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members of the Flaviviridae family have enveloped virions that contain a positive

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

genetic heterogeneity of HCV remains elusive despite numerous studies of the
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25  and -P(O)(OR’),; wherein R® and R’ are independently selected from hydrogen, alkyl,
and arylalkyl; or R® and R, together with the nitrogen atom to which they are
attached, form a five or six-membered monocyclic heterocyclic ring optionally
containing one additional heteroatom selected from O, NR*, and S; wherein R* is
selected from hydrogen and alkyl; and wherein R’ is selected from hydrogen and

30  alkyl;

R? and R" are independently selected from hydrogen, alkoxy, alkoxyalkyl,

alkyl, aryl, arylalkyl, cycloalkyl, haloalkoxyalkyl, haloalkyl, heterocyclyl, and
heterocyclylalkyl;
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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



with one, two, three, or four substitutents
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Rg 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,
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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R3 is selected from al kenyl, al kyl, aryl, arylal kyl,
cycl oal kyl, (cycl oal kyl)al kyl, heterocyclyl, and
whetsnewycl yl al kyl; RS is sel ected from al kenyPCT/E52091/084799
and aryl al kyl ; R6 is selected from

al koxycar bonyl, cycl oal | cyl oxycar bonyl

hal oal koxycar bonyl, (Nab)carbonyl; or R6 is phenyl
optionally substituted with one or two substitutents

5i ndependent | y sel ected fr all co ind hal o; and R7
is cyclgglﬁﬁﬂ¥“q r%?%@@%idﬁgiﬁB%WWéﬁvﬁof t he second
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al kenyl , R@k Kidny1 etdnd1B s@Bdtitéd widBorcSor 896 ik @dichiom
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al kipdepcafently selpepddyom alkoxy and hgp: prd sel ect ed from

al koxycagbepydieaigy c! 0al kyl oxycarbonyl,
hal oal koxycar bonyl, (N RaRb)carbonyl; or 15R6 is

phenyl olptaiseerar eipbediment of thesdcaii pipeettbe preseniwysclosure provides
subgt.i ' :
D e T D
In a third lenbodi nrent of the second aspect the present

Shee! osuie, RN, uAEamERBlubg v o, 1), o 2
1; 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
15 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
20 compound of formula (IT), or a pharmaceutically acceptable salt thereof, wherein
nis 1;
R? is selected from alkenyl, alkyl, and haloalkyl;
R is aryl;
R’ is selected from alkenyl, alkyl, and arylalkyl;
25 R® is selected from alkoxycarbonyl, cycloalkyloxycarbonyl,
haloalkoxycarbonyl, (NRaRb)carbonyl; or
R® is phenyl optionally substituted with one or two substitutents
independently selected from alkoxy and halo; and
R’ is cycloalkyl.
30 In a third aspect the present disclosure provides a composition comprising the
compound of formula (I), or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier. In a first embodiment of the third aspect the

composition further comprises at least one additional compound having anti-HCV
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R2 is selected from al kenyl, al kyl, and hal oal kyl; R
is aryl; R5 is selected from al kenyl, al kyl, and
aryl al kyl; 25R6 is selected from al koxycarbonyl ,
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(Nab) carbonyl; or R6 is phenyl optionally substituted
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20t hree, four, or five additional conmpounds having
anti-1-1CY activity, and a pharnaceutically acceptable
carrier. in a first enbodiment of the fifth aspect the
oROP®BLHd40ds conpri ses three or four additi onalpct/us2007/084799
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anti-H CV activity. In a sixth aspect the
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or branched chain group of two to six carbon atons

cont aificHe 1A PREHS FOBBING AFHBIRCERE B 81 PAEHLA BerpsHEally

20Theeft@fiv andhkidry comﬁﬁnm&mﬁml 3 a ph@h&lesichily RBeptable salt
al kyl group attached to the parent nol eculs%1 noi eltl)fcv
v

t hr ouﬁﬁrC%?ng Q%Q}‘P glgoﬁnﬁour or five additional compound ing ant

activity prior to, after, or simultaneously with the compound of formula (I), or a

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

administering onc or two additional compounds having anti-HCV activity.
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The term "al koxyal kyl ," as used herein, refers to an

al kyl group substituted with one, two, or three al koxy
W@ L®BO6L066 The term "al koxycar bonyl , PCHES208B684799

herein, refers to an allcoxy group attached 25to the

parent nol ecul ar noi ety through a carbonyl group.

The term "al koxycar bonyl al kyl ," as used herein, refers

to an al kyl group substituted with one, two, or three

al koxycarbonyl gr The,.term " al - sed,. .

ner o n. PPt iRGireth ki Pty iids Bl Gpingons of
br aseb&imehadifcisat Hgrained hydr ocar bon contai ning from
one to ten carbon atons. 30The term "al kyl car baon

as used REOHICHISPER wpkenthgdimentzinay| bedowdn Ht:tds%ﬁ@éoltmovided

theh@@&ent nol ecul ar noi ety through a carbonyl group.
The term "al kyl sul fanyl," as used herein, refers to an
2l kyl  gr Bisglesgrpsemelithe presenedipdpsar eyt ghopldde capitagdin

t hr Q(H%hu@' with tﬁ@faw@ta%rmmpals of clddicdl 86Ming. In some 1nstances it
"al kyl'sul'fonyl ," as used herein, refers to an a

gr oDIBY Be pesessary to emave ahasresan atsh ewti%tracmrmctatetarﬁuéw@ﬁem at

a s QMM,&&QHP The term"aryl," as used
hergbﬁg e#s to a phenyl group, or a bicyclic fused

ring sysltt elmuWMrtederstowéth@trth@@tmpoeﬁdSteheomttaﬁ&yd biy ghegpresent
he 0 cl | ' of

16’ ﬁ%&loﬁ% é%@tho% i aré {iu&tﬂ??&b f&?lgééﬂ?’@(l?&ﬁnlg%%@fr%g%ggﬁt

ar omat [ cAkb patogs pamntcapahaauomam’mﬁuwtuta:refetamges ctthcteinaheyl

groy t resent di can_be at

S hesBSiBionaty BeF SRome RS SRS R BhbBETE st
car bmnnsatemmes mhetm&egtrmp;sm’aetpﬂe&e@ttﬁtnhth exidppdves. of
aryl groyps include ut are.not Limted to, indanyl,.
A o G S TR R A e S e A BV
1aryhmghﬁdps of the present 10di scl osure can be

optional |y substit ted one, |
five sube%/ vﬁegg?ﬁegl thq gag ?r 8HRY ’sét‘e&’t‘Ld{l? rlwdgﬂnlla&ly

al k erytee RARW the @lnkkt elea&ly&e&eepotﬂérwtsegr oup, cyano,
hal o, haloalkokéi hal oal kyl , heterocyd

|
het er ocyEeye) falenylnyag erehly defere yad ktwght Af fragehed ¢rin
Abkete s&m @tloﬁﬂf k@ntz(lmmp@isb@lﬂ’ydarboﬁ Qgrblgff @@ubée bond.

mhereln t he second grou t he heterocyclyl,
2@ he het eFlsdgiat ;ﬂikogsw tas t‘ffe fhivsin, lpéerh@taera&@yenoym aftarhqd te Hie

b th t
. ﬁr E%Fﬁtﬁ?"g% h@ %thou igfﬁ?&l b £gmW th one, two,

|ve stbstit'Uents i ndependently '
sel ect edTlertom Gilkoaxalkylalakysed heseemosferh il 29, alkyd oab kaxituted

haI ¥%§?§¥9ﬁ9é%m‘39% gro The term

tary as use refers to an al kyl group
subst i t uttedenm ‘taﬂko@mxbdnm asmsed lnree refesslto gr dipy. gra@teched

% er {n thg ga{rgqrrlﬁloldtculafJl rsﬁowfc’ dtﬁhough a carbong?fr%trlﬁc’ t 1(:)0_ -Cg( E|) The

The term “alkoxycarbonylalkyl ” as used herein, refers to an alkyl group
substituted with one, two, or three alkoxycarbonyl groups.
The term “alkyl,” as used herein, refers to a group derived from a straight or
branched chain saturated hydrocarbon containing from one to ten carbon atoms.
30 The term “alkylcarbonyl,” as used herein, refers to an alkyl group attached to
the parent molecular moiety through a carbonyl group.
The term “alkylsulfanyl,” as used herein, refers to an alkyl group attached to

the parent molecular moiety through a sulfur atom.
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The term "carboxyallcyl,"” as used herein, refers to an
al kyl group substituted with one, two, or three
W@ 200064069 oups. The term "cyano,"” as used herBCTS2007/084799
refers to -CN. 25The term "cyanoal I cyl," as used
herein, refers to an al kyl group substituted with one,
tmo, or three cyano groups. The term
"cycloal kyl," as used herein, refers to a saturated

nonocycl bi t, tricyclic dr oca pn rin

e on bl SRSt T gt e afretos i og Ak i Dfheped to
het &fe@aﬁeﬁﬂlﬁolgmglﬁtﬁﬁt}ﬂ@d%a S@Pf(laffpglﬁﬁ% of cycl oi’sll kyl ’
groups 1 ncl ude ut are not imte tO CycCl opro ,
cycl opentBA ek ay)cas pagd horin, gxfery fo a%lﬁayla%a%lwﬁ?ﬁ%hwycgﬁéwed
cychipadkith WEQURSnObr Holteo KSR s LbRE)I1QSIHE B‘i@@h@ﬁlsed ring

optionally substituted with one, two, three, four
S ubstsimeardst pheietsardEotn fsedde é&%d%%dﬁ%bm@mam or non-

al k%ﬁrah@&a!ﬂ%&?ﬁéﬂckr}ﬂ Tab Kﬁ_{/l ro AL %e‘ﬁfésent@ﬁ%lo@% R attached
cyano, cycl oal kenyl, c cl oa $&a kyl, hal o,
hal ahpargnt nipddcalar mylety ! mglq MR SRRyt EuiRBoerbon aje inethp group.
12

) >1/1|@15}{=Z‘seﬁ’¢!a w@éx% fé? Spﬁpldg%hdg Yrﬁﬁﬁlle aqk &d an A rlﬁ&%?%e

al k , et erocyclyl; ereln
ar yindelmelaalntwl lpi@nyl @fd t@trﬁély@noyapéthkfyl Theand gtdmes of the present
et r i .
LIRS RAPTAL S0 SR R
aI kjddﬁpe'ﬁémﬂly helbaed from alkoxyl Ia&okxmrhonyl alkyl, a second aryl group,

"(c C S t,0 .an
al ké‘»fana %a!?p){%% ‘P‘&t uatl g(yvm%[ %NSHC l’%mcy&y Ry droxy,
cychymb;kwlkyg mmpsNRXRy (NRXR}’)TMBOKyEQNRXRy)aH(yl (NR*RY)carbonyl, and
cycloalk n as u herein, refers to
cy e SAPPET i SRy st TE S PRE wih ity part of he
1 5m1 Bftyrolt:)fka:ll}flalg}l‘l cén B@ﬁlﬂﬂﬁéﬂpﬁ@{aﬂy @ubsﬁﬁlf%laeviﬂﬁfnm two, three, four, or
Ooa (0),¢ as_ use ereln erer to a
cyc lzs%wbvrtu?jlﬁ%aﬁepaﬂea hesdected f{%al(s%yeﬂﬁylnma%% Gplgr haloalkoxy,

rml gglyalg)hr@ugﬁyadﬁd%i,@gen at om The term
"cycl oal kyl'oxycarbonyl," as used herein, refers to a

cycl oal KYids Groeylats aesdirain refpe (par il srrop sefityed with

nvlg&yh%bgp%ggagﬂgﬁyggnyl group. The terns "hal 0" and
hal ogen, " as used herein, refer to F, d, Br, and |
205The t eFhm teninTogdiordx\as usedderpinoicferateiGO)r ef ers to a

hal oal ky Jﬁhe&%ﬂﬂaﬁ%&{?‘@me& RerbiiCreRA §NEQIR! eCU' ar

nolety t hrou an oxygen atom The term

" hal oal kﬂwmrkwarboxze@ékmh emlushén‘nenemi refesf torag atkyl gmumsubytituted

gr°%ﬂh%ﬂ@?&$Qﬂﬁﬁgn%hyﬁyggﬁp or three hal oal koxy

haloalkoxycarbonyl " as
used her Biertgrnr ‘&fyercs” tsaisal eadipatkoxy-gNoup
25 The term “cyanoalkyl,” as used herein, refers to an alkyl group substituted

with one, two, or three cyano groups.

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

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

alkoxyalkyl, alkyl, arylalkyl, arylcarbonyl, cyano, cycloalkenyl, (cycloalkyl)alkyl,

-10-



20attached to the parent nol ecul ar noiety through a

car bonyl group. The term "hal oal kyl ," as used
whenehenoed ef ers to an al kyl group substituted RET/OSNEIS4799

two, three, or four hal ogen atonmns. The term

"hal oal kyl carbonyl ," as used herein, refers to a

hal oal kyl group attached to the parent nol ecul ar
noi ety through a carbonyl group. 25The term

b R he RS R Mgt Pl R K o

thr aﬁemu@mgaa@aad frdﬂg ap&lagfg@nmkyrlhﬁgzlf e@taﬁg/l Eg@ﬁéterocyclyl
nitr gen, 0Xyd an S ur e |V nme er rng
has V2&F8 theety e&%s%o Bnarylaliny aﬁ%@eips%roczaﬂﬂ are optionally

sev @Jbstniﬁﬁ’@ HiBnk bNGR sHBViRIcAR IiRlchdbhilyaglcated RbA MORHSikyl,
The term "heterocyclyl" al so includes bicyclic groups
Pn o ket he het erocyclyl ring is 30fused to a four-

to six- “ﬁ@%@@cﬁﬂ&ﬂ@ﬁ)h&ypras%&&%m&ﬂeﬁ t& & Q%}?ﬁédpc
ring or another nmonocycli ¢ heterocyclyl group

het apseyel Withgnedpe, Githreheyclpakskgipundi scl osure can be
attache dTﬁeQeﬁIh‘%gPl@élﬁﬂEargmy?e 94 @Ekd H&hlﬁt r¥fe¥5n5 glégilgﬁl.al ggoup

carbon atom or nitrogen‘atomin t roup
of higachedde il pplengymolgpgai m@btudlgoughmcamoeylrmup limted
0, benz Wi » I I
l(IS ndol yl , ﬂ%eg%r icgglg%lg{%!(}f,sés)r(ﬂggo e(?+1x refeISqﬁg %r&g%lkyl group
0X aztmcyéd, to phegareaz maletylaipnety ItIdoughl an q&ygeazaojny I

P AT U B SR AP 0 Sl

het efoap ytedciitd g nlmmsenofnotebﬂamﬁ@stg niirogihscdadisuylecragn be

opti onal subst i tut ed th ,0 Wo,. t r
P& aatal SRt b oy ety e er BT Mg
18l | coxy CH’(eh@rlﬂy‘Fhaloalkby}I Y asarsydl heréiyadrs thalheloalkal walpkdxdhed to

haI cond heter clyl group,
het %EI Ip&ﬁ‘f‘%ﬂmmmg%sg a}{ﬁ?})é/ﬁeB P8 Ipcyl nitro,
- NRxRSl THNMRY) I da s ¥y al il NRERnal Kyrbin, {NARY s anhpay

and oxo; wherein the aryl, the second het erocycly
gr ofipsttERd Withonadweres élvefr Redoallory SEPY: he

het er ocyglob@l “4Mloa B8Ry dRohiFtal GcdMREci P RAE Yo a haloalkoxy group
10substituted with one, two, three, four, or five

2@ ubsttacheaths naraepelsadsrmgicts direvshecraihosyh @oupoxy |
al kyl CHRENCm ‘t}ﬁlogﬁ(ghaés%lad( dn, r@f&SQ?‘thXI}({l ﬁh&&grsgﬁs\ﬁtuted with
and nitro. term eter ocyc as used
her elnentwq, dfreq; or foor katogeh kipimsgr oup subst ituted with one,
r I » h
as use d ltekrtgr?nn‘th%kg R‘Xﬂ?)o%{;;& %ﬁ%gﬁﬁrﬁ% Feférg{org haméﬂé’ypé%tm
" hy ditaokgdatb khel patenamolesda thaetgithrpughef cerbpnqugrwp al kyl
%{ SEBSS uﬁfc’ttlertmu%:ger%cgclﬁ% asNa%J heréln refers CTIO B eleeg %/SI”%X_ Oryeysns
t 0 mambgrdupsconkaniag oneRtwo, whihede hafefbaa)ﬁﬁsaﬁdeﬁdldbﬂl}t sI’eE:cted
nt nol ecul ar noi ety thro tro atom
P TR eSS s isu e i ottt E Brn b obofiouble
ggkﬁéﬁ%ﬂs allikiktkl@ Xtytaiu%ﬂysb\lfelnah&ytbel,rid&’lmgls ﬁa\[&rzyfolitb lhiljtbe double bonds. The
cyc oal | coxya , hal oa : ..
het EFc %?ry Fclyh %IS%@?IB&%WF% e ich the bpgegocyglyhing is
36 ( NaIaé@Iokaytbur tcﬁs‘ix—id}‘éﬁl@eljél@ E®iAtic Islafoarasorﬁ@m@arbaw@w riflf QUp
substituted with one, or _three -Nab

grou
Thealt%frqrrfm(lmh@afﬁ%wwyl ErogR Ehfé@tqﬁwelwhgrovréwé Ilse DEgseRin

i NR'dl@oﬁﬂ@ééﬁ b@%&é‘éﬁ&?@ tﬁ@patraﬁ Rt mmé{ngﬂé{l@f a é%cﬁtal/om ora
t hrough a carbonyl group.
nitrogen atom in the group. Examples 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 b@@ré@b'dbfl@mlh@ydr%gelwdr%wlwl nigad N B, ANKWR Yallory.Re

and ~Y¥xply h r t

o o O P BT WS so Wal Db OB AR e Kb byl
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

gr oup, 3t RGNS ARk NERAY A, TR 5 FrolTR) B ikl S

a sulfo gro
attached to the parent molecular moiety through a carbonyl group.

25 The term "(NRaRb)carbonylalkyl,” as used herein, refers to an alkyl group
substituted with one, two, or three (NRaRb)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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The term "-NWRY," as used herein, refers to two

groups, Rx and P7, which are attached to the parent
wordosoedoed noi ety through a nitrogen atom | e ard/BY2o0ar/@84799

25i ndependent |y sel ected from hydrogen and al kyl .

The term " (Nar)al koxy," as used herein, refers to an

(NVRY) al kyl group attached to the parent nol ecul ar

noi ety through an oxygen atom The term

"(NE& Rnal E%/ " as used herein, refers to an al kyl

gro %ergfﬁf PYted with one, two, or three - NRgRg

gr ?uDs B Tben mgmf( NRIR) e, Eﬁglylto twoﬁg&oupsa@ an@R&iwhich are

refers to - g group attached tq the parent

ol aiash o 5 o t{nmgee%rﬁn%ietaf THUTYA m@?%?aﬁ%mrr% apgRnfre

" Ni depend@ly YSIBHed 95 R 'h?dro%e@lf 8k, 41 ary Ry 1; JHE ah@ RMiogether
"oxo0," as used herein ers to =0. The term

5 suMtBHipnitrozss aiggly whishdhay are eaghed, fogm.adip or six-memberpgle

co nﬁBHM@h@ﬁet&&@cm ﬁ%loﬁidlﬁf“clo%fﬁﬁ% BRI BN h@Soatom
prodrugs. The térm' gro rug,” as used herein,

r eppeecetfEonOniBURES mlneéﬂn Bris Splﬁﬁpdjfrymthwéﬁqg@mnﬁ@awi gnd
vi Vgrh&%mtlbqs c{“aeﬁtfro ﬁ‘§n k)hydr()l ysis in blood.
Prodrugs of the pres |sc osure include esters of
hydr oxy Tredems"-ORR aSpJa¢Clelrﬁtrelmubfetsub yo gty BE @fd R", which
ar I dgs, of,h
1@ o %rgé%%o%l L&Rﬁe ;gﬂentt?ieol&ﬁfaﬂﬂﬁlemhl%ﬁgl £ni r%‘ge‘i’l a%Hé uﬁ daén‘a R" are
t heirﬂemémﬂlydels@émﬁmn bydragenealksty atsl, p]ﬂ{axwauﬁaemtl; aglafl] y
accept a pharmaceutical l'y
acc:% lﬁ%rk%n ?mlakyla%n%&%goapﬂl(ér ein, represents salts or
ZWi t t er | i ternf HNRIR Ofas kel hemirpwmlm ofo drings K @s@RE, which are

di scl o e .10whi ch wat.er or 0il-sol ubl e ar;
di s PP Reh e TepmE R R ger i oy nEGHsH A JhaRUR' are
1 sredind@peniién@ig REIBSted Soth h}’z)(hbg}:nf AkylU&9l, hiylalGNtaag hetWotytlyihe
t|ss es. 0 patlent excessive toxicity
i 1 r MPSEINGRE argl rh&a %‘EE @Wﬁ @n%{hﬁé‘FteWF%ﬂé‘ﬁ? eptionally
C oMbk atel W‘th%ﬁm%ﬁ?s&lﬁwms ikllcBenORARARRBLE from alkoxy, alkyl,
benefit/risk ratio, and are effective for their
i nt 8d¢p-use The salts can be prepared during t he
final i splatipanangdohi’ ’Co@tuh&lrhei;éﬁn &6 1060 SuP’
separately by reacting a suitable basic functionality
2Qvi t hitaghesh p thetnagenppgculmapeiets divpeghi acarbgayleremddi t i on
salts i Ut b [ [ f
aspart atng}%el{%%ngggt eSS%goﬁg’e ﬁgéﬁﬁb %Jﬁglf% ?Osaﬁ‘ ]fhkaée,%mup
but yitashel to temptrot mpkculeranp by thyaighoratfony! digbuconat c,
gl ycero f Qipx X t
Por mat o el s RRKN b i (ERBRRFkGupu €L ANGE, Ghich
hy damwiaggbhdd fo tRe p2OH yldadacxlylemhmyethmhglomantregerﬂ ah@t. aR’éand R’ are
enesul f onat e t hanesul f onat e,
2 RaphrgPaTE sV ROFEN h B g RO
2- napht hﬂie&ﬁﬁs‘t{l\]ﬂ{é}h%ztleoxyomIu@dddmerqixalrerfaam:an (DERCRY)al&g lezroup
pers ropri.on icratc, pivalatec,
P opshe  tegiliar ABUAREER Tegue PR dadiet at e,
trifl uorpaaehat®R* ]F?bﬂﬁ}ﬂh’&@ @scddletsin FEEE to 4 013N BRNALEbstituted
par at 1?' uenesul f onat e, undecanoat c. Exanpl es of

aci d4N QRS EFo- 5 Hirgse Ta%fy@ﬁ to 25 form

3phar macepid tel (INR*RESABEAD! 8 @ddhérkeiNrefedl foSn LRRFRIEoup
i norgani ¢ aci ds such as hydrochl oric, hydrobrom c,

sul Piached toé*r?cpafﬂ%@sﬁ@rl?rdml@mahrev&jlaarﬁaaboa&h gPsuch as
oxalic, TR t&infnitdlesd Rb&ner@defelttbLNO,.

The term “o0xo0,” as used herein, refers to =0.
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Basic addition salts can be prepared during the final
isolation and purification of the conpounds by

WO 2@8064066 an acidic group with a suitabl e basePGUUR08%084799
t he 30hydr oxi de, carbonate, or bicarbonate of a netal
cation or wth anmonia or an organic primary,
secondary, or tertiary am ne. The cations of
pharmaceutical |y acceptable salts include Iithium

sodi um pot assi al ciu nmagn SIU and al um num
as mell'g?tﬂghﬁBE%Q&qﬁ%?ﬁathV'% "8 €27 ons such as
anmoni UnThet Binhadirk by 1ha prevdt uitlodued éaaemyalsqimmgsu Mhe term
met hyl am pe, dlgethylan1ne trimeth

tri R %maq,]lge %Lflhr)?prﬁmnﬁéom@?wp %11 ﬁ@re rapidly transformed in
tri byd W @epdient c@Mf)d)Lﬁiﬂdﬁﬁy hyNPsIiR 6 a P dn}e of the present
N- et hyl pi peri di ne, N-nethyl nor phol i ne,
%n c9@¢lew&lypla% FHETS QfRydraiy Broups Hehe paraittindecule, esters of carboxy
pse(ﬁlzt}ié Bﬁ&ﬁ%&&h@”&ﬂ&%ml@ég &t dhies on the parent molecule.

5d| %enzyl et hyl enedi am ne. Ot her representative organic
ani nes ubkeragmppwids phtic pssenadisgasust capgsist addrmagentisalin s
inc e t e,
AL DL TROLAT BEmELiean) iRy, e hsa e
t er rapteaents san 2 t¢rionioydrmeite compoetlebliagrasent disclosure

1 & ff %ﬁ ch%? \{729? otrr ﬁﬁts%ﬁlglg |0081 u[I),eYéﬂglg vahdelllOJQ Qm{hl%{e tmi scope of sound
ex pmeélsalgmgmear eumbkarfor Uso mecmbtaaneltlctmnpsmeﬂdfﬁ‘ pafientsowitholugy

accep

d| ag)ng?SlVgﬁ%Xl%l{Talrﬂ& 1% ll%l%]tc I'%SP%OSF OI'§ T Prglglltem or COl’l’lpllC&thl’l

r ef esremessrateovithnd &Emdjlﬁbﬁlsﬁt/lﬁﬂk&atﬁﬁmm art effmmbds £t éheir intended

* Debicoh s SR Seiee ARt R B Rb rabrte oThipne

1g5er mm@ﬁadsmieemata@by QAN suitae baAREMEtidanaHNRAS b kiiAble
co r|S|n Qdig()f the .di scl osure jn cqQmnbi nation
vvi t Aeidy R? %Sgleta%\c?e% fifipp spdfs inplpgle ﬁaeéaéﬁtaﬁwaﬁe Gpgp.gytrate,

- €agparidll, WéAdhte, RNEINREBIhatO biYi itk WuBsrats UG MpRState,
d| I uents gresentl ng agents fillers, fl ow re ul ati ng

ageFIEPhoEonce gielicPic. slyseiorhospliste, herpiswfsn heptanoate,

emuhSlaf td) orA R Musharadd ﬁ?@rﬂéﬂl&ﬁleal%mb%mﬁ% &%&’Udﬁ@ 2-
agents, flavoring agents, 20perfum ng agenfs

2@nt hyletysthaagsulietss Botagnmpleaipgedsitdgrene fonate pethenesylfagate,
ageﬂ{@t@%&es@! Qﬁ@%icBﬁnﬂ&Q%ghthﬁéﬁg{]%Q@ &?la{e nEalﬁ{@&tHf e

adm nistrati osage
| ngp@dnetntpersmf@@,é»dphenylmemlwgltaanfcet@haamceupwc%a¢, succinate,

SC' %?tgagg ’trlcaigoﬁr&ecgtgte 1%81}62143 H«Jgé b ggag %ﬁﬂwy ’bngl%%thQ ‘para-

p h aluracaifbinata hh@/uralecaepata bEBihlIﬂ@ of acpﬂsovymdh haelrtewmptqyed to
g ef r. to thaos

ormp armaceu 1;[02% e Ao \Hga%?%addnmn saﬁ{s 11|1]clude 11|1]0r§g£110 acmis s?c% as

or

s ouhyzhrmdhrrca]hydjrcmﬂ@ﬁemmfuﬁu |ah<ab1iceplfo®1b amﬂergamccaordt; ach as
he tissues .of Qat i.ents wi thout excessive

t oxP’&thFJnalf”F’rsluf%‘?lF R UiG-er gi ¢ response, or ot her
probl em ]Bz[s;dla(dﬂl’mloh Clts lcaﬂb@lﬁﬁmélﬁdhﬁlag &e\ﬂnbhsc&lat[cfﬁaﬁ@ padfiction

ri sk/benefit tio. The term "t herapeuticall

ef f 8%:'?? GRMRABR SHRUAR SN FHLC et i oAb e st s the
38026} dr8d& aBORENbr Bibd@bonat oFdhfckd t&idh ok Qith AAMoRia or an organic
meani ngful patient benefit, e.g., a sustained

r ed DB rsependgiyy ol tertigrycpmings e Zatians @fiphagmagsutically gcapiable

act kM€ idcnae q"lmu?rﬂ,tsodlum, potassium, calcium, magnesium, and aluminum, as

well as nontoxic quaternary amine cations such as ammonium,

-14-



adm ni stered alone, the termrefers to that ingredient
al one. When applied to a conbination, the termrefers

wa a008oedosied anounts of the active ingredi ent SPETIES2007/084799
result in the therapeutic effect, whether adm ni stered
in conmbination, serially or sinultaneously. The terns
“"treat"” and "treating"” refers to: (i) preventing a
di sease, disorder or condition fromoccurring in a

D e BT, SR by B SR e s Sy R R fmine.

di aghasBdaniise, hﬂ&hﬁgninb,, dle(thylamllna heittt3ldnhifi) nﬁthleyl@ihﬁae aS€idine,
di sorder or cond q] ., arresting

devel's Bmylangwaf% mC yllnllyeﬂrd&ea %w%@%ﬁ%} ngelgyglohexylamine,

di S@fo@ﬁﬁe ‘élfbeﬁ@zlfd#mhé Q- dibeﬁzylph‘éﬁé!@lﬁﬁné egy #seion of the
di sease, disorder and/ or condi tion. V\here used in

hanflivghzystyduediamive. OHer [sPEsERtivapiganis s ugefd for the

des fcﬁ’ﬁ@ﬁdncﬁlf%aékoaﬁ&mon Bkts ifdBade BaYIen&BamiB dtBfoladic used
herein, map the relative positions of the am no acid
r esfligtherolgning, pipcsidimasaadipisrasineor bi ndi ng rel ative to
the bi ndyng.QhekNSHBRIMIG i H@th dclGitf n%%}{?%é cérﬁﬁcﬁﬁlﬁ ?st €.
Cl eavage occurs in the natural substrate between
andemhvwwreetthhélch’owpm me positions designate ani no

1§ci ds Stﬁfe b, gB‘Etmd'é‘%ftt éng%lﬁﬂéd?%&lgdpegps&%ﬁé&%&?ﬁéds%e

nat ur al eavag e e exten
N-t memt mmsnbmdfemoe@sunds obfornela o) j amd ppzrsiacdudceélyelnmpabb
fromthe us_en nd o

deS Ierbarr]la?rlne(:)r tcgaﬁc?reox Crs %ndtsa tthal‘e?ﬁ eSeI&l\{%rg'r {ﬁ%?] EI’ICGS 1[9 1ntermed1ates

exanmplngantRd embﬁf:@thlr tats twherefthe aintenosi feroits. away from

the rig hand“ end of the G- termnu f the cl eavage

St (P b R i el R b Gl AT Bes iy 21
1starts t"h& tﬁﬁﬂﬁﬁiﬁﬂnﬁh@eﬂtfcﬂ%h&)@slﬂlcﬁf tmdaﬂd’kdccﬁsﬁ[ﬂ@tl@lﬁ cdriy@ising a

C-termnu 3“}%6 site, secon posi tlﬁ [om t he

C t EYRRDS O f@? isg S“(%‘é‘é’o‘%BFl@fé‘%n Wt 9& atdipepl |

Tr agﬁa@ﬁﬁdeﬁﬂcﬁﬂ OdrriérhEe. RAyRhnt 8@ IpRinY oRARRNS IR b &ﬁlents
(1970 B257, 249- 264] The follow ng fi ure

sh oﬁ@sqrwag awsasghlis. dey regrating BSTGP gL e 2gqE, wetting
pr eggits, dhAGhIRM Rnts 2RERHAMABEIhS, GRBERNS afohksS fl'iu}o?m% Bents,

compounds of 't he Bresent discl osure. Fof exanple

2@ onpostielsg pesptsi aeburRsiabazealy G Pmayperd. drbeintingfagents and
f Or mT‘%zt Fi %’gg\“«; ‘?SI 5]6 gllldl 5{1 tﬁ}gnﬁﬁl%n)f 'Eh%ﬁﬁ&é%@gdrﬂiﬂm%ranon and dosage

asy Fhom ato positions 1 and
cy c foops-ofpgredichta disted (nlllezg))(i $ BharpRyeurgal iSsiessen, 180 ed., Mack

car P&mﬁnﬁg doﬁlpgﬁg}? Ezis(?on(,: @AQ%%B 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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(1R, 2R (1S, 2S) R2 is syn to amdeR2 is syn to am de
5t shoul d be understood that the disclosure
wermsnpmeses all stereochem cal forms, or m xtREEES2007/084799
t hereof, which possess the ability to inhibit HCV
pr ot ease. Certain conpounds of the present
di scl osure may also exist in different stable
confornational forms which may be separabl e. Torsiona
asynw restrlct i on bout an
oy Bt Phebdlins e ahine ppnk i EpBasite SBpstrer
10hkin@iaeas@r ring strain, may permt separation of
di fferent conforners. The present 2} scl os

5 ure include
each contiFE GRAI 41 SRENTEG eI d% &) EEMPBTR d&lisgHa: fithder or
M XtaHdRon FREE@Gking in a patichi RN mEPBRRHN s @f to i iiscase,

resent disclosure exist in zwitterionic formand

he disprdereril/ ogradition @Péhaﬁ Aol Ystleesn dirgposgdhit Raxing dta (1D ithdhitng
of QReast od]Rﬁ’&B? d5c o el WHeSink R t&RfopneMgRY drt(m') Felieving
possi bl e that, for use in therapy, therapeuflca
ef f Betdisprscatiiider o esmdition drep SEMsENEGPErEssiomer the djspasegdisorder
wel L, 85 Bhatspceutical ly acceptable salts thereof, my
be adm nistered as the raw chemical, it is p055|ble to
present Whercaisddi ig @amingcenip@imtls afsthfapl]gmr dreadesutel thaldesignations

o] B3N AA r disn t [ I .

ot abb 2y rEsal PEap e R RN LR of e amino
t he acaqb mstducsadfla;prceéa‘semﬂllbmr Hlﬁrang)wﬂatlse mfth@bimhiog; ntithe oftural
eutlca a ce

I grePe g é\lﬁ Vag% Strat gavaﬁ ?Ci% u%gf%a%&%y B]Fen P1 and
car Pi’evigye ik hbtqmﬂhﬁ: po@ﬁlomdeslgm&mirﬁmo ':Ehés ﬂﬂ[mg)ﬂmishdﬁ terminus

formu ceuti cal acce sal.ts

e epr oD TR b v RGP G pay i wheras
18 | veptif’)posiBbns@Xtahite 60(thy Nﬁﬁ&ﬁn@%m@@ﬁﬁ@&lwage difd dedignation

sense. of Beln atible with the | di ents

of PHEHY mwag@ﬁwsﬁpfgﬁal%t Foj gxpumnls, & .rg & fifgt position away

r ec kPR rigi 8RN of the ACLAR AR TRhIMISR A dg'fé"bﬂtz h%r NagRB&bs first
of the disclosure there is alsao provided a process for

t hePREB&rETSn bitads B BVTRRECBELTORHRC oo st efrihe C-terminus

inc El@@a@@s@dm )ébd"(‘)gd @om%e@ tefrﬁ’ﬁlﬂé-‘ kR, )( {ske BOpePA. &
har macéuti cal | acqyptab e salt thereof: with 6ne or

r §cfp>h1a¢rﬁaérémsat%lanﬂ thecResiot Susiiety bardon series (70, 8RS,
or gﬁpQ@%ents 20Phar maceuti cal fornul ations may be

presented in unit dose fornms containing
The following figure shows the designations for the compounds of the present

disclosure.
RS
P4 &5 P
25 Asymmetric centers exist in the compounds of the present disclosure. For

example, the compounds may include P1 cyclopropyl element of formula
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a predeterm ned anmount of active ingredient per unit

dose. Dosage | evels of between about 0.01 and about
WQ@2dsnae406d¢ gr am per kil ogram (" ng/ kg") body wei BEX/US2BN7/084799

day, preferably between about 0.05 and about 100 ny/ kg

body wei ght per day of the conpounds of the disclosure

are typical in a nonotherapy for the prevention and

25treat nent of HCV nedi ated di sease. Typically, the

phar maceuti cal conpositions of this disclosure will be

admi ni stered fromabout 1 to aiput 5 times per day or

alternatively, as a continuous | nfusion. Such

adm ni stration can be used 2chroni ¢ or acute

therapy. The amount of agtivey ngre ient that may be

conbi ned with the carrrgr\waf to produce a

single dosage formw || vany de ending on the 30

condition being treated, the sewerity of the

condition, the tinme of adm nigtrati on, the route of

adnrnrstratron the rate of excretion of the conpound

erpr8yie CitRe Col gich Ieseerfan pHEBmeHEn carbelriom Feposijiens 1 and 2 of

genggrey dﬁﬁb gm and condition of the patient.

Preferfred unit osage formul ati ons are those
containing a da]y dose or sub-dose, re/& ove
recited, or an Riate fraction ther eRf Cziﬁ'
active ingredierk$ Tnerally, treatnent |s |‘5|t|ated

with smalw dosag€s subswantially |ess®han the op
dose of rte\q@gﬁﬂu " Thereafter, the doMge)is

i ncreased by | Jlncrenments until the dptinunheffect
under the cirlcunstances is reached. |In geperal, Othe
compound i s st sirably adm nistered at a
concentration level that will generally afford
antiviral g effective results wthout (£2d8 ng any

har nf ul okg%%lererlous side effects. Rzmszmeﬁbb@ﬁ
conposrtrons &Hsclosure conprise a conbi nation
of a conpound of the di scl osure and one or nore

addi tional therapeutic or prophylactic agent, both the
conmpound and the additional agent are ﬁsually pr esent

at dosage 10l &fel s bet ween about 1072w 1588 and
mor e preferabl*gﬁéfﬁﬁen about 10 and 80%@9 ZFﬁ% dosage
e

normal |'y adnrnlsier i n a nonot her apy reg

Phar nace |cm G+Qrnu ions may be a
adninistratmepr ny appropriate routeJN npl e
by the oral "(incl ydi ng buccal or sublingua ectal

nasal , toplcal (i ggl udi ng buccal, subllngua
transdernmal ), vaginal, or parenteral 15(inc|uding
subcut aneous, i ntracut aneous, |ntranuscular
intra- art(%%?gr, i ntrasynovi al , i ntraster
i ntrat hecBF js symtaahiési onal , i ntravenous’is szsrn to amide
i ntradermal injections or infusions) route. Such
$ or Hsheitld bigndsigipop ghapthe giselesrre gncampassest Hotrsasbeapic! forms, or
t henﬂtﬁre@fbeﬁb@%&oss@:@ﬁh%ﬂ? k@lnpﬁlt@fd\nﬁﬂo&gse‘ nto
associ ation the active ingredient with t carrier(s)
or exci pC@mI(@}npormr@érW@ntrde,saloswr@rnmarﬂa@ pofidn diffgprnegable
for  Qf@a 6’1{5'1 Rjrmt (Vﬁfc %@Xg}g bRY @r%?s'?c&ng gﬁm@{q? GhEbhe
units suc as capsul e ets
gr arsirietsd reetiantaboytgin @rym@peﬁsglg hend fpraqamdmlseceuse of steric
@onhﬁgﬁﬁ%}& 4 lﬁ%’&%ﬁh %l‘IQllt ge fal%ﬂg?f" of?d’lff%ﬁtrégnﬁo%ers The present
I -1 nwa s ons
enulis¢loyuse 1n€ludesrencslt @nemationpl mmdr o@theserviostppartds emd mrxtures
the formof a tablet or capsule, the 25active drug
conmponent can be conbined with an oral, non-toxic
pharmaceutically acceptable_imert carrier such as
et hanol, glycerol, water, and the |ike. Powders are
prepared by conmm nuting the conpound to a suitable
fine size and mxing with a simlarly comm nuted
phar maceutical carrier such as an edi bl e carbohydrate,
as, for exanple starch or nannrtol Flavorrng,
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30can al so be present. Capsul es are made by
preparing a powder m xture, as described above, and
wao pdoBoewyed or ned gel atin sheaths. didants and PCT/US2007/084799
| ubricants such as colloidal silica, talc, magnesium
Stearate, calciumstearate, or solid polyethylene
gl ycol can be added to the powder m xture before the
filling operation. A disintegrating or solubilizing
ageg% fCh as agar-agar, calcium carbonate, or sodi um
car e can al so be added to inprove the
av ai | abi Id C¢rt|\a;)‘éh @ﬁnfbﬁ@sﬁﬂie@gﬂaﬁﬂls\gﬁﬁﬂe AR e GiANS YW RtetiSnic form
est reover en desired or necessary,
su ?%tﬁéplﬁ?qalaglﬁéosur%? Ipdes g, ~arenistag %fttﬁﬁﬁ corgings and
andnsah@¢ ins@ofgents can al so be incorporated into the
m xture. Suitable binders include starch atin
hatural Whenit & rogtlbe det, é@ru%gléh%a%ﬁwﬁpﬁ%@%&»sﬁfecwr%mwnts
Sme@ﬁ@&ﬁﬁ%umﬂ@ﬁ%%ﬁha@?@s§¥@E$ﬁkh&ngﬂ§n§M£Hxﬁﬁe@mﬁﬁkﬁmf
tragacanth or sodi um al gi nat e, car boxynet hyl cel | ul ose,
pol {ey hy pdsmigistsradas the raw ghenhieal] it isgossihibio nsesantdhqassive | n
t he
chi S A PRl R HBaRR, TCOUFRHE o TRHIAIL furher
wi t heowided pharrmmeutmal, costrpitbns, whichyiclude Ithetﬂpelst@allsagf&ctlve
ot oni . '
P or Shfor tRROAD; 3R biabh B A AP RELRAAE Gt thereot
m Xbmt@e ogmmphatma@gutmallysdtqqqgmhigqarmaidﬂgerms budxcipierst The

and disin [&ssing to wder
bR R BBy BhE TRk DD SesBls R wffe BORPE
C O midsttitheel chp oW, tIIhe aardbﬂ(s,),e(htu_em(s) hasecigisnt@e mustidoackccptable én the

and 15opti onal it bi nder such .
oo bRy MRy eap i R Rt e of B fupmulsgon g no

1 p ol yl?lifatﬁlyéus Y the @dciigi@in eherodf. sm: adédr@ince eita Eldﬁm aspdetivf df

in resqrptiaon accel erator such as :

qua @?lﬂ%lreytﬁgrau% ﬁ%%ﬁ@%%ﬁé%%rﬁﬁp&wa@h?fa Whermagsutical
bet epintiBiiok@aShlling a&lﬁlxﬂig(haioﬁipblﬁﬁdmf oSBhal (@), or-rﬂﬁlaﬁﬁ’o\@gﬁ[cally
m xture can be granul ated by wetting with a binder,
s uc PecgRially palighergqfaw ity oppaarneore phagmpestiqedly pergatablg earriers,
sol yiieaRSorkcipfehdkul osi c or 20pol yneric materials and
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i.e., by rapid inhalation through the nasal passage
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Tar 91%(fent 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
25  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
30  different unit dosages.
Oral fluids such as solution, syrups, and elixirs can be prepared in dosage unit

form so that a given quantity contains a predetermined amount of the compound.

Syrups can be prepared by dissolving the compound in a suitably flavored aqueous
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Sour ce Conpany N1MB11 Cyclophilin Inhibitor Nova is
Zadaxm | mmunonodul at or Sci cl one Suvus Met hyl ene bl ue
w®@ensoed on Actil on (CPGL0101) TLRO agoni st Eol/E§2007/084799
Bat abulin (T67) Anticancer 13-tubulin inhibitor

Tularik Inc., South San Franci sco, CA

10

15
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30

solution, while elixirs 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
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.

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.

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,
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
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
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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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
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
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
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.

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.

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
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
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Pyrazol opyri m di ne conpounds and salts From

WO 2005047288 26 May 2005 Antiviral HCV Inhibitors
waeeMmedDber apeuti cs Ltd. Levovirin Antiviral |MNMPD62007/084799

i nhi bitor R bapharmlInc., Costa Mesa, CA Merinepodib

(VX-497) Antiviral | MPDH inhibitor Vertex

Phar maceutical s inc., Canbridge, MA XTL-6865

( XTL-002) Antiviral nonoclonal antibody XTL

Bi oPhar maceuti cals Ltd., %elhovot, I sreal Tel aprevir
T , anid tablets.

B80T A L s

It should be understood that in addition to the ingredients particularly

(VX

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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Antiviral N83 serine protease inhibitor Vertex
Pharmaceutical s Inc., Canbridge, NIA/ Eli Lilly and
w@osoewo6q | ndi anapolis, IN I11CV-796 Anti viral PCT/US2007/084799
NS5BRepl i case I nhibitor Weth / Virophamui NW 283
Antiviral N85B Replicase Inhibitor Idenix / Novartis
GL-59728 Antiviral NS5B Replicase Inhibitor Gene Labs

/ Novartis G.-60667 Antiviral

NS5B Replicase I nhibitor

Gene fabs+—Nevartis —— —
Physiological Type of Inhibitor or | Source
Brand Name
Class Target Company
Pyrazolopyrimidine
Y Py Arrow
compounds and salts o )
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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21C N eA Antiviral NS5BReplicase Inhibitor Glead PSI

6130 Antiviral N85B Replicase |Inhibitor Roche Br and
wNave/0640ysi ol ogi cal C ass Type of [nhibitor orPQEHUSED7/084799

Source Conpany RI 626 Antiviral NS5BReplicase

I nhi bitor Roche 2' C Met hyl adenosine

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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Antiviral NS5B Replicase |Inhibitor Merck JTK-003
Antiviral RdRp inhibitor Japan Tobacco Inc., Tokyo,

wqQ apanedoessovi rin Antiviral ribavirin | CN Phar neCEUS100H084799
s, Costa Mesa, CA Ribavirin Antiviral ribaviHn
Schering- Pl ough Corporation, Kenilworth, NJ
Viram dine Antiviral Ribavirin Prodrug R bapharmlnc.,
Costa Mesa, CA

Physiological Type of Inhibitor or | Source
Brand Name
Class Target Company

Maxim
Pharmaceutical
Ceplene Immunomodulator immune modulator
s Inc., San
Diego, CA

F. Hoffmann-

HCV IgG La Roche LTD,

CellCept Immunosuppressant |
immunosuppressant Basel,

Switzerland
Nabi
HCV IgG Biopharmaceuti

Civacir Immunosuppressant |
immunosuppressant cals Inc., Boca

Raton, FL

Human

Genome
Albuferon - o Interferon albumin IFN-a2b .
Sciences Inc.,

Rockville, MD

InterMune

Pharmaceutical
Infergen A Interferon IFN alfacon-1
s Inc., Brisbane,

CA

Intarcia
Omega IFN Interferon IFN-® )
Therapeutics

Transition

Therapeutics
IFN-3 and EMZ701 Interferon IFN- and EMZ701 )
Inc., Ontario,

Canada

Serono,

Rebif Interferon IFN-B1a Geneva,
Switzerland

F. Hoffmann-
La Roche LTD,

Roferon A Interferon IFN-02a
Basel,

Switzerland
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Il eptazyme Antiviral
s Inc.,

Boul der,

wW@e@Beawes i nhi bit or

Boehri nger

seri

ri bozyme Ri bozyme Pharnmaceuti ca
CO BI LN-2061 Antivira
I ngel hei m PhanneCKG32007/084799
I ngel heim Germany SCH 503034 Anti vir al

ne

seri ne

prot ease inhibitor Schering Plough Zadaziin | nmune

nmodul at or

Ric.

San Mhat eo,

| mmune nodul at or

CA

Sci C | one Pharnmaceutical s
Brand Nane Physi ol ogi ca

Cl ass

Brand Name

Physiological
Class

Type of 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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Type of Inhibitor or Target Source Conpany Cepl enc
i rmunonodul at or i nmune nodul at or Maxi m Phar naceut i cal

WG 20080640665an Di ego, CA Cel li:opt | nmunosuppr esSBEIUSICV084799

i gG i munosuppressant F. Hof fi nannLa Roche LTD,
Basel, Switzerland C vacir | munosuppressant HCV |igG
i mmunosuppr essant Nabi Bi opharnmaceuti cals Inc., Boca
Raton, FL Al buferon - a interferon al bumn |IFN-a2b

Human—Genonre

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,

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

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

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

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

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

25  HOBt for 1-hydroxybenzotriazole.

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

The following methods set forth below are provided for illustrative purposes

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

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

-29-



F. Hof f mann-La Roche LTD, Basel, Swtzerl and Br and

Nanme Physi ol ogi cal C ass Type of Inhibitor or Target
w@Eusoen@onpany intron A Interferon | FN-a2b ScPer/iUsago7/084799

Pl ough Corporation, Kenilworth, NJ intron A and Zadaxm

Interferon | FN-a2b/al -thynosin RegcneRx

Bi opharm ceuti cals Inc., Bethesda, MY Scid onc

Phar maceutical S Inc, San Mateo, CA Rebetron

concerning the use of protecting 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 I1

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

R R*
/ H O
' 1. CDI, THF O oo
H N N/
| N oOH — = R
N 2. B NOR?
RTINS (o] R2 . Base H
: o ’ 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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Scheme 111
Process Pt —P1 . pq.py P4P3P2_ p4 p3prp1pr
cl e H (o)
E ,\U\o T8 %P iada NO 0‘\s”0
. | i -
Boc” o 1COLTHE _ N NS H N
R? 2. Base Q0 RI21 2. Acid R2
(1) H2N R (2) (3)
Base
. 1 0 0,0
coupling agent Y
H N NS
P4-P3-P2 ,L \/§ 5 H
RGI - o) R2
R5 (4)

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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2
R P2

o
o] 0.0 1\
\S/ Base S 7
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

R? R*

| OH Base

f

P H
RS o coupling agent |
N

P2 Re’

X n
(93]

—
—_
~—

Compounds of formula (T) can also be converted into other compounds of
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VI where a compound of formula (T) (1) which bears a Boc group at the P4 position
is converted to a compound of formula (I) (3) wherein said compound bears a urea
group at the P4 position. The conversion of (1) to (3) 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*
|
N R
Boc z
RE O ()
Compounds of formula (I)
R3 R4
Coupling

~‘7 H rll: /\U\ R
NCO |—\| | N H/ \R7
N N\/& o) 2
7Y T % R
(0] R5 (@

Compounds of formula (1)

In the construction of compounds of formula (I), the P1° terminus is
incorporated into the molecules using one of the general processes outlined above
and described in more detail below. In some examples the P1° elements are

20  cycloalkyl- or alkyl- sulfonamides which are commercially available or can be
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available 3-chloro-propylsulfonyl chloride (1) is converted to a suitable protected

5  sulfonamide as for example by treatment with fer¢-butyl amine. The sulfonamide
obtained (2) is then converted to the corresponding cycloalkylsulfonamide by
treatment with two equivalents of a base such as butyllithium in a solvent such as

THF. The resulting cycloalkylsulfonamide can be deprotected by treatment with an

acid to provide the desired unprotected cycloalkylsulfoamide.

10 Scheme VII
o\\ /,o \\ /, Base
Cl/s\/\/ >
(1) —~~—NH2
) Coupling to P1 acid
\\ // Acid 0\\ L  followed by elogation
Compounds of formula (1)

HyN” \Y7

(3)

Substituted cycloalkylsulfonamides can also be incorporated into compounds
of formula (T) using a modification of the above said procedure. For example,

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

20 Scheme VIII

O\\S/,O cl 1) Base \\"
S L. V

H ) 2) electrophile, eg Mel (3)

Coupling to P1 acid

Acid QL0 Me i
_ g \\S// followed by elogation Compounds of formula (1)

HoN”
P (4)

The P1" intermediates employed in generating compounds of formula (I) are
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It should be noted that acylsulfamide derivatives can also be prepared from
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amne salt is used in said coupling reaction as shown

in Schene I1l1. The coupling of the HO am ne salt (3)

Wi th theltedrsd %&Wtw&ﬁ?m&%ﬂwgpemw helelP é& e dpypme

be agbi &)‘y‘lﬁﬁ’er@i&ﬂ%aﬁﬂﬂ@ bl ge Btﬁé%ats§nth§s%@ uﬁng HAHthol
sol vents such as d|chloronethane to 25provide

nﬁmm)dtg og¢ skillgdripy the a(qa}l (ng;) non-kgmting sense described herein and

E’g_)gt P%&é%ﬁ%%ﬁ%&@@%@&ﬂﬁ%@gﬁ%@ ?&Eluiald) B @RS Sethods

Cl Nepserigpdhe@iRpihe pulgstijutedd) lmyﬂopr,opylmlno 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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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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1% heg&d throtizh b291 OF EGOGN @€, @b spdaifRbIng dicabadifid)s aBareflences
us eglte Sonsptagerst8l98 %9?%%%0'5? Il)e?”tlrfegtr f0¥ E]l% cgr{stergg{o?ltté Srgct?cfe 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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conmpounds of fornula (1) wherein the P3 group is

capped with an am de or a sul fonam de, or thiourea, or
w@2®8lémnd de. The construction of said conpouneGI/u§2007/084799

formula (1) can be achieved using standard conditions

for the formation of said P4 functionalities from

am nes. Conpounds of fornmula (1) Conpounds of
formula (1) I'n the construction of compounds of
fornula(l) the P1' term nus i ncorporated igto the
mol ecuf’ 'ﬁg §F‘F@1of t he Rje %’fa gré@eésesRe Eined
above a Nd cribed in nore du bel ow.

exanpl s o e Pl é\fggﬁents @LeNZ ycI oal kyl -

sul f oR&M desT'd\ﬁfuCeNrO&ﬁ?deTemerﬁrePC|Chl ly avail aBPe or can
be prepaf'éd fromthe corresp&ding al kyl - or

cycl oal kyl -sul fonyl chlo treating saidfs
chloride with amoni a. A%%Fgg %d rolgxt’lont heg&P gi gégeg?ggi?'d
sul f onam des can be synt hesi using the general
process outline in Schene M |OH Therein cormer ci gl Iy
avai | abl e 3-chl or o- propyl suf“£gnyl chI orl de @ )
converted to a suitable prot ‘aPSS PR bnam déL&(dPor
exanpl e by treatnent w thh/t\gl#ofbutyl am n

sul fonam de obtained (2) is wegyc&gﬂyr@{(;ng,&;tog tﬁe
correspondi ng cycl oal kyl sul fonam de by treat melit with
two equival ents of a base such as butyllithiumin a
sol \Reeresssiu Chuptrg) td PIEP1 Tiee PB€4Ul t | ng

cycl oal | cyl sul fonani de can be deprotected by treatnment
with an acid toRpr@‘Rgde t he deS| red unpsobegted o O

cycl oal | cyl sul foa|z4—9\e(. 10SchefR®Vvi1 o o Vsi RHQLQ \\S//‘R7
OH LN
I -~
HzN SN R2
(3) _ H ()
R2
OR, (0]
R ORg ReL . 508l
%, H O \\// H L /S_R
Step 7 N Step 8 H N Ny SN
. NYRN N Nk O A H
Removal of Cbz group H O - H\/?\\H R 55 0] w2
) R? RS- T O R (8)
és

Compound of formula (1)
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(1) 03 \\/4/ O (2) Base

WO 2008/064066 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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NH2

WO 2008/064066 PCT/US2007/084799
Scheme XIV
HO HO
- Step 1 - H O O\\/? Step 2 HQ, Q.0
Ny O U\(N SR F)\/H SR
>LOJ§ 0 QL >( ,’1 0 z H Acid-catalyzed N N R
(1)0 N ?L Y R7 070 H cleavage of Boc o X
2 A N (2) R? (3) R?
2
o o)
HO, 0
Step 3 3 H OOQ” Step 4 H OO\\Q\ ,
H OH H N YN ‘\LN/S\R7 Oxidation H N NX‘\LN/ R
Re-NAg re N0 X reN 00 —2H
z : H = R
) T e ¥ ® e
R I o] ﬁ R e o] ﬁ
tigy ™~ 1y, ~
Step 5 3 4 HZ?LN\/S_W Step 6 NS H (\?LN\,S—R7
B — N 5 N ) K N
R0 A re N800 Z
R® R2 RS 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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Substituted cycl oal kyl sul fonam des can al so be
i ncorporated into conmpounds of fornmula (lI) using a
worp@BN640ed | on of the above said procedure. ForPEKESPDE()84799
15internedi ate 2 of Scheme VIII can be treated with
two equi val ents of base such as butyllithiumand the
resulting reaction mxture can be treated with an
el ectrophile such as nethyliodide to provide a
substituted cycl oal kyl sul fonam de (3). This
internmediate (3) can be deprotected at the N-term nus
and the resulting conpoundSddmeVl i zed as an
internmediate in the preparation of conpounds of

formula (1). 2 0Schene VIII Aci d P1(4)
O 0Py g RPN
TN\‘% ; >( Z:)\(Om
%O):O O&OO
(1) (2)

OH Z
S ‘e, O ’, N .
N Z:NOF” (2a) N Z:)WOF” @) Ry Z:)YOF” (2c)

0%o° 0%o° 0400
" {\l C/N /N/
PN \ 4, OH \ 4, OH
XOZE)O\(QOFH (2d) FsC XOZEZ\(OOE (2e) XOZEO&OOH f)
Me Me,
/Sjl OH (/S\J OH Me /SJN OH
>15EEBOP1 (29) >15E§gop1(2m \L5E§80P1(Z)

\LO’J*OO >LOJ§OO >L o &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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Coupling to P1 acid efoll owed by elogation The P1'
i nternedi ates enpl oyed in generating conpounds of

WO oosém6q | ) are in sone cases derived from sedT/E81000084799
derivatives. In such cases the sulfamdc internediates
are avail able by several synthetic routes as for
exanple by the pathway outlined in Schene | X 5 O"OHQO
;81". CI" NCO (1) Scheme LX 0"Obase0"0 'S.12°;

(C'z)l oy B EIR B ey b heredbieR %ﬁ%gsf?tp b\ﬁc{h&?ﬂg

(€. Grigdar@ edapanks, toketdheOfs @8tk fe@ibYd antl SORYRIMREEd th gefer@.ovdrviews
equi v |n a sol vent such as THF, mmintained at_a | ow

tenﬁ]et & fush @y Gompgehenyerzgna Fipdiopd PR Ny omiiotn

i's gloluawed stRrABY OUon Q/ztﬁzone-rﬁbtérbdr@m %z@béhteéi Qﬁa @zn?@%@nd Editor
such as anhydrous trleth | am nc %68 qui V)

addB g A loeldt B?mé?rlfya‘?rha ¥9%c ﬁhaptq upag)@ 37 *Fh cless of
r eagdbs i XoWe&ribSd @Miprenensive 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

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

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

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

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

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

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

defines the unique conditions employed for each of these heterocycle systems and
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warmed to roomtenperature, filtered and the filtrate
concentrated to afford the desired sul fam dcs (3).
wabmseeob@m dcs can be incorporated i nto conmpoRCBES29H7/084799
formula (1) following the synthetic pathway defined in
Schene X. Therein, a carboxylic acid Pl elenment 15(1)

is treated with an activating agent such as CDI. In a
separate flask, a strong base is added to a solution

of ove desc bed. f am nd the resulti 9

ety BBy ey Sel bl Pona U it sf Srapligihe se of

whi eﬂgaﬁdahe?ealnce@@gdn@memeﬂtfbtrnebérﬁo@a@ile dr I))Qtzblh an hll@sdn reactions
contoaﬁnl ng the activa g car boxylic ﬁ% ovi de
acy ot Fanicaura & wae ]\9 Ly pagnesaigs e H%e‘é‘ﬁé%o i geoont study

Canb@Baﬁ%ﬁ%M@k&ﬁs@@%ﬂ@é&lﬂ& @frgfgﬁenwlmslﬁo 8&30. The
descri bed 20herei n. Schenme X CDl, THF Boc 0O, /0O

2. Lpddiran qffbrerorazpisde ketonagl qfﬁchwmwwoulﬁtprwcae%@
not gekriB@htcaldd Sul f am de derivatives can al so be
prepared fromtripeptidc carboxylic acids in a one

st ep pr oblessis senifiepit higagating pSeprerefoxthe agdifierie kjones using a

Pr 0%%%1? 4 o?grgggon?elﬁﬂg%ag Atsrribet tfom heterocycles. For example the

work of Behinda and co-workers (Tet. Lett. 42, 2001, 647) describes the formation

10  ofa lithiated benzimidazole and its addition to a simple lactone. By analogy, the use
of this lithiated benzimidazole in addition reactions to ketone 1 of Scheme XVI
would provide access to intermediates like 2¢. In addition, a recent study by
Kawasaki and co-workers (Bioorganic and Medicinal Chem. Lett. 73,2003, 87)
describes the formation of a series of lithiated heteroaromatic compounds and their

15 addition reactions to activated amides. By analogy the use of these lithiated
heteroaromatic intermediates in addition reactions to ketone 1 of Scheme XVI would
provide access to intermediates 2d-2k.

The employment of organometallics derived from biaryl, or heteroaryl-aryl

systems in addition 1,2 reactions to ketone 1 is also pertinent to the present

20  disclosure. The addition of this class of organometallic reagents to ketone 1 would
provide access to intermediates like 21 and 2m. It should be noted that in the
exemplification of the present disclosure, it may be necessary to synthesize biaryl, or
hetero-aryl organometallics for subsequent use in addition reactions to ketone 1 of
Scheme XVI. One skilled in the art would recognize the significant body of literature

25  which describes the preparation of organometallics of this type and precursors
thereof. For example a recent review by Chinchilla and co-workers (Chem. Rev.
2004, 104, 2667) describes the preparation of metalated heterocycles and their utility.
The basic chemistry for the preparation of biaryl or heteroaryl-aryl systems often
employ Suzuki like coupling reactions. A body of literature put forth by Gregory Fu

30  describes the the state of the art in such coupling reactions and a subset of these
references follow: JACS 2004, 126, 1340; JACS, 2002, 124, 13662; Angew. Chem.
Int. Ed. 2002, 41, No.11, 1945; Angew. Chem. Int. Ed. 2002, 41, No.20, 3910;
JACS 2002, 122, 4020; JACS 2001, 123, 10099; Org. Lett. 2001, Vol. 3, No. 26,
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Compounds of fornula (1) Base 00 '//a HZN-S,N,R ' Rd
5The P1 elenents utilized in generating conpounds of

WO 200806464 | ) are in some cases commerci al |y avedT/aki0e7/084799
but are otherw se synthesized using the nmethods known
to one skilled in the art and in a non-limting sense
descri bed herein and subsequently incorporated into
compounds of fornula (1) using t he net hods described

her g%t ﬁégfe%: pst i Itgut ’fﬁ%lﬁé . ILI&Z@%J( aﬁﬁﬁ@l& o tEi@l S%reof

I n %fk&ﬁﬁcéﬂré\zwws in the archl @@tca® R avaflabtONBR Ay dsYi in Synthesis
avai ] abl e or eaS|Iy synthesized imne (1) with 1,4-
dlhé?%%ﬁ@éﬁezé%) in presence of a base produces,

provides the resulting imne (3). Acid hydrolysis of

3) then provides (4), which has an ally! substituent

yn to the carboxyl group B3AMEESor product. The

ani ne mopiRteeht cﬁs@osﬁi@ Wil h QL € h&EriBtaiif gorﬁieét%ﬁ%th%ﬁéﬂ?
to provide the fully protected amno acid .

i nt enpedimentewhish arernabletmﬂ@ ot tsseepeh @nrthfsqﬂnvw, 1&19 prgpent
enzk{ﬂ%éu e RIveK Gl §lté/f'ﬁ'ﬁfvgé %Otdﬁﬁaﬁ&l% nd ﬁiléfnt@;s cgé i)e In8luded
cl eaved by a protease to provid orrespondi ng
car lzy@kgmlthecscam of thamlaime.utThiseiha éolbmmxamphmwlpdﬁmludﬁ specific
he t tive
1 o Phbesbod SR Al PEtha et O e RERBLLSLR RELRE o

at andwstdvdginae gdteexampltseart Fathel ftuspo2&mif nlhxstrauqmwg eertain

P ac oo i S AhEogr he s Rt b R Bk ane
her edadily drlerssoe de@nptmmrf ith proc¢edut@gndtinoeptudbgpects.
compound

of fornul is (5 whi ch hpuses. t he R
Pt o SRt bireh & o ot PRI Bins Db flon
1% Ei satigma@{]dsgﬁmmuﬁhe&svdmtle gnﬁemq) eﬁlberstacdgeﬁwang i€c. aNgklcar
t here this chantli oner a | S recovere rom e
r eabPEUHC AP REAPEN MB%%\?%}?& NS ?ltheéﬂ%ﬁr%ﬁre@% 1&gy 500
whi anm?eal%%lete? Shd ErRmicdRniAd @5 ﬁ@@é}ﬁﬂb@ﬁlrpmws@%gfaﬁs Flash
C

ester eavage, i.e hydrol ysis, to provide the free

aci dhreeytogleplehwaﬁmleétoum solicatehl (SiQ acepiding to estlerlaging)
can Sm%%%&%ﬁ%lt%&ni et gpc[@ﬁéhadlé’fso%i%zi )6) by routine

met hods s exa aquéeous extraction
2Pret hods or chronntography 5Schene XI| halo

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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PhCO2R (1) R=H, al kyl,

aryl

(2)

\ 1) MXxBu/ toluene

2) TBME extract 3) Aqueous HCI CO2R HCI H2NOO2P
WO 2008/064066 PCT/US2007/084799
Scheme 1
O\\S//O Step 1 O\\S//O J<
(\/ N —>J< (\/ \N
o HoN o
Step 2 >L Oy 0 Step 3 Oy 0
_— _S —_— .S
n-BuLi Ny TFA RNy
Step 1:

10

15

20

tert-Butylamine (3.0 mol, 315 mL) was dissolved in THF (2.5 L). The
solution was cooled to —20 °C. 3-Chloropropanesulfonyl chloride (1.5 mol, 182 mL)
was added slowly. The reaction mixture was allowed to warm to room temperature
and stirred for 24 hours. The mixture was filtered and the filtrate was concentrated in
vacuo. The residue was dissolved in CH,Cl, (2.0 L). The resulting solution was
washed with 1.0M HC1 (1.0 L), water (1.0 L), and brine (1.0 L), dried over Na,SOy,
filtered, and concentrated in vacuo to give a slightly yellow solid, which was
crystallized from hexane to provide the product as a white solid (316.0 g, 99%). 'H
NMR (CDCl3) 6 1.38 (s, 9H), 2.30-2.27 (m, 2H), 3.22 (t, J=7.35 Hz, 2H), 3.68 (t, J
=06.2 Hz, 2H), 4.35 (b, 1H).

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

was added n-BuLi (2.5 M in hexane, 8.0 mL, 20.0 mmol) at -78 °C. The reaction
mixture was allowed to warm up to room temperature over period of 1 hour and
concentrated in vacuo. The residue was partitioned between ethyl acetate and water
(200 mL each). The separated organic phase was washed with brine, dried over
Na,SQy, 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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1(4) (Boc)20, Base 5 (racemate) 1:1 m xture of (5a)
(1R, 2S) and (5b) (1S, 2R). H(2S) 1R) H N COX2P Boc
W@ zmp/o&epar at ed Non-limting procedur esPdDUS2007/084799
maki ng P2 intermedi ates and conpounds of fornula (1)
are shown in the Schenes below. Said internedi ates,
reaction conditions and nethods given in the specific
exanpl es are broadly applicable to conmpounds 10w th
othgr gubstitution patterns. For exanple, the
syn ts of P2 elenments found in conpounds of formula
g I % ~of ; S& b@lﬁﬁo&@ﬂﬂhe Iﬁamlcbg}fhszé@p@ne@, %@1[ meisl g TEAGS00 mL) was
efi ned synthetic path. erein readjly, or .
contEFiZal o) (GVRTP A A 1 Ty 4hgxglafionicirpmovedn vacuo. The
N- CRzidfle R¥PrebryRaMiLdd ®orh Sthi I Reth@the)dnk 60AAL/240 mL) to provide the
organonetal i ¢ agent such as a C}H%nard reagent or

al t éestad Prpevay apnwhitdksalid 608- g 1%0)i tHhNHR §pdePek) 0 Bf4-0.88 (m,
2 L SHTRLMRIN R LIH 2 si0lm TG B 16) SPECT €5) o

provi de inter lrate (2 he C4 position of
the prolinc bears an 123 substituent and a free

tertj hydroxy group. The al cohol functionality of
inté#ﬂ%%%ate (2) can then functionalized to provide

the desired Rs f@nctionaNH,Ysath MHFhi s process the

al cohol of i fbergedi ate_(_Z—)_ean_be-)enag?démwz series
or exanpl e

of well establisf@ed reactiofastoirh the ar
the al cohol of (2) can be acylated to provide esters,

1¢ar bamat Bsa gnlutiarb ddameof THFlepblad o) 1owprtobbldé inegapesus

and 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 C1-substituted cyclopropylsulfonamides

20

2a. Preparation of N-fert-butyl-(1-methyl)cyclopropyl-sulfonamide
QN
S\
@]

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

0]
N /N
Cl\/\/s\\ \{/
25 O

Prepared as described above.

Step 2: Preparation of N-tert-butyl-(1-methyl)cyclopropyl-sulfonamide
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5phosphonated to provi de phosphates. For the
conversion of internediate (2) to internediate (3) of
wedenetosd |1 it nmay be necessary to first protBCt/USI087/084799
carboxylic acid group of (2) as shown. The
chem stry for the functionalization of alcohols is
described in standard texts on the subject such as:
Conpr ehensive Organic Transformations: A Quide to
10Functional G oup Preparations, Second Addition, by
Ri chard Larock. This text ié%p i shed by Wley and
Sons. Therein specific reker \cé%/and reviews are
hi ghl i ght ed whi ch one skirﬁégﬁén the art can readily
enpl oy for the conversion of internediate (2) of
Schenme XAkblutien éfheeprosddt aft Srer{ BJ4.3 £Q0 nexanphedissolved in dry

conditions and pertienent references for the formation
of SR mEbmdEPelohB s @ethﬁaalﬁaorbwawg%dsn@% ghium

t hr ougmB 28 Aol aB50CH Hexdn8XdlowlYD e 81986d Hakitwdd ¥motdd@nd the
conditions and references cited on pages 890-894 are

s FCAPANTIR B WEOYariRe (CEPBHFIRI AR 0Y e aiceed Picled brury. his
CUT (0o Qlad E#&%‘J@e-78L°bkaﬁ%§ﬁu&6}{‘6#n%u9ﬁﬁtgfu%{ (2bMinol, 8 mL,

conversion o ohol s to the correspondi ng ester
der Ryt imhesane awasyddéd Ulhd rowtigagesurd 982wamatd 1@BSmgEmperature,

Laroch's text. In additi t he chem, st descri.bed. i
Tourteiear g it e Pestedir oy e ay S s aah ighgandhy
892@danrds.pegtdonembl).r ehekation sitthteaths Wathddtoas@n tegpbature
for the construction to practice of the curr

L s QYo ghtethensgyramed vyt satuaiyd Nig gyl ((0@ymL gt wngt'éﬁaperamre and
Car baxell &vithle@R fefady OXMILY XTIRCIrEhnkc 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,
15 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

20 (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,;

25 H, 6.80; N, 10.40.

2b. Preparation of 1-propylcyclopropylsulfonamide
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Acid Protection Deprotection Ph?"--"0(DC) (4)

al cohol functionalization (5) Process 1. Coupling to
wo100R640ben P3-P4 0 RB0 R80 O Step 6H 0 \\4/ -PEIUSLCHEB4799

ON N*N-- Phr-04:00 9.0 Ph-b--L 0 2 NLA 11 H---- i \I

10

15

20

25

S - R7142

Me O\\S’ NH,
K
This compound was prepared using the procedure described for the
preparation of 1-methylcyclopropylsulfonamide substituting propyl halide for methyl

iodide in the second step of this process.

2c. Preparation of 1-allylcyclopropylsulfonamide

O\\ /NH2

™ S
W
-

Step 1: Preparation of N-tert-butyl-(1-allyl)cyclopropylsulfonamide

AN
SR ¥
This compound was obtained in 97% yield according to the procedure

described in the synthesis of N-tert-butyl-(1-methyl)cyclopropylsulfonamide using
1.25 equivalents of allyl bromide as the electrophile. The compound was used in the
next reaction without further purification: 'H NMR (CDClz) & 0.83 (m, 2H), 1.34 (s,
9H), 1.37 (m, 2H), 2.64 (d, ] = 7.3 Hz, 2H), 4.25 (br s, 1H), 5.07-5.10 (m, 2H), 6.70-
6.85 (m, 1H).

Step 2: Preparation of 1-allylcyclopropylsulfonamide

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),
5.16 (m, 2H), 5.82 (m, 1H); “C NMR (CDCls) & 11.2, 35.6, 40.7, 119.0, 133.6.

2d. Preparation of 1-Benzylcyclopropylsulfonamide
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(3)X H6) 1 1RR 0 R8O\ /O HA ,\ NO7-N R7 HAL (7)142
Step 8 HOHR6-0 RS Conpound of formula (1)

wermseewe®: Coupling to P3-P4 then Pl1-P1' PCHIIS2007/084799
alternative approach to the synthesis of conpounds of
formula (1) as depicted in Schenme Xl is shown in

Schene XIV. Functionalization of the C4 position of
the prolinc group occurs via Gignard addition to a
| ate stage internedi ate 5(5) tg provi de internedi ate 6

whi ch can then be converted to® ounds of fornmul a
(I'). Internediate (5) is &vai}xabhe via a 4-step
sequence beginning with co ially avail abl e

internediate (1), the first step of which involves

deprotection of the N-Boc grokl)p of nterrredl ate (2)

provides free am ne interne |ageN which is
Ph O
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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10subsequently coupled with the P3-P4 fragnent to
provide internediate (4). The sel ective oxidation of
W b@s@stobydr oy group in internmediate (4) to prEvI/tig2007/084799
i nternedi ate (5) can be achi eved using oxidizing
reagents such as the Dess-Martin reagent. WO
2008/ 064066PCT/ US2007/ 084799 Scheme XV It should
be noted that the addition of organonetal lic agents to

t he ketope 5npi et r.ol | eriyative 1 (Sc
XVI) is ﬂ@f ?O@é’% W “‘?dn‘ngﬁé’ Yé‘%l “Sll VtP ﬂé&é’ﬂfﬁp‘érw%es"“bed
Hr ubyt tieengnthesi ek eF sbufyd - (I-Qeﬂlyl)@?@d'ﬁrolgf%ﬂ-fonﬁlﬁlde 3838) 1.30

have described the addition henyl magnesj um br om de
Lo FHNERGHST atffé%h%?noaéws%%sedstf(}@ ﬁ%érefry(sgﬁﬁétﬂ%‘fr jhe

ThegenimbAdinbER IOV G/1 Gt ASAGR 4Eaﬁiﬁpﬁd cyisal. G nphn
t he dé3|red 1,2 a f%ﬁbn roduc)t(sll 2, gﬁi 2 Ggg >

ar e 1 @bt Héll %ésn%é) tléﬁtLWnyﬁHéét%r(mgP-Hh@ SMbrsﬁ, 1H), 4.55 (br
enpg ¥Sd as a protecting group of the C2 carboxyl

noi €ty.” In addition, this work provided clear evidence
in the formof X-ray crystallography as to the

Sét eLRRoN M Galio Pt Q" Qi ERGAd O
pe d

Gignard addltlon to ketop€~l, ,a single product was
obt ai ned wherein the C4 hi -xy% -Mioup and the C2
carboxyl group assune a ,syn pel'ative orientation

about the 15five nmenbered ring. Fromthis structure
1 @1 et er m nBtis omptdoad, fla@d @ysleheetemyl)fé}tc;op'mpytshléormdmﬂetms bafned in

t etone .0 to..be alpha i.p th

cont e R SRRy R R SR R PP RE sy b

or gamgnhta pldcédurs@dsaitietl Valtye Geadhssit 6f it-hethykeyd e epy(fatbimiiie,
fac he car I rovi de the. correspondin

{ o ligRsa by BoRaf RS o e Rl ERi b S5 SR potine:
SChGHIrNMMDMso-d@ 8 0.82 (m, 2H), 1.28 (m, 2H), 1.51 (m, 2H), 1.55 (m, 2H), 2.01

15 (s, 2H), 2.16 (s, 2H), 5.89 (s, 1H), 6.46 (s, 2H); *C NMR (DMSO-d¢) 8 11.6, 21.5,
22.3,25.0,27.2,46.9, 131.6, 132.2; LR-MS (ESI): 200 (M"-1).

2f. Preparation of 1-benzovlcyclo-propylsulfonamide

O O\\S,NHz
K%

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

Aoy

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

20

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

25  equivalents of methyl benzoate was used as the electrophile. The compound was
purified by column chromatography over SiO, using 30% to 100% dichloromethane
in hexane: "H NMR (CDCl3) d 1.31 (s, 9H), 1.52 (m, 2H), 1.81 (m, 2H), 4.16 (br s,
1H), 7.46 (m, 2H), 7.57 (m, 1H), 8.05 (d, J = 8.5 Hz, 2H).
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MeN 10Pi (2d) F30 >.0 M \ ON 1.00P) (2m >0 5The

af orenenti oned work of Hruby describes the addition of
w@2®peeiobd c Gri gnard reagent to derivatives ofPAI/US2007/084799

(Schenme XVI). However, the addition of a variety of

Gignard reagents to proline 1 is exenplified in the

present disclosure. The body of literature that

descri bes the addition of organonetallic agents,

including Gignard reagents, to ketones is

consi derable and is summarized in general overviews in

t hesap: Puphradsi ofGJormEShEREL- MBI RRSIdEUNCt | onal

Group Tran. sl armati ons. Vb{éﬂiez Synt hesi s: Carbon

wi th one heteroatom attache U%,a&ﬁlngle bond. Editor

5in Chief Alan. R Katritepk % al. 1995. Chapt er

2.02, page 37. This class of attions is al so

descr!beﬁné&nﬁ&ﬂﬂi@ﬁﬁ&ﬁ&&%JE%@%Q&Qdﬁ%ﬁﬁ@ﬁ§ﬂ&nI@d'tor

in Chief Barry M Trost, Volune I: Additions o C-

pi - bovadg)oyplapropylyul- -fgggride using the Reessndeserghed Fordhe synthesieof 1-

art [
A b

t hesmomm Df(esthytayetiue inisefnet 'H NMROESOrk5E B9 dnstH)okar én,

Vol 28RS 4 s Pkl PO dRCAEVRLa T Evkig oR2

andau$;id fyRofDMBQRES 1M, aka, NPl axes 33 Magaesiomo.at e
conpl es, R3MyLi, are derived from Grignard reagents

1@&nd al kyl'l'i thiums. As described by |shihara these

CONMP4 EXESarRloR\Gr AL AXGERA-l EPfenYiafl &%ar%xﬁr cocl 88 idu@Bnamide
pr oducts 1n reactions to ket OneS a separ ate st Udy,

Knochel and co-
PhHN"~ 25;\\ \k/

This compound was obtained in 42% yield using the procedure described for

the synthesis of N-tert-butyl-(1-methyl)cyclopropylsulfonamide using 1 equivalent of
15  phenylisocyanate, followed by recrystallization from the minimum amount of ethyl

acetate in hexane "H NMR (CDCls) 8 1.38 (s, 9H), 1.67-1.71 (m, 4H), 4.30 (br s,

1H), 7.10 (t, J = 7.5 Hz, 1H), 7.34 (t, ] = 7.5 Hz, 2H), 7.53 (t, ] = 7.5 Hz, 2H).

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

20  protecting group

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

in the preparation of Cl-substituted cyclopropylsulfonamides
H

0)
\\S,N O\ﬂ
vk

25

Step 1: Preparation of 3-chloropropylsulfonamide

~NH
C|\/\/\\S\\ 2
O
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15wor kers (Angew. ChemInt. Ed. 2006, 45, 497) have
descri bed the use of sol uble Lanthanide salts such as

WO 2008864066 conj uncti on with organomagnesi um r e aREmNUS2007/084799
The presence of these Lanthanide salts results in an
i mprovenent in the efficiency of the 1,2 addition
reaction to carbonyl conpounds. These works, and
references cited therein establish the state of the

art with,r ect the opti t of__th

01 eact | SRR aer R Pule P 6 RRRE v - Ko Haes
anddseiwd i@$HAN200RDY dnd Atld IQkisEascfvet 3T @inRE tddsolutioh de
present discl osure. [t should al so be noted that

a r MhgeHER0LMERHOTE: dihe reactQgsire Wany e fafogmjtgmperature,

addigdidn HoGft Ghd @0 %qﬁeguéqg &Q%actéd%{h%&gorbﬁeﬁlgﬂesm QCS@U mL).
of work are reagents such as ary hium al hi um

and Thegasptazadyekiraathvermwaied entﬁléN Ivlﬁl (dﬁO ale er(li&mlm dried
to %%%gdl ﬂte}edzarfdac%méﬁ at%g ‘%O%) M AR c %Bﬁc?\%as rg&?stalhzed
exanple,”1n a recent study ndoni cO- wor k

(1 @og.thShemnuid @%untMQICElzﬁm)eﬂtaen zxitemrmalmirewdcsthe desired

l'ithiated usi t i =Lithi

speliot b hionad s P Rebakpo i RS G Rk B by A ap

analfeny Hzi 21), aved, pbenz ot irazoRe (swoy), éPdNMRm@Ulﬁd 2490,

add in a 1,2 fashion to ketone 1 of Scheme XVI to

1%r06?6% 8@71nterned|ate li ke 2a. 300ne skilled in the

art woul d recogni ze that organonetal lic reagents

deri ved fron1heterocyc|es su%h as oxazoles and

7.77' 1 - _TOP 2 AMHS Aleare :

addi tion reactlons to ketone HThere is a

consi der abl e body of Le{gku\eN eflnes t he

uni que conditions enployed fqg these

heterocycle systems and this’in ornatlon is readily

avai | abl & stloti@ne thkprbdeeof Steft hg0ard, 19 E6 mnedtapfekigantihe(30.2

+beninaDhT TRt b BRORG4 P! el PBmetens (450 mL)

ketOH@&mﬁﬁ&ﬂ&f@ﬁp&@@wﬂﬁ@s&ﬁn&hﬁhiHﬂﬂ&ﬂﬁﬂ@&ﬁ&ﬁﬁnﬂTbg2169
speci fics of this recent study by Bayh and co-workers

i s Hewdyip gishlorgmethanex3p0 ngheyet 30xpystes. 7Bhe rsacion mpgare was
Sadgh N, AlonPRABOXAFOL B rddAnk8EiIANR 3 nOlrs, 308 Ww?@ﬁ%d with 1N

woul d provide access to internediates |ike

TheHE1 (390 silgniviteic@PR mil).taad bting @0) méo. altieh pver MgStheﬁltered and
@d dj Edﬂc&ﬂra‘i zJa( %099 &> I'H§1dg|gl %ru\ﬁ‘e gf‘ofdr égnmg'ﬁls Qﬁaterlal w?s tritur ed with

organoneta i C rea erive eterocycles.
exa tné dflréo didrléromkthBehin hdenantd pooideshkéasged preduct tseatntqff—

A B L2 et ST SPGB St CTuR R gt €0

I acyena HzBYH 2R 8k agdy=6.1 gz, use; 'af NMR sChCk e 28,900 27.95, 42.37,

benzi m dazole in addition reactions to ketone 1 of

Schéfrd0- R176md158- pr ovi de access to intermediates |ike
»>2C. In addition, a recent study by Kawasaki and

co- morkers (Blooroanlc and NbdlClnaI Chen1 Lett 13,
200 te . qii- ula s . 1 id L atg £ S
I|th|ated het er oar omat i ¢ c%npgunds and the|r
15addition reactions to actwyd des. By anal ogy

the use of these lithiat tefoartomati ¢
internmedi ates in addition'reactions to ketone 1 of

Scherre XVkoma d;m@wldﬁl e/aﬁLtnglsriﬁrﬁarrﬁdM%%xane) was
2d-2 The enpl oynent of organonetallics derived

fr omsmlwdym drygitih@fembaeyd captogdito s{stCewnsicr an aigidi atingsphere. To
1,2 reactions to ketone 1 is also pertinent to the
present
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20di scl osure. The addition of this class of

organonetal lic reagents to ketone 1 woul d provide
W@emeneto6® i nternediates |ike 21 and 2m |t shedi/tisS1ve7/084799

noted that in the exenplification of the present

di scl osure, it may be necessary to synthesize biaryl,

or hetero-aryl organonetallics for subsequent use in

addition reactions to ketone 1 of Schene XVI.

skilled in the e ant
poalori spsp s S TR b a1 %%? AYTQin dry
of oHgarEIELpdrbpw@ise Ser Qd)lBG nfiftid®. anel driechtis hsSreimbeddent] the
For exanple a rec nt review by Chinchilla and

co- 3FtKBrRiIx{urswen allRugd 0oFm to 1op teDIBPiIrISES PHiod of R gours.

pr epRs RhdtRA nﬁﬁtuféﬁila@' E&‘He(h@ftl@ ?Q&M@c@t& R 3 uhel concentrated in
utility. The basi ¢ c em st or the preparation o

bi arqao.gnd patigpredbyiwesy 91|ch1§§;3§te§}%§e o0p ax) epdvalyr 309 m@ The
| KgroGa Bhds@ Qal RAGEY %ﬁ brift Q6L ?fdrieli (58O H! BitdPUL and
forth by Gegory Fu 30describes he state of the
ar t conseriaed i v thgroyidate ideiegd arpduet a8 g powy offwhita selil (12.08

154 G ST, 155, 3991 5 E5y, 206,

194 %), A 43gEWH). CﬁemIMRI(CDE@) 330028.00131.N0.8207, B9RQ;
JACS 2002, 122, 4020; JACS 2001, 123, 10099; Og.
19ett. 2001, Vol. 3, No. 26, 4295; Angew. Chem Int. Ed.

1998h. Bréparddndti n@éﬁl&&v nﬁd’t‘h\a@diobfd%ﬂ shifordali® bOdy of
work critical reviews in area are readil

avapPicall Erepgrtonef %Veth@svgmethyapys&@ﬁioﬁé@v@%we . 15,
2418ty RERANRLES The present disclosure wll

now be described in connection wth certain

enbodi nents whi ch are not wmerﬂj q) limt its scope.
On the contrary, the pre e covers all
alternatives, nodification amdoeqw val ents as can be
i ncl uded W|th|n t he ope of_ the clains

1%0l | owi nBo n@§ cyciimrwlqu}{eqy%n%fgé{cl?u'txlear%amate (1.0g 4.5
10emhel IROLSd mVVFHF (3K)|n|111,)%661@& ® -oReCpkRcddi&Rs-Bltylitum (6.4
present disclosure, bei ng under stood t hat t%

exafh &2 &F@LfloQMt%%exﬁﬂFr) 3B B repetion mixsye ey Biregfor 1 hour. To

cer Al Bl ARRY 8 ndRdoihich d?fcﬁl%ﬁﬂﬁe%grl hf%th?[ é{HérQ@ 40h8aL 524
is believed to be the nost useful readi |

undeyoal thesetirptapHowly dliowedrograate es)rraw@perature overnight.
2&0on ‘%Eé%o iHon %’Fﬂ%‘staﬁ uste@ b ik H?Ecﬁlg ar?@%n& XRE 8RR efracted

wei ght Fat 1 onshi tron 15rati os
expmeb sthal agolaterte xt56 mlopartiens). eThﬁtqombshd pxtragiyIverssdraadd MedO.),

o P8 S MELSP TR ORSL Sy E3OMRSE, AN ST

spebttylombireaty, ab Iaevanxh ertidd&l20 ghl(0t@ which veas gakee doedtlgdntd the

oot "o iRl b3 Gl ET B R DG B G S8R 12

2 Shr ofRt Q@I APDY), 88 NBAYS dads s4Rent); TENNR (éBCls) §
2923Hﬂfl 20(T e )lntelr@rre ?lat ei dze@g?rlﬁgd |)n t he Ex(an'pI%s
f ouhb3heBel lcn SHe4. dxipl Bydd14%5 synt hesi ze conpounds
of Formula 1. Exanple 1. Preparation of P1'

I nter nedl at es 251 Pr epar at| on of

30 A solution of 1-methoxymethylcyclopropylsulfonylamine fert-butylcarbamate
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cycl opropyl sul fonam de Schene 1 CIl H2NCI 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)

(1.14 g, 4.30 mmol) was dissolved in a solution of 50%TF A/dichloromethane (30
mL) and was stirred stirred at room temperature for 16 hours. The solvent was
removed in vacuo and the residue chromatographed over 80g of SiO; (eluting with
0% to 60% ethyl acetate/hexanes to 1-methoxymethylcyclopropylsulfonamide as a

5  white solid (0.55 g, 77% overall over two steps): 'H NMR (CDCl3) § 0.95 (m, 2H),
1.44 (m, 2H), 3.36 (s, 3H), 3.65 (s, 2H), 4.85 (s, 2H); *C NMR (CDCls) 8 11.17,
40.87, 59.23, 74.80; LRMS m/z 183 (M +NH,).
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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

cry Z Limaice :

white SO|Id (316 0 g, 99% 1HON (CDC13) 6 1.38 (s,
9H) , 230227(m 2H) 3 S Z47.35 Hz, 2H), 3.68
(t, J =6.2 Hz, 2H), 4.357(b, I—B) Step215Toa

Ol')
8.0

m., p thlcg)fb ) at -78 C The reactlon mxture was
allowed to warmup to roomte rature over period of
1 hour and concentrated in v@cya. Jhe residue was
partitioned between et at\ﬁ/a wat er (200 nL
each). The separated organif\ fhase s washed with

bri ne, over, 2 ered, nt r at ed

'h Vacual-CHETPEUm A G Pt RS B SR e

0, B0 TR (DO 60, BT 00 or LT o

( ’m n@ﬁpxyr&etl@écy&?pr@pcbsu fonylemine mgi- b@ﬂécr%%n'_?eﬂfe)gggpt(lblo

1H) equivall @R oFcyclopro lmetﬁ?rlsdi’&ﬁfdb QRrQfsed RelRiGsHIR! TRE compound

Step2(11 g, 0p6p£/ in TFA (500 nth) was stirred
1t peoiekenedipseaintorthe et r%thmcmﬂz@ut PREiCHsnAtH N (i) d

re 7! y. A€

O S Ly P B A RSB B DR I E o LR 2
5desis7 éd Jp7 6dlrcHps a white solid (68.5 g, 91% | HNVR
(DMBO-d5) 6 0.84-0.88 (m 2H), 0.95-0.98 (m 2H),
2.41-2.58 (m 1H), 6.56 (b, 2H). Method 2: 9NH3 (sat)
THFStep 2 SP@iparatiersefNHyctoprape Intethvil-£ Ocldid djoy Il fedmité on of
100 m . of THF cooled to OC wag bubbled in gaseous
anmoni a until saturation was regeléd. To this solution
was added a sol ution of 5[);1/(\%.‘65 nol ) of

1eycl opropyl sul fonyl chloride {purchased from Array

Bi ophar nB)is tdmppfindrivaodbtalidd. in 5 ysedd frbindn was war ned t o

roomte at ur.e ern nd sti e onal
oy RS R R R PP r e e g RS S ) e
sol yeBédufedmdrivd fok 51@rb§}nmesﬂ & -Rethexytnedy 1@ cloprefylodl fobhh)de.

(el u%led with 30%t 0% et hyl acet at e/ hexanes)
¢ compound was pur1 ied by column chromotography over S10;"using 0% to 60%

20  ethyl acetate in hexanes as the eluent: 'H NMR (CDCl3)  0.15 (m, 2H), 0.51 (m,
2H), 1.01 (m, 2H), 1.34 (m, 3H), 1.86 (d, J=7.0 Hz, 2H), 4.83 (s, 2H); *C NMR
(CDCl) 8 4.65, 7.74, 11.26, 35.62, 41.21; LRMS m/z 193 (M"+NHy,).
3d. Preparation of 1-propylcarbamoylcyclopropane-sulfonamide

(0]
Qé/NHz
\/\NJK O
25 H

Step 1: Preparation of 1-propylcarbamovlcyclopropanesulfonamide fert-
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to provide 3.45g (100% of cycl opropyl sul fonam de as a

white solid. 1H NMR (nethanol -d4) 60.94-1.07 (m 4H),
wWQ2®2021060 (m 1H); NMR (et hanol -d4) 6 5.92, 3BCDLS2087/084799

Preparation of C-substituted cycl opropyl sul fonanm des

20 2a. Preparation of

N-tert-butyl-(1-nmethyl)cycl oProPyl -sul fonam de Step |

Preparati on of

N-t rt b%t I -(3-ch| or o) propyl sul fonam de N.\ 25

Pre escri bed above. Step 2: Preparation of
N-tert-butyl-(1 -nethyl)cychoprapyl - s%\fonam’ de -47-
\\ T A solution of th Step 1(4.3 g,
20 nmmol ) was di ssol ved AANdryX Ty © (100 m L) and

cooled to -78 C. To this §'qu i on was added
n- but yl | Tltlmdﬂfpo@ﬂ&wﬁs ¢htainelidn Awnlde 1@)%’ Melduch@dmpe) the

sl ow The dry.i.ce bath was re e bre

o Pl s T b SR g Sy PP S birmine
of I krﬁblﬁ}mb?ﬁ)amgﬂéieﬁclelm tlﬁ%tb!lf B eﬁ%gfaré@t@ bedptapyt 1Z(gcygll\a/1|@erhdasalsed as
SO tlnonuty i thjum in
hexg’ﬁé’%cml &d fscompqun %%Sctf‘lfearﬁhrﬁ?tl%’tlﬁﬁoéh%t Rative et

I OOFARARGH: &l WiNER @19@ E@'oﬁ@(m?ﬁ{)% OVEh, 2@1)?@ ?ﬂi 196), 210 (m,
hours, and treate a neat solution o

i odPdb 1¢48 (6 8Hg, 1. @dnnﬁHD )L.37TKHe/77dbld .26 mi xt ure was
warmed to room tenperature 10overni ght, then quenched

Wi th saturat ed NH4C1 (100 rrL) at roomtenperature and

phase was vvashed vvlth brl ne (J€§)O m.), dri ed (|\/g504)
filtered, and concentrated in @élé“"\‘zo provi de a

yel low oi | which was crysiarNi zgd ¥ rom hexane to

provi de the desired product 8s slightly yellow solid
(3.1 g, Bili%cmpbih VR HGRALBF0BQicdOfbm1-2H) , 1. 36 (s,

°H, pro%ylgazrbérrrgylc]&%%g?obargésgtzonggllde:;’el;l)t but?lc&r%argang acscordml;i) 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) 8 4.65, 7.74, 11.26, 35.62, 41.21; LRMS m/z 193 (M"+NH,).

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

0
N= O\\S,NH2
PR
H

-57-



Step 3 Preparation of 1-methylcycl opropyl sul fonam de
O\ NH NS2 A solution of the product of Step 2 (1.91 g,

wa 20080e40§6 was di ssol ved in TEA 20(30 nlL), and REEUS2007/084799
reaction mxture stirred at roomtenperature for 16
hours. The solvent was renoved in vacua to provide a
yellow oil which was crystallized from et hyl
acet at e/ hexane (1:4,40 nlL) to provide the desired

pro uc S, a whit 0 i.d 1.25 96% : 1H NWVR ( CDC13)
g t1 10n fel g sox “(s, 3H), 4.65 (br

S, %ﬁarba:ﬁrrba Cvclﬁﬁbﬁdﬁesumﬁarﬁﬂé‘@%lca@wn% 54; H, 6.71,;

N, 10.36. Found: C, 35.67; 25H, 80; N, 10. 40. 2b

Preparation of 1-propyl VC|©PbOF"¥|SL8 nam de

This conpound was prepa ed sﬂsg Tine ‘vaiecedure

described for the pre ra

1- met hyl cycl opropyl sul f onam de substituting propyl

hal i de ff’lﬁs Fﬂl%hd {Vgéjétgaﬁnédrlntalaﬁlﬁ@ﬁ(@ﬁ%eﬁf aﬁ@or@fngtt(mhé

process. reparation of

1- apltoy¢d¢1y6tdee@tb@d>ﬁqrélm syothems efd - m@hayeptlwlcydpe@mlaulfoemlamine

of - - (J-al

Cg B}% lﬁﬁ)‘lca*?&walter%%gﬁ é}ga?nllj gg %(%11\9:13 é’n?spvfbsﬁu!htngﬁl?lmog%y e-2 ol d

accopdiange es tdeé aspthe cledumbild eBerdobpduridwashaekes ylmtdhlesmte the

of N- en but |- (1- I )cycl opr opyl sul f onam de usi ng

ttaelﬁlft\l/oalfl t}iog}%q‘r \f/ brom de as the el ectrophile.

The conmpound was used in the next reaction w thout

3) 60.83 (m 2H),

(d, J = 7.3 Hz, 2H),

4 25V16dafba&ovll{?’@lopr&gaﬁgsuﬁbﬂaﬁiﬁﬂa 2H), 6. 70-

\\ NH2
/ N f

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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6.85 (m 1H). Step 2 Preparation of
1-allylcycl opropyl sul fonam de 13," NH 2 '0 20Thi s

W@ 20vpoeHock was obtained in 40%yield fromthe ppOOUS100D684799
Step 1 according to the procedure described in the
synthesis of 1- nethyl cycl opropyl sul fonam de. The
conpound was purified by colum chronotography over
5i 02 using 2% net hanol in dichl oronethane as the

el ue 1H NMR 80. 88 1. 37

- UTGRE YeepE e RO ST W T
5. 8ZinfoM of1HM tehIfary MRV CRGE AR, Flle dlutRa-vs sRdy'warmed to
119.0, 133.6. 2d. Preparation of

1- Behr i @t 1 8 hrupy Teia M hEyag sannplyted skpyly Bto solugiosef 1.0 ¢

Pr e@@’r(ﬁhhﬁﬁ o@freshly d1st1lled sulfuryl chloride in 100 mL of hexanes cooled to —40
N-tert- buﬁr & enzg0 cycloPront| -sul fonamde. 0 k \
©

¥s, "Rhvagm @my@uh mva@d etsefalbhescintraid ig WC@P dTus mrgure
t her e li'\;e? ]l_l?ﬁ'%ﬁ %i;? Tle& gh%e %&Xtﬂts e c§ 081d water, drled

N-t en- but yl - cycl opropyl sul fonam de except
1 06\433@14) Mdiceadt sndabndzetiatyd cdefoly. dEhinwarxgure seslrediedly wvie d0

@Edtf"l;kﬁ% h8lla p”rmﬁat‘%%b‘?g/ 8B %ﬁgtgé ﬁpﬂi tﬁ? N gvﬁé"al'ﬁ&wed to
3 251r(0$(¢rn@hl) The. rﬁ2tu(d)Wass:,ondeH)rate(Y in2Qeu0. t8@ c(ude yElIH)W salid and
10  was recrystallized from the minimum amount of dichloromethane in hexanes with 1-
2 drops of methanol to provide 1.90 g (38%) of the desired product as a white solid.
'H NMR (CDCl3)  1.95-2.06 (m, 2H), 2.30-2.54 (m, 4H), 3.86 (p, J=8 Hz, 1H), 4.75
(brs, 2H); *C NMR (CDClLs) & 16.43, 23.93, 56.29. HRMS m/z (M-H) calcd 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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Step 2 Preparation of 1-Benzyl cycl opropyl sul fonam de
9\ N H2 Ph Thi s conpound was obtained in 66%

wQ@ 2@BdedosO©m N-tert-butyl(1- PCT/US2007/084799
benzyl ) cycl opr opyl sul f onam de using the procedure
descri bed for the synthesis of 1-
15met hyl cycl opr opyl sul f onam de, foll owed by
recrystallization fromthe m ni nrum anount of 10% et hyl

RS BT (RN 0 0 0
.34 (m 2H); .13C NWR (CDCI3) 6 11 1, 36.8,

419 1274 1288 1299 136.5. 202e. Preparation of
3 SHA Al Y BlOPSIY OFHAION] Ifonamde Step 1:

Pr epar at| on of
N-tert-butvl-11-(1-hydrox I" W I cycl opropyl sul fo
nam de 25 Thi ourfd was obtained in
84% vyield using to the procedu e described for the
Synt hesi A seifition of 18.5 mL (37.0 mmol) of 2M cyclohexylmagnesium chloride

1 a0 ket 205 e sb AR G Sa 8l

by frﬁi‘dl))’f‘ﬁeisﬂlkz'dhsﬁﬂéd QiFufyll SR GdEN ﬁo@mmm%o% tc?—o%)"C The
ethyl acetate in hexane: .1H NMR (CDC13) 6 05 (m

4AH) mixgure 3@s (aymeziy 0 °¢ o3qr ](lgpur gl}et)was];hfgl‘,cal_]_eﬁggf c(omengﬁq)ed in
1. 97 c&m Tglg%lxtareQJas (‘Qﬁssél\fedll;bd’letlﬂll @f’ﬁeﬁ@()o %L),%hed 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
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Step 2: Preparation of

1- (1-cycl ohexem ncycl opropyl -sul fonam de 10Thi s
w@oopoenock 1- 0 - cycl ohexenyl) - cycl opropyl sul f oP@RUs2z07/084799

was obtained in 85%yield fromNten-butyl-0 -0

- hydr oxy) cycl ohexyl kcycl opr opyl sul f onam de using the

procedure described for the synthesis of

1- met hyl cycl opropyl sul f onam de, foll owed by

recrystallization fromthe_m ni gum anmount of et hyl
acetate and hexane: -LH M@?ﬁfﬂé&gdG) 6 0.82 (m 2H)
1.28 (m 2H) 1 51 (m 2H), 1.58NHp 2H), 2.01 15(s,
2H), 2.16 (s, 5.89 (s, 1H)Q 6.46 (s, 2H): it NWR

(DVBO- d6), .6 Ng&(%nE(% 1)2%122§8 mgr?rol%f)c%égguyl%b% 1 #8mRe (%gdillcﬁ’and

132.2; LR- Pre ratlon
1- béhZo@ll ayodlpofxodivyl iedidé onlémrdeOfBCptohe wasshepleg? tRiefl@0

Ste

N ¢ Qyshrigf A LA Bhours tmpgras, The fporganic solids yereggmoved
Thi by gbnporuatmﬂ tlm&em)lnﬂf: m&wﬁlopmpﬁlﬁﬁﬂ)mybbdhdu@ 4ig, 46Y6) were
proceaur S or e synt

R © B b Tt e Rt PSR B aD s S0GE RSy
1.2 25equisVati@nérst.od (mhﬁﬁholp@mf@mbﬁym&lm&mlc@n BheL of
el ectrophile. The conpound was purified by co

ohr GHEIGY dsihy! BAEEORPOD S oS umHIed Gde Solution of 17 mL
d I C @ 1@8%&15‘ @f‘?%_ll){/[r%e@ Gﬁ‘t%‘lﬁlﬁrmm i &Moﬁeygaggqngl )rthegsoﬂutllg_ll)l whstirred
1 (7 4®r(5m11n12t|s.|) , Topth Migigye W_a}ﬂ)canrgﬂe@@i a(s@lut@n ﬂf K8 gil. 9§Q1|1q)n01) of
|S}\|ﬁ oy iSRRG AR Rloritic RENHM EMRLRLENRN S UbE XA Hiture
warmed to room temperature over 1 hour and was then carefully concentrated in
vacuo. This mixture was redissolved in diethyl ether, washed once with some ice-
cold water, dried (MgSQ,), filtered, and concentrated carefully. This mixture was
15  redissolved in 30 mL of THF, added dropwise to 500 mL of saturated NH3 in THF
and was allowed to stir overnight. The mixture was concentrated in vacuo to a crude
yellow solid and was recrystallized from the minimum amount of dichloromethane in
hexanes with 1-2 drops of methanol to provide 1.39 g (42%) of the desired product as
a white solid. 'H NMR (CDClz) & 1.81-2.03 (m, 4H), 2.14-2.28 (m, 2H), 2.81-2.92
20 (m, 1H), 3.22 (d, J=7 Hz, 2H), 4.74 (brs, 2H); *C NMR (CDCl;) & 19.10, 2821,
30.64, 60.93. MS m/e 148 (M-H)".

4f. Preparation of cyclopropylcarbinylsulfonamide

25 Using the procedure employed for the preparation of
cyclobutylcarbinylsulfonamide, cyclopropylcarbinylsulfonamide was prepared from
cyclopropylcarbinyl bromide (Aldrich) (see also JACS 1981, p.442-445). "H NMR
(CDCl) 8 0.39-0.44 (m, 2H), 0.67-0.76 (m, 2H), 1.13-1.27 (m, 1H), 3.03 (d, /=7.3
Hz, 2H), 4.74 (brs, 2H); *C NMR (CDCls) & 4.33, 5.61, 59.93; MS m/e 134 (M-1).
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Ph A This conpound was obtained in 87%yield from
N-tert-butyl(1- 5benzoyl)cycl opropyl sul -fonam de usi ng
W@ bwspéseess descri bed for the synthesis of 1-PCT/US2007/084799

met hyl cycl opr opyl sul f onam de, followed by
recrystallization fromthe m ni rum anmount of ethyl
acetate in hexane: 1H NVR (DM SO-d(;) 6 1.39 (m 2H),
1.61 (m 2H), 7.22 (s, 2H), 7.53 (t, .7=7.6 Hz, 2H),
7.65 (t, .7=7.6 Hz, 1H), 8.06 (d, ,T=8.2 Hz, 2H); 13C
NVR (DMSO-d5) 6 12.3, 48.4, 128.1, 130.0, 133.4

13543 PrédritiOn ofiDthdgphete @pmbmtdeon of
N-tert-butvl-(1-phenyl am nocarhoxyl -cycl opropyl sul f ona
m de OH N PhHN O Thi-s>, cofpound was obtai ned in
42% yiel d using the proc e N‘hi bed for the

synt hesi s of

cqut val ol SR %assvo%v%%gaw EH PRy SO
ec musdhazlekhfmat Ahincﬁ)msmtg ttﬂeemeﬁmi de‘snnbadruumfuotzeezghyhn Chem.
ace&i@# %p Q%igg IH NVR (CDC13) 6 1.38 (s, 9H),

4.30 (bt s, 1H), 7.10 (t, J = 7.5
734 (t, J =7.5 H, 2H), 7.53 (t, J = 7.5

Hz, 3.. Pr r at 'bon of !g-SuEstitut ed
cyc - e of an N-Boc

20protecting group 3a. Pr epay at |o)n of

cycl opropyl sul fonyl am ng, @ gLINH:Zar bamate, a key

intermedi ate in the prepara&=0n G- substituted

cycl opropyl sul fonam des 0 25 Step 1 Preparation of
13- chl or opBopydpbenylsoHamindde Wi prepared by treatment of commercially

available 4-bromosulfonyl chloride with saturated ammonia in THF.

5. General procedure for the preparation of sulfamides

o\ o H,0 o\ /0 base o\\ //0
e - . Pl —— R\__S_
c1” "Nco c1” "NH, R N7 NH,
| R?
HN—R2
15 The intermediate sulfamoyl chloride was prepared by addition of water (1

equiv) in THF to a cold (-20 °C) stirred solution of chlorosulfonyl isocyanate (1
equiv) in THF and the resulting solution allowed to warm to 0 °C. To this solution
was added anhydrous triethylamine (1 equiv) followed by requisite secondary amine
(1 equiv). The reaction mixture was warmed to room temperature, then filtered and

20  the filtrate was concentrated to afford the desired sulfamides.

Example 2: Preparation of P1 Intermediates

5. 1-tert-Butoxycarbonylaminocyclopropane carboxylic acid is commercially

25 available
H O

>Z\\TO/NKLOH
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c 2\0 A sol ution of

3-chl or opr opanesul fonyl chloride (55 g, 310.7 mmol)
woe®sdéweol ved in THF (200 nL) and added dr opweGEUS208T/084799
30 minutes to a solution of NHACH (200 nth) at 0 C
The reaction m xture was warned to room t enperature,
stirred 1 hour, and the aqueous |ayer extracted with
di chl oronmet hanc (4 x 500 nlL). 5 The conbi ned extracts
were washed with IN HE@ (150 nmL), water (150 niL),
dried over MgSH, filtered, and concentrated in vacuo.
The s CPifgratal dfd -avdSodvelobtsieadrbba/&el adill ety N tdihfdrotHIdride
anmount of dichl oronet hane in hgxanes to provide the
desired product as a white so (45.3 g, 93%. tHNMWR
(CDC13) 6 2.34 (m 2H), R . T=7.3 Hz, 2H), 3.70
(t, .T=6.2 Hz, 2H), 4.83 (s, I2H) NHeE!l NNR (CDCL3)
827.10, 1042.63, 52.57. Stepoz: Preparati on of

3-chl or OPA%Nclc%{bl&Rﬂﬁé&@H&x@ﬁc h&d PT)@ lﬂﬁg\’ b ‘8@4‘ th(?ocr@ W

H O A solution of the product o

prrofipsoltediied iyl afinsehapao HE g8 \msrbubl;zlwntforr%b@lyrs Bigesstion
4 DMS)RulQ 2va® O rehiBr Wu}s 51{31 tﬁénc %ﬁ& D?v%u& t%%@venlwa)mg ofa

C was treated OpW se W t uti on

V@}OML @Ut@rlt@mnm\wnm el (of gicthyl etﬁ@@f@/ldmdm mgrpf the desired
dl Chl uc(%qsegnhv 1teso éSOH%)[R?QII?& 3§2 alﬁ%?m )::] aﬁt(
mi xPUFE Was “war ied t'o 100 era are,
addQBﬂQrsal(m34Hper89,(s,aHd, wESbnashHed wi th IN HG (300

), water (300 nL), and brine (300 nmL), dried over

S, filtered, and 20concentrated in vacuo to
pr ova. d@ejpdifios b dR POAUSIES) 1-dikins-20@k B¢ icBipropasecarboxylic acid
triturated with 70 nL of 5% d chl oronmet hane i n hexanes
to [SHRHNESEHECGRIGMIXANG), oqyuct as an of f-white solid
(47.2 g, 96%: 1H NMR (CDCl13) 6 1.5 s, 9H), 2.33 (m
2H), 3.60 (t, .T=7.3 Hz, 2H), 3: (t, .T=6.21 Hz,
2H); RC NMR (CDCl13) 626.50, 27.9 42. 37, 50. 40,
84.76, 149.53. 25 Step 3: PredsgMatCOstBof
cycl opropyl sul fonvl am ne tert-butyl carbamatc 0

ethyl syn to carboxy

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

shown below

tBUOzC COztBU

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

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

25  The resulting residue was purified by flash column chromatography (100 g SiO,, 3%
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,NO,1C V% | CC A solution of n-butyllithium

(74.7 m., 119.5 mmol, 1.6Min hexane) was dissolved in
wa@leops/064864 105 nmL) and cooled to -78 C under anP@r/ysav07/084799

at nosphere. To this solution was added a sol ution of

the product of Step 2 (14 g, 54.3 mmol) in dry THE

(105 nL) dropwi se over 20-30 mnutes. The dry ice bath

was rem)ved and the reaction mxture was allowed to

ratur perio 2 urs

FeaBe ok it baRaer s e G PrrbRacr ae oapme 40

(3. fichl) which VA6 @ddrdat el ih fheaéRGUatoRNd partitioned

bet ween di chl oronet hane (100 nlL) and water (100 nlL).

The organi c phase was washed with brine (100 ni),

dri sgp CMpRMatiof b h@nfe2-FaRityelRpeitel 121 -8dabBx Nidaéia rd-Rbutyl

rovi de the desired product as a waxy off-white solid

12808 ownpgloy: 14 NVR (CDC13) 6 1.10 (m 2H),

1.34(m 2H), 1.50(s, 9H), 2.88( 1H), 7.43 (s, 1H).

13C NWR (CDC13) 86.21, 28.0 ; 84.07, 149.82. 10

3b. Preparation of

1- met hoxy- et hyl cycl oPr oPy- syNf onam de Step 1:

Preparation of 1-net hoxy,\q@t yl c€OL®ur opyl sul f onyl am ne

t enbut ykar bamate n H ' - K0/, '0 15To a sol ution of

cycl opr ophd soducosfiltep (18.3tge 7. B utnyd]) @&rddaﬂﬂba s(shefsigy, of

4.5 mmo| ) n THE (30 I .
was Pl %ﬁ%ﬂf%}rqe%%%%n2€%5@m% gy ety gier Wit 0°c
hexardd wadHI B e 3eact 150N mAoKt M{deva\é@ﬁgoﬁdulsl&fsﬁgecf &lernight at
hour. To this solution was added a neat 5ol ution o
1&hl BIOBNEMAGRURe Y reasiHERIX{ue wes Ruredgn » mixfis| of iccapd water
t he o0 WasHEEw iR Sl PWhF (33!6' @H@&hu%&ls‘@@femgsoacﬁlﬁ%ﬂ]to acidic pH
t enpei ature overni ght. The sol uti on pH was adj usted
to @ltbgllﬂ% dqanalq oo iHOlutian dt Q/\)é(éartdrfeitra@ed wah:@thjd aggtath (3x).
eth etat.e . % 50 nl ortlon
ext Brﬂé% of Vl\réerd STeR %cé%ye(mga%ashefl at eraéeé Iafxe)l ne, cﬁleg (MgSOy),
confikertd, ahé cornicentatekldr dacuo to provide the desired product as a pale yellow oil

|.0 opyl sul f onyl am ne

l%egﬁ‘& 3%2‘3 %ﬂ@yeﬁ 5@ ‘a waxy solid (1.20 g, 100%

which was taken directly into the next reaction

i ; (CDC13) 6 1.03
3.38 (s, 3H),
3. 681n€&hvlﬁll'ﬁvletﬂoyaéalﬁ%vléh}fﬁlo)c%fodwﬁné E6d:3)ic Bcid 3@r1,3|7utvl ester,
28.29, 40,38, 58.94, 73.43, 83.61, 149.57. Step 2
Pr eﬁ&%@m of 1-nmet hoxynet hyl cycl opr opysul f onani de
30A sol ution of

1- met hoxynet hyl cycl opr opyl sul f ony { ne
tert-butyl carbamate Q
>\\ CO,tBu
NH 2
Me;Si
20 e3 |\/\O

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

saturated aqueous NaHCOs, water (2x), and brine (2x), dried (MgSOQ,), filtered, and
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(1.14 g, 4.30 nmol) was dissolved in a solution of
50%IFAi di chl or onmet hane (30 nL) and was stirred stirred
w@roosoetnd enperat ure for 16 hours. The sol ventPUEES2007/084799
renmoved in vacua and the residue chromat ographed over

80g of SIO (eluting with 0%to 60% et hyl
acet at e/ hexanes to
1- met hoxynet hyl cycl opropyl sul fonani de as a 5Swhite

l'id 70/ t : . NVR
?OCD@E@I §nt@%§lgg vc(crzf? %’rem ue4\ﬁgsvsﬁ,?rpe§$\{_\§i’\x§1§1_e®%)0( é’][cl_r%’}:) ’
3. 6pol{Socydidte sclvdhDer(rSsin f:?-lH)2() rﬂl?r@ ARG ab¥6dn2) stﬁreﬂl Lt tbém

40. 87, 59.23, 74.80; LR 83 (M +NH4
Pr e&gpgpf%%owlght and FITter to pr0V1 e the(desued pro)duct (8 g, 24.3 mmol;

1- CX%pﬁfa%ﬂé%tlwloﬁy@i QRO AUl @ a9, 97 MiBHSE B (br m,

1: Preparation of

1- cykd) dﬁ'ﬁ(ﬂb)?ﬁﬁelt‘%l Y an.aiph oYt @ul2Horvi0Aer he H).

t enbut ykarbamate 0 H 50

1- Cycl opr opyl met hyl cycl opr opyl sul fonyl am ne
teh A

aparabamelt(@R\RBY (193 il meadnd-preth? My elpprbphnecarboxylic acid

acc%rldﬁut[q_egtgréﬂg prngxggetj s%owﬁ%gl” bed in the synthesis
onyl am ne

ten- butyl carbamate, except 1.10 eq | ents of

cycl opropyl net hyl brom de were tyg(:\? el ectrophile.
The conpound 10was taken directlI)\into the next
reaction without purificationtM N¥RBEDC1) 6 0.10 (m
2H), 0.51 (m 2H), 0.67 (m 1H), 1.10 (m 2H), 1.49
(s, 9H), 1.62 (m 2H)ethylwntpd:arbm<7 0 Hz 2H). Step 2

1 oPa " o Gloginci B 18R RYY Mg Nyss SRR plr@@“??ﬁ‘]esgﬁﬁ“ﬂn in

65%yiFr€d.d nilr, Orh rdmol). The mixture was heated to reflux for 1.5 hours, cooled to

cycl opr opyl net hyl cycl apr. | | am ne

¢ o CBUE T uAp Bad Lo4a BB R RG b A S0t B glution v

desgicchedell; MasiddQvithydtdre st 190 Q{L) and brine (2x100 mL), dried (MgSOy),

1- met hoxynet hyl cycl opr opyl sul f.onani de. The conmpound

was fifS¢ree: fafl%onsgm@&ﬂddwceﬂF%%Ylé@ﬂlﬁﬁﬁvreev&du% 02 usi ng
19%to 60% 20 ethyl acetate in hexanes as the el uent:

NVR (CDCl) 60. 15 (m_ 2H), ).

1. 34b.(Agengral metho@gor the corn

1 3 CVI% 1( s@%ﬂen@to‘%h@éwrregpoﬁémg yfut%@d P@ Qnaﬁggue %g- s}?o%vn L RVS

mz 19 d &
o o RSC RSB
R R
N RSD RSA
| ) [
RSE = st _N
R

“ 0 o 0 7
g , N EtOAc H i o\\//o
N ’ NN ——— Ny, .S
H ! N KNV
RA—NW/&O o H 59 PHS)C, H, (30 PST) RA_H\(J\) I A
ry 30 minutes R3 ‘3

P1 vinyl substituent P1 ethyl substituent
Compound A Compound B

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

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

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

acid ethyl ester:
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3d Preparation of
1- propyl car banoyl cycl opr opane-sul fonam de 0 0, NH

WO 310886408t ep 1: Preparation of PCT/US2007/084799
1- propyl car banoyl cycl opr opanesul f onam de ten-
butyl carbamate 0 R NH 07C "s- ---ri O This conpound

was obtained in a crude 100% yield according to the
procedure described for the synthesis of

1- met hoxynet hyl cycl opr opyl sul f onyl am ne

5t en- butyl - carbanmat e except that 1.10 equival ents of
n- prepynte i socyanate was used as the el ectrophile. The
conpound was taken directly into the next reaction

wi t hout purificagpon: 1H NM R/QCDClB) 6ep0 (M 2H),,

o 51 E@fﬁ @ﬁr TP m—2H—+49 e J
(mC'*ng)) C‘é%\@? T=7.0 Hg~2F)~"10St ep

Preparat|on o *TBME 1) LIOtBY, oluene, 1

1- prot w car banoyl cycl opr opane- sul f ongmide 1g&%m€

conpound was obtained in 50%yield f?&il- 1:1 mixture

propyl car bamoyl cycl opr opanesul f onani de of (1R, 25)

ten-butyl carbamate according to the procedure and (15, 2R)

descri bed for the synthesis of

1-ngthgxynethylcyclopropylsulfonanide, 15 except that
no t ography was used as the material was

s ecryst aslybiaeehfrQm hﬁﬁodﬁldﬂid%m llmrno was suspended in tert-
di chl or onet hane/ hexanes:

2H) but@ n@ihyé ﬁt;peril].'p L) 1B9112akdﬁﬁ1yd2 |.(§31 g 2:; @ n(orﬁ) agq].&nhyg[roggsodlum

( d, sufi (195 g'zl' 09%1?316) \f”er§ §dc{e§ g ana Ifﬁe' m&?ﬁ% W égofem usﬁlg an
4.65, 7.74, 1, TRVMb mz 19

+N|—|¢)3 wam:b@th Fant;ba]amnedﬁSSoﬁL 3 26 mole) was added dropw1se over 30

1 ( fhi drﬁue‘%' E?{hré\{ilikf%l%%rlgﬁﬁl ok ﬁép&ﬁ@%&r}{ G RELREMEEUE Bion
1 (1 ( Babtheln quﬁlhl}ddlbsad@ﬂoﬂ ofdee-cold water (1 L) and the organic layer was
t er %:e%rgr% egloéfgc? (glﬁ%l? @%QS%%aSS lélxtfra%?e%mm% tert-butylmethyl ether (0.5 L) and

the organic phases were combined and washed with a mixture of saturated aqueous
NaHCOs; (1 L) and brine (1 L). The organic layer was dried over MgSOQ,, filtered,
and concentrated in vacuo to provide 392.4 g of the N-benzyl imine product as a thick

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

3H), 7.78-7.81 (m, 2H), 8.31 (s, 1H).

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

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

room temperature for 2 hours. The organic phase was separated and extracted with
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Thi s conmpound was obtained in a crude 100%yvyield
according to the 5procedure described for the

washewss of 1-net hoxynet hyl cycl opropyl sul f ongdCEITE2087/084799
ten- butyl carbamat e except that 1.20 equival ents of
3, 5-di net hyl i soxazol e-4- isocyanate was used as the
el ectrophile. The conpound was taken directly into the
next reaction w thout purification. 1OSt ep 2:

Z;, ig'g : a@a% O[fag 8?1‘%5}1%?]%%1656 g%ﬂrr]c}f/ th)ll 5o ned saturatedm/ t]g salt (700 g),
( 4 25 " $ L?%@éd’dl@&j aldth SRty Wa@ cdd&0o 080, TR rdd Bd€ure
nmo

1- ( Fasthen Wé@qnlgﬁlswéwlézéﬂ by the|dyepayissaadaifioe €1 AN NsPah &sul
f ong%lagg 1dy €M as sdparletl, ¥EAMP ARLEs MR \Pas3QtritedvhdPTEIR! b x

HCLi di oxanes, stirring overni ght, concentration

and S%mb}mﬂt@gwrwmpxm@ﬁ' were gpiobiaed dighss MR+ (fdtetadiang
t d
W' [9 nger% afh ?‘r{ % %&gg@h B, IT%E};IQ Ecﬁﬁ'fgogb?%%%éun% Eu%@id(ad Boc,O or
3 H) dl 2rt30tyldicarBidpte (43182 0(660 nBH)and IB@iKIVR (timet! iardalaygiat room
69. 5
o5 T g oty g 52 d 23?%%1)10% Pped ot
cy cleaatidayahg tHefnoir@n wasefluxedfayl hoatslaod iwlax thon elésved@ool to room
aration of butvlsulfonam . fro but vI
l(g Srau)re ?‘@HL@}{[ §1) B ep Anixs ure)walﬁ'_cgle? g\é{rr;l\fg\%gg, Hl%ered, and
<> B30 0rated ik v ud BTEroids 80 pbf @udcohatbrid). hik ekidde Madpyrified by

i oD PRl b1 o By Rer Rl o2 S SH iR c1) o

addpvid s (§324) & raoamiiQ N@‘oclu? M)t(qes lszoutamldoLxhhmydldpropane
pent anes. The sol uti on was sl warmed to -
ovefargoxglip acid ethyhesiegas s X@élawﬂvvdg %%H%P%Wéﬂe %ﬁﬂa&mryﬂle

16Nt Qf ﬁ%e?é%ﬂﬂlqufMﬁf(cﬁc‘i% SoMHZPs F‘Z@kt),]gﬁ 1f}1ize§ﬁb .46 (s, 9H),
distilTed sulfuryl chloride in hexanes

coolléé-1t49 (m4©HB¢76vla8r2{fbﬁmt gin2: 1¢(q, dye% _&IZ,h](ﬂ)r4 andl, /=72
car gf Wikys ¢Paent {4 8% i 1Y34HY il 01180929 MBS = 17.6, 1.7 Hz,

1H), 5.77 (ddd, J = 17.6, 10.3, 8.9 Hz, 1H); MS m/z 254.16 (M-1).

20 9. Resolution of N-Boc-(1R.28)/(15,2R)-1-amino-2-vinylcyclopropane carboxvlic

acid ethyl ester

Scheme 2

(@) Enzyme R .
Buffer, DMSO 28

“y
Racemate:

1:1 mixture

of (1R, 2S)

and (1S, 2R)

o) 0
BocHN J BocHN \“\ BocHN,
2 ‘\\1\\ O/\ %,

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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was redi ssolved in diethyl ether, washed once with

sone ice-cold water, dried (MJSO4), filtered, and
weoseaosat ed careful ly. This mixture was redi BGDUY®A7/084799

in 20 nth of THF, added dropw se to 500 niL of

saturated NH3 in THF, and was allowed to stir

overnight. The m xture was concentrated in vacuo to a

crude yellow solid and 10was recrystallized from t he

m ni m mount o i chl oronet hane i n_hexanes w t 2

dr oB§ f"%}?ﬁflﬁé%l’eri‘%repﬂf iingstuie rgerhgd %%%@tﬁeoﬁfl Wﬁ%adwsted to

desg 0@)9 t]ﬁ?aréél@liﬂi%h 0ﬁ§ S@Amtﬁﬁn%kdr da s@)l‘uﬁ@n MR fa%;'}\) B@c
30-2.54 (m 4 3. 86

1.

Hz, (IMS)/(lé 7I)- 1( Blinglo %mylcy@@mn? 3 1c g:migﬁyﬂgzster (85g) in
23. 93y mP B¢ DS RMELM de@%wr a%élll&ijoff@rml%w I\ﬁggeac‘uon

134. 0276, found 134.0282. Preparati on of
@yctem@emlw weuthéromainfaghed at 4QjC9f0r B \Nheis d@ing veu¢huimothe pH of
g}:l theny tﬂ%ehwegs aﬁgsted‘ M Eg 6 %tgfl I vﬁng g& ?%Xlérqg npeosl’nté'I mlrbgf 50%
3. ONaQH(iB Wafdr. mslﬁd:r)24f5r}&)$i'$|, the (dner:nlthek(&ds Q0 baibstay Wk determined to

chlorjde (obtained fromAldrich) in 100 LQf hexanes

C o oPeb s’ SRR NSNS il (e g € bendoBRog

h 0 U BV@ﬁlghtV@@h(Hﬂ@ RfteAVIBERHhb ¥nmape LS &Ttﬁedesteﬁ* w‘é@@éﬂ&mmed to be
m xture was redissolved in dieth et her

l@rL) lowsﬁ@op%ﬂ%tée FREONRRITG e the 3] éq £ 201 SH%T)MOH and
dri gd ({MIROhixtufel wds %&%tedaml mgggm rzau)eqh%f_l@an@&wdl NéTBE

This m xture was redi ssolved in

dr oma@bWQSthShtd with $%NAHGGt(Rd LB vt 5480 ke, and
al | Q&E&tia%dgk LEcufYE 1% ﬁa@%nanmﬁ dmam P{u% MBS (IR 28 Lamino-2-
concentrate I N vac to a cru e ow SO

r esividpleydlopropane darbw&.iq gtid 5yl wfer &9 light gellywd solid (42@57@%“6'

1B e 3681 Bh6- DAANGS Al P ELGTbnaRdLhe cagtut T on

concen ue wWas recr [1ized
f romt h eThw aquenuwsiagpoiverh thefexdiactihh prooese tMaathen raidifiek wpds2 with

S0t Bt R PhedE R i @ 2D g M o Bty gt

1. 584th waRr (g 1@HL) dnd ©dncehtr@8d {orgivehi) amd].asgékhﬂyelléw(smld

4H) 59 g% 13C NWR
(CD&?% gep%%w@} nmaf@ﬂ%ﬂl(mgv@ %ﬁez)e 148 (MH). A4c.
Preparation of cyclfq)hecliyl 1osul fonam de H O
0 9 -s-NH2 o/ N A~ 0J _N,1
9% \ﬂ/ A 0 9>§ \ﬂ/ 4o
O 3737 ¢ O 37 2N¢
5 5
20 1R, 2S-ester 1S,2R-acid
ester acid
High (+) ESI, C13H»NO,, [M+H]', (-) ESI, C11H1gNO4, [M-HT,
Resolution | caled. 256.1549, found calcd. 226.1079, found
Mass Spec | 256.1542 226.1089
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5A solution of 18.5 nth (37.0 nmol) of 2M

cycl ohexyl magnesi um chl oride (TCl Anericas)
werdeneavas added dropwi se to a sol ution of
nanol) freshly distilled sul furyl

in di

et hyl

3. OPeM/USBF7/@B4799
chloride in 100 nL

of hexanes cooled to -78 C. The m xture was warned to

0C

vacuo.

over

\nnc\h

onecee vt h

Len

et he

1 hour and was then carefully concentrated in
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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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10for 5 mnutes. To this m xture was cannul ated a

solution of 3.0 g (21.98 mvol) of freshly distilled
w@oBa64pb6 chl oride in 110 nmL of hexanes cool edP@DUS2087/084799

C, the mxture warned to roomtenperature over 1 hour

and was then carefully concentrated in vacuo. This

m xture was redissolved in diethyl ether, washed once

with some ice-cold water, dried (MJSQ4), filtered and

COmGaOA TS LSl Yo T3 LAl B2 LN SRS

sat gn atedf SO werd klfdeanthdvaste alak Q3aRd ah@instibated at 250 rpm at 40
over mg@ The m xture was concentrated in vacuo to a
1

crude I§hogs) snantigrercimof theertgsya Jetermined fdin Hniee as
mn fdi‘é%%mm%L QF thd Gl ﬁ&%r@@@@rehﬁzf&ﬁ%ﬁ @ﬁ§ech$lhw1th Z2mL

drops of nethanol to provid
des rthempLpfotcotrifagtion, v nhi¢rpbtes GUL Y. of ithe sma(t@mm_ynaﬁfzed

iH)S \:)Lv1t ﬂffhg %TH@Z% T_(I)‘Zzth% %qazalr‘?‘lﬁg r%géU(oB 'rglsﬁ(tuﬁay_ﬁ } n%_lﬁzlﬂglgpgras
( CDEHkDed Gincl thelflate R8s iﬂ&uba&ﬁ f6hddiGiOnd 3.dapSt LV @mLABO °C, after
Pre %?r ation

HT
cy cPish 6@9 ey WPlsWﬂsfaéﬁlf‘éiﬁP e welly Afsr senppfugption, J0j i qof the

the eRGRAU R BIPINGH thOthifNBPPE GRAERAKIQBx Qs of the ester was
cycl obut yl car bi nyl sul f onam de,

1¢ycHopmupadite be B4yl sul f onani de was prepared from
cycl opropyl carbi nyl brom de (Al drich) (see also JACS
1981, p.442-445). 1H NMR (CDC13) 60.39-0.44 (m 2H),

O.GMQJEI_'@_QT] 2H), 1.13-1.27 (m 1H), 3.03 (d, J=7.3
e 24 B4 oy AL B CRAERN o £
2-t t‘dam@i‘tgnda@mlu\m‘lb,rﬂ HmL oCBs@rd3e RIAD., @ro‘ﬁh&ee tremiBaedlus
B OS5 ORE SRR A i PR SO e e
in OllEIS)&l&,RE}JI—anMvmﬂbﬁﬂ@pl&ﬁBe cdilﬁﬁlxyh@adﬂ éhylI&2ter 4D mg) in
Pr e8 ? aIE folgM%O were ac?dng b%lqe Iﬁarl]tg%vléls ];e%ﬂe% 9 1ncubated at 250 rpm at 40
°C. After 18 hour, enantio-excess of the ester was determined to be 39.6% as
following: 0.1 mL of the reaction 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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s-N H2 0 104- Br onophenyl sul f onam de was prepared by

treatnment of commercially avail abl e 4-bronosul f onyl
w@hlosoeses Wit h saturated ammonia in THE. 5. GePer/ab2007/084799

procedure for the preparation of sulfam des 0.49 ; Sx

CI NCO H20 0"? CINH2 base R HNR2Z R 49 R, .NH2 R2

10

15

20

25

30

Gradient: 30% B for 1 min; 30% to 45% B over 0.5 min; 45% B for 1.5 min; 45% to
30% B over 0.5 minutes.

Flow rate: 2 mL/min

UV Detection: 210 nm

Retention time: acid, 1.2 min; ester, 2.8 minutes.

3) Enantio-excess determination for the ester:

Column: CHIRACEL OD-RH, 4.6 x 150 mm, S-5 um

Mobile phase: CH3CN/50 mM HCIO, in water (67/33)

Flow rate: 0.75 mL/min.

UV Detection: 210 nm.

Retention time:

(1S,2R)-1-amino-2-vinylcyclopropane carboxylic acid 5.2 min;

Racemate (1R,2S)/(1S,2R)-1-amino-2-vinylcyclopropane carboxylic acid ethyl ester
18.5 minutes and 20.0 min;

(1R,2S)-1-amino-2-vinylcyclopropane carboxylic acid ethyl ester 18.5 minutes.

Resolution D

5 L of 0.3 M sodium phosphate buffer (pH 8) was maintained at 38 °C in a 20
Liter jacked reactor, stirred at 130 rpm. Four liters of Alcalase 2.4L (Novozymes
North America Inc.) and 1 liter of DI water were added to the reactor. When
temperature of the mixture closed to 38 °C, pH was adjusted to 7.8 with 10 N NaOH.
A solution of the racemic N-Boc-(1R,2S)/(1S,2R)-1-amino-2-vinylcyclopropane
carboxylic acid ethyl ester (500 grams) in 5 liters DMSO was added to the reactor
over a period of 1 hour via an addition funnel. The reaction temperature was then
adjusted to 48 °C. After 21 hours, enantio-excess of the ester reached 99.3%.
Heating was stopped at 24 hours and the reaction was slowly cooled down to room
temperature (about 25 °C) and stirred overnight. The pH of the reaction mixture was
adjusted to 8.5 with 10 N NaOH and the mixture was extracted with MTBE (2 x 4 L).
The combined MTBE extract was washed with 5% NaHCO; (3 x 400 mL) and water
(3 x 400 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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15The i nternedi ate sul fanoyl chloride was prepared by

addition of water (1 equiv) in THF to a cold (-20 C
wariosoemesol uti on of chlorosul fonyl isocyanat ePIUS2007/084799

equiv) in THF and the resulting solution allowed to

warmto O C. To this solution was added anhydrous

triethylamne (1 equiv) followed by requisite

secondary amne (1 equiv). The reaction m xture was

warmed to roomtenperature, then filtered and 20t he

filtrate was concentrated to afford the desired

sul Raguides E Exanpl e 2: Preparat|on of Pl Internedi ates

5. 1-tert - Buf ox arbonylanlnoc ropane car.boxyl ¢
acid is %'n—ﬁé $q i}lngmg}ar%%é 8)31 &Jvas @_qmt%mecf( at40°Cina

Pre Q@Lﬁér' i &*Re@f'eaétcna B rRAGY %0&%&1{ arBi‘Ht@lrs ) Wl:dla%e aai dNovozymes
neth est er hydrochl ori de

H Syerigblieanat atdss 1/ eagler. thqube frgpegtigpof the mixture
mmklbéeﬁ% B sab it %95@%%\48@ 0l N*Naoﬂf ARHDAAQ the

1 gas was In hours. The reaction
m X tagemicaBos (iR, 29415, 2R)-1I- grnh@tﬁr winylayvdoprépene carboxylic acid ethyl

R R A
ol ah Iadadld(ﬁsfunmli Phaodagion &zmmraM‘re twes tioh adjustddHo MVFC. After 3
1 éCDElS 024 was uste%%%y(;%th }}uz %aéHA'%fEen? %0'1%% '_]i)e reafaon was
cooled down to 25 °C, the pH of the reaction mixture was adjusted to 8.5 with 10 N
NaOH and the mixture was extracted with MTBE (2 x 5 L). The combined MTBE
extract was washed with 5% NaHCOs (3 x 500 mL) and water (3 x 200 mL), and
concentrated to give 110 gram of yellow oil. The oil was set at room temperature
15  under house vacuum and gave enantiomerically pure N-Boc-(1R,2S)/-1-amino-2-
vinylcyclopropane carboxylic acid ethyl ester as colorless long rod crystal (101 g;
purity: 97.9% @ 210 nm, containing no acid; 100%ee).
The crystal structure enantiomerically pure N-Boc-(1R,2S)/-1-amino-2-
vinylcyclopropane carboxylic acid ethyl ester has been characterized by single crystal
20 analysis (X-ray NB#: 52795-093, refcode: 634592N1). The absolute configuration is
not established for lack of a known chiral center or heavier atom(s). A chain
structure along the crystallographic a-axis is formed via intermolecular hydrogen
bonding between the amide group and the carbonyl oxygen atom (N...O 3.159 A).
Structure of N-Boc-(1R,2S)-1-amino-2-vinylcyclopropane carboxylic acid
25  ethyl ester:
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7a. Preparation of (1R 2R)/(1S,2S)

1- am no- 2- et hyl cycl opr opanecar boxylic acid ten-butyl
W@g10806406@cem ¢ ni xt ure) et hyl syn to car boxBpC1ESt0em084799
1: Preparation of 2-ethylcycl opropane-1, 1-di carboxylic

acid di-tert-butyl ester, shown bel ow C t BuO2CQO2t Bu

To a suspension of benzyltriethyl anmoni um chl ori de
(21.0g. 92.2 mmmol ) in a 50% aqueous NaOH sol ution
(92.4 g in 185 nL H20) was added 2 0di br onobut anc

(30.0 g, 138.9 mmol ) and d|-tert By | onate (20.0
g, 92.5 mmol) The reaction m xt Aas vi gorously
stirred for 18 hours at roomté&f {ure ano treated
with a mixture of ice and water. g-groduct was

nd brine. &

extracts were ad, Aried (MSH), §
concentrated i vaduo./25Fthe Tesulti ng si\due was
purified by flash &lAirm chromat ogr aphf-4108%g Sift,
3% diethyl ether inXyexane) to prow de THe desired
product (18.3 g, 67.8 nmol, 73% yieldywhich was used

dlrectly in the next reactlon
Pre? bl on of racemc

washed with water .(333),

Y &1 opr opane- 1, 1- di car box3ITE™8ki d tert-butyl

5estlemicaldhipyin Chal2BWO04 HORC CORt Bupstallization  The product
of Siyep syberh:IBih@hoghbic67. 8 Mol ) wasgsadeed MBEa

§US (%&%r&g Pj Ot assiumtert- bu%%hlqgscr p§(§1 éo@orlgss 1‘0%99 0

etpyl et her (500 C, treated
V\Atﬁ ﬂ??f)Z(ll 35*m%  75.0 mol ), &W@fﬂ\xﬁf‘s(mvwd%%ﬂ%wo”
st i peexkooyBiANi ghtocat 10r oom t emmzﬁat)mren The reaction

m xt ur spourged in a mxture of ice wat er and
vvasﬁedgegvmwﬁ di ézgﬁyl et her (3x). TﬁDFPeratgrel(J 2%5 | ayer was

adj ist&d®dAcidic pHwWth a 10%mdq)u@éu§ué<|0ﬂﬁ ric acid
180l ytkhon atd,01Gsanra? extract ed winbhorednkyibns egiat B1{ 3X) .

The oo%h&&oqs 1[ 19{ % ?Cri\%g% §P7 V\Ef %ovg?ﬁlﬂege%de rgt{lctv@st £50 Ri=

(2x bri ne, rle tere concentrat ed
in vacuo to provide the deS|red 98t6Huct as a pal e
yel Prange i lhttick pi{rd@teg (9):48:682 Mol , 9% ybseldyelleBbirey >30: 2284

Pr e Ra\6@fidn @4 rrR&nt () A (1S, 23) A8 corkctlof 17, T,run): 0.688-1.000
trimethyl silanyl et hoxycarbonyl am no) cycl opr opane- car bo

§<yl ic acid tert-butyl ester, shown bel ow
Resolution F

5 L of 0.2 M sodium borate buffer (pH 9) was maintained at 45°C in a 20 liter
jacked reactor, and stirred at 400 rpm. Three liter of DI water and four liters of
Savinase 16L, type EX (Novozymes North America Inc.) were added to the reactor.

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

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

42 hours, the temperature was raised to 48 °C and the pH was adjusted to 9.0 with 10
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20Me3Si %6 .'s To a suspension of the product
of Step 2 (10 g, 46.8 mmol) and 3g of freshly

wa@ewsveted 4A nol ecul ar sieves in dry benzene $AB0S190)/084799
was added triethylamne (7.50 nL, 53.8 nmol) and DPPA
(11 n, 10.21 nmol). The reaction m xture was heated
to reflux for 3.5 hours, treated with
2-tiinmethylsilylethanol (13.5 i, 94.2 25mmol), and

Fi 1 ravl? BRpE SRR A b g st TR s P RN 838 down

sequeiabmadrhperathrt NabbROh QY er@ﬂ bvdrﬁlgmc IAd 66 abut pIOBS the
wat er, . saturated agueous, and brine

( 2xyeactipp @a%m%&@ Tl rP‘t"B‘F“e\‘JaS %‘H&Ct%\“i%m @4k The

vac BmbilIEMTB S et WaSwaNSPRARSH, N\AHCI,‘OJ r@ 300 oftl)dhd GBter (3 x
[ soc%gnat e scavenger resinin

| C OGmb hrenghemmecntgierd te gige gltanp%@ﬁcpgmlgp éft—]%lqce(lR 2S)/-1-amino-2-
?V e(fﬁ&ﬁ%l%pr@&‘iie Eérlb&@/'h@ deil chﬂé%fék Qseh%t h?elﬁlﬁvsdrﬁ?s%g (Rfl AdY Gurity:

as a pal e yelTow oi

2o @@l@sm(%ontwgncoaogiz%ﬁ%e% 1. 20 (br 51H),
145(s O9H), 1.40-1.70 (m 4H), 4.16 (m 2H), 5.30
(br s, 1H) Step 4 Preparat| on of (1R 2R)/(1S 29)

ﬂ D "_. Taeaks v N I

st : ‘ m xture) shovvn beI ow et hyl syn to
1851 Blia bfigd product of Step 3 (3 g, 9 mol) was
added a 1.0M TBAF soloutlon in THE (9.3 nm, 9 3 nmmol ) .

The m xtur Ixe\refl ux for 1.5 houl cool ed
to roomt e%@ and di_L V&t i ¢ rosoeN leg/e{;\hyl

acetate. The'so ut| onJvaas suan&asd vel y was d Wi th
water (2x100 nL) and Brine (2x100 nl), dried (M gSo4),
filtered, and concentrated in vacuo to provide the

desired Q@RS ?‘MBoclﬁarﬁfﬁo 2Av1gﬁm[@kopﬁﬁécamaxﬁféracfdféﬁlyl ester (8.5

converS| on o ounds of Formnul a eari

vi n§i3 ﬁlm@aaéxaﬁﬁwmunﬁl@ atmféog%ﬁ%bl&ﬁf‘dwﬁlgﬂgg%@éﬂ@d P1

anabeguRx AR (ANRWM) at foott 8 RBBEIANPE hERIPPMNG VANt was removed
(approxi mately 100ng) and Pt(S)/C (5% 10 ) in
120apirdensadneed grgpsurgkegping dlfe temm&@tuwd@low&)r ‘Ggelnat gage 0.5H2

30 R t
o1 G TP bR s Qi Sl b b SR BT R, SnfRyet €
g| vhydrbt&ﬂcdelslas etigptadotid., 'HOIMFOGAO MBIz, 8D3@D93{§ar3at(tl &#7.0 Hz,

o BAET R AR AL 1 AR AL B Gl Y BL RN D3I

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
o MR T
N { O _ CHoNp N \\\ O
O 2 g Pd(OAc), O 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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Step 1. 5dycinc ethyl ester hydrochloride (304 g,
2.16 nole) was suspended in tent- butyl methyl ether

W@ 2008/064066 Benzal dehyde (231 g, 2.16 nol e) and BCihyshooues4799
sodiumsul fate (155 g, 1.09 nole) were added, and the
m xture was cooled to OC using an ice-water bath.
Triethylamne (455 nlL, 3.26 nole) was added dropw se
over 30 mnutes and the m xture was stirred for 48

hou r oo er at ur e. 10
oo dnh R RO G PR 10 Tl e

Or gattes dlﬁmﬁéthm@sw@e@fﬁmﬁ &6ing Ibeeaﬁqm@wge@ Bi@Bthe Yaslting
extracted with tert-butyl nethyl ether d the
or gSHTHONITRS Sercehisites! YGRBPhEEPUALPA SHE evﬁ"‘t‘ PéOGH‘F&th*}SE
of sRbMhRBE@phyAA0eQus] NeteHexbde) gbovﬁléd 200 inB %78(4) 511{ IHeN-

organic |layer was dried over | tered
eonBefrt Taatl%2-f3w1%wéfye1@prﬁpw|C@@O@é@ agidepthyf eSttfﬁ@S a colorless
N- bgizyls 4 abAgpr-odiict as a thick 15yel | ow oil that
was used di recily in the next step. 1FINWR (CDC13, 300
MHz) 6 1.32 (t, J= 7.1 Hz, 3H), 4.24 (q, J= 7.1 Hz,
2H) Preﬂarét:l'on(&PlJPl ilntelrmbﬁ'latﬁgH) 7.39-7.47 (m 3H),
78-7.8L (m 2ZH), 8.31 (s, 1H. Step 2: 20To a
suspen5| on of lithiumfert-butoxide (84.1 g, 1.05 nol)
in 2 L), was added dropwi se a m xture
l%f Rl }(ﬂ)l ‘nc of glycinc ethyl ester (100 g,
0. 526 m)l) and trans-1, 4-di brono- 2- butene (107 g,
0. 500 I?n#n dry toluene (0.6 L) over 60 m nutes.
Upon conpletion of the addition, the deep red m xture
was quenched by addltl on of water (1 L) and

t en- but yl nghy! |etger (B 1 L) T g‘OZSaqu@m& phase
was separ at ed JU eco

3 Wt TBVEX 1
L). The organt phase onbi n%,,l OI\P@‘C?BPlTHL'f
was added and th¢ mxture stirred at r1|oomten]8grfature
for 2 hours. The or gani c phase was separ at ed2¥n
extracted with water (0.8 L). The aqueous phases were
t hen corfyFyRgicalydespieled with salt (700 g), and TBME
(1 L) wiD954H% and the mixture was cooled to OC. The
stirred mxture vvasotdle,/n made k@gég to p'1—cl =18 dqy,ot he

dr opwi sc addi £ '% %3\ Na&%
separated, and t ed‘ueo %ga% extr
TBMVE (2 x 5500 nl). |The or ga WSt s vver

conbi ned, dried over MySO4, filtered and concentrat ed
to a volunme of 1 L. To this solution of free am ne was
add td I%oc O or di-tert-butyldicarbonate (131 g, 0.600
nol the m xture stirred for 4 days at room

1% enper atTtr £soladbdiof il Ghadrt- Hmteiﬂﬁlr—bbm@tlgﬁhﬂb@&?)bﬁl}@-t e (50 g,

s crbr BB et s TR b e SR LB T

I 00 Methdi @ MPAILAKVES &1dOY & Ekb&Rion of NEOH €RZT & GB.0MMNbIY rewMaS 14

dr|ed over S, fjltered, and
mL). The mixture was stirred overmght 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%). "HNMR: (DMSO-ds) 81.22-1.26 (m, 1H),
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concentrated in vacuo to provide 80 g of crude
material. This residue was purified by flash
chromat ography (2.5 kg of Si02, eluted wwth 1% to 2%

WbiddokhéiiaCLl2) to provide 57 g (53% of racemc/us2007/084799
N- Boc- (1R, 25)/ (15, 2R) - 1- am no- 2-vi nyl cycl opr opane
carboxylic acid ethyl ester as a yellow oil which
solidified while sitting in the 15 refrigerator: 1H
NVR (CDC13, 300 MHz) 6 1.26 (t, J= 7.1 Hz, 3H),

1.46 9H)., =1, ( 1H) .1, 76 br,

2 14 0h O Rt -5 o A 6 floof T 20BE o By s 2
5. 12(% dd liHi,OLPB,, 5.8-57Hm, IH}IY.,IS,S’,SZSS,M?(rcSameIﬂ}l) 12.45b29Q 1H));
(dd 5.77 (ddd, .1= 17.6, 10.3,
8.9 %{)@n@ﬁé&# %4 16 (M1). 209. Resolution of
N-Boc (1 R 2S)I( 1 S, 2R)-1-am no-2-vinyl cycl opropane
carbgxybic acid ethyl ester Scheme 2 Racemate: 1:1
m xture of SlR 2S) and (1S, 2R) Resolution A

To an aquetiiionsithe petrcod Skadi(@ht pHéSpreg g (Y 64431310
M 4mdRilih TI8F (40 ) hwas Qe%ﬁh’laﬁ}ﬂﬁqgrsﬁthﬁesauné& ntdob I The

j acked reactor, maintained at and stirred at 300
r pm Y108 Faepolsd 10 1o HEPaTRtuR R rasierdd byl capanbipig i sebptipn of
m.) ¢wyapyeRSndGEE . SARETS.(Camoll i thTdT-)Fg(éMlgﬁ,m Td@e resultmg

nperature o ture reache t )
et CCETE R E R S
A sohaiird, Ghe ofixtirh ewasr@mm:mim‘:wnh 1.0M HCl to pH = 1, and THF was

N- Bo C\(al Rat%? )n vgzc 0. %ﬁg usp X rall%%n v%(s %gt}/a)c{gx wr% gt%}% %%?a &Ij\;gdlm

car box{}?rl C acl es
was tihiighe cagkﬂl@daxmwwwwe pebinpdangfdridd(Nwm Itul. d3liratitne

reac%e&téﬁ &R LR nn@%%gaﬂﬁmnq}oﬁy& esaéthﬁgce%té%%

ours e mXture
adlj usreideod gheglegregprodre (214 5 ahwhlteemhd TShemnahsuiquor Yigs

poi n{m?rlﬂé§ b}'&ngB%@if@ mﬁhu'nﬁ (t\ﬁ@tte@ﬁ% abhdn€n @éhléorh&lwné) 10 E]b@a

enanti o-excess of the ester was determ ned t

97. 26rFondrbgtch pthe ‘éf'é’éftdu gL ! &b &Oébbafca%rmﬁ%r@rﬁﬁé%wlu@eéd
(26 Goypmd Nl fMEB@H%IO@@hHOQ;%@}BO}Jﬁ& a,9f1 5, 9\MHZChH)

t he enanti o-excess of the ester was determ ned

1010698 GTHE: b & T heHe-dHetd 18- il Ube2 Wen-dHe - o (d 7=10
adj ;JSIE 80152384, Y ﬂl\!?’:mzd 51@9/;5 ﬁ@@'\%ﬁ 812151 ?szashﬁzzr@)sz«w{ trb®@@ers)); LC-
m X Cc W X .

conb }?ﬁl{\élaﬁﬁ%%)‘é&f 5]3 was then washed with 5% NaHCC3

(3 x 100 nL), water (3 x 100 nlL), and concentrated in

vacug to give the enantionerically pure
N- Borgr?—%R, 2S)/-1-am no- 2- vinykycl opropane carboxylic
aci d et hy sobsiveof thsprbdugtf Syop 121{ Bifve Si®l 6 rom§ 4. dchiogymethane (35

gﬁ ;kﬁ%ﬁéﬁ%g ()/(%eé( ggg\%&%ﬁ{:}%ﬂ, y fo%ﬂutt%ﬁ‘érafﬂﬁe R 13%h8k. A% atites
were removed in vacuo and the residue suspended 1 1.0M HC1 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) 8 1.01-1.15 (m,

30  4H), 1.69-1.73 (m, 1H), 1.99-2.02 (m, 1H), 2.38 (g, /=9 Hz, 1H), 2.92-2.97 (m, 1H),
5.20(d, J= 11 Hz, 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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The aqueous | ayer fromthe extraction process was then
acidified to pH 2 with 50% FI 2S04 and extracted wth
MIBE (2 x 2 L). The MIBE extract was washed vvith wat er
“ﬂq 100 nmL) and concentrated to give the acid

@Pﬁmyﬁéﬂ ow solid (42.74 g; purity: 99% 4i gcyfgzolqmtm%
containing no ester). 0 0 7HN jc 10 6 5 1S, 2R-aci d
ester acid H gh Resolution Mass Spec (+) ESI,
C13H22N04, [M+H 1 , cal cd. 256. 1549, found 256. 1542
(-) ESI, C11H16|\I04 [MH] , caI cd. 226.1079, found
226.1808% { gl deede yal shift Solvent: CDCl1

(proton 8 7. 24 ppm C%t 73 Opgm Bal ker DRX-500C:

proton 500. 032 MHz, ﬁ

To a solution of (1R, 28) 1-zert-butoxycarbonylamino-2-vinyl-
cyclopropanecarboxylic acid (217 mg, 1.194 mmol) in THF (5 mL), was added CDI

5 (290 mg, 1.791 mmol) and the reaction mixturc was heated to reflux for 45 minutes.
In ancther round-bottomed flask, EIHMDS (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

10 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 MgSO,.
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

15  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, CDs0OD) &

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, J=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).
20

Example 3: Preparation of Example 3

H 0
o 111 Q \\S/
LN N o ~ N\ /
7\ "Q \ N‘
[a} H

![‘,

° I

Example 3
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Position Proton (pattern) ppm C 13 ppm Proton
(pattern) ppmC-13 ppm1 40.9 40.7 2 2.10 (g, 1=9.0
34.1 2.17 (q, J = 9.0 35.0 Hz) Hz) 3a

WO 2008/064066 PCT/US2007/084799

10

15

20

OTHOH Step 1 '&OH Step 2 :.OH H ?LOS
N ,

N N O
>o°  4-BiphMgBr %5 MY T AR
d >LO_J§ O "SWTo HATU 0™~0”
THF, -50°C 0 \ DCM =
1 > 2
OH o
, BH o O Step 4 . HC\)L S
e QYH'LNSO Y 0 ﬂvi 0 AHC
H O A H XOTN\_—’J*O >( ?)r T 0 '
HCI : ~ o ™
HATU, DCM
3
Example 3

Step 1:

To a solution of (S)-1-{zert-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 mmoi) 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
MgSQ,, 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,
549%). '"H NMR (CD:0D) § 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'+1).

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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1.76 (br) 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(n) 133.4
9.0, 10.0, 17.0
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triturated with methanol (4 mL) to yield 314 mg (53%) of the desired product,
intermediate 2. MS m/z 596 (M'+H),

Step 3:
To an iced suspension of intermediate 2 (150 mg, 0.25 mmol) in 1,4-dioxane

(1 mL) was added HCI (4M dioxane, 5 mL). The formed solution was stirred at the
ambient temperature for 2 hours and the volatiles were removed in vacuo and dried
under high vacuum overnight. The product was used directly in the next step. MS
m/z 496 (M"™+H).

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)-
2-(zert-butoxycarbenyl)-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 ethy] acetate (10
mL) and filtered. The filtrate was washed with 5% citric acid (10 mL, x2) and brine,
dried over MgSQu, filtered, and concentrated. The residue was purified by
preparative HPLC to yield 16 mg (9%) of the desired product, Example 4 as a white
solid. '"H NMR (CD;0D) 8 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, 7= 12 Hz, 1H),
5.33(d, /=18.5 Hz, 1H), 5.77-5.82 (m, 1H), 7.36-7.37 (m, 1H), 7.44-7.47 (m, 2H),
7.62-7.67 (m, 6H); MS m/z 709 (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=
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Example 4: Preparation of Example 4

OH

\\\\©

0]
O\\ 4

o M i ? \
- S ;" "Zi‘ Y/
\
o) S\ S o 1, H
7\ [

Exampie 4

D, on
@\WOH
N

A

0

Step 1:

5 This product was prepared by the same procedure as described in Exarple 3,
Step 1, except using phenylmagnesium bromide instead. 'l NMR (DMSO-ds) &
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, tH), 7.25-7.36 (m, 3H), 7.46-7.48 (m, 2H), 12.40 (br, 1H); MS
m/z 308 (M'+H).

10
Step 2:
), on S
‘. O
0 O 4
HoL S
N A N ©
O’go © :
4\ =
This product was prepared by the same procedure as described in Example 3,
Step 2, except using the product of Example 4, Step 1 instead. MS m/z 520 (M™+H).
15  Step3:
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5.12 (d, J= 10.5 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)
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This product was prepared by the same procedure as described in Example 3,

Step 3, except using the product of Example 4, Step 2 instead. MS m/z 420 (M™+H).

Step 4:

Example 4 was prepared by the same procedure as described in Example 3,
Step 4, except using the product of Example 4, Step 3 instead. "H NMR (CD;0D) &
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), 445-4.47 (m, 1H), 5.14 (d, /=12 Hz, 1H), 5.34 (d, /= 18.5 Hz, 1H), 5.77-5.82
(m, 1H), 7.31-7.33 (m, 1H), 7.37-7.40 (m, 2H), 7.57-7.59 (m, 2H); MS m/z 633
(M'+H).

Example 5: Preparation of Example 5

~ N
(&)
W

RIS
|

\\\\

Example 5

@YOH
N
A,

This product was prepared by the same procedure as described in Example 3,
Step 1, except using 2-naphthylmagnesium bromide instead. ‘H NMR (CD:0D) &
1.50, 1.52 (d, YH), 2.54-2.56 (m, 1H}, 2.89-2.91 (m, 1H), 3.84-3.87 (m, 2H), 4.51-
4.53 {m, 1H), 7.45-7.52 (m, 2H), 7.62-7.64 (m, 1H), 7.85-7.94 (m, 3H), 7.99 (s, 1H);
MS m/z 358 (M'+H).

Step 2:
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28.3 10 4.16 (m 61.3 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 wll of a 24 well plate 5(capacity: 10

wibpodgbdadss 0. 1 nth of Savi nase 16. OL ( pr ot easeTfusomyossroo
Bacillus clausii) (Novozynmes North America Inc.) and a

solution of the racen c N-Boc-

Q Q
N A\LNI
H
O’J§o ° =
/‘\ ~
This product was prepared by the same procedure as described in Example 3,

Step 2, except using the product of Example 5, 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, excepi using the product of Example 5, Step 2 instead. MS m/z 470 (M'+H).

16 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) &
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, 1F), 4.38-4.47 (m,
15 2H),5.14(d,J=12 Hz, 1H), 5.33 (d, /= 18.5 Hz, 1H}, §.77-5.82 (m, 1H), 7.49-7.51
(m, 2H), 7.70-7.73 {(m, 1H), 7.86-7.92 (m, 3H), 8.04 (s, IH); MS m/z 683 (M'+H).
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(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 DVSO were added.
The pI ate was seal ed and i ncubated at 250 rpm at 40 C
@b ﬁ:?‘) hours, enanti o-excess of the ester
& %8d to be 44.3%as fol lowing: 0.1 nL%T’WWg’m””
reaction mxture was renoved and mxed well with 1 nL
5 ethanol; after centrifilgation, 10 mcroliter ("pL")
of the supernatant was analyzed with the chiral HPLC.
To the remal ni ng reactlon m xture, 0.1 nL of DVMSO was
) fna ample bncubat ed for additional 3
days at 250 rpm at 40 G after which four mL of
et hanol was added to the 1. After centrifugation,
10 1AL of the supernata s analyzed with the chiral
H P LC and enanti o- excess—f ,ohe ester was 1
Odetermined to be 100% Res@lutign C o o To 0.5 nL
100 mM Heps. Na buf f (PH 8. J\vvel\\/ of a 24 well
plate (capacity: 10 Nwel 1Y 71 ﬁ’\_ perase 8. 0L,
(protease from cifl uss al odur ang r(l\lovozyrres Nort h
Anmerica Inc.) and a sonuti ¢h of the jfacem ¢ N Boc-
(1R 2S)/ (1S, 2R) - 1- am no- 2-exkdié €ycl opr opane carboxylic
acid ethyl ester (10 ng) in 0.1 nL of DWVSO were added.
The%‘%lte was seal ed and incubated at 250 rpmat 40 C.
After 18 hour, enantloee\@is of the ester was

determined to be 39.6% a l1gwing: 0.1 nL of the
reaction mixture was renoved“4Rd mixed well with 1 nL
20 ethanol; after cenrifugat m%' pL of the

super nat ant was anal yzed VVI the chiral HP LC To
the renmaining reaction m ’e\oo 1 nL of DWMSO vvas

added, and th | ate was. i ncubat ed for additional
days at DBOPPHIT Wt Prpared byhe game fpgcedprgas descgbeddy ﬁémle 3,
was S&{ﬁde&c&p@u&m fdrbphedih @hest@Nbbinfdd @Richd HH NMR ptD )

enarti . bateathod 18 B BF ke f et CE@%?%“{?% bt

251 00%00mSap! @S 7.an@h, ¥ H), 9. 50as4cal THHAS ewat32e vit+Hee,
followi ng manner: 1) Sanple preparation: About 0.5 niL
of the reaction mxture was m xed well with 10 vol une
10f ¢&tdpanol After centrifugation, 10 pt of the
supernatant was injected onto FITLC col um. 302)
Conver si on determ na : Colum: YMC ODS A, 4.6 x 50
mm 5-5 pm Sol vent: A HCl'nag&ér, B, CH3CN
Gadient: 30%B for 1 m Oo/{}t a.45% B over 0.5 nin;
45% B for 1.5 mm 45%to ven’f‘,OSmnutes Flow
rate. 2 nL/mn W Detect@da C21 ‘nm 5Ret ention timne:
acid, 1.2 nm ester, 2.8/ .mnutes. >,

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

Step 2, except using the product of Example 6, Step 1 instead. MS m/z 538 (M+H).
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3) Enantio-excess determination for the ester: Colum:
CH RACEL OD-RH, 4.6 x 150 mm S-5 p. m Mobil e phase:
CH3CN 50 mM HC104 in water (67/33) Flowrate: 0.75
wbl2oisps40ddd UV Detection: 210 nm Retention tpam@s2007/084799
(1S, 2R) - 1- am no- 2- vi nyl cycl opr opane carboxylic acid
5.2 mm Racenmate

(1R, 29)/ (1S, 2R) - 1- am no- 2- vi nyl cycl opr opane car boxylic
acid ethyl ester 18.5 mnutes and 20.0 mm

15(1l§t§é§) -1-am no- 2-vi nyl cycl opr opane carboxylic acid
et hy Ster 18.5 m nut es. Resol ution D 5 L of
0.3 M sodi um phosphaf ffer (pH 8) was nmaintained at
38 Cin a 20 Liter J react or, %@?ed at 130 rpm
Four liters of Alcal ase 2 Nq;v z 20Nort h
Arerica Inc.) and 1 lit gt ‘anver e added. to

t he reactor. Wen terrpera% r e gof hE mixture closed to
38 C, pH was adjusted to 7.8 with: 10 N NaOH A
solution of the racemc

N-Boc- (1 R,"hEsS‘p)'d(m&thaz Pcpdkedoyl thiosade wongdlufe;ac H@mb@@ afteample 3,
car b%v\é e():(c %ge: 1(1:19 rig%tJeh %du(re:%)tgg arr§p§ gr%paus ee?(!l r}\éé m][z ﬁ%gﬁ% +IH)
VEa an add|t| on funnel. The reactl on tenperature was

t hen % adj usted to 48C. After 21 hours, enantio-excess
of t ester reached 99.3% Heating was stopped at 24
hours an dFxemele p e pierredia sheshgabpcedoie edsdbwhintFaamplo i

te n'pg{eﬁ‘tl Wy tp( @%%e p%ﬁiug)of E%ﬁéé g{egg if%&d, nk—l%}\%% ((-1[]3 %)I{ij'g’

of the reaction m Xture was adj ust to K5 wt
NaOH1 8%d- 12 e Ikt 26d - ARdm. BRt -4t SU(mwil ), MFBESQ tn,d 1, 2.25-

hb Ib@gﬁ @@f@lz%dz (MEQEN?X& 5R6 by {g@% H‘j‘@%eﬁ)g‘ﬂnt h{)gﬂ/% -4.33 (m,

wat er
conc%ﬂi

4 éé%& léﬁ)v%l%(ﬁ:afm 126‘%#%&13?@ 15ur1§5 z, 1H), 5.77-5.82

N- Bogm,(1HR, 7258) 7. 12X m, 2, N60-2.6Y (1M YHGNES ﬂ@f@DM@rﬂgaf boxylic
acid ethyl ester as |ight yellow crystal (25

purity: 96.9% @ 210 nm containing no acid, 1000/ee).
Re's 0 Exktnpta 17 ; Breparation of Eddhple 0f 0. 1 M sodi um phosphat e
buffer (pH 8) was nuingained at 40 Cin a 20 Liter

j acked reactor, stirred 360 rpm 1.5 liters of

Al cal ase 2.4L (Novozyne rth America Inc.) was
added to the reactor. WenZ heutenperature of the
mxture closed to 38 C, the’#H was adj yst,ed to KO with
10 N NaOH. A solution ofHthg rfaccm \\//

N-Boc- (1R, 2S)/ (1S 2R)5\—1N am mo- ropane
carboxylic acid ethyl (2 rrs)qanIlters
DMSO was added to the act or over a“?erl od of 1 hour
yka an addition funnel? Thé&xanggect i on 't enperat ure was
then adjusted to 40C. After 3
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10hours, the pH was adjusted to 8.0 with 10 N NaOH.
After 21 hours, the reaction was cooled down to 25 C,
the pH of the reaction m xture was adjusted to 8.5

N NaCH and the m xture was extracted wth BE
Wﬂzz%&mé‘%ﬁ The conbi ned MIBE extract was vvagﬂ\@%gWM””
5% NaHCO3 (3 x 500 nL) and water (3 x 200 nL), and
concentrated to give 110 gramof yellow oil. The oil
was set at roomtenperature 15 under house vacuum and
gave enantionerically pure N-Boc-(lR 2S)/-1-am no- 2-
vi nyl cyd®opr opane car bhexyd i 'ql et hyl H%ster as

colorl es rad gy o,(,l purity ?%

nm cont ai™g™~0o aci d[ﬂ; O%aé)m The cws T uePtr e
enantiomefical ly pure NHBoc- (1R, z%oj»

vi nyl cycl opropane carboxylic acid ’?ét er has been
characterized by single crystal 20anal ysis (X-ray NB#:
52795- 093, "fef code: 634592N1). Theabsol ute

configurati (_);\rrdgpt #atiabl i shed for—| ack ef Oa no

chiral cemt el ol heavier aton(s). chai R $\L,(l turat
al o N &l | ogr apRT a-axi s s f Mia  DessMartin
i nt ef ol @ecukar hydr ogen? Bondi %‘[Tbe‘t’ﬁéen the am de

group and the carbonyl ~oxyge atoom're ... 0 3™159 A) .
Structure of N- Boc- (1R, 2S) - 1- am no- 2- vi nyl cycl opr opane
carboxylic acid 25ethyl ester: Crystal Data: Chem cal
formul a: O 3H21IN104 Crystal system Othorhonbic

5Space G oupe P212121 5 2902(1) Aa=90 b =
13. 8946(2) A (3) A-7=90 V= 1468.40(4) A3
10Z = 4d, ' 30 No, Sterfs refI ections for

lattice qpan . 7 Ora? o at 'fﬁ'arepée par anet ers
(): 273-6 %\ %orpH\\Qn coef f1ci entg 0. 700 15

Step 1:
HO),
O
H N ™
0O N O
1 g o
o /t—\
5 To aslurry of (25,4R)-methyl 4-hydroxypymolidine-2-carboxylate HC] salt

(5.45 g, 30.0 mmol), (8)-2-(tert-butoxycarbonyl)-3,3-dimethylbutanote 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 bring, dried over MgSQ,, and filtered. The filtrate
was concentrated in vacuo to provide 10.75 g (100%) as light brownish foam. 'H
NMR (CD;0D) 8 1.04 (s, 9H), 1.46 (s, 9H), 2.01-2.06 {m, 1H), 2.27-2.29 {m, 1H),
3.73 (s, 3H), 3.77-3.87 (m, 2H), 4.31 (s, 1H), 4.49 {br, 1H), 4.56 (t, /= 8.5Hz, 1H).
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Experinental : Crystallization  Crystal source: MIBE

Crystal description: Colorless rod Crystal size (nm:

0.12 X 0.26 X 0.30 Data Collection Tenperature (K):

‘ﬁggmﬁk@&&; 65.2 (Cu Ka) No. of reflections qﬁﬁﬁﬂ&ﬁﬁm&n%
No. of independent reflections: 2390 (17?;"

0.0776) No. of observed reflections (1> 2q: 2284

Absorption correction (DthrT,,,."): 0.688-1.000
Resolution F 5L of 0.2 Msodium borate buffer (pH 9)
was tained at 45Cin a 20 liter jacked reactor,

and ed at 400 rpm Three liter of DI water and

fourlliters of Savinase 16L, Hype EX (Novozymes North

America Inc.) were added to th eactor. 20Wen
tenperature of the m xture clo #M5C, pH was
adj usted to 8.5 with ION d&\iia;1lution of the
raccni ¢ N Boc- (1R, 2S)/T4S, 2R i no- 2-

vi nykycl opr opane car box Il@ aghd et hyl ester (200
grans) in 2 liters DMSO was added to the reactor over
a peri od Tofa sation efutcasoduetiod Eaampdedd Step ¢ 61 G 13rgn &0.0 mibhab in
reac

A hogggraldo%mmgg@%gﬁﬁlgvgﬁo &ﬂ%ﬁ%&iﬁ@@ b RorthalCes. ﬁ*a%;o
AP 181HWB@PIUU@HBWH%@@@(@E}5SThé\ﬁmt] h@ut@@tv@ﬁ strreedeﬁe@rnn%

pH m@%ﬂp@i@*ﬂi’%@lﬁlc}lp R%mgvéﬂ'tﬁeh/oilagleblml\!ﬁrgd A regéua%%' Eédlﬁcd

tenperature was | owered t At hour s,

t enp&ithd MriE-iam tOrPcﬂ %e@‘“@?}e‘h‘@ﬂ@‘% acefarfél?ﬂ#%s’;f haergagft laygr
t 0 9wk Washdt with 5oNNaRHkid Haatbnﬁa:gdﬁ@%v@w@@,dn@mté&i. hawr s
and %pe reactlonaygs slowy

Q
trate was concentr In vacuo 10 prov:ge !3 85 987‘\9!3 of the desired product as
10 off-white foam. "H NMR (CD-0D) 8 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), 4.4% (br, 1H), 4.54 (t,J = 8.5Hz,

1H).
Step 3:
Q\f - ’°
Eall! - \’&OO A
15 7

To a solution of the product from Example 7, Step 2 (1.95 g, 5.68 mmol) in
ethyl acetate (150 mL) at 0 °C was added (1R,2S)-1-amino-N-(cyclopropylsulfonyl)-
2-vinyleyclopropanecarboxamide HCl salt (1.51 g, 5.68 mmol). The mixture was
stirred at this temperature for 5 minutes before addition of diisopropylethylamine

20 (1.91 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 MgS0y, and filtered. The filtrate was

25  concentrated irn vacuo, purified by flash column, eluting with 1:1 hexane-acetone to
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to roomtenperature (about 25 C) and stirred

overnight. At 66 hour, pH of the reaction m xture was
8.6. The m xture was extracted with MIBE (2 x 4 L).

The conbi ned MIBE extract was washed with 5% NaHCCB

WP BPHS and water (3 x 5 300 nL), and coREEHEOLYE: 9
to give enantionerically pure

N-Boc- (1R, 2S)/-1-am no-2- vi nykycl opropane carboxylic
acid ethyl ester as light yellow crystal (101A g;
purity: 95.9% (-(i; 210 nm containing no acid;

98. 6MEE).50 g (79%) d0he Rsieparaittian whic foir.r & NYRRCREIL)-5a100-

nyarogor Fe o iep o H B T iR e Tblm BGTARR0e

( 1R, (BS)HINR.Bb2.24 (i g-92-29r(l 0y)cB.80B.6H amQERMBOMA0i (o,

aci d, t I

N o L T e b
@AIdﬁDdﬁ&mé55?ﬁdWﬁDenperature for 3 hours. The sol vent
was renoved 15under reduced pressure keeping the
terrperature bel ow 40 C. This gave 6.57 g (-100% of
(1R 3P4 1- ami no- 2- vi nyl cycl opr opanecar boxyl i ¢ aci d

et hyl ester hydrochloridecas a Ilght t solid. 1H NM
R (300 MHz, CD30D) 6 1.31 %—D 1.69-1.82
(m 2H), 2.38 (g, ./=8.8 r@go(q, J=7.0 Hz,
2H), 5.22 (d, .1= 10 . 5H40(d J=17.2 Hz,
1H), 5.69-5.81 (m 6 (M++1). 20 11.
Preparation of

N- Boc- (1R, 25) - 1- am no- 2- cycl opr opyl cycl opr opane

car boxyl T&a atitidn ef Dk MagIn@Eaghht (40 ChgDP2 mbhol) in dichloromethane

10 (20 mL) was added the product of Example 7, Step 3 (556 mg, 1.0 mmol). The

solution was stirred at room temperature for 4 hours and concentrated in vacuo. The
residue was triturated with hot ethyl acetate (10 mL) and filtered through
diatomaeous earth (Celite™). The filtrate was concentrated in vacuo. The residue
was purified by flash column, cluting with 1:1 hexane-acetone to yield 550 mg (99%)

15 of the desired product as white foam. 'H NMR (CD;0D) 8 1.09-1.14 (m, 11H), 1.25-
1.28 (m, 2H), 1.43-1.46 (m, 10H), 1.88-1.91 {m, 1H), 2.22-2.28 {m, 1H), 2.51-2.60
(m, 1H), 2.92-2.96 (m, 1H), 4.17-4.34 (m, 2H), 4.77-4.80 (m, 1H), 5.16 (d, 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 Step 3:
To a solution of the product of Example 7, Step 4 {23 mg, .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  acetatc. The organic layer was washed with brine, dried over MgSQy, filtered, and
concentrated. The residuc was purified by preparative HPLC to yield 4.5 mg (14%)
of Example 7 as a white solid. 'H NMR (CD;0D) § 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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\\-0CH2N2 ' ,\1122sPd(QAc)20 N, 2ti R X0
"24-c=ether, rt (1)(2) V A solution of

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

VA 2ods/@aged55 ng, 1.0 mmol) in diethyl ether @Et@ustgprvEpe
treated with palladiumacetate (5 ng, 0.022 mmwol) The
orange/red sol ution was placed under a nitrogen

at nosphere. An excess of diazonethane in diethyl ether
was added dropw se over the course of 1 hour. The

| oL 00 LD 85 ShAY S Al 9910, ABRL R 8]

18 hour éess ahe was re usin
st r e@P3-694 mi. 2Ho Jedi- 7ai9dmtlfé Mésnﬁr €63rd EB ut i on was
concentrated by rotary evaporation to give the crude
product Flash chronatography (10% et hyl

ethyl ester as a colorless
Preparation of P1'-P1 inte
of P1P1': Schenme 1 BocHN
\

\\//

g Example 8
Example 8 was prepared by the same procedure as described in Example 7,
Step 5, except using 4’-methoxy-3-biphenylmagnesium bromide instead. 'H NMR
(Cb;0D) 5 1.02-1.10 (m, 11H), 1.29-1.31 (m, 2H), 1.40-1.50 {m, 10H), 1.90-1.92
(m, 1H), 2.25-2.27 (m, 2H), 2.68-2.69 (m, 1H), 2.92-2.98 (m, 1H), 3.84 (s, 3H), 4.10-
10 4.15(m, 1H), 4.35-4.52 (m, 2H), 5.15(d, /=12 Hz, 1H), 5.32 (d, 7= 18.5 Hz, 1H),
5.75-5.82 (m, 1H), 7.00-7.03 (m, 3H), 7.40-7.60 (m, SH); MS m/z 739 (M"+H).

Example 9: Preparation of Example 9

OH

S, ZAH

N\/L 0 ‘Z "
Y %
Example 9
15 To a solution of terr-butyl (5)-1-{(S)-2-{[(1R,25)-1-

(cyclopropylsulfonylcarbamoyl)-2-vinyleyclopropyljcarbamoyi} -4-oxopyrrolidin-1-
y1}-3,3-dimethyi- 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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saturated aqueous NH,Cl. The mixture was extracted with ethyl acetate, dried over
MgSO0s, filtered, and concentrated in vacue. The crude product was purified by flash
column chromatography on silica gel eluting with 2 : 1 hexanes/acetone to give the
title product (50 mg, 60%). '"H NMR (400 MHz, CD;0D) 8 0.92-0.96 (m, 2H), 0.93-
1.09 (m, 10H), 1.19-1.25 (m, 2H), 1.38-1.48 (m, 10H), 1.83-1.94 {m, 2H), 2.18-2.31
(m, 2H), 2.31-2.46 (m, 2H), 2.88-2.96 (m, 1H), 3.70 (d, 7=9.82 Hz, 1H), 3.81 (d,
J=10.32 Hz, 1H), 4.22 (d, J=9.32 Hz, 1H), 4.32 (dd, J=9.06, 4.78 Hz, 1H), 5.09-5.20
(m, 3H), 5.30 (dd, /=17.25, 1.38 Hz, 1H), 5.69-5.80 (m, 1H), 5.87-5.99 (m, 1H), 6.69
(d, J=9.06 Hz, 1H); MS m/z 619 (M+Na)

General procedure for preparation of Examples 10-25

/
0 o Ly |
DX L 6* 22
/ x_
I S A

\\l' N\/go Hoo MgBr VL ,’H “
fp

To a solution of fert-butyl (S)-1-{(S)-2-{[(IR,25)-1-
(cyclopropylsulfonylecarbamoyl)-2-vinyleyclopropyllcarbamoyl }-4-oxopyrrolidin-1-
y1}-3,3-dimethyl-}-oxobutan-2-ylcarbamate (83 mg, 0.15 mmol) in THF (1-5 mL) at
-78 °C was added the Grignard reagent (.75 — 0.90 mmol). The reaction mixturc
wag warmed to room temperature and stirred for 1-3 hours. The reaction was
quenched with saturated aqueous NH4Cl (1 mL). The mixture was neutralized with
iN HCI, extracted with ethy! acetate (2 x20 mL), dried over MgSO,, filtered, and
concentrated in vacuo. The crude product was purified by preparative HPLC to give

the desired product.
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1) TFA, DCM 2) HCl in Et20 3) Step 1: 15To a
solution of | (R)-tert-butoxycarbonyl am no-2(S)-vinyl -
cycl opropanecarboxylic acid ethyl ester (3.28g. 13.2
WO Rlododafss THE (7 L) and methanol (7 ni) was P%‘%%E’ﬂo%oswsg
suspension of LiOH (1.27 g, 53.0 mmol) in water

m.). The m xture was stirred overnight at room
tenperature. To the m xture was added 1.0M NaOH (15
m.), water (20 nL) and ethyl acetate (20 nL). The

m xt y 0 ) ) gases were separated, and

t he ot S W 3 rextracted with 20 nL 0.5M

NaCH. The corrbl ned aque us phases were acidified with
1.OMHCI until pH= 4 @ extracted with ethyl acetate
(3 x 40nL). The con‘ol n Hnl C e téac S were washed
with brine, dried (MgSO), H‘ll to provide the
desired product as a whigj eNs 2”62\ g, 87% . 1HNMR
(DVBO- d6) 61. 2212%C( S, 9H),

1.50-1.52 (m 1H) ? J—9 , 1H), 5.04 (d, J=

10 Hz, 1H), 5.22 (d, J= 17 Hz, 1H), 5.64-5.71 (m 1H),
7.18, 7.53 (s, NH (rot amerEsamp!él@ 4 (br s, 1H)); LG M
MSE nmlz 2 + on of .the
product SRarlEnyRrsengist Sfucliived i e Mg B8 3

g, 1ﬁuc@opﬂremrﬂ))nagnesﬁﬁuﬁro¢m@ (DM WA F ezt el 0ats niredl) and 5ty

- eomiVanpardPlFE ¢ Erond el g CEARRIRE £HBLES. o1

sol ut.bdh 1btm d9H), b3t -0 2§ K1s,LAH) o7 Sle(m( 10}&21 87 (dd5/=0.1A75011)

A48 B el 0 sl Loy B
20 hHurlﬁ) TP XA o Tz, W S 4@&&1&%&4@\/{&%1‘9 0OM-04CHz, 1 8), pH2

= 1, dﬁ”}iﬂﬁf 1"8@%{#}’1%9%@(‘:18@] '1*7‘12’4%‘{'@121 €5, ﬁ}‘é;@ze(‘ﬁrc" an
was extracte wWith e acetateﬁé(wr nd 't hé
[

o gafPt7 8%t dE.g- 3\ﬂ/e7r‘\é (@oﬁﬁb Medv/a Hed (Na2804)
Filtration, concentration, and purification by
recrystallization from hexanes- et hyl acetate (1:1)
15pr s¥lcee: Prearayian ot Laampledlict (274 g) as a white
solid. The nother liquog was purified by a Biotage 40S
colum (eluted 9% acet i n dichl oronethane) to give

a second batch of the r produc (1 1 g). Both

bat ches were conbi ned (to ylrel AN ' H NVR:

( DMSO- d6) 6096110( 4: JZN’(' %d, J= 5.5, 9.5
Hz, 1H), 1.39 (s, CS—:)P 5. 50Hz, 1H),
2.19-2.24 (m 1H), 9@% 1 508 (d, J = 10 20Hz,
1H), 5.23 (d, J = 17 W, , 5.45 (m 1H), 6.85, 7.22

(s, NH (rotaners)); LC I\/ISEfopmH/z 331 (Me + H).

Example 11 was prepared as described in the general procedure using (3-

15  methoxyphenyDmagnesium bromide (1.0M i 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, /=10.45,

20  1.64 Hz, 1H}, 5.29 (dd, /=17.12, 1.51 Hz, 1H), 5.69-5.82 (m, 1H), 6.85 (dd, J=8.06,
2.01 Hz, 11}, 7.08 (d, /=7.81 Hz, 1H), 7.14 (s, 1H), 7.23-7.30 (m, 1 H); MS m/z 663
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Step 3: A solution of the product of Stcp 2(3.5 g,
10.6 mmol ) in dichloronethane (35 25nL) and TFA (32
m.) was stirred at roomtenperature for 1.5 hours. The
olatiles were renoved in vacuo and the residue
W?ﬁ@*é"ﬁﬂ’é in 1.OMHCl in diethyl ether (20 Rt}/USHE/o84799
concentrated in vacuo. This procedure was repeated
once. The resulting mxture was triturated with
pentane and filtered to give the title conmpound as a
hygroscopic, off-white solid (2.60 g, 92%. 1H NWR
(DVE®H6) 8 1.01-1.15 (m 304H), 1.69-1.73 (m 1H),
1.99-2.02 (m 1H), 2.38 (q, J=9 Hz, IH, 2.92-2.97
(m é Fﬂ,JS 20 (d J= 11 Hz, 1H), 5.33 (d, J = 17 Hz,

1H), : 5 1L (br s, 3H; LCM, M
nilz 231 (ME+ H). 13 dereparation of PI-P 1"

sul fam de derivative salt O Il ;NHZNOwW.S O
To a solution of (IR, OH

c acid (217 ng, 1.194 nnnly W), was added

1-ten- butoxycarbonylan1no v'ﬁﬁégyéﬁoéiopanecarboxyli
CDl 5(290 ng, 1.79 Nx/é%& .reaction nmxture was
heated to reflux fon 4 nut es. ¥n anot her

round- bottonmed fl ask, Li (1.0M solution in

hexanes, 2.4 n_, 2.4 nnnlykmmmeHMded to a solution of
ethw t.h I.fam de

Ty and Fren e B frda BPef oy Mol Pubop e

t e nwhloamhﬂnel)rﬁmgneslurm bremide ThEM tinvBEHF el dk90nnm¢ﬂpmﬁ§mg¢3 %)
combj Ve P%guc\?\‘g?s o%liamcd eq-I dlgblg‘ (Q@fﬂ/[ ﬁb@h 4h%s 1% (m 2H61

10ho € reac
t he lrigdwt 106k, mm (on2kMas. 41})115ﬁaot1@H) \/IASt?mddeﬂﬁ%/IB 5.41 Hz,

t 1
o g A BN 5o YRl 14 RORAIGH! B, B0AEL B0
19r odEdH4- 23Kl Bk Hp UH), 723 ds, B, Brié (s &1% We3 . MPLG 11 5.12
pr 0\(&1@9_1619 fepist adh, I&a@?&d IS’LPIH%CI ?PH;MP{?)S'?%%' sﬁ%m s

The 'Boc pr ot ectlng( grou hen renovéd
3

conpednd Mas2dh $4oftvisd- 6§ HZ41I‘EII)J—M1 @dlﬂ)t),ul‘é%m(w@ (M+Na)

Example 13: Preparation of Example 13

@/g. OH

H \\/A
0 N\)% ° - °
Yy

A

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;0D) 5§ 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, .J=11.08
Hz, 1H), 4.24 (d, J=10.83 Hz, 1H), 4.28-4.32 (m, 1), 4.41 (dd, /=9.06, 4.03 Hz,
1H), 5.12 (dd, /=10.32, 1.51 Hz, 1H), 5.29 (dd, J=17.25, 1.38 Hz, 1H), 5.70-5.81 {(m,
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15di oxane (2nmL) and stirred at roomtenperature for 4
hours. Concentration provided a brownish oil as the

HCl salt. (I 12ng, 33%yield).(400Mz, CD30D) 1.16 (t,
wWo Zo08dsabls, 3H), 1.68 (dd, J=10.03, 7.83 Hz, pbyrkheo7/0s4799
2.15 (m 11-1), 2.37 (m 1H), 2.89 (s, 3H), 3.30 (in,
2H), 5.31 (d, J=10.27 Hz, 1H), 5.42 (d, J=17.12 Hz,
3H, 568 (m 1H). LC-Ms (retention tine: 0.883
mnutes.), M5 mz 270 (M+ 20 Exanple 3. Preparation

o SRS & P PR S o 280 RIS, 5o

(s, 1H) ); MS m/z 669 (M+Na)".

Example 14: Preparation of Example 14

5// OH 0
4. H O \\
I -
° A

5 Example 14

A3

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-0OD) & 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, 1), 2.87-2.98 (m, 2H}, 4.00-4.07 (m,
1H), 4.26 (d, J=10.83 Hz, 1H), 4.29-4.33 (m, 1H}, 4.42 (dd, /=9.06, 4.03 Hz, 1H),
5.12 (dd, /=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

@/f OH o)
‘" 0
@‘rn _ALN)\S\\A
H H
\\/O\H,NYgO 0 Z,// 0
0 A~

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;0OD) & 0.98-1.01 (m,
20 2H), 1.04-1.11 (m, 1I0H}, 1.21-1.27 (m, 2H), 1.29 (d, J=6.04 Hz, 6H), 1.42-1.47 (m,
I0H), 1.87 (dd, /=8.18, 5.41 Hz, 1H), 2.18-2.29 (m, 2H), 2.55-2.63 (m, 1H), 2.90-
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3 Exanple 3 Step 1: To a solution of
(S)-1-(tert-butoxycarbonyl)-4-oxopyn-olidine-2-carboxy
lic 5 acid (460 ng, 2.0 mol) in THF (10 rrL) vvas added
- bi | magnesi um brom de (0.5 M THF, 16. 0
WMPE?&%&W se at -50 C. After stirring at Fﬁ’il‘@82007/084799
tenperature for 4 hours, the m xture was quenched wth
5%citric acid, extracted wth ethyl acetate (50 ni).
The organic | ayer was washed with brine, dried over
MySO4, filtered, and concentrated. The residual solid
was +¥dmy sl Rp P§-486 (firldin BN /~108h et Hi & Réx AR 446 14,
me: 1 ) S
( 415ﬁ§9f§b 3, i@%zy hﬁ*:g shl8 IH%@%%; ) s(%d 291@32"“1“:[6 %S@ﬂa}ﬁo (dd,
2. 4873782, 1(ShHzg 1), 5. @0 5@1@1 50, 6f3 (ddvy=5.05, 7.56 Hz.g1D. (7rﬁ5 d,
2H) , ;43484 37( 7.2007 33/ 1B MI Bz 43-
(m 21-0, 7. mél?p z’c%G(MSle 3%?%%{)&0
155Step2 To an |ced m xture of internediate 1
( 383e:Bple 16 CripaRlidn ofeXEhAPIOPanesul foni ¢ aci d
(1- (R)-am no-2- (S)-vinyl cycl opr opanecar bonypam de
hydrochloride (293 ng, 1.1 mml) and HATU (570 ng, 1.5
mmol ) in dichloromeths (19 rrL) vvas added

di i sopropyl et hyl am ne 580 . 20The forned
solution was allowed to anbl ent
tenperature for 4 h urs ran t e es wer e renoved

in vacuo. The resi dturat dW|th et hyl
acetate (100 m) an f|0I tered. The filtrate was washed
with 5%citric acid (50 mg,x2) and brine, dried over
MySH4, filtered, and concent rat ed The residue was
triturat Exkowile 1o wespreasred as(ddscribed it the génetabipr8ddumgsifd 399
of t

(ﬂ?v ﬁ%%ﬂh&ﬁa%ﬂé@%&‘smm b%ﬁﬁé‘@gggﬂﬁ 2}% L. Q’EL”?S %5 R8I and 7
lifht e Ee) afm@cf(\&@@bﬁged OH2BMRI90 M CD-AD YR bSGhe2H)1
L) e [ T

@S Addedu e r%(r) gg'ygﬁ' e2ibed ngoa?f (Hi-iozg & &g ﬂ%% St

sol ution was sti ent t erat’ure

houridl)entd-1- Hemy gita 59850 werldl) ol & m, hﬂhé@&é 13, 6H),

dri gﬁbétmﬁae(ha DH}JEJ 2¥ ywm@\t@f IH)QJHEE; (sTﬁﬂ @5(9(@&119&9\4@% 15 He,
use | rec

St ep'ty;5.13 (dd, H%z éﬂﬁ Hééé%iﬁ%%s’u b‘fnZSof 3? He éi?ré&oa‘it?é (m,
(5L 34 HyDs,. 1607. 2 nd) B, ¥ 28-n.36{:6 hiEQr 2uvet, hangs 61215, r’ﬂ-s)z (MV@]); MS
added gég(soprppyl et hyl am ne (560 ng, 5.0 mmol)

dr0|d§}\/:iZ MdDthis formed sol ution was added HATU (144
ng, 0.38 nmmol) and (S)- 1

52-( %”é ILOXYC rboc} 1 -183173-di nmet hyl but anoi ¢ acid (64

ng,
Ch
gj/h OH
Z%%X‘H/ iL “—/éx
ﬁ’ N\/E 0 . 0
0 /v //
Example 17
20
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m xture was allowed to warmup to the anbi ent
tenperature overnight and the volatiles were renoved

i n vacuo. The residue was triturated with ethyl
woadsbenésl0 nL) and filtered. The filtrate wasyeshRagi700
with 5%citric acid (10 nL, x2) and brine, dried over
My504, filtered, and concentrated. The resi due was
purified by 20 preparative HPLC to yield 16 ng (9%

of the desired product, Exanple 4 as a white solid. IH

NVR 81.08- 11 1.27-1..29 (. ,

o Emtl i s 3ot B verigffiogug oGl

2H) , p@radiginlmgthy HrhenylImidgnes 2mIrer@dO@. 268 in THF, 3.@mD33. 75, riiBol)

(m 403A- 4y A i L

(i Yo e Ot ofpSducl W oBlilbea Jeriut it o ooty 8ok ge

(i n, (M.BHY, 1.0A-138-(@, FD), (2h(d, IH) 51 Hz, d4), 7.347.5¢ tm, 12H),,1.87 (dd,

257. 625 A o i ( P | 4;

o8 Lo doa S i A B ek, S8 ol Mol E50-2 67 (et 3R 2302 op

Exanfii.d H) 4.03 (& /=91.04 Mz, H),"4. 2)(d, /1 10.§31H7{ 1 HEt1 8P (s1 1 H), 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 (1, J=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

g

H
[3:jﬁh 0 Ie)

o LW
LD S NI
[¢]
ON\AO -
ARSI
A

Example 18

=

Example 18 was prepared as described in the general procedure using [3-(1-
15  piperidinylmethyl)phenylmagnesium bromide (0.25M in THF, 3.0 mL, 0.75 mmol)
and 15 mg (14%) of product was obtained. 'H NMR (400 MHz, CD;0OD) & 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,
5H), 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 (8, 3H), 4.52 (dd, /=982, 2.77 Hz, 1H), 5.05-5.15 (m, 1H), 5.22-5.34 (m, 1H),
20 572-5.85(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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OH 0 0 0 5This product was prepared by the sane
procedure as described in Exanple 3, Step 1, except
usi ng phenyl nagnesi um br om de i nst ead. 111 NIVR
DI\/BOdG 6 1.36-1.41 (m 9H), 2.25-2.28 (m I—I)S
%5"02?08 (m 1H), 3.56-3.66(m 2H), 4.27- BCHYSIN/084799
5.50 (s, 1H), 7.25-7.36 (m 3H), 7.46-7.48 (m
2H) 12.40 (br, IH; M5 ni/z 308 (MFH). 10 Step 2:
Thi s product was prepared by the sanme procedure as
described in Exanple 3, Step 2, except using the
pr odixemplefl 9: Pxepanalien of ExStepl9 | nstead. M5 777/ 2" 520
(M+H). 15Step 3: Thi's product was prepared
by the sane procedu Nas described in Exanple 3, Step
3, except using the roduct of Exanple 4, Step 2
i nstead. M5 nez 420 ( tep 4: 5Exarrp| e 4 was

prepared by the sane re as ode@c/égzed i n Exanpl e
3, Step 4, except using t QLL anple 4, Step
3 instead. 1H NMR (CD30 z %1 11H),
1.89-1.90 (m

1.27-1.28 (m 2H), Oﬁﬁ’
1H), 2.26- 2.32 (m 12 4\6827 (m 1H), 2.97-2.99

1H), 4.05-4.09 1 4. 35 2
s 47 (m 1H), LM F%""‘"f"“df? (m iy (d, J=

18. 5 Hz, Edniple 15.whY pﬁpz&&i ai(ﬂésa‘nbelih'l) the ZenBﬂl} ﬁi’ocﬁzauré MinglBh(4-

ooty T A g

CH land)16 mg (15%) of product was obtained. "H NMR (400 MHz, CDs0D) & 0.98-
1.02 (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), 2.16-2.38 (m, 2H), 2.60-3.01 (m, 6H), 3.71-3.83 {m, 4H), 4.00-4.16
(m, 3H), 4.22 (d, /=10.83 Hz, 1H), 4.26-4.32 {m, 1H), 4.48 {dd, J=9.32, 2.77 Hz,
IH), 5.12 (d, J=10.58 Hz, 1H), 5.30 (d, /=16.87 Hz, 1H), 5.70-5.83 (m, 1H), 6.79 (d,

10 J=8.81 Hz, 1H), 7.33-7.45 (m, 2H), 7.56 (d, J=8.06 Hz, 1H), 7.66 (s, 1H); MS 732
m/z (M+H)".

Example 20: Preparation of Example 20
0
)
Y o
[N \u\ b /A

Qr N\/ko "H 0
O/v /

Examplie 20

15 Example 20 was prepared as described in the general procedure using [2-(4-
morpholinylmethyl)phenyl]magnesium bromide (0.25M in THF, 3.6 mL, 0.90 mmol)
and 4 mg (4%) of product was obtained. 'H NMR (400 MHz, CD:0D) § 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,

-95-



0'0 This product was prepared by the sanme procedure as
described in Exanple 3, Step 1, except using

2- napht hyl magnesi um brom de i nstead. 11-1NVR (CD30D)

wo ddsockods2 (d, 9H), 2.54-2.56 (m 1H), 2.89-pgrRk2doss7e9
1H), 3.84-3.87 (m 2H), 4.51- 204.53 (m 1H),

7.45-7.52 (m 2H), 7.62-7.64 (m 1H), 7.85-7.94 (m

3H), 7.99 (s, 1H; M5S nmz 358 (1\41 +H). Step 2:

Thi s product was prepared by the sanme procedure as

or otk 7o 24 BT €2 g« TEE AR gERl B 2y

( M-+ 10.28 St @A 1H), 5.26 (dd, J-N7r1Q, 1.24Ci4, 1 1), 5168380 HEI 1H), 6.77 (d,

Thi s r r S as
desciThEds R e R ERE B A MR IR BE AT,
product of Exanple 5, Step 2 instead. M5 nilz 470

(M'""@ampie%tﬁgpa‘llétion ofExamE})é‘aErpl e 5 was prepared by the
same procedure as described in Exanple 3, Step 4,
except using the producj_of Exanple 5, Step 3 instead.
“FINVR (COB0D) 1.05-1. (moul I1H), 1.28-1.29 (m 2H),
1.48-1.53 (m 10H), 179142 (ym dHR, A&.25- 2.40 (m
2H), 2.75-2.79 (m 1H), 2. . .\J{\ms\q.l—b, 4.13-4.16
(m 1H), 4.38-4.47 | 1@\2%11,05. _fd, 0= 12 Hz, I H),
5.33 (d, J= 18.5 HZ,Q[/ FQi 5.97-5.82 (m IH), 7.49-7.51
(m 2H), 7.70-7.73 (m "1H%~ 7.86-7.92 (m 3H), 8.04
(s, 1H; M5 mz 683 (M++H) exanipeanpl e 6: Preparation of

S L ERE R CTRTRELOE |
dimethylphenyl)magnesium bromide (0.5M in THF, 1.8 mL, 0.90¢ mmol) and 7 mg
(7%) of product was obtained. "H NMR (400 MHz, CD;0D) 6 0.97-1.11 (m, 12H),

10 1.19-1.27 (m, 2H), 1.37-1.51 (m, 10H), 1.87 (dd, /=8.18, 5.41 Hz, 1H), 2.15-2.25 (m,
ZH), 2.30 (s, 6H), 2.54-2.62 (m, 1H), 2.90-2.98 (m, 1H), 4.02 (d, /=10.58 Hz, 1H),
421 (d, /=10.83 Hz, 1H)}, 4.27-4.32 (m, 1H), 4.41 (dd, /=9.06, 3.78 Hz, 1H), 5.12
(dd, /=10.32, 1.51 Hz, 1H), 5.29 (dd, J=17.12, 1.51 Hz, 1H), 5.70-5.81 (m, 1H), 6.94
(s, 1H), 7.15 (s, 2H); MS m/z 683 (M+Na)".

15

Example 22: Preparation of Example 22

F
Ki/ﬁf;;{ o ©
] H W .ZX
N \IL -8
N ?—‘ NS
o] H\/k 0 '«,H ©
Youtte®
°

Example 22

Example 22 was prepared as described in the general procedure using {(4-
fluoro-3-methylphenylymagnesium bromide (1.0M in THF, 0.9 mL, 0.90 mmol) and
20 8 mg (8%) of product was obtained. "H NMR (400 MHz, CD30D) § 0.97-1.02 (m,
2H), 1.03-1.11 {m, 10H), 1.20-1.27 (m, 2H), 1.41-1.47 (m, 10H), 1.87 (dd, /=8.18,
5.41 Hz, 1H), 2.20-2.25 (m, 1H), 2.27 (d, /=1.51 Hz, 3H), 2.55-2.63 (m, 1H), 2.89-
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Step 1, except using 4-fluorophenyl magnesi um brom de
instead. IFINVR (CD30D) 6 1.48, 1.50 (d, 9H),

2.44-2.47 (m 1H), 2.74-2.95 (m 2H), 3.69-3.76 (m

2 4.45- 4,53 (m 1H), 7.08-7.12 (m 2H), 7.52-7.54
WOR0SHHURE n1/2 326 (WH). 10Step 2: OH in BCHUB20{H084799
NN O HO-"Lo Thi s product was prepared by the
sane procedure as described in Exanple 3, Step 2,
except using the product of Exanple 6, Step 1 instead.
Ms infr 538 (M-H). Step 3: OH .4" HC N

Thi £.98rmdUEY 4.086!, Frl8paFedI By4.2he, S4M83 ProtBoldtet. 3is(m,

or odirt G RBLE TS e BXGER STy Saa

( M-+H17.15 186 &lg, U, 5.70-5.81 @x aHpI6&Y 6d, ia® 0pila P HD, 6P617y03t e
sa r-0GE =170 ' Eﬁ?{% Step 4,
exggg?’ %g%ﬂ(tﬁlﬁgﬁ)ﬁ?'gggé?%}g’gH%%np e g,%M%{qg)p' 3 instead.
FHNMR (CD30D) 1.02-1.12 (m 11H), 1.26-1.28 (m 2H),

1. 4 dmpId 28 Prepd@ibn of Ex@Rnd 2P0 (m 1H), 2.25- 102.28
(m 2H), 2.55-2.65 (m 1JH§, 2.92-2.99 (m 1H),

4.06-4.08 (m 1H), 4,25 4.33 (m

, OH
f)‘rﬂ A
RN
H 0 y H 0
0 N\Vi§ o
T o 7
0 A~
Example 23
Example 23 was prepared as described in the general procedure using (3-
finoro-4-methylphenyl)magnesium bromide (0.5M in THF, 1.8 mL, 0.90 mmol) and
10 5 mg (5%) of product was obtained. 'H NMR (400 MHz, CD;0D) § 0.99 (s, 2H),
1.03-1.10 (m, 10H), 1.21-1.27 (m, 2H), 1.42-1.47 (m, 10H), 1.87 (dd, J=8.31, 5.54
Hz, 1H), 2.19-2.22 (m, J=8.06 Hz, 1H), 2.24 (d, /=1.51 Hz, 3H), 2.54-2.61 (m, 1H),
2.90-2.98 (m, 1H), 4.01 (d, /=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 0
/ H \\/_\-
[éi\ﬂ/Nizﬁkﬁ/QQ

N
H
0 : o
\N/O\“,Nxzjko L
0

= 4
AN

Example 24
Example 24 was prepared as described in the general procedure using (2,5-
20 dimethyiphenyl)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) 8 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, J=8.18, 5.41

-97-
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2H), 4.41-4.49 (m 1H), 5.15 (d, J= 12 Hz, 1H), 5.32
(d, J=18.5 Hz, 1H), 5.77-5.82 (m 1H), 7.09-7.12 (m
2H), 7.60-7.63 (m 2H); MS ink 651 (Mt+H). Exanple 7:

W aR@babdson of Exanple 7 MeO OH H 00\0 OH | pc&k]sﬂau}msmg
iskv 0", Exanple 7 HQ Step 1Step 2 HATUHN-"-- Li CH

>"0....,(N'Lo. HQO O N -NOsStep 4 H NN - HDess I\/artln

Hz, 1H), 2.16 (d, J=4.78 Hz, 1H), 2.17-2.25 (m, 1H), 2.28 (s, 3H), 2.48 (s, 31), 2.72
(dd, J=12.46, 8.18 Hz, 1H), 2.88-2.97 (m, 1H), 4.09 (4, J=10.83 Hz, 1H), 4.13-4.21
(m, 1H), 4.37 (d, J=9.32 Hz, 1H), 4.44 (d, 7=10.83 Hz, 1H), 5.11 (dd, J=10.32, 1.51
Hz, 1H), 5.28 (dd, J=17.12, 1.51 Hz, 1H), 5.70-5.80 (m, 1H), 6.82 (d, /=9.57 Iz,

5 1H), 6.99 (t, J=7.68 Hz, 1H), 7.11 (d, J=7.30 Hz, 1H), 7.17 (d, /=7.81 Hz, 1H); MS
m/z 683 (M+Na)".

Example 25: Preparation of Example 25

N\/K 0 M %
Yoy
Example 25

10 Example 25 was prepared as described in the general procedure using (5-
fluoro-2-methoxyphenylymagnesium bromide (0.5M in THF, 1.8 mL, 0.90 mmol)
and 5 mg (3%) of product was obtained. 'H NMR (400 MHz, CD;0D) 8 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, /=9.69,
2.64 Hz, 1H), 5.12 (dd, /=10.58, 1.51 Hz, 1H), 5.30 (d, /=17.37 Hz, 1H), 5.68-5.83
(m, 1H), 6.75 (d, /=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, (.10 mmol) in THF (4
ml} was added {4-phenoxyphenylymagnesivm bromide (0.5 M/THF, 1.0 mL, (.50
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O 1(N,...." Lo Step 1: HQO 0 O To a slurry

of (2S, 4R) - et hyl 4-hydroxypyrrolidi ne-2-carboxyl ate

HCl salt (5.45 g, 30.0 mol ), (S)-2-(ter

- but oxycar bonyl) - 3, 3-di net hyl butanoi ¢ acid (6.93 g,
WEROPSINGHSF)  and HATU (17.1 g, 450 nmol) in PCI/US2007/084799

di chl oronet hane (100 nlL) at OC was added

di i sopropyl ethylamne (16.8 g, 150 mmol ) dropw se. The

formed solution was stirred at roomtenperature

overni ght, washed with iced 5%citric acid and 1M 10

M@hr@dﬂﬂroﬁwﬁm ~408(M d\ﬂehmﬂnn@i 4t thishéerhpresturelfor 2 aﬁﬂ/ﬁén at 0°C for

Vacuoh’ttge %}%ul}'é: talgr e%n%ﬁ] Svith! (#b%?nc Lot a?'nclc 0{11%: e ﬁtg)Acn(lo

foannL)l Elhet\lmaI@CID%ID)vasSw&she& with, bri@by) dneﬁl 4G Mgsog Hijtered and

%pgg).?(dml“hel%%guezwé i% a?e% V&Eﬁ ho:!' ngféé?’ %xg?ﬂva(ssfl_bel%l_l) Tl;§680hd

(5{ ﬂJltS ojtaiped was_]_paanﬁed By gl}gpz@atlve HPLC to yiefldCanpewl dutdD @ma ofhite
t he BEPGUGL. i,y Example 7, Step 1(10.75 g, 30.0 nmol)
in THE 100gm_ and net hanol (100 m.) was added Li OH
mnoﬂwﬁi@@)ﬁﬂ 0g;1.0¢30. B ?6 439 (m.i2dh. 1-#5-Wak er. 10 H0O

IﬂfL) 1900 hn by, %@5%27%& ﬂ\ﬁm?; 2%k! '2%2 ?{1) 5@ 5199 (m, 1 H), 4.05-

enper at ure over ni ght atl es in vactuo

The 4GS gL vhE-hed @ 2 S W# h’ 13 E1D,Cd) o 13K 1z L
1Bt react eds v Gnh 1@4} hs@w ﬁ@ e (A807 i, 1 i’{b@ WRIBNHC2 1),

| ayer was washed with 5%citric acid, d brine, dried 5
over - Wy54™ AHY fi | tered The fi Itrate vvas

CoNaeNMSateRdtidnNinka s 08 mind mpihewiB I 9158~ 2 207qM' 81%). of the
e foam 1H NMR (CD30D) 5

deSS]{ g]pﬁﬁéjyr%‘&arggmt%f%"gFﬁng 03-2.06 (m 1H),

O
m

o8

Example 27

u

Scheme 5

A ‘ .\‘ .‘ -
or LiOH KH/DMF
N OH P g (_Xﬁ
7
@”o*o o e
i5
Step 1.
To a solution of (25,4R)-1-benzy] 2-methyl 4-(biphenyl-4-y})-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 mmel) in

Water (10.00 ml). The formed cloudy solution was stirred at room temperature for 6

-99-



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: 15

To a solution of the product from Exanple?, Step

V26 3008864866 5. 68 Mol ) in ethyl acetate (150 Meboodharso
was added (1R, 2S)-1-am no-N-(cycl opropyl sul fonyl) -

2-vi nyl cycl opropanecar boxam de HCl salt (1.51 g, 5.68
mmol ). The m xture was stirred at this tenperature for
5 m nutes before addition of diisopropylethylamn ne

20(1 o .17.0 mol opwi.sGC. The fornmed cl ear

2o ottt ot Rt SO BVt o AR B, bRk FDlec o0 my
bef ofke agahid fags volk WEBEd (With4®s gitric7acaB andvoiine, dnd dHEBKESO4,
(0.7 .6 The final_ slun S.Stifred
{onflidea, SRR ccolif do IS o oA 9 REER Blone o
was wishtddesiredprpdied 1 3% d6t% ieldassi whitt wowedey. sat ur at ed

di it rat i tivel i ed
VSO MR (CBl G LR 23R I PSR Sl Sl e B
in vA6AAH6 purlii BH5-HYO ), A5, T T, 8 HL Y766 (toh6 1);1

h e Q.. ~viel: 9 1 desired
p‘?é?g@gﬁ@&%ﬁﬁ% bl St R G PR RS 1

(m Sepf, 1.24-1.28 (m 2H), 1.41-1.46 (m 10H),

i i—|§3 6A%oreg%%sgmglé&miumﬁ1 9‘%3573233?‘%%53% mrﬁlol)gﬁ%%é%nggfﬂ s[ﬁll'lrad in
% PMF 24m3 @é?%)—11ﬁ;ézy@%<>1041-beaf,l>-@&>iprznyﬂaﬂ5y1>14'H) , 5.35
(d, ﬂyﬂr&?pﬁroh@ned—bﬁrbox@li(? J:id's(-l &I'Zmé,mu‘ﬁ@ nﬁa‘lﬂ));wamd@'ﬂ és s@ﬁgby

(M +H). S,teg 4. To a solution of Dess Martin reagent

( 940 T Portion 3t Qe formed woHe 85 FABtITEHE THETOCTAPY Yl min
addled)eéahﬁ apﬁo@mml i3 soquﬁoﬁmaﬂpb@nﬂlaef&& eiitdn OB Ay nlide10.027
nmo T sol.utjo s stirred at.rqomtenperature
Tor, S baB R i el ik b Sl S BRI s
51 t Onatied withtided htcitat iyd, eacetdiveh EOAcnWhshatdie bighiieled
thro ] r&n. ' . > filtr

cono il peahRTRRG NRsGR! dhile Sl rulBRg bl bl BREG Wit
f | ashd oppiUthnstartiarnitergl, wid the desitedrexdanddavetifieyitld) asiaathie
550 g@q(99% 150f the desired product as white foam
11-1INVR (CD30D) 8 1.09-1.14 (m 11H), 1.25- 1.28 (m

2H) , HINYB-(CD48D ) 4g-5DH) (m, 1 Fog-31-B (fnm HYL.H)82-3872m, 2HR8
%@“17%*-59-%1?@’3%?4-%?‘37%%?%52—3(0?54lﬁﬁﬁ?Héfﬁ‘fg%&"d:(-maLHM-M-
Hz, T-#)(m 888 {00 ¢8)5 Hz, 1H), 5.72-5.82 (m 1H);
VS 1. Z2-MeDBetéoMbn fiméDh:6420StRkhoR B), MS m/z 45§ rapgol ution of
the product of Exanple?, Step 4 (23 ng, 0.05 nmol) in
THE (0.5 nL) at -50 C was added

4- neERaIPLE Pydpargie st Bankiors de (0.5 nl, 0.5Min THE,
0.25 nmmol ) dropw se. The formed solution was stirred

at this tenperature f@r hourcsﬁ,and gquenched with
exibr acted with ethyl

amoni um chl ori de (ag)3
N
o

25 Example 28

O
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25 acetate. The organic | ayer was washed with brine,
dried over MgSOH4, filtered, and concentrated. The
residue was purified by preparative HPLC to yield 4 5
8140 of Exanple 7 as a white solid. 1H NI\/Rg
ngzf $12 (m 11H), 1.26-1.28 (m 2H), 1.B6TA: @2”?8 99
10H), 1. 89-1.91 (m 1H), 2.25-2.28 (m 2H), 2.58-2.65
(m 1H), 2.92-2.99 (in, 1H), 3.81 (s, 3H), 4.04-4.08
(m 1H), 4.25-4.35 (m 2H), 4.41- 4.49 (m 1H), 5.15
(d, J= 12 Hz, 1H), 5.32 (d, J= 18.5 Hz, 1H), 5.74-5.82
(m gdpme®. 92-6.94 (m 2H), 7.48-7.50 (m 2H); M5 m z
663 (M +H). Exanple 8. Preparation of Exanple 8 Ow
OH OAJIN 4-C) 1 A Exanpl @ Exanpl e 8 was
prepa t bR sanEBC@rTii%ed @ descri bed in Exanpl e
7, Step 5; ém usSipng, 4' - met hoxy bgghenyl magnesi um
broni de i nst %q- ANNR (0330D) 8 1.10(m 11H),
1.29-1. /&%H) 1.40-1. SO(W ©°1.90-1.92 (m
1H), 2(m2H) 2.68- 9(m1H) 2.92-2.98
(m 1H), 3.84 (s, 3H), 4.10- 1 04.15 (m Sl
4 35&:4, BRti¢af (ZSH)R) 15beidby] §-GhethdF4-Tozphblga -4 W) 4-hy@ro3 2y @lidide

5
OEE M NN I AL M
Pr e pas added preofad Excuriph of Scakdlivm 4lflbdvénithdi@sulfdhae (61.6 mg, 0.125
5  mmol) 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 MgS04, filtered,
evaporated. The residue was purificd by prep-HPLC to afford the desired product
(290 mg, 49%) as a mixture of diastereomers.

19 'H NMR (CDCl3) 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 I1), 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.0H).

Example 101; Preparation of Example 101

Example 101
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T o Exanple 9 15To a solution of nrt-butyl
(S)-1-{(S)-2-{R1R 2S)-1-

(cycl opropyl sul f onyl ear banoyl) - 2- vi nyl cycl opropyl ] earb
vamyokpeaeek- oxopyrrol i din-1- yl1}-3, 3-di net hyl -pdrus2007084799
- oxobut an- 2-yl -carbamate (77 ng, 0.14 nmol), prepared
as described in Exanple 7, in THF (5 nL) at -78 C was
added al | yl magnesi um brom de (1.0M in diethyl ether,

0.7 nmL, 0.7 mol ). The reaction m xture was 20war ned

to rogmtenperature and stirred overnight. The

reaction was quenched with saturated aqueous NHACL.

The ture was extracte vvlth et acetate, drled
over SH, fil (?in@ concentr ndgacuo
crude Ypr oduct 2% Qﬁ'hash C

chr o@og aph sol a gel ngLthJtl ng wiH T

hexang&s/ aeet neté’glve‘_thetltle muggo

609% . B1H NVR(4D® MHz, CD30D) 5 O. /ﬁk(m 2H) ,
0.93- 51.09 (m 10H), 1.19-1.25 (m 2H) 1.38-1.48 (m

10H)Stc 183 1.94 (m 2H), 2.18-2.31 (m 2H), 2.31-2.46
(m 88-2.96 (m 1H), 3.70 (d, J=9.82 Hz, 1H),
3. 81A(2d1eckjd fleskgues phargeq H}th glzpugisztg@esugn-goggie pﬁxeratf KB358 mg, 1.0
‘51 g(z)mfn@g Thgsifﬁ%lp@as }éatf?cﬁwﬂf-an ol-llﬂ)mh a@?dg@ uﬁ:’degﬂ%l( {}ch@f}won' 4 h.
25 57T g ik ngin gt o, hgBeb ol e . N fH HOEED
( Mera):o mihiQl) Gamﬁed aimgamdtmew 1)), apd 8P asAtihOImighly vellow

les 10-2 ol uti on of ter but yl (yS)-I
( S) mP[ \tra[sigélgggls]}i stlrred at room femperature overnig 1t

15( c§tep opr opyl sul fonyl car barmyl) 2-vi nyl cycl opropyl | ca

b
a1 o el PR Bl 15 dmonbsptF vl Gl 0! 4
YD1 oD amEEHR 8 78 Kwas 2@ le@ i AddecD.4 b, B mgnar d
reagg Bﬁw:geo ﬁ@ resﬁtlr%cp}n %I V)afs StTIJﬂ’:g al ﬁ%% gf%{u%r %&i’g I%]ﬁlou e

warnmed to roomte erature an stirr
The VeBCYISGHMWASd firthe fisk ipmSterdathichdiae beea queecyolsd NHARAL.

(1 Mye findNGix kit bad @ﬁréﬂ@ﬁhﬁ%ﬂeﬁkdrezﬁgz Wt 88 zl?l(;llldmonal 1

extracted with ethyl acetate (2 m.), dried over
My Sdh Th? TG ‘é(@,quglﬁ:aed with sat. NH1Cl, dllutcd with EtOAc, and the upper

15  organic phase was separated, The organic layer was washed with brine, dried over

MgS0O;, 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) 8 1.02-1.09 (m, 11 H), 1.26-1.29 (m, 2 ), 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, /=12 Hz, 1 H), 5.32(d, /= 18.5Hz, |

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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concentrated in vacuo. The crude product was purified
by preparative HPLC to give the desired product.

Exanpl e 10: Preparation of Exanple 10 1,0 ILL TheO O
Exanpl e 10 Exanpl e 10 was prepared as_descri bed
Wlor?"é%é“"é%ner al procedure using (3- PCT/US2007/084799
fl uor ophenyl ) magnesi um brom de (1.0Min THF, 0.75 ni,
075 mml ) and 5 ng 5 (6% of product was obtained. 1H
NVR (400 MHz, CD30D) 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,
J=8.18, 5.41 Hz, 02.18-2.28 (m 2H), 2.56-2.64 (m
1H), 2.90-2.99 ( H),.4.03 (d, J=10.83 Hz, 1H), 4.24

(d, J=10.58 Hz, @ (@H 1H) 4@1% (dd J=9. 06,

4.03 Hz, 1H), 5.12 (ddxJd* 64‘9, 1H) 5. 30
(dd, J=17.12, 1.51 Hz, r%
106.99-7.07 (m 1H), 7. 39 7N41 ( 3H) |vrs mrz 651

(MtH) +. Exanpl e 11: A ? of Beanpl e 11

Exanpl e 11 was prep re&p descrl bed in the general
procedure using (3- 15 nmétlhoxyphenyl ) magnesi um brom de
(1.OMin THF, 0.75 nL, O.gkngewob) and 7 nmg (7% of
product was obtained. 1E1 NVR (400 WMHz, CD30D)
60.98-1.01 (m 2H), 1.03-1.12 (m 10H), 1.20-1.27 (m
2 H) aExﬂ—mﬂlg'l b Wk p(emlred- ¢ sa%e??océdillge asQIes%rﬂ;e%’m ﬁxa%lel'k)

IH), 2.17-2.29 m2

(m e]xcepbusmg 47@07(1% ngqﬂboxybg)hggzl mgfteg%of(lrﬁl bmophegyiéinpyggle
(5m i2flp 2.4. 43 (dd, J=9.19, 3.90 Hz, 1H), 5.12 (dd,
J=1Q. 45, 1H), 5.29 (dd, .7=17.12, 1.51 Hz
1H), H@”\é%%@@?)@rh LOgym, @.@51-%%&?9 (28D B45-h3Qdn. 1o 1D,
1H) ,1.96-108 (fnle) 725~ 2831! (hiz2 HY bls3-259 1k, 1(18), 2.850p.99 fm, 234)73.80

@{2@1 gﬁﬁm %, AYLIED & oAl § 120, Y Rarald gny

= 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

~ N
~ OH Q
s, 0] \\‘S’/O
H ;§*”"\§7
SoaRs
>r Y™ =
&
T
Example 103

15 Step l.
A 2-necked flask was charged with ground cerium (IIT) chioride 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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C S5Exanple 12 was prepared as described in the

general procedure using (3- chlorophenyl)mgnesi um
bromde (0.5Min THE, 1.8 niL, 0.90 mmol) and 5ngy (5%
Wb 2@s0cioat was obtained. 1H NVR (400 MHz, CR@aR)s2007/084799
0.98-1.01 (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,
11-1), 2.19-2.28 (m 2H), 2.56-2.64 (m 1H), 2.90-2.98
(m IH, 4.04 (d, J=10.58 Hz, 10 IH), 4.22 (d,

J=10 , A 19, 3.90
P, TR TP G Ak g‘f?yﬁse"wég@a’ ¥ia
J=17vigorously Bitredpt roohHpmpGat@ef& 481 (m 11-1), 7.28-7.37
(m o 7.47 (t, J=7.68 Hz, 1H), 7.61 (s, 11-1) ); M8
mz 689 (M:Na) +. Exanple 13: Preparation of Exanple 13
0A \ e anggher Tnecked flasipcontqining@-(4 drcearpénemaidine (JOC, BHOZnSIOED,

13 B R @mﬁrﬁa) A2 1888 W had74°a M@aag@mmlg QM’%%M 8.0
usi ng i ntol yl magnesi um bronide (1.0Min TH

090 mel )dm@w&e g thgmixoyaseingsy H&ﬁéﬁmma%uré&réﬁ weu’th H

?'C\)/If (& sMﬂ%(,wa%QQ)ﬂe@Qt(ﬂﬂe ﬁ@k fr&h')Step]L v@ﬁ’chlva@ %re( (f&)led 10 -

( dd, Q%C]Th:@ }ing'lgmét&l(ep@s stgl-?q’i at t@s iegx_pel?tuff fgr 22]9ax)(dr1rlilen2r_9 C for an
35a((d81.0n23 I'I'I)h Tlﬂe. rﬁzﬁtu% Va3 qldiched Mith sad. 1‘9@;021 619&;(( With AtdAc, and
}10 28ﬂl ugpzr ?rﬁﬁmlﬁ lﬂjer Wﬂﬁ s&[ia}_% uaid ’IA.“he Q[@dg]&éayeawbsgwap&ed tlhl)Jﬁl_Q\e
5. 12drfed ebyer MgBO. IRtered .aﬁﬂ_evbrjz),ratddl—ﬂf he rBsi@@ wae dhiturdisdlvfiti2omt
1 38 1
h%ﬁh{%as f?te%(aé@ie%g‘lu{%ne& gbawn(t' gil b){]pre})agﬁ}viééld%
7 37y1§1§ Exqiple 103 ap/BwiritezsoBG 0L 7 (nigr Nep¥ .  Exanpl e 14:

E;:ﬁgfﬁmq@)qﬁ[)ﬁg(%@ 89&114 1R 1'235(11'-2 f ?%Q%lée,a 111‘)‘}{),

14 "was prepared a scri be
by oc bBU 82 (il 1.3>-2. %@pﬂébyﬂ R, rlrﬁg,r?d)érm(blr OH).dd5-

(0. 5%7 Thi, 4%555% 2%'_%75157{&0.14 1204 1]}% 5792(%)1}/‘38 Ofrz, 1

pro uct VVaS obt ai ned
D S SR ot S 2540 EDUTIN AT LG, 24 DO BTAS BB D)
8H) , 7.43-484 & 4%n(m 10H), 1.87 (dd, J=8.18, 5.41
LC-MS (retention time: 2.24 min, method B), MS m/z 710 (M™+ H).
20

Example 104: Preparation of Example 104

o H\/Ng 0 D,
>T’jr N =
T
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)- 1 H-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

-104-



10Hz, 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, J=10.83
4.29-4.33 (m 1H), 4.42(dd J=9.06, 4.03 Hz,

A dd, J= 10 45 1.64 Hz, 5. 29
“&)%98/%%61651(51 H 5 70.5 81 (m 19 gg'gm%@omsww

J=7.30 Hz, H)724736(|n 2H), 7.44 (s, 1H. M
mz 675 (I\/H-H) E. 15Exanpl e 15: Preparation of Exanple
15 OH tH EN YLO Exanpl e 15 Exanpl e 15 was

prepared as described in the general procedure using

(3 (. SdPr HPOL Y plvw ) ﬁé@ﬁé%mrﬁf& bt de’/ T 02 BMLD, SR, J
.5

I B b e A T A T
1. OJ‘CIMﬁire(emlonltm 2. 7am211mfthgd7B1 /2P0 (M +31). (d,
J=6.04 Hz, 6H), 142147(m 1OH) 1. 87 (dd, J818,
5.41HZ,16>|) 2.18-2.29 (m 2.55-2.63 (m 1H),

P ggixampled E’FFP“PW")f@X@Sﬂ%loéa(m 1H), 4.23 (d,
J=10.83 Hz, 1H), 429 (s, 1H), 4.45 (dd, J=9.32, 3.78

Hz, IH), 4.57-4.6 Sﬁ\m]@o, 5.12 (dd J=10.32, 1.76
Hz, 1H), 5.30 (dd, 2,,°4. 51 , 5.70-5.81
m 1H. 6.83 (dd. J=8.06 %V?os(d,
7.81 Hz, 1H), 7.12 (s, 7H28 m 1H); M
2 691 (MrH)11. 5 EX@rrp{I}\/k ar ation of Exanple
16 Exanpl e 161wa prepé)red as described in the
general procedure using pg\
(N, N-di net hyDani | i ne] magnesi um brom de (0.5M in THF,
1.5 nL, 0.75 nmmol) and 7 5@Wg% 799 of product was
obt ai ned. 1H NI\/R (400 MHz, CD30D) 5 1.00 (s, 2H),
1.02-1.13 3 , 1.20-1.27 (m 2H), 1.40-1.47 (m
10H)Examplg 80 iz, p@&l@d hgthe spmgprogpdure aedescpberign Brapgple( 1.
2H) ex H)p51%31n% gi(@ b(dﬁopﬂéﬂ}b)thgz&&nﬁeaqgf (-m bryﬂ))phegﬂpﬁ{ ﬁyril&e in

14)283“(- 450(dd J944 315|—|z 1H), 513
(dd ‘Hiﬁlﬁ(@&o 6716)211209 (ﬂal-%H)‘SiS&l(zdgn 2-Hy=i4s- 250@14 189D,

1
T 8 ] R 320 T 252 A ). 205 2.99 (5 13,50
1H) ;(s,NBpM.@s- 8T 6, ViR 4.35-Examplanlyis @r.epar gt,iign, of2 (d J

re Dt O & o B ARG A AL LT 1,

Iy r rIoARET Oy, fzrﬂt) hyI ) phenyl ] magnesi um brom de (0.25Min
THF, (9 duct was

St iy e Ei“ﬁwﬁ’e( Zgﬁmﬁeﬁag%ss s PES (m 3H),
1.04-1.09 (m 9H), 1.24 (d, J=1.51 Hz, 3H), 1.39-1.51
(m Igf'gﬂ?g‘mz'o}][ bﬁgongpggnds of the Present Disclosure

(
J=
m

20 Example 106; Preparation of Compound 106
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5 J=8.31, 5.54 Hz, 11-1), 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,
J=11.08 Hz, 1H), 4.24 (d, J=10.83 Hz, 1H), 4.30 (s,
wWdiroosdeadsk (dd, J=9.06, 4.03 Hz, 1H), 5.12 (d@r/us2007/084799
J=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,1=7.55 Hz, 1H), 7.32 (d, J=7.81 Hz, 1H), 7.37 (s,
1H; Ms mz 716 (MFH)+. 10 Exanple 18: Preparation of
Exanple 18 0 A" N_t4, akx’ N*0 ILL 0 n H O Exanple
18 Exanple 18 was pared as described in the general
procedure using [
pi peri di nyl met hyl ) phen -
THF, 3.0 nL, 0.75 mmol) an

I
OneS| un@br c%w‘?de (0.25Min
\@f product was

obt ai ned. 1H NWR (400 ¢ 99-" 1.04 (m
5H), 1.07 (s, 9H), &nﬁ? 3H)5,:1 41-1.47 (m
13H), 1.77-1.92 (m 211240(m 2H), 2.65-2.76

(m 1H), 2.86-2.97(m Hﬂ\4 08419(m 2H), 4.28
(s, 3H), 4.52 (dd, 198% 5% 5.05-5.15 (m
1H), 5.22-5.34 (m 1H), %’““’? é 5 (m "1H), 7.44 (d,
J72§Lhé—r]zezll—|) 749(t J=7.43 H, 7.66 (d,

.1=7.55 Hz, 7.81 (s, 1H); I\/Srn|732(M+H)+ o,
ConpoundHag Exanpl 19 scri b@ﬁo
in the ge er Lopr&eedur e/ ugi ng ”?f

nor ph o | hyI ipﬁenyl néS| um br om de M‘l n
THF, ﬁLO a d 16 ng (15 ' duct

vvas ob alned 'HN 400|\/Hz CD30D) 5 81 02 (m
1.07 (s, 9H), 119127(m 3H), 140150(m

1OH) .88 (dd, J=7.93,%. 67 Hz, 1H), 2. %6- @ m |

6073, 0 3@3 o 16
é (m_ﬁ;l)& 83 (4—2652:—-32 (m'

4 48 (dd J: 0 2987 Hz, Yo (d, J=10.58 |:||ZN

Lie. 87Hz 1H) %?osse(m 6499°
103®m 7.33-7.45 (m 2H), 6jTIJBdQ/I\

J 806HZ 766 (s, 1H) C’l\/S 732 mz (I\/H-H)+
| ”1“\ ﬁs‘v
HioH O P T Compound 106

O

Step 1.

5  To solution of methyl sulfoxide (23.90 ml, 337 mmol) in DCM (100 mi) 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 (25,4R)-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 sturry 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
HC1, 5% citric acid, and then brine, dried over MgS0O4, filtered, and evaporated. The

residual light brown oil was purified by silica gel column chromatography, eluted
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Exanpl e 20: Preparation of Exanple 20 0 CO 0O An HA
H\'""0 -0 0 Exanple 20 15Exanple 20 was prepared as
described in the general procedure using [244-

haol | nyI nmet hyl ) phenyl | magnesi um br om de é .25Min
Wﬂ%ﬁg n., 0.90 mmol) and 4 ngy (4% of prbElEP2QHE799
obt ai ned. "H NVR (400 MHz, CD30D) 60.94-0.98 (m 2H),
1.01-1.11 (m 10H), 1. 16-1. 24 (m 2H), 1.41-1.48 (in,
10H), 1.85 (dd, J=8.06, 5.29 Hz, IH), 2.12-2.22 (m
1H), 2.45 (dd, J=12.59, 7.55 Hz, 1H), 2.55-2.68 20(m
4H) ,with 471232, 8& I hiexd)EtOAc 8iAafRrd(3)-(bpnztiH) metBy139- 3. 84

" Bl ey 1 BT il oy
J 1 OH20MR (CToA)H2, SB12H)3, (6 1 B 2R, 99X m V11, 3,62.13. P6(s, 1Az,

éot%m%gy ?9§9g§_&ﬂ 2%1')2@2?4 %(n‘(‘i'ﬂ) 5{_@ 55{?5(‘5'?”? }ﬁ"’})ﬁg% 39 (g
Exanﬁpﬂl)e 21: Preparation of Exanple 21 OHO0 0 A
T*1Klep> 0 N O Exanple 21

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 0 °C was added biphenyl-4-yImagnesium 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 NH4Cl, separated the organic
layer. The aqueous layer was extracted with EtOAc. Washed the combined organic
layers with brine, dried over MgS04, 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-FtOAc to provide 11.70 g white solid, which was recrystallized from

15  EtDAc-Hexane (50 ml-150 mi) to afford 7.8 g of (28,4R)-1-benzyl 2-methyl 4-
(biphenyl-4-yl)-4-hydroxypyrrolidine- 1,2-dicarboxylate as small needles. The mother
liqor was concentrated and purified by flash column, eluted with 4:1, 3:1, then
2:1,and finally 3:2 hexane-FtOAc to yvield additional 2.41 g of the desired product.
'"H NMR (CDCls) 6 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, | 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,O
- COn).

25  Step 3.
To a sohution of (25,4R)-1-benzyl 2-methyl 4-(biphenyl-4-y])-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  dropwisc 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 MgS04, 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 21 was prepared as described in the general
procedure using (3,5- dinethylphenyl)nmgnesi um brom de
(0.5Min THE, 1.8 nL, 0.90 mmol) and 7 ng (7% of

o edBieda006as obt ai ned. | FINVR (400 MHz, CD30BT/us2007/084799
60.97-1.11 (m 12H), 101.19-1.27 (m 2H), 1.37-1.51

(m 10H), 1.87 (dd, J=8.18, 5.41 Hz, 1H), 2.15-2.25

(m 2H), 2.30 (s, GH), 2.54-2. 62 (m 1H), 2.90-2.98

(m 1H), 4.02 (d, J=10.58 Hz, .21(d J=10. 83

. prdiéﬁ@a%theﬂesgé@ducﬁ%@f%s b5 ot b

J= 17y1112 1.20 sB14.397) yikl) as $Byhif® s81d84. 5 grpf sn.aH)n,g nfute@id] Was also

149 el s 3o e (W) 15 Exampl e 22

Preparation 0 0 Exanple 22
Exans ﬁMm(CWéZQ) p2 ébaﬁé(jn ddl)dege? Fbe liH), 2.9e2.gefed Hl

A T
( 899 (ddf/1pT B4uet Haddobb%as- hedn. 11HH NR-2U00 1 b7 29C8a0D) 10

609 1.03-1.11 (m 10H), 1.20-1.27 (m
ﬁjijizfgl)alﬁ?“%:{np’ 10H) 187Edd H2318 5.41 Hz,

H) LG-Miplrgengign *(“Fr? 2PRymin, prefipd By MSJ"”@ 446 (MpHH)gHp (M-

2. 55)R0f8 3tan M*l[vbeoHZ@(% 2.98 (m 1H), 4.03 (d,
121083 Fo. 0H) R 21 (d, J=10.83 Hz, 1H). 4.26.4.31
M P94 4,41 (dd, J=9.19, 3.90 Hz, 1H), 5.12 (dd.
J=10T3ah icél. Pafr sikker vhkdp) cofaidlg 66lation .ol 28 ARL-2 beiky POmEIRy] 4-

élgézbl,phﬁ%]%ﬁﬁ" 1rpﬁtlgor:gfp x H?1él/|r1v.34 bz %W%r%‘fﬁjdte (—} gg g_%%d%l;%lh‘n
1 H) MbBHrﬁ(ZmB &ds z(dl%d\]&)l&dlulﬁ ((Boarg'p(b 20028 nol Psreaeioat 1080 wed).
or epaicioae g dbent BETTR R domnon on AV 0 08
(3- peyworders hn@ndmylhqdhemytlytwﬁgﬁ@éj ayapobxtalnd aféord .85\ (9h %)
THF, othhBucliled pgfdgcg amfé—wﬁ{‘éq)owder. This material was used for the next
coupling reaction without further purification.
LC-MS (retention time: }.92 min, method B), MS m/z 312 (M +H), 280 (M -
MeOH).
20  Step S.

To a solution of (25,4R)-methy! 4-(biphenyl-4-y1)-4-methoxypyrrolidine-2-
carboxylate (500 mg, 1.606 mmal), (5)-2-(tert-butoxycarbonylamine)-3,3-
dimethylbutanoic acid (409 mg, 1.77 mmol), and HATU (867 mg, 2.409 mmol) in
DCM (15 ml) was added N,N-Diisopropylcthylamine (0.839 ml, 4.82 mmol) at ¢ °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) & 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,3H),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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10 5 ng (5% of product was obtained. 1H NVR (400 MHz,
CD30D) 5 0.99 (s, 2H), 1.03-1.10 (m 10H), 1.21-1.27
(in, 2H), 1.42-1.47 (m 10H), 1.87 (dd, 1831554
Hz , 2.19-2.22 (m J=8.06 Hz, 1H),224d
Wﬂz"?"%”“ 2.54-2.61 (m 1H), 2.90-2.98 (m 1 TfUﬁF“E?i"s“”
(d, J=10.83 Hz, 1H), 4.22 (d, .7=10.83 Hz, IH),
4.26-4.30 (m 1H), 4.41 (dd, .1=9.06,4.03 Hz, 1H),
5.12 (dd, J=10.32, 1.76 Hz, 1H), 5.29 (dd, 15J=17. 25,
1.13 Hz, 1H), 5.70-5.81 (m 1H), 7.20-7.27 (m 3H); M
nni At®85 (M-1-1)*. Exanple 24: Preparation of Exanple
24 r t he gener al
pr o?g ggplgg%@#n(%ziﬁf&aﬂﬁ 46@%’9&%’%?%?1 @;?) 11rcrgg nesi um
br o@@@%@owfﬁﬂm HFdlmithﬂbmHOYU%"@PtWY}mhfh@ Searppyylate
5%(6(5{7}fm%ﬁ qw&&om@ﬁmbg%m% MOH HMB n(xfl&)&& ah/hi%x frec_m@D)
60. 94- 0. 97 Hé {(é
é’H) solytiopepf it &gl](}ﬁlfoxgielrﬂonol"yd@@ (é%g 2528 11'1113)1) 15wat1r {5400 ml).
1 H) /Thé foked djeud}] séhutiod w2 stmgeh'l)it, rodm Qeﬁ?%gézegﬁﬂ g ﬂkmo@ed%

Hz

1H) VOIEQ ]g%%léutgjfm hrﬂ/3 o gt cac1g e@ggc(eal with Bf gAgéI’hp_Ergarﬁ_bayer was
4. 13vadhed Wit BFine] tied ﬁerﬂ%ﬁ(ﬂi fjlﬂe{&l z'ﬁﬂ eb’ﬁ?p.ogailehl) Thedesfthal(p@wder
(olol(25 'ﬂg';%hé) qu)%s g‘i‘g\?ed f@“%%é’ é%”t%(i%ﬁbm]“%’yéeg’ 1
L(Od =g (1 Aedited plled) as w188 chbal J=7. 68 Hz, 7.11 (d,

, 83

(et 260 b il By Bl J'y% i o2
A N®aQH). 11/4Z, 11 .".0 oHO o0 O Exarrpl c 25
Step 7.

To ashurry of (25,4R)-4-(biphenyl-4-y1)-1-{(S)-2-(tert-butoxycarbonylaminoe)-3,3-

15  dimethylbutanoyl)-4-methoxypyrrolidine-2-carboxylic acid {255 mg, 0.499 mmol),
(1R,28)-1-amino-N-(cyclopropylsulfonyl)-2-vinylcyclopropanecarboxamide, tosylic
acid, hydrate (231 mg, 0.549 mmol), and HATU (228 mg, 0.599 mmol) in CH2C12
(5 ml) at 0 °C was added N,N-Diisopropylethylamine (0.435 ml, 2.497 mmol). The
formed light yellow solution was stirred at 0 °C for 3 hr. Diluted with EtOAc (10

20 mL), washed with 5% citric acid and brine, dried over MgSO4, filtered, and
evaporated in vacuo. The residue was purified by preparative HPLC (Phenomenex-
Luna 30X100mm S10, 30%B to 100%B, 15 min gradient time, 20 min stop) to afford
Compound 106 (248 mg, 68.7 % yicld) as a white solid.

"H NMR (CD;0D) & 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, ! 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), 442 (d,.7=9 Hz, 1 H), 4.58-4.60
{m,11),5.15(d, /=12 Hz, 1 H), 5.32 (4, /= 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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10Exanpl e 25 was prepared as described in the general
procedure using (5- fluoro-2-nethoxyphenyOmagnesi um
bromde (0.5Min THF, 1.8 nL, 0.90 mmol) and 5 ng (5%
vob 2806t was obtai ned. | HNVMR (400 MHz, CD3QB)us@oo7/084799
1.00-1.10 (m 11H), 1.20-1.26 (m 2H), 1.40-1.47 (m
10H), 1.83-1.89 (m IH), 2.20-2.29 (m 1H), 2.34-2.43
(m IH, 2.90-2.98 (m 1H), 3.80 (s, 1H), 3.85 (s,
3H), 3.93 (d, 15J=10.83 Hz, 1H), 4.18-4.28 (m 1H),
4.45 (d, J=10.83 1H), 4.56 (dd, J=9.69, 2.64 Hz,
1H), 5.12 (dd, J= 8, 1.51 Hz, 1H), 5.30 (d, 1=17.37
Hz, 1H), 5.68-5.8 ,C|§75(d1@881|—|z 1H),
6.98-7.04 (m 2H), 7.36d :f:i:rSZOHz \gfiro MS nmiz 703

(MtNa) t. Exanpl e 26: Preparat onnof: \nqye 26 0 0 (3
0 v4 Hv 20Exanple 26 To g soy'ullf opN\of”’ the product from
Exanple 7, Step 4 ( NQOALQ Yol kein THE (4 nl) was
added (4- phenoxyph | ) ragaes um brom de (0.5 M THF,
1.0 nm, 0.50 nmol) dropwisM. After stirring
at this tenperature for 2 h-and.khgn at 0C for | h,
the m xture was quenched with 5%citric acid and
extracted with Et0OAc (10 nlL). The organic | ayer was
washed vvlth brine, dried over MgSO™4, filtered and
evaporatg' d"*"tRe residue vv%swtrlt ated with hot hexane
and was f||tered The s?ﬁyd)*ds t oht aiyned was

purified arlatlve HPLC-t0 Vi e,rrpound“‘i}ﬂ)o as
a white s |d ng, 3%. NNR(0§102109
(m 11 H, 1.26 1 ¢m 2 H), 1,45-145 10 H),
1.90-1.92 (m 1 HY %.25-2.27 ( 8-2.69(m
1H, 2.95-2.99 (m 1 H, 4.05- 4 0P (r ,
4.35-4.52 (m 2 H), 5.15 (d, J= 12Hz 1 Mn 5.32 (d,
J 18.5 Hz, A310H), 5.75-5.82 (m | H), 6.97-7.01 (m 4
H, 7.15-7! gH), 7. 36- h@(m 2 H), 7.56-7.58
(m 2 H; LC ention tiBE: '2.94 nmin, nmethod B),
MS mfz 707 (M- r]_pr mpl e 27—Pr ePPIPAE &N of

Exanpl e 27 >r N\/& 0
0] ¥\_\;

5 Stepl.

To a solution of (25,4R)-methyl 4-(biphenyl-4-y1}-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) 8 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, J=12Hz, 1 H),
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Exanpl e 27 Schene 5 Step I. To a solution of

(2S,4R)- | -benzyl 2-nethyl

4- (bi phenyl-4-y1) - 4-hydroxypyrrolidine-

bez@ (?I carboxyl ate (1.294 g, 3 nmmol) in THF (10 m% and

W ¥°00 M) was 20added pre-made sol uti BhT/HP2007/084799

Li t hi um hydrOX| de nonohydrate (0.252 g, 6.00 mml) in

Water (10.00 m ). The fornmed cl oudy sol ution was

stirred at roomtenperature for 6 h. Diluted with

water, acidified by IM MCl to pH 3, extracted with

Et 0&03(@.0’& YB[D) Hz, Tie, 0%3gasii(o. 1Ay @82-R8% (masiied4 i 56 (% H),

mtr-;@-)apl ﬁ@d brine, dried over Mg504, filtered,

evaporate € residual powder was triturated W|th

4:1 %Méﬁ@tenmmm 880 mirt mediod B Mbew? f&dMprbiluct (1. 20

g, dpyield) as vvhlte powder. 51F1 NMWR (CD30D)

8253257( 2.79-2.86 383 3.90 (m
H)TO a,gpo]gQQlypfé%S ftRQTme]_hy'Lﬂ (biphenyd- 45/1)2b((§):2 (tert

7. Z%uyoxfc@rb(aﬁﬁ}larﬁn@)mn e&}l‘)ﬁ r%o&ﬁ}éfrr@hﬂea Eﬁgbd}@a’(e 6166 mg,

(retentlon i me m n, mz 40
mmgldp THF @Amb} i MeEQHHG Hﬁdt%%d EPRTRRAS Watiorel 3
ﬁ) lﬁiuﬁﬂﬁydmdle)mmohﬂrd’ﬂﬂ&aﬂ@ 0\882 r&hdl) hedict (2 IODME frghed
(25, Y LIBRAIYIER R APBORRG 2 CHIPRbemeNed by vojatiles in
Ty d rvesuppVirerredidud taher 12)—1& anaﬂer) xyidified widi v G104 pr‘IJZ E@u«@&@ with
mml ﬁt%ﬁ@s\vft%g{%qgci aSan%’c er WQI}/ %}3 ?rl ﬁ%{dtané) Qrme dl‘le{i oveé ngpdl

nper a
30 riiltared bebfaﬂ[mraft%mrea:dl@whlsobllﬂ(ﬂftihn@t‘)1 thiigddpodis mgc) for

bef Qge%ejilz_ﬁc@héﬂn ORBlontt Jgéfmﬁl & dRalQoP27 L, 0 299

utlon was stirred at this
t enpér M reentioyting: 3}14 m%%@hﬁhé@%ﬁﬂ (Meth)-5% citric
BCI GyepeXt racted with Et OAc V\ashed the organic |ayer
W th brlne dried over filtered, evaporated.

Pur TRl SR -APETenY T b ) 3o ot e BT
Mat ehibya)-4- mamaxybheolﬂﬁéizrcamoﬂnle AUE 178 (Hb50.M) mAO), ‘)/@mlzgi f)
gs 8 %ngnlh C(yﬁll?)ll)rg?g}i_ﬂuilfogl)gzzv%%%?#?écd%?oxgr?lgg?k t(%gh%dc;fig

(M h3dade (655 R4 0558 Burof) and HATU &7 2Q; ©214Inrhdl) in DON (3 ml) was

2% 87 dged%'N (ﬂnqopropiy_/qe’thyzlmme {0.074 ml, 0.425 mmol) at 0 °C. The final mixture
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 afford Compound 107 (64 mg, 59 % yield) as whitc solid.

"H NMR (CD;0D) 6 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-
299 (m,1H),3.09(s,31H),4.19(d, /=9 Hz, 1 H),4.38-4.41 (m, 2 H),4.95(d, /=
[12Hz, 1 H),5.03(d, /= 18.5Hz, 1 H), 5.15(d, J=12Hz, 1 H), 5.32 (d, J= 18.5 Hz,
1 H), 5.75-5.84 (m, 2 H), 7.38-7.39 (m, 1 H), 7.45-7.48 (m, 2 H), 7.53-7.58 (m, 2 H),
7.63-7.71 (m, 4 H);

30  LC-MS (retention time: 3.15 min, method B), MS m/z 763 (M™+ H).

Example 108: Preparation of Compound 108
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7.46 (m 8 H), 7.57-7.66 (m 6W LC- M5 (retention
time: 2.64 mn, nmethod B), M5 nlz 458 (M-FH). Exanple
28: Preparation of Exanple 28 25 Exanple 28 Schene
vgogoﬁtg),gélg,gp 1. To a solution of (2S, 4R)- 1-bengplusaooarossroo
_rre y
4- (bi phenyl-4-yl)-4-hydroxypyrrolidinel, 2-di car boxyl at
e (540 ng, 1.252 mmol) in Acetic anhydride (10 ni, 106
nmol ) was added pre-nade sol ution of Scandi um
trifluoronmethanesul fonate (61.6 ng, 0.125 5nmmol) in
acetonitrile (0.5 dr opwi se 0 C The forned
[ight pink solutid as stirped_at this tenperature
for I h. Quenched At nmoni um ghl ori de,
extracted with Et OAc. VW4 t he oRgan¥C |ayer with
brine, dried over MySO4, fill teref] ‘%\r\ép\ovat ed. The
residue was purified by pyeptH CE)Q"bfford the
desi red product (2 d8 a mxture of
di ast ereoners. 10NMR] ( | 3) 8 1.97 (s, 1/3 H, 2.00
(s, 2/13 H), 2.42-2.50 (m~Tr3 H), 2.68-2.79 (m 2/3
H, 3.03-3.05 (m 2/3 H), 4- 1 (m 1/3 H, 3.54,
3.77 (s, 1 H, rotaners), S%?ndg.oég (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 Pogre45.09-5.26 (m 2 H), 7.8037.56 (m 14 H);(@

LC-MS{retention tinme: 78 rrinthodB MS il z
( M4- onExangpl e r,%:;ati en o | ® 101
Loy o,
0

D -

O, pdic
NN OL N N

©/\O’&o o @”o’% © i

hh\‘,o H [':)\'(OH
H N AN \{/OYN\__/L\OO

\l,oYN\E/&Oo § 5

f HPLC

- = . :,, O b Q QSO Compound 108
NB\\-N' W separation
HoN H
O =
O e =
© A

Step 1.

5  Sodium hydride 60% oil dispersion (40.0 mg, 1.000 mmaol) was rinsed with hexane
and was stirred in DMF (5 mL). (28,4R)-1-benzyl 2-methyl 4-(biphenyl-4-y1)-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 benzy!l bromide (0.072 mL, 0.600 mmotl). The final

10  solution was stirred at 0 °C for 2 h. Quenched with iced 5% citric acid, extracted with

EtOAc. Washed the organic layer with brine, dried over MgS04, filtered and
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Exanpl e 101 Schene 1 Step I. A 2-necked flask was
charged wi th ground magnesi um brom de etherate (258
mg, 1.0 mmol). This flask was heated with an oil bath
ﬁt is%g nder hi gh vacuum for 4 h. 5After cooI | ngzthi S
BB an i ce bath, the product from Exanp 007G
4 (110 ng, 0.20 rrrml) was added along with -FEW(S
nil), and the resulting slightly yellow slurry was
vigorously stirred at roomtenperature overnight. Step
2. To anot her 2-necked flask containing
1- ( 4vipouhdpHengsidpe Ve pyifiedlyesilic2 3¢ cnlgmn,leh@edwthmmﬁ)l therd

THE A thepll it 13605 1908, MoPU e e Ml o

r OpW se. resu g m xture irred
at tdmstgrepz@wp@}dalﬁgm Of 6!6 sugingpaterfie sl uny vvas

cannith@h@ ebnale zt:&ez 14 (ﬂas?SfIf)Of@l% R, 0.9/ ChoolaAgh @e?@n,

pre-cooled to"-7 Indl mxture was stirr

t5hi S-4lehped ab.Br'd ($:érH)23 F-arfdoat G- Flot-23dm. 844! ond) (mg

ahcs b ﬂpﬁﬂ@j’l h sat. NH4C1l, dil uted
vvlthhgt 0Ac, @n%ﬁ (%jlgff%r ani ¢ _phase was

sepaeraM%reteWPé‘ t’é‘fegéllﬁ ’é‘mia ‘é‘?‘é?d% zhadMaitth bri ne,
dr| @éepqver MySO4, filtered and evaporated. The residue
]I&rlturate with hot hexane and was filtered.

The
sol i1 DEEAPHE i &esil Poeg YoiPtiph el AR st-bepey I dppatin 4
w el(nbn@qmwheb@%ylasy@yMidhﬁ 1S0ditlbdxHate 353 1g, 0]12%111110]‘)111

1 st (P e3¢ G i s v Z 501y Sty

(m oa c:hﬁ)on (20% 8~ ). BB (emel Wasld)acedhinFarr 2ha @6 apparatis udjier

4z°§1§?léﬁe9§sf@§?%ff%%lw 12>t DudpbNigfeqite mo? oleyailTio
1 Hypffod tigQlegired podit (337nR @R 7o y2dd)(2ppn Sf-White povdiB- ThiShatemgl

1% H)was Zse@ §0r ther f@l%u(um (:ogpli'ﬁbJ rea!:tgn Wh&ft%rﬁl@lt ﬂugﬁcattibﬁre 2.81
B), [VL+ H), 680 (M -H20). 25

Exarhﬂ MS 11@@ntwrnrﬂ@1@a¥ %ﬁ m@nmet O%W gz I{GAM +H).
Step 3.
To a solution of (4R)-methyt 4-(benzyloxy)-4-(biphenyl-4-yl)pyrrolidine-2-
carboxylate (60 mg, 0.155 mmol), (8)-2-(tert-butoxycarbonylamino)-3,3-

20 dimethylbutanoic acid (39.3 mg, 0.17 mmol), and HATU (84 mg, 0.232 mmol) in
DCM (2 ml) was added N,N-Diisopropylethylamine (0.081 ml, 0.465 mmol} at 0 °C.
The formed solution was stirred at room temperature overnight. Diluted with DCM,
washed with 5% citric acid and brine, dried over MgSO4, filtered and evaporated.
The residuc 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) 6 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),
5.20-5.28 (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}-methy] 4-(benzyloxy)-4-(biphenyl-4-y1}-1-({S)-2-(tert-
butoxycarbonylamino)-3,3-dimethylbutanoyl)pyrrolidine-2-carboxylate (74 mg,
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Exanpl e 102 Exanpl e 102 was prepared by the sane
procedure as described in Exanple 101, except using
4' - br ono- 2- met hoxybi phenyl instead of

v&o&cf’osm@&ophenyl) 1H-pyrrole 5in Step 2.  Np(sc§a3@8oo
1.02-1.09 (m 11 H), 1.26-1.29 (m 2 H), 1.45-1.50
7

(mlOH) 1.90-1.92 (m 1 H), 2.25-2.27 (m 2 H),
268269(m||—|),295299(m1|—|) 3.80 (s, 3 H),
4.05-4.07 (m 1 H, 4.35-4.52 (m 2 H), 515(d J—12

HZ % g%mp?o]égl?’lii-gﬁjﬂ énJL’)I)and]T?[ él—} }-Eméj‘lw?srﬂdde? p% mad? szlﬂt onff
07 5]ith(um hydroklde mbphibag et ong, IOOSI’JIO trint®8)in Rat&Q 1 PALR, The formed

ollouaB fslg%snﬁvas stlrre% at 1<3om t ature (fvel(n%%é Relgg)(veg)tl'fe volfblés in

r'éparation
158t epud. Théregidwaakes dp fo vaasek aeigiticd hith I @lite pH grmaued with

ceri | ' 7.3 . .

Th s A, e S E QERIADIEAD Sl Aoyt (eSO
hi ghfiliaed apdrefappraed The rasideah white spb G8frag; 8R%yjeld) vep used 6
for %e Rext 8144 @ﬂthﬂwrﬁﬁ)qguﬁt&rr piciopAf ter cooling this

flask in an'1ce bath, the product fromExg le 7, Step
4 (116 M\%(re'f@ltlmtlmﬁﬁ’di9)mlaﬁ%FthPFier) (M5 W’[Z)58%§‘§ ded. The
resukihpg slightly yellow sl urry was VI gor ousl y
stirred at roomtenperature fo

-

ahot he# b@ﬂh%fc(ﬁl@d*f'ae%lm@o%ﬁbaﬁh?wh@yl) I- <(S> 7 <feﬂ- °

2 ( 4b1h6>@zﬂapch;gramh;)opy B1dd11dﬂ@ﬂ{uﬂaﬁ%)g&@&ﬁmepgﬁ%axyhg aﬁa &(32@
ed n ULl

v ol S kb R G ATt r o s

stir Wﬁﬁﬂcﬂloptdpmodrmmemattmﬁc dcol hyldoatdiap. 7‘ﬁtge0 t rmmeal), and

| “%)&TYBQ%B(ﬁan%‘fs"i‘tm?goé)' ”%%1%%&&' aS(Eme{S oM &P & Whi ch

was pre-coo ure was stirred
at t Biiptopyipibylamae @.056 mL20.822amaol) bty CaThO@af o tugrvas

addi |
NI - 1%1:&&%@@1! ! %Tﬁ gg-lla&lrerﬂvé%%{neDYf@%d d\gl{ﬂgﬁéﬁzgﬁs‘#ﬁ% \Plﬂf)?}g gllgllcc

| aye peidyang beipg, driesh ever MaH, 5]{@3@&#@@ eyaggieted vids repduchets Diufifidd
brin Qy ptgﬁd'rﬁ% Aret m%ﬁtef‘ é&. etu@ﬁt?go y@eﬂﬁ a %Yﬁﬂ@ Bﬁlﬁ%reoyéﬁc

resi due was_ trit uroat ed héxane and
filt gt (fhee.os1% % yisk ?flvﬁ’ét@l S‘?A}Qsﬂbiﬁow Wé?(feﬁwleaed to another

pue p@feﬁdmtivb@ HPPE CortdRiol ts@btdeﬂ@wkras 4061125 oBaiMeth8mirkd
11- INMR (CD30D) 6 1.02-1.09 (m 11 H),

(17 g,
1. 263;%?"2@%(%%)2 H, 1.45-1.50 (m 10 H),
'H NMR (CD:0D) § 1.05-1.15 (m, 11 H), 1.25-1.31 (m, 2 H), 1.47-1.50 (m, 10 H),

1.80-1.82 (m, 1 H), 2.15-2.20 (m, 1 H}), 2.57-2.70 (m, 2 H), 2.94-2.98 (m, 1 H), 4.08-

419 (m,2H), 430(s,2H),4.45(d,/J=9Hz, 1 H), 4.72-4.76 (m, 1 H), 5.13 {d, /=
25 12Hz I H),5.28(d, J=18.5Hz, 1 I}, 5.75-5.82 (m, 1 H), 7.29-7.34 (m, 6 H), 7.38-

7.40 (m, 2 H), 7.63-7.69 (m, ¢ H);

LC-MS (retention time: 3.22 min, method B), MS m/z 799.5 (M™+ H).

Example 109: Preparation of Compound 109
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151.90-1.92 (m | 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),
435452(m 2 H), 5.15 (d, J= 12 Hz, 1 H), 5.32(d,

Hz, 1 H, 5.75-5.82 (m 1 H), 7.38-7.40 (m
Wl%z"“sf“ﬁﬁ“ 7.74 (m 2 H, 7.87-8.00 (m 4 H), P‘?T@§2°?7"§a799
(m 1 H,; LCM (retention tine: 2.24 mn, method B),
M mz 710 (M++ H). 20 Exanpl e 104: Preparation of
Exanpl e 104 Exanple 104 Exanpl e 104 was prepared
by the sane procedure as described in Exanple 101,

except u g 2- brormbenzo[d]thi 320l e 1 nstead of
1-(4-bro 1 i H-pyr(ggle |n Yo 2 1H NI\/R

(CD30D) 6 1. 4 ,& ,,
145150(m1 % 92m1 @»Q

2 H, 2.6 ) . 2 95-2.99 ( ’

(s, 3 H, 4. ¢5-4. 7( .éﬁg F‘?z% , 5.15
(d, J= 12 Hz, 1TH), 532(d ') = 18°5-hk oo

5 75 5 82 (m 1 H)A proZma% 1Zm§2eo(i’momga ! 7 93 8 01 (m
2 H; LC—I\/S(retenlon . mn, nethod B), M
nilz 690 (1).e+ H). 5Exarﬁ§’|ﬂ@011!td599 Preparati on of
Exanpl e 105 Exanple 105 Exanpl e 105 was prepared
by the same procedure as descrl bed in Exanpl e _101
ex c enib Iy Lreparaion of (17 xegthyh 2 fhepawaxyepshonmgamineg b b difls gerobut-2-
15-(43nweormpheny1) 1H pyrrole in 10Step 2. | HNWR
(CD30D) 6 1.02-1.09 (m 11 H), 1.26-1.29 (m 2 H),
1.45-1.50 (m 10 H), 1.90-1.92 (m 1 H), 2.25-2.27(m
2 H, 2.68-2.69 (m 1 H, 2. 9 (m 1 H), 3.80 (s,
3 H, 4.05-4.07 (m 1H, 4035{4.52 (m 2 H, 5.15 (d,
J= 12 Hz, 1 H), 5.32 1 H, 5.75-5.82
(m 1 H. 7.64 (m ]@f\#.?iﬁ-? i 2 H, 7.90 (m
1 H, 157.98-7.99 (m¥2 H); LC-M5 (retention tine:
2.67 mn, nethod B), MS mz 716 (M+ H). Preparation
of Corrpounds of the Present Disclosure 20 Exanpl e 106:
Pr eéfgragthpwlogfof @Bﬁﬁaﬁhtart-fetemde (3.91 g, 34.9 mmol) in tetrahydrofuran

10 (50 mL) was added methyl 2-(benzyloxycarbonylamino)-2-

(dimethoxyphosphorylacetate (10.5 g, 31.7 mmol) at -7&°C under Na. It was stirred
for 30 min at this temperature and then 1-ethoxy-2,2-difluoroethanol (7.99 g, 63.4
mmol) was added slowly. The resulting mixture was warmed up to rt and stirred for
18h. It was then quenched with water, adjusted to pH=5 by adding a few drops of I N

15  HCI The mixture was extracted with EtOAc. The organic layer was dried over
MgSQ,, filtered and concentrated to yield 10 g of the crude product as a yellow oil.
Purification by Biotage cluting with 30% EtOAc/Hexane gave 7.12g (79%) of
(E/Zymethyl 2-(benzyloxycarbonylamino)-4,4-difluorobut-2-enoate as an oil.
LC-MS, abent 1:8 mixture of isomers. LC-MS, MS m/z 286 (M+1).

20 Major isomer: "H NMR (500 MHz, CDCL) & ppm 3.84 (s, 3 H), 5.18 (s, 2 H), 6.21 -
6.43 (m, 1 H), 6.70 (dt, J;=55.2Hz, J=5.19, 1H), 6.90 - 7.05 {brs, 1 ), 7.31 - 7.50
(m, 5 H).

Step 2: Preparation of (B/Z)-methvl 2-({benzyloxycarbony){tert-

25  butoxycarbonyDamino)-4.4-diflucrobut-2-enoate, shown below
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Compound 106 >roH NO Y O Step 1. 5To sol ution of

met hyl sul foxide (23.90 m, 337 nmol) in DCM (100 m)

at -78 C was added oxalyl chloride (2 Min DCM 84 ni,
wWé Boogmmbgs dr opwi se. The fornmed sol uti on was winuse®80aib99
this tenperature for 30 min. A solution of

(2S, 4R) - 1- benzyl 2- nethyl

4- hydr oxypyrrolidi ne-1, 2-di car boxyl ate (21.38g. 77
nmmol) in DCM (100 mM ) was added dropwi se at -78 C. The
formed slurry was stirred at -78 Cfor 2 hr before

10additon of N, N-Dii sopropyloe Tani ne (66.7 m, 383
mmol ) dropwi se. The fi sdll utll on Fstirred at room

tenperature 3 h. The tu‘Pe shed with iced 1M
HCl, 5%citric acid, brlne dried over MpSO4,
filtered, and evapor at ed. The iPesi dual |ight brown oil

was purified by silica gel e m chr omat ogr aphy,
eluted with 4:1, 3:1, then 2/1 hexane-Et0Ac to afford
S azyl,. 2- h 4- . .

oo PSR R by oo g iR e

as | i(tphe, 666 ownlydisoobigylgickrbotat (MVRg( IGDENR)) 2622 EBalRich3

S ront agr}'nec%_tpg of%)ab?glg&) 89185( (%%n(% 1%13%11 tgﬂiiﬁgcgoiﬁl aé gZO% %‘lL) Tla{%)tlrred at rt
551152 24It(\\m; then Hjuted VB ELGAQ Yagheyl wBB whipr, dStdaper2VeSia, a
sol Uﬂte%!i agp cc%u?%}né%te@ ﬁﬂééﬂl 39’2 gﬂﬁtt %ﬁde Fr](_)ﬂuct asa co})%lesg oil,

4- 0XOpyrro I car ate g

in tBlprlj'@ﬁ@n(%@@)tq;gE)ﬂugqg \@tl@j,@%@é@@@@ne gave 22¢g (86%) of (E/Z)
bi p hﬁl@ﬁﬂ’} (Béhfﬁﬁ?@d%oﬁmlgt%ﬁ%mog?caﬁ%%) affkno)-0 4 %IMOEHE’-BHOHC
75. mmol ) .dropw se formed I'ight yel |l ow sol ution
10Wa§°“§?r}eﬁsr‘é]d at this tenperature for 1 h. Quenched

WJt hLWMS ﬁ@p@ﬁ‘(%@md)m_]di’ﬁﬁgﬁ@ﬂ a1 Neyes00 NI, @9@1%% m
extracte Ac. Washed the conbi ne

er

or gahf‘%(si %’S%Pé”\@\% § H) @r%lrﬁsezHHrq B 66V &t WEPSOA = {94 @Had,
and gyapor-a®dm, Thg 18si7duemwas).purified by passing
through a silica gel plug, eluted with 4:1, 3:1 then
2:1, and finally 3:2 hexane-Et0OAc to provide 11.70 g
whi t gtes &l Prelparasion chmatiag 11 @eiizyBicadatbb@@heft-h ot ycarbonyl)aming)-2-

15 difluoromethyDevclopropanecarboxylate

. s
ey

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)-mcthyl 2-((benzyloxycarbonyl)(tert-butoxycarbonylamino)-4,4-
diftuorobut-2-enoate (6.4 g, 16.01 mmol) was added and the mixture was heated at
&0°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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15Et OAc- Hexane (50 ml-150 m) to afford 7.8 g of
(2S, 4R) - 1- benzyl 2-nethyl 4-

(biphenyl 4-y1) - 4- hydroxypyrrolidine-1, 2-di car boxyl ate
snal | needl es. The nother |iqor was concentrated
W%"%‘Iﬂ“if. ed by flash colum, eluted with 4P§T/U82047/084799

then 2:1,and finally 3:2 hexane Et OAc to yield
additional 2.41 g of the desired product. 1H NWR
(CDC13) 52.39-2.45 (m 1 H, 2.70-2.75 (m 1 H), 3.66,
3.86 (s, 3 H 20rotaners), 3.80-3.90 (m 1 H),

4. OOwith D@AE (Ax230nH)., Tha ofe@nif theler vaid washed QitbwatdQ2HaL), ridd) |

5 09; %&g’s;f r@teked@o&ce@rﬁé@% %{%I %%5’18 Hlie %}ct astié_glllévn&il. 6
( r etRarifizaton by Retagoelqtng with 15%@1(%@11@831116 gbv@ i gzof aiethy| M-
I(‘gg) 21 ﬁ%@%x&%bohﬁgteﬂ—b caﬁbga%taﬁﬁﬁof? To a solution of

£ ( kﬂdlﬁh@ﬁwhﬂ)cyféomomwméwﬂm'rrs@11 Pidli LM S M8 mée2B My | Al
(8. Ofhother ﬂ-%g%@ tm dbd ﬂﬂodwl:métﬂﬁq ({E}t)bu%& Q@o%lﬁgdﬁd
sodi um hydri de 520 ¢ T% formed light
b oV PR TeDsoRbeR g VR isingl Fam e qtese 30
M N.puBfiesabhaslan St fELB, 1S »BA%s 1126k Bk BRI cdWas g dehed
30dropwisc at 0 C. The final solution was stirred at
roomtenperature for 2 h. Quenched with 5%citric

1aci ditepe tPrapataeeh ofil itk BudAvcarbWasdigiab)tzhe organic with

bring.,, dri ver SHA, filtered, and evaporated. The
resR%g%x%gégﬁﬁﬂipwg%m§§b@ﬂ§%ﬁ4£oIunn5|Ilca ge
chromat ogr aphy, eluted with 4:1,3:1, then 2:1
hexane-EtOAc to yield 1.45_g q&ithe desired product,
whi ch was recrystallized in” (10 M) to yield 1.20
g (14.38 %yield) as a white id. 4.50 g of starting
mat eri al was al so recover egy ng flash col um

purification. 1H NWR (CDC13§ 62. 5TcRE56 (m 1 H),

2.85-2.89 (m 1 H), 2.95, o(s, 3 H 5 rotaners),
3.67, 3.80 (s, 3 H r s), 3.69-3.86 (m 1 H),
4.02-4.08 (m 1 H), 4.183 (dd, .11,2 = 9.5, 28 Hz, 1
H, 5.09-5.17 (m 1 H), %5.20-5.29 (m 1 H), 7.29-7.46
( m Algmlﬁpre 0f7me%%('l Ygj@&zk/gkycgfrbS%Jig%bmzurﬁéngq&ﬂu?@ 5.8 i me:

92 mn, nethod

Weor@lﬂwweewmycﬂmanec@mvimeﬂ@gﬁ ép? 3, mrrr@) asthytlederPar r

; haK?ﬁxy@%@1ang@atzaodmu&gm§@mtw@ﬁoﬁhe&%aﬂa% ckshenzyl
me

(ol BHBHY 3 MECHCA I e Ry Pr Pt (R, . pea Bxysd o
( 1 2901,8h 2T Qe8] thixiuke WA QbhcbdRitedlapd é@ﬁte&dﬂﬂﬁ4a§ihk adigam
(0,308 o O R e SRS A et 5
ZW t Hilt@Scajeswas washed with water to yield 1.2 g of the crude product as a white solid.
Crystallization from hexane/EtOAc gave 1.0 g (50%) of 1-(tert-
butoxycarbonylamino)-2-(difluoromethyl)cyclopropanecarboxylic acid as a white
solid. This intermediate was isolated as a single diastereoisomer wherein the CF,H
substituent is syn 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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15pressure for 5 h. Quenched with celite. Filtered,
evaporated to afford 0.811 g (91 %9 of the desired
product as an off-white powder. This material was used
wotookbaedsext coupling reaction without furthefrus2007/084799
purification. LGM (retention tinme: 1.92 mn, nethod
B), M mz 312 (Mt+H), 280 (M- MeOH). 20Step 5. To a
sol ution of (2S, 4R)-net hyl
4- ( bi phenyl-4-y1)-4-met hoxypyrrolidine-2- carboxyl ate
(500 ng, 1.606 mmol),
(S)- 2 (tert but oxycar bonyl am no) 3,3- di rret hyl but anoi ¢
s Pel £ T i 1A 86y 0

nmol -' G ded
N, N- |L§g)§ro §/ e10 )(/) e{grf@%e 0.839 m, 4.82 mvol) at O
C. 25The formed solution was stirred at room
tenperature for 4 h. Diluted withyDCM washed with 5%
citric acid and brine, dried overg 4, filtered,
evaporated. The residue wasOognNiTj ed by silica gel
colum, eluted wth 2:1 hexange-qacetone to afford the
desi red product (600 ng, 7],,N 0 (EH):Q as a white foam
11- INMR (CD30D) 6 1.11 (s, }—CI% .42 (s, 9 H),
2.61-2.66 (m 1 H), 2712 m 130H) 3.00 (s, 3
H, 3.75 (s, 3 H, 4.20 %5 (m 2 H, 4.30-4.35 (m 1
H, 4.75-4.79 (m 1 H), .35-7.72 (m 9 H,; LCGM
(retention tinme: 3.04 nm nethod B), M5 mlz 525 (M
+H), 493 (MIhMeOH). Step 6. To a sol ution of
( 2S, Apglxtﬁ@toﬁy[ten butoxycarbonylaming)-2-

4- ( bidphSRYEd N Ebprbp &@@bogﬂﬁ:tagiﬁt(%tn%y SRRLRRN¥hPEDHIG)s 3

, 3-di et hyl but anoy )S rroli di ne-2-car boxyl at
e (6084, mliolhlwtﬁm‘)fm%( i) (3 BReied el (1 wemhen
b ) m&daﬁdm IRy ETBHSaRes8RInkhide (569 imgl & bdrinke)) indidaxd, de

The FURiR B(Bgﬁ@%ési F P AR P e g Whan 1

te np@ﬁsahamrcendemfatea ulnwcﬁte anuevitheatstah@idilses to gH4ukiag 1 N

wi t h A% trc h _Et OAc.. The c
ay oV O A0 v SRS 0 A il g BHBRD)
filtéred@camg 2ed eqpomabiedin vihe te yisld dabf howddrprédmddasrag,

P ) R UL T EL 005530 -

a \AhGCt/@OIE¢W§t11§I}ﬂylcil_r@aml)(2r (eitf@nltomth}'lﬁqypdepromkgﬂ)dmmc as a white
met hQﬂd Blo MN%%?Z b iME) . 479 (M - MeOH). Step 7.

Toas urry

(2S, Aﬁiﬁm(é% ‘\dﬁéﬁ*ﬁiMQmﬁf)p{)m-l(%S)l 12 (14 %} L8t bXy@arbbny

| am 99 - B35, 118,1.39 - 1.46 (m, J=5.49 Hz, 1 H), 1.49 1.90-2.03 (m, 1
di rret h%l but amnoH? - et (lgxyg%/rrcz) d)l ne- és carbox %0 (m,

ai de B4 - %O(n(g 14—@92%|1)H) 0 589(m 1H).

(1R 2S)-1-am no- N-(cycl opropyl sul fonyl) - 2-vi nyl cycl opr
opanecar boxam de, tosyl i C aC| d, h drate (231 ng, 0.549
ol 0 & Raropatiag of S-smingeN-(qycigrgnviwienyli CH2C12 (5 ni)
at Of_iﬁlmeadﬁ@dlomoﬁh&afbﬁwmlcﬁahyl am ne (0.435 i,
2.497 mmol ). The formed |ight yellow sol ution was
stirred at O Cfor 3 hr. Diluted with Et0OAc (10
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20m.), washed with 5%citric acid and brine, dried
over MgSHA, filtered, and evaporated in vacuo. The
resi due was purified by preparative HPLC
PhenonmencxLuna 30X100mm S10, 3098 to 10098, 15 mn
W AR5 t i ne, 20 nm stop) to afford ConpouRET/¥ER0TSATY
ng, 68.7%yield) as a white solid. 1H NVR (CD30D) 8
1.01-1.12 (m 11 H, 1.26-1.27 (m 2 H), 1.43-1.50 (m
10 H), 251.87-1.90 (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), 422424om 1 H, 4.42 (d, J=9
Hz, 1 H, 4.58-4.60 (m 1 , ! (d, J =12 Hz, 1
H, 5.32 (d, J= 18.5 Hz, % 05. 75-5.82 (m 1H)
7.38-7.39 (m 1 H), 7.45-7.|ﬁ(m 2 H, 7.57-7.67 (m
6 H; LC-MS (retention tH; Frrm nethod B), MS
mz 723 (M++ H). 30 Exanple 107: Preparation of
Compound 107 Schene 3 58661, To a sol ution of
(2S, 4R) - et hyl
4- ( bi phenyl- 4- g/l - 4- rrethozly ¥rr0|ldl ne- 2- carboxyl ate
( 1500 pﬁj{tur@ofz;g'g W_ﬁdr yclopropy ulfonylcarbamoyl)-2-{difluoromethyl)

(S) c;clégrajyica}%%%mc EIQA% 209 )10 Gy Balsmé ao %QJ) %( éh%d

(55 rif 5‘%&% Té'aaeéal% “RP—“Eiel“%é‘F’bWFf‘é‘tfﬁtﬁ‘l‘ 'Qﬁ‘i‘enlf’e(’ %3og G869 awf I-
1. 445mrm1(c)yclapm@1§ﬁ1foa§huez faeruoBehethdBeyS10hrdbdnedardRsEmide, HCI
stlrred at 09 tenperature overnight. Diluted with
DCM® ]\/\%Ssaﬁ‘@’de {Fh 5% citric acid and brine, dried over

My SQ&-ME] ME et 7amel +eva IoNstRe@ 00 Nilfe, q4egtCiies ppas1.07 - 1.21

urifi rati HPLC t |eIdt esired

P oditt T R PP EE R o1 L defar r 2o Gar D 256”3114,
INVR |(HOB3BD). 18 (dt, B2552487, A+H 192, H){). 1. 62-1.65 (m 1 H),
1.78-1.82 (m 1 H), 152.11-2.13 (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)Stepd: R@pafation 2f Gimpodnd3WP4,. 35 (m 1 H), 4.79-4.81 (m

1 Ha mbalPofss a8 =1-bpnk1-4.30 Al (s)-2-(tert-butoxycarbonylamino)-3,3-

dimethylbutanoyl)-4-methoxypyrrolidine-2-carboxylic acid (30 mg, 0.059 mmol) , 1-

15  amino-N-(cyclopropylsulfonyl)-2-(diflucromethylcyclopropanecarboxamide, HCl
salt (17.08 mg, 0.059 mmol), HATU (26.8 mg, 0.071 mmol) and 1-methylpiperidine
{29.1 mg, 0.294 mmol} in DCM (3 mL) was stirred ai rt for 18h. It was then
concentrated in vacuo.The residue was partitioned between EtOAc(50 mL) and 5 mL
of water adjusted to pH=4 using IN HCI. The organic phase was then washed with

20 water (3 x5mL), dried (MgSQy), filtered and concentrated to yield 50mg 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  2.41-2.74 (m, 2 H),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, I H), 4.49 - 473 (m, 1 H), 5.67 - 6.14 (m, 1 H),
738 (t, =732 Hz, 1), 747 (1, /=732 Hz, 2 H), 7.52 - 7.81 (m, 6 H).

Example 110: Preparation of Compound 110
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5.03 (d, J=18.5 Hz, 1 H), 5.83-5.87(m 1 H),
7.32-7.39 (m 1 H, 7.45-7.56 (m 4 H), 7.64-7.71 (m
4 H; LCM (retention tinme: 3.20 mn, nmethod B), M
Wi 2008000{ME +H) . Step 2. 5To a solution of pcrUsz007/084799
(2S,4R) - met hyl 4- (bi phenyl-4-y1)-14(S)-2-(tert-

but oxycar bonyl ar ni no) non- 8- enoyl) - 4- net hoxypyrrolidi ne
-2-carboxylate (166 ng, 0.294 mol) in THF (2 nL) and
MeOH (2 nmL) was added pre-nade solution of lithium
hydr oxi de nonohydrate_{37 ng, 0.882 mml) in water (2
m.). The forned cl ou oI ution was stirred at room

t enperature overni ght¥> "R ved the volatiles in 10
vacuo. The residue taken L water, acidified with
IMHCL to pH 2. Extracted™Wt tOAc Washed t he
organic layer with 5%00| thi Ci ah bri ne, dried

over MgSH4, filtere ‘ﬁ/@n taegl\ e residual
white solid (148 \ d for the next
coupling reaction hou urt her pF‘l ficati on. LC M5
(retention time: 314 m n, nethod , M5 mz 551
(M++H). 15Step 3. To a slu;umpyunaﬁm

(2S, 4R) - 4- (bi phenyl-4-y1)-1-((S)-2-(tert-butoxycarbony
| am no) non- 8- enoyl) - 4- net hoxypyrrolidi ne-2-carboxylic
aci ditef@edige 11Q: Ardiration bi) GConfplofd21S$) - 1-

am no- N- (cycl opropyl sul fony1l) - 2-vi nyl cycl opr opanecar bo
xam de, tosylic aci hydrate (65.5 ng, 0.156 mol),
and HATU (77 mg, 0.2yl ),in DOM B,m ) was 20added
N, N- Di i sopropyl et hyl ami e~ O74HrﬂL 425 mmol ) at 0
C. The final mxture was st{ t ,']} tenperature
overnight. Diluted with h ,W|th 50mcitric
acid and brine, dri e ovér"@sm filtered and

evapor ated. The residue urified by preparative
HPLC to afford Conpound 107 (64 ng, 59%yvyield) as
white solid. 11-1NWVR (COBOBPUE41M1-1.12 (m 2 H),

28 (m 2 H), 137151 15H) 25164172

(m 87189(m2 , 11(m2 ,
2.28-(d 292 (M ( oe)( p 3 H)
4,19 , 9 W 4-38=4. 41 m

J12 He, 1 Hhﬁoﬁﬁi J= 18.5 Hz ]H Z>5 (d

12 He, 32 (&= J= 18.5 754&84(m

2 H), 328/7\39(m 1 H, 74574@

7.53-7.58 (m 2 H, 7.63-7.71 (m éorhbounda@1LC-
Petentlontlrre 3.15 mm nethod B), M5 ink 763 (M-

H) Exanpl e 108: Preparation of Conpound 108 Step 1.
SSOdTHmleé/ﬁfahquk@Ov@qgi Jom@n%@%&%dﬂr@)f {eﬂQyugzl 59 (éSQl@ 4-

% was rins ne and was stirred (5
bc@@ﬂﬁ)yl)lz %’e‘ﬁ%%)ﬂ (2¥¢P@t%y¥ul’@n¥1%f‘b%¥@ﬁ912 4- yl) 4-
hyd:r %Mpgcwpgzlgyldmmo;na lfetmywmlm %rl)t(ﬁ@nﬁmwoﬂeé@m%ﬁn—z—
o s adde a_soli rtion a : e
7B e DD Pt v 1 Salel b i E st o
t enpemaimqrm,fmr) BR vodsel vaehiated oadsahr thaod uder h}ﬂﬁ@ﬂl with 10 psi
Osol uti on.

" hEp 2t 24 ey S R ind o The s et B

ci t r bepree HELC exticlddit debired prbduiet (6 A, 43/%3%&3 at hehiersgihi c

L ay e W8S o 81 68:0Ush, MBSO (of 10 151591300 4 1),

15 1.29-1.62 (m, 12 H), 2.48-2.51 (m, | H), 2.55-2.61 (m, 1 H), 2.95-2.99 (m, 1 H), 3.11
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evaporated. The residue was purified by silica gel
colum, eluted with 4:1, 3:1, then 2:1 hexane-Et0OAc to
afford 64 ng (24%yield) of the desired product as a
m xture of diastereoners and 150 ng of the startin
WRLOBIH NVR (CDC13) 62.28-2.34 (m 0.5 H) PCHUBPO7084759
(m 0.5 H, 2.90-3.02 (m 1 H), 53.41, 3.55, 3.56,
3.78 (s, 3 H, 3.82-3.99 (m 1 H, 4.11-4.23 (m 3 H),
4.41-4.70 (m 1 H, 5.09-5.29 (m 2 H), 7.17-7.63 (m
19 H); LCGCMS (retention time: 3.18 min, nethod B), M
ni | 5,320, f((wmem)n lﬁ),eﬁ1224 2q6m, aHJ)Ltélj(sHaH), 8%k e0 (udsdel
cont | f net hyl 4-
1O(b7zéyr21;27I ;)hztmgn,%é 45473%??;63 6ll_zf)dl ne-1, 2-di car bo
Xyl sHCeMGS@tem}pn tne1 1.0 mmtn):thode)eMﬁyﬂz/z AL 8,693 M) and
MeOH m.) was added pal | adium (12 ng, 0.011 nmol) on
carbon ('10% wet). The vessel was placed on Pan shaker
appar at us under hydrogen with 25 psi pressure for 3 h.
Quenshigtle W Propbicher CBhbdRy %, evaporated to afford
the desired product (38 nhg, 88 %yield) as an

of f-white powder. ThifS paterial 15was used for the
foll owi ng coupling reaetN ogq W thout further
purification. LC-M (rete on time: 2.36 mn, nethod
B), MSniz 388 (M +H). =7.48. 10 a solution of

(4R) - net hyl

4- (benzyl oxy) - 4- (bip e(?fl\r 4- q xgume 2-

car boxyl ate (60 % )O) g b

(S)-2-(tert- butoxyc‘Far ony; n’no ,,3H

20di net hyl but anoi e acid ('39.3 ng, O//l? mol ), and HATU
(84 nmyg, 0.232 nmmmol) in DCM (2 m ) was added

N, N-Di i sopropyl et hyl am ngokfbuitbo M, 0.465 mmol ) at O
C. The forned solution was stirred at roomtenperature
overnight Diluted wwth DCM washed with 5%citric acid
and spipi 1n@replhii s @36%@ HeRe@d12{4,4 8 ﬁ‘ffﬁlgroalnﬁdlﬁl\fﬁplor at ed.

The residue was purified by silica gel colum, eluted
Wi t I5thexyean @wmma@é%%m% o5afford the desired
product (77 ng, 83 %yield) as white foam 'H NWR
(CDC13) 61.04, 1.11 (s, 9 H) 1.42, 1.43 (s, 9 H),
2.38-2.40 (m 0.5 H), 2 56- 26% mFPSH) 2.90-3.02

(m 1H), 3.52, 3.75 ( 4_%34 18 (m 2 H),
4.24-4.26(m 1 H), 4. 34 4 38 (g 1 . 4.63-4.64 (m
0.5 H), 480482(m05H) .29 (m 1 H),

7 1%&%‘%?#51’ paB;)HOH aibﬁ)}ngli(ge)'g\y_/yslm ?t ET)Stel ?92—tnf?%10 ?1 (Qiimethyl-

ethy! ester
F
Fj7L7Ki /ﬁ\ ,ijt]
\
£ 0" 07 N

To aslurry of KH (1.03g, 25.8 mmol) in THF (70 mL) was added 1,1,1-

15

trifluoro-2-methylpropan-2-ol (3 g, 23.42 mmol). The reaction was stirred at 0°C for
20 min. A solution of dipyridin-2-yl carbonate (5.06 g, 23.42 mmol) in THF (30 mL)
was then added to the mixture. The mixture was stirred at rt for overnight, A lot of
20 solid came out from the solution, The solid was filtered and washed with EtOAc (30
mL). The combined THF/EtOAc solution was washed with water. The organic layer

was dried over Na,SO,, filtered and concentrated. The obtained white solid (1.24 g,
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Step 4. To a solution of (4R)-nethyl
4- (benzyl oxy) - 4- (bi phenyl1l-4-y1)-1-((S)-2-(tert-
but oxycar bonyl am no) - 3, 3-di net hyl but anoyl ) pyrroli di ne-

Wwo SRsbQul ate (74 ng, 0.123 mmol ) in THF (;thpsz(ﬁgl,gg””
MeOH (1 nL) was added pre-nade solution of lithium

hydr oxi de nonohydrate (15.5 ng, 0.370 mmol) in water
(1 m). The fornmed cloudy solution was stirred at room
tenperature overni ght. Renoved the volatiles in vacuo.
The i due. t gken n water, acidified with 1M HCI
to p?—]%/;.w”é;’t“’r‘:a%?séﬂ?%ﬂieﬁ’e’gS‘EPOAC Washed the organic

| ay estepMIi: FPréfioativ ¢1i(8)-BE Dimaliydl 22,2, b eriMdrd- BT dieeehyl- My SO4,
fil te ed and 1ev3\§)gr%ed dThﬁa [ |dual white solid (58
my, BOPYERTBY P IRA L TS SHI AV RE next coupl i ng
reaction wi thout further purification. LC M
(retention tine: 3.19 mn, nethod By, MsS nilz 587
(1\4+ +H). Step 5. 10To a slurry o

(4R) - 4- (benzyl oxy) - 4- (b:' V- 479 p- 1- ((S)-2-(tert-
but oxycar bonyl ami no) - 4 d me® h ut anoyl ) pyrrol i di ne-

22carboxylic acid (63 rrg, 0. 107 1),
(1R 25)- Iroamcame&hc(@ymbmm(spmétﬁﬁlzfaﬁmwﬁz Bmethylbutancate

\(/|4 gy CM&:I pan aﬁ&g&(@@gﬂ%x d?é@k%; ]I%soplapy? l‘ijylammef)

in d(ldm Uﬂ—oﬁéﬁ e p. Th2 forinpd swagiomeaetdirdd] fis 5 min before addition of
Diis 91%35&3)&2@’411@93\%6&4 929380 2 Pt Wi)esta' at.9 D1 &a98

The tirre room
over mrnghfrom@iep dn e DM (RO m@MThwﬁsﬂh bzhtw:lton 55%1@1 wasisrred at

aci d10@ﬂ‘i’erﬁfe¥aﬂ§e ov@ﬁﬁﬁug "ﬁl\é%acﬂ}@-%ref\ﬂrak %h@&‘lwﬁlp@/o cunc acid

evapor at ed. The residue was purif by preparative

HPL Ui pplytiondt | MNGH ramequs ﬁ‘éUtWe'ﬂnél brinepihsn ited opF NazSOs,

di astigs @omrewpome«ad&@ry}sess( 48e 18 ducSs Burifdd ¥ &liéh)ceA®lumn,
white soljd, This tc:‘glvaf&ﬁre subjected to anot her

20pr @bfaﬁ* ‘éﬂﬂe () PP‘E@ E&%&. d f%{%‘g{eﬁﬁﬂﬂtﬁs fhe grogugt é6r73 gg%
ebuepe)). t o obtain the honochiral product (11 ng).

NVR D 1 2

1, 47( )ea%hfa%%g% (ﬁgﬁémf%“zé%?n{’ 7% rﬁﬂ égié’g%é{bbﬂ?

1 |'|)RT22.57|1121 @Ay =228), 2.94-2.98 (m 1 H), 4.08-

4.19 (m 2 H), 4.30 (s, 2 H, 4.45 (d, J =9 Hz, 1 H),
4.72-4.76 (m 1 H), 5.13 (d, J 2512 Hz, 1 H), 5.28 (d.
J= 18te ldiPrephratil)n of BS)7H3-BirdZhy(-23(2, 2.2t} flucid- RBdikedl-(m 6

lf_%ret ‘Z‘h‘%&?"”g" ?‘Qm&%b@@wﬂ 63-7.69 (m 6 H; LCM

nmethod B), M5 mz 799.5 (Mt+
Exanpl e 109: Preparation ofH ound 109

Apbrom mately a 1:1 mxg%ooﬁ’ onmers Conpound 109

To a solution of (8)-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 | 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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Step 1. Preparation of (E Z)nethyl
2- (benzyl oxycar bonyl am no) - 4, 4-di f | uor obut - 2- 5enoate
O O)CN-4-r.nr< To a suspension of potassium
tert-butoxide (3.91 g, 34.9 nmol) in tetrah¥drofuran
?(}(3%86) was added met hyl CT/US2007/084799
2- (benzyl oxycar bonyl am no) - 2-
(di met hoxyphosphoryl )acetate (10.5 g, 31.7 mmol ) at
-78C under N2. It was stirred for 30 nmat this
tenperature and then 1-ethoxy-2, 2-difl uoroethanol
(7. 99x ¢) mB3 The onguliq layvasvapetehbet! wikhowiny, dridthever B&H04, ififtgred
m xt

al @va}é‘@ée&"@&é’%ﬁ aﬁér%g {%sr 1%5%&@ {x@]ﬁ% sEl?J“}ié%E‘%j it fhe

was t en’ quenc ‘
addinmgS@pfeewodr‘ﬂ@tb@uf(ﬁfﬂhirmﬂﬁ@ﬁ@l The m xture was

ext nRGieRT Wb 5HmE BonajTheger gani c | ayer was dr| ed over
My504, filtered and concentrat ed to %/l eld 10 of the

&r udierpr Bigerettion st @Sy RIH-Biphgii-4-yPin S é-altm%lwlﬁ;ﬁ Blot age
el Utti'lﬂﬂﬂ)rle Uﬂmﬁ;@lﬁ ELOAGERYRARIRN Ry T4 ddhoky BV oliafne-2-

(H/

2- (B@HWF‘SM’QF%WF ami no) - 4, 4-di f | uor obut - 2-enoat e as
an oil. LC-MsS, about 18-yn xture of isonmers. LC-M5, M
mz 286 (M+1). 20Maj or | FI. NVR (500 MHz,
CDC13)6 ppm 3.84 (s, 3% 85/, 2 H, 6.21- 6. 43
(m 1 H, 6.70 (dt, Jj= z

.12-5 .19 , 1H), 6.90

- 7.05 (brs, 1 H), 731 750m5H) Step 2:
Preparation of (E/ Z)-met h N o)
2- ((benzyl oxycar bonyl x(t ?&’é\' h
Sbut oxycar bonvfl am ng a- | or Obut - 2- enoat e, shown
below 0 0-\o A solutg§on of ( Z)rrethyl
2-(benzy| oxycar hon | am -diflyoro enoat e
(19 g, 66" ? Iafﬁpafeg?w ﬂiﬁd%ﬂgﬁ PrEfeEYF N&ﬁaﬁ“eectlﬁ@im@e
1133 imkc)eptamﬂgas)ea& BRinyethyC2-smmaaifiuefo- IDMBRe(O- 814 g,
6.66,.mml) in tetrahydrofura was tlrre t
7 S Gt R MR A ot 60 P Bke Dottt -
Wi t hlimaitydiutancle k@dlasoeetingMyp8O4] in step 5.

'H NMR (CD;0D) 8 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, 11), 4.72 (m,
15 1H), 7.31-7.68 (m, 9H); LCMS RT =3.33 min, [M+Na]' =601.2.

Step 3: Preparation of (25,4R)-4-Biphenyl-4-yl-1-[(5)-3,3-dimethyl-2-(2,2,2-

trifluoro-1,1-dimethyl-ethoxycarbonylamino)-butyryl]-4-methoxy-pyrrolidine-2-

nmer:

carboxylic acid

O
7
H
0
}/N’, {N%VOH
F 0 5 0
F
F
20 This material was prepared by the same procedure as described in Example

106 step 6 except using (25,4R)-4-Biphenyl-4-y1-1-[(5)-3,3-dimethyl-2-(2,2,2-
trifluoro-1,1-dimethyl-ethoxycarbonylamino)-butyryl]-4-methoxy-pyrrolidine-2-
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filtered and concentrated to yield 39.1g of the crude
product as a colorless oil. Purification by Biotage
eluting with 25% Et OAc/ hexane gave 22g (86% of (E 2)-
W& bdd¥ 64066 PCT/US2007/084799
2- ((benzyl oxycar bonyl ) (teit-butoxycarbonyl)am no) -4, 4-
di fl uorobut-2-enoate a colorless oil. 10 LG M, M5

nilz 408(M+1+Na). Major isomer: |1 NMR (500 WHz, CDC13)
8 ppm 1.45 (s, 9 FD, 3.73 (s, 3 H, 5.21 (s, 2H), 6.12

;I. Ebga%;f)g(g]tg:’ ac;i-sféeiffl Qﬁe{r il%t%%f 0&98,4%1@@@@)1}%{%-&&5%?&8)#?

of ~ ma¢rhtoxycarbonylamino)-3,3-dimethylbutanoyl)-4-methoxypyrrolidine-2-

1- (|be&; lal%xycarbonyl)(tert but oxycar bonyl )am no)-2- 1
5(di i 71 U0 onethychcIopropanecarboxylate To a m xture
of sbEMSRTBGirde, [MONBBGE587.2.21. 26 nmmol ) in DVBO (50mi)

S I , 22
28 oo T saa LR P gttt L 5P
ThenC)(cEp@paq?g{lﬂqwlammocarbonyl -2- vmyl cyclopropylcarbamoyl)-4- methoxy—
2- ( (pﬁ%m@m&%%% alﬁ]tﬂ%tpr téoas%%rclaaw@%ﬁ%m 4,14+
di fl uor obut - 2-endat e . mml ) was added and
t he ﬁ$¥ﬁ%¥%mﬁﬁ%ﬂheated at 8OC for 2 h. The reaction
was then cooled toil amd stirred for 18h. Water (10
m.) was added fol | owed 1N HC1 to adjust the pHto
5. This m xture was ex rae 3d  with Et0Ac (3x250nl).
The organic | ayer was mas~-c wo%h water (20 nL), dried
over MgSH4, filtered, concenifated to yield 7g of the
crude product as a yeIP Jbi Puﬁif cat Lon by Biotage
eluting with 15% EtOAC/ ex gSOf nmet hyl 1-
((benzyl oxycar bon ert- (DX?C omy ino)-2- 5
(di f1 uor onmet hyecycl bpr opanecar boxyl & e as an oi
LC-MS, M mz 422 (Mr1+Na). Another M.35g of the
des- Cbz product, nethyl
1- (tert - but oxycar bonyl ani fRgpers-200

(gifluor @&Ipmﬂd)zw%sqmmaw%rqm&&a@e as%&n@étﬁ@ Example
obtalned fron1the Bi 0 %bgpurlflca on as

e e e R R DT s et B -2 24201

10St epudro-1Pr @pah@&tdoRy@fbonylamine)-butyryl]-4-methoxy-pyrrolidine-2-

1- (ter ut oxycar bo ' - 2-

(ot £ PO SRy EPOer Sk oty A A i xt ur e
of niitdwybarbonylamine)-3,3-dimethylbutanoyl)-4-methoxypyrrolidine-2-carboxylic
é ((be zonxycarbonyI)(tert but oxycar bonyBami no)-2- 1
?dl ﬁuoronethychcIopropanecarboxylate (1.05 g, 2.63
ol JH NNt (EPRODR) § 1.8 -9H), 1.30-1.26 (m, 4H), 1.43 (m, 1H), 1.64 (s, 3H),

ggtx )‘;?‘XQQ" ?qﬂggg?m ﬁ§> 38 @%flg 4Yab 9@6{1}1{%&“@% OPANGERr
sodi 3 syHDok0 en, (HD 443, (mmmmy fdl, 5D 4$Ee(d1 kD), 6115
mr@%ﬁﬁi@%%ﬁ%ﬁ% %%%W%ﬁ%ﬁ%}

adj usted to

%ﬁaecL@Wé’tTe@ %r@m Ef\ﬁJé“ﬂéoﬁﬁ?ﬁon and was col | ected by
filteration. The 20filter cake was washed wi th water
to yield 1.2 g of the crude product as a white solid.
G ysEsmpie28: Beraratione feorarerBPbAc gave 1.0 g (50% of
1- (tertbutoxycarbonyl am no) - 2- (di fl uoromnet hyl ) cycl opro
panecar boxylic acid as a white solid. This
internmedi ate was isolated as a single diastereoisoner
wherein the CF2H substituent is syn to the carboxyl
group. 25 LG M5, MS nz/z 274 (M+rl+Na). 114 NWR (300
MHz, d4-MeOH) 6 ppm1.31 - 1.54 (m 10 H) 1. 66-
1.86(m 1 H 1.85 - 2.10 (m,4 H 5.92 (t, J=55.81 Hz,
1 H.

\



Step 5: Preparation of tert-butyl
1- (cycl opropvl sul fonyl car banoyl) - 2-
(difIuoronethvncyclopropylcarbanate 5 A m xture of
%tert butoxycarbonylan1no) 2-
wt BT — hyl ) cycl opr opanecar boxyl i ¢ aci dPFYYE0A84799
3.88 mmol) and CDI (755 ng, 4.66 mmol) in
tetrahydrofuran (10 nL) was heated at reflux for |h.
It was then 10 cooled tort and then
cycl opropanesul f onam de (564 ng, 4.66 nmol) was added,
followed by DBU (G792 nL, 4.66 nmol). This mxture
was stirred at rt It was then concentrated in
vacuo, diluted with wg and adjusted to pH=4 using 1
‘ extracted wth EtOAc,
dr| ed (My504), and
concentrated in v N O A 1OGQ\Qf t he crude
product as a 15 Ea+®e Zg alllzatlon from
hexane/ Et 0Ac gav g ©889% Lbf qe -butyl 1-
(cyclopropylsulfonylcarbannyl) 2”(d|fluoronethyl)cyclo
propyl carbamatc as a white solid! LGM5, MS mz
377( M+1+Na) . 1H dMRBoda®8 MHz, d4 MeOH) 8 ppm
1.03- 1.17 (m 2 H), 1.18- 1.25 i& , 1.25 - 1.35
m StepHy Prepargmn of| (24 R )-frBinheyl-4g1-Li(S)- g-tqzﬂ-butq(yngbopglamgxo-
: BLnQQrI%utgéro)anetﬂoxgrohd?neez‘}carbo%yl%()mﬁ'?ﬂeth%l der 2. 99
(s 1 m Hy. Step 6: Préparation of
1-am no- N- (cycl opr opy fonyl)-2-
(di fl uoronet hyl) cycl optopapecar boxanmi de, HC1 salt |1

washed with water (gxlli,

OHN-1-"---. 0 H2NCHF2 HCI toA m xture of
tert-butyl K

1- (cyclopropylsulfonylcarbamo I) 2- (di fluoronethyl)
cycl opropyl car bamat e (1 ] ) and 4N HCl /
di oxane (10 nL) was s rb for 2h. The
reaction m xture vvast centratedto yield 0.93 g

103% of 1- o
i no- N- FEy&rEH Wml'%r@rié’ﬁ%f)sa% Rreeryre y dsprsiber s Sreripr
Ii)/ganes @%&gmmg -2-(albusckk dartR sy 1 2m W) 3- Eletﬁﬁbt!ltﬁhow aciaC IVB
Z

1.0 comniercé% y(amJ\lgl) 'ﬁﬁ)mf@%{% %qtgag %I% 2étep|)bu‘fxymlbm1yl%no)
(m 313-dibnetBylBdtancic2icid abstgriihg Ratbhal @89 5- 3. 11 (m
LCMS RT =3.22 min, [M+Na]" =533 .4.
10 Step 2: Preparation of (25,4R)-4-Biphenyl-4-yi-1-((S)-2-tert-butoxycarbonylamino-
3-methyl-butyryl)-4-methoxy-pyrrolidine-2-carboxylic acid

e

/s,

H
9] ; N OH
-,

7LO O o

This material was prepared by the same procedure as described in Example
106 step 6 except using (28,4R)-4-Biphenyl-4-y1-1-{{8)-2-tert-butoxycarbonylanino-
15  3-methyl-butyryl)-4-methoxy-pyrrolidine-2-carboxylic acid methyl ester instead of
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101 H 5.86 - 6.13 (dt, J]=55.24Hz, J2=5.19 Hz, | H).
Step?: Preparation of Conpound 109: A mixture of

(25, 4R) - 4- (bi phenyl -4-y1)-14(S)-2-(tert-but oxycar bonyl
Wb BSbeadae3- PCT/US2007/084799
di met hyl but anoy1l) - 4- net hoxypyrrol i di ne-2-carboxylic
acid (30 ng, 0.059 nmmol ) , 1I- 1

5am no- N- (cycl opr opyl sul fonyl)-2-(di fl uoronet hyl)cycl o
propanecar boxam de, HCl salt (17.08 ng, 0.059 nmol),

(20, €50 o Ciner) TR S S el P G

f or diiathylblitang- 4I-1hﬁlibx§21§3ml©ﬁmhd’ atatbyynatevacuo. The resi due

d Ac(50 nL) and 5 nL of water
adj ugétht gﬁlznzf 3%&4%&1 The organi ¢ phase was
t henStp3:Pechamatiothof2 R)elt (€3S 4R34 >EDphey]-ehi 2 () ( MyS4) ,

filt

o8 ot Bt SRNTERhAAEH b Slfhom BBl IS FEHET,
HPLCp)gaﬂAém% cargoroil-2GorHudwridy 1 Gerbemsic aciguer ttlfeﬂytk @ﬁltqr d (-1:

I mxture of two Pl d asterorrers) LC-M5 Ms mz
747(M+1) . 1H NWR (5 d4 I\/EOH) S ppm 0.82- 1.68
(m 23 H), 1.89 - 1.8 ,25738(t J=7.32
Hz, 1 H), 7.47 (t, J=T7. 7.52 - 7.81 (m 6

H). Exanple 110: Preparat| oF ound 110
Conpound 110 | nt er mediat §4 Preq@r%ta@on of Conpound
d/ 3

111 Conpound 111 0J7L 0 @@Do H

Compound 201
Compound 201 was prepared by the same procedure as described in Example

106 step 7 except using (25,4R)-4-Biphenyl-4-y1-1-{(S)-2-tert-butoxycarbonylamino-
10 3-methyl-butyryl}-4-methoxy-pyrrolidine-2-carboxylic acid instead of (28,4R)-4-

(biphenyl-4-y1)-1-((8)-2-(tert-butoxycarbonylamino)-3,3-dimethylbutanoyl)-4-

methoxypyrrolidine-2-carboxylic acid,

'H NMR (CD;0D) & 0.87 (m, 1H), 0.93 (m, 1H), 1.00 (m, 4H), 1.07 (m, 2H), 1.18-

1.30 (m, 4H), 1.38 (m, 2H), 1.43 (m, 6H), 1.85 (m, 1H), 2.08 {m, 1H), 2.22 (m, 1H),
15 2.49(m. 1H), 2.53 (m, 1H), 2.96 (m, 1H), 3.07 (s, 3H), 4.06 (m, |H), 4.12 (m, 1H),

4.22 (t, 1), 4.54 (d, J=9 Hz, 1H), 5.10 (d, J= 12 Hz, 1H), 5.27 (d, J= 18.5 Hz,

1H), 5.74 (m, 1H), 7.36-7.70 (m, 9H); LCMS RT =3.11 min, [M+Na]' =731.2,

Example 202: Preparation of Compound 202
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HN > ..0,ir Nykt --10"....t.",0 ,i, Conmpound 111
To an iced Pan- shaker vessel containing solution of
tert-butyl (S)-1-((2S,4R)-4-
“&gégagg%g-4-yl)-2-((lR,ZS)-l-(cycIopropylsulfon | car ba

PCT/US2007/084799

vi nyl cycl opr opyl car banoyl) - 4- met hoxypyrrolidin-1-y1)-3
, 3-di met hyl-1 -oxobutan-2- 10 ylcarbamate in EtOAc (1
nm.) was added Pal |l adium (2.061 ng, 1.937 gnol) on
carbon (10% wet). The vessel was placed on Parr
shaker under hydrog ith 10 psi pressure for 2 h.
Quenched with celit iltered, evaporated. The
resi due was purified by p-HPLC to yield the desired
product (6 ng, 43 %yiel —a white solid. IHNW
(CD30D) 6 0.98-1.02 ( 1.10-1.14 (m 10 H),
1.26-1.35 (m 4 H), 1%_3‘9- mf R 4H), 2.48-2.51
(m 1 H, 2.55-2.6}?74 Nasdo 69 (in, 1 H).
3.11 (s, 3 H, 4.07-4 (m ©L A\, #.22-4.24 (m 1
H, 4.42 (s, 1 H, 4.58-4.60 (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 M
(retention tine: 3.00 m ngoklidaee B), M5 mz 725 (M +
Hy, 693 (M MOH). 5 Exanple 200: Preparation of
ConptpnidPeprgatioCehi38 dRer4-Blrdrenyl-4-yl-SH(Sp 2 Tert-Priexyeartny lomingf
(S -3%&113%%&!3?(1347%e(r%x%-p%f&iﬁﬁl&blé%&a%c I @hPRhykd
- d HNOCHO\ AO

Oet hoxycar bonyl ami no) -butyric aci

s
f/,
H
0
}"I\L @(O\
”,
%oﬁ(*o 0

5 This material was prepared by the same procedure as described in Example

106, except using (28)-2-(tert-butoxycarbonylamino)-3-methylpentanoic acid
(commercial available material from Aldrich) instead of (8)-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 (25,4R)-4-Biphenyl-4-vi-1-((5)-2-tert-butoxycarbonylamino-

3-methyl-pentanoyl)-4-methoxy-pyrrolidine-2-carboxylic acid

S

(7
H
O
»’Nz {N]yOH
,
+Oréo O
This material was prepared by the same procedure as described in Example

106 step 6 cxeept using (28,4R)-4-Biphenyl-4-yl-1-({8)-2-tert-butoxycarbonylamino-
15  3-methyl-butyryl}-4-methoxy-pyrrolidine-2-carboxylic acid methyl ester instead of
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Step | a: Preparation of carbonic acid pyridin-2-yl
ester 2,2,2-trifluoro-1,1-dinmethylethyl ester 15

To a slurry of KH (I .03g, 25.8 nmmol) in THE (70 nlL)
wasoogddes 1,1, 1- trifluoro-2-nethyl propan- 2-peirds3008i084799
23.42 mmol ). The reaction was stirred at 0C for 20
mn. A solution of dipyridin-2-yl1 carbonate (5.06 g,
23.42 mmol ) in THF (30 nL) was then added to the

m xture. The m xture was stirred at rt for overnight.
Alo 20.s t, dr sol.uti.on. .T.

Sol 1 e AT L By ST s TRl SN S8R e
c onbitimedy PiHE oD GAnetsalppniobdinearsarivashed with water. The

or gapj r i r Na9so4, filtered and
concgggﬁaté%15$@§ g%?i?ﬁgggmhlte solid (1.24 g, 21%
was iep &dirdpgratienedd ({011 -[{29eRodBiphond -y 1- St (1825)-1-

PB ep%rc foSi[heQJflfonyiammocarbmlif} -2-vin l-cycloplogylcalbamoyl) 4kmetho y-
2 | uor o- I met hyl et hoxy

car bBHPHdAT-r6: wﬂﬁrm@hsé@mul}rﬁé&bmc agid fegs byl esterg an

i ce-cool ed sol ution (S) - net hyl

2-am no- 3, 3-di net hy anoate (0.411 g, 2.262 mol) in
DCM (20 nL) was adde i | sopropyl et hyl am ne (1.182
m., 6.79 mol). The for sprution was stirred for 5

m n before addition of car y ¢ gcid pyridin-2-yl
ester 2,2, 2- trlfluoro- I\@t ester (1.24
g, 4.98 10mmol , Q?QL an). The
final Iight yellow ol on QNa% o I"e room

t enper at ure overni ght. reacti on”m xt ure was washed

wWth 5%citric acid aqueous solution, 0.1 M NaCH
aqueous sol ution, and brdemegund 3§an dri ed over NaaSO4,

filtered, ng]gglur,l‘a:égg%sz;fr&‘;qmp B%n XJJzFfP%caﬂﬂgasrd%%g%% ¥oRuple

purified by si
hexaH¥-sEp G Atcepiarsing { B4R d-RiplcoyiHedd - (6)12-1as bthiycpbeordintino-

i@733 Hﬂahyléint%%éq) 4 é&h&y%ﬁd@@&r%)mé%ﬁ? GhsleSa of%ﬁ b 4R)-4-

—2 7@ RReTy] 4{YWM&§):|2 (@ észltogycalbonylam@)eﬁ fhé‘CthP‘Plétﬁ%ﬂi’Bt“r on
of (SpthSygyrbdiiame- b;égmgxyqlga@d 2- tr| fluoro-1, 1-di met hyl 2

Oet hpo&%r(%oD?&l))agr% 5‘103 97 (lfﬁ Xﬁ) 1 03 (m d2H) 1.10 (m, 2H), 1.20-1.34 (m,
5H), 1.40-1.50 (m, 911), 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, J= 9 Hz, 1H), 5.15(d, J=
12 Hz, 1H), 5.32 (d, J= 18.5 Hz, 1H), 5.74 (m, 1H), 7.36-7.70 (m, SH); LCMS RT
=3.24 min, [M+Na]  =745.3.

Example 203: Preparation of Compound 203
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To a solution of
(S)-3,3-Dinethyl-2-(2,2,2-trifluoro-1, 1-di net hyl et hoxy
car bonyl am' no)-butyric acid nmethyl ester (673 rrg,

2543203 fromStep Ib) in THF (4 nL) was_adde

O8Re e soI uti on of Iithium hydroxide rmnoﬁ(}rﬂpﬁ%“g‘"ms“”
25(189 ng, 4.50 nmmol) in water (4.00 nL). The cl oudy
white solution was stirred at rt for 5 hrs. Another
100 nmg of LiOHin 1 nL water was added to the m xture
and the solution was stirred at rt overnight. The

vol atiles were renpvy&dy, and the reaction m xture was
diluted with 5%cit aci d aqueous sol ution, and
extracted with Et0Ac ( 10 nmL). The organic | ayer
was washed with brine, edy,over Na2SO4, filtered and
evaporated. The crudeynmat.erd (325 ng, 51% as white

solid was used in th )qeq(t eqclign w t hout
further purifi catigyﬁoLCM [ MrNar =308. 2.
5Step 2: Preparati of o ©

(2S, 4R) - 4- Bi phenyl-4-yl1- (S)-3, 3% d| met hyl - 242, 2, 2-
trifluoro-1, 1-di nmet hyl - et hoxycar boﬂyl am no) - butyryl] 4
- met hoxy- pyrrolidine-2- caskexwksc acid nethyl ester
This material was prepared by the sane procedure as
descttsPyeRrepasation aﬁﬁgg g@meny d’éﬂﬂ((sﬁigﬁeﬁ gbutoxycarbonylammo-
(S) -BnednyPpBRidYI-4 2ncitdxy? pardiiting L LUeHOylic deidinb@my1RYikr

et hoxycar bonyl am no) -butyri c acid instead of
(S)-2-(tert-butoxycar | am no) - 3, 3- di et hyl but anoi ¢
acid as starting mat eriad step 5. NMR ( CD30D)
8 1.11 (s, 9H), 1.57 (s, 3 1062 (s, 3H, 2.59 (m
IH, 2.76 (m 1H), 2.94 (s, ~3.71 (s, 3H), 4.12
(m 1H), 4.21 (m 1H), 4 29H( H, 4.72 (m 151H),
7.31-7.68 (m 9H); LCMS 3. 33 ~[ MtNa] =601. 2.
Step 3. Preparation of

(2S, 4R) - 4- Bi pheny1- 4- 1 [( 33d|rrethy12 (2,2, 2-
trifluoro-1, 1-dinet hyI et hoxycar bonyl am no) - butyryl]-4
- met hoxy rroI di ne carboxylic acid 20This

mat eri al ‘\ﬁ%@mﬁrﬂ%a&%w WH@S%%OWW&M%%IH Example
des dob, kedpi RinEXSIMPR(t@t- &ﬁﬁy&&mylﬁnmxpe@%thw§¢lm010 acid

B T e S SR A L

- met3tediyetpyibutaloicdicides Rartinc@astxdk ynl step Saci d net hyl ester

i nst hy. (bi pheny1-4-y1)-1-((S)-2-

(te%ﬁgs%xyggr%%{% §4;ﬂ3 3-di net hyl but anoy1) - 4- et
oo x yitepr2r Bicpadition 0D2S 4B)- b@mhbra'ﬁ -&-yl-LOVBZ RF-b@ox@ Gulminpiamino-

[ Mt

{ (Sﬁélfyzrgé%an%l)@%e%ﬁ rfi?ﬁ@ﬂ?ﬁ%&éﬁ%h@%ei% 29) - 1.
cycl opr opanesul f onyl am car bony1- 2-vi nyl - cycl opr opyl c
ar banoyl) - 4- net hoxypy Jil.ge- 1- car bonyl] - 2, 2- di net hy
| - propyfl-carbam c acid 2, tpifluoro-1, 1-

di met hyl - et hyl ester

OH

This material was prepared by the same procedure as described in Example

106 step 6 except using (28,4R)-4-Biphenyl-4-yi-1-((S)-2-rert-butoxycarbonylamino-
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Conmpond 200 10Conpound 200 was prepared by the sane
procedure as described in Exanple 106 step 7 except

usi ng

W@ Rodbduods- Bi phenyl - 4-y1-1-[(S) - 3, 3- di met hy 1-p&rfid20b7/ds4799
trifluoro-1, 1-di met hyl - et hoxycar bonyl am no) - butyryl] -

- met hoxy-pyrrolidine-2- carboxylic acid instead of

(2S, 4R) - 4- (bi phenyl-4-y1)-14(S)-2-(tcrtbutoxycarbonyl a
m no) - 3, 3-di et hyl but anoy1) - 4- met hoxypyrrol i di ne-2-car

boxyg P%E%ﬁ??ﬁr}qzl rﬁethfx%rg)( %%n? carbixyéc acEdS met%ﬂbesterji_nsée@? gf
3H) Jos. ABBety! Axiphei@]-2AN(I(S)2H)ert- @mgca(uwymrha)lé) 762
(m 4.07 (m 1H),

49 331 thyl%ﬁ%ﬁ)y&%x&&l’{%ypﬁroé&lﬁé§ carﬁig_x’l'la“&f 56(m 1H), 5.15
(d, DCMSRT 43716 minHL+N8l'353 W, J = 18.5 Hz, 1H), 5.74
(5” étkﬁz P%ﬁéﬁ«?n &Q(s()m[(zg'iikict hle%—yﬁg (831 %Sﬁlln

[ M+ rep aratlon of Conmpound
201 cyc@ama%wafowlgf%@owl 2m@baich>moeﬂcaél?amoyl) "3 mhethory-
(2S5, ﬂﬁ)ohém@ﬂQﬁ%h‘xﬁﬂ]&élméfﬂyl—ia%@cm%aﬁlﬁratnd RiL Y edrbony | ami
no3- net hyl - but yry1) - 4- met hoxy- pyrrolidi ne-2-carboxylic
acid nethyl ester i s material was prepared by the
same procedure as destCrizbed |n Exanpl e 106, except

usi ng
(S)-2-(tert-butoxycarbonyl o)ﬂ3bngth | but anoi ¢ aci d
(comrercially avallabbe ﬁro |db&sfnstead of

(S)-2-(tert-butoxycar bpr gkgethylbutanoic
acid as starting nag%ﬁ?ah imsie RT =3.22 mm
[ MrNar =533.4. 10Step 2 paratlo& of

(2S, 4R) - 4- Bi phenyl-4-y1-1 S) 2-tert-but oxycarbonyl am
no- Compound 203 o _
g;: imgt hyl C%l%tp und 22)3 éésr}‘)?épgr%)d( %}-f Rx% ga{n?el ];rggeglu?'é %-dcégzg‘iggixil}l/ lEgiaCmple

10 106 step 7 except using (25,4R)-4-Biphenyl-4-yl-1-((S)-2-tert-butoxycarbonylamino-

4-methyl-pentanoyl)-4-methoxy-pyrrolidine-2-carboxylic acid instead of (25,4R)-4-
{biphenyl-4-y1}- 1-((S)-2-(tert-butoxycarbonylamino)-3,3-dimethylbutanoyl}-4-
methoxypyrrolidine-2-carboxylic acid.
"H NMR (CD3;0D) 8 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, IH), 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,
OH); LCMS RT =3.24 min, [M+Na]" =745.3.

20  Example 204:; Preparation of Compound 204
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This material was prepared by the sane procedure as

described in Exanple 106 step 6 except using

(2S, 4R) - 4- Bi pheny1-4-y1-14(S)-2-tert-but oxycar bonyl am

nol53- nethyl but yry1l) - 4- met hoxy- pyrrolidine-2-car boxyl
WO20U645hret hyI ester instead of (2S, 4R) - nePH{/[52007/084799

4- (bi phenyl -4-y1)-1-((S)-2-(tert-butoxycarbonyl am no) -
3, 3-

di met hyl but anoyl ) - 4- met hoxypyrrol i di ne- 2- car boxyl at e.
LCVMS RT =3.07 mn, [M1-1]+ =497.4. Step 3:
Preparation of
{(S)-1-[(2S, 4R) - 4- Bi pReyl-4-yl-2- ((S) (1R 2S)-1-
5cycl opr opanesul f onyl am ar bonyl- 2-yi nyl - cycl opr opyl
car banoyl) - 4- met hoxy- 2
pyrrolidine-I|-carbonyl]-2; I-propyll-carban1c acid
tert-butyl ester Cbnﬁ%pmﬂ nround 201 was
prepared by the s oc re szf%sgﬁlbed i n Exanpl e
106 step 7 excepttgggg t>

(2S, 4R) - 4- Bi pheny1-4-y1- 14(8) 2- terw but oxycar bonyl am
no-

103- net hyl- but yry1) - 4- meferepeyndd®% r oli di ne- 2- car boxyli c

aci ngt

(bt i 548l SR E B Lyloweaboniipinors Sdinstyls
- di rhetyhy pidimethohedt- 4- et hoxypyrrol i di ne- 2-car boxylic
acid. 1H NMR (CD30D) 80.87 (m | ‘ 0.93 (in, 1H),

1.00 (m 4H), 1.07 (m ol H 30 (m 4H), 1.38
(n, 2H), 1.43 (n, &), \&%ﬁo 2.08 (m 1H

2.22 (m IH), 152.49 (m 1H), 02,753 (m 1H), 2.96 (n,
1H), 3.07 (s, 3H), 4.06 (m 1H/ 4.12 (m 1H), 4.22

(5t 1H) , Tda bknlrelof (§FmOhiz antikd)-3 3-Ginkbhy(@ianchie (30 hiz1.377

7 5 7.70
(i e B iy 2 7 i PR Dy ol
202 adﬁnaap,aﬂatrofonnmmmawnﬁinﬂﬁz TheGeoiepoumniduR0itis Stireqd at
(o LB eBppont oy pyfedy sl o shpenrsRyy R
n03lﬁéﬁﬁﬁﬂ%@@nmahggmyamﬂmh$h®M§5ﬁwmﬁﬁ%D@wmﬁm@*carboxyl
1€ AELAMEREDH,- o585 8K (s, 911), 1.62 (s, 6H1), 2.07 (s, 6H), 2.13 (s, 3ED), 3.70 (s,
3H),. 4.07 (d, J = 9 Hz, 1H), 5.09 (broad s, 1H, NH); LCMS RT =3.05 min, [M+H]"
3244,

Step 1b: Preparation of (5)-2-(Adamantan-1-yloxycarbonylamine)-3,3-dimethyl-
butyric acid

15 e
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 monchydrate (93 mg, 2.214
mimnol) in water (4.00 mL). The cloudy white solution was stirred at rt for 5 hrs. The
20  volatiles were removed, and the reaction mixture was diluted with dilute citric acid

sohution and extracted with EtOAc (3 x 10 mL). The organic layer was washed with
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5This material was prepared by the same procedure as
descri bed in Exanple 106, except using

(2S)-2-(tert-but oxycarbonyl am no) - 3- net hyl pent anoi ¢

vee bds/Gaogger ci al avail able material from Al aiiralzxoe7/084799
i nst ead of

(S)-2-(tertbutoxycarbonyl am no) - 3, 3-di net hyl but anoi c
acid as starting material in step 5. LCM5S RT =3. 27

mn, [M:Na] =547.4. 10Step 2: Preparation of

( ZS’ g‘rﬁ)e'ﬁfeﬁ ‘pelp ?Qgéé%) A]f-ll%ljed %%(e@ipegatgdqg Bbt? Y %%&S%Elp %Y %{E

3 me&“r“ry)las pedtca by tpdemateriahasoyusplwithoht fditiee pifieatioboxyl i ¢

aci dy onig RT =2.91 min, gll+§l]+{t% ghial was prepared by the
sane procedure as described in Exanple 106 step 6
exce%tpp %é’,rqul ation of (25,4R)-1-[(8)-2-(Adamantan- | -yloxycarbonylamino)-3,3-

g %i SR mdrREPNRAYbh Ay VA5l hnShodSyabhidibis Oxyx LRI ATH

53- n®thyl - but yry1) - 4- met hoxy- pyrrol i di ne- 2- carboxyl i c

acid nethyl ester insteag (2S, 4R) - et hyl

4- (bi phenyl -4-y1)-14(S) - & ert - but oxycar bonyl am no) - 3
, 3-

di met hyl but anoy1) - 4- net hoxypy ol o€ ne- 2- car boxyl at e.
LCMS RT =3.15 nin, [MtH] =511.5/ tep 3: Preparation
of { (S)-l-[(28,4R)-4-Bip ;5“1 1-2-((9)-(IR 2S)-1-
5cycl opr opanesul f onyl argnogar yl Ovi nyl - cycl opr opyl
car banoy1) - 4- net hoxy-@%O _ﬁo@o
pyrrolidi ne-1|-carbony met hyl - butyl | - carbam ¢ aci d

tert-but WhlS%Ee%ﬁl wa@‘ﬂfEB&%!:’d“@ tgg)%me procedu%@&%d %Q@xa%%

pr epar ed the sane procédure as described I n Exanmp
106 46 éﬁap‘,ﬁ @R@ébstmgd& ggﬂxdamantan— 1-yloxycarbonylamino)-3,3- dlmethyl—

(2S, dRyrichcBiRReayksy2- WS e:SharBonly R i8S AxyER IRyt 8l

no- . .
103- Het - PRt AR\ -Tét-froxy- pyr r ol i di ne- 2- car boxy!
I C asthegl’:iMagphaach @29 428, 14R)-24Adamantan-1 —yloxycarbonylammo) 3 3~

bi phen rt-butox rbonyl anmi no

G AR SR Pk ik Wr%%f% LR o
aci d. 111N|\/R 60.91-0.97 (m 4H), 1.03
(m 2H), 1.10 (m 2H), 1. 1.34 (m 5H), 1.40-1.50
(m 9H), 1.68 (m 1H), 1.88 1H), 2.25 (m 1H),
2.56 (m 2H), 2.98 15(m 1H) x3/,12(s, 3H), 4.10 (m

1H), 4.22 (m 2H), 4.63 (d J— , |H), 5.15 (d, J=
15 This material was prepared by the same procedure as described in Example

106 step 6 except using (25,4R)-1-{(5)-2-(Adamantan-1-yloxycarbonylamino)-3,3-

dimethyl-butyryl}-4-biphenyl-4-yl-4-methoxy-pyrrolidine-2-carboxyhc acid methyl

ester instead of (25,4R)-methyl 4-(biphenyl-4-y1)-1-((S)-2-(tert-

butgxycarbonylamino)-3,3-dimethylbutanoyl)-4-methox ypyrrolidine-2-carboxylate.
20  LCMS RT =3.16 min, [M+Na]" =611.3.
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12 Hz, IH), 5.32 (d, J=18.5 Hz, 1H(m 11-1),
7.36-7.70 (m 9H); LCMS RT =3.24 mn, [MNa] =745. 3.
Exanpl e 203: Preparation of Conpound 203 Conpound

1. Preparation of
vé%é@§$§ﬁﬁ Bi phenyl-4-y1-14(S)-2-tert- butoxyESF%%ﬂ&W%ﬁP”
no4- et hyl - pent anoy1) - 4- met hoxy- pyrrol i di ne-2-car boxyl
ic acid nmethyl ester 0 )--N O ro O 5This material was
prepared by the sane procedure as described in Exanpl e
106, except usin
('S) -Fep(% B?epafﬁwv@g%hiﬁéﬁﬁl@aﬁﬁiﬂbynﬂﬂﬂbﬁ{ﬂ -D&Sxhoi ¢

aCI Qﬁ&mw&ﬁnﬁbl%m&é@m emleru?m)é‘o%fléam}no 3&5{%&9,{ )

ert - but oxycar bonyl am no | but anoi c
aC| dﬂyaghf%&ealr%artwgylﬂ;a#@w yl-propglf s bamip epsadrmanian- bl oy
[ MkNa] f =547. 4. 10Step~2: Preparation of

(2S, 4R) - 4- Bi pheny1-4 14(S) - 2- t en- but oxycar bonyl am
no-
4- et hyl - pent anoyl) - 4- metQoxyopyrrol i di ne- 2- carboxylic
acid This materi al mas epared by the sane
procedure as descrlbed3 a IeH106ostep 6 except

I

usi ng Nao

(2S, 4R)-4-Bipheny(lé}iiﬂﬁ4Zé¢ 2-t gkt &dtpxycarbonylam
no- “

3-met hyl - butyryl) - 4- met hoxy- pyrrolld|ne 2-car boxylic
acid met hyl ester insteadesfoufdi2s 4R) - net hyI

453( bi phegx fmpot n(¥ %34 “:rLaAsfsg argd_ l:gytﬂ?c sam% %Eo?:e):( ure as descglle%rl?l Ex%mblc

di mebykputeanydie ASARY-DOSY-PYA daplaheh-1gicdy@esol@xiinsit 13-
arat] o

L . =3.16 [ M =533. 5. ep, 3. Prep

of (LI TR Byr Sl e e BB Tl

cycl ocﬁp?rSme&HéBighaimh@dﬂam'((ﬁa}@atembmpﬂ.ycarbvmmmmmzcﬂ opr opyl c

arb ne yl]-3-nethyl -bu
%@%@@fﬁngﬁ a%i:‘ 9%%8%‘,[;,59@@%rbecalrboﬁflfc%ﬁ

10 IiNMR(CDﬁIDSIOOlIO@nlOH)12213I@n3H)143@n1H)164171
(m, 6H), 1.88 (m, 1H), 1.97-2.22 (m, 10H), 2.50 (m. 11), 2.63 (m, 1H), 2.98 (m, 1H),
3.11 (s, 3M0), 4.04 (d, J= 9 Hz, 1H), 4.23 (m, 1H), 4.38 (m, 1H), 4.57 (m, 1H), 5.12
(d,/=12Hz, 1H), 5.32(d, /= 18.5 Hz, 1H), 5.77 (m, 1H), 7.33-7.67 (m, 9H);

LCMS RT =3.43 min, [M+H]" =801 .4.

i5
Example 205: Preparation of Compound 203

C
O, o

o>~ H q’
N, \\ 20
IR

Compound 205

\\
-‘:::-__\\

Step la: Preparation of (S)-2-(3-Adamantan-1-yl-ureido)-3,3-dimethyl-butyric acid

methy! ester
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Compound 203 Conpound 203 was prepared by the sane
procedure as described in Exanple 10106 step 7 except
usi ng

W@ 2004/M1066- Bi phenyl- 4-y1- 14(S)- 2-t ert - but oxy eerhagBiehadoe
no-

4- et hyl - pent anoy1l) - 4- met hoxy- pyrrolidinc-2-carboxylic
acid instead of (2S,4R)-4- (biphenyl-4-yl)- |
-((S)-2-(tert-butoxycarbonyl am no) - 3, 3-di et hyl but anoy
0-4- et hoxypyrrolidine-2-carboxylic acid. 1H NWR

(CD30D) 0.91-0.98 (m B O0F ( 4H), 1.24-1.32 (m
6H), 1.39-1.48 15 (m 9 . olH), 1.76 (m |
H, 1.88 (m 1H), 2.30 (m 1 -2.62 (m 2H), 2.98
(in, I H, 3.11 (s, 3H), 4.11 ( 1H), 4.18(d, J=9
ﬁ’ T%a?hﬁxt(u@of ?Tbmetlﬂyl Aninbh B%ethﬁblﬁéxogtgg?Od m)g %7

7, éamwoi?@“ftlﬁ{EAg(ﬂfl lmﬁs?fwe%mz@wnmq uilmyvas—aﬁqfsi I3,
584%&9@& l&e%na@(ﬁw?fgat mnmﬁén CaIRAHIDA mdQdte waarROM R
e repar | ON
%"effgéi%l ﬁf%’"iﬂ@ %‘%d@aﬁwaa%ﬁ‘ frdyrnchsomptqepp (28t
)(/rs |) CEMcdfliUWﬁdiyﬂe) @s%\e[sa vﬂntHthﬁQ%ﬁS ] 69%) dsnprﬂgiame of
- - - 3, | et u a ,
L TRR (D Bk alhase [ M5! BERAE, 4 68 Bhhaoss
m_) srmj Ui gm mwszmﬁﬂ), 434 adeaaaniry INH)| 483 (Bload mﬂ,aquﬁ Béms
action mxture was stirre at
rt ov r %géﬁ?m [ Héﬁczg’ﬁ%% i fi ili

und was purified by silica gel
col ubtp thPepataeod (f)2-(§-208mEt0Acy -u8Hd6)- N Sxdana)y Hboty gt Mm@l

a colorless oil (358 8% as Fleroduct 10 1H NWR
(CDC13-d) 80.94 (s, a2 (5, , 2.07 (s, 6H),
2.13 (s, 3H), 370(s O‘?’iﬁd J= 9 Hz, 1H),

5.09 (broad s, 1H, NH); LCIVSQT//:305 mn, [I\/H-H]t
=324.4. Step | b: Preparation of
(S) - 2- ( Adarmanivam-of (S 2Ry clambomy ] -gmireidd)-33 - Bmelhyhetutyyik baid

yri Cm@tﬁgrlq'ster (265 mg, 0.822 mmol) in THF (4 mL) and MeOH (4 mL) was added a
pre-made solution of lithium hydroxide monohydrate (69 mg, 1.644 mmol) in water

15  (4.00 mL). The cloudy white solution wasg stirred at rt for 5 hrs, The volatiles were
removed, and the reaction mixture was diluted with dilute citric acid solution and
extracted with EtOAc (3 x 10 mL). The organic layer was washed with brine, dried
over Na,50., filtered, evaporated to obtain white solid (232 mg, 92%) as product.
The crude material was used without further purification.

20 LCMS RT =3.09 min, [M+H] =309.4.
Step 2: Preparation of (28,4R)-1-[(S)-2-(3-Adamantan-1-yl-ureido)-3,3-dimethyl-
butyryl]-4-biphenyl-4-yl-4-methoxy-pyrrolidine-2-carboxylic acid methyl ester

9



HO icak, HO y 0 15 To a solution of
(S)-2- (Adamant an- 1- yl oxycar bonyl am no) - 3, 3- di net hyl but
yric acid nethyl ester (358 ng, 1.107 mmol) in THF (4

OH (4 nL) was added a pre-made so
“&k@ﬁﬁﬁ%FQSdrOX|de nonohydrate (93 nmy, 2.214 ﬁﬁ%§¥wwwww9
water (4.00 nL). The cloudy white solution was stirred

at rt for 5 hrs. The 20vol atil es were renpved, and the
reaction mxture was diluted with dilute citric acid
solution and extracted with EtOAc (3 x 10 nL). The

or gani ¢ Thiyeatev svapprsirend biithetsampprioppdureds desetibod erExample
Naz2§ E 5 le&c%fnetgm E@ f@%ﬂﬁl@ﬁéﬁ{jl Srlour 25)6.‘3' Ay ﬁletﬁgl l}u%mc ac1d

sol i uct . cru
was iiRad 0%53 Frételﬂ bP*G%HCPfé?ﬂY Mﬁéeﬁrmﬁhﬂbm@ws AR 2 91

m N, LANWRIF L3 58119n4tm+§fa R624.4 Preparation of
(2S,4R) - 1-| -1-y oxycarbonylan1no)

S n%qpr%yPre%ftwiésmwﬁéawm Sderisey B
ne- ZugaN PeKhdnd1-AGL AmbBER Yy rERtRL2-carboxylic ali S Mat eri al
was prepared by the sane procedure as described in
Exanpl e 106 step 5, exce si ng

(S)-2- (Adamant an- 1- yl oxyce I am no)-3,3-dinmethyl- 1

Obutyric acid instead of
(S)-2-(tert-butoxycarbonyl amo
acid LCVMS RT =3.63 m n, [&¢hhh]
Preparati on of OH

(2S5, 4R -1-[(9S)-2- (Ad an- car bonyl am no) - 3, 3-
di met hyl - butyry11- 4- yl 4- et hoxy- pyrrolidin

e- 2-carboxylic acid
1§ material was prepared by the same procedure as described in Example

106 step 6 except using (28,4R)-1-[(5)-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 (25,4R)-methy! 4-(biphenyl-4-y1}-1-((S)-2-(tert-butoxycarbonylamino)-

3,3-dimethyibutanoyl)-4-methoxypyrrolidine-2-carboxylate.

LCMS RT =3.42 min, [M+H]" =588.3.

Step 4: Preparation of (28,4R)-1-[(S)-2-(3-Adamantan- I-yl-uretdo)-3,3-dimethyl-
15  butyryl}-4-biphenyl-4-yl-4-methoxy-pyrrolidine-2-carboxylic acid ((1R,2S)-1-

cyclopropanesuifonylaminocarbonyl-2-vinyl-cyclopropyl)-amide

C
o

@wﬁ* 18

Compound 205

Compound 205 was prepared by the same procedure as described in Example
106 step 7 except using (25,4R)-1-[(5)-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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15This material was prepared by the sane procedure as
described in Exanple 106 step 6 except using

(2S,4R) - 1-[ (S) - 2- (Adamant an- 1- yl oxycar bonyl am no) - 3, 3-
Wb Bsdsbesbut yryl ] - 4- bi phenyl - 4- y1- 4- met hoxy -geyusedorMiihoo
e-2-carboxylic acid nethyl ester instead of

(25, 4R) - et hyl

4- (bi phenyl-4-y1)-1-((S)-2-(tertbutoxycarbonyl am no)-3

, 3-di met hyl but anoy1) - 4- met hoxypyrrol i di ne-2- car boxyl at

Er ep%rs %ﬁﬁé@eﬁ%&ﬁ)ﬂ(@)a &teﬂ—%nycar%ony?ammo?g%p 4
{ (S) difnefhf BBk -44mBhqxineymmplidide--LarBeklyB) acfdL R, 2S) - 1-

o banby R ARGty TR R o s Pk o P 2R, 7

“pr opi;ﬂ | 5¢ .58l 109 /RISAmaR AR am-1HL- 2466 (BSHBI2.60nPB) AMS

204 L raee

22 diamadit SHE A%, DORE. 6, 1 LA (B, 6°6H 6
( 28 1y 512 [%&JQH@A@W@N‘ﬂM Iézg)thrSHc'élﬁlyJ J&h 'he)y1.¢, (8n
di mebipy | cRidtyir A Ao ﬁljlrptmy_’lgofhyl - met hoxy- pyrrolidin
e-2-carboxylic acid instead of

(2S, 4R) - 4- (bi phenyl -4-y1)-1-((S)-2-(tert-butoxycarbony
| am BQhmpRs 286: Preparation of Compound 206

di met hyl but anoyO- 4- et hoxypyrrol i di ne-2-carboxylic
aci d. 10l HNVR ( CD30D; 1.00-1.10 (m 10H), 1.22-1.31
(m 3H), 1.43 (m 1 .64-1.71 (m 6H), 1.88 (m
1H), 1.97-2.22 (m 10H), O_Qm 1H, 2.63 (m 1H),
2.98 (m 1H), 3.11 (s, 3 O4(d J—9Hz 1H),
4.23 (m 1H), 438(molH)| 457,_( 512(d J=
12 Hz, 1H), 5.32 (d, /J>i8. ,Q\Sso77 (m 1H),
7.33-7.67 (m 9H); =3. sﬁzw[ H =801.4. 15
Exanpl e 205: Preparatio f Corrp dH2 Conmpound 205
Step | a: Preparatl on of (S)-2-(3- Ad/pmant an- 1

-yl -ureido)-3, 3-dinethyl-butyric acid nethyl ester

QKH H Compound 206

Step la: Preparation of (8)-2-(3-tert-Butyl-ureido)-3,3-dimethyl-butyric acid methy]

f,,

ester

This material was prepared by the same procedure as described in Example
15 205 step la cxcept using tert-butyl isocyanate instead of -adamantyl isocyanate,
LCMS RT =2.24 min, [M+H]" =245.2.
Step 1b: Preparation of (S)-2-(3-tert-Butyl-ureido)-3,3-dimethyl-butyric acid

HO
H H
Z”N\H/N\/K
o 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 (5)-2-(3-Adamantan-1-yl-ureido)-3,3-dimethyl-butyric acid methyl ester
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N To a m xture of (S)-nethyl
2- am no- 3, 3-di net hyl but anoate (200 ng, 1.377 mmol) and
DIEA (0.481 nm, 2.75 nmmol) in DCM (2 i) sol ution was

- adamantyl isocyanate (334 ng, 1.51 | ).
“%ﬂ%ﬁﬁgé%fion m xture was stirred at rt 5 ovg?ﬂHgW%mw¢m9
The conpound was purified by silica gel colum
chr omat ogr aphy (20% Et 0Ac/ 80% hexane) to give a white
solid (265 nmg, 59% as product. "11-NWVR (CDC13-d)
80.94 (s, 9H), 1.64 (s, 6H), 1.93 (s, 6H), 2.04 (s,
31- | A-NBRAODCE;d) 3H)00. (s, 4524 .56ds, 983 399 Kz 1H) HEMSRT3A.96
(brq@g[§ﬁ_*ﬂq3p , 4.88 (broad s, 1H NH); LCMS RT
MtFI | =323.4. 10Step | b: Pr epar ati on of
( S) SQ&P@SPIA%WH PERS IRy f Bmhé!m%)yl B &)- 81(WIH194WJ"BT%@§'H &
aci dhmeth 1- SRk rr@lfdine-2-carboxylic acid methyl ester
(S) - grAJgﬁgntan fwgﬁ ur ei do) - % dlnethgl butyric
aC|d nethyl ester (265 nmg, O0.822 nnol) in THF (4 n)
and MeOH (4 nlL) was a#get re- made sol ution of
['ithium hydroxi de nonohydr (69 my, 1.644 mmol) in
water 15 (4.00 nlL). The cl oud

vAahite sol ution was
stirred at rt for 5 hrs. Tha tiles were renoved,
and the reaction n1xture<ya$ K Bwith dilute
citric acid solution NaxXt7 with Et0OAc (3 x 10
h

nL.). The organic Iayer mas ed with brine, dried
6Ver Na2504, filtered, evaporated to obtain white
solid (ZBBSﬂ@mu@ﬂ&@ma&mﬂmgdemneﬁb&dmﬁud&mﬂhhﬁmmahmmas
use%?‘ m_&f&usma g@tf‘@ﬁg? %uty ll,'lrgl (t) I 502 (rjlg}eglgi'bugffrlc acid as start9 ng

( 2S,pRyiallin Sy~ 2- ( 3- Adanantan 1-yl -ureido)-3, 3-di net hy

| - LOMS RT =326 VN 25463,
buty ﬁ % Imn[ 4- ]1 4- et hoxy- pyrrolidi ne- 2-car bo

oyl |Séepa?c¥’r@p%10ﬁyf ééé‘{ikﬂ Biphenyl-4-yl- iS¢ 2fteertiutyil-uigs)-3,3-
Pr e Rah&Eh 1 Bty k- ﬁé@y%f?&ﬁﬂ{éfﬁca%xﬁ%%%' bed in Exanpl e
106 step 5, except using

(S)-2-(3-Adanmant an- 1- §
acid instead of
(S)-2-(tert-butoxycarbonyl
acid. LCVMS RT =3.51 mn, |
Preparation of

(25 4R)-1-[(S)-2-(3- Adan%ymn-

butyryl] 4- bi phenyl - 4-y1- 4 hoxy-pyrrolidine-z-carbo
xylic acid This mat'erial was prepared by the
sane pr oCiedunterid sad@smrdd be dicismdpasglre addd6cribtdeip Eeample

e XC el% st %g)% e pg,' %gﬁéﬁ@s ﬁ%%—'{ll-élsp)llén%ﬁg—-yﬁﬂﬁgﬁgt(ﬁ rrel;l—butyl—ureido)—3,3 -

1_50 b {shr;qrtmpumﬂyﬂt%h@hww-pétﬁvliﬂim Zrttapiz-2gy metly| dicnigst@adedr
boxybd fryafrdifl BRENLyIESHRT-((5)-2-(tert-butoxycarbonylamino)-3,3-
dimethylbutanoyl)-4-methoxypyrrolidine-2-carboxylate,
LCMS RT =3.14 min, [M+Na]' =532.3.

Step 3: Preparation of (25,4R)-4-Biphenyl-4-y1-1-[(S)-2-(3-tert-butyl-ureido)-3,3-

ur ei do) - 3, 3-di net hyl -butyric

0p~3, 3- di net hyl but anoi c
=624.4. 5Step 3:

“yw=f ei do) - 3, 3- di net hy

20  dimethyl-butyryl]-4-methoxy-pyrrolidine-2-carboxylic acid ({1R,2S)-1-

cyclopropanesulfonylaminocarbonyl-2-vinyi-cyclopropyl}-amide
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i nstead of (2S, 4R) - net hyl

4- (bi phenyl -4-y1)-1-((S)-2-(tert-butoxycarbonyl am no) -
3, 3-di net hyl but anoy1l) - 4- met hoxypyrrol i di ne-2-carboxyl a
W& 200b68R6RT =3.42 min, [Mr1-1]+ =588. 3. FcqRisHi07/084799
Preparation of

(2S,4R) -1-[(S) - 2- (3- Adamant an- 1-y1- urei do) - 3, 3-di net hy
115but yry1] - 4- bi phenyl - 4-y1- 4- met hoxy- pyrrol i di nc-2-ca
rboxylic acid ((1R, 2S)-1-

cycl opropanesul f onyl agi nocar bony1- 2-vi nyl - cycl opr opy1)
Conmpound 205 was prepared
scrl bed in Exanple 106 step

by the sane procedure
7 except using o—
(2S,4R)-1-[(S)-2-(3-Adama - 1-yl - ureido)-3, 3-di net hy
| 20but yry1] - 4- bi phenyl04 N1 4 rremhqg(yo pyrrolidine-2-ca

rboxylic acid |nst%g N iL V20
(2S, 4R) - 4- (bi phenyl O- - %“ térq>but oxycar bonyl
am no) - 3, 3-

di met hyl but anoy1) - 4- met hoxypyrrol i d[y’ ne- 2- car boxylic
acid. THNW (CD30D) 5 1.05-1.11(m 9H), 1.23-1.33 (m

5H), 1.41 (m IH), 1.72 (Semppd204 87 (m 1H),

1.97-2.0 . .2

(m 1f), %é)(ng%ung?}r)r? wjg_s Fﬁ??par%%)i%%%e}m I c’gdﬁ%g%{%’bed?g %gample
Hz, 104siepd cacepiuring (394K)4-Bighcayhd-wiH{(S)R-@Ter( bty vgido)-3,3-
S. 12d1(n@bh gbug}}a]]ﬂ%)eth@)@ pyn%h&ge £ galboé#hcl&icﬁinmd 0?—62')3 !4Ri—é77
SN AR AU T SN I R A P

1000ﬁ9tﬁmgyr2cﬁ)iﬁm§tzﬁz@rbb@hc Riepar atl on of
But yl -u butyric acid

met hﬁNM&(gPCH—a@BIl}O;rI 0&,'}9:%8?2@ 1.23- 138(m YlH) 1.75 (m, 11D), 1.92

(m, 1H), 2.08 (m. 1H), 2.47 (m, 1H), 2.96 (m, 1H), 3.11 (s, 3H), 4.10 (m, 1H), 4.49
(m, 1H), 4.53 (d, /= 9 Hz, 1H), 4.80 (m, 1H), 5.11 (d, J=12 Hz, 1H), 5.28 (d, J=

10  18.5Hz, 1H), 5.74 (m, 1H), 7.57-7.61 (m, 4H), 7.40-7.46 (m, 5H); LCMS RT =3.26
min, [M+H] =722.4.

Example 207: Preparation of Compound 207 and Compound 208
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This material was prepared by the sane procedure as
descri bed in Exanpl e 15205 step | a except using
tert butyl i soeyanate instead of 1-adanmantyl

“f 3%%?§$ on EENB RT =2.24 mn, [MH _245'2Pc%%§ﬁwh%¢m9
(S) 2-(3-tert-Butyl -ureido)-3,3-dinethyl-butyric acid
HHFITNy OO This material was prepared by the
same procedure as described in Exanple 205 step 20l b
except using
(S)-2-(3-ten-Butyl
met hyl ester insteg
(S)-2-(3-Adamant an-1 -
acid nethyl ester 11-%

ei do) -3, 3-di net hyl -butyric acid

;reido)-3,3-dinEthyI-butyrie
MMRT(CDCl 3-d) 0 1.00 (s, 9H)
- LCIVSRTmn [ MFHI =231, 3.

1.56 (s, 9H), 3.4 , pyl

Step 2: Preparat iN:

(28 4R) - 4- Blphenx [ 2§ﬂ033%§rt but yl - ur ei do)
. 3- 0

dlnethyl butyryl] 4- met hoxy- pyrr%lldlne 2-carboxylic

acid nethyl ester 5 c a2 materi al was prepared

by the sanme procedure as d&s grlbed in Exanpl e 106,

except using
(S)-2-(3-tert-Buty

ehdo) - 3, 3-di net hyl -butyric acid
as starting materi al it%p__S LCMS RT =3.26 mn,
[ MNa] =546.3. 10Step 2™ Prgparati on of

(2S, 4R) - 4- Blphen%i;ﬁFy1+; [ S)H 0(% tert-butyl-ureido)
_3’ 3- N \\/O

di met hyl - but yry1}# -qggﬁéx “py iTN ne- 2- car boxylic
acid \ © 23 dt>

Compound 208

Step 1: Preparation of 2-(3-Methoxy-phenylamino)-3,3-dimethyl-butyric acid

H O
» f
O\

5 To a mixture of 3-mcthoxyaniiine {100 mg, 0.812 mmol) and
trimethylpyruvic acid (211 mg, 1.624 mmol) in methanol (3 mL) at 1t was added
acetic acid (0.930 mL, 16.24 mmol). The mixture was stirred for 30 min at rt then
heated at 70°C for 2 hrs. The mixture was cooled down to rt before adding sodium
cyanotrihydroborate {1.624 mL, 1.624 mmol). The mixture was stirred overnight at

10 rt. Water (10 mL} was added, and the mixture was extracted with ethyl acetate (3 x
1G mL). The organic layer was washed with sat. NaHCO; and brine solution, and
then dried over Na,S0,, filtered, and evaporated to dryness. The residue was purified
by preparative HPLC to get a white solid (30.5 mg, 16%) as product.

LCMS RT =3.46 min, [M+H]" =238.2.

15  Step 2: Preparation of (25,4R)-4-Biphenyl-4-y1-1-[(8)-2-(3-rert-butyl-ureido)-3,3-

dimethyl-butyryl]-4-methoxy-pyrrolidine-2-carboxylic acid methyl ester
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This material was prepared by the sane procedure as
described in Exanple 106 step 6 except using

(2S, 4R) - 4- Bi phenyl -4-y1-1-[(5)-243-tert-butyl-ureido)-
W0 3608/064066 PCT/US2007/084799
15di net hyl - but yry1] - 4- met hoxy- pyrrol i di ne-2-carboxylic
acid nethyl ester instead of (2S, 4R)-nethyl

4- (bi phenyl -4-y1)-1-((S)-2-(tert-butoxycar bonyl am no) -
3, 3-

di met hyl but anoy1) - 4- et ho
LCVB RT =3.14 mn, [ M+Nar
Preparati on of

(2S, 4R) - 4- Bi phenyl -4-y1-1-[( ‘@ QB- tert-butyl-ureido)
-3, 3-

20di et hyl - but yryl ] - 4- Xy- Py
acid ((1R 2S)-1- NH n
cycl opr opanesul f onyl angghocar =yi nyl - cycl opropy1l)

-am de Conpound 206 oghd 206 was prepared

by the sane procedure as described in Exanple 106 step
7 except s nppdprial was prepared by the same procedure as described in Example

( 23 R 5Bk AR 243 Wetnbsd-bihymbady-3, $QmbHl Ybatel.do) -

d| rretllﬁt94¢q§ Dy (ertrbunxpest ioaxymipPrd bilimgihibutpndegcoxy | i ¢

E‘?LdLﬁmﬂ B ety 41y 545_(Its but bonyl )-3,
| en ert-put oxycar On am no
2o B ﬁ{ﬂrm{aﬁ%«mé ﬂ% e i A U LR R

aci dphenylamivR- Z{%&yﬂl}utﬁy]}pﬁﬁﬂﬂm@a célﬁbxyiaab&d 1.23-1.38
(m 1 1°H), 175 (m 1K, 192 (m | H, 2.08 (m 1H),
5.47 (m 1H), 2.96 (m 1H[, 38.11 (s, 3H), 4.10 (m
1H), 4.49 (m 1H), 4.53 (&= 9 Hz, 1H). 4.80 (m
1H, 5.11 (d, J= 12 Hz, 1H), /5788 (d, J = 1018.5 Hz,
1H). 5.74 (m 1H). 7.57-7.61 M), 7.40-7.46 (m

5H); LCMS RT =3.26 mn, Hf =722.4. Exanple 207:
Preparati on of Conpoun NN npound 208
Conmpound 207 Conpoundy2 §7Ki\< OH
A
0O O

This material was prepared by the same procedure as described in Example
10 106 step 6 except using (25,4R)-4-Biphenyl-4-v1-1-[(S)-2-(3-tert-butyl-ureido)-3,3-
dimethyl-butyryl]-4-methoxy-pyrrolidine-2-carboxylic acid methyl ester instead of
(25,4R)-methyl 4-(biphenyl-4-y1)-1-((8)-2-(tert-butoxycarbonylamino)-3,3-

rrolidi ne-2-carboxyl ate.
32. 3. Step 3:

ol i di ne- 2-carboxylic

dimethylbutanoyl)-4-methoxypyrrolidine-2-carboxylate.
LCMS RT =3.20 min, [M+H]" =517.3.
15  Example 207: Preparation of Compound 207 and Compound 208
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Step 1. Preparation of

2-(3- Met hoxy- phenyl am no) - 3, 3-di net hyl -butyric acid O
CcHO 5To a m xture of 3-nethoxyanilinc (100 ng,

. ) and trimethyl pyruvic acid (211 .
W&ﬁ%&h@mt hanol (3 nL) at rt was added ac [8&13&3%4799
(0.930 nL, 16.24 mmol ). The m xture was stirred for 30
mn at rt then heated at 70C for 2 hrs. The m xture
was cool ed down to rt before addi ng sodi um
cyanotrihydroborate (1.624 nL, 1.624 mmol). The
was stirred overnig t 10P. Water (10 ni)
and the m xture xtracted wth ethyl
yer was washed with
.pHen dried over

, nd evapora ed i yn ss The
'flredj\ﬁpr @ mveN gktoa
NI pr 3 46

=288°2. Sﬁte 2: P aerl on
(2S, 4R) - 4- Bi pheny1- 47/y1 1-[(S)-2-(3-ten- but/}yI -urel do) -

3, 3- pound 0
di met hyl i yryfT 4- et hoxy- pyrr BIPUMHEE 2- car boxylic

aci d net Gythpoasd 27 andOonifriusd PoRtvetid @bpaved by ﬂreepﬂer ;ﬁdcebxyie as

ter(]g ed%stc%ederq g)ga?n%'ljer 6 6slfsep ggxscgc:}gtlugggd (2'S QlR?di eny (]" 4-me oxy—l—

2-( 32 embrbocy pﬁ)braﬂu)ﬂimﬁde)lm@hﬁ—bdiyrm}ﬂyymhcbm—%ﬂar@xam adid
Icnst -3.3-

(S B 85 B SRR LD e PR Ao

aci dilmf%hﬂ_t@wsosﬁ?)ﬁ a@thgmzpmrwdu{emboxs&saqld &he sraetpmzmxture

Pr epak abh.an re aratwc HPLC t0 yield Compound 207 (2S,4R)-4-Biphenyl-4-
(2S, 4Rj?f'Ip p p -rret hox I-)142-(3(- rret)hox pp gnyl

Bt ol n@’fhsmf Ty PR G T G A DO

aci &-dahoxylic acid ((1R,2S) 1-cyclopropanesulfonylaminocarbonyl-2-vinyl-

10 cyclopropyl-amide and Compound 208 (25,4R)-4-Biphenyl-4-yl-4-methoxy-1-[(R)-
2-(3-methoxy-phenylamino)-3,3-dimethyl-butyryl}-pyrrolidine-2-carboxylic acid
((1R,25)-1-cyclopropanesulfonylaminocarbonyl-2-vinyl-cyclopropyl)-amide
Compound 207:

'H NMR (CDCl3-d)) 8 1.00-1.10 (m, 2H), 1.14 (s, 9H), 1.31-1.43 (m, 3H), 1.92 (m,

15  1H),2.03 (m, 1H), 2.44 (m, 1H), 2.91-2.98 (m, 2H), 3.00 (s, 3H), 3.69 (s, 3H), 3.75
(m, 1H),3.95(d, J=10Hz, IH ), 436 (d, /=9 Hz, 1H), 4.57 (d, /=9 Hz, 1H}, 5.15
(d, /=12 Hz, 1H), 5.28 (d, /= 18.5 Hz, 1H), 5.72 (m, 1H), 6.17 (s, 1H), 6.21 (d,J =
9.0 Hz, 1), 6.25 (d, J= 9.0 Hz, 1I), 7.00 (1, 1H), 7.34 (m, 3H), 7.45 (m, 2H), 7.58
(m, 4H); LCMS RT =3.29 min, [M+H]" =729.4.

20 Compound 208:

'H NMR (CDClz-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, J=10 Hz, 1H), 4.60 (d, J=9 Hz, 1H), 4.66 (d, /=9 Hz, 1H),
511(d,/=12Hz, 1H), 5.28 (d, /= 18.5 Hz, 1H), 5.86 (m, IH), 6.36 (s, 1H), 6.37
25 (d,J=90Hz 1H), 643 (d,/J=9.0Hz, 1H), 7.12 (t, 1H), 7.39 (t, I H), 7.44-7.48 (1,
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00 This material was prepared by the sane procedure as
descri bed in Exanple 10106 step 6 except using

(2S, 4R) - 4- Bi pheny1-4-y1-1-[(S)-2-(3-tert-butyl-ureido)
J?ﬁé?ﬁ??%butyryl] 4- met hoxy- pyrrolidine- 2- CgFgg§§0ngﬂw
acid nethyl ester instead of (2S, 4R)-nethyl

4- (bi phenyl-4-y1)-14(S)-2-(tert-but oxycarbonyl am no)-3
3-

e Ibu ano met hoxypyrrolidine-2-carboxylate, .
R (65024 2 W06 ¥ Rt RS ERE ] PLn o i

Prepanamion of Cbnpound 207 and Conpound 208
Compound 207Conpound 208 Compound 207 and
Conmpound 208 were prepared by the sane procedure as
des cExdaptt 208 Hrepangibreof 1BGipsingd R0 ameXapbundilh g
(2S, 4R) - 4- Bi pheny1-4-y1- 4- et hoxy- 1-
[ 2- (3- met hoxy- pheny no) - 3, 3-di met hyl -butyryl]-pyrro
l'i di ne-2-carboxylic &™Ngd-8i nst ead of
(2S, 4R) - 4- ( bi phenyl-4-y -6(S)-2-(tert-butoxycarbony
| am no) - 3, 3-

di met hyl but anoy1) hox rrOJI@IQG 2- carboxylic
acid. The reactlﬁﬁjQEST' e garayéd by
preparative HPLC t yle d Oﬁ>

(2S, 4R) - 4- Bi pheny1- 4-

y1-4-met hoxy-1-[ (S)-2-(3-met hoxy- pﬁenylanlno) 3,3-dine
t hyl - but yryl kpyrrol i di ne2-carboxylic acid

(OR, 2S)-1- cyclopropanesuﬂF@ﬁ?P%ﬁ%nocarbonyl-2-vinyI-
nd Conpound 208

-4-met hoxy-1-[ (R) -
',g-dinethyl-butyryll-pyrro

/,,

10cycl opropyl) - am d¢
(25, 4R) - 4- Bi phenyl- 4

i di ne-2-carboxylic acid

((1R, 2S)-1-cyclopro esHl o qum
ycl opropyl) - anide—%§3§eu d : o(CDC13 d) 5
1.00-1.10 (m 2H) 4 %g. 1 43 (n1 3H),
1.92 (m 15 1H), 2.03 9 4

2.91-2.98 (m 2H), 3.00 (s, 3H), 3;/69 (s 3H), 3.75
(m 1H), 3.95 (d, J= 10 Hz, 1H), 4.36 (d, J= 9 Hz,
1H), 4.57 (d, J= 9 Hz, 1Hpmp&ndBo(d, J= 12 Hz, 1H),

o, 21544 PRt s orentpbo s iyt
7.00 (t, 1H), 7.34 (m 3H), 7,459(m 2H), 7.58 (m
4H); LCMS RT =3.29 mm [z;jﬁlN— it 20 Conpound 208:

ocarbonyl 2-vinyl -

1E1 NWMR (CDC13-d) 5 1.09 9H), 1.30 (m 2H),

1.44(m 1F1), 1.56 (m 2H)7Y 1. m 1H), 2.64 (m 1H),

2.72 (m 1H), 2.86 (m 2HF 2.90 (s, 3H), 3.77 (m

1H) - 8 ma W ar 1l r ample
1 Fb%é"r %g'%l g a%RQ:iL écgb tﬂes ka%ed ge'?!a)‘lescdfbegg&gx ‘EJI‘

1@4) 203 s@gi(e@cept\p&mgg 4511ﬂ@roa111me mgeag@f 3 meth@p_r)amh@e 36 (s

1H) L@M@?{T@(&i,mé—[h%vg L‘%Ale) 6.43 (d, J= 9 0 Hz,

iH, 7.12 (1, 1H) éﬁ >—%744748 4H) |

7. 598t(:]312 Pge:palgthj}zof (2§,!|11§)4 pl@eyl( yi-132- (§4-|d|g]u012|;1bhenylam3 3-

RT =@m3thyiGullry!]-MudethddytpymbB8nd2-carboxylic acid methyl ester

-142-



Exanpl e 208: Preparation of Conpound 209 and Conpound

210 5 Cbnpound 209 Conpound 210 Step 1: Preparation

of 2 (3, 4-Difluoro-phenyl am no) - 3, 3-di net hyl - butyric

This material was prepared by the

‘Wgéﬂgmﬁﬁﬁ%edure as described in Exanple 1020?C§F%%WTB*”9

except using 3,4-difluoroaniline instead of

3-net hoxyaniline. LCMS RT =2.64 mn, [M1l-1]+ =244, 2.

Step 2: Preparation of

(2S, 4R) - 4- Bi phenyl-4-y1-142- (3, 4-di f | uor o- phenyl am no)

-3, 3-

di net hyl - but yryl k4- net hoxy- rolidine-2-carboxylic

acid nethyl ester Thi s mat ekial was prepared by the

same procedure as described i qnple 207 step 2

except using

2-(3,4-difl uoro-phenyl am o)-3,?
i nst ead of F N
2- (3- Met hoxy- phenyl am n 3, 3= | -butyric acid. 5

LCMS RT =3.37 mn, [MH I =537.5%. téb 2: Preparation
of

(28 4R) - firi BB Whas grephied b¢ e (cBndpdchibt & Rz BN IR MANO)
di né?PWFP DEreSht Pt 2GRt Phspyipine e fréimsthy lbudwieyrid
aci dnstead of 2-(3-Methoxy-phenylamino)-3,3-dimethyl-butyric acid.
5  LCMS RT =3.37 min, [M+H]" =537.5.
Step 2: Preparation of (2S,4R)-4-Biphenyl-4-yl-1-[2-(3,4-difluoro-phenylamino)-3,3-

I met hyl -butyric acid

dimethyl-butyrylj-4-methoxy-pyrmrolidine-2-carboxylic acid

W

This material was prepared by the same procedure as described in Example
10 106 step 6 except using (25,4R)-4-Biphenyl-4-yl-1-[2-(3,4-diflvoro-phenylamino)-
3,3-dimethyl-butyryl]-4-methoxy-pyrrolidine-2-carboxylic actd methyl ester instead
of (28,4R)-methyl 4-(biphenyl-4-yi)-1-((S)-2-(tert-butoxycarbonylanino}-3,3-
dimethylbutanoyl)-4-methoxypyrrolidine-2-carboxylate.
LCMS RT =3.26 min, [M+H]" =523.3.
15  Example 208: Preparation of Compound 209 and Compound 210
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This material was prepared by the sane procedure as
descri bed in Exanple 10106 step 6 except using

(2S, 4R) - 4- Bi pheny1-4-y1-142-(3, 4-di fl uor o- phenyl am no)

WO 2008/064066 PCT/US2007/084799

3, 3-di nmet hyl - butyryl11- 4- met hoxy- pyrrolidi ne-2-car boxyl
ic acid nmethyl ester instead of (2S, 4R)-nethyl

4- (bi phenyl -4-y1)-14(S)-2-(tert-but oxycarbonyl am no) -3

3

di met hyl b
LCVS RT
Prepar at i O¥
Compound 209CQ
Compound 210
descri be

(2S, 4Ry~ rl’aen

anoye- 4- met hoxypyrrol i dine-2- car boxyl at e.

omjoynd 210 Conpodnd) 292 and

repar ed by the sang puocedur e as

e ILIOQ) ept* Q

A 'Wl N “,0
di f | uor @“phen ) - 3rd uyé(lb 4ﬁnst

i rhdtg_
pyrrolidi ne-Z-\car boxy 42, Ba d i nst
(2S, 4R) - 4- (bi phenyl - 4-y¥) - 1- ((S) - 2- (tert - but oxy#arbony
| am no) - 3, 3-
di met hyl but ano{2¥r42478% hoxypyr r ol i di ne€PweseB¥xyl i c

o enar at 2la W ame procedur
pr epar at ?@%ﬁﬂ%ﬁ%ﬁ’?o@ﬁ%ﬁgﬁl&w g”%@%@%ﬁ@ s procedure as

(2S, dﬁg}rlb@d Bi Eﬁﬁ‘@ﬁ? 106gstep 7 except using (25 4R)-4-Biphenyl-4-yl-1-[2-(3 4-
yl- 1dlh{u§a} pl?en%]@mﬂloﬂﬁ ﬁ-ldh'ﬂélﬂﬂ'i 9&1?1’9]5}]4@5&}{1}93% p%ro%dﬁbﬁ%ﬁ%iyh@u

({ 1F@%@)ﬁst%d@%}@r%gﬁ&aﬁ*@ghpﬁﬂhyK<§h¥ Hee alft@a'ﬁgr'honz‘amlﬂo) 3,3
10vi mmbmszm@th@pnanﬂelamwﬁmlﬁdmce(;wmmdi Pdeaction mixture

2S, 4 h | -4-
(5o r}y S b SO Gearion? G o Bt
I(’]EJ)](-)F/leg)é[l(ii)éﬁ d3;alu-d’imx029-p1£eaylbﬁmy}3 I‘riil&ﬁthﬁl butyr)k()l] 4- methgxy-

.0pa n am nhoca. 0 Vin (o
 orbbiine S aR LORRNEIS SN L AR Mipari -

10 00vify[29¢lpproryHamide, add Cemp@ky 2 101234R ¥4- B@ht(nm 4-8H)- {(R) 2

1 92‘3@_ A,ﬁ)é B% )?%n(@ él'E%rlct}%l ékxé'rg'lg?’mc 5 -p)g‘m?&l)ngz 3. 80

(d @ibOIEilCHzld (AR2P)- 14y BB penes tonglapinocatiepyl 24i8F (d, J=

HZ gy bbb lgmg]ge(d J= 12 Hz, IH), 5.28 (d, J= 18.5
i 6.26 (s, 1H), 6.41 (m IH).
6. SGC?fapomlfFB” 7 26 (m 1H), 7.29-7.39 (m 2H), 7.45

i@ %M%Z cﬁ&ls(c})a 14)!)1)1:10'@9"@1) CIS%Q 91=§ 051- T'h%m bbﬁ{h'@fz(m

3H) iH), p93 @é?ﬂgg)ﬂ (p, 1FB. 9(% 2,98 4ym. 2H), éQO(anSH] Ryl (dZJ@%O 1z,
(n, kg, 8044,69 101ER, 1H) bl 6 (c2J87) P(dNH)lh")S? (d2J9@ H(z81H)3$-|)5 (d,
?d71 (%H%ZIH%%%S G J611 (SOHZ ji:{) §(7,4_|Qn IM6ZG4S ég) (Gdu( ,n@
Hz, &84 {d) 1H)57.46(n( dH), JE29l23cHe, 2811y 45 &, 28, 168 (, JAN1BCHS RT
b8 s RPkP-304, 628 (s, 1H),

Compound 210:;

'HNMR (CDCls-d) § 1.00-1.10 (m, 3H), 1.07 (s, 9H), 1.48 (m, 2K), 1.65 (m, 1H),

2.03 (m, 1H), 2.69 (m, 1H), 2.87 (m, 1H), 2.90 (s, 3H), 3.71 (d, J= 10 Hz, 1H ), 3.90

(d,J=10Hz, 1H ), 4.34 (d, 7= 9 Hz, 1H), 4.61 (d, /=9 Hz, 1H), 4.66(d,.J=9 Hz,
25 1H),5.15(d, J= 12 Hz, 1H), 5.28 (d, 7= 18.5 Hz, 1H), 5.89 (m, 1H), 6.28 (s, 1H),
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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,
2H); LCMS RT =3.13 mm [MtH =757.3. Exanple 2009:
Pregaration of Conpound 211 C?? .0 1?1 Il Conpound
WHH08/064086 5| ogi cal Studies HCV NS3/4A prot eBSEUSHATHNBAR?
enzyme assays and cel |l -based HCV replicon assays
were utilized in the present disclosure, and were
prepared, conducted and 10validated as foll ows:
Generation of reconbi nant FI CV NS3/4A protease conpl ex
HCV ANBImprit 63 &, cENPI3eXeB), tes-7 ve thn faom ke /BMBHZ, 2H ),
strain, [T, St rai. L strai W generated, as
des?lr(%%kg% —b9€]l§1zd\';2v.ﬁ$, Cgéseiﬁﬁgﬁ?gdﬁ?j[e}goﬁgﬂﬁant 15prot ei ns
were generated for use in a honbgeneous assay (see
bel Whmbi0 8 P A; ERFLEAI SN Of how ef fective
conpounds of the presen I'sclosure would be in
i nhibiting HCV NS3 /pryteol ytic activity. Serum
froman HCV-infected patient was obtained fromDr. T.
0 ;ital. An engi neer ed
ey’ deoxyri bonucl ei ¢ 20 aci d)

Wight, San Francisco
full-length cDNA (conpl
tenpl ate of the HCV geng B strain) was
constructed from DNANfnagnea{s ob aRnesl by reverse
transcri ption- PCR - PERR, of ZZYU - (ribonucleic
acid) and using priiners sePelt ,pnht basi s of

honol ogy bet ween ot her oa\otype L@ strains. Fromthe
determi nation of the e pe geno sequence, a
genotype | a was assi gnedito theomsvndB80l ate accordi ng
tz0 the classification of425 Simonds et al. (See P

Si rmonds, KA Rose, S Graham SW Chan, F McQOmi sh, BC

Biclogical Studies

HCV NS3/4A protease complex enzyme assays and cell-based HCV replicon
assays were utilized in the present disclosure, and were prepared, conducted and

10  wvalidated as follows:

Generation of recombinant HCV NS3/4A protease complex
HCV NS3 protease complexes, derived from the BMS strain, H77 strain or

J4L6S strain, were generated, as described below. These purified recombinant

15  proteins were generated for use in a homogeneous assay (see below) to provide an
indication of how effective compounds of the present disclosure would be in
inhibiting HCV NS3 proteolytic activity.

Serum from an HCV-infected patient was obtained from Dr. T. Wright, San

Francisco Hospital. An engineered full-length cDNA (compliment deoxyribonucleic

20  acid) template of the HCV genome (BMS strain) was constructed from DNA
fragments obtained by reverse transcription-PCR (RT-PCR) of serum RNA
(ribonucleic acid) and using primers selected on the basis of homology between other
genotype la strains. From the determination of the entire genome sequence, a
genotype 1a was assigned to the HCV isolate according to the classification of

25  Simmonds etal. (See P Simmonds, KA Rose, S Graham, SW Chan, F McOmish, BC
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Dow, EA Follett, PL Yap and H Marsden, J. din.

M crobiol., 31(6), 1493-1503 (1993)). The amno acid
sequence of the nonstructural region, NS2-5B, was

WO nEessPe >97% i dentical to HCV genotype |ggradédbhosarso
and 87% identical to genotype |b (J4L6S). The

i nfectious clones, H77 (la genotype) and J4L6S (Ib
genotype) were 5 obtained fromlIt Purcell (NIH and

t he sequences are published in Genbank (AAB67036, see

e Bojid FAREIR Vet IOt sylicadun. B P1oe

AF054129%).. e embanéd BaqM:n,ce &tihdAoastretuM regiShays2rm, ks shown

Erer 90 Spb e PGB Byl 0 Sl P e

wer e(JaIs@d Tlerinfectodudbnen mi’/‘@f(lar@mmma) e MLANSB/ ghfotype) were

t ~onbi
e/ SARRGRIPL KR (0 S060 Uoel I HEESIPR ANt Y |
t hes é‘\fb%?’a%semh@n@ Nadiuysell. Btredireessoded b rﬂm@)Bdkbey PRyc. Natl.
Gal | | Bﬁlf ISCIetU @JA 94(%@%75%5‘%%43 @1@@7) Rro$330] ée@'Ya o1, B &pnan

D, Nardi C, Francesco R

Bi ocﬁl@ﬁ? &t r%bapﬂwé 1?1)1@1%12@ 312“‘3@?9@ 931y Bulgh.j.éfirolpgy g44 (1),

thr egslLysi peoghpsol ubilizing tail was added at the
3'-end of _the NS4A coding region. The cysteine in

BP posi t GRS a%dHéLWRnWBUWéw&&éC@P fhreqoabingat 1\&98’(4@\
1711),rom c6hgRgedDia eacoging%m&oﬁsinaw ey NIBA protease

proteol ytic clea l.ysine ta Furt her no
Cyat SRR bR PRk a7 ST et SifheatinbyebeResbd
am nby BcGdligpast 411 Gee GdhdritPoPylieMe BrenhfeD, awrcﬁ |CySﬂeﬁkuhler C,

e COURRELL NSRS CE! el L

éx pr edwilgmgvaloy s rddcNovhgBrhd fa?nlde N (BBL mﬁ\loooﬁp’l @xewas
expr
(1 P E S oklin pERRSEA ERISTD oflloe Sk Hifh Biny ) aped o

Gal | Biieird toevoigihe progely i iavgyar the Psmltﬂenﬁqﬁwmor%prﬁﬁeu@ to
Br ungtihi mMano-E% Hntljoducgﬁ & s uhlglo an p%l(ﬁﬁ@% $FQerfihe

J Virol. 72(8):6758- 69 (1998)) with nodifications.

Bri emt«g}yﬂ%qlﬁévqassvth%%}hfﬂl@é%@)r@mﬂléxa@ﬂwléé?@wnwms
bodugeskdw hhpBrdb mdtanlarmb@gmoﬁ %&orl(ﬁ&agﬁpylld the NSS/4A

13-D-1- h| ogal actop PTG for 22 haqurs (h)

at 2B S B IPLFBREEE: B T3 B¢ EPPOL S5 e e
appr axXowag Gieyﬁrofl&olgl’eaﬁﬁedtgf)P C[fallh\ﬁﬁ et@e| (kee@RE e P,ennan D,
gglnlsﬁgrﬁf(%g?n%%c tégplen%leg étemku}{l%r 8 lﬁje%francesccg &9 J 11‘{)19)72(8):6758—
Ar- (& M@Qﬁ)hm}lenctdyﬂic)lﬁhme]%a@ﬂynﬁe NBB/(LQ pletdagervemBat £xprisdon

?%| g “(C%‘%f %(Pg_l @8511661g%)0r$i opx& %dqgiga%Mopyranosﬂé

m cr agr(a)‘fbmzl Holuls I(Pt)ef 200L. pg/tmcab fei*n}éﬁﬁﬂgﬂ'(& Litlr (IWlyielded
Magnesi um

13- I\/@)rpéoé{b agéf ﬁd RPN (%g%lw:ej ge’lllgla%{) gfglg éells WEre resuspen(?ém lysis

i nhi biffeo(19 LAy lcenedngafi2f enM 81(2-dadekyethydBipe: az(uEDV’A) Eftaee

R o b t.e
g IRBEPLSEL 30y QEURSAAT B NN S
BY ub.6%edxicemrd-t 00f & gédrogmam/ mﬁlh]ﬂﬁﬁﬂ@nl}' )ﬂ)(BOzyiheIﬁouM M:ig)lecatm

S ed at o.a final
concéﬁ??(gz(%ﬁlzl\g? “ﬁg‘g%{}?sﬁtgrﬂwi% %&?@EM%‘% PRIE%C The
cr udahipit@t@hylenedimiac Tetvastid md(emmm frée (Roche), homogenized and
Ni ckel-Nitrilotriacetic acid (N -NTA) colum pre- 5
equilibrated with buffer B (25 nmM HEPES, pH 8.0, 20%
gl ycerol, 500 mM NaCl, 0.5%]Jgiton X-100, 15 nM
i mdazole, 5 nM 13ME). The sarrpl e was | oaded at a flow
rate of 1 mL/min. The colum was washed with 15 col um
vol unmes of buffer C (sanme as buffer B except with 0.2%
Triton X-100). The protein was eluted with 5 col um
vol unmes of buffer D (sane as buffer C except with 200
nmM | m dazol e). 10 NS3/4A protease conpl ex-containi ng
fractlons wer e pooled and Ioaded on a desaltlng col um

B ~ON NN T 1 1T rr f NI~ R A



20The purpose of this in vitro assay was to neasure
the inhibition of HCV NS3 protease conpl exes, derived
fromthe BMS strain, H77 strain or J4L6S strain, as
descri bed above, by conpounds of the present
WYt e. This assay provides an indicati BRIB20pRH799
ef fective conpounds of the present disclosure would be
in inhibiting HCV NS3 proteolytic activity. 25In order
to nmonitor HCV NS3/4A protease activity, an N53/4A
pepti de substrate was used. The substrate was RET SI
( Re smnmmefoﬂmeﬁigme.ﬂ(mn af £C. Depisinpeaiateders Satiraiet aldlarified
Inc, cat # 22991) (FRET eptld descri bed by
Tal R sEM e a5 Sk S0 2 etls ey a8y e

The sﬁ;&ﬁuﬁﬂﬁe a ﬁﬁalbbﬂc&ntﬂﬁ@i 4fd e nins addaRsEl ¥l ad &ds. @ NTHeReude

t te f
or o SR EHOR S BB Se i B o REO T stwap re
tsharga@hbraind digh hafeB 15 eI RPES apkag) e, 2004 gbycerbh SOPRPL NAR,

ana dote Eiie Rt e hGIERRCEnbOR . mestwte RE LR

ot hdlweie of [Tak/nfih, Ulife@slo@n @as ®£shédne;t}p5pbludﬁ vioBimes of buffer C

e, Bk R R o R s AR BN
NS3 cplunt eelswescif bafite D (sdue ap bpffar die:xtdpewm Zﬂouxﬁﬂsmiala@le).
el ease%&{)@&]gnelse%ﬁg&nmgi@sdﬁaw&} wg}é%ag&g %dQJ ona

the donor S appar ent e su
i ncWpatiad colimhSurrienP2Q0pee- Q%ﬁ}é@tqdé@@@bffﬂmﬁlswmﬁﬁ
pr ot G o,
Conmoand” ST PHEE Tt ot e APREREdd ) BRERRRE R Bpl B
ef f deaded abp flgw sinpidunle mine NSt reptadsh exnbsx-qontaining rﬁlaﬁgms
t he Jfepr iuBich gna ceﬁceﬁﬂrdﬂéartsésbr . ﬁenslarta%% 'n%lp ﬁﬂé’ﬂﬁﬁy bifind €al

ti me_using | uor he reagents were
'&s fl‘i§l3f4é§v9r°"FE?3E’8’PéFﬁ€F’ dyriyedtrap the M. BF1 s T4 et wrains, were
obt gidpeskoibk gﬁh@ﬁ@@o SO niadd SpeotiodRird %@5 VRS

obtained from Sig - 10 Mer capt oet hanol

obt AVHEN T HPBHOMLH! thawed an ioorend dijutelpriog o, s any butter
HEPES, pH 7.5; 0.15 M NaCl; 0.1% Triton; 15% d ycerol;
10 mM QOMVE. Subst[ate t2 f| naI cg)/ncentratl on, (from a

MN53/ 4A pn&tpa@)s& ctf)mein Ivaro (ahqb;) wa°2to &e&Mefthd’ialhlbmon of HCV NS3

concentrati o ock ut1.on
oDl AR BB RSR RS0 i Rk Do f sl o
Tri td&mnbé]i@ﬂove,]l@ cotub3NE) of thegitesern disdodacks T\hllbtaksajapxbﬁﬂ@laes
o naRELN b SRS AL o b BRI w BT ™'
(Si grd'ld)ltlftgd{(i\hﬁsémaylymctlety and reducing the end

r ot eas
ger for rr:I %&%%JH%IJ &Q? ryo‘rpeélygneeal-{}ﬁgai Wat e tr1 doem
Fal éemtratwmw v%lp ISUbé‘@fm wﬁ@ﬁ Szle(quonmseEuppgprrmb@as e
corrmeseipebnde%@@aétcbyﬁafss&bm@Oca@h 2801 REE @ﬂ?@uw d@Ianmy

present disclosure in 10% DVSQ assay er “and

subdphiant & |- i Ares Fioghams E0(2):p0- ébﬂﬁ?@l Thersausaspsd Qﬁ“d)emﬁ&s

aI S |pée BLLd oRfhe NS&‘AMHE nA88 PN caRAR ke fod ME HEWAY ¥ rotease
npl ex was. m xed with congound or control solution

3Po r e¥°ePﬁ Therg s £ P lipraes Bihehigen agmats HpRdatite cleaet pisn 1By
t he padlide bisOrnains 8 ahstLaie don“sh @mmyeapb@teﬁd yase ptphiRadd

i( gﬁg %%ﬁ%%%xékggﬁfgh%% %E%ﬁ eﬁgr&%%%‘ﬁ? O&aﬁ%pe@%# ¥

read an em ssion of 340 mm and excitation of 490 nm at
25C. Reactions were generally followed for
approximately 15 mn. -147-




The percent inhibition was calculated with the

foll owm ng equation: 100- [(5F,"1,/SF0)x100] 30where SF
is the change in fluorescence over the |Iinear range of
whmogomawg. A non- |inear curve fit was appl ipegdsghot/aToe
i nhi bition-concentration data, and the 50% effective
concentration (1C50) was cal cul ated by the use of

Excel XLfit software using the equati on,
y-AL((B-A)/(1+((C/ x)AD))) . of the conpounds

t est ] f _the

oo, S LB LSRR, DR o D bRl B gonor
| essthe fgeptdretrut ascbniiBuprdsase tleteethp pepsidnthe piodwtsosrcieysed
whi ¢ \Nélﬁ&éﬁl and Ifﬂl% esddeSr Fh@ g&o?ﬂ&ﬁﬁl%s%?%a%m NS3/ 4A

conp ex re Sfoun ave simlar In
proper t i €8¢ panadrghibsiiae “@@ﬁ*ﬂ@éﬁ@d@ﬂfh ﬁnefftflﬂmﬂye@’em!tawat ed

a¢ eaﬁ@fﬂlf?%@%%oﬁ @:le@ Siﬁ thte gl%el oﬁﬁrgs"éh&%f Qéon%mf@lg pﬁ'egent
the | a strains. g}em ICIt sas

s pectifalesyey Theduiitoreffests ﬁ%? ?Oﬁipﬁ‘é’é‘ vies® deterrpined %ﬁ‘@“?% the

I N Vigtdidio 64 fﬁ@ﬁe‘sdéhttryacﬂi&ﬂfm&ﬁﬂn %dmﬂﬁ’élﬁﬂﬁ aQfytdrher Séh@&@ﬁkt
di sclosure in inhibit rotease conp

i
as conpar 8uHETSHRERS %ﬁ?vn%E%ﬁS 2y Q%Frﬁh(%?a@t‘réb‘éf?% Obtﬁ*ﬁ"é]

specffmh CIEC@BROS Dﬁ&ﬂ&m gagsideiDIe) Rhepanicd GbhGiRaune
were determ bfﬁwias I.nst a varl ety of serine pr Ot eases.

hunalferaiters t%%"idg@é’ BipRRgE) | porcine pancreatic
el ast ase ARPE)ffantd i IFEPERAICT. €At 50 SN0t Vmﬁdnﬂ 1¥ad

one st ei pe rot ease; ver c in B. In
o CNEE DR ShRGRS Rl opsedoien ek nvas ek
f | uoomiel i IMAMEBRA Mebdry). - GouNEn4A s tyﬁwasaﬁ)az ©nM
specific for each enzyne was used as describ

pr eviBlemsFEBeT (g éﬁﬁ%ﬁiﬁ* Pelaigndn2NgM W%ﬁé@é@?

W t ho QAR 300 AN Kgat o 809 1ite)-x106 198N BRER! B 8RR uARSANS -
enzynes were purchased from Si gma, ENDbi osci ences

whi | ROt DpTsaqhingitieca s fIBt the BsAYHR Bl pIg Sensignabyxgding

ENDbzoqm]amel@ Serum AlburkR (RAHN b GORNSH VuFBlan@ R h€&hd
from 100 to 0.4 pM dependi ng on their potency. The

enz yRTR'eaE songentigiiqndo & initiated by addition of

subst r at eh¢ &sBREY PBform&th Riok Yell Bél?szylaﬁlm@i pee i@ FhRon.
mn at roomtenperature and hydrolysis to 15%

convEACk EhcaiR 23 a%%af‘b%mewssw%?x in %%@fﬁer A&l of a

con déomp@m of Bk pﬁ@éﬁhdlmaﬂé INMRREDRSOf@dal BY¥Eer aRO2sTVsubstrate
Tri s(hydr ox%met hy am nonet hane hydrochl ori de

( Tri & 2enhuiisy %COWO&HM%P%W%‘%%@M@@@@&W Sy piYle-
Na C1TheQndyni¥WbiahiE:Aw a3k EINBR co%@rﬁﬁf%?&@&ﬂl%@lu%ﬂ 0r PmdMefore

LEVY- d 1 nMCh
mﬁlz\l{%ot e enzymatic rea tlonE)y ¥he ad£t1on 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-[{BF i/ SF con)x 100]

30  where 8F 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 (1Csq) was calculated by the use of Excel XLfit softwarc using
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50nMM Tris-HC1, pH 8.0, 50 mM NaCl, 0.1mM EDTA, 3%

DMSO, 0. 02% Tween30 20, 5 pM succ- AAPV- AMC and 20 nM
FINE or 8 nM PPE; 100 nmM NaOAC ( Sodi um Acetate) pH
5.5, 3% DVSO, 1 nM TCEP (Tris(2-

WORIEHIES hy| ) phosphi ne hydrochl oride), 5 nMPEHPFRFSH
B (enzynme stock activated in buffer containing 20 nM
TCEP before use), and 2 pM Z-FR-AMC di luted i n H20.

The percentage of inhibition was cal cul ated using the
formul a: 5[ 1-((UV: 00- UWmanx)/ (Uvcii-Uvbi ankpl x 100 A
non-the eqeaion,geAvEBA 1 WKEx)aPPL. i ed to the

i nhi bitigp- e [ - 9 fd
concent r S PERCCERERF 804 S8 BupBRufiPup I B LRI SFan
Ex ¢ edrotodief domplen ithd €. s 0 Gadve praess.oFurther, p@vioReds lof o present
An j [y
dosc BEEE SRR SeNIBE ofifld m S SR ol A s DHpf e
Pheifeurd tmhape si@gdertiehiyion pepsrticRhoug@dhaaempounds uniformly
285@%&%%&’:3@-&&33& %t%&%)a aiﬁ'émhé 1S 4RER R &ﬂﬁa@e@ g) theS1alsBains.
eval uate the effects of our HCV Protease conpounds on
HCV RNA replication. Briefly, using the HCV strain |Ib
15 sequence described i pbdigid-@h@nn paper (Assession
nunber: AJ238799), an HCV cDNA was synt hesi zed by .
Qper on TEREHATHEHY 882 Msee Pefimatrislgmorsipte therigyviprp gelectivity
1foul lof the Bghfbuh @RI the pRsivaSisdldie® iniskieihd HAVINE3pIAaSHikLe
pGeerZfng gPr onega Madi son, W) using standard
ol &EUPHE *5t5t ‘b“P%%E PRSI PSSR YB3 con consi sts of
(i) the HEY¥p&ificdERfawspaintioofttheprésit tscldireawmird) detamind®
of the capsi rotein i.L) the ne I.n .
20pRBTT BT P PEPLE bPiad bl RERTYBL R govipenorpipe,
enc epivadatrgiotasr FPE) sdinmaspaEMTY L ynmitrsipsin anjl oHGYSINES t o

5 . ' ' .
5 BrE0E S B LGl B 1] Bl AT Y cfocol wing
sy ntaHlgiometic iAming-Mebylistumgrin M PBulirgts Seacitigtior each enzyme
t 1 ange lde@hd QBerlbkd prbARRIYQPeT AHSH inBplickiOn 1L GOH BbAEs 4B Pwith
manufacturer's directions. In vitro transcripts of the
c DNACHeradifigaipnsie the 6ing ROl RB2u fdlsI2mNse At oiihwed from
LT n&ignbdUEMDbioR8dne &l HIB tHe Qlibs &l Wer SRS Bhdhbth| 3{@hd/and

Xpr |,ng_ the HCV replicon was achieved in the

2§r eggﬁilﬂos F'The sel ectabl e marker, neonycin (18).

Resul tin 011(1: eolurll (l:o.n(r:]eet?i' Wesr veari(égl ]%g a%{? t%iO%le(?\dEg rn(ﬁr?osc!nttf;e\{re
and negati ve sc%ran producti oh and* pr Or &I

pr oguehdyoFheausimetassags wSOtddVinRepH be edilitfeRETsubgsato enpme-
HCV . eYo] : [ itor.lhe
i By G oL A M ARAE BRI BRI Pk

di schosyion apmedsi@d o gyadfluprepl i cati on. HUH 7 cel |l s,
constitutively expressing the HCV replicon, were grown
25n Dul beTiedingl dvbdiiidos & ke ghsey WdafolMEM) (G bco- BRL)
containing 10% Fetal calf serum (FCS) (Sigma) and 1
g/ 15ty nfed 1 8s(hfERGReBRb-dminGRdthaSe &hRE ds-Hl 105 M
beforzi 5%1.(5)@)2 2045@5 | s/ wel | ]mﬁrl 96-%&? bﬁpﬁl?

ti sSOtvRGPHe SN2 PP @b Natled ! mebRBEANT® RNEOng01% 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 § nM PPE;
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conmpound controls were prepared in DVEM cont ai ni ng 4%
FCS, 1:100 Penicillin/ Streptonysin (G bco-BRL), 1:100
L-glutam ne and 5% DMSO in the dilution plate (0.5%
w/Bsbdab@l concentration in the assay). Conpewnshdediidios
m xes were added to the cells and incubated for 4 days
at 37C. After 4 days, cells 10were first assessed for
cytotoxicity using alamar Blue (Trek Diagnotstic
Systerrs) for a CC50 reading. The toxicity of corrpound

al an’gd0 ré?&gg?‘ gje(trs ?r:r]é ﬂﬁgaﬁll%e) pgldgu%g( ?1%1%19{) "ﬂglj eﬁ% (eﬂ?(%er 4
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Series 4000 (Perspective 1SB| 0s sterrs) Pl ates were
then ri n%apﬁrffa%%fhwblmws Wsﬁ%ﬁ%@g gsfearmly Sal i ne
(PBS) (3 tines 150 up. The cells were lysed with 25
f8l of a lysis adddal/Viedent) H¥ntldVumichbx H¥ HCV

prot ease substrate (5X cell Luciferase cell culture

| ysi s r eagemtlingRPranmefiovs#kiBiddo thk inbibieon-tacdnfatwintdata, and
di st L nal ET
pept P5e 2 R FLoon P RREEY St Pl T b DR er LA
abov&ytwdiel uted to 10 20 uMfinal froma 2 m\/lstock in
100% DMSO. The plate was then placed into the

Cytof l uor 4000 instrunent which had been set to 340 nm
exci tation/ 490 nm em S&kRhon AHOMiEon0de for 21

Lt ore oo RE Rl Seh R e o Sl S RGP e
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rs escri
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deSCHLb for our assay was y i nsertin ,
c muwwﬁ%@maleﬁﬂﬂwmogé éfclrrtwﬁs &hefwécqaéﬁvwwf (i) the HCV'S

I u C I ‘U?R&%@d ﬂeﬂeeﬁrmd aﬁm'o Iaahsaff t%fe%%ﬁﬂﬁ&elfl Usede slog6ih| Y
ferase ne. This insert was

??n r P}M’@Hmﬁsﬁf'ﬂ‘é& %eﬁ%(“re@pq“ DdrfRER éﬁ@teflﬁe?a‘%@” OFGUEHhVIARS |

r est (Edet VR EndSiv) BChVOCSBtieNSm o@mer &id (i HEC S yTRY gaisﬁecanmi
eneo ci.n mar tIV nmut at | at

bosi bPONEIAY LSBT B aarate Rep T by s e 17

i nt r bidgaSedt (crahsb@hion ki A ta bry KinalnoUX) A&yrdikk toer;anﬁiM;turer g

Sci ence.. 290( 5 4% A st abl.e
etctl?ns {n tro t}‘anscn 12 012l t?]ef WA WIEE\}T gqfectel% ng:t% H]eéilcl)rﬂééllt fuct

cons
aas gwntemat@kjmaslﬂdﬂéé’c Sclbfeldn aboslle con‘mtetl‘telbcqxtnearsamehe HCV
repo r

B e T P T

Fol | Besinhige qelldaysswqtrncfarastmzes%r@mwme%ww Str@élRll\éﬁ\ wer e
anal ;\.ﬁ%@&u&%ndéﬁﬁwﬁréddeh'&! Jer@se activity using the
Pronmega Dual -3 o Luciferase Assay System Media (100
pl) was renoved fromeach well containing cells. To

the remai ning 50 10pl H@ﬁ/m%ﬂm_@m@ga of Dual-d o
Luci f er ase Re%gent was added, and ates rocked _for 10

min to 2 HeBCYiTeieen %%%Te%saetyu’faédevﬂsraffd teygnisy g5 ditey
Reagent (50 pl) was then added to each well, and

pl ates were rocked again fafs@n additi onal 10 M to 2
h at roomtenperature. Plates were read on a Packard
TopCount NXT using a | unm nescence program 15 The
percentage i nhibition was cal cul ated using the formula
bel ow:




% control = average |uciferase signal in experinental
wel l's (+ conpound) average |uciferase signal in DVSO
control wells (- conpound) 20The val ues were graphed

and anal yzed using XLfit to obtain the EC50 val ue.
WRAIMMEH P at i ve conmpounds of the disclosure REFES2007/084799

assessed in the HCV enzyne assays, HCV replicon cell
assay and/or in several of the outlined specificity
assays. For exanple, Conpound 3 was found to have an
| C50 of 4.4 nanonolar (nM 25agai nst the NS3/4A BNMS
st r aiffiacts of chinpovadzdeseibedia ghye. disBiomird arH@Yz)tvEﬂcgplivaiomeHUH
\é\lﬁgecj b%altﬁtd&g‘ex?resim%ﬂ%%é\} EePlecon Wer r!}vg:s 9 flbe% Sen:v%]
t he Medfidddege FRER (AXYEM) (Giso- BRL}WhiamdnglO% Fatvl ¢afff striom

repl ¢ e

(Fé%gs#ghﬁ nijnﬁ 1%@@%&9}@& a \%ﬁfﬁéx@ e%?%d%]\}a%%ﬁé%bre
af?ct i (5 ey 0° gelllgwel) §p9Gongll tPRE- cylt@@&erpiwpla@wmnoylpgqnﬁ ne 75
pM c@é\b&]ﬁ@%&xﬁm@%vei‘e%ep@% mTﬂ‘?ﬁESI Joﬁéhﬁn&%%ﬂﬁﬁ ‘13%(? this
fam |y of conpound peci or the NS3
pr otP@algléhnéﬁﬁ@ptﬁﬁﬁvn 6$1bq0H9e°§~3 hémesfgtam%rmm 3% PMEP in the
r epldigedh Csila%JqOISO)’@IbMSD final concentraliB@inGRBAYN AonPbudd®Mso
current disclosure were tested and found to have

act i ik 4ddeditp ghecglls gad ingubated for 4 \aysaEHBC AdLERA days, cells

Rangfse ﬁlmgieﬁved sbtia in @!aﬂn& Brud it @i oAd hS) for
l>50 %OO n%lwt%g W gC IS ﬂ @Qm Syae 9
59/}5'8

Act I kst s ¢St ety ined b siipa 10
n M Boluse %EQaIﬂEMHhQ: td(h@ el irRuiRdi0s Mbells: ASer50the Mldrescence
N0t 55 et 08 P SR AR D "
her emissiofl Feddneth 2f €xIMpo usick HCUyRhalr Sase 4¢DAB&IpetisY Pr o
l%e p/ E.gigsgglten(asij:t%gges were then rinsed thoroughly with Phosphate-Buffered Saline
(PBS) (3 times 150 pl). 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 400 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. ECs

determinations were carried out as described for the ICso determinations.

25 HCV Replicon Luciferase Reporter Assay

As a secondary assay, ECsg determinations from the replicon FRET assay
were confirmed in a replicon luciferase reporter assay. Utilization of a replicon
Tuciferase reporter assay was first described by Krieger et al (Krieger N, Lohmann V,
and Bartenschlager R, J. Viral. 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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Cnpd 106 1.00 11.00 Cnpd 107 B C Cnpd 108 A A Cnpd 109
A 13 Cmpd 110 A B Cnpd 200 A A Cnpd 201
WO 2608/064066 PCT/US2007/084799

10

15

20

25

30

construct using an Ascl restriction site located in core, directly upstream of the
neomycin marker gene. The adaptive mutation at position 1179 (serine to isoleucine)
was also introduced (Blight KJ, Kolykhalov, AA, Rice, CM, Science
290(5498):1972-1974). A stable cell line constitutively expressing this HCV
replicon construct was generated as described above. The luciferase reporter assay
was set up as described for the HCV replicon FRET assay with the following
modifications. Following 4 days in a 37°C/5% CO, incubator, cells were analyzed
for Renilla Luciferasc activity using the Promega Dual-Glo Luciferase Assay System,
Media (100 pl) was removed from each well containing cetls. To the remaining 50
ul of media, 50 ul of Dual-Glo Luciferase Reagent was added, and plates rocked for
10 min to 2 h at room temperature. Dual-Glo Stop & Glo Reagent (50 pl) was then
added to each well, and plates were rocked again for an additional 10 min to 2 h at
room temperature. Plates were read on a Packard TopCount NXT using a

luminescence program.

The percentage inhibition was calculated using the formula below:

% control = average luciferase signal in expernnmental wells (+ compound)

average luciferase signal in DMSO control wells (- compound)

The values were graphed and analyzed using XLfit to obtain the ECs value.

Representative compounds of the disclosure were assessed in the HCV
enzyme assays, HCV replicon cell assay and/or in several of the outlined specificity
assays, For example, Compound 3 was found to have an 1Csq of 4.4 nanomolar {nM)
against the NS3/4A BMS strain in the cnzyme assay. Similar potency values were
obtained with the published H77 (ICsp of 1.6 nM) and J4L6S {ICsq 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
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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A B Cpd 202 A B Cnpd 203 A Cnpd 204 A A Cipd 205 A A
Cpd 206 A A Cnpd 207 A

WO 2008/064066 PCT/US2007/084799

The compounds of the current disclosure were tested and found to have
activities in the ranges as follow:
1Cs Activity Ranges (NS3/4A BMS Strain): A is 1 nM to 50 nM; B is >50
oM to 100 oM to 500 nM; C is >500 nM.
5 ECso Activity Range (for compounds tested): A is 1 aM to 50 nM; B is >50
nM to 100 nM to 500 nM; C ig =500 nM.
Note that by using the Patent compound number shown in Table 2 the

structures of compounds can be found herein.

10 Table 2 -
HCYV Pro
HCV Protease
Compound Replicon
(IC50)
(ECS50)
Cmpd 166 1.00 11.00
Cmpd 107 B C
Cmpd 108 A A
Cmpd 109 A B
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A Cmpd 208 315.00 1,303 Cmpd 209 A A Cpd 210 C C Cnpd

211 1600. 00

't will

be evident to one skilled

in the art that the present disclosure is not limted

wo2dolyessbaar egoi ng il lustrative exanpl es,

and ddhatsadot/os4799

can be enbodied in other specific fornms w thout

departing fromthe essentia

attributes thereof. It is

therefore desired that the exanples be considered in
all respects as illustrative and not 5restrictive,

ref erence being
than to the for
come wthin the
the clains are

therein. CLA M5 What

r at her

and all changes which
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1. A conmpound of

pharnaceutically acceptable salt thereof;

or 3; Rl
W%%Z“g?ﬁ%%e“ °

cycl oal | cyl,

het er ocycl yl al kyl ;

al kenyl , al koxy

cycl oal I cyl ,
is sel ected fron1a|keny|,
(cycl oal kyl ) al kyl
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wherein nis
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al kyl ,
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Cmpd 209 A A
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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
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Rs is selected from al koxyal | cyl, al kyl,

al kyl carbonyl, arylallcyl, cycloalkyl,
(cycl oal kyl ) al kyl, cycl oal kyl car bonyl

wabkmsabdseaxyal | cyl , hal oal kyl, (Naf) carbonyl ,pcangdzeo7/084799
-P(0)(OR )2; wherein Re and Rf are independently

sel ected from hydrogen, alkyl, and arylal kyl; or Re
and Rf, together with the nitrogen atomto which they
are battached, forma five or six-nenbered nonocyclic
het e . I 0| it

et cragb BB LR b BNl ERIAADLAG AR B L AN
sel ecfibaclfimpare thyiiagwiendaddo beldopracedthetemherein R i s
sel ected from hydrogen and al kyl ; W and Rh
are independently sel ected from hydrogen, al koxy,

al | coxyal kyl, 10al kyl, aryl, arylal kyl, cycl oal kyl,

hal oal koxyal kyl , hal oal |l cyl, heterocyclyl, and

het er ocycl yl al | cyl ; Re and Rd are independently
sel ected from al koxy, allcyl, aryl, arylallcyl,
cycl oal kyl, (cycl oal kyl)al kyl, heterocyclyl, and

het erocycl yl al kyl; or Re and Rd together with the
nitrogen atomto which they are attached forma five
or six- 15nmenbered nonocyclic heterocyclic ring;

Rk and Rh are independently selected from hydrogen,

al koxyal kyl , al koxycar bonyl, al kyl, al kyl carbonyl ,
aryl al kyl, and hal oal | cyl; and R) and Rk are

i ndependent|ly sel ected from hydrogen, al kyl, aryl,
aryl al kyl, and heterocyclyl; wherein the aryl, the
aryl part of the arylalkyl, and the heterocyclyl 20are
optionally substituted with one or two substituents

i ndependent|y sel ected from al koxy, al kyl, and hal o.
2. A compound of forrmula (I1) OR8 25(11), or a

phar maceutically acceptable salt thereof, wherein nis
1, 2, or 3; R2 is selected from hydrogen, al kenyl,

al kyl, cyanoal I cyl, cycloal kyl, and hal oallcyl;

R3 is selected fromallcenyl, alkyl, aryl, arylalkyl,
cycl oal kyl, (cycl oal kyealicyl, heterocyclyl, and

het er ocycl yl al kyl ;
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R5 is selected fromallcenyl, alkoxyallcyl,

al | coxycar bonyl al kyl , al kyl, 5arylallcyl,

car boxyal kyl , cyanoal kyl, cycloallcyl,
cIoaIIcypaIIcyI haloalkoxyallcyl hal oal k

ﬁ’fﬁ %t kyl, (Nab)alkyl, and (NRel e)carbon%}?ﬁPWP”"sm"

R6 is selected frontalkoxycarbonyl al kyl ,

al kyl car bonyl, al kyl sul fonyl, cycIoaIIconxycarbonyI,

cycl oal kyl, hal oal koxycar bonyl, hal oal kyl,

hal oal kyl car bonyl, (Nab)carbonyl, and (Nab)sulfonyl;

or 10R6 is selected from ph&A¥Sand a five- or

S|xjﬂﬁgﬁeh§gﬁggrtlally or fully unsaturated ring

optionally containing one, two, three, or four

het €r oat Biemecsned ef femnua (Bm ni trogen, oxygen, and

sul fur; wherein each of tdae rings is optionally

substituted with one, R three, of four

substitutents independent/l y\sel gcteg@ from al | coxy,

al koxycar bonyl, al kyl, a Al kyl sul fanyl,

car boxy, cyano, cycloahkyl 1%cy alkyloxy, hal o,

hal oal kyl , haloalko§¥ Ear baRy! ,

(NRi RK) sul f onyl oxok R7 s sel ected from

al kyl, aryl, cycloallcyl? (cycloallcyl)allcyl,

ttet er ocycl yl, and - NR6Rd; R8(h,s seIected from

al koxyal kyl, allcyl, k ar ho .arylallcyl,
cycf%ésv%%f?mfﬂbb 8?8§#ﬁé{§3?$b iyl oal kyl car bonyl ,
haloalkoxyalkyl3 hal oal | cyl, (hbf)carbonyl and
-P(0) ( ) |ndependently
selectgﬁkf?gﬁ% Hﬂgdoxyrg ﬁﬁs aryIaIkyI or Re
and Rf, Rotge&leht@ri fl\mmltsrdrtom ﬂkttnt'bgbﬂ euisrikyocyetR i, uldey
]%re}gkhgﬁhed forma five or six-nmenbered nonocyclic
heterocyc iC rlng optlonall cont ai ni ng one additiona
!/

heteroat%n¥§$ﬁ§@ @G“ﬁ@@ﬁﬁ@q’ﬁmﬂ aryAiley . Sycloget.ein Rx i s

25s gl Reh RGP KLEY @R ARGo3LikMliy; and wherein R s
selggﬁedﬁgaoﬁf ydr%gg% and amﬁyF ﬁe and Rb are

i ndepend®nf R sel ect ed from hydrogen, al koxy,
ﬁl Ikoxlyal Kk lsete%telsyﬂom aBdedy 1, allakydal, Iawkycm;syxgtaqt@h,gmm,

al Oa Xya (0] ocycC ,
Pot SRy YeSaut Brioallgt g“ryélo%/]mél.’féh dgaogvalko,
sel letﬁb[ﬁsyl({]fyﬁfmtﬁiﬂfwz)(]lﬂalﬁjdlklyll andANRIR D) catbyhyad ey |
CyCl O0a oa a C ero
heterocy%lyﬁ%ﬁﬁﬁﬁoma Oﬁ@mbo ﬁ&WF %¥ﬂ8¥w1¥%wmﬁﬁnw
n|tK@gemqammnmmmyMhmbﬁkﬂhmwm&memabmathedﬁhOrnta five

Or KA IRAIRE A NTPRYGY S Carl BN RIORN I C of | NT:

20 R® is selected from phenyl and a five- or six-membered partially or fully

rey Ll

o4

unsaturated nng 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, alkylearbonyl, alkylsulfanyl, carboxy, cyanoe, cycloalkyl,

25  cycloalkyloxy, halo, haloalkyl, haloalkoxy, -NRER", (NRij)carbonyl,
(NRIRMsulfonyl, and oxo;

R’ is selected from alkyl, aryl, cycloalkyl, (cycloalkylalkyl, heterocyelyl, and

~NRRY;
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Wand Rh are independently selected from hydrogen,
al koxyal | cyl, al koxycarbonyl, al kyl, al kyl carbonyl,
arylallcyl, and hal oal kyl; and Wand Rh are

woeRpeRegnt |y sel ected from hydrogen, al kyl pc@fighoo7/osa799
aryl al kyl, and heterocyclyl; wherein the aryl, the

aryl part of the arylallcyl, and the heterocyclyl 5are
optionally substituted with one or two substituents
i ndependently sel ected from al koxy, al kyl, and hal o.

3. A conpaund of aim?2 r har euticall

accept abl Isssgﬁ‘fte&%’? g%?{ya%ea?lg{iﬁﬁ?g% <P ary?@h’%(’é;ydoalkyl’
sel egyeahiifyalyladykbayylcarainy Clydloaliangltys haled iyl (NRR )earborfRB
IS S e >{ 0 . I

oyl S FIGOR FRUL RN & 80 [lnen Bl st b Bh bfthbeen, i,
het ensndayddlipilair Rerd: R’ REcethsr wig the titrozeh pom taivkieh ey are

al ky | ; ' : ;

ot bR YL kB s S ESL HEs coioma

hal ogdnkéniiecaae bésitipnal heRpoptpmaslbrsetfrom éxNR", and S; RBerpig R” is

PhenydiecRR LA MHMirb¥en 2Pk 1Ml Geriih RA isQREQH frdnYdrogen and
substitutents i ndependently selected from al Koxy and

hal o®kdnd R7 is cycl oal kyl . 20 4. A conpound of C aim
3, or a phakdmcedhipalddydceant R By dfabl, albal f8Rfxyalkyl,
O S5 i S A RSt FoSEE
sal t hdiheryeghikyR5wherein R3 is aryl. 6. A conpound
sel ect ed lgc Eu?c{%d are independently selected from alkoxy, alkyl, aryl, arylalkyi,
cycloalkyl, (cycloalkylalkyl, heterocyclyl, and heterocyctylalkyl; or R® and R
together with the nitrogen atom to which they are attached form a five or six-
15  membered monocyclic heterocyclic ring;
R®and R" are independently selected from hydrogen, alkoxyalkyl,
alkoxycarbonyl, alkyl, alkylcarbonyl, arylatkyl, 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®
R, o
H SN
N /S\
N N R’
H H
,N\j//L§ O ( \\
RS (o] n
R2
RS
25 (1),

or a pharmaceutically acceptable salt thereof, wherein
nisl, 2, or3;

R? is selected from hydrogen, alkenyl, alkyl, cyanoalkyl, cycloalkyi, and
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5 ; and 5or a pharmaceutically acceptable salt

thereof. 7.A conposition conprising the conpound of

claim1, or a pharmaceutically acceptable salt

t hereof, and a pharnaceutically acceptabl e canier.
WORRISPROSE orposi tion of claim 7 further conpPEEPHGO#84799

| east one additional conpound having anti-HCV

activity. 9. The conposition of claim8 wherein at

| east one of the additional conmpounds is an interferon

or a ribavirin. 15 10. The conposition of claim?9

whemelosikgthe i nterf er on i s selected frominterferon

al pha 2B,: .pe Fon a sus

i nt erferB%ng e%%teatf Per oﬁny auﬁaa ,& hlaﬂ CT"%/f(r’fipl ’hl astoi . d

i nt énfcmlb}’i)ﬂﬂlafhﬂletmcycmh@ntthnmwclﬂaikml of cl ai m 8 wherein

at | east ted

ROD&1 feﬁ f AR a;lkgggzh}ﬂ,‘fg% E}g% h?g

fromlnterte I nt'er
éommmlatcwa@xyeﬂmla%@wﬂwh evadpaikel, @deﬁkyl)@&ylahalqpﬁ@maﬂcyl

hel ﬁlgl'i)alﬂ-ylcl‘gfmoxﬁgé@ Qﬂﬁz@{b)aﬂ&lt @rfdf(ﬁ R“l@g:a laﬂaﬁu i -sense

avirin, an | nclsine

mmphosﬁ%afe&caéﬁwraa@m@@wl ofh b kst Gaivh ke, and

ri m%%]@ﬂi&yﬁﬁ carbl)gyl c Ieam)qrm)amtnt;@a}baiyp hAbdk,8 Wherein at
| east. one Qunds is effective to

i nhlhB]ioflklflT?éboPﬂn@Iﬁ %ﬁcafﬂmﬂ "F’é@%tR sfoagied from 1-1(1V
et al | oprUt eaged fbRYh&ST 4ndQ fRE-Q eﬁslaﬁmbbl@i/p@ﬁdlme&m e,

FICV hclicasc, WN,NS413. prot ei n, ry, HCV
OB R ca B BRI R st o bR et
t he fiomadtasren bxnkn and REA; whatieeidhotithe rﬁl@ is &g@nly sabstituted

Conpw(r%"i‘l‘l%ge ?w ?hral mflm s&su?lteph%]rdnae% en]ily s.eifl eX ﬁaCCE(pt abl e

hereof’ Yhe fanur act ur e’ e SRRTFor

t he atkppatriremt, aikﬁfl BEMcarbohyl, aliielfased, caxbo:ofr @bramg cyaoatdyli m
3 f r abupk j i tional

1(J§orrpo(g§1 LOX ?ltr%}g3 ]ﬁc{ap{?l Hﬁ&é}%ﬁ; v&\I ﬁaﬁm@} after, or

si miNRBhed@stlhyandiordi t he conmpound of claim1, or a

phar macegtii calcle f3mGERE S, Bychdalid t@@xaagf])alkyllﬁeterm@lyv%%

according io ctaim 14 whérel n at | éast one” of

addl_NR(ﬁ‘] conpciunds is an interferon or a ri baV| rin.

The ulse mgm&te@@omﬂ@kﬁm l];ﬁylV\&lEﬂ&E%n}lhﬁylhlﬁ'}le& REIRY,
IS sel ecC ron
“nt é?yF@FIESﬁ)aHﬁYL ﬁ%doah%[?%fgﬂg’héa@ﬁpwﬁéﬂc}ﬁﬁmm @\‘Ff RpgponyL

al phad 24))@R0,; Wierph Bbhait aledndepin@éfie kORtd@dm 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 heterpatom selected from O, NR”, and S; wherein R* is

25  selected from hydrogen and alkyl; and wherein R’ is selected from hydrogen and
alkyl;

R” and R® are independently selected from hydrogen, alkoxy, alkoxyaikyl,
alkyl, aryl, arylalkyl, cycloalkyl, haloalkoxyalkyl, haloaltkyl, heterocyclyl, and
heterocyclylalkyl;

30 R® and R* are independently selected from alkoxy, alkyl, aryl, arylalkyl,
cycloalkyl, {cycloalkyl)alkyl, heterocyelyl, 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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17. The use according to claim 14 wherein at |east one
of the additional conpounds is selected from
interimkin 2, interleukin 6, interleukin 12, a

oo ppguadkst hat enhances t he devel opnent of a woyps2db7/084799
hel per T cell response, interfering RNA anti-sense
RNA, Imginod, ribavirin, an inosine 5 --

nmonophosphat e dehydr ogenase i nhi bitor, ardantadi ne,

and rimantadi ne. 18. The use according io clai m 14

wherein gk, 1';.;?[?‘34& @{ﬂ?e@%ﬂtmge&%&ﬁm e, ABAH

effective t e "function of target eI ect ed
f r omiiicky@uboreh dkilowerbrebamd oo and beloale gpbt ease,

FI CA? polpy fRISR inddh¥ndbiRly | 's@l@ccfe% frof }g\!ﬁ'o%l%L Q;vleirplalkyl

-INN entry, HCV assenbly egres
pr ot aidrheteiper A th%%rylt ﬁé agy} l@ﬁtqﬁﬁiﬁ W&ﬁkyb ﬁndﬁhwtemcyclyl

| Bf egt bRMdnatly 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
10 nis l;

R? is selected from alkeny], alkyl, and haloalkyl;
R? is selected from alkenyl, alkyl, aryl, arylalkyl, cycloalkyl,
{cycloalkyl)alkyl, heterocyclyl, and heterocyclylatlkyl;
R’ is selected from alkenyl, alkyl, and arylalkyl;
15 R® is selected from alkoxycarbonyl, cycloalkyloxycarbonyl,
haloalkoxycarbonyl, (NR*R")carbonyl; or
R® is pheny] optionally substituted with one or two substitutents
independently selected from alkoxy and halo; and
R’ is cycloalkyl.
20
4. A compound of Claim 3, or a pharmaceutically acceptable salt thereof,

wherein R? is selected from aryl and heterocyclyl.

5. A compound of Claim 4, or a pharmaceutically acceptable salt thereof,

25 wherein R? is aryl.

6. A compound selected from
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/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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lymphoblastoid 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'-

monophosphate 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
NSS5A 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 lymphoblastoid 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, Imiqimod, ribavirin, an inosine 5'-

monophosphate 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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