10.83 Hz, 1H), 4.27-4.32 (m, 1H), 4.41 (dd, /=9.06, 3.78 Hz, 1H), 5.12
(dd, J=10.32, 1.51 Hz, 1H), 5.29 (dd, J=17.12, 1.51 Hz, 1H), 5.70-5.81 (m, 1H), 6.94
(s, 1H), 7.15 (s, 2H); MS m/z 683 (M+Na)".

15

Example 22: Preparation of Example 22

F
fi‘r WA
Ng L. _'s
N X N7\
H H
\N/O\“/N\z)QO() “ Y
° A~

Example 22

Example 22 was prepared as described in the general procedure using (4-
fluoro-3-methylphenyl)magnesium bromide (1.0M in THF, 0.9 mL, 0.90 mmol) and
20 8 mg (8%) of product was obtained. 'H NMR (400 MHz, CD30OD) & 0.97-1.02 (m,
2H), 1.03-1.11 (m, 10H), 1.20-1.27 (m, 2H), 1.41-1.47 (m, 10H), 1.87 (dd, J=8.18,
5.41 Hz, 1H), 2.20-2.25 (m, 1H), 2.27 (d, J=1.51 Hz, 3H), 2.55-2.63 (m, 1H), 2.89-
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20 -93 WO 2008/ 064066 PCT/ US2007/084799 Exanple 17
was prepared as described in the general procedure
W@ 2008964086 (1- pyrrolidi nyl met hyl) phenyl ] magnesPamis2007/084799
brom de (0.25Min THF, 3.0 nL, 0.75 mmol) and 9 ny
(9% of product was obtained. 1H NVR (400 WMHz, CD3CD)
6 0.98-1.02 (m 3H), 1.04-1.09 (m 9H), 1.24 (d,
J 1 51 Hz, 3H), 1.39-1.51 (m 11H), 1.87 (dd, 5

%%% (%anﬁm '6%5, }H@ %H@gléré 3%1{(1 »—50@3 4{7031%? (554 3,

J H)lala A17dd, gH)) 198 .9¥HL, dH), JSZMXd83]=|:D|D 3216 Hﬁ;o}gﬂ 30 (dd,
1H), 4.41 J=9.06, 4.03 Hz, 5.12 :
0 it T a5 B o0 3B R (70 o,
1H) 1157 88=R248, ( 7]4‘ﬂ)74(7n4-]1 Avis 7 6SB(NHRN)1H) , 7. 23
t, J?7 55 d?n : % H()J =7.81 ﬁ?i M% 7.37 (s,
FD Ms mz 716 (NMFD+. 10 Exanple 18: Preparation of
EX 2R d 83Ok il of Pkahptd20 N O H 0 0 0 Exanple 18
Exanple 18 was prepared as described in the genera
procedure using [3-(1- 15
pi peri di nyl net hyl ) phe naggﬁsiun1bronide (0.25Min
THF, 3.0 nmL, 0.75 mmol agf;réing(fléwaaof pr oduct

was obtained. 1H NVR (400 CI% 99- 1.04 (m
5H, 1.07 (s, 9H, 1.15-@\;2} N41-1.47 (m
13H), 1.77-1.92 (m~\6 22 /(n1 ZFD 2.65-2.76

(m 1H), 2.86-2.97 (m %4 08- 4/19(m 2H), 4.28
(s, 3H), 4.52 (dd, J=9.82 77 He, , 5.05-5.15 (m
1H), 5.22-5.34 (m 1H), 2055am|2'es385(m 1H), 7.44 (d,

327 55 il VasTghles of gl el i using -
WO ﬂ@@ﬁ!@lﬁdtﬁﬁﬁhdﬁ@ﬂmhﬁﬁﬁlﬁﬂl/t@@dﬁgg) SNbuailtgFel.4 g1l, 0.90 mmol) and
1 5T eRarathon,: of X AMPLGaitel. 'H NMR (400 MHz, CD:OD) §0.99 (s, 2H),
1.03-1.10 (m, 10H), 1.21-1.27 (m, 2H), 1.42-1.47 (m, 10H), 1.87 (dd, J=8.31, 5.54
Hz, 1H), 2.19-2.22 (m, J=8.06 Hz, 1H), 2.24 (d, J=1.51 Hz, 3H), 2.54-2.61 (m, 1H),
2.90-2.98 (m, 1H), 4.01 (d, J=10.83 Hz, 1H), 422 (d, /=10.83 Hz, 1H), 4.26-4.30
(m, 1H), 441 (dd, J=9.06, 4.03 Hz, 1H), 5.12 (dd, J=10.32, 1.76 Hz, 1H), 5.29 (dd,
15 J=17.25, 113 Hz, 1H), 5.70-5.81 (m, 1H), 7.20-7.27 (m, 3H); MS m/z 665 (M-+H)".

Example 24: Preparation of Example 24

, OH o
(7]
’ 0
Na L )\s/A
VYR

H 0 : 0
Yoyt
(0] /v
Example 24

Example 24 was prepared as described in the general procedure using (2,5-

20 dimethylphenyl)magnesium bromide (0.5M in THF, 1.8 mL, 0.90 mmol) and 5 mg
(5%) of product was obtained. "H NMR (400 MHz, CD;0D) & 0.94-0.97 (m, 2H),
1.02-1.10 (m, 10H), 1.20-1.26 (m, 2H), 1.40-1.49 (m, 10H), 1.86 (dd, /=8.18, 5.41
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O NOHH NN-VILN\W pNO Hp O Conpound 19

Exanpl e 19 was prepared as described in the general
Wpe@sedse using [ 3-(4- PCT/US2007/084799

nor phol i nyl net hyl ) phenyl ] magnesi um brom de (0.25Min

THF, 3.0 nmL, 0.75 mmol) 5 and 16 ng (15% of product

was obtai ned. 1H NMR (400 MHz, CD30D) 6 0.98 1.02 (m

2H) 1.07 (s, 9H), 1.19-1.27 (m 3H), 1.40-1.50 (m

2 Moo 2ad Bl T e 2483 35 i 28y BB (B 22

(M (@H=124628.18 Gz, D] 0.883 IZm, Lk, 4 04@@,40 SZH(zrmH);LHB -4.21

Ty T Jat Inafut e a4 e O 48 i Gy P 1 35g 51
( d, H,’solfﬂ)—§2§@ddWTl711|‘j) 1 57H%31'P?) §50(5r810 (ﬁ’qH)H) 6-226d,(/89.57 Hz,

izxallrldp é%t Jg% é%lallzakfi)oﬁlbfd éxéﬁ‘bﬁé 12@ 7. N7 @O/‘ZHa%# Pzl FONMS
N KM/z583 ®r)0 H\0 0 Exanple 20 15 Exanple 20 was
pr epar ed as descrlbed in the general procedure using
[ 2- (4- norpholinyl net hyl ) phenyl ] magnesi um brom de

(0. %?%61@2;'ﬂ:epal?hﬂgn B%—Exagm%ﬂml) and 4 ng (4% of
product was obtai ned. IH NVR (400 MHz, CD3OD) 6
0.94-0.98 (m 2H), 1.0%1-1.11 (m 1G—I) 1.16-1.24 (m
2H), 1.41-1.48 (m 1 185(dd J=8.06, 5.29 Hz,
1H), 2.12-2.22 (m 1H), dJlg , (.55 Hz,
1H),25526820(m4 272

2.87-2.97 (m 1H), 35,3 N%§)4\\00407(m
-95

A7
Example 25

10 Example 25 was prepared as described in the general procedure using (5-
fluoro-2-methoxyphenyl)magnesium bromide (0.5M in THF, 1.8 mL, 0.90 mmol)
and 5 mg (5%) of product was obtained. "H NMR (400 MHz, CD;0D) & 1.00-1.10
(m, 11H), 1.20-1.26 (m, 2H), 1.40-1.47 (m, 10H), 1.83-1.89 (m, 1H), 2.20-2.29 (m,
1H), 2.34-2.43 (m, 1H), 2.90-2.98 (m, 1H), 3.80 (s, 1H), 3.85 (s, 3H), 3.93 (d,

15 J=10.83 Hz, 1H), 4.18-4.28 (m, 1H), 4.45 (d, /=10.83 Hz, 1H), 4.56 (dd, J=9.69,
2.64 Hz, 1H), 5.12 (dd, J=10.58, 1.51 Hz, 1H), 5.30 (d, J/=17.37 Hz, 1H), 5.68-5.83
(m, 1H), 6.75 (d, J/=8.81 Hz, 1H), 6.98-7.04 (m, 2H), 7.36 (d, /=10.32 Hz, 1H); MS
m/z 703 (M+Na)".
Example 26: Preparation of Example 26

20 Example 26
To a solution of the product from Example 7, Step 4 (55 mg, 0.10 mmol) in THF (4
mL) was added (4-phenoxyphenyl)magnesium bromide (0.5 M/THF, 1.0 mL, 0.50
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WD 2008/ 064066 PCT/ US2007/084799 1H), 4.13-4.21 (m

1H), 4.34-4.38 (m 1H), 4.47 (d, J=10.83 Hz, 1H), 5.10
W@ abg/06496a.0. 20, 1.64 Hz, 1H), 5.26 (dd, J=17. 12CT/LUSRE7/084799

Hz, 1H), 5.68-5.80 (m 1H), 6.77 (d, J=9.57 Hz, 1H),

7.28-7.40 (m 3H), 7.44-7.49 (m 1H); M mz (MH +. 5

Exanpl e 21: Preparation of Exanple 21 OHH N N N-S\

ONOH\NO O0=01/ Exarrple 21 Exanple 21 was

B R AT A B o

1.bS 1 m, t}aeom%%lrﬁmk )nggﬁmmg 5% éMic &did @gd;eiiteati:tewaﬁth EtOAc (10
t
22H?nl’ 51%6 610@9{?( ?y(?er CHS W arqiwd I\lltg;)grile;s Il %quéd@&ﬂl_fét?red and

( ddev ofated SThdredilludthas Tidrated -whbhr 120‘[ Aoxdn@and 2} filtdredO0The solid
% 2.54-2.62 (m 1H), 2.90-2

4. 02
thys fbtag;lgd BRS pq_rp.’qjed byzprg}ftra(ude Hj).Lj_Joto g@(lgi_@om!?p.])nd 100 as a white

2;01141@311(@30/ H, 4.41 (dd, J=9.06, 3.78 Hz, 1H),
12 =10.32, 1.51 Hz, 1H), 5.29 (dd, J=17.12,

1. 51H NMR (L(H?z,OID 5700251.84 (0.1 FDH).26-8.294m, 2 §). 1149 1.5G7(m,5.0 H),

br ep 0P 0R i Pecannt 602 M i AR NER R 28 o

0 B8.0ExanbHe 225- Eﬁa(ml THR3. M, Jor EDHr.ddas 3860 ez, |

b0 8RS fy TRRRS T B GRA P (ot rn b &P T2 )

0. 9715‘675(8(9102mjpl) and 20 8 ng (8% of product was

7. 0BC TR ey 4 36 4oi5ot Bl oy O 4 TFR0AT oy

1O'|Exalilpﬁﬁ7( Pbpadation b8 Exafap27Hz, 1H), 2.20-2.25 (m
1H), 2.27 (d, J=1.51 3H), 2.55-2.63 (m 1H), 2.89-

O.p

Example 27

Scheme 5

; ©Aoio ©/\o Oﬁo’go ©

Step 1.

To a solution of (2S,4R)-1-benzyl 2-methyl 4-(biphenyl-4-yl)-4-hydroxypyrrolidine-
1,2-dicarboxylate (1.294 g, 3 mmol) in THF (10 ml) and MeOH (10.00 ml) was
20  added pre-made solution of Lithium hydroxide monohydrate (0.252 g, 6.00 mmol) in

Water (10.00 ml). The formed cloudy solution was stirred at room temperature for 6



-96 WD 2008/ 064066 PCT/ US2007/084799 2.98 (m 1H),

4.03 (d, J=10.83 Hz, 1H), 4.21 (d, J=10.83 Hz, 1H),
wa2@806e408d (m 1H), 4.41 (dd, J=9.19, 3.90 Hz, PAFS2007/084799

5.12 (dd, J=10.32, 1.76 Hz, 1H), 5.30 (dd, J=17.12,

1.26 Hz, 1H), 5.70-5.81 (m 1H), 6.79 (d, J=9.06 Hz,

1H) 6.96-7.03 (m 1H), 7.33-7.40 (m 1H), 7.41-7.46

(m 1H); M5 mz 687 (MtNa)+. 5 Exanple 23: Preparation

o BTy sl s 31 fet BM s Vb BP0 mo
I n trhe ogaﬁherl@}er Pra® Gegibdewits 570ci(i8-acid, and brine, dried over MgSO4
oo et e sl um e 8 (BN T
Obt ﬁff&ﬁ@he d%ﬁréﬂ?ﬂ%cﬁr@m 2M‘g|z 96 %&m as Gyifite 98wfl&: 2H)
O—I%H NM% IQP) Lg- %i7 (TB: 15), 2 8’?:%“ 12{)&@8323 ?Q (I(I:n% H),
4.%5-4'76% 6m1 ﬁ"hg %mzﬁ%é_ﬁn )(1) I@l J"% J(nﬁg')ﬂgg%ﬁ%@ﬁrbﬁ% 4jn
4 ZEC(MS (FtenGorB@né:12, 64 Ikin mﬁthQCBB)!l Mom/z(4) (MHH202. 41

(ddsmézg 06, 4.03 Hz, 1H) 5.12 (dd, J=10.32, 1.76 Hz,
1H) 29 (dd, 15 J=17.25, 1.13 Hz, 1H), 5.70-5.81 (m

1H) A pfe-2@shéd _Z?bte(smmihlyﬁil;ldd\(& Ainzz, 6658 (olvto) with heleuanpdsetirred in
B B B I S T AN G 0
t hehg&ﬂ@p&irolphm:(;k 2darbexylis aeid (102,05, 0209 mmol) was added as solid by
0. OB Ad s g o0 5y BNES Heleh uRrslapEator Jymin
NIVR(Heddihk dviisst cCRIBR)ti0h a%&‘bo&t)%%fc(ré&ddi’ﬁd)n,of AllyDiZdﬂ;le 10027
g g]d ’m%?_%Q%_glmzog) Elj_ezp nag qloud2 '_Qolutl%n f{gs s:)LtlrrAéScal ag this télmp rature f08r62 h.
15  Quenched with iced 5% citric acid, extracted with EtOAc. Washed the organic layer
with brine, dried over MgSO4, filtered, evaporated. Purified by prep-HPLC to afford
35 mg of the starting material, and the desired product (45 mg, 40 % yield) as a white
solid.
'H NMR (CD;0D) & 2.56-2.57 (m, 1 H), 2.81-2.84 (m, 1 H), 3.82-3.87 (m, 2 H),
20 4.69-4.73 (m, 3 H), 5.14-5.23 (m, 3 H), 5.30-5.41 (m, 1 H), 5.87-6.01 (m, 1 H), 7.34-
7.46 (m, 8 H), 7.57-7.66 (m, 6 H);
LC-MS (retention time: 2.64 min, method B), MS m/z 458 (M'+H).

Example 28: Preparation of Example 28

o5 Example 28
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WO 2008/ 064066 PCT/ US2007/084799 Hz, 1H), 2.16 (d,
J=4.78 Hz, 1H), 2.17-2.25 (m 1H), 2.28 (s, 3H), 2.48

W@ 2008864066 2. 72 (dd, J=12.46, 8.18 Hz, 1H), 2.BSFRSBY7/084799
(m 1H), 4.09 (d, J=10.83 Hz, 1H), 4.13-4.21 (m 1H),
4.37 (d, J=9.32 Hz, 1H), 4.44 (d, J=10.83 Hz, 1H),
5.11 (dd, J=10.32, 1.51 Hz, 1H), 5.28 (dd, J=17.12,
1.51 Hz, 1H), 5.70-5.80 (m 1H), 6.82 (d, J=9.57 Hz, 5
1H), 6. 99 (t, J=7.68 Hz, 1H), 7.11 (d, J=7.30 Hz, 1H),
7.1P04"® =781 Hz, 1H): M5 miz 683 (MNa)+. Exanple
25: Preparation of Exanple 25~F Od 0 /ONHNO\~ O
N O Q. Exanpl e 25 10 Exagp
descri 00@ phe gendf8M%r oced @
f 1 uor o- 2- mét foxyp enyd;)magnesn um
1.8 nL, 0.90 ahg's ng (5% of
obt ai ne AP (400 MHz, CD3 o00-1.10 (m
11H), 1(20-1.26 (m 2H), 1. 40- 7 (m 10—% 183 1.89
(m 1H), 2.20-2.29 (m 1H), 2.34-2.43 (m
(2d 9@2% s%lati%rmf AshR)- flb&gy( ﬁmeﬂﬂlw 4- gt?qzlﬁﬁyl(éﬁ l)ahbydrﬁy%%ohdme—
J=10 2813°aF'|szylfﬁ)(54QLmsng %S&dnmgligl fé@tlc a@Yéﬂder(zlo H]_IH)186 mump))
( ddwas] atfhgd E@*mé’de%élu{—gn ofjgi%ndlén %Qh{opomezha%gsuﬁ‘&aﬂzgl %"191% 0.125

5. 68-
tm mzrm)l) m"ﬂc@fam(ﬂép Oﬁdnlo dgpwige at Q .. Thrtrmef! ilglrtm solution was

EDM&%&} gat ﬁﬁﬁ%h&ﬁtﬁ@ &ﬁ { %R?{eﬁ%ﬂe%@vlﬁofsatE%rﬂfﬁBﬁﬁm?cﬁlong, extracted
with EtOAc. Washed the organic layer with brine, dried over MgSO4, filtered,
evaporated. The residue was purified by prep-HPLC to afford the desired product
(290 mg, 49%) as a mixture of diastereomers.

10 'HNMR (CDCls) 8 1.97 (s, 1/3 H), 2.00 (s, 2/3 H), 2.42-2.50 (m, 1/3 H), 2.68-2.79
(m, 2/3 H), 3.03-3.05 (m, 2/3 H), 3.24-3.41 (m, 1/3 H), 3.54, 3.77 (s, 1 H, rotamers),
3.66, 3.79 (s, 2 H, rotamers), 3.80-3.90 (m, 1/3 H), 4.10-4.19 (m, 2/3 H), 4.20-4.29
(m, 2/3 H), 4.49-4.57 (m, 1/3 H), 4.52-4.60 (m, 1 H), 5.09-5.26 (m, 2 H), 7.30-7.56
(m, 14 H);

15  LC-MS (retention time: 2.78 min, method B), MS m/z 496 (M'-CH3CO,0OH).

Example 101: Preparation of Example 101

Example 101
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20 Exanple 26 To a solution of the product from

Exanple 7, Step 4 (55 ng, 0.10 mml) in THF (4 nl)
woer@saced (4- phenoxyphenyl ) magnesi um brom de POI/BS2007/084799

MTHF, 1.0 nL, 0.50 -98 WD 2008/ 064066

PCT/ US2007/ 084799 mmol ) dropwi se at -40C. After

stirring at this tenperature for 2 h and then at 0C

for 1 h, the m xture was quenched with 5%citric acid

and extracted with EtOAc (10 nlL). The organic |ayer

was WASHEd with brine, dried over MySO4, filtered and

evaporated. The residue was tritur d with hot hexane

and filter hecsoPCbI 5 t hus @gd
puri ™’ed by pre a atmv% MgBryi el d

a sol i g ( —“HRVR ( CD3 \v
1.0 o ]:XEU) 1%612“93%1 2@ H}f’éS

10 l/jQZ(mlH) 2.25-2.

268269(m ,295299(m1|—|)o4/]85 4.07

(m 1H), 435452(m 2 H), 5.15 (d, J= 12
Hz$tdp1532(dJ185HzllOl—|) 575582(m1 ,

H)A 2 ne(()lsll'%céﬁgfk gg%har&ﬂ%ﬂgr%@d%g{lem oml&)’e etther'ci’)fé9 (2%@51}{; 1.0

m nmnet Mbid IRk waveakd with 2n (ibathi2C)0°C uh_ﬂm myhe/aamm for 4 h.
ration anpl e

Ex b s e I Bt T, taredup o gl Ep e me
NO 0 Izmrhn@hﬂv@ 4t aﬂor@@ﬂﬂTHE (5Sihep aikd thE@csaltiag klidhitl) Feldfw
( 2S, benz 2-meth .

Blilﬁ?ﬁ @vﬁwlgaﬂ%iﬁ y ST ?%WP‘?%Wf%Vﬁ@zght-
1 23{& oar boxylate (1.294 g, 3 mol) in THE (10 m) and

MeOH (10.0Q m) was
To another 2-necked flask containing 1-(4-bromophenyl)-1H-pyrrole (239 mg, 1.0

10  mmol)and THF (4 mL) at -78°C was added n-BuLi (2.5 M, 0.4 mL, 1.0 mmol)
dropwise. The resulting mixture was stirred at this temperature for 15 min. The
slurry was cannulated into the flask from Step 1 which had been pre-cooled to -78°C.
The final mixture was stirred at this temperature for 2 h and at 0°C for an additional 1
h. The mixture was quenched with sat. NH4Cl, diluted with EtOAc, and the upper

15  organic phase was separated. The organic layer was washed with brine, dried over
MgSO,, filtered and evaporated. The residue was triturated with hot hexane and was
filtered. The solid obtained was purified by preparative HPLC to yield Example 101
as a white solid (16.5 mg, 12%).

'H NMR (CD;0D) & 1.02-1.09 (m, 11 H), 1.26-1.29 (m, 2 H), 1.45-1.50 (m, 10 H),

20 1.90-1.92 (m, 1 H), 2.25-2.27 (m, 2 H), 2.68-2.69 (m, 1 H), 2.95-2.99 (m, 1 H), 4.05-
4.07 (m, 1 H), 4.35-4.52 (m,2 H), 5.15(d, /J=12Hz, 1 H), 5.32(d, /=18.5Hz, 1
H), 5.75-5.82 (m, 1 H), 6.30 (m, 2 H), 7.20-7.21 (m, 2 H), 7.48-7.51 (m, 2 H), 7.66-
7.68 (m, 2 H);

LC-MS (retention time: 2.81 min, method B), MS m/z 698 (M '+ H), 680 (M -H20).

25
Example 102: Preparation of Example 102
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20 added pre-made sol ution of Lithium hydroxide

nmonohydrate (0.252 g, 6.00 nmol) in Water (10.00 m).
wab@spetosed cl oudy sol ution was stirred at rooP€T/US2007/084799

tenperature for 6 -99 WD 2008/ 064066

PCT/ US2007/ 084799 h. Diluted with water, acidified by

IMHCL to pH 3, extracted with EtQAc (200 m). The

organi c |l ayer was washed with 5%citric acid, and

brine, dried over I\/gS%l filtered, evaporated. The

resi dual powder h "turated with 4:1 hexane- EtOAc

to afford the de 8d prQduct (1.20 g, 96 %yield) as

white powder. 5 1H NWR 6 2.33- 67(m 1 H),

2.79-2.86 (m 1 H), 3. (mHZ\\U) 4.62-4.66 (m

1 H, 516-5.20 (m 2 H), 72 M%ﬂ %)

7.57-7.66 (m 6H) LC— Met time: 2.64 mn,

nmet hod B), M5 m z o Step*2= A pre-washed

Pot assi um hydri de ( 30rrg 0.548 mmol ) with hexane

was stirred in 10D|\/F(2 m_)

(2S,4R) - 1- (benzyl oxycar bor@;gn} séopbi phenyl - 4-yl ) - 4-

hydr oxypyrrol i di ne- 2- carboxyllc acid (104 ng, 0.249

nmol ) was added as sol | d by one portion at 0 C. The

for rred at erat e fo
o FRfet et ] BEF oRiseit By dSTRER LB BRI o1
ef eteep g t4-romof2-Abthytybipheiyd éns(e@d O217 (4-BlomopheR99- 1 H-pyrrole
b f tadtih f2-Mbthyt ehhyd énsf
nmol Tgefinal cl oudy solution was stirred at this
nﬁ@ re for 2 h. 15 Quenched with iced 5%citric
aCI thi NXk (@S Icash oM 641 B @&\011 HME@Q Mhea, QHQaMSCI B@Mﬁflo H),

with brine, dried over MyS04, filtered, eva

Pur i PPd263n. pHep-HPLe (B, Qa&{} 81082695 myy Ho 2.9 %9%£fﬁﬂtﬂhé 80

mat er I — 01 {h\e

as % aﬂ%“e@ﬂ"fgﬂ}ﬁ ﬁ@fl 480, %C%%t{) 6‘}§(dgg Zl‘bg{z/ﬁﬂ) 58 (4,7
288111221811 -‘(?ﬁ -5.82 EI)L,I B). 82)0?7 Q??(H( H)27 B 732011 2H) 7.44-

6 5.14-5.23 (m 3 H), 5.30-5.41 (m

l@ 95?@8‘#{?01 (m 1 H, 7.34- 7.46 (m 8 H),

7. SIZC?l\/IS(Gre(emlorﬁtnhﬁ 2. QQCDAm/Bthh@ct BhMSOm/ 7R orev JQHE472h(M -H20).

nmethod B), M5 mz 458 (Mt+H). Exanple 28: Preparation

of Exanple 28 N Qo O 25 Exanple 28 -100 WO

20084016110 6@ : PCpaldSA0NHABHRAD3 Schenme 6

2 N
SN
O\\\ ¥
>y
° A
Example 103

15  Step 1.
A 2-necked flask was charged with ground cerium (IIT) chloride heptahydrate (373

mg, 1.0 mmol). This flask was heated with an oil bath at 70°C under high vacuum for
20 h, then at 100°C for 2 h, then 120°C for 2 h, and finally 160°C for 16 h. After
cooling this flask in an ice bath, the product from Example 7, Step 4 (110 mg, 0.20
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OH Sc(OTf)3 O NNOOO- N Nz~ OO0 Nzzt OHO Step 1.
To a solution of (2S,4R)-1-benzyl 2-nethyl

wa2qoBloptoenyl - 4- yl ) - 4- hydr oxypyrrol i di ne- PCT/US2007/084799
1, 2-di carboxylate (540 ng, 1.252 nmol) in Acetic
anhydride (10 nL, 106 mmol) was added pre-nmade
sol ution of Scandiumtrifluoronethanesul fonate (61.6
nmg, 0.125 5 nmol) in acetonitrile (0.5 m) dropw se at

0 C. The k sol ution,.. tirred at
i el RS e S B R YRR bt S i
chl orgb%aslye%ﬁddamcﬁ@teméﬂamaﬂ\xrh Washed t he organic

| ayer with brine, dried over MyS04, filtered,
evapbPat ed. The residue was purified by prep-HPLC to

af f gpdndthe 2%@1&&&%1@&&%&% 2(4281% hen‘ﬂ?ﬁ@nd%ﬁ: aom 2009) rp%959
of di astereoners. 1 97 (s,

2. 083y 8g 1) mmg)) anéT&If (én@@ ah(—?ﬁ Gyvas adfled p-BypL @: 571*4 0 émL 1.0
2/ BII‘JFBO Ro 7(Qrase?’angﬁhe(Imxtu’-)fé FadMirred -a‘?t‘ﬁls?terﬂ%era(tﬁ@e(féij I%ZIﬁﬁl » The

h 3
r ot ﬁﬁﬁl?@s §lurrBW8@ca3n@@tgg :ﬁ?ﬁl; %1)3411) frong Stpp 1 4vhich e, proscgolpy to -
? 2980@ 7'l-zﬁe ﬁl(an}nug{n% vﬂ% Stlr%edd‘ag Thé}s é&gér%ur#o?? ﬁband é’lenr’ig_tb O4C @& an

LC w@htéqnet R mnumevaszlumhm with setNOE1, ByllutemlmaOAg@nd

S RS e  AIT OL  EARP L PR e

- 10dridiDV20NIZR 05 4066 d RGT¢IBRORT/ T8 4379Bic vEs h’ﬁm&teﬁ withphot
0. Ohé):(';lne and was filtered. The solid obtained was purified by preparative HPLC to
yield Example 103 as a white solid (17 mg, 12%).
'H NMR (CD;0D) & 1.02-1.09 (m, 11 H), 1.26-1.29 (m, 2 H), 1.45-1.50 (m, 10 H),
15  1.90-1.92 (m, 1 H), 2.25-2.27 (m, 2 H), 2.68-2.69 (m, 1 H), 2.95-2.99 (m, 1 H), 4.05-
4.07 (m, 1 H), 4.35-4.52 (m,2 H), 5.15(d, /J=12Hz, 1 H), 5.32(d, /=18.5Hz, 1
H), 5.75-5.82 (m, 1 H), 7.38-7.40 (m, 1 H), 7.71-7.74 (m, 2 H), 7.87-8.00 (m, 4 H),
7.63-7.64 (m, 1 H);
LC-MS (retention time: 2.24 min, method B), MS m/z 710 (M '+ H).
20

Example 104: Preparation of Example 104

Example 104
Example 104 was prepared by the same procedure as described in Example 101,
except using 2-bromobenzo[d]thiazole instead of 1-(4-bromophenyl)-1H-pyrrole in
25  Step 2.
'H NMR (CD;0D) & 1.02-1.09 (m, 11 H), 1.26-1.29 (m, 2 H), 1.45-1.50 (m, 10 H),
1.90-1.92 (m, 1 H), 2.25-2.27 (m, 2 H), 2.68-2.69 (m, 1 H), 2.95-2.99 (m, 1 H), 3.80
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NH; SVMB ~1~11 0HOQp +2H /'"'tAHN-S H

NHN _V ~O'N~p O=n BuLi ONOHBr OO=0 Step
wa2oooomecked fl ask was charged with ground nRCRESI00T084799

brom de etherate (258 ng, 1.0 nmol). This flask was

heated with an oil bath at 70C under high vacuumfor 4

h. 5 After cooling this flask in an ice bath, the

product from Exanple 7, Step 4 (110 ng, 0.20 nmol)

PG OB PR TRER Uriarbads i Bt D% dnim
? FZ‘? DR A AR it i 7?5“‘?”‘?‘3?“?? Pk

P S e ornac: A o enocp) Mo e gty 2 Bul Y
(2 5M 0.4nm, 1.0 mol) dropwise. The resulting

m xture was stirred at this tenperature for 15 mn.

The Example 195 Reepaigtiotel Be@glei @0 the flask from Step 1
whi ch had been pr oI ed to -78C. The final mxture

was stirred at th| rature for 2 h and at 0C for
an additional 1 h.S Th xtcume vvaso unr@hed with sat.

NHACL, diluted with Et 15 organic
phase was separated. The or EE washed with
brine, dried over MS04Hfiltened evaporated. The
residue was tritura iNk hexahe= and was
filtered. The soli btgi ned was purified by
preparative HPLC to yield nple 101 as a white
solid (16.5 rTg, 12% . 1H d 0D 6 1.02-1.09 (m
11 H), 1.26- 29(m 2 H, 5- 50(m 10 H, 20

190192(m1 ,225227(m2 , 2.68-2.69 (m

( m'_uE?aq;Ble ?%3 e éoarejl%y}i%e We%%ceélr% és(cgfsgrgbf}_%1 léyni)le wﬁz

5. 75xc§pt8§1n@@1(41)rdfﬁloph6n}aﬁhléiﬂle iBstédd, of 1 (Zfﬂ)r&nc%ﬂ;el(}ﬂ) 1HE-p¥iroele in
(7.48-7.51 (m 2 H), 7.66- 7.68 (m 2 H: LCMS
?rets@ﬁtzlontlne 2.81 nin, mathod B), M5 nmiz 698 ( M+

'R RRE g@mkﬁﬁ% 10290 168:1 28 (ﬁ%@ﬁgtﬂ 019 (m, 10 1),
Exarrpl e 1 2102 WD 20 8/ 06 066 PCT/ U5S2007/084799 O
1.90-1.92 (m, 1 H), 2.25-2.27 (m, 2 H), 2.68-2.69 (m, 1 H), 2.95-2.99 (m, 1 H), 3.80
(s, 3 H), 4.05-4.07 (m, 1 H), 4.35-4.52 (m, 2 H), 5.15 (d, /= 12 Hz, 1 H), 5.32 (d, J
= 18.5 Hz, 1 H), 5.75-5.82 (m, 1 H), 7.64 (m, 1 H), 7.72-7.74 (m, 2 H), 7.90 (m, 1 H),
15 7.98-7.99 (m, 2 H);

LC-MS (retention time: 2.67 min, method B), MS m/z 716 (M '+ H).

Preparation of Compounds of the Present Disclosure

20  Example 106: Preparation of Compound 106
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\l, 0HOOO N NHQNO 1Al _ Exanple 102 Exanple
102 was prepared by the sanme procedure as described in
WE@RPW6A 01, except using 4'-brono-2- met hoxyPCphg2e91/084799

i nstead of 1-(4-bronophenyl)-1Hpyrrole 5 in Step 2.
1H NV\R (CD3OD) 6 1.02-1.09 (m 11 H), 1.26-1.29 (m 2

H, 1.45-1.50 (m 10 H), 1.90-1.92 (m 1 H),

2.25-2.27 (m 2 H, 2.68-2.69 (m 1 H), 2.95-2.99 (m

1 H, 3.80 (s, 3 , 4.05-4.07 (m 1 H), 4.35-4.52

(m2H),5.15(d 12 Hz, 1 H), 5.32 (d, J = 18.5
1 H), 5.75-5. 8 H)|700709(m 2 H,

7.27-7.34 (m 2 H), 7.1 07.51 (o0 P : LC VB
(retention time: 2.90 mH, hodH B\ z 729 ( M+
H, 721 (M-H20 . Exanple 1Q3: amati on of Exanpl e

103 / N\I, OH OO _NJ'-iN NJH quk=.0 11 O O Exanple
103 15 Step 1. A 2pecked | dk was Tharged with

ground cerium (I111) chl Ori/ﬁgheptahydrate (373 nyg,

1.0 mol). This flask was heated with an oil bath at

70C under hi gh vacuum f or CcoR@odad 10ehen at 100C for 2 h,
then 120C for 2 h, and finally 160C for 16 h. After

cool Bahgme Ai s flask in an ice bath, the pr oduct from

Exanple 7, Step 4 (110 , 0. 20 103 064066 o,

PCT/ Us2687.084799 ~ mol )%and m, & hagfd. The i
resultlngﬁ tIMIo@br vi gor ous| 0
i LT m t enper at ulle Yor 4 h. b

stirred. a
Saa N el oo

N
~ ~

0. PdiC o 9’ O~
H o O_N O
O,&OO >r \n/ \AO
0 A
o P
O | hv N
LiOH , O 7
" oH — Compound 106

H N
>N o

0 A

Step 1.

5  To solution of methyl sulfoxide (23.90 ml, 337 mmol) in DCM (100 ml) at -78 °C
was added oxalyl chloride (2 M in DCM, 84 ml, 168 mmol) dropwise. The formed
solution was stirred at this temperature for 30 min. A solution of (2S,4R)-1-benzyl 2-
methyl 4-hydroxypyrrolidine-1,2-dicarboxylate (21.38 g, 77 mmol) in DCM (100 ml)
was added dropwise at -78 °C. The formed slurry was stirred at -78 °C for 2 hr before

10  additon of N,N-Diisopropylethylamine (66.7 ml, 383 mmol) dropwise. The final
solution was stirred at room temperature 3 h. The mixture was washed with iced 1M
HCI, 5% citric acid, and then brine, dried over MgSO4, filtered, and evaporated. The

residual light brown oil was purified by silica gel column chromatography, eluted
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Step 2. To another 2-necked fl ask contai ni ng

2- (4-bronophenyl ) pyridine (JOC, 2003, p6959, 5 233
worgnosaedeimol ) and THE (4 nmL) at -78C was addeRCTUSONT/084799

(2.5 M 0.4 nm, 1.0 mol) dropwi se and the m xture

was stirred at this tenperature for 15 mn. The

formed slurry was cannulated into the flask from Step

1 which was pre-cool ed to - 78C. The final mxture was

R T e S e Rk A e

NFM@lopyﬂblldiﬁeﬁ ﬂ,2thai‘b0E§rl%Ql4 ap, d7(1% ike) asp]@mrbr@wgalrsct@s 011.
was segarat gan C éﬁr was washed w

brl r%NM%lE(F% I3 bR/ &P 8- I%@é@ﬂ 1H |2t9é)r?e%P d v aforat’ds. 3 H‘he
r estAlfer¥yasod Et'oé'éﬁlaﬁ a6l Mt@E, 1 exans. 2@'@&& RS, 7.32-7.39 (m,

filtered.” The solid obtai ned was purified

prep&ative HPLC to vyield Exanple 103 as a V\,hl te

sol kf 617 ng, 129 . iH NVR (CD3CD) 6 1.02-1.09 (m 11
H, 1.26-1.29 (m 2 H), 1.45-1.50 (m 10 H), 15

1. 900 2 sQntigmaf (3)- Hpenzgl 2Eethy PAoxepyrrolidie-1.2-dg8rtpx@gte (.0 g,

(m 25 ot ey Bopmm o ) s oo oty emiae
5. 7553 nﬁZ O(SnM id THF, 7571538m3l) tﬂfbp@vliae TheHprmé. light }7&1164/ sphrtion
1 cbintirgh o phdsBgsre i b Queichie B NGl P i

H) . lay&OTEXaifnde)LB légiaﬂwaﬂxapaécatvlﬂo BtOAc. Bxahql tee dddbindd organic
OH

Ecalfpa TP rin 855 My ol e oprpd et e
des pﬁmﬁbadwlpassﬁ)gammh@ a@llca geemag,mutmiﬂm: 1, 3:1 then 2:1, and finally
TN T ——

1§ CD%@AC ﬁeﬂanezsolnpﬁso(rﬂn) tolazlffdﬂ) 7.8% 02625141%91 6émzy1’é Mth%l 4-
g-m4?t2ph.q)1yl @%é lgd@quyﬁﬁollqlgﬁ)]l- 2- chaglg)leaga;)s @W\all geqq}es Fhegppther
10ﬂq0r was concentrated and purified by flash column, eluted with 4:1, 3:1, then

2:1,and finally 3:2 hexane-EtOAc to yield additional 2.41 g of the desired product.
'H NMR (CDCl3) & 2.39-2.45 (m, 1 H), 2.70-2.75 (m, 1 H), 3.66, 3.86 (s, 3 H,

20  rotamers), 3.80-3.90 (m, 1 H), 4.00-4.07 (m, 1 H), 4.62 (dd, J,1,=9.5, 28 Hz, 1 H),
5.09-5.15 (m, 1 H), 5.21-5.25 (m, 1 H), 7.31-7.38 (m, 6 H), 7.42-7.45 (m, 2 H), 7.54-
7.59 (m, 6 H);
LC-MS (retention time: 2.77 min, method B), MS m/z 414 (M'- H,0), 370 (M- H,0O
- COy).

25  Step 3.

To a solution of (2S,4R)-1-benzyl 2-methyl 4-(biphenyl-4-yl)-4-hydroxypyrrolidine-
1,2-dicarboxylate (8.08 g, 18.73 mmol) in DMF (150 ml) at 0 °C was added sodium
hydride (0.520 g, 20.60 mmol). The formed light brown solution was stirred at this
temperature for 30 min. Dimethyl sulfate (1.949 ml, 20.60 mmol) was added

30  dropwise at 0 °C. The final solution was stirred at room temperature for 2 h.

Quenched with 5% citric acid, extracted with EtOAc. Washed the organic with brine,

dried over MgSO4, filtered, and evaporated. The residue was purified by flash

columnsilica gel chromatography, eluted with 4:1, 3:1, then 2:1 hexane-EtOAc to
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WO
(m

2008/ 064066 PCT/ US2007/ 084799 (s, 3 H), 4.05-4.07
1 H), 4.35-4.52 (m 2 H), 5.15 (d, J= 12 Hz, 1 H),

WG2®8/0¢4966 J = 18.5 Hz, 1 H), 5.75-5.82 (m 1 P)T/US2007/084799

7.4

3-7.52 (m 2 H), 7.93-8.01 (m 2 H); LC M

(retention tinme: 2.79 mn, nmethod B), M5 mz 690 ( M+

5 Exanpl e 105: Preparation of Exanple 105 \I, OH

WO N\NL NH QUNOII _ O O- Exanple 105 Exanpl e

105

E o hlE BB S B G S e R R A SRR 08  ©

| nsye&m g 014(34 b mm@ @mwha sohtﬂr4ow ¢ of sarfin; mdtOrisbtrapaldo

i H
H,
2.2

1H,

?m

NIVR 81 % 1H, 1.26-1.29 (m 2
regoypged ugl@g ?ﬁhc? pur1 1gAtHH. 1 92 (m 1 H,
S5 ?ﬂxﬁi 8(6]3@13)26 751 2%6 3& 2H§3% 5502( 891(nH)1 H)2. 9§-22979(9 3(1m

rozaIH)rS) 56 538@ds P rsntzmla@) 3169@86@13 >(@02508£m13H5462

(d]d ,'J") - 955 7§?F? Ei%{)( 5‘b935 1'7|?§m7? Slg 75083929(1%'{')1 H)77§377467(r4n, 10

(reH@thﬂeﬁ&(mnéal 67 m n, method B), M5 m'z 716 (I\/H-+

Ds
-10

D L TSR s ORHOR 8L MRS ER L o

06
Me‘(ﬁﬂ)ZDM)&WGSN@@H—F’UM)USZOO?/ 084799 00 OHN'-H

N %qu 1O _  Conpound 106

15

20

25

30

To an iced Parr shaker vessel containing solution of (2S,4R)-1-benzyl 2-methyl 4-
(biphenyl-4-yl)-4-methoxypyrrolidine-1,2-dicarboxylate (1.29 g, 2.90 mmol) in
MeOH (30 ml) was added Palladium (0.308 g, 0.290 mmol) on carbon (10%, wet).
The vessel was placed on a Parr shaker apparatus under hydrogen with 25 psi
pressure for 5 h. Quenched with celite. Filtered, evaporated to afford 0.811 g (91 %)
of the desired product as an off-white powder. This material was used for the next
coupling reaction without further purification.

LC-MS (retention time: 1.92 min, method B), MS m/z 312 (M'+H), 280 (M-
MeOH).

Step 5.

To a solution of (2S,4R)-methyl 4-(biphenyl-4-yl)-4-methoxypyrrolidine-2-
carboxylate (500 mg, 1.606 mmol), (S)-2-(tert-butoxycarbonylamino)-3,3-
dimethylbutanoic acid (409 mg, 1.77 mmol), and HATU (867 mg, 2.409 mmol) in
DCM (15 ml) was added N,N-Diisopropylethylamine (0.839 ml, 4.82 mmol) at 0 °C.
The formed solution was stirred at room temperature for 4 h. Diluted with DCM,
washed with 5% citric acid and brine, dried over MgSO4, filtered, evaporated. The
residue was purified by silica gel column, eluted with 2:1 hexane-acetone to afford
the desired product (600 mg, 71 % yield) as a white foam.

'H NMR (CD;0D) 8 1.11 (s, 9 H), 1.42 (s, 9 H), 2.61-2.66 (m, 1 H), 2.71-2.75 (m, 1
H), 3.00 (s, 3 H), 3.75 (s, 3 H), 4.20-4.25 (m, 2 H), 4.30-4.35 (m, 1 H), 4.75-4.79 (m,
1 H), 7.35-7.72 (m, 9 H);

LC-MS (retention time: 3.04 min, method B), MS m/z 525 (M'+H), 493 (M-
MeOH).
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Scheme 2 O HO 0O\ OHOs-0 0--/\/ 0 Swern NN N O |

\ 0000001 JOkKk, OO HOH cL/'DD D>1,0,r N2 OO
W@2048/0§4066 0 Pd/C O NNO-* O HO ON,~,, 00 N H&r/YS200r/084799

O O\ /I FizN\A\\NH LiOH O Conmpound 106 OH N \

OYNO O Step 1. 5 To solution of nethyl sulfoxide

(23.90 M, 337 mol) in DCM (100 M) at -78 C was

added oxalyl chloride (2 Min DCM 84 nml, 168 mmol)

dr opwi The formed solution was stirred at this
rrS%3 Rture for 30 mn. A solution of (2S, 4R) - 1- benzyl

2 l]’Bh@Mhtléhny@SGRyWHy@hi(ﬁibhtﬁylM-&})di csrbaxy! at e

(21, 38 77 mol ) _in s added d
at bwtsxséarbméa%f) angDCﬁglfl utmgm‘%m?t?@afpwgldm %@? gqu te
hr p@b%ge 1104 agehiti@mrHef (5 I}Jﬂ}\hdal M@@Iﬂ? (DY MOt laddbdpe- made

66.7 m, 383 nmol) dropw.s e final solution
ti ﬁql%tdma?tf 11%%%%%@? @théd@ter(% Mge2-AF XNTER TRy ater (500 m).

vas frgdeothtdc1b&®dofhithn {Zi'%]ﬂtm@a/ aClobihltmRedttte f@Hh. RRBBved the

brine, dried over MyS04 iltered, and evaﬁorated The

r esvelars. dilged Wish S%reitsr iwwtrmd Vit BtOAC. $he prggpiglayer was
col yamcg Wltﬁ%ﬁh@, QEBPHVer hfésw,eﬁltered, and evaporated. The residual powder

(534 mg, 91 % yield) was recrystallized from EtOAc-Hexane (2ml-4ml) to yield 450
10  mg of the desired product as a white crystal.
LC-MS (retention time: 2.93 min, method B), MS m/z 511 (M'+H), 479 (M-
MeOH).
Step 7.
To a slurry of (2S,4R)-4-(biphenyl-4-yl)-1-((S)-2-(tert-butoxycarbonylamino)-3,3-
15  dimethylbutanoyl)-4-methoxypyrrolidine-2-carboxylic acid (255 mg, 0.499 mmol),
(1R,2S5)-1-amino-N-(cyclopropylsulfonyl)-2-vinylcyclopropanecarboxamide, tosylic
acid, hydrate (231 mg, 0.549 mmol), and HATU (228 mg, 0.599 mmol) in CH2CI2
(5 ml) at 0 °C was added N,N-Diisopropylethylamine (0.435 ml, 2.497 mmol). The
formed light yellow solution was stirred at 0 °C for 3 hr. Diluted with EtOAc (10
20 mL), washed with 5% citric acid and brine, dried over MgSO4, filtered, and
evaporated in vacuo. The residue was purified by preparative HPLC (Phenomenex-
Luna 30X100mm S10, 30%B to 100%B, 15 min gradient time, 20 min stop) to afford
Compound 106 (248 mg, 68.7 % yield) as a white solid.
'H NMR (CD;0D) 8 1.01-1.12 (m, 11 H), 1.26-1.27 (m, 2 H), 1.43-1.50 (m, 10 H),
25 1.87-1.90 (m, 1 H), 2.20-2.25 (m, 1 H), 2.49-2.57 (m, 2 H), 2.95-2.99 (m, 1 H), 3.11
(s, 3H), 4.07-4.09 (m, 1 H), 4.22-4.24 (m, 1 H), 4.42 (d, /=9 Hz, 1 H), 4.58-4.60
(m, 1 H), 5.15(d,J=12Hz, 1 H), 532 (d, J=18.5 Hz, 1 H), 5.75-5.82 (m, 1 H),
7.38-7.39 (m, 1 H), 7.45-7.48 (m, 2 H), 7.57-7.67 (m, 6 H);
LC-MS (retention time: 2.96 min, method B), MS m/z 723 (M'+ H).
30
Example 107: Preparation of Compound 107
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-106 WD 2008/ 064066 PCT/ US2007/084799 wth 4:1, 3:1,
then 2:1 hexane-EtOAc to afford (S)-1-benzyl 2-nethyl
W@2008064096 1 ol i di ne- 1, 2- di carboxyl ate (14.8 g, FOI/¥52007/084799
yield) as light brown viscous oil. iH NWR (CDC13) 6
2.58-2.63 (m 1 H, 2.90-2.99 (m 1 H, 3.62, 3.77 (s,
3 H rotaners), 3.95-4.02 (m 2 H, 4.82-4.89 (m 1
H, 5.11-5.24 (m 2 H, 7.32-7.39 (m 55 H. Step 2.
To a solution of (§)-1-benzyl 2-nmethyl
4- oxopyrrolidine- ?- di carboxylate (14.0 g, 50.5
mmol ) in tol uene (& at |0 C was added
bi phenyl - 4-yl magnesi um m e (15(2 L0.5 Min THF,
75.75 mmol ) dropw se. Theé f d Hig ow sol ution
10 was stirred at this tenp N 'é . Quenched

with NHACLl, separatedd hqé or%anid: ayer The aqueous
| ayer was extracted Washéd~t he conbi ned

organic layers with erne,'\dyi\ed'\wfer My S04,
filtered, and evaporated. The residue was purified by
passi ng through a silica gelCoppaugd 18 uted with 4:1,
3:1 then 2:1, and finally 3:2 hexane-EtOAc to provide
11.70 g white solid, which was recrystallized from 15

Et OAc- Eﬁ £50 m-150 m) to afford 7.8 g of

(2S, 4R) 1-benzyl 2-nethyl -

(bi phenyl -4-yl)-4-hydro yby roli |d|carb05¥bate
as smal @ es. |The mot her i qor ncent I-

and puri fTéd £Lash col um, el uted Wi t/h \4: &, 31,
then 2:1,and fi 03: 2 hexane Et OAcHt y eI d

addi tional 2.41 gﬁof the desired ¥ NWVR
(CDC13) 6 2.39-2.45 {m 1 H), 2.70. 2075- H)

3.66, 3.86 (s, 3 H 20 rotaners), 3.80- M 1H,
4.00- 4. 07 1 H, 4.62(dd Ji,2 = 9.5, 28 , 1 H,
5.09-5.15 | 5.21- 25{&01H) 7.31-7.38 (m
6 H, 7.42-7. g 2H), 75%NW59(m 6 H; LCM
(retention ti rre . ¥7 #iyn, nEIJ:Tﬁd_B) ciMipotdzioA14 (M-

H20), 370 (I\/H- C02) 25 Step 3. To a solution of

(2S, 4R) - 1- jelz 4 \Z’J*ms?hyl

4 (blphenyl - hydr oxypyrrol i di ne-
2- di car boxy!| ate\ELS.\-QSh, 18.73 mol) in DMVF (150 ni)
at 0 C was added sodi unt hydride (0.520 g, 20.60

nmol ). The fornmed |ight brown solution was stirred at
this tenperature for 30 mn. Dnmethyl sulfate (1.949

#, Sep.160 mmol) was added 30 dropwise at 0 C. The
f ' n% a%Ql'uH&ﬂ &Qz@@ﬁ%ﬁgﬂhw@ém%nﬁqom Em%&#foﬁdfn@z

Quenche %citric acid,” extracte
it CRObONRRSHAA0 DD 6% 2gamiob, (W-2Htebrliuycarbonylamino)non-8-enoic

acid (144 mg, 0.530 mmol), and HATU (260 mg, 0.723 mmol) in DCM (5 ml) was
added N,N-Diisopropylethylamine (0.252 ml, 1.445 mmol) at 0 °C. The formed
10  solution was stirred at room temperature overnight. Diluted with DCM, washed with
5% citric acid and brine, dried over MgSO4, filtered and evaporated. The residue was
purified by preparative HPLC to yield the desired product (140 mg, 51.5 % yield) as
white foam.
'H NMR (CD;0D) & 1.31-1.57 (m, 15 H), 1.62-1.65 (m, 1 H), 1.78-1.82 (m, 1 H),
15  2.11-2.13 (m, 2 H), 2.66-2.69 (m, 1 H), 2.84-2.89 (m, 1 H), 3.00 (s, 3 H), 3.76 (s, 3
H), 4.16 (s, 2 H), 4.30-4.35 (m, 1 H), 4.79-4.81 (m, 1 H), 4.95 (d, /=12 Hz, 1 H),
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dried over MygS04, filtered, and evaporated. The
residue was purified by flash columsilica gel

W@ boosietoogr aphy, eluted with 4:1, 3:1, then 2:RCT/US2007/084799
hexane- Et OAc to -107 WD 2008/ 064066 PCT/ US2007/ 084799
yield 1.45 g of the desired product, which was
recrystallized in MeOH (10 mM) to vyield 1.20 g (14.38
%vyield) as a white solid. 4.50 g of starting materi al

o5 TSP o BEHET B, SU5 08 L o Y A R 10,
H) 7349’571(21 Qﬁ)(s 3 H 5rotaners), 3.67, 3.80 (s, 3
a 69-3. 86 (m -4.08

t 1 H),
4. 6%8 e eteﬂ‘fm‘?“me g: 2@“28‘“?4?0(1!?3 NS m% 3654, ilgl‘)m( m T)
H), sBp20-5.29 (m 1 H), 729746(m 10 H,
7.57-7.60 (m 4I—%; LC- M5 etentlontlme 92 nin,
fret o d sgptiong (432 h%th(]l\#(b-mhfnylﬁ‘l N, )2I\9§@H) 370
( Mtpudyeehtbon @ Riho hn BBy 4- nTéﬁlcﬁ% }}rﬁﬁ@ngétdarb%a?lkﬁr(l% mg,

vessel ‘contalning solution of gp benzy
2- nB2p¢y mmel) in THF (2 mL) and MeOH (2 mL) was added pre- made solution of

b mon a
g . Hﬁlj?{h%&o%hé 4 @?&Q@%@é&{%ﬁ%ﬁ@n I Radi d@%ﬁﬂ;om Bfed
Pal Fla WTPIUtion 3@8styred@t oM tnmmratu@mvemrghb Refupeod thoveelytiles in

he vé’c‘ﬁ?ﬁ Sﬁle r%@zﬁf Eik%‘g :?119' 'Pso&)at@r E&&ﬁeé{&ﬁﬁ ?1%[ lﬁ@ﬂ%@ﬁtzu ﬁxéﬂa{k‘?e% with

ydro Féssure
Wi t Et(blm WashedFthd: brered ayawalp}oi%lmmic topd afdftomd, dicd ddergSO4,

(91.9 the esi duct a off owder
i S0t B PRS0 ROV R0 % Bl Vi BN o

WI t hewtxtfcauilmgregotion #itloat funther duGfibdiogar et enti on ti ne:

oot VS eGPy e s i, MS s gt b

14- ( Biephenyl - 4-yl ) 4- met hoxypyrrolidi ne-2- carboxyl ate
(500
( s) 192 m@%l&?/to?&ﬁ@? @?}p&swg}ﬁam ) 3; (srt- R e RN Q-8
aci l@l)lc(yﬁaﬁmﬁmox ylddhd'ﬁi@t ):arb chﬁﬁd@glﬁ@b M mBe$09R 2S)-1-
n1o

N, rx@lmnp%5%1,9910@1'lﬁk;}fOélvﬂmeVH@dC}@?@rqwneCarbe@% tosykig acgyl.

C BydrdtR s pﬁlgeoﬂmsth%m Ql'ﬂd mlﬁ (7|7 hed 2ab nfn‘idi’)nih DCM (3 ml) was
nperature or luted wit w th

2 fé i t pdded %N@léﬁmomrlﬁ:th)éamw (@Q74ovk p 4k smpl) At |0| EJeTleeoﬁnal mlxture
ev a%{ an%q at @gﬁﬁﬁ%@ﬂl&vm&w it fel S§9mYe Nt Jwas%@d Q&h h 5% citrc

col um, ' hexane-acetone to aff '
d es peie @Ianirrmﬁu@ted (O8OTMa%4, Tiltewsl pd¢wdporatsd.al hmﬁ:sn@efmamrlﬁed

% E%Q?%Pf‘% % 4;? r??oygﬁ 071(6%%12;( 89 05yik) as white solid.

'H NMR (CD;0D) & 1.11-1.12 (m, 2 H), 1. 26 1.28 (m, 2 H), 1.37-1.51 (m, 15 H),

25  1.64-1.72 (m, 1 H), 1.87-1.89 (m, 2 H), 2.08-2.11 (m, 2 H), 2.28-2.31(m, 1 H), 2.95-
2.99 (m, 1 H), 3.09 (s, 3 H), 4.19(d, /=9 Hz, 1 H), 4.38-4.41 (m, 2 H), 495 (d, J =
12 Hz, 1 H), 5.03 (d, /= 18.5Hz, 1 H), 5.15(d, /=12 Hz, 1 H), 5.32 (d, /= 18.5 Hz,
1 H), 5.75-5.84 (m, 2 H), 7.38-7.39 (m, 1 H), 7.45-7.48 (m, 2 H), 7.53-7.58 (m, 2 H),
7.63-7.71 (m, 4 H);

30  LC-MS (retention time: 3.15 min, method B), MS m/z 763 (M'+ H).

Example 108: Preparation of Compound 108
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30 H, 3.00 (s, 3 H, 3.75 (s, 3 H, 4.20-4.25 (m 2
H, 4.30-4.35 (m 1 H, 4.75-4.79 (m 1 H, 7.35-7.72
W@ 20806486 LC-MS (retention time: 3.04 mn, nek¢ibuSBY7/084799

M5 nmlz 525 (M+ +H), 493 (Mt MeOH). -108 WO

2008/ 064066 PCT/ US2007/084799 Step 6. To a solution
of (2S, 4R)-net hyl 4-(bi phenyl-4-yl)-1-((S)-2-(tert-

but oxycar bonyl am no) - 3, 3

- di met hyl but anoyl ) - 4- met hoxypyrrol i di ne- 2- car boxyl at e
(600 ng, 1.144 mmol)_in THE (5 and MeCH (5.00 m)
was added pre-nad¢ solutio i t hi um hydr oxi de
nonohydrate (96 Z in watgr (5.00 m).
The formed cl oudy sol ut wes sti r(Ded room
tenperature for 8 h. Renpbved t\he Hv\Hn’ , diluted
wth 5%citric acid, extracta EtHOAc.” The organic
| ayer was washed wtlp brm nek_dia e aver MyS04,
filtered, and evapo ted. e @ esi duaT‘povvder (534
ng, 91 %yield) was recpy lized from Et OAc- Hexane
(2mL-4ml) to yield 450 10 of the desired product as
a white crystal. LC M5 (r &poentindod i ne: 2. 93 m n,
nmethod B), M5 niz 511 (M+ +H), 479 (M~ MeOH). Step 7.
To a slurry of

(25, 4R)-4; (bi phenyl 4-yl1)-1-((S)- tert-butoxycar bon%:

Iamno 33-

Ibutanoyl) 4-me i ne- 2 ceff Roxyli
e d@s@g OH. 499, & @ Q '\*
(1R, 29) N--(—cyt'r opropyl uh{ .00 |)ad/% Vi nyl c cl{opr o,
opanecar box ami cher st osylic _aci gy drate (231 ny, N

0. 549 o898 HATU (20 9 mol) in cHec1? ©
(5 m ) 0 C was added NYXF Dii sopropyl et hyl am ne

(0.435 m, 2.497 mol). e formed |ight yeII

sol ution was stirred at‘/‘for 3 D|Iute

Et OAc (4020 (L)}, pashdd W th Mc%
and oyated in

O

brine, dried o%ér u,. iltered,

vacuo. The residue wa I‘d)fl ed by preparﬁtm/e
(Phenomenex- Luna 3aK1onin 510, 3098 Q9®,©15 ni n
gradi ent tinmne, Trﬁn stop) to afford und 106
(248 ny, 687%y|é’l as a white solid. iH NWR

7-1.90 (m 1 H), 2.20-2.25
29529&o(m 1 H, 3.11

(CDBCD)6101112(m 1.26-1.27 (m 2 H),
143150 om 5(@@;3
S 12749
: 3 HLJ—W 4 0 92 4 24—~ 1 Gdmpouhd 408
J= 9 Hz, g}é_ja\g Hm\vl Hyepargtions (d, J= 12

—~~
e» 3

1 H, 532d H, 5.75-5.82 (m 1

TR

Step 1.

@)

Sodium hydride 60% oil dispersion (40.0 mg, 1.000 mmol) was rinsed with hexane
and was stirred in DMF (5 mL). (2S,4R)-1-benzyl 2-methyl 4-(biphenyl-4-yl)-4-
hydroxypyrrolidine-1,2-dicarboxylate (216 mg, 0.5 mmol) was added as a solid in
one portion at 0 °C. The formed light yellow solution was stirred at this temperature
for 30 min before addition of benzyl bromide (0.072 mL, 0.600 mmol). The final

10  solution was stirred at O °C for 2 h. Quenched with iced 5% citric acid, extracted with

EtOAc. Washed the organic layer with brine, dried over MgSO4, filtered and
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7.38-7.39 (m 1 H), 7.45-7.48 (m 2 H), 7.57-7.67 (m

6 H; LCM (retention tine: 2.96 mn, nethod B), M
WOontws/pe®eqd M-+ H). 30 Exanpl e 107: Preparati onP@Ff/US2007/084799

Conpound 107 -109 WD 2008/ 064066 PCT/ US2007/084799 O

HON'-H"V NQNO Il 0 Conmpound 107 Schenme 3 H OH
~1'OIl NCO/ 1O V' I OLIiOH - ~ - NO~ NH O \I
O N,LLOO O ~I 00\ \ I ',, OHzN ~LHV OH Conpound

%gée\?g?rlél}‘?gt %I\r}és%e w%s%ur?ﬁeeﬁoylslhcg%elacof ?nnUte u%la tfh 4:1, 3:1, then
( i1 eI FtAAY k9 affordred moX Y49y K ield) bflihe destred prRIIBAXNY b &li@ure of

0. 482 1), ) )
( S) glfm?rtegm?rs Bt g{g}e%?%wﬁlaﬁg A8icHBh- 8- enoic  acid (144
1@1\1@@[@(@@@?8 2804 3kr|g{Lb 6?—1@02 2.60(nd 235 Hyfql% 3 (52 (QCMH)

(5m I SO pyl et hyl 'am ne (0

L Ry 3580005 6§ Hn St Sk T060] LB fmed) dedrd bom,
S g@,’%@fﬁﬁ@fﬁ}ﬂﬁf 79614y @ho il [ uted with DCM
LC-MS (retention time: 3.18 min, method B), MS m/z 522 (M"+H).
Step 2.
To an iced Parr shaker vessel containing solution of (4R)-1-benzyl 2-methyl 4-

10  (benzyloxy)-4-(biphenyl-4-yl)pyrrolidine-1,2-dicarboxylate (58 mg, 0.111 mmol) in
ethyl acetate (1 mL) and MeOH (1 mL) was added palladium (12 mg, 0.011 mmol)
on carbon (10%, wet). The vessel was placed on Parr shaker apparatus under
hydrogen with 25 psi pressure for 3 h. Quenched with celite. Filtered, evaporated to
afford the desired product (38 mg, 88 % yicld) as an off-white powder. This material

15  was used for the following coupling reaction without further purification.

LC-MS (retention time: 2.36 min, method B), MS m/z 388 (M’ +H).

Step 3.

To a solution of (4R)-methyl 4-(benzyloxy)-4-(biphenyl-4-yl)pyrrolidine-2-
carboxylate (60 mg, 0.155 mmol), (S)-2-(tert-butoxycarbonylamino)-3,3-

20  dimethylbutanoic acid (39.3 mg, 0.17 mmol), and HATU (84 mg, 0.232 mmol) in
DCM (2 ml) was added N,N-Diisopropylethylamine (0.081 ml, 0.465 mmol) at 0 °C.
The formed solution was stirred at room temperature overnight. Diluted with DCM,
washed with 5% citric acid and brine, dried over MgSO4, filtered and evaporated.
The residue was purified by silica gel column, eluted with 3:1 hexane-acetone to

25  afford the desired product (77 mg, 83 % yield) as white foam.

'H NMR (CDCl3) 8 1.04, 1.11 (s, 9 H), 1.42, 1.43 (s, 9 H), 2.38-2. 40 (m, 0.5 H),
2.55-2.60 (m, 0.5 H), 2.90-3.02 (m, 1 H), 3.52, 3.75 (s, 3 H), 4.10-4.18 (m, 2 H),
4.24-4.26 (m, 1 H), 4.34-4.38 (m, 1 H), 4.63-4.64 (m, 0.5 H), 4.80-4.82 (m, 0.5 H),
5.20-5.29 (m, 1 H), 7.16-7.61 (m, 14 H);

30  LC-MS (retention time: 3.28 min, method B), MS m/z 601 (M" +H).

Step 4.

To a solution of (4R)-methyl 4-(benzyloxy)-4-(biphenyl-4-y1)-1-((S)-2-(tert-

butoxycarbonylamino)-3,3-dimethylbutanoyl)pyrrolidine-2-carboxylate (74 mg,
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5%citric acid and brine, dried over MyS04, filtered
and evaporated. The residue was purified by

wWpe@pas#se ve HPLC to yield the desired productPCUS200T084799
51.5 %yield) as white foam iH NVR (CD30D) 6
1.31-1.57 (m 15 H, 1.62-1.65 (m 1 H), 1.78-1.82 (m
1H, 15 2.11-2.13 (m 2 H), 2. 66 2.69 (m 1 H),
284289(m1H) 300(53 , 3.76 (s, 3 H,

é% fnmj)_)H?t g HHZ(:I)’ c? M(e%(é r% %dé%élé%%g]é&engolujﬁon of

Pcrlliﬂﬁﬁﬂ)@gdr&ﬁﬁrﬁenoh§d1@@ (515 m$=0.3B omolp) in Wated (1 mL). The formed
> ’810)’ ogdygszi)gupog Ivalgl)?ﬂrreg a%aonﬁ@n%atew&vg%\{ghg #%%_oggistgg$g]gilgs in
m NyadiBi TR GedRlue tdWen ﬂ'f) Zn \5@& {dtifigdith 1151801 18 pHD. ERtrdtted with
sol ution of (2S, 4R)-

2- ( Ef% llMa[sth tpq: ?rgg,_m% kagyr vzlt}( 3% fitric acid and brine, dried over MgSO4,

but aX%ERLRORYPANEDThB %@1d§alaﬂﬁﬁélsk>h(ﬂ 5@%@7 Qu Wélﬂ%hﬂls@@for
2-carboxyl ate (166 ng, S

I\/teO‘lle(HEXtrﬁlePlWﬁéeaﬁH%ﬁlﬂmuéfqﬁ'ﬁé“é’“@@lc%]toinon of | it h| um
hy;ﬂiw%e{éﬁmnmé at® l{nﬁ od B), 8821y vt pyvat er (2

formed cloudy so utlon was stirred at room
t emppat ure overni ght. Renoved the volatiles in 10

i £ 5 SO HEBpARD Mt o Bt B e |
or ghutpxyé:gﬂ)yeylamnbm 5ic}jzbm¢th)rlblaarwgI)Ij}trremxmnbmecra?q(eo;yﬂndquﬁuﬂ (63 mg,
ari PAVEBRY: (U RL U GIRRR HEInEZE for the

n extzmgkagacrjbprn@nbc&um:ammle womino did fHywtalne@d9 Fuid, Dile¢ &tined), and

H%]ﬁd &%i)nt ' ;63 85 @nn?oll-)olir)’l éllcéli ?Ipi}hadlp (51 mi) vx)aé ac{\c@d W ' 551

5 2 SPAR)prépy(datiypdiainy (0-0560h1), 01320 ﬁlﬁ)oljzat(otoey Thdfikad Xyaak ey
el MU R rnr sl T DOM el S it

am pad bhd el &%@Pwmgﬂ(ﬁ@'ﬂﬂ’tkﬁedand/é E&rﬁﬁé&'ﬂ@fr&sﬁtﬁl@%@ BidXied
xam de, tosyl i C aC| i/'dr at e 156 mmol

and PHATFRRTRtNE HR Py el}lcﬂl b@me dsam1§tuwé)§ dipgereomeric
g? d g@g{ﬂaté\rﬁg‘rﬁgs @5’ b Q/lelefé@ Ry RiFE s38d. ("[Qnsos%ﬂd Bhs reQubR&edThdther

' final mxture was stirred at room
2§ enpepatiivcdgyeranidiien (acgiopifiledvair ahclpmy towhig et hpregehiral
5% Giokilidt$11 lﬁgj d and brine, dried over MyS04, filtered
and evaporat d. The residue was purified by
pre FANAMR (@DaP)A 1.05-af 5 ond 1GHpsI G 11672 HEAL.47g].56Gn, %) H),

yi ﬁé%bf@é@ﬁ%@ z?fr’ébgo%ﬂ %;9%%’% 2?1)]75&{& bs iLIE {1, 4.08-
1 6419 (F22 HM 4.30 () 2 HL.485-(d, 899 (m 1 B),H)72-276008n, 2. H)L5.0B(d, J =

28 )y 2 12§5,%:2§](3,'9= tx . ZE193775-5.82 (m, 1 H), 7.29-7.34 (m, 6 H), 7.38-

7.40 (m, 2 H), 7.63-7.69 (m, 6 H);
LC-MS (retention time: 3.22 min, method B), MS m/z 799.5 (M '+ H).

Example 109: Preparation of Compound 109
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299 (m 1 H), 3.09 (s, 3 H, 4.19 (d, J=9 H, 1 H,
4.38-4.41 (m 2 H, 4.95 (d, J= 12

wWoH20080h4066 03(d, J=18. 5Hz, 1H), 5. 15(d, J=12Hz, 1H) , BCBRS200T684799
18.5Hz, 1 H), 5.75-5.84 (m 2 H, 7.38-7.39 (m 1 H),
7.45-7.48 (m 2 H), 7.53-7.58 (m 2 H), 7.63-7.71 (m
4 H; 30 LCMs (retention tinme: 3.15 mn, nethod B),
MsS mz 763 (Mt+ H). Exanple 108: Preparation of
Conpound 108 -111 WD 2008/ 064066 PCT/ US2007/084799 U

00 N\ H ON--0O O ound 108 Schene 4
N~N OH BREs ome O P/ QN O QL 0~0 OH 0
OH\ / UOH NS M|M NoO 0\ “0 0 QHAC 0 H
N ’m\g {IHW
sy

0 0 HPLC ~,, ndl 8 N N separ
OYN, , ~, o< N F5 SOdI um_hydr fi d
di spersi o (Zir) 00 nmol ) S\lfl Ased wi t/TTF

hexane and was stlrred in DMF (5 mL) -~
(2S, 4R) - 1- benzyl Apg?xﬁnhéfya«m.itu Jahenyl -4-yl)-4-

10

15

20

25

Compound 109

Step 1: Preparation of (E/Z)methyl 2-(benzyloxycarbonylamino)-4.4-difluorobut-2-

enoate

To a suspension of potassium tert-butoxide (3.91 g, 34.9 mmol) in tetrahydrofuran
(50 mL) was added methyl 2-(benzyloxycarbonylamino)-2-
(dimethoxyphosphoryl)acetate (10.5 g, 31.7 mmol) at -78°C under N». It was stirred
for 30 min at this temperature and then 1-ethoxy-2,2-difluoroethanol (7.99 g, 63.4
mmol) was added slowly. The resulting mixture was warmed up to rt and stirred for
18h. It was then quenched with water, adjusted to pH=5 by adding a few drops of 1 N
HCI. The mixture was extracted with EtOAc. The organic layer was dried over
MgSQ,, filtered and concentrated to yield 10 g of the crude product as a yellow oil.
Purification by Biotage eluting with 30% EtOAc/Hexane gave 7.12g (79%) of
(E/Z)methyl 2-(benzyloxycarbonylamino)-4,4-difluorobut-2-enoate as an oil.
LC-MS, about 1:8 mixture of isomers. LC-MS, MS m/z 286 (M+1).

Major isomer: "H NMR (500 MHz, CDCl3) & ppm 3.84 (s, 3 H), 5.18 (s, 2 H), 6.21 -
6.43 (m, 1 H), 6.70 (dt, /;=55.2Hz, J,=5.19, 1H), 6.90 - 7.05 (brs, 1 H), 7.31 - 7.50
(m, 5 H).

Step 2: Preparation of (E/Z)-methyl 2-((benzyloxycarbonyl)(tert-

butoxycarbonyl)amino)-4.4-difluorobut-2-enoate, shown below
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hydr oxypyrrolidi ne-1, 2-di carboxyl ate (216 ng, 0.5
mmol ) was added as a solid in one portion at 0 C. The
wo 2008®6H0bé ght yel | ow sol ution was stirred at tPECBUS2007/084799

tenperature for 30 mn before addition of benzyl

brom de (0.072 nL, 0.600 mml). The final 10 solution
was stirred at 0 Cfor 2 h. Quenched with iced 5%
citric acid, extracted with EtQOAc. Washed the organic
| ayer with brine, dried over NQSO4 filtered and -112
WD 2008/ 064066 PCT/U82007/084? \evaporated The
residue was purified b siliga gel col fim, eluted with
4:1, 3:1, then 2:1 €oEl ®AC ford 64 ng (24%
yield) of the desired_p oduc:Jgs a mxture of

di astereoners and 150 ng of ostartlng material. 1H
NVR (CDC13) 6 2.28-2.34 (m O. , 2.51-2.60 (m 0.5
H, 2.90-3.02 (m 1 H, 5 3.44A, 3 55, 3.56, 3.78 (s,
3 H, 3.82-3.99 (m 1 H), 4.11-4.23 (m 3 H),

4. 4 h-blufibn ()ﬂ(\E/Z)ineﬁl)yl 2-5be@9yl5xy29rb61mlarﬁndﬂ)4 4 alﬂhzroBuﬁﬁeI{cme

9 H: LG
7 (6 O i by et (R A ety
ves a@burt ONDMAY (K18 ¢! 6166 AhoDfin (AhydtoRAZI00 ME YRdshMredtat rt

? be 2 iho Xy yesabemdiyrdrvith OgC) wampbI it vaer firiod eyce dtas6ky
| at ﬁlt%r@@aﬂ@oon&ngr;t%d [H(;E%lg 31 O?tthQWud@ﬁl%h&tt @s 2( éol&ikgss ?ﬁpd

was ad | adi um

on Barrl@@hor( h)o%otageﬁl}ltmgm&h Vs D Wh@wpfr aayé é% EB6ﬁdar0if (E/Z)-
sha [
ﬁ%{hﬁﬁf gﬂjge%gﬁ& éﬁ%ﬁgl)(té}l?(g{tg}g/%ﬂb er egé)g?/‘adﬁ%?(gt Qeenoate
aff@deﬂﬁQOdeS|red product (3 8 ngy, 88 %yield) as an
o terlal 1 0
1Fol FonigvBalonny T ESorTa tisront YRk EREMLOEOCRT s pom
pur il %6 ¢abithns.73 (G N 5(216t, @mi) eNn2t b13e (dt2l, 3% R, J,+etthe 1

(4Rﬁ5ﬁ@%y§§§?m My Hg PAER, 3 gT0 @ solution of

4- (benzyl oxy) - 4- (blphenyl 4-yl)pyrrolidine-2-

carbox late (60 0..155 mmol ),

( S) a c zp,{lopmarborwl)étﬁrt butoxycarbonyl)amino)-2-
15“ ”?dlﬂﬁdr&ﬁétﬁﬂwgloﬁ%bgleéa'%@o@la@a 0.17 mol ), and HATU

(84 nmol ) 2 M) was added

N, N—D |sopropylethylan1ne (O 081 m, 0.465 nmol) at O
C. The forned solution was styrrgd at room
tenperature overnight. Dl uted th-DCM washed with
5%citric acid and brige, .drjledlover MyS04, filtered
and evaporated. The i die I ftred by silica
gel colum, eluted wit&3:1 hekape-acetone to 25
afford the desired produ ® , 83 %yield) as
white foam iH NVR (CDC13y’\6 1.04, 1.11 (s, 9 H),
1.42, 1.43 (s, 9 H, 2.38-2. 40 (m 0.5 H,

To a mixture of sodium hydride (0.850 g, 21.26 mmol) in DMSO (50ml) was added
20  trimethylsulfoxonium iodide (4.90 g, 22.25 mmol) and the mixture was stirred at rt
for 1h. Then (E/Z)-methyl 2-((benzyloxycarbonyl)(tert-butoxycarbonyl)amino)-4,4-
difluorobut-2-enoate (6.4 g, 16.61 mmol) was added and the mixture was heated at
80°C for 2 h. The reaction was then cooled to rt and stirred for 18h. Water (10 mL)
was added followed by 1N HCI to adjust the pH to 5. This mixture was extracted
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2.55-2.60 (m 0.5 H), 2.90-3.02 (m 1 H, 3.52, 3.75

(s, 3 H, 4.10-4.18 (m 2 H), 4.24-4.26 (m 1 H),
wa2@8/061088 (m 1 H), 4.63-4.64 (m 0.5 H), 4.8PCHUSD0T/084799

(m 0.5H, 520529 (m 1H), 7.16-7.61 (m 14 H);

30 LC-Ms (retention tinme: 3.28 mn, nethod B), M5 mz

601 (M+ +H). Step 4. To a solution of (4R)-nethyl

4- (benzyl oxy) - 4- (biphenyl 4-yl)-1-((S)-2-(tert-

but t hyl but
S SR REPL TR ot s YA BRAAC ) ) O
f?ﬁt@mmo%&%@co@erm&gdmiepd ugmfrﬁafwc% pﬁ’dd)t 1cERd yYRGHoil.

S a e re-.ma n o | I um
hyde&ﬁ%Omﬁ%mg sluting wgh 35%53@80/?,%11%? -Sewf msthet 1-
(1 (sdnzyibRecatdh @ t- Iﬁit&@dé&b&%ﬂ)dﬁﬁr@ﬁlzms stirred at

roon1tenperature over ni ght enoved the vol atiles

vac (fBfluorpracthd iqyglapropapeeibaxylatepswa odr LC-AEY MY méZdQMMﬁHNa)
IM WGdintOr. 2 of thefatt0BE hRAuM héthyl latt%to;%%&grlinﬁﬁo) -2-

organic layer with 5%citric acid and brine
ov e fdifagmancthy oy Flppionenceatep el Bientlagiobtarpesl fress fheigtage

whi bﬁlﬁqhwas(aﬁ%ﬂ@c- ) M Wi Slsd ) muasnkS ek éo%{bmeh%m@&é%

coupling reaction wi thout further purification.
(retention tinme: 3.19 mn, nethod B) M5 nfz 587 (N%

-((S)-2-(tert-
{ ahy 8 ki u="Ibutanoyl)pyrrolldlne-

2- carboxyllc aC|d (63 ng, 0.107 mol ),
(1R, 2S) - 1-am no- N- (cycl opropyl sul fonyl ) - 2-
vi nyl cycl opr opanecar boxam dep tosylic acid, hydrate
(49.7 ng, 0.118 mmol), and HAJU (58.0 ng, 0.161 nmol)
in dichloronethane (2 nL) was ed N, N 15
Di i sopropyl et hyl am ne (0. 056N 322 mmol ) at 0 C
The final m xture was M|Hedatr&WHemmmuwe
overnight. Diluted with DCM A~ amaShed with 5%citric
acid and brine, dried oMgS04, filtered and
evapor at ed. The residdg¥§gs purified by preparative
HPLC (MeO+water as eluent) to yield a mxture of
di ast r

i g o i 3 QEHEAS LS Pt B SR 20

1 @ re (Ihﬂlmromﬁhﬂkbzﬂom«)pmetarMy(am:(ém iz 2.63 hneohatmethybb(tert-

el ugné‘)@?&%’) ﬁargm@)sﬁ ?(ﬁggor?l?ﬁ:tﬂylli ypbopl%garfgarg ’é’ia%‘l((ﬂ%)}f :5_‘;5'9

1 4ol 5O MdDH m o)), and $0B6n hy &2xife110InHM0. 02n13151-) Za@Qirred at rt

E‘r.mO go_]f EP; 1'§he(rﬁzilctlgn pblxt&r& WES c{%entlzatqq)ang &%Hgg{n t& p J—_4 U@mg&N HCL
1 Ha witkte K3LidtpréBipitaRed frodthe sSlufion 41l wak=<ollected by filteration. The

20 filter cake was washed with water to yield 1.2 g of the crude product as a white solid.

Crystallization from hexane/EtOAc gave 1.0 g (50%) of 1-(tert-
butoxycarbonylamino)-2-(difluoromethyl)cyclopropanecarboxylic acid as a white
solid. This intermediate was isolated as a single diastercoisomer wherein the CF,H
substituent is sy» to the carboxyl group.

25  LC-MS, MS m/z 274 (M+1+Na).
'H NMR (300 MHz, d4-MeOH) & ppm 1.31 - 1.54 (m, 10 H) 1.66 - 1.86 (m, 1 H)
1.85-2.10 (m, 1 H) 5.92 (t, /=55.81 Hz, 1 H).
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25 12 Hz, 1H), 5. 28(d, J=18. 5Hz, 1H), 5. 75- 5. 82

(m1lH),7.29-7.34(m6H),7.38- 7.40 (m 2 H), 7.63-7.69
W@ 2080646 LC-MS (retention time: 3.22 mn, nek¢ibuS®)7/084799

M5 mz 799.5 (Mt+ H). Exanple 109: Preparation of

Conpound 109 -114 WD 2008/ 064066 PCT/ US2007/ 084799

O 00 OOV HO N.~ OHN?LN HNO. NN~~ H

~OYNFO ~F ON, ,~, OOF OF Approximtely a 1:1

m xture of Pl isomers Conpound 109 Step 1: Preparation

of (E Z)nethyl

2- ( bepBYPRyaaMDOTYraity10) (ol dprohyidulion 0kt andy)P-enoat e

00 F 0l1~-1 HF Taq a suspension of potassium

t er 4 A lcyglo Cargamal pypl ) in tetrahydrofuran

10 (50 nlL) was added net hyl

2- (benzyl oxycar bonyl am no) - 2

(di met hoxyphosphoryl)acetate (10. ﬁ g, 31.7 mml) at

-78C under N2. It was stirred  fos=3q(nin at this

tenperature and then 1-ethoxys . 2<di f1 uor oet hanol
(7.99 g, 63.4 mol) was adde |OV%)_‘I¥. The resul ting
m xture was warned up to rtHWMn itred for 18h. It
was then quenched with wat egigdj usted to pH=5 by
addi ng a few drops of ]V%é HC . The m xture was

T

extracted with Et OAc. organic | ayer was dried over
S04, filtered and concentrated to yield 10 g of the
crude product as a yellow oil. Purification by

Bi otage el uting with 30% Et QAc/ Hexane gave 7.12g (79%
of A(rEkREyqref Infpért-butoxycarbonylamino)-2-

an’ SRXG BRI fedl IR SR FIRRR 35
VS migz4.8@Gn{olpid YetraR@irdfajao (14 mbirers hehtdd MVRITEERO | MHizwas then
1 (?DC %'osc)lecpto PP %ﬁe%%yélgprogan@u’lfogarﬁ'ige 65%4 rr%g, 2%6 m@flo%)lwés added,
followed by DBU (0.702 mL, 4.66 mmol). This mixture was stirred at rt for 18h. It
was then concentrated in vacuo, diluted with water and adjusted to pH=4 using 1 N
HCIL. The acidic solution was extracted with EtOAc, washed with water (5x15mL),
dried (MgSQ,), and concentrated in vacuo to yield 1.6g of the crude product as a
15  white solid. Recrystallization from hexane/EtOAc gave 1.15 g (84%) of tert-butyl 1-
(cyclopropylsulfonylcarbamoyl)-2-(difluoromethyl)cyclopropylcarbamate as a white
solid. LC-MS, MS m/z 377(M+1+Na).
'H NMR (500 MHz, d4-MeOH) & ppm 1.03 - 1.17 (m, 2 H), 1.18 - 1.25 (m, 1 H),
1.25-1.35(m, 1 H), 1.39 - 1.46 (m, /=5.49 Hz, 1 H), 1.49 (s, 9 H), 1.90-2.03 (m, 1
20 H),2.04-2.20(m, 1 H),2.99 (s, 1 H), 5.50 - 5.89 (m, 1 H).

Step 6: Preparation of 1-amino-N-(cyclopropylsulfonyl)-2-

(difluoromethyl)cyclopropanecarboxamide, HCI salt
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6.43 (m 1 H, 6.70 (dt, J1=55.2Hz, J2=5.19, 1H), 6.90

- 7.05 (brs, 1 H, 7.31 - 7250 (m 5 H). Step 2:
wee@pas@sé on of (E/ Z)-nmet hyl PCT/US2007/084799

2- ((benzyl oycarbonyl)(tert- 2 5

but oxycar bon) am no) - 4, 4-di f| uor obut - 2- enoat e, shown

bel owam no) - 4, 4-di f| uor obut - 2- enoat e, shown bel ow

-115 WD 2008/ 064066 PCT/ US2007/084799 OO0 O F ONOF

O A solution of (E Z)nmnethyl

2- (benzyl oxycar bonyl ami no) - 4, 4- §f f1 uor obut - 2- enoat e

(19 g, 66.6 mmuol ), di-tertobHNyﬁrﬂK&arbonate (29.1 q,

133 mmol ) and a catalytic nourt of DMAP (0.814 g,

6.66 Mol ) in tetrahydrofur (2391 ) was stirred at

rt 5 for 2 h. It was thef:Nil WPt h Et OAc, washed

wWth water, dried over MgSO4, flltered and

concentrated to yield 39.1g o '$¥e crude product as a

colorless oil. Purification by Blotage elutlng with

25% Et OAc/ hexane gave 229 (86% of L

2- ( eyt oftgiEhnty h{nyylpp@prlsw@m&shwbaﬁ%d %(qlﬂmrﬁmyﬂlnl) 4-

di f I

k}@dgo?{’ﬁica%a?g&ﬂ ¢ rg ?é%%eh%ﬁ) a%@' ﬁﬁcﬁél d&aﬁ@mcaé@% tirred
5 tm fot 25T heggacBorHpixtige ¥as (hen c@cﬁ)trateg t@ gieldd). 93&—[)1 03% ) of 1-

oq\l fc?/ﬁgogltoyyl%g%%ff}%% 4(i_lﬁ‘1(uof]0 ﬁpﬁ)@y% dajagec'_gboxagmag HCI

PregﬁhmhnﬁnmeMKhethyl

(i HRS O8R5 e S BE B ROM T W o7 &y 21

To @nm 48} mz@ Df37 (i@dz IH!)”TI izlydr BSlen, (103091 O2.3@%n, 260 M% )3.11 (m,
% ded 20 trinethyl sul foxonium
l@odﬂéQS@ §d3édté25§%“ﬁﬁdff1§ﬁ3‘ﬂﬁ@-n1xture was
stirred at rt for Ih. Then (E Z)-nethyl
2-( benz onycarbonyl)(tert but oxycar bonyl ) am no) - 4, 4-
ohig pogndg108:  16. 61 Mol ) was added and

t heArﬁn&jt'Lﬁ‘é & (Q@QR?@ %@Hjen?f 4-y1)-1-((S)-2-(tert-butoxycarbonylamino)-3,3-
dimethylbutanoyl)-4-methoxypyrrolidine-2-carboxylic acid (30 mg, 0.059 mmol) , 1-

15  amino-N-(cyclopropylsulfonyl)-2-(difluoromethyl)cyclopropanecarboxamide, HCI
salt (17.08 mg, 0.059 mmol), HATU (26.8 mg, 0.071 mmol) and 1-methylpiperidine
(29.1 mg, 0.294 mmol) in DCM (3 mL) was stirred at rt for 18h. It was then
concentrated in vacuo.The residue was partitioned between EtOAc(50 mL) and 5 mL
of water adjusted to pH=4 using 1N HCI. The organic phase was then washed with

20 water (3 x5SmL), dried (MgSO,), filtered and concentrated to yield S0mg of the crude
product as a white solid. Purification by preparative HPLC gave 38 mg of Compound
109 as a white solid (~1:1 mixture of two P1 diasteromers). LC-MS, MS m/z
747(M+1).
'H NMR (500 MHz, d4-MeOH) & ppm 0.82 - 1.68 (m, 23 H), 1.89 - 1.91 (m, 2 H),

25 241-274(m,2H),2.92-3.05(m, 1 H), 3.05-3.21 (m, 3 H), 3.98 - 4.17 (m, 1 H),
413 -4.29 (m, 1 H),4.27 - 4.49 (m, 1 H), 4.49 - 473 (m, 1 H), 5.67 - 6.14 (m, 1 H),
7.38 (t, /<7.32Hz, 1 H), 7.47 (t, J=7.32 Hz, 2 H), 7.52 - 7.81 (m, 6 H).

Example 110: Preparation of Compound 110
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80C for 2 h. The reaction was then cooled to rt and
stirred for 18h. Water (10 nlL) was added fol | owed by

WO DOBIA406®© adj ust the pH to 5. This m xture waBCT/US2007/084799
extracted -116 WD 2008/ 064066 PCT/ US2007/084799 wth
Et OAc (3x2501L). The organic | ayer was washed wth
water (20 nL), dried over MgSOH, filtered,
concentrated to yield 7g of the crude product as a
yellow oil. Purification by Biotage eluting with 15%
Et OAc/ hexane gave O. of methyl 1-
((benzyl oxycar bonyl ) (¥ert -khut oxycar bonyl )ani no)-2 5
(di fl uoronet hyl)cycl opr ocar boxyl ate as an oil.
LC-MS, M5 nlz 422 ( M:1+Nak—~4not her 1.35g of the
des- Cbz product, nethy
1-(tert- butoxycarbonyl no) “,o
(dlfluoronethyl)cyc carbo was al so
obt ai ned fromthe taﬁgg?éhrﬁ¥| tlén an oi
LC-M5, M5 niz 288 (m1+ The corr67 ned yield is 42%
10 Step 4: Preparation of
1-(tert- butoxycarbonylan1ﬁ8?m§"d”°
(di fl uoronet hyl)cycl opropanecarboxylic acid 0 OCH HN
CHF2 O O A m xture of nethyl
1- ( femedipedy Edirtrsrpion of eemp@ad dxY car bonyl ) ani no) - 2-
15 (di fluoronet hyl) cycl opropanecar boxyl ate (1.05 g,
2.63 mmol ), nethyl
but oxycar bonyl am no
boxyl ate (1.43 g, 5.39
sodi um hydroxide (10 ni, 40X0 2&) S irred at rt
for 18h. The reaction g xHur s ncentrated and
adj usted to pH=4 usﬂhg QF whi te solid
precipitated fromthe ,Lt\n and was col |l ected by
filteration. The 20 filter take was washed wi th water
to yield 1.2 g of the cradeppnoduct as a white solid.
Crystallization from hexane/ Et OAc gave 1.0 g (50% of

I@pronethyl 5yc|opropanecar
o |n,_|\/&Q—IO) 0 n) and

(dlfluor ) clopro ecar
: HePYe, Thi é’y wwas
isolated as Tﬂ d| st er eoi soner

subs @eﬁh/g .to the carboxyl ogribu SZ%L}

mz 274 YME+Ra) . 1H NVR (300 4- @4) 6 ppm 1. 31
-1.54(41:0H) 1.66 - 1.86 (m 1 F)-T1.85 - 2.10 (m
4 H 5.92 (t, J=55.81 Hz, 1 H). Compound 111

To an iced Parr shaker vessel containing solution of tert-butyl (S)-1-((2S,4R)-4-
(biphenyl-4-y1)-2-((1R,2S)-1-(cyclopropylsulfonylcarbamoyl)-2-
vinylcyclopropylcarbamoyl)-4-methoxypyrrolidin-1-yl)-3,3-dimethyl-1-oxobutan-2-
10  ylcarbamate in EtOAc (1 mL) was added Palladium (2.061 mg, 1.937 umol) on
carbon (10%, wet). The vessel was placed on Parr shaker under hydrogen with 10 psi
pressure for 2 h. Quenched with celite. Filtered, evaporated. The residue was purified
by prep-HPLC to yield the desired product (6 mg, 43 % yield) as a white solid.
'H NMR (CD;0D) & 0.98-1.02 (m, 4 H), 1.10-1.14 (m, 10 H), 1.26-1.35 (m, 4 H),
15  1.29-1.62 (m, 12 H), 2.48-2.51 (m, 1 H), 2.55-2.61 (m, 1 H), 2.95-2.99 (m, 1 H), 3.11
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-117 WD 2008/ 064066 PCT/ US2007/084799 Step 5:
Preparation of tert-butyl

wa2qospedoopr opyl sul f onyl car banoy) - 2- PCT/US2007/084799
(di fl uoronet hyl)cycl opropyl carbamate O 11 O HN--1
HN CHF2 ~=0 O 5 A m xture of
1-(tert-butoxycarbonyl am no) - 2-
(di fl uoronet hyl)cycl opr opanecar boxylic acid (975 ny,

et Par ST g 25222 e TIR ) 4P st 60 (. 110

It ;Nas—ﬂngﬁ‘l, 1®1|),fcn4ﬂ-e.d% (@’(35%)4’, aﬁd—ﬁdzqgl,6H); n ded
cycl gpr opanesul {f onam de. was ed,
f ol ngbég%ﬁgﬁnmun?%ﬁﬁznlﬁmethﬁ%i Mo 72 st H-o% ?1‘4 -

waspMeOH) ed at rt for 18h. It was then concentrated
in vacuo, diluted with water and adjusted to pH=4
tsing 1 N HCl. The acidic solution was extracted with
Et OARamMBSHE ProphialoVGt @mdonxd 209-) .  dried (MyS04), and
concentrated in vacuo to yield 1.6g of the crude
product as a 15 white id. Recrystallization from
hexane/ Et OAc gave 1. 15.gA(84% of tert-butyl 1-

(cycl opropyl sul f onyl car barfo 7)-2-(dif|uoronethyl)cyclo
propyl carbamate as a whitex $pd4d. LC-M5, MS niz
377(Mr1+Na). 1H NMR (500 Mz, -MeCH) 6 ppm 1.03 -
1.17 (m 2 H, 1.18 - f§;§ ( ’T)B%%% - 1.35 (m
1H, 1.39 - 1.46 (fn |JZ5. Nl 15749 (s, 9 H),
1.90-2.03 (m 1 , 4% 220\(m, D), 2.99 (s,
1 H, 5.50 - 5.89 (M 1 H). Step 6: Preparation of
1-am no- N- (cycl opr opyl sul fonyl) - 2- i

(di fl uoronet hyl)cycl opropanecar boxam de, HCl salt

-118 WO 2008/ 064066 PCT/ USoO@Phe®4799 O 11 O HN--S-<
O

Step 1: Preparation of (S)-3,3-Dimethyl-2-(2,2,2-trifluoro-1,1-dimethyl-

10  ethoxycarbonylamino)-butyric acid

S
N OH
F%o <
F N
AN °
Step la: Preparation of carbonic acid pyridin-2-yl ester 2,2,2-trifluoro-1,1-dimethyl-
cthyl ester

/
Fj%:7< /ﬁ\ /Eji]
NS
F 0" N0 N

To a slurry of KH (1.03g, 25.8 mmol) in THF (70 mL) was added 1,1,1-

15

trifluoro-2-methylpropan-2-ol (3 g, 23.42 mmol). The reaction was stirred at 0°C for
20 min. A solution of dipyridin-2-yl carbonate (5.06 g, 23.42 mmol) in THF (30 mL)
was then added to the mixture. The mixture was stirred at rt for overnight. A lot of
20 solid came out from the solution. The solid was filtered and washed with EtOAc (30
mL). The combined THF/EtOAc solution was washed with water. The organic layer
was dried over Na,SOy, filtered and concentrated. The obtained white solid (1.24 g,
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H2N CHF2 HO salt A m xture of tert-butyl
1- (cycl opropyl sul f onyl car banoyl ) - 2- (di f | uor onet hyl )

W@ yoBopoepyl carbamate (1.1 g, 3.10 mmol ) and 4RCHTI2007/084799
di oxane (10 nlL) was stirred 5 at rt for 2h. The
reaction m xture was then concentrated to yield 0.93 g
(103% of 1
am no- N—(cyclopropylsulfonyl) 2- (di fluoronethyl)cycl op
rop car boxam de salt as a white solid. LG M5,

2&2’ ’f\ﬁ}ﬁq}iﬁﬁsifo Iﬁf\‘f?@t?pSOO Mz, d4- MeOH) 6 ppm
g- OBtep 18- El?eparatlon of (|S_?)3 ,3-Dimethyl- 2( (2,2, %_l)trlﬂuoro 1,1- dlmezthyl— H

2 m2 1.70-1.85(m 1H) 2. 21-2.36 (m 2

2. 98th0X>§afg?2nY(1 Oh‘%}lwlwldsn@ Lestgr 13 (dt, J1=55.24Hz,
J2=5.19 Hz, 1 H). Step 7: Preparation of Conpound 109:
A mxture of
(2S, 4R) - 4- ( bi phenyl -4-yl)-1- ((SN tert but oxycar bony
| am no) - 3, 3-
di met hyl but anoyl ) - 4- netﬁﬁ;?bizpol di he- 2- car boxylic
acid (30 ng, 0.059 nmmol J,F 1- 15

o el e R B LR 150 e R el
HAT(9 4146z, 8 268 mntd] Ak DOWIEL0) mBYWaslda®t K- Dllﬁ)@fdp@ileﬂﬁ'lamme

(2., o N B T S chiono

r estAuéhinasd paldid-biyoaed 2@@@&1@&@ D&sﬁ{eﬁ@l%)ﬂ and (1524 4,98
of water_ adjusted toafkh4 usi ng HC1. The organic

1Hhagenakgeon ﬁ@hle\m% (A/Ptnrpzﬁhq/@%kgl{t yellognojutiog pjag girred at
( MIRRM tembirhfuf! RAmAE TRCERLA ﬁﬁﬁgretv&bs WaSlleH wa@rs0, éﬁrlc acid

the crude product as a white solid. Purification

pr e patcars sphitipRl0d MaNaOs aqwguwlue@wé@ hidne, thgo dged %iver %azSOzu

V\’h' hﬁer@@lahﬂ?\(apara‘ged?a Mﬁg‘&? '1E|1fe ﬁ%\?\gﬁ? Eéa(sj gfmil?getd %H}%E column

p P m:]@teg vith (4:15Bexepy-E@B\Hp affardggolorlgssail a(s the pZocH):t (673261g,

1% 4%9%)74 (m2H), 2.92-3.05(m 1H),3.05-3.21 (m 3 H),
.98 -74.17 (m1H), 4.13 - 4.29 (m 1H), 4.27 - 4.49
(m 1H.—N'HIR (@D@H A 54.963s, (9Iﬁﬁ) 1163H}),, 61D, B73 ¢s, BEN.A.J1nm, 1HK)LCMS
%T 72 [(ﬁ/%r L47(t,3=7.32 Hz, 2 H), 7.52 -
. 8 6“@0 rndi? 3110: Preparation of Conpound
110 -119 V\D 2008/ 064066 PCT/ US2007/084799 \ | i OH
NNNI~O 'O 0
Step 1c: Preparatlon of (S) 3,3-Dimethyl-2-(2,2,2-trifluoro-1,1-dimethyl-

20  ethoxycarbonylamino)-butyric acid

H OH
N/,'
F%O\ﬂ/ /ﬁo
(0]
FF

To a solution of (S)-3,3-Dimethyl-2-(2,2,2-trifluoro-1,1-dimethyl-
ethoxycarbonylamino)-butyric acid methyl ester (673 mg, 2.249 mmol, from Step 1b)
in THF (4 mL) was added to a pre-made solution of lithium hydroxide monohydrate

25 (189 mg, 4.50 mmol) in water (4.00 mL). The cloudy white solution was stirred at rt
for 5 hrs. Another 100 mg of LiOH in 1 mL water was added to the mixture and the
solution was stirred at rt overnight. The volatiles were removed, and the reaction

mixture was diluted with 5% citric acid aqueous solution, and extracted with EtOAc

-122-



O OH Conpound 110 Internediate 111: Preparation of

Conpound 111 I \ ~1O0OO00 N\~-NNH H\/OONOO Y
w@ivpoeHoce 111 0--0 O O qP H2/Pd/ C O O 00 H S HCTMUS20H084799

NNNL HHNH ~1"OYNOO> OYNOOO- O5 Conpound

111 To an iced Parr shaker vessel containing solution

of tert-butyl (S)-l-((28,4R)-4-

(bi phenyl -4-yl)-2-((1R, 2S)-1-(cycl opropyl sul f onyl car ba

vi n&ﬁ) ’&5%1’% OB TR BRI Y EHEY DRy P15 4Va5 Wa2SPs filtered
- Y1 Indevporskedrathd ¢hrde natefixiqBes AR 2 %d)Gis Wharakdaneds @sddrin the
Et OAc gl nm_L) .was added Pal | adium (2.061 ng, 1.937 nol)

on NELPISR FFaptidoyithpat firth eﬂﬁ’@“@%@@’él was pl aced on Parr

ShaK@MSJB{TﬂeQSMQﬁQBﬁmaW%bgiO psi pressure for 2 h.
Quenched with celite. evapo rate

e RS r i AR PSR P R - s ie-(2.2.2-

:jle-ls {I\rl{\/fﬁngmO[ @Qﬂﬁéﬂgﬂ—@t}f@ycaﬂ%nﬁhﬂlh@b 91%1_‘8/1%@ @m‘éﬁbi}ﬁpyﬁ‘%lidgre—}

H) , cafbczwhqa%m(erhyl@ﬁtqq) 15 1.29-1.62 (m 12 H),

2.48-2.51 (m 1 H), 2.5 .61 (m 1H), 2.95-2.99 (m
1 H, 3.11 -120 WO 200 64066 PCT/ US2007/084799 (s,
3 H, 4.07-4.09 (m 1 H Y224, 24 (m 1H) 4.42 (s,
1 H, 4.58-4.60 (m 1 H), 70‘3’9(m1 :
7.45-7.48 (m 2 H), 75776( LC- M5
(retention tinme: 300 m n,, meth I\/Bniz 725 ( M+
H, 693 (M- MeOH). n@FENZO : é’parat.on of
Conpound 200 %/ak

This material was prepared by the same procedure as described in Example

10 106, except using (S)-3,3-Dimethyl-2-(2,2,2-trifluoro-1,1-dimethyl-

ethoxycarbonylamino)-butyric acid instead of (S)-2-(tert-butoxycarbonylamino)-3,3-

dimethylbutanoic acid as starting material in step 5.

'H NMR (CD;0D) & 1.11 (s, 9H), 1.57 (s, 3H), 1.62 (s, 3H), 2.59 (m, 1H), 2.76 (m,

1H), 2.94 (s, 3H), 3.71 (s, 3H), 4.12 (m, 1H), 4.21 (m, 1H), 4.29 (m, 1H), 4.72 (m,
15 1H), 7.31-7.68 (m, 9H); LCMS RT =3.33 min, [M+Na] =601.2.

Step 3: Preparation of (2S,4R)-4-Biphenyl-4-yl-1-[(S)-3,3-dimethyl-2-(2,2,2-

trifluoro-1, 1 -dimethyl-ethoxycarbonylamino)-butyryl]-4-methoxy-pyrrolidine-2-

O
///

o, M\
D
F 7,
A ﬁo
F
F

20 This material was prepared by the same procedure as described in Example

106 step 6 except using (2S,4R)-4-Biphenyl-4-yl-1-[(S)-3,3-dimethyl-2-(2,2,2-

carboxylic acid

trifluoro-1, 1 -dimethyl-ethoxycarbonylamino)-butyryl]-4-methoxy-pyrrolidine-2-
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OHH~ NNN~O FCOO~\\\ N"\ F H Conpound
200 Step 1: Preparation of

W@ 3)0886@6di met hyl -2-(2,2,2-trifluoro-1, 1-di met PgT/uS07/084799
et hoxycar bonyl am no) -butyric acid O H F\ \ ~NOH F O
F 7 OStep |la: Preparation of carbonic acid
pyridin-2-yl ester 2,2,2-trifluoro-1, 1-di nethyl- ethyl
ester FFIn, 15 F\ 700N To a slurry of KH (1. 03g,

Cri it %Clﬁ&iTeﬁ'v} %Z% ﬁs%%mﬁﬁis?gg glet%} TP YDHHES)-2-

r eagbm@tﬂtomrb%hylﬁmﬁld) AB-diacth@butadd1)M-Methbxye@troliding2-of
di pyr d|n 2-yl carbonate (5.06 g, 23.42 mol) in THE
(30%4PY*Y!4as” t hen added to the nixture. The nixture

\NaSL@Mgmdmtsnﬁﬁ mwapwslgmght A I ot of 20 solid
cane out fromthe solu was filtered and

Was Rt Ww@m&é {(%d @ﬁ:}m %ﬁ@h@aﬂrﬂr% Bd (YR 28 i
sol pd é})?oﬁﬁﬁéuﬂ@t%ﬁanaP%ny@—@iﬁyl cl}br%p&wl@ﬁbﬁnéﬂyﬁﬁlemwﬁ

dri ed over filtered and concentrat ed

obt ayFinghi- @aébomi Ji2eP-dimethal-propyl} arbanp ap e, befztbvee) I1-
PCT/&@%Q@ 9 21% was directly used for the next
steg Ste%&gﬁﬁ%%reparation of

(S)-3,3-Di et hyl -2- (277
et hoxycar bonyl am no) - &
ON~. O

2-trifluoro-1, 1-di nethyl -
ric acid nethyl ester O H F_

\\ / (0]
% ‘ycﬁ \\\
Compond 200
10 Compound 200 was prepared by the same procedure as described in Example

106 step 7 except using (2S,4R)-4-Biphenyl-4-yl-1-[(S)-3,3-dimethyl-2-(2,2,2-
trifluoro-1, 1 -dimethyl-ethoxycarbonylamino)-butyryl]-4-methoxy-pyrrolidine-2-
carboxylic acid instead of (2S,4R)-4-(biphenyl-4-yl)-1-((S)-2-(tert-
butoxycarbonylamino)-3,3-dimethylbutanoyl)-4-methoxypyrrolidine-2-carboxylic
15  acid.
'H NMR (CD;0D) 8 1.12 (s, 9H), 1.30-1.26 (m, 4H), 1.43 (m, 1H), 1.64 (s, 3H),
1.69(s, 3H), 1.88 (m, 1H), 2.22 (m, 1H), 2.49 (m. 1H), 2.62 (m, 1H), 2.96 (m, 1H),
3.11 (s, 3H), 4.07 (m, 1H), 4.23 (m, 1H), 4.42 (d, /=9 Hz, 1H), 4.56 (m, 1H), 5.15
(d, /J=12Hz, 1 H), 5.32 (d, /= 18.5 Hz, 1H), 5.74 (m, 1H), 7.36-7.70 (m, 9H);
20  LCMS RT =3.24 min, [M+Na] =799.3.

Example 201: Preparation of Compound 201
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~F1 O 5 F To an ice-cool ed solution of (S)-nethyl
2-am no- 3, 3-di net hyl but anoate (0.411 g, 2.262 mmol)
WO p00BOM0620 L) was added N, N-Di i sopropyl et hyl BEi/082007/084799
(1.182 nm, 6.79 mmol ). The forned solution was stirred
for 5 mn before addition of carbonic acid
pyridin-2-yl ester 2,2,2-trifluoro-1,1-dinethyl-ethyl
ester (1.24 g, 4.98 10 mol, fromstep Ia) in DCM (10
m.). The final light.yellow solution was stirred at
roomtenperature o@ ight. The reaction m xture was
washed with 5% cit N« {d aqueous solution, 0.1 M
NaOH aqueous sol uti on, f brine, then dried over
Na2SO4, filtered, and>% thed to dryness. The
resi due was purified byysi colunn el ut ed
with (4:1) hexane- Ft®AS t v ‘%oborless oi | as
t he product (673\?50 15’ 9 . q&g S(cbc13- d) 6 0.96
(s, 9H), 1.65 (s,’6H—3. 78 Ps .31 (m 1H);
LCMB RT =2.72 min, [MNa]+ =322. / Step | c:
Preparati on of
(S)-3,3-Di et hyl -2-(2, 2, oro-1,1-dinethyl- 2 0
et hoxycar bonyl am no) - buf%?%%h%%%d HOH ON~. FI1 O
| OStepF: Preparaichalf (@ 9,400 -0Biph&)yl-35y8-1-((S)-2-tert-butoxycarbonylamino-

| -2-(2,2,2-triflugro- 1, 1 -dinethyl-

ot hgew%#mw%‘ﬁwﬁm-awﬁfd@& b gt BUpEl s 72

ng, 2.249 mol, from Ib) in THE (4 nL) was added
to a pre-made solutio l'i t hi um hydroxi de
nmonohydrate 25 (189 ng,~>4.* yol ) in water (4.00 nli).
The cl oudy white sol ution W rred at rt for 5
hrs. Another 100 ng of LiOH I'n wat er was added to
the m xture and the sol i oh tiqyred at rt

overnight. The volatile ﬁﬁf% r £no > and the

reaction mxture was dQLuggggﬁﬁghc5@bcitric acid
aqueous solution, and e d with Et OAc -122 WO
2008/ 064066 PCT/ US2007/ 084799 (3 x 10 L)

organi ¢ ThyBptelialsvarasmagd W s sBne Rocedyrq @&ew@?d in Example

Na2 g6t excfeb! ﬁs?nrgqg)Q—(tert—butoxycarbonylamlno)—3 -methylbutanoic acid

J
Q
3

N

(commercially available from Aldrich) instead of (S)-2-(tert-butoxycarbonylamino)-
3,3-dimethylbutanoic acid as starting material in step 5.
LCMS RT =3.22 min, [M+Na]” =533 4.

10  Step 2: Preparation of (2S,4R)-4-Biphenyl-4-yl-1-((S)-2-tert-butoxycarbonylamino-
3-methyl-butyryl)-4-methoxy-pyrrolidine-2-carboxylic acid

o—
/7

O /H N
7\,N,
/,

+o /éo

This material was prepared by the same procedure as described in Example

OH

106 step 6 except using (2S,4R)-4-Biphenyl-4-yl-1-((S)-2-tert-butoxycarbonylamino-
15  3-methyl-butyryl)-4-methoxy-pyrrolidine-2-carboxylic acid methyl ester instead of
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and evaporated. The crude material (325 ng, 51% as

white solid was used in the next step reaction
wWowRaRoeH06d urt her purification. LCVMS RT =2. 55 nPEiI/US2007/084799

[ MMNa] + =308.2. 5 Step 2: Preparation of

(2S, 4R) - 4- Bi phenyl -4-yl -1-[(S) -3, 3-di net hyl -2-(2, 2, 2-

trifluoro-1, 1-di net hyl - et hoxycar bonyl am no) - butyryl]-4

-nEthoxy pyrrolidine-2- carboxylic acid nethyl ester H

Sam o4 e e v BB Pl BB B avcep:

usi ﬂ@neﬁ&)bu&nsyb Birh@hdxybyreolidde 2ok fateuor o- 1, 1

e e L

di | B d s sHar-Bi tyeni R 5
IHWEIIeB%%% YnGbrag) [@g )H) pﬁagntaﬁlz(gs)( 2s§ep

@H) cyciops(g)a{lw?fq_q*)lamlgocy 0(1)111T2—V1§|}14)cy012p@2yle%rbargq;|)l) 4 gle ny—
idirfe- Lear ar ic a

1=y it CA I 2 e fRarlibic ahd SR 6D

mn, [M:Na]+ =601. 2.

(2S, 4R) - 4- Bi phenyl - 4

p 3: Preparation of

A (S)-3,3-dinethyl-2-(2,2, 2-
trifluoro-1, 1-di nmethyl - ygar bonyl am no) - butyryl]-4
- met hoxy-pyrrolidine-2- Sarbgxylic acid 0-- 0 HNO H
N,/ OO0 FF 20T s,qaerlaIHV\@scprepared by the

e

same procedure as hed N “/ 906 step 6
except using

(2S, 4R) - 4- Blphenyl )Het yl-2-(2,2, 2-
trifluoro-1, 1- dlnethyl et oxycarbony am no) - butyryl] 4

- met hoxy-pyrrolidine-2 -123 WO 2008/ 064066
PCT/ US2007/ 084799 car bo&o;ﬂppmdam d nethyl ester

(Vor t - bub GRS By Fefihey by B B Bt ey At Fragmole
hoxygy &0t éx@bpilrsidg (2S,4R)-4-Biphenyl-4-yl-1-((S)-2-ztert-butoxycarbonylamino-
10  3-methyl-butyryl)-4-methoxy-pyrrolidine-2-carboxylic acid instead of (2S,4R)-4-
(biphenyl-4-y1)-1-((S)-2-(tert-butoxycarbonylamino)-3,3-dimethylbutanoyl)-4-
methoxypyrrolidine-2-carboxylic acid.
'H NMR (CD;0D) & 0.87 (m, 1H), 0.93 (m, 1H), 1.00 (m, 4H), 1.07 (m, 2H), 1.18-
1.30 (m, 4H), 1.38 (m, 2H), 1.43 (m, 6H), 1.85 (m, 1H), 2.08 (m, 1H), 2.22 (m, 1H),
15  2.49 (m. 1H), 2.53 (m, 1H), 2.96 (m, 1H), 3.07 (s, 3H), 4.06 (m, 1H), 4.12 (m, 1H),
4.22 (t, 1H), 4.54 (d, /=9 Hz, 1H), 5.10 (d, /=12 Hz, 1H), 5.27 (d, /= 18.5 Hz,
1H), 5.74 (m, 1H), 7.36-7.70 (m, 9H); LCMS RT =3.11 min, [M+Na]" =731.2.

Example 202: Preparation of Compound 202
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carboxylate. LCMS RT =3.26 min, [MNa]+ =587.2. 5 Step
4. Preparation of

W@ L@p0d440pq 2S, 4R) - 4- Bi phenyl - 4-yl -2-((S) - (1R 2CUS2007/084799
cycl opr opanesul f onyl am nocar bonyl - 2- vi nyl - cycl opropyl c
ar banoyl ) - 4- net hoxy-
pyrrolidine-1-carbonyl]-2,2-di nethyl-propyl }-carbamc
acid 2,2,2-trifluoro-1,1- dinmethyl-ethyl ester \ | ~
OHHONNOO OHE\N OONS Compond 200 10
Compound 200 was pre pd by the sane procedure as
descri bed in Exanpl e step 7 except using
(2S, 4R) - 4- Bi phenyl - 4-yl - 1S)- 3, 3-di net hyl -2-(2, 2, 2-
trifluoro-1, >
| - di met hyl - et hoxycar baqyl ani¢ho) - but yryl | - 4- met hoxy- pyr
rol i di ne-2- carboxyl jjcYaej d a§t ead [pfQ o
(2S, 4R) - 4- (b pheny|7@- |)/ (( %\“ /rh-
but oxycar bonyl am no apoyll) - 4- net hoxypy
rrolidine-2-carboxylic aci d. ”}\II\/R (CD30D) 6 1.12
(s, 9H), 130126(m4|—|),143(m 1.64 (s,
3H), 1.69(s, 3H), 1.88 ( ngplandz 22 (m 1H), 2.49
(m 1H), 2.62 (m 1H), 2.9 m , 3.11 (s, 3H),
4. 08tepm Prtphratioh.o B2 4R)-4LBipherdl-43/1(1d(S)P=teQ-Bdtoxyddrhonylamino-

?é?g-nﬁé%yl-%g\gt?noglﬁﬁgmftﬁwywro}émg% catoaty iyt oy o

RT =3.24 min, [MtNa]+ @ Exanpl e 201:

Preparati on of Conpou D1 -124 WO 2008/ 064066

PCT/ US2007/ 084799 (OoOWN ~ 00 ~\NS OH
Conpound 201 Step 1: Preparlg P of

(2S, 4R) - 4- Bi phenyl -4-yl -1-((S)-2-tert-but oxycar bonyl am

i no- 0] ‘
yN, N

7,
%oﬁéo

5 This material was prepared by the same procedure as described in Example

106, except using (25)-2-(tert-butoxycarbonylamino)-3-methylpentanoic acid
(commercial available material from Aldrich) instead of (S)-2-(tert-
butoxycarbonylamino)-3,3-dimethylbutanoic acid as starting material in step 5.
LCMS RT =3.27 min, [M+Na]" =547 4.

10  Step 2: Preparation of (2S,4R)-4-Biphenyl-4-yl-1-((S)-2-tert-butoxycarbonylamino-
3-methyl-pentanoyl)-4-methoxy-pyrrolidine-2-carboxylic acid

O
7

O /H N
yN,
7,
%o//(&o

This material was prepared by the same procedure as described in Example
106 step 6 except using (2S,4R)-4-Biphenyl-4-yl-1-((S)-2-tert-butoxycarbonylamino-
15  3-methyl-butyryl)-4-methoxy-pyrrolidine-2-carboxylic acid methyl ester instead of
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3-net hyl - butyryl)-4-nmet hoxy-pyrrolidine-2-carboxylic

acid nethyl ester O- HO\\/- NO -1-O0 O5 This
WOorai08064b6 was prepared by the sanme procedure aBCT/US2007/084799

descri bed in Exanple 106, except using

(S)-2-(tert-butoxycarbonyl am no) - 3- met hyl but anoi ¢ acid

(commercially available from Al drich) instead of

(S)-2-(tert-butoxycarbonyl am no)- 3, 3-di net hyl but anoi c

[ tarting material | t 5, L =3
i 2 e 38R PP ) S1ER s Ra o 3
( 2Sd#rylbuBinp}igAsthetboxybyriolid(n®)2-criry latebut oxycar bonyl am

i no- _ .

3- meEMA RbTey e 1IN RIRY: pyrrol i di ne- 2- car boxyl i ¢

aci gieh3: PrePArdtion N é@)‘l1—[@2@4@—4Thipﬁerg@-_&l%ﬂj2a(t8)v@ﬁ,2)’—@-par ed
n Exanple_ 106

by the sane procedure as described i np
3te ﬁycéopégmg@plfwlmnocarbonle -vinyl-cyclopropylcarbamoyl)-4-methoxy-

( ﬁgp@i—dﬁm&i-@ﬁwhaémythyllbugﬁﬁzarﬁarﬁi@ héid - BeYIGREPonyl am
| -

3-net hyl -butyryl)-4 hoxy- pyrrol i di ne-2-carboxylic
acid nethyl ester inRs d

PCT/ US2007/ 084799 ( 2S,
4- (bi phenyl -4-yl)-1-((9S)
3, 3-

di net hyl but anoyl ) - WQ}W N dillne;2-"car boxyl at e.
- Bi

LCMS RT =3.07 nin, =407, .Eteg ?Preparation
of {(S)-1-[(2S, 4R)- nyP- & yk-2- f(SyZ (1R 25)-1 5
cycl opr opanesul f onyl arfi no arbonyl-2-yinyI-cycIopropyIc

ar banoyl ) - 4- net hoxy-
pyrrolidi ne-1-carbonyl ] - @mpetraeb2 pr opyl } - carbam ¢ aci d

tert-butyl ester | \I O QHHO
%ompoung 20& was prepared by t{;'e same procedure as described in Example

¢er t - but oxycar bonyl am no) -

106 step 7 except using (2S,4R)-4-Biphenyl-4-yl-1-((S)-2-tert-butoxycarbonylamino-
10  3-methyl-pentanoyl)-4-methoxy-pyrrolidine-2-carboxylic acid instead of (2S,4R)-4-
(biphenyl-4-y1)-1-((S)-2-(tert-butoxycarbonylamino)-3,3-dimethylbutanoyl)-4-
methoxypyrrolidine-2-carboxylic acid.
'H NMR (CD;0D) 8 0.91-0.97 (m, 4H), 1.03 (m, 2H), 1.10 (m, 2H), 1.20-1.34 (m,
5H), 1.40-1.50 (m, 9H), 1.68 (m, 1H), 1.88 (m, 1H), 2.25 (m. 1H), 2.56 (m, 2H), 2.98
15  (m, 1H), 3.11 (s, 3H), 4.10 (m, 1H), 4.22 (m, 2H), 4.63 (d, /=9 Hz, 1H), 5.15(d, J =
12 Hz, 1H), 5.32 (d, /= 18.5 Hz, 1H), 5.74 (m, 1H), 7.36-7.70 (m, 9H); LCMS RT
=3.24 min, [M+Na]" =745.3.

Example 203: Preparation of Compound 203
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OO OH Conpound 201 Conpound 201 was prepared by
the sane procedure as described in Exanple 106 step 7
W@@8{0640661 Ng PCT/US2007/084799
(2S, 4R) - 4- Bi phenyl -4-yl -1-((S)-2-tert-but oxycar bonyl am

ino- 10

3-net hyl - butyryl ) - 4-nmet hoxy- pyrrolidine-2-carboxylic
acid instead of (2S,4R) -4

(bi phenyl -4-yl)-1-((SL<2-(tert-butoxycarbonyl am no) - 3,
3-di et hyl but anoyl ) - #- jpret hoxypyrrol i di ne-2-carboxylic
acid. iH NVR (CD30D) ¢ 3¢ (m 1H), 0.93 (m 1H),
1.00 (m 4H), 1.07 (m 2H),p1.18- 1.30 (m 4H), 1.38
(m 2H), 1.43 (m 6H), 1.85%gm 1H), 2.08 (m 1H),
2.22 (m 1H), 15 2.4%(mH 2253(m 1H), 2.96 (m

1H), 3.07 (s, 3H), {Mm Qo 1H), 4.22

(t, 1H), 4.54 (d, 2% @oﬁ J= 12 Hz,
1H), 5.27 (d, J= 18’5 1@{)05 4(4m H) ,
7.36-7.70 (m 9H); LCIVS =3. 11 mrT’ [ MFNa] + =731. 2.
Exanpl e 202: Preparation of Corrpoun 202 -126 WO

2008/ 064066 PCT/ US2007/ 084799 ‘ﬂfg’ E}H .0 NNN~ ~\S

N ~O0\W\ , ~H Conpounél“pﬁ ep 1. Preparation

of Stepl Preparatlon of (2S 4R) 4-Biphenyl-4-yl-1-((S)-2-tert-butoxycarbonylamino-

( 28 tgthyll1 pent noyB 4- methgxy pyn(oqg?ne—%—car%o%yl?cuatc{)dx ﬁylet ;l%(s)t 1y lam

i no?
3- net hyl - pent anoyl ) - 4- oxy-pyrrolidine-2-carboxylic
O\\/- N-1-OO OS5 This

acid nethyl ester O-

mat eri al was prepared nme procedure as
described in Exanple 106, ~usi ng
(2S)-2-(tert-butoxycarbonyl am 3- net hyl pent anoi c
ial from Al drich)
~N

acid (comercial avail ak e hat

instead of (S)-2-(tert- 7\»N

5 This material was prepared by the same procedure as described in Example

O @)

106, except using (S)-2-(tert-butoxycarbonylamino)-4-methylpentanoic acid
(commercially available from Aldrich) instead of (S)-2-(tert-butoxycarbonylamino)-
3,3-dimethylbutanoic acid as starting material in step 5.
LCMS RT =3.26 min, [M+Na]” =547 4.

10  Step 2: Preparation of (2S,4R)-4-Biphenyl-4-yl-1-((S)-2-tert-butoxycarbonylamino-
4-methyl-pentanoyl)-4-methoxy-pyrrolidine-2-carboxylic acid

O
7

H
N OH

ks

This material was prepared by the same procedure as described in Example

////

106 step 6 except using (2S,4R)-4-Biphenyl-4-yl-1-((S)-2-tert-butoxycarbonylamino-
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but oxycar bonyl am no) - 3, 3-di net hyl but anoi ¢ acid as
starting material in step 5. LCVMS RT =3.27 mn,

WQ koBIa§4966-547. 4. 10 Step 2: Preparation of PCT/US2007/084799
(2S, 4R) - 4- Bi phenyl -4-yl -1- ((S)- 2-tert-but oxycar bonyl am
i no-

3- net hyl - pent anoyl ) - 4- net hoxy- pyrrolidi ne-2-carboxylic
acid o- o NOH N OO O This material was prepared by

te)r:gésanlgrg %r OCFl‘,)dkl I;neeth%gy %%?0 1d1ne—e£carboxy 1C ar{g) (5 methyloester 1ns%a(? of

( 28(24;%&)411@1139 ke BipherfdA-Yy1E-((§ 5) (Rrtbatoky oy ematopoy | am

i no 15 .

3- e R Y P HEsidingZrgaghoxdieife- 2- car boxyl i ¢
acigcnﬁimYL3gghﬁﬁ[Lp§kga¢395 -127 WD 2008/ 064066
PCT/ Us2007/ 084799 28 4R

2- ( BicpRePrgparatiop of ¢ (1(@&32‘)(‘{ %@@Wuﬁd&k%@tﬁéﬂ&ﬁhh no) -

3cyclopropanesulfonylammocarbonyl 2-vinyl- cyclopropylcarbamoyl) 4-methoxy-
dlnethylbutanoyl)-4 met hoxy %rro i di ne-2-car boxyl at e.

L CVBY IRt - 1t earginsl 3frmﬁhql=|bu£5 garBamigeeif te3t-bybylesiaf at i on
Bi phenyl -4-yl-2-((9)-(1R 2S)-1 5
i nocar bonyl - 2-vi nyl - cycl opr opyl ¢

of {(S)-1-[(2S, 4R) -4
cycl opr opanesul f on
ar banoyl ) - 4- nmet hoxy-
pyrrolidine-1-carbonyl] -~
tert-butyl ester i \I O O i OrO@oN(g\IOO OH

Conpound 202 Conpoundo20Z’ was-yr eatledspy the sane

procedure as descr[?;? N angl e 10% ﬁtﬁp 7 except

yl -butyl }-carbam c acid

usi ng § o “,
(2S, 4R) - 4- Bi phenyl - 4-yl - 17%{59 2- terﬁ but oxycar bonyl am
i no- 10

3- et hyl - pent anoyl ) - 4- mat,RGKq sp¢r r ol i di ne- 2- carboxylic
acid instead of (2S,4R)-4-

(b|phenyCmﬂmym¢203@ﬁ§@eﬂﬁ¢ﬂ@ﬂhehquxgmémbamwkaﬁmdm)Eﬂumﬂe

g’ d|16g3 gtgﬁ/ J/' excep 1¥1!g )(2_84}4R)—4—Biphenyl—4—yl—1—((S)—2—tert—butoxycarbonylamino—
4-methyl-pentanoyl)-4-methoxy-pyrrolidine-2-carboxylic acid instead of (2S,4R)-4-
(biphenyl-4-y1)-1-((S)-2-(tert-butoxycarbonylamino)-3,3-dimethylbutanoyl)-4-
methoxypyrrolidine-2-carboxylic acid.
'H NMR (CD;0D) $ 0.91-0.98 (m, 2H), 1.02 (m, 4H), 1.24-1.32 (m, 6H), 1.39-1.48

15  (m,9H), 1.64 (m, 1H), 1.76 (m, 1H), 1.88 (m, 1H), 2.30 (m. 1H), 2.62 (m, 2H), 2.98

(m, 1H), 3.11 (s, 3H), 4.11 (m, 1H), 4.18 (d, /=9 Hz, 1H), 4.37 (m, 1H), 4.49 (m,
1H), 5.15 (d, J= 12 Hz, 1H), 5.32 (d, /= 18.5 Hz, 1H), 5.74 (m, 1H), 7.36-7.70 (m,
9H); LCMS RT =3.24 min, [M+Na]" =745.3.

20  Example 204: Preparation of Compound 204
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met hoxypyrrolidi ne-2-carboxylic acid. iH NVR (CD30D) 6

0.91-0.97 (m 4H), 1.03 (m 2H), 1.10 (m 2H),
wWa2@e/044086t (m 5H), 1.40-1.50 (m 9H), 1.68 (PET/LEH0D7/084799

1.8 (m 1H), 2.25 (m 1H), 2.56 (m 2H), 2.98 15 (m

1H), 3.11 (s, 3H), 4.10 (m 1H), 4.22 (m 2H), 4.63

(d, J= 9 Hz, 1H), 5.15 (d, J= 12 Hz, 1H), 5.32 (d, J=

18.5 Hz, 1H), 5.74 (m 1H), 7.36-7.70 (m 9H); LCVs RT

=3.24 mn, [MNa]+ =745.3. Exanpl e 203: Preparation of

Conpound 203 -128 W P8/ 064066 PCT/ US2007/ 084799 \

Il OHHN\ NNO %0

Compound 203 Step 1: Prep

(2S, 4R) - 4- Bi phenyl - 4-yl -

i no-

4- et hyl - pent anoyl ) - 4- R hoxyN gy lqveoZ car boxylic

acid nethyl ester 07 0/m '5;\ rraterl al was

prepared by the s@g re & scﬁl in Exanpl e

106, except using

(S)-2-(tert-butoxycarbonyl am no) - 4- mag/t hyl pent anoi ¢

aci d (conmercially avai | @wpeufdr2o0a Al dri ch) instead of

S)-2-(tert-butox r.bonyl am no) - di
aC| éteaéasﬁra?aﬁ“ﬁa b erpdrmitang] éi&xscar@ew%e e %fiz@et
M Nputh AN hethProbiett. 10 Step 2: Preparation of
(2S, 4R) - 4- Bi phenyl - 4-yl -1- ((S) - 2- tert but oxycar bonyl am
i no-
4- et hyl - pent anoyl ) - 4- W%Qﬂwwl di ne- 2- car boxylic
acid o- OHNOH N4 O

7\

5 To a mixture of (S)-methyl 2-amino-3,3-dimethylbutanoate (200 mg, 1.377
mmol) and DIEA (0.481 mL, 2.75 mmol) in DCM (2 mL) solution was add 1-

2-tert-but oxycar bonyl am

adamantyl fluoroformate (334 mg, 1.515 mmol). The reaction mixture was stirred at
rt overnight. The compound was purified by silica gel column chromatography (20%
EtOAc/ 80% hexane) to give a colorless oil (358 mg, 68%) as product.

10 'H-NMR (CDCl-d) 8 0.94 (s, 9H), 1.62 (s, 6H), 2.07 (s, 6H), 2.13 (s, 3H), 3.70 (s,
3H),. 4.07 (d, J= 9 Hz, 1H), 5.09 (broad s, 1H, NH); LCMS RT =3.05 min, [M+H]"
=324 4.
Step 1b: Preparation of (S)-2-(Adamantan-1-yloxycarbonylamino)-3,3-dimethyl-
butyric acid

15 T
To a solution of (S)-2-(Adamantan- 1-yloxycarbonylamino)-3,3-dimethyl-
butyric acid methyl ester (358 mg, 1.107 mmol) in THF (4 mL) and MeOH (4 mL)
was added a pre-made solution of lithium hydroxide monohydrate (93 mg, 2.214
mmol) in water (4.00 mL). The cloudy white solution was stirred at rt for 5 hrs. The
20  wvolatiles were removed, and the reaction mixture was diluted with dilute citric acid

solution and extracted with EtOAc (3 x 10 mL). The organic layer was washed with
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This material was prepared by the sane procedure as
described in Exanple 106 step 6 except using

W@ 28346390661- Bi phenyl -4-yl -1-((S)-2-tert-but oxyceChUS0ZA4799
i no- -129 WD 2008/ 064066 PCT/ US2007/ 084799
3-nmet hyl - butyryl)-4-nmet hoxy-pyrrolidine-2-carboxylic
acid nethyl ester instead of (2S, 4R)-nethyl
4- (bi phenyl -4-yl)-1-((S)-2-(tert-butoxycarbonyl am no) -

3, 3; . . . . .
di mBE Ty B RS0V 2> Oa-THSEH SR BYAPPBId? AN 2dVis SR GP b me.
L CVBs R astBodu6t. MhélcrufldvihNafiat vad 3SedSvittouSufRer purification.

Preparation_of . .

{( Sj%j%&/fs[lf‘§§,2-§hjn%-[lﬁ+ﬁi\eﬁ§)lo-—44- yl -2-((S)- (1R 2S)-1-

cy CERpRopRp@ &P Y, AL NRS AP PAMMa En - fi¥tycedh6hdRhiapy3, 8-
arbannyl%-4-nethoxg- o o

pyr forethyi-Hey bbbyl f-yh4mrathary Pyl ine 2srbenilic agidmgthyl
tertglutyl ester OHOO HOII, NS N40 O\\\~ H +
Or ~I Conpound 203 Conpound 203 was prepared by the
same procedure as descriljed)in Exanple 10 106 step 7
except using
(2S, 4R) - 4- Bi phenyl -4-yl -1- ((Sy-2
i no-

4-nethy|-pentanoyl)-4-nethoxylpyo ['idi ne-2-carboxylic
acid instead of (2S,4R)-4-%
t 0]

| N
(bi phenyl - 4-y1) - 10 ( { S ( V57t~ B0t OWyRar bonyl ani no) - 3,
3-di net hyl but anoyl ) - 4 9 riool ? di ne- 2- car boxyl i c
acid. 1H NVR (CD3CD) 656 91-0.98 (m 2H), 1.02 (m

? :]D 1 1 &D ’Zﬁké?g%?%%af %F,?parf& gg %ie#]arﬁ% pﬁo%édélg% dg%bribiigu%ample

2. 6204 swp Dlekceplusfy (S{-M(Addthantad- kfloxwarbdhf)lamiho 1,3 {dimethyl-

41 i o g g B g

5. 74CMB RTHp.63 Tmid VN4 €605.4.9H) ; LCVMS RT =3. 24 mi n,

ComDBBAGP 200 £36 S0 S068F SBAUBE BT R0 DAarT8e-3 &

Fi BoNtHY1-butyry ] Q-bih &yP4§1-4-methoxy-pyrrolidine-2-carboxylic acid

Cl
), -

.,
o H (fl)r
}”N, N OH

@O“ﬁ”

15 This material was prepared by the same procedure as described in Example

-tert-butoxycarbonyl am

106 step 6 except using (2S,4R)-1-[(S)-2-(Adamantan- 1-yloxycarbonylamino)-3,3-

dimethyl-butyryl]-4-biphenyl-4-yl-4-methoxy-pyrrolidine-2-carboxylic acid methyl

ester instead of (2S,4R)-methyl 4-(biphenyl-4-y1)-1-((S)-2-(tert-

butoxycarbonylamino)-3,3-dimethylbutanoyl)-4-methoxypyrrolidine-2-carboxylate.
20  LCMS RT =3.16 min, [M+Na]" =611.3.
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Il Conpound 204 Step | a: Preparation of

(S)-2- (Adamant an- 1-yl oxycar bonyl am no) - 3, 3-di net hyl -
wheigneseaci d met hyl ester O /N O ~ T( O O BCIUSH07/084799

m xture of (S)-nmethyl 2-am no-3, 3-dinmet hyl but anoat e

(200 ng, 1.377 mmol) and D EA (0.481 nm, 2.75 nmol)

in DCM (2 nlL) solution was add 1- adamantyl

quoroforrrate (334 ng, 1.515 mmol). The reaction

yas Sti t ht h d was
our PP P BReeRonl Zy r et m  Blr B g e RES 6%
g‘é @Wlo&@%%&bf?@@)ngh@f&ﬂiﬁﬂﬂ 2av1ﬁﬂLd§blopﬁogylgargarﬁ@5)84 g@thoxy-

9 roduc - 6 0. S,

1. 6/?p_yr((§1 m@r_b carl@n@é 2(28d1m@$1 r%[))y_cli -C rg)?amgqfl’d aégr%’@t'ctrg’—yf ester
3H),. 4.07 (d, J=9 Hy, 5.09 (broad s, 1H, NH);
LCMS RT =3. 05 mn, | @ =324.4. Step |b:
Preparation of

(S)-2-(Adamant an- 1-yl oxyca nylamn no) - 3, 3-di net hyl -
butyric acid HO O N O O1540 a solution of
(S) - 2- (Adamant an- 1- yl oxycafbany| ankng) -3, 3- di et hyl -

butyric acid methyl esterN3 N, 1 J10%=Rmol ) in THE
(4 m) and MeOH ( o} d gé pr&- hade sol ution
of 1ithium hydroxi nofjydrate (98,ng, 2214 rmmol)

in water (4.00 nL). The cl oudy V\,hlte/ ol ution was
stirred at rt for 5 hrs. The 20 vol atiles were
renoved, and the reacti on®HWRMM22* was dil uted with

dilute CC@rﬁbcﬁln@QOﬂwasS&laﬁ%édod} tﬁ@ﬁn@ﬁr&%@ﬁr@gs (\Ms&lfbegtlmmple

er was wasne

(3 x 10 . e organi
Vo HDSHOGRTEE T UBHO0I(BE 7O uieH B R)-3.3-
%thérg Ehtﬁ{{%ﬁ]eg bi@ﬁgl&/?x—gpg rn?éﬂ?cg tp?rrgf?&lﬁé DAY Geid instead

solid ( r odu The crude teri al
was ot@édRMt(hmmnyi f!nyd)hlef(sb%rn(tlelfﬁb@my@doonylamm) -3,3-

dimethylbutanoyl)-4-methoxypyrrolidine-2-carboxylic acid.

10 'HNMR (CD;0D) & 1.00-1.10 (m, 10H), 1.22-1.31 (m, 3H), 1.43 (m, 1H), 1.64-1.71
(m, 6H), 1.88 (m, 1H), 1.97-2.22 (m, 10H), 2.50 (m. 1H), 2.63 (m, 1H), 2.98 (m, 1H),
3.11 (s, 3H), 4.04 (d, /=9 Hz, 1H), 4.23 (m, 1H), 4.38 (m, 1H), 4.57 (m, 1H), 5.12
(d, /=12 Hz, 1H), 5.32 (d, J=18.5 Hz, 1H), 5.77 (m, 1H), 7.33-7.67 (m, 9H);
LCMS RT =3.43 min, [M+H] =801.4.

15
Example 205: Preparation of Compound 205

Q
O, -

7
0 o
@ \\\”\ W / O
@N Hﬁ W>
//
Compound 205

Step 1a: Preparation of (S)-2-(3-Adamantan-1-yl-ureido)-3,3-dimethyl-butyric acid

methyl ester
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LCVMB RT =2.91 min, [MH + =310.4. Step 2: Preparation
of

W@ 28808&06dL- [ ( S) - 2- (Adamant an- 1- yl oxycar bonyl anPCDYUSB0B084799
5

di met hyl - butyryl ] - 4-bi phenyl - 4-yl - 4- met hoxy- pyrrolidin
e-2-carboxylic acid nethyl ester OHNO- OO This
mat eri al was prepared by the sane procedure as
described in Exanple 106 step 5, except using
(S)-2-(Adamant an- 1-yl ox anykanmono) - 3, 3- di net hyl -

10 butyric acid insteadg;ﬁz;] \,i§
(S)-2-(tert-butoxycarbonyla )-3, 3- dlnEthbeutan0|c
acid LCMS RT =3.63 nmin, [MNa] ¥/=625.4. Step 3:
Preparation of

(2S, 4R) - 10 ¢ pasturs of (R Aprdivl Arrrmings3-dxdrectivgbrgmoatsi (AY) me, 13377
di matnky) mlWIRAYD IS 14mbl phﬁﬂm{omn yjcMgrﬁmgzMroawag QlidedilD
e-2-carboxylic acid NOH COOOZ15 This nmateri al
vas 2nepl Becygyate %4% Sht Bl ke rsactign suFtisepsstirred at it
gxaﬂpérﬁghtl“@ﬁa ShfByRl $XGRAHYEY ﬁﬁ’ca gel column chromatographgf (30%

(2S, %ﬁy (Adamant an- I-vyl oxycarbony am no) -

di nEtQ&q/ 30 K%ﬂe tozgl‘m ap\ﬁlelmﬁphd(%éﬁn@ ﬁ%fohfeﬁw?cbm rolidin
- 24

‘(928 %gﬁﬁg%bf ”j%?m T te9ny|16z@8/1 @)1 ?33@) é‘ig) ?to4lgs 3H), 3.70 (s,

but 8Ky, chrb@ny Fari 2 oh), 3,33 (broad s, 1H, NH), 4.88 (broad s, 1H, NH); LCMS
-d| yJ-but a t hoxypyrrolidi ne-2-carboxyl at e.
E%\/%%T ﬂ%hin f}fﬁ?wl\lah =611.3. -132 WO
1 Q 008{e§6§%6pal?ﬁ5h WSR2 7(3Q8dhARAtan-Itydfureddo) Brediaicaiyl-butyd acid
{(S)-1-[(2S, 4R) - 4- Bi phenyl - 4-yI - ﬁS) (1R 2S)- 1-
I

cycl opr opanesul f onyl am rHonm -vi nyl - cycl opr opyl c
ar banoyl ) - 4- net hoxy- hif

pyrrolidi ne-1-carbonyl]-2, 2- dume I-propyl}-carbanic
acid adamantan-1-yl ester \ | HH~NNi ~~,0 N

N 01~O G @ Biution of (S)-2-(3-Adamantan-1-yl-ureido)-3,3-dimethyl-butyric acid
methyl ester (265 mg, 0.822 mmol) in THF (4 mL) and MeOH (4 mL) was added a
pre-made solution of lithium hydroxide monohydrate (69 mg, 1.644 mmol) in water

15  (4.00 mL). The cloudy white solution was stirred at rt for 5 hrs. The volatiles were
removed, and the reaction mixture was diluted with dilute citric acid solution and
extracted with EtOAc (3 x 10 mL). The organic layer was washed with brine, dried
over Na,SOy, filtered, evaporated to obtain white solid (232 mg, 92%) as product.
The crude material was used without further purification.

20  LCMSRT =3.09 min, [M+H] =309.4.

Step 2: Preparation of (2S,4R)-1-[(S)-2-(3-Adamantan-1-yl-ureido)-3,3-dimethyl-
butyryl]-4-biphenyl-4-yl-4-methoxy-pyrrolidine-2-carboxylic acid methyl ester

Q
Sy

7,

0 H
>
QKN H’//:§O

-134-



Compound 204 5 Conpound 204 was prepared by the sane
procedure as described in Exanple 106 step 7 except

W@ 200864066 PCT/US2007/084799
(2S,4R)-1-[(S) - 2- (Adamant an- 1- yl oxycar bonyl am no) - 3, 3-
di met hyl - butyryl ] - 4-bi phenyl - 4-yl - 4- met hoxy- pyrrolidin
e-2-carboxylic acid instead of
(2S, 4R) - 4- (bi phenyl - 4-yl)-1-((S)-2-(tert-butoxycarbony
| am no) - 3,.3 . o
di met hyl Thi FAGY) A PRRPSRY Bl P8P Per s deipbsd pnifgemple
aci do6 sk 3, ek ddMRIs(HgR8 PP 3-8 ddm&anl 1 L Oureiio)- 1,8 Himethyl-butyric acid

1.22-1.31 1.64-1. 71 (m. 6
I a8 0f1<§ﬁ)”5 <tfﬂé>?t0zwb0%§ﬂam1§5\f 3-gmety yfzoman%v&wmdzk%s
(m LEMs R -981 (i, (Kdva) Sy (s 3K, 4,04 (d, = 9

§tep(3dPregarat§|_021 %28% (g) %%3 (Xgamq}uanlgylsurpgo) %_f:_')dlmethyl—
5 7 6utl]-A bibhen(1-331-4-nR ok Ppy @bl dine-+-EN5o Flic add 43 m n,
[ MtH] + Qﬁﬂl Oi:;Lﬁ)4 §15§Exan'p W%S Pr epar at}§]o-n of Con'pound
26 OHH~NNN1) OOFNJ OO N S\> H Conpound
205 Step la: Preparation X
(S)-2-(3-Adamant an- 1-yl -ureid
acid nethyl ester -133 WO 208
PCT/ US2007/ 084799 N H O- Y O, Q a m xture of
(S)-nmethyl 2-am no-3, 3- d| mﬂb oate (200 ny,

, 3-di met hyl -butyric

1.377 nmmol) and DI EA in DCM (2
m.) solution was adde 5 I0|socyanate (334
nmg, 1.515 mmol). The r on mxture was stirred at

5T Bl SRV S5 B S P
gi veéO@styhd txeegaking (I265- v S )-5ON dasapanoyktreido )-8, B\IMRnethyl—
1 éCDE]T%g/?]) Eﬂjge%l ?%ﬁ?@e@%@ylﬁré‘lﬁlydf %!?)Oxyi'l'c gc%gl_&n,sethi/tﬁlg?[ér
4. 3¥hs’(ebd RdSER)- ﬁﬂhyNHIblprnﬁi&l (i gesd- E(terﬂbhtoﬂcbrboﬂgﬁ‘vﬁno)—
3% c? metﬂgllgutalgo%— —methoxypyrrohdme 2-carboxylate.
LCMS RT =3.42 min, [M+H]" =588.3.
Step 4: Preparation of (2S,4R)-1-[(S)-2-(3-Adamantan-1-yl-ureido)-3,3-dimethyl-
15  butyryl]-4-biphenyl-4-yl-4-methoxy-pyrrolidine-2-carboxylic acid ((1R,2S)-1-

cyclopropanesulfonylaminocarbonyl-2-vinyl-cyclopropyl)-amide

Q
O, o

@Mé* & \ii

Compound 205

Compound 205 was prepared by the same procedure as described in Example
106 step 7 except using (2S,4R)-1-[(S)-2-(3-Adamantan-1-yl-ureido)-3,3-dimethyl-
20 butyryl]-4-biphenyl-4-yl-4-methoxy-pyrrolidine-2-carboxylic acid instead of
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10 Step Ib: Preparation of

(S)-2-(3-Adamant an-1-yl -urei do)-3, 3-di net hyl -butyric
W@ei0d/o6qd6N O O To a sol ution of PCT/US2007/084799

(S)-2-(3-Adamant an- 1-yl - urei do) -3, 3-di net hyl -butyric

acid nethyl ester (265 ng, 0.822 mml) in THE (4 nlL)

and MeCH (4 nL) was added a pre-nade sol ution of

Iithiun1hydroxide nonohydrate (69 ny, 1 644 nnDI) in

st i ﬁse%g ﬁé’Fp?‘eli’y 8- iwlr@) S'I(%étd%%v’\‘glf%r Oé’% Olé%rsr enoved,

and dinteghyliR@mbLYI10A- ﬂietb{dxypﬁrom&em dariordlioddidy dil ute
citric acid solut racted with Et OA

m) . H AR Grlg? 63 1| %bﬂl(\%QHMs%eWWl% ] Hpr i Hem, dF‘D dd’2 (S
OVGBHM%S , 11, |1t9@f2€(% (nﬁ‘gﬁPQfﬁt(ﬁldntI? 2%@(&' [H)"@'@%m 1H), 2.95

solid terial

has (fusléﬂ Ly {T%oﬁtl) 14{961(<1f1e)r.i %)H% lﬁ)c‘bﬂ @'n 1HZO4 4_6(1‘110’5 1R, 4.67 (m,

=3. St e 0
(2891% 515, ([1 i %éﬁlﬁdsﬁs(d G HS%yITZPEE}e)?Jat(fn [‘HPf733 3G
| - 9H); LCMS RT =3. 40 min, [M+Na]" —8005

but yryl ] - 4-bi phenyl - 4-yl - 4- net hoxy- pyrrol i di ne-2-carbo
xylic acid nmethyl ester \' I OHNO O0O0OH-134 W
2008k 06010 8@ : PCPalIBR0 T @dipdidd206Thi s materi al was
prepared by the sane ptocedure as described in Exanple
106 step 5, except u
(S)-2-(3-Adamant an- 1-
acid instead of O
(S)-2-(tert-but oxycarbony S
acid. LCVS RT =3.51 mcn,

i do) - 3, 3-di net hyl -butyric

0) - 3, 3- di net hyl but anoi c
a +—6%44 5 Step 3:

Preparation of \\/o
(2S,4R)-1-[(9)-2- (3 Oy’TA\t)Jm Gﬁ>) 3, 3-di net hy
| -

but yryl ] - 4- bi phenyl - - -rret hoxy rf rrolidi ne-2-carbo
xylic acid OH NNO—| CkHOOThlS/materlaI was

gr epared by the same procegiiiS.RSosescribed in Exanple
06 step 6 except using

( 2SStR) a:PraSitioR of &)-AdananBaryl-treido)-d3ediciothy Bywyriti avilt ythyl

ester

This material was prepared by the same procedure as described in Example
15 205 step la except using tert-butyl isocyanate instead of 1-adamantyl isocyanate.
LCMS RT =2.24 min, [M+H]" =245.2.
Step 1b: Preparation of (S)-2-(3-tert-Butyl-ureido)-3,3-dimethyl-butyric acid

HO
H H
:>T’N\“/N\V/L§
° 7~
This material was prepared by the same procedure as described in Example 205 step

20 1b except using (S)-2-(3-tert-Butyl-ureido)-3,3-dimethyl-butyric acid methyl ester
instead of (S)-2-(3-Adamantan-1-yl-ureido)-3,3-dimethyl-butyric acid methyl ester
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10

butyryl ] - 4-bi phenyl - 4-yl - 4- met hoxy- pyrrol i di ne-2-carbo
wogosoo46é d met hyl ester instead of (2S, 4R) - mer¢i/US2007/084799

4- (bi phenyl -4-yl)-1-((S)-2-(tert-butoxycarbonyl am no) -

3, 3-di net hyl but anoyl ) - 4- met hoxypyrrol i di ne-2-car boxyl a

te. LCMS RT =3.42 mn, [MH + =588.3. Step 4:

Preparati on of

(_28’1 Rk (£ A $ o6 a0RNG AR Lol -k 49): BesicdiEd By

butyﬁyl@ﬁﬂ{hﬁpnanyl 4-yl - 4- met hoxy- pyrrolidine-2-carbo
xylic acjd é ‘%E%i%ﬁﬁ

cy cPEBropaREany FhBPAFBG Y- A et PrivE Bty Py -
- A Eh@ 1 bluthyN-Nmblho Dby EdlidMa- X dbd¥y lic dctd mEthReund
205 Conpound 205 was prgpar ed by the sane procedure as
descri bed in Exanpl e step 7 except using

(2S, 4R) 1-[(9)-2-(3-A tap< 1-yl -ureido)- 3, 3-di net hy
| - 2 O/

butyryl] 4- bi phenyl - 4-yl - -pyrrolidine-2-carbo
xylic acid instead of -135 MQ O / 064066

PCT/ US2007/ 084799 0

(2S, 4R) - 4- ( bi phenyl - Xz/_ - 2- tg?t-butoxycarbony
oxXyp rro

| am no) - 3, 3-
glnethylbutanoyl) 4- et I|d|ne 2-carboxylic

aCI d. 1. leihl% Hﬁat%ﬁ} was?re?)éreflgy theé g%c%#;)re(arﬁ]de%%bb%d %?Ex(alm le
1 9 T(—)@ e%p’( IIHng&Eﬂ-IZ (2 teZtlBlﬁtm—ur&hB)) 3,2-dafethynbulAl: acid abarting
(m 95 5 (m 1H), 3.11 (s, 3H), 4.06 (d, J= 9
Hz, mfﬁ)’”“&“?@(m 1H), 4.46 (m 1H), 4.67 (m 1H),

5. 12CMSR13 =328 ihig, Mhl)a 55483 (OI J— 18 5 HZ, 1H) 5. 77

, 7.33-7. 67 g%
1 R B Rt e BobersBrBAr - O B >
206 g eh gﬁgl-zg glghbxy B@rolidNé'—QL&i%ox &g 11 10

Conpoun reparation o
(S)-2-(3- tert-ButyI ureéf dp) - 3, 3-di net hyl -butyric acid

nmet hyl ester
///
H
o {“'jY’H
+NH/F§O o

This material was prepared by the same procedure as described in Example

106 step 6 except using (2S,4R)-4-Biphenyl-4-ylI-1-[(S)-2-(3-tert-butyl-ureido)-3,3-

15  dimethyl-butyryl]-4-methoxy-pyrrolidine-2-carboxylic acid methyl ester instead of
(2S,4R )-methyl 4-(biphenyl-4-y1)-1-((S)-2-(tert-butoxycarbonylamino)-3,3-
dimethylbutanoyl)-4-methoxypyrrolidine-2-carboxylate.

LCMS RT =3.14 min, [M+Na] =532.3.
Step 3: Preparation of (2S,4R)-4-Biphenyl-4-yl-1-[(S)-2-(3-tert-butyl-ureido)-3,3-

20  dimethyl-butyryl]-4-methoxy-pyrrolidine-2-carboxylic acid ((1R,2S)-1-

cyclopropanesulfonylaminocarbonyl-2-vinyl-cyclopropyl)-amide
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~ NUNL Il Il O OThis material was prepared by the

sane procedure as described in Exanple 15 205 step la
W@@8f064066i Nng tert-butyl isocyanate instead of PCT/US2007/084799

1- adamantyl isocyanate. LCMS RT =2.24 min, [MH +

=245.2. Step | b: Preparation of

(S)-2-(3-tert-Butyl-ureido)-3, 3-dinethyl-butyric acid

NNO OThis material was prepared by the sane

procedure as described. in Exanple 205 step 20 Ib

except using

(S)-2-(3-tert-Butyl -

nethyl ester instead of

(S)-2-(3-Adamant an-1 -yl -

-3,3-dinethyl -butyric acid
) -3, 3-di met hyl -butyric

acid nethyl ester -135 WQ / 064066

PCT/ U82007/ 084799 %E Q.00 (s, 9H
1.56 (s, 9H), 3. 49‘ggt W=Q:R6 mon, [ MHH] +
=231.3. Step 2: Pre ara @fo H

(2S, 4R) - 4- Bi phenyl - (S)-2- (3 /7 ert-butyl -ureido)
_3 3-

di met hyl - butyryl ] -4- nethoxg &h%$édine-2-carboxylic

acid methyl ester & OHNNHO 5 This material was

pr epar edCiypdung 26@wes e@eeidiytie @metsedirdedddserited anpagnple

106 xcept us ) .

(9) 1% (% %ﬁﬁ?@%ﬁ*?‘% (23i1r uBphamvkdai ety O privk viidog 33

as aﬁqaatﬁ}dmgtyrymaat afe{haky 'pymsmafa Bearbdiic EéTd steaBo MR 4R )-4-
=546, ﬁm Prepar ati.on

M+Na
%2s<b eny: %Y%ﬂé@ﬁ (&ery POPpRyRIErEd @mbﬁialwtrutwwéo)
-3, grethoxypyrrohdlne 2- carboxyhc acid.
di e I-butg cﬁ% - met hoxy- gyrrolldlne 2-carboxylic
aci oH SGPCINGDS 118198 (m, 12H), 1.23-1.38 (m, 11H), 1.75 (m, 1H), 1.92
(m, 1H), 2.08 (m. 1H), 2.47 (m, 1H), 2.96 (m, 1H), 3.11 (s, 3H), 4.10 (m, 1H), 4.49
(m, 1H), 4.53 (d, J=9 Hz, 1H), 4.80 (m, 1H), 5.11 (d, J= 12 Hz, 1H), 5.28 (d, J =
10  18.5 Hz, 1H), 5.74 (m, 1H), 7.57-7.61 (m, 4H), 7.40-7.46 (m, 5H); LCMS RT =3.26

min, [M+H]" =722.4.

Example 207: Preparation of Compound 207 and Compound 208
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This material was prepared by the sane procedure as
described in Exanple 106 step 6 except using

W@ 2884630661 - Bi phenyl - 4-yl -1-[(S)-2-(3-tert - but yPeUD81000984799
-3,3- 15
di met hyl - butyryl]-4-nmet hoxy-pyrrolidine-2-carboxylic
acid nethyl ester instead of (2S, 4R)-nethyl
4- (bi phenyl -4-yl)-1-((S)-2-(tert-butoxycarbonyl am no) -
3,3
di met hyl but anoyl ) - A
LCVMS RT =3.14 mn,
of
(2S, 4R) - 4- Bi phenyl
-3,3- 20 H
di met hyl - butyryl ] Yehoxy ry ol(ﬁ\cﬁi\ne 2-carboxylic
acid ((1 R 25)- 1- 7

cycl opropanesul f &hyl a?@gs@r Fon 2|=|VI | -cycl opropyl)
-am de -137 WD 2008/ 064066 PCT/ US 07/084799 O H H ~N
NN-~L ~\.O0O ~NHO\\\\ NS nmpound 206
Conpound 206 was prea?‘é’ﬁ”b'gﬁﬁohe sane procedure as
descri bed in Exanp 106 step 7 except using

(2S, 4R) - 4- Bi phenyl I-1 [(S)-2-(3-tert-butyl -ureido)
-3, 3-
di met hyl -butyryl] - 4- rre o

et hoxypyrrol i di ne-2- car boxyl at e.

-4- yIXA“[ 4°S) - 2- (3-tert-butyl -urei do)

yPpyrrolidine-2-carboxylic
t-
0

acid instead of (2S 4R)- 4

(bi phenyl - 4-vyl )CDX(SL - bu cgr bonyl ami no) - 3,
3- di et hyl but anoy h \r\ e 2 car boxylic
acid. 1H NWR ( 0® 1,08 m 1.23-1.38

(m 11H), 1.75 (M 1 192 (m"/,l 208(m 1H),
2.47 (m 1H), 2.96 (m 1H), 3.11 (5, 3H), 4.10 (m
1H) 4 49 (m 1H) 4. 5(3np(odnd238: 9 Hz 1H), 4 80 (m

1H) J=10
1H) SteB 17]2Lrez)qﬁt1011|_(bf 2 (:} hge;ho;xyg)]_lelmlia[mlnp_}}g 3-dirmpgshy}- bg‘arrle mld

5H); LCMS RT =3.26 mn, +e7224 Exanpl e 207:
Preparati on of Conpound 2 rrpound 208 -138 WO
2008/ 064066 PCT/ USZOO?/O IOH00- ~HK N N N 1L
~ .,0~\\ N S

5 To a mixture of 3-methoxyaniline (100 mg, 0.812 mmol) and

trimethylpyruvic acid (211 mg, 1.624 mmol) in methanol (3 mL) at rt was added
acetic acid (0.930 mL, 16.24 mmol). The mixture was stirred for 30 min at rt then
heated at 70°C for 2 hrs. The mixture was cooled down to rt before adding sodium
cyanotrihydroborate (1.624 mL, 1.624 mmol). The mixture was stirred overnight at
10  rt. Water (10 mL) was added, and the mixture was extracted with ethyl acetate (3 x
10 mL). The organic layer was washed with sat. NaHCOs and brine solution, and
then dried over Na,SQy, filtered, and evaporated to dryness. The residue was purified
by preparative HPLC to get a white solid (30.5 mg, 16%) as product.
LCMS RT =3.46 min, [M+H]" =238.2.
15  Step 2: Preparation of (2S,4R)-4-Biphenyl-4-yl-1-[(S)-2-(3-tert-butyl-ureido)-3,3-
dimethyl-butyryl]-4-methoxy-pyrrolidine-2-carboxylic acid methyl ester
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Conmpound 207 \ I i HH ~-NNN~~\ OO~\\ S O1 H
Conpound 208 Step 1: Preparation of

wQ2{80846h0xy - phenyl am no) - 3, 3- di net hyl - but yr i BCHUB2007/684799
OgNOH O 5 To a mxture of 3-nethoxyaniline (100
ng, 0.812 mmol) and trimethyl pyruvic acid (211 ng,
1.624 mmol) in nmethanol (3 nL) at rt was added acetic
acid (0.930 n., 16.24 mmol). The m xture was stirred
for 30 mn at rt then heated at 70C for 2 hrs. The
m xture was cool ed down t bef ore addi ng sodi um
cyanotri hydroborate (1.624N, 1.624 mmol). The
m xture was stirred overni ght at\10 rt. Water (10 ni)
was added, and the m xture vva et pacted with ethyl

acetate (3 x 10 nm). Tgam &Aayer was washed

with sat. NaHCO3 and br , and then dried

tfo
over Na2SO4, flltered ev ed to dryness. The
resi due was purified artiti e QPLC to get a

vvhite sol id (30.5 no, 6% s>pfoddct . LOMB RT =3. 46

(58 ar iEmakan S pgregby Pesimt pERRLRS safhPbed indirampre

-3, 306 step 5 except usmg 2-(3-Methoxy-phenylamino)-3,3-dimethyl-butyric acid

O L TR s S S it L G

ECTLUM/:@@M&IQ BQHNHsmp /do O O This materi al
§%r epar ed by the sane procedure as described jn

rf%a (2§ @Qc‘b%tphﬁ@’l ﬁ@/l -4-methoxy-1-[2-(3-methoxy-

ﬁhé}@hhfw 3PDERULSTHAGY 11Dy R0 RdiRRb Ribo R ¥Eiic aci d

no) - 3, 3-di met hyl but anoi c
VH] + =531. 5.

| ns
(S)-2-(tert-butoxycarbony
acid. 5 LCVS RT =3.31 nin,

This material was prepared by the same procedure as described in Example
10 106 step 6 except using (2S,4R)-4-Biphenyl-4-yl-1-[(S)-2-(3-tert-butyl-ureido)-3,3-
dimethyl-butyryl]-4-methoxy-pyrrolidine-2-carboxylic acid methyl ester instead of
(2S,4R )-methyl 4-(biphenyl-4-y1)-1-((S)-2-(tert-butoxycarbonylamino)-3,3-
dimethylbutanoyl)-4-methoxypyrrolidine-2-carboxylate.
LCMS RT =3.20 min, [M+H]" =517.3.
15  Example 207: Preparation of Compound 207 and Compound 208
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Step 2: Preparation of

(2S, 4R) - 4- Bi phenyl - 4-yl - 4- met hoxy-| - [ 2- ( 3- met hoxy-
WQEb@aYb4@nd no) - 3, 3-di met hyl - butyryl ] - pyrrolidi n_ECRUSHODHB4799

xylic acid Q-NHNOOH OOThis material was

prepared by the sane procedure as described in Exanple

10 106 step 6 except using

(2S, 4R) - 4- Bi phenyl -4-yl -1-[(S)-2-(3-tert-butyl -ureido)

ol i di ne-2-carboxylic
4R) - met hyl

xgc_ar bonyl am no) -

d| rret hy | bupa 0 4 rret hoxy ol i ﬂl e2- caro boxyl ate.
8. 20N ,o— /| 6”\2 2 ,,o
Pr eparafio rr%t) N/f 0 WO
200 064?<E/;_§ZWOU 07A08 9 7\%2’9Q
NN -~ "/~~\ N'S ~ ~\ NS 7~ d’/ npound
207 Conpound 208 Co und 207 and Conpound 2 wer e
prepared BY"ROHR ¥aAne procedure asConpewEPhed |n

Exanpl e |
%&‘@I}Oﬁlh& 507721 %ﬁﬁ)uh@%%?r? Pr_epared by the same procedure as

(2S, 4R) - enyl -
[ 2- @@cnimdhmﬁyarmhe iy itm ‘hexee(3,using i(2ﬁe41ﬁy4 Biphenpt Hyl-4pyathaxy-1-

lidi bax
( {2 sz i‘ é) m%ﬁar qh)e{ﬂarfnngfé S d5 IEetE%"léiu%/éylﬁ) Pgr?hdll) Lel:t20§(a§t():oa P/bc acid
b ammta)d &(BS 4R) 4- (blphenyl 4- yl) 1-((S)-2-(tert- butoxycarbonylamlno) 3 3—
th net ho ry ol di r box
acl SRR e R bR St TR Roaon e
E‘Jl‘zg pas @tpar‘md biPbfsphuativd e IdC @Oﬁ@d) @oshpdhd 207 (2S,4R)-4-Biphenyl-4-
ARy ] L sy e ARy B Ay b ofidine
t hyD'cbﬂbb)&sflwahdeRrIS)JlddyBBFroga@@ﬂﬂﬁ3§Mh1hrfbcﬂﬁb@1 2- V1ny1—
é 1R 28) 1 cycl opr (g)(;esu fonyl am nocar bonill -2-V
1490 € qpé(ﬁ)ry mp]u e DOH SR 4 Fpghenyl-4-yl-4- methoxy 1-[(R)-
( PASH) ‘tB)ﬁeﬁfo%—@ﬁ&ﬂ)ﬁlnﬂﬁc)éBl 3- dlhf&ﬁ%h@ﬁ(ty ryl]-dykfkidine- 2 carboxyhc a01d

2- ( 3- met hoxy- phényl ani no nmet hyl - buty J pyrrol
i di ({éRQSbé—,cb@Q@rppa@e%léfpwlammocarbonyl -2- V1ny1 cyclopropy) amide

Compound 207:
'H NMR (CDCls-d) § 1.00-1.10 (m, 2H), 1.14 (s, 9H), 1.31-1.43 (m, 3H), 1.92 (m,
15 1H),2.03 (m, 1H), 2.44 (m, 1H), 2.91-2.98 (m, 2H), 3.00 (s, 3H), 3.69 (s, 3H), 3.75
(m, 1H), 3.95(d, J=10Hz, 1H ), 436 (d, /=9 Hz, 1H), 4.57 (d, /=9 Hz, 1H), 5.15
(d, /=12 Hz, 1H), 5.28 (d, /= 18.5 Hz, 1H), 5.72 (m, 1H), 6.17 (s, 1H), 6.21 (d, J=
9.0 Hz, 1H), 6.25 (d, /=9.0 Hz, 1H), 7.00 (t, 1H), 7.34 (m, 3H), 7.45 (m, 2H), 7.58
(m, 4H); LCMS RT =3.29 min, [M+H]" =729.4.
20 Compound 208:
'H NMR (CDCls-d) & 1.09 (s, 9H), 1.30 (m, 2H), 1.44(m, 1H), 1.56 (m, 2H),
1.95(m, 1H), 2.64 (m, 1H), 2.72 (m, 1H), 2.86 (m, 2H), 2.90 (s, 3H), 3.77 (m, 1H),
3.80 (s, 3H), 4.01 (d, /=10 Hz, 1H ), 4.60 (d, /=9 Hz, 1H), 4.66 (d, /=9 Hz, 1H),
5.11 (d, /=12 Hz, 1H), 5.28 (d, /= 18.5 Hz, 1H), 5.86 (m, 1H), 6.36 (s, 1H), 6.37
25  (d,J=9.0Hz, 1H), 6.43 (d, /=9.0 Hz, 1H), 7.12 (t, 1H), 7.39 (t, 1H), 7.44-7.48 (m,
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((1R2 Y9S- 1
- cycl opr opanesul f onyl am nocar bonyl - 2- vi nyl - cycl opr opyl

WQ 2@8l6®66 Conpound 207: 1H NVR (CDC13-d) 6 1. 0BCT/USID07/084799
(m 2H), 1.14 (s, 9H), 1.31-1.43 (m 3H), 1.92 (m 15
1H), 2.03 (m 1H), 2.44 (m 1H), 2.91-2.98 (m 2H),
3.00 (s, 3H), 3.69 (s, 3H, 3.75
(m 1H), 3.95(d, J=10Hz, 1H), 4. 36(d, J=9Hz, 1H), 4. 57(d, J=9Hz

8.

{3 ol 45 ) ?'%64&59 1%)5[ 2o el i prony
1H)713)425(d J= 9.0 Hz, 7.00 (t, 1H), 7.34 (m
3H), 7.45 (m 2H), 7.58 (m 4H) LCMS RT =3.29 nin,

[ MtH + =729. 4. 20 Conpound 208: 1H NVR (CDC13-d) 6

1. 08x4réple 09: PrepardBod HBC und20nCotipbund2196 (m 2H),
195(rrr$pll—|) Ze.:b 4 (m 021@0 72(m%ig|)b 2.86 (m 2H),
2.90 (s, 3H), 3.77 { , 3.80 (s, 3H), 4.01 (d, J=
10 Hz, 1H), 4.60 (d , 1H), 4.66 (d, J= 9 Hz,
1H, 5.11 (d, J= 12 5.28 (d, J= 18.5 Hz,

1H), 5.86 (m 1H), 6.36 , 6.37 25 (d, J=9.0
Hz, 1H), 6.43 (d, J=9.0, H), 7.12 (t, 1H), 7.39
(t, 1H), 7.44-7.4 N 14 OSE/Q64,066

PCT/ US2007/ 084799 7 9 ( < 2H), 7.66

(d, J= 9 Hz, 2H),F LCI\/E;@%!B%? L MH + =729 4
Exanpl e 208: Preparatl on ‘of Corrpouri' 209 and Conpound
2100 HHFNNif O ~~O H F OQ5 Conmpound 209 \
I 0, 0 NN~ NO S\> F Compound 210 Step 1:
Preparation of Sompourd 20b
2-(3,4-Di fl uoro-phey
HON

am no) - 3, 3-di net hyl -butyric acid

Compound 210

Step 1: Preparation of 2-(3,4-Difluoro-phenylamino)-3,3-dimethyl-butyric acid

H (0]
pe
F
F

This material was prepared by the same procedure as described in Example
10 207 step 1 except using 3,4-difluoroaniline instead of 3-methoxyaniline.
LCMS RT =2.64 min, [M+H]" =244.2.
Step 2: Preparation of (2S,4R)-4-Biphenyl-4-yl-1-[2-(3,4-difluoro-phenylamino)-3,3-
dimethyl-butyryl]-4-methoxy-pyrrolidine-2-carboxylic acid methyl ester
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F F This material was prepared by the sanme procedure

as described in Exanple 10 207 step 1 except using
wW@2ebsaofobaior oani | i ne i nstead of 3-net hoxyani | | PET/USIONVB084799

RT =2.64 mn, [MH + =244.2. Step 2: Preparation of

(2S, 4R) - 4- Bi phenyl -4-yl -1-[2- (3, 4-di fl uor o- phenyl am no

) -3, 3-

di met hyl - but yryl ] - 4- met hoxy- pyrrolidi ne-2-carboxylic

acid nethyl ester -142 WD 2008/ 064066

PCT/ US2007/ 084799 O F NH F O This material was

prepared by the sane proced as described in Exanple

207 step 2 except using

2- (3, 4-difluoro-phenyl am no) -3

diyret hyl -butyric acid

i nst ead of = 0
2-(3-N®thoxy-pheny|an1no -3, 3- di yl -butyric acid. 5
LCVMS RT =3.37 mn, tep 2: Preparation

of
(2S, 4R) - 4- Bi phenyl - 4-ylF1- [27Zj1%ydpflﬁoro phenyl am no

)- 3, 3-
di met hyl T}HHEM{%M]“@% @Eu'%@é}l &%Eﬁ%b@éoﬁ‘ﬁe &%?c’h@@&%'ﬂxﬁmple

id\ / nmat er |
pr eé&? sep hgxceprasivg A3 grdobederpkenglkmies r3-dadthy hbuExraomgside

(Zsﬁggﬁééﬁ%3qﬁg Sﬁyéhﬁiﬂ%ﬂf%3€§h%mayy?ﬁgggcmhenylanlno

5- LCMS RT =3.37 min, [M+H]" =537.5.

Vo aepdT b %f{%%im LR R e G RAV AR .-
g (bhﬁhgmthﬂﬂydﬁm&mﬁfﬁ%mﬂﬂ@keI&EMuymmymarbonylan1no)
dlnethylbutanoyl) 4- et hoxyg ol i di ne- 2- car boxyl at e.

LCMS RT =3.26 mn, [MH + =523% 15 Exanpl e 208:
Preparati on of Cbnpound 209 and=Sgnpound 210 -143 WO

This material was prepared by the same procedure as described in Example
10 106 step 6 except using (2S,4R)-4-Biphenyl-4-yl-1-[2-(3,4-difluoro-phenylamino)-
3,3-dimethyl-butyryl]-4-methoxy-pyrrolidine-2-carboxylic acid methyl ester instead
of (2S,4R)-methyl 4-(biphenyl-4-y1)-1-((S)-2-(tert-butoxycarbonylamino)-3,3-
dimethylbutanoyl)-4-methoxypyrrolidine-2-carboxylate.
LCMS RT =3.26 min, [M+H]" =523.3.
15  Example 208: Preparation of Compound 209 and Compound 210
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0- 0- FNHNO\ %9 FNHNNO~O N" N Conpound 209

Conpound 210 Conpound 209 and Conpound 210 were
Wpe@pasweo by the sanme procedure as described PEI/US2007/084799

Exanpl e 106 step 7 except using

(2S, 4R) - 4- Bi phenyl -4-yl - 1-[2-(3, 4-

di fl uor o- phenyl am no) - 3, 3 -di net hyl - butyryl ]

-4-met hoxy-pyrro lidine-2 -carboxylic 5 acid instead

of

(2S, 4R) - 4

| am no) -

dlnethylbuta carboxyllc

) - 4- met hoxypyrrol i di ng
acid. The readt14 m xture was separa et
y|eId Cbnpoun 09H
\\/O F
3 d \|§

preparat jve HRPL
(28 4Ren
-1-0( t;%—4?di W aphenyl ,

tyryl] -2 metpoxy© gyrali di n %arb (1o &
R2S)- 1- cyclopropanes:ﬁfonylan1nocarbony| 2 10’W
vi nyl - cycl opropyl ) -am de’ and Conpound 210

(2S, 4R) - 4- Bi phggylod 1-[(R) - 2-
(3,4-difluoro- gﬂgﬁvTéﬁéno) 3, 3-di met hyl - %ﬂ???§1? 4- et

Ig(()xy pyr €@hpdind eeQandc(afnlqmln?{d 2 II)I W@t @repared by thle same proceldure as
1R 2 anesul f onyl am ar ho - 2- Vi -
CyoRsBrusyT X AOEaE Do abeE CoRga-Rnttel G &
i. ggrﬂllorb%h%ﬁ@larﬂlgﬁ))o 33 3~dlrﬂet§1-ﬁ1bu%f5!)1£jlneﬁﬂox%~p§ﬁolgdiﬁéeiﬁgﬁrg%xylic
? m acéé_ﬂrgstegd %2%,4‘{{) éﬂélrp%egly}};)i’y )d' ((g)é—g_r%ﬁ pEI_PO)’(ycar'bony-llaﬁlino) 3,3-
3—"% E%&Qﬂ%tﬂo%l@%&l@xyﬂyr&@lﬁgwé—&%x%@ ackl. T Ké ﬂaactlon mlxture

1H) Wagsepg;ra'(eﬁqby mqpara‘@vez%PI((%to Yﬁlﬂi Coglpgrq_nd( (Q_I_SbﬂR) 4 glpggnyl -4-
( q, yllm(géz (?@ de'l'ﬁorc;I-‘Eﬂ Cl\/élzmg%)g 33(ﬁm€>t'l§gl I;Jf?ryl /N Aéh&xtyu

—75W®lld&9|ﬁ3%bﬂ§}’2fl®ld ((HRARRRI \cmbmcamd?sué‘orny mnqcazmnyllﬁ

%’*H) vm% 8/%10{3?@8y§ "a')mde&iné%f(a@ %J"Qm {%ﬂi @1@) A ﬁhdoh%.‘rﬁ)m 3y121 0R)-2-

3 7;13 -diflugro-ph@nyHeming 13,3 - dirB¢tByd-butyryl] 4 methoxy pyrrohdlne 2-

PRTLINCE R TR T
J— tR1dpromy))-abkle 5.89 (m 1H), 6.28 (s, 1H), -144 V\o
200@/0064063%5(:T/ US2007/ 084799 6.60 (m 1H), 7.03 (q,
1H), 1H), 7.44-7.48 (m 4H), 7.59 (d, J=9
161z, 1}2NMR (cﬂcﬁﬁz) Sd,ooJrloQ(nHZH)P ,AHN;Gs, L99/S1 Ri-1=3. (11133Hj ma92 (m,
reparati

211'1% 203 (m lH) %4 (m, TH), 29i 2.98 (m, 2H), 3.00 (s 3H) 3"?1 (d, J 10 Hz,
1H ), 3.80 (d, /=10 Hz, 1H ), 4.36 (d, /=9 Hz, 1H), 4.57 (d, J= 9 Hz, 1H), 5.15 (d,
J=12Hz, 1H), 5.28 (d, J=18.5 Hz, 1H), 5.74 (m, 1H), 6.26 (s, 1H), 6.41 (m, 1H),
6.86 (q, 1H), 7.26 (m, 1H), 7.29-7.39 (m, 2H), 7.45 (t, 2H), 7.58 (t, 4H); LCMS RT

20  =3.05 min, [M+Na]" =757.3.

n|phenyl 4-yl)-1-((9)- pert - but oxycar bony

'\ /O

Compound 210:

'H NMR (CDCls-d) & 1.00-1.10 (m, 3H), 1.07 (s, 9H), 1.48 (m, 2H), 1.65 (m, 1H),

2.03 (m, 1H), 2.69 (m, 1H), 2.87 (m, 1H), 2.90 (s, 3H), 3.71 (d, /=10 Hz, 1H ), 3.90

(d,/J=10Hz, 1H), 4.34 (d, /=9 Hz, 1H), 4.61 (d, /=9 Hz, 1H), 4.66 (d,J=9 Hz,
25 1H), 5.15(d, J=12 Hz, 1H), 5.28 (d, /= 18.5 Hz, 1H), 5.89 (m, 1H), 6.28 (s, 1H),
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OHH)- NN~ "0 ON x\ OOH~ 11 Conpound 211

5 Bi ol ogical Studies HCV NS3/4A protease conpl ex
wepwgeioessays and cel l -based HCV replicon asBEl/ES1eT/@84799

utilized in the present disclosure, and were prepared,

conducted and 10 validated as foll ows: Generation of

reconbi nant HCV NS3/4A protease conpl ex HCV NS3

prot ease conpl exes, derived fromthe BMS strain,

bl B Friste “phnriar Pl RdRT o, Z3alierd fn,

generat&d = DHz,w$P; LOM8 RN IM+EFSay7.6see bel ow)
to provide an indication of how effective conmpounds
of the present disclosure would be in inhibiting HCV
NS3 ER&rR18 909 Prépa@fibd ¥ Edtmposd 2 from an HCV-i nfect ed
patient was obtained fromDr. T. Wight, San

Franci sco Hospital. engi neered full-length cDNA
(conpl i ment deoxyriBarlcleic 20 acid) tenplate of the
HCV genone (BMS strain) 5 constructed from DNA
fragnments obtai ned by rexe Ttranscription- PCR
(RT-PCR) of serum RNA ([ clelc aci d) and using
prinmers selected on erasm of hﬁhﬁ%ogy bet ween

ot her genotype | axsid al’ 2t ermi nati on of
the entire genone“sgquence, oaO génot yp a was
assigned to the HCV isoljate accordrfg to the
classification of 25 Si ds et all (See P Si nmonds,
KA Rose, S Graham SW , F MQOm sh 0 -145 WO
2008/ 064066 PCT/ US2007/ 084299 [OWPHER oI lett, PL Yap
and H Marsden, J. din. crobiol., 31(6), 1493- 1503
(1993)). The amino acid sequence of the nonstructura
regi on, NS2-5B, was shown to be >97% i dentical to HCV
genotype la (H77) and 87%i¢legeal Sdiest o genot ype | b
(J4L6S) . H(T:iwsmﬁgﬁote%&oﬁlp&a%ﬁzynwa%sa(yk an@&n%y&qac@%hcon
J4L6S (I b genot £ were 5 obt'ained fromR. Purcel

( NI PHS2YRTEETE Wél@équ npiesenpdisclonyps, prghwere pigpaadh isapducted and

10  wvalidated as follows:

-
S0

Generation of recombinant HCV NS3/4A protease complex

HCV NS3 protease complexes, derived from the BMS strain, H77 strain or
J4L68S strain, were generated, as described below. These purified recombinant
15  proteins were generated for use in a homogencous assay (see below) to provide an
indication of how effective compounds of the present disclosure would be in
inhibiting HCV NS3 proteolytic activity.
Serum from an HCV-infected patient was obtained from Dr. T. Wright, San
Francisco Hospital. An engineered full-length cDNA (compliment deoxyribonucleic
20  acid) template of the HCV genome (BMS strain) was constructed from DNA
fragments obtained by reverse transcription-PCR (RT-PCR) of serum RNA
(ribonucleic acid) and using primers selected on the basis of homology between other
genotype la strains. From the determination of the entire genome sequence, a
genotype la was assigned to the HCV isolate according to the classification of

25  Simmonds et al. (See P Simmonds, KA Rose, S Graham, SW Chan, F McOmish, BC
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(AAB67036, see Yanagi,M, Purcell,R H, Enerson,S. U
and Bukh,J. Proc. Natl. Acad. Sci. U S A

W©O2(08034080 38- 8743 (1997); AF054247, see Yanagi PGA/USZBN7/084799
Claire,M, Shapiro,M, Enmerson,S.U., Purcell,R H and
Bukh, J, Virology 244 (1), 161-172. (1998)). 10 The
H77 and J4L6S strains were used for production of
reconbi nant NS3/4A protease conpl exes DNA encodi ng

ac: BeV1657 o130 Py D ARt LECRT R kP TS 0

as (@ssy)i b@amlhy ad?d sdgabrce d@the n6histrattura( &gen Ga$1 BB akds sRown
Paol i ni St ei nkuh

g R R e élﬁ%vsgqngﬁyip%éa( ) s s@entmlgg gy—ljotype b

Bri el ys 3) aht hff&@iohsycﬁd)ﬂé@ Hb ($£)lgéﬂéty|pb)zdnﬁg4ll@ dlb ‘g@&otﬁé}jﬁée
at the end of the NS4A cod I ng region, st ei ne

?n O?tweedvfrqmé%ostqearﬁNHﬂ 4[| heNSIURNFGSAS r&lbé%k%@e gibprk

(amALBERI3E, sbd YhlaghBs, rehanged., EmeRon, 9l CndBukR 1. aM@k. dNatl.
the proteolytic cleavage of the lysine tag

Fur Bed: st eU-SeA Y1 @idA a8 83 Q4N G5de4h ﬁ@rX's\m@M St
i nt paguaedsyiBRR Bheddl $10. d6icdi RIS &ﬂd%kilf}%&egy 244 (1),

prevent the "autolytic ¢leavage 1n the hel I case
donmdph172THEYWAK i ant DNA fragnent was 20 cI oned in the

LRGP un PREE Bl PR R A RE A ol RURAE b BB h s34

ex was expresse
str arotea@Lc@mp(@Ess)DIﬂArwcrotdmggmm)ecorﬁb:nhalrngN PHeA prccbetasec ol

g?:lc,c:]o:]rh )b(am\frmaac GdGq E&’} @?IBIIL]IG)%I{X t%me sﬁr%%‘se wgl;'% mag{pufa%elgl aIS] fiescrlbed
C, DePFratioes el Rsee Gallfnzrro]l’ Padl2(i &) Becab&r DOYar(1lQBBJipkuhler C,

conbe Eetssony Be BhemBiye S e AN R i

1§ MVoltitsinf©a |waé 3ddad 4t thb B'ogidlofithe OyByAaaR d@lon( ITRE O)steine in

for 2 hour ical ferme

Lit & ( @Pimw éqh ﬁ%ﬁg4é8§4g)&1%§) sve ﬁ_a@m@q,%xé (ld] wgsfc]f\ﬂgged toa
cel b @ﬁ@tcﬁavofﬁhﬁe ﬁl@{ebﬁftlé'\@léﬁfag@§ﬂ§@@@1(ﬁ@€£gl FuttheSinSre, a cysteine to
buf er (10 nlL/g).consistin

N- (50K WV%W? inyrflysed By ng aF\Pml(HQ aEti RaHEon K fQprpent the

?:I(‘:]: glatlolg/{"gaga%b%e Rfhe/ N%S }é%q/o@ila(%eflllto%lﬁﬁ;(q{he Vé@d@t BNAS&%'IﬂéHﬂ was

2fri ¢ F‘]@g?dalmfhﬁ HET')QI“P basterial gypFASsiyn yeeky ﬁly}wgere apdthRAPIES um
?h | Q(l;rh &Mﬁ?&sed h E%Eﬁchgﬂ %%ﬁ Etran?ﬁ% 1 (DE3) (Invitrogen)

Mer capt oet hanol é, Pr ot eas
i nhf%ﬁowmtm mtoeﬂemcaubﬁé] Heﬁﬁléa@ewab (aed @rIiEDTABrénnerD,

0
bCT Ueb 6o R uBST A &7 Bhd HCROp & vy TS
4C. 6TH@980 mit endifeatvas. Bonflc alueeriSﬁ‘h@I poitasd dangdex ebtyresswn
| t trif 000 g f . h) at .4C.
24 S BRR B G P B S MR e ety
congenty &ir2oRo@t (ot rovVCandybiba fereadiisistiadtet @ )Byillded he

crude protein extract was fjoade on a
Ni cRRaroRmptely Qraranaciel plov e erltipeia TRy Agliseergsepnspensled in lysis

buffer (10 mL/g) consisting of 25 mM N-(2-Hydroxyethyl)Piperazine-N'-(2-Ethane
Sulfonic acid) (HEPES), pH 7.5, 20% glycerol, 500 mM Sodium Chloride (NaCl),
30  0.5% Triton X-100, 1 microgram/milliliter ("pug/mL") lysozyme, 5 mM Magnesium
Chloride (MgCl,), 1 pg/ml Dnasel, 5SmM B-Mercaptoethanol (BME), Protease
inhibitor-Ethylenediamine Tetraacetic acid (EDTA) free (Roche), homogenized and
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5 equilibrated with buffer B (25 nmM HEPES, pH 8.0, 20%
glycerol, 500 MM NaCl, 0.5% Triton X-100, 15 nM

w0 pdodagwbe, 5 nM (3MVE). The sanpl e was | oaded BET/EHS2007/084799
flowrate of 1 nL/mn. The colum was washed with 15
colum volunes of buffer C (same as buffer B except
wth 0.2% Triton X-100). The protein was eluted with 5
col um vol unes of buffer D (sarre as buffer C except

wth O m dazol e r ot ease

conpIeB ’E%ﬂ RIS ﬁff@t‘tn “ofis a% B‘i‘t%?ﬁ/a%\mlcﬁ%a’é%dﬂhﬁed

a B¢ SR Ik ME AL 2 SPB | Q@IXr %@@g Rf eceqﬁlhdamé daeslided to the
th buffer D (25nM HEPE 20% gl ycerol, 300

mvl BepeInatagt tg%ﬁnai qooeenKati@e licml\mw{ /Bl adBaiep raes. Oaghe crude

| o?rgﬁ?elﬁéxtﬁctf\llﬁ%ard@# &n £ &l&el%{tmoﬁlacmiflﬂgi\l gﬁgk? 831fmn pre-

ex-cont al nli ng ractions wer e pool e
B onccmlubrat@d{lth bt 6% ithf&inEsoms 81920 glyserel, HUF inyNefl,

L5, DRSO PLARRRATRTR SAFE TS e

t hafoQ08k b1 DDIninAGE: edl@mNBEs wahed tvith Metslyma Raluysest buffer C

The enz d on.ice and .

T GegR P e tire i e L0n St bl R e i shigevih 5
as s gytuinf voRAks SrbubieVD a3 {cAAbRIFGICEAICY it inGthaOD imN ym%raon&)e
é)ur pose of this in vitro assay was to neasure

nhi bi t i YR/Hf PERISAS N3P - engeiee antisnewes polet Wéaaded ona
fr oaésfaiﬁe% BBm# ‘Sﬁﬁér&bx $166 pﬁetécﬁﬁlfl‘)ré?éd wWi-BuPrcs D @AM RBPES, pH

descri bed above, by conpounds of the present
di s&Solip elycarpi; éoch@g@y%r O Yodlagorai-100.nidh ret ANGR). cramiptppvas

ef f Y, h I [ ) I
?o%h%d ‘?a?@ﬁﬂ%@ﬁ ﬁ%émhl ‘i\{d%/ Il%cea%(:ct%ﬁl\'gféﬁ% Et%ﬂﬁ%nff’acl?&ls
or dmeretptoo}mb ranct mncebrlﬁvtet{ISSdp@ﬁomnmle &ssemgyotl.i th IyJ,rityaOTf the
tide bst rat.e as
lgs {\Ié?A%FﬁeJ Stgahsg rc]%nel e,r ge)r/w ans e]ﬂ\/[BeIE?I a&éqgig stralns were
Subsidpat ©be Areaipehan 90 by SOStP AGR 280h)s6 ERE'ﬁometm arddBes. The

described by Taliani, et aJ. in Bi .ochem

2406 60RO gY gcwﬁéwgiaue%@n @E’Fw@ml@r 19t ingasay buffer.
| cosely based on the NSAA/ NS4B natural cleavage site
for the HCV I\ISB prot ease 30 excet there is an ester

| i nkage r ditiHe AR OGH N3/ 4ok

281 te.  Thene RERkd Qﬁtm%'n?@itrS Q&ta?kv%to%éakdrf@ ’Elﬁe%&lﬁﬂi‘iﬁ@n QH@@V NS3

EDANS, near one end of the peptide and an acceptor,
DABDMteasaroatplaxkie doived frosmille Biiestming B 8 stexdneia4bpS staan, as

pephésgﬁbogd%baée‘}b] c%o%%%%%@&@m%% e 09 9&%&? ﬁt%%/ides an
quenched by I nter ecul ar resonance energy transfer
( RE‘llﬁ)diCbéQn/wféNWtdﬁfectd@mompemds of meplamemmsureb\mul@be inhe

rol By NRBAE SRR, Lha the [l uor escence of
2% he donom dodetc cnesnitp H&]&eNS3/4Klpeotm@adtd3y,sau e pepids
| nc lsju straﬁg w\é\g ltlsred o?l?e su{)strate wasrl{]fleSf &fesonancea]g]nergy Transfer
Depsipeptide Substrate; AnaSpec, Inc. cat # 22991)(FRET peptide), described by
Taliani et al. in Anal. Biochem. 240(2):60-67 (1996). The sequence of this peptide

is loosely based on the NS4A/NS4B natural cleavage site for the HCV NS3 protease

30  except there is an ester linkage rather than an amide bond at the cleavage site. The
peptide also contains a fluorescence donor, EDANS, near one end of the peptide and

an acceptor, DABCYL, near the other end. The fluorescence of the peptide is
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5 NS3/4A protease conpl exes, in the absence or
presence of a conpound of the present disclosure. The
WO pivsloe4006 y ef fects of a conmpound were det er m PEOUR007/084799
nonitoring the formation of fluorescent reaction
product in real tine using a Cytofluor Series 4000.
The reagents were as foll ow. HEPES and d ycerol
(U trapure) were obtained from d BCO BRL. Dinethyl

Sul foxi d DVSO) .was obt ai ned from Si 13 10

Vor B N A G I o B A e et L) DRy donor and
buf fiRracccpfdr, it HWERESS3 pidtcdsdledeslthe popNaEthe podhde Ateirtionsd
15%. dycerol; .10 rri\qée( ME. Subsirate: pM fi nal

cond8Rt ik TR Bih e BuoRrare ekihe dionProRet APPBIRD
stored atheRPfde subldicd W/ ifAbREOHRRER IR rédoRbinart- 3
nM final concentration (froma 5 pMstaock solutign in

25 HRPHBREGCass FPmplsxes plg dheahs geg eigirpiencese cpup ariof the present
0. 29dibduk @ NS4 bitoh (3 WD mp il vEPTRAURER W budnitoring the

pot enci es agﬁr oaching the assay |limt, the assay was
madrmatien oféhsicsqepiereanyionatndpg in Bol thgy wingBovytAduCSSein1000.
Al bum n 13 @R GRrd NGO IRRS @BEP%%%%%G&%@%% GG O GvdrD8btained

end protease concentration to e assay was

per from@BCGRBRLY Bimethyl Suifbyide (MRQ) Wheaditaipddetam Sigom f-
ch nqtg@ii nﬁg 25 pl NS3/4A protease

al con. = 20 E [l
l(gorrp e(re%?ptioﬁt%%nsoggﬂs éﬁ?lfl%(ﬁr)o of a conpound of the
present A$sag bl 3 mk HEPE DYBA. 8 9saw blat’t; ©r1oamedtod Sl 396
substrate in y. buffer. A control (no conpound
ms%ikfcg@idpélﬁg%ﬁo%%@% 2t iadlehepiraos (Fomng 8
CONMPUIEAMADMBF &Frcial DoEOMRUNESOUAGRHELOyps @h Hilth B3 nv
for 1 mn before initiating the enzymatic reaction by

t he finddbndeotmeton (SebstSrad etockTivdutms say> mMatEPERPHBS r288d

1t porepant LR DA Skt oG Bl Fisempgpn i

I eagotaiti®ihsdhdhihglhe 344 10X, ANCas X/ Gl ds dald® ol seAG o i aAlling
25C. Reactions were generally followed for

appPOReiRBearipe Perum Aburind Sigaiee trthe psyhi iffer ¢l ragpeing the end

cal kAt Ednintidhg 36@htowi ng equat i on: |

100-[ (6F",,/6F,," )x100] 30 where 6F is the change in

f | uor es cErrcssaywes petfemicd frea?o-walhpeysyrendidadkplage from Falcon.
ony. Lin r fi | ]

2 PSR LoaHie %5 b s AR SRREN Eltnbidy B0y butter 0t
cone@hipduad bPihe pleCHOYisstasirCial 10U VIS D/deyay b ferisa 26111 substrate
Excel XLfit software using -14 8 WD 2008/064066
PCT}IUg%d’W‘fGrS ﬁggltqoh@0§a@aqqng}]\’vas also prepared on the same assay plate.

Y =ATh€ BrAhb cdf1eCh%d MRY Wvith Bbhp@fnd oh Sore@MRAHIIE Fort 168K fore
were found to 1nhibit the activity of the NS3/4A

pr oféEdias dsepranatiGirgaptiandshe adition of sywntreie. Thasagsay plate was
2 SUr tH@EmmEARPYURAS 1Rf CybRIoPE&REID00 (Perspective Biosystems). The

instrument was set to read an emission of 340 nm and excitation of 490 nm at 25°C.
Reactions were generally followed for approximately 15 min.
The percent inhibition was calculated with the following equation:
100-[(8F int/OF con)x100]
30  where OF is the change in fluorescence over the linear range of the curve. A non-
linear curve fit was applied to the inhibition-concentration data, and the 50%

effective concentration (ICsg) was calculated by the use of Excel XLfit software using
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di scl osure, which were tested agai nst nore than one
type of NS3/4A conplex, were 5 found to have siml ar

WO pivBlo64066 y properties though the conmpounds unPE¢DOURI097/084799
denonstrated greater potency against the |b strains as
conpared to the la strains. Specificity Assgys The
specificity assays were perfornmed to denonstrate the
in vitro selectivity 10 of the conpounds of the

ent discl ng HCV NS3/4A prot ease
CERIGEN cyo%pg ‘é/{wg(@j’ﬂg:))tﬁseri ne or cysteine
p r ot easeasll oflfhe cspgsintld ©ittd ®6re @cﬁunamﬁmﬁtdﬁe Rtivihes the NS3/4A
present disclosure were determ ned ainst a variety

of BEIRMHeCOPPEEES VR MOt lﬁiﬁpﬁlurf &1 cosPaeds @ﬁms)present

POr @isN8surP N SRLd ©stBl ARBR ok AERond Bhe BFF@@MA complex were
pancreati ¢ chynotrypsin and one cyst éi ne pr ot ease"

humérng fofeve gigtilaew3ibHom prapgrtigh thopgisias C%lm%mdielllmformlat e
for f
i nay RS PERT RSy HETPIRHEL & cqmpured todhg L s
each enzyne was used as described previously (PCT
Patent Application No. WQ 004 09543) with sone
nodi fications to the seri—ﬁrpr‘g‘t‘erage assays. All
enzymes W&ars@eqdﬁmmdwéue@mforﬁieg madenﬁvﬁindt@ﬁle irenioe selectivity
the sub t d 20
S i e A S Yo B SR
100cdérmpltx 4 qoMpaiep encthdrgerne drhﬁslte’lne moﬁeﬁas:y The enzyne
assays re each.initiated b itio f substrate.t
ooy ire- | THaPEn roresi s PhEasaNi et fiined
t enpern@t umﬁle@n@f sblyﬂal’lﬁbty:i‘sbﬁ hti@ad 8ftroflaNal&ksE GINBS porcine
nmeasur ed on C 25 The fipal conditions for .
eac RAGEEHS Clg & Cping e PABECHHY R PRI 8% P REPRFInF

18m B@f@ﬁﬁd']ﬁﬁlﬁarh]y\%ﬁ@ﬁ B%WBanQlT%bs%s 504 v e R ipla® foftma pMtocol using
Sodi um Sul fate (Na2S 50 M Nadl, 0.1 nM EDT,R 3%

@ﬂu@romeW%i@ﬁMezlwlﬁovwwsn ENYIC) bstiaispsidic fonsagh enzyme
Chy W% s ﬁbscg’&ﬁy‘eudu@y §.Yea Pﬂbht&;ﬂ%hca%@n mdyl I\‘I@@IOO/OQSAI}B ith

A, 3% DMV5 2% Tween- 0, 5 pM succ- AAl
an d sqroe i Fpgiony toaherﬁvrlmeoteasmswwlt mn@swg@@urchased from

PCT/ng?'O% QWD%%Z@&eS 08 m%"slh%% Wet0 B B4h&h Higha Rid

mM TCEP
2@ar EM@@QShthephosphl ne hydrochloride), 5 nM Cathepsin
B (enzynme stock activated in buffer containing 20 mM
TCEP bef ©emapayaé poncapirptionyowerizd R ATl # udVedeperdingon tgie

fpg ﬁﬁnﬁ&gﬁée e{nﬁrrﬁﬁ%{lj\})lsl epel_%? 1n?t%te?i%h? (EO %ﬁgst{(a)lt.%f]o enzyme-

100inhibitor pre-incubated for 10 min at room temperature and hydrolysis to 15%

conversion as measured on cytofluor.
25 The final conditions for each assay were as follows:

50 mM Tris(hydroxymethyl) aminomethane hydrochloride (Tris-HCI) pH 8, 0.5 M
Sodium Sulfate (Na,SO,4), 50 mM NaCl, 0.1 mM EDTA, 3% DMSO, 0.01% Tween-
20 with 5 uM LLVY-AMC and 1 nM Chymotrypsin.

50mM Tris-HCI, pH 8.0, 50 mM NaCl, 0.1mM EDTA, 3% DMSO, 0.02% Tween-
30 20, 5 uM succ-AAPV-AMC and 20 nM HNE or 8 nM PPE;
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A non-linear curve fit was applied to the

i nhi bition-concentration data, and the 50% effective
w@omwsesos@t i on (1 C50) was cal cul ated by t he useCD1S2007/084799

Excel XLfit software. 10 Generation of HCV Replicon

An HCV replicon whole cell systemwas established as

descri bed by Lohmann V, Korner F, Koch J, Herian U

Thei l mann L, Bartenschlager R, Science

v I FAAG et Rl sl Mo saat e EuliEs b on

HCVcdbkye@phpioahi@hydBchiefilly), 5 wdi Qighephie BrEMy sl sk adtbrated
15 sequence descrlbed in the Lohmann paper (Assess
nunBehuiianoongergag 20 ! TP belpRAS e A MY HeER Z84C rs‘gluted in H,0.
Operon Technol ogies, Inc. (Al aneda, CA), and the full-

| engt h rEpl peaentapeast ihihikin od s sesuduited wingltigsioimlla:
pCGendzf (+) (Promega, Madison, W) using standard

| ecul ar bi ol 0gy ni I RogoNnsi sts of

??) the HCV 5 ﬁﬁgﬁfﬂgégmf%ypﬁzq#ﬁﬁpﬁbiglgﬁ1no aci ds

of the c r ot ei .the neo

hos phot £ ARt Bebeanbiis S a R EG o Mo o, and
enc eRFadusmeotarddhdenatinl(16S,) véaﬁwﬁl‘@‘alateaaﬁ thieiuvg ofHIYe NGt

to NSSB genes and the HCV 3" UTR Plasm d DNAs were

li n&4M¥%ed with Scal and RNA transcripts were
synthesized in vitro using the T7 MegaScri pt
transcription kit (Ambion, Austin, TX) according to
1oranuf acturer's direcG&QﬁﬁmnbﬂH@NUhmh&ﬁanscripts of

the cDNA were transf ed into the 2§p§g 25 he

at oma
cel | i ndn HGYHen! 1003@1 el aysiesr Wassst fhat et égvy

exp LSI%ﬁérﬁiQJ tﬁtﬁnéf@/l(oé'lﬂp Heg QU VBRi1RaR1 E\Mtehé%hfag& R Science
presence of the sel ect abl e narker neonyci n

Resab¥PHg): ékﬂ § (199 Rle L ey e sapbiec usrtp owdhiafehe &%@fﬂtqf@ér HCV

andppegal éo‘{&)o%ds%m{@l’\'ﬁl\mprre %Aﬁ&ﬂ OBy AR udH Oh€HEV strain 1b
production over time. Repli con FRET Assay The

1 HCVSqaepiIcE densriprET t@é@&wamgap@é@éﬁ%ﬁe@ nyrabadd 2-’18699)5 preHCV
' nh kIBNEA%% syntﬂe”%%em 6@91%!1 96 %ﬁgFﬁﬁéﬁﬁ%ﬂdQ &4x)9nd the full-

fects o corrpoun S eSCYI i scl osur'e on
Hcvlwgthawhcerpivaa:ta@n oaemipdHnplasmed p@qm%&mﬁﬂrm@gw@@ason, WI)

oy T el o Rl bR sy o, O it ARG By

Fet aJ[TRcfad;eﬂ t@s&llelﬁmt 12 BGH)o aC8s gfmy cegm ptoteng/ (md) th@chi@nycm
24 B edyaf s HRBEGIER APt DG Chapbu Gl s ©

pIaﬂHﬂCV@mnmouhﬂcanﬁBnoNSﬁB@@mmmdddﬂﬂKﬁOBSUWErmanﬁlINAs

e b eIy NSy R AT BEg BTy SrRoed ingith wi e 7

and MaYadMbQrindcriphien kit (Ambion, Austin, TX) according to manufacturer’s

directions. In vitro transcripts of the cDNA were transfected into the human

25  hepatoma cell line, HUH-7. Selection for cells constitutively expressing the HCV
replicon was achieved in the presence of the selectable marker, neomycin (G418).
Resulting cell lines were characterized for positive and negative strand RNA

production and protein production over time.

30 HCV Replicon FRET Assay

The HCV replicon FRET assay was developed to monitor the inhibitory
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dilution plate (0.5% DMSO final concentration in the

assay). Conpound/ DMSO m xes were added to the cells
waedsiemvoabat ed for 4 days at 37C. After 4 dayspCrEb1087/084799

10 were first assessed for cytotoxicity using al amar

Blue (Trek Di agnotstic Systens) for a CC50 reading.

The toxicity of conpound (CC50) was determ ned by

adding 1/10th volunme of alamar Blue to the nedi a

th Af t
R N e L s O L
\gg\é %lﬁmﬁltﬂivet@hﬁpféﬂtn@f'lﬂe BIEVSI%ﬁIhCSDﬁJ degg %ﬁ)‘w&ﬂ i mytbRcddfs
n n e (0] ) el |l es rspective
MO?&?E ﬁ]g ledgy @%@Mﬁ Ecoc RRE) sqnpdiee f(}(e Fstglg%f fgerum
Wi t trd¥y Q&@ﬁh@j ﬁda%é/ﬁﬂ @d1§@tlb¢r&BRL)°E@15 G3rd bR tHS et before

The cells, were |ysed wth 25@ of a |lysis assay
? eaffeht 10 cf@H%/‘é(PW. i go-3sll tesyerse bire slsdle Hlasst FQ{D@%@)@H@ ap|
Luc bérﬁ;gﬁﬁ@c&ﬁﬂols Vot %&(ﬁﬁed MDMENERERMing 45 FEREAR00
#E153A) diluted to with distilled water, Nad added
to PeucitwSticarmysin(GeEBRE) Jelf0ildalusnt and & PMSO in the
des gﬁﬁd%ﬁq&laft@(o 5%191\@3@ WG c@%%ﬂ)’an@}? AV asgé)l)ub%glpfnﬁldmgg
pMfinal froma 2 nMstock in 10 pl ate was
t he muwb acethddet o tlllehcells @yt io¢ubatod fo¢@0ilays ASTTWndfier Anhyg laclls

1 Qu t 3 e%r}%t ag&gasgg F cyt2§ox1c?t§ l%'%lﬁg glla%ta]r/ lge E)’Jf]rgﬁ% Dlalgno%glc%%/stgms) for
ki netdCs, romdies. 1&65@;1c1dzatfebnﬁpmﬁl(©ﬁ@)ch:tamrrred od ad);hlﬂig Hs0™

descr.i bed_.for t O determ nations. 25 e

e RS e Ry e b T ReMBE S ay et TY, e B hce

det ?gﬁﬁl rm?tnl q@biswéll azas tehe wFtthleﬁﬁﬁn&R&a_vea@gﬂMt 5Y®ifi® and an

confirned in_ a re on | uciferas arter say

Ut i FRBSPR BAvEed ¢f <f {fr%wma tB% Pf/f@ﬁ eg%P%Sp‘B)rOP Zl?er%%tgy‘
19@as Bids{#émPeprtck Rtk tﬁéh ﬂiﬂ’sb&&@fou%ﬁly &hth(P}ﬁBépﬂﬁk@JBuNered Saline

Lohmann V, and Bartenschl ager Vi r ol

75( (RBS) 4 imey 5P G Eps werpy é/swbwth 2Rl @rwtyasety regent
dm&mﬁ&ﬁ%ﬁl‘}’ﬁcwr fﬁﬂu&ﬁ%@pﬁ‘@él ﬁ’rﬁﬂ‘ak ccélll%ﬁtﬁargﬁgfstréa%gnt

encodi ng a = humani zed formo
| ucifremeseEjédvs) Ehitbddo IIankélrdlﬁélqdmn@e NaGsediled o EOtrhM final,

2, oA L S LA 399, OG0 B S et

2 PCTLMSZOD FrbHSLA st@ﬂil’iﬁﬂ@(l% DME0. n'gheqﬂaté\sz@s then placed into the
restrictio ite located in core, eamof
! o thiobir R ins St Ny ol vl a0 O8 cidiitiby

POS kihis®ion, l‘tillt%ﬁla(lé %U@%rQDci&é@'aﬁ&lﬂie@%}e rewﬁl aﬂh@ﬁc mode ECso
i nt roduced (Bl'ight KJ, Kol ykhal av CM
Sci éﬁ%@“n&é@t‘f(‘%?983mi@?‘2 aa9@?&51bed;{0rstb%lgised%@mmqﬂpﬁ9e
constitutively expressing this HCV 5 replicon
construct was gener at ed as descrl bed above The

2puci ferase reportBeVdy ferggetRape d&scri bed for
t he HCV
modi f i CalEKI g%]éggﬁﬂr)}: 2851} Eé%%l)égig%%ﬁllo%p grofncﬂlé Q@fl&)c%gRET assay
i ncwbestconfirmsd|ih gre@@q:@ lagiEerape eqgporter assay. Utilization of a replicon

luciferase reporter assay was first described by Krieger et al (Krieger N, Lohmann V,

and Bartenschlager R, J. Virol. 75(10):4614-4624 (2001)). The replicon construct

30  described for our FRET assay was modified by inserting cDNA encoding a
humanized form of the Renilla luciferase gene and a linker sequence fused directly to

the 3’-end of the luciferase gene. This insert was introduced into the replicon
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for Renilla Luciferase activity using the Pronega
Dual -d@ o Luciferase Assay System Media (100 |I) was

WO 20980em6d r om each wel | containing cells. To tP@I/US2007/084799
remai ning 50 10 pl of nmedia, 50 pl of Dual-Go
Luci f erase Reagent was added, and pl ates rocked for
10 mMmn to 2 h at roomtenperature. Dual-G o Stop & Go
Reagent (50 |I) was then added to each well, and

pl at es re rocke ain for ddi ti 10 mn 2

QR R TR R RS

Top Geviycin\ddrker i@ Ehel admtﬁe SRRATOR afPfoRigLAM 79 (&inEheisoleucine)
ercentage i nhi Iculated uiﬁ@ the formul a

Ee| ) ‘GHH@"FSﬁ? %Btﬂgﬁbfé{ éifév ey rh-dee Jeneg,

expego sRt:ad7uelhs A tasle Bapmcébnstﬁmew@ retiGol tBik RRBY/
signal. in DVSO control wells (- conpounyi 20 The

val (recoieoastyeaptessneagd andasged abaendhodueifrasedenspiemasry
t he (ECRPuY & H&eribRe Pcfr@l%:ef@@@tréﬁh‘é‘orpmp BRASwRA tHeBSllowing

di scl osure were assessed in the HCV enzyne assays,
Wmé@bﬁt@@ﬁ Edlowingskdays il B/ 37 COe wnspltorodells frere analyzed

out [ e, 0
*ounl dlﬁ?;%g’llﬁ rés% a&#t@%@?ﬁ% Pignig%%gjé%png Luc?glj&) g%gy §ystem.
ag al\x&ﬂta (1 (bneulb\l%sl demoBMIr@h eahiwellrcohthmingz JITel caths seynaining 50
pot ency val were obtai ned w e

1Py bPI et o0 1Y o Go 0 Jucgieripg R %gantwee@ Q ?@Q@l%ﬁrs rqckgd for
nM léhﬁ@fo@sh at r&hf-? teﬁfﬁ%&tu‘f@l B idlo E!&S & @R}' RGOt '(_'S%I-:;Iﬁ) was then
assay was . Min the replicon” Luciferase
assagded Itmeaph @eg rﬁed pfate@ mteye rasledpgain fdran gddrionad Hpoumtd 2 h at

was a | Vi = 82
i BBt s il Dt Lok e wlgR =, 0
M mmawscmmspmgsnlndlcate this famly of conpounds is
ighly specific for the NS3 protease and many of
hese nenbers inhibit HCV replicon replication. -152
WO 2008r86436 hRGINUGRQBI¢11884 98¢ thT iemutrieiomnds of t he
current |sclqsure wer e. testedland found
act i viti BSOMR  HEREHYE PR GEDETIRE
Ranges (NS3/4A Bl\/ﬁveﬁg'eahdiﬂeras@mgﬁal n IDMSOQ:OE@OIRMHS B dosapound)
>50 nMto 100 nMto 500 nM Cis >500 nM 5 EC50
Activity Range (for conmpounds tested): Ais 1 nMto 50
20M B i sTROQuch WeteQrabBed 1M dndly2QQs MMXTEit kSobtfR) the s, value.
Not e that by using the Patent conpound nunber shown in
Table 2 the structures of compounds can be found

herei n. Representative compounds of the disclosure were assessed in the HCV

enzyme assays, HCV replicon cell assay and/or in several of the outlined specificity

assays. For example, Compound 3 was found to have an ICsg of 4.4 nanomolar (nM)
25  against the NS3/4A BMS strain in the enzyme assay. Similar potency values were

obtained with the published H77 (ICso of 1.6 nM) and J4L6S (ICso of 1.1 nM) strains.

The ECsq value in the replicon FRET assay was 11 nM and 1.4 nM in the replicon

Luciferase assay.

In the specificity assays, the same compound was found to have the following

30  activity: HLE = 82 uM; PPE > 100 uM; Chymotrypsin = 75 uM; Cathepsin B > 100

uM. These results indicate this family of compounds is highly specific for the NS3

protease and many of these members inhibit HCV replicon replication.
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10 Table 2 HCV Pro HCVProtease Conpound (I C50)

Replicon (EC50) Cnpd 106 1.00 11.00 Cmpd 107 B C
w@ed/ 0408 A A Cnpd 109 A B -153 WO 2008/ 06406BCT/US2007/084799
PCT/ US2007/ 084799 Cnpd 110 A B Cmpd 200 A A Cnpd 201

AB OCmpd 202 AB Cmpd 203 AB Cmpd 204 A A Cmpd
205 A A -154 WD 2008/ 064066 PCT/ US2007/ 084799 Cnpd
206 A A Cnpd 207 A'A Cnpd 208 315.00 1,303 Cnpd 209

A A 210 C d 211 1600.00 It w.ll be evident
0o one Sl RO ph IR SpEErE Astionio ik dstieng FEaT Hulive
S E]@fvitieh Eﬂlﬂhg%ﬁﬁés(hs!fdﬂﬁmf:or egoi ng id! lustrati \ée

exanples, and.that 1t ¢c e _eppodl ed I n ot her .
Speci 11 clGkonsti (GNP Erh it RaNLEaB Mg} is 50
at t pMbyties ntihese®in; ttis +spotdver efore  desired that the
exanpl es_be caonsidered in all respects. as illustrative

and not BCydéstiritcRnge (fof emuroapdsdesind iy isnathé tq 2 1YeB is >50

appgnagdo6hiig8eo At 08 >d0aamit o the foregoing -155 WO
2008/ 064066 PCT/ US2©07/ 084799 )
Note that by using the Patent compound number shown in Table 2 the

structures of compounds can be found herein.

10 Table 2
HCV Pro
HCYV Protease
Compound Replicon
(1C50)
(EC50)
Cmpd 106 1.00 11.00
Cmpd 107 B C
Cmpd 108 A A
Cmpd 109 A B
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exanpl es,

and al

meani ng and range of equival ency

is:

accept abl e salt

wo h@seésre | nt ended to be enbraced therein

2008/ 064066 PCT/ US2007/ 084799 CLAIMS What
1. A conpound of formula (1) R4 R,
H~~ R'NOCONR2 R55 (1),
t her eof

wher ei n
ﬂI’\A
\Y |

of the cl ai

[
O

nis 1, 2,

R2 | o

is selected fr
from hydr ogen
and 10 hal oal Ky
aryl, aryl al kyl|,
het erocycl yl, 4gn
sel ected from 3
al koxycar bonyl 3

ja'al h\lAVﬁ\l y
Ty U OX

alkenyl

%ﬁ?h@a
eter
| kenyl ,

| kyl, al

veanaoaal levs

al kyl, cya
i 5 sel ected
kyl, » (cyg
ocycl yl al ky
al koxyal kyl
kyl, 15 ary

r\\lr\l anll

NEHSOD 7 -
TNIF RO IN\T

noal kyl , cy
from al keny
| oal kyl ) al K
l; R4 is -(

| al kyl ,
\II

car boxyal kyl , ¢
(cycl oal kyl ) al K
hydr oxyal kyl , (
R6 is selected
al kyl car bonyl ,

cycl oal kyl, hal
hal oal kyl car bon

yulluul r\y
yl, halo
NRaR)aIk
f QR &b K
al kyl sul
oal koxyc
yl, (NRa

Ar 20
T —J LI,

y\;l U NN
alkoxyalkyl
yl, and (NA
oxycagbonyl
fonyl, cyg
ar bonyl , ha
Rb)carbonyl

o onl

yr,
éRb)carbony

, al kyl,
| oal kyl oxyc

(NRaR) sul f onyl ;
five- or six-ng
ring optionally
het er oat ons sel
sul fur; wherein
substituted w
substitutents

nbered p
contain
e%%ﬁ&hm
each of
th one,
ndepende

I £ OUI U\Jt

artially or
ng one, ty
rom nitroge
the rings
two, three,
ntly sel ect

< O

‘Da
n, oxygen,
is optiona
or four

ed from al K

hal oal ky|l ,

changes which cone within the

ne are

- 1BGT/VE2007/084799

s cl ai ned
H NNN R1

or a pharmaceutically

or 3; R1
sel ect ed
cl oal kyl ,
[, alkyl,
yl,

RB; R5 is

I al kyl ;

ar bonyl ,

nyl and a
at ur at ed
r four
and

l'y

oXY,

Cmpd 202 A B
Cmpd 203 A B
Cmpd 204 A A
Cmpd 205 A A
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W 2008264096
( NRRRK) sul f onyl ,

al koxycar bonyl ,
car boxy, cyano,
hal o

aryl,
NRRd;

cycl oal ky

sel ected from al koxyal kyl ,

al kyl ,
cycl oal
al koxy,
and ox
I,

aall

al kyl car bonyl ,
25 cycl oal kyl oxy,
( NR2Rk) car bonyl , PCT/US2007/084799
R7 is selected from al kyl,

kyl ,
NVRb,
o,

(cycl oal kyl ) al kyl ,
-157 WD 2008/ 064066 PCT/ US2007/ 084799 R8 is

aIkyI,

v

el oal

al kyl su

het er ocy

al kyl car bon
N Al lensl

aryl al kyl, cycl
cycl oal kyl car bg
(NReRf) car bonyl
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aryl al kyl; or H
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si x- menbered no
cont ai ni ng one

eatHyH

nyl, hal
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| Yu§@logC
le and Rt
hey are
nocyclic
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\.v_y\.ol oAl
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het er ocycl
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netefroat

AP AR

| b
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om-aonl At A

hal oal ky|l ,

NR', and S; whe
al kyl ; and wher
al kyl; Ra and Rb
hydr ogen, al kox
aryl al kyl, cycl
het er ocycl yl, 38

rein R'
ein R
CApE20h N
y, al kox
oal kyl ,
nd hete

ol net Ad

auutrT T uUTt T

s selecte
s sel ected
depengdent |y
val kyl, 10
hal oal koxya
rocycl yl al K

r-oom ’\I I/f\\l\
ot

d from hydr
from hydr og
sel ected f
al kyl ,
| kyl, hal oa
yl; Re and

’\I I/\II Ll
ot

aryl ,

i ndependently s
aryl al kyl, cyd
het er ocycl yl, 8
together with t
attached form g
het erocyclic ri
sel ected fromh

| oal kyl ,
nd heter
he..i ot 0
five or
ng; RO a
ydr ogen,

KORY
(cycl oal ky
ocycl yl al ky
gen At gm t g
six 15 nen
nd Rh are i
al koxyal ky

3 ar Kyt

) al kyl ,

l; or Re an
whi ch; t hey
ber ed nonoc
ndependent |
I, al koxyc

hal Aaal |/\

al kyl, al kyl car
and Rk are ind¢g
al kyl, aryl, ar
aryl, the aryl

heterocyclyl 20
or two substitu
al koxy, al kyl,
OR8 R,,,, OC(C

benyt
pendent |
yl al kyl ,
P %Ld 26
are op
ents ind

and hal o
N 0O I\I!\

Lo
(=9

vl al leasl
(=9

yroarkyrs
y sel ected

and heter
t he agyl al K
tionally sy
ependent |y

2. A conp

NSR7

nd
Ra—hAat-oat Ky

from hydr og
ocyclyl; wh
yl, apd the

sel ected fr
ound of for

- <9 ™

Cmpd 210

TN \T

Cmpd 211

1600.00

| fanyl ,
hal o,

clyl, and

yl,

and Rf
yl, and
trogen

e or
ionally
fromOo,
ogen and
en and
rom

I kyl,
Rd are

ayl,

d Rd
are
yclic
y

ar bonyl ,
[; and RR
en,

erein the

bstituted with one

om
mula (11)

It will be evident to one skilled in the art that the present disclosure is not

limited to the foregoing illustrative examples, and that it can be embodied in other
specific forms without departing from the essential attributes thereof. It is therefore
desired that the examples be considered in all respects as illustrative and not

restrictive, reference being made to the appended claims, rather than to the foregoing
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HRG'N'~~OONn R R5 (I1), 25 or a pharmaceutically
acceptable salt thereof, wherein nis 1, 2, or 3; R~

WO 2008064966 ed from hydrogen, al kenyl, al kyl, cyRCHEX09T/084799
cycl oal kyl, and -158 WO 2008/ 064066 PCT/ US2007/ 084799
hal oal kyl; R3 is selected from al kenyl, al kyl, aryl,
aryl al kyl, cycloal kyl, (cycl oal kyl) al kyl
het erocycl yl, and heterocyclylal kyl; R5 is sel ected

from al kenyl,, .al koxyal] kyl , al kaxycar bonyl al kyl | kyl .,
5" aryal i bRy ANy pom SRS IR AR R g alincy
( cyof matisinhs)aad ylefordimtenad kioxy amlsabed th&rainoal kyl

hydr oxyal kyl , (NRaR)al kyl, and (NRaRb) car bonyl al kyl ;
R6 is selected from al koxycarbonyl, al kyl,

al kyl car bonyl, al kyl sul fonyl, cycl oal kyl oxycar bonyl
cycl oal kyl, hal oal koxycar bonyl, hal oal kyl

hal oal kyl car bonyl , (NRaRb) carbonyl, and
(NRaR) sul fonyl; or 10 R6 is selected from phenyl and a
five- or six-nenbered partially or fully wunsaturated
ring optionally containing one, two, three, or four
het er oat ons sel ected from nitrogen, oxygen, and

sul fur; wherein each of the rings is optionally
substituted wth one, two, three, or four
substitutents i ndependently selected from al koxy,

al koxycar bonyl, al kyl, al kyl carbonyl, al kyl sul fanyl,
car boxy, cyano, cycloal kyl, 15 cycl oal kyl oxy, hal o,
hal oal kyl , hal oal koxy, NWRb, (NRRR )carbonyl,
(NRRRKk) sul fonyl, and oxo; R7 is selected from al kyl,
aryl, cycloal kyl, (cycloal kyl)al kyl, heterocyclyl, and
NRRd; R8 is selected from al koxyal kyl, al kyl,

al kyl car bonyl, aryl al kyl, cycloal kyl, 20
(cycl oal kyl ) al kyl, cycl oal kyl car bonyl

hal oal koxyal kyl , hal oal kyl, (NReRf)carbonyl, and
-P(O(OR)2; wherein Re and Rf are independently

sel ected from hydrogen, alkyl, and arylalkyl; or Re
and Rt, together with the nitrogen atomto which they
are
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attached, forma five or six-nmenbered nonocyclic
heterocyclic ring optionally containing one
wadwsnewn@al het eroat om sel ected from 0, NR', aP@I/B$2007/084799
wherein R' is 25 selected from hydrogen and al kyl; and
wherein R is selected fromhydrogen and alkyl; Ra
and Rb are independently selected from hydrogen,
al koxy, al koxyal kyl, alkyl, aryl, arylal kyl,
cycl oal kyl, hal oal koxyal kyl Ri#galkyl, het erocycl yl ,
and heterocyclylal kyl; 30 E& Rd are independently
sel aafaed cfairaen il koxy, al kyl, aryl, aryl al kyl,
cycl oal kyl, (cycl qgal ky] ) al kyl, heterocyclyl, and
hetérocy%F?@&WW9P?%BWugéﬁand Rd together with the
nitrogen atomto which thegy are attached forma five
or six- menbered nonocyRljjc heterocyclic ring; -159 WO
2008/ 064066 PCT/ US2007/ 08479 Rh are
i ndependently sel ected fr l, koxyal kyl ,
\den

al koxycar bonyl, al kyl, ,alk ryl al kyl, and
hal oal kyl ; and RR andR6 é tly selected

from hydrogen, alkyl,” aryl, arylal kyR?2 and
heterocyclyl; wherein theRParyl, the aryl part of the
rylal kyl, and the heterocyclﬁ% 5 are optionally

Substituted with one or two sublstituents independently

sel ecd glarhacontically kaxptablakdiythereainghdraho. 3. A conpound

of C aimz,1 gr @_pharnaceutically acceptabl e salt

t her eof ," “wh&r®i’h 10 nis 1; R2 is selected from

al kenyl , R'aik kylbctedofingn hpdroal dod-NHB®,RE sel ected from

al kenyl , _al kyl , I ryl al kyl | oal kyl.,

R L TN A7 S TR
1het aesloapa) yl al kyl; R5 is selected fromal kenyl, alkyl,
and arylal kyl; 15 R6 is sel ected from al koxycarbonyl,

Cycl oal Ky ARATEBY Hk b h RO TEaRBO RO
( NRaBEILSIRY DAY | etebcy 101, bitd RAGENLIyRIRtI.onal |y
substituted with one or two substitutents
i ndepend@ntrYRsel ected from al koxy and halo; and R7 is
cycl oal kyd is selgLQed‘lfrorf‘alﬁg{m%%gyﬁltylgll?dx%a’%bon9fall@l, alkyl,
pharmaceutically acceptabl e salt” theréof,

15  arylalkyl, carboxyalkyl, cyanoalkyl, cycloalkyl, (cycloalkyl)alkyl, haloalkoxyalkyl,

haloalkyl, hydroxyalkyl, (NR*R)alkyl, and (NR*R®)carbonylalkyl;

R® is selected from alkoxycarbonyl, alkyl, alkylcarbonyl, alkylsulfonyl,
cycloalkyloxycarbonyl, cycloalkyl, haloalkoxycarbonyl, haloalkyl,
haloalkylcarbonyl, (NR*R)carbonyl, and (NR*R®)sulfonyl; or

20 R® is selected from phenyl and a five- or six-membered partially or fully
unsaturated ring optionally containing one, two, three, or four heteroatoms selected
from nitrogen, oxygen, and sulfur; wherein each of the rings is optionally substituted
with one, two, three, or four substitutents independently selected from alkoxy,
alkoxycarbonyl, alkyl, alkylcarbonyl, alkylsulfanyl, carboxy, cyano, cycloalkyl,

25 cycloalkyloxy, halo, haloalkyl, haloalkoxy, ~NRER", (NR'R¥)carbonyl,
(NR'RM)sulfonyl, and oxo;

R’ is selected from alkyl, aryl, cycloalkyl, (cycloalkyl)alkyl, heterocyclyl, and
~NR°R%:
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wherein R3 is selected fromaryl and heterocyclyl. 5.
A conmpound of Claim4, or a pharnmaceutically

wWaeweps#hd e salt thereof, 25 wherein R3 is arRECT/US2007084799
conmpound selected fromOOH3 0--a OCH3 H N\\I~N~ N N H
J~ OuNO OH ~O-NO O Il F3C O O -160 WO 2008/ 064066
PCT/ US2007/084799 _ | OCH3 O. //,.NO ac// CH3 H
i 0-ONS N,SNONNOOOQGUNOO y Il 00OQCCH3I / \

'OCKIBOOI :_ilgzis %l%&%}g@? ?_iiy\ail%, a]k&ll, %&S@gohl,g%aqkh?é}}cloglk%,
(cycloalkyl)alkyl, cycloalkylcarbonyl, haloalkoxyalkyl, haloalkyl, (NReRf)carbonyl,
and -P(O)(OR’),; wherein R® and R’ are independently selected from hydrogen, alkyl,
and arylalkyl; or R® and R, together with the nitrogen atom to which they are

5  attached, form a five or six-membered monocyclic heterocyclic ring optionally
containing one additional heteroatom selected from O, NR*, and S; wherein R* is
selected from hydrogen and alkyl; and wherein R’ is selected from hydrogen and
alkyl;

R? and R" are independently selected from hydrogen, alkoxy, alkoxyalkyl,
10  alkyl, aryl, arylalkyl, cycloalkyl, haloalkoxyalkyl, haloalkyl, heterocyclyl, and
heterocyclylalkyl;
R and R? are independently selected from alkoxy, alkyl, aryl, arylalkyl,
cycloalkyl, (cycloalkyl)alkyl, heterocyclyl, and heterocyclylalkyl; or R® and R
together with the nitrogen atom to which they are attached form a five or six-
15  membered monocyclic heterocyclic ring;
RE and R" are independently selected from hydrogen, alkoxyalkyl,
alkoxycarbonyl, alkyl, alkylcarbonyl, arylalkyl, and haloalkyl; and
R’ and R are independently selected from hydrogen, alkyl, aryl, arylalkyl,
and heterocyclyl; wherein the aryl, the aryl part of the arylalkyl, and the heterocyclyl
20  are optionally substituted with one or two substituents independently selected from
alkoxy, alkyl, and halo.

2. A compound of formula (II)

OR®
RS,
2 9
N 7
H H
’N\j//L§ O ( \\
R 0 n
R2
R5
25 (ID),

or a pharmaceutically acceptable salt thereof, wherein
nis 1,2, or3;

R? is selected from hydrogen, alkenyl, alkyl, cyanoalkyl, cycloalkyl, and
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haloalkyl;

R’ is selected from alkenyl, alkyl, aryl, arylalkyl, cycloalkyl,
(cycloalkyl)alkyl, heterocyclyl, and heterocyclylalkyl;

R’ is selected from alkenyl, alkoxyalkyl, alkoxycarbonylalkyl, alkyl,

5 arylalkyl, carboxyalkyl, cyanoalkyl, cycloalkyl, (cycloalkyl)alkyl, haloalkoxyalkyl,
haloalkyl, hydroxyalkyl, (NR*RP)alkyl, and (NR*R")carbonylalkyl;

R® is selected from alkoxycarbonyl, alkyl, alkylcarbonyl, alkylsulfonyl,
cycloalkyloxycarbonyl, cycloalkyl, haloalkoxycarbonyl, haloalkyl,
haloalkylcarbonyl, (NR*R")carbonyl, and (NR*R")sulfonyl; or

10 R® is selected from phenyl and a five- or six-membered partially or fully
unsaturated ring optionally containing one, two, three, or four heteroatoms selected
from nitrogen, oxygen, and sulfur; wherein each of the rings is optionally substituted
with one, two, three, or four substitutents independently selected from alkoxy,
alkoxycarbonyl, alkyl, alkylcarbonyl, alkylsulfanyl, carboxy, cyano, cycloalkyl,

15  cycloalkyloxy, halo, haloalkyl, haloalkoxy, -NRER", (NR'R")carbonyl,
(NRij)sulfonyl, and oxo;

R’ is selected from alkyl, aryl, cycloalkyl, (cycloalkyl)alkyl, heterocyclyl, and
~NR°R%:

R® is selected from alkoxyalkyl, alkyl, alkylcarbonyl, arylalkyl, cycloalkyl,

20  (cycloalkyl)alkyl, cycloalkylcarbonyl, haloalkoxyalkyl, haloalkyl, (NReRf)carbonyl,
and -P(O)(OR’),; wherein R® and R are independently selected from hydrogen, alkyl,
and arylalkyl; or R® and R, together with the nitrogen atom to which they are
attached, form a five or six-membered monocyclic heterocyclic ring optionally
containing one additional heteroatom selected from O, NR*, and S; wherein R” is

25  selected from hydrogen and alkyl; and wherein R’ is selected from hydrogen and
alkyl;

R® and R" are independently selected from hydrogen, alkoxy, alkoxyalkyl,
alkyl, aryl, arylalkyl, cycloalkyl, haloalkoxyalkyl, haloalkyl, heterocyclyl, and
heterocyclylalkyl;

30 R¢ and RY are independently selected from alkoxy, alkyl, aryl, arylalkyl,
cycloalkyl, (cycloalkyl)alkyl, heterocyclyl, and heterocyclylalkyl; or R® and R¢
together with the nitrogen atom to which they are attached form a five or six-

membered monocyclic heterocyclic ring;
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phar maceutically acceptable salt thereof. 7. A
conposi tion conprising t he conpound of claiml, or a

phar mac cce bl t thereof, and

P mac ki o i PERRh il out M gy
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15 10. The_conpgsitiaon of claim9 wherein

P nt aicogtgilly §ut§téqu@ét‘%l ME SN aTRYtushty ﬁndea%lﬁ%lyzﬂslected from

pegyikatyedikynheif85,0n al pha, consensus interferon,
interferon al pha 2A, and -162 WD 2008/ 064066

PCT/ US2007/ 084799

3. A compound of Claim 2, or a pharmaceutically acceptable salt thereof,
wherein
10 nis 1;

R? is selected from alkenyl, alkyl, and haloalkyl;
R’ is selected from alkenyl, alkyl, aryl, arylalkyl, cycloalkyl,
(cycloalkyl)alkyl, heterocyclyl, and heterocyclylalkyl;
R’ is selected from alkenyl, alkyl, and arylalkyl;
15 R® is selected from alkoxycarbonyl, cycloalkyloxycarbonyl,
haloalkoxycarbonyl, (NRaRb)carbonyl; or
R® is phenyl optionally substituted with one or two substitutents
independently selected from alkoxy and halo; and
R’ is cycloalkyl.
20
4. A compound of Claim 3, or a pharmaceutically acceptable salt thereof,

wherein R? is selected from aryl and heterocyclyl.

5. A compound of Claim 4, or a pharmaceutically acceptable salt thereof,

25  wherein R? is aryl.

6. A compound selected from
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HCV assenbly, HCV egress, HCV NS5A protein, and | MPDH
for the treatnent of an HCV infection. -164
WO 2008/064066 PCT/US2007/084799

5  or a pharmaceutically acceptable salt thereof.

7. A composition comprising the compound of claim 1, or a pharmaceutically

acceptable salt thereof, and a pharmaceutically acceptable carrier.

10 8. The composition of claim 7 further comprising at least one additional

compound having anti-HCV activity.

9. The composition of claim 8 wherein at least one of the additional compounds
is an interferon or a ribavirin.

15
10. The composition of claim 9 wherein the interferon is selected from interferon

alpha 2B, pegylated interferon alpha, consensus interferon, interferon alpha 2A, and
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10

15

20

25

30

lymphoblastiod interferon tau.

11. The composition of claim 8 wherein at least one of the additional compounds
is selected from interleukin 2, interleukin 6, interleukin 12, a compound that
enhances the development of a type 1 helper T cell response, interfering RNA, anti-
sense RNA, Imiqimod, ribavirin, an inosine 5'-monophospate dehydrogenase

inhibitor, amantadine, and rimantadine.

12. The composition of claim 8 wherein at least one of the additional compounds
is effective to inhibit the function of a target selected from HCV metalloprotease,
HCYV serine protease, HCV polymerase, HCV helicase, HCV NS4B protein, HCV
entry, HCV assembly, HCV egress, HCV NS5A protein, and IMPDH for the

treatment of an HCV infection.

13. A method of treating an HCV infection in a patient, comprising administering
to the patient a therapeutically effective amount of a compound of claim 1, or a

pharmaceutically acceptable salt thereof.

14. The method of claim 13 further comprising administering at least one
additional compounds having anti-HCV activity prior to, after, or simultaneously

with the compound of claim 1, or a pharmaceutically acceptable salt thereof.

15. The method of claim 14 wherein at least one of the additional compounds is

an interferon or a ribavirin.

16. The method of claim 15 wherein the interferon is selected from interferon
alpha 2B, pegylated interferon alpha, consensus interferon, interferon alpha 2A, and

lymphoblastiod interferon tau.

17. The method of claim 14 wherein at least one of the additional compounds is
selected from interleukin 2, interleukin 6, interleukin 12, a compound that enhances
the development of a type 1 helper T cell response, interfering RNA, anti-sense RNA,

Imiqimod, ribavirin, an inosine 5'-monophospate dehydrogenase inhibitor,
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amantadine, and rimantadine.

18. The method of claim 14 wherein at least one of the additional compounds is

effective to inhibit the function of a target selected from HCV metalloprotease, HCV
5  serine protease, HCV polymerase, HCV helicase, HCV NS4B protein, HCV entry,

HCYV assembly, HCV egress, HCV NS5A protein, and IMPDH for the treatment of

an HCV infection.
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