| NHI BI TORS OF HEPATITIS C VIRUS Field of the Invention [0001] The
invention relates to conpounds useful for inhibiting hepatitis C virus
("HCV") replaorvastes, particularly functions of the non- #CTlSeUnAF7358
("NS5B") protein of HCV. Background of the Invention [0002] HCV is a
single-stranded RNA virus that is a nenber of the Flaviviridae famly. The
virus shows extensive genetic heterogeneity as there are cunently seven
identified genotypes and INBHBITORS CHOHERAMITIS € VIRUISt ypes. I n HCV i nfected
cells, viral RNAis translated into a polyprotein that is cleaved into ten
i ndi vidual proteins. At the amno term nus are structural proteins: the
core (C) mpeMdtoeklic Rehtidhe envel ope gl ycoproteins, and E2. p7, an integral

menbr ane el foll ows El and E2. Ad there are sj

nonst r uct[ﬁ{)(glltJ 5 ERCALON TRIGHS OSHIPORRS RseNéjﬂ g’ﬁ%éﬁ heprglingsBYs W&ﬂ?&cvh)pl ay a

funct i onakplicatiéh, pﬁttlttlatwcttdntefrﬁaﬁéresm(c&@eﬁsrsf(ms@«%meﬁn of4®v. Li ndenbach

and CM R ce, Nature. 436:933- 938, 2005). NS5B is the RNA pol ynerase or

replicase of the virus and is responsible for replication of both positive

and negatgyfssjuhdof tfSRdtonNA during the viral replicative cycle. NS5B
pl ays an éssential and critical role in viral replication, and a functional

NS5B r epl (0804 e HGV jsexpingletirandsd RRGY virspihacian msmbaief thafladyiridee famHys |

| nii bi t1 OfhcQh DRGSR SRARALR Hoy o AN AGL Lty bS8 cRRhEed to be an
effective \/ﬁ\:ayrug\?%t rsegkta‘?ng CV i n% e|}{o ?0603% re?]ectfjgnﬁ% ftk is a

seri ous hesadtypesiagd gwre then $%ldel§tfte¢ralttey:pets hitHQY dnfeted Ged Vpeldblﬂé iswor | dwi de are
chroni cal t c hepatitis,
ci rrhosi SL%FI?I{%&%@ gﬂ?%tlrgtlédr?%{ T é_%%cie}{ f&flé@{%g@g llr?geﬂngl 1%*(}%?]23 HCV

i nfecti ortennsmtsramsstalcnwejl rprottwmsr thdwpdéca;m@w ofd thd eneelopeglataptbtpne Fatod e

mortal it YE2 9004}][1&: F {agel:’] tro (()Ziﬁ)rw% ]ﬂfanS%rZeAddl%ona nttnere AL srlrxetlt’] for HCV

i nfection |np VesE™ er oh-a a, alo nLB/ W th

ri bavi ri rstattdrabproredtsellS2 NS@hNS#@rNSﬂB]eJStsmtm@jB whlchptmerfmnmaanﬂe

soneti nmes_ha i.litatin i d ts do not
curabl v rBABIHGY B Bl P SRR diie el MR die B P TR T o

} nf ect i orDSa]{:&)Oﬁr JeSHH ¥ tﬁbaad/e@oly&ammyrepllicatm t}terMﬁ@Tzkmdm resp&3H foEssent i al
uncti ons the NS protein in HCV r Ica make it, an attractive

i nt er vent® t‘?at‘%{’r(g@tﬁ‘f ROPIUY Ireﬁ@flveétrarcteﬁp ée?tcd%ﬁgtiﬁ%“%a‘rh%‘é eRiF&EFosur e
descri besyale NS plafs 4IRAHIASd tic@Plold1d vIrEl&eﬁI@&tﬁ)npﬁlﬂi Liufctng Ngshods  of
their use to treat HCV infection_ in humans. _[000 1¥HThe resent di scl osure

descri bederficateds eapiredifar HEYgRlicpionandppfariips. Thpsgak ol yner ase
and net hog etﬂf:nttph@'nferé@ Gothvily i 1Rabved&@/bd &F&:h@"wéyrbfmém%c{f QQQCHOH In a

first aspect of the invention, conpounds of formula | are provided:

wher ei n, (08031 Jnfsgtipniby HGY estarsriows heplth isweafttinestiated avap bHsmakon preplar onat i ¢
ring to f%rf@u@d@aé&ar%@ﬁ?@rmf%&t@@wuﬁ@f(‘f\a' BEVGniBettbn Rl EE@%tc‘ﬂ%lche Mitis0, S, P
and/or Si; L1, L2, or L37is 1 ndependently selected froma gr oup of " di val ent
subst i t uenThossoiv &alpreging hepptdsoihar caginomaCURIGIR HEY infiRgion(19%0s a majof 0) -

-C(0) 0-. \?rﬂﬂmr? blel 448G I@tater'pm@atngs%ttah I koxy, cycl oal kyl, cyel oal koxy,
het erocycl e het er oaryl carbamate, urea, and sulfonam de; n
is 0, |, [60042; Tbegmrrevlt stgndardj@fr@emdentme}at @EimemlfmGECV@(qutioorin W X or Z
is i ndepe Y. IS i s hydrogen,
Cl4 al ky |Htg%§‘t° @g%lagoé’lek%}lm P! “r%’&‘”é‘rhd%b;?g‘t‘”%gda@’i"‘eagﬁﬁﬁgf&%ﬁlﬂﬁ am de,

sul f onamt@etmemr is cmMWmndMeﬂbes s dftdlﬁpﬁrg:t&dtsd:xgerd‘s;@kraf@:eﬁs ,andrmtutwl or

t oget her cl oal bear hete atom lis

el ect ed FPBIR /a7 ikl St reRRl Weg R A Moo Blasine HEYG) s -
C(0) N( O—Dlﬂzctlonefe-mggﬁtghﬂegdedq =NOWe) NHR? C( =NOH) NHR7, - CH( CF3) NHR8, -

/ N3BN_N CH(CN) NHR9, -S(0)7NHRI, -C(=NCN)NHR11l,HHH , or R2 is a substitut ed
or unsubstituted aryl or heteroaryl; R3 is selected fromthe group of

hydr ogen,sualdidhvé iRORYEntidhy ¢! 0al kyl car bonyl , al koxyl car bonyl ,
cycl oal koxgcar bonyl, al kyl sul fon%??tand cycl oaI kyl sul fonyl; R4 and RS are

i ndependdf0y Ketejal f“‘é‘flﬁ’% of the NSIRPiSiByICY pepliration wpkp §en attaevg) | C14

al kyl', cygkaRhRRMrge(@br @&aﬁghcﬁzfebeomyﬂke%&t dgéﬂs@t lﬁa/slcmbe@)éetaepéfopyl C14
al koxy, cycl opropoxy, al kyl sul fonyl, or cycl oal kyl sul 8/ R9, Rt h, or
R11 is |ﬁ@é‘|§@ﬁ@éﬁ?€$ﬁwnﬁ$}tﬂ%§5&ﬂ0f€@ and apeiypids of B hisge HWIH ‘CMeC&PIP(@xys or
cycl oprop@xyns @and R15, R16 is independently hydrogen, hydroxyl, uncle,

C2. 4 al kenyl, 044 al kynyl, Cl14 alkyl, cyclopropyl, Cl14 al koxy, or

cycl opropoxy or R15 and R16 together are a car bonyl or Cl4 al kenyl i dene or
R15 and R16 joined together with the attached carbon are 3-6 nenber ring
optionally containing 0-3 heteroatonms of 0, NRN and/or S. [0008] The
conpounds may have an inhibitory activity with respect to HCV, as neasured
by the concentratr on of the corrpound effectr ve to pr oduce a half maxr rral
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nis O, 1, or 2; RL is selected fromhydrogen, halide, -CF3, -CN, -C(0)H,
-C(0)O0R6-, -C(O0)NHR7, - C(O)N(OH)R7, -C(=NR7)0Me, -C(=NOwe)NH127,

C( =NOH) NHRD 20120 1253) NH1128, - NN 3 1-c¢ 3 cN1 N CH( CN) NFRY/US2B8(105BP#HR19,
-C(=NCN) NHR11 .HH , orH R2 is a substituted or unsubstituted aryl or
heteroaryl; R3 is selected fromthe group of hydrogen, alkyl carbonyl,

cycl oal kyl car bonyl , al koxyl carbonyl, cycl oal koxycarbonyl, al kyl sul fonyl and
cycl oal ky[bﬁoﬂ]f qm.xlpresafl d@ads&de%&%e's a@f'apse&dl%;dcyclﬁ%m&und@Iahlgekmg Ht:v

cycl oprop hydr ogen, ally cycl opropyl, or benzyl; R7
is hydr og%ﬁB Eﬂwn%rp%@ﬁnd ntegl‘@%@frtb%wse tm@@t élCﬁfowiﬁcU@y@lh@ma@%poxy,

al kyI sul f[@ﬂ(w] IQQfl?sYﬁIp‘e@tIcIﬂIIe%H\IeIlf?&y bom ndﬁ% OIIRIU(PaIaﬁé/ E;{o%%@poxy and R15,
R16 is independently hydrogen, hydroxy azi G 4 kenyl , C24 al kynyl,
Cl4 al kyl, cycl opropyl, C 4 al kgxy« or cycFRopr opoxy or R15 and R16 toget her
are a car bonyl or Cl4 al kenylid and, R16 joined together with the
attached carbon are 3-6 nenber QTIIy cont ai ni ng 0-3 het eroat ons
of 0, NRN and/or S. R2 wher ei n I \I_% and L3 together with the attached
carbons of the aromatic ring forma 5 9 ‘menber ring, containing 0-4
heteroat omeraf. N. 0, S, P and/or Si; L1, L2, or L3 is independently

Sehected 1 ere BB o i XEERLL SRS USRS RSISHA 19 Slp e, -0

substi t utrég, alnkyding %Remyda;onaldfwjb Splg/a;ddﬁaISk,yl cycl oal koxy, heterocycle,

I het 1 1, 2;
vl net o S e T LB e T
- C(0) NHR7uond O OBl R7-NR? CLSHIIR7) -0, SKR‘-H‘?IQVE)(NHRC(O@ N%Wed

2 ber) Lot Pyl hY ko s iyt P b Nebact od f1om t he

group of daydmagereca, ahkyliasb@ay!l , cycl oal kyl carbonyl, al koxyl carbonyl ,
cycl oal koxycar bonyl, al kyl sul fonyl and cycl oal kyl sul fonyl ;. R4 and R5 are
i ndependéhit Pyl ﬁé@’hyl ethyl, or cyclopropyl; R6 is hydrogen. allyl, Cl4

al kyl , cy@bpvma&épen&hﬂ @!mzw CFRTCF&(IJ(YICIFOQEH Cl4 al kyl, cyclopropyl, Cl4
al koxy cycl opropo sul fonyl or cycloal kylsulfonyl R8, R9, Rth, or

R71 is in e%e‘?fc?e‘ﬁfq(%l’wa?t deNC14 al kyl's, cyclopropyl, Cl4 al koxys, or

cycl opr opmePamjoR@,SSe RL&rg".i ndependent I y hydrogen, hydr oxyl . azide. C24
al kenyl . 4 al’kyny C14 al kyl, cyclopropyl, Cl-4 aIkOXé or cycl opr opoxy
en

or R15 a Ilﬁdr?g?ge@hze?ﬂkbér‘é ﬁyelaiﬂbﬂn%s hster@yclg. argl kasergarydemideor Rb and R16

j oi ned tggg&&% Mt hddeattached carbon are 3-6 nenber rings optionally
cont ai nin (I1et eroatons of 0, NRN and/or S. [0013] In a third enbodi nent

ot he f IHeR lasrplemnde@ly hyérOIgyldrrr@Qefh or Freet-fheieform €0} ORBoalky! befioy NHR?,

- C( =NR7) roato&(?@%%g - C(=NOMVe) NHR7, C(=NOH) NHR7, - N CNCN3 N-41
CH(CF3) N H,NH, orH wherein. R6 is hydrogen, allyl, Cl.4

al kyl , C)R:Iwmi@WIﬁ;onDhydIusza 1deR7CFss -Qy, dCoyéh ; -CO)ORA! IGKD)NHRE;I opr OpyI G4
al koxy, I)jﬁ I@%ﬂ( ul é&’l I 4{ ul d RS, R9 R,
or RHisi % e@a’ﬁge’ %Idcsjgeéﬁolq 2II{II’{I{ky 196 %pr y II3) al koxys or
cycl opropoxy. [0014] I n a fourth enbodi Ijo EI! as
hydrogen, Br, I, -COOH, - C(0)OMe, -C(0) )T§<;;l IQ?}\‘NHI\/E
- C( 0) NHONEH (CNORHNQVB)ONEIVER '°; -CQERNOINIRIVE, ) OMel - cg(r0)
C(O)NHS(Q)ZIVE -CH(CF3) NHMe, - NDNN- - N N—N
i$ a substituted or unsubstitited aryl or heteroaryl;
R* is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,
alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl;
R* and R’ are independently methyl, ethyl, or cyclopropyl;
R%is hydrogen, allyl, C,.4 alkyl, cyclopropyl, or benzyl,
R’ is hydrogen, C,.4 alkyl, cyclopropyl, C;.4 alkoxy, cyclopropoxy, alkylsulfonyl, or
cycloalkylsulfonyl;
R R’ R orR" is independently hydrogen, C; 4 alkyls, cyclopropyl, C1.4 alkoxys, or

cyclopropoxy; and



CH(CN) NHMe, -C(=NCN)NHMe, HH , or Hcj [0015] In a fifth enbodi nent of the
first aspect, Rl is -C(O)NHwve orH. [0016] In a sixth enbodi nent of the
first asp®ot2012RE8i2§ sel ected fromthe group consisting ®CT/US2011/057398

(R12), k(R12), E, A D (R12), and wherein, Each phenyl noiety is optionally
substituted wwth 0-2 nitrogen atons; R12 is selected fromthe group of

hydr ogen, halide. -CN -OCHF2, -0CF3, al kyl, cycloal kyl, al koxy,

cyc: oa: ][<01x';7,,Rlérswll@lpkr;demgamm@&%,hyaﬂokﬁnyzlide, ab_kyikanlyl, Camalgenyl, al kwlksyl f onyl |
arylsulfony], s ongm de, carbamate; mis. @ 1, is O, NRN
2 o - Crarblobrogs €L RARe: & SRR e i R e S HTBBUEE Ly C o N
[0017] | nalensBacaBbiR EahoRIEiREd ©ethd vithi thsitadisa@abon R 3iemeab&eingd from the
group consisting each phenyl nmoiety is optionally substituted with 0-2

ni t rogen %IB%IYC%QW@OS%P%@P@H“? ?%QmN%ea’@(% $p of hydrogen, halide, -CN,

- OCHF2, -[068s}, 13k Iéb(ﬂlpmﬁlﬂé:}n@ihzkf)élan uﬁlllés@;gyacuw}clvﬁmégﬁpévto }ﬁwlaalnl%me@r yl oxy,
al kenyl al kynyl, am de yl sul fonyl,” aryl'sul fonyl, sul fonam de,

car bamat & th F@icgntration of thgcongiound efscive © pradrsg 2 Kif-paximghinhikitiog ok, 0. S, or
CRaRb; angcPip ke l@nbﬁ‘fﬁ%ﬂﬁ%%'ﬁuh@&m& ET OQLRle ih Buiftfe, %fgﬁh\l?o? odi ment  of
the first aspec{) I's sel ected fromthe group consisting (halide)2
substituted with O- 2 nitrogen atoms. rTh,, ,([QQ20] In a tenth enbodi ment
of the first aspect,L-3" is selected fromtheLZQroup G, (7-11,7?42 L1$ A L2\
NYCNYCN- R0009]' SFhe Cémﬁmﬁals?m@y‘\ﬂavlé the s@r@dﬁtﬁtesihemjnm (togetﬂef MithlthSattached
(hetero) ar%/I LY fit\ (hetero yaa‘) LLA LI, or, L3 is independently sel ected
from t he GroapOBRErEas: s A Qe elghy -mem RYASR16), - NR3-, -S(0)"-,
-P(0O)" -Si (R4R5) - C(O) -C(0)0-, and sub ted al kyl, alkenyl,

al koxy, cycl oal kyl , cycl oal koxy, het er ocycl e, ar;?%J het eroaryl, am de

car DaTR! Qopi P Uaghte %%f”“ad“%z%%a“%“si%ﬂ&% ;égﬁfﬁ?ﬁsf@%' BB o
- C( =NIVe) Ofvkhons G thNOMRRMHIIE, CrmNCHY MeRBer rifgH.OB 30; )-,-and L’ is -
N(SO;Me)- or -O-, where RIS, R'is independently hydrogen, hydroxyl, azide, C; 4 alkenyl,

Cy.4 alkynyl, C;4 alkyl, cyclopropyl, C,.4 alkoxy, or cyclopropoxy or R" and R'® together are
a carbonyl or C,4 alkenylidene or R and R'® joined together with the attached carbon are 3-

6 member ring optionally containing 0-3 heteroatoms of O, NR" and/or S.

9 I fox
[0011] In a first embodiment of the first aspect, b"s is selected from the
group consisting of
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-HD NHN),,,, N11-.r9- CH(CN)NH, RO, -S(0)2NHRL, -C(=NCN)NHR'",HH , orH R2

is a substituted or unsubstitured aryl or heteroaryl; R3 is selected from
t he groupwofzotydsregen, al kyl carbonyl, cycl oal kyl car bonyPCTAISR@RP51388 bony| ,
cycl oal koxycar bonyl, al kyl sul fonyl and cycl oal kyl sul fonyl; R4 and R5 are

i ndependently nethyl, ethyl, or cyclopropyl; R6 is hydrogen, ally!, Cl4

al kyl, cycl opropyl, or benzyl R7 is hydrogen, Cl14 al kyl, cycl opropyl, Cl4
al koxy, C%C\Ioprlopoxgﬁ, IsuI fonRyI or cycl oal kyI sul fonyl R8 R9, R1, or

R11 is in y hy oges s yC oprgpy»l C14 R koxys, or
cycl opr oppky; i’%s-RZn .@. AyR é(;a;jl ' >y-ai 2p @ Mg, or - NHVe;
R13 is m@éﬂé ntfﬂy hy ) 2NE; dependent | y

hydrogen or Me; R1E5, Ri16 |s |ndependently hydr%gen ydroxyl azi de, C24

al kenyl, C 4 ot kyr}%( Cl4 al kyl, 1cycl opropyl, Cl.4 al koxy, or cycl opropoxy
or R15 anfl R her are ca onyI or Cl4 al kenylidene or R15 and R16
j oi ned toget he i DRt he? atgét?ggg—@arbon are 3-6 nenber ring optionally
cont ai ni ngi(l e seroat S NRl ﬁeﬁ' Aor S; and Al or A2 is
|ndependently -CRaRb-,” -N(RN) -, or - - [0021] In an el eventh enbodi nent

of the filst La@qdéé togethet enb)laraymed tanbres of the aroinfatic Liflg foom al313 weimbatependent | y

sel ected from of div bs uents consi sting of a bond, -0-,
- C(R15R1 3 ngbg%?ﬁfoatoms ?kf@l?g)s[u dy -. -C(0)0-, and substituted

al kyl , al Ikleh%{ by Laik kelkyendentiyl selattid/from clyecdrogd df@ixmlenhﬁﬂaa[tmy&ﬁoﬁslstarg)df a

het kb & d ] fs 2, Rl
el ect oc PR R R ) R R R BT ot sobsiafey Ry -
C( 0) N( OH)R, dl@ﬁﬂbﬁ!ﬁb@b@clm@(ﬁN@V&)lwglmater&(yemwhﬁgroary%%@ NHR8, - N HD
-H3 Hi CH NHR9, - éq 2NHRI G, - C(=NCN) NHR11, HH orH; R is a

subst i t ut@PaphieyHELBY g8'%ryl or heteroaryl; R3 is selected fromthe
group of hydrpgen, al kyl earbonyl, cycl oal kyl car bonyl al koxyl car bonyl ,
cycl oal koxycar bonyl , al kyl sul fonyl and CéC| oal k | sul f R4 and RS are

e pendahiit ssreim PN Pl Lk oGBS HDORiy GHRSHR vl y] | Cia
al kyl',  cyeloaRicHR’, -cCoENIRBORM cEoMR ) NIMAT, @geRoHAR Al K (CFONEIRONT opyl, G4
al koxy, cycl og)ropoxy al 7(zyl sul f(onyl )or c% oaHEﬂI sul fonyl9 R8, R9, RlO or
R11 is independently hydrogen, Cl4 al kyl Jggl%:v J\lﬁ Cl14, gllwoxys, or

cycl opropoxy; Rl12_is inde ndentl C13 al k pepvyl, * , or - NHWe;
R15, RL16 ¢I§8&PHH@18&H§6MN§ER&(6]§€ NHRAr ox il - a3 de. o2 ol kéhyl:, C24

alkuny! . shda alithca Y LABE AR aryCRAcBIRKY, o cycl opropoxy or R15 and

1216 toget| her are a car ene or R15 and R16 j oi ned
t oget her Rifit beldcted fa;mthcH@dp@éh}bbcpgearaékﬂcaﬂvqmehbmioaﬂkyﬂtgﬂmpyh onal Iy contai ni ng

0-3 heter { N % 1? y -CRal e-.
PNCRY e gtinSiy Yo iR 8B5S S Ao R ah e RARRETSRY Y T
aspect, LR* dng RRA2 1ﬁde‘pk‘rei|emimethyloethjd20ncsclbpxdajdendent I y sel ected fromthe
group of |v | ent s nt s OI’ISI of a bond, -C(Ri 5Ri 6" )
NR3- , - P( R ‘@‘? 4%%? 4 a’&’ oy OP“EB(Y )OBQg”élnd substit ut ed al kyl, al kenyl,
al koxy d}iab n;alr‘kgeh Cmed:ﬁyaatbklempylrelt@mwcdyeLopa»pyply alkglk@famar, yt , am de,
car banat e, [ 23N d] sul f onam de;

cycloal ylsultonyl;

R® R’ R orR' is independently hydrogen, C;_4 alkyls, cyclopropyl, C; 4 alkoxys, or

cyclopropoxy; and

R R is independently hydrogen, hydroxyl, azide, C,.4 alkenyl, C, 4 alkynyl, C; 4 alkyl,

cyclopropyl, C;.4 alkoxy, or cyclopropoxy or R and R'® together are a carbonyl or C;4

alkenylidene or R and R'® joined together with the attached carbon are 3-6 member ring

optionally containing 0-3 heteroatoms of O, NR" and/or S.



nis O, 1, or 2; RL is selected fromhydrogen, halide, -CF3, -CN, -C(0)H,
-C(0)OR6-. -C(0)NH127, - C(O)N(OH)R7, -C(=Nwe)OMe, -C(=NOwe)NHR?,

C( =NOH) NHRD 201201253) NHR8, - NN 13 HNN N-41 CH( CN) NHROCTASL@)LABHRS O,
-C(=NCN) NHR11,HH , OH R2 is a substituted or unsubstituted aryl or
heteroaryl; R3 is selected fromthe group of hydrogen, alkyl carbonyl,

cycl oal kyl car bonyl , al koxyl carbonyl, cycl oal koxycarbonyl, al kyl sul fonyl and
cycl oal kyl sul fonyl; R4 and R5 are independ |y met hyd, ethyl, or
cyclopropyl. and R15, R16 is independently(hy# hydr oxyl , azi de, C2A
al kenyl, C2.4 alkynyl, Cl1.4 alkyl, cycloprgpyl, atoxy, or

cycl opr ogg#)210'n &&oamgnmn&rﬁgeme%tagp@aa thomyl br Cldsalkanydd dene or
R15 and R16 joined together with the attached carbon are 3-6 nenber ring

optionally containing 0-3 heter oat.Qne of 0 FNRN and/ or, é] In a
second aspect of the |nven ion.is/a co ha th chur e:
wherein L1, L2 and- N sozmzm\,mer Lwt b cheL xkPns of the
aromatic tﬁé ng to nfsg L Oaf g L3 d ni ng teroatons of N,
0, S, P andfor® SPHRY L2 is |ndependently sel ect ed fromthe gr gup

con5|st|n f aboer -0- -C(RisRi s) ,/\i -, rR#S(0)-, -P(0)-, -Si(R4R5)-

-C(0)-, - | uplr aI ky al koxy, cycl oal kyl,
cycl oal k y, 5 H RSy 'aryL ~afi ger’ carbamate, urea, and
n |s 2 an

sul f onam RL 'sel'ected fandm hydrogen, hali de,
- CF3, CN C(O)H -1C(0)0R6- -C(0)NHR7. - C(0)N(OH) 127, -C(=NOE)NHR?,

Ct:NO—|NH U NHR8, - C(CN)NHR9, - S(0)2NHI 21, -C(=NCN)NHR11, ND K')
N_NNN HH R%an aryl or heteroaryl having one or nore R17
substitue Ty selgelgd fromthe group of hydrogen, alkylcarbonyl,

cycloalkylcarbon¥l al koxyl ¢ar bonyl, cycl oal koxycar bonyl , aIkyIsquonyI and
cycl oal kylk'su Efndriy |togem4r witl thRB1tzahed ¢arbiep efidie Atdmptirgng fdrm agt-hylemberring,

cycl opro Nt | yl, cyclopropyl, -OMe, or -NHWe;
R15, RleC?éEm}nn 9‘?5’%5 rég %rﬁn /Ogrg%éx | . azide, C24 al kenyl, C24

al kynyl , IC1%’, atk s;ndcmuaphyoply¢t¢d ffmuad g(awqfdmwalanymapn@pﬂmoysmmgm5 and R16
t oget her ar

LCLA al kepyl 216 L0 h
with the aP?aCHe tar bl 6rfgﬁa{ré %O% |§I g br@%ghglqﬁg’c}(ﬁ%dt %ﬁlﬁ&dtoget o

het er oat aiigyl,ailke@yl, Nlab&yaqdjlcmkyscyﬂﬂﬂkd&&?hetteﬁ*od&plearylohet@hry[ @ﬂﬂi@] The conpound
of this enmhodi have an inhibitory activity with respect to HCV, as
measur ed B a{“ﬁge‘é%%@%%ﬁlg??%ﬁ of the conpound effective to produce a

hal f - maximab i,phppition of HCVIb replication (ECso) in a | b_Huh-Luc/ Neo- ET
cell Iin

ul t of 100 n | ess. 9 , nd L DODN DN
[0026] R figs f‘é“*&g{f’@bh%&%ﬂ”t*ﬁay“g éﬁp'@gﬁgf%ﬁ "8(068@6 - »and [0027] The
conpound ¢)kittisHRENDeNRBOMTRY=ROMSNERT, €d=NOPHNLRE QH(IEHQ NRRSLSti ng of
conpounds identified by ID NOS: B5, BIS5, BZO 833 BSﬁ B45 867 B85. B92,

B94, B107, B118, B120, y y 7 % ‘,I}J
CH(CN)NHR’, -S(0),NHR'?, -C(=NCN)NHR ", ﬁﬁj ﬁﬁ] %{”/N, or %{ﬁ’N :
R? is a substituted or unsubstituteed aryl or heteroaryl;

R’ is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,
alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl;

R* and R® are independently methyl, ethyl, or cyclopropyl;

R® is hydrogen, allyl, C, 4 alkyl, cyclopropyl, or benzyl;

R’ is hydrogen, C,.4 alkyl, cyclopropyl, C;4 alkoxy, cyclopropoxy, alkylsulfonyl, or
cycloalkylsulfonyl;

RS, R9, Rm, or R is independently hydrogen, C,.4 alkyls, cyclopropyl, C;.4 alkoxys, or
cyclopropoxy; and

RD , R'®is independently hydrogen, hydroxyl, azide, C,.4 alkenyl, Cy.4 alkynyl, C; 4 alkyl,

cyclopropyl, Ci4 alkoxy, or cyclopropoxy or R and R"® together are a carbonyl or Cy 4



B121,
B168,
B208,
B240,

B47,

B127. B128, B130, B131, B132, B138, B139, B145, B148. B158, B163,
B169, B171, B187. B190, B191, B192, B196, B197, B198, B201, B207.
B21M0 2BR210$812B218, B221, B226. B232, B233, B236, BRE8T/USBR3IBS73BR39,
B2, B3, B4, B6. B7, B9, Bl6, B18, B19, B22, B29, B3I, B32, B34, B36,
B48, B54, B55, B57, B60, B63, B71, B84, B93, B100, B101, B106, B108,

B109, Bl11, B112. B113, Bl15, Bl16, B119, B123, B124, B134, B136, B137,
B142, Bl4dkenBlidkhe oBR47nd BT5@ncB0Edher Bith3he BbBkd cBbBBare 3-6 member rings

optionally containing 0-3 heteroatoms of O, NR" and/or S.
[0013] In a third embodiment of the first aspect, R'is hydrogen, halide, —C(O)ORG-, -
C(O)NHR', -C(=NR7)OMe, -C(O)N(OH)R’, -C(=NOMe)NHR’, C(=NOH)NHR, -

CH(CF5)NHR®, -CH(CN)NHR’, NN B Lot N wherein,

R%is hydrogen, allyl, C;4 alkyl, cyclopropyl, or benzyl;

R’ is hydrogen, C;.4 alkyl, cyclopropyl, C,4 alkoxy, cyclopropoxy, alkylsulfonyl, or
cycloalkylsulfonyl; and

Rg, R9, RIO, or R is independently hydrogen, C;.4 alkyls, cyclopropyl, C;.4 alkoxys, or
cyclopropoxy.

[0014] In a fourth embodiment of the first aspect, Rlis hydrogen, Br, I, -COOH, -
C(0)OMe, -C(0O) OEt, -C(O)O 1Bu, -C(O)NHMe, -C(O)NHOMe, -C(=NOMe)NHMe, -
C(=NOH)NHMe, -C(=NMe)OMe, -C(O)N(OH)Me, -C(O)NHS(0),Me, -CH(CF;)NHMe, -

] %«/7 +Oh

N-N
CH(CN)NHMe, -C(=NCN)NHMe, H |, H , Or H

N
]
[0015] In a fifth embodiment of the first aspect, R!is -C(O)NHMe or H

[0016] In a sixth embodiment of the first aspect, R? is selected from the group consisting of

R12

R12 R12) R12 R12
(R‘IZ)m (R12)m %Q\ @
Z 7 )
PEN R"%)n
D @ 1o

“ (R12)m (R12
R")m

(R12)m
A__E
D
2 '4 II II wherein,

Each phenyl moiety is optionally substituted with 0-2 nitrogen atoms;

R* is selected from the group of hydrogen, halide, -CN, -OCHF,, -OCF;, alkyl, cycloalkyl,

and

alkoxy, cycloalkoxy, arylalkyl, aryloxy, alkenyl, alkynyl, amide, alkylsulfonyl, arylsulfonyl,
sulfonamide, carbamate;

mis0, 1,2, 3 ord;

G is O, NRY, S, or CR'R";



B156,
B173,
B189,
B217,
B234,

B157. BI 59, B160
B174, B175, B176
B198O 2B2968128199
B219, B220, B222
B235, and B241.

in this enbodi nent,
Ais N, O, S, or or CR'R® and

D, E is independently C or N.

N 3( Nk

, Bl161, B162, B164, B165, B166, B167, B170. B172,

, B178, B179, B180, B181, B183, B184, B186, B188,

, B200, B202, B203, B204, B205, BRCO/USBR1BS73BR16,

, B223, B224, B225, B227, B228, B229, B230, B231,
[0028] In sone preferred enbodi nents conpounds

sel ected fromthe group consisting of /0-1NA Ck Nk

[0017] In a seventh embodiment of the first aspect, R is selected from the group consisting

R")m

R, R, (R™),,
12 G
2. K- s K O

of s

(R™),
W \
zj§ o) 4D D

> ’ s 5

Ry

E
o T
A and wherein,

each phenyl moiety is optionally substituted with 0-2 nitrogen atoms;
R'? is selected from the group of hydrogen, halide, -CN, -OCHF,, -OCF;, alkyl, cycloalkyl,
alkoxy, cycloalkoxy, arylalkyl, aryloxy, alkenyl, alkynyl, amide, alkylsulfonyl, arylsulfonyl,

sulfonamide, carbamate;

mis0, 1,2, 3, or4;

Gis O, NRY, S, or CR'R?;
AisN, O, S, or CR°R® and
D, Eis independently C or N.

[0018] 1In an eighth embodiment of the first aspect, R* is selected from the group consisting

(ha”de)o_z

of ,
(halide)g.

o)

(halide)o_z

E
(halide). _%<ii2\o

&

(halide)g. (halide)o. (halide)q.

§< > —§< o >—o
F
c 3 CF;. CHF,

(ha”de)g_z (halide)q.o
H

j j (halide)q "§*<iii>>-(8)mf (halide)q. —§*<jfj>—"N\ j (halide);.,

> ?

(halide)g o

and O™ wherein, each phenyl moiety is optionally

substituted with 0-2 nitrogen atoms.

@0®

F
[0019] In a ninth embodiment of the first aspect, R? is : D or F.



S;tsf+s \o//\ 0/0 "0 0-14 O057(0 O N57(NOOH2 N.(O\N O, , :60, and 9
HO p-0 N5( OH [0029] The above conpounds i nclude conpounds identified by ID
NCS: B5, W03012B38125B33, B35, B45, B67, B85. B92, B94, BPOT/USBL1®573B4 20,
B121, B127, B128, B130, B131, B132. B138, B139, B145, B148, B158, B163,
B168, B169, B171, B187, B190, B191, B192, BI 96, B197, B198, B201, B207,
B208, B212, B214, B218, B221, B226, B232, B233, B236, B237, B238, B239,
and B240. [0030] As can be appreci ated, t(rfe\pgnpounds in this enbodi ment
may be subdivided into L_,NA kr.:0 12

[0020] In atenth embodiment of the first aspect, k/LQ’% is selected from the group
L
(\ 1 (_\U C\ Lt < (\U y C ¥
e b, V¥ : X (u
L2 /A ¥
(U N (40 Negrs (&0 N R Ny N-R™ t:

.- AT ;
consisting of o , O , RERP . RE R rRé R

] /\Llj{ . 13{ (hetero)aryl\;i
(hetero)aryl C
3 (e L o
(heterojaryt™ and v wherein,

Ll, LZ, orL’is independently selected from the group consisting of a bond, -O-, -C(RISR“’),
-NR’-, -8(0)s-, -P(O),-, -Si(R*R?)-, -C(0)-, -C(0)O-, and substituted alkyl, alkenyl, alkoxy,
cycloalkyl, cycloalkoxy, heterocycle, aryl, heteroaryl, amide, carbamate, urea, and
sulfonamide;
nis0, 1, or2;
R’ is selected from hydrogen, halide, -CF;, -CN, -C(O)H, -C(O)OR®-, -C(O)NHR’, -
C(O)N(OH)R’, -C(=NMe)OMe, -C(=NOMe)NHR’, C(=NOH)NHR’, -CH(CF;)NHR?®, -
N N N N~

9 10 1 —%—«N] -HN] R jlrl\l %«N’E
CH(CN)NHR’, -S(O),NHR ", -C(=NCN)NHR", H H , H Jor H
R? is a substituted or unsubstituted aryl or heteroaryl,
R’ is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,
alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl;
R* and R’ are independently methyl, ethyl, or cyclopropyl,
ROis hydrogen, allyl, C,4 alkyl, cyclopropyl, or benzyl;
R’is hydrogen, Ci.4 alkyl, cyclopropyl, C;.4 alkoxy, cyclopropoxy, alkylsulfonyl, or
cycloalkylsulfonyl;
R® R’ R, orR" is independently hydrogen, C,.4 alkyls, cyclopropyl, C;.4 alkoxys, or
cyclopropoxy;
R' is independently C3 alkyl, cyclorpopyl, -OMe, or -NHMe;
R" is independently hydrogen, -Ac, or =S(O);Me;
R"is independently hydrogen or Me;
R", R'® is independently hydrogen, hydroxyl, azide, C,.4 alkenyl, Co4 alkynyl, Cy.4 alkyl,

cyclopropyl, C; 4 alkoxy, or cyclopropoxy or R' and R'® together are a carbonyl or C; 4



subsets whereinR12 '0 is: (1) a 7 or 8 nmenber aliphatic ring, as
exenplified by conpounds B5, B15, B35, B67, B85, B92, B120, B130, B198,
B94, and W03012/058125  (ii) a 7 or 8 nenber ring having ROTIUSLENH&I399Xygen
atom as exenplified by conpounds B45, B118, B148, B197, B168, B187, B190;
B192, B196, B207, B214, B191, B212, B218, B221, B222, B226, B232, B233,
B236, B237, B238, B239, and B240; (iii1) a 7 or 8 nmenber ring having
a second mmmgmmﬁbonRmegRHJahﬂhmga&wewﬁnmimﬁwmﬁcmyommﬁpaum&ﬁhﬁlﬁz B139,

B145, B171,. and B20 u 7 or 8 nenber ring, as
exenpl i f i @§° yc,CSWBHHWZWE?E‘?‘?am‘Eié%& *@%T“ﬁ%%s%“ B138, BI58, B163, B169,
B189, andaBaQF.is fdgfaddly RERIRA-, thir)-esbodi ment may beH r ThLi A 2 [0032] The
structure?XL , together with the attached ca ons of the aromatic ring in
this enbodi nrent may be a seven- or eight-ne gﬂ ng. [0033] R2 in this
enbodi mrent may be a phenyl substituted mﬁth&éne or nore RI 7 substituents.

[0034] RZoda)t hi an E1ERGE SRILInTRY ofie BstdsRBE fsrwect@momﬁe fbgnoxy group

is substituted with_one or nore R17 substituents. 36] Inathird
aspect of the |nve6?T i conpound of fornula 1. R17 NH ( ThLi

\ R NVOOII 4@ gl dgfw?@©@§mer with the attached
carbons of the aro o n1a 5 1 rin containing 1-4

het er oat ons qf N ORﬁig ID bOr @gmmg¢ﬁpr s inde endently sel ected

fron1the(mPﬂsmg0F di val ént "subst i tuent & cBsi sting of "X ©%nd, -0-,

- C(R15R18)'; 1%, ef\E?&s indef{ndntly, sele@¢Dfrom theSir(UAdRal)vajent ﬁb&)t&cnts—cﬁﬁﬂ)tﬁrg of and

substi tuted, al ky Ken Xy I oX eter cycle
aryl, het aryl rb i de; 1, 2,
Sy CoR i N b P Y oY Y ol P ee ]
R2 is an aaltyyIalmhylhak@ryoaycydau@ndymkda@ SapddsdycleLdrgid haterorypa@ider nor e R17
substituents, R3 is S$E§ ted fromthe group of hydrogen, alkyl carbonyl,
PBGnyre 2 §’§}

cycloalkjﬁ@% 84 honyl , cycl oal koxycar bonyl, al kyl sul fonyl and
cycloalkyiﬁolf@nyl R4 and R5 are |ndependently met hyl , ethyl or

cycl opropy, R15. R16 is i ndependent| ro hydroxyl, a |de C24
al kenyl , ]%Esﬁféﬁﬂﬁﬁ?WhW%%E“éPBQ? Eyd¥ p%&ﬂ&g ﬁ -at¥ ér cycl opr opoxy

or RI5 angoft@uraeidratveioma -CaNOMYINIT @érixﬁ)xg)wfﬁig%la}ﬁ@pgmmt 5 and R16

joined together with the attached carbon are 3 ring optionally
contai ning 0-3 heteroatoms of 0, NRN and%<€;ﬁ ,,, F, “Nor CM and V
is CH N CF, CCl or CCN. [0037 In a f ct Q#Nthe u@mentlon is a
conpound<ﬂﬁ§®0ﬂﬁ§~tﬁélBNHEctﬂHeNCPWNHReln HL., L2! and YN(:S02M3 toget her

with the ol Qe RaLPANRN Rl B AT ATRIGE) (NG Form a 512 member ring,

cont ai nin eteroatons o and/or Si; LI or L2 is
i ndependédttis selesaiddmmetie groomof halrggeougdkydfartainyla b wihdallgldagtonyluent s consi sti ng

of a bon 0] 5 0)0-, and
substltuggﬁmgfﬁb?&%E%géﬁéég%mF%giE%Q%V%P8ﬁ (B Ckhm‘f%%%ﬁdxyF(héterocycle
ary!, heﬂénmaRﬁhm1mkpdﬁknmﬁmthaMBﬂ Mﬂ@dpmapﬂ.sulfonanlde nis 0, 1, or 2;
R oy et T oA I e by i o Bhnone) Ny O <N N

- CH( CF3) NEIR8hy o, C - HNDN cwbprq;mcmmaay cyS@Qn)oﬁMRifkylsﬂfoaM NHRLL, H , H , H

or Ris a r or heteroaryl and may be substituted with one or nore
R17 subsf?@ﬁgh§§Xkﬁ§'ls sel ected fromthe group of hydrogen, alkyl carbonyl,

cycl oal kyd*crt RINY R'' & ik@opehdeanPaytbaency £ MAlK oxYSREBONY L, alkdkiybsul fonyl and
cycl oal kyl sul fonyl ;

cyclopropoxy;

R" s independently C,_; alkyl, cyclorpopyl, -OMe, or -NHMe;

R R s independently hydrogen, hydroxyl, azide, C, 4 alkenyl, C,.4 alkynyl, Cy4 alkyl,

cyclopropyl, Ci4 alkoxy, or cyclopropoxy or R' and R'® together are a carbonyl or C; 4

alkenylidene or R and R joined together with the attached carbon are 3-6 member ring

optionally containing 0-3 heteroatoms of O, NR" and/or S; and”

A? is independently -CR*R"-, -N(R™)-, or -O-.



R4 and R5 are independently nmethyl, ethyl, or cyclopropyl; R15, Rl16 is
I ndependent |y hydrogen, hydroxyl, azide, C2_4 al kenyl, C9.4 al kynyl, Cl4
al kyl, cywbepragpsgi2s G 4 al koxy, or cycl opropoxy or R15 &0W/UR@ 1051368 her ar e
a carbonyl or Cl-4 al kenylidene or R15 and R16 joined together with the
attached carbon are 3-6 nenber ring optionally containing 0-3 heteroatons
of O, NR' and/or S; and R1l7 is FI, F, d or CN. [0038] For the conpounds
in this enbodinent, 7-1-1\A, \ 0 Nk irt ks.,0'0 p”\LﬁILIL cia b may be
selected fromthe group -S" N HONG6 / ft 1C \LQ'SO\-f"O-\\ f. Nk O/ \---, Nk
N T1- ks, 0SC31 4ANI.-"Li /, , N Nk NkNk N NE NN \'N., 5551"
Ot,... --N'2. Nk ,S.-.: 7\0, and/ 00 N3-%H, i4=3¥D -kD [0039] R is
sel ect ed PP&h tlﬂé_t‘@?lgﬁﬁmé%@f:@tofﬁ’@f‘é‘f"’rslp‘?CH, ndHS, anf Rhefdnsel ected from
t he groupL'epiSik $ldepShd&ily selected from the group of divalent substituents consisting of a

bond, -O-,-C(R"*R')-, -NR’-, -S(0),-, -P(O)-, -Si(R*R®)-, -C(0)-, -C(0)O-, and substituted

alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkoxy, heterocycle, aryl, heteroaryl, amide,

carbamate, urea, and sulfonamide;

nis0, 1, or 2;

R’ is selected from hydrogen, halide, -CFs, -CN, -C(O)H, -C(O)OR®-, -C(O)NHR’, -

C(O)N(OH)R’, -C(=NMe)OMe, -C(=NOMe)NHR’, C(=NOH)NHR’, -CH(CF;)NHR?, -

N N N N~
HIHT L <
N N - Nig

CH(CN)NHR’, -S(O),NHR'’, -C(=NCN)NHR", H , H , H ,or H
R? is a substituted or unsubstituted aryl or heteroaryl;
R’ is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,
alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl;
R* and R’ are independently methyl, ethyl, or cyclopropyl; and
R, R'is independently hydrogen, hydroxyl, azide, C; 4 alkenyl, C,.4 alkynyl, C, 4 alkyl,
cyclopropyl, C,4 alkoxy, or cyclopropoxy or R'® and R'® together are a carbonyl or Cy4
alkenylidene or R'? and R'® joined together with the attached carbon are 3-6 member ring

optionally containing 0-3 heteroatoms of O, NRN and/or S.

[0023] In a second aspect of the invention is a compound that has the structure:

(v
&./N 0
R1ZS\:O

wherein

L], L2 and—N(SOgR’Q)— together with the attached carbons of the aromatic ring to form a 5-12
member ring, containing 1-4 heteroatoms of N, O, S, P and/or Si;

LlorL?is independently selected from the group consisting of a bond, -O-, -C(RR'%)-, -
NR’-, -8(0)y-, -P(O)-, -Si(R*R’)-, -C(OQ)-, -C(0)O-, and substituted alkyl, alkenyl, alkoxy,
cycloalkyl, cycloalkoxy, heterocycle, aryl, heteroaryl, amide, carbamate, urea, and
sulfonamide;

nis0, 1, or 2; and



o/ F, andF [0040] Exenplary conpounds in this enbodi nent include those
identified by 1D NOS: B89, B96, B97, B125, B126, and B129. 0 [0041] Rl in
t hi s enbodlorzer0ssRy beH . [0042] R2 in this enbodi nent m®ay/useo1a/optsesy|
substituted with one or nore RL7 substituents. [0043] R2 in this enbodi nent
may be a 4-phenoxyphenyl and the phenoxy group is substituted with one or
nore RL7 substituents. [0045] In a fifth aspect of the inventionis a

conpound ®fis fekcadl fron Nydr@geNHmﬁdé/\heFﬁi@N C@(D)H_2C@7dRﬁ N(@@Mr)ﬂ together with
the attached carbons of the arpnatic mber, ring,

cont ai i rig LN w6eN e SRR N oGNSy R € GRNIER &

i ndependently selected fromthe oup of_di vaent su tuents consisting
of a bond, -o- -C(R15R16) NR3Z<C P oﬁ{ﬁ/}sﬁ(ﬁ 5)-,—%&3” )-, -C(0)0-, and
substitut b, rﬁﬁ@%} al ko Ry, cy®loal kfj"," cycl ghl'koxy, heterocycl e,
aryl, het y , aﬁr HaRrbamarte urea,’ and suffonanide; nis 0, 1, or 2;
R2 is an I#rlyhn ayl dsrele&rcm@rlyrhvmgrdlermynolﬁ@R’s?ulﬂmltubmﬁed wi th one or nore Rl?

Cyer oal Kyl CaisbriTok P gyp s BT TP kb BaRPPy ol Lyl sul fonyl and

cycl oal kydusdchmyﬁyr d?éloamdxyla&baﬁﬂi dlk‘ydﬁ[fevﬁ';daﬂli tyeloaryRidfonygt hyl , or
cycl opropyvd ; i{i@ 9‘? 1@%6 IS ependent | y hydr ogen, hydroxyl, azide, C24
al kenyl , d cpereptlymg Y et Yt E¥FISEePYL c14 al koxy, or cycI opr opoxy

or R15 ar1d2B]1§de§3ggﬁﬁﬁf5eclpdlrey]a;ygapllapﬂylomé OQmegkenyl i dene or R15 and R16
joined together with the attached carbon are 3-6 nmenber ring optionally

cont ai ni gy & ispteasisatbniy dgrsen hylioxdnifids Cs; a”éﬁ*i’dl ReyalkgyHCipalky, or ON
[0046] | nyaro 1hcra4sm Koyt iBsrop SRR RIOMAIRE® BetrBRUNG RhyIfROIYl a V. R17/
NH N V N, yl\?ﬂogi tykcy %Ob &SOI\/E)- to etherrw¥hthe attached
car bons cﬁikepwéiear emPat @@d R m‘gn@rddpgﬁﬂe?rsﬂ 2heasiapher cpi ﬁrgareécﬁmmdpbﬁr@ggl 4

het er oat QiR ox?aﬁry%'om%m?o fhé%é}gét%s&*@ N axf?r/or 2q4S 1 ndependently sel ected
fromthel% roup’ consi sting of bond, -0- R15R16) -, - NR3-,

-S(0) n- i SR4REY-CN- C( 0) -, C(O) 0-, and substituted al kyl, al kenyl

al koxy, al de
ot bt gﬁ&iljr‘rj’e g'ﬁé(g% f?éﬁ%P ?ﬁ h§%%mm dl%‘h%&’fr}(&)i%n 1rﬁ1’1’t¥ory|:§%|ﬁ£/1 ﬁﬁ‘r’i Yes CF‘B‘ cl 4
al kyl , CIHGVmsaieasiréd/by, thCdorGetiation oicthe f@npaany bffechiet e»rrmahxyd: 2 haﬁfmdermal

sul f onani.de, . . t 0 te and

Subor o B PE A LR R R S B s I bRy DRLER ALY n Y P
group of ndMdrlegen, al kyl carbonyl, cycl oal kyl car bonyl , aI koxyl car bonyl ,
cycl oal koxycar bonyl, al kyl sul fonyl and cycl oal kyl sul fonyl ; R4 and R5 are
i ndependent |y nethyl, ethyl, or cyclopropyl; RL5, R16 is i ndeﬂﬁendent |y
hydrogen, hydroxyl, azide, C2_4 alkenyl, C24 al kynyl, Cl4 /&l k

cycl opropyl, Cl4 al koxy, or cyclopropoxy or R15 and R16 t NT r are a
carbonyl or Ci 4 al kenylidene or R15 and R16 oi ned toget her V\lﬁ(f?‘l t he

at t ached [0%35bod hasempmugd ﬁé‘r’iitﬁeermbpﬁlmjﬂbfpw bﬁrYaIt eystipgatean wish 0-R8° Petdser oat ons

of 0, NRN and/or S R17 |s H, F, CN and Vors CH,OHN CF, CC1, or CCN
[0047] In a sev the d of fornmula VI.
Wherein, L1, L d N SO > t ge er Wlkh he ttac d carbons of the

aromatic ring ai teroatons of N. O,
S, P and/or S|o\l Ior L\/q S i \dependgmly eDect cfro S,he group of
di val ent Rﬁab’t oent S/C‘@nsr stTthg of bo -0-¢ \‘o o
- C(R15R16 soh_si (R4R5) , T(0)- C(O) 0- and 'substifuted al kyl,
al kenyl , al koxy, cycl oal kyl cycl oal koxy, het erocycl e, ar yF",O het er oar yl ,
am de, carbamate rea nd sulF ona 1-de; n |s 0, 1, o is an aryl or
heteroar reQ2 s skituents; R3 is
sel ect ed ro p Gf {dr , yI carb o | kyl car bonyl ,
al koxyl car % | o N% ycC N%Bny , @I S N cy N/ | kyl sul f onyl ;
/ \‘ s \‘ / \\ / \\ / \\ / \‘ / \\
o/g \/\N,*éK \/\Ni*f HN& Cl C\*
0
Cx o Lx s U
e \//O v..O /
S< S ( SS s \\

/\O’ /\\O, /\O, /\\ /O’

L

11



R4 and R5 are independently methyl, ethyl, or cyclopropyl; R15, R16 is

i ndependent |y hydrogen, hydroxyl, azide, C54 al kenyl, C54 alkynyl, G 4

al kyl . cywbepragpsgi2s C _zt al koxy, or cycl opropoxy or RIPCIAS$2R1B51308 et her
are a carbonyl or C _4 al kenylidene or R15 and R16 joined together with the
attached carbon are 3-6 nenber ring optionally containing 0-3 heteroatons
of 0, NOand/or S; R17 is H F, O or CN andVisCH N, CF, CCI, or CCN.

[0048] |n_an erghth as ect ,of theod nventi nrs dof formula V1.
R17/ NH r I , . t oget her with
the attacHKed car ongo tHe ar rratrcr ngfom nber ring,

cont ai ni ng het élr, 7gof k L2 is

i ndependent | ‘/%el Ry d frogaQ he rs of N aI en ,%ubstgopuents consi sting
of a bond, /0‘\ R15R 1¥-¥(0) -/ “cS (R4fR5‘¢D - -, 4#g0)0-, and
substrtuted aIkyI aIkenyI alkoxy cycloalkyl Ioalkoxy, heterocycle,

c
aryl, het oaryI am de, caybamat 0 ea and suI onam de; n |s 0, 1, or 2
R is an het A{A‘%and\ - ST o m& e nore R17
substituenrts S sele from of hydr J Ik carbonyl
cycl oal kyl car onyjz al koxyl Ggar bony G;ycl oal koxyc bd@yl al k;yl sul fonyl and
cycl oal kyl sul forN/I@ R4 and \R@ are i nafeoraﬁndent ly met lo eth \I
cycl opropyl; R 53\0- K $ |ndepen ntly hydrogen,\\ ydro , azi de, C24
al kenyl , Cl_4 al kynyl, C14 al'kyl, cyclopropyl, Cl1_4 alkoxy, or 'cycl opropoxy
or R15 and Rl%t get her are a carbonyl or Ci- 4 al kengl i dene or R15 and R16
j oi ned toget ththe tach cdrbon re 3- 6 #gnh ing optionally
cont ai ni ng70-8 het nd/or , F, d or CN
[0049] In rﬁnt h ct of he I vegtr ' formula VIII.
NV OWVII C N oan N%}K ogé{ r with theNatd ached carbons of
the aromati cS(r ng fo/rSm ab ‘2\ rrenber S(r ng, &ontar ni ng 1-5leneteroatom3 of N,

0o, S, P and/ or°si; Lidr: L2 i §i ndepen?.lent |y Osel ect ed fromot he group of

di val ent ubstr tuent s consi sti ng of , a bon C(R15Ri e) -,

“NR3-, - S( P(Q} ,%r(R qo@wﬂ%, andyslpstituted al kyl,
al kenyl , aI k I:cyc oxy, y<l e, y‘r het eroaryl ,

am de, carba urea d sulf de nis O\]% or FQ is an aryl or
het er oar yl and be sulysoituted ch one or nore_B817 sug}smtuents, R3 is

sel ected from tAT®, group .0f, hydr ogenisgal kyl car bony/rs,\‘ocycl o] | car bonyl ,
al koxyl car bonyl , cycloalkoxycarbonyl ‘al kyl sul fonyl &and cycl oal kyl sul f onyl ;
R4 and R5 are |ndependently met hyIF et hyl, or cycI ropyl; R15, Rl16 is

mdependehim\)//\hy rog&n/\a\lyd oxyI a |dveN 024 | kenyl) C24 al kynyl, Cl4
Cl4

al kyl , cycl oprQ cycl ORO; oro and R 6 togetherare
a car bonyl or ' 4 al kenyl i egg(L)r R15 éPnd 12716 hed together wth the
attached car bo e 3-6 optr onaM.y%co ing 0-3 heteroatons

of O, NRNand/or83R17|s‘0F GOor CN: an@@rs@l@,N CF, CCl, or CCN
[0050] In a tent/h‘caspect of ‘bhe Vn\centr on is ag@onpdubd of formula X
NA-s-7"- NH Werein, LL, L2 and - N(SD2Me)- together with the attached
carbons of the aronat i g forma 5-12 nenber ring, containing 1-4
heteroatonms of N, 0, S d/or Si: Q@ L2 |s |ndependently selected from

t he groupr—mf’\dr/\(a nt subs 't lent s con§r\s/t\ C(R sRi 6, _,
) 0 9&4@\
Fhet ocy

NR3-, -S(0)"- RARS)s , -C(0)-N— stituted
al kyl , al kenyI &%xy, cycl oa kyl., cycl oa koxy, aryI
het eroaryl, amd arbamate, u x and sul m de;

\
S

\\

/ \\ /S\:O / \\O /S\:O
F.
z N _N 5 Q

\N/é{ N N* N’é{ NN N—s o~
o G =Lk x Cx Alx

N N N N N N

57° 57° 52° 57° 52° 5°

s \\O e \\O 7/ \\O 7/ \\O e \\O / \\O
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nis O, 1, or 2; RZis an aryl or heteroaryl and may be substituted with
one or nore R17 substituents; 123 is selected fromthe group of hydrogen,
al kyl car bgayeb12/osyeboal kyl car bonyl , al koxyl car bonyl , cyclPcaluseooarbdnyl ,

al kyl sul fonyl and cycl oal kyl sul fonyl; R4 and R5 are independently mnethyl,
ethyl, or cyclopropyl; and R15, R16 is independently hydrogen, hydroxyl,
azide, C2.4 alkenyl, C24 al kynyl. Cl141 al kyl, cyclopropyl, Cl4 al koxy, or

cycl opropoxy gr R15.and R16 togg¢ther arg a carbofyl or Cl4 al kenylidene or
R15 and R169j®Kned tN her rﬁxthe a)t’?;iched Q/Qébon a\r\e/]g 6 nmenber ring
opt i onaII on ai m?(gﬂo}é E@%\;N of . 0, Wm S:tand R17 is H, F,
c or CN | even spect Qk th N? a conpound of

formul a XI \Hﬁ rein, Isl L2 and’oN(SOQJé’ - togg‘t er V\ntg’rot he attached
carbons of tHe (ar;orratl/c Qing f rrﬁa 5- 12 @renber ang, coht @i, ni ng 1-4

heteroatonms of N 0, S P and/ Si; LI L2 is in pendent ly selected from
the gr oup o{ di val en st tch sigtl ng of ond, - R16R16) -

- NR3-, ,, 5) -1 N c( Wg@ and s ?)st t ut ed

al kyl, :?‘\L gal gcy aI kyl cl Tqal Yy, hetgeroc cl ayl,

het eroaryl n‘l de, car aajrate Urea, and Nsol f onam d8_ on i5 D, L or 2; R is
an aryl or hey oaryl ,k?eosubstl,t%éed wth or nore RL7
substituents; is sel ect ed fromthe group of hydrogen, alkyl carbonyl,

cycl oal kyl rb nyI al koxyl %gp;ton I I oa koxy ar benyl al kyl sul fonyl and
cycl oal ky 'A a i R aNe nd ly , ethyl, or

cycl opr opyt; nde'ﬂ)‘e@e tl y : gen oxyl, azide, C44

al kenyl, C24 N % al kyls %ﬁCl opremyt. Lﬁ%oxy, or cycl opr opoxy
or RL5 and R16 get her alg’ a carbghyl or O#@ al kenyPdene or R15 and R16

j oi ned togeth @, th the”attached c@ibon afec3; 6 menbe? ring optionally
containing 0-3 heteroatons of O, NRN and/or S; RH, F, d or CN, and Vis
CH, N, CF, CC1. CS)LZQCN

. [005/&Inat Ifth aspect the|nvent onis a
conmpound of for X, RL? |n L2 a (SOZI\/E)
t oget her N{—Kru; tacked carpon t:ge ar i c\rj 19{9 f 53{12 menber

ring, con i ng h@e‘?oat%n@ of NNgo S, P and/of_8i; LI or M2gs
i ndepende‘nﬁ);/ sel e ed fromt group/§{\ di val ent su@sgl tuents '2%’85' sting
of a bond, -0-, -C(RI'5RLE)-, -NR3-, -S(0)*-, -P(0) i (RARS) -, -C(0)-

-C(0)0-, and substitut ed al kyl, al kenyf, al koxy cycl oal kyl ,
het er ocycl e, aoyh.i het er o@r’yj{ am de® rbanat@,* rea, and nam de; n
is 0, 1, or is a fo be%u tuted with one
or more REPsU tuéﬁts kr s"%el e r:}d f,r,@m rodp bf h en,

al kyl car bdhyl , n)ét: oal kyI cardfnyl , al kei&l car bor}ﬁt cycl oal kox§ggar bonyI

al kyl sul f onyl d @ycl oal kyf sal, fonyl ‘RO and R57ar®, i ndependeﬁt Py, met hyI

et hyl, or cycl opropy R15, R16 |s |ndepe ntly hydro hydr oxyl , azi de,
C2_4 al kenyl , CZ4@L%¥nyI Cl L kyl, g%opyl ‘%16“ koxy, or

cycl opropoxy or d Rl Qg her ar bonyI 4 al kenyl i dene or
1215 and mgxﬂ@%& B?,pgether th theyatt cﬁ@d .C.@f/ o a‘r{e 3-6 nenber ring
opt i onal |'yOcont ai ni A 0- 3l heter'dat)om; of ON agﬁlo@or %,,oand P27 is fl, F,
C or ON. [0053] A thjrteenth adhgct of the \‘Onventlon/ﬁ’r\ vides a
pharmaceuti cal conposition conprising the conpounds of the invention,

i ncluding the eXenplary co ounds identyfied by the Above I D NOS/ The

C cIoaIkoxy,

conposition e fornulcat d f or Opr liverQ y i0cl second

and/or thirg ntté H% [00 o di scl d .S a f treating
HCV i nf ectb’fo ] ec ste f @nl S ng tN) th bject, a
phar maceuf i cal | ccept abl es7 of thesa%og orrpougo0 and cont grﬂn ng the

admi ni stering t@ a seleét@d reduct|6anI in the §db)ect S HCV‘Klter is
achi eved. [0055] e conpound adni ni stered nmay,be one or nD of the

exenpl ary conpoug identified t he above(g NCS. The d may incl ude
adm ni stering ﬁ% subj ect , Ri t im a_si/ng or csepar t
adnln|strabke/LQ&\”gecopgﬁahtl HGY aaebt/ge#epﬁgd réun%%ﬁi\ﬁpup consi sting
of interferon- alpﬁéﬁorlbaV|r|n Nroboth. The dtips nistering x)be by or al
route. [0056] Al so™tscl osed |s/Fhe above conpdund, for use Ay the
treatnent of HCV infection in an infected subject. The conpound nmay be one
of those identified by I D NOS above. [0057] Further disclosed is the use of
t he above conpound, such as one of the ones identified by ID NOS, in the
preparation of a nedicanent for the treatnent of HCV in an HCV-infected
subj ect. [0058] Sonme of the conpoundsi18f the invention possess chiral
carbons. The invention included all stereoisoneric forns, including
enantiomers and di astereoners as well as m xtures of stereoners such as
racenates The stereorsoners or the|r precursors can be elther

e o - I o o, o o Y " T



SABR, -S(0)2N(RN) 2, phosphate, phosphonate, cycloal kyl, cycl oal kenyl, aryl
and heteroaryl. [0066] The term "al kyl ene,"” "al kenyl ene"” and "al kynyl ene"
as used heopeprp/osef28rs to the groups "al kyl," "al kenyl " &ad/US201R}PH7BLS
respectively, when they are divalent, ie, attached to two atons. [0067] The
term "al kyl sul fonyl" as used herein contenplates a sulfonyl group which has
a |l ower al kyl group as a substituent. [0068] The term "al kynyl" as used

herei n cont enpl at esy substituted or substituted, stpgaight and branched
carbon chain conlgaa'é\i ng fromtwo b@’tgi ght carbon a@) and havi ng at | east
one car boq Cf\,;r(b &a I ple % term al kpnyl es, for exanple

et hynyl op . 2- pr nyl , ﬂdbut nw& -1-butyny| and the

i ke. The aI kynyl gyﬁhﬁ" Hay, be optiapdl | NStbst i tute AWM th one or nore
substituents sel ected fromAal o, -CNo-N®, - CO2R, ~GO)R -0-R -N(RN) 2,
-N(RN) C(0) R, -N(RN) S(0) 012, -SR, C(O)N(RN)Z -0C(0)R, Z0C(O)N(RN),, -SOR,
-S2R, -SABR, -S(0)0OMR1'")2, phosphatef phosphonate, cycl oal kyl,
cycl oal kenyl aryI Oa het eroagyl . [ ] The term'am no" as used herein
cont enpl _e)é qqf t he R BugtTT RN). [0070] The term "am no acid"
as used m‘w n conte tes a %(oup ofNthe structure 00 HHH NCCO orRin
ei t her thé D or the }Sconflgur ion an \\I ncI udes but is not limted to the
twenty "standard" am n8 .asiids: isol eud] r%,- | euci ne, |ysine, nethionine,
phenyl al ani ne, threonine, tryptophan, valire, al @I’ll m)e, aspag
aspartate, cystei ne, glutamate, glutam ne%gﬁ JgPol i n agerl ne,

i n

tyrosine,jpagi Riing, ggd@og.tthggaw Rl éﬁt'%n J ncl udes,

wi thout I'Tmtation, con on 0 aci ds, bet a- am no aci’ds, am no
aci ds havand@ madbcl@ﬂl&bmsheagomptdnsmm@dﬂ non- natural am no aci ds known to
one skilled in the art. [0071] The term ai al kyl" as used herein

contenpl ates a | owergal kyl group phi ha a substl tuegnt an aronmatic

group, whi ch=aronati oup e su |tut ns ituted. The

ar al kyl @ By -'-@ e substltuents
C(O

sel ect ed fronthal ogen -@ R

-N(RN) C(0) R, - N(RN),S , -SR C(O)N(RN)2 -0C(Q) C(O)N(RN)Z - SOR,
- SR, - SABR, -S(O phosphat=\ phosphonat €;
cycl oal kenyl aryl het@i E .

072] The terns aryl aromatlc
group" or ITB.tIC r|ng

sed herei antenplates sub uted or
unsubst i taTN Bigle-ring and-nultiple & pati ¢ roups (for ‘exanple,
phenyl , pyrioyl ahd pyrazol e, étc ) and pOIyCYCPIC ring systems’ (naphthyl
and qui ndPe2¥y| ,Thetempaund vethppeimpoyioiencmay gslenay floavie graop oinsistigofr i Nngs i n

aher oi n' S0 POAEE CERATor TRV Op i Fe G KR A By BT ORI, oo Can be

cycl oal kyB 97, Byi@l Baddsanyl, B12arB/28, MEOSB 0xly Bl 8% mest/mmhmemmsymss The aryl

I | ect ed
rom hat gy £ B P, B et R bl BTeS BP0 Ry B2 o) o) R
- N(RN) S( BAR, B219RB2 18, 809), NOBRME232- 1@23(3033&6 BQ@( BobE, @5))%2 B24SCB2 BZS@ZR - SGBR,
-S(0) 2N(RN) 2, -Si R3, -P%O%)R%zs osphat e os honat e
cycl oal kéify P/ BER 0B BdPeh Taby?: B3[10%323% % @f"?ﬂmér %Wﬁ I> BOGs used
herei n cayyieppl, dsassss, Bubd, Wyl , ©IBUR10MBEW, Ba$1, a8 12 BUbBsSEisuBNfe, an aryl
group. The termis nmeant to include, wthout limtation, monoval ent as wel |

as nul ti gty Ovial 28nB13 i34 Bdgo. Bii3y o k3 B4y Bdyo. B160 BSOS 1t B, BEH: bary|

as used hgrssi g 0RT £BL 8, 65 6@ 6P UP1 2f BIAEBISS, tmtsyrm@ B170B 1B 110075] The
term "carbonyl" as used herein contenplatés a group of the structure

[0076] THE7¢#eB S BEIHBXYE. B148, RISEdB Her BiF3. Bkt @riﬁﬁaﬁ& RlI&gr B3, B19%. he
struct Ur%1§9 5249 BL(EP%ZJB ji5) 4%?!0?‘1%’1%' g@is‘%'zm 3514158408581 Br£0RbSPI at es
substitu uhsubstitlte i'c al radi’'cal s contal ni ng ron1three to
twel ve caB?l%rB%ﬂSDWZaBQZS @@B&M%&Zﬂlobiﬁpw,’ﬁ ey¢eBaplent yl , cycl ohexyl and
the like. The term -cycloal kyl" al so i ncludes polycyclic systens having
two rings in which two or nore atons are conmon to two adjoining rings (the
rings are "fused"). The cycl oal kyl group may be optionally substituted with
one or nore substituents selected fromhalo, -CN, -NO2, -CR2R -C(0)R
-0-R, -N(RN)2, -N(RNJC(0O)R, - N(R2j S(0)2R, -SR, -C(O)N(RN)2, -0C(0)R,
-0C(0)N(RN) 2, -SOK -S2R, -S(0)2N(RN) 2, phosphate, phosphonate, alkyl,
cycl oal kenyl, aryl and heteroaryl. [0078] The term "cycl oal kenyl" as used
herein contenpl ates substituted or unsubstituted cyclic al kenyl radicals
containing fromfour to twelve carbonjatons in which there is at |east one
doubl e bond between two of the ring carbons and includes cycl opentenyl,

cycl ohexenyl and the like. The term "cycl oal kenyl " al so includes pol ycyclic
systens haV|ng tmo rlngs |n mhlch tmo or nore atons are conmon to tmo




C2- C10 al kenyl, C2-GCi o al kynyl, al kanoyl, or C1-Cl10 al koxycar bonyl. [0089]
The term "sul fonyl" as used herein contenplates a group having the
struct ur ev0 2pB8125" Substi tuted sul fonyl "™ as used herei RCTASLENPFEVES a
group having the structure IjRilincluding, but not limted to

al kyl sul fonyl and aryl sul fonyl. [0091] The term "thi ocarbonyl,"” as used
herein, means a carbonyl wherein an oxygen atom has been repI aced with a
sul fur. [0092] Each R is independently selected from hy

-NO®2, halogen, Cl to C12 alkyl, Cl to Cl12 heteroal kyl, ke I aIkynyI
cycl oal kyl, heterocycle, aryl, heteroaryl, aralkyl, al kax Ikoxycarbonyl
al kanoyl , carbanoyl, substituted sul fonyl, sulfonate su \a de, am no,

and oxo. 0093 Each RN is i ndependent |y sel ected fromt heR1 Xk oup consi sting
of hydro CIPISO”E‘ELPr?%”@i?“‘%ﬂ gnts @@ppaﬂcm@thrfar@%arqeyr al Renyl , al kynyl

cycl oal kyl , heterocycle aryl, heteroaryl aIky , alkoxy, al k xycarbonyl
al kanoyl , carbanoyl, substitut ed ul f uI f(;}ﬂ%ﬂ
RN may betakentogether with C Sto ey are at achedto

forma five to seven nenbered r|n %a further
heteroatom [0094] The corrpounds a@he &ent ,@ventl Ornaty used to

i nhibit agereduses tB@%o@&éans&rﬁg | to par/tI(j:uI af }yr HCV' IS“cb\ISSB/p‘bot ein. In
reduc

t hese contexts, inhibition a ion of act|V|ty of the NS5B protein
refers toa o] | evel of t hexne sur eIatr toacontrol
experi menP T¥ whych¥th soI”t es aren d with the test
conpound. In par |ch ar as%(sect e |nh| Qn o] uc | in the
measured achiyity Nsoat r(‘I)/ reduct i i n t| oIN One of skill
in the art )/ﬁ\’ll apﬂecr ateSL( at r/@éuctl on or Slnhl bi $on of S(ﬁe nmeasur ed
activity of at -1 east®20% 5(5% 75%° 90% or 10 d% or a y nu i n between,
may be preferred fqr partlcul r appllc i O [ 0095] III@ a flrst aspect of
the inve co dsNe rruINa %e p%o/r e§$ |n Li, L2
and L3 to i s df t omatlc i to forma

e wrth
5- 12 nenber \ri &g, % %4 het &r o&t ons o %0, S, P anfd/or Si; LI,
L2, or L3 is I\'ndepenggmtly sel eot ed frHera ar oup fodi val ent \sabst i tuents
consi sting of/saobond o - S%m ti s)/ﬁ\\rges s(0)" g P(0) - /§rcg R4AR5) -
-C(0) - C(O) 0-, "and substl tuted’al kyl, alkenyl, aI koxy, cycl oal kyl ,
cycl oaI koxy, F et erocycle, aryl, heteroaryl, am de car barrate urea, and

sul f onam de; is 0,71, or 2y Uor Vis ndependen CF, Cd, or
CCN, W Xp-t leg* eper@lecéglyCor Y 1S NRN; /ée or -CIeRb;
RN is hy ogen | k , 6 cy | Kyl , C4,5<hetero aryl

het er oar yh-y &ni de, f%%m@, 6O carbgy te*33028 ,\f@; [ gv?\nqépendent Iy

hydr ozen, m%t//ﬁyl or; atQ)get heg-®orm a C3. giocy@l oal kyk-®ear n%ﬁrﬂ) 1 heteroatom

of 0 or NRS/ “a21 i s/sel ect ed Yo om hydr ogén, halide;/ oCF3, o - C(0) H,
C(0) ORS6-, C(O) NHR?, C(O) N(OH) R7, - C(=NR7) OMe, - C(=NOMe) NHR?,
C( NO-I) NH, . CH( CFS) NH - N, N jj r\r CH( CN) NH%{ S(0) 2NHR10,
- HH R2 ubstHN d or titute yl or heteroaryl;
R3|s seI cedfron% yzgr aIIg;L/Ic oyI
cycl oal kyl car bIo pyl Ja ko Ocar bony ,, cycl oa car bonyI‘I, Oal kyl sul fonyl and

cycl oal kyl sul/t?QnyI R4 apq R5 ar e/$ndependent ISSI met hyl ,/Fet hyl , or
cycl opropyl ; 320 R6 i's hydpogen IPyI Cl44 anWI cycl o?)r opyl, or benzyl;

R7 is hydrogen Cl4 al kyl, cycl ppropyl, C1. I koxy, cycl opy opoxy,
al kyl sul fonyl, or ceyal oal kyI nyl ; R8 R9/§?16 or Rl]oa'é i ndependent |y
p

hydr ogen, .4,&I—§KI , cycl-egropyl , OC? 4 -al(koxys, o& cyelopropoxy; and R15.
Ri6is indgée@pent Y hydrogeny dr o}? az C en N3:C2.4 al kynyl ,
Cl.4 al kyT? cycl oproggﬂ N'Cl. 4 akkdxy, or cycl ggP opoxy or RlgGnd R16
together are a carb6ngl or G -4 @ kenylidene/ofo R15 and 12/1% j oi ned
together with the attached carbon are 3-6 member’ ring optionally containing
0-3 heteroatons of 0, NRN and/or S; and L1, L2 and L3 together wth the
attached carbons of the aromatic ring forma 5-12 nmenber ring. containing
0-4 heteroatons of N, 0. S, P ancUor Si; L1, L2, or L3 is independently
selected fromthe group of dival ent substituents consisting of a bond, -0-.
-C(R15R16)-, -NR3-,-P(0)-, -Si(R4AR5)-, -C(0)-, -C(0)0-, and substituted

al kyl, al kenyl, al koxy, cycloal kyl, cycl oal koxy, heterocycle, aryl,

het eroaryl, am de, carbamate, urea, and sulfonamde; nis 0, 1, or 2; R
is selected from hydrogen, halide, -CF3, -CN, -C(0)H, -C(0)OR6-, -C(0)NHR?7,
- C(O)N(OH)R7, -C(=NR7)O0Me, -C(=NOWe)NBIR7, C(=NOH)NHR7, -CH(CF3)NHR8, <14
3 cij iciNNNCHCNNHRI, -S(0)2NHRIO, -C(=NCN)NHRI 1,H, or R2 is a
substituted or unsubstituted aryl or heteroaryl; 123 is selected fromthe
group of hydrogen, al kyl carbonyl, cycloalkylcarbonyl alkoxylcarbonyl

—~— o



R8, R9, Rth, or Rl1l is independently hydrogen, Cl4 al kyls, cyclopropyl,
Cl-4 al koxys, or cyclopropoxy; R15, R16 is independently hydrogen,
hydr oxyl ,wez2ot#5812%4 al kenyl, C24 al kynyl, Cl4 al kyl, cycraseappsi39Cl4
al koxy, or cyclopropoxy or RI5 and R16 together are a carbonyl or Cl4
al kenylidene or RI5 and R16 joined together with the attached carbon are
3-6 nenber ring optionally containing 0-3 heteroatons of 0, NO and/or S;
and R1 (ThLis_\ L,I L3fNr-0 R nL1 L2R L3N Rl rThLi., gcr* L2mR2 and R2
wher ei n, L1 L2 a 3 together w @:gr\he attached g:épons of the aromatic
ring forma rrenﬂlﬁ,\ ring, nt g=A{ Nng 0-4 heéter 0 of NN 0, S P
and/ or )‘"LOZ 0 NLZ@ IS ﬁe@end ky s\eL%f@d f ,(f%t he group of
di val ent E’ﬁ stituents §1913H§"t|ng of a ,/N C(R1 6) , ) -C(0)-
-C(0)0-, and Aubstituted al kyl, al kenyf, oal koxy, cycl ealk gmd cycl oal koxy,
het er ocycl e, aryI heteroaryl, am de, carbamate, urea, and sul fonam de; n
is 0, 1, or 2; |s sel ected from hydrogen. halide, -CF3, -CN, -C(0)H,
C(0)0R6- O)N - C(O) N(OH) R7, -C(=NR7)0Me, - C(=NOwe)NHR?,

H','_ 3 - VJ NND NN, I)] N1\1 CH(CN) NHR9, -S(0)2N I R10,
C( NCN) |s a substituted or unsubstituteed aryl or
heteroaryl |s S Bect ed fromthe group of hydrogen, alkyl carbonyl,
cycloalkylcarbonyl oxylcarbonyl cycl oal koxycar bonyl , al kyl squonyI
and cycl qghay! %%fagmlcom%namcﬁée @5@@9&%@9&&%@@5& Yo N@shEF BB Bg
cycl opropyl; "R6 is hydrogen, kyl, cycl opropyl, enz | ;
is hydr og‘i"ﬁq3 B&1.84l RW BSéyIéSPQoB%@HW 1A, BloRy21. B)aT. (ﬂiﬂ&di‘)b@? B131,
al kyl sul f I f r i n ndent |y
vl ogen, A g PR S R 60, Pl e B3 @;@F%%Po%a%ly,ﬁ?%ﬁd RS,
R16 is i rBl&peBtEnBilYy3, B2ar,dgen, B?rﬁ);‘ldebayB?-lélaBiZd& B2CPBROKBIN B2 B236G. kyny| .
Cl4 al kyl y al koxy, or cycl opropoxy or R15 and R16 together
are a car 2393/@%?[3%% Cf%e@yl i dene or R15 and R16 joined together with the
at t ached [0630) orAsaae b3apraveatddethe cbmgoumgdt inahia knppodi masitandyi tegultidddieiher oat ons

of 0, NO and/or S; L0098] In a third enbodi nent of the first aspect,
R - is hydrogen halldel,L C(0)0OR6-, - C(O)NHR7, -C(=NR7)0Me, -C(0)NOH) R7,
- C(=NOwe) NHR?, N&ﬁ? | eND - KNN3 HN) 5C NI -"NN-N CH( CF3) NHR8,

- CH(CN) NHR9, H erein, R6 is hydrogen, allyl, C34 alkyl,

cycl opropyl or benzyl SFQ IS hydrogen Cl A al kyl, cyclopropyl Cl A al koxy,
cycloprop;c)mets\a{ekfyxhsuﬁla oﬁylls or cycl oal kylsulfonyl and R8, R9, RlO or Rl11

i s independent]y _hydro A al kyl s opr op Cl A al kox
cycl opr opoxy. ‘[65@%? eg“ 5t 4l ?tf%lWWéh{‘edd?ycP O‘F‘Idrs§t5 Bkpé é? B@l i's
hydr ogen,B$r B9i B126:3H0, B198( BYHMed B1§%;0) OEt, -C(0)0 tBu, -C(0) NHNE

g(( 83 Nﬂg(vg) 2;\/@1) a m(%?gylmqwg %w%lgg_r? 1[r\1|t|_e|¥n/bnl oiy%gn_ ali\ilc\)/g) gshg(empl%e%)b’;ll( CH) e,

compounds B45, B118, B148, B197, B168, B187, B190; B192, B196, B207, B214, B191,
B212, B218, B221, B222, B226, B232, B233, B236, B237, B238, B239, and B240;

(iii) a 7 or 8 member ring having a second internal nitrogen atom, as exemplified by
compounds B107, B139, B145, B171, and B208; and

(iv) a fused 7 or 8 member ring, as exemplified by compounds B127, B128, B131,

B132, B138, B158, B163, B169, B189, and B201.
O

kU\/.

[0031] R'in this embodiment may be N
(L
[0032] The structure u?{‘ , together with the attached carbons of the aromatic ring in
this embodiment may be a seven- or eight-member ring.
[0033] R?in this embodiment may be a phenyl substituted with one or more R

substituents.
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CND chi) -NN-N CH(CN)NI-EVle, -C(=NCN)NHve,HH ,H, orH C 3 [0100] In a
fifth enbodi ment of the first aspect, RL is -C(O)NHWwe or [0101] In a sixth
enbodi merWwoabh12fase12fi r st aspect, R2 is selected from thePGTAsROIdOABISt i ng of
*0 (R12), wherein, Each phenyl noiety is optionally substituted with 0-2
nitrogen atons; R12 is selected fromthe group of hydrogen, halide, -CN,

- OCHF2, -0CF3, alkyl, cycloal kyl, al koxy, eycloal koxy, arylal kyl, aryl oxy,
al kenyl , [ao_%unyiz m&i’ﬁeﬂﬁhodﬁ:ﬁdﬂﬂnﬁjﬂbé mm-}phenoayghhﬁyl]hﬁ@mwpherﬁ)hdj/ foogani de,
carbarrate Gis O, NRN, S or CeRb; Ais N 0. S
or or Onel bs&'r‘n‘ﬁe‘bwn%o?esorlnh‘ﬁ‘éﬁerfB%sﬁ‘f‘}ei}tSC or N. [0102] In a seventh enbodi nent
of the first aspect, R2 is selected fromthe group consi g Each phenyl
noiety is optionally substituted with 0 2 nitrogen ato is selected
fromthe group of hydrogen, halide. -CN, -OCHF2 -0CF3, al kyI cl oal kyl ,

al koxy, cycl oal koxy, arylal kyl, aryl oxy, %_‘_al kynyl,
AT

| kyl sul f 0 : : 4;
g i g gu I\Hﬁﬂjﬁ] ,I? Q[lh?s“érﬁ%ﬁﬂemﬁﬁ*lﬁ@&%ﬂeg? CRaRb; ant DI SE is i ndependg:lt |y

Cor N [p@ﬁlﬁOB]In Eﬁllﬁirﬁsechmthe@M@@l@nmonwbumdﬁféwﬂaspect R2 is selected
fromthe group consisting (hali de)02 0 sgbstltuted with 0-2 nitrogen
atons. [0104] In a ninth enbodi t 01R he-fNH st aspect, R2 is no./ L.2
[0105] In a tenth enbodi nent of hb spect NkNKk R 1 20n Al 's- _--- 0
k ,'' consisting ofo0 , rl' (het®ro)aryili ero)aryKLA 2rk and LI, L2,
or L3 is independently sel ected\{f gm Viie @roup consisting of a bond, -0-,
-C(RI5R16), -NR3-.-P(0)"-, -Sl(R4B)‘O -c(Q)-, -C(0)0-, and substltuted

al kyl , aIkenyI al koxy, cycl oal kyl, Ocycloa koxy, het erocycl e, aryl,
heteroaryvk, mi de, carbamate, urea, and sulfonamde; nis 0, 1, or 2; R is
sel ected from hydrogen halide, -CF3, -CN, -C(0)H, -C(0)OR6-. -C(0)NH127, -
C( 0) N( OH)L1' 272 and CPNESIV O M ge the@(wi NOWe ) tNelRA, caBomNDHh NMRTatic (G4 fOFB) Bi12f | e, -
NNNN, i C

member ring, containing 1-4 heteroatoms of N, O, S, P and/or Si;

L'or L? is independently selected from the group of divalent substituents consisting of a
bond, -O-, -C(R"’R'®)-, -NR-,

-S(O)y-, -P(O)-, -Si(R4R5)—, -C(0)-, -C(0)O-, and substituted alkyl, alkenyl, alkoxy,
cycloalkyl, cycloalkoxy, heterocycle, aryl, heteroaryl, amide, carbamate, urea, and
sulfonamide;

nis0, 1, or2;

R’ is an aryl or heteroaryl and may be substituted with one or more R'7 substituents,

R’ is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,
alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl;

R* and R’ are independently methyl, ethyl, or cyclopropyl;

RIS, R'®is independently hydrogen, hydroxyl, azide, C,4 alkenyl, C,.4 alkynyl, C;4 alkyl,
cyclopropyl, C;.4 alkoxy, or cyclopropoxy or R'* and R'® together are a carbonyl or C4
alkenylidene or R and R'® joined together with the attached carbon are 3-6 member ring
optionally containing 0-3 heteroatoms of O, NR™ and/or S;

RY s H, F, Cl or CN; and

Vis CH, N, CF, CCl, or CCN.

[0037] In a fourth aspect of the invention is a compound that has the structure:

R17

R'l
C\U% 2

=0
Sy
/"0

n-Z
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NNNN- N CH( CN) NHR9, - S(0) 2NHR10, -C(=NCN)NHR11,HH , orH R2 is a substituted
or unsubstituted aryl or heteroaryl; 37 R3 is selected fromthe group of
hydr ogen,weal2kidesar28onyl , cycl oal kyl car bonyl , al koxyl car IPEm§S2011/057398

cycl oal koxycar bonyl, al kyl sul fonyl and cycl oal kyl sul fonyl; R4 and R5 are

i ndependently nethyl, ethyl, or cyclopropyl; R6 is hydrogen, allyl, G4

al kyl, cyclopropyl, or benzyl; R7 is hydrogen. C44 al kyl, cycl opropyl, Cl4
al koxy, cwaéepl opoxy, al kyl suI fonyl or cycI oal kyl sul fonyl; RA R9, R10, or
R11 is inde ;ndentl hydr oge al kyl s, cycl opropyl, Cl4 al koxys or
cycl opr opo 5 M(ﬁ ZM??d%%tH%Fe"t‘ffh ‘96 @iacéedaﬂawps Ofébec?r(ﬂ’inb'éfp@‘l'g formra-120r - NHME;
R13 is i ﬂﬂ@ﬁ&@@hﬁ% doMtalh¥l 109 88eroatbfs 0PN, 0. ®anMer SiR14 1s i ndependently
hydrogen ar 15, R16 i s i ndependently hydrogen, hydroxyl, azide, C24
al kenyl , ICQIZLLalIS krgﬂﬁmnderéyzﬁelésﬂk@fromé@fo%r@mQfﬁlwalenmlhstawwnwmg@&é| opr Opoxy
or RI5 ang, L.t ege ﬁﬁ@{]eme BORL by, -arr'‘RH4 é@en% ORENG I QhbsRhpgand R16

joined to ether’ wth t attache carbon aré er ring optionally

cont ai ni regkyd-abkengl alkoet oypsoabfyl, gyclnpRipxanktaspcyste, amldhagroanyl, Agudes

i ndepend c’fll;ﬂa}ﬁate%}%nd sdl % es  OF -0-. LI, L2, or L3 is independently

sel ected fromthe group o I'val ent substi tuents consi sting of a bond, -0-,
-C(R15R16)is 0, NRB2;, -S(0)11-, -P(0)-, -Si (R4R5) -C(0)-, -C(0)0-, and

substi t ut | 0X I ko 7 het erocycl e,

aryl, hetlg(rio%rl&?ed fm% lél%lggg’ a%r%t %E url\gaeﬁ5 s@égnaiﬁ(g’%ﬁ% 'is 0, 1, or 2;
RLis selce(a)sa)}ﬂn%mqqymogm O{aNOM&:)NHEf:KJ(_N(IH)NHEZ OTH(CE{HRORG- ,
-C(O)NHR7, - C(0) N(OH) R7, - C(=Nwe) OMe, - C(zNOVe) HR? C( NO—|) HR7 .

_CH( CF3) NHR8, - NNNN H9 H)N 1- N CH(CN)M%E{ N ENCN) NHR11, H

, OrH 3 e ed yI T hetermr ryl; R3is
sel ected CFIFI@DFEE g%g(g)ﬁl\yg }g ﬁ&%lbﬁgﬁgl kyl €arbonyl-, E'cl $4l kyl car bonyl ,

al koxyl carqomyhryl siheletabi axyeay b@{u&skum@& KMh S 6L RaMbﬁmJn@al kyl sul fonyl ;
R4 and R5 are |ndependentl net hy , or c cl opropyl; R6 is hydrogen,
allyl, CB inpalspied Wl&%ﬁf%ﬁyr hydé?geseﬂ&mafbwl ? HORYL c14 al kyl |

cycl opr OFh‘ﬂlox Ao KQ¥MalkEMChiBOA YD R Ysul BhY ¥h$ cfo@ lsult@fy1;

cycl oal kyl su fgn @ %8 e m}@oérmSlel |)|§ i nﬁj ependent | y hydr ogen, Cl4

al kyl's, dycndBr GWFdeP@fﬂ&n%}I ll@étkylsethblr oyelepsPYpoxy; R12 is independently
CL 3 al kyds lﬂlﬁhﬁfeeé}{?%hﬂ hﬁ% Fydro%h'\/%lde%ﬁ alk¥hG1, 'c% 5113%@@9%%! y
hydrogen, hydroxyl, azi ‘al kenyl Cl4"a

cycl opr OWPIOPI@Rﬂ Ql-kabaxy. erCYG)lyﬁlpB%’Ydﬁ(nydnérR ﬁ%ﬂ@ﬁdreﬂlc@rhoéﬂétr Ker are a

car bonyl a@l{eng%n@l)lkl@ﬁwéd ﬁ@n n&{to&iﬁerm ﬂ%lcﬁ }%'dragr%oﬂ th%té.lﬁém%%r the
attached carbon are 3-6 nefber rTng optlona y contal ning efer oat ons
of 0, NRMpaﬂ@AlarCOlSammarﬁ)eB gerpaomnndePeviemdiy S; @deRb-, -N(RN)-, or -0-.
[0107] 12, el E? &gbodi ment of the fist aspect, 1-3' |sR12where| n, L' or
L2 is |n pendeht y Selected fromthe group of dival ent substituents
consisting of a bond, -0-,-C(R15R ) _ r$(0)11-, -P(0)-,-C(0)-

-C(0)0-, and substituted aI kyl, al kenyl , L,al koxy, cycl oal kyl, cycl oaI koxy,
het erocycl e, aryl, heteroaryl, am de, catb ﬁégte, urea, and sul fonam de; n
is 0, 1, or 2; RlL is selected from hydrogen,s,lcoallde -CF3, -CN, -C(0)H,

0) OR6- ompo i i N'Vé § o
- ) |50038?( %NﬂBZ N&&HQMK %8&1 IQ( DMy 1 @éw&l@mm S RLL, H

R9, -S(0)J2NHRLO, -
,HH, orH ; R2|sa ubstlt ted unsu tltut aryl oaryl R3|s
sel ected from the driogesy al ar po ar bonyI
al koxyl car bonyl, c cI oxycar on I kngL su\ f ogy ano%cy kyl sul fonyl
R4 and R5 are mdepeN gnt W et hytN gth N c5:)r cygbopr oR15 and R16

N S \
are i ndependentl hy)ﬁ ogen/ f(])ydr ox azi, %, 02 \al kygﬁés /S( aI kynes, Cl4

COnSlStlngO
oA ok A ﬁ@
D& k li \f—{ k —<£ /(i HO g N

"i Jo S,o
/“o, /“o, /\‘o, /\‘o, /“o, 70,
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al kyl s" cycl opropyl, Cl14 al koxys, or cycl opropoxy or R15 and R16 toget her
are a carbonyl or Cl4 al kenyls. [0108] In a second aspect of the invention
IS a conpwondidmgsizshe structure: wherein Nk. NkNX ENPATA/S2011/087899) SCSC
\W 0\ 0O\ M$ C3C CNKFC F-CeO/S\N 0O/S\\ 0, On--14,HL. N1. A
NkNk_ Nk. /s k:, 7?"1"A0 HOP*NX NNV NOHOHS .0/ O\ 00O r\l----N
"0l'"00k .0 SC/ \O," Git 00 0 Ni Nr NN 1-0) .0 S".., 08" , and

ﬁ& O\\ 7 k O\IIO \ﬁ\
S °S o HO L0 HO
e \\o 0 s \‘ / \‘ /S\‘O

.0 - ,O/

‘S//O \//O S//O //O
7 \\O 7/ \\O 7 \\O Ve \\O

= N= o:& o:&
iNk iNz x x
120 -0 520 %0 -0 420
/S\‘o, /S“o, 70, e 770 . 0 |
N
N~ \N
O o)
¥ :&Nz
L0 \S/,O
e , and e
O (0] D N
D ;/\>
L o }ZJ\N/ j%LNkD N
[0039] R is selected from the group consisting of H | H , and H

and R? is selected from the group consisting of

Q. Q

%—< >—Br

[0040] Exemplary compounds in this embodiment include those identified by ID NOS:

B89, B96, B97, B125, B126, and B129.
O

}%J\N/.

[0041] R!in this embodiment may be H

[0042] R? in this embodiment may be a phenyl substituted with one or more R"’
substituents.

[0043] R?in this embodiment may be a 4-phenoxyphenyl and the phenoxy group is

substituted with one or more R substituents.
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HONHO--/ A\ 0 000" , O/ \ O One Goup of exenplary high-activity
conpounds are identified by 1D NOS: B5, Bl15, B20, B33, B35, B45, B67, B85,
B92, B94,wB20i2/0580238, B120, B121, B127, B128, B130, Bl13PCTRB2®1/0BB38, B139,
B145, B148, B158, B163, B168, B169, Bl171, B187. B190, B191, B192, B196,
B197. B198, B201, B207, B208, B212, B214, B218, B221, B226, B232, B233,
B236, B237, B238, B239, and B240 in Appendl x A and a second group of

hi gh-activity conpounds are identified by ID NOS: B2, ,B3—B4, B6, B7, B9,
B16, B18, B19, B22, B29, B31, B32, B34, B36, B47, B48, @ 35, B57, B60,
B63, B71, B84, 893, B100, B101, B106, B108, 8109, B111, Bl12, ‘

B116, B119, B123, B124, B134, ‘ <:> .
[0044] R? in this embodiment may be selected from and F.

[0045] In a fifth aspect of the invention is a compound of formula IV.
0 /

(\U = N’i\-NH

Wherein,
L', L and -N(SO,Me)- together with the attached carbons of the aromatic ring form a 5-12
member ring, containing 1-4 heteroatoms of N, O, S, P and/or Si;
L'or L7 is independently selected from the group of divalent substituents consisting of a
bond, -O-, -CR'R6)-, -NR>-, -S(0),-, -P(O)-, -SiR*R?)-, -C(O)-, -C(0)O-, and substituted
alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkoxy, heterocycle, aryl, heteroaryl, amide,
carbamate, urea, and sulfonamide;
nis0, 1, or2;
R? is an aryl or heteroaryl and may be substituted with one or more R" substituents;
R’ is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,
alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl;
R* and R’ are independently methyl, ethyl, or cyclopropyl; and
Rls, R'%is independently hydrogen, hydroxyl, azide, C,.4 alkenyl, Cy.4 alkynyl, C, 4 alkyl,
cyclopropyl, C;4 alkoxy, or cyclopropoxy or R and R'S together are a carbonyl or C; 4
alkenylidene or R'® and R’ joined together with the attached carbon are 3-6 member ring
optionally containing 0-3 heteroatoms of O, NRY and/or S; and
R"is H, F, Cl or CN.
[0046] In a sixth aspect of the invention is a compound of formula V.
)
ar /Rw NH
LC/ ] N g2
ITI \'
A0

‘RN

Wherein,
L', L* and -N(SO,Me)- together with the attached carbons of the aromatic ring form a 5-12

member ring, containing 1-4 heteroatoms of N, O, S, P and/or Si;
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B136,
B157,
Bl174,
B193,
B21 9,
B235,

B137, Bl142, Bl11l/1, B146, B147, B150, B151, B153, B154, B155, B156,
B159, B160, B161, B162, B164, B165, B166, Bl167, B170, B172, B173,
B1ASO 2BR2AG8128178, B179, B180, B181, B183, B184, BP8®/USBLS®573B1389,
B195, B199, B200, B202, B203, B204, B205, B210, B215, B216, B217,
B220, B222, B223, B224, B225, B227, B228, B229, B230, B231, B234,
and B241.

L'orL?is independently selected from the group consisting of a bond, -O-, -C(RlSR](’)-, -
NR?-, -$(0)y-, -P(O)-, -Si(R*R’)-, -C(0)-, -C(0)O-, and substituted alkyl, alkenyl, alkoxy,
cycloalkyl, cycloalkoxy, heterocycle, aryl, heteroaryl, amide, carbamate, urea, and
sulfonamide;

nis0, 1, or2;

RY is hydrogen, C,_4 alkyl, Cs.6 cycloalkyl, Cy. heterocycle, aryl, heteroaryl, amide,
sulfonamide, or carbamate;

R” is an aryl or heteroaryl and may be substituted with one or more R"’ substituents;

R? is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,
alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl;

R* and R’ are independently methyl, ethyl, or cyclopropyl;

RLS, R'¢is independently hydrogen, hydroxyl, azide, C; 4 alkenyl, C,.4 alkynyl, C;4 alkyl,
cyclopropyl, C;4 alkoxy, or cyclopropoxy or R and R together are a carbonyl or C; 4
alkenylidene or R'> and R'6 joined together with the attached carbon are 3-6 member ring
optionally containing 0-3 heteroatoms of O, NR™ and/or S;

R'7is H, F, ClI or CN; and

Vis CH, N, CF, CCl, or CCN.

[0047] In aseventh aspect of the invention is a compound of formula VI.

17 O /
(xu R NH
L2 $ |\ R2
VS
=0
/S‘b Vi

Wherein,

L', L? and -N(SO;Me)- together with the attached carbons of the aromatic ring form a 5-12
member ring, containing 1-4 heteroatoms of N, O, S, P and/or Si;

L'or L7 is independently selected from the group of divalent substituents consisting of a
bond, -O-, -C(R"“R')-, -NR>-, -S(0),-, -P(0)-, -Si(R*R’)-, -C(0O)-, -C(0)O-, and substituted
alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkoxy, heterocycle, aryl, heteroaryl, amide,
carbamate, urea, and sulfonamide;

nis 0, 1, or 2;

R? is an aryl or heteroaryl and may be substituted with one or more R'7 substituents;

R’ is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,
alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl;

R* and R’ are independently methyl, ethyl, or cyclopropyl;
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[0110] As can be appreciated, the conpounds in this enbodi nent may be

subdivided into flLI subsets whereinR(2\0 is: (i) a 7 or 8 nenber
al i phat i cwoi2atp/osaesexenpl i fi ed by conpounds B5, Bl15, B3BCTBGZ01188B98 BO2,
B120, B130, B198, B94, and B130; (i) a 7 or 8 nenber ring having an

internal oxygen atom as exenplified by conpounds B45, B118, B148, B197,
B168, B187, BI90; B192, B196, B207, B214, B191, B212, B218, B221, B222,
B226, 5231215 E2%3ndeﬁaﬁéntlﬁ%%7ogeﬁa§&oxﬁ2&9de endaB240c,, alkynyl, C(1|4 'alk)fl a7/ or 8
menber ring having a second i nt er nal I’ll,}:l‘O%E;gl atom as exenplified by
corrpounds"YBliPB“PPyB 3Rtk @y 49y CYRPRPPOXy Y RBZE‘Q atﬁ&athf’r are a carfopyhor §14 ysed 7 or 8
nenber 1 i gbnyRden¥ERPlahd REGoiRY @gammsh&&%zhed%&x%gn arB3¥lmerBle3 4ing B138,

B158, B163, B169, B189, and B201. [0111] In a third aspect of the i nvention
is a conpuinerlyicontaning|0s3 hqteroatyiepie® NR'Land/qr$:; and - N( SO, M) - together with
the attached gar bopscQfalyhe aromatic ring forma 5-12 nmenber ring,
containing 1-4 heteroatons of N, 0, S. P and/or Si; Liar L2 is

i ndependeYitd YHMI GG CEY o C6MN-t he group of dival ent substituents consisti ng

of a bon , i C(0)0-, and
substi tuﬁgglﬁgl 8 FI%%“E a%#y?QOfNﬁgieﬁﬁg%ffglcgaﬁﬁméef@%g?lﬁoxy het er ocycl e,
aryl, het eroaryl am de, carbamate, ureaO.and sulfonamde; nis 0, 1, or 2;
R2 is an aryl or heteroaryl and yr bg supsttuted with one or nore |242
substituents, R3 is selected from tit 5;"%: hydr ogen, al kyl carbonyl ,

cycl oal kyl carbonyl , al koxyl car er/}\] sHpal koxycar bonyl , al kyl sul fonyl and
cycl oal kyl sul fonyl; R4 and R5 ar n ependent ly nmethyl, ethyl, or

cycl opropyl ; R15, R16 is |ndepender ?gﬁirogen hydroxyl azi de, C24

al kenyl , C74 al kynyl, Cl14 al kyl, cy Iopr pyl, Cl4 al koxy, or cyclopropoxy
or R15 arwhé&dig, t oget her are a carbonyl or Cl4 al kenylidene or R15 and

R16j oi ne et h hthe att ed carbon are 3-6 nenber rlngotlonally
cont ai ni ﬁg gg@dhg(%& Polpgeipsr vgth t RPNtaﬁWICSY ogs of{hgjaromgtic fing form p5-1 % CN;
and V i s fdhbdNrin&lonteialng 104 h%to{r@@flﬁlolgl PainfiRkIst h aSPECt of the i nvenU 0
is a conmpaund, that has the structure: Wer ei n, L2 and

- N( S02Me )= ot lp gié tndependgnlpy S%lﬁ‘éedaﬁreraéfr?e&aowwgenbwbftﬁe‘m&rceﬁwe fing forma
5-12 nmenmbgpdf-bngcaeantpi NrAY -of.- h@ﬁ@r ogﬂw) OJ‘ bb- .Q:,(o;b ARG L1 or

L2 is independently selected fromt group |va ent substituents

consi st i mikybralkgnPopikoxy. grcloalkgl RyGmilkpxy, hete)roqw:ég arylghgygroaryl, apjdg) -

- Si (124123 amate @, and sftoldfide: @nd substituted al kyl, al kenyl, al koxy,

cycl oal kyl, eycl oal'’koxy, heterocycle, aryl, het eroaryl am de, carbanate,
urea, andis@ fenanide: nis 0, 1, or 2; R/ is an aryl or heteroaryl and nmay
be subst iy 1 ted fromthe
group of %%fﬁgﬁ n&meﬁ}%{}@g?(gm%?&éifg (zfv%:dggé%%%g% S%Fﬁg]%l?l car bonyl ,

cycl oal kd?gysmlet@md;ﬂom &t kydug of hxﬁn%enaﬂﬂd/l@ybﬂn@labjwdaﬁuﬂdammwl R4 and R5 are

I ndependel ox lca@%&?ﬂlcg%llg%lﬁgxy&tﬁ naf(rf SBff&P 1d clr\;llcﬁgﬁggulg l'ilr e i ndependent 'y

hydr ogen, anes., 4 al kyl s"
cyclboprFﬂylanc(ﬁdreaﬂ&depmntlmethylcétbjdrmmyxlypmplel5 and R16 toge'lt her ?r ?tﬁ
car bony 3 a [

e peot” ot oA il A%l RartRu ader 6t S kot - ko

cyclopropyl, C;.4 alkoxy, or cyclopropoxy or R and R’ together are a carbonyl or C; 4
alkenylidene or R and R joined together with the attached carbon are 3-6 member ring
optionally containing 0-3 heteroatoms of O, NRM and/or S; and
R"is H, F, Cl or CN.
[0049] In aninth aspect of the invention is a compound of formula VIII.
x
R7 "\ _NH
C\ L fﬁw
(S0
520 Vil
0]

‘Wherein,
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,2 Rl Wierein, LI, L2 and -N(SO Me)- together with the attached carbons of
the aromatic ring forma 5-12 nenber ring, containing 1-4 heteroatons of N,
0, 5, P awo/20r2/088125L1 or L2 is independently sel ected fPORUSRE1LYSBOP oOf

di val ent substituents consisting of a _cozi5Rio, ,3 bond, -0-,) NR-,
-5(0),1-, -P(0)-, -Si(R4R5)-, -C(0)-, -C(0)0-, and substituted al kyl,

al kenyl, al koxy, cycloal kyl, cycloal koxy, heterocycle, aryl, heteroaryl,

am de, cmba@ﬁ&N(mMe) @@&hwﬁmﬁamﬁﬁw darbofis &thelaroman&mg%rmasaa aryl or
heteroaryl and may be substituted with one or nore RL7 substituents; R3 is

sel ect ed ’f“‘?’B‘?ﬁft“H% griatmedr+ H%FP@@%‘?IO“%{’I QY EAH8RYE , cycl oal kyl car bonyl |
al koxyl car'gpnyik md@IYéﬁhé}ﬁllyK@%M&ﬁfr&ﬁ@%l grod df¥ihvaithi ﬁamlm@moﬁmng@k Kyl sul f onyl
R4 and Rs are |ndelg§n dent met hyl thg .. Qr (éid op ro% and R15, R116 is
i ndependetfflyOhy &l glen)- “W;’%T oX§n-, BV eSIIERD-a1Gk@hy ICO82 4ans) ;esiigyted C14
al kyl', cyghopiopyl ak hdDXY, cyQbal €G! IR ORLKY ardl ndRdBarddmfdch together are
a car bonyl }gr ¥4aa89y4c3@: |ge<§,n<§yora ané&ge garj?lm neda[?oget her with the
at t ached C@é?ﬁb@ﬁ? ees agd giligparide: ring optl onal |y containing 0-3 heteroatons
of O, NRIrpljsoapcyrQr 5, and RI7 is H F, O or CN [0114] In a sixth aspect
of the |nvent|on is a conpound of formila V. L2fILI R2 trcV N, RN OV
Wher ei n, Rl an @yberdetenasS0 2nkinay b@@é&thetpd with lng hentatRécsheaﬂmccatsbons of the
aromatic 44 n c nln 4 heteroatonms of N, O,
S. P and/%rlp%I‘CIC%IEHB}O?h %ﬁ%li%élg}%n e(%o ’ea(r%]fylca%}) éc¥ ! }Cgf]r%o{l)rqe group consi sting
of a boncb,lkox(jalcarbo@(l R&&Eﬂlﬁ?xycarboﬁﬂ&/alkylsu&()m aldd ¢ycldrk@kulfonyBi (R4AR) -, -C(0) -
-C(0)0-, Whst.i en al k xy cycl oal kyl , cycl oal koxy,
b S B A LR RN i

heterocyc e, urea, and sul fonam de; n

is 0, 1, BV, 1?6 1smmepmdhmqfr1gxgﬁjg¢n (Biydroajflkiﬁde qsbanefml 03l Kyynyl, C4. Glkhet er ocycl e,
aryl, heteroar am de, sul fonan de, e; R2is an yl or

et e onr yP eI HEG HUKE oSy OPRE R A Ror ORI 1 ‘GRr CELRt s RS i s
sel ect ed mmprmdeheomléum Rf Jman@g@m with e ARERRARYIbon &Y Glaaékydr AL bo nyl,

al koxyl car hon¥ cycl oal koxycar bon ty al kyl sul fonyl and cycl oal kyl sul fonyl
R4 and RS’PEP‘?lp’ﬁﬁ‘@ﬁ)@‘r‘i’é@r&ﬁ‘e&erﬁﬁ?‘ﬁw Oé\ﬁlﬁy‘?“d/%rs cycl opropyl ; R15, R16 is

i ndependqot [gyH, m(@[@lg@m anpydroxyl , azide, C2 al kenyl, C24 aI kynyl, Cl 4

al kyl, cyclopropyl, G 4 al koxy, or cycl opropoxy or R15 and R16 t oget her arc
a car bonyY 5§rHAY. F. §0k@R¢CNdene or R15 and R16 joi ned together with the
attache%&@@go@mn @Ee%th%s@e F@ﬂh@fmvédtf&g Isogpédn%ahd b/ff%HﬁHl@Xn' ng 0- 3 het eroat ons
of 0, NRN and/or H, CN, and iIs CH N, CF, CCl, or CCN.
Wherein, L3, L2 and -N( SOZI\/E)- toget her Mf\p the attached carbons of the
aromatic ring forma 5-12 nenber |ng, contaNHi ng 1-4 heteroatons of N, O,
S, Pand/or Si; tor L2 is inde end'e | ected fromthe group of divalent
substituents consisting of a b K\ * 1216) -, -S(0)0-, -P(0)-

-Si (R4R5)-, -C(0)-, -C(0)O0-, S Wed al kyl, al kenyl , al koxy,

cycl oal kyI , cycl oaI koxy, het er ocyglse ar ylx heteroaryl, amde, carbanuate,
urea, and sulfonanide; nis 0, 1, 00 2; R2 is an aryl or heteroaryl and may
be substl\;vhug gg Wi th one or nore Rl? substituents; R3 is selected fromthe
group of drogen al kyl car bonyl , cycloalkylcarbonyl al koxyl car bonyl ,

cycl oal kdxyﬁaamu@mozwwny»gamrmmyhe amdhad;paib(oad ifythsarbhatiyring fRén and 2R5 ar e

e boen Tty 76 Renain s bbb ShOR OR bandiPei & 1 S W e Y
cycLopr prbr, L°Gh Adeekiootyly sﬂéctaymrﬁR T{e(gamp)bf@[val%i:&uagdtdudﬂts doﬁgﬁin@e»{ ﬁ.r te a

car bony ¥ Re or oi e

attached bé’ﬁﬁ]b gp{%g) &gnbéf(@“ g §@1§1 (2@}“ ﬁ(ﬁw ﬁ’é‘lt%‘} oat ons
of O, NRNllgmdlll@ﬁyl%lk&&7cycﬁ>atﬁ,y1 Eﬁ 155111«9@ @Mro@al@ Myl ﬁetgibbryi\lam% CC', or CCN

[0116] In an eighth aspect of e invention is a conpound of formula V IL
R17 NH Lﬂamamp& yrea, a@ sulfonarmde

nis0,1,o0r2;

R? is an aryl or heteroaryl and may be substituted with one or more R'” substituents;
R is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,
alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl;
R*and R’ are independently methyl, ethyl, or cyclopropyl; and
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OVII Werein, LE, L2 and -N(SO Me)- together with the attached carbons of
the aromatic ring forma 5-12 nenber ring, containing 1-4 hetcroatons of N,
0, S, P awo/20r2/088125L1 or L2 is independently sel ected fr®@eTiuseo1giossps of

di val ent substituents consisting of a bond, -0-, -C(R 5R16) NR3
S(0)"-,-Si(R4AR5)-, -C(0)-, -C(0)0-, and substituted al kyl, al kenyl, al koxy,
cycl oal kyl, cycl oal koxy, heterocycle, aryl, heteroaryl, am de, carbanate,
urea, ancRSut'’f Qﬂ&dﬂﬁ&ﬂenﬂw iyRirhen, Thyd@kyI2izid2Ch SalRshyBIY, alRfnyh@t eEmr Yl and may
be substituted one or nore R17 substityents; R3 is selected fromthe
group of HGHPEEENC1-adkeNYc A BORPIOPOIARL IR0 AR CIRETRRAPIC, 2 CAIIeBYY Car bony ! |

cycl oal koxy&ahiReRY} R”@m{lﬁﬁ&hé@@géth@whw&dt@ale&%m% @RV merf¥ramg RS are

i ndependent |y et hyl , %/ or cycl opropy i s i ndependently
hydr ogen, o9 eRlkyepntaingg bheteroaforyp REP AR awlpr & Rlyhyl C| 4 al kyl,

cycl opropyV i (¢34 b kexy, or cyclopropoxy or R15 and R16 toget her are a
carbonyl or CI'A’al kenyl i dene or R15 and R16 joined together with the

att ached [88¥orn ar eleg:n6 avperbef the inveptivptd devatiopnedrfomiuii Ky 0- 3 het er oat ons
of 0, NRN and/or S; and R17 is H F, C or LN [0117] In a ninth aspect of
the invention is a conpound of for mul &Vl Nl .7Wherein. LI, L2 and - NCSOMe) -
together with the attached carb of Jthe ar"lﬁratic ring forma 5-12 nenber
ring, containing 1-4 heteroato !f ..P and/or Si; L1 oris

i ndependently selected fromt he&z VAl ent substituents consisti ng
of a bond, -0-, -C(RL5Rin)- 5d0)"-, -P(0)-, -Si(R4R5)-, -C(0)-,
-C(0)0-, and substi tuted al kyI aH%enyI akikkoxy, cycl oal kyl, cycl oal koxy,
het erocycl e, aryl, heteroaryl, amd carbamate, urea, and sul fonam de: n
is 0, 1, WherZin, R2 i s an aryl or het eroaryl and may be substitut ed with one

or nore subs | ected fromt f dr n,

ol Kyt car Bony T aRts foedPeangh e SiaB ERmL oy Sousi S ibkg eaehonyl
al Ey: sul fr@m(;jr@ng, c@bﬁ@inﬁ@ 1k4/haetbigemybﬁN§é sam?n%lr &lrﬁ hndependﬁnél y rrFt hyl,
et hyl, or_,cyc] opr.opyl R16 I s 1 ndependent ydr ogen ydr oxy

azi de, CX-%' 1a|1§gﬁ'wend@2w selpgsrhirpm tesigoup eraleew%aﬁvwm@m °hPkoxy, or
cycl opr opsxy, -or, -BE R, RR6- tsmﬁ]the(opr.glaaﬁ@rm% @0)&%@1}5@%&1 dene or
Ri 5 and R16 joi ned toget her with the attached carbon are 3-6 nenber ring
opt i onal |a}/kYé@w1+feav nitkgYoc s adee codpakaxyofetaocyRiRNrEn Betepargl amide. s H, F, O
or CN;  andrtMmha®, Gkh, ol sffonarfddd, or CON. [0118] In a tenth aspect of t he
invention is a conpound of formula X. No) NH N L2 N & .0 X O Wierein, L1,
L2 and - N(i802Ms) 2: t oget her with the attached carbons of the aromatic ring
forma S-¥2, MPRORS thlcRfry1 GRS B Bsihidha Bth BRORLASE RO sublyinnysS. P and/ or

Si; Lior L2 i's independently selected fromthe group of |vafent

substit uéhtls sedasteslifeomi thg geofup af bmlmgenr@kylcaﬂig(nﬂlgﬂi@)kylcatmﬁlﬂy , -S(0)"-,

-P(0O)-, - al kenyl,

al koxy, cyc gﬁ%ﬁ% 'i]yl C&/yc?l C%r%]g)l yés?lggvﬁgpéwdoldk?gﬁﬁ%'}ér oaryl, am de

car bamat &’ amd@épreanrttpguleﬁtamanﬂwﬂe;:thyi oryQoprdpylor 2; R2 is an ar yI or
het er oar yl1s anel. stltut ts; R3is
sel ect edy[#rgir'n m%ﬁe“%emyy ydﬁ%%a droxyla?zk& é”r%l Q'F %alk){“gaﬁw 5{; bonyl

al koxy! calytlopipbyl, Cy@dlmlyk@xydapxbpmylo; Ra dﬁyllléiﬂogahwlareamirhmmdlo@ah kyl sul fonyl

R4 and R5 depend 5, RL6
ndepenaeiers Rt apet Ry Bypiesrind s dp RRaRO SN g BinPay "ol

al kyl , cyfph&pﬂkywﬂxta1nﬁ3;4) Blhét@womebfccmﬂ%mdm@xy or R15 and R16 together are
a carbon |,; or %14 al éﬁﬁg}l idene or R15 and R16 joined together wth the

at t ached Tcatgbn” & & @efenber ri ng optionally containing 0-3 heteroatons
of 0, NRN agnuiioy, (j:‘pg candrREN.is H F, O or CM [0119] In an el eventh aspect

of the invention is _a conmpound of forrmula XI. Xl 0 Werein,
[0052] In a twelfth aspect of the invention is a compound of formula XII.
N/ﬁ

Xi

Wherein,
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L1, L2 and - NCSO2Me)- together with the attached carbons of the aromatic
ring forma 5-12 nenber ring, containing 1-4 heteroatons of N, 0, S, P
and/ or SiwWORPSBR5i s i ndependently sel ected fromthe gPOUSedi11857898 ent
substituents consisting of a bond, -0-, -C(R15R16)-, -NR3-, -S(0)"-,
-P(0)-, -Si(RARS)-, -C(0)-, -C(0)0-, and substituted al kyl, alkenyl,

al koxy, cycl oal kyl, cycl oal koxy, heterocycle, aryl, heteroaryl, am de,

car bamat g.!, ut @ﬂ,—msozmw foonan wie thBattaShddl, catbonOsf the araaaﬂlcSrn%rfoﬁrﬁ ¥b-10r _
het eroaryl and may be substjtuted with one or nore RL7 substituents; R3 is

sel ect ed TBRA FRE RGP hserreigmn of B Ry E2PH8RYE , cycl oal kyl car bonyl

al koxyl car'genyik md@y&haﬁrylgaéare@frmrwé grodd dfihvakehf QBY tue@a&d:oﬁélﬁin%%t Kyl sul fonyl ;
R4 and R5 are |nde}ggnlgen net hyl , et hg . Qr acl 0 ro%: R15, R16 is

i ndependd®nlyOnyfflogen)- *ﬁ‘}i’ér 03&9) 'E@)dc IRy, R RenHO)Eyandauksiged  C14

al kyl, Cya@llﬁpi’ll%yll alk&y cf&llc;ﬁ Y, cyQbalk Mr&%@?é)’ar?lr h&éa@pgm&]ﬁ together are
a car bonyl or kenyl i ene or 5 and "R16j oi ned toget her with the
att ached C@d?ﬂb’@h? @EP@ aBd eiligeabide; ring opt i onal |y containing 0-3 heteroatons
of O, NRN;@'@O'{%FS R7isH F, d o CN, and Vis CH N, CF, CC, or CCN.
[0120] In a t vie rzth aspect of the invention is a corrpound of formila XI.
Wher ei n, RTs al @yberdieteN(aS0 2vkbinay bogibsthieed with hnd dranat Richbditearsbons of t he
aromati c 43 rin I ni 1-4 heteroatons of N, O,
S, P and/%r %I?CQT{%O%IE]?%’[OUH%FEY e%eae ylca% écifcIil l %%‘ﬁ‘%"f‘#e gr oup of

di val ent a&lcdaslchrﬂaumlcsycmihmysmbmg/l c»ﬂkyasulfomand Ocloalk@sRIGRLG) -, - NR3-, - P(0) -

-Si (RARS) ;.4 bstituted al kyl, alkenyl, aI koxy,

cycl oal kylt “8%?%?&???8%5‘021‘?%%@ V&L}l Or XFOPOPYat er oaryl, ani de, carbamate,
urea, ancR’% ®'f nadpet@lently ydrdden, Ihydiokyl24zidR2Ci. §alﬁdhyﬁwhalﬁfnyhﬂleﬁm§lr yl and may
be substit re Rl?s ye is . selected fromthe
or oupof BHPORINCT SR S BURPPPRyE Pa iy SREUA9Te 4 STRBYT ot bonyl

cycl oal kaxyeauidasyt R”ah«kw6§¢rhédxegdth@mth¢w&dt@aiewb@uﬁ feny med¥eraind RS are

i ndependent|ly nethyl, ethyl, or cyclaq r@pyl R15, R16 i s independently

hydr ogen, OPHY&fHI gpainpgiOgfr et@%@f&r RI YR ssidor §t aadh G 4 al kyl,
cycl opr ogy¥ is IEiF cbkay, or cycl opropoxy or R15 and R16 toget her are a
carbonyl or CI1 4 al kenylidene or R15 and R16j oi ned

t oget her (P33 vhirgenthamset & SreoByengperyigesphaenaceitirgl gptrogHal | y cont ai ni ng
0-3 het erBahANEg Bk cBm M?&Ns@fntgé %erﬁronaﬂgu&g th'e%xé’r’nplﬁvyc &fndg}ienthﬁ:ﬁzu A
thirteenth aspect of Fhe i nvention provides a ph arnaceuglcal conposition
conpr i si iy thhieboro Hp divdShagommeeitipmyents tmulpgd sarjorad delbiery eehmhy mshydet  of

t he i nvent LoVl AlES S H conmpounds of the invention in the

manuf act &rgg%ﬂa » %?cﬁenﬁ?%n%S In a first enbodi nent of the fourteenth
aspect t H805diAdsndisvlospdisfagnethdueoftineatagERY indéctihe pat subjest 1. th¢ Qd@éb]f A
fifteent ve f I.0g, titis C
conpr i o1 gt e di PP EL R BEQH) RS PRIRE U oot R R 1

ef f ect i veoatimung thohdmaincenpg umi acélecttbréredmmembf mnbe ﬁbra:eu‘ saHCSymetrhsesr S

1012511 T;I} %orrpounds of the invention may be prepared by a variety of
synt heti ¢ ‘Slit‘es sanples of themare illustrated in the synthetic schenes
outlined [b@S@wThb Dorgead adlmmtstmec‘smm)t teasic or ﬁlb&rdfsha/minplaqrts)hrpumidsng t he
central S.,Su z ura benzot hi ophene,. im i ne or
pyr azol od@‘”ﬂ %J‘F(:irgy e 2 g‘ﬁlﬁ%@ﬁ(% @Vn’f’ﬁléfl‘? RSP 9d €I F * hose
skill ed iipakingleas Eapal(a% agmmlrtrddeﬁ@a@&md h@i-BO®MgsitIsYlectdd Hom IRUréupand K.

MIls, J Wley and 201Q.) .. Once the proper|ly subustituted cores are
made, fuWﬂ%ﬁrﬂ%&ﬁ&lﬁq@mal@rﬂoﬂwvmPb‘aﬂﬂaﬂhs%mrﬂrf&rwa.% PEGY OHbEOUS it ed to

chain el qoasdyi Mso AR is M ab8SE @k fobfddrQRe mqu@iréazxa&m @frH@wernra@trcfn% med as
necessary to lead to the target nolecules. Wen bein wed chem cal ly

and in scfdnfegebuibiset dBzeampoupdhmay by piet thase @§ntrfea¢ bﬂgD;N%?r dioved to be

i nt r oducggod79Watifndr R BIA ifhe LBELEYNIHIES L Snpothd, §Feh RT0AL 6EhE BRksdepr ot ection
and, in sone cases, orthogonal protection-deprotection strategies are
requi r ed lﬂqmﬂﬁ@@:b&r‘rﬁ? NOR, ke prepdratiog of pawércwmmﬁrdhe trgaypent b Vehemsi ve
descri ptighs_;of.Lhese synt hetic met hodol ogi es, techniques can be in found
in these and]otchter r%?er ences: Conprehensive Organr c Transformations, R C
Lar ock Ed00S8W ISeype RCHe CQI@QandPDfdh@unch\I@n@@wwhlrﬁ cabgasnifbe Byettioesi s, T. W
G eene and and Q 26] The

Foi t owi ng sallusthinedt hGE st it o rtasaith =

ACNAcet Omukturds@f Aeﬁﬂzﬂnéxsemqhmsmdxaaq%aemmmshmeﬂser ﬂ}eBmte@mymabhwwdxthBu But yl
CbzBenzoxyl car bonoyl Coned. Concentr at ed

DBU1, 8- Di azabi cycl 015. 4. 0] undec- 7- ene DCCN, N- di cycl ohexyl car bodi i m de
DCMVDi ehl or omret hane DEADDI et hyl azodi car boxyl ate DI EA (DI PEA)Di i sopropyl
et hyl am ne DIVAN N- D| rret hyI acet am de DMVB2, 4- D| rret hoxybenzyl

™R AA I'™SRK I o ~R A A ~ o~



WO 2012/ 058125PCT/ US2011/ 1157398 DPPADI pl i enyl phosphoryl azi de

dpppl, 3-Bi s(di phenyl phosphi no) pr opane dppf 1,

11- Bi s( diywbenidostesphi no) f errocene DCLl - Et hyl - 3[ 3- ( di mPCHyUS20M1/06)398

propyl | car bodii m de hydrochl ori de ECS50Effective concentration to produce
50% of the maxi mal effect ESIElectrospray |onization Et3N,

TEATri et hyl arni ne Et 0Ac, Et AcEt hyl acetate DOHEt hanol aGranm(s) h or

hr Hour ( s)asifihbRichlTy g@mes,‘ibédbﬁ BB@inEd BZ @pdradidnk of the rademas dccb@inzadBleiphyr oni um
hexaf | uor ophosphat e HexHexanes HOBt 1- Hydr oxybenzotri azol e HI§LCH| gh

per f or marf®&q warip Bi@flogr aphy | C50The concentration of an i nhi bitor
that caugees®d S YaveBEHAGE ln@ﬁd&d"to@ndmﬁ%w&)@op%hy Wibki¥d hifard¥obt @i d

Chr omat ogr aphy- Mass Spectronetry M cronol ar(s)” Mel Met hyl™ | odi de

MeOHMet haeBTPoRids f fhgdmeayonadimiores ingndertpesy afpis|brying ﬂma@? afpmic number

MBNP2- Met i@ Xire fenk mgss mreta&]{w@go@cme%f Hyaffab iR NE YD) AP Y afah%o@a;@s M5 HO-

(mesityl sul fonyphydroxyam ne mwvM crowave NBSN- Brombsucci nirni
NI SN- | od ¥ gebpminchidel € Crala o Frotoaicakdy labmh:omsomds b the holeniie- din b de

20121 ossioup S FIEuIERUBLBAD PARE! o i ERENERARE vl o,
PPAPol yphaspirgrotantifigised aFr hup hetriynhifsld o ptandeedsPynd rd@gerRy ini ddierrinimgRoom

:[A\lez'rlge) tell: Z‘t l’l) a%l%hgrm(al&w‘afl hé/twltl ls yl;or %;tose g([quelsot%plcgle Iobeled co%%ounds of the

invention, they may have the poten‘ual to favorably modulate biological, pharmacological, or

pharmacokinetic properties.

Detailed Description

[0060] Unless otherwise stated, the following terms used in this application, including the
specification and claims, have the definitions given below. It must be noted that, as used in
the specification and the appended claims, the singular forms “a,” “an” and “the” include
plural referents unless the context clearly dictates otherwise. Definition of standard
chemistry terms may be found in reference works, including Carey and Sundberg (2007)
“Advanced Organic Chemistry 5™ Ed.” Vols. A and B, Springer Science+Business Media
LLC, New York. The practice of the present invention will employ, unless otherwise
indicated, conventional methods of synthetic organic chemistry, mass spectroscopy,
preparative and analytical methods of chromatography, protein chemistry, biochemistry,
recombinant DNA techniques and pharmacology.

[0061] The term “alkanoyl” as used herein contemplates a carbonyl group with a lower
alkyl group as a substituent.

[0062] The term “alkenyl” as used herein contemplates substituted or unsubstituted, straight
and branched chain alkene radicals, including both the E- and Z-forms, containing from two
to eight carbon atoms. The alkenyl group may be optionally substituted with one or more
substituents selected from the group consisting of halogen, -CN, -NO,, CO;R, C(O)R, -O-R, -
NRY),, -NRMC(O)R, -NRMS(O)R, -SR, -C(O)N(RM),, -OC(O)R,

-OC(O)N(RN)Q, S(O)R, SO5R, -SOsR, -S(O),N(RY),, phosphate, phosphonate, cycloalkyl,
cycloalkenyl, aryl and heteroaryl.

[0063] The term “alkoxy” as used herein contemplates an oxygen with a lower alkyl group
as a substituent and includes methoxy, ethoxy, butoxy, trifluromethoxy and the like. It also
includes divalent substituents linked to two separated oxygen atoms such as, without

limitation, -O-CF,-O-, -O-(CH3);.4-O-(CH,CH;-0),.4~ and -(O-CH,CH,-0) 4-.
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TEATri et hyl am ne Tf OHTri fl uor onet hanesul on ¢ acid TFATrifl uoroacetic acid
THFTet r ahydr of uran TLCThi n Layer Chromat ography TMSOTf Tri met hyl si | yl
trifluoroNehes8usf onate t RRetention time TsTosyl, Mt Rgirgiseentiostsvs onyl

w wWMéi ght / wei ght v/ vVol une/ vol une [0127] Reagents and sol vents used bel ow
can be obtained fromcomercial sources such as Aldrich Chem cal Co.

(M I waukee, W sconsin, USA).NWR spectra were recorded on a Bruker 400 MHz
or 500 MigoddyR 198 &G anBkRhaboSIYRN dsbd BRtinRERKEpIAkSa tabHyRESEp With he order:
multiplicity (s, singlet; d, doublet; t, triplet; g, quartet; m nultiplet;
hr s, br cHeP*$iErRYPSE § SURSBURN ng constant (s) in Hertz (Hz) and number of
protons. d[ﬁ)t%(}t e Perrﬁ)“aﬁcg 3y ule@Medd] dBRpER: kubB&RdR AFlbQIREL XedP@! YSis was
conducted on a Hew ett-Packard 1100 MSD el ectrospray nmass spectroneter

usi ng t heanfjprangipd chp @kybadisalppintaigiag fro@ope t\Vifésn syyben dtomet Fig teasul ts are
reported. wat | r.qe. B%H@lﬂ . ative
abundance@%)%etrlfajlg%{]a‘!lrS g%d?lfgrﬁﬂf)%?teegl\lﬁﬁ%essg)gﬁ Sgrglggtfagl!dhg e idn %1532(%15& (%ér the MtH
(or, as ronetingkdd onole stxaatban pionty antechdet methyimasiy | apropril. dsdpsaybpetyl, | sot ope
patterns . )| . t la.in . all.c . rial |y the

anal yte v{/gog,)u ?Z‘grglrb\c;l : 91,’#“%3 %gﬁ%laﬁg'g EI%EQH’ %8}’ %‘rﬁp tg’rrll%HYS&r%ﬁﬁ%?th%tgrgne\/\é/alrs i nfused
wi t h' t he et kustitpetobatertd fiont logve, GBS SN@peCtDHRIECENR, WhRcIN@®ERNNed from

mde, usiNg S OHaN AR IORR RR o7 OB Rateit L bl g9f Bkt SR ARHS T vt er

Wi th 0. 19%0:8r 8(0),ARY,, ahogprite,pabyphsmdta eptloalFe yeloapayh ds,l prdiitdeslylbel ow

coul d al alyzed. in the negative E de, usi 2 NHADAC i n

acet oni tﬁﬁ?@fw&?’%ﬁ?s al&é{épﬁlerﬂk?gﬁ%@%rﬁlg giﬁ%{&?einfm@ﬂs%y%ﬁlf‘ @grﬁ/&’stg%let er mi ned
usi ng a HewpetilkRackiesy'Satd ‘@kyl5eespactiv@m vaguitRpac: diwidd, 8 sehihealo HLPC
colum (Chiral Pak AD, 4.6 mm x 150 mm) and isocratic elution using 5:95

i sopr opart8P*8Rane as nobile phase. 101281 The compounds were naned using
ChenDr aw [pgergyr ame t&@%&ﬁmmu@ms Sdthetefeonldbls a6 SR gAuF RBEhIHRES a
general approach to building fused rings with different sizes that are

at t ached 0582 &8P & HBPEIHEE and some chenical transformations on these
fused rineges] Rady &in0RIkhyINRussRSEih LotigapIRenaAZRhed br dnsullsalhned by

sul fonyl ation gives A-3, which is installed a substituted term nal alkyne
to af f or dtraigh and brapchgl.caghgn shasmcantaiging fremity atd dght cpbexapeaend wngfbr ns A- 6.
Al ter nat )&l yhe ArbBn CABoPRip BRRAT $HE H45h Qﬁpﬁn Yncﬁﬁle%f&&e%%ﬂ@gm erial for the

Heck reaction. Hydrogenation of A-6 generates A-8, can "al so be

obt ai ned Hpropsnal. 2- bpprydiriopeyiat. idomethy- Itiontyh anskthe bk efheatkyhylamous-ndayt hr ough
an i sonerj Y - i cQAdi tions such
as onzonc?le;%/) g%‘ggﬁg \S/@s? E%Yeg%ﬁ{ng hpglgﬁosggét@gg%?%&%doﬁﬁ P tHl g’dja?‘]ht_ 13834-' 11 to A-21
fol | owi NECRRpIHAENR r-EHRCNBN,, -NARREIQIR, R S(@)Ry SR, GO)NR )i @E(Q)BN, and/ or

hydr ogenat Rdi t.j-@NS S 3 reactionf . 7- when X1.is a

o oot OERBPRRTE! SO 0 RR TS O BRAS L SRR pofiran ke

denet hyl aytlogkéhyl, taryil bhdbdtagoaryhen X1 = -OMe or -0/Pr TfO0O Rd 1r1-1-1 3nN V M
| Re Rg ' =7 2012/ 058125PCT/ US2011/ 057398 Scheng B X2 1 AR B-1
hl Base R&B‘ﬁ@ 1-T3’¥1\@“5‘y§€§m9 ﬁ%?*ﬁg;eknd%te%Plaﬁ%§ ;g“’HPQ%ES‘?%‘rﬂiC“fe SN0Y WL N bA

- 3Rc13- 2 [00M] 7TR2 term “amino acid” as used herein contemplates a group of the structure

0] O

H H “ H H ”

-———N——T-—C——O N (|3 C
R or R in either the D or the L

configuration and includes but is not limited to the twenty “standard” amino acids: isoleucine,
leucine, lysine, methionine, phenylalanine, threonine, tryptophan, valine, alanine, asparagine,
aspartate, cysteine, glutamate, glutamine, glycine, proline, serine, tyrosine, arginine and
histidine. The present invention also includes, without limitation, D-configuration amino
acids, beta—amino acids, amino acids having side chains as well as all non-natural amino

acids known to one skilled in the art.
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-4"1?1VY .c.0 ,S' " 19.° [ 0130] Schene B descri bes a general approach to
B-3 bearing two substituents at the benzylic carbon. N-al kylation of A-3
with B-1 gover/BSR25 which is readily converted to B-3 tRCOAPRO1ANOSTII8

i ntra-nol ecul ar Heck reaction when X1 is a halide. Wen X1 is -OR (R = H,
Me, iPr etc), B-3 can be prepared using B-4 as a precursor. Schene C [0131]
Schene C describes a general approach to cycl opropyl -subs tuted anal ogs

C 1, C2, [@oB)antheerth i Arsisedreddn coitehibl Al 10wdilkyl @8RE Ghich@hyas a WO
2012/ 058125PCT/ U52011/ 057398 Scheme D Rd OHRd R11.” nesyl ati on

nucl eophi {UBstifientsn aroggtie. groupywhich gromiagic group may bp subetyuiedor unsubsigiigh 1 Schene D
descri besrg m@%ﬁpﬁxﬁa@rb@%ﬁ'&daﬂy anati@d Rid ohé 6ébre @gbs_'fi%gﬁt@ Qaécald 1R Of A6
e -

gives D1, in vihic can be readi|y converted into its nesylate,

t oysl at e, hangehal- NdeNOsHRe e RR R ed1R Db:i- ¥ B UG EDR: NRoB (RRn-S&. _
nucl eophi e @R ARTORK 20CFEARR®), ESOR™CSHRRELR [ BAGHISHEAR Fufescr | bes

an al ternative approac used rings with differén zes that are
at t ached phosphemtazgtlealkdi erioalsenyband gad hiteraarykeact i on of either A-1 or E-3

and E-1 g Vi NS L a ffor - I i

sul fonyl gtw?i Er%h gEr}ﬁ{g z?rglll &\Redaq%?;’% ﬁpnépgf%ngaﬁfrgém o%n‘geéﬁefigc%g%\d\}é?tgsl on the
t he tri plssbdioriel afunE:ttifuret] gingleerangtmod yrultiplaoarpmatfogdrbupagbr byampéd pldnyon of t he
-NO2, sul fanyl ation and. ring _closure generates, A-9. 0134 C F

doser i oYl bR AR S A b AINE Find SRELE' Sy Ml ipa dBhiih LR L1 2t on
of F-1 wifolyckel riigy emy khad, twalor mbreuitge irgwkish oycdtérdadre oominon aftivor d F- 4.
Simlarly,, . F-7 can he prepargd usi F-6 instead of F-2 to react wthF-1.
VO 2012 GeisTIEeR RS ol Be oo B Rdel atlepp B teCins e SRRl &

gener al &p}gHr@iagsfbah(bﬁfcyGt?@ﬂlk)@d]aifmG e%/ls\:i‘]arﬁl-‘]ﬂe,ter@y&ies ﬁrc%(ﬂ }ﬁﬁﬁba@'}slgﬂ}eﬂqak ,
reaction of A-1 wt 1 gives G.2, ich can al so be prepare rom E- 2.
Reduct i orfT P regybe ‘fPBPH’%b(éngB?““sdu‘YlﬁbWIOéﬂo&fua?tﬁ‘beﬁ&sge'@té? gﬁiﬁihé]r?g?‘& the key

precur soralify, -tie-NoJ, Lowirgcio)rRNS-R! RNk hatopy evyeisoug, tdrged anal ogs
G6, G7, G8, G12 and G 14, WO 2012/058125 PCT/US2011/ 057398 Schene H
R 040 V FOMRR)ARFRDR. -QHEAR Rn; SAhdSOR. -SOsR, -S(O)N(R ™), -SiRs, -PO)R,

phosphate, phosphonate, cycloalkyl, cycloalkenyl, aryl and heteroaryl.

[0073] The term “arylsulfonyl” as used herein contemplates a sulfonyl group which has as a
substituent an aryl group. The term is meant to include, without limitation, monovalent as
well as multiply valent aryls (eg, divalent aryls).

[0074] The term “carbamoy!” as used herein contemplates a group of the structure

——C—NRVN,

[0075] The term “carbonyl” as used herein contemplates a group of the structure
ﬁ

____..._C____

[0076] The term “carboxyl” as used herein contemplates a group of the structure
ﬁ
c

[0077] The term “cycloalky]l” as used herein contemplates substituted or unsubstituted

0]

cyclic alkyl radicals containing from three to twelve carbon atoms and includes cyclopropyl,
cyclopentyl, cyclohexyl and the like. The term “cycloalkyl” also includes polycyclic systems
having two rings in which two or more atoms are common to two adjoining rings (the rings
are “fused”). The cycloalkyl group may be optionally substituted with one or more

substituents selected from halo, -CN, -NO,, -CO5R, -C(O)R, -O-R, -N(RY),, -NRMC(OR, -
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10INHCOORI| etc. 0 X2 P2 = -Boc, Cbz etc.= -CH2-, -Cwve2-. -C(iPr)-, -0-.
-5-, and -S(0)1 2- etc. [0136] Schene H describes a general way to prepare
H 5, H 6 woaotd/0ss12Suzuki coupling of A-1 and H 1 gives HCZ/USMILONTIPG
converted to H4 follow ng the sane strategy depicted in Scheme E. Further
transformations of H4 may readily afford H5, H6 and H7. Simlarly, H9
can be synthesized by replacing A-1 with suitable starting materials.

scheme | NRDSOSRMER, of Y, SLANRIDEGNR) SR s8R =s@qR7, U R

Sonogashira reaction L2I L3r-V---0P3 X3 = Br or
[0137] sctherrbare, RiesRiontesligéresiatikamal e enddigiarepry: f unct i onal i zed benzofuran

noi ety. Gpoi¥] Otge tdrAn c%loa!lke%yl” a?hJegﬂ@lgln%nt%ﬁl@ﬁgz@%lmsﬁﬁteﬁ%@ﬁﬁ%gﬁltﬁ%& h a

substituted al kyne glves -3, which is de-protected In presence of an
acid to a@fﬁmfdkelwhra THb sorgaimips frae fglﬁd@t\@@eescadmpla@}mmwm@é@rer iis gleast

cyclizat '&1@ dBl?Dlé 9&1’21‘13%%\:5@%\!% &r{hé:xgl% &?Dornggr% 1&1&’1&&9?%{9%3@1} 10 )%Joﬁe)gyxélf ol | owl ng

a two-step sequence of saponification an térnatively,
1-4 can bwdderiker Tbeltero “¢YCB>atkhn)d gko iaaCthlﬂ-wi}@pcltcrsam@ﬁmamtgltwnriogs iNl S or

5 AR ALARD B B A P N
Sc hemeI J od'elsa‘lka:riydagroap genée a;bum@lw iupsthutbil dit:h ;ﬁm?rcndsra mﬂi;qlmgds seleclte;i frjyfnz hi ch
(o goed e 16 GRETEELK O O SR e Ve S SO BT SR subet  tut e
pyrazol e- (mmNaaNmf; Cc@)RSTPUONNRE AL ISDR, 050:R, 45(0h0I(RBMathoipha@i de for mati on

affords J- 1. LiOH, THF/ H20
r- hOSHQO‘x‘a“e DI Eycloanoy R yiand hejasaayl ATy DIEA v N 12-- Vi-iN R2

’\- -- K- 3*{0479] The term “halo” or “halogen” as used herein includes fluorine, chlorine, bromine
and iodine.
[0080] The term “heteroalkyl” as used herein contemplates an alkyl with one or more
heteroatoms.

[0081] The term “heteroatom”, particularly within a ring system, refers to N, O and S.

[0082] The term “heterocyclic group,” “heterocycle” or “heterocyclic ring” as used herein
contemplates substituted or unsubstituted aromatic and non-aromatic cyclic radicals having at
least one heteroatom as a ring member. Preferred heterocyclic groups are those containing
five or six ring atoms which includes at least one hetero atom and includes cyclic amines
such as morpholino, piperidino, pyrrolidino and the like and cyclic ethers, such as
tetrahydrofuran, tetrahydropyran and the like. Aromatic heterocyclic groups, also termed
“heteroaryl” groups, contemplates single-ring hetero-aromatic groups that may include from
one to three heteroatoms, for example, pyrrole, furan, thiophene, imidazole, oxazole, thiazole,
triazole, pyrazole, oxodiazole, thiadiazole, pyridine, pyrazine, pyridazine, pyrimidine and the
like. The term heteroaryl also includes polycyclic hetero-aromatic systems having two or
more rings in which two or more atoms are common to two adjoining rings (the rings are
“fused’”) wherein at least one of the rings is a heteroaryl, e.g., the other rings can be
cycloalkyls, cycloalkenyls, aryl, heterocycles and/or heteroaryls. Examples of polycyclic
heteroaromatic systems include quinoline, isoquinoline, cinnoline, tetrahydroisoquinoline,
quinoxaline, quinazoline, benzimidazole, benzofuran, benzothiophene, benzoxazole,
benzothiazole, indazole, purine, benzotriazole, pyrrolepyridine, pyrrazolopyridine and the
like. The heterocyclic group may be optionally substituted with one or more substituents
selected from the group consisting of halo, alkyl, -CN, -NO,, -CO;R, -C(O)R, -O-R, -N(RN)Z,
-NRMC(O)R, -NR™MS(O)R, -SR, -C(O)NRY),, -OC(O)R, -OC(O)N(RM),, -SOR, -SOR, -
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[0139] Schene K describes a general way to build a functionalized

i m dazol e- pyri di ne noi ety. Cyclization of substituted am nopyridine K-1

wi t h br ormsio-2ReriserRser K-2 gives the cyclized product K- BCTSR@/08E08 be
readily converted to K-4 by follow ng a two- step sequence of saponification

and am de coupling. Schene L p2-Fl12 =R2...,,.. ..., _-;n-BuLi, Bn2S2,
(,----"Li  Sonogashira reaction--",----- THF -78C tort ..-L2 L21 3 V

Br LVThr L\50;RSBIOLNZROL, - SiRE, Peg))RCansﬁlﬁw‘bﬁﬂlﬁhonbieod‘)‘clo-zmdﬂ E?@oa‘ll{enﬂ BylLi ,
MeOOCCl ( ] Li .--L)\2 NH2RP, HATU, DIEA 1 R2 L3---11ii: VS L-5 rThLl u L2

L-6 [0140"I8EREAR!L" describes a general way to build a functionalized

benzot hi qpogze T'E@lte%fny 0xPOR QGRS iPe @A 1@ hn Bk y def a@tadMeJl BitR aABsid bdndt ed
al kyne gives L- which is converted to thi oetn -3. An 12-pronoted ring

cycli zat i [OP84Df H_Y- h@@@%ﬂagalb@ﬁ%@tdhleosh‘é?rlilen@salogwﬂb/ oerpiblsy dUpeaah be

readi |y tfa0%f VhBYs ARbRIGIGR) BPXNHLRLE umgfrmmgun@ma%ﬁ i geﬁie L-5, which
under goes saponification and am de formation to give L- chene NI N Ar

M5 J. Hewdermgged to @nwldzmethoweaummy@ngesnﬂé@ b10102@@193ffesm on270 Syniett
2007, 25 teﬂ@ﬁ ﬂcﬂlgfeterlglg Or%annlemtﬁqrgﬁ nengbq’@ﬂe Q%glggsnécéfm néx@c?y [ 0141]

Scherre M escr es genera ways to unctl onal 1 azo
nmoi ety. AsGuaredi ated N-aryl atlon gi ves a mxture of 1Hinzaole M2 and t he

desired 2%5@%@&?g§3¥cce§>@able salt eré t0a sglft of: g ani beurrl he leen?mr{?vrhw d t o M4

follow n saponi frcation and am de fornma
Al t er nat mmiewlthzbkmtmthmh@rs%cﬁi m&m: dnteto bt generedity @cceptablt e ﬁﬁaﬁnqoelﬁlcﬁll on to
give M6,

e M SR 99E% L SRR LA Sl ®

; LI - - - - " -salintludn d yrabidguddiyion sat@tfbmmedlvd tiNnGrghini@ac?dsl suth 34 HMdfNcKlofRRacid,
hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid and the like; or formed with
organic acids such as acetic acid, propionic acid, hexanoic acid, cyclopentanepropionic acid,
glycolic acid, pyruvic acid, lactic acid, malonic acid, succinic acid, malic acid, maleic acid,
fumaric acid, tartaric acid, citric acid, benzoic acid, 3-(4-hydroxybenzoyl) benzoic acid,
cinnamic acid, mandelic acid, methanesulfonic acid, ethanesulfonic acid,
1,2-ethane-disulfonic acid, 2-hydroxyethanesulfonic acid, benzenesulfonic acid,
4-chlorobenzenesulfonic acid, 2-naphthalenesulfonic acid, 4-toluenesulfonic acid,
camphorsulfonic acid, 4-methylbicyclo[2.2.2]-oct-2-ene- 1-carboxylic acid, glucoheptonic
acid, 3-phenylpropionic acid, trimethylacetic acid, tertiary butylacetic acid, lauryl sulfuric
acid, gluconic acid, glutamic acid, hydroxynaphthoic acid, salicylic acid, stearic acid,
muconic acid and the like; or (2) salts formed when an acidic proton present in the parent
compound is replaced by a metal ion, e.g., an alkali metal ion, an alkaline earth ion or an
aluminum ion; or coordinates with an organic base such as ethanolamine, diethanolamine,
triethanolamine, N-methylglucamine, morpholine, piperidine, dimethylamine, diethylamine
and the like. Also included are salts of amino acids such as arginates and the like, and salts
of organic acids like glucurmic or galactunoric acids and the like (see, e.g., Berge et al.,
1977, J. Pharm. Sci. 66:1-19).
[0085] The terms “phosphate” and “phosphonate” as used herein refer to the moieties

having the following structures, respectively:

—0-P-OR  —P-OR
OR OR
[0086] The terms “salts” and “hydrates” refers to the hydrated forms of the compound that

would favorably affect the physical or pharmacokinetic properties of the compound, such as
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[0142] Schenme N describes a general way to build a functionalized indole
noi ety, A condensation of N-1 and keto-ester N-2 gives N 3. Reduction of
N3, fol lweedi2ngsesring formation affords substituted i REGIES200145730hi ch can
he readily converted to N5 by followi ng a two-step sequence of
saponification and am de formation. WO 2012/ 058125PCT/ US20111057398 [ 0143]
Table 1. Substituted benzofuran analogs RI1 O HOHOHOHO )JLNphi H

H N-OMe - Qtdbdity] pblafbtlieh 3bdorNolN distribution, dibtkHa1liNR alll Qdrddiok! Ofher Bctors, OH X)) 17
N -NICN more practical in nature, which those skilled in the art may take into account in the selection

include the cost of the raw materials, ease of crystallization, yield, stability, solubility,

hygroscopicity, flowability and manufacturability of the resulting bulk drug.

[0087] The term sulfonamide as used herein contemplates a group having the structure

)

——S——NRV,

O

[0088] The term “sulfonate” as used herein contemplates a group having the structure

o wherein R® is selected from the group consisting of hydrogen, C,-Cg alkyl,
C2-Cyp alkenyl, C;-Cjp alkynyl, C,-Cj¢ alkanoyl, or C;-Cyg alkoxycarbonyl.
[0089] The term “sulfonyl” as used herein contemplates a group having the structure

O

._.___.S..._._.

[0090] “Substituted sulfonyl” as used herein contemplates a group having the structure

o including, but not limited to alkylsulfonyl and arylsulfonyl.
[0091] The term “thiocarbonyl,” as used herein, means a carbonyl wherein an oxygen atom
has been replaced with a sulfur.
[0092] Each R is independently selected from hydrogen, -OH, -CN, -NO,, halogen, C; to
Cis alkyl, C; to Cy, heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycle, aryl, heteroaryl,
aralkyl, alkoxy, alkoxycarbonyl, alkanoyl, carbamoyl, substituted sulfonyl, sulfonate,
sulfonamide, amino, and oxo.
[0093] Each R" is independently selected from the group consisting of hydrogen, -OH, C;
to Cyz alkyl, C; to Cy; heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycle, aryl, heteroaryl,
aralkyl, alkoxy, alkoxycarbonyl, alkanoyl, carbamoyl, substituted sulfonyl, sulfonate and
sulfonamide. Two RY may be taken together with C, O, N or S to which they are attached to
form a five to seven membered ring which may optionally contain a further heteroatom.
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H-"4-N HHNHR2 I/ F l. I F5C CFR3 5 F 5 CF3 C CF,

50, CHF2 5 RCHF2 5" CF5RCF3 0 FF ON---51
WO 2012/058125 PCT/US2011/057398

[0094] The compounds of the present invention may be used to inhibit or reduce the
activity of HCV, particularly HCV’s NS5B protein. In these contexts, inhibition and
reduction of activity of the NS5B protein refers to a lower level of the measured activity
relative to a control experiment in which the cells or the subjects are not treated with the test
compound. In particular aspects, the inhibition or reduction in the measured activity is at
least a 10% reduction or inhibition. One of skill in the art will appreciate that reduction or
inhibition of the measured activity of at least 20%, 50%, 75%, 90% or 100%, or any number
in between, may be preferred for particular applications.

[0095] In a first aspect of the invention, compounds of formula I are provided:
R?

(U M

L2 I@@IZ—W

L/LS V'X\Y

|
wherein,
L', L?and L’ together with the attached carbons of the aromatic ring to form a 5-12 member
ring, containing 0-4 heteroatoms of N, O, S, P and/or Si;
L L% orL3is independently selected from a group of divalent substituents consisting of a
bond, -O-, -C(R"R')-, -NR*-, -S(0),-, -P(0)-, -Si(R*R®)-, -C(O)-, -C(0)O-, and substituted
alkyl, alkenyl, alkoxy, cycloalkyl, cycloaikoxy, heterocycle, aryl, heteroaryl, amide,
carbamate, urea, and sulfonamide;
nis0, 1, or 2;
U or V is independently CH, N, CF, CCl, or CCN;
W, X, or Z is independently C or N;
Y is NRY, N, O, S, Se, or -CR*R";
RYis hydrogen, C, 4 alkyl, Cs¢ cycloalkyl, Cs.5 heterocycle, aryl, heteroaryl, amide,
sulfonamide, or carbamate;
R* R’ is independently hydrogen, methyl, or together form a Cs.¢ cycloalkyl bearing 0-1
heteroatom of O or NR?;
R is selected from hydrogen, halide, -CF;, -CN, -C(O)H, -C(O)OR®-, -C(O)NHR’, -
C(O)N(OH)R’, -C(=NR")OMe, -C(=NOMe)NHR’, C(=NOH)NHR’, -CH(CF;)NHRS, -
N N«
I R
CH(CN)NHR’, -S(O),NHR, -C=NCN)NHR'}, H , H ., H _or H ;
R? is a substituted or unsubstituted aryl or heteroaryl;
R? is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,
alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl;
R* and R’ are independently methyl, ethyl, or cyclopropyl;
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NHNN4 NHa aaboFad aaFd 5FC aCF31K)--0 a CF3 50 F CF
3+0/-0al CF3 oa/ \ CF3 al1ll, Il t 4 F aaFFCa ' .,.. 5\\ NF
WO 2012/058125 PCT/US2011/057398

R is hydrogen, allyl, C;.4 alkyl, cyclopropyl, or benzyl;

R’ is hydrogen, C; 4 alkyl, cyclopropyl, C, 4 alkoxy, cyclopropoxy, alkylsulfonyl, or
cycloalkylsulfonyl;

RS, Rg, Rm, orRMis independently hydrogen, C;.4 alkyls, cyclopropyl, C; 4 alkoxys, or
cyclopropoxy; and

R, R"is independently hydrogen, hydroxyl, azide, C, 4 alkenyl, Cy.4 alkynyl, C;_4 alkyl,
cyclopropyl, C.4 alkoxy, or cyclopropoxy or R and R'® together are a carbonyl or C 4
alkenylidene or R"> and R'® joined together with the attached carbon are 3-6 member ring

optionally containing 0-3 heteroatoms of O, NR" and/or S; and

dﬁ

[0096] In a first embodiment of the first aspect, L/L Y is selected from the

1

(v R (o
12 j@jg* b l\ R? 12 mR?—
3 L3

group consisting of b"

\ 2b3mR2 r\um (\UI/‘/\fg_z
| R L bLa N\N b[} N‘N R

F

1 1 F R? R
L/L3 t/La L3 SN bLS Nf:zs

Wi (\U i
& I I 5-s b mRZ
L3 L3

L', L? and L’ together with the attached carbons of the aromatic ring form a 5-12 member

wherein,

ring, containing 0-4 heteroatoms of N, O, S, P and/or Si;

L, L% or L¥is independently selected from the group of divalent substituents consisting of a
bond, -O-, -C(RR™®)-, -NR*-, -§(0),-, -P(O)-, -Si(R*R%)-, -C(0)-, -C(0)O-, and substituted
alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkoxy, heterocycle, aryl, heteroaryl, amide,
carbamate, urea, and sulfonamide;

nis0, 1, or2;
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R! is selected from hydrogen, halide, -CF;, -CN, -C(O)H, -C(O)OR®-, -C(O)NHR’, -

C(O)N(OH)R’, -C(=NR7)OMe, -C(=NOMe)NHR’, C(=NOH)NHR’, -CH(CF;)NHR?, -
N N /N\” /N\hJ

CH(CN)NHR?, -S(0),NHR ", -C(=NCN)NHR | %{uj %{ﬁ] _§_<H’N, or %{ﬁ'N :

R? is a substituted or unsubstituted aryl or heteroaryl;

R’ is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,

alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl;

R* and R’ are independently methyl, ethyl, or cyclopropyl;

R® is hydrogen, allyl, C, alkyl, cyclopropyl, or benzyl;

R’ is hydrogen, C,.4 alkyl, cyclopropyl, C;.4 alkoxy, cyclopropoxy, alkylsulfonyl, or

cycloalkylsulfonyl;

R® R’ R orR"is independently hydrogen, C;.4 alkyls, cyclopropyl, C; 4 alkoxys, or

cyclopropoxy;

R'®, R'® is independently hydrogen, hydroxyl, azide, C,4 alkenyl, C,.4 alkynyl, C;4 alkyl,

cyclopropyl, C.4 alkoxy, or cyclopropoxy or R'® and R'® together are a carbonyl or Cy4

alkenylidene or R and R' joined together with the attached carbon are 3-6 member ring

optionally containing 0-3 heteroatoms of O, NR™ and/or S; and

e
’\Y

[0097] In a second embodiment of the first aspect, is selected from
R‘I
R!
Kﬂ § =
| R? L2 | R2 3
bﬁ bL

the group consisting of ,
R! 1 R
R
Lt 1 1
¢ (\%
e e N (s

wherein,

LI, L?and 1} together with the attached carbons of the aromatic ring form a 5-9 member ring,
containing 0-4 heteroatoms of N, O, S, P and/or Si;

L', L? or L% is independently selected from the group of divalent substituents consisting of a
bond, -O-, -C(RPR'®)-, -NR?-, -S(0),-, -P(O)-, -Si(R*R?)-, -C(0)-, -C(O)O-, and substituted
alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkoxy, heterocycle, aryl, heteroaryl, amide,

carbamate, urea, and sulfonamide;
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nis0, 1, or2;

R! is selected from hydrogen, halide, -CF;, -CN, -C(O)H, -C(O)OR®-, -C(O)NHR’, -

C(O)N(OH)R’, -C(=NR")OMe, -C(=NOMe)NHR’, C(=NOH)NHR’, -CH(CF;)NHRS, -

+ T R

CH(CN)NHR’, -S(0),NHR ', -C(=NCN)NHR "', N , N , b ,or N :

R?is a substituted or unsubstituteed aryl or heteroaryl;

R is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,

alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl;

R* and R’ are independently methyl, ethyl, or cyclopropyl;

R®is hydrogen, allyl, C,4 alkyl, cyclopropyl, or benzyl;

R’ is hydrogen, Cy.4 alkyl, cyclopropyl, C1.4 alkoxy, cyclopropoxy, alkylsulfonyl, or

cycloalkylsulfonyl,

RS, R9, RIO, orR"is independently hydrogen, C;_4 alkyls, cyclopropyl, C;.4 alkoxys, or

cyclopropoxy; and

RP , R'%is independently hydrogen, hydroxyl, azide, C,.4 alkenyl, Cs.4 alkynyl, C;4 alkyl,

cyclopropyl, C;.4 alkoxy, or cyclopropoxy or R" and R"® together are a carbonyl or Cy4

alkenylidene or R'¥ and R'® joined together with the attached carbon are 3-6 member ring

optionally containing 0-3 heteroatoms of O, NRM and/or S; and

[0098] In a third embodiment of the first aspect, R!is hydrogen, halide, —C(O)ORs—, -

C(O)NHR’, -C(=NR7YOMe, -C(O)N(OH)R’, -C(=NOMe)NHR’, C(=NOH)NHR, -

YT+

CH(CE)NHRY, -cHCNNHR®, 8 , N . N o N wherein,

RCis hydrogen, allyl, C,.4 alkyl, cyclopropyl, or benzyl;

R’ is hydrogen, C,.4 alkyl, cyclopropyl, C;.4 alkoxy, cyclopropoxy, alkylsulfonyl, or

cycloalkylsulfonyl; and

R:E R R orR" s independently hydrogen, C;_4 alkyls, cyclopropyl, Ci.4 alkoxys, or

cyclopropoxy.

[0099] In a fourth embodiment of the first aspect, Rlis hydrogen, Br, 1, -COOH, -

C(0)OMe, -C(0O) OEt, -C(0)O 1Bu, -C(O)NHMe, -C(O)NHOMe, -C(=NOMe)NHMe, -

C(=NOH)NHMe, -C(=NMe)OMe, -C(O)N(OH)Me, -C(O)NHS(O),Me, -CH(CF;)NHMe, -
HI 1+

CH(CN)NHMe, -C(=NCN)NHMe, N , H , H L or N .
+)

[0100] In a fifth embodiment of the first aspect, R' is -C(O)NHMe or E‘
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[0101] In a sixth embodiment of the first aspect, R’ is selected from the group consisting of
P g

R12),_ R,
R4 (R'?), R, (R'2) @
R1%y. G 12
& O G
Es A
b 3 O 2 A/D’ A/D’ ‘D/ H
(R, D R12
_é,E’/ \A ‘é‘N,D\\E ( )m
AN AR 4
/s 12
At R, <R12)m,%D\A:@ " )m, O and
(R

% 4 II II wherein,

Each phenyl moiety is optionally substituted with 0-2 nitrogen atoms;

R is selected from the group of hydrogen, halide, -CN, -OCHF,, -OCF;, alkyl, cycloalkyl,
alkoxy, cycloalkoxy, arylalkyl, aryloxy, alkenyl, alkynyl, amide, alkylsulfonyl, arylsulfonyl,
sulfonamide, carbamate;

mis 0,1, 2,3, or4;

G is O, NR", S, or CR'R";

AisN, O, S, or or CR*R®; and

D, E is independently C or N.

[0102] In a seventh embodiment of the first aspect, R? is selected from the group consisting

R

. R (R R,
(R™)m %‘< >‘G (R 0 . .

+) J b b
of 0] A A

” b k4 »

R12)m

IE (
Tag Lt
A and wherein,

Each phenyl moiety is optionally substituted with 0-2 nitrogen atoms;

R is selected from the group of hydrogen, halide, -CN, -OCHF;, -OCF;, alkyl, cycloalkyl,
alkoxy, cycloalkoxy, arylalkyl, aryloxy, alkenyl, alkynyl, amide, alkylsulfonyl, arylsulfonyl,
sulfonamide, carbamate;

misO0,1, 2,3, ord;

G is O, NR", S, or CR’R";

AisN, O, S, or CR'R" and

D, E is independently C or N.
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[0103] In an eighth embodiment of the first aspect, R? is selected from the group consisting

(halide)o.» (halide)y 2 (halide)o., (halide)o.,
%{ ) +( ) %< >—o —§< >—o
of , CFs ’ CF5. CHF,
(halide)o. (halide)q., (halide)o.,

H

@(haﬁde)o-z @(Sé(ha’ide)o-z ‘%‘@‘N\' : (halide)q.o

? » ’

o)

(halide)y.,

> (halide)q.,
O (halide)q. QO

O and 0) wherein, each phenyl moiety is optionally

O

O - Q

[0104] In a ninth embodiment of the first aspect, R%is or F.
(> Lig

L2
[0105] In a tenth embodiment of the fist aspect, b"sjf‘ is selected from the group

2 2 ’
%;ﬁ‘ (o
&R:g\)éo ( n N\Sji‘ ( n N\R13 ( n N‘R13 R4 nN‘R13 t:z%

.. b
consisting of o O, RR R R , R R

) /_\ng{ (\“;é ((hetero)aryl{
(hetero)aryl
uEXL L <
(hetero)arytj{, and 2\_/(‘ wherein,

substituted with 0-2 nitrogen atoms.

Ll, Lz, orL’is independently selected from the group consisting of a bond, -O-, —C(R]SR]G),
-NR™-, -S$(0)y-, -P(O)s-, -Si(R*R?)-, -C(O)-, -C(0)O-, and substituted alkyl, alkenyl, alkoxy,
cycloalkyl, cycloalkoxy, heterocycle, aryl, heteroaryl, amide, carbamate, urea, and
sulfonamide;
nis0, 1,or2;
R’ is selected from hydrogen, halide, -CFs, -CN, -C(O)H, -C(O)OR®-, -C(O)NHR’, -
C(O)N(OH)R’, -C(=NMe)OMe, -C(=NOMe)NHR’, C(=NOH)NHR’, -CH(CF;)NHR?, -

% % % \J s N
CH(CN)NHR’, -S(0O),NHR'®, -C(=NCN)NHR ", —HH], s ] —H , Or ﬁH/N ;
R? is a substituted or unsubstituted aryl or heteroaryl;
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R’ is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,
alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl;
R*and R® are independently methyl, ethyl, or cyclopropyl;
Ris hydrogen, allyl, C;4 alkyl, cyclopropyl, or benzyl,;
R’is hydrogen, C,.4 alkyl, cyclopropyl, C,.4 alkoxy, cyclopropoxy, alkylsulfonyl, or
cycloalkylsulfonyl;
RS, Rg, RIO, or RM is independently hydrogen, C;.4 alkyls, cyclopropyl, C;_4 alkoxys, or
cyclopropoxy;
R is independently C,.3 alkyl, cyclorpopyl, -OMe, or -NHMe;

Bis independently hydrogen, -Ac, or —S(O),Me;
R™is independently hydrogen or Me;
R", R is independently hydrogen, hydroxyl, azide, Cy.4 alkenyl, Cy.4 alkynyl, Cy.4 alkyl,
cyclopropyl, C,4 alkoxy, or cyclopropoxy or R%and R'® together are a carbonyl or C 4
alkenylidene or R and R'® joined together with the attached carbon are 3-6 member ring
optionally containing 0-3 heteroatoms of O, NR™ and/or S; and
A' or A? is independently -CR*R®-, -N(R™)-, or -O-.

L1
L
[0106] In an eleventh embodiment of the fist aspect, &/LS% is selected from the group
L1
Ly
O p TN
% G C C
R1ZS\\=O 7&

.. b
consisting of o , R* R (heterojaryts and LK/L wherein,

hetero)aryl\y{

L', L2, or L? is independently selected from the group of divalent substituents consisting of a
bond, -O-, -C(R"R'®)-, -NR’-, -§(0),-, -P(O)-, -Si(R'R’)-, -C(0)-, -C(0)O-, and substituted
alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkoxy, heterocycle, aryl, heteroaryl, amide,
carbamate, urea, and sulfonamide;
nisO0, 1, or2;
R' is selected from hydrogen, halide, -CFs, -CN, -C(O)H, -C(O)OR®-, -C(O)NHR’, -
C(O)N(OH)R’, -C(=NMe)OMe, -C(=NOMe)NHR’, C(=NOH)NHR’, -CH(CF;)NHRS?, -

N N

I R

CH(CN)NHR’, -S(O),NHR'’, -CNCN)NHR'!, H |, H , H _or H
R? is a substituted or unsubstituted aryl or heteroaryl;
R’ is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,
alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl,
R* and R’ are independently methyl, ethyl, or cyclopropyl;
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R is hydrogen, allyl, C,.4 alkyl, cyclopropyl, or benzyl;

R’ is hydrogen, Cy4 alkyl, cyclopropyl, C; alkoxy, cyclopropoxy, alkylsulfonyl, or

cycloalkylsulfonyl;

R3, Rg, Rw, orR" is independently hydrogen, C; 4 alkyls, cyclopropyl, C;.4 alkoxys, or

cyclopropoxy;

R"?is independently C; 3 alkyl, cyclorpopyl, -OMe, or -NHMe;

RS R s independently hydrogen, hydroxyl, azide, C,4 alkenyl, C;.4 alkynyl, C,4 alkyl,

cyclopropyl, C;_4 alkoxy, or cyclopropoxy or R" and R'® together are a carbonyl or C; 4

alkenylidene or R" and R'® joined together with the attached carbon are 3-6 member ring

optionally containing 0-3 heteroatoms of O, NRY and/or S ;and

A? is independently -CR*R®-, -N(R™)-, or -O-.

(uf
(e o
L2 L-0
[0107] In a twelfth embodiment of the fist aspect, &/LﬁLis qusg wherein,
L'or L? is independently selected from the group of divalent substituents consisting of a
bond, -O-,-C(R"R'®)-, -NR*, -8(0),-, -P(O)-, -Si(R'R%)-, -C(0)-, -C(0)O-, and substituted
alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkoxy, heterocycle, aryl, heteroaryl, amide,
carbamate, urea, and sulfonamide;
nis0, 1, or 2;
R! is selected from hydrogen, halide, -CF3, -CN, -C(O)H, —C(O)ORG—, —C(O)NHR7, -
C(O)N(OH)R’, -C(=NMe)OMe, -C(=NOMe)NHR’, C(=NOH)NHR', -CH(CF;)NHR?, -

+Y 7 40

CH(CN)NHR’, -S(0),NHR'’, -C(=NCN)NHR'!, N , N , N ,or N :
R? is a substituted or unsubstituted aryl or heteroaryl;
R’ is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,
alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl;
R* and R’ are independently methyl, ethyl, or cyclopropyl; and
R'" and R'® are independently hydrogen, hydroxyl, azide, C,.4 alkyenes, C, 4 alkynes, Cy4
alkyls, , cyclopropyl, C;.4 alkoxys, or cyclopropoxy or R'% and R'® together are a carbonyl or

C;.salkenyls.

[0108] In asecond aspect of the invention is a compound has the structure:
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R1
(U
L2 | \ R2
bl\{ 0
sz0
R12 O
wherein
(\U‘; \2{ C\;{ Cjé( .
LN% N‘3"-’,_ Nk Nk N}Z
O= 0] v O 1.0
\S\ /S\\ /S\( /S\\
R O is selected from the group consisting of O o, o,
\S//O \S// /O
/\‘o 70 | /‘\o, /\\o /\\o, 70, /‘\, o,
& CA 4; e & ~ & %:
N /O ‘ ‘ \ //O /,O //O
/ \‘ s \‘ s \\o /S\‘O /S\‘O /S\\O
N L0 ,,o
/\‘o o /‘\o, /‘\o /“ /\‘o, o,
~ ,/4
/é{ V/\N /*é{ oy /*é{
z & %_ &N% &Nk
7 /O \S// -0
O / \\O ’ 7 \\ / \\ Ve \\O
/é{ OH 4 /§ E /é<
0 % \s”o ‘s/’o & 0
Yo, 7o, 70 /\\o e /“o o

2 s s >
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V4 \\O s \\ / \\ ’ O
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HO N\%O HO} % 0\\ z
20 S
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N‘s”o 57°
7o, 770, 770 , and 70,
o) O/*éi O/l\ o*éa 0
nn& O\g‘d
~N % HO %  HO— % s Ny
H N N"o N / N
52° 8 52° 52°
/ \\O ’ /7 \o ’ Vi \\O ’ / \\O
0 O/é\ 0 O/{g\ o) O/é\
Ol O.ll e /—&
~ ~ O
S '\?{o §— N%O HZN_} '\?fo
7 > 2 S(
/S\‘o /S‘\o ~ A5

N
N
2y §° / §72° OH §7°
70 | 70 and 70
0 O D

sy s KD I

. o N N D N
R is selected from the group consisting of H | H , and H

and R? is selected from the group consisting of
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and R” may be or

[0109] R'may be H F.
One Group of exemplary high-activity compounds are identified by ID NOS: B3, B15, B20,
B33, B35, B45, B67, B85, B92, B94, B107, B118, B120, B121, B127, B128, B130, B131,
B132, B138, B139, B145, B148, B158, B163, B168, B169, B171, B187, B190, B191, B192,
B196, B197, B198, B201, B207, B208, B212, B214, B218, B221, B226, B232, B233, B236,
B237, B238, B239, and B240 in Appendix A, and a second group of high-activity compounds
are identified by ID NOS: B2, B3, B4, B6, B7, B9, B16, B18, B19, B22, B29, B31, B32,
B34, B36, B47, B48, B54, B55, B57, B60, B63, B71, B84, B93, B100, B101, B106, B108,
B109, B111, B112,B113, B115, B116, B119, B123, B124, B134, B136, B137, B142, B144,
B146, B147, B150, B151, B153, B154, B155, B156, B157, B159, B160, B161, B162, B164,
B165, B166, B167, B170, B172, B173, B174, B175, B176, B178, B179, B180, B181, B183,
B184, B186, B188, B189, B193, B195, B199, B200, B202, B203, B204, B205, B210, B215,
B216, B217, B219, B220, B222, B223, B224, B225, B227, B228, B229, B230, B231, B234,
B235, and B241.
[0110] As can be appreciated, the compounds in this embodiment may be subdivided into

ar

O

5=0

subsets wherein R0 is:

(i) a 7 or 8 member aliphatic ring, as exemplified by compounds BS, B15, B35, B67,
B85, B92, B120, B130, B198, B94, and B130;

(i1) a 7 or 8 member ring having an internal oxygen atom, as exemplified by
compounds B45, B118, B148, B197, B168, B187, B190; B192, B196, B207, B214, B191,
B212, B218, B221, B222, B226, B232, B233, B236, B237, B238, B239, and B240;

(1i1) a 7 or 8 member ring having a second internal nitrogen atom, as exemplified by

compounds B107, B139, B145, B171, and B208; and
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(iv) a fused 7 or 8 member ring, as exemplified by compounds B127, B128, B131,
B132, B138, B158, B163, B169, B189, and B201.

[0111] In a third aspect of the invention is a compound of formula II.

177 O /
(\U R NH
=
L2 ~ | Ny_R2
N Tv7 0

Wherein,

L', L? and -N(SO,Me)- together with the attached carbons of the aromatic ring form a 5-12
member ring, containing 1-4 heteroatoms of N, O, S, P and/or Si;

L'orL?is independently selected from the group of divalent substituents consisting of a
bond, -O-, -C(RPR')-, -NR>-, -S(0)y-, -P(O)-, -Si(R*R%)-, -C(O)-, -C(0)O-, and substituted
alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkoxy, heterocycle, aryl, heteroaryl, amide,
carbamate, urea, and sulfonamide;

nis 0, 1, or 2;

R’ is an aryl or heteroaryl and may be substituted with one or more R'7 substituents,

R’ is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,
alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl;

R* and R’ are independently methyl, ethyl, or cyclopropyl;

RIS, R'®is independently hydrogen, hydroxyl, azide, C,4 alkenyl, Cp4 alkynyl, C,_; alkyl,
cyclopropyl, C;4 alkoxy, or cyclopropoxy or R'* and RS together are a carbonyl or Ci4
alkenylidene or R" and RS joined together with the attached carbon are 3-6 member ring
optionally containing 0-3 heteroatoms of O, NR™ and/or S; and;

R" is H, F, Cl or CN; and

Vis CH, N, CF, CCl, or CCN.

[0112] In a fourth aspect of the invention is a compound that has the structure:

17
Mo L
y)
&/N NN
‘S¢O
\Y
/‘O

‘Wherein,

L', L? and -N(SO;Me)- together with the attached carbons of the aromatic ring form a 5-12

member ring, containing 1-4 heteroatoms of N, O, S, P and/or Si;

L'or L? is independently selected from the group of divalent substituents consisting of a

bond, -O-, -C(R"R'®)-, -NR>-,-S(0),-, -P(O)-, -Si(R*R%)-, -C(0O)-, -C(0)O-, and substituted
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alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkoxy, heterocycle, aryl, heteroaryl, amide,
carbamate, urea, and sulfonamide;

nis 0, 1, or 2;

R?is an aryl or heteroaryl and may be substituted with one or more R'7 substituents;

R? is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,
alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl;

R* and R® are independently methyl, ethyl, or cyclopropyl;

R" and R'® are independently hydrogen, hydroxyl, azide, C,.4 alkyenes, C, 4 alkynes, C; 4
alkyls, , cyclopropyl, C;.4 alkoxys, or cyclopropoxy or R and R'® together are a carbonyl or
Cj.4 alkenyls; and

R"is H, F, Cl, or CN.

[0113] In a fifth aspect of the invention is a compound of formula I'V.

0 /
(-\U NH
bf}l ~ N
=0
/S‘b v

Wherein,

L', L? and -N(SO,Me)- together with the attached carbons of the aromatic ring form a 5-12
member ring, containing 1-4 heteroatoms of N, O, S, P and/or Si;

L'or L% is independently selected from the group of divalent substituents consisting of a
bond, -O-, -C(R"’R'®)-, -NR™-, -8(0),-, -P(0)-, -Si(R*R’)-, -C(O)-, -C(0)O-, and substituted
alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkoxy, heterocycle, aryl, heteroaryl, amide,
carbamate, urea, and sulfonamide;

nis0, 1, or2;

R*is an aryl or heteroaryl and may be substituted with one or more R'7 substituents;

R’ is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,
alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl;

R*and R’ are independently methyl, ethyl, or cyclopropyl; and

RV , R'¢is independently hydrogen, hydroxyl, azide, C;.4 alkenyl, Co.4 alkynyl, C; 4 alkyl,
cyclopropyl, C;.4 alkoxy, or cyclopropoxy or R and R'® together are a carbonyl or C;4
alkenylidene or R andR' joined together with the attached carbon are 3-6 member ring
optionally containing 0-3 heteroatoms of O, NR™ and/or S; and

R"is H, F, Cl or CN.

[0114] In a sixth aspect of the invention is a compound of formula V.
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Wherein,

L', L? and -N(SO;Me)- together with the attached carbons of the aromatic ring form a 5-12
member ring, containing 1-4 heteroatoms of N, O, S, P and/or Si;

L'or L? is independently selected from the group consisting of a bond, -O-, -C(RR®)-, -
NRY-, -S(0)y-, -P(O)-, —Si(R4R5)-, -C(0)-, -C(O)O-, and substituted alkyl, alkenyl, alkoxy,
cycloalkyl, cycloalkoxy, heterocycle, aryl, heteroaryl, amide, carbamate, urea, and
sulfonamide;

nis0, 1, or 2;

RV is hydrogen, C,.4 alkyl, Cs.¢ cycloalkyl, C4s heterocycle, aryl, heteroaryl, amide,
sulfonamide, or carbamate;

R” is an aryl or heteroaryl and may be substituted with one or more R'7 substituents;

R? is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,
alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsuifonyl;

R* and R’ are independently methyl, ethyl, or cyclopropyl;

R R s independently hydrogen, hydroxyl, azide, C,4 alkenyl, C,.4 alkynyl, Cy4 alkyl,
cyclopropyl, Ci.4 alkoxy, or cyclopropoxy or R" and R'® together are a carbonyl or Cy 4
alkenylidene or R'> and R joined together with the attached carbon are 3-6 member ring
optionally containing 0-3 heteroatoms of O, NR™ and/or S;

R"is H, F, Cl or CN; and

Vis CH, N, CF, CC], or CCN.

[0115] In a seventh aspect of the invention is a compound of formula VL

17 O /
et R NH
L2 _ l\ R2

N
=0
/S‘b Vi

Wherein,
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L', L? and -N(SO,Me)- together with the attached carbons of the aromatic ring form a 5-12
member ring, containing 1-4 heteroatoms of N, O, S, P and/or Si;

L'or L is independently selected from the group of divalent substituents consisting of a
bond, -O-, -C(R"R'®)-, -NR>-, -S(0),-, -P(0)-, -Si(R*'R>)-, -C(0)-, -C(0)O-, and substituted
alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkoxy, heterocycle, aryl, heteroaryl, amide,
carbamate, urea, and sulfonamide;

nis0, 1, or 2;

R*is an aryl or heteroaryl and may be substituted with one or more R'” substituents;

R’ is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,
alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl;

R* and R are independently methyl, ethyl, or cyclopropyl;

R , R'®is independently hydrogen, hydroxyl, azide, C,4 alkenyl, C; 4 alkynyl, C;4 alkyl,
cyclopropyl, C14 alkoxy, or cyclopropoxy or R'® and R'® together are a carbonyl or Cy 4
alkenylidene or R and R® joined together with the attached carbon are 3-6 member ring
optionally containing 0-3 heteroatoms of O, NRN and/or S;

RY s H, F, Cl or CN; and

Vis CH, N, CF, CCl, or CCN.

[0116] In an eighth aspect of the invention is a compound of formula VIIL

Wherein,

L', L and -N(SO,Me)- together with the attached carbons of the aromatic ring form a 5-12
member ring, containing 1-4 heteroatoms of N, O, S, P and/or Si;

L'or L? is independently selected from the group of divalent substituents consisting of a
bond, -O-, -C(R"R®)-, -NR’-, -S(0),-, -P(O)-, -Si(RR%)-, -C(0O)-, -C(0)O-, and substituted
alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkoxy, heterocycle, aryl, heteroaryl, amide,
carbamate, urea, and sulfonamide;

nis0, 1, or 2;

R%is an aryl or heteroaryl and may be substituted with one or more R’ substituents;

R? is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,
alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl;

R* and R’ are independently methyl, ethyl, or cyclopropyl;
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R R s independently hydrogen, hydroxyl, azide, C,4 alkenyl, Cy.4 alkynyl, C,.4 alkyl,
cyclopropyl, C;_4 alkoxy, or cyclopropoxy or R and R'® together are a carbonyl or C; 4
alkenylidene or R' and R'® joined together with the attached carbon are 3-6 member ring
optionally containing 0-3 heteroatoms of O, NRN and/or S; and

7is H, F, Cl or CN.

[0117] In a ninth aspect of the invention is a compound of formula VIII.

(\ 1 R NH
L
12 | N _R2
bw v© 0
=0
/S\b vill

Wherein,

L', L? and -N(SO,Me)- together with the attached carbons of the aromatic ring form a 5-12
member ring, containing 1-4 heteroatoms of N, O, S, P and/or Si;

Llor L% is independently selected from the group of divalent substituents consisting of a
bond, -O-, -C(R"R'®)-, -NR>-, -S(0),-, -P(O)-, -Si(R*R’)-, -C(O)-, -C(0)O-, and substituted
alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkoxy, heterocycle, aryl, heteroaryl, amide,
carbamate, urea, and sulfonamide;

nis0, 1, or2;

R%is an aryl or heteroaryl and may be substituted with one or more R substituents,

R is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,
alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl;

R* and R’ are independently methyl, ethyl, or cyclopropyl;

R R is independently hydrogen, hydroxyl, azide, Cy.4 alkenyl, C,.4 alkynyl, C; 4 alkyl,
cyclopropyl, C;4 alkoxy, or cyclopropoxy or R and R'® together are a carbonyl or C; 4
alkenylidene or R and R'® joined together with the attached carbon are 3-6 member ring
optionally containing 0-3 heteroatoms of O, NRN and/or S;

R is H, F, Cl or CN; and

Vis CH, N, CF, CCl, or CCN.

[0118] In atenth aspect of the invention is a compound of formula X.

cod

S,o

Wherein,
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Ll, 1.2 and -N(SO,Me)- together with the attached carbons of the aromatic ring form a 5-12
member ring, containing 1-4 heteroatoms of N, O, S, P and/or Si;

L'or L? is independently selected from the group of divalent substituents consisting of a
bond, -O-, -C(R"*R')-, -NR>-, -S(0)y-, -P(O)-, -Si(R*R®)-, -C(O)-, -C(0)O-, and substituted
alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkoxy, heterocycle, aryl, heteroaryl, amide,
carbamate, urea, and sulfonamide;

nis0, 1, or2;

R%isan aryl or heteroaryl and may be substituted with one or more R'” substituents;

R’ is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,
alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl;

R* and R’ are independently methyl, ethyl, or cyclopropyl; and

R'5, R" s independently hydrogen, hydroxyl, azide, C,4 alkenyl, C, 4 alkynyl, Cy 4 alkyl,
cyclopropyl, C,_4 alkoxy, or cyclopropoxy or R'® and R'® together are a carbonyl or Cy4
alkenylidene or R'® and R'® joined together with the attached carbon are 3-6 member ring
optionally containing 0-3 heteroatoms of O, NR™ and/or S; and

R"is H, F, Cl or CN.

[0119] In an eleventh aspect of the invention is a compound of formula XT.

17 Nﬁ

(\ . R NH
L
~
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Wherein,

L' 1? and -N (SO,Me)- together with the attached carbons of the aromatic ring form a 5-12
member ring, containing 1-4 heteroatoms of N, O, S, P and/or Si;

L'or L?is independently selected from the group of divalent substituents consisting of a
bond, -O-, -C(R"R'®)-, -NR>-, -S(0)y-, -P(O)-, -Si(R*R’)-, -C(0)-, -C(0)O-, and substituted
alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkoxy, heterocycle, aryl, heteroaryl, amide,
carbamate, urea, and sulfonamide;

nis 0, 1, or 2;

R? is an aryl or heteroaryl and may be substituted with one or more R'” substituents;

R’ is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,
alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl;

R* and R’ are independently methyl, ethyl, or cyclopropyl;

RIS, R'%is independently hydrogen, hydroxyl, azide, C,4 alkenyl, Co.4 alkynyl, C, 4 alkyl,

cyclopropyl, C;.4 alkoxy, or cyclopropoxy or R'® and R'¢ together are a carbonyl or C;4
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alkenylidene or R" and R'® joined together with the attached carbon are 3-6 member ring
optionally containing 0-3 heteroatoms of O, NR" and/or S;

R"is H, F, Cl or CN; and

Vis CH, N, CF, CCl, or CCN.

[0120] In a twelfth aspect of the invention is a compound of formula XII.

Xl

Wherein,

L', L” and -N(SO;Me)- together with the attached carbons of the aromatic ring form a 5-12
member ring, containing 1-4 heteroatoms of N, O, S, P and/or Si;

Llor L?is independently selected from the group of divalent substituents consisting of a
bond, -O-, -CRR'®)-, -NR>-, -S(0),-, -P(O)-, -Si(R*R®)-, -C(0)-, -C(0)O-, and substituted
alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkoxy, heterocycle, aryl, heteroaryl, amide,
carbamate, urea, and sulfonamide;

nis 0, 1, or 2;

R*is an aryl or heteroaryl and may be substituted with one or more R'” substituents;

R? is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,
alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl,

R* and R® are independently methyl, ethyl, or cyclopropyl,

R', R is independently hydrogen, hydroxyl, azide, C,.4 alkenyl, Cy.4 alkynyl, Cy4 alkyl,
cyclopropyl, C;.4 alkoxy, or cyclopropoxy or R" and R'® together are a carbonyl or Cy 4
alkenylidene or R” and R'6 Jjoined together with the attached carbon are 3-6 member ring
optionally containing 0-3 heteroatoms of O, NR" and/or S; and

R"is H, F, Cl or CN.

[0121] A thirteenth aspect of the invention provides a pharmaceutical composition
comprising the compounds of the invention.

[0122] A fourteenth aspect of the invention provides use of the compounds of the invention
in the manufacture of a medicament.

[0123] In a first embodiment of the fourteenth aspect the medicament is for the treatment of
hepatitis C.

[0124] A fifteenth aspect of the invention provides a method of treating hepatitis C
comprising administering to a subject in need thereof, a therapeutically effective amount of a

compound of the invention.
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General Synthesis

[0125] The compounds of the invention may be prepared by a variety of synthetic routes,
samples of them are illustrated in the synthetic schemes outlined below. In general, the
synthesis starts with constructing the central scaffolds such as benzofuran, benzothiophene,
imidazopyridine or pyrazolopyridine by employing various synthetic techniquesknown to
those skilled in the art. (e.g. in Heterocyclic Chemistry, J.A. Joule and K. Mills, J Wiley and
Sons, 2010.) . Once the properly subustituted cores are made, further functional group
manipulations including but not limited to chain elongation, amidation, esterification,
cyclization are performed as necessary to lead to the target molecules. When being allowed
chemically and in some cases necessary, the central cores may be preferred to be introduced
toward the end of the synthesis. Often, protection-deprotection and, in some cases, orthogonal
protection-deprotection strategies are required to accomplish the desired transformation.
More comprehensive descriptions of these synthetic methodologies, techniques can be in
found in these and other references: Comprehensive Organic Transformations, R.C. Larock
Ed., Wiley-RCH, 1999. Protective Groups in Organic Synthesis, T.W. Greene and P.G.M.
Wats, 3" ed. J Willey and Sons, 1999. .

[0126] The following abbreviations are used throughout this application:

ACN Acetonitrile

AcOH Acetic acid

aq Aqueous

Boc tert-Butoxycarbonyl

Bu Butyl

Cbz Benzoxylcarbonoyl

Concd. Concentrated

DBU 1,8-Diazabicyclo[5.4.0Jundec-7-ene
DCC N,N'-dicyclohexylcarbodiimide
DCM Dichloromethane

DEAD Diethyl azodicarboxylate

DIEA (DIPEA)

Diisopropylethylamine

DMA N,N-Dimethylacetamide

DMB 2,4-Dimethoxybenzyl

DMAP N,N-dimethyl-4-aminopyridine
DME 1,2-Dimethoxyethane

DMF N,N-Dimethylformamide
DMSO Dimethylsulfoxide
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DPPA Diphenylphosphoryl azide
dppp 1,3-Bis(diphenylphosphino)propane
dppf 1,1'-Bis(diphenylphosphino)ferrocene
DCI 1-Ethyl-3-[3-(dimethylamino) propyl]carbodiimide hydrochloride
ECso Effective concentration to produce
50% of the maximal effect
ESI Electrospray Ionization
EisN, TEA Triethylamine
EtOAc, EtAc Ethyl acetate
EtOH Ethanol
g Gram(s)
h or hr Hour(s)
HATU 2-(7-Aza-1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium
hexafluorophosphate
Hex Hexanes
HOBt 1-Hydroxybenzotriazole
HPLC High performance liquid chromatography
ICsg The concentration of an inhibitor that causes a 50 % reduction in a
measured activity
LC-MS Liquid Chromatography-Mass Spectrometry
uM Micromolar(s)
Mel Methyl Iodide
MeOH Methanol
min Minute(s)
mM Millimolar(s)
mmol Millimole(s)
MaNP 2-Methoxy-2-(1-naphthyl)propionic acid
Ms Mesyl, Methylsulfonyl
MSH O-(mesitylsulfonyl)hydroxyamine
mw Microwave
NBS N-Bromosuccinimide
NIS N-ITodosuccinimide
nM Nanomolar(s)
NMO N-methylmorpholine-N-oxide
NMP N-methylpyrrolidinone
NMR Nuclear magnetic resonance
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PE Petroleum ether

PG Protective Group

PPA Polyphosphoric Acid

PPh; Triphenylphosphine

Py, Pyr Pyridine

rt Room temperature

SEMC1 2-(Trimethylsilyl)ethoxymethyl chloride

TBAF Tetra-n-butylammonium fluoride

TEA Triethylamine

TfOH Trifluoromethanesulfonic acid

TFA Trifluoroacetic acid

THF Tetrahydrofuran

TLC Thin Layer Chromatography

TMSOTS Trimethylsilyl triflucromethanesulfonate

R Retention time

Ts Tosyl, Methylphenylsulfonyl

wiw Weight/weight

viv Volume/volume

[0127] Reagents and solvents used below can be obtained from commercial sources such as
Aldrich Chemical Co. (Milwaukee, Wisconsin, USA). 'H NMR spectra were recorded on a
Bruker 400 MHz or 500 MHz NMR spectrometer. Significant peaks are tabulated in the
order: multiplicity (s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; br s, broad
singlet), coupling constant(s) in Hertz (Hz) and number of protons. Electrospray spray
ionization (ESI) mass spectrometry analysis was conducted on a Hewlett-Packard 1100 MSD
electrospray mass spectrometer using the HP1 100 HPLC for sample delivery. Mass
spectrometry results are reported as the ratio of mass over charge, followed by the relative
abundance of each ion (in parentheses) or a single m/z value for the M+H (or, as noted, M-H)
ion containing the most common atomic isotopes. Isotope patterns correspond to the
expected formula in all cases. Normally the analyte was dissolved in methanol at 0.1 mg/mL
and 5 microliter was infused with the delivery solvent into the mass spectrometer, which
scanned from 100 to 1500 daltons. All compounds could be analyzed in the positive ESI
mode, using an acetonitrile/water gradient (10%-90%) acetonitrile in water with 0.1% formic
acid as delivery solvent. The compounds provided below could also be analyzed in the
negative ESI mode, using 2 mM NH4OAc in acetonitrile/water as delivery solvent.

Enantiomeric purity was determined using a Hewlett-Packard Series 1050 system equipped
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with a chiral HLPC column (ChiralPak AD, 4.6 mm x 150 mm) and isocratic elution using
5:95 isopropanol-hexane as mobile phase.

[0128] The compounds were named using ChemDraw program from Cambridge Soft Inc.
[0129] Scheme A describes a general approach to building fused rings with different sizes
that are attached to benzazole moieties and some chemical transformations on these fused
rings. Reduction of NO; substituted benzazole A-1, followed by sulfonylation gives A-3,
which is installed a substituted terminal alkyne to afford A-5. A [Pd]-mediated ring
cyclization (Heck reaction) forms A-6. Alternatively, A-6 can be prepared using A-7 as a
starting material for the Heck reaction. Hydrogenation of A-6 generates A-8, which can also
be obtained from A-10 by hydrogenation. A-10 can be converted from A-6 through an
isomerization. Cleavage of the double bond of A-6 using conditions such as onzonolysis
gives A-9, which can be readily converted into A-11 to A-21 following typical reduction, a-

alkylation, O-alkylation, elimination, and/or hydrogenation conditions.
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when X' = -OMe or -OiPr )
Heck reaction

RY “o B-4
[0130] Scheme B describes a general approach to B-3 bearing two substituents at the
benzylic carbon. N-alkylation of A-3 with B-1 gives B-2, which is readily converted to B-3

through an intra-molecular Heck reaction when X' is a halide. When X' is —OR (R =H, Me,

iPr etc), B-3 can be prepared using B-4 as a precursor.

Scheme C
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[0131] Scheme C describes a general approach to cyclopropyl-substituted analogs C-1, C-
2, C-3 and C-4 from A-6, A-10, A-13 and A-18, respectively.
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[0132] Scheme D describes a general approach to analog D-2 from A-6. Hydroboration of
A-6 gives D-1, in which the —OH can be readily converted into its mesylate, toyslate, or

halide. Subsequent nucleophilic substitution with a nucleophile generates 1)-2.

Scheme E
R HO—\ : e
X! f : /< , n=0-5 T EA /< W
I % ] \Y'Z‘R Sonogashlra reaction R?
O,N™ 'V h 1=
A when X' = halide
1= -

X' = halide,- OMe, -OiPr Sonogasmra 1. RCSOQCL base
1. demethylation reaction 2. NaH, DMF
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o 1

R ~
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I MGZR ONTV Y " &7

ON Y . RS A
2 o E-5 L1'SHC'2 O A4

2. R°S0O,Cl, nbase
3. NaH, DMF

AN

REO A9
[0133] Scheme E describes an alternative approach to build fused rings with different sizes
that are attached to benzazole moieties. Sonogashira reaction of either A-1 or E-3 and E-1
gives E-2, which is hydrogenated to afford E-4. Selective sulfonylation of E-4, followed by
ring closure forms A-14. Conversion the the triple bond of E-2 into a carbonyl group,

followed by reduction of the —-NO,, sulfonylation and ring closure generates A-9.
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[0134] Scheme F describes a general approach to analogs F-4 and F-7 from A-2.
Sulfonylation of F-1 with F-2 gives F-3, which undergoes cyclization to afford F-4.
Similarly, F-7 can be prepared using F-6 instead of F-2 to react with F-1.
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[0135] Scheme G describes a general approach to fused analogs G-6, G-7, G-8, G-12 and
G-14. Heck reaction of A-1 with G-1 gives G-2, which can also be prepared from E-2.
Reduction of G-2, followed by sulfonylation affords G-3, which is the key precursor to the
following transformations that give various fused analogs G-6, G-7, G-8, G-12 and G-14.
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[0136] Scheme H describes a general way to prepare H-5, H-6 and H-7. Suzuki coupling
of A-1 and H-1 gives H-2, which is converted to H-4 following the same strategy depicted in
Scheme E. Further transformations of H-4 may readily afford H-5, H-6 and H-7. Similarly,
H-9 can be synthesized by replacing A-1 with suitable starting materials.
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[0137] Scheme I describes general ways to build a functionalized benzofuran moiety. O-
protection of I-1, followed by Sonogashira reaction with a substituted alkyne gives I-3, which
is de-protected in the presence of an acid to afford I-4. This compound undergoes a [Pd]-
mediated ring cyclization to form I-§, which can be readily converted to I-7 by following a
two-step sequence of saponification and amide formation. Alternatively, I-4 can be converted
to 1-5 through a two-step transformation of NIS or NBS-promoted cyclization and [Pd]

mediated carbonylation.

Scheme J

o
(\ I/ amma’uon (\L \‘ 0 \&
b bLa @ “NH, | K:COs, DMF LN‘N
J-1

1. LIOH, THF/H,0 &
2. NH,RP, HATU, DIEA
L/LlivI/

N~y

[0138] Scheme J describes a general way to build a functionalized pyrazole-pyridine
moiety. N-amination of J-1 gives pyridium salt J-2, which undergoes a ring cyclization with
alkynecarboxylate J-3 to form substituted pyrazole-pyridine J-4. Saponification of J-4,

followed by amide formation affords J-5.

61

,,,,NN



X,, LN  NH11 HNR A 1YH N-I ,G&N:NH R2 di F F

I
WO 2012/058125 PCT/US2011/057398

Scheme K
O, /

RP
0 R? O 4. LiOH, THFH,0
L1 u L1 . LY , 2
C | SN Br K-2 C = N/KRZ 2. NH,RP, HATU, DIEA (\ f\N N gz
V//J\ b‘ﬁ \V)QN

K-1 K-3

[0139] Scheme K describes a general way to build a functionalized imidazole-pyridine
moiety. Cyclization of substituted aminopyridine K-1 with bromo-ketoester K-2 gives the
cyclized product K-3, which can be readily converted to K-4 by following a two-step

sequence of saponification and amide coupling.

Scheme L

n BuLi, Bn,S,,
I I Sonogashlra reaction THF, -78°C to rt I
bL3 L3 b,_a
(\ [Pd], CO, MeOH 1. LiOH, THF/H,0O
I2 DCM I Ig‘ or n-BuLi, MeOOCCI I 2. NH,RP, HATU, DIEA
bL3

o. F°
g NH

I I\RQ

[0140] Scheme L describes a general way to build a functionalized benzothiophene moiety.

Sonogashira reaction of L-1 with a substituted alkyne gives L-2, which is converted to thio-
ether L-3. An I,-promoted ring cyclization of L-3 affords benzothiophene L-4. The iodo
group can be readily transformed into a carboxylate to form functionalized L-§, which

undergoes saponification and amide formation to give L-6.
Scheme M

° (0] /
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1. LiOH, THF/H,0
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137y N e W
M-5 M-6
J. Heterocycl. Chem. 2009, 46, 1309 I
3

2. NH,RP, HATU, DIEA
Org. Lett. 2009, 11,4270
Synlett 2007, 2509
Heterocycl. 2007, 71, 1755
Aust. J. Chem. 1988, 41, 1677

[0141] Scheme M describes general ways to build a functionalized 2H-indazole moiety. A

Cu-mediated N-arylation gives a mixture of 1H-inzaole M-2 and the desired 2H-indazole M-
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3. The latter can be readily converted to M-4 following a two-step sequence of saponification
and amide formation. Alternatively, 2H-indazole M-8 can be brominated at the C-3 position

to give M-6, which undergoes a [Pd]-mediated carbonylation to afford M-3.

Scheme N
O 0 O/—“
reduction of -NO,

CO,Et and ring cyclization (\ Lt A N
C/ ————B——w-_» 4 I {/ I | ©

ase L3 3 N

(R H

N-4

RO
O !
1. LIOH, THF/H,0 NH

2. NH,RP, HATU, DIEA (\ L1j:/u
2

[0142] Scheme N describes a general way to build a functionalized indole moiety. A
condensation of N-1 and keto-ester N-2 gives N-3. Reduction of N-3, followed by a ring
formation affords substituted indole N-4, which can be readily converted to N-5 by following

a two-step sequence of saponification and amide formation.
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[0149] The following examples illustrate the preparation and antiviral evalution of
compounds within the scope of the invention. These examples and preparations which follow
are provided to enable those skilled in the art to more clearly understand and to practice the
present invention. They should not be considered as limiting the scope of the invention, but

merely as being illustrative and representative thereof.
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[0150] Step 1. Refer to Scheme 1. To a solution of compound 1-1 (40.0 g, 325 mmol) in
water (40 mL) were sequentially added compound 1-2 (12 g, 162 mmol), Cu(OAc), (0.6 g,
3.25 mmol) and Cul (0.6 g, 3.25 mmol). After stirring at 100 °C for 48 hrs, the reaction
mixture was cooled to rt and added 30% (w/w) aq. NaOH (20 mL). The resulting mixture was
extracted with EtOAc (60 mL x 3) and aq. phase was adjusted to pH 7 to 8 by adding concd.
aq. HCI. The resulting mixture was concentrated to remove water in vacuo and the residue
was purified by silica gel column chromatography (DCM/MeOH = 60/1 to 10/1 (v/v)) to give
compound 1-3 (18 g, 57% yield) as a brown solid. LC-MS (ESI): m/z 196 [M+H]".

[0151] Step 2. A mixture of compound 1-3 (40.0 g, 20.5 mmol) in polyphosphoric acid
(PPA) (100 mL) was mechanically stirred at 90 °C for 3 hrs. The mixture was cooled to 60 °C
and ice water (50 mL) was added with stirring for 30 min. Subsequently, the mixture was
extracted with EtOAc (120 mL x 3). The organic extracts were combined, washed with water

(40 mL) and brine (40 mL.), and dried over anhydrous Na,SQO4. The solvent was removed and
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the residue was purified by silica gel column chromatography (DCM/MeOH = 100/1(v/)) to
give compound 1-4 (18 g, 50% yield) as a yellow solid. LC-MS (ESI): m/z 178 [M+H]".
[0152] Step 3. A solution of compound 1-4 (4.00 g, 22.6 mmol) and Et;N (9.40 mL, 67.8
mmol) in DCM (200 mL) was added MsCl (6.46 g, 56.4 mmol) at 0 °C. After stirring at rt for
3 hrs, the reaction was quenched by adding ice water (250 mL) and the aq. phase was
extracted with DCM (100 mL x 2). The organic extracts were combined, washed with water
and brine, and dried over anhydrous Na;SO4. The solvent was removed that the residue was
purified by silica gel column chromatography (DCM/MeOH = 400/1(v/A)) to give compound
1-5 (4.5 g, 78% yield) as a yellow solid. LC-MS (ESI): m/z 256 [M+H]"; "H NMR (500
MHz, CDCl;): 6 8.02 (d, J =9 Hz, 1H), 7.27 (d,/J=3.5Hz, 1H),6.79(dd, J/; =9 Hz, J, =2
Hz, 1H), 4.19 (t, J = 6.5 Hz, 2H), 3.89 (s, 3H), 3.06 (s, 3H), 2.79 (t, / = 6.5 Hz, 2H) ppm.
[0153] Step 4. To a suspension of PhsPCH3Br (14.0 g, 39.2 mmol) in 130 mL of THF was
added n-BuLi (2.5 M in hexane, 15.7 mL, 39.2 mmol) at O °C. After stirring at 0 °C for 2 hr, a
solution of compound 1-5 (4.00 g, 15.7 mmol) in anhydrous THF (30 mL) was added. After
stirring at rt overnight, the reaction mixture was quenched by adding aq. NH4Cl (sat., 20 mL).
The mixture was extracted with EtOAc (600 mL x 2) and the combined organic extracts were
washed with water (100 mL) and brine (100 mL), and dried with anhydrous Na;SOy. The
solvent was removed and the residue was purified by silica gel column chromatography
(DCM) to give compound 1-6 (1.2 g, 30% yield). LC-MS (ESI): m/z 254 [M+H]"; '"H NMR
(500 MHz, CDCls): 8 7.75 (d, J=9 Hz, 1H), 7.12 (d, J = 2.5 Hz, 1H), 6.78 (dd, J; =9 Hz, J,
=3 Hz, 1H), 5.59 (s, 1H), 4.91 (s, 1H), 3.76 (s, 3H), 3.73 (t, J = 6 Hz, 2H), 3.08 (s, 3H), 2.70
(t, J = 6 Hz, 2H) ppm.

[0154] Step 5. To a solution of compound 1-6 (2.70 g, 10.7 mmol) in dry toluene (200 mL)
was added ZnEt; (1 M in hexane, 85.4 mL, 85.4 mmol), followed by CHxl, (46 g, 171mmol)
at 0 °C. After stirring at rt overnight, the reaction mixture was partitioned between EtOAc
(100 mL) and 5% HCI (100 mL). The organic layer was dried with anhydrous Na,SOy4 and
concentrated and the residue was purified by silica gel column chromatography (DCM) to
give compound 1-7 (2.1 g, 72% yield). LC-MS (ESI): m/z 268 [M+H]"; 'H NMR (500 MHz,
CDCl3): 8 7.33 (d, J = 2.5 Hz, 1H), 6.66 (dd, J; = 14 Hz, J, = 3 Hz, 1H), 6.61 (d, J =9 Hz,
1H), 3.95-3.92 (m, 2H), 3.78 (s, 3H), 2.91 (s, 3H), 1.81 - 1.83 (m, 2H), 1.01 (dd, J; = 6.5 Hz,
J2» =5 Hz, 2H), 0.85 (dd, J; = 6.5 Hz, J; = 5 Hz, 2H) ppm.

[0155] Step 6. To a solution of compound 1-7 (290 mg, 1.09 mmol) in DCM (10 mL) was
added NBS (194 mg, 1.09 mmol) at 0 °C. After stirring at rt for 1 hr, the reaction mixture was
concentrated and the residue was purified by silica gel column chromatography (Petroleum
ether/ethyl acetate = 10/1 (v/)) to give compound 1-8 (220 mg, 59% yield) as a yellow oil.

LC-MS (ESI): m/z 346 [M+H]*; 'H NMR (500 MHz, CDCLy): 3 7.39 (s, 1H), 6.84 (s, 1H),
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3.93 (t, J = 5.5 Hz, 2H), 3.88 (s, 3H), 2.90 (s, 3H), 1.81 (t, / = 5.5 Hz, 2H), 1.03 (t, / = 5 Hz,
2H), 0.89 (t, J = 5 Hz, 2H) ppm.

[0156] Step 7. To a solution of compound 1-8 (200 mg, 0.58 mmol) in CH,Cl; (6 mL) was
added BBr; (4 N in DCM, 0.6 mL, 2.4 mmol) at -20 °C. After stirring at 0 °C for 1 hr, the
reaction was quenched by adding ice-water (50 mL). The mixture was extracted with DCM
(50 mL x 2) and the combined extracts were washed with water and brine, and dried with
anhydrous NaySOy. The solvent was removed and the residue was purified by silica gel
column chromatography (Petroleum ether/ethyl acetate = 10/1 (v/)) to give compound 1-9
(120 mg, 63% yield) as a red solid. LC-MS (ESI): m/z 331 [M+H]; 'H NMR (500 MHz,
CDCls): 8 7.44 (s, 1H), 6.77 (s, 1H), 5.47 (br s, 1H), 3.89 - 3.92 (m, 2H), 2.95 (s, 3H), 2.90
(s, 3H), 1.81 (t, /= 5.5 Hz, 2H), 0.89 — 1.01 (m, 2H), 0.87 — 0.89 (m, 2H) ppm.

[0157] Step 8. To a solution of compound 1-9 (1.60 g, 4.82 mmol) in 30 mL THF was
added DMAP (30 mg) and TEA (1.46 g, 14.46 mmol). The resulting mixture was cooled to 0
°C and SEMCI (1.60 g, 9.64 mmol) was added. After stirring at rt for 10 hrs, the reaction
mixture was poured into water (50 mL) and extracted with EtOAc (60 mL x 3). The
combined organic extracts were washed brine (30 mL) and dried with anhydrous Na,SO,.
The solvent was removed and the residue was dried in vacuo to give crude compound 1-10
(2.2 g, 99% yield) as a yellow oil. LC-MS (ESI): m/z 485 [M+Na]".

[0158] Step 9. To a solution of compound 1-10 (1.60 g, 3.47 mmol) in 20 mL of DMF were
added 1-11 (0.50 g, 4.16 mmol), Cul (33 mg, 0.17 mmol), Pd(PPh3),Cl; (244 mg, 0.35
mmol), P(-Bu); (140 mg, 0.69 mmol) and piperidine (1.18 g, 13.9 mmol). The resulting
mixture was flushed with Ar and stirred at 80 °C overnight. Subsequently, the reaction
mixture was cooled to rt, poured into water (60 mL), and extracted with EtOAc (100 mL x 2).
The combined organic extracts were washed with water (50 mL x 3) and dried with
anhydrous Na;SO,. The solvent was removed and the residue was purified by silica gel
column chromatography (Petroleum ether/acetone = 10/1 (v/v)) to give compound 1-12 (780
mg, 45% yield) as a yellow oil. LC-MS (ESI): m/z 524 [M+Na]".

[0159] Step 10. To a solution of compound 1-12 (750 mg, 1.50 mmol) in dioxane (10 mL)
was added 4 N HCl/dioxane (2 mL). After stirring at rt for 2 hrs, the reaction mixture was
concentrated and the residue was dried in vacuo to give crude compound 1-13 (600 mg,
quantitative yield) as a yellow oil. LC-MS (ESI): m/z 372 [M+H]".

[0160] Step 11. To a solution of compound 1-13 (600 mg, 1.62 mmol) in MeOH (20 mL)
was added NaOAc (265 mg, 3.24 mmol), K;CO3 (448 mg, 3.24 mmol), PdClL, (28 mg, 0.16
mmol), and CuCl, (653 mg, 4.86 mmol). The resulting mixture was flushed with CO and
stirred at rt overnight under an atmosphere of CO. The mixture was diluted with EtOAc (80

mL) and filtered through Celite®545. The filtrate was washed with water (30 mL) and brine
114



04,, GNk 0:-..",, 6 Nk 0.: _-1g 6 4 HNk Ofed,.., o' 0,4 HO* Nk acig."..

0" 04 HO- ¢c.. Nk or.-./g,,, o' o Nk O \o O N ar,g 01 \07S. NC
3--,, 0 NWWORMIMSBRO12/ 058125PCT/ 1JS2011/ 057398 )-0104 PCT/US20IMSTIS g .
O'" 0.1 HDONK z 06" i

(30 mL), and dried with anhydrous Na;SO4. The solvent was removed and the residue was
purified by silica gel column chromatography (Petroleum ether/acetone =16/1 (v/)) to give
compound 1-14 (70 mg, 10% yield) as a white solid. LC-MS (ESI): m/z 429 [M+H]".

[0161] Step 12. To a solution of compound 1-14 (70 mg, 0.16 mmol) in MeOH/THF (1
mL/2 mL) was added LiOH (0.65 mmol). After stirring at 70 °C for 2 hr, the reaction mixture
was cooled to rt and acidified by adding 1N aq. HCI (7 mL). The resulting mixture was
filtered and the solid was dried in vacuo to give compound 1-15 (60 mg, 91% yield) as a
white solid. LC-MS (ESI): m/z 454 [M+K]".

[0162] Step 13. To a solution of compound 1-15 (60 mg, 0.14 mmol) in DMF (1.5 mL) was
added HATU (66 mg, 0.17 mmol). After stirring at rt for 30 min, the mixture were added
DIPEA (181 mg, 1.40 mmol) and MeNH; HCI (47 mg, 0.70 mmol). The resulting mixture
was stirred at rt for 20 min and poured into water (50 mL). The suspension was filtered and
the obtained solid was purified by silica gel column chromatography (DCM/MeOH = 600/1
(v/v)) to give compound 1-16 (30 mg, 50% yield) as a white solid. LC-MS (ESI): m/z 429
[M+H]"; 'TH NMR (500 MHz, CDCl3): & 7.93 (s, 1H), 7.85 (dd, J; = 8.5 Hz, J, = 5.5 Hz, 2H),
7.26 (d, J =3 Hz, 1H), 7.19 (t, / = 8.5 Hz, 2H), 5.74 (br s, 1H), 3.99 (t, / = 6.0 Hz, 2H), 2.98
(d, J=5.0 Hz, 3H), 2.89 (s, 3H), 1.88 (t, /= 6.0 Hz, 2H), 1.17 - 1.19 (m, 2H), 0.90 —- 0.93
(m, 2H) ppm.

Scheme 2
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[0163] Step 1. Refer to Scheme 2. A suspension of NaH (16.1 g, 402 mmol) in anhydrous
DMF (300 mlL.) was cooled to 0 °C with stirring under argon, compound 2-1 (20.0 g, 134
mmol) in anhydrous DMF (200 mL) was added and the mixture was stirred at 0 °C under

argon for 1 hr. The mixture was then allowed to warm to rt and Mel (22.8 g, 161 mmol) was
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added. After stirring at 1t for 1 hr, the reaction was quenched by adding ice water (3000 mL).
The resulting mixture was extracted with EtOAc (500 mL x 3) and the combined organic
extracts were washed with water and brine and dried with anhydrous MgSQj. The solvent
was removed and the residue was dried in vacuo to give crude compound 2-2 (12.5 g, 65%
yield) as a brown oil. LC-MS (ESI): m/z 160 [M+H]".

[0164] Step 2. A solution of compound 2-2(12.5 g, 79 mmol) and PtO, (1.1g, 4.8mmol) in
MeOH (500 mL) was stirred at 1t for 16 hrs under an atmosphere of H,. The reaction mixture
was filtered through Celite®545 and the filtrate was concentrated. The residue was purified by
silica gel column chromatography (EtOAc/petroleum ether = 1/8 (w/v)) to give compound 2-3
(9.0 g, 78% vyield) as a yellow oil. LC-MS (ESI): m/z 164 [M+H]"; "H NMR (500 MHz,
CDCl3): 6 6.84 (d, J = 8.5 Hz, 1H), 6.20 (dd, J; = 8.5 Hz, Jo = 2.5 Hz, 1H), 6.04 (d, J = 2.5
Hz, 1H), 3.73 (s, 3H), 3.26 — 3.28 (m, 2H), 2.69 (t, / = 6.5 Hz, 2H), 1.91 (dd, J; = 6.5 Hz, J;,
=4.5 Hz, 2H) ppm.

[0165] Step 3. To a solution of compound 2-3 (9.0 g, 55 mmol) and TEA (13.6 g, 135
mmol) in DCM (200 mL) at 0 °C was added MsCl (9.1 g, 80 mmol). After stirring at rt for 30
min, the reaction mixture was added ice water (250 mL). The mixture was extracted with
DCM (100 mL x 2) and the combined organic extracts were washed with water and brine and
dried with anhydrous Na,SO,. The solvent was removed and the residue was purified by
silica gel column chromatography (EtOAc/Petroleum ether = 1/6 (v/v)) to give compound 2-4
(10.6 g, 80% yield) as a yellow oil. LC-MS (ESI): m/z 242 [M+H]".

[0166] Step 4. N-iodosuccinimide (NIS) (19.8 g, 88.0 mmol) was added to a solution of
compound 2-4 (10.6 g, 44 mmol) in CHCl; (200 mL) at 0 °C. After stirring at rt for 16 hrs,
the reaction mixture was concentrated and the residue was purified by silica gel column
chromatography (EtOAc/Petroleum ether = 1/6 (v/v)) to give compound 2-6 (12.6 g, 80%
yield). LC-MS (ESI): m/z 368 [M+H]*; "TH NMR (500 MHz, CDCl3): § 7.52 (s, 1H), 7.32 (s,
1H), 3.86 (s, 3H), 3.81 - 3.79 (m, 2H), 2.88 (s, 3H), 2.77 (t, / = 6.5 Hz, 2H), 1.95 (t, J =5.5
Hz, 2H) ppm.

[0167] Step 5. A solution of BBr3; (13.6 mL/4.0M, 54.4 mmol) in DCM was added to a
solution of compound 2-5 (5.04 g, 13.6 mmol) in CH,Cl, (100 mL) at -20 °C. After stirring at
-20 °C for 1 hr, the reaction mixture was added ice water (200 mL). The resulting mixture
was extracted with DCM (100mL x 2) and the combined organic extracts were washed water
and brine and dried with anhydrous Na,SO,. The solvent was removed and the residue was
purified by silica gel column chromatography (EtOAc/Petroleum ether = 1/12 (v/v)) to give
compound 2-6 (1.4 g, 25% yield) as a white solid. LC-MS (ES]): m/z 354 [M+H]*: '"H NMR
(500 MHz, CDCls3): 6 7.42 (s, 2H), 5.31 (s, 1H), 3.78 (t, J/ = 6 Hz, 2H), 2.93 (s, 3H), 2.76 (t, J

=6.5 Hz, 2H), 1.95 (t, / = 5.5 Hz, 2H) ppm.
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[0168] Step 6. To a solution of compound 2-6 (1.2 g, 3.4 mmol) in 20 mL THF was added
DMAP (20 mg), followed by Et;N (0.69 g, 6.8 mmol) at rt. The resulting mixture was cooled
to 0 °C and SEMCI (0.68 g, 4.08 mmol) was added. After stirring at rt for 3 hrs, the reaction
mixture was poured into ice water (50 mL). The resulting mixture was extracted with EtOAc
(60 mL x 3) and the combined organic extracts were washed with brine (30 mL) and dried
with anhydrous Na,SO4. The solvent was removed and the residue was dried in vacuo to give
crude compound 2-7 (1.6 g, quantitative yield) as a yellow oil. LC-MS (ESI): m/z 506
[M+Na]",

[0169] Step 7. To a solution of 2-7 (1.60 g, 3.31 mmol) in 20 mL. DMF were added 2-8
(0.48 g, 4.0 mmol), Cul (32 mg, 0.17 mmol), Pd(PPhs3),Cl; (232 mg, 0.330 mmol), P(+-Bu);
(133 mg, 0.660 mmol) and piperidine (1.13 g, 13.2 mmol). The resulting mixture was flushed
with Ar and stirred at 80 °C overnight. The resulting mixture was poured in to ice water (60
mL) and extracted with EtOAc (100 mL x 2). The combined organic extracts were washed
with water (250 mL x5) and dried with anhydrous Na;SO;. The solvent was removed and the
residue was purified by silica gel column chromatography (Acetone/petroleum ether = 1/10
(v/v)) to give compound 2-9 (1.2 g, 76% yield) as a yellow oil. LC-MS (ESI): m/z 498
[M+Na]*.

[0170] Step 8. To a solution of compound 2-9 (1.2 g, 2.52 mmol) in 16 mL dioxane was
added 4 N HCl in dioxane (7.6 mL) at rt. After stirring at rt for 30 min, the reaction mixture
was concentrated and the residue was dried in vacuo to give crude compound 2-10 (870 mg,
quantitative yield) as a yellow oil, which was used directly for the next step without
purification. LC-MS (ESI): m/z 346 [M+H]".

[0171] Step 9. To a solution of compound 2-10 (600 mg, 1.74 mmol) in MeOH (17 mL)
were added NaOAc (285 mg, 3.48 mmol), K,CO3 (481 mg, 3.48 mmol), PACl; (31.0 mg,
0.17 mmol) and CuCl, (702 mg, 5.22 mmol) and the resulting mixture was flushed with CO.
After stirring at rt overnight, the mixture was concentrated and the residue was diluted with
EtOAc (100 mL) and filtered. The filtrate was washed with water (30 mL) and brine (30 mL)
and dried with anhydrous Na,SO4. The solvent was removed and the residue was purified by
silica gel column chromatography (Acetone/petroleum ether = 1/10 (v/v})) to give compound
2-11 (140 mg, 20% yield) as a yellow solid. LC-MS (ESI): m/z 404 [M+H]".

[0172] Step 10. To a solution of compound 2-11 (140 mg, 0.35 mmol) in MeOH/THF (2
mL/4 mL) was added LiOHH,O (58 mg, 1.4 mmol) at rt. After stirring at 70 °C for 1 hr, the
reaction mixture was cooled to 0 °C and acidified with 1N aqueous HCI (3 mL). The
suspension was filtered and the solid was dried in vacuo to give compound 2-12 (136 mg,
quantitative yield) as a white solid, which was used directly for the next step without further

purification. LC-MS (ESI): m/z 390 [M+H]".
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[0173] Step 11. To a solution of compound 2-12 (60 mg, 0.15 mmol) in DMF (2 mL) was
added HATU (68.4 mg, 0.18 mmol). The resulting mixture was stirred at rt for 30 min and
then N,N-diisopropylethylamine (DIEA or DIPEA) (194 mg, 1.5 mmol) and MeNH, HCI (52
mg, 0.77 mmol) were added. After stirring at rt for 20 min, the reaction mixture was poured
into ice water (50 mL). The suspension was filtered and the collected solid was purified by
silica gel column chromatography to give compound 2-13 (20 mg, 33% yield). LC-MS (ESI):
miz 403 [M+H]"; "H NMR (500 MHz, CDCls): & 7.88 — 7.93 (m, 3H), 7.60 (s, 1H), 7.19 (1, J
= 9.0 Hz, 2H), 5.80 (br s, 1H), 3.85 — 3.89 (m, 2H), 3.00 (d, /=4.5 Hz, 3H), 2.95 (t, /= 6.5
Hz, 2H), 2.89 (s, 3H), 2.01 — 2.06 (m, 2H) ppm.
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[0174] Step 1. Refer to Scheme 3. A mixture of compound 3-1 (2.00 g, 5.16 mmol)
(prepared by following the procedures described in W0O20075942 1 with some modifications)
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and 10% Pd/C (1.0 g) in EtOAc (40 mL) was stirred at rt for 2 hr under an atmosphere of H.
The reaction mixture was filtered and the filtrate was concentrated to give compound 3-2 (1.7
g, 92% yield). LC-MS (ESI): m/z 358 [M+H]".

[0175] Step 2. To a solution of compound 2 (1.70 g, 4.76 mmol) and TEA (1.32 mL, 9.52
mmol) in DCM (50 mL) was added MsCl (0.660 g, 5.71 mmol) at 0 "C. After stirring at rt for
30 min, the reaction mixture was added ice water (250 mL). The mixture was extracted with
DCM (100 mL x 2) and the combined organic extracts were washed with water and brine and
dried with anhydrous Na,SOs. The solvent was removed and the residue was purified by
silica gel column chromatography (Petroleum ether/EtOAc = 5/1 (v/4)) to give compound 3-3
(2.07 g, quantitative yield) as a yellow solid. LC-MS (ESI): m/z 436 [M+H]".

[0176] Step 3. To a solution of compound 3-3 (4.00 g, 9.5 mmol) in DMF (50 mL) was
added K,CO; (5.25 g, 38.0 mmol) and compound 3-4 (1.54 g, 11.4 mmol) at rt. After stirring
at 80 °C overnight, the reaction mixture was poured into ice water (60 mL). The resulting
mixture was extracted with EtOAc (100 mL x 2) and the combined organic extracts were
washed with water and dried with anhydrous Na;SOy4. The solvent was removed and the
residue was dried in vacuo to give crude compound 3-5 (4.2 g, 92% yield) as a yellow solid.
LC-MS (ESI): m/z 512 [M+Na]".

[0177] Step 4. To a solution of compound 3-5 (2.1 g, 4.3 mmol) in CH,Cl, (100 mL) was
added BCl; (1 N in DCM, 12.9 mL) at -78 °C, the solution was allowed to stirred at -30 °C for
1 hr and then quenched with ice-water (200 mL). The mixture was extracted with DCM (100
mL x 2) and the combined organic extracts were washed with water and brine, and dried with
anhydrous Na;SO,. The solvent was removed and the residue was dried in vacuo to give
crude compound 3-6 (1.7 g, 86% yield) as a yellow solid. LC-MS (ESI): m/z 448 [M+H]".
[0178] Step 5. To a solution of compound 3-6 (3.30 g, 7.37 mmol) in CH,Cl, (160 mL)
were sequentially added DMAP (45 mg, 0.37 mmol), DIEA (2.58 mL, 14.8 mmol) and Tf,0
(1.5 mL, 8.9 mmol) at 0 °C. After stirring at 0 °C for 20 min, the reaction mixture was added
ice-water (100 mL). The organic layer was washed with water and brine and dried with
anhydrous NaySO4. The solvent was removed and the residue was purified by silica gel
column chromatography (Petroleum ether/EtOAc = 5/1 (v/v)) to give compound 3-7 (3.2 g,
86% yield) as a yellow solid. LC-MS (ESI): m/z 602 [M+Na]".

[0179] Step 6. To a solution of compound 3-7 (3.00 g, 5.18 mmol) in 20 mL DMF was
added Pd(OAc), (116 mg, 0.520 mmol), PPh; (136 mg, 0.520 mmol), LiCl (242 mg, 5.70
mmol) and Et3N (1.44 mL, 10.4 mmol) at rt. The resulting mixture was flushed with Ar and
stirred at 120 °C overnight. The mixture was cooled to rt and poured into 60 mL water. The

resulting mixture was extracted with EtOAc (100 mL x 2) and the combined organic extracts
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were washed with water (50 mL x 3) and dried with anhydrous Na,;SO,. The solvent was
removed and the residue was purified by silica gel column chromatography (Petroleum
ether/EtOAc = 6/1 (v/A)) to give a mixture of compounds 3-8 and 3-8’ (1.4 g, 63% yield) as a
yellow solid. LC-MS (ESI): m/z 430 [M+H]".

[0180] Step 7. To a solution of compounds 3-8 and 3-8’ (1.00 g, 2.33 mmol) in
MeOH/THF (14 mL/14 mL) was added LiOH (335 mg, 13.97 mmol). The resulting mixture
was stirred at 80 °C for 1 hr, cooled to rt and acidified with 1N ag. HCI (5 mL). The
suspension was filtered and the solid was washed with water and dried in vacuo to give a
mixture of compounds 3-9 and 3-9° (980 mg, 98% yield) as a white solid, which was used
directly for the next step. LC-MS (ESD): m/z 402 [M+H]".

[0181] Step 8. To a solution of compounds 3-9 and 3-9” (950 mg, 2.37 mmol) in DMF (5
mL) was added HATU (1.35 g, 3.55 mmol). The resulting mixture was stirred at rt for 30 min
and added DIEA (3.30 mL, 19.0 mmol) and MeNH, HCI (639 mg, 9.47 mmol). After stirring
at rt for 20 min, the reaction mixture was poured into ice water (50 mL). The suspention was
filtered and the solid was purified by silica gel column chromatography to give a mixture of
compounds 3-10 and 3-10° (580 mg, 59% yield). LC-MS (ESI): m/z 415 [M+H]*. Compound
3-10 was readily converted to compound 3-10° in CH,Cl, in the presence of TFA. LC-MS
(ESI): m/z 415 [M+H]"; "H NMR (500 MHz, CDCls): § 7.93 — 7.96 (m, 2H), 7.74 (s, 1H),
7.71 (s, 1H), 7.26 — 7.29 (m, 2H), 5.96 (s, 1H), 4.38 (br s, 1H), 2.98 (s, 3H), 2.74 (s, 3H),
2.23 (s, 3H) ppm.

[0182] Step 9. A mixture of compounds 3-10 and 3-10° (41.4 mg, 0.10 mmol) and Pd(OH),
(22 mg) in EtOAc (20 mL) and MeOH (2 mL) was stirred at rt for 3 hr under an atmosphere
of H,. The reaction mixture was filtered through Celite®545 and the filtrate was concentrated.
The residue was purified by re-crystallization (hexane/EtOAc = 10/1 (v/A)) to give compound
3-11 (23 mg, 55% yield) as a while solid. LC-MS(ESI): m/z 417 [M+H]*; 'H NMR (500
MHz, CDCl3): 6 7.92 (s, 1H), 7.86 — 7.89 (dd, J; = 8.5 Hz, J, = 5.5 Hz, 2H), 7.70 (s, 1H),
7.26 (s, 2H), 7.17 - 7.20 (t, J = 8.5 Hz, 2H), 5.93 (br s, 1H), 3.89 - 3.92 (m, 1H), 3.84 - 3.86
(m, 1H), 3.03 - 3.06 (m, 1H), 3.00 (d, 3H), 2.89 (s, 3H), 2.13 - 2.16 (m, 1H), 1.70 - 1.73 (m,
1H), 1.42 (d, 3H) ppm.
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[0183] Step 1. Refer to Scheme 4. To a solution of compound 3-1 (4.00 g, 10.3 mmol) in
CH,CI; (30 mL) was added BCl; (1 N in CH;Cl,, 20.6 mmol) at 0 °C. After stirring at rt for 1

hr, the reaction mixture was added ice water (100 mL). The mixture was extracted with

CH,Cl, (800 mL. x 2) and the combined organic extracts were washed with water and brine

and dried with anhydrous Na;SQOy4. The solvent was removed and the residue was dried in

vacuo to give crude compound 4-1 (3.4 g, 96% yield) as a yellow solid. LC-MS (ESI): m/z

346 [M+H]".

[0184] Step 2. To a solution of compound 4-1 (3.4 g, 9.8 mmol) in CH,Cl, (100 mL) were
added DMAP (120 mg, 0.980 mmol) and DIEA (1.52 g, 11.8 mmol), followed Tf,0 (3.20 g,

11.3 mmol) at 0 °C. After stirring at O °C for 2 hrs, the reaction mixture was added ice water

(100 mL). The organic layer was separated, washed with water and brine, and dried with

anhydrous Na,SO4. The solvent was removed and the residue was dried in vacuo to give

crude compound 4-2 (4.6 g, quantitative yield) as a yellow solid. LC-MS (ESI): m/z 478

[M+H]".

[0185] Step 3. To a solution of 4-2 (2.0 g, 4.2 mmol) in 20 mL. DMF was added 4-3 (0.44
g, 6.3 mmol), Cul (0.16 g, 0.84 mmol), Pd(PPh3),Cl, (0.29 g, 0.42 mmol) and EtzN (20 mL).

The resulting mixture was flushed with Ar, stirred at rt for 1 hr and poured into ice water

(100 mL). The mixture was extracted with EtOAc (50 mL x 5) and the combined organic

extracts were washed with

water and dried with anhydrous Na;SQy. The solvent was removed
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and the residue was purified by silica gel column chromatography (Petroleum ether/acetone =
4/1 (v/v) to 3/2 (v/v)) to give compound 4-4 (1.10 g, 69% yield) as a gray solid. LC-MS

(ESI): m/z 398 [M+H]".

[0186] Step 4.To a solution of compound 4-4 (2.00 g, 5.03 mmol) in EtOAc (150 mL) was
added 10% Pd/C (2.0 g). The resulting mixture was flushed with H; and stirred at rt for 1.5
hrs. Subsequently, the reaction mixture was filtered through Celite®545 and the filtrate was
concentrated and dried in vacuo to give compound 4-5 (1.8 g, 97% yield). LC-MS (ESID): m/z
372 [M+H]"; "TH NMR (500 MHz, CDCls): § 7.98 - 8.01 (m, 2H), 7.70 (s, 1H), 7.12 - 7.16
(m, 2H), 6.82 (s, 1H), 4.39 (dd, J; = 14.5Hz, J> =7 Hz, 2H), 3.73 (t, J = 6 Hz, 3H), 2.66 (t, J
=7.5Hz, 2H), 1.69 — 1.80 (m, 4H), 1.40 (t, J =7 Hz, 3H) ppm.

[0187] Step 5. To a solution of compound 4-5 (1.80 g, 4.85 mmol) in CH,Cl, (50 mL) was
added DMAP (6 mg) and anhydrous pyridine (3.07 g, 38.8 mmol), followed by MsCl (1.60 g,
14.5 mmol) at 0 °C. After stirring at rt for 2 hrs, the reaction mixture was added ice water (50
mL). The organic layer was separated, washed with water and brine and dried with anhydrous
Na;SOy4. The solvent was removed and the residue was purified by silica gel column
chromatography (Petroleum ether/acetone = 5/1 (v/v)) to give compound 4-6 (1.4 g, 55%
yield) as a yellow solid. LC-MS (ESI): m/z 449 [M-Ms+H]"; "H NMR (500 MHz, CDCls): &
8.02 — 8.05(m, 2H), 7.90 (s, 1H), 7.71 (s, 1H), 7.16 — 7.19 (m, 2H), 6.61 (s, 1H), 4.42 (dd, J,=
14 Hz, J; = 7.0 Hz, 2H), 4.34 (t, J = 5.5 Hz, 2H), 3.04 — 3.08 (m, 6H), 2.83 (t, J = 8.0 Hz,
2H), 1.81 -1.92 (m, 4H), 1.41 (t, J = 7.0 Hz, 3H) ppm.

[0188] Step 6. To a suspension of NaH (0.21 g, 60% in mineral oil, 5.31 mmol) in
anhydrous THF (160 mL) was added a solution of compound 4-6 (1.40 g, 2.65 mmol) in
anhydrous THF (40 mL) at 0 °C. After stirring at rt for 2 hrs, the reaction mixture was added
sat. aq. NH4Cl (10 mL). The resulting mixture was concentrated and the residue was diluted
with EtOAc (100 mL). The mixture was washed with water and brine and dried with
anhydrous Na;SO,. The solvent was removed and the residue was purified by silica gel
column chromatography (Petroleum ether/acetone = 5/1 (v/v)) to give compound 4-7 (1.1 g,
96% yield) as a yellow solid. LC-MS (ESI): m/z 432 [M+H]"; '"H NMR (500 MHz, CDCl3): &
8.02 — 8.06 (m, 2H), 7.90 (s, 1H), 7.60 (s, 1H), 7.15 - 7.20 (m, 2H), 442 (dd, J; = 14 Hz, J> =
6.5 Hz, 2H), 3.69 (t, / = 6.0 Hz, 2H), 3.07 (s, 3H), 3.02 (t, J = 6.0 Hz, 2H), 1.94 (dd, J; = 11
Hz, J, =5.5 Hz, 2H), 1.77 (br s, 2H), 1.40 — 1.43 (m, 3H) ppm.

[0189] Step 7. To a solution of compound 4-7 (50 mg, 0.12 mmol) in MeOH/THF (2 mL/4
mL) was added LiOH (2.0 N, 0.46 mmol). The resulting mixture was stirred at 70 °C for 2
hrs, cooled to rt and acidified with 1 N aq. HCI (5 mL)). Subsequently, the suspension was

filtered and the solid was washed with waster and dried in vacuo to give crude compound 4-8
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(46 mg, 95% yield) as a white solid, which was used directly for the next step without further
purification. LC-MS (ESI): m/z 404 [M+H]".

[0190] Step 8. To a solution of compound 4-8 (46 mg, 0.12 mmol) in DMF (2 mL) was
added HATU (54 mg, 0.14 mmol). The resulting mixture was stirred at rt for 30 min and
added DIEA (154 mg, 1.20 mmol) and MeNH,HCI (41 mg, 0.60 mmol). After stirring at rt
for 20 min, the reaction mixture was poured into ice water (50 mL). The suspension was
filtered and the solid was purified by silica gel column chromatography (Petroleum
ether/acetone = 3/1 (¥/)) to give compound 4-9 (30 mg, 61% yield) as a white solid. LC-MS
(ESI): m/z 417 [M+H]*; "H NMR (500 MHz, CDCl3): § 7.89 — 7.92 (m, 2H), 7.68 (s, 1H),
7.59 (s, 1H), 7.19 (t, J = 9.0 Hz, 2H), 5.80 (d, J = 4.0 Hz, 1H), 3.69 (d, J = 6.0 Hz, 2H), 3.06
(s, 3H), 2.98-3.03 (m, 5H), 1.93 (dd, J;= 11 Hz, J, = 5.5 Hz, 2H), 1.75 (d, J = 2.5 Hz, 2H)
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N

[0191] Synthesis of compound 4-9°. Following Scheme 4 by replacing compound 4-3
(but-3-yn-1-ol) with pen-4-yn-1-ol, compound 4-9> was obtained as a pale yellow solid. LC-
MS (ESI): m/z 431 [M+H]"; 'H NMR (500 MHz, CDCls): § 7.92 (m, 2H), 7.71 (s, 1H), 7.43
(s, 1H), 7.19 (1, J = 8.5 Hz, 2H), 5.86 (s, 1H), 3.08 (m, SH), 3.01 (d, /= 4.5 Hz, 3H), 1.59 (m,
6H) ppm.
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[0192] Synthesis of compound 4-9”°. Following Scheme 4 by replacing compound 4-3
(but-3-yn-1-ol) with hex-5-yn-1-ol, compound 4-9°’ was obtained as a yellow solid. LC-MS
(ESI): m/z 447 [M+H]"; 'TH NMR (500 MHz, CDCls): § 7.93 (m, 2H), 7.68 (s, 1H), 7.35 (s,
1H), 7.18 (t, J =8.5 Hz, 2H), 5.86 (s, 1H), 4.05 (m, 1H), 3.47 (m, 1H), 3.37 (m, 1H), 3.00 -
3.02 (m, 6H), 2.76 (m, 1H), 1.90 — 1.95 (m, 2H), 1.73 - 1.79 (m, 1H), 1.26 — 1.65 (m, 4H),
1.06 (m, 1H) ppm.

[0193] Synthesis of compound 4-10. A mixture of compound 4-8 (50 mg, 0.12 mmol) in
SOCI, (1.5 mL) was stirred at 80 °C for 2 hrs. The solvent was removed and the residue dried
in vacuo to give the crude acid chloride, which was used for the next step without further
purification. Subsequently, the crude acid chloride was dissolved in anhydrous pyridine (1.5

mL), followed by O-methylhydroxylamine hydrochloride (124 mg, 0.490 mmol). After
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stirring at 100 °C for 1.5 hrs, the reaction mixture was concentrated and the residue was
purified by preparative HPLC to give compound 4-10 (20 mg, 37% yield) as a white powder.
LC-MS (ESD): m/z 433 [M+H]"; "TH NMR (500 MHz, CDCl3): 8 8.31 (s, 1H), 7.90 — 7.93 (m,
2H), 7.66 (s, 1H), 7.20 (t, J = 8.5 Hz, 2H), 3.85 (s, 3H), 3.03 (s, 3H), 2.97 — 3.00 (m, 2H),
1.93 - 1.96 (m, 2H), 1.69 — 1.76 (m, 2H) ppm.

Scheme 5
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[0194] Step 1. Refer to Scheme 5. To a suspension of Zn (3.92 g, 60.3 mmol) in EtOH (80
mL) was added HOAc (3 mL), followed by solution of compound 5-1 (2.0 g, 8.6 mmol) in

EtOH (20 mL) at rt. After stirring at rt overnight, the reaction mixture was filtered. The
filtrate was concentrated and the residue was diluted with EtOAc (150 mL). The mixture was
washed with water (200 mL) and brine (100 mL) and dried with anhydrous Na;SO,. The
solvent was removed and the residue was purified by silica gel column chromatography
(Petroleum ether /EtOAc = 19/1 (v/v)) to give compound 5-2 (1.15 g, 48% yield) as a yellow
oil. LC-MS (ESI): m/z 202 [M+H]".

[0195] Step 2. A solution of compound 5-2 (10.0 g, 49.8 mmol) in anhydrous pyridine (50
mL) was added MsCl (4.04 mL, 52.2 mmol) at 0 °C. After stirring at rt for 30 min, the
reaction mixture was diluted with EtOAc (200 mL). The mixture was washed with 1 N aq.
HC1 (100 mL x 3) and brine (100 mlL.) and dried with anhydrous Na;SO;. The solvent was

removed and the residue was purified by silica gel column chromatography (Petroleum
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ether/EtOAc = 10/1 (vA)) to give compound 5-3 (9.3 g, 67% yield) as a white solid. LC-MS
(ESD): m/z 280 [M+H]".

[0196] Step 3. To a solution of compound 5-3 (800 mg, 2.86 mmol) in DMF (10 mL) were
added compound 5-4 (511 mg, 3.43 mmol) and K,COs (1.58 g, 11.4 mmol). After stirring at
80 °C for 4 hrs, the reaction mixture was added ice-water (50 mL) and EtOAc (50 mL). The
organic layer was washed with water (50 mL x 5) and brine (50 mL) and dried with
anhydrous Na,SO,. The solvent was removed and the residue was purified by silica gel
column chromatography (Petroleum ether/Acetone = 10/1 (v/)) to give compound 5-5 (980
mg, 99% yield). LC-MS (ESI): m/z 347 [M+H]".

[0197] Step 4. To a solution of compound 5-5 (980 mg, 2.83 mmol) in DMF (5 mL) were
added Pd(OAc); (64 mg, 0.28 mmol), PPhs (297 mg, 1.13 mmol), LiCl (132 mg, 3.11 mmol)
and Et;N (572 mg, 5.66 mmol) and the resulting mixture was flushed with Ar and stirred at
120 °C for 1.5 hrs. Subsequently, the reaction mixture was cooled to rt and poured into water
(60 mL). The mixture was extracted with EtOAc (100 mL x 2) and the combined organic
extracts were washed with water (50 mL x 5) and dried with anhydrous Na;SQ,. The solvent
was removed and the residue was purified by silica gel column chromatography (Petroleum
ether/Acetone = 10/1 (v/v)) to give compound 5-6 (600 mg, 79% yield) as a yellow oil. LC-
MS (ESI): m/z 268 [M+H]"; 'H NMR (500 MHz, CDCl3): & 7.20 (d, J = 8.5 Hz, 1H), 7.04 (d,
J=2Hz, 1H), 6.84 (dd, J; = 8.5 Hz, J, = 2.5 Hz, 1H), 5.17 (s, 1H), 5.06 (s, 1H), 3.80 — 3.83
(m, SH), 2.85 (s, 3H), 2.45 (t, / = 6 Hz, 2H), 1.89 — 1.93 (m, 2H) ppm.

[0198] Step 5. To a solution of compound 5-6 (3.60 g, 13.5 mmol) in toluene (60 mL) were
added ZnEt; (1 M in hexane, 108 mmol) and CH,I, (57.6 g, 216 mmol) at O °C. After stirring
at rt overnight, the reaction mixture was diluted with EtOAc (100 mL) and the resulting
mixture was washed with 5% (w/w) aq. HCI (100 mL) and brine and dried with anhydrous
NaySOy4. The solvent was removed and the residue was purified by silica gel column
chromatography (Petroleum ether/EtOAc = 20/1 to 8/1 (v/v)) to give compound 5-7 (2.5 g,
66% yield) as a yellow solid. LC-MS (ESI): m/z 282 [M+H]"; 'H NMR (500 MHz, CDCly) 6
7.18 (d, J = 8.5 Hz, 1H), 6.92 (d, J= 1.5 Hz, 1H), 6.75 (dd, /; = 8.5 Hz, J, =2 Hz, 1H), 3.78
(s, 3H), 3.61 (br s, 2H), 3.06 (s, 3H), 1.92 (br s, 2H), 1.52 (br s, 2H), 0.90 (br s, 2H), 0.73 (br
s, 2H) ppm.

[0199] Step 6. To a solution of compound 5-7 (1.80 g, 6.43 mmol) in DCM (65 ml.) was
added NBS (2.28 g, 12.9 mmol) at 0 °C. After stirring at rt for 24 hrs, the reaction mixture
was concentrated and the residue was purified by silica gel column chromatography
(Petroleum ether/EtOAc = 15/1 (v/v)) to give compound 5-8 (860 mg, 38% yield) as a white
solid. LC-MS (ESI): m/z 360 [M+H]"; "H NMR (500 MHz, CDCls): § 7.44 (s, 1H), 6.98 (s,
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1H), 3.88 (s, 3H), 3.65 (br s, 2H), 3.09 (s, 3H), 1.90 (br s, 2H), 1.52 (br s, 2H), 0.90 (br s,
2H), 0.75 (br s, 2H) ppm.

[0200] Step 7. To a solution of compound 5-8 (800 mg, 2.23 mmol) in CH,Cl, (30 mL) was
added BBr3 (4 N in DCM, 8.91 mmol) at 0 °C. After stirring at 0 °C for 20 min, the reaction
ixture was poured into ice-water (150 mL). The resulding mixture was extracted with DCM
(50 mL x 2) and the combined organic extracts were washed with water and brine and dried
with anhydrous Na;SQ4. The solvent was removed and the residue was dried in vacuo to
give crude compound 5-9 (670 mg, 87% yield) as a white solid. LC-MS (ESI): m/z 346
[M+H]".

[0201] Step 8. To a solution of compound 5-9 (670 mg, 1.94 mmol) in THF (30 mL) were
added DMAP (20 mg) and TEA (588 mg, 5.82 mmol). The resulting mixture was cooled to 0
°C and SEMCI (643 mg, 3.87 mmol) was added. After stirring at rt for 1.5 hrs, the reaction
mixture was poured into water (50 mL). The mixture was extracted with EtOAc (60 mL x 3)
and the combined organic extracts were washed with brine (30 mL) and dried anhydrous
Na;SOj4. The solvent was removed and the residue was purified by silica gel column
chromatography (Petroleum ether/EtOAc = 10/1 (v/v)) to give compound 5-10 (460 mg, 50%
yield) as a white solid. LC-MS (ESI): m/z 498 [M+Na]".

[0202] Step 9. To a solution of compound 5-10 (460 mg, 0.970 mmol) in DMF (6 mL)
were added compound 1-11 (139 mg, 1.16 mmol), Cul (9.3 mg, 0.050 mmol), Pd(PPh3),Cl,
(68 mg, 0.097 mmol), P(+-Bu); (39 mg, 0.19 mmol) and piperidine (330 mg, 3.88 mmol). The
resulting mixture was flushed with Ar and stirred at 80 °C overnight. Subsequently, the
reaction mixture was added into water (60 mL) and extracted with EtOAc (50 mL x 2). The
combined organic extracts were washed with water (50 mL x 5) and dried with anhydrous
Na;SOq4. The solvent was removed and the residue purified by column chromatography
(Petroleum ether/EtOAc = 10/1 to 6/1 (v/v)) to give compound 5-11 (300 mg, 60% yield) as a
yellow oil. LC-MS (ESI): m/z 538 [M+Na]".

[0203] Step 10. To a solution of compound 5-11 (280 mg, 0.54 mmol) in THF (15 mL) was
added TBAF (851 mg, 3.26 mmol) under an atmosphere of Ar. After refluxing overnight, the
reaction mixture was concentrated and the residue was purified by silica gel column
chromatography (Petroleum ether/EtOAc = 8/1 (v/v)) to give compound 5-12 (100 mg, 48%
yield) as a yellow solid. LC-MS (ESI): m/z 86 [M+H]*; 'TH NMR (500 MHz, CDCl5): § 7.78
—7.83 (m, 2H), 7.51 (s, 1H), 7.48 (s, 1H), 7.11 = 7.16 (m, 2H), 6.89 (s, 1H), 3.64 — 3.69 (m,
2H), 3.16 (s, 3H), 1.96 (br s, 2H), 1.59 (br s, 2H), 1.01 (br s, 2H), 0.81 (br s, 2H) ppm.
[0204] Step 11. To a solution of compound 5-12 (80 mg, 0.21 mmol) in TFA (0.5 mL) and
CHCI; (0.5 mL) was added NIS (70 mg, 0.31 mmol) at rt. After stirring at for 3 hrs, the

reaction mixture was concentrated and the residue was purified by silica gel column
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chromatography (Petroleum ether/EtOAc = 6/1 (v/)) to give compound 5-13 (80 mg, 75%
yield) as a yellow solid. LC-MS (ESI): m/z 512 [M+H]".

[0205] Step 12. To a solution of compound 5-13 (80 mg, 0.16 mmol) in DMF (3 mL) and
MeOH (3 mL) were added Pd(PPhs)4 (91 mg, 0.080 mmol) and Et;N (64 mg, 0.64 mmol).
The resulting mixture was flushed with CO and stirred at 60 °C for 4 hrs under an atmosphere
of CO. Subsequently, the mixture was water (20 mL) and extracted with EtOAc (60 mL x 2).
The combined organic extracts were washed with water (60 mL x 5) and dried with
anhydrous Na;SOy4. The solvent was removed and the residue was purified by silica gel
column chromatography (Petroleum ether/EtOAc = 8/1 (v/v)) to give compound 5-14 (70 mg,
quantitative yield) as a yellow solid. LC-MS (ESI): m/z 444 [M+H]".

[0206] Step 13. To a solution of compound 5-14 (70 mg, 0.16 mmol) in MeOH/THF (1
mL/2 mL) was added LiOH (0.63 mmol). After stirring at 70 °C overnight, the reaction
mixture was cooled to 0 °C and acidified with 1 N aq. HCI (7 mL). The suspention was
filtered and the solid was washed with water and dried in vacuo to give crude compound 5-15
(60 mg, quantitative yield) as a white solid, which was used for the next step without further
purification. LC-MS (ESI): m/z 430 [M+H]".

[0207] Step 14. To a solution of compound 5-15 (60 mg, 0.14 mmol) in DMF (1.5 mL) was
added HATU (66 mg, 0.17 mmol). The resulting mixture was stirred at rt for 30 min and then
DIPEA (181 mg, 1.40 mmol) and MeNH,; HCI (47 mg, 0.70 mmol) were added. The resulting
mixture was stirred at rt for 20 min and poured into water (50 mL). The suspension was
filtered and the solid was purified by silica gel column chromatography (Petroleum
ether/Acetone = 9/1 (v/v)) to give compound 5-16 (10.5 mg, 18% yield) as a white solid. LC-
MS (ESI): m/z 443 [M+H]"; "H NMR (500 MHz, CDCls): & 7.87 (m, 2H), 7.75 (s, 1H), 7.53
(s, 1H), 7.18 (m, 2H), 5.79 (s, 1H), 3.64 (br s, 2H), 3.15 (s, 3H), 3.01 (d, J = 5 Hz, 3H), 1.95
(br s, 2H), 1.61 (br s, 2H), 1.02 (br s, 2H), 0.82 (s, 2H) ppm.
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[0208] Step 1. Refer to Scheme 6. To a solution of compound 3-3 (4.35 g, 10.0 mmol) in
DMF (40 mL) was added K,COs (5.52 g, 40.0 mmol) and compound 6-1(1.79 g, 12.0 mmol).
After stirring at 80 °C overnight, the reaction mixture was cooled to rt and poured into water
(60 mL). The mixture was extracted with EtOAc (100 mL x 2) and the combined organic
extracts were washed with water and dried with anhydrous Na;SQO4. The solvent was removed
and the residue was purified by silica gel column chromatography (Petroleum ether/acetone =
10/1 (v/v)) to give compound 6-2 (4.53 g, 90% yield) as a yellow oil. LC-MS (ESI): m/z 526
[M+Na]".

[0209] Step 2. To a solution of compound 6-2 (2.0 g, 4.0 mmotl) in CH,Cl; (80 mL) was
added BCl; (1 N in DCM, 8.0 mmol) at -30 °C. After stirring at -30 to -20 °C for 30 min, the
reaction mixture was poured into ice-water (100 mL). The mixture was extracted with DCM
(80 mL x 2) and combined organic extracts were washed with water and brine and dried with
anhydrous Na,SO,. The solvent was removed and the residue was purified by silica gel
column chromatography (Petroleum ether/acetone = 7/1(v/v)) to give compound 6-3 (1.4 g,
76% yield) as a yellow solid. LC-MS (ESI): m/z 462 [M+H]".

[0210] Step 3. To a solution of compound 6-3 (1.40 g, 3.04 mmol) in CH,Cl, (40 mL) were
added DMAP (19 mg, 0.15 mmol) and DIEA (0.590 g, 4.56 mmol), followed by Tf,O (1.03
g, 3.64 mmol) at 0 °C. After stirring at 0 °C for 20 min, the reaction mixture was added into
ice water (50 mL). The organic layer was washed with water and brine and dried with

anhydrous Na;SO4. The solvent was removed and the residue was purified by silica gel
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column chromatography (Petroleum ether/EtOAc = 20/1 (v/)) to give compound 6-4 (1.6 g,
89% yield) as a colorless oil. LC-MS (ESI): m/z 594 [M+H]".

[0211] Step 5. To a solution of compound 6-4 (1.00 g, 1.69 mmol) in 20 mL DMF was
added Pd(OAc), (38 mg, 0.17 mmol), PPh; (177 mg, 0.680 mmol), LiCl (79.0 mg, 1.86
mmol) and EN (1.00 mL, 6.75 mmol). The resulting mixture was flushed with Ar and
stirred at 120 °C overnight. Subsequently, the mixture was cooled to rt and poured into 60 mL
water. The resulting mixture was extracted with EtOAc (80 mL x 2) and the combined
organic extracts was washed with water and dried with anhydrous Na;SQ,. The solvent was
removed and the residue was purified by silica gel column chromatography (Petroleum
ether/EtOAc = 15/1 (v/v)) to give compound 6-5 (610 mg, 81% yield) as a yellow solid. LC-
MS (ESI): m/z 444 [M+H]*; 'H NMR (500 MHz, CDCls): 5 8.04 — 8.07 (n, 2H), 7.96 (s,
1H), 7.69 (s, 1H), 7.17 —7.20 (m, 2H), 5.30 (s, 1H), 5.21 (d, J=2.0 Hz, 1H), 4.42 (dd, J; =
14.5 Hz, J, =7.0 Hz, 2H), 3.85 (br s, 2H), 2.87 (s, 3H), 2.53 (t, J = 5.0 Hz, 2H), 1.96 (dd, J;
=12 Hz, J, = 6.0 Hz, 2H), 1.41 (t, J = 6.5 Hz, 3H) ppm.

[0212] Step 6. To a solution of compound 6-5 (300 mg, 0.680 mmol) in MeOH/THF (4
mL/8 mL) was added 2.0 N aq. LiOH (2.72 mL, 1.36 mmol). After stirring at 75 °C for 2 hrs,
the reaction mixture was colled to rt and acidified with 2 N aq. HCl to pH 5 - 6. The
suspension was filtered and the solid was washed with water and dried in vacuo to give
compound 6-6 (260 mg, 92% yield) as a white solid, which was used directly for the next
step without further purification. LC-MS (ESI): m/z 416 [M+H]".

[0213] Step 7. To a solution of Et;Zn (1.1 M in toluene, 10 mL, 11 mmol) in 1, 2-
dichloroethane (10 mL) was added a solution of CHyl; (5.87 g, 22 mmol) in 1, 2-
dichloroethane (10 mL) at -78 °C under an atmosphere of Nj. After stirring at -15 °C for 30
min, the mixture was cooled to -78 °C. Subsequently, a solution of compound 6-6 (200 mg,
0.481 mmol) in 1, 2-dichloroethane (15 mlL.) was added. The reaction mixture was then
stirred at room temperature for 40 hrs and added 1 M ag. HCI at 0 °C. The mixture was
extracted with DCM (50 mL x 2) and the combined organic extracts were concentrated in
vacuo. The residue was added THF (20 mL), MeOH (2.5 mL), water (2.5 mL) and LiOH (76
mg). After stirring at 70 °C for 2 hrs, the mixture was treated with 1 M aq. HCI (1.5 mL) at 0
°C. The mixture was concentrated and the residue was extracted with DCM (50 mL x 4) and
the combined organic extracts were dried with anhydrous Na;SO4. The solvent was removed
and the residue was purified by silica gel chromatography to give compound 5-15 (113 mg,
55% yield). LC-MS (ESI): m/z 430 [M+H]"; "H NMR (500 MHz, CDCl3): & 8.04 (m, 3H),
7.57 (s, 1H), 7.20 (m, 2H), 3.68 (br s, 2H), 3.17 (s, 3H), 1.97 (br s, 2H), 1.64 (br s, 2H), 1.06
(br s, 2H). 0.86 (s, 2H) ppm.
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[0214] Step 8. To a solution of the compound 5-15 (60 mg, 0.14 mmol) in DMF (3.00 mL)
was added HATU (64.0 mg, 0.168 mmol). The resulting mixture was stirred at rt for 30 min
and 2 M CH3NH; in THF (1.4 mmol) was added. After stirring at rt for 30 min, the reaction
mixture was concentrated and the residue was purified by preparative HPLC to give
compound 5-16 (20 mg, 32% yield) as a white powder. LC-MS (ESI): m/z 443 [M+H]"; H
NMR (500 MHz, CDCl3): 6 7.87 (m, 2H), 7.75 (s, 1H), 7.53 (s, 1H), 7.18 (m, 2H), 5.79 (s,
1H), 3.64 (br s, 2H), 3.15 (s, 3H), 3.01 (d, J = 5 Hz, 3H), 1.95 (br s, 2H), 1.61 (br s, 2H), 1.02
(br s, 2H), 0.82 (s, 2H) ppm.

[0215] Synthesis of compound 6-7. A solution of Et;Zn (1.1 M in toluene, 0.22 mmol) in
DCM (2 mL) was drop-wisely added CH,I, (117 mg, 0.440 mmol) at -78 °C under an
atmosphere of Ny. After stirring at -78 °C for 30 min, to the reaction mixture was drop-wisely
added a mixture of compound 6-5 (4.43 mg, 0.01 mmol) and TFA (0.01 mL) in DCM (1 mL).
Subsequently, the reaction mixture was stirred at 60 °C for 30 min and then cooled to rt and
diluted with water (25 mL) and DCM (50 mL). The organic layer was separated, washed with
brine (25 mL), and dried with anhydrous Na;SO4. The solvent was removed and the residue

was dried in vacuo to give compound 6-7. LC-MS (ESI): m/z 458.1 [M+H]".
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[0216] Synthesis of compound 7-1. Refer to Scheme 7. To a solution of compound 6-6
(250 mg, 0.60 mmol) in DMF (5 mL) was added HATU (275 mg, 0.72 mmol). The resulting
mixture was stirred at rt for 30 min before DIEA (154 mg, 1.2 mmol) and MeNH, HCI (122
mg, 1.8 mmol) were added in. After stirring at rt for 20 min, the reaction mixture was poured
into water (50 mL). The suspension was filtered and the solid was washed with water and

dried in vacuo. The solid was dissolved in DCM (2 mL) and the resulting solution was added

into hexane (80 mL). The suspension was filtered and the solid was dried in vacuo to give
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compound 7-1 (230 mg, 90% yield) as a white solid. LC-MS (ESI): m/z 429 [M+H]"; 'H
NMR (500 MHz, CDCl;): 6 7.88 — 7.91 (m, 2H), 7.74 (s, 1H), 7.67 (s, 1H), 7.19 (t, J = 9.0
Hz, 2H), 5.82 (br s, 1H), 5.28 (s, 1H), 5.19 (d, / = 1.0 Hz, 1H), 3.83 (br s, 2H), 3.01 (d, / =
5.5 Hz, 3H), 2.86 (s, 3H), 2.51 (t, J = 5.0 Hz, 2H), 1.92 — 1.96 (m, 2H) ppm.

[0217] Synthesis of compound 7-2. To a solution of compound 7-1 (40 mg, 0.094 mmol)
in DCM (4 mL) was flushed with O3 at -78 °C until compound 7-1 disappeared (about 1
min). Subsequently, the reaction mixture was saturated with N3 and PPhs (591 mg, 0.26
mmol) was added. After stirring at rt for 3 hrs, the reaction mixture was filtered and the
filtrate was concentrated. The residue was purified by silica gel column chromatography to
give compound 7-2 (20 mg, 50% yield). LC-MS (ESI): m/z 431 [M+H]"; "H NMR (500
MHz, CDCl3): 6 7.88 (dd, J; = 8.5 Hz, Jo = 6.0 Hz, 2H), 7.71 (s, 1H), 7.54 (s, 1H), 7.19 (t, J
= 8.5 Hz, 2H), 5.80 (br s, 1H), 4.08 — 4.13 (m, 1H), 3.25 — 3.28 (m, 2H), 3.08 (s, 3H), 3.01 (d,
J=4.5 Hz, 3H), 1.89 - 2.04 (m, 2H), 1.67 (br s, 2H), 1.47 (d, J = 7.0 Hz, 3H) ppm.

[0218] Synthesis of compound 7-3. To a solution of compound 7-1 (70 mg, 0.16 mmol) in
EtOAc (30 mL) was added 10% Pd/C (20 mg). The resulting mixture was flushed with H,
and stirred at rt for 3 hr. The reaction mixture was filtered, the filtrate was concentrated and
the residue was purified by silica gel column chromatography (Petroleum ether/EtOAc = 5/1
(v/v)) to give compound 7-3 (40 mg, 58% yield) as a white solid. LC-MS (ESI): m/z 431
[M+H]"."H NMR (500 MHz, CDCl3): 5 8.17 (s, 1H), 7.99 (dd, J; = 8.5 Hz, J; = 6.0 Hz, 2H),
7.68 (s, 1H), 7.21 (t, J = 8.5 Hz, 2H), 5.89 (br s, 1H), 3.90 (t, / = 6.0 Hz, 2H), 3.03 — 3.05 (m,
6H), 2.85 (t, / = 6.0 Hz, 2H), 2.04 — 2.08 (m, 2H) ppm. Compound 7-3 was separated into a
pair of enantiomers: enantiomer 7-3_A (tg = 9.420 min) and enantiomer 7-3_B (tg = 12.173
min) detected by UV absorption at 214 nm on a ChiralPak® IA 4.0 mm x 150 mm x 5 pm
column (eluent: hexane/EtOH = 70/30 (v/v) with 0.1% diethylamine (v/v) and flow rate: 1
mL/min).

[0219] Synthesis of compound 7-4. To a solution of compound 7-1 (50 mg, 0.12 mmol) in
DCM (4 mL) was added CF;COOH (0.02 mL). After stirring at rt overnight, the reaction
mixture was concentrated. The residue was dissolved in DCM (0.5 mL) and the resulting
solution was added into hexane (20 mL). The suspension was filtered and the solid was dried
in vacuo to give compound 7-4 (30 mg, 58% yield). LC-MS (ESI): m/z 429 [M+H]"; 'H
NMR (500 MHz, CDCls): & 7.89 (dd, J; = 8 Hz, J» = 5.5 Hz, 2H), 7.82 (s, 1H), 7.67 (s, 1H),
7.22 (t,J = 8.5 Hz, 2H), 6.06 (t, / = 6.5 Hz, 1H), 5.80 (br s, 1H), 3.75 - 4.50 (m, 2H), 3.01 (d,
J=4.5Hz, 3H), 2.78 (s, 3H), 2.22 (s, 3H), 2.18 (t, J = 6 Hz, 2H) ppm.

[0220] Synthesis of compound 7-5. To a solution of compound 7-2 (40 mg, 0.093 mmol)
in MeOH (1 mL) and THF (1 mL) was added NaBH4 (10 mg, 0.28 mmol). After stirring at 0

°C for 10 min, the reaction was quenched by adding several drops of acetone. The solvent
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was removed and the residue was dissolved in EtOAc (25 mL). The mixture was washed with
water and dried with anhydrous Nay;SO,. The solvent was removed; the residue was dissolved
in DCM (0.5 mL) and the resulting solution was added into hexane (20 mL). The suspension
was filtered and the solid was dried in vacuo to give compound 7-5 (10 mg, 25% yield) as a
white solid. LC-MS (ESI): m/z 433 [M+H]"; 'TH NMR (500 MHz, CDCl5): § 7.92-7.94 (m,
3H), 7.56 (s, 1H), 7.18 (t, J = 8.5 Hz, 2H), 5.87 (br s, 1H), 5.15 (br s, 1H), 3.83 (br s, 1H),
3.12 (s, 3H), 3.01 — 3.02 (m, 4H), 2.32 (br s, 1H), 2.03 (br s, 3H) ppm.
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[0221] Step 1. Refer to Scheme 8. To a stirred solution of compound 4-2 (9.00 g, 18.9
mmol) in DMF (100 mL) were added Et;N (7.84 mL, 56.6 mmol), Pd(OAc), (212 mg, 0.94

mmol), dppp (469 mg, 1.13 mmol) and butyl vinyl ether (12.1 mL, 94.4 mmol) under an
atmosphere of Ar. After stirring at 100 °C for 2 hrs, the reaction mixture was concentrated.
The residue was diluted with EtOAc (250 mL) and the resulting mixture was washed with
water (100 mL x 3) and dried with anhydrous Na,SO,. The solvent was removed and the
residue was purified by silica gel column chromatography (Petroleum ether/EtOAc = 16/1
(v/v)) to give compound 8-1 (3.9 g, 48% yield) as a yellow solid. LC-MS (ESI): m/z 427
[M+H]".

[0222] Step 2. A solution of compound 8-1 (3.90 g, 9.13 mmol) in THF (60 mL) was added
1 N ag. HCI (10 mL) at rt. After stirring at rt for 15 min, the reaction mixture was
concentrated and the residue was diluted with DCM (100 mL). The resulting mixture was

washed with brine and dried with anhydrous Na,;SO,. The solvent was removed and the
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residue was dried in vacuo to give crude compound 8-2 (3.27 g, 96% yield) as a yellow solid,
which was used for the next step without further purification. LC-MS (ESI): m/z 372 [M+H]".
[0223] Step 3. To a stirred solution of compound 8-2 (2.00 g, 5.38 mmol) in EtOAc (50
mL) was added SnCl,2H,0 (3.47 g, 16.2 mmol). After stirring at 80 °C for 1 hr, the reaction
mixture was added sat. aq. NaHCO; (50 mL) and the resulting mixture was stirred at rt for 30
min. Subsequently, the mixture was filtered through Celite®545 and the the filtered cake was
washed with EtOAc (50 mL x 3). The organic layer of the filtrate was washed with brine and
dried with anhydrous Na;SO,. The solvent was removed and the residue was dried in vacuo
to give crude compound 8-3 (1.8 g, 98% vyield) as a brown solid, which was used for the next
step without further purification. LC-MS (ESI): m/z 342 [M+H]".

[0224] Step 4. To a stirred solution of compound 8-3 (900 mg, 2.64 mmol) in anhydrous
pyridine (15 mL) was added MsCl (0.25 mL, 3.17 mmol) at 0 °C. After stirring at rt for 1 hr,
the reaction mixture was diluted with EtOAc (100 mL) and the resulting mixture was washed
with 2 N ag. HCI (20 mL x 2) and H,O (50 mL x 3) and dried with anhydrous Na,SOy4. The
solvent was removed and the residue was purified by silica gel column chromatography
(Petroleum ether/DCM/EtOAc = 8/4/1 (v/v)) to compound 8-4 (520 mg, 47% yield) as a
yellow solid. LC-MS (ESI): m/z 442 [M+Na]".

[0225] Step S. To a solution of compound 8-4 (380 mg, 0.91 mmol) in MeOH (10 mL) and
THF (10 mL) was added NaBH, (172 mg, 4.54 mmol) in several portions at 0 °C. After
stirring at O °C for 15 min, the reaction was quenched by adding acetone (1 mL). The mixture
was concentrated and the residue was diluted with EtOAc (100 mL). The resulting mixture
was washed with 2 N aq. HC1 (20 mL) and H,O (50 mL. x 3) and dried with anhydrous
NaySO,. The solvent was removed and the residue was dried in vacuo to give crude
compound 8-5 (240 mg, 63% yield), which was used for the next step without further
purification. LC-MS (ESI): m/z 444 [M+Na]".

[0226] Step 6. To a stirring solution of compound 8-5 (50 mg, 0.12 mmol) in THF (15 mL)
was added NaH (24 mg, 0.6 mmol) at 0 °C under an atmosphere of Ar. After stirring at rt for
15 min, the mixture was added compound 8-6 (106 mg, 0.24 mmol) (prepared following the
procedure described in Angew. Chem. Intl. Ed. 2008, 47, 3784) at 0 °C and the resulting
mixture was stirred at 0 °C for 3 hrs and rt overnight. Subsequently, saturated aq. NH,Cl (10
mL) was added to quench the reaction and the mixture was concentrated. The residue was
diluted with EtOAc (50 mL) and the mixture was washed with brine (10 mL) and dried with
anhydrous Na;SO,. The solvent was removed and the residue was purified by silica gel
column chromatography (Petroleum ether/Acetone = 4/1 (v/v)) to give compound 8-7 (30 mg,

56% yield) as a white solid. LC-MS (ESI): m/z 448 [M+H]".
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[0227] Step 7. To a solution of compound 8-7 (40 mg, 0.09 mmol) in MeOH/THF (2 mL/4
mL) was added 2.0 N ag. LiOH (0.18 mmol, 0.36 mmol). After stirring at 75 °C for 3 hrs, the
reaction mixture was cooled to 0 °C and acidified with 2N aq. HCI adjust pH value to 5~6.
Subsequently, the suspension was filtered and the solid was washed with water and dried in
vacuo to give compound 8-8 (38 mg, 97% yield) as a white solid, which was used for the next
step without further purification. LC-MS (ESI): m/z 442 [M+Na]".

[0228] Step 8. To a solution of compound 8-8 (40 mg, 0.10 mmol) in DMF (3 mL) was
added HATU (43 mg, 0.12 mmol). The resulting mixture was stirred at rt for 60 min and
DIEA (0.16 mL, 0.95 mmol) and MeNHyHCl (20 mg, 0.29 mmol) were added. After stirring
at rt for 15 min, the reaction mixture was added into water (30 mL). The suspension was
filtered and the solid was washed with water and dried in vacuo. The residue was dissolved in
DCM (1.5 mL) and the solution was added into hexane (40 mL). The resulting suspension
was filtered and the solid was dried in vacuo to give compound 8-9 (23 mg, 56% yield). LC-
MS (ESI): m/z 433 [M+H]"; '"H NMR (500 MHz, CDCl3): 5 7.88 — 7.91 (m, 3H), 7.62 (s,
1H), 7.20 (t, J = 8.5 Hz, 2H), 5.80 (br s, 1H), 4.96 (q, / = 6.5 Hz, 1H), 4.15 - 4.18 (m, 1H),
4.02 - 4.09 (m, 2H), 3.29 - 3.34 (m, 1H), 3.15 (s, 3H), 3.01 (d, / = 5.0 Hz, 3H), 1.74 (d, J =
6.5 Hz, 3H) ppm. Compound 8-9 was separated into a pair of enantiomers: enantiomer 8-9_A
(tr = 3.34 min) and enantiomer 8-9_B (tg = 3.89 min) detected by UV absorption at 214 nm
on a Daicel CHIRALPAK AS-H column (eluent: MeOH/liquid CO, = 10/90 (v/v), flow rate:
60 g/min and back pressure : 100 bar).
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[0229] Step 1. Refer to Scheme 9. To a solution of compound 4-2 (2.37 g, 5.00 mmol) in
anhydrous THF (70 mL)) were added commercially available 2-ally-4.,4,5,5-tetramethyl-1,3,2-
dioxaborolane (1.09 g, 6.50 mmol), Pd(PPh3)4 (0.58 g, 0.50 mmol) and CsF (3.0 g, 19.87
mmol) under an atmosphere of Ar. The resulting mixture stirred at 80 °C 3 hrs and
concentrated. The residue was diluted with water (100 mL) and extracted with EtOAc (50 mL
x 3). The combined organic extracts were washed with brine and dried with anhydrous
Na,SO4. The solvent was removed and the residue was purified by silica gel column
chromatography (Petroleum ether/EtOAc = 200/1 (v/v)) to give compound 9-1 (670 mg, 36%
yield) as a yellow solid. LC-MS (ESI): m/z 370 [M+H]".
[0230] Step 2. A solution of compound 9-1 (670 mg, 1.82 mmol) in DCM (110 mL) was
purged with O3 until reaction solution turned to be light blue at -78 °C. Subsequently, PPhs
(1.19 g, 4.5 mmol) was added and the mixture was stirred at rt overnight. The solvent was
removed and the residue was purified by silica gel column chromatography (Petroleum
ether/EtOAc = 20/1 to 10/1 (v/v)) to give compound 9-2 (570 mg, 82% yield) as a yellow
solid. LC-MS (ESI): m/z 372 [M+H]".
[0231] Step 3. To a solution of compound 9-2 (420 mg, 1.13 mmol) in MeOH (11 mL) and
THF (11 mL) was added NaBH; (172 mg, 4.53 mmol) at 0 °C. After stirring at 0 °C for 30
min, several drops of acetone was added to quench the reaction. The mixture was
concentrated and the residue was diluted with water (50 mL) and EtOAc (50 ml.). The aq.
phase was extracted with EtOAc (50 mL x 2) and the combined organic extracts were washed

with brine and dried with anhydrous Na,SO4. The solvent was removed and the residue was
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dried in vacuo to give crude compound 9-3 (422 mg, quantitative yield), which was used for
the next step without further purification. LC-MS (ESI): m/z 374 [M+H]".

[0232] Step 4. To a solution of compound 9-3 (410 mg, 1.10 mmol) in EtOAc (150 mL)
was added 10% Pd/C (400 mg). The resulting mixture was flushed with H, and stirred at rt
overnight under an atmosphere of H,. Subsequently, the reaction mixture was filtered through
Celite®545 and the filtered cake was washed with EtOAc (50 mL x 2). The filtrate was
concentrated and the residue was dried in vacuo to give crude compound 9-4 (372 mg, 99%
yield). LC-MS (ESI): m/z 344 [M+H]".

[0233] Step 5. To a solution of compound 9-4 (372 mg, 1.08 mmol) in CH,Cl, (10 mL)
were added DMAP (20 mg), EtsN (654 mg, 6.48 mmol) and MsCl (500 mg, 4.33 mmol) at 0
°C. After stirring at 0 °C for 30 min and rt for 1.5 hrs, the reaction mixture was added
saturated aq. NaHCOs (5 mL). The mixture was diluted with DCM (50 mL) and the organic
layer was washed with brine and dried with anhydrous Na,SO;. The solvent was removed
and the residue was purified by silica gel column chromatography (Petroleum ether/Acetone
=4/1 (v/v)) to give compound 9-5 (200 mg, 46% yield) as a yellow solid. LC-MS (ESI): m/z
404 [M+H]".

[0234] Step 6. To a solution of compound 9-5 (200 mg, 0.500 mmol) in MeOH/THF (6
mL/12 mL) was added LiOH (2.0 N aq. solution, 2.0 mmol). The resulting mixture was
stirred at 70 °C for overnight and then acidified with 1N aq. HCI (aq, 4 mL) at 0 °C. The
suspension was filtered and the solid was washed with water and dried in vacuo to give crude
compound 9-6 (170 mg, 90% yield) as a white solid, which was used for the next step
without further purification. LC-MS (ESI): m/z 376 [M+H]".

[0235] Step 7. To a solution of compound 9-6 (70 mg, 0.18 mmol) in DMF (4 mL) was
added HATU (85 mg, 0.22 mmol). The resulting mixture was stirred at rt for 30 min,
followed by adding DIEA (0.33 mL, 1.8 mmol) and MeNH, HCl (76.0 mg, 1.12 mmol). After
stirring at rt for 20 min, the reaction mixture was added into water (50 mL). The resulting
suspension was filtered and the solid was washed with water and dried in vacuo.
Subsequently, the residue was dissolved in DCM and the solution was added into hexane to
precipitate the product. The resulting suspension was filtered and the solid was dried in vacuo
to give compound 9-7 (40 mg, 55% yield) as a white solid. LC-MS (ESI): m/z 389 [M+H]";
'H NMR (500 MHz, CDCl;): 8 7.85 — 7.88 (m, 2H), 7.64 (s, 1H), 7.57 (s, 1H), 7.18 (t, J = 8.5
Hz, 2H), 5.82 (br s, 1H), 4.06 (t, J = 8.0 Hz, 2H), 3.23 (t, / = 8.0 Hz, 2H), 2.99 (d, / = 4.5 Hz,
3H), 2.90 (s, 3H) ppm.
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[0236] Step 1. Refer to Scheme 10. To a mixture of iPr,NH (27 mL., 190.7 mmol) in THF
(140 mL) was dropwisely added nBuLi (2.5M in Hexanes, 73 mL, 181.6 mmol) at -78 °C.
The mixture was stirred at -78 °C for 30 min, then warmed up to rt with stirring for another
20 min. Subsequently, to a mixture of compound 10-1 (10 g, 45.4 mmol) (prepared by
following the procedure described in W02009051306) and I, (28.5g, 114 mmol) in THF (70
mL) was dropwisely added LDA solution freshly prepared at -78 °C. Compound 10-1 was
consumed when 3.5 equiv of LDA was added and the reaction was quenched by adding sat.
aq. NH4Cl. The mixture was warmed up to rt and concentrated. The residue was diluted with
water and extracted by EtOAc (100 mL x 3). The organic extracts were combined, washed by
brine, and dried with anhydrous Na;SOy4. The solvent was removed and the residue was
purified by silica gel column chromatography (Hexanes/EtOAc = 5/1 (v/v)) to give compound
10-2 (13 g, 83% yield) as a yellow solid. '"H NMR (300 MHz, CDCl3): 6 7.48 (d, 1H), 7.39
(dd, 1H), 6.84 (dd, 1H), 4.42 (q, 2H), 3.83 (s, 3H), 1.45 (t, 3H) ppm.
[0237] Step 2. A mixture of compound 10-1 (3.34 g, 10 mmol), 10-2 (1.40 g, 10 mmol) and
Pd(PPh3)4 (0.58 g, 0.5 mmol) in 2 M ag. Na,COs (15 mL) and dioxane (75 mL) was degassed
and refilled with nitrogen. The process was repeated 3 times. The mixture was then stirred at
90 °C in a sealed flask for 24 hrs. After being cooled down, the reaction mixture was
concentrated. The residue was partitioned between DCM and water. The aqueous layer was
extracted with DCM several times. The combined organic extracts were dried with anhydrous
Na,S0Os. The solvent was removed and the residue was purified by silica gel column
chromatography (EtOAc/hexanes = 1/20 to 1/15 (v/v)) to give compound 10-3 (2.54 g, 88%
yield). LC-MS (ESI): m/z 315 [M+H]"; 'H NMR (300 MHz, CDClz): & 7.68 (m, 1H), 7.57
(d,J=1.3Hz, 1H), 7.46 (m, 1H), 7.44 (d, J = 8.9 Hz, 1H), 7.16 — 7.30 (m, 2H), 6.98 (dd, J =
1.3 and 8.9 Hz, 1H), 4.32 (q, J = 7.3 Hz, 2H), 3.92 (s, 3H), 1.27 (t, J = 7.3 Hz) ppm.
[0238] Step 3. To a solution of compound 10-3 (2.54 g, 8.7 mmol) in chloroform at was
slowly added 70% HNO; (w/w, 4.7 mL, 105 mmol). After completing the addition, the
solution was stirred at -20 °C for 30 min and rt overnight. The reaction mixture was diluted

with dichloromethane (150 mL), washed with water (50 mL x 5), and dried with anhydrous
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Na,S0;. The solvent was removed and the residue was purified by silica gel column
chromatography (EtOAc/hexanes = 1/9 to 1/6 (v/v)) to give compound 10-4 (1.98 g, 68%
yield). 'H NMR (300 MHz, CDCls): & 8.10 (s, 1H), 7.79 (s, 1H), 7.69 (m, 1H), 7.56 (m, 1H),
7.20-7.36 (m, 2H), 4.35 (q, J =7.3 Hz, 2H), 4.05 (s, 3H), 1.25 (t, J = 7.3 Hz) ppm.

[0239] Step 4. To a solution of compound 10-4 (1.98 g, 5.91 mmol) in dichloromethane at -
45 °C was slowly added a solution of BBr; (0.68 mL, 7.1 mmol) in dichloromethane (6 mL).
The resulting mixture was stirred at the temperature for 30 min, and then in an ice-water bath
for 30 min. Subsequently, the cold reaction mixture was diluted with dichloromethane (100
mL), and ice water (10 mL) was slowly added into the solution to destroy the excess amount
of BBr3. The organic layer was washed with water and dried over anhydrous Na,SOy4. The
solvent was removed and the residue was dried in vacuo to give a crude de-methylated
intermediate of compound 10-4, which was used for the next step without further
purification. LCMS (ESI): m/z 344 [M-1]*. Subsequently, Cs,COs (3.85 g, 12 mmol) was
added into a solution of the above crude product in NMP (20 mL). After stirring at rt for 10
min, the reaction mixture was added 2-bromopropane (0.67 mL, 7.1 mmol) and the resulting
mixture was stirred at rt for 2 hrs and at 50 °C for 18 hrs. The reaction mixture was added
into ice water (150 mL) and the mixture was extracted with EtOAc (50 mL x 3). The
combined extracts were washed with brine and dried with anhydrous Na;SOy. The solvent
was removed and the residue was dried in vacuo to give crude compound 10-5 (2.15 g, 94%
yield). '"H NMR (300 MHz, CDCly): & 8.04 (s, 1H), 7.78 (s, 1H), 7.68 (m, 1H), 7.57 (m, 1H),
7.18 =7.36 (m, 2H), 7.73 (m, 1H), 4.34 (q, /= 7.3 Hz, 2H), 1.44 (d, J = 7.4 Hz, 6H), 1.27 (t,
J=7.3 Hz, 3H) ppm.

Scheme 11
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[0240] Synthesis of compound 11-2. Refer to Scheme 11. To a solution of compound 11-1
(100 mg, 0.22 mmol) in THF (6.0 mL) and water (1.5 mL), OsQ4 (1.5 mL, 4 % in water, 0.23
mmol) was added at rt. The reaction was stirred for 5 min and then NMO (0.028 mL, 0.027
mmol) was added. After stirring for 4 hrs, the reaction was quenched by adding Na,SO; (454
mg, 3.6 mmol). The reaction was extracted with dichloromethane (25 mL x 2) and the
extracts were combined, washed with brine, and dried anhydrous Na;SO4. The solvent was

removed and the residue was re-dissolved in dichloromethane (5 mL). Subsequently, NalQ,

(103 mg, 0.48 mmol), silica gel (650 mg) and water (0.2 mL.) were added to the mixture at rt.
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After stirring for 4 hrs, the reaction was diluted with dichloromethane (50 mL), washed with
brine, and dried with anhydrous Na;SOy4. The solvent was removed and the residue was
purified by silica gel column chromatography (EtOAc/hexanes = 1/10 (vv)) to give
compound 11-2 (70 mg, 70% yield). LC-MS (ESI): m/z 449 [M+H]"; "H NMR (300 MHz,
CDCl3): 6 8.23 (s, 1H), 7.68 — 7.80 (m, 1H), 7.67 (s, 1H), 6.95 — 7.10 (m, 2H), 5.80 — 5.81
(m, 1H), 3.89 (t, / = 6.3 Hz, 2H), 3.03 (s, 3H), 2.99 (d, J = 4.9 Hz, 3H), 2.83 — 2.97 (m, 2H),
2.02 - 2.08 (m, 2H) ppm.

[0241] Synthesis of compound 11-3. To a solution of compound 11-1 (65 mg, 0.14 mmol)
in THF (6.0 mL), BH;-SMe; (2M in THF, 0.22 mL, 0.44 mmol) was added at rt. After
stirring at rt overnight, 3 N aq. NaOH (0.42 mL, 1.26 mmol) was slowly added. After stirring
at rt for 30 min, H,O, (30% (w/w) in water, 0.42 ml.) was added and the resulting mixture
was stirred at rt for another 30 min. Subsequently, the reaction mixture was diluted with
EtOAc (50 mL) and the organic layer was washed with brine and water and dried with
anhydrous Na,SO4. The solvent was removed and the residue was purified by silica gel
column chromatography (EtOAc/hexanes = 1/10 (v/)) to give compound 11-3 (50 mg, 77%
yield). LC-MS (ESI): m/z 465 [M+H]"; "H NMR (300 MHz, CDCls): & 7.64 — 7.69 (mn, 1H),
7.26 (s, 1H), 7.45 (br. s, 1H), 6.85 — 6.98 (m, 2H), 4.04 — 4.15 (m, 1H), 3.55 — 3.80 (m, 3H),
3.83 —3.89 (m, 1H), 3.08 (s, 3H), 2.89 (s, 3H), 1.75 - 1.95 (m, 4H) ppm.
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[0242] Step 1. Refer to Scheme 12. A solution of Br; (1 M in AcOH, 10 mL, 10 mmol) was
slowly added into a solution commercially available compound 12-1 (1.24 g, 10 mmol) in

AcOH (35 mL) at rt. After stirring at rt for 1 hr, the reaction mixture was filtered and the
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solid was dried in vacuo to give compound 12-2 (1.41 g, 69% yield). '"H NMR (300 MHz,
CD3s0D): 6 7.84 (s, 1H), 6.29 (s, 1H), 3.87 (s, 3H) ppm.

[0243] Step 2. A mixture of compound 12-2 (1.41 g, 6.9 mmol) and 2-bromo-3-(4-fluoro-
phenyl)-3-oxo-propionic acid ethyl ester (12-3) (1.01 g, 3.5 mmol) in ethanol (100 mL) was
stirred at 70 °C for 22 hrs. The solvent was removed and the residue was partitioned between
DCM (50 mL) and water (25 mL). The organic layer was washed with sat. aq. NayCO;
solution and water and dried with anhydrous Na,SO4. The solvent was removed and the
residue was purified by silica gel column chromatography (EtOAc/DCM = 1/10 (v/v)) to give
compound 12-4 (0.90 g, 65% yield). "H NMR (300 MHz, CDCls): § 9.57 (s, 1H), 7.74 — 7.78
(m, 2H), 7.09 - 7.15 (m, 2H), 7.04 (s, 1H), 4.31 (q, / = 7.2 Hz, 2H), 4.00 (s, 3H), 1.25 (t, J =
7.2 Hz, 3H) ppm.

[0244] Step 3. A solution of LiOH (0.25 g, 6.0 mmol) in water (4.5 mL) was added into a
solution of compound 12-4 (0.90 g, 2.3 mmol) in THF (9 mL). After stirring at 50 °C for 24
hrs, the reaction mixture was acidified to pH ~ 3.0 by adding 1 N aq. HCI. The solvent was
removed and the residue was dried in vacuo to give crude compound 12-5, which was used
for the next step without further purification. LC-MS: m/z 365 [M+H]".

[0245] Step 4. A mixture of compound 12-5 (0.83 g, 2.28 mmol), CHsNH,-HCI (0.31 g,
4.56 mmol), EDC-HCI] (0.66 g, 3.42 mmol), HOBt-H,O (0.52 g, 3.4 mmol) and DIPEA (1.88
mL, 11.4 mmol) in DMF (22 mL) was stirred at 50 °C for 18 hrs. The reaction mixture was
added into ice water (250 L) and filtered. The solid was washed with water and dried in
vacuo to give crude compound 12-6. 'H NMR (300 MHz, CDCl3): 8 9.70 (s, 1H), 7.66 - 7.72
(m, 2H), 7.18 =7.24 (m, 2H), 6.97 (s, 1H), 5.65 (broad s, 1H, NH), 4.00 (s, 3H), 2.88 (d, J =
5.1 Hz, 3H) ppm.

[0246] Step 5. BBr; (1.73 mL, 19 mmol) was slowly added into a solution of compound
12-6 (0.68 g, 1.8 mmol) in DCM (4 mL) at O °C. The resulting reaction mixture was stirred at
rt for 16 hrs under an atmosphere of N, and treated with ice water (25 mL). After adjusting
the pH of the mixture to basic using 5 N aq. NaOH, the mixture was extracted with DCM (25
mL x 3). The combined organic extracts dried with anhydrous Na;SQs. The solvent was
removed and the residue was purified by silica gel column chromatography to give
compound 12-7 (0.36 g, 55% yield). LC-MS: m/z 366 [M+H]".

[0247] Step 6. A mixture of compound 12-7 (0.36 g, 1. 0 mmol), 5-bromo-1-pentene (163
mg, 1.1 mmol) and K,COj3 (113 mg, 2.0 mmol) in DMF (12 mL) was stirred at 50 °C for 8
hrs. The reaction mixture was poured into water and the precipitate was collected by
filtration. The crude product was purified by silica gel column chromatography (EtOAc/DCM
= 1/7 (vv)) to give compound 12-8 (0.21 g, 49% yield). LC-MS: m/z 432 [M+H]"; "H NMR
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(300 MHz, CDCls): 6 9.67 (s, 1H), 7.66 ~ 7.72 (m, 2H), 7.17 — 7.24 (m, 2H), 6.93 (s, 1H),
5.69 -5.97 (m, 1H), 5.68 (br s, 1H), 5.02 - 5.16 (m, 2H), 4.08 (t, J = 6.8 Hz, 2H), 2.88 (d, J
= 5.2 Hz, 3H), 2.28 - 2.37 (m, 2H), 1.96 - 2.06(m, 2H) ppm.

[0248] Step 7. A mixture of compound 12-8 (200 mg, 0.46 mmol), Pd(OAc), (10.3 mg,
0.046 mmol), PPh; (48.5 mg, 0.19 mmol), LiCl (21.5 mg, 0.51 mmol) and Et;N (0.26 mL, 1.8
mmol) in DMF (6.0 mL) was degassed and refilled with N;. The process was repeated for 3
times. After stirring at 120 °C for 18 hrs, the mixture was added into ice water (100 mL). The
suspension was filtered and the solid was purified by silica gel column chromatography
(EtOAc/DCM =1/7 (v/v)) to give a mixture of compounds 12-9 and 12-10 (100 mg, 62%
yield) at a ratio of 3/1 determined by proton NMR. LC-MS: m/z 352 [M+H]". Compound 12-
9: "H NMR (300 MHz, CDCls): § 9.48 (s, 1H), 6.68 — 7.72 (m, 2H), 7.18 = 7.24 (m, 2H),
7.13 (s, 1H), 5.65 (br s, 1H), 5.37 (s, 1H), 5.16 (s, 1H), 4.28 —4.34 (m, 2H), 2.87 (d,J=5.2
Hz, 3H), 2.58 - 2.66 (m, 2H), 2.05-2.12 (m, 2H) ppm.

[0249] Synthesis of compound 12-11. A mixture of compounds 12-9 and 12-10 (10 mg,
0.028 mmol) and 10% Pd/C (5 mg) in ethanol (4 mL) was stirred at rt for 6 hrs under an
atmosphere of Hy. The mixture was filtered through Celite®545 and the filtered cake was
washed with DCM (20 mL x 2). The filtrate was concentrated and the residue was purified by
column chromatography (EtOAc/DCM = 1/7 (v/v)) to give compound 13-11 (8 mg, 80%
yield). LC-MS: m/z 354 [M+H]"; "H NMR (300 MHz, CDCL3): § 9.28 (s, 1H), 7.72 - 7.78
(m, 2H), 7.63 (s, 1H), 7.16 = 7.28 (m, 2H), 6.06 —6.14 (m, 1H), 4.16 -4.20 (m, 2H), 3.18
—3.28 (m, 1H), 291 (d, /= 5.2 Hz, 3H), 2.08 - 2.20 (m, 1H), 1.90 -2.05 (m, 2H), 1.68 —
1.78 (m, 1H), 1.42 (d, J = 7.2 Hz, 3H) ppm.

[0250] Synthesis of compound 12-10. A solution of compounds 12-9 and 12-10 (28 mg) in
CF;CO,H (3 mL) was stirred at 70 °C for 48 hrs. The solvent was removed and the residue
was diluted with DCM (25 ml.). The mixture was with sat. ag. NaHCO; and dried with
anhydrous NaySO4. The solvent was removed and the residue was purified by silica gel
column chromatography (EtOAc/DCM = 1/7 (v/v)) to give compound 12-10 (22 mg, 79%
yield). LC-MS (ESI): m/z 352 [M+H]"; "TH NMR (300 MHz, CDCl3): 8 9.63 (s, 1H), 7.65 —
7.70 (m, 2H), 7.18 =7.26 (m, 3H), 6.04-6.08 (m, 1H), 5.66 -5.74 (m, 1H), 4.29 (t,J =
5.4 Hz, 2H), 2.60 (d, J = 4.8 Hz, 3H), 2.64 - 2.70 (m, 2H), 2.26 (s, 3H) ppm.
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[0251] Step 1. Refer to Scheme 13, to a solution of compound 13-1 (10.0 g, 64.9 mmol) in
EtOH (400 mL) was added 10% Pd/C (w/w) (4.60 g). The reaction mixture was allowed to
stir at rt under an atmosphere of H; for 24 hrs. Subsequently, the reaction mixture was filtered
through Celite®545 and the filtered cake was washed with EtOAc (100 mL x 3). The filtrate
was concentrated and the residue was dried in vacuo to give crude compound 13-2 (8.0 g,
99% yield) as a dark red oil, which was used for the next step without further purification.
LC-MS (ESI): m/z 125 [M+H]".

[0252] Step 2. To a stirring solution of compound 13-2 (7.99 g, 64.4 mmol) and Et;N (59.4
mL, 386 mmol) in DCM (100 mL) was dropwisely added MsCl (6.50 mL, 193 mmol) at 0 °C
over 30 min. After stirring at rt for 2 hrs, the reaction mixture was filtered and the filtrate was
concentrated. The residue was purified by silica gel column chromatography (Petroleum
ether/acetone = 6/1 to 3/2 (v/v)) to give compound 13-3 (6.9 g, 38% yield) as a yellow solid.
LC-MS (ESI): m/z 281 [M+H]*; '"H NMR (500 MHz, CDCls): § 8.56 — 8.57 (d,J=5 Hz,
1H), 8.42 (s, 1H), 6.97 - 6.98 (d, J =5 Hz, 1H), 4.00 (s, 3H), 3.45 (s, 6H) ppm.

[0253] Step 3. To a solution of O-(mesitylsulfonyl)hydroxyamine (MSH) (17.8 mmol) in
DCM (100 mL) was added compound 13-3 (5.00 g, 17.8 mmol). After stirring at rt overnight,
the reaction mixture was concentrated and the residue was dried in vacuo to give crude
compound 13-4, which was used for the next step without further purification. LC-MS (ESI):
m/z 297 [M+H]".
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[0254] Step 4. To a solution of compound 13-4 (crude, 17.8 mmol) and ethyl 3-(4-
fluorophenyl)propiolate (3.43 g, 17.8 mmol) in DMF (80 mL.) was added K,CO;(9.82 g, 71.2
mmol) in one portion. After stirring at rt for 2hrs, the reaction mixture was concentrated and
the residue was purified by silica gel column chromatography (Petroleum ether/acetone = 5/1
to 3/1 (v/v)) to give compound 13-5. LC-MS (ESI): m/z 408 [M+H]".

[0255] Step 5. To a solution of compound 13-5 (1.00 g, 2.45 mmol) in DMF (25 mL) were
added Ko2CO3 (1.02 g, 7.36 mmol) and 5-bromopent-1-ene (732 mg, 4.91 mmol) at rt. After
stirring at 80 °C for 2 hrs, the reaction mixture was poured into ice water (100 mL). The
resulting solution was extracted with EtOAc (100 mL x 3) and the organic extracts were
combined, washed with water (50 mL x 3) and dried with anhydrous Na;SO4. The solvent
was removed and the residue was purified by silica gel column chromatography (Petroleum
ether/acetone = 3/1 (v/v)) to give compound 13-6 (1.0 g, 86% yield) as a yellow oil. LC-MS
(ESI): m/z 476 [M+H]".

[0256] Step 6. A mixture of 2-(diethylamino)ethanethiol-HCI (535 mg, 3.15 mmol) and #-
BuONa (637 g, 6.62 mmol) in anhydrous DMF (25 ml.) was stirred at rt for 15 min under an
atmosphere of N,. Subsequently, a solution of compound 13-6 (1.0 g, 2.1 mmol) in
anhydrous DMF (5 mL) was added and the resulting mixture was refluxed for 30 min, poured
into ice water (50 mL) and kept at 0 °C. The pH value of the reaction mixture was adjusted
to 3 to 4 by adding 1 N aq. HCI and the resulting mixture was extracted with EtOAc (50 mL
x 3). The organic extracts were combined, washed with brine and dried with anhydrous
NaySOs. The solvent was removed and the residue was purified by silica gel column
chromatography (Hexanes/EtOAc = 2/1 (v/v)) to give compound 13-7 (370 mg, 38% yield) as
a yellow oil. LC-MS (ESI): m/z 462 [M+H]".

[0257] Step 7. To a solution of compound 13-7 (164 mg, 0.35 mmol) and DMAP (2.0 mg,
0.016 mmol) in CH,Cl, (6 mL) was added EtzN (100 uL, 0.72 mmol), followed by Tf,0 (70
uL, 0.42 mmol) at 0 °C. After stirring at O °C for 30 min, the reaction mixture was
concentrated and the residue was purified by silica gel column chromatography (Petroleum
ether/EtOAc = 7/1 (v/v)) to give compound 13-8 (102 mg, 48% yield) as a yellow oil. LC-MS
(ESI): m/z 594 [M+H]".

[0258] Step 8. A solution of compound 13-8 (215 mg, 0.36 mmol), Pd(OAc); (8 mg, 0.036
mmol), dppf (66 mg, 0.12 mmol) and sodium acetate (36 mg, 0.43 mmol) in DMF (20 mL)
was heated at 80 °C for 3 hrs under an atmosphere of N,. The reaction mixturewas
concentrated and the residue was purified by silica gel column chromatography (Petroleum
ether/EtOAc = 5/1 (v/v)) to give compound 13-9 (115 mg, 61% yield) as a white solid. LC-
MS (ESI): m/z 444 [M+H]"; '"H NMR (500 MHz, CDCls): & 8.70 (s, 1H), 8.12 (s, 1H), 7.78
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(m, 2H), 7.15 (m, 2H), 5.38 (s, 1H), 5.37 (s, 1H), 4.32 (q, / = 7.0 Hz, 2H), 3.87 (m, 2H), 2.91
(s, 3H), 2.58 (m, 2H), 1.99 (m, 2H), 1.31 (t, J = 7.0 Hz, 3H) ppm.

[0259] Step 9. To a solution of compound 13-9 (95 mg, 0.21 mmol) in EtOH (40 mL) and
THF (10 mL) was added 10% Pd/C (40 mg). The resulting mixture was stirred at rt for 16 hrs
under an atmosphere of H,. The resulting mixture was filtered and the filtrate was
concentrated and dried in vacuo to give crude compound 13-10, which was used for the next
step without further purification. LC-MS (ESI): m/z 446 [M+H]".

[0260] Step 10. A mixture of compound 13-10 (95 mg, 0.213 mmol) and LiOH (2.0 M,
0.852 mmol) in MeOH (4 mL) and THF (8 mL) was stirred at 75 °C for 48 hrs. The mixture
was cooled to rt and concentrated. The residue was diluted with water (30 mL) and adjusted
its pH value to 5~6 by adding 2 N aq. HCI. The resulting mixture was extracted EtOAc (50
mL x 3) and the organic extracts were combined, washed with brine and dried with
anhydrous Na,SO4. The solvent was removed and the residue was dried in vacuo to give
crude compound 13-11(85 mg, 95% yield) as a white solid, which was used directly for the
next step without further purification. LC-MS (ESI): m/z 418 [M+H]".

[0261] Step 11. To a solution of compound 13-11 (85.0 mg, 0.20 mmol) in DMF (2 mL)
was added HATU (93.0 mg, 0.24 mmol). After stirring at rt for 30 min, the reaction mixture
was added DIPEA (53 mg, 0.41 mmol) and MeNH, HCI (17 mg, 0.24 mmol) and the
resulting mixture was stirred at rt for 30 min. Subsequently, the reaction mixture was poured
into ice water and the suspension was filtered. The solid was collected and dried in vacuo to
give crude compound 13-12. LC-MS (ESI): m/z 431 [M+H]"; "H NMR (500 Hz, CDCL): &
8.51 (s, 1H), 8.21 (s, 1H), 7.66 (dd, J, = 5.5 Hz, J, = 8.5 Hz, 2H), 7.23 (t, /= 8.5 Hz, 2H), 5.5
(m, 1H), 4.19 (m, 1H), 3.21 (m, 2H), 3.16 (s, 3H), 2.86 (d, J = 4.5 Hz, 3H), 1.97 — 2.06 (m,
2H), 1.63 — 1.78 (m, 2H), 1.49 (d, J = 6.5 Hz, 3H) ppm. Compound 13-12 was separated into
a pair of enantiomers: enantiomer 13-12_A (tg = 11.306 min) and enantiomer 13-12_B (tg =
14.966 min) detected by UV absorption at 214 nm on a Daicel CHIRALPAK IA 4.0 mm x
150 mm x 5 pum column (eluent: hexane/EtOH = 70/30 (v/v) with 0.1% (v/v) diethylamine

and flow rate: 1 mL/min).
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[0262] Step 1. Refer to Scheme 14. A mixture of compound 14-1 (10.0 g, 43.28 mmol) and
LiOH (5.46 g, 129.8 mmol) in THF (400 mL), MeOH (200 mL) and water (100 mL) was
stirred at 70 °C for 2 hrs under an atmosphere of N;. Subsequently, the reaction mixture was
cooled to 0 °C and adjusted its pH value to 6 by adding concd. aq. HCI. The resulting
suspension was filtered and the solid was dried in vacuo to give compound 14-2 (7.8 g, 83%
yield). LC-MS (ESI): m/z 217 [M+H]".

[0263] Step 2. A mixture of compound 14-2 (7.81 g, 35.6 mmol), DPPA (9.40 mL, 43.5
mmol) and Et;N (5.90 mL, 42.5 mmol) in ~-BuOH (300 mL) was stirred at 90 °C for 6 hrs
under an atmosphere of N,. The solvent was removed and the residue was purified by silica
gel column chromatography (Petroleum ether/EtOAc = 5/1 to 4/1 (v/v)) to give compound
14-3 (4.9 g, 47% yield) as a white solid. LC-MS (ESI): m/z 234 [M-56+H]".

[0264] Step 3. A mixture of compound 14-3 (5.10 g, 17.7 mmol) and methyl 2-bromo-3-(4-
fluorophenyl)-3-oxopropanoate (5.84 g, 21.2 mmol) in DMF (80 mL) was stirred at 80 °C for
42 hrs under an atmosphere of Nj. Subsequently, the reaction mixture was cooled to 0 °C,
followed by adding a solution of NaHCO; (1.9 g) in water (20 mL). After stirring at 0 °C for
15 min, the mixture was diluted with water (100 mL) and the resulting suspension was
extracted with EtOAc (100 mL x 3). The organic extracts were combined, washed with water
(10 mL x 3) and dried with anhydrous Na,SO4. The solvent was removed and the residue was
purified by silica gel column chromatography (Petroleum ether/EtOAc = 40/1 to 20/1 (v/))
to give compound 14-4 (1.9 g, 23% yield). LC-MS (ESI): m/z 464 [M+H]".
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[0265] Step 4. To a solution of compound 14-4 (1.8 g, 3.9 mmol) in dioxane (10 mL) was
added 4N HCl in dioxane (10 mL). After stirring at rt for 3 hrs, the reaction mixture was
concentrated and the residue was dried in vacuo to give crude compound 14-5, which was
used for the next step without further purification. LC-MS (ESI): m/z 364 [M+H]".

[0266] Step S. To a stirred solution of compound 14-5 (1.4 g, 3.86 mmol) in pyridine (30
ml) was added MsCl (1.33 g, 11.6 mmol) at 0 °C. After stirring at rt for 1.5 hrs, the reaction
mixture was concentrated and the residue was diluted with water (50 mL). Subsequently, the
mixture was adjusted its pH value to 5-6 by adding 2N aq. HCL. The resulting suspension was
filtered and the solid was dried in vacuo to give compound 14-6, which was used for the next
step without further purification. LC-MS (ESI): m/z 520 [M+H]",

[0267] Step 6. A solution of compound 14-6 (2.00 g, 3.86 mmol) and K,CO; (532 mg, 3.86
mmol) in MeOH (100 mL) was stirred at rt for 30 min. The suspension was filtered and the
filtrate was concentrated. The residue was purified by silica gel column chromatography
(Petroleum ether/acetone = 2/1 to 1/2 (v/v)) to give compound 14-7 (970 mg, 56% yield) as a
yellow solid. LC-MS (ESI): m/z 442 [M+H]".

[0268] Step 7. To a solution of compound 14-7 (970 mg, 2.19 mmol) in DMF (30 mL) was
added KoCO; (1.21 g, 8.76 mmol) and 5-bromopent-1-ene (784 mg, 5.26 mmol) at rt. After
stirring at 80 °C for 16 hrs and at 90 °C for 24 hrs, the reaction mixture was concentrated and
the residue was diluted with water (50 mL). The mixture was extracted with EtOAc (50 mL x
2). The organic extracts were combined, washed with water (50 mL x 2) and dried with
anhydrous Na,SO4. The solvent was removed and the residue was purified by silica gel
column chromatography (Petroleum ether/acetone = 5/1 (v/)) to give compound 14-8 (380
mg, 34% yield) as a yellow solid. LC-MS (ESI): m/z 510 [M+H]".

[0269] Step 8. Following the procedure described for the synthesis of compound 13-11 and
replacing compound 13-8 with 14-8, compound 14-12 was obtained. LC-MS (ESI): m/z 431
[M+H]*; 'H NMR (500 Hz, CDCL): §9.37 (s, 1H), 7.67 (m, 2H), 7.60 (s, 1H), 7.21 (t, J =
8.5 Hz, 2H), 5.72 (m, 1H), 3.24 (m, 2H), 3.16 (s, 3H), 2.87 (d, J/ = 5.0 Hz, 3H), 1.74-2.02 (m,
4H), 1.48 (d, J = 7.0 Hz, 3H) ppm.
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[0270] Step 1. Refer to Scheme 15. To a solution of NaH (80 g, 60% mineral oil dispersion,
2 mol) in toluene (1.2 L) was added diethyl carbonate (295 g, 2.50 mol) at 0 °C. After stirring
at rt for 2 hrs, the mixture was added drop wise to a solution of compound 15-1 (99 g, 0.50
mol) in toluene (400 mL) at reflux. After refluxing overnight, the reaction mixture was
cooled to rt and sequentially treated with HOAc (140 mL) and aq. HCI (2 M, 864 mL). The
resulting mixture was extracted with EtOAc (400 mL x 3) and the combined organic extracts
were washed with water (500 mL x 4) and brine (200 mL x 2) and dried with anhydrous
Na;SOs. The solvent was removed and the residue was dried in vacuo to give compound 15-2
(122 g, 90% yield) as an oil. LC-MS (ESI): m/z 271.0 [M+H]".

[0271] Step 2. To a solution of compound 15-2 (100 g, 369 mmol) in DMF (70 mL) was
added p-benzoquinone (40 g, 369 mmol), followed by ZnCl; (50 g, 369 mmol) in portions at
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rt. After stirring at 105 °C for 3.5 hrs, the reaction mixture was partitioned between water
(800 mL) and EtOAc (800 mL) and filtered. The aqueous phase was extracted with EtOAc
(500 mL x 2). The combined organic extracts were washed with water (1000 mL x 2) and
dried with anhydrous Na>SO4. The solvent was removed and the residue was purified by
silica gel column chromatography (Petroleum ether/Acetone = 10/1(v/)) to give compound
15-3 (26 g, 20% yield) as a yellow solid. LC-MS (ESI): m/z 361.0 [M+H]".

[0272] Step 3. To a solution of compound 15-3 (26 g, 72 mmol) in NMP (200 mL) was
added Cs,CO3 (47.0 g, 144 mmol). After stirring at rt for 20 min, 2-bromopropane (20.0 ml,
216 mmol) was added. The resulting mixture was stirred at 80 °C for 4 hrs, then diluted with
ammonia and agitated for 30 min. The mixture was diluted with water (200 mL.) and the
aqueous phase was extracted with EtOAc (150 mL x 3). The combined organic extracts were
washed with water (200 mL x 3) and dried with anhydrous Na;SQO,. The solvent was removed
and the residue was dried in vacuo to give compound 15-4 (27.5 g, 95% yield) as a colorless
oil. LC-MS (ESI): m/z 403.0 [M+H]".

[0273] Step 4. To a solution of HNO;5 (conc. 66 mL, 0.89 mol) and CH,Cl; (300 mL) a
solution of compound 15-4 was added drop wise (27.5 g, 68.2 mmol) in CH,Cl, (120 mL) at
0 °C over 1 hr. After stirring at rt for 30 min, the reaction mixture was diluted with water
(200 mL) and extracted with DCM (150 mL x 3). The combined organic extracts were
washed with water (200 mL x 3) and dried with anhydrous Na;SO,. The solvent was removed
and the residue was re-crystallized in methyl 7-butyl ether (MTBE) to give compound 15-5
(24.6 g, 80% yield) as a pale yellow solid. LC-MS (ESI): m/z 448.0 [M+H]"; '"H NMR (500
MHz, CDCls): 6 7.92 (d, J = 8.5 Hz, 2H), 7.87 (m, 2H), 7.76 (s, 1H), 7.65 (d, J = 8.5 Hz, 2H),
4.69 —4.74 (m, 1H), 4.40 — 4.44 (m, 2H), 1.54 (s, 6H), 1.41 — 1.45 (t, 3H) ppm.

[0274] Step 5. A mixture of compound 15-5 (5.0 g, 11.2 mmol), 4-fluorophenol (1.7 g, 14.5
mmol), Pd(OAc), (250 mg, 1.12 mmol), -BuXphose (380 mg, 0.9 mmol) and KsPO4 (4.8 g,
22.4 mmol) in toluene (50 mL) was stirred at 100°C under an atmosphere of Ar and
monitored by LC-MS. After 2 hrs, the reaction mixture was concentrated and the residue was
diluted with water (100 mL). The mixture was extracted with EtOAc (100 mL x 3) and the
combined organic extracts were washed with water (100 mL x 2) and dried with anhydrous
Na,SO;. The solvent was removed and the residue was dried in vacuo to give crude
compound 15-6 (4.8 g, 90% yield) as a yellow powder. LC-MS (ESI): m/z 480.1 [M+H]".
[0275] Step 6. To a solution of compound 15-6 (2.0 g, 4.2 mmol) in DCM (30 mL) drop
wise was added BCl; (8.4 mL, 8.4 mmol) at -78 °C. After stirring at -40 °C for 1 hr, the
reaction was quenched by adding sat. aq. NH4CI (20 mL). The resulting mixture was
extracted with DCM (50 mL x 2) and the combined organic extracts were washed with water

(50 mL x 3) and brine (50 mL) and dried with anhydrous Na,SQ;. The solvent was removed
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and the residue was dried in vacuo to give crude compound 15-7 (1.6 g, 90% yield) as a
yellow solid. LC-MS (ESI): m/z 438.1 [M+H]".

[0276] Step 7. To a solution of compound 15-7 (1.6 g, 3.9 mmol) and DMAP (24 mg, 0.2
mmol) in DCM (30 mL) at 0 °C was added E;N (790 mg, 7.8 mmol), followed by Tf,0 (1.6
g, 5.82 mmol). After stirring at rt for 1 hr, LC-MS analysis indicated that the reaction went
completion. The mixture was diluted with DCM (100 mL.), washed water (50 mL x 3) and
brine (50 mL.) and dried with anhydrous Na,SO,. The solvent was removed and the residue
was dried in vacuo to give crude compound 15-8 (1.8 g, 94% yield) as a yellow solid. LC-MS
(ESI): m/z 570.0 [M+H]".

[0277] Step 8. To a solution of compound 15-8 (1.8 g, 3.2 mmol) in CH3CN (50 mL) was
added NaOAc (1.6 g, 16 mmol.), dppf (180 mg, 0.32 mmol), and Pd(OAc),; (150 mg, 0.64
mmol), and the resulting mixture was saturated with Ar. After 1-(vinyloxy)butane (1.6 g, 16
mmol) was added, the mixture was stirred at 100 °C for 2 hrs under an atmosphere of Ar.
Subsequently, the reaction mixture was cooled to rt, concentrated, and diluted with EtOAc
(100 mL). The resulting mixture was washed with water (50 mL x 2) and brine (100 mL) and
dried with anhydrous Na,SOy4. The solvent was removed and the residue was dissolved in
THF (50 mL) and aq. HCI (2N, 12 mL). After refluxing for 1 hr, the mixture was cooled to rt
and concentrated to remove most of the organic solvent. The resulting mixture was extracted
with EtOAc (50 mL x 2). The combined organic extracts were washed with water (50 mL x
3) and brine (50 mL) and dried with anhydrous Na>;SOy. The solvent was removed and the
residue was dried in vacuo to give crude compound 15-9 (1.4 g, 98% yield). LC-MS (ESI):
miz 464.1 [M+H]".

[0278] Step 9. To a solution of compound 15-9 (1.4 g, 3.4 mmol) in EtOAc (50 mL) was
added SnCl;2H,0 (2.8 g, 13.6 mmol) at rt and the resulting mixture was stirred at 80 °C for 1
hr. The mixture was cooled to rt and d its pH value was adjusted to 8 ~ 9 by adding sat. aq.
NaHCOj;. The mixture was filtered and the filtrate was extracted with EtOAc (50 mL x 2).
The combined organic extracts were washed with water (50 mL x 3) and brine (50 mL) and
dried with anhydrous Na,SO,. The solvent was removed and the residue was dried in vacuo
to give crude compound 15-10 (1.1 g, 85% yield) as a yellow solid. LC-MS (ESI): m/z 434.1
[M+H]".

[0279] Step 10. To a solution of compound 15-10 (1.1 g, 2.5 mmol) in anhydrous pyridine
(20 mL) was added MsCl (1.8 mL) at O °C. After the mixture was stirred at 30 °C for 2 hrs,
LC-MS analysis indicated that the reaction went to completion. The mixture was diluted with
water (100 mL) and EtOAc (50 mL). The aqueous phase was extracted with EtOAc (50 mL x
3). The combined organic extracts were washed with sat. ag. NH4Cl (50 mL x 3) and brine

(50 mL) and dried with anhydrous Na;SO,. The solvent was removed and the residue was
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dried in vacuo to give crude compound 15-11 (1.1 g, 90% yield) as a yellow solid. LC-MS
(ESI): m/z 512.1 [M+H]".

[0280] Step 11. To a solution of compound 15-11 (1.1 g, 2.1 mmol) in THF (30 mL) was
added NaBH, (560 mg, 14.7 mmol) in portions at 0 °C. After stirring at 0 °C for 30 min, LC-
MS analysis indicated that the reaction went to completion and acetone (2 mL) was added to
quench excess amount of NaBHy. The mixture was concentrated and the residue was diluted
with EtOAc (100 mL.). The resulting mixture was washed with water (50 mL x 3) and brine
(50 mL) and dried with anhydrous Na;SOy4. The solvent was removed and the residue was
dried in vacuo to give compound 15-12 (0.9 g, 90% yield) as a yellow solid. LC-MS (ESI):
miz 514.1 [M+H]".

[0281] Step 12. To a solution of compound 15-12 (0.9g, 1.7 mmol) in anhydrous DCM (30
mL) was added NaH (60% in paraoil, 200 mg, 5 mmol) at 0 °C, followed by compound 8-6
(1.1 g, 2.55 mmol). After stirring at O °C for 3 hrs and at rt for 12 hrs, the reaction was
guenched by adding sat. aq. NH4Cl (10 mL). The resulting mixture was extracted with DCM
(30 mL x 3) and the combined organic extracts were washed with brine (50 mL) and dried
with anhydrous Na,SO4. The solvent was removed and the residue was purified by silica gel
column chromatography (Petroleum ether/EtOAc = 6/1(v/A)) to give compound 15-13 (520
mg, 55% yield) as a white solid. LC-MS (ESI): m/z 540.1 [M+H]".

[0282] Step 13. To a solution of compound 15-13 (520 mg, 0.96 mmol) in MeOH/THF (4
mL/8 mL) was added aq. LiOH (2.0 M, 2 mL) at rt. After stirring at 80 °C for 12 hrs, the
reaction mixture was cooled to rt and adjusted its pH value to 2 ~ 3 by adding aq. HCI (2.0
M). The organic solvent was removed and the residue was diluted with EtOAc (50 mL). The
organic layer was isolated, washed with brine (25 mL) and dried with anhydrous Na,;SO,.
The solvent was removed and the residue was dried in vacuoe to give crude compound 15-14
(442 mg, 90% yield) as a white solid. LC-MS: (ESI): m/z 512.1 [M+H]".

[0283] Step 14. Compound 15-14 (442 mg, 0.86 mmol) was dissolved in DMF (5 mL),
followed by addition of HATU (450 mg, 1.17 mmol). After stirring at rt for 1 hr, the reaction
mixture was added DIPEA (503 mg, 3.9 mmol) and MeNH; HCI (157 mg, 2.34 mmol). The
resulting mixture was stirred at rt for another 1 hr before being concentrated. The residue was
diluted with water (25 mL) and EtOAc (50 mL). The organic layer was isolated, washed with
brine (25 mL), and dried with anhydrous Na;SOj,. The solvent was removed and the residue
was purified by silica gel column chromatography (Petroleum ether/EtOAc = 5/1(v/v)) to give
compound 15-15 (360 mg, 80% yield) as a white solid. LC-MS (ESI): m/z 525.1 [M+H]"; 'H
NMR (500 MHz, CDCl3): 6 7.89 (s, 1H), 7.82 — 7.84 (m, 2H), 7.26 (s, 1H), 7.04 — 7.12 (m,
6H), 5.85 (m, 1H), 4.94 —4.98 (m, 1H), 4.14 — 4.18 (m, 1H), 4.02 - 4.06 (m, 2H), 3.31 (m,

1H), 3.15 (d, /= 8.5 Hz, 3H), 3.00 (d, J = 5.0 Hz, 3H), 2.07 - 1.73 (d, J = 6.5 Hz, 3H) ppm.
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Compound 15-15 was separated into a pair of enantiomers: enantiomer 15-15a (tg = 3.66
min) and enantiomer 15-15b (tg = 4.25 min) detected by UV absorption at 214 nm on a 4.6
mm X 250 mm x 5 pm Daicel CHIRALPAK AS-H column (column temperature: 39.7 °C;
eluent: MeOH/liquid CO, = 20/80 (v/v); CO; flow rate: 2.4 g/min and co-solvent flow rate:
0.6 g/min; front pressure: 198 bar and back pressure: 150 bar).
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[0284] Step 1. Refer to Scheme 16. To a solution of compound 16-1 (1.00 g, 7.14 mmol)
and SEMCI (0.670 mL, 7.14 mmol) in CH3CN (10 mL) was slowly added Cs,CO5 (1.57 g,
7.86 mmol). After stirring at rt for 3 hrs, the reaction mixture was concentrated and the
residue was purified by silica gel column chromatography (Petroleum ether/EtOAc = 3/1 to
1/1 (v/v)) to give compound 16-2 (1.35 g, 70% yield) as a yellow solid. LC-MS (ESI): m/z
271.1 [M+H]".

[0285] Step 2. To a solution of compound 16-2 (1.25 g, 4.61 mmol) in EtOH (20 mL) was
added 10% Pd/C (311 mg), the reaction mixture was stirred at rt overnight under an
atmosphere of hydrogen. The mixture was filtered through Celite® 545 and the filtered cake
was washed with EtOH (20 mL x 2). The filtrate was concentrated and the residue was dried
in vacuo to give compound 16-3 (1.10 g, 99% yield) as a yellow oil. LC-MS (ESI): m/z 241.1
[M+HT".

[0286] Step 3. To a solution of compound 16-3 (1.10 g, 4.58 mmol) and Et;N (3.72 mL,
26.7 mmol) in DCM (15 mL) was added drop-wise a solution of MsCl (0.63 mL, 8.0 mmol)
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in DCM (30 mL) over 30 min at 0 °C. After stirring at rt overnight, the reaction mixture was
filtered through Celite® 545 and the filtered cake was washed with DCM (30 mL x 2). The
filtrate was concentrated and the residue was dried in vacuo to give a mixture of compounds
16-4 and 16-4° (2.30 g) as a yellow oil, which was used directly for next step without further
purification. LC-MS (ESI): m/z 319.1 [M+H]" and 397.1 [M+H]" for compounds 16-4 and
16-4’, respectively.

[0287] Step 4. To a solution of compounds 16-4 and 16-4’ (2.30 g, 5.81 mmol) in DMF (20
mL) and H,O (4 mL) were added K,CO3 (2.94 g, 21.3 mmol) and 5-bromopent-1-ene (1.31 g,
8.83 mmol) at rt. After stirring at 80 °C for 3 hrs, the reaction mixture was concentrated and
the residue was purified by silica gel column chromatography (Petroleum ether/Acetone = 4/1
to 1/1(v/v)) to give compound 16-5 (1.60 g, 90% yield, two steps from compound 16-3) as a
white solid. LC-MS (ESI): m/z 387.2 [M+H]".

[0288] Step 5. To a solution of compound 16-5 (1.15 g, 2.98 mmol) in THF (25 mL) was
added tetrabutylammonium floride (TBAF) (2.33 g, 8.93 mmol) at rt. After stirring at 45 °C
overnight, the reaction mixture was concentrated and the residue was purified by silica gel
column chromatography (Petroleum ether/Acetone = 3/1 tol/1 (v/)) to give compound 16-6
(564 mg, 74% yield) as a white solid. LC-MS (ESI): m/z 257.1 [M+H]".

[0289] Step 6. To a solution of compound 16-6 (564 mg, 2.20 mmol) in DMF (30 mL.) was
added PBr; (1.77 g, 6.61 mmol) and the resulting mixture was stirred at rt for 30 min under
an atmosphere of Ar. Subsequently, the reaction was quenched by adding sat. ag. NaHCO;
(100 mL). The mixture was extracted with EtOAc (100 mL x 3) and the combined organic
extracts were washed with water (100 mL x 5) and brine (50 mL) and dried with anhydrous
Na;SOq4. The solvent was removed and the residue was dried in vacuo to give crude
compound 16-7 (350 mg, 50% yield) as a yellow powder. LC-MS (ESI): m/z 319.0 [M+H]".
[0290] Step 7. A mixture of compound 16-7 (400 mg, 1.26 mmol), Pd(OAc), (30 mg, 0.13
mmol), PPh; (66 mg, 0.25 mmol), n-BusCl (350 mg, 1.26 mmol) and KyCO; (442 mg, 3.20
mmol) in MeCN /H,0O (10 mL/1 mL) was stirred at 80 °C overnight under an atmosphere of
N, The mixture was cooled to rt and concentrated. The residue was purified by silica gel
column chromatography (Petroleum ether/Acetone = 5/1 to 2/1(v/)) to give compound 16-8
(135 mg, 45% yield) as a yellow solid. LC-MS (ESI): m/z 239.1 [M+H]"; 'H NMR (500 MHz,
CDCl3): 6 8.68 (s, 1H), 8.50-8.51 (d,J=5Hz1H),7.23-7.24 (d,J=5Hz,1H), 5.35 (s,
1H), 5.27 (s, 1H), 3.79 ( br, 2H), 2.91 (s, 3H), 2.49 - 2.51 (m, 2H), 1.96 — 1.99 (m, 2H) ppm.
[0291] Step 8. A mixture of compound 16-8 (130 mg, 0.544 mmol) and 10% Pd/C (50 mg)
in MeOH (30 mL) was stirred at rt for 24 hrs under an atmosphere of H;. The reaction

mixture was filtered through Celite® 545 and the filtered cake was washed with MeOH (30
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mL x 2). The filtrate was concentrated and the residue was dried in vacuo to give compound
16-9 (120 mg, 92% yield) as an off-white solid. LC-MS (ESI): m/z 241.1 [M+H]".

[0292] Step 9. To a solution of O-(mesitylsulfonyl)hydroxylamine (MSH) (0.498 mmol) in
DCM (10 mL) was added compound 16-9 (120 mg, 0.498 mmol). After stirring at rt
overnight, the reaction mixture was concentrated and the residue was dried in vacuo to give
crude compound 16-10 as a pale-yellow solid, which was used directly for the next reaction
without further purification. LC-MS (ESI): m/z 257.1 [M+H]".

[0293] Step 10. To a solution of compounds 16-10 (0.50 mmol) and 16-11 (128 mg, 0.50
mmol) in DMF (6 mL) was added K,COj3 (275 mg, 2.0 mmol) in one portion. After stirring at
rt for 24 hrs, the reaction mixture was concentrated and the residue was partitioned between
EtOAc (100 mL) and water (100 mL). The organic layer was washed with water (50 mL x 3)
and brine (50 mL) and dried with anhydrous Na,SQy4. The solvent was removed and the
residue was purified by silica gel column chromatography (Petroleum ether/Acetone = 10/1
to 6/1 (v/v)) to give compound 16-12 (90 mg, 35% yield) as a yellow solid. LC-MS (ESI):
m/z 506.1 [M+H]".

[0294] Step 11. To a mixture of compound 16-12 (80 mg, 0.16 mmol) in MeOH (1 mL)
and THF (2 mL) was added aq. LiOH (2.0 M, 1.3 mmol). After stirring at 70 °C for 24 hrs,
the mixture was cooled to rt and adjusted its pH value to 5~6 by adding 2 M aq. HCL.
Subsequently, H;O (30 mL) was added and the resulting mixture was extracted with DCM
(50 mL x 3). The combined organic extracts were washed with water (50 mL x 2) and dried
with anhydrous Na,SO4. The solvent was removed and the residue was dried in vacuo to give
crude compound 16-13 (80 mg) as a yellow solid, which was used directly for the next step
without further purification. LC-MS (ESI): m/z 478.0 [M+H]".

[0295] Step 12. To a solution of compound 16-13 (80 mg, 0.16 mmol) in DMF (2 mL) was
added HATU (71 mg, 0.19 mmol). After stirring at rt for 10 min, to the reaction mixture was
added Et3N (81 mg, 0.80 mmol), followed by MeNH, HCI (13 mg, 0.19 mmol). The resulting

mixture was stirred at rt for 30 min and then partitioned between EtOAc (25 mL) and water

| (25 mL). The organic layer was isolated, washed with water (25 mL x 3) and brine (25 mL)

and dried with anhydrous Na;SO,. The solvent was removed and the residue was purified by
silica gel column chromatography (Petroleum ether/Acetone = 10/1 to 6/1(v/v)) to give
compound 16-14 (65 mg, 83% yield) as a yellow solid. LC-MS (ESI): m/z 491.1 [M+H]"; 'H
NMR (500 MHz, CDClz): 6 8.53 (s, 1H), 8.21 (s, 1H), 7.68 (dd, J; =2.0 Hz, J, =6.8 Hz, 2H),
7.57 (dd, J; =1.5 Hz, J, =6.5 Hz, 2H), 5.51 (m, 1H), 4.18 (m, 1H), 3.23 (m, 2H), 3.11 (s, 3H),
2.89 (d, J=5.0 Hz, 3H), 1.99 - 2.09 (m, 2H), 1.81 (m, 2H), 1.50 (d, / = 7.0 Hz, 3H) ppm.
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[0296] Step 13. A mixture of compound 16-14 (60.0 mg, 0.122 mmol), 4-fluorophenol
(16.4 mg, 0.146 mmol), Pd(OAc), (2.7 mg, 0.012 mmol), t-BuXphos (2.6 mg, 0.0061 mmol)
and K3POy4 (51.7 mg, 0.244 mmol) in toluene (4 mL) was stirred at 80 °C for 4 hrs under an
atmosphere of N,. The mixture was concentrated and the residue was diluted with EtOAc (25
mL) and filtered through Celite® 545. The filtrate was concentrated and the residue was
purified by preparative HPLC to give compound 16-15 (13 mg, 20% yield) as a white solid.
LC-MS (ESI): m/z 523.2 [M+H]"; '"H NMR (500 MHz, CDCls): § 8.46 (s, 1H), 8.19 (s, 1H),
7.61 —7.63 (m, 2H), 7.58 - 7.60 (m, 6H), 7.19-7.49 (m, 3H), 5.50-5.51 (d,J=5.0 Hz,
1H), 4.11 (br, 1H), 3.14-3.17 (m, 2H), 3.03 (s, 3H), 2.76 - 2.77 (d,J=5.0 Hz, 3H), 1.99
(m,2H), 1.72-1.91 (m, 2H), 1.42-1.44 (d,J=7.0 Hz, 3H) ppm.
[0297] Syntheses of analogs of compound 16-15. Following the same procedure as
described in Step 12 and replacing 4-fluorophenol with the respective substituted phenols
(ArOH), the following analogs of compound 16-15 were obtained.

ArOH Target Compound M+H]" "H NMR (500 MHz, CDCl5)

(8, ppm)
8.45 (s, 1H), 8.16 (s, 1H), 7.55 (d,
J=8.5Hz, 2H), 7.33 (t, J = 8.0

ENIVA Hz, 2H), 7.02 - 7.13 (m, 5H),
" @ N : NTN/ o so5 |38 (mo 1H), 412 (m. 1HD, 3.13_
Lo @ (m, 2H), 3.03 (s, 3H), 2.80 (d, J =
70 ez 5.0 Hz, 3H), 1.89 —2.02 (m, 2H),
1.71 (m, 2H), 1.42 (d, J = 7.0 Hz,
3H)

8.45 (s, 1H), 8.16 (s, 1H), 7.55 (d,
J=85Hz 2H),744 (d,J=1.5

o _ NH Hz, 1H), 7.01 — 7.23 (m, SH),
HO@ SN O | 5391 |5.56(m, 1H), 4.10 (m, 1H), 3.14

:qsg s @ (m, 2H), 3.03 (s, 3H), 2.79 (d, J =
4.5 Hz, 3H), 1.96 (m, 2H), 1.72

(m, 2H), 1.44 (d, J = 6.5 Hz, 3H)

o 8.51 (s, IH), 8.23 (s, 1H), 7.61 (d,

. A J =85 Hz, 2H), 7.17 - 7.23 (m,
o _@ SN/ O F | 5232 |4H), 7.11(d, J=8.5 Hz, 2H),

© @ 5.63 (m, 1H), 4.21 (m, 1H), 3.21
(m, 2H), 3.10 (s, 3H), 2.86 (d, J =
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5.0 Hz, 3H), 1.96 (m, 2H), 1.79
(m, 2H), 1.49 (d, J = 6.5 Hz, 3H)

s

523.2

8.45 (s, 1H), 8.15 (s, 1H), 7.59 (d,
J =8.5 Hz, 2H), 7.26 (m, 1H),
7.10 (d, J = 8.5 Hz, 2H), 6.79 (m,
2H), 6.73 (dd, J; = 2.0 Hz, J,=
10.3 Hz, 1H), 5.54 (m, 1H), 4.12
(m, 1H), 3.14 (m, 2H), 3.30 (s,
3H), 2.81 (d, J = 4.5 Hz, 3H),
1.91-1.99 (m, 2H), 1.71 (m, 1H),
1.51 (m 1H), 1.42 (d, J= 7.0 Hz,
3H)

et

541.2

8.52 (s, 1H), 8.22 (s, 1H), 7.66 (d,
J=9.0Hz, 2H), 7.18 (dd, J;=9.0
Hz, J;=185Hz, 1H),7.13d,J =
9.0 Hz, 2H), 6.89 (m, 1H), 6.82
(m, 1H), 5.61 (m, 1H), 4.17 (m,
1H), 3.21 (m, 2H), 3.10 (s, 3H),
2.88(d, J=4.5Hz, 3H),2.03 -
2.08 (m, 2H), 1.98 (m, 1H), 1.59
(m, 1H), 1.49 (d, J=7.0 Hz, 3H)

Ci

oS

16-22

539.1

8.45 (s, 1H), 8.16 (s, 1H), 7.59 (d,
J=85Hz, 2H),7.24(t, /=75
Hz, 1H), 7.07 - 7.10 (m, 3H),
7.00 (t, J =2.5Hz, 1H), 6.91 (dd,
J1=2.0Hz, J,=8.0Hz, 1H), 5.55
(m, 1H), 4.13 (m, 1H), 3.14 (m,
2H), 3.30 (s, 3H), 2.81 (d, J=5.0
Hz, 3H), 1.91 - 1.98 (m, 2H),
1.71 (m, 1H), 1.51 (m, 1H), 1.42
(d, J=7.0 Hz, 3H)

539.1

8.44 (s, 1H), 8.15 (s, 1H), 7.57 (4,
J=9.0 Hz, 2H), 7.29 (m, 2H),
7.06 (d, J = 8.5 Hz, 2H), 6.96 (d, J
= 9.0 Hz, 2H), 5.55 (m, 1H), 4.11
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(m, 1H), 3.14 (m, 2H), 3.30 (s,
3H), 2.80 (d, J = 5.0 Hz, 3H),

1.51 (m, 1H), 1.42 (d, /= 7.0 Hz,
3H)

1.93 —2.00 (m, 2H), 1.72 (m, 1H),

[0298] Synthesis of compound 16-16. Compound 16-16 was obtained as a white solid
from the hydrogenation of compound 16-14 in the presence of 5% Pd/C in EtOH. LC-MS
(ESI): m/z 413.2 [M+H]"; "H NMR (500 MHz, CDCl3): § 8.45 (s, 1H), 8.19 (s, 1H), 7.58 —
7.59 (m, 2H), 7.45 — 7.49 (m, 3H), 5.51 (m 1H), 4.11 (m, 1H), 3.16 (m, 2H), 3.14 (s, 3H),
2.76 (d, J=4.5 Hz, 3H), 1.90 - 1.99 (m, 2H), 1.73 (m, 1H), 1.48 (m, 1H), 1.43 (d, / = 6.5 Hz,
3H) ppm.
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[0299] Step 1. Refer to Scheme 17. A mixture of compound 17-1 (100 mg, 0.225 mmol)

zZ

2

(readily prepared by onzonlysis of compound 6-5), paraformaldehyde (20 mg, 0.67 mmol)
and morpholine (2 pL, 0.02 mmol) in acetic acid (2 mL) was heated at 120 °C for 2 hrs under
an atmosphere of N». The reaction mixture was concentrated and the residue was dissolved in
THF/EtOH (10 mL/10 mL) and PtO; (22 mg) was added. After stirring at rt overnight under
an atmosphere of H, the reaction mixture was filtered through Celite® 545 and the filtered
cake was washed with EtOH (20 mL x 2). The filtrate was concentrated and the residue was
purified by silica gel column chromatography (Petroleum ether/EtOAc = 4/1 (vw/v)) to give
compound 17-3 (45 mg, 33% yield, two steps from 17-1) as a white solid. LC-MS (ESI): m/z
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460.1 [M+H]*; "H NMR (500 MHz, CDCls): § 8.40 (s, 1H), 8.12 (m, 2H), 7.71 (s, 1H), 7.20
(m, 2H), 4.45 (q, J = 7.0 Hz, 2H), 4.15 (m, 1H), 3.62 (m, 1H), 3.07 (s+m, 3+1H), 2.33 (m,
1H), 1.79 (m, 1H), 1.45 (t, /= 7.0 Hz, 3H), 1.32 (d, / = 7.0 Hz, 3H) ppm.

[0300] Step 2. A mixture of compound 17-3 (182 mg, 0.396 mmol) and LiOH (50 mg, 1.19
mmol) in THF (20 mL), MeOH (5 mL), and water (5 mL) was refluxed and monitored by
LC-MS. After the reaction went completion, the reaction mixture was cooled to 0 °C and
adjusted its pH value to 7 by adding 1 M aq. HCI. The organic solvent was removed and the
residue was triturated with water (15 mL) and then filtered. The solid was washed with water
(10 mL x 3) and dried in vacuo to give compound 17-4, which was used in the next step
without further purification. LC-MS (ESI): m/z 432.1 [M+H]".

[0301] Step 3. To a solution of compound 17-4 (about 0.396 mmol, crude) and HATU (181
mg, 0.475 mmol) in DMF (4 mL) was added DIPEA (131 pL, 0.792 mmol). After stirring at
rt for 15 min, the mixture was added to DIPEA (196 pL, 1.19 mmol), followed by
methylamine hydrochloride (80 mg, 1.19 mmol) and the resulting mixture was stirred at rt for
2 hrs. Subsequently, the mixture was concentrated and the residue was diluted with water and
filtered. The solid was collected and purified by preparative HPLC to give compound 17-§ as
a white solid. LC-MS (ESI): m/z 445.1 [M+H]"; '"H NMR (500 MHz, CDCls): & 8.13 (s, 1H),
8.00 (m, 2H), 7.21 (m, 2H), 7.71 (s, 1H), 5.90 (brs, 1H), 4.15 (m, 1H), 3.64 (m, 1H), 3.08 (s,
3H), 3.05 (d, J = 5.0 Hz, 3H), 3.03 (m, 1H), 2.32 (m, 1H), 1.80 (m, 1H), 1.32 (d, /= 6.5 Hz,
3H) ppm.

[0302] Step 4. To a solution of compound 17-5 (40 mg, 0.090 mmol) in MeOH (4 mL) was
added NaBH, (10 mg, 0.27 mmol) at 0 °C. After stirring at 0 °C for 30 min, the reaction was
quenched by adding several drops of acetone. The solvent was removed and the residue was
diluted with water (25 mL) and extracted with DCM (25 mL x 2). The combined organic
extracts were washed with brine (25 mL) and dried with anhydrous Na,SQ4. The solvent was
removed and the residue was purified by preparative HPLC to give compound 17-6 as a
white solid and as a mixture of cis- and trans-isomers. LC-MS (ESI): m/z 447.1 [M+H]; 'H
NMR (500 MHz, CDCls;, major isomer): 8 7.93 (s, 2H), 7.87 (s, 1H), 7.58 (s, 1H), 7.20 (m,
2H), 5.93 (brs, 1H), 4.78 (d, / = 7.0 Hz, 1H), 3.70 (m, 1H), 3.11 (s, 3H), 3.02 (d, J = 5.0 Hz,
3H), 2.08 (brs, 1H), 1.61 (brs, 1H), 1.03 (brs, 3H) ppm.

[0303] Step 5. A mixture of compound 17-6 (88 mg, 0.20 mmol) and TsOH (8 mg, 0.04
mmol) in toluene (6 mL) was refluxed for 2 hrs under an atmosphere of N,. The solvent was
removed and the residue was purified by preparative HPLC to give compound 17-7 as a

white solid. LC-MS (ESI): m/z 429.1 [M+H]"; '"H NMR (500 MHz, CDCl5): & 7.90 (m, 2H),
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7.71 (m, 1H), 7.67 (s, 1H), 7.19 (m, 2H), 6.44 (s, 1H), 5.81 (brs, 1H), 3.87 (brs, 2H), 3.01 (d,
J =5.0 Hz, 3H), 2.74 (s, 3H), 2.68 (m, 2H), 2.00 (s, 3H) ppm.

[0304] Step 6. A mixture of compound 17-7 (56 mg, 0.13 mmol) and PtO; (23 mg) in THF
(4 mL) and MeOH (4 mL) was stirred at rt overnight under an atmosphere of H,. The mixture
was filtered through Celite® 545 and the filtered cake was washed with MeOH (25 mL x 2).
The filtrate was concentrated and the residue was purified by preparative HPLC to give
compound 17-8 as a white solid. LC-MS (ESI): m/z 431.1 [M+H]"; 'H NMR (500 MHz,
CDCl3): 8 7.90 (s, 2H), 7.67 (s, 1H), 7.58 (s, 1H), 7.19 (m, 2H), 5.79 (brs, 1H), 4.10 (brs, 1H),
3.31 (brs, 1H), 3.06 (s, 3H), 3.01 (d, J = 5.0 Hz, 3H), 2.87 (m, 2H), 1.68 — 1.90 (m, 3H), 1.04
(d, J = 6.0 Hz, 3H) ppm.
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[0305] Step 1. Refer to Scheme 18. A solution of compound 8-4 (656 mg, 1.57 mmol) and
aminopropene (3.70 mL, 50.0 mmol) in THF (dry) was slowly added Ti(OiPr)4 (16.5 mL,
20.0 mmol) and the resulting mixture was stirred at rt for 4 hrs. Subsequently, EtOH (30 mL)
and NaBHy (760 mg, 20.0 mmol) were added and the mixture was stirred at rt overnight.
Subsequently, the mixture was poured into ice-water (100 mL) and the suspension was
filtered. The filtrate was concentrated and the residue was diluted with EtOAc (200 mL) and
dried with anhydrous Na,SO,. The solvent was removed and the residue was purified by
silica gel column chromatography (Petroleum ether/EtOAc = 6/1 (v/)) to give compound 18-
1 (7.0 g, 87% yield) as a yellow solid. LC-MS (ESI): m/z 459.2 [M+H]".

[0306] Step 2. To a solution of compound 18-1 in anhydrous DCM (30 mL) was added
NaH (172 mg, 43.0 mmol) at O °C. After stirring at 0 °C for 30 min, compound 8-6 (640 mg,
1.44mmol) was added and the resulting mixture was stirred at O °C for 3 hrs and at rt
overnight. Subsequently, sat. ag. NH4Cl (10mL.)) was added and the aqueous phase was
extracted with DCM (25 mL x 3). The combined organic extracts were washed with brine (25

mL) and dried with anhydrous Na;SO,. The solvent was removed and the residue was
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purified by silica gel column chromatography (Petroleum ether/EtOAc = 6/1 (vA)) to give
compound 18-2 (200 mg, 71% yield) as a white solid. LC-MS (ESI): m/z 487.1 [M+H]".
[0307] Step 3. To a solution of compound 18-2 (100 mg, 0.100 mmol) in MeOH/THF (1
mL/2 mL) was added aq. LiOH (2.0 M, 0.5 mL). After stirring at 80 °C for 12 hrs, the
reaction mixture was acidified to pH 2~3 by adding aq. HCI (2.0 M), and then concentrated.
The residue was dissolved in EtOAc (25 mL) and dried with anhydrous Na,SOj4. The solvent
was removed and the residue was dried in vacuo to give crude acid, which was used in the
next step without further purification. LC-MS (ESI): m/z 459.1 [M+H]". Subsequently, the
crude acid was dissolved in DMF (3 mL) and HATU (74 mg, 0.25 mmol) was added. The
mixture was stirred at rt for 1 hr and then DIPEA (0.40 mL, 2.02 mmol) and MeNH,HCl (82
mg, 1.2 mmol) were added. After stirring at rt for 1 hr, the reaction mixture was concentrated
and the residue was diluted with EtOAc (50 mL). The solution was washed with brine (25
mL) and dried with anhydrous Na;SO,. The solvent was removed and the residue was
purified by silica gel column chromatography (Petroleum ether/EtOAc = 5/1(v/A)) to give
compound 18-3 (70 mg, 55% yield) as a white solid. LC-MS (ESI): m/z 472.1 [M+H]".
[0308] Step 4. To a solution of compound 18-3 (42 mg) in THF (1 mL) were added
polymethylhydrosiloxane (PMHS) (0.18 mmol), ZnCl; (3.0 mg, 0.02 mmol) and Pd[PPh;],
(1.04 mg, 0.009 mmol), the mixture was stirred at 25 °C for 12 hrs under an atmosphere of N,.
The solvent was removed and the residue was purified by preparative HPLC to give
compound 18-5 (9 mg, 23% yield) as a white solid. LC-MS (ESI): m/z 432.1 [M+H]"; 'H
NMR (500 MHz, &>-DMSO): & 8.49 (m, 1H), 7.94 (dd, J;= 5.0 Hz, J.= 8.3 Hz, 2H), 7.74 (s,
1H), 7.50 (s, 1H), 7.39 (t, J = 9.0 Hz, 2H), 4.13 (m, 1H), 3.25 (m, SH), 3.04 (m, 2H), 2.84 (d,
J=4.5Hz, 3H), 1.49 (d, J = 6.5 Hz, 3H) ppm.
[0309] Synthesis of compound 18-4. Following the same procedure as described in Step 4
and replacing compound 18-3 with 18-2, compound 18-4 was obtained. LC-MS (ESI): m/z
447.1 [M+H]*.
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[0310] Synthesis of compound 18-6. Method A. To a solution of compound 18-4 (120 mg,
0.248 mmol) and NaHCO; (42 mg, 0.50 mmol) in DMF (3 mL) was added CF;CH,OTf (69
mg, 0.30 mmol). The resulting mixture was stirred at rt overnight. The solvent was removed
and the residue was diluted with EtOAc (50 mL). The mixture was washed with brine (25

mL) and dried with anhydrous Na,;SO4. The solvent was removed and the residue was dried
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in vacuo to give an ester, LC-MS (ESI): m/z 529.1 [M+H]", which was subsequently
hydrolyzed and performed methyl amide formation, following the conditions described in
Step 3, to give compound 18-6. LC-MS (ESI): m/z 514.1 [M+H]"; 'H NMR (500 MHz, d°-
DMSO): 6 8.51 (m, 1H), 7.97 (m, 2H), 7.80 (s, 1H), 7.58 (s, 1H), 7.40 (m, 2H), 4.44 (m, 1H),
3.85 (m, 1H), 3.33 - 3.38 (m, 6H), 2.99 (m, 2H), 2.86 (d, J = 5.0 Hz, 3H), 1.51 (d, J = 5.5 Hz,

3H) ppm.
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[0311] Synthesis of compound 18-7. Method B. To a solution of compound 18-4 (100 mg,
0.224 mmol) and pyridine (106 mg, 1.34 mmol) in DCM (5 ml.) was added methyl
chloroformate (37 mg, 0.47 mmol) at 0 °C and the resulting mixture was stirred at rt for 30
min. The reaction was quenched by adding several drops of sat. ag. NaHCO; and the mixture
was concentrated. The residue was diluted with DCM (60 mL.) and the mixture was washed
with brine (25 mL) and dried with anhydrous Na;SO.. The solvent was removed and the
residue was dried in vacuo to give an ester, LC-MS (ESI): m/z 505.1 [M+H]", which was
subsequently hydrolyzed and performed methyl amide formation, following the conditions
described in Step 3, to give compound 18-7. LC-MS (ESI): m/z 490.1 [M+H]"; "H NMR (500
MHz, CD;CN): & 7.96 (m, 2H), 7.71 (s, 1H), 7.55 (s, 1H), 7.28 (m, 2H), 6.78 (br, 1H), 5.45 —
5.54 (m, 1H), 4.14 (m, 2H), 3.99 — 4.04 (m, 4H), 3.24 — 3.28 (m, 4H), 2.91 (d, / = 4.5 Hz,
3H), 1.68 (br, 3H) ppm.
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[0312] Synthesis of compound 18-8. Method C. To a solution of compound 18-4 (70 mg,
0.16 mmol) in MeOH (5 mL) were added 37% aq. HCHO (0.050 mL, 0.63 mmol) and HOAc
(0.020 mL, 0.31 mmol). The reaction mixture was stirred at 40 °C for 2 hrs and then cooled to
rt. Subsequently, NaBH4 (50 mg, 0.79 mmol) was slowly added and the mixture was stirred
at rt for 30 min. The solvent was removed and the residue was diluted with EtOAc (25 mL).
The mixture was washed with brine (10 mL) and dried with anhydrous Na,SO4. The solvent
was removed and the residue was dried in vacuo to give a crude ester (70 mg) as a yellow
solid, LC-MS: (ESI) m/z 461.1 [M+H]", which was subsequently hydrolyzed and performed

methyl amide formation, following the conditions described in Step 3, to give compound 18-
161



---N1-2 0 2-31>0 S$"; / NO2-3 CcikilmLANK, 0O HON O" /:",0 X
s, "NF3C.- \ L-Nk .s.:0 -
-0 1-3" WO02012/381250 3 ' >0

/
/O , b0/ "0 a 1-3 /S \, PCIAB2011/057398
8. LC-MS (ESD): m/z 446.1 [M+H]": "H NMR (300 MHz, d°*-DMSO): & 7.92 (m, 2H), 7.66 (s,
1H), 7.49 (s, 1H), 7.33 (m, 2H), 4.20 (m, 1H), 3.50 — 3.53 (m, 2H), 3.42 (br, 3H), 3.29 — 3.30
(m, 2H), 2.84 (d, J = 4.5 Hz, 3H), 2.10 (br, 3H), 1.49 (d, J = 7.2 Hz, 3H) ppm.
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[0313] Synthesis of compound 18-9. Following the same procedure as described in
Method C and replacing 37% aq. HCHO with (1-ethoxycyclopropoxy)trimethylsilane,

compound 18-9 was obtained. LC-MS (ESI): m/z 472.1 [M+H]".

/
© NH

V\Q O { O F
N 0

Ms  18-10
[0314] Synthesis of compound 18-10. Following the same procedure as described in
Method C and replacing 37% aq. HCHO with cyclopropanecarbaldehyde, compound 18-10
was obtained. LC-MS (ESI): m/z 486.2 [M+H]".
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0 @)
OEt _ ERNHZ R, OFt NaBH,, EtOH,
o Ti(O'Pr),, THF, N™ 0°C,2hr
O A\ O F It overnight O N O £
MsHN 0 MsHN ©
8-4 18a-1aR = Me
18a-1b R = DMB
DMB = 2,4- dimethoxybenzyl
Q
R R KoCOj, toluene
N cl N 2C03, ,
H A O Cl)j\/ O O 80°C, 4 hr
g Py, DCM, j
MsHN 0°Ctort, 2 hr CI”~ MsHN
18a-2a R = Me 18a-3a R = Me
18a-2b R = DMB 18a-3b R = DMB
0 o /
R\ OFt R NH
N 1. LiOH, MeOH, reflux N
oi O N O F 2. MeNH,HCI, HATU, o O N\ O .
N (@) base, DMF, rt N O
Ms 18a-4a R = Me Ms 18a-5a R = Me
18a-4b R = DMB 18a-5bR=H

TEA, DCM [:

18a-4c R=H

[0315] Step 1. Refer to Scheme 18a. To a solution of compound 8-4 (2.1 g, 5 mmol) in dry
THF (20 mL) was added MeNH, (2 M in THF, 20 mL, 40 mmol), followed by Ti(O'Pr)s (6

mL, 20 mmol) under an atmosphere of N,. After stirring at rt overnight, the reaction mixture
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was cooled to 0 °C and sequentially added EtOH (20 mL) and NaBH, (945 mg, 25 mmol).
The reaction mixture was stirred at O °C for 2 hrs and slowly added H,O (20 mL). The
suspension was filtered and the filtrate was extracted with DCM (100 mL x 3). The combined
organic extracts were washed with brine (50 mL) and dried over anhydrous Na,SQ4. The
solvent was removed and the residue was dried in vacuo to give crude compound 18a-2a
(2.17 g) as a yellow solid, which was used directly for the next step without further
purification, LC-MS (ESI): m/z 435.1 [M+H]".

[0316] Step 2. To a solution of compound 18a-2a (2.17 g, 5.0 mmol) in DCM (40 mL) at 0
°C was added anhydrous pyridine (0.8 mL, 10 mmol), followed by 2-chloroacetyl chloride
(0.75 mL, 10 mmol). After stirring at O °C for 2 hrs, the reaction mixture was warmed to rt
and treated with 1 M aq. HCI (10 mL). The mixture was extracted with EtOAc (100 mL x 3)
and the combined organic extracts were washed with H,O (50 mL) and brine (50 mL) and
dried over anhydrous Na;SOj4. The solvent was removed and the residue was purified by
silica gel column chromatography (PE/EtOAc =1/1 (v/v)) to give compound 18a-3a (1.8 g,
71% yield) as a light yellow solid. LC-MS (ESI): m/z 511.1 [M+H]".

[0317] Step 3. To a solution of compound 18a-3a (2.55 g, 5.0 mmol) in toluene (50 mL)
was added K,COs (1.38 g, 10 mmol). After stirring at 80 °C stirred for 4 hrs, the reaction
mixture was cooled to rt and filtered. The filtrate was concentrated and the residue was dried
in vacuo to give crude compound 18a-4a (2.4 g) as a yellow solid, which was used for the

next step without further purification. LC-MS (ESI): m/z 475.1 [M+H]".

[0318] Step 4. Following the same procedure as that for the preparation of compound 18-3
described in Scheme 18 and replacing compound 18-2 with 18a-4a, compound 18a-5a (1.1 g,
57% yield) was obtained as a white solid. LC-MS (ESI): m/z 460.1 [M+H]"; "H NMR (500
MHz, CD;0D): 6 7.82 (br, 2H), 7.63 (s, 1H), 7.59 (s, 1H), 7.14 (t, J = 7 Hz, 2H). 4.69 (q, J =
6 Hz, 1H), 4.59 (d, J = 18 Hz, 1H), 3.96 (d, J = 18 Hz, 1H), 3.27 (s, 3H), 3.06 (s, 3H), 2.82
(s, 3H), 1.66 (d, J = 6 Hz, 3H) ppm. Compound 18a-5a was separated into a pair of
enantiomers: enantiomer 18a-5a_A (tg = 2.48 min) and enantiomer 18a-5a_B (tz = 3.28 min)
detected by UV absorption at 214 nm on a 4.6 mm x 250 mm x 5 um Daicel CHIRALPAK®
OD-H column (column temperature: 39.3 °C; eluent: MeOH/liquid CO, = 50/50 (v/v); CO,
flow rate: 1.5 g/min and co-solvent flow rate: 1.5 g/min; front pressure: 235 bar and back
pressure: 152 bar).

[0319] Synthesis of compound 18b-2b. Following the same procedure as that for the
synthesis of compound 18a-2a described in Scheme 18a and replacing methylamine with 2,4-
dimethoxybenzylamine, compound 18a-2b (6.5 g crude product) was obtained as a yellow

solid. LC-MS (ESI): m/z 571.2 [M+H]".
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[0320] Synthesis of compound 18b-3b. Following the same procedure as that for the
synthesis of compound 18a-3a described in Scheme 18a and replacing compound 18a-2a
with 18a-2b, compound 18a-3b (4.9 g, 75% yield) was obtained as a light yellow solid. LC-
MS (ESI): m/z 647.2 [M+H]".

[0321] Synthesis of compound 18a-4b. Following the same procedure as that for the
synthesis of compound 18a-4a described in Scheme 18a and replacing compound 18a-3a
with 18a-3b, compound 18a-4b (3.4 g crude product) was obtained as a yellow solid. LC-
MS (ESI): m/z 611.2 [M+H]".

[0322] Synthesis of compound 18a-4c. To a stirred solution of compound 18a-4b (3.4 g,
7.3 mmol) in DCM (10 mL) was added TFA (20 mL). After stirring at rt overnight, the
reaction mixture was concentrated and the residue was purified by column chromatography to

give compound 18a-4c¢ as a pale yellow solid. LC-MS (ESI): m/z 461.1 [M+H]".

[0323] Synthesis of compound 18a-5b. Following the same procedure as that for the
preparation of compound 18-3 described in Scheme 18 and replacing compound 18-2 with
18a-4c¢, compound 18a-5b (700 mg, 40% yield) was obtained as a white solid. LC-MS (ESI):
miz 446.1 [M+H]*; 'H NMR (500 MHz, CDCl;): & 7.91 (s, 1H), 7.84 — 7.87 (m, 2H). 7.59 (s,
1H), 7.22 (1, J = 8 Hz, 2H), 5.95 (s, 1H), 5.79 (br, 1H), 5.24 - 5.26 (m, 1H), 4.92 (d, J =18
Hz, 1H), 3.93 (d, /=18 Hz, 1H), 3.20 (s, 3H), 2.99 (d, J = 5 Hz, 3H), 1.74 (d, J = 7 Hz, 3H)
ppm. Compound 18a-5a was separated into a pair of enantiomers: enantiomer 18a-5b_A (i
= 3.67 min) and enantiomer 18a-5b_B (tg = 4.53 min) detected by UV absorption at 214 nm
ona4.6 mmx 250 mm X 5 um ChiralPak® OD-H column (column temperature: 39.7 °C;
eluent: MeOH/liquid CO; = 30/70 (v/v); CO, flow rate: 2.1 g/min and co-solvent flow rate:
0.9 g/min; front pressure: 207 bar and back pressure: 150 bar).
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[0324] Step 1. Refer to Scheme 19. A mixture of compound 6-5 (1.00 g, 2.25 mmol) and
5% Pd/C (1.0 g) in THF/MeOH (50 mL/50 mL) was stirred at rt overnight under an
atmosphere of Hy. The mixture was filtered through Celite® 545 and the filtered cake was
washed with MeOH (25 mL x 2). The filtrate was concentrated and the residue was dried in
vacuo to give compound 19-1 (970 mg, 97% yield). LC-MS (ESI): m/z 446.1 [M+H]".
[0325] Step 2. To a solution of compound 19-1 (970 mg, 2.18 mmol) in MeOH/THF (10
mL/10 mL) was added aq. LiOH (2.0 N, 4.36 mmol, 8.72 mmol). After stirring at 75 °C for 2
hrs, the reaction mixture was cooled to rt and adjusted to pH 5~6 by adding aq. HCI (2.0 N).
The mixture was concentrated and the residue was diluted with EtOAc (100 mL) and H,O
(25 mL). The organic layer was dried with anhydrous Na,SOy4. The solvent was removed and
the residue was dried in vacuo to give compound 19-2 (880 mg, 96% yield) as a white solid.
LC-MS (ESI): m/z 418.1 [M+H]".

[0326] Step 3. To a solution of compound 19-2 (830 mg, 2.0 mmol) in DCM (50 ml) was
added (COCI); (379 mg, 3.0 mmol) at rt and the resulting mixture was stirred at rt for 1 hr.
Subsequently, the mixture was cooled to 0 °C and ethylenediamine was added (359 mg, 6.0
mmol). The resulting mixture was stirred at rt for 30 min and then concentrated to give crude
compound 19-3, which was used for the next step without further purification. LC-MS (ESI):
mlz 460.2 [M+H]".

[0327] Step 4. A solution of compound 19-3 (900 mg, 1.96 mmol) and POCl; (1.20 g, 7.84
mmol) in toluene (30 mL) was stirred at 90 °C overnight under an atmosphere of N;. The
reaction mixture was concentrated and the residue was added sat. aqg. NaHCOj5 to adjust to pH
7~8. The resulting suspension was filtered and the solid was dried in vacuo to give crude
compound 19-4 as a white solid. LC-MS (ESI): m/z 442.2 [M+H]".

[0328] Step 5. A solution of compound 19-4 (250 mg, 0.57 mmol), PhI(OAc), (201 mg,
0.62 mmol) and K;CO; (86 mg, 0.62 mmol) in DMSO (5 mL) was stirred at 25 °C for 24 hrs.
The mixture was concentrated and the residue was purified by preparative HPLC to give
compound 19-5 (30 mg, 12% yield) as a white solid. LC-MS (ESI): m/z 440.1 [M+H]"; 'H
NMR (500 MHz, d°-DMSO): § 12.43 (br, 1H), 7.95 — 7.98 (m, 2H), 7.48 (s, 1H), 7.34 (m,
3H), 7.20 (s, 1H), 4.08 (br, 2H), 3.21 (s, 3H), 3.04 (s, 1H), 1.92 (br, 4H), 1.36 (d, 2H, /= 7.0
Hz) ppm.
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[0329] Synthesis of compound 19-6. Following the same procedure as described in the
synthesis of compound 19-5 and replacing compound 19-2 with the corresponding de-

methylated analog, compound 19-6 was obtained. LC-MS (ESI): m/z 426.1 [M+H]".

.
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[0330] Synthesis of compound 19-7. Following the same procedure as described in the
synthesis of compound 19-5 and replacing compound 19-2 with the corresponding de-
methylated eight-member ring analog, compound 19-7 was obtained. LC-MS (ESI): m/z
440.1 [M+H]".
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[0331] Synthesis of compound 19a-2. Refer to Scheme 19a. A solution of compound 19a-
1 (250 mg, 0.54 mmol) (prepared from compound 8-8 by following the procedure for the
conversion of compound 19-2 to 19-3 described in Scheme 19) in POClL; (5 mL) was stirred
at 75 °C for 3 hrs under an atmosphere of N; and then was concentrated to remove POCI;
under a reduced pressure. Subsequently, the residue was added sat. ag. NaHCO; (25 mL) and
the resulting suspension was extracted with EtOAc (40 mL x 3). The combined organic
extracts were washed with brine (50 mL) dried over anhydrous Na,SO4. The solvent was
removed and the residue was dried in vacuo to give crude compound 19a-2 (100 mg) as a
white solid, which was used for the next aromatiza;ion step without further purification. LC-

MS (ESI): m/z 444.1 [M+H]".
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[0332] Synthesis of compound 19-8. Following the same procedure as described in the
preparation of compound 19-5 described in Scheme 19 and replacing compound 19-4 with

19a-2, compound 19-8 was obtained. LC-MS (ESI): m/z 442.1 [M+H]; '"H NMR (500 MHz,
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d®-DMSO): 5 12.46 (d, J = 10 Hz,1H), 8.01 — 8.03 (m, 2H), 7.85 (s, 1H), 7.61 (d, J = 7.5 Hz,
1H), 7.33 - 7.37 (m,3H), 7.20 (s, 1H), 4.87 — 4.88 (m, 1H), 3.87 — 4.06 (m, 4H), 3.38 (s, 3H),
1.59 (d, J = 7.0 Hz, 3H) ppm.
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[0333] Synthesis of compound 19-9. Following the same procedure as described in the
preparation of compound 19-5 described in Scheme 19, replacing compound 19-2 with 15-14,
and taking the modified condition for dihydroimidazole formation shown in Scheme 19a,
compound 19-8 was obtained. LC-MS (ESI): m/z 534.1 [M+H]"; '"H NMR (500 MHz, d°-
DMSO): 6 12.46 (s, 1H), 7.95 (d, J = 8.5 Hz, 2H), 7.84 (s, 1H), 7.60 (s, 1H), 7.36 (s, 1H),
7.26 —7.30 (m, 2H), 7.15 —7.19 (m, 3H), 7.06 (d, J = 8.5 Hz, 2H), 4.87 (m, 1H), 4.00 — 4.03
(m, 1H), 3.88 —3.93 (m, 2H), 3.38 (s, 3H), 3.18 — 3.19 (m, 1H), 1.58 (d, J = 6.5 Hz, 3H) ppm.
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[0334] Synthesis of compound 19-10. Following the same procedure as described in the
preparation of compound 19-5 described in Scheme 19, replacing compound 19-2 with the
full carbon analog of compound 15-14 (prepared from compound 23-6 shown in Scheme 23
by hydrogenation of the terminal alkene residue and hydrolysis of the ethyl ester moiety), and
taking the modified condition for dihydroimidazole formation shown in Scheme 19a,

compound 19-10 was obtained. LC-MS (ESI): m/z 532.2 [M+H]".
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[0335] Step 1. Refer to Scheme 20. To a solution of compound 4-4 (1.0 g, 2.5 mmol),
DMAP (20 mg), and anhydrous pyridine (1.98 g, 25.0 mmol) in CH,Cl, (20 mL) MsCl was
added drop wise (0.86 g, 7.6 mmol) at 0 °C. After stirring at rt for 2 hrs, ice-water was added
to the reaction mixture (100 mL). The organic layer was washed with water (20 mL) and
brine (20 mL) and dried with anhydrous Na,SO4. The solvent was removed and the residue
was purified by silica gel column chromatography (Petroleum ether/Acetone = 4/1 (v/v)) to
give compound 20-1 (1.15 g, 96% yield). LC-MS (ESI): m/z 476.1 [M+H]".
[0336] Step 2. A mixture of compound 20-1 (1.1 g, 2.3 mmol) and 10% Pd/C (1.1 g) in
EtOAc (100 mL) was stirred at rt overnight under an atmosphere of H,. The mixture was
filtered through Celite® 545 and the filtered cake was washed with EtOAc (25 mL x 2). The
filtrate was concentrated and the residue was dried in vacuo to give compound 20-2 (1.0 g,
98% vyield). LC-MS (ESI): m/z 450.1 [M+ H]*.
[0337] Step 3. To a solution of compound 20-2 (1.00 g, 2.23 mmol) in THF (35 mL) was
added DIPEA (7 mL) and the resulting mixture was refluxed overnight. The solvent was
removed and the residue was dried in vacuo to give crude compound 20-3 (760 mg, 78%
yield) as a yellow solid. LC-MS (ESI): m/z 354.1 [M+H]".
[0338] Step 4. A solution of chlorosulfonyl isocyanate (0.3 mL, 3.4 mmol) in anhydrous
DCM (3 mL) was added drop wise to tert-butanol (0.3 mL, 3.4 mmol) at 0°C and the

resulting mixture was stirred at rt for 2 hrs. Subsequently, the mixture was cooled to 0 °C and
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a solution of compound 20-3 (60 mg, 0.17 mmol) and TEA (0.6 mL) in anhydrous DCM (3
ml.) was added drop wise. After stirring at rt for 3 hrs, the reaction mixture was diluted with
water (10 mL) and DCM (20 mL). The organic layer was washed with brine and dried with
anhydrous Na,;SO;. The solvent was removed and the residue was dried in vacuo to give
crude compound 20-4 (70 mg, 77% yield) as a yellow solid. LC-MS (ESI): m/z 477.1 [M-
C4Ho+H]".

[0339] Step 5. A mixture of compound 20-4 (70 mg, 0.13 mmol) and LiOH-H,0O (28 mg,
0.66 mmo)) in EtOH/THF/H,O (1.5 mL/3 mL/1.5 mL) was stirred at 70 °C for 2 hrs.
Subsequently, the mixture was added 2 N aq. HCI to adjust the pH value to 3 and the
resulting suspension was filtered. The solid was washed with water and dried in vacuo to give
compound 20-5 (60 mg, 90% yield) as a yellow solid. LC-MS (ESI): m/z 449.1 [M-C4Ho+H]".
[0340] Step 6. To a solution of compound 20-5 (60 mg, 0.12 mmol) in DMF (2 mL) was
added HATU (90 mg, 0.24 mmol). The resulting mixture was stirred at rt for 1 hr before
DIPEA (154 mg, 1.19 mmol) and MeNH; HCI (40 mg, 0.60 mmol) were added. After stirring
at rt for 1 hr, the reaction mixture was added into ice-water (30 mL) and the resulting
suspension was filtered. The solid was washed with water and dried in vacuo to give crude
compound 20-6 (60 mg, 97% yield). LC-MS (ESI): m/z 462.1 [M-C;Ho+H]".

[0341] Step 7. To a solution of compound 20-6 (60 mg, 0.12 mmol) in MeOH (1 mL) was
added 3.5 M HCl in dioxane (20 mL). After stirring at rt overnight, the mixture was
concentrated and the residue was purified by preparative HPLC to give compound 20-7 (35
mg, 72% yield). LC-MS (ESI): m/z 418.1 [M+H]*; "H NMR (500 MHz, MeOD):5 7.95 —
7.92 (m, 2H), 7.73 (s, 1H), 7.52 (s, 1H), 7.26 (t, /= 9.0 Hz, 2H), 3.63 (br, 2H), 3.05 (s, 2H),
2.97 (s, 3H), 1.96 (d, J = 6.5 Hz, 2H), 1.76 (br, 2H) ppm.

[0342] Syntheses of analogs of compound 20-7. Following the same synthetic strategy by
treating compound 20-3 with various acyl chlorides or sulfonyl chlorides instead of
chlorosulfonyl isocyanate, followed by hydrolyzation and methyl amide formation, the

following analogs of compound 20-7 were obtained.

RCOC1 Target [M+H]" "H NMR (500 MHz, CDCl3)
or RSO,Cl (8, ppm)
Q N 7.91(d, J=5.5Hz, 2H), 7.63 (s, 1H),

O 4 O _ 7.31 (s, 1H), 7.18 (t, J = 5.5 Hz, 2H),
N O

5.81 (brs, 1H), 4.46 (t, J = 2.5 Hz, 1H),
MeOCOCI o 397.1
0 208 3.82 (s, 1H), 3.67 (s, 2H), 3.01 (d, J =
4.5 Hz, 3H), 2.79 (t, J = 1.5 Hz, 2H),
2.02 - 1.74 (m, 3H), 1.37 (br s, 1H)
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N 7.93-7.90 (m, 2H), 7.72 (s, 1H), 7.30 (s,
O 4 O . 1H), 7.22 - 7.17 (m, 2H), 5.82 (br, 1H),
0 473 (d,J=13Hz, 1H),3.02(t,J=5
CH;COCl ): © 204 381.2 | Hz, 3H), 2.88 — 2.80 (m, 2H), 2.70 —
2.65 (m, 1H), 2.05 — 2.00 (m, 2H), 1.90
(s, 3H), 1.80 — 1.77 (m, 1H), 1.45 - 1.27
(m, 1H)
Ny 8.53 (br s, 1H), 7.96 — 7.94 (m, 2H),
O { O . 7.62 (s, 1H), 7.54 (s, 1H), 7.28 — 7.25
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\h{’% 2010 2H), 3.02 (s, 3H), 2.90 (s, 5H), 1.95 (br
s, 2H), 1.71 (br s, 2H)
0 v 7.92 —7.88 (m, 2H), 7.66 (s, 1H), 7.64 (s,
F 1H), 7.21 = 7.16 (m, 2H), 5.82 (br, 1H),
PrSOSCI Vo ¢ 3o 3.67 (br, 2H), 3.02 (d, J = 12 Hz, 2H),
70 0 3.00 (s, 3H), 2.54 — 2.49 (m, 2H), 1.94 (d,
J=5.5Hz, 2H), 1.74 (br s, 2H), 1.12 (d, J
=4.0 Hz, 2H), 0.99 — 0.98 (m, 2H)
Scheme 21
0 oﬁ
io .
F N:CO;BHa O ; O . 4M HCi/dioxane
e BD%’ ‘I 211
% b
1N HCl/dioxane
H| NaCNBHs, E1OH CEN O c} O F S
S) ; H 213
LiOH : N/H
Cﬁ% = @:;F — Ot o
21-5 \'\an 21-6

[0343] Step 1. Refer to Scheme 21.To a solution of compound 8-3 (600 mg, 1.76 mmol) in
MeOH (150 mL) were added (S)-tert-butyl 2-formylpyrrolidine-1-carboxylate (1.05 g, 5.27
mmol) and glacial AcOH (106 mg, 1.76 mmol). After stirring at 35 °C for 2 hrs, the mixture
was cooled to 0 °C and NaCNBHj3 (220 mg, 3.52 mmol) was added. Subsequently, the

mixture was refluxed for 2 hrs and concentrated. The residue was dissolved in EtOAc (100
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mL) and the solution was washed with H,O (50 mL. x 3) and dried with anhydrous Na;SO,.
The solvent was removed and the residue was purified by reverse phase preparative HPLC to
give compound 21-1 (630 mg, 68% yield) as yellow fluffy solid. LC-MS (ESI): m/z 525.2
[M+H]",

[0344] Step2.Toa solution of compound 21-1 (600 mg, 1.15 mmol) in dioxane (10 mL)
was added 4 N HCl in dioxane (20 mL). After stirring at 35 °C for 2 hrs, the reaction mixture
was concentrated and the residue was dried in vacuo to give crude compound 21-2 (500 mg,
quantitative yield) as a yellow solid. LC-MS (ESI): m/z 425.2 [M+H]".

[0345] Step 3. To a stirred solution of compound 21-2 (500 mg, 1.2 mmol) in EtOH (30
mL) was added 1 N HCl in dioxane (2 mL). After stirring at 35 °C for 2 hrs, the reaction
mixture was cooled to 0 °C and NaCNBHj3 (148 mg, 2.4 mmol) was added. The mixture was
stirred at rt for 2 hrs and concentrated. The residue was dissolved in EtOAc (100 mL) and the
solution was washed with brine (25 mL) and dried with anhydrous Na,SO,4. The solvent was
removed and the residue was purified by reverse phase preparative HPLC to give compound
21-3 (420 mg, 87% yield) as a yellow foam. LC-MS (ESI): m/z 409.2 [M+H]". Long column
(30 min) HPLC and Chiral HPLC showed there was only one diastereomer formed during the
reductive-elimination step; however, the chirality of the benzylic carbon in compound 21-3
was not determined.

[0346] Step 4. To a solution of compound 21-3 (300 mg, 0.73 mmol) and EtzN (0.3 mL) in
DCM (30 mL) was added MsCl drop wise (85 mg, 0.73 mmol) at O °C. After stirring at rt for
30 min, the reaction mixture was washed with HO (20 mL x 3) and dried with anhydrous
Na;SO;4. The solvent was removed and the residue was purified by reverse phase preparative
HPLC to give compound 21-4 (186 mg, 52% yield) as a yellow solid. LC-MS (ESI): m/z
487.2 [M+H]".

[0347] Step 5. A mixture of compound 21-4 (180 mg, 0.371 mmol) and LIOH H,0 (47 mg,
1.1 mmol) in MeOH/THF/H,0 (2 mL/4 mL/1 mL) was stirred at 75 °C for 30 min. The
resulting mixture was acidified to pH 5~6 by adding 2 N aq. HCI. The suspension was
filtered and the solid was dried in vacuo to give compound 21-5 (150 mg, 93% yield) as a
white solid. LC-MS (ESI): m/z 459.1 [M+H]".

[0348] Step 6. To a solution of compound 21-5 (150 mg, 0.327 mmol) in DMF (5 mL) was
added HATU (187 mg, 0.491 mmol). After stirring at rt for 30 min, the mixture was added
DIPEA (127 mg, 0.982 mmol) and MeNH, HCI (66 mg, 0.98 mmol). Subsequently, the
mixture was stirred at rt for 30 min and poured into ice-water (50 mL). The suspension was
filtered and the solid was purified by preparative HPLC to give compound 21-6 (32 mg, 21%
yield) as a white solid. LC-MS (ESI): m/z 472.2 [M+H]".
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[0349] Synthesis of compound 21-7. Following the same scheme and replacing (S)-tert-
butyl 2-formylpyrrolidine-1-carboxylate with its (R)-enantiomer, compound 21-7 was
obtained. LC-MS (ESI): m/z 472.2 [M+H]". Long column (30 min) HPLC and Chiral HPLC
showed there was only one diastereomer formed during the reductive-elimination step;

however, the chirality of the benzylic carbon in compound 21-7 was not determined.
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[0350] Step 1. Refer to Scheme 22. A solution of compound 6-5 (1.0 g, 2.28 mmol) in
DCM (200 mL) was cooled to -78 °C and Os was flushed through until the starting material
disappeared as monitored by TLC. Excessive O3 was removed completely by flushing the
reaction mixture with N,. Subsequently, NaBH4 (866 mg, 22.8 mmol) and MeOH (40 mL)
were added to the mixture. After stirring at -78 °C for 3 hrs, the reaction mixture was warmed
to rt and water (200 mL) was added. The aqueous phase was extracted with DCM (50 mL x
3) and the combined organic extracts were washed with water (100 mL x 2) and brine (50
mL) and dried with anhydrous Na,SO4. The solvent was removed and the residue was dried
in vacuo to give compound 22-1 (958 mg, 94% yield) as a white solid. LC-MS (ESI): m/z
430.1 [M-H,0]".

[0351] Step 2. A mixture of compound 22-1 (1.0 g, 2.24 mmol) and TsOHH,O (170 mg,
0.90 mmol) in toluene (40 mL) was refluxed overnight. The solvent was removed and the
residue was purified by silica gel column chromatography (Petroleum ether/Acetone = 10/1)
to give compound 22-2 (600 mg, 63% yield) as a white solid. LC-MS (ESI): m/z 430.1
[M+H]".

[0352] Step 3. A solution of Et;Zn (1.1 M in hexane, 27.5 mL, 27.5 mmol) was added into
DCM (30 mL) dropwise at -78 °C under an atmosphere of N,, followed by addition of CH,I,
(4.4 mL, 55.0 mmol). After the reaction mixture was stirred at -78 °C for 30 min, a solution
of compound 22-2 (536 mg, 1.25 mmol) and TFA (0.5 mL) in DCM (10 mL) was added. The
resulting mixture was stirred at -78 °C for 3 hrs and then partitioned between water (80 mL)
and DCM (80 mL). The aqueous phase was extracted with DCM (50 mL x 3). The combined
organic extracts were washed with water (100 mL x 3) and brine (50 mL) and dried with

anhydrous Na;SO4. The solvent was removed and the residue was purified by silica gel
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column chromatography (Petroleum ether/EtOAc = 10/1 (v/v)) to give compound 22-3 (190
mg, 35% yield) as a yellow solid. LCMS (ESD): m/z 444.1 [M+H]"; '"H NMR (500 MHz,
CDCls): 6 8.11 (m, 1H), 8.02 — 8.04 (m, 2H), 7.53 (s, 1H), 7.16 = 7.20 (m, 2H), 4.41 — 4.44
(m, 2H), 4.11(m, 1H), 3.40 (m, 1H), 3.02 (s, 3H), 2.28 (m, 1H), 2.18 (m, 2H), 1.42 (t, 3H),
1.20 (m, 2H), 0.63 (m, 1H), 0.41 (m, 1H) ppm.

[0353] Step 4. To a solution of compound 22-3 (190 mg, 0.429 mmol) in MeOH/THF (5
mL/5 mL) was added 2 N aq. LiOH (0.857 mL, 1.761 mmol). The resulting mixture was
stirred at 75 °C overnight, then cooled to rt, acidified with 2 N aq. HCI to pH 5~6, and
extracted with EtOAc (30 mL x 2). The combined organic extracts were washed with H,O
(25 mL) and brine (25 mL) and dried with anhydrous Na;SO,. The solvent was removed and
the residue was dried in vacuo to give compound 22-4 (178 mg, 99% yield) as a white solid,
which was used directly in the next step without further purification. LC-MS (ESI): m/z 337.1
[M-Ms].

[0354] Step 5. To a solution of compound 22-4 (138 mg, 0.33 mmol) in DMF (3 mL) was
added HATU (152 mg, 0.40 mmol) at rt. The resulting mixture was stirred for 30 min and
then added DIPEA (86 mg, 0.67 mmol) and CH;NH, HCI (45 mg, 0.67 mmol). After stirring
at rt for 20 min, the reaction mixture was poured into water and the suspension was filtered.
The solid was washed with water, dried in vacuo, and re-crystallized in EtOAc and hexane to
give compound 22-5 as white solid (120 mg, 84% yield). LC-MS (ESI): m/z 429.1 [M+H];
"H NMR (500 MHz, DMSO): & 8.49 (s, 1H), 7.94-7.97 (m, 2H), 7.63 (s, 1H), 7.57 (s, 1H),
7.39 (t, J = 9.0 Hz, 2H), 3.95-4.00 (m, 1H), 3.26-3.29 (m, 1H), 3.14 (s, 3H), 2.84 (d, J =4.5
Hz, 3H), 2.14-2.23 (m, 2H), 1.11-1.22 (m, 2H), 0.44-0.52 ( m, 1H), 0.30-0.33 (m, 1H) ppm.
Compound 22-5 was separated to give a pair of enantiomers: enantiomer 22-5_A (tg = 2.48
min) and enantiomer 22-5_B (tg = 4.90 min) detected by UV absorption at 214 nm on a 4.6
mm x 250 mm x 5 pm Lux Amylose-2 column (column temperature: 40.2 °C; eluent:
MeOH/liquid CO; = 40/60 (v/v); CO; flow rate: 1.8 g/min and co-solvent flow rate: 1.2 g/min;

front pressure; 207 bar and back pressure: 151 bar).
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[0355] Step 1. Refer to Scheme 23. A mixture of compound 15-6 (8.0 g, 16.7 mmol) and
10% Pd/C (4.0 g) in EtOAc (200 mL) was stirred at rt for 3 hrs under an atmosphere of H;.
The reaction mixture was filtered through a Celite® 545 pad and the filtered cake was washed
with EtOAc (50 mL x 2). The filtrate was concentrated and the residue was dried in vacuo to
give compound 23-1 (7.5 g, quantitative yield as a yellow solid. LC-MS (ESI): m/z 450.2
[M-+H]".
[0356] Step 2. To a solution of compound 23-1 (7.5 g, 16.7 mmol) in anhydrous pyridine
(100 mL) was added dropwise a solution of MsCl (1.4 mL, 17.54 mmol) in anhydrous DCM
(20 mL) at 0 °C. After stirring at 0 °C for 3 hrs, the reaction mixture was diluted with EtOAc
(500 mL). The resulting mixture was washed with 1 M aq. HC1 (200 mL x 3) and brine (100
mL x 2) and dried with anhydrous Na;SO4. The solvent was removed and the residue was re-
crystallized in EtOAc to give compound 23-2 (7.9 g, 90% yield) as a pale brown solid. LC-
MS (ESI): m/z 528.1 [M+H]".
[0357] Step 3. To a solution of compound 23-2 (7.9 g, 15.0 mmol) in DMF (150 mL) was
added K,COs; (8.3 g, 60.0 mmol), followed by 5-bromo-1-pentene (2.68 g, 18.0 mmol). After
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stirring at 80 °C for 2 hrs, the reaction mixture was concentrated. The residue was diluted
with EtOAc (200 mL) and water (200 mL). The aqueous phase was extracted with EtOAc
(150 mL x 3). The combined organic extracts were washed with (250 mL) and brine (250
mL) and dried with anhydrous Na;SOy4. The solvent was removed and the residue was dried
in vacuo to give compound 23-3 (7.9 g, 93% yield) as a yellow solid. LC-MS (ESI): m/z
618.2 [M+Na]".

[0358] Step 4. To a solution of compound 23-3 (7.6 g, 12.8 mmol) in DCM (100 mL) was
added dropwise BCl; in DCM (31.9 g, 31.9 mmol.) at -30 °C under an atmosphere of N,.
After stirring at -30 °C for 2 hrs, the reaction mixture was poured into ice-water (300 mL) and
the resulting mixture was extracted with DCM (150 mL x 3). The combined organic extracts
were washed with water (100 mL x 3) and brine (100 mL) and dried with anhydrous Na;SO,.
The solvent was removed and the residue was dried in vacuo to give crude compound 23-4
(7.2 g, 98% yield) as a yellow solid. LC-MS (ESI): m/z 554.2 [M+H]".

[0359] Step 5. To a solution of compound 23-4 (7.5 g, 13.6 mmol) in DCM (100 mL) were
added DIPEA (5.25 g, 40.7 mmol) and DMAP (165 mg, 1.4 mmol), followed by a solution of
Tf,0 (5.0 g, 17.6 mmol) in DCM (25 mL) at 0 °C. After stirring at rt overnight, the reaction
mixture was diluted with DCM (300 mL) and water (300 mL). The aqueous phase was
extracted with DCM (300 mL x 2). The combined organic extracts were washed with water
(250 mL x 3) and brine (250 mL.) and dried with anhydrous Na,SO,. The solvent was
removed and the residue was purified by silica gel column chromatography (Petroleum
ether/Acetone = 20/1 (v/v)) to give compound 23-5 (8.0 g, 90% yield) as a yellow solid. LC-
MS (ESI): m/z 686.1 [M+H]".

[0360] Step 6. A mixture of compound 23-5 (8.0 g, 11.7 mmol), LiCl (539 mg, 12.8 mmol),
Et3N (3.24 mL, 23.3 mmol), Pd(OAc), (392 mg, 1.8 mmol), and PPh3 (1.22 g, 4.7 mmol) in
DMEF (80 mL) was stirred at 120 °C for 2 hrs under an atmosphere of Ar. Subsequently, the
reaction mixture was concentrated and the residue was partitioned between water (200 mL)
and EtOAc (200 mL). The aqueous phase was extracted with EtOAc (150 mL x 3) and the
combined organic extracts were washed with water (250 mL x 3) and brine (250 mL) and
dried with anhydrous Na;SO4. The solvent was removed and the residue was purified by
silica gel column chromatography (Petroleum ether/Acetone = 10/1 (v/)) to give compound
23-6 (4.0 g, 64% yield) as a yellow solid. LC-MS (ESI): m/z 536.1 [M+H]*; 'H NMR (500
MHz, CDCls): 8 8.02 — 8.04 (m, 2H), 7.95 (s, 1H), 7.68 (s, 1H), 7.07 — 7.10 (m, 4H), 7.03 —
7.05 (m, 2H), 5.30 (m, 1H), 5.20 (d, 1H), 4.40 — 4.44 (t, 2H), 3.85 (m, 2H), 2.87 (s, 3H), 2.52
(m, 2H), 1.95 (m, 2H), 1.42 (t, /= 5.5 Hz, 3H) ppm.

[0361] Synthesis of compound 23-7. Following the same procedures of hydrolyzation and

methylamide formation as described in the synthesis of compounds 6-6 and 7-1, respectively,
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compound 23-7 was obtained. LC-MS (ESI): m/z 521.1 [M+H]"; 'H NMR (300 MHz,
CDCl3): 6 7.83 (dd, J, = 1.6 Hz, J, = 6.2 Hz, 2H), 7.75 (s, 1H), 7.65 (s, 1H), 7.02-7.10 (m,
6H), 5.86 (m, 1H), 5.29 (s, 1H), 5.17 (d, J/ = 1.8 Hz, 1H), 3.82 (m, 2H), 2.99 (d, /= 5.7 Hz,
3H), 2.85 (3, 3H), 2.47 (m, 2H), 1.93 (m, 2H) ppm.

[0362] Synthesis of compound 23-8. Following the same procedure of isomerization as
described in the synthesis of compound 7-4, compound 23-8 was obtained. LC-MS (ESI): m/z
521.1 [M+H]*; "H NMR (300 MHz, CDCls): & 7.81 (dd, J, = 1.8 Hz, J, = 5.9 Hz, 2H), 7.63 (s,
1H), 7.26 (s, 1H), 70.3-7.10 (m, 6H), 6.04 (m, 1H), 5.85 (m, 1H), 4.15 (m 2H), 2.98 (d, J =
5.1 Hz, 3H), 2.76 (s, 3H), 2.20 (s, 3H), 2.17 (m, 2H) ppm.

[0363] Synthesis of compound 23-9. Following the same procedure of hydrogenation as
described in the synthesis of compound 7-3, compound 23-9 was obtained. LC-MS (ESI): m/z
523.2 [M+H]*; "H NMR (300 MHz, CDCl;): & 7.82 (d, J = 8.7 Hz, 2H), 7.72 (s, 1H), 7.54 (s,
1H), 7.03-7.10 (m, 6H), 5.84 (m, 1H), 4.10 (m, 1H), 3.24 (m, 2H), 3.08 (s, 3H), 3.00 (d, J =
5.2 Hz, 3H), 1.92-2.02 (m, 4H), 1.46 (d, J = 6.7 Hz, 3H) ppm. Compound 23-9 was separated
into a pair of enantiomers: enantiomer 23-9_A (tg = 3.82 min) and enantiomer 23-9_B (tr =
4.99 min) detected by UV absorption at 214 nm on a ChiralPak® IB column (column
temperature: 40.3 °C; eluent: MeOH/liquid CO; = 30/70 (v/v); CO, flow rate: 2.1 g/min and
co-solvent flow rate: 0.9 g/min; front back pressure: 152 bar).

[0364] Synthesis of compound 23-10. Follwoing the same procedure of cyclopropanation
as described in the synthesis of compound 6-7, followed by hydrolyzation and methyl amide
formation, compound 23-10 was obtained. LC-MS (ESD): m/z 535.2 [M+H]™"; 'H NMR (500
MHz, CDCl3): 6 7.82 (dd, J, = 2.0 Hz, J, = 5.0 Hz, 2H), 7.79 (d, J = 3.0 Hz, 1H), 7.52 (s, 1H),
6.97 - 7.10 (m 6H), 5.84 (m, 1H), 3.58 - 3.71 (m, 2H), 3.15 (s, 3H), 3.00 (d, J = 4.5 Hz, 3H),
1,94 (m, 2H), 1.61 (m, 2H), 1.04 (m, 2H), 0.92 (m, 2H) ppm.
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[0365] Step 1. Refer to Scheme 24. Following the same procedure as described in the
synthesis of compound 22-1, compound 24-1 was obtained as a yellow solid in 80% yield.
LC-MS (ESD): m/z = 540.1 [M+H]".

[0366] Step 2. Following the same procedure as described in the synthesis of compound
22-2, compound 24-2 was obtained as a yellow solid in 57% yield. LC-MS (ESI): m/z =
522.1 [M+H]"; '"H NMR (500 MHz, CDCls): § 8.03 — 8.06 (m, 2H), 7.77 (s, 1H), 7.07 - 7.09
(m, 4H), 7.03 - 7.05 (m, 2H), 6.63 (d, 1H), 6.01(d, 1H), 4.41 — 4.45 (m, 2H), 3.85 — 3.91 (brs,
2H), 2.80 (brs, 2H), 2.76 (s, 3H), 1.43 (t, J = 7.0 Hz, 3H) ppm.

[0367] Synthesis of compound 24-3. Following the same procedure as described in the
synthesis of compound 23-7, compound 24-3 was obtained as a white solid in 88% yield. LC-
MS (ESI): m/z 507.1 [M+H]"; "H NMR (500 MHz, CDCl3): 6 7.84 (d, J = 9.0 Hz, 2H), 7.77
(d, J=12.0 Hz, 2H), 7.04 - 7.10 (m, 6H), 6.60 (d, J = 12.5 Hz, 1H), 5.97 - 5.99 (m, 1H),
5.81 (br,1H), 3.26 — 3.29 (m, 1H), 3.89 (br, 2H), 2.99 (d, J = 5.0 Hz, 3H), 2.78 (br, 2H), 2.75
(s, 3H) ppm.

[0368] Synthesis of compound 24-4. Following the same procedure as described in the
synthesis of compound 23-9, compound 24-4 was obtained as a white solid in 50% yield. LC-
MS (ESI): m/z 509.1 [M+H]"; '"H NMR (500 MHz, CDCl;): § 7.84 (d, J = 9.0 Hz, 2H), 7.69
(s, 1H), 7.57 (s, 1H), 7.03 — 7.11 (m, 6H), 5.83 (br,1H), 3.69 (br, 2H), 3.06 (s, 3H), 2.97 -
3.00 (m, 5H), 1.92 — 1.94 (m, 2H), 1.74 (br, 2H) ppm.

[0369] Synthesis of compound 24-5. Following the same procedure as described for the
synthesis of compound 23-10, compound 24-5 was obtained. LC-MS (ESI): m/z 521.1
[M+H]"; '"H NMR (500 MHz, CDCl;): & 7.91 (s, 1H), 7.84 (d, J = 8.0 Hz, 2H), 7.50 (s, 1H),
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7.05 -7.11 (m, 6H), 5.84 (m, 1H), 4.10 (dt, J; = 5.0 Hz, /> = 15.0 Hz, 1H), 3.39 (dd, /; = 5.0
Hz, J, =13.0 Hz, 1H), 3.00 (s and d, J = 3.5 Hz, 6H), 2.25 (m, 1H), 2.14 (m, 1H), 1.15 (m,
2H), 0.63 (m, 1H), 0.39 (m, 1H) ppm. Compound 24-5 was separated into a pair of
enantiomers; enantiomer 24-5_A (tg = 7.237 min) and enantiomer 24-5_B (tg = 10.044 min)
detected by UV absorption at 214 nm on a 4.6 mm x 250 mm x 5 um ChiralPak® AS-H
column (column temperature: 40 °C; eluent: n-Hexane/EtOH/DEA = 70/30/0.1 (v/w/v); flow

rate: 1.0 mL/min).
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[0370] Step 1. Refer to Scheme 25. A mixture of compound 25-1 (600 mg, 3.8 mmol), 4~
pentyn-1-ol (620 mg, 7.4 mmol), Cul (141 mg, 0.74 mmol), EN (1.57 g, 11.4 mmol), and
Pd(dppf)Cl, (266 mg, 0.38 mmol) in DMF (30 mL) was stirred at rt overnight under an
atmosphere of N;. The solvent was removed and the residue was purified by silica gel column
chromatography (Petroleum ether/Acetone = 4/1 to 2/1 (v/v)) to give compound 25-2 (250 mg,
32% yield) as a yellow oil. LC-MS: (ESI) m/z 207.1 [M+H]".

[0371] Step 2. A mixture of compound 25-2 (250 mg, 1.2 mmol) and 10% Pd/C (150 mg)
in MeOH (20 mL) was stirred at rt overnight under an atmosphere of H,. The mixture was
filtered through a Celite® 545 pad and the filtered cake was washed with MeOH (25 mL x 2).
The filtrate was concentrated and the residue was dried in vacuo to give compound 25-3 (200
mg, 91% yield) as a yellow oil. LC-MS: (ESI) m/z 181.1 [M+H]".

[0372] Step 3. To a solution of compound 25-3 (200 mg, 1.1 mmol) and EtzN (0.90 mL, 6.6

mmol) in DCM (10 mL) was added dropwise a solution of MsCl (376 mg , 3.3 mmol) in
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DCM (5 mL) over 10 min at 0 °C. After stirring at rt for 1 hr, the reaction mixture was
filtered through a Celite® 545 pad and the filtered cake was washed with DCM (25 mL x 2).
The filtrate was concentrated and the residue was dried in vacuo to give crude compound 25-
4 (495 mg) as yellow solid, which was used for the next step without further purification. LC-
MS: (ESI) m/z 415.1 [M+H]".

[0373] Step 4. A mixture of compound 25-4 (495 mg, 1.1 mmol) and K;CO; (607 mg, 4.4
mmol) in DMF (10 mL) and H,0O (2 mL) was stirred at 80 °C overnight. The solvent was
removed and the residue was purified by silica gel column chromatography (Petroleum
ether/Acetone = 3/1 to 1/1 (v/v)) to give compound 25-5 (100 mg, 37% yield, two steps from
compound 25-3) as a white oil. LC-MS (ESI): m/z 241.1 [M+H]"; '"H NMR (500 MHz,
CDCl): & 8.40 (s, 1H), 8.34-8.35 (d,J=5.0Hz,1H), 7.29 - 7.30 (d,J =5.0 Hz,1H),
3.52 (br, 2H), 3.06 (s, 3H), 2.81 (br, 2H), 1.63 (br, 2H), 1.50 (br, 2H), 1.40 (br, 2H) ppm.
[0374] Synthesis of compound 25-7. Following the same procedure as described in the
synthesis of compound 13-5 from 13-3, compound 25-7 was obtained as a yellow solid in
33% yield (two steps from 25-5). LC-MS: (ESI) m/z 446.1 [M+H]".

[0375] Synthesis of compound 25-9. Following the same procedure as described in the
synthesis of compound 13-12 from 13-10, compound 25-9 was obtained as a yellow solid in
62% yield (two steps from 25-7). LC-MS: (ESI) m/z 431.1 [M+H]"; "H NMR (500 MHz,
CDClz): 6 8.44 (s, 1H), 8.23 (s,1H), 7.65 - 7.68 (m, 2H), 7.21 - 7.25 (m, 2H), 5.48 (br,
1H), 3.65 (br, 2H), 3.09 ( s, 3H), 2.95 (br, 2H), 2.85 - 2.86 (d, J=5.0 Hz, 3H), 1.54 - 1.65
(m, 6H) ppm.

[0376] Synthesis of compound 25-10. Following the same procedure as described in the
synthesis of compound 19-5 from 19-2, compound 25-10 was obtained as a white solid. LC-
MS: (ESI) m/z 440.1 [M+H]"; '"H NMR (500 MHz, &>-DMSO): & 9.04 (s, 1H,), 7.70 (s, 2H),
7.69 (s, 3H), 7.59 — 7.62 (m, 2H), 7.25 (t, J = 8.5 Hz, 2H), 3.71 (br, 2H), 3.24 (s, 3H), 3.01(br,
2H), 1.70 (br, 6H) ppm.
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[0377] Step 1. Refer to Scheme 26. To a solution of prop-2-yn-1-ol (2.24 g, 40 mmol) in
DME (80 mL) was added KOH (2.7 g, 48 mmol) at 0 °C. After stirring at O °C for 30 min, the
mixture was drop-wisely added a solution of TsCl (8.36 g, 44 mmol) in DME (40 mL) and
the resulting mixture was stirred at 0 °C for 4 hrs. Subsequently, the reaction mixture was
concentrated and the residue was added DCM (50 mL) and water (50 mL,). The aqueous
phase was extracted with DCM (100 mL x 3) and the combined organic extracts were washed
with water (100 mL) and brine (100 mL) and dried with anhydrous Na,;SOy. The solvent was
removed and the residue was purified by silica gel column chromatography to give
compound 26-1 (4.3 g, 51% yield) as a colorless oil. LC-MS (ESD): m/z 211.0 [M+H]".
[0378] Step 2. To a solution of compound 8-4 (712 mg, 1.7 mmol) in DMF (30 mL) was
added K,CO3 (414 mg, 3 mmol) under an atmosphere of argon. After stirring at rt for 1 hr,
the reaction mixture was added 26-1 (714 mg, 3.4 mmol) and the resulting mixture was
stirred at 60 °C for 2 hrs. The mixture was concentrated and the residue was partitioned
between EtOAc (100 mL) and water (100 mL). The aqueous phase was extracted with EtOAc
(50 mL x 3) and the combined organic extracts were washed with water (50 mL x 2) and
dried with anhydrous Na;SO4. The solvent was removed and the residue was dried in vacuo
to give compound 26-2 (700 mg, 90% yield) as a yellow solid. LC-MS (ESI): m/z 458.1
[M+H]".

[0379] Step 3. To a solution of compound 26-2 (685 mg, 1.5 mmol) in EtOH (20 mL) was
added NaBH, (114 mg, 3 mmol) in portions at 0 °C. After stirring at O °C for 2 hrs, the
reaction was quenched by adding several drops of acetone. The mixture was concentrated and
the residue was partitioned between EtOAc (25 mL) and water (25 mL). The aqueous phase

was extracted with EtOAc (25 mL x 3) and the combined organic extracts were washed with
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brined (25 mL.) and dried with anhydrous Na;SOy4. The solvent was removed and the residue
was dried in vacuo to give compound 26-3 (640 mg, 93% yield) as a colorless oil. LC-MS
(ESI): m/z 460.1 [M+H]".

[[0380] Step 4. To a solution of compound 26-3 (640 mg, 1.4 mmol) and DMAP (10 mg,
0.075 mmol) in DCM (50 mL) was added Et;N (0.83 mL, 6 mmol) at 0 °C, followed by MsCl
(0.5 mL, 3 mmol). After stirring at 0 °C for 2 hrs, the reaction mixture was diluted with DCM
(50 mL). The mixture was washed with sat. aq. NH4Cl (25 mL) and brine (25 mL) and dried
with anhydrous Na,SOj4. The solvent was removed and the residue was purified by silica gel
column chromatography (Petroleum ether/EtOAc = 2/1 (v/v)) to give compound 26-4 (450
mg, 95% yield) as a yellow solid. LC-MS (ESI): m/z 538.1 [M+H]".

[0381] Step 5. To a solution of NaN3 (390 mg, 6 mmol) in DMF (5 mL) at 65 °C was added
compound 26-4 (322 mg, 0.6 mmol). After stirring at 65 °C for 24 hrs, the reaction mixture
was concentrated. The residue was partitioned between EtOAc (25 mLO and water (25 mL).
The aqueous phase was extracted with EtOAc (25 mL x 3) and the combined organic extracts
were washed with brine (50 mL) and dried with anhydrous Na;SOy4. The solvent was
removed and the residue was purified by silica gel column chromatography (Petroleum
ether/EtOAc = 2/1 (W) to give compound 26-5 (121 mg, 41% yield) as a yellow solid. L.C-
MS (ESI): m/z 485.1 [M+H]".

[0382] Synthesis of compound 26-7. Following the same procedure as described in the
synthesis of compound 25-9 from 25-7, compound 26-7 was obtained as a white solid in 43%
yield (two steps from compound 26-5). LC-MS: (ESI) m/z 470.1 [M+H]"; "H NMR(500 MHz,
CDCls): 6 7.99 (s, 1H), 7.87 = 7.90 (m, 2H), 7.70 (s, 1H),7.51 (s, 1H), 7.22 (t, J = 7.5 Hz, 2H),
6.21 (m, 1H), 5.85 (br, 1H), 4.97 and 5.17 (AB, J4z= 16.0 Hz, 2H), 3.20 (s, 3H), 3.01 (d, / =
4.5 Hz, 3H), 2.14 (d, J = 6.5 Hz, 3H) ppm.

Scheme 26a
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[0383] Step 1. Refer to Scheme 26a. To a solution of compound 8-4 (4.6 g, 11 mmol) in a
mixed solvent of DCM (20 mL) and EtOH (60 mL) at 0 °C was added NaBH, (756 mg, 20
mmol) in small portions. After stirring at 0 °C for 2 hrs, the reaction mixture was slowly
added H,O (20 mL) and then concentrated. The residue was extracted with DCM (100 mL x
3) and the combined organic extracts were washed with water (50 mL x 3) and brine (50 mL)
and dried over anhydrous Na;SOy. The solvent was removed and the residue was purified by
silica gel column chromatography (PE/EtOAc = 2/1 (v/v)) to give compound 26a-1 (4.3 g,
92% yield) as a yellow solid. LC-MS (ESI): m/z 404.1 [M-H,O+H]".

[0384] Step 2. To a solution of compound 26a-1 (4.3 g, 10 mmol) in toluene (120 mL)
were added DPPA (4.3 mL, 20 mmol) and DBU (3 mL, 20 mmol). The reaction mixture was
stirred at 50 °C for 4 hrs. Subsequently, the mixture was concentrated and the residue was
purified by silica gel column chromatography (PE/EtOAc = 2/1 (v/)) to give compound 26a-
2 (4.0 g, 85% yield) as a yellow solid. LC-MS (ESI): m/z 447.1 [M+H]".

[0385] Step 3. To a solution of compound 26a-2 (3.95 g, 8.8 mmol) in DMF (50 mL) was
added K>COs5 (1.38 g, 10 mmol) and the mixture was stirred at rt for 30 min. Next, a solution
of compound 26-1 (2.52 g, 12 mmol) in 20 mL. DMF was added. After stirring at rt overnight,
the reaction mixture was poured into H>O (150 mL). The mixture was extracted with EtOAc
(100 mL x 3) and the combined organic extracts were washed with water (100 mL x 3) and
brine (50 mL) and dried over anhydrous Na,SO,. The solvent was removed and the residue
was purified by silica gel column chromatography (PE/EtOAc = 2/1 (v/v)) to give compound
26a-3 (3.3 g, 78% yield) as a yellow solid. LC-MS (ESI): m/z 485.1 [M+H]".

[0386] Step 4. To a solution of compound 26a-3 (3 g, 6.2 mmol) in DMSO/H,0 (60 mL/20
mL) were added Sodium Ascorbate (2.32 g, 9.3 mmol) and CuSO4+5H;0 (1.55 g, 6.2 mmol).
After stirring at rt overnight, the reaction mixture was poured into HO (100 mL). The
resulting mixture was extracted with EtOAc (100 mL x 3) and the combined organic extracts
were washed with water (50 mL x 3) and brine (50 mL) and dried over anhydrous Na;SOj.
The solvent was removed and the residue was purified by silica gel column chromatography
(DCM/MeOH = 40/1 (v/)) to give compound 26-5 (2.1 g, 66% yield) as a yellow solid. LC-
MS (ESI): m/z 485.1 [M+H]".

[0387] Step S. Following the same procedure as that for the preparation of 1-16 described
in Scheme 1 and replacing compound 1-14 with 26-5, compound 26-7 (1.3 g, 67% yield) was
obtained as a white solid. LC-MS (ESI): m/z 470.1 [M+H]"; '"H NMR (500 MHz, d°-DMSO):
8 8.53 (g, J =4.8 Hz, 1H), 8.04 (s, 1H), 7.97 = 7.99 (m, 2H), 7.96 (s, 1H), 7.60 (s, 1H), 7.42
(t, J=8.5 Hz, 2H), 6.34 (q, J = 7.0 Hz, 1H), 5.39 and 4.72 (AB, J4p = 17.5 Hz, 2H), 3.56 (s,
1H), 2.86 (d, /= 4.5 Hz, 3H), 1.89 (d, J = 7.5 Hz, 3H) ppm. Compound 26-7 was separated

into a pair of enantiomers: enantiomer 26-7_A (tg = 8.596 min) and enantiomer 26-7_B (tz =
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11.887 min) detected by UV absorption at 214 nm on a 4.6 mm x 250 mm x 5 um ChiralPak®
AS column (column temperature: 40 °C; eluent: n-Hexane/EtOH/DEA = 70/30/0.1 (vA/v);

flow rate: 1.0 mL/min).
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[0388] Step 1. Refer to Scheme 26b. Following the same procedure as that for the synthesis
of compound 26-7 described in Scheme 26 and replacing compound 26-5 with 8-4,
compound 26b-1 was obtained. LC-MS (ESI): m/z 405.1 [M+H]".

[0389] Step 2. Following the same procedure as that for the synthesis of compound 26a-1
described in Scheme 26a and replacing compound 8-4 with 26b-1, compound 26b-2 was
obtained. LC-MS (ESI): m/z 407.1 [M+H]".

[0390] Step 3. Following the same procedure as that for the synthesis of compound 26a-2
described in Scheme 26a and replacing compound 26a-1 with 26b-2, compound 26b-3 was
obtained as a yellow solid. LC-MS (ESI): m/z 390.1 [M-Ns+H]".

[0391] Step 4. To a solution of compound 26b-3 (43 mg, 0.1 mmol) in DMF (2 mL) was
added K,COs (28 mg, 0.2 mmol) and the resulting mixture was stirred at rt for 30 min. Next,
a solution of 2-bromoacetonitrile (24 mg, 0.2 mmol) in 1 mL DMF was added. After stirring
at rt for 4 hrs, the mixture was poured into H,O (20 mL). The mixture was extracted with
EtOAc (20 mL x 3) and the combined organic extracts were washed with water (15 mL x 3)
and brine (10 mL) and dried over anhydrous Na;SQj,. The solvent was removed and the
residue was purified by silica gel column chromatography (PE/EtOAc = 2/1 (v/)) to give
compound 26b-4 (42 mg, 89% yield) as a yellow solid. LC-MS (ESD): m/z 429.1 [M-N3+H]".
[0392] Step 5. To a solution of compound 26b-4 (24 mg, 0.05 mmol) in DMF (2 mL) was
added NH4Cl (26, 0.5 mmol). After being heated at 150 °C in a microwave reactor for 8 hrs,
the reaction mixture was cooled to rt and poured into HO (30 mL). The suspension was
extracted with EtOAc (20 mL x 3) and the combined organic extracts were washed with

water (15 mL x 3) and brine (10 mL x 1) and dried over anhydrous Na;SO4. The solvent was
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removed and the residue was purified by preparative HPLC to give compound 26b-5 (15 mg,
63% yield) as a yellow solid. LC-MS (ESI): m/z 471.1 [M+H]"; 'H NMR (500 MHz,
CDs0D): 6 7.95 -7.97 (m, 2H), 7.93 (s, 1H), 7.90 (s, 1H), 7.27 (t, J = 9 Hz, 2H), 6.34 (q, J =
7 Hz, 1H), 5.48 (m, 1H), 5.07 (m, 1H), 3.50 (s, 3H), 2.97 (s, 3H), 2.08 (br s, 3H) ppm.
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[0393] Step 1. Refer to Scheme 26c. To a solution of compound 8-2 (5.0 g, 13.5 mmol) in
EtOH (150 mL) was added NaBH4 (921 mg, 24.3 mmol) at rt. After stirring at rt for 4 hrs, the
reaction mixture was added several drops of acetone and concentrated. The residue was
diluted with water (20 mL) and EtOAc (100 mL). The organic layer was washed with water
(25 mL x 2) and brine (25 mL), dried over anhydrous Na;SQOy, and concentrated. The residue
was purified by silica gel column chromatography (PE/EtOAc = 2/1 (v/v)) to give compound
26¢-1 (4.3 g, 85% yield) as a yellow solid. LC-MS (ESI): m/z 356.2 [M-H,O+H]".

[0394] Step 2. To a solution of compound 26¢-1 (1.0 g, 2.7 mmol) in DMF (20 mL) at 0 °C
was added dropwise a solution of PBr3 (0.78 mL, 8.1 mmol) in DMF (3 mL). After stirring at
0 °C for 10 min, the reaction mixture was added water (20 mL). The mixture was extracted
with EtOAc (20 mL x 3). The combined organic extracts were washed with brine (50 mL),
dried over anhydrous Na,SOy, and concentrated. The residue was purified by silica gel
column chromatography (PE/EtOAc = 10/1 (v/v)) to give compound 26¢-2 (500 mg, 43%
yield) as a yellow solid. LC-MS (ESI): m/z 356.1 [M-Br+H]".

[0395] Step 3. To a solution of compound 26¢-2 (1.0 g, 2.7 mmol) and 1H-imidazole-2-
carbaldehyde (220 mg, 2.3 mmol) in DMF (5 mL) was added Na,CO; (366 mg, 3.45 mmol).
After stirring at 80 °C for 2 hrs, the reaction mixture was diluted with water (20 mL). The
resulting mixture was extracted with EtOAc (20 mL x 3). The combined organic extracts

were washed with water (20 mL x 2) and brine (20 mL), dried over anhydrous Na>SOy, and
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concentrated. The residue was purified by silica gel column chromatography (PE/EtOAc =
10/1 (vA")) to give compound 26¢-3 (300 mg, 58% yield) as a yellow solid. LC-MS (ESI): m/z
452.1 [M+H]".

[0396] Step 4. To a solution of compound 26¢-3 (300 mg, 0.67 mmol) in EtOAc (10 mL)
was added 10% Pd/C(150 mg), and the resulting mixture was stirred at rt for 12 hrs under an
atmosphere of H,. at the completion of the reaction, the reaction mixture was filtered through
Celite®545 and the filtered cake was washed with EtOAc (20 mL x 2). The filtrate was
concentrated and the residue was purified by silica gel column chromatography
(DCM/MeOH = 50/1 (v/v)) to give compound 26¢-4 (150 mg, 56% yield) as a yellow solid.
LC-MS (ESI): m/z 406.1 [M+H]".

[0397] Step 5. To a solution of compound 26¢-4 (150 mg, 0.37 mmol) in DCM (3 mL) was
added EiN (0.1 mL, 0.74 mmol), followed by MsCl (43 pL, 0.56 mmol). After stirring at rt
for 2 hrs, the reaction mixture was diluted with DCM (35 mL) and washed with water (15 mL
x 2) and brine (15 mL), dried over anhydrous Na;SQO,, and evaporated. The residue was
purified by silica gel column chromatography (DCM/MeOH = 50/1 (v/v)) to give compound
26¢-5 (60 mg, 34% yield) as a yellow solid. LC-MS (ESI): m/z 484.1 [M+H]".

[0398] Step 6. Following the same procedure as that used for the preparation of 1-16
described in Scheme 1 and replacing compound 1-14 with 26¢-5, compound 26¢-6 was
obtained as a white solid. LC-MS (ESI): m/z 469.1 [M+H]"; 'H NMR (500 MHz, CDCl3): &
7.92 (s, 1H), 7.83 — 7.86 (m, 2H), 7.64 (s, 1H), 7.21 (t, / = 8 Hz, 2H), 6.96 (d, /= 11.5 Hz,
2H), 5.82 (d, J = 4.5 Hz, 1H), 5.67 — 5.68 (m, 1H), 5.05 (s, 2H), 3.21 (s, 3H), 2.98 (d,J = 5.5
Hz, 3H), 2.05 (d, J = 7.5 Hz, 3H) ppm.

Scheme 27
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[0399] Step 1. Refer to Scheme 27. To a stirred solution of compound 15-11 (1.0 g, 2.0
mmol) in DMF (25 mL) was added K,;CO; (1.1 g, 8.0 mmol) at rt, followed by 3-bromo-2-
methylpropene (324 mg, 2.4 mmol). After stirring at 80 °C for 2 hrs, the reaction mixture was
cooled to rt and partitioned between water (60 mL) and EtOAc (50 mL). The aqueous layer
was extracted with EtOAc (40 mL x 3). The combined organic extracts were washed with
water (60 mL x 3) and brine (60 x 2 mL) and dried over anhydrous Na;SO4. The solvent was
removed and the residue was purified by silica gel column chromatography (PE/EtOAc =
10/1 (v/v)) to give compound 27-1a (760 mg, 67% yield) as a yellow solid. LC-MS (ESI): m/z
588.1 [M+Na]*.

[0400] Step 2. To a stirred solution of compound 27-1a (375 mg, 0.66 mmol) in a mixed
solvent of THF (6 mL) and MeOH (6 mL) was added NaBH,4 (75.5 mg, 2.0 mmol) in portions
at 0°C. After stirring at 0°C for 2 hrs, the reaction was quenched by adding several drops of
acetone and the resulting mixture was concentrated. The residue was partitioned with water
(20 mL) and EtOAc (20 mL) and the aqueous layer was extracted with EtOAc (30 mL x 3).
Subsequently, the combined organic extracts were washed with water (30 mL x 3) and brine
(10 ml.) and dried over anhydrous Na>SOj. The solvent was removed and the residue was
purified by silica gel column chromatography (PE/EtOAc = 3/1 (v/v)) to give compound 27-
2a (369 mg, 98% yield) as a yellow solid. LC-MS (ESI): m/z 590.2 [M+Na]".

[0401] Step 3. To a stirred solution of compound 27-2a (320 mg, 0.56 mmol) in DCM (20
mL) were added phenylselenophtalimide (255 mg, 0.85 mmol) and (x)-camphorsulfonic acid
(26 mg, 0.11 mmol) at 0 °C. After stirring at rt overnight, the reaction mixture was
concentrated and the residue was purified by silica gel column chromatography (PE/EtOAc =
3/1 (vv)) to give compound 27-3a (290 mg, 71% yield) as a white solid. LC-MS (ESI): m/z
746.1 [M+Nal",

[0402] Step 4. To a stirred solution of compound 27-3a (320 mg, 0.44 mmol) in a mixed
solvent of CH,Cl, (30 mL) and EtOH (50 mL) was added Raney nickel (160 mg). After
refluxing for 2 hrs, the reaction mixture was filtered through a pad of Celite® 545 and the
filtrate was concentrated. The residue was purified by silica gel column chromatography
(PE/EtOAc = 4/1 (v/v)) to give compound 27-4a (120 mg, 48% yield) as a yellow solid. LC-
MS (ESI): m/z 590.2 [M+Na]".

[0403] Step S. Following the same procedure as that for the preparation of compound 1-16
described in Scheme 1 and replacing compound 1-14 with 27-4a, compound 27-5a was
obtained as a white solid. LC-MS (ESI): m/z 553.2 [M+H]"; "H NMR (500 MHz, CDCls): 8
7.82 -7.87 (m, 4H), 7.04 - 7.11 (m, 6H), 5.80 — 5.85 (m, 1H), 5.15(q, /= 6.4 Hz, 1H), 4.14
(d, J=14.0 Hz, 1H), 3.11 (s, 3H), 2.99 (d, J = 5.0 Hz, 3H), 2.98 (d, / = 14.0 Hz, 1H), 1.67 (d,

J=7.0Hz, 3H), 1.53 (s, 3H), 1.14 (s, 3H) ppm. Compound 27-5a was separated into a pair
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of enantiomers: enantiomer 27-5a_A (tg = 3.93 min) and enantiomer 27-5a_B (tg = 4.66 min)
detected by UV absorption at 214 nm on a 4.6 mm x 250 mm x 5 um ChiralPak® IA column
(column temperature: 40.2 °C; eluent: MeOH (0.1% DEA)/liquid CO, = 30/70 (v/); CO;
flow rate: 2.1 g/min and co-solvent flow rate: 0.9 g/min; back pressure: 152 bar).

[0404] Synthesis of compound 27-5b. Follwoing the same procedure as that for the
synthesis of compound 27-5a described in Scheme 27 and replacing compound 15-11 with 8-
4, compound 27-5b was obatined as a white solid. LC-MS (ESI): m/z 461.1 [M+H]"; 'H
NMR (500 MHz, CDCls): & 7.91 (dd, J; = 3.5 Hz, J, = 6.2 Hz, 2H), 7.89 (s, 1H), 7.86 (s, 1H),
7.19 (t, J = 8.5 Hz, 2H), 5.80 (m, 1H), 5.15 (q, / = 6.5 Hz, 1H), 4.14 (d, J = 14.5 Hz, 1H),
3.12 (s, 3H), 3.00 (d, J = 5.5 Hz, 3H), 2.89 (d, J = 14.5 Hz, 1H), 1.66 (d, J = 6.5 Hz, 3H),
1.54 (s, 3H), 1.15 (s, 3H) ppm. Compound 27-5b was separated into a pair of enantiomers:
enantiomer 27-5b_A (tg = 2.31 min) and enantiomer 27-5b_B (tg = 3.38 min) detected by
UV absorption at 214 nm on a 4.6 mm x 250 mm, 5 pm ChiralPak® AD-H column (column
temperature: 39.6 °C; eluent: MeOH/liquid CO; = 30/70 (v/v); CO, flow rate: 2.1 g/min and

co-solvent flow rate: 0.9 g/min; back pressure: 151 bar).
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[0405] Synthesis of compound 28-3a. Refer to Scheme 28. Following the same procedure
as that for the praparation of compound 27-3a from 15-11 described in Scheme 27 and
replacing 3-bromo-2-methylpropene with allyl bromide, compound 28-3a was obtained as a
white solid. LC-MS (ESI): m/z 732.1 [M+Na]".

[0406] Synthesis of compound 28-5a. Following the same procedure as that for the
praparation of compound 27-5a from 27-3a described in Scheme 27 and replacing compound
27-3a with 28-3a, compound 28-5a was obtained as a white solid. LC-MS (ESI): m/z 539.2
[M+H]*; "TH NMR (500 MHz, CDCl3): 8 7.89 and 7.78 (s, s, 1H), 7.83 (dd, J; = 6.5 Hz, J, =
8.5 Hz, 2H), 7.61 and 7.58 (br s, s, 1H), 7.04 - 7.12 (m, 6H), 5.83 (d, J= 4.0 Hz, 1H), 5.18
and 4.98 (dd, dd, J; = 13.5 Hz, J, = 6.5 Hz, 1H), 4.13 - 4.16 and 3.78 — 3.81 (m, m, 2H), 3.15
and 3.12 (s, s, 3H), 3.12 and 2.85 (m, m, 1H), 3.00 (d, / =5.0 Hz, 3H), 1.73 (t, / = 6.5 Hz,
3H), 1.23 and 1.17 (d, d, J = 6.5 Hz, 3H) ppm. Alternatively, compound 28-5a can be

obtained using compound 28-7a as the starting material described in Scheme 28.
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[0407] Synthesis of compound 28-5b. Following the same procedure as that for the
praparation of compound 28-5a described in Scheme 27 and replacing compound 27-3a with
28-3b, compound 28-5b was obtained as a white solid. LC-MS (ESI): m/z 447.1 [M+H]*; 'H
NMR (500 MHz, CDClz): 6 7.89 — 7.92 (m, 2H), 7.87 (s, 1H), 7.59 (s, 1H), 7.20 (t, J = 8.5
Hz, 2H), 5.78 (m, 1H), 4.98 (m, 1H), 4.14 (m, 2H), 3.15 and 3.12 (s, s, 3H), 3.01 (d, /= 4.5
Hz, 3H), 2.83 (m, 1H), 1.73 and 1.71 (d, d, /= 7.0 Hz, 3H), 1.23 and 1.18 (d, d, /= 6.5 Hz,
3H) ppm. Alternatively, compound 28-5b can be obtained using compound 28-7b as the
starting material described in Scheme 28.

[0408] Synthesis of compound 28-6a. To a solution of compound 28-3a (2.1 g, 3.0 mmol)
in DCM (200 mL) was added m-CPBA (563 mg, 3.3 mmol) at 0 °C. After stirring at 0 °C for
30 min, the reaction mixture was washed with saturated aq. NaHCO; solution and water. The
organic layer was dried over anhydrous Na,;SO4 and concentrated to dryness to give crude
compound 28-6a as a red solid, which was used in the next step without further purification.
LC-MS (ESI): m/z 748.1 [M+Na]".

[0409] Synthesis of compound 28-7a. Compound 28-6a (375 mg, 0.52 mmol) was
dissolved in dry toluene (300 mL) and the resulting solution was added DBU (4.2 mL, 28.1
mmol) at 0 °C. After stirring at 100 °C for 45 min under an atmosphere of N, the reaction
mixture was concentrated and the residue was purified by silica gel column chromatography
(PE/EtOAc = 5/1 to 3/1 (v/v)) to give compound 28-7a (248 mg, 87% yield) as an off white
solid. LC-MS (ESID): m/z 552.1 [M+H]"; "TH NMR (500 MHz, &°-DMSO0): § 8.05 (d, J = 9.0
Hz, 2H), 8.00 (s, 1H), 7.79 (s, 1H), 7.31 (m, 2H), 7.21 - 7.23 (m, 2H), 7.12 (d, / = 9.0 Hz,
2H), 5.46 (q, J = 6.0 Hz, 1H), 4.67 (d, J = 14.0 Hz, 1H), 4.46 (s, 1H), 4.40 (s, 1H), 4.36 (q, J
=7.0 Hz, 2H), 4.20 (d, / = 14.0 Hz, 1H), 3.24 (s, 3H), 1.72 (d, /= 6.0 Hz, 3H), 1.36 (t, J =
7.0 Hz, 3H) ppm.

[0410] Synthesis of compound 28-8a. Under an atmosphere of N, ZnEt; (1M in hexane,
7.40 mL, 7.40 mmol) was added to dry DCM (20 mL) at —78 °C, followed by CHaI, (1.2 mL,
14.8 mmol) over 10 min. The resulting mixture was stirred at —78 °C for 30 min and then at
—10 °C for 30 min. The mixture was cooled to —78 °C and a solution of TFA (137 uL, 1.9
mmol) in DCM (1 mL) was added dropwise. After stirring at —78 °C for 30 min, the mixture
was added dropwise a solution of compound 28-7a (340 mg, 0.62 mmol) in DCM (2 mL) at
~78 °C. The resulting mixture was stirred at —78 °C for 10 min, 0 °C for 1 hr, and 25 °C for 4
hrs. Subsequently, saturated aq. NH4Cl solution (10 mL) was added and the mixture was
concentrated. The residue was extracted with DCM (20 mL x 3). The combined organic
extracts were washed with saturated aq. NaHCO; solution and water and dried over

anhydrous Na;SOj4. The solvent was removed and the residue was purified by silica gel
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column chromatography (PE/EtOAc = 10/1 to 4/1 (v/v)) to give compound 28-8a (230 mg,
66% yield) as a white solid. LC-MS (ESI): m/z 566.2 [M+H]*; "H NMR (500 MHz, d*-
DMSO): 6 8.06 — 8.08 (m, 2H), 8.01 (s, 1H), 7.88 (s, 1H), 7.30 — 7.34 (m, 2H), 7.21 - 7.24
(m, 2H), 7.12 - 7.14 (m, 2H), 5.09 (q, J = 6.0 Hz, 1H), 4.36 (q, / = 7.5 Hz, 2H), 3.69 (d, J =
15.0 Hz, 1H), 3.57 (d, /= 15.0 Hz, 1H), 3.32 (s, 3H), 1.57 (d, /= 6.0 Hz, 3H), 1.35 (t, /= 7.5
Hz, 3H), 0.71 — 0.96 (m, 4H) ppm.

[0411] Synthesis of compound 28-9a. Following the same procedure as that for the
praparation of 1-16 described in Scheme 1 and replacing compound 1-14 with 28-8a,
compound 28-9a was obtained as a white solid. LC-MS (ESI): m/z 551.2 [M+H]"; '"H NMR
(500 MHz, &*-DMSO): § 8.50 (d, J = 4.5 Hz, 1H), 7.92 (d, J = 9 Hz, 2H), 7.83 (s, 1H), 7.56
(s, 1H), 7.28 = 7.32 (m, 2H), 7.17 - 7.20 (m, 2H), 7.12 (d, / = 8.5 Hz, 2H), 5.06 (dd, J; = 12.5
Hz, J, =6.5 Hz, 1H), 3.67 (d, J = 15.5 Hz, 1H), 3.56 (d, J = 14.5 Hz, 1H), 3.31 (s, 3H), 2.84
(d, J=4.5 Hz, 3H), 1.54 (d, J = 6 Hz, 3H), 0.70 — 0.93 (m, 4H) ppm. Compound 28-9a was
separated into a pair of enantiomers: enantiomer 28-9a_A (tg = 4.13 min) and enantiomer 28-
9a_B (tg = 5.05 min) detected by UV absorption at 214 nm on a 4.6 mm x 250 mm x 5 um
Regis (R,R)-Whelk-ol column (column temperature: 39.3 °C; eluent: MeOH/liquid CO; =
50/50 (v/v); CO; flow rate: 1.5 g/min and co-solvent flow rate: 1.5 g/min; front pressure: 218
bar and back pressure: 152 bar).

[0412] Synthesis of compound 28-9b. Following the same procedure as that for the
praparation of compound 28-9a described in Scheme 28 and replacing compound 15-11 with
8-4, compound 28-9b was obtained as a white solid. LC-MS (ESI): m/z 459.1 [M+H]*: 'H
NMR (500 MHz, d°-DMSO): & 8.53 (m, 1H), 7.97 (dd, J, = 5.5 Hz, J, = 8.7 Hz, 2H), 7.85 (s,
1H), 7.58 (s, 1H), 7.41 (t, J = 8.5 Hz, 2H), 5.06 (q, J = 6.5 Hz, 1H), 3.68 (d, J = 14.5 Hz, 1H),
3.57(d,J=14.5 Hz, 1H), 3.32 (s, 3H), 2.84 (d, / = 4.5 Hz, 3H), 1.54 (d, J = 6.5 Hz, 3H),
0.93 (m, 1H), 0.84 — 0.86 (m, 2H), 0.70 (m, 1H) ppm. Compound 28-9b was separated into a
pair of enantiomers: enantiomer 28-9b_A (tg = 4.36 min) and enantiomer 28-9b_B (tr = 6.09
min) detected by UV absorption at 214 nm on a 4.6 mm x 250 mm 5 pm ChiralPak® AD-H
column (column temperature: 39.8 °C; eluent: MeOH/liquid CO; = 30/70 (v/v); CO, flow
rate: 2.1 g/min and co-solvent flow rate: 0.9 g/min; back pressure: 150 bar).

[0413] Synthesis of compound 28-10a. To a solution of compound 28-7a (680 mg, 1.2
mmol) in THF (10 mL) was added BH3- THF (7.4 mL, 7.4 mmol) at 0 °C. After stirring at rt
for 3 hrs, the reaction mixture was added 3 N aq. NaOH (7 mL) at 0°C, followed by 30% aq.
H,O, (7 mL). The reaction mixture was stirred at rt overnight and the added iced water (30
mL). The mixture was extracted with EtOAc (25 mL x 2). The combined organic extracts

were washed with water (20 mL x 2), dried over anhydrous Na,SOy, and concentrated. The
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residue was purified by silica gel column chromatography (DCM/Acetone = 50/1 (v/v)) to
give compound 28-10a (560 mg, 80% yield) as a white solid. LC-MS (ESI): m/z 592.2
[M+Na]".

[0414] Synthesis of compound 28-10b. Following the same procedure as that for the
praparation of compound 28-10a and replacing compound 28-7a with 28-7b, compound 28-
10b was obtained as a white solid. LC-MS (ESI): m/z 500.1 [M+Na]".

[0415] Synthesis of compound 28-11a. Following the same procedure as that for the
praparation of compound 1-16 described in Scheme 1 and replacing compound 1-14 with 28-
10a, compound 28-11a was obtained as a white solid. LC-MS (ESI): m/z 555.2 [M+H]*; 'H
NMR (500 MHz, d°-DMSO): & 8.42 — 8.50 (m, 1H), 7.90 — 7.93 (m, 2H), 7.82 and 7.77 (s, s,
1H), 7.56 and 7.54 (s, s, 1H), 7.27 - 7.31 (m, 2H), 7.17 -7.19 (m, 2H), 7.11 (d, J = 8.5 Hz,
2H), 5.17 and 4.88 (m, m, 1H), 4.78 (m, 1H), 4.18 and 3.99 (m, m, 1H), 3.93 (m, 1H), 3.45
(m, 1H), 3.47 (m, 1H), 3.38 and 3.36 (s, s, 3H), 2.84 (d, J = 4.5 Hz, 3H), 2.83 (m, 1H), 1.62
and 1.60 (d, d, / = 6.5 Hz, 3H) ppm.

[0416] Synthesis of compound 28-11b. Following the same procedure as that for the
praparation of compound 28-11a described in Scheme 28 and replacing compound 28-10a
with 28-10b, compound 28-11b was obtained as a white solid. LC-MS (ESI): m/z 463.1
[M+H]*; '"H NMR (500 MHz, d°-DMSO): & 8.52 (m, 1H), 7.95 — 7.98 (m, 2H), 7.83 and 7.79
(s, s, 1H), 7.58 and 7.57 (s, s, 1H), 7.40 (t, J = 9.0 Hz, 2H), 4.88 (q, J = 6.5 Hz, 1H), 4.78 (t, J
=5.5Hz, 1H), 4.19 (d, J = 15 Hz, 1H), 3.92 (m, 1H), 3.43 — 3.48 (m, 1H), 3.39 (s, 3H), 3.26
—3.31 (m, 1H), 2.84 (d, J = 4.5 Hz, 3H), 2.83 (m, 1H), 1.62 and 1.60 (d, d, / = 6.0 Hz, 3H)
ppm.

[0417] Synthesis of compound 28-12a. To a solution of compound 28-10a (200 mg, 0.35
mmol), DMAP (21 mg, 0.18 mmol) and E&N (0.15 mL, 1.1 mmol) in CH,Cl; (5 mL) was
added TsCl (100 mg, 0.53 mmol) at 0 °C. After stirring at rt for 2 hrs, the reaction mixture
was added ice water (10 mL) and DCM (25 mL.). The organic layer was washed with
saturated aq. NaHCO; (10 mL x 2), water (10 mL x 2) and brine (10 mL), dried over
anhydrous NaySOq, and concentrated. The residue was purified by silica gel column
chromatography (PE/EtOAc = 6/1 to 2/1 (v/v)) to give the tosylate as a white solid (230 mg,
91% yield). LC-MS (ESI): m/z 746.2 [M+Na] *. Subsequently, a mixture of the tosylate (140
mg, 0.19 mmol), MeSO;Na (59 mg, 0.58 mmol) and KI (964 mg, 0.581 mmol) in DMF (2
mL) was stirred at 120 °C for 2 hrs. The mixture was then poured into water (15 mL). The
resulting precipitate was filtered and the white was washed with water (15 mL x 3) and dried
in vacuo to give compound 28-12a (100 mg, 82% yield). LC-MS (ESI): m/z 654.1 [M+Na]".
[0418] Synthesis of compound 28-12b. Following the same procedure as that for the

praparation of compound 28-12a described in Scheme 28 and replacing compound 28-10a
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with 28-10b, compound 28-12b was obtained as a white solid. LC-MS (ESI): m/z 562.1
[M+H]*.

[0419] Synthesis of compound 28-13a. Following the same procedure as that for the
praparation of compound 1-16 described in Scheme 1 and replacing compound 1-14 with 28-
12a, compound 28-13a was obtained as a white solid. LC-MS (ESD): m/z 617.1 [M+H]"; 'H
NMR (500 MHz, CDCls): 6 7.94 (s, 1H), 7.81 (dd, J; = 2.5 Hz, J, = 8.5 Hz, 2H), 7.61 (s, 1H),
7.05-7.13 (m, 6H), 5.82 (m, 1H), 5.09 (q, J = 8.5 Hz, 1H), 4.59 (1, J = 1 1.5 Hz, 1H), 4.24 (d,
J=18.5Hz, 1H), 3.16 (s, 3H), 3.05 — 3.13 (m, 3H), 3.07 (s, 3H), 2.98 (d, J = 6.0 Hz, 3H),
1.78 (d, J = 8.5 Hz, 3H) ppm. Alternatively, compound 28-13a can be obtained using
compound 28-11a as the starting material as described in Scheme 28.

[0420] Synthesis of compound 28-13b. Following the same procedure as that for the
praparation of compound 28-13a described in Scheme 28 and replacing compound 28-12a
with 28-12b, compound 28-13b was obtained as a white solid. LC-MS (ESI): m/z 525.1
[M+H]"; 'TH NMR (500 MHz, d°~-DMSO0): § 8.52 (m, 1H), 7.95 — 7.99 (m, 2H), 7.87 (s, 1H),
7.61 (s, 1H), 7.40 (t, J = 8.5 Hz, 2H), 4.98 (q, J = 6.0 Hz, 1H), 4.39 (t, / = 9.0 Hz, 1H), 4.20
(d, J=14.0 Hz, 1H), 3.37 (s, 3H), 3.29 — 3.32 (m, 2H), 3.04 (s, 3H), 2.89 (m, 1H), 2.85 (d, J
=4.5 Hz, 3H), 1.66 (d, J = 6.5 Hz, 3H) ppm. Alternatively, compound 28-13b can be obtained

using compound 28-11b as the starting material as described in Scheme 28.
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[0421] Step 1. Refer to Scheme 29. To a solution of compound 4-2 (9.0 g, 18.9 mmol) in
DME (200 mL) and H,O (400 mL) were added K,COj; (7.8 g, 56.6 mmol), Pd(dppf)Cl, (1.5 g,
1.9 mmol) and 4.4,5,5-tetramethyl-2-vinyl-1,3,2-dioxaborolane (4.4 g, 28.3 mmol). After
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stirring at 60 °C for 2 hrs under an atmosphere of Ar, the reaction mixture was concentrated
and the residue was partitioned between water (150 mL) and EtOAc (150 mL). The aqueous
phase was extracted with EtOAc (100 mL x 3) and the combined organic extracts were
washed with water (100 mL x 3) and brine (100 mL) and dried over anhydrous Na;SQOy4. The
solvent was removed and the residue was purified by silica gel column chromatography
(PE/EtOAc = 15/1 (v/v)) to give compound 29-1 (5.0 g, 75% yield) as a yellow solid. LCMS
(ESI): m/z 356.1 [M+H]".

[0422] Step 2. To a solution of compound 29-1 (1.2 g, 3.4 mmol) in THF (50 mL), EtOH
(20 mL) and HOAc (40 mL) was slowly added Zn (1.3 g, 20.1 mmol) at 0 °C. After stirring at
rt for 2 hrs, the reaction mixture was filtered and the filtrate was concentrated. The residue
was partitioned between water (80 mL) and EtOAc (80 mL) and the organic layer was
extracted with EtOAc (60 mL x 3). The organic extracts were combined and washed with
water (80 mL x 2), sat. aq. NaHCO; (80 mL.) and brine (80 mL) and dried over anhydrous
NaySOy, The solvent was concentrated and the residue was dried in vacuo to give crude
compound 29-2 (1.0 g, 91% yield) as a yellow solid. LC-MS (ESI): m/z 326.1 [M+H]".
[0423] Step 3. To a solution of compound 29-2 (1.0 g, 3.1 mmol) in anhydrous pyridine (5
mL) was treated with DMAP (20 mg), followed by a solution of MsCl (1.1 g, 9.2 mmol) in
DCM (3 mL) at 0 °C. After stirring at rt for 3 hrs, the reaction mixture was concentrated and
the residue was partitioned between water (20 mL) and EtOAc (20 mL). The aqueous layer
was extracted with DCM (30 mL x 3) and the combined organic extracts were washed with
water (60 mL x 2) and brine (60 mL) and dried over anhydrous Na;SO, The solvent was
removed and the residue was dried in vacuo to give crude compound 29-3 (1.1 g, 88% yield)
as a yellow solid. LC-MS (ESI): m/z 404.1 [M+H]".

[0424] Step 4. To a solution of compound 29-3 (700 mg, 1.7 mmol) in DMF (30 mL) were
added K,CO3 (719 mg, 5.2 mmol) and KI (144 mg, 0.87 mmol), followed by 2-bromobenzyl
chloride (534 mg, 2.6 mmol). After stirring at 70 °C for 3 hrs, the reaction mixture was
concentrated and the residue was partitioned between water (50 mL) and EtOAc (50 mL).
The aqueous layer was extracted with EtOAc (3 x 40 mL) and the combined organic extracts
were washed with water (80 mL x 3) and brine (50 mL) and dried over anhydrous Na,SOy,
The solvent was removed and the residue was purified by silica gel column chromatography
(Petroleum ether/EtOAc = 15/1 (v/v)) to give compound 29-4 (800 mg, 87% yield) as a
yellow solid. LC-MS (ESI): m/z 574.0 [M+H]".

[0425] Step 5. To a solution of compound 29-4 (770 mg, 1.34 mmol) in CH3CN (25 ml)
were added EtzN (4.6 mL), and Pd(PPhs)4 (1.55 g, 1.34 mmol). After stirring at 80 °C for
several hours under an atmosphere of Ar, the reaction mixture was concentrated and the

residue was purified by silica gel column chromatography (Petroleum ether/EtOAc = 10/1
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(wv)) to give compound 29-5 (260 mg, 40% yield) as a yellow solid. LC-MS (ESI): m/z 492.1
[M+H]".

[0426] Step 6. To a solution of compound 29-5 (150 mg, 0.31 mmol) in EtOH (30 mL.) was
added 5% Pd/C (w/w, 200 mg). After stirring at 50 °C for several hours under an atmosphere
of Hy, the reaction mixture was filtered through a pad of Celite®545. The filtered cake was
washed with EtOH (15 mL x 2). The filtrate was concentrated and the residue was dried in
vacuo to give crude compound 29-6 (149 mg, 99% yield) as a yellow solid. LC-MS (ESI):
miz 494.1 [M+H]".

[0427] Step 7. Following the same procedure as that for for the praparation of compound 1-
16 described in Scheme 1 and replacing compound 1-14 with 29-6, compound 29-7 was
obtained (130 mg, 90% yield) as a pale brown solid. LC-MS (ESI): m/z 479.1 [M+H]"; 'H
NMR (500 MHz, CDCls): 6 7.85 — 7.88 (m, 2H), 7.78 (s, 1H), 7.71 (s, 1H), 7.30 (d, 2H), 7.15
—7.24 (m, 5H), 5.76 (brs, 2H), 5.12 (d, /= 16 Hz, 2H), 4.95 (d, /= 16 Hz, 5H), 4.57 - 4.62
(dd, J; =15 Hz, J, =7 Hz, 1H), 2.72 (d, J = 5 Hz, 3H), 2.73 (s, 3H), 1.80 (d, J = 8 Hz, 3H)
ppm. Compound 29-7 was separated into a pair of enantiomers: enantiomer 29-7_A (tg = 4.16
min) and enantiomer 29-7_B (tg = 6.05 min) detected by UV absorption at 214 nm on a 4.6
mm x 250 mm 5 um ChiralPak® OD-H column (column temperature: 40.4 °C; eluent:
MeOH/liquid CO; = 30/70 (v/v); CO; flow rate: 2.1 g/min and co-solvent flow rate: 0.9 g/min;
front pressure: 205 bar and back pressure: 148 bar).

Scheme 30
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[0428] Chiral separation of compound 8-5. Compound 8-5 (3.8 g) was separated into a
pair of enantiomers: (R)-8-5 (tr = 2.61 min, 1.6 g, 84% yield) and (S5)-8-5 (tg = 3.14 min, 1.6
g, 84% yield) detected by UV absorption at 214 nm on a 4.6 mm x 250 mm x 5 pm
ChiralPak® AD-H column (column temperature: 40.2 °C; eluent: MeOH (0.1% DEA)/liquid
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CO; = 30/70 (wv); CO; flow rate: 2.1 g/min and co-solvent flow rate: 0.9 g/min; front
pressure: 206 bar and back pressure: 149 bar).

[0429] Chiral separation of compound 15-12. Using the same prep-chiral HPLC
condition as that used for separating compound 8-5, Compound 15-12 (5.6 g) was separated
into a pair of enantiomers: (R)-15-12 (tg = 5.71 min, 1.1 g, 39% yield) and (S5)- 15-12 (tg =
6.58 min, 1.0 g, 36% yield).

7.08 30-1a

[0430] Synthesis of compound 30-1a. To a solution of the enantiomer came out first from
the chiral separation of compound 8-5 (tg = 2.61 min) (30 mg, 0.07 mmol) and (R)-MaNP
(18.4 mg, 0.08 mmol) in CH,Cl, (2 mL) was added DCC (72.1 mg, 0.35 mmol), followed by
DMAP (17.1 mg, 0.14 mmol). After stirring at rt for 20 hrs, the reaction mixture was
concentrated and the residue was diluted with EtOAc (45 mL). The solution was washed
with water (20 mL) and brine (20 mL.), dried with anhydrous Na;SQOy, and concentrated. The
residue was purified by prep-HPLC to give compound 30-1a (15 mg) as a white powder. L.C-
MS: (ESI) m/z = 656.2 [M+Na]"; '"H NMR (500 MHz, CDCl3): 6 8.11 — 8.13 (m, 2H), 7.74 —
7.77 (m, 2H), 7.60 (d, J = 7.0 Hz, 2H), 7.47 (t, J= 8.0 Hz, 1H), 7.45 (s, 1H), 7.22 (t, /=9.0
Hz, 2H), 7.08 (s, 1H), 7.00 (t, J = 7.0 Hz, 1H), 6.76 (t, J = 8.0 Hz, 1H), 6.07 (q, / = 7.0 Hz,
1H), 4.23 —4.36 (m, 2H), 3.05 (s, 3H), 2.98 (s, 3H), 2.03 (s, 3H), 1.49 (d, J = 7.0 Hz, 3H),
1.27 (t, J = 7.0 Hz, 3H) ppm.

H
7.73 30-2a

[0431] Synthesis of compound 30-2a. Following the same procedure as that used for
preparing compound 30-1a and replacing (R)-MaNP with (S)-MoNP, compound 30-2a was
obtained. LC-MS: (ESI) m/z = 656.2 [M+Na]": '"H NMR (500 MHz, CDCl;): & 8.06 — 8.09 (m,
2H), 7.95 (d, /= 8.5 Hz, 1H), 7.87 (s, 1H), 7.82 (d, J = 8.0 Hz, 1H), 7.78 (d, J = 8.0 Hz, 1H),
7.73 (s, 1H), 7.67 (s, 1H), 7.64 (d, /= 7.0 Hz, 1H), 7.47 (t, J= 8.0 Hz, 1H), 7.28 (t, /= 7.5
Hz, 1H), 7.20 (t, J = 7.5 Hz, 2H), 7.06 (t, / = 7.5 Hz, 1H), 6.12 (q, J = 6.5 Hz, 1H), 4.35 -
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4.41 (m, 2H), 3.12 (s, 3H), 3.00 (s, 3H), 2.00 (s, 3H), 1.48 (d, /= 6.5 Hz, 3H), 1.27 (t, J=7.0
Hz, 3H) ppm.

H
7.43 30-1b

[0432] Synthesis of compound 30-1b. Following the same procedure as that used for
preparing compound 30-1a and using the enantiomer came out first from the chiral separation
of compound 15-12 (tg = 5.71 min), compound 30-1b was obtained. LC-MS: (ESI) m/z =
748.2 [M+Na]"; '"H NMR (500 MHz, CD;CI): & 8.08 — 8.10 (m, 2H), 7.06 — 7.11 (m, 7H),
6.99 (t, J = 7.0 Hz, 1H), 6.75 (dt, J; = 1.0 Hz, J, = 8.0 Hz, 1H), 6.06 (q, / = 7.0 Hz, 1H), 4.24
—4.35 (m, 2H), 3.05 (s, 3H), 2.98 (s, 3H), 2.03 (s, 3H), 1.49 (d, / = 7.0 Hz, 3H), 1.27 (t, J =
7.0 Hz, 3H) ppm.

H
7.69 30-2b

[0433] Synthesis of compound 30-2b. Following the same procedure as that used for
preparing compound 30-1b and replacing (R)-MaNP with (S)-MaNP, compound 30-2b was
obtained. LC-MS: (ESI) m/z = 748.2 [M+Na]*; "H NMR (500 MHz, CDsCl): 5 8.06 (d, J =
7.0Hz, 2H), 7.93 (d, /= 8.5 Hz, 1H), 7.85 (s, 1H), 7.83 (d, J = 8.0 Hz, 1H), 7.78 (d, J = 8.0
Hz, 1H), 7.69 (s, 1H), 7.63 — 7.66 (m, 2H), 7.46 (t, J = 8.0 Hz, 1H), 7.29 (t, J = 8.0 Hz, 1H),
7.04 —7.10 (m, 7H), 6.10 (q, J = 7.0 Hz, 1H), 4.36 — 4.39 (m, 2H), 3.13 (s, 3H), 2.99 (s, 3H),
1.91 (s, 3H), 1.48 (d, / = 7.0 Hz, 3H), 1.36 (t, / = 7.0 Hz, 3H) ppm.
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[0434] Determination of chirality. Refer to Scheme 31. Based on the general rule of

chemical shfits of a pair of diastercomeric esters derived from an alcohol with (R)-MaNP and

($)-MaNP, the chirality of the benzylic carbon in the enantiomer came out first (tg = 2.61

min) from the chiral separation of compound 8-5 was determined as R. Accordingly, the

chirality of the benzylic carbon in the enantiomer came out first (tg = 5.71 min) from the

chiral separation of compound 15-12 was determined as R.

Scheme 32 o. [
OH ]
RuCI[(R, R)-Tsdpen](p-cymene) A O
|O R
0,
o 0 O// HCOOH/TEA, DMF, 40°C MsHN o
(R)-8-6 R=F
O A\ (R)-15-12 R = 4-F-PhO-
Wl
MsHN 0 o. /I
84 R=-F OH 0
15-11 R = 4-F-PhO- RuCI{(S,S)-Tsdpen](p-cymene)
HCOOH/TEA, DMF, 40°C O D O R
MsHN )
(8)-8-5 R=F

(8)-15-12 R = 4-F-PhO-

[0435] Synthesis of compound (R)-8-5. Refer to scheme 32. A 25 mL flask was charged

with triethylamine (76 mg, 0.75 mmol, 7 eq.) in an ice bath, followed by adding formic acid

(35 mg, 0.75 mmol, 7 eq.) dropwise. After stirring at rt for 20 min, a solution of compound 8-
4 (45 mg, 0.107 mmol, 1 equiv.) in DMF (6 mL) and RuClI[(R,R)-Tsdpen](p-cymene) (1.6 mg,

0.0029 mmol 0.024 equiv.) were added. The resulting dark red reaction mixture was stirred at

40 °C overnight and then concentrated. The residue was purified by silica column

chromatography (EtOAc/PE = 1:1 (v/)) to give compound (R)-8-5 (30 mg, 66% yield,

95.5%ee) as a white solid. The absolute configuration of the sample (tg = 2.59 min) was

determined as R by taking chiral HPL.C along with compound 8-5 following chiral HPLC the

condition in Scheme 30.
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[0436] Synthesis of compound (S)-8-5. Following the same procedure as described for the
preparation of compound (R)-8-5 and replacing RuCl[(R,R)-Tsdpen](p-cymene) with
RuCl[(S,S)-Tsdpen](p-cymene), compound (S5)-8-5 (28 mg, 66% yield, 94.0%ee, tg = 3.12
min, S configuration) was obtained from compound 8-4 (42 mg, 0.1 mmol).

[0437] Synthesis of compound (R)-15-12. Following the same procedure as described for
the preparation of compound (R)-8-5 and replacing compound 8-4 with compound 15-11 (50
mg, 0.1 mmol), compound (5)-8-12 (38 mg, 75% yield, 95.9%ee, tr = 5.76 min, R
configuration).

[0438] Synthesis of compound (8)-15-12. Following the same procedure as described for
the preparation of compound (R)-15-12 and replacing RuCl[(R,R)-Tsdpen](p-cymene) with
RuClI[(S,5)-Tsdpen](p-cymene), compound (S5)-15-12 (70 mg, 70% yield, 96.6% ee, tg = 6.70
min, S configuration) was obtained from compound 15-11 (100 mg, 0.2 mmol).

[0439] Synthesis of compound (R)-8-9. Using compound (R)-8-5 as the starting material
and following the same procedure for the preparation of compound 8-9 described in Scheme
8, compound (R)-8-9 was obtained. Chiral HPLC analysis determined that compound (R)-8-9
and enantiomer 8-9_A obtained from chiral separation of compound 8-9 are identical.

[0440] Synthesis of compound (R)-15-15. Using compound (R)-15-12 as the starting
material and following the same procedure for the preparation of compound 15-15 described
in Scheme 15, compound (R)-15-15 was obtained. Chiral HPLC analysis determined that
compound (R)-15-15 and enantiomer 15-15_A obtained from chiral separation of compound
15-15 are identical.

[0441] Syntheses of diastereomers of compounds 28-11a and -13a. Using either
compounds (R)-15-12 or (S)-15-12 as the starting material and following the procedure for
the preparation of compounds 28-11a and -13a described in Scheme 28, those diastereomers
of compounds 28-11a and -13a were obtained, respectively. The absolute configurations of
those diastereomers were determined by 2D-COSY and NOESY spectra.

[0442] Syntheses of diastereomers of compounds 28-11b and -13b. Using either
compounds (R)-8-5 or (S)-8-5 as the starting material and following the procedure for the
preparation of compounds 28-11b and -13b described in Scheme 28, those diastereomers of
compounds 28-11b and -13b were obtained, respectively. The absolute configurations of

those diastereomers were determined by 2D-COSY and NOESY spectra.
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[0443] Step 1. Refer to Scheme 33. A mixture of compound 8-5 (500 mg, 1.2 mmol), 2-
chloro-1-(4-fluorophenyl)ethanone (266 mg, 1.5 mmol) and K;CO3 (492 mg, 3.6 mmol) in
DMF (4 mL) was stirred at 50 °C for 2 hrs. Subsequently, the reaction mixture was poured
into water (100 mL) and the suspention was filtered. The solid obtained was purified by silica
gel column chromatography (PE/EtOAc = 4/1 (v/v)) to give compound 33-1 (500 mg, 76 %
yield) as a yellow solid. LC-MS (ESI): m/z 461.1 [M-H,O-Ms+H]".

[0444] Step 2. To a solution of compound 33-1 (300 mg, 0.54 mmol) in THF/EtOH (5
mL/5 mL) was added NaBH,4 (102 mg, 2.7 mmol) at 0 °C. After stirring at rt for 2 hrs, the
reaction mixture was added several drops of acetone and the concentrated. The residue was
diluted with water (25 mL) and extracted with DCM (25 mL x 3). The combined extracts
were washed with water (25 mL) and brine (25 mL), dried over anhydrous Na;SQ4, and
concentrated. The residue was dried in vacuo to give compound 33-2 (300 mg, 99% yield) as
a yellow solid. LC-MS (ESI): m/z 463.2 [M-H,O-Ms+H]".

[0445] Step 3. To a solution of compound 33-2 (180 mg, 0.322 mmol) in CH,Cl, (2 mL)
was added TMSOTT (143 mg, 0.64 mmol) at 0 °C. After stirring at 0 °C for 10 min, the
reaction mixture was added saturated aq. NaHCO; (25 mL) and the resulting mixture was
extracted with DCM (25 mL x 2). The combined organic extracts were washed with water
(25 mL) and brine (25 mL), dried over anhydrous Na;SQ;, and concentrated. The residue was
dried in vacuo to give compound 33-3 (160 mg, 92% yield) as a yellow solid. LC-MS (ESI):
mlz 564.0 [M+Na]".

[0446] Step 4. Following the same procedure as that for the praparation of compound 1-16
described in Scheme 1 and replacing compound 1-14 with 33-3, compound 33-4 was
obtained (100 mg, 65% yield) as a white solid. LC-MS (ESI): m/z 527.1 [M+H]*; '"H NMR
(500 MHz, d°-DMSO): & 8.50 — 8.56 (m, 1H), 7.95 —7.99 (m, 2H), 7.89 and 7.84 (s, s, 1H),
7.66 (m, 1H), 7.32 —7.42 (m, 4H), 7.16 — 7.21 (m, 2H), 5.35 and 5.08 (g, q, / = 6.5 Hz, 1H),
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5.01(d, J=10Hz, 0.5 H), 420 (d, J = 14 Hz, 0.5 Hz), 4.06 and 3,45 (m, m, 1H), 3.46 and
3.44 (s, s, 3H), 3.28 and 2.99 (m, m, 1H), 2.85 — 2.87 (m, 3H), 1.67 — 1.70 (m, 3H) ppm.

Scheme 34
O ' OH 0 an

o o o er : d
0,
g K,COy, DMF, 60°C | N g

MsHN
Ms
(S)-8-5 R=F 34-ia R=F
(S)-15-12 R = 4-F-PhO- 34-1b R = 4-F-PhO-
Q Yo o] Yo
o} 0O
Conditions 079 2 079 A
—— (S) R + /|nv@ R
HO N 0 HO N o}
Ms Ms
(S, 8)-34-2a R=F (8, R)-34-2a R=F
(S, S)-34-2b R = 4-F-PhO- (S, R)-34-2b R = 4-F-PhO-

[0447] Step 1. Refer to Scheme 34. To a solution of (S)-15-12 (5.13 g, 10 mmol) in DMF (40
mL) was added K;COs5 (2.07 g, 15 mmol), the resulting mixture was stirred at rt for 30 min.
Subsequently, a solution of racemic 2-(bromomethyl)oxirane (1.23 mL, 15 mmol) in DMF
(10 mL) was dropwise added to the mixture. After stirring at 60 °C overnight, the reaction
mixture was concentrated. The residue was diluted with H,O (100 mL) and EtOAc (150 mL).
The aqueous layer was extracted with EtOAc (150 mL x 2). The combined organic extracts
were combined, washed with H,O (100 mL x 2) and brine (100 mL), dried over anhydrous
NaySOy, filtrated and concentrated. The residue was purified by silica gel column
chromatography (Petroleum ether/EtOAc = 1/1 (v/&)) to give 34-1b (4.8 g, 84% vyield) as a
white solid. LC-MS (ESI): m/z 570.1 [M+H]".

[0448] Step 2. To a solution of TsOH (38 mg, 0.2 mmol) in toluene (4 mL) at 100 °C was
added 34-1b (57 mg, 0.1 mmol). After stirring at 100 °C for 4 hr, the reaction micture was
concentrated and the residue was dissolved in DCM (25 mL). The mixture was washed with
sat. ag. NaHCO3 (25 mL x 2) abd Brine (25 mL), dried over anhydrous Na;SOy, filtered, and
concentrated. The residue was purified by silica gel column chromatography (Petroleum
ether/EtOAc = 1/1 (w/v)) to give a mixture of (8, 5)-34-2b and (S, R)-34-2b (40 mg, 70%
yield) as white solid with a ratio of 7.5/1 determined by the integration of the benzylic carbon
at 5.08 ppm for (S, $)-34-2b and 5.20 ppm for (S, R)-34-2b, respectively. LC-MS (ESI): m/z
570.1 [M+H]". (S, $)-34-2b '"H NMR (500 MHz, CDCl;): & 8.14 (s, 1H), 8.04 (m, 2H), 7.58
(s, 1H), 7.03-7.11 (m, 6H), 5.08 (q, / = 6.5 Hz, 1H), 4.42 (q, J = 7.0 Hz, 2H), 4.13 - 4.19 (m,
2H),3.73 (dd, J; =3.5 Hz, Jo=11.5 Hz, 1H), 3.53 (dd, J; =6.0 Hz, J, = 11.8 Hz, 1H), 3.18 (s,
1H), 3.12 (m, 1H), 1.92 (bs, 1H), 1.77 (d, J/ = 7.0 Hz, 3H), 1.44 (t, J = 6.5 Hz, 3H) ppm. (S,
R)-34-2b 'H NMR (500 MHz, CDCl3): § 7.94 — 7.97 (m, 3H), 7.52 (s, 1H), 6.96 — 7.03 (m,
6H), 5.20 (q, J = 6.5 Hz, 1H), 4.35 (q, / = 7.0 Hz, 2H), 3.94 (bm, 1H), 3.71 (dd, J; = 4.5 Hz,
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J>=11.8 Hz, 1H), 3.58 — 3.66 (m, 4H), 3.08 (s, 3H), 1.92 (bs, 1H), 1.67 (d, J = 7.0 Hz, 3H),
1.36 (1, /=7.0 Hz, 3H) ppm.
[0449] Comparison of the stereo-selectivity of the acid catalyzed epoxide-opening-ring-

formation step

Temperature and

Starting material Acid Solvent . (S, 8$)-34-2/(S, R)-34-2 ratio
reaction time
34-1a TsOH (0.3eq.) DCM 0 °C, overnight 1.0/3.0
34-1a TsOH (2.0eq.) DCM rt, overnight 1.0/1.0
34-1a TsOH (2.0eq.) DCE 60 °C, 4 hr 4.0/1.0
34-1b TsOH (0.3eq.) DCM 0 °C, overnight 1.0/3.0
34-1b TsOH (2.0eq.) DCM rt, overnight 1.0/1.0
34-1b TsOH (2.0eq.) DCE 60 °C, 4 hr 6.5/1.0
34-1b TsOH (2.0 eq.) Toluene 100 °C, 4 hr 7.5/1.0
34-1b TsOH (2.0eq.) DMF 150 °C, 2 hr 3.0/2.0
Scheme 35
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[0450] Synthesis of (S, 5)-35-1b. Refer to Scheme 35. To a solution of (S, §)-34-2b (120 mg,
0.22 mmol) and DMAP (159 mg, 1.3 mmol) in DCM (2 mL) was added diphenyl
phosphorochloridate (291 mg, 1.08 mmol) at 0 °C under an atmosphere of Ar. After stirring
rt overnight, the reaction mixture was added ice water (10 mL) and DCM (10 mL). The
organic layer was washed with saturated aq. NaHCO3 (10 mL x 3) and water (10 mL x 3),
dried over anhydrous Na;SOy, filtered and concentrated. The residue was dried in vacuo to
give crude (S, 5)-35-1b (120 mg, 71% yield) as a white solid. LC-MS (ESI): m/z 787.2
[M-+HT".

[0451] Synthesis of (S, 5)-35-2b. To a solution of (S, 5)-35-1b (120 mg, 0.15 mmol) in THF
(5 mL) was added PtO; (50 mg). The resulting mixture was flushed with H; and stirred at rt

overnight. Subsequently, the mixture was diluted with THF (25 mL) and filtered through
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Celite®545. The filtrate was concentrated and the residue was diluted with water (25 mL).
The suspension was filtered; the solid was washed with water (10 mL) and CH3CN (10 mL)
and dried in vacuo to give (S, 5)-35-2b (50 mg, 52% yield) as a white solid. LC-MS (ESI):
miz 635.2 [M+H]*. "H NMR (500 MHz, ¢°-DMSO): § 8.50 (d, J = 4.5 Hz, 1H), 7.91 (d, J =
8.5 Hz, 2H),7.81 (s, 1H), 7.56 (s, 1H), 7.29 (d, J = 8.5 Hz, 2H), 7.15 - 7.18 (m, 2H), 7.10 (d,
J=8.5Hz, 2H), 4.89 (d, J = 5.5 Hz, 1H), 4.10 - 4.16 (m, 1H), 4.03 (br, 1H), 3.77 (br, 1H),
3.58 - 3.60 (m, 1H), 3.47 (br, 2H), 3.36 (s, 3H), 2.89 (br, 1H), 2.83 (d, / = 4.5 Hz, 3H), 1.60
(d, J =5.5 Hz, 3H) ppm.

[0452] Synthesis of (S, 5)-35-3b. To a solution of N, N-dimethylglycine (45 mg, 0.43 mmol),
DCC (149 mg, 0.72 mmol) and (S, §)-34-2b (80 mg, 0.14 mmol) in CH,Cl; (2 mL) was
added DMAP (89 mg, 0.72 mmol) at rt. After stirring at rt overnight, the reaction mixture
was filtered and the filtrated was concentrated. The residue was purified by preparative
HPLC and product was converted to its HCI salt to give (5, 5)-35-3b (50 mg, 54% yield) as
white solid. LC-MS (ESI): m/z 640.2 [M+H]". 'H NMR (500 MHz, 4°-DMSO): 6 10.32 (br,
1H), 8.51 (d, J=5.0 Hz, 1H), 7.91 (d, / = 9.0 Hz, 2H),7.86 (s, 1H), 7.57 (s, 1H), 7.30 (t, J =
8.5 Hz, 2H), 7.17 - 7.20 (m, 2H), 7.12 (d, J = 9.0 Hz, 2H), 4.92 (q, / = 6.5 Hz, 1H), 4.19 -
4.26 (m, 6H), 3.04 (s, 1H), 3.00 (br, 1H), 2.83 (s, 9H), 1.64 (d, J = 6.0 Hz, 3H) ppm.

[0453] Synthesis of (S, 5)-35-4c. To a solution of N-Boc-L-Alanine (68 mg, 0.36 mmol),
DCC (149 mg, 0.72 mmol) and (S, $)-35-1b (100 mg, 0.18 mmol) in CH,Cl, (2 mL) was
added DMAP (89 mg, 0.72 mmol) at rt. After stirring at rt overnight, the reaction mixture
was filtered; the filtrate was concentrated and the residue was dried in vacuo to give crude (S,
5)-35-4¢ (105 mg, 80% yield) as a white solid. LC-MS (ESI): m/z 626.1 [M-Boc+2H]".
[0454] Synthesis of (S, $)-35-5¢. A mixture of (5, $)-35-3¢ (100 mg, 0.14 mmol) and HCI 4-
dioxane (4.0 M, 3 mL) was stirred at rt for 2 hr. The solvent was removed and the residue
was purified by prep-HPLC to give (S, 5)-35-5¢ (50 mg, 58% yield) as a white solid. LC-MS
(ESI): m/z 626.1 [M+H]*. "H NMR (500 MHz, &°-DMSOQ): § 8.48 — 8.51 (m, 1H), 8.40 (s,
2H), 7.90 (d, J = 8.5 Hz, 2H), 7.81 (s, 1H), 7.56 (s, 1H), 7.31 (t, J = 8.5 Hz, 2H), 7.16 - 7.20
(m, 2H), 7.12 (d, J/ = 9.0 Hz, 2H), 4.91 (q, J/ = 6.5 Hz, 1H), 4.09 — 4.26 (m, 5H), 4.00 (s, 3H),
2.95 (br, 1H), 2.83 (d, J = 6.5 Hz, 1H), 1.61 (d, / = 4.5 Hz, 3H), 1.40 (d, J =7.0 Hz, 3H) ppm.
[0455] Synthesis of (S, 5)-35-5d. Following the same procedure as that used for preparing (S,
$)-35-4¢ and replacing N-Boc-L-Alanine with N-Boc-L-Valine, (S, §)-35-5d was obtained as
a white solid in 69% yield. LC-MS (ESI): m/z 654.2 [M+H]". 'H NMR (500 MHz, d°-
DMSO): 6 8.49 — 8.51(m, 1H), 8.08 (br, 2H), 7.91 (d, J = 9.0 Hz, 2H), 7.86 (s, 1H), 7.57 (s,
1H), 7.30 (t,/ = 9.0 Hz, 2H), 7.17 = 7.20 (m, 2H), 7.12(d, J =9.0 Hz, 2H), 4.93 (d, J = 6.5
Hz, 1H), 4.15 — 4.20 (m, 4H), 3.87 (s, 1H), 3.36 (s, 3H), 2.95 (br, 1H), 2.84 (d, / = 4.0 Hz,
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3H), 2.13 - 2.16 (m, 1H), 2.16 (d, J = 6.5 Hz, 3H), 1.00 (d, /= 6.5 Hz, 3H), 0.95 (d, J=6.5
Hz, 3H) ppm.

Biological Activity

{0447] Biological activity of the compounds of the invention was determined using an HCV
replicon assay. The 1b_Huh-Luc/Neo-ET cell line persistently expressing a bicistronic
genotype 1b replicon in Huh 7 cells was obtained from ReBLikon GMBH. This cell line was
used to test compound inhibition using luciferase enzyme activity readout as a measurement
of compound inhibition of replicon levels.
{0448] On Day 1 (the day after plating), each compound is added in triplicate to the cells.
Plates were incubated for 72 hrs prior to running the luciferase
assay. Enzyme activity was measured using a Bright-Glo Kit (cat. number E2620)
manufactured by Promega Corporation. The following equation was used to generate a
percent control value for each compound.
% Control = (Average Compound Value/Average Control)*100

i [0449] The ECsqvalue was determined using GraphPad Prism and the following equation:
Y = Bottom + (Top-Bottom)/ (1+10” ((LogIC50-X)*HillSlope))
[0450] ECso values of compounds are repeated several times in the replicon assay.
[0451] Compounds of the invention can inhibit multiple genotypes of HCV selected but not
limited to 1a, 1b, 2a, 33, and 4a. The ECsgs are measured in the corresponding replicon assays
that are similar to HCV 1b replicon assay as described above.
[0452] Exemplary compounds of the disclosed invention are illustrated in the Tables
attached as Appendix A and Appendix B. Apendix A shows inhibitory activity of the
compound with respect to HCV 1b, 1a, or 2a and HCV NS5B C316Y or S365A mutant as
indicated. The biological activity against HCV 1b, la, or 2a is indicated as being *, **, **%,
or **** which corresponds to ECso ranges of ECsg >1000 nM, 100 nM < ECsp < 1000 nM,
10 nM < ECso < 100 nM, or ECsp < 10 nM, respectively. The biological activity against HCV
NS5B C316Y or S365A mutant is indicated as being t, t1, or t1+, which corresponds to
ECs5q ranges of ECs >1000 nM, 200 nM < ECsp < 1000 nM, 200 nM < ECsy, respectively.
[0453] Appendix A shows structures of 242 compounds of the invention identified by ID
NOD B1-B242, and ECs; values determined for 242 of the compounds. Of these, the 151
compounds with the highest measured activity can be divided into two groups. Group 1
compound are those having a measured ECsg value, as determined by the concentration of the
compound effective to produce a half-maximal inhibition of HCV 1b replication (ECso) in a
1b_Huh-Luc/Neo-ET cell line, in accordance with the method above, of 10 nM or less. This
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group includes the compounds identified in Appendix A by ID NOS: B5, B15, B20, B33,
B35, B45, B67, B85, B92, B94, B107, B11§, B120, B121, B127, B128, B130, B131, B132,
B138, B139, B145, B148, B158, B163, B168, B169, B171, B187, B190, B191, B192, B196,
B197, B198, B201, B207, B208, B212, B214, B218, B221, B226, B232, B233, B236, B237,
B238, B239, and B240. Group 2 includes those compounds that have a measured ECso of
between 10 and 100 nM, and includes compounds identified in Appendix A by ID NOS: B2,
B3, B4, B6, B7, B9, B16, B18, B19, B22, B29, B31, B32, B34, B36, B47, B4§, B54, B55,
B57,B60, B63, B71, B84, B93, B100, B101, B106, B108, B109, B111, B112, B113, B115,
B116,B119, B123, B124, B134, B136, B137, B142, B144, B146, B147, B150, B151, B153,
B154,B155, B156, B157, B159, B160, B161, B162, B164, B165, B166, B167, B170, B172,
B173,B174, B175, B176, B178, B179, B180, B181, B183, B184, B186, B188, B189, B193,
B195, B199, B200, B202, B203, B204, B205, B210, B215, B216, B217, B219, B220, B222,
B223, B224, B225, B227, B228, B229, B230, B231, B234, B235, and B241.

Pharmaceutical Compositions

[0454] An eleventh aspect of the invention provides a pharmaceutical composition
comprising compounds of the invention. The compounds described herein can be used as
pharmaceutical compositions comprising the compounds, optionally together with one or
more pharmaceutically acceptable excipients or vehicles, and optionally other therapeutic
and/or prophylactic ingredients. Such excipients are known to those of skill in the art.
Pharmaceutically acceptable salts can be used in the compositions of the present invention
and include, for example, mineral acid salts such as hydrochlorides, hydrobromides,
phosphates, sulfates and the like; and the salts of organic acids such as acetates, propionates,
malonates, benzoates and the like. A thorough discussion of pharmaceutically acceptable
excipients and salts is available in Remington's Pharmaceutical Sciences, 18th Edition
(Easton, Pennsylvania: Mack Publishing Company, 1990), and in Handbook of
Pharmaceutical Excipients, 6 Edition, Ed. R. C. Rowe, P. J. Sheskey, and M. E. Quinn
(American Pharmacists Association, 2009).

[0455] Depending on the intended mode of administration, the pharmaceutical
compositions may be in the form of solid, semi-solid or liquid dosage forms, such as, for
example, tablets, suppositories, pills, capsules, powders, liquids, suspensions, creams,
ointments, lotions or the like, preferably in unit dosage form suitable for single administration
of a precise dosage. The compositions will include an effective amount of the selected drug
in combination with a pharmaceutically acceptable carrier and, in addition, may include other

pharmaceutical agents, adjuvants, diluents, buffers, etc.
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[0456] The invention includes a pharmaceutical composition comprising a compound of the
present invention including isomers, racemic or non-racemic mixtures of isomers, or
pharmaceutically acceptable salts or solvates thereof together with one or more
pharmaceutically acceptable carriers and optionally other therapeutic and/or prophylactic
ingredients.

[0457] For solid compositions, conventional nontoxic solid carriers include, for example,
pharmaceutical grades of mannitol, lactose, starch, magnesium stearate, sodium saccharin,
talc, cellulose, glucose, sucrose, magnesium carbonate and the like.

[0458] For oral administration, the composition will generally take the form of a tablet,
capsule, a softgel capsule nonaqueous solution, suspension or syrup. Tablets and capsules are
preferred oral administration forms. Tablets and capsules for oral use will generally include
one or more commonly used carriers such as lactose and corn starch. Lubricating agents,
such as magnesium stearate, are also typically added. When liquid suspensions are used, the
active agent may be combined with emulsifying and suspending agents. If desired, flavoring,
coloring and/or sweetening agents may be added as well. Other optional components for
incorporation into an oral formulation herein include, but are not limited to, preservatives,
suspending agents, thickening agents and the like.

[0459] A twelfth aspect of the invention provides use of the compounds of the invention in
the manufacture of a medicament.

[0460] In a first embodiment of the twelfth aspect, the medicament is for the treatment of
hepatitis C.

[0461] A thirteenth aspect of the invention provides a method of treating hepatitis C
comprising administering to a subject in need thereof, a therapeutically effective amount of a
compound of the invention, optionally in a pharmaceutical composition. A pharmaceutically
or therapeutically effective amount of the composition will be delivered to the subject. The
precise effective amount will vary from subject to subject and will depend upon the species,
age, the subject’s size and health, the nature and extent of the condition being treated,
recommendations of the treating physician, and the therapeutics or combination of
therapeutics selected for administration. Thus, the effective amount for a given situation can
be determined by routine experimentation. The subject may be administered as many doses
as is required to reduce and/or alleviate the signs, symptoms or causes of the disorder in
question, or bring about any other desired alteration of a biological system. One of ordinary
skill in the art of treating such diseases will be able, without undue experimentation and in
reliance upon personal knowledge and the disclosure of this application, to ascertain a

therapeutically effective amount of the compounds of this invention for a given disease.
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CombinationTherapy

[0462] The compounds of the present invention and their isomeric forms and
pharmaceutically acceptable salts thereof are useful in treating and preventing HCV infection
alone or when used in combination with other compounds targeting viral or cellular elements
or functions involved in the HCV life cycle. Classes of compounds useful in the invention
may include, without limitation, all classes of HCV antivirals, both direct-acting and indirect-
acting ("cell-targeted’ inhibitors of HCV replication). For combination therapies, mechanistic
classes of agents that may be useful when combined with the compounds of the present
invention include, for example, nucleoside and non-nucleoside inhibitors of the HCV
protease inhibitors, helicase inhibitors, NS5A inhibitors, NS4B inhibitors and medicinal
agents that functionally inhibit the internal ribosomal entry site (IRES), other NS5B

inhibitors and other medicaments that inhibit HCV cell attachment or virus entry, HCV RNA
translation, HCV RNA transcription, replication or HCV maturation, assembly or virus
release.

[0463] Specific compounds in these classes and useful in the invention include, but are not
limited to, linear, macrocyclic, and heterocyclic HCV protease inhibitors such as telaprevir
(VX-950), boceprevir (SCH-503034), narlaprevir (SCH-900518), ITMN-191 (R-7227),
TMC-435350 (a.k.a. TMC-435), MK-7009, MK-5172, BI-201335, , BMS-650032, ACH-
1625, ACH-2784, ACH-1095 (HCV NS4A protease co-factor inhibitor), AVL-181, AVL-
192, VX-813, PHX-1766, PHX-2054, IDX-136, IDX-316, IDX-320, GS-9256, GS-9265, GS-
9451, ABT-450, EP-013420 (and congeners) and VBY-376; the nucleosidic HCV
polymerase (replicase) inhibitors useful in the invention include, but are not limited to,
R7128, PSI-7851, PSI-7977, PSI-938, PSI-879, PSI-6130, IDX-184, IDX-102, INX-189,
R1479, R1626, UNX-08189, and various other nucleoside and nucleotide analogs and HCV
inhibitors including, but not limited to, those derived from 2’-C-methyl modified
nucleos(t)ides, 4’-aza modified nucleos(t)ides, and 7’-deaza modified nucleos(t)ides. NS5A
inhibitors useful in the invention, include, but are not limited to, PPI-461, BMS-790052,
BMS-824393, GS-5885, EDP-239, ACH-2928, AZD-7295, IDX-719, IDX-380, ABT-267,
GSK-2336805, CF-102, A-831 and INTM-9916. Non-nucleosidic HCV polymerase
(replicase) inhibitors useful in the invention, include, but are not limited to, VCH-759, VCH-
916, VCH-222, ANA-598, MK-3281, ABT-333, ABT-072, PF-00868554 (filibuvir), BI-
207127, GS-9190, A-837093, GSK-625433, JKT-109, GL-59728 and GL-60667. HCV
NSS5A inhibitors useful in the present invention include, but are not limited to, PPI-461, EDP-
239, BMS 790052 and BMS 824393, AZD7295, ACH-2928 and GS5885. HCV P7

inhibitors useful in the present invention include BIT-225 and other P7 inhibitors, as well as
207



N* NS.: / "OMN'0O\ HNI. 4 HN. [0149] The foll ow ng exanpl es
illustrate the preparation and antiviral evalution of conmpounds within the
scope of wheoizns8rsi on. These exanpl es and prepar at i ons PamitusRo1fo51308v ar e
provided to enable those skilled in the art to nore clearly understand and
to practice the present invention. They should not be considered as
limting the scope of the invention, but nerely as being illustrative and

r epr esent@CVWS4BNeKiBRdrs inohildBE®uilnd: QAHOd 03i@nibe afRafs@hatba@RMCY. To a

sol ution of c ng(gg}nd 1-1 (40.0 g, 325 nrnol) in water (40 inL) were
sequentlalTI conmpound 1-2 (12 g, 162 mmol), Cu(OAc)2 (0.6 g, 3.25
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[0173] Step 11. To a solution of conpound 2-12 (60 ng, 0.15 mmol) in DVF (2
m.) was added HATU (68.4 ma, 0.18 mmol). The resulting m xture was stirred
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[ MEHIt [0176] Step. 3. To a solution of conmpound 3-3 9.5 muol) in
DVF (50 riP46 é@ﬁ@éﬂlmn?@@%ﬁ“SBa"@Pl?rﬁi?PY“&ﬁaJséd’ﬁ%%ﬁwhé’ltﬂf £1.54 g,
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was ouredplnto ice water (60 nmL). The resulting m xture was extracted with
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was purifjed by silica gel colum chromatography (Petrol eum ether/Et0Ac =
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(136 ng, OWBUES ﬁﬁ%m)mm&.b@iogcczliz affye ASIPY) OFrfhSRY) DeaFrATERIE Nith Polaggents 410, 4
mol ) at ¢4 sam-ghfmer(@&{-&h;rkrﬁg/) @eéﬁe’ﬂﬁﬁ tﬁ\@§pyf JaH%Qﬁ@e‘ﬁ‘réa@orﬁf)leqm At b ed at 120 C
overnight. The m xture was cooled to rt° and poured into 60 nL water. The
resul ti ngompiction ef haErsesberape bedrevicgihnigg Greeqond therdpy X 'e3tmgnigvitthieotle onbi ned
organic - r h
anhydrougd)éﬁggéﬁﬁe Sa}?ﬁé&se\é@;ﬁ/gﬁg] t%éﬁjre\é@ﬁg %s(%ggﬂ%e Héatg)gg%ggghgvd\/gg&ﬁ%\fpl}fl ed by
silica géllotlrx@hunwntmcsmeotﬁlapthbmétﬁmtth@mauwrilllekh@ﬂ/@tabmmmnf}ah&tnbwom)) to

Joria- LA Frif SRR hOpfidy el il Bl £ St o

conpounddader8 kewwh 3-08¢ o( s:lqld)ﬁh the arR [Bﬁagmrmlu)as will d‘mﬁlﬂtil' Witth (h]:4e\mtity1¢£ ) was
dded Li OH (.335 w1 13..9 I t t d at 80 C
For 1 b congBrEE P8P o R g 0o e PRy She "Cuspensi on

was filtered and the solid was washed with water and dried in vacua to give
a m xture of conpounds 3-9 and 3-9' (980 ng, 98%yield) as a white solid,
whi ch was used directly for the next step. LC-Ms (ESL: mlz 402 [ MtH] .
[0181] Step 8. To a solution of conpounds 3-9 and 3-9' (950 ng, 2.37 mol)
in DM (5 nmL) was added HATU (1.35 g, 3 55 rrrml) The resultlng mxture was
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[0194] Step 1. Refer to Scheme 5. To a suspension of Zn (3.92 g, 60.3 mmol)
in EtOH (80 nL) was added HOAc (3 nlL), followed by solution of conmpound 5-1
(2.0 g, 8ve:narenisy12sn EtOH (20 inL) at rt. After stiffingCawsee110§s8e%i ght,
the reaction mxture was filtered. The filtrate was concentrated and the
residue was diluted with Et0Ac (150 nlL). The m xture was washed with water
(200 m.) and brine (100 nL) and dried w th anhydrous Na2SO4. The sol vent
was r enpvepdcindoshfreregieshsuel selaslujpsimiay beadjiwpedsiver ttae grebrdogl to e

chromato r@gl&xal(slgetdrol eum et her /EtOAc = 19/1 (v/v)) to give conpound 5-2
(1.15 g, 48% V&6 as a yellow oil. LC-MS (ESE: miz 202 [M+]t [0195] Step
2. A sol uoden) ofll pbhipoisngardt pAtepldpplcaiondAQte8 imthisl spedificadmhye hadis pyri di ne (50
m.) was added Ms .04 m, 52.2 mmol) at 0 C_ After stirring at rt for 30
" he PEERT O Lt Mol PR B RO e GOPRE O YR i xt ur e was
washed wi dpbcificaNy afd indiGidualPAdithted tode idkt@pdostedigy feldéhcarl) and dried with
anhydr ous SA. The sql vent was renoved and the residue was purified by
silica gdP4dl) dhihor %ﬁ&fﬁgj’i%ﬁﬂ‘gﬁnﬁ%‘ﬂ%&FW”@Fﬂ&WEFG’A@“nyﬁﬂff (v/v)) to
gi ve comaudiidnr shd(eRamdpld for?ﬁ Vs @ Slhri@Sof AnaMMtArRIingO0d el beLI@aa(§ dpfsdaiio t N/ Z
280 [MrHJt [0196] Step 3. To a solution of conpound 5-3 (800 ng, 2.86 mmol)
in DMF (10 prdifiapesk B’&é@F EbPIEhY th tgachingy ohis invenmonhpf|cpriaim ghareescs (1. 58
9, 11.4 mRldoditfhli&s nflyidemidag tRtetBRitouk Bpaftindtm hPEifitRGEIRRf HeXt Ur e was
added ice-water (50 nL) and EtO0OAc (50 nlL) The organic |ayer was washed with
wat er ( 50nyantign s)defiped Prthaappesiod pladmsand dried with anhydrous Na2SO4. The
sol vent was renoved and the residue was purified by silica gel colum

chr omat ogr aphy (Petrol eum et her/ Acetone = 10/1 (v/v)) to give conpound 5-5
(980 ngy, 99%yield). LCM (ES'): rn/z 347 [MtH . [0197] Step 4. To a
solution of conpound 5-5 (980 ng, 2.83 mml) in DMF (5 nL) were added
Pd(OAc)2 (64 ng, 0.28 mmol), PPh3 (297 ng, 1.13 mmol), LiCl (132 ng, 3.11
mol ) and Et3N (572 ng, 5.66 mml) and the resulting m xture was fl ushed
with Ar and stirred at 120C for 1.5 hrs. Subsequently, the reaction m xture
was cooled to rt and poured into water (60 nmL). The m xture was extracted
with Et0OAc (100 nmL x 2) and the conbi ned organic extracts were washed with
water (50 nmL x 5) and dried with anhydrous Na2SO4. The sol vent was renoved
and the residue was purified by silica gel columm chromat ography (Petrol eum
et her/ Acetone = 10/1 (v/v)) to give conpound 5-6 (600 ng, 79%yield) as a
yellow oil. LCMs (PSlI): tn/z 268 | MtHr; 11-1NWR (500 MHz, CDCl13): 5 7.20
(d, J =85 Hz, IH, 7.04 (d, J= 2 Hz, 1H), 6.84 (dd, ./1 = 8.5 Hz, .12 =
2.5 Hz, 1H), 5.17 (s, 1H), 5.06(s, 1H), 3.80- 3.83 (m 5H), 2.85 (s, 3H),
2.45 (t, J =6 Hz, 2H), 1.89- 1.93 (m 2H) ppm [0198] Step 5. To a

sol ution of conpound 5-6 (3.60g, 13.5 nmol) in toluene (60 nL) were added
ZnEt2 (1 Min hexane, 108 mml) and CH212 (57.6 g, 216 mol) at 0 C. After
stirring at rt overnight, the reaction m xture was diluted with Et0Ac (100
m.) and the resulting m xture was washed with 5% (ww aqg. HCL (100 nL) and
brine and dried with anhydrous Na2SO4. The sol vent was renoved and the
residue was purified by silica gel colum chronmat ography (Petrol eum
ether/EtOAc = 20/1 to 8/1 (v/v)) to give conpound 5-7 (2.5 g, 66%yield) as
a yellowsolid. LGM (ESI): nilz 282 [MH +; 111 NWR (500 MHz, CDCl13) 6
7.18 (d, J=8.5 Hz, IH), 6.92(d, J= 1.5 Hz, IH), 6.75 (dd, J1 = 8.5 Hz, J2
=2 Hz, IH), 3.78 (s, 3H), 3.61 (hr s, 2H. 3.06 (s, 3H, 1.92 (br s, 2H),
1.52 (br s, 2H), 0.90 (br s, 2H), 0.73 (br s, 2H) ppm [0199] Step 6. To a
solution of conpound 5-7 (1.80g. 6.43 nmmol) in DCM (65 nL) was added NBS
(2.28 g, 12.9 mol) at 0 C After stir-ling at it for 24 hrs, the reaction
m xture was concentrated and the residue was purified by silica gel colum
chr omat ogr aphy (Petrol eum ether/Et0Ac = 15/1 (v/v)) to give conpound 5-8
(860 ngy, 38%yield) as a white solid. LGM (ES1): nilz 360 [ MtH : NVR (500
MHz, CDCI3): 5 7.44 (s, 1H), 6.98 (s, 1H), 3.88 (s, 3H), 3.65 (br s, 2H),
3.09 (s, 3H), 1.90 (br s, 2H), 1.52 (hr s, 2H), 0.90 (br s, 2H), 0.75 (hr
s, 211) ppm [0200] Step 7. To a solution of conpound 5-8 (800 ng, 2.23
mml) in CH2C12 (30 nL) was added Bl 3r3 (4 Nin DCM 8.91 mvol) at 0 C
After stirring at 0 Cfor 20 mn, the reaction i xture was poured into
ice-water (150 nmL). The resulding m xture was extracted with DCM (50 nlL X
2) and the conbined organic extracts were washed with water and brine and
dried wi th anhydrous Na2SO4. The sol vent was renoved and the residue was
dried in velemto give crude conmpound2B»9 (670 ng, 87% yield) as a white
solid. LCGMs (ES!'): tii/z 346 [MA-fit [0201] Step 8. To a solution of
conmpound 5-9 (670 ng, 1.94 nmol) in THE (30 nL) were added DVAP (20 ng) and
TEA (588 ng, 5.82 mmmol). The resulting m xture was cooled to 0 C and SEMCI
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[0222] Step 2. A solution of compound 8-1 (3.90 g,

m.) was added 1 N agq. HCL (10 nlL) at
the reaction mxture was concentrated and the residue was diluted with DCM
The resulting m xture was washed with brine and dried with
anhydrous Na2SO4. The sol vent was renoved and the residue was dried in
vacua to give crude conmpound 8-2 (8pREndjxA96% yiel d) as a yel | ow solid,

(100 i) .

rt.

9.

After stiffing at

13 mmol )

rt for

in THF (60
15 m n,

whi ch was used for the next step without further purification IF_N‘F (ESE:
tn/z 372|[MrH] t| [ 0223] Step 3. To a|'$¥iapiedy d‘i“u‘ﬁ“@ﬁ' Proedhihound 8-2 (2. 00
g, 5.38 mpieydPh Et OAC (*sdfm) was Rt SnC1I2HR0" (13.51n0, 1602 ol )
After sti j 1—hi = th Icpa.\..Li ot xturiewas adted sat aqg.
NaHCGOB( 50 nl) aﬁlﬁiﬁﬁ ting m xpLurg.as |Stiklad [t Ed,<fHor 30 nmm
Subsequent | ¥ t et “as filtefedodohiough Gelitle(r)yd45 and thelt he
filtered|cake wiswashed wmth Et0Ac| (50 nL X 3). The| organic|layer of the
filtrate|was waf Th bfine and dried w tfh anhydrjous Na2S(. The|[sol vent
was renoyed and iFgue was drieduepmwa@gua to give crude|coppound 8-3
(1.8 g, 98%vyield) as a brown solid| WHPEH was used for the next step

wi t hout flurther (parifieation | C NS (ESL) iz 342 {M-H-+—{0224]1—Step 4. To
a stirred sol ut of »clonpound 8-3 (900 ngy, [2.64 mm|) in anhydrous

pyri di ne (15%1.5%5‘5[%@& MsCl (0.25 ni, 3.]17 mol)|at 0 C. |Aft&r dtirring
at rt fon_1 _hr Lon m xture was di-Huted-w-itp—Et-0Ac—{100—nL) and
the resullting m|xtures>was washed with 2 N aq. HCL (2D nmlL x 2) and HZ0 (50
mL x 3) and %8ri dﬁ@%m drous Na2504>" Thd sol vent |was rengved and the
resi due Was pl]r. ° Y ilica gF" ol umMm-chironat ogr-a nh\l /Petrc! eum

et her/ DCM Et OAc ||= 8Hzf ¥ (vlv)) to conmpopndi8-4 (520 Tg, 47% Vi elqadl as a

yel | ow sql i d® L@k N5 fltn/z 442|[ MxNar. [0225] Step 5. Td a“$ol ytion of
conpound {8- MEFg—0- mol) it MeOH-(10-)—and-FHF—(10-r)—was, added
NaBEI (1712 , i h}ai n sever al portlons at 0 C| After sti_r?{%ilng at 0C
for 15 mn the <§ O Wa$ quenched by addihg acetome (1 ni)l e ni xture
was conce 2si-due—was—di-ut-ed-w-th—Et- @A (00—t —Tt
resulting m xtu g hed with 2|Nag, HGL (20 nL and H20 (99, x 3)
and dried with Na2so4. The sol vent was rempved and | he resj due
was dri edq—nA—vagugto-gi ervde—coffpound—8-5 (240 g, 63% yi gt d), whi ch
was used |f or the g%@p wi t hout flypther pbrificatijon. LG M (ES1)} ink
444 [ MrNg] t B[“02¢ To a stinri ng soI ut i on of |conpound| 8-5 (5D ny,
0.12 nmolp—+n—F as—added-(NaH—(24 g, 0.6 ol ) at 0 C under an
at nospherje of Ar ﬁ%@jéfgrring at [rt for 1p mn, the mxture was added
conpound |8- 6 (ld mml) (prepared tollow ng the progcedure

descri beg—n Ang =TT FAtt—FEd—2008;—47,—3784) gt~ 0 Cand the

resul ting url a{\I ned at 0 Q«f@Ueednhts and rt| overnight. .
Subsequentlj‘10 saty NI 140 ( 1|@awlc)owmls added tlo quench|the reaction
and the mixture |Was (‘on(‘e rated. The residug¢ was dilluted \mit#)__Et_QAg(50
m.) and tihe mi xtju “waghed with bl’ﬁE%em("ZL() m.) and dried w|th anhydrous
Na2504. The ol vé Q\fg@ (peroved and thgéﬂt’l%;al due was purified by 8i1ic¢ca gel
col um chr omat og ,,aphy (Petrlol eum et h‘erzee‘gce; one = 4/1 |(v/v)) tao give
conpound [8=7 \d g, ° Q‘l‘/oyl eldy as awhite saolid. LG (ESE: |mz 448
[MEH t [|0227] @ sol uti on *Hf*c"él’?d ‘ound 8-7 (40 ng, Q.089smmml) in
MeOH THE |(2 nl/ 4 dded 2.0 N a§ ™'t (0.18 njnol, 0.36 mol ).
After stlrrlnga wf Of hi's, the reactilon m xture was cqoled tg 0C
and acidiffi ed; w \a@JzCI adj ust ‘d?ﬁre‘%ﬁgl‘n‘;ﬁfe to 5-6.| Subsequgnt boy: the
suspensi on was f “6réd and the solifd Wa8 washed with|water and dried in
vacuo to (give conpound_8-8 (38 ng, 9% yi el d) as a white solid, which was
used for theglnexr‘gfﬁg §-hout further ‘”iﬁeﬁim) cation. LC-M5 (ES!) m1ink 442

[ MiNat . [[0228] Step™ sol ution| of ‘€6npdund 8-8(40 ngy, 0.[10 mml|) in
DVF (3 L U (43 ng, O. 12 mml) The resulting mxture S
stirred a md| DI EA (0. 16 gi,,, 0.195 nyol ) | andMeNH2HGL: (20 n,
0.29 nmmol er stirring at it flor 15 nm the reaction nmi xture
was addedlinto w 'T'fa*'WWEYS‘RW"W%S '?“"The—sugpens- on—was—fHtered—and—the—soli d was

washed with water and dri ed in vacuo.

m.) and the solution was added i nt driresiahe¢40 nl).

The residue was dissolved in DCM (1.5

The resulting

suspension was filtered and the solid was dried in vacuo to give conpound

8-9 (23 ny, 56%yield). LC-NMS (ESI): nzjz 433 [ M+H ; NMR (500 MHz, CDC13): 6
7.88 - 7.91 (m 3H), 7.62 (s, 1H), 7.20 (t, J= 8.5 Hz, 2H), 5.80 (br s,
1H, 4.96 (g, J= 6.5 Hz, | H), 4.15 - 4.18 (m In), 4.02 - 4.09 (in, 2H),
3.29 - 3.34 (m 1H), 3,15 (s, 3H), 3.01 (d, J = 5.0 Hz, 3H), 1.74 (d, i =

6.5 Hz, 3H) ppm Conpound 8-9 was separ at ed |nto a pair of enant i Oners:
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[ 0250] Synthesis of conpound 12-10. A solution of conmpounds 12-9 and 12-10
(28 ng) in CF3C2H (3 nL) was stirred at 70 C for 48 hrs. The sol vent was
removed and the residue was diluted with DCM (25 nlL). The m xture was with
sat. ag. NaHCG3 and dried w th anhydrous NaZSO4 The sol vent was renoved
and the residue was purified by silic Qg col um chr omat ogr aphy ( Et 0Ac/ DCM
= 1/7 (v/v)) to give conpound 12- 16Ppeodixey 79% yield). LC-MS (ES!); nlz
352 [ MtH| ; NI\/R(’%OOM—|2 CDC13): 8 9.63 (s H, 7.65 - 7. 70(m 2H) 7.18 -
7.26(m $11), 6[04 - °6.08 (m 1H), 5.66 - 5/74(m 1H), 4.29 (t, J= 5.4 Hz,
214), 2.60 ¢4, ﬁ% 7 ) 811), 2.64 -as2w70f(m 21).| 2.26 (s, 3k ppm

H2, Pd/ C|Schemne \-0_ o= ---=---.8)--F -4-.. MC -NI\/BZ NIH

iy ¢ o e | SR Mo
- - - SL- - - 1 NVEF RIGOS e BV N N====113-213- 3] NH2 134
onpoun

2
- 3-213-
[0251] Stiep!. Refer rggSchenme 13, to a sol ut|i on of cpnp d 13-1 (10.0 g,
64.9 mmol|) BA E@P@ﬁ#&@h_) was added 10% Rd/ C (W w) (4.60 ¢). *The
reaction|m xture #as ‘al Fowed to stif at rt ynder an atnosphene of H2 for 24
hrs. Subsequently, thedreaction m xture was |filtered|through|Celitc545 and
the filter edlscaﬁﬁjﬁ?\sér@}lwd wi th E{OAc*(10Q nL x 3)} The filltr&te was
concentrat ed and #:he resi die was dried in vdcua to g|ve crudd conpound 13-2

(8,0 g, 99% vyield) as*asdark red ol lf, which |was used|for the |next stiep
wi t hout flurther (pu i n. LC I\/B+(ESI): mz 125 [114-1-Ht| [ @252]| Step

2. To a stirring ufi on of compound 13-2 (|7.99 g, 64.4 mmol|) and Ht 3N

(59. 4 nlL,| 386 nmmi)2in-POMI 100 nl) |wasdropwi-sely—addedMsCl(6-50-nm., 193

nmol ) at [0OC ovel w“”After stirrijng at rt| for 2 hrs, the rleaction
(er Py d
u

m xt ure was sfoi | { e filtrate was concentrat ed. The rlesidue |was
purified|by sili casogel col ym chr omat ogr aphy| (Petrol eum et her|/ acetone = 6/1

to 3/2 (\(v)) tofgrvesconmpagund 13-3 (6.9 g, 38% yield) as a yellow sqlid.
R

LC- M5 (ESL) iair €3 1]+ H NMR (500 MHz, CDC13): 8 8.56| - 38157 (d, J=
5 Hz, 1H), 8.42 6.197 - 6.98|(d, J= 5| Hz, | H}, 4.00(s| 3H), 3.45

(s, 6H) ppm [0253] p 3.| To a soljution of
0- (mesi t yl sudof or& yoroxydm ne (Msh) (17.8 pmol) in|DCM (100{ ms)iwas added
compound [13-3 (5.0 q, .8 nmmol ). After stifring at [rt overnjght, the

reacti on |m xtur e _ mcentrated arld the regi due was dried i h vacualto
gi ve crude conpou QB{M ch was |used for|the next| step wifhdtft further
Tm_ﬂ;st_

puri ficatlion. LENMS=ESH=—(wW-z 297 {1M:eEH-1—[ 0254} St-ep—4—fFo—a—se] uti on
of conpound 3143' 4 é‘” " .8 mmmol ) |and et hy 3 (4- f|l uor ophenyl;)}propiol ate
(3.43 g, [17.%8 m @F (80 n) vias added|K200B (9.82 g, 71.2 mm|) in

one portiom: Afie SEITT at— Tt fgr 2hrs, the reactiion m xture was
concentratedzsanc@%?Ee was purlified by|silica gel column 301
chr omat odgr aphy e“(ff‘el t her/acetjone = 5/1 to 3/1|(v/v)) to give
conmpound [13-5. LC M5 ink 408 [Mal]t [0255] Stlep 5. To|a solution of
conpound |[13-8% (]goﬁ’ig’\-@E mml) in DVF (25|ni L) werle added l#(ZG@Bl (1.02g.
7.36 rnnol ) and |5%br onopent|- 1-ene (782 g, 4/91 mmol )| at rt. After sfirring
at 80 C flor 2 hr|s, _'}feaction m xtjure was poured |n’to ice water (100 nL).
The resuljti ng sd i lextracted with EtQAc (100 b x 3) andsthe
organi c extract §-yeres ned, washed with water (50, nL x 3) |and driled

_——

wi t h anhy, ” solvent—was Temnoved and the residue was purified
by silica geBI28 cql um i 'omgt ogr aphy [(Petrol eum et her/pcetone 3 3/,1, (Vy/Vv))
to give conpound(l- Py, 86%vyie|ld) as alyellow o|l. LC—I\/E»(ES') iiilz
476 [ MH1-[1]1+. [ ( A nmixture nf 2- ({di-et-hyl api-no)-et-hgnet-hi-ol|. HC1
(535 nmg, 3. 15 m agdht BuONa (637 p 62 i nol ) in|anhydrous DV (25 m.)
was stirried @t rit floky under an é%°nf)6§[5'ﬂere of NI| SubsequentTy, |a

sol ution jof co =—6—(1. 0 g,—2. 1ol )HA-anhydr-ous—DMF—({5—)—vas

added and| th oreagiig\imgg:gf}%ture was feflyxed|for 30 mn, poured Lpto|ice

wat er (50 n1_3 anid_ C. The pH value gf the reaction mxture S
adj usted to 3 tO Z bycaddring I N aqg. |HCL and [the resulting m xture S
extracted W Lh Egﬂm@%—_}zt x 3). The organic extracts were conbisped,
washed with brin °dpirgd wi th anhydrous Na2SO4. The sol vent| was renoved
and the residue—was purified by sitica get colum chromatography
(Hexanes/ Et0OAc = 2/1 (v/v)) to give conpound 13-7 (370 ngy, 38%yield) as a
yellow oil. LC-M5 (ESI): nlz 462 [NwrandixAPE287] Step 7. To a sol ution of
conpound 13-7 (164 ng, 0.35 rnnol) and DVAP (2.0 ng, 0.016 mol) in CH2C12
(6 nL) was added Et3N (100 gL, 0.72 mmh), followed by 1120 (70 pi-, 0.42
nmmol) at 0 C. After stirring at O Cfor 30 mn, the reaction m xture was
concentrated and the residue was purified by silica gel columm

chr omat ogr aphy (Petrol eum ether/Et0Ac = 7/1 (v/v)) to give conpound 13-8
(102 nmg, 48%y| el d) as a yellow oil. LC—NB (ES'): mz 594 [M+H] | . [0258]
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[0266] Step 5. To a stirred solution of conpound 14-5 (1.4 g,

pyridine (30 mM) was added MsCl
1.5 lu:s,
was diluted with water (50 n).

at

rt for

Subsequent |y,

3.86 mmol) in

(1.33g, 11.6 nmol) at 0 C. After stirring
the reaction m xture was concentrated and the residue
the m xture was adjusted its

pH value to 5-6 by adding 2N aq. HO. The resulting suspension was filtered
and the solid was dried in cacao tApgendx donpound 14-6, which was used for
the next step without further purification.

LC-M5 (ESL: mz 520 [ MtHr.

[0267] Sfep 6. JA jsol ution of conpound 14-6 (2.00 g, |3.86 nmo|) and K2CO3
(532 ny, | 3.86 n L{Hj}&é%OH (100 m) was stirred at |rt for 3D ritn The
suspensi pn was [fii tere nd the filtrate was concentjrated. The resi due was
purified|by silij -ficgl utm chr onpt ogr aphy (Petrolleum et hef/acetope = 2/1
to 1/2 OM o gKVv 0 opnd 14-7 (970 my, 56% vyiel d)| as a yell dg¥isolid.
LC-Ms (EBT): nz H. [0268]| Step 7. |To a soljution of|conpound 14-7
(970 ng, | 2.19 m DM (30 inL) was adged K2CO3 (1.21 g| 8.76 pmmol)
and 5- brbnnpentrr%)lfg}{e%ﬂ 784 ny, 5.26| mol) af rt. Aftler stirring“Zt 80 C for
16 hrs apd at 9 N fﬂrf74 rs. the feaction!m xture mas_concéntrated and
the resiflue was| di Lufed with water (50 ni). |The mixture was éxtracted with
Et 0Ac (50 n#sx éf%@?gi{@gam c extracts™ere conbined, washed wi'th water
(50 nmL x}2) _and Hgfﬂfi ed—w-th{ anhydrous Na3SO4l-The—solvent—was+enrpved and

t he resi due was rif+-6d by silica gel columm chromat ography |( Petrolleum

et her/ acet ofie =|(5/ILI(¥#0)+t o give conpolind 14-8 (380| ng, 34%|yi &i) |as a
yel low solid. LCWS (ESL)Y:!Inz/z 510[[MtHt [l0269] Step 8 Folll owinglt he
procedur ¢ descr|'D oKy t he synthesis of corpound 13;11 and r|epl aci ng
conmpound |1 2 bpound  14- 12 was |obt ai ned| LC-Ms (|[EST§? miz 431
[ MtH] ;  Fl Z—Chcl3): 5 9 37 (s 1H)y 7 67 {m—2H—{7~60+(4, 1H),
7.21 (t, = L 2H 572(m .Lll) 3.24 (m 2H), 3.16 (|s, 3H),| 2.87
(d, J = 5. 0%y, J74-2.02 (m 411), 1.48 (d, J £ 7.0 Hz,| 38" padm
Schene 1% .-yO Br Br 15-115-2 H( zna?2 18- [0270] Step
1. Refer [to Sche ”gg‘\" “To| a sol utiom of NaH|(80 g, 60% nunerd ojl

di spersi ¢n, 2 m{lnﬁ\ ytiohuene (1.2 1) was adlded di et hyI car bonaf®* (295 g,
2.50 nol)_at 0O *A.ffﬂ.f stirring atirt for hrs—the—mxture—was—added
drop wise to a i "_f conmpound |15-1 (99 g, 0 50 mol ) in ftolyene (400
m) at refl &R, uxi ng overnight, the reacti on m xture was cjol ed
to rt ang—sequentFaly "*r at-ed—w-th-HHOAe{(140-—+nb)—and—ag—HO(2—M—=3864 nl).
The resuljti ng m xturé& xtracted H[-J}enﬁ%QAe (400 nL x 3) apd the

conbi ned |or gani ¢ e re washed Whofichhy Wat er (500 nL x 4)| ari'br| ne
(200 mL ¥ 2) and_@ri ed Wlt anhydr oys Na2SO4| The sollvent was|renoved and
the residue was|dried Pi wvacuo to gijve conmpound 15-2|(122 g, P0% yie|ld) as
an oil. ULC-M (ESI): I hiz|271.0 [ MitHlty £QRd L] Step 4. To a sol utlzon of
conpound [15£%( 1(%@@@) i n DNF A{&fkoinl) was added p- ben7qu| nope (40
g, 369 mmol), fo / ZnCl2 (50 |g, 369 mhol) in dortions at rt.|After
stirring fat Luoiﬂror B Mrs, the rjeaction M xture was parti{i oned between
wat er (8Q0 nil) nd @Ac 800 nl) andicfdkiefed. The |Jaqueous phagsg was
extracted wi'th g 5001t . x 2). [Theewonbined organic extracts wefe
washed wift h wate x 2) and |dried wii{h anhydrious Na2SQ4. The

sol vent Was rem:ved andit hg residue was purified by sfilica gel col um

chr omat odr aphy (@ﬁ(/\p edm-4gt her/ Acet [oHEVE Y| 1(v/v)) to give ¢ompound 15-3
(26 g, 24%vyi el d) ow sol i d.| LE"NE"(EST): miz| 361.0 [M+Ht. [0272]
Step 3. To-a—soHUtrenlbr Corpound15-3(26—¢; 72t —nNvP—(200—t) was
added Cs2CC3 (4‘DGMMWI) Aftler stirriing at rt|for 20 mn,

2- br omoprlopafie ( , 6 Mol ) was ¥d¥ed| Th& respl ti'hlg mi|xt tite was
stirred at 80C flgtid-htsw-then diluted with ammoni a aphd agitatjed for |30
mn. The [mxturg S difuted Wmth water (200{rriL) and the aqyeous phase
was extracted mﬁ%&?ﬁo mL x 3). The canbi ned ofganic extr wer e
washed wift h ¥fat gr(:200 q and dfied with anhydrolis Na2SO4. %ﬁe gol vent
was renovied and |t e resi due Wwas dried in vacwo to give conpound 15-4|(27.5
0, 95%yield) as a colorless oil. LCM (ESI): ink 403.0 [ M+l]+. [0273]
Step 4. To a solution of HNG3 (conc. 66 nL, 0.89 nol) and CH2C12 (300 inlL)
a solution of conmpound 15-4 was addegndropea se (27.5 g, 68.2 nmol) in
CH2C12 (120 mL.) at O C over 1 hr. After stirring at rt for 30 mn, the

reaction m xture was diluted with watep;{200 nL) and extracted with DM (150
The conbi ned organic extracts were washed with water
and dried with anhydrous Na2SO4. The sol vent was renoved and the residue

nm x 3).

was re-crystallized in nethyl

(24.6 g,

t - butyl

80%y| eI d) as a pale yel | ow solid.

— o~ o~

PN

o P~ P~

(200 m .

X 3)

ether (MIBE) to give conpound 15-5
LC—NB (ESL: in/z 448.0

P



NO2 SEMCI NO2NH2 CS2003Pd C | MeCN 16-116-216-3 OSEMOSEM , --L., _,., NHWs
4-1. .k _,NMs2 -"-N-----"11 16-416-4" OSEM 145Ms CHFBI-31 DVMF TBAF/ THE |
16.5N [0284] Step 1. Refer to Schene 16. To a solution of conpound 16-1
(1.00g. 7.14 mmol) and SEMC1 (0.670 nL, 7.14 mmol) in CH3CN (10 rnL) was
slowy added Cs2C38 (1.57 g, 7.86 nmmol ). After stirring at rt for 3 hrs,
the reaction m xture was concentra"\%“&ﬁﬁo‘the resi due was purified by

4

silica gel colu aphy (Petrol eum ether/EtQAc—=3/1to-1/1 (v/V))
to give [conpour ,{16 g—r“ . O%yi el d) as| a yellow solid. |LCM (|[ESI):
mz 271.1 [BM+H] tlep 2. To a-solution of ¢onpound 16522 (1. 25 g,
4.61 nmo| ) in Bt H (20 nLY_Was adddd 10% Pdy C (311 ), the |reaction

m xture mas stilered-at rt oferni ght! under—an—atrwosphere—of—hydrogen. The

m xture was fil gﬁ%&ugh Oellte(c) 545 and the fliltered [cake was washed
with EtOH (s20 n iltratg was+congentrated and the restdue was
dried in| vacctg t,{? gi ve c%&ound 16-3 (1.10{ g, 99% yield) as| a yelljow oil.
LC- M5 (BSDH- rﬂzoﬁ4L,1,L¥‘V. —-0286}—Step—3f—Fo—a—sqtution UL—co'rrpound 16-3
(1.10 g,/ 4.58 n no—Et|3N (3.72 |mL, 26.7|mol) in DCM (15 rrL%? was added
drop-wi sp a%ol futtensoh-ANECL (0.63 |nil-" 8.0 nmol) |in DCM (B0 “A4L) | over 30
mmat 0 C. After Atirringlat rt overnight, the reactlion nixtlbre was
filtered| through Centsel' ) |545 and the filtered cake [was washed wi t h| DCM (30
m x 2).| Thg, fil(trafe siconcentrated and the residue was dfi eekii n| vacuo
to give p m'xturéswof compgunds 16-4| and 16-4' (2.301a) as a yell ow ¢il,

whi ch wap—used Hy=Fer—hext—step—wthout—further—purifitation | LC M
(PSI): mtz 319 "and 397.1 [(M+H] for |conpounds 16-4 ahd 16-4,
respectivelg: | Ny <e§""4. To a splution of conpounds 16-4|amdt1164 4"
(2.30 g¢,|5.81 K) in DVF| (20 nL) and H20 (4 nml) were added|K2CO8 (2.94 g,
21.3 mmol)_and wbrmmm@mrm'h'kd-ene 1.31 g, 18.83 mol)—at rtl After
stirring|at 80 S the reaction m Xture was| concentrated and the
resi due yas Lpur by, 911 ca gel ol ugn chr omat ography ( Petir ol;eum

et her/ Acet ofhe = 4'7§1 to 1/1 v/v)) to|give conpound 16:5 (1.60g. 90% yi el d,
two steps from {w,wwggm,,re_pd”?ﬁ)edas a white sollid. LCGM (EST): Imz 38%.2

[ MEH| t [ §288] ep /To a| sol ution|of conmpqund 16-5|(1.15 g,/ 2.98 r [) in
THF (25 pl) Bs\afvase‘q@{_t@gabutyl ammoni um fl gride (TBAF) (2.33 g;5.8. 93 nmmol )
at rt. After st NI;JO/I’IQ’ at” 4b C overnight, thg reactioph m xturg was
concentrated ang-4the residue was purified by silica gel colum

chromat ogr aphy (\Pet oLé’ n et her/ Acefone = 3/|1 tol/1 (v/v)) td give donpound
16-6 (564 mg 7%y ~ag—a white|solid. UC M (ES|): nfz 2575722 NiH| t

[ 0289] Step 6. To a;sssol ution|of conpound 16-|6 (564 , 2.20 nmol) in DVF
(30 nmL) was—add g, 6.61 mmol) the Tesulting [m xture was
stirred at rt f der an afnospherel of Ar. $ubsequent! y, ,the
reacti on|wa&’qu d idiing sat.| agq. Na mL). The|l m xturfe was
extracted with —TﬂA((“D(’Iﬂﬂn’i x_3) and the c lganicextracts—ere
washed wijth wate 10Dl 5) and brine (50] m.) and|dried w th anhydrous
Na2SO4. Theessol \ ,?;&;Ngs(_ryermved and |t he ‘residue was dried in jacua tp give
crude corpound 16z7 (350 ng, 50% y| el d) as a|yell ow gowder. LC-MS (ESI):
mz 319.0 [NH‘: 1 UzZor Strep F—Axture—o bUIIpULIId 16=7 (-100 ng, 1.26
nmol ), Pd(OAc) 2| éd 3 mmol ), [PPh3 (66| ng, 0.25 mmol ), p-Bu4Cl| (350
ng, 1.26|me?’) a %@%@Tu ng, 3.[20 fol)|in MeCN|/ H20 (10| mT nl) was
stirred gt 80 C|ov&rni ght under an gtnosphere of N2 The ni xtufe was ool ed
to rt and concentrateq:y The residue |was purified by silica gel colunmn

chr omat ogr aphy @%@‘g% et her/ Acetjone = 5/1 to 2/ 1(\v/v)) to guypl conpound
16-8 (13§ mf§) 45%% ﬁé‘é a yellowsolid. LCGM (P): mz 239.1 [ M11]+;
1H NVR (500 MHz, 65013) 8/8.68 (s, |1H), 8.50 - 8.51 (d, J =% Hz 111),
7.23 - 7.24 (d, ;111), 5.35 (Is, 1H), 5%.27 (s, AH), 3.79 ( br, |2H),
2.91 (s, [3H), 2.% 2H), 1. 96-+1.99 (m 2H)| ppm [0291%:Step 8. A
m xture qf conpoutids 16- 8 r30 ng, 0.544 mol) and 10% PcUC (5(? ng) im MeOH
(30 nm) v i 24—hrsl-under—an—atrosphere—of—H2—TFhe

reaction m xture was flltered through Celitee

washed with MeOH (30 ni x 2).
residue was dried in nato to
LC-MsS (ESI):

of f-white

solid.

gi ve ¢

545 and the filtered cake was

The filtrate was concentrated and the
PEPOUAse6- 9 (120 ny, 92%vyield) as an
mz 241.1 [ M+Hr.

[0292] Step 9. To a solution

of O-(nesityl sul fonyehydroxyl am ne (MSk)4 (0. 498 mol
conpound 16-9 (120 ng, 0.498 nmmol).
reaction m xture was concentrated and the residue was dried in vacuo to

gi ve crude conpound 16-10 as a pal e-yellow solid, which was used directly

for t he next

P N o~

o~ o~ T

After sti

reactlon vvrthout further purlflcatlon

rring at

‘A o~

DCM (10 nL) was added

it overnight,

LC- M5 (ESI):

P o g~

mz

t he

257.1



1H NMR (500 MHz. CDCI3) (8, PPm) HO t

(s, 1H), 8.16 (s, 1H), 7.55 (d, J= 8.5 Hz, 2H), 7.33 (t, J. 8.0 Hz, 2H),
7.02 - 7.13 (m 511), 5.58 (m 1H), 4.12 (m 1H), 3.13 (m 2H), 3.03 (s,
3H), 2.80 (d, J. 5.0 Hz. 3H), 1.89 - 2.02 (m 2H), 1.71 (m 2H), 1.42 (d,

; [/ NO O/ NH 16-17 41 505.2 8.45

J. 7.0 Hz, 3H ci HO 4101 --- --. 'seD/ '0 O/ NH C 539,1 8.45 (s, 1H),
8.16 (s, 1H), 7.55 (d, | = 8.5 Hz,ApmndicA4s (d, J= 1.5 Hz, 1H), 7.01 -7.23
(m 5H), 5.56 (m 1H), 4 O(m 1H). 3.14 ( 2H) . Qm(s, 3H)—2.79 (d,
J. 4.5 Hz, 3H),| 2.96% »fl 2H), 1.72 (m(H&H) "1.44 (d, J= 6.9 Hz, 3 rp
N-NL1 16} 180 ﬁO b . . 0s; |/ e@wDb B11 523.2 8.51 (s, ), B.23 (s,
IH, 7.60 (d, J." H), 7.17 |- ®»ei28 (m 4H), 71.11 (d, U= 8.5 Hz, 2H),
5.63 (m [HH '%u,.l), 3-2t—(m—2H 310 (s, 38, 2,86 (d, J.| NH
N e Q?LK/L, * (HCV ge.notype 429.1
2a replicon)
= fN‘%:Q,,. * (HCV genotype
862 Q‘résgb” ! 2a rei?i:::n\;p =
/o
Oyl
*EE (HCY
B63 M@‘F genotype 2a 445.2
TS\%U ' replicon)
oo I
M * (HCV genot
o N O -o O F 23 rei?izzn‘;pe i
A2
N'N"['-'
w OO
“ (OCSO
[
:fs‘ga O 7
) TN F * (HCV genotype )
B68 @@7 2a replicon) 1291
w IO g
fb‘?‘o
O5—niy
o [0 L
/s:o
r 9 -éH *“(HCV
B71 i @ &5 —F genotype 2a 447.1
,5“-_0 replicon)
o (OO
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16- 19

1.96 (m 2H),

1H),
10. 3

WO 2012/ 058125PCT/ US2011/ 057398 5.0 Hz, 3H),
1.79 (m 2H), 1.49 (d, J = 6.5 Hz, 3H) 8.45 (s, 1H), 8.15 (s,
7.59 (d, J =8.5 Hz, 211), 7.26 (m 111), 7.10(d, J= 8.5 Hz,
2H), 6,79 (m 10 / N4 211), 6.73 (dd, Ji = 2.0 Hz, J2 = --
Hz, IH), 5.54 (m 111), 4.12 HO 411 _
Appendix A
PH O
e == * (HCV genotype
B73 N Mt 2a replicon) 1331
o
Oy
= YAy . * (HCV genotype
B74 Cq o Mo 2a replicon) S
/S‘cn
ot o
Wi il ** {HCV genotype ,
B75 W 2 - 2areplicon) s
S
5y
&) q "* (HCV genotype 523.2
B76 B > Q 2a replicon)
Mo
F
2 St
** (HCV genotype
877 ﬁb‘o S 2a replicon) e
i;,sl)
i
OH 3 F‘::H
S .l ** (HCV genotype
878 N O Q : 2a replicon) e
=0
‘o
]
MNH
T F * (HCV genotype .
B79 2~~: # 0 2a replicon) L
/%;o
o
NI
A * (HCV genotype
58D N Q o Q i 1a replicon} 852
Do
OS5
X . ** (HCV genotype
881 N‘ o Q 1a replicon) e
,(:0
ote
** (HCV genotype
e N g o ’ 1a replicon) —
/s?o
a7
NH
883 C:I;]:gtg/‘“ * 459.1
P \
o 7
HH
B84 ‘F px 461.1
2R
O s
A
885 Ch@g‘joz/:Q ‘-’%: 3.0nM ttt Tt 523,2
e _?
o -
Chirality was tentatively assigned
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" s<0

1H),
(d,

F * 523.2
(d, J = 4.5 Hz, 3H),

(m 1H),

1.42 (d, J= 7.0 Hz,

3.14 (m 2H),
1.91-1.99 (m 2H),

3H)

Appendix A

3.30 (s,

"iD/

1.71 (m 111),
8.52 (s,

111),

16-20  3H),

8.22 (s, 111),

B86

Chirality was tentatively assigned

L34

523.2

B87

Q

MNH

*¥

397.1

B88

B89

e

447.1

491.1

B9O

505.2

BO1

L33

539.1

B892

* ok

431.1

B93

4431

B94

R kK

4452

89S

*¢

523.2

BS6

w bk

523.2

897 (3}

541.2

B98

** (HCV genotype
2a replicon)

539.1

Appendix A Page 7
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1.51 (m
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J=9.0 H, 2H

J=
111),

7.18 (dd, Jp= 9.0 o/ Hz, J2 =18.5 Hz, 1H), 7.13 (d,
NH 9.0 Hz, 2H), 6.89 (m 1H), 6.82 HO N 41, 541.2 (m
561 (m 111), 4.17 (m 1.0 5( '0 16-21

Appendix A
o,/
nH
= =
B99 C - 3 ** (HCV genotype 539.1
N.m 2a replicon)
A %_?
o]
0
{ et **% (HCV
8100 e O o _F genotype 2a 459.1
5=0 replicon)
i
=]
9 !
NH hE (HCV
8101 i genotype 2a 457.2
:!5:0 replicon)
e}
L=
N
i < >r ** (HCV genotype 418.4
Bip2 i 1a replicon)
"510
Hati b
Q.
-NH
B103 L — ) ** (HCV genotype 446.1
N 1a replicon)
L-0
e S S
oo
L X
¥ {HCV genotype 4572
BI04 NoSTe 1a replicon)
f£0
O
il ** (HCV genotype o
B1E Lo NN 1a replicon)
/o
o,
N "{H_— X (HOV
B106 c o = genotype 1a 446.1
Lo replicon)
s \b
. 0,
F?’\N NH—
B107 i_N d =F wrex 514.1
" e +xe (HCV
B108 K”"N 8 Q —F genotype 1a 486.2
5=0 replicon)
s \b
N Jo X
oA e (HCY
8109 &N 0 K Q £ genotype 1a 490.1
=0 replicon)
s “o
{ Sl
N * W
._< ;,_F (HCV genotype ——
. &NL 1a replicon)
=0
re \b
Sl
—_
@ D'J{N ag - [TT] (HCV
B111 Q_ [ . pF genotype 1a 566.2
N'Sgo replicon)
rd \b
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111), 3.21 (in, 2H), 3.10 (s, 3H), 2.88 (d, J = 4.5 Hz, 311),
2.08 (m 2H), 1.98 (m 1H), 1.59 (m 1H), 1.49 (d, J= 7.0 Hz,
8.45 (s. 111), 8.16 (s, IH, 7.59 (d, J =8.5 Hz, 2H), 7.24 (t
7.5 Hz, 1H), 7.07 - 7.10 (m 311), O/
Appendix A
p. D —‘
D
o z‘l’ “‘(HCV
B112 D F genotype 1a 420.1
%Né,_o e replicon)
/\b
0D
o, )o
~NH LYY (HCV
B113 -—@—F genotype 1a 434.2
N o replicon)
o
Q, g
>—NH
R ¥
B114 I ) (HCV genotype 4201
L e 1a replicon)
%4
/D
Q
= NH-== ¥ (HCV
B115 e o"<__>‘r genatype 1a 459.2
£=0 replicon)
/\‘D
Q, /
‘(D/ NH e
=\ {HCV
B116 {1 i \> 9 genotype 1a 525.1
"\S":O .
P replicon)
% Q /
NH
C q
L]
B117 s © (HCV genotype 525.1
s 1a replicon)
(o]
absolute configuration
Q, P
NI
@esavs
o
B118 Mo b 3.1nM Tt tt 525.1
o
F
absolute configuration
0 D
D
° "k:— L] (HCV
o~ {
B119 &N O b P genotype 1a 528.2
g=0 replicon)
/o
*tt*(Hcv
B120 (m@*” genotype la tt ttt 440.1
"éaﬂ replicon)
)
0D
D
D. —NH EEIY (HCV
8121 CS@\'%—O—F genotype 1a 434.2
o h
L replicon)
s
H O i
C“j@;@ O
4 F *
8122 —y o {HCV genotype 4722
20 1a replicon)
/\b
Chirality was tentatively assigned
oH 3 ,jH
: =
B123 P g;@‘F - 4611
A
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219



J = 2.5 Hz,

0 1H), 6.91 (dd, NH O .--- f] = 2.0 Hz,
OHz, | H, 5.55 HO* "--. N 539.1 (m 1H), 4.13 (m 1H), 3.14 (m
o 16-22 2H), 3.30 (s, 3H), 2.81 (d, J= 5.0 Hz, 311), 1.91 -
98 (m 211),
Appendix A
a Su
W
B124 &N o _Q"F enx 472.2
S
Wi
= =
B125 Ny i Gt 4311
N‘s"ﬂ
/o
b o
o, 3o
8126 ik whx 434.2
LN Nep i
a0
=74
/o
o
MH
=5
B127 g L F s 4291
X
0op
& °
-MH
B128 L sxre 432.1
e
[l
B129 05 ":u PF e 440.1
X
N
NH
B130 -——<\ x}---l’ LA 440.1
"0
/S‘:D
N =
R —
8131 " d }F Hhkn 472.2
/s\go
Chirality was tentatively assigned
o 1
MM
B132 M@F ex t+t e e
=0
o
Chirality was tentatively assigned
B 3 hiH
1 Nt N
8133 e \ /" . 4291
=0
‘%
Chirality was tentatlvely assigned
—@j N
F N
B134 {_N » vhe 554.1
=0
X
B135 <\N o I3 *s 507.1
&
o =
.
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1.71 (tn.
8.44 (s,
2H), HO,

/"0 16-23 C

1H),1.51 (in, IH, 1.42 (d, J =7.0Hz, 34 O / NH
1H), 8.15 (s, 1H), 7.57 (d, --- .7 =9.0 H, 2H), 7.29 (m
a 539.1 7.06 (d, J = 8.5 Hz, 214), 6.96 (d, J sz:
Appendix A
o, 7
i
B136 N o 2 pLe 509.1
=0
&
¥
L=
HH
M = ) [ Mk (HCV
B137 & l 0@_* genotype 1a 474.2
Ng:o replicon)
<)
g |
N"N‘ H
B138 h"{ o i san 470.14
I.li:iﬁ)
5
F)-\ S i
L ¥
B139 C - E et 496.1
Yo
/s‘;;
R osiet
0 ** (HCV genotype 5211
Loy N._o 5 4 1a replicon)
) &
e
0. 7
NH
B141 @hg@u T {HCV genotypg 535.2
N o Q 1a replicon)
o
F
B142 jc‘ “@‘F L 540.2
N
AZ°
o 7
o MNH
(ﬁ?@° ** (HCY genotype
8143 N 521.1
;530 1a replicon)
o
e
Chirality was tentatively assigned
B !
NH
eSO
F ) 460.2
B144 K"\'
°
HD\_\ Jijfzrrih
N
F
B145 &N o _@ — 114 1 476.2
5=0
%
N
MH
B146 N © Q genotype 1a 5211
fs‘:c replicon)
E
Chirality was tentatively assigned
fi i
N
Ny
8147 &N o Q‘F e 478.2
5=0
<
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= 9.0 H, 2H

111), 3.14 (m 2H), 3.30 (s,
--2.00 (m 211), 1.72 (m
311)

5.55 (m 111),

3H),
1H),

2.80 (d,
1.51(m 111),
[ 0298] Synthesis of compound 16-16. Conmpound 16-16 was obtai ned as a

J

4.11 WD 2012/ 058125PCT/ US2011/ 057398
= 5.0 Hz, 311),
1.42 (d, J

(m

1.93
7.0 Hz,

white solid fromthe hydrogenati on of conpound 16-14 in the presence of 5%
Pd/Cin EtOH LC-M (ESI): in/z 41@P@e’[%ng| 1HNVR (500 MHz, CDC13): 8
8.45 (s, 111), 8.19 (s, 1 7.58 -- 7.59 (11 211), 7.45 - 7 49 (m . 3H),
5.51 (m{H), 4.0 (n1 4H),|3.16_(m| 211), 3{14 (s, 311), 2.76 (d, J| = 4.5
Hz, 311)| 1.90-|°T #, 1.73 (m 111),|1.48(m |111), 1.B3.6d, U = 6.5
Hz, 3H) ppm K[ ] Step 1. Refer to Schenme 17. A m xture| of conpound
17-1 (100 g, O 225_pol) readily |prepared|by onzonlysis ofl conpound 6-5),
parafornaldehyd@ﬁegg ng)~® 67 mol )| and nor pholine (|2 AL, 0.D2 mol) in
acetic afi duk?2 nﬁ)tﬂﬁél@eéﬂéd at 120 C for 2 hrs under an at hospherp of N).
The reaction ntxtureumas concentratied and the residue was dissol ved|in
THF/ Et OHH-10—my-0—rt) gg—Prp2—(221g)—wasadded: ﬂ%tcr sti{ring—at rt
over ni ght under|™ sphiere| of 11, ~+hev reaction ni xture was filtered

t hrough Celeisbe 5 5(@ il t er ed| cake:was washed with EtOH (528 nl x 2).
The filtrate wals conEentrated and t he &%l dlle was purified by silica gel

col um cl (PetTofreumether/ ECOAC =4/ 1T (V/V)) to|give conpound
17-3 (45| ng, g gEg%?ﬁgéﬁp teps fronvmﬁvl as a whjite solid. LCGMs (ESI):
nil; 460. 1315[1Mr @ ?7 68. 40 (s| 1H) 8/12°¢m |2H),
7.71 (s, |1H), 7|2 20%( m 2H) 4. 45 (q JPE7 0 Hz, 211), 4.15 (m 111), 3.62
(In, 1H) 3707 (s+m _3FEH) 4.55 (m IH), I[79 (m 1IH), 1.45 (t, J 7.0
Hz, 3H),|1.32 (d,(J "0 Hz, 311) 1pﬂhml9 Q0] Step R. A mxtlure of
conpound | 173 (Kéé(ﬁﬁ§4ﬁ}396 mmol ) and hioH (50 ng, [L.19 mol|) 1% THF (20
m.), MeOH (5 nmL ,)sa?nd watef (5 nmL) was reflyxed and ponitored by LC{MS.
After thereact = onpptetion, [the Teagtion m Xfure was [cool ed|to OC
and adjusted it T§§§§gu [0 7 by ajdrngmt &I aq. HC|. The orlgani c gol vent
was reno ed“%nd resi-ue was trifu FRIES Wi th water (15 ni) afit" t hen
filtered] The spl4td was washed with|waf'er” (10 mL x 3) and driled in Vacuo to
gi ve compound 1{&4, CH‘ sed |n the next step w thout flurther
purification, L ~?%§T€E¥ 43241 T'MEHt| [0301] Step 3. To a,soljution
of conpound i?-1 (ab 3 I, |cr and HATU (181 ng, |0.475 mol ) in
DVF (4 nl) was lt, 10,792 mol ). After stirrilng at rjt for
15 mm  the m xt was added to|DI PEA (196 htL, 1.19|mmol), floll owed by

met hyl amj ne hyd oehlorj de , 1(19*nmsl )| and thefresulting m xture was
stirred at P& for 2 Hrsi ent ||y #"¥'Pfd” ni xture was concenjtrt'éd jand the
resi due was dil ¢ted “tih wat er and fli | fered.| The solild was col | ect ed and
purified =ve=HPL e—gi-ve—conrpound—17+-b—as—a—white—sotid-| LC- VS
(ESI): ink 445. 1-5EMFHI (500 MHz, CDAL3): 68.13 (s, 1H), 8.00 (m
2H), 7.21 (e 20), 7. CaH), 5.90 (brs, | H),+4. 18 (I H), 331864 (m
1H), 3.08 (s, 3 %W (d J9 5.0 Kz, 3H), B.03 (m |111), 2.B2 (m QH).
1.80 (in,1H), 5 Hz [3H) ppml![0302] S$tep4—TFp—a—solution
of conpound 17->A€ g; 0. 090 nnDI) in MeOH (4 nlL) vas added| NaBH4 [ 10 ny,
0.27 mml|) at; 0 (sk¥lrring at| 0 &«for|30 nm tlhe react | omowas
quenched |by addlng.geveral dr ops of |acetone. | The sol Jent was [enoved| and

t he resi que—was , wat-er—{25—rb)r—apd—extracted—wthBEMA(2p nL x
2). The conbinec %@ Yextragts wgre washed with brline (25 plL) and|dried
wi t h anhydr ass Jent vas rrenoved and the residuge was purified
by preparlative PLCAPO glve ound 17-6 as|a white [solid and as a M xture
of cis- gndtraRs—+SererS—tG (ESH-—nfz2 441 Mr—+—HH-NVR—-500
MHz. CDCI|3, najcn(ﬁed 3 (s,| 2H), 7.87 (s, 1H), 7.58 (s, 1H| 7.20
(m 2H), [5.9% (h4rs d J= 7.0 Hz| 1H), 3.[70 (m 1H),s= 11 (s,
311), 3.Q02 (d, J =5, OﬁFE 3H) 2 08 (brs, 11 , 1.61 (brs, 1H), 1.03|(brs,
3H) ppm 10303} Step 5. A m xture of conpound 17-6 (88 mg, 0.20 mmol) and
TsOH (8 ng, 0.04 mol) in toluene (6 n.) was refluxed for 2 hrs under an

at nosphere of N2. The sol vent was
preparative HPLC to give conpound

429.1 [M+11] +; 111 NMR (500
(s, 1H), 7.19 (m 2H), 6.44
J =50 H, 3H), 2.74 (s, 3

6. A mxture of conmpound 17-7 (56 ng, 0.13 nmmol) and Pt02 (23 ny)
m.) and MeOH (4 nlL) was stirred at

renmoved and the residue was purified by

17-7 as a white solid. LCM (ESI): /n/z
MHz, CoeasyAPE?190 (m 2H), 7.71 (m 1H), 7.67
(s, 1H), 5.81 (brs H), 3.87 (brs, 2H), 3.01 (d,
H, 2.68 (my2H), 2.00 (s, 3H ppm [0304] Step
in THF (4

rt overnight under an atnosphere of H2.

The m xture was filtered through Celitee 545 and the filtered cake was
washed with MeOH (25 nlL Xx 2). The filtrate was concentrated and t he reS|due

a —

o~
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was warnmed to rt and treated with 1 M aq. HCl
extracted with EtOAc (100 nL x 3) and the conbi ned organic extracts were

washed with H20 (50 nL) and brine (50 nL) and dried over anhydrous Na2SO4.
The sol vent was renoved and the re@P&N@Aﬁ%§lﬁurlfled by silica gel columm
chr omat ography (PE/Et0Ac =1/1 (v/v)) to give conpound 18a-3a (1.8 g,

yield) as a light yellow solid.
Step 3. To a solution of conmpound 18a-3a (2.55 g, 5.0 muol)
m.) was added K2CO3 (1.38 g,

hrs,

After stirring at

LC M5

10 mmol ).

0OC for

ESl)

2 hrs,

(10 ni).

mz 511.1 [MFliff.

tion
d
ride

the reaction m xture
The m xture was

71%

[0317]

in toluene (50
After stirring at 80C stirred for 4
the reaction m xture was cooled to rt and filtered. The filtrate was

concentrated and the residue was dried in vacua to give crude conpound



[ 0333] Synthesis of conpound 19-9. Follow ng the sane procedure as
described in the preparation of conmpound 19-5 described in Schene 19,
repl aci ng conpound 19-2 with 15-14, and taking the nodified condition for
di hydr oi m dazol e formati on shown in Schene |

obt ai ned.
(s, 1H,
1H),

LC M5

7.95 (d, J
7.26 -

7.30 (Wl 2H)
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. MeOCOCL 397.1 | 20-8 3.82 (s, 1H), 3.67 (s. 2H), 3.01 (d, .1=
4.5 Hz, 3H). 2.79 (t, ./ = 1.5 Hz, 2H), 2.02- 1.74 Om3H), 1.37 (hr
s, I1-1) WD 2012/ 058125PCT/ US2011/ 057398 CH3COCL o/ NH 381.2 7.93-7.90 (m
211), 7.72 (s, 114), 7.30 (s, |H), 7.22 - 7.17 (m 2H), 5.82 (hr. IH),
4.73(d. J= 13 Hz, 1H), 3.02(t, J= 5 Hz, 3H), 2.88 - 280(m2H) 2.70 -

2.65 (m 1H), 2.05 - 2.00 (m 2H) Ampeyaliff, 3H), 1.80 - 1.77 (m 1H), 1.45-
1.27 (m 1H 4.1 0 0 020-9  Me2NSQ2CL Oi 446.1 8 53 (br_s,_ 1H). 7.96 -
7.94 (M), 7.82_(s ., 7.54 (s, |1H, 7.2B - 7.25|(m 2H),| 3.62 -| 3.58

( m 2|—|) , 3Bg§( 57(\5N "‘o\ T Aep LIy 461.1

16.5 nM t (€Cso 2 1000 V1) 1t 461.1

o ~ T =
I —F
I PP o W)
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2H), 3.02 (s,
to \ 20-10
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(106 ny, moK) S Afdersstirring at+85 G for 2 hrs, the nixtere [was
cooled t ind °NaCNB1- 13 (220 ng, 3.52 nmol) was|added. Subsequently,

t he m xt for 2 hisand—concentrated] The resi due was

di ssol ve Jand the solutipn was washed with LLO (|50 nL x
3) and d a Na7SO4.| The 'sol vent was|renoved [and thd resi due
was puri rever se phase preparative HPLC to gilve conp -1 (630
ny, 68% luffy sollid. LCGMs (LSI): |Sz 525. 2 [ M-11][+.
[0344] S on of conpound 21t1 (600 ng, 1,15 pmgl,) in

di oxane % 4 N HCL1 ijn dioxang (20 nL)|. After stirrinﬁg at 35
Cfor 2 & reaction m xture was conceptrated and the r Was
dried in i w€1.crude conpound 21-2 (500 ng, |quantitative yield) as
a yel | ow (ESL): mz 425. 2, [MrH|t [0345]| Step 3.|Tqs;,8@ stirred
sol ution U2 @po mg, (1.2 nmmol ) in EtOH (30 nl)|was added |I N
HC1 in d 2 ). Afterrstirrijng at 35|/C for 2 |hrs. thelreactibpn

m xture ed;to O and NaCNBH3 (148 mg, 2.4 nmmol) was|added. | The

m xture iMdedi @t yr€ far 2 hrs| and..con¢entrated. The res$i duwa was

di ssol ve Ac!’ ( 100 m.) |and the| sol ution was washed wi th 25 )
and drie Na2SO4—TFhe——solvent—was—renpved—andithe—resi due
was puri %sa preparative HPLC to gijve conpound 21-8 (420
my, 87% sha yeld ow'fpam LG Ms ‘{'ESI mz 409.2 [ MrH|t YYng|col um
(30 mn) d Chiral HPLC showed there was only pne di astlereoneq formed
during t \éL'ﬂ e- ebivim nati on step; howeyer, the chirality of the
benzylic {“%?ﬁ%e@@ 21-3 was not., detler mi.jped. | [ 0346] S$tep.A. |To a
sol ution poauhd 21-3 (300 ng, D.73 mol|{) and EtBN (0.3 L) in DCM (30
m.) was ’ i 85 ng| 0.73 mpl) at 0l-C—After—stirring at
rt for 30 mn, th réadtion mxture|was wasHed with H20 (20 nL x 3) |and
dried wit Q . The solvent+wag renoved| and t he |resrdue was
purified gIISE€ phase @)arati e HPLC tlo gi ve conmpound 21-4 (186 ny,
52% yi el Yallow solid) | G MSI(ESH) -z 4872 MrH—1 Step 5.
A m Xt ur g (80 ma, |0.371 mpl ) and Li A TH20 (47 ny,| 1.1
nol ) in A /1 mpl) was stirred af 75 C f iln. The
resul ting re°yvas acidifjed to pH 5-6 byl adding 2 N ag.

suspensi ( i T CRE6 das andvel h@nesol i|d was driied iniiacuo to pound
21-5 (15 white|solid. LGM (ESI): mz 459.1 [ MtH] .

[ 0348] St of compound 21-5 (150 ng, O0.327 iln DMF
(5 nL) wa , 0.491 mol ). After stijrring at 30
mn, the matimg@éd(lzﬂ ng, 0.982 mmol )| and MeNH2HC1 (|66 nmg,
0. 98 mml)——Subsequen ne mxtune was stjrred at [rt for 3 nd
poured into icetwat ifﬁr@_Jhe syspension| was filtered and|theg,solid was
purified fatiwe” HPL tﬁ gi ve compound 21-6 (32 ny, 21%yield) as a
white sol Jﬂé_&E§LL;_HLZ_z72.2 [M-Ht |1 M [0349] Synthesis o
conpound al,l ow ngythe sa sghene and|replacing (5)-te

2-fornyl pnol i di I pate with its (R)tenantioner, corrpound7 21r 7 was
obt ai ned. 47@42 [ M+H] t™ Long col umm |(30 nun) HPL'C and
Chiral HRLC shoy y one di astereoner formed during the
reducti ve i however—the—chi

i n conpound 21-7 was not determ ned.

was cooled to -78 "C. and 03 was flushed through until

mat eri al

NaBH4( 866 ny,
stirring at

for 3 hrs,

attyof the benzytic tarbon

Schenme 22 [0350] Step 1. Refer to
Schenme 22. A solution of conpound 6-5 (1.0 g, 2.28 mmol) in DCM (200 ni)

the starting

di sappeared as nonitored by TLC. Excessive 03 was renoved
conpletely by flushing the reacti RPHIXEGE i th N2. Subsequently,

22.8 mol ) and MeOH (40 mL) were added to the m xture. After
t he reactiigon m xture was warned to rt and

wat er (200 nL) was added. The aqueous phase was extracted with DCM (50 nL x
3) and the conbined organic extracts were washed with water (100 nL x 2)
and brine (50 nmL) and dried with anhydrous Na2SO4. The sol vent was renoved

and the residue was dried in vacuo to give conpound 22-1 (958 ng, 94%

P~ P~ -

n



stirring at 80 Cfor 2 hrs, the reaction m xture was concentrated. The
residue was diluted with EtOAc (200 nL) and water (200 nL). The aqueous
phase was extracted with Et0Ac (150 nL x 3). The conbi ned organic extracts
were washed with (250 nL) and brine (250 nL) and dried w th anhydrous
Na2SO4. The sol vent was renoved and the residue was dried in vanp to give
conpound 23-3 (7.9 g, 93%yvyield) dprengidAow solid. LCM (ESI): nilz 618.2
FMrNalt [0358] Step 4 To a solution of conmpound 23-3 (7.6 g, 12 .8 mmol)

in DCM (|100 i) c,\g/as didropwijse |[BC, in (31.9|q, 31. 9 [mol . ) lat -30C
under an at nosph ng’ /L>A£ter stirring ?40T Ctor 2 hrs, Ehe rleacti on
m xt ure wa§2°boured>4“n o'ice gr (3007nL) fand t'he esqung m'xt urle was

¢ T

extracted w th DM (Ol 50 ak-—x e conbi ned organic extragts werg washed
g

H
with wates Hwa”??t%“‘%“‘f&nd ((H06—t)—gnd—drietwthanhydrous Na2SO4.
The sol vient was # “and 4i due was| dried irr mewo to give clrude
conpound| 2354 (Gij\a 2 f yleld) a9 a yellow sokid. |LC-NMB (BSlysimifz 554. 2
[MtH] t [0359] Stép~5. To a 5ol ution of conmppund 23-4 (7.5 g,| 13.6 ijnnol) in
DCM (100[ L) wdr e @ddeds lRPhAs{s. 259, 40.7 hmol) and DMAP (165 ng, 1.4
mol ), flol I owed by: a Spldut i on of 1720 (5.0 @, 17.6 nmol) in DCIVI(25 m.) at
0 C After stir:K >4 )oyerni ght|, the reaction nijxture was djluted with
DCM (300| nj* and swater (300|nL). The aqueous phase jas extrapt ed; t h DCM
(300 nL Kk 2). The® q\m‘wauwcw'ﬁgﬁﬁﬂ c lextracts|were waghed with{water (250 ni
x 3) and[brine ) d; drifed wi th anhydrous NaZSO4. Thej| sol vent was
renmoved pnd t he. fified by,silica gel dgolum chrongt,oglaphy

(Pet r ol eumBélf’he /1 (v/ilv)) to give conpdund 23-5|(8.0 g| 90%
yiel d) as_a_yelll ow qéﬁ“‘ld LC-Mb (ESL: iz 686, 11-M4-11+ [0860}—Step 6. A
m xture pf co oungl 23- 8.0 st, 11.7 mnol), LiCl|539 ng, [12.8 npol ),

Et 3N (3.p4 nil, u23&31 ,~FIPd(OAc) 2 (392 ng, 1.8 nol ), amnd gRh3(1.22 g,
43 mmol ) in° DVA (8<Gs|nL) was |stirred at 120|C for 2 jhrs undef an at mosphere
of Ar. Shibsequeptdiyonfait@oreacti on nj xture was concentrated and the fesidue
was part|tioned| bet en ter] (200 nth) and|Et0Ac (200 nL). The aquéous
phase was extragt \% TPAc (150| niL x 3) and the| conbi ned or ani C
extract s| weee wash 1 f’h vvat er (25p m""x 3) afid brjne (250 |m ¥ and dried

wi th anhydrous Na2504. The sol vent Was renoved and the residde was purified

by silicagelcBrui ENLEmmtography (Petrot-gum-ether{Acetone =10/ 1|(vh))
to give conpounp%23-4 ,|164%yleld) as |a yellow solid. UC M5 (ESI):
in/z 536 1J2M|r1-1]& - 00 MHz| CDC13):| 5 8.02-|8.04 (m| 2}y 71.95 (s,

1H), 7.68 (s, 1H, °#-07 - 7.10 (m 4H), 7.03 - 7.05 (m 2H), |5.30 (m 1H),
5.20 (d, |1H), 4LAQeconfhudd (T, 2H), 8.85 (m [2H), 2.8 (s, 3H)|, 2.52 |(m

2H), 1.9% (m 2Z2H), 1 4254, J¥ 5.5 Hz, 3H) ppm [0361] Synthesis of
conmpound|23- 7. =61 i@_,sama procedur es| of hydr ol yzationf and
[ [
3

met hyl ani des2fsor frat i,on as descti bed iin the synt hésis of cBhpounds®6-6 and
7-1, respectively, o’mrrpmmd p3-7 WT[S obt ai ned. LC-Mp (ES1): ink 521. 1

[ MEH] +; :Ll;l._NlVaRaMtem@zurMolz CDC13): 16783 (dd Ji = 1.6 Hz, 3P =62 He,
2H), 7.7% (s, lie 7i 65 fst_1H), 7.02-7.10 (m 611), 5. 86 (m 1H) 5. 29 (s,
1H), 5.17 (di Q , 3.82 (m,211), 2.99 (d, J = 5|7, 311),
2.85 (3, |3H° 2 47 i 211) 1.93 (m 2H ppm [0362] Synthes|s of clonpound
23-8. Folll owi ng nholumcon e proc dure of isoner|zation gs descriped in the
synt hesi g—of——co unu /«aJ“ compoynd [23=8 was|obtained. LGNS (ESI): iz
521. 1 [ Mt111+; . ¢DC13): 67.8L (dd, J1 = 1.8 Hz, J2 = 5.9
Hz, 2H), |7. 6% ($, ( hY1H) | 70+8-7.10 (m 61{1), 6.04|(m71]),
5.85 (m |1H), 4 15 éi‘n 2H) 2 r(d, J = 5.1|Hz, 3H),| 2.76(s, |311), R.20(s,
311), 2.17(m_2 5°'l80ﬁ'ﬂﬁ“"“$°0363_ Synt Hesi s_of ‘nnpmlnd 23-9 Eoll-owi ng t he
sanme progedure ()f %%)n as described|in the gynthesis|of conmpound
7-3, con‘pougqu7 23" o<l pd. LG|MB (ESI) ] ink 523.2 [MHH '|; sk NMR (300
MHz, CDC13): [. 82, (d J =8]7 Hz, |2H), 7.72 (s, 1H)|, 7.54 (s, Hi),
7.03-7.10 (m 6 Thive it TH), 4./10 (in, 1H), 3.24 (m 2H | 3.08 (s,
3H), 3.00 (d, J=5.2 Hz, 311), 1.92-2.02 (m 4H), 1.46 (d, J = 6.7 Hz, 3H)
ppm Conpound 23-9 was separated into a pair of enantioners: enantiomner
23-9 AOR=3.82 mn) and enantioner 23-9 B OR = 4.99 mn) detected by U
absorption at 214 tun on a Chiral PakendBAEe#edfm (col um tenperature: 40.3 C
eluent: MeOH liquid CO2 = 30/70 (M; C2 flowrate: 2.1 g/mn and
co-solvent How rate: 0.9 g/rni n, frontypack pressure: 152 bar). [0364]

Synt hesi s of conpound 23-10. Fol |l woing the sanme procedure of

eycl opropanati on as described in the synthesis of conpound 6-7, followed by
hydrol yzati on and nethyl am de fornmation, conpound 23-10 was obt ai ned.

LC- M5 (ESI): tre/z 535. 2 [M411+ t1-1NWR (500 Mz, CDC13) 37 82 (dd, J1 =

Y~ oA A — w— p~ — g~ P —




[0384] Step 2. To a solution of conpound 26a-1 (4.3 g,

10 mmol )

int

(120 m.) were added DPPA (4.3 nmL, 20 nmmol) and DBU (3 nL, 20 nmol).

reaction mxture was stirred at 50 C for 4 hrs.

Subsequent |y,

was concentrated and the residue was purified by silica gel
chr omat ogr aphy ( PE/ Et OAc

yield) as a yellow solid. LC M (Esipendiy

a sol ution of conmpound 26a-

2/'1 (v/v)

(3.95 ¢

) to

gl

in

the m
col um

ve conpound 26a2 (4.0 g,
447.1 | MF111+.
8 8 mml)
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the reaction mxture was cooled to rt and poured into
The suspension was extracted with Et0OAc (20 nL x 3) and the

conmbi ned organic extracts were wastetrditirtresviter (15 nL x 3) and brine (10

mL x 1) and dried over anhydrous Na5SO4. The sol vent was
residue was purified by preparative HPLL to give conpound 26b-5 (15 ng,
yield) as a yellow solid. LG M (EST):
67.95 -7,97 (m 2H)
6. 34(q,
2.08 (hr s,

CD30D) :
2H),

(s, 3H),

J=

7 Hz.
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1 o~ o~ 4 = o~

7.93 (s,

5.48 (m 1H),
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3.50 (s,
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28-12a R = 4-F-PhO- 028-12b R = -F [0405] Synthesis of conpound

28-3a. Refer to Schene 28. Followi ng the sane procedure as that for the
praparation of conpound 27-3a from 15-11 described in Schene 27 and
repl aci ng 3-brono-2-net hyl propene with ally] brom de, conpound 28-3a was

obtained as a white solid.

LCMs (ESI): ni/z 732.1 [ MtNaf. [0406] Synthesis

of conpound 28-5a. Followi ng the RENGPRedure as that for the praparation
of conpound 27- 5a from 27 3a_described in Schene 27 and-replaci-ng—gonpound

27-3a W a, 5a wgs obtained as a wite sol|lid. LG|MS
(ESI): | {2 TN EE; QENNR (500 Mk, 13): 87.89 and [7. 78,(s, s,
1H), 7.8 : = 8.5 Hz, 2H), 7.61 and 7.58 |(br s, |s, IH,
7.04 - 7,12 (ma—gmﬁ—td‘ J: 4.0 Hz, 1H), 5.18|and 4.98 (dd, dd. Ji =
13.5 Hz, [~ 4716 and[3.78 - 3.81 (m m 2H),| 3.15
and 3. 12 285(m m 1H), 3.00|(d, J = 5.0 Hz,| 311),
1.73 (t, Jand 1. 177¢d, d, J'= 6.|5 HEY 3W Bph
Al t er nat .(;on:pgund—%—Sa—eéLn be obt ai ned usi ng |conpound| 28-7a @s the
starti ngl-rate “J"“'““‘“’”‘é&‘—"‘fﬁ’é“ A-Sehere—28—189—-0407—Synthesis—of —tonpound
28-5b. F Eﬁ* cedure as that|for the |praparat|on of fonmpound
28-5a de ahd repl aci.ng ¢onpound [27-3a wi t h s28- 3b,
conmpound was GBtai ned as|a whjite soli@. LC-MS|(ESI): ink 447.1 1MtHt;
1H NMR (b ool e 5 7.89 - 7,92 (m 2H), 7.87 (s, IH)| 7.59 (s, 1H)
7.20 (t, . 78(m IH), 4.98(m 1H), |4.14 (in{ 2H), B8.15 and
3.12 (s, =45 Hz,|3H), 2.83(m 1H)|, 1.73 and 1.71|(d, d,
J= 7.0 He, %ﬁ% 1.23jand ‘1. 18(f. d,|./ "= 6.5 Hz, 3H)| ppm Al ferfidtiyely,
conpound an—be_ebt e usi ng conpound 28-76 jas the sfarting
mat eri al 28 r0+08] Syntrhesis—ofjconpoung—28=6a) To a
sol uti on| of corrp@ n m g B.O muol) in DCM (200 nL) |was added
m CPBA (b : After*stifring at P C for 30 #ij fhe
reaction 3 was, *washed wi tfivsaturated dq. NaHCO3 sol uti an and Jater.
The organi r Was, drie€dy;, over anhydrous Na2SO4 anfd concentjrated to
dryness | @%@gpd 28-|6a as,.a red solid,|which wgs usedi|in the
next ste ¥ t on. LGNB (ES!'):|mz 748.[1 | M+Nal +.
104091 Sy of @nrmmmd ?R .| Conpound 28-6a (B75 ng, (.52 mmml) was
di ssol ve( m.) a1d the resulting $olution was added DBU
(4.2 m., ﬁee@@ stirring [at 100 Cjfor 45 ni nsslalpder an
at nosphel eactl on nga re was concentrated and tlhe resi|due was
purified rat ogr aphy| (PE/EtOAc = 5/1 fto 3/1 |(v/V))
to give ¢ — 8704 yi-et-dy—als—an—of f{white sotid—td- V5
(ESI): it MR (500 MHz, 6/16-DVS0):{ 5 8.05 |(d, J=19.0 Hz,
2H), 8. 0( YA B1 (me2H)L 7.21 -7.23 (m Rled)y, [7.12(d.
J= 9.0 Hz . 6.0 Hz) |1H), 4,6[f (d, J=|14.0 Hz,| 1H), 4.46 (s
1H), 4. 4C amm“%%@mJ = 7.0 Ha, 21-1).|4.20(d, [J=14.0 1H)
3. 24(s, . B 1.36 (t} J =7.0 Hz, 3H)| ppm 1} 0410]
Synt hesi - an at nosphere of N2, ZnEt2 (1M in
hexane, T 2d t07dry| DOM (20 [nL) at -8 °€’ fpl | owed
4 & rrrml )

by CH212 148 } over }f: mn. The resultijng m xtufe was stirred
at -78 Cwmmm“an at—10¢for—30—n—Fhemxture—ywas—cool ed to
-78 C anc ,«12&%\1:% 1.9 rrm)l in DCM|(I nL) was added

dr opwi se. %ijnr 30..mm the mxture was agdesgk.dr ppwi se
a sol utign of conﬁburfgk28 7a (34 , 0.62 nynol) in|DCM (2 n) at -y8 C
The resul ;r,,[ug(g,,nm,,stl rred at|] -78 Cfor 10 mn, 0 Cfof 1 hr,|and 25
C for 4 Hrs. )sequ nt Y,/ saturated aqg. NH4CLl solutifon (10 m|,) was|added
and the m s{ nat ed.| The residug was extracted with DCM (20 ni
X 3). The i Méd jor gar c- xt\(r/écts wer ¢ washed wi th jsaturated ag>* Nall CO8
sol ution “and_dried over anhydr ous | SO4. The sol vent was fenoved
and t he rlesidue I®age puriired by sililca—gel—eolum——ehromatography—(PE/ Et 0AC

= 10/1 to 4/1 (v/v)) to give conpound 28-8a (230 ny, 66%yield) as a white

solid. LGM (ESI):
8.08 (m 2H),

(m 2H),
(d, J

8.01 (s, ,
7.14 (m 2H)
2H), 3.69 (d, J 15.0 Hz,
= 6.0 Hz, 3H),

mz 566.2 [MrH; 1H NIVIR (500 MHz, d6- DMSO): 5 8.06 -

7.88 (s, 1H), 7.30 - 7.34 (in, 2H), 7.21 -7.24
5. 09 PPYix3Paed0 1y 1H), 4.36 (q, J. 7.5 Hz,
3.57 (d. J = 15.0 Hz, 1H), 3.32(s, 3H), 1.57
J= 7.5 Hgg3H), 0.71 - 0.96 (m 4H) ppm

[0411] Synthesis of conpound 28-9a. Follow ng the sane procedure as that
for the praparation of 1-16 described in Schene 1 and repl aci ng conpound

1-14 with 28-8a,
Ink 551.2 [ MeHr;

-— o~ P~

conmpound 28-9a was obtained as a white solid LC- M5 (ESI):
1HN|VR(500M—|z d6DNBO) 6850(d J = 4.5 H, 1H),

— g~ ‘. o oA -— o~ P~ -— o~ P~



7.4330-1b [0432] Synthesis of conpound 30-1b. Follow ng the sane procedure
as that used for preparing conpound 30-la and using the enantioner canme out
first fromthe chiral separation of compound 15-12 (tR -= 5.71 nm,
conmpound 30-1b was obtained. LC-Ms: (ES1) miz 748.2 [ MtNa]; I H NVR (500 MHz,
CD3Cl): 6 8.08- 8.10 (m 2H) 7.06 -7.11 (m 7H), 6.99 (t, J=7.0 Hz, 1H),
6.75 (dt, Jj = 1.0 Hz, 12 = 8.0 HzApne#dix8.06 (q, J = 7.0 Hz, 1H), 4.24
-4.35 (m_ 2H), 3. 05 (s 3H), 2.98 (s, 3H), 2.03 (s. 3H), 1.49 (d,J= 7.0
Hz, 3H),|1.27 (} m’:Hz, 3H) ppm 7.6930-2b [0433] Synthesis pf
conpound| 305,2b. | Fet 5{_\/\71,’ sane proceduré¢ as that| used fo[ peepaling
conpound| 30-1b Andog'epl aci ng R) - MUNP wnth S) - MaNP,| conpoung 30- 2b| was
obt ai ned —LC-MSL—~-ESH—a VR—(500—WHz,—CDB3C1)-—388. 06
(d, J 7.0 Hz, 2H) 7. 93 (d J =85 Hz, 1H), 7.85 (s, 1H), 7.83 (d, J =8.0
Hz, 1H), 7.78 (d J = 8.0 Hz, 1H), 7.69 (s, 1H), 7.63 - 7.66 (m 2H), 746
(t, Jr 8.0 Hz, 1H), 7.29 (t, J=8.0 Hz, 1H), 7.04- 7.10 (m 7H), 6.10 (q,
J=7.0 Hz, 1H), 4.36 -4.39 (m 2H), 3.13 (s, 3H), 2.99 (s, 3H), 1.91 (s,
3H), 1.48 (d, J =7.0 Hz, 3H), 1.36 (t, J = 7.0 Hz, 3H) ppm [0434]
Determ nation of chirality. Refer to Schene 31. Based on the general rule
of chem cal shfits of a pair of diastereoneric esters derived from an

al cohol with (R -MaNP and (S)-MaNP, the chirality of the benzylic carbon in
the enantionmer cane out first (tR=2.61 min) fromthe chiral separation of
conmpound 8-5 was determned as R Accordingly, the chirality of the
benzylic carbon in the enantioner cane out first (tR=5.71 mn) fromthe
chiral separation of conpound 15-12 was determined as R [0435] Synthesis
of conmpound (R)-8-5. Refer to schene 32. A 25 nL flask was charged with
triethylamne (76 ng, O 75 nunol, 7 eq.) in an ice bath, foll owed by adding
formc acid (35 ng, 0.75 mmol, 7 eq.) dropwi se. After stirring at rt for 20
nm a solution of conpound 8- 4 (45 ng, 0.107 nmol, 1 equiv.) in DVF (6 nlL)
and RuCl KR, R) - Tsdpenl(p-cynene) (1.6 ng, 0.0029 mmol 0.024 equiv.) were
added. The resulting dark red reaction mxture was stirred at 40 C

overni ght and then concentrated. The residue was purified by silica colum
chromat ography (EtOAc/PE = 1:1 (v/v)) to give conmpound (R)-8-5 (30 ng, 66%
yield, 95.5%e) as a white solid. The absolute configuration of the sanple
(tR=2.59 mm was determned as R by taking chiral HPLC along with
conpound 8-5 follow ng chiral HPLC the condition in Schenme 30. [0436]

Synt hesi s of compound (S)-8-5. Followi ng the sane procedure as descri bed
for the preparation of conmpound (R)-8-5 and repl aci ng

Rud [ (R R) - Tsdpen] (p-cynene) with RuCl1(S, S)- Tsdpenl(p-cynene), conpound
(S)-8-5 (28 ng, 66%yield, 94.0%e, tR = 3.12 mn, S configuration) was
obtai ned from conpound 8-4 (42 nmg, 0.1 mml). [0437] Synthesis of conpound
(R)-15-12. Follow ng the sane procedure as described for the preparation of
conpound (R)-8-5 and repl aci ng compound 8-4 with conpound 15-11 (50 ng, 0.1
nrnol), conmpound (S)-8-12 (38 ny, 75%yield, 95.9%e, tR=5.76 mn, R
configuration). [0438] Synthesis of conpound (S)-15-12. Follow ng the sane
procedure as described for the preparation of conpound (R)-15-12 and
replacing RUCl[ (R R)-Tsdpen] (p-cynene) with RuCl RS, S)-Tsdpenlip-cyrnene),
conmpound (S)-15-12 (70 ny, 70%yield, 96.6%at, tR=6.70 mn, s
configuration) was obtained from conpound 15- 11 (100 ng, 0.2 mml). [ 0439]
Synt hesi s of conmpound (R)-8-9. Using conpound (R)-8-5 as the starting
material and follow ng the sane procedure for the preparation of conpound
8-9 described in Schene 8, conpound (R)-8-9 was obtained. Chiral 1-1PLC
anal ysis determ ned that conpound (R)-8-9 and enantioner 8-9__A obtai ned
fromchiral separation of conpound 8-9 are identical [0440] Synthesis of
conmpound (R)-15-15. Using conpound (R) -1 5-12 as the starting material and
follow ng the sane procedure for the preparation of conpound 15-15
described in Schenme 15, conpound (R)-15-15 was obtai ned. Chiral HPLC

anal ysis determ ned that conpound (R)-15-15 and enanti omer 15-15 A obt ai ned
fromchiral separation of conpound 15-15 are identical. [0441] Syntheses of
di astereoners of conpounds 28-1la and -13a. Using either conpounds

(R -15-12 or (S)-15-12 as the starfiraefrfeteeri%al and fol | owi ng the procedure
for the preparation of conmpounds 28-11a and -13a described in Schene 28,
those diastereoners of conpounds 28-113;and -13a were obtai ned,
respectively. The absolute configurations of those diastereoners were
determ ned by 2D COSY and NOESY spectra. [0442] Syntheses of diastereoners
of conpounds 28-11b and -13b. Using either conpounds (R)-8-5 or 0)-8-5 as

t he startlng materlal and follow ng the procedure for the preparation of

Y~ oA oA




DCM rt,

overnight 1.0/1.0 34-1a Ts011 (2.0 eq.)
Ts011 (0.3 eq.)

DCE 60C, 4 hr 4.0/1.0 34-1Db
DCM O C, overnight 1.0/3.0 34-1b TsOI1 (2.0 eq.) DCMrt,

overnight 1.0/1.0 34-1b TsOH (2.0 eq.) DCE 60C, 4 hr 6.5/1.0 34-Ib TsOH
(2.0 eqg.) Toluene 100 C, 4 hr 7.5/1.0 34-1b TsOH (2.0 eq.) DWF 150 C, 2 hr
[ 0450] Synthesis of (S, S)-35-1b. Refer to Schene 35. To a

3.0/2.0

solution of (S, S)-34-2b (120 ny, AppshdimB ) and DVAP (159 ng,
phosphorochl oridate (291 fig,
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activity of the compounds of
the invention was determ ned using an FICV replicon assay. The 1

line persistently expressing a hicistrathe genotype |b
icon in Huh? cells was obtained From ReliLi kon GVBH. This cel
was used to test conpound inhibition using luciferase enzyne activity

tine
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% Control = (Average Conpound Val ue/ Average Control)* 100 110449) The ECso
val ue was determ ned using G apbPad Prismand the foll ow ngequation: Y =
Bottom -4- (Top-Bottom! (1+10A ((Logl 050-X)*Hi | Si opep [0450] ECso val ues
of conpounds are repeated several tines is the replicon assay, 104511
Compounds of the invention can inhibit multiple genotypes of HCV sel ected
but not limted to la, Ib, 2a, 3aAppehddeB The E050 arc neasured in the
correspondi ng replic,on assays that are simlar to NOV I b replicon assay as
descri bédd above. [[0452] Exenplary conpounds of tlh@islioaedeséd i nvention are

i1l ust rthc% Abnd bhe Tabl es attaghgd.as Appendi K A andotependi xs (N1 Al pendi x
A shows |tory act|V|Iy of the corrpound wWth respeed to NOV I b, [la, or

2a and HO"' bi-S5B{0316Y—or—S365A n LoulL as i ngicgted. The bijol ogi cal”
activity against HCV | b, Iae i ndicated |as being ", or "", Wwhich
correspagnds gy ECLfi cj’é } LM |100 ntyl <|EC50S" 1000
til1/41%3, 10 ntyl|,s, 0 1&1(3 ti I va o%& b05;| 10 tiM respectivelly. The
bi ol ogi dal acti vi ty aaal nst ¢/ W/_NS5B_0316Y_df 3365A nutant lis indicated as

being f,l tt, or tf t, WhICh co resﬁ s to ECJ0 ranges of EC5c, >1000 ri M
200 nlvl| < EC50 1000 rtM t | gspectl vel y. [0453) Appendilx A
shows st|ructtd¥ es |of 24@_ ntipn identifijed by | D{NOD
Bl - B242,| and B050| yalties det@ﬁm ned for 24 fl the conpounds. O thqgse, the
151 co ouhds—w-tH—He—=i grest ﬁ?ﬂ’ﬁht—y cambedirvided—ntq two
groups. |G oup 1 cpnpound are?i_’ii"_ g a neaspred Ei C2,Q val ue, gs
on
b

determ ned hy,the conce 0 und ef fective tlo producqg a
hal f - maxji mal |nh|b|t| repllcal n (ECn) in a
I b _flub-lLue/ Neo- E[koCal * | i sI e Dﬁ’l accordance wilt h{the nethod| above, df 0 ri M
or less.[This grpup includes the cangounds identified in Appendix A by Il
NCS: BS,| B15, B20} B33, B35, v § B85, BI9R, | B94, B107,| B118, B1J20,

B121, BIR7, 8128, |B130, 1, “°Bi89| B145, B148,|B158, H163,
BL68, BI69, B171,|BL87, 81900~58191 13192, 5, |B197, B198| B201, BR07,
B208, B212, B214 8248 -—B221 -9B8226—_B232 B33 B236  B237 [ B238.—BP239,

and B240., G oup 2|incl udes tho ) have a neasured EC50| of
between | 0 and 100 nM d,-K gompaunds|identified ipn Appendix A by
1D Nos: B2, B3, B# E?O 6° BI'8, H19, |B22, B29, B3], B32, B4,
B36, B47|, B48 85450 7, B60, %63 B71, B84 393,/ BI 00, B10l, B106, B10S8.
B109, Bilgt,—Bt12 1 BI1I3, B55, ,BI1 ESJ.J.b Bl 1 Bii23, Bl12Z24, 134, B136,
B137, Bl42, Bl144, | B146, 814;715,8@ 51 8153 B154, BI 55, |B156, Bl57,
O d |
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B159,
B175,
B195,
B220,
B241.

B160,
B176, B178. B179, B180, B181, B183, B184, B186, B188. B189, B193,
B199, B200, B202, B203, B204, B205, B210, B215, B216, B217, B219,
B222, B223, B224, B225, B227, B228, B229, B230, B231, B234, B235,
Phar maceuti cal

B16

1, B162,

B164, B165, Bl166, B167, B170, B172, B173, Bl174,
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t herapeutics or conbination of therapeutics selected for adm nistration.

Thus,

Th

e subj ect

the effective anpbunt for a given situation can be determ ned by
routi ne experinentation.

be adm ni stered as many doses as

is required to reduce and/or alleviate the signs,

di sorder
bi ol ogi cal

i n question,
system One of ordinary skil
di seases wi ||

synpt ons or causes of the

or bring about any other desired alteration of a
in the art of treating such
be able, w thout undue experinentation and in reliance upon



HCV NS4B inhibitors including but not imted to histam ne agents that

ant agoni ze HCV NS4B function. [0464] In addition, NS5B inhibitors of the
present invention nmay be used in conbination with cyclophyllin and

i mmunophyl lin antagonists (eg, without limtation, DEBIO conmpounds, NW 811,
SCY- 635, EP-CyP282, as well as cyclosporine and its derivatives), Kkinase
inhibitors, inhibitors of heat shogpewdix® ns (e.g., HSP90 and HSP70),

ot her i munonodul atory agents that may include, without limtation,
interferfons (-al gha, -beta, - onega, -ganma, -| gnilaicasbfynt hetic) such as
I ntron ATMn.d&3pd g8rion- ATM Canf e&reuA300Tm  Advaf gr ogedétypeinf ¢r gemim®
Hunof er anT Sum [f eron MPTM Alfaferonenr | FN- 1{3Tmeplkeed onim and t he |i ke;
pol yet hytene—gtygot—derivatiz Mpegylate') intgrferon conpounds, such as
PEG i nterferon-a-[2a (Peg Ginterferon-fa-2b (PEA ntronTn),
pegyl at ed IEhka-céﬁh_gﬁdk -/«b (%Eti,ting flor mul ati ong and
derivatilzati ons of |ntenieron conpoun such as [t he al bum n-fused

i nterferlon, Al bufleronTM SlLocteron he likle: interferons with|various

types of| controllled delivery s nms (e.g.| | TCA-638, onega-|i nterferon
del i vergd by the QUQ;S "{EE?é;ﬁiltgus delivery system; donpounds |t hat
stinul at|le t B&° synt he Ps ol rf on ¢ells, such as resiquinod and the
I'ike; interleukins, conp%ﬁﬂds t hat enh ﬂ t he devel opment |of type 1 hel per
T cell respense;—stuchas SCV; 07 and thg t1ke; TOL-1TKe Teceptor agqni sts
such as |CpG 10101] (actil on) 4 |$otorab|ne ANA773| SD-101, I|MO 2125, |and the
like; thynosin a }1; - 24 ANA- 246; hi st am ne di hydrochl ori de;

pr opager|mani%ifn tegraﬁﬁ 0; ﬁgizinpligen; MP- 321; KRN- 7000;
865 /4

rd

ant i bodiles, such ascnb¥§C|r ° XTL- 6 nd the |ike and prophyl acti c |and

t herapeuti c vaccipes s#ich as d -5005 G 4040, I nhnoVac C, HCV El E2/ NF59 and
the likeg. In addifion, any Qf'the above-descri bed nmet hods ipvol ving
admi ni stleri ng an NSSB o hi bi poft. a Typeg | interféron receptpr agoni st

(e.g., an 1k¥a) @ @ rferlon receptor agonist (e.g., an I FNYy)
can be 3ugnented of nlsf?atlonabﬁ% n effectiye amount of a TNF-

ant agonist. Exenpl| ary, gnon- 1 i niting F- a ant agomi sts that are suitaple for
use in sjuch conbi hati onyt he'r Mes |nclude ENBREL | REM CADETmM and HUM RA TM

[ 0465] NSb5B i nhi bl tor i pvention ay al so be|used with
alternatj ve W@rns-e{—iL gylated interferons, [ribavirip or
its analjpgs (e.qg. DtaPahavarln Iev an), m crgRNA, small [interferjng RNA
conpounds_(e. g, SFRPEEX-146; N=ane the= +ke)—and-m-ecroRNA—agents—(such as

nicro-RNA—122) nucleo de or Nucle03|de anal ogs,| multifunctgion inhipitors
such as nit gxanl ons, hepat oprotiectants, anmti-inflapmatory
agents apd other di Na d ndi re.%nl bitors gf HCV replilcation.

| nhi bitofs of other tas%ets in the ife cyclg include N$3 helicase

i nhi bi tofs; NS4A ¢o- factor ifbitors; antisense |oligonucleqtide

i nhi bitors, such as I | S-11) AVI-40695 and the |i|ke;

vect or - epncoded shor oﬁﬁzji ; HCV specific ribozaymes such as
hept azyng, RPI, 13919Eaﬁd the Ilke L1y i nhi bitlors such ag HepeX-C,
HuMax- HepC-and—t-he—i+ r\C, -a-pha gl_'ubual gase—inhi-bttors—such—gs—cetgosi|vir,
UT-231B and the Ililke: E—02 3002 and BI VN 401 d LVI PDH i|nhi bitorg.

[ 0466] O herDéllu-trzHQ\/l Iﬁfﬁt r lconpounds| i ncl ude those di scliosed
in the f)llomnng pu Elup&tlons u. S Zg%g_ No. 5, 80y7,876; U.S.| Pat No.
6,498,178, U S. Pat. Na 6,344, 465; Pat. No.| 6,054,472;| U.S. Pat|. No.

7,759,49%7 US Pat. No., 7,7 992 U S Pat. No.|7, 741, 347, WO 02/Q4425;
WO 03/007945; WO C3/01 0(0254; WO 03/ 087895; WD O/ 100851; WO
02/ 100846; ERB612566 18 WO 05/ 073216; | WO 05/ 073195; WO

08/ 021927; US 200560%0336 us 20080(44379; US 2009004716; US 20090043107;
US 20090202478; US—20090068140—WD-10/096302; US 20100068176 \WD-10/-094977;

=2 & A A-Aa4

WO 07/ 138242; WD 10/ 096462; us 2010091413; WO 10/075380; WD 10/062821; WO
10/ 09677; WO 10/ 065681 and WD 10/ 065668. [0467] Additionally, conbinations
of, for exanple, ribavirin a NS3 protease inhibitor, a replicase inhibitor
and interferon, may be administered as nultiple conbination therapy wth at
| east one of the conpounds of the presgndpdgpyention. The present invention
is not limted to the aforenentloned classes or conpounds and cont enpl at es
known and new conpounds and combi nations of biologically active agents
(see, for exanple, Kliebl et al. "Host ¢g|l targets in HCV therapy: nove
strategy or proven practice, etc etc, each of which is incorporate by
reference in their entirety herein). It is intended that conbi nation

t herapi es of the present invention include any chem cally conpatible

conbi nation of a conpound of this inventive group with other conpounds of
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WO genotype 419. 3. 22 ?epticoni NCE genotype 24
replicon) 447. 1 ND< genotype 2y, rep!icon , 429.1 Appendix A Page S

Appendi x A Appendi x A Pag, e (6;

IT IS CLAIMED:

1. A compound having the structure

R‘I
at
LZ I N RZ
b’*{ d
ST
R12 O
F
F. | _F
(\LL;‘ [© O O * 3
2
t_/N"lL%' Nk &Nk K\N%
5=0 é”o o) k 0
P L. e\ / N\ S -
wherein R? O is selected from the group consisting of 770, O, o,
F
o%< 0’& o’é{ 0/%{ 0 O’*é;{
N\ * *
& % % & % 7& % HO % —Sh N
N N N N N e
‘S//O :S"O +20 +20 ‘S”O 0 \S,,O
) /o 70, 9, 7o, 7o,

N = A
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o e O’é{ 0 /iég O’L’g O7+3
My N x W o L Owg}\@
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Appendi x A (Boy genotype la replic)p) ". (BOY genotype 12 (eplicon) c"
(KY genotype 12 Ereplicon} (NOV genotype |la noplimm) (NOV genotype |a

repi kon) ** (NOV genet,/ Is repficon) (NOV genotype la replicon) . " (Hal
genotype Ip rep (con S.$4 *" plem genotype 1.a Appendi x A Page 3
Appendi x A Appendi x A Page 10 Appendix A 4-c-? (trcV gnetype

filT.ikon) C. (HCV genotype |la replicen) ?HD, genotype |la roe-A:.con) , "*
(HCV genotype: la ceplicue) 470.1

\ > SL‘QM_ ~N %
N7 Nko \ “Xo (i:B @ZO H N o
Y b S’: S
/%b /&b o] . .
= Ol*ex ol
o4, ‘d’* o 5 o~ 5
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o /S 7o o,
oy o-ls
Q . 9 .
\ _}o N HO—-P-0 N
/N "SGO OH }340
770 , and I
0 0O D N
D B
_ oy }y\N)<D N
R! is selected from the group consisting of H H , and H S

and R? is selected from the group consisting of

/
0]

Oy o O
Q.

F and Fog

3 ?

or a pharmaceutically acceptable salt thereof.
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52.1,1 479.1 Appendb: A Page 11 Appendix A U101 genutype |l a
ge.piicon} "" (NC22 geactpe |la repiicon} "l.a0 ,2 3 Appendi x A Page
1.2 Appendi x A tit abcoiute configuratio bsoliAe OF: 10. 4<q)
Appendi x A Paee 19

2. A compound selected from the group consisting of compounds identified by ID NOs and

having the structures:
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Appendi x B hibition of HCV genotype lid replicon Appendi x B Page 4

Appendi x B Page. 8 ITIS CLAIMED: 1. A conpound having the structure ,
tbel ".0 \ tti-z \ O Ccx/its;. )..titt.t0 wherein Rc "C) is selected from
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T W © A Gy A W 1 T O R OD 4.-k -i'"JDR is selected from
the group consisting of HH, andH, and R2 is seiected fromthe group
consisting of i O,FF.,rF\/\ e O .\ / r-k N \ (It"'. %91/ :1°,'PZ"'/1¢c".
k2.4 .,:.,,,. 1 li.,-,...(....:-F,>---br ;. or a pharmaceutically
acceptable salt thereof. 2. A conpound selected fromthe group consisting
of conpounds identified by 10 NOs and having the structures: NH 0.1;

,----10". ." U [/ iNH2 8237 (S,S)-35-5d 0, \\ / 0 2.) "NI-12 HCNN NH 11".)
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8238 '.. (8.2.8)-35-5¢ 01\ &GSk 47t and (S, S)-35-5a A

phar maceuti cal conposition conprising a conpound of claiml| and one or nore
pharmaceutically acceptabl e excipients or vehicles. 4. The conposition of
claim 3, conprising the conpound D40, having the structure structure 5. The
conposition of claim3, fornulated for oral delivery. 6. The conpound of
claim2 herein said conpound is conpound 040, having the structure 7. The
conmpound of claim 2, wherein said conpound is conpound B212, having the
structure 0/ 9--N O O Ni-tzr 8. The conpound of claim2, wherein said
conpound i s conpound 13238, having the strucitire 07 it, o "It For its
hydrochl oride salt (S, §-355; having the st cm re The conpound of
claim 2, mheneln ai d copp¥iind is conp und 82 av 0" "S" NH k1/4

TOOFE

B229 d , B230 0 s
9] / 0 /
—NH N NH
0 0
0O 0O
N © Ny g
= P~
B231 O ,B234 3
o o.
Nfi 5 NH
G sy L0
Qﬁ. o ", Ho” Q_N g \ 7/
D*—SFJ O:g’
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Q /
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s
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\O/E<Lj§}lil:;;‘si>
NH;HCl Of/

and (S,S)-35-5a

3. A pharmaceutical composition comprising a compound of claim 1 and one or more

pharmaceutically acceptable excipients or vehicles.
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4. The composition of claim 3, comprising the compound D40, having the structure

O ./
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P N\
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0
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HzN} [1\1
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(4 17 N
0 , the compound B212, having the structure
Q /
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0
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N ,
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0 /
NH
O
A~ A
HO 0
N
@
7N
structure 0 F

5. The composition of claim 3, formulated for oral delivery.

6. The compound of claim 2, wherein said compound is compound D40, having the structure

/
NH
0 2 N
o o~ IO
H,N— N
% O:S
2 //\ G
0 , or its hydrochloride salt (S,5)-35-5a, having the
O /
NH
(0] N == )
53O
NH; HCI O:S’\
structure Hat Y
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7.  The compound of claim 2, wherein said compound is compound B212, having the structure

OQ

M P'
"}S
o

8. The compound of claim 2, wherein said compound is compound B238, having the structure

jﬂb

NH fz .
: \ F , or its hydrochloride salt (S,8)-35-5¢, having the

%@g /

NH

o O
__?0/_&1\1 o) O
NH, HCI o*,, ~ =\
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9.  The compound of claim 2, wherein said compound is compound B232, having the

NH

Hof_&

O=
S F
structure
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