Attorney F ‘l"%ﬁﬁ% 9@% 46- 0133 WO 2011/ 079327PCT/ US2010/ 062168 ANALOGUES
FOR THE TREA R ENTI ON OF FLAVI VI RUS | NFECTI ONS The
present ampl2otarban clains the benefit under 35 U . S. C. 8cIase@p/oefiedni t ed
States Provisional Application No. 61/290,030, filed Decenmber 24, 2009, and
United States Provisional Application No. 61/316,998, filed March 24, 2010,
both of which are hereby incorporated by reference in their entirety.

The present invention rel at egNAICOGIFEFOR THMRCIHEATMENG @R et hod for the
treatment 10or prevention of Flavivirus 1 niections using novel conpounds.
Hepatitis is a disease och&Wﬂgt is generally of
viral nature, although there are other causes known. Viral hepatitis is by
far the nost common form of hepatitis. NearI%/h750,000 Anericans are

af fect ed by hep&€iRresenéa@pPyw@iion dxmsdtie kenetihgader 3 eS-Lhén! 1960, Godnitade
infected wiifast Wom&?atl',&dpﬁcgfldﬁ NS 6f /id@ﬁ?b filed Decerif 28 8009 and Umted

positive-stranded RNA virus bel ong he Flaviviridae fam/ly

I n
cl ose rel atatepsRigyisiapat Aeplisasien o @égﬂ 615?‘?&5 filggc Maed %doé%oh’(éhepf\)’i’mﬂl; a%ﬁhd
bovi ne vi raledi At sBemtdd By“?efér%\@é/)n tHdirerttef)e! i eved to replicate through
the production of a conplementary 20 negative-strand RNA tenplate. Due to
the lack of efficient culture replication systemfor the virus, HCV
par ti cl es wer e yhg Gl alefit i EAbPRAES (dHAR cBhBsIHas 3 2 HHianBa e ARG eR
m croscopy, to 3* di é/rret er o% about (C) 6 nms a HCV genone f‘e;a
si ngl elost rcdrme\(fnupb@fﬂWé’eréﬂfs‘éCmL@W%@Dmﬂtcompsgmsbp coding for a
pol yprotein of 3009-3030 am no-acids, which is cleaved co- and
post-translationally into mature viral proteins (core, El, E2, p7, NS2,
NS3, NS4A, NS4BleprigBais aNsRpe ofqurting hedughowicthe verrldt He issgeneratlyohiiral nature,
91y coPr Ot &fiSuotFineANGhefthe AL EMRBAAC A hbotinkl i€ BY rdri b ShBIUEHABE (GHAflof Or M

stabl e heterodrt ners I'S a eve tructural core protein
i nteract s hepatitis. h¥earlyr 250, RRAmperitensareaffegtas yhepatiti eachayser,candTdug of those,
nonst r uct i pr oteins with
enzymat i c%%ﬁéﬁ%@%@ (?b?vagﬁ é%ﬂ?é\@&h?ﬁ%h%@aﬁl@% 1H£3, o? protein processing
including a 30pol ynerase, protease and hellcase The mai n source of
cont am nati on f i i
heal t h probl emvﬁép}sﬁc%/ %ﬁveb!tgi%ged Eﬁlﬁ pr evae}lde]’%ﬁgOE %Qe’-_[ﬁwﬁ'd&; %ﬂg}p grbf‘ﬁa?
exanpl e, Gm@&etrelagawﬁqnftortberppstl\dimmsmandclndﬂ bogctm)ter8@i%lmnd| buvmawdafabdlarrhlean
abusers i C tri C
"t avenoud SBE LV bEferRlrel b BB T lotieh AhF PSRN o SEorma e
dependiong regativeestpod RN taumpla;ltu@uedo tid dackAift efficient Enltuee Mllcat@%’;'{sﬂ@n 0433

W th post -TF G HRTHEESHELR FRiRERel PR adfih Ps B SR aREaE T,

di agnost i anicostapyu s@Havteca dran’eesn dflabodt 5ib6mnm. The KIDrpenvate sl suﬁglepsatgmdad,ed

et on PR sLsa R batihy o oot B BRE Ford oSUBtofein o 0PSO St hcidmy

i n a maj orwhiyh of clgsnied eot and pbﬂetradla\t\nonéilw ihe n*laalremrak/pﬁomns genat S/IpeEz( b3, and

1b). Furt 9 e conpl i ance t.0.

cutrent + OB i e BEHE SRE S8 B Re Y B i Clial AVERrI G e
pati ents. ERO'Hﬂer@beﬂdéthefa)rv&aal1gﬂdeaivembedardeformhaaﬁlevleétemdmﬁrs Oft is also
anti-viral en se.in treatin reve t virus i fec i ons.
" one arelEed fhat Bhe SRkl bR, MivP "t Rl SEnD R sttart Hye
wher ei n A riugleGBapti. armb noﬂastl@ctcr@lrtpedstedms hEts@h&l@yICHlsa tcCBlSiGnccwdH pedt&iyib ,w1fh- 12
menber ed het eroaryl 20 B and, B, . are i. ndependent.| c;:

al kyl, C2 %‘Z%IP%%%JF"‘“E?PS dﬁ"og"eéjl K ngius EPYGRfIoR: a'&‘f é’r8t§8h A fepien de %E‘ Ve d 4-7
menbersd ey ades brited3? ang helicasal ogen, -O0Ra, -NRaRb, -C(=0)ORa,

-C(0) NRaRb, -C(=0)0H, -C(=0)Ra, -C(=NORJRa, - C(=NR,)NRaRb, -NRdIC(=0)NRaRb,
-NRbC(=0) Ra, -NRAC(=NR, )NRaRb, -NRbC(=0)0Ra, - OC(=0)NRaRb, -0C(=0)Ra,

- 0¢(=0) ORa, hydTh@Wém sBlice &f o@ﬁiaﬁﬁnatfomanmh Hc$(19)b¢boaRaThe mSQENB@Fﬁf the HCV

- NRbSO2Ra, Fité) EF g é é ]y

al kynyl , Pfeéio%a%alh% hRED ”&I‘SkWStr%?d Hye R)E?V ‘EEEFr ?’@H’&?e g3 h@roeaﬁ b
taken 30 texa@pleereowl tohookher sdrRdphiltaes Whd Ghoré tRdh 80% oftiftasRaslst @rué Q\bmeas fn 7
cycl oal kyl which is unsubstituted or substituted one or nore tines or

a 5-7 menEsEINHONRYSE EF higricehy ifecisd bt it etProntravRses fj[ng%PLE‘?fé’ H?e
nore ti mesprbyaldREe, varies from about 28% to 70% depending on the population studied. The
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Ra, Rb, R’ d ‘are each i ndependently H, C112 al kyl, C2_12 al kenyl,

C2-12 al kwoyb11/0283212 aryl, C7-16 aral kyl, 5-12 nenberedPn@tIIStzmamyzms 6-18
menber ed het eroaral kyl , 3-12 menber ed heterocycle, or 4-18 nenbered

het erocycl e-al kyl ; R2 and R2' are each independently H, hal ogen, Cl 6

al kyl, -(CH2)1 30H, -ORa, -C(=0)0Ra, - C(0)NRaRb, -C(=0)0H, C6-12 aryl, or
5-12 menbejresbriied fo%vV'HCW\’ﬂﬁé&Idﬂs Fé@,sochl@ed Rﬁth &si t%sws@ne%hbé@ﬂﬁﬁmw ly
H Cl1_12 alkyl, C2 12 al kenyl, 12 al 12 ar)( C7_16 aral kyl’,
5-12 rrenberﬁé‘dFeFlé%t@WdBAeﬁp adginggs WP@H: ‘}‘?@e/é'ﬁ%f’aﬁoaﬂcl?fp blapddenBisiber ed

het erocycl e, or 4-18 nenbered heterocycle-alkyl; 10 R3 and R3' are each

i ndependently H, Cl1_6 alkyl, C2 6 al kenyl, or 2 6 al kynyl; R4 and R4' are
each i ndepe "I‘%F‘OPI of H?ﬁgﬂéjéﬁ mt@qfe@ndqltk%,mbavp{y*dl,s SR8/ Freameni@f shgjre fo5chropiy

al koxy; wheneinfeckivR. BREHEE@RGE d8ks st ﬁ?éﬂd@%s%ﬁlf&ﬁvﬁa@g@&b&%re (8&)hin tahRaRHAT®
to which they are attached to forma 3-7 cycl oal kyl ch |s unsubstltuted
or subst i tQitPetientsdnfectedprid the mast BS?VPifnbgenéthEﬂ?@'f*ﬁ)@? eaurmqrmoawtgnélcmﬁ ch
IS unsubstgddirfd tOprebeiSdoliptib® @NBeQurER RglhdPidMaieauird e rdiub#bh or
occurrence of R4'" can be taken together wth the atons to which they are 20
attached tdiscPplinHagionirysamechasenksyl whi ch is unsubstituted or substituted one
or nore tines by RL or a 4-7 nenbered heterocycle which is unsubstituted or
substituted one or nore tlnes by R12; X and Y are each independently 00 jJ
0 Il Kki0---S--- Thetsrisgheysfare al sreatreeed fah dhestlevelapeneni o antvadagantsfoase in
asteri sk (tréatfng%'rﬁ?eg@&ﬂ aflit@GRERAbnt 0 the nitrogen of ring Cor C; RS
and R5' are ea ndependently H, Cl 12 al kyl which is unsubstituted or
substituted one 30 or nore tinmes by R113, C2_12 al kenyl which is

unsubsti tut ed E&}é, hkynyl which
i's unsubstitut g'ﬁ:loﬁérJQ?e'lgEsﬁjtg &gﬁ%ﬁgeﬁﬁdne rgfa‘ts?%ggm qug#@ ?3 aryl which
is unsubstituted or substituted one or nore timnes by R11, C7_16 aral kyl
which is unsubstituted or su?§t|tuted one or nore tines by R11, 5- 12

nmenbered heteroaryl which is;jénsubstituted or sub$tit ut ed one or nore tinmes
by R11, 6-18 nmembered hetgq r al kyI S unsubst ed or tituted
one or nore tifBs)My R11, |3- oy € gy tituted

|su
Y

|
R, ) R,

Rs (Ryp

wherein

A is Cg.14 aryl, 4-12 membered heterocycle, C;4o cycloalkyl, 5-12 membered heteroaryl,

or a bond;
20

B and B’ are each independently C;¢alkyl, C,¢ alkenyl, or C,¢alkynyl;

C and C’ are each independently a 4-7 membered heterocycle;

R, is H, halogen, -OR,, -NR Ry, -C(=0)OR,, -C(O)NR,Ry,, -C(=0)0H, -C(=0)R,, -C(=NOR )R, -
C(=NR¢)NR, R, -NR4C(=0)NR,Rp, -NR,C(=0)R,, -NR4C(=NR.)NR,Rp,, -NR,C(=0)OR,,
OC(=0O)NR.Rp, -OC(=0)R,, -OC(=0)OR,, hydroxyl, nitro, azido, cyano, -5(0)3R,, -
SO;NR,Rp, -NRpSOzR,, -NR,SO;NR.R,, -P(=0)OR,OR;,, Cis alkyl, Ci¢ alkenyl, Cis
alkynyl, or C;¢ halogenated alkyl, or any two occurrences of R; can be taken

30 together with the atoms to which they are attached to form a 5-7 cycloalkyl

which is unsubstituted or substituted one or more times by R or a 5-7 membered

heterocycle which is unsubstituted or substituted one or more times by R",
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one or nore tines by R12, or 4-18 nenbered heterocycl e-al kyl which is
unsubst i twDed11ar79Rabst i t ut ed one or nore tinmes by R12; RETIES2H0/06% al kyl
or hal ogenated C1_6 alkyl, or can be nmerged with R6 or R6' to forma 3-12
menbered heterocycle; mand n, are each independently 0, 1, 2, 3 or 4;, pis
0O, 1, 2, 3 or 4, 10 R1 is hal ogen, -0Ra, oxo, -NRaRb, =NOR' -C(=0)0Ra,

- C(0) NRaRb, - Cl#YOH.R.- & 70) Bad R; a@(eama endgétw\ﬁw Ry o 79N, NBaRD,
-NRbC(=0) Ra, - NRAC({ =NRINRa R%‘) N %E@p 03 NRa R@ . QR erga
-0C(=0) ORa, hy oMy, Cennrztwl ﬁmed%ralkd&/a d2 msU@Ftﬁdsﬁsteroaswaﬁzé membered

-NROSQ2Ra, - NRIzaeRd f&m&ﬂa@%cymebﬁunsﬁ%m@ed Rete@é@c@dawle
each independently H, 1 12 al kyl, C2-12 al keny , C2-12 al kynyl,
aryl, C7_16 aral kyl, 5- 12 menber ed het er oar -18 nenbered het er oar aI kyI

3-12" menbdreddifel aroeswd iBderandgothg Hbaloaer 1he%“é)flod§5t Qi1 kPR:, R{T0)OR.,

nal ogen, - 0Ra, cAER, COOTEHORR: o1 6) SReRRer ek Ak Qitary CLARER R, ., R,
- C(=NORc) Ra, ---20 '¢(=N o) o =0) NRa

- NRAC( =NRc) NRaFa@d Rdl\éFZB@(aﬁ )"m@enderm(&mma% Cz@@(lkftwhaﬁm@jb(rwb)@ﬂaaryl

hydroxyl, nitrg, Za'rzﬂ%sl @ﬁ‘%emlﬂr@ﬁ%é%aryl %C?d\'%%e ecﬁ"mgﬁalkyl 3-12

- NRbSO2NRaRb, or " P(=0) bRaORb,  C1 % 12 al kenyl , lkynyl ,
C6_12 aryl, C7- m@ﬂb?raﬂwrerogmm Otﬁ@n‘t?em@@ ﬁré?ﬁé"te derogycle-glkyg merrbered

het er ogr al kyI 3-12 nenbered heterocycle, or 4-18 nmenbered

het er ocycl i d pendently H,
Cl-12 al k Ffamcjzzwlazregégﬁeﬁ*d{épg%enag K bt q‘l%95r%’ﬁe l&}ﬂﬁ% aral kyl, 5-12

menber ed heteroaryl 6- 18 menber ed heteroaral kyl, 3-12 nenbered

"ot er 9CYCIE o v 48 BRICRUSASLEL 6ol ol 12 ol s9han O, 00
- C( =NRJNRaRb, aﬂm&a =0) NRaRb, -NRbC( =0) Ra, - NRdC( NRJNRaRb - NRbC( O)ORa,
- 5(0) 0, 3R er R s ren B R b R A e Bt R Ly gre
al kyl, C2_12 aldttathed tgXonm aaBWyngdloall@&-Mlﬁdawunsu@sztityaechpalswgsltitﬁtsd1®e or
menber ed het er qaryl 4 18 genfiered hate 8Perda %koc lel\%h{Eﬁ”'?eJ bstityted o
s e TPers g o

het erocycl e, or 4-1 red heterocy erein
are each mdepesndﬁrtuteyi dhe aCIndr2 tithésyty, R1 12 aI kenyl, C2 12 al kynyl , 06-12

8?)?546 m@"%ﬂ 1‘7%36%6%65‘%1% &%ﬁﬁgéﬁ%ﬁﬁ’gﬁﬂtﬁéhﬁgﬁ%g%wF‘hg‘gg’fz
nmenber®d het er atteched torforn 18 3venymbradic | Ivetie aﬁcynﬂuéstatluke;d pr \ammmwtledarme or

val ency allows fn. tl‘n%S kaenﬁﬂ" F?z RémbBed n&Rfod le wiH, ch IS ur‘sulﬁ%&?eerdﬁrrlyl

and R12 each of &k ynyl, —al'koxy .
het er oar al kyl , shbstt&utﬂdy@"leeqr mrel‘tenesrb;cfjfél e-al kyI [ s | ndependent |y
unsubstituted or substituted one or nore tinmes by hal ogen, -0ORa,, oxo,

i M ety @O
NRd, C(=0) NR, , Rb, -N C( =0) R&) NRdC( R, , )NRaRbo-NRbC( O)ORa
100C( =0) NRa, Rb,, 0) Ra,, 110C(=0)ORa,. hydr oxyl,[initro, azido, cyano
-S(0)0-3Ra', - SOZNRa ‘Rb,, er , S0 Naher ei 11- $Ea, . ROr#BOm®, are each
i ndependent I y Hor Cl_12 al kyI or a phar néceut i cald)y acceptabl e salt
thereof. AN( 4)n (R1)PR3 1
wherein the bond marked with an asterisk (*) indicates the attachment to the nitrogen of
ring C or C’;
Rs and Rs’ are each independently H, Cy.4, alkyl which is unsubstituted or substituted one
30 or more times by R'", C,., alkenyl which is unsubstituted or substituted one or
more times by R', C,.1, alkynyl which is unsubstituted or substituted one or more
times by R Co.14 aryl which is unsubstituted or substituted one or more times by
R", C;.16 aralkyl which is unsubstituted or substituted one or more times by R"", 5-
12 membered heteroaryl which is unsubstituted or substituted one or more times
by R", 6-18 membered heteroaralkyl which is unsubstituted or substituted one or

more times by R'", 3-12 membered heterocycle which is unsubstituted or
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(AR5 or,, me‘p;\aigep%g;‘%% cally acceptable salt thereof, wherein each Ais
independent 14 ary 4-12 menbered heterocycle, C3_10 cycloal kyl, or
5-12 nenbeoedlllmepaﬂoaryl contai ning at | east one hetero&Cormssemciies from
the group consisting of 0 and S; wherein when q is 2 then both Arings are
not phenyl; B and B' are each independently absent, Cl_6 alkyl, C2_6

al kenyl, or C2_6 alkynyl: wherein when g is 1 then at |east one of B and B

is absent; C a&dbﬁtu&rdeolfea@l*‘mbfwﬂﬁ\%?%?mﬂ Yor -1 heFBIRRAS BéteRRY e LML Wich
Attorney File Ref.: 097546-0133 WD 2011/ 679327PCT/ US2010/ 062 68 RL is

hal ogen, -ORa, s NRYRBLItulRy epyubRtitutedpns) NRRRLS, timey ROROH, - C(=0) Ra,
- C(=NORJRa, - C( =NRIJNRaRb, - NRdC(=0) NRaRb, -NRbC(=0)Ra, - NRJAC(=NRIJNRaRb,
-NRbC(=0) CRa, - =0) NRaRb, -0C(=0)Ra, -0C(=0)0Ra, hydroxyl nitro, azido,

cyano, -S(RD)‘E)H §Re? kyl SS@)ZT\%I%ZRBat ed @Rﬁr Caﬂ\%@@?ﬁ@a‘ﬁﬁh Rsp(_d)teéam 3216
al kyl which is Haspdelinetdred g, substituted one or nore tines by R10, C2_6
al kenyl which is unsubstitut'ed or substituted one or nore tinmes by R10,
C2_6 al kynyl which is unsubstituted or substituted one or nore tinmes by

R10, or any hif, QhEechRGGen@éntlo, %30, Beriyaken together with the atons to
which they are attached to form’a 5-7 cycl oal kyl which is unsubstituted or

substituted one or nore tines by R11 or a 5-7 10nenbered heterocycle which
is unsubstR @ dd20f O6fibstituted one or nore times by R12; Ra, Rb, R' and Rd
are eagh independently H, Cl1_12 alkyl, C2_12 al kenyl, C2_12 al kynyl, C6-12

312 C7—1R6°§”f$terocﬁlgxmwed%&?&“bf‘ SIS eg 0 2009k Ky

3-12 nenbere e ’or 418 hef’er
are i ndependentq yNORd) %hgeﬁ N )NRIRia | KNR«C (FOINR.Rhva |- N&éﬁ%@ )Bgl aTﬂijSZK NRc)(T‘@h&) 160H

ookt CARERI; (O -BERTRIRIE. U5 EORT YhiarRTn e o, Bfipacl
gnd6R4| kalr e (ca:zicﬁ( mdﬁe,peﬁﬁli:[%ﬁiuRb,y NRa$Q1§enNer3>?RHRlRp, OIC(RI);QIFMRb, Vg@@)ﬁlRa&RH
wher e?n %/wo occrgf rla@gqu(%gean? ‘I%gh can %nd{}x& at t 1,éetg@_ %%E?%’ercéiz(])a#g ?lé \Rﬁ‘%/ch
they are att acleed, Cosfasalryla SO2 memaenedrnﬂtemaryctm 18 nummﬁussd hetgreatalyl, 3-12
substituted ong,gh, {j%e&{e %1 BHE mmBe r%d%‘f%r%%éﬁ%lk‘ph' chis

unsubstituted or su orle or nore |nes a 4-7 nmenbered
heterocycle which is unsubstituted or substltuted one or nore times by R12;

wherein t nce, of ge K AWMt Q whi ch
they are a t qﬁlﬂ%é ﬁb ?R Nﬁﬁhlcczr@l kenﬁiswnRtQ EQ%u(r)lglm tlike’t é%Ré}%
subs'ltolztOut ed gneﬁ eNRa)rdJRaBb,t iNRRE (FO)NRRD), NRbS( =D) E;ycNRaC(Iengc )NRIRG 1 -NB,C (= -
unsubstitute S r
het er ocycl e V\/mq%: Hg@ﬁ EEF (ﬂuaf eQES su‘"bs ygf&yéd“géeagrdohﬁ%nzt nrﬁgg“&i/ R12;
;0?2?0¥9§;$P§?®2N%m%pg#ggmﬂu » ¥ NR4SO: MR ReyorFP(0)BB{QR,, 091 8Ut AL33 KDY, C;.12

t
poi nt of attach#jgﬁyll é h%yﬁl ﬁ”émggrkg ?92 m%ﬁ%nguesmeﬁfgg%'kg b&g% ﬁ’r%@tbg
i ndependent |y H'I;et@baria&ya,l kyp nvdfmtmd'red $1etmreq,{am Toigt:d ’e&jmmbemishetbmcedeca’nlql,or
nore tinmes by | ken whi ch . u tuted, 0 ubst i t d one
or nore tines bY f? %‘2 @Za ‘Féyﬁgﬁ e%ﬁ‘l‘@%%ﬁ 'ﬁ‘i‘ﬁhsh-?ﬁ‘%@ Q(sifzailﬁe@é{tj ‘Slﬁ’c ed
one or nore ';I raﬂwngy 861113ary[;617(1514 anikyl, \Abultnzhniﬁmbembﬁtér?mtye?6gls miehtbierddut ed
one or nore ti : ara ich i nsubst i e
SUbsti t uted ond Cur ORI LTy R Mtercf e G oh B AR i (o dkiecatiyts

unsubstituted or substituted one or nore
R' is halogen, -OR,, 0x0, -NR,Ry, =NO-R. , -C(=0)OR,, -C(O)NR,R,, -C(=0)OH, -C(=O)R,,

30 C(=NOR)R,, -C(=NRNR,R,, -NR4C(=0O)NR,R,, -NR,C(=0)R,, -NR4C(=NRNR.Ry, -
NR,C(=0)OR,, -OC(=0)NR,R;, -OC(=0)R,, -OC(=0)OR,, hydroxyl, nitro, azido, cyano,
-5(0)03Ra, -SO2NR,Rp, -NRpSO;R,, -NRpSO;NR,Rp, or -P(=0)OR,0R,, Ci.42 alkyl, Ci.q;
alkenyl, C,12 alkynyl, C¢q2 aryl, C74¢ aralkyl, 5-12 membered heteroaryl, 6-18
membered heteroaralkyl, 3-12 membered heterocycle, or 4-18 membered
heterocycle-alkyl, wherein R,, Ry, R., and Ry are each independently H, C,.4; alkyl,

Co.palkenyl, Cy.palkynyl, Ce.q2 aryl, Cs46 aralkyl, 5-12 membered heteroaryl, 6-18
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10 tines bp)(omey s Rl 8 sBNDEr ed het eroaral kyl which is unsubstituted or
substituted one of rore times by R11, 3-12 nenbered heterocycle which is
unsubst i twOed11ar79Rabst i t ut ed one or nore tinmes by R12, ®CTASI@omsatber ed
het erocycl e-al kyl which is unsubstituted or substituted one or nore tines
by R12; R6 is H Cl_6 alkyl, or halogenated C1_6 alkyl; mand n, are each
i ndependently 0, 1, 2, 3 or 4, pis O, 1, 2, 3or 4, 20 qis lor 2, uisO
or 1; s is O ormdmbérédi ﬁef@bzﬂﬁﬁk?b 30I|ia,m<9ﬁl96redN|?@tBboc O & 4-68 =RkRiBRred

- C( 0) NRaRb, C( O)OH Cﬁ@(O)Ra =NOR, ) Ra, -C(= RaRb, - NRdC(=0) NRaRb,
-NRbC(=0) Ra, - - NRbC( =0) ORa, -0C( O)NRaRb - 0C(=0) Ra,
-0C(=0) ORa, hydroxyl nitro, azido, 30cyano -S(0) 0_3Ra, - SO2NRaRb,

- NRbSQ2Ra, -NRbSOZNRaRb or -P(=0)0RaORb,; R11 is_hal ogen, ﬁa Ngg%aRb

- C( =0) ORa, whergin)asraiRncy 2tpwpinghy B &%)%Rz,m,m)% +» R R

- NRAC( =0) NRaRb, , i
e S e V\D@Oll%Z?P T ga AT AT &Bﬁ"l hetEloaRileY
- 0C(=0) Ra, - 0C(he8gTORE!e:ngid NBseyPcyCifralig, 1Sdﬂﬂwnde@/tém@nsubs@mtgd Mubstltuted

S2NRaRD, - NROHHRRgy &'Bbﬁ%éﬂ?eﬁhwaldgen PbRO) QR%OR'RR I@l 1ﬁoai kylg G- -6%RL2 -

al kenyl, C2-12 al k yI Co6 Cr-1 ral ky nmoér e
het eroaryl, 6-1d0 % ed ﬁ(?‘toéeﬂar at {yP)R a3 12C|(Té1ﬂ?eﬁ%ad hetcér"dﬁryﬂRaeRb’or 4-18
nmenber ed heter I kyl: a s hal . ROXO, =NO- R

" C(20) ORa. C(W“c @i'R_N & ’=0) gf_lk '8?20\2 MGC&NRj@ﬁﬁ %RR‘aRb

- NRdC(0) NRaRb, 3C R@est( RQ) L ( ONRdCQG( ()FNR@Rﬂroxyl Nmbqaim)%mano hﬁENRaRb,

-0C(=0) Ra, - 0OC(seN R, JPY Ry: Phbfch RaZRdOR RY 2RO AL Loty H

- SO2NRaRb, -NRbS? Rg REENRA Rg’h B[ =D) oﬁad%b ¢ aie f%cﬁﬂky% CIRY,

al kenyl, C2_ 12 CHIQ(yzriaslrky,l @6-12 aryl, C7 16 aral kyl, 5-12 nenbered

het eroaryl, 6-18 nmenbered heteroaral kyl, 3-12 rrenbered het er ocycl e, or 4-18

nmenber ed het erocycl e-al kyl . According to a further enbodi nent for
formul a (13§ pbarnfacayticallyeacdéptableceltdbermebn C and C is between about 16 A
and about 24 A in length. I n anot her aspect, there is provided a

met hod for treating or preventing a Flaviviridae viral infection in a

pati ent conph grieaspaciniting presentrigvendion peoyidesi ecampoupdtohéorapdatiAzal |y

ef fective anmount of a conpound, conposition or_conbi nation of the

i nvention. I n anot t‘(ﬂz)@spec e\i s (5 vi ded a pharnaceuti cal
conposition conprising at ast one /conpowynd of The invention and at | east
one pharmaceut i Gy ¢ acceplr Btarti S e\#t (Rgyp1 n anot her
aspect, there is providedlla™ rrbi at\ on cg riéi\n a CONPN

i nventi on and one itiongl agentg chosdn frPYmviral serine
prot ease inhibitors, vi O%yrrer e i Ditor V|rI Qel icase

i nhi bitors, imungnu&u gent s, gO anti oxi'dant-Ngents/ anti bacteri al
agents, therapeuti , hepatoprotectant agenis, antisense agent,

i nhi bitors of HCV NS213 ot ease and igphyi bitors of R ternal ri bosone entry
site (IRES). | n (B4dwirt her aspect, there is provided the use of a
conpound, conposition or conbination of the invention for treating or

preventing a Flaviviridae viral infection in a hunman. Attorney File Ref.:
097546- 0138 a pharmaceutically acceptable salt thereof, wherein

20
each A is independently C¢ 14 aryl, 4-12 membered heterocycle, Cs.49 cycloalkyl, or 5-12
membered heteroaryl containing at least one heteroatom selected from the
group consisting of O and S; wherein when ¢ is 2 then both A rings are not
phenyl;
B and B’ are each independently absent, C,¢ alkyl, C,¢ alkenyl, or C,¢ alkynyl; wherein
when q is 1 then at least one of B and B’ is absent;
C and C’ are each independently a 4-7 membered heterocycle;
30
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WO 2011/ 079 mmy§§g¥?§§9&9{062168 In still another aspect, there is
provi ded f%e use of a conpound, conposition or conbination of the invention
for the meioubaat7es2e of a medi cament for treating or prePEMUSAELOA626S al
Flaviviridae infection in a human. I n one enbodi nent, conpounds of
the present invention conprise those wherein the follow ng enbodi nents are
present, either independently or in conbination. I n accordance
with a furg henna@gb@dlo@ntmrz Rhe. cqecbrmund:iomrz Rhecp®eantc( L@r)mveofAN@R JRE €
represented by fornu I ar maceut i cal | acceptab e salt

t her eof , wher ei f -é'&dHRd?b’ AR'ReIf’; @NR HR:L R&C (FRIRRARCRBRINE Ry, RARGED)O

R5,, X, and Y, étfzo@ﬁR@Ef'D@(lof RS J‘da:rmr)lo@a,( Iydroxyl, nitrd, NaAgEoIARGE. s«)}h a
further enbodi nmen onpou ds present invention are represented

by formula (1A)3Rs -SONRRs, 5" '}b‘hé@ﬁa’ceu&S@aWﬁb’ace(eﬁﬂ%%p&’s&hb alindr which is
wherein each of yQpstitufed Br sﬁbstﬁutedRéme Rr Mére Bes I:5_§3)R 4R3G 16 d%nyR%hchR?’s

R5,, m n, X, and Y, are as defined for formula 20(
accor dance wi t husUPstituERsh OB bRitHERSk ONe 198 PBFRSiMRdsPILR b 6p%l@§‘é(htWh‘Ch is

invention are rgpyesant &fjorbéﬁbgt@tru'ﬂéﬂ nd bi llnl)re AR RY° Bt bRy BR occMhedboH133
WO 2011/ 079327PCT/ US2010/ 062 or a pharmaceutically acceptable salt

t her eof , wher ei R @ache @ken\togthg witlRghe 33omR20 WRIKh, thrg areRg tachrg to flarm a R,
R5,, X, and, @Jc‘?oa'ﬂ%/l %ﬁdhﬂ?%nz Stlilﬂé%" &ubstiluted one or mdPe BARITHHCEr Yisih

further enbodi nent, onpounds of resent invention are’represented
by fori®ula (111 m)embetﬁd betpmn/ﬁlﬁoelmh cmumsy sitotgst ebsubsttited pheosdroreifiaeei n
each Ais |ndep§¥)ﬁently C6_14 aryl, 4-12 nenbered heterocycle, C3_113

cycl oal kyl 5-12 nenbered heteroaryl B and B' are each independently
absent, Cl_6 alkyl, C2_6 alkenyl, or C2_6 al kynyl; wherein when q is 1 then

at | east erofrB A ﬁ?‘%“

R1li shal ogg{]‘i’ RNRaCRb Héd%’) O%Cﬁq N&ew H C1 12 alkyl C212 alkenyl Cz 12 alkynyl C(, 12
C(0) OH, - C( =0) RaaryC(C-aNm@)MRh 5- @ mRRbENRAR eradRd Of <18 MdRalRtyed hiRlRG(raly Ra3; 12
- NRAC( =NRc) NRa ) - 0C(=0) ORa,
hydroxyl , ni trsp‘egfzbyﬁa “eé%’ﬁgﬁ @(%%“[%ﬁgiéﬂ %%E%i%(ﬂ% iR S2Ra,
-NRbSOZNRaRb - P(=0) ORaORb, Cl1_6 al kyl which is unsubstituted or

substi t ut ggd %ﬁg ' J1Rr fabh Z &9%3{‘0@%@8%@%% I g%naﬁedl%%ﬁté#

or substi tdt one or rmre
unsubstit ut ed osORubBIG(EQRed C@narxdr onbi1d nnemiwed)jnem@arybr any two
occurrences of Rl can be taken together with the atons to which they are
attached to forma 5-7 cycloal kyl which is unsubstituted or substituted one
or nor® tiRyesdRy’ Relaoh iraleperndamblytht riedaligl, e(Chic)eOld, Ghiattenyls ounlsaddkynyvt;ut ed
or substituted one or nore tinmes by R12;
R4 and R4’ are each independently halogen, -NR,Ry, -C(O)NR,Ry, -(CH2)1.60H, Ci¢ alkyl, C6
halogenated alkyl, hydroxyl, Cq.q4 aryl, or C;¢ alkoxy; wherein two occurrence of
R4 can be taken together with the atoms to which they are attached to form a C;.
¢ alkenyl which is unsubstituted or substituted one or more times by R', a 3-7
cycloalkyl which is unsubstituted or substituted one or more times by R" or a 4-7
membered heterocycle which is unsubstituted or substituted one or more times
by R”; wherein two occurrence of Ry’ can be taken together with the atoms to
which they are attached to form a C;s alkenyl which is unsubstituted or
30 substituted one or more times by R, a 3-7 cycloalkyl which is unsubstituted or
substituted one or more times by R'" or a 4-7 membered heterocycle which is

unsubstituted or substituted one or more times by R™.

X and Y are each independently
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Attorney File Ref 0,00/246-0133 WO 2011/ 079327PCT/ US2010/ 062168 Ra, Rb, R’
and RdRa- Rd are each 1 ndependently H Cl1 12 alkyl, C2_ 12 al kenyl, C2-12

al kynyl , vwo-20R/0gp32l7, C7-16 aral kyl, 5-12 nmenbered het er @amyus20186/0486srenber ed
het er oar al kyl , 3-12 nenbered heterocycle, or 4-18 nenbered

het erocycl e-al kyl; R2, and R2 are independently H, hal ogen, Cl1_10 al kyl,
Cl 6 hal ogenated al kyl, -(CH2)1- 60H, -NRbC(=0)Ra C6_12 aryl, or 5-12
menber ed het 62:(2)aryl; and R3' ahe each independently H Cl1_6 alkyl,
"(CH2) 1- 60H, _6 al kenyl, or CZ| al kynyl ;&IE_IM and R4' are each

i ndependent | ¥, - NRaRb,  HC( 0)NRaRb,- CHd2)1_60H, C1 ., Cl-6 10

hal ogenat ed” al Ryl C6-14 Q{%yl’, “or -6 al k'éiﬁf;"vm_ee?ﬁatlr)lgﬁl% occurrence of R4
can be taken together with the atonr to whighy they are attached to forma
Cl_6 al kenyl which is unsubstituted 6r substituted one or nore times by
R10, a 4- Wwiareinaak lsyterivh (*¢ ndichtestheppintiof e cmhestfasthe hitr@@naieingIC orog’e
times by R11 or a 4-7 nmenbered heterocycle which is unsubstituted or
substituted one or nore tinmes by R12; wherein two occurrence of R4'" can be
t aken togei;h@e Ryl dre ddeR indepaBdérRlyw] Ch, hikgywRitR iatisabhiadtddoor ubshitatddlofe

al kenyl which is unsubstituteg or substjtuted one or. nore tinmes by Rw, a
3-7 cycl oal kyl GhMeRe RenasruBE: Cr o cleEny} WEIsBSE UPSHESHH SRS 06 SURBRUteH oRssohy

R11 or a 4-7 nembes el 8l R'QTY Gl Bk WhichSs Umsibfiiltddibreibeitusedsid biuingek one
or nore tinmes by R12; Cl-12

wherei n Ra-Rb are each i ndependently H, ]
al kyl, C2-12 al KEWyPY R%zo-cw Ay hygh is @eﬁaszlt%ethr S@tﬁeteér%ekijllnjo@-tl@es by
menber ed het er o'y, ,, GrdlRy BB iLGhsOBitRu e & dwktituded SndBrRRIr&€dimes by R,

het er ocycl e, or_4-18 nenbered heterocycle-alkyl: X and Y are each
i ndependent | y 0802, membereg. heteroagpyl WhisB i unpastititied arsubgidtused ope <K neye

i ndi cafpes the pghat b9fR'Bl6 E RHERIberddPhdtBroanalkylOaaEn &f ulslipditiiedrorGubstitatend
R5' are each independently H C a whi ch is unsubstituted or

18 al kyl d
substituted oneC® ChBoEe ﬁm?éé)v@f@ﬂé,m%@_ei@d Beteseyclaniieh is YnsyRstiiysqd eut ed

or 30 substit ut ahs@RRe®bndBF thord TRTeshy ﬂlﬁ14-@m%2r1b%|ré‘dfﬁé’tbrdk§'tl@thlliﬁ which
unsubstituted or substituted one or nore tinmes by R113, C6_14 aryl which is

unsubstituted ofs “WWaHstitytad of shsbityed ppe r Maresimsy bRRI; C7_16 aral kyl whi ch
is unsubstituted or substituted one or nore tinmes by R11, 5-12 nenbered
heteroaryl which is unsubstituted or substituted one or nore tinmes by Rl11,
6- 18 nenbédkddHBOSRIKGOTIBtosENatediGioplidy File Ref.: 097546-0133 WO

2011/ 079327PCT/ US2010/ 062168 het er oar al kyl which is unsubstituted or
substituted one or nore tinmes by R11, 3-12 nenbered heterocycle which is
unsubst i t Ub@ad or asgrschiindapeadenty &rl, eBerth mes by R12, or 4-18 nenbered
het erocycl e-al kyl which is unsubstituted or substituted one or nore tines
by R12; R6 is H Cl 6 alkyl, or halogenated C1 6 alkyl; mand n are a
positive imis&gdr2ah@r hen conbined are 1, 2, 3, or 4;, provided that each
of mapd nare not 3 or 4, pis 0, 1, 2, 3 or 4 gis 1or 2; 10uiSor 1;

qis1or2;

uis0or1;

sisOor1;

R' is halogen, -OR,, 0x0, -NR.Rp, =NO-R. , -C(=0)OR,, -C(O)NR.R,, -C(=0)OH, -C(=O)R,, -
C(=NOR)R,, -C(=NR.)NR,Rs, -NR4C(=0)NR,Rs, -NR,C(=0)Ra, -NR4C(=NR)NR.Rs, -
NR,C(=0)OR,, -OC(=0)NR.R,, -OC(=0)R, -OC(=0)OR,, hydroxyl, nitro, azido,

30 cyano, -5(0)osR,, -SO;:NR,R,, -NR,SO;R,, -NR,SO,NR,Ry, OF -P(=0)OR,0R,,;

R" is halogen, -OR,, -NR.Rp, -C(=0)OR,, -C(O)NR,Rs, -C(=0)OH, -C(=0)R., -C(=NOR()R., -
C(=NR)NR.Ry, -NR4C(=0)NR.R,, -NR,C(=0)R,, -NR4C(=NR)NR,Rp, -NR,C(=0)OR, -
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s is 0 or %mley . egog%agpn -ORa, oxo, -NRaRb, =NO-R' -(C(=0)CORa,

- C( 0) NRaRb, C( % C(=0) Ra, -C(=NORJRa, -C(=NRIJNRaRb, -NRJC(=0)NRaRb,
- NRbC( 0)\R92011/Nm¢( =NR, ) NRaRb, -NRbC(=0) ORa, - 0C(=0) NRaRb/US20Q0sDjRa,
-0C(=0) ORa, hydroxyl, nitro, azido, cyano, -S(0)0_3Ra, -SO2NRaRb,
-NRbSQ2Ra, - NRbSO2NRaRb, or -P(=0)0RaCRb,; R11l is hal ogen, -0Ra, -NRaRb,
-C(=0)ORa, -C(0O)NRaRb, -C(=0)0H, -C(=0)Ra, - C(=NORJRa, -C(=NRIJNRaRb,

- NRAC( =0) NRaRb, R ROCENEAR o N Gic- QB2 cyar B SO) NRARD
-0C(=0) Ra, -OC(OSN,aga E roxyjlN nltro a2|d(goxyglo cy -Cya f) ﬁ@»“
SONARD, - NRoEODR - Niede B o Ry ORRS, Con 2L i dyilkenh. G
al kenyl, C2-12 é"l'kWY'Cy,nC@rylZC?{(,WaralI@? EBIZaﬁfélnﬁéked 51‘e@&0£’@[7b€f1%dmembered

heteroaryl 6- 18 t er oar al nmber ed eterocycle or 4-18
menber ed het er ob?t@r(@f%.lf‘%yﬁ 1Zdﬁ€i“mf?dl|"§t¢f§F¥fé%rPr4m?ﬁ‘em?,€6e batrEmycle-alyl R
-C(=0) CRa, -C(O0)NRaRb, -C(=0)0H, - C(=0)Ra, -C(=NOR )Ra, -C(=NR,)NRaRb,

- NRAC(=0) NRaRb, -NRbC(=0)Ra, - NRIC(=NR, ) NRaRb, -NRbC(=0)ORa, -0C(=0)NRaRb,

-0C(=0) Ra, -0C(=0)0Ra, hydroxyl, nitro, azido, cyano, -S(0)0_3Ra,

- S2NRaRb, g2 NROR(RRA., ORa'}'BQc?'Q?JN%RbNoqi EQ '&bﬂm%)NR 1@( @l)@er | .c(SB)rL2

al kenyl , CZ 12 “alkyhyl aryl, C/-1

heteroaryl, 6-18(5 a,eoc hERéN&asz»al NB'dC @Nﬁé?bneﬁﬁér(e@ R%h@RéKMBWReRb’ or

4-18 menber ed hRRE(ASIR, - %#kaR Ry, -0C(= OJR ACERIAFORE, "HyHR)x@l f Hitkd1€hzido,

enbodi ment, the conpounds resen |nvent|on are resented by
formull@ (I I B) : cyampt ob(¢bysRei |®2N8£Rb, -0B8:894/6- OMQMR Ro, or -P(=0)OR.0ORy, Ci.12

2011/ 079327PCT/ H%l]olel 0622[10 by cﬁ“z Ewﬁyll SCI c nq-gpt Iaydgﬁeg.gelgg;%ﬁepb%

menber ed heterocycle oal nenbere erein
when q is 2 thehetlgmamylA6r18ng1§m§?|eeed1b@temﬂeaiW 3 12 membered hﬁemcl& oardelach

i ndependently a et I 6 al kenyl, or C2_6 al kynyl; 10wherein
gis 1 then at P.'%asiereone gq‘&g‘% acj(ygz i's absent;

i shal ogen, - ORa, - NRaRb, - C(=0) ORa, - C( 0) NRaRb,

C(0) OH, - C(=0)

NRIC( —0) NRaRb, R R S B R GBaRe, RBEE U Ik = saRgyreen €

- 0C( =0) Ra,and@C(isbytRen ahgakr thd bnd abeut@4 Aainildegthcyano, - S(0)0- 3Ra,

- SO2NRaRb, - NRbSQ2Ra, - NRbSO2NRaRb, -P(=0)0RaORb, Cl_6 al kyl which is
unsubstituted or substituted one or nore tines by R10, C2_6 al kenyl which
i s unsubstitut éa anotarbatpetyt terore povided & methed Hyr RIELING2016 padvientipg a

which is URsHiRbLd Wl RfectbpSh Eu%aecgen?ngon%m%%ﬁﬁw' Th2rRY Elthe Ha B A 27

20 occurrences O et a ogeth to whi

attachwd ttberfapeutically- §Ffestiviecahéuyrt omacdoml:sauud\,sumposl]Mre@r aompiragiont oft dté one
or nore ti, H?e% 118}4 R11 or a 5-7 nenbered heterocycle which is unsubstituted
or substitu (5 onhe or nore tines by R12; Ra, Rb, Rc, and Rd are each

i ndependently H, Cl1 12 al kyI Cc2_ 12 aI kenyl 2 12 al kynyl, C6_12 aryl,

C7-16 aral kyl ar al kyl. -12
rrenber ed he%/er 3& ?@”Fgg 1@6‘% ﬂeat %r}agg]”g?t{mﬁfgym%s Bc?na%risn?_g] %te
Ref . 0975é;ﬁst0drﬁ3cor\ﬁﬂn2ﬁlldﬂ @ﬁf@:&ﬂﬁdﬁﬁbﬁ UsRI0 40/1662 16 marmndumuarm:ceptable

mdependentlp&gH haJ ogen, Cl 10 al kyl, C1_6 hal ogenated al kyl, -(CH2)160H,
- NRb( 0) fI% or 5-12 rrerrbered heteroaryl ;

In another aspect, there is provided a combination comprising a compound of the
invention and one or more additional agents chosen from viral serine protease inhibitors,
viral polymerase inhibitors, viral helicase inhibitors, immunomudulating agents,

30  antioxidant agents, antibacterial agents, therapeutic vaccines, hepatoprotectant agents,
antisense agent, inhibitors of HCV NS2/3 protease and inhibitors of internal ribosome
entry site (IRES).

In a further aspect, there is provided the use of a compound, composition or

combination of the invention for treating or preventing a Flaviviridae viral infection in a

human.
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R3 and RB'ng&%mggggnggﬂ%pendently H C1_6 alkyl, -(CH2)1-60H, C2-6 al kenyl,
or C2-6 alﬁ<ynyl; R4 and R4' are each i ndependently hal ogen, -NRaRb,

- C(0) NRaRNO 2012321 - 60H, C1-6 al kyl, Cl_6 hal ogenat ed alPK¥IUS20098620%8/1 , or
Cl_6 al koxy; wherein two occurrence of R4 can be taken together with the
atons to which they are 10 attached to forma Cl_6 al kenyl which is
unsubstituted or substituted one or nore tines by R10, a 3-7 cycl oal kyl
which is unsubstituted or substituted one or nore tines by R11 or a 4-7
menber ed heterocycle which is unsubstituted or substituted one or nore
tinmes by R12; WhéHBianOtheH 3sRer FRShe ds Brovied tO8se ©f 2akUPPUbge EABROSHIAHO he
atons t 0 VRibhdiRAYoflife iveABibs dof @hd AhaRFalelird ol K @RBdicaphtin Yol Sreating or
unsubstituted or substituted one or nore tinmes by Rw, a 3-7 cycl oal kyl

whi ch is WHSYAMINERUiIEY FaviviidgsetinfegtieR inohBUBAN-nDre times by R11 or a 4-7
menber ed heterocycle which is unsubstituted or substituted one or nore
times by R12; wherein Ra-Rb are each independently H, Cl_12 al kyl, C2-12
al kenyl , C2- 12 lajorg gnbodimentp ceippoundepf 1oe RFeseRYyInveioppcaipisertegse wherein

het er oar ylihe o iRiRO ERBBGHRA NG roRh &l diter ilﬁeégndﬁm@r%?c&‘ﬁ%iﬁéﬁ&}’.(:l e, or
4-18 menbered heterocycl e-al kyl ; wherein the astérisk (*) i1 ndicates the
point of attachnment to the nitrogen of ring Cor C; R5 and R5' are

substituted 30 |§U££%BF1&§HE§E\§/?H%}@Eﬂ'{e?derﬁgkf}ﬁﬁw%ﬂft@H% eRPblidt ©F tHeaphesent

i ndependently H Cl1_ IS un stituted or one or nore tinmes by
R113, 102 lnventicerye regieentedsbyufesmpt (h:ut ed or one or nore tines by R113,
C2_12 al kynyl which is Fgmsubstitut ed or one or, nore tines by R113, C6_14
aryl which is unsubstit/ud ed or nore tines by Rl1l, C7_16 aral kyl

whi ch is unsubstitu nore\ti nes by R 5-12 nmenbered
heteroaryl which is ey -Fi ' = 53 WO

2011/ 07932 2168 unsyubstituted or (tutedRalfe or nore tines
by R11, 6-18 red heteroaral Kyll] which is ungubstiftutey or substituted
one or nore tli mesyby RIR; 3-12 nmenp het erd%§cl e \hich|is unsubstituted
or substitute e~y nore tines by 2, or 4-18 per ed het erocycl e-al kyl
whi ch is unsubstitutied or substituted one or m)ren?i nmes by R12; R6 is H,
C16 al kyl, or hal og&ated C16 al kka m and n conbilRed are each

i ndependently 1, 2, 3, or 4; 10 p |3 0O, 1, 2, 3 or 4, qgis lor 2, uiso
or 1. s i 9r@ pharmacdRtichkly hedeptpbite salORereafx whereRa® of NG, B’, RCp=8),0Ra Rs,

-<(0) NRaRthg:,'R“C,( R_}(:),)IQ,!_|R5:,'X, and Y, are as defined for formula (l).

In accordance with a further embodiment, the compounds of the present

invention are represented by formula (ll1A):

(R2). (RQ)S\
Rs'~ N'\/\\ B' B—Z "N
X 1 ) (Ra)y
N N N /
\ (R.) /

(R4)m (I1A) Rs
or a pharmaceutically acceptable salt thereof, wherein each of q, u, s, A, B, B’,
R', p, Rz, Ry, R3, Ry, Ry, Rar, Rs, Ry, m, n, X, and Y, are as defined for formula
20 (1A).

In accordance with a further embodiment, the compounds of the present

invention are represented by formula (lll):
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C(=0) Ra,, - Gl =N R%B%s - C(=NR, ) NRaRb, -NRdC(=0) NRaRb, -NRbC(=0)Ra, -
NRAC( =NR, ) NRaRob, - N C(=0) ORa, -0C(=0)NRaRb, -0C(=0)Ra, -0C(=0)0Ra,
hydr oxyl ,wei20rian7982i do, cyano, -S(0)0_3Ra, - SO2NRaRb, - RRPSC2RA/062168
- NRbSO2NRaRb, or -P(=0)0RaCRID,; R11 is hal ogen, -0ORa, -NRaRb, -C(=0)O0Ra,
-C(0) NRaRb, -C(=0)0H, -C(=0)Ra, - C(=NOR/)Ra, -C(=NR,)NRaRb,
- NRdC( =0) NRaRb, -NRbC(=0)Ra, -NRAC(=NR, ) NRaRb, - NRbC(=0)0Ra, -0C(=0)NRaRb,
-0C(=0) Ra, -0C(=0)0Ra, hgdroxyl, nitro, azido, %yano -S(0)0_3Ra,
- SO2NRaRb, - NRbSQ2Ra, - SC2NRaRb, -P(=0)0 , Cl1-12 al kyl, C2-12
al kenyl, C2-12 al kynys _12 aryl/; C7-\6 ar aI Ky 12 menbered
30het eroaryl, 6-18 ne é% ; ﬁ% ered heterocycle, or 4-
18 nmenbered heteroc xg,R,- NRaRb,

C(0) NRaRb, - C( =03k C( =0)

=NO-R" -C(=0)0

- C( =NRINRaRb, =0) N ., -NRbC(@)Ra, - NFRL N , - NRbC(=0) ORa,
- 0C(=0) NR: =0)Ra, -0C(=0)0Ra, h droxyl nitreg/ azido, cyano

-S(0) 0_3Ra, -SOZNRaRbI - NRbSQ2Ra, -NRbSOZNRaRb Attdrney File Ref.

097546- 0133 WO 2011/ (ﬁ@BZ?PCT/ USZOlQ{|962168 or -P(=BR0RaORb, C1_ 12 al kyl ,
C2_12 al kenyl, C2_12 al kynyl, C6-12 ‘aryl, C7-16 aral kyl, 5- 12 nmenber ed

het er oar ylor @@mneeuteaklzyiammbcbam ereof3whgrammm<e‘dA e tBer RGYcRe, R0R:4- 18
menber ed t Y. erstood that unless

sepci f cal Ihf 3{ e)gvélngeY aer%(a:‘%déf?nétdﬁ@ ?orﬁ%h&ejcgerrbodi ments di scl osed
herein for the varlables A B, B Rl, p, q0 R2, R", S U R3, R3', R4,
R4,, m n, R5, RS pI| any
and all of the I'E{tarlcucgfgura? orr]nigjlbgsrtlﬁl(éﬁ Cﬁ%gplté%lcgj %eﬁa}l%progatr%s %%f%ﬁt
accor dancenwentionaré mnrbmnt@iﬂb),oﬁhrmnetatulme)ach A is independently cyclopropyl,
cycl ohexyl, pyrrolidinyl, pyr azplidinyl, imdazolidinyl, piperazinyl,

pi per adi nyl, phenyl, ‘nyI (Ruxanyl, pyrrolyl, pyrazolyl,

i m dazol yl, thiazol yI zol y}\ oxadi azol yl, pyridyl,
pyrimdyl, pyRazynyl, B4 benzi m dazol yl ,
benzoxazol yl , benzodlo oI azplyl, b i

di hydr obenzodi oxj y ‘hienoth

qui nol i nyl, qui ( nyl/ Ci n% i nyI orftriazolyl; and
wherein each A1\S i ndepend ntly substi tuqt ed p. In

accor dance aturther embodi ment, each A isji ndependent |y cycl opropyl,
20cycl ohexﬁm)mphenyl or napht hal e(mpl) wher ei n F@ ch A is independently
substituted with (Rl)p I n accordance with a further enbodinent, A
i s independent 1% acRtpEPReYticRbREIeetaplo Rt enedfshaginf:  Attorney File

Ref.: 097546- 0133, WGy %%%éﬁ’c?e%%@d’?ér&ﬁ%%ﬁﬁ@ﬁ]%é@% het&okfele, cf c¢cl$a?il§zr1: o

I n accordance wth a i's i ndependently selecte
the gridup consi sti dglZonembered heteroaryl;

B and B’ are each independently absent, C,¢ alkyl, C,¢ alkenyl, or C,¢ alkynyl;
wherein when ¢ is 1 then at least one of B and B’ is absent;

R, is halogen, -OR,, -NR,Rg, -C(=0)0R,, -C(O)NR R,
C(=0)OH, -C(=0)R,, -C(=NOR)R,, -C(=NR)NR,Rp, -
NR4C(=0)NR,R, -NR,C(=0)R,, -NR4C(=NR)NR,Ry, -NR,C(=0)OR,,
OC(=0)NR,Rp, -OC(=0)R,, -OC(=0)OR,, hydroxyl, nitro, azido, cyano, -5(0)o.
3Ra, -SO2NR,Rp, -NRySO2R,, -NR,SO,NR,R,, -P(=0)OR,OR,, Ci, alkyl which is
unsubstituted or substituted one or more times by R', C, alkenyl which is
unsubstituted or substituted one or more times by R, C, alkynyl which is

20 unsubstituted or substituted one or more times by R', or any two
occurrences of Ry can be taken together with the atoms to which they are
attached to form a 5-7 cycloalkyl which is unsubstituted or substituted one
or more times by R'' or a 5-7 membered heterocycle which is unsubstituted

or substituted one or more times by R'%;
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Attorney Fjle s e%ef 00799 4,546- 0133 WO 2011/ 079327PCT/ US2010/ 062168 (R)P
Attorney Fil 097546- 0133 WO 2011/ 079327 PCT/ US2010/ 062168 (Rt
Jt(RL )t2wo 2011/079327 PCT/US2010/062168

Ras, Rp, Re, and R4R,-Ry are each independently H, Cy.4; alkyl, C,.4; alkenyl, Cy4,
alkynyl, Cq.1; aryl, Cs4 aralkyl, 5-12 membered heteroaryl, 6-18 membered
heteroaralkyl, 3-12 membered heterocycle, or 4-18 membered heterocycle-
alkyl;

R, and R, are independently H, halogen, Ci.4o alkyl, Cy¢halogenated alkyl, -(CH>):.
¢OH, -NR,C(=0)R, C¢.12 aryl, or 5-12 membered heteroaryl;

R; and R;’ are each independently H, Ci¢ alkyl, -(CH;){cOH, C,4 alkenyl, or Cy,
alkynyl;

R4 and R4’ are each independently -NR,R;,, -C(O)NR,R, -(CH2)1.0H, Cy6 alkyl, Cy

10 halogenated alkyl, Cq.14 aryl, or Ci¢ alkoxy; wherein two occurrence of R4
can be taken together with the atoms to which they are attached to form a
Ci. alkenyl which is unsubstituted or substituted one or more times by R', a
4-7 cycloalkyl which is unsubstituted or substituted one or more times by R"'
or a 4-7 membered heterocycle which is unsubstituted or substituted one or
more times by R'% wherein two occurrence of R, can be taken together
with the atoms to which they are attached to form a C;¢ alkenyl which is
unsubstituted or substituted one or more times by R, a 3-7 cycloalkyl which
is unsubstituted or substituted one or more times by R" or a 4-7 membered
heterocycle which is unsubstituted or substituted one or more times by R™%

20 wherein R,-R, are each independently H, Ci; alkyl, C,4; alkenyl, C;i;
alkynyl, Ce.12 aryl, C74¢ aralkyl, 5-12 membered heteroaryl, 6-18 membered
heteroaralkyl, 3-12 membered heterocycle, or 4-18 membered heterocycle-
alkyl;

X and Y are each independently

0O 0] 0O
)N G G

. © 0 , I , ---§--- ,orabond;
I
Rq @)

wherein the asterisk (*) indicates the point of attachment to the nitrogen of ring
Cor(C’;
Rs and Rs’ are each independently H, Ciq alkyl which is unsubstituted or
substituted one or more times by R', C,., alkenyl which is unsubstituted or
30 substituted one or more times by R', C,., alkynyl which is unsubstituted or
substituted one or more times by R, Cq.4 aryl which is unsubstituted or
substituted one or more times by R™, Cr6 aralkyl which is unsubstituted or
substituted one or more times by R", 5-12 membered heteroaryl which is

unsubstituted or substituted one or more times by R', 6-18 membered
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and t1 + t%meyfpleRef w7ss603d N @ccordance with a further enbodiment, each Ais

mdependentT 5-12 nmenbered heteroaryl wherein the heteroaton(s) are

sel ected Woamwa‘rngroup consi sting of oxygen and sul phuPCTisesieiosziesch A i s
i ndependently substituted with (Rl)p. Attorney File Ref.: 097546-0133 WO

2011/ 079327PCT/ US2010/ 062168 I n accordance with a further

enbodi nent, A is independently piperazinyl, piperadinyl, thienyl, furanyl,

pyrrolyl, pyrazol ylhetéraarda@pwch @ msﬁﬁﬁﬁtﬁfed m@.sﬁhmted S @h@@Otints by R,

pyrroli d| nyl, pyridyl, pyrimd razinyl, pyridazinyl, benzoxazol yI
benzodi oxol yI , benfo?zhﬂ‘@f’lﬂe{/?d hﬁéﬁ%%t% WHIcKZ 151 YsUbituiedr b aybsbiEted gl o

thi enof uranyl, thi enpkhipresl bquRmO|drn34L1’8 %eﬁwbél%%imﬁélterocycle alkyP\CRRAI Rg to
a further enbodi ment, A is phényl, thiophene, i ne yrim di ne,

triazol e, naphthal é’ﬁ%ibSE‘FHt%%Q[ Sibzt‘l'f}]t?%io@?)ﬁ@ﬁ*@re é@ﬁié[ﬁ? 1, 2, 5] t hi adi azol e,

qui nol i ne, or Rz Al 8] Ly R eR ted C,c§EOrding to a further enbodi nment ,
A is phenyl, tﬁ?opthL a tyﬁl eno%ﬁena © 16h| ophene, pyri di ne :Pyl’l m di ne,

napht hyl , benzd[ @nQ]fU?@(éIPQSIt‘Uéﬁ&t@é%@@ﬁ whep compbinggATe. 1, or 4 PEPIeTy t o

a further enmbodi MeRbat dAchdf RSN ard fitaphieqne, thienof 3, 2- b]th| ophene,
naphtyl, benzo[ 1, 3]di oxol e, or benzooxazol €. According to a further

embodi ment, A |%‘5&nén94 3 OF ophene, pyridine, pyrimdine, or triazole.
Accordi ng to a ({gr{ BPE embodi ment, A is phenyl or thieno[3, 2-b]thiophene.
According to a further enbodinent, A is phenyl or thiophene. In accordance
with alof urther wist®afilient, A is: According to a further enbodi ment, Ais
According to a fiupthgr enbodl ment, Ais Attorney File Ref.: 097546-0133 WD
2011/ 079327PCT/ USZOlOi 062168 Accor di ng to a further enbodi rrent Ais
According to a RUit helegenmb®Runext,, -NR.Rss =NO-R. , -C(=0)OR,, -C(O)NRRs, "C(=0)OH,

C(=0)R,, -C(=NOR)R,, -C(=NRNR,R,, -NR4C(=O)NR,R,, -NR,C(=0)R,, -
NR4C(=NRNR Ry, -NR,C(=0)OR, -OC(=0)NR,R,, -OC(=0)R, -OC(=0)OR,,
hydroxyl, nitro, azido, cyano, -5(0)o3Ra, -SO2NR4Rp, -NR,SO2R,, -NR,SO,NRLR,
or -P(=0)OR.0R,,;

R" is halogen, -OR., -NR.,R,, -C(=0)OR,, -C(O)NR.R,, -C(=0)OH, -C(=O)R., -
C(=NOR()R,, -C(=NR)INR, Ry, -NR4C(=0)NR,Ry, -NR,C(=0)R,, -NR4C(=NRNR,R,,
-NRpC(=0)OR,, -OC(=0)NR,Rp, -OC(=0)R, -OC(=0)OR,, hydroxyl, nitro, azido,

20 cyano, -5(0)¢3Ra, -SO2NR,Rp, -NRpSO;R,, -NR,SO;NR,R,, or -P(=0)OR,0R;, Ci.12
alkyl, C,.q; alkenyl, C,q; alkynyl, Ceq, aryl, C;q aralkyl, 5-12 membered
heteroaryl, 6-18 membered heteroaralkyl, 3-12 membered heterocycle, or
4-18 membered heterocycle-alkyl; and

R'™ is halogen, -OR,, 0x0, -NR,R,, =NO-R. , -C(=0)OR,, -C(O)NR,R,, -C(=0)OH,
C(=0)R,, -C(=NOR)R,, -C(=NRINR,R,, -NR4C(=0O)NR,Rp, -NR,C(=O)R,, -
NR4C(=NR)NR,Rp, -NR,C(=0)OR, -OC(=O)NR.R,, -OC(=O)R, -OC(=0)OR,,
hydroxyl, nitro, azido, cyano, -S(0)¢3Ra, -SO2NR.Ry,, -NR,SO2R,, -NRpSO2NR,Ry,
or -P(=0)OR.,0R;, Cy.12 alkyl, Cy.1; alkenyl, C,.q4; alkynyl, Cq.12 aryl, C;.q4 aralkyl,
5-12 membered heteroaryl, 6-18 membered heteroaralkyl, 3-12 membered

30 heterocycle, or 4-18 membered heterocycle-alkyl.

In accordance with a further embodiment, the compounds of the present

invention are represented by formula (Il1B):
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10Accordir}Agm%yoFile Jurthgr, enbodiment, Ain forrmula (1), (I1), (II1), (1'V) or

(V) is a bon According to a further enbodinent, B and B in fornula
(1A, (I1Ayp2010a78327 (111B), (IVA), or (VA are i ndependemﬂqszmb@enﬁis Cl1 6
al kyl or C2_6 al kynyl . According to a further enbodinent, B and B in
formula (1A, (IA, (I1TA, (111B), (IVA), or (VA are independently
absent, -(CH2)2- or -(CEC)-. According to a further enbodi nent,

B and B in fornula (IA)(R I A),
Q) -

(Illl%h)ZO(IVA) or (VA are
' d further enbodi ment, (R1)pin

i ndependent |y absent or sydi ng t

formula (1), (Rly, (11 \ s\ sgl eghed fromthe group con5|st|ng
of :  Attorney E‘F Ref . IQ %’7?& 0 0%17&)79 27PCT/ US2010/ 062168
According to a fur di pgj n fo (rA, (111A),
(reeey, (1), i s sel ecked romthegoup i $ting of: Attorney
File Ref.: 09754 3 WO 11/ 0793R7BCT/ JUS2MR:0/ 06 ccording to a

further enbodi ne in formula (1A), (1A, (1A

is selected fromthe group consisting of: |
(1B) Rs

@ (I'VA), or (VA
4’)n

or a pharmaceutically acceptable salt thereof, wherein
each A is independently Cq.14 aryl, 4-12 membered heterocycle, C;.4 cycloalkyl, or
5-12 membered heteroaryl wherein when q is 2 then both A rings are not

phenyl;

B and B’ are each independently absent, Ci4 alkyl, C,¢ alkenyl, or C, alkynyl;

10 wherein ¢ is 1 then at least one of B and B’ is absent;
R; is halogen, -OR,, -NR4Rs, -C(=0)0R,, -C(O)NR,Rp,
C(=0)OH, -C(=0)R,, -C(=NOR/)R,, -C(=NR)NR,Ry, -

NR4C(=0)NR,Ry, -NR,C(=0)R,, -NR4C(=NRNR, Ry, -NR,C(=0)OR,,
OC(=0)NRR,, -OC(=0O)R,, -OC(=0)OR,, hydroxyl, nitro, azido, cyano, -S(0),.
3Ra, -SO2NR.Rp, -NRpSO;R,, -NRpSO;NR.Rp, -P(=0)OR,0ORp, Ci¢ alkyl which is
unsubstituted or substituted one or more times by R™ Cus alkenyl which is
unsubstituted or substituted one or more times by R', C. alkynyl which is
unsubstituted or substituted one or more times by R'", or any two
20 occurrences of Ry can be taken together with the atoms to which they are
attached to form a 5-7 cycloalkyl which is unsubstituted or substituted one or
more times by R or a 5-7 membered heterocycle which is unsubstituted or

substituted one or more times by R'%;

Ra, Rb, Re, and Ry are each independently H, Cy.4; alkyl, C,.q; alkenyl, C,.4, alkynyl,
Cs.i2 aryl, C;q aralkyl, 5-12 membered heteroaryl, 6-18 membered
heteroaralkyl, 3-12 membered heterocycle, or 4-18 membered heterocycle-

alkyl;
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At t or ney Fitt!)r%yﬁeeief.;bg7gg(71 46- 0133 WO 2011/ 079327PCT/ US2010/ 062168 t1 + t2 =
p. According to a further enbodinent, (RLl)pgin formula (1A, (1A, (IIIA,
(rrrB)y, (WoAp11/w9320VA) is selected fromthe group consi $CrAF2@0/062148 t Or ney
File Ref.: 097546-0133 WD 2011/ 079327PCT/ US2010/ 062168 (RL)p (R1)p
(R)ptl +t2 = p. Attorney File Ref.: 097546-0133 WO

2011/ 079327PCT/ US2010/ 062168 According to a further enbodi nent,

R, and R, are independently H, halogen, C, alkyl, Ci,halogenated alkyl, -(CH,).
¢OH, -NR,C(=0)R, C¢.12 aryl, or 5-12 membered heteroaryl;

R; and R;3’ are each independently H, Cq¢ alkyl, -(CH;)1cOH, C,¢ alkenyl, or Cy¢
alkynyl;

R4 and R, are each independently halogen, -NR,R,, -C(O)NR,Rp, -(CH2)1.60H, Ci
alkyl, Cy¢ halogenated alkyl, hydroxyl, or Cis alkoxy; wherein two
occurrence of Ry can be taken together with the atoms to which they are

10 attached to form a Cy¢ alkenyl which is unsubstituted or substituted one or
more times by R, a 3-7 cycloalkyl which is unsubstituted or substituted one
or more times by R'' or a 4-7 membered heterocycle which is unsubstituted
or substituted one or more times by R'2, wherein two occurrence of R,’ can
be taken together with the atoms to which they are attached to form a Cq,
alkenyl which is unsubstituted or substituted one or more times by R', a 3-7
cycloalkyl which is unsubstituted or substituted one or more times by R" or
a 4-7 membered heterocycle which is unsubstituted or substituted one or
more times by R'. wherein R,-R, are each independently H, Cq.; alkyl, C;;
alkenyl, C,4; alkynyl, C¢ 12 aryl, C74¢ aralkyl, 5-12 membered heteroaryl, 6-18

20 membered heteroaralkyl, 3-12 membered heterocycle, or 4-18 membered

heterocycle-alkyl;

X and Y are each independently

i

, ---§--- ,o0rabond;
I
O

wherein the asterisk (*) indicates the point of attachment to the nitrogen of ring C

or C’;

Rs and Rs’ are each independently H, Ciis alkyl which is unsubstituted or
substituted one or more times by R, C,.(, alkenyl which is unsubstituted or

30 substituted one or more times by R', C,., alkynyl which is unsubstituted or
substituted one or more times by R™, Ce.4 aryl which is unsubstituted or

substituted one or more times by R™, Cs16 aralkyl which is unsubstituted or

substituted one or more times by R'', 5-12 membered heteroaryl which is
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I1B), (IVA), or (VA) is selected fromthe

R (R )ti t1 +1t2 = p. Accordi ng
to a furtweroamextinment, (1A, (II1A), (111B), (IVA), oPCCNAR0H62168; and
(R)ti t1 +1t2 = p. According to a further enbodinent, (1A, (II1A),
(rrrBy, (IvAh), or (VA is: ; and Attorney File Ref.: 097546-0133 WO
2011/ 079327PCT/ US2010/ 062168

unsubstituted or substituted one or more times by R'", 6-18 membered

in formul aAtt((rrlley ilé Re£:#)ﬁ946—01£3| | ] A) ! (

I
group consisting of: (R x2 \ and(
I

heteroaralkyl which is unsubstituted or substituted one or more times by R",
3-12 membered heterocycle which is unsubstituted or substituted one or
more times by R", or 4-18 membered heterocycle-alkyl which is

unsubstituted or substituted one or more times by R'%;
Re is H, Cy¢alkyl, or halogenated C,.¢ alkyl;

m and n combined are each independently 1, 2, 3, or 4;
10
pis0, 1,2, 3or4;

qis1or2;
uis0or1;
sisOor1;

R'" is halogen, -OR,, oxo0, -NR.R,, =NO-R. , -C(=0)OR., -C(O)NR,R,, -C(=0)OH, -
20 C(=0)R,, -C(=NOR.)R,, -C(=NRNR.R,, -NR4C(=0)NR.R,, -NR,C(=O)R,, -
NR4C(=NR)NR.Ry, -NR,C(=0)OR,, -OC(=O)NR.R,, -OC(=0)R,, -OC(=0)OR,,
hydroxyl, nitro, azido, cyano, -5(0).3Rs, -SO;NR.R,, -NR,SO5R,, -NRySO,NR,Rs,
or -P(=0)OR,0Ry,;

R" is halogen, -OR,, -NR,R,, -C(=O)OR., -C(O)NR.R,, -C(=0)OH, -C(=O)R,,
C(=NOR()R,, -C(=NR)NR,Rp, -NR4C(=0O)NR Ry, -NR,C(=0)R,, -NR4C(=NR)NR,Ry, -
NR,C(=0)OR,, -OC(=O)NR.R,, -OC(=0)R,, -OC(=0)OR,, hydroxyl, nitro, azido,
cyano, -S5(0)o3Ra, -SO,NR,Rp, -NRySO,R,, -NRpSO,NR,Ry, or -P(=0)OR,0R;, Ci42
alkyl, C,4, alkenyl, C,4, alkynyl, C¢q aryl, C;q aralkyl, 5-12 membered
30 heteroaryl, 6-18 membered heteroaralkyl, 3-12 membered heterocycle, or 4-

18 membered heterocycle-alkyl; and

R' is halogen, -OR,, oxo, -NR,R,, =NO-R. , -C(=0)OR,, -C(O)NR,R,, -C(=0)OH, -
C(=0)R,, -C(=NOR.)R,, -C(=NRINR,R,, -NR4C(=0)NR.R,, -NR,C(=O)R,,
NR4C(=NR.NR.R,, -NR,C(=0)OR, -OC(=0)NR.R,, -OC(=0)R, -OC(=0)OR,,
hydroxyl, nitro, azido, cyano, -S(0)¢3Ra, -SO2NR.Ry,, -NR,SO2R,, -NRpSO2NR,Ry,
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Accordlng Sl nbodi nent, (1A, (II11A, (I11IB), (IVA), or (VA is:
(R )t A yaﬂM%ﬁ%m% Accordl ng to a further enbodi rrent (IrA),

(ri A) (WOIZB)1/07Q32VA) or (VA is: Accordﬂ’ﬂg‘/llsoﬂlaloﬁuﬁs her

enbodi nent, B and B are each independently C2_6 al kynyl 10or Cl1_6 al kyl .
According to a further enbodinent, B and B' are each independently -(CEC) -
or - (CH2)2- According to a further enbodi nent, B and B are each -(CH2) 2-.

According to a furdhe(-oREK,Ten alk? Eﬂiqzﬁﬂer@[ e@ﬁ‘?&hy%%@) arylp@ﬂ?'éﬁﬂlm to

a further enbodinent, mor nis According to a rt her enbodi nent

or nis 1. Attornxj?mneabese het@@?%aéﬂ§3@embﬁ@91nqtem@3aiww@smmﬁ%fz168

According to a fUrﬁéi@t’oc%‘ém&*m@hwenme?éﬂjhé’ce?d'c?clé -alkyl. According to a
further enmbodinent, one of mor nis 1 and the other of mand n are

i ndependently 1 or 2. According to a further enbodinent, pis 2.
It is to be understood that unless sepcifcally stated otherwise, each of the further

embodiments disclosed herein for the variables A, B, B’, Ry, p, 4, Ry, Ry, S, U, R3, Ry, Ry,
Ry, m, n, Rs, Ry, X, Y, R, Ry, R, Ry, Ryg, Ryy, and Ry,, applies to any and all of the

structural formulas in which the variable apprears.

10 In accordance with a further embodiment, each A is independently cyclopropyl,
cyclohexyl, pyrrolidinyl, pyrazolidinyl, imidazolidinyl, piperazinyl, piperadinyl, phenyl,
naphthalenyl, thienyl, furanyl, pyrrolyl, pyrazolyl, imidazolyl, thiazolyl, thiadiazolyl,
oxazolyl, oxadiazolyl, pyridyl, pyrimidyl, pyrazinyl, pyridazinyl, indolyl, indazolyl,
benzimidazolyl, benzoxazolyl, benzodioxolyl, benzothiazolyl, benzothiadiazolyl,
dihydrobenzodioxine,  thienofuranyl, thienothienyl, thienopyrrolyl,  quinolinyl,
quinoxalinyl, quinazolinyl, cinnolinyl, or triazolyl; and wherein each A is independently
substituted with (R¢)p.

In accordance with a further embodiment, each A is independently cyclopropyl,

20  cyclohexyl, phenyl, or naphthalenyl, wherein each A is independently substituted with
(Ri)p-

In accordance with a further embodiment, A is independently selected from the

group consisting of:
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According to lkyg5gggmgnbodlnent pis 1. 10According to a further

embodi ment’, X an are 00 -, or a bond. * 0 According to a further
enbodlnenNQZXuandnY are each ii According to a further ecibaseome6216% and Y
are each 0 wherein the bond marked with an asterisk (*) indicates the
attachnment to the nitrogen. 20 According to a further enbodi nent, R4 and
R4 in formula (1), (1A, (Il), (A, or (I11B) are each independently

hal ogen, -NRaRb, -C(0)NRaRb, -(@hR)1 60H, Cl-6 al kyl, Cl-6 hal ogenated

al kyl, hydroxyl, C6_14 aryl, o _6 al koxy; wherein two occurrence of R4
can be taken together with th to which they are attached to forma
Cl 6 al kenyl which is unsubstytute@® or substit %ed one or nore tines by Rw,
a 3-7 cycloal kyl _which is unsipsti/tuted or Ti\t utfed one or nore tinmes by
R' or a 4-7 er\ed het erocy i i d or substituted one
or nore timnmes{by ----wherei- be taken together
with the atonB.LF_ ich they gLe _gttached to a Cl/6 al kenyl which is
unsubstituted orl substituted on¢ or nore tinmes by a 3-7 cycl oal kyl
30which is unsubf¥tituted or sub8tdtuted bne or nore times by:R' or a 4-7
menber ed heterocycle which is unsubstituted or substituted one or nore
times by R12. BOST _1803930. 129 Attorney File Ref.: 097546-0133 WO

2011/ 079327PCT/ {5 2010/ 062168 According to a further enbodi nent, R4
and R4' in fornm (I) (A, (11), or (IA) are each independently hal ogen,
met hyl , ethyl /™1 /b7, di -fluorgmetNyl, di-fluoroethyl, trifluoronethyl,

t oget her wi t h\{ hej/at o to which tRe re attached %e frused cycl opropyl,
spiro cycl opropyl R4' groups|together with t atons to which they
are attached form cycl opr opyl ,®R&piro cyéﬁoprop%@porH . an

According to a further enbodi nent, R4 and R4'" in formula (1), (1A, (1),
(IA), or (111B) are each i ndependently hal ogen, nethyl, ethyl, isopropyl,
di -fluoro Lhﬁ| di - 10fl uoroethyl, trifluoromethyl, tri-fluoroethyl,

- CH2CH, -NRaNb t but oxy-, or hydroxyl; or two R4 groups together with the
atons to which they are attached formspiro cyclopropyl orH two R4" groups

together with the al@8Mcel Yith filtHeh @Rkt AGHSHdRhMntly selected from the

group consisting of:

tri-fluoroet - NRaNb;--€ - but oXy—~+- or hydrT:%Li or two R4 groups
f
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spiro cycIAQpneofgy%ef A5 0133 According to a further enbodi nent, R4 and R4
in formul (r§ I'A), (I'l), (1A, or (111B) are each independently nethyl,
et hyl, i swpropyd7932di - f | uor onet hyl, di-fluoroethyl, trifPCoASEDIFI168
tri-fluoroethyl, -CH20H, -NRaNb or t-butoxy-; or two R4 groups together
with the atonms to which they are attached formspiro cycl opropyl orH two
R4' groups together with the atons to which they are attached formspiro
cycl opropyl or 20H. Accordl ng to a further enbodi mrent, R4 and R4' in

formula (1), (IAé) (rry, (1L1A, (IVA (VA) are each
i ndependent | y |, et hyI ( i se) @ﬁ"yl or orret i f1 uoroet hyl,
trlfluororreth |-quoroe CHZO—| aNb or t Xy-; or two R4
Attorney File : 097546-01 V\D 2011 07%;3)27 “PCT/ uséo /062168

groups toget her th the atons to which they are attache "form or two R4

(R1)p
/ == o) N
S oL
/ /\/(Rﬁp \\ S \ |/ \=|=/
> Ry R
_____ N/“\7_____ <\N_____ z—\l N
\=|- AN \=|=/---,
(R R Ho R, Ry
N N s S
NSNS
s . N\ N N . N
(R)p Ri)p R (Ri)p
J & “
..... Noomem e
’ R R
0]
_____ L e e =l = )
\_/ / | X
Rolp Rolp Role ok
(Ri)p Ri)p Ri)p (R1)p
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groups toggth atonms to which they are attached form H.
Accordlnggﬁo a %%%%ﬁgﬁagnbodlnent in formula (1), (1A, (1), (1A,
(1'11A), (WORB)1/07932vA), or (VA) two R4 groups toget her WPCH/USh@&0m6216% t O
whi ch they are attached form1-1, and two R4' groups together with the
atons to which they are attached formH According to a further enbodi nent,
R4 and R4' in formula (I) (IA) (Ir), or (1A are 10 each independently
nmet hyl , ethyl, t hoxy, uoronethyl grlfluoronet , or two ps
together with h \at ons th h they aré attached f mYaused cyg] opr6§§ !
or spiro cycl Rtr'—gtr)@ups \ogef her with tht,raﬁFb)ms t o\Whi

they are atta cl opr opy or spiro cy opyl . —
Accordi ng to t- R4-- -Jmnmﬁo 3 (LAY, ()
(1A, or (111 | e each i ndent |y , ethyl) hoxy,

di - fl uor onmet hy trifluoronetlhyl, or two 4 groups t og her W th t at ons -
to which they a aF#& att ached f@ﬂﬁlsplro cyc &propyl or tWo' R4' groups®e
together with the atons to which they are attached form spiro cycl opropyl.

20 Accokfgﬁg to a furpher enbodiment, R4 and R4' are each

i ndependent |y sH, hal _Qig]kyl, hydr oxyl , phenyl or Cl-4,al koxy.
According to a\fur/th r”enb i ient®™" R4 and R4’ are eac yAentty -
-NRaRb, -C(0) -(CH2) Y 60N, C1_6 alkyl, C1_6 hajﬁg?nan kyl, C6_14
aryl, or Ct6\al kogy:—- -—- Aggording to a further emdodie R4 and R4’
are each i ndep ntly hal met hyl , ethyl, isopropyF, di uor onet hyl

di - fl uor oet hyl , Lrlfluoronet /1, trlfluoroethyl -CH2CH - NRaNb, t- butoxy-
or hydroxyl . 30 BCST 1803930. 131 Attorney File Ref.: 097546-0133 WO

2011/ 079327PCT/ US2010/ 062168 According to a further enb dmnent R4
and R4' are eggh_i ndgpendently hal o meg hyl, ethyl, i R
di - f | uor onet -fNuoroethyl, tEflupro thyI tr1f+ orogt hyl ,} - CH2COH,

t-butoxy-, o Acchr di n
npe'uently met hyl-;”

tgza Turther e N R4 and
R4' are eachr

nsopropyl, di-fluororethyl,

di - fl uoroet hyl , 5|fluoronethyl tri-fluoroethyl, - CH2OH, -NRaNb, or

t - but oxy. * According to a fuRtrther enbodi ment, R4 and R4' awre. each
i ndependent |y nethyl 10ethy| |soprogyl di -fl u§tonet hyl , di-fluoroethyl,
trifluoromethyl, tri- fuoroethyl or - CH2OH. Accordlng t'e, a Ayt her
enbodi nent, R4 are each g dently ne hyl , met he Y,

di - quoroneLh , yfLluoramgt hyll. M- Acedr di aefurther

enbodi nment , R\\an are eac eAdently H, , et hyl,

t - but oxy-, or According to & further erbodi mgnt, R4 and &4' 2
each H. (Ra)u (Ri)e ’ s

(R1)e

and
t1+t2=p.

In accordance with a further embodiment, each A isindependently a 5-12

membered heteroaryl wherein the heteroatom(s) are selected from the group consisting

of oxygen and sulphur; wherein each A is independently substituted with (Ry),.
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Accordi ng Atmr Bl MELPGE Mbodi ment, R4 and R4" are each fluor. According to
a further dll ment, R4 and R4' are C1_6 al kyl. According to a further
enbodi rreer PU/EPRTRA’ are each Cl_6 hal oal kyl . Accor di RgTtUS2@0f06216$er
enbodi mrent, R4 and R4’ are nethyl or ethyl. According to a further

enbodi nrent, R4 and R4’ are each nethyl. According to a further enbodi nent,
R4 and R4' are each ethyl. According to a further enbodi nent, R4 and R4’

are each methoxy. accordancé\C\Qthb n@rﬁr@raemw&mﬁt eﬂb%dhm@bndémlyaacbe%myare
each i ndependent |y hal oq Cl 6 al kyl, or al koxy Attorney File

Ref.: 0973deeradiogl wehigomta/ 6‘79‘3@7%’%20%@6@@168‘“]&@6@?/@ NGREYla Pi&"?‘ztoll'}’é’r
enbodi Mentihia@i@oRf Wrr@ﬁcﬂnﬁ‘l pvr%yhy(i‘)&ﬂgﬁlnﬁndpwgﬁnﬁt gﬁ&fnd(aimﬁ‘l Bé]ﬁo%zolvls
Cl_6 al kyl. Accordin hyl
Accor di ng %Z%dl%ﬂlxlh%en@%@a@%rﬁenzmla@iﬁiom d@v@méawd}quﬁ(bcdnhaﬂnﬁbﬂwla
further er’m%bﬂ:ﬁ‘éﬂy{ d%ﬁ»n(ﬂﬁllgl B trigdgtylet hyl . According to a further
enbodi nent, Rl is hal ogen, -0Ra, -NRaRb, -C(=0)0Ra, - C(0)NRaRb,

- C(=0) OH, -C( O)Ra - C(=NORJRa, -C(=NRINRaRb, -NRdAC(=0)NRaRb, - NRbC(=0)Ra,
- NRAC( =NRJ NRaRQ«ccoM %‘Q)Lﬂﬁ%r en%@m%ﬂ\'%@phe&%ﬂth@c)ﬁﬁ% %ﬁ;{dﬂ@sm%%ﬁmldme

hydroxyl, nitro, azi cyano, Z

- NRbSC2NR4RBZOle, P@ﬁmwmwmﬁ é h@nhenezb@ﬂa[ql[én%ﬁ]th@gwaom layingline opr
Cl_6 hal ogeRas® ﬂhﬁ&ﬁgﬁ or any two occurrences of Rl can be taken together

with the atons they are attached to forma 5-7 cycloal kyl which is
unsubstli tuted or substituted one or nore tinmes by RL or a 5-7 nenbered

het erocycl e whi, uls t| u o] ti R12.

Aocor ding to o et e Brfod st koot ' oIS olaisiefey fenoby2
-( O)ORa b]thiggrenaiRamiyidineg( Phioidine, RGNt Ré?enzo{ydiﬂdmmle rbetnmoxa@glanoor

-S(0) 0_3Ra,i ieb al kyl, C2-6 alkenyl, C2_6 alkynyl, or Cl_6 hal ogenated

al kyl . Accordlng to a further enbodlnent R1 is hal ogen, Cl1_3 al kyl,
hydr oxyl, cyano, or Cl_3 al koxy, or nethoxycarbonyl. According to a

further errbodl .R1 .i.s_hal , Ky i S it
substituted On;&‘igér’d% etbt ﬁnggﬁg@nﬁf&]odﬁ@%)%l?\g? p%%%l N ﬂgﬁﬁ%ydﬂﬁoxypOﬁ
cyano, or bJhigphehkomaphtyl, benzofGdlsliakiotsy or beazdoyazotesr enbodi nent, Rl is
chloro, fluor, bromo, methyl, ethyl, propyl, butyl, -CH2OH, di f 1 uor omet hyl ,
trifluoronethyl, hydroxyl, cyano, nethoxy, or nethoxycarbonyl.

Accordi ng to a Acoerditer toemfotharembodiRierts Achpbeny!, fhiaphene nptridjhe, pyyidridirg) |
cyano, tri Ita%(gget hyl , met hoxy, or mnethoxycarbonyl. Attorney File Ref.:
097546- 01 111/ 079327PCT/ US2010/ 062168 According to a further
enbodiagent, Rl is hal ogen, C1_3 al kyl, hydroxyl, cyano, or Cl_3 al koxy.

According to a further embodiment, A is phenyl or thieno[3,2-b]thiophene.
According to a further embodiment, A is phenyl or thiophene.

In accordance with a further embodiment, A is:

30

According to a further embodiment, A is
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Accordlng[&mm durther,enbodiment, Rl is chloro, fluor, nethyl, hydroxyl,
cyano, %oxy. According to a further enbodinent, Rl is nethyl
10Accordlwgznu/(H932rther enbodi ment, R1L is H Ac ecrdisngrooe21as f urt her
enbodi nent, R2 and R2' are each independently H, hal ogen, C _6 al kyl,
-(CH2) 1-30H, -ORa, -C(=0)0ORa, -C(0)NRaRb, -C(=0)0H, C6_12 aryl, or 5-12
menbered heteroaryl, wherein Ra, Rb, R' and Rd are each i ndependently H,

Cl 12 alkyl, C6_ 12 aryl, C7-16 aral kyl -12 menbered heteroaryl, 6-18
menber ed heteroaral kyl, 3-12 nenbered % téﬁocycle, or 4-18 nenbered

het er ocycl e- al kyl . Accordi ng o0 r{her enbodi ment, R2 and R2' are
each independently H, hal ogen, C 6 al kyfs, -(CH2) 1-301-1, -0ORa, -C(=0)0Ra,
-C(0) NRaRb, -C(=0)0H, phenyl, or 5-6 20 nmenbered heteroaryl, wherein Ra,
Rb, R' and Rd are each |ndependently H Cl_12 alkyl, C6_ 12 aryl, C7-16
aral kyl, 5-12 #@@W@MEGOH@N@$QEﬁmbomﬁmmaAhﬁnbered heteroaralkyl 3-12
menbered het erocycl e, or 4-18 nenbered heterocycl e-al kyl . Accor di ng
to a further enbodinent, R2 and R2' 4 gach i ndependently H, iodo, nethyl,
hydr oxynet hyl, trifluoronethyl, or 't Y enyl . According to a
further enbodi ment, R2' is independe @ F; trifluoronethyl, iodo,
CH2OH, or NHC(O0) CH3. 30According to a fukthef enbodinent, R2 and R2' are
each nethyl. According to a further enbodi ment, R2 and R2' are each i odo.
According to a further enbodinent, s is 0. According to a further
enbodinment, uis 0. Attorney File Ref.: 097546-0133 WD

2011/ 079327PCT/ US2010/ 062168 According to a further enbodi nent, R2 and R2'

are each H Acoeeéhdig toa rurfher bmebdigiepedi went, R6 is H or Cl1_3 al kyl.
According to a further enbodi nent, R5 and R5' are each i ndependently C1_8

al kyl which is unsubstituted or subst i &d one or nore tinmes by R113, C2_8
al kenyl which is unsubstituted or St.rbd- one or nore tines by R113,
C2_8 al kynyl which is unsubstituted or\suabstituted one or nore tinmes by
R10, phenyl which is unsubstituted or substituted one or nore tines by R11,
C7_8 aral kyl which is unsubstituted or substitut ed one or nore tinmes 10 by
R11, 5-6 nenbered hete oar which i.s unsybst tut u ted ne or
rore titmes by Aozt ddl eRbetrstF o bl e P s FndEhdh & o

substi tut esbndne or nore tinmes by R11, 3-6 nenbered het erocycl e which |s

unsubstituted or substituted one or nore tinmes by R12, or 4-8 nenbered
het erocycl e-al kyl which is unsubstituted or substituted one or nore tines

bydR12. | A&CGrQIIirl@ikim)lga ;txlﬂrtﬁe]rf elﬁbé‘cﬁmeﬁ’m]})dhdmaﬂtm f&‘-ﬁwm(dlARS(llAg,r all&pqhiB),
i ndependen C1 al ky lch | s uns stlt or, substituted one or nore
ti mes by Fﬁ&\}fé Cﬁ’g&a %Qﬁ@?nd\ﬁml\ﬁﬁbﬁeg Pf ted P substituted one or

nmore times by R113, C2_ 6 al kynyl whi ch |s unsubstituted or substituted one
or nore tinmes R10, S uns tuted or stitu 0 20
of ore times gcrie Bordyindinrehodiethatiast Bt it derroie Spatiub B8 iB o
nore tinmeyg L) ar@mas Rt a@gee[ )),-\Whi.@kcl-s unsubstituted or

substit ut Zd@gne or nore t?@rrgs v 026# menbgrezj het eroaral kyl which is
unsubstituted or substituted one or m)re times by R11, 5-6 nenbered
heterocycl e Wh'A&hor‘dﬁwguﬂﬁé‘t?§rtthéruérﬁ90d?ﬁ1eﬁtm§¥ahd Bt g4l rormRuLE émﬁmm yLames (ms)R12,
or 6-7 menbered het erocyc e-al kyl which 'is unsubstituted or substltut ed one
or nor t iy, eyl are independepidy ab@inhigr t(6=@)-f urt her enbodi ment, R5 and R5'
are each independently C1_6 al kyl which is unsubstituted or substituted one
or nore tinmes by R113, C2_6 al kenyl which is unsubstituted or substituted
one or nore tinmes by R10, or C2_6 al kynyl which is_30unsubstituted or
substituted one or nore tines by R10 . g to a further

enbodi ment, RS and R5' are each independent gy puhich is
unsubstituted or substituted one or nore tinmes B . According to
a further enbodiment, R5 and R5' are each independenify nethyl, ethyl,
propyl, isopropyl, butyl, sec-butyl, tert-butyl, Qn)tyl , 2-nmet hyl but ane, 3-
Attorney File Retordir@o®b4ddutth88embodiment, 1p in formula (1),

(I, (I, (IV) or (V) is selected from the group consisting of:
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WO 2011/07%§%;ﬁg@£g§%9%9/062168 met hyl but ane, cycl opropyl, cyclobutyl,
cyclopentﬁﬁ, cycl ohexyl, or cycl ohexyl (CH2)-, which in each case is

unsubst i twOed11ar79Rabst i t ut ed one or nore tinmes by RLO . PCT/US2010A61168 di ng t o
a further enbodi ment, R5 and R5' are each independently nethyl, ethyl,
propyl, isopropyl, butyl, sec-butyl, tert-butyl, pentyl, 2-nethylbutane, 3-
nmet hyl but ane, cycl opropyl, cyclobutyl, cyclopentyl, cyclohexyl, or

cycl ohexyl (CH2) - . --f&ccoeding to a further enmbodi ment, R5 and R5' are
each independently isopropyl which is unsubstituted or substituted one or
nore tinmes by R10 . 10 Accordimg to a further enbodi nent, R5 and R5'

are each i ndependently isopropyl whick is unsubstituted or substituted one
or nore times by -OCH3. _According to¢@ further enbodinent, R5 and R5' are

each i sopropyl. cordi ng\u)_é furthe nbodi ment, R5 and R5' are each H or
tert-butyl. According to a further enbodinent, R5 and R5' are each

i ndependently phenyl which is unsubstituted or substituted one or nore
times by R11. 20 According to a_further enbodinment, R5 and R5' are
each i ndependem @ whi ch is= nguby i+uted or substituted one or nore
times by R11. According to a fdtsher enbodi ment, Rl is hal ogen,

-ORa, oxo, -NRaRb, #N® R' - €(=0)0Ra, Rg,0)NRaRb, -C(=0)0H, -C(=0)Ra,
-C(=NOR, ) Ra, - C(=NR RaRb, - NRAC(=0) NRaRb, -NRbC(=0)Ra, -NRJC(=NR,)NRaRb,
-NRbC(=0) ORa, -0T(4 _-0¢(=0) Ra, - =0) ORa, hydroxyl, nitro, azido,

cyano, -S(0)0. 3Ra, RaRb,— - NRb \ #r ~NROSC2NRaRb, wherein Ra -Rd
are each independedRy (By2C1_12 al kyl , 12 al kenyl, C2-12 al kynyl, C6-12
aryl, C7-16 aral kyl, 5-12 nenbered heteroarykRH§-18 menber ed het eroaral kyl ,
3-12 nmenbered 30hete§ocy¢Rem or 4-18 nenb et erocycl e-al kyl .

According to a- e odi ment, Rl is 3NRaRb, -NRdC(=0)NRaRb,

-NRbC(=0) Ra, - NRICH= 37 - NRbC(=0) ORa; \ - NRbSC?Ra, or - NRbSO2NRaRb,

wherein Ra, Rb, RRiand Rd are each indepe tI'y H Cl 12 alkyl, C2_ 12

al kenyl, C2_12 al kynyl, C6_12 aryl, Cr7-16 gglkyl, 5- 12 nenbered

het eroaryl, 6-18 rr\errp@!p?(s’%l1 het er oar al kyl , @1 menber ed heterocycle, or 4-18
menber ed heterocycl@-aikyl. Attorney Fil f.: 097546-0133 WO

2011/ 079327PCT/ US20 AC g to a further enbodi nent, Rl
is -NR Rb, -N 5 -N\RbC( =0) R, =0)0R,, or -NRbSO2R,,
wherein Ra, Rb, and are each i agependen H C1 12 alkyl, C2_12 al kenyl,
C2-12 al kynyl, C6- 12(Ra)rt2yl, C7-16 aral kyl, 2 menbered heteroaryl, 6-18
menber ed heteroaral kyl, 3-12 nenbered heterocycle, or 4-18 nenbered

het er ocycl e- al kyl . According to a further enbodinent, RL is -NR Rb
or -NRdC(=0) NR, Rb, wherein IR, and Rb are eacly i ndepengently H, Cl-12

al kyl, C2-12 al kenyl, C2-12 al kynyl, C6-12 ar 16 \10ar al kyl, 5-12
menbered heteroaryl, 6-18 nenbered het er cargd k her ed

het erocycl e, or 4-18 menbered heterocycl e- al kj According to a
further enbodiment, Rl is -NRJC(=0)NR, Rb, whekeiN /Ry, are each

i ndependently H, Cl1 12 alkyl, C2 12 al kenyl, _ﬁﬁ%a}l K R%I , C6_12 aryl,
C7_16 aral kyl , Acardingetvbe fethdrezrebasimgnt, 6- 18 menbeYed het er darfainkyta (1A3, 12

To o fur t HONS (REYCHRY, fUacpr tTEFRELES AELTORB RMEsk .~ oo R o,

-C(=0)0H, -C(=0)Ra, -0C(=0)NR, Rb, -0C(=0)Ra, -0C(=0)0R,, hydroxyl, cyano,

20 wherein Ra-Rb are each independently H Cl_12 alkyl, C2_12 al kenyl,
C2_12 al kynyl, ©6_12 aryl- Cf 18§ ar aI_Ky@:lZ m_s_n%eT?j het eroaryl, 6-18
menber ed heteroaral kyl, 3-12 ered hetjefocycl e, [/4-I6rrrenbered

het er ocycl e- al kyl . Acc@®:xli ng to aRfrthend emggli rent, R1 is hal ogen,
-0R,, oxo, -C(=0)0R,, - C(O)NR, Rb, -C(=0)0H, -0C(=0)NR, Rb, hydroxyl, or
cyano, wherein Ra-Rb are each independently H, Cl1 12 al kyl, C2_12 al kenyl,
C2_12 al kynyl, C6_12 aryl, C7_16 aral kyl, 5-12 nenbered heteroaryl, 6-18
nmenber ed heteroaral kyl, 3-12 nenbered heterocycle, or 4- 18 nenbered
het er ocycl e-al kyl . 30According to a further enbodinment, Rl is hal ogen, Cl_6
al koxy, hydroxyl, or NH2. According to a further enbodinent, Rl is hal ogen,
hydr oxyl, or NH2.

7

iy
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According to a.further, embodi ment, Rl is halogen. Attorney File Ref.:
097546- 0133 WD 2011/ 079327PCT/ US2010/ 062168 According to a further
enbodi merwg 2RI'1/47%32Mal ogen, -0Ra, -NRaRb, -C(=0)0Ra, - CPOYrNRar0/06216¢ =0) OH,
-C(=0)Ra, -C(=NORJRa, -C(=NRIJNRaRb, -NRIC(=0)NRaRb, - NRbC(=0)Ra,

- NRAC( =NR, ) NRaRb, - NRbC(=0)0Ra, -0C(=0)NRaRb, -0C(=0)Ra, -0C(=0)0Ra,

hydr oxyl, nitro, azido, cyano, -S(0)0.3Ra, -S02NRaRb, -NRbSQ2Ra, or

- NRbSO2NRaRb, C1-12 al kyl, C2-12 al kenyl, C2-12 al kyny\, C6.12 aryl, C7-16
aral kyl, 5-12 nenbered heteroaryl, 6-18 nmenbeyed fieterdaral kyl, 3-12
rrenbered het erocycl e, or 4-18 rrenbered het er ocy£l e- al ,_Wherein Ra, Rb,
R' and Rd are each independently H, C1_1Z #\ Renyl, c2-12

al kynyl, ©6-12 aryl, C7-16 aral kyl, 5-12 nenb S oaryl, 6-18 nenbered
het eroaral kyl, 3-12 nmenbered het erocycl e, or (ERrrbred

het er ocycl e- aI toafuth 1)en
hal ogen, - ORa, Wkordi&% t0 %{“rthﬁ%ﬂ"ﬂc?”% NRaRb, - C(=0)O0H, - C(=0)Ra,
- NRdC( =0) NRARKIIA) Nlﬂ!ﬁr( dEARer (VARD Slegied Repm th@&rp&n)tNRMg of 0C( =0) Ra,
-0C(=0) ORa, hydroxyl, cyano, -SO2NRaRb, -NRbSQ2Ra, Cl 6(Raj kyl, C2_6

al kenyl, C2_6 al kynyl, phenyfS\C7_8 a Xy 5-6 ed 'het eroaryl 6- 8
nmenber ed heteroaral kyl, 5-6 ered F rocycle, -8 nenbered

het er ocycl e- al kyl , wherein R%R Rb, an )e “each pendently are each
i ndependently H C1_12 al kyl . 12 al k1é‘h§l1‘202 12 ‘allymyh, C6-12 aryl,
C7-16 aral kyl, 5-12 nenbered heteroaryl, §-18 nenbered heteroaral kyl, 3 12

nmenber ed heterocycle, or 4-18 mber ed h 1:8f ocycl e-al kyl . 20According to a
further enbodi ment, R11 j_s—hal/fdey,_.- ---C(0)NRaRb, - C(0)OH,
-C(=0) Ra, -NRdC(=0)NRaRb, -NRb ) Ra, =0) ORa, - 0C(=0) NRaRb,
hydroxyl, cyano, Cl1-6 al kyl ,RC;2 6 al kenyl C2_6 al(hmyl phenyl, C7_8

aral kyl, 5-6 nenbered hetergg 9I 6-8 nenbered herg oaralkyl 5-6 nmenber ed
het er ocycl e, or 6-8 nenber € (@

oi n Ra, Rb, and Rd are

_12 alk X- 12 al kynyl, C6-12

aryl, C7-16 aral kyl, 5-12-4 eter oar renber ed het eroaral kyl
3-12 menbered heter ocycl e, trenber ed Yl e-al kyl .

According to a further enbodi , R11 is hél oYen, -O0Ra, -NRaRb, hydroxyl,
cyano, or Cl1_6 al kyl, wherein Ra-fyare each g{ndependently H Cl1_12 al kyl,
C2_12 al kenyl, C2-12 30al ky -12 a p16 aral --5-12 nenbered
heteroaryl, 6-18 nenbered he al kyl\) -1 menbere \ terocycle, or 4-18

menber ed heterocycl e-al kyl ¢ Apcér di ngri)y a Qurther enbddigrent, R11 is

hal ogen, hydroxyl, cyano, or NH2. According to a further enbodinment, Rl11 is
hal ogen. Attorney File Ref. 097%46- 0133 WB:2011/ 079327PCT/ US2010/ 062168
According to a further-- | , R12 | ogen, - 0x0, -NRaRb,

=NO-R' - C(=0)0Ra, -C(0)NRa =0) OF)_/ : Ra,
_C(=NRINRaRb, - NRIC( =0) NRaRH,).- RRbC{ =gy R, & NRIC( =NR FNRaRb. - NRbC( =0) ORa,
- 0C(=0) NRaRb, -0C(=0)Ra, -OC( O)ORa hydr oxyl, nitro, a2|do cyano,

-S(0)0_3Ra, - S2NRaRb, - NRbSO2R3, - NEhSC2NRaRb, C1 2 a2 c2 12 al kenyl ,
C2-12 al kynyl, C6-12 aryl (R Y S, 12 rrE r d\ eteroaryl, 6-18
menber ed het eroaral kyl, _3 1 red tler 18. nmenber ed
heterocycl e-al kyl, wherei nsRa, Wb, -R' -and ﬁd é2 éBdh i ndependent |y H,

Cl 12 al kyl, C2 12 al kenyl )CZ 12 a nyI ~d 2 aryl( 1)C7 16 aral kyl, 5-12
menber ed heteroaryl 6- 18 fber ed. hefer oar JR)3- \manbered

het erocycl e, or 4- 18 menb /re -het erp cl e- aI fo- -- According to a

further embodi ment, R12 is $al ogen, ~sORa, O(O -NRaRbS C(=0) ORa, -
C(0) NRaRb, - C(=0)0H, -C(= 83& -NRdC( =0) NRaRb &, s NRbC( =QRBg, - NRbC(=0) ORa, -

0C(=0) NRaRb, -0C(=0)Ra, x0) ORa, h dr oxyl ,y ano - RaRb - NRbSO2Ra,
Cl_6 alkyl, C2_6 al kenyl, \6 al kyDy henyr\ cz_8 adlalkyl, 5-6 nenbered
het eroaryl, 6-8 nenber ea’ heBer oar ark 5- 6 nedber ed “hether ocycl e, or 6-8

menber ed het erocycl e-al kyl, wherein Ra Rb, and Rd are each i ndependently
H Cl_12 alkyl, C2_12 al kenyl, C2_12 al kynyl, C6_12 aryl, C7_16 aral kyl,
5-12 nmenbered heteroaryl, 6-18 nmenbered heteroaral kyl, 3-12 nenbered

het erocycl e, or 4-18 nenbered heterocycl e-al kyl. 20According to a further
enbodi nent, R12 is hal ogen, -0Ra, Ox0, -NRaRb, -C(0)NRaRb, -C(=0)0H,
-C(=0) Ra, -NRdC(=0)NRaRb, -NRbC(=0)Ra, -NRbC(=0)0Ra, -0C(=0)NRaRb,
hydroxyl, cyano, Cl1_6 al kyl, C2_6 al kenyl, C2_6 al kynyl, phenyl, C7_8

aral kyl, 5-6 nenbered heteroaryl, 6-8 nenbered heteroaral kyl, 5-6 nenbered
het erocycl e, or 6-8 nenbered heterocycl e-al kyl, wherein Ra, Rb, and Rd are
each independently H Cl 12 alkyl, C2-12 al kenyl, C2-12 al kynyl, C6.12
aryl ,BOE &34t al kyl , 5-12 menbered heter2Baryl, 6-18 nenbered heteroaral kyl,
3 12 rrenbered het erocycl e, or 4 18 rrenbered het erocycl e-al kyI

oy Y ~A N " ~ e~ R I e~



Accordi ng gme%m]gg%ggflgnbodinent, Ra, Rb, R' and Rd are each independently
H Cl1 6 afk 1°77¢2-6 a &enyl, C2_6 al kynyl, phenyl, C7-8 aral kyl, 5-6
nenbered\ﬁeuenﬂuﬁmw, 6-8 Attorney File Ref.: 097546- 013BCWDS2010/062168

2011/ 079327PCT/ US2010/ 062168 nenbered het eroaral kyl, 5-6 nenbered

het erocycl e, or 6-8 nenbered heterocycle-al kyl. According to a
further enbodinent, Ra and IR, are each |ndependently H Cl1 6 al kyl, C2-6
al kenyl, C2_6 al kynyl, phenyl Cr7_8 arau bl 5- 6 mpber ed heteroaryl 6- 8
menber ed heteroaralkyl é? genbered he e cycl 6 8 nenbered

het er ocycl e-al kyl, and Rb, d Rd areCEadh |nd1 dently H or Cl1_3 al kyl.

According to a further e I n"ent, Ra | R, ape=each independently H,
Cl 6 10 alkyl, C2 6 alkenyl, C2 6 alk r - phem benzyl, 5-6 nenbered
heteroaryl, 6-8 nenbered heteroaralkyl -6 nenb"ﬁg het er ocycl e, or 6-8
menber ed heterocycl e-al kyl, and Rb, ané are e i ndependently H or Cl_3
al kyl . According to a f@dher ephodinment, Ra, Rb, R' and Rd are each
i ndependently H or C1_3 al Ry —'vvhe B, B, Rl ID R R2', R3/
R3', R4, and R4, are as déiin for-fQ m (l), and R7 and R7' are each

|ndependently Ci 8 al kyl wWhi chi s unﬁ%bstltuted or substituted one or nore
times by R10, C2_8 al kenyl which is unsubsthtuted or substituted one or
nmore times by R10, C2_8 aIkyQ%%ﬂ%hlch is u ﬁ%stltut Rov substituted one
or nore times by R10, phenylo ch is ungdbstituted)OIN substituted one or
nore tinmes by Rl1l, benzyl { i's unsubs}iuted or bstituted one or nore
times by Rl1l, 5-6 nenber= -oary kS URS -or substituted
one or nore tines by Rl1l, 6-F¥~Attorney F Ref . : 546- 0133 WO

2011/ 079327PCT/ US2010/ 062168 (Wewber ed het éRaar al kyl @Hich is unsubstituted
or substituted one or nore ti @ by R11l, 3-6 nenbered heterocycle which is
unsubstituted or substituted t nore tiges by R12, or 4-7 nenbered

het er ocycl e-al kyl which is Onsﬁbstltuted { ubstituted one or nore tines
by R12; and R8 and R8' are eesg |ndepende - NRaRb, - NRdJC(=0) NRaRb,
-NRbC(=0) Ra, - NRIC(=NRINRaRb NREC(—=0) 0 -NRbSO2Ra, - NRbSC2NRaRb,
wherein Ra, Rb, R' and Rd ar:1?ach i ndepengent |y, H Cl-12 al kyl, C2-12

al kenyl, C2-12 al kynyl, C6-12 aryl, Cr7-16 aré1ky| 5-12 menber ed

heteroaryl, 6-18 nenberes hetqgoaralk ) nenbgr Oh S rocycle, or
4-18 nmenbered het erocy yI/ - T n §cgordanc

t /ffurther

enbodi nent, the conpountts of presepd)in ntion ar 1yepP‘ sented by
formula (IVA): or a phaf%ﬁteuﬂ?hﬁlly a dépta s salt tR&recf Puherein g, u,
s, A B, B, RL p, R, R2,, R3,, R4, R4,, m a , apnge as defined for

formul a (IIIA) 20 R7 and/R
unsubstituted or substr

qr ¢/ each independentty F-which is
d—one-or nore tines by Rl 546 al kenyl whi ch
i s unsubstituted or substitute®bne or more tines byfﬁhis,ﬁﬁﬂLS al kynyl
which is unsubstituted orf 8ubstituted one or nore times by R113, phenyl

whi ch is unsubstituted or substituted one or nore tines by Rl11l, benzyl

whi ch is unsubstituted or substituted one or nore tines by Rl1l, 5-6
menbered heteroaryl which is unsubstlguted or substtﬁﬁt@d one or nore times
by R11, 6-7 menbered heteroaral kyl Wni is unsubsJtfed or substituted
one or nore tinmes by Rll, 3-6 p® --Iheteroe-‘le nich is unsubstituted

or substituted one or nore tT\\ - 0Or -4 ec- het er ocycl e- al kyl
which is unsubstituted or 30subs el one o D mes by R12; Attorney
File Ref.: 097546-0133 Rk 1)p Rp R
(R1)g P s (R1)u
@M{H\ ..
R
(Ry) ° ( R (R1)e §R1)1t
1lp /Q
(Rido (Ry)p o Rak (R
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WO 2011/ 079327PCTI LI52010/ 062168 R8 and R8' are each independently -NRaRb,

- NRdC( =0) NRaRb, -NRbC(=0) Ra, - NRIC(=NRc) NRaRb, -NRbC(=0)0Ra, -NRbSC2Ra, or
- NRbSO2NRsBIzo1vitTe32¢i n Ra, Rb, Ro and Rd are each i ndepemd@&niskei0ip2161 12

al kyl, C2_12 al kenyl, C2_12 al kynyl, C6_12 aryl, C7/_ 16 aral kyl, 5-12
menbered heteroaryl, 6-18 nenbered heteroaral kyl, 3-12 nenbered

het erocycl e, or 4- 18 nmenber ed het erocycl e-al kyI and m and n conbi ned are

0, 1, 2, 3 or 4. Accordigig t furtheb enmbeeh ment , are each
mdependently - NRaRb; - =0) R A 9 —:CL)_ ) \ ol n Ra-Rb are
each independently H, al phen bebkzyl, 5-6\pEnhe -o het er oaryl ,
6-8 menbered het eroaralRyb, 5X@p rrenber(de het(%‘rrocycl e(RQy 6B)urenber ed
het er ocycl e- al kyl . Acc ing to a further enbqadi neps R8 and R8' are
each independently - R =0) ORa, wher ei n{Rg> Rk -each

i ndependently H G _6 a |, nyl, benzyl, 5-6 nmeppered-heteroaryl, 6-8
nmenber ed het eroaral kyl , ¢ -)6 meRiper éd heter ocycl e, OrR@; 8 MBnbered

het er ocycl e- al kyl . Accor di ng to a further enbodi nent, R8 and R8 are each
i ndependently - 20 NRbC(=0) ORR)mherei n Ra- ng are each i ndependently H,

G _6 al kyl, phenyl, benzyl, 5/?3orrenbered hememaryl 6- 8 menbered

het er oar al kyI 5-6 rrenbered : V5. prber ed heterocycl e-al kyl .
According to a further enbody @s -i ndependently -
NRbC(=0) ORa, wherein Ra-Rb a e Cl-6 al kyl, phenyl,

t et rahydrof uran, or benzyl. R‘l)tz &apor di ngRt)e a ﬁﬁpt her enbodi ment , RS
and R8' are each independen%ﬁt NRbC( =0) ORa, wher el(ﬁ Ra is C1 6 al kyI and

Rb is Hor nethyl. 30 o a fwrt enbodi mrent, R8 and RS8'

are each independently - NRb erein/Ry ik QI 6 alkyl and Rb is H

According to a further e R??Ed w8 dependently -
th %)da

NRbC( =0) ORa, wherelnRa i's H Attorpey File Ref.:
097546- 0133 WD 2011/ 079327 2010/ 062168 o Accor di ng to a further

enbodi nent, R7 and R7' are éeg i ndependent y 8 kyl , C2_8 al kenyl,
C2_8 al kynyl, phenyl, benzy @ er ed : ; -7 menber ed
het eroar al kyl , 3-6 nmenber ed \hied er ocyCl e, or 4- e d heterocycl e-al kyl;

According to a further embodifent, (Rp and R7' e eath)ri ndependent |y
phenyl . According to a further enbodlnent R7 and R7' are each

i ndependently Cl1_6 al kyl . Accordi g\t o a further enbodi nent, R7
and R7' are each i ndepende Ns uNsubstituted or
substituted one or nore tlnesRcy RIf : ACcor g to a further

enbodi nent, R7 and R7' are eac Hhndent |y Rt hy(Riet hyl , propyl

i sopropyl, methoxyi sopropyl, sec-butyl, tert-butyl, pentyl, 2.

nmet hyl but ane, 3-nethy|butan- Dyl cyclobutyl, cyclopentyl, or

cycl ohexyl . Accor di ng e ! 'hermﬂnbodinent, R7 and R7' are each

i ndependently nethyl, ethyl, fppyl (Ri)sopropyl, butyl, sec-butyl,
tert-butyl, pentyl, 2-nethyl butane, 3- nethyl butane, cycl opropyl,

cycl obutyl, cyclopentyl, or cyclohexyl. 20According to a further

embodi nent, R7 and R8 or R7, and R8, together with the carbon to which they
are attached are each indepamgfpm+y:

Ry and

t1+t2=p.

___BI B___

According to a further embodiment, (Ri)p 7 ¢ in formula (lA),
(l1A), (1A), (11B), (IVA), or (VA) is selected from the group consisting of:
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According (0. lbg ngglgnbodinent, R7 and R7' are each isopropyl. In
accordance w urt%er enbodi nent, the conpounds of the present
|nventlonwenenmgﬁnesented by formula (V): or a pharnmaceariusadioperégept abl e
salt thereof, wherein each of A, B, B, Rl, p, R, R2,, R3, R3,, R4, R4,

R7, R7,, R8, and R8,, are as defined for fornula (1). I n accordance
with a further enbodi nent, the conpounds of the present invention are
represented by formula (VA): (RR1)u R NR4'" rg R8'" R7'" or a

pharmaceutically acc bl e salt thepest, wherein each u s, A B

B, R, p, K 3,, R4, R4 RT, R8, and are_as defined
for formula (TTTA). cording to t her enbodi Ny A ency al | ows
inB B, Ra, Rb, R Rd, Rl, R2, , R3, R32, R4, , R10, R11 and

K- 12 (Rn)p (R "~ each ofwral kyl, al kenyl,

al kynyl, al koxy, aryl, aralkyl het eroaryl, heteroaral kyl, heterocycle, or
heterocycle al kyl is |ndependen% y unsubstltuted or substituted one or nore

ti mes by hal ogen, -ORa, - ~¢(=0)ORa, , s »NRa, Rb, , - C(=0)OH

hydr oxyl, nitro, azido, cy J mherelnn ¥ I\ R and Rd, are each
independently H Ci1-12 aIk | rding to t he nenbodlnent as val ency
allows in B, B, Ra, Rb,- F?F@nd %w Rl, R2, R3', R4, R4', R10, R11
and .-.12 K each o?malkyl alkenyl, al kynyl ,

al koxy, aryl, 20aral kyl, heteroaryl, heteroaralkyl, heterocycle or
het erocycl e-al kyl is |ndependently unsubstltuted or substituted one tine by
hal ogen. Attorney é&ﬁef 097546- 0133 WO /079327P U82010/062168

According to a-f é QOdIV‘ as val enc , Ra, Rb, R’
and Rd, Rl1l, R2, R32; R4~ RI10;" ‘ 12 _____
(R1)p
(R1)p
\ (R1)p
A )\/
S ’ an
d
t1+t2=p.
___BI B___
According to a further embodiment, (R1)p 7 9 in formula (1A),

(l1A), (1A), (11B), (IVA), or (VA) is selected from the group consisting of:

(Redy” (Ry)p
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each of alﬁléynlrewﬂ%eggdg%js_omal kynyl , al koxy, aryl, aralkyl, heteroaryl,
yl,

het er oar al eterocycle, or heterocycle-alkyl is independently

unsubst i twDed11ar79Rabst i t ut ed one time by fl uor. PCH/Usewofoange with

the present invention, the conpounds are selected from conpounds as defi ned
in the formnul as wherein: Ais C6-14 aryl, 5-12 nenbered heteroaryl, or

a bond; 10B and B are each independently -(CEC)- or -(CH2)2-; Rl is H,
hal ogen, -0ORa, -NRaRb, -C(=0)0Ra, -C(0)NRaRb, -C(=0)0H, -NRbC(=0)Ra,
hydroxyl, nitro, cyano, -S(0)0_3Ra, - Cl_6 alkyl, C2_6 al kenyl, C2_6

al kynyl, or Cl1_6 hal ogenated al kyl; R2 and R2' i ndependently H,
nmethyl, or iodo; mand n are each independent}y A 2, pis 0, 1 or 2
R3 and R3' are H, 20R4 and R4' are each i-n =Yal s gal-ogen, Cl1_6

al kyl', hydroxyl, phenyl, or Cl_4al koxy; X and R5/ and R5' are each

i ndependently C1_12 al kyl which is unsubstituteo ubstituted one or nore
times by Rw. In accordance with the presep i tion, the
conpounds are Jereingdtof 2 furtheyrgrokaddsents defi ned Nk e & or min dermer(@in:

308 15 S0-qh, 1M 1 AV RE DRV s BALEIEATH, encPhrofl BBl d B are each

i ndependen S(CH2)2-; Rl is Hor and R2' are each
i ndependently H, nethyl or iodo; mand n are ch(®ndependently 0, 1 or 2;

pis 0, 1or 2; R3 and R3S~ar e’ Attorney-gile f\: 097546-0133 WO
2011/ 079327PCT/ US2010/ 061 8/R‘Il\ nd R4' are ol pendent|ly H, hal ogen,
Cl1_6 al kyl, hydroxyl, ph or/Cl_4 al koxy; [X a

(

6
;f Y are R5 and RS' are
each independently Cl1_ 12 al kyl sthi ch 46 unsub®tituted or substituted one or
more times by Rw F#" accordance with the present @fvention, the
conmpounds @r.epsepected from conpounds as defined in the formlas wherein:

___BI B___
According to a further embodiment, (Ri)p 7 ¢ in formula (lA),
(lIA), (IHA), (11IB), (IVA), or (VA) is:
<S (T1)12
| >
(R ; and
10
t1+t2=p.
___BI B___
According to a further embodiment, (Ri)p 7 ¢ in formula (lA),

(I1A), (I1A), (I11B), (IVA), or (VA) is:
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10A i s phe n[yme“ﬂtm gﬁgga% t hi eno[ 3, 2-b] t hi ophene, pyridine, pyrimdine,
napht hyl , enzo I oxol e, benzooxazole, or triazole; B and B are each
independeMOI29114((7Q:EQ:) -(CH2)2-; Rl is Hor nethyl; RPCIA$2B/06A6%¢ each

i ndependently H, nethyl or iodo; mand n are each independently 0, 1 or 2;
pis 0, 1or 2; R3 and R3' are H R4 and R4' are each independently H,

hal ogen, Cl1_6 aI kyl, hydroxyl, phenyl, or Cl-4 al koxy; 20 X and Y are R5
and R5' are each |ndependently Cl 12 al kyl which is unsubstituted or
substituted one or nore times by Rw. accoydance with the present
invention, the conmpounds are selected from conppunds as| defined in the
formul as wherein: A is phenyl, thiophene, “tBi en[:é\z 57T B ophene, napht hyl ,
benzo[ 1, 3] di oxol e, or benzooxazole; 30B and B independently
-(CEC)- or -(CH2)2-; R1 is H halogen, -0ORa,
SZ0) 0 NGz, o iiH ey, €Y 20, "SR ARR, - (Chofdh ),
C2-6 al kenyl or al 6genat ed al kyl ; R2 anc] are éach
mdependerﬂlAy (HA), ,n@zli&iyllvé)r, of 6% issm and n are each |ndependently 0, 1 or 2
Attorney File Ref.: 097546-0133 WO %Qll/@ZQBZ?PCT/U82010/062168 pis O, 1

or 2; R3 and R3' are H R4 and R4’ h i ndependently H, hal ogen, Cl_6
al kyI hydr oxyl, phenyl, or Cl-4 a kox ; and Y are each R5 and R5' are
each independently Cl_12 al kyl whig ubstituted or substituted one or

more times by RLO; 10R7 and R7' are gph mdep(;mdently C1_8 al kyl which is
unsubstituted or substituted one or

t1+t2=p.

According to a further embodiment, (R1)p 7 9 in formula (lA),
(HA), (IlIA), (llIB), (IVA), or (VA) is:

According to a further embodiment, B and B’ are each independently C,.s alkynyl

10 or Cqie alkyl.

According to a further embodiment, B and B’ are each independently -(C=C)- or -
(CHz)2-.

According to a further embodiment, B and B’ are each -(CHz),-.
According to a further embodiment, B and B’ are each -(C=C)-.
According to a further embodiment, m or n is 2.

20

According to a further embodiment, m or nis 1.
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nore tinmes,b eyﬁ(;[;g§097§g94§3 al kenyl which is unsubstituted or substituted one
or nore tines by R113, C2_8 al kynyl which is unsubstituted or substituted
one or nOWe 2iwEes2by R10, phenyl which is unsubstitut ed POR/GSeMISM51168 ed one
or nore tinmes by Rl1l, benzyl which is unsubstituted or substituted one or
nore tinmes by R11l, 5-6 nenbered heteroaryl which is unsubstituted or
substituted one or nore tines by Rl1l, 6-7 nenbered heteroaral kyl which is
unsubstituted QccsidittotdfuptheP BRDOAINTERE Emtand®sarey. R11, 3-6 nenbered

het erocycl e which is unsubstituted or substituted one or nore tines by R12,
or 4-7 menbered heterocycl e-al kyl which is unsubstituted or substituted one
or more tines b&éc&%ﬂw BN figehdReniitdifiént, 3he o?@rﬁ?Br hﬂ§j¢%60{ﬂ8to|tl5{er d‘ﬁ"?ﬁ@lﬁd n

- NRdC( =0) NRaRb C%,( 0)Ra, - NRIJC(=NRINRaRb, - NRbC(=0)ORa, - NRb
-NRbsozNRaﬁ%‘nC{ﬁﬁé'PQﬁnﬁlyF?aor% R and Rd are each |ndependently H, Cl 12

al kyl, C2_12 al kenyl, CZ 12 al kynyl, C6_12 aryl, Cr-16 aral kyl, 5-12

rrenber ed heteroaryl, 6-18 nenbered het er oar al kyI 3-12 nenber ed

het er ocycl e, rAcﬂorﬁ@gnt@rﬁ)@F@Gr pebadigepsl Risa-kyl . In some enbodi ments,
t he conpounds of this invention are represented in Table 1A In sone

enbodi nents, the conpounds of this invention are represented in Table 1B.
In certain embddrensingsto a fusthes embpdientseis herein are as defined in the
speci fic 30enbodi ments as shown in the tabl es bel ow I n one

enbodi ment in the conmpounds of the present invention Rl is hal ogen, -ORa,

- NRaRbl0 - C(=0) @Raording(t0)aNRatRsr emBpdig)enH, X a ¥@JRa, - C(=NOR, ) Ra,

-C(=NR, ) NRaRb, - NRdC(=0) NRa -NRbC(z0) Ra, - NRIC(=NRINRaRb, - NRbC(=0) CRa,
-0C(=0) NRaRb, -0C(=0)Ra, - O)ORa hydr oxyl , nitro, azido, cyano,
-5(0)0_3Ra, -SM2NRaRb, - NRb Ra, -NF O2NRaRla g O)ORaO?b Cl_6 al kyl
whi ch is unsubstituted or substttuted AttQ@r ney Ir:I ef .: 097546- 0133 WO

2011/ 079327PCT/ US2010/ 062168 one or nore tines by Rw C2_6 al kenyl which is
unsubstituted or substituted one or nore tinmes by RLO, C2 6 al kynyl which

i s unsubsti t ut edcodinguiost furtieedmbadiment,porrd Yianeeadhy R10; I n one enbodi ment
in the conpounds of the present inventiqgR, herein as valency allows in B,
B, Ra, Rb, R" and Rd, Rl, R2, R2', R3, | ', R4, R4', R0, R11 and K12
each of al kyl, al kenyl, al kynyl al koxy.~.aryl, aral kyI het er oaryl ,

het er oar al kyl, heterocycle, or heterocycle aIkyI is |ndependently
unsubstituted or substituted one or nore tinmes by hal ogen, -ORa,, oxo,
-NRa, Rb,, =NOR, -C(=0)0Ra,, -C(O)NRa, Rb,, -C(=0)0H, -C(=0)Ra', -

C(=NORc, ) Ra, , -ActendiRg, toNRaurtRier embiiRche@t,203mMR4 aRbeach- NRb, C( =0) Ra, ,

-NRd, C(=NRc, ) NRa, Rb,, - NRb, C(=0)0Ra,, -QC(=0)NRa,Riy, -0C(=0)Ra,,

-0C( :O)ORa,, hydroxyl, nitro, azido, cyapo, - 10S(0)0_3Ra,, -SO2NRadRb,,
-NRb, SO2Ra, ; wherein Ra,-Rd, are each independently H, Cl112 alkyl. In one
embodi ment in the conmpounds of the preSsentQnvention p is 0 1 or 2. In one
enbodi nent in the conmpounds of the present invention p is In one
embodi nent in t r%‘BnﬁB‘Sd?ﬂﬂ‘g Brrker evish egetteisivehindrtes the GttaF*i‘m‘Eiﬁeto the
enbodi ment i n tWEO¥Hrpounds of the present invention p is 2 In one

enbodident in the conpounds of the cgresent invention R4 an

are
I n one embodi NMESETANG toea dWithRIupAROUMEnh RepAndsRntin ifermnR i( 'dn 'Rl 1y ﬂ'él)’o@ren
C1_3 al kyl(yB)y4teceath, ind¥sHMaent®y neibgén aligORY - -C( OINR.R, ! gtrﬂﬂ%oﬁn‘@g AWBAL | n
t he corrpounds of the present invention RT 1's c oro, ftluor

hydroxyl , heyegsaatedralingt Reskgxyl,264m apfle Ok kbl kawyh Whierein ﬁeoc%ﬁ*ﬂféﬂ’r?ﬁs()fo% £3e
present i nmeepkéf tH%]= vh?h file atoms to whf&hQH@y gf@zﬂ@éd’l’ﬁatto Rl & Chﬁélﬂgﬁ&" 1wh1Q'Ra
oxo, -C(=0)0Ra, -C(0)N -C(=0)0 O)Ra, -0 d%Ra

- 0C( =0) ORdS unyhstikyted nywbétltumer@ﬁnomi% “tipes buchi A perygathyy Vftmclms 12
al kyl , CZ_LH’@U&'U'&?(@M'W sGBsﬂt%t%OBﬂ(é‘ ’mcﬂ:@-targe@FilR 5}7a 3467 %@M‘e%d héfé’gcycle
member ed het er oary ere het er oar a nber ed
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H Cl_12 alkyl .. &2 alkenYl, C2-12 al kynyl, C6-12 aryl, C7-16 aral kyl,
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conpounds of the present invention R11 is hal ogen, - ORa, -NRaRb,
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in the conpounds of the present invention R12 is hal ogen, - ORa, oxo,

- NRaRb, hydL&(il, cyano, Cl16 al kyl, wherein Ra-Rb are are each
indep:%dently ., Cl 12 al kyl, C2-12 al kenyl, C2-12 al kynyl, C6-12 aryl,

C7- 16 “ar al kyl B 12" menber ed het eroaryl, 6- 18 nenbered heteroaral kyl, 3-12
menber ed heterocycle or 4-18 nenbered heterocycle-alkyl. In one enbodinent

B B R R, RO RSP rpORt o, MR TR ) b

each of al(Kg), (IeAkenyWA) at lkeycty indepéridexiply naath ethyglisopropyedieftumaonibthyl, di-
het er oar al kyl ter het er nd ndent |
insubst | ¢ (1608 s BTGt a1 oRtE My Rl JE PUERS, br 8 Ro,

C(=0)0ORa,, -C(0)NRa, Rb,, -C(=0)0H, hydroxyl nltro azi do, cyano ,; Wherein
-Rd, are each independently H Cl 12 aIkyI. I'n one enbodi ment in
t he conpounds of the present invention wherein as valency allows in B, B
Ra, Rb, R' and Rd, R1, R2, R2', R3, R3', R4, R4', R113, R11 and Rl12 each of
al kyl, al kenyl, al kynyl, al koxy, aryl, aral kyl, heteroaryl, heteroaralkyl,
het erocycl e, or heterocycle-al kyl is independently unsubstituted or
substBOEL{®3dhe tine by hal ogen. I n one ¥nbodi nent in the conpounds of the
pr esent |nvent|on mhereln as 30 val ency alloms in B, B Ra, Rb, R' and Rd,

——. —~ A ~A A I~ —~aA A A N o I |



10iPV?”tiQnm%QQuéLo&§é&b one pharmaceutically acceptable carrier or

exci pi ent. The use of a conpound of the present invention for
treating WO 2bEpEPI2Ci s C viral infection in a human. ThePa3ased1oasnesrpound
of the present invention further conprising admnistering at |east one
addi tional agent. The use of a compound of the present invention wherein
said at | east one additional agent is selected fromviral serine protease
inhibitors, viral polynmerase inhibitors, viral helicase inhibitors,

i mmunonudul ati ng agents, antioxi dant agents, antibacterial...agents,

t herapeutic vacci nes, hepatoprotectant agents, antisense agents, inhihjtors
o Ho NSETOUORRBaL W Thite, Rigs: LorBchiNEneE ALRCTSEBLdo ent 7yOb Rt Ry
(IRES). The use of a conpound of the present invention wheregin said at

| east one additional agent is selected fromribavirin apd-¢nterferon-a.

20The use of a .compoun f the present ,inventjon for the ufacture of a
nedi canent8°UPs togeTRg\r wﬁggiﬁ%é 5 QY ‘abﬁ}?éﬂaé? Fhﬁaleéirf%Fmsi ng dt" | east one
conmpound of the present invention and at |east one pharmaceutically
acceptabl e carrjer or excipient. . Accordi ng, to an p t

vent fon. ¢ he ACGBianiR & dBrERs emhodmentna iy uhe wdl AER TRk Ml Aty o

"I'A 30 No.(IVA¥ bEEYAN 8o R, Broups tddether WitH the atoms to which they are attached form

H, and two R4’ groups together with the atoms to which they are attached form

According to a further embodiment, Ry and R’ in formula (1), (I1A), (1), or (llA) are

10  each independently methyl, ethyl, methoxy, di-fluoromethyl, trifluoromethyl, or two R4
groups together with the atoms to which they are attached form fused cyclopropyl or
spiro cyclopropyl or two R, groups together with the atoms to which they are attached

form fused cyclopropyl or spiro cyclopropyl.

According to a further embodiment, R4, and Ry’ in formula (1), (IA), (1), (lIA), or
(IlIB) are each independently methyl, ethyl, methoxy, di-fluoromethyl, trifluoromethyl,
or two R4 groups together with the atoms to which they are attached form spiro
cyclopropyl or two Ry’ groups together with the atoms to which they are attached form

spiro cyclopropyl.

20
According to a further embodiment, R, and R, are each independently H,
halogen, Ci¢alkyl, hydroxyl, phenyl, or C;.4 alkoxy.
According to a further embodiment, R, and R, are each independently -
-NR4Rp, -C(O)NR,Ry, -(CH2)1.60H, Ci¢ alkyl, Cyi.¢ halogenated alkyl, Cs.14 aryl, or Cy¢alkoxy.
According to a further embodiment, R4 and R, are each independently halogen,
methyl, ethyl, isopropyl, di-fluoromethyl, di-fluoroethyl, trifluoromethyl, tri-
fluoroethyl, -CH,0H, -NR,N,, t-butoxy-, or hydroxyl.
30
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According to a further embodiment, R, and R,’ are each independently halogen,
methyl, ethyl, isopropyl, di-fluoromethyl, di-fluoroethyl, trifluoromethyl, tri-
fluoroethyl, -CH,OH, t-butoxy-, or hydroxyl.

According to a further embodiment, R, and R’ are each independently methyl,
ethyl, isopropyl, di-fluoromethyl, di-fluoroethyl, trifluoromethyl, tri-fluoroethyl,
CH,0H, -NR.N,, or t-butoxy.

According to a further embodiment, R, and R’ are each independently methyl,
ethyl, isopropyl, di-fluoromethyl, di-fluoroethyl, trifluoromethyl, tri-fluoroethyl, or -

CH,0H.

According to a further embodiment, R, and R, are each independently methyl,

ethyl, methoxy, di-fluoromethyl, or trifluoromethyl.

According to a further embodiment, R, and R, are each independently H,

halogen, methyl, ethyl, t-butoxy-, or hydroxyl.

According to a further embodiment, R, and R’ are each H.

According to a further embodiment, R, and R,’ are each fluoro.

According to a further embodiment, R, and R, are Cy¢alkyl.

According to a further embodiment, R, and R4’ are each C; ¢ haloalkyl.

According to a further embodiment, R, and R’ are methyl or ethyl.

According to a further embodiment, R, and R’ are each methyl.

According to a further embodiment, R, and R’ are each ethyl.

According to a further embodiment, R, and R’ are each methoxy.

According to a further embodiment, R, and R,’ are each independently halogen,

Ci6 alkyl, or Cy¢alkoxy.
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According to a further embodiment, one of R, and R’ is hydrogen and the other of
R4 and R4’ is C1_6 alkyl

According to a further embodiment, R; and R;’ are H or methyl.
According to a further embodiment, R; and R;’ are each H.

According to a further embodiment, R; and R;’ are methyl.
10
According to a further embodiment, Ry is H, halogen, -OR,, -NR.R;,, -C(=0)OR,, -
C(O)NR,Ry, -C(=0)OH, -C(=0O)R,, -C(=NOR.R,, -C(=NRNR,R,, -NR4C(=O)NR,R,,
NRp,C(=0)Ra, -NR4C(=NR)NR,R,, -NR,C(=0)OR, -OC(=O)NR,R,, -OC(=O)R, -OC(=0)OR,,
hydroxyl, nitro, azido, cyano, -5(0)o3Ra, -SO:NR.R,, -NR,SO2R,, -NR,SO:NR,Ry,
P(=0)OR,0Ry, Ci alkyl, C;6 alkenyl, C, alkynyl, or Ci halogenated alkyl or any two
occurrences of Ry can be taken together with the atoms to which they are attached to
form a 5-7 cycloalkyl which is unsubstituted or substituted one or more times by R' or a
5-7 membered heterocycle which is unsubstituted or substituted one or more times by
R
20
According to a further embodiment, Ry is H, halogen, -OR,, -NR,R;,, -C(=0)OR,, -
C(O)NR,Rp, -C(=0)OH, -NR,C(=0O)R,, -hydroxyl, nitro, cyano, -S(0)o3R., Cie alkyl, Cs
alkenyl, C,¢ alkynyl, or C;¢halogenated alkyl.
According to a further embodiment, R;is halogen, C;;alkyl, hydroxyl, cyano, or

C,.3 alkoxy, or methoxycarbonyl.

According to a further embodiment, R;is halogen, C;4alkyl which is unsubstituted
or substituted one or more times by R', -C(=0)OR,, -C(O)NR,R;, hydroxyl, cyano, or C;.
alkoxy.
30
According to a further embodiment, R, is chloro, fluoro, bromo, methyl, ethyl,
propyl, butyl, -CH,OH, difluoromethyl, trifluoromethyl, hydroxyl, cyano, methoxy, or
methoxycarbonyl.

According to a further embodiment, R; is chloro, fluoro, methyl, hydroxyl, cyano,

trifluoromethyl, methoxy, or methoxycarbonyl.
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According to a further embodiment, R;is halogen, C;;alkyl, hydroxyl, cyano, or

Ci3 alkoxy.

According to a further embodiment, R, is chloro, fluoro, methyl, hydroxyl, cyano,

or methoxy.
According to a further embodiment, R; is methyl

10 According to a further embodiment, Ryis H.

According to a further embodiment, R, and R;’ are each independently H,
halogen, C;¢ alkyl, -(CH,);30H, -OR,, -C(=0)0OR,, -C(O)NR,R;, -C(=0)OH, Cq.; aryl, or 5-12
membered heteroaryl, wherein R,, Ry, R, and Ry are each independently H, C;.i; alkyl, Cq.
12 aryl, Cz4 aralkyl, 5-12 membered heteroaryl, 6-18 membered heteroaralkyl, 3-12

membered heterocycle, or 4-18 membered heterocycle-alkyl.
According to a further embodiment, R, and R;’ are each independently H,
halogen, C, alkyl, -(CH;);30H, -OR,, -C(=0)OR,, -C(O)NR.R,, -C(=0)OH, phenyl, or 5-6
20 membered heteroaryl, wherein R,, Ry, R, and Ry are each independently H, C;.;; alkyl, Cq.
12 aryl, Cz4 aralkyl, 5-12 membered heteroaryl, 6-18 membered heteroaralkyl, 3-12

membered heterocycle, or 4-18 membered heterocycle-alkyl.

According to a further embodiment, R, and R,’ are each independently H, iodo,

methyl, hydroxymethyl, trifluoromethyl, or thienothienyl.

According to a further embodiment, R;’ is independently methyl, trifluoromethyl,
iodo, CH,OH, or NHC(O)CHs.

30 According to a further embodiment, R, and R,’ are each methyl.
According to a further embodiment, R, and R,’ are each iodo.
According to a further embodiment, s is 0.

According to a further embodiment, uis 0.
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According to a further embodiment, R, and R,’ are each H.
According to a further embodiment, R is H or Cy3 alkyl.

According to a further embodiment, Rs and Rs’ are each independently C3 alkyl
which is unsubstituted or substituted one or more times by R, C,s alkenyl which is
unsubstituted or substituted one or more times by R', C,.5 alkynyl which is unsubstituted
or substituted one or more times by R', phenyl which is unsubstituted or substituted one
or more times by R™, Css aralkyl which is unsubstituted or substituted one or more times

10 by R", 5-6 membered heteroaryl which is unsubstituted or substituted one or more times
by R", 6-8 membered heteroaralkyl which is unsubstituted or substituted one or more
times by R, 3-6 membered heterocycle which is unsubstituted or substituted one or
more times by R™, or 4-8 membered heterocycle-alkyl which is unsubstituted or

substituted one or more times by R'.

According to a further embodiment, Rs and Rs’ are each independently Ci¢ alkyl
which is unsubstituted or substituted one or more times by R, C,, alkenyl which is
unsubstituted or substituted one or more times by R', C,. alkynyl which is unsubstituted
or substituted one or more times by R', phenyl which is unsubstituted or substituted one

20  or more times by R", benzyl which is unsubstituted or substituted one or more times by
R", 5-6 membered heteroaryl which is unsubstituted or substituted one or more times by
R", 6-7 membered heteroaralkyl which is unsubstituted or substituted one or more times
by R", 5-6 membered heterocycle which is unsubstituted or substituted one or more
times by R", or 6-7 membered heterocycle-alkyl which is unsubstituted or substituted

one or more times by R™.

According to a further embodiment, Rs and Rs’ are each independently Ci¢ alkyl
which is unsubstituted or substituted one or more times by R, C,, alkenyl which is
unsubstituted or substituted one or more times by R'Y, or C,¢ alkynyl which is

30 unsubstituted or substituted one or more times by R™.

According to a further embodiment, Rs and Rs’ are each independently Cq.; alkyl

which is unsubstituted or substituted one or more times by R™.

According to a further embodiment, Rs and Rs’ are each independently methyl,

ethyl, propyl, isopropyl, butyl, sec-butyl, tert-butyl, pentyl, 2-methylbutane, 3-
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methylbutane, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, or cyclohexyl(CH,)-,

which in each case is unsubstituted or substituted one or more times by R™.

According to a further embodiment, Rs and Rs’ are each independently methyl,
ethyl, propyl, isopropyl, butyl, sec-butyl, tert-butyl, pentyl, 2-methylbutane, 3-
methylbutane, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, or cyclohexyl(CH,)-.

According to a further embodiment, Rs and Rs’ are each independently isopropyl
which is unsubstituted or substituted one or more times by R™.
10
According to a further embodiment, Rs and Rs’ are each independently isopropyl

which is unsubstituted or substituted one or more times by -OCHj;.
According to a further embodiment, Rs and Rs’ are each isopropyl.
According to a further embodiment, Rs and Rs’ are each H or tert-butyl.

According to a further embodiment, Rs and Rs’ are each independently phenyl
which is unsubstituted or substituted one or more times by R'".
20
According to a further embodiment, Rs and Rs’ are each independently benzyl

which is unsubstituted or substituted one or more times by R'".

According to a further embodiment, R' is halogen, -OR,, oxo, -NR,R,, =NO-R. , -
C(=0)0R,, -C(O)NR,R;, -C(=0)0OH, -C(=0)R,, -C(=NOR()R,, -C(=NR)NR,R,, -NR4C(=O)NR,R,
-NRpC(=0)Rs, -NR4C(=NR)NR.Rp, -NR,C(=0)OR, -OC(=0)NR.R,, -OC(=O)R, -OC(=0)OR,,
hydroxyl, nitro, azido, cyano, -5(0)o3Ra, -SO2NR4Rp, -NRySO,R,, or -NR,SO.NR,R,, wherein
Ra -Rq are each independently H, Cy.q; alkyl, C,q; alkenyl, C,.q; alkynyl, Cq.1; aryl, Cs¢
aralkyl, 5-12 membered heteroaryl, 6-18 membered heteroaralkyl, 3-12 membered

30  heterocycle, or 4-18 membered heterocycle-alkyl.

According to a further embodiment, R' is -NR.R,, -NR4C(=0)NR,R;,, -NR,C(=0)R,, -
NR4C(=NR)NR,Rp, -NR,C(=0)OR, -NR,SO;R,, or -NR,SO,NR,R,, wherein R,, Ry, R, and Ry
are each independently H, Cy; alkyl, C,; alkenyl, C,.1; alkynyl, C¢.1 aryl, C;.q¢ aralkyl, 5-
12 membered heteroaryl, 6-18 membered heteroaralkyl, 3-12 membered heterocycle, or

4-18 membered heterocycle-alkyl.
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According to a further embodiment, R is -NR,Ry, -NR4C(=0)NR,R,, -NR,C(=O)R,,
NR,C(=0)OR,, or -NRySO2R,, wherein R,,R,, and Ry are each independently H, Cy.1; alkyl,
Coq2 alkenyl, C,42 alkynyl, Ceq2 aryl, Cs4¢ aralkyl, 5-12 membered heteroaryl, 6-18
membered heteroaralkyl, 3-12 membered heterocycle, or 4-18 membered heterocycle-

alkyl.

According to a further embodiment, R is -NR.R, or -NR4C(=O)NR,R,, wherein R,
and Ry, are each independently H, Cq4; alkyl, C,42 alkenyl, C,.; alkynyl, Ce¢q2 aryl, Cs 4
aralkyl, 5-12 membered heteroaryl, 6-18 membered heteroaralkyl, 3-12 membered

heterocycle, or 4-18 membered heterocycle-alkyl.

According to a further embodiment, R is -NR4C(=O)NR.R,, wherein R,,R,, are
each independently H, Cq.; alkyl, C,42 alkenyl, C,4; alkynyl, C¢ 2 aryl, C;q¢ aralkyl, 5-12
membered heteroaryl, 6-18 membered heteroaralkyl, 3-12 membered heterocycle, or 4-

18 membered heterocycle-alkyl.

According to a further embodiment, R is halogen, -OR,, oxo, -C(=O0)OR,, -
C(O)NR,Rp, -C(=0)OH, -C(=0)R,, -OC(=0)NR.Rp, -OC(=0)R,, -OC(=0)OR,, hydroxyl, cyano,
wherein R,-R, are each independently H, Cq.q; alkyl, C,q; alkenyl, C,.; alkynyl, C¢4, aryl,
C7.16 aralkyl, 5-12 membered heteroaryl, 6-18 membered heteroaralkyl, 3-12 membered

heterocycle, or 4-18 membered heterocycle-alkyl.

According to a further embodiment, R is halogen, -OR,, oxo, -C(=O0)OR,, -
C(O)NR,Rp, -C(=0)OH, -OC(=O)NR.R,, hydroxyl, or cyano, wherein R,-R, are each
independently H, Cyq alkyl, C,q alkenyl, C,q; alkynyl, C¢q aryl, Cs;4¢ aralkyl, 5-12
membered heteroaryl, 6-18 membered heteroaralkyl, 3-12 membered heterocycle, or 4-
18 membered heterocycle-alkyl.

According to a further embodiment, R' is halogen, Ci.calkoxy, hydroxyl, or NH,.

According to a further embodiment, R' is halogen, hydroxyl, or NH,.

According to a further embodiment, R' is halogen.
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According to a further embodiment, R' is halogen, -OR,, -NR,R,, -C(=0)OR,, -
C(O)NR,Ry, -C(=0)OH, -C(=0O)R,, -C(=NOR.R,, -C(=NRNR,R,, -NR4C(=O)NR,R,,
NR,C(=0)Ra, -NR4C(=NR)NR.Rp, -NR,C(=0)OR, -OC(=0O)NR,R,, -OC(=0)R, -OC(=0)OR,,
hydroxyl, nitro, azido, cyano, -S(0)s3Ra, -SO2NR.R,, -NR,SO2R,, or -NR,SO:NR.R,, Ciq2
alkyl, C,.1; alkenyl, C,.q; alkynyl, Ce.q2 aryl, C;4¢ aralkyl, 5-12 membered heteroaryl, 6-18
membered heteroaralkyl, 3-12 membered heterocycle, or 4-18 membered heterocycle-
alkyl, wherein R,, Ry, R, and Ry are each independently H, Cy_; alkyl, C,; alkenyl, Cy,.q,
alkynyl, Ceq, aryl, C;q aralkyl, 5-12 membered heteroaryl, 6-18 membered
heteroaralkyl, 3-12 membered heterocycle, or 4-18 membered heterocycle-alkyl.

10

According to a further embodiment, R' is halogen, -OR,, -NR,R,, -C(=0)OR,, -
C(O)NR,R,, -C(=0)OH, -C(=0)R,, -NR4C(=O)NR.,R,, -NR,C(=O)R,, -NR,C(=0)OR,,
OC(=0)NR,R,, -OC(=0)R, -OC(=0)OR,, hydroxyl, cyano, -SO;NR.R,, -NR,SO;R,, Ci¢ alkyl,
C.6 alkenyl, C;6 alkynyl, phenyl, C;g aralkyl, 5-6 membered heteroaryl, 6-8 membered
heteroaralkyl, 5-6 membered heterocycle, or 6-8 membered heterocycle-alkyl, wherein
Ra, R, and R4 are each independently are each independently H, Cq.;alkyl, C; 1 alkenyl,
Co.iz alkynyl, Cq.q2 aryl, C;4¢ aralkyl, 5-12 membered heteroaryl, 6-18 membered

heteroaralkyl, 3-12 membered heterocycle, or 4-18 membered heterocycle-alkyl.

20 According to a further embodiment, R" is halogen, -OR,, -NR,Rs, -C(O)NR Ry, -
C(=0)OH, -C(=0)R,, -NR4C(=0)NR,Rp, -NR,C(=0)Ra, -NR,C(=0)OR,, -OC(=0)NR,R;, hydroxyl,
cyano, Cqgalkyl, C,6alkenyl, C,¢alkynyl, phenyl, C;4 aralkyl, 5-6 membered heteroaryl,
6-8 membered heteroaralkyl, 5-6 membered heterocycle, or 6-8 membered heterocycle-
alkyl, wherein R,, Ry, and Ry are each independently H, Cy4; alkyl, C,.1; alkenyl, C,4,
alkynyl, Ceq, aryl, C;q aralkyl, 5-12 membered heteroaryl, 6-18 membered

heteroaralkyl, 3-12 membered heterocycle, or 4-18 membered heterocycle-alkyl.
According to a further embodiment, R"' is halogen, -OR,, -NR,R,, hydroxyl, cyano,
or Cie alkyl, wherein R,-R,, are each independently H, Cy.1; alkyl, C,.1; alkenyl, Cy,.4,
30 alkynyl, Ce42 aryl, C;46 aralkyl, 5-12 membered heteroaryl, 6-18 membered
heteroaralkyl, 3-12 membered heterocycle, or 4-18 membered heterocycle-alkyl.

According to a further embodiment, R" is halogen, hydroxyl, cyano, or NH,.

According to a further embodiment, R"' is halogen.
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According to a further embodiment, R' is halogen, -OR,, oxo, -NR,R,, =NO-R. , -
C(=0)0R,, -C(O)NR,R;, -C(=0)0OH, -C(=0)R,, -C(=NOR.)R,, -C(=NR)NR,R,, -NR4C(=O)NR,R,,
-NRpC(=0)Rs, -NR4C(=NR)NR.Rp, -NR,C(=0)OR, -OC(=0)NR.R,, -OC(=O)R, -OC(=0)OR,,
hydroxyl, nitro, azido, cyano, -5(0)o3Ra, -SO2NR4Rp, -NR,SO2R,, -NRySO.NR,Ry, Cq42 alkyl,
Coq2 alkenyl, C,42 alkynyl, Ceq2 aryl, Cs4¢ aralkyl, 5-12 membered heteroaryl, 6-18
membered heteroaralkyl, 3-12 membered heterocycle, or 4-18 membered heterocycle-
alkyl, wherein R,, Ry, R, and Ry are each independently H, Cy_; alkyl, C,; alkenyl, Cy,.q,
alkynyl, Ceq, aryl, C;q aralkyl, 5-12 membered heteroaryl, 6-18 membered

heteroaralkyl, 3-12 membered heterocycle, or 4-18 membered heterocycle-alkyl.

According to a further embodiment, R" is halogen, -OR,, 0xo, -NR,R;, -C(=0)OR,, -
C(O)NR,R,, -C(=0)OH, -C(=0)R,, -NR4C(=O)NR.,R,, -NR,C(=O)R,, -NR,C(=0)OR,,
OC(=0)NR,R,, -OC(=0)R, -OC(=0)OR,, hydroxyl, cyano, -SO;NR.R,, -NR,SO;R,, Ci¢ alkyl,
C.6 alkenyl, C;6 alkynyl, phenyl, C;g aralkyl, 5-6 membered heteroaryl, 6-8 membered
heteroaralkyl, 5-6 membered heterocycle, or 6-8 membered heterocycle-alkyl, wherein
Ra, Ry, and R4 are each independently H, Cq.4; alkyl, C;.1; alkenyl, C;.q; alkynyl, C¢q2 aryl,
Cs46 aralkyl, 5-12 membered heteroaryl, 6-18 membered heteroaralkyl, 3-12 membered

heterocycle, or 4-18 membered heterocycle-alkyl.

According to a further embodiment, R" is halogen, -ORa., 0x0, -NR,Rs, -C(O)NRRs,
-C(=0)OH, -C(=0)Ra, -NR4C(=O)NR.Rp, -NR,C(=0)R., -NR,C(=0)OR, -OC(=0)NR.Ry,
hydroxyl, cyano, C,¢ alkyl, C,¢ alkenyl, C,¢ alkynyl, phenyl, C;5 aralkyl, 5-6 membered
heteroaryl, 6-8 membered heteroaralkyl, 5-6 membered heterocycle, or 6-8 membered
heterocycle-alkyl, wherein R,, R,, and Ry are each independently H, Ci., alkyl, C,.q;
alkenyl, C,2alkynyl, Ce.q2 aryl, C;46 aralkyl, 5-12 membered heteroaryl, 6-18 membered

heteroaralkyl, 3-12 membered heterocycle, or 4-18 membered heterocycle-alkyl.

According to a further embodiment, R" is halogen, -OR,, oxo, -NR,R,, hydroxyl,
cyano, or Cqealkyl, wherein R,-R,, are each independently H, Cy.;; alkyl, C,.1; alkenyl, Cyq,
alkynyl, Ceq, aryl, C;q aralkyl, 5-12 membered heteroaryl, 6-18 membered

heteroaralkyl, 3-12 membered heterocycle, or 4-18 membered heterocycle-alkyl.

According to a further embodiment, R" is halogen.

According to a further embodiment, R,, Ry, R, and Ry are each independently H,

Ci6 alkyl, C,¢ alkenyl, C,¢ alkynyl, phenyl, C;g aralkyl, 5-6 membered heteroaryl, 6-8
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membered heteroaralkyl, 5-6 membered heterocycle, or 6-8 membered heterocycle-

alkyl.

According to a further embodiment, R, and R. are each independently H, Ci¢
alkyl, C,¢ alkenyl, C,¢ alkynyl, phenyl, C;s aralkyl, 5-6 membered heteroaryl, 6-8
membered heteroaralkyl, 5-6 membered heterocycle, or 6-8 membered heterocycle-

alkyl, and Ry, and R, are each independently H or C,; alkyl.

According to a further embodiment, R, and R. are each independently H, Ci¢
10 alkyl, Cyealkenyl, C;alkynyl, phenyl, benzyl, 5-6 membered heteroaryl, 6-8 membered
heteroaralkyl, 5-6 membered heterocycle, or 6-8 membered heterocycle-alkyl, and Ry,

and Ry are each independently H or C,;alkyl.

According to a further embodiment, R,, Ry, R¢, and R, are each independently H or
Cisalkyl.

In accordance with a further embodiment, the compounds of the present

invention are represented by formula (IV):

(R,) (Ry)
N N
|/\g7 B' B —2/\ | R,
N\R | /N
N 3 (R,)p R N

R, O 0
' v R
R, R, (IV) R/ 8

20  or a pharmaceutically acceptable salt thereof,

wherein A, B, B’, Ry, p, Rz, R», R3, Ry, R4, and Ry are as defined for formula (1), and

R; and R;’ are each independently C;salkyl which is unsubstituted or substituted one or
more times by R, C,s alkenyl which is unsubstituted or substituted one or more
times by R, C,.s alkynyl which is unsubstituted or substituted one or more times by
R', phenyl which is unsubstituted or substituted one or more times by R", benzyl
which is unsubstituted or substituted one or more times by R", 5-6 membered

heteroaryl which is unsubstituted or substituted one or more times by R', 6-7
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membered heteroaralkyl which is unsubstituted or substituted one or more times
by R", 3-6 membered heterocycle which is unsubstituted or substituted one or
more times by R, or 4-7 membered heterocycle-alkyl which is unsubstituted or

substituted one or more times by R'%; and

Rs and Ry’ are each independently -NR.R,, -NR4C(=0O)NR.,R,, -NR,C(=0)R,,
NR4C(=NR)NR,Rp, -NR,C(=0)OR, -NRySO;R., -NR,SO:NR,R,, wherein R,, Ry, R, and Ry
are each independently H, Ci; alkyl, C;q; alkenyl, C,; alkynyl, C¢q2 aryl, Cz4¢
aralkyl, 5-12 membered heteroaryl, 6-18 membered heteroaralkyl, 3-12 membered

10 heterocycle, or 4-18 membered heterocycle-alkyl.

In accordance with a further embodiment, the compounds of the present

invention are represented by formula (IVA):

R7' (R2 )u (R2)S

O
\ / '
Re /I\\/ \ B B\</L (Ra),
N

(Rg)m (IVA) Rs

or a pharmaceutically acceptable salt thereof,

wherein g, u, s, A, B, B’, R, p, R, Ry, Rs, Ry, Ry, Ry, m, and n, are as defined for

formula (ll1A)
20

R; and R;’ are each independently C;salkyl which is unsubstituted or substituted one or
more times by R, C,s alkenyl which is unsubstituted or substituted one or more
times by R, C,.s alkynyl which is unsubstituted or substituted one or more times by
R', phenyl which is unsubstituted or substituted one or more times by R", benzyl
which is unsubstituted or substituted one or more times by R", 5-6 membered
heteroaryl which is unsubstituted or substituted one or more times by R', 6-7
membered heteroaralkyl which is unsubstituted or substituted one or more times
by R", 3-6 membered heterocycle which is unsubstituted or substituted one or
more times by R, or 4-7 membered heterocycle-alkyl which is unsubstituted or

30 substituted one or more times by R'%;
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Rs and Ry’ are each independently -NR,Ry;, -NR4C(=0)NR.Ry, -NR,C(=0)R,, -
NR4C(=NR)NR,Rp, -NRpC(=0)OR, -NRpSOzR,, or -NR,SO;NR.R,, wherein R,, Ry, R,
and Ry are each independently H, C4; alkyl, C, 4, alkenyl, C,2 alkynyl, Ce¢ 4, aryl, C;.
16 aralkyl, 5-12 membered heteroaryl, 6-18 membered heteroaralkyl, 3-12
membered heterocycle, or 4-18 membered heterocycle-alkyl; and

m and n combined are 0, 1, 2, 3 or 4.

According to a further embodiment, Rg and Rg’ are each independently -NR.R,, -
NR,C(=0)R,, or -NR,C(=0)OR, wherein R,-R, are each independently H, Cy¢alkyl, phenyl,
benzyl, 5-6 membered heteroaryl, 6-8 membered heteroaralkyl, 5-6 membered

heterocycle, or 6-8 membered heterocycle-alkyl.

According to a further embodiment, Rg and Rg’ are each independently -NR,R;, or -
NR,C(=0)OR,, wherein R,-R, are each independently H, Ci¢ alkyl, phenyl, benzyl, 5-6
membered heteroaryl, 6-8 membered heteroaralkyl, 5-6 membered heterocycle, or 6-8

membered heterocycle-alkyl.

According to a further embodiment, Rg and Rg’ are each independently -
NR,C(=0)OR,, wherein R,-R, are each independently H, Ci¢ alkyl, phenyl, benzyl, 5-6
membered heteroaryl, 6-8 membered heteroaralkyl, 5-6 membered heterocycle, or 6-8

membered heterocycle-alkyl.

According to a further embodiment, Rg and Rg’ are each independently -
NR,C(=0O)OR,, wherein R,-R, are each independently H, Cy¢ alkyl, phenyl,

tetrahydrofuran, or benzyl.

According to a further embodiment, Rz and Ry’ are each independently -
NRp,C(=0)OR,, wherein R, is Ci¢alkyl and Ry, is H or methyl.

According to a further embodiment, Rg and Ry’ are each independently -
NR,C(=0)OR,, wherein R, is Cy.¢ alkyl and R is H.

According to a further embodiment, Rz and Ry’ are each independently -
NRpC(=0)OR,, wherein R, is methyl and R, is H.
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According to a further embodiment, R; and R;’ are each independently C,s alkyl,
C,s alkenyl, C,g alkynyl, phenyl, benzyl, 5-6 membered heteroaryl, 6-7 membered
heteroaralkyl, 3-6 membered heterocycle, or 4-7 membered heterocycle-alkyl;
According to a further embodiment, R; and R;’ are each independently phenyl.

According to a further embodiment, R; and R;” are each independently C,¢ alkyl.

According to a further embodiment, R; and R;’ are each independently C;¢ alkyl

10 which is unsubstituted or substituted one or more times by R™.
According to a further embodiment, R; and R;’ are each independently methyl,
ethyl, propyl, isopropyl, methoxyisopropyl, butyl, sec-butyl, tert-butyl, pentyl, 2-
methylbutane, 3-methylbutane, cyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyl.
According to a further embodiment, R; and R;’ are each independently methyl,
ethyl, propyl, isopropyl, butyl, sec-butyl, tert-butyl, pentyl, 2-methylbutane, 3-

methylbutane, cyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyl.

20 According to a further embodiment, R; and Rg or Ry and Rg together with the

carbon to which they are attached are each independently:

. H a § 0 ] ]
L1 X
o
, L.

According to a further embodiment, R; and R;’ are each isopropyl.

In accordance with a further embodiment, the compounds of the present

invention are represented by formula (V):
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(R,) (R,)
N N
S s
N N w R
\R ' /
. N 3 (R,)p R Nj
R, o) o
Re' (V) SR,
R, R

or a pharmaceutically acceptable salt thereof, wherein each of A, B, B’, R', p, Ry, Rz, Rs,

Ry, R4, Ry, Ry, R7, Rg, and Ry, are as defined for formula (1).

In accordance with a further embodiment, the compounds of the present

invention are represented by formula (VA):

R
(R2 )u ( 2)3
\ B' B/ N
)\ \\\\ \\\\R4
Ro)p /
R4'

(VA) R R

/ Re Rs

R7
or a pharmaceutically acceptable salt thereof, wherein each of q, u, s, A, B, B’, R, p,
R, Rz, R3, Ry, Ry, Ry, Ry, Rz, Rg, and Ry, are as defined for formula (l11A).
10
According to a further embodiment, as valency allows in B, B’  R,, Ry, Rc, and Ry,
Ri, Rz, Rz, Rs, Ry, Ry, Ry, R, R" and R™ each of alkyl, alkenyl, alkynyl, alkoxy, aryl,
aralkyl, heteroaryl, heteroaralkyl, heterocycle, or heterocycle-alkyl is independently
unsubstituted or substituted one or more times by halogen, -OR, -NR,Ry, C(=0)OR,, -
C(O)NRyR,, -C(=0)0OH, hydroxyl, nitro, azido, or cyano, wherein R, Ry, Ro, and Ry are
each independently H, Cq 4, alkyl.

According to a further embodiment, as valency allows in B, B’  R,, Ry, Rc, and Ry,
Ri, R2, Ry, R3, Ry, Ry, Ry, R, R" and R™ each of alkyl, alkenyl, alkynyl, alkoxy, aryl,
20 aralkyl, heteroaryl, heteroaralkyl, heterocycle, or heterocycle-alkyl is independently

unsubstituted or substituted one time by halogen.
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According to a further embodiment, as valency allows in B, B’ R,, Ry, R¢, and Ry,
Ri, R2, Ry, R3, Ry, Ry, Ry, R, R" and R™ each of alkyl, alkenyl, alkynyl, alkoxy, aryl,
aralkyl, heteroaryl, heteroaralkyl, heterocycle, or heterocycle-alkyl is independently

unsubstituted or substituted one time by fluoro.

In accordance with the present invention, the compounds are selected from

compounds as defined in the formulas wherein:

Ais Ce 44 aryl, 5-12 membered heteroaryl, or a bond;

B and B’ are each independently -(C=C)- or -(CH,)2-;

R is H, halogen, -OR,, -NR.R,, -C(=0)OR,, -C(O)NR.R,, -C(=0)OH, -NR,C(=0)R,, hydroxyl,
nitro, cyano, -5(0)o3Ra, - Cie alkyl, C,¢ alkenyl, C,¢ alkynyl, or Ci¢ halogenated
alkyl;

R; and R;’ are each independently H, methyl, or iodo;

m and n are each independently 0, 1 or 2;

pis0,1or2;

R; and R;’ are H;

R, and R4’ are each independently H, halogen, C,¢ alkyl, hydroxyl, phenyl, or C;4alkoxy;

XandY are

Rs and Rs’ are each independently Cy.1; alkyl which is unsubstituted or substituted one or

more times by R'™.

In accordance with the present invention, the compounds are selected from

compounds as defined in the formulas wherein:

Ais Ceq4 aryl, 5-12 membered heteroaryl, or a bond;

B and B’ are each independently -(C=C)- or -(CH,)2-;

R; is H or methyl;

R, and R, are each independently H, methyl or iodo;
m and n are each independently 0, 1 or 2;
pis0,1or2;

Rz and R;’ are H;
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R, and R4’ are each independently H, halogen, C,¢ alkyl, hydroxyl, phenyl, or C;4alkoxy;
XandY are

Rs and Rs’ are each independently Cy.1; alkyl which is unsubstituted or substituted one or

more times by R'™.

In accordance with the present invention, the compounds are selected from
compounds as defined in the formulas wherein:
10 A is phenyl, thiophene, thieno[3,2-b]Jthiophene, pyridine, pyrimidine, naphthyl,
benzo[1,3]dioxole, benzooxazole, or triazole;

B and B’ are each independently -(C=C)- or -(CH;),-;

R: is H or methyl;

R, and R, are each independently H, methyl or iodo;

m and n are each independently 0, 1 or 2;

pis0,1or2;

Rz and R;’ are H;

R, and R4’ are each independently H, halogen, C,.¢ alkyl, hydroxyl, phenyl, or C;.4alkoxy;
20 XandY are

Rs and Rs’ are each independently Cy.1; alkyl which is unsubstituted or substituted one or

more times by R'™.

In accordance with the present invention, the compounds are selected from
compounds as defined in the formulas wherein:
A is phenyl, thiophene, thieno[3,2-b]thiophene, naphthyl, benzo[1,3]dioxole, or
benzooxazole;

30 B and B’ are each independently -(C=C)- or -(CH,)2-;

R; is H, halogen, -OR,, -NR,R;, -C(=0)OR,, -C(O)NR,R;,, -C(=0)OH, -NR,C(=0)R,, hydroxyl,
nitro, cyano, -5(0)¢3Rs, - Cie alkyl, Cy¢ alkenyl, C,¢ alkynyl, or Cy halogenated
alkyl;

R; and R;’ are each independently H, methyl or iodo;

m and n are each independently 0, 1 or 2;
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pis0,1or2;

R; and R;’ are H;

R, and R4’ are each independently H, halogen, C,.¢ alkyl, hydroxyl, phenyl, or C;.4alkoxy;

X and

Y are each

Rs and Rs’ are each independently Cy.1; alkyl which is unsubstituted or substituted one or

more times by R'’;

10 R; and R;’ are each independently C;zalkyl which is unsubstituted or substituted one or

20

more times by R, C,s alkenyl which is unsubstituted or substituted one or more
times by R, C,.s alkynyl which is unsubstituted or substituted one or more times by
R', phenyl which is unsubstituted or substituted one or more times by R", benzyl
which is unsubstituted or substituted one or more times by R", 5-6 membered
heteroaryl which is unsubstituted or substituted one or more times by R', 6-7
membered heteroaralkyl which is unsubstituted or substituted one or more times
by R", 3-6 membered heterocycle which is unsubstituted or substituted one or
more times by R, or 4-7 membered heterocycle-alkyl which is unsubstituted or

substituted one or more times by R'%; and

Rs and Ry’ are each independently -NR,R,, -NR4C(=0)NR.R,, -NR,C(=0)R,,

NR4C(=NR)NR,Rp, -NR,C(=0)OR, -NRySO;R., -NR,SO:NR,R,, wherein R,, Ry, R, and Ry
are each independently H, Cy; alkyl, C,.; alkenyl, C,, alkynyl, C¢q aryl, Csqe
aralkyl, 5-12 membered heteroaryl, 6-18 membered heteroaralkyl, 3-12 membered

heterocycle, or 4-18 membered heterocycle-alkyl.

In some embodiments, the compounds of this invention are represented in Table

1A. In some embodiments, the compounds of this invention are represented in Table 1B.

In certain embodiments, the variables used herein are as defined in the specific

30 embo

diments as shown in the tables below.

In one embodiment in the compounds of the present invention R, is halogen, -OR,,

-NR,Rp, -C(=0)OR,, -C(O)NR.,R,, -C(=0)OH, -C(=O)R,, -C(=NOR.)R., -C(=NR:)NR,Rp,
NR4C(=O)NR,Rp, -NR,C(=O)R,, -NR4C(=NR)INR,R,, -NR,C(=0)OR, -OC(=0)NR.R,, -OC(=0)R,,
-0C(=0)0R,, hydroxyl, nitro, azido, cyano, -5(0)o-3Ra, -SO;NR,R;,
NRySO;Rs, -NRLSO;NR Ry, -P(=0)OR,OR;, Ci alkyl which is unsubstituted or substituted
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one or more times by R, C,.¢alkenyl which is unsubstituted or substituted one or more
times by R', C,. alkynyl which is unsubstituted or substituted one or more times by R';

In one embodiment in the compounds of the present invention, herein as valency
allows in B, B’ R,, Ry, R, and Ry, Ry, Rz, Ry, R3, R3’, Ry, Ry, R', R™ and R™ each of alkyl,
alkenyl, alkynyl, alkoxy, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocycle, or
heterocycle-alkyl is independently unsubstituted or substituted one or more times by
halogen, -OR,, ox0, -NRyRy:, =NO-R., -C(=0)OR,, -C(O)NR, R, -C(=0)OH, -C(=0)R.;,
C(=NOR¢)R,:, -C(=NR)INRyRp:, -NRyC(=0)NR Ry, -NR,C(=0)R.:, -NR4yC(=NR)NRyRy:, -
NR,:C(=0)OR,;, -OC(=0)NR. Ry, -OC(=0)R,:, -OC(=0)OR,-, hydroxyl, nitro, azido, cyano,
S(0)o3Ra, -SO2NR4Ry, -NRy:SO2R,; wherein R -Ry are each independently H, Cq.q; alkyl.

In one embodiment in the compounds of the present invention pis 0, 1 or 2.

In one embodiment in the compounds of the present invention p is 0 or 1.

In one embodiment in the compounds of the present invention p is 0.

In one embodiment in the compounds of the present invention p is 2.

In one embodiment in the compounds of the present invention Ry and R4 are H.

In one embodiment in the compounds of the present invention R;is halogen, C;;
alkyl, hydroxyl, cyano, or C,; alkoxy.

In one embodiment in the compounds of the present invention R, is chloro, fluoro,
methyl, hydroxyl, cyano, or methoxy.

In one embodiment in the compounds of the present invention n Ryis H.

In one embodiment R™ is halogen, -OR,, 0xo, -C(=0)OR,, -C(O)NR,Rs, -C(=0)OH, -
C(=0)R,, -OC(=0)NR,Rp, -OC(=0)R, -OC(=0)OR,, hydroxyl, cyano, wherein R,-R, are each
independently H, Cy.q alkyl, C,q alkenyl, C,.1; alkynyl, Ce¢q aryl, Cs4¢ aralkyl, 5-12
membered heteroaryl, 6-18 membered heteroaralkyl, 3-12 membered heterocycle, or 4-
18 membered heterocycle-alkyl.

In one embodiment in the compounds of the present invention R' is halogen,
OR,, -NR, Ry, -C(=0)OR,, -C(O)NR,Rp, -C(=0)0OH, -C(=0)R,, -C(=NOR.)R,, --C(=NR)NR,Ry, -
NR4C(=O)NR,Rp, -NR,C(=0)R,, -NR4C(=NR)INR,R,, -NR,C(=0)OR, -OC(=0)NR.R,, -OC(=0)R,,
-0C(=0)OR,, hydroxyl, nitro, azido, cyano, -5(0)¢3R., -SO;NR.Ry, -NR,SO,R,, or -
NRpSO2NR, Ry, Ciq2 alkyl, C,qz alkenyl, C,.4z alkynyl, Ce.q2 aryl, C;4¢ aralkyl, 5-12 membered
heteroaryl, 6-18 membered heteroaralkyl, 3-12 membered heterocycle, or 4-18
membered heterocycle-alkyl, wherein R,, Ry, R, and R4 are each independently H, C;;
alkyl, C,.1; alkenyl, C,.1; alkynyl, Cq.12 aryl, C;.4¢ aralkyl, 5-12 membered heteroaryl, 6-18
membered heteroaralkyl, 3-12 membered heterocycle, or 4-18 membered heterocycle-

alkyl.
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In one embodiment in the compounds of the present invention R'' is halogen, -
OR,, -NR,Rp, -C(=0)OR,, -C(O)NR,R,, -C(=0)0OH, -C(=0)R,, -NR4C(=0O)NR,R,, -NR,C(=0O)R,, -
NR,C(=0)OR,, -OC(=O)NR.R,, -OC(=0O)R, -OC(=0)OR,, hydroxyl, cyano, -SO;NR.Ry,
NRpSOzRa, Cig alkyl, C,¢ alkenyl, C,¢ alkynyl, phenyl, C;gs aralkyl, 5-6 membered
heteroaryl, 6-8 membered heteroaralkyl, 5-6 membered heterocycle, or 6-8 membered
heterocycle-alkyl, wherein R,,R,, and Ry are each independently are each independently
H, Ci4 alkyl, C,q alkenyl, C,q alkynyl, Ceq; aryl, Cs4 aralkyl, 5-12 membered
heteroaryl, 6-18 membered heteroaralkyl, 3-12 membered heterocycle, or 4-18
membered heterocycle-alkyl.

In one embodiment in the compounds of the present invention R'' is halogen, -
OR,, -NR,Ry, -C(O)NR,R,, -C(=0)OH, -C(=O)R,, -NR4C(=O)NR,R,, -NR,C(=O)R,,
NRp,C(=0)OR,, -OC(=0)NR,Ry, hydroxyl, cyano, Cyalkyl, C,¢ alkenyl, C;.¢ alkynyl, phenyl,
C;s aralkyl, 5-6 membered heteroaryl, 6-8 membered heteroaralkyl, 5-6 membered
heterocycle, or 6-8 membered heterocycle-alkyl, wherein R,,R,, and Ry are each
independently H, Cyq alkyl, C,q alkenyl, C,q; alkynyl, C¢q aryl, Cs;4¢ aralkyl, 5-12
membered heteroaryl, 6-18 membered heteroaralkyl, 3-12 membered heterocycle, or 4-
18 membered heterocycle-alkyl.

In one embodiment in the compounds of the present invention R'' is halogen, -
OR,, -NR4Ry,, hydroxyl, cyano, Ci¢ alkyl, wherein R,-R, are each independently H, Ci4;
alkyl, C,.1; alkenyl, C,.q; alkynyl, Ce.q2 aryl, C;4¢ aralkyl, 5-12 membered heteroaryl, 6-18
membered heteroaralkyl, 3-12 membered heterocycle, or 4-18 membered heterocycle-
alkyl.

In one embodiment in the compounds of the present invention R' is halogen, -
OR,, ox0, -NR,R,, =NO-R. , -C(=0)OR,, -C(O)NR,R,, -C(=0)0OH, -C(=0O)R,, -C(=NOR/)R,, -
C(=NRNR Ry, -NR4C(=O)NR,R,, -NR,C(=0)Ra, -NR4C(=NR)NR.Rp, -NR,C(=0)OR,,
OC(=0O)NR,Ry, -OC(=0)R,, -OC(=0)0R,, hydroxyl, nitro, azido, cyano, -5(0)¢-3Ra, -SO2NR,Ry,
-NRpSO;R,, -NRpSO2NR, Ry, Cq12alkyl, Coq2 alkenyl, Cz 42 alkynyl, Ce 12 aryl, C74¢ aralkyl, 5-12
membered heteroaryl, 6-18 membered heteroaralkyl, 3-12 membered heterocycle, or 4-
18 membered heterocycle-alkyl, wherein R,, Ry, R, and R4 are each independently H, C;.
1zalkyl, C;.qzalkenyl, C,.q;alkynyl, Ce.12 aryl, C;4¢ aralkyl, 5-12 membered heteroaryl, 6-18
membered heteroaralkyl, 3-12 membered heterocycle, or 4-18 membered heterocycle-
alkyl.

In one embodiment in the compounds of the present invention R' is halogen, -
OR,, o0xo, -NR,R,, -C(=0)OR,, -C(O)NR,R,, -C(=0)OH, -C(=0)R,, -NR4C(=O)NR.R,,
NRp,C(=0)R,, -NR,C(=0)OR, -OC(=O)NR,R,, -OC(=O)R, -OC(=0)OR,, hydroxyl, cyano, -
SO:NR.R,, -NRp,SOsR,, Cie alkyl, C,¢ alkenyl, C,¢ alkynyl, phenyl, C;s aralkyl, 5-6
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30

membered heteroaryl, 6-8 membered heteroaralkyl, 5-6 membered heterocycle, or 6-8
membered heterocycle-alkyl, wherein R,,R;, and Ry are each independently H, Cy.4; alkyl,
Coq2 alkenyl, C,42 alkynyl, Ceq2 aryl, Cs4¢ aralkyl, 5-12 membered heteroaryl, 6-18
membered heteroaralkyl, 3-12 membered heterocycle, or 4-18 membered heterocycle-
alkyl.

In one embodiment in the compounds of the present invention R' is halogen, -
OR,, 0ox0, -NR,R,, -C(O)NR,R,, -C(=0)OH, -C(=O)R,, -NR4C(=O)NR.R,, -NR,C(=O)R,, -
NR,C(=0)OR,, -OC(=0)NR,Rs, hydroxyl, cyano, Cyealkyl, C, alkenyl, C,. alkynyl, phenyl,
Css aralkyl, 5-6 membered heteroaryl, 6-8 membered heteroaralkyl, 5-6 membered
heterocycle, or 6-8 membered heterocycle-alkyl, wherein R,,R,, and Ry are each
independently H, Cy.q alkyl, C,q alkenyl, C,.1; alkynyl, Ce¢q aryl, Cs4¢ aralkyl, 5-12
membered heteroaryl, 6-18 membered heteroaralkyl, 3-12 membered heterocycle, or 4-
18 membered heterocycle-alkyl.

In one embodiment in the compounds of the present invention R' is halogen, -
OR,, 0x0, -NR,Ry, hydroxyl, cyano, Ci¢alkyl, wherein R,-R,, are are each independently H,
Cizalkyl, Cyqzalkenyl, Cy 42 alkynyl, Ce 42 aryl, Cs4¢ aralkyl, 5-12 membered heteroaryl, 6-
18 membered heteroaralkyl, 3-12 membered heterocycle, or 4-18 membered
heterocycle-alkyl.

In one embodiment in the compounds of the present invention wherein as valency
allows in B, B’ R,, Ry, R, and Ry, Ry, Rz, Ry, R3, R3’, Ry, Ry, R', R™ and R™ each of alkyl,
alkenyl, alkynyl, alkoxy, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocycle, or
heterocycle-alkyl is independently unsubstituted or substituted one or more times by
halogen, -OR, -NRyR,, C(=0)OR,, -C(O)NRyRy, -C(=0)OH, hydroxyl, nitro, azido,
cyano, ; wherein R:-Ry are each independently H, Cq.4; alkyl.

In one embodiment in the compounds of the present invention wherein as valency
allows in B, B’ R,, Ry, R, and Ry, Ry, Rz, Ry, R3, R3’, Ry, Ry, R', R™ and R™ each of alkyl,
alkenyl, alkynyl, alkoxy, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocycle, or
heterocycle-alkyl is independently unsubstituted or substituted one time by halogen.

In one embodiment in the compounds of the present invention wherein as
valency allows in B, B’ R., Ry, R¢, and Rq, Ry Ry, Ry, R3, R3’, Ry, Ry, R, R and R" each
of alkyl, alkenyl, alkynyl, alkoxy, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocycle, or
heterocycle-alkyl is independently unsubstituted or substituted one time by fluoro.

The use of a compound of the present invention for treating an Hepatitis C viral
infection in a human. The use of a compound of the present invention further comprising
administering at least one additional agent. The use of a compound of the present

invention wherein said at least one additional agent is selected from viral serine protease
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inhibitors, viral polymerase inhibitors, viral helicase inhibitors, immunomudulating
agents, antioxidant agents, antibacterial agents, therapeutic vaccines, hepatoprotectant
agents, antisense agents, inhibitors of HCV NS2/3 protease and inhibitors of internal
ribosome entry site (IRES).

The use of a compound of the present invention, wherein said at least one
additional agent is selected from ribavirin and interferon-o.

The use of a compound of the present invention for the manufacture of a
medicament.

A pharmaceutical formulation comprising at least one compound of the present

10 invention and at least one pharmaceutically acceptable carrier or excipient.

The use of a compound of the present invention for treating an Hepatitis C viral
infection in a human. The use of a compound of the present invention further comprising
administering at least one additional agent. The use of a compound of the present
invention wherein said at least one additional agent is selected from viral serine protease
inhibitors, viral polymerase inhibitors, viral helicase inhibitors, immunomudulating
agents, antioxidant agents, antibacterial agents, therapeutic vaccines, hepatoprotectant
agents, antisense agents, inhibitors of HCV NS2/3 protease and inhibitors of internal
ribosome entry site (IRES). The use of a compound of the present invention wherein said
at least one additional agent is selected from ribavirin and interferon-o.

20 The use of a compound of the present invention for the manufacture of a
medicament.

A pharmaceutical formulation comprising at least one compound of the present

invention and at least one pharmaceutically acceptable carrier or excipient.
According to an aspect of the invention, the compounds of the invention are
selected from Table 1A:
Table 1A

30

No. Structure
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or a pharmaceutically acceptable salt thereof.

According to another aspect of the invention, the compounds of the invention are

selected from Table 1B:
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In one embodiment, the present invention provides a method for preparing a

compound of formula (IV):
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(R,) (R,)
N N
S e
4
N N
\R' /
N__o ° Rop Re N
R, O
R, (Iv) Rg
R, ! R/

or a pharmaceutically acceptable salt thereof, wherein each of A, B, B’, R', p, Ry, Ry,
Rs:, Ry, R4, Ry, Ry, Ry, Rg, and Rg, are as defined herein,
wherein said method comprises the steps of:

a) contacting a compound of formula (XXX):

(XXX)

under coupling conditions with a compound of formula (XXXI) and a compound of

formula (XXXIl); and
/{221:’ (R2) \
N \ P
| |—< |
N"J\x.

8 (XXXI) ! (XXXI1)
10 b) optionally hydrogenating the alkyne groups to provide a compound of formula
(V).

In one embodiment, the present invention provides a method for preparing a

compound of formula (IV):
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(R,) (R,)
N N
S e
4
N N
\R' /
N__o ° Rop Re N
R, O
R, (Iv) Rg
R, ! R/

or a pharmaceutically acceptable salt thereof, wherein each of A, B, B’, R', p, Ry, Ry,
Rs:, Ry, R4, Ry, Ry, Ry, Rg, and Rg, are as defined herein,
wherein said method comprises the steps of:

a) contacting a compound of formula (XXXA) where LG is a leaving group, such as

LGJ A LG

(R, )P

halo:

(XXXA)
under coupling conditions with a compound of formula (XXXIA) and a compound of
formula (XXXIIA); and

{J}Rgl) [sz>\
M
| ;7: _ /r‘ [+
o N: T ——i\N r’U\\ - /R-'i
R, /
R y N =0 ’ R3 ]
4 T O:’/\
o /R | /RRS
10 8 (XXXIA) R (XXXHA)
b) optionally hydrogenating the alkyne groups to provide a compound of formula

(V).
In one embodiment, the coupling conditions comprise bis(triphenylphosphine)

palladiumchloride, copper iodide, and triethylamine.

In one embodiment, the present invention provides a method for preparing a
compound of formula (XXXII):

BOST_1803930.1 65



WO 2011/ oag&yggrg 5@%9(;1193/ 062168 No. Structure 65 c:1)4- HINA. Si \' N
IH oo -7C o) I/ H
WO 2011/079327 PCT/US2010/062168

! (XXXII)
wherein each of Ry, R3, R4, R7, and Rg, are as defined herein,
wherein said method comprises the steps of:
a) reducing a compound of formula (XXVI) to provide a compound of formula (XXVII),

where each R is each independently an alkyl group:

OR OR
6]
OYN Ra OYN Ra

orR O oxvy OR ©  (xxviy

g) oxidizing a compound of formula (XXVII) to provide a compound of formula (XVI):
O
H
R4

OYN
orR ©  (xvy
h) contacting a compound of formula (XVI) with a compound of formula (XVIl) and
10 optionally a compound of formula R;-LG, where LG is a leaving group, under reaction

conditions sufficient to provide a compound of formula (XV):

&
N
O O Ry )\NO/R“
R H (xvi OR (XV)

e) halogenating a compound of formula (XV) under reaction conditions sufficient to

provide a compound of formula (XIll):
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f) reacting a compound of formula (Xlll) under deprotection conditions to provide a
compound of formula (XI); and:
R2

|J{“ 0 OH
R/N/KO/R"' j/\Rg
5 HN Xy Rq (Xl

g) contacting a compound of formula (XlI) under coupling conditions with a compound
of formula (XIl) to provide a compound of formula (XXXII):

to provide a compound of formula (XXXII).

In one embodiment, the oxidizing of step g) comprises 2,2,6,6-tetramethyl-
piperidin-1-oxyl (TEMPO).
10
In one embodiment, the present invention provides a method for preparing a
compound of formula (XXVI):
OR

OR (XXVI)
wherein R, is as defined herein, and each R is each independently an alkyl group,
wherein said method comprises the steps of:
a) contacting a compound of formula (XXI) under reaction conditions sufficient to
provide a compound of formula (XXII):
OH OR

) @)
HN HN

O (XXI) O (XXIl
b) contacting a compound of formula (XXII) under reaction conditions sufficient to
20 provide a compound of formula (XXIII), and:
OR
o)
N
or O xxi

¢) contacting a compound of formula (XXIII) under reaction conditions sufficient to

N

provide a compound of formula (XXVI):
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OR

orR ©  (xxv)

to provide a compound of formula (XXVI).

In one embodiment, the present invention provides a method for preparing a

compound of formula (XXXI):
fR2)
—
M
S
N\
R,

N
94‘/ O
1 R?I

Ra (XXXI)
each of Ry, Ry, Ry, Ry, and Ry, are as defined herein,
wherein said method comprises the steps as disclosed for preparing a compound of
formula (XXXIl), wherein each of Ry, Ry, Rs, R, and Rg, are as defined for R;, Rs, R4, Ry,

10 and Rg, respectively

(XXXI1).

In one embodiment, the present invention provides a method for preparing ((S)-1-
{(25,45)-2-[5-(4-{2-[(2S,4S5)-1-((S)-2-Methoxycarbonylamino-3-methyl-butyryl)-4-methyl-
pyrrolidin-2-yl]-3H-imidazol-4-ylethynyl}-phenylethynyl)-1H-imidazol-2-yl]-4-methyl-

pyrrolidine-1-carbonyl}-2-methylpropyl)-carbamic acid methyl ester:

N — Y — /N
T T

0]

I
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anot her aspec% of the invention, the conpounds of the invention are
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""Dil

wherein said method comprises:

contacting a compound of formula (X) under coupling conditions with a compound of

formula (XXX):
N
I—(\J\
NTNYN
D
6]
3\\1(
-0 H = —

(X) (XXX)
to provide ((S)-1-{(25,45)-2-[5-(4-{2-[(25,45)-1-((S)-2-Methoxycarbonylamino-3-
methyl-butyryl)-4-methyl-pyrrolidin-2-yl]-3H-imidazol-4-ylethynyl}-phenylethynyl)-
1H-imidazol-2-yl]-4-methyl-pyrrolidine-1-carbonyl}-2-methylpropyl)-carbamic acid
methyl ester.

10 In one embodiment, the coupling conditions comprise bis(triphenylphosphine)

palladiumchloride, copper iodide, and triethylamine.

In one embodiment, the present invention provides a method for preparing a

D

0 *(\(
\O)\\H‘

wherein said method comprises

compound of formula (X):

(X)

a) reacting a compound of formula (XIII) under deprotection conditions to provide a

compound of formula (XI); and:

Y
N o ail
HOQ(NJ -
L |_<N\J\-\“
\(_ (X111 i HN\>1”” (XI)

20 b) contacting a compound of formula (XI) under coupling conditions with a compound

of formula (XII):
0-OH
3\1(
N
O H (X1
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to provide a compound of formula (X).
In one embodiment, the coupling conditions of step b) comprise first contacting a
compound of formula (XIl) with O-(7-azabenzotriazol-1-yl)-N,N,N',N'-tetramethyluronium

hexafluorophosphate (HATU) and diisopropypyethylamine (DIPEA).

In one embodiment, the deprotection conditions of step a) comprise a mineral

acid.

10 In one embodiment, the present invention provides a method for preparing a

ol
S
Y
\(_ (X1l

wherein said method comprises reacting a compound of formula (XIV):
I
N
.j&
N o .
S8
OQ(
0]
\ﬁ (XIV)

under reaction conditions sufficient to provide a compound of formula (XIII).

compound of formula (XIII):

In one embodiment, the reaction conditions comprise methyl magnhesium bromide.

In one embodiment, the present invention provides a method for preparing a

20  compound of formula (XIV) having a (25,4S) configuration:
I
N
.j&
N M n
S8
Oﬁ/
o)
\(\ (XIV)

wherein said method comprises the steps of:
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a) hydrogenating a compound of formula (XX) to provide a compound of formula

(XIX):
0 0
HOJ\ \>§ Ho/u\- \>,
O O
o) 0

\ﬁ (XX) \(_ (XIX)

b) reducing a compound of formula (XIX) to provide a compound of formula (XIII):
70
\(‘ (XHn

¢) oxidizing a compound of formula (XIIl) to provide a compound of formula (XVI):
0
O§(N
\f_

(XVI)
d) contacting a compound of formula (XVI) with a compound of formula (XVII) under

reaction conditions sufficient to provide a compound of formula (XV):
¢ &
N7
Ve
o)
6] O §g
10 H H (XVIl) \(_ (XV)

e) halogenating a compound of formula (XV) under reaction conditions sufficient to

provide a compound of formula (XV), and:

|
J&
0 N
S
\ﬁ (XIV)
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f) separating the mixture of (25,4S) and (2S,4R) diastereomers to provide a

compound of formula (XIV) having a (2S,4S) configuration.
In one embodiment, the separating of step f) comprises silica gel chromatography.

In one embodiment, the reaction conditions of step e) comprise 1-iodopyrrolidine-
2,5-dione.

In one embodiment, the oxidizing of step c¢) comprises 2,2,6,6-tetramethyl-
10  piperidin-1-oxyl (TEMPO).

In one embodiment, the reducing of step b) comprises borane.

In one embodiment, the hydrogenating of step a) comprises platinum oxide and
hydrogen gas.

In one embodiment the present invention provides a method for preparing a

compound of formula (XIV) having a (25,4S) configuration:
I
N
Dol
N M n
S8
Oﬁ/
o)
\(\ (XIV)

20 wherein said method comprises the steps of:

a) contacting a compound of formula (XXI) under reaction conditions sufficient to

L

provide a compound of formula (XXII):

OH o
O¢I’/,, Oélll,.
HN HN
O (XXI) O (XXII)

b) contacting a compound of formula (XXII) under reaction conditions sufficient to

provide a compound of formula (XXIII):
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>( (XXIIT

¢) contacting a compound of formula (XXIlII) with 1-t-butoxy-N,N,N’,N’-
tetramethylmethanediamine under reaction conditions sufficient to provide a

compound of formula (XXIV):

9 \
A N
o~

ﬁ/
>( (XXIV)

d) reacting a compound of formula (XXIV) under reaction conditions sufficient to

provide a compound of formula (XXVI):

>( (XXVI)

e) reducing a compound of formula (XXVI) to provide a compound of formula (XXVII):

/’,,‘
anl
N
ﬁ/
o)

10 >( (XXVII)

f) oxidizing a compound of formula (XXVII) to provide a compound of formula (XVI):

Oy
\ﬁ

HO

(XVI)
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g) contacting a compound of formula (XVI) with a compound of formula (XVII) under

reaction conditions sufficient to provide a compound of formula (XV); and:
3 &
N o 1
S8
O
6] O §g
H H (XVIl) \f (XV)

h) halogenating a compound of formula (XV) under reaction conditions sufficient to

provide a compound of formula (XIV) having a (25,4S) configuration.

In one embodiment, the reaction conditions of step d) comprise the steps of:
a) reacting a compound of formula (XXIV) under reaction conditions sufficient to

provide a compound of formula (XXV); and:

(@] \ (@]
O¢I’Il' N— O&ll’,,
OYI\Q_/ 0 &
o © T O

10 >( (XXIV) >( (XXV)

b) hydrogenating a compound of formula (XXV) to provide a compound of formula
(XXVI):

o=

ol
oy
T

>( (XXVI).

In one embodiment the present invention provides a method for preparing a

compound of formula (lll)

R, R,

N N

s -
N N R,
\R ' . /
N 3 R,)p 3 N
R4| \¥ ( 1) I 7
R (1 Rs
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or a pharmaceutically acceptable salt thereof, wherein each of A, B, B’, R', p, Ry, Ry,
Rs:, Ry, R4, Ry, Ry, Ry, Rg, and Rg, are as defined herein,

wherein said method comprises the steps of:

a) contacting the compound of formula (XXXIV) with a compound of formula R>-X-OH
and/or R>-Y-OH:

3 (R)p Rs HN Ra (XXXIV)

under reaction conditions to provide a compound of formula (lIl).

In one embodiment the present invention provides a method for preparing a

10 compound of formula (XXXIV)

R2
N
vy
N
R R
3 HN * (XXXIV)
wherein each of A, B, B’, R', p, R;, Ry, Rs, Ry, Ry, Re, Ry, Ry, Rs, and Ry, are as

defined herein and each of B and B’, R; and Ry, Rz and Ry, R4 and R4, Ry and R», and

Rs, and Rg are the same respectively,

Q

wherein said method comprises the steps of:
a) contacting a compound of formula (XXX) with a compound of formula (XIll) where

R is an alkyl group:

R2
) IJN\NK@
= A /. — R{ ! R4
\|_/ O§(

(XXX) OR (X111

20 under coupling conditions to provide a compound of formula (XXXIII):

RO (XXXIII)
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b) contacting the compound of formula (XXXIII) under conditions to provide a

compound of formula (XXXIV).

In one embodiment, the coupling conditions comprise bis(triphenylphosphine)

palladiumchloride, copper iodide, and triethylamine.

In one embodiment the present invention provides a method for preparing ((S)-1-
{(25,45)-2-[5-(4-{2-[(2S,4S5)-1-((S)-2-Methoxycarbonylamino-3-methyl-butyryl)-4-methyl-
pyrrolidin-2-yl]-3H-imidazol-4-ylethynyl}-phenylethynyl)-1H-imidazol-2-yl]-4-methyl-

10 pyrrolidine-1-carbonyl}-2-methylpropyl)-carbamic acid methyl ester:

T N
N

= /=X i
g e

NH
04/\?

wherein said method comprises the steps of:

a) contacting a compound of formula (X) under coupling conditions with a compound

of formula (XXX):
3
N o ol
i YNJ

O et —
\(_ xiy T XKX)

to provide a compound of formula (XXXV):
,\;/\\/ = ( y=411
—O/\N - \”)\)
N 0 O§\/N
L ;
7< >< (XXXV)

b) contacting the compound of formula (XXXV) under conditions to provide a

compound of formula (XXXVI); and
=)=}
N

N7 N
—‘C’/LH H)\ \>‘
20 NH HN (XXXVI)
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I'n one enbodi ment. :O&Qg_({}%r esent invention provides a nethod for preparing a

conpound o orrmf'a (I'V): Attorney File Ref.: 097546-0133 WD

2011/ 079320RaM/0282010/ 062168 (R21) / 11\1 NV 4 R 0 RBCRUSEIVN62168 a
pharmaceutically acceptable salt thereof, wherein each of A, B, B, R, p,
R2, R2,, R3, R3,, R4, R4,, R7, RT R8, and R8,, are as defined herein,
wherein said nethod conprises the steps of: a) contacting a conpound of

formul a ( XXXty cohtdctifd 2 SomPount &8 Fo@U® DO )G Nt hethdxydakibngl CRimBMBaer of
formul a (XXXI& and a conpound of formula (XXXl 1); pti onal

. P! | I and lobeﬁ;ﬁo |y
hydr ogenat i nfFacHEN al IGPAGILIGPDUPLCt 0 REPEYE de (B)dottpotinel b (46r It ) (1-(§)-2-

I'n one enbOdM@ﬁ%&YcatrB&]yﬂin@iﬁgﬂtméﬂW?B&t@yﬂﬂ)-@fnﬁé/chﬂggrl%liﬁﬁﬁﬁgg-3fl-p1fmiH£z%|P-Qfi ng a
conmpound of formula %I V): Attornéy File Ref.: 7546- 01
ylethynyl}-phenylethynyl)-1H-imidazol-2-yl]-4-methyl-pyrrolidine-1-carbonyl}-2-

methylpropyl)-carbamic acid methyl ester.

In one embodiment the coupling conditions of step a) comprise

bis(triphenylphosphine) palladiumchloride, copper iodide, and triethylamine.

10 In one embodiment, the present invention provides a compound according to the
invention described herein for treating or preventing a Flaviviridae viral infection in a
host.

In one embodiment, the present invention provides a pharmaceutical composition
comprising at least one compound according to the invention described herein and at

least one pharmaceutically acceptable carrier or excipient.

In one embodiment, the present invention provides a pharmaceutical composition
comprising at least one compound according to the invention described herein and at
20 least one pharmaceutically acceptable carrier or excipient, for treating or preventing a

Flaviviridae viral infection in a host.

In one embodiment, the present invention provides a pharmaceutical composition
comprising at least one compound according to the invention described herein ,and
further comprising administering at least one additional agent chosen from viral serine
protease inhibitors, viral polymerase inhibitors, viral helicase inhibitors,
immunomudulating agents, antioxidant agents, antibacterial agents, therapeutic
vaccines, hepatoprotectant agents, antisense agents, inhibitors of HCV NS2/3 protease
and inhibitors of internal ribosome entry site (IRES).

30

In another embodiment, there is provided a combination comprising a least one

compound according to the invention described herein and one or more additional

agents.

In another embodiment, there is provided a combination comprising a least one

compound according to the invention described herein and one or more additional agents
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WO 2011/07%%%1395ﬁH§%9%9/062168 R3'" R4,0 R7' R8' or a pharmaceutically
accept abl e sal ereo wherein each of Al B, B, Rl p, R, R2,, R3, R3,,
R4, R4,, WO20R07RB7 and R8,, are as defined herein, whePeruss@aogezres hod
conprises the steps of: a) contacting a conmpound of formula (XXXA) where LG
Is a |l eaving group, such as halo: LG -(7?)- LG (Rl )p(XXXA) under coupling
conditions with a conpound of fornmula (XXXl A) and a conpound of formula

(XXXITA) 5 oskn froR) vmge@.naldrwtelay@rmﬂ@&ﬁ:&l Gigalt Ry Ablaye enEhiesBSvirfl dlRYicde a
conmpound of formula ( I'n one enbodi ment, the coupling conditions

conpri se un@bttiarsph@”ﬁwmgimma AN ndli AOKIGIRT d3geopp Rt RaGHTT b, AGSRIS,

triethyl amhagpeutic vacclid’ésoﬁ@pa‘?%}ﬁ@c'ﬁﬁﬂtageﬁ@eaﬁtﬁ@ﬁ?@ﬁgén’ﬁV%Nw@ﬁs A L2
met hod for preparing a conpound of fornula Attorney File Ref.

097546- 013§0V¥¥?@ﬂﬁﬁ®¢@@ﬂ7¢bﬁ#ﬂ@?ﬁﬂ@%@69fBEV5@%&&&$b wherei n each of R2,
R3, R4, R7, and R8, are as defined herein, wherein said nethod conprises
t he steps of: a) reducing a conmpound of forrrula (XXVI) to provide a

conmpound of f or fulcge ( soupingtionrspkodiaen, Rthes cemppunthddgeAddHEN3l agendl RiA

group: OR@@ministered sequentially.

In another combination embodiment, the compound and additional agent are

10  administered simultaneously.

The combinations referred to above may conveniently be presented for use in the
form of a pharmaceutical formulation and thus pharmaceutical formulations comprising a
combination as defined above together with a pharmaceutically acceptable carrier

therefore comprise a further aspect of the invention.

The additional agents for the compositions and combinations include, for

example, ribavirin, amantadine, merimepodib, Levovirin, Viramidine, and maxamine.

20 The term "viral serine protease inhibitor” as used herein means an agent that is
effective to inhibit the function of the viral serine protease including HCV serine
protease in a mammal. Inhibitors of HCV serine protease include, for example, those
compounds described in WO 99/07733 (Boehringer Ingelheim), WO 99/07734 (Boehringer
Ingelheim), WO 00/09558 (Boehringer Ingelheim), WO 00/09543 (Boehringer Ingelheim),
WO 00/59929 (Boehringer Ingelheim), WO 02/060926 (BMS), WO 2006039488 (Vertex),
WO 2005077969 (Vertex), WO 2005035525 (Vertex), WO 2005028502 (Vertex) WO
2005007681 (Vertex), WO 2004092162 (Vertex), WO 2004092161 (Vertex), WO 2003035060
(Vertex), of WO 03/087092 (Vertex), WO 02/18369 (Vertex), or WO98/17679 (Vertex).

30 Specific examples of viral serine protease inhibitors include Telaprevir (VX-950,
Vertex), VX-500 (Vertex), TMC435350 (Tibotec/Medivir), MK-7009 (Merck), ITMN-191

(R7227, InterMune/Roche) and Boceprevir (SCH503034, Schering).

The term "viral polymerase inhibitors” as used herein means an agent that is

effective to inhibit the function of a viral polymerase including an HCV polymerase in a
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0 0 OR( n) gﬁ%h’a\ﬂef I09)754gg1330m di zing a conpound of formula (XXVII) to provide
a corrpoun ormula ONO O OR( XVI) h) contacting a conpound of
formul a (WD)2owwares2a conpound of forrmula (XVI1) and 1lO0optrConskéy/oe216onmpound
of formula R3-LG where LG is a |eaving group, under reaction conditions
sufficient to provide a conpound of forrmula (X): 0 O RRH (XVI 1 ) (XV) e)
hal ogenati ng a conpound of fornula (XV) under reaction conditions

suf fi ci entmiamar. OMhﬂﬁto?s %@W%@{@erﬁs@:f Al Rle( Xr-hdcledZdes, FoN eRmBle, ARosE 1 1)
Attorney File Ref.: 097546-013 2011/ 079327PCT/ US2010/ 062168 f) reacti ng

a compoundosPoHRdsARsarped Nt ) under deprotection conditions to provide a
conmpound of formula (XI'); and: g) contacting a conpound of fornula (XlI)

under coupling conditions with a conpound of fornmula gXI ) to provide a
conmpound of f or WA @3/0%09&40) (Boehringer Ingelheim), WO 03/026587 (Bristol Myers Squibb); WO

02/100846 A1, WO 02/100851 A2, WO 01/85172 A1(GSK), WO 02/098424 A1 (GSK), WO
00/06529 (Merck), WO 02/06246 A1 (Merck), WO 01/47883 (Japan Tobacco), WO
03/000254 (Japan Tobacco) and EP 1 256 628 A2 (Agouron).

Furthermore other inhibitors of HCV polymerase also include nucleoside analogs,

10  for example, those compounds described in: WO 01/90121 A2 (Idenix), WO 02/069903 A2

(Biocryst Pharmaceuticals Inc.), and WO 02/057287 A2(Merck/lIsis) and WO 02/057425 A2
(Merck/lIsis).

Specific examples of inhibitors of an HCV polymerase, include VCH-759
(ViroChem Pharma), VCH-916 (ViroChem Pharma), VCH-222 (ViroChem Pharma), R1626
(Roche), R7128 (Roche/Pharmasset), PF-868554 (Pfizer), MK-0608 (Merck/Isis), MK-3281
(Merck), A-837093 (Abbott), GS 9190 (Gilead), ana598 (Anadys), HCV-796 (Viropharma)
and GSK625433 (GlaxoSmithKline).

20 The term "viral helicase inhibitors” as used herein means an agent that is
effective to inhibit the function of a viral helicase including a Flaviviridae helicase in a

mammal.

"Immunomodulatory agent” as used herein means those agents that are effective
to enhance or potentiate the immune system response in a mammal. Immunomodulatory
agents include, for example, class | interferons (such as o-, B-, 8- and Q- interferons, t-
interferons, consensus interferons and asialo-interferons), class Il interferons (such as y-

interferons) and pegylated interferons.

30 Specific examples of Immunomodulatory agent as used herein include IL-29 (PEG-
Interferon Lambda, ZymoGenetics), Belerofon (Nautilus Biotech) injectable or oral, Oral
Interferon alpha (Amarillo Biosciences), BLX-883 (Locteron, Biolex
Therapeutics/Octoplus), Omega Interferon (Intarcia Therapeutics), multiferon (Viragen),
Albuferon (Human Genome Sciences), consensus Interferon (Infergen, Three Rivers

Pharmaceuticals), Medusa Interferon (Flamel Technologies), NOV-205 (Novelos
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to provide, meylgnpp%%ags formula (XXXI1). I n one enbodi nent, the
oxi di zing of step g) conprises 2, 2,6, 6-tetranethyl pi peridin-1-oxyl (TEMPO).
I n one ervodnM#ITP327t he present i nventi on provi des a net [re@/USR1006HPHr i Ng a
conmpound of forrmula (XXVI): OR OR(XXVI) wherein R4 is as defined herein,
and each R is each independently an al kyl group, wherein said nethod
conprises the steps of: a) contacting a conpound of formula (XXI) under

reacti on cojagd geg sjgidfh.ﬁau@%sddmnm%uiﬂ BicsaemYNdceio7f @Eitng),( Zadakine
OHOR 00 HNHN % contacting a conmpound ‘of fornula

)
(XXI 1) und&ymasizein; ﬁC@Bﬁéﬁ‘gm%ﬂéub@fo’?@Fﬁn?‘ol%ﬁdz@ﬁ?%(/mf@'a conpound of
formula (XXII1), and: OR OR O(XXIIl) c) contacting a conpound of fornula
(XXI'1'l') under reaction conditions sufficient to provide a conpound of
fornul a (XXVI): Thexterar redass interfrean” as gserbageimmeana@n interferon selected from a

2011/ 0793?g?5’65r 6p§%9ﬂf9fd%§3cﬂ§8al%1r9i (5ketlMtor tyBe AL %Hsdﬁc%dGQ'EBQPHQtuPJll Hdmul a

(M). I n one enbodi nent, the present "I nvention provides a rrethod for
pr epar i ng sindeHpabnerogfcadoglassl Iam(e(f@(pws Examples of class | interferons include «-, -

,0- and Q- interferons, t-interferons, consensus interferons and asialo-interferons. The
term "class Il interferon” as used herein means an interferon selected from a group of
interferons that all bind to receptor type Il. Examples of class Il interferons include y-

10  interferons.
Antisense agents include, for example, ISIS-14803.

Inhibitors of internal ribosome entry site (IRES) include ISIS-14803 (ISIS
Pharmaceuticals) and those compounds described in WO 2006019831 (PTC therapeutics).

In one embodiment, the additional agent is interferon o, ribavirin, silybum
marianum, interleukine-12, amantadine, ribozyme, thymosin, N-acetyl cysteine or
cyclosporin.

20

In one embodiment, the additional agent is interferon o, or ribavirin.

In one embodiment, the additional agent is interferon o 1A, interferon o 1B,

interferon o 2A, or interferon o 2B.

Interferon is available in pegylated and non pegylated forms. Pegylated

interferons include PEGASYS™ and Peg-intron™
In one embodiment, the additional agent is interferon o 1A, interferon o 1B,
30 interferon o 2A (Roferon), PEG-interferon o 2A (Pegasys), interferon o 2B (Intron A) or

PEG- interferon o 2B (Peg-Intron).

In one embodiment, the additional agent is standard or pegylated interferon o

(Roferon, Pegasys, Intron A, Peg-Intron) in combination with ribavirin.
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( XXXI) ea}\(t:mneyoljﬂe RoosBRsy R4, R7,, and R8,, are as defined herein,

wher ei n sal odg conpri ses the steps as disclosed for preparing a
conmpound womnvmma (XXXI'l), wherein each of R2,, R3,, RAT/USRN)/062108 RS, ,
are as defined for R2, R3, R4, R7, 10and R8, respectively (XXXI).

I n one enbodi ment, the present invention provides a nethod for preparing
((S)-1-

[(2S, 48)I 215- (4 @nd éRBodtRkni -the DddRidMBL Repry GaERaBY lrrorh A0s33- (e bbydo; wiow yI )

-4-net h
pyr?gll)él ntherapeptisy iaeresschl Y- y AST3ARGE3)s phdRYI eBERMS}I) - 1HMArR iRz ol(ldotay ) | -

4-met hyl - mhraFrﬁédédlh@é*ls)l ‘P@Nbﬁn%’h%n&a@tvﬁyﬂt@&ﬁhﬁbﬂ 3Ta¢@f{clﬂ1'imP@r in€l), MBERN]-025
ester: Attorney Fil 0135 WO 2011) 07032 PCT/ US2040/ 062168

wher ei n sa{PEmi%t H%%br%@\faéﬁ%)z SESPOa YRR, CHA3AURE0 Y- é??ﬁjl%ﬁ ZER) Medfer

coupl i ng GediliciyOBRNMJ1h ErE TP Bischvio f)oerJﬁZ?B( g@@%oswwo% A9 Viramidine
t oprovi de((I_S) 1-[(2S, 485 215-(4-[ 2- [ 2S,AS) - t hoxycar bony_l_ am no- 3

- net hyl @g}lpgypr)n,4\{a+g@rﬁy\°haf5mag@4t]ca yeg,qcpnng 1aconda TTO33 (Benitec/Tacere
-im dazol B‘}o)ﬁfﬁEh}’r‘Mkl}lA@?@nWS@thmNér)apedltlcs aquired by Merck) and EHC-18 (Enzo

H i m dazol yl] rrolidine-1

- car bonyl }51Qd1¢§‘t)h)flcﬂ5|r‘tﬁ9\§/ M%éﬁ*%’dﬁﬂl(%@b K23y (Jeakingr CTI-00% deenaduodliteéht |
the coupl i Hgtoﬁg gé'Rﬁﬁpo%%?grPh%né%'eﬁﬁéélé pm%mé' W@%@QS%@ RoRarid dhbura 5] de,

copper io triethy one e i nent, the present
i nventlioon a}ﬂdcﬁaw@gn‘@br@@ﬂ&éﬂnﬁf Brarpyepari ng a conpound of formil a (X):

In one embodiment, the additional agent is a therapeutic vaccine chosen from
CSL123 (Chiron/CSL), 1C41 (Intercell Novartis), Gl 5005 (Globeimmune), TG4040
(Transgene), Chronvac C (Tripep/Inovio), GNI-103 (GENimmune), HCV/MF59
(Chiron/Novartis), PeviPRO™ (Pevion biotect).

The recommended dose of PEGASYS™ monotherapy for chronic hepatitis C is 180
mg (1.0 mL vial or 0.5 mL prefilled syringe) once weekly for 48 weeks by subcutaneous
administration in the abdomen or thigh.

20
The recommended dose of PEGASYS™ when used in combination with ribavirin for

chronic hepatitis C is 180 mg (1.0 mL vial or 0.5 mL prefilled syringe) once weekly.

The daily dose of Ribavirin is 800 mg to 1200 mg administered orally in two
divided doses. The dose should be individualized to the patient depending on baseline
disease characteristics (e.g., genotype), response to therapy, and tolerability of the

regimen.
The recommended dose of PEG-Intron"™ regimen is 1.0 mg/kg/week
30  subcutaneously for one year. The dose should be administered on the same day of the

week.

When administered in combination with ribavirin, the recommended dose of PEG-

Intron is 1.5 micrograms/kg/week.
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(X) V‘hereAnQneysﬁélgf.;%&Q@?s conprises a) reacting a conpound of fornmula (XII1)
under deprotection conditions to provide a conpound of fornula (Xl); and:

1- (111 HNWap11/@d2y contacting a conpound of fornula (XPCTOosdew/ocnepl i ng

conditions with a conpound of forrmula (XI1): Attorney File Ref.:
097546- 0133 WD 2011/ 079327PCT/ US2010/ 062168 to provi de a conpound of
formula (X). I n one enbodi nent, the coupling conditions of step b)

conprise first gorhacéhpedimerOMPPMNdelie fRbtELA ithtbitdr W t flaviviridae serine
0- (7-azabenzotriazol-1-yl)-N,N, N , N -tetramet hyl uroni um hexaf | uor ophosphat e

(HATU) andreisesdphdiihyet hyl ami ne (DI PEA). In one enbodi nent, the
deprotection copdiché O&Rb&fimeh€Pvitdl PONRklaEe MhiBitder Bl a ataviviriddd Thoserase
enbodi nent, the present invention provides a nethod for preparing a
conmpound dPhiPBeul a (XI11): (XI11) wherein said method conprises reacting
a conmpound of forrmula (XIV): (XIV) under reaction conditions sufficient to
provi de a conmpound of formula (XIIl). In one enbodi ment, the reaction

condi ti ons conpli ¥ ereahimenta yitakhalicpis iBhibier is a flaviviridae heljgasgpdibitor.

enbodi nent, the present invention provides a nethod for preparing a

20conpound of formula (XIV) having a (2S,4S) configuration: (XV)
In further embodiments:

viral serine protease inhibitor is HCV serine protease inhibitor;
10 viral polymerase inhibitor is HCV polymerase inhibitor;

viral helicase inhibitor is HCV helicase inhibitor.

In one embodiment, the present invention provides a method for treating or
preventing a Flaviviridae viral infection in a host comprising administering to the host a
therapeutically effective amount of at least one compound according to formula (1), (I1),
(1, or (Iv).

In one embodiment, the viral infection is chosen from Flavivirus infections.

20 In one embodiment, the Flavivirus infection is Hepatitis C virus (HCV), bovine
viral diarrhea virus (BVDV), hog cholera virus, dengue fever virus, Japanese encephalitis

virus or yellow fever virus.

In one embodiment, the Flaviviridea viral infection is hepatitis C viral infection
(HCV).

In one embodiment, the host is human.

In one embodiment, the present invention provides a method for treating or
30  preventing a Flaviviridae viral infection in a host comprising administering to the host a
therapeutically effective amount of at least one compound according to the invention

described herein, and further comprising administering at least one additional agent.
In one embodiment, the present invention provides a method for treating or

preventing a Flaviviridae viral infection in a host comprising administering to the host a

therapeutically effective amount of at least one compound according to the invention
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wherei n saj d nmethod.conprises the steps of: Attorney File Ref.

097546- 0133 WO

formul a (W&)2011007p320vi de a conpound of formula (Xl X): 00 PEORS2¢F216%I X)
reduci ng a conmpound of formula (XIX) to provide a conpound of formula

(XI11):

a conpound of fornmula ONO O d) contacting a conpound of fornula (XVI)

with a corgeegristdoheref, raHdafdriﬂér)cdmmgrn I 8BinisRerin0 BelilddsO pe Sat ditisrat Hlgehto

provide a conpound of formula (X): 0O HXVI1) sD ( e)
hal ogenat iGNGSeA H@pr‘{ﬁ*ée&f‘ef%ﬂﬁﬁlsea"(W@)’}(’rﬁmtﬂ'é?l RAWBETaEH INBbiERrei wiRal helicase

suf fi ci entinkiBitersOVifRuAoRAIROE 8ferkOr MHtRx(Xht aBéhts, antibacterial agents,

10

20

30

therapeutic vaccines, hepatoprotectant agents, antisense agents, inhibitors of HCV NS2/3

protease and inhibitors of internal ribosome entry site (IRES).

The combinations referred to above may conveniently be presented for use in the
form of a pharmaceutical formulation and thus pharmaceutical formulations comprising a
combination as defined above together with a pharmaceutically acceptable carrier

therefore comprise a further aspect of the invention.

The individual components for use in the method of the present invention or
combinations of the present invention may be administered either sequentially or

simultaneously in separate or combined pharmaceutical formulations.

In one embodiment, the present invention provides the use of a compound
according to the invention described herein for treating or preventing Flaviviridae viral

infection in a host.

In one embodiment, the present invention provides the use of a compound
according to the invention described herein and further comprising at least one
additional agent chosen from viral serine protease inhibitors, viral polymerase inhibitors,
viral helicase inhibitors, immunomudulating agents, antioxidant agents, antibacterial
agents, therapeutic vaccines, hepatoprotectant agents, antisense agents, inhibitors of
HCV NS2/3 protease and inhibitors of internal ribosome entry site (IRES).for treating or

preventing Flaviviridae viral infection in a host.

In one embodiment, the present invention provides the use of a compound

according to the invention described herein for the manufacture of a medicament.

In one embodiment, the present invention provides the use of a compound
according to the invention described herein for the manufacture of a medicament for

treating or preventing a viral Flaviviridae infection in a host.

In one embodiment, the present invention provides the use of a compound

according to the invention described herein and further comprising at least one
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HO 0/ (XIl1l) c) oxidizing a conpound of fornmula (XI1l) to provide



(XIVv)  Attgrney Filg.Ref,. : 097546-0133 WO 2011/ 079327PCT/ US2010/ 062168 f
separati ng the mxture of (2S,4S) and (2S,4R) diastereoners to provide a
conpound WP 2bavared2a ( XIV) having a (2S,4S) configurati oRCTIUS2@10862168

)

enbodi ment, the separating of step f) conprises silica gel chromatography.

I n one enbodi nent, the reaction conditions of step e) conprise
1-i odopyrrolidine2, 5-di one. I n one enbodi nent, the oxidizing

step €) coaitichaBagbn? cRoentredm a8t sfé‘x‘inécb%tré%é fhhibitbrOXyal leﬁMEQ)se nlrnm@cn@
enbodi ment, the reducing of step b) conprises bor ane,

enbodi mentViral REliF3gr 6‘6%@(%n@"%?”%‘ﬂ%laé)”gc%ﬁﬁﬂt%s@%“%dém ASRNG e bastaria

hydrogen gagnts, therapédhcoO&‘ccﬁi@?oﬂb;ﬂﬁﬁbro&éﬁar&r R, éd’tﬁ@ﬁﬁe‘ Q%énl@sf OMh®BR8rsaof
met hod for re aring a conpound of fornula ( having a (2S

confi gur ath 2(3<|mtea2©vmr énmb%%rﬁdofrrmtﬁwlc@ PIMSeSNimesit diEShfor the

contacti “%ﬁq&%ﬁ@m ﬁhfedm%@h'ﬂ ﬁ)r(tPQéln)w %P%ﬁfgeﬁﬁ%&'vﬁﬁl IleﬂWng@'ﬂﬁeétﬁ’Jrf inGd
to provide a conmpound of formula jg XXI) (XXI1)

b) cont acthosly a compound of forrrul a (XXII) under reactlon condltlons

of

ent

sufficient to provide a conpound of fornmula (XXII1): Attorney File Ref.:

097546- 0133 WD 2011/ 079327PCT/ US2010/ 062168
Unless otherwise stated, structures depicted herein are also meant to include all

isomeric (e.g., enantiomeric, diastereomeric, and geometric (or conformational)) forms
10  of the structure; for example, the R and S configurations for each asymmetric center, (Z)
and (E) double bond isomers, and (Z) and (E) conformational isomers. Therefore, single
stereochemical isomers as well as enantiomeric, diastereomeric, and geometric (or
conformational) mixtures of the present compounds are within the scope of the
invention. The single optical isomer or enantiomer can be obtained by method well

known in the art, such as chiral HPLC, enzymatic resolution and chiral auxiliary.

Unless otherwise stated, all tautomeric forms of the compounds of the invention

are within the scope of the invention.

20
In one embodiment, the compounds of the present invention are provided in the
form of a single stereoisomer at least 95%, at least 97% and at least 99% free of the
corresponding stereoisomers.
In a further embodiment the compound of the present invention are in the form
of a single stereoisomer at least 95% free of the corresponding stereoisomers.
In a further embodiment the compound of the present invention are in the form
of a single stereoisomer at least 97% free of the corresponding stereoisomers.
30

In a further embodiment the compound of the present invention are in the form

of a single stereoisomer at least 99% free of the corresponding stereoisomers.
There is also provided pharmaceutically acceptable salts of the compounds of the

present invention. By the term pharmaceutically acceptable salts of compounds are

meant those derived from pharmaceutically acceptable inorganic and organic acids and
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(XX 11 )Amme%\?lelppto@%(lnggg a conpound of forrmula (XXIII) with
1-t-butoxy-N - tetranet hyl net hanedi am ne under reaction conditions

suf fi ci erwote1in7e327rde a conpound of formula (XX V): #L TrIS2@10i0621 6%
conmpound of forrmula (XXI'V) under reaction conditions sufficient to provide
a conmpound of forrmula (XXVI): O I 0/ (XXVI) e) reducing a conpound of
formula (XXVI) to provide a conpound of formula (XXVII): o0 0,10 1 O

10t/ ( XXVI Ipasds.  exdrHpiat B s@ateﬂﬂ@ﬂ@i&@dn&ﬂdé ﬁi?d[%tlﬂoﬁWdrébrbﬁnd)rngihﬂﬁcamtnc
conpound of fornmula (Xl): O (XVl) Attorney File Ref 097546- 0133 WO

2011/ 07932’ﬂb@f¢ruszo&madit§216eal§)¢ cAPIRNTIRg gVEBlisoulrrtiss rsaliftica EXSANICht h
a COWDOUnC{oléfuné%rmﬂr@n(cX|tbktaH@dSEetfceaeﬁ?luQﬁbaQéﬁtd' ditr) SméthbhésalppBhict forieyi de
a conpound of formula (X); and: H (XVI 1)

benzoic, malonic, haphthalene-2- sulphomc and bénzenesulphonic acids. Other acids such

as oxalic, while not themselves pharmaceutically acceptable, may be useful as

intermediates in obtaining the compounds of the invention and their pharmaceutically

acceptable acid addition salts.

Salts derived from amino acids are also included (e.g. L-arginine, L-Lysine).
10
Salts derived from appropriate bases include alkali metals (e.g. sodium, lithium,

potassium) and alkaline earth metals (e.g. calcium, magnesium).

A reference hereinafter to a compound according to the invention includes that

compound and its pharmaceutically acceptable salts.

With regards to pharmaceutically acceptable salts, see also the list of FDA
approved commercially marketed salts listed in Table | of Berge et al., Pharmaceutical
Salts, J. of Phar. Sci., vol. 66, no. 1, January 1977, pp. 1-19, the disclosure of which is

20 incorporated herein by reference.

It will be appreciated by those skilled in the art that the compounds in
accordance with the present invention can exist in different polymorphic forms. As
known in the art, polymorphism is an ability of a compound to crystallize as more than
one distinct crystalline or "polymorphic” species. A polymorph is a solid crystalline phase
of a compound with at least two different arrangements or polymorphic forms of that
compound molecule in the solid state. Polymorphic forms of any given compound are
defined by the same chemical formula or composition and are as distinct in chemical
structure as crystalline structures of two different chemical compounds.

30

In addition to the compounds of this invention, pharmaceutically acceptable

derivatives or prodrugs, and esters, of the compounds of this invention may also be

employed in compositions to treat or prevent the herein identified disorders.

It will further be appreciated by those skilled in the art that the compounds in

accordance with the present invention can exist in different solvate forms, for example

BOST_1803930.1 85



I 0 (XViomey M rePdd0g80at i ng @ conpound of fornmula (XV) under reaction
conditions sutficient to provi de a conpound of fornula (XIV) having a

(2S,4S) cwofzopgun7ei27on. I n one enbodi ment, the reaction ©CmAiSLI10/062168 St ep
d) conprise the steps of: a) reacting a conpound of fornula (XXV) under
reaction conditions sufficient to provide a conpound of formula (XXV); and:
00 ON- --/ ON 10(XXI'V)>1(XXV) b) hydrogenating a conpound of formula (XXV)

t o provi dewar£edPoditedfoff GeMbrapduldy|of: theXiVedtion may alsb foRAewREM adivarnt
the present invention provides a nethod for preparing a conpound of formula

(111) At tBelReyeFiare ipaarporated dae. N Fryitpiting 1813 s petrrUSs 0ty 68PRENDr a

pharnaceuhﬁ&éhh¥dﬂﬁﬁ§ﬂkﬂ?&ﬁaﬁ§bﬁoﬁB@k@@f1 wherein each of A1 B, B',_Rl, p,
R2, R,, R3, R3,, R4, R4,, R7, RT, R8, and R8,, are as defined herein,

wherein said nethod conprises the steps of: a) contacting the conpound of
formul a (OpfldWlgsWi th a conpound of fornula R5-X-CH and/or R5-Y-COH

Unless otherwise defined, all technical and scientific terms used herein have the

same meaning as commonly understood by one of ordinary skill in the art to which this

10 invention belongs. All publications, patent applications, patents, and other references
mentioned herein are incorporated by reference in their entirety. In case of conflict, the
present specification, including definitions, will control. In addition, the materials,

methods, and examples are illustrative only and not intended to be limiting.

For purposes of this invention, the chemical elements are identified in
accordance with the Periodic Table of the Elements, CAS version, Handbook of Chemistry
and Physics, 75" Ed. Additionally, general principles of organic chemistry are described
in "Organic Chemistry”, Thomas Sorrell, University Science Books, Sausalito: 1999, and
"March’s Advanced Organic Chemistry”, 5" Ed., Ed.: Smith, M.B. and March, J., John

20  Wiley & Sons, New York: 2001, the entire contents of which are hereby incorporated by

reference.

In the formulas and drawings, a line transversing a ring and bonded to a group

such as B, B’, Ry, Ry or Ry’ in formula (1)

(R,) (R,)
Ry Nﬂ\% B'@ 34/\ R
N\ N/H
R, R3/ N
Y
R5

(
Cc
(Ry)p 3
(1)

means that the group can be bonded to any carbon, or if applicable,

X
R5

heteroatom such as N, of that ring as valency allows.

BOST_1803930.1 86



under reacf,or ﬂelpp%%aggs to provide a conpound of formula (II1I).

I n one enbodi nent the present invention provides a nethod for preparing a
10conpourioabifageiml a ( XXXI V) wherein each of A B, BCI/UR2100621R2, R2,,
R3, R3,, R4, R4,, R7, RT, R8, and R8,, are as defined herein and each of B
and B, R2 and R2,, R3 and R3,, R4 and R4,, R7 and RT, and R8, and R8, are
the sane respectively, wherein said nmethod conprises the steps of: a)

contacting a COWIWé)té}ﬁH %ik\;fl()l"%ﬁ%sénl(smeaw brianéh r@hmrombmh@le&%l THe
where R is an al kyl group: /N R3 0/ OR(XlLIl) 20under coup

condi ti ongefms ;ﬂ“&ﬁ‘ny&ea’&' QYL @ PERSeRHR KRR (owhw pr CV%‘FtWFjHlthlﬁinl rBOIRBS
097546- 01%1Wh39%ﬁé%?%&%Pgdb@%Qm Qﬁ?rl;ﬁ@ B&nd?%ttﬁéfchéha tkaﬁnﬁl@mtm&xof

formula (XXXI'1!) under conditions to provide a conpound formul a

In one entfdn¥enand taie/n¥b HUPagingbIRai IPLI'toﬁée d‘@ﬁp‘iﬂ“%@d Hlosmhyéh@ﬁwlp%@?)’rﬁa ne)

pal | adi unGtypEhyACoutGORRB Lty Ol Rty 2Bt tb[lt)f?t ;BBHt 'BSentyl neopth{/‘l Qé‘r% entyl
enbodi ment t he present invention provides a ne fofr "preparin (p

[ (2S, 4S) - jﬁfgyl( Aps?l*gaxw Z@ijg)(yl,l allyl, vinyl, acetylenyl, ethylenyl propenyl, lsopropenyl
-((9)-2- N‘%}EW Cﬁ’sroggfb}ﬁbﬁ”h@@n?l nﬁjtgéﬁ'enﬁu'[ﬁérn%r)yl4p@ﬁttamé|nyl pB(é)(eH{/l' dl*\erb'tgmb( 1]
-3H -i m dazol -'4-yl et hyn heny et hynyfl 2-y
10pyr r ol i dieREadienyhr b@m{ n@qtﬁwlppmgynyl, dmtwlln @erzﬁmd ﬂ?exwl é\@tlcwopw N
----- CyN cyclobutyl, cyclohexenyl, cyclohexdienyl and cyclohexyl. The terms alkyl, alkenyl, and
10 alkynyl, also include combinations of linear and branched groups, e.g.,
cyclopropylmethyl, cyclohexylethyl, etc. The term alkenyl also includes C1 alkenyl where
the one carbon atom is attached to the remainder of the molecule via a double bond.
Where indicated the "alkyl,” "alkenyl,” and "alkynyl" can be optionally substituted such as
in the case of haloalkyls in which one or more hydrogen atom is replaced by a halogen,
e.g., an alkylhalide. Examples of haloalkyls include but are not limited to
trifluoromethyl, difluoromethyl, fluoromethyl, trichloromethyl, dichloromethyl,
chloromethyl, trifluoroethyl, difluoroethyl, fluoroethyl, trichloroethyl, dichloroethyl,
chloroethyl, chlorofluoromethyl, chlorodifluoromethyl, dichlorofluoroethyl. Aside from
halogens, where indicated, the alkyl, alkenyl or alkynyl groups can also be optionally
20  substituted by, for example, halogen, -OR,, 0x0, -NR Ry, =NO-R. , -C(=0)OR,, -C(O)NR.R,,
-C(=0)OH, -C(=0)R,, -C(=NOR.)R,, -C(=NRNR.R,, -NR4C(=O)NR.,R,, -NR,C(=O)R,, -
NR4C(=NR)NR,Rp, -NR,C(=0)OR, -OC(=0)NR,R,, -OC(=0)R, -OC(=0)OR,, hydroxyl, nitro,
azido, cyano, -5(0)¢3R,, -SO,NR,Rp, -NR,SO;R,, -NR,SO,NR,R,, or -P(=0)OR,0R,, wherein
Ra, Ry, Re, and Ry are each independently H, Cy.i; alkyl, C,q; alkenyl, C,.4; alkynyl, Ce.12
aryl, C;.4¢ aralkyl, 5-12 membered heteroaryl, 6-18 membered heteroaralkyl, 3-12

membered heterocycle, or 4-18 membered heterocycle-alkyl.

The terms "cycloalkyl”, and "cycloalkenyl” represent a cyclic hydrocarbon alkyl

or alkenyl, respectively, and are meant to include monocyclic (e.g., cyclopropyl,

30 cyclobutyl, cyclohexyl), spiro (e.g., spiro [2.3]hexanyl), fused (e.g.,
bicyclo[4.4.0]decanyl), and bridged (e.g., bicyclo[2.2.1]heptanyl) hydrocarbon moieties.

The terms "alkoxy,” "alkenyloxy,” and "alkynyloxy” represent an alkyl,
alkenyl or alkynyl moiety, respectively, which is covalently bonded to the adjacent
atom ??? through an oxygen atom. Examples include but are not limited to

methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, sec-butoxy, tert-butoxy,
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HN H N O Q0 )z gt 59 )1-- 0\ O i wherein said nmethod conprises the

rney File Ref.: 097546-0 . ..
steps of: a3 contacting a conpound of fornmula (X) under coupling conditions

wi th a cowpaand7ef27f or mul a ( XXX) : to provi de a conpo®ad/Usko0os2168 a

( XXXV) : (XXXV) b) contacting the conpound of fornrula (XXXV) under
conditions to provide a conpound of formula (XXXVI); and ei .."1 N

NHHN( XXXVI )
pentyloxy, isopentyloxy, neopentyloxy, tert-pentyloxy, hexyloxy, isohexyloxy,

trifluoromethoxy and neohexyloxy. Like the alkyl, alkenyl and alkynyl groups,
where indicated the alkoxy, alkenyloxy, and alkynyloxy groups can be optionally
substituted by, for example, halogen, -OR,, 0x0, -NR;R,, =NO-R. , -C(=0)OR,, -
C(O)NR,Rp, -C(=0)0OH, -C(=0)R,, -C(=NOR.)R,, -C(=NRNR.Rp, -NR4C(=O)NR.R;, -
NR,C(=0)Ra, -NR4C(=NRNR,Rp,  -NR,C(=O0)OR,  -OC(=O)NR,R,, -OC(=O)R,,
0C(=0)0OR,, hydroxyl, nitro, azido, cyano, -5(0)o3R., -SO,NR.R,, -NR,SO;R.,
NRpSO2NR,Ry, or -P(=0)OR,0R,, wherein R,, Ry, R¢, and Ry are each independently H,
Ciq2 alkyl, C,4 alkenyl, C,4> alkynyl, Ce¢q> aryl, C;q aralkyl, 5-12 membered
10  heteroaryl, 6-18 membered heteroaralkyl, 3-12 membered heterocycle, or 4-18

membered heterocycle-alkyl.

The term "aryl” represents a carbocyclic moiety containing at least one
benzenoid-type ring (i.e., may be monocyclic or polycyclic), and which where
indicated may be optionally substituted with one or more substituents. Examples
include but are not limited to phenyl, tolyl, dimethylphenyl, aminophenyl, anilinyl,
naphthyl, anthryl, phenanthryl or biphenyl. The aryl groups can be optionally
substituted where indicated by, for example, halogen, -OR,, -NR,R;, -C(=0)OR,, -
C(O)NR,Rp, -C(=0)OH, -C(=0)R., -C(=NOR)R,, --C(=NR)INR,R,, -NR4C(=O)NR,Ry, -

20 NR,C(=O)Ra, -NR4C(=NR)NR.R,, -NR,C(=0)OR, ~ -OC(=0)NR.R,, -OC(=0)R,,
0C(=0)0OR,, hydroxyl, nitro, azido, cyano, -5(0)o3Rs, -SO.NR.R,, -NR,SO:R,,
NRySO;NR,Rp, or -P(=0)OR,0R;, Cy.42 alkyl, Cy4; alkenyl, C,4; alkynyl, Cq.12 aryl, Cs6
aralkyl, 5-12 membered heteroaryl, 6-18 membered heteroaralkyl, 3-12 membered

heterocycle, or 4-18 membered heterocycle-alkyl, wherein R,, Ry, R., and R, are

each independently H, Ci4; alkyl, C,.q; alkenyl, C,4; alkynyl, Ceq2 aryl, C74¢ aralkyl,
5-12 membered heteroaryl, 6-18 membered heteroaralkyl, 3-12 membered

heterocycle, or 4-18 membered heterocycle-alkyl.

The term "aralkyl” represents an aryl group attached to the adjacent atom

30 by an alkyl, alkenyl or alkynyl. Like the aryl groups, where indicated the aralkyl

groups can also be optionally substituted. Examples include but are not limited to

benzyl, benzhydryl, trityl, phenethyl, 3-phenylpropyl, 2-phenylpropyl, 4-

phenylbutyl and naphthylmethyl. Where indicated, the aralkyl groups can be

optionally substituted one or more times by, for example, halogen, -OR,, -NR Ry, -
C(=0)0R,, -C(O)NR,R,, -C(=0)OH, -C(=0)R,, -C(=NOR.)R,, --C(=NR/)NR,R;,
NR4C(=O)NR,Rp, -NR,C(=0)R,, -NR4C(=NR.)NR,Rp, -NR,C(=0)OR, -OC(=O)NR.Ry,
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Attorney File Ref:,00/246-0133 WO 2011/079327PCT/ US2010/ 062168 C)
contacting the corrpound1 of formula (XXX\/1) with N-nethoxycarbonyl valine
under realwOi20nAGMRT7t i onst oprovide((S)-1 -[(2S, 4S) - 215- ( 2€TAFS20102R14%) - 1
-((9)-2-

Met hoxycar bonyl am no- 3- et hyl -butyryl)-4-nmethyl -pyrrolidin-2-yl]-3Himdazo
| -4- ylethynyl}-phenyl ethynyl)-1 Himdazol-2-yl]-4-nethyl-pyrrolidine-1

- car bonyl }o@&=ofret hBL RIOYOK],) hdbRAM HitraCl idet BYnoESERT)y3R,, -SO.NR,R,, ONe

enbodi nent the coupling conditions of step a) conprise

b S(t 11 phelRrGRos HRHFNRSat Ptk THORIGR Ger: 2bthrian: 2 ke edtynvl, Cor

triethyl argrpe.c, 104rR1QNS-EIMBRMMBERED hetd?Saml, 865 e indnibepdd heterodrakydes 12
conmpound according to the invention described herein for treating or
pr event i ngn@MegradiRatetogyde. P 4118 me@eeiegnhetarogyegikyl, wherein RpnRipfie;

enbodi mentyngti)e P e8aeMdepaheRALY B d?_ﬁzqa\t’lgﬂj,eéz_1?alRQﬂ/l,”@ﬁ%lk' Al cSOERRSEL i on
conprising at | east one conpound according to the invention descri bed

her ei n ands a@ralkyhstd-bhemphaeiedc dgtereantly tatk epeabpeede dieterepradyylexdidi ent .

I'n one enmg\pERY heldtecyRIE R 18 MERBEIRAMREBY QLA G Phar maceut i cal
conposition conprising ‘at ‘| east one conpound according to the invention

descri bed herein and at 20l east one pharnmaceutically acceptable carrier or
exci pient, for i ent. Bl e\ Wit -dae vi i Of i1 in a
host P e Y ElE TopRerds B A MRS it e 2Ly

phar mel®eutsetdptegdotmsisinmaiety woergin sAitgyelic meiesy ivinderropied Undatateast ahdg t o

t he i nventy i L f k1S Wall rd at

| east one S er g5 Cag4 MU pReRND) SR of diPoech A0 MBI RRY  s,
viral pol yaeemenecydtini o doksycligi riags. heEFxampies iimhids tbof sarei pekutioviedukat i ng
agents, aniiLQxi : S p:hacterial.age her | ChMAGGINes,
hepat opr o%%ggfﬂgegjgﬁgﬁ?ﬁ’aWto?@?Hgg’ a’ﬁ%’lﬁf" éu '%lgn(ﬁ(%%nty Eir @pgﬁ%ﬁg’/ Négq&%’

pr ot ease diperidimilbi t qayslopentapyrerolal, ri exséapeptaonazigylsi t ecyClorEgRfurayl,

I n anot her ggn%; t LS, Pr oy o ipat i : risi | east
one corrpoutﬁ accgﬁ% tgﬂ[aggll'@rlfve;bt\{(?%ﬁgﬁgsc?%@g@heggpg%gﬁd %%%9% " nor e
addi t i onaldiageepisyl, diazepinyl,| pxyramtlhexazingodyrmehidinyt, hiéiapyranypr thiclded, a
conbi nat i [,Si e Or un or.di O, L.he . .1 on
descri bed 5%ggﬁ{ng$1d&g)ﬁ%ygr gﬁ%r@%&é?@@ha%@%&n{@mgﬁ o%htr?eﬁetll?ﬁ{cg%?&ef -
097546- 013BoW® 20 DE/ prdB2INPTHstIBREd 0h© 62 IrdBe tinEsdy, foroamamptealhasagenne

prot ease i4hihitors.e Vigalh poly se- hkH Bi t pr_ iral | i CE
i nhi bi t or s(mi Bid OhRR iRhgoéa(Qgﬁqlgi eca{tr?ﬂ}‘mdg‘i’dg{ft%)ggen 5‘?@’nt¢ﬁ%§‘2’?€?§ﬂ al

agent 20 t hE(NRNRLRY, ABaC (ROMR.Rig pNRIOGI=0)R:C t - ARLC (2YBNNB.Ry aANREEFR)ORggent
i nhi bitor f NS2/-3_Prot ease d inhibitors of_.internal gidhogonme entry
ite (1 REGE MR BE AR SRR B Btz O S st g
addi ti onalSCagRRt, aNReS@B11 MNRsIBNBMR, s eqeR(rO)QR.OR,, Ci.12 alkyl, C,.q, alkemyBnGitiher
conbi nati an odi men e u n i tional n r
10admi ni st%‘?y@g}? s??ﬁil ?Eﬁ'ﬁe%‘ﬂ ga?arh?ﬁ, hi r%@ggroel%iﬁﬁ%r?%gg ?”égeﬁe&? & above
may convereterohrallyt, pridsmambdredoetaseycla, bhd-flomembered pbiarosyckeudlkydal
formul ati on _and g hys phar eutical .formulations.-conprisin C i nation
as. def | ned R Vdb SyePnarauie oo A RRBLe Tyt 5 A0 At ke et
t her ef or e atioympl,i Sg;aafylir tther assdgcts5-0f mbeberedehetadoaryThe-18ddicmbaned agent s
for the c osi ti.ons d cqnmbi pat.i ons i ncl . for e | e i havi rin,
anmnt adi nd PR S DotTd MERRGRA Pt OF et o RanerHered Bk orele SBhe ¢ er m
"viral serine protease inhibitor" as used herein means an agent that is
The term "heterocycle-alkyl” represents a heterocycle group attached to
30  the adjacent atom by an alkyl, alkenyl or alkynyl group. It is understood that in, for
example, a 4-18 member heterocycle-alkyl moiety, the 4-18 member represent the
total of the ring atoms present in the heterocycle moiety and the carbon atoms
present in the alkyl, alkenyl or alkynyl group. For example, the following groups are

encompassed by a 7 member heterocycle-alkyl (* represents the attachment point):
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effective fo.inhipis. the function of the viral serine protease including
HCV serine protease in a manmal . Inhibitors of HCV serine protease include,
for exanpWe,20tgse7conpounds described in WO 99/ 07733 ( BOERISR019M52168

I ngel heinm), WD 99/07734 (Boehringer |ngelheim, WO 00/09558 (Boehringer

I ngel heim), WD 00/ 09543 (Boehringer |ngelheim, WO 00/59929 (Boehringer

| ngel heim), WD 02/060926 (BMS), WD 2006039488 (Vertex), WO 2005077969
(Vertex), WO 2005035525 (Ver jex), WO 2005028502 WD 2005007681
(Vertex), WO 200 ex)> WD 2003035060
(Vertex), of WOQ3/087092 (Vert x) 02/ 18369 (Ver|tex), or W98/ 17679
(Vertex). 30Specifg’c exanpl i se inhibitors include
Tel aprevir (VX-950, V 35350 (Ti botec/ Medivir),
MK- 7009 (Merck), | TM\ 227, I nterMine/ Roch and Boceprevir
(5CHSCB034, Schering). * The term"viral pol ynerase inhibitors” as
used herein nmeans an agent that is effective to inhibit the function of a
viral polynerase including an HCV polynerase in a Attorney File Ref.

097546- 0133 WO 2pdAd MR PRE H&@%?&l@@%ﬁérdﬁ?ﬂm be|olibtlib|'€>}éltyosru;‘lbs@ﬁ‘utéfd!:V

pol ymerase incl ude non-nucl eosi des, for exa hose conpounds descri bed
in: onemr@yp@@@l V4(§°r(‘B@BTW¢’HBé?gePndB hexy) NRafe 9462659701 @ki st ol

057 098434 SO} R B oR oS E IR IAGRIED LS 092“ RARAL ARICCOpRAGS0 - VO
01/ 47883 ('%féén@ ReobatiRe§ NWB&OOO& TQ)QBan 'Q%a@kf‘lﬁ*)aRbandQ‘_slfF R256 628 A2
(Agouron) Od'_(ubfdl@r rﬂ?/"d?m@F hﬁ{trd n'&h@bt erﬁn&f i}'@% 3R0| YSBENRSTE, a-'NﬁQSdzl'i‘C' ude
nucl eosi de ana S, for exag3 , those corrpounds described in® WO

01/ 90121 ASR-$OH& bx)Jr W@ﬁia@ge Aryl( Bi-o@tkpsY !, Pharatet¥utGecad®l @os ), and
WO 02/ 0572a$Zlkﬁ2(5M§r ﬁu%hb%f'éﬁ) hé@l%awp Qﬂé%grﬂggre@%e(%ér%h(yl 53 ﬁ membered

Speci fic exanples of 1nhibitors ol ynmerase, 1 nclude VCH 759

(Vi r oGRem 'eerogeole, Q/CF+—1§1FBGT(1WF|€6CD%%OPV\%{? L, witsHe I Re, (R rR@Cﬁ'éqTRPﬁéﬁ ma) ,

(Rﬁ/grzgkf Fgl %Pﬁ’mdg%ggelr{t?ql\/gh€£1)ggﬁxng§%e%%ene/ﬁ\b|:%oftwl(a@i @fl) 1 %E\Q anas98

(Anadys), - MeRbERgdr distielioad)), ahdld CBIewsAB atheproatiilt h$<|1§né)emb‘£3®qd1e term

"viral helHe‘Eﬁ%afdl@mrbz! ﬁ@ﬁ%mb@?edﬁ‘?ﬁ?gro@?&@'a feans an agent that is effective
of avira

to inhibit urcti on T case including a Flaviviridae
helicase in a mammal . "I mmunonodul atory agent"” as used herein nmeans

those agents thafe @%r‘ﬁw e deardd ISUFBreQé]ﬂ?%earBFnaBQt Biid 3d et&%ér@‘ﬁ%‘?d system

response in a nmanma rmuno at or agents I nc ude exarrpl e, class |
i nt erf er oryclic nofetads iterra@ed by- atalnelstheu hetesion tano selectedi frera okipgann),

consensus e i al I (such
as yint erfg[r}gﬁg BP pg%éii}l Q\?)ed I%r%% 5@{ %@nﬁgo@%ﬁa&?@ﬁc Oéﬁﬁgpé@ 8?\@5
| mmnom)dLvllrmmmwtdg@htonasingsedhheokycwlucrrmmaehuswomﬁﬂﬁeancﬂ At érabeonmn

Lanbda., ZuRCRIehEaln BShe AN utibLS Biasein Ibaplathaune paral

Oral Inter I0SCI ences t eron, | ol e
Ther ap®ut iace/ 1@dt bpnhtles) to Cdlm;;aajlalzmyer fonoyl, (1$crw<azaiyla iTdiblaapglt mQazolyl

multifero i en Hu es

Interfer onrb %%ﬁra]%&?lge)ﬁmﬁhp Qﬂné % égfblyﬁm &Eﬁ Né&ru@g ;ﬁ{??ﬂ)ﬁ ton

(Fl amel Te:tyhrrmbjlpgtmsthazd)llg}\/ Zéﬁa(d\yiyelthladmmlylor nayzdtyll etrReiolyl oombed; 0133 WO
200107933 0TL2NLBORIES TSGR ERY, LS SelAmAEL cll)
AB68 ( XTL ﬂ)ien))isathnhzﬁlw,mneno(mmﬁllgl 1m1dazopyraz$lye ptyetromopycﬂoas,sthhenommmn;ﬂer on" as

used herei.pn. neans _an i rferon | ected fro ¢ of . interferons that

al | bind ttﬁ‘aﬁﬁéa&(%%%?m{ *ai thigggl oty g siagdlbpy vy g %‘gp%r;‘fﬁﬁﬂeti cally

produced axasdopyrinmitimf, eoxanr&iopﬁ)dampbmoxn‘zotyl alsemzisotmaz@tyﬂ,ebmthmmmde a-,
ons,,. T-i terferon us,.i.n

13, - and erfer ns rfer
asi al o-i nt%&n Ci 'ﬁ Thedt¥dY e%%"&é"%“ﬂyf i n?De baﬁhang/ ’usedt% rﬁmﬁeans an
interfer Or’inﬁcﬁizemtreiin‘fllt qmrfmygr m:pzcmbpyrrmmemﬁ/er mmaaztdpwadmw enathidazalggcept or

type II. EX S | . inte ns_incl - .10i.nterferons
o sense TIAPALL tRbrgalTowl, beRtdlioRlY SeatSeY dduBhTE | BB ¢ o
i nt er nal r1i;d3|®cﬁﬂmﬂ19l enffturyop$n1mﬁl1|(MlRES‘)JropW1ldylde bShZaf 1803 (hs‘Bb&zofuranyl
Phar maceut cal s).. hose co ?%E descri bed in WD.2 19831

od

t her apeut it opynm my, 198y TR €D B%OE(?Z(BW1 gEgHiagdn

interfer 0rt|uﬁhazblanI r inaphSiyhigiyin meguiastml, i ntisgdueiokihyle- 12ber&6‘wrtaﬁﬂl ne,
ri bozyme, thynosin, N-acetyl cysteine or cyclosporin.

BOST_1803930.1 90



20 I'n one emhodi 1(‘?'8}7%1651556 addi tional agent is interferon a, or ribavirin.
I n one enbodi nent e additional agent is interferon a 1A interferon a

1B, interwenron/@92A, or interferon a 2B. | nt er f @COAUS2EL0A¢268 abl e i n
pegyl ated and non pegyl ated forns. Pegylated interferons include PEGASYSt m
and Peg-introntm I n one enbodi ment, the additional agent is

interferon a 1A interferon a 1B, 30interferon a 2A (Rof eron),

PEG i nt er figki@Bp@iddAny PRBASHEN,  benPdBEFiRfLO 'WiRerd Bndit itetl @Re Abt&dbarfE&Toups
interferon a 2B (Peg-Intron). I'n one enbodi ment, the additional

agent is sctaarhfa?Ri‘Qﬂﬁ“béWF‘é‘ﬂt@G P/t B rPYENMES Pﬁoﬁ’oéleéﬁmpiﬂe@é@%” 1Reron A,

I nt t h ft 7546- 0133
06 2011/ 07 B g K Lo L R R onal
agent is dHeSERNRBm ANBE{=Q)RzDONRE Wc}NﬂAREFheN%pB&R pBas é?fdu@}"@d e

AstraZene - RQ t 2 I ma al N17
( Phynova) C@é\}a(\j/ﬁ_uxf)gg@?g§ar \r};édcr%}l ]rﬁﬁg( r#ﬁ{aof E’ﬁ% g f’DE%?bNRPR{NI M 811

(Novar t i s)NReSERE3HNReELIRE Q1) ;P( f@%&&lﬁ@@a WDI@Z@ES@QWM zealyvnvé&eus
(formerly lVI\d}ﬁ,Oz;’ralk\jfl rgs %emtf@tré’%ﬁlétébé’rw 16- Wn%ré%%&‘?&r!!k& EMIJQGH' X),

Viranidine (Taribaviri'n, Valean arnmaceut | cal s) aconda aconda)

11033 ( Berin€rakered ateroye pel 4el8) mempenaa- wﬁrch?ﬁ%vrhyhaq@éu&,cgb,dhm red by
Mer ck) andy, @"I‘Qaq‘@eﬁ Conaﬁm%ha@a AHUSR98, A%Rawllt él@/rgﬁaée)n arfBc022

(Jenkin), CTS- (m’t’oqui none, An
Phar meldeuti canaﬂsyl Aﬂ 1hi raemhertedzdwawparyl Féo‘nfhr mem@fﬂdatl’@ftﬂ@ar)alky@arﬁd12

Bavi t uxi ”ﬁﬁerﬁﬁ’@r@@%b&?o@@@ Mhr 4-18 me@%%&%t&;&g&?’%ﬁ? L tlbesa@&“ Bé onal

agent is a therapeutic vacci ne chosen om CSL1 CSL
(I ntercel |UnN©Kﬁ§?QdI ghat @rmBoeEch @S otibienpiirny!” FEXOARSIEFr a%sgmﬁ@§t1V1’(§ﬁr onvac C

(Tripep/l 59 (Chiron/ Novartis), Pevi PROTM
(Pevi on bﬂg%/lg@}]§ b@'ﬁotﬁﬂ%téqﬁ_f&é‘ trmeaég bﬁ%/pcpfgse of PEGASYSt m nonot her apy for

chronic hepatitis Cis 180 ng (1.0 nL vial or 0.5 niL prefilled syringe)

onee MeskiY or P e fuiosioH ARPRUSANITNN LB \c) Reababen o

conbi nat i cowd atactiedatei theradjagent tamniby aneplyli aikeny arsaliy@Ql gipupl Wherd vi al
0.5 nL I i . : daij | .

R bavi'r | n Tacyst 8 bR R0 KaPt: Spuonat spbsetled e o HBRERG: oo

The dose dHypddrdeXampiadialdgenal QRz e tNR.Ry, t-GEOpaR., etiO)MRBeNd(+HOdn -Badi.i ne

ol or abi |1 Ty oF e CERROBRt IRICLOAT R, FRRETRC SRELARINGES 1 0t rontm
gggnl mt L?QRLCgO)?Ral(gD%@N\IR%&subGtﬂ(hmm%Q JORy hxahexﬂeautr; ‘ﬁhldod?zaozhlogl d be
conbi nat i 5282&3 ES a\7|br’| Bm&@%ﬁd‘éa Bod& @%&E&r d({nr’ 55
rzrioclzrl;)g;Sg%WMeégnflmmybrC@y i, eCBefa;all(;ﬂQ?SﬂB mrrz?lm heteroaryl r6i-1n8
prot ease Inﬁrﬁrg%é ?g 91 gérgar]aﬂk? 3-12 gmgmg rednqwe%npo% g &nhl h e?nebere

AVi vir7 d rlnep e i I'n
one enbodlhmmocycke laadyl p@qmrmsab; Rbhiabd tRQrare egeh fddapendemtlgl&e Cqu amy&r ase
'h2|h: E;tsgr Icﬁm aikey1, DOdh IR ¢ vl Dl ISRSE 4 M ied Rerbdfl i g | dae

membered heteroaralkyl, 3-12 membered heterocycle, or 4-18 membered
heterocycle-alkyl. It is understood that in, for example, a 6-18 member
heteroaralkyl moiety, the 6-18 member represents the total of the ring atoms
present in the heterocycle moiety and the carbon atoms in the alkyl, alkenyl or
30 alkynyl groups. For example, the following groups are encompassed by a 7 member

heteroaralkyl (* represents the attachment point):

Raetd
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I'n further, enbodi MEALS, ., viral serine protease inhibitor is HCV
serine protease inhibitor; 10viral polynerase inhibitor is HCV pol ynerase

i nhi bi t orywvoworial7932¢l i case i nhibitor is HCV helicase i nhiPbiriuse010/062168 In
one enbodi nent, the present invention provides a nethod for treating or
preventing a Flaviviridae viral infection in a host conprising

adm nistering to the host a therapeutically effective anount of at | east
one conpound according to formula (1), (I1l), (l1Il), or (IV). In one

enbodi nent, the viral infection is chosen fromFlavivirus infections. 20In
one enbodi ment , Halegan atami ¢rubalonfizPedficaly miefhegring atom.vFhladng AR bovi ne
viral di artfrb@nﬁ‘nevdtBMsorG&)q’MtonhOQ chol era virus, dengue fever virus,
Japanese encephalitis virus or yellow fever virus. In one enmbodi nent, the
Flaviviridea viral infection is hepatitis Cviral infection (HCV). In one
enbodi ment, t herfaqgkm i«gx&uBieschfs fNe enbodi ment, the present invention
provides a nmethod for treating or 30 preventing a Flaviviridae viral
infection in a host corrprl sing adm nistering to the host a therapeutically

ef fective amourf g @t« tﬁﬁ@fs n%E‘Be&»&HEHQW&OIe&GRer wgo&% Ld2Q tbﬁHcﬁB&tb%“pomt
descri bed herein, and furt er conprising admnisterin | east one

addi t i onalofagféaghement for a substiertnhdar mmplq, h@OMR@%eeﬁt a'itm}"@ﬁt thoeughr 8\ des
a met hod fé&?bc}nrcﬁachb%%élﬁ preventing a Flaviviridae viral infection in a
host conprising admnistering to the host a therapeutically effective
armunt100f at | east one conpound according to the invention Attor ney File
Ref.: 097546-0 1/.0¢ 6@&,@80

furt her conpri i@ﬁasmd@ﬁl Stef?ﬁﬁ?ﬂdﬁgg‘ég@gﬁe addlf?af{%%?l ggfedrﬁll‘ﬁhg n‘a rom
viral ser |%mplreotéa§eaﬁtmhebu thﬂoggh \ithe agaripes yatrepesiiéon Ahiapd t‘bﬂ% thej fczilowmg

hel i case 'r@Qr‘e@ér‘it%én i mmunomudul ating agents, antioxidant agents,

anti bacteri agent's, therapeutic vaccines, hepat oprot ect ant agents,

anti sense agents, inhibitors of HCV NS213 protease and inhibitors of

internal ribosonme entry site (IRES). The conbinations referred to
above may conveniently be presented for in the formof a pharmaceuti cal
formul ati on and thus pharnmaceutical for ons conprising a conbi nation
as defined above together with a pharmaces{ cally acceptable carrier

10t herefore conprise a further aspect of the invention. The

i ndi vi dual conponents for use in the nethod of the present invention or
conbi nati ons of whae thessenta sulfenatem psreyerhe thelnsutfus tagsradcan bbesat different

sequenti al | r similtaneously in. s conbi ned ceutica

For mat at ; idation Terds, S CELE0 Yo b P AR Srfeicrlind S bR B Fope Bt « ne
use of a quegppuRtlepte®rding to the invention described herein for treating
or preventing Flaviviridae viral infection in a host. 20In one enbodi nent,
t he pﬁ@sent i nvention provides the use of a conpound according to the
invention descrTkedehr"ddepehdehtlyt fRans QRRT bSiubgtitlent @At b®NAe adeliet bpnal
agent chozﬁﬂ frog1 |raI serlﬁe protease inhibitors, viral polynerase

i nhi bi t or S1TTgieNE AeHRitioR fePaCARiS -t or s, |nnunonudulating agents, anti oxi dant
agents, antlbacterlal agents, therapeutic vacci nes, hepat opr ot ect ant
agents, antisense agents, inhibitors of HCV NS213 rotease and | nhibitors
of internal ribbs raémth%/t%rm eSUPplgpEgd,{ dfhett'?%a@rﬁﬁgde&r by, ER&, BT rptionally

Fl avi vi ri daeoy] FedérsitBitRE kéficdnibnd olﬂ(h?@rogen radicals brila @AY AfliroRIM atoint i@ a
pr esent i nvention provi des the use of a conpound accor di ngf to the invention
1

descri bed $&ebthugtaie viHE Wenipdicet of @ sreciisfesiRsHmMERt- SRECTTIC substityeptpae

enbodi mentgesédPEESRN N it RFhRDNPT M BeBw hﬁtlﬁ@%e@énpﬁoﬁ%@%ﬁﬁo@%%rﬁj ng
to the invention described herein for the manufacture of a nedi canent for

treating GPAPPESSHEIERG ANiAsE AFhar1visiingicdigaean APEAlYruPHitytadogrpup can have

a substituent at each substitutable position of the group, and when more than one
30  position in any given structure can be substituted with more than one substituent
selected from a specified group, the substituent can be either the same or different at
every position. For example, the language, “which is unsubstituted or substituted one or
more times by R'” means that when the group is substituted with more than one R

group, the R™ groups can be different from each other. A ring substituent, such as a
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I'n one enbodinent . 4he,present invention provides the use of a conpound
according to the |nvent|on descri bed herein and further conprising at | east
one AttowvoeyiRi?he7Ref.: 097546- 0133 WO 2011/ 079327PCT/ B62050¢10652168
addi ti onal agent chosen fromviral serine protease inhibitors, viral

pol ynerase inhibitors, viral helicase inhibitors, inmmunonudul ati ng agents,
antioxi dant agents, antibacterial agents, therapeutic vaccines,

hepat opr otRgéRBjclAIEM 5o beiNd! EIHDENR IR, SucH 84 Q}/&l@élﬁyloto FoM Asgitd priyetease
and inhibitors of internal ribosone entry site RES) for the manufacture
of a nedi dHIEENEeMbe-$ v BAYN TRES SPrBrABGSRMMAY 3OWi ral  Fl avi viri dae infection
in a host. Unl ess ot herw se stated structures depicted herein are
al so neant to include all isoneric (e.g., enantiomeric, diastereoneric, and
geometric (or cOhPBE Phtarenarn) skif o vee ]?Ot will tr?t‘é)gﬁtz?ué@r{]b@at‘f’@r Ofei%ﬁp@nt% he
Rand S C%i/is%‘r\[—:-@tbwﬂﬁ ifv@htiBRaR BRYIEEHbINGtI6RNHEE restb)in %H@f&rﬁ)att@ﬁ‘ébkﬁbl@”d
i soners, and (2) d (E) conformational i1sonmers. Therefore, single

st ereoc herﬁrcall‘em@é)lll?ﬂérfgasa@em@mp%dénaﬂ'h?oFﬁifF"i Cstablpas perusedeharein, areders to
GEOmBL I | C oGl (B ABALIbsHNELY BReRld Wheh RIIEARY 16 QBROKOHS 1@l fowirbhi N
the scope of the invention. The single optical 1Somer or enantiomer can be
obt ai ned Byl edEtigg ﬂeueﬁtwm ang rtrﬁgerablv theif cecoasrye RUFiEiFatiqm. @nd ae yeraene
resol uti on, -gRgeClit @lpu%B%bé H@Elﬁsed herein, In%h?esén%chﬁt%mssﬁ s?étﬁé %Qmp@uﬁd or
tautomeric forms of the compounds of the invention are wthin the scope of
t he i nWentqhemically feasible| ¢preneeing rih ®oE nbat js nofesubstandiahy aliefed Mbeprikepebnat a

| nvent | on @pBeRRAY HEd0icof 185 A MeoloBnd BElbSLAY 6P bERINheRlicd|§A—he AR

at least 9 oan | éast C999%’F f ee of the correspondi ng stereol soners.

In a furt tr@ndmwbs)oﬁorrahteastte weekp Wireh tofo alkexygregmsmare ibournto the same atont dre
formof a enis % free n

st er eoi sortdt?t”g&kF a%neig ) &n&%lkg%%é O%E%bcgaﬁoﬁéﬁt {]ﬁé tggﬁggﬁ(ﬁ)’dt% &% %ﬂ H.gresent

i nventi on varieh ttreytahlebbmctn of a single stereoisoner at |least 97% free of the

correspondi ng stereoi soners. In a further enbodi nent the conpound
of the present invention are in the formof a single stereoisoner at |east
99% free of the correspondi ng stereoisoners. There is al so provided

pharmaceutically acceptable salts of the conpounds of the present
invention. By the term pharnmaceutically acceptable salts E conmpounds are
meant those derived from pharnmaceutically acceptabl e iforgan c and organic
acids and Attorney File Ref.: 097546-0133 WO 2011/ OR PCTUS2010/ 062168
bases. Exanpl es of suitable acids include hydrochloricll_hyd§obronm c,

sul phuric, nitrinccertaén eimbodiment,faucampoaund mapresentepbp:sphori CN gl ycol li c,

| actic, salicylic, succinic, toleune-p-sul phonic, tartaric, acetic,
trifluoroacetic, citric, nethanesul phonic, formc, benzoic, malonic,

napht hal erssoZinslutdghehere tha® dreurz mpéscet pieorion the hitrsogeftab@n. aci ds such as
oxalic, while not thensel ves pharmaceutically acceptable, nay be useful as
|nterﬁ@d|ates i n obtaining the conpounds of the invention and their
pharmaceutical |y acceptable acid addition salts. Salts derived from am no

acids are also incl.ud al ts

dor i ved 11 om appPapPTbe BisSs oteRtRhatAtan ot et Skaicted hereluareui® MeeR um
pot assi umtoaindludk kedrptRingarthdt dEferl only EingtheC pregbnt® offepBesi ke isotopically A
ref erence herﬁi after t ound accordi q to the.invention includes
that . compdEENShat TS phalr FKERIET CAMPS RS Bhial| Bvaliiqns wherein 'one\gr ore

regards t thyghaenacemt ise@lréplaear apitablm 6ratrtt$um,see ofé 0 rhtv@ tdrBon @torEsDére
approved cormercghal IM mar ki tedléﬁaéts listed in Table | of Berge et al

Phar maceut TRAFESEY 3, €97 o &eibon g withi the 5cope, of jthix IYGntesy 7 Suglyy

1-19, the @hfpLAGUER Gefihichetatnpld] AF affpticl adolbep@bas iy bictddtR Resys, or
It will be a Frem ated by, %hose skilled in thg art that the corrpounds in

accor dancé VIR $ARPWPPESIE MRIYRE L RARIGXPEE- i n different pol yror phic
forms. As known in the art, polynorphismis an ab|I|ty of a conpound to
crystallize as nore than one djstingt crr)]/stalllne or Iwam)r phic” Rem es.
A pol yilor ph is AS&TY ‘st TRARENphAEEN HHMAN (BHE NI MRS HoEX3reRis chilgo

di fferent RolaaedgreAlstor pol ynorphic forns of that conpound nol ecul e in
the solid state. Pol ynorphic forns of any given conpound are defined by the
same chem cal formula or conposition and are as distinct in chem cal
structure as crystalline structures of two different chem cal conmpounds. 30
In addition to the conpounds of this invention, pharmaceutically acceptable
derivatives or prodrugs, and esters, of the conmpounds of this invention my

al so be enpl oyed in conpositions to treat or prevent the herein identified
di sorf&f-4803930.1 93



It wll Omey ﬂelpgdgﬂpgl%m ated by those skilled in the art that the
corrpounds I'n accordance with the present |nvent| on can exist in different
sol vat e fwonsi/d7e27exanpl e Attorney File Ref.: 097546- @C33/SWD0/062168
2011/ 079327PCT/ US2010/ 062168 hydrates. Sol vates of the compounds of the
invention may al so form when sol vent nol ecul es are incorporated into the
crystalline lattice structure of the conpound nol ecul e during the
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Ref.: 097546-0133 WD 2011/ 079327PCT/ US2010/ 062168 het erocycl e, can be bound
t o anot her ri ngTh&fiellowisg gersrel schieRngs ,andexampiasaarepbrowided dg dllusrate rygrious
system e. ri . . . i nary
Sk 11 inepegifbits of SREpRRa I ok AT Ehihe consitered ASuAmgh L0 10 Y
thi s i nverwillore apprectadeck by dhbienat sigHsintthatart ébat pthen cohmpofiadsnaft ihen pofsent

stabl e or i ca eas/ ads. T, . | g% S in,
refers to ]ﬁ%?rlg?gﬁn%%ytb a?é ﬂgﬂee%ng?@ggﬁs}g g‘ﬂ%i@?l %ggﬂcgﬁ%g[pmﬁpeeﬁ@%gre{eggﬁﬁ{qg
condi t i ongreactandsland/ drovperdtéigrcopdisne tisasinin tie fatowinhexaardepr ef erably their
recovery, purification, and use for one or nore of the purposes disclosed
herein. In sone enbodi nents, a stable conpound or 10 chemically feasible
conpouwnd i s onelnt treet foregoimt arsdibs tlenfallaWing exdneples] alhemmperpturest a@ set forth

t enper at ur [ e en of i sfur.e.. th mcally
reactive c@ﬁg'ifr?ég%s?{ f&oe?%{s Icggé{q’ aﬁpvie Sl%Weor%H&X%eallﬁ%%tegr oéjg)sgagr%e aﬁ)@und
to the sameratndagesraraty ae@ht. at ons, the two al koxy groups can forma ring
together with the aton(s) to which they are bound. In certain enbodinment, a
conpound represented by:L also includes where the R group replaces the H on
the nitrogen atom 20 Addi tionally, unless otherw se stated,

structures_ depjcted rein are_also ant to include conpounds that differ
only in tﬁ@eggg%vé‘ﬂ%8%@&%‘8“%@%@?@5&5@8% %%1103’51 |y enriched atons. For

exanpl e, cxnpounds abu#duss i nventi on, wherein one or nore hydrogen atons
are replaced deuteriumor tritium or one or nore carbon atons are replaced
by a 13C G 14C enfPRERYE 3 Ar bon are within the scope of this invention.
Such conmpaamis are usehylene tlelbrigxanpl e, as anal ytical tools, probes in

bi ol ogi cal says, Q. antiviral conpounds with inproved therapeutic
profile. ﬁ% ter n&“sﬁg?ﬁegyla’m%‘?i ent" mean human male or female, for
exanpl® clbDMA, adol elsnemylformadidet . Attorney File Ref.: 097546-0133 WO
2011/ 0793%@/ USZOiPOI 0%%6& , It will be appreciated that the anopunt
of a conp of t h@MRTWEUTHHIG equired for use in treatment will vary not
only w th HtDRc parti quhyakace@epound sel ected but also with the route of
adm ni stration, the re of the condition for whi treatment is required
and the ag@@gd concf?' ﬁ'g@eb@f‘z?tﬁ‘éz‘ﬂé?ﬂgﬁwigﬂ 'WtTa\medgaﬂToﬂ"?%tel y at the

di scretion of the atHegamigdrbphipisdtei an or veterinarian. In general however a
suitable dose will be in the range of fromabout 0.1 to about 750 ng/kg of
body wei git per day,M?'8f exanple, in the range of 0.5 to 60 ny/kg/day, or,
for exanplygsoH N t he MaRgwlof 1 to 20 ng/ kg/ day.
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The desi reAgorIg%eeRW54gaggveni ently be presented in a single dose or as

di vi ded 10dose admini stered at appropriate intervals, for exanple as two,
t hree, f owo 20r1/078328 doses per day. The conpoundPC3/usemvaniient | y
adm nistered in unit dosage form for exanple containing 10 to 1500 ng,
conveniently 20 to 1000 ng, nost conveniently 50 to 700 ng of active

i ngredi ent per unit dosage form | deal ly the active ingredient
shoul d be pBp ni st ergéekhlOrertiity@eendteak plasma concentrations of the active
conpound of from about 1 to about 75pM about 2 to 50 pM about 3 to about
30 pM Thi'sBidy be dthy¥lEdiumor exanple, by the intravenous injection 20
of a 0.1 tFQIC.@%f?ﬁP' ut(d @nief(dibRenydsiosMifind @ REERN bal i @NaditMoride sal i ne, or
orally adm nistered as a bolus ‘containing about 1 to about 500 nmg of the
active i ndidéefihehtl bessdighlerobisoaheny BhesPREEG) Ballagiim(Bi ned by a conti nuous
i nfusion tgr provi de rghRybmPe@iurk0 about 5.0 ng/kg/ hour or by intermttent

i nfusi ons containing about 0.4 to about 15 ng/kg of the active ingredient.
When the cldfpounds %F‘e!ir%afb‘ﬁésent i nvention or a pharmaceutically

accept abl erigal ts t haig@hydrérytged in combination with a second therapeutic
agent active against the sane virus the dose of each conmpound nmay be either
the sane as or differ fromthat when the conpound is used al one.
Appropriate do 1 I Heciat ; L kn-the
art. o R A e e o
t he i nWentUstng skepp deaerabinknowi & tpsaof ordinarawkil e fiecait. iThosescomrouadadRe t o
present t J { | S: har G i & |

nventi on Hae Opas Pharon corbadsirf i (R TEL Hinih (S RERGT GliBniohbfoa ooty
conpounds odssspectprnesfentHALGVbighipsfognancedimwidrelirematagsanhy) avdt MR dbycdear

derivati : h ' ' I

A tor ney BT TEELEResohBRGL, B o R iEictt o P E, DR PR b PRlch BREEmaN ¢

t her ef or e aa@NlyseINptes) byd areted maané ta il the saenrd ofrthprcopdiyipacthiat can be

. di ent . ' . i ' :
compati bl s ol AR EhedthalLE e R RRERAE i inbot oS inBlede! N0

del et er i oumndidionhthat eciupl lenappanentetofthose skilled in Phatrarhirelight oélthis eprsifédatioons

i nclude thgse, ygttﬁ?k&n%&fnd%ﬂms h@gﬁﬁ%n. t'}ﬁt%?s'otpér‘eﬂ%ecﬁhic(a} LHdbAgRYECA
and sub-lingual); transdernmal, vagi nal or parentera Irncludi ng

i nt r anuscuherfollawibg sdnemes arsandrfinedthessisnGersyaldgiemest rati on or in a form
sui tabl e Tor admaél!sg{aé.as%h]gﬁes%r%%ﬂ?&?%d S’ﬁ‘a%cHoR§§fc§da%E b Mero DFFuid BMAU! Y ons
may, where appropriate, conveni ently presente 5 ar SCrete dosage units
and mey bengssepeatsundipr apgrawdd inlsnglkOM$retode dathaelbttréspoaynionizatidore sanoples

phar mecy. L iELARAS dAShU AR DecabaR G Lshil ARG LALR, 2RR86L AhLatof AP
active conpound W I'i'quid carriers or flnély [VPEEd $olPd e8P rers¥or
bot h and trha&n sped. anelyssss@nyisted A pDm\ pH@ apmuoshieh acethte drivka delsageéchitrile-

adm ni ot r A0FRRTONY < RVRRTBA A 0B, FRBAF koS e 3BefogliBreBhfte o

capsul es, metbhedlover 3. H5abine tsadéant hinooarich4.8imigs aurptiedeineannAGESd8 aroxiAbmof  t he

active ingredient: as a powler,,or granules: as a solution, ensi on or
ARG CC i AL B g T e e g e ST Sl g

el ect uary aaetgpésile metladroebgeraiodninagsdies tinor amd 82 mardmunitste ot & ACEBES/4.6 x
contai n conyenti opal ci pi.ents such as bi ndi agents, fillers,,

Ubr i cant o O RiAREYr s Potg e g N iy Asges BertHang somb R TR 'BEretat ed
accor di ng the LORE hewatioe kimek mmwindtes, tahscatéd widhahe kbgpowhdor Bessaithemgsemay be
in the form.of, faqr | e, .agqueo r. oily suspenpsions, solutions,.

emul si ons, MUgFtERs sy (R Rrina Uahzed (o ghiay bE SRPUFL et RN B Sutrcietpilsd
const idout igpaver tfitha@t@fhinpis <8 et methiddabivas vl il the Refnsin pisuSaninSHemmetiepa d
preparatigns may contain conventional additives such as suspendi ng agents,
enul si fyi %Wﬁb s, non-aqueous vehicles (which may include edible oils),

or preservati VesH-NMR spectra Wege ectBptdnats400wHy @hirdth BrukeMBPX #A0E@sH Vapianmay al so
be formul ated for parenteral administration (e.g. by injection, for exanple
bol us i nj dBX'8R€Wr conti nuous i nfusion) and may be presented in unit dose

formin anmpoul emyrifiehor by Ir@rsyphiadgepLC Serearried Pub Rd&SOsthnfans icondieions dsing
mul ti-dose containers with an added preservative. The conpositjons may take

such for ne® BEerAREHsPIRDT &8 eA¥BAs 21dr MBI $i%9AsM M DM 3)?0'5&qufé6td@" 15
vehi cl es, and may contain formul atory agents such as suspendi ng,
stabilizing and/ or dispersing agents. Alternatively, the active ingredi ent
may be in powder form obtained by aseptic isolation of sterile solid or by
| yophilization fromsolution, for constitution with a suitable vehicle,

e.g. BOFEAIPRY pyrogen-free water, befored8use. Attorney File Ref.:

097546- 0133 WD 2011/ 079327PCT/ US2010/ 062168 For t opi cal
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30packs. ey rie 987520 Ni stration by inhalation the conpounds according
to the invention are conveniently delivered froman insufflator, nebulizer
or a preswonomeadopack or ot her conveni ent nmeans of del i PETIUSQO1A/M06A68 OSOl
spray. Pressurized packs nmay conprise a suitable propellant such as

di chl orodi f | uor onet hane, trichlorofl uoronethane, dichlorotetrafl uoroethane,
carbon di oxide or other suitable gas. In the case of a Attorney File Ref.:

097546- 0132rMEnd8 Lting 70 BRI Hh MeRO 20/t8 61 HFCRICRS fllivh &8 bra@d 2R0h Wirer dagage

unit may be determ ned by providing a valve to deliver a nmetered anount.
Al t er nat i VePEEHGbwith@r Eétt?é’fﬁc%mgﬁminHF?al ation or insufflation, the
conpounds according to the invention may take the formof a dry powder
conposition, for exanple a powder m x of the conpound and a suitabl e powder
base such Geheralqresedye 5t arch. The powder conposition may be presented in
unit dosage form.in, for exanple, capsules or cartridges or e.g. gelatin or
bl i ster packs / N wWhi ch th&]powder be adm'/ni stered w e aid of an
i nhal at or hat— 16— desird—t-he- abovel dgsar
el easé\of the actixe;iAgredi ent may
be enpl oyed. (R)p The followi ng gengrgl schemes and exanpl @s yAr e pr ovi ded
to illustrate .\/%ri ous enbodi nents of the present invention and’shall not be
consi dered 4% FMAP# g in scope. It will be appreciated by those of skill
in the art that_other c ounds_of. the present, i nyentjion can be obtajned by
SUbst 1 tuti ng ¢ HECGERDY AT GT 2 & oY Hee 'y teBe oBEleRaaErerh oLy AHaaIe
operﬁti Pglt?mh@lbgérram@d ulsa@li nlof he ht@rbaysleng exanpl GSSn?g%%ir’a t heodptinggoiwith and
in the follow ng, e e all te ratures are set forth uncoryect in
dogr oes CASBEDacERue® ne il ad! Prlrudh datiat HhiokeiRh Bl ges
are by weiggbdencdbebhsel sJuQN\/bﬁlgIEﬂbbﬁﬂllEiAagﬁ\ieoﬁhhél mgirh%hgsady@ﬂ sflaid mr‘@rmﬁdliate._
agaqueous congconcentr at e t hyl ene chl ori de sopropyl et m ne
SO DNFai et T 5 61 PR SR Rk PO T At GAEEFNGICOa ot eDY e e
( 7- Azabenzapettad @iethymy intefhddidde, N' -t et ranmet hyl ur oni um hexaf | uor ophosphat e
nol ar MeOHMet hanol Attorney File Ref.: 097546-0133 WO
2011/ 079327PCT/ US2010/ 062168

The Sonogashira coupling reaction is a well established method for producing

acetylene containing compounds. Conditions for such coupling are well known in the art
and can be found for example in the examples of the present application, in Yamagushi
et al. (Synlett 1999, No.5, 549-550), or in Tykwinski et al. Angew. Chem.. Inte. Ed. 2003,
42, 1566-1568.

General procedure 2:

— ()
)

20 hal is halogen
The compound is formed from the diethynyl intermediate and the iodo or bromo
imidazole intermediate by a Sonogoshira coupling using Cul and palladium catalysts in

solvents such as DMF in presence of base such as TEA or DIPEA.
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MIBEnet hyl, t er-but. 2t her n-BuLi n-butyl |ithium Pdd 2dppf (1,1

" Bi s- (di pﬁen?ﬁlgﬁ%}s{%ﬁ?ﬁ%)-ferrocene) pal | adi um (11) dichloride Pd(PPh3)2C12
trans- di oWbaroli7e32vr i phenyl phosphi ne) Pal |l adium (11) RPCoamseeieopassat ur e
TEATri et hyl am ne THFTetr ahydr of uran The conpounds of this invention may be
prepared in light of the specification 10using steps generally known to
those of ordinary skill in the art. Those conpounds nmay be anal yzed by
known net hods, | Beé Efbbinfent, thethaldgeh iL£@db or bfdM. (11 qui d chronat ogr aphy
mass spectronetry) HPLC (high performance |iquid chromatography) and NWVR
(nucl ear magnetic resonance). It should be understood that the specific
condi ti ons showg oRekmWodirfen®Mhe HXRERiE®do.and are not meant to limt the
scope of the conditions that can bé used for naking conpounds of this
invention. Instead, this invention also includes conditions that would be
appar ent tqudpRSsioeddreed in that art in light of this specification for
maki ng the conpounds of this invention. Unless otherw se indicated, al

vari ables in the {0l | owi ng schgnes are as defined Brei n. Gerfékal Schenes:
Mass spec. . sanple§ wer e anal yzeswon g M crokags diay |
LCZ 20nass ' '

sl o, ot ' M ¢ Ss

y et ek, ‘oper at eg! ngl e mode i t & qs”bﬁaé/

i oni zation. ( Safipl eg wer &rintrogucddci nto the s, spect gret er™ usinng
chr omat ogr aphy”. xMobi | e phase for ya ss spec. apal yses ®bnsi st gd 10mM

pH 7 anmoni um aGétate and a 1: 1 &cetonitrile- methanol nixture. Nethod A

Col um gr adi ent ! % 31009 LEr . ] NS
gradient tine gﬁg%}% lr)f%s% wl]g??rr@a?So%{?aeﬁﬁﬁ%gg@déllqg%trgg&%lglgl\sﬁ%%eﬁu% ?)gw
rate was kn2wn byrithoseneft hotin®By Bil umthgrati efbe wormposnd 1@ triple bonds is
acetonitril.g- ] . r ! r adi i . ) LI, a
Acescs 4. & JEl RARSUE ol Aol hieh ATRENERY bl PrARRuERRE of WAk 1Rt
term "Rt ( mfriCl is efdded followeadeby evBtalgtieamoont vf A8% PAAC.M Thet esictiars suktiuae éd
with the col i.se dondi cat ed (e to
obt ai 1t o T aSr S SR B, hiaRbee Ry cbiiBis B AR PR’ HBheY,)
is < 5 m mnaghbdbitkrétewascerseded itd diynessRb(affond thesallkl derivativesn net hod B was
used. 1H NWVR spectra were recorded at 400 WMHz using a Bruker DPX
400 or Varian instrunent. Purification by reverse phase HPLC is
carri ed ouienenaleprosédurédat:d condi ti ons usi ng a Phenonmenex Gem ni Cl18 col um,
21.2 nm D x 250 nm 5 [tm 110A. Elution is Attorneygkile Ref ‘R 097546- 0133
WO 2011/ 079327PCT/®J52010/ 062168, performed usi ng a | inear gradi €&

N
I

% ( CH3CN i@y wat r\Qor_ in er kivh 0. 089 )L wrty 2 owale off% 0
m_/ m nut e. \” procedur e 1:\NJ\& The (di.gf hyyyl grimedi ate.i
_ j ogendt edl aryl or

prepared i nl X gt eps fromg,he cefmet & a) I'y avai £ bis-hdat

het er ocycl e. Jonogashi ra coupl if th bis(trineihylsil yl15°acety|£ene usi ng
Cul and pal | adi fm catal ysts in sdkvent such as DVF in presence of base such
as TEA or DI PEA give the bis-trinethyl ethynyl silane internediate.

Reduction of the triple bonds to double bonds could be done under standard
hydrogenation procedure as known in the art. Such conditions are described for example
in the following references:

20
Tri H. V. Huynh et al. Organic Letters, 2009, vol. 11, 999-1002.
Sellarajah, Shan et al. J.Med. Chem. 2004, 47 (22) 5515
Chandrasehkar, S et al. Tetrahedron Letters 2004, 45, 2421-2423.

General procedure 5:
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10The sily]l, . aroups aLe,hydrolyzed in presence of a base such as K2CO8 in
MeOH to give t he expected diethynyl internediate. The Sonogashira
coupl i ng weaetyom2’s a wel | established nmethod for prodeCrag2@omsabene
cont ai ni ng conpounds. Conditions for such coupling are well known in the
art and can be found for exanple in the exanples of the present
application, in Yamagushi et al. (Synlett 1999, No.5, 549-550), or in
Tykw nski et al. aw. Chem . Inte. Ed. 2003, 42, 1566-1568. Gener al
procedure 2: 3 i-s=hal ogen The conpound is forned fromthe

di ethynyl inte ate and the iodo or br®b i m dazol e intrernedi ate by a
Sonogoshi ra coupl i fRprusi ng Cul ang : {s i Nvent(}§4)nsuch as

DMF in presence of base such as TEX/Z . Le lRef
097546- 0133 WO 20117079327PCT/US20 52168 | n oneye me}hﬁtlge hal ogen
is iodo or bronp. In Gpe enbodi nent e hl ogen Repi odo. ®eneka rocedure
'y\evrgoi the triple bond is done under standar

ré& a¥ known by those of ordinary skill in the art. The
met hanol and a\cat/#lpd i’c amobunt of a 1M solution 10 of HO is added
foll owed by a catalytic amount of 10% Pd/ C. The reaction m xture is stirred
at RT under 1 atnosphere of hydrogen until conpletijon of the reaction,
filtered and theyfiltrate concentrated to dryness to afford the alkyl
derivatives. Cenegiahprgpecoceduw e 4: eduction of the triple bonds to

doubl e bonds coul d be done under standard dr oge i on prgcedure as known
inthe art. Such conditions are desGhib or_exanpl & in t e ol lRwi ng

| & Ln
references: Tri H V. Huynh et al. /Letteks, 2009, V,\o\l% y
999- 1002. Sell arajah, Shan et al. . Ghem 20R . 47 (2@3) 5516
ters 2004, 4% 2421-242 ner al
I |

Chandr asehkar, S et al. Tetrahedro
procedure 5: R, Re

Alternatively, the compound is formed from the diethynyl intermediate and the
protected iodo or bromo imidazole intermediate by a Sonogoshira coupling using Cul and
palladium catalysts in solvents such as DMF in presence of base such as TEA or DIPEA.
Removal of the protecting group optionally followed by coupling with the complimentary
functionalized X-R5’ or Y-R5 group can be accomplished under standard reactioj

conditions known in the art.

In one embodiment, the halogen is iodo or bromo.
10

In one embodiment, the halogen is iodo.
In one embodiment, the protecting group is tert-butoxycarbonyl.

Mass spec. samples were analyzed on a Micromass Platform LCZ mass
spectrometer operated in single MS mode with electrospray ionization. Samples were
introduced into the mass spectrometer using chromatography. Mobile phase for all mass
spec. analyses consisted of H,0+0.01%TFA and CH3;CN+0.01%TFA. Method: Column
gradient conditions were 5%-85%CH;CN+0.01%TFA in 20 minutes gradient time on a

20  SymmetryShield RP18 3.5um, 2.1x50mm column. Flow rate was 0.5mL/minute. As used
herein, the term "Rt(minute)” refers to the LCMS retention time, in minutes, associated
with the compound. Unless otherwise indicated, the LCMS method utilized to obtain the

reported retention time is detailed above.
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Att or ney EAItt(l)rneyPReIIef 007994,546- 0133 WO 2011/ 079327 PCT/ US2010/ 062168 (R ') (R2)
(R4")mN N , NLJHR3. (R1) PR3H N / Al ternatively, the conpound
is for rrecWOrzorm/mmz7d| et hynyl internediate and the proteeCedSe@d®62168 br onmo

i m dazol e internedi ate by a Sonogoshira coupling using Cul and palladi um
catal ysts in solvents such as DMF in presence of base such as TEA or DI PEA.
Renoval of the protecting group optionally followed by coupling with the
conplimentary functionalized X-R5' or Y-R5 group can be acconpli shed under
standard reacti (c)’l conditions known in the art. In one enbodi ment, the

hal ogen i dNt&SE®dAtedr ono. 10 I n one enbodi nent, the halogen is iodo. In one
enbodi ”Ent(zsf-ﬁ%niéﬂ%ﬁ‘ébmaﬁyﬁhﬁh'& 3-mdtRyLblrdh& el bony! . Mass spec.
sanpl es were anal yzed on a M cromass Platform LCZ mass spectroneter
operated in single M5 node with el ectrospr ay iohization. Sanples were

i ntroduced into the nass slﬁ)ﬁct gg@t er using chﬁ@ography. Mobi | e phase
0,

for all nass spec. anal yses? ted of H20+0. QLOTE nd CH3CN+0. 01%FA.
Met hod: Col umtm gr adi ent cond/ﬂgons “WET € 5% 85% 1%’FA in 20 m nutes
gradient time on a 20 SymmetryShi el d RP18 3. 5um x50m™m col um. Flow rate
was 0. 5nL/ m nute. As used herein, the term"Rt(m nute)" refers to the LCVB
retention It i\/iab'ne (0ng, Mut%Bsmossaksiedttech stirtdd toheiomorfploMsddiutnhyeisexide Hetdd se

| ndi catedy (et QU TRHAPLOLL ARk RORDLEN 1t HEaBROTESE & AT hl 141

is detail ed dabove. orne
2011/ 0793%ﬁﬁéﬁ'/fbl$2@élc0b(j)6ﬂéltﬁ$l thveforeditat(€22b, 99.75 mL 1.291 mol) at 0°C over 40

295) - 2- oXxy.c Q (Egl)ga—(
S/ali)ne E%Jﬁ feek 6@8% ?aﬂjs)(tg?dedgti} }(;Adagtsﬁfggﬂed so hi %%n (X)Afal_'[igw SO |eth1yl
hydr oxi de e(ttieri&ﬁ lQOnill 18$1enmJ)eousAfa1ye|r iscomgidcete 0dC ssad atidified BaodHLnrrZ The
carbonte ed followed, b
(152, Bog vt fotRroifga fh MBleh dsca BUAF s Pher RSP Lt afd SRS RIR
stirred atthRﬁtfearonﬂ:oﬁndnolSr)sz (ndtroxysardboayl amirtol- 3dhetthlyybutrahh|erac(d3(x4@m7%).. The
aqueous |l ayer is cooled to OC, and acidified to pH 1-2. The

Intermediate 2

(2S)-2-[Methoxycarbonyl(methyl)amino]-3-methyl-butanoic acid
I

0. 0
HN,, _COOH
N,, COOH

/I

(25)-3-Methyl-2-methylamino-butanoic acid (5 g, 38.12 mmol) is added to a stirring
solution of sodium hydroxide (76.2 mL of 1 M, 76.24 mmol). After complete dissolution,
disodium carbonate (2.1 g, 19.82 mmol) is added followed by methyl chloroformate (3.18
mL, 41.17 mmol) at 0°C over 40 minutes. The reaction mixture is stirred at RT for 4
20  hours, then washed with diethyl ether (2x 75 ml). The aqueous layer is cooled to 0°C,
acidified to pH 1-2 and extracted with CH,Cl,. The organic phase is dried over MgSO,,
filtered and concentrated to dryness to give the title compound (25)-2-

[methoxycarbonyl(methyl)amino]-3-methyl-butanoic acid (5.12g, 71%) as a clear oil.
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10white Sohhmyﬁo&ﬂﬁ Mkﬁ filtered on a Buchner, washed with cold water and
dried to a‘? d etlt ecorrpound

(2S) - 2- ( eOhloxywwar2bonyl am no) - 3- met hyl - but anoi ¢ aci d ( 1203,US80N%§62168
Internediate 2 (2S)-2-[ Met hoxycar bonyl (net hyl ) am no] - 3- et hyl - but anoi ¢ aci d
1 HN', COOHO\ro COOH (2S)- 3- Met hyl - 2- net hyl am no-butanoic acid (5 g, 38.12
nmml) is added to a stirring solution of sodiumhydroxide (76.2 nL of 1 M
76. 24 mmh},term‘eUﬁtegonpl ete dissolution, disodiumcarbonate (2.1 g, 19.82
mmol ) is added followed b chl or of or mat e (3.18 m, 41.17 nmmol) at OC
over 40 niMgH¥s. N‘Ii(cJS?-éd&ﬁh%ﬂﬁmﬂ%ﬂ@mtda§?*r¥wé)avcat9"mefBﬁarbomlﬂomﬁ it hen
washed W tdyogi§tdtpamatder (2x 75 m). The aqueous layer is cooled to 0C,
acidified to pH 1-2 and extracted with CH2C 2. The organi c phase is dried
over MgSH4, filtered and concentrated to dryness to give the title conpound
(2S)-2- [nethoxycarbonyl(nethyl)anino]-SﬂnethyI but anoi c aC|d (5.12g, 71%

as a clear ¢ I Attorne ile Ref.: 0975 0133 WO

2011/ 07932+ 20%0/06 &gﬁ ternpdla e\ hyl Nu[ (1 TLiég
-[(25) - 2- (5 1—H-+md yH—pvrroll“dl e; 1C"a'r-b‘0nyl]\j( t hyl -
propyl ] car ba Step

tert- Butyl(‘%‘!—i—) 2 (1Him I-2 yI)pyrroll\c{,ﬁne 1- car boxyl 10To a stirred
solution of ‘conmercially available tert-butlyl (25)-2-fornyl'pyrrolidine-1-
carboxylate (15 g, 75.3 mmol) in a 1/1 m xture MeOH (30nL) NHAOH (30nl)

i s added oxal dehyde (3.4 nlL, 75.3 mmol) over 10 m nutes. Th Vreaction is
stirred at RT for 72 hours and evapor a o] dryness The residue is
purified by flash colum chronat ography_g;ﬁ\s\ ica / Hexanes 50% to
75% to give tert-butyl (25)-2-(1H m dazol py4+e+| d )JW ar boxyl at e
(5.29, 29% . Step I1:

tert-Butyl (25)-2-(4,5-diiodo-1Him dazol)\~2N pyrrolidine- 1- 8ar boxyl at e
20To a stirred solution of tert-butyl o

(25)-2-(1H i m dazol - 2-yl ) pyrrolidine-1-carboxylate (5g, 21 mmol) in CH2d 2
(120 nL) is added 1-iodopyrrolidine-2,5-dione (10.4 g, 46.3 mol) at 0OC
over 15 niN€R Es. The reaction mixture is stirred 2 hours at OC,

concent r at@f- gy ds e ss- mﬂagzou |2§/ /rpgﬁbd&nﬁenscarpwyfah@d by flash colum
chr omat ography on silica gel t OAc i n Hexanes) to give

tert-butyl (25)-2-(4,5 diiodo- 1H-| m dazol - 2-yl ) pyrrolidine-1-
car boxyl at®f 8. &reBItioPt &P cdrhmercifityt QVNRYIFitbR-Hoefl- (2519 FedhyIBrAdtidine-1-

carboxylate (15 g, 75.3 mmol) in a 1/1 mixture MeOH (30mL) / NH,OH (30mL) is added
oxaldehyde (3.4 mL, 75.3 mmol) over 10 minutes. The reaction is stirred at RT for 72
hours and evaporated to dryness. The residue is purified by flash column
chromatography on silica gel (EtOAc/Hexanes 50% to 75%) to give tert-butyl(2S)-2-(1H-
imidazol-2-yl)pyrrolidine-1-carboxylate (5.2g, 29%).

Step Il:
tert-Butyl(2S)-2-(4,5-diiodo-1H-imidazol-2-yl)pyrrolidine-1-carboxylate

20  To a stirred solution of tert-butyl (2S)-2-(1H-imidazol-2-yl)pyrrolidine-1-carboxylate (5g,
21 mmol) in CH,Cl; (120 mL) is added 1-iodopyrrolidine-2,5-dione (10.4 g, 46.3 mmol) at
0°C over 15 minutes. The reaction mixture is stirred 2 hours at 0°C, concentrated to
dryness, and the residue is purified by flash column chromatography on silica gel (25%
EtOAc in Hexanes) to give tert-butyl(2S)-2-(4,5 diiodo-1H-imidazol-2-yl)pyrrolidine-1-
carboxylate(8.6g, 83%).

Step lll:
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tert-Butyl - -(5 I odo- 1H i m dazol - 2-yl ) pyrrolidine-1-carboxylate To a
cool ed (-weQ@p1iggbirri on of tert-butyl PCT/US2010/062168
(2S)-2-(4,5-diiodo-1H i m dazol -2-yl)pyrrolidinel-carboxylate (6.5g, 13.29
mmol) in THF (65 nL) is added dropw se 1.5M n-BuLi in hexanes (22.15 ni,
33.22 mmol) over 30 mnutes. The reaction mxture is stirred 30 m nutes and
an addi ti ogepd- Bdtyﬁzng 0-iodlo 3 HMidBel-2-yi)PyEXBAES -dasbAddes over 30 mi nutes.
After addition of IN HO the reactlon m xture is allowed to stir at
RT. The reaction m xture is extracted by Et 0OAc, washed with H20, dried over

Na2SO4, fitd £essled QQB%@O[@%%ft@rﬂEl)’tg 24@@ RtFdbiiHefhiBXzol L8RPy ABlidiie.
chr omat ogr ap hé?on silica to 10 tOAc i n Hexanes)

tert- butyl1 trbyxylates(6i 5&30831?—? |”Pﬁ1€iaz‘6|T"bc W‘) ;@%rlémdﬁ#eﬁedrppwasarbg%yn&u@ in

(2.939, 6Q¥%kanest ?9 15VinL 535 98 9nol) (e} 38Yhingtdsdi Mher¥ddtiohHnixtdrdaiz akigretHd
salt) To tert-b

(25) - 2- (5- rmigees AR o addionas P POYATrloP iMinTRelLi I B RBRY isaadsleg 2vel 30 Miguiesol )
is added a\fflerMiddlish 'o@nZOOﬁwLHle HC” tﬂbor’éﬁ&?on( fixtite 1s7g§oﬂemlsllr3§t RE. Tike

reaction mxture 1s stirred ftor hours at RT, evaporated to drgness to

afford 5-irgaeion mwsr)elspﬁntrra@tqddbhfzom |washed it Pl edrigdcoveralaz$0y;, Ailigyed,
10099 as g, H’Eléﬁicﬁa[t?éPltZ yn Ese%nglgunﬁed by flash column hromatograglhy on s1l1carg§ o] 5

Met hyl N-[ (1S) 5-i0 H 1 mi dazol - 2-yl rro
Tot hyl 10 2CSROBPAECiRr tenmaes Togiie dieri-Pel €45 (SRdqymisazol-2-ylpyrrolidine. 1

(25)-2-( o) - 3-net hyl -butanoic acid (2.2 g, 12.7 nmmol ) and
HATU (5.4 %MXF&%%&% %WPDI\/F (48 nL) is added DI PEA (10.3 g, 13.9 ni,

79.8 mol )stfp|v:owed by 5-iodo-2-[(25)-pyrrolidin-2-yl]-1Him dazole HCL
salt (2.4 g, 7.9 mml). The reaction mxture is stirred overnight at RT,

diluted w d Et 0Ac Th r s separated, dried over
Na2504, ﬁt(g) éd[ gsﬁd)ygg S]ant Vlzl gd‘”ﬁ@ %/&E@éaelt Mhe residue is purified by

g SZ“NE?L;W@FP%@ A FEEPBN e 2iptolGad 15 e U oy FRT iotf ©
car bonyl ] -i2-adeedypl 4 sqblymc}rcaf bl&mirt diokdne8¢29 B8%5.94795.30muot oatn@S,C FiThe rReftion
097546- 01 Wl PR PSHLHSE0RE! 962188 it eLpdLals oeLiibly k.
5-1 -] %%}/%)%w Id)4ﬁ@ I‘I‘O|Ié %i

car bonyl ] - mrolitimy2 -y Priipiplifl azatdh @tthsalt) @t 4 100% ) as a white sol1d
(2S)-1-tert-Butoxycarbonyl - 4-net hyl - pyrrolidine-2-carboxylic acid A

sol uti on diteg ¥S)-1-tert - but oxycarbonyl - 4- net hyl ene- pyrrolidine-2-carboxylic

acid (25g, 110 mml) in nmethanol or ethanol (250 mL) is purged 3 tines
under N2( djethef ore thid1Rdldl(Z$)oh (oiodptibRintidazy 2-vipyFratidine- 1Taaebayl Ik Moyl s

purgedzoaggjrg Wctarba\ﬁ?a%‘um and H2(g), and 10 this purge is repeated three
times n% reaction mxture is stirred for 20 hours under one

at nosphere of hydrogen. The reaction mxture is filtered on celite to

remve t her bRLRlINS Loy BAl 0 05 of LI bR GIEABAAIRALEL hardrHAESC LB

(2S)-1- tertbut oxy car c aci
98. 7% as @ WH m%mnch/(\TH @ e 143 mh‘@l)ﬂﬂeﬂw eﬂﬁrmldxw ag0¢ 2 DIPEAL(T © 3.2, 3B&h

I mL, 79.8 mmol) followed by 5-iodo-2-[(2S)-pyrrolidin-2-yl]-1H-imidazole HCL salt (2.4 g,
7.9 mmol). The reaction mixture is stirred overnight at RT, diluted with H,0 and EtOAc.
The organic phase is separated, dried over Na,;SO,, filtered and concentrated to dryness.
The residue is purified by flash column chromatography on silica gel (0 to 100% EtOAc in
Hexanes) to give Methyl N-[(15)-1-[(2S)-2-(5-i0do-1H-imidazol-2-yl)pyrrolidine-1-
carbonyl]-2-methyl-propyl]carbamate (1.3g, 35%).
30
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tert-Butyl, (25)-2z 09(7;]{g9|33r0xym9t hyl ) - 4-met hyl - pyrrolidi ne-1-carboxyl ate To a
solution o r{ﬁ 3 tert-but oxycarbonyl - 4- et hyl - pyrrolidi ne-2-carboxylic
acid (26. wogpmmz@szo mmol) in THF (160 nlL) is added 1 M BOTAse010/0620b# (
243.6 nL, 243.6 nmol) at 200C. The reaction mxture is stirred at RT
overnight. Then 50 nL of a saturated aqueous solution of NHAC is carefully
added (dropwi se) at 4C, followed by 100 nL of H20. The Attorney File Ref.:
097546- 0133taMRedittd/4079327PCT/ US2010/ 062168 mi xture is extracted with EtO0Ac
and the organic phase is washed with H20, dried over Na2SO4, filtered and
cgncentratm&hyp dr ynlesIS[(1§)he-[(r28§4§m§g{yﬁ>gagmA-l fmﬂdzkgyz 9l)aa)sllmeﬂqmpvnrohdme E)- |
chr omat ogr Si to o Et OAc in Hexanes) to give tert-buty
(29)-2- rﬁ?ﬁ?%ﬂﬁ@ﬁﬁhﬁa‘gwﬂﬁvbaww ol i di ne- 1- car boxyl ate (23.5g, 949%.
Step Ill: tert-Butyl (25)-2- forrryl-4 met hyl - pyrrolidi ne- 1- caBboxyI ate To a
solution of oxalyl chloride (3194 nL of 2 M 638.8 mMmuvl) in CHZCIZ (460
m.) is added O (90.69 , 1.2 m)l)o rl-Bﬂm es, kedpi

internal tenp®ayting=10 amdundﬂo- (o} [I?But %_”I..

(25) - 2- (hydro yl)-4-nethylg ol i di ne- 1° B/ar boxyl at e (5?@ 255.5 nmol )
in CH2CA 2 (460 %é) is then added }gver 50 mn at -78C. reaction
mxture is sti d for 20 m nu before dropw se addition DI PEA (445
m., 2.55 nol). ‘The reaction m xture is stirred at -78C for lh gurs and is
allowed to warmto RT over 2 hours. To this mxture is addedyslowy 800 niL
of IN HO . After stirring, the organic phage is separated, dr| ed over

Na2504, fi ‘_{ d and concent ﬁd to drynes NThe resi due /s pUI’IfI ed by
flash col um jt"“ogr aghy! kca gelt 0% Et QAC | nes) to
gi ve tert-buthl ) 2=fornyl - ' y+ -hyrr |&-‘1Tar‘bo (48.5 g,
227.4 nmmol, 85% as a brown 0|O 'P‘n ture C|SJ 771 23) ﬁStep | V:

tert-Butyl ( 2 (1 H-i mdazoloz yl)-4-nmeth -pyrroI|d| ne\% car boxyl ate
To a stirred solution of tert- yl

(25)-2-formyl - 4-nmet hyl - pyrrolidine-1-carboxylate (45 g, 211 mml) in MeOH
(90 nL) is a\dh@d NHAOH (90 nlL). Oxal dehyde (85.6g, 67.7 nL of 40 %W v,
466. 7 mmol ) i s added by portions (exoth 1§ reaction). The reaction

m xture is stirred at RT overnight, dilut ™)..H20 (300 m) and is
extract ed vvi|_t_kf pA 2 (2 x_300HL) . .The aqlgo hase is extracted a second
time with CH2ON "yt he conbi ned organi @Tlayers are washed with H20, dried
over Na2504, 11 t nedd and evapor at ed tch»w‘e The residue is purified by
recrystallizati onHin Et0Ac, to give 24 goothh title conpound. The
filtrate i% eI/,aporated to dryness and the residue is purified by flash 30
col urm chroh ography on silica gel (25 to 100% Et 0Ac in Hexanes) to give
9.67 g of (25)t1-eertBupaynarboiyiet-nathyl-potrattdine-2 adartsbsy e azc1donb| ned to give

tert-butyl 5 70l 2- net.h rrol.idir car.boxyl
(35 67", g of bl i BB st Bt R P Bl RSl GOLT B e
and its rotiamams)) o thithahol 8r efhdrdpl (BOBEILY $s5 plrgkdl,3 4in@6 undér DG, (hsafo% the
3.75-3.5 (m 2 . 2..36 - 2.25 1 2. - 211
(i 1y, SPegfon ey Eise. g ol 1 sShieaB < Puiestaf ot VashUmabiidy: ¥ 37
(s, mmor thidtpurgs mfem%mr thré@rt&ﬁe)s, Théd e rearaijonrmixairanerstioded fionQo hours
Attorney File Ref 09%5 133 WO ﬁ:glll 07,(9327ng USﬁglO/dOGZI i, somer
1.00 (s, I8k ONGREREPNYE Af)Y8rosrlo foF et nxgur Fr99%YhET beéo.@)@“t’
m;lj or i Stz)rtﬂé) catCSily%’p, \&ndt ehé - glﬂfatb is concentrated to dryne?s to give (ZS)b1 -tert-

4 i -1H- i m daz ry 1- X
gI'OSa g%l r rqi.la@g/(sf\r@ppg%-@Ftogpy?rBhdlw 2(%liox2[mfc?d &y‘r 9g(,) 98d}9neas an 1te053/l!da te
H-i m dazolmixtyited ofdcisyetdmy | agpysx. ®ov 2o riol.- car boxyl ate (36.6 g, 145.6 nmmol)
in CH2A 2 (366.0 nL) at 5C is added 1-iodopyrrolidine2, 5-dione (68.80 g,
305.8 mml ) over 15 mnutes. After 1 hour, a 10% sodiumthiosulfate
solution (&M ) is added After stirring for 10 m nutes, the organic phase

is separated, 10 was dried over Na25 f| | tered and
evapor at ecFef‘E)BW&/@é)sg hﬁw&m‘?ﬁ@ 4@%% PYrEidiRe-1- Fé&‘?xﬂéﬁeunn chr omat ogr aphy

on silica Tgﬁb soQitfoR FFAS L -0éa- Bu@o%ﬂ@éﬂr@@ﬁﬁM ﬁ‘@trg/ll b?rrbﬁ’dmeQUctaYIJ)oxyhc acid (26.6
(25, 45) - 2- 5-diiodo-1H-im dazol - yrrolidine-1-car boxgl ate

(52.3 g, % ?% MAQONRR HF4060 g, ‘Sa 15\ @rin%i%_( ity & 263-6/8k a%ér%?"m% aks

for the nmay-er Thetedionnikdird & (tﬁredlaﬂ'b(T o@erﬁgghf dﬂ1en15d‘ﬂwL 03 a@%turgtelélza @bus1
H, 2.95 (t, 1 H, 2.35 - 2.0 (m 2 H, (dd, TH 110 (s
(d, 3 H). solution of NH,CUis carefully added (dropwise) at 4°C, followed by 100 mL of HZO The

BOST_1803930.1 105



tert-Butyl ?tomewglﬁ)ef 45704y 9 di 1 odo- 1H-i mi dazol - 2-yl ) - 4-met hyl - pyrrol i di ne- 1-ca
r boxyl at e g, /8 is also isolated. 1H NVR (400 MHz, DMSO, 1.2:1

m xture oWOrzommems) peaks for the major rotamer, 6 20Pm/16501@m52153 1H,
4.69 (dd,1 H, 3.69 - 3.50 (m 1 H, 2.82 (t, 1 H), 2.45-2.3 (m 1 H, 1.91
- 168 (m 2H, 115 (s, 9 H, 0.97 (d, J =6.6 H, 3 H. Selected peaks
for the mnor rotanmer: 4.77 (d), 1.38 (s). Step VI: tert-Butyl

(25, 45) - 2- rﬁ&terQQ'eJeiﬁatt@U%ZW'Et@&d’hﬁd fheBidAMic- phakes & wasr{éa Witk 3,00 ¥kbdtoReA
solution of Lid in THF (3.9 nL of a 0.5 M sol ution, 99 mml) is added to
tert-but y|NaZSO4, filtered and concentrated to dryness. The residue is pur1f1ed by flash column

(25, 45) - 2- cﬁﬁ‘orﬁat@?#aﬁﬁ@ -ohilied ‘é@?% 8- 0% E&)A(Eeiml‘llexzmé%f @b Il gert -t b@xy b at e(

19, 1. 99 mmc% tirring for 5 mnutes at reaction mxture is
cool ed doviAY réx¥mléﬁd“8“‘é!bP¥ﬂr Plishingsf - Cﬁ@%y@t%n@s‘?ﬂ% chloride in THF
(946.7 pL of 221 M 1.99 mml) is 30 added dropwi se. After stirring for 20
m nutes at -20C, a solution of isopropyl magnesiumchloride in THF (3.2 nL
of 1.24 MS® 87 nmol) is added dropwi se. The reaction mixture is slowy

var med up dopy. Bﬁyﬁm% §1fbﬂ’rﬁﬁﬂh rﬁw@fhy?pmélﬁcﬁne Thardkaatd on mxture is cool ed
down to OC and urated aqueous’ NHACI solution is slowy added foll owed

by wat er. Trh $ohitien afeoxatyl tahtaridext3l At @4 ofi 2 W, 3G fT(n:‘Pl)(lrzéHrzﬁ_l) (4e8nenly fie

conbi ned i r e b " ed
and conceﬁ{q?g?e%“spg@r@nggs 1%@%9%\2%[% IﬁﬁsmUE%sr %eleﬁﬁg%@ ]P P"pua{tt”%r

chr onaitograpwid 016051 | i ct&’r geuty( 0(25p2ABydraxrest bly4Fm¢féWRéWr0“CUJ‘B?TBAFGEHMYA@’%V\O
2011/ 07932(?5&3#0 TR 2?@3@39'3 %’f Xang ntaad@é fo%rdsé ehihaldta! -78-C.

(2S,4S)-2 azo -4-nmet hyl pyrrol 1 di ne-1-carboxyl at e e636
nmy, 83% dsactiaphmpdursolsi ﬂwreIJqunMQ m@em oreldapwise adgitign @f DIFA (4fbamer s)

peaks for s 1

(m 1 %5&?@%\5}] Gfl}fg@% mlﬁ |%2|s rr%é at 78Ht for72 i'ﬂ&ér(s? Ejjrs 5%0\»@% t%iN%’B‘IE

1 H, 1(RT( gver® hurs.1 T@()th(Sdm><3ur|e|)1s aSé¢dss:lpwu/ &Qamt of IN HEkoAftenstatee, th|s=.2 09
() 7 35 Bl by o S e8Pad e 550 iereq ang conpentted to s T
a sol uti orregﬂl,.lg e$ pubﬂeq'lby flash column chromatography on silica gel (0 to 20% EtOAc in

(1 6g. 4. Fehag o BenhaRbfba ot ronR e Pl e Freainsf B 308 (16
m) at OC ZZTkmlﬂrr@ao&%bas aibxawr eil Kwixsdrieraigtraas 7RE3pver ni ght and evapor at ed
to dryness to afford

5-i0do-2-[ (25, 45)-4-methyl pyrrolidin-2-yl]-1Him dazole (1.37g, 92.5% as a
yeIIovaosoIStebIVlH NVR (400 MHz, dnso) 6 9.98 (br s, 1 H), 9.17 (br s, 1 H),

7. 46 -3 . 9.2, 75 1 ,
520,y (mh H)ZB%)” s *&%5’336802 A0 ',%e%)’ggy'@d‘%e'@oc?rbét’%lﬁ?e\/| ¥ :(mZOIVEtl_?]yI
N[(1S)-1- 1[0(25t1r45c) s@uiién pOthyt-bhkyil m&)dzﬁormgl—yh)etm,flrpgtrbydinpw-cranbd»dlme{45 gar bo
(25) -5 (e Oy BAPEHDRRE R SRy PRI BIE 0adeis o 6867 3 bt
in DVF (ZE%wvly) 4&6 70fimol inddeést b{ABLIt{ohs 4e>g>xhé$‘nﬁc8reambm I]]hePEe‘hc(uol’éZ.rﬁmureM 57
oL SR BYeE DA R R LR R U R TR o
20 hours, 3ﬂ)0h1h)t efthevaduroid GW@ealscbe%QtedThleeMaﬁme \pinlascmzcs ape pée adoerthined
washed with H20, dried ove red

Ottt Sk QUEhedBER0 G0l s s apdcsonaenial el L g ddiess.
The resi d€si"8 &Pﬁ ?l L3 WPned aV§ Pu h?deﬁa ?}a 2tV 419 eapoate to
100% Et OAG@riiesanehet residfié a3 duriféédpl réérﬂ/itiﬁ)zatlon in( BAESke %1\(e524 odd-the I-thtle
-im dazol rrolidine-1 on yl
300t opyl | SEFBalEe( ety hayssaEase GANES g ey el e bufiat) o
2.2 01;» 30s, cbluin cﬂroﬁﬁtdgﬂaphll dTl)SIllc% @ 15’:0 ﬂOO%)EtOAc 8’3Hé>dﬂ|es J.tol'@lve 9.61Q of t&le91
m
H, 1.72- 1cog‘i)ot1&ﬁ? Tﬁgbl_QNo ]lsq%tefj %oh doaw?b%ed(@ giye %‘pt bblty}g%S (17m?1l-é rp_@aé
Attorney HEi-{ig-4Raéthyl- W?&%@Marboxylate 33.67 g, 63.5%).
'H NMR (400 MHz, dmso, mixture of Cis and Trans isomers and its rotamers) & 11.71 (s, 1
H), 6.85 (s, 2 H), 4.86 - 4.58 (m, 2 H), 3.75-3.5 (m, 2 H), 3.03 - 2.82 (m, 2 H), 2.36 - 2.25
(m, 1 H), 2.25 - 2.11 (m, 1 H), 1.6-1.45 (m, 1 H), 1.39 (s, minor rotamer of minor

isomer), 1.37 (s, minor rotamer of major isomer), 1.15 (s, major rotamer of minor
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(5)-1- ((25At4R‘§IPlZ {(i’iﬁ%gﬁ%/ 1H i m dazol - 2-yl ) -4-net hyl pyrrolidin-1-yl)-3-nethy
| 1- oxobutwio-28tyd7exrbamate N-(ssY NN Step |: (2S,4R) - PETIUSBUPH2188
(4-i0do-1 H -imdazol -2-yl)-4-nethyl pyrrolidine-1 -carboxylate A solution
of Lid in THF (2.000 nL of 0.5 M 1.000 mml) is added to tert-butyl
(25,4R)- 2-(4,5-diiodo-1Him dazol -2-yl)-4-nethyl-pyrrolidine-1-carboxyl ate

(503. 12 ngsonéler?ODons b rétBméP ofMmalidraisdmer] NE0TB (8t Hiiforl iSorfér) oI d(dtimddr f or

5 ninutes, cooled to - C and a sol ution of 3 M nethyl magneS| um chl ori de
in THF (33%’@r L, 1. 000 mml) is added drop wise. The reaction mixture is
stirred at -20C for 20 mnutes, and a solution of isopropyl nagnesium
chloride in THF (846.2 pL of 1.3 M 1.100 nmmol) is added drop wise. The
reaction MR M¥re is slowy warmed up to RT over 1 hour, and left overnight.

An addi ti t I L of
L3 M 0. gggt'OBlﬁUPTl@ 4S$lf2 h%ocmda@}ﬁH fﬁﬁ%z’%ﬁiz'»&m %ﬂﬁﬁlﬁ*lgﬁ/‘rﬂsﬂg'ﬁ?ﬂ gz%];?xylatlé hour .

Anot her add t3 éﬁ‘é‘[edar?@k'j'h‘@n on i ‘?6b|9@btﬁﬁll Zﬁhé‘r‘@éﬂrﬂ}ﬁaé‘ﬁﬂovh demethyirpprrelidine-1- pL
of 1.3 M QrRp9Rt&TH.4 o $4528¢GH01) "M‘éH}Chﬁ (38 0L ML Ladl §’CSIE 'aHH@dh%do;bfirrB%mg

hours. An additional anpbunt of 1Sopro magnesi um chl oride in
pL of 1.3 Ab-dipnsg69) Sthep BYS. ﬁgnra@lu@uer @1&%@8 ket 8oyrs asiOlrsedigint Eh*OSEUaQ?O

m nut es. TRRRBHAA ﬁ%&%}édr eAﬂt?r RPthg‘For‘ ;tf %1&@&9 tﬁ@%\‘éf@‘icﬁ@wf@ is MpAHted,

solution, extracte he conbi extracts are
washedOwi twashed méth waﬁeédd@eﬁépverﬂd%%, filiereeped cwanrgraied dersrynesedi teocrdel§ ires s.

The resid r to
20% Et OAC/%[E%C‘ f%a%h gglfuﬁ?ﬁ déchl &ﬁg't Eal_p!‘\g}apg fcgggf QAR BRC T HeLMeOo difd

2- (4-i odo-teH-buty azoK2524%)12)(-445 dmdw WM@Z@loﬁ yigAimethy bpwyoligine- { -zadoxyjate
0.6133 ngE 3%?17% as white solid. Kf 0.5 (EA'Hex, 1:1). Attorney File
Ref . 097525°(H3 2011/ 079327PCT/ US2010/ 062168 1H NMR (400 MHz, CDCl3) 6
10. 59 (s "HH§MR #O0MHzs dspd) 2.541. @ixtyng, of Jotangers), pieakspl the@n&Errotan*@g S("70LH) ,

3.05 - 8@ {ﬁg%%doz 1F5|)234§32(§”5F](h1? 1 1y, 8%5 (1188, %5 B ml246, (So 34D

1.06 (dd,
4-1 odo- 2- (1(1255,141) (s49 bt hll 99,r 3 B)-i di ni umr 2-yl ) - 1H-i mi dazol - 3-ium chl oride To

(25, ary <o G HME": s Mz S Mt migerslivismetyipyioting  sardets
(229 ny, maﬁmm&}&bis)alsonsmm (1n) is added HA in di oxane (1. 518 L of 4
M o601 Mokhe JAPMEESBSNY. SRLHIA0 S RLKE e B ARl ofier, o

10precipitate |s or met "W
di et hylo et12e65 (bris, tlei)pdt. 6a(dd, dH) £d.68nd2 60 HimgH Waudin(t, d Ia)‘,f204512 3 (m, 1H),

4-1 odo- 2- hyl.pyrr ol I H |

(185 ny, Q%%é%@%“ [9h 080 KT Lile i jml%%%f%%hgﬂkg%da)
6 10.30 (botsnerik)77 (@ 21435(60 s, 1H), 7.46 (s, 1H), 4.85-4.7(m 1H),
3.5-3.35 (m 1H), 2.85-2.72(m 1H, 2.61 - 2.5 (m 1H), 2.38 - 2.24 (m
1H), 1.98 - 1.85 (m 1H), 1.05 (d, J = 6.8 Hz, 3H). Step Il1I:
I\/bthyl(S)-Sler((/QS 4R) - 2- (4 iodo 1H i m dazol - 2-yl)-4-net hyl pyrrolidin-1-yl)-3

-met hyl - terg(lecu &@ A% ¥| AR Ridazol-2- -yl)-4-methyl-pyrrolidine-1-carboxylate
A solution of LiCl in THF (3.9 mL of a 0.5 M solution, 1.99 mmol) is added to tert-butyl
(2S,45)-2-(4,5-diiodo-1H-imidazol-2-yl)-4-methyl-pyrrolidine-1-carboxylate  (1g, 1.99
mmol). After stirring for 5 minutes at RT the reaction mixture is cooled down to -20°C
and a solution of methyl magnesium chloride in THF (946.7 pL of 2.1 M, 1.99 mmol) is
30 added dropwise. After stirring for 20 minutes at -20°C, a solution of isopropyl
magnesium chloride in THF (3.2 mL of 1.24 M, 3.97 mmol) is added dropwise. The
reaction mixture is slowly warmed up to RT and stirred for 2 hours. The reaction mixture
is cooled down to 0°C and a saturated aqueous NH,CL solution is slowly added followed by
water. This mixture is then extracted with EtOAc (3 x 20 mL), and the combined organic
layers are washed with brine, dried over Na,SO,, filtered and concentrated to dryness.

The residue is purified by flash column chromatography on silica gel (0 to 25%
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20To a col g l(eOFﬂglReQmﬁg?lgSr ed sol ution of
(25) - 2- (et hoxycar bonyl am no) - 3- net hyl - butanoi ¢ acid (50.10 ng, 0.2860

nol ), 4-WoadotA793225, 4R) - 4- met hyl pyrrol i di ni um 2-yl) - 1HPCEiU$awol062368 um
chloride (96 ng, 0.2724 mmol) and HATU (108.7 ng, 0.2860 mmol) in DVF
(1.918 nL) is added DI PEA (140.9 ng, 189.9 pL, 1.090 nmol ). The reaction
mxture is slowy warned up to RT, stirred overnight, diluted wwth water (5

m), and etbpesisdnyy t ko eta'%b'rd acet@b@yl 3 (26,49)- M5l iodd NE-ifRdERL N2 G EX FlcBGl S

are washed with a saturated agueous sodi um bi car bonate solution, brine,
dri ed overPYRR¥SNE;1-eHROBATE4HIG B BB 3 AR WlidThe residue is purified by

flash col UHTNAW(M%I%ro%BBYZQnmﬁdtur‘eC& r88Imdro) Yebies PR FafhGobenanes)z. {9

fford t hy

0 0L oo RYD 27100 115681 dh3BIMaI )y 345meb 8913y ir B 249t Iy 2a ek ny
-1- but 1 ¢}

_ Oozg ‘(JEta(gTA":Z;?' Bﬂ ?ﬁ!‘)ﬁ%&? 1el(l)1]1 1®¢s, g%goaiﬁﬁd 6) S%@c?&o/%ea?@{(‘!s\hfhgrﬁr%?ﬂahﬂr 4.
3.7 Hz, 1HR:0%(sha-12(s ,J136?S5Hz 1H), 3.92 (dd, J = 9.7, 7.1 Hz, 1H), 3.62
(s, 3H, 3.43 (dd, J = 9.6, 8.0 Hz, 1H), 2.71- 2.6 (m 1H),230181(m
3H) | 109 (d. J =67 H 3H). 0.88 (d, J = 6.7 Hz, 39, 0.861 (d, J =6

Hz, 3H). ml: mz 434.9 (M+ H). Attorney File Ref.: 097546-0133 V\D
2011/ 0793%7!393/ LORRYA o AREITESA Eifidazole 25  HC| sal
Met hyl N- [ %J& @% A%)rl og 1(I§I-]| r|1_1[3]dazaﬁoeas?1 ¢ f'amst hyl - pyrrolidine-1

- car bényl az ﬁ@uhgn -qbr tﬁmbptm(:iéﬁﬁylz éa@dpaﬁmr@dazolﬁoyla4gﬁeﬁhwhgyr§<zdldm bn of
4-1o0do-2-| ?&x Ble ﬁl‘% ggtm Pfffo lhwmfmxhwb %@d%?%@h@ lﬁ%&aﬁsso@g%’f?eg ,

mol ), (2S)- car bony math am nojJ - 3- ne utanol ¢ acl
nmg, 0.94 rmbla)t Oa(ad The geg®:tiool mixtHrads itaserdartib[ovqmghtrﬂr@d FVaReraRE t9 4ryfieys 105

added HAT 1 I st at
RT over ni &ﬁgﬁd‘%ﬁﬁlﬁ %\ZA}A %@g %gﬁgﬁ S‘gﬁ?%}% gle%q# %, 59@ c# Y/\%rl%q,
H20, bri nesOlldtrl ed over Na2804 filtered and concentrated to dryness. The

resi due | sy UBABY sl €04 W, CARTRE PR & s 599818 400t 0

100% Et OAc HeXa

N-[ (1S) - 1-H)¢ 2354535 2n( 4-H) o2 8-2F (Mdhtip) 2.3-2/3 Y\mA2 gt hyyB-1p5& (ol 1 H),ne0A{EG & bon
yl]-2-nmet hyl - propyl] -N-nethyl -carbamate (180ng, 44.5% . 1H NVR (400 MHz,
CD30D): 6 |°opn1 7.04 (s, 1H), 4.89(m 1H), 4.48(d, 1H), 4.33(d, 0.5H), 4.19
(m 1H, 4.9 (m 0.5H), 3.7 (s, 3H, 2.79 (s, 3H, 2.4 (m 1H), 2.25-2.2
(m 1H), Zl1yf.05(m 1H), 1.79-1.7(m 1H), 1.12 (s, 3H), 0.8 (dd, 3H),
0.76 (dd, § LOMS: mz 448. 95(MtH). 20Internediate 7

Met hyI p.\ 3 [ (MsﬁmyllN[ (29)+R2%, 4S)eI-I(ﬁf'ro;db-m-i-nhidhzﬂ:&iojl)—Q—mdthypyrrr@IliidhﬁerﬂeealrbomdbbﬂyI ]

-2- methyl s propylobealReRie 1\ 1 /7-n
To a solution of (25)-2-(methoxycarbonylamino)-3-methyl-butanoic acid (644.5 mg, 3.68
mmol) in DMF (25 mL) at 0°C is added HATU (1.4 g, 3.68 mmol), DIPEA ( 2.5mL, 14.57
mmol) followed by 5-iodo-2-[(2S,4S)-4-methylpyrrolidin-2-yl]-1H-imidazole as HCl salt
(1.28 g, 3.64 mmol). The reaction mixture is stirred at RT for 20 hours, diluted with
EtOAc and H,O. The organic phase is separated, washed with H,0, dried over Na,SO,,
filtered and concentrated to dryness. The residue is purified by flash column
chromatography on silica gel (0 to 100% EtOAC/Hexane) to afford methyl N-[(1S)-1-
[(2S,4S)-2-(5-iodo-1H-imidazol-2-yl)-4-methyl-pyrrolidine-1-carbonyl]-2-methyl-
30  propyl]carbamate(1.3g, 87.3%) as a white solid.

'H NMR (400 MHz, dmso) & 12.03 (s, 1 H), 7.19 (d, 1 H), 7.18 (s, 1 H), 4.83 (dd, 1 H),
4.16 - 3.91 (m, 2 H), 3.52 (s, 3 H), 3.16 (t, 1 H), 2.38-2.08 (m, 2 H), 1.9-1.72 (m, 1 H),
1.72-1.61 (m, 1 H), 1.06 (d, 3 H), 0.76 (d, 3 H), 0.755 (m, 3 H).
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NO O Stepmme;\{‘eltpyl()&%ggSlS) 2-methyl -1- [(25)-214- (2-trinmethylsi

| yl et hynyl -1 mdazol -2- yl] pyrrol idine-1 -carbonyl] propyl]carbanate
Et hynyl (twmmnhyp:)zm | ane (91 1 ng, 131.1 pL, 0.93 mmol ) PCHALSR0/062168
N[(1S)-1-[(25)-2-(4-

i odo- 1H-i m dazol - 2-yl ) pyrrolidi ne-1-carbonyl]-2-nmet hyl - propyl ] car bamat e
(130 ng, 0.31 nmol), Pd(dppf)ClZ-DCM(25.2 ng, 0.031 mml), TEA (62.60 ny,
86.2 pL, Qpnfetmadte 5 Attorney Fi I e Ref.: 097546- 0133 WO

2011/ 079327PCT/ US2010/ 062168 and (11 78 , 0.062 mmol ) are dissol ved
"1 10 L NCHHE. (s @S AR, (4CIogar i AREel Do mesm R o ink ¥ By
heat ed to {{BkoMERDLHBArbHA@EEE Nitrogen. After evaporation of the solvent
under vacuum the residue is purified by flash col unm chromat ography on
silica gel (0 to 5% nmethanol/CH2A 2) to afford nethyl N—[(lS) 2-

met hyl - 1-[ (2S) - 214- (2-tri met hy|si |\Iyl et hynyl ) - 1Hi m dazol - 2-yl ] pyrrol i di ne- |

- carbonyl I te (10 ny).‘ NVR 00 : 7 6
10. 35 (sy k&f%—é (s—}|+(53|:9 of % 7 (m[gﬁl)rﬂ,
3.37-3.69 { .69-2.10 (m Blé) 060083(m 6 00 (m 9H).

LGNS @ iz 3§'Jo=@() (M+ H. 10 Step |
Met hyl N-[ (1S) - 1-[ (25) - 2- (4- et hynyl - i n1 dazol - 2-yl ) pyrrqglidi ne-1-carbonyl ]
-2-met hyl - propyticar bamate To a sol utY on of met hyl 1 I
N-[(1S)-2-met hyl -1-[(25)-214-(2-trinmethylsilyl ethynyl) 1 i m dazol - 2-yl ] pyrr
ol i di ne-1-car bonyl ] propyl ] carbamate (100 ng, 0.256.mg in 3 nm of THF is
added 1M TBAF/ THF (384 L, 0.38 mmol). The m xture 1 ts?/t RT for 20
m nutes and the solvent is renoved under reduced presguren—The residue is
purified by flash col um chromatography on silica gel H@{t o5%
met hanol / CH2Cl 2) to afford nethyl N-[(1S)-1- N
[ (25)-2-(4-ethynyl -1Him dazol -2-yl)pyrrolidine-1-carbo ] Z’@gt hyl -
20propyl ] carbamate (56 ng). Internediate 8 O

Met hyl (25, s%éjl 1-((28, 4S) - 2- (4-i odo- 1H i m dazol - 2-yl ) -4-nmet hyl pyrrolidin-1-y
| ) -3- et hoxy-'| - oxobut an- 2-yl car banat e

(2S,4R)-tert-Butyl 2-(4-iodo-1H-imidazol-2-yl)-4-methylpyrrolidine-1-carboxylate

A solution of LiCl in THF (2.000 mL of 0.5 M, 1.000 mmol) is added to tert-butyl (2S,4R)-
2-(4,5-diiodo-1H-imidazol-2-yl)-4-methyl-pyrrolidine-1-carboxylate (503.12 mg, 1.000
10 mmol) in 25 mL flask. The mixture is stirred at RT for 5 minutes, cooled to -20°C, and a
solution of 3 M methyl magnesium chloride in THF (333.3 pL, 1.000 mmol) is added drop
wise. The reaction mixture is stirred at -20°C for 20 minutes, and a solution of isopropyl
magnesium chloride in THF (846.2 pL of 1.3 M, 1.100 mmol) is added drop wise. The
reaction mixture is slowly warmed up to RT over 1 hour, and left overnight. An
additional amount of isopropyl magnesium chloride in THF (423.1 pL of 1.3 M, 0.5500
mmol) is added at RT, and the mixture is stirred for 1 hour. Another additional amount
of isopropyl magnesium chloride in THF (423.1 pL of 1.3 M, 0.5500 mmol) is added, and
the mixture is stirred at RT for 2 hours. An additional amount of isopropyl magnesium
chloride in THF (423.1 pL of 1.3 M, 0.5500 mmol) is added, and the mixture is stirred for
20 30 minutes. The reaction mixture is poured into cold saturated aq. NH,Cl solution,
extracted with EtOAc (3 x 20 mL), and the combined extracts are washed with brine,
dried over Na,S0,, filtered and concentrated to dryness. The residue is purified by flash
column chromatography on silica gel (0 to 20% EtOAC/CH,CL;) to afford (2S,4R)-tert-butyl
2-(4-iodo-1H-imidazol-2-yl)-4-methylpyrrolidine-1-carboxylate (240 mg, 0.6133 mmol,
61.34%) as white solid.
Rf = 0.5 (EA:Hex, 1:1).
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Step I: 3R).-3 ef ethaxy- 2- (et hoxycar bonyl am no) but anoic acid To a

sol utlon o] r{ﬁ R) - 2- am no- 3- net hoxy-butanoic acid (2 g, 15.02 mmol) in
aq. NaCH \(V(I)4M)ﬁ7!)79{3270f 1 M 14.87 mol) is added Na2CO3 @82/S0101962168 810
mmol ). The reaction 30 m xture is stirred for few mnutes until solution
beconme clear, and cooled to ice-bath tenperature. Methyl chlorofornmate
(1.533 g, 1.253 nL, 16.22 mmol) is added drop w se over a period of 10

m nutes ang N¥e 4(@aMHt0@D¢T5X<§l10€5 §, i) rf@ﬂésf aH)4490hQuus- a1 17 - 1H)he. 55 -
Attorney File Ref -0133 2011/ 079327PCT/ US2010/ 062168 aqueous

sol ution i%3%&8nat) v@ 951 cﬁ B Y1 28bep-% B (M3bhily80 cdetdelni Bk detd & 7H),

t enper at urege afd, Jifd edizngljy HCL -conc, extracted with CH2A 2 (3 x 30 ni).
The conbi ned organic extracts are washed with bri ne, dried over Na2SO4,
filtered, and concentrated to afford

(2S, 3R) - 3- hoxy- 2- (met hoxycar bonyl am no) but anoi ¢ acid (1 96 g, 10.25
mmol , 68.25% as white solid. 1H NVR (400 Mz, CD30D) 6 4.92 (br s, 1 H),
4.18 (d, 1-lqpo-23(( 9%43)1"6)‘”191*“{1-9\/”@%“'@52 ylg1Hyimidazob3ign chlqyider 16 (d, 3 H).
Step I1: Hyvej h3§|;1rr635 s%B)UoF’n c(f( 2t5r14§)ty? 2@44R' Qdﬁﬁ%db'lm imidazol-2-yl)-4-methyl-

-im dazol -2-yl)-4-neth yrrolidin-1 % oxy-

- oxobut an- pzyrr;ﬂhé@etﬂawb@xvmeam:%ma, P©0% )nngql) }nr'é@p%&ﬂ o) ésradsied HCL in dioxane
5-i odo- 2- [(4 23g4m) -dt-A®i, "B’E)Wrn{rﬁil‘) di ﬂwel és'd[ﬁr% Wubtidhismilagplae Ay dhPahiped de

(90 ng, O. 2564 mol ) and (25, 3
(et hd)@yca?m@ﬁwt&msn&rmﬂawﬁh@ Q:uralm( 5‘ihmpr¢ﬁg,p1ta1e2169daluﬁﬂ®|vy1th e ethes0o

m) is Sequ‘é‘é“rEa aérldy?ﬁéiﬂ&ﬁ’dMTéH {atBém*o Mford- 4%@9@F%;)%r m@ly{f}?ﬁoﬁ) J:Ié_l_‘?urﬁ g,

178.7 pL, 1. The reaction mxture is s ' '
stirred oxﬂeyl:)muhmlda;pl it cioride wddsemg( & 5A0 mmatBoedd’s) a6 rehitd sokidEt OAC (3 x

10 FAREI0NIERS R 4y o e o o e

bi car bonat e tion ‘ed i
dryness. THB, B&s3.dnémi §Hpu-BI-2e@ by H)adidlcdd. ﬁrfm dhi,otra8 ogr 2y, OH, 202&1 ica

gel (50 to %)Pn( ﬁqo,%\cosl hgx%ngﬁ} I:|'he residue is dissolved in toluene and
r

concentrate yness t0 renove azeotrop| cally trace amounts of DWF to

af ford net hyl

(25, 3R)-1- S(tégﬁ .45) - 2- (4-i odo- 1Hi m dazol - 2-yl )-4-net hyl pyrrolidin-1-yl)-3-m

et hoxy- 1- ut an- 2-yl carbanmate (107 ng, 0.2376 mmol, 92.72% as solid. Rf
0. 15 ( EtMabylHex d5)et((2%,4B)-2-(4-iddd- NiARN {da2d - M- 4 - raoBily By relidid - 148) 3smethyH) -,

0,99, (5, IybhyahoSiehthmbd: 5,15 (1, 110, 451 (b5, 11,7500 - 0 0
2.47 (0, 2o ,coll 8B4 2CP stimed Foldyion Jof 723)-5Hméthoxyicak)gnytantiBo)¢ 3 meBhytbutanof8
(d 3 ). oo s T bscRinoi), 9950457 B3R WGl 079327PCT/ US2010/ 062168
Met hyl N- [ (pyBotidinjun23;y4p) H-2n{dazolexi s ldhionidd 426 Im@ - §.27 244 mmedl hphd piATUO (08I he- 1
) mg, 0.2860 mmol) in DMF (1.918 mL) is added DIPEA (140.9 mg, 189.9 uL, 1.090 mmol).
The reaction mixture is slowly warmed up to RT, stirred overnight, diluted with water (5
mL), and extracted with ethyl acetate (3 x 10 mL). The combined extracts are washed
with a saturated aqueous sodium bicarbonate solution, brine, dried over Na,S04, and
concentrated to dryness. The residue is purified by flash column chromatography on
silica gel (50% to 100% EtOAC/hexanes) to afford methyl (S)-1-((25,4R)-2-(4-iodo-1H-
imidazol-2-yl)-4-methylpyrrolidin-1-yl)-3-methyl-1-oxobutan-2-ylcarbamate (119 mg,
30 0.2595 mmol, 95.26%) as white solid.
Rf = 0.47 (EtOAc).
'H NMR (400 MHz, CD;0D) 6 7.06 (s, 1H), 5.13 (dd, J = 8.4, 3.7 Hz, 1H), 4.14 (d, J = 7.5
Hz, 1H), 3.92 (dd, J =9.7, 7.1 Hz, 1H), 3.62 (s, 3H), 3.43 (dd, J = 9.6, 8.0 Hz, 1H), 2.71-
2.6 (m, 1H), 2.30-1.81 (m, 3H), 1.09 (d, J = 6.7 Hz, 3H), 0.88 (d, J = 6.7 Hz, 3H), 0.861
(d, J=6.7 Hz, 3H).
LC/MS : m/z 434.9 (M + H").

BOST_1803930.1 110



carbonyl ] - 2- viE ﬂpﬁ/} 049;4ﬁ&%/l ]carbamate IN HINHNN OO ---t----- c- Step |
tert-Butyl 2- (4-net hyl - 1H i m dazol - 2-yl ) pyrrol i di ne-1-car bo-
xyl at e Awonnrlﬂmml ution of tert-butyl PCT/US2010/062168
(25)-2-formnyl -4-net hyl - pyrrolidine-1-carboxylate (282 ng, 10 1.322 mmol) in
MeOH (5,6 nmL) is cooled to -20C and gaseous amoni a i s bubbled for 10

m nutes. 2-O0xopropanal (35%wWwin water, 1.905 g, 9.254 nmol) is added and
the reaction mxture is warnmed to roomtenperature over one hour. The

m xture is then heated to 65C for 1 hour, concentrated and 5nL of water is
added to tIRtermediaaé® The aqueous layer is extracted with CH2A 2 (3 x

10mL) . Thewspypi ned 0NQ$'1‘$ )c1 t@‘$94$§ 23(4910661ﬂ-ﬂlrﬁi\dﬁioll‘@gﬁ%mems}llp%ﬂi’ldlr%n@-

evaporated to dryness he residue is purified by flash col um

chr omat ogr@ppgnybhZdnethybpropyllihrmeshylocarkemate n cH2Cl 2) to afford tert-Butyl
(2S)- 4-nethyl-2-(4-nethyl-1Hi m dazol - 2- yI)pyrroI|d| ne- 1- car bo- xyl ate 307
ng (88% . Step I

20tert-buty|(25,45)-2-(5-im§k§§ihyl 1H-imd OLt\Lf_}yl) 4- et hyl - pyrrolidi
ne-1- carboxylate To a stirr tjon of tert"b
(25) - 4- net hyl - 2- (4- et hyl - 1H ni 2-y1) pyrg 8 di nel- car boxyl ate (307

my, 1.013 mmol) in CH2A 2 (15 nmY is added N-i $d cinimde (240 ny, 1.013
mol ) at 5C. The reaction mxture is stirred ®or\on& hour and 2 niL of water

i s added. The organic |ayer is separated, dried over Na2504, and evaporated

to dryness The residue is purified flash col um mat o h

silica gellqazstifigs f@@%’ﬁtogﬁc‘opﬂz (A% %%ndeveﬁlyll@”ﬁ Hnn éﬁ@l 8‘3@@9 &50 ms,
2011/ 0793275&%#@20@2@4 QQ%@%XV@?B@W%&W[WM%F?Hetlwdtb(.lltanmc acid (179 2 m%
(2S,4S)-2-(5-iod rolidine-1-car oxyI

ate (246 r{3994 31@%? a|§{ %,6 (%lfqllld@e ﬁ?d%“b-;nzt pl_)zn DMF rl)%/r ) is added HATU (581.2

[ (25, 45) - %gzmo by sy el 0di.NTRe Yddctiod nwtulrérnsdﬁﬂrﬁédeatmﬂbmmgm iardﬁdnuted w1th
tert-Butyl (5-10do-4-nethyl -1H i m dazol - 2-yl) Eyrr0| di ne

A by DRe & Hheoe apic 8verot YLD With bh0 PRRewATHe e NSO HLiskat

2mL) over ndogbéntratBg thefGhdsON TReXtdtidiel 8 fUrRRICBNABH EALRA ERombidfsbh
5-i odo- 4- mgth r}t[a [)(tzgﬁ?lS)s 4- neth IF}{/H%I i di nISW I oaldafaphy on

y 1H i m dazol e
ytr ooh orise SaAD s 00 BOAE MexTBR o pgera MethyUN-A() T 125 85 3 G-fodo-1h-
imidazol-2-yl)-4-methyl-pyrrolidine-1-carbonyl]-2-methyl-propyl]-N-methyl-carbamate

(180mg, 44.5%).

'H NMR (400 MHz, CD;0D): & [ppm] 7.04 (s, 1H), 4.89(m, 1H), 4.48(d, 1H), 4.33(d, 0.5H),
4.19 (m, 1H), 4.9 (m, 0.5H), 3.7 (s, 3H), 2.79 (s, 3H), 2.4 (m, 1H), 2.25-2.2 (m, 1H),
2.11-2.05(m, 1H), 1.79-1.7 (m, 1H), 1.12 (s, 3H), 0.8 (dd, 3H), 0.76 (dd, 3H).

LC/MS: m/z = 448.95(M+H").

20  Intermediate 7
Methyl N-[(1S)-1-[(2S)-2-(4-ethynyl-1H-imidazol-2-yl)pyrrolidine-1-carbonyl]-2-
methyl-propyl]carbamate

I\Qﬁﬂj Step | /\S/, \(\_> Step Il :\&ﬁ/\_)

.-N ]
Eo)rfo—' Y e

Step |

Methyl N-[(15)-2-methyl-1-[(2S)-2-[4-(2-trimethylsilylethynyl)-1H-imidazol-2-
yl]pyrrolidine-1-carbonyl]propyl]carbamate

Ethynyl(trimethyl)silane (91.1 mg, 131.1 pL, 0.93 mmol), methyl N-[(1S)-1-[(2S)-2-(4-
iodo-1H-imidazol-2-yl)pyrrolidine-1-carbonyl]-2-methyl-propyl]carbamate (130 mg, 0.31
mmol), Pd(dppf)Cl,-DCM (25.2 mg, 0.031 mmol), TEA (62.60 mg, 86.2 pL, 0.62 mmol),
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10 Step | \{mome ﬂpﬁ/} I\g—754h(1 S)-1- [(25,45)-2- (5-io0do-4-nethyl-1 H
-i mdazol -2 -y - 4- et -pyrrolidine-1 - carbonyl]

- 2- met hylwpnropyd7par bamat e PCT/US2010/062168

5-i 0do-4- et hyl - 2-[ (25, 45) - 4-net hyl pyrrolidin-2-yl]-1Hi m dazol e

hydr ochl ori de (0.320 mmol ) and

(25) - 2- (et hoxycar bonyl am no) - 3- net hyl - butanoi ¢ acid (56 ng, 0.320 nmol)

are di ssolangdcdin1PivE g arbg2 ﬁ{hﬁblf BR: Bissdivdeinl F0 MROSFEBMF.N TAB syaemPatiur T%éa PEA
(167 pL, 0.960 mmol) is added fol | owed by HATU (134 0. 352 ol )

reacti on it gigoged @ad b8 MEtYSoin f‘%?'FﬁértéPt UP & %?rwgg\%durfdﬁf @Uo%hr sAfter

di | uted widpSralibn ofr BRI URERT NAHCTRC A IncaRebictet FagLAfedi (B DRGtunThe

conbi ned organic ers are wash wat er, dried over Na2504 and

evapor at ethfQJ”n@ﬁO?rr@@éXé onTilics eael dfietoi 8% pueihenedCiingly tasaffersl eyl N-[(15)-

K{‘E ?Tg; O%rrﬁm¥5ng§j tj[@gZ 98hel I‘%lsﬁ@le%@@l%@l"yn%ﬁzzg By (p9rrefidined .- met hyl
-i mi dazol czrtgqnyl]atqwk]wbarﬁ%er @p9 fﬂghe 1 - car bonyl] -2-nmethyl propyl ] car bamat e

125 ny, 8 F 0
013/ 00030 DS (4 fs, L [RRAPRlan (PRHD IO ﬁ'QI*% 5366 (d, 197248~ 3% O
N-[(15) - 14926y B 65 37069 @nn’éhhw 691H1Dr(rmdéljbl0~Q0-918)3-(pyy6H¢,| 9.60 0, BHsar bony!

]- 2-meth oRy, Step I: tert-butyl
(25) - 2- (4yLr(r:-éP\E I—quqm azo 2 yl)pyrrolidine-I-carboxylate A stirred

solutil®n of tert-butyl (25)-2-fornyl-pyrrolidine-1 -carboxylate (540 ny,
2.710 m"mls)E qg MeOH (10,8 nlL) is cooled to -20C and gaseous anmonia is
bubbl ed for “m nutes. 2-oxopropanal (35%wwin water, 3.9 g, 19.0 mmol)

i s then addttyland Nt[{t5)10[(29 ek t4-ethymyilxdtHdimed dzo-Ret yppidhoidin&RT - @avizony ] iz miethml -
The m xtur ated to 65C for 1 hour. The solvent is evaporated and
5nmL of vvatp%bxﬁ]sctarbcef%]eggto the residue. The product is then extracted with

Et 0Ac (3 XrolOa nk9lutidme of omeitimed Nof(GS)A2- meltlaweF[$ZSar2e[4dr2rtemneihyi51lMBW) 1H-

filtered, n v I S r fl

col um chr]%matzgl ?&Qh@%‘%ﬂd 'Rs"iﬂ%égb%géﬁpr(’ ggl?%arga%%& Ij:‘P@Rchu d£ e%QﬁOY ?mg?fve
tert - but ylTHF2E)adzled 4M TBARATIHF1(384 MLAAZ38 minoy). ) e moikiwte nesﬂlFrearalnd§<Tyfc&t20
644 , St tert - But odo-4-methyl.-1 H ..

i dazor - 2-1J1tes T ROPE apiveRt i Bl YRd et GRS, TBb pids, Bopuriried by

E grz t5 brr;t yIfla(sBi))mmrl( mrnmhtogkaphgl-dnrmldazgmll (@t b% methmidééﬁdl-nelz)il’;o f’@gﬁg\ﬁ;ﬁﬁl}lﬂéﬁt e
(516 ny, iﬁ#ﬁﬂﬁ%ﬂ{ g igii ﬂ(‘%ﬁo} gL %prﬁn?ircaﬁ%ogv}%% g’fY 5 ni of

wat er Jos gutded]caibzenane g86ing).| ayer is separated, dried over Na2504, and
evaporated to dryness. The residue is purified by flash col um

chromat ography on silica gel (0 to 20% MeOH in CH2CO 2) to give tert-butyl
(25) - 2- ( 5-Ihtedmediiavetshyl - 1H i m dazol - 2 yl)-pyrrolidine-1- carboxyl ate.

Attorney Riddye’ - a8 3R4%9338) FRu 304 R AR oD R 2 ety tidin- 1-y1)-3-

methoxy-1-oxobutan-2-ylcarbamate

OH OH \[ j

Step I:

(2S,3R)-3-methoxy-2-(methoxycarbonylamino)butanoic acid

To a solution of (2S,3R)-2-amino-3-methoxy-butanoic acid (2 g, 15.02 mmol) in ag. NaOH

(14.87 mL of 1 M, 14.87 mmol) is added Na,CO; (827.8 mg, 7.810 mmol). The reaction
30  mixture is stirred for few minutes until solution become clear, and cooled to ice-bath

temperature. Methyl chloroformate (1.533 g, 1.253 mL, 16.22 mmol) is added drop wise

over a period of 10 minutes and the reaction mixture is stirred for 4.5 hours at RT. The
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Step I'l1: §One§31quef od?ﬁm%/l -2-[(25)-pyrrolidin-2-yl]-1H i m dazol e
hydrochloride tert-butyl (25)-2- (5-iodo-4-nmethyl-1 H

-i m dazolw@-2911y07p32r7r ol i di ne-1 -carboxylate (2.178 mmol PCTAsR@OAYII68IS St ep)
is stirred wwth HJ (4Min dioxane, 5.4 nL) for one hour. Diethyl ether is
added (5 m) and a precipitate is formed. The precipitate is collected by
filtration and dried under vacuumto afford 5-iodo-4-nethyl-2-[(25)-

pyrrolidi nggdedibs] sdibtibm @aweérethﬂqorakEtﬁ%u @@he(rS@Srm 3074%9 f %oﬁeaeté g8é-bhiMp
steps). 10Step IV: Met 19)-1- 5 i odo- 4- net

~i m dazol tzmmatwp @610#1%%41% H@ancb@wﬁftedzw néHee iwo’;ﬁjn’iﬁbar%swmed
-1 0d0- 4~ LAt elirhdid BrdRhsriRiRh brhe) dhed Jwelhiagsmiﬁrte}ee B codnpratlerd 492

ng, 1.569 rrm)l) and g 5) - 2- (et hoxycar on%/ am no) - 3- et - but anoi ¢ aci d
(275 ny, BEEY EneR) a?eéh@Ws%(jn%exyqarwamn@b a)W&n%P(i hb%gxﬂ@r?é ngnol,
cooled in @nzgygesbmt@ som PEA (820 pL, 4.707 rrrml) |s added foll owed by HATU
(656 g, 1.726 mmol). The reaction mxture is war roomtenperature and
stirred foH MR (AGMHZ, HROPLA % 92T i Xt s 8- 18s( dee'T'l) ér%(tedhkﬁ t B. 6pds i Ho

sat ur at ed NagHBy( adq9 (@Rdyextracted with EtOAc. The combined organic

| ayers are driéd over Na25 4, filtered, and evaporated to dryness. The
residue is 20diluted in 5 nL of xylene and evaporated again. The residue is
purified tgfg ljash col uim chromat ography on silica gel (0 to 20%

MEOH CH2a 5P 1o afford methyl N-[(1S)-1-[(25)-2- (5-iodo-4-methyl -1 H

- i m dafol -Methyl) 2py3R)-0t ((2$ 49e-21(4-10ae-BBripidazob2-yh thipetpytmpialidivat-yErkamethozp7

g, 749 . . MBUIED HcSrphinade 7-di et hynyl-1, 3 benzodi oxole Step I:
Trlnethyl-[217 EQZ?] t?l n{et#al silylethynyl)-1, 3-benzodi oxol -4-yl ] et hynyl]sil an

e 30 To a Tsxa lcﬁkdd(os‘blcl)ltstldﬁd csplutuorz O(ﬂ|5 @d@rlﬂ B torfz ogthykrelidso0 iyn,2-vi1- 8H-

nmol Pd C12 I 9 0
(m% is gﬁga%b%th é'%??lr%{‘%t h@lo)m (zzri% rﬁégg s |)2§@R%h?’3/3?ﬁ
6.6 mmol ). mem@weerbomsdmmp)mma@m acsit (5r1r4:,7dmt CBD@Zf mm0D61thMFsL1 &0 mtpds

wth Et OACseﬂg%g%%ﬂdﬁ hk‘? ?’02011‘ Elol 168y nTrH@ t%@?iﬂﬁzxe@??%‘?ug 317%9710@{?}%%

dri ed over ere and c centrate ’t or ne
Ref . : 0975a®0o013Mhei@aidnl midXz932iz ROWIYWS200ed 0620 &3, ihered osenhightj dilygad ivfithed

DY 11 28" SPRUETS G B GUER, B0 oL 68, Bob (Orhe Bl L QA AR ©0
yl ] et hynylv}'l'sh Isaneal(e:é4Aqtgeou8]s%hunStbeqarbdnate4 s@'LudpeI Hvyuny] -dtie8- v zidabOx odred

T I h | - 4-

y1 ot hyny POr S Bl i AR Pk LU e REREORAE o

(328. 720ny, s1l&a3§elnﬁi@l jo 10B% EtOActi dvexanes).ur €he sesdue riedisadlvéd ih oroldenhoands

and evaporc% eqlwt}a(%e&i tg H %ESS tigqgm]ooe 5? Oc;t(l;i ?callxlagags%ﬁw%gl H of, eﬁg-t Offgrfddme_{%

The organi T ase is s para dr i'e
concent rat(éﬁl,3Rb1 d(28e454- 2 /(4 d oad- hiy+irpidazo32-peizrodihyipytrelid ib8Dpty, 3-8 8&pxws- a br own

solid. Int eroget%' aztﬁcar%amape Hb?ﬁn@”&yiﬁ@%hr% hlab’f'ﬁ% ) as solid.
Rf = 0.15 (EtOAc-Hexanes, 7:3).
"H NMR (400 MHz, CDCl;) & 10.48 (s, 1 H), 6.99 (s, 1 H), 5.63 (d, 1 H), 5.15 (t, 1 H), 4.51
(brs, 1 H), 3.94 - 3.84 (m, 1 H), 3.68 (s, 3 H), 3.6-3.5 (m, 1 H), 3.15 (s, 3 H), 3.07 (t, 1
H), 2.47 (t, 2 H), 2.35-2.2 (m, 1 H), 1.7-1.55 (m, 1 H), 1.13 (d, 3 H), 1.08 (d, 3 H).
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Step I: 2,88 s({}5d-0eshyl silyl)ethynyl)naphthal ene 20 To a suspension of
2, 6- di br ononapht haI ene (500 ng, 1.748 mol), Cul (66.58 ng, 0.3496 mmol)
and Pd( dppbrCu27D2M (214. 1 ng, 0.2622 mol) in DVF (8 mELTiGs2&e6H6ans i al |y
added TEA (707.5 ng, 974.5 pL, 6.992 mmol) and cold

et hynyl (trinmethyl)silane (377.7 ng, 543.5 pL, 3.846 mol ) under nitrogen
at nosphere. The reaction mxture is heated at 80C for 7.5 hrs in a seal ed
tube and gnfrpfedpitkdte is forned in the reaction tube after few hours of
heating. The reaction nmixture is cooled to RT, and filtered off. The white

preci pi t atMethy¥l washed N9~ DIE2S(45) @~ (pripdorit- EEI'dBMEZ’VW‘bWGMLHXHHQ"G"EH ord

2, 6- Di S((&Fb&@lﬁﬂﬁétﬁw%i bﬁifwaé(rlb)aﬂ\%ﬁ’@t hal ene (620 ng) as white solid.
1H NWMR spectra 'showed 2.6: 1 m xture of the desired conpound and tri et hyl

ammoni um 30bromi de, this mxture is used as such in the next step w thout

further purlflcatlon 1§ NWVR (400 MHz CDCIS) 6 7.91 (s, 2 H, 7.67 (d, 2
H, 7.47 (d,§ 2H) 027?@, 18 H). Stga_% 2, 6- D et hynyl napht hal ene

Att orney FiH . 097 9 27PCT/ US 010/ 062168

Toast i rredsdisp anof_.tr M{_;L&(ZH thy§ thynyl) - 2-

napht hyl ] et h nyI]5| | ane (3590 ng, 1.472 ﬁﬁpl) in MeOH ( "N.ks added K2COB
(447.5 ng, ~¥238 mol ) ia_Bne portion, d the heterogene mxture is
stirred at for 2.5 houhs. To this reattion mixture i3 added CHQ 2 (3.0

m.) and the mxture is stirred for an additional 30 mn {¥s, concentrated,
diluted with water (6 nL), and extracted with CH2A 2 (3'x 10 nL). The
combi ned organic extracts are washed with brine, driedyqver Na2SO4,

filtered, and concentrated to dryness. The residue i i fied by flash

col uim chr omat ography on silica gel (0 to 5% Et0Ac in Fex "n s) to give

2, 6-di et hynyl napht hal ene (157 ng, 0.8901 mmol, 60. 46°/c) ite solid. 10Kf
= 0.37 (EA hex, 1:20). 1H NWR (400 MHz, CDCI3) 6 8.00- 7 5((m 2 H, 7.73
(d, 2 H, 7.53 (dd, 2 H, 3.17 (s, 2 H) Internedlareal

1, 4-Di et hyn%/l 2, 5-di net hyl - benzene Step I:

1,4-D 5 bi s-trinethylsilyl)ethynyl-benzene

1, 4- D net f‘t\él't Qut?t(ﬁzsiiztlnﬁétﬁﬁtilyzl FriekbylLh et ifidwtot- @%Dﬁ?rﬁ@hdnﬁe prepsy-ed from

1, 4-di brono- 2, 5- 20di et hyl - benzeneaccor di ngt ot hepr ocedur er eport edf or 2, 6-
bi s((tri me¥REsilyl)ethynyl)napht hal ene. Step |-

A stirred solution of tert-butyl (25)-2-formyl-4-methyl-pyrrolidine-1-carboxylate (282 mg,
10 1.322 mmol) in MeOH (5,6 mL) is cooled to -20°C and gaseous ammonia is bubbled for 10
minutes. 2-Oxopropanal (35% w/w in water, 1.905 g, 9.254 mmol) is added and the
reaction mixture is warmed to room temperature over one hour. The mixture is then
heated to 65°C for 1 hour, concentrated and 5mL of water is added to the residue. The
aqueous layer is extracted with CH,Cl, (3 x 10mL). The combined organic layers are
dried over Na,SO,, filtered, and evaporated to dryness. The residue is purified by flash
column chromatography on silica gel (0 to 20% MeOH in CH,Cl,) to afford tert-Butyl (25)-
4-methyl-2-(4-methyl-1H-imidazol-2-yl)pyrrolidine-1-carbo-xylate 307 mg (88%).

Step Il

20  tert-butyl (2S,45)-2-(5-iodo-4-methyl-1H-imidazol-2-yl)-4-methyl-pyrrolidine-1-
carboxylate
To a stirred solution of tert-butyl (25)-4-methyl-2-(4-methyl-1H-imidazol-2-yl)pyrrolidine-
1-carboxylate (307 mg, 1.013 mmol) in CH,Cl, (15 mL) is added N-iodosuccinimide (240
mg, 1.013 mmol) at 5°C. The reaction mixture is stirred for one hour and 2 mL of water
is added. The organic layer is separated, dried over Na,S0O,, and evaporated to dryness.

The residue is purified by flash column chromatography on silica gel (12 to 100% EtOAc in
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1, 4-Di et hynyl - 2, 9:.di-0e | - benzene To a stirred suspension of

1, 4-di net hAW-YZ, %?Blgdggﬁl?ynet hyl silyl)ethynyl -benzene (700 ng, 2.345 mmol)
in MeOH (W0.200/a12327i s added di pot assi um car bonate (713. GCRGIS26006868m0l ) in
one portion and the heterogeneous mxture is stirred at RT for 2.5 hours.
To this mxture is added CH2A 2 (3.0 nlL), and the m xture is stirred for an
additional 30 m nutes, concentrated, diluted with water (6 nlL), and

extract ed HdxhResFHAE! Ziked Xerl%u@ RS, 45) 1915 -FRIGU- MR ehyer B3R §azBK b [y BCA- ety
washed with brine, dried over 2504, filtered and concentrated to dryness.
The resi dR¥Tosdipgr-¢arbexvaterP4sMecedm chr omat ogr aphy on silica gel (0 to
5% MeOH in CH2CA 2) to give 1, 4-diethynyl-2,5-di nethyl -benzene (248 ny,
1.608 mmol , 68.58% as light yellow solid. Attorney File Ref.: 097546-0133
WO 2011/ 0A982HPCT/ US2010/ 062168 Rf = 0. 43 (Hexanes). 1H NVR (400 Mz,

CDCl 3) 6 74-%%o('isme%yl'-@a[g%-,43>}-4(rﬁethﬁlp‘7')r_oli§in327ylﬁ-SIH-i%id’&zolej HdescmRstiat e 14
1,4-Di ethynyl-2-nethyl -benzene The'title coirpound i s synthesized from

1, 4- di br orfST2ByRSt hyl ~ bent&n®)ds(3diedertBeidyi-hH-imidarekelyatienathyl-pyrrolidine-1-
101 nt er medi;dtdxyhee (125 mgf20532@ @h@gﬁ%ls’cﬁ“r@df\ﬂﬁﬁ HZ-(htiRi ARRARE 28 L] RPehidnt &

conpound is synthesized trom 2, 5- rono-t hi eno| 3, 2- b] t hi opheneas descri bed
i n | nter neldieat@actign mixture Thethent Fenceaipdndo i afferdndHede-darrthylon(25,45)-4-

2. 5- DI br offRethPipghBlicin - 1 4 ALRIERRAR dARHEIIBHCAL B Py dEBgliabe 13
Attorney File Ref.: 097546-0133 WO 2011/ 079327PCT/ US2010/ 06216
Interm@diate 17 Step |: Ethyl- (2S)- pyroglutamate To a sol ution of

L- pyrogl Utg?}é’ﬁ g.acid (445 g, 3.45 not) in ethanol (3.6 L) was added 98%

sulfuric acid (18 nL). The resulting reaction mixture was stirred at room
t enper at urNethy ov¥rl(liSyt[(25Stdi2atpriede-Yonelhel- (H-doidgrolway) ddueldyapyirelfdine-1-

o PR AR Rt 010, ST (AT EPERRL P

resi due wesiodedonedyed-[(4S5t43) diroethylpyretidianky i -d Hafmidazdles 4hydgoqhiatdg 61320

e L B R R e LA L ST el SBES Rri
are dissolved in DMF (2 mL) and the mixture is cooled in an ice bath. DIPEA (167 pL,
0.960 mmol) is added followed by HATU (134 g, 0.352 mmol). The reaction mixture is
warmed to room temperature, stirred for 20 hours, diluted with 5 mL of saturated
NaHCO; (aq.) and extracted with EtOAc. The combined organic layers are washed with

20  water, dried over Na,;SO,4, and evaporated to dryness. The residue is purified by flash

column chromatography on silica gel (0 to 20% MeOH/CH,Cl;) to afford methyl N-[(1S5)-1-
[(2S,4S)-2-(5-i0do-4-methyl-1H-imidazol-2-yl)-4-methyl-pyrrolidine-1-carbonyl]-2-methyl-
propyl]carbamate (125 mg, 88% for the last two steps).
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Ethyl - (29):. Nzl oPhUt gxycar bonyl ) pyrogl utamate To a sol ution of ethyl

L- pyroglutamate (542 g, 3.45 not), dinmethylam nopyridine (42.14 g, 3.79
nol ), andworaidiyi2am ne (577 nli, 4.139 nol) in dichl or omeThsa@004216§ was
added 20 in portions BOC anhydride (827.8 g, 3.79 nol). The resulting

m xture was stirred at roomtenperature overnight. The reaction m xture was
washed with saturated agqueous amoni um chl ori de sol ution. The

di chl oromahfrrrRdist¥ o was separated, dried with magnesi um sul fate,
filtered, and evaporated in_vacuo to afford 887.4 % (10099 of

(ethyl ( 25)Methyt - Nil{ By -E28 b Ry(P)ipde- ddT‘ﬁ"thé(hﬁl"é"H@aZé’"l r!thvrrfeBdIBPﬂ -€arkenyl]-
sol i di fi ed)-Hiaemy rggﬂ}rlmbarﬁggeor ney File Ref.: 097546-0133 WO

2011/ 079327PCT/'US2010/ 062168 The crude product cont ai ned traces of

di et hyl am ngpyrl di ne and %hl oronet hane byt was cl ean enough to use in

t he next step wi thout furt purification. Nap [11: Ethyl-(25)-4- (N,
N- di met hyl an%ﬂ‘hg t hyl i dene- but oxyI Earponyl., yroltﬂ:;l ut amat To a
sol ution of et -(25)! &(tHb \‘>car onyl)pwo I mat e (15 @)\583 ol )

in 1, 2- din® Toxyl et hane (10 was added o

1-t-but oxy-N,®& N , N -tetranet Irrethanedl anmine (162 g, 932.8 nffol )y
reacti on was\ heat ed to reflhefoverni ght, cooﬁ\feé and evaporatﬁ_g |rHvacuo
The residue was triturated wi'th hexanes and filltered to afford 17
109(93% of et hyl - (25)-4- (N, N-dinethylam nonethylidene- N (t- |v

but oxycar bonyl ) pyroglutamate as a red solid. Step |IVA

Et hyl - (25) - 4- net hyl ene- N- (t - but oxycar bonyl ) pyr ogl ut amat e

Toasol uti onofethyl - (25)-4- (N, N -dinethyl am nonet hyl i dene- p(t-
but oxycar bonyl ) pyroglutamate (23.6 g, 75.4 mml) in tetrahy an (120
m.) was added 1IN HO (70 nmL). The reaction stirred at roomte tu e for

two hours. The | ayers were separated and the aqueous | ayer was N ct ed
with an additional 50 nlL of tetrahydrofuran. The tetrahydrof uoad;?)l ay,

wer e conbi ned and pot assi um carbonate 20 (14.9 g, 107.5 mml) 3(
formal dehyde in water 60 nmL) were added. The m xture was sti Pre

m nut es. ‘g1 lnayers were separated and the tetrahydrofuran | ayer was dr| ed
wi th magn XfRih sul fate. The sol vent was evaporated in vacuo and the oil

t hat rerralﬂaﬂdbms zd)SS{QJme&dylmm dmdﬁlidbﬂe)}‘rﬂiyh@h&maﬂdca‘rbd))tywted over a plug of

| h 50/ t at e/ di chl th d
The 111 0r it singe eliioh? s Bert bt Nabz fmf puraides s oyl Jp e LA d "
Ef hyl - | S/ ES)rEiﬂaﬁnah?yés@miﬂémgmbptsoe@pr ?jtar%d %:pafdogésubmhmoms]lsa?mlddomsm id.

{ e - , - 4- u ca r u
Sor Dt 1 o gTnitas, | £ o5 obateL AR Bl K Ve b ol Bonmby i R bR e B
g, I3)5 1BTrT"@hdt1dTnfmmﬁéaﬂWarrﬁ@@thgT o;aasm@l rajurnmﬁib(rﬂn)(ﬂutr@xs dhen (48¢kdn®, 6(151C ?&2
nmo . e eactl sse an stirre er an a rogen
over ni ght .1 TAGr DR RS Gy A arRB A Sl a6 AR e RN B

rinsed wt omhﬁﬂ@h exﬂ'ﬁa@tefdl\Mtl’ﬂ atoaxcwa& BVARRI “ﬂﬁeeéjomlﬁlné’di@tg@nicQa@éri @feddr$eo6 g
(899% of et h |) net h é}t but ox car bong yrogl utamate as a

cl ear, CO|%P¥§§ Oﬁ)l filteregy Ql};}«ﬁv&émﬁtq& tqqgrfyne SoQHNEA8S 16&8? q;%ﬁed by flash column
2011/ 0793%ﬂP&Hét’d@%@ﬂ@/oﬁ@aikﬁageSf(mtovi 00% P0AT(iRPexanes) to give tert-butyl (25)-2-(4-

45) - 4- met hr%/ 1(t but oxycar bonyl ) pyr ogl ut amat e
ethyl H-imidazol-2-yl)pyrrolidine-1-carboxylate (644 mg, 88%).

Step Il:

tert-Butyl (25)-2-(5-iodo-4-methyl-1H-imidazol-2-yl)-pyrrolidine-1-carboxylate

To a stirred solution of tert-butyl (2S)-2-(4-methyl-1H-imidazol-2-yl)pyrrolidine-1-
20  carboxylate (625 mg, 2.178 mmol) in CH,Cl; (5.5 mL) at 5°C is added N-iodosuccinimide

(516 mg, 2.178 mmol). The reaction is stirred for one hour and 5 mL of water is added.

The organic layer is separated, dried over Na;SO4, and evaporated to dryness. The

residue is purified by flash column chromatography on silica gel (0 to 20% MeOH in

CH.Cl;) to give tert-butyl (25)-2-(5-iodo-4-methyl-1H-imidazol-2-yl)-pyrrolidine-1-

carboxylate.
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AParrvesseAttmyslghl@;gﬁ wi t:hasol utionof et hyl - (25)-4- (N, N-
di met hyl am nonet hyl i dene- N- (t - but oxyl car bonyl ) pyrogl utamate (30 g, 96.04
mrol ) i n woRranal79x2300 nL) and 10.22 g (9.60 mml) of 10PCHAIS201DRISSa-tYype
Pd/ C. The atnosphere above the solution was evacuated and replaced with
hydrogen at 50 psi. The reaction shaken for a day replacing the pressure of
hydr ogen as necessary. The filtrate was filtered over Celite and the
filterbed was washed with ethyl acetate. The conbined filtrates were
evaporated in vacuo to afford an oil. The oil was purified on a silica gel
10col um w¢MYl 10- 30% et hyl acet at e/ hexanes to afford 18.6 g (71% of

et hyl - (25,5-fbad- 44meﬂﬁl B){EZSNpWrolMHQXMﬁ@Hbﬂi&é&él@Wy@EﬂcHIo@ﬂ@te as a clear,

viscous oil. Ste - 4- net ut oxycar bonyl ) prol i nol To a

sol ution der tew\tyfaé)zg 4@50 Amesh it ‘F@‘(’%ZobgtyékWéﬁl@@?W1 FRRPOSYRES amat e (11
g, 40.5 mpl )74 anﬁ&tfrraﬂy&e%w %pi @sﬁst”ﬂréd GRA AdL {4 %d‘(&%n@dgﬁdmﬁp%ruéﬂe
bor ohydride (3.8 |). The reaction stirred for 15 m nutes and
boron’ tri fhoybri Qfétl"é/{ I‘Fé'?"{it ‘é a(dﬂﬁd 15 @l arg1a pregipitatenissforpedd dreopificipitatertie
reaction VRfesteh! bedriRfat® b dride@nhounacand th%'f‘fo\‘@ffff?d?iowm@fﬂ%'l Q(F][RI )

tenperature and stirred for twelve hours. The reaction was pour e

i ce col d vetidins2-yirlédinfigazotennydrgchierifle @8> Manerepa Sst @ﬁbﬂ“q ﬁelvfécuo The
resi due was dissolved in ethyl acetate and washed successively with 1IN
hydrochl oric acid, water and brine. The organic solution was dried with
sodi umOsulSter &/: filtered, and evaporated in vacuo. The crude product was
purified t gh 0%
purL Y12 WRERHAN G0l ¥ DX AR R AINALRNTA B2 Ioyer R ek B o
45) - 4- et hpethi-propullcasRaoaiebony| )pr ol i noI as a clear, colorless oil.

At t or ney 6, 2 LAZ / 2

ALtorney !';E![Jeoﬁgsaeﬁwethtyﬁg (;Fzﬁ 19130l 204 AZRRLBET L FR0ABHAE 2468 mg, 1.569
(3S, 59) - temmot)wmgl )¢5 (mexdoxyceirbomy daingd)- 2 methyl-Butempteydci@ (Rapgsr T-669 ahinred)- 1-
car boxyl at ' 45) -1 ert- | :

S ormy el sgollﬂe W O{?\Fi%l%glp&)_ %lgofﬁwg)(@xatlgg &-B38{Ylin an ice bath. DIPEA (820 L,

4- Met hyl - M(Q7 mm@kvmdbcbrfyulc)we(dzsy HpT Ol (6bolg, i 726 xnitpPedTheoreaction mixture is
(25, 45) -t gy HP:H % ro%mf érafhr TR o R L?'i@b&ﬁg.l‘ﬁ?er VbR HRES! h n
standard oxi di zi ng con ons Rnown I'n t he ar or oxidizing an al coho

an al dehyd#lugesd glth'l’ll\m’DOBIsaalcat)?d NeOICSt €qu.] Bnd eRBact8qd wiitdr EtOAat y'ITheZC-OQT]Ibmed

H i m dazol - Y. n I 4S) -t ert- yl
2t or myl - £ Gl R T o o S e e b T raf e Bl e B apgeis, e Al
(25, 4%p- tehln.ltémtnyfi nﬂ;—c(f]xyl:énel andd&a/apbﬁaﬂeq/hgaqm Toe gdigyer is@urridlied doy Iflash column

car Doyl gt S QbR BR U 03202 \RRR Bh YD 3h IO ARIAATN (48 129
2- (4, 5- di i(6dodat#mathylatbimidazdlR-yi)- pmmd]wnrcarbodym-memr bmpyl]earbaﬂih’e

(25,45)-te t 2- (1H i m dazol - 2-yl ) -4-nmet hyl pyrrolidi ne-1-carboxyl ate
is react eo(g67 P]Lgl’ ¥J1% )

Intermediate 11

4,7-diethynyl-1,3-benzodioxole

>
)
>

@:[
!
I
C
e
I l
C
I

Step I:
Trimethyl-[2-[7-(2-trimethylsilylethynyl)-1,3-benzodioxol-4-yl]ethynyl]silane

30 To a stirred solution of 4,7-diiodo-1,3-benzodioxole (500 mg, 1.3 mmol), Pd(PPhs),Cl,
(93.8 mg, 0.13 mmol), Cul (50.9 mg, 0.26 mmol) in DMF (5mL) is added
ethynyl(trimethyl)silane (472 pL, 3.3 mmol) and TEA (931 pL, 6.6 mmol). The reaction
mixture is stirred at 80°C for 16 hours, diluted with EtOAc, H,0, and filtered on celite.

The organic phase is separated, dried over Na,;SO,, filtered and concentrated to dryness.
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20wi th N-iodosycelni-nige to afford the bis-iodoimdazole (25,45)-tert-butyl
2-(4,5-diiodo- 1H'imdazol-2-yl)-4-nethyl pyrrolidine-1-carboxylate (see

| nt er nedisi0De0B/07828p |1). Step I'V: (25,45)-tert-butyl PCT/US2010/062168

2- (5-i0do-1H i m dazol - 2-yl ) -4-net hyl pyrrolidine-1-carboxylate Attorney
File Ref.: 097546-0133 WD 2011/ 079327PCT/ US2010/ 062168

The4-i odosubsti tuent of (2S, 4S)-tert-butyl 2-(4,5-diiodo-1Him dazol -2-yl)-4-
et hyl pyr rifel /@dkidge Is p@ifRQXyy absh t&uﬁﬂ'éh%mé/t%lgbé#) Y'&ﬁ\éﬂﬁat@él e t&hbRtEk Ok in
preferably with _isopropyl mnmagnesiumchlorid 0 guench with a

proton sodt®@"®ch 43 wallf to EMesMdd2hé?; %mgthy&&&emmg@&%benzod10xol4
(2S, 49) - t anfert Mbilade (Badnd @1 &f+ i mi dazol - 2-y1 ) - 4-

met hyl pyrro F@ﬁkg 1- cgrbg%l at’e+(see Internmediate 3, Step I11).

I nternedi ate 18: nethod B

thhyll\l-[(sjeganl [(2S, 4S)-2-(5-i0do-1Hi m dazol -2-yl)-4-nmethyl-pyrrolidine-1
- carbonyléL nmet hﬁ £ropyl]carbamate Step I: In a 2L Parr flask under
ni trogen, 7Sty perzodipxalet er t - but oxycar bonyl - 4- net hyl ene-

pyrrolidingy 2-gar %mtlohc a&f' d &Héth k-[20[70 zlterHQHle]tﬂeﬂ%Jh9gq| 3-6&PR dfBxbl-4s
added Pt 02 (5.250 e sus&gnm on 1s pur tines,

(vacuunt hW@@@MNStgﬁQ §’&Q mged @tmﬁ‘@l )dn MeQbh(4-8 appds aﬂ Ka§@e (32807 e, psi/ of
hydrogen. otigy! Winkirehetl®h GRAGHTPLRE) hERT AH InaRdlaAdelhdo el €8EHIAL | he
conpleted aftér 60 m nutes. The cata(%/ i s decanted the supernatant is
cannul 14t edeﬁlﬁueiLS Eilb@aneiter EtOARednd HQ-er BitP 10FganifgRhTel ist paradedvadtied oxelt h
et hanol . e dér%“tff%f bRl 188hA%, 7-TRRhRE - Bhzbdiok ARG BRtL, Hsk) 4B
using a tot ?(55(’)? % & r- Thegr eadtion Sm?/xtures Zo ]Otﬁe?7 df%ﬁ? ajre
conbi ned (2 krowo S@hd 20CI s/trans 3.6/1) and evaporated to a volune of 3 L.

| sopropyl acetate (1.5 L) is added and 2 L of the solution is evaporat ed.

| sopropyl acetate (1.5 L) is added and 1 L of the solution is evaporated.
The conpountermeditartzed to crystallize in the solution, heptane (1.5
liters) a i I e (1L) are added and the suspension is stirred
at rt fornig6 Dcﬁ)gir?‘rygﬂma[)ﬁ@%iﬁe OC for 2 hours. The m xture is filtered and
washed with a cold solution of 2:1 heptane/isopropyl acet ate (10. The cake
is dried for 2 hours, then put in the Attorney File Ref.: 097546-0133 WO

2011/ 0793 rP S2010/ 062168 vacuum i el di ng I
(25)-1-ter caf bonyT = 2= et i di —_2_car56xyl iC @ 883. 44 ¢

r, 9:1 (S R).
Step I:
2,6-Bis((trimethylsilyl)ethynyl)naphthalene

20
To a suspension of 2,6-dibromonaphthalene (500 mg, 1.748 mmol), Cul (66.58 mg, 0.3496
mmol) and Pd(dppf)Cl,-DCM (214.1 mg, 0.2622 mmol) in DMF (8 mL) is sequentially added
TEA (707.5 mg, 974.5 pL, 6.992 mmol) and cold ethynyl(trimethyl)silane (377.7 mg, 543.5
HL, 3.846 mmol) under nitrogen atmosphere. The reaction mixture is heated at 80°C for
7.5 hrs in a sealed tube and a precipitate is formed in the reaction tube after few hours
of heating. The reaction mixture is cooled to RT, and filtered off. The white precipitate
is washed with DMF (3.0 mL), dried under high vacuum to afford 2,6-
bis((trimethylsilyl)ethynyl)naphthalene (620 mg) as white solid.
1H NMR spectra showed 2.6:1 mixture of the desired compound and triethyl ammonium

30  bromide, this mixture is used as such in the next step without further purification.
'H NMR (400 MHz, CDCl3) & 7.91 (s, 2 H), 7.67 (d, 2 H), 7.47 (d, 2 H), 0.27 (s, 18 H).

Step Il:
2,6-Diethynylnaphthalene
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The crude Aggrcggﬂcﬁ (820,,9) is recrystallized in isopropyl acetate (2 vol une)
and hept ane r{ fume) The recrystallization process is repeated 2 tines
to reach wonanvmm 23/1 (SSR). Step Il: In a 22 L, 3 neck/useunnmsciies t om
flask under nitrogen equi pped with a thernocouple, an addition funnel and a
mechani cal stirrer (25,45)-1-tert-butoxycarbonyl -4-nethyl -
pyrrolidine-2-carboxylic acid (672 g, 2.931 nol) and THF (4 L) are added
and cool edrg n an 10stjrey batslas %ioh thefi nt aﬁrﬂ@dh thrr%e attrwéz (8il 15
The Bor ane/ THF sol ution M 6. 155 of ¢ My ﬁ

dr opwi se d\?@ht'"@l]StWBYH%laﬂ%ﬁ?Q m&é é@dmm%)d”f’@t%‘bmnﬂd‘%iﬁqq 2ﬁ90f441(50“&nd a

very strong gBsinfodl ifhk PBrifde afg Ghe h&@rabehesl rﬁ&&r@@itﬁr'r&f‘atoﬁ 312,58 hbws.
1800 mL. The reaction m xture is stirred overnight roomtenp. TLC (25%

Et OAC/ Hex arfe this K ioRométtare isngddast eHiG (3-§HBh anqd tB‘F raixEHe Up StiE@datflieBus
sol ution ofgqhdhel 3b%ﬁﬁf&f WohyerRetHeq Gfﬂtﬁt@@%ﬁ#)w@c&r g@ ml'_°)n FobhefdrrPiwidC
and a very strong formation are observed. % i s added and
the mi xt urldlzAl é)é‘t %@’tLéd e epneRinge o[ganic) extiagds 9??a‘$’é§“eélr\é‘t Opaeategd &MEr t he
aqueous phasen | BitbRASHhHAGhechtWitkd tgt%esgzwue QUL IpMiffed’ BRSBSH 306imn
merged and the solvent is evaporat ed o the residual mxture is added

Et 0Ac (3 Lohremetogaehypasiéisa gele(0depdriPae imHexanes)dq wvee?, 6 rdigthpay nanhthadensay
and 20 con @Wﬁ-{gab%dot%n?olséﬁi%% vagl,wypeso;[ge resi dual solution contains water
and a white soli e mxture'is transferred to a 5L extraction funnel and
added Bt 0ABf t 2137 (BAdewal:@P)- (500 nlL). The organic phase is dried over sodium
sul fate an r i r f n v ted
to drynessq '\EI'Aﬂg @g)ﬁl-gungtE gtgrqo;fg?jf(m Zm f?@‘(‘&efH? jl%%?ddng Iﬂs?r?g gp%)gflso%
Et OAc/ Hexanes as eluant to give tert- butyI (25 45) - 2- (hydr oxynet hyl ) -

4 met hyl - 1- carboxyl ate (604 g, 2.806 not, 95%yield). Step II1:
In a 12L O%ﬂferrﬁ-le'ggdtgggk RBF under nitrogen equi pped vmth a nechani cal
stirrer, d,#iethyopluplSedimethy-tEnzaaei ti on funnel, oxalyl chloride (2.2 kg,
1.52 L of 2 M 3.05 not) 30and CH2C 2 (2.1 L) are added. The solution is
cooled to -78C in an acetone/dry ioe bath while stirring. DMSO (476. 6

g, 4329%, —=whi l e
keeping th

(25, 45) - 2- (hydr oxynet hyl ) - 4- ol i di ne- 1- car boxyl ate (262.65 g,
1.22 not) in CH2A2 (1.8 L) is added and the mxture is stirred for 20

m nutes at -755C. Finally DI PEA Attorney File Ref.: 097546-0133 WD

2011/ 079327PCT/ US2010/ 062168 (1.57 kg, 2.13 L, 12.2 nol) is added over 90
m nut es kéé?ﬁ’ﬁg the internal tenp at -73 2C. The reaction mxture is

stirred for42ifiews2 3tbis- ?ﬁ%@tr@r&@ly%&ﬂ@nﬁl%ni@ﬁper ature is raised to room
tenp over hours. A s i on of IN (3400 m) is slowy added usi ng an
d

addi tion fhf‘rr%?ethé(hzéxldﬁ Hapaihyisilgdethynmamsazansd is PHPaRRth YN al-4-dirpaezd
(aqueols RhméihyRBELidAe HOacc\wcﬁ T%ng for OCelir e drscddereat adpsridd | tfoe pH ef

t he aqueous phase i s bel ow 2 e organic phase is dried using Na2SO4,
filtered and(tEdetarsivRetywdnaphialeng el | ow oi | (300 g). The Swern reaction
was repeated on the sane scale and the two crude reactions are conbi ned and
purified together. The residue is purified by a plug of silica gel using O
to 15% Et ®AeP [ln Hexanes as eluant to give tert-butyl (2S,4S)-2-fornyl-4-
10met hyl - pIyafDqgthwqu slafedthQpEnade (480 g, 2.25 m)t 92.2% as a gol den
oil. Step | 5L 3 neck RBF under nitrog ene ed with a

t her rmcoupTOeal stérr%wspg@sﬂmf 1aﬁd“faﬁth&bd>|5tt?1%ﬁf1ma'ﬁw§ thvrﬂw@aﬂgqne

(25, 45) - 2- (R - f3ﬁ?m¥%m‘ywe@‘-l'ﬁl4% rﬁtfﬁrdﬁ‘aédldﬁ’ﬂcﬁa&mcgr’bogat%5 7ﬁ7§’|0)m§nd
MeOH (960 m ) are added tirring an exothermof +2 bserved
NHACH ( 96 DOhmmai slnaxmaem)rtl%{ha@ttm@tﬁﬁoeﬁnwemlétun@ﬁeﬂlrred@tl FdTedee5 hours. 7
9, 722.3 n‘ﬂo@ﬁs ﬁ\&tdf’@ﬂé’adéec?%HE@ 3. b%L"’}dgﬁ‘djtl%Vﬁﬁxtgr% AR of"§|'1 '39d1tt1|3ﬁal 30

addition funnel. A very big exothermup t I'S obser vej reaction
m xture i sm@utem édn@rﬂérramcgmﬂt&ed mdmrvatefp@r @tnr@d extraqﬁ@d mtmﬁHg:lz e x 15

react i Tt U e ﬁbbd SRahfl é)!t?#té"’!ﬁehw%ea%ﬂ{ BAhe,! r\f\‘%tﬁi filtered-)
is ad dand) stirr éH péah he”suspensi on s ¥ (?terecf M
and concentrated to dryness. The residue is purified by flash column chromatography on
silica gel (0 to 5% MeOH in CH,Cl;) to give 1,4-diethynyl-2,5-dimethyl-benzene (248 mg,

1.608 mmol, 68.58%) as light yellow solid.
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ZOBuchnermen]eMeg@g54 shed with water (-2L) until the nother |iquor is
pal e brown. |d is transferred in a 12L RBF, then water (3L) is
added andNOheuﬂuzpenS|on is stirred for 2 hours, filteredramsdomasiiesl wth
water (1.5 L) and heptane (1.5 L) and then dried for 2 days in a vacuum
oven at 45C. The crude gray solid contains 8% of

2- (1Hi m dazol -2-yl)-1Him dazole as a side product inpurity. The solid is
transferrqﬂsznp ﬁbéﬁbSS neck RBF ethyl acetate (4L) is added and the
mxture is ref u i s_azeotroped with ethﬁl acetate (1.5 L).
The hot soHdWPoﬁ‘OPé/\Hva ﬁPEk)aé 7t78 Eetble’-Bhé i2dde R M| & ©

2-(1Him dazol -2-yl)-1H i m dazole. The remaining solution is evaporated to
1L and then the suspension is stirred in an ice/bath, filtered and washed
with col d Ietesnediatetldt e to give tert-butyl

(25, 45) - 2- 1(1}|j,,émyq9|zgjm&hyi Derfregt hyl - pyrrol i di ne-1- car boxyl at e 30(330g,
1.31 not, 58%yiéld) as a pale gray solid, 99.4 %pure. Step V: In a 12L 4

neck RBF under\nitrogen equi pped with mechani cal stirrer, a thernocouple a
refrigerant_an addi tion funnel, tert-butyl
(25, 45) - 2- -2-yl)-4-met hyl pyrrolidine-1-carboxylate (334.4 g,
1.331 nol) and CH2C 2 (3.344 L) are added while stirring. The solution is
cool ed t o Thel one TOMpsUMY isatyntiegizeatfiom N, $d(H280 2 -meth3| BOAzeametys descAbddimey
File Ref. 0975%6 0%%3 WD 2011/ 079327PCT/ US2010/ 062168 added in 6 batches
of 104.8 d IR IRI8 1330 ni nutes whil e keeping the internal tenperature

bel ow 5C. The reaction mxture is stirred for 2.5 hours and then HPLC shows
t he conpl on of tg reaction. A solution of 10% sodi umthiosul fate

sol uti'dn (ﬂq_rf"ed?tﬁ Sed and the reaction mxture is stirred for 15 m nutes

and the phasdhethyAybaheisBerb]thivphengani ¢ phase is transferred back in the
12L reactor, water éz L) and CH2Cl 2 (1 L) are added, the m xture is stirred

for 15 nminutes. c phase is dried over sodlun1sulfate filtered
and evaporated/fo \dr #ness to afford tert- butyl (2S,4S)-2-(4,5-diiodo-1H
i m dazol -2 t hyl - pyrrolidine-1-carboxyl ate, (646.3g, 93%yield, 96%

purity). 1H NNR (400 MHz, dnso, 2.5:1 mxture of rotaners), peaks for the
maj or r ot afertitle caPpaundlio (sgnthesirgd framsZ, S(ileromp-tHjenof3, 3] thaorhengas descrifyed
2.95 (t, O(m 2 H, 1.50 (dd, 1 H, 1.10 (s, 9 H, 1.01 (d,
3 H. St %nwte”ﬁeaét%LgS neck round bottom fl ask under nitrogen equi pped
wth a nechanlcal stirrer, LIiC (54.09 g, 1.276 nol) and THF (2.504 L) are
added andlﬁ&hﬁkﬂﬂn@ﬁ6rt overnlght In a 12L 3 neck round bottom fl ask under
nitrogen equip Wi th a tenperature reader, a nechanical stirrer and an 1L
addi tion fm@ethynektha@m[yn b]thiophene

(2S,4S)-2-(4, 5- dllqgo 1Hm dazol - 2-yl) - 4- met hyl - pyrrol i di ne- 1- car boxyl at e
(642 g, 1.276 Gl solution in THF are added while stirring. The
reaction m xtu ool ed down to -20C. To the bei ge suspension is added
dropmﬁse a=sol ut$on of met hyl magnesi um chloride in THF (425.3 nL 20 of 3

. 276 ver 1 hut e nternal atuyre between -17
a2 2o Thel¥ Bty Bitibeste i 4 Bhibaima e neh i B LRt R th Ao o Hrech

m nut e9. An $ftetib@iatofizi sopropyl nmagnesiumchloride in THF (1.276 L of 2 M
2.552 nmol) is added dropw se over 70 m nutes while keeping the internal
tenperature between -17 and -23 C, then the mxture is slowy warned up to
rt. TLC 50% ETOAC/ Hexane shows that the reaction is conpleted. The reaction
m xture is cooled down in an ice/water bath to -10C and a 10% aq. NH4C
solution (2 L) is added dropw se. An exotherm of 35C and gas formation are
observed. Water (1 L) and ethyl acetate (2L) are added and the m xture is
stirred for 30 mi nutes. The phases are separated and the aqueous phase is
re-extracted with EtOAc (2L). The organi c phases are conbi ned and 2L of
water is added, the mxture is stirred 30 for 10 m nutes. The phases are
separated and the organic phase is dried over Na2SO4and filtered. The
solvent is concentrated to a small volunme and heptane (1000 ni) is added
and evaporated slowy. The suspension is stirred for 30 mnutes at rt and
then in an ice bath for 1 hour, filtered and washed wi th col d heptane/ et hyl
acetate (95/5). The solid is dried in the vacuumoven at 35C to afford
tert-butyl (2S,4S)-2-(5-io0do-1H i m dazol -
yl)-4-net hyl - pyrrolidine-1-carboxylate (420.24 g; 91%pure, 87.3%yield))
as a beige solid, used as it is for the next step. Attorney File Ref.:
097546- 0133 WD 2011/ 079327PCT/ US2010/ 062168 I ntermedi ate 19
Trimet hyl - [ 245- ( 2- trlnethyIS|Ierthyny1) 2-pyridynethynyl hilane Br BrN

120
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A stirred sus 5 2, 5-di bronopyridine (1.5 g, 6.332 mml), copper

| odi de (12“(?)t 69&“;?}84956@&33 mol ) and Pdd 2(dppf)-CH2O 2 (517.1 ng, 0. 6332
mrol ) i n WOORO(1I24920 nlL) is degassed and added triethyl 2eTAS2¢12/06888 g,
3.530 m., 25.33 mmol ). Then ethynyl (trinmethyl)silane (1.368 g, 1.968 ni,
13.93 mmol ) i s added under nitrogen atnosphere and the resultant reaction
m xture is heated at 80C for 8 hours in a sealed 10 tube. The reaction

m Xt ure i 9nehfeanteatrzed, passed through a small plug of silica and el uted
with 10% et hyI acet at e- hexanes. The solvents are concentrated and the

resi due i S2pufPrd-aethyl-Nii-PutexyearbepyWRRlRYY onmt ogr aphy usi ng Et OAc- Hexanes
(0:100 to 1:90) as eluent to obtain

trimethyl-[216-(2-trinethylsilyl ethynyl) 3- pyrl dyl ] et hynyl ] si I ne (780 ny,

2.811 mol, 43% as; | i ght WBT/O 61\'_{)10% Et OAc xanes). 1H
NVR (400 N )—6—8. H)—7—»65 H
0.254 (s, 9 Hy, 0.246 (s, 9 C/MS: mz 211 6 (MHH). Rt ,&83

m nutes. Internediate 20
20t ert-Butyl (15, 35, 55)-3-(4-i odo- 1Hi m dazol ~R-y1) - 4- azabi gycl 3. 1. 0] hexan
e-4- carboxylate | c1\1)_, T, HOC)'-<Nsss'''1)4 C 0 | EVNNONO..... -1,),

Theti t| econpoundi sprepar edf ron( 1S, 3S, 55)-2-tert-but oXY,¢

<

(Step Il to VI) as described for internediate 4. LU
Rt = 6.33 mnutes. Attorney File Ref.: 097546-0133

2011/ 079327PCT/ US2010/ 062168 Internediate 21 tert-Butyl
(25,49)-2-(4-io0do-1Him dazoN 2-y1) - 4- net hox rrolidine-1-car yIate
Titl e conpound is prepared uding_the sane se eoel/r eabti. on I to
VI) as described for |nterrreﬁ‘ate4"[Tf|n Nomtert butyI N

(2S, 4S) - 2- (hydr oxynet hyl ) - 4- nlbghoxy pyrrolidj -carboxyl ateo o— 0.18
(70% Et OAc- Hexanes). 1H NIVR 400 MHz, CDd 3, peaks for the ngj rot aner) :

6 9.85 (s, 1 H, 6.99 (s, 496(br s, 1 , 4.1 - 3.3 (m H, 3.35

(s, 3H, 2.4- 2.2 (m 2H) 1.28 (s, 9 H).

Step I:

Ethyl-(2S)-pyroglutamate

To a solution of L-pyroglutamic acid (445 g, 3.45 mol) in ethanol (3.6 L) was added 98%

sulfuric acid (18 mL). The resulting reaction mixture was stirred at room temperature
10  overnight. Sodium carbonate (140 g) was added and the stirring was continued for an

additional 1.5 hr. The suspension was filtered and the filtrate was evaporated under

reduced pressure. The residue was azeotroped with dichloromethane to afford 541 ¢

(100%) of ethyl-(2S)-pyroglutamate as a viscous oil. This material was used in the next

step without any further purification.

Step Il:

Ethyl-(2S)-N-(t-butoxycarbonyl)pyroglutamate

To a solution of ethyl L-pyroglutamate (542 g, 3.45 mol), dimethylaminopyridine (42.14

g, 3.79 mol), and triethylamine (577 mL, 4.139 mol) in dichloromethane (4 L) was added
20  in portions BOC anhydride (827.8 g, 3.79 mol). The resulting mixture was stirred at room

temperature overnight. The reaction mixture was washed with saturated aqueous

ammonium chloride solution. The dichloromethane layer was separated, dried with

magnesium sulfate, filtered, and evaporated in vacuo to afford 887.4 g (100%) of (ethyl-

(2S)-N-(t-butoxycarbonyl)pyroglutamate as a light red oil that solidified upon standing.
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LM m z, = 39378 LMil-1). Rt = 8.46 minutes. 10HPLC (Rt) = 22.55

ni nutes, Method: O-40% acetonitrile-water in 40 min, Genini C18 3pm 4.6
nMx250 mwolntig7oeedi ate 22: 4,4,5, 5-Tetranethyl-2-[ 6- @CT/U$200/062168
5-tetramet hyl-1,3, 2-dioxaborol an-2-y1l)-2-naphthyl]- 1, 3, 2-di oxaborol ane

To a stirred suspension of 2,6-dibronmonaphthalene (1 g, 3.497 mol ),

4,4,5, 5-

t et r amet hytieZer(ide Hrévuet toitamEBttRMes br Jime iy RXARSHYBdMR- ddydith(brotnedhshk@bor o
| ane (2.131 g, 8.393 mml) and KOAc (2.059 g, 20.98 mmol) in di oxnae (30.00
m) is add&f GRATGPHETEOUEHD Ehe nexiAten withoutofusden PHIEFAtoNn one porti on,
degassed and filled with nitrogen. The flask is sealed, heated at 100C

over ni ght gcrude LC- M5 shows the desired 20 conpound) and cooled to rt. The
reaction mtSR ke is filtered through celite, washed with CH2d 2 and
concentr atl&ﬂyl-(If')ez}-'iI@,%'-&#H%thy’iarﬁirhbfnfe'tlf}@id@ﬁb-ﬁ-(%fmlzdxy%klﬂ)nﬂ}’lf)pgrbélh%a%' using
CH2d 2. The organi c diluted with heptanes (t20 nL), concentrated on

| ayer i's
rotary evapo? aelgkonQf ﬁ?lhy@%rt(q-@tpwmyl)m@alw@@m e 40 or ¥Budmai)sin 1,2-

col | ected dietrokjledtane 4.%3%@ Mdel NEBLARGN, NN 1@ hetdftfiningthakagidkie ©
afford 4,4,5, 5-tetranet ?/I- 16- ' '

(4, 4,5, 5- (@64 2ne? I8 -mmel)2- difex &rstion anap-hepted? 1o JigAthyVENigy, 2cagiask adfist ol a
ne (760 ”g?vaﬂvgr%% Cljwakuo.%rh%%d@éwhg %rzﬁ@@%thﬁ%x‘aﬁes &fld fAitdhed o Gffofd 170

Et OAc- Hexanes). LCO M5, mz = 381 (Mtl-1); Rt :18.94 mnutes. 1H NVR (400
MHz, OPCl ®): 6 8.3%¥%)(s, 2H) of 7.86 (cEthe-(2§)-4-TN.gegimeghylamiqgpmethyidertesN-(24

H. Att Orlﬁu%xf!'arlb%nﬁgyré l&%ﬁé@@é?ﬁ?ﬁd WR42011/079327PCT/ US2010/ 062168
Internediate 23 4,45, 5g-Tetramat yl-2-1 5-(4, 4, 5, 5-tetranethyl-1, 3,

2- di oxaborol an-2-yl)thieno[ 3,2- b]thiophen-2-yl]-1, 3, 2-di oxaborol ane To
a sol ution QBI\} hi eno[ 3, 2-b] t hi ophene (1.5 g, 10.70 mml) in THF (25.5 nl)

at -78C unéer 2 is added dropwi se a solution of BuLi in hexanes (8.988 nL
of 2.5 M BEbyl4ZS)rroiethylend-Nr(edutaxycazbonyilipmtoghitamatsl i ng bath i s repl aced

with ice th and sti or 50 min .>dN i ; ion is
guenched \?\n@ot h ZFsopr%{l)Lgtioyr{ 4, 4,%, 5- tL%ﬁ?a(rzr%-)tﬁyﬁﬁi&%hﬁg‘%?%o@g@&%ggi&?i 181
g, 4.584 rHutodraddnybmirgglutimate d2s8.6i on 7hidxtrumad) 110 tetrakwdsofusare (hiQyimL) awas

t hen quen it RS te - sol Ut i it

G20 5 ( 2 RN S P hB, Cne Reartdh sur H B, i RhuEirbEthe BBkl he o
(Na2SO4) . layegamiete sefandtiedrandshdiaquead layariwas2extractesf wihrayl adaiitéirat 80 mL of

t t I t t i i .
osul rant GHARTARC T8 &iangBRAGR Hlert et cfibfed, drd pETRUAY soHifiace
washecdowi t(h4.9ent 1@ es manmd) aind 8% toraetdehiydgh in/wetanralt mLpveor added. The mixture

(a2 o] (R anEIsagog i Rihdhed: e LARENITE sttt B RRIR P CRsalet 20°
hal f - whi t edrizal with ridgnbiB( sLOtedvHZT heCloGredf :waB 7evaporased diHyacub. 843 thes pil 2841 .
Exanpl e 1 r%%a%nle'd"was dissolved in dichloromethane and filtered over a plug of silica gel. The
plug was eluted with 25% ethyl acetate/dichloromethane and the filtrate was evaporated
in vacuo to afford 16.4 g (81%) of  ethyl-(25)-4-methylene-N-(t-

butoxycarbonyl)pyroglutamate was a yellow solid.

Step IVB:
Ethyl-(2S, 4S5)-4-methyl-N-(t-butoxycarbonyl)pyroglutamate

30  To a solution of ethyl-(25)-4-methylene-N-(t-butoxycarbonyl)pyroglutamate (9.6 g, 35.7
mmol) in methanol (96 mL) was platinum (IV) oxide (404 mg, 1.782 mmol). The reaction
degassed and stirred under an atmosphere of hydrogen overnight. The reaction was
filtered through Celite and the filtercake was rinsed with methanol. The filtrate was
evaporated in vacuo to afford 8.6 g (89%) of ethyl-(2S, 4S)-4-methyl-N-(t-

butoxycarbonyl)pyroglutamate as a clear, colorless oil.
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The above gonpoung %angr epared according to the procedures disclosed
herein. Attorney File Ref.: 097546-0133 WD 2011/ 079327PCT/ US2010/ 062168
Exanpl e 2W0 2011/079327 PCT/US2010/062168
((5)-1-{(S)-2-[5-(742-[(S)-1-OS) - 2- (net hoxycar bonyl am no) - 3- net hyl - but anoyl
] pyrrolidin-2-yl]-3Himdazol -4-yl ethynyl|-benzo[ 1, 3] di oxol -4-yl et hynyl ) 1H
IHIm dazol 2-yl ] pyrrolidine-1-carbonyl}-2-nethyl-propyl]-carbam caci dnet hy
| ester ONH)LNHC]\IC) To a sol ution of

4, 7-di et hyn - benzodi oxol e (40.50 , 0.24 mol), methyl N-[(1S)-1-
[(29)- 2- (ait%/sdd8$,1459+4 mekbdt- bzt%@%p?rgfgxwmghgamatecar bonyl ]

- 2- net hyl -APrOPé(Hr] C%E&%Uﬁt %aé 200nd8m. With/ Nzl ls@luPéK PPBB)ZQE lgﬂsi?-ﬂ Nnigﬂ
0. 024 mol 0.024mmol ) in DWF is added T
IR R G- T R NG E R N M

Et OAc and diRéhol 8B380 frhl f @h§ P Gel9.66- mEE'ag 8f 9891 ReDhBSRisiaStyBE! BEY OVerhe
Na2SO4, filtered and concentrated to dryness. The résidue is purified by

reverse paBesANess ADQYS thasolWHPD Mas SIS I replaced Wit hydpegep @t 58 RSCHBEN i n

H20) and fr‘éﬁ’étﬁdnférﬁfé PYor raeHS—V %lm?gsﬁue"f?ﬂegu%bf‘ﬁy@roﬁrﬁgé Rétes@fy CHREM WateLr
to give ((S)-1-1(S)-215-(7-7

((S)-2-( rrefmd‘%waﬁ ouer/feliie 36y lge ﬁﬁ@mﬁd WRR WRRbEH LY etoY| anetate- yihe- @lmbmed

-1 m dazol -fitrates were evaporated in vacuo to afford an oil.  The oil was purifi ed on a sili
yl et hynyl }-benzo[ 1, 3 Poxoef é]eth )1H—1H—|mda2(§1 é) rr0|ccia e 1-c

ar bonyl0} - Zoluven k§ing JOoIH ?leaa%med%@@nés e taffprd d8tes ?199 ethgl @5 4ak4a

\lCLhI[Ei5)SO|1IFF€(' 2%&%1’ mfg af’bgr@ﬁgr [(g( e ?2@%@%%&%%5%% no) - 3-net hyl b

ut anoyl ] pyrrol idin-2-yl]-1Hi m dazol - 4- yI]et hynyl ]-2-thienyl]ethynyl]-1Him
i dazol - %dg%r rolidine-1-carbonyl]-2-nethyl-propyl]carbanmate At t or ney
File Ref 46- 0133 WD 2011/ 079327PCT/ US2010/ 062168

ZS 45)-4-methyl-N-(t-butoxycarbonyl)prolinol

To a solution of ethyl-(2S, 4S)-4-methyl-N-(t-butoxycarbonyl)pyroglutamate (11 g, 40.5
mmol) in tetrahydrofuran (66 mL) cooled to 0°C was added sodium borohydride (3.84 g,
101.4 mmol). The reaction stirred for 15 minutes and boron trifluoride etherate (14.39
g, 101.4 mmol) was added dropwise. The reaction was stirred at 0°C for three hours and
then warmed to ambient temperature and stirred for twelve hours. The reaction was
20 poured into ice cold water, stirred for thirty minutes, and evaporated in vacuo. The
residue was dissolved in ethyl acetate and washed successively with 1N hydrochloric
acid, water and brine. The organic solution was dried with sodium sulfate, filtered, and
evaporated in vacuo. The crude product was purified through column chromatography on
a silica gel column using 10-40% ethyl acetate in hexanes to afford 8.73 g (69%) of (2S,

4S5)-4-methyl-N-(t-butoxycarbonyl)prolinol as a clear, colorless oil.
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The title gconpound d.s.synthesized from 2, 5-di et hynyl -t hi ophene and net hyl
N-[(1S)- 1-A(Pt {1}()%8 95%7%65@?%%- 1 H-imdazol -2-yl)pyrrolidine-1 -carbonyl]

- 2- met hylwpropyd7dar bamat e as descri bed in Exanpl e 13. EXRSR@oAsR168
((5)-1-{(25,45)-2-[5-(4-{2-[(25,45)-1-((S)-2-Met hoxycarbonyl am no- 3- net hyl -
butyryl) -

4-met hyl -pyrrolidin-2-yl]-3Himdazol -4-yl et hynyl | -phenyl et hynyl)-1H i m daz
ol - 2-yl ] - |AtdFriddydte AR -rALindde- 1- car bonyl } - 2- met hyl propyl ) - carbam ¢ aci d
met hyl ester 10To a stirring solution of 1,4-djethynyl benzene (1.1.45. 3 ny,
1. 152 mmol B3, 5%eterkbutyl (1) - 1- %['@Bf’ggﬁ"ln‘éﬂquo%jboﬁ'Nethyl'2'°X°PV"° idine-1-

-i m dazol -riydxvigtenet hyl - pyrrolidi ne-1 -carbonyl] -2-nmethyl propyl]carbamate
(1000 ng, 2.303 nmol), Pd(dppf)d 2-DCM (47.04 ng, 0.05760 nmol), and Cul
(21.94 ny, 1152 mmol ) in DWF nL, degassed) is added triethylamne
(582.9 ny, 2\9 pL, 5.760 mmol) e mHeaction mxture/is styrred at 80C
for 16 hoursyytiNut ed V\ﬁtbloom I &t OAc andl 20 ml ofy “ agnd is
filtrated on/%e&li(me. The organic ;@as@ i s separated, driedHdover Na2SO4,
filtered an@ cthcentrated to dryhes® to give 900 ng o br®@wn solid. The
resi due is/gu\rified by flash cag chr omat ogr aphy o ilica gel (0 to 10%
MeOH Tol uene) to afford 400 ng ot the title conpound th a purity of 85%
The solid is purified by recrystallization in MeOH to afford
((S)-1-[(2S,4S)-215-(4-[2-[(2S,4S)- 201 -

((S)-2-nmet hoxycar bonyl am no- 3- net hyl - butyryl)-4-nmet hyl - pynrolidin-2-yl] -3H
-imdazol - 4-yl ethynyl}-phenylethynyl)-1 H

-im dazol - 2-yl]-4-met hyl - pyrrol{ di ne-1-carbonyl } - 2- t hyl propyl ) -carbam c
acid nethyl ester (240 ny, ZB%Wite solid. 1H (400 WMHz, cdcl 3,
5.M5

m xture of rotanmers), peaks for (th yor rotanmer, 6 10. H, 7.45 -
7.35 (m 6 H, 7.215 (d, 2 H, -5.4/(m 2 K, 5.18N 7/(m 2 H,
(m 2 H,

235-2.2 (m 4 H), 1.95- 1.8 (m{2 &, 1.16 (d, 6 H, 9.87 - 0.8 (doubl ets,
12 H. Attorney File Ref.: O 6- 0133 WD 2011/ 079 CT/ US2010/ 062168
Exanpl e 4B

((5)-21-{(2BeRB)-2-[5-(4-{2-[(25,45)-1-((S)-2-Methoxycar bonyl am no- 3- et hyl -

butyryl) - P ) A S

4- et hyl - ggerol 1ot RuY & oA e e P P R BOM S heny ! et hynyl ) - 1+ i ni daz
ol - 2-yl ] - “Madiyhll(t{pytaxgtardome) @Se-ardhionl id eddired hypl @6 a5ykgri-batyahfarmatdd
nmet hyl est : - 45) - 2-. - -..[ 4- - [ 2-

(25 4s) - TrenepybiRns bt lertattaly By oehanldhs khbgg ping e for

-i m dazol -okiditihethypltphdl tolemiddhetibyagl TEMAM bléathglazol - 2- yl |

-4-met hyl -pyrrolidine-1 - 10carboxylate To a stirred suspension of
tert-butyl

(25, 45) - 2-%tép llndo- 1H-i m dazol - 2-yl ) - 4- et hyl pyrrol i di ne-1-carboxyl ate (1 g,

o, 0. 24 rtherD RRERS AT Red- Ll oloRld-AhORS 5 g, 1 018

m, 7.31 nihel j2SM5d-tértdudyleR Hymy Blemzenyy(rbEding- Intprbdxy2dté mmdnyvertadeto the

ni trogen ere.. The r Lon_mxt i eated .at .80 C for 2 hours,
Cool ed t o ARl ea & ThRe B b T anSin oSl rpoivielt, & 1 Be
stirred atanthordiom Hydroxideudreisglya@atincraethadolakedibtératedidie 3] BtepThe reacti on
m xture is filtered to collect a precipitate. The precipitate is purified

by flash colum chronmat ography on silica gel (10% MeOH / Tol uene) to afford
tert-butylsté@bl:45)-2- [4- [2- [4-[2- [2- [(2S,49)-1 -tert- 20

but b - 4- et hyl - olidin-2-yl]-1H -imd | -4-yl]et |
pheny! ] ot Hoardby (ergBLSY PR ¥idGrod Hifadisl 2athg mestgroiingsd Sobitayt at e
(260 ng, 3rhe5is, 4)tertbuty 2241 HaBnigstol -yl -Endohy By olididd 1 4ardoddrile is Addcesdney

File Ref. O PG mimge 30 L H QB2 B R AU OO 08 (BLER e 2-(4,5-diiodo-

4.39 - 4.29 (m 2 H), 4.05-3.9 (rh 2 3.%63 )

1H-imidazol-2-yl)-4-methylpyrrolidine-1-carboxylate (see Intermediate 3, Step Il).

Step IV:
(2S,4S)-tert-butyl 2-(5-iodo-1H-imidazol-2-yl)-4-methylpyrrolidine-1-carboxylate

BOST_1803930.1 124



(S, S)-4,4" (1, 4:ph enebis(ethyne-2,1 -diyl))bis(2-

((25, 45) -4‘?t§re%ﬁylf)g§d?%ﬂéﬁ%di nium 2-yl)- 1Himdazol-3-ium chloride To a
stirred nvetorg7ef27t ert - but yl PCT/US2010/062168

(25, 45)-21412141212-[(2S, 4S)-1-tert-but oxycar bonyl 4- met hyl - pyrrolidi n-2-yl]
-1 H -imdazol -4-yl]ethynyl]phenyl]ethynyl] -1 H -im dazol -2-yl] -4-

nmet hyl - pyrrol i di ne-1 -carboxylate (260 ng, 0.4162 mmol) in MeOH (1.3 nlL) at
0C (using gt eulibgs babkbituest adfedd9ds)itartiu@nane. (4 5-divboMH-Phiddzd\M2-r)-827
mmol) over 2 minutes. The reaction mxture is warmed up to RT and stirred
for 19 houP&thypyEroli@net!i GRoMYIataIie splectiyqly eraavesnby Wesaldations thefemasty vithyi ve
(S S)-4, 4tisc%p1®;5§rl PRRANdiGR BILHRL RNRRVed, By a quench with a proton source such as water
10di yI)) bi s(2-((25,45)-4-met hyl pyrrolidini um2-yl)-1Him dazol - 3-i um
chloride (t92ffeEde dhey moepopaddmigaaalei RS.Aolkesl butyy & -iadotH-Umidazavryg)-4st ep
11 Met hyhnylplASlidike- 1l daSoxgRke feelifrerhédibt 3 [Rep 1B: [(2S, 4S) -1-

[ (25) - 2- (net hoxycar bonyl am no) - 3

met hyl - but anoyl ] - 4-met hyl -pyrrolidin-2-yl]-1Hi m dazol -5-yl ] et hynyl ] phenyl ]
et hynyl ] - JkidFhidarb -18: Widtnda Bet hyl - pyrrol i di ne- 1- car bonyl ] - 2- met hyl - propyl ]
carbamat e (25)-2-(nmet hoxycar bonyl am no) - 3- met hyl - but anoi ¢ acid (113.3 ng,
0.6470 mMmpdehy( S, S) - ﬁh[‘Hs)(ﬂ-{&sg‘iﬁl)y{sef&ﬁglﬁ-(-ﬁﬁi%i@:z’- -4~ feYiylpyr ®lidine-1-
((25, 45) - 4- me%,hyl yrrolidinium2-yl)-1 H- 20im daon-S-l um” chl oride (180
my, 0.32 rRapPonyll-Aethyupropyllcarbemagepl ), DI PEA (326.3 ng, 439.8 pL, 2.525
mol ) are dissolved in DMF (3.6 nL) at OC. The reaction mxture is warned
to RT and stirred overnight. The reaction mxture is dilutled with water,

stirred for mnutes, and fiftered to cppkectsa precipi e\ _Jhe

preci pi t at gof ---Eg\r:Lfi ed oy Roashsol umh! chr ot g§¥ aghy on sinifa gel (0 to

10% MeOH i nto ne) to arfopd hyl N1 (Psy- 1 - T(2S -2- [5- [2- [4-

[2- [2- [(ZgﬁﬁS)-l - [(25)-2-"1net hoxycar am no) - 3- | - but anoyl ]

-4-methy|-p§4K_EoIidi n-2-yl] - -im dazol -54yl J et hynyl] phenyl]ethynyl] -1
0

- 2- et hyl - propyl ] car bamat e(129ng, 0.1549 mol, 49.1% as
LOMS, mz: 739.3 (MtH). Attorney File Ref.: 097546-0133

2011/ 079327PCT/ USZOlO/g?ﬁI\BS Exanpl e 4C: ! J
((5)-1-{(25,45)-2-[5- (|4'& 5, 45)W1- (i k Met hoxygar b@ﬂ‘a i no- 3- net hyl -
H o o H ol

H - imdazoli2-yl] -4-methyl-pyrrolidine-1 -carbonyl] LY
a{ ige solid.
N

butyryl) - - o —— !
4- met hyl - pyrrol i di n-2-yl P—ﬁlﬂ-l m dazol - 4- ylgt yll- phenyl%(nynyl )-1H i m daz
ol -2-yl]- 4-nmethyl-pyrrolid ne-1-carbonyll-2-nethyl propyl) -@arbam c acid
met hyl ester N D 1> N 0-310- \?—o 0
10
Step I:

In a 2L Parr flask under nitrogen, a solution of (2S)-1-tert-butoxycarbonyl-4-methylene-
pyrrolidine-2-carboxylic acid (175 g, 770.1 mmol) in ethanol (700 mL) is added PtO,
(5.250 g, 23.12 mmol). The suspension is purged 3 times, (vacuum/hydrogen) and stirred
at rt on a Parr apparatus under 30-40 psi of hydrogen. The Initial H, consumption is rapid
and then the reaction is completed after 60 minutes. The catalyst is decanted and the
supernatant is cannulated in 1L Erlenmeyer, then filtered through Celite and washed
with ethanol. The mother liquor is put aside. The reaction is repeated 7 times using a
total of 8.8 g of PtO,. The reaction mixtures of the 7 runs are combined (ratio of

20  cis/trans 3.6/1) and evaporated to a volume of 3 L. Isopropyl acetate (1.5 L) is added
and 2 L of the solution is evaporated. Isopropyl acetate (1.5 L) is added and 1 L of the
solution is evaporated. The compound is started to crystallize in the solution, heptane
(1.5 liters) and isopropyl acetate (1L) are added and the suspension is stirred at rt for 1
hour and then at 0°C for 2 hours. The mixture is filtered and washed with a cold solution

of 2:1 heptane/isopropyl acetate (1L). The cake is dried for 2 hours, then put in the
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N 2H Q (13,3 §Prct.007lfpi@& 3 neck, 5 L RBF equipped with a thernpbcouple and a
stirring bar, tert- buty (2S, 49) -

2- (5-i odoWOHei 1787 Ol - 2-yl)-4-met hyl - pyrrolidine-1-car b®<¥Ise@ 004068 g,
996.8 mmol ), the
trinmethyl-[214-(2-trinethylsilylethynyl)phenyl]ethynyl]silane (137.5 g,
498.2 mmol ), the 10 Pdd 2(dppf)2-CH2A 2 (20.34 g, 24.91 mmol ) and copper

| odi de (4. vz\éélurgové’mylaﬂdnﬁg@w 18b@- @Lﬁéﬁféa%ﬂﬂu ek FyRG0 FroBd B PR hSey iENEdf 2 L)

i s added and the suspension is stirred and then assed tw ce (vacuumb5
mi nutes fd® ﬁd\ﬁléd B% Vlﬁﬁ@bqséjpﬁ?lg@é(rﬁwalﬁﬂ?%\d@‘?ﬂ a%%f%)r 5 ninutes). DBU
(834.3 g, 819.5 n., 5.4 is added over 1 mnute. The solutjon is
degassed thiecEuqs, ROdHeh @5%hl§tr§%ry?té|llzéq\éH‘SWOBﬂ@GFE@(He 62 YHMELANGPERBRRN gas
for 5 mnyg Qf@Dun?éﬁdTlﬁteEk%gﬁ@ﬂthoﬂrprééés é@eﬁeaté@Z‘iﬁnéﬂ—to ré4dh 3P 23/¢ added.
The stirring is switched frommagnetic to nmechani cal under N2 at nosphere.
The reacti@®®ni xture is heated to 60C and then degassed water (13.46 g,
13.46 nmL, 747.3 mml) is added. The reaction is followed by HPLC. After 4
hours the St@ltion nmixture is transferred in a 22 L reactor with stirring

and wat er (18 LL is added over 60 m nutes (exothermof 10C is 20 observed).
The reactilBR 84 kt &nEck §0WWIPAEPT™ dlaple HBIFTSHPEEMAIYIBRED YR RHErBPFOUPERH For

30 m nut esadﬂm quhhecl 'a$|df il trﬁé@ﬁ&n&@d ymrwecl(zg\n4§h1vt@ﬁta5ut6>@chaboaﬂd4 hRBty@ne

(4 L). The solid is dried in at C overni he wet solid

i s dissol \lyﬂrol“ﬁ‘n@-lz@r??’%@ﬁctd @Zz ggéﬂibjnoéhiﬁ‘dsTHFr teld aff@ragw Aherodad inde
phas esloar §c& Sﬂ‘@ﬂrtﬂf{tﬁcﬂh@ﬂﬂeﬁnﬁﬁtéﬁbﬁé‘ﬂdﬁe RaREt BSC. r'ﬁ‘reeBﬁréﬁé?/tTﬂ‘F} sHluttidn a8y %é MeOH

(500 m; 90/10 hases are separated, the organi c phases are nerg

and silicd 4 B ()Eﬂ)U\ I@LB55| rﬁol&mefi&r@mw%mqm %hogﬁwsmaéhe pgditign %br’%ﬂ ed
to drynes %xo?H@e‘?mrcﬁﬁ'Od@’énél 2 vBHSf étfc{;%%g?Yor?naEﬂoH%r@t)cé}rllédccﬁ:lrﬂg|thé‘§&c§190ﬂ- of EhelO%
Attorney File Ref.: 097546-0133 011/ 079327PCT/ US2010/ 062168 MeOH CH2C 2
as el uant .firfhd8eR relet ke freaiono REXtFe: it SHEEAL pyareight Gt Zopmi 63Mpadte: 42R%
stirred i :{zﬂ YW&aPé;)t JhomrnOSQaMng%&%nﬁpdrhteHelnL fof i BERgtddCadtieb® Shiution of
tert-buty 2S, 495) [ (2S, 43)
t ert - but oXVe&l 1§o¢w¢fuk1y @étjﬁi/l( rppwrsg) RUATC. 2Arye;|<otmepm ®f d8Zolend.a very strong gas
yl]et hynylf])ﬂ'ﬁ'%@%" %r%td?%%\%le I-'lrz?L l|s Zdd¥bland tH@H?)Y ré’%rerﬁrlagfgdnﬁft%ﬂ@;&cboxy
, 7% y| e

Iate(234 as a paley ows0| Yo pur e
Step I1I: L3, Brenpfesges 5re|_se|RBFat@<é1an®;§@%| agyeayis @hn’i@cﬁdﬁr%ﬂaC?tdl Witk EtOAC 2L)

(25 45)- 51@&%@%"? 5 41 AR (FRRoRRAL B B TN B resb Gty s |
- 1H -i m dadded tOAG d8 Hy rapid] theheliagey gtmyqegpmted 13nd- dried over NaZSO4, filtered and

i el i e DI

i s added alrhg mixtursispendémed tea hbaxudctian fuphelpndfasided EE0Aw( Ltancuyhtetréwoloo

g) is add Ag ot i e i.N <&, h
celite ang‘gvx)/as hed&% rﬂ?ﬁhﬂ gn%‘é& ?Yér %gf ut |S§l;1£ges%teq$gjpor gitt":fl { {tﬁﬁe& ﬂgw
t r ansf er r evinutesafierasc&nd BvdpoRBEd équirpsssl vihe residuee shrumifisall bysa iptugeof, sitidee

sol ution i i

ol ) 1o adus ity ito 3 EROATRER s Gant 2o S @REGel (R 2 dhoMimangEy
15 C. At thmethyttpgfrolidiee-dddirttaxylate &4, 22.806invel, 8% yigld)s started to form and
it becones thicker, the reactionis slowy warned to rt and foll owed by
HPLC. After 5.5 hours, t he suspensi on becones very thick. MIBE (917.2 nlL)
is added and the m xture is stirred for 1 hour at rt, filtered 20and washed
with MIBE.Stah8l:solid is dried in a vacuum oven at 35C for 2 days to afford
(S,S)-4,4"-(1, 4- phenyl enebi s(ethyne-2,1 -diyl))bis(2-

(( 25, 45) - 4n aeZhof plynee aleckd RBF undez-ryﬂrpgenledlmwnmdfazma n@chamyalshireeri de (206. 9

g, 360.9 3l 2L 4
0,900, MRlnodlih P SN £ofe, S IRAERIEL, S3PRgl b I tZL

and arsoaddindi hCl: (hnel) are added. The solut1on is cooled to -78°C in an acetone/dry ice bath

ot iyt pyr 1 R ST U W 82 0 A b b ol s abed bt s,

mmol ), t head@ﬁ&h—fuﬂne(lnwhﬁekgﬂamgbd'rwlhtamaict)?n@ ammﬁdy%?blift(:ancnomtwmocﬂ terxAutd g,

684.8 mmol T , ) ] [ stlrred
under nit r%%fgg 2Ny d&wgmélsgW3Q§gld§1rég@ih?5eﬁcﬁbﬁgﬂ§tgl lz,lgl §?1Q dl?cool ed
to 3 C usitigChlril.Bde/isvatded andtthe mikthdd isstipredgyt 20 myruhed ate76%¢ nglly@WEAl
m., 2.739 not) is added dropw se over 80 m nutes while keeping the internal
tenperature at 42C. The reaction m xture is stirred for 1.5 hours and

foll owed by HPLC/ M5 that shows that the reaction is conpleted. Cold water
(5. 8595[)8%%0hdded dropwi se over 90 ni nués whil e keeping the internal
terrperature beI ow 8 5C The suspensmn |s stl rred for 1 hour in an ice

o ~~ n NN AN N A NS\ RN



yl]et hynyIA]mm[:‘;_y I%LLE&PMW' ] -1H -imdazol-2-yl] -4-methyl-pyrrolidine-1
-carbonyl] -2-nethyl propyl]carbamate (172 g, 228.5 mmol, 66. 73% yield) as

an of f wwoOeopaigr 98. 16% pure by HPLC. Exanple 5 Met hbe/Uszo10/062168
N-[(15)-2-nethyl-1-[(25,45)-4-methyl-2-[4-[2-[2,3,5,6-tetradeuterio-4-[2-[2

20[ (25, 45) - 1- [ (25) - 2- (et hoxycar bonyl am no) - 3- net hyl - but anoyl | - 4- met hyl - pyr
rolidin- (1,57kg, 2.13 L, 12.2 mol) is added over 90 mmutes keeping the internal temp at -73 +
2-yl]-1Him dazol - 4-yl ] et hynyl ] phen et hyn -1Him dazol - ylﬁ) yrrolidine
-1- carboryF] The ﬁ%ﬁcﬁg?l‘ﬂwlb'ﬁ%/ls]%‘éleﬁ ﬁﬁlﬁ@ours r 8+ReG apd fhenribe temegfpéul@ 19133
WO 2011/ 0%93&d P@ﬂdﬁ?@ﬂ&é@&%r&@%ldtm&fﬂﬂdqNlri(gh@ﬁmgfls slowly added usin a(nl0

1, 4-di brono-2 5,6-tetradeut eri o- benzene 1) in

nm) are a&ﬁéﬁ‘@d@mldb®?¥otmﬁ6((85 oser] tbepba%smmpa@md €RqueeeD. 84 n,
0.1042 - 8 Ahd Be I‘l’@gﬁa?sﬁlng%ro@de%sﬁfép&zgd gntll]thé% dTLthe @qaetfs PB4 is and
ethynyltrlrret gl-sHane 6521 | ) are added to the
reacti on rAsk@wieTher ﬁ@ﬁmﬂP@a%%‘IS@f edrising Na 4efilté'led@5‘€ CORERSYLraied EQgiue a

over ni ght. eﬂB\l«%ﬁ @%rgyalhe%ewﬁeaéabwas rélﬂ.%?éd SR CRhRERSGRhe tHE chRRI due
is purifi ed by silica gel colum chromatography using hexane to provide
trimet hyl rFthgong ame ganleined gediparified ipgether. The residue is purified by a plug of silica

trimethyl Sglel M&ﬁ%h%‘%% El('l?ityﬂwll-ﬁelxgb(&yals]e?éaln%@@s\(véQgrt”%ﬁyljlz'sg34?; f”f@rlm_e/lﬁlz 93% as

yel | ow soli d
sol util®n dnethgkpyrmlidjne-1-carboxylate (480 g, 2.25 mol, 92.2%) as a golden 01l

(25,45)-2-(4-iodo-1H i m dazol -2-yl)-4-net hyl -pyrrolidine-1- carboxyl ate
(288.5 ny,SteP 648 Mol ) in DMVF (3 nl) are added trlmathyl [ 212, 3, 5, 6-
tetradeuterio-4-(2-trinethylsilylethynyl)phenyl]ethy ]silane (100 ny,

0. 3642 mdh R, SLRdm@ckRBHpmfeitpibogen equipBd wish aﬁﬁémPuﬁ%‘oﬁ)refr@@la 3nd@B ny,
0.01821 m&b)tlﬁﬂﬁnﬁﬁuté@%tﬁ f%als 625 Pll-dmeﬁgﬁ d;Q/rFUFGL 1-E4bBLy 18893865 NI,

wat er (19. IS a to the reaction mi xtUre.
Then t he %l%mobmnﬁsMﬁQQt%@'at a@s@@;d hilgstinrogean evetharmlef ~2Ntiér renoval
of the sol r ] i i i€a
gel col umw\bg gérl:aqg%eragﬁgféS@l ﬁég OI’—l%i1 0e§< eFrﬁ%‘nggCCl ?OPéH dr)ég\ﬁ/q% l}’cYe ?1? -7C20
butyl (25, g;;g;zzz mif at 40 2w/¥,24.98 mol) [12ad<ﬂe(d2®e43?nmnutes using the addltlon funnel A
tert- buto tf n 1]1-2,3
,5,6-tetra eut g%‘:}g{h ﬁm% )gltoheﬁsrﬁ%ﬁ\%bl%@%?f% -2- {qﬂ@%%hrr‘édﬂv&ﬁl%wdl ne-1
- car boxyl a‘pemcmmperﬁguree Iazlzlezmwmhg tig1reazggn mixtareis fallwhliditied lithcho appan®it n z

= 629. 20 ( ;
(25, 45) - 21 l%g%ﬂ%%gpl %&L‘S}%d ﬁ(!' %Hrg@{éggyﬁcg{rbglﬁél%% ension is filtered on a
et hy| 20py riushiefi f"”@e‘whli%l&hedwwuhmoltew FL] et ghy B 3co6isipal brdwnt 3he o- phe

| ]eth 196
05117 et sohdy fefed Al der hetiaaREGIN: BUORAGRE SRR P T
3. 117 nmolstirredThe2 mowtsufilieies! anidi wasbed amthrwatéoﬂ -3 Lhand ha:vtelne hle51 L):aml:ﬁrenr at ed
to dry”essdnelillggﬁ%ﬁy(%ll% va%ublﬁ%@ h Bt h%‘% AEE e ridetdtay ML QRind8Y of 41 iier
purification A s0IutT én
2- [ (25, 45)imddazet- hyl py\H-inaid azbilenaa ylld]e-pﬂdsﬂ,[tmrﬁpls";t@ Tt scidasitransforréd 21t2-a 12L

25, 45 | |
E)genw ] . ﬁsyﬁ%ﬁtk%ﬂﬁ Phoglhld ély‘s](aﬁ&%y d Mottty yé(f] %Qy%‘l’ater 0. 3116
nmol ) HCO azabtroped \DNFe(Ifyl l’il;e)tat)slr d. 51d11é’(ﬂ|e(h?)5)sel2t-10n is filtered to remove the

(296, 2 o MG PIed TGO DR G631 ThE Canbih 10 Qe lhilaiiod, T

m Xt ur e i sandtthem g aspdistonrinetyrréd Irearﬂeé/ batl,gﬁl'.’oér@d@ba?wa\t‘&d w1th cold ethyl

2011/ 079327P S2010/ 062168 ¢t .0 ni. ght . ” r enoval

inder 1 edeBt rasua e R 2bus REL ke P Ui TR ER By gk SRl
chr omedoogr@pdey 1u3l mol, FBD Kield)-£3%) pdle gG2Gli@, 9%4 pirpavé.de net hyl
N[(1S)-2-methyl -1-[(2S,4S)-4-nethyl-2-[4-[2-[2,3,5,6-tetradeuterio-4-[2-[2
-[(2S, 4S) -Step V:

[ (2S) - 2- (et hoxycar bonyl am no) - 3- net hyl - but anoyl | - 4- met hyl - pyrrolidin-2-yl]
- 1H i m daZola-12L v jeek mﬁwh]j@hawge}reédnymdd] wileea'haiazailstﬁey,l d thermotouplene- 1- ca

of - 1 & Biscten REARE AGRRIR, baPbulyas s R Tbamsh Mot ey "

67. 15- 7. 24pytrdlidded1-catb8blate (234.4 412301 (mal) aHd)CHZElZGZ 3@8L 6id) addRd 4hilem  4H) ,

&l— [9?1(5)m 1“&@@ jéf SQ[U?‘Qn sg&c[ogel_% A lreiov[/%gg ua@?)ari ufe(léagﬁ §IS 62819 g, &h/)% mol) is

(met hoxycar bonyl am no) - 3- net hyl - but anoy1] - 4- net hyl -pyrrolidin-2-y1]-1Himd
azol -3-ium4-yl]ethynyl]-2-napht hyl]ethynyl]-1Him dazol -3-ium 2-y1]-4-neth
- pYECPBI'%f*hE- 1- car bonyl | - 2- net hyl - prop2¥] car bamat e as HC1 sal t



-0 ON1-1 Nme o LeSskss 0, To a stirred suspension of methyl

N-[(1S)-1- ( -2-(5-i0do-1Himdazol -2-yl)-4-met hyl PYrrolidine-1-carbon
yl]-2- net\ﬁplz&ﬁvwmﬂ] carbamate, Cul and Pd(dppf) Cl12- DCM iPATDISE010462168
sequentially added TEA and 2, 6-di et hynyl napht hal ene under nitrogen

at nosphere. The reaction m xture is heated at 70C for 3 hours in a seal ed
tube, and is concentrated to dryness. The residue is purified by flash

col utm chrfaed @06 BRRYiebf F04.8 g@agebve(rgotr@.n&é%/wz@lwﬂ@bbﬂng thd fMehat 0 give a

m xture of diastereoners. The mxture is purif reverse phase HPLC
using a grtﬁmpéfﬁw@fbe@%@\ﬁvﬁleeﬁea%mhw%wif L3 ﬁ@”ﬁ?‘ ﬂcq’re"y e HRpSEAE tajn BRYC sal t .

%g Ng/RHg 4@@ %’g@}e W@lorﬁ& t:h@ r@§ct1021 W)soluﬁoﬁ%'%_’ 1(6%I so@urH)thmZul@JteG@lutlgnl@B L) 7.61
3. 25’ (1§nad@ed|.q)nd t@e@;gaczlozp r’(npﬁurg 15|_Bt1rreLd @5 1§ n'ylgut(epnanq trp.q; phagevgyg S@garageq_b

. ﬁd| Orid)orgdhi@phdsd is BrahdrerrtPbM& inthé 17L F&R it walditlh L) BX@ORI®, (@:L) are

2 S SRdﬁeﬁ) the mixtyre I5stigreg o 15 rrgyutgs5Th§Qrg@n1C(p_Lha4e iﬂ‘ﬂé’lﬁfjl %’ﬁéb@ds"erét hyne- 2
, 1-di y1) )diradel fl*[f‘e'réﬂ Qﬁ?@da‘éof‘atgd & Uﬁyh%@'t%@#o?@%eﬂﬂbﬂﬂlrﬁ kL ner B-diiddo-1H-

-d| yl))bls(3 mét hoxy- 1- 300xobut ane-2, 1-di y1)di car amate At t Or ne File

Ref.: 0975mé¢dazes y\d- Q@!L"M@YGQWP@T/C@SWYW@B@i@ég, 935 el Pe% pdriidispensi on
of net hyl IUAF{ 4§§Na-@ dljnsr,(b%ﬁ 14? el rb@%rgj bﬁsqélzg"e Rajbk otﬂmer 312.70

met hyl - pyrrol | ca 2-meth OX¥|:£ car rrate} rrg 0. 2220
rmDI) Lo (s WHR2857rld, 0. )23 26 &b JmahH) A% ()0 2-35CM-0 118, 131 ni}5 0d®2220
nmol ) in (1 |aIIy added TEA (67.39 ngy, 92.82 pL, 0.6660
nmol ) and% 1?2??)%?823@3@ (14 ng, 0.1110 nmmol) under nitrogen

at nospher e Jhp reaction mxture is heated at 70C for 3 hours, diluted with
water (10 nL) and extracted with CH2A 2 (3 x 10 nlL). The conbl ned extracts
are washedy yish s NeGbundbéiéin ALK aﬁd&wr?géﬁ%%pewm%chan@'al%a%?nutﬁt ed

to dryness The residue Is ur|$ ash col'um 10chr omat ography on

silica gel(5¢49%% 125% mel)End rT HF 2 oA ) aamdd@l argpstifired atlrtogverrights de agizhske

l(_iggcz'ugl g%egkgRgo_%ﬁH ‘ilﬁ(ﬁtt&% FERONL G SFcrdRnabEdbPed | WRE Y temperature reader, a
((3S, 3' S, SEedasiab ssirref 4amd -qnL, - gHditiphe Aetiel ( Eemiyney2 (25,48)2- 14 bidieda it i da
zol e-4, 2-

Y)Yt (TR TEPHIOMNE ROty (0.0, LF70 Pl L sl

di car barratTé'iF(al_rE aAﬂde@ while gtigIB. ﬁh@lreaqmnw%urass e«gledsécbwn tqRf20=C.0T4the beige

('V',E‘OEF gg' k& n§1%p§9 a%&e’?SWEiu(sg% '}{Hﬁo g@%@%aﬁq(ag] e@gmé Zhlo dg%%T ?Qzég%
3.56 (%, 6>fH)M 3.236 3nal) oyar 60 MUt keeping the lf)terrl 6erzp@a@me betwpen 117781~ 55
(EQ]amZ)I ED é:ZJO*’ &.1Tlgéjrea§tim miﬁu?eg is(sgi’rreg a!fbthe ls%é@émﬂér%tu:re?&%é ﬁm(d\@_DA so:[:@cion

of isopropyl magnesium chloride in THF (1.276 L of 2 M, 2.552 mol) is added dropwise

3. 4-
0. 88
D me
(2S,

over 70 minutes while keeping the internal temperature between -17 and -23 'C, then
the mixture is slowly warmed up to rt. TLC 50% ETOAC/Hexane shows that the reaction is
completed. The reaction mixture is cooled down in an ice/water bath to ~10°C and a 10%
aqg. NH4Cl solution (2 L) is added dropwise. An exotherm of 35°C and gas formation are
observed. Water (1 L) and ethyl acetate (2L) are added and the mixture is stirred for 30
minutes. The phases are separated and the aqueous phase is re-extracted with EtOAc
(2L). The organic phases are combined and 2L of water is added, the mixture is stirred
30  for 10 minutes. The phases are separated and the organic phase is dried over Na,SO4and
filtered. The solvent is concentrated to a small volume and heptane (1000 mL) is added
and evaporated slowly. The suspension is stirred for 30 minutes at rt and then in an ice
bath for 1 hour, filtered and washed with cold heptane/ethyl acetate (95/5). The solid is
dried in the vacuum oven at 35°C to afford tert-butyl (2S,4S)-2-(5-iodo-1H-imidazol-2-
yl)-4-methyl-pyrrolidine-1-carboxylate (420.24 g; 91% pure, 87.3% yield)) as a beige solid,

used as it is for the next step.
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Di met hyl (23,...Zrishes. %97 s -((35,3'S, 55, 5'S5)-5, 5'-(4,4"-(2, 5-dinethyl-
, 4- phenyl ene§ bi s( et yne-2, 1 -diyl)bis(1l Himdazole-4,

2 di yl) ) bwe(@8tmgpiryl pyrrol i dine5, 1 -diyl))bis(3-nethyl PCTASR@bOAGR-2, 1

-diyl)di carbamate Attorney File Ref.: 097546-0133 WO

2011/ 079327PCT/ US2010/ 062168 To a stirred suspensi on of nethyl

N-[(1S)-1-[(2S, 4S)-2-(5-i0do-1H i m dazol -2-yl)-4-nethyl pyrrolidine-1-carbon

yl]-2-nethyl - propyl]carbanate (73.22 ng, 0.1686 nmol) , Cul (3.211 ng,

0.01686 mmwl ) and Pd(dppf)d 2-DCM (13.77 ng, 0.01686 nmol) in DVF (1.144

n) is sedOtimediate 1 dded TEA (70.50 pL 0. 5058 mmol ) and

1, 4- di et hyfvhety P i heBRg h hde Under nitrogen

at nosphere. Theyﬂg-!:f[?on m xturgni&s heat edy overnight, diluted with

water (10 mL), and a precipitate is formed. |The precipitate is filtered,

washed with water, and dried under high vy, to afford the title corrpound
i s 4onverted into HG | tA0sing 4N HO in di oxane. The

gradi ent ofy NFON wat er to
afforddi nethyl (2S,2'S)-1,1' - N3%&3' S, 58,5 S)-5,5"-(4,4"-(2,5-dinethyl -1, 4-
phenyl ene) bi s( et hyne- 2, 1-di yF)pi s( 1H i m dazol e- 4, 2-di yl )) bi s(3-net hyl pyrrol
i di ne-5,1- diyl))bis(3-nethyl-1-oxobutane-2, 1-diyl)dicarbamate as HO salt
(3.9 ny, QA 68G42d 6uspention of @72Ubramopyritite y*eBIg)vﬂs 331 ool R coppér. RAlide (120. 6

MeOH- Tol 9 7.4

b h 10 (e 05334 mmehbld B A e B 58, .65 fina fir e 240 %@7 1§ a1
(m 2 H) @géﬁedsandﬁ kided?. BRI 45mima @. 56)3 3 G45301n§1Q (251332 rhinol)1. Bheh 7
EerH)z 26 \ém(b( msgmyg%ipé\g ? 388d 'g, 15%8 mL 8?3‘99 mmo is Lagjdel\és:unrye% n=itr3g6e7n' 59
(2f5 ' S) - tdostHeddand Ehéﬁt;sﬁltﬁ)t- &aEh?r( #hnéture}ﬂs ,Heaphteay 8@0ebi 8-houAtihar seayedi | e
R 09754 33 WO.2011/079327PCT/ US 0/ 06

(gt hynd- 2 tﬁfg%t -?"1 YA HRE 3 SPREA TR %ﬁﬁ‘ly‘iz)s?%qlglrgu%ﬁtﬁ'??%&??"%quosi‘lﬁé 1y _ g
y1)) bi s( 3-eluget hMth he%&uﬂubmeﬁh&adeymﬁdlsﬁ%bﬂ@é eomentratéd and the residue is

purified by silica gel column chromatography using EtOAc-Hexanes (0:100 to 1:90) as
eluent to obtain trimethyl-[2-[6-(2-trimethylsilylethynyl)-3-pyridyl]ethynyl]silane (780
mg, 2.811 mmol, 43.43%) as light brown solid. Rf = 0.61 (10% EtOAc-Hexanes). 'H NMR
(400 MHz, CDCls): & 8.61 (dd, 1 H), 7.67 (dd, 1 H), 7.37 (dd, 1 H), 0.254 (s, 9 H), 0.246 (s,
9 H).

LC/MS: m/z = 271.86 (M+H"). Rt = 18.7 minutes.

Intermediate 20
20  tert-Butyl (1S, 3S,5S)-3-(4-iodo-1H-imidazol-2-yl)-4-azabicyclo[ 3.1.0]hexane-4-

carboxylate

NN
0,
I N | @
HO N H ol
o= =%
e —
The title compound is prepared from (1S,3S,55)-2-tert-butoxycarbonyl-2-
azabicyclo[3.1.0]hexane-3-carboxylic using the same sequence of reactions (Step Il to VI)

as described for intermediate 4.
LC/MS: m/z = 375.78 (M+H"). Rt = 6.33 minutes.
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To a stirred suspensi,on,of nethyl
(S)-1- ((2§‘4R§ >4 %40 o- 1H- i mi dazol - 2-yl ) - 4-

met hyl pyrwol2odia19R7yl ) - 3- met hyl - 1- oxobut an- 2- yl car bamat @CtABG2e10/061168 0. 21
mmol ), Cul (4.23 ng, 0.022 mmol) and Pd(dppf)d 2-DCM (18.13 ng, 0.022 nmol)
in DV (1.5 mL) is sequentially added TEA (92.82 pL, 0.67 nmol) and

1, 4-di et hynyl benzene (14 ng, 0.11 mmol) under nitrogen atnosphere. The
reaction nhidriieRidté 2Aeated at 70C for 3 hours, diluted with water (6 ni),
and a precipitate is filtered off. The precipitate is dissolved 10in

CHzd 2, fitefeBuly! (%% @g?f(‘éf‘%’é’dﬂé‘f'mt‘@lzpl'g V')a‘FTB‘%Bﬂ’%HYrrrak‘@aet10C"1‘IP9¥|\§§E9 The
r esi due is purified by flash col um chr@mat ography on silica gel (5 to 10%
MeOH in tol uene)oto afford the title _cgnpound (43 ng) which is converted

intoits HO < and purified by reyerse phase HPLC using a gradient of

CI-BCI\I/\Nate® f or e—etmet hyl 552“5, -1,1 -

((3R, 3 RSS ?55' (4,4~ i gny, 8ebis-ethyne-2,1-diy|))bis(lH—imda
0

zol e-4, 2-
di yl)) bi s(3-net hy))éyrrol i di ne-5,1-diyl) ybrs(3-nethyl - 1- oxobut ane-2, 1-diyl)d
i carbamate as HO salt (17.1 ng, 0.0199 nmol, 17.93% as white solid. 1H
NVR (400 Nrtde OBRQDhd Gs preffarés ,usidgHhe santd s€quende HY, react@éns( @tep A td) Vi)dasl7

d, 2 , 4.02 - . 86 ) , . 3..64. 6 3.61 - 4 2
090 5. b destpaq ob talnediatd 14 %ot oy, iy Sty s dsigh chilrorgmgiviy g
(2811;3079.32rﬂéﬁh&Wﬁa/rrdsﬂdan@1 Egﬂ)o5yl(at‘é -RfH)O 18 (obsat0sy-HekdresRef : 097546- 0133 WO
Vet iyl N[ T O 9812, §PC5. petiE B0 raelon rqtamen)s .85 (5 24). 690 fu itk
bonyl am nqpr 8- ’ma; hM - BB amoyH] -43578t BH); pyn,r ok iod] pH3; y.28 (s - Hym dazol -

Iethnlt t h nyl]-1H i m dazol - 2-yl ] - 4- net hyl
?lr!)Ild?/ng |‘?32’]8r@f'ﬁ51 ﬁﬁ §p1y?|+ a?/na%e S/ NII --.ée!n-c.: i

f CKIélrdsriHPLc) Rt lzz ﬁS HNﬁlNeQQ@etNoﬁJO a(ﬁ% écélfbméﬁlﬂetwaﬁeflﬂm??ﬂ Sc';esmaymsmﬁh;ed
rom 5 -thien i ophene and net hyl N- 1S5)-1 -

[(2S, 4S) - 9805&%86“'&‘ 'Hte'l"h‘?% Lo yl)-4-methyl -pyrrolidine-1 -carbonyl ]
- 2- et hy| pf, a5y bITeardpsuthye2-46- (4855, 51 teethmath X A3 -dickAbordidi-2 MB- 2 Haphehy$P0 1. 5

. le 11
thhyu\p[(%zeimre%%?@)e 2-[4-[2-[4-[2-[2-[(2S, 4S)-1-[(2S) - 2-
[ met hoxycar bonyl ( met hyl ) am no] - 3 rret hyI but anoyl ] 4- et hyl - pyrrolidin-2-yl]

-1H Br
— FD
O
Br

To a stirred suspension of 2,6-dibromonaphthalene (1 g, 3.497 mmol), 4,4,5,5-
tetramethyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1,3,2-dioxaborolane  (2.131
g, 8.393 mmol) and KOAc (2.059 g, 20.98 mmol) in dioxnae (30.00 mL) is added
Pd(dppf)Cl;-CH,Cl; (571.2 mg, 0.6994 mmol) in one portion, degassed and filled with
nitrogen. The flask is sealed, heated at 100°C overnight (crude LC-MS shows the desired
20 compound) and cooled to rt. The reaction mixture is filtered through celite, washed with
CH,Cl, and concentrated. The residue is purified on a small plug of silica gel using
CH,Cl,. The organic layer is diluted with heptanes (20 mL), concentrated on rotary
evaporator until CH,Cl, is removed. The resultant product is collected by filtration,
washed with heptanes, dried under high vacuum to afford 4,4,5,5-tetramethyl-2-[6-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2-naphthyl]-1,3,2-dioxaborolane (760 mg,
1.990 mmol, 56.90%) as light brown solid. Rf = 0.39 (1:9 EtOAc-Hexanes).
LC/MS, m/z = 381 (M+H"); Rt : 18.94 minutes.
'H NMR (400 MHz, CDCl;): & 8.357 (s, 2H), 7.86 (d, 2 H), 7.827 (d, 2 H), 1.39 (s, 24 H).
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i m dazol - 4.y eiﬁtpy%%l?menyl ]ethynyl]-1Hi m dazol - 2-yl ] 4-met hyl -pyrrolidin
e-1- carbonyT 2- met propyl] N- et hyl -carbamate ,,".. HN=n _ H N M)
..... N \WO 200/08%9397 NI - - -"" 01 To a stirred susp®a3iusr010/062168 hy|
N[(1S)-1-[(2S,4S)-2-(5- |odo 1H i m dazol - 2-yl) - 4-

met hyl - pyrrolidi ne-1-carbonyl ] -2-net hyl - propyg- N- net hyl - car bamat e( 75nyg, 0. 17
20 mmol ), Cul (3.18 ng, 0.017 mmol) and Pd(dppf) Cl2-DCM (13.6 ng, 0.017nmol)
in DMF (1. |3terﬂ=p)ediaiququenti ally added TEA (70 pL, 0.50 nmol) and

1, 4-di et hynyl benzene under. ni tro?en at nosphere. The

reaction ift ﬂt%?'éreit@“?%m'e&[é{{gﬂ@@ﬁwraf‘%wlr1 3g2-dinxahorglam 2yitienghy 2-

extract ed&}tﬁ,apm?_g vil-1,BNEdf5@BBidlaiiase is washed with water, brine, dried
over Na2SO4, filter and concentrated to dryness. The resi due is purified

by flash cogurm chr omat ogr a oon sgll g geh to 30% MeOH in CH2d 2) and
pur|f|edb se_p.ha.s,e I ent of CI-BCI\I/water to give

nmet hyl N-[( [(2S, 4 [4- [40 - (28 4S)-1- [(29)-2-

[ met hoxycar bonyF(mat hyl ) am no] - 3- Attorney i I e Ref.: 097546- 0133 WO

2011/ 07932r¢f gél\:fﬁgﬁjo?/tﬂ@afr?gz EZ( in yny%}/Hb m%ﬁr%%*‘uﬁazo _12505 hci ) 4t 278/d

-1H -im dazo hyny
- 4- et hyl -ysyer ok iisliadded dreryyispay so UUOZL pleBAN| inphexapey (8.AB&mLh9t ar Mardt 4. 1H

NNR (2089%09%@9% {@' %0 %L‘t& Zﬁ)'d?m%E%t% g%plaé%nﬁ 19%2@1{9 ﬁ%r‘}ecg‘?of

6H), 2. 57-ming@s( nThe Hjesulzargd3tRicR 7 sy smenﬂm is2 qoFnched 1 With szﬂppromome4,415 52

(m 2H), af&gT%%ygﬁQ,e-dﬁoiééo&%e @1 L-a"Hdy 37 VB neehction mixture

767. 46( M+
Met hy| 8- [ (11 B¥ptioVefizhiu®)d then-Juenfhed R4l spiupded 5)q. NHLCI28jutipn. After extraction

with CH,Cl, (2 x 100 mL), the combined extracts are washed with brine and dried
(Na,SO,4). Organic solution is diluted with ~20 mL of ethyl acetate, concentrated slowly
on rotary evaporator until CH,Cl, is removed. The resultant white fine crystals are
collected by filtration. The solid is washed with heptanes and dried under high vacuum to
afford 4,4,5,5-tetramethyl-2-[5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)thieno[3,2-
b]thiophen-2-yl]-1,3,2-dioxaborolane (2.57 g, 6.554 mmol, 61.25%) as half-white solid. 'H
NMR (400 MHz, CDCls): 8 7.75 (s, 4H), 1.343 (s, 24H).

Example 1

20 \
The above compound was prepared according to the procedures disclosed herein.

BOST_1803930.1 131



(et hoxycay bonyl amng) 5 3- met hyl - but anoyl | - 4-net hyl -pyrrolidin-2-yl]-1Himd
azol 4-yl ] eth ynyﬁqpheny et hynyl ]-1H i m dazol - 2-yl ] -4-net hyl -pyrrolidine-1-c
ar bonyl ] -\0 208719327 pr opyl ] - N- met hyl - car bamat e To a sPCrrUsSdowospensi on of
met hyl N-[(1S)-1-[(2S,4S)-2-(5-iodo-1Him dazol -2-yl)-4-nethyl -
pyrrolidine-1-carbonyl]-2-nmethyl-propyl]carbamate (100 ng, 0.23mol),

methyl N-[(1S)- 1 - [(2S,45)-2- (5-iodo-1H

-1 m dazol -Baiple 4- met hyl - pyrrol i dine-1 -car bonyI ] -2-methyl-propyl] - 20

N- net hyl - car banmat e (5 03.2 ng, 0.23muol) 7mg, 0.04 mmol) and

Pd( dppf ) O @)Y 3 o /nig-L(®) M(Srh%in)ethﬁxmwﬂ)?'y'?mynqm metyént i al |y added
TEA (192 Q:Lﬁbnoyl]p%grdmm 2-APIH 3o U NS R HQo 12?]Eiibxo@42ﬁe Ry 1inder

nitrogen atnosphere. The reaction mxture is heat at” 70C for hour

di uted w tHimigezel- %MHPEXPF%EB?édC%bPhVWZ'@F@V'Pﬁ@)ﬂ]’@%{ﬁﬁﬁ"ﬁohaégdl s Methykd

with waterggedyine, dried over Na2SO4, filtered and concentrated to dryness.

The residue is purified by flash colum chromatography on silica gel (1 to

30% MeOH in CH2C 2) and purified by reverse phasy NI ng g/ 4y adi ent  of
) -1-[(2S, 48 4

CH3CN water to give nethyl N— 1S

[(25)-2- (methoxycarbonyl am non)&, thyI bukano ]
-4- et hyl - pyrr di_n- 2- - 1H G Al orney Fle Reb.
097546- 013 079 27PCTbU 0 /062168 gh hynyl ] pherlyl)\Ha nyl] -1
H -im dazol - 2oyld - 4- net hyl \@FN‘O dine-1 -cagbbnyl]

- 2-met hyl propygc N- et hyl - carbanflte as a white poﬂvder 1H NMR (400 MHz,

CD30D) 6 7.55 (m 2H), 7.47 (s, 4H), 5.00-4.92 (m 2H) 4.42 (d, 1H),
4.41-4.14(m 2H), 4.22 (m 1H), 408(d 1H), 3.99 (m 1H), 364(s 3H)

f: g‘; Efn %@a s u%é}n %rs4 7éﬁgt’hy|1yl e d% leG(H} 50611%’3) épg@n l_?nmeitE]LbSN sy ,J(,E')

m z = 753.[{SMeVib-iofixarpingdakal-2-yl) pyrrohdme 1- carbonyl] -2-methyl- propyl]carbamate (200
Ty s N_rLé ok L& et itel 76 1 bodd(aRbo el @35 de (B ARE G & BRPYS am

met hyl - butzidey TERYN 6328 ipd] m-12-rinpt) 1 FrHemiede@en mdktyid ©tskiyrayl dt-8b; 8-foeng ho@zg ol -

yI 1 et hynyl9igd WithyBtAc. nd, 0y and, filtares on <glifeo e oraanic Ripe i 8HET P¥&T bam
ﬁIE [e( 18)7 1D|NH f%t%&@?%@éﬁ@k@téd@o mﬂ)lme@s 0T|7herff€9id),|e ispuAsied by rgversle phase o
e azo- - I.he-L1-cal bon -Z2- e
L oy T i, e arag o sihan el F2R LB GPoeDEed] Snd b sy
mml ) TEA«e(/érQe @hwe r%t%mg)é )graéﬂ'@ht@ﬂCl—(;ZNﬁvé@r t@g%ﬂ( L BB ( Jd{:aﬁ(gj yed

in 3 nL of temis flush nitro emxurels

heated at W& %Pﬂ’fyégsbonﬂ?m@?o év@ﬁﬁWéPP@ﬁoﬂiprrr? dg‘ojf- \‘/ﬁrﬁH ‘unﬁa%?" Yacuum the

resi due 2Gji&h Bérﬂ@ 1Y) didxes8-yeth 1RIeRE 2 falignki1Careslyl(P to 7%
MeOH in CI%)ZCI W} [ y]urtx erﬁr*@mrma/ rey ersFemu)yase] ]HPLC lSSI r¥g}(a

gr adi ent dfe @QPV\%’F@'?ba{TBC B angHa [Ttgig)"'%iaf@?é)‘tezsof‘ [2-[4- [2-
[2- [(29) ng/Mg(g@ =255 6R -hayycar bonyl ami no) - 3- met hyl - but anoyl ]
pyrrolidin-2-yl] -1 H -imdazol - 4- yI]ethynyI] -1 3-benzoxazol - 7-yl ] et hynyl ]
-1 H -2% mi dazol -2-yl] pyrrolidine-1-carbonyl]-2-methyl - propyl ] car banat e
(104rrg) -ExhipV/R (400M—Iz CD30D) 6[ppn1 8.58 (s, 1H), 7.38-7.50 (m
508'&.‘ 2I—K % 94 ( 4H), 3.55 (s, 6H), 1.99-2. 26
(m " 10H) raaslo 15(71507?1[( %14127[%2 [21'{1(715)7‘5[2g Qéewwwarbonvlamﬂm methy vz,
CD30D) 67. 92
(m 2?_0 3&&&4? ]%Wohd?n 33,11 W-I 1ﬁ1ﬁazoﬁ4@5@l‘.hyr§)l‘p-2 tﬁteﬁ%]gth}l%\{g 1I-i51r19f%az<§0§
2. . 97 s(l}avrtzqhﬂmeﬂ:;anbozryl](zﬂne@hyl prepzléca)*bema(qn 12H) .
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LOMs: mz = 717, oCMEW .. Attorney File Ref.: 097546-0133 WO
2011/ 079327PET/ US2010/ 062168 Exanpl es 14 and 15:
met hyl N- [WO3P112107p225) - 24442-[ 2-[ 2-[ 2- [ (25) - 1- [ ( 25) - 2- ( meCH@Sg@@nbaeg/ | an no)

met hyl - but anoyl | pyrrolidin-2-yl]-1H1im dazol -4-yl]ethynyl]thieno[3,2-b]thio
phen- 5-
ylt ] eE QZ ;‘y|'ﬂh§1ﬂ1’tl§[e ?oﬁ%@hd s YYnkRasiZeal firthNE 5 &Ry ANbphae B d YietRyLONRY{(1EF&r bam
ate and e
N-[ (15)- 1-[57(52%(52%11%1 H4midazple 2gypyrrqlidngy- 1 sathepy g ey bBiepy dsArhayas- methyl b
ut anoyl | pydes@hnedi iR E%ample 43+ | m dazol - 4-yl ] buta- 1, 3-di ynyl ] - 1Hi m dazol - 2-
yl ] pyrrolidine-1-carbonyl]-2-methyl-propyl]carbamte (15) 10
2, 5- Di br onot hi eno[ 3, 2- b] t hi ophene (26 ny, 0.088 mvol), et hyl
“tL(lS?'iﬁ@§%ﬁ%éaAf4é I | i di 1 b | ]-2-net hyl I bamat
e nyl - I mdazol - 2- rrolidine-1-carbonyl]-2-ne -pro car banat e
(70”5, 0,18 TR Y4S) Adolipt 25,460 (S72- Mgy GAoBY TN 2wk Dty -
uL, 0. 17 mmlrbetﬁxf]q)yﬂﬁlidﬁr_?t-23y|]T_EH-iﬂﬁ&%l-qgﬁéﬁwyﬁm-ﬂ'ieﬁ?@twﬁﬂn)'-ﬂ-l-%nmazef-zggj'?-

f hed R and thé at

The systemis flushed with nitrogen reaction mXture is heate
70C over ni4gmethyifrysrolisingdrcathanyllo?-metbylpseridheargamis acid mrthy! ester r esi due

is purified by flash colum chromatography on silica | (Ot N7% MeOH in

CH2C 2) and is further purijfned by reverse ph géFHEEQ§§>¥93—49 radi ent of

CH3CN /water to give metHy Nﬂk&féls)-l- [ 4- - [ 2- ﬁ%>niy .....
2S)-1- 2S)=X- (et hoxycar bpny1“am no) - 3- | - but anoyl

LWﬂ i di %%—@% HE- | myga - ZOyTret ynfl 1t hi eno ] 001\{

[ 3, 2-b] t hi ophen-5-yl]et hynﬂ{;ﬁl{H -im dazol {2-N#H] pyrroli disag? -¢ar bonyl |

- 2-net hyl - propyl ] carbanafe §16' ng) 1H NVR (469, M1z, CD30D): 6 [ppm 7.41

(s, 2H, 7.25 (s, 2H, 5.08 (m 2H), 4.18 (d, 2H), 3.80-3.94 (m 4H), 3.56

(s, 6H, 1.97-2.27 (m_ 10H), 0.82-0.96 (m 12H). LCMS : mz 773.53 gl\/HrH).

Met hy| ['I'(olasytlrfmg[spg@pn;o_f 1Eﬁme[clzyny[bgnze[qez@jﬁ.ﬁ_m%,(b352 mmol), methyl N-[(15)-1-

(met hoxycqggqml 11880-1 A=iRd Y- 2-y B ARV Db l@hé Al darBony(]] 2-mbtriL-

-imdazol -4-yl Jbuta-1, 3-di ynyI& -1 H

-i mi dazol -Plowlicﬁmt? dil 0N mE a2 FORYTNOY, RECRPTICErREM (478 Figmd: @768 mmpl)i s

al so i sol agdcyl %ﬂ.%ﬁ@@ﬂ M ol$5H3 BIAF - (8 nil, RidBhsséd 33 added grll‘ath_yl_énﬁ% (58p.92H) ,

4.18 (d, 2H), 3.77-3. (m 4% 3.56 (s, 6H), 1.92-2.22 (m_ 10H),

0. 86- 0. 96 Mgn 80ZAYL, BOAINWIRL): Thezreggtommixtiwes stirrag tagBAeky Tari 16eharsy, diluted

097546- 0133 Yeh@ it Hr @188 4510 Hﬁ%ﬂ-@b?@g&@@filtrated on celite. The organic phase is

separated, dried over Na,SO,, filtered and concentrated to dryness to give 900 mg of

brown solid. The residue is purified by flash column chromatography on silica gel (0 to
10% MeOH/Toluene) to afford 400 mg of the title compound with a purity of 85%. The
solid is purified by recrystallization in MeOH to afford ((S)-1-{(2S,4S)-2-[5-(4-{2-[(2S,4S)-
20 1-((S)-2-methoxycarbonylamino-3-methyl-butyryl)-4-methyl-pyrrolidin-2-yl]-3H-imidazol-
4-ylethynyl}-phenylethynyl)-1H-imidazol-2-yl]-4-methyl-pyrrolidine-1-carbonyl}-2-
methylpropyl)-carbamic acid methyl ester (240 mg, 28%) as a white solid.
"H NMR (400 MHz, cdcl; mixture of rotamers), peaks for the major rotamer, & 10.70 (s, 2
H), 7.45 - 7.35 (m, 6 H), 7.215 (d, 2 H), 5.45-5.4 (m, 2 H), 5.18 - 5.07 (m, 2 H), 4.39 -
4.29 (m, 2 H), 4.05-3.9 (m, 2 H), 3.68 (s, 6 H}, 3.1-3.C {m, 2 H}, 2.75-2.2 (m, 4 H), 1.95-
1.8 (m, 2 H), 1.16 (d, 6 H), 0.87 - 0.8 (doublets, 12 H).
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Exanpl e 1Ann'1\!§31;hﬁ’l'\5‘7£4gé'1§s) 1-[(25,45)-244-[2-[4-[242-[(25,45)-1-[(29)-2-
(met hoxycar onyf am no) - 3- net hyl - but anoyl | - 4-nmet hyl -pyrrolidin-2-yl]-1Himd

azol - WO 2011/079327 PCT/US2010/062168
4-yl ] et hynyl]-2-nmet hyl - phenyl Jethynyl]-1H i m dazol - 2-yl ] -4-nethyl - pyrrolidi
ne-1- carbonyl]-2-nethyl -propyl ] carbanate Methyl N [(1S5)-1 -[(2S,4S)-2-
(4-i1o0do-1 H m dazol - 2-yl ) -4-net hyl -pyrrolidine-1 -carbonyl] -2-
10net hyl - Rpld qgr barrat e (60 ng, 0.14 nmol),
14d|ethyﬁ§;D-2- benzene ﬂﬁg% 0.06 nmol ), Pd(dppf)d 2- DCM

mg, 0.006 (ol %2514&2(@2(411{2 [@3 f§> y2- MﬁH*WFar(b?nxlaﬁ‘gm@ m&@vllrhﬁmrvﬁr e
di ssol ved 4. Fhe@hsm-pﬁi"olﬂmzz -y PQHM%ﬁ4lﬁeﬁ'ﬁﬂ9ﬁfbﬁeﬁ @%Wﬂq nN?da%ﬁlZJ}/'d]g

ue

Af ter evaporatl on “of he sol vent under ‘'vacuuny the resi 1S purlfl e

flash col Lﬂrmeéwlmrqiwreﬁ;wamprw Fenethulprorylt-earpamigeadidimethybestey  and |s
further purified reverse phase HPL si ng gradi gnt of CH3CN water to
give methyl N[ [ (2S, 4S) - 2- [ 4- [I2

aoyﬂ] 4rrethyIprrI“|dlln2yI] -1 H
-im dazol -4-yl ] et nyI] -2=methyl - p em?l]ethynyl] -1¢0 m dazol - 2-yl ]

-4-met hyl - pyrroli e-1-carbonyl ] -2-et hyl - propyl]ca%ﬁgate (10 ng) as a
white solid. 201H NWVR (400 MHz, CD30OD): 6 [ppm 7.42-7 (m 5H) 5.10 (m

2H), 4.30 (m 2H), 4.18 (d, 2H), 3.63 (s, 6H) 4526 (m 9 170196
(m 4H, 1.19 (m 6H).0.86 (m 12H). LC/ M5 : Ie 17:
Met hyl N

N-[ (15)-1-[ (2S @—%{@fﬁﬂé‘\-[z[(zsﬁ) 0S) - 2(n”etho>6)¢ Syl ani n
0) - 3- net hy Fanoyl] 4-met hyl+ pyr U1|d| n- 2- i m dazol - gﬁ(

yl ] et hyl ] phenyl]ethyl]-1H i m dazél - 2-yl]-4- n'e pyr r3fi di né’- 1Hca bonyl ]-2
- met hyl propyl]car bamate H-_ON_,0 0 ,0 30 BOS c803930 1148 Attorney
File Ref.: 097546-0133 WD 2011/ 079327PCT/ US20107 062168

Toasol utionofnethle—[(lS) 1-[(2S,4S)-2-[4-[2-[4-[2-[2-[(2S,4S)-1-[(2S) - 2-

Step I:
tert-Butyl  (2S,4S)-2-[4-[2-[4-[2-[2-[(2S,4S)-1-tert-butoxycarbonyl-4-methyl-pyrrolidin-2-
yl]-1H-imidazol-4-yl]Jethynyl]phenyl]ethynyl]-1H-imidazol-2-yl]-4-methyl-pyrrolidine-1-

SI4Q) - 1- [(29)-2-
(et hoxycar bonyl a*m >3- met hyl -

10  carboxylate
To a stirred suspension of tert-butyl (2S,4S)-2-(5-iodo-1H-imidazol-2-yl)-4-methyl-
pyrrolidine-1-carboxylate (1 g, 2.556 mmol), copper lodide (46.4 mg, 0.24 mmol) and
Pd(dppf)Cl,-DCM (198.8 mg, 0.24 mmol) in DMF (11 mL) is sequentially added TEA (739.2
mg, 1.018 mL, 7.31 mmol) and 1,4-diethynylbenzene (153.5 mg, 1.217 mmol) under
nitrogen atmosphere. The reaction mixture is heated at 80 ° C for 2 hours, cooled to RT,
and diluted with water (10 mL). The reaction mixture is stirred at RT for 30 minutes,
and cooled at 0°C for 15 min. The reaction mixture is filtered to collect a precipitate.
The precipitate is purified by flash column chromatography on silica gel (10%
MeOH/Toluene) to afford tert-butyl (2S,45)-2-[4-[2-[4-[2-[2-[(2S,4S)-1-tert-

20  butoxycarbonyl-4-methyl-pyrrolidin-2-yl]-1H-imidazol-4-yl]Jethynyl]phenyl]ethynyl]-1H-
imidazol-2-yl]-4-methyl-pyrrolidine-1-carboxylate (260 mg, 31.5%, purity, 92%) as solid.
LC/MS, m/z: 625.45 (M+H").
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(et hoxycay bonyl amng) 53 met hyl - but anoyl | - 4-net hyl -pyrrolidin-2-yl]-1 H
-imdazol -4- Yyl Tet hyny? phenyl]ethynyl] -1 H -im dazol-2-yl]

- 4- met hylwpwerigl7p2irne- 1 - car bonyl ] - 2- net hyl propyl ] car b&6Rius2¢19/082168), 0. 012
mmol) in 2 nL of nmethanol are added one drop of 1IMHC and a catalytic
amount of 10% Pd/ C. The reaction mxture is stirred at RT overnight under 1
at nosphere of hydrogen. The mxture is filtered and the filtrate is

concent r atg no dryness The residue is purified by reverse phase HPLC
using a gradi o

CH3CN wat e(ﬁtsé)dr‘*réhét%ﬁme'p?bl%ythynf @lsdiyB)Risi2( (42554;5){44mfti1¥[l>zrrpt1é1sws¥ﬂil- [ (2S)

-2- (et hqwmagiyprg;ﬁhﬁﬁ};rkmg},dg net hyl - but anoyl | - 4- met hyl - pyrrolidin-2-yl]-1H
-imdazol -4- 10yl ]eth hen et hg/é% -1 H-im dazol

- 4- et hyl -19)? ISBTVPGi”Pié eﬂéé?fks Y (25,85 d #d-[4- - Bpleys 6%)r%5¢]f”ﬁ‘tbéto(x2c%’bﬂ@’)l
NVR (400 4
N 60( (s, %et%@@bhd&&%ﬂ 1H- 1|Q7da&3‘~4 Q@thyw&m]etﬁmg] H- %ﬁmﬁﬁ)ﬁb &lﬁn4 H)m
10H) . 0. 86 r’oﬁtlhyllmq)'ohdu@-wsarbomlgtq@po51@}; (q\,p;;q)z mmaﬁﬁw@orlgm 3 mL) at 0° C (usmg

Met hyl N- [ (Jatbr/ded b4y @dd%d[l—&l [n'? dfo&a{'n@'({ 35i (rﬁ50f445)/\ -0 2pho8 over 2 mmutes
(rrethoxycarbonylamno)-S met utawyn%- 4-met hyl - pyrrolidin-2-yl]-4-nethy

| - 1H i m daZ6l reBetjan @itiyieyis mweag: up&e d smrerebﬁqﬁgf?hmsf T gargartion ifture et

hyl - 20pyrf°ﬂ1lt9ﬂeﬁeahd CREARAY Witn? WISENYS - BLOPY 4)-£21 B HTBHylenebis(ethynelV 00 O

i To a sol uti onof

met hy | 1 [ (di8))bE(-((2SA3)sy-met 8Py roelshinivmi /b Yiomidazpl--iymireeiipride - (192 mg,

pyrrolidi ngylz& l?%’?cy\lnl e (W?&ié?}" propyl ] carbamate (125 ng, 0.28 mmol), 1, 4-
di et hynyl bonyan B ]Sr% 14 mmol ), Pd(dppf)CL2-DCM (11. 38 ngy, 0.014

mrol ), and-C@Mb, Bz:3125ni\+HO. 028 mml) in DMVF (2.50 nL) is added TEA (70.53
ng, 97.15 pL, 0.70 mmol ) and the reaction mxture is heated at 80C for 18
hours. The reaction mxture is diluted with water (10 nL) and is extracted
with of EtQ#ellt5 x 10 nL). The conbined organic |ayers are washed with

bor 11 ed U HE s A2y SRRLRE OGO S YIES R o R e BB e 3
3OCIC—|:'%VCI 2% ragtdyl- @Jtﬁmyﬂhﬁmmwlrﬁwr@ﬂdmﬂ v@\ﬂélrmdmaée/l]lelﬂmyumml]atf‘gnyid}ﬂHnt of
CH3 wa

gi veret hyl Tideka-vi:4 sty ayrrtigine ftcarbory-2- etk aropdIcarbamats At o1 ey

File Ref. ZS))QWMGU“@XSBQFMDVBMIM @?%ZWMDSEO&ONI@E&BSH& 0.6470 mmol), (S,S)-

(o oot PSRN ATLIRY S EEh AL DALY s RS DAl o o e

yl - pyraool ndudwell?. -igay d:iﬂqudie] (130rmg HY:B2 pmogy;l I-]ATdh(MGm,ED Q3lﬁm70l)rg)lPI9%326 3
mg, 439.8 pL, 2.525 mmol) are dissolved in DMF (3.6 mL) at 0°C. The reaction mixture is
warmed to RT and stirred overnight. The reaction mixture is diluted with water, stirred
for 30 minutes, and filtered to collect a precipitate. The precipitate is purified by flash
column chromatography on silica gel (0 to 10% MeOH in toluene) to afford methyl N-[(1S)-
1-[(2S,4S)-2-[5-[2-[4-[2-[2-[(2S,4S)-1-[(2S)-2-(methoxycarbonylamino)-3-methyl-
butanoyl]-4-methyl-pyrrolidin-2-yl]-1H-imidazol-5-yl]Jethynyl]phenyl]ethynyl]-1H-
imidazol-2-yl]-4-methyl-pyrrolidine-1-carbonyl]-2-methyl-propyl]carbamate (129 mg,
0.1549 mmol, 49.1%) as a beige solid. LC/MS, m/z: 739.3 (M+H").
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LOMS : npl e
Vet hyl N- [ 7“(’”3” 12 ?ﬁg(é é2/\13[5 [244 [2-[2-[
) - 3- et WD-2burEamizyn- pyrrolidin-2-yl]-4
yl ] et hynyl ] phenyl ] et hynyl ] - 4- met hyl - 1H-i m dazol - 2-yl ] - pyrrolidi ne-1-car bony
|]-2- 10met hyl - propyl] carbamate To a solution of nethyl
N[(1S)-1-[(2S)-2-(5-i0do-1H i mdazol -2-yl)-pyrrolidine-1-

car bonyl ] hyt propyl ] carbamate (129 ng, 0.296 mmol) ,

1, 4- di eth;)izﬁm 4 ne (18.7 ny, 0.148 nmol) , Pd(dppf) (12.1 ng, 0.0148
rrrml) , and Cul 6 mg, 0.0296 mmol) in DMF (2.6 nL) is added TEA (103 pL,
0. 740 mm|(1$)aha(26h4é)+2rb& (4 £2-[ (3S HS ptl ((S) a2-M@El©Xycarboy laming-3-Mathyl-batyrybn

m xture is e G r t X
10 m). Th4emce(l§ Iqﬂ’eﬁdlma 'ﬁf”\*a@"g‘r’%‘%# éngthgﬁ%g)gh ? ﬁie\/\@fnyl) %?’F"e&é&oveyq ]5
Na2SO4, ardmetiaylcpyatadidine 1dayhony}-2-Tirethylpsoppdecarbamir adid enetbyl éstesh col umm
chromat ography on silica gel (0 to 15% MeOH in CH2CA 2) and is further

purified by rev;r!se phase HPLC using g.-20gradj nt of QI—ISCN/vvater to give
Met hyl N[ (1R)-"IX] 4S) - 2151214121231

19:
[ (2S)-1-[(2S) - 2- (et hoxycar bonyl am no
I - et hyl - 1H i m daPOrAB2010/062168

[ (2S) - 2- (et hoxychr Bopy! ani no) - 3wt fyIX but anoy! ] - pyHroDﬁ‘l“ 1]- 4- met hyl
- 1Hi ni dazol - 5-yl ] 8%hynyl ] phenyl ] et hyny] - 4- et hyl - 1HONM dazol - ﬁ yl]-pyrroli
di ne- 1- carbonyl ]~&= net hyl - propyl ] bamate (46 ny, 4 1H NMR (400 MHz,
DVSO-d6) 6 12.00 (M 2H), 7.44 (m 4H), 7.25 (m 2H) 4 2(m 2H) 3.98
(m 2H), 3.74 (m 2H, 3.50 (s, 6H), 2.22 (m 6 .91 (m

yl : H/‘K(}

h

(2S, 4S) - 1- [,e28) - 2-
pyrrolidinJR: g~ 1Hi nmid
4- n¥thyl - p?yrHoI di ne-1-c¢

- HH-1\1, rO00

azol 5-yl ] et hynyl ] phenyl ] et hynyl ] H1I—|-| m dazol
ar bonyl ] - 2- rret hyl - propyl ] carbamate (21) N c,
ro-\NHO--0 H .s i

6H), 0.82 (m 12H). Attorney File Ref.: 09754610
2011/ 079327PCT/ 2010/ p&2168 Exanpl es 20 and(a\l/LI\PEt
N-[(15)-1- %ﬁ_ﬁmﬁ 4- [ "'|A|oo - [
(et hoxyca o | Bm no) - 3- net hy* a‘noyl] 4- n’gkfi
O
T

Step I:

In a 3 neck, 5 L RBF equipped with a thermocouple and a stirring bar, tert-butyl (2S,4S)-
2-(5-iodo-1H-imidazol-2-yl)-4-methyl-pyrrolidine-1-carboxylate (400 g, 996.8 mmol), the
trimethyl-[2-[4-(2-trimethylsilylethynyl)phenyl]ethynyl]silane (137.5 g, 498.2 mmol), the
10 PdCly(dppf).-CH,Cl; (20.34 g, 24.91 mmol) and copper lodide (4.744 g, 24.91 mmol) are
added under nitrogen atmosphere. DMF (2 L) is added and the suspension is stirred and
then degassed twice (vacuum 5 minutes followed by bubbled stream of nitrogen gas for 5
minutes). DBU (834.3 g, 819.5 mL, 5.480 mol) is added over 1 minute. The solution is
degassed twice (vacuum 5 minutes followed by bubbled stream of nitrogen gas for 5
minutes) and degassed water (13.46 g, 13.46 mL, 747.3 mmol) is added. The stirring is
switched from magnetic to mechanical under N, atmosphere. The reaction mixture is
heated to 60 C and then degassed water (13.46 g, 13.46 mL, 747.3 mmol) is added. The
reaction is followed by HPLC. After 4 hours the reaction mixture is transferred in a 22 L
reactor with stirring and water (18 L) is added over 60 minutes (exotherm of 10°C is
20  observed). The reaction mixture is cooled to below 5°C in an ice bath and stirred for 30
minutes. The solid is filtered and washed with water (5 L) and heptane (4 L). The solid is
dried in a vacuum oven at 35°C overnight. The wet solid is dissolved in CH,Cl,/MeOH (
3L; 90/10) and stirred for 20 minutes. The phases are separated and the aqueous phase is
re-extracted with CH,Cl,/MeOH (500 ml; 90/10). The phases are separated, the organic
phases are merged and silica gel (800 mL) is added to the solution and then it is

evaporated to dryness. The residue is purified by a plug of silica gel using 1 to 10%

BOST_1803930.1 136



To a stirr qulg nsi,on,of Methyl
N-[(1S)-1- -21512141212- [ (2S, 49) - 1- [ ( 29) - 2-

(et hoxy(,wotmnymmnno) 3- et hyl - but anoyl ] - 4- et hyl - pyr r @Cirdisee12/0y31p8 1 H
-imdazol -5- yl]ethynyl] phenyl]ethynyl] -1 H -imdazol-2-yl]

-4-net hyl - pyrrolidine-1 -carbonyl] -2-nethyl- 10propyl]carbanmate (0.127 g,
0.172 mmol) in CHRA 2 (1.3 nL) at 0Cis added N- iodosuccinimde (0.085 g,

0. 378 mMINeOHYEBLCID Ik rd@RR, ThaRsRRRIEradtiéhs’ faCdonéntfdtsl Ubea |t|$1cl$tda§treez§hd1
hour at 0OC and 1 hour at RT. The reaction mxture is concentrated

ouri 11 ed bsgﬂrrre@uaragécepuap&wm@mm@datrenauﬁeé?e QIR Sty LS o) Al
met hyl N [[@J[@éz S; 4s @%%rﬂ@)to%yca%nwﬁl%e‘ihyl[;ﬁﬂroﬁﬁ}m 1 %g_m -imidazol-4-

[4|od02£k - 2-(met hoxycarb amnoé
net hyl - but¥ gwnytlah%t]ﬁwynqolWHdml%ﬁZﬁL W4 mf ylpyeratigines- w?@w\}ﬁylwhényu

ethynyl ] - Ja‘db@:ﬂ%@'n%m;}]elﬂ H?B@xieﬁylbmbh@“ﬂes%p%rbonyl] - et hyl - propy! ]
car bamat e(32ng, O. o purity, 96.49% LC/MS, miz: 991.01

(MrH)  andngéhy] N- [(28) 1 [(28 4S) - 2-(5-[214-(2-[4-io0do-2- [(2S,4S)-1-
[ (2S)-2- 20[ (et hoxycar bonyl ) am no] - 3-met hyl but anoyl ]
- 4- et hyl py rarZthecﬂkl 13- L2RI3'FT &quippdd withiadaechanfzal stirket yweypppheryddnetoignyikeml H

-i m dazol et h i di
b, SR T PGS PSR i 2 o
r2r{):ZL 7 g?gB?ééMb‘%onylM trﬁthw-}byﬁblhdinaeil] ‘1HG|9|7d53461- 9338thw]phenyl]ethynyl]-1H-

Vet hyl K oLy g th By GO el ot (13459 b YRS 0K MEHHAE) - 5.
net hyl - but amylll dremeddud while rRiriisd.nERaryddl- (.lzBB |7mgda9qb rﬁoulﬂsadalyéaydrid the

trlfluororreth th 1H- i m dazol - rol.idi ne-1-c¢
byt 1 S*zsn?@%ﬁ{ws Beish e i ko U Ry"a it 1100 9ok (reret p Hhe Prvibraus,

-[(2S, 4S) -sirfed- fb@d@mﬂ;tr{'els %daﬂ@recztmbagmcémé Ay mégmézl Wwilh Meetharkorl benydidtedr met
hyl - pr opyl, %car bamat e m_z are added

trimethyi - ?i?po(r?treidftlouﬂ-r a%tt%%pf)err@d(lg a3 nec?< 5nL RBF egmpped with a mechanical

trimethyl SslulrbélretHéygaMJtﬁolaheaddlé@tmafimtb]b%uh H@ il mxage @2959@84%@ 939 mol) is
PdCl 2(dppf)-C|—|2CI 2 (4.825 005908 ol ) 0, 01182 vl ),

H20 (5. 322ddgd ogers uteb"gégiﬁeﬁm )theamernasbtw@wr%ﬁelogfa@scpﬁt the. ewbs

mol ) . Theyfth&hdi€oh Sard@ﬁ&aﬁ@dsoﬁads haakado fornT 8d HNLbmBE EH]Q@?ntHéVr%é&hcght
After renoval of the’ sol vent under reduced /g(*essure the residue is

suspended 17 8lOWAY WRrmes ¢ &t prg follaweddpp BPLC. (AffaroS.LhoursyriBe sHIRSHER DSFYRRS c

extracts aJ washesrou q?hv Brihneis adiéLanPURr mbageGd stifr@Bgen| 'h@&teéﬂt rtP‘ﬂl[t'ef'éoed
by silica ge col utm chr omat ogr aphy usi ng MeOH CH2d 2 d the mgjor

fracti®n idashadwiBumy g er‘eu5§i‘ﬁgs AESE s VRFAEE OYRNeP- &bﬁdofg CBWBW gford
met hyI N- [ gf;;g I4(42-§I 4%@3;7[&4@&1%&%&% 1- aiy[ ?b71§24§)5 4%[)7-4 methylpyrrol1d1mum 2 yl)

(rret oxycar bonyl am_no) - 3- et - but ano Froli yl] -1
L AT A LMD RE A MR I AR o (R

[ m dazol - Zsowder- 4- met hyl - pyrrolidi ne-1 -carbonyl ]

-2-nethyl -propyl ] carbamate (6.9 ng, 0.008466 mml, 14.33% as a white solid

. LOMS: mgt& mI:807. 44 (MW . 1H NMR (CD30D, 400 M—Iz): 6 7.20-7.7.80 (m

5H), 4.98(m 2H), 4.20 (m 4H), 3.62 (s, 6H), 2.46 (m 4H), 1.96 (m 4H),

1. 15- 1. 30 16m 18H)1,nelk RBEonde2 htrogbht cjuipped Riitle nRechanicA9stirAdr; A1&3rMéouple

2011707932 1RCT US2Qt9, ORAHSE X YTRLER Z3nan enabistothyne-2,1-diyl))bis(2-((25,45)-4-
methylpyrrolidinium-2-yl)-1H-imidazol-3-ium) chloride (196.27 g, 342.4 mmol), the (25)-
2-(methoxycarbonylamino)-3-methyl-butanoic acid (120.0 g, 684.8 mmol) and HATU
(260.4 g, 684.8 mmol) are added. The powder is stirred under nitrogen and DMF (1.953 L)

30 is added, the solution is then cooled to 3 'C using an ice/water bath. N,N-
diisopropylethylamine (354.0 g, 477.1 mL, 2.739 mol) is added dropwise over 80 minutes
while keeping the internal temperature at 4+2°C. The reaction mixture is stirred for 1.5
hours and followed by HPLC/MS that shows that the reaction is completed. Cold water
(5.859 L) is added dropwise over 90 minutes while keeping the internal temperature

below 8.5°C. The suspension is stirred for 1 hour in an ice bath, filtered and washed with
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cold water (600 ml) and then with cold heptane (400 ml). The crude product is dried
overnight at 45 C in vacuum oven. The crude powder (253 g) is transferred ina 12 L 5
neck RBF equipped with a mechanical stirrer, a condenser, a temperature controller J-
Kem model 260 and a heating mantel. Methanol (6L) is added and the mixture is heated
at reflux until the compound is dissolved. The hot solution is filtered and washed with
methanol (500 mL). The solution is transferred in a 12 L 5 neck RBF equipped with a
mechanical stirrer, a temperature controller J-Kem model 260, a heating mantel and a
distillation head. Methanol (4 L) is distilled off while stirring. The heating is turned off
and the solution is slowly brought back to room temperature and slowly crystallized out

10  overnight. The suspension is cooled for 30 minutes in an ice bath, filtered on a large
Buchner and washed with cold methanol (200 mL). The cake is dried in a vacuum oven at
35°C for 3 days to give methyl N-[(1S)-1-[(2S,4S)-2-[5-[2-[4-[2-[2-[(2S,4S5)-1-[(25)-2-
(methoxycarbonylamino)-3-methyl-butanoyl]-4-methyl-pyrrolidin-2-yl]-1H-imidazol-5-
yl]ethynyl]phenyl]ethynyl]-1H-imidazol-2-yl]-4-methyl-pyrrolidine-1-carbonyl]-2-methyl-
propyl]carbamate (172 g, 228.5 mmol, 66.73% yield) as an off white powder 98.16% pure
by HPLC.

Example 5

Methyl N-[(1S)-2-methyl-1-[(2S,4S)-4-methyl-2-[4-[2-[2,3,5,6-tetradeuterio-4-[2-[ 2-
20 [(2S,4S)-1-[(2S)-2-(methoxycarbonylamino)-3-methyl-butanoyl]-4-methyl-pyrrolidin-

2-yl]-1H-imidazol-4-yl]ethynyl]phenyl]ethynyl]- 1H-imidazol-2-yl]pyrrolidine-1-

carbonyl]-2-methyl-propyl]carbamate
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The above gon A e{d%wé’){?&% prepared according to the procedures disclosed
herei n. Exanpl e

N-[ (15) - Wp(RB)Y07232[14- [ 2- [2 [ (25)-1-[(25)-2- (et hoxycar b@cy/tsee100§2188 et hyl -
but anoyl ] pyrrolidin-2-yl]-1Him dazol -4-yl]thieno[ 3, 2-b]thiophen-5-yl]-1Hi
m dazol - 2-yl ] pyrrolidi ne-1-carbonyl ]-2-nmet hyl - propyl ] carbamate To a

sol ution of nethyl

N-[ (1S)-1-4téRf) - 2- (4-i odo- 1Hi mi dazol - 2-yl ) pyrrolidi ne- 1-carbonyl ] -

102- et hyl - propyl ] carbamate (116.6 ng, 0.2775 mol) and
4,4,5, 5-1 e-lfor%ﬂ%f'tﬁ?ﬂ ofoh,4-dibromo-2,3,5,6- tétradeuterio-benzené (500 mg, 2.084 mmol) in DMF

(4,4,5,5- L(§d rrﬁ”j‘?hfé/'adée@ pacgedgg@tm{zel a{852)9¥h1)gﬂvﬁm[ ?nn%i)b]ah@'@wt;?QBZ M) - 1,

3,2- di oxaborol ane (47 in acetonitrilé )
m cr owave & @mlhﬁftﬂn@@a-"ﬂ”%’@%’?ﬁ ét%s%ahbf@ atle &a¥uennelaiang %H@’él
Pd( dppf) C%?h@ﬂ?@sﬂaﬁelgﬁﬂt& FﬂZqI 883 Q>1§L106 D mANEAregddOH tHE RiabR MRRtPe.

(603.3 pL of resul tant suspension is heated in

m cr onave élenl@ﬁéqilé)tﬂonlﬁﬁ H??f@ﬂe%t éﬁh@ wHieE dhitregere @vernights AferHyemevaldgefs v ved

in 10% MeQbheRR Qinder f rdduebgdpRistureal the %@Qd&&”ﬁe'ﬁhﬁﬁ&@dby Thecd eééldléeldnﬁm
purified by silica gel colum chromat ography using methanol - eth acetate

(0: 100 t o cheorgspephy| yaing hexairr oiod RIOYER| dHme tBerﬂ?—:L3(52@}tﬁ*ﬁ9d€Wﬁ¢r¢QT41(%

er"F?rl'S; | idt A@é Sg&ﬁ%’fﬁ@nétig % nte%éjo Ft N%kh1 mmol, 62.93%) as yellow solid.

20( rretllQoxy t)anoyl]pyrrolldl n-2-yl] -1 H
-imdazol -4ay|/] t hi eno[ 3, 2- b] t hi ophen-5-yl]-1 H

-i m dazol - y]pyrrolldlne 1-carbony|] -2-met hyl - propyl | car bamate (6. 90
nmy, O. 0090T114 anpiitiorn, @9 B9rg -batyl a(2bi4ghi- (févdoil -dpidagol- 2Pf/l)--"r ethgl-pwedidim-0Ac,

it s, NELOOe 4 BRI oY § SO R TR e e R e
4.6 mm x 2BUadenterigidt ( drtmmetli‘ylmé/l@bvnyl pbemaleshywsilane (100 mg, 0.3642 mmol),
oty (R (o) 1% DA FBRolegil 4186518, O 01821 D A9, R
0) - 3- (665.3 mg, 653.5 pL, 4. 370 mmol After degassing, water (19.69 mg, 19.69 pL, 1.093
?‘SLEZL‘Z?ST@%. 98 oY el dhli e pherdThe ol 9' G R el o
pyl ] car barmitregenTénernight. eAftampmMai wfsthprsep@ntadncﬂerdwdmdwgnessure the reSIdue is
y1) - et ARV R SCLE QOB i BBABh g Mo (070 1 Gl 18 PIRMBR LT e
for Exmrrpltmtﬂazs ME)-MHA- [ 24 [ 2=[Z7 R 2,19 - (-kéariehbu tdRy carb@nyd-U - me thyt -egrrolmR2by@ - (Rt ) =
2o e S BE RS 000 AR o By RN P82 SR 18

pyrrolidine-1- carboxylate (141 mg, 0.2242 mmol, 61.57%) as a off-white solid. LC/MS:

m/z = 629.20 (M+H").

Step Il

To a solution of tert-butyl (2S,45)-2-[4-[2-[4-[2-[2-[(2S,4S)-1-tert-butoxycarbonyl-4-

methyl-pyrrolidin-2-yl]-1H-imidazol-4-yl]ethynyl]-2,3,5,6-tetradeuterio-phenyl]ethynyl]-

1H-imidazol-2-yl]-4-methyl-pyrrolidine-1-carboxylate (196 mg, 0.3117 mmol) in 3 mL of

methanol is added HCl/dioxane (779.2 puL of 4 M, 3.117 mmol) . The mixture is stirred at

rt for 1 hour and then concentrated to dryness. The residue is used in the next step

30  without any further purification.

Step IV

To a solution of 2-[(2S,4S5)-4-methylpyrrolidin-2-yl]-4-[2-[2,3,5,6-tetradeuterio-4-[2-[2-

[(2S,4S)-4-methylpyrrolidin-2-yl]-1H-imidazol-4-yl]ethynyl]phenyl]ethynyl]-1H-imidazole

(hydrochloric acid (4)) (179 mg, 0.3116 mmol) HCl salt in DMF (5 mL) are added (25)-2-

(methoxycarbonylamino)-3-methyl-butanoic acid (136.5 mg, 0.7790 mmol), HATU (296.2

mg, 0.7790 mmol) and DIPEA (402.7 mg, 542.7 uL, 3.116 mmol). The mixture is stirred at
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rt overnight. After removal of the solvent under reduced pressure, the residue is purified
twice by silica gel column chromatography using MeOH (0-6%) in CH,Cl, to provide methyl
N-[(1S)-2-methyl-1-[(2S,4S)-4-methyl-2-[4-[2-[2,3,5,6-tetradeuterio-4-[2-[2-[(2S,4S5)-1-
[(2S)-2-(methoxycarbonylamino)-3-methyl-butanoyl]-4-methyl-pyrrolidin-2-yl]-1H-
imidazol-4-yl]ethynyl]phenyl]ethynyl]-1H-imidazol-2-yl]pyrrolidine-1-carbonyl]-2-methyl-
propyl]carbamate (184 mg, 0.2353 mmol, 75.51%) as an off-white solid. LC/MS: m/z =
743.58 (M+H"). "H NMR (CD;0D, 400 MHz): & 7.15-7.24 (d, 2H), 4.95(m, 2H), 4.20 (m, 4H),
3.62 (s, 6H), 2.46 (m, 4H), 1.96 (m, 4H), 1.15-1.30 (m, 8H), 0.84(m, 12H).

Example 6:

10 Methyl N-[(1S)-1-[(2S,4S)-2-[4-[2-[6-[2-[2-[(2S,4S)-1-[(2S)-2-
(methoxycarbonylamino)-3-methyl-butanoyl]-4-methyl-pyrrolidin-2-yl]-1H-imidazol-
3-ium-4-yl]ethynyl]-2-naphthyl]ethynyl]- 1H-imidazol-3-ium-2-yl]-4-methyl-
pyrrolidine-1-carbonyl]-2-methyl-propyl]carbamate as HCl salt

bW __
\‘kﬁ /{\L

H o o)
"t
To a stirred suspension of methyl N-[(1S)-1-[(2S,4S)-2-(5-iodo-1H-imidazol-2-yl)-4-methyl-
pyrrolidine-1-carbonyl]-2-methyl-propyl]carbamate, Cul and Pd(dppf)Cl,-DCM in DMF is
sequentially added TEA and 2,6-diethynylnaphthalene under nitrogen atmosphere. The
reaction mixture is heated at 70°C for 3 hours in a sealed tube, and is concentrated to
dryness. The residue is purified by flash column chromatography on silica gel (0 to 15%
20  MeOH in EtOAc) to give a mixture of diastereomers. The mixture is purified by reverse
phase HPLC using a gradient of CH;CN/water to afford the title compound as HCl salt.
"H NMR (400 MHz, CD;0D) & 8.11 (s, 2 H), 7.925 (d, 2 H), 7.67 (s, 2 H), 7.61 (d, 2 H), 5.09
(dd, 2 H), 4.29 (t, 2 H), 4.18 (d, 2 H), 3.64 (s, 6 H), 3.4-3.25 (m, 2 H), 2.65-2.4 (m, 4 H),
2.05-1.75 (m, 4 H), 1.208 (d, 6 H), 0.88 (d, 6 H), 0.86 (d, 6 H).
LC/MS: m/z = 789.61 (M+H").

Example 7:
Dimethyl (2S,2'S,3R,3'R)-1,1'-((3S,3'S,5S,5'S)-5,5'-(4,4'-(1,4-phenylenebis(ethyne-2,1-
diyl))bis(1H-imidazole-4, 2-diyl))bis(3-methylpyrrolidine-5, 1-diyl))bis(3-methoxy-1-

30 oxobutane-2,1-diyl)dicarbamate
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To a stirred suspension of methyl N-[(1S,2R)-1-[(2S,4S)-2-(4-iodo-1H-imidazol-2-yl)-4-
methyl-pyrrolidine-1-carbonyl]-2-methoxy-propyl]carbamate (99.96 mg, 0.2220 mmol),
Cul (4.228 mg, 0.02220 mmol) and Pd(dppf)Cl,-DCM (18.13 mg, 0.02220 mmol) in DMF
(1.5 mL) is sequentially added TEA (67.39 mg, 92.82 pL, 0.6660 mmol) and 1,4-
diethynylbenzene (14 mg, 0.1110 mmol) under nitrogen atmosphere. The reaction
mixture is heated at 70°C for 3 hours, diluted with water (10 mL) and extracted with
CH.CL, (3 x 10 mL). The combined extracts are washed with water, brine, dried over
Na,SO., filtered, and concentrated to dryness. The residue is purified by flash column
chromatography on silica gel (5 to 25% MeOH in toluene) and is repurified by reverse
phase HPLC using a gradient of CH;CN/water to afford dimethyl (2S,2'S,3R,3'R)-1,1'-
((3S,3'S,55,55)-5,5'-(4,4'-(1,4-phenylenebis(ethyne-2,1-diyl))bis(1H-imidazole-4,2-
diyl))bis(3-methylpyrrolidine-5,1-diyl))bis(3-methoxy-1-oxobutane-2,1-diyl)dicarbamate
(11.4 mg, 0.01321 mmol, 11.90%) as HCl salt.

Rf = 0.42 (MeOH-Toluene, 1:4),

'H NMR (400 MHz, CD;0D) & 7.64 (s, 2 H), 7.50 (s, 4 H), 5.03 (dd, 2 H), 4.35 (d, 2 H), 4.26
-4.1 (m, 2 H), 3.6-3.4 (m, 2 H), 3.56 (s, 6 H), 3.3-3.1 (m, 1 H), 3.2 (s, 6 H), 2.6-2.3 (M, 4
H), 1.75-1.55 (m, 2 H), 1.11 (d, 6 H), 0.99 (d, 6 H).

LC/MS: m/z = 771.58 (M+H").

Example 8:

Dimethyl (2S,2'S)-1,1'-((3S,3'S,5S,5'S)-5,5'-(4,4'-(2,5-dimethyl-1, 4-
phenylene)bis(ethyne-2,1-diyl)bis(1H-imidazole-4,2-diyl))bis(3-methylpyrrolidine-

5, 1-diyl))bis(3-methyl-1-oxobutane-2,1-diyl)dicarbamate
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To a stirred suspension of methyl N-[(1S)-1-[(2S,4S)-2-(5-iodo-1H-imidazol-2-yl)-4-methyl-
pyrrolidine-1-carbonyl]-2-methyl-propyl]carbamate (73.22 mg, 0.1686 mmol) , Cul (3.211
mg, 0.01686 mmol) and Pd(dppf)Cl,-DCM (13.77 mg, 0.01686 mmol) in DMF (1.144 mL) is
sequentially added TEA (70.50 pL, 0.5058 mmol) and 1,4-diethynyl-2,5-dimethyl-benzene
(13 mg, 0.08430 mmol) under nitrogen atmosphere. The reaction mixture is heated at
50° C overnight, diluted with water (10 mL), and a precipitate is formed. The precipitate
is filtered, washed with water, and dried under high vacuum to afford the title
compound (65 mg) which is converted into HCl salt using 4N HCl in dioxane. The mixture
is freeze dried and purified by reverse phase HPLC using a gradient of CH;CN/water to
afford (2S,2'S)-1,1'-((3S,3'S,55,5'S)-5,5'-(4,4'-(2,5-dimethyl-1,4-
phenylene)bis(ethyne-2,1-diyl)bis(1H-imidazole-4,2-diyl))bis(3-methylpyrrolidine-5,1-
diyl))bis(3-methyl-1-oxobutane-2,1-diyl)dicarbamate as HCl salt (3.9 mg, 0.004276 mmol,
5.072%) as light yellow solid.

Rf = 0.29 (MeOH-Toluene, 1:9).

'H NMR (400 MHz, CD;0D) & 7.79 (s, 2 H), 7.44 (s, 2 H), 5.10 (dd, 2 H), 4.30 (t, 2 H), 4.17
(d, 2 H), 3.63 (s, 6 H), 3.39 - 3.31 (m, 2 H), 2.45 (s, 6 H), 2.65-2.45 (m, 4 H), 2.04 - 1.90
(m, 2 H), 1.8-1.7 (m, 2 H), 1.20 (d, 6 H), 0.87 (d, 6 H), 0.85 (d, 6 H).

LC/MS: m/z =767.59 (M+H").

dimethyl

Example 9:
Dimethyl (2S,2'S)-1,1-((3R,3'R,5S,5'S)-5,5'-(4,4'-(1,4-phenylenebis-
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(ethyne-2,1-diyl))bis(1H-imidazole-4, 2-diyl))bis(3-methylpyrrolidine-5, 1-diyl))bis(3-

methyl- 1-oxobutane-2,1-diyl)dicarbamate
‘>—\ j/
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To a stirred suspension of methyl (S)-1-((2S,4R)-2-(4-iodo-1H-imidazol-2-yl)-4-
methylpyrrolidin-1-yl)-3-methyl-1-oxobutan-2-ylcarbamate (96.41 mg, 0.21 mmol), Cul
(4.23 mg, 0.022 mmol) and Pd(dppf)Cl;-DCM (18.13 mg, 0.022 mmol) in DMF (1.5 mL) is
sequentially added TEA (92.82 pL, 0.67 mmol) and 1,4-diethynylbenzene (14 mg, 0.11
mmol) under nitrogen atmosphere. The reaction mixture is heated at 70°C for 3 hours,
diluted with water (6 mL), and a precipitate is filtered off. The precipitate is dissolved
in CH,Cl,, filtered through a pad of celite, and concentrated to dryness. The residue is
purified by flash column chromatography on silica gel (5 to 10% MeOH in toluene) to
afford the title compound (43 mg) which is converted into its HCl salt and purified by
reverse phase HPLC using a gradient of CH3;CN/water to afford dimethyl (2S,2'S)-1,1'-
((3R,3'R,5S,5'S)-5,5'-(4,4'-(1,4-phenylenebis-ethyne-2,1-diyl))bis(1H-imidazole-4,2-
diyl))bis(3-methylpyrrolidine-5,1-diyl))bis(3-methyl-1-oxobutane-2,1-diyl)dicarbamate as
HCl salt (17.1 mg, 0.0199 mmol, 17.93%) as white solid.

'H NMR (400 MHz, CD;0D) & 7.76 (s, 2 H), 7.60 (s, 4 H), 5.25 (dd, 2 H), 4.17 (d, 2 H), 4.02
- 3.86 (m, 2 H), 3.64 (s, 6 H), 3.61 - 3.48 (m, 2 H), 2.7-2.58 (m, 2 H), 2.28-1.99 (m, 6 H),
1.14 (d, 6 H), 0.91 (d, 6 H), 0.89 (d, 6 H).

LC/MS: m/z =739.5 (M + H").
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Example 10:

Methyl N-[(15)-1-[(2S,4S)-2-[5-[2-[5-[ 2-[ 2-[(2S,4S)-1-[(2S)-2-(methoxycar-
bonylamino)-3-methyl-butanoyl]-4-methyl-pyrrolidin-2-yl]-1H-imidazol-5
yl]ethynyl]thieno[ 3,2-b]thiophen-2-yl]ethynyl]- 1H-imidazol-2-yl]-4-methyl-
pyrrolidine-1-carbonyl]-2-methyl-propyl]carbamate

N [0} N
o Q
NH \O)LN
A H
079

The title compound is synthesized from 2,5-Diethynyl-thieno[3,2-b]thiophene and methyl
N-[(1S)-1-[(2S,4S)-2-(5-iodo-1H-imidazol-2-yl)-4-methyl-pyrrolidine-1-carbonyl]-2-methyl-
propyl]carbamate as described in Example 4A.

10  LC/MS: m/z = 801.5 (M+H").

Example 11:

Methyl N-[(1S)-1-[(2S,4S)-2-[4-[2-[4-[2-[ 2-[(2S,4S)-1-[(2S)-2-
[methoxycarbonyl(methyl)amino]-3-methyl-butanoyl]-4-methyl-pyrrolidin-2-yl]-1H-
imidazol-4-yl]ethynyl]phenyl]ethynyl]-1H-imidazol-2-yl]-4-methyl-pyrrolidine-1-
carbonyl]-2-methyl-propyl]-N-methyl-carbamate

N ”.’N\B+©+(/N‘u”
N_o — - o o
)I += = )I %
- - -~ NT
(o]
o, o, !
] ]

To a stirred suspension of methyl N-[(1S5)-1-[(2S,4S)-2-(5-iodo-1H-imidazol-2-yl)-4-
methyl-pyrrolidine-1-carbonyl]-2-methyl-propyl]-N-methyl-carbamate  (75mg, 0.17
20 mmol), Cul(3.18 mg, 0.017 mmol) and Pd(dppf)Cl,-DCM (13.6 mg, 0.017mmol) in DMF
(1.2 mL) is sequentially added TEA (70 pL, 0.50 mmol) and 1,4-diethynylbenzene (10.55
mg, 0.083 mmol) under nitrogen atmosphere. The reaction mixture is heated at 70°C
for 1 hour, diluted with water and extracted with CH,Cl,. The organic phase is washed
with water, brine, dried over Na,SO, filtered and concentrated to dryness. The residue
is purified by flash column chromatography on silica gel (1 to 30% MeOH in CH,Cl;) and
purified by reverse phase HPLC using a gradient of CH;CN/water to give methyl N-[(1S)-
1-[(2S,4S)-2-[4-[2-[4-[2-[2-[(2S,45)-1-[(2S)-2-[methoxycarbonyl(methyl)amino]-3-
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methyl-butanoyl]-4-methyl-pyrrolidin-2-yl]-1H-imidazol-4-yl]Jethynyl]phenyl]ethynyl]-
1H-imidazol-2-yl]-4-methyl-pyrrolidine-1-carbonyl]-2-methyl-propyl]-N-methyl-
carbamate.

'H NMR (400 MHz, CD;0D) & 7.65 (m, 2H), 7.47 (s, 4H), 4.95 (m, 2H),4.43 (d, 2H), 4.29
(m,1H), 4.19-4.14(m, 2H), 4.0-3.8(m, 1H), 3.64 (s, 6H), 2.74 (s, 6H), 2.57-2.46 (m, 2H),
2.33-2.27 (m, 2H), 2.07-2.01 (m, 2H), 1.70 -1.62 (m, 2H), 1.08 (d, 6H), 0.84 (dd, 6H),
0.70(dd, 6H).

LC/MS: m/z = 767.46(M+H").

Example 12:

Methyl N-[(1S)-1-[(2S,4S)-2-[4-[2-[4-[2-[ 2-[(2S,4S)-1-[(2S)-2-
(methoxycarbonylamino)-3-methyl-butanoyl]-4-methyl-pyrrolidin-2-yl]-1H-imidazol-
4-yl]ethynyl]phenyl]ethynyl]-1H-imidazol-2-yl]-4-methyl-pyrrolidine-1-carbonyl]-2-
methyl-propyl]-N-methyl-carbamate

Ny
>
N H * s
o

N

’e
3'5

To a stirred suspension of methyl N-[(1S)-1-[(2S,4S)-2-(5-iodo-1H-imidazol-2-yl)-4-methyl-
pyrrolidine-1-carbonyl]-2-methyl-propyl]carbamate (100 mg, 0.23mmol), methyl N-[(1S)-
1-[(2S,4S)-2-(5-iodo-1H-imidazol-2-yl)-4-methyl-pyrrolidine-1-carbonyl]-2-methyl-propyl]-
N-methyl-carbamate (103.2 mg, 0.23mmol), Cul (8.7mg, 0.04 mmol) and Pd(dppf)Cl,-DCM
(37.6 mg, 0.04 mmol) in DMF (3 mL) is sequentially added TEA (192.6 pL, 1.38 mmol) and
1,4-diethynylbenzene (29mg, 0.23 mmol) under nitrogen atmosphere. The reaction
mixture is heated at 70°C for 1 hour, diluted with water and extracted with CH,Cl,. The
organic phase is washed with water, brine, dried over Na,SO, filtered and concentrated
to dryness. The residue is purified by flash column chromatography on silica gel (1 to
30% MeOH in CH,Cl;) and purified by reverse phase HPLC using a gradient of CH;CN/water
to give methyl N-[(15)-1-[(2S,4S5)-2-[4-[2-[4-[2-[2-[(2S,4S)-1-[(2S)-2-
(methoxycarbonylamino)-3-methyl-butanoyl]-4-methyl-pyrrolidin-2-yl]-1H-imidazol-4-
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yl]ethynyl]phenyl]ethynyl]-1H-imidazol-2-yl]-4-methyl-pyrrolidine-1-carbonyl]-2-methyl-
propyl]-N-methyl-carbamate as a white powder.

'H NMR (400 MHz, CD;0D) & 7.55 (m, 2H), 7.47 (s, 4H), 5.00-4.92 (m, 2H), 4.42 (d, 1H),
4.41-4.14(m, 2H), 4.22 (m, 1H), 4.08 (d, 1H), 3.99 (m, 1H), 3.64 (s, 3H), 3.54 (s, 3H),
2.74 (s, 3H), 2.55-2.44 (m, 2H), 2.34 (m, 2H), 2.03 (m, 1H), 1.87 (m, 1H), 1.67 (m, 2H),
1.10-1.04 (m, 6H), 0.79-0.69 (m, 12H).

LC/MS: m/z = 753.4(M+H").

Example 13:

Methyl N-[(1S)-1-[(2S)-2-[4-[2-[4-[2-[2-[(2S)-1-[ (2S)-2-(methoxycarbonylamino)-3-
methyl-butanoyl]pyrrolidin-2-yl]-1H-imidazol-4-yl]ethynyl]-1, 3-benzoxazol-7-
yl]lethynyl]- 1H-imidazol-2-yl]pyrrolidine-1-carbonyl]-2-methyl-propyl]carbamate

N H
o
N o N-©

N (0]
—  Ns ) oSN (j\/
\\Q\,E/\N H O+ o Hl N N/’\} — _ {\lﬁ/\
HO \g Br Br Ifoﬁ |l| )I\g

S

4,7-Dibromo-1,3-benzoxazole (19 mg, 0.07 mmol), methyl N-[(15)-1-[(2S)-2-(4-ethynyl-
1H-imidazol-2-yl)pyrrolidine-1-carbonyl]-2-methyl-propyl]carbamate (56 mg, 0.17 mmol),
Pd(dppf)Cl,-DCM (5.7 mg, 0.007 mmol), TEA (19.6 uL,0.14 mmol) and Cul (2.6 mg, 0.014
mmol) are dissolved in 3 mL of DMF. The system is flushed with nitrogen and the mixture
is heated at 70°C overnight. After evaporation of the solvent under vacuum, the residue
is purified by flash column chromatography on silica gel (0 to 7% MeOH in CH,Cl;) and is
further purified by reverse phase HPLC using a gradient of CH;CN/water to give methyl
N-[(15)-1-[(2S)-2-[4-[2-[4-[2-[2-[(2S)-1-[(2S)-2-(methoxycarbonylamino)-3-methyl-
butanoyl]pyrrolidin-2-yl]-1H-imidazol-4-yl]ethynyl]-1,3-benzoxazol-7-yl]ethynyl]-1H-
imidazol-2-yl]pyrrolidine-1-carbonyl]-2-methyl-propyl]carbamate (10.4 mg).

"H NMR (400 MHz, CD;0D): & [ppm] 8.58 (s, 1H), 7.38-7.50 (m, 4H), 5.08 (m, 2H), 4.18 (d,
2H), 3.80-3.94 (m, 4H), 3.55 (s, 6H), 1.99-2.26 (m, 10H), 0.86-0.97 (m, 12H).

LC/MS : m/z 752.58 (M+H").

1H NMR (400 MHz, CD;0D) & 7.29 (m, 2H), 7.12 (m, 4H), 5.05(m, 2H), 4.17(d, 2H), 3.98-
3.92 (m, 2H), 3.82-3.78 (m, 2H), 3.62 (s, 6H), 2.24 (m, 4H), 2.12 (m, 2H), 2.03-1.97 (m,
4H), 1.3-1.27 (m, 6H), 0.95-0.85 (m, 12H).

LC/MS: m/z = 717.5(M+H").
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Examples 14 and 15:

methyl N-[(1S)-1-[(2S)-2-[4-[2-[2-[2-[2-[(2S)-1-[ (2S)-2-(methoxycarbonylamino)-3-
methyl-butanoyl]pyrrolidin-2-yl]-1H-imidazol-4-yl]ethynyl]thieno[ 3, 2-b]thiophen-5-
yl]lethynyl]-1H-imidazol-2-yl]pyrrolidine-1-carbonyl]-2-methyl-propyl]carbamate (14)
and

methyl N-[(1S)-1-[(2S)-2-[4-[4-[2-[(2S)-1-[(2S)-2-(methoxycarbonylamino)-3-methyl-
butanoyl]pyrrolidin-2-yl]-1H-imidazol-4-yl]buta-1, 3-diynyl]-1H-imidazol-2-
yl]pyrrolidine-1-carbonyl]-2-methyl-propyl]carbamate (15)

_N s N D
i = [ >—= /\\,!,/\N N0
on' s oAy
~0 H H O«

P!
oS + \Q”N Y .

2,5-Dibromothieno[3,2-b]thiophene (26 mg, 0.088 mmol), methyl N-[(1S)-1-[(25)-2-(4-
ethynyl-1H-imidazol-2-yl)pyrrolidine-1-carbonyl]-2-methyl-propyl]carbamate (70 mg, 0.22
mmol), Pd(dppf)Cl,-DCM (57.1 mg, 0.008 mmol), TEA (24.5 uL,0.17 mmol) and Cul (3.3
mg, 0.017 mmol) are dissolved in 3 mL of DMF. The system is flushed with nitrogen and
the reaction mixture is heated at 70°C overnight. After evaporation of the solvent under
vacuum, the residue is purified by flash column chromatography on silica gel (0 to 7%
MeOH in CH,Cl;) and is further purified by reverse phase HPLC wusing a gradient of
CHsCN/water  to give methyl N-[(1S)-1-[(2S)-2-[4-[2-[2-[2-[2-[(2S)-1-[(2S)-2-
(methoxycarbonylamino)-3-methyl-butanoyl]pyrrolidin-2-yl]-1H-imidazol-4-
yl]ethynyl]thieno[3,2-b]thiophen-5-yl]ethynyl]-1H-imidazol-2-yl]pyrrolidine-1-carbonyl]-
2-methyl-propyl]carbamate (16 mg)

"H NMR (400 MHz, CD;0D): § [ppm] 7.41 (s, 2H), 7.25 (s, 2H), 5.08 (m, 2H), 4.18 (d, 2H),
3.80-3.94 (m, 4H), 3.56 (s, 6H), 1.97-2.27 (m, 10H), 0.82-0.96 (m, 12H).

LC/MS : m/z 773.53 (M+H").

Methyl N-[(1S)-1-[(2S)-2-[4-[4-[2-[(25)-1-[(2S)-2-(methoxycarbonylamino)-3-methyl-
butanoyl]pyrrolidin-2-yl]-1H-imidazol-4-yl]buta-1,3-diynyl]-1H-imidazol-2-yl]pyrrolidine-
1-carbonyl]-2-methyl-propyl]carbamate (5 mg) is also isolated.

"H NMR (400 MHz, CD;0D): & [ppm] 7.33 (s, 2H), 5.08 (m, 2H), 4.18 (d, 2H), 3.77-3.91 (m
4H), 3.56 (s, 6H), 1.92-2.22 (m, 10H), 0.86-0.96 (m, 12H).

LC/MS : m/z 635.48 (M+H").
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Example 16:
Methyl N-[(1S)-1-[(2S,4S)-2-[4-[2-[4-[2-[ 2-[(2S,4S)-1-[(2S)-2-

(methoxycarbonylamino)-3-methyl-butanoyl]-4-methyl-pyrrolidin-2-yl]-1H-imidazol-
4-yl]lethynyl]-2-methyl-phenyl]ethynyl]-1H-imidazol-2-yl]-4-methyl-pyrrolidine-1-
carbonyl]-2-methyl-propyl]carbamate

={F—+'@Q — }NBY“/z =’>

Y Y

Methyl N-[(1S)-1-[(2S,4S)-2-(4-iodo-1H-imidazol-2-yl)-4-methyl-pyrrolidine-1-carbonyl]-2-
methyl-propyl]Jcarbamate (60 mg, 0.14 mmol), 1,4-diethynyl-2-methyl-benzene (8.8 mg,
0.06 mmol), Pd(dppf)Cl,-DCM (5.1 mg, 0.006 mmol), TEA (22 uL, 0.16 mmol) and Cul (2.4
mg, 0.012 mmol) are dissolved in 2 mL of DMF. The mixture is heated to 50°C under N,
overnight. After evaporation of the solvent under vacuum, the residue is purified by
flash column chromatography on silica gel (0 to 7% MeOH in CH,Cl,) and is further
purified by reverse phase HPLC using a gradient of CH;CN/water to give methyl N-[(15)-1-
[(2S,4S)-2-[4-[2-[4-[2-[2-[(2S,4S)-1-[(2S)-2-(methoxycarbonylamino)-3-methyl-butanoyl]-
4-methyl-pyrrolidin-2-yl]-1H-imidazol-4-yl]Jethynyl]-2-methyl-phenyl]ethynyl]-1H-
imidazol-2-yl]-4-methyl-pyrrolidine-1-carbonyl]-2-methyl-propyl]carbamate (10 mg) as a
white solid.

'H NMR (400 MHz, CD;0D): § [ppm] 7.42-7.82 (m, 5H), 5.10 (m, 2H), 4.30 (m, 2H), 4.18
(d, 2H), 3.63 (s, 6H), 2.45-2.65 (m, 9H), 1.70-1.96 (m, 4H), 1.19 (m, 6H).0.86 (m, 12H).
LC/MS : m/z 753.56 (M+H").

Example 17:

Methyl N-[(1S)-1-[(2S,4S)-2-[4-[2-[4-[2-[ 2-[(2S,4S)-1-[(2S)-2-(methoxy-
carbonylamino)-3-methyl-butanoyl]-4-methyl-pyrrolidin-2-yl]-1H-imidazol-4-
yl]ethyl]phenyl]ethyl]-1H-imidazol-2-yl]-4-methyl-pyrrolidine-1-carbonyl]-2-methyl-

propyl]carbamate

}j\/h}: 27/\;),\,“0 Y/E_S\N(N/ NO—_SHO
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To a solution of methyl N-[(15)-1-[(2S,4S)-2-[4-[2-[4-[2-[2-[(2S,4S)-1-[(2S)-2-
(methoxycarbonylamino)-3-methyl-butanoyl]-4-methyl-pyrrolidin-2-yl]-1H-imidazol-4-
yl]ethynyl]phenyl]ethynyl]-1H-imidazol-2-yl]-4-methyl-pyrrolidine-1-carbonyl]-2-methyl-
propyl]carbamate (9.3 mg, 0.012 mmol) in 2 mL of methanol are added one drop of 1M
HCl and a catalytic amount of 10% Pd/C. The reaction mixture is stirred at RT overnight
under 1 atmosphere of hydrogen. The mixture is filtered and the filtrate is concentrated
to dryness. The residue is purified by reverse phase HPLC wusing a gradient of
CH;CN/water to give methyl N-[(15)-1-[(2S,4S)-2-[4-[2-[4-[2-[2-[(2S,4S)-1-[(25)-2-
(methoxy-carbonylamino)-3-methyl-butanoyl]-4-methyl-pyrrolidin-2-yl]-1H-imidazol -4-
yl]ethyl]phenyl]ethyl]-1H-imidazol-2-yl]-4-methyl-pyrrolidine-1-carbonyl]-2-methyl-
propyl]carbamate (2.8 mg).

'H NMR (400 MHz, CD;0D): [ppm] 7.07 (m, 6H), 5.06 (m, 2H), 4.16-4.27 (m, 4H), 3.60 (s,
6H), 2.89 (m, 6H), 2.45-2.60 (m, 4H), 1.70-1.96 (m, 4H), 1.19 (m, 10H).0.86 (m, 12H).
LC/MS : m/z 747.56 (M+H").

Example 18:

Methyl N-[(1S)-1-[(2S,4S)-2-[5-[2-[4-[2-[ 2-[(2S,4S)-1-[(2S)-2-
(methoxycarbonylamino)-3-methyl-butanoyl]-4-methyl-pyrrolidin-2-yl]-4-methyl-1H-
imidazol-5-yl]lethynyl]phenyl]ethynyl]-4-methyl-1H-imidazol-2-yl]-4-methyl-
pyrrolidine-1-carbonyl]-2-methyl-propyl] carbamate

To a solution of methyl N-[(15)-1-[(2S,4S)-2-(5-iodo-1H-imidazol-2-yl)-4-methyl-
pyrrolidine-1-carbonyl]-2-methyl-propyl]carbamate (125 mg, 0.28 mmol), 1,4-
diethynylbenzene (17.59 mg, 0.14 mmol), Pd(dppf)Cl;-DCM (11.38 mg, 0.014 mmol), and
Cul (5.31 mg, 0.028 mmol) in DMF (2.50 mL) is added TEA (70.53 mg, 97.15 pL, 0.70
mmol) and the reaction mixture is heated at 80°C for 18 hours. The reaction mixture is
diluted with water (10 mL) and is extracted with of EtOAc (5 x 10 mL). The combined
organic layers are washed with water, dried over Na,SO,, and evaporated to dryness.
The residue is purified by flash column chromatography on silica gel (0 to 15% MeOH in
CH,Cl;) and is further purified by reverse phase HPLC using a gradient of CH;CN/water to
give methyl N-[(1R)-1-[(2S,4S5)-2-[5-[2-[4-[2-[2-[(2S,4S)-1-[(2S)-2-
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(methoxycarbonylamino)-3-methyl-butanoyl]-4-methyl-pyrrolidin-2-yl]-4-methyl-1H-
imidazol-5-yl]ethynyl]phenyl]ethynyl]-4-methyl-1H-imidazol-2-yl]-4-methyl-pyrrolidine-1-
carbonyl]-2-methyl-propyl] carbamate (10.7 mg, 9%).

LC/MS : m/z 767.58 (M+H").

Example 19:
Methyl N-[(1S)-1-[(2S)-2-[5-[2-[4-[2-[2-[(2S)-1-[ (2S)-2-(methoxycarbonylamino)-3-
methyl-butanoyl]-pyrrolidin-2-yl]-4-methyl-1H-imidazol-5-
yl]ethynyl]phenyl]ethynyl]-4-methyl-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl]-2-

10  methyl-propyl] carbamate

<, e am et
) N

N
N > + = /N = (l; o™
o \—/ 7I o T
B e
/

To a solution of methyl N-[(1S)-1-[(2S)-2-(5-iodo-1H-imidazol-2-yl)-pyrrolidine-1-
carbonyl]-2-methyl-propyl]carbamate (129 mg, 0.296 mmol) , 1,4-diethynylbenzene (18.7
mg, 0.148 mmol) , Pd(dppf) (12.1 mg, 0.0148 mmol) , and Cul (5.6 mg, 0.0296 mmol) in
DMF (2.6 mL) is added TEA (103 pL, 0.740 mmol) and the mixture is heated at 80°C for 18
hours. The reaction mixture is diluted with water (10 mL) and is extracted with of EtOAc
(5 x 10 mL). The combined organic layers are washed with water, dried over Na,;S0,4, and
evaporated to dryness. The residue is purified by flash column chromatography on silica
gel (0 to 15% MeOH in CH,Cl;) and is further purified by reverse phase HPLC using a
20 gradient of CHs;CN/water to give Methyl N-[(1R)-1-[(2S,4S)-2-[5-[2-[4-[2-[2-[(2S,4S)-1-
[(2S)-2-(methoxycarbonylamino)-3-methyl-butanoyl]-pyrrolidin-2-yl]-4-methyl-1H-
imidazol-5-yl]ethynyl]phenyl]ethynyl]-4-methyl-1H-imidazol-2-yl]-pyrrolidine-1-
carbonyl]-2-methyl-propyl] carbamate (46 mg, 42%).
'H NMR (400 MHz, DMSO-d) & 12.00 (m, 2H), 7.44 (m, 4H), 7.25 (m, 2H), 4.92 (m, 2H),
3.98 (m, 2H), 3.74 (m, 2H), 3.50 (s, 6H), 2.22 (m, 6H), 2.12 (m, 6H), 1.91 (m, 6H), 0.82
(m, 12H).
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Examples 20 and 21

Methyl N-[(1S)-1-[(2S,4S)-2-[4-iodo-5-[ 2-[4-[2-[4-iodo-2-[(2S,4S)-1-[(2S)-2-
(methoxycarbonylamino)-3-methyl-butanoyl]-4-methyl-pyrrolidin-2-yl]-1H-imidazol-
5-yl]lethynyl]phenyl]ethynyl]-1H-imidazol-2-yl]-4-methyl-pyrrolidine-1-carbonyl]- 2-
methyl-propyl]carbamate (21)

N — =Y
N N)\‘ lllll
A i
N NTN" N NH —~~7N
AT e A
0
NH \0)\\;‘(\( l +
OAO H | |
/ '\,l Ny = ={ '\\l
N N)\'
N NN
g N L
NH \OLI\TL(
o= H

To a stirred suspension of Methyl N-[(1S)-1-[(2S,4S)-2-[5-[2-[4-[2-[2-[(2S,4S)-1-[(2S)-2-
(methoxycarbonylamino)-3-methyl-butanoyl]-4-methyl-pyrrolidin-2-yl]-1H-imidazol-5-
yl]ethynyl]phenyl]ethynyl]-1H-imidazol-2-yl]-4-methyl-pyrrolidine-1-carbonyl]-2-methyl-
10  propyl]carbamate (0.127 g, 0.172 mmol) in CH.Cl, (1.3 mL) at 0°C is added N-
iodosuccinimide (0.085 g, 0.378 mmol) under nitrogen atmosphere. The reaction mixture
is stirred 1 hour at 0°C and 1 hour at RT. The reaction mixture is concentrated and
purified by reverse phase HPLC using a gradient of CH;CN/water to afford methyl N-[(15)-
1-[(2S,4S)-2-[4-i0do-5-[2-[4-[2-[4-iodo-2-[(2S,4S)-1-[(2S)-2-(methoxycarbonylamino)-3-
methyl-butanoyl]-4-methyl-pyrrolidin-2-yl]-1H-imidazol-5-yl]ethynyl]phenyl]ethynyl]-1H-
imidazol-2-yl]-4-methyl-pyrrolidine-1-carbonyl]-2-methyl-propyl]Jcarbamate (32 mg,
0.03114 mmol, 18.11%, purity, 96.4%)
LC/MS, m/z: 991.01 (M+H")
and methyl N-[(2S5)-1-[(2S,4S5)-2-(5-{2-[4-(2-{4-i0do-2-[(2S,45)-1-[(25)-2-
20  [(methoxycarbonyl)amino]-3-methylbutanoyl]-4-methylpyrrolidin-2-yl]-1H-imidazol-5-
yl}ethynyl)phenyl]ethynyl}-1H-imidazol-2-yl)-4-methylpyrrolidin-1-yl]-3-methyl-1-
oxobutan-2-yl]Jcarbamate (7.5 mg, 0.0087 mmol 4.4%, purity, 95.9%)
LC/MS, m/z: 865.33 (M+H").
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Example 22
Methyl N-[1-[(2S,4S)-2-[4-[2-[4-[2-[2-[(2S,4S)-1-[ 2-(methoxycarbonylamino)-3-

methyl-butanoyl]-4-methyl-pyrrolidin-2-yl]- 1H-imidazol-4-yl]ethynyl]- 2-
(trifluoromethyl)phenyl]ethynyl]-1H-imidazol-2-yl]-4-methyl-pyrrolidine-1-carbonyl]-
2-methyl-propyl]carbamate

To a stirred solution of methyl N-[1-[(2S,4S)-2-(4-iodo-1H-imidazol-2-yl)-4-methyl-
pyrrolidine-1-carbonyl]-2-methyl-propyl]carbamate (59.02 mg, 0.1359 mmol) in DMF (2
mL) are added trimethyl-[2-[2-(trifluoromethyl)-4-(2-
trimethylsilylethynyl)phenyl]ethynyl]silane (20 mg, 0.05908 mmol), PdCl,(dppf)-CH.Cl,
(4.825 mg, 0.005908 mmol), Cul (2.251 mg, 0.01182 mmol), H,O (5.322 mg, 5.322 pL,
0.2954 mmol) and DBU (89.94 mg, 88.35 pL, 0.5908 mmol). The mixture is degassed and
heated to 75°C under nitrogen overnight. After removal of the solvent under reduced
pressure, the residue is suspended in water, extracted with CH,Cl; (3x10 mL). The
combined organic extracts are washed with brine, dried over Na,504, concentrated,
purified by silica gel column chromatography using MeOH/CH,Cl, (0-6%), and the major
fraction is further purified using reverse-phase prep-HPLC to provide methyl N-[1-
[(2S,4S)-2-[4-[2-[4-[2-[2-[(2S,45)-1-[2-(methoxycarbonylamino)-3-methyl-butanoyl]-4-
methyl-pyrrolidin-2-yl]-1H-imidazol-4-yl]ethynyl]-2-(trifluoromethyl)phenyl]ethynyl]-1H-
imidazol-2-yl]-4-methyl-pyrrolidine-1-carbonyl]-2-methyl-propyl]carbamate (6.9 mg,
0.008466 mmol, 14.33%) as a white solid . LC/MS: m/z = 807.44 (M+H"). "H NMR (CD0D,
400 MHz): 6 7.20-7.7.80 (m, 5H), 4.98(m, 2H), 4.20 (m, 4H), 3.62 (s, 6H), 2.46 (m, 4H),
1.96 (m, 4H), 1.15-1.30 (m, 8H), 0.84(m, 12H).

BOST_1803930.1 152



2H 2H H ZuttoznlljylgléReHO£§4jS—OIH 00HNO-__ _\, -1

---OH

10

20

BOST_1803930.1

NHoO)\--N

WO 2011/079327 PCT/US2010/062168

Examples 23 and 24
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The above compounds were prepared according to the procedures disclosed herein.

Example 25:

Methyl N-[(1S)-1-[(2S)-2-[4-[2-[2-[(2S)-1-[(2S)-2-(methoxycarbonylamino)-3-methyl-
butanoyl]pyrrolidin-2-yl]- 1H-imidazol-4-yl]thieno[ 3, 2-b]thiophen-5-yl]- 1H-imidazol-
2-yl]pyrrolidine-1-carbonyl]-2-methyl-propyl]carbamate

~o

B8 —Q )

07N >N NS SN \\
5 o N . 5 S A B'O 0 \\-{ =\ \ | R \_N 5

! ?E/kx}\l io _@_ ‘oj\lf N\ " %N\Ei

To a solution of methyl N-[(1S)-1-[(2S)-2-(4-iodo-1H-imidazol-2-yl)pyrrolidine-1-carbonyl]-
2-methyl-propyl]carbamate (116.6 mg, 0.2775 mmol) and 4,4,5,5-tetramethyl-2-[5-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)thieno[3,2-b]thiophen-2-yl]-1,3,2-

dioxaborolane (47 mg, 0.08629 mmol) in acetonitrile (2.5 mL) in a microwave vial (10
mL) under nitrogen atmosphere are sequentially added Pd(dppf)Cl;-CH.Cl; (14.78 mg,
0.01810 mmol) and aqg. sodium bicarbonate (603.3 pyL of 1 M, 0.6033 mmol). The
resultant suspension is heated in microwave at 150°C for 10 minutes and concentrated.
The residue is dissolved in 10% MeOH-CH,Cl,, filtered off salts and concentrated. The
residue is purified by silica gel column chromatography using methanol-ethyl acetate
(0:100 to 15:85) as eluent to afford a yellow compound (29 mg) which is repurified by
HPLC to N-[(1S)-1-[(2S)-2-[4-[2-[2-[(2S)-1-[(2S)-2-
(methoxycarbonylamino)-3-methyl-butanoyl]pyrrolidin-2-yl]-1H-imidazol-4-yl]thieno[3,2-

reverse phase afford methyl
b]thiophen-5-yl]-1H-imidazol-2-yl]pyrrolidine-1-carbonyl]-2-methyl-propyl]carbamate
(6.90 mg, 0.009014 mmol, 9.893%) as a light yellow solid. Rf = 0.29 (MeOH:EtOAc, 1:4).
LC/MS, m/z =725.5 (M+H"); Rt : 7.55 minutes.

HPLC (Rt) = 18.1 minutes, Method: 10%-50% AcCN-water (0.01% TFA) for 40 min, Gemini

C18 3um, 4.6 mm x 250 mm.
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Example 26:

Methyl N-[(1S)-1-[(2S,4S)-2-[4-[5-[2-[(2S,4S)-1-[(2S)-2-(methoxycarbonylamino)-3-
methyl-butanoyl]-4-methyl-pyrrolidin-2-yl]- 1H-imidazol-4-yl]thieno[ 3, 2-b]thiophen-
2-yl]-1H-imidazol-2-yl]-4-methyl-pyrrolidine- 1-carbonyl]-2-methyl-propyl]carbamate

—O

o Wj/\)/\\\\

The title compound is prepared from methyl N-[(1S)-1-[(2S,4S)-2-(4-iodo-1H-imidazol-2-

yl)-4-methyl-pyrrolidine-1-carbonyl]-2-methyl-propyl]carbamate as  described  for

Example 25.

LC/MS, m/z =753.15 (M+H"); Rt : 7.01 minutes.

HPLC (Rt) = 9.9 minutes, Method: 20%-60% AcCN-water (0.01% TFA) for 40 min, Gemini
C18 3um, 4.6 mm x 250 mm.

Examples 27 to 45
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The above compounds were prepared according to the procedures disclosed herein.
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14,¢,0 0 rgN . pe R 0975460130 - 14CN N O \  The above conpounds were
prepared according to the procedures disclosed herein. Attorney File Ref.:
097546- 0186 200/@20321/ 079327PCT/ US2010/ 062168 Exanpl e 52 PCT/US2010/062168

10

20

Example 46:

Methyl N-[(1S)-1-[(2S,4S)-2-[5-[2-[4-[2-[2-[ (2S,4S)-1-[(2S)-2-[[(2S)-2-
(methoxycarbonylamino)-3-methyl-butanoyl]amino]-3-methyl-butanoyl]-4-methyl-
pyrrolidin-2-yl]-1H-imidazol-5-yl]ethynyl]phenyl]ethynyl]- 1H-imidazol-2-yl]-4-
methyl-pyrrolidine-1-carbonyl]

~0 .
I g
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The same procedures are followed as mentioned for Example 4B.
LC/MS: m/z = 838.56 (M+H"). HPLC (Rt) = 43.34 minutes; Method: Phenomenex Gemini
C18 3 um, 25% CH3CN-H20 (isocratic).

Example 47:

Methyl N-[(1S)-1-[(2S,4S)-2-[4-[5-[2-[(2S,4S)-1-[(2S)-2-(methoxycarbonylamino)-3-
methyl-butanoyl]-4-methyl-pyrrolidin-2-yl]-5-methyl-1H-imidazol-4-yl]thieno[ 3, 2-
bJthiophen-2-yl]-5-methyl-1H-imidazol-2-yl]-4-methyl-pyrrolidine-1-carbonyl]-2-
methyl-propyl]carbamate

ZiNk( :
N Nj/z\\ | —Q 2
L " o s o O>/_N. ° N§\ \S [0 \NT\N \\
+ iO:B—Q\I}—B:O — _\\_/< a:')~N S o)\\N\(o
—9 | o
5% \)\Q
RS

To a degassed (vacuum/nitrogen flush) mixture of methyl N-[(15)-1-[(2S,4S)-2-(5-iodo-1H-
benzimidazol-2-yl)-4-methyl-pyrrolidine-1-carbonyl]-2-methyl-propyl]carbamate  (92.65
mg, 0.1913 mmol), methyl N-[(15)-1-[(2S,4S)-2-(5-i0odo-4-methyl-1H-imidazol-2-yl)-4-
methyl-pyrrolidine-1-carbonyl]-2-methyl-propyl]carbamate (85.76 mg, 0.1913 mmol),
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LC/MS, m/z =781.17 (M+H"); Rt : 6.92 minutes.
HPLC (Rt) = 8.26 minutes, Method: 20%-60% AcCN-water (0.01% TFA) for 40 min, Gemini
C18 3um, 4.6 mm x 250 mm.

Example 48

30  The above compound was prepared according to the procedures disclosed herein.
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2-yl)-4- Aton}éym?ﬁ’lf oL gli.;ne- 1- car bonyl ] - 2- met hyl - propyl ] car bamat eand2, 6-

di et hynyl qui nol 1 ne as described in Exanple 6. Attorney File Ref.:

097546- 0186 200/@0321/ 079327PCT/ US2010/ 062168 1H NVR (400 PWHAIS2GQDB6Dy8 6 8. 30
(d, 1H), 8.03 (s, 1H), 7.92 (d, 1H, 7.79 (d, 1H), 7.63(d, 1H), 7.45 (s,
1H, 7.32 (s, 1H, 501 (m 2H, 4.19 (m 2H, 4.17 (m 2H, 3.62 (s, 6H),
2.46 (m 2H), 2.34 (m 2H),1.99-1.86 (m 4H), 1.36-1.27 (m 2H), 1.17 (d,
6H, 0.89-0.82 (m 12H). LM mz = 790.3 (M+ 1-1).

2,6-Diethynyl quinoline is prepared from 2, 6-di bronoqui noline according to
the procedXe®MeAdited for intermediate 12. Exanple 56

LONet byl NAdehg) - 144485) 47122493 PG TbAR 4201 36).2 ARSI cArbopylaming) 3.

(et hoxycar bon yrrolidin-2-yl]- imd
azol 4-yi | dpeifry P]Jta@% T‘1 GVF'}\étHWWId}n Zﬂﬂ M"dﬁ‘ﬂﬂmt4wll 2nappthy]-18yr r oI i di ne
- 1- car bonyjyh l nmet hyl
N-[(1S)-1- [(252% 11%)%‘21?(ﬂ@{hgpgbdf&ﬁ?'ﬁaﬁgﬁrb? o Z)Tegrrﬁr'é?ﬁﬁ%wﬁﬁﬁf he- 1. car bon
yl]-2-net hyLIo- propyl]carbanate (102. 4 :ny, 0 2234 mmol ),

et h

trimethyl [ 215- Nl - 1 P |Ierthyﬁ§>I) -pyridyl]ethynyl]silane (31 ng,
0.1117 mmol P, Qﬁ)& p 3

Q\\ng, 0.01676 mml ) and copper |odide
(3.192 ny, 0_‘16 nmol ) N 1 rrL) under nitrogen atnosphere. The

reaction m xture degassed 20thr| ce (\Iv.@cuum and nitrogen gas) and DBU
(204.0 ng, 200.4 pL, 1.340 mvl) is added.. The reactl on mxture is degassed
three tines, t«ﬁgassed wat er added_and

hont od. A GSCHEROBPAGIE, 1 Preneren dxen Tosihit MRS Q2SS e Birou KoM 2
), extragfgehethjlpyrmtiBmeol-cLrbiyl d]22 nﬁiﬁ‘yltdw% gRianede £Xt FReME ane[wasihed

with brine. The organic |ayer is concentrated and purified

by silica lf4dr @rﬂﬁd%ﬂlﬂd??ﬁ?'ﬁa%@h& st ngth*aét%rﬁaﬂmwz@réow T3etdy as

| tiot
:f :‘Jgpdlo n&pﬁ?ﬁﬁﬁﬂr&nﬁté‘gﬁd 94 Q@@Eetfé]ﬁet'ﬁgl) \[‘@E;Ph 5 §tét?£h'ét'hf/l' f_@li?éh[oi(dgﬂg)?olgﬁ)

(et hoxyca?rﬂ(bﬁwa@fﬁmfb)l é»[zn@f’ﬁ‘ﬂho %ﬁﬂeaws]:”beﬁg%ﬁﬁwpleﬁr rolidin-2-yl] -1 H

-i m dazol L@/MB% @Rk laz- ﬂmw REYbLgthimies] -1 H -im dazol -2-yl ]
-4-nethyl pyrrolidine-1 -carbonyl] -2-meth I-propyl&carbamate (22.7

ny,
0. 02985 LC (BG 7 8942, Minatese Meahodi 208688 ACCNowatsh 40.§1% 3 Finpfor 40 min, Gemini
2011/ 07932C71Ig 5;29;{,1,4 QQg@ﬁﬁn 1H NWVR (400 MHz, CD30D): 6 8.49 (s, 1H), 7.78
(d, 1 H, 7.46 (d : 3 (s, 1 H, 725(s 1 H, 4.95- 4.86 (m 2 H),
415-405(m4|—|),354(s 6 H, 3.3-3.5(m 2H, 2.44 - 2.16 (m 4
H, 1.94- B.fBiddBo dndbg 1.08 (d, 6 H, 0.77 (d, 6 H, 0.74 (d, 6 H.
LOMS: mz = 740.45 (MtH). Rt = 7. 75 minutes. HPLC (Rt) = 13.4 m nutes,
Met hod: 20%60%AcCI\I—water (0. OJ%TFaLLL«P%O m nutes, Gemini Cl8 3pm 4.6

mm x 250 mm
\/O\TN = (T =/
50 N N/ J\Of
o N
e

IZ

O)§O
\
H oo
.
uiC:OO
..... o
“‘. \N/>——<_—_ >—<: &\
51 N NTNNn
o

The above compounds were prepared according to the procedures disclosed herein.
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Exarrpl e 5 orme’ (5} GP/%& X&
2,5-bis[2 ITt lZRS 45 1133[ (2S) - 2- (et hoxycar bonyl am no) - 3- net hyl - but anoyl | -4

- 10net hyWopyrlvwmzal n-2-yl]-1H i m dazol - 4-yl ] et hynyl ] berg®Aatse010l062168 t | e
conpound i s synthesized fromtert-butyl
(2S,4S)-2-(4-10do-1Himdazol -2-yl)-4- nethyl-pyrrolidine-1-carboxyl ate and
nmet hyl 2, 5-di et hynyl benzoate as described in Exanple 4B. 1H NVR (400 WHz,
CD30D) : 65&6%@52 1H) 7 58 (m 2H, 7 29 (m 2H) 4.98 (m 2H), 4.21- 4.15
(m 4m 3.92 2 (s, 6H), 36-2. 31 2H) ,
(M7 adievhing 1 16 (s o), DD bER(AS- BOH LKl s 6@ |
+ H). MﬁMcaﬂ:oﬁymnﬁhBy@%&ﬂgmﬁaﬂoyﬁ @h@ﬂWl%rrfdh@m WPYIH imidazol-

2, 5-di i odobenzoate according to 2 procedure re i nternedi ate
15" Exanpl DY16MyaMAP BRIyl 1H-Tdw5bha 14 ety oy ooiKHRe- Toagbows-2
2011/ 079324 Eal- b ifehifadidhe 59 The above conpounds were prepared
according to the procedures disclosed herein. Exanple 60

Met hyl N-[ (15) - 1-[ ( 25, 45) 244-[ 2-[ 5- [242 [ (25,45)-1-[(2S)-2-

(et hoxycar bonyl ami no) - 3-net hyl -b oyl]-4-methyl -pyrrolidin-2-yl]-1

H i m dazol 4-yl ] et hynyl ] - 2- thlenyl]et nyl]-1

H i m dazol \2-yl] - 4, hyl - pyr d| -1 H\%roovnyl] \g‘go HN
2- net hyl - pr 8ipyH N 10The tit u %@7'
i i

synt hesi zed from ne [<()28) 2- (4- et hymp'™- 1

To a stirred solution of methyl N-[(15)-2-methyl-1-[(2S,4S)-4-methyl-2-[4-[2-[4-(2-
trimethylsilylethynyl)phenyl]ethynyl]-1H-imidazol-2-yl]pyrrolidine-1-
carbonyl]propyl]carbamate (63.89 mg, 0.1266 mmol) in DMF (2 mL) are added methyl N-

10 [(1S)-1-[(2R,4S)-2-(4-iodo-1H-imidazol-2-yl)-4-methyl-pyrrolidine-1-carbonyl]-2-methyl-
propyl]carbamate (50 mg, 0.1151 mmol), PdCl,(dppf)-CH.Cl; (9.400 mg, 0.01151 mmol),
Cul (2.192 mg, 0.01151 mmol), DBU (140.2 mg, 137.7 pL, 0.9208 mmol) and water (10.37
mg, 10.37 pL, 0.5755 mmol). The mixture is degassed and heated at 75°C under nitrogen
overnight. After removal of the solvent under reduced pressured, the residue is
suspended in water, extracted with CH,Cl; (3x10 mL). The combined organic extracts are
washed with brine, dried over Na,;SO, concentrated, purified by silica gel column
chromatography using MeOH (0-6%) in CH.Cl; and the major fraction is further purified
using reverse-phase prep-HPLC to provide methyl N-[(1S)-1-[(2R,4S)-2-[4-[2-[4-[2-[2-
[(2S,4S)-1-[(2S)-2-(methoxycarbonylamino)-3-methyl-butanoyl]-4-methyl-pyrrolidin-2-yl]-

20  1H-imidazol-4-yl]ethynyl]phenyl]ethynyl]-1H-imidazol-2-yl]-4-methyl-pyrrolidine-1-
carbonyl]-2-methyl-propyl]carbamate (3.9 mg, 0.005199 mmol, 4.517%) as a white solid.
LC/MS: m/z = 739.43 (M+H"). "H NMR (CD;0D, 400 MHz): & 7.55-7.65 (m, 6H), 5.25(m
1H), 5.10(m, 1H), 4.20 (m, 4H), 3.62 (2xs, 6H), 2.50 (m, 4H), 2.00 (m, 4H), 1.15 (m, 8H),
0.84(m, 12H).
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yl')pyrrolig eyeFﬂ;Rep%Qpp%I] 2-met hyl - propyl ] car bamat eand
2, 5- |brom)tlh| ophene as described in Exanple 13. 1H NWMR (400 MHz, CD30D): 6

7.27 (m RORM1TA7IR7( M 2H) 4.95 (m 2H), 4.2-4.07(m 4IH):I/II$2®2/062~158 6H) ,
2.47-2.41 (m 2H), 2.35-2.32 (m 2H), 1.96-1.89 (m 2H), 1.91-1.83 (m 2H),
1.27 (m 2H),1.15(d, 6H), 0.91-0.82 (m 12H). LC/MS: mz = 745.3 (M + H).
Attorney File Ref.: 097546-0133 WD 2011/ 079327PCT/ US2010/ 062168 Exanpl e 61
I\/Ethyll\l-[(E&!g}nple[;éZS 4S)-2-[4-[2-[2-[2-[2-[(2S,4S)-1-[(2S)-2-

(met hoxycar bonyl am no) - 3- net hyl - but anoyl ] - 4-met hyl -pyrrolidin-2-yl]-1Himd
azlolél1 yl]?l\émwlltre 9;2 hl[mws) ﬁ[yl[ntlmsyhsl) ﬂﬂzsmqmo@cwﬂwwﬁmhbyk pyr
rolidine- car bonyl ] - 2-

Toasol ut i JRStM!- PE?QW@)"L'Q{‘-GF@('TBYFWWY%}ZM] FIH‘ZU‘)'/‘I""]mhfZ’iMTQ -diyaylishiH-4-

net hyl pyr rlﬁ'JldIéﬂOﬂQZ)il}thméthVI pyﬁfbﬁ@qﬁeltéarﬁb]\ﬂ?mrﬂﬂﬂ I-propyl]carbamate

benzot hi ophen-5-yl]ethynyl] -1 H 10i m dazo dlroch lI'oric Acid (4)) (30
ng, O. 04789‘@’m)l) HO salt in DVF (2 nlL) are added

(2S) - 2- (rreth car bonyI am no) - 3- net hyl - butanoi ¢ acid (20.97 ng, 0.1197

mol ), HATUD(4§ ng, 0.1197 mmol) and’Dl>PEA (61.89 ny, 83.41 pL, 0.4789

mol ). The irred at rtNg After renoval of the sol vent
under reduc pressu % d by silica gel colum
chr omat ography I\/E‘OH (0-6% and the major fraction is
further purified\ |ng reverse- phase prep %o provide nethyl N [(1S)-1-

[(2S,4S9)-2- [4- {2- [2- [2- [2- [(2S,49)-1- [(2S)-2-
(met hoxycar bonyl am no) - 3- net hyl - but anoyl ] -4- met hyl - pyrrolidin-2- yI] -1 H

-im daZO' L‘&‘/M%] ﬁ??¥%)6§]44l29\9|49t Ri 0?*&?%1ﬁute¥| ] ethynyl] -1 H-im dazo' 2-yl]
-4-meth rrolidine-1 -car On%)d]SCﬂOiV- nmet hyl prop ylécar bamate (23 ,

0. 02841 LC Rio=33047 minuesmet cﬁO%L/tt;'CmBNaw;f 91%§§Anﬁ>rz®(m -Gemini H
NVR (CD30[E1843(B|% M—gm m®2%024k7-95 (m 6H), 4.95(m 2H), 4.20 (m 4H), 3.62
(s, 6H), 2 1796 (m 4H), 1.15 (m 6H), 0.84(m 14H). Attorney
File Ref: 097546-0133 WD 2011/ 079327PCT/ US2010/ 062168 Exanpl e 62 Met hyl

N-[ (15), 1,1){?31?, 4 2- [ 4-[ 2-[ 2-cyano-4- [ 2-[ 2- [ (2S, 49) - 1-[ ( 29) - 2-
ar y

(et hoxyc anmino) - 3- met hyl - but anoyl ] - 4-net hyl -pyrrolidin-2-yl]-1Hind
azol 4-yl ] et hynyl ] phenyl Jet hynyl]-1 )I nﬂdﬁzol 2-yl]-4-nethyl -pyrrolidine-1-c
arbonyl ]-2- nethyl-propyl]carbanmate -<"-N,
54 | " H —
==,
:;YNJ """
<

The above compound was prepared according to the procedures disclosed herein.

Example 55

Methyl N-[(1S)-1-[(2S,4S)-2-[4-[2-[2-[ 2-[ 2-[(2S,4S)-1-[(2S)-2-
(methoxycarbonylamino)-3-methyl-butanoyl]-4-methyl-pyrrolidin-2-yl]-1H-imidazol-
4-yl]lethynyl]-6-quinolyl]ethynyl]- 1H-imidazol-2-yl]-4-methyl-pyrrolidine-1-carbonyl]-
2-methyl-propyl]carbamate

R

4 __ NN

/H/& N/ " o
O H O#NH

0

o
YNH
_0
20  The title compound is synthesized from methyl N-[(1S)-1-[(2S,4S)-2-(4-iodo-1H-imidazol-
2-yl)-4-methyl-pyrrolidine-1-carbonyl]-2-methyl-propyl]carbamate and 2,6-

diethynylquinoline as described in Example 6.
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OHCNNH ONu‘%wwgdp .84kt 1 e conpound is synthesized fromtert-butyl
(2S,4S)-2-(4-10do-1H1m dazol 2-yl)-4- methyl-pyrrolidine-1-carboxylate and
2, 5-di et woygbtiéerienitril e as described in Exanpl e 4B. 10CHUNRMROWO4068 MHz,
CDBOE»: 6 7.83 (s, 1H), 7.69 (d, 1H), 7.62 (d, 1H), 7.39 (s, 1H), 7.32(s,
1H), 4.99-4.95 (m 2H), 4.21-4.15 (m 4H), 3.62 (s, 6H), 2.47-2.42 (m 2H)
2.34 (m 2H), 1.96-1.88 (m 4H),1.27(m 2H), 1.16 (d, 6H), 0.88-0.81 (m
12H). LC NEINMR @08 MEEA ch,divt & 8l-b0 d2 1$n Ds @3 f(wrml bﬁOZQdﬂ" H)i |7€79| a IDH)E‘W%BQGI

from 2, 5-diiodo enzonltrlle acco

re
i nt er medi att: 125 Exakthl %358, 1H) D5r9ét |2Ft 512 @37 Z.LH 141(7(@5 éH)s3 62 (s, 6H),

55, 5" S) - 5,546 (i, iy, 0234 (#h 0519, Lo | 418} Besi 21 (WNe), 1.17 (d, 6H), 0.89-0.82
1-diyl) bi s( 1H§| (e d)é.ZO| e“]|1 2l-gd| ?/?) %?@S#Dnet hlfl)l pyr pﬁ 1 d)l’ne- (d, &), 0.85-
1-diyl)) bi®32Het hyl -1 - 20oxobut ane- 2, 1-di yl ) di carbamate The same
procedureqigmg %Q&LQ@@@ @S+ pgnt i oned for Exampl e 4B. LC/MS: mz = 659. 30
(M+H); RT= 9. m nutes. Attorney File Ref.: 097546-0133 WO

2011/ 0793227¢@1qthjgy@]_@mqjmglggrqgﬁ rem@46-dibromoquinoline according to the procedure
((5)- 1 (2848 forhcdreed fyr] - 2- [4- (4-{2-[(25. 45) - 1-((S) - 2- et hoxycar bony
| am no3- met Ry -butyryl)-4-nmethyl-pyrrolidin-2-yl]-1Him dazol -4-yl et hynyl | -
phenyl et hynyl ) -

IH i m daz@xaglp(é bgpyrrolidine-|-carbonyll-2-nethyl - propyl )-carbamc acid
nmet hyl ester The starting material, gZS -di-tert-but

4- (hydioox Whethiily| ) pyrrol i di ne- 1, 2- MK Ptk (ASad-2-E4- bbflﬁilré&[é’éeﬁ)di-ﬁgsrb-
ubI | shed s N1 M- A un

p éh‘le&ﬁ&%}c%lﬁfbn&ia‘ﬁ%ﬁﬂ}’f&r ?%tim%ﬁ&ﬂ%ﬂoé& 4- Hgﬂmﬁﬁo‘?d I]ﬁ];ﬂﬂ l@ldazgp g

sus pen5| ord- Mt]ei(hyayL]tﬁ pyragyllesbynml]-1H- imidazol-2- -yl]- -4- methyl pyrrol1d1ne-1-carbonyl]-

4- (hydr ox Y3 Rieliii) 2-di carboxyl ate (3990 ng, 13.24 nmmol) in HCA
(4Min di oxantewlfgxély%rﬁ_gé'ﬂgfflM 105.9 nmmol ) is stirred for 90 m nutes and

evaporated to dryness. The sta,rrpl e is used as it is for the next step. Step
Il To a solution of (25)-2-darboxy- 4 (hydroxyrrethyl)pyrrol idin-1-ium

chloride (13.24 myol) (fromlstep 1) iNOTHF (20 nL) and water (6.6.nL) are

sequenti al Ij%%ggf@ NaCH (7 8 nL of 8)5’\‘\\'-'6\/(12) 18.52 nmmol ) and /E
tert-but oxyc egt-b ty| carhon H g, 27996 ni, N ).
The reactlon\ é\4s stin o Qﬁo
(aqueous 2.5 aL) is |fhen added to fing the pH to 10-11° ThFE o s

ed at room qrure Q¥ rnrgHLNH
evapor at ed and 20t héfre5|du is washed wi th ether (2 x 2 m.) and th\g
residue is then aC|d|f|ed wWith 1M HO to bring the pHto 1. The m'xtu?eis

extracted by Et 0OAc (5 x 20 rrLB‘ and the conbi ned Attorney Fil e Ref
097546- 013F Wp 20¥4¥i§798D 7 Peef ﬂszﬁi@ﬁ@yﬂz&é&z“%ﬂg%ﬂpéo |1Hy'EF%a28t'é yhrd- aﬂﬁtMer

Na2S04, f'dyh%'h@ﬂealnga@Wﬁﬂﬁéhﬁ%rbﬁylﬁ%me (004 W&, (B B)341mmol), trimethyl-

(tert-but oxycar bo 3y rrolidine-2-car boxyl ic acid (1.848

g, 84 %. gt[@rgZ-Itpmethylmlylethynyl pyr1dy ]e hynyl]sﬂane (31 mg, 0.1117 mmol),
PdCly(dppf)-CH.Cl; (13.69 mg, 0.01676 mmol) and copper lodide (3.192 mg, 0.01676
mmol) is added DMF (1 mL) under nitrogen atmosphere. The reaction mixture is degassed

20  thrice (vacuum and nitrogen gas) and DBU (204.0 mg, 200.4 pL, 1.340 mmol) is added.

The reaction mixture is degassed three times, degassed water (6.037 mg, 6.037 pL,
0.3351 mmol) is added and heated at 60°C for 8 hours. The reaction mixture is diluted
with water (6 mL), extracted with methanol-CH,Cl,, and the combined extracts are
washed with brine. The organic layer is dried (Na;SO,), concentrated and purified by
silica gel column chromatography using methanol-CH,Cl; (0 to 10%) as eluent to afford a
crude product (43 mg) which is repurified by HPLC to afford methyl N-[(1S)-1-[(2S,4S)-2-
[4-[2-[5-[2-[2-[(2S,4S)-1-[(2S)-2-(methoxycarbonylamino)-3-methyl-butanoyl]-4-methyl-
pyrrolidin-2-yl]-1H-imidazol-4-yl]Jethynyl]-2-pyridyl]ethynyl]-1H-imidazol-2-yl]-4-methyl-
pyrrolidine-1-carbonyl]-2-methyl-propyl]carbamate (22.7 mg, 0.02985 mmol, 26.73%).
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To a sol utj.on

(2S)-1- (teArmtmehdtIgwgég? 1?)Snyl) 4- (hydroxynet hyl ) pyrrol i di ne-2-carboxylic acid
(1775 ng,wo.28807M201 ) in DMF (17.75 nlL) are sequenti al | pCadsedoiomiidazol e
(1.084 g, 15.92 nmol) followed by TBDVSC (2.291 g, 2.828 niL, 15.20 mmol).
The m xture is stirred overnight at roomtenperature. The reaction m xture
is extracted by EtOAc (5 x 70 nL) and the conbi ned organic |ayers are
washed wi t'h NAR® (403 MHz?»ECD}bD) 8!49@5 OM-W 7 04, Hf|7|46e%ie€| NG, p@nqam)t r7agsed
to dryness The residue is pur| ash colum hromat o aphy on

silica gel(S{bHbd*9Dod@bt(Rarddt), ¢ n15d4h@¥fzm f &) gi-vé (@ ik et 23 of (Thend), At -

bi s-silyl at g rﬁr@q?‘C’F 94T|‘I‘€66E|1hpd1lﬂ')t 1163 @i 830! ¥.99 (46 Ry, Jo. 7Y %’W)' (10 m)
water and stirred he mxt ure IS concentrated to dryness and the
resi due i SGpMPi MV 2d 789-4P1 (M) cBY T SoRiNGERSt ogr aphy on silica gel (0 to 20%
met hanol iyp|! @Hfh% 2)13.9 rEfn\aﬁ‘es Method: 20%-60% AcCN-water (0.01% TFA) for 40 minutes,
(25)-1-(tertbutoxycarbonyl) ((tert-butyldimethylsityl)oxy)nethyl)pyrroli
di ne- 2- car®Gwpi ¢ tg%t&t‘d“ ()Inr2392 m@8oy . Step IV

Toasol uti onof (2S)-1-(tert-butoxycarbonyl)-4-(((tert-

butyldlnethylsll | ) oxy) met hyl ) pyrrolidine-2-carboxylic acid ( 1.080 g,
3.004 mmolBxamplgpE (10.8 L) is added Borane/ THF (5.665 g, 6.308 nmL of 1 M
6. 308 Mol L or 1
nour . var ey 62 2A0sR LELES 450 119 RERACrbORAain S ety kb«

m xt url@ i gnethwhpesolidia-2-ylxtH-inidapel4ryHathyay(lbenzoae t h 10% aqueous NH4O (5
m.) followed by 10 nL of water. The,reaction mxture is extracted by EtOAc
(3 x 20 nL) a he conbi ned org Iayers are washed with H20 (2 x 5 nlL),
dried over Na filt d andtigi;ﬁ trated to dryness. The residue is
purified b sm-é\ol_um on silica gel (6 to 50 %EtOAc in
hexane) to,Qi }_/Ieo(*25) t er t -cogwy|

4-(((tert- b\h’tyl di et hyl si tyl )oxy) neﬁgyl) 2- (hydroxynmet hyl ) pyrrolidi ne-1-car
boxyl at e (795 ng, 75 %9. Step V 7 To a solution of oxalyl chloride in
CH2C 2 (1.19R7¢it- c@ﬁwpguM is3 ﬂrﬁt@sﬂ@@lﬁ)oni ’f‘er@ﬁ%@l%ﬁ 35)62-3418db- - 1m1&§z%uzsyl)aqlded
DMSO (489. 7 ng, g | ) mxture is stirred f

m nut es. An%tBVbPWHH‘dd'fe tEBQbD&Vleeerat“dbUteWS(ld?*?e@‘ﬁWVP%lPPWOPEB(ﬁﬁeth%r]bEQ ‘n
(hydr oxynetQy)yd.r ol i di ne- 1-carboxylate (722 ng, 2.089 nml) in CH2A 2 (8
m.) is then added and the mxture is stirred for another 30 m nutes. DI PEA

(1.619 g, Wi HMB (40 MHD GB0RNA 19 4s.aldtied- 8@, Zhe 2R {Ts éH) <498 (yr Ed).4-81- 30
mnutes, vaised te) rg@m tserzns%r%w@ 68}, 2.489. @g%nzﬁprz 36n0ur (Andydi{ yyed
with 1M aqueous Hcttﬁ | ayers are separated and the aguedus | ayer
i s extractle®P By 40H2T16 5(@ ' @61191_%8 MpHeHAt t orney File Ref.: 097546-0133 WO
2011/ 07937 ¢hfxd/ 9201497 46#L6F~conbi ned organic |ayers are dried over Na2SO4,
filtered, and concentrated to dryness. The residue is purified by flash

col um chrttﬁtﬁylolg,ﬁabﬁhymﬁb@tzpa@alsgteepa(rsd tfeora et D Adiiodoheazeaie)accerdiigy o
(25)-tgrt t; ilyl)oxy)nethyl)-2-

for wl%yrrﬁgﬁécﬁéug&ggﬁgg? a%{éaeq?jgg%gwf 90 %9. Step VI Ammopnia gas is
bubbled in a solution of (25)-4-Htert-butyl (dimethyl)silyl]oxynethyl]-2-
formyl - pyr H?qié boxylate (581 ng, 1.691 mmol) in methanol (20 nl)
at -20C foErX(a n%q%%%re&s:ggnd al yoxal (aqueous) (1.718 g, 1.358 nlL of 40 %
(ww), 11.84 nmol) is|added. The mﬁur i 8~warmnmed gently to avoid strong
bubbl i ng and refl uxed| for 2 hours. reactl on mxture is then cool ed
to roomtenperature, pethanol is evZS1 t) 8d and the residue is diluted with

water (10 m). The repction m xture extract ed by CH2A 2(2 x 15 ni) |and
t he conbi ned organic |ayers are dried” /|
concentrated to dryness. The residue isNnplriRtie lragh, col um
chromat ography on siljca gel (0 to 15 % i
(25)-tert-butyl
4-(((tertbutyl di methy] sityl)oxy)nethyl)-2-({
boxylate (454 ny, 70 PH. Step VII To a solu on ofq[? -tert-butyl
4- (((tert-bltyl di methyl silyl)oxy)methyl)-2-(1HimaaZdl - 2-
y|)pyrr0||d ne-1-carb vyl:\fn (/Il—'\ﬂnn 1 179 myol i“ cH2Cl 2 (/IRM\ s
added N- 20 i odosuccini m de (557 1 ng 2.476 mmol ). The reactlon mxture i's
stirred at roomtenperature for 3 hours and diluted with water (5 nL). The
| ayers are separated and aqueous portion is extracted by CH2A 2 (2 x 5 nl)
and the conbined organic |ayers are dried over Na2504, filtered and
concentrated to dryness. The residue is purified by flash col um

chromat ography on silica gel (6 to 50 % EtOAc in hexane) to give

(25, £SPLALPELLbut yl - 4- (((tert-butyl di met hgdsilyl)oxy)nethyl)-2-(4,5-diiodo-1
H-|mdazol 2 yI)pyrroI|d| ne- 1 carboxyl ate (230 ng, 31 %9 as a pure cis

2- Apyrrolidineql-car




PCT/ US2010/,06 3 Na2SO4, filtered and concentrated to dryness. The
resi due |sA(npuyr2E|]16}§f c()fg%%l Iash col um chromat ography on silica gel (6 to 50 %
AcCEt in Wwexand)9i2e give (2S,4S)-tertbutyl 4- (((tert-bRCyiusomeiobibsi
| yl)oxy)methyl)-2- (4-iodo-1 H -imdazol-2-yl)pyrrolidine-1 - carboxylate
(118 ny, 65%. C O Step I X To a solution of tert-butyl
(25,45)-4-Hert-butyl (di nmet hyl )si I yI ] oxymet hyl ] -2-(4-iodo- 1H
i m dazol - 2- yI")ypyrrol i gi ne- I-car boxyl at €0( 00 Ny, 0. 130T mmot ), tert-obutyl
(25,45)-4- npethyl-21401214- (2-tri Ay{si |yl et hynyl)phenyl]ethynyl] 11 H
-imdazol -2;yl] pyrro|lidine-1 - 10c Bxyl ate (58.24 arg, 0.1301 mol ),
Pdd 2(dppf){CH2d 2 (5| 312 ng, O. ngg% mrol ) and Cul \(1.239 ng, 0.006%05
U

mmol) in DVF (258L) i added DB .301 Attorney File
Ref.: 097546-0133 WO p011/079327PCT/ ol l.omwed by one
portion of water (1.2|pL, 0.5 eq.). The mxture is thg t med up to 60C
and stirred|at that tgenperature for 3® m nutes before another portion]of
water is added (1.2 pL, 0.5 eq.) foll owed by anot her r"fil/on (1.2 pL, |0.5
eq.) after BO minutes| The mixture is then stirred ovekyj ght at that
tenperature| The reacfion is warned to 100C and PdC 2C(dppf)-CHZCIZ (4/6 nyg,
0. 0065 mmol ) T's added folTowed by Cul (1.2 ng, U.0065 mmol ). The mXxture is
stirred for another 3 hours at that tenperature, The nmixture is then cool ed
to room t efiSeRAverceMPYNarere PERPaFRY aceding tartpﬁesgceééﬁae& digclosed hrrein. s
purified by flash colum chronatography on silica gel (0 to 15 % methanol
in CH2A 2) to give (2S,4S)-tert-butyl

2- (4- ((4- (femPle804S) - 1- (tert-but oxycar bonyl ) - 4-

10(((tert Ak’é’thyi di et hyl silyl) oxy) 'NB[((W)HJPWSVQ lzd[ﬂ]z’-FB/ti {i_J[szmsiatZRhsﬂz-

yl ) et hynyl) phényl)ethynyl)-1Him dazol - ‘20 rrol1 di ne-1-car boxyl
ate (26 megbommcarlarybnxno)@gmqu gp,tapgy mg;hyl pyrrolldln -2-yl]-1H- lmldazol-

(25, 45) - 21440} i(@&ﬁ@mﬁﬁn ALY S RATNL L By EBMEN - LAlbERIY | )
| yl'] oxymet hyl'] pyrrolidin- I m dazol - et hynyl | phenyl | et hynyl']

1H i mi dazod- mﬂwljpmpwilﬁﬁ?@m%ﬂrrol i di ne-1-car boxyl ate (25 ng, 0.03311 mmol)
in HO (2 nL of 4 Min dioxane, 8 000 mml) is stirred for 1 hour and
evaporated to dpyness. The sarrpl,ey used as it is for the next step. Step

X /g/fi/
o) HNWNH (o) NH

10  The title compound is synthesized from methyl N-[(15)-1-[(2S)-2-(4-ethynyl-1Himidazol-2-

yl)pyrrolidine-1-carbonyl]-2-methyl-propyl]carbamate and 2,5-dibromothiophene as
described in Example 13.

'H NMR (400 MHz, CD;0D): & 7.27 (m, 2H), 7.12 (m, 2H), 4.95 (m, 2H), 4.2-4.07(m, 4H),
3.62 (s, 6H), 2.47-2.41 (m, 2H), 2.35-2.32 (m, 2H), 1.96-1.89 (m, 2H), 1.91-1.83 (m, 2H),
1.27 (m, 2H),1.15(d, 6H), 0.91-0.82 (m, 12H).

LC/MS: m/z =745.3 (M + H").
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20TO a SOl l[l[(t;rne 1319;
[ (35, 55) - 814121412121 (25, 45) - 4- et hyl pyrrol i di n-2-yl ] - 1Hi mi dazol - 4-

yl ] et hynywophembi2et hynyl | - 1H i m dazol - 2-yl ] pyrrol i di n- B€FIUspevioaa16$
(Hydrochloric Acid (2)) (17 ng, 0.03311 nmol) and

(25) - 2- (et hoxycar bonyl am no) - 3- net hyl - but anoic acid (11.60 ng, 0.06622
mml) in DMF (2 nmL) is cooled in an ice bath and are sequentially added
HATU (26. 4affiple 8106953 nmol ) and DI PEA (25.68 ng, 34.61 pL, O. 1987 nmol )
under nitrogen atnosphere. The reaction nmxture is stirred at

th
t enper at urM€t¥l 1.5 hours and evapo{aRletltZs; ‘kﬁ)gzn[é“sEz [2rhe[2-E64Set- "i E(25)-2-
purified S(Hféiﬁ@)@dﬁﬂidﬁymfnlf'lbﬁ§hn@t9&ﬂﬂ@taﬁb§ﬁ%@ﬂ{ﬁwyrdﬁalnSQJy'I:ﬁ@H-gﬁlkda(zgl to 15

% et hanol in CH2C 2) °f reverse ase ‘preéparative Cto afford
((S) - 1- [ ( ZbYUsthynylihenzetyirrherpd- ]ﬂhywll QH[‘U‘Q@ZSPE)Z -yil- (‘(@thyl- pyrrolidine-1-

met hoxycarclg,plgw,{ Pnﬁétﬁ FdiBFY{I Je&phiiaye ) - 4-methyl -pyrrolidin-2-yl]-1 H
-imdazol - et hynyp? enyl et hynyl)-1H i m dazol - 2-yl ]

-pyrroI|d| ne 1 car nyI} 2-nmet hyl -propyl )- carbamic acid nethyl ester (6.2

ny, 26 % 00 Miz, DMSO d6): 6 12.09 (broads‘s, 2H), 7.43 (m 4H),
7.21 (m Zmi\é\‘ﬁ% 4.05 (m 4H), 3.50 (s,T6M), 3.45 (m 2H), 3.31
(s, 1H, m 2 S (m_4H), 1.86 (m 4H) ,:1.21 (m 35)i 1.06 (m
oH), 0.75 £m 6H). LC/ NS nhasZ 7653 Naprorilly Fil e Ref

097546- 0133 WD 2011/ 079327P 762568 & les 65 and 66 65 )4- 0 H
NT / . IN/() S\ NH 0\ 0 XX~<"2366 ),,.. V.8 0

To a solution of 2-[(2S,45)-4-methylpyrrolidin-2-yl]-4-[2-[2-[2-[2-[(2S,4S)-4-
methylpyrrolidin-2-yl]-1H-imidazol-4-yl]ethynyl]benzothiophen-5-yl]ethynyl]-1H-

10  imidazole (Hydrochloric Acid (4)) (30 mg, 0.04789 mmol) HCl salt in DMF (2 mL) are
added (25)-2-(methoxycarbonylamino)-3-methyl-butanoic acid (20.97 mg, 0.1197 mmol),
HATU (45.51 mg, 0.1197 mmol) and DIPEA (61.89 mg, 83.41 pL, 0.4789 mmol). The
mixture is stirred at rt overnight. After removal of the solvent under reduced pressure,
the residue is purified by silica gel column chromatography using MeOH (0-6%) in CH,Cl,,
and the major fraction is further purified using reverse-phase prep-HPLC to provide
methyl  N-[(1S)-1-[(2S,4S5)-2-[4-[2-[2-[2-[2-[(2S,4S)-1-[(2S)-2-(methoxycarbonylamino)-3-
methyl-butanoyl]-4-methyl-pyrrolidin-2-yl]-1H-imidazol-4-yl]ethynyl]benzothiophen-5-
yl]ethynyl]-1H-imidazol-2-yl]-4-methyl-pyrrolidine-1-carbonyl]-2-methyl-
propyl]carbamate (23 mg, 0.02841 mmol, 59.33%) as a white solid. LC/MS: m/z = 795.40

20 (M+H"). "H NMR (CD;0D, 400 MHz): & 7.24-7.95 (m, 6H), 4.95(m, 2H), 4.20 (m, 4H), 3.62
(s, 6H), 2.46 (m, 4H), 1.96 (m, 4H), 1.15 (m, 6H), 0.84(m, 14H).
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NI= / pd97 g—%\l%c)lo | The above conpounds were prepared according

Attorny il€ Re .
to the procedures osed herein. Exanple 67

Met hyl N- [WORPH1107pR22S, 4S) - 2-[4-[2-[2-[2-[ 2-[ (2S, 4S) - 1- [ ( PEXAB2010/062168

(et hoxycar bonyl am no) - 3- net hyl - but anoyl ] -4-nmet hyl -pyrrolidin-2-yl]-1Himd
azol 4-yl ] et hynyl ] benzot hi ophen-6-yl ] et hynyl]-1Hi m dazol - 2-yl ] - 4- net hyl - pyr
rolidine-1- carbonyl]-2-nethyl-propyl]carbamate 10

Toasol ut i E@aidié 62S, 4S) - 4- net hyl pyrrolidin-2-yl]-412121212-[(2S, 4S) - 4-

met hyl pyrrolidin-2-yl]-1Hi m dazol - 4-yl] et hynyl ] benzot hi ophen-6-yl ] et hynyl ]
-1H Methyl N-[(15)-1-[(2S,4S)-2-[4-[2-[ 2-cyano-4-[ 2-[ 2-[(2S,4S)-1-[ (25)-2-

(methoxycarbonylamino)-3-methyl-butanoyl]-4-methyl-pyrrolidin-2-yl]-1H-imidazol-
4-yl]ethynyl]phenyl]ethynyl]-1H-imidazol-2-yl]-4-methyl-pyrrolidine-1-carbonyl]-2-
methyl-propyl]carbamate

}_)\(,N — Ns /,}
N == —
/g/g N—;/ C( - '\/\\rl\l:\)\)\
o o H c

Y
/O /
The title compound is synthesized from tert-butyl (25,4S)-2-(4-iodo-1H-imidazol-2-yl)-4-
methyl-pyrrolidine-1-carboxylate and 2,5-diethynylbenzonitrile as described in Example
4B.

10 "H NMR (400 MHz, CD;0D): & 7.83 (s, 1H), 7.69 (d, 1H), 7.62 (d, 1H), 7.39 (s, 1H), 7.32(s,
1H), 4.99-4.95 (m, 2H), 4.21-4.15 (m, 4H), 3.62 (s, 6H), 2.47-2.42 (m, 2H), 2.34 (m, 2H),
1.96-1.88 (m, 4H),1.27(m, 2H), 1.16 (d, 6H), 0.88-0.81 (m, 12H).

LC/MS: m/z = 764.4 (M + H').

2,5-Diethynylbenzonitrile is prepared from 2,5-diiodobenzonitrile according to the

procedure reported for intermediate 12.

Example 63
Dimethyl (2S,2'S)-1,1'-((3S,3'S,5S,5'S)-5,5'-(4,4'-(2-chloro-1,4-phenylene)bis(ethyne-
2,1-diyl)bis(1H-imidazole-4,2-diyl))bis(3-methylpyrrolidine-5, 1-diyl))bis(3-methyl-1-

20  oxobutane-2,1-diyl)dicarbamate

~0

)\NH
==L

The same procedures are followed as mentioned for Example 4B.
LC/MS: m/z = 659.30 (M+H"); RT=9.95 minutes.

BOST_1803930.1 167



Attor ney FA'n!)me Ref.;. 097gg(71§46 0133 WD 2011/ 079327PCT/ US2010/ 062168 i m dazol e
(59. 3 ng, 12 o In DVF (2 nL) are added (2S)-2-(nethoxycarbonyl am no) -
3- et hyl -WOtzanmmszam d (47.5 ng, 0.27 mol), HATU (112. @Crgis2@02621a80! ) and
Dl PEA (159.5 ng, 215.0 pL, 1.234 nmmol). The m xture is stirred at rt
overnight. After renoval of the solvent under reduced pressure, the residue
is purified by silica gel colum chromatography using nmethanol (0-6% in
CH2d 2, argkahipe BBj Or fraction is further purified using revers-phase
prep-HPLC to obtain neth N[(1S)-1- 4S5)-2-[4-[2-[2-[2- [2-[(2S, 4S)-1-
[(2S)-2- (fRrhokyctior rawmsshyklrférwlii&%éﬁbw(}S) = Meghdrycarheny mipem- 2-
yl] -1H - 'MﬂlmﬁyWI)]-beﬁyll-ﬂyrbﬁﬂﬁﬁlzhyl?-ﬁFﬁ'ﬂ‘n@aiﬁl-]ﬁl@ﬁ%‘y]} phiilylethynyl)-
-imdazol -2-yl ] -4-methyl pyrrolidine-1 -cCar

- 2- et hy| -15-Bpidazelad-pHrw @'\dl!@ ﬂrg:arlzprtyﬁsérgnqﬁhﬁ{prowl>1c@waral§ afdcidy amgthiythit e
solid. LOMgr Mz = 795.40 (MtH). 1H NWMR (CD30D, 400 MHz): 6 7.24-7.95 (m
6H), 4.95(m 2H) 4.20 (m 4H), 3.62 (s, 6H), 2.46 (m 4H), 1.96 (m 4H),
1.15 (m 6H), 0.8 oHvl4H) . Exampl e 68

Met hyl N-[ (15) © W_g?%) - met hoxmzmz [4-[2- [’{,& 'S 5, 45),; 4- met hoxy-1-[ (2
S)-2- _

( met hoxy- cakbﬁny no) 3 nmet hyé bﬁlt amoyl ] pyrroli d|O%\2 yl]-1H i m dazol - 4-

yl ] et hynyl ] phenyl ] dt hynyl ] -1H i m dazol - 2-yl ] pyrrolidife-1-carbonyl]-2-nethy
| propyl ] car banat e The title conpound is prepared fromtert-butyl

(25, 45) - 2- (4-i odo- 1H—| m dazol - 2-yl )-4- met hoxy-pyrrolidine-1-carboxyl ate
using the reacti on’gI scri bed bel om /Step I: Attorne(%_/F' |l e Ref.:

097546- 0133 WO 6/ 079327PCT/ US2 062168 To a ni 1§ f tert-butyl

(25, 45) - 2- (4-.i{0odo- 1H iy dazol - ngiéz net,hoxy Opyg;‘{igik di ne- 1- ¢arboxyl at e,
trinmethyl 1234 g‘ -trimethyl si I/yI hynyl }phenyl ] étynyl ] - si | ane—PdC12( dppf) -
CH2CA 2 and c | odi de” i s "&d DIVF under nltr(g;é\en at nosphere. The
reaction m'xtur/j\l s degassed t e (vacuum and ni tr ogen gas) and then DBU
and water are added and heated at OC for 8 hours” IThe reaction m xture is
cooled to OC, diluted with water and filtered. Step II: To a sol ution of

the product fromstep | in dry MeOH (400 pL) is added HO in D oxane. The
reaction mxture isyétirred at rt for 2 hoy %and concelntrated to afford

t he 10correspondixr® amine as the HC sal. #o TRI's mat erlal/ \s sed ag /such in
the next step., Step I'11: vio a coql O\to -5C) stirred 9 bbhoeﬁﬁ’%
pr oduct frg_ step |1 and—HAFU | nj}é\# added DI—PBﬂrdropV\b The resultant
reaction mxt oo s slowy warne upogort and stirred over |ght. The

reaction mxturelis diluted with vvater%he resul tant whi precipitate is
collected by filtration and the filtra is refiltered. The conbi ned

B oo P8R BORALIRE L L YRR U PARHESRe B oA AR

NVR (400 I\szbtaCHfdporlamg(E) puintistiddelitergtore proteduzey (DuBarkd XL4 I-(udhond,mleI)P, , Khd@i

b 26 b (YH]“'%S%E’M? ToCadh: sk Bt et PB4 T v8, 2 = 771 59

(l\/HrH) 10Rt Stel 25 m nutes. HPLC (RT) = 11. 70 m nut es, Met hod:  20% 60%

QSCN- vat er ggsp%%g{%r;r %’19‘) 2§ di- tAépt buty[ 4%%roxyme]tﬁyl?;§)ymrolém% {TT df cazréoxy[npe Wl €
mg, 13.24 mmol) in HCl (4M in dioxane, 26.47 mL of 4 M, 105.9 mmol) is stirred for 90
minutes and evaporated to dryness. The sample is used as it is for the next step.

Step Il
To a solution of (25)-2-carboxy-4-(hydroxymethyl)pyrrolidin-1-ium chloride (13.24 mmol)
(from step I) in THF (20 mL) and water (6.6 mL) are sequentially added NaOH (7.408 mL
of 2.5 M, 18.52 mmol) and tert-butoxycarbonyl tert-butyl carbonate (2.761 g, 2.906 mL,
12.65 mmol). The reaction mixture is stirred at room temperature overnight. NaOH
(aqueous 2.5 M, 1.25 mL) is then added to bring the pH to 10-11. THF is evaporated and
20  the residue is washed with ether (2 x 2 mL) and the residue is then acidified with 1M HCl
to bring the pH to 1. The mixture is extracted by EtOAc (5 x 20 mL) and the combined
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69 The above. coppaund was prepared according to the procedures disclosed
herein. Attorney File Ref.: 097546-0133 WD 2011/ 079327PCT/ US2010/ 062168
Exanpl e MOAet1/07p32y det ermi nation using the ELI SA and t IR€ETAIsRO19AHIIGE C
replicon la cell line The cell line W1.8 containing the sub-genom c HCV
replicon of genotype la is used to determ ne the potency of the drugs. The
RNA replication in presence of different drug concentrations is indirectly
neasured idygdrit an@%'alre'drié@ o N @o emeére@fanm%éﬁcdwwt&i fb@@ﬂés%% giRonRs AT Ug
treatment for four day is's hat the |l evel of thée NSH5A protein

correl at e {GEEIRUIHYER bP'PNi r‘émeqrowqu W“Fj}ﬁ‘et%éarpwl‘ﬁééw def48 9 |8ﬂe% Cell's
are split ¢t¥hpe a 10 week in order to keep the confluence state bel ow 85%
of the culture flask surface area. The culture nedia used for cell '
passagi ng TooAsIsYtionopf RBNI- (Lenk Pusexysrrignvh re(hydionynainy Pyt iding- Aicarboxylic
peni ci | 11 nyeidl@97p ez, Z%Wn%ﬁél‘?EWQMﬁm72757ML?5#3@Eﬁhélﬁiall% Jab§ AHidePBIPYT . ByaL e,

non-essential amnd acid final concentratlons

Monol ayer 13£9% menahy followes] IP\S T%-?’QMlegs?% ged-83hdNbel 3-20 4prROG o UM MIXIEES liss
are dilutegaly &/erﬁgﬁ £8bbs/ t@hp\é’kattnrecom ?éa%umt\@ré ﬂoéi&ra%fﬁby ERR (5 x
approxi mately 5,000 vi abl e cel (100 pL) are plated per wel |nawh|te
opaque 96-AReinl) AE e FP'@P‘”@&F@”‘NW@I’S aie VATEBavithh h:PdBixdd @1'— pdried oMefur s
at 37 Ci rNaaS(§%fﬁQ?ed @ﬁ&'%ﬁ%ntra@%@ﬁi?ﬂ%s@r ehaddedu@ts MEHKQPBy flash column
concentrati ons. S are resuspen O at a stock concentration of
10 mlOThéﬁroman@g@p en sidicp gel @téllol%tf@%thamltmvictleﬂt)ﬁé givermmiduiecefinena ansh i n
t he sane v i ded
to each we {jk]%vk?e;cte 8%6%%% nghggﬁ%&p% Qg%élvreg]ﬁ%%%ﬁgoﬂgbu%sggyhéésrsﬁldqlﬁmée%?nal
standard ffer Telachlhsl awuawwoncsﬁt)@t@dntw\éwngssm@ thee tesidyiecis uridied (modlash
inhibitio 00%
i nhibiti o%)o d&i?al mag%é‘gphaﬁ)r?%thcé(@le @n@%ﬁjzﬁ% oL %Eh"?lzg%%t P%ziqééér%hat
was shown ttttboxynaﬂbbhyl -AHE NSt ddipras B bity) oy ) MDY Ry lif e rloeRrbsoytict o  tagi
cells rg%OO%l nhi bited wells were averaged and used as the
backgrouna‘ va?&é | I's are further incubated for four days at 37 Cin a 5%
C®2 i ncubdtep IV Fol | owi ng the incubation tine of four days, the nedia is
renoved ang, wells e was ce with 150 pL P er, e
for five m nut es. %el S a?(gg%ﬂ{e]n fixe foor fi ve m E%{%@t(fﬁ%%E%%ﬁ?%}fér
wel | of Cd?ll-ldyl(jrrmeﬁhﬂ)llyﬂ)oxya)tme\lbylmyrnsvhdMﬁ Z(W@xmmamm .08%993.804 trome) im HHF.

cal i ney pd) OREPs RIS RorH PR e v b B A K0 BIORRIANT B (s

cel | s 2ar e inreuizat =dh f OThEDfTH!th[HJIIS stirr&¥ f@ t dnobt owkrmlﬁmusp@mftemperattw aﬁEhe

o ocking SOUALI AP A RPTBNEA, 236 Gkl 8ol st b Ruhha >

0. 02% SDS)10peaquesedsI N HA’héme}S{bllpWed)by l‘rﬁmrsleofrmat(ec.l @ halreamionh -nNSake aasr&xttmdgd

(Santa Cryz . ach wel |, dil 1, in
the bl ocki P(gEtgngd?l S0 B sodaRe'ap ‘%éeraiaa%waswxvﬂhigf’]‘%éd? s
renoved ardhqdl ca/eeslaisoe, Mknsnedchnﬁlcoeceqmttanemeqdﬁmless Retie res{didé 541 purdfiSBby\ash
2011/ 079327 S2010/ 062168 {. of PBS wel | owith
Ve, m nutR UL GURrPGaaD o B G 7S i G5B o f¥aas) sfe-bun
per oxi das et oter tiaty eiimeidw syl ) g imethpl) 2e(hadtoxipradyhy () gaed iime - I roarboayl@se 47250,
Cat. No. 715- -150) diluted 1/10,000 in the blocking solution is added
and i ncubdf® t/"roomtenperature for three hours on a shaker (500 rpm.
Pl at es ar &stg@m¥hed four tinmes with 150 pL of PBSTS solution per well and

th f PBS. Then,. b t i 1Q0, pl, S
BT oA pi o cchalin ot edah FREAETT Lhet B SR Mg FomaptlE Ghildsis,
eacg vgel It raln)cbtpva‘tCes added Dms?tetasgen nlfgo 4En BUiLe$. 267 mm@:]nalhertnernakwltﬁ ispslrtir@ard to
readl n nescence re l.ve |1 on e S
readerg H@ perlc em‘%ﬁgs of Ai nff (ﬁ Bi'en or?fg Zégg‘r{ tﬁ% téf&ﬂ‘gb‘?%\ﬁgm@%ym%?y@?ed
(in dupli qaydrbxyrsetbal)Sutaidad.-1 Imoszm@emz aﬁg,cznoamemmou)em ¢HCL]8WeS mtrﬁ@'hl

replication b 1050) is then deter fromdo e u

1P ho’ mon THEL A TBES A ire EF IO h EBRPad A LhPoft dotet.

version 2.1Q.83GhapdPag a9aéd vdetHenenixtuf@is Dtigea, foe/80 Wites,Exarmée t61room
Cel | -Based Luci ferase Reporter HCV Cell Culture

b) RNA Re Ilcatlon AsSa
Repl i con dEMPEI3tHEs SHfifdsAeRIn, FQL H@P\S vé’%ﬁd Atgedt 'éh ﬁ%aqu%é'bﬁdé%\q Eildont el |
line are 28ydraiandé abperbtddnard ke huedts d8ReridldxiradiRacty badcl m kr2eer). Mie
Lohmann, V; Bartenschl ager, R Enhancement of hepatitis C virus RNA
repllcatlon by cell culture-adaptive nutations. J. Virol. 2001, 75,
4614- 4624 . The Huh-5.2 cells contain the highly cell culture-adapted
r epl i%6h-"%P¥8YM uc- ubi - neo/ N53-375. 1 consti6dct that carries, in addition to
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Appr oxi mat gl v 131019909\%499 le Huh- ET cells (100 pl) are plated per well in a
white opaque -wel | mcrotlter plate. The cell culture nedia used for the
assay is woeoslmmzas descri bed above except that it conPaIrAs2010/0188 and no
phenol red. After an incubation period of 3-4 hours at 37 Cin a 5% CO>2

I ncubat or, conpounds (100 pl) are added at various concentrations. Cells
are then further incubated for 4 days at 37 Cin a 5% CO2 10 i ncubator.

Ther eaf t ergonibifedC tighhitc Bayieliafe idsiel eivey @, 0] d rieeldds af'hﬂecdn}@r&@atbb{ tbfm\éness
addition of 95 pL of the |uciferase buffer (IUC|fer|n substrate in buffered

det er gent ) LNecigsidug Jspyrifiedhieflpshceplume GhEamategapi: A silse 8Fb(6aiod b Gitehe iy

from direqfexhhght kor & eastysi@ermpnufies. 4Rl @62Dudy8infeR oxy)Helthyey.ase
count s usi ng);( aegl umm norme ]ér ( ?L y (t:y;oBet gt Tril lljlf(v Per@ﬂsr: ygl )r(rylbarTMﬁ{\/A

USA). The fBU%lPYflﬁ‘i"tﬂ"ﬂ%ﬂ;FaEQ%ﬂéFﬂ%ﬂ BRsIq¥)50s) for inhibitory effect are
det er m ned g gm dose response curves using el even concentrations per
compound in duplicate. Curves are fitted to data points using nonlinear

regr essi orfARANY g Is BuePleding wruidnelerdbrtdiied- W%W‘m@éhﬂéﬁmlﬂ@ﬁyﬁ&t@&]ﬁe
using G aH’BP@ﬂ d?/rrt‘oﬁmn%OIf E%B)@Sﬁla%qgﬂ A8, 7:691 (Fhap PR treebl {’@rrﬁL | fiC-20°2Qsan

D ego, C shows conparative data for exenp % corrpounds of
ils

formula (I (ﬂémt?ﬁ é%d gls@xalafa@uewsmna1§|g4\)1 ML @fs4Ql-%51W/\M)s 8% AvoMt) i
the tabl e, 4q4b8 Gr‘H?WS!{lﬁlé i@y Qerﬁl@bﬁtdekEleﬂFor@tb Wﬁnfalﬂﬁ)?éffdx%‘ & 2 hbGs.

pyrrolidine ring conpoun e invention ere 4, are
met hyl 0. Ddearedfiden Mixtsre isalhge soalgdi tastoomhiempgha tyehontithanelpis jevaperptedeand

line. Tablge ik il RAPOHAVatst 1BTRYT erhel eR&idrPMxtureMs extract®d by cHl, & 4

x 15 mL) and the combined organic layers are dried over Na,SO,, filtered and
concentrated to dryness. The residue is purified by flash column chromatography on
silica gel (0 to 15 % methanol in CH.Cl;) to give (25)-tert-butyl 4-(((tert-
butyldimethylsilyl)oxy)methyl)-2-(1H-imidazol-2-yl)pyrrolidine-1-carboxylate (454 mg, 70
%).
Step Vi
To a solution of (2S)-tert-butyl 4-(((tert-butyldimethylsilyl)oxy)methyl)-2-(1H-imidazol-2-
yl)pyrrolidine-1-carboxylate (450 mg, 1.179 mmol in CH,Cl; (4.6 mL) is added N-
20  iodosuccinimide (557.1 mg, 2.476 mmol). The reaction mixture is stirred at room
temperature for 3 hours and diluted with water (5 mL). The layers are separated and
aqueous portion is extracted by CH,Cl; (2 x 5 mL) and the combined organic layers are
dried over Na,S0,, filtered and concentrated to dryness. The residue is purified by flash
column chromatography on silica gel (6 to 50 % EtOAc in hexane) to give (2S,4S)-tert-
butyl-4-(((tert-butyldimethylsilyl)oxy)methyl)-2-(4,5-diiodo-1H-imidazol-2-yl)pyrrolidine-
1-carboxylate (230 mg, 31 %) as a pure cis compound.
Step VI
To a solution of (2S,4S)-tert-butyl-4-(((tert-butyldimethylsilyl)oxy)methyl)-2-(4,5-diiodo-
1H-imidazol-2-yl)pyrrolidine-1-carboxylate (225 mg, 0.355 mmol) and 0.5 M LiCl (710 pL)
30 in THF at -20°C is added iPrMgCl (177.6 pL of 2 M in THF, 0.3552 mmol) and the mixture
is stirred for 15 minutes. Another portion of iPrMgCl (355.2 pL of 2 M in THF, 0.7104
mmol) is added and the mixture is warmed to room temperature and the mixture is
stirred for another 2 hours. Another portion of iPrMgCl (150 pL of 2 M in THF) is added to
complete the reaction and the mixture is stirred for another 30 minutes. The reaction
mixture is diluted with 10% aqueous NH,Cl (2 mL) and water (2 mL). The reaction

mixture is extracted by AcOEt (3 x 10 mL), and the combined organic layers are dried
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over Na,S0,, filtered and concentrated to dryness. The residue is purified by flash
column chromatography on silica gel (6 to 50 % AcOEt in hexane) to give (2S,4S)-tert-
butyl  4-(((tert-butyldimethylsilyl)oxy)methyl)-2-(4-iodo-1H-imidazol-2-yl)pyrrolidine-1-
carboxylate (118 mg, 65 %).

I~ O \ N’ IX
\&7 N + _/S' — = \\(\E\O —_—

:/OH
cl N EN\ Xi
I 2 N e —
<Nj‘_‘\\\gN - N/ \\/NH z o

\O

Step IX

To a solution of tert-butyl (2S,4S)-4-[[tert-butyl(dimethyl)silylJoxymethyl]-2-(4-iodo-1H-

imidazol-2-yl)pyrrolidine-1-carboxylate (66 mg, 0.1301 mmol), tert-butyl (2S,4S)-4-

methyl-2-[4-[2-[4-(2-trimethylsilylethynyl)phenyl]ethynyl]-1H-imidazol-2-yl]pyrrolidine-1-
10  carboxylate (58.24 mg, 0.1301 mmol), PdCl,(dppf)-CH,Cl, (5.312 mg, 0.006505 mmol) and

Cul (1.239 mg, 0.006505 mmol) in DMF (2 mL) is added DBU (198.1 mg, 194.6 pL, 1.301
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mmol) followed by one portion of water (1.2 L, 0.5 eq.). The mixture is then warmed
up to 60°C and stirred at that temperature for 30 minutes before another portion of
water is added (1.2 pL, 0.5 eq.) followed by another portion (1.2 pL, 0.5 eq.) after 30
minutes. The mixture is then stirred overnight at that temperature. The reaction is
warmed to 100°C and PdCl,(dppf)-CH.Cl; (4.6 mg, 0.0065 mmol) is added followed by Cul
(1.2 mg, 0.0065 mmol). The mixture is stirred for another 3 hours at that temperature.
The mixture is then cooled to room temperature and DMF is evaporated to dryness and
the residue is purified by flash column chromatography on silica gel (0 to 15 % methanol
in CH)Cl;) to give (25,4S)-tert-butyl 2-(4-((4-((2-((2S,4S)-1-(tert-butoxycarbonyl)-4-

10 (((tert-butyldimethylsilyl)oxy)methyl)pyrrolidin-2-yl)-1H-imidazol-4-
yhethynyl)phenyl)ethynyl)-1H-imidazol-2-yl)-4-methylpyrrolidine-1-carboxylate (26 mg,
26 %).
Step XI
A solution tert-butyl (2S,4S)-2-[4-[2-[4-[2-[2-[(2S,4S)-1-tert-butoxycarbonyl-4-[[tert-
butyl(dimethyl)silylJoxymethyl]pyrrolidin-2-yl]-1H-imidazol-4-yl]ethynyl]phenyl]ethynyl]-
1H-imidazol-2-yl]-4-methyl-pyrrolidine-1-carboxylate (25 mg, 0.03311 mmol) in HCl (2 mL
of 4 M in dioxane, 8.000 mmol) is stirred for 1 hour and evaporated to dryness. The
sample is used as it is for the next step.
Step XII

20  To a solution of [(3S,5S)-5-[4-[2-[4-[2-[2-[(2S,4S)-4-methylpyrrolidin-2-yl]-1H-imidazol-4-
yl]ethynyl]phenyl]ethynyl]-1H-imidazol-2-yl]pyrrolidin-3-ylJmethanol (Hydrochloric Acid
(2)) (17 mg, 0.03311 mmol) and (2S)-2-(methoxycarbonylamino)-3-methyl-butanoic acid
(11.60 mg, 0.06622 mmol) in DMF (2 mL) is cooled in an ice bath and are sequentially
added HATU (26.44 mg, 0.06953 mmol) and DIPEA (25.68 mg, 34.61 pL, 0.1987 mmol)
under nitrogen atmosphere. The reaction mixture is stirred at that temperature for 1.5
hours and evaporated to dryness. The residue is purified successively by flash column
chromatography on silica gel (0 to 15 % methanol in CH,Cl;) followed by reverse phase
preparative HPLC to afford ((S)-1-{(2S,4S)-4-hydroxymethyl-2-[4-(4-{2-[(2S,4S)-1-((S)-2-
methoxycarbonylamino-3-methyl-butyryl)-4-methyl-pyrrolidin-2-yl]-1H-imidazol-4-

30  ylethynyl}-phenylethynyl)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl-propyl)-
carbamic acid methyl ester (6.2 mg, 26 %).
'H NMR (400 MHz, DMSO-d¢): 6 12.09 (broad s, 2H), 7.43 (m, 4H), 7.21 (m, 2H), 4.83 (m,
2H), 4.05 (m, 4H), 3.50 (s, 6H), 3.45 (m, 2H), 3.31 (s, 1H), 3.15 (m, 2H), 2.23 (m, 4H),
1.86 (m, 4H), 1.21 (m, 3H), 1.06 (m, 2H), 0.75 (m, 6H). LC/MS: m/z = 755.51 (M+H").
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Examples 65 and 66

65

66

The above compounds were prepared according to the procedures disclosed herein.

Example 67

Methyl N-[(1S)-1-[(2S,4S)-2-[4-[2-[2-[ 2-[ 2-[(2S,4S)-1-[(2S)-2-
(methoxycarbonylamino)-3-methyl-butanoyl]-4-methyl-pyrrolidin-2-yl]-1H-imidazol-
4-yl]ethynyl]benzothiophen-6-yl]ethynyl]-1H-imidazol-2-yl]-4-methyl-pyrrolidine-1-
carbonyl]-2-methyl-propyl]carbamate

10
To a solution of 2-[(2S,45)-4-methylpyrrolidin-2-yl]-4-[2-[2-[2-[2-[(2S,4S)-4-
methylpyrrolidin-2-yl]-1H-imidazol-4-yl]ethynyl]benzothiophen-6-yl]ethynyl]-1H-
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Conpound M + 1 (observed) Retention tinme (mnutes) 1H NWR 1050 ([1,M 1
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imidazole (59.3 mg, 0.12 mmol) in DMF (2 mL) are added (25)-2-(methoxycarbonylamino)-
3-methyl-butanoic acid (47.5 mg, 0.27 mmol), HATU (112.6 mg, 0.29 mmol) and DIPEA
(159.5 mg, 215.0 pL, 1.234 mmol). The mixture is stirred at rt overnight. After removal
of the solvent under reduced pressure, the residue is purified by silica gel column
chromatography using methanol (0-6%) in CH,Cl,, and the major fraction is further
purified using revers-phase prep-HPLC to obtain methyl N-[(15)-1-[(2S,4S)-2-[4-[2-[2-[2-
[2-[(2S,45)-1-[(2S)-2-(methoxycarbonylamino)-3-methyl-butanoyl]-4-methyl-pyrrolidin-2-
yl]-1H-imidazol-4-yl]ethynyl]benzothiophen-6-yl]ethynyl]-1H-imidazol-2-yl]-4-methyl-
pyrrolidine-1-carbonyl]-2-methyl-propyl]carbamate (46 mg, 0.05699 mmol, 46.18%) as an

10 off-white solid. LC/MS: m/z = 795.40 (M+H"). '"H NMR (CD;OD, 400 MHz): & 7.24-7.95 (m
6H), 4.95(m, 2H), 4.20 (m, 4H), 3.62 (s, 6H), 2.46 (m, 4H), 1.96 (m, 4H), 1.15 (m, 6H),
0.84(m, 14H).

Example 68

Methyl  N-[(1S)-1-[(2S,4S)-4-methoxy-2-[4-[2-[4-[2-[2-[(2S,4S)-4-methoxy-1-[(2S)-2-
(methoxy-carbonylamino)-3-methyl-butanoyl]pyrrolidin-2-yl]-1H-imidazol-4-
yl]ethynyl]phenyl]ethynyl]-1H-imidazol-2-yl]pyrrolidine-1-carbonyl]-2-methyl-

propyl]carbamate

Q( <
\Oé OHN’\>_ | o) HN/\>____®___<( ==/>
| —_—
N . \N N NH
&

-5 5

i
Illl

I,

20

The title compound is prepared from tert-butyl (2S,4S)-2-(4-iodo-1H-imidazol-2-yl)-4-

methoxy-pyrrolidine-1-carboxylate using the reactions described below.

Step I:
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71. 58

To a mixture of tert-butyl (2S5,4S)-2-(4-iodo-1H-imidazol-2-yl)-4-methoxy-pyrrolidine-1-
carboxylate, trimethyl-[2-[4-(2-trimethylsilylethynyl)phenyl]ethynyl]-silane, PdCl,(dppf)-
CH,Cl; and copper lodide is added DMF under nitrogen atmosphere. The reaction mixture
is degassed thrice (vacuum and nitrogen gas) and then DBU and water are added and
heated at 60°C for 8 hours. The reaction mixture is cooled to 0°C, diluted with water and
filtered.

Step Il:

To a solution of the product from step | in dry MeOH (400 pL) is added HCl in Dioxane.
The reaction mixture is stirred at rt for 2 hours and concentrated to afford the

corresponding amine as the HCl salt. This material is used as such in the next step.
Step lll:

To a cold (-10 to -5°C) stirred solution of the product from step Il and HATU in DMF is
added DIPEA dropwise. The resultant reaction mixture is slowly warmed up to rt and
stirred overnight. The reaction mixture is diluted with water, the resultant white
precipitate is collected by filtration and the filtrate is refiltered. The combined
precipitates are washed with water and heptanes, dried under high vacuum and purified

by reverse phase HPLC to afford the title compound.

'H NMR (400 MHz, CD;0D, Peaks for the major rotamer): & 7.44 (s, 4 H), 7.23 (s, 2 H), 5.2
- 5.1 (m, 2 H), 4.2 - 3.0 (m, 8 H), 3.63 (s, 6 H), 3.34 (s, 6 H), 2.6 -1.9 (m, 6 H), 0.92 -
0.86 (doublets, 12 H).

LC/MS, m/z = 771.59 (M+H"); Rt : 7.25 minutes.

HPLC (RT) = 11.70 minutes, Method: 20%-60% AcCN-water (0.01% TFA) for 40 min, Gemini
C18 3um, 4.6 mm x 250 mm.

Example 69

N

The above compound was prepared according to the procedures disclosed herein.
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Example 70

Activity determination using the ELISA and the sub-genomic replicon 1a cell line

The cell line W11.8 containing the sub-genomic HCV replicon of genotype 1a is used to
determine the potency of the drugs. The RNA replication in presence of different drug
concentrations is indirectly measured in this cell line by the level of NS5A protein
content upon drug treatment for four days. It is shown that the level of the NS5A protein
correlates well with the level of HCV RNA in the replicon cell line. Cells are split twice a
10  week in order to keep the confluence state below 85% of the culture flask surface area.
The culture media used for cell passaging consists of DMEM-10% foetal bovine serum with
100 Ul/mL penicillin, 100 pg/mL streptomycin, 2 mM glutamine, 1 mM sodium pyruvate,
non-essential amino acids (1x) and 600 pg/mL of G418 final concentrations. Monolayer of
the W11.8 cells is trypsinized and cells are counted. Cells are diluted at 50,000 cells/mL
with complete DMEM without G418, then approximately 5,000 viable cells (100 pL) are
plated per well in a white opaque 96-well microtiter plate. After an incubation period of
2 - 4 hours at 37 °C in a 5% CO2 incubator, compounds are added at various
concentrations. Drugs are resuspended in DMSO at a stock concentration of 10 mM.
Then, drugs are serially diluted at twice the final concentration in the same medium.
20  One volume (100 L) of each drug dilution is then added to each well that contains cells.
A control compound is used as an internal standard for each plate assay. Sixteen wells
are used as control (0% inhibition) without drug. Eight wells are used as background
control (100% inhibition) containing 2 pM (final concentration) of the control drug that
was shown to inhibit the NS5A expression at = 100% and is nontoxic to the cells. Values
from 100% inhibited wells were averaged and used as the background value. Cells are
further incubated for four days at 37° C in a 5% CO; incubator. Following the incubation
time of four days, the media is removed and wells are washed once with 150 pL of PBS at
room temperature for five minutes. Cells are then fixed for five minutes using 150 pL per
well of cold (-20 °C) fixative solution (50% methanol / 50% acetone mix). Cells are then
30  washed twice with 150 pL of PBS (phosphate buffered saline) per well, following the
addition of 150 pL of blocking solution, cells are incubated for one hour at 37 °C to block
non-specific sites. The blocking solution is removed and cells are washed twice with 150
WL of PBS per well and once with 150 pL of PBSTS solution (PBS / 0.1% Triton X-100 /
0.02% SDS) per well. Then, 50 pL of mouse monoclonal anti-NS5A antibody (Santa Cruz,
Cat. No. sc-52417) is added in each well, diluted 1/1,000 in the blocking solution and

incubated at 4 °C overnight. Next day, media is removed and plates are washed five
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times with 150 pyL of PBS per well with five-minute incubations at room temperature.
Then 50 pL per well of peroxidase-conjugated donkey anti-mouse antibody (Jackson
Immunoresearch, Cat. No. 715-036-150) diluted 1/10,000 in the blocking solution is
added and incubated at room temperature for three hours on a shaker (500 rpm). Plates
are washed four times with 150 pL of PBSTS solution per well and once with 150 pL of
PBS. Then, substrate solution (100 pl, SuperSignal ELISA Pico Chemiluminescent
Substrate, Fisher Cat. No0.37069) is added in each well and plates are incubated
60 minutes at room temperature prior to reading the luminescence (relative light units)
on the Analyst HT plate reader. The percentage of inhibition at each drug concentration
tested (in duplicate) is calculated. The concentration required to reduce viral
replication by 50% (ICsy) is then determined from dose response curves using nonlinear
regression analysis with the GraphPad Prism software, version 2.0 (GraphPad Software
Inc., San Diego, CA, USA).

Example 71

Cell-Based Luciferase Reporter HCV (Ib) RNA Replication Assay Cell Culture

Replicon cell lines Huh-5.2 are derived from the Huh-7 hepatocarcinoma cell line are
maintained in culture as generally described in Krieger, N; Lohmann, V; Bartenschlager,
R. Enhancement of hepatitis C virus RNA replication by cell culture-adaptive mutations.
J. Virol. 2001, 75, 4614-4624 . The Huh-5.2 cells contain the highly cell culture-
adapted replicon lsgoluc-ubi-neo/NS3-3’/5.1 construct that carries, in addition to the
neomycin gene, an integrated copy to the firefly luciferase gene (Krieger, N; Lohmann,
V; Bartenschlager, R. Enhancement of hepatitis C virus RNA replication by cell culture-
adaptive mutations. J. Virol. 2001, 75, 4614-4624). This cell line allows measurement
of HCV RNA replication and translation by measuring luciferase activity. It has been
previously shown that the luciferase activity tightly follows the replicon RNA level in
these cells (Krieger, N; Lohmann, V; Bartenschlager, R. Enhancement of hepatitis C
virus RNA replication by cell culture-adaptive mutations. J. Virol. 2001, 75, 4614-4624).
The Huh- ET cell line has the same features as those mentioned for Huh-5.2 cell line,
except that ET cells are more robust and contain an adaptative mutation in the HCV
NS4B gene instead of NS5A. Both cell lines are maintained in cultures at a sub-confluent
level (<85%) as the level of replicon RNA is highest in actively proliferating cells. The
culture media used for cell passaging consist of DMEM (Gibco BRL Laboratories,

Mississauga, ON, Canada) supplemented with 10% foetal bovine serum with 1%
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penicilin/streptomycin, 1% glutamine, 1% sodium pyruvate, 1% non-essential amino
acids, and 180 pg/ml of G418 final concentration. Cells are incubated at 37°C, in an

atmosphere of 5% CO; and passaged twice a week to maintain sub-confluence.

Approximately 3000 viable Huh- ET cells (100 pl) are plated per well in a white opaque
96-well microtiter plate. The cell culture media used for the assay is the same as
described above except that it contains no G418 and no phenol red. After an incubation
period of 3-4 hours at 37° C in a 5% CO, incubator, compounds (100 pl) are added at
various concentrations. Cells are then further incubated for 4 days at 37° C in a 5% CO,

10 incubator. Thereafter, the culture media is removed and cells are lysed by the addition
of 95 pL of the luciferase buffer (luciferin substrate in buffered detergent). Cell lysates
are incubated at room temperature and protected from direct light for at least 10
minutes. Plates are read for luciferase counts using a luminometer (Wallac MicroBeta
Trilux, Perkin Elmer™, MA, USA).

The 50% inhibitory concentrations (ICss) for inhibitory effect are determined from dose

response curves using eleven concentrations per compound in duplicate. Curves are

fitted to data points using nonlinear regression analysis, and ICses are interpolated from

the resulting curve using GraphPad Prism software, version 2.0 (GraphPad Software Inc.,
20  San Diego, CA, USA).

Table 1C shows comparative data for exemplary compounds of formula (I) (entries 1-3)
and formula (lA) (entries 4-5). As is shown in the table, the compounds having a
substituent at the 4-position of the pyrrolidine ring (i.e. compounds of the invention

where R4 and R4 are methyl). Data shows ICs, values against the sub-genomic replicon 1a

cell line.
Table 1C
Entry Compound Structure ICs0 (PM)
N — N — /)
seo SRyt
H H
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Table 1D shows compounds representative of the present invention and the EC50 values

against the HCV 1b genotype. ECsy ranges are presented in micromolar as follows: uM

+++ <= 0.005 < ++<=
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Table 1D
Retention
M+ 1 time ICs0 (UM)
Compound | (observed) | (minutes) 'H-NMR

1 767.69 7.14 +++
2 755.5 9.27 +++
3 717.5 8.17 +++
4 739.6 8.24 +++
5 743.44 8.11 +++
6 789.5 9.16 +++
7 771.58 7.5 +++
8 767.59 8.81 +++
9 739.51 8.89 +++
10 802.5 9.86 +++
11 767.4 9.22 +++
12 753.4 8.77 +++
13 752.58 9.14 +++
14 773.49 9.21 +++
15 635.48 7.12 ++
16 753.56 8.57 +++
17 747.57 6.13 ++
18 767.64 7.94 +++
19 739.65 7.31 +++
20 865.36 10.94 +++
21 991.17 14.56 +++
22 807.44 9.65 +++

1H NMR (300 MHz, DMSO) d

12.60 (s, 0.4H), 12.20 (s,

1.6H), 7.48 (s, 5.5H), 7.20 (s,

0.5H), 4.76 - 4.59 (m, 2H),

3.75 - 3.59 (m, 2H), 3.04 -

2.91 (m, 2H), 2.41 - 2.30 (m

2H), 2.29 - 2.13 (m, 2H), 1.72

-1.49 (m, 2H), 1.37 (s, 6H),
23 625.45 9.13 1.14 (s, 12H), 1.02 (d, J = 6.2 ++
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847 ++ GhIGBRL ARk S+ 32 739.49 8.39 ++ 33 730.53 8.17 +++ 34
625.41 8.91 424.99 4.94
WO 2011/079327 PCT/US2010/062168
Retention
M+ 1 time ICs0 (M)
Compound | (observed) | (minutes) 'H-NMR
Hz, 6H).

24 425 5.08 ++
25 725.5 7.55 +++
26 753.45 7.14 +++
27 739.57 9.06 ++
28 767.53 8.11 +++
29 803.55 8.73 +++
30 795.6 8.47 +++
31 785.27 8.31 +++
32 739.49 8.39 ++
33 739.53 8.17 +++
34 625.41 8.91
35 424.99 4.94
36 757.4 17.58 +++
37 817.63 8.57 +++
38 739.47 8.32 +++
39 582.42 6.49 ++
40 797.53 8.7 +++
11 767.6 9.06 +++
42 739.4 9.49 +++
43 767.5 8.93 +++
44 747.49 8.05 +++
45 819.65 10.3 +++
46 838.4 8.49 +++
47 781.17 6.92 +++
48 875.45 16.08 +++
49 741.42 6.46 +++
50
51 743.4 2.79
52 739.43 8.62 ++
53 663.44 7.61 +++
54 682 8.55 +++
55 790.3 8.64 +++
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36 757.4 17.5

++ 40 797.53 8.7

10

Bite it B073d01$1 7. 63 8. 57

+++ 38 739.47 8. 32

+++ 39 582.42 6. 49

WO 2011/079327 PCT/US2010/062168
Retention
M+ 1 time ICs0 (M)
Compound | (observed) | (minutes) 'H-NMR
56 740.45 7.75 4+
57 797.4 8.57 4+
58 829.84 2 4+
59 799.51 7.24 ++
60 745.3 8.74 4+
61 795.4 9.48 4+
62 764.45 9.01 4+
63 773.6 18.6 4+
64 755.51 7.45 4+
65 659.59 1.76 ++
66 829.55 16.6 +++
67 795.57 9.21 4+
68 771.59 7.25 4+
69 829.37 1.75 4+

The preceding

examples can be repeated with similar success by substituting the

generically or specifically described reactants and/or operating conditions of this

invention for those used in the preceding examples.

From the foregoing description, one skilled in the art can easily ascertain the essential

characteristics of this invention and, without departing from the spirit and scope

thereof, can make various changes and modifications of the invention to adapt it to

various usages and conditions.
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+++ 41 767.6 9.06 +++ 42 739.4 9.49 +++ 43 767.5 8.93 +++ 44 747.49 8.05

+++ 45 819.65 10.3  +++
WO 2011/079327 PCT/US2010/062168

Claims

1. A compound of Formula (lll):

2 R2
N N
Ne el
N N R,
\R ' R/
N 3 R 3 N

R4| \¥ ( 1)p I ’e

Rg (1 Rs

wherein
A is Cqq4 aryl, 4-12 membered heterocycle, Cs.q cycloalkyl, 5-12 membered heteroaryl, or a
bond;
10 B and B’ are each independently C;¢alkyl, C,¢ alkenyl, or C,¢ alkynyl;

Ry is H, halogen, -OR,, -NR,R,, -C(=0)OR,, -C(O)NR,Rp, -C(=0)OH, -C(=O)R,, -C(=NOR/)R,, -
C(=NRNR Ry, -NR4C(=O)NR,R,, -NRpC(=0)R,, -NR4C(=NR)NR.R,, -NR,C(=O)OR,,
OC(=0)NR,R;, -OC(=0)R,, -OC(=0)OR,, hydroxyl, nitro, azido, cyano, -5(0).3R,, -SO,NR,Ry,
-NR,SOzR,, -NR,SO:NR,R,, -P(=0)OR,0Ry, Cie alkyl, C,¢ alkenyl, C,¢ alkynyl, or Ci,
halogenated alkyl, or any two occurrences of Ry can be taken together with the atoms to
which they are attached to form a 5-7 cycloalkyl which is unsubstituted or substituted
one or more times by R" or a 5-7 membered heterocycle which is unsubstituted or
substituted one or more times by R, wherein R,, Ry, R., and Ry are each independently
H, Ciq alkyl, C,q; alkenyl, C,.q; alkynyl, Cq; aryl, C;4 aralkyl, 5-12 membered

20 heteroaryl, 6-18 membered heteroaralkyl, 3-12 membered heterocycle, or 4-18
membered heterocycle-alkyl;

R, and R;’ are each independently H, halogen, Ci¢ alkyl, -(CH;);30H, -OR,, -C(=0)OR,, -
C(O)NR4Rp, -C(=0)OH, Cs.12 aryl, or 5-12 membered heteroaryl, wherein R,, Ry, Rc, and Ry
are each independently H, C,.1; alkyl, C,; alkenyl, C,4; alkynyl, C4.1, aryl, Cs4 aralkyl, 5-
12 membered heteroaryl, 6-18 membered heteroaralkyl, 3-12 membered heterocycle, or
4-18 membered heterocycle-alkyl;

R; and R;’" are each independently H, Ci¢alkyl, C,¢alkenyl, or C,¢alkynyl;

R4 and R4 are each independently halogen, Ci¢ alkyl, hydroxyl, Ce 14 aryl, or Cy4alkoxy;

X and Y are each independently
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46 838.4 8.49 +++ 47 781.17 6.92 +++ 48 875.45 16.08 +++ 49 741.42 6. 46
+++ 50 51

0 o 9
O
I L - 0§
I P ITI , “-ﬁ"- , Or a bond;
R, 0

wherein the bond marked with an asterisk (*) indicates the attachment to the nitrogen of ring C

or C’;

Rs and Rs’ are each independently H, C;4; alkyl which is unsubstituted or substituted one or
more times by R', C,.4, alkenyl which is unsubstituted or substituted one or more times
by R, C,.1, alkynyl which is unsubstituted or substituted one or more times by R", Cq 14
aryl which is unsubstituted or substituted one or more times by R"", C;., aralkyl which is
unsubstituted or substituted one or more times by R", 5-12 membered heteroaryl which
is unsubstituted or substituted one or more times by R", 6-18 membered heteroaralkyl

10 which is unsubstituted or substituted one or more times by R'", 3-12 membered
heterocycle which is unsubstituted or substituted one or more times by R"%, or 4-18
membered heterocycle-alkyl which is unsubstituted or substituted one or more times by
R12;

Re is H, Ci¢ alkyl, or halogenated Ci¢ alkyl, or can be merged with Ry or Rs’ to form a 3-12
membered heterocycle;

pis0, 1,2, 3or4;

R'" is halogen, -OR,, oxo, -NR,R,, =NO-R. , -C(=0O)OR,, -C(O)NR,R,, -C(=0)OH, -C(=O)R,, -
C(=NOR.)R,, -C(=NRNR,R,, -NR4C(=O)NR,R,, -NR,C(=O)R,, -NR4C(=NR/NR,R;,
NR,C(=0)OR,, -OC(=0)NR,R;, -OC(=0)R,, -OC(=0)OR,, hydroxyl, nitro, azido, cyano, -5(0),.

20 3Ra, -SO2NR,Rp, -NR,SOzR,, -NRpSO;NR,Ry, or -P(=0)OR,0OR,, wherein R,, Ry, R, and Ry are
each independently H, Ciq; alkyl, C,q; alkenyl, C, 4, alkynyl, Cs12 aryl, C;4¢ aralkyl, 5-12
membered heteroaryl, 6-18 membered heteroaralkyl, 3-12 membered heterocycle, or 4-
18 membered heterocycle-alkyl;

R" is halogen, -OR,, -NR,R,, -C(=0)OR,, -C(O)NR,R,, -C(=0)OH, -C(=0)R., -C(=NORJ)R,, -
C(=NRNR Ry, -NR4C(=O)NR,R,, -NRpC(=0)R,, -NR4C(=NR)NR.R,, -NR,C(=O)OR,,
OC(=0O)NR,Ry, -OC(=0)R,, -OC(=0)OR,, hydroxyl, nitro, azido, cyano, -5(0)¢.3Ra, -SO2NR.Ry,
-NRpSO;R,, -NRpSO;NR.Ry, or -P(=0)OR,0R,, Cy.12 alkyl, C,.1 alkenyl, C,.1; alkynyl, Cq.1; aryl,
Cs46 aralkyl, 5-12 membered heteroaryl, 6-18 membered heteroaralkyl, 3-12 membered
heterocycle, or 4-18 membered heterocycle-alkyl, wherein R,, Ry, R., and Ry are each

30 independently H, Ciq alkyl, C;q; alkenyl, C,; alkynyl, C¢q; aryl, C;q aralkyl, 5-12
membered heteroaryl, 6-18 membered heteroaralkyl, 3-12 membered heterocycle, or 4-
18 membered heterocycle-alkyl;

R is halogen, -OR,, oxo, -NR,R,, =NO-R. , -C(=0O)OR,, -C(O)NR,R,, -C(=0)OH, -C(=O)R,, -
C(=NOR.)R,, -C(=NRNR,R,, -NR4C(=O)NR,R,, -NR,C(=O)R,, -NR4C(=NR/NR,R;,
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743.4 2.79 52 739.43 8.62 ++ 53 663.44 7.61 +++ 54 682 8.55 +++ 55
790. 3A 8.64 +++ At ;[ orney File Ref.: 097546-0133
1MW O 2011/079327 PCT/US2010/062168

NRpC(=0)OR,, -OC(=0)NR,R;,, -OC(=0)R,, -OC(=0)OR,, hydroxyl, nitro, azido, cyano, -S(O),.
3Ra, -SO;NR,Rp, -NR,SO;R,, -NR,SO,NR,Ry, or -P(=0)OR,0R;,, Cq.q; alkyl, C, 4, alkenyl, C; ¢,
alkynyl, Ceq; aryl, C;q4 aralkyl, 5-12 membered heteroaryl, 6-18 membered
heteroaralkyl, 3-12 membered heterocycle, or 4-18 membered heterocycle-alkyl,
wherein R,, Ry, R, and Ry are each independently H, Cy.; alkyl, C,; alkenyl, C; 1, alkynyl,
Ce.12 aryl, Cs4 aralkyl, 5-12 membered heteroaryl, 6-18 membered heteroaralkyl, 3-12

membered heterocycle, or 4-18 membered heterocycle-alkyl;

wherein as valency allows in B, B’ R, Ry, Rc, and Ry, Ry, Ry, Ry’, Rs, Ry’, Ry, Ry, R, R and R™
Y ,

each of alkyl, alkenyl, alkynyl, alkoxy, aryl, aralkyl, heteroaryl, heteroaralkyl,
heterocycle, or heterocycle-alkyl is independently unsubstituted or substituted one or
more times by halogen, -OR,, 0x0, -NR;R,:, =NO-R., -C(=0)OR,, -C(O)NR_ Ry, -C(=0)0OH,
-C(=0)Ry,  -C(=NOR( )Ry,  -C(=NRyINRyRy,  -NRyC(=O)NR,Ry, -NR,C(=0)R,

NR#C(=NR)INR,Rp:, -NRyC(=0)OR,:, -OC(=0O)NR,Ry, -OC(=0)R,, -OC(=0)OR., hydroxyl,
nitro, azido, cyano, -5(0)o3Rx, -SO2NRxRy, or -NRySO.R.; wherein R,-Ry are each

independently H or C;.; alkyl; or

a pharmaceutically acceptable salt thereof.

10
2.
20
3.
4.
5
30 6.
7.

BOST_1803930.1

A compound according to claim 1, wherein R, and R’ are each independently halogen,

C1. alkyl or Cy_4 alkoxy.

A compound according to claim 1, wherein Ry and Ry are Cy¢ alkyl.

A compound according to any one of claims 1 to 3, wherein A is phenyl, thiophene,

pyridine, pyrimidine, triazole, naphthalene, thienothiene, benzothiadiazole, quinoline, or

benzothiophene.

. A compound according to any one of claims 1 to 3, wherein A is phenyl, thiophene,

pyridine, pyrimidine, or triazole.
A compound according to claim 5, wherein A is phenyl, or thiophene.

A compound according to claim 5, wherein A is
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WD 2011/ 079327PCT/ US2010/ 062168 Conpound M + 1 (observed) Retention tine
(m nut esgwll—l- NVR 1 C50 (QA) 56 740.45 7.75 +++ 57 797.4 8.57 +++ 58 829. 84
D2O11BT93R7 24 PCT/US2010/062168

8. A compound according to any one of claims 1 to 7, wherein B and B’ are independently

Cy.6 alkynyl or Cy¢ alkyl.

9. A compound according to any one of claims 1 to 7, wherein B and B’ are independently -
(C=C)- or -(CHy),-.

10. A compound according to any one of claims 1 to 7, wherein B and B’ are-(C=C)-.

11. A compound according to any one of claims 1 to 10, wherein p is 2.

10
12. A compound according to any one of claims 1 to 10, wherein p is 1.
13. A compound according to any one of claims 1 to 12, wherein X and Y are
I
14, A compound according to any one of claims 1 or 4 to 13, wherein Ry and R, are
each independently halogen, methyl, ethyl, isopropyl, di-fluoromethyl, di-fluoroethyl,
trifluoromethyl, tri-fluoroethyl, -CH,0H, or hydroxyl, or t-butoxy.
20 15. A compound according to any one of claims 1 or 4 to 14, wherein R, and Ry’ are each
independently halogen, methyl, ethyl, t-butoxy-, or hydroxyl.
16. A compound according to claim 2, wherein R, and R,’ are methoxy.
17. A compound according to claim 15, wherein R4 and R4’ are fluoro.
18. A compound according to claim 15, wherein R, and R4’ are methyl.
19. A compound according to any one of claims 1 to 18, wherein R; and R;” are H.
30
20. A compound according to any one of claims 1 to 18, wherein R; and R;’ are
methyl.
21. A compound according to any one of claims 1 to 20, wherein R;is halogen, C;3

alkyl, hydroxyl, cyano, C;3 alkoxy, or methoxycarbonyl.
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++ 60 745.3 8.74 +++ 61 795.4 9.48 +++ 62 764.45 9.01 +++ 63 773.6 18.6
+++ 6& 755.51 7. 45 ; +++
WO 2011/079327 PCT/US2010/062168

22. A compound according to any one of claims 1 to 20, wherein R, is halogen, C;; alkyl,

hydroxyl, cyano, or C,; alkoxy.

23. A compound according to claim 22, wherein Ry is chloro, fluoro, methyl, hydroxyl, cyano,

or methoxy.

24. A compound according to any one of claims 1 to 19, wherein R;is H.

10 25. A compound according to any one of claims 1 to 24, wherein R; and R;” are methyl.

26. A compound according to any one of claims 1 to 24, wherein R, and R, are H.

27. A compound according to any one of claims 1 to 24, wherein R, and R,’ are H, iodo,

methyl, hydroxymethyl, trifluoromethyl, or thienothienyl.

28. A compound according to any one of claims 1 to 27, wherein Rs and Rs’ are each
independently, Cy.s alkyl which is unsubstituted or substituted one or more times by R,

C..5 alkenyl which is unsubstituted or substituted one or more times by R™, C,.s alkynyl

20 which is unsubstituted or substituted one or more times by R', phenyl which is
unsubstituted or substituted one or more times by R", C;4 aralkyl which is unsubstituted

or substituted one or more times by R", 5-6 membered heteroaryl which is unsubstituted

or substituted one or more times by R', 6-8 membered heteroaralkyl which is
unsubstituted or substituted one or more times by R, 3-6 membered heterocycle which

is unsubstituted or substituted one or more times by R'?, or 4-8 membered heterocycle-

alkyl which is unsubstituted or substituted one or more times by R'.

29. A compound according to claim 28, wherein Rs and R’ are each independently, C;¢ alkyl

which is unsubstituted or substituted one or more times by R'", C,, alkenyl which is

30 unsubstituted or substituted one or more times by R, C,. alkynyl which is unsubstituted
or substituted one or more times by R'®, phenyl which is unsubstituted or substituted one

or more times by R", benzyl which is unsubstituted or substituted one or more times by

R", 5-6 membered heteroaryl which is unsubstituted or substituted one or more times by

R", 6-7 membered heteroaralkyl which is unsubstituted or substituted one or more times

by R", 5-6 membered heterocycle which is unsubstituted or substituted one or more

times by R", or 6-7 membered heterocycle-alkyl which is unsubstituted or substituted

one or more times by R™.
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65 659.59 1.76 ++ 66 829.55 16.6 +++ 67 795.57 9.21 +++ 68 771.59 7.25
+++ 69 829.37 1.75  +++
WO 2011/079327 PCT/US2010/062168

30. A compound according to claim 28, wherein Rs and Rs’ are each independently, C¢ alkyl
which is unsubstituted or substituted one or more times by R'", C,, alkenyl which is
unsubstituted or substituted one or more times by R, C,. alkynyl which is unsubstituted

or substituted one or more times by R™.

31. A compound according to claim 28, wherein Rs and Rs’ are each independently methyl,
ethyl, propyl, isopropyl, butyl, sec-butyl, tert-butyl, pentyl, 2-methylbutane, 3-
methylbutane, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, or cyclohexyl(CH,)-,
which are unsubstituted or substituted one or more times by R™.

10
32. A compound according to claim 28, wherein Rs and Rs’ are each independently phenyl

which is unsubstituted or substituted one or more times by R'".

33. A compound according to claim 28, wherein Rs and Rs’ are each independently benzyl

which is unsubstituted or substituted one or more times by R'".

34. A compound according to any one of claims 1 to 32, wherein R is halogen, -OR,, 0xo, -

NR.Rp, =NO-R. , -C(=0)OR,, -C(O)NR,Ry, -C(=0)0OH, -C(=0)R,, -C(=NOR)R,, -C(=NR.)NR,Ry,
-NR4C(=O)NR,Rs, -NR,C(=0)Ra, -NR4C(=NR)NR,R;, -NR,C(=0)OR,, -OC(=0)NR,R;, -OC(=0)R,,

20 -0C(=0)OR,, hydroxyl, nitro, azido, cyano, -5(0)o3Ra, -SO:NRiR,, -NR,SO;R,, or -
NRySO,NR,Ry, wherein R, -Ry are each independently H, Ci.q; alkyl, C,.q; alkenyl, C,.1;

alkynyl, Cqq, aryl, C;q aralkyl, 5-12 membered heteroaryl, 6-18 membered

heteroaralkyl, 3-12 membered heterocycle, or 4-18 membered heterocycle-alkyl.

35. A compound according to claim 34, wherein R' is -NR,Rs, -NR4C(=0)NR;Ry, -NR,C(=0)R,, -
NR4C(=NR)NR,Rp, -NR,C(=0)OR, -NR,SO;R,, or -NR,SO;NR,R,, wherein R,, Ry, R, and Ry
are each independently H, C,.1; alkyl, C,; alkenyl, C,4; alkynyl, C4.1, aryl, Cs4 aralkyl, 5-
12 membered heteroaryl, 6-18 membered heteroaralkyl, 3-12 membered heterocycle, or
4-18 membered heterocycle-alkyl.

30

36. A compound according to claim 34, wherein R' is -NR,Rs, -NR4C(=0)NR;Rp, -NR,C(=O)R,, -
NRp,C(=0)OR,, or -NRySO;R,, wherein R,,Rp, and Ry are each independently H, Ci.; alkyl,
Co.i2 alkenyl, C,.q alkynyl, Ceq aryl, Csq aralkyl, 5-12 membered heteroaryl, 6-18
membered heteroaralkyl, 3-12 membered heterocycle, or 4-18 membered heterocycle-

alkyl.

37. A compound according to claim 34, wherein R' is halogen, -OR,, oxo, -C(=0)OR,, -
C(O)NR,R;, -C(=0)OH, -C(=0)R,, -OC(=O)NR,R,, -OC(=0)R, -OC(=0)OR,, hydroxyl, cyano,
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The precedi ng exanples can be repeated with simlar success by substituting
t he generl cally or speC| fically described reactants and/ or operating
condi tP"6e0ah wdha27i nvention for those used in the precedirugenaspbes. From

the foregoing description, one skilled in the art can easily ascertain the
essential WhHIPHCReR ¥e) /2sh drdaprndentinnti oAlkih &2 valkanybit CadePEYDiins 1+ RB t he

spirit andcﬂggi%%wlos 81 khberedhel@k gyl 36-1 © UientErE@ B8 crbstalkydi 5 1?%\1%%@“

the invention to adapt It to various usages and conditions.  Attorney -
2011/ 07932 rtepeyylesyotd oembssed etaraeycle-alyl.conpound of Formula (111):
wherein Ais C6_14 aryl, 4-12 nenbered heterocycle, C3_10 cycloal kyl, 5-12
menber ed heteroaryl, or a bond; 10B and B' are each |ndependently ClL 6

al kyl , @8. & campreyid accerdlrcgztcaa@y Ry 9f clapms 1 $0R9, Ralopganwhema R - inkRakRgen, -

_C(=0) ORa, nr C( Q% NRaR. =( Tj}l@?c

- NRdC( =0) N%%Rbﬁw %%a,oé -%m‘leaCZ’: @%RaRg( EFEN% )Iikg( ﬂ% Nﬁ%)
-0C(=0) Ra, NRdQG(O;)NMRa NRaG Oy |- NRdﬁ(fNRz)NPa&u,dHRdey@mR Dg((fg)@RaﬂRa 0C(= )R

- SO2NRaRb, S P ClL Kyl al.kenyl ,
C2_6 al kynyl '?R@% ?%gdrouﬁg ﬁ??g ?k ﬁga I;‘?(@mtvbo %(gyﬁ?d;enygg@&’ %kcan
be taken tNRyEOMR:RuICs h atkyb (étmaﬂserwb (\'mht aihyrwhe@s arey,tashédt 12 oremberst 7

cycl oal kyl hé‘é@@%ﬂ/l' %6- H‘é‘SH\Qﬁ{b\ALéH %t@foa?‘a‘ﬂﬁ@;' 343 eﬁlg%%r&{ HRESCLTESH DY 1%1 or

a 5-7 nenbere t erocyc ich is uns titute substituted one o
mor e ti mesmepb&ed, haigrocydleratkyl, RereiRR., &ndRR@ndRe asaehch independeatiy Hy <H12

%n%grggkg%WeC% 1§lrk3|“lﬂng lk&é%é"%wpydéfoar a‘ny fﬁﬁ'?e{@%r@n{}@e‘?‘%ﬁﬂﬂ 618 12

het er ocyclmembered-Hegerpardier e d- 12enemberged| @taﬁoky¢l¢, R2 4disdmBPberpdehatarsiaycle-
independergl!( H, hal ogen, Cl_6 alkyl, -(CH2)1.30H, -ORa, -C(=0)0ORa, -

C(0) NRaRb, %(—O)OH, C6_12 aryl, or 5-12 nenbered heteroaryl, wherein Ra,
Rb, Rc, and Rd are each independently H Cl 12 al kyl, C2_12 al kenyl, C2 12

al kynyl 4 r y et Wy .
menber eaghet gjl%Bar a Ecﬁ%Zd]égfg C?raleﬁ}b&esr e\gh%r%ﬁﬂegﬁgggﬁggey tdj{ ’lgq ‘ﬁbgr( ](%OR“
het er ocycl @OAMNRR),; R3 Q) , R3'C(=0)8,,e atR,4C¢ ﬁ@MRaen{NWCﬁO RG1_6NBJKy0)ORC2 6
al kenyl Cai'ﬁ2 Kk R rtg 4' (;%0 ent#} %I
al kyl , hyd‘?% xyl', g% )?ZYaq vt 68? 95 %Yfaﬁ%ﬁ’f Hé éﬁﬁ(&é’ac Ry? &p 1rfgaeu%1 y
Attorney (¢ alkenyl, C,¢ alkynyl, phenyl, Crs aralkyl, 5-6 membered heteroaryl, 6-8 membered
20 heteroaralkyl, 5-6 membered heterocycle, or 6-8 membered heterocycle-alkyl, wherein
Ra,Rb, and Ry are each independently are each independently H, C;.q; alkyl, C,4, alkenyl,
Co.z alkynyl, Cq.q; aryl, Csz4 aralkyl, 5-12 membered heteroaryl, 6-18 membered

heteroaralkyl, 3-12 membered heterocycle, or 4-18 membered heterocycle-alkyl.

40. A compound according to claim 38, wherein R" is halogen, -OR,, -NR4Rp, -C(O)NR,Ry, -
C(=0)OH, -C(=0)R,, -NR4C(=O)NR,R,, -NR,C(=0)R,, -NR,C(=0)OR,, -OC(=0)NR,Ry, hydroxyl,
cyano, Cqisalkyl, Co6alkenyl, C,¢alkynyl, phenyl, C;s aralkyl, 5-6 membered heteroaryl,
6-8 membered heteroaralkyl, 5-6 membered heterocycle, or 6-8 membered heterocycle-
alkyl, wherein R,,R,, and Ry are each independently H, C,.; alkyl, C,4, alkenyl, Cy,4;

30 alkynyl, Cqq, aryl, C;q aralkyl, 5-12 membered heteroaryl, 6-18 membered

heteroaralkyl, 3-12 membered heterocycle, or 4-18 membered heterocycle-alkyl.

41. A compound according to claim 38, wherein R"" is halogen, -OR,, -NR,R,, hydroxyl, cyano,
Ci¢ alkyl, wherein R,-R, are each independently H, Ci.q; alkyl, C,.1; alkenyl, C,.1; alkynyl,
Ce.12 aryl, Cs4 aralkyl, 5-12 membered heteroaryl, 6-18 membered heteroaralkyl, 3-12

membered heterocycle, or 4-18 membered heterocycle-alkyl.
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-WD 2011/ 079327; PCT/US2010/ 062168 O 1.111II1. -0 11 , - - -

-N---A-ns--- O a bond; 11l R60 wherein the bond marked with an asterlsk (*)

i ndi APESwoherareaehment to t he nitrogen of ring C or CPCTRB2@m06RES are
each |ndependently H, Cl 12 al kyl which is unsubstitut (;d or substituted one
or nore ?1%@”16‘%'"!41%30”@2 opany @En9f| claiischtq 29,unRrBIS R ikt Radotshn, seibs OXeut ed

one or norg. g,rr% RY R:J( 0 JOR,, —C( JNR Rczcg) éHk}’d‘()éb R"'hlé{hNd)lﬁ RS ﬁk' NRtR§d or
substituted ‘one or nore tines I s unsu stltu ed or

subst i t ut edRgHEOBIRRor BR{G(TRR, biﬂRs@fNRwRaB@ Sl kol0 (KOIORA OB Rethe cDS-DIRt e
or (Substl LicechyoRe. dfyamEe THilBS BaRLlcyafo L2 SFBINEr OsaRka oA syl ch. 1 S

unsubstitute Substitut’ed one or nore tinmes

het er oar al n&somaf&mﬁm allyl, syt Utech lnys Ubst ﬁlwbt(éde dRekybrd-dpmembereds by
R11, 3-12 H@%%Fﬁd 6194 eﬁ%ﬁ%@%ﬂ%t@%ah’ikﬁ”w? I‘lf(b%feoor ﬁt@%&élé“t&d L or

rmretlrres by 2, or 4-18 ered eterocyc
unsubstit uv@mbejrredmgrtocqu@ﬂ(ybn@@emn&}s &t ngdtﬁy aF-'szch relependantlgH, 6112

alkyl, of dghopenaied lcl%gnaﬂiyhgl' o a&ﬁ’b af‘mé(ge%@' h‘%@e‘? ‘*e@@’%ﬁfﬁig‘,a

3-12 nenbered haterocy e ogen, -
- NRaRb Nmnber,ed f@(ta@pmda/l 3(1(20)1NRBRI§?,C1 h@em@yﬂﬂ OF @(1£0yaabeteddqetm@a-,
=NRINR - NRAC( =0) NRaRb, -NRbC(=0)Ra, -NRIC(=NRIJNRaRb, - NRbC(=0)0Ra,
C(=0) NrRa -0C(=0) Ra, -0C(=0)0Ra, hydroxyl, nitro, azido, cyano, -S(0)o-
20 3Ra, - SozNRaRb - NRbSQ2Ra, - NRbSO2NRaRb, or -P(=0) O0RaORb, wherein Ra,

eyt ‘S8 cqdpaI RRELIJHERSRIER ilertly K sl e LR et AR Q‘é'@ o1 ed
het er oar al 4y0) NR;RblZ -Gethen ed- (E(eORaocyN:Rdé (=@NRA,, 18\RiE(HBRLd -NRyC(= -
i, Qe e e LS G0
NROC( =0} R aUAGRSICC2DIRKy DRa Ry NRbCAFO0/5es meipbér<dl) MRaRiaryl, 63 =@)sred

0 R e AT SRR g, .

al kynyl , G§, Rlb2 aad R, ,ar€eadi6 iratlepbhdantly 54,12, praliple ICeq, dilengt, dar yalkyrid,16&. pranber ed

het er oar al Ff(a:ﬁfy%z Wﬁ?&ﬁ%ﬁ%ﬁg&%& F]% mAbe}gd ﬂg{%ﬁg%g&y nd3e1pzern? mbelr

het er ocycl wherein d ar e eac ent
Cl_12 al kylietemzxdlé @l &edylembEPedlRetatdeyclglalkyC6_12 aryl, C7_16 aral kyl, 5 12
n@nber ed heteroaryl, 6-18 nenbered heteroaral kyl, 3-12 nenbered

terocycle, or 4- 18 menber ed heterocycl e-al kyl; R12 is hal ogen, -ORa,

0x0, - NRaRbcompidRdcaccord{e=d) Afe 42 GHONNRR RS halﬁ‘ger()) ORl, ox€( MR.Ra,-CO)NR,Ry,

T ornay OB 056538, PaRicabHRoa IRE DR MRk ORI R A,

hydroxyl, cyano, C¢ alkyl, C,¢ alkenyl, C,¢ alkynyl, phenyl, C;g aralkyl, 5-6 membered
heteroaryl, 6-8 membered heteroaralkyl, 5-6 membered heterocycle, or 6-8 membered
heterocycle-alkyl, wherein R,,R,, and R4 are each independently H, C;q; alkyl, Cy12
alkenyl, C,q2alkynyl, Ce12 aryl, C;4¢ aralkyl, 5-12 membered heteroaryl, 6-18 membered

heteroaralkyl, 3-12 membered heterocycle, or 4-18 membered heterocycle-alkyl.

45. A compound according to claim 42, wherein R' is halogen, -OR,, oxo, -NR,R,, hydroxyl,
30 cyano, Cq¢alkyl, wherein R,-Ry, are are each independently H, Cy.1; alkyl, C,.4, alkenyl, C,.
12 alkynyl, Ceq2 aryl, C;4 aralkyl, 5-12 membered heteroaryl, 6-18 membered

heteroaralkyl, 3-12 membered heterocycle, or 4-18 membered heterocycle-alkyl.

46. A compound according to any one of claim 1 to 45, wherein R,, Ry, R, and R4 are each
independently H, C;¢alkyl, C,¢alkenyl, C,¢ alkynyl, phenyl, C;4 aralkyl, 5-6 membered
heteroaryl, 6-8 membered heteroaralkyl, 5-6 membered heterocycle, or 6-8 membered

heterocycle-alkyl.
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NRbC(=0) ORa, -0C(=0) NRaRb, -0C(=0)Ra, -0C(=0)0ORa, hydroxyl, nitro, azido,
cyano, -S5(0)0- 3Ra,, - SO2NRaRb, - NRbSQ2Ra, - NRbSO2NRaRb, or -P(=0) 0RaORb,
Cl- 129 ehybzoﬂﬂw&;mal kenyl, C2-12 alkynyl, C6-12 aryl, @rIAG2&wabky$, 5-12
rrerrbered het eroaryl, 6-18 rrerrbered het er oar al kyl , 3-12 nenbered

het er ocycl e, or 4- 18 menber ed heterocycl e-al kyl, wherein Ra, Rb, R' and Rd
are eacla7',&“38|ﬁ3|%8&’fﬁﬁﬁédbr&1ng %@alﬁll Ké/lwhg%mlﬂ %hé(@mélre e@gh.%p@{d'éﬂtl’ I¢6£il§yl

aryl, C7-16 aral nber ed 'het eroar I, nber ed heteroara

3-12 nenbealed, rfem“sﬁfw @;e @hkymdwhﬁ@drbéiv@dana&wbr ééyme@ﬂbﬁrwhet@m@wéu f-%s

val ency alhoysern I%te%afrall%fl 3 mémbaad I%iero@}cleR%r - meﬁereﬁehetel%%ﬁclglr
R10, R11 and R12 each ky al kenyl, kynyl’, al koxy, aryl, aral
het er oar ylalkednrd Barafl Ryjare Q@hhé@@%é?@qlkel" 06|C1 hatker ocycl e-al kyl is

i ndependent|y unsubstituted or substituted one or nore tlnes by hal ogen,

-ORa,, oxo, -NRa,Rb,, =NO-R, -C(=0)0Ra,, C; )NRa, Rb,, -C(=0)0H, -C(=0)Ra,,
- qu48);Rgomp0L¢(d:aqqoro)1mm FtBim 46 NRaere[n=Ry, RR@nd R4 NRD e@;(h:wgdmendently H
NRd, C( = NR’or)d\‘Ratk -NRb, C(=0) ORa,, -0C(=0)NRa, Rb,, -0C(=0)Ra,,

-OC( =0) ORa, , d oxyI nitro, azido, cyano, -S(0)0.3Ra,, -SO2NRa, Rb,, or

- NRb, SO02Ra, ; \/\herel n Ra- Rd, are each independently H or Cl-12 alkyl; or a
phar mnacgyt I I C im
I er it Fok R ERGRY @ lche oR AR, 1527, WiGTRAMRELRRESH fof8 Ebel
al koxy. 20fognula (BOnpound according to claim 1, wherein R4 and R4' are Cl_6
al kyl. 4. A compound according to any one of claims 1 to 3, wherein Ais
phenyl, thiophene, pyridine, pyrimdine, triazole, naphthal ene,

t hi enot hi ene, benzot {Rggi azol e, qui nol i ne(rgy benzot hi ophene. 5. A conpound
according to any onejof clainm 1l to\3, wher &i A i s phenyl, thiophene,

pyri di ne, pyrlmdN e\or triazol e 6. A co daccordlngto claimb5,
wherein A is phen I, Bioprend) accor di to claim5,
wherein A is to Nley -WO 2 27; PCT/ 6 8. A conpound
accordi ng one Qf. cl ai nms 0 7, wher R!n B apd B'| are i ndependently
C2_6 al ky uNCl 6 aPkyl. ®R)A corrpound acwor di ng any one of clains 1
to 7,Ryherein B G arelnc]ependently- -(C H2)2-. 10. A
conmpound accordin to any one of clains 1 to 7, erein B and B

are- (CEC) -. '11. A conp@dupd according t¢/ang;one of claims 1 to
10, wherein p Rg 2. fo 12. A conpound accordi ngRfo any one of clains 1 to
10, wherein p is 1. 13. A conpound according to any one of clains 1 to 12,

wherein X and Y are 0J | .--- --- 14 A conpound according to any one of
cl ai ng or. 4 .13, wh in_ R4 R4 are each i ndependent |y hal ogen,
met h ‘?ra%Wmﬁc‘%“q‘sc8§¥8%>cﬁ%£ae"é‘? § (R Sors, hyl, di-fluoroethyl, trifluoromethyl,

tri-fluoroethyl, -CH2OH or hydroxyl or t butoxy.

wherein

R; and R;’ are each independently C;.galkyl which is unsubstituted or substituted one or more

20 times by R', C,5alkenyl which is unsubstituted or substituted one or more times by R",
C,.s alkynyl which is unsubstituted or substituted one or more times by R', phenyl which is
unsubstituted or substituted one or more times by R, benzyl which is unsubstituted or
substituted one or more times by R', 5-6 membered heteroaryl which is unsubstituted or
substituted one or more times by R", 6-7 membered heteroaralkyl which is unsubstituted

or substituted one or more times by R"', 3-6 membered heterocycle which is unsubstituted

or substituted one or more times by R'’, or 4-7 membered heterocycle-alkyl which is

unsubstituted or substituted one or more times by R'%; and

Rs and Rg’ are each independently -NR,R,, -NR4C(=0)NR,Ry, -NR,C(=0)R,, -NR4C(=NR)NR.R;, -
30 NRp,C(=0)OR,, -NR,SO;R,, -NRpSO;:NR,R,, wherein R,, Ry, Re, and Ry are each independently
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2015. A conpound according to any one of clains 1 or 4 to 14, wherein R4
and R/f}t' are each ingependently hal ogen, nethyl, ethyl, t-butoxy-, or
hydr oxyI w0 2011/079327 16. A conpound accordi ng to cl ai m 2 PCHuSe@0/0648 and R4’
are nmethoxy. 17. A con&gund accordi ng to claim15, wherein R4 and R4’ are
fluor. 18L GacBkpolndakeedr fingllydyle aizrﬁr»il_s,crméalkvlm RZ BRADREd haterastny| .
19. A comppiingheaperid RbtefRrAN, 088 20T m&hBerdE het&odRie, VST &-18 R3\cfiHd &3’
are H 30 20. A conpound according to any one of clainms 1 to 18, wherein R3
and R3' dweteraexdssplky1. A conpound according to any one of clains 1 to 20,
wherein R1L is hal ogen, Cl1_3 al kyl, hydroxyl, cyano, Cl1_3 al koxy, or
met hoxycar bonyl . Attorney -WO 2011/079327;, PCT/US2010/062168 22. A
conmpoun@0ak comBEeyny acsoding nelaint 481 whereinRe @Ry’ afipepeh indrrendentiyl-BRde, -
C1_3 al kylng,RYAHRXYINR,GLBNR, Whefetnk, ARKOKY -ard3R, Ard QURPHRMpELSA YL O
claim 22, V\/nbeglg{)na’Rl RIbéS:( cmkc?"ro, 5 uor’, Pfet%ye}, Edyﬁﬁ; oxw cyapmo, o? net hoxy.
24. A conpiiid rhedys diangyli oo-anpeamerasit hetesparsl, 16480 membeigre rheteroRBIKYS 6
1025. A coppoHed aetaLAidd 4Q.8 foPhetel RUOE. 0 24, wherein R2 and R
are et hyl. @E &corrm%nd ar%coﬁ%fﬁr?g%eto %ny gne%‘? claims 1 to 24, wherein
R2 and R2' are H 27. A conpound according to any one of clains 1 to 24,
erein Loar ol . y X hy i filu or
mi enot ﬁﬁ%jﬁ%ﬂmp%nd %Cg%ﬁ)rgu%%gé@g%%}i k«ae%\érga@yé’r{gﬁgg o#n’ é+@J%S @V?’g%%%gm
wher ei n RSnderenRentlnrNR,6 EEENORn odgeaial &aRl yre eachgindepgndenty tih Gisalkyl, phenyl,
unsubsti t t]t one or nore tinmes by R113, C2_8 al kenyl which
i's unsubs%ﬁpgﬁoygﬁu%s#%?ﬂt ed one or nore tines by R113, C2_8 al kynyl 20
which is unsubstituted or substituted one or nore tines by R10, phenyl
whi ch i S2uAscdrspaundt adoting th sy taneeef dainsod9 rrord, twinrsinbl; Rid R;Caregeach
ar al kyl I i [tuted or substituted one or nore tines by Rl1l, 5-6
menber edmﬁ‘é@g%égg?wgﬁ%&' is unsubstituted or substituted one or nore tines
by R11, 6-8 nenbered heteroaral kyl which is unsubstituted or substituted
one or BBré tompsindyadebdding3+t6 amgndrer el chederd9ty O ¢ witereih R;santhRybste eadred
or substit, r times by R12, or 4-8 nenbered heterocycl e-al kyl
which is Jﬁé‘ﬁ%sn??'?tl ’Cd'gggk%ls'ubsti tuted one or nore tines by R12. 29. A
conmpound according to claim 28, wherein R5 and R5' are each independently,

Cl 6 al kyl, which is_unsubstituted.or substituted one or more times by R113,
6 a Bty FORP P ORERL SIAB o alr ket B BR2eerb Bl it by
R113, C2_eetaykypsdpyWhiisohrdpsl, ubstystset-bued, dersibltsgt i pattytd Qreaeibiylbutane, t Bires
by R10, phenyl ich is unsubstituted or substit ut one or nore tines by
R1 benbyneHMeLRs c/attBR Bin g, <R pR L PIRERE mor et nes by Ri1,
5-6 nmenbered heteroaryl which is unsubstituted or substituted one or nore
tinmes b 1, 6-7 nmenbeyed heteroaral kyl ich is unsubstituted or .
Subst ¢ 4o e CRBO G TrOPENT tEvER e s o i B RS GrE Sbtnonng &
unsubsti t udfgdrrilagupsti tuted one or nore tinmes by R12, or 6-7 nenbered

het erocycl e-al kyl which is unsubstituted or substituted one or nore tines
by R12. Attorney -WD 2011/079327; PCT/US2010/ 062168

(Ry) (R,)
N|/§7B"®~BA<\/|'\L’ - R
. R w Rl Nj
R, o) oﬁ\
L V) e

or a pharmaceutically acceptable salt thereof.
30
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30. A conpound according to claim?28, wherein R5 and R5' are each
mdep{gndently Cl 6 al kyl which is unsubstituted or substituted one or nore
times E’)mey\Rszl,l/(IZQSza al kenyl which is unsubstituted or smbStiscumciohe or
nore tines by R113, C2_6 al kynyl which is unsubstituted or substituted one
or nore @1%@”16%'141@@”3]2 tOA@fb’o?ﬁ?onn@a‘ﬁEchQﬁEngNli%e‘@Iaéltf’ﬁ?i@rm%é%l\’ﬁlem and
R5" are eaélf&)\szﬁﬁﬁpﬁn@e,nR R ”ﬁdW' Ry ‘R%hfyz , RgE)R?P)R R4',${@er@péHd R'DEIA of alkyl,
sec-butyl, tert-butyl, pentyl 3 but ane,

cycl opr opyalkenysc ladyvly| alk@w @bént%fﬁlkybybﬁﬁﬁ@%(y’l h@ﬁerwéukmhek%e(w@e

uhi ch ar e jigRsAE iy Pe Haephht W%Lﬁrﬁgbs‘i’ﬂ@tegroﬁ%ﬂ%tﬁdt@@%n@yoﬁ%gre tms%

conpound accordin laim 2 erein are each i ndependently

phenyl whifetoges, utﬂﬁain ulCéTD BR« 5 tHOINR.(Ree dC 6RO b hyeseey Lt nitres ap (o RIyRN033.
A corrpounda G g RO AR &l r?@e Whel®) B, €5, aR|. RS' are each independently
benzyl rﬁl 'S rurrl]rs]%bs‘{ |at ut Cgp or s?ubstlwtute ong or nore tinmes by R11. 34.
A corrpound according to any one of clains 1 to 32, wherein Rl is hal ogen,

BRI G R R

-NRbC( O)URaRbr ec(am:) RRaRD Rz~ R RO) R, RR(R+, ORY, =R omg R'Ayeeeim0f [alkyhi auk@nyl

0 %% o0 S, A RN R s SRR Ll

C6_ 12 ar ylis indepesdent i uogubstigited oneylstituidd lope dimsalbyhalogen18 nenber ed
heteroaral kyl , 3-12 nenbered heterocycle, or 4-18 nenbered

het er ocycl e- aI kyl . 35. A conpound according to claim 34, wherein RL is
- NRaRb, 581\&Rd®®p®9ﬁd%brding\lrebC](a&@)SRawheraﬂRds:(chﬂ\lRufmmam valpiRlyCilte®ysORaB, B’

APESCRR, o, WSSEEAIRS vRer 1 Ry, B Ry B Sy, e

C7-16 ar alaelwnyl Gilkaky, mhtaealkyl, hetezoargt, ymle;ersam&yhmebmoeytlﬂelrmewpavdtgflalkye 12

menber ed gt 30 36. A conmpound
accordi ng ? ﬁge(%”g‘)( U%\%\%béegpéﬁ ﬁg‘é[i?l%&g'l\tlgaﬁﬁé?‘ﬁmd\&lu NRaRb -NRbC(=0) Ra, -
NRbC(=0) ORa, or -NRbSOQ2Ra, wherein Ra,Rb, and Rd are each independently H,

ClL 12 aI I 12 al kynyl, C6-12 aryl, Cr7-16 aral kyl, 5-12
marrberea eforgé%rqhéloe%féﬁqggﬁeﬁgbered het er oar al kyl, 3-12 nenbered

het erocycl e, or 4-18 nenbered heterocycle-al kyl. 37. A conpound accordi ng
to claim34, wherein Rl is hal ogen -ORa oxo -C(=0)0ORa, - C(0)NRaRb,

-C(=0)0OH, -C(=0)Ra, -0C(=0)nN 7 -0@R>R) ORa, hydroxyl, cyano,
Attorney -WD 2011/ 079327; F(J LUsz
\ q

vvhe/rh;;ln Ra-Rb are each

i ndependently H, R332 al B4 C6_12 aryl,
C7_16 aral kyl, 5-12 nber d b?et erloa yl 18 n%nb et ergag nal kyl , 3-12
menber ed het erocycl e,N ’ : corrpound
according to any on y 11 is hal ogen, -
ORa, -NRaRb, -C(=0)QRa,/ - C(0)NRaRb, -C(=0) % =NORJRa,

- C(=NRc) NRaRb, s , =0) NRaRb, - NRbC(=0) Ra - NRdC( NRJ NRaRb, - NRbC(=0)ORa,
- 0C(=0) NRaRb, (%@(71:0) Ra, -0C(=0)0Ra, t‘(m}:( oxyl , n|tr azi do, cyano,
-@(O)O.SRa, - S2NRaRb, - NRbSCQ2Ra, or - SOZNRaRb %1 12 al kyl, C2-12

al kenyl, C2-12 al kynyl, C6-12 aryl, Cr7- 16 aral kyl, 5-12 menbered 10

het er oaryl nbered heterocycle, or 4-18
menber ed h(gtagr%a??c ém?craggﬁ %{eﬂr?glg%t I@Qre?{b%%&ﬁnd Rd are each

i ndependently H, Cl 12 alkyl, C2-12 al kenyl, C2_12 al kynyl, C6-12 aryl,
C7-16 ar al¢agh A 5- ingepandieite Se h et da‘rzymemen%i hetatosyeld, ﬁetoetwdaalavlkwr 5-8 12
menber ed heter, menber ed heterocycl e-al kyl. 39. A conpound
according to c”lc&gaﬁle?n%r %h@{ﬁqr réﬁn R11 is hal ogen, -0ORa, -NRaRb, -C(=0)0Ra, -
C(0) NRaRb, -C(=0)0H, -C(=0)Ra, -NRIC(=0)NRaRb, -NRbC(=0)Ra, -NRbC(=0)0ORa, -
0C( =0) NRaFb and BCaE® eReh ind@@g*nf@)wdmbswmcmxywl &y anlEenyl SOP RRasyny ;NRhS@fRa,
Cl_6 alkyl, & !Q h C7_8 aral kyl, 5-6 nenbered
het eroaryl, 6- r?e%gptéénfg?ﬁﬁa%@%ﬁ%%ndﬁ ﬁ%}S enr%’enbered heterocycl e, or 6-8
menber ed heterocycl e-al kyl, wherein Ra, Rb and Rd are each |ndependently

ave each iRdiepekient FGR.H-NGR,, 1L (20)OR,, -QR)NRRal lcerq/)oﬁ R(=OR al-E(-MDR)RGE~ 12

Ay pore 18 AL e 8- AR IRGRES, NeMEIABN . BrdiRRReRe gL BidgRal kY

conpound accor@i(rR@)NReRc| adOFGR, WOE(€D)ORRL hydsoxiigl ogen, aztRa, cydd@aREK(0)..

-C(0)NRaRb, - C(0)OH, -C(=0)Ra, -NRIC(=0)NRaRb, -NRbC(=0)Ra, -NRbC(=0)O0Ra,

- 0C(=0) NRaRb, hydroxyl, cyano, Cl-6 alkyl, C2_6 al kenyl, C2_6 al kynyl,

%hen%{% C7_8 aral kyl, 5 6 nmenbered heteroaryl 6- 8 nenber ed het eroaral kyl,
S6-'1EHBEr ed heterocycl e, or 6-8 nembE3ed heterocycle-al kyl, wherein Ra, Rb,

and Rd are each independently H Cl1_12 alkyl, C2_12 al kenyl, C2-12 30

al kynyI C6 12 aryl, C7 16 aral kyI 5 12 rrenbered het eroaryl 6- 18 nmenbered

T . o ~ A~ T . Y




42. A conpound according to any one of clains 1 to 29, wherein R12 is

hal ogen, -0Ra, oxo0,,6 - NRaRb, =NOR' -C(=0)0Ra, -C(0)NRaRb, -C(=0)0H,
C( =0Y'EE'WoCp HMDRRA, - O NRC) NRaRb - NRAC( =0) NRaRb, -Nmu:(uso()mmms

-NRdC( =NR, ) NRaRb, - NRbC(=0)0 =0) NRaRb, -0C(=0)Ra, -0C(= O?ORa ,

hydr oxyl, nit B a@ﬂBaRbcydﬂhsozRS(O BoSORRRe,SCP QBaORbNF&:mSOQF’{é{ which s

NROSC2NRaRb, GhadeBritleed or GlsstAu@kkay lor FRrd A KOYRY, ©0; BAAYY huhidh 116

aral kyl, 5-12 nenbered heteroaryl, 6-18 nbered hetergara

menber ed het erupeyRstitutedr or4 sulBtiveieBepral dieMersd dpese byl RYi szﬁiky@vh wiéch i,

R* and Rd areLﬁ?t?ﬂ%tﬂtlﬁg@B?Q%Wtutléd'dnegg‘nqo%e@in@ﬁlby @A%n@&%@@&urr&%@ggf R

al kynyl, C6-12 aryl, Cr-16 aral - menber ed heteroaryl, 6- noer ed

het er oar al kyl ,caB- bfzta«k@rmﬁeg@bemm rt@@yaicp@s t@erCfl&Bh%M?e@fé@mﬁ?étt@rf@@vca 8:7

18%; ky|OXO43 %El%ﬂﬂ%%c?%%éﬂb?&?t k& Slkgjlﬂhf'@ced ‘Mﬂ@ro‘?'rﬂorjgls?mé§b\p§h10&e£‘5 -7

- NRdC( =0) NRaRbnemN?@ etﬁ)rpz@/clewmm(&gmmautute@@( ﬂﬂ%NR&F@)OHQ@CQmU?RmeS by

-0C(=0) ORa, hygr.oxyl, cyano, -SO2NRaRb, -NRbSQ2Ra, C _6 al kyl, C2_6

al kenyl, C2_6 al’kynyl, phenyl , C7_8 aral kyl, 5-6 menbered het eroaryl 6- 8

menber ed het eroaral kyl, 5-6 nenbered het erocycl e, or 6 8 rrenbered

"7 01!, W L b B R e 2 SR ESRERAERS 1

rrerrber ed het eradjyalr ﬁlm Balkgl, rﬁeiﬂame@dnelm beeseaiykyf-18 Bembenehhetesenralkyl, 3-12
het er ocycl e, l I A conmpound
according to c %rﬁbnélrg%%?é@% &E%e]g% ‘sgrgeg#&'é%a%‘t"e gﬁ%l - NRaRb,

-C(0) NRaRb, -C(=0)0H, -C(=0)Ra, -NRIC(=0)NRaRb, -NRbC(=0)Ra, -NRbC(=0)O0Ra,
-0C( =0) NRaERb,anthyur @beylindepym,tlydi,_ﬁawgkny,l Ci. Gzalﬁylalmemlqgemga akWy ngdH2):-
phenyl, C7_8 af | k 55 ed & LO; . nbered het er oar al kyl ,
5-6 menbered Ke Eéb\)(;dé’%_;éél?a %ﬁ?%?’g o&éﬂﬁ%ﬁ %hyelt ehreg?:rg)g al kyl , wherein Ra, Rb,
and Rd are each independently H, Cl-12 alkyl, C2-12 aI kenyl, C2-12 al kynyl,
C6- 12 arylR; aBd-Ribararamick yhdepbrdehtiyehi@ss ekhlyll:le(tCéi&)@.aOfy,l G2 Btk Byl remBe rbsinyl;
het er oar al kyl , 3-12 nenbered heterocycle, or 4-18 nenbered
het erocycl e-al kyl . 45. A conpound according to claim42, wherein Rl2 is
hal ogen, -RiRand daqo arel\lEéade;ndepeldenylly I\BQR.gyeﬁﬂ(O)Nmb -(@HRYIOH, whey alkyl,Rar.Rb

°, 87, o7 IGRSMUBILY, B Shylfe B o] Ry e Mgl

het er oar al kyl talamlﬂ)gﬂﬂmoemelﬁ tlhretammm:wmchotrhe%-ate antnfet e form a C1 6 alkenyl

het | e- | d t f 6l
netersovel o iy S ASTIPIY SERRLAA A0 A8 ) 43
al kenyl, C2_6 vahdzdynyl]nsuhiﬂnmmeh orGubg&itatal énd or mofe timebeyRl' be aFDafeyﬁb,eréij- 8

nenbered het er.oar al k ere etero
et or oovcl o ainetrBeys wpihs hbgited GoShott Gt iy T Baasy Fywharein
conmpound accorntdiongctirefdeabfMR46 camiver @iken Rageah@k Rithathe #aeb tbndlaplendanbfe/ H,

Cl 6 alkyl, C2 6 al kenyl _6 alk phen 6 menber ed
heTer oar vl | 68 ASBHDEr KM arae clreabicyhichBs aMikeistited oheres e e & e
nFLrbler ed8het ertoasche RY kyB-7 eyetbalyl winich RdlélﬂsUBst&atHﬁi bmegpanteatdng d mbrdé31 3
al kyl. 4 Aco oungd,,accor o claim4 Rd, are
each i ndependé Sy H oror@l“? 'Hfg@b?redl'ﬁﬂgroc)éélﬁ%%ﬁd‘”‘galé%'ltﬂﬁeﬂgort%%%t%e
3;] claims 1 tondbr mds}grtghas WRFZGWI‘Phr‘éﬁi R.- Rbomoeaafl 1h<$ée1|5éf1dé|1|1[kWHJ th &bN()/[ c2 2
erein re_eac epen y a ich
THSubsti tut ed S Sabor (UVBR, orve: Viner SR e by TTEIDBTEY. i taroeBry - Ui ch
i's unsubsti t utregnidred Upetdrbaraiel, 0361 0r memberdd MRgefdyydd 0 or 4-18 membered
, C2_8 al kynyl which is unsubstituted or substituted one or nore times by
R10, phenyi wheEH O giakYbstituted or substituted one or nore times by RL1,
benzyl which is unsubstituted or substituted one or nore tinmes by R11, 5-6
nmenber ed begm\aawbadmhgébénaemmubstl tuted or substituted one or nore tinmes
by R11, 6-7 nenbered, heteroaral kyl whichgis unsubstituted or substituted
one or nore tinmes byt Rl1, 3-6 rrbered hHt er ocycl e @hi ch i s unsubstituted
or substituted one o« nore times by Rl12,er .4-7 nenpered &eﬁé%ycle al kyl
which is unsubstituted or sebsti@uted one nore tpnes ’ ‘and
R8 and R8' are each independently -NRaRb, 1:1\IRdC( =0)HRaRb, - NRbC(=0) Ra,
- NRAC( =NRIJNI RaRb, - 30NRbC(=0) ORa, - NRbSCO2RE, - NRbSO2NRaRb, wherein Ra, Rb,
Rc, and Rdwiagreinethe histenidie pg rtiditey/that goditredattad@m2itLd thé hd@dgen of ring C or C’;
PCT/ US2010/ 062168 H, Cl112 al kyl, C2_12 al kenyl, C2_12 al kynyl, C6-12 aryI
C7-16 aral kyl, 5-12 nenbered heteroar 6-18 rrenbered heteroaral kyl, 3-12
BIPEY T het er ocycl e, or 4-18 nenbereéﬂheterocycl e-al kyl .



50. A conpound according to claim49, wherein R8 and R8' are each
mdep{gndently NRaRb - NRbC(=0) Ra, -NRbC(=0)0Ra, wherein Ra, Rb, Rc, and
Rd re°“éeé&bznndnwmdently H, Cl1_6 al kyl, phenyl, benzyl PCHAB2MONBIIsR
heteroaryl, 6-8 nenbered heteroaral kyl, 5-6 rrerrbered het er ocycl e, or 6-8
menber ed het erocycl e-al kyl . 1051. A corrpound according to claim49, wherein

R8 and %'R'%dfﬁrm@@a%h(méép’enéérﬁéﬁﬁcﬂ 1};9 PRRER™N LxsubNREEFD QBsituvdies R n
Ra-Rb are each i'ndependent|y H , phenyl, tetrahydrofuran, or

benzyl. 52. AOémﬁm&m?sdzyo%r,cﬁzmgalk@wéwc(hnéumubéulta}t%owbﬁ@t%qd ORghelr BPfe R7
and R7' are eacﬁ—Hes' twjﬁpe@ denid )ﬁymﬁﬁwls uRsibstUEATBP YW tiaRe ok Y rﬁ&reatweme

of clains 49to wher el n %/ are each 1 ndependently, ClL 6 aI Kyl .
2054. A corrpod?ch a&@mwhuhlﬁblwrﬁubﬁts@tmrsébwtmdm oRMorgtinesdyR'', Crois

i ndependent |y a'?ﬁky?\ylrvhmﬁt Rygjlmsu%t%l’éd o'r%&B&ﬁtBY% d UL mot CthHbe'y R", 5-12

tert-butyl, penty but ane, 3- net utane, cyclopropyl,
cycl obutyl , cyeerotpﬁnﬂ Wetergaryby@mhﬁmsubsywtes& Qfmw’pm&da@r@@pﬂmwettwn%snlw one

phar maceut i call ¥ Aol anie RATEe haf S gRABRA S O T i poRd ©
PCT/ US2010/ OGZm bv% 3&12@mmmdd aewvedyiclegwiigh aﬁwnsghﬁltuted@raauwﬂytecbor%
‘%)er el n as th fn?cfrgjln%ﬁjf]yqﬂ eﬁ%T%Hbg}’@j H&E%cygfedal@@whﬁ% is msubMt&)Por

K each of aI kyshbstiltedrone, oramckyrtymes by Kexy, aryl, aralkyl, heteroaryl,

het er oar al kyl , heterocycle, or heterocycle-alkyl is independently
unsubstituted or substituted one or nore tines by hal ogen, -0ORa, -NRa, Rb,,
C(=0) ORa, , Re-ICHDLNR kyiRIr, halagendipd |, « 3kMly oxyl , nitro, azi do, cyano; and
wherein Ra,-Rd, are each independently H Cl1_12 alkyl. 57. A conpound
according to claimb56, wherein as the fornula and valency allows in B, B,
Ra, Rb, Ron aadd &b, a RisitiR2intég@r anBR3vheRIombded &4' 1, 2RBO or 4; pldvidédathdt Bach

each of al kyl of"f“ Fﬁcf]xlare ‘]f&asl 5,}’@" al koxy, aryl, aral kyl, heteroaryl,
het er oar al kyl , erocycle,” or ’het erocycl e- al kyI i s independently

unsubsti tuted or substituted one time by hal ogen. 58. A conpound according
to claim5YisoeeBrords the formula and valency allows in B, B, Ra, Rb,
Rc, and Rd, R1, R2, R2', R3, R3', R4, R4', R10, ?-11
K and R12 each of al kyl, al kenyl, al kynyl, al koxy, aryl, aralkyl,
hmt er oar ylq isheéoepar al kyl , heterocycle, or heterocycle-alkyl is
i ndependent|ly unsubstituted or substituted one tine by fluor. 59. A
conmpound of forrmula (I11A):

uis0or1;

sisOor1;

R' is halogen, -OR,, ox0, -NR.R,, =NO-R. , -C(=0)ORa, -C(O)NR,R,, 'C(=0)OH, -C(=O)R,,
C(=NOR()R,, -C(=NRNR,Rp, -NR4C(=O)NR,R,, -NR,C(=0)R,, -NR4C(=NR/NR,R,,
NRp,C(=0)OR,, -OC(=0)NR,R;, -OC(=0)R,, -OC(=0)0OR,, hydroxyl, nitro, azido, cyano, -
S(0)o3Ra, -SONR,Ry, -NRpSO,R,, -NR,SO,NR,Ry, or -P(=0)OR,0R,,;

30

R" is halogen, -OR,, -NR.Ry, -C(=0)OR,, -C(O)NR,R;, -C(=0)OH, -C(=0)R,, -C(=NOR)R,,
C(=NR/NR,R,, -NR4C(=0)NR.R,, -NR,C(=0)R,, -NR4C(=NR)NR,Rp, -NR,C(=O)OR,,
OC(=0)NR,R,, -OC(=0)R, -OC(=0)OR,, hydroxyl, nitro, azido, cyano, -S(0)osRa, -
SO;NR,R;, -NR,SOzR,, -NRySO,NR,Ry, or -P(=0)OR,0R;,, C;.q; alkyl, C, 1, alkenyl, C; 1,
alkynyl, Ceq, aryl, C;4 aralkyl, 5-12 membered heteroaryl, 6-18 membered
heteroaralkyl, 3-12 membered heterocycle, or 4-18 membered heterocycle-alkyl;

and
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or a pharmaceutically acceptable salt thereof, wherein each Ais
i ndependent ly C6 14 aryl, 4-12 nenbered heterocycle, C3_10 cycl oal kyl, or
5- 12 ‘Y@ beoedimevaroaryl ; B and B are each i ndependent PgTAlSEN062164_6

al kyl, C2_6,al kenyl, or 2 6 al ky ng' wherein when g is 1 then at Ieast one
of B and R~ T%haé%@ntORaa@m’ Maffml §ek,» “CEFRIOR. NIRARINR-Ruo( SO PO, -C -

0) NRaRb, N@lgecd
-ﬁ(Rd)C( “0) NRaRbQ((—'?(I)\I Cé R %N ﬁﬁﬁhﬁ” -Nﬁ%%(@m\l o NOB(NR
_00(=0)Ra, - 0®{RO-GHER., r@){‘ﬂﬂ Ros n WQ) aazfi’('doo Q;Rjahxcsiroxy;*,(rm}r@, azidpg %ﬂﬁey
-WO 2011/ 0793%&0%” b’@%@all@/,()%lsfiﬁrz RmRbso%QR e3P p(i‘&bﬁ%qac SNRRONRARD,

- P(=0) ORaCRb which I's UuRsubStituted or substituted one or nore

ti mes by R113,alEpyle 62!1k@H§VDVlV\/n¢eeh arel, Urrsugsalkylutet dnergmfgmhq;e@@ndné (i
more times by n%nlrgéreg:zh@t@bé(r)ﬂmﬂ VY‘HZChmb?r\bHFEEIUQ%térIoUWQ Odr AE'Pz?tHeH{b% fPne
or nore times by R10, or any twd occurrences of Rl can be taken toget

with the atondeteyogysiehlkyhey are attached to forma 5-7 cycl oal kyl whi ch is
unsubstituted or substituted one or nore tinmes by Rl1 or a 5-7 nenbered

het erocycl e which is unsubstituted or substituted one or nore tines by
10Ra, REO. R' arid Rdﬂmtmdeaamomﬂ@pmdemmy SH, ®meneznalﬁ4y|andc:2R412am keasH |

12 al ky; i |, ar r 8
Crr:%)nbered hgg‘gegg?%ﬁyﬁax?E@#&%’etﬁ@ﬁ {-I erd glk Iﬁaqggeri%{eed aﬁ@;l therl,
het er ocycl®&-G@lRKoxy.R2, and R2 are independently H hal ogen, C1_10 aI kyl ,
Cl_6 hal ogenated al kyl, -(CH2)160H, -NRbC(=0)Ra C6_12 aryl, or 5-12
menbered heteroaryl; R3 and R3' are each independently H, Cl6 al kyl,

- (CH2) 1660H, CA &rapdupdpkcording@2 ciiml 39y mpkreiRB, amttiR R4re Grealedch

i ndependently -NRaRb, -C(0)NRaRb, -(0-12)1-601-11 Cl1-6 al kyl, Cl-6 20

hal ogenat ed al kyl, C6-14 aryl, or Cl_6 al koxy; wherein two occurrence of R4
can be bakenompgaidhdformulh (HIBe atons to which they are attached to forma
Cl 6 al kenyl which is unsubstituted or substituted one or nore tinmes by
R10, a 4-7 cycloal kyl which is unsubstituted or substituted one or nore
times by R11 or a 4- (TRma}nber ocycl eRyhi ch is unsubstituted or
substituted one or note tine ; V\/neré\n two occurrence of R4' can be
taken together, withNid a e attached to forma Cl1_6

al kenyl whic )‘\s un pbsyl i t|t ted one or nore tines by Rw, a
3-7 cycl oal kyl § unsuybs ed or sM t one or nore tines by
R11 or (84dm mbéred het erocyclk whfch i s/ unsubstitlited or substituted one
or nore tines\by/R1l2; rei 5 F)B are eBeh i 0N ently H Cl1_12 al kyl,
C2_12 30 alke , C2-12 al kynyl, C6-12 aryl YC7 16 a ﬁ‘] 5-12 nmenbered
het eroaryl, 6-18 nmenbered het erz@rBil kyl , 3-12l menber ea( er ocycle, or 4-18
nmenber ed het erocycl e-al kyl ; are each T™hdependently 0 JL O

or a pharmaceutically acceptable salt thereof, wherein

20
each A is independently C¢ 44 aryl, 4-12 membered heterocycle, Cs4o cycloalkyl, or 5-12

membered heteroaryl wherein when q is 2 then both A rings are not phenyl;

B and B’ are each independently absent, C;¢alkyl, C,¢alkenyl, or C,¢alkynyl; wherein q

is 1 then at least one of B and B’ is absent;

R; is halogen, -OR,, -NR,Ry, -C(=0)OR,, -C(O)NR,Ry, -C(=0)0OH, -C(=0)R,, -C(=NOR,)R,, -
C(=NR)NR,Rp, -NR4C(=0)NR.Rp, -NRy,C(=0)R,, -NR4C(=NR)NR,Rp, -NR,C(=0)OR,,

OC(=0O)NR,Ry, -OC(=O)R, -OC(=0)OR,, hydroxyl, nitro, azido, cyano, -5(0)c.

30 3Ra,  -SO;NR,Rp, -NR,SO;R,, -NRpSO;NR,Rp, -P(=0)OR,OR,, Cis alkyl which is

unsubstituted or substituted one or more times by R', C,, alkenyl which is

unsubstituted or substituted one or more times by R, C,4 alkynyl which is
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O.-H- N'---S 111 R60O , or a bond; wherein the asterisk (*) indicates
the poi nt of attachpment to the nitrogen of ring Cor C; Attorney -W
2011/07%%80;20AOTHI$2010/ 062168 R5 and R5' are each i ndepensesmiog2isy Cl 18
al kyl which is unsubstituted or substituted one or nore tinmes by RIO, 2 12
al kenyl whi ch YnsubsH&yiBe or syRsEiguted 08a s Mara tiEmesdyeR o Orrﬁayéwppﬁ@grrwemb&

C2_12 al kynyl c\éﬁ'tfehta!kén YpsatRST Witht @id LbmSUBSIAEM TR, SREAQ@EcHERI® fokBS 5bY
R10, C6_14 aryl which is unsubstituted or substituted one or nore tines by

R11, C7_16 ar &Rpalkyihwish iisunsybtiyted et spsidtutedipae ot mase tismrs By R'oeed Bifes
by Rll 5-12 'ﬁ‘?é’lﬁl?ér@&i h@?ér@&ﬁ?er Yhictht GRsubsStitRed B tidsHE REd Bhe DRIk i &Opone

or nore tines nber ed heteroaral kyl which is unsubstituted or
substituted oﬁ%,or nDre tlnes by R11, 3-12 nmenbered heterocycle which is
unsubstituted or substituted one 10or nore tinmes by R12, or 4-18 nenbered

het erocycl e-al kyl which is unsubstituted or substituted one or nore tines
by R12; RRab KoHR, GNE R kil cachrindepengeniiit Hd CCL@ gk (1 aleavid Canalleynyl, Co12

posiLive [ nt oo, 06 YAR) PSR phrerdory BB bRt oY holefod iRy, S2e Of

m and n are not 1;
is 0 or 1; le@ﬂbﬁafe@@eterocs@mordxw menBeIRY, heth@R/cte alkyk:( =0) ORa,
ﬁ(O) NRaRb, - C( O)OH -C(=0)Ra, - C( =NORJRa, - C(=NRc) NRaRb, - NRIC(=0) NRaRb,

_Og(b Cg) 8?.\,?% ﬁ‘”g‘ eNﬁ%P@f?d%tﬂtl¥ Ial %5'9%91 7o aégsg;:gféégl%@%ﬂl éﬁgO) R4,

- NRoSC2Ra, -NI@BCHNRQ(%@ Racﬁmm(yi;@)r@l?bm}ambe&@i iR1droakylhal ogen, -ORa, - NRaRb,
-C(=0)0Ra, -C(0)NRaRb, -C(=0)0H, -C(=0)Ra, -C(=NORc)Ra, - C(=NRc)NRaRb,

:gg?cg) %Nﬁaa@@&oyg%a%%(}@ena S, @Rsmg{%@% %Rg&&a&éﬁ@aar C Qﬁi(jr_?ﬁ? NRaRb,

SO2NRaRb, - NRbSQ2Ra, - NRbSCENRaRb or -P(=0)0RaORb, Cl1_12 al kyI C2 12

oot A R SRR RS (e HORIBEL S st €1, g

menber ed het erhatogehated|akipll,; hyrdxyl, or Cy alkoxy; wherein two occurrence of R4 can be
taken together with the atoms to which they are attached to form a C,¢ alkenyl
which is unsubstituted or substituted one or more times by R™, a 3-7 cycloalkyl

20 which is unsubstituted or substituted one or more times by R" or a 4-7 membered
heterocycle which is unsubstituted or substituted one or more times by R”; wherein
two occurrence of R, can be taken together with the atoms to which they are
attached to form a C¢ alkenyl which is unsubstituted or substituted one or more
times by R', a 3-7 cycloalkyl which is unsubstituted or substituted one or more
times by R" or a 4-7 membered heterocycle which is unsubstituted or substituted
one or more times by R”; wherein R,-R, are each independently H, Cq4; alkyl, C;1;
alkenyl, C,.q; alkynyl, Ce.q, aryl, Cs4 aralkyl, 5-12 membered heteroaryl, 6-18
membered heteroaralkyl, 3-12 membered heterocycle, or 4-18 membered
heterocycle-alkyl;

30
X and Y are each independently

o) o) o
jii o . 8

N~ e o~ ¥ ITI , ---§--- ,0rabond;
Il
Rq 0]

wherein the asterisk (*) indicates the point of attachment to the nitrogen of ring C or C’;

Rs and Rs’ are each independently H, Cq.4s alkyl which is unsubstituted or substituted one

or more times by R, C,.;, alkenyl which is unsubstituted or substituted one or more
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Attorney " WO 2011/079327; PCT/US2010/062168 R12 is hal ogen, -0ORa, oxo,
-NRaRb, =NO-R' -C(=0)0Ra, -C(0)NRaRb, -C(=0)0H, -C(=0)Ra, - C(=NORJRa,
e Nﬁ'-‘éﬁr’iﬁiiwatzplmmd( =0) NRaRb, - NRbC(=0) Ra, - NRAC( =NRJNRZRID/US2018/%62363-0) ORa,
-0C(=0) NRaRb, -0C(= O&Ba -0C( = Ol)ORa hydroxyl, nitro, azido, cyano, -

S(0) 0_3Ra, -S@Zl\ﬁa iRk StRM( Whﬂhbsmétl%'te%ﬂ smumteﬁmr f@ireltﬂﬂes

al kyl, C2_12 "Hyl‘f@md(m l'\ﬂv*l%cﬁHMMﬂ)stlt@t@djo% s%s)fitute@%h@@r%&%%%esb'?/RlQ Cr16
menber ed het er oaryl, menber ed heteroarakgﬁll menber ed

het erocycl e, @fralhylmhwéntsewwbﬁetpéedo@ycsuéstauu ongQor mocfénﬁﬁﬁafnd)yaﬁcoﬁdﬂng

to claim59, wheh&iBy %t&BQwR‘evhm"N@ Lﬁ@&ﬁltﬂ(&bﬂ%%ﬂ&ﬁﬂ%&y oné\lgﬁmre times by
- C(0) NRaRb, (CHZ)l 60 Kyl hal o%enat ed al kyl, Co_14 aryl’, or

Cl 6 al koxy. &L, 6Al %@ﬁ@bamm@r@atﬁl% Wthtflhdﬁaﬂw Sttutegher %Ibﬁumedaﬂlaﬁ‘ FUMOER ¢
Cl_6 al kyl. 63; é Woﬁjﬁg nﬁmﬁ&éﬂb%r&ég’c'&mcﬁ RALHS st1tute(dy§r s’u\)stlt'ﬁl%é'o‘ ot - - -

/| R3 NxYI(R4n arnmaceutic acceptable salt thereo
wherein 20 eack mrﬁémfﬁd%’p‘énd@rﬂ%/nembﬂﬁdahe}EFOCMClilebebmhéﬂUh%lbétﬂ@lé%ore

C3_10 cycl oal Kyl et tQ{ed%n%%rrﬁ%V@‘ﬂnﬁ—'éjs t;yefger oaryl wherein when q is 2 then both
A rings are not h

10 Re is H, Ci¢alkyl, or halogenated C;¢alkyl;

m and n are a positive integer and when combined are 1, 2, 3, or 4, provided that each

of m and n are not 3 or 4;

pis0, 1,2, 3or4;
qis1or2;

uis0or1;
20

sisOor1;

R' is halogen, -OR,, oxo, -NR,R,, =NO-R. , -C(=0)OR,, -C(O)NR,R,, -C(=0)OH, -C(=O)R,,
C(=NOR.)R,, -C(=NRNR Ry, -NR4C(=0)NR.R,, -NR,C(=0)Ra, -NR4C(=NR.)NR.Rs,
NR,C(=0)OR,, -OC(=0)NR,R;, -OC(=0)R,, -OC(=0)OR,, hydroxyl, nitro, azido, cyano, -
$(0)0.3Ra, -SO:NR.Rp, -NRySOzR., -NR,SO,NR.Ry, or -P(=0)OR,ORy,;

R" is halogen, -OR,, -NR,R,, -C(=0)OR,, -C(O)NR,R;,, -C(=0)OH, -C(=O)R,, -C(=NOR.)R,,
C(=NR/NR,R,, -NR4C(=0)NR.R,, -NR,C(=0)R,, -NR4C(=NR)NR,Rp, -NR,C(=O)OR,,
30 OC(=0)NR,Rp, -OC(=0)R,, -OC(=0)OR,, hydroxyl, nitro, azido, cyano, -5(0)¢3Ra, -
SO;NR.Rp, -NR,SO2R,, -NRpSO;NR,Rp, or -P(=0)OR,0R;,, Ci.1; alkyl, C;.12 alkenyl, C;.12
alkynyl, Ceq, aryl, C;q aralkyl, 5-12 membered heteroaryl, 6-18 membered
heteroaralkyl, 3-12 membered heterocycle, or 4-18 membered heterocycle-alkyl;

and

R' is halogen, -OR,, 0x0, -NR,R,, =NO-R. , -C(=0)OR,, -C(O)NR,R,, -C(=0)OH, -C(=0)R,,
C(=NOR.)R,, -C(=NRJNR.Ry, -NR4C(=0)NR.R,, -NR,C(=O)Ra, -NR4C(=NRNR.Rs,
NR,C(=0)OR,, -OC(=0)NR,R;, -OC(=0)R,, -OC(=0)OR,, hydroxyl, nitro, azido, cyano, -
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B and B' are each independently absent, Cl_6 alkyl, C2_6 alkenyl, or C2_6
al ky n% wherein g ijs 1 then at least one of B and B is absent; Rl is
hal ogSR™*WORa11/07MRARb, - C(=0) ORa, - C( 0) NRaRb, C( O)OH PCT(USQ) 1RA62168

- ( NOR’J NRc) NRaRb NRdC( =0) NRaRb RbC( =0 NRdC( =NRc) NRaRb,
- NRoC( =0) ORa, S%b@ahofﬂuk% NBeSQ:B) Rﬁ'RbSQI&BzRB) ORaP( wem&u Comi 2k, Gai do,
cyano. - S(0) o-audyBRe, , oBGRNFARY, RSP RRa PO eq- REAARA AR

Cl_6 al kyl which i$ unsubstifuted or substituted one or nore times

C2_6 al kenyl vrreberrd Hataisdalkylt 8d!%r membstad: dieéﬁfOéYFée,ororrm"r@tl”fWé@eb%ﬂ
R10, C2_6 al kypydroWi&huls Attorney -WO 2011/079327; PCT/US2010/ 062168
unsubstituted or su stltuted one or nore tines by R10, or any two
occurrences of Rl can be taken together with the atons to which they are

at t ache 3+ e @IMpoang agcas¢ioR arRy Pnewpfi €pimss! indiBsariPduedd, whemiitbst i t ut ed one
or nore tineg 0; e Sylun ed
or substitut eéa%nglisr nge%é]tdlzrr}ggngﬁl%q,agb, E%g%gﬁdwg&éﬁglr]de] eléCE%%lHnWl,

i ndependent | ynidazatidinyg, gikgrpzingt2 m@e@ldk‘e/hylphem, 1pathayeryl, taosngl2 Eurgmyl,

C7_16 aral ky rr‘rgiggﬁ- r e Kk
menber ed het E}/rcggy%I or 4%& ﬁbg@? lﬂé?@%g]gg@ é- a?ﬁo% to%(ﬂ%owl ég"?-'g are
i Wdependent | pytidysl m@r@nmylcmﬂ@iaahklylmdml anﬂ@zo@gerbanzamlcéﬂzmﬂ, ber(Z@HZZ)OMOH

- NRbC(=0) Ra ered h
|ndependentl3§§#0%8%é dl k Ibéjz%W’GOH b%:g{ ‘éﬁﬂﬁ{? %ﬁ(ﬁgb a@&@ﬁgﬁg R4
and R4' are élaenhpfura@ebemmwmynﬁaltbtgenpyrrcmammolwb)Nmmlmyl( G azo G,
Cl-6 al kyl, I n t wo
occurrence o&ﬁ H ah beﬂ?&gfj aﬂ{j‘&)ﬁe Er%gémt%#] Qﬁegtgénn{gy?jdég %%@ are
attached to forma Cl_6 al kenyi Whl ch is unsubstituted or substltut ed one
or more, S C I i i s.un I e

substi tute oﬁ@%&m a?co d]rzw%gcxbéyl%%@b%gr%?e%ggn%é?g?ﬁg@%%ng@ afC%pwﬂ? ch is
unsubst i tmye@hexyl,spb@mltmt raphoimadenyl, mbeeein iepds Ably iRlependérghyesubpstituted with
occurrence R4' can be taken together with the atons to which they are
attached t(o f’orma Cl_6 al kenyi which is unsubstituted or substituted one
or nore times by R10, a 3-7 cycloal kyl which is unsubstituted or

substit 1 Let ch is
ansubst Proe PR BERV IR0 s ke S NIRRT R R ST
each i ndepgndenodrsistibg o€1- 12 al kyl, C2-12 aIkenyI C2_12 al kynyl, C6-12
aryl, Cr7-16 aral kyl, 5-12 nenbered heteroaryl, 6-18 nmenber ed het eroar al kyl
3-12 nmenbered heterocycle, or 4-18 nenbered heterocycle-alkyl; 30 X and Y
are each i ndependently wherein ke asterisk (*) indicates the point of
attachnment to the nitrogen of ri or C; R5 and R5' are each

i ndependently H, Cl1_18 al kyl I ] unsubstitutgg or substituted one or
nore tinmes by R113, C2_12 al ken¥i ith is unsubs Ituted or substituted one

(R1)p and (R1 )P : a]_’]_d

t1+t2=p.

66. The compound according to claim 65, wherein A is:
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times by R113, C2_12 al kynyl which is unsubstituted or substituted one or
nor e %&ges by R113,;CB_14 aryl which is unsubstituted or substituted one or
nmore ‘t1 MB8OY11REY327C7_16 aral kyl which is unsubstitut edPor/usadsns1168 ed one
or nore tines by Rl1l, 5-12 nmenbered heteroaryl which is unsubstituted or
substituted one or nore tinmes by . 6-\\8 nmenbered heteroaral kyl which is
unsubstituted or substituted one o imes by R11l, 3-12 nenbered

het erocycl e which is unsubstituted\or subgtituted one or nore tines by R12,
or 4-18 nenbered heterocycl e-al kyl ilch/i's unsubstituted or substituted
one or nore times by R12; 10R6 is H, (1_6al kyl, or hal ogenated Cl1_6al kyl ; m
and n are a positive integer and whenrggnbined are 1, 2, 3, or 4, provided
that each of mand n are not 3 or 4, pis 0, 1, 2, 3 or 4, qis 1 or 2; U
is 0Oor 1; 20 sis 0 or 1; R1 is halogen, -0ORa, oxo, -NRaRb, =NOR c ,
-C(=0)0Ra, -C(0)NRaRb, -C(=0)0H, -C(=0)Ra, - C(=NORc)Ra, -C(=NRc)NrRaRb,

- NRdC( =0) NRaRb, -NRbC(=0)Ra, -NRAC(=NRc) NRaRb, - NRbC(=0)0Ra, -0C(=0)NRaRb,
- 0C( =0) Ba, TheD GYmPYWida acdoyding Xyl claim t660 whezeidogacbyAnie,inde®hogiit\3 Riperazinyl,

S R A Sl Mo gl i

C( =NRJNRaRibjadiddByG( poIiRdiRp, pRyG( F0YiRadinyINRoCeziNR,) NRatidaziny INRbE{zoR) 2084, -

30 OC(=0) . = - =0 . X [ 4.8zl do,

75(0) 0- 3R nopgat, RS e A ek sty o Bt Bfdeny

al kyl , C2_th®nattiemy) quikdiny, altkigmytyl, C6_12 aryl, C7-16 aral kyl, 5-12
nmenbered heteroaryl, 6-18 nenbered heteroaral kyl, 3-12 nenbered

het er ocycl e, or 4-18 nmenbered heterocycle-alkyl; and R12 is hal ogen, -O0ORa,
oMo, - NPARMhe coNRuad acedElmg )0 Reaim-6Z( OhkRaReach LissdyOp¢Ende(y69&eted from the
C(=NORc) Ra, _ - Cé:NRg.%INgﬁRb, - NRdC( =0) NRaRb, -NRbC(=0)Ra, -NRJC(=NRc) NRaRb,
NRbC( =0) OFEOUR 6¥LLETRRERy. - 0C(=0) Ra, - 0C(=0)ORa, hydroxyl, nitro, azido,
cyano, - Attorney WO 2011/079327; PCT/ US2010/ 062168 S(0)0_3Ra, - SO2NRaRb,
-NRbSO2Ra, - NRbSO2NRaRb, or -P(=0)0RaORb, Cl1_12 al kyl, C2_12 al kenyl, C2_12
al kynyl, C6-12 aryl, Cr7-16 aral kyl, 5-12 nenbered heteroaryl, 6-18 nenbered
het eroaral kyl, 3-12 nmenbered heterocycle, or 4-18 nenbered

het er ocycl e-al kyl . 63. The conpound according to any one of clains 1 to 3,
18 or 59 to 62, wherein each A is independently cyclopropyl, cyclohexyl,
pyrrolidinyl, pyrazolidinyl, imdazolidinyl, piperazinyl, piperadinyl,
phenyl , napht hal enyl, thienyl, furanyl, pyrrolyl, pyrazolyl, imdazolyl,

t hi azol yl, thiadiazolyl, oxazolyl, oxadiazolyl, pyridyl, 1()pyrimdyl,
pyrazinyl, pyridazinyl, indolyl, indazolyl, benzim dazolyl, benzoxazolyl,
benzodi oxol yl, benzot hi azol yl, benzot hi adi azol yl, di hydr obenzodi oxi ne,

t hi enof uranyl, thienothienyl, thienopyrrolyl, quinolinyl, quinoxalinyl,

qgui nazolinyl, cinnolinyl, or triazolyl; and wherein each A is independently
substituted with (Rl)p. 64. The conpound according to claim®63, wherein
each A is independently cycl opropyl, cyclohexyl, phenyl, or naphthal enyl,

wherein each A is independently substituted with (Rl)p. 65. The
conpound according to claim64, wherein each A is independently sel ected
fromthe 20group consisting of: (K
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tl +t2 = p. 66. The conpound according to claim®65, wherein Ais:
Attonpe -\WO 2011/079327 PCT/ US2010/ 062168 67. The conpound according to
cl ai M"88’watergizgs2each A is i ndependent |y pi perazi nyl, pCpasadionyi1ss

thienyl, furanyl, pyrrolyl, yrazonI |n1dazolyl thlazolyl, oxazol yl ,
thladlazolyl pyrrolldlny4 ridyl, di nyl, zi nyl, pyridazinyl,
benzoxazol yl _shenzodi oxol yf , ﬂ%thl I benzo ia azonI
dlhydrobenz dIO -yt , thi noggkanyl t thlenyl\\/,LnollnyI or
triazolyl. 8 The conpo accordln 0~elaim 67, érein each Ais
|ndependentl elected fromthe group coasustlng of : Rib BOST_1803930. 1201
3 Attorney ' WD 2011/079327 PCT/ US2010/ 062168
’ R1)p
— O N
e [N Ny
\ S \ / ‘\__/
f”” S) g \ | |_
N R1)p R
N N
————— o G AL
'_|— — _—J . //’ ,k “ \: J,“\
(R)p (Rip H o (Rip (R
SRSy
td )\ />
(R1)p (R1)p Rl , (R1)p
H
I /N N
SO o N
’ '/" \N N . \J \
Ra)p Ri)p
/__\ 0
............... { N ey \
1/ / N AN
N
| | | (R1)p
(R1)p (R1)p (R1 )p
(Ri)p R)p Ra)p (Rap
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(ROt2(R )t2 (R )t 1(R)t2 and t1 + t2 = p. 69. The conpound
accorgjn to any one of clains 1 to 3, 18 or 57 to 60, wherein each Ais

i ndegeAdaw0I291120733212 nenber ed heteroaryl wherein the hePeraseansoar e
selected fromthe group consisting of oxygen and sul phur; wherein each Ais
i ndependent | y_stystituted gh (RL)p. 4B0. The corfpaund accoydi ng-€a any
one of clains\59 rB9, enéﬂq%ﬁ andyB' jare i ndepen psent ,© Cl_6
nyl. 3 orney -
The conpound./acconding.t g claym 70, _wherehkn B._and B g§te._inde
absent, - (CH2\2 [ i

wherein B and [

according cl ai "%, 74. (Rie

are indepemdent|y abse(R)
p

(R

// )\ (R

(R1)2
and
t1+t2=p.

69. The compound according to any one of claims 1 to 3, 18 or 57 to 60, wherein each A
is independently a 5-12 membered heteroaryl wherein the heteroatom(s) are selected
from the group consisting of oxygen and sulphur; wherein each A is independently
substituted with (R¢)p.

10 70. The compound according to any one of claims 59 to 69, wherein B and B’ are

independently absent, Cy.¢ alkyl or C,¢ alkynyl.
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wher ei n (Rl)p Is selected fromthe group consisting of: 10
(Rl)p i Attorney " WD 2011/079327; PCT/US2010/ 062168 74. The conpound

accor ananwnrne of clainms 59 to 66, wherein 75. TheCtarspawioc2iagcor di ng

to any one of clainms 59 to 62, wherein ,
71.The compound according to claim 70, wherein B and B’ are independently

absent, -(CH,),- or -(C=C)-.

72. The compound according to claim 71, wherein B and B’ are independently absent

or -(C=C)-.
73. The compound according claim 1,
___Bl B___
wherein (R1)p is selected from the group consisting of:

10

\
%)

I

i
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-(1)- is selected fromthe group consisting of: (R1) | (R)ti (RD)t21
(R1)t2 B OST_1803930. 1205 Attorney -WD 2011/079327; PCT/US2010/ 062168
[--\ TTWN0-201v079327 (R1)p and t1 + t2 = p. 76. The conpolA$2@00671d8 ng t o

claim75, wherein fromthe group consisting of: Attorney " WO 2011/079327,
74. The compound according to any one of claims 59 to 66, wherein

___BI B___
(Ri)p 7 ¢ is selected from the group consisting of:
= W )=
(Ri)p - (R)p ~ and  (Ry),

75. The compound according to any one of claims 59 to 62, wherein

___Bl B___
(Ri)p 7 ¢ is selected from the group consisting of:
\ I/ (N0 N
(Ra)p - (R (Rede -- R
(Tl)p
N )=
N\ N/
- S _ S .
S TS =T
Rl ° R O (Ra)p
s (R (R
= (Ry)
— \ I N__ -- \ N\ — /I\}p _
S S TNy T
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PCT/ US2010/ 062168 (RL)p /) sand t1 +t2 = p. 77. The conpound

accorQing to cIa|n176 wherein fromthe group consisting of: ( R )n;
and t"*we 261107980° Attorney - WO 2011/ 079327; PCT/ US2@LONBEPL082168
R, (R) R1)t2
(Ry)p 1)p 1M S -
"N "N o
-- S S », ,m (R (R1)¢1
- (R‘l)p (R1)9’ Sﬁ (R‘l)p
m‘ ss/ \ /—_\(R1)p__ / \ --
s” s S
o(R1) (Ro)p (Ro)p
[\/ . TN / \ - ,f/)‘~,
VU S S ) S
R (R+)
B Ay
R (R
(R1)p S
Ly L
S " o(RY)
(Ri1 (R (Ri)u
OAN 0O O/\<N
(Ride ’ (R (Ri)e
(Ri s.
oo N, N
(R (Ri)p
- S -
Y J
(Rip  (Ry)p (Rl R1)p Rido (R .
S N
Q W @-(/ g
N (Rip” (Ri) SR/
(R1)p " 1p (Rodo
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79. The conpound according to claim 76, wherein ; and t1 +

tZ:AEt.

MeYWO 2011/079327° PCT/US2010/062168
(R1)t1
(R1)p R}y (R)p R
(R1)g, P s (R
_ WA \ [\
R
(’ DR, Ro)o %R1)1t
(R1)p /(
- 0" N
(Ri)o (R} (R (Ride
S@
RYRYaR Y pWey w@
(R)p  Ridp (Ry)y  (Ridp Ry, (Rip -
N S .
&;f( ) AL
(R1)p (R)p " (R)p (R1)p ’
1)t1
N N
(R Ri)p (R1)p (Ri)p -
R'])t'] '1)’[2
g /Z—< ) [Xl@
R'])']t 1)p ’ (RS
N/ 0 - (Relp
G- &
L R0
(R (Ridp ’ (R)p  (Ra)p
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1080. and t1 + t2 = p. 81. The conmpound according to claim76, wherein
Attorney -WO 2011/079327; PCT/US2010/ 062168 ;and tl +t2 = p. 82. The
conmpoun ywoczondnmﬁo any one of clainms 59 to 78, whereiPATRB2019/0bAb®gen,
Cl 4 alkyl which is unsubstituted or substltut ed one or nore tinmes by Rw,

-C(=0)0ORa, -C(0)NRaRb, hyd ano, 83. The conpound
chl or I rom) nmet hyl , et hyl,
O(Im)tphyl tri 1I)uor thyl, - O)ORa

according to claim 82, whe
hydr oxyI, cyano, or net hoxy 84 The corrpound "accor d’l ng to any one of

10propyl, butyl, -CH2OH, diR]

clains 59 to 83, wherein RY d are each independently H, nethyl,
trifluoronethyl, iodo, CH2O ] CH3, or thienothienyl. 85. The corrpound
according to any one of cl ajrs 8FMdpherein R2' is i ndependent |y

met hyl, trifluoronethyl, iod . or NHC(0)CH3. 2086. The conpound
according to claim85, wherei nuis 0. 87. The conmpound according to any
one of clains 59 to 83, wherein each R2 is independently nethyl,
trifluoromethyl, iodo, CH2@H \or NHC(O0)CH3. 88. The conpound accor di ng to
claim 87, wherein s is 0. ™9 NHe conpound according to any one of clains
59 to 88, wherein R3 and RBR%re H or methyl. 30

and

t1+t2=p.
10

___BI B___

76. The compound according to claim 75, wherein (Ri)p 7 ¢ is selected

from the group consisting of:
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Attorney -WD 2011/079327; PCT/US2010/ 062168 90. The conpound according to
ClalnM§2 wherei n Fy and R4' are each independently hal ogen, nethyl, ethyl,
i sopr of)nﬁlei’wodﬂnfmmzr/onet hyl, di-fluoroethyl, trifluoromePhylUs2010/062168
trifluoroethyl, -CH2CH, -NRaNb, t-butoxy-, or hydroxyl; or two R4 groups

together with the atons to which they are attached form spiro cycl opropyl

orH, two R4' groups/togat her vm'tht ons to which are attached form
spiro cycl-ep H 9%-—--The ¢ ceordi ng-todany ope ef—<lains 59
to 61, wherein R4 a | are each | e endent |y met hyl thyl, isopropyl,
di -fluoromet hyl, di- yoroethyl trifl uoronethyl tri- ‘uoroethyl - CH2CH,
-NRaNb or t-butoxy-; OF two R4 groupstoget her wi th ®he atoms to which

they are attached fornH 92. The conpound according to any one of clains 59
to 62, wherein two R4 grou taggther with the aﬁops to which they are
attached fornH, and two ‘e atons to which they
are attached form 93. The\c accordr C|/ 62, wherein R4 and R4
are each independently net 3 hyl , .met ho l i - pAuor onet hyl
trifluoronmethyl, or two R4 @ﬁoups together wigh the atons to mhlch they are
attached forn1sp|ro cycl opropyl or two R4' groups together with 20the atons
to which they are attached formspiro cyclopropyl. 94. The conpound
according to any oge of(R)cI aims 59 to 62 wherein R4 and R4' are each

i ndependent |y n'e yI , nethoxy, -fl u 0 w- hyl ,St rl(ﬁl)puor onet hyl . 95.
The conpound acco | __yyoereL_ n '1 thyl or ethyl.
96. The conpound & g 94, whe e RA a et hyl .

932

Attorney -WD 2011/Q ? PCT/52010/ 062168

(R1)p
and
/ - Roe
_____ jp
S
and
t1+t2=p.
___BI B___
77. The compound according to claim 76, wherein (Ri)p 7 ¢ is selected
from the group consisting of:
. S (T1)t2
~K D
C L -
-~ | IS and (R1)u
(R ; and

t1+t2=p.
10
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97. The conpound according to anyone of clainms 59 to 95, wherein mand n
are |ndeg;ndently 1 or 2. 98. The conpound according to claim96, wherein m

ttorne

and i 3F°evo.200m793he conpound according to any one of clPaIrAS269/0621697,
wherein X and Y are 00 it1( - ....... --, or a bond. 100. The conpound
according to claim98, wherein X and Y are 0 10 : e conpound
according to any one of clains 59 to 99, whereijn R RS' are each

i ndependently, C1_8 al kyl which is unsubstit.igse i ig4ted one or nore
times by K -.10, C2_8 al kenyl which is unsubstytuted gr substituted one
or nore tlnes by R113, C2_8 al kynyl which is u S ted or substituted

one or nore times by R10, phenyl which is unsubititased or substituted one
or m)re784Tf€sC0tﬂ}P0RmflaC®Td18ga®aIanI76V\Mh€W¢1ﬁs unsubst Y éd%r sisst i t ut ed
one or nore times by R11, 5-6 nmenb red(heteroaryl which is unsubstituted or
substituted one or more tines by menber ed heteroaralkyl which is
unsubstituted or substituted oneNor
het er ocycl e which 20i s unsubstitu r £ubstituted one or nore tines by
R12, or 4-8 nenbered heterocycle- hkyF3mh|ch alS uUnsubstituted or
substituted one or nore tinmes by R12. 102. The compound according to claim
100, wherein R5 and R5' are each independently, Cl1 6 al kyl which is
unsubsti t uled,0r ysubstituted one or nore times by R113, C2_6 al kenyl which
is unsubstltuted or substituted one or nore times by R113, C2_6 al kynyl
which is unsubstituted or substituted one or nore tines by R10, phenyl

whi ch is unsubstituted or substituted one or nore tlnes by R11, benzyl
which is unsubstituted or substituted one or nofe py R11, 5-6
menbered heteroaryl which is unsubstituted or ed one or nore tines
by R11, 6-7 nenbered heteroaral kyl which is WBigut =t 80 or
substituted one or nore tines by Rl1l, 5-6 nenb
unsubstituted or substituted one or nore tines 6- 7 nmenber ed

het er oc [ t d.or substit@@®gd/oge or.jore tines
by R12. ¥§6§1 #ﬁ%xww@agghgﬁggcorﬁﬁ7é ?ﬁgclalns 101, mhggeln R5 &nd R5' are
each independently, Cl1 6 al kyl whipel is unsubstituted or substituted one or

more times by RLO , Attorney--—-WQ 20§17 0Y9327;
S ; and
t1+t2=p.
10 80.
___BI B___
The compound according to claim 76, wherein (Ri)p 7 ¢ is:

Ri)z -

Nyl

t1+t2=p.

81. The compound according to claim 76, wherein
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PCT/ US2010/ 062168 C2_6 al kenyl which is unsubstituted or substituted one
or nore ti mes by RlO " C2_6 alkynyl which is unsubstituted or substituted
one orOHrI?ﬁwezmlvm%zby R10 . 104. The conpound accordi ng POTAIS20H04DRS
wherein R5 and R5' are each independently nethyl, ethyl, propyl, isopropyl,
butyl, sec-buytyl -butyl, pentyl, 2-nmethyl butane, 3- nethyl butane,
cycl opropyl, |, cyclopentyl, cyclohexyl, or cyclohexyl (CH2)-,

whi ch are_g L ed @pr--substituted one or nore times by R1O . 105. The
conmpound acclording to claim 103, wherein RS and R5' are each independently
10phenyl whi th sybstituted or substituted one or nore tines by R11.
106. The co ounﬂ§ ccpording to claim 104, wherein R5 and R5' are each

i ndependently be ’j wifi ch ii& unsubstituted or substituted one or more
times by R11. 107. The conpound according to any one of clainms 59 to 105,
wherein Rl is hal ogen, - ORa, o0xo0,s-NRaRb, =NOR' -C(=0)0Ra, -C(0)NRaRb,

-C(=0)0H, -C(=0)Ra, -C(=NORJRa, ¢ RaRb, - NRJC(=0) NRaRb, -NRbC(=0)Ra,
- NRAC( =NRINRaRb, - NRbC(=0)0Ra, - \QC(#0) N§aRb, -0C(=0)Ra, -0C(=0)O0Ra,
hydroxyl, nitro, azido, cyano, - - SO2NRaRb, - NRbSCO2Ra, or

- NRbSOZNRaRb, wherein Ra -Rd ar e/each |Sndeggcpdently H Cl1-12 al kyl, C2-12
20al kenyl, C2-12 al kynyl, C6-12 aryl C7-16 aral kyl, 5-12 nenbered
heteroaltllrF 26P18 menbered het er oar al kyI 3-12 menber ed het er ocycl e, or 4-18
menber ed heterocycl e-al kyl. 108. The corrpound according to cl aim 106,
wherein Rl is -NRaRb, - NRAC(=0) NRaRb, -NRbC(=0)Ra, -NRJC(=NRc) NRaRb,

- NRb( =63 oFee, COJWBE')?RQOdeg RS RRERYaIMBY. toT: Wﬁ'@ﬁ?ﬁ'@%ds a@legﬁrmqagatkw

claim 107’wlweﬁr1§hﬁku89t1t'u§ed' mututea‘"gqgo‘r%&‘gatﬁﬁes BN {1 a - R.Rs,
-NRbC(=0) ORa, or - . 30110. The conpound accor di ng 0 any one o‘T

claims 59 hyraos, Cymrcélcrn RECOXRD, Rc, and Rd are each independently H Cl_6
al kyl, C2 6 al kenyl, C2_6 al kynyl, phenyl, C7_8 aral kyl, 5-6 nmenbered
heteroaryl, 6-8 menber ed heteroaralkyl, 5-6 nmenbered heterocycle, or 6-8
menber e@3 hbteesamppene agtkding te thaimHa, aberinRdisadtarpdflng ot braphaimethpl ethyl,

Aynyl, CRg Doed HEBRT AARFRRRAEE Lol S ORg WA anEhe -

heteroar almyuhoxxs 6 mermbered heterocycle, or 6-8 nenbered heterocycle-al kyl,
and Rb, and Rd.are each independently Hor Cl1_3 alkyl. AttorneYWD

2011/ 079327; PCT/ US2010/ 062168 112. The conpound according to claim 110,
wherei n8Ra, Rb Tthqorrman@cacvrdirEat@hariyn@“@peﬂwd@rms §9 kb 88, @heBinalRk\ahd Re13re The

compound agear dhiheh el AN fingl TP BYEL 0BE (O0R FHCEIE, Obr o1

to 111, wherein ouhd I's or mu
thienothienyl.

85. The compound according to any one of claims 59 to 83, wherein R;’ is independently
methyl, trifluoromethyl, iodo, CH,0OH, or NHC(O)CHs.

20 86. The compound according to claim 85, wherein u is 0.
87. The compound according to any one of claims 59 to 83, wherein each R, is
independently methyl, trifluoromethyl, iodo, CH,OH, or NHC(O)CHj;.
88. The compound according to claim 87, wherein s is 0.
89. The compound according to any one of claims 59 to 88, wherein R; and R;’ are H or
methyl.

30

BOST_1803930.1 210



10or a pharnmaceutically acceptable salt thereof wherein R7 and R7' are each
indepA%ndentIy ClL 8 gl kyl which is unsubstituted or substituted one or nore
times DY WODRB11/22328 al kenyi which is unsubstituted or seoSiUseaoc2iehe or
nore tines by R113, C2_8 al kynyi which is unsubstituted or substituted one
or nor e 99i Thes CHPPOYRLD aCHiding | tonkiatA 65 WRSEHS tRet e R4'0RrS FBSH i INERREAIGHY or

nore ti mesyfiyeeRl hetRRNEWy WRbSBPIIS diARBRPidthHL @ fIQ5roatRE! | tHALESNRABY Ok TOr €
times by R11,”5-6 nmenbered heteroaryi which 1S unsubstituted or substituted
one or norféuarpeRbyl, hGHRI -NBNs, i@y edomiatdsdxyhr &l A Rugfiogks fagethes wsh theut ed
or substituted one or nore tinmes by R11, 3-6 nenbesed heterocycle
whi ch is unsubstituted or substituted one or nore 20ti_ne y R12, or 4-7

menbered heterocycl e-al kyl which is unsubstituted or substNtuted one or
nor e ti nestRps kewhidg they apattaehedetii SAPePEHPERRM \PT - NRaRDH, tWo R4’ groups

- NRdC( =0) NRaRb, -NRbC(=0)Ra, -NRJC(=NRINRaRb, -NRbC(=0)O0Ra, -NRbSO2Ray or

- NRbSO2NRaRb, wherein Ra, Rb, Rc, and Rd are each independently H,..£1-12

al kyl, C2-12 al kenyl, C2-12 al kynyl, C6-12 ary], C7-16 aral kyl, 5-1

nmenber ed hté?ﬂ%t%SéW#,th%? WW@F%@W&@@H&F%@%{WW Sﬁl@fya@WPB%e‘H H.

het erocycl e, or 4-18 nenbered heterocycle-alkyl; and mand n are a positive
i nteger and when conbined are 1, 2, 3 or 4, provided that each of mand n
are not 9% or 4.Th§romponpe GERAIYING A YOANE B7695ms BCTP 6Sp0eT0R Fa68d Relare The
conpound a&zAr dind8pdrReRil Mhdthgl, Ry NsdRBoptd BRflusfoteRRRN idndeBrIeRN! | Y
- NRaRb, - NRhC( :0)%, -NR’@C( :Ohgha V\%er eidnﬁR%{“Rb are eachaiﬂndependently H,
C1_6 al kyl trifREMNALhY by dF{A{Horoeshy, ngﬁﬂ@élr’éHRﬂbt%rto%t%X'? 6L BWARnisE Py together

het er oar al kyl , 5-6 menbered heterocycle, or 6-8 nembered heterocycl e-al kyl .
115. The conpound according to claim 113, wherei. R8 and R8" in fornmulas

(1V), are each independently -NRbC(=0)0Ra, wherein Ra, Rb, Rc, and Rd are
edch i ndep‘@ﬁaéh? Ia)tro"ﬁf, tQ:iﬁTbC*‘a?h@%%f%ﬁ@?ﬁp%af?r@’t r ahydrofirt4R, Rgrgr%@ﬁﬁge_ther

10116. The conpound according to any one of cl ai 113 to 114, wherein R7
and R7' are each independently phenyl whi ch-i.s-%‘substitut ed or substituted

one or nore tines by R11. 117. The c qund acc ding to any one of clains
113 to 11&7“@H§?@Pﬁ%§9“éWH‘éﬁyag?%uéigﬁfpﬂﬁependéhtIy, Cl 6 alkyl which is
unsubstituted or substituted one or nore tines by RI10. 118. The
conmpoung_according to claim116 wherein R7_and R7. are each .independently
oty eyl - TEsPound B aiBne oA ie, PG b Eng? (O JitereBavELy FouPs
tert-butyl, pentyl, 202-nethyl butane, 3-nethyl butane, cyel opropyl,

cycl obutyl, cyclopentyl, or cyclohexyl. 119. The cosfpeynd according to any

f clainms, 113 .to 114, wherein R7 and 7. and R8, i th
The car bortoBEMiHEN Pheyom o st e i 2%sie [tepenaont pyS B0 R o8

together with the atoms to which they are attached form H.

93. The compound according claim 62, wherein R, and R,’ are each independently methyl,
ethyl, methoxy, di-fluoromethyl, trifluoromethyl, or two R4 groups together with the
atoms to which they are attached form spiro cyclopropyl or two Ry’ groups together with

20 the atoms to which they are attached form spiro cyclopropyl.

94. The compound according to any one of claims 59 to 62, wherein R, and R,’ are

each independently methyl, ethyl, methoxy, di-fluoromethyl, trifluoromethyl.
95. The compound according to claim 93, wherein Ry and R’ are methyl or ethyl.

96. The compound according to claim 94, wherein Ry and R,’ are methyl.
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120. The compound according to any one of clains 113 to 118, wherein said
corrpoAl{tnd is of fornula (VA : Attorney - WO 2011/079327; PCT/ US2010/ 062168
or a Ph4twaceutizesrl y acceptabl e salt thereof. 121.The eowsand/osabect ed
from Table 1A or Table 1B, or a pharmaceutically acceptable salt thereof.
/ 100or &7 pHr FABEQUNTE ALY IHNEc épt ABIOBE @i tCl%"Wérfé%ft.o §23.Whereipnpownd of are
formul a:  ;afegenBBRyREEYL i cal |y acceptable salt thereof. 124. A conpound of
formula: Attorney -W) 2011/079327; PCT/ US2010/ 062168

98. The compound according to claim 96, wherein m and n are 1.

99. The compound according to any one of claims 59 to 97, wherein X and Y are

O O

,,u\\ , *’”\O" , or a bond.

100. The compound according to claim 98, wherein X and Y are

10

101. The compound according to any one of claims 59 to 99, wherein Rs and Ry’ are

each independently, C.s alkyl which is unsubstituted or substituted one or more times by

R'", C,.s alkenyl which is unsubstituted or substituted one or more times by R', Cys

alkynyl which is unsubstituted or substituted one or more times by R', phenyl which is
unsubstituted or substituted one or more times by R", C;4 aralkyl which is unsubstituted

or substituted one or more times by R", 5-6 membered heteroaryl which is unsubstituted

or substituted one or more times by R', 6-8 membered heteroaralkyl which is
unsubstituted or substituted one or more times by R, 3-6 membered heterocycle which

20 is unsubstituted or substituted one or more times by R'?, or 4-8 membered heterocycle-

alkyl which is unsubstituted or substituted one or more times by R'.

102. The compound according to claim 100, wherein Rs and Rs’ are each
independently, C,. alkyl which is unsubstituted or substituted one or more times by R,

C..6 alkenyl which is unsubstituted or substituted one or more times by R™, C,. alkynyl

which is unsubstituted or substituted one or more times by R', phenyl which is
unsubstituted or substituted one or more times by R'', benzyl which is unsubstituted or

substituted one or more times by R", 5-6 membered heteroaryl which is unsubstituted or

substituted one or more times by R'", 6-7 membered heteroaralkyl which is unsubstituted

30 or substituted one or more times by R'", 5-6 membered heterocycle which is
unsubstituted or substituted one or more times by R", or 6-7 membered heterocycle-

alkyl which is unsubstituted or substituted one or more times by R'.

103. The compound according to claims 101, wherein Rs and Ry’ are each

independently, Cy. alkyl which is unsubstituted or substituted one or more times by R,
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or a pharmaceutically acceptable salt thereof. HNr 0/0 \ or a

phar maceutical ly acceptable salt thereof. 126. A conpound of formula: O---
HN- - -2 weo(1/0927\  100r a pharmaceutical |y accept abl e Pealus20t0msnes . 127.
The conpound according to any one of clainms 1 to 125, for tregfing or

prevent i ngCza kgt Whidd ie uppybstitytad ok splsititedoneueramore imes RY gharfracditvkal

conposi ti aphieR fHiHsSbstBul dr8asditORa JreP e tAcEHyR'™Mg to any one of clains
1 to 126and at | east one pharnmaceutically acceptable carrier or excipient.

Attorney -WO 2011/079327; PCT/ US2010/062168 129. A pharmaceuti cal _
combi nayphon Comfpel Riipuid at&RGihg @&@laﬁﬁ"fﬁ?%ﬁ’er@ﬁﬂ@slréﬂdﬂﬂg hR: &Hh iRAHeRbleftlypl MB

1 to 126and at | east one addi tional agent and at | east” one pharnuaceutically
accept abl enetdhiaihyloprapybiigipseryl, BEel, ssareupyhatarabelyt.i Reatylc dgthebiiane, 3-
accor di ng. eolitdRe! 2SRl Bydghity Rl htyPneyagsix, OBA! oy BGRBIyI(CH,)-

sel ect ed fro_mgvi rﬁe’ggrci e ;ﬁ’ot%ase Yr’\hwbciﬁﬁ%rsfp’ V|yral10 Sl ymerase W),

i nhi bi t or swhigh peg unsebstitbtas qrisbgituadone afrerertitoed B R ng agent's, anti oxi dant
agents, antibacterial agents, therapeutic vaccines, hepatoprotectant

agent s, 16811 Senafie afBkAd LMl BIcN IR, Bk ARECARdnIARNBLS

of internal ri bosone entry site( ' e phar maceut i c
conbi nat i ceheaglowhidh isgunsebssitetieshor 2abstiiedging os mare dimdsdyyR -one addi t i onal
agent is selected fromribavirin and interferon-a. 132. The pharmaceuti cal

conbi hay bé).n acc?lﬁg&&ﬂpéﬁdaa'&or‘aﬂﬁ t8fclzﬁ|lna1i0q], Jv%gretirpR;,laﬁ% Rs’ are each independently

benzyl which is unsubstituted or substituted one or more times by R"".

107. The compound according to any one of claims 59 to 105, wherein R' is halogen, -

OR,, ox0, -NR,R,, =NO-R. , -C(=0)OR,, -C(O)NR Ry, -C(=0)OH, -C(=0)R,, -C(=NOR/)R,, -
C(=NRNR,R,, -NR4C(=O)NR.Ry,, -NR,C(=O)R,, -NR4C(=NR)NR,R,, -NR,C(=0)OR,,

OC(=0O)NR,Ry, -OC(=0)R,, -OC(=0)OR,, hydroxyl, nitro, azido, cyano, -5(0)¢.3Ra, -SO2NR.Ry,

-NR,SO;R,, or -NR,SO;NR;R,, wherein R, -R4 are each independently H, Cyq; alkyl, Cs.q2

20 alkenyl, C,q2alkynyl, Ce12 aryl, C;4¢ aralkyl, 5-12 membered heteroaryl, 6-18 membered

heteroaralkyl, 3-12 membered heterocycle, or 4-18 membered heterocycle-alkyl.

108. The compound according to claim 106, wherein R is -NR,R,, -
NR4C(=0)NR,Ry, -NRyC(=0)Rs, -NR4C(=NR)NRsRy, -NR,C(=0)OR, -NR,SORa, oOF
NR,SO2NR,Rp.

109. The compound according to claim 107, wherein R is -NR,R,, -

NR4C(=0)NR,Ry, -NR,C(=0)R,, -NR,C(=0)OR,, or -NRuSO;R,.

30 110. The compound according to any one of claims 59 to 108, wherein R,, Ry, R, and Ry
are each independently H, Cy alkyl, C,¢ alkenyl, C,¢ alkynyl, phenyl, C;s aralkyl, 5-6
membered heteroaryl, 6-8 membered heteroaralkyl, 5-6 membered heterocycle, or 6-8

membered heterocycle-alkyl.

111. The compound according to claim 109, wherein R, and R. are each independently
H, Cisalkyl, Cy6alkenyl, C,6alkynyl, phenyl, C;s aralkyl, 5-6 membered heteroaryl, 6-8
membered heteroaralkyl, 5-6 membered heterocycle, or 6-8 membered heterocycle-

alkyl, and Ry, and Ry.are each independently H or C; 3 alkyl.
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wherein said conpound and said additional agent are in dosage unit forns
sui taAQJ e for sequen;ti al adm ni stration. 133. The pharmaceuti cal

conbi‘nat Two 20000937ng to any one of claim 127 to 128, wreraise019aszi68onmpound
and said additional agent are in dosage unit forms suitable for

20si nul t aneous admi ni stration. 134. The use of a conpound according to any
one of clains 1 to 125 for treating a Hepatitis Cviral infection in a
human. 135. The use according to claim 133, further_ conprisin

admi ni sflé4i ng dthe| eemBrROUAecacAIing dAaslaighdip, Wheein The R»s@caéﬁgr%hi ke each
clai m 134, uhemnabmipRid @l ak@ast one additional agent is selected from
viral serine protease inhibitors, viral polynerase inhibitors, viral
helicase 30 inhibitors, inmmunonudul ating agents, antioxi dant agents,

ant i bac i al j i : t o] t

anti sentg?'agen?g]‘,érgon iOEF‘t?%?@?%*?é QHOC{{/WNSZ(%EIS%?]EE ?s%%hggiq%?\l?bﬁgfg ?)r;‘ Tto

i nternal riBov¥oateirpid gompound is REEIrMUIB@HVAIThe use according to clai m 134,
wherein said at | east one additional agent is selected fromribavirin and
interferon-a. 3 Attorney -WD 2011/079327 PCT/ US2010/ 062168 138. The use
of a conpound accor i,)ng to Any one\of cl@ss 1 to 125 for the manufacture
of a medi ahent. 18R tical fornulation conprising at | east one
conmpound _ds Ia'$ No 125 and at |east one
(0] NV

phar nBeeut i cal | y a cilpi ent. 1R0, A nethod for
preparing a f fo acCRf laim49: (R2') / NN\/ 4
OR3" (R)p R /
O_
(Rg)m (IVA) _>\R8
7
10 or a pharmaceutically acceptable salt thereof wherein

R; and R;’ are each independently C,s alkyl which is unsubstituted or substituted one or
more times by R C,s alkenyl which is unsubstituted or substituted one or more
times by R", C,salkynyl which is unsubstituted or substituted one or more times by
R', phenyl which is unsubstituted or substituted one or more times by R", benzyl
which is unsubstituted or substituted one or more times by R", 5-6 membered
heteroaryl which is unsubstituted or substituted one or more times by R", 6-7
membered heteroaralkyl which is unsubstituted or substituted one or more times by
R", 3-6 membered heterocycle which is unsubstituted or substituted one or more

20 times by R', or 4-7 membered heterocycle-alkyl which is unsubstituted or substituted

one or more times by R';

Rs and Rg’ are each independently -NR_R;,, -NR4C(=0)NR, Ry, -NR,C(=0)R., -NR4C(=NR.)NR, Ry,
-NRp,C(=0)OR,, -NRpSO2R,, or -NR,SO;NR.R,, wherein R,, Ry, R, and Ry are each
independently H, Cyq; alkyl, C,.q; alkenyl, C,q; alkynyl, Ceq, aryl, C;q aralkyl, 5-12
membered heteroaryl, 6-18 membered heteroaralkyl, 3-12 membered heterocycle, or
4-18 membered heterocycle-alkyl; and

m and n are a positive integer and when combined are 1, 2, 3 or 4, provided that each of
m and n are not 3 or 4.

30
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R7' (1V) R8 or a pharmaceutically acceptable salt thereof, wherein each of
A B B, R p R, R,, R3 10R3,, R4, R4,, R7, R7,, R8, and R8,, are as

def i H&F™fwochaiaTa9’ wherein sai d net hod conprises the PCEAS20006ZYS

contacti Hr:/g a conpound of forrmula (XXX): (Rl )p(XXX) under coupling
condi ti dM& wi t HNg cOBReBIthacwr d‘f‘%rt?rﬁiaﬁn(‘XMWeVQHURsaaf@o%pé[ﬁw%PcbfquWﬁ?%ly

(XXXI'1); aR@ R, Ibﬁbc% B/%JanRh(‘z' b)((ﬂi O%B%ﬁh RIR}, Afe @R&Y ﬂﬁjeﬁél%é‘hﬁgtr@ Of Akylle a

conmpound of for mula d according to claim1l wherei'n the
coupl i ng dAeavk |b8ﬁéylc5T¢pmie§’@QMbh%t(3fqaﬂﬂhér%/mSﬁ‘®§rﬁﬁ bl%t)?ﬁ@lr@lbﬂb érﬁ:memhea@

copper |oohé:gg,,0c9(qg S d- 8B D BetetdtRcleAIRRE hod for preparing a conpound of
formula (XXXII ‘Attorney - WO 2011 0793 ; PCT/ US2010/ 062168 (R2)

(XXXI'1') wher ei n each of R2, R3, R4, R7, and R3, are as defined in cl ai m 47,
wher ei nqsai d o) | S u 1 -C
?@ rr%'a &nﬁ;&\}m& a%@&rd’%:o %lgﬁ’f ?i w re\’rPFi SM‘@ in R)?R%@C{L pare

formul a oun or mu I), where eac
each i ndemﬁgn@qgendqmtm R:C GO wherein R,, Ry, RC, and R4 are each independently H,

Ci¢alkyl, phenyl, tetrahydrofuran, or benzyl.

10 116. The compound according to any one of claims 113 to 114, wherein R; and R, are
each independently phenyl which is unsubstituted or substituted one or more times by
R".

117. The compound according to any one of claims 113 to 114, wherein R; and R;" are
each independently, Ci¢ alkyl which is unsubstituted or substituted one or more times by
R™.

118. The compound according to claim 116 wherein R; and R;’ are each independently
methyl, ethyl, propyl, isopropyl, methoxyisopropyl, butyl, sec-butyl, tert-butyl, pentyl,

20 2-methylbutane, 3-methylbutane, cyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyl.

119. The compound according to any one of claims 113 to 114, wherein R; and Rg or R

and Rg: together with the carbon to which they are attached are each independently:

o o N o . PL
LW\\ I T M

’ or

120. The compound according to any one of claims 113 to 118, wherein said compound
is of formula (VA):
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OROR g) oxidizing a conpound of formula (XXVII1) to provide a conpound of
forrru[lna ONG O OR( XVI) h) contacting a conpound of forrmula (X)) with
a conpdlitoahiiweaml a (XVI 1) and optional |y 10a conpounaCefustemivsiias R3- LG,
where LG is a | eaving group, under reaction conditions sufficient to

provi de a conpound g.forrrula XV):\ 0 0 RRbs(XVI ) OR (XV) e)

hal ogenati ng a con'p;o 3 \ \X) under reaction conditions sufficient
to provide a compoy X : INR3 0/ OR(XIlI) f) reacting
a conpound of for [ 1}) \under /depr¥t ecli on condi§i ons to provide a
conmpound of formu N l\\\\*‘ R

q Rs N

or a pharmaceutically acceptable salt thereof.

121. The compound selected from Table 1A or Table IB, or a pharmaceutically

acceptable salt thereof.

122. A compound of formula:

//\N

| \ﬁ = ( )= \
\ / N o
~CH s
o)
6H \O)X\E?L{

0
/
10 or a pharmaceutically acceptable salt thereof.
123. A compound of formula:

H  o-

N
3
0]

o)
o

or a pharmaceutically acceptable salt thereof.

124. A compound of formula:
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3 Attorney " WD 2011/079327 PCT/ US2010/ 062168 g) contacting a conpound
of fornula (XI1) under coupling conditions with a conpound of formula (XI1I)
to proviteoaoterpazand of formula (XXXI1): to provide a ®owusaend/efies or mul a
(XXXI'1). 143. A nethod according to claim 141, wherein the oxidizing of
step g) co 2,2,6,6-tetramet hyl - pi peridin-1-oxyl (TEMPO . 144. A

met hod for P esgrlng a conpound of fornmula (XXVI): OR 100R( XXVI) wherein
R4 is as din claim47, and each R is each independently an al kyl
group, 2:Q?6Hsald od conprises the steps of: a) contacting a
conmpound o / gaction conditions sufficient to provide a
conpound of f® la (XX BQ% O (XXI)O (XXI'1) b) contacting a
conmpound of forrula (XX underH Diron conditions sufficient to provide
a conpound of forrmula (XXIl1), a0 OR O(XXI'11) c) contacting
a conmpound of forrmula (XXI11) u dS} action conditions sufficient to
provi de 20a conpound of fornukg %XV(G

or a pharmaceutically acceptable salt thereof.

125. A compound of formula:

or a pharmaceutically acceptable salt thereof.

126. A compound of formula:

10 or a pharmaceutically acceptable salt thereof.

127. The compound according to any one of claims 1 to 125, for treating or preventing

a Hepatitis C viral infection in a human.

128. A pharmaceutical composition comprising at least one compound according to any

one of claims 1 to 126and at least one pharmaceutically acceptable carrier or excipient.
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OoR OR(XXVI) to provide a compound of fornmula (M). Attorney -WO
2011/ 079327; PCT/ US2010/ 062168
145, A8 fehwdfzorwemarl ng((S)-1-[(2S, 4S)-215- (4-[2-[(2S, 48LTSL(IBP6A68

Met hoxycar bonyl am no- 3- net hyl - butyryl ) -4-met hyl -pyrrolidin-2-yl]-3Himdazo
| - 4- 129. A pharmaceutical combination comprising at least’one compound according to any

yl et hynyl }dr{é*'tﬁr&’ahﬁ\% h%@%'zlarﬂd‘ht' l@bﬂ%@'aﬂ@ﬁ%h&l‘é’g’eﬂ?ém bt RYS el ﬁi‘]'aﬂﬁacjeu%%lﬁpnw
}-2- methyl propg@t-car bam c acid nmethyl ester. wherein said

conpri ses:aEORHRAE GARHCTOICEPIRMA of formul a (X) under coupl i ng condltlons
wi th a conmpound of formula (XXX):

t oprovi de((S) 1-[(2S, 4S)-215-(4-[2-[(2S,4S)-1- (ﬁS) 2- Met hoxycar bonyl am no- 3
- met hyl 430. The pharmaceutical combination according to claim 128, wherein said at least one

butyryl) - %J&ﬂﬁ&ﬁ “dR¥ht 94 1s8leeedr Yioht Ital TeARE Protkayd ShRKRYIS) PREBAFALIRY! ) -

1H i m dazol -
4- et hyl - plphnbﬁprsmwéal1h@lma§®nmhpltgr&mmummwlatmaam,c aatipddanit [Rgents,

ester. 146,,8,0Ri30d é&%ofr{@rﬂ%uhe \fé'cah 2 AS Q’MPS’E eldht a{_&,@n&‘)‘dﬂbééﬁge agents,
conditions conprise tri hosp ne) pal'l gl unchlori de f?’

i odi de, anidhibitpestdfy\HQNE3 p_rLotEaseAar‘nilsnh@dowsmf iptesnsd ribaspnae eratn‘rp@itdeEﬁ)
fgrmula (X): (X) 20wherein said nethod conprises

131. The pharmaceutical combination according to claim 126, wherein said at least one

additional agent is selected from ribavirin and interferon-o.

132. The pharmaceutical combination according to any one of claim 129 to 130,
wherein said compound and said additional agent are in dosage unit forms suitable for

sequential administration.

133. The pharmaceutical combination according to any one of claim 127 to 128,
wherein said compound and said additional agent are in dosage unit forms suitable for

20 simultaneous administration.

134. The use of a compound according to any one of claims 1 to 125 for treating a

Hepatitis C viral infection in a human.

135. The use according to claim 133, further comprising administering at least one

additional agent.

136. The use according to claim 134, wherein said at least one additional agent is
selected from viral serine protease inhibitors, viral polymerase inhibitors, viral helicase

30 inhibitors, immunomudulating agents, antioxidant agents, antibacterial agents,
therapeutic vaccines, hepatoprotectant agents, antisense agents, inhibitors of HCV

NS2/3 protease and inhibitors of internal ribosome entry site (IRES).

137. The use according to claim 134, wherein said at least one additional agent is

selected from ribavirin and interferon-o.
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a) reacting a conpound of formula (XI11) under deprotection conditions to
provi de a conpound of formula (XI); and: Attorney -WD 2011/079327;

PCT/ USSt'woa601683277  b) contacting a conmpound of f or nulPaT(USR)1005Ti68
coupling conditions with a conpound of formula (XIl): to provide a
corrpoung 3%f f orThgl H5q XY . 2 1081POANGEAROH inge dBrNYngne Plcraims ﬂ460 WRefdi e he
coupl i ng qgmfgétgrbsopj melRBmBHt.conprise first contacting a conpound of
formula (XIl) wth O0-(7-azabenzotriazol-1-yl)- N, N, N ,N -tetramethyl uroni um
hexaf | uor ophosphat e (HATU) and dii sopropypyet hyl am ne 10(DI PEA). 149. A

met hod_age0r di NEpbmakélfEal fmuifth ool e GERER 8L EORGMAs!deRREa B af oP
a) conprise a mneral acid ) preparing a conpound of

formul a (>@ne of:claims 1NoH25 and @xlgapl ongheirasinaceidicallyraedepthrie apirics 65 ex@pient-ng a

conmpound of forrmula (XIV): I NH.,,i 0/

140. A method for preparing a compound of formula (IV) according to claim 49:

/ N
R
N 4

R/
N R (Ry)p 3 N
R,
R ' (IV) Re
R R;

or a pharmaceutically acceptable salt thereof, wherein each of A, B, B’, R', p, Ry, Ry, R,
10 Ry, R4, Re, R7, Rz, Rg, and Rg:, are as defined in claim 49,
wherein said method comprises the steps of:

a) contacting a compound of formula (XXX):

(XXX)
under coupling conditions with a compound of formula (XXXI) and a compound of formula
(XXXII); and
R,) (Ry)
- P
\\\}_ 7
LLN\/ I | }\]"U /R4
Ry R4
M 3 3 I
) R
o R, R/ 8
8 (XXXI) (XXXI1)

b) optionally hydrogenating the alkyne groups to provide a compound of formula (V).

141. A method according to claim 139, wherein the coupling conditions comprise
20 bis(triphenylphosphine)palladiumchloride, copper iodide, and triethylamine.
142. A method for preparing a compound of formula (XXXII):
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;... 42 \(XI'V) under reaction conditions sufficient to provide a conpound
of formula (XIlI1). 20 151. A nethod according to claim 149, wherein the

torney.

r eact "1 worrdi wi7esrs conpri se nmet hyl magnesi um brom de. PATIUSRO16§62160
2011/ 079327; PCT/ US2010/ 062168 152. A nethod for preparing a conpound of
formula (XIV) having a (2S,49) gFg)nfiguration: (XI'V)  wherein said nethod
conprises the steps of: a) hydrogenating a conpound of fornula (XX) to
provi de a conpound of fornula Q&%NOO HO . . :HO NN 0/0/

Ceofe--o(xXX)_...2 \(XIX) b) réduciAb a-cofpound of formula (XIX) to
provi de a conmpound of fornula (XIngfI): HO 1" N O/ \(XIIl)

0=

(XXXI1)
wherein each of Ry, R3, R4, Ry, and Rg, are as defined in claim 47,
wherein said method comprises the steps of:
a) reducing a compound of formula (XXVI) to provide a compound of formula (XXVII), where

each R is each independently an alkyl group:

OR OR
© R R
OYN 4 OYN 4

6] 6]
OR (XXVI1) OR (XXVII)
g) oxidizing a compound of formula (XXVII) to provide a compound of formula (XVI):
O
H
R4

O\V\N
orR ©  xw)
h) contacting a compound of formula (XVI) with a compound of formula (XVII) and optionally
10 a compound of formula R3;-LG, where LG is a leaving group, under reaction conditions

sufficient to provide a compound of formula (XV):
Ro

Ty

N
oo :@
Rz H (xvi) OR (XV)

e) halogenating a compound of formula (XV) under reaction conditions sufficient to provide

a compound of formula (XIII):

R2
N
|/8/\\
/N R4
R3 o N

OR (XHn
f) reacting a compound of formula (XIll) under deprotection conditions to provide a

compound of formula (XI); and:
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10c) oxidizing a conmpound of formula (XII1) to provide a conpound of
forrru[lna ONO 0 so\ N--/ 0/ \(XVlI) d) contacting a conmpound of formula (XlI)
wi t h ‘°Edwpaond7ef27f or mul a (X1 1) under reaction conditi @as/usediosilent t o
provi de a conpound of formula (X): eli'l h" NDO O, HH (XVII) e)

hal ogenati ng a conmpound of frmula (X) under reaction conditions sufficient
to provide a conmpound of for M (XV), and: OAttDkirney -WD 2011/ 079327,

PCT/ US2010/ 062168 (XIV) f ating the mXture of (2S,4S) and (2S, 4R
di astereoners to provide a g@ﬁpou d YefR4f or wl?}% V) having a (2S, 4S)
configuration. 153. A method® acd®di ng teel B m 14 wherein the separating
of step _f) Il se Llica I r . . | NG to
ol ai m 180, <REPE 3 BpEbodCy BrmElr BT R biind sty aliThIRCe BERBEH G

1- i odopyomuila (Hlinde Rrdyvidh oo0empdddios FormulangX¥xtigt accordi ng to cl aim 149,
wherein oxidj zi f rises

2,2,6, 6-@@ Orvcli&r%e% %@T-%ngé)ﬁé ;ﬁﬁ{lﬁxo%p(TEl\/PO). 156. A nethod according to

cl aim 149, wherein the reducing of step b) conprises borane. 157. A nethod
gf ol ghﬁgsof(lo dg'/sghgé‘tﬁéy‘ d?%’*‘o‘gﬁ{ngg@ L% AT OAERAY 'Y Sidishg Rordre§ YRohiFRes

2,2,6,6-tetramethyl-piperidin-1-oxyl (TEMPO).

144, A method for preparing a compound of formula (XXVI):
OR
O
e} N
10 oR O (xxvi)

wherein R, is as defined in claim 47, and each R is each independently an alkyl group,

R4

wherein said method comprises the steps of:
a) contacting a compound of formula (XXI) under reaction conditions sufficient to provide a

compound of formula (XXII):
OH OR

) 0
HN HN

O (XXI) O (XXII)
b) contacting a compound of formula (XXII) under reaction conditions sufficient to provide a

compound of formula (XXIII), and:

OR
O
o-_N
orR O xxi
¢) contacting a compound of formula (XXIIl) under reaction conditions sufficient to provide
20 a compound of formula (XXVI):
OR
O
OYN R
oR O (xxvi)

to provide a compound of formula (XXVI).
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20158. A net hod for prepari ng a conpound of fornula (XIV) having a (2S, 4S)
configuration: NH _.", 0/ \(XIV) wherein said nethod conprises the steps

of : a‘?“’mebmoaonvmgsza conpound of fornula (XXI) under rea®Cirams2@0M06i16$ ons
sufficient to provide a conpound of formula (XXIl): Attorney -WO

2011/ 079327; PCT/ US2010/ 062168 ( OHO HNHN O (XXI)O (XXIl) b) contacting a
conpoun f forgul 1) er n L4 | i de
a conpoﬂ?l% of fﬁgtjnuqrg%?y(xl |1 Lfl6}(:1 C%r@@%rmggct ﬁ@gco%)gﬁ)nﬁ? yo?nﬁma?%&l F{gﬁ)y thl

- t - but oxy-Methrycarbonylgmino- ﬁmertay@qﬁwl&eﬁ A&k P&W’fph*@nl}nﬂbﬁ"'r‘@édﬁzpb‘h
condi ti ons,sihyie bﬁ%létﬁ¥rRﬁ M- ‘P|ﬁ1d%z&%@§"4ﬂﬁet%l bRt ndice- (%&Qb\&n{l} 2(XX1V)

d) reacting a’ conpound undef reaction conditions
suf fi ci entmﬁwykﬂr@mml)d@araarmmwﬁ)meﬁw eftefior nul a (xxw) (0

N — )

77—\ /= W
v ”&')““‘
N__o o N
w/\(NH \O)L;(\(

wherein said method comprises:

contacting a compound of formula (X) under coupling conditions with a compound of formula

(XXX):
|—( )\)
SN o

10
to provide ((S)-1-{(25,4S)-2-[5-(4- {2 [ZS 45)-1-((S)-2-Methoxycarbonylamino-3-methyl-
butyryl)-4-methyl-pyrrolidin-2-yl]-3H-imidazol-4-ylethynyl}-phenylethynyl)-1H-imidazol-2-yl]-
4-methyl-pyrrolidine-1-carbonyl}-2-methylpropyl)-carbamic acid methyl ester.
146. A method according to claim 144, wherein the coupling conditions comprise
bis(triphenylphosphine)palladiumchloride, copper iodide, and triethylamine.
147. A method for preparing a compound of formula (X):
N
3
NTNYN
N NJ
6]
1
N
© H (X)
20 wherein said method comprises

a) reacting a compound of formula (XIll) under deprotection conditions to provide a

compound of formula (XI); and:
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00, 1 ,r0 (XXVlI) e) reducing a conpound of fornmula (XXVI) to provide a

corrpound of formula (XXVI1): I-10""" f) oxidizing a conpound of fornula

OV twopnovizeszza conpound of formula (XI):  Atftor nepCTWS2000821689327;

PCT/ US2010/ 062168 . 1t11 (XVlI) g) contacting a conpound of formula (XI) wth

a conpound of fornula ( yinder reaction conditions sufficient to provide

a conpound of fornula ( ;> h) hal ogenating a conpound of fornula
ati

(X) under reaction conditi bins i"tient to provide a conmpound of fornula
(XI'V) having a (2S,4S) confd ion. 159. R nmethod of claim157, wherein

the reaction conditions of stgp d) conpril the steps of: 10a) reacting a
conpound of formula (XXIV) er reaction C({i}nm ‘T opsesufficient to provide
a conpound of formula 0"; and: (( OO(XiP. -:,-HN (X1)

b) contacting a compound of formula (XI) under coupling conditions with a compound of

formula (XIl):
Nx

148. A method according to claim 146, wherein the coupling conditions of step b)

(x11)

to provide a compound of formula (X

comprise first contacting a compound of formula (XIl) with O-(7-azabenzotriazol-1-yl)-
N,N,N',N'-tetramethyluronium hexafluorophosphate (HATU) and diisopropypyethylamine
10 (DIPEA).

149. A method according to claim 146, wherein the deprotection conditions of step a)

comprise a mineral acid.

150. A method for preparing a compound of formula (XIII):
N
3
NN L
0
O§\/
0]
\(‘ (XHn

wherein said method comprises reacting a compound of formula (XIV):

— )
-
3
\(_ (XIV)

under reaction conditions sufficient to provide a compound of formula (XIII).
20
151. A method according to claim 149, wherein the reaction conditions comprise

methyl magnesium bromide.
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N O -/ (XXIV)(XXV) .. 1 160. A nethod for preparing a conpound of formula
(rn), Attorney -WJ 2011/079327; PCT/ US2010/ 062168 or a

orne

phar rraceﬁwoczalllltwmcept abl e salt t hereof , wherein each ®CTAS2B0/082168 R1, p,
R2, R2,, R3, R3,, R4, R4,, R7, R7,, RS, and R8,, are as defined herein,
mherein sai d met hod conprises the steps of: a) contacting the conpound of

for mul @160 V)a Wnbthod $ORPERMHM of QoMpoandBor< f%aad/m PO (2s.49pder

reaction conditions to provide a conpound of fornmula (Il 61. A net hod
for prepar§oie@agiefipound of formula (XXXIV) RR‘R2 N /Th)IN NH R3'

— )
2o
3
\(_ (XIV)

wherein said method comprises the steps of:

a) hydrogenating a compound of formula (XX) to provide a compound of formula (XIX):

N 0
o§( O§g

o)
\(‘ (XX) \ﬁ (XIX)

b) reducing a compound of formula (XIX) to provide a compound of formula (XIII):
oo
\f\ (Xnr)

10 ¢) oxidizing a compound of formula (XIIl) to provide a compound of formula (XVI):
O
HJL\t:>__
Oﬁ/N
T

(XVI)
d) contacting a compound of formula (XVI) with a compound of formula (XVII) under

reaction conditions sufficient to provide a compound of formula (XV):
4 &
N7
W
o)
6] O §g
H H (XVIl) \(_ (XV)

e) halogenating a compound of formula (XV) under reaction conditions sufficient to provide

a compound of formula (XV), and:
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wherein each of A, B, B, R, p, R, R", R3, R3', R4, "1\l R3

HRAN( XXXI'V) R4, , R?g, RT, R8, and R8,, are as defined herein and each of B
and B"°™Reoant/®R2327’ R3 and R3,, R4 and R4,, R7 and R7,, Pams®B)/06z168 RS, ar e
the sane respectively, wherein said nmethod conprises the steps of: a)
contacting a conmpound of fornula (XXX) with a conpound of formula (XII1)
where R is an al kyl group: A/Naﬁ/%) 1/ (PL(XXX) 20under coupling
conditions to provide a conmpoun f Rornula (XXXI11): Attorney " WO

2011/ 079327; PCT/ US2010/ 062168 ﬁb) 'g?—acti ng the conpound of fornula
(XXXI'I'l') under conditions to provi Qi&(aN nmpound of forrmula (XXXIV). 162.
The nmet hod of claim 156, wherein the (():oupl ing conditions conprise

\f (XIV)

f) separating the mixture of (25,4S) and (2S,4R) diastereomers to provide a compound of

formula (XIV) having a (2S,4S) configuration.

153. A method according to claim 149, wherein the separating of step f) comprises

silica gel chromatography.

154. A method according to claim 149, wherein the reaction conditions of step e)
comprise 1-iodopyrrolidine-2,5-dione.
10
155. A method according to claim 149, wherein the oxidizing of step ¢) comprises
2,2,6,6-tetramethyl-piperidin-1-oxyl (TEMPO).

156. A method according to claim 149, wherein the reducing of step b) comprises

borane.

157. A method according to claim 149, wherein the hydrogenating of step a) comprises

platinum oxide and hydrogen gas.

20 158. A method for preparing a compound of formula (XIV) having a (25,4S)
configuration:

—4 )
-
3
\ﬁ (XIV)

wherein said method comprises the steps of:
a) contacting a compound of formula (XXI) under reaction conditions sufficient to provide a

compound of formula (XXII):
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bi s(tri phenyl phosphi ne) pal | adi unthl ori de, copper iodide, and triethyl am ne.
163. Arrethodforpreparlng((S) 1-[(2S,4S)-215-(4-[2-[(2S,49)-1-((9S) - 2-

Attorne

Met hoxycéwbam/ﬂﬂumzrno 3- et hyl - butyryl ) - 4-net hyl - pyrrol i #CHAB281040636B | m dazo
| - 4-

10yl et hynyl } - phenyl et hynyl ) - 1Hi m dazol - 3-yl ] - 4- et hyl - pyr rolidi ne-1-carbon
yl'}-2- methyl propyl)-carbam c @¢i d methyl ~gster: ...._cr’ , NHNHNOO O
NH |./HO.\(:) | wherein sai d/l,rrethod co /Ises the steps of - a) contacting
a conmpound of formula (X urifer” plin Col ions with a conpound of
formul a (XXX): to provi de aHmapound of la (XXXV): N\ r;\l , NHN

H.. _.a. , .1
- O (XX O (XXl
b) contacting a compound of formula (XXII) under reaction conditions sufficient to provide a

compound of formula (XXIII):

>( (XXII1)

¢) contacting a compound of formula  (XXIl) with  1-t-butoxy-N,N,N’/N’-
tetramethylmethanediamine under reaction conditions sufficient to provide a compound of
formula (XXIV):

0
¢
0
>( (XXIV)

d) reacting a compound of formula (XXIV) under reaction conditions sufficient to provide a

10 compound of formula (XXVI):

>( (XXV1)

e) reducing a compound of formula (XXVI) to provide a compound of formula (XXVII):

3

>( (XXVII)

f) oxidizing a compound of formula (XXVII) to provide a compound of formula (XVI):

1,

HO
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\r00 i/ \(XXXV) Attorney -WO 2011/079327; PCT/US2010/ 062168 b)

cont a(%tl ng the corrpound of fornmula (XXXV) under conditions to provide a
compoURt w0 2howared2a’ (XXXVI): and e:\1 NN HH. . ... NHHN( XERWIUS2010)0616%1t act i ng
t he conmpound of formula (XXXVI) wth N-methoxycarbonyl valine under

reacti oncondi ti onstoprovide((S)-1-] S 4S) 215-(4-[2-[(2S,4S5)-1-((9S)-2-

Met hoxycar bonyl am no- 3- net hyl - butM nethyl pyrrolidin-2-yl]-3Himdazo
| -4-yl et hynyl }-

phenyl et hynyl ) - 1H i m dazol - 2-yl ] - I-pyrrolldine-l-carbonyl}-Z-nethyIp
ropyl)-carbamc acid nethyl ester. 164. The nmet hod of claim 158, wherein
the coupling conditions of step nprise

bi s(tri phenyl phosphi ne) pal | adi unthlori de, coRper i odi de, and triethylam ne.

g) contacting a compound of formula (XVI) with a compound of formula (XVII) under

reaction conditions sufficient to provide a compound of formula (XV); and:
¢ /{\j\\
N M 1l
D
6]
O O §g
H H (XVIl) \f‘ (XV)

h) halogenating a compound of formula (XV) under reaction conditions sufficient to provide

a compound of formula (XIV) having a (2S5,4S) configuration.

159. The method of claim 157, wherein the reaction conditions of step d) comprise the
steps of:
10 a) reacting a compound of formula (XXIV) under reaction conditions sufficient to provide a

compound of formula (XXV); and:

0 \ 0
éll, J— &I’/

P
>( (XXIV) >( (XXV)

b) hydrogenating a compound of formula (XXV) to provide a compound of formula (XXVI):

J
o=
o ©O
>( (XXV).
160. A method for preparing a compound of formula (ll1)
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R, R,

N N

e e
N N R,
\R , R/
| N 3 (R,)p 5 N
WY | i
RS' R5

(1
or a pharmaceutically acceptable salt thereof, wherein each of A, B, B’, R', p, Ry, Ry, R,
Rz, R4, Ry, R7, Ry, Rg, and Ry, are as defined herein,

wherein said method comprises the steps of:

a) contacting the compound of formula (XXXIV) with a compound of formula R>-X-OH and/or
R®-Y-OH:

Py
N.—
Py

2

2\ :m: &

|/ I
N N N
' \ ' R
Rq NH Rs (Ry)p Rs HN 4 (XXXIV)

under reaction conditions to provide a compound of formula (lIl).

Y

Ve

10 161. A method for preparing a compound of formula (XXXIV)

Y
M.—
Y

2

(e O

| ) |
N \-f/ N
Rq NH R3 (Ry)p Rs HN Rq (XXXIV)

wherein each of A, B, B’, R', p, R;, Ry, Rs, Ry, R4, Re, Ry, Ry, Rs, and Ry, are as defined

y

Vg

herein and each of B and B’, R, and R», R; and Ry, R4 and R4, Ry and Ry, and Rg, and Rg are
the same respectively,
wherein said method comprises the steps of:

a) contacting a compound of formula (XXX) with a compound of formula (XIIl) where R is an

alkyl group:
R2
N
p— \A / _— R3/ N R4
+ Oy
(Rp
(XXX) OR (XHr)
20 under coupling conditions to provide a compound of formula (XXXIII):
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RO OR (XXXIIT)
b) contacting the compound of formula (XXXIIl) under conditions to provide a compound of
formula (XXXIV).

162. The method of claim 156, wherein the coupling conditions comprise

bis(triphenylphosphine)palladiumchloride, copper iodide, and triethylamine.

163. A method for preparing ((S)-1-{(25,4S)-2-[5-(4-{2-[(25,45)-1-((S)-2-
Methoxycarbonylamino-3-methyl-butyryl)-4-methyl-pyrrolidin-2-yl]-3H-imidazol-4-
10 ylethynyl}-phenylethynyl)-1H-imidazol-2-yl]-4-methyl-pyrrolidine-1-carbonyl}-2-

methylpropyl)-carbamic acid methyl ester:

N — )

_ /N
»O)’\Nﬁ— \ / \Nﬁ\_‘} .
H H .
N o) N
o by
\O)L”‘

NH
oé‘\?

wherein said method comprises the steps of:

a) contacting a compound of formula (X) under coupling conditions with a compound of

formula (XXX):
4@\
N a .
i #NJ

e (X1 \_/ XX
to provide a compound of formula (XXXV):
=)=}
_‘O)\N \_/ H \>
be o~
6]
7< X (XXXV)

BOST_1803930.1 229



b) contacting the compound of formula (XXXV) under conditions to provide a compound of
formula (XXXVI); and

NN\

| ) — \_
~C Yy

¢) contacting the compound of formula (XXXVI) with N-methoxycarbonyl valine under
reaction conditions to provide ((S)-1-{(2S,45)-2-[5-(4-{2-[(25,45)-1-((S)-2-
Methoxycarbonylamino-3-methyl-butyryl)-4-methyl-pyrrolidin-2-yl]-3H-imidazol-4-ylethynyl}-

phenylethynyl)-1H-imidazol-2-yl]-4-methyl-pyrrolidine-1-carbonyl}-2-methylpropyl)-carbamic

acid methyl ester.

10 164. The method of claim 158, wherein the coupling conditions of step a) comprise

bis(triphenylphosphine)palladiumchloride, copper iodide, and triethylamine.
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