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The single strand HCV RNA genone i s approxi mately 9500
nucl eotides in length and has a single open reading

w0 e@s®640&8RF) encodi ng a single |arge pol ypr ot ePCI/U$2007/084799
about 3000 amino acids. In infected cells, this
pol yprotein is cleaved at multiple 5 sites by
cellular and viral proteases to produce the structura
and non- structural (NS) proteins. In the case of HCV,

t he of mature non-str ural protein NS2,
e PR Hr @ O o BRIty oot 0 byt o

VI r al prme%ﬂﬁgﬁﬁstraﬂmﬁd\/l RISA gemencCik eppteamalelytd360 MNigleddS in
ti he se?ond one is a serine protease

ju
c on eq é‘H Steiinele ppsn Keadlie diemsI(OREGg s pdips 2 Nggle Langp polyprotein

”Edbﬁ%%ﬁtﬂbba&h@aﬁmbsﬁﬂﬁéakd&h@aﬂﬁ%ﬁgp&ﬂﬂﬁﬂﬁﬁkv&ﬁﬂhﬁhmk
NS3, both in cis, at the NS3- NSM4A cleavaﬁe site,

an
? n ﬁlﬁeaﬁg celfudar apdhira] @rpsgangs g PINGUSS thagagtur qqssnectural (NS)

oA B 19 ihk @8se of e WBAA R MR I nRRPEASsthuPtusf Rl\b?elns (NS2,
e functions, acting as a co-factor for t NS3

pr 0N§ S ANSHBs NS b yand NSOBY isrefestad binevondrshpraiseses. The first
| oc elllé &Qatvésoﬂ ﬂ%fNMS? ct?otn e sé’doﬁ@bl%é' 1§Q|sérﬁr%%?otease contamed
ex

conponent s. mat | on
Wi t Withig4le Ngerméwgloalof NoB andbefdintes dhthe piﬁisyplﬁmt@amages

181 BRI SRS E IS RS LA LERFLESIRR Ffl i o
tri phospinaNase- 19SHB, NSABHﬁﬁiﬁc A6 Aals$ 3B sites.eShe NSHBpiogeia

e MIERE oM ERR P Bt Mok R BElF I Rkl and
pepb®£$bﬂﬁﬂ§ﬁ@hﬂﬂw&ﬁﬂﬂxﬂﬂﬂmmhhmbnbeﬂEmﬂﬂﬁMﬂ@Hﬂoaﬂm@e

of the p oteas i nat.i on
NS RTRBEBSC L BaPChdr e HRESERpRaE it g i Elentialfor
18les 6ﬂﬁlci@ﬁ§p03\);]p@0tad Ifﬁd’ébﬁtng,aénﬂl@rgmgfth@@ﬁ’ﬁéblgﬁb tleivagh araan)y tHeQites.
a patl e ere un I N _accordance _w
pr egﬁ Efﬁp@zﬂ%@a@/ %31 ATRTICG e aFptgsTAgRs 41 %?‘@ cpseyiRvities

HCVNNSRE id RERaRBendeARIDR paig ARl Stherie vt NinQRErePlicativPof
addi ti onal conpounds having anti-HCV activity. 25In a

fir&8CVaspect the present disclosure provides a

conpoundrifprf@hlcR sk brovide pepfite @0&5@55@98%&1‘1 ﬁlﬁlbllt){he
acceptabl e salt thereo wherein nis 1, ;

205 SurueingpfieoNs hyrdicaseye- nit conbisepamwifh the S NSIA m‘ézteasg

sd
cycl o a]f%gayﬂt‘é: #8e an gy(ﬁ&?(ggl{é de%!n%gsrﬁ{é ?cgnﬁéié?ggéotng @Q%h'h%ln therapy to
al kenstient whdghy,a c@nsploundanycc@rdawe wigly e peeséay Hisclosure, which is

(Cygﬂf&&g%ﬁ%ﬁ e g%?gyogéea%( C%@%dard'ﬂﬁﬁl&% %4}1/1?6![191)%%?

rom a
aIk@mymkMMMnmamkbmymagbﬂnﬁC&kkyhbraIkyI aryl al kyl ,

b
2yl oa Iy A uSIGARR I M geampgng s formate
hydr oxyal kyl , ( NRaRb) al ész“ and ( NRaRb) Carbonyl al kyl -

D,

or a pharmaceutically acceptable salt thereof, wherein



R6 is selected from al koxycarbonyl, al kyl,

al kyl car bonyl, al kyl sul fonyl, cycl oal kyl oxycar bonyl ,
w@ymBoedoky | , hal oal koxycar bonyl , hal oal kyl , PCT/US2007/084799

hal oal kyl car bonyl , (NRaRb) car bonyl, and
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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;



In a second aspect the present disclosure provides a
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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



Rs is selected from al koxyal kyl , al kyl, al kyl carbonyl,
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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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R7 is cycloalkyl. In a second enbodi nrent of the second
aspect the present disclosure provides a conpound of
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R’ is selected from aryl and heterocyclyl;

R’ is selected from alkenyl, alkyl, and arylalkyl;

RC is selected from alkoxycarbonyl, cycloalkyloxycarbonyl,
haloalkoxycarbonyl, (NR*R")carbonyl; or

R® is phenyl optionally substituted with one or two substitutents
independently selected from alkoxy and halo; and

R’ is cycloalkyl.

R’ is cycloalkyl.

In a third embodiment of the second aspect the present disclosure provides a
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;

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.

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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R7 is cycloal kyl. 30ln a third aspect the present
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ef f HEM mésctagronptpatdnt gompripagisdinioitefing wihapaticyt a therapeutically

pha ' .afi
PSR b Gt b AEESAES G b, bEERERhadclinl kodbrable sai
c ontheicsé sin25as rinbbditent af gheabuitle@ptct drendailddi fitlon abmprises
0 und, havi nti- ctivit r.ior .t after, or
e R e b R R S S S
phasfiaceyindahdopsiaeddphadingosad 6f foimane@f, ot mplaaraacotichily

R PR O 0 PR L R e My b e of

In &e;ahd'lifiﬁhae lﬁiﬂﬂjiuﬁwm gwintdrfémnfdﬂ ldrrifbhlviﬁﬁ.pﬁll(‘d tﬁir@ €mbodiment of the
interferon is selecte rom.interferon a 2B, .
peg%ugﬁ aePop e PRIt ISTACRH Ao BIFEERS G IR A crotalalsf interferon
30 Nt gbhe comtedhup heerRon, Abdfctonmpnabhastid 19 phdHRtid Eh@Pferon tau.
t au. In a fourth embodi nent of the fourth aspect
the pres@rtiogflsenlodimet pirths fues agpeadbhRgscat digglesgicinigyides a
an HeMd bf‘tfrt%ﬁh% SNHCY iAfeP@nl if Aatidn® ¥BMmbSdifPadministering to the
adm ni stering to the patient a therapeutlcally
ef f petteniaetherppaytical byfeffgctes ppounict 8 compyurd ohformyla (grorg
pharmaceutically acceptable salt thereof and at | east
one addi tional conmpound having anti-HCV activity prior
to, after, or sinmultaneously with the conpound of
formula (I), or a pharmaceutically acceptable salt
t hereof, wherein at |east one of the additiona
conmpounds is selected frominterleukin 2, interleukin
6, interleukin 12, a conpound 5 that enhances the

I o e Y - —— o o



15netal | oprotease, HCV serine protease, HCV
pol ynerase, HCV helicase, HCV NS4B protein, HCV entry,
woHasaswedbl y, HCV egress, HCV NS5A protein, ardr/usion7/ios4799
PDH for the treatnment of an HCV infection. In a
fifth aspect the present disclosure provides a
conposition conprising a conpound of fornmula (1), or a
pharmaceutically acceptable salt thereof, one, two,
20three, four, or five additional, c ounds havi n .
nt Pragkpeufey spdspb S B R AblGE O 10 et GpRgng havine
car ehtBHCWV detidity prics to, efidrosh smta?@cfusltyhgga_fthé &danplmmsﬁ fotna (1),
conpsition conprises three or four additiona ..
conBOLPIIEMHAVIRYY aqff?l?t@tﬂw?%?rm phereip gt lgast gecyfdhe additional

enbegthpmads i9fc1ddRQ ffdnk InferRERR 0L inteNBUIGOHNASHSUKAN 2, 2 compound
conprises one or two additional conpounds hawng(ﬂ

ant hatgobanges thy dexelopmspiota tgpod elnes feel rasprisp igediiing RNA,

di sghRSHEER RAOMiGGR d2ribREMOsh Rbsitd £RtdnDsh RAPutd ¥y drogenase
infection in a patient, conprising admnistering to
t heinh@xtor gmagtadipe papenentedind.y ef fecti ve ambunt of a

compoun f ; ' :
accopt al's LURPH el B TR s G el provides.
f i vaethdd of irestiag acdeyonfrdsoniaeipagena gompHdg adotinivictiyg to the
riQr. . roeslaul ousl ' oynd
187" Phichbl ol flicnlegBLTMAPIRE il of REERTRYA
sal pharinereetdally ncaptble silt hptooithindenlicaso bnd diditwnadtchmasynddibving

t he anprises admnistering th or fou
aarIEHb S SR B2 «RERymafhr iy AR Ryt ot formuta ),
s ec ondplenhaditiveny actpthtiesdi thérbofasheeh at losst omd dfakk additional
conprises adm.ni.ster.ing. gne or, t addj t i onal
oIS GTIRR & i Bt Juietion pls (it sclcCid fram HCV

1 &8s pertalombteideHOV @6 prote£6) DSV pelyiRyasé, M W B&icsddl HaWI S4B
conbi nati gns of egpodin%ﬁés(giscloseg herein. Yet
ot hEotel SEeY entiyn HCYrAsaabe G AssspdCY g Rrateinnand IMPDH
desgJritRtth@iinddt Oundecly o 5The description of the
present disclosure herein should be construed in

congr ui t Y afithpspeskthe aRscms AHCIBTIrHRIOBIEFSS? SOMPOHER] goprising a

bongihghund Bf AR (N ARESTabdutiBRY B&pABRESE Aedeot, Bne, two,
renove a hydrogen atomin order accomodate a

2@ ub8rges fomeer frag adgifipnglicpapoynge Aeviemanti-HCY Befiiey, il a
undegS5e0 g%ailglta%ctgﬁt?bl% QURELNHS RACAPRARSAG, Y {m§aspect the

present 1 e are those that are suita

st abdrepsition camprises thteaorfaw eddifiesl cergrounds having pati-Eit\sactivity.

pat nf o ARR énfn%hf Bof RO ésﬁagét ﬂ{e%fo%g&‘?{io%{ c%ﬂagﬁges%h& §Pwo

in the specification are herein incorporated by

r ef eddnmel gompotgisthaeng antet¢V acnvitthe case of
2%nconsis&encies resent disclogﬁ

ot i ) Ba BRI B RS s e an i
S pe tiféctiomin aoprtienth@nfpokingwilm@isteeingso thapaichhetherpaitiog s
15i Qt‘i{ei:c%% gn%unt of a compound of formula (I), or a pharmaceutically acceptable 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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As used herein, the singular forns "a", "an", and
"the" include plural reference unless the context

W@ k@ansapeai ct at es ot herw se. The term " ab&ETiy1007/084799
as used herein, refers to a straight or branched chain
group of two to six carbon atons containing at |east
one carbon-carbon doubl e bond. 20The term "al koxy," as
used herein, refers to an al kyl group attached to the

T Tl e A AP Sepngion o

alkymb@m@gﬁs@gb@kah@bﬁd W th one, two, or three al koxy
groups he term "al koxycar baonyl ," as used
herein, Y&drs a%psct%\wdaanbeéwngmw e doundan ity dssspigtiqovided
parga%mnnlecular noi ety through a carbonyl group.
The term ' aIkoxacarbonyIaIk&»," as used herein, refers
20 an al Kipdepgriptipn eiibe pictat @erlonurerhesieshopldde capstippd ige
al kexsmaiyRamyhe AL Hﬁﬁsprm-gﬁﬁls R ERBmidd k¥lding. a8 séh?tceﬁilstances it
herein, fefers to a group derived froma straight or
br amehbeineohsshmy te éﬁrmﬂva@éddmmmrwﬁer@@mmwam Sﬂlb&mﬂtem at
one gp Lt &No&@bRon atoms. 30The term "al kyl car bonyl,
d erein, refers to an al kyl group attached to
t he par eltshowtl t@amﬂ%tstomﬁhetttye ey nds eacmab@dw thyrroesont
he [ r 0 an
1 (2; | k Isagérp(r)euﬁla hﬁé%estlﬂht a?ep%ﬁlltalfl% gﬁbl% ?c?rqlt Q %aﬂnalcelﬁ cgl a%ex%t
t hr ough All Qatbritu rpamntcapphcanons ariﬂH&emmrdmfeadnkgsl csteldl fndhkyl
?ﬁelsjf%gl 1l %on einher Ipowra%d?py %Frgﬁclgchlg thelr ? pire r?'yl n g re ocasﬁ of
Theincedsistéhaicy, lthe' pr%ntuﬁﬁtbsﬁler ia¢lnding &éfﬁﬁt&bnts Jovill ppaveity |
group, O i c fuse or.
bot h of ‘%h‘éseg i"h %p‘ie§e“55pﬁﬁ gﬁ%ﬂ‘m 8¥P§1t0wg1gct%rs ?‘3% ggannes
151 nghdhapedt ems consi st of a phenyl group fused to a
four- to, six-menbered aro th‘g“qo a
car bocycft &ef hefgin. g B?So ps 2t 21 é{lﬁa rl%@%%rplural

dlS%ﬂﬁ&%&%nﬁ@ﬁh@&m&kta&hEdh&ﬁei&ﬁaw%éent mol ecul ar
moi ety t hrough any substitutable carbon atomin the

group. REpreEelkenyly ers axurhsreay refers & 3 itradght aplaranched ehaan

but r%ﬁﬁ oo th §iichiBn bBms b&gﬁﬂl}ﬂg at lbﬁg&{bydarboﬁQ%BH%uble bond.
heny , and tetrahydronaphthyl. The arY groups of the

2 (Sr esent TBdpsrTaleny e agnigd Eaeremptqf%ﬁbyl anyalkyl gyopp @t@ph@ to the

Wi t e substltuents

i nd %gﬁ éﬁ%%@fggFEﬁﬁ 3E??%%ﬁ F %&%} al koxycar bonyl ,

al kyl , aTwderonGlaxydlkyr ospseddyreio refératoon kgl gk @utytltuted

hal G terocycl yl al kyl, hydroxy,

hyd%gtk%%{\‘% i?i??% fret ?’M"y\%ﬁ?\?%( NVRs) al koxy,  ( NVRY) al kyl

(NRW Carﬁm‘t?lﬁn Wywbvnylt\mnmdﬂldrme refesonan dkydy gyowpattached
Iﬂ]etohtgt SErafh% 1 cu{ar mgl%tt Ero h}?t ocngr? 1 part of the 15
eteroc? ? al can el t d%all

substit urlfz:dem ‘taﬂko@p\@,rbdnmlkyt hamed ]ﬁ@em,, refers t6 b elkyl group

subs |tueg h|nde end§$ ¥ selegte? from al koxy,

al kP eans e’ Bt KSR GAONAT QIR 1, hydr oxy,

and ni t rohe term “alkylhes dsed Rereial wfead to@ydroup c&ﬁvéﬂsfﬁdn a straight or

h er Eraaehegiﬁ aglrégaélgr;tpg B}zcg{)ﬁ?ébon%gr%glgmsg l%%?nt er}eb‘% tee(rjl c\all\gbtorrl] atco)rrlllg
3 O 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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20The term "carbonyl," as used herein, refers to
-C(0)-. The term "carboxy," as used herein, refers to
WO 2i08/6b4066 The term "carboxyal | cyl ," as useRCTIES®DTI084799
refers to an al kyl group substituted with one, two, or
t hree carboxy groups. The term "cyano," as used
herein, refers to -CN. 25The term "cyanoal Il cyl," as
used herein refers to an al kyl group substituted with
one, or t

eyl oal Ky FUSTuRIRTE iR Rpigineregen s U Pip tgehed v

mnﬂﬁy)@ﬂehﬁnol&tﬂaﬁ%dlﬁy t}@df&ughrals@miyr groglydr ocar bon 21 ing
syst em ng three to fourteen carbon atons and z
het er oat ﬁweermeﬁleeéﬁf%thrtre XS BRBY! Pt A % g»rcﬁc fused

gr OHRS sys&] WElsin B ordoth cﬁQﬁbQ‘ingls i 1R Ay 1tePoupC BidyeRs AR ring
cycl opentyl, bicyclo[3.1.1] heptyl, and adamantyl. The

2y cRBHMRePnYit efbRheay! growp fredde ptous t@éer‘gw@rida%orB@w or non-

opt b@RAt¢ YarSdehsic st §¢le Wiyt E&'oﬁ’ﬁﬁeof ite eseﬁthﬁs%?osut@ carf Qitached
substituents independently selected from al kenyl,

al kixthe papik anojesniay moich thypugh aipvsubititytable earydncserp srhe group.

Y ARG SUBLARLARIIEL of bSURHOR (M Moot AR to, indanyl
12) indenyl, Fﬂaphtb:flephenﬂepéﬁdmhvﬂlynfaﬁéﬂebtTah? atyl grauby off tbgpresent
@w?{t,scl?sﬁlﬂé’éan b? %a ailf?db?%tﬁ@gwhtﬁ ﬁi‘%ﬁé{q E?f?wgt?lff%réuﬁsﬂ%ents

e ar
het exdopypdényly seleaediptrn atkaksl, ylksxntmthonydt aklylyd teboralraeyl@roup,

Lo SRkl NS HSRRNA AL, 81 RALSA LamAbLRRYY

"( Clmirwalk@y hlbtﬂi RYRY, (AR RISy NRY alkgl, @XR*R Radonyl, and

?lylégyboa% %%Etgrll g&legdroalt\)n, %PE élgtplg);c}zﬁtlyw,o éndot{le }tletggroeceyclyl part of the
15 cylﬁételalb)le]@lllmaﬁlaanyé furth@f‘optai&&ﬂy Btﬁ:fsﬁliuﬂ:d vsl‘lﬁrfcﬁé,lstwb,otlhﬁse, four, or

cycloal | cy 0 C to t e nol ecu] ar

moi S5 PHgD ie%esﬂfﬂt@h e digp! iy aRelegigpo. o Hatoatkosy

cyﬁilgﬁk)h)q{ygmy anasnﬂ:bsed herein, refers to a
cycl oal kﬁ group attached to t he tpar ent rml ecul a
(S

ITDI ety t @I@h ‘agyfal }5Xygaéﬁseélt1@fﬁm refers to angdley tgg)‘ufhsubstltuted with

cyglllé)at,(;(y)t@lﬁg?}n%%}gg " as used herein, refers to a
cycl oal i_; group attached to the parent rml ecul ar
@F@h

2%| ety t carb@aylb@ﬁwedgjte@uprefqrhéw@pﬁs 'hal 0" and
" hal 0genyy,e t@rﬁa‘k% g;‘eﬁseﬂrs@d hér@i]ilellgfe sotoFCOq{ Br, and I.

15The term oxy, as use erein, refers to a
hal oal kyThegemmu paduomeeélh'é,d ag wetl hereiparcéans torp by Ligranp substituted

el RGP AT 1 rerers o an al kyl
group substtetutoganoni ashisahlerein,wefersao -€NRr ee hal oal koxy
29T OUPS. 1o 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,

-10-



The term "hal oal koxycarbonyl," as used herein, refers
to a hal oal koxy group 20attached to the parent
wordosoedoed noi ety through a carbonyl group. PCT/US2ZDNB084799

term "hal oal kyl ," as used herein, refers to an al kyl
group substituted with one, two, three, or four
hal ogen at ons. The term "hal oal kyl carbonyl ," as

used herein, refers to a hal oal kyl group attached to
t he are t nDI cul ar. noj hr ough carpon roup.
5 THEC B re g ot KRR WBER R SR LD
f | Vﬁ‘rdepe%ﬂéhtly s6lect&RN @ hy dregdncHIR, iri(yjn glylraqzm &ihdll hagrgglfml

or. three heteroato |n pen y sel ecte ro
n| t WB@rE‘ﬁ‘ t f‘owgﬂﬁ arvARelt Ut Y ek ang ﬁ\?é‘e‘tﬁi@ﬁb‘é}‘ legr entiqeelly
has s@gfit@tel Qvith\Wale SR sﬁb@iﬁﬁﬂé iRRPeddBRIySeKote@m alkoxy, alkyl,

seven- menbered rings have zero to three doubl e bonds.
The2tddialg. » het er ocycl y1" al so i ncludes bicyclic groups

i n whi Chl"ﬁeh@rnthﬁrl&Mhﬂ'(&l TdsNGed Ror30 U8R G hiPalRy1feRy-

to six-membered aromatic or non-aromatic carbocyclic

ri nepbetitutsd stithene. fyace Wlirps ercloatksl greynsl yI  group. The

het er ocy. 13 o)

At t achod TR A b L R e P Broup
car hitachek tothegrarcat moleeweranoiety drrpugh adagbogylaugnp. Exanpl es

1@’2 het er SJn}’JcPrer ?ﬁéfl%igl ’“&s' Auy her$Htre%Fs%Qf@&clo%ﬂ%ﬁ‘g%o%ﬂ

, benzo |en azo
i ndattaghgd tb ﬁmﬂareaZmbyzbulan m@xtazln:rbygh anmxy@nodtonmy I
oxazol yl era
pyri di ny helg“E)yr rcgfloag’%’ﬁ 1‘)%3 é@ﬂd hg hnyfe?er% rcélflffﬂ,ky loxy

t hi gmap yﬂta,chéchﬂoeliby[iarenamdletllﬂamﬁ(mmphlﬁbu@w carbblagl group.

het er ocy, of .t he present. di.scl osur nb

optlonalfwygﬁg gﬁg ‘55h&??ﬂpdﬁéﬁé%ﬁpnfﬂ%@@f?gﬁgﬁﬂ@ﬁér
1§ive subsid téﬂr&ﬁﬂiafoalkﬂﬂﬁ’p angenhdryin Sefetab @ talbslRp abipaxiched to

al | coxycar bonyl , al kyl, aryl, cyano, hal o, hal oal koxy,

hal BISIPRINT MAlCQiLE SHYeth v el &) CrYHen gL,

het er ocyglatbral ‘Hﬁéloalklayﬂall XY as 1@ ROXY AHebBy i an RiklT Goup

- NRxR31, e&ﬂ} Y) al koxy, NRanaIkyI ( N\VRY) car bonyl

andsuRutedathene tWaer A halqaloxs 8EWAY het er ocycl yl

group, afk tEljﬁ?“ﬂa%%%ﬁ%ﬂ)}l “RRGtedHerchd) ?efers to a haloalkoxy group

het erocycl yl al kyl can be further optionally

29 os eftpshed ta thecpayging molspidar meiefy thrpwgher carhonyl group. f i ve
substit Sl A4 t £G I h
eyl ol R R R s R diagyted wi
andommﬂMbﬂHﬁiOrRMHhéxﬁeaanheterocyclyIaIkyI " as used

hereln f « » St '

oo TRIGRF BRI SR8 SN Uh l,
as altsaehledte rtlm mrent mbEc@aﬁr@oiet@ﬂlrod@Tmrttoeylrgroup

grgﬂgoéﬁ Shlgr u“he (frowprglefj’ alg%rsee he’reln re elis% %V?] ysdx 0) sleven

gr ompsibered ring coblegnih@ o8, ’twd\labthreealstettﬁ&)dlshﬁdepd:rfd;entb@‘e&b&d

to i.ch are attached to

o EHE SRt g [ B g e 2 GRERRGetse i double
alngb&im aﬁcletile &&haﬂdrsdﬁﬂalﬁégﬁ'éﬁréd)’rlrf{ge ﬂl@xfétz%ﬂb th k@8 dunelcegeds, The
goCOX 6 ‘?‘?{9%’)(0 yﬁah%oaqnpla ig)éﬂ}’[{ r01|1p(§|11’(1)g lfgblﬁ‘}(e Heterocyclyl ring is

@et ﬁfs&!;ﬁ()(é' Yhr- tAMnRAbeEOexHladd &l o laromatic carb&%@hé BhgTor
"(Nab) al kyl ," as used herein, refers to an alkyl group

sub&tdthes pienogetighessecycharoupr Theiegsgocy bergyrs b ghe present

The gk Qbfke N LEALOPRYhe pards nféfe%ﬁilapﬁ{Sl%inhroﬁﬁf £ESbdnAtEor a
-NR'Rb group attached to the %arent nol"ecul ar noi ety

t hr Bitfgecnatea ibibagiougr Bxgmples of heterocyclyl groups include, but are not
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25The term " (Nab)carbonyl all cyl,"” as used herein,
refers to an al kyl group substituted with one, two, or
waQ bee640biab) car bonyl groups. The term  PCT/US2007/084799
"(Nab)sul fonyl," as used herein, refers to an -Nab
group attached to the parent nol ecul ar noiety through
a sul fonyl group. The term "-Nad," as used herein,
refers to two groups Rd and Rd, which are 30attached

bt ol e SnfiipesdRutchi i Brduhin S b AT, soxazoiy,

(a| kﬁ1|>é hoHrhyKydxazoﬁlﬂthperainy;}lﬂllb’eyidmycb?fa@c&liflkyﬂfrldmyl pyrrolidinyl,
cyc ero

het @}lrb@?,{zﬂrlg né{I mj/qrolygﬁn lygﬁlaerpg&} and, gﬂéqrﬂ(gph%ny}n Tihg deterocyclyl

ni t ERARLIARGTedett WG hrelcheYe §tRnalytabdi@ded Wb, fo/ tree,
or si x- menber ed nonocyclic heteroc clicrin The term

N@WL or ﬂa%sq?gféae%mémﬁndqn@f salasiqdgT T kg otpesycohdlkyl

RE ., adicGdhoditfo, @Eltoglﬁ&sﬁhilgalﬁ}hed s@@&ﬁ%te%k@ﬂ-’ér@ﬁ noi ety
through” a nitrogen atom Re and Ru are |ndependently

sel h@@ré@iyeml@mlhlwmgelwdr%lyklwl nigadNRI B, VR Jalkery.Re
d xply h t
g?e®§%%%%?§ﬁ$g§¥dﬂﬁ&lﬁmmﬁﬂ&%ﬁﬁn%E%WIﬁe&@&ﬂ%&@&%ﬂﬂ

Ive or siX-me red nonocyclic
het groopyeoil the heiergydpttnagrd ticyhccmeydy lnikgpbean he ﬁadldr ¢eptionally

1§et g@?@g&?‘r\@ﬁoﬁg £ 0 ”Po% J\'E%lsu&%gﬁs mﬁ’éﬁéénﬁé@y'?éle&t%d

Sel ro en ‘an
seléotmm«kycmnhyUMEQEMOambakbkMMMOmhﬁ.kﬂhmw;mNRth,

as used her.ein, efer and , Whi ch
Toare.at bchen el oeneTgloLn el B 4r Rl 8y e
a nsﬂ%@@&ﬂwmeﬁbtﬁ@ﬂﬁﬂ@%&hﬂﬁﬂ@@bb@ﬁp@ﬂdent|y sel ected
from hy ~al koxyal alko car yl, al kyl,
oyl cor DB “RHREY B 1S B S SRE The t o0 m

15 - NW RK, Theasrn'9gdroRedleyl/T,as i@l @e&ir, Gférved @ra0bp groupbubdfitdted
Rk, ich are t%ﬂfged to the parent nol ecul ar noiety
t hr 8l Hn%¢%?5¥§6 YA B ®PS-and Rk are 15i ndependently
sel ect edrfJtom AXRPDYER, us& %Yéln réed o vy %%@}Js' RYdnd RNGhich are
heterocyclyl; wherein the aryl, the ar Eert of the

ar y Piachsd to tf&rmreph@dﬁ@tl@frra@w|ﬂvpu%braemf6?ﬁep@ a)- IR andR are each
Subﬁhbﬁéﬂaéﬂy%me@@&n ‘HfrdrB%(&r ayéssl h]ké%@z@fk?l hRJERSNABMILY,

sel ected from al | cox

2T hecxcdqatsyt, @M@\Nﬂ@@@%ﬁ hylpalkyla%etezxg@/@% @né heferogyefydellylt o
an - NR a%?[gir)%lﬁﬁ h’%g uled h%ll%ﬁl RRLER an@yt‘iE g#&lu Cubstituted

noi ety t rou onyl — group
(hNW&psmWW@mymﬁ%%ﬁRBse@uhere|n refers to an - Nak

ar oup. At HASHEH ARk NERAL L IR RRMA Tl B ke OHAD

a sul fonyl gro as use
her eutachectteftlfsrmranmblmllgrmmpty thrBxghaan@rdoryl ganipch ar e

2 %t tac hedTh Q[eé B anﬁc ngfaﬁ(%/fj as usga) flerel r‘ét%&qg grllq alﬁyl group

I trogen at
substituted with one, two, or three (NR” R" )carbonyl 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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25i ndependent |y sel ected from hydrogen and al kyl .
The term " (Nar)al koxy," as used herein, refers to an
w@ MIRYyabdkyl group attached to the parent nol eRti/E82007/084799
noi ety through an oxygen atom The term
"(NRgRnal kyl ," as used herein, refers to an al kyl
group substituted with one, two, or three -NRgRg
groups. 30The term (NRgR)J)carbonyl ," as used herein,
refers to.an -NWRg group attached to the parent
ol T‘fﬁfpgfcllf‘rﬁ‘fl%ty through a carbonyl group. The term
"Ni tro, "TiaSeus SHRIETRs Miscd RIH, Seft® to NHsrouPB R te@l RY, which are
"oxo," as used here{ , refers to =0. The term,

suF‘tFaGh%ﬁ totheparqpt pglepipraneiety tupygha figogeaepm. R°and R qigq

Connﬁem@lae 2 s¢188e P& BPdrogtinS Sk PSAHIRAARYIEH F1and@ R, together
e term"prodrug," as used herein,

d
5 LSwéﬁ %mrgtr%@ﬁﬁ*@mfwl\m ﬂ&%’ %¢ wtoehadi By atpva Q& fismipepered
Vi VaohQytRenRAESBlic G RRURIS Bttt Rk Xédﬁoﬂaﬂhé?ér@e@&n

Prodrugs of the present 5d|sclosure i ncl ude esters of

hy d padsejeddrasusNBn anh: whardnR™ iokleeted Bomdydisgen anfl alkyl; and
car cul e, and am des of
am %gé%lggi ?ﬁ%%pg%?é}r?t r%gﬁreggﬁ] nc{@fqﬁ The conpounds of
the presBistteri $™RERT & usahheeean,stfeasto phagmeseRt inddd| yhich
cc n

28 o EReRRNE 3 Borenl A1 B o RAARTRGEL by ST aor R ana o

ZWI tmiepremdmnlg sélecterbfr@h hydreganonipaynlitgl, elikotyrarbpmyd saintl,
er or oil-soluble or

di sgﬁéoléa E?né'} alEﬂ ardglay\aﬁ(?’h n the scope of sound
medi cal Thtdgli’fe‘nNijé(m o albddehefer, refes td tvoapoipac’ amil RF vibieh are
tiss atients w.thout Sive toxjcity,
1 oGk oSG BB SO A Rt b R o

18 Omdbﬁeﬂﬂér@lﬂ SE16NPEMSH hadregdM ﬁllaylaargfle asenanlaed heterocyclyl
benefit/rjsk ratio, and ctive for t

ef f
i nt FAEEY U ITHE a%mrg%tﬁaawﬂaf éﬁ%}h@&efa{?wﬂ& Aeptionally
fi nalbstitaRl lith@Re @mol%%étﬁdeﬁ@ﬁﬂdé?erﬁﬁnttyrs@le@t@@ BORQURS, Dy,
separately by reacting a suitab basic functionality
wi t Adghadqyi t abl e aci d. Representative acid addition

sal ts i ngjaude aERIEY@rboRPRLS RIS, RALS to 'gﬂ Nl@’{t{kegroup
aspartatc, benzoat e, benzenesul fonat'e, bisulfate,

2ut gttaghesl to chernokeot mplsculerangipiy tyonghareathonyldirgipuconat c,
gl ycer opﬂ%st j a vanh ,
formate mar a(fﬁR 1{kzsmcfgﬁ]#éhla%)lﬁgiegl lﬂ%ﬁl %@& ﬁ)oa m gi@{f%%g
hyd pigsicheli td the pztrenzmhgedtﬂm@@th Alrrowsl sa}lfamwk grdupct at e,
mal eat e, y u ape
napht hy| enesrlnf ? {SIE alls u%@iﬁe?em q@ftegqgg)?&érfog& R€and R’, which
2- nauphttiuab@wehubdrm atomcukaxmbatyethropgﬂ amiabgen gp@et Rhatdey” are

ersu |Lfate oprionate icratc, pivalatec,

gr op %enfl 'ﬂygﬁlgcq?cﬂ%?rgﬁy{}ggetn ka?r i chl or oacet at e,
t r i fl uorﬂ&aatrra‘t(BIR"thﬂB@dyatae,us@il h¢teﬁtrm¢fer,s tdo:in:(amcmhalkgl, group

f t d | e f
aCI 8@“5\?@8 ﬁhegpgﬁ%glglo i?fgg}%gt??lg npé}/gﬁn ?rgi) es o

phar macemtd @l f(WRARG SRSk @scaddicin, edfers &) dnsalltyMglouf €ubstituted
i norgani c acids such . as hydrochloric, hydrobronic,
sul PP oS, t‘ﬁ?wd)rﬂﬁ??sﬁi%]?‘l goU¥nd organic aci ds such as

3exalic, TRl teinCNRERERABbM,” 8he@ hérkinCrefers to an —R&SRCgroup
addition salts can be prepared duri na@t he fi nal

i soPtACcheso AiscP2pit mpleewer mapicty throwed ac@eBYdUPhy

react i NOTRNe@E+HiHhS” & REPhdbihTeRrSHLE@D! € base such as
t he 30hydr oxi de, car bonate, or bicarbonate of a netal

cation oFhe{Pmh exarehied dereim refery i@
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primary, secondary, or tertiary am ne. The cations of
phar maceutically acceptable salts include |ithium

WG omBMeM06 ot assi um cal ci um nagnesi um and al REA/TSAVN7/084799
as well as nontoxic quaternary am ne cations such as
amoni um tetranmet hyl ammoni um tetraet hyl ammoni um
met hyl am ne, di methyl am ne, trinethylam ne,
triethyl am ne, di et hyI am ne, et hyI am ne,

tributylam ne djms iline,
N ot byl BIERT iR fr et ag0r
di cycl Ohﬂi@ydoﬁifb'btﬁlﬁis opmegaasmmsdb@e@eayﬂeam R&rodrugs. The term
N, N- di benzyl ph et hyl am ne, and
5di BEASYE ef‘%‘iﬁF %alparﬁPrﬁ%emS@ﬁl@Pm}déW@Qéfﬂral?lfﬂyéma%f@@?ﬁddn
am W§td&ﬁ@ﬁ#bntfc%p&ﬁhﬁs bRy RSy SNinodaaseydasdiot ine Pre§a@i t S
i ncl ude et hyl enedi am ne, et hanol am ne, di et hanol am ne,
Di pé‘lS‘F aﬁurfemcla?f*d%tﬁ%@rhaﬂli% groups on thgargi aplesaleefsters ¢fiarboxy
ter Poud thé'@(erﬁ%dlééhfe}’andm of BRinc OHPAN Palei tSnolecule.
effectlve to treat the HCV virus. 10The term
" conmpountly compptsls @f die Present élSClO%ﬁQJIC?’é@?SISV@IP@h@naceutlcally
eXPE&S 5199 s 3%fc {WER Pk BaBHRAAL St AMROURIS Al od AR 2
(), armaceuti c y acceptable enanfl omer s,
di a@peqsgmhs or mﬁermqugrmhé rtlmfomp@rrﬁs lo&ithke present disclosure
ef [
@ he%i‘%@ gftsxga{t(%mor Ok %{Slﬂﬁlg R gpze'rstlﬁé %ﬂ%ﬁ&r}hé t@%uﬁjﬁg 5{%@? of sound
"p atneélml "Tudgnehy dlﬁ&bledm’rush mm)ntaandltlotﬂlh HSSueﬁmﬁpahcsus wifibloe
ter m . phanmaceut ioal, CAIROSLELON"  TRANS B GOTRORLEL D,
conpri st ng”a corpsuny o? FREPETS 836r%° N cOrBTRAT T Oh
W t borﬂheﬂs&ﬁ&twﬂﬂz&re&d)daﬂle banafit/fidkantin eedlidre eﬁécn@afdr itleeir,intended
i.e. j uyant , exci nt o i.cle, such .
i el S S r s Gutnehe KRl iEleGon BRERrReinaf g
189 efi@rﬁ;;ouddaﬁdr@é@%ély b Era@RN stitabebdsicTEncigRNityS with a suitable
ermul si fyin ents spe |ng ents, sweet
age?f"cl% %?gr%@rgg 1\ﬁ:§fc 1ltl§n saj ﬁ?eﬁﬁe éld]é)ﬁtlesﬁgmatg citrate,
ant hfpagitebedoaRARALSes MOhdtE, mﬁhteafﬁl 8, calpRdrhegat i ng
agents and di spensi ng agents, depending on the nature
of fHePhetyHomste: dighicaiady gb{t:?rephoaﬁaﬂedb@a@@ 3 Ppfianoate,
| ngr&dh&RL, %rhﬂaﬁt ﬁl@laka% AFLEHIRI I%IdPJerﬁﬁg e tioRRkde, 2-
Sciences, 18th ed., Publ'i shi'ng Conpany, Easton,
2 @DA b}i@@goethﬁmsulé@mwpla@tatemyleﬁ@ npsdencyyfongir methancsulfonate,
phﬂ£ i dufBhdty nREGERL, g%shthmalegrrfbh%e&aﬂﬁer IRk
refe ose 25conpoun materials, conpoSitions,
an dpmtlnmmr}elfﬁt@r3mﬁletAﬂp®hr1@na@,, pigfateh pwaltaweprgm@ptée sficcinate,
sou
o t%ﬁ{ﬁwﬁ%gdg%dggtg%;@@g?ro a‘tea%hcgﬁﬂaﬁ ggl)?(%%dé@ b‘r‘c%toﬁ‘é‘té para-
t ox'torhienwulfomate tad wolacanalte. eEzgim:plersw p@dns‘ehlclocandtehmployed to
cat i rea

2 Pr Eo/r%lmh 1matce 'EE%ﬂy acc ?ablc( a%%n ts%{s 1nchch 1n0r%'c}nllc AT A balse

rs erap

ef f egdroohdor@Niindbromie psudfuiid) end plicﬁbhoalﬁmmﬂtorgmhlcetaﬂh such as
30active zl<1:10nponent t is sufficient to show a

rreaﬂ’far%‘flﬂ “pat'tent %gﬁ‘érf“it e.g., a sustained

redu ct | OBasidhduinbalsaHs Ratlbe pBRIRedadBin i &fé fin@] iadlati ondin¥ pGkidation
actl redi ent, adm ni Sﬁs)ﬁr ed al he ter refers
to 9 ?C? B Ryrfeackng prpacidip group by aéﬂ“ &?%Ses as the

36 0By dRaillQ Barbbiae:, bEiBAB@RRICT a hi2tdl 04t Be ¢hith ARMbhR ®hn organic
the active ing r edi ents that result in the therapeutic

ef f e%mawm?rﬁléw A REUATY ERG dl e gatiesssf P#gfm%ﬁ%utl%y Aggeptgble

or sinTwlchRReatah ysodlﬁﬂlep(gt%rsfﬁﬁl cAIEEA! ma@fittum! SR Mgum, as
refers to: (1) preventin di sease, disorder or
well as nontoxic quaternary amlne catlons such as ammonium,
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condition fromoccurring in a patient which may be
predi sposed to the di sease, 5disorder and/or condition
whoskhewedot yet been di agnosed as having it; ¥GCT/VS2007/084799

i nhi biting the disease, disorder or condition, i.e.,
arresting its devel opnment; and/or (iii) relieving the
di sease, disorder or condition, i.e., causing

regressi on of the disease, disorder and/or condition.
Wher e us in namn ounds of h re en

el e, e BRSO S g peth) Balepg il amins,
aﬂdtr%th}aﬁniﬁéQﬂethbﬂﬁrgin&, dlérfmﬁarhllﬂe ejﬂgﬂaaﬁma/ @rﬂ:ﬁl@ﬁb arhin®pSridihe,

t he anino aci resi of  a protea e i i bi

bi ndihg! &Yiﬁ“ tlips, et Liwiﬂmﬁrﬂaﬁen@ npthy, ‘H%‘pﬂ‘gtnﬁr ‘chl?é‘ﬁ’fyl%l’éme
cl EpNoadfe, QibRst Bhylltife, A@%@%ﬁ%ﬁph@ﬁ&l&mﬁnma ahin @ Nrvat ur al
substrate between P1 and where the nonprine

Dos Hibprpylsthydespdpming  QHChEISPESIIRSIVE PEERRIE AR ITep as(ﬁﬁtl ey the

C-t e iihoreRd kit SR Rbdad %th?@hétﬁﬁhmgleﬁﬁﬂ@l%m@ t e
extending towards the N-term nus: whereas, 15 t

pri fethgedamingriipesidinaaand pinceinehe N-t er mi nus end of t he
cl eavage, i g ndemi P ﬁ{rﬁ@@nt?ﬁ@v%hﬁﬂﬁ" hé Wﬁ{hg ]9&9 ound is

C-term nus. For exa refers to
pos¢ﬂﬁbﬂeGMayﬂh¢Bﬁﬁfhewr|ght hand end of the

: s . 'Y
st onf® Sl e ShRLPaR AL bR s D
| ef tclansersbrae wmpbinels Gf foemntia (.sand Ipbamacpatisillyeccepfable

second..positi.o fron1t

per gty &R GiosaR MRl SELTE BB ferkiocth Eppppgaines.

SocmeMwaMQndmhmsembesd$1ﬂ%ﬂ»me&ﬁﬁﬁimﬂﬁﬁﬂﬁﬁ4]

The foll gure. sh desi gnations for the

Comounddst st Sugha Gl ulirad OBk SRt | ¢
1senters Bh@tsﬁn ‘I‘phalﬁl’ih%t&ﬁﬁ]mm@dﬁndﬁ nidafs PERFRRition comprising a

di scl osur e.conpounds may  i.ncl ude P1
cyc F%ﬁ%ﬁ@ P f@? eﬁ@ﬂ% n%fn CP@L%WO&I W%%H@ﬁwneuadd&ml%z each

r epP%ﬁﬁEeuﬁ&l SEHMEES, Fddfuvaa! @@l}bwﬁt SMediclePQh bi @Nnd, and
t he cyclopropyl ring. R 29)(1S, 2R) R2 is syn

to BRFBUAYPERDYS Hllay rﬁlowe@é%t% AgINS, élmtegzam)lg st wytting

IS gyetst Gn@dF ehtS, sﬁéﬁ%n&@g AthAswbienib Qﬁg@ngs H@vormg agents,
under st ood tHat~ the disclosure enconpasses al

26t epESEHBEREEANS. Tgbtricriabsecnisxantifuagalipente difbrlcmg@ﬁents and
pos ﬁﬁﬁe?lsﬁlg Qge%@, hépteﬁfdlﬁé)oﬂ fﬂg hpt{ute oY RIS RLP A inistration and dosage

forms. Ingredients listed in Remington’s Pharmaceutical Sciences, 18" ed., Mack
Publishing Company, Easton, PA (1999) for example, may be used.
The phrase “pharmaceutically acceptable” is employed herein to refer to those
25  compounds, materials, compositions, and/or dosage forms which are, within the
scope of sound medical judgment, suitable for use in contact with the tissues of
patients without excessive toxicity, irritation, allergic response, or other problem or
complication commensurate with a reasonable risk/benefit ratio.
The term “therapeutically effective amount” means the total amount 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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Certain conpounds of the present disclosure may al so

exist in different stable conformational forms which
worgnpshbetosepar abl e. Tor si onal asynmetry due to PCT/US2007/084799

restricted rotation about an asymretric single bond,

for exanpl e because of steric 10hi ndrance or ring

strain, may permt separation of different conforners.

The present disclosure includes each conformationa

i soner of t ds and ture t here

Cor T BehBGS e top e P L b PuEPulPerRa B st
i n gwlulthRbbdpi ¢ formand the present disclosure

i ncl udes_each ZMAtt§m£0nIC f.orm of these conpounds

an
m xt ur esTEHEMSof e S gie Aering ST 4% (Y Preveniag 2 d fsswetﬁg@réjer or

i N EORERAYont HRLARS M 4 §ai1|ehtywlﬁ$}f ﬁ@}t bé’ﬁecﬁé’&'s'élitﬁ t&fd@ase
compound of formula (1), as well phar maceut i cal

acc é‘ﬁ?réﬁﬂ aad/i9ppengition @P@tﬁ‘ﬁ notryigl,basa dki‘émsﬁﬁl stheving lta(;l)t%bltmg
r awi e RREEE lisordidr of SonBARA iR!, GrrbQinP i€ 88RIopklas:; ARYIr\E) relicving
i ngredi ent’ as a pharmaceutical conposition.
Ac c e dlisageydisardps og¢anditiosurce crusineiegressionef theglisease, disorder
pharipgeutdiGdl. conpositions, which include
therapeutically effective 10anpbunts of conpounds of
f or mul a Vhyregsedgharmae sompeakls 9f thepregsnadibaosyes, the designations
hereo d [ r | .

4 o P e L P P B8 R RE R Gl SRRERAES: e amino
f or paidl ees(dh@s dagr@éme mhibeut bmdahg ielaiec epthabinéding af ths natural
t her eo as described above.
di | BEn F‘? %1)6”38? SR % (Lélﬁ%v(aéﬁj OGS glé “a%“aﬁ F)‘%bg{ﬁ(t%%’?twe?%m and
senBe vofierdthk nonpeiorgatitibhsalevichdie dhieo atiestartingfreditient-serminus
of th or muj. and not. 15del eterioys . tq the
oo et bR R TR R B R e wereas

1 @f tﬁa@ndieqa@blasmremahhe Friomi the Hlt&ﬁmﬁfs @idd clxble aem@@mﬂei@{atlon

ﬁg?paratlon of . a harnaceut| formu P

i ncF‘ X AArk e & -SRI dioh <SP i 8.1 n‘iﬁfeés ‘@a‘j igfypogition away

pharBRGRUti¢HE Bhldend ©f BB ICaRHEiInSRdftthd NER 8Qf site Wi IV-RABINGY first
nore pharnmaceutically acceptable carriers, diluents,

or BRAEIgH;erieEeas EbFihla%thﬁe@nlfqr@arfrowhwﬁél@%ﬁ@e ofellye Gserminus

pr e§1%ﬁla§éjs1{enP2"@bctonﬂi?§s@tlcf %d?ﬁth‘é@{eﬁhlﬂhé"gtcia (see Berger A. &
&r edet erm ned amoun active ingredi ent per unit

os Echeplyerdg d ransactipes affthRexabRericib berdop sgies A0 A B3t
ZSOzﬂgbé gram per kil ogram ("ng/kg") body weight per

day, pre erably between about 0.05 and about 100 ny/ kg
body wei Hrﬂfowmgi fgurofhavhyghedavigouivas faythetdompdinsis bbtha pessent
aredﬁxgh&gl in a nonot herapy for the prevention and
25treatnent of HCV nedi ated di sease. Typically, the

phar maceuti cal conposiftions o] this disclosure will be
adm ni stered from aboyt Rt@-gbout 5 times per day or

alternatively, as a co fusion. Such

admi ni stration can be use(:fs a ¢hronieyor acute

t herapy. The anmount of ac{i/Vé\in i gnhf that may be
conbined with the carrier t 2N oduce a
single dosage formw |l v rqus oh fhe 30
condi tion being treategr fhe| se Pl he

condition, the tirne oflnadm [ he route of
adm ni strati on, theﬁ?cte f ex@r t he conpound
enpl oyed, the dura+er ofRrir&itnmgnt, and the age,
gender, weight, and cordit+en—efJIthe patient.
oBreferr elgsy%ﬁhétnéj%?cgseexfls@ Feé @(‘}rhﬁﬂﬁdsa(ff%héﬂ?&%ﬁt disclosure. For
containing a daily dose or sub-dose, as herein above
example, the compounds may include P1 cyclopropyl clement of formula
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recited, or an appropriate fraction thereof; of an
active ingredient. Generally, treatnent is initiated
wowaroeted | dosages substantially | ess than thECDPS100L084799
dose of the compound. Thereafter, the dosage is
i ncreased by small increments until the optinum effect
under the circunstances is reached. In general, the
compound i s 5nost desirably adm nistered at a
concentration level that will ggnerally afford
antivirally effective results 3Fthout causi ng any
harnful or deleterious side efflects. When t he
conpositions of this dlsclos 2conpri se a combi nation
of a conpound of the di e an ne or nore
addi ti onal therapeutic o r6p ctic agent, both the
conpound and the additiona” agent are usually present
at dosage 10l evel s of between alout 10 to 150% and
nore preferably between aboutr110 and 80% of the dosage
normal |y adm ni stered in a nonot herapy reginen.
Phaivheied a8 a2 fash ATrsenteaSsyrcthe cabilntem af Rpsitions 1 and 2 of
adnhﬁ%§&&ﬁ&5g%ngy any appropriate route, for exanple
the” oral (i ncluding buccal or subllngual) rectal,
nasal toplcalr{lncludrng buccal , subli
transdernal) v @ R* or parenteral 15(i(Rre Cmﬁ’ﬁ%
subcut aneous, i aneous, |ntranuscular1

intra-art Iar C ntra ovial |ntrd§&e.‘9kc1
i ntrathecal, Nfﬁ’ fonal , intravenous, Nor (S)
i ntradermal inj ns or i nfusions) rouﬂe Su4

formul ati ons may be prepared by any net hgd knowp in
the art of pﬁernacy, for exanple by bringing into
association the active ingredient with the carrier(s)
or excipi @rt{s) - 20Pharnaceutical f or ifif8,2R) ons adapt ed

for oral %@hl’glsnh A oln may be present@lsam Wica®bBli e
units suc asycaps or tablets; powders or

granul es; sol utions or suspensi ons i n agueous or
non- aqueous quuids edi bl e foans or whips; or
oiI-inmater %UId ermul si ons or water-Ln- Oi
emul si ons. nstance, for oral admnEsgratgon in
the form of a Eé&l or capsul e, the 25ggyCeg rug
conponent can Qe c |ned with an oral, non‘i oxi c
pharnaceuL\caIQ% acc abl e inert cah&k\ Geh a
et hanol , kp grpl ;yWwater, and the I|ike. E/S ery are
prepared by conn14 ting t he conpound to 'a suitgble
fine size and m xigng with a simlarly comm nut
pharmaceutical carrier such as an edi bl e carbohydrate,
as, for exangle starch or mannitol. Fl avoring,
pr eser vat (We2R¥i spersing, and col ori nd!8gsit 30can
also be pRésembtoamide Capsul es are meRfds byn tprsRr i ng
powder m xture, as described above, and filling

$ or HéaO@%bearndﬁrS%éﬁtah@e displogn ereomnerss st eEeashamiga] dprms, or
as GlthRl Bdlcof Whic%%oss‘éﬁ'tﬁe abniﬁg RERhBMRIeALRLE, cal cium
stearate, or soli ol yet hyl ene gl ycol can be added to
the powdesrtai @@@Tmoencger‘ theeraspis dfsclopyra gap plee existam diffarent stable
di s
agar R R R B L AR T HE Ry e o,
al stestristed detetebntaboitrep pepneméttie siagla bbb Fdr icxamué bechese of steric

di t r
n:jl\fheelﬁ% s&roégﬂg %‘tréﬁg,gxé ?&)}'ﬁ ?eg)hr% 1blg$fe<ﬁ£g§rglg MROARNE The present
| ubdisdenwrsinclbdissheit @gfoamatngalagend of thafradsoumbmrds agd mixtures
agents can al so be incorporated into the m xture.
Sui t abl e binders include starch, gelatin, natura
sugars such as glucose or beta-|actose, corn
sweet eners, natural and synthetic guns such as acaci a,
tragacanth or sodi um al gi nate, carboxynethyl cel | ul ose,
pol yet hyl ene glycol, and the |ike. Lubricants used in
t hese dosage forns include sodi um ol eate, sodi um
chl oride, and



10the like. Disintegrators include, wthout
l[imtation, starch, nethyl cellul ose, agar, betonite,
woansherneggum and the i ke. Tabl ets are fornul BEBEUS200T084799
exanpl e, by preparing a powder m xture, granul ating or
sl uggi ng, adding a l|ubricant and disintegrant, and
pressing into tablets. A powder m xture is prepared by
m xi ng the conpound, suitable comm nuted, with a
di  yent .or base as descri bed above, and 15optionally,
wi t I°%°hi nder such as car boxynet hyl cel | ul ose, an
al : gi nat @ertagﬁdog{poﬁlgis oﬁﬁhe@ﬁdswld[%?ﬂfos@y @ ktictaf ewit@rionic form
solutjon retardant such as paraffjn, a resorption
acceibhapBrent fiatloses e H%Féteé‘?%@i‘?ﬁr%ﬁ Crghl ¢ pygpounds and
absanptkcomeRgent such as betonite, kaolin, or
di cal ci um phosphate. The powder m xture can
gr anul at Wbl ispostihla ratfersaingheenys ﬂ@ﬁ‘@?ﬂ“&%“&%f%bVe amounts
st apehc DL oﬁgﬁ%l@(IWHVEl@lgsephaﬁﬁacéﬁicH d}b 28pt8le salts thereof,
cellulosic or 20polynmeric materials and forcing
t hr svaghe e\drglms@éqﬁl as i rayy cdnpiedl i sipeesitletogyresanf] ﬂéﬁ cHEe
t he
e B! ey R EGRD Robiflr HEUAD e eloflre o
br okeemidesnpharmygcaniidabepmpphigionyy whigh e@uda thekppeutichily @féicewe
0 f
1 ére a%égﬁ(/) c%f c%ﬁlg%dp gf fo?mélg glt) B%agﬁ%cgllﬂ%fﬂl %C&tﬁﬁe %JaYts thereof,
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the like. Disintegrators include, without limitation, starch, methyl cellulose, agar,
betonite, xanthan gum, and the like. Tablets are formulated, for example, by
preparing a powder mixture, granulating or slugging, adding a lubricant and
disintegrant, and pressing into tablets. A powder mixture is prepared by mixing the
compound, suitable comminuted, with a diluent or base as described above, and
optionally, with a binder such as carboxymethylcellulose, an aliginate, gelating, or
polyvinyl pyrrolidone, a solution retardant such as paraffin, a resorption accelerator
such as a quaternary salt and/or and absorption agent such as betonite, kaolin, or
dicalcium phosphate. The powder mixture can be granulated by wetting with a
binder such as syrup, starch paste, acadia mucilage, or solutions of cellulosic or
polymeric materials and forcing through a screen. As an alternative to granulating,
the powder mixture can be run through the tablet machine and the result is
imperfectly formed slugs broken into granules. The granules can be lubricated to
prevent sticking to the tablet forming dies by means of the addition of stearic acid, a
stearate salt, talc, or mineral oil. The lubricated mixture is then compressed into
tablets. The compounds of the present disclosure can also be combined with a free
flowing inert carrier and compressed into tablets directly without going through the
granulating or slugging steps. A clear or opaque protective coating consisting of a
sealing coat of shellac, a coating of sugar or polymeric material, and a polish coating
of wax can be provided. Dyestuffs can be added to these coatings to distinguish
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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Suvus Met hyl ene bl ue Bioenvision Actilon (CPGL0O101)
TLRO agoni st Col ey Batabulin (T67) Anticancer
waosae0bdé n i nhi bitor Tularik Inc., South San PCT/US2007/084799

Franci sco, CA ISIS 14803 Antiviral antisense ISIS

Phar maceutical s the, Carlsbad, CA/ El an Phamaceuticals

Inc., New York, NY Summetrel Antiviral antiviral Endo

Phar maceutical s Holdings inc., Chadds Ford, PA

G- gojhrf’tlzon,( \'Ix_}l%'l_é eﬁg(?r% are prepared through the use of a non-toxic vehicle.
Solubilizers and emulsifiers such as ethoxylated isostearyl alcohols and
polyoxyethylene sorbitol ethers, preservatives, flavor additive such as peppermint oil
or natural sweeteners, or saccharin or other artificial sweeteners, and the like can also

5  be added.

Where appropriate, dosage unit formulations for oral administration can be
microencapsulated. The formulation can also be prepared to prolong or sustain the
release as for example by coating or embedding particulate material in polymers,
wax, or the like.

10 The compounds of formula (I), and pharmaceutically acceptable salts thereof,
can also be administered in the form of liposome delivery systems, such as small
unilamellar vesicles, large unilamellar vesicles, and multilamellar vesicles.
Liposomes can be formed from a variety of phopholipids, such as cholesterol,
stearylamine, or phophatidylcholines.

15 The compounds of formula (I) and pharmaceutically acceptable salts thereof
may also be delivered by the use of monoclonal antibodies as individual carriers to
which the compound molecules are coupled. The compounds may also be coupled
with soluble polymers as targetable drug carriers. Such polymers can include
polyvinylpyrrolidone, pyran copolymer, polyhydroxypropylmethacrylamidephenol,

20  polyhydroxyethylaspartamidephenol, or polyethyleneoxidepolylysine substituted
with palitoyl residues. Furthermore, the compounds may be coupled to a class of
biodegradable polymers useful in achieving controlled release of a drug, for example,
polylactic acid, polepsilon caprolactone, polyhydroxy butyric acid, polyorthoesters,
polyacetals, polydihydropyrans, polycyanoacrylates, and cross-linked or amphipathic

25  block copolymers of hydrogels.

Pharmaceutical formulations adapted for transdermal administration may be
presented as discrete patches intended to remain in intimate contact with the
epidermis of the recipient for a prolonged period of time. For example, the active
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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Antiviral "ICY Inhibitor Achillion i Gl ead Br and

Nanme Physi ol ogi cal C ass Type of Inhibitor or Target
w@EuBoen@onpany Pyrazol opyri m di ne conpounds ardiI/ssdods084799

From WO 2005047288 26 May 2005 Antiviral HCV

I nhibitors Arrow Therapeutics Ltd. Levovirin Antiviral

NI PDI I i nhibitor Ri bapharmlInc., Costa Mesa, CA

Meri mepodi b (VX-497) Antiviral

For treatments of the eye or other external tissues, for example mouth and
skin, the formulations are preferably applied as a topical ointment or cream. When
formulated in an ointment, the active ingredient may be employed with either a
paraffinic or a water-miscible ointment base. Alternatively, the active ingredient may

5  be formulated in a cream with an oil-in-water cream base or a water-in oil base.

Pharmaceutical formulations adapted for topical administrations to the eye
include eye drops wherein the active ingredient is dissolved or suspended in a
suitable carrier, especially an aqueous solvent.

Pharmaceutical formulations adapted for topical administration in the mouth

10  include lozenges, pastilles, and mouth washes.

Pharmaceutical formulations adapted for rectal administration may be
presented as suppositories or as enemas.

Pharmaceutical formulations adapted for nasal administration wherein the
carrier is a solid include a course powder having a particle size for example in the

15  range 20 to 500 microns which is administered in the manner in which snuff is taken,
i.e., by rapid inhalation through the nasal passage from a container of the powder
held close up to the nose. Suitable formulations wherein the carrier is a liquid, for
administration as a nasal spray or nasal drops, include aqueous or oil solutions of the
active ingredient.

20 Pharmaceutical formulations adapted for administration by inhalation include
fine particle dusts or mists, which may be generated by means of various types of
metered, dose pressurized aerosols, nebulizers, or insufflators.

Pharmaceutical formulations adapted for vaginal administration may be
presented as pessaries, tampons, creams, gels, pastes, foams, or spray formulations.

25 Pharmaceutical formulations adapted for parenteral administration include
aqueous and non-aqueous sterile injection solutions which may contain anti-oxidants,
buffers, bacteriostats, and soutes which render the formulation isotonic with the
blood of the intended recipient; and aqueous and non-aqueous sterile suspensions
which may include suspending agents and thickening agents. The formulations may

30  be presented in unit-dose or multi-dose containers, for example sealed ampoules and
vials, and may be stored in a freeze-dried (lyophilized) condition requiring only the
addition of the sterile liquid carrier, for example water for injections, immediately

prior to use. Extemporaneous injection solutions and suspensions may be prepared

2.



| MPDH i nhi bitor Vertex Pharnmaceutical s inc.,

Canbri dge, MA XTL-6865 ( XTL-002) Antiviral nonocl onal
wa@nosbewys XTL Bi ophar maceuti cals Ltd., RehovorCT/US100H084799

Tel aprevir (VX-950, LY-570310) Antiviral N83 serine

protease inhibitor Vertex Pharmaceutical s Inc.,

Canbridge, NIA/ Eli Lilly and Co. Inc., Indianapolis,

INT1ICV-796 Antiviral NS5BReplicase Inhibitor Weth /

Vi r%)hanui1 NM 283 Anti vi ra}l NB5B Replicase I nhibitor

rom sterile powders, granules, and tablets.

It should be understood that in addition to the ingredients particularly
mentioned above, the formulations may include other agents conventional in the art
having regard to the type of formulation in question, for example those suitable for

5  oral administration may include flavoring agents.

Table 1 below lists some illustrative examples of compounds that can be
administered with the compounds of this disclosure. The compounds of the
disclosure can be administered with other anti-HCV activity compounds in
combination therapy, either jointly or separately, or by combining the compounds

10  into a composition.

Table 1

Brand Name

Physiological
Class

Type of Inhibitor or
Target

Source

Company

NIM811

Cyclophilin Inhibitor

Novartis

Zadaxin

Immunomodulator

Sciclone

Suvus

Methylene blue

Bioenvision

Actilon (CPG10101)

TLRY agonist

Coley

Batabulin (T67)

Anticancer

B-tubulin inhibitor

Tularik Inc.,
South San

Francisco, CA

ISIS 14803

Antiviral

antisense

ISIS
Pharmaceutical
s Inc, Carlsbad,
CA/Elan
Phamaceuticals
Inc., New York,
NY

Summetrel

Antiviral

antiviral

Endo
Pharmaceutical
s Holdings Inc.,
Chadds Ford,
PA

GS-9132 (ACH-806)

Antiviral

HCV Inhibitor

Achillion /
Gilead
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Idenix / Novartis G.-59728 Antivira
Gene Labs / Novartis GL.-60667 Antivira
w@RepBkhemse | nhi bitor Gene Labs / Novartis 21C MEBS2007/084799

I nhi bi tor

NS5B Replicase

NS5B

Antiviral NS5BReplicase Inhibitor Glead PSI 6130
Antiviral N85B Replicase |Inhibitor Roche Brand Nane
Physi ol ogi cal d ass
Physiological Type of Inhibitor or | Source
Brand Name
Class Target Company
Pyrazolopyrimidine
Y Py Arrow
compounds and salts )
Antiviral HCYV Inhibitors Therapeutics
From WO0-2005047288
Ltd.
26 May 2005
Ribapharm Inc.,
Levovirin Antiviral IMPDH inhibitor Costa Mesa,
CA
Vertex
Pharmaceutical
Merimepodib
Antiviral IMPDH inhibitor s Inc.,
(VX-497) .
Cambridge,
MA
XTL
Biopharmaceuti
XTL-6865 (XTL-002) Antiviral monoclonal antibody
cals Ltd.,
Rehovot, Isreal
Vertex
Pharmaceutical
s Inc.,
Telaprevir NS3 serine protease Cambridge,
Antiviral
(VX-950,LY-570310) inhibitor MA/ Eli Lilly
and Co. Inc.,
Indianapolis,
IN
NS5B Replicase Wyeth /
HCV-796 Antiviral
Inhibitor Viropharma
NS5B Replicase Idenix /
NM-283 Antiviral
Inhibitor Novartis
NS5B Replicase Gene Labs /
GL-59728 Antiviral
Inhibitor Novartis
NS5B Replicase Gene Labs /
GL-60667 Antiviral
Inhibitor Novartis
NS5B Replicase
2°C MeA Antiviral Gilead
Inhibitor
NS5B Replicase
PSI 6130 Antiviral Roche
Inhibitor
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Type of Inhibitor or Target Source Conpany Rl 626

Antiviral NS5BReplicase |Inhibitor Roche 2' C Met hyl
w@emroeione Antiviral NS5B Replicase |nhibitor MEF/UK2007/084799

JTK-003 Antiviral RdRp inhibitor Japan Tobacco Inc.,

Tokyo, Japan Levovirin Antiviral ribavirin ICN

Pharmaceutical s, Costa Mesa, CA Ribavirin Antiviral

ri bavi Hn

Physiological Type of Inhibitor or | Source
Brand Name
Class Target Company
NS5B Replicase
R1626 Antiviral Roche
Inhibitor
NS5B Replicase
2°C Methyl adenosine Antiviral Merck
Inhibitor
Japan Tobacco
JTK-003 Antiviral RdRp inhibitor Inc., Tokyo,
Japan
ICN
Pharmaceutical
Levovirin Antiviral ribavirin
s, Costa Mesa,
CA
Schering-
Plough
Ribavirin Antiviral ribavirin
Corporation,
Kenilworth, NJ
Ribapharm Inc.,
Viramidine Antiviral Ribavirin Prodrug Costa Mesa,
CA
Ribozyme
A | b Pharmaceutical
Heptazyme ntivira ribozyme
s Inc., Boulder,
CO
Boehringer
Ingelheim
serine protease
BILN-2061 Antiviral Pharma KG,
inhibitor
Ingelheim,
Germany
serine protease Schering
SCH 503034 Antiviral
inhibitor Plough
SciClone
Pharmaceutical
Zadazim Immune modulator Immune modulator
s Inc., San
Mateo, CA
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Schering- Pl ough Corporation,

Viram di ne Antiviral

WEEB/Ac4VEE a,

Phar maceut i cal
ne protease inhibitor
I ngel heim Germany SCH 503034 Anti viral

seri
KG

Keni | wort h,

NJ

Ri bavirin Prodrug Ri bapharmnc.,

CA Il eptazynme Antiviral
s Inc.,

Boul der,

Boehri nger

ri bozyme RDUS0NE084799
CO BI LN-2061 Antivira
I ngel hei m Phanna
serine

protease inhibitor Schering Plough Zadaziin |Immune

nodul

At Ny I nm
T orc

meo nmmdadul A+ Ar

AT UT

Brand Name

TTU\

e Igﬁy;ilological
Class

Type of Inhibitor or
Target

Source

Company

Ceplene

Immunomodulator

immune modulator

Maxim
Pharmaceutical
s Inc., San

Diego, CA

CellCept

Immunosuppressant

HCV IgG

immunosuppressant

F. Hoffmann-
La Roche LTD,
Basel,

Switzerland

Civacir

Immunosuppressant

HCV IgG

immunosuppressant

Nabi
Biopharmaceuti
cals Inc., Boca

Raton, FL

Albuferon - a

Interferon

albumin IFN-a2b

Human
Genome
Sciences Inc.,

Rockville, MD

Infergen A

Interferon

IFN alfacon-1

InterMune
Pharmaceutical
s Inc., Brisbane,

CA

Omega IFN

Interferon

IFN-®

Intarcia

Therapeutics

IFN-$ and EMZ701

Interferon

IFN-$ and EMZ701

Transition
Therapeutics
Inc., Ontario,

Canada

Rebif

Interferon

IFN-Bla

Serono,
Geneva,

Switzerland

Roferon A

Interferon

IFN-02a

F. Hoffmann-
La Roche LTD,
Basel,

Switzerland
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Sci C | one Phar maceuti cal
Nanme Physi ol ogi cal
w@Gusoen@onpany Cepl enc i nmunonodul at or
Maxi m Phar maceut i cal
I mmunosuppressant HCV |i gG i nmunosuppr essant
F. HoffinannLa Roche LTD, Basel,

nmodul at or
Cel l'i : opt

Bi op

Ar e~ g on
o TTac

| o
T

s Ric.,
C ass Type of

[DFaVa¥oy

s inc.,

San Mat eo,
I nhi bi tor

CA
or
i MMUNEPCT/US2007/084799
San Di ego,

Br and
Tar get

CA

Switzerland G vacir
| mmunosuppr essant HCV | i gG i mmunosuppr essant Nabi

A" L | T

Brand Name

I

Class

= w

Il ne
" "Physiological

Nt AN ] |
" Type bf Inhibitor or

Target

Source

Company

Intron A

Interferon

IFN-a.2b

Schering-
Plough
Corporation,

Kenilworth, NJ

Intron A and Zadaxin

Interferon

IFN-a2b/a 1 -thymosin

RegeneRx
Biopharmiceuti
cals Inc.,
Bethesda, MD/
SciClone
Pharmaceutical
s Inc, San

Mateo, CA

Rebetron

Interferon

IFN-a2b/ribavirin

Schering-
Plough
Corporation,

Kenilworth, NJ

Actimmune

Interferon

INF-y

InterMune Inc.,

Brisbane, CA

Interferon-f3

Interferon

Interferon-f3-1a

Serono

Multiferon

Interferon

Long lasting IFN

Viragen/Valenti

S

Wellferon

Interferon

lymphoblastoid IFN-

anl

GlaxoSmithKli
ne plc,

Uxbridge, UK

Omniferon

Interferon

natural IFN-o

Viragen Inc.,

Plantation, FL

Pegasys

Interferon

PEGylated IFN-o2a

F. Hoffmann-
La Roche LTD,
Basel,

Switzerland

Pegasys and Ceplene

Interferon

PEGylated IFN-o2a/

immune modulator

Maxim
Pharmaceutical
s Inc., San

Diego, CA
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Al buferon - a interferon al bumn | FN-a2b Human Gcnont
Sciences Inc., Rockville, MDinfergen Ainterferon |IFN
w@booBaewes 1 i nt er Mune Phanaceutical s inc., BrPGDHSZ)7/084799

CA Orega IFN Interferon IFN-o intarcia Therapeutics
IFN-1i and EMZ701 Interferon IFN-fi and EMZ701
Transition Therapeutics Inc., Ontario, Canada Rebif
interferon | FN-1 a Serono,

Physiological Type of Inhibitor or | Source

Brand Name
Class Target Company
F. Hoffmann-
PEGylated IFN- La Roche LTD,
Pegasys and Ribavirin Interferon
a2a/ribavirin Basel,
Switzerland
Schering-
Plough
PEG-Intron Interferon PEGylated IFN-a2b .
Corporation,

Kenilworth, NJ

Schering-
PEGylated IFN- Plough
PEG-Intron / Ribavirin Interferon
a2b/ribavirin Corporation,

Kenilworth, NJ

Indevus
Pharmaceutical
1P-501 Liver protection antifibrotic
s Inc.,
Lexington, MA
Idun
Pharmaceutical
IDN-6556 Liver protection caspase inhibitor
s Inc., San
Diego, CA
InterMune
serine protease Pharmaceutical
ITMN-191 (R-7227) Antiviral
inhibitor s Inc., Brisbane,
CA
NS5B Replicase
GL-59728 Antiviral Genelabs
Inhibitor
ANA-971 Antiviral TLR-7 agonist Anadys
serine protease Medivir/
TMC-465350 Antiviral
inhibitor Tibotec

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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binding site of other antiviral compounds, for example, by competitive inhibition.

The compounds of this disclosure may also be used to treat or prevent viral
contamination of materials and therefore reduce the risk of viral infection of
laboratory or medical personnel or patients who come in contact with such materials,
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.

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-
azabenzotriazol-1-y1)-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
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
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
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
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RegcneRx Bi opharm ceuti cals Inc., Bethesda, MY
Sci A onc Pharmaceutical S Inc, San Mateo, CA Rebetron
wo pognésson | FN-a2b/ ri ban Scheri ng- Pl ough Corpor/a$100Ti084799

Keni lworth, NJ Actimunc interferon INF-y InterMne

Me., Brisbane, CA Interferon-13 interferon

Interferon-13-1a Scroll () Multiferon interferon Long

| asting I FN Virageni Valen S Wliferon Interferon

ly npgn%!cjrln%sétthoé 1956 -OI-F Il)\ll%‘[zelcting groups in accordance with the present disclosure are
known to those skilled in the art.

Scheme IT shows the general process wherein compounds of formula (I) are
constructed by the coupling of tripeptide carboxylic acid with a P1" sulfonamide.

5  Said coupling reaction requires 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 11

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

R R*
/ H O
' 1. CDI, THF O oo
H N N/
| N OH ——— » .S
N 2. B NOR?
RTINS (o] R2 . Base H
N ¢ ’ R?
: 00
RS N
HN-S 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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BOC/N: /\U\OH 1.CDLTHF N lJ N’\S/\R7 1.Acd H/s\
R? 2. Base Q0 RI21 2. Acid R2
(1) H2N/ \R7 (2) (3)

Base

] 0 o0
coupling agent H

| \Y/i
N .
P4-P3-P2 | KLH SR
e A UT A

R

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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Keni | worth, NJ IP-501 Liver protection anti fibrotic

| ndevus Pharmaceutical S| %%he’meLf\);i ngton, MA | DN- 6556

P2 P4-P3

Process ~ P1-P1° P2-P1-P1° 2 . P4P3-P2-P1-P1°

H 0.0 .
SN \S/\ , Base Deprotection
H P —_— —_—
H coupling agent

R? P2

o
o] 0.0 1\
\S/ Base S 7
N’ N7 = | N R
H R coupling agent . "2|
R? P4-P3 R® R

Compounds of formula (1)

The P4-P3-P2 intermediate utilized in the above schemes can be constructed
as previously described with a further description of this process shown in general
5  Scheme V. Therein the free carboxyl terminus of the P4-P3 intermediate (1), can be
coupled to the amino terminus of the P2 element to provide the P4-P3-P2 dipeptide
(2). The carboxyl terminus of the P4-P3-P2 intermediate can be deprotected by
saponification of the ester group to provide P4-P3-P2 as the free carboxylic acid (3).
Intermediates like (3) can be converted to compounds of formula (T) using the

10  methods described herein.

Scheme V
P2
Process P4-P3 ——— P4-P3-P2
RS R*

| OH Base

f

P H
R® o coupling agent |
N

P2

X n
(93]

—
—_
~—

Compounds of formula (T) can also be converted into other compounds of
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inc., Brisbane, CA GL.-59728 Antiviral NS5B Replicase
I nhi bitor Genel abs ANA-971 Antiviral TLR-7 agoni st
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Nbdiyir/ Ti bot ec The conpounds of the

| o I be ed as. | borator eagent.s.
oD n R e, i ey S okt S QLS pcheme
t ool$ where adempumidg femuMi(Dal) wigeh ﬂ)éﬁ@taldmtg’i&ﬁ)aayt aqelp4 position
an Structura

E?L#ggﬁvle%g ook Mt e éh@%@fewﬁmceﬁa@m&fbe%é uige

CV diogfaste PREARMNNS Mhe eI (1) RE3) can be carried out in a two step

5  process the first of which is the conversion of (1) to amine (2) by treatment of (1)
with an acid such as TFA in a solvent such as dichloromethane. The resulting amine
TFA salt can be treated with an isocyanate such as fert-butylisocyanate in the
presence of one equivalent of base to provide a compound of formula (I) (3) wherein
the P3 moiety is capped with a urea. As previously noted one skilled in the art will

10  recognize that intermediate (2) can be used as starting materials for the preparation of

compounds of formula (I) wherein the P3 group is capped with an amide or a
sulfonamide, or thiourea, or a sulfamide. The construction of said compounds of
formula (I) can be achieved using standard conditions for the formation of said P4

functionalities from amines.

15 Scheme VI
Process P4-P3-P2-P1-P1° ———— P3-P2-P1-P1° ——— P4-P3-P2-P1-P1°

R® R*
H P4 removal
llj H2N\/§
Boc z
R5
Compounds of formula (I)
Coupling H 0 oo
'1] \\S//
NCO H N’ \R7
h H
5// \‘( R2
O

Compounds of formula (I)
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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%e 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
i H 0 qo0
Boc” on 1LCOLTHF _ BOC/NK .\N,S\N/R‘::) Compounds of formula (1)
R2 2. o\\//o RC¢ R|2-I \Rd
() Li—N" >N 5
H \ ( )
Rd
‘ Base
o\\//o /Rc
H,N" N
\Rd

It should be noted that acylsulfamide derivatives can also be prepared from
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shown in general 5Schene V PA¥rein the free car boxyl
term nus of the P4-P3 interyrediate (1), can be coupl ed
to the amno termnus of thesP2rel ement to provide the
P4- P3- P2 di peptide (2). THa¥ Cawboxyl term nus of the
P4- P3- P2 intermedi ate can be dedrotected by

saponi fication of the ester group to provide P4-P3-P2

as the free carboxylic acid (3
5 The P1 elementsyutlhzedain gene(rat?ng compounds of formula (I) are in some

above sBﬁenes can be constﬁFcteﬁias prBV|oust

cases commercially available, but are otherwise synthesized using the methods
known to one skilled in the art and in a non-limiting sense described herein and
subsequently incorporated into compounds of formula () using the methods
described herein. The substituted P1 cyclopropylamino acids can be synthesized

10  following the general process outline in Scheme XIL

Treatment of commercially available 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 moiety 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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Base
H{2S) Ho &
N TN erRYGE \
s cop Ha Cop +  H ~iS)
2 N N7 COyH
Boc B4 Boc 2 Boc ?
5 (racemate) (5a) Separated ©)
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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Compounds of fornula (1) In the construction of
conpounds of fornmula (1), the P1' termnus is

w0 pweneos@t ed i nto the nol ecul es using one of BEEUS2007/084799
general processes outlined above and described in nore
detail below. In sone exanples the P1' elenents are
20cycl oal kyl - or al kyl - sul fonam des which are
commercially avail able or can be prepared fromthe

by PrBBET el Bhofohih i W3 b U Kb Sy, 1

Al t gigyabdcvethy alcbﬁ&ﬁﬁn&ﬁh&@ﬁam)dﬁﬁb&@agd@@ usa/mnla@sﬂ wad
usi ng the general rocess outline in Sch

Thef %hl.lslteéﬁ??é%rrsav he aghy, Spy B eéhecﬂm?f)bofd?bfﬁwbg arfased o

chl gfov e eftdsd, dafoamaidy 6 dafsbnktes; @1k§1éteh@@b1%vﬂ6 @ih@l@taﬁ@l
5sul f onam de as for exanpl e by treatnent

Wit
% er Phasplhappted A praviderphosphates o Raliheleonyppiqn ﬁétﬂlte(ﬂzydlatg DHen

C0nﬁﬁﬁ&@ﬁm&QDQE%d%%&B@%HPHH@B&m&&ﬁ&?@&h%i&%&&gﬂé&hﬁﬁyhc
by treatment with two equi val ents of a base such as

but §4i¢ BxoHp ah2) bs #owdl vent such as THE. The resulting
cycl oal | ’P%I cglﬂ}llnfs ﬁeﬁfuﬁ&ﬁngg f%ic%ﬁ(ﬁl? g d@é’cr%&?ﬁts%@a{rd
rovi e desire

wi th an aci unpr ot ect
cy c leatalondld shicttoash teCompshdnerve Oyganicol r@ns\t‘ormamalscfx Quide to

1 6) 3 Functional Group Preparations. Second Addition, by Richard Larock. This text is
published by Wiley and Sons. Therein specific references and reviews are
highlighted which one skilled in the art can readily employ for 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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\\/4/ C (2) Base

WO 2008/064066 PCT/US2007/084799
OTHOH Step 1 r3, OH Step2 RS, Z%Fi
N
)=OO R3MgBr @\O(OH i OOH
P
P~ THF, Controlled TempPh™ 00 Ph™~0~0
(1) (2) 3)
Step 3 | carboxylic Step 5| Carboxylix acid
Acid Protection Deprotection
Rs/’f. OH R3, ORg
A~ O
Ph™ "O™0 Ph/\o,goo

(4) alcohol functionalization (5)

Process 1: Coupling to P1-P1" then P3-P4

OR
Re P Step 6 R HO O\\/(/)
N Y O o) N NA‘MN’S\R7
Q H
\Y Ph— 0 &~
Ph/\O’&OO o %\ N /\S/\R7 OJ“O %2
(3) A_— H ®)
R2
OR, O
RS Oull
3 ’/, N
K i o Step 8 A\(H o
Step 7 N NA\\‘MN’S\W ep H\/’l Y l H
H ” N _
Removal of Cbz group H O 3 H OH RS : o =2
() ? REY O R (8
5
R Compound of formula (1)
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NH2 Substi t ut ed
cycl oal kyl sul fonam des can al so be incorporated into
W@ 20UR/06H06IE PCT/US2007/084799

Process 2: Coupling to P3-P4 then P1-P1°

Step 10

R3, ORe Step 9 R3, ORs
y Removal of Cbz grou / Couplin
Z:)\(op [ orotp Zi)\rOP P9 N -OP
OH (0]
PH™~0%0 Hydrogenolysis H O Xy \/go R6” ng
6”7 Y
(5) ©) R =& (10)
Step 11
OR 0 Deprotection
3 8
A RS )ORe
N \»\N/ Step 12 -
HONTX H OH
6/N\_/J§OO . Coupling H N
R :5 'RZ R6/N\-/§OO
R* (12 0 \\é/ =
HoN S~ °~R7 (11)
Compounds of formula (1) A

R2
An alternative approach to the synthesis of compounds of formula (I) as
depicted in Scheme XIII is shown in Scheme XIV. Functionalization of the C4
position of the proline group occurs via Grignard addition to a late stage intermediate
5  (5) to provide intermediate 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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of formula (1) using a nodification of the above said

procedure. For exanple, 15internediate 2 of Schene
wO/Rd0B/0GAGG be treated with two equival ents of bRESEUS200T1084799

as butyllithiumand the resulting reaction m xture can

be treated with an el ectrophile such as nethyliodi de

to provide a substituted cycl oal kyl sul fonam de (3).

This internediate (3) can be deprot ected at the

N-term nus and the resulti ‘gllﬂ nd (4) utilized as

an internediate in the pre% of conmpounds of

formulieo(1). 2 0Schene Mid | AC| q) P1(4)

Coupl i n P1_atPRl' ef ol | rbyD '/ogat e 2 THe o WP
i nter g;%?ges enplooged ung? a%P 2& NOR
e d

forrru ) areol\g{/ §7o s@s teri ve gs,bll

deri vat iVes. ‘sﬁch cases th® il fani dc | nt er medi aﬂr)es2
are avallable by: several synthetic routes as for

exanpl e by the pﬁ% hway outlined in Schene I X. 5 0"0H20
;s1".

o 0]
Step 3 H OQII Step 4 H o O\\g\ ,
OH N N’S R’ Oxidati H N NX‘\LN/ R
N R xidation ;
6/N\/§ R6" VJ\\Oo Z H re N0 =, i
= R
R5 R2 R5 (5)
4)
=3 OH o (I? =3 ORg ° (l?
tigy N 11y, N
Step 5 3 4 HZ?LN\/S_W Step 6 NS H (\?LN\,S—R7
N H E—— . N H
R6 \:/goo o R6 N\:AOO z:
R5 2 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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Cl" NCO (1) Schene LX 0"Obase0"0 'S.12°;sl1l.., C1 "
NH2Rd 111INH2 (2) HN-RdRd (3) Sul fanmoyl chloride (2)
w@208betops epared in situ by the addition of WaREF/US®IT084799
1 cquiv) to chlorosul fonyl isocyanatc 1 (e.g. 1 equiV)
in a solvent such as THF, maintained at a | ow
tenperature such as -20 C, and the resulting solution
is allowed to warmto O C. To this solution a base,
such as anhydrous triethylam nc (cg., 1 10cquiv), is
added followed by an amne (cg., 1 cquiv) . The
reaction mxture i s then wsherd XVa room t enper at ure,
filtered and the filtrate concentrated to afford the
desired sul fam dcs (3). The sul fam dcs can be
i ncorporated into cgnpounds of forpgulad (1) follow ng
the synthetic pathngfﬂdﬁgnéﬂﬂLn,Sgﬁ . Therein, a
carboxylic acid Pl ol 8t 15(1) ig t¥&ated with an
activating agent su as CDI. In a §b rate flask, a
strong base is added t@® a sol uti on of®t he above
descri bed sulfam de and the resulting reaction m xture

is sti d for several rs after whi this reaction
nixturét?sNadded to th k conta|n| e activated

car boxy éﬂﬁifﬂ to prOV| sulfan1da Mvati ves
(2). Inter (glke rt@d OPy  (2¢)
mul

conpounds Mf ¥ (I) szge ri 20héﬁ9§ Schenmne
X 1. CDI, %‘H@ Boc O, & &
Me ~ N - =N
\Q OH @N OH @ OH
>[Z:>\rop1 (2d) FaC _ {ANOP1 (2 NYOP1 (2f)
O&OO O&OO O&OO
Me Me
N N
op oP
N 1 (29) OP1 (2n N 1 (2i)
o0 AN S =N Notod

0P 000 >iO&OO
/0
O ZN
N I":, OH
N Z:NOF” (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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2.Li-NRc HRd | Base 9 12° H2NN Rd It should be

noted that acyl sul fam de derivatives can al so be
wpe@paesck from tri peptidc carboxylic acids in BCDOS2007/084799

step process as defined in Schenme Xl. Schene Xl

Process P4- P3- P2- P1P1P4- P3- P2- P1- P1' Compounds of

formula (I) Base 00 '//a HZN-S, N R ' Rd 5The P1

el enents utilized in generating conpounds of formula

(1)
ot h

SRR IS ST e s

ski lGrigflril Fealéis, & letddelisicOnsadeFdI dnld I dubnidhriS@NiBgeneral overviews
descri bed hgrein and subsequently incorporated into
S

conPdtingfs

o ST ey e s FerdonE Frews ysderiayens.

her §loRume PR 8y ShREL ELwb R ik bnLNGd-OnbMBYh@H PP o Gk M DofAEditor
be synt hesi zed

5

10

15

20

25

30

in Chief Alan. R. Katritzky, et al.1995. Chapter 2.02, page 37. This class of
reactions is also described in Comprehensive Organic Synthesis. Editor in Chief
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
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-
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
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
add in 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.

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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10f ol l owi ng the general process outline in Schene XlI.

Treatnent of comercially available or easily
wayshewseed i mne (1) with 1,4- di hal obut ene ¥Q)/Us2007/084799

presence of a base produces, provides the resulting

imne (3). Acid hydrolysis of (3) then provides (4),

whi ch has an ally! substituent syn to the carboxyl

group as a mmj or product. The anine noi ety of (4) can

protected usin 5Bo rou rOV|de e ful

P ot G- b e Sihs STNELR et 8 ety the use of

rac elrgaﬁcﬁnefdlh@ﬁag‘em dofvddeE@h M@ﬁoybl)tola dr &zYIFEh b EdiRFOeaSiSns

wherein the ester IS cbeave
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Wt B?Bﬁ ORI RE-vRPIEAs e cABM iRgr Urg UEBdm. tmgrw; 5190. The
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of aHtiamiReroRERY BkeergbeisScheiae X¥ArrpgPratdeaopise o
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enbodi nehteroi sighdicent ditgsitiers pedcededt foeheiaditiotig ketones using a

st e(V?cf%' %%g%&* \?\k?fé%nlleﬁilﬁcgfegéén Ret %dqrcﬁﬁ)gm%m%s Emj e%ﬁlqyll)??he
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IS recove e reac
t heobﬂlﬁsénhmtembmnzlnndm le i dditionhrieaionrotu keten¢ hef $dh87ne

E;S&vgﬁ@g)?or\rflld% asgeﬁ 0d1ref : oeted?]ate%slﬁ(e 50 Cﬂn gzﬁ?%ﬂ a rﬁj‘ﬁnt study by

8&%ali
co nﬁh@ﬁéak)imndfcotwlwl&rsr (Mﬁrgmn: anéd Madicifab@hern.abetbel 3, 2003, 87)
separ at.ed m t he routlne

f
S oPAEESS e B o B LAy o bt TR TR
18 hr eqmd@geapbys to 28cARTamIKlek. Ba hm@y@@lﬁe bibhei%:lhhlated

al k%\ﬁg@ él @te@@b@tes) ina 1‘5&{ regc%ogse t%?(etone 1 0? g/%ererl)ét){\%%ould
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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HCI H2NOO2P 1(4) (Boc)20, Base 5
(racemate) 1:1 mxture of (5a) (1R 2S) and (5b) (1S,
WQRPs/0648@2S) 1R) H, N CO2P Boc (5a) Separat ed 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 are readily available such as by Rossi in Synthesis

2004, No.15, 2419.

5 EXAMPLES
The present disclosure will now be described in connection with certain
embodiments which are not intended to limit its scope. On the contrary, the present
disclosure covers all alternatives, modifications, and equivalents as can be included
within the scope of the claims. Thus, the following examples, which include specific
10  embodiments, will illustrate one practice of the present disclosure, it being
understood that the examples are for the purposes of illustration of certain
embodiments and are presented to provide what is believed to be the most useful and
readily understood description of its procedures and conceptual aspects.
Solution percentages express a weight to volume relationship, and solution
15  ratios express a volume to volume relationship, unless stated otherwise. Nuclear
magnetic resonance (NMR) spectra were 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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Non-limting procedures for making P2 internedi ates
and conpounds of forrmula (1) are shown in the Schenes
wh2i08me408ai d | nt er nedi at es, reacti on conditi onBCEN2007/084799
met hods given in the specific exanples are broadly
appl i cable to conpounds 10w th other substitution
patterns. For exanple, the synthesis of P2 el enents
found in conpounds of formula (1) of Schene Xl can
be prepared f ILovvi ng the defined synthetic path.
Therei n readi %§ © commercially avail abl e
N-Boc- 4- oxo-L-proline, or N Cbz-4-oxo-L- proline IS
treated with an organ, orret@ £ agent sychgya
Gignard reagen (05” al t a af‘é’(yl r aryl
lithium specie§, or alternat er h al'kyll, or 15aryl
Zi nc speci es) @Io provide iR nmedi é&e (2) in which the
CA position of the proli nc bears an 123 substit uent
and a free tertiary hydroxy group. The al cohol
functionality of internediate (2) can then
functionalized to provide the desired Rs
functionality. Step 2 hi g jpracgss tI&e;ﬁBcoholoojo

i nt ernedi ate S\% ae vveII
est abl i shed re%\'gf“ﬁbns i nHt hQVrt iEgr exanpl e

al cghol ~of (2) can be acylated to provide esters
car es or carbonates; alkylated to provide ethers

and Sphogpimnaifide t30 ﬂlbp\zmﬁl g’{i@éiﬂlbs@lv@&m o (3. m) The
conversi on of internedi ate to internedi ate

3)
Schegfetiogwas cpeledrigy-288Cn é&é%@a@rypatneﬁllﬂfpmétchbrlé@ dexmply é82 mL)
Gar RO 1861 196 M mbbe 8% SRR 10 warm to rookP Rmperature
emstry orthe unctlonalzatlono al coho 'S
des erd sblelﬁd fay 24 hawrdaif ek misstrs weanfiltdred agldb]leeﬁltratswh cerentrated in
Co e i.de )
TOROAERT et R U Pt G Tl o s
Ri chfasrhdd MhddlM HU”]I(i; Otlextaters 1.publang e (y0 WY tiggd @vadNa;SO.,
Son In |f|c referenc e
i oRlrEhange QR BRRY il S 1 B LSl LB By
1 @nplytailiosd ﬁrche heanyersoade hé p]toﬂtlc& agre orhad @11(123 16af g, 99%). 'H
Schene X1l to In te exanmpl e
con ST BrRCIaH! Ll T erb Pl Eh 2Hb 22 br S HoPHuditt/
of etghens 2t amAbe gh)ol s can be found on pages 15883
through 929 of Larock's text. Mre specifically, the
conditions and references cited on pages 890-894 are
noskipertinent for the construction to practice of the
en

curr di scl osure. Likew se conditions for the

1%zonver si bna sflutgpined Hglpsoduet afi$eepdoPrlé sp Yhe mmtpDes (TEE (100 mL)
der iy n 195
o R AT 0 AR AL R AT Bl
Jouniivethre efas Gllcgmﬂl tc waire np &t mymzmratﬂ@wmrmoﬁﬁ, 1 lpagend

8926 ti t f t t hi f yl
£ or CURENERALY e Bh T SeneEigit Bt BRLfrett i wacr
di 00l @ch)Scihhe REparéitddl orgdnic) phagedyas 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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(3) Step 3 Carboxylic Step 5 Carboxylix acid | Aci d
Protection Deprotection Ph?"--'0(DC) (4) al cohol

WO eesned00@l i zati on (5) Process 1: Coupling to RIFPI2007/084799
then P3-P4 0 R80 R380 O

Step 3:
A solution of the product of Step 2 (110 g, 0.62 mmol) in TFA (500 mL) was

stirred at room temperature for 16 hours. The volatiles were removed in vacuo. The
residue was recrystallized from ethyl acetate/hexane (60 mL/240 mL) to provide the

5  desired product as a white solid (68.5 g, 91%). 'H NMR (DMSO-de)  0.84-0.88 (m,
2H), 0.95-0.98 (m, 2H), 2.41-2.58 (m, 1H), 6.56 (b, 2H).

Method 2:
Q NH; (sat) THF 0
>—s-cl > [>—S-NH,
0 0°Ctort 0
10 To a solution of 100 mL of THF cooled to 0 °C was bubbled in gaseous

ammonia until saturation was reached. To this solution was added a solution of 5 g
(28.45 mmol) of cyclopropylsulfonyl chloride (purchased from Array Biopharma) in
50 mL of THF. The solution was warmed to room temperature overnight and stirred
one additional day. The mixture was concentrated until 1-2 mL of solvent remained

15  and poured onto a 30 g plug of SiO, (eluted with 30% to 60% ethyl acetate/hexanes)
to provide 3.45g (100%) of cyclopropylsulfonamide as a white solid. 'H NMR
(methanol-dy) & 0.94-1.07 (m, 4H), 2.52-2.60 (m, 1H); °C NMR (methanol-d,) &
5.92,33.01.

2. Preparation of Cl-substituted cyclopropylsulfonamides

20
2a. Preparation of N-fert-butyl-(1-methyl)cyclopropyl-sulfonamide

H
@]
N
%% \*//
Ko

Step 1: Preparation of N-fert-butyl-(3-chloro)propylsulfonamide

O
N /N
25 0

Prepared as described above.

Step 2: Preparation of N-tert-butyl-(1-methyl)cyclopropyl-sulfonamide
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Step 6H 0 \\4/ --R7 N OH0O ON N*N-- Phr-04:00 9.0

Ph-b--L 0 2 NLA 11 H---- i \l ' S - R7142 (3)X H(6) 1
w0 RD8/0010680\ /0 HA ,\ NO7-NR7 HAL (7)142 SeE@pUS007/084799

H OH R6-0 R5 Conpound of fornmula (1)

10

15

20

25

H
@]
N
\\S\\ \¢/
Ko

A solution of the product of Step 1 (4.3 g, 20 mmol) was dissolved in dry
THF (100 mL) and cooled to — 78 °C. To this solution was added #-butyllithium
(17.6 mL, 44 mmol, 2.5M in hexane) slowly. The dry ice bath was removed and the
reaction mixture was warmed to room temperature over a period of 1.5 hours. This
mixture was cooled to — 78 °C and a solution of #-butyllithium (20 mmol, 8 mL,
2.5M in hexane) was added. The reaction mixture was warmed to room temperature,
cooled to —78 °C over a period of 2 hours, and treated with a neat solution of methyl
iodide (5.68 g, 40 mmol). The reaction mixture was warmed to room temperature
overnight, then quenched with saturated NH4Cl (100 mL) at room temperature and
extracted with ethyl acetate (100 mL). The organic phase was washed with brine
(100 mL), dried (MgSO,), filtered, and concentrated iz vacuo to provide a yellow oil
which was crystallized from hexane to provide the desired product as a slightly
yellow solid (3.1 g, 81%): "H NMR (CDCl:) 8 0.79 (m, 2H), 1.36 (s, 9H), 1.52 (m,
2H), 1.62 (s, 3H), 4.10 (br s, 1H).

Step 3: Preparation of 1-methylcyclopropylsulfonamide

O\\S/NHQ

[\
Ko

A solution of the product of Step 2 (1.91 g, 10 mmol) was dissolved in TFA

(30 mL), and the reaction mixture stirred at room temperature for 16 hours. The
solvent was removed in vacuo to provide a yellow oil which was crystallized from
ethyl acetate/hexane (1:4, 40 mL) to provide the desired product as a white solid
(1.25 g, 96%): "H NMR (CDCl3) & 0.84 (m, 2H), 1.41 (m, 2H), 1.58 (s, 3H), 4.65 (br
s, 2H). Anal. Calcd. For C4H9NO,S: C, 35.54; H, 6.71; N, 10.36. Found: C, 35.67,;
H, 6.80; N, 10.40.

2b. Preparation of 1-propylcyclopropylsulfonamide
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Process 2: Coupling to P3-P4 then P1-P1' An

al ternative approach to the synthesis of conpounds of
w0 o0osé6q | ) as depicted in Schenme X1 is shoReI/Ug2007/084799

Schene XIV. Functionalization of the C4 position of

the prolinc group occurs via Gignard addition to a

| ate stage internediate 5(5) to provide internediate 6

whi ch can then be converted to conpounds of formula

(I). Internediate (5) is availahle via a 4-step

sequence begi nning with camrer ci@NHy avail abl e

internmediate (1), the firsr“stég}pf whi ch invol ves

coupling of (1) to a PIPI:int di at e coupli ng

r eagent ST1ﬁ§&cﬂllqioiuﬁ(h®ds prpdrdieusaigtthe ﬁ@&ddu@aib@nw@dr the

ettt AUCIR A T it R -
10s waseqn@Rkédong aupbadis wrdchsst he P3-P4 fragment to
grOV|de intermedi ate (4). The sel ective oxidation of

he C4 hydroy group in internediate (4) to provide

I nt 8& PRGaALEn 60)-alfAR RBrapcRiIeMedidsi Nng oxi di zi ng
reagents such as the Dess-Martin reagent. WO
2008/ 064066PCT/ US2007/ 084799 SEhemm, XI V It should
be noted that the additioﬁko?zg\ anonetal lic agents to
the ketone 5noiety of prolinctderivative 1 (Schene
XVI) is well established in the art. For exanple,

Hr uby and co morkers (J. C)g Chen1 2001 66 3593)

to |nterned|ates of general strugture 1 (Schene Xvi) .
These findi ngs provide evi dencg_N opti mal vyields of

the desired 1,2 additi onM?gc 2, of Scheme XVI)
1@re obtained when a tert-but ester group 10is
enpl oye dl"lﬁ?’ccﬁ‘n&fbﬁ% &ad (')H?agn&lrlﬁ 9@%%61& %o%glct@ ERM¥ddedure

noi ety In additi on, his work rOVI ear evi dence
in ﬂ%éﬂ'?@érlmlﬁfsyl)(h?sé)pf é\ftylgtbamlﬂgmﬁluycw@prqpytm@onamlde using
ste I

Spowry PSR o NLFRTRE L AP RGP CFRERI s wed n e
Grl gexd raictamhdv itoonfuttberlpatiHertiod:, HaI\IMiRr(@DéH@ﬁ@o&}c(tn Ay 1.34 (s,

oo BRI IRoss) At ISy TUE A 2P0 PP St Rl 5. 20, 6.0

abodBShthiEfive menbered ring. Fron1th|s structure
determination the face selectivity in the addition of
RIMto the ketone of 1 was deduced to be alpha in the
congey: efepsiafiicéfUrdlyleydlopSphieimmndMide That is, the
organonetal | ic selectively add to the re-face (bottom

face) of the carbonyl in |to p symwﬁ t he correspondi ng
tertiary alcohol (2) with ‘gr eocheni stry shown.

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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Scheme XVI MeN 10Pi (2d) F30 >.0 M \ ON 1. 00P)
(2m >0 5The aforenenti oned work of Hruby descri bes
wa@ bws/acdsd i on of a specific Gignard reagent tRCT/US2007/084799
derivatives of 1 (Scheme XVI). However, the addition
of a variety of Gignard reagents to proline 1 is
exenplified in the present disclosure. The body of
literature that describes the addition of
organonetal lic agents, including Gignard reagents, to
ketones is considerable and is‘git¥harized in general
overviews in the art suchPagmrehensive Organic
Functional G oup Tran.slarnmatTons. Vol une 2:
Synt hesis: Carbon with one heteroatom attached by a
Si ngle b%nd. Editor 5in Chief Alan. R Katritzky, et
al . Pr y f My tepinbutyl]- namide.

reactions is al so described i B .Oe@ehensi ve Organic
)

Synthesis. Editor in Chief BargyNM-ATrost, Volume 1:

Additions to G X pi - bondé’h(pﬁt\\ol . 1991.

5 This compound was obtained in 60% yield using the procedure described for
the synthesis of N-tert-butyl-(1-methyl)cyclopropylsulfonamide except 1.05
equivalents of benzyl bromide were used, followed by trituration with 10% ethyl
acetate in hexane: "H NMR (CDCls) 8 0.92 (m, 2H), 1.36 (m, 2H), 1.43 (s, 9H), 3.25
(s, 2H), 4.62 (brs, 1H), 7.29-7.36 (m, SH).

10

Step 2: Preparation of 1-Benzylcyclopropylsulfonamide

Q__NH,
Ph/x S\\O
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
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Recent research in the art provides conditions for
further optimzation of Gignard reagents in addition

WO 2@8064006 t o ket ones and these works may be uref/us200m084799
10t he present disclosure. For exanple Ishillara and
co-workers (Org. Lett. 2005, Vol. 7, No. 4, 573)
recently described the formation and utility of
magnesi um at e conpl exes. Nhgnesiunrate conpl es,

§|3 lli/gH it rlgﬂggprolk{é/ gg%?@]?"}%egdn ‘rﬂ%p’é‘ﬂ entﬂiee[ggcedure described

com&ﬂr@mnmémdfdeteem@u(emetnyn)ew@rqulslﬂ Pnadldic ek @t 1.30
roduct? i n re ctions to ketogﬁﬁwwln a se rate stugy,

KnotHeyaleaicpf epclobengiong wee woth RS FRePE! lzeaon
45, nﬁ@%hmwmd&a@% 8 dhge MIRxHk: spﬂm@d @d@gtahm e 4H),

salts such as LnClI3 in conjunction wt

or gdRbfmgHEs i 8h(s Bdydnitsl. 591(ne Jef2 é&ér{@eM} 2t slres, 1H), 4.55 (br
Lang gglde salts results in an inprovenent in the
effi'‘ciency of the 1,2 addition reaction to carbonyl
conpounds. These works, and references cited therein,

g;: ggig i2.S :Ere[gQI%tiiﬁ @f le—g 1%@%9&%&1%%@%@ %R&%ﬁm& 0 t he
additions to carbonyl co dg and serve as an

i nportant source of infor onsiM2 he present

di scl osure. It shoul Oopbe noted that a range

of organonetallic reagents participate in addition
10 eact i onBhit conk@iodas(l cbrciohaxd@d) éymldpl‘dpslsblfﬁ(dlﬂmdﬁe wus fokitained in

et SESIRIT TP R ik P RGN b i S B b PiohhilR i

25addng the protedlird @striben férahcynidony bf lnmbtﬁﬁlllcjaﬂoprﬁgﬂsulfonamlde

e b o Bl PR B B Sl e
I I t FHM(msogd&yblgz @ﬁdzﬁ)hﬁzg as Ui N9 @2-2H)! hs4m, 2H ,2.01
species adds in a 1,2 fashion to a i act one. By

way
Lanalsodhp). Riloks, dHad. PemAGD .46 féHMnQIWBe(Défi&fedd)édlt%ﬂ 5,
add f e
pro%%gégé%Q%%fgﬁﬂégﬁgggzhi&ﬁ%@séﬁg%eh ngl Ied |n t he
art woul d recognlze that organonetal lic reagents

der rocvycl such .as oxazol es and
b%/! efdlr %Rara 1%1 F %%P( S%IP% Bgﬁyclgﬁl?onamldgtl cipate in 1,2

addltlon reactions to keton 10, reis a

consi derabl e body of lite St at defines the

uni que conditions enpl oyed f each of these

heterocycle systens and this information is readily
2Qvailabie to one skilled in the art. For exanple, the

usesRp 10PePRANET & N-kefr- HRAAEBES,09BE MDY I-Qiffonamide

benzoxazol e or oxazole, Tn addltlon reactions to

ket ones requires the use ofOIDth m magnesat es. The

specifics of this recent L%g§86y ayh and co-workers

is described in J. 2005, 70, 5190. The
5addi ti on .of benz xazole to ket tone 1 of Sche
woul d pr BU$ SRIPIUpEWES ¢ béaquﬁlgéﬁé& ei@ ping ﬁh&@mﬁ%ﬂe described for

Thepg sy sh&isBrN sty heﬂ@t)wcﬁ)prtrp%eﬁ&ﬁhn&e%céﬂae 2
addition to ketones using a w de range of

2 or gegryaiang afimethyd Byyents warsed aythe P@?ﬁq@é% r geyremegundpis
exa 0
42 Bigj(i) R bl3}647) gleng{r:nralﬁ%gipﬂf @vé@gzﬁl&n}gﬂgﬁ&%%oé o} @ichldréthdthane
i t b ke HENMRACRGA 019 3@, 9H)s 1.5 61.t2Hn! .8 b(ma 2&i)fpl e(br s,
| ac e thi ated
bengﬁ da?%fgﬁﬁhgggﬁrt Oﬁﬁﬁgactﬁ%%§§f%bketone 1 of
Scheme XVI woul d provide access to internediates |ike
2c. In addition, a recent stydy by Kawasaki and
co-wor kers (Bi oorganic and Medicinal Chem Lett. 13,
2003, 87) describes the formation of a series of
lithiated heteroaromatic conpounds and their
15addition reactions to activated am des. By anal ogy
the use of these |ithiated



het eroaromatic internediates in addition reactions to
ketone 1 of Schenme XVI woul d provide access to

WO piogoemeld at es 2d- 2k. The enpl oynent of PCT/US2007/084799
organonetal | i cs derived frombiaryl, or
heteroaryl -aryl systens in addition 1,2 reactions to
ketone 1 is also pertinent to the present
20di scl osure. The addition of this class of
organonetal lic reagents to ketone 1 would provide
access to internediates like 21 and 2m It should be
not g@p bh@tephiatibher IedpRldvcic@abhyduldharhiie present
di scl osure, it may be neces§§r to synthesize biaryl,

or hetero-aryl organonetall \ NH,subsequent use in
ec

addition reactions to kete Schene XVI. One
skilled in the art would r e the significant

body of @Jn%oﬂﬁ@w%m&&l 19%5%@14’1’@%0&1*)\%&[@@5@(1“ I on

of organonetallics of this type and precursor’s thereof
For baxarhsiyelopropdedenamadd uswghiye i@heast dseribed derghe synthesis of 1-

L e

ut i hindynt offéteybactite irclieaanes tH WMR (DVRO-day & a9 ahj 31, b1 (m,

1 ke L3RS T Boebivae M B ot 1 bBral SO6T 782 e

f or bh); BYC @vao@N s Glde IS aR UbeR. It 1%0.0,h83 8t Bise, 062 ¢.he

art in such coupling reacti ons and a subset of these
19 eferences follow *LACS 2004, 126, 1340; JAGS, 2002,
1249, 136624t o9 BVYer gﬂﬁ/m’ 1 B‘ﬁetnvlgﬁiunogggng) é%lod}gpv:lslﬂfonamlde
1945; A ngew. Chem hit 2002 , No. Z0,
JACS 2002, 122, 4020; JACS ﬁgﬁf 10099; Crg
|©n

Lett. 2001, Vol . 3, No. F%QN gew. ChemInt. Ed.
1998, 37, No.?24, 3387. to thls body of

work critical reviews i n t e aorea are rea
avai | abl ENisernppoyad wys eiaiagd ip 42 éwﬁl%lé%lilgsth%medumod%lbed for

241 8he sPEXANIEES orv-butyl-(1- mgm?l)%fc%%zlsgﬂf&ﬁhﬁ&bﬂsﬁlgw dgbivalent of

now be described in connection with certain
1 enbolnsseeenafsi foHowedbyrserystptigaiige romghg mipimuimpgogehthyl

On y ANG

ol S A T S B s T e B R o

i nclBY&d oW, T ki7rd tihd H chpe(t,df= 1’ Blélzcz}a), 83 (tThﬁg 5 HpheH).

foll owi ng exanpl es, which include specific

10enbodi ments, will illustrate one practice of the

p r e 3. dntpaglit®a lod€ iSabstitittedsiclogropaaeu] & inamdies: WBlie sk ef an N-Boc
5 Egle§ are for the purposes of illustration of

er ments and are presented to provide what
is believed to be the nost useful and readily
und eﬁoand

intermediate

vei gnhe b@pe\tg&dﬁr& i esh&hmm&ubmo@mulﬁ%mclepn 15rati os
express a volunme to volune relationship, unless stated

otherw se. Nuclear nagneti @ rgsopance (NMR) spectra

were recorded either on a BSukar , 400 or 500 MHz

spectroneter; the chemc sKi Qs 6) arc reported in
arts per mllion. Flash chromatography was carried
ut on silica gel (5i02) according to Still's flash
chr 8i¥pti 0@rappiMot SCNEISHBopsulGhgnideheat . 1978, 43,
2923). 20 The internedi ates described in the Exanples

found herein can be exnpkﬁyed tég;Nwmthesize compounds
of Fornmula 1. Exanpl e pay ation of P1'

I nternmedi ates 251. Preparation of

cycl opropyl sul fonanide Method 1: o0 o ,s
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H2N cycl opr opyl sul fonam de Schene 1 CIlH2NCI Step 2
n-BuLi 0 0 0 ,S Step 3 TFAO'S O NS HN, Step 1:

wa 20080&066/1 ami ne (3.0 nmol, 315 nL) was di ssol vedI/usort#s4799
(2.5 L). The solution was cooled to -20 C
3- Chl or opr opanesul fonyl chloride (1.5 nol, 182 nli)

A solution of 3-chloropropanesulfonyl chloride (55 g, 310.7 mmol) was
dissolved in THF (200 mL) and added dropwise over 30 minutes to a solution of
NH4OH (200 mL) at 0 °C. The reaction mixture was warmed to room temperature,
stirred 1 hour, and the aqueous layer extracted with dichloromethane (4 x 500 mL).

5  The combined extracts were washed with 1IN HCI (150 mL), water (150 mL), dried
over MgSQ,, filtered, and concentrated in vacuo. The crude solid was recrystallized
from the minimum amount of dichloromethane in hexanes to provide the desired
product as a white solid (45.3 g, 93%). "H NMR (CDCls) & 2.34 (m, 2H), 3.32 (t,
J=7.3 Hz, 2H), 3.70 (t, J=6.2 Hz, 2H), 4.83 (s, 2H); *C NMR (CDCls) & 27.10,

10  42.63, 52.57.

Step 2: Preparation of 3-chloropropylsulfonylamine fert-butylcarbamate
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

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 was added slowy. The reaction m xture was al |l owed

to warmto roomtenperature and stirred for 24 hours.
wabmsnesbare was filtered and the filtrate wasPCT/US2007/084799

concentrated in vacua. The residue was dissolved in

CH2C12 (2.0 L). The resulting solution was washed wth

1.OMHCL (1.0 L), water (1.0 L), and brine (1.0 L),

dried over Na4SO4, filtered, and concentrated in vacua

.ve a sli |LOMISO|Id whi 1 )
b7y BirfoR e Pl a YD 3R et S B st maiyn ary
whi TEFS003 fL{ &dHwide @ver 90.%0 minkdrbsNWIRe (f536elkkh 6aslre@18ve(dsa,nd the
9H), 2,30-2.27 ( 3.22 (t, 1=7.35 Hz, 2H), 6%
( t) rejcuonenlétupfzwas we foggarl(nﬁo r@lq) temg?réwrezovpsq-gergd of 2 hours.
S 0| ghd REctRh rﬁﬂat@reﬂflé%ql'd@ﬂch&f wigh g]ﬁcﬂ-l(a’éeti'e"acgi: (34Qn0), Eﬁﬁ%ﬁtrated in
in THF (100 nL) was added n-BuLi M in hexa
o, V@woonﬁwﬂ)w@d bﬁv@e@dwhiﬁ@nreg@a% (189 ) %flqhw&temﬁgo mL) “The
al | gMehc bRasWah Myl Qith BAR IBYREY, Ul VGV 1), €GO GhOf
1 hour and concentrated in vacua. The reési due was
par eencpsraed H@ mcwe &npreyidg the é@selteép@dams aatasy off-ochire pelid (12.08
eacl)godhe c t
serg AL g e tlcs e A I T IR R R A KO
in VHE a3 (él,'hEI) r Eeuma (@RS ;) 8612y S1800, B &3 8Hnom4as2ane
to provide the desired product as a white solid (1.0
l%, 5699. 1H NWR (CDC14) 60.98-1.00 (m 2H), 1.18-1.19
( m 3R I'Prepalatﬁﬁ off $-meMdxy - rﬁ’etmcvgl@ﬂon(/@hlf&fa%mde‘l 19 (b,

A solution of the product of

St eéteQ 1( fiqpargﬂoroofalzmﬁﬁl%mmqﬂw cyelepopioufpnplmigederét i r r ed
at p@oRhbeAREr ature for 16 hours. The volatiles were
renoved in vacua. The residue was recrystallized from
et hyl acet at e/ hexane (60 nLﬂ24ﬂ nQ9 to provide the
5desired product as a whj 1 ( 59, 919 . | HNWR
( DMSO- d5) 6084088(m 00095098(m 2H) ,
2.41-2.58 (m Met hod 2: at)
1THFY >- STt 801191%1 Oﬁwcl%onyg@ fe,nyrl%ne}nwrfobuaylgm%m%ﬁl be. 4.5
100 mKol) AfsoilElrinCiaot @0 ri10) BblcdVas-RUObLRhdis ABSEBHSum (6.4

anmoni a until saturati on was reache To this solution

was Mhd 4@ 4 mndd ol @) jiphexgne) andythe sgcuan Wr§ wag stirred for 1 hour. To

CY C QLRI $4l Sd?féa{ b n&ﬁ 's&lﬁﬁc%%f&ﬁlé?&ﬁ’bﬁ%@ ehefhy PEMA.8Y mL, 5.24
Bi opharma) in . The sol ution was warned to

r oommobkrpk the GPF?@UTG\Y‘@F ﬁlptyhft allawqd ot Warmeel reppetepgeriaturoevgmight.
a t
2 6’ yTh Q)%ltfghnélhlr':x{éﬁ \%@13‘[8% R)Bfo%pﬁegr dﬁ\g %ﬁjeb{ﬁ IJ[él agld %a%egt?xt%c‘%gl

sol vent ) oa 30 g plug o
( el withdthyl achta®96xt56 ngopertervy | Theoetmbined hetreatiesye dreed (MgSO.),

\%i"rltéjr@d %né‘?&fﬁi'u%%@to Ofor S ShARSORS KL LISNBI S oAt arRine rerr-

e sdal
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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(met hanol -d4) 60.94-1.07 (m 4H), 2.52-2.60 (m 1H);

NVR (et hanol -d4) 6 5.92, 33.01. 2. Preparation of
w@hoeosnbwsd t ut ed cycl opropyl sul fonam des 20 2aPCT/US2007/084799

Preparation of

N-tert-butyl-(21-nmethyl)cycl oProPyl -sul fonam de Step

Preparati on of

N-tert- butyl (3- chloro)propylsulfonanide N.\ 25

Pre escrib bove. Ste i on of
D EaS v PREyE SRy ST ER RehleuPedipe o
\\ C(nL) and wasAtisedl tirtednt ﬂfomttbﬁp@ﬁt@téu&t 16Housst ape 1¢1dend wds
20 nmol ) was dlssolved indry TH Fwéloo n1é),an ) )
cooFeé‘H’V?‘bm Vrgaandfos PRI SBITRGEHIER R e SiO: (eluting with
Nn- bgdob bodoRityMidefhte/Rxiles tAAmdBkymeth JprdpSKaméhamide as a

d}ﬁMcl
slowy. The dry ice bath was renove t he 5reaction

15n xwhﬁ%SqMQ@ WaBnmEdo \@rqllcﬁym W@rﬁf‘@ﬁ)at%NMPe(@PCla) HePi oe 2H),

i diz
ol SR P Rag ST e 3 ner O s R BRRTR 17
hexmmﬁySﬂas‘BHHEHRLHhm&H@&@MﬁﬂﬁHnixture was warmed to
roomtenperature, cooled to -78 C over a period of 2
hours, and treated with a neat solution of nethyl
i odide (5.68 g, 40 nmmol ). The reaction m xture was
warnmed to room tenperature 10overni ght, then quenched
with saturated NH4ACL (100 nli) at room tenperature and
extracted wth ethyl acetate (100 nlL). The organic
phase was washed with brine (100 nL), dried (MJSO4),
filtered, and concentrated in vacua to provide a
yel l ow oil which was crystallized from hexane to
provi de the desired product as a slightly yellow solid
(3.1 9, 81%: 1H NMR (CDC13) 60.79 (m 2H), 1.36 (s,
9H), 1.52 (m 152H), 1.62 (s, 3H), 4.10 (hr s, 1H).
Step 3 Preparation of 1-methylcycl opropyl sul fonam de
O\ NH
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NS2 A solution of the product of Step 2 (1.91 g, 10

mmol ) was di ssolved in TEA 20(30 nL), and the reaction
WOoros6®6st i rred at roomtenperature for 16 hoREBUSZDNE084799

sol vent was renoved in vacua to provide a yellow oil

whi ch was crystallized fromethyl acetate/hexane

(1:4,40 nL) to provide the desired product as a white

solid (1.25 g, 96%: 1H NWR (CDCl13) 6 0.84 (m 2H)

. ) |

Found: C. 35.67: 25K 6.80: N, 00, ,@,Q' 2b. Preparation

of 1-propyl cvcl oProPyl sul q 0 Me Thi s
compound was prepared usifg t Brocedure descri bed

for ph . prepar, ) op Is Ifonan1de

secgmgksbgﬁm@f th|s process 2C. Preparat|on of
1-al Iyl cycl oProPvl sul f onam de é? Step 1: Preparation
0

of N-tert-butyl-(1l-allyl)cycho | sul fonam de 0 N
'S ', 0 This co %@sﬁéﬁzglned in 97%yield
according to the proce serPbed in the synthesis

1. 25 equl VAT BB %% TR P e

Theolﬁt@lﬂ&mﬂmo/d/\ﬁéld usRedihdtotthepro@dtirerde@gibédm tw iyhﬂa@ils of 1-
further purjfication; 1H NVR (CDCl3) 60.83

1. 3glethgxynig@f_lﬁyclol?rogyls‘(l]ltﬁnygpi)me tgrt@a}ty arbjtmate7e)§e[p_t|zl 102 H)

4. qulﬁ\khﬂen%a of t¥dlepropydficthy &Ml Hcde us&l #&QiechofRle( Mhe ddilpound

Step 2 Prsfarat|on of 1- aIIyIcycIopropyIsu] onam de

1Q3, wanaken

15

20

25

irectly into the next reaction without purification: 'H NMR (CDCls) 8
0.10 (m, 2H), 0.51 (m, 2H), 0.67 (m, 1H), 1.10 (m, 2H), 1.49 (s, 9H), 1.62 (m, 2H),

1.87 (d, J=7.0 Hz, 2H),

Step 2: Preparation of 1-cyclopropylmethyl-cyclopropylsulfonamide

O\\S\/ NH,
D/K 0
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%
ethyl acetate in hexanes as the eluent: 'H NMR (CDClz) 8 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
K%

Step 1: Preparation of 1-propylcarbamovlcyclopropanesulfonamide fert-
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2 '0 20This conmpound was obtained in 40%yield from

the product of Step 1 according to the procedure
wale®snédoed i n the synthesis of 1- PCT/US2007/084799

met hyl cycl opr opyl sul f onam de. The conpound was

purified by colum chronotography over 5i02 using 2%

met hanol in dichl oronethane as the eluent: 1H NWVR

(CDC13) 80.88 (m 2H), 1.37 (m 2H), 2.66 (d, J=7.0

Hz b2 4.80 (s, 2H), 255.16 (m 2H), 5.82 (m 1H);
13CJQQEQP@§é§3) 6 11.2, 35.6, 40.7, 119.0, 133.6. 2d.
Preparation of 1- Benzylcycl@pbopylsul nam de Ph O NH
'S: 2 Step 1: Preparation pbf g N\W"Yzi
N-tert-butyl-(1- benzyL)é\‘rbzgdbtk3su fonam de. 0 k \
\'s, Ph 5This conpound was obtained in 60% vyield using
t he procBduceEn@ase vadedhifdlrin tlomds yomch @&icsacc(ﬁrdmg to the

N-t en-butyl -(1-nethyl cl.o sulf n1de e t )
o8t el R B Rt s R e Bfrory S Riamine
by tei-d-Butyl ahibamatéick bepl@3% letdhyghivak ek at ﬁ—ptdiby] @@@mte WhsNivkd as

092 2
3 2 e(e 02 %ﬁule El(leg]cz)n(pgll)mcgwas]}%en diiregg)lqtoglg)e I(efﬁ regqlvan w_{r@out
St eﬁ}lr?ﬁcgﬁﬁpaﬁﬁtl\’ﬂ@_i@ﬁth% 6@0@1' BY\CH. ngt P Py saik T Gﬂggic?dﬁw (m,

hi s conmpound was o ned in
y| ePd). flA8rs, R &l 2 (yu 2341,(1187 (d, /=7.0 Hz, 2H).
benzyl ) cycl opr opyl sul f onam de using the procedure
descri bed for the synthesis of 1-
10  Step 2: Preparation of 1-propylcarbamoylcyclopropane-sulfonamide

O
O\\S/NHz
K%

This compound was obtained in 50% yield from 1-

propylcarbamoylcyclopropanesulfonamide fert-butylcarbamate according to the
procedure described for the synthesis of 1-methoxymethylcyclopropylsulfonamide,

15  except that no chromatography was used as the material was recrystallized from the
minimum amount of dichloromethane/hexanes: "H NMR (CDCls) 8 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 (CDCls) & 4.65, 7.74, 11.26, 35.62, 41.21; LRMS m/z 193 (M'+NHy,).

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

0
N= Qé,NHz
PR
H
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15nmet hyl cycl opr opyl sul f onam de, followed by

recrystallization fromthe m ni num anount of 10% et hyl
w@ewsae46é N hexane: |-E1 N MR (CDCl3) 60.90 (»gT/B$)0p7/084799

1.42 (m 2H), 3.25 (s, 2H), 4.05 (s, 2H), 7.29 (m

3H, 7.34 (m 2H); .13C NWR (CDCI 3) 6 11.1, 36. 8,

41.9, 127.4, 128.8, 129.9, 136.5. 202e. Preparation of

1- (1-cycl ohexenyncycl onorw -sul fonani de  Step 1:

11— =Fofrexyl | cycl opropyl sul fo
namvlj@irbamovlcaaopropanesulfoﬂ-ahhlae @W%Me obtained in
84% yield using to the rocedure descri bed for the
synt hesi s of
N-tert-butyl-(1- rreth cI Q/'T[ﬁlﬂ nam de except
1.30 equivalents of c o@e Gwere used, foll owed
by recrystallization f om t he m ni rum anount of 20%
iwyl Siog{és"‘&c?nnﬂoﬂn @Wmned%ﬁ'a% ﬁ%%@d eﬁ:cérziglé t ik
j_ gprogmureg}qycrlb@d 87 tl(e@wn@esm]_(pi{)l mqth@gln(eﬁryloyclop_neg)ylsgfogplamme
1_ ( %?Fcﬁy%fc l@ahrféa)?ﬁelartﬁ énxge é[lthoat Il 80 etﬂulval?nfts onf a3 i %methfbsloﬁ(azole -4
conpoundte Faused gctho hlextemjailé Ehealooppapiywas udlfco daentlgento the
was_Q treaalt%en X 0u§5°rAa eI d fromNten-butyl-0 -0
- hyar oXy cyc‘?’ hn 1H«:yc opr opyl sul fonam de using the
procedure descrlbed for the synthesis of

1(}' hyl cycl opr opyl .on flollovved by
ecs%éa-&fy—e’r%r "ﬂb&@gﬁgl—ﬂgﬁﬁ%ml i anount of et hyl

acettdi@rbandyloetéiesanedutodikid DMSO-d6) 6 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, 1K) ,06.46 (s, 2H); it NWR
(DVBO-d6) 6 11.6, 21.5, 4 A J 5=

H

\Y

O

This compound was obtained in 50% yield (580 mg) from 1.62g (4.52 mmol)
of 1-(3,5-dimethylisoxazol-4-yl)carbamoylcyclo-propanesulfonamide tert-
15  butylcarbamate using 30 mL (120 mmol) of 4N HCl/dioxanes, stirring overnight,
concentration and chromatography over a Biotage 40M column (eluting 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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22.3, 25.0, 27.2, 46.9, 131.6, 132.2; LR M5 (ES!'): 200
(M-1). 2f. Preparation of

wd 2deneyd cycl o- propyl sul fonam de 0 pol ''s_ HHXCPOSD07/084799
Step 1. Preparation of
N-tert-butyl-(1-benzovHcycl oProPyl - sul fonam de 00 Ph
Thi s conpound was obtained in 66%yield using the
procedur e described for the synthesis of

N-tert-but hyl ) cycl opro sulfonam e except
1. z%f@@ﬂf lsihéﬁ%t sl Bk ¥PaT7<§ e gl e g-s

el eﬁﬁﬂo@mlﬂmtﬁt&t PRRAURAG MBS PUhE §d1@nNAs SRWWRarmed t
chr omat og raﬁég ove}’rq 5i 021 El)gl ngsso%to 1(r)10%S ameaio
e

di chboiCoprst urs.n Thig gefere wapicapyu Rted chmilgintea solgipn65.0 ¢
9 H) (()3 7% 1%1%0() I%¢ frgsll'ﬁg dlénn%& s&lmryl%hlo}lde ﬂl 11-)@ n(Lb{)f h%xanjcb%ooled to —40

@t e’ z’valrm@cbf@r()aﬂ QAr bhoula m@‘yﬂxwpﬁﬁrpwé piyv@ucp fﬂnamlwe
' N”%aﬂ% f%om) an Sg@{gpé{ﬂé? ﬂ%}k@mﬁgoﬁl?1c§%c{?d><£/a‘?érddrfeﬁ°m

N-tert- uty nzoyl opr opyl sul -Tonam de’ usi ng
t he (Mg%ﬁéﬂitedﬁsmdl Cbe@bnfr@ir:d tah@‘ukby nthemixgurefvad redissolved in 20

et Qﬁil Q{%ﬂPO RIRR ﬁlo%?vllsfe?& ?(?15 Igﬁ of a?urlltgmgl 1{ TH]? anfl Hvaf allowed to

recrys r za Ion m ni num anDun
ac estatogernnighh éMameaix tutdvidvan{edivit&CGnd(agcyo 16 aTniid yéllh)w iy and

1 % g%ra§ {Ie,kry.gtghligedgfr?% th(e 1m};%ﬂ '[‘)‘80"(“3 oé &1(:|hl%r0§1etil_1|%ne i3 ﬁfxa}r_llzi%\@th 1-
Ng/Rz @E&VS& ﬂ&harﬁ)l ﬂ02pr8v1de48 96g (3182/@ of thell@ﬁreﬂ prokdac. o4 a white solid.
135 eparation

N-t &N%(QBCMS bﬂg%W% %@e%ﬁ%éﬁl(mc%) 8P Gy T Hrt hat-7>

M dyrs, 2H); *C NMR (CDCls) § 16.43, 23.93, 56.29. HRMS m/z (M-H) caled for
C4HgNSO,: 134.0276, found 134.0282.
15

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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OH N PhHN O Thi s conmpound was obtained in 42%
yield using the procedure described for the synthesis
W®@B00BHE#66 but yl - (1- met hyl ) cycl opr opyl sul f onam BET/US10nT084799
1 equi val ent of 15phenylisocyanate, followed by
recrystallization fromthe m ni rum anmount of ethyl
acetate in hexane IH NWR (CDC13) 6 1.38 (s, 9H)
1 67-1.71 (n1 4H), 4. 30 (bt s, 1H, 7.10 (t, J =7.5
7.53 (t, J =17.5
o, (@R 3255, ek 33 29 8O S4B § ot edl
cyclopropanesulfonan1des The use of an N-Boc
20protect|ng group 3a. Preparation of
cy cRoBrpataton 0 Gy HBIORMRIKE hyt y| car bamate, a key
|nterned|ate in the preparatloQ)of C -substituted
cycl opropyl sul f onam des §R11 Preparati on of
3-chl oropr opyl sul f onam de CP \2

5 A solution of 18.5 mL (37.0 mmol) of 2M cyclohexylmagnesium chloride
(TCI Americas) in diethyl ether was added dropwise to a solution of 3.0 mL (37.0
mmol) freshly distilled sulfuryl chloride 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

10  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
saturated NH3 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% ethyl 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

-60-



A sol ution of 3-chl oropropanesul fonyl chloride (55 g,

310.7 mmol ) was dissolved in THF (200 nlL) and added
waele@pws®es over 30 mnutes to a solution of NHARET/(21007/084799

nth) at 0 C. The reaction mxture was warnmed to room

tenperature, stirred 1 hour, and the aqueous | ayer
extracted with dichloronethanc (4 x 500 nL). 5 The

conmbi ned extracts were washed with IN H@ (150 ni),

water (150 ni), dried over MJSQ4, filtered, and
concentrated in vacuo. THéIbru&é solid was
recrystallized fromthe mi ni nunyaNdant  of

di chl oronet hane in hexanes to pPovide the desired

r gdgzt @%olgt W‘l’f{ﬁ g%og'(gb %n(oéiﬁof%gaoblﬁ%%éar 1n§/1%d% (RXi3A) and
. T=63.2¢ 692 ,m¢d) of shd@B1 ipgide MH)SO nFICOﬂWEIO(leEmﬂ&)lte@ E?reﬂl@X

104

3-c e%)i pt?%d \ﬁﬂen c%lgcptog%onrg {negrﬂot%lré rﬂ{ré Oﬂ}eqfnorgarbca shollaltdse were. r?raoved

H Obﬁﬁhtaholt armlnheoéicetohe almcofdl@ptopplbarﬁingblodlﬁem P gg46%)9\ﬂ:er5

mol trieth mne.(30,2 15 nth, .0 and

o DI e B RN B A B IRE M a0 SHEREREY -
at 0C was sblaead &g opWiksemdw bityadlob@k Ldakamy1@ddide in 30 mL of
di -tert-butyl di carbonate (47.2g, 216.9 mml) in
di chtydonediketicorseoled i dFer “@@C%ﬁnﬁlﬂteéémo TRt GH-
m XpreR rMYﬁc?l%Wf FRded- But&ﬂﬁﬁmrh ‘ﬁﬁal%foﬁ&&éh@s anattﬁef s'bﬁl@k?ﬁl@«as stirred

addit i onal hours, and was wash

16ri) for\keigwtey mhmmlxtuwsmﬂnm@t%d@wlmp of idﬁ igddl. Hmmol) of
M3 St 1 8’ {1 %1&11%51 Ss rﬁ%ﬂl 5198 81”101 %15 éfl?egadeé‘ ?/o"i‘&d%? _59°C, the mixture
provi e crude pr o i's materia
tri twammde@l rogint fampQrafie okr B%ui aghivey thoetdnetnidy ¢ancéneretd és

2 BA1 9GP BERENS o B RdySyhli

2H) c018 wﬁfér (dih;:d (MgS0,3, fHiered24d)d, coBeeiBatéd carefiy6 . PHis mixture was

1 % ), i‘;eéllsso_ﬂ\jreél 02 é&;rr%so?f)él‘[}g‘z 6 68 IQFOé)B/ésteg? F(ﬁﬁmgf%f sa%?rhtdég NH; in THF

cy ¢ hiaprapylbstd fo@ﬁlr/bﬁhmglﬁ T8¢ ot was Caichan®ddan Qucublto a crude

o Saloes it vesreehai et ey midi Supl Satpishane in

THFhéhO& with) 1-2a6h ﬁ@ 00h@HadoPtopfSvife LRI (4284) oREHGABsired product as
at nospher e. To this sol uti on was added a sol uti on

t he? pihdeitRdid off NYRHCDCE1a1.§1-26)3 (glaiﬁbﬁ)14r2r128drry2ﬁfhé 81 2.92
10 S V ut o
2%3@?#3@%?@“& FHEBD.E0 O Dy (FRv Rl iR 2920
war 89.64 603t enpéttMHE . over a period of 2 hours The
reaction m xture was quenched with glacial acetic acid
(3.4 nm.), concentrated in 5vacua, and partitioned
bet weerepatiatbil efopeiepopyiearbib@oulfohamalad wat er (100 ni).
The organi ¢ phase was washed Vbth brine (100 niL),
dried (MgSO™4), filtered, ncentrated in vacua to
provi de the desired product as..aNWaxy of f-white solid
(12 08 g, 100%: 1H NWR (CDC139 6 1.10 (m 2H),

.34 43 1H).
2350 \R %g‘%ﬂéf Rk %W%ﬁégﬁf%ﬂtﬁ b7 156, 82 10
3b. cRidpalathigisubbnamide, cyclopropylcarbmylsulfonamlde was prepared from
1- MRS N TG RN Bl QRS RYeh S HLS QRAE 481081, p.442-445). 'H NMR

(CDCls) 8 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); *C NMR (CDCls) & 4.33, 5.61, 59.93; MS m/e 134 (M-1).
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Step 1: Preparation of
1- met hoxynet hyl cycl opr opyl sul f onyl am ne

wa z00B64pk@r bamate n H'-?\ N O/, 'O 15To a sol RCT/082007/084799
cycl opropyl sul fonyl am ne ten-butyl carbamate (1.0 g,
4.5 mml) dissolved in THF (30 nL) cooled to -78 C,
was added n-butyllithium (6.4 nL, 10.2 mmol, 1.6Min
hexane) and the reaction m xture was stirred for 1
hour. To this solution was added a neat sol ution of
chl oronet hyl nethyl ether (0.40 nL, 5.24 mmol), and
t he48Pxdpdraionas-Slichhbnes@fdnemeid to warm to room
tenpei ature overni ght. 20The sq] uti on pH was adj usted
to 3 using I N aqueous HCl d fhs then extracted with
ethyl acetate (4 x 50 nmL ez The conbi ned
extracts were dried (My504), fiQtered, and
ioﬂgteﬂtoi'ﬁ#e ﬁl&i% é)%cf g{ \?aos FPr?pareldff om ?r thlophenesulfonyl chloride
fe n(mlwhyded rfmmtdeph)asmg thmaxgth@lﬁesdlbédIDZQslgs Lik0Ra8%inn. Chem.
whi |rectly into the next reaction
wtﬁ%&%@ ??‘E $2purification: 1H NVR (CDC13) 6 1.03

(m 2H), 1.52 (s, 259H) 1.66 (m 2H), 3.38 (s, 3H),
6 2 ; -RC_ NWVR (CDC13) 6 11. 37,

28. 2145 529k SIS 149. 57. Step 2
Pr epar ation of 1-net hoxyrret cy@ opropysul f onam de
30A sol ution of 4g >73 NH,
1- met hoxynet hyl cycl opr opyl amne
tert-butylcarbamate (1.14 g, 4.30 mmpl) was di ssol ved
19n a sol 4Brawppbényb0digimidi i ernsitbydreetn{c80ofreoinmgrudally
""asa&a‘ilkﬁléﬁ%r&%dshff rgro @e%mﬁs%{mﬁgaa&dﬁg nib T hours.
The solvent was re |n vacua an e residue
chr omat ogr aphed over 809 of SIQ (eluting with 0%to
600/ et.hyl .acet at e/ hexanes .

o 1¥ral Ce ureé‘ ?h e aa10 f sulfami S2s a Swhite

oI id (0.55 g\,,,°77% eyer al | q@uer twobasteps): DHONWR

(CDC13) 60. 95 %(wap 2F), 1. 44-Pw, 2FI)_3"36 BSN/SSM)
3.65 (s, 2H), 4.85 (s, 2H); 13C NI\/R|(CDC13) B 11.17,
40.87, 59.23, 74.80; LRVB mz 183 (Nr¥NH4). 3e.
1Pr epar at Tiin@efmediate sulfamoyl chlorlde was prepared by addition of water (1

1-cycl oPraom net hyl c%c o)pr I sulfonamde Q NH2 Step
1: W"éﬁé’i‘ THF 40,2 g¢ld (20 °C) stirre solut10n ot chlorosulfonyl 1socyanate (1

1- cY&lioRA OPY B Y G Mk QG ORYdIBWEA IWABIH BEC. To this solution

t enbut ykar bamat e
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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0 H50
1- Cycl opr opyl net hyl cycl opr opyl sul f onyl am ne

W@ 2008/061066/| car bamat e was obtai ned in 92% yi el dPCT/US2007/084799
according to the procedure described in the synthesis
of 1- et hoxynet hyl cycl opropyl sul f onyl am ne
ten- butyl carbamate, except 1.10 equival ents of
cycl opropyl met hyl brom de were used as el ectrophile.
The conpound 10was taken directly into the next
reaction wi thout purification: HNW (CDCl) 6 0.10 (m
2H) 6. Brepdratidh of A HminébyblébtiRecadibDxylid adif nfethy] &d-hydrodoride
(s, 9H), 1.62 (m 2H), 1.87 (d, J=7.0 Hz, 2H). Step 2
Preparation of 1-cyc|opropquégzél-cyclopropylsulfonam

de O nm.4 'O 15 HitG ound was obtained in
65%yield from 1- H
cyclopropylnethylcyclopropylghlfonylan1ne

tert-butyhear ﬁarﬁ@ﬁ@(gngh@ 901@ PLob e, BRBS BMYTRTocris) was
descri bed for the synthesis of

1- néissrdyegd i d hiplleof me@wn@pﬁ@ ghf wrdbeled imflae2 ke olhedeaction
was npﬂgﬂgwag gm?aa f8101 40 <C B Rt &%E&%%d %V%u(afo%euﬁwﬁgg ofa

0% to 60% 20 ethy acetate in exanes as t uen
NVRy¢loDG1) Gourason with XMHNL of dEthy( etherDirf)vided 100 memf tiRtdesired

L5 ePigR: pgbmicd s, U N (o8t s 2 8%0s tdiia, 3259 ),
m 22593 .QN+NIHAR? (L3H3d. Ar(epanHy.i on of

& propyl car banoyl cycl opr opane-sul fonam de 0 0, NH
S:.2 Step 1. Preparation of

1- pmoayrkﬁaaz&b)arwmlmmwwQ@pﬁﬁlﬁﬁlulzﬁ@mamm@rdpeﬁbcarboxvnc acid

butylcarbanate O RNHO7C's- ---ri O This conpound
was lesputylsstar (racemicpixiic)1 009 yi el d according to the
H,N" " CO.tBu

ethyl syn to carboxy

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

shown below

tBuo,C ~ CO:Bu

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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procedure described for the synthesis of
1- met hoxynet hyl cycl opr opyl sul f onyl am ne

wGL@ROB6/ | - car bamat e except that 1.10 equi val BCX/ES29D7/084799
n- propyl isocyanate was used as the el ectrophile. The
conmpound was taken directly into the next reaction
W t hout purification: 1H NM R (CDC13) 60.10 (m 2H),
0.51 (m 2H), 0.67 (m 1H), 1. 10 (m 2H), 1.49 (s,

glr_l)e Blggflgft%%%%lﬁézgé) 10 prov1dg gle desued product (1 g}gl)g, 671§)r%£neop 7%%

1- pyRivwivtah hasuydeyettBan aRaRer satiboanam de Thi s
conmpound was obtained in 50%yield from 1-
propyl car banmoyl cycl opr opanesul f onami de

t engRPby IPERRRAGRS B2 REHRO- BT yERplopfhePr, LERAME B lic acid rers-butyl
described for the synthesis of

1- netsoshowBLRYWCy ¢l opr opyl sul f onami de, 15 except t hat
no chromat ography was used as t mat eri al was
recrystallized fromthe m ni amount of

di chl or onet hane/ hexanes: 1H (CDC13) 6 0.15 (m
2H), 0.51 (m 2H), 1.01 (m , 1.34 (m 3H), 1.86

(d, .7=7.0 Hz, 2H), 4.8346sc 2HPO.BBC NM R (CDC13) 6
4.65, 7.74, 11.26, 35.62, %fl 21, TRV mz 193 (M
+NH4) . rO(chE(pf@t@i]I ((18 3af 67.8 mmol) was added to a suspension of
L T MR Ee) L Aot PN XS PRSP .
1- ( BedredhREHNY 1. 30%B 280 fimol), and was vigorously stirred overnight at
%/I | car barmoyl cycl opr opanesul f onam de
1¢ er fQOBUEPPYaiFa nde E°C] BIXEHHYBLRRYIHES 2 GHtHICHE ipcjapd yater
]‘f (r) lrJ glfdh‘i&ge@netﬂﬂg lg@g@gé%ﬁ’ér H )9 ThOadubSus 2RIPHEM R &S SdidiPpd
y [
1- neithexX)ieghydus ymﬁwrdmwtwu bf Gy dralvixtrected with ethyl acetate (3x).
t enT ¢ co)ﬁlgq(;r?qrdbar%lgcz ) ee)r(scxzei e wgso %td évr%tgtweat%\gy I Vbar{ne ”&r%d?%fgSO@,
eI eﬁttfreqh Iandl eoncdieted Girpaaun t Iwasldds thk @esichil pmclnctt)as b pilo y¢lhey oil

ext. re ion t, purification. 10Step 2:

r ei)lgrgat%‘gﬁl%?lvgfﬁ @) di et hyl i soxazol -
4y1) car banoyl cycl opr opanesul f onam de Thi s
OO S f0 & IRIR N PR 19,6580 ) From L. 626

1-( 3in§sﬂwMnaﬁhMh@sy@M@@lmﬁnmko&@dr&ﬁﬁwérgw@hi@ 280 RPARESWkter,
fonam de tent- 1 5butykarbamate using 30 nL (120 mol)

of #wndelow oxanes, stirring overnight, concentration
and chromat ogr aphy over a Bi otage 40 lum (eluting
with 0% to 5% et hanol / di chl or one e:11-1 NWR
(methanol -d4) 6 1.57 (m 2H) 0 1.61\Am 2H), 2.15 (s,

3H), 2.30 (s, 3H), 4.84 (s, 3N, fglgl%(methanol d4)
69. 65, 10.94, 15.01, 46. 11 1Y4 B 165. 55,
,468.15; LRVE m z 288 S 20

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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4. Preparation of cycloal kyl sul fonam des from

cyl oal | cvl brom des 4a. Preparation of
w@eymBobwse/| sul f onam de from cvl obutvl brom de POT/USRIDT/084799

ii) SO2C12 iii) NH3 (sat) THF <>-Br000 to it9 25To a

solution of 5.0 g (37.0 mml) of cyclobutyl bromde in

30 nL of O 58- anhydrous diethyl et her (diethyl ether)

cooled to -78 C was added 44 (74 8 mmol ) of 1.7M

tert-butyllithium ent anes. solutlo s. sl ow
e Fnge e Mt e RETATE gt SR AR O

canpulyRbsandsd @wldngértbdn @ 190/t ommroﬁiaﬁa@ {tﬁ%d @t ml )
of freshly dlst|llfgé%ulfuryl chloride in

hexgeﬁ@gra%%wangla d tQuReNide ﬂkecsle%jred@roda%? g@%ﬁlﬁﬂ“

ands% %fa%aleyyeﬁ&ﬂ%ﬁn'tl{ﬁﬂ/@@(dljl?l}é%% (s TdH)SO o (ﬂl LS‘H% M@(ﬁ(br m,
redlssolved i'n @é et her, washed once with

p celldblldSvatE,, 1. ‘HH (ng, M@M 16 (f,i2H).€x Hbr sifdh)-

concentr at ed carefully Thi s n1xture was redi ssol ved

in 20 nth of THF, added dropmnse to 500 nL of
tig ' cyclgprippanecarboxylic acid

overnjght,.. . Ihe mxture was concentrated in vacuo to a
crud%—yé¥fUmﬂgoﬁrgLanduﬁgmas—recrystaIIlzed fromthe

m ni mrum anount of di chl oronet hane | exanes wth 1- 2
drops of nethanol to provide 1. ggz/ﬁ?§89© of the
desired product as a white soli 1-11 NWMR (CDClI 3) 6
1.95-2.06 (m 2H), 2.30-2.54 K 44:tBg. 86 (p, ..1=8

Hz, 1H), 4.75 (brs, 2H); RC NMR (CDCl13) 6 16. 43,
23.93, 56.29. HRMVB m.@tWMmtO@@rtwyfor CAH8NS02:

'Eycl openty PP RBRPEAANRAS T & Bratn ol A A A vigion in

of THF%9.8MhiL, @37m1@0]r)m]3he) mdfure Maclysatedpereflyk fag etiutintooled to

chloride in ether s .added dro to a solution of

3. 09 tﬁ@?erét“w% Mﬁ?"@é’ﬂﬁv%&] gﬁ/\%ﬂé‘@ acily) f‘l?rs;‘?futlon was

chl auckeleivélp taghcaedthf A (A 180 inlhand BriddQOx rooLmof dmv(a/fg@%
cooled to -78 C. The m xture was warned to 0 C over

houflteiR¢ ahsoncediRteddr wrcyp tyrrevde B dpsiied 8r9dicty acuo.
13his m xture was redissolved in diethyl ether (200
m), mashed on&g mnth sone |ce cold mater (200 nth)

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
5F
RF 0, o . R o,
\// 7 o o O
s EtOAc H W Vi
e .
W N Ny
j/& H 5% Pi(S)/C, H, (30 PSI) RA_H\(J\) 5 4
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:

-65-



This m xture was redissolved in 35 nL of THF, added

dropwi se to 500 nL of 25saturated NH3 in THF and was
w@bdosmeed o stir overnight. The m xture was  PCT/US2007/084799

concentrated in vacuo to a crude yellow solid, the

residue filtered through 50g of silica gel using 70%

et hyl acetate-hexanes as the eluent and the sol ution

was then concentrated. The residue was recrystallized

fromthe m ni mum anmount of dichl oronethane in hexanes

with 1-2 drops of nmethanol to provide 2.49 g (41% of

30t heehabesii red product as awhile solid.NVR (CDCII) 6

1.58-1.72 (m 2H), 1.74- 1 88 (m 2H), 1.94-2.14 (m

4H), 3.48-3.59 &1 1H), 8Q (hr s, 2H)sepk3C NMR o

(cm][fje\%.—gﬁj\zsﬂs, @”Aﬂ WBEtm—I—e—]ﬁS—gNFH)?ocHM >

Preparat i on 0 aéﬁéﬁﬁh sul f onam de-~A~F

0 9 -s-NH2 5A Sobfiti’'on of 18.5 nth (BZIOt@u rcmimelrt) of 2M]

cycl ohexyl magnesi um chl ori de (TCl Angrtdas) in di Mate

et her was added dropwi se to a soluti8f”8f 3.0 mL (13 fure

namol ) freshly distilled sulfuryl chloride in 100° ~23),

of hexanes cooled to -78 C. The mixture was warmed 10> 2%

0C over 1 hour and was then carefully concentrated in

vac This m xture was redissolved in diethyl ether
(20 t , washed once with 10sone ice-cold water (200

nth), drGeeing Mapber hidrbdh®srRe (3 0302 G0 RERY) wa.amgended in rert-
carefully. This mixture was redi ssolved in 35

THFbutslineEhy! ethesghiodo: Bénza@ehxﬂg (B¥ B3t éﬁl@&l@&n@m@yriwusrwdmm
and Wag @k3 ngb thQe BdrE 2 R8T Al MY mix{iREwWR b %o msusmg an

concent rat ed in vacuo to a crude yellow solid,
r esicdivertdribhthe Tadthylamowdghs 50Y, 526 mple) was agdéd clrgp\mge W&O

et thnu?e% %‘&lgl% nﬁlﬁfﬁ?er\g% sﬁfcfe& l% 4§116{ﬁ§]£t rg‘&gt w@)%{auir? The Cfeac‘uon

concentra concen rate was recr
1 tﬁ r owa$ then gquenched oy addition ofaée- @hld:iwhter ﬁri@tahdiﬁe qrganhrdmnwss

S of t hanol [
! he vadieRadb e mal W ol Rl A ol i g5 Dena
1 1ﬂie]3r§1?ilc(pﬂ’mse§bd):1;e cibm-ﬂﬁled. arﬁﬁw:{sm;d with 3 mixtoré-ol sah@ratedhqueous
6- m : 2.
s erteBET) e 1D, 1 priafic St el g afiged
25 Bt codBen@dted 2bvdofn toplovide 39WR dfltee SbenAyMndihe pro@idt 46 thick
Preparation of neopenttg sul f onam deg

9 s- NH?

Lol Vel thievas merdetie®y indhe Repbsten: eH&SM& (6R (s 300 MHZ) 5 1.32
CkatOﬁEW'ﬁybﬁmw(Q% 49 H%‘—zfgfz 4@l )= of Y. 27@\47 39-7.47 (m,
neopent yl magnesi um chl ori d i'n diethyl ‘ether
was 335 do8viert (@d 2Ho 81315(291H()27% of t he desired product
as a white solid. 1H NWR (CDC. 11) 6

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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1.17 (s, 9H), 3.12 (s, 2H), 4.74 (brs, 2H); 11C NWR

(CDC1l) 6 29.46, 31.51, 67.38; Msrive 150 (M1)-. 4e.
wore@passsd on of cycl obutyl car bi nvl sul f onam de B=NMBR2007/084799

A solution of 12.3 g (83 mmol) of cycl obutyl car bi nyl

brom de (Al drich) and 13.7g (91 mmvol) of sodi um i odi de

in 150 nL of acetone was heated to refl ux overnight

and then cooled to roomtenperature. The inorganic

olid moved 5 fItrtona t he ace

ALY Rl i ARG R R Tt g )
gy QﬂdSTBMFQl L?mas( Abd anfthé AMPREE alay e i@nd 030 0TEORirdY mdQure
, respective

A solution of 4.0 é\}al 98
no VRS BEN Bpdq %@ttgpr cat by Hgldrerydsegdditign 361%@4 OH, the
an h&%ﬁﬂe Sy B By I%Jaraﬁ&p Ghd G¢ Qtli&gust [ﬁlasezgasgxﬁ‘@éedcx%w&tﬁqg X

into sol ution
Sec 5%@9) | Thervirgamic qaftr@qrwgh @szrahl@@d éﬁ@ld Q‘h?é N%pu,tﬁltsrﬁdwaé
st
cancuf Rt kOt PE; Thtl A L EniSias aqded BoprD or
di stli-detrédtyddi¢arlpamgic (l;’nll D0i68@ noh) ahd herrhixfe Higd heg days at room
coo - 78, G r o
e%g) {agurr% %c\l/aé’i‘rlon%p i- Otlejrrt )6a caW)% &EgSOt%a 2%%1} v}v/as added to the
c onmacttcmaahé theimixwmacw®. refTixes fcm3><ltoursand\MS thewl bldsaldved to rom

1§ iR edemigt BEF e mli ol R8T b NPt e an

Thi sorattatdern waso 1bpredids 8Ok vectuddmaoridh Irh@fres'ﬂldEwaaphdﬁtéd by

o SR ong (s ke Srih B bl S BB 1) o

CoNgRRNIde 87 @d53%9) dfagdémid M—%CQIRJQ‘@/C}’SQRPWaﬁQﬂoLZjvﬂﬂdydlﬁﬁopane
recrystallized fromthe mini num ano

di cHIBrIHetHARBY) %tehmgwmltwhl@ S?ll@ﬁswh%? SI{HaE LR |
150 RIQY-A6r IH%%\lm (@ﬂ%?/%mMﬁaﬁa@Qégrﬁﬂ mrf@zg@ﬁs 1«3)% & 9H),

vv-hite solid
2 14.43-128 (] HR H)76- 1828 br 2, B), 20¢ (9, /1590 H3, 2D, 4. 48 (47 7.2

b g 4T tallt s A, K 5 6R, (FRGHD @alA #0617 1

Pr e plj. at77ddddof =dy ¢l tp3, cﬁpﬁ/Hclebl MA sal2bbh@tide. 1/-N9 N
H2 0 25Using the procedure enpl oyed for the
preparation of cycl obutyl carbinyl sul fonam de,

2 ¢y c b dpssolpybreaiN Boy 1S S0 it dleania s-2prigyac Bprdpamiarboxylic
cycl opropyl car bi nyl bromi de (A drich) (see also JACS
1983—85%—345) 1H NMR (CDC13) 60.39-0.44 (m 2H),

0.6Pc®m¥8 (m 2H), 1.13-1.27 (m 1H), 3.03 (d, J=7.3

Hz, 2H), 4.74 (brs, 2H); 11C NMR (CDC13) 64.33, 5. 61

59.93; MS nfie 134 (M1). 4g Preparatﬁ\on of

; BocHN,/
2- t hit8 [fonani de  CS 9 21\2 o~
Buffer, DMSO 2s
| 1
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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S-NH2 O The desired product was prepared from

2-t hi ophenesul fonyl chloride 5(purchased from Al drich)
wagiongedobie met hod descri bed in Justus Liebi gs PCRUSIONEOR4799

1933, 501, p.174-182. 4h Preparation of

4- br onobenzenesul fonam de 9 s-N H2 0

104- Br onophenyl sul f onam de was prepared by treatnent

of conmmercially avail able 4- bronnsulfonyl chl ori de

with saturated ammonia_in THE. 5. ner procedu
for I e‘@weﬁ&r@flp%ﬁu@fo gmléhlredrsgchgfi% 3 R Nesrqiperd to

0" 73 @l Lad@n of Rb0%MNaB21 IRwak?. Klsolution of the racemic N-Boc-
(1R,25)/(1S,2R)-1-amino-2-vinylcyclopropane carboxylic acid ethyl ester (85¢g) in
850 mL of DMSO was then added over a period of 40 minutes. The reaction
5  temperature was then maintained at 40 °C for 24.5 hours during which time the pH of
the mixture was adjusted to 8.0 at the 1.5 hour and 19.5 hour time points using 50%
NaOH in water. After 24.5 hours, the enantio-excess of the ester was determined to
be 97.2%, and the reaction was cooled to room temperature (26 °C) and stirred
overnight (16 hours) after which the enantio-excess of the ester was determined to be
10  100%. The pH of the reaction mixture was then adjusted to 8.5 with 50% NaOH and
the resulting mixture was extracted with MTBE (2 x 2 L). The combined MTBE
extract was then washed with 5% NaHCOs (3 x 100 mL), water (3 x 100 mL), and
concentrated in vacuo to give the enantiomerically pure N-Boc-(1R,2S)/-1-amino-2-
vinylcyclopropane carboxylic acid ethyl ester as light yellow solid (42.55 g; purity:
15 97% @ 210 nm, containing no acid; 100% enantiomeric excess (“ee
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).

m o
o/ o 11 0 _N,1
/\ /s,
T T b o O .G
O 3777 g O 372N
5 5
20 1R, 2S-ester 1S,2R-acid
ester acid
High (+) ESL, CisHpuNO, [M+H]', | (-) ESI, C11H16NOy, [M-HT,
Resolution | caled. 256.1549, found calcd. 226.1079, found
Mass Spec | 256.1542 226.1089
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.NH2 R2 15The i nternedi ate sul fanmoyl chloride

was prepared by addition of water (1 equiv) in THF to
w@2mehetoe 20 C) stirred sol ution of chl orosul fBCEUS2007/084799

i socyanate (1 equiv) in THF and the resulting solution

allowed to warmto O C To this solution was added

anhydrous triethylamne (1 equiv) foll owed by

requi site secondary amne (1 equiv). The reaction

m xture—was—warred—+to—+o6 Fat-ure—th HHtered

ot erma an
and |20the filtrate was concentrated to afford the
desi|mnavdR Sebséragd demicabhapl e 2: Preparation of Pl
| nt er medi at es 5.
1- t er t - BuBex§u e Behyiraien AdedtdiPap Folfdhe - CeBbxyl i ¢ aci d
L (o Shakl udsarel ok oo CHe T Rpme on
est er hydrochl ori de H3C0
Position Proton (pattern) C-13 Proton (pattern) C-13
ppm ppm ppm ppm
1 40.9 40.7
2 2.10(q, J=9.0 |34.1 2.17(q, J=9.0 35.0
Hz) Hz)
3a 1.76 (br) [ 23.2 1.79 (br) 23.4
3b 1 1.46 (br) 1.51, (br)
s o e
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
o e oo o
9 1.43 (s) 28.3 1.43 (s) 28.3
L AT 3
11 1.23(t,J =7.5 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

(Novozymes North America Inc.) and a solution of the racemic N-Boc-
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NH3ClI 0 1- Am nocycl obut anecar boxylic acid (100 ng,

0.869 mol ) (Tocris) was 5 dissolved in 10 nth of
woredokaemobe HC1L gas was bubbled in for 2 hours.Pdnes2007/084799

reaction m xture was stirred for 18 hours, and then

concentrated in vacua to give 144 ng of a yellow oil.

Trituration with 10 nth of diethyl ether provided 100

ng of the desired product as a white solid. 1H NWMR

(CoEiEls 8 08 et i i thige g

7a. oRPmapaf BRISONveE addbR, ) $14t2 Kiad Saled and incubated at 250 rpm at 40
1- am no- 2- et hyl cycl opr opanecar boxyli ¢ aci d ten-but
5%k %Sp

est &r- fxftarcl&ﬁoerSn%ﬂur@scess b theyeptes s detsrRHeh RGP
1. BiRRaakl 0RL 8F (e v&kfi &&%9%@1@%@@@%@ ﬂk&ﬁm%uﬂ b L

acid di-tert-butyl ester, shown bel ow C t BuGzCO2
To ethswedpéinsicotifedatibe d@ymcrp iigt ('L Arafthi suparedidng wa@l @nalyzed

g S%W%E the: c%lr%é—?}?é) T_&T%St remaci)r(l)'l/ré‘%‘?l B 1%%51’13)( ug_b?]o' Ut ﬂlgfép yas
( 30a<ﬂie@,, anaiﬁ& Iﬂatm?md hcebatkd (fd)r-ati&ﬂtlbndli Atdyydmm D&hﬁi‘nﬁat (42 OCQafter
reaction m xture was vi %OTO

st i WP@H f%rmlmf q%a?lswaéta feddpriheariile Adtetipats H%Pt‘PPePzg)tlédOf the

Wit Ehp%rnmaﬁttx’v'a[s%n&lgfzédq’@thatﬁgc}ﬁﬁi APLC TR@eRhHdex REQHUE s ¥R R as
extracted with di chl oromethane (3x) and sequentially

16vas Hetgrmapadrio Wl @Y. 3x), and brine. The organic
extracts were conbined, dried (MgSO4), filtered, and
concentrated in vacuo. 25The resulting residue was
pur Rejohddiohy f| ash col um chr omat ography (100 g Sift,

product - (155G Fogb My ANk g i 4 € bl B £ R Rl

dir éuapdc})tyi mo thévaipxt 1| méad Ekgamase 8.0L, (pBitegse fbom Bacillus

g %rc? ran orv8r A% emfrtE Adnerlga E)n&e )'ﬂl?l a SOllét-lO&l %f é}}etra%:u ig/iV—Boc—
588(1@‘ 28)& I&E\RD b@inﬁw 2- Vlhmﬁﬁéldﬂﬁﬁiaﬁucarboxyhc acid ity lpg@eUOtmg) in

ous Bt SrPYR0 T Fmet i s and ishuddgn 250grmn 4

MToPQ. ARerdiRyhott, BhdYib-cRENEHT thOQEr Hla) d@émﬁne@ to b& SREBAs
with H20 (1.35 ni, 75.0 mml), and was vi gorousI%/ )
st i f[llewingy @rlnl?ﬂb lof thgfreaction mixture was removed and mixed well with 1 mL

20  ethanol; after cenrifugation, 10 uL of the supernatant was analyzed with the chiral
HPLC. To the remaining reaction mixture, 0.1 mL of DMSO was added, and the
plate was incubated for additional 3 days at 250 rpm at 40 °C, after which 4 mL of
ethanol was added to the well. After centrifugation, 10 puL of the supernatant was
analyzed with the chiral HPLC and enantio-excess of the ester was determined to be

25 100%.
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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10room tenperature. The reaction m xture was poured in

a mxture of ice and water and washed wi th di et hyl
w@eden6408x) . The aqueous | ayer was adj usted t oPEIEUS1007/084799

pH with a 10% aqueous citric acid solution at 0 C and

extracted with ethyl acetate (3x). The conbi ned

organic | ayers were washed with water (2x), brine,

dried (MgSO4), filtered, and concentrated in vacuo to

g, o§6a%8e mﬁ(d&g%aé%%?ej{osfj ngt/a]g 0§er%§>}J lélﬂggg{ | oﬁ?%? i 4% to
(1R3@Bﬂdvk802$)maeset hyl - 1- ( 2-
tri E@ hyl si | anyl et hoxycar bonyl am no) cycl opr opane- car bo

xy| FOVAgEed byt yl ~ester, shown bel ow 20Me3Si

"/%UVSDetecuon 210@nR suspensi on of the product of Step 2

éﬂ%o 46. 8 mmmol ) and 3% of freshly activated 4A
|8§femsﬂnt§mee9@§ i hmy; gStese s 8HBIES160 nl) was added

tri ?}ﬁiﬁhﬁ@k%ss(d%te%gm%n R3¢th8 i@l ) and DPPA (11 ni,
10.21 mol ). The reaction m xture was heated to refl ux

for Cgl.uﬁlnhGHi&ACEk@Q BH M@HSann,u%myl si |yl et hanol

(13 e refl ux
ove%\/golbghﬂ?a% 3reac [ on m Xt lgrwgat[ev\gbﬁﬁ)l tered, diluted
Wi t Flogi retehybl75emlhamn washed sequentially with 10%

qu citrig.acid solution, water, saturated aqueous
lﬁlal—lgggaet ﬁ? ‘, and brine (2x), dried (MjSQ4),

fil Reteetdqntﬂam concentrat ed in vacuo The resi due was
susp of Al drich i SO nat e scavenger
ppodit i R SRR AR R A R RSt L et

t eNRedeatatty € ROYSN( 1S, gkt 1- aﬁ[hd * vlhyley&cq)répan@mwdx@lﬁc idi@ethyl ester
deS| red pr oduct .3 muol; 52% as a pale yellow

oi | 18-p PIRGES qneel: %@}m’so 03 (s, 9H), 0.97 (m B5H), 1.20

1 Eg El)r (51% IZ%)OI—(%I‘E’)I%SZ, ﬁnﬁ@ﬂf‘&l%prépaﬂg_calﬂ%o}%gg E@allctl Iétlggrfll ecs)t?:r 165 tiutes.

(1R 2R/ (1S, 2S) 1-am no-2-ethyl cycl opropanecarboxylic
aC| ddBmiohw vyl ester (racem c m xture) shown bel ow
hyT syn to carboxy 10To the product of Step 3 (3 g
9 mol ) S/\h@faddédodaumpmwpﬁ@ﬂﬁlf&omﬁ B)cmammalﬁlfHEectag 38 °ﬁLna20

9 3 X1 ur heat 0 [ ux r
hou%gyn %:%(8 rea Pl stléel'cll e tlwn%glr gﬁﬁf lgtelts of d’ﬁcdal?se t2 4% (NOY%zymes
2®00Notth afmeeitdiink. ) an:cbt hteEof Dheatsobart adaled wathe siactoe s8harel y

Gr s Bapoeriseldfe TE Ebed © hoCathuET LR 1 VBN NeOt
pr owisdmitibef e flcéBid AnB@cd(m zs%ﬁs )8 Anﬁ@rneﬁaﬁcmdﬂmﬁne

for the converS|on of For nul a bearing a

P1 cafbosyfic peid sthpleastet (ﬁ@ﬂ gramﬁ tnrﬁehteré PGP 31t W@d to the reactor

sat gr@heeridiloranauPet en ARiGHAWhel AT M&ﬁ8§{e eﬁfure was then
Conpound A (approximately 100ng) and Pt(S)/C (5% 10

2prg) adjpst@agprox gt 2l joutssenpntio-ofcet @Mt e\mg reached 99.3%.
hydhggﬁ%%a gtopﬁ)e{dza §§ 901P SS/(Hgll tfle%o{e?cgrog VJELS SIAIV eJoofed ldi)\'f’n@%d ggm

t hr oug ate was “concen
andtepperafurebow 29 |°Q)sarﬁherreib®{err&ght p T baolpit vf th€oraptounndixBure 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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8. Preparation of racemc

(1R, 25T(1 S, 2R) - 1- am no- 2-vi nyl cycl opr opane carboxylic
w@eiodoewby! ester: Schenme 1 Step 1: 50 ycpeUs20hy084799

ester hydrochloride (304 g, 2.16 nole) was suspended

in tent- butylnethyl ether (1.6 L). Benzal dehyde (231

g, 2.16 nole) and anhydrous sodium sul fate (155 g,

1.09 nole) were added, and the mi xture was cooled to

OC using an ice-water bath. Triethylam ne (455 ni,

3.26 nol e) was added dropwi se over 30 mnutes and the

mM XReoutivas stirred for 48 hours at room tenperature.

The reaction_10was then quench by addition of o

i ce- col dQapktT Msodjunyphespliste %&fga@vﬂ@m@& &tainjpaed at 40 "Cina

sepap alt@GackdNRaGHU KA P BEEBmMNAS B4 0B A 18Maswh U, (Novozymes
tert-butyl methyl ether (0.5 L) and the organi c phases

Wer BoER MBIcHERING o anaddee 0 TP f9ctar niVhenihe (g eir it e aixture
laq UGB 1D K d Jr ks %%6%% ??l \fii‘h foN NEBEL N AR of the

ayer was dried over ered, and concentrated
i n vacne N-Bop(ld/idd1BR)- hraginof2-vihdc ¢ dpagnayt carlprixglic acid ethyl

AR 1 e O iy A AT o
J= ¥iabn biiditi@Hunned.. PHe ieagtiod tenﬁ)eﬂa’ttht wa@thpn adfustdd 0 d) *Q=After 3
1 3400 iy Ay s SR A SR 2 b, Fiion was

f er todhdt dpwinde 2§ 84 .tHe g oflth® Feativin)mil turawys ddpisteenes.§ with 10 N

L), added dropwi se a mnj xtu f .t N-benzyl. i

of SRR BTt 4 g ek angobined MiBe
t r aBgratt Wasdi RhQPI125% WNaBIT); (1 Q B0@mMLY a0PateiaB k 200 nelh)yand
toluene (0.6 L) over 60 m nutes. Upon conpl etion of

t heSHeRtcdio eivhdlQeap of ¥ellaw it uFhs alakes geieth Epeaticpycrature
18ddiidePRoRE viRERM g ave)en B8R Wud NTBLAY] R,@Sc?h@famino—}
(TBME, 1 L). The 25aqueous phase was separated and

ext Vaglcedororaae srbotylisacidiethyl cpiies qolorleys lonhedsrygishilo] &
phag&sy Wer e, GO M LontkinMnbGdid( dookdecyvas added and the

m xture stirred at roomtenperature for 2 hours. The
or gani ¢ Phivesestahaisucsup eraatierderipatly pye Naldeced RiSt/hl -amaper

(0.8 . ' e o

(0 ST ORGSR L LI PR RS g oo
2 @ndanaheisrXxey NS#nERT 98088 edceds: 0R3S9MB). Jihi plpsetitaxioxfiguration is

was i = - | ddj.tion

e TR PR 5 R Bt i 0

t hestagueousngthe s stabegraphtcreaoded fwth viiBME n{decxlabbiiBogen

nl\jé)s@fl:ﬁl?% 11%{ ag I('LP% gﬁﬁ d gargltlpsan\ﬁﬁeeca‘i‘:b%%r)ll o@?@én a%rr}l %g Y559 A).

Structure of N-Boc-(1R,2S)-1-amino-2-vinylcyclopropane carboxylic acid

25  ethyl ester:

7D



concentrated to a volunme of 1 L. To this solution of

free am ne was added Boc,0 or di-tert-butyl di carbonate
W@ 1®8/0¢1060. 600 nol ) and the m xture stirred foPCEHUSNYB084799

at roomtenperature. Additional

di -ten-butyl di carbonate (50 g, 0.23 nol) was added to

the reaction and the m xture was refluxed for 3 hours

and was then allowed cool to room 10t enperature

overni ght. The reaction m xture dri ed over MgSO4,

filtered, and concentrated in vacug, oprovide 80 g of

crude material. This residue v '1“| ed by flash
chronat ography (2.5 kg of Si 027 i 1%to 2%
CH3OHI CH2C12) to provide 57 ¢ (53% Y Ceq

N- Boc- (1R, 25)/ (15, 2R) - 1- am Nno- 2- Vi Ny ppane

carboxylic acid ethy er as a yél | Qw o g~Wei ch

solidified whideaitningl he 1H
NVR (CDC13, 3 @E’S ' .%M(\t, 3

1.46(s, 9H), 1.43-2P. m 1H), B m 1H),
2.14 (q, .T= 8.6 Hz, 4.18 (q, 2H) |
5.12 (dd = 10.3, 1.7 Hz, 1H), 5. 5.29

(dd, .T= 17.6, 1.7 Hz, 1H), 5.77 ¢ddd, .1= 17.6, 10.3,
8.9 I—Iztl 1tH); ME m z 254 16 (I\/Ll)E 209, 1Resol ution of
N BSEHPHR 29)1( 1 S, 2R) - 1- ani n& BT H1 cycl opr opane
car 51@5’%)}FPlif‘l§m@i@:|CéPP@tW@|4 est er Schémwalization Racemate: 1:1
m Xtk sy0fm:(Rrhodbl and (1S, 2RnRas@kddinme A

0 K 0 ol ution of sodiu 1 £ er (0.1
0 Fsaamson Mo 8 R | U RAARBRALC AL £

j acked: Z?Oéﬁé:f“or =Hai nt ai ned at 3§ry€§a1515?{6m§t011??‘886%93%00
r pm wassvagyad %mogr ans of Al caIDam:oz?ectAL (about 425

m) ( rth Anerica

terrperh%;é% of ﬁl\éﬁe m xt ure reache e%&%n”?]e pH was
adj Ust &84 48. 0 by the additionfefOaSB0%EEH i n wat er .
1A sgkution QF 1143 cmaccm c No. of reflections measured: 7518

11 T 2 1 e

car By 1R b ER SR 85‘% Y R R B -
was then added over a period of )m nutes. The

r eagtiigofr Gti@mpercatsud:e2wasd t hen INB.I wbaem@ﬂamma >QCa:f20%4

24. Qb3 Socthdiod E WIZ6N ti Me t ha,RRi@codifn 17, XT,U5: 8 6¥¥iS00
adjusted to 8.0 at the 1.5 hour and 19.5 hour tine

l?>0| nts using 50% NaOH in water. After 24.5 hours, the
enapkioinigess of the ester was determined to be
97.2% and the reaction was _cooled to roomtenperature

(26 C) ahb o507 eligy beratedmifcr (RE s gpintpinedpat whi-dma 20 liter

t he; @K@%Ac@breaﬁa%ﬁl%@it 4bh e Stifte lYVéisof@ﬁtv@aEé?‘aH@ﬂ)uF BeR&f
10100% The pH the reaction m xture was then

adj datiege 1 Q- &5 ERﬁ ¥PvSpuBaNADKHh AeeTich dncp)ees #ddagyto the reactor.
26N XGHLR téﬁ%%ra%g bt ﬁ&tWe%tbsﬁAE@ﬁS‘(@ ﬁﬁ Vgasla)iji}]lstz@ﬁ) 8. Sl_I\él:lct% 10N

conbi ned MIBE extract was en was
(3 XNa@BO Anjojutionaf the rgc8mic N-BOc111R.2S)4n8.2Boheemtat ed in

N e bl R RIREAO TR RS 00BHERune tpiiso e
aci eddetl n/the emtter ovas a perghitof e Irﬂlmwasswh gl adddtonSnige]. The reaction
pur jtetn}fo:erature 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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1597% (64 210 nm containing no acid; 100%
enantioneric excess ("cc"). The aqueous | ayer

WO e@BR064066 extracti on process was then aci di fi eRCT/OSJObl/@84799
with 50% FI 2S04 and extracted with MIBE (2 x 2 L). The
MIBE extract was washed with water (3 x 100 nlL) and
concentrated to give the acid as light yellow solid
(42.74 g; purity: 99% 4i 2 210 nm containing no

7H N jc 10 6 S, 2R-ac .ester
o 1A G s Ve Senid b Beporincapd BaRiss S pipaip iy coblefown
cal ethooR 2mpebte (fbRUIS 2% Bndldithdd GvomikiSl At@@hbﬂlﬁﬂ)\l@éf the
MH , calcd. 226,1079, found 226.1089

E)bs EAGHH TRRBFR Wa 8-& hl e hishirs Wi oxtregigd with MT&Eoé xgt ). Jhe

PPMtorkbidcl MTRE - thI‘?Q)@W)lS Badhke witPR 900860, @00 MDA A3Rr (3 x
MHz, carbon 125. 746
5 300 mL), and concentrated to give enantiomerically pure N-Boc-(1R,2S)/-1-amino-2-

vinylcyclopropane carboxylic acid ethyl ester as light yellow crystal (101A g; purity:
95.9% (@ 210 nm, containing no acid; 98.6%ee).

10. Preparation of chiral (1R.2S)-1-amino-2-vinylcyclopropane carboxylic acid ethyl

10  ester hydrochloride

4O
O\H/Nz“\u\o/\ AN HCl in ﬁ\
>( | HC- HQNK\ 0~

(@] ] .
“ Dioxane
I//

(1R,2S) N-Boc-1-amino-2-vinylcyclopropanecarboxylic acid ethyl ester (8.5

g, 33.3 mmol) was stirred under a nitrogen atmosphere with 200 mL of 4N

HCl/dioxane (Aldrich) at room temperature for 3 hours. The solvent was 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
N { O _CHoNp N \{
O 2 g Pd(OAC), 0 A
Yz ether, rt
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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Position Proton (pattern) ppm C 13 ppm Proton
(pattern) ppm C 13 ppm1 40.9 40.7 2 2.10 (g, 1=9.0
wW®@2008/0408¢7 (q, J = 9.0 35.0 Hz) Hz) 3a 1.76PC1U$2007/084799

hour. The resulting solution was stirred at room temperature for 18 hours. The
excess diazomethane was removed using a stream of nitrogen and the resulting
solution was concentrated by rotary evaporation to give the crude product. Flash
chromatography (10% ethyl acetate/hexane) provided 210 mg (78%) of (1R,2S)-N-

5  Boc-1-amino-2-cyclopropylcyclopropane carboxylic acid ethyl ester as a colorless
oil. MS m/z270 (M + H).

Preparation of P1’-P1 intermediates

10 12. Preparation of P1P1°:

Scheme 1
0 0
BocHN “\\”\o J Step 1 BocHN "‘\U\OH Step 2
LiOH CDI, DBU, THF

"’ﬂ MeOH, THF "’/| o ,0

A

S
H,N™ \v

Enzymatically resolved
single isomer

Q o0 N
BocHN ‘\\\IJ\N N ﬂ» HoN .\\\IJ\N N
A N/ 1) TFA DCM NN
"/ﬂ 2) HCI in Et,0 "/ﬂ
Step 1:
15 To a solution of 1(R)-tert-butoxycarbonylamino-2(S)-vinyl-

cyclopropanecarboxylic acid ethyl ester (3.28 g, 13.2 mmol) in THF (7 mL) and
methanol (7 mL) was added a suspension of LiOH (1.27 g, 53.0 mmol) in water (14
mL). The mixture was stirred overnight at room temperature. To the mixture was
added 1.0M 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%). 'H NMR: (DMSO-dg) 81.22-1.26 (m, 1H),
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23.2 1.79 (br) 23.4 3b 1.46 (br) 1.51, (br) 4 170.8
175.8 5 5.74 (ddd, J= 133.7 5.75(m 133.4 9.0, 10.0,
wA 7008/064066 PCT/US2007/084799

5

10

15

20

25

30

1.37 (s, 9H), 1.50-1.52 (m, 1H), 2.05 (q, /=9 Hz, 1H), 5.04 (d, /=10 Hz, 1H), 5.22
(d, J=17 Hz, 1H), 5.64-5.71 (m, 1H), 7.18, 7.53 (s, NH (rotamers), 12.4 (br s, 1H));
LC-MS MS m/z 228 (M" + H).

Step 2:
A solution of the product of Step 1 (2.62 g, 11.5 mmol) and CDI (2.43 g, 15.0

mmol) in THF (40 mL) was heated at reflux for 50 minutes under nitrogen. The
solution was cooled to room temperature and transferred by cannula to a solution of
cyclopropylsulfonamide (1.82 g, 15.0 mmol) in THF (10 mL). To the resulting
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)
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
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

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,
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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Hz)

6a 5.25 (d, .7= 17.0 117.6 5.28 (d, J= 17.0

118.1 Hz) Hz) 6b 5.08 (dd, J= 5.12 (d, J= 10.5
WO 2008/064066 PCT/US2007/084799

10

15

20

13. Preparation of P1-P1’ sulfamide derivative

HClsat @ O /
HN,, ST~

To a solution of (1R, 2S) 1-tert-butoxycarbonylamino-2-vinyl-
cyclopropanecarboxylic acid (217 mg, 1.194 mmol) in THF (5§ mL), was added CDI
(290 mg, 1.791 mmol) and the reaction mixture was heated to reflux for 45 minutes.
In another round-bottomed flask, LiHMDS (1.0M solution in hexanes, 2.4 mL, 2.4
mmol) was added to a solution of N-ethylmethylsulfamide (330 mg, 2.388 mmol) in
THF (5 mL) and the reaction mixture was stirred at room temperature for 1 hour.
The two reaction mixtures were combined and stirred at room temperature for 2
hours. Water was added to quench the reaction and the reaction solution was
extracted with ethyl acetate. The organic layer was separated and dried over MgSQO,.
Filtration and concentration gave crude product which was purified by preparative
HPLC to provide the desired N-Boc protected N-acylsulfamide. The Boc protecting
group was then removed as the compound was dissolved in 4N HCI solution in
dioxane (2mL) and stirred at room temperature for 4 hours. Concentration provided a

brownish oil as the HCI salt. (112mg, 33% yield). 'H NMR (400Mz, CD;OD) &

116 (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, /=10.27 Hz, 1H), 5.42 (d, J=17.12 Hz, 3H),
5.68 (m, 1H). LC-MS (retention time: 0.883 minutes.), MS m/z 270 (M + Na").

Example 3: Preparation of Example 3

\\ //

Example 3
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10.0, 1.5 Hz) Hz) 7 155.8 156.2 8 80.0 80.6 9
1.43 (s) 28.3 1.43 (s) 28.3 10 4.16 (m) 61.3
WO 2008/064066 PCT/US2007/084799

10

15

20

\l\:HOH Step 1 Step 2 I'OH H (? OS?

N
)=o 4-BiphMgBr Ny OH C{ch“s\p Y, NTAH
, >(O,g O "o HATU O0™o~ |
THF, -50°C O \ DCM
N 2

Step 3 HQ g H N
(. N

- . N NA N - i 0N, 0 A H

HCI o T O’i\o i O~ >

HATU, DCM
3
Example 3

Step 1:

To a solution of (S)-1-(tert-butoxycarbonyl)-4-oxopyrrolidine-2-carboxylic
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
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).

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).
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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11 1.23 (t, J =7.5 14.2 Hz) Resolution B To

0.5 nL 100 ni M HepsNa buffer (pH 8.5 in a well of a
wWQZ2o0seb406¢l at e 5(capacity: 10 nliwell), 0.1 ntPCDiS2007/084799

Savi nase 16.0L (protease from Bacillus clausii)

(Novozynmes North Anerica Inc.) and a solution of the

racem c N-Boc-

(1R 28)/(18 2R) - 1- ami no- 2- vi nyl cycl opropane car boxyl i c

aci th O, wer

The Tt G Slaabd it FReCetas o S ST ER R C

Af t ererh8dibear 84S ana9bia-axgcess of the ester was
deternmined to be 44.3% as following: 0.1 nL of the
reaction m xture was renoved and mxed well with 1 nL
5 eg{@ nol; after centrifilgation, 10 mcroliter ("pL")
of the supernatant was anal yzed vvlth the chiral HPLC

Jo the rEh#lRehyspeasien P%lﬁtefﬁl%"ﬁ? & (150 mg, 425 srmedh 80, {reigxane
addedmy pRek 4408 Hbﬁ@@/{ Y@ Rank Wﬁb?tﬂﬁz fﬁl%ed%gﬁh&ﬁ @/E@Uﬂ%d at the

days at 250 rpmat 40 C, after which four mL
et halﬁbllentvtﬁ@peemréd‘on?ohqurﬁeanmq volapes ayereiempy §dfif gaftbqo@nd dried
rﬂll%gt\/%uﬁ%@{n {aﬂ{e ?slﬁégdaéﬁré&& Hlth@ﬁex? E}EIS al{/[S
LC and enanti o- excess 'of the ester was
Odetér490ri¥d+tip be 100%
10
Step 4:

To an iced suspension of intermediate 3 (134 mg, 0.25 mmol) in
dichloromethane (2.5 mL) was added diisopropylethylamine (560 mg, 5.0 mmol)
dropwise. To this formed solution was added HATU (144 mg, 0.38 mmol) and (S)-

15  2-(tert-butoxycarbonyl)-3,3-dimethylbutanoic acid (64 mg, 0.28 mmol). The final
mixture was allowed to warm up to the ambient temperature overnight and the
volatiles were removed in vacuo. The residue was triturated with ethyl acetate (10
mL) and filtered. The filtrate was washed with 5% citric acid (10 mL, x2) and brine,
dried over MgSO,, filtered, and concentrated. The residue was purified by

20  preparative HPLC to yield 16 mg (9%) of the desired product, Example 4 as a white
solid. "HNMR (CD;0D) & 1.08-1.13 (m, 11H), 1.27-1.29 (m, 2H), 1.47-1.53 (m,
10H), 1.89-1.93 (m, 1H), 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, /= 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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Resol ution C To 0.5 nL 100 mM Heps. Na buffer
(pH 8.5) in a wll of a 24 well plate (capacity: 10
worki08e6405q 0.1 nlL of Esperase 8. 0L, (protease PCDIBE2007/084799
Baci | | us 15hal odurans) (Novozynes North Anmerica Inc.)
and a solution of the racem c N- Boc-
(1R, 2S)/ (1S, 2R) - 1- am no- 2-vi nyl cycl opr opane car boxylic
acid ethyl ester (10 ng) in 0.1 nL of DVBO were added.
The _pl at.e s seal ed_and . incubated at 250 rpmat 40 C.
Aftgm—ﬁev@?p—a&%ﬁg@é%e ' z ss of the ester was
determ ned to be 39.6% a l lowing: 0.1 nL of the
reaction mxture was re @ and m xed well with 1 nL
20 ethanol; after cenrifugatig! 10 pL of the
super nat ant was anal é{'\mjd Wi t he |-|ch|orab )Q P LC. To

the remai ning reacti xt re Olrtnj1< \EDNBOM/as
added, and the pJ}.L |n Nibayred or Nad(Wl onal 3
days at 250 rpm 0 Cg& er wohi m_ of et hanol
was added to the well: fter° centrlfug|at| on, 10 pL of

t he supernatant was anal yzeq%g th t he chi raI HPLC and
enanti o-excess of the ester [WP18&t er ni ned to be
2510Q%01: Sanpl es anal ysis was carried out in the
foll om ng manner: 1) Sanple preparation: About 0.5 nL

of the reaction m xture m xed well with 10 vol une
of ethanol After centrif 4, g 10 pt of the
supernatant was injected ont TLEHCOl umm. 302)
Conversion determ nation: I M YMC ODS A, 4.6 x 50
mm 5-5 pm Solvent: A 1 i@ water; B, CH3CN

Gradient: 30% B for 1 min: 3%®o 45%B over 0.5 min;
45% B fzofh1 dﬂ@ﬂvasé‘éré%&r@d @gt%% gan%vlﬁ'Bcegué LHAUGSY 11'1: JLEQA!MIPIG 3,

rate. 10 nm 5Retention ti ne;
aci 8tep 1, &ceprusies plemy InigBesiinnbioesde iBtealin AANMR ERVISOsds) 5

e 6 T8 o2 (i 2 L. A Ay b oI Ak
i n way e, (16)75.3@)s, BHRW 25 at 3 (nf) 3R 70d6k 1A 8 (m, 260),UY .40 (br, 1H); MS
Dete iO%QM*%![O nm Retention tine:

10
Step 2:
. ,OH
Qo gV
\ N ALH o
0’&0 °© =
/}\ ~
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).
15  Step3:

( ]I,l

0,
\

L
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T
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(1S, 2R) - 1- am no- 2- vi nyl cycl opr opane carboxylic acid
5.2 mm Racemate
W@ 1R8AGN6E 1S, 2R) - 1- am no- 2- vi nyl cycl opr opane cRCDUS20D7/@84799
acid ethyl ester 18.5 mnutes and 20.0 mm
15( 1R, 2S) - 1- am no- 2- vi nyl cycl opr opane carboxylic acid

ethyl ester 18.5 m nutes. Resol ution D 5 L of
0.3 M sodi um phosphate buffer (pH 8) was rrai nt ai ned at
38 Cin iter jacke actor, stirre

Four it %pr8 “CAW‘% rﬁ%aéefgbyfﬁ S PARSABISHS 228%6 ‘?“ﬁ ek 3

AeRicp 3, dxd€pt usiag the brddubesf ERAmP 4VWSEED indRe® ML Gee4200M +H).

the reactor. \Wen tenperature of the m xture closed to

38 C, pH was adjusted to 7.8 with 10 N NaCH A

sol gichan of the racemc

N-Boc- (1R, 2S /%18 2R) - 1- am no- 2- vi ngl cycl opr.opane

ear boxyl Fxamplg Gwas psRareldtydhe poserefeds s decrebe jin Byagple 3,
Se e di

o R an P R Ay s PR LIV (20 5

t heh.023d8j(mst Bd), 1.8748C. (mARK A 431 . T2 o, $QH)eﬂ1§ﬁ{h9@ (e tids 8.26-

noufe i o el Do had 2 g M MR AARR T Hdhas o

t enpBEy, dtdirded 1((@h oy, 523 (ﬂ;)J%lihZiHst]lH)rfEBM GivéntrlB@sz IHIb]é 7ﬁl—-5 82

f th e u K5, 1
Red b TRE A RUD (s RRPaEaSi Bl o 44
L) . (Mhed)conbi ned MIBE extract was vvashed with 5%
NaHCO3 (3 x 400 nmL) and water 30(3 x 400 nmL), and
concentrated to give enantionerically pure

N BegarhflR5 A8 aration 3 ELenpde ¥i Nyl cycl opr opane car boxylic
acid ethyl ester as light yellow crystal (259 g;
purity: 96.9% @ 210 ont ai ni ng no aci d; 100%e).
Resol ution E 0 N 0.1 M sodi um phosphate
buffer (pH 8) was nai nta ned app40 Cin a 20 Liter
jacked reactor, stirred at 3 rpm 1 5 |IoteI‘S of

Al cal ase 2.4L (|\|OV02y)n‘ESH5 c \/ync ) was
added to the reactor. en quLa, f the

m xture cl osed t C 3 dju§|te to KOwth
10 N NaOH. A solution thegy raccmic’/y

N-Boc- (1R 25)/ (1S, 2R) - 7-ani no- 2- vi nyl dycl opr opane
carboxylic acid ethyl esta@xap@®8 grans) in 2 liters
DI\/BO vvas added to the reactor over a period of 1 hour
1%i aS%¥BRladditi on funnel . The reacti on tenperature was
then adjusted to 40C. A 10hours, the pH was

adj usted to 8.0 with 1. gfter 21 hours, the
reacti on was cool ed do the pH of t he
reaction m xture was adjusted 0 With 10 N NaCH
and the mxture was extracte \g@th BE (2 x 5 L). The
conbi ned MIBE extract was h 5% NaHCO3 (3 x

500 nmL) and water (3 x 200 rrL) and concentrated to

gi ve 110Tlg$ prodest wepﬂemﬁd)b}l the Tavee pdedwass destriled in Gmample 3,
L PN S P AT Ty BB Sy Do)
Vi nylsoymﬂ@r@x@mem%k@mxyﬂ{) ¢.2acia (et hyh, 389t E87 @s 2H), 4.51-

2fim SCoRtaltht nasAa 4 4D 26RTaR I HHE Ty i TP re

enamg »a8kg oval4y). pure N-Boc- (1R, 25)/-1-am no- 2-

vi nyl cycl opropane carboxylic acid ethyl ester has been
characterized by single crystal 20analysis (X-ray NB#:
5279/p093, refcode: 634592N1). The absol ute
configuration is not established for |ack of a known
chiral center or heavier atonm(s). A chain structure

al ong the crystallographic agaxis is forned via

i nt ernol ecul ar hydrogen bondi ng between the am de
group and the carbonyl oxygen atom (N...0 3.159 A).




Structure of N Boc-(1R, 2S)-1-amnm no-2-vinyl cycl opropane
carboxylic acid 25ethyl ester: Crystal Data: Chem cal

w0 oosése6 Cl 3H21IN104 Crystal system Ot hor honkdTUS2007/084799
5Space Group: P212121 a = 5.2902(1) Aa=90 b =
13.8946(2) A&90 c= 19.9768(3) A-7=90 V= 1468.40(4) A3
10Z = 4d, = 1.155 g cm 3 No, of reflections for
lattice paraneters: 6817 Orange for lattice paraneters

(): 2.2-65.2 Absorption.coefficient (mii): 0.700 15
Experi nent al : Cry3|on Crystal sQurce: MIBE
Crystal descri ptl 0 e rodoCrqs size (mm:
0.12 X 0.26 X 0.30 DataCo ctlk}n\\\Te&cBerature (K):

293
O’J% ©

A N

This product was prepared by the same procedure as described in Example 3,

Step 2, except using the product of Example 35, Step 1 instead. MS m/z 570 (M'+H).

5 Step 3:

This product was prepared by the same procedure as described in Example 3,

Step 3, except using the product of Example 35, Step 2 instead. MS m/z 470 (M'+H).

10  Step4:
Example 5 was prepared by the same procedure as described in Example 3,

Step 4, except using the product of Example 5, Step 3 instead. "H NMR (CD:0D) 8
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, /=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, 1H); MS m/z 683 (M'+H).
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O (): 65.2 (Cu Ka) No. of reflections neasured: 7518

No. of independent reflections: 2390 (1?;", = 0.0776)
wonospésoobser ved reflections (1> 2q: 2284 Absor@L/Usa007/084799
correction (DthrT,,,."): 0.688-1.000 Resolution F 5

L of 0.2 Msodiumborate buffer (pH 9) was mai ntai ned
at 45Cin a 20 liter jacked reactor, and stirred at
400 rpm Three liter of DI water and four liters of
Savinase 16|, type QVOZYITES North America Inc.)

' e PO 20When tenperature of the
m xture cl osed to 45C, was adjusted to 8.5 with I ON
NaOH. A solution of the r mc
N- Boc- (1R, 2S)/ (1S, 2R) - 1- 0- 2- vi nykycl opr opane
carboxylic acid ethyl ester’,(200 grans) in 2 liters
DMBO was added to the react g over a pepi @d of 40

m nutes, via an addi § onffufne| . }lheér\ea\\;t’i on
tenperature was then adNust K ~NATTRY 2 hours,
wi ph N MaCH At 18

pH was adj usted t6 H 9.4 ,
hour, enanti o-excess At he ester rea’ﬂhed 72% pH was
adjusted to 9.0 with 1 Iggg;lae@t 24 "hour s,
tenperature was |lowered to . At 42 hours, the
tenpepat ure was raised to 48 C and the pH was adj usted
to 9.0 with 10 NNaOH. Fleati ng was stopped at 48 hours
and the reaction was slo ool ed down to room
tenperature (about 25 O syPrred overnight. At 66
hour, pH of the reaction m xtyré wagy8.6. The m xture
was extracted with MIBE (2 NETY( The conbi ned MIBE
extract was washed with 5% }% 6 x 300 nL) and
water (3 x 5 300 nL), and céhcemtrated to give

nanti onyr.i cal,| re N-Boc- (1R 2S)/-1- am,no-..2-, .
S e Ty ol Eit Bkl RSP ERdbTREHE MR drg e BTHEPAEY ip Pppprtc 3
yel Bewlcexysitabing 2 9Mbroghenyindghysiud brodfidd inftead. 2ZHNMRY(CD;0D)
cont.ai ni 0. acid; 98. 6% 0.. Prepa i 0 f
oo PR b BoGRE h PRV TR) Pt R 3 - Bl . 4.45-
aci dsetlyin)loestan (hysipeRboarssds, SHAMS A 3Hd M +H).

10 Step 2:

N
0N ©

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).
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0 4N HCl in HC . Dioxane (1R 25)

N- Boc- 1- am no- 2-vi nyl cycl opr opanecar boxyl i c acid et hyl
W@2t08064086 5 g, 33.3 mmol ) was stirred under a PCT/DS2YETI0S84799

at nrosphere with 200 nL of 4N HO /di oxane (Al drich) at

roomtenperature for 3 hours. The solvent was renoved

15under reduced pressure keeping the tenperature bel ow

40 C. This gave 6.57 g (-100% of

(1R 28 - 1- am no- 2- vi nyl cycl opr opanecar boxylic acid

eth ster hydrochl oride as a Ilght tan solid. 1H NM
R (300 MHz, CDGOD) 6 1 (t,1=7.0 Hz, SFD 1.69-1.82
(m 2H), 2.38 (q, . FEOHlkb 4 29 , J=7.0 Hz,

2H), 5.22 (d, .1= 1 O E){)SOA d, J=17.2 Hz,
1H), 569581(m 1H) N@( ﬂsgsN %+1) 20 11.
Preparati on of cl N

N- Boc- (1R, 25) - 1- ani no- 2- cyé1o¢?o chclopropane
carboxylic acid ethyl ester H OH OQP--0 \\-0CH2N2
\11223Pd(Cmc)20 N, 2ti R X 0 '24 c=ether, rt

( 1) (2) V s prgflypt W@ﬁpr@pared by the same procedure as descrlbed in Example 3,

N- Boger (sl&cgé sikg HYPRRAuSHFIERY NS 6l @t ORRNEI. CRARHAXYId G+,
acid 5(2 .8 mol ) in diethyl ether (10 ml) was

Preated with palladiun1acetate (5 mg, 0.022 mmol ) The
or ag QEQred sol ution was placed under a nitrogen
Sp

at no ere. An excess of diazonethane in diethyl ether
was addelkandpiveeprensaqd yribe sogmsecedire as described m 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

15 Example 7
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hour. The resulting solution was stirred at room
tenperature for 18 hours. The excess di azonet hane was

WO 2weMeedsi ng a stream of nitrogen and the reBUI/US20¢7/084799
sol ution was concentrated by rotary evaporation to
gi ve the crude product. Flash chromatography (10%
et hyl acetate/ hexane ) provided 210 ng (78% of
(1R 2S)-N- 5Boc- 1-am no- 2-cycl opropyl cycl opr opane
carboxylic acid ethyl ester as a colorless oil. M5 niz
270 (I\/H'jroq . Preparati Pl's»(dBl i nternediLates 10%2p2
Pr epar at ilon, of ; P1P1'Boc” N 1, .
10H BocH H’\ I'OH MeOH, /FHF Step 7. CDI-|
0 H2N-- V' Eezymatical ly'resol ved %@ﬁff': wf 000

BocHN

HO
HO
Step 3 2 (0] }
OH P H ?\\ % Step 4
H N N & N’ \\O
O\[]/N\:/&O o Q O\\S‘P H N A H Dess Martin
>r 0 4 Nl O\H/N\/&o °
H - =
o) o p
O i\
H S
4N NA“\LH/ Yo Step 5
_— Example 7
O‘[]’N\:/&o °© = 4-MeO-PhMgBr
>f o) /T\ x
Step 1:

H N
>y ALY
/l\
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, J= 8.5Hz, 1H).
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H Step 3 to HClin 00 HNIL ,S" 1) TFA, DCM 2)
HCl in Et20 3) Step 1. 15To a solution of

WO LRBAO646d - but oxycar bonyl am no- 2(S) - vi nyl - PCT/US2007/084799
cycl opropanecar boxylic acid ethyl ester (3.28g. 13.2
mol) in THF (7 nL) and nethanol (7 nL) was added a
suspension of LiOH (1.27 g, 53.0 mmol) in water (14
nL) The m xture was stirred overnight at room

emper ture. To the m xture was added 1.0M NaOH (15

nL) er (20 nL) and ethyl acetate (20 nL). The

m xture 20was shaken, the phases were separated, and

the organi c phase was again extracted with 20 nL 0. 5M
NaOH. The conbi ned aqueous phaéggiwfﬁbia0|dlfled Wi th

1.0M HCl until pH = 4 and ex“raéfed with ethyl acetate
(3 x 40n.). The conbi %qg Yracts were washed
with brine, dried (M ), @ iltered to provide the

desired product as a white solld (2.62 g, 87%. 1HNWR
D'\/SO‘ d 1 7 9] )

X Lokl R f g phymis 1567 R do 52

1H) THE (230 rol) ahd micthappl (10MH0L) Hasaidsd ZIDH monc_libl)irate7(6188 g, 150

d lsﬁm%;)’giowam( @%@Eﬁﬁ&d ijl. 2pik Rl sofutiort Wag stirkaMRoMP

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
oW
H N 2§ H ©
O\I,I/N\/&O O :
:>f 0 x

15 i
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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5Stet) 2 A solution of the product of Step 1(2.62 g,

11.5 mol) and CDI (2.43 g, 15.0 mmol) in THE (40 nl)
wormshemsed at reflux for 50 mnutes under ni tPOLES2007/084799

The sol ution was cooled to roomtenperature and

transferred by cannula to a solution of

cycl opropyl sul fonam de (1.82 g, 15.0 nmol) in THE (10

rrL) To the resulting 10sol ution vvas added DBU (2 40

16. and stirring was nued for 2

hou?”§ld %Wg@%mf@ © Hardrof BRHEH aY it ‘5931.’9 ofrlANM%ﬁCPaPW L00-

1, @ﬁd(ﬁ"ﬁ}l’)ﬁﬁzaﬁYQQ%aﬂgdl hﬂlW@‘%ﬂﬂaloﬁ)el §61$J©@@§| an, 88-2.04

extracted wi'th %) acet at e t he

e

or géhi I8Dekl +-3eb ém 2.85rP rﬁ@dl%hé 8973r9é)dm( &Hbéé@ﬁ 40 (m,

Fi | QH?‘WS@%r ¢ANGaALH 3td Py, ARG, P ddf T<aRisQp, PEI 5, 77 5.82 (m,
recrystal l'i zat1 on fr'om hexanes-ethyl acetate 1)

iSpﬂH)ﬁl%@dﬂ@ﬁéMdJe@) red product (2.4 g) as a V\,hl te
solid. The nother liquor was purified by a Bi otage 40S
colum (eluted 9% acetone in dichloronethane) to give
a s8kpAd batch of the desired product (1.1 g). Both
bat ches were conbined (totgl yield 929 . 111 NWR

( DVBO- (16) 60.96-1.10 (m 1.22,(dy, /3= 5.5, 9.5
Hz, 1H), 1.39 (s, 9H), 1.7 g\ssuz, 1H),
2.19-2.24 (m 1H), 2.90(m 8 Nd,9J=10 20Hz,
1H), 5.23 (d, J= 17 Hz IH)/@ 1H), 6.85, 7.22

(s, NH (rotaners)) LG5 MS I\/é’nllz-\’{Bl (M+ H. Step

3: A solution of the product of StepZ(SSg, 10.6
mmol ) in _dichl oronet hane (35 25nl) and 32 nmL) was
stirred Eqaﬁ%wﬁnwéﬂ?ﬁ%sﬂ\éwp Ecageit ( Osngqaerrgmo fedichloromethane

10l @loi a"é’%@edrﬁ ekt bPEMAGHO7 &RG) KBS Sl@'Hﬁll Th
susgjgnd]g)éwl n 1. t@%(éil |tn di et hyl gﬁkhe(lr3 (2% 0) -

cong@wtanaras dtnirw af S teNTppagIrgfob & delrp @nd/mcmp@ét@dlcuo The
oncs?mdl@@am?w%t&a Rl m)e%& Bee (lb'iﬂLt)léB@hﬁéjrecY\‘M

pentane and tere ive the title conpoun ®as a
ygrisoapius cardf (Colity 1. eTI@dllirde esz @DcgntraBR g vackd.- TheNwgRlue

CHSE AR o 3k Gl g o

1% m oflth) desTre@proflakt aswilile fiolam. IHHANMIS (G3:A), 5 169-1.74 Ha, 11H) 1.25-
52- m 1
250 R T DTS Tl al BEA O R HE 2> 2R Bl 4 35T 260
der (M atH)ve92-biGh (sl i), Qi1 §-4134 (mN2H), 4.77-4.80 (m, 1H), 5.16 (d, J =12
Hz, 1H), 5.33 (d, J=18.5 Hz, 1H), 5.72-5.82 (m, 1H); MS m/z 555 (M"+H).

20 StepS:
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-
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H To a solution of (1R 2S5)

1-t en- but oxycar bonyl am no- 2-vi nyl cycl opr opanecar boxyl i
w@2@8oet0e17 ng, 1.194 nmol) in THF (5 nl), waBCHUS®A7/084799
CDI 5(290 ng, 1.791 mml) and the reaction m xture was
heated to reflux for 45 mnutes. |In another

round- bottonmed flask, LiHVDS (1.0M solution in

hexanes, 2.4 nL, 2.4 mmol) was added to a solution of

N e S 9 50 100 a2 s il LB o

t errpelz@tgur(m by, 7u8tmos0r (m, THE MM/zrcﬁsaqM* ).m xtures were
conmbi ned and stirred at roomtenperature for 2
10hours. Water was added to quench the reaction and

t he Ex8aat R-aRes@ltidhioORxaMdsge Xt racted with et hyl

acetate. The organic layer was separated and dried
over MgSO4. Filtration and con trati on gave crude
product which was purified reparative IHTLC to
provi de the desired N-Boc p ¢cted N-acyl sul fam de.
The Boc protecting group was then renpved as the
conmpound was di ssol ved |' N\ HC1 solution in 15di oxane

(2mL) and stirred at roo gnpgrature for 4 hours.
Concentration provided a br@ |sh oil as the HCl salt.
(112ng, 33%yi el d) LH NNR M M CIDBO /°l 16 (t,
J=7.21 Hz, 3H), N7\\ 1H) 2.15
(m 1H), 2. 37 ( 89 O 2H) ,
5.31 (d, J=10.27 Hz 42 E’d ,17“12 Hz, 3H),

5.68 (m 1H). LC—I\/IS(r entlont|ms 883 mnutes),
M miz 270 (M +Na|) 20 BXxapple83: Preparati on of

Exanpl e t

(5)-1- (t%n "Bt oxyc& r%éeﬁy )he}saglfg&i/"r%ﬁ%lg%%iuﬁ%% énaPBan}P 1‘77
i ¢ S&piSdexcdBdsing 4’ -ReBormdbiphenyliftghe(ilO bmn)1dmsteatj dHoNMR

b
o o R APNER T 150 T s P A oo 1301t Do 02
7o L o s g g g o
AR LIt o B O e VAR Rl YT IS (R I
My S€%5-5fs2l (e 118 el 7.08.Ch 34 R1) gﬁﬂtﬂz@tﬁ@b (nd BEN):N\ES hiredo (BOkHY

was recrystallized fromethyl 10 acetate: hexanes (1
m.: 15 nL) to yield internediate 1 as a vv-hite solid

(41§xéﬁyple 54%pardt1'dn%&n&§@)b 1 49 1.51 (d, 9H),
2.48-2.5I (m 1A), 279282 3.75-3.81 (m 2H),

448453(m1H) 7. 33243 )ﬁ;?%(m

2H), 7.58-7.65 (m 6H): I\/ISnIz ’(
N
N\/k 0 N
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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15Step 2: To an iced mixture of internediate 1 (383
mg, 1.0 mmol ), cycl opropanesul fonic acid

W@ 1008406611 No- 2- ( S) - vi nyl cycl opr opanecar bonyl ) Bei/tig2007/084799
hydrochl oride (293 ng, 1.1 nmho]) and HATTJ (570 ng,
1.5 mmol ) in dichloronmethane (10 nL) was added
di i sopropyl ethylam ne (560 ng, 5.0 mol). 20The forned
solution was allowed to warmup to the ambi ent

te rat re for o] and the vol atil.es re

B R N A A e AR s (R T e
( 1081gs), faretdf addicen@diratdd vibdd rak erudaprodac el pudifidd by%ash
citric a(:| d 50 ni, Zl)éqaand brine, drjed ovF MySO4,
filedpgeh rﬁﬁ‘atoé‘iﬁ‘ﬂli‘:ye‘?ﬁsﬁ gl clying Wiy glikexapes/apstonclp gtve dhe
W t RadEbiae oo g 6?1%% t}PNm@@o Rirf,, '@m()@%ﬁ) 9ofo. dd‘(fnmzH) 0.93-

deS|red pr oduct, er nedi a nilz 596 (M

St ep-03 (IET]d)Hénl 1&6a5 éfnys%nbﬁ%ﬂ! 481(m1 HitBr bl &¢ én2H)1803-2.31
Ny, .28, ﬁ‘B‘Pb%'@Hﬁ@, %g uj“sho‘(‘@% gqded g@}%{sﬂﬁ,

di oxane, ion Wwas stirr
theJalrﬂﬁ?eIm lﬂérm%?r(dtiﬁ%ﬂcbx IEI) Moi;?r(éda/iﬁr@ 0ohd 7% dEk.altt)| £69-5.20

e iy STV SV, 30, O SEbBAR N 9 AR 110, 6.69

u was’ u
st ef, J%O@er 1&961\4(8M1/—1:I6|)9(M®N$ﬁep 4: To an iced
l@uspen& on of internediate 3 (134 ng, 0.25 mmol) in
i chl oronet hane (2.5 nlL) was added
di i Soidrdpydcedlry Fapraperai&GOEF Bgmples 0012301 ) dr opvt -i se.
To this fornmed solution was added HATU (144 qy, O.38

nmol ) and_ (5) - x— |, poH o
152- (tert?ﬁ)&{r ar e‘ﬁy') - di met lyd but anol cfa)grqﬂ j?\ \\SA
(64rrg 0. % \‘gheff( wif XT-ur@ Fvas aIIH;\;% HONEIR

Gpr'te Re arbi ent tenperature overn Nagtlo T he 7
voI a |ICBS/wvere renoved in vacuo. The residue
triturated with ethyl acetate (10 nL) and filtered.
The filtrate was washed with 5%citric acid (10 mi,
x2) and b ¢ srutiogrof ed-pwd(Svy$E4:2- IR 2dd, and

l% ?gg t{)r%{)/ SWE%C%r amquff VVT\%I?éﬁggérigé)él]ecarfb %ﬁ)él? é oxoPyrrd)hdm 1-
pr ogy €3t,3 dllﬁiéﬂfyﬂlhfbxébu@ﬁl By bhiibh@ats (d3i g, 0l 151 MYR) ((COHIOD)-5 Bl ) at
1.08- (m )—2}% 1.27-1.29"(@”1 2H), 1.47-1.53 (m
10H)78 @ ‘8@ aﬂd@shi ignppy reagenp@). 75 329 pmopHjThe seagigunzmiztyre
(m w!t@varn%zi%c? ro%m%gmlgéﬁtuljeu)nd st drof-3 204 Tﬂé’%aotion was
4.34-4.37 (m 2H), 4.45-4.47 (m 1H), 5.15 (d, J= 12
Hz, quasyhedsyvigatughtedJaqua@s HH4E1 (1pd)), The ‘m;ixtgreg@s @mtraiipgd with

.3 7 - .

T T e e RREARED
Exanpicentthtdd i00@ud) ThdHrdde produét Wad) purified by preparative HPLC to give

the desired product.
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H A Exanple 4 Step 1: OH 0 O 5This product was
prepared by the sane procedure as described in Exanple
W@20090e4066l, except using phenyl magnesi um br om BEI/US2007/084799
instead. 'H NWVR (DMSO-d6) 6 1.36-1.41 (m 9H),
2.25-2.28 (m 1H), 2.60-2.64 (m 1H), 3.56-3.66(m
2H), 4.27- 4.29 (m 1H), 5.50 (s, 1H), 7.25-7.36 (m
3H), 7.46-7.48 (m 2H), 12.40 (br, 1H); M5 nilz 308
. 2: \\--1\1\0H--L00
y : e the sane procedure as
descrl bed in Exarrpl e 3,FStep 2, except using the
product of Exanple 4, p 1 instead. M5 nilz 520

(M++H) . 15Step 3: OH ThIS p(go ct was
prepared by the sane proce u e d in Exanple
3, Step 3, except using th GZ\ mf\\ExarrpI e 4, Step

2 instead. MS nllzﬁgg\é \/gH)O
AN

Example 10

Example 10 was prepared as described in the general procedure using (3-

fluorophenyl)magnesium bromide (1.0M in THF, 0.75 mL, 0.75 mmol) and 5 mg

5  (6%) of product was obtained. 'H NMR (400 MHz, CD;0D) & 0.98-1.01 (m, 2H),
1.03-1.11 (m, 10H), 1.21-1.27 (m, 2H), 1.37-1.51 (m, 10H), 1.87 (dd, /=8.18, 5.41
Hz, 1H), 2.18-2.28 (m, 2H), 2.56-2.64 (m, 1H), 2.90-2.99 (m, 1H), 4.03 (d, /=10.83
Hz, 1H), 4.24 (d, J=10.58 Hz, 1H), 4.28 (s, 1H), 4.43 (dd, J=9.06, 4.03 Hz, 1H), 5.12
(dd, /=10.45, 1.64 Hz, 1H), 5.30 (dd, /=17.12, 1.51 Hz, 1H), 5.70-5.82 (m, 1H),

10 6.99-7.07 (m, 1H), 7.30-7.41 (m, 3H); MS m/z 651 (M+H)".

Example 11: Preparation of Example 11

0
), o
//ZA)YH loj\ \\S
N
LT BN
-0 Z
AR S
=
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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Step 4 5Exanple 4 was prepared by the sanme procedure
as described in Exanple 3, Step 4, except using the

weemdueteof Exanple 4, Step 3 instead. | Fl NVR $QDBSIDY)7/@84799
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, .1= 12
Hz, 1\;[}4:2})* 5.34 (d, .1= 18.5 Hz, 1H), 5.77-5.82 10(m
111), 31-7.33 (m 1H), 7.37-7.40 (m 2H), 7.57-7.59
(m 2H); M5 nfz 633 (M Exanple 5: Preparation of
Exarrpl e 5 'Exarrpl e 5 158t pl: 00O Thi's product

) C

was Ll ad 1R O cedure as described in
Exanpl e 3, Step 1, except usi ng 2-napht hyl magnesi um
brom de i nstead. 1HNI\/R OD) 6 1.50, 1.52 (d, 9H),
2.54-2.56 (m 1H), 2.8 90+Qm 1H), 384387(m
2H), 4.51- 2 04. 53(m 45| 7}3;2\

7.62-7.64 (m 1H), 7.85- \99 (s 1H); M
mz 358 (M +H). St p 2: \/g hIS Pr oduct was

prepared by the sane p\rﬁcedupe as d,(fescrl bed i n Exanpl e
3, Step 2, except usind tHi® product of Exanple 5, Step
1 instead. M5 mz 570 (Mt ampiesi£p 3 Thi s
product was prepared by the sanme procedure as

5:Iesc ri bekkampldEhawmpl peepBred 8t dcBhedenx depenardipngedire using (3-

ropﬁegéﬁéﬁgqp s1um%’rorr§1tdg @(éﬁ[ﬁﬁl ihg a’fjm% gl'i’sp gé glrnéoé) 361)9 Strr}$e(5%

sanefmbmedw@taﬁedd EHQNIR 4O 0 MH@@M)E) 830 981.6p (4 2H) 1 03-
except usjing the roduct of Exanpl e Step 3 jnste

- LHI R BB oby2-6 1(@52@ h31 éﬁP@lH}H) 3% dzLJéblg(ﬁ’.‘“ HZ

2H) ,1H)’l 248: 212782(%12 oRY, 2143 64 }_gn ,91p), 12 (ﬂ)Zz émm J#f!l)); 4.84 @57=1). KXz,

(Sl 13H£|)412§ ¢, rﬁ—]@p,; stlll-é)gér@ @11(%4 44 (dd J( 5“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

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, J=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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152H), 5.14 (d, 1= 12 Hz, 1H), 5.33 (d, 1= 18.5 Hz,
1H), 5.77-5.82 (m 1H), 7.49-7.51 (m 2H), 7.70-7.73
W@ 208064066 7. 86-7.92 (m 3H), 8.04 (s, 1H); NS PQCT/ESHBB084799
(M+H). Exanple 6: Preparation of Exanple 6 H 000
rl L "W-v7 OH i sk
:::"\0H A1l Exanple 6 Step 1: OH O O 5This product
was prepared by the sane procedure as described in

Exa , c usi

TR g s e D TR BT B PaotHald? b/ AR He 1), 737
(CDBODY) HMS ¥8, 668 (GONad, OH), 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) ;MBS nilz 326

( M+ERDmpld OBtredpardition HEQnipidi4H  NO

5 Example 14
Example 14 was prepared as described in the general procedure using (3-

isopropylphenyl)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, 2H),
1.04-1.11 (m, 10H), 1.22-1.28 (m, 8H), 1.41-1.47 (m, 10H),1.87 (dd, J=8.18, 5.41

10  Hz, 1H), 2.18-2.34 (m, 2H), 2.55-2.63 (m, 1H), 2.87-2.98 (m, 2H), 4.00-4.07 (m,
1H), 4.26 (d, /=10.83 Hz, 1H), 4.29-4.33 (m, 1H), 4.42 (dd, J=9.06, 4.03 Hz, 1H),
5.12 (dd, J=10.45, 1.64 Hz, 1H), 5.29 (dd, J=17.12, 1.51 Hz, 1H), 5.70-5.81 (m, 1H),
7.17 (d, J=7.30 Hz, 1H), 7.24-7.36 (m, 2H), 7.44 (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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XH 0-LO Thi s product was prepared by the sane

procedure as described in Exanple 3, Step 2, except
waigiosgedohe product of Exanple 6, Step 1 insteallCT/007/084799

nilz 538 (M +1-1). Step 3: Thi s product was

prepared by the sane procedure as described in Exanple

3, Step 3, except using the product of Exanple 6, Step

2 instead. M5 nez 438 (MD). 5 Step 4 Exanpl e 6

Eandh ot s 46 T D B0 L G M R BLER0 B Pl s

6 &@m 3 7i8|'H§zI qupIA slzhl M\(Rl Gﬁma)(d@ JE1032 11.. 7162Hz( rIH) 5 30 (dd

o PSSP B 56 B3 Tal Mo 0 a3 5
2. 93‘289&2(1‘1—2 Hﬁ(s le)OﬁaéﬂQ% (fnn‘lH)lMSmﬂz@'(MJr:ﬁﬁ (m
2H), 4.41-4 5 (d, 1= 5.32
?d, 1= 18.5 Hz, 1H) 577582(m 1H) 709712(m
2H) pxdm 8014 P@gbaﬁarﬁbn &xant¥R 1 1 z 651 (Mr+H). Exanple 7:
Preparation of Exanple 7 MeO H 000 [IIt_ \\WOH 4" 2KX
N. V 1( AOI' HI| ExanpNé 7 WD

2008/ 064066PCT/ US2007/ @799

/1,

OH

) HXILN/S\
H \/g 0 g H
Yoy'se
° A
Example 16
Example 16 was prepared as described in the general 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, /=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

° A

Example 17
20
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OHg. Step 1 4.HATU Boc--N')LOHH N OO 8 HQ O0.H A
ON? O P NOStep 5 HNII / 04-MeO-PhMyBr Step 1: HQ
WO 2008/064066 PCT/US2007/084799

Example 17 was prepared as described in the general procedure using [3-(1-
pyrrolidinylmethyl)phenyl]magnesium bromide (0.25M in THF, 3.0 mL, 0.75 mmol)
and 9 mg (9%) of product was obtained. "H NMR (400 MHz, CD;0D) & 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 J=8.31, 5.54 Hz, 1H), 2.18-2.29 (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), 4.30 (s, 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, 1H), 7.11 (d, J=7.55 Hz, 1H), 7.23 (t, /=7.55 Hz, 1H), 7.32 (d,
J=7.81 Hz, 1H), 7.37 (s, 1H); MS m/z 716 (M+H)".

10

Example 18: Preparation of Example 18

5)// OH 0
|
’ fNBYNX\J\H/S\\O
\\/O\H/NYKOO X
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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O HO 0 z 5To a sliny of (2S,4R)-nethyl
4- hydr oxypyrrol i di ne-2-carboxylate NCI salt (5.45 g,

W@ 2008/061004 ) | PCT/US2007/084799
(S)-2-(tert-butoxycarbonyl) -3, 3-di net hyl but anoi ¢ aci d
(6.93 g, 30.0 nmol ), and HATU (17.1 g, 45.0 mmol) in
di chl or onet hane (100 nL) at OC was added
di i sopropyl et hyl ami ne (16.8 g, 150 mmol ) dropw se. The

f or ned ow i on was irr dlgat roomtenperature
ove%ﬁ?—@@&%@&ﬁv@&%% citric acid and 1M 10
NaCH (aq) tw ce, and/t\gen with brine, dried over
MyS™4, and flltered.U e filtrate was concentrated in
vacuo to provide 10.75 (100% as light brownish
foam 1H NMR (CD30D) 6 04 g5, 9H), 1.46 (s, 9H),
2.01-2.06 (m 1H), 2.2%&2%28 (m, 1, 03 3 (s 3H),

3.77-3.87 (m 2H), 4.31 (s N 4\\M9 4.56
(t, J= 8.5Hz, 1H). StepHZ To a
solution of the pr f\/égan'pl e’ Step 1(10.75 g,

30.0 mmol ) in THE (100 olL)xand net %nol (100 L) was
added Li OH nonohydrate (6.30 g, 150 5mol ) solution in
water (100 nL). The final <B™PSR was stirred at room

tenper at E'}[a%lp@e\/@r@és%épareﬁ%grﬁé’s@gbédhﬁ th\é%lel?éréllp?occeﬁlﬂe HahdB-(4-

The residue was acidified

Ext H@mheﬂnm@thyléﬂhlqwl %@@S@Hr@ bl(Omd)? (ﬁLZﬁM mlTéiFoﬁ@amL .75 mmol)

|35 P IS0, LB 2 P OB o5

concen{matEd1.0N(sy Bl 194 ZYr(m/BHQ 181095550y nf, 8BH), 1R (1hg=7.93,

d 10 N F D
05 BT HPIGE b % h090 3198 GSRD g TR
2. 32m 2&}564 tmyd, ;tH)o 833Hz?9H3 55-4.m (nz,l-lH) A4BRAd(B49.3218)77 Hz,
4. 4?H§ 12 (&'ﬁp 10. 58 Hz l(H) 5%0 (d8J—'_<'>287 Hz,/1H), 57@5%3 (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
)
N
H
YN
H H
(0] X

O/_v 7

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,
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To a solution of the product from Exanple 7, Step 2

(1.95 g, 5.68 mmpl) in ethyl acetate (150 nL) at 0C
wormsaded (1R, 2S) - 1-am no- N-(cycl opropyl sul f oPg/IPS2007/084799

2-vi nyl cycl opr opanecar boxam de HCl salt (1.51 g, 5.68

mmol ). The m xture was stirred at this tenperature for

5 mnutes before addition of diisopropylethylam ne

20(1.91 g, 17.0 nmol) dropw se. The formed cl ear

sol ut | tirred a C.for t her ' S
per ot agt Th h 15 euct oy 4G 4 2N BT Raa
(0. J#1aR0, 3.6681zMm), .26 mgfm% 1.szf5 Wzl yfé)o@fassstSOr(ﬁFngt677 (d,
room t enperature overni ght, e formed clear solution
was vbShea bt ho-¢dn (Boftor 144448 pal HMRm Z3E Pt ed
sodiumcitrate (aq) and brine respectively, dried over
My504, and filtered. The filtrate was 25concentrated

eppde 25 Preparagign plExamplaYlcol unm, eluting with 1:1
hexane- acetone to Vi elg 2.50 g (79% of the desired

product as white foam INVMR (CD30D) 6 1.00- 1.10 (m

11H), 1.24-1.28 (m 2 1. 431,46 (my 1QH), 1.86-1.91
(m 1H), 2.00-2.04 (m 1@5&.1%—2.%8\%\ 1H),
2.92-2.99 (m 1H), 3.80-3. 98 H)N"A\ 30-4. 40 (m
2H), 4.51 (br, 1H) \50l4R(dk P= 15 PH), 5.35 (d,
J= 18.5 Hz, 1H), 5. 77-55(82:(& 51HY/ Ms ni/z 557 (M
+H). Step 4: To a solutidn of Dess Martin r eagent
(940 ng, 2.2 mmol) in di chimaepreehane 10(20 nli) was
added the product of Ex le 7, Step 3 (556 , 1.0
mol ). THEM Urvormropiedar fevbedde th@c%ﬁ?ﬁf%@ﬁ%g?lg? biee (3.5-
f or dghBWhenyA theA QNGE BlokhAdSd. 5MIinVI3E Q.8 D). J(EH gl andVasng
triturated with hot ethyl acetateélo anQ and filtered
t hr oligrefarasuevens obgingdr tthNMBe(409 &tz CD:@Re 5 {97t Ht (g, 12H),
S r [ The-resid fqf i
LR oo Oht HEH R MAGH R 157 (58 VN FS 08 LI RS o
5502y 2(3099%6H1.5074-2.62 (nd$1)r 2eD-pPd tuctad Ok, vl 6. T, 1H),

1 A2 Y0 B0t 2T oy by 0 2 65358 . 5.2
;H) (ddﬁJﬂ?lI}_.Q, 2.61 Hm 1HH.29 2dd92=]27..192?¢.ii11 Egj—lpi), A.Z%Br%éﬁléglﬂ, 6.94
(5'?(sllehé-_lél'(méfﬂ';‘M%@%@@ﬂ@f@-(m “1H): MB nilz 555

1$Mt+H). 20Step 5: To a solution of the product
o, 0.05 mmol ) in THE (0.5
m.) rethoxyphenyl magnesi um

bromde (0.5 n, 0 5Min THF, 0.25 nmol) dropw se. The
formed sol uti on was §l\i£jed at this tenperature for 2
hours and quenched wt Al um crg opi dg@ (aq), then
extracted with ethyl 25 a% The 9@ ic layer was
washed with brine, dried,ovr %,Hfl\}\tered, and
concentrated. The r€so B\\ui%(bun 4 ed t?y preparative
HPLCtoyield 4.5 g {148 of Exahple 7 as a white

solid. 1H NMR (CD1OD) 6 1709-1.12 (m 11H), 1.26-1.28
(m 2H), 1.46-1.52 (m 10HExampige21.91 (m 1H),

2. 25- 2. 2.58-2. 65 (m,.1H), 2.92-2. 99(m.
Ty 5 gieapile B rfeirogs fRphRa e eqfise paccsdin ing 4t
4. 4flaoroB-#&hyiphenibhhagresid biemidd €.0M itdZHF 104) m150.8@ ndnebl) and
J= 18.5 Hz, .1H), 5.74-5.8 1 6. 92-6. 94 2H) |
23 4 85 phioie) Meniaial SRRy MHEGRD £807-F0b tm
Pr epay, atoz 0N 1Qfm, R@NR128-187 (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-

Examp

-96-



Ove Exanpl e 8 was prepared by the sane
procedure as described in Exanple 7, Step 5, except
W@ 2108064066 et hoxy- 3- bi phenyl magnesi um br om de PCEUSWA7/084799
IH NVR (CD30D) 61.02-1.10 (m 11H), 1.29-1.31 (m 2H)
1.40-1.50 (n1 10H), 1.90-1.92 (m 1H), 2.25-2.27 (m
ZFD 2.68-2.69 (m 1H), 2.92-2.98 (m 1H), 3.84 (s,
4. 10- ]04 15 (m 1FD 4.35-4.52 (m 2H), 5.15 (d,

%%%«aol%es? S e Ty 1 (R e 3

( I\/H ,4.4Exadrpte.19;3 JoriepaHats. o def/=Eeanpl. ® 9z, 1H)15H300da,

sol utlon of ter

PR CA AT AR RS r(%wz@b%rbaypﬂc@gr@,

am)m ‘7"8307X41P(Y1{ nah,i7i107.46 (m, 1H); MS m/z 687 (M+Na

%nn 3-di net hyl - 1- oxobut an- 2- yI carbamate ( ng, 0 14
), prepared as described in Exanple 7, |n THF (5

ML) E@dmpld 85 PR raR 8 SEE @hlpyd f@agnes' um brom de (1.0Min

di ethyl ether, 0.7 nth, 0.7 mol). The reaction

mxtwevmsmenmdtoromntmmmaUHeamiﬁlwed

Ei@r

overni ght. The reacti s g enched th sat ur at ed

aqueous NI 14Cl. The m S ext with ethyl
acetate, dried over MgSOH4, ?£§§§ oncentr at ed
in vacua. The crude prodHct 6E¥ by flash

col um chronatograph% C /elutlng with 2 : 1
hexane: acetone to gi %f |tIe pVbduct (50 nmg, 609%.

1H NMR (400 MHz, CD30D) 6 92-0.96 (m 2H), 0.93-
51.09 (m 10H), 1.19-1.25 (E#emleR3 1.38-1.48 (m 10H),

1 83 1. g@x %{n&) 6223(%15 p%%%ﬁed%s %s %tgéd %ﬁ% ggéer%ébf&fﬁ} {‘g}‘%(f

( d ﬂﬂc—nib@f -18&hyiphenybinagndsiB@d bianidd €D5N32n FHAF, &L, 4.98 Zamol) and

§ 5 m\,g_(%fos)(s%proi cég/aq_&btalgggb 1?@5@5 (ggogqgﬁg‘ngﬁ%) 8. 3’90(s 2H),

5. 8705-191@ (ﬁmoH)l-il 21@ 269em( o), Ja@ 1Qﬁ7 (hlzaoﬁj-il 7 5@ m:é; 31 5.54

619 (MtNa proce e for preparati

ExaRpi §9: (1)9@32 (m o 806 Hz, 1H), 224 (d J1s1 Hz, 3H), 534561 (m 1H),
2.90-2.98 (m, 1H), 4.01 (d, J=10.83 Hz, 1H), 4.22 (d, /=10.83 Hz, 1H), 4.26-4.30
(m, 1H), 4.41 (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, 1.13 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
Yoytrte®
(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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To a solution of tert-butyl (S)-1 -{(9-2-{[ (1R 2S5)-1-
15(cycl opr opyl sul f onyl car banoyl) - 2- vi nyl cycl opropyl ] ca
WO basogdée 4- oxopyn- ol i di n-1- PCT/US2007/084799
y4- 3, 3-di net hyl - 1- oxobut an- 2-yl carbamate (83 ng, 0 15
mmol) in THE (1-5 nL) at -78 C was added the Gignard
reagent (0.75 - 0.90 mmol ). The reaction m xture was
warmed to roomtenperature and stirred for 1-3 hours.

(1Ko P 0t Tee kGt Bt 2 2 B o ER SOHRARA H5 o 2

ext (@1017:61@ a4, 8. mg BltthI[) 288D Em( 21{)(2@9 l@d-)]—10183 g, n{/)ea 13 4.21

concentra
pr oggcltH)V\fé§7 isiu{ ke ?%HZ oypt é”p@r ér %’) B ! lg(ﬂief tlﬂé2 1.51
deSH&eﬂ{())ps Qgiwat J—17E>szam ﬂzlﬁ{)f F’W@@%&)Qﬁﬂ ﬁg@f& @a&plsﬁ Hz,
ro

Exahip) & 9f(§t \Ki&% 6%Hépldi)ealhéd desd? Heeldi h17 Wng’é?anél 1H); MS
pr ogﬁp(ggq al;vg (3- fluorophenyl)magnesi um brom de
(1.0Min THF, "0.75 nmL, 0.75 mmol) and 5 ng 5 (6% of
product was obt ai ned. 1HNMR (400 MHz, CD30D) 6
09X o (m 10H), 1.21-1.27 (m

g &n&%zémé‘?’%{d)‘mo gifu%%ngoiel%/ (dd, J=8.18, 5.41 H,
1H) 2.18-2.28 (m 2H), F256264(m 1H), 2.90-2.99
(m 1H), 4.03 (d, J=10¢8% Hz 1H) ~4.24 (d, J=10.58
Hz, 1H), 4.28 (s, 1H), 4,, 4d, .86, A4.03 Hz, 1H),
5.12 (dd, J=10.45, 1.645Hz H),N5| 0\§ ' J=17. 12,
1.51 Hz, 1H), 5.70-5. 87" (MmN1 " 6”93\7 07 (m 1H)

7.30-7.41 (m 3H): J&%ﬁo \6%’ .. EXanpl e 11:
Preparation of Exa ti{ll 410 7

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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OO0A N\Vir 41% N N4, Si: Exanple 11 Exanple 11

was prepared as described in the general procedure
wWa@gi0Rg6e408 15 net hoxyphenyl ) magnesi um brom de BdT/08400Ti084799

THE, 0.75 nmL, O 75 nmmol) and 7 ng (7% of product was

obt ai ned. 1HNMR (400 MHz, CD30D) 80.98-1.01 (m 2H),

1.03-1.12 (m 10H), 1.20-1.27 (m 2I—|) 1.42-1.47 (m

1OH) 1.87 (dd, J=8. 18, 541Hz 2.17-2.29 (m

1 0
3 H) hmé)])gfgop%seoaé( {QTF %r st1r£{1n§ f?ﬁnsé%]?%ﬁtu@@r’ Z'% Iﬁ :a%igtileri at 0°C for
(1%]' 1 -lg%zeélﬁl(xélge 9\5&5 %enfgéﬁ) Wltg 542 cﬁlﬁiﬂ ae]& iﬁs)d g)grag%@ WvifidEddAc (10
1) g B pisaic Jagt ogs wibal pot i bmy irgrg e o Bygred and

) exjamratea TR Sesidddhvas titddred vafh ﬁdﬂheﬂdﬂbaanﬁ/ﬁlaﬂfﬂtel@@3ﬂﬁ solid

. Exanple 12: Preparation of ExarrcrlJI e 12 C
Nﬁlus §bt@1neq1_;W\as Rifigddyprepaggtive HPLC to yield Compound 100 as a white

solid (2.1 mg, 3%).

'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), 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
10 H),5.75-5.82 (m, 1 H), 6.97-7.01 (m, 4 H), 7.15-7.16 (m, 1 H), 7.36-7.39 (m, 2 H),

7.56-7.58 (m, 2 H);

LC-MS (retention time: 2.94 min, method B), MS m/z 707 (M'-H20).

Example 27: Preparation of Example 27

2 _
A

Example 27
Scheme 5
J A O —
OH LiOH OH KH/DM -
N N OH
/\/
O
ot @fo @fo*o
15
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



TI 0 Exanple 12 5Exanple 12 was prepared as descri bed
in the general procedure using (3-

w@ bdosoephenyprmagnesi um brom de (0.5M in THF, 1P@I/r§2007/084799
0.90 nmmol ) and 5ng (5% of product was obtained. tHNWR
(400 MHz, CD30D) 80.98-1.01 (m 2H), 1.03- 1.11 (m
10H), 1.22-1.27 (m 2H), 1.41-1.50 (m 10H), 1.87 (dd,
J=8.18, 5.41 Hz, 1H), 2.19-2.28 (m 2H), 2.56-2.64 (m

1H)25 I% 9[60 211]8\8)&%1% Igﬁl]d%g')by 1%5&? Sf)]H %,@x%ra%}_%zlltk #80& HQZOO ml).
J :9Tﬁ-@ orgamg 02:1'-}17%'2 w§1§- Wfshe'a vkith S%dcltrlé =t 3%d bAnd Urikiz DV&HMgSO4
7 2 te,reg 7evtlgﬂrat#|)”[’he 768@] (Izow }Lyla% gltwftedfp;h 4‘ g‘h@ian? SEtOAc to

1H) ord M datiked ci\tNa)l o £ whitc phk&par ati on of
aGr 1 %&%w E)g 11AN68 HOn=1o0

EEENM%(Q@OD) 62.53- Eﬁéﬁ%l leH)l?,-7\Ms86|cirne|é5¥)e?d8-’aé-90 (m, 2 H),

des r n r
o St o L eneh ol AMERL 4 R0 g
mo LE-MA dretettiongini 2o noh, petbetliB, Mitrs /2300 éMnéIdO)t fl NI\/R

(40@ &/Ijlz CDIOD) 50.99 (s, 2H), 1.04-1.09 (m 10H),
27 (m 2H), 1.42-1.47 (m 10H), 1.87 (dd,

J=8AJit¢-whsted Hdtassilihydi2del(83.3 24, 2.529 mfro]) v2ith) hexé.’ne36as(ss'1;red in

1600 DV AL TS - Sl RS e Dl Bothoaatnd® 5

(m h)ldrbxypﬁrréllikln(edﬁca}g&yﬂﬁ a014(1@)3 ntgz 0. 219'|)nm05) \ilzfé a(ididi, as solid by

J=10. 32,

5 78ne5p0§tion(aﬁ1 E(IZI-B hejij_?nieil \Ylate g%&xya@%rrpé at t111p|’emp?ra§1\-§e gqlr_D}O min

J 7 (&&ﬂﬂalm&é‘tﬂcleaﬁ 5031210(1 di thid péin®bekdze adkifion of ABY1 i08ide 10:027
le 14: Preparation

of
EX aﬁ’& Q. 28_94m6101) "\Fhels\lta W&lpy@yrﬁnp tion was stirred at this temperature for 2 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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1,- O/Ho HO N O 5Exanple 14 Exanpl e 14 was
prepared as described in the general procedure using
w@ 30sheops opyl phenyl ) magnesi um broni de (0. 5M i PCTVBE2007/084799
1.5 m, 075 mml) and 12 ng (12% of product was
obtai ned. 1H N MR (400 MHz, CD30D) 60.98-1.01 (m 2H)
1.04-1.11 (m 10H), 1.22-1.28 (m 8H), 1.41-1.47 (m
10H), 1. 87 (dd, J=8.18, 5.41 OHz, 1H), 2.18-2.34 (m
2H), 2.55-2.63 (m 1H), 2.87-2.98 (m 2H), 4.00-4.07
(m SER§Me%. 26 (d, J=10.83 Hz, 1H), 4.29-4.33 (m 1H),
4.42 d, J=9.06, 4.03 Hz, 5.12 (dd, J=10. 45,
1.64 , 5.29 (dd, _J=1 Hz, 1H),
5.70- 5781 (In otH), 7549™Pd, J=7. 1H), 7.24-7.36
(m 2H), 744 (s, .1Ho &5 iniz 67 o 15Exanple
15. Preparati'n ?\EX%@*{e 15 OHH NNtd, 0 A N41/4A

NO H mpl e 15 @m»‘bbelsms
prepare s described in the g ral procedure using
(3- i sopropoxyphenyl ) magnesi um bromni de (0. 8#%Piln THF,

1.5 i - 7y k- i - rrolidine-
L T B il i e
202 Hp;dicpripaylpte 340 we. 1Rmmql) imAcetio gnhygfideil) miy 19@mmel)
J=6,Qéadded pbade boftgontorSakdiim grgﬁporon;etl’ﬁlzes(lﬁgnate]qi&@tﬁg, 0.125
5.41 Hz, 1H), 2.18-2.29 5-2.63 (m ,

, 2. . (m 2|—8 , 2.5 . H?
% . gmmol) in acetonitrile (0.5 ml) dropwise at 0 °C. The formed light pink solution was

stirred at this temperature for 1 h. Quenched with sat. ammonium chloride, 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
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2.99 (m 1H), 3.98-4.06 (m 1H), 4.23 (d, J-10.83 Hz,

1H), 4.29 (s, 1H), 4.45 (dd, J=9.32, 3.78 Hz, 1H),
we2®3061066 (m 1H), 5.12 (dd, J=10.32, 1.76 HzPCIB§2007/084799

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, 1H), 7.05 (d, J=7.81 Hz,

1H, 7.12 (s, 1H), 7.20-7.28 (m 1H); M nEz 691

(MtH)' . 5 Exanple 16: Preparation of Exanple 16 OHo O

A \\S/ 411X 0 H 0 0 Exanple 16 Exanpl e 16 was

prepaiéd©ads described in the general procedure using

[3- (N, N-di net hyl)aniline] magnesiu romde (0.5Min

THF, /& 5 ni, OWIO %%7 10rrg /@@g (B)roduct eglas
obt aived. N M R (480 }1}/!—& IM@@r2
1.0 13+(mH9 120*&27 ,140 \\m\v
1OI—|) ;z;g(c( & 18,=5. 41 “HEuL' 1%%9 /(.gm

.56.2.G054m 1H), 2.90-3.00 ( 0083T9
(m 6H) 4.01-4 140 2H), 4.24(d, J 3z,

4.28 (s, 1H), 4.50 (dd, 3944 3.15 Hz, 513
(ddSteﬂ:th 32, 1.76 Hz, 5.30 (dd, |_17 25, 1.39

7 Zélglx)le‘gged(gask gha%gegém?nlg'_glﬁld.}nagges ’ g’rf&bln%e e#%e %25"5? mg, 1.0

1H) mmws Dhiz ﬂﬁsmw(smmed with Eix ailrpate atl70°C Bﬁc&p afgatvh@]nnﬂﬁor 4.

EX a%f)tere co:lo'l7lng4 t’hfé ﬂ%(s)k {n an 1ceoba91 the\p\rod’uct fro'?'n xample l§| Step 4 (1 18 mg,
0.20 mmol) was added along with THF (5§ mL), and the resulting slightly yellow
slurry was vigorously stirred at room temperature overnight.

Step 2.
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
MgSQ,, 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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O HOIll=e-: 0"./..., Exanple 17 20 Exanple 17 was
prepared as described in the general procedure using
WO 308406409a- ol i di nyl net hyl ) phenyl ] magnesi um br oPETES2007/084799
(0.25Min THF, 3.0 nL, 075 mol) and 9 ng (9% of
product was obtained. 1HNWVR (400 WHz, CD30D) 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 J=8.31, 5.54
Hz, 1H), 2.18-2.29 (mOZH) 2.35 (s, 3H), 2.56-2.63
(m 1H), 2.90-2.98% (w1 tH), 4.03 (d, J=11.08 Hz, 1H),
4.24 (d, J=10.83 | 4.30 (s, 1H), 4.41 (dd,
J=9.06, 4.03 Hz, 1HJ, (0Hd, 3%01 51 Hz, 1H),
5.29 (dd, J=17. 25, 13 1 ,@](%\ (m 1H),
7.11 (d, J=7 .55 Hz, 7. Hz, 1H),
7.32 (d, J781Hz 1@ 'z( ;I\/ISm'z716
(MtH) . 10 Exanpl e i'on of=Exanple 18
Exanpl e 18 was prepa edoas described in the gener al
procedure using [3-(1- 15/1\
pi peri di nyl met hyl ) phenyl ] r,gggm jggm bromi de (0.25Min
THF, 3.0 nL, 0 75 mmol) an (149 of product was
obtai ned. tH NVR (400 MHz, CDBOD) 6 0.99- 1.04 (m

;

13 HjExanipq% %éW@sé)F%ﬁr?{e%léﬂyﬁhe ssz fg%e%%—%ﬁ deﬁq_b%ed n Examg)rln 101,

2 65}:0210‘[1@(11@14‘ -Briohno-2mEodbhefyNinstelfl of ﬂ-(@&oﬂmﬂlﬂ:n{/lmlH pyrrole
4.28 (s, 3H), 4.52 (dd, J=9.82, 2.77

iH)m%eR)% 5.15 (m 1H), 5.22-5.34 (m 1H), 205, 72 5. 85

(1{10') 'HRMR ?Clg;@li}q} 1 df?o@@n HZLH)l Hb@ 169‘&1% $ P}_Ig) lJﬁél é@(nlrlzlo H)
(,\,H.Dc)p 192|.Qn81H) 225 227(m 2H 268269(m 1H), 95299(m lH) 380
(s, 3 H), 4.05-4.07 (m, 1 H), 4.35-4.52 (m, 2 H), 5.15 (d, J= 12 Hz, 1 H), 5.32 (d, J
=18.5 Hz, 1 H), 5.75-5.82 (m, 1 H), 7.00-7.09 (m, 2 H), 7.27-7.34 (m, 2 H), 7.44-
10  7.51 (m, 4 H);

LC-MS (retention time: 2.90 min, method B), MS m/z 729 (M '+ H), 721 (M"-H20).

Example 103: Preparation of Example 103
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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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0 411X NO H O 11= 0 Conpound 19 Exanpl e 19
was prepared as described in the general procedure

W@ 208064086 ( 4- nor phol i nyl net hyl ) phenyl ] magnesi BER/US2007/084799
brom de (0.25Min THF, 3.0 nL, O 75 mml) 5 and 16 ny
(15% of product was obtained. tH NVR (400 MHz, CD30D)
6 0.9S51.02 (m 2H), 1.07 (s, 9H), 1.19-1.27 (m 3H)
1.40-1.50 (m 10H), 1.88 (dd, J=7.93, 5.67 Hz, 1H),

421ri-|)1 ’gl -2 ]):ga(%d &‘[Hfé% E‘a_h) vsgal_l)agdeg 'gl? %: tln\g_}_s%%htg@fz:f_lﬁw Sﬁlf_liy (Vas

4. 26igfroddy tifredlifoontherhBeraieh, for]4:B 32, 2.77 Hz, 1H)),

5.12 (d, J=10.58 Hz, 1H), 5.30 (d, J=16.87 Hz, 1H),

5. 768283 (m 1H), 6.79 (d, 10J=8. 81 Hz, 1H),

7 330 chﬂﬁer@fﬁeclgeldl)ﬂaslz co%ﬁmﬁﬁ’g 2»@4F8r0%pllfé¥1yl)ﬁ3}ﬁdﬂne7@@@ 2(063 p6959,
M5 732 m z E% 0: Preparation

izxa%%ﬁ el @H@D@Pld THF(4 n11r> K 7§|C WWMMIABBL&(Q 5, %. fymL, 1.0

r ay X BORYiS A1 tﬂé@m%@s ggreﬂ@tsthﬂrt&%ﬁﬁ’re@& 15 min. The

descri bed in the general procedure usin 2-(4-

mor FHBEY Hyryreehsanyyitedh it ta Jasksi andise d i wa. Psigpelead to -

THF780% Bnd il 911;89? e kt)er@fa@ %%3 tg%oérgt@oe_ %ﬂ 2 gglg(gﬁ{sﬁ atWPE for an

obt ai ned.
additional 1 h The mixture was quenched with sat. NH4Cl, diluted with EtOAc, and

10  the upper organic layer was separated. The organic layer was washed with brine,
dried over MgSQy,, filtered and evaporated. The residue was triturated with hot
hexane 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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(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),
w202 (m 1H), 2.45 (dd, J=12.59, 7.55 HzPCIB§2007/084799

2.55-2.68 20(m 411), 2.72-2.85 (m 1H), 2.87-2.97 (m

1H), 3.59-3.84 (m 6H), 4.00-4.07 (m 1H), 4.13-4.21

(m 1H), 4.34-4.38 (m 1H), 447(d J-10.83 Hz, 1H),

5 10 (dd, J=10.20, 1.64 Hz, 5.26 (dd, J=17.12,

Tig 0 St ag it iyl i 05 T 0 B 82 0

( 'VH'H)IS 5 Hy, E&g@’vses Sl(m Ferpamat?l mnoﬁ H:_)X”MTJJB e|1 2h, 2 H)'
trr anpl e

ExahbreS Feieih e pabainaacineb) M0 el Bener a

procedure using (3,5- dinethylphenyl)nmagnesi um brom de

0.5Min THE, 1.8 nm., 090 nmol) and 7 ng (7% of

é)r oHERPIGAR: SEpaiefYtof INRIRPIEA80 Mz, CDIOD) 60.97-1. 11

(m 12H), 101.19-1 (m 2H), 1.37-1.51 (m 10H),

1.87 (dd, J=8.18, & 41 1H), 2.15-2.25 (m 2H),
2.30 (s, 6H), 2.54-2.6 dﬂl) 092998 (m 1H)
4.02 (d, J=10.58 Hz, 1R "4 =183
4.27-4.32 (m 1H), 4.41 (d Wﬁz

5.12 (dd, J=10.32, 1.51 H, H) 9(dd J= 17 12
1.51 Hz, 1H), 5.70- 693:(3 1H), 7.15
(s, 2H); M5 mlz 683 ( - 15Exarrp|e22:

Preparati on of Examle 22 13\'\ N\Tr by 0 HO O

Exampl e 22 Example 105

Example 105 was prepared by the same procedure as described in Example 101,

except using 2-(4-bromophenyl)thiazole instead of 1-(4-bromophenyl)-1H-pyrrole in
10  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

(s, 3 H), 4.05-4.07 (m, 1 H), 4.35-4.52 (m, 2 H), 5.15(d,J=12Hz, 1 H), 532 (d, J

=18.5Hz, 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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Exanpl e 22 was prepared as described in the general

procedure using (4- fluoro-3-nethyl phenyl)magnesi um
whe@sewed 1. OM in THF, 0.9 ni, 0.90 mmol) and ROI/BS2997/084799

(8% of product was obtained. IH NVR (400 MHz, G a30D)

60.97-1.02 (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- 2.98 (m 1H), 4.03 (d,

J=10. 83 Hz, 1H), 4 J=10. 83 Hz, 1H) 4.26-4.31

(m 1H), 4.41 (dd\J*9 2 , 5.12 (dd,
.1=10.32, 1.76 Hz, 1H), ! LLQ 1.26 Hz,
1H), 5.70-5.81 (m 1H), 6.7 1H),
6.96-7.03 (m 1H), 7.33-7.4 [7.46 (m

1H); Ms miz 687 (MNa)y . % 3: Preparat|on of
Exarrple 23 OH N). >f WA Y NG, VoA M 43

U\, ,N,..",-—-OO‘ ,t. 0 ,...1., Exanple 23
Exan'pl e 23 was prepared as 'described in the general
procedure using (3- fluor @oépsmtihgd phenyl ) magnesi um
brom de (0.5Min THF, 1.8 nL, 090 mml) and 10 5 ny
(S%Scmrém@?oduct was obt ai ned. NWR (400 I\/Hz, CDI OD)
50. 99 s, 103110(m 10H) 1. (m 2H), o

1.42-1. 1 872 J v B, OH) o
2 19 2. 22[(_&7;7( Z\%B%(O J= 11 H)gH)_.
2902N9 (Tan) 4.0 —083
1H), 4.26- @)rﬁ

92 (d J@/a@/%z,
dd J 9.06, 4 Hz, 1H), 5.12 (dd, =10. 32,

41
76 Hz, 5.29 (dd, 15J=17.25, 1.13 Hz, 1
70581(m 1H), 7.20,2.27 (m 3H); MBS niz
I\/H-n’plle 24: Pr@a@n@f Exaﬁpwé 024
(L-)\ro Pd/C {N—)\(O\
L3 Ho
go o

o]
i'l | Y
LiOH , O B
" — Compound 106

4
1.
5.
(

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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HH N\ r 4116X N\',, N4], ,S HO ---ii, 02 e O
Exanpl e 24 Exanpl e 24 was prepared as described in the
w@enenedoepr ocedure using (2,5- 20 PCT/US2007/084799
di et hyl phenyl ) magnesi um brom de (0.5Min THE, 1.8 ni,

090 mmol) and 5 ng (5% of product was obtained. 1HNWVR
(400 MHz, CD30D) 6 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,

> 194353 {ripiay Wi e LAl dibern 238 1,

( ddoxobyﬂrah(ﬂﬁa 1,8- dlo&rﬂdiylaté k4.8 2. BBAi8d) ds MghtBrdwn His€Rs oil.
(d, . J=10 rgt 4.13-4, 21 (%m), 4. 37 (d,

J=9. %ywwm;) 8 %5 Z6é<§m hHY G999 (m, 114, 3.82,8177((#&d H.

J= 1%t§3ers813 5§4U§(m H; 4%21889(6(11.@,1 rg) §«Y1 %%4 (1% §ﬂ{h)|”z32 739.(m,

?t 53&768HZ 1H) 7.11 (d, T730HZ 1H) 717(d
J=7s81,Hz, 1H) M5 in/z 683(I\/H\Ia)-. Exanple 25:
Prepaatlonof Example 25 OHH H HOF O ..i.....

To a solution of (S)-1-benzyl 2-methyl 4-oxopyrrolidine-1,2-dicarboxylate (14.0 g,

50.5 mmol) in toluene (500 mL) at O °C was added biphenyl-4-ylmagnesium bromide
(152 mL, 0.5 M in THF, 75.75 mmol) dropwise. The formed light yellow solution

10  was stirred at this temperature for 1 h. Quenched with NH4CI, separated the organic
layer. The aqueous layer was extracted with EtOAc. Washed the combined organic
layers with brine, dried over MgSO4, filtered, and evaporated. The residue was
purified by passing through a silica gel plug, eluted 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  EtOAc-Hexane (50 ml-150 ml) to afford 7.8 g of (2S,4R)-1-benzyl 2-methyl 4-
(biphenyl-4-yl)-4-hydroxypyrrolidine-1,2-dicarboxylate as small needles. The mother
ligor 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, J1,=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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Exanpl e 25 10Exanpl e 25 was prepared as described in
t he general procedure using (5-

wO0 assnerds met hoxyphenyl ) magnesi um br oni de (0. SMT/DS2DBIF)84799
1.8 mL, 0 90 mmol) and 5 ng (5% of product was
obt ai ned. | FINVR (400 MHz, CD30D) 6 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), 234243(m 1H),

2.90-2.9
d ylfé\]u%oé %hq_&@siricﬁﬁrog% ]\_xgnc}% rfctﬁ/s ai]i_ﬁed 11211@&@!-)(3(&8 ml) to
10ieRi3l . 2dzg (1513R % ¢ichlf ad Hhite)so8d.6050 LofGartiity matkhal was 1o
(dd, J= 10 58, %1 E{Z, 1H)., 5.30 (d, J=17.37 Hz, 1H),
5. 68°8E quRe P-ii?’ mppUificatipng 81 Hz, 1H), 6.98-7.04
(M 12RMR gc1§@13)(812 59350 (321 h'éxz 8‘5@ 89 gﬁ 1@%2 993 9(7'\&“"5!6!)[

Exanpl e Prepar ati on of
%1 stitundron3.o6f. 3t30ds.gribdotemensy, érﬁ9§<%ﬁﬁm é Hp, 4. 9‘,% é198 4111( BE) 4 62

I F adge

(4 KRR Sayhen T st o o de (brs (-l 72 44(m 10
0 SH)rﬁﬁﬂ)6QjﬁmrﬂvBﬁ)sc at -40t. After stlrrlng at this
t enpegr

n?ﬁfl\gg\li/a{%n{lon“ %I}d(ﬁwl T IQ%@O e aé‘ﬁd(l\ré}%ﬁggtm Sct ed
Wi tMeExH)AUO((E/ﬂ M@}, - J0e. or gani ¢ | ayer was washed with
? S%B drl ed over MgSH4, filtered and evaporated. The

€

was triturated with hot hexane and was
fil Teaeited Phesiga@bd vdsdl ddatasnighiohitior df @SIIRYUrbchiyd d- ﬂmthyl 4-

Do PR P RN e (R g by e 1oy 508 ipe iy

H) Nﬂeoir‘eﬁ(m gﬁ%gﬁﬁ adaed-pauaa,luﬂf(e 0% Q(m9olfgmbl) on darB&r A0Q2wet).
2 g?srhe?\lf_%yl Gl pléchbon azfagghak@r @pay(aﬂ,\s uﬂdqq% Sr@g@swgh %52p5( m

12 ressarelfor § 6, QuelnalelleVlﬁ’lzcehﬂe F‘ﬂtere@ @%ﬁ&ﬂed to hFforki®. B 1H291 %)
11 , 5.75-5.82 (m

7. 18tthe deiredprodugtips an70f§@/h17e Bcg)vcteﬁ Th;_s Ipﬂtena-}z nguspd £@ thgmext
2 "Qoul]oggg Il\égttfoﬁl%l)ﬁeﬁt' fRfhdr :pﬂf@f'ica_am?‘]r mm nethod B), M5

nilz . Preparation of Exanple
27 L%&-ﬁqe‘@n‘gqn tg@ehéﬁ)éz ngr,m method B), MS m/z 312 (M"+H), 280 (M -

MeOH).
20 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.
25  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
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 (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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Step 1. To a solution of (25,4R)-1-benzyl 2-nethyl
4- (bi phenyl-4-y1)-4-hydroxypyrrolidinel, 2-di car boxyl at
we@2q08/02066 g, 3 mMmol) in THF (10 m) and MeOH (BOI/082001/)84799

was 20added pre-made sol ution of Lithium hydroxide

nonohydratc (0.252 g, 6.00 mol ) in Water (10.00 ni).

The formed cloudy solution was stirred at room

terrperature for 6 h. Diluted with water, acidified by
SIC to pH 3, extracted with Et 0OAc (200 nil). The

org Iayer was washed with 5%citric acid, and

bri !nga siﬁiﬁii@ﬁomSMRMﬁ@%l 4f(ﬂ)1bﬁ%&94j-yl)ﬁv(@$i))%h aéred. The

resi dual powder, was _triturate exane-
‘f‘tP’SfCEF%P‘iV*\PgafB@%J + éa‘%%%‘er&rnoriﬁn"z@etaoxygm I@r%jsar%%ylate

Wh'
| 6@8&%@8@@&4 menblt] 1NWBF((§Q§9:@C1 1\@@015%5 80 _f i(agléldcied?ée -made

Hyoluts)nﬁ 1@11L2@h{3f?x1§e pq))nohydlztg (?6 ne. % 7 18mp|5) in water ((5r80 ml).
7. 5%1’1(,7 foBfed éﬁ)ua@ sbl)utloﬂ—&;aé\@néﬁ @ttl%aﬂl'té?ﬁbe?dtﬁf@ for& P ReMoled the

nmet hod B), pre- washed

Pot a@lgﬁﬂaﬁmdﬁ@t@lﬁr Wtﬂ@ 5((70113tr18 aﬁ@ eXGaQ’ﬁFBW rﬁl‘n%quMTh%Ofﬁ@wah&er was

was iR ¢ ) Th I
( 28W4§1§R ol (V‘?t?é) elnez 9%\6%%0 r(%/ﬂigl tered( barlld %Vagorated e)reshdua powder

hyd Eiﬁﬁylgg/ Pt o YIddhwaszre@’arttibz«qdl fragm E@Pd: I(I@@Ae @gnl -Amlpuyyicld 450
i portion at 0 C. The
lm%&% ({ag%ﬁgr&\?\lgsagst“ﬁlrt%la’gﬂf this tenperature for
30 BCrM$ bleteamn tiherdsB moiheaethedB )M On/zat | (Mi sHpd7hed! -
bef %H?ddltlon of Allyl iodide (0.027 nth, 0.299
&; he final cloudy solution was stirred at this
tenpepature for 2 h. 15 Quenched with iced 5%citric

acr tracted {]} t OAC &? th anrcl
oo o R bbont el T B bl .-
1 E’u r dﬁﬂe&@rlﬂh}!anbyl?rp ﬂwtrwxﬁpyrmllafnéor@r&&ylﬁ@acﬂf (26hegs.a9d inhgl),
mat er | Y andth(e esird rod 40 %y 42
as )t lsanigpy(cy 1) gfugz yglog%piwarﬁox'gﬁm e, tosylic
2 8&«:1@ |_h|5§élm{ertlz34 11m§!)o 54@ n%%ol& aﬁ& H(ArﬂU (22231}11 (2@49 ﬁﬁrofb itf 8H2CI2
5 8@5 BDER0 {Grivay aGHyd Nﬁ%zrlsoprowéeﬂwmlse @435711153/ 4!9;9 BgopnThe
6 Hiormb&ridP yvEES SMitoRRvak SiRed 220668 60 hr. ﬁﬁﬁt@@@nﬁho 10
nilz 458 (VLF!). Exanple 28: Preparation of Exanple 28
205 mkaripiskedagith 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, 3 H), 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), 5.32 (d, /= 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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Schene 6 0- Step 1. To a solution of (2S, 4R)-1-benzyl

2- et hyl

wa2qoboefoeny 1- 4-yl ) - 4- hydr oxypyrrol i di nel, 2- di ceeUS200H084799
e (540 ng, 1.252 mmol) in Acetic anhydride (10 ni, 106
mol ) was added pre-nade sol ution of Scandi um
trifluoronethanesul fonate (61.6 ng, 0.125 5mol) in
acetonitrile (0.5 nil) dropwise at 0 C. The forned

l'ight pink solution_was stirred at this tenperature

for 1 h. Quenched fh sat. anmoni um chl ori de,

extracted with EtGAg : edlthe organic |layer with

brine, dried over N950ﬂ j, | ered eva o@ated The
resi due was purified by ore - NQ. d t he
desi red product (290 ng, of

di astereoners. 1 ONMR({ (s 1/3 H, 2.00
(s, 2/3 H, 2. 42-2. Cq@%q-l) 268=2 79 (m 2/3

H, 3.03-3.05 (m 2/ F243ALAmMm 1/3 H), 3.54,
3.77 (s, 1 H, rotarrers) 3 66, 3.79 (s, 2 H,
rotanmers), 3.80-3.90 (m 1/ 8ohiqunati0Z0-4.19 (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 1H, 509-5.26 (m 2 H, 7.30-7.56 (m 14 H);
15LC- M5 {retention time: 2.78 min, nmethod B), M5 nilz

496 (M - OH). Exanpl eHw]zﬁ)l Prepar ati on of Exanpl e
101 Exa Ie 101 Schene L : ° St A 2-necked flask
was char ¢ ] round mgMum brignid® et her

(258 ny, .OI. Thi s fTask was heat {%v\\%bh an ol |

bath at 70C unde ' dj vacuum for 4 ity5 r cooling

this flask in an Hc bath, the prpﬁ@qt Wr?Exarrple 7,

Step 4 (110 ny, x\_\;
ZL)\(OH = Compound 107
H N

5 Step 1.

To a solution of (2S,4R)-methyl 4-(biphenyl-4-yl)-4-methoxypyrrolidine-2-
carboxylate (150 mg, 0.482 mmol), (S)-2-(tert-butoxycarbonylamino)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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0.20 nmmol ) was added along with THF (5 nL), and the

resulting slightly yellow slurry was vigorously
w@risoeme@at room tenperature overni ght. Step 2PCTUS2007/084799

anot her 2-necked fl ask cont ai ni ng

1- (4-bronmophenyl)-1H pyn-ole (239 ng, 1 0 10 mml ) and

THF (4 nmL) at -78C was added n-BuLi (2.5 M 0.4 ni,

1.0 mml) dropvdse. The resulting m xture was stirred

et 34 ot GO £ PSR P onh B a3 e ERORAABagfm. 4 10

pre7@mol7e1qlmth)780 The final mxture was stirred at

hi s terrperature ar_ 2 t OCfor an addltlonal 1
' FRQTTTEient e s S IGREHRGIN B h M SRE 14 | ot ed

Wi t BiefpOAc, and the upper 15 organi c phase was
separated. The organic er was washed with brine,

or i g2 svlatiomaf e HnFtthélr‘b iy lvdpbi@ddtertThe resi due
Was bﬁtBk)Icleb@ﬁﬁgm‘ﬁ’b}an R oNEX ISR MRRinE Dl &ﬁf&?mﬂk% mg,

solid obtained purified by preparative HPL

yi ePddtErapplie Tﬁ@ﬁ &) anduNiePEl éllﬂr)d’va@ pédey pﬁ@ma@%utlomnﬁe

gcgr)g@l?msgydg'ogge éoﬁ%y&lgﬂg {iﬂ%@l@ %8% (rglﬁoli \ﬁ?at&r@ n%d)Hi’he fgrrﬁled

lou@/ ®8itign 89¢ stirred aH)oomMACI9Per AU nqmght |H)em0x¢ec05e Valatqjvs n

1 @m spl e ffiodndf of v e heiBed i By a1 AR e
2 HEtOAG. I0sHed2 e $ngpni@ lalr, with %8 <ifribdeid and bZlnH)d,ne('f 066-MgSO4,
£ Ok ot S 5 R 55 By R LR80r
Pr e phamatticotpling r&xaasrp\tvehomﬂlrthe@uaﬁpdt@nloz Exanpl e 102
ExahpraS TS ERAREo- aT Ry hSp bAGS B2 8L FOYBI pheny

15 nskepd. of 1-(4- br ormphenyl) 1H pyr r ol e 5| n Step 2.

11 1N D 1.09 -1.2
CD?&S)AH?T) -4yt %ynylf 3@1(31 i(Sgé (teﬁ;‘ buioxpzﬁarb@y (1120)@071 8-
E m m?oyUM mgthﬁ)grp?rrglgingd%l cairb&'»yhc cif 3782111%9) 1(4mmrﬂol[g(lR3QS§@

( d, a@moﬁ(qgﬁlopljpp}qfulfogylgﬁ \(uwlcyj:logro_pgna\gaq]quanmdq,ﬂosyhc acid,

Zbﬁycﬁatg 5165(%%]0 f%mrﬁo@ O%Z HAS U % n?gIr g'?é 2 tZrlngog)' 1tZ ID%{M (M) was
25, biylderN R RGBT G0l @n&;mmon a7 9 2C( Mhe-fiapbymixture
Exaqué Kirrkd 3t rogﬁlqgﬁlgéﬁt{u% %V%lgﬁ% @Tlmeﬁ M%G@@ﬁgﬂb@wﬁﬁ) 3o citric
acid and brine, dried over MgSO4, filtered and evaporated. The residue was purified
by preparative HPLC to afford Compound 107 (64 mg, 59 % yicld) 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

-111-



15Step 1. A 2-necked flask was charged wi th ground

cerium (IIl) chloride heptahydrate (373 ng, 1.0 mmol).
wabiog/oédoeck was heated with an oil bath at 70CCmug2007/084799

hi gh vacuum for 20 h, then at 100C for 2 h, then 120C

for 2 h, and finally 160C for 16 h. After cooling this

flask in an ice bath, the product from Exanple 7, Step

4 (110 ng, 0.20 mmol ) and THF (5 L) was added. The

resulting slightly yellow slurry was vigorously

stirred at roomtepperature fo h. Step 2. To

anot her 2-necked fTagk cont ai

2- (4- bronmophenyl ) By Aen(JOC, 2003, p6959, 5 233 nm,
1.0 mol) and THF (4 [

At, ) 78C addged n-BuLi (2.5
M 0.4 nL, 1.0 nanol) drop {s4 a %’rﬁvure was
) THe

stirred at this tenperature™{or i f or med
slurry was cannul ateddnt% tlhe fd aSk=from Step 1 which
was pre-cooled to ->F/8drT_e Qnal miXture was stirred
at this tenperature for92_#~and then at OC for an
additional 1 h. The m xture was quenched with sat.
NKI CA, diluted with Et0Ac,Compeind0@he upper organic
| ayer was separated. The organic |ayer was washed with
brine, dried over MgSat, filtered and evaporated. The

reS|£H§n S tritu!rated vv!th hot%@ane and was

filtered. The solid obtai ned was ified by

prep tive H PLC, to ¥ d i 103 as

sol i%g,oﬂzo/() o AVR ..@m 6 1.02H1. 09

1.26-1.2 %—1—-45 1.50 ¢ 1@Hr'5,c 190 42
N

(m | H, 2 7(m 2 H, 2.
2.95-2. A 8), 4.05- @' Q 1H) 435 52(mO
2 H), 5 (d, J= 12 Hz, , 5.32 (d, J= 18.5 Hz, 1

(m 2 H, Z87800(m , 1.63-79p4

LC- M5 tjae: 12.24 m method tni z
710 (dﬁ l 104: ﬁ@gpar ati og% l e
104 O Exarrpl e 104 e0104 was prepargd

same procedure a ﬁ d in Exanp OL[P \_/lE@;@ept
usi ng 2-bronobe 8{11’ Y#loazol e instead!ofo 4

H, 5.75-5.82 (m 1 H, q38-7.40(m 1 H) 777N 7. 74

1-(4- brormpheny H-pyrrole in 25Step 2. /1]?|NI\/R
(CD30D) 6 1.02- 09(m 1.26-1.29 (m 2 H),

14515@00m Fl), ’01 92 (m 1 H), 2.25-2.27
(m 2 H) ~2W68 ,2952I919_C(m 1 H, 3.80
(s, 3 J:I)_J_QS 4. o 01 'FPO 95 4 52> 2 ddjrpolnd 168

(d, J= 12 SIE \WB Ssepgration H) |
575582(m1 572t‘m2l—|) 7.93-8.01 (m
2 H; LCM (ret cDms Z=7/9 mm nethod B), M

mz 690 (M+ H).

Step 1.

5  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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5 Exanpl e 105: Preparation of Exanple 105 Exanple 105

Exanpl e 105 was prepared by the sanme procedure as
waele®snedoed i n Exanpl e 101, except using PCT/US2007/084799

2- (4-Dbronmophenyl )t hi azol e i nstead of

1- (4-bronmophenyl)-1H pyrrole in 10Step 2. IFI NWR

(CD30D) 6 1.02-1.09 (m 11 H), 1.26-1.29(m 2 H),
45-1.50(m 10 H), 1.90-1.92 (m 1 H), 2.25-2.27 (m

::%’apgrrab:g 'ﬁhed?s éuﬁlwa% pE%ﬂediij% 105 g%]%o%ﬂ %'lug)fl Wlél ]5 3 ld then

22 hbkane?t(g%c tafdd 64lmg. (5470§yi7b&1% gf tzﬂé des%-redli_'%)l;odgct gga (511)8&6 of
1 m 1 m

mhastirsefm@fs argd &@ negﬁ)fk% C $igrting malgEak r et ention ti ne:

67 MR (BERPsh B 2 3V 2 1 165 1(%0(11%')0 5 9@@[3862 (32 1 H),

of Corrpounds of the Present gsc | osure 20

Pr epdt at 32045613 Colipbdhd- 82669 (@Oﬂrﬁﬂu‘hdl 138 (IScthrél 4-4.70 (m,
Ste )T f IfOX|de(23 90 m,
337@%%@ a7 %?9869 7(§§P( C was added onl y!

chl 6€£id8 (l(e@nMn timEBMS 18, rm:thodlBB Mfhol)528(Mpwilsc.  The
forg%ﬁ soI ution was stirred at this tenperature for 30

solution of (2S,4R)-1-benzyl 2- nethyl
4- hjdaoicgdYarr elakeh m&eﬂgoﬂtadiimohﬁi»y bR ){(12En3B 2gnethiyl 4-

Lo et By SRR Ce PR B SR Bis Se i i Py mbfe) i

10a6itljtzoaaefl MUNami Maom prL)atzmaldam iladif6 (72 ik, 0.883nmol)

Cenpera a0 E el e VErar R @ LR R Rt e

HC1 hy ®@86c@ivithi X5 paChreksu sk thmehxnhlew @ith déllt@ Filerer, cMpSi*td to
filtered, and evgﬂr)or ated. The rg)hal dual %ht br own 0i |

hens i s B R B P Lo P gy T Seera
1€l Utv@éjuseﬁ\ﬁfdrhhc“foﬂdwﬁg @@ujﬂlﬁgfbagtiola wigwan@rdd: hafidadorf ford

1.
2
3
J=
(m
1
2.

S benz
gx%)b(]rM%I(Iieépﬁ‘éltlm?-z&%%lflb‘a%b@ch?b MSi/zg84 M708% vi el d)
as kjeght brown viscous oil. NVMR (CDC13) 82.58-2.63

(m 1 H), 2.90-2.99 (m 1 H), 3.62, 3.77 3 H,
r ot Eﬁr@ﬁ@lytlor@f%li)ﬁimwyl(%be@ymw) 4 (@Qhednyls‘gYémrmildHy 2-

S. 1a'ar§0)%fﬁlté(%b n‘?g, 59155 Zmr%%), ZS‘)ég(teg’{]ﬁutééf@ri)onylammo)%,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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Step 2. To a solution of (S)-1-benzyl 2-nethyl
4- oxopyrrolidinc-1, 2-di carboxylate (14.0 g, 50.5 mmol)

w0 poosobaene (500 ni) at 0 C was added PCT/US2007/084799
bi phenyl - 4-yl magnesi um brom de (152 ni., 0 5 Min THF,
75.75 mmol ) dropwi se. The fornmed |ight yellow sol ution
10was stirred at this tenperature for 1 h. Quenched
wi th NH4C1, separat ed the organic |ayer. The aqueous

paBE G o T RO o R e e R S AR

and hﬂnmmyca@a@h mJMyma&l(dwmgammmbl)eﬂwwr @&ﬁ]S)I mge formed
throu a silicag E eluted with 4:1, %ﬁ
2:1¢ Oa%somtlﬁawawgwﬁ @Q%%mﬁr%%? Wb ReaeY themolgtﬂes in

Whi 1,&-,,5 OFHe GesiMRitdkRn MBS WAET ¥§dikd WA IM HOIN pH 2 Extracted with
15Et OAc- Hexane (50 ni- 150 mgo/t o afford 7.8

% Zsqu, W a@@ﬁlztpq: orga%{aﬁw wigh 5% citric acid and brine, dg 1ed over MgSO04,
(bi ph&aBy dnddsidoratéa. "[31’16’ Fé%?&)iﬂ%lﬁ@'sblﬁ’d (38 1o, 80 9 ﬁéﬂp@é‘s\ﬂs@& for

as snal | needl es. he not her I gor was concentr at ed
andﬂﬁlﬁlﬁfﬁtfcp’éidlngyeaﬂl%ﬁltwr fmﬁer rrfiedgnni th 4:1, 3:1,

theﬂc%wé@{équéﬂtﬂﬁé IMo3nif, \ﬂ@tﬁ@m 7, M SQQ(M#W(CDCH)

addi ti ona of 't esi red product
52. 88p3. 45 (m 1H) 270275 (m 1H), 3.66, 3.86

U TP o fpr 3 BT PR B S (el 508 1
( m bmokﬁcarbﬁn)ﬂdmﬁo}253{dnnetﬁylbi)tano?l)ﬁﬂrroﬁdihs 2(cmrb0@yllt¢) geid (63 mg,

(i apad i gaShr-ading N iRpubThulniha- 1B, 0

H2 O)fmyﬁyﬁoﬁrbﬁanbﬁﬁaoxarﬁm)tosyZEE atighydratcl(d9.d ngo DUt § emodf and

4 CHATHERTVTRE Yyt Ay P hrai ) vt BoYy!

18 ( B;l&ﬁ)r@)yleﬂﬁ/la}ﬁinmuﬂ% nhIl) ORE {3 Pat 01 °IC) TR firkhl EﬁlMﬁ‘é Was

added sodi um h dr i de
lig R S fr %@éf Hgiué% 51 ?mwwﬁ% &/ﬂtaéuor%mc
f or ag3@add Brine RriRON MSSDA, &lliBrel AnPARApdthicd 2he 0QidHEWa) purified

was added 30dropvv| sc_ at 0 C The final solutiaon was
st i Py BgpaRtiedHrh( @hydT-atter & slemuo picldop anenedf fiasRregmsric

C' t Eﬂo@u@ﬂ@ c?e x5, 9@9?1@1&) M@ \Rlllﬁte'-:stoﬁd\efhls%ﬁ@gfgs ;er'b%bj‘é&g@f(‘)' another

brine over A, filtered
2 %v ap@@?ﬁf@@ HPM‘ecqnéénoa l(r@e\@/a@rﬂmrditerf Aeeuen) tp |Oht§ﬁ1 the homochiral
coI I el chromatography, eluted with 4:1, 3:1,
E'%gﬁdt(jh )ge Et OAc to vyield 1.45 g of the desired
pr oblidIMR WiiDaﬂD)\ﬁalsoi e¢s ystidIH)L Z.&sk1i3m (neDH),(1147- h$( (nh,d 0 H),

o s8R lg i & P U T 527 22Vl ot hge it P s

coI 40 (Ll 1, i £30 isphH), 4HSVR -0DAL3) HR2.B14. 2% @6 1(H, 5.13 (d, J=

280 ihedh B.32558 s ol e T P rAisiloihin of, Tap-2de gngin. 738
(H;n 7.1110&,2121),333_34517..%@1{,2}1)% H) , g gg gdgg J1. 21:H;9. 5, 28
7 ot eRiomgngp 2 g gnehist St 45 w=ipo S Tu i)

Example 109: Preparation of Compound 109
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LC-M5 (retention tine: 2.92 mn, nethod B), M5 nilz

446 (M +H), 414 (M- MeOH), 370 (M- MeOH - C2).
wamseeinde To an iced Pair shaker vessel cont aP@i/ngR007/084799

solution of (2S,4R)-1-benzyl 2-nethyl 4-

(bi phenyl-4-y1)-4-net hoxypyrrolidine-1, 2-di carboxyl ate

(.29 g, 2.90 mol) in MeOH (30 nml) was added

Pal | adi um (0.308 g, 0.290 nmol) on carbon (10% wet).

The vessel_was placed on a Pan shaker apparatus under

hydr ogen th. 25 psi 15pressure 5 h. Quenched with
er ¢d omevapcpraéced to 0.811 ¢ (%1 %

celite.

of the desired pradugt Vas of f - P QTHES
material was u gﬁw \aixt coupl i ng f&@tﬁ <\3nN AV,

Wi t hout f Pfl don. LC (r@
1.92 mn, ﬁﬁdﬁv B), mz 312 ( j\\S‘D(IW—N/EOI—I)

20Step 5. To a sol utlon of (2S,4R)-ne I’r}'\l\

4- (bi phenyl - 4-yl) - 4- net ha (rralidi ne-2- carboxyl ate
(500 ng, 1 606 rrrn:)Apg tely )W.Q)/ 93|1

(S)-2-(tert-butoxycar bonylCampmo)d-1393- di net hyl but anoi ¢
acid (409 ng, 1.77 mmol), and HATU (867 ng, 2.409

mol) in DCM (15 m) was added

N, NSidh il s epspaayibies ¥l Znicthel I-beB3oxvtarbehy8izhinoyel,4-didluo@but-2-
. 25The fornmed solution was stirred at room

enf% ure for 4 h. Diluted with DCM washed with 5%
citric acid and brine, dried over MgpSH, filtered,
evapor ated. The residue was pur| fied by silica gel
colum, eluted with 2:1 hexan one to afford the
desi r ed product (600 ng, 71

1HNMR (CD30D) 6 1.11 I‘B\
2.61-2.66 (m 1 H), -2.75 , 300(3 3
H, 3.75 (s, 3 H, 4.20-4.25 (m 2 H), 430435(m 1
H, 4.75-4.79 (m 1 H), 7.35-7.72 (m 9 H); LC M

( r etfg gtglil)s%?ﬁoln%l%ssmmgrébut%maer&d% % 811 g%an]') i tetrah(yMOfuran

l@ 25(54)'%91L)'Wa{s|'ﬁ)llhed methyl 2- (benzyloxycarbonylammo) 2-
4- ( bi.phenyl- 4- - 2- (tertbut oxycar bonyl am no) -

&ﬁlw@bmbwﬁw%)eta - éﬁo%ybglﬂw& at d78rféu@de&§¢ i %a Sélfred
e ( 8280 WHn atkhil 4dnpgPmRlr} ahdthJHEefhoxyth b - @M rdafdhb d@ 99% 63 4

m ) was added pre-nade 5sol ution of |ithium hydroxid
monBAdy wseddablardy. Thezemltimgariytuenvaratasped w 9t afmi)%tlrred for
The iR t@n%%h@%ﬂﬂ LWatdy ‘ﬁ’@ﬁst@& {or[fkf‘*@ tﬁftadﬂlﬁg Pew drgps of IN

tenperature for 8 h. Renoved the volatiles
1% t HObdkhe imixtuge veas |edtra0éeﬂtW1§cEt@efxCV\T herprganisileyer e dmct;avm C

:C Ia?/ ?fgﬁ?%lfgﬁgagg ggﬂglﬁﬁragé’ t0 %gladf()' ggéjf &ﬁ)ey ?ﬁde&@gﬁt ?ssasyellow oil.
91 Yuyficetich b}v\ﬁwtalge clutisg with BPe FtOAQ fﬁeE&n@A@Vd-bmdé9%) of
( ZHPE_/Q%ch}IQ (Mel:n%/l%xﬁg%onylammo) 4,4-difluorobut-2-enoate as an oil.
LC-MS, about 1:8 mixture of isomers. LC-MS, MS m/z 286 (M+1).
20 Major isomer: "H NMR (500 MHz, CDClz) & 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-

25  butoxycarbonyllamino)-4.4-difluorobut-2-enoate, shown below
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10nmg of the desired product as a white crystal. LC- M5
(retention tine: 2.93 mn, nethod B), Ms mz 511

W@ dnsbh40661 79 (M MeOH). Step 7. To a sluny of PCT/US2007/084799
(2S, 4R) - 4- (bi phenyl -4-y1)-1-((S)-2-(tert-butoxycar bony
| am no)-3,3- 15
di met hyl but anoyl) - 4- met hoxypyrrol i di ne-2-carboxylic
acid (255 ng, 0.499 mol), (1 R 25)-1
-am no- N- (cycl opropyl sul fony!) -2-vinyl cyc! opr opanecarb
oxam de, tosylic acid, hydr
and HATU (228 ng, O. 599 mm |
was added N, N-Dii sop ' 0.435 nm, 2.497
mol ) The forned |i gk eIIova)glutio was stirred at
O Cfor 3 hr. Diluted with (10 20nmL), washed
wth 5%citric acid and brine, <dr| ed over MySHA4,

filtered, and evaporated in vafuo. The resi due was
purified by preparative HPLC (PhenonenexLuna 30X100nm

Sl OA s3R%Bn b ELDRMBy1 iﬁoeﬂ&ﬂo@kaﬁb@n&mlh&)rm d2Rofbit-StR)ke
to afford Conpound 106 % yi el d)

whi (& &d0; 6dnmﬂmlf%b@‘6ﬁ)dl@r@netﬂ%9 1]_% léﬁfnnj_oi) q.tr)daascatalync
1. 26mdund 6f bMAPZ(é)@M gle. é@milno@Qn e@ahﬂ&ofﬁl)an %Jmlg)?vvék sBfed at rt

é 9@12%@ ¥y then Gllbuted(amgﬂalEt@gbc @asmd Wah wtem degd oYef N%SQ)«
E" Zﬁfté]red?ghd(dghcéitrlﬁ)ed t04ylé113 36, q‘g of]ﬂie grut[@proémcH)is a é]blé‘?esém@o

Hz qulﬁcrﬁtlorsbyzsw@tgg Qlu(mg wmh 24;% Eroeqmas@ga(vmzzmqy %) of (E/Z)-
v
(r etﬁlgﬁ?’f@ F](() K,éxg’_%fbé%ﬂ%?e“ lofidx tfccﬂg r%l)'ipnwgs' ;'\éﬂ}lé%ob t- —enoate

.asﬂomanﬁl e 107: Preparati on of Conpound 107
fo nggwg 1\%?7 E&Wl%\lg%&aj& 1somer 9 1%19! &b@ N/H‘PZ CDCl) 6 ppm

? (buphenw): 3473/@)3143 Pt ex¥py 610k b3 nd@; B=5CRHbax30. atiez, 1
15

(S) %2?{7%r?§ﬁﬁ't‘>olm>£bar%)on@1”aqw ﬁ&})non 8-enoic acid (144
nmg, 0.530 mmol ), and HATU (260 ng, 0.723 mmol) in DCM
(5 rr1) was added N, N-D||sopropyl ethyI am rt1)e (0.252 nil,

1. 428D4 oparg 1omofamethyl d-(f Z3l rhorty X HIOX e onvl)ammo) 2-

1%&ﬁ%r&hetﬁﬂ%%&%ﬁk@%&ﬂx@la@er ni ght . D‘ luted with

washed wmth 5% citric acid and brine, dried over
My504, filtered and evaporated. The residue was
purified by preparative HPLC t9 yjeld the desired
product (140 ng, 51.5 %yiel @) s%hlte f oam

| HNVR (CD30D) 6 1.31- 1.57. (il 7 62-1.65 (m 1
H, 1.78-1.82 (m 1@@?1@1 F2 H),
2.66-2.69 (m 1 H). -2 89/k—£blkb 3.00 (s, 3 H),
3.76 (s, 3

-

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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H, 4.16 (s, 2 H, 4.30-4.35 (m 1 H), 4.79-4.81 (m 1

H, 4.95 (d, 1= 12 Hz, 1 H, 5.03 (d, J=18.5 Hz, 1
wo0088688 5. 87(m 1 H), 7.32-7.39 (m 1 H), 7.PGFHUSH67/084799

(m 4H, 7.64-7.71 (n, 4 H; LCM (retention tine:

3.20 mm nmethod B), MS nilz 565 (M +H). Step 2. 5To a

sol ution of (2S, 4R)-nethyl

4- (bi phenyl-4-y1)-1-((S)-2-(tert-

N R e AR R e B
MeObldr R1490),, fivasedackshRehtitca-topidrl 75gQqutel cﬁ[ﬁe@iodubttdalalymlow oil.
hy drOQ%Ee nnnoh drate 37

t
i) Pur tl%%%@ Bltmg wigh | n%@%%ﬁﬁe@w garvelg%gt%mes@aff I-
teWg@&@_t,rlékﬁcambﬁym@muto;&eﬂw@@altnh@) yolatiles in

vacuo he residue taken up in water, acidified w

am Méiuqr@n‘iiwlkfyd&&rpp%faé@waﬁﬁs Bh QAL C-y %%lmfzrf@ (M+1+Na)
Oor gaRbthed 133’5%fof\{ﬂetd%s @?{% Blotifidt Cméy1d - @é?ﬁbt@&ﬂy@@rborgﬂdnﬁgo) 2-
over MgSOH4 | tered and evaporated. The'resi

whi fdeﬂlswm@hxlzcaelowgpar@qarb/exylaéq wps glegsoltaecd faam the fdotpgex t
cou ﬁﬁb%&?a%%'oﬂ”L@"Mi‘% m/MS% feﬁmpgdg)' ffh&c%ﬁ“}b%d gk&a Maro,,
(retention tinme: 3.

+H ). 15Step 3. To a slurry of

léﬁfsé h; (onitbest - but oxycar bonyl

e- 2-carboxylic
aci éﬂ1ﬂ17c80muhvli&yd14@ronmta)rbox@IlcRacQS) -1-
am no- N- (cycl opropyl sul fony1) - 2- vi nykycl opr opanecar box
am de, tosylic acid, hydrate (65.5 ng, 0.156 mmol),
and HATU (77 ng, 0.212 nmol )oin &M (3 m ) was 20added
N, N-Di i sopropyl ethylam ne (0.0Y4 m, 0.425 muol) at O
C. The final mxture was stirr at room tenperature
overnight. D luted with DCVhN d wth 5%citric
acid and brine, dried over S, fittered and
evapor ated. The resi due was Pfied by preparative
HPLC to afford Conpou (64 mg, 59 %yield) as
white solid. 1H NWVR ( D 6 1.11-1.12 (m 2 H),
1.26-1.28 (m 2 H), 1.3741.51 (m 15 H), 25 1.64-1.72

1. 7:1. 2 2 11 ;
5 oy gt et Gl iR gyt 2-,
14. 1@liflwhroddeth®)cyizlpprbpadpcarbox3Bied(1 43 g 2rp3 intd)), méth9bl (tdi—
J 12 J=
2 pitSupiphiiad?y ifinydongRu BrmbuibinRiin o oo
2 Hinmol). 512 S%eDPB@O(ﬂiHL) a%ld g%du;rﬂ ?ﬁ&oﬁdégO(ﬂm 42 OEB(l;mOD was stirred at rt
(r e?Oéﬂé“? oﬁhetrﬁ?fw%%rew C%Flﬁg?&’dé’}l? %t?ﬁo ﬁoz)d%wmﬂﬁ HCL.
H) . AGxarpbed de8pitdtsdepeth aleisontiof afdomReumecl®S filtSta@Pn. The

5Sodi um hydri de 60% oi | di spersion $40 0 ng, 1.000
2 (pmorﬁster\ﬁage vaspas ped W ithwatesdqyesld 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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and was stirred in DMF (5 nL). (2S,4R) - 1-benzyl
2-nmet hyl 4-(bi phenyl-4-yl)-4-

whyasosappo/r r ol i di ne-1, 2- di car boxyl ate (216 ng, POI/BS2007/084799
nmmol ) was added as a solid in one portion at 0 C. The
formed light yellow solution was stirred at this
tenperature for 30 mm before addition of benzyl
brom de (0.072 nL, 0 600 mml ). The final 10sol ution
was stirred at 0 Cfor 2 h. Quenched with iced 5%
citric acid, extracted with Et0Ac. Washed the organic
| ay 8tep '\ PldpdritioRef e el lwwowlfoﬁxﬂ&a&m&ﬂl)@nd

evaporat ed. The residue was purified by silica gel

ol LbiorenidieveppRovicarbats *  hen 2: 1 hexane. E{ 0AC t o
afford 64 ng (24% yield) of the desired product as a
m xt ure of d| astereoners and 150 ng of the starting
material . NVR (CDCL3) 82.28-2.34 (m 0.5 H), 2.51-2.60
(m 0.5 H, 2.90-3.02 (m 1 HN 3. 55, 3.56,
3.78 (s, 3 H, 3.82-3.99 (m H)o411423(m 3 H,
4.41-4.70 (m 1 H), 5.09-5.29 2 H, 7.17-7.63 (m
19 H); LG M (retention ti ng¥ % h, nethod B), M5
mz 522 (M +H). Step 2. To/@ i ced Pair shaker vessel
cont ai ni ng sol ution of (4R¥1 benzyl 2- et hyl 4-

10( benzyl oxy) - 4- ( bi pherﬁ4 yfipyrrolidine-1, 2-di carbo
xylate (58 ng, 0.111 nmol) in ethyl acetate (1 nL) and
MeOH (1 nmL) was added pal |l adium (12 ng, 0.011 nmol) on

carbon (10% wet). The vessel was placed on Parr
shalAemXalp@@ﬁla@mbIUMﬂrbhmdmgeﬁwm 25 psi pressure

for e t
Art gﬁ%&T%r%{gﬁgp n'agaﬁﬂ;éy%ggc{gdﬁggg 3'88 ﬁl\é@ogfa{nﬂ s (t7§’5
of f mghd. 6@mpm19de tetraﬂ'jmrsfurmt(ﬁ}mh) wibwasd a&eﬂwf for 1h. HeWas then
0 i ng ,reacti fur
b PR R e RO TR B PP it W S8 o st
B) , fdbwad By B8® (OB H)L, 4.66 @pnad). Thid e~ letslsﬁﬁed)it rt for 18h. Tt

(4R) - net hyl . . . . .
2 BN Sy e MRy R 3 80 efiptedgo pH-4 using 1 N
?g)r Hé@l()(?ﬂhah@d(g@@lufr@l wstek%ctéﬁm 1th Et03A0, washed with water (5x15mL),
tert - but oxycar bonyl am -3, 3-
20d gk (a1t g (cHo Wgwelé%fg ofihs cjude grpduelerd
1% 84whle sdﬁdzﬁ&r}m@ﬁz)atM)ﬂqfr&ﬁ:M)(aﬁe/E{OAd’\@@e adgedg4%,) of tert butyl 1-
NN-D||soprop Iethglamne 0. 081 0. 465 mmol 0

C. fwelopigpyipd ub#BeY g §vqr9m@ayléﬁy01pe@ﬁylﬁ%€hﬁj%%w‘éhlte

oveg(;]idgmg MQMS’%&%WN{QIM washed with 5%citric
acid and brine, dried over MJSO™4, filtered and

evlaﬁthMRe(:lSOO'WéZ 4B dersn pOB i 1118 6mbyHsilt idcd 2, 1 H),
col yzg. 19kuhedyhtl 3 d (leyant ACStione 4b9. 304 1969 daf, 1

desiTed oam
2 A HNNR 2(08DCL3) (n6 1 H)O2199 (&, w),(Sss,o—%&H)(m,lez, 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 Hstep 4. Qlém#atﬂﬁ O(f Manﬁnm—(cﬁldﬁjﬂo@lsaﬁodvm2 1 H,

.63-4.64 05H) 5.20-5.29
; lt\e (retention
time: 3.28 mn met hod B), MS mz 601 (Mt+H). Step 4.
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To a solution of (4R)-nethyl

4- (benzyl oxy) - 4- (bi pheny1-4-y1)-14(S)-2-(tert-
whanengoed bonyl anm no) - 3, 3- di net hyl but anoyppyr r CT/U52007/@84799

-carboxylate (74 ng, 0.123 mmol) in THF (1 nL) and

MeOH (1 nmL) was added pre-nade solution of lithium

hydr oxi de nonohydrate (15.5 ng, 0.370 mmol) in water

(1 m). The formed cloudy solution was stirred at room

tenperature overni ght. Renoved the volatiles in vacua.

The residue taken up in water, &idified with 1M HClto

pH 2. Extracted wi th SEt 0Ag. HMT@‘@:]I he organic | ayer

with 5%citric acid and brifje, &ied over MySO4,

filtered and evapor at ed. Th%e‘:éi | white solid (58

my, 80 %yield) was usedHh € next coupling

reaction without further puri Cﬂtl on. LC M5

(retention tinme: 3.19 nm ne M5 nilz 587

(Mt+H). Step 5. 10To a shiny of

(4R) - 4- (benzyl oxya] 4- (bi phenyl-4-y1) - éS) 2-(tert-

but &xyiEtrbiig-hnty bicyglosmﬁylﬁvéfmylwmra%dy (diffluoromethyl)

)py rboxy Y i

Efc@%ﬂr%yﬁgﬂ%mgt@ (??é % !(I)(Sgrrng%'ll gg Iﬁgony 905%196 (IHHR)XVas stirred
m nyt it foe Plo plihe peaneoamixoxawidden cmwtuatﬁda@yidld Opcy @08 ) of 1-

(49 finllBe etk %%gﬂg@t%yl%%%%@%a il %l#@(upagec%%x{ﬂ?‘dé e

15Dsal@(sparvdptylsdtdnyl amine (0.056 ni, 0.322 mmol) at 0 C.

The_final m xt ti m j.ature
overrrane et Dy e B Aon AR & e Lo7 - 121
aci gnand) bro nIE37(iﬁ|2q!ﬂ) pvoen b@@% Hfd.bt eredmand) 2.96 - 3.11 (m,
evapor at ed resi purified by preparative

1§pL H()I\S/@@I-Iﬁv%ét(étrJfaé5 %1‘%%:’{{:)5 1t96{7y|1épd a mxture of

di astereoneric products (48 ng, 55.9 %yield) as white
sol i d Th| S soI [ d vvas re- subj ected to anot her

20pRiepai RAeps of Compandti08n (acetonitrile-water as

eI Uﬁr}hl}ctutr@oift% §R84 Yﬂlﬁhéﬂ?ﬁ@ Ghi lr(f’(‘él_)l) ;p(tél‘? H&Bx}c&%oﬁ'&%mm@;{k 3-
1 4¢mn.et15'dbu¢ampyllﬂ m@thOXIpﬁmllﬂmSZ C(amOXIIIQ—i)Cld 30 185, 0.059menp)) , 1-

1 %r . %mw%l@%c’y%o?&g&l%fofgﬁbzi(d%lj?#b}%ﬂ@%@é{f@pﬁ%)aggc&&bﬁixagﬁﬁﬁ, ’HCl

4. 781117.68 (g 0.05HnmoB, HATUd26.8 mg26.07! #rmol) ) smehy2iperidine

(30 gy ot Sy 2 Ml o 3ol

LC- MBcémtmitedrit ivanoTheesidse ®2s pﬁrﬂitionndaﬂohmcéelBEtOAdES(}mm and 5 mL

Igg OP‘Z\%) a@ﬂ}_?‘?ﬂttog’(@ négusingéllﬂ\ﬁﬁgr ,}ﬁg %Igg%}n%g,%ﬂzfsg gﬁgﬁgg Q4094 with

2Conpeawn@ xbaf.), 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  2.41-274(m,2H),2.92-3.05(m, 1 H), 3.05 -3.21 (m, 3 H), 3.98 - 4.17 (m, 1 H),

4,13 -4.29 (m, 1 H), 4.27 - 449 (m, 1 H), 4.49 - 473 (m, 1 H), 5.67 - 6.14 (m, 1 H),

7.38 (t, /=7.32 Hz, 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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Step 1: Preparation of (E Zl nethyl

2- (benzyl oxvcar bonyl am no) - 4, 4-di f | uor obut - 2- 5enoate
wa008/0606pensi on of potassiumtert-butoxi de (3PCLU007/084799

34.9 mmol ) in tetrahydrofuran 10(50 nlL) was added

met hyl 2-(benzyl oxycar bonylam no) - 2-

(di met hoxyphosphoryl )acetate (10.5 g, 31.7 mmol ) at

-78C under N). It was stirred for 30 min at this

tenperature and then lcethoxy-2,2-difl uoroethanol

(7.99 g, 63.4 mmuol) added slowy. The resulting

m xture was warnmed up and stirred for 18h. It

was then quenched with adj usted to pH=5 by

adding a few drops of 1 I. The m xture was

extracted with EtOAc. jTheyokga |c Ie}%er was dried over

MpSH, filtered and co Qntr d i%ld 10 g of the

crude product as a Hﬁ‘g %f‘ aftal}on by Bi ot age
eluting with 30% E afle Ya 781 (79% of
(E/ 2) met hyl
2- (benzyl oxycar bonyl am no) -4, 4-di f | u/or obut - 2- enoat e as
an oi|. LC-MB, about 1:8 HPWOHPE®f isoners. LC-MS, MS
n12 286 (I\/H). 20Maj or isoner: |FINWVR (500 MHz, CDC13)
m384 (s, 3 H, 518 (s, 2 , 6.21 - 6.43 (m 1
mgerp@dipigtl 1 1 Argmrapipp of Gompound 111 H) . 6.90 - 7. 05
(brs 1 H, 73170(m5H) Step 2:
Preparation of (FJ
2- ((benzyloxycarbo
-di fl uorobut - 2-enoate, Sk
0 A solution of (FJZ)rrethy NV
|f orobut 2-enoat e

2- (benzyl oxycar bonyl am nop il I 0 te (20,1
\b’l%tcy |yar onat e g,

(19 g, 66.6 mmol), >§

133 mmol ) and a cat tie unt of" DM A P (0.814 g,
6.66 nmol) in tetrahydrofuran (200 nmL) was stirred at
rt 5for 2 1t It was thencdnpauubetiiwi t h Et 0OAc, washed
with water, dried over MgSH, filtered and

congéntrated to yield 39.1g of crude product as a
col oxFeggpi L. Purifpcation bé gl uting W h
25% Et OA v@ 29“’% mptQy ¥
2- ((benzyl o%&& ert - but oxycarb \ &ﬁrﬂ))\ﬂ, 4-
di fl r@bw e a col or | esshgbl \/g o

\n’ @]

O

5 Compound 111

2$but oxycarob@nvfl amno)-4,4
Fhel (pw\\\ 0 OAN'P<F O\

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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10 LG M5, MS nfz 408(Mtl1+Na). Maj or isoner: 1FI NVR (500
MHz, CDCl1l3) 6 ppm1.45 (s, 9 H, 3.73 (s, 3 H, 521

W@ 200886066 6. 12 -6.39 (dt, J1-54.3 Hz, J2=6. 1 BCHES2007/084799
H, 6.72 -6.81 (m 1 H), 7.29 - 7.41 (m 5 H).
Step 3: Preparation of nethyl
1- ((benzyl oxycar bonyl ) (tert-but oxycar bonyBam no)-2- 1
5(di fl uoronet hyl ) cycl opr opanecar boxyl at e To a

ot ? B> SEL RE 6 5% Dbty P o Sni D+ s el 0.

(4.90989.392m, 25)may-).4@n6, 21g 757 1471(6r, W@B; stirred at rt
for |h. Then (E/Z)-nethyl . .
2- ( EheM2 JieRiesiBo M0 it ePeh e bR ArHEn YY) akh-18§ (M, -4-
di f Me¢@tpgbut - 2-enoate (6.4 g, 16.61 nmol) was added and
the m xture was heated at 80C for 2 h. The reaction
das then cooled to rt and stirred for 18h. Water (10
Nt hppR5e 86t eephalibPyR N uhdbddCl to adjust the pHto
5. This m xture was extracted with Et0Ac (3x250nL).
The organic | ayer masgganhed wth water (20 nlL), dried
over MgSO4, filtered, X¢ fcentrated to yield 7g of the
crude product as a yell ow Purification by Biotage
eluting with 15% Et OAcl hexand e 0.8g of nethyl 1-
((benzyloxycarbonyl)(tert-ﬁut car bonyDam no) - 2-

5(di fluoronet hyl ) cycl opyopaneg bo%yﬁﬁtq a@s an oil
LC-M5, Ms nilz 422 13- Nay —AnQ v1,3%g of the

des- Cbz product, I 0
1-(tert-butoxycarbohRyl am no) - 2- “
(difIuoronethyl)cyclopropanecarboxyldfe, was al so
obtained fromthe Biotage purification as an oil
LC-MS, MS nilz 288 (M-1+N&pmpoihd208onbi ned yield is
42% 10Step 4. Preparation of
1-(tert-butoxycarbonyl am no) - 2-

(di Slepar orsphiabdi e(s)-oprmipReta( DR \iflCor&d)ldimethylA

m xture o t hyl .
19-(@E@ﬁ??%B&ﬁ%%@Bbﬁ??Y%?é#t-butoxycarbonykbnino)-2- 1

5(di fl uoronet hyl ) cycl opropanecar boxyl ate (1.05 g, 2.63

nmol ), nethyl 1-(tert-

butoxycarbonylanino)-2-gdiflq&ipdéth | ) cycl opr opanecar

boxyl ate (1.43 g, 5. 39@?\1 'n%m m) and

sodi um hydroxi de (10 niLg 40 9 nmg s stirred at rt

for 18h. The reaction m xture wﬁ§ coRcentrated and

adjusted to pH=4 using INHCl. Awhite solid

pr eBiepilt:aPeparbticmmfichrboisohaid pyiliadg] vws 2001 -rdlmbed], bylimethyl-

filttratlon. The 20filter cake was washed wi th water

to $TEIG°. 2 g of the crude product as a white solid.
Crystallization from hexare/ Et QAC e 1.0 g (50% of
1-(tertbutoxycarbony|an?vﬁt(?;ng[ﬂfﬁ;}onethyl)cyclopro

1panecarboxylic acid as & i'oe 3ol 'd. This _
wher ef n [eep KURLPHE degmia w7 GOuHa Eenbg - -
$480057 Ealndonis 78 ldgbohe S i
H) 20 @61 Apsoluiop ef dipyridin8-ydgarpenate] 566 £823.4%mmel) 4y 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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Step 5: Preparation of tert-butyl
1- (cycl opropyl sul fonyl car banov1l- 2-
wa@ ehioBhbemosonet hyfi cvcl ortrotw car bamat e 5 APCii/K$200T084799
of 1-(tert-butoxycarbonyl am no) - 2-
(di fl uoronet hyl)cycl opropanecar boxylic acid (975 ng, 3
88 mmol) and CDI (755 ng, 4.66 nmmol) in
tetrahydrofuran (10 nL) was heated at reflux for |b.

t hen 10cooled to rt and then

cycpﬁ) %ﬁ%ﬁ@ggpﬁﬁﬂgﬁﬂﬁgwﬁgﬁﬁ’ng, 4.66 mol) was added,
fol Bfewesl P p b (3023 Mimedhy 66 (MDUn) fluofd i - didhathylr €

tlrr%d at rt_for 1811. Lt was then concentrat ed
in g ehGaroaRylapiae)- wtxrwm%?t Hifadj usted to pH=4
using 1 N HCl. The acidic solution was extracted with
Et 0OAc, washed with water (5x15nl), drled (MgS™), and
concentrated in vacuo to yield @ GQDOf t he crude

product as a 15 white s | +d.0Rellr. I1ization from
hexane/ Et OAc gave 1.15 49Q)of tert-butyl 1-
§cyc|opropylsulfonylcarBanDyl) i f1 uoronet hypeycl op

ggg{:\ﬂiirﬁ%gﬁtcg coao ecfsl sloﬁh{mgaof @8 M?—g@%_sq’s}e%%mmc{éﬁyamnoate
(1 0@)4111 o7 26mnn2)1)h%gcgv[ B mléﬂ-\zzgfaggm Ixi,N-bliisoEﬂogaﬁthylahg%
m . m =9. . ) .. S, ..
H) (111 8§dnl2 o% I?(l]ilﬁ)l) 1Th§éwne% solgtion was s@ge%%ﬁr 5P“P|$ ‘r(o? aggition of
( S, cakbdiio ackd BPidin- @yB&%teﬁr Q}2 21tr1|ﬂll0roat EBRinfihyPe@pBds Rt (10 01 98

-am no- N- (evel oPro

l@ di mm%rftﬂ%%tmla)) @y@% éme I&er@klaght yellowfojution was stirred at
- 11?b0nptel%ﬂ)§ature%vem%it Orfde 2 tiofPHiduldGas S8k ted Avitki 44 MER acid

of tert-butyl
1-( ecwpwpblyym ull FIo¥aHE aqusevrophuyion apd bfina, thep gaedgyey NaxSO,,
cycC ;
dl)/O)kzlg%é@ ?X%Q\%@?ﬁ%g@d fl'efsgie e reidhd wiF Bll,lrlﬁeﬂrﬂ)gi s Egl:yolumn,
eluted with (4:1) hexane-EtOAc to afford a colorless oil as the product (673 mg,
15  99%).
'H-NMR (CDCls-d) 8 0.96 (s, 9H), 1.65 (s, 6H), 3.73 (s, 3H),. 5.31 (m, 1H); LCMS

RT =2.72 min, [M+Na]" =322.3.

Step 1c: Preparation 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
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5at rt for 2h. The reaction m xture was then
concentrated to yield 0.93 g (103% ) of 1-

w@eionoeded cycl opr opyl sul fonyl) - 2- (di f 1 uor omet hRd)/oy0DTEB4799
ropanecar boxam de, HCl salt as a white solid.
LC-M5, M5 nlz 277(Mt1+Na). 1H NWVR (500 MHz, d4- MeOH) 8
ppm 1.07- 1.21 (m 2 H 1.20- 1.37 (m 2 H 1.70- 1.85
(m 1H 221 -2.36 (m 2 H 2.96 - 311(m 101 H

s A T SR

( ZSaIfH)%V‘aﬁorﬁtbcﬂ e Byilde Arapedinl (324 @Y A2t whith tiliaxyss akdadn e
am no) -

di ne%;ﬂelbmaglf%mhow HEbH SRYUSAHIPYI i di ne- 2- car boxyl i ¢

aci QC(\@@RTTBQ 59 nRS9vmRl =308 .2-
15am no- N-(cycl opg?eqp I sul fonyl)-2-(difluoromethyl)cycl

dpr 81@9:%%@?%3&3@1‘ Bgoa?rtyl 61#1689)&@3 dimethy b2 42)
l('|ATJt111f(u%§) B1 ragnetﬂrl Q;ﬁl%xmo}l lﬁﬁglo;- bﬂ?ltytl'ﬂyél R8Py Afidine-2-

was stirred at rt
forCHIMJ’IIWCIQ\H@W}]@F?rconcentrat ed in vacuo. The residue
was partitioned between OAc(50 nL) and 5 niL of water
adjusted to pH=4 using HCl The organi ¢ phase was
then washed with 20wat € 3 L), dried (MgSOH4),
filtered and concentrated tq el d~50mg of the crude
product as a white solid. PurYfifation by preparative
HPLC gave 38 ng of Conpoungd 169 s a white solid (-1:1

m xture of two Pl diastero N§) NM mz
747(Mtl). 1H N MR (50 O S ppm 0. 82- 1.68
(m 23 H), 1.89 - 1. 25 2.41 -2.74 (m 2
H, 2.92 - 3.05 (m 1 H), 3.2 (m 3 H), 3.98 -
4 17 (m 7
T 44 9Th:]15 5&‘&9&2‘1‘1 \QH% pie%ﬁﬁg bé Eﬂg_;%n%roi%mfe as dfsdb’r_‘?gd @%g&lple
th 1065 2x 3Bt uding ($) H} -Dithethyl-7+2,2,d47h@20-Hz ; dnﬁeth&l— 7.52 -
11Oeth§i§)car%0r§gm&1&6)a1?q}r%%rgrarcr§ nstef‘adeo? ?{1)% sterrg blg[?)g/ Iargﬁnyl'f?mmo) -3,3-
Co n'pmﬂijfltihiahmc@oﬂp@ stadling hibterial ihatep 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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HNN,,AOy , 00+ CLOH2/Pd/C NV To an iced Pan-
shaker vessel containing solution of tert-butyl

W@ 3)08/06406R2S, 4R) - 4- (bi phenyl-4-y1)-2-((1R 2S PCT/US2007/084799
)-1-(cycl opropyl sul f onyl car barmoyl ) - 2-
vi nyl cycl opr opyl car banmoyl )-4-nmet hoxypyi-ro |li din -1
-y1)-3,3 -dinethyl-1 -oxobutan-2- 10yl carbamate in
Et 0OAc (1 nlL) was added Pal | adium (2.061 ngy, 1.937

P neerbie S AR AR slEn O AR LIRSt g Rl £550: 09
h. @eBeledaiohfla@ibl-8 8-difikth{1Bitethy])eMapBbApeeolidime?-

resi due s purified by prep-H PLC to yield the
desFHRIYFiDduct (6 ny, 43 %yield) as a white solid.

1H M]?’R[Z%}@?%g@gnﬁ@ Q@M*@%gﬁm 4 H) 1 10 1.14 (m 10

5) 48tep 4511rele%¥?t1011 0|f|){(S)21 LG%S-%‘ZR)G“IB(HH‘?HY:[ 49[)1 -2 (Qs)sig?{?sbb (m
(1 "chlé%’r@p%nesﬁﬁ@ng%nﬂ@caf’mgﬁ—ﬁw% cé/mo rjopﬁ}arbﬁnc%%)' éﬂm%ﬂloxy—
(n, p>1rrqlr)dme71 -pshopy U8, 2 @hﬁne@yl—pmpyxl}wrbmwc@r?,ﬂ%trrﬁ)uoro L 1-
LC ]ﬁggﬁ§h%gp tine: 3.00 min, method B), M5 nilz

M

725 693 (M- MeOH). 5 Exanple 200:
Preparati on of Conpouyd 200 Conpound 200 Step

1: Preparation of .
@'

(S)-3,3-Dinmethyl-2-(2,2,2 fluoro-1, 1-di nethyl 1

Oet hoxycar bonyl am no) - but , ghct d
\\ / (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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Step la: Preparation of carbonic acid pyridin-2-yl
ester 2,2,2-trifluoro-1,1-di nethylethyl ester 15 o

W 2003/064066 To a sluny of KH (1.03g, 25.BCTisd0)7/084799
in THF (70 nL) was added 1,1, 1-
trifluoro-2-nethyl propan-2-ol (3 g, 23.42 mol ). The
reaction was stirred at OC for 20 mn. A solution of
di pyridi n-2-yl carbonate (5.06 g, 23.42 mmol) in THF
(30 m.) was then added to the m xture. The m xture was
stirred at rt for @ night. Alot of 20 solid cane
out fromthe sol utNof e solid was filtered and
washed with Et0Ac (30 The combi ned THF/ Et OAc
sol uti on was washed w ager . The organic |ayer was
dried over NoSO4, o ltgred nd concentrated. The
obt ai ned white so d . 24 /(f \%Sodi rectly used

for the next step ep \{ of

(S)-3,3-Dinethyl- 2QrPfI roHl di net hyl et hoxy

car bonyl am no) - butyr| c cid met hyf/’/ ester 0 5 To an

i ce-cool ed solution of (S)-net hyI

2arrino33dimethy|buts%_%| § 411 g, 2.262 mol) in

DCM (20 nm.) was added N [ sopr opyl et hyl am ne (1.182
Sgp fl 9P1ﬁm'17ht)on of s, szf:)rzan @g&@ﬁl-&tyﬂ-@ F(((j&)%te&tﬂufdk?@hrlﬁdh&laﬁlino—

m n_bef o of carbonic aci in-2-yl

est &feHy i*%EWfY ‘%‘F’G [ EyriOIHIP’r?ézt‘W oxfi %A’é‘g‘t}%f%{ei. 24

g, 4.98 10mol, from Q. la) in DCM (10 mL). The

final Iight yeIIowsoI pn was stirred at room

t enper ature overni ght. tion m xture was washed

with 5%citric acid agueous ion, 0.1 M NaCH

aqueous sol ution, and brine, 't dri ed over Na2SO4,

filtered, and evaporated o #r The residue was

purified by silica gel coNum, ¢l uYed™with (4:1)
hexane- Et 0Ac to affordNE;,OOI §s Qi | as the product
(673 ny, 1599% . 'H N ( -d) 6 0.96 (s, 9H), 1.65

éns, 6H), 3.73 (s, 3H),. 5.31 (m 1H); LCMS RT =2.72
in, [ M{Ng? matgg@ VIS prepared gy é}}g Spige pI[DF@bla?r tdegsribeg in Example
('S) 16%, %XAQFHFSH@(@) E(t@%b%uo%yéamoﬁg%!ﬁ[&) 3.rlerclibREHY £LREt ho

xycar bonyl am no) - ric ac
(commer01ally avallable 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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W@ 2008/06wpb@m no) - but yri c aci d net hyl

To a solution of
(S)-3,3-Dinethyl-2-(2,2,2-trifluoro-1, 1-di net hyl et hoxy
est er (673PemyyS2007/084799
2.249 mol, fromStep Ib) in THF (4 nL) was added to a
pre-made sol ution of |ithium hydroxi de nonohydratc
25(189 ng, 4.50 nmmol) in water (4.00 nL). The cl oudy
white sol ution was stirred at rt for 5 hrs. Another

100 i r,was,added .t o ture

el T S R e L e

vol @iniekigoutRbe)-Hanavaspyralidink lPecak@®aghicon M xture was
diluted with 5% citric, acid aqueous sol ution, and

ext FaMT mﬁpﬂnﬁﬁé%Efks ¥7f9 ml). The organic |ayer
was swps h@t@pé’t\hﬂdﬁ RAAR)E @gmm Bipﬁéngn\laaiﬁ@%gsf(nktzsy ed and
evaporated. The crude naterj al as white
3ol FYflapgepapsationyianipesarhenyl- ?s’flaqol Cﬁ@ﬁé@pﬂﬁarwr@w&ﬁ -methoxy-

fur Bﬂ%hdﬁférl' a6 Sfl&)@r}ned‘r%ﬂ?ﬁ ZRbarmc Bl rerd N ter
=308. 2. 5Step 2: Preparation of

(2S, 4R) - 4- Bi phenyl-#Vyi-1-[(S) -3, 3-di nethyl-2-(2, 2, 2-
trifluoro-1, 1-di met kylAet hoxycar bonyl am no) - butyryl] -4
- met hoxy- pyrrolidi ne- 2- bQ§xlic acid nethyl ester

This material was prepared-hy the sane procedure as
descri bed in Exanple OlOﬁ e cepm ¥Sidng
(S)-3, 3-Di met hy1- 2-( z ter om %8 net hyl -

et hoxycar bonyl am n nsNe of
(S)-2-(tert-butoxyc rbo ~3- Hdi'rfet hyl but anoi ¢
acid as starting materi al |n step 5 ” 1H NWVR

(CDIOD) 6 1.11 (s, 9H), 1.57 (s, 3H), 1.62 (s, 3H),

2.59 (m 1H), 2.76 (m l¢d)npoﬁhd941(s 3H), 3.71 (s,

3 4.12 1 , 4. 72

(rl_nb 151H° onuﬁ%ﬂ -3 r(r?ﬁa f@lﬂbv E%.@WS p@rﬁe&ge g%gf?%?rwed in Example

é ,ZM;hgd Rstqﬁ‘péxcglﬁ u§hi§ PZS'34R]?BI' B E@ﬂﬂ%ﬂllgltsggt tertf)utzo_xycarbon%lammo—
ri ?mf‘&% Dty - ﬁ’@fhﬁiﬂ’ PEMWC%‘F%WV l‘a?ﬁl%@ftﬁ%ﬂﬁf;i?§»ﬁ\l &

- rrewmxymﬂ? |11(€Q)Qe(’ttgff b&@,{y@%a il miRGL 3 - Soutib e sal

was prepar procedure as described in

Exaﬁ1§1héxbﬂm€05@1é®2ﬁaréﬁ’©élﬁtwés| ng
25
grlP?uoro($5¥ﬁngi%ﬂ@%%H%é%§ycér gﬁ§%%;lgﬂtyf§%f i&

- mel BO X éﬁy)nhBS G )2t 4T an bRyl Si:(nadiHj Zﬂﬁ(lnyllHee,SZtHr(m 1H),

L P e b Ry £t Boy ey 05 ottty Fot )L R et

hoxy.py (t D]H) dlsned 2— CHe,boRyS. 80 @, J ECVBIZRTH=3.226d,0m 18.5 Hz,

|[ ('@Ei 5[:7?% ﬁFr% ﬁggﬁﬂﬁ%%?i% Einfé?lfl (iR [YyNag . =731.2.

cycl opropanesul f onyl ar ni nocar bony1- 2-vi nyl - cycl opr opyl
carbanoyl% 4- nethoxyqyn ol i di ne-1-carbonyl]-2,2-dineth
BEUPRIE 202 REEPRRHPEO L qmposnd2® ¢ i £ | uor o- 1, 1-
dlnethyl et hyl ester Conpond 200 10Conpound 200 was
prepared by the sane procedure as described in Exanple
106 step 7 except using
(2S, 4R) - 4- Bi phenyl -4-y1-1-[(S)-3, 3-di net hyl-2- (2, 2, 2-
trifluoro-1, 1-di met hyl - et hoxycar bonyl am no) - butyryl] -4
- met hoxy-pyrrolidine-2- carboxylic acid instead of
(2S, 4R) - 4- (bi phenyl -4-y1)-1-((S
)-2-(tertbutoxycarbonyl am no) - 3, 3-di net hyl but anoy1) - 4-
met hoxypyrrol i di ne-2-carboxylic
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15aci d. NVR (CD30D) 6 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
wdagpogowee (m 1H), 2.49 (m 1H), 2.62 (m 1HPCRUSM07/084799
(m 1H), 3.11 (s, 3H), 4.07 (m 1H), 4.23 (m 1H),

4.42 (d, J =9 Hz, 1H), 4.56(m 1H), 5.15 (d, J= 12

Hz, 1 H, 5.32 (d, J= 18.5 Hz, 1H), 5.74 (m 1H)
7.36-7.70 (m 9H); 20 LCMS RT =3.24 mn, [ M+Nal

=799. 3. Exanpl e 201: Preparation of Conpound 201

Compound 201 Step 1: ppar ati on of

(25, 4R) - 4- Bi pheny1- 4- (S)-2-tert-butoxycar bonyl am

i no3-net hyl -butyryl) - 4-m uxy-pyrrolldlne 2- car boxyl i
c acid nethyl ester 5Thi

usi ng N “,o
(S)-2- (tert-butoxyCZAbDny I nNaj) %2& (| but anoi ¢ aci d
(comercial ly avail abl on® Aldr Q) ni ead of

(S)-2-(tert-butoxycarbonylam no) - ‘f di met hyl but anoi c
acid as starting material in step 51.CV5 RT =3.22 mm

[ MMNa] =533.4. 10Step 2: % g& pn of

(25, 4R) - 4- Bi pheny1l-4-y1- 14 tert but oxycar bonyl am n
0- Step 1: Preparation of (2S,4R)-4-Biphenyl-4-yl-1-((S)-2-tert-butoxycarbonylamino-

t hyl - but ) - 4- met hox rrolidine-2-car lic
aC| melhyl- Pemxno% the ’ﬁ‘al?yé E CEeerIK k?ai’r‘“‘léidn‘ﬁqut%t
same procedure as des ed in Exanple 106 step 6

except using
(25, 4R) - 4- Bi phenyl-4-y

2 tert - but oxycarbonyl am
i Nn0153- net hyl - butyiyl) - 4- ?pyrrolidine-2-carboxy
lic acid nethyl ester instead g 2S, 4R) - net hyl

4- (bi phenyl-4-y1)-1- ((S)(; (ﬁer - Q%ycarbonylan1no)
3, 3-

di met hyl but anoy1) - 4- neLaomypy rohi & ne- 2- car boxyl at e.
LCVMS RT =3.07 mm [ M+H] Step 3: Preparation of

1(S)-1-[(2S, 4R) - 4- Bi pheny1-4- yl 2-((9)-(1R 295)-1-
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
///

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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5cycl opr opanesul f onyl ar ni nocar bony1- 2-vi nyl - cycl opr opy
| car banoyl) - 4- met hoxy-

W@e806406k ne- | - car bonyl | - 2- net hyl - pr opyl | - car beai/vS®e1/eB4799
ten-butyl ester Conpound 201 Compound 201 was
prepared by the sane procedure as described in Exanple
106 step 7 except using
(2S, 4R) - 4- Bi pheny1-4-y1-1-((S)-2-tert-butoxycarbonyl am
i no-
103t HyTBA 5 PRRS VLA b hERYZ T POIORU RO SRRy 1 i ¢
aci dincfslRes oflh-4 (gt ARDyréblidine-2-carboxylate.

(blghegg$ﬂyﬁﬁaﬁé%é§ﬁ%ﬂzzéﬁert but oxycar bonyl am no )-3

t ~1bT D
gg gféﬁ%pyr%%ﬁdﬁldf%gsg 10[@1@&')193/4 1%@16&@(1%112 tswl{kggpﬁﬂ )

H) cycj_opig)_an%u@@lyéammqga’)bon}ll %gnxlmyclgpbopyliarbfegm{ylﬁ 4- maﬁhoxy—
gyﬂdﬁdmlt"‘)—carl?o}_‘?ﬁ 2(1Héth§11®utyl12_|) a%garﬂlehm& 'ﬁgrt bl&?%slég (m

1m 4.12 (m 1H), #£22 (t, 1H), 454(d J =9 Hz,
1H), 5.10 (d, f= 12z , 5.27 (d, f= 18.5 Hz, ﬂﬁ,
5.74(m 1H), 7.36-7.70 ( ;. LCVMS RT =3.11 mn,

[ MLNaf =731.2. Exanple : [
202  Conpound 202 St H r gparat ipon, of

(2S, 4R) - 4- Bi phenyl- 4 ,¢eQL bﬁ?oxycarbonylam
i no3- net hyl - pentan 4- hox -ggarﬁlqggne 2- car boxy
lic acid nethyl est i SO e JHma prepared by

t he sane procedure as described in E%anple 106, except
usi ng

(2S) - 2-(tert-but oxycar boeompamdrad - 3- met hyl pent anoi ¢

acid (comercial available material from Al ch
i nst e(ad (ggmpound 202 was prepared by the same procedure as escr1bezl in Example

(S) 165 (&eT LRUSAXNME @Istmyd BIphAR)-4351-3- (@B)rmkmﬂuhbtg@dg&nwammo_

aCId as startlng material in step 5

1% n: nremympnta,r@x 44met@@>grl—]@ﬁrogdmp]2é:ﬁgiog(l}c&qlddflstead of (2S,4R)-4-
( ZS(béhﬁ)enﬁ:Bylslhs{(m:b GeridutdAeabodndn@hd)- PUULKMGASRARYH A
g?nﬁﬁﬁ@ﬁﬂﬁéﬁﬁ@ﬁ%?i?ﬁﬂﬁﬁbﬁWéxy-pyrrolidine-2-carboxy|ic
acCl 41 NMR (CD;OD) § 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, J = 18.5 Hz, 1H), 5.74 (m, 1H), 7.36-7.70 (m, 9H); LCMS RT
=3.24 min, [M+Na]" =745.3.

6 (m

Example 203: Preparation of Compound 203
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This material was prepared by the sane procedure as
described in Exanple 106 step 6 except using

W@ 288460661 - Bi phenyl-4-yl-1-((S)-2-tert-but oxycRehUSRDHEOR4799
i Nn0153- net hyl - butyryl) - 4- met hoxy- pyrrol i di ne- 2- car boxy
lic acid nethyl ester instead of (2S, 4R)-net hyl
4- (bi phenyl-4-y1)-1-((S)-2-(tert-butoxycarbonyl am no) -

di et hyl but anoy1) - 4-
LCMS RT =3.15 nm
t(S)-1-[(2S, 4R) - 4-Bi

et hoxypyrrol i di ne-2-carboxyl at e.
=511.5. Step 3: Preparation of

4-y1-2-((9S)- (1R 29)-1-
5cycl opr opanesul f onyl ar n' ar bonyl- 2-vi nyl -cycl opr opy
| car banoy1) - 4- met hoxy- o

pyn-ol i di ne-I-carbonyl - 24 | - Hut 1)-carbamc acid
tert-butyl ester Corrpi}l,uw Gbrmound 202 was
prepared by the sar??Lmoc re ﬁéj’sm bed i n Exanpl e
106 step 7 except uding 3
(2S, 4R) - 4- Bi pheny1- 4- y1 1 S) 2 ter’} but oxycar bonyl am
i no-
103- et hyl - pent anoy1) - 4- net hox rolidi ne-2-carboxyl
ic acid instead of (2S, 4R)éo)i"po‘y"dl%H
( b| sl nyﬂmﬁTr%tib)l of SR )24 Bipaeiyl Bull-0 Xy - abyitox B tsudy Jamdno-

| m e ut
rret 6%‘3‘;‘3 PPN D ﬁ%h@r%s&l}ﬁﬁne ZRgxylieAcidNpgY! €18 D)
60.91-0.97 (m 4H), 1. (m 2H), 1.10 (m 2H),
1.20-1. 34(m 5H), 1.4 50 (m 9H), 1.68 (m 1H),
1.88 (m 1H), 2.25 (m 56 (m 2H), 2.98 15(m
1H), 3.11 (s, 3H), 410(m °7. 22 (m 2H), 4.63 (d,
f= 9 Hz, 1H), 5.15 (d, 12 Hz, 5.32 (d, J= 18.5
Hz, 1H), 5.74(m 1H), 7.36-7H7 9H); LCMS RT =3. 24
mn, [MNa]i =745.3. Exa epar ati on of
Compound 203 Corrpoun% 10 Preparati on of
(2S, 4R) - 4- Bi phenyl-4-y (( tert-but oxycar bonyl am
I no4- met hyl - pent anoy1) - 4- rretﬁé/z pyrrolidi ne-2-carboxy
I|c acid nethyl ester

This material was prepared by the same procedure as described in Example

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

N OH

SasY

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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O NO b5This material was prepared by the sane
procedure as described in Exanple 106, except using

W@ B)sAe406eer t - but oxycar bonyl am no) - 4- net hyl pent BEIDUS2007/084799
acid (comercially available fromA drich) instead of
(S)-2-(tert-butoxycarbonyl am no)- 3, 3-di net hyl but anoi c
acid as starting material in step 5 LCM5S RT =3.26 mm
[ MENa] =547. 4. 1OStep 2: Preparation of

I( ﬁg?’ m thyAlr bl?tlypyh)eﬁi1 Y'nethox}/ pyrroh(dg %)2 ézartt)oexg/ ic acu& %Claesgeg pn}é gc%f

4 n(szshm) =R alf(Bipﬁérw‘ﬁfﬂﬁﬁ)t hqsysztrbaiok@uamﬂaﬁlarobl%yI ic
g mat eri al . was prepared by the sane
pr 0

W&Y@%Oﬁééﬁqﬂ%’é‘dwwhﬁ%#ﬁa@%b}@ step 6 except

usi pgMms RT 3 16 m1n M+Na] —533 3.

2S, 4R) - 4- Bi phenyl- 4- 2 tert-but oxycarbonyl am
Step 3: Preparatlon of {(S) I-[ (2S 4R)— —B1pheny1 4-y1-2-((S)=(1R,2S)-1-

e I'Tg}clfbﬁroﬂﬂﬁésﬁffé/r%rlanﬁn&ﬁiﬂagﬁyz Q}ﬂ?lr&lcl' R?Joﬂﬁcﬁbﬁ%ﬁ)% Wlelh®xy-

met h estér instea

2 (mrpqr@mL choomy LRy st o 6500 6o BT T 1) - 3

dlnethylbutanoyo 4 hoxypyrrol i di ne-2-car boxyl at e.
LCMS RT =3.16 mn, ¥ 533.5. 5Step 3: Preparation
of 1(S)-1-[(2S, 4R) 4- Bi phenyg-4-y1-2- ((S)-(1R 29)-1-
cycl opropanesul fonyl ar ni nocdrhonyd - 8- w n(yl -cycl opr opyl
car banoy1) - 4- met hoxypygn- dl | N cle bisfiy1] - 3- net hyl - b
utyl) - carbamic acid ?/‘t’-Nb,uQI stZS '?‘Cqﬁpound 203
Conpound 203 was prg&rﬂeds‘byot ife e Hpr'6cedure as
descri bed in Exanpl € 1010 tep 7 exftept using

(25, 4R) - 4- Bi phenyl-4-y1-14(S)-2-tert-but oxycarbonyl am
no-

\ 'z 4

Compound 203

Compound 203 was prepared by the same procedure as described in Example
10 106 step 7 except using (2S,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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4- et hyl - pent anoy1l) - 4- net hoxy- pyrrol i di ne-2-carboxylic
acid instead of (2S,4R)-4-

W@ biophetogal - 4-y1) - 14(S) - 2- (tert - but oxycar bonyl BEA/TS20)7/@4799
, 3-di m et hyl but anoyl ) -4-
met hoxypyrrolidi ne-2-carboxylic acid. HNW (CDI CD) 6
0.91-0.98 (m 2H), 1.02 (m 4H), 1.24-1.32 (m 6H)
1.39-1.48 15(m 911), 1.64 (m 1H), 1.76 (m 1H), 1.88
(m 1H), 2.30 (m 1H), 2.62 (m 2H), 2.98 (m 111),
3.11 (s, 3H), 4.11 ( , 4.18 (d, .1= 9 Hz, 1H),
4.37 (m 1H), 4.49 (mX4l 5.15 (d, .1= 12 Hz, 1H),
5.32 (d, .1= 18.5 Hz, 1H 74 (m 1FD, 7.36-7.70 (m
9H); LCMS RT =3.24 mn, [\““ °=745. 3. 20Exanpl e 204:
Preparation of Cbnpoun o.npgund 204 Step |a:
Preparation of (S)- 2 ( Nanta— Q0

onycarbonylanlno) hyI zgyruésa0|d net hyl
ester OHO ,00 ) heﬂ@w
2-am no- 3, 3- dlneth butan ate (200 ¢, 1.377 mmol) and

DI EA (0.481 nth, 2.75 mml) in DCM (2 nL) solution was
add 1- adanantyl quorofo¢mmb@m@384 ng, 1.515 nnDI)
The reactlon m X was stirred at rt overni The
conpBRng TRererasign P? iSed- %93@%%@%1/038&%%110) 9 - dimethy1-

chr ﬁ@gﬁ@ﬂgmyﬁgg%)EtOACI 80% hexane) to give a
colorless oil (358 ng, 68% as product 10 111-NWR

(CDCI 3-d) 60.94 (s, . 2.07 (s, 6H),
.13 (s, 3H), 370(3 % 3= 9 Hz, 1H),
5.09 (broad s, 1H, NH); ﬁ\?_so mn, [ MH]

=324.4. Step | b: Preparation df

(S)-2- (Adamant an- 1E¥|OX ycar bon IannD) 3, 3-di et hy Ibutg
Pic aci dT¢Homixt@e of (S)-methyl 2-amino- 3 3- dlmethylbutanoate (200 mg, 1.377

mmol) and DIEA (0.481 mL, 2.75 mmol) in DCM (2 mL) solution was add 1-

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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0 150 To a solution of
(S) - 2- (Adamant an- 1- yl oxycar bonyl am no) - 3, 3-di net hyl but

wQ 2a08/0auo66 et hyl ester (358 ng, 1.107 mmol) i PCTTER2007A084799
m.) and MeOH (4 nlL) was added a pre-nmade sol ution of
l'i thi um hydroxi de nonohydratc (93 ng, 2.214 mmol) in
water (4.00 nlL). The cloudy white solution was stirred
at rt for 5 hrs. The 20vol atiles were renoved, and the

reaction.m xture s..diluted with dilute citric.agj

c o Biteomrich oy et Fs o bbb fesoufhif o N SfEb 4 e
Or g8sWFasl pRy®ict. WAS crodShedridivial usedvithd e fulhidr §drifdaEibn.
Na2SO4, filtered and evapaorated to obtain a white

soIF@“@@@E?&9hﬁFmé@@§ﬂa:lﬁﬁoduct. The crude nmateri al

was siep e dpshdri@iator (28, AR0Er-[(BHE 4 A idhia@N -y 1bENMRLEy latind)3,3-
nmm [R%Fg%3310.4.t8t;0 Zg gfgparation‘%fgkﬁnagi ‘Qﬂ

{ 25dimgrhy -bws)l]:‘bb@A@aﬁém-éweihwwvela@%%y?ra%yllﬂe)aclé mipthyl
5di ggthyl - but yryl] - 4- bi phenyl-4-yl-4-net hoxy-pyrrolid
ne-2-carboxylic acid nethyl ester This material was
prepared by the sane progedyre as described in Exanple

106 step 5, except using
am' no) - 3, 3- di met hyl 10b
%, O—

(S)-2-(Adamant an- 1-yl oxycarb
utyric acid instead of
(S)-2-(tert-butoxycarbonyl am no)

'4b Step 3:

acid LCMS RT =3.63 nin, [W =

Preparati on of “ ~

(25, 4R)-1-[(S)-2-(Ada%ﬂy- Nxy@ar bonyl ani no) - 3, 3-
di met hyl - but yry1] - 4- bipfienyl1l-4-y1- 4- met hoxy-pyrrolidin

e-2-carboxylic .acid 15Thi.s material was, pr.epar b
the. sanc i) Gegifii® grogba UG R} Rl R RE RO Ehufte
ex c &@i stersi, rgecept using (S)-2-(Adamantan-1-yloxycarbonylamino)-3,3-dimethyl-

2S 4R).-1-[(9)-2-(Ad -1-yl .an -3,.3- .
b nt R S S T By ATy R A R ROy BT PRR e feid
e- 21 CMIMR B b8 raia] [1-mef]hyé25est er instead of
(2 SS‘[%:II)Q )3 : lgr%f)aﬂgt&on%-f %ﬁ,f@?ﬁﬁﬁgﬁf’ —-(X&Qn{a%{agl—(laléx%;cSri)grgytla{mino)% 3-
dimethyl-butyryl]-4-biphenyl-4-yl-4-methoxy-pyrrolidine-2-carboxylic acid
gy

7,

o H
}”N, N OH
{;:i%iD__ij<b (0]

15 This material was prepared by the same procedure as described in Example

3-di net hyl but anoi ¢

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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but oxycar bonyl amino)-3 ,3 -dimethyl butan oyl
)-4-meth oxypyrro dine-2-carboxy late. 20LCMS PT =3. 16
wormospédebia] =611.3. Step 4: Preparation of PCT/US2007/084799
[(S)-1-[(25, 4R) - 4-Bi phenyl-4-y1-24(S)- (1R, 2S)-1-
cycl opr opanesul f onyl ar ni nocar bonyl - 2- vi nyl - cycl opr opyl
car banoyl) - 4- net hoxypyn-ol i di ne-1-carbonyl ]-2, 2-di neth
-propyl | -carbam c acid adanantan-|-yl ester

prZB A e e T P 86T SRR Tt

l(J2lsﬁ%ll\)o)propaflezsul)fonylam/&réocarbonyl -2-vinyl- cycloprop%lcarballmoyl) -4- megm)éy—
amant a oxycar bonyl am no) - -
di rr@ffrFRHd“’Gult ngpf}f % %ﬂlﬁﬁ@%ljproaﬂhar alﬁ@taﬁ@ﬁfﬂarﬁw% [vskr
e- 2-carboxylic acid i pstead of

(2S, 4R) - 4- ( bi phenyl- 4 -14(S) 2-(tert-butoxycarbonyl
am no) - 3, 3-
di met hyl but anoy1) - 4- net \ y I‘boll di ne- 2- car boxylic
acid. 10NMR (CD30D) 6 1 00-1.4) (m 10H), 1.22-1.31
(m 3H), 1.43 (m 1H), ol.64-1.7 (mo6,188(m
1H), 1.97-2.22 (m 1OH) E,S /@3(m 1H),

2.98 (m 1H), 3.1 1H),

4.23 (m 1H), 4.3 , .%7( 12 (d, J=

12 Hz, 1H), 5.32 (d, J= 18.5 Hz, 1H)/577(m 1H),
733767(m 9H); LCMS RT =3.43 mm [ MtHf =801.4. 15
Exanpl e 205: Preparation $tmPeIM38tind 205 Conpound 205
Step | a C(l):> & 264 @Qs [Qgpared by the same procedure as described in Example
(S)-2- Adamant an -ureid SP di met hyl -butyric

aci (HOfrﬁéQmWXCé@tU@mg @3’4{ 1-[(®) 21( damantan Indoxycpibgiyignaings 3,3-

g_ 823 271 y ‘I%l‘ﬁfo b @2@]”3: Ql‘lﬂhghyg % %@de? %&ﬁ@@(ﬁﬁ@% —Q%BQX%I? instead

m_
m.) OE(QSﬂRoér(bmh@yaéld@dl -AS)- é@aw@ntoyycar@o}z:lymmb 8.3 334

:r?, g‘ovg}%’ Eﬁiﬁ% _%h%é?lgogk‘éﬂ%l e 2naa%%0%'1$| e b)S/t Is,lr Ir |egaatgel
1@ol &mmh(canmm@rla(mqy 10 aﬁ)%olabcxm 1.800m, 3R AN4Y (ni,d HYj N&t-1.71
& Wt &SPk & (2851 8B 22001085, PLPANGHy, 2.63 (m, 1H), 2.98 (m, 1H),
3.11 (s, 3H), 4.04 (d, J= 9 Hz, 1H), 4.23 (m, 1H), 4.38 (m, 1H), 4.57 (m, 1H), 5.12
(d, J=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, -

//,
o H 0
>——N @, ”\ O\\ /O
// \\\\
@NH{% ° A

Compound 205

\\
===\

Step 1a: Preparation of (S)-2-(3-Adamantan-1-yl-ureido)-3,3-dimethyl-butyric acid

methyl ester
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1H NVR (CDC13-(1) 80.94 (s, 9H), 1.64 (s, 6H), 1.93

(s, 6H), 2.04 (s, 3H), 3.70 (s, 3H 4.24(d, J = 9 Hz,
wdakhog/oéwoest (broad s, 1H, N H ), 4.88 (broad s,PAFsSiubij/984799

LCM S RT =2.87 min, [MEM+ =323.4. 10Step | b

Preparation of

(S)-2-(3-Adamant an-1-yl -urei do)-3, 3-di net hyl -butyric

acid H HO O To a solution of

(S)-2-(3-Adamant an- 1-yl - urei do) - 3, 3- dlnethyl butyric

acid nmethyl ester (265 0H82a in THF (4 nth)
and MeOH (4 nth) was ad 8 sol uti on of

['ithium hydroxi de nonohydrate 69_ng, 1.644 mmol ) in
water 15 (4.00 nL) The cl oudy -“yhite sol ution mas
stirred at rt for hrs. The volatlles wer e renpv

and t he Teapiitys Oﬁ{%?tnﬁﬁﬂé’l wergiRg-§-erdipetibyangpie Q0 mg, '1.377
Ci t hinfol 2t HIER! B4 OALANGS fxdolas Ded vd ﬁlh%)@hgﬁﬁ wad addedQ-

m.). The organic | ayer was washed with brine, dried
ov erdaRgOAOCYRNYE @r%&lg, v apBimedefih isacsion ApixfuigaY s stirred at rt

50! bebrkieR2TiBbonPOiAd W& RFASMEY silichR] ﬂ%&cﬂ%ﬁ%ﬁ%hyv@@ﬁ

used wi thout further purification.

M nEIQA B0%-1BmIeNto ehteapvisite SR ats, Sebi product
(2514 RVR 1B 1.2 §8:A2RAL 2 & -oth; HO S8k, 30815 R M s,

but §Hy.14.244dbi plaeTy I HY 4433 ronds, HBIXWHyA $R0(bicdil ReHR NEBr bOMS

Xyl e This material was
preBirgghb?l¥hg¥ggnéggrocedure as described in Exanple
1106S&pep: Brepagatiot Pt (DA BYAdamantan-1-yl-ureido)-3,3-dimethyl-butyric acid

(S)-2-(3-Adamant an- 1-yl - eldo) 3, 3 dlnethyl butyric

acid instead of

(S)-2-(tert-butoxycarhbo §\3J§ di met hyl but anoi c

acid. LCMS RT =3.51 nin, [ N&Ngf%ﬁy 4. 5Step 3:

Preparati on of

I( 25, 4R) - & {oRliioh o 5 ARATRR Atah 176 8 30-aithedy HbIGHONeia

but yethy] estpr (65 e P B22 mydol Y inBi I Ghap L pand e O i(hL2 wenadded a
yl j . Thi [ S, Br r t-he
b aREl Sapyion ofdiogudd BTt Fleh g PHEETEFE R St

1 EXC é‘kﬁO ). e cloudy white solution was stirred at rt for 5 hrs. The volatiles were

( 25 F\é)vecil' a[ug ’E%)e reac{lon mlx rrrg\%ls Eﬂu%ed 1th iﬁlte Cll)I‘IC ablﬁ s(ojlu{lroen anyd
10be|>tt1;abt¢a]mt4 Hopb @w io ﬂaLy Ihé ormahio dagyr Ry washedhvitlebiZned dified

2 (Drss e e A0 Fyor o b m L P SRR
3, 3TH¢ craddihtonid] aRe ydt v thoBt ek pyifitibli ne- 2- car boxyl a
26 € LCMS RT =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
), o

///
o H
N N
>—-C O\\
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LCVMS RT =3.42 mn, [MH =588.3. Step 4:
Preparati on of

W@ 2B84&6alL- [ ( S) - 2- ( 3- Adamant an- 1-yl - ur ei do) - 3, BeHUs®DT1§84799
| 15but yry1] - 4- bi pheny1-4-y1-4- et hoxy- pyrrolidine-2-ca
rboxylic acid ((1R, 25)-1-
cycl opr opanesul f onyl am nocar bonyl1- 2-vi nyl - cycl opropyl)

-am de Corrpound 205 Compound 205 was
D C S TS 0 B/t 8 B8R R B B e

( 2S18R)tepls, [ck@pt %nfg:‘tSﬁMJmldhrﬁﬂrtéln Yt %ﬁbﬂ@)& -Bmah@ibugiridwcid
| 20but y 4- bi en | -4-y ]14rreth %rrolldlne 2-ca
r bqueﬁ%oé%} -4 (teH g)égca{)lfony amino)-3,3 1methy utanoic acid

l(ZSLéE@S“léT@blsphﬁﬁyﬂMﬂ‘Na}]i%zh4((S) 2- (tert-butoxycarbony
armi no) -

di meteRyl Piaparisp o OBt Sy pyd-Aermaitanel-plegidpksrdireethyl-
aC' gut{%/?%pﬁ&?ﬁ@@ -4 %e!hog§ pg»‘rral;fﬁﬁ@ 2 g’c{_I%GXyi'lC gﬁd 1.33 (m

197205(m8|—|) 221( 1H) 256(m1|—|) 2. 63
(m 1H), 2.95 5(m 1H), : 3H), 4.06 (d, J=9
Hz, 1H), 4.21 (m 1H), 4.46 ( H, 4.67 (m 1H),
5.12 (d, J= 12 Hz, 1H), 528 d ,, ©—-18.5 Hz, 1H), 5.77
(m 1H), 733767(m 9H) ; =3.40 mn, [MNa]
=800. 5. Exarrpl e 206: Prep i%_tl on Corrpound 206 OH O

NH/K,IL '0-\ A> 1l 8tlep | a:
Preparation of
(S)-2-(3-ten-Butyl - ure -di methyl butyric acid

net hyl

e’fhw? rrnat%%ml was prepared by the same procedure as described in Example
106 step 6 except using (2S,4R)-1-[(S)-2-(3-Adamantan-1-yl-ureido)-3,3-dimethyl-
10  butyryl]-4-biphenyl-4-yl-4-methoxy-pyrrolidine-2-carboxylic acid methyl ester
instead of (2S,4R)-methyl 4-(biphenyl-4-yl)-1-((S)-2-(tert-butoxycarbonylamino)-
3,3-dimethylbutanoyl)-4-methoxypyrrolidine-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

Cl

@NH jgﬁ \“L ﬁ

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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y O This material was prepared by the sane
procedure as described in Exanple 15205 step | a except
W@ gioRgedoed t - but yl i socyanate instead of 1-adanegit/y$2007/084799
i socyanate. LCVS RT =2.24 mm [ MrH =245.2. Step | b:

Preparation of (S)-2-(3-ter
t-Butyl -ureido)-3, 3-di nethyl -butyric acid HOH H

>1- - NyN y" LO 0", "= This material was prepared
o1 7% ﬁ%—y‘b ?(&ﬁz‘%eﬁ ribed i n Pxample 205 step

( S) dﬁte@@dﬁu@ﬂoﬁylﬂ}{hethﬂ@pﬁ@hdﬁw& cirdRyiydcidbutyric acid

t
(%) N e 91 a9, d - 6 R A b dEr i
icggHqutghgln ?ﬁ} §l97. 23d3L(h'JV§¥H§ @Q@J(?n @'RI)I 4'56$m0ﬁ{)( 863 %ﬁ%:}H) 2.95
&23@1»31H)Si :L(W3H}Pﬁééé¢ a(t—:_g)ﬂz dfi), 4.21 (m, 1H), 4.46 (m 1H) 4. 67 (m,

(Zséﬁﬁ)s 4B RhEML 140 Ysoslcdl § Shg3HA31HE SR Vily, YR81749) (m,

di netnyHCMYURY =y H- inyBYhsxly =p9-.0l i di ne- 2- car boxyl i ¢
acid nethyl ester 5 This material was prepared
by the sane procedure as described in Exanple 106,

ex c Epdmpls ROy Preparation of Compound 206
(S)-2-(3-tert-Butyl-ureido)-3, 3-dinethyl-butyric acid
as starting materi al step 5. LCMS RT =3.26 mn,

[ MFNa] =546.3. 10Ste ~.Bxeparation of (2 S 4R)-4-

Bi phenyl -4-y] -1 - [(S)-2-(B-tert-buty 1-urei do)-3,3
- dinethyl-butyryl] -4-ne Y- pyrro

di ne- 2- carboxylic aci

H H
’ (0]
N H - \\\\ N - S
o © A ' j>

2, H
I

10 Compound 206
Step la: Preparation of (S)-2-(3-tert-Butyl-ureido)-3,3-dimethyl-butyric acid methyl

ester
/

Sk K
51
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

S AR
T
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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This material was prepared by the sane procedure as
described in Exanple 106 step 6 except using

W@ 288460661 - Bi phenyl-4-y1l-1-[(S)-2-(3-tert - but yPEeUUSI00T)84799
-3, 3-
1di et hyl - but yry1] - 4- net hoxy- pyrrolidi ne-2-carboxylic
acid nethyl ester instead of (2S, 4R)-nethyl
4- (bi phenyl -4-y1)-1-((S)-2-(tert-butoxycarbonyl am no) -
3,31 . _
di met YYBUERIGyA) L B0y Ridky pfis SF o Hels 2 Pak Ry} at®
LCNﬁnRﬁw;aﬁLéman [ MkFNa] =532. 3. Step 3:
Prepar atjon %
5, 4RCP4: %‘%ﬁﬁ@%ﬂ?f PSAR-PPssE AL 6P - Guerbutyi-aicilg)-3 3-

, 3- dimethyl-butyryl]-4-methoxy-pyrrolidine-2-carboxylic acid methyl ester
20d|nethyl gutyryl] 4- net hoxy- pyrrolidi ne-2-carboxylic
acid ((1R 2S)-1-

bony1- 2-vi nyl -cycl opropyl

) -am de Il Conmpound 206 oConpound 206 was
prepared by the sanme procedtke descri bed in Exanpl e
106 step 7 except using

(2S, 4R) - 4- Bi pheny1- 4- y1- B () - R-(RsARr t - but y! - ur ei do)

-3, 3- ,
di met hyl - but yry1] - 4- methoR§- gyr rel idi ne- 2- car boxyl i ¢
acid instead of (28 4R) - 4-

)5 ( gi pgeg?( lél%n)ég)% &f‘f?@?rfjl {)ﬁ %etsar?lg })r%)c(é/d(l:l?erabs%gg/cribgcmn%(ample

met hesg ymepmiﬂgctspg(2teeﬁmlhsalxlyrblus)-a,mddnetmfrllﬂwrie e A3stalling
6 1.03-1.08 (m 12H), 1.23-1.38 (m 11H), 1.75 (m
1H)maTr1912né‘ﬁP51H) 2.08 (m 1H), 2.47 (m 1H), 2.96
(m L@NBSRT’S i%(rﬁm mNa¢§4%3(m 1H) 4 49 (m 1H)

“iLlZ Stfpl)z’ P@P"‘Z@“Pd)f a5 P1)041§1P9611%Iir4 Yiﬂ) (S)EZ @4erg1l?pty1p+)eldo) 33-
7. 5&11176{1@’1 b{ltg)b' —AZQIrechX)AQyJoliﬁﬁle(mar@i%/hc 35 RT =3. 26

Preparation of
Cbnpound 207 and Cbnp Conpound 207

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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Compound 208 Step 1: Preparation of

2- (3- Met hoxy- phenyl am no) - 3, 3-di net hyl -butyric acid 0
W@R008/064066T0 a m xture of 3-nethoxyaniline (100PEMyPS2007/084799

0.812 mml ) and trinmethyl pyruvic acid (211 ng, 1.624

nmmol) in nethanol (3 nL) at P was added acetic acid

(0.930 nth, 16.24 mmol). The m xture was stirred for

30 mMat rt then heated at 70C for 2 hrs. The m xture

was cool ed down to P before addi ng sodi um

cyanot ri hydroboratc .24 m., 1.624 mmol). The

m xture was stirred Owekpight at 10rt. Water (10 nl)

was added, and the m xt uj as extracted with ethyl

acetate (3 x 10 nL). The ic layer was washed with

sat. NaHCO3 and brlnecﬁolutlon d then dried over

Na2SO4, filtered, an por d ‘&ness The

resi due was DUflflﬁgfbV* to get a

white solid (30.5 , =3. 46

mn, [MH =238. 2. 158tep 2 Preparﬁzl on of

(25, 4R) - 4- Bi phenyl -4-y1-1-[(S)-2-(3-tert-butyl -ureido)

-3, 3-

dinethyl-butyryl]-4-nethox?w%§wpgﬁ?dine-2-carboxy|ic

aci d nmet@ythpeal 06 wlbrepared by Tthd @nﬁ@ir@:l‘eﬂlﬁb aWGScribie@ PaF ehple

gyei@§%$Paﬂ%Cﬁé%glgg %JS 4188 glpﬁgr{yll—a -1- nS)—EZ)—(a—tert %uty?uremfo) 8 3-

2 ( tanli\égiymemyrym]heﬁﬁéihaﬂy Ptolidind=20¢AmixhNd addinytbddCofae$ aR)-4-
ns a

% S) (bgplxepﬂr‘& Y R PCET ORGP Ry i ne-d3 -Heraspiltananidite

aci ﬂleth@eygyﬁofﬁ_ne‘Qacg’r%om abiyH =531.5. Step 2

Preparatlon of

( 28 H RMBL (E plaredin g 1.04=1y08- (10, At h dRy-184820y Blhe tInExyp b hy 192
)dﬁ%o%‘)éj LAY 2 PG EY, DY, O, &1 NG 31624 POXY IS, 4.49
(m, 1H), 4.53 (d, J=9 Hz, 1H), 4.80 (m, 1H), 5.11 (d, /=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.

aCI

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 10106 step 6 except using
W@ 288460661 - Bi phenyl-4-y1l-1-[(S)-2-(3-tert - but yPEeUUSI00T)84799
-3, 3-
di met hyl - but yry1] - 4- net hoxy- pyrrol i di ne-2-carboxylic
acid nethyl ester instead of (2S, 4R)-nethyl
4- (bi phenyl - 4-y1)-14(S)-2-(tert-butoxycarbonyl am no) -3
3

di met hyl but anoy0- 4 hoxypyrrolidine 2- car boxyl at e.
LCVMS RT =3.20 mn, | - =517. 3. 15Exanpl e 207:
Preparati on of Cbnpoun- 07 and Conmpound 208

Conmpound 207Conpound 20‘ s Conpound 207 and
Conmpound 208 were prepape e same procedure as
described in Exa6 S 'e cé{;t ousi ng

(2S, 4R) - 4- Blpheny> -yl’ metho)

[ 2- (3- et hoxy- phényl no)03°3 nenh butyryl] -pyrro
l'i di ne-2-carboxyllic acid 5instead”

(2S, 4R) - 4- ( bi pheny1-4-y1)-1- ((S)- 2.
| am no) -3, 3- Compound 207

di met hyl but anoy1l) - & net hoxypyrrol i di ne-2-carboxylic
acid. The reaction Kture was separated by
preparative HPLC to yi g d) Conpound 207

(2S, 4R) - 4- Bi phenyl- 4- Y

y1l-4-met hoxy-1-[(S)-2- (3- oxy- phenyl am no) - 3, 3-di ne

thyl - butyry1] - pyr d| rbbxyiuy _geid
((1R 2S)-1- cyclop opan |h bony1l- 2-vi nyl -
10cycl opropyl) - anf de 2@?%5
(2S, 4R) - 4- Bi pheny\ - 4- 1 4- et hoxyfx,l [ (R) -

2- ( 3- met hoxy- phenyl am no) - 3, 3- dlnﬁﬁhyl butyryl]-pyrro
i di ne-2-carboxylic aci dompound 208

((1R, 2S)-1-cycl opro anesulfonylanlnocarbonyl 2-vinyl -
ycl S5 dpYrenarafianaé ég PR anpin nR3 diorstyd -batyﬂswd
1.00-1.10(m 2H), 1. 14(s 9H) 1031-1.43 (m 3H),

f
(tert-butoxycarbony

1.92(m 15 1H), 203(m 244(m 1H), 2.91-2.98
(m 2H), 3.00 (s, 3H), ( 3 3.75 (m 1H),

3.95 (d, J= 10Hz 1H) J—9Hz 4. 57
(d, J=9 FB 5. 15 (d |- 12 Hz, 5 28 (d, J=
185Hz 572(m 1HN6.17 (s, 1H) '6.21 (d, .I=

34 (m @6“ o35 etz g oy o g £

—3 2 Bnathypy[rivti¢-feid 229 mE, 1504 ﬁmqb)dm rrd:thzﬁ)@ (3 i) AiMRwas added

%cegic agliﬁ} &30:{%951% I%?_]B?T )Eltlrlr}(e was ftﬁ_ﬁd %Eg%m( at 1t then

1 |'|) hea?ed&ﬁ 7(Q°f® fof_’ﬁ)n;s PheAix(usg W&H)oplea d@%n (cﬂﬂt b&ibl)e addin@Qodium
g.H) cya&ot@@y?raborgte. (]962]41'11(1)L,I_1|f_ﬁ24 rgmq_li T?r@ m1§u1re’]y?as }sErreJiE%ermght at
l(g %% gﬂsﬁlter o rﬂ-lg) v'if_)as ﬁédedlﬁ'ﬁd, thémg@%g Rlas é}ﬁ%acte@\x&ﬁ@ﬁlyl e?te'égate (3 x

7.1R0 fnLS “4‘11)% Orgﬁn@é@ter Wﬂ:ﬂ-ﬂ/qu with st AR O3 @hﬁranS%@eoﬁnd
J= %eﬁ'ﬁnec%'\l’e) Na2§0§ Qil{eged a]nd Sa Sﬂ'gatec?ﬂd)drynegs% ReidT3wash purified

m n, Preparation of Cbnpound
zogbgmp@@tmgd—[m& @ggt w_yhlte sohd (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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5 Conmpound 209 Compound 210 Step 1: Preparation of
2-(3,4-D fl uoro-phenyl am no) - 3, 3-di net hyl -butyric acid
W@ 2008/064066 This material was prepared bRCT/82007/084799
same procedure as described in Exanple 10207 step 1

except using 3,4-difluoroaniline instead of
3-net hoxyaniline. LCMS RT =2.64 mn, [MH =244 2.
Step 2: Preparation of

(25, 4R) - 4- Bi phenyl - 4-y1-142-( 3, 4-di f | uor o- phenyl ani no)
-3,3

diﬁethyl-butyryl]-4-nethox
acid nethyl ester Thi s mat ep was prepared by the
same procedure as described i aﬁple 207 step 2

except using “,
2-(3,4-dif|uoro-phenylaﬁi:§LN%f -dhnet hyl -butyric acid
i nst ead of N

2- ( 3- Met hoxy- phenyl am'R]o)- difret y1Qbut yric acid. 5
LCVS RT =3.37 nm [M+11] =537>50 ep 2: Preparation

of : : o

(25, 4R) - HBIRREAYYS Rrptred By thesame proprdye: B-951EhsA Briasple
- _3, 306 step 5 except using 2-(3-Methoxy-phenylamino)-3,3-dimethyl-butyric acid

01 ek oY Y it G oy bl 53 difte S iodranaie aaa ' ©

5 LCMSRT=3.31 min, [M+H] =531.5.

Step 2: Preparation of (2S,4R)-4-Biphenyl-4-yl-4-methoxy-1-[2-(3-methoxy-

rrolidine-2-carboxylic

phenylamino)-3,3-dimethyl-butyryl]-pyrrolidine-2-carboxylic acid

)

o0y

O/

\

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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This material was prepared by the sane procedure as
described in Exanple 10106 step 6 except using
W@ 283480661 - Bi phenyl - 4-y1- 142-( 3, 4-di f| uor o- phePg/i/8830nD)84799

3, 3-di net hyl - but yry1] - 4- met hoxy- pyrrol i di ne- 2- car boxyl
ic acid nmethyl ester instead of (2S,412.)-nethyl
4- (bi phenyl-4-y1)-14(S)-2-(tert-butoxycarbonyl am no)-3

3-

di met put anoy1) - 4- net hoxypy, i di ne- 2-car boxyl at e.
LCVS 6 mn, [M1ll] =52 . Exanpl e 208:
Prepar at i f Cbnpound 209 and qéﬁh.und 210
Conpound 289Ggpound 210 Ovapagnid 209 and
Conmpound 21,0 re ared he sa rogedure as
desc SN N 1 O& @t erhq i ng -L “,o

(2S, IRF- 4- \
difﬁporojpEenyléhl Pnet @ yPy1
pyrrolidine-2 carboxy |c 5aC|d I ns ead of
(2S, 4R) - 4- (bi pheny1- 4 y1)-1-((S)-2-(tert- but&&ycarbony
| am no) - 38empound 207 Compound 208
di met hyl r - '
aci d. e MRy P ST RIINEY Qe HloBRaEHE B Qb Eedure s
pr e pacabadve Ekphrde 1@ siépel dcce'iojmplog(ﬁﬁ A0 9-Biphenyl-4-yl-4-methoxy-1-
2S . 4R) - 4: Bi
e i prastn S PRIV o v By feky e i
5 yr jnkeadlofi@$ HR xy{olyiplicaly i-¢Hy hd-~ (ZS)GB(tmbytbky.CaﬂJonﬂammo) 3,3-
R, 2 anesul f.on il nocarb 1-2-. .
1OV Fh']m%? &W&qnﬁ%& gﬁ%lfoxgmrabéldg]ﬁ %6}&&&&:1&3 %%e reaction mixture
( 2Sw4@eﬁﬂmﬁd ph gfa:ysamtﬁvemiPIJc [o(yR)1d Eompound 207 (2S,4R)-4- Blphenyl 4-
I('12X§1 Zglwe}hg%? ﬁﬁ%z(% r@e&%%%@myiarg&&‘éﬁ p )c/hmethyl %u'g/r)]l pyrrmfldme
(( 1B,c2r3bx>1rccay1a éawzmar@@lubfogmh@mnp@ﬁla{obﬁayﬂy@ wlgmyl cy

| |
1§ OB Pr D ynd G Z04ps 4R -pinheng gy L)

1. 9@%%6%}/ Bﬁen%nﬁﬁdj 43, 31<|Tﬁneth?l ﬂﬁ]tyl(yl abgrrlai'ame 2. cgr%ogylﬁ%md

§d ((JR 2§b11cw010m9pa}168 Olaséar{naocay‘wngl %zmym)clompsf? apgde J=

9 Héom Hg 28715 (d, J= 12 Hz, 1H), 5.28 (d, J= 18.5
VU574 (in, 1H), 6.26 (s, 1H), 6.41 (m 1H),

6. SH{NMR(L@DCIMQ@ 001, 10XH) 2HY.1297.989, {A{-12B)Ym, FEIH5.92 (m,

18RS oa o Rif st P RRER Boan SR s ot g o 7S

3H) (m1LH)7%.85 (OF)-, 10 HZA8H (M.36d) [ = 9 H65 1 K. 51,/ =29 B3, 1H), 5.15

(0 gt 38 i1 5Bl o -

(d 9@=HZQIH¥,62$PCH J=49 6Hz(rH) :h‘-)o& 1-11) 7 2K m, FHGG.46 n, z}s 958
Hz, 251H) 5.28 (d, J= 18.
Hz, (Mg %C%@%%Q%mn éMt% 37291!H)

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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6.60 (m 1H), 7.03 (q, 1H), 7.39 (t, 1H), 7.44-7.48

(m 4H), 7.59 (d, J= 9 Hz, 2H), 7.66 (d, J= 9 Hz,
WQ@RB/0&4006S RT =3.13 min, [MH =757.3. Exanpl ePQDOS2007/084799

Preparati on of Conpound 211 5 Bi ol ogi cal Studies

HCV N5314A protease conpl ex enzynme assays and

cell -based HCV replicon assays were utilized in

the present disclosure, and were prepared, conducted

v tel ot ol £ty TEDAAY FRaRal SRty

conptexes, derived fromthe BMS strain, H/7 strain or
J4L6S strain, were generated, as descri bed bel ow.
These purified reconbi nant 15proteins were generated

f or EWssplE DB PROFRESNSAULIMATRENNHE € ohPb@) 2100 provi de
an indication of how effective conpounds of the

present disclosure d be in inhibiting HCV NS3
proteol ytic activit Serum from an HCV-i nf ect ed
patient was obtained fr . T. Wight, San Francisco
Hospital. An engi neered A ength cDNA (conpli nent
deoxyri bonucl ei ¢ 20 _acid), t | at e of the HCV genone
(BMB strain) wasg t ey o [N ragnent s
obt ai ned by reverse anscki pt J?a E(RT PCR) of
serum RNA (ribonudfeicga§?§$ &hd siﬂg\p$|ners

sel ected on the basis ¢f ‘honol ogy Between ot her

genotype | a strains. Fron1the det er/mi nation of the
entire genone sequence, %Wﬁ ‘%Bi | a was assigned to
the HCV isol ate accordi ng | assification of 25
Si mmonds et al . (Se¢ P)Si nmonds, KA Rose, S Graham SW
Chan, F McQOm sh, BCYdot A Follett, PL Yap and H

Mar sden, J. din. M crobi , 31(6), 1493-1503 (1993)).
The ami no acid sequence -4t nonstructural region,
NS2-5B, was shown to be »97% dentical to HCV genotype
la (H77) and 87%i | eHot| P& _lb (J4L6ES). The
i nfectious clones, ( gen Ve yahd J4L6S (Ib
genotype) were SOUTain fronﬂR ?&urgel (NIlH) and the
sequences are publishe Genbank ” AAB67036, see

Yanagi , M, Purcell, R H Enerson S./U. and Bukh, J.
Proc. Natl. Acad. Sci. U A 9@&&6) 8738-8743 (1997)
AF054247, see Yanagi, C'ETe, M, Shapiro, M

Enmeggpn; & 0 hrﬁ h ink A
ErerRg, Bcbiai AT Eh LTt 30 Bl il 0 24

were used for productlon of reagonpi nant NS3/4A

pr ot ease conpl exes. r econbi nant HCV
NS3/ 4A pr ot ease conplex ( cids 1027 to 1711) for
these strains were nmani Wil s> descri bed by P.

Gllinari et al. (see Gallﬁharl P, Paolini C, Brennan

6 ochem S Y GH0 R Bkt s JF PhOUGERARFeyind i bl

1® hr @&* dtgpsl exeept 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

-142-



15sol ubilizing tail was added at the 3'-end of the
NS4A codi ng region. The cysteine in the Pl position of
wa beshisés NSAB cl eavage site (amino acid 1711)PEEES2007/084799
changed to a glycinc to avoid the protcolytic cl eavage
of the lysine tag. Furthernore, a cysteine to scrine
mut ati on was i ntroduced by PCR at am no acid position
1454 to prevent the autolytic cleavage in the NS3
hel i case donmai n. The vari ant _ONA fragnment was 20cl oned
in the pET2l b bacteri al explon vect or (Novagcn)
and the NS3/4A conpl ex was € & essed in Eschcri chi a.
coli strain BL21 (DE3) (Invitrogen) follow ng the
protocol described by P. Gallig et al. (see
@Gl linari P, Brennan D, Nardi Bcglnetti M Tonei L,
St ei nkuhl er C, De Frances rol. 72(8):6758-
69 (1998)) with nodif Fed HBN fly, the NS3/4A
pr ot ease conpl ex express [ @Qed with 0.5
mllimlar (mMV) |soproplyl f 1ot i ogdl act opyr anosi de
(IPTG for 22 hours (h) at 20C. A typical fernentation
(1 Liter
et cel | e AP ARRLOHE TR b Al O AR T pampie
buf 2@t ste(pll)e)m:ptgl);mg a3 #sliflypgo-plienglmino)-3,3-dimethyl-butyric acid

ot B e e VeI G B AT s B ReS o7 L

©hl bEMBeRT NACT nin, 3VB-HFU6SBI7ist on x- 100, 1

m cogr molli ) nL")

Vagned P TR s A A B o g YR BrGRfgnyiamino)3 3
13- Metetiapboghianalethoh3MrolidRe & @asRylic acid

i nhi bi tor-Ethyl enedi am ne Tejraacetic acid (EDTA) flee
(Roche), honogeni zed and in ed for 20 m nutes

(mn) at 4C. The honogenate Wa§ soni cated and

clarified by ultra-centrifugatipmsat 235000 g for 1

hour (h) at 4C. Imidazolc was &ddgd,to the supernatant

to a final concentratimonof, 15 | d the pH adjusted
to 8.0. The crude protei
Ni ckel -Nitri [ i g7aci d

ct-"Was | oaded on a
-Nitrilotriaceti i NNFA) col um pre-
5equilibrated with bufter mVM\HEPES, pH 8.0, 20%
gl ycerol, 500 mM NaCl, 0.5% TriOopyX-~100, 15 nM
i mdazolc, 5 MM PME). The sanple was | oaded at a fl ow
rate of Thisrnateiisl waFipecperst byrthewarse psévRd: aideterib&l iwdixemnle

AR S T 2 ST A o)

vol dgesmethylbufyrell-4ndtsaypyaslitiod-2-earbCkydix aeidtmotiiyil bst@Gktead

0 N83 r nt.ai nj ng
fra8ﬂ?g 9m§%gl bmﬂgayan& ﬂ&ﬁ%?%&gtﬁgggz ?P?ﬁmnm'ﬁ%gnn
Supemtéﬁwitﬁ?aﬁieylpneneelmwberﬂmedz aartiorylatef f er D (25n1\/| H

7 09 ce 300 mM NaCl, 0.2% Triton
X-l gM&ﬁﬁn&?B 6&§ﬁkﬁ%§nks | oaded at a flow rate of
1% nEkdthple 20858 cpérafdsr0é B oG RNTY9eMd CRRpBiM 19 fractions
wer e pool ed and concentrated to approximately 0.5
nmg/ M. The purity of the 15NS3/4A protease conpl exes,
derived fromthe BMS, H77 and J4L6S strains, were
judged to be greater than 90% by SDS- PAGE and nass
spectronetry anal yses. The enzynme was stored at -80 C
thawed on ice and diluted prior to use in assay
buffer. FRET peptide assay to nonitor HCV NS3/4A
proteolytic activty 20The purpose of this in vitro
assay was to neasure the inhibition of HCV NS3
prot ease conpl exes, derived fromthe BMS strain, H77
strain or J4L65 strain, as described above, by
conmpounds of the present disalsosure. This assay
provi des an indication of how effective conpounds of
the present disclosure would be in inhibiting HCV N53
protcolytic activity. 25In order to nonitor HCV NS3/4A
protease activity, an N53/4A peptide substrate was
used The substrate was RET Si (Resonance Energy

—— e ~ o, I ~ 1. 1  _a AN o~ g, 4 a4




pepti de al so contains a fluorescence donor, EDANS,

near one end of the peptide and an acceptor, DABCYL,
woemB/0640e6 ot her end. The fl uorescence of the pREL/US®0T/E84799

quenched by internol ecul ar resonance energy transfer

(RET) between the donor and the acceptor, but as the

NS3 protease cleaves the peptide the products are

rel eased from RET quenching and the fluorescence of

t he donor_hRecones apparent. The pepti de substrate was

I ncubat eg th one of the three ri nant 5 NS3/4A
pr ot ease ®oMplLexes, in the absencexen presence of a
compound of pr esent disclosure. T nh| bitory
effects of a ppund were determ ned % Mtoring
the formt] on of uorescent ac n mr ugt in real
time @ r\t,ytm uo r?\e,ss) 4@@1&»@ ent 'S \\eo
as foll gk anf 3\) ar Ul \‘\

obt ai néd fr?z?08® t"nyl fOQI d’e A\/BQ) j>
was obt ai ned from Si gna. //p 10 Mer capt oet hanol

obt ai ned from Bi o Rad. Assay buffer: 50 m\/l

HEPES, pH 7.5; an]o;}cj\g 0.1% Tritong nip%o/dg {cerol;

10 mM 3ME. Substrate prlnaI concentration (froma
2 MM st oCémscahdl RODimdi TontpPikd Stoow &6 p@pare@BThe sdkdprocedure as

NS3/ 4A t t I | b), 2- fj

confeht ‘{Qg‘il g;”%?l? i‘?ﬁe%‘ie@ %ﬁ?‘é%‘&%?%gg%t‘{'gﬁk?qﬁ’l'ﬁé’lﬂT[R/l(3’4'
HEP@@UO@%thﬁamﬁ@f/Q mlrﬂétﬂ}ﬂ%@flryl thw&lalm& 2%rboxylic
Triton- X10 ds with potencies
%ppﬁfd%m%ofi@%%éé@»pﬁlqﬂaﬂ 4 yl)tlh@sb%gﬁybmgy%@&éyl%m@ )-3,3-

S eNgintekiBoubd oA diGh o p)l'rkﬁh/dme BAVIRE1SRE M n‘h&«%el%tmnrimxmre
(Sigm) to the assa%( uffer and reduci r;gggt he en

pr oFeasETEiSH BB AP RER G I Boaelp (omppendZ88 438, Wa)s4 -Biphenyl-4-
per {f. r@,go ém%f%ra/\ﬁ{ényla& Ibé%}ércﬁ%th?l' Iﬁ%kryﬂh%&héxr yom

Fal cCon cont ai ned 25 pr ot edse

conpyrendiding-Zagasloxyliegoide( 1R 38)-1- Eyclmomn@s@}f@ndmmn@farhom -2-
1®r e%‘ﬁyf o ?f}dpgé Yhfde a'ﬁg @%%@1@%@&%]‘3{@% r@ﬂf}dfﬁ(l@i -2-

sub at'e contrdl (n
al s, %d@panoeﬂlem)damlm) 3 dndenclsyd doytypy | aith-enctlibhve-penighdig-2-

For CHon Rl YE S DR R AR B BT

thecmmmpybrannﬂe substrate. The assay plate was 25read

di at el sing the Cytofluor Series 4000
(mTEg 8%1{11]dé838| osystems). The instrunment was set to

1% eatt avre (asSk-ans 000340 (ﬁmzapd 1a>(§ i9Hqt | gmonB (AOTH N Moam,
25C. Reactions were generall

apprBki2Pe e Y1540, 1Hheé 9b@r9§éﬁlt 2Hh|%108|(ft 3 A0, /= 10 Hz,

cal ¢yl aiﬁﬁgdWJLhomelffI]ﬁ?M'%nﬂ: ﬁﬂﬁampﬂl 57 (d, /= 9 Hz, 1H) 5.15(d,
100-[ (6Fht/ 6Feon) x100] 30where 6F is the cha
f | udrd2dtntd). 628 d.vheld.§ HeadtDr artyen. diH)t(h%é @um?)@ 4\(m, 1H),

nong gk Hea, %(\&Plﬁbt7!‘@§39@lﬁ|2f®d7h9ﬁtﬁ® 7,58 {t, 4H) LOMS RT

|nh|b|t|on concentratlon data, and t 0% ef f ect'i ve
2@on€éﬂﬁrnalt|MﬁrN@] C50J-3was cal cul ated by the use of

(b:[(‘ goftvvare usi ng the equati on,
y= A+ I (& aD) Al of the compounds
tes RNM%(@)@I@W& 1t@0-1. ihinkni 3H)t heT (aqui{)\/nng/(msz)h%s (m, 1H),

Fur ASFR. (B0 ADstPDr TG pPsEt ot SLh & SheRa 290

wer @i, yesingd:, agaj N%4 (dnpEe HAan), ag (8. ype9 oz, NS3/446 (d, J=9 Hz,
28 Omi’ﬁ%ns‘?’irfz 12 Hz, 1H), 5.28 (d, J= 18.5 Hz, 1H), 5.89 (m, 1H), 6.28 (s, 1H),
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5found to have simlar inhibitory properties though

t he conpounds unifornmly denonstrated greater potency
w@gmsneted he | b strains as conpared to the | a BCT/HSI087/084799

Specificity Assays The specificity assays

were perfornmed to denonstrate the in vitro selectivity

10of the conmpounds of the present disclosure in

i nhibiting HCV NS3/4A protease conplex as conpared to

oth erj.ne _qf, cystei pr ot S, The specificitie
¢ ongBuae 7aP GYED o e T BT S GreREr & hverHiFa
ag arms{d, g “vwany, eny; EMS&T FE1 Phidt pAsES =78uBAN
neutrophil elastase (HNE), porcine pancreatic el astase
(PPE) and human pancreatic chynotrypsin and one
cysERimfe 206 PRpRLEASE: CIMpTRAd iver cathepsin B. In all
cases a 96-well plate format protocol using a
fluoronetric Am no-fetihyl - Coumarin (AMC) substrate
specific for each eRg as used as descri bed
previ ously (PCT Patent i cation No. WO 00/ 09543)
with some nodifications™te’ e serine protease assays.
Al enzymes were purchased m Sl gma, EMDbi osci ences
whi | e the substrateseye fiioQ Biciers,_§i gma and 20EM
Dbi osci ences. npougdd H\E ions varied
from100 to 0.4 t epehdi og n hehipotency. The
enzyme assays were each jnitiated addi ti on of

substrate to enzyne- | tor pre-i ncubated for 10

mn at room tenperat ur e<apd hydrol S|§ 0 15%
conversion as neasured on t of 198 8%he final
zonditions for each assay'were as follows: 50 mM

Tri s(hydroxynet hyl ) am nonet hane hydrochl ori de

(Tris-HCl) pH 8, 0.5 M Sodium Sul fate (Na2SO4), 50 niv

N aCl, 0.1 mM EDTA, 3% Didegieel Suieyyi i een20 with 5

tiM LLVY I

TS HQ Hé‘gﬁi%m ﬂro&%e%}iﬂ% e}i%'.srﬁerhssal}:gs 'gll_nAd ceggiﬂgkd/BHgV replicon
0. 02PN BOizpdin tBe prews%‘éosmpmdmme areEared canupiet aest
18 nWhiRBka aS’LQ)gOva NaOAC ( Sodi um Acetate) pH 5.5, 3%

DMSO, 1 ni M TCEP (Tris(2- carboxyethyl)phosphi ne

hydrochl oride), 5 nM Cat hepS| n B (enzyne stock

activated ip buffer -G | 0.

use), and 2 ' 21 '
per cent algeVa¥S3i mhueftwtsomnlemsde@abcbﬁwratﬂ@cBMS |sngntHh’e7 strain or

285?%6% gtralh \ﬁerg L%lz:éaarte{r)deg -I%s/cr Wg@ Bk%\éﬁ( casg' p-lg-r\ll]‘t'le%l recom]t}llan%(
1%n hpxka)tetmsozvbre: gnearidfatisoin datnmgeands ihey SQ%bcfvf)ec piovige an

conc ati was cal cul ated by. the use )
Erec R o Muior G <O Rarife T bl Sy S i
An hl@%nl@rﬂl(wm3\qdmécﬂytﬁﬁlchvlgystem was est abI | shed as
descri be b Lohman ner

U,
Thei | man fng}atnéﬁ(g\éﬁlilfgﬁ%c{ paﬂent V§(§| gﬁglgg from Dr T Wright, San
285t aftdiddo: Hék@rt;ﬁ A& 88 heercinuB-1&ga SN L (RBpEfhektSIcb B ribonucleic

eval yate the effects of our HCV Protease conmpounds on

2 Hovagfiaepipteiof teitnY ng}Om@f(BMS a2t sesireteddiamaPNA b

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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15 sequence described in the Lohmann paper (Assession
nunber : AJ238799), an HCV cDNA was synt hesi zed by
w@pmsoetodechnol ogi es, Inc. (Al ameda, CA), and PEEUS2007/084799
full-length replicon was then assenbled in plasmd
pGenBzf (+) (Pronmega" Madi son, W) using standard

nol ecul ar bi ol ogy techni ques. The replicon consists of

(i) the HCV 5 UTR fused to the flrst 12 ami no aci ds

200 RS RAL P PlriehaBt i gdiet) CE IS ik 1 495hios

ﬁg g g@b &) OWeQﬁﬂh@i hdidl §eq\4eﬂc@ Sf m&w&é)mctaﬁﬂregionmm Nea3 sh@wn
enes
| i S @Wﬁalst,% HCY: %Paowml% ﬁfyﬂ Lt it 3}}@%%1 to genotype Ib

syntihess)z atle irﬁfec‘ﬁbﬁsr &0ﬂé§ iHg @4 gen-gﬁfpmaméso(tlb genotype) were
transcrlﬁtlon Anmbi on, Austi TX) according t

Pranobtaigedfrep Re Pdque N Hyrpad therﬁewmeé at%lhg%lﬁ@ B’t@el’&?ﬁmi he
C DN@A,M\BWBE rs@@%&%t £ puple RIS ERRABASZPNERALRAR EEL. Natl.

l'ine, 7. Selection for cells constitutively

expr‘\é@blsﬁg Vet HPAOD) BEpit- S?f@r{l%\%@ SR B YanpgiM., St
Pr e € &1 06ha! FFW%&E&HQ KRRH. nﬁgwm 838244 (1),
Resu tlng ce nes were characterized for positive
andlpley&t i(V8k rand RNA production and protein
roducti
1 (E|CV r epl %olﬁﬁég_ﬁ]g%‘;ssséé%@r 5%5% of g%&ﬁﬁ%ﬁ oﬁe%@bm%lﬂ%%MA
in hplb)tdaseropn@ieﬁcex:tlsl\mfen@dngohﬁu%omtam HE&ANB 34 A peotease

di | I i ti
Con Gttt SR A BT @l PR B i o e Pl o pesgibed
in B}ané}emnam; etl‘dmddsée ealikzagp,®adixd iCa B(dvMp, Y £811C stdRhler C,

oA B B B AT SC TSR e

1 ibef Qulebiffidg @il X¥vad @@ded ai ﬂhéB'\MhH |0f thie NS28-- d&ﬂing reglon The cysteine in

tissue culture
%@EA@O%}BWW &Qé@? igs tﬁ‘quPamvm%ﬂEmlé? Wisgenssl toa
Fly@mé- Qﬂaveﬁlﬁh@]béjo{eb ﬁ@&l@@vﬁ&@@ﬂ’tﬁé stﬁl@aﬁc euldRkhoreld &QRine to
ut am ne. and 5% Oin the dilution plate 0. 5%
DI\/ISE?“I“P Faation Hee PatCHRY PRR 2hemiae deid posicanss d raprengbthe

M XEgolVBE @leﬁlqg@iq thON @jﬂ'ﬁ‘elﬁ%eld%mﬁﬁd "[‘hE‘ cubat EﬁAffPargnénfj@éés
at 37C. After 4 days, s 10were first assessed for

2@yt elonsd ie ﬁlte}pEJé}ulb]@aCéﬁrlahwreB‘M%chw ENoBRey ed BieiNS3/4A
S nd
(%/CU%%@& \fVerex re&eRbh Es%g A Jﬁgtrélmétgi %sﬁ&g@@}g@&ﬂ

det er m ned ing 1110t
aI afdiowBigitke protocﬁeiemlbﬁdaby Rcuplanirng at. Hececedllingri PABramamD,
I 9o a
085 LU R85 00l 8T, PASNELL SR s
e m 6% {1908 etk Irrmdgtchmm’s B8 6l nite NISI/4vy proeasGyongll dxeapression

2 Ehelts TSE Vg SRRy %@ﬁ%ﬂ@é@hﬁ’l%g@ﬁ%@%ﬁ%

( PBEPTGRdr RPBSUrd 8 aPdoPC. A@pic@lfdmek@iish ( lm@w }iBlded

jal of a lysis assay reagent containing
pr ofRPEEmatglyslOrestes (b wd el pasts; flde a@llé Weig Tesuspendgg @ lysis
| ysb&ff;{ %ﬁﬂﬁﬂig) &(PI{SQ 5¢ 2%%]—1@3&2 ﬁg&rHiﬁ%ﬁ)ggkéZ%wg -Ethane

dis ed wat added to
pepbuldmicagih t(IrIEPES)( Bl 7de 3 ighyeerok, 690 mh@S@hlzly frbloside éNaCl)

88 A)%%I\EB ﬁj%ﬁ EFH%CQO%BIRM Llll?e? |H§/Vng%n) ?yﬁ%za/@élhg En% K/[aigﬂesium

Cyt chiotias (MEOO), 1 ng/intl DR, M@M%%t@e&l&ﬁioﬁ(@MH)OPr&é@senm
excitation/ 490 nm eni ssion,

cycMbbitgr§ihylqacdiamipe Tetgageetic ﬁmé @P“ﬁé@ free %alé@ @@@emzed and
deternmi nations were carried out as described for the

| C50 determ nati ons. 25HCV Reelicon Luciferase

Reporter Assay As a secondaris-assay, EC50

determi nations fromthe replicon FRET assay



were confirmed in a replicon luciferase reporter

assay. Uilization of a replicon luciferase reporter
was®apeaves first described by Krieger et al (KeCBEUS00MN)84799

Lehmann V. and Bartenschlager R, J. Virol.

75(10):4614-4624 (2001)). The replicon construct

30descri bed for our FRET assay was nodified by

i nserting cDNA encodi ng a humani zed form of the

Renilla luciferase gene and a || nker sequence fuse ,

di r BCrpyRdTgr {Gyaingics ) B sh ehy Emgé}l%tgaawﬁ@?w pRclarified

i nsgy Eltl‘ﬁ@&thfﬂgﬁ%“h@ 885000 Fort lhl?oultf 8P lat 0N ImiORS Wadifdded to the

using an Ascl restriction site |ocated in core,

di r ewpemptapips rfi@almongentriéond d fphl andiie REradiyetnd to SheThe crude
adant.i i Lt . f : i .

B LA U0 PESIA O R ESHDS: L) coimn e
Kol ykehlairged walbufiRirde(25 @MW HEPESig 8.0, 20% glycerol, 500 mM NacCl,

290( 54 :1972-1974).. A, stabl e | e
conde e DG &1 (oo kmMListiegs Bt SVERYEY, I engls s hedrd e
was flge e af BALASIndEs€Edlinal wa;b(gk(ﬁed @Eﬁ éls fuahfnﬁ ﬁaﬁﬁles of buffer C
reporter assay was se as describe or.the .
r eplPRGAS @ﬁ%f%aegg% W\'ﬁl PR Fidton & 90 hy RrSEIneYaS gﬂ%ﬁgﬁh 5
Fol toiwRgotmeaySoulfor B (Affe/ad Yo EP.C dxaeH RAth00 ndeIihRlaX¥is)e
anal yzed for Renilla Luciferase activity using the
LPr omega Modf4 QrUCEUIRPae R lfactpat P p%%qg gd(lqxggd on a
MD wasiiheBny&a Sfl]?é?ﬂ@xe@@b pl‘@éctgilﬁ%dasbim Frep B (b SmMTPEBEXE pH
remai ning 50 10pl of nmedia, 50 pl of Dual-do
Luci/ fetlis elyRaolg 0t miaSaGoeleth, TraeroXd0at @smMdBker Samplevgrs
nmn h r (=] - t . .
ronlshfry 5Bl @ EL hETRA Rl pEREL o SRy ficions
pl atves paelce andakechtagdiafporxiraateladdi mg/omalhelfhring of tho 2
a m tenperature. Pl atges r 0 kar d
1 oS AR RSB E RS s R S BB O A vere
per fapédag ®c igrtichihuh 00V \baSDSaH AGE atietladd Spargoinbiey dmalyaes. ahe
below. 'A control = average luciferase signal jn
ex pEHYRERaa FlofRd iRt $006 fgaw%do%aﬁ anda‘{}]é‘lﬁgé’é‘o‘? Qe Braggy buffer.
signal in DMSO control wells (- conpound) 20The val ues
wer e graph%gyﬁndfgnalyzed using XLfit obtain t?e
EC50 val ué&t PEPLIAERHHIVAQ EHNHOT Mo V Ay PIAEoR =
26l1 SCI OSURR MESE: BARTSEfo kel B8 TN IR ASEAY SrHEPYs3
replicon cell assay and/or in several of the outlined
s pepiofdags qoppiexsa ylerivef domethe Byl Sestra@o g 6 siredn & JABES steaiin @s
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val ndgaier & hoytedliceted coimpdundhef thepicienhdisclpnR WouBbbe of
1.6. . | ..1.1 nM strains. The EC50
valggh%ﬁ%i é9§§§&¥%%ﬁ§%ﬁﬁ§m§%say was 11 nMand 1.4 nM
2% n the rigpirdec anmbnitr HENVANB3/448 payteasd activing as PESIAA pdptigle
assa

s, .the sane.co und to have t
o Pt Ve R RO R R SRR R g
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compounds of the current disclosure were tested an
3§ ouRtreRidhsapengsier Mnkpeeathenthphen 3mifehends the Slepgge 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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| C50 Activity Ranges (NS3/4A BMS Strain): Ais 1 nMto

50 nMBis >50 nMto 100 nMto 500 nM Cis >500 nM
wWGhEHDBS0646d | vity Range (for conmpounds tested): PCT/BESZD0TI0N4799

to 50 nMBis >50 nMto 100 nMto 500 nM Cis >500

nM Note that by using the Patent conpound

nunber shown in Table 2 the structures of conpounds

can be found herein. 10Table 2 Conpound HC V Protease

l(_)ICT'b 8192[‘61?%3’ gt%ggcﬁbg%gon%\gé%&)ﬁ?gi gggs%\er](ﬁgT%eQ\gee}&heo&)onor and
the acceptor, but as the NS3 protease cleaves the peptide the products are released
from RET quenching and the fluorescence of the donor becomes apparent.
The peptide substrate was incubated with one of the three recombinant
5  NS3/4A protease complexes, in the absence or presence of a compound of the present
disclosure. The inhibitory effects of a compound were determined by monitoring the
formation of fluorescent reaction product in real time using a Cytofluor Series 4000.
The reagents were as follow: HEPES and Glycerol (Ultrapure) were obtained
from GIBCO-BRL. Dimethyl Sulfoxide (DMSO) was obtained from Sigma. -
10  Mercaptoethanol was obtained from Bio Rad.
Assay buffer: 50 mM HEPES, pH 7.5; 0.15 M NaCl; 0.1% Triton; 15%
Glycerol; 10 mM BME. Substrate: 2 uM final concentration (from a 2 mM stock
solution in DMSO stored at -20°C). HCV NS3/4A protease type la (1b), 2-3 nM
final concentration (from a 5 pM stock solution in 25 mM HEPES, pH 7.5, 20%
15  glycerol, 300 mM NaCl, 0.2% Triton-X100, 10 mM BME). For compounds with
potencies approaching the assay limit, the assay was made more sensitive by adding
50 pg/ml Bovine Serum Albumin (Sigma) to the assay buffer and reducing the end
protease concentration to 300 pM.
The assay was performed in a 96-well polystyrene black plate from Falcon.
20 Each well contained 25 ul NS3/4A protease complex in assay buffer, 50 ul of a
compound of the present disclosure in 10% DMSO/assay buffer and 25 pl substrate
in assay buffer. A control (no compound) was also prepared on the same assay plate.
The enzyme complex was mixed with compound or control solution for 1 min before
initiating the enzymatic reaction by the addition of substrate. The assay plate was
25  read immediately using the Cytofluor Series 4000 (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

-148-



B -153- Cnpd 110 A B Crpd 200 A A Cnpd 201 A B
Cnpd 202 A B Cnpd 203 A B Cnpd 204
WO 2008/064066 PCT/US2007/084799

the equation, y=A+((B-A)/(1+((C/x)"D))).

All of the compounds tested were found to inhibit the activity of the NS3/4A
protease complex with IC50’s of 1.6 uM or less. Further, compounds of the present
disclosure, which were tested against more than one type of NS3/4A complex, were

5  found to have similar inhibitory properties though the compounds uniformly

demonstrated greater potency against the 1b strains as compared to the 1a strains.

Specificity Assays

The specificity assays were performed to demonstrate the in vitro selectivity
10  of'the compounds of the present disclosure in inhibiting HCV NS3/4A protease
complex as compared to other serine or cysteine proteases.

The specificities of compounds of the present disclosure were determined
against a varicty of serine proteases: human neutrophil elastase (HNE), porcine
pancreatic elastase (PPE) and human pancreatic chymotrypsin and one cysteine

15  protease: human liver cathepsin B. In all cases a 96-well plate format protocol using
a fluorometric Amino-Methyl-Coumarin (AMC) substrate specific for each enzyme
was used as described previously (PCT Patent Application No. WO 00/09543) with
some modifications to the serine protease assays. All enzymes were purchased from
Sigma, EMDbiosciences while the substrates were from Bachem, Sigma and

20  EMDbiosciences.

Compound concentrations varied from 100 to 0.4 uM depending on their
potency. The enzyme assays were each initiated by addition of substrate to enzyme-
inhibitor 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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100 mM NaOAC (Sodium Acetate) pH 5.5, 3% DMSO, 1 mM TCEP (Tris(2-
carboxyethyl)phosphine hydrochloride), 5 nM Cathepsin B (enzyme stock activated
in buffer containing 20 mM TCEP before use), and 2 uM Z-FR-AMC diluted in H,O.

The percentage of inhibition was calculated using the formula:
[1-((UVioh-UVplank )/ (UVea-UVirank))] x 100

A non-linear curve fit was applied to the inhibition-concentration data, and
the 50% effective concentration (ICsq) was calculated by the use of Excel XLfit

software.

Generation of HCV Replicon

An HCV replicon whole cell system was established as described by
Lohmann V, Korner F, Koch J, Herian U, Theilmann L, Bartenschlager R., Science
285(5424):110-3 (1999). This system enabled us to evaluate the effects of our HCV
Protease compounds on HCV RNA replication. Briefly, using the HCV strain 1b
sequence described in the Lohmann paper (Assession number:AJ238799), an HCV
cDNA was synthesized by Operon Technologies, Inc. (Alameda, CA), and the full-
length replicon was then assembled in plasmid pGem9zf(+) (Promega, Madison, WI)
using standard molecular biology techniques. The replicon consists of (i) the HCV 5°
UTR fused to the first 12 amino acids of the capsid protein, (ii) the neomycin
phosphotransferase gene (neo), (iii) the IRES from encephalomyocarditis virus
(EMCYV), and (iv) HCV NS3 to NS5B genes and the HCV 3’ UTR. Plasmid DNAs
were linearized with Scal and RNA transcripts were synthesized in vitro using the T7
MegaScript transcription kit (Ambion, Austin, TX) according to manufacturer’s
directions. In vitro transcripts of the cDNA were transfected into the human
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.

HCV Replicon FRET Assay

The HCV replicon FRET assay was developed to monitor the inhibitory
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(cygiarh @'alte) Skﬂfy PMWEI%{I OGEt¥akion BNHe assay). Compound/DMSO

het er ocy
mixes were added to the cells and incubated for 4 days at 37°C. After 4 days, cells

10  were first assessed for cytotoxicity using alamar Blue (Trek Diagnotstic Systems) for
a CCsp reading. The toxicity of compound (CCsy) was determined by adding 1/ 10*
volume of alamar Blue to the media incubating the cells. After 4 h, the fluorescence
signal from each well was read, with an excitation wavelength at 530 nm and an
emission wavelength of 580 nm, using the Cytofluor Series 4000 (Perspective

15 Biosystems). Plates were then rinsed thoroughly with Phosphate-Buffered Saline
(PBS) (3 times 150 ul). The cells were lysed with 25 pl of a lysis assay reagent
containing an HCV protease substrate (5X cell Luciferase cell culture lysis reagent
(Promega #E153A) diluted to 1X with distilled water, NaCl added to 150 mM final,
the FRET peptide substrate (as described for the enzyme assay above) diluted to 10

20 uM final from a 2 mM stock in 100% DMSO. The plate was then placed into the
Cytofluor 4000 instrument which had been set to 340 nm excitation/490 nm
emission, automatic mode for 21 cycles and the plate read in a kinetic mode. ECsg

determinations were carried out as described for the ICsq determinations.

25 HCV Replicon Luciferase Reporter Assay

As a secondary assay, ECso determinations from the replicon FRET assay
were confirmed in a replicon luciferase reporter 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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andare | endently sel ected from hydrogen,
al kenayaie L@qays HCYV 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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het erocyclyl; wherein the aryl, the aryl part of the
aryl al kyl, and the heterocyclyl 20are optionally
substituted with one or two substituents independently
sel ected from al koxy, al kyl, and halo. 2. A conpound of

formula (|1 % *R7 .0 5
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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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al koxy, alkyl, and halo. 3. A conpound of Claim2, or a
phar maceutically acceptable salt thereof, wherein 10n
WO 200806488 i s sel ected from al kenyl, al kyl, andPCT/US2007/084799

hal oal kyl ; R3 is selected from al kenyl, al kyl,
aryl, arylal kyl, cycloal kyl, (cycloal kyl)al kyl,
heterocyclyl, and heterocyclylalkyl; R5 is selected
from al kenyl, al kyl, and aryl al kyl; 15R6 is sel ected
from al koxycar heryH—eyetealoHexyrearbenyl
hal oal koxycar bgnyl, (NRaRh)carbonyl; or R6 is
phenyl optional|ly substjtuted with one or twg
substitutents in@ggfﬁgently sel ectjed frpom al Koxy and
hal o; and R7 ig cycloalkyl. 20 4. A conmpound gf C aim
3, or a pharmadeutically acceptablle salt therleof;
wherein R3 is gelected fromaryl and heterocylclyl. 5 A
conmpound of O a-m4—er—a—pharraceutiecalby—agcept abl e
salt thereof, 25wherein R3 is aryl|. 6. A conmpqund
sel ected from - 160-

Cmpd 207 A A

Cmpd 208 315.00 1,303

Cmpd 209 A A

Cmpd 210 C C

Cmpd 211 1600.00

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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; and 5or a pharmaceutically acceptable salt thereof.
7. A conposition conprising the conpound of claiml1, or
w@2phasseceut i cal |y acceptable salt thereof, aPCI/ES2007/084799

pharmaceutically acceptable canier. 108. The
conposition of claim?7 further conprising at |east one
addi tional conpound having anti-HCV activity. 9. The
conposition of claim8 wherein at | east one of the
addltlo unds L an i nterferon or rlba%;rln
25 oo S TRBHEES vl B P15 iaiieRe gt cotVatency
I nt ef thetl@iisi a5 helefed Rebnli¢dodbe bmbfatartgcial pha 2B,

pegyl ated interferon al pha, consensus interferon,
interferon al pha 2A, and |ynphohlastiod interferon a
11. The conposition of claim$S wherein at | east one of
the additional conpounds is selected frominterleukin
2, interleakin 6, interleukin 12, a conpound that
enhances the devel opnent of a type 1 helper T cel
response, interfering RNA, anti-sense RNA, | m ginod,
ribavirin, an inosine inonophospate dehydrogenase

i nhi bitor, amantadi ne. and rimantactine. 12. The
conposition of claimsS wherein at | east one of the
addi ti onal conmpounds is effective to inhibit: the
function of a target selected from

HCVi net al | opr ot ease, HET swi ne protease, Hesi

pol yl aserase, HCV helicase, 1-101 NS4B protein, EICV
entry, HCV assenbly, HCV egress, 1-1CV NS5A. protein,
and. IMPDIR for the treatnment of an FICV infection.

Use of a conpound of claim1l1l, or a pharmaceutically
acceptable salt thereof in the manufacture of a

medi canment for the treatment of I1CY. 14. The use
according to claim 13 further conprising use of at

| east one additional conpound having anti-HCV activity
prior to, after, or sinultaneously with the conpound
of claiml, or a pharmaceutically acceptable salt
thereof. 15. The use according to claim 14 wherein at
| east one of the additional conmpounds is an interferon
or a ribavirin. 16. The use according to claim15
wherein the interferon is selected frominterferon

al oha 2B, pegylated interferon al pha, consensus
interferon, interferon al pha 2A, and | ynphobl asti od
interferon tau. 17. The use according to claim 14
wherein at | east one of the additional conpounds is
selected frominterleukin 2, interleukin 6,
interleukin 12, a conpound that enhances the

devel opnent of a type | helper T cell response,
interfering RNA, anti-sense RNA, | mninod, ribavirin,
an i nosi ne 5?- nonophospat e dehydrogenase i nhibitor,
amant adi ne, and rimantadi ne. 18. The use according to
claim 14 wherein, at |east one of the additiona
conmpounds is effective to inhibit the function of a
target selected from BC netedi onrotease, serine
protease, |iCV polynerase, 1-1CY heliease, HCV NS4B
protein, TiCtit entry, HO assenbly, HM egress, HXZ
NS5A protein, and | MPDH for the treatnent of ml-W

i nfection.
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CLAIMS
What is claimed is:
L. A compound of formula (T)
R4
3
R3,,. o
H
N
N R!
H
_N o
R6 \(go n\R2
R5
D,

or a pharmaceutically acceptable salt thereof, wherein

nis 1,2, or3;

R' is selected from hydroxy and -NHSO,R’;

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;

R*is -OR%

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,
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
with one, two, three, or four substitutents independently selected from alkoxy,
alkoxycarbonyl, alkyl, alkylcarbonyl, alkylsulfanyl, carboxy, cyano, cycloalkyl,
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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R® is selected from alkoxyalkyl, alkyl, alkylcarbonyl, arylalkyl, cycloalkyl,
(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,

. O O

N 7
N N N R7
H H
-N \(K 0 ( \
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,
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

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,
cycloalkyloxy, halo, haloalkyl, haloalkoxy, -NRR", (NRij)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,
(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
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;

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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R¢ 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
are optionally substituted with one or two substituents independently selected from
alkoxy, alkyl, and halo.

3. A compound of Claim 2, or a pharmaceutically acceptable salt thereof,
wherein
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;

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.

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,

wherein R? is aryl.

S

A compound selected from



PCT/US2007/084799

WO 2008/064066

OM\W MA_ 3 |_\NH
A.A_ Iz o o= < ,//
= o J ° Wa 7 Iz
o o 5 7 % “
w \ z o S ail O
% z o " 3 o
P

\\, >
zT / OV\S/ O" L / 2
ZT _/ / ZT
o= AN _/ / o= _/
MA Ol\\ N g o= .,///
HNZ N
I=

e
% £ F o K

CH3

-161-



WO 2008/064066 PCT/US2007/084799

/iv ;and /V

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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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, HCV 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. Use of a compound of claim 1, or a pharmaceutically acceptable salt thereof in the

manufacture of a medicament for the treatment of HCV.

14. The use according to claim 13 further comprising use of at least one additional compound
having anti-HCV activity prior to, after, or simultaneously with the compound of claim 1, or a

pharmaceutically acceptable salt thereof.

15. The use according to claim 14 wherein at least one of the additional compounds is an

interferon or a ribavirin.

16. The use according to 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 use according to 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, Imigimod, ribavirin, an inosine 5'-

monophospate dehydrogenase inhibitor, amantadine, and rimantadine.

18. The use according to claim 14 wherein at least one of the additional compounds is effective to
inhibit the function of a target selected from HCV metalloprotease, HCV serine protease, HCV
polymerase, HCV helicase, HCV NS4B protein, HCV entry, HCV assembly, HCV egress, HCV
NSS5A protein, and IMPDH for the treatment of an HCV infection.
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